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SUMMARY REPORT — PHASE 1 EXTENSION

Phase I of the NASF study which was completed in October 1977 produced several conclusions about the
feasibility of consiruction of a flow model simulation facility. A computer structure was propesed for the
Navier-Stokes Selver (NSS), now called the Flow Model Processor (FMP), along with tfechnological and

system approaches. Before such a systern can enter an intensive desien investigation phase several tasks

must be accomplished to establish uniformity and control over the vemaining design steps, as well as clarifying
and amplifying certain portions of the conclusions drawn in Phase 1.

In order of priority these were seen as:

1.  Establishing a structure and format for documenting the design and implementation
of the FMP facility.

2.  Developing a complete, practically engineered design that would perform as claimed
in the Phase 1 report.

3.  Creating a design verificztion tool for NASA analysts, using a computerized simulation
system.

4. Identifying key elements of the flow model three-dimensional codes to be used as

metrics for verifying the progress of FMP design against a set of predefined system
objectives.

5. Developing a programming language specification for a proposed FMP language to be
tested by Ames and RADL personnel.

6. Coding of the key elements in the experimentai language.
7. Hand compilation of the encoded program segment.

8.  Submission of the hand-compiled elements to the FMP' simulator for timing and data
flow analysis,

9.  Documentation and “packaging” of the resulting simulator and input code to permit
NASA personnel to continue experiments and analysis.

10.  Development of sufficiently detailed functional descriptions as to permit NASA personnel
to develop their own simulations where necessary.

11.  Refinement of Reliability Analysis to include realistic estimates of component counts.

These tasks were attacked with all of the Phase I personnel plus three additional designers and mathematicians.
The major expenditure of time was in the revision and re-revision of the computer design and the production
of a CPU Instruction Specification and Functional Specification which are included as appendices to the

Final Report, and which were fundamental to all but the first task lsted. An outline of the form and
desired content of the basic specifications for software and hardware were produced as gwidance and structure
skeletons for future contract phases. The 3-D code analysis and language specification were nof completed

in this phase, as the langnage direction was changed several times in this admittedly preliminary study phase
of the project.



PROJECT STATUS AND CONCLUSIONS

Most of the tasks undertaken in this extension phase were continuations of work initiated in Phase I of
the NASF study. All of the tasks are expected to coniinue in some form as the full NASF architecture
is defined in detail, and finally designed and implemented in subsequent phases of this project. The “best
effort™ engaged by Control Data Corporation has resulted in the following task status: *

1.

Hardware description

a.

Performance metrics — The three-dimensional implicit code was analyzed to determine
if extrapolations from the two-dimensional code dome in Phase 1 were still valid, It
was found that the Ames guidance regarding the extrapolations were sound, and
conclusions about the computational load invoked by the 3-D code still hold from the
Phase 1 report. '

No time was spent on the explicit code beyond determining the FMP instruction
requirements for data dependent processing that differs in part from the implicit code
behavior. The resnlt was a decision to retain the APL vector operations of vector
search and compare and the corresponding operafions:of compress, mask and merge.
Bit string operations on long strings were eliminated as an unnecessary complication
to the hardware and supplanted by a scslar (non vector) form of handling bit string
operations, The performance degradation due to this change was estimaied at less
than 1 percent for the entire code execution.

Pertinent segments of the implicit code were identified for further study. The sequence
of subroutines or subprocesses used in forming the tridiagonal matrices from sweeps in
the three mesh directions, and the tridiagonal scolver constitute the obvious key computa-
tional burden of the implicit code, while the memory accessing patterns for both Main
Memoxy and Backing Store can be derived from the examination of the AMATRX,
FILTRX, FILTRY, FILTRZ sequences. The conclusion is that for a “first-cut” validation
of the FMP hardware architecture, a minimum of these subprocesses and the BTRI/
LUDEC (Block tridiagonal solver and LU decomposer for the solver) should be pro-
grammed, hand-compiled and simulated on the block-level simulator. In addition, the
mathematical behavior of these sequences should be analyzed to determine if, in all
practical cases, the arithmetic can be done in 32-bit mode to improve the throughput
characteristics of this code in the 64/32-bit pipelines of the proposed FMP.

A hand compilation of a segment of the beginning of the J sweep for the left-
hand-side solution was accomplished. The limited code generated was constrained
by the time remaining after decisions were finalized on the FORTRAN extensions
to be proposed. This region of the code is critical to the performance of the
FMP since it exercises the memory system in the most inefficient manner possible
in the implicit code. Data cannot be streamed directly into vector arithmetic
operations, but first must be GATHERED from discontignous columns of data in
the original mesh. With the minimal resources remaining, it was decided that this
sequence was the most interesting to hand-compile and bleck-model with the GPSS
simulator.

The sequence of instructions was submitted to the Version 1 FMP model, with the
resulf that a floating-point rate of 933 megaflops was achieved under these worst-case
conditions. The implication (which will be explored more thoroughly in the next
study phase) is that, in fact, this small segment is truly the worst worst-case and
thus the average computation rate will be well in excess of the one-gigafiop thresh-
hold sought by NASA.
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At the time of this writing, the hand compiling and biock simufation have not been
completed, but should be available at the time of submission of the final report.

Functional design — Design of the originally proposed Control Data FMP was revised and
a preliminary set of functiopal and imstruction specifications was produced for the FMP.
The major design changes involved two main thrusts:

° Reduction of complexity of the Map Unit and Vector Unit by
constrainingthe generality originally proposed for those units.

#  Improvements in reliability by increasing the amount of Single Error
Correction Double Error Detection encoding throughout the Vector
Units and associated buffers, the addition of more checking logic, and
an additional pipeline for “instantaneous™ swapping into the vector
arithmetic ensemble as failures are detected.

The technological risks of using a2 new circuit family in the FMP which were strongly
emphasized in the Phase 1 report were re-examined and the decision was made to
proceed on two concurrent paths in the development of the FMP. These were to
pursue the new fechnological developments aggressively while at the same time, assessing
the configurations and reliabilities of the FMP 'as if it were to be built out of
existing ECL LSI as used in the STAR-100 program. It was decided to tske an
approach to the newer generation LSI that would not invalidate ail of the
architectural or block-level design, so that those tasks could procesd somewhat
independently of the technology development. This decision thus permits Conirol
Data to postpone the recommendation for logic family until much later in the

design cycle, and thus delay consideration until more firm commitments can be

made regarding the risks and schedules for a new logic family. It has been deter-
mined as a bottom lne that an FMP can be built, and operated with acceptable
reliability, from the existing LSI family being employed on the STAR-100A.

The block-level simulation system required by Ames personnel te permit an ongoing
verification of the design and the overall performance objectives is under development.
A Iast minute decision was made to base the first, highest-level design model on the
readily available General Purpose Simulatfon System (GPSS) so that it could be easily
installed at any site performing FMP analysis.

The first version of the simulator has been completed and is being delivered under
separate cover to NASA Ames with the submission of this Final Report. The
simulator provides a substantial amount of statistical data aboui the behavior of the
various FMP units (Swap, Map, Memory, Scalar, Vector) when executing code sequences.
This data permifs the désigners to evaluate alternate strategies for organization and
implementation of the major components of the FMP, NASA analysts .can use the
data to verify that the internal characteristics of the FMP as documented in the
Functional and Instruction Specifications are truly represented by the current version

of the GPSS model.

Test runs of the model immediately prior to completing this report have disclosed
that there is need for refinement in some areas, thus the model is not complete
to the extent needed by the design engineers. It is adequate in current form,
however, for NASA analysts to evaluate the behavior of these imitial FMP designs.

Reliability assessment — A reliability analysis was conducted of the revised FMP

design, using experimental statistics from existing logic family data, expectations of

the ILSI and memory characteristics of componentry borrowed from the STAR-100A
project, and projections made by our technological team for as yet untried fechnological
developments. The key conclusion was that the total FMP including Backing Storage
would suffer an expected rate of fajlure of 4 per operating month, if a reasonable
maintenance schedule was followed to clean out single errors that are automatically
corrected by the SECDED networks. This failure rate is expected from the existing

technology family of LSL The failure rate is almost halved if a newer technology
can be utilized for the FMP,
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Since the major rates of failure {system interruption) revolve around the Vector
Units, the additiopal (ninth) unit was designed into the FMP to permit quick restart
capability, thus improving the overall machine availability.

2.  Software description

2. Programming language — A sofiware description was developed, providing a “straw-man™
FORTRAN language to be tested by Ames and Control Data programmers, and 2
description of the fundamental operating system properties required by the NASF,
constructed in a format suitable for evolving info an operating system specification, _

The FORTRAN dialect was created after much thought about aufomatic vectorization of
standard FORTRAN constructs led Control Data to the conclusion that the compiler
writers and compilers need a little assistance in the generation of optimum object code
for parallel machines, Ames staff comments on the original extensions to FORTRAN
based on the STAR FORTRAN compiler, led RADL reseatchers fo abandon the multitude
of extensions therein and concentrate on the definition of a CODO {Concurrent DO loop)
structure, within which all operations are explicitly vector,

The minimization of language enhancements reduces the risks atfendant to retraining
programuning persommel, as well as major compiler developments, fo implement new
syntax. This simplification is accomplished at the cost of more intensive effort on
compiler optimization of source code. The optimization techniques are not unique
to the FMP in that they have their direct counnterparts in the scalar optimization
performed in most product compilers available in 1978. The risk of providing a
mature compiler with this capability is reasonably low compared to the alternatives
of creating 2 wholly new language and compiler system from scratch.

b.  Operating system — The operating system description attempts to reduce to a bare
minimum those functions which must uniquely be implemented in the FMP. Furiher,
every attempt must be made to utilize existing system software on the non-FMP
processors, which will be procured essentially ofi-the-shelf, in order to minimize the
soffware risks highlighted in the Phase 1 repori.

The operating system docmment is infended to evolve into formal specification form in
later phases of this project, as are all portions of the NASF praject, A system should
be created to handle the wvpdating and editing of these documents as a central means
for coordinating the tofal project. To this end, outlines for the specification of language
structure and compiler structure should have been completed in this study phase.

The prototypes originally infended to be used for this funciion (the ANS 77 language
specification, and the STAR FORTRAN internal maintenance specification) proved
insufficient (and in some cases unnecessarily complicated) to fill this role. The outline
of these specifications should be done at the earliest possible moment in the next
project phase.

FINAL WORD

The achievement of the original NASF project goals appears at this point to be more possible than when
the feasibility was first examined at the beginning of Phase 1. Continued study of the code requirements
and refinement of the design have led to simplifications in the FMP that reduce the software and hardware )
tisks below those originally derived for the NASF. A mmjor factor in reducing risks and meeting the -
performance and schedule goals for the FMP rest in the willingness of the algorithm developers to bend
their thinking somewhat toward a more infimate knowledge of the hardware for which they are creating
programs. This flexibility in adapting thought and code to a special machine architecture has been a major,
positive characteristic of the Ames flow model mathematicians and programmers, with their experience on
ILLIAC IV and the 7600 on which to draw. Thus the success of the FMP seems assured if the intimate
marriage of code developers, hardware designers, and technologists can continue for the life of the project.
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PREFACE

This Final Report presents additional findings resulting from an extension of the Preliminary Study for a
Numerical Aercdynamic Simulation Facility (NASF) as determined by Control Data Corporation. The
decument consists of five sections. Other than Section 1, Introduction, each section addresses a specific
aspect of the Control Data study.

Section 1 is a background of the Phase 1 study and what has been achieved since the issmance of the
study. Section 2, Hardware Descfiption, presents a more detailed definition of the FMP than that provided
in the Phase 1 report. Section 3, Reliability Assessment, gives information on the methodology and

analysis used to estinrate faflure of hardware components plus the estimated failure rate data, Section 4,
Software Description, expands previous discussions of proposed FMP software. Section 5, Appendixes,
presents both the Instruction and Functional Computer FMP Specifications plus appendixes on a Programmed
Device Controller and Serizl Trunk Controller Procedures.

In addition to this Final Report, a separate Summary Report presents the salient findings of this prelim-
inary study and summarizes the extension of the first phase of a program for the development of a
Numerical Aeredynamic Simulation Facility.
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Section 1

INTRODUCTION

Since early in the year 1977, the Ames Research Center of the National Aeronautics and Space
Administration (NASA) and the Research and Advamced Design Labomatory (RADL) of Control Data
Corporation have been conducting a cooperative research program in the investigation of the feasibility
and applicability of extremely high performance computers to the process of airframe design. The first
phase of this effort culminated in a Final Report produced by Control Data for NASA in Cctober 1977.

Like the first phase investigations themselves, that report attempted to answer several questions posed by
Ames researchers such as:

“How much computfe power is necessary to achieve the design and engineering goals of
NASA aerodynamacists?” Answer: “Some computing power in excess of one-billion
floating-point computations per second.”

" “Can such a computer be built for operation in the early 1980s, with acceptable reliability
and availability?” Answer: “Yes.”

“What are the archifectural alternatives for such a computer?” Answer: “Either a pipeline
or array processor of the SIMD variety is best suited to the task.”

“What techmologies are available for implementing such a high powered machine?”
Answer: “In practical supply or operating parameters, very few ifechnologies. The computer
should be built with the mature and still extendable silicon emitter-coupled logic for speed.”

“What system architecture Is suiteble for the entire computational facility?” Answer: “A
distributed processing system similar te that implemented for the STAR-100 family.”

“What are the programuming considerations for such a machine?” Answex: “FORTRAN
should be the computational programming language with extensions to permit specific access
to hardware parallelism, when necessary.”

The Phase 1 report consciously included much tutorial material to assist Ames personnel in perceiving the
state of the computer design -and construction art at the same level as Control Data deals with new
computer developments. Included in the report were preliminary designs and descriptions of a possible
candidate machine architecture, installation design, and programming approaches for the review and
commentary of the Ames project staff. Discussions between Ames and Control Data researchers during
the preparation of draft material for the Final Report led to substantial revisions in the technical design
of the language and machine structure. Subsequent to the publication of that report, similar discussions
have led to even more changes in the implementation of the algorithm, language, and computer hardware.

Since this initial effort was intended to be a part of an ongoing development project leading to the actual
design of all system components and to the construction of a facility to perform the aerodynamic simula-

tions, an exfension of the study was indicated, preliminary to launching more refined design and simulation
of the system.
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This study extension was intended t‘o bridge the gap between the completion of the feasibility phase and
the second, detailed specification ‘phase of the research effort.

PHASE 1 EXTENSION DESCRIFTION

An examination of the state of the project after the Final Report for Phase 1 was conducted and the
apparent needs for the Phase 2 stage were outlined. Several desirable tasks became evident from that
analysis, from NASA commentary regarding the tme feasibility of the proposed ‘approach, and from NASA
questions regarding the broader applicability of the system being considered. In addition, a three-dimensional
form of the Ames “Implicit code” (whose 2-D form was used in the Phase 1 Final Report to evaluate the
design) became available. Thus a form of the solution methodology closer to what is expected to be used
in the final facility was at hand for analysis with the proposed system architecture.

These factors fed to the establishment of a formal “Phase 1 Extension” whose purpose was to continue
the Phase 1 work in several areas and to provide the springboard for the Phase 2 work on detailed
design, analysis, and specification of system components. To this end several tasks were identified:

1.  Analysis of the three-dimensional model operating on the proposed computer
architecture.

2.  Development of a proposed programming language form.

3. A more detailed description of the computational engine structure so that fiming
and storage estimates could be made.

4.  Development of tools to provide verification of:
a.  the ability of 2 given. design to perform the calculations in the time required;
b.  the reality of creating hardware that will perform as described in (a.) above.
5.  Description of the overall operating system function to support the computational workload.

6.  Refinement of reliability estimates for the computational hardware.

With the resources available, and the brief three-month period for completion it was decided that all of
the tasks could not be completed to the point of detailed specification, or final structural design of either
hardware or software. Instead the Phase 1 Extension -was conceived as a means for providing the sfructure
within which all subsequent phases would be carried out, and as a period when a number of proposed
language and hardware schemes could ‘be reconciled with Ames staff members. Past experience indicates that
the most appropriate means for structuring and controlling a development project of this magnitude has been
most effectively achieved through the identification and implementation of “standard™ specifications for each
system component, ’

The basis for the report which follows is thus a skeleton structure of specifications for the computational
hardware, the operating system, the language and its processor, and its reliability. In some cases sufficient
detailed work was completed to permit the beginning of a complete specification. For example, since much
of the STAR-100A Scalar Unit and maintenance philosophy were to be employed in Conirol Data’s
proposed architecture, the STAR-I00A specification was used as a basis for the FMP hardware specification.
This specification will be modified and updated as design continues through the Phase 2 and final construec-
tion portions of this project.



An outline for an operating system specification was generated and used as the basis for a preliminary
system description of the overall operating system. In subsequent phases of the project, each of the
paragraphs in the outline will be replaced by specification information rather than the functional require-
ment or preliminary design data as provided in this report.

Although it was intended to provide a full specification for the language and compiler in this phase, the
effort was beyond the means of RADL to accomplish in the three months allowed. This is partly due to
the changes in direction for the language that have resuited from interaction with Ames staff and with
Control Data’s language specialists,. An initial attempt to base a specification on the ANS FORTRAN 77
specification was abandoned as approval of that standard has been delayed, and as it became apparent that
the specification as written could not be easily used as a guide for experimental programming. The use
of the STAR-100 FORTRAN compiler documentation proved to be undesirable as Ames personnel insisted
on abandoning some of the artificial constructs for vector processing that were felt te be difficult to use,
or to understand. The result then, in this first pass, is a presentation of a “strawman” proposal for a
FORTRAN language based on ANS FORTRAN 77, with several extensions designed for the flow model
computations to be dome at Ames. '

The process of providing tools for architectural and hardware verification has proceeded down divergent
paths also. At the tine of submissivn of this report, a tape is being provided to Ames which will allow
them te perform computerized evaluations of the behavior of the overall computatlonal segment of the
installation with varying forms of machine language coding.

The report that follows then presents further proposals for the hardware architecture and is, in essence, 2
proposal for the form and contemt of specifications to be generated in full in the next phase of this project.
It is expected that these proposals will lead to discussions between Control Data and Ames within the
coming months to arrive at a final architectural project structure and project management and control format
based on documentation methodology and management.

Unlike the Phase 1 report, this repert contains no major answers to major questions. However, the feasibility
of construction of the desired facility appears greater now than it did in Phase 1. Further design attempis
te reduce the size and complexity of the major processor have improved chances of its being built with
existing technology, thus reducing one of the significant risks highlighted in the Phase 1 study, The direction
for the continuation of design and implementation of the total facility is becoming clearer and more practical
as the cooperative study continues,

RELATIONSHIF TO OVERALL PROJECT

In the initial study phase, the computational engine was referred to as the NSS (MNavier-Stokes Solver). The
existence of such a massively powerful system, with the attendant major investments in facilities, money, and
personnel mandate an examination of the broader applicability of such a system. Thus, to symbolize the
more catholic potential of this facility, the computational engine has been renamed the Flow Model Processor
(FMP). The other computers in the system (regardless of computational capability} are called Front-End
Processors (FEPs) to eliminate the need for identifying-a particular brand or architecture, and the intelligent
(programmable) communications equipment and attachment devices are called Programmable Device Controflers
(PDCs). Regardless of the shape and content of the final system, these major compenents will exist in some
form and thus the use of this terminology pervades this report.



As stated in the previous section, the outlines of documentation in specification form are to establish the
structure for documentation for following stages of the project. If a fixed form of specification can be
agreed upon for each component (language, compiler, FMP monitor, and FMP hardware) then a rigorous
control system can be established in Phase 2 wherein all design changes are referenced to their particular
area of specification and an automated audit trail provided for each specification update, thus tracing the
evolution of the system, and fixing responsiblity (by designer) for any given change in the specifications.
If is at this stage.of the project wherein such management devices must be created lest the project be
faced with virtual chaos in Phase 2 and later phases of the effort.

Thus the interaction with NASA project managers is essential concerning the form (not the content) in
which all technical matters are submitted for review and decision from this point forward. As stated in
the previous section, the outlines or specification skeletons offered here are not expected to be all inclusive
but to form the basis for detailed discussions at a later time.
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Section 2

HARDWARE DESCRIPTION

PERFORMANCE METRICS

For this study the three-dimensional forms of the implicit and explicit codes were submitted to Control
Data for additional evaluation of the FMP design that has evolved since Phase 1. The Phase 1 effort of
code analysis was primarily directed to the implicit form because its computational behavior was easier to
estimate since the number of times arithmetic is performed is fixed rather than somewhat data dependent,
as happens in the explicit form of the Navier-Stokes solution. The emphasis in this study was extended
to the three-dimensional code primarily because of the data already derived for the two-dimensional model
described in the Phase 1 study.

ANALYSIS OF VECTORIZED 3-D MODELS

The analysis of the cumrent FORTRAN codes undertaken in this phase was intended to accomplish the
following items:

A, Updating of statistical data on computational behavior of the code for the three-
dimensional versions to comntrast with the data taken from the STAR-100 in
Phase 1 of this study.

B,  Identification of the key areas of the codes to isolate benchmark ‘candidates for
measuring performance,

Experimentation with various forms of source langnage coding to produce vectorization.

D. Develop segments of code that could be ‘hand-compiled’ for the FMP tb illustrate
the machine-language-level execution of portions of the computation.

E. Analysis of memory access patterns induced by the code in three dimensions.

An inordinate amount of project resources were quickly absorbed in the redesign of some portions of the
FMP and in pursuing several aiternatives for the programming language. Thus the objectives of this secfion
of the study became redirected to match the time available, and to answer some more pressing guestions.
The results of each original objective are as follows: ’

A. No statistical counting was done for either the three-dimensional implicit or explicit
codes on the STAR-100. Computational counts for the implicit code which were projected
for three dimensions in the Phase 1 report, appear to be roughly matched to the 3-D
implicit version now in hand.

B. It is obvious to the casual analyst that the region of code in the 3-D implicit program
containing the AMTRX, FILTRX, FILTRY, FILTRZ and three subroutine cails to the
metric computations XXM, YYM, ZZM constitute the critical area for amalysis of the model.
From Table 540 of the Phase i report, the ‘left-hand-side’ calculations including
those code sequences account for 19,779,456 operations out of a total of 24,666,130
operations, or about 80 percent of the total operations. In addition, the ‘sweeps’ made
in this code in the three directions of the mairix create all of the expected access
patterns that need to be analyzed for the FMP. No effort was expended on a similar
analysis of the explicit code due to lack of resources and time. The original scalar
coding in FORTRAN of these segments is given again in Figure 2-1.
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DO 12 J = 1,JMAX
Rl = XX(J,1)*HDX
R2 = XX(J,2)*HDX
R3 = XX(3.3)*HDX
R4 = XX(34)*HDX

g*******AMATRX

C

RR = 1./JQ(KL,1,7)

U = Q(KL,2,))*RR

V = Q(KL,31)*RR

W = Q(KL4J)*RR

UU = U*RI+V*R2+W*R3
UT = UFS2+VHETWER)

Ci = GAMI*UT*.5

€2 = Q(KL,5J)*RR*GAMMA

c3=0C2-Cl
C4 = R4+UU

C5 = GAMI*U

C6 = GAMI*V

C7 = GAMPW

D(J,1,1) = R4

D(3,1,2) = Rl

D{J.1.3) = R2

D(f.14) = R3

D({.1.5) = 0.

p(3.21) = R1*Ci - U*UU
D{3.2.2) = C4+RI*GAM2*U
D(1.23) = -RI*C6+R2*U
D(1.24) = -RI1*C7+R3*U
D(J.2,5) = RI*GAMI

D(¥3,1} = R2*C1-V*UU
D(1:3.2) = RI*V-R2*C5

D(3.33) = C4+R2*GAM2*V
D(J,3.4) = -RI*C7T+R3*V
D{J:3.5) = R2*GAMI
D(1,4,1) = R3*Cl-W*UU.
D(I4.2) = RI*W.R3*C5
D(.4.3) = RO*W-R3%*C6
D{1,4.4) = CA+R3*GAM2*W
D(J.45) = R3*GAMI
D(1,5.1) = (C2£2.5C1)*UU
D(1.5.2) = RI*C3-C5*UU
D{J.5.3) = R2*C3-C6*UU
D(1,5.4). = R3*C3-C7#UU
D(1.5.5) = R4+GAMMA*UU

C
Cr¥#¥3%%END OF AMATRX

C
12

Figure 2-1.

CONTINUE

Scalar Code Taken From STEP of 3-D Code



0 25 J=1AJB
= 1./Q(KL,6,1)
= RM=RJ

RR = RMJ*Q(XL.6,3-1)
RF ="RMI*Q(KL,6,5+1)
DO 23 N=1,5
AQN1) = DE-1N1)
A(TN2) = -DE-1N2)
A(IN3) = -D(-1,N;3)
A(NA) = D(I-1,N4)
A(INS) = -DA-LN;5)

BOIN,1) = 0.0
BOIN2) = 0.0
B(I,N.3) = 0.0
BUJ,N.4) = 0.0
B(IN5) = 0.0

C(J.N,1) = D(J+1,N,1)
C(J,N,2) = D(J+1,N,2)
C(I.N;3) = D(J*1,N,3}
C(I.N4) = D(J+1,N4)
C(J.N,5) = D(J+1,N,5)
A(JNN) = A(JN,N}-RR
B(INN) = C8
C(.NN) = C(J,N,N}-RF

23 F(IN}=S(KL,N,J)

25 CONTINUE

C

C++++¥END OF FILTRX

C ~

c ‘

C S MUST BE ZERO ON B.C.
CALL BTRI(2,JM)
DO 21 J = 2JM
S(KL,1,5) = F(,1)
S(KL,2.7} = F(12)
S(KL,3J) = F(1,3)
S(KL,4J) = F(}.4)

21 S(KL,5.)) = F(1.5)

26 CONTINUE

Figure 2-1. Scalar Code Taken From STEP of 3-D Code (Cont.)
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slvielelple

50

51

72

52

53

60

10

COMMON/VARO0/S(720.5,30)
COMMON/VAR1/X(720,30),Y(720,30),Z(720,30)
COMMON/VAR3/P(120,30),X%(60,4), YY(60.4),2Z(60,4)
LEVEL 2,08XY.Z -

COMMON/COUNT/NC,NC1
COMMON/FLSH/DX2,DY2,DZ2

XI METRICS FORMED FOR A K,L LINE IN J

SYMMETRY

K=M

L=1A

J1=J1A

2=1A

KL = (L-1)*ND+K

DO 10 ¥ = Ji,12

RJ = Q(KL,6.J)

IF(K.EQ.1} GO TO 50

TF(K.EQ.KMAX) GO TO 51

XK = (X(KL+1,5)-X(KL-1,7))*DY2

YK = (Y(KL+1,J}Y(KL-1,))*DY2

ZK = (Z(KL+1,J}Z(KL-1,7))*DY2

GO TO 72

CONTINUE

XK = (-3.*X(KLJ)yH4.*X(KL+1,J)}X(KL+2,1))*DY2

YK = (-3.FY(KLJ)+4F¥Y(KL+1,1)}-Y(KL+2,1))*DY2

élé =0-3.*Z(KL,J)+4.*Z(KL+I JFZ(KL#2,))*DY2
TO 72

" CONTINUE

XK = (3.5X(KLY)-4.5X(KL-1,J+X(KL-2,5))*DY2
YK = (3.*Y(KLJ)}4.¥Y(KL-1 I+Y{KL2,)))*DY2
ZK = (3FZ(KLJIM.*ZKL-1 JHZ(KL-2,1))*DY2
CONTINUE

IF(L.EQ.1) GO TO 52
IF(LEQ.LMAX) GO TO 53

XL = (X(KL+ND,J}-X(KL-ND,))*DZ2

YL = (Y(KL+ND_J)}-Y(KL-NDJ))*DZ2

ZL = (Z(KL+NDJ}Z(KL-ND,J)}*DZ2

GO TO 60

CONTINUE .

XL = (-3.5X(KLY)+4.*X(KL+ND J)} X(KL+2*ND,1))*DZ2
YL = (:3.Y(KLJ)+4.*Y(KL+ND J)-Y(KL+2*ND,J))*DZ2
ZL = (BFZ(KLIj+4.*Z(KL+ND,J)-Z(KL+2*ND J))*DZ2
GO TO 60

CONTINUE

XL = (3.*X(KL,J)4.*X(KL-ND,J)+X(KL-2*ND }))*DZ2
YL = (3.¥Y(KL,J)-4.*Y(KL-ND J}+Y(KL-2*ND J)}*DZ2
ZL = (3.*Z(KL,J}-4.*Z(KL-ND J)+Z(KL-2*ND,J))*DZ2
CONTINUE

XX(J,1) = (YK*ZL-ZK*YL)*RJ
XX(J,2) = (ZK*XL-XK*ZL)*RJ
ggz; = (XK*YL-YK*XL)*RJ

A4) = -OMEGA*(Z(KLJ)*XX(J, 2} Y(KL J)*XX(J 3
XX = (ZOKLTY*XX(1,2) Y(KL,)*XX(3 3)
RETURN
END

Figure 2-1, Scalar Code Taken From STEP of 3-D Code (Cont.)
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SEPRCDUCIBILITY OF THE
ORIGINAL PAGE IS POOR

SUBROUTINE BTRI(ILA,JUA)
COMMON/BTRID/A(60,5,5),B(60,5,5),C(60,5,5),D(60,5,5),¥(60,5)
DIMENSION H(5,5)

REAL L11,121,122.131,132,133,L41,142,143,144,151,152,L53,L54,L55
IL~ILA

TU=TUA

1S=IL+1

IE=IU-1

INSERT LUDEC

L11=1/B(IL,1,1)

121=B(IL,2,1)

UL2=R(ILL,1 2)*L11

122=1.j(B(IL22)}-121%U12)

U13=B(IL,1,3)*Li1

U14=B(IL.1 4)*L11

U15=B(IL,1,5)*L11

L31=B(IL3,1)

132=B(1L.3,2)} L31*U12
"U23=(B(IL,2,3)-L21*U13)*122
133=1./(B(L,3,3)}-U13*L31-U23*L32)
U24=(B(IL,2,4)-L217U14)*1.22
U25=(B(IL.2,5)-L21*U15)*L22

L41=B(IL4,1)

LA2=B(IL 4,2)-L417U12

L43=B(IL.4.3)- L41%U13-1427U23

U34=(B(IL 3,4} L31*U14-L32*U24)*L33
L44=1_(B(IL 4.4} U14*LA1-U24%LA42-U34%143)
U35=(B(IL.3,5)-L31*U15-L32*U25)*L33
L51=B(IL,5,1)

L52=B(IL.5 2)-L51*U12

L53=B(IL.5 3)}L51¥U13-L52%U123

L54-B(IL,5 4)-L51*U14-L52%U24-L53* 134
U45=(B(IL.4,5)- L4 1*U15-L42*U25-143*U35)*L44
L55=1./(B(IL,5.5)-L51*U15-L52*U25-L53*U35-L54*U45)
COMPUTE LITTLE R S

D1=L11*F(L,1)

D2=L22+(F(IL,2)- 121*D1)
D3=L33%(F(IL,3)-L31*Di-132*D2)
D4=LA4%(F(IL,4}-L41*D1-LA2*D2-LA3*D3)
D5=L55*(F(IL,5)}-L51¥D1-L52*D2-L53*D3-L54*D4)
COMPUTE BIG R S

F(IL,5)=D5

F(IL,4)=D4-U45*D5
F(IL.3)=D3-U34*F(IL,4)- U35%D5
F(IL.2)=D2-U23*F(IL.3)-J24*F(IL,4)- U25*Ds
F(IL.1}=D1-U12%F(IL.2)-U13*F(iL,3)-UL4*F(IL 4)-U15*D3

Figure 2-1. Scalar Code Taken From STEP of 3-D Code (Cont.)
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12

i4

11

COMPUTE C PRIME FOR FIRST ROW

DO. 12 M=1,5

DI=L11*C(IL,1,M)

D2=122%(C(IL,2, M)}-L21¥D1)

D3=133*(C(IL,3.M)-L31¥D1-L32*D2)

D4=144*(C(IL.4M)-L41*D1-L42¥D2-143*D3)

D5=L55%(C(IL,5 M)-L51*D1-L52*D2-L53*D3-L54+D4)

B(IL,5.M)=D5

B(IL,4,M}=D4-U45*D5

B(IL,3 M)=D3-U34*B(IL,4,M)-U35*D5

B(IL 2 M)=D2-U23*B(IL,3,M)=U24%B(IL,4,M)-U25*D5

(BIL.1 M)=D1-U12*B(IL,2. M)-U13*B(IL,3,M)- U1 4*B(IL,4,M)-U1 5*D5

DO 13 I=IS,JE

COMPUTE B PRIME*BIGR

DO 14 N=1,5

F(ILN)=FINFALN,1)*F-1LA@N,2*FE-1,2)AEN,3)* F(1-1,3)
1 )-A(INAPFE(-14)>AINS)*F(ELS)

COMPUTE B PRIME

DO 11 N=15

DO 11 M=1,5

HONM)=BLN M)} AN, 1)*B(E-1,1 MyA(LN,2)*B(-1,2 M)-A(LN,3)*
1 B@E1,3 MFAQINAPBE14M-AGLNS)*B-1,5M)

INSERT LUDEC AGAIN

L11=1./H(1,1)

121=H(2,1)

U12=H(1,2)*L11

L22=1 j(H(2,2)1217U12)

U13=H(1,3)*L11

Ul14=H(1,4)*L11

U15=E(1,5)*L11

131=H(3,1)

132=H(3,2)-L313U12

U23=(H(2 3)}-L21%U13)*1.22

133=1./(H(3,3)-U13*L31-U23¥L32)

U24=(H(2,4)-L21*U14)*122

U25=(H(2,5)L21*U15)*L22

L41=H(4,1)

LA2=H(4.2)-L41*U12

LA3=H(4,3)}-141*U13-142*U23

U34=(H(3 4)}L31*U14-132%U24)*L33

LA4=1 _/(H(4,4)}U14*141-U24*1L42-U34%1.43)

U35=(H(3 5)-131*U15-L32*U25)*L33

L51=H(5,1)

L52=H(5,2)-L51*U12

L53=H(5,3)-L51*U13-L52*U23

L54=H(5 4} L51%U14-L52%U24-L53*U34

U45=(H(4 5} L41#U15-1425U25-L43¥U35)*L44

L55=1./(H(5,5)}L51*U15-L52*U25-L53*U35.L54*045)

COMPUTE LITTLE Rv S

D1=L11*F(,1)

D2=L22*%(F(I,2)-L21*D1)

D3-L33%(F({,3)-L31*D1-L32*D2)

D4-144%(F(14)-L41*D1-L42¥D2-LA3%D3)

D5=L55%(F(L,5)-L51*D1-L52*D2-L53*D3-L54%D4)

Figure 2-1. Scalar Code Taken From STEP of 3-D Cede -(Cont.)
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15
13

i7

18

COMPUTE BIG R+ §

F(I,5)=D5

F(1,4)=D4-U45%D5

F(I,3)=D3-U34"F(1,4)}-U35*D5
F(1,2)=D2-U23*F(I,3)} U24*F(1,4)- U25*D5
F(I,1)=D1-U12*F(1,2)-U13*F(I,3)-U14*F(,4)-U15%D5
COMPUTE C PRIMES

DO 15 M=15

D1=L11*C(I,1,M)

D2=122*(C(I,2,M)-L21*D1}

D3=L33%(C(1,3 M}L31*D1-L32*D2)

D4-144%(C(1,4 M)-141¥D1-L42%D2-143*D3)
D5-L55%(C(L,5 M)-L51%D1-L52%D2-L53*D3-L54*D4)
B(L,5M)=D5

B(I,4.M)=D4-U45%D5
B(I,3M)=D3-U34*B(1,4,M)}-U35*D5
B(I.2,M)=D2-U23*B(I,3 M)-U24*B(I 4,M)-U25*D5

B(L,1,M)=D1-U12*B(1. 2. M)-U1 3*B(1,3 M)-U1 4*B(,4,M)-U1 5+D5

CONTINUE

=10

COMPUTE B PRIME*BIG R FOR LAST ROW
DO 17 N=1,5

F(LN)-F(LNFA@N,1)*F(I-1,1-A(LN,2)*F(I-1,2)- A(LN,3)*
- FF(Ld 3)—A(I,N A)FF(E1,41A(LN,5)*F(-1,5)

COMPUTE B P
DO 18 N=1,5
DO 18 M-I,5

H(N,M)=B(LN,M0-A(LN,1y*B(I-1,1 M)}-A(LN,2)*B(I-1,2 M)}-A(I,N,3)*

BEL2MMALN ABELAM-ALNSBELS M)
INSERT LUDEC AGAIN

L11=1/H(1,1)

L21=H(2,1)

Ul12=H(1,2)*L11

122=1./(H(2 2)-L21*U12)

U13=H(1,3)*L11

Ul4=H(1 4)*L11

U15=H(1.5)*L11

L31=H(3,1)

132=H(32)L31*U12
U23=(H(2,3)-L21*U13)*L22
133-1./(H(3,3)-U13*L31-U23¥L32)
U24=(H(2,4) L21*U14)*122
U25=(H(2.5)-121*U15)*L22

L41=H(4,1)

LA2=H(4,2)}141*U12

143=H(4 3)-141*U13-L42*U23
U34=(H(3,4)-L31*U14-L32*U24)*133
144-1./(H(4,4)-U1 4*L41-U24%L42-U34*L43)
U35=(H(3,5)-L31*U15-L32*U25)*L33
L51=H(5,1)

L52=H(5 2¥L51*U12

L53=H(5 3}-L51%U13-L52*U23
L54=H(5,4)L51*U14-L52*U24-L53*U34
U45=(H(4,5)-L41*U1 5-L42* U25-L43*U35)* L 44
L55=1./(H(S,5)L51¥U15-L52%U25-L53*U35.L54%U45)

Figure 2-1. Scalar Code Taken From STEP of 3-D Code (Cont.)
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' COMPUTE LITTLE R~ §
D1=L11*F(L,1)
D2=L22%(F(1,2)-L21*D1)
D3=L33*(F(1,3)-L31*D1-L32*D2)
D4=144*(F(1,4}L41%D1-142*D2-L43*D3)
D5=L55%(F(1.5)-L51¥D1-L52*D2-L53*D3-L54*D4)

C COMPUTE BIG R+ S
¥(I,5)=D5
F(1,4)=D4-U45*D5
F(1.3)=D3-U34*F(1,4)-U35%D5
F(1.2)=D2-U23*F(I,3}- U24*F(L 4} U25%D3
F(1,1)=D1-U12*F(1,2)-U13*F(1,3)-U14*F(I,4)-U15*D5
I=IU

20 I=1-1
DO 19 N=1,5

19 FLN<FEN)F(L1FBILN,I}F(E 2)*BILN,2)-F(I+1 3)*B(IN,3)

1 JFE(I+1,47B(LN4)F(F+1,5)*B(LN,5)

IF (LGT.IL)GOT020
RETURN
END

Figure 2-1. Scalar Code Taken From STEP of 3-D Code {Cont.)

The segments of code referred.to in B. above were subjected to coding in a variety

of FORTRAN dialects. The result was the proposal for a set ‘of FORTRAN extensions
which are found in Section 4 of this report. Figure 2-2 presents a moderate recoding

of the first of three sweeps of the left-hand-side code being analyzed as an example of
how such code might appear to the applications programmer. The implicit code,
admittedly, is structurally simple, and creates no data dependent vector operations of

any magnitude. The vector coding of the implicit code can therefore be done in a

very straightforward manmer, using the CODO constructs (see Section 4) abmost exclusively
to provide optimum processing on the FMP.

An effort was initiated late in this phase to hand -compile the entire key segment of the

implicit code. The delay in inifiating this effort arose from several fruitless attempts at

over enrichment of the FORTRAN syntax to support the FMP. The result has been that
only a small segment could be prepared for publication in the time remaining, Figure 2-3

%ives the hand compilation example for lines 100 through 170 of the code shown in
igure 2-2.
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100=
110=
120=
130=
140=
150=
160=
170=
180=
190=
200=
210=
220=
o30=
240=
250=
260=
270=
280=
290=
300=
310=
320=
330=
340=
350=
360=
370=
280=
390=
400=
410=
420=
430=
440=
450=
340=
470=
420=
490=
500=
510=
520=
530=
S40=
550=
S&0=
570=
S50=
590=
&00=
610=
620=
630=
&40=
650=
&60=

CausFI
[

1

C
(-2 500
C

[
ag- =125 |

C

RIPRODUCEILITY OF THH
- CRIGINAL PAGE IS POOR.
Do 20 L=2,EMAX-1 - me—
LTRX

COR =1, JMAX:K=2, KMAX
RJ=CE (K L2 &y
K= {X (K+1. L5 )X {(K~1-.L, ) ) #DY2

Z=(Z{k+1, L J)—Z(K-1, L, J) ) #0Y2

X=X b L+l J)=X (Ko L—1.d) ) #0707

YL=(Y (ko Ltts =Y (¥ L~1,J) Y 4OZZ

ZL=(Z (B, L+1. ) =Z (¥.L-1.J))%DI2

Dlds 1.2y =HEX# ( (YE¥ZL~ZR#YL) #¥Rd)

E{ds 12 1) =HDX# { ~OMEGEA# ( Z {1, Lo J) # (Rl ( YR #ZL—ZK#YL } )

=Y (Ko Lo J) #RUS { XKEYL-YE%XL) ) )
Dlda 1, 4)=HDX#( ( Xk sYL=YKEXL)#RI)
Dl 153)=HDX# ( ( ZK#XL~XK#ZL ) #R)

¥* #AMATRA

RR= 1./0{K.L,1.,.01)
u M.l 2, DD#RR -

V = (.L.3, N#RR
W= D(K:L.4, D)#RR -
HU = Dy 1, 2)+V#D{ 05 1, 3y +W#D{ds 1. 8}
UT = (324438342442
Cl = GAMI#*#UT#.5 .
22 = D{K:L.5:. ) #RR#GAMMA
L3=C2-C1
C4=D{da 1,1 )+
CS=GAMI =it
CH=GAMI#Y -
C7=GAMI*W
M, 1.5) = 0.
D(d:2,1) = D(Js 1230300
D0, 2,2) = C4+0(d; 1,2)#0AM2¥L!
N(J;2:3) = ~0(J4; 1, 2)#C46+0(J2 1, 2) #!
D(J:2:4) = =D 1. 2)#07+00U. 1.4 )1
D(d:2:9) = D0 1. 2)#GAMI
B{d.2,1) = L 1303010
DCOd:32.2) = D{(J: 1, 2)#0-0(d, 1,225
O(4.2:3) = C4+0¢J,5 1,37 #GAM2%Y
D(J>3:4) = —-0O(J, 1, 2)#CT7+D(J, 1, 4 )Y
O¢d,3.5) = D(Js1,3)#0AMI
Lt 4,1) = DO{Jd>1,4) %01 -l
BlJ24:2) = O(Jy 1,20 %W-D{Jds 1.4 #CS
Dt 4.2) = OGS 1.2 #W-D0d: 1, 4)#C4
O(Jd,4,4) = C4+0{; 1, 4)Y#GAM2#W
D{Jd:4,5) = D0 1. 4)#GAMI
D{J. 5, 1) = (—C2+2,#C1)#Ull
D(J4,5,2) = D0y 1, 2)#C3-C5%LY
D{d:3:3) = D{ds 1+3)#C3-C6%U)
D(J.5:,4) = D(Js 1,84)#C3-C 7%
D, 5,5 = D{Jd>1,1)+GAMMARLILE

* END OF AMATRX
ENDOCD

Figure 2-2. Proposed Recoding of Scalar 3-D Code Taken From STEP
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&7 0=
&mo=
L20=
700=
Fio=
7o0=
720=
740=
7o0=
Tl
770=
7a0=
7=
200=
S10=
2z20=
Sa0=
240=
B250=
Sa(=
S70=
220=
290=
FO0O=
S10=
F20=
oZ0=

CODD J=2, dMAX—13N=1, 33 =2, FMAX-1

ACI N 1)
AN, 2)
Al{da N 3D
ACJs N, 4)
ANy =)
E(JaN5 1)
B> N, 2)
Bt N, 3)
B(daN>4)
BOJ N, )
CoJ2 Ny 1)
CJdaNs2)

DA Ny

C{J:N-4)
(Y QUER PR
ENDICE

o n g n i

I L T | N

-Di-..!—l k] Na 1 )
-l d=1,N>2)
—0(d—1,N273)
_D(-_'“‘].?N:q')
=1, M, 5)
0.0

0.0

0.

0.0

0.0 R
LDOJd+1.N 1)
D{Jd+1-N. 2)
D(H1.N.3)
D{I+1.N-4)
L{d+1.N. 5

copg J=2,JMAX—-15N=1,S5k=2, hMAX-1
RMI=RM/RU
Al NN)=A(J, N N} -RMIF(H (K. Ly &2 00=1)
E(JdN.N) = C&

Clda N NY=E G N N)—RMUSD (Vo Ly &7 d+1)
FldaNI=S (KL N- D)

ENDCD

Figure 2-2. -Proposed Recoding of Scalar 3-D Code Taken From STEP (Cont)
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FHO=
TH=
SAQ=
7=
AE0=
Q0=

1000=

1010=
1020=
10320=
1040=
1050=
1040=
1070=
1020=
10%0=
1100=
1110=
1120=
11z20=
1140=
1156=
1140=
1170=
1180=
1190=
1200=
1210=
1220=
1220=
1240=
12%0=
12340=
1270=
1220=
1290
1200=
1210=
1.220=
1330=
1240=
13%50=

1 3A40=

1270=

1380=
1390=

C

kel

aluNwky!

bl

REPRODUCIBILITY OF Tmi
) HE
ORIGINAL PAGE IS POOR

END OF FILTRX

3 MUST BE ZERD N B.C.

IMSERT LUDEL

con0 k=2, FMAX-1

Li1=1./B{2,1,1)

L2i=B(2: 21}

1 2=B{Z;1,2)#L11

L22=1./(B(2, 2, 2)~_.21#41>)

Ll z=R{T,1,2)%.11

14 = BE(Z,1,4)%.11

H1S=R{(Z; 1,2)%L11

L31=RB(2, 3+ 1)

LEZ=B(I2, Z> 2)-L21#l1=
H23=(R(2, 2. 3L 2113y #L22
LE3=1./(B{Z,Z:3)-U13#L 31 ~33wL 32)
U24={B(2, 2, 4)-L21#014)=L.27
UZT={B(Z2, 2, 5)~L21#l1S)#L22

L41=R(2Z,4,1)

L42=R{Z., 4. 2)-L41#li1Z
L43=R{(2.4,2)-LA41%13~-L4 %23

UR4={B( 2, 35 4 )=LI313l 1 4= 2804 ) #L 2%
L44=1./{B(2y 4, 2)~11 4% 81 ~24#_43=1134%.43)
HES={E{Z, 3, 53)=L31 %1 5~L3ZB U253l 22
LS1=8(2,5,1)

LSo=R{2- S 2)-LTixi1l
Eo3=B(2, 0, 3 —LT1#l11 3~ S22

L34=R(Z 5, 4)-L91 #14—-LS2#UCd—L 83w 54
H4S=(B(2: 4. 2)-L41#015—L 4225 4 26F25) w44
LSS=1, /{B({ 29, 5)=LS 1 #U1S~LS 2 2SS 3= 135~ S4+014T)
COMPUTE LITTLE R =

Dl=L11xF (2,1}

Dr=| 228 (F{(Z.2)~L.21#01)

D=L 3o (F (2, )L 21 %01 -L32%#D2)

M=l 44%x (F(Z. 4)—-L41*D1-LA42xD2-L4=Z%D3)

OS=L 584 (F{Z,5)~LS1#Il ~LS2#02-LSa=xD3—-L 34%D4)
COMPUTE BRIG R =

F(Z2.5y=D3

F (2, 4)y=D04-11450% -
F{2,2)1=02=-U244F ( 2, 4)-U2T%05S

Fl{Z, D=0z~ U238F (2, 2y ~U24sF (2, 4} ~UDS%05
FOZ, 1)=D1—-010#F (2, 2Y =1 28#F (2, 3) =11 4%F (2. 4 )~ 1 SaDS
ENDCEH

Tigure 2-2. Proposed Recoding of Scalar 3-D Code Taken From STEP (Cont.)
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1400= COMPLITE © PRIME FOR FIRST ROW

1410= L

1420= i COoDO M=1.55t=2:1 MAX-1

1430= DI=L 11#C(2.1,M)

1440Q= Do= 253# (0 (22, M)—L21#01 )

1450= =] 2z (C{ 7 3, M)-L21#D1-L 3207

14460= D=L 44 (C (2, 4, M) ~L 41401~ 42#D2-L 4 2%D32)

1470= Do=LS0 (0 (2,5, M) -LE31#D1-LS2#+ 02~ S3%N2~_54+04)

1450= B{2. T, M)=0%

14%0= B{Z,4,M)=D4--1145%xD5.

1500= B(2,3,M) = L2-U34%E(2, 4, M) -UZS:0%

1Z10= B(Z, 2 M) = LDZz—UD3#B(Z, 3, M)-L24%B(2, 4, M) -LZT#05E.
1520= B{Z:1-M) = D1 #B(2, 2, MI-ULIEZHE (2, 2. M~ 45B( 2, 4. M)
1520= 1 —~LI1 505

1540= ENDCL

1350=

1560= Do 13 I=3,JdMAax—2Z

1970= L COMPUTE B PRIME#BIGR

1220= [

1550= COD0 N=1,53h=2,FMAX~1 -

14600= FOI-NI=F (L. NY—A(I.N: 1)#F{I=1,13-B(I. N, 2)#F(I-1,2)
1&10= 1 =A(LN D #F(I-1)-A(I. N A)#F{I-1.4)—A{ I, N.S)#F (11,5}
1&20= ENDCLI

1£30= [

1440= COMFUTE B FRIME

1&650= L

1440= CODo N=1.SsM=1,53h=21 MAX~1

1&670= HNMY=B (I, N> M) —A(Ia N, 1) #B(I~1, 1. M) —A(T. N, Z)#B{I~1, 2 M)
1&30= 1 —ALLNZI*E(I-1, 2 M) -A{I.N-4)#B(I-1.4.M)~ACI N-S)*xB(I-1,
1490= 2 SaM)

1700= ENDCD

1710= ¢«

Figure 22. Proposed Recoding of Scalar 3-D Code Taken From STEP (Cont.)
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REPRODUCIBILITY OF THE

1720= INSERT LUDEC AGAIN

1790=  « ORIGINAL PAGE IS POOR
1740= LoD =201 MAX-1

1750= Lil=1./H(1,1)

1740= L21i=H{2, 1)

1770= UID=H(1,2)=L1t
- 17E0= L22=1./(H(2,2)~L21%H132)

1790= U13=H(1,2)#L11

1200= - H14=H(1,4)#L11

1510= Ui1S=H{1,5) %11

1820= L2i=H(=, 1}

1830= LE2=H(2,2)-Lai*l12

1840= HR23=(H{2,3)~LI1 #1322

1350= L22=1./(H( 3, 3) -1 3#L 311122 22)

12460= HR4={H(Z,4)—~L21#j148)#_2

LE70= URS=(H{2, S)-LI2I#U15 ) #L2T

1350= Lai=H{4,1)

1520= L4ZeH {4, ) ~L41#U1>

1200= L43=H(4,32)-La1 %1 2~ 42413

1910= U34={H{ 3, 4)—L21#L14~L 32#24 ) #L 33

1220= L44=1,/(H(4: 4)~14#L 41-U24%L 42-1134%L.43)
1930= E5=(H({3,5) L3111 S-L30#25) #L33

1240= L S1=H(S, 1)

1950= LSO=H (5. 2) ~LS1 #0112

1960= LS2=H (S, 2) ~LS1#11 3~-LSZ#U23

1970= LS4=H (5, 4)-LS1 #U1 4—L5 %1241 53#134

1930= U4S=(H(4,5)~L41 #1015~ 42# 125~ 43% U35 ) #_44
1990= LES=1. / (H(S. 5)— LS 1 # 1 S— S24UDS~L 5241 35-L5441145)
Z000= [ COMFUTE LITTLE R!sS

SO0 D1=L11%#F(1,1)

2020= Qo= 2238 (F(I,2)~L71#D1)

I0=0= Da=L 22 {F{1,3)-L31#D01-L32%D2)

Na0= D4=L 44#(F (T, 4)~L41#Dt~-L 4402~ 43#03)

OS0= DS=LS5S% (F(I.5) ~LS1#01-LSX*02-L53+D3—-L 54404 )
204A0= 0 COMPUTE BIG RIS ’

Z070= Ftl,%5)=05

20E0= F{I.4)=04~-L45%05

20%0= F{1,3)=03-UR4%F (1,8} -35405

r100= F(I,2)=02-123%F(1,3)—U24x%F( I, 4)-U35%05

z110= F{I,13=01—-U108F (I, 2)~U124F (I, 3)-U14#F (I, 4)-U1S#DS
2120= ENDCH

J1z0=

2140= COMPUTE © PRIMES

is0=

TiaO= CODO M=1,%3K=2, KMAX—1

2170= Di=L11#C(I.1.M)

S1E0= Do=L22#(C(I.2, My —L21%01)

F1o0= pa=t 23 (0 (1,3 M) -L31#01-L32=02)

2200= D4=L 44%{C({I,8,M)—LA1#01—_42#02~1 42403)

ooi0= [S=L55# ({0 (1.5, M} —LS1#01 - S2#02-L 5330 3-L54+%D4)
e on o BT, 5,M)=[5

2730= B(Is4,M)=04-145%0S

oD40= B(I.3.M) = N3-U24+B(I.4.M)-UIS505

T IS0= B(I,2+71) = DE=U23%B(1+3: MI—UZ4%B{ L1 43> M) —LIZS%DS
Foa0= B(Iy1.M) = O1-U1Z#B (I, M —UL38REI, 3, MY-UL4%B{1:4, M)}
ZI70= 1 —U15%D5

ER0= ENDICD

ZDa0=

Figure 2-2. Proposed Recoding of Scalar 3-D Code Taken From STEP {Cont)

213



2300=
ZT10=
Z220=
TET0=
3340=

TIR0= .

22&0=
2370=
2320=
2TP0=
2400=
2410=
2420=
2430=
2440=
2430=
24460=
2470=

REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR

1z CONTINUE

Ly
I=sdMAX-1

C COMPUTE B PRIME#EIG R FOR LAST ROW

L
CODD N=1,5s5 =D, FMAX-1
FUI NY=sFOINY-A{I- N 1)#F{I~-1,1)-A{I, N, 2)#F(I-1,2)
1 —ACT-N-2% FOI-1.2)-ACI- N4 #F(I-1.4)-A(I. N, S)#F(I-1.5)
ENDCL

C

C COMPUTE B PRIME

c

COon N=1,S3iM=1,55K=2, KMAX~1

HINsM)=B(I, N> M}—A{I. N> 1) #B(I-1-1-M)-A{I.N; 2)+B{I-1.2:M)

1 ~A(I-N3IHB(I-1.2.M)-A(I N4 #R(I-1, 4. M)—AC(I . N, Z)#B{I~1.
2 S.M)

ENDICD

Figure 2-2. Proposed Recoding of Scalar 3-D Code Taken From STEP (Cont.)
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2480= INSERT LUDEC AGAIN
2490=

SS0D= CODD K=2,kMAX—1 REPRODUCIBILITY OF THE
2510= Li1=1,/H(1.1) ORIGINAL PAGE IS POOR

2520= L21=H(2, 1)

on

2530= B1l=H{1,2)#L11

DR40= D=1,/ (H{Z, 2)-L21#U12)

2850= HI3=H(1, 2)+=L1]

~360= Uig=H{1l,4)3%L11

2570= UlS=H{1.9)+%L11

2F20= LZ3t=H{2-1)

S590= L3D=H{2, 2)-Laixii12

A= H23=(H{2, 3)-L 211 2) L 20

Z&10= L32=1./(H{3Z, 3) -1 3L 21 -U22xL 37

A= UZ4=(H(Z:4)-L21#14)#L 22

A30= UZS=(H(Z,S)~LT1#U1S)#L.22

IAAD= L41=H{(4,1)

2AS0= LE4Z=H{4,2)~L41#li

2REQ= L42=H{4,3)—-L41 %1 3-L 4% 123

Z&70= U24=(H(F, 4)Y-L 31140 22124 )L 22

2A20= L4g=1./(H(4:4)=114%L. 411124+ 42-U34%_42)
TEQOD= UIS={H({ - S)-L31=U1S-L 2225 )»L 532

>700= LS1=H(%, 1}

J710= LaD=H(S, 2)—-LS1#+1

2720= LS2=H({S, 2) LSl #J1 2-L3 22 3

27 30= LT4=H(S, 4)—LolwtN4-LSo#l4 L S 3804

2740= B4T={ (4. S)-L41#J15-L42% 2%~ 4 23 I13%) L 44
2750= LS9=1./(H{T, ) -LSi# 1 5-Lo2# U T-LOI3#IZS-LS4+114T)
Z7E0= COMPUTE LITTLE Ri%=

J770= oi=L11#F(I.1)

S7EO= 2=l (R (I, )L #01)

pudrgci el OD3=L 534 (F(I,3y—-L31+01- 30%2)

TI00= BA=_44%(F(I.4)-La1+D1 - 42#02-L 4303}
ZE10= DS=LSS#(F (I, S) ~LS1#D1~LS2#02-L 5303~ 54#D04)
TR20= O COMPIITE BIG R!'<

2E30= FII.S)=0%

2=240= F(I,4)=P4-L45#05%

2250= F{I, 2)=2—-L24#F ([, 4)-L25:0S

J240= F{I.Zy=02=-023%F (I, 2)-U24%F (1.4) L2505
2R70= F{l,1)=T-N IR { I, 2y 3xF (. 2) Ui 4F (1. 415205
2RE0= I=JMAX-1

22T0= 00 I=1-1 -

2F00= [

Z910= COEN M=1,3s5k=2,hMAX-1

2R20= FlI-M)=F( (I, N)=F{I+1:1)%B{I .M i)-F{I+1 . 2)#B{TI,N.2?
29 30= 01 —F(I41, 2)#BOI.N ) ~F{I+1,4)#B(I. N4} ~F(I+1,T)#RB{I. N5}
240 ENDCE

o9S0= o .

IRAQ= IF (I.GT.2)0R0T0200

2R70= I

0= CODD d=2, MAX—-13F=2.F MAX—-1

2= SlFaL-1.d)=F I, 1) -

2O00= L. 2, D=F (4 2)

S10= B Skl 2, ND=F{d4.2)

SZ0= o R (bksLl.4, 4)=F{d.4)

0= S{k.L,S,. N=F(J-5)

2040= ENDCLH

2O50= [
A0&0= 20 CONTINUE
a070= ©

Figure 2-2. Proposed Recoding of Scalar 3-D Code Taken From STEP (Cont.)
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DIMENSION 00100, 10056 100), X {100,100, 100),Y (100,100,100,
1 Z(100,100,100},D{100:5,51,A(100,5, 5, B(100,5.:5),
2 C(100,5:5),5(100,100.5,100),FC(100,5) . H(S, T)

o 20 L=2,LMAX-1

RLOADI L.2 STARTING VALUE
SUBX LMAX. ONE, &S0001

Con0 J=1.dMAX S K=2, KMAX
MPYX KMAX.JMAX, &S0002 FORM VECTOR LENGTH MAXIMUM
Rd=G(}-L. &)

PACK FMAX, &I, 350003 L&DR1 CONTAINS DIMENSIONS OF O
FACK &50002.%LDSF, &00032 FORM -TEMP VELTUR AT LDYNAMIC SPALCE

SHIFTI ¥S0001,4&,%50004 ITEM COUNT CONVERT TO BIT ADDRESS
ADDX LEDSP, &S0004, RE&DSP UPDATE DYNAMIC SFACE POINTER
MPX  &&DEZ, ZIX. 20004 COMPUTE =kIP DISTANCE IN &

MAPR, F=GATHR: R1=&300032, R2=450004, Wi=L0002,

KE=(X{E+1: L ) =X {K-1,L,J)2DYZ
Yh=(Y{K+1.l - =Y {K~1,0L,Jd))#DYZ
IR=(Z{+1l. L -2 (K-1,L,J) 2 #DY2

FACK Z&LXL. &LDSP. 200003

SHIFTI &%XL.,&,&80005

ADDX LS0005, YDEP, R&DSP UPDATE DSP
PACK HUNDRD- &BX . &D0004 RECORLD LENGTH

MAP  F=GATHR: R1=%D0004, RE=TNTHSND, W1=300003,

PACK. %YL, &&DOSF, 2D000S

SHIFTI Z&YL.4,&EQ005

ADDX 30005, &&DSP, 2&DSF UFDATE ISP

MAF ., F=GATHR, R1=%00005, R2=TNTHSND, W1=&[000S

PACKE %&ZL . %&DSP, &D000&

SHIFTI %&%ZL.&»&S0005

AOOX 50005, LYOSP, 24DSP UPDATE DSP
MAP: F=GATHR, R1=D0006&, RE=TNTHSND . W1=00004

MAP . R2=%0DYZ2, D=BCAST.
BUFF . WE1=52,E=&,F=004Q. - SETUP BRGADCAST OF DYZ IN BUFFER

{Continued)

Figure 2-3. Hand-Compiled Example of a Segment of FORTRAN Code
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FACK TNTHSND. &DXK. &LIXEK
FACK TNTHSND. LOYK, 2DYK
PACK TNTHSND. ROZE, &DZK -
ADOX SIXFOUR: RDO003, 00007
SLIBX &D000E, TWOWDS - 00003
PACE THNTHSND, 200007, &T0007
FACK TNTHSND, 200002, $D00OR

ADDX SIXFOUR. ¥DGOOS. XD0007
SUBRX &DO00S, TWOWDS, &D0010

PACK TNTHSND, #0007, %DOOOT
FACK TNTHSNLD, 200010, L00010

ADDX SIXFOUR, ZDO006, &D0011
SUBX SD000&, TWOWDE, 00012
© PACK TNTHEND, &DO011, 00011
PACK TNTHSND, 00012, &D0012

MAPR . R1=3DO00T , R2=1D0O00T, Wi1=&IXk=\ii.
BUF, A=RB1l, B=1,E=0,F=000. BEROADCAST FROM BUFFER
VEC, F={A-RB)#*D.A=51, B=52, D=REB1.Wi=AR1.

MAP > R1=2D0007, R2=300010, W1=80YK=VLI.
BLUF, A=RB1»-B=1.E=0, F=000. BROADCAST DY2 FROM BUFFER
VEC,F={A-B)+#D,A=E51,B=520=RBLl.W1=AR1.

MAP,R1=4D0O01 1, R2=%D00 12, W1=&0Zk=VL,

BUF ; A=RB1.,B=1,E=0,F=000. BROALCAZT DYZ FROM BUFFER

VELC, F=(A-R) #D0, A=S1 B=52, D=RB1. W1=0R1.
=XKLl =X (K L1, .4y ) w22

Yh=(Y{F>L+1,d)-X{ks1l—1,d))#DZ2
IL=(Z(F L+l -2, -1, ) yxDZ2

Figure 2-3. Hand-Compiled Example of a Segment of FORTRAN Code (Cont.)
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Figure 2-4 provides some summary information about the ‘assembly language’ form
in which the FMP code is presented, as compiled by a ‘pseudo compiler’. Some of
the conventions such as using a special character *“&” to delineate compiler-generated
variables, descriptors and arrays has been taken from the STAR FORTRAN compiler
scheme. A brief description of the code follows,

The .operation RLOADI stands for the scalar function LOAD REGISTER with
IMMEDIATE data. The value 2 will appear as part of the actual instruction. The
register called L will be defined as a permanent register out of the 256 available to
the programmer in the Scalar Processor,

SUBX is the operation SUBTRACT INDEX (or address). The register called ONE

is canonically defined as register 16 in all scalar units of the STAR family. The
temporary register &S0001 is set up to be used at the DO loop termination sequence
(not shown in Figure 2-3).

MPYX stands for Multiply Index value (nom floating point). The result will be the
vector length fo be processed for the metric arrays X, Y and Z. The CODO statement
permits the compiler to generate a series of GATHER RECORD operations to form a
long vectar which makes the vector arithmetic more efficient, Figure 2-5 gives a
visualization of the matrix as jt wounld be stored in memory if the dimensions of

X, Y, Z and Q were (10,10,10) and LMAX, KMAX and JMAX were each 10. The
numbers in the blocks indicate their sequential storage addresses. Thus Q{1,1,1) would be
block 00, Q(2,1,1) would be block .01, Q(1,10,1) would be block 90, and Q(1,1,2) would
be block 100.

The CODO statement creates a vector operation that, for each J, removes from memory
a vector of length KMAX-2. This action will result in a new vector consisting (referring
to Figure 2-5) of block 00 through 09 followed by blocks 100 through 109, blocks 200
through 209 and so on up to block 909. The GATHER RECORD operation makes a
random reference to memory for the first element addressed (J=1,2,3 . . . IMAX) and
then retrieves the data following (K=2,3 . . . KMAX]} at ‘near-pipeline rates’ of eight
64-bit operands per minor cycle. The columns of data gathered in this manner are
stored sequentially in memory.

A series of scalar instructions preceding the GATHER instruction forms the descriptors

to be used by the Vector and Map Units. The instruction PACK merges the rightmost
sixteen bits of a register into the sixteen-bit length field of another register (which normally
contains the array base address) and places the result in another register (in-this case
temporary, compiler-assigned descriptors).

Temporary vectors (which will never be transmitted to Backing Store) are assigned
dynamically in the same manner as used on the STAR-100 computers. A fixed register,
called the Dynamic Space Pointer (DSP) contains the address of the first available
location in free {(unused) memory. Temporary vectors are allocated and deallocated in
%his region of Main Memory by using the DSP, and then updating the DSP to the next
Tee location.

The operation SHIFTI {shift register immediate) shifts the field length (which is an item
count of 64-bit words) left six places to form the bit address with which the DSP can
be updated.

The MAP instruction sets up the READ 1 trunk with the base address of Q and 2
record length of KMAX {(number of words in each column or record), and the READ 3
trunk with the increment used to proceed through memory for every J (refer to previous
discussion of Figure 2-5 where J=1,block=00J=2block=100; then the memory increment
would be 100). The WRITE 1 bus, W1, is set up with the address of the temporary
vector, which will later be assigned to the variable RJ. The function code GATHR
indicates a GATHER operation. The presence of a field length in the READ 1 setup
indicates that the operation is to to be a GATHER RECORD.

2-18
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o

9 Scalar code uses munemonics identical fo those implemented for the STAR-100
Computer family :

. Form for vector machine code is:

Unit name (Vector, Map, Buffer, or Swap, or the first letter of those
names . . V, M, B, §)

Subfunction field name (R1 . . means READ 1 setup)
An = sign followed by the value for that field

] Al infernal scalars created by the compiler are given sequential names beginning
with ‘&8’. Thus the first scalar temporary created by the compiler would be
&S0001.

e  All internal vector temporaries created by the compiler are given sequential names
beginning with ‘&V’., Thus the first vector temporary would be named &VO0001.

. Descriptors (register file pointers to vectors and arrays) are assigned internal names
which begin with ‘&D’ and followed by the array name. Thus a vector declared
by the programmer as in a DIMENSION statement:

DIMENSION AAA(100)

would have a descriptor assigned to it with the name &DAAA. Likewise an inter-.
nal vector temporary created by the compiler with the name &V0001 would have
a descripfor assigned with the name &D000I. .

[ An example of the form of the language, a memory-to-memory vector addition
operation, is given as:

MAP R1=&DAAA,R2=&DBBB,Wi=&DCCC=VU.
VECTOR, F=A+B,A=RB1,B=RB2,Wi=ARI1.

The READ 1, READ 2, WRITE 1 setups take their base addresses and vector
lengths from the register file-contained descriptors &DAAA (for array AAA),
&DBBB (for array BBB}, and &DCCC (for array CCC). The WRITE 1 setup
statement includes the expression =VU, which indicates the WRITE 1 data is
to come from the Vector Unit (VU).

The Vector Unit instruction indicates a function code of a simple add (see
3.2.1.160 of the functional specificafion for complete list of codes and their
representation). The A operand stream will come from S1 (Source 1 from the
Map Unit) and the B operand stream will come from S2 (Source 2 from the
Map Unit). The WRITE 1 bus output will come from the AR1 trunk (Arith-
metic Result 1). -

REPRODUCIBILITY Op THE
PRIGINAL, PAGE IS POOR

Figure 2-4. Explanation of Machine Language Coding
for FMP Produced by FORTRAN Compiler
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[foogoro/arn o brgbagbeglrabag/ oo,
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P N e Ve 5’0/.9&9 A i 591 ! % 4 699 ‘ 1 295 ¢
L Do/ 70 20T R0 S 50 0 P S EC 90901129 392 559 69;} % 996
00| 10 | 20|30 |40 | 50| 60| 70 | 80 | 50 S Ll AW Kot 21T bl
or| 11 |21 |31 |4 |51 |et |71 |81 |1 |2 1932559# 696696196ﬁ97993
A 02| 12 | 22| 32 |42 |52 | 62 | 72 | 82 | 02 [AP Zgaﬁgﬁﬂgﬁ 96691191599;9
03|13 23|33 |43 53|63 |73} 83|03 19"£95596&96 591696193 ¥
04|14 | 24| 34| 44| 54| 64 |74 | 84| 54 |7 19629559 9769359 "
05 |15 | 25| 35 | 45|55 | 65 | 75 | 85 | 95 | g 9159:4 699699
06 | 16 | 26| 36 | 46 | 56 | 66 | 76 | 86 | 96 | % a 299599 y
o7 |17 | 27|37 |47 |57 | 67 | 77|87 |97 |9, o 29959
o8 |18 |28 |38|48|58] 65| 78|88 |98 951992
09|19 | 29| 35|49 | 59| 69 | 75| 85 | 8 |7

Figure 2-5. Sforage Allocation for Flow Variables in Main Memory Allocation
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At the conclusion of the MAP operation, a vector of length 10,000 (if IMAXKMAX and
IMAX=100) will be formed in memory and assigned the descriptor &D0003, which will be
changed (by code not shown) to &DRI.

The machire coding which follows basicafly repeats the descriptor setup sequence just
depicted for the elements of Q, but for the metric artay elements X, Y, Z. After forming
the temporary vector &D0006, the compiler generates the MAP function and BUFFER
function which together use the READ 2 stream (R2) to transfer the quantity DY2 to the
Buffer Unit as a broadcast operand. Since the GATHER operations use only READ 1 and
WRITE 1, this operation can proceed concurrently with the MAP operation preceding it.

The setup of temporary descriptors &D0007, £D0008, &D0009, &D0019, &D0011, &D0012
essentiaily offsets the starting addresses of the X, Y and Z vectors that have been gathered
previously by + and - one word. (adding 64 to a bit base address is the same as offsetting
the address by one word).

The MAP, BUF and VEC instruction sets that appear at the end of Figure 2-3 accomplish
the vector subtraction of the near-adjacent elements (K+1, K-1) of vector X, Y, and Z,

The result of the subtraction is multiplied by the broadcast value of DY2 which has been
preloaded into the buffer, producing two floating-point operations per pair of imput X
operands. In 32.bit mode this process. would yield 32 floating-point operations per minor
cycle for a computation rate of 3.2 gigaflops. Note that this operation is memory-ta-memory
since the vectors are too long for the buffer (except for the broadcast guantity DY2).

The next sequence of code would be the formation of the XL, YL and ZL components.
A ‘dumb’ compiler would produce two GATHER RECORD operations for each metric
array (X(K,L+1,J) and X(K,L-1,J) instead of remembering that the X(K,L,J) gathered for
the XK, YK and ZK metrics computations could be retained in memory and used in
the next step of I. to provide the L-1 elements.

The amount of ‘smatts’ necessary to accomiplish the retention of previously gathered vectors
in X, Y or Z is no different than the intelligence needed to retain ihe counierpari scalar
values between one computation or iteration in a DO Ioop.

Examination of the implicit code in light of memory accesses required revealed that two
distinct approaches were dictated. First the assumption that the entire code tould be
performed in 32-bit mode gave hope that the total data base and all temporary vectors

could be held resident in Main Memory. Thus it was necessary to determine first whether
this was true, given the explosion of temporaries, when long vectors are created for efficiency
reasons. Secondly, the potential need for 64-bit accuracy in the cafeulations made it obvious
that a 64-bit version could not be held in Main Memory; thus access patterns for the

Backing Store had to be examined. Finally, it had to be determined if the calculations them-
selves could be done in the required time given for desited FMP responses to customers.

First, consider the 32-bit case. Using the example of lefi-hand-side coding given in Figure 2-2,
the basic memory requirements are:

1. Flow variables Q(100,100,6,100)=6,000,000
2. Metrics X(100,100,100), ¥(100,100,100),Z(100,100,100)=3,000,000
3.  Update matrix $(100,100,5,100)=5,000,000

In 32-bit mode this would require 7,000,000 64-bit words of the 8,000,000 proposed for
the FMP.

To make the GATHER and subsequent vector computations more efficient by using long
vectors, it js desirable to gather planes in the J direction for this segment of the code.
Thus there would be resident in Main Memeory at any one time in left-hand-side solution,
a number of planes of data, each 10,080 32.bit words in length (5000 64-bit words):



1.  Six planes of Q flow variables —30,000 words.

2. Three planes of metric dats (to keep the L.L+1, and L-1 planes available
for the next step in L), each in the X, Y and Z directions for a total of
nine planes —45,000 words.

3. A plane’s worth of A, B, C and D data with 25 elements for each point
in the plane (five by five block) —500,000 words.

4. A plane of the update array S, in gathered form —25,000 words.

5. A plane each for the H and F intermediate matrices used in the BTRI
sequences (5 by 5) --375,000 words.

The grant total of large data temporaries is then 975,000 words plus the 7 million words
for major variables equals 7,975,000 words- An 8 million (nominal) word FMP actually
contains 8,388,608 words of memory. The operating system requires 65,536 thus leaving
8,323,072 words for useful storage. The remainder after allocating known temporaries

and flow variables is then 8,323,072 - 7,975,000 = 348,072 words. Since the BTRI
sequences will use the vecter buffers for intermediate storage, this remainder seems adequate
at this time to hold a 32-bit version of the three-dimensional implicit code, in the form
available for this study.

It is obvious from this example that a 64-bit version would substantially overflow the Main
Memory capacity. I the major portion of the data base for the 64-bit version must reside
in Backing Store (flow varisbles and metrics plus the 8 array) then the capability must exist
to transfer the data required by the calculations at a sufficiently high rafe fo match the
computation rate, in order to achieve the performance objectives of the FMP., The scheme
proposed by NASA Ames personnel consists of storing data in the Backing Store matrix in
a manner different from that used in the 32-bit mode. In this 64-bit mede case, a basic
transfer block of 32,768 for the Backing Store has packed in it all of the variables needed
for a given point in the mesh, Thus the six Q values and three metric (X,Y,Z) values
would be stored in a single physical block. The vector lengths for each of the nine vectors
4n the block would be 32,768/9=3640 elements maximum, which is efficient for the Vector
Unit and Map Unit fo process memory-to-memory or within the vector buffer (which is
8192 words long).

If the dimensions of the mesh are 160,100,100 (veferring again to the storage scheme of
Figure 2-5) a non-integral number of columns of data from the mesh will reside in a block.
Since the intent is to move data from the Backing Store in ‘slabs’ (see Figure 2-6), it would
be better to always allocate integral rows-and columns fo physical storage blocks. Thus for
a 160,100,100 mesh, 30 columns of each of the major variables would be stored in each
physical block. This means that Q(1,1,1,1) through Q(99,3,1,1) would be stored contiguously,
followed immediately by Q(1,1,2,1) through Q(99,3,2,1). The last flow variable in the
physical block Q(99,3,6,1) would be followed by the first metric X(1,1,1).

The computational sweep in the J direction would then reguire the transmission of the first
physical block, the nth physical block, the 2nth block, and so on until a ‘slab’ in the J
direction is completely transferred to Main Memory. Figure 2-6 shows such a slab for a
iptleish 9f 10,10,10, for a single variable. The physical blocks in this case contain the
ollowing:

Physical Block 1 = blocks 00-29
Physical Block 2 = blocks 30-59
Physical Block 3 = biocks 60-89

Physical Block 4 = blacks 9099
Physical Block 5 = blocks 100-129
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Proceeding to input a slab in the J direction for Figure 2-6 then would transfer
physical block 1,6,11,16 and so on.

Note two effects of this storage system:

1. A ceriain percentase of the physical block transfers contain no useful data,
Thus the transfer efficiency is affected by that amount.

2.  The maximum length vectors without performing 2 GATHER operation are
an integral number of columns in length, and the GATHER operation in any
direction is now aperiodic since the data for J=1,2,3 is not stored at regular
memory intervals because of the ‘holes’ left in some physical blocks, and
matrices are no longer homogenous (elements of other matrices are stored
sequentially imbedded in other matrices in actual physical storage).

The programming of this techmique utilizing BUFFER IN/BUFFER OUT and CODO
constructs {see Section 4) remnins as a great challenge to enliven the next phase of
this study,

A slab in the J direction would require the transfer of one hundred physical blocks
(or ten blocks if the dimensions were as in Figure 2-6) between Main Memory and
Backing Storage. This would mean the allocation of 100%32,768 or 3,276,800 words
of Main Memory for buffering of the slab. In the J direction, compuiation (and the
necessary SCATTER/GATHER operations) cannot proceed until all data is in place in
Main Memory. To keep the computational rate up, a slab must be moved into a
buffer while calculations are being performed on a different slab in another buffer.
This would then require 2%*3,276,800~6,553,600 words of Main Memory, with no room
to hold the S matrix. Thus the § matfrix may have to be combined with the @ and
X, Y, Z matrices in physical blocks, It appears that sufficient Main Memory capacity
exists to support this scheme, however.

If this aliocation and transfer scheme js feasible then the transfer rates must be
investigated. The method employed by this ‘slab’ technique implies a full transfer of

-all mesh, metric, and update matrix variable into and out of Main Memory during the

J direction sweep, It then appears possible to bring in physical blocks constituting the
full plane at J=1 and to solve both sets of equations (K,L sweep} while the plane
remains in Main Memory. Referring to the example in Figure 2-6, this would mean
holding blocks 00 through 99 in Main Memory for the solution in the colummar and
row-wise directions. The amount of data transferred would be one full-transfer of all
variables for a single K,L sweep of the mesh. Total data would then be i4 million
words (9 million for flow variables and metrics and 5 million for S update array).

If ali the metric, mesh and update data is intermingled in physical blocks, then ali

data must be moved both ways (to and from the Backing Store) even though many
variables such as the X, Y, Z metrics are not updated, and thus would not otherwise
find their way back to Backing Store. Taking the two sets of transfers then, 14 miilion
words would be transferred to Main Memory for the J sweep, 14 million for the K,L
sweep, and the entire 14 million transferred back at the end of that particular processing.
Four transfers (counting both directions) of 14 million words equals 56,000,980' words
per time step. If 256 time steps is a representative example then 1.434*10'% words
would be transmitted for a single problem solution taking about eight minutes,

This volume of data transfer would require 30,000,000 words per second to be moved

at sustained rates. This becomes .3 words per clock cycle. The Backing Store is capable
of providing .2 words per clock cycle with the present design at a sustained rate. The
conclusion to be drawn is that a different physical block allocation scheme should be
devised which reduces the total data transferred by at least 10 percent, since the volumetric
efficiency of the physical block storage (because of the holes left in the blocks) is not

100 percent, and the transfer rate is slower than desired. Aliernative tramsfer rates are
possible with the Backing Store, but should be decided on quickly since they affect the
major structure of the Backing Store design.
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With the limitations just discussed it appears that the memory access .patterns for
Backing Store transfers are sustainable for the known 3-D code. The 32-bit mode
version exhibits similar access difffcuities, but recent analysis (see results of simulation
in this section) indicates that the Map Unit can support the computational rate
required under worst-case conditions — in 32-bit mode.

CONCLUSIONS OF ANALYSIS IN THIS INTERIM PHASE

A great deal is being learned about the behavior of the implicit three-dimensional code when programmed
for the FMP. It appears that more analysis must be done involving the tradeoffs between cost, performance,
size and baddwidth of the memory systems when concentrating on the implicit code. For example, it is not
altogether clear that a much lower-cost, higher-capacity Main Memory would not be more desirable than the
system presently proposed for the FMP. Programmability and compiler optimization are severely impacted by
the need for clever slicing schemes to move data between Backing Store and Main Memory.

The GPSS model that is being developed may provide the necessary tool for trying different forms of Main
Memory and Backing Store. The next phase will provide the opportunity to hand-compile the balance of
the key segments to determine the best memory approaches.

The major analytical effort in this phase ended up focusing on storage capacity and bandwidth, and to a
minor degree on the capability of performing non-sequential access to memory for the J sweeps. These
have emerged as first-order effects on the performance of the FMP, In the next study phase, the second-
order effects must also be analyzed more closely to determine if the pipelines and Map Unit can be over-
lapped efficiently (and without great programming difficulty), and whether they are properly matched to the
problem.

- FUNCTIONAL DESIGN

The Phase 1 Exfension effort produced a proposed structure for the FMP and the overall system in which it
is to be imbedded. In this report all hardware design has been focused on the FMP and in particular those
parts which are newly designmed and not borrowed to some extent from the STAR-100 family. Thus con-
siderable effort has been applied to the Vector and Map Uniits which are the key to the arithmetic bandwidth
of the FMP. The description of the resulting design may be found in hardware specification form in
Appendices A and B of this treporf. The Instruction Specification gives the summary of how the FMP
performs each operation, whilst the Functional Specificafion illuminafes such material as the behavior of the
particular arithmetic system chosen, transfer and clock rates, and maintenance interface data,
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‘BLOCK DIAGRAMS

The revised block diagrams of the FMP can be found in the Functional .Specification. More detailed

design work has been done on the Map Unit, but the level of block description given in the specification
represents that in which confidence can be placed at this fime. Formal specifications for the Programmable
Device Controller are cnrrently under way, with completion due by semmer 1978. Detailed specifications
for equipments already in place in standard systems, such as the high performance disks, have been omitted.
An unscheduled and extraordinary amount of the total project effort has been expended on the analysis
and redesign of the FMP and its instructions. This factor led to other portions of this study being reduced
in scope over what was originally planned. This was essential, since the programming and timing estimates
and the block simulation efforts had to await the creation of a workable engineering design of the new
components.

Comparison With/Difference From Phase 1 Design

Examination of the block ciiagrams and description in the Functional Specification will reveal several major
changes in design since the release of the Phase 1 Final Report.

The most significant change is the more defailed structure of the Vector Unit, wherein there are three seis
of identical functional elements (two front-end adders, two multipliers and two back-end adders) and three
checking elements instead of the two called out in the Phase 1 plan. Further, the fully general interconnection
scheme of Phase 1, wherein any element could be connected to any other, has been reduced to a more
practical (from an engineering and parts count point of view) set of interconnections. This constraint then
led to the definition of explicit interconnections called ont by the allowable arithmetic instructions. The
result of this redesign is a significani reduction in hardware, and a substantial increase in fhe checking of
results. This is due to the fact that although there are six separate arithmetic elements, the front-end adder
s not a full floating-point adder, bui contains only the prenormalize networks needed for inifiating a
floating-point addition, and the back-end adder has only the post-normalize network, and is shared by the
multiply element for forming the final sum of all partial snms and carries generated by the multiply element.
Although this back-end adder is shared by the multiply element, an auxiliary port (which required very little
hardware) has been provided to bring in another operand fo be added to the product. Checking probabilities
are enhanced since at any ome clock cycle two of the six elements will be idle {and thus possibly checking
their partners) because of the constrained instruction set that permits a maximum of three floating-point
operations to be called out at a time {(for example A+{C*D) leaves one multiplier and one back-end adder
free).

. SECDED is now carried within the Vector Unit on all trunks not imbedded in arithmetic elements, rather
than parity bits.

The vector buffer, while still physically contained within a Vector Unit, is programmed separately with its
own instruction (9E). )

SECDED ijs now carfed within the Buffer Unit, instead of simple parity.

The Buffer Unit has only two READ ports instead of four. This reduces the hardware parts count and
also the risk of not being able to get fast enough RAMs for this unit by 1980.
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Nine Vector Units (vector pipelines) form an arithmetic ensemble instead of eight, as described in the
Phase I report. A simple method for providing ports for the nine units in the Map Unit, and a method
for switching one pipeline off-line and another on-line, made it possible to provide for quick recovery in
the event of a pipeline failure.

All bit addressing has been eliminated from the Map Unit. All bit strings used for control vectors and
order vectors must begin on a 32-bit boundary. Alignment of bits strings to these boundaries can be

done by the Scalar Processor with iis copious idle time., To facilitate string logicals and alignment, the
Scalar Processor has added to it two double-length shift instructions {operation codes 20 and 21 hex) which
are not available on the STAR-100.

The Swap Unit has been given a Backing Store imap fable to enable setting regions busy for monitor
purposes, or to permit explicit inputfoutput in a Hmited form to be performed by the job mode program.

Instruction Specification

The instruction specification may be found in appendix A of this report. This specification gives the
behavior of all FMP instructions. To permit using portions of the actual STAR-100 design and its docu-
mentation system, the FMP Instruction Specification was designed to not overlap the STAR-100 features,
but to appear to be a mutually exclusive functional emtity. Thus instead of changing an existing instruc-
tion (such as Vector Add Upper, op code 80) to become the Swap Unit instruction, the FMP defines
such an instruction as illegal, and uses one of the STAR-100 illegal instructions as the SWAP instruction
{56 op code). The purpose in this is to permit future expansion of the FMP instruction set to embody
desirable STAR instructions, but more importantly to open the avenue of STAR-100 simulation of the
FMP and vice-versa, since all instruction decode and conirol on both machines is done with microcode.

Functional Specification

The Functional Specification may be found in appendix B of this reporf. Certain functions have not yet
been defined, and are indicated by the phrase “to be defined”, or “designed at a later time”, or some
similar disclaimer. Certain other functions which correspond to their STAR-100 counterparfs have not yet
been designed, but the STAR-100A feature is described to give the “flavor” of the function. An example
would be the description of microcode loading and diagnostic control for the FMP which is, as an interim,
taken directly from the STAR-100A Functional Specification.

Rationale for Design Approaches

After a year of consideration, analysis, design and redesign, it is felt that the FMP structure given in the
included specifications represents a reasonsble engineering approach to providing computations in excess of
one billion per second. As the design undergoes more detailed study some changes are made, and in other
cases convictions grow stronger regarding the approaches taken. Several items that were examined following
the release of the Phase 1 report, and in response to commentary on that report are presented here.



Logic Family

A second-generation logic family of high-speed ECL LSI was proposed as a means for keeping the “real
estate” and the parts count for the FMP down to a reasonable level, not to mention the reduction of
power and cooling requirements. As was pointed out, this choice of a non-existent but promising tech-
nology was the leading technological risk for fhe project. RADL personnel still feel that pursnit of this
goal of a denser LSI parts (LSEII is important to the project but not essential to meeting the stated goals
of performance and relisbility). This can be achieved by centinuing the reduction in complexity of the
FMP hardware as understanding of its behavior with the actual mathematical codes improves, Efforts
are underway to carefully analyze the design and construction of the FMP with existing LSI chips and

packaging.

On the other hand, the desirability of a cooler, smaller, faster LSI system for the FMP has motivated the
pushing of semiconductor manufacturers to pursue the next-generation technology. For the purposes of
this study, all estimates of space, power, and speed are based on the cwmrently pursued parameters for this
new generation. In future reports such quantities will be stated in terms of construction with either family
of logic.

Parts Count vs Performance Tradeoffs

One of the major engineering concerns regarding the buildability of a machine as powerful as the FMP is
the sheer numbers of parts, and hand-tooled interconnections as they affect reliability and maintainability.
The nine pipelines proposed for the FMP are feit to be the limit of the number of paralle! functional
units that should be assembled in one place with the existing technologies. At present, these pipelines can
produce 4800-million 32-bit floating-point results per second (at a 10 nanosecond clock cycle), peak rate.

- If stndies .indicate that 32-bit mode only could be applied to codes using the FMP, and if code analysis
proves that the FMP could sustain computations at 50 percent of peak rate, then half as many pipelines
would be needed (actually 5 instead of 9) with 2 consequent major reduction in hardware parts and a
commensurate improvement in reliability.

Pursuant to this parts reduction, the original generalized Vector Unit, with four read ports from the Buffer
Unit and total interconnectability, created larger paris counts per unit than was felf desirable. Based on
an analysis of the 3-D implicit code, it was discovered that 3 20 perceni reduction in parts in those areas
would affect the performance of the FMP on that code (counting only vectorized processes) by less than
3 percent (thus yielding an overall affect much less than 3 percent). It is in areas such as these that
continued analysis of the codes, and their match with the hardware, is beginning te pay off.

Choice of Instructions

The basic instruction set for the FMP was ‘derived from the STAR-100A. This provides leverage .on the
generation of diagnostics and utilities which can be executed in the Scaler Processor alone. Thus when the
FMP is first powered up and in checkout, the wealth of software and checkout experience gained from

the STAR-100A project can be applied to the FMP. With a completely checked out Scalar Processor and
inputfoutput system, checkout and maintenance of the remaining unifs can be greatly facilitated.
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Instruction extensions to the Scalar Processor were minimized to reduce the need for new scalar diagnostic
development, and to limit somewhat the functions accessible by the monitor operating system. The two
monitor instructions for seiting up the Swap Unit, Map Unit apd for communicating with the PDC were
considered the basic minimum necessary to support the operating system. A vecior SWAP counterpari io
the STAR-100 register file SWAP, then was included for Backing Store interchange. Finally, by limiting
the actual VECTOR and MAP insiructions to three, the remainder of the STAR instruction set could be
made illegal or lega! depending on needs of the software implementors (for simulation purposes) without
supplanting from the instruction set the unigue FMP instructions. Note that the 9D and 9E are variable
length instructions depending upon how many individual streams are being set up, while the 9F is a fixed
length vector imstruction executed by the Vector Unit. In effect, each of the FMP vector instructions
{Map, Buffer and Arithmetic) are somewhat microcoded versions of the original STAR vector operations,
This ability to “build your own vector” is useful when generating object code for computations such as
the Navier-Stokes solutions.

The choice of a microcoded level of instruction also somewhat simplifies the engineering since, in many
instances, a single bit in an FMP vector instruction controls a single gate or single fanout in the processor
without the need for exiensive decode and timing controls.

Extensibility

As noted above, at the discretion of the system developers, other STAR-type instructions could be im;oked,
either to be implemenied by simulation or by additional hardware as the particular case warrants. Within
each FMP instruction extra room has been left for extensions to ‘be defined later. For example, all

address fields are larger than the maximum ailowable memory space requires today. Thus, although 8-million
words of bipolar RAM appears to be the practical limit at this time for 'main memory construction,
addressing has been retained for 32-million words, Likewise, the Backing Store addressing permits addressing
1-billion words of data, while only 256-million words seems practical or necessary at this time.

Firally, a number of instructions have been left undefined for both the STAR-100A-and the FMP, both
in the 32-bit scalar class and in the 64-bit vector class. As a function comes to light that would be
desirable for STAR, a similar function might be included in the FMP,

BLOCK-LEVEL SIMULATION

One of the methods considered best for measuring the behavior of a particular design is to develop a
computerized model of that design, submit to that model characteristic code sequences, and extract the
predicted execution of those code sequences in the face of conflicts for resources such as memory,
functional units, and inputfoutput buses. To provide NASA with a tool which can be used to measure
various kinds of computaiions on the FMP, a simulation model could be built which could then be run
by NASA personnel at their initiative on whatever computers were available. Thus, various analytical
teams could examine machine performance in their areas of interest.

The purpose of this task was to supply a package containing the necessary materials to permit Ames
researchers to create input decks of programs that might be run on an FMP and then run thess programs
through a model {provided as part of the package). The resultant data could provide timing information,
location of significant boitlenecks, and storage access patterns for review of the Backing Store and
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inputfoutput strategies. At the time of this writing the package is not yet in a form which can be used
by NASA, but it should be ready by the time of submission of the final draft of this report.

Simulation With GPSS vs LSISYS

The large-scale computer development operation of Control Data (STAR-100 and FMP being examples)
Dases its design and construction cycle on a series of automated design and documentation tfools, which
utlimately produce magnetic tapes that are then used to automatically (or nearly so) fabricate the silicon
chips and main cirenit boards for the object computer systems.

Three levels of simulation of a design provided in this sysiem, called LSISYS (Large Scale Integration
Simulation System), are General Block-Level Simulation, Detailed Block-Level Simulation, and Gate-Level
Simulation, The first, and most general, of these consists of writing FORTRAN subroutines representing
the behavior of a given block of logic (say the entire Swap Unit), and integrating them into the LSISYS
main program. The second level, which can only be started when actual machine design is underway,
consists of utilizing a library of basic logic blocks (for example, a basic 32-bit wide adder network among
others), selecting the desired building blocks, placing them on “pseudo-boards™, and interconnecting all
data trunks and controls as groups of wires. The third and most detailed level of simulation consists of
placing actual arrays on actual boards (with software) and routing all real signals (by software). This final
stage represenis a complete verification of the design with the hardware as it will actually be built.

Each level requires a certain amount of resource to prepare, with the least resource required by the highest,
most coarse model for the machine and the most resources required by the gate-level simulation. Machine time
requirements can be as high as 150 times greater for the gate-level simulation than for the same functions
modeled at overall block level. The major advantage in using this LSISYS implementation is that any block
or group of blocks may be replaced with their counterpart detailed block or gate moedels, and the entire
assemblage -run as one whole unit. Thus as design of various components proceeds at different speeds, the
entire ensemble can be simulated to validate a particular gate design without requiring the remainder of

the machine to be at the same level of gate design. The running time advantages of running in this mixed
mode are also quite substantial over running the entire computer simulation at the gate level.

The disadvantage of LSISYS is that one must be quite familiar with the inmer structure of the simulator

in order to write generalized block models which can be incorporated. .Further, the intimate inferconnection
of simulator flags, variables, and parameters makes integration a lengthy affair of compilations involving the
entire simulator. For more detailed design verification and analysis this disadvantage is outweighed by the
amount of discrete information that can be obtained from the general level of simulation, while detailed
block and gate’ simulation are easier to submit to simulation in all cases.

At the same time as RADL investigators began to discover the amount of resources meeded to integrate a
basic block model of the FMP into the LSISYS simulator, Ames personnel disclosed their most immediate
needs for simulation data. It became obvious that the level of detail required at this point in the FMP
project was even more superficial than planned for the LSISYS block madel. In particular, general stafistics
about the performance of the Main Memory and Backing Store under different loading conditions is a key
concern of both RADL and NASA. Such a general, statistical model could be provided by more readily
available, standard simulation systems such as ASPOL, SIMULA, or GPSS, which have been in existence on
a variety of computer systems for many years, )
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The peripheral disadvantage of using the LSISYS mechanism for this evaluation function by NASA analysts
was that the system is not a standard, supported Control Data product, which is generally available. Instead,
it is used and supported by the STAR Development Division, and can only run on a fully-configured 7600
system. Choosing a general-purpose simulator such as GPSS could then make the basic block simulator
system available on a more general class of ecomputers.

A brief examination of the simulators available to RADL via CYBER services and a survey of simulator
expetience among the project staff led RADL to select GPSS (General Purpose Simulation System} since it
and a resident expert were readily available. Its availability on the general CYBER computers as well as
IBM :zachines housed at Ames further justified the choice,

It is expected that as design continues the GPSS model will be refined, and selected simulation amalysis of
throughput conducted in that system. As the detailed block-level design proceeds however, input will be
prepared for LSISYS so that the actual hardware design can be verified for functional, as well as perform-
ance, characteristics.

Methodology for Simulation

The FMP has been subidivided into.the components .of Main Memory, Backing Store and processing unit
models, which are linked together. While the models for the memories are developed to represent as close
as possible the actual hardware comstruction, the balance of the processor model consisis of an instruction
interpretation and decode, and execution timing segments for the swap, vector and map functions invoked
by the decoded instructions. This elementary model does not process actual data, although vector addresses
and lengths are examined from the input source cede.

The input to the model is a series of machine instructions, ‘memory-contained descriptors for vectors, and
initial register file contents, The simulator assumes that it is dealing solely with a job mode computational
program and is able to time the execution of sequences of instructions, and to produce the memory access
patterns resulting from various influences. While the model is running, input/output activity can be simulated
by either random, or block sequential accesses. OQutput data is limited to execution fime by instruction

and memory activity at this time.

The simulation package to be delivered under separate cover with the final draft of this report will also
include an itemized list of the regions of source imput (to GPSS) where CYBER/IBM incompatibilities exist,
and necessary corrective actions to be taken if the system is to be run on IBM equipment.

After delivery of the simulator, and for theé duration of any subsequent phases in which RADL is involved,
design updates will be provided for the simulator. To this end some form of documentation and simulator
update control system will be devised.

Relationship to Future Simulation

The GPSS level simulator is intended primarily for the use of amalyst teams outside RADL to evaluate the
ability of the FMP to meet project objectives. It is not capable of being utilized as a verification that

the specified hardware is cgpable of being built. That function still rests with LSISYS which is the primary
design tool for the RADL FMP designers. Thus GPSS can be viewed as a management tool, while LSISYS
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is the designers tool. Since the input forms and even the amount of detail submitted to the systems
differ widely, some form of controls will need to be introduced to ensure that the LSISYS model and
the GPSS model actually represent the same FMP, for as long as GPSS js used by NASA personnel to
validate the FMP approach. Since LSISYS is capable of yielding the same data with a higher degree of
refinement and more closely represents the hardware being designed, it is suggested that, despite its stated
disadvantages, L.SISYS be used as the continning design review mechanism by NASA.

In short, GPSS provides a well-documented and expeditious means of getfing some simulation results for
NASA use, but LSISYS is the long-run solution to ensuring that the real design meets Aines objectives,

Results of _Simulaﬁon

Development of the hand coding of the implicit code, and the .GPES model to reflect accurately the design
of the FMP to date, has severely restricted the amount of data that could be obtained before the conclu-
sion of this phase. It was decided to encode a small portion of the J sweep that is intensively ‘memory
limited’, as data must be gathered for each J in the X L planes. The computation of the metric differen-
tials and formation of the RHQ variables into a long vector were hand coded for Figure 2-3. The results
of performing 34 scalar operations, 3 GATHER operations and 3 vector arithmetic operations over a 100,
100,100 mesh is the achievement of a 933-megaflop computational rate. This sequence was chosen as the
worst case, since memory is being accessed in the most inefficient way.

The same computations in the L direction would achieve close to 3.2 billion floating-point operations per
second, while those in the K direction would atfain a rate of 1.8 billion floating-point operations per
second..

A listing of the GPSS output is too voluminous to include in this report and is being delivered to Ames
under separate cover. This Jisting contains many statistical counts to illustrate the internal behavior and,
in particular, the bottlenecks encountered by a given code sequence,

In the next phase of this study effort, the complete left-hand-side calculation will be coded in extended
FORTRAN, hand-compiled, and passed through the simulator,
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Section 3

FMP RELIABILITY ASSESSMENT

INTRODUCTION

The Phase 1 study for this project produced some reliability projections of a general nature as part of the
Final Report. That phase did nof include design beyond a conceptual stage and, therefore, reliability data,
particularly for the FMP, was primarily subjective. One of the tasks for the Phase I contract extension was
to carry the FMP design to a point which would permit mé.king preliminary parts count estimates. These,
in turn, could then be used for a reliability assessment with more credibility since it possesses a sounder
base.

METHODOLOGY

Since the FMP design proposed by Contrel Data is based on the STAR-1004, its technologics, and extensions
of them, considerable actual defail exists and could be exploited. The basic technology, that of the
STAR-1004, is ECL LSI1, 168-gafe array integrated circunifs in 52-pin leadless carriers, packaged up to 150
per printed circuit board.

The reliability amalysis of the FMP was done by functional unit. Some of the umits are anticipated to be
the same as theose of the STAR-100A (or very neatly so). For these units actual parts counts were used
for printed circuit {PC) assemblies already designed. In addition, sufficient data was available to define an
average PC assembly (or model). The units to be developed uniquely for the FMP were then defined
sufficiently to determine an estimated number of assemblies (or boards) per unit. The medel was then
applied to these board counts for a failure rate per functional unit. ‘

RELIABILITY ANALYSIS

MODEL PC ASSEMBLY

The model, or. typical PC assembly mentioned above, was derived from existing designs. The items which
contribute virtually all the failure mechanisms for this assembly are stated in Table 3-1 with counis and
failure rates,

TABLE 3-1. MODEL PC ASSEMBLY

Component Counts and Failure Rates

Component Count Expected Failure Rate (per million honrs)
Board Vias 18,500 0.00005
LSI Connectors 8,468 0.0014
Solder Joints 660 0.0003
Capacitors (ceramic) 300 0.014
Omega Resistors (buried in board) 1,323 0.0064
LSI ICs 147 0.2
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By extending these counts and rates and swmming the results, a failure rate of 0.0465 per thousand
hours is obtained for the model, or average, board (assembly).

RELIABILITY PROJECTION BY FUNCTIONAL UNIT

The current STAR-100A Scalar Processor was used after deleting the associative memory portion. The STAR-100A
memory module was used but with substitution of an anticipated 4K memory chip for the present 1K chip. This
resulted in wsing 0.2 x 10° faiiure rate in place of 0.1 x 100 which is the rate for the 1K chip. This module was

also used for the inputfoutput buffer.

The existing design for the PDC and 50-Mbit data set have also been directly applied to the FMP. This is also true
for the memeory fanout, so for these three items, actual parts counts with their expected failure rates could be used.

The remaining units, or items, required estimation based on the level of design to date. These are the Map Unit,
Memory Interchange, Vector Unit {9), Input/Output Distributor, and Backing Stere. The Backing Store design is

based on 65K CCD chips, 128 per board. The other units, or items, are new designs and have progressed to 2 reason-
able block-level. Board count estimates were made and the above model board was used as basis for reliability analysis.
Table 3-2 lists all the above units, thejr estimated board (PC assembly) counts, and approximate chip (IC) counts/board.

TABLE 3-2. BOARD COUNT BY UMNIT

Estimated ’ Approximate
Unit Board Count Chips/Board
Scalar Processor 14 147
Main Memory 1216 181
Memory Interchange* 4 147
Memory Fanout 6 112
I/O Unit - PDC**(8) ; 144 150
I/O Buffer 38 181
I/O Distributor 2 147
Map Unit 6 147
Vector Unit***(9) 72 147
Backing Store 2100 143
*Includes Swap Unit
#*Includes Data Set
**¥Includes Buffer Unit




The Memory and Input/Qutput Buffer consist of high-speed, bipolar chips packaged in a stack configuration; each
stack is 32,768 39-bit words (includes SECDED). The above board counts are for 8 million 64-bit words (plus SECDED)
of Main Memory and % million 64-bit words (pius SECDED) of Input/Output Buffer.

The PDC and data set comprise somewhat different technology in that the PDC comsists primarily of TTL circuits and
the data set is basically an analog device. In addition, these units are packaged differently and employ air cooling,

The Backing Store design, for this analysis, assumes a 65K-bit CCD chip. ¥t also would be packaged differently than

the LSI logic of the FMP. The above board count is for a Backing Store of 268 million 64-bit words (plus SECDED).

The results of the analysis are presented in Table 3-3 which gives both raw failure rate and an expected
rate after taking SECDED into account. In addition, the mean time between failures (MTBF) by umit
are shown.

TABLE 3-3. EXPECTED FAILURE RATE BY FUNCTIONAL UNIT

Expected. Failure Rate .
(per thousand hours) Percent MTBF
Checked (houxs)
Unit Raw With SECDED-| by SECDED| with SECDED
Sealar Processor 0.9319 0.8387 10 1,192 )
Main Memory 21.2448 0.0212 999 47,170
Memory Interchange®* 0.1860 0.0930 50 10,753
Memory Fanout 0.2244 0.1122 50 8,913
/0 Unit — PDC**(8) 0.2896 0.2896 0 3,453
I/O Buffer 0.6639 0.0007 929 1,428,571
I/O Distributor 0.0930 0.0650 30 15,384
Map Unit 0.2790 0.1674 40 5,974
Vector Unit***(9) 3.3450 3.0132 10 332
Backing Store 67.6500 0.0677 99.9 14,771
Overall 949146 4.6687 214
*Includes Swap Unit
**Includes Data Set ’
***Includes Buffer Unit




A factor of 1000 improvement was used for SECDED correction in the memory functions which seems
conservative becaunse of the size of the memory (assuming good memory maintenance}). This is because
one chip contains only one bit of a word and two failing chips have low probability of being in the
same word. However, if this assumed SECDED correction improvement is off by a factor of 10, the
total rate with SECDED would only change from 4.6687 to 5.4740; SECDED effectively removes memory
as a large contributor to the system failure rate.

The raw failore rate indicates a system failure roughly twice a day with over 90 percent of these fajlures
being memory cirenit chip failures (4K bipelar and 65K CCD). SECDED improves this to an expected
failure rate of about 3.4 per month. The majority (2/3) of the remaining failures with SECDED included
are in the Vector Units. Because of the great difficuity in providing correction of results in high-speed
arithmetic pipelines, a 9th functional pipe line has been added to the 8 required for operation. This, along
with the self-checking features built into the pipe, means that a failure in a pipeline can cause the
Maintenance Control Unit to replace the failing pipe. The job that was running at the time of the pipeline
fajlure is lost but no furiher time is lost, The failing pipe is connected to the maintenance processor to
be fixed off-line. ’

EFFECTS OF LSHI ON RELIABILITY

There are two circuit developments that can have an effect on system reliability using LSLI circuits: going
to a new generation of ECL, LSI circuits and using a 256K CCD chip. It is hoped that a -circuit density
improvement of 4 times can be achieved. This development should reduce the number of logic boards by
a factor of three (not four because it is expected that the number of coax connections on a board will
not increase by a factor of 4 but perhaps by a factor of from 1.5 to 2). The number of boards in 2
pipeline is then expected to be reduced from 8 boards to 3 with reliability improving by a factor of
approximately 2.

The 256K CCD chip enables the Backing Stere to be built with about 550 boards instead of 2,100. A
reliability improvement of about 2 can also be expected here. (The boards become slightly more complex,
the SECDED improvement factor decreases slightly, and the more complex chip will have a higher failure

rate.)

These changes can be expected to yield the failure rates per thousand hours shown below:

Failure Rate =~ MTBF (hours)
Raw Failures With SECDED With SECDED

Logic boards 2.68 2.290 437
Memory ’ 22.57 0.023 43 487
Backing Store 3383 034 29412

Overall 59.08 2.347 426

The raw faflure is improved by 38 percent and the SECDED failure rate by 50 percent.
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FMP AVAILABILITY ASSESSMENT

Admittedly, some of the above material is subjective; this is of necessity at this early design stage. Detailed
design is lacking on most elements of the FMP, component and board counts are estimated, effects of
SECDED are speculative since sufficient data ave not yet collected, and device fdilure rates and modes are
not yet established for devices of the futuse.

Since the failure rates previously mentioned show that raw failures are dominated by Main Memory and
Backing Store, and since these FMP units are ideally suited for the application of SECDED, a more cbjective
analysis of mainienance strategy for failures covered by SECDED is presented. Ideally, over 90 percent of
the raw failures in the FMP could be essentially eliminated from the overall failure rate if SECDED could
effectively cover the failures by correcting single-bit failures. The improvement factor of 1,000 used above
for SECDED resulis in MTBF of about 5.4 years for Main Memory and about 1.7 years for Backing Store.
This leaves the overall MTBF of 214 hours dependent mostly on the Vector Units which have a spare unit
that can be switched off-line for repair.

The computer industry, throughout its history, wherein memories without error correction have been utilized,
has developed a cultural habit of immediately removing all symptoms (intermittent or solid) of memory
failure. With the advent of error correction (SECDED) in a mémory system, single-bit memory failures are
corrected antomatically, thus deferring the necessity of removal until a more convenient time., Allowing
single-bit failures to accumulate in the memory eliminates the consequent emergency maintenance time and
reduces remedial maintenance time. This not only increases the time available to the customer but reduces
the cost of memory maintenance.

To realize these benefifs a memory maintenance sirategy must be developed which allows the accumulation
of single-bit failures, with sufficiently low risk of system (double-bit) failures. This is.done by exploring
the risks involved with accumulating single-bit failures in the memory until a planned periodic remedial
maintenance period. Such failures are corrected by the SECDED mechanism making the system appear to
have no failures, thereby improving the effective failure rate (or MTBF).

In memory systems having parity checking, all failures are comsidered fatal because the information stored
or read has no credibility. The term “Fatal” is used because usually operation is halted, and emergency
diagnosis and remedial action is taken to restore confidence in the memory. A memory system utilizing
SECDED corrects single-bit failures and detects double-bit errors which are considered fatal for the above
reason, [t follows, then, that single-bit failures can be accumulated until a double-bit failure occurs. At
that time the memory could be swept clean of all failures restoring confidence in the system.

Such a memory maintenance sirategy may be acceptable in some circumstances. However, since the double-
bit error like the parity error could occur at any time during cusiomer use, ils occurrence could be quite
costly.

On the ofher hand, fatal failure can be predicted as kkely to occur af or beyond some specified time in
the future, given that the failure rate of the storage devices is specified. The probability, Pp, of suck an
eccurrence may be chosen so that it is quite likely thai no fafal failure would occur during use (the
maintenance interval) if maintenance were scheduled at or before that time to remove all single-bit failures.
This strategy calls for removing all storage device failures every maintenance interval, M, such that the
probability of a fatal failure is no greater than Pp.



The probability, Pg, of a fatal failure {double-bit) occurring during a maintenance interval is one minus
the probability of success, no fatal failures, during the maintenance interval. This probability of success
is the product of the probabilities that the next failure will not be fatal for each interval between failures
within the maintenance interval. These latter probabilities of success are one minus the probability that )
the failure will be fatal (double-bit). Thus:

- ( -1)P 2(c—1)P n(c-1)P,
LPp =[1 - SpRalll - =2l - [ -]

where ¢ is the number of bits in a SECDED word (including syndrome bits), P, is the probability that {he

two failing devices will have matching failing areas, T is the total number of storage devices in the memory

system, and n.is the namber of devices that fail during a maintenance interval. (Note that if devices always
fail in their entirety, P, =1 this is worst case.)

Parameters ¢, P, and T are generally known for a given system, based on its design. Using various values
of n, the equation can be solved until a PF is obtained which is below an acceptable xisk of a fatal failure
occurring during a maintenance interval. -With n established, the maintenance interval, M, can be determined
from:

o
M =3F

where d is the device failure rate. For risk of less than 0.1 (10 percent), Pg can be translated into
MTBF (in years) of fatal failures by:
M

MTBF = gre0 Ty,

This .procedure can now be applied to the FMP Main Memory and Backing Store. For this analysis, an
acceptable risk of fatal failure, Pg, during a maintenance interval, M, is assumed fo be 0.01 (1 percent).
The other parameter which must be assumed for lack of established data is P,, the probability that failing
-devices will have matching failing areas. For this reason a worst-case value of 1 is used, assuming the
entire device fails. With all other parameters known for a given design:

Backing

Parameter Memory Store

Pg 0.01 ’ 0.01

Pa -1 1

c 39 523

d 2x1077 2x10°7

T 159,744 267,776

Results:

n 8 3

M 106 days 2 days
MTBF 2.9 yis 0.5 yrs
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These MIBF fipures fall short of those stated earlier, most notably for the Backing Store. The improve-
ment factor resulting from this analysis of SECDED can be determined using the raw failure rates {(or

MTBF) from Table 3-3 for Main Memory and Backing Store and the MTBF figsures defermined above with
SECDED.

The improvement factor determined in this manner is somewhat in excess of 500 for Main Memory and
300 for Backing Store. It should be noted, however, that a worst-case value of 1 was assumed for P,

Referring back to Table 3-3 and substituting the above values of MTBF for Main Memory and Backing -
Store, the overali MTBF for the FMP becomes 207 as opposed to 214 in Table 3-3.

As stated above, P, = 1 was used since a value is not yet established by statistical data. If this turns out
to be smaller (and it is reasonable to expect this to happen) the results of this analysis are improved

considerably. For example, P, = 0.3333 for Main' Memory produces the factor of 1000 improvement with
SECDED over raw failures.

Backing Store, on the other hand, would require a Pa of 0.12 to obtain a 1,000 times improvement by

SECDED. However, one more parameter deserves consideration; this is ¢, or the number of bits in a

SECDED word. Design considerations thus far have established the Backing Store as 512 dafa bits plus

11 SECDED bits for ¢ = 523. If a data size of 128 is used (¢ = 128 + 9 = 137), a.P, of about 0.45

would produce the factor of 1000 improvement. This may become a powerful argument for a 137-bit
SECDED word size for Backing Store as design progresses.

The above consideration of changes in P, and c for Main Memory and Backing Store also produce improved
values of n, accumulated failures, and M, maintenance inferval. The changes and the results are summarized
below,

Main Backing
Parameter Memory Store
Pp 0.01 0.01
P, 03333 ) 0.45
¢ 39 137
d 2x107 2x1077
T 159,744 280,576
Results:
n 15 9
M 19 days 6 days
MTBF 5.6 yrs 1.7 yrs
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Section 4

SOFTWARE DESCRIPTION

THE PROGRAMMING LANGUAGE

In the first phase report, the subject of programming languages for the FMP was discussed. The conclusion
was that FORTRAN, despite its technical deficiencies, was the most likely language to be readily adopted
by the applications programmers, The langunge, PASCAL, is rapidly becoming the predominant system
programming language and is therefore recommended as the language in which to write operating systems
and compilers for the FMP complex. The specification of the PASCAL dialect should be accomplished

in the third design investigation phase of the NASF project.

The purpose of this particular report is to introduce the FORTRAN language extensions felt to be
essential for the programming of the FMP. After review of several alfernatives with NASA investigators
and Control Data FORTRAN specialists, it was determined that the most probable solution to ithe language
problem was the absolute minimization of new language constructs and syntax. This was deemed necessary
because of the time required to implement wholly new language features in am existing compiler, while at
the same time trying to create new object code ocutput from that compiler optimized for a new architec-
ture such as the FMP.

Several key decisions were made. They are:

. Management of the Vector Buffer Unit would be reserved for the compiler, as the
compiler manages the Register File for the CDC STAR computer or the X, A and B
-registers for the CDC CYBER family,

e  Management of the Backing Store would be left to the programmer, using the statements
BUFFER IN and BUFFER OUT as modified in this proposal.

¢  The STAR FORTRAN vector facility requiring explicit descriptions of the vector lengths
in arithmetic statements would be abandoned.

e  The programmer must aid the compiler in producing vector operations by describing
regions in which the compiler is to perform vectorization.

e  Some facilities must be provided to assist the programmer in moving code which
presently exists in subroutines into in-line sequence, thereby reducing the overhead
attendant to JUMP operations, in order to make vectorization easier.

Compilers have difficuity vecforizing programs containing many subroutine calls since the FORTRAN CALL
doesn’t restrict the behavior of such subroutines, thus permitting recursion or vector overlap to nuilify the
possibilities of vectorization of the calling routine.
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THE LANGUAGE PROPOSAL

It was originally intended to provide a full FMP language specification in this report. The amount of
time and resources available for this phase made such a detailed specification impossible, particularly affer
many man-hours had been consumed in fruitless pursuit of several bankrupt alternatives.

What follows then, is a proposal for a langnage which wounld have to be fleshed ouf in full ‘spec’ form
in subsequent phases of the NASKF study.

Base Language

The basic language for the FMP should be FORTRAN which conforms to the ANSI Standards of 1966,

to be replaced by the 1978 ANS Standard for which approval is expected soon. For the FMP first
installation a FORTRAN based on the 1966 standard would be acceptable since compilers for this version
abound on most standard computer products that might be considered for the Froni-End Processors.
Conversion of the NASF to the 1978 standard should awaif the availability of compilers at least as mature
as those mow extant for commercial computers. -

The choices available with Control Pata Computers are the CDC CYBER FORTRAN Extended compiler with
extensions to permit array dimensions of up to 5 (refer to the CDC FORTRAN Extended Reference
Manual, publication number 60497800} or the STAR-100 FORTRAN compiler (refer to the CDC STAR
FORTRAN Language Reference Manual, publication number 60386200). Obviously, similar compilers are
available on a wider range of equipments, but the Control Data investigations have been directed toward
modification of the CDC compilers for this purpose.

The Extensions

CODO Statement

The CODO {Concurrent DO} statement invokes a block of FORTRAN code terminated by an ENDCD
statement. The form of the CODOQ siatement is:

CODO i = ey, ey (e3)

or.

it

CcODOo i el, e2 (,83);j = 84, es (:es)

or:
CODO i = ey, ey (ie3); i = eg, €5 (g); k = eq, eg ()

where i, j and k are integer variables, e; through eg are integer expressions, and the ferms_(e3), (eg),

and (,eg) are optional parameters.

The meaning of the CODO and ENDCD statements is fo define a block of code which must meet the
following restrictions:

¢  No subroutine or function calls are permitted in a CODO block, with the exception of
certain built-in functions (implicit functions) such as SQRT. In the case of allowed functions
the compiler does not generate a generalized subroutine call, but either includes the object
code inline, or generates a special call to a vector FORTRAN subroutine (if the object time
parameter is of type vector),
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. No branch statements, IF statements, or ASSIGN statements are permitted.
e  No inputfoutput statements are permitted.
e  The FORTRAN programmer is assuring the compiler that the variables declared in

the CODO block do not conflict in storage, via FORTRAN ‘tricks’ such as EQUIVALENCE
or overlaid data due to passed parameters in subroutines pointing to conflicting arrays.

In exchange for these restrictions the FORTRAN programmer is assisting the compiler in the generatmn of
optimal code for the FMP, using vector operations.

Simple CODO Statements

The expression:

CODO I=1,100
A(IFB(IHC)
ENDCD

results. jn the generation of a string of code which, when executed, will perform a memory to memory.
vector add of the elements in vectors B and C.

The expression:

CODO I=1,100J=1,100

A(LJ)=B(LI)*C@J)
ENDCD

performs the element by element sum of arrays B and C, placing results in A.

Complex CODO Statemenis

Many statements in CODO blocks must be analyzed carefully by the compiler to produce optimum code
for the FMP, TIn the previous examples, the relationship between the source FORTRAN stafement and
the resultant object code is clearly seen. In most instances this relationship becomes obscured, and thus
more complex forms of object code are produced,

The expression:

CODO I=1,100
RR=A(I)+B(I)
ENDCD

forms a one hundred element temporary vector called RR, and places therein the sum of the vectors B
and C. Temporary vectors produced in this manner in CODO blocks cannot he referenced ountside of
CODO blocks, although one CODO biock may reference a temporary vector produced by another CODO

block. Temporary vectors of this type may not be referenced by subscripts (that is, RR(1)) within the
CODO block.
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The expression:

CODO J=1,100

DUK)=A(I,LK)+BU,LK)

ENDCD
produces a temporary vector of one hundred elements containing the sum of the columnar elements of A
and B, and stores the result in a sequentially arranged column in the array D at the effective memory
location of D({1,1K). Note however, that D is only defined as a two-dimensional array. Thus the third

columnar dimension is created by the compiler as a temporary region for storage of data. In effect then,
the array D contains a two-dimensional matrix, each element of which is a 100-element vector.

As in the previous case, arrays produced in this way may only be referenced within and among CODO
blocks. Thus they may not be passed as parameters or referenced in COMMON, EQUIVALENCE or
BUFFER IN/BUFFER OUT statements.

This form permits the direct inclusion of existing codes, in their present FORTRAN form, by simply
‘blocking® groups of vectorable statements into CODO blocks, without destroying the original form of
computation and associated documentation. Note that this example is equivalent to the mnse of:

DIMENSION D(100,100,100),4(100,100,100),B(100,100,100)

CODO ¥=1,100

DIJLKFAQLK}B(J,LK)

ENDCD
which would permit the programmer to reference the array D or any of its elements-in any legal FORTRAN

manner, In Section 2, a sample coding is given of the kernel of the left-hand-side calculations. From
TFigure 2-2 the following has been extracted to illustrate the use of the principles discossed so far.

100= b0 20 L=2,LMAX-1

110= C#eeFILTRX

i20= C

130¢= Ccong Jd=1,.dMAXT k=2, KMAX

140= RJ=G K, Labs )

15¢= XE=(X{K+1,L, =X {(K=1,0L,0) )#0¥2

1460= YH=(Y (K+1. L I3 =Y {K—1.0L.Jd} )#DYZ

170= Zk=(Z{K+1sLl.J)=Z(K=1,L, ) )#0OYZ

120= X=X (Ko b+1, D) =X (K L1, 42 %022

190= YL=(Y(K:L+1sJ)=Y{F,L~1,Jd))50Z

200= ZL=(Z (K L+l I =2 (K L—1,J)) #0222,

210=" DOy 1, 2)=HOX# ( (YR ZL-ZFE#YL Y #RJ)

220= (s 1, 1)=HDOX# {~CMEGA® (Z (Ko La J ) (R (YR#ZL —Z¥#YL) )

230= 1 =Y (K> L) 3R (XK#YL-YK#XL) ) )

240= D(J: 12 4)=HOX#( (XKEYL-YK#XL) #R)

250= B(J> 1.2)=HOX# ( { ZK#XL-XK#ZL ) #R )
4.4

REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR


http:ZK*XL-XK*ZL).RJ

1. The CODO block produces vectors by varying both the J and X indices. The K index
is varied first from 2 to KMAX, then the J index is incremented and the X index scanned
through its range again. Lines 140 through 200 in the original scalar code formed a series
of scalar temporaries. Inclusion in the CODO block for this version causes the scalar
temporaries to become vecfor temporaries. In this case the compiler is capable of generating
a GATHER operation of KMAX-2 elements for each J from the arrays X, Y, Z, and Q. The
result of these GATHER operations is to produce 2 series of ‘invisible’ temporary vectors
(knewn only to the compiler, and unnamed in the FORTRAN source) of length (KMAX-2)*
IMAX.

2.  The ‘mvisible’ temporaties ave then combined arithmetically according to the FORTRAN source
code to produce ‘visible’ temporaries (that is, named by the programmer), such as RJ, XX,
YK, ZK, XL, YL, and ZL. As described previously, these scalar-appearing temporaries are
actually vectors. Statements 210 through 250 then combine these temporaries to form the
array segments for D, which will be a three-dimensional array, cach clement of which is-a
vector of length KMAX:2.

3. The truly scalar value OMEGA which is defined in scalar portions of the FORTRAN source
input, is used as a scalar in the CODO block. In line 220, it is broadcast as an operand
in the multiplication operation involving the array Z.

4.  The compiler will check all references to ensure that they are conformal (that is, all dimensions
are equal for all operations). _ A left-hand-side (of the equals sign) operand can have one
‘invisible’ dimension previded by the compiler, based on the dimensions of the: operands on
the right-hand side. However all references to that operand must use the same dimensionality.
Thus the expression:

CODO X=2,KMAX
DLI)=AK.L])
ENDCD

CODO L=1,LMAX
D(LI=A(LLY)
ENDCD

is not allowed, since at compile time, the storage allocation amd object code necessary to

assign the array D camnot be determined because LMAX might not equal KMAX at execution
time. -

Boundary Conditions

The CODO statement, in the forms discussed previously, causes a uniform application of the CODQ indices
to all variables possessing those indices as subscripts (or implied subscripts when the compiler has generated
an internal, ‘invisible’, temporary vector). The addition of a special operator to each indexing statement
(.CCNT.-concurrent index) permits varying index values with differing resnits.

The statements:
CODO I=1,100.CCNT.J=1,100

A(=BA)CQ)
ENDCD
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are equivalent to:

CODO 1=1,100

AD=BDHCI)
ENDCD

since the operator .CCNT. indicates that the index J is incremented concurrently with the index I This
feature can be utilized in:

CODO 1=1,100.CCNT.J=1,200,2

AQFBIHCE)
ENDCD

which forms the element by element sum of the arrays B and C and places the resnlfs in every other
element position of the array A (which obviously must be dimensioned at least by two hundred elements).

The .CCNT. operator requires the definition of certain end cases in the use of several concurrent indices:

1.

The number of index steps implied by the values of the index limit and index step need
not be identical for all index variables associated by the concurrent operator (.CCNT.). Thus
the statement:

CODO 1=1,100.CCNT.J=299
permits both the index I and the index J to have different starting and ending values.

The use of .CCNT. implies that the two indices are synchronous. In the example in 1.
above, where I and J have different initial values, when I=1, J would be equal to 2, and
Wwhen 1=98, I would be equal fo 99. ’

When the termination valwes are unequal, each index with the lesser termination value
upon reaching termination takes on values of NULL for each index step of the remaining
index. Thus in the example given, when I=98, J=99; but when =99, J can no longer
be incremented past ifs termination value of 99 and thus becomes NULL. The result of
this gction can be to create a ‘bit bucket’ into which operands are discarded rather than
stored.

The expression:
CODO I=1,100.CCNT.¥=2,99

A(T)=B(1)
ENDCD

would store 98 values from array B, beginning at elemnent 1, into the afray A, beginning
at element 2. A more meaningfnl example would be:

CODO K=1,1003=1,100.CCNT.J=2,99
AGK)=BILK}C( K)
ENDCD

which can generate object code for an ADD vector operation of length 160%100, but where
two elements from each 100 in the J direction are not stored. This particular operation
would result in the creation of a'Control Vector by the compiler, with two zero bits in
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each hundred. Another case is:
CODO K-+1,100.CCNT.J=1,200,2
A(K)=B(J)
ENDCD
which would in effect compress out of the vector B every other element, placing the
result in the vector A. In this example the compiler would form an Oxder Vecior
which would be applied in the Map Unit to perform a vector COMPRESS on the array B.

The Order Vector would contain an alternating ones and zeros pattern, and could be
generated at compile time, or at object time, since it is a fixed, non-data-dependent pattern.

As has been stated previously, the object of creating the CODO construct is to permit the insertion of a
minimum number of lines of new code into existing programs to assist the compiler in the vectorization
process. The examples given in this report are oniy a recommended staring point for subsequent program-
mability studies of the FMP.

LEVEL 2 Statement
The form. of the LEVEL 2 statement is:
LEVEL 2 array name 1, array nmame 2, .-. . ., darray name n

All arrays specified in a LEVEL 2 statement are assigned to Backing Store. The oanly references permitted
to these amrays are via the BUFFER IN/BUFFER QUT statements,

This feature permits the assignment of large data blocks to Backing Store by symbolic name. Array name
1 through array name n may appear in other FORTRAN declaratives (such as DIMENSION, INTEGER, ete.)
or may be defined solely in the LEVEL 2 statement as:

LEVEL 2 A(100,100,100),8(100,100)

The compiler attempts to assign arrays greater than or equal to 32,768 words in length to an integra
32,768 word block starting address.

Additional Extensions

The CODO and LEVEL 2 statements discussed above and BUFFER IN, BUFFER QUT, UNIT which follow
represent what is considered to be the minimum essential extensions to the FORTRAN langmage. They
assume a reasonable exfension of the compiling and. optimizing capabilities of known FORTRAN compilers,
such as the STAR FORTRAN compiler. The objective of minimizing extensions is, of course, to reduce
development and testing time for the compiler, and retraining time for programmers. However, the pro-
grammers must be trained to understand the relationship of the CODO statement to object code efficiency,
a process which will necessarily be somewhat long and agonizing.

Other suggestions are offered to assist in the programming of the FMP in FORTRAN, but are not as
essential as those few previously mentioned. The other suggestions are:

o  MACRO facility — Examination of the segment of the three-dimensional code in Section 2,
Figure 2-2, shows that the entire segment has been converted to im-line code. Thus the
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subroutines XXM and BTR! have been included direcily and the consequent subroutine

calls eliminated. This serves two purposes. First, in the case of XXM, unnecessary code
and conditional branch statements are eliminated, since when used in the AMATRX segment,
the conditions of the indices are known beforehand, and since the XXM routine is mever
processing data on the boundaries in this instance, the overall code can be replaced. The
second purpose served is that by eliminating subroutine calls, the code can be blocked into
CODO segments mere efficiently. As in scalar code optimization, the compiler can better
optimize code if it has a larger block of ‘uninterrupted’ code to deal with,

The scheduling of the GATHER operations, implied by the statements in Figure 2.2, lines
140 through 210, and lines 290 through 360 can be optimized easier over the whole biock
of CODO, ending in line 660, than could be opfimized of the CODO ended at line 210 (as
if a subroutine call had been made to XXM). In this case, the GATHER operations for
QK,L,Y,J) could be initiated, immediately after the GATHER operations have been completed
for X, Y, and Z, and can be accomplished concumrently with the calculation of the metric
cross products in lines 140 through 250,

The in-line coding of large segments of computation places a burden on the programmer in
both keypunching (inputting source statements) and maintaining congruence between each of
the indine expansions of what would otherwise be a subroutine. Specifically, if the sub-
routine XXM is kept in subrontine format, any changes in the calculations in XXM need be

- made only once within the subroutine. If the subroutine is included in-line af the point
where it is called in the main program, then each version would have to be changed. A
means for reducing this problem is the inclusion in the language support system of a powerful
MACRO processor, which can recognize particular constructs, evaluate parameters, and generate
the necessary lines of FORTRAN source code. The most desirable MACRO processor would
be one which is imbedded in the language processor itself, since iferns such as the variable
attributes and lengths are readily available. However, no such MACROQ facility is prescribed

as a standard for FORTRAN, and no compiler presently possesses such capability. To
minimize development cost then, a MACRO preprocessor, based on already operational
systems, should be provided. Two very powerful MACRO systems are available on commercial
equipments; they are called MLAI¥ (ref. 1) and STAGE-2¥* (ref. 2). There are a host

of other candidates available on non-CDC equipment.

Jf code development is to continue in a reasonably dynamic way through the lifetime of the
NASF, then the value of such a MACRO facility is extremely high. However if the system
code becomes rather static, fhen the manunal labor involved in- creation and maintenance of
the code may not justify the inclusion, documentation, training and maintenance of a
sophisticated MACRO facility. At this juncture, Control Data would hishly recommend
investigating and including such a MACRO facility (preferabiy one already in existence) for
the FMFP and the front-end processors, operating solely on the fromt-end processors.

Intrinsic Functions — Certain atfributes of codes that may find their way onto the FMP
require the handling of data-dependent vectorization. The FMP hardware provides the
facility for manipulation of array data based on some selection criteria, and to some extent
the CODO statements can cause the compiler to generate operations nsing these facilities.
In other cases however, the programmer must be aware of the vector nature of a given
conditionally-executed operation and should have direct access to that facility. This can

be accomplished by defming 2 set of built-in, intrinsic fanctions which might be:

VCMPRSS(b,A) -— Compress array A by bit vector b

VMRG(A,b,C) ——'Merge elements of array A and C nnder control of bit vector b

VMASK(Ab,C) — Produce a vector consisting of elements from A corresponding to
_omz bits in b, and elements of C corresponding to zero elements
m
VSEARCH(A.EQ.B) ~ Compare elements of A and B, return a scalar index variable
containing the position in the arrays at which the comparison
is-met. Any legal FORTRAN relational operator (NE.,.GT.,
LT.,.LE.,GE.,.NOT.) are permitted in the relational expression.
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VCOMPARE — Compare elements of A and B forming vector of integers containing
the index position in the array, where the relation is met.

YSELECT — Compare elements of A and B forming a bit vector, with one bits
in each position wherein the relation is met,

The BIT attribute permitied by STAR FORTRAN, and the logical operators .AND.,.OR.,.XOR.
would be used on bit strings to provide manipulation of the Order and Control Vectors,
explicitiy.

L) Machine Language — Experience with programming portable medules in STAR FORTRAN
has shown that use of the ‘escape valve’, introducing in-line machine code via the scheme
called Q8mnemonics, has resulted in undecipherable code, which is difficuit to optimize by
a compiler since the compiler cannot control the resources of the various functional umits
as closely as when no explicit machine code is allowed. Unless the compiler development
cannot utilize an existing compiler system as a base, and unless current optimization techniques
prove to be useless for the FMP (a very unlikely event), the use of machine code escape
mecitanism should be prohibited and not implemented in the compiler. If events require
the development of a brand mew compiler with massive language changes, then it may be
necessary to introduce this form to provide early access to the FMP facifities while the
compiler is maturing.

Buifered Input and Output

Explicit input and output can be initiated by the FORTRAN programmer for data transfers between the
Backing Store and the network inputfoutput system, and between the Backing Store and Main Memory.

The mechanism for controlling this inputfoutput activity is the use of the FORTRAN BUFFER IN and

BUFFER OUT statements.

The length of the buffer area in which the data is contained in memory should be an even number of
multiple of blocks for all files, Ordering the data in this manner provides the most economical use of
storage,

Any unit referenced in a BUFFER statement canmot be referenced in any other imput or outpuf statement;
however, such units can be referenced in the unit positioning statements BACKSPACE, REWIND, and
ENDFILE. Once buffered inputfoutput is established for a logical unit in a FORTRAN program, all input
and output for that unit must be buffered.

The ENCODE and DECODE statements are most frequently used to process the data read into a buffer, or
to gather and place data in a buffer for transmission to external files. Status of the peripheral device
involved should be checked by the UNIT function before the buffer operation is begun.

BUFFER IN Statement

The execution of the BUFFER IN statement transfers data from the unit specified, in the mode given, to
level 2 storage locations first to last.

Form
BUFFER IN(unit,mode)(first,last)

unit An integer constant or variable that represents the logical upit rumber.
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mode An integer constant or variable that specifies fhe recording mode of the data
being read. The permitted values are:

0 7-track BCD

1 7-track or 9-track binary
2 CDC 64 character ASCII subset
4 Mass storage (disk)
5 Archive
6 Front-End Processor (FEP)
first A Level 2 armay reference defining the first location in the buffer mto which

data is to be transmitted. The transmission continues from that point to the
Iocation specified by parameter last. The array name used can be type,
character, integer, real, double precision, or complex.

last A Level 2 array reference defining the location in the buffer into which the
last data item is to be transmitted. The location designated by the parameter
first must be less than or equal to the location designated by parameter last;
both must refer to the same array. The array name used can be fype character,
integer, real, double precision, or complex.

The BUFFER IN statement initiates data transmission from the logical unit to the buffer. Before data in
the buffer can be used, the status of the data transmission must be checked uvsing the UNIT function.

Example
BUFFER IN (5,2) (X(1),X(10))

UNIT Function

The UNIT function is suitable for evaluation in an arithmetic IF statement that causes branching to
appropriate statements as directed by the value returned. Failure to perform a unit status check renders
unpredictable the input that is tramsferred to the buffer by the preceding BUFFER IN statement.

Form

UNIT (u)

u An integer constant or variable that represents the logical unit number.

The function retuﬁls one of the following real values:

-1.0 Unit ready '

0.0 Unit ready; end of file encountered

1.0 Unit ready; parity error encountered

BUFFER OUT Statement

The execution of the BUFFER OUT statement transfers data to the unit specified, in the mode given,
from Level 2 storage locations first to last.
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Form

BUFFER OUT (unit, mode)(first.last)

unit An integer constant or variable that specifies the logical unit number.
mode An infeger constant or variable that specifies the mede in which the data
record is to be written:
0 7-track BCD
1 7-track or 9-irack binary
2 CDC 64 character ASCH subset
4 Mass storage (disk)
5 Arxchive
6 Front-End Processor (FEP)
first ‘A Level 2 array reference defining the first location in the buffer from which

daia is to be transmitted. The array name used can be type character, real,
integer, double precision, or complex,

last A Level 2 armay reference defining the location in the buffer from which the
last data item is to be transmitted. One logical record is written for each
BUFFER OUT statement.
Example

BUFFER OUT (6,3) (X(1),X(10))

Extensions for Backing Store/Main Memory Transfers

For transfers between Backing Store and Main Memory, the BUFFER IN and BUFFER OQUT stataments are
exténded as follows:

BUFFER IN (Level 2 array reference} (first, last)
BUFFER OUT (Level 2 array reference). '{ifrst, last)

Level 2 An array name or array reference (subscripfed array name)} to an

array referemce array declared to be in Level 2 memory (Backing Store).

first A Level 1 array reference defining the first location in the buffer into
w which data is transmitted. The transmission continues from that point

to the location specified by parameter ‘last’. All transmissions are in
mtegral number of 32,768word blocks.

last A Level 1 array reference defining the loeation in the buffer into which
the last data {tem is to be transmitied, The location designated by the
parameter ‘first’ must be less than or equal to the location designated by
the parameter ‘last’; both must refer to the same array.
The UNIT function is also extended as follows:

UNIT (level 2 array reference)

which returns the following real values:
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-1.0 transmission to or from referenced array is complete
0.0 transmission to or from referemced array not complete

1.0 transmission to or from referenced array cannot be completed (Backing Store
focked out, or data not present)

The compiler attempts to assign arrays in Backing Store and in Main Memory to large block (LB)
boundaries (32,768 64-bit word segments). If the BUFFER IN, BUFFER OUT statements reference
integral blocks, the compiler generates direct SWAP instructions. If the block being transferred does not
align to a block boundary, or if less than an integral block is transferred, the compiler generates 2 SWAP
to an intermediate Main Memory block, then generates ‘in-line’ code to move the sub-block {or partial’
block) to its appropriate Main Memory location. The same operation is performed in reverse for BUFFER
QUT statements, with sub-blocks being moved to Main Memory intermediate blocks and then a Backing
Store SWAP initiated.

Because of the compiler’s attempts at assignment of arrays for optimum transfers, the programmer should
be cautioned that arrays are not necessarily stored sequentially to one another by the compiler., Thus the
statement:

DIMENSION A(100,100),B(190,100)
does not imply that B(1,1) immediately follows A{100,100) in actual memory.
The example:

DIMENSION Q(100,100),R(100,100)
LEVEL 2 QB(100,100,100),RB(100,100,100)
BUFFER IN (QB(1,1,1),Q(1,1),Q(100,100))

would move 10,000 elements beginning at the first block of QB to the array Q in Main Memory. To
determine if the final fransfer is completed the programmer may use the statement:

IF UNIT (QB(99.99,100)) 110,120,130

to branch to the appropriate statement depending on the condition of the transfers underwzy. Note that
the FMP hardware maintains status information on SWAPS in 32,768-word blocks, thus for & BUFFER IN
operation on block boundaries for an array X{100000) the UNIT statement:

IF UNIT (X(1))1,2,3
is equivalent in function to the statement:
IF UNIT (X(32768))1,2,3

since the hardware flag tested by the object code is identical in both cases.
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The Specification

The philosophy governing the infroduction of the aforementioned language extensions has been to minimize
change in language or compiler. The next phase of this project must preduce a full scale programming
language specification which can be used to procure and implement an applications programming langnage
for the FMP,

The first ifem that must be resolved in that subsequent phase is a choice of the FORTRAN base language,
FORTRAN EXTENDED, FORTRAN 66 or FORTRAN 78. This decision will have to result from mesetings
between staff members from NASA and the RADIL ivestigators, with schedule risk being a preeminent
consideration.

The compiler specification therefore must await this same decision. The only specification pessible at this
time being the hand-compiled examples given in Section 2 and the deseription of probable compiler actions
given in the preceding discussions of CODQ and BUFFER IN/BUFFER OUT.
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OPERATING SYSTEM FUNCTIONAL REQUIREMENTS — FLOW MODEL PROCESSOR SYSTEM

SYSTEM PHILOSOPHY
Three factors drive the architecture of the FMP operating system (FMPOS)

. Minimization of new software development,
* Reduction of overhead within the FMP CPU,
L Balance of system resources.

The development schedule for the FMP system precludes a massive development of software to support all
of the functions commonly associated with general-purpose computing facilities. To achieve the level of
total system stability, reliability, and avajlability implies that a substantially constrained set of functions be
allocated to the FMP CPU operating system, and existing software be exploited in all attached processors
to the maximum extent possible.

The main purpose of the FMP is to perform massive amounts of computation on highly vectorized
mathematical codes. The objective of the total system installation, therefore, is to maximize the amount
of time that the FMP is operating at its peak speeds. First and foremost, the language processor and
related documentation must ensure that the actual computations are matched fo the hardware architecture,
Secondarily, as Kittle FMP resource as possible should be fied up in the management of internal FMP
functions such as memory allocation. The fumctional constraints on the FMP serve to reduce both the
space (in main memory) and the time (usvaily uwsing inefficient scalar code) required by the CPU-based
portion of the operating system.

System balance is an important and obvious consideration as the power of the FMP could be quickly
dissipated by bottlenecks in input or output or in the scheduling of system resources (such as disk space)
by other supporting processors. :

The preceeding imperatives point to the need for a system philosophy around which a system design can
be formulated and upon which the total system implementation can be based. The approach taken for
the FMP is an extension of the “distributed system philosophy™ originally evolved for the Control Data
STAR computer systems.

Disﬁibution of Functions

The allocation of system functions should be governed by some basic guiding principles which can be
used for both hardware and software implementations, A suggested set of such guidelines are offered
here: ’

1.  System resources consist of storage and processing facilities. Storage can be central memory, .
backing store memory, disk drives or magnetic tape devices. Processing resources could be the
?MP CPU, miniprocessors handling system conirol, or other computers providing support
unctions.

2.  Management of resources is performed by computers which can be programmed to make

intelligent decisions, and te perform whatever control and management functions may be
assigned to them.
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3. The management of resources should be placed as close as possible (electronically, physically,
and logically) to the resource being managed. Thus a disk management function should be
allocated to a processor which may actually reside within the disk wvnit or in fthe disk
controller which is normally imtimately connected te the physical storage units.

4.  All such resource management. functions should be moved outward from the central computer
toward the particular resource.

5. Form follows function; the hardware should be built to fit all of the functions which have been
moved outwards to fhe resource, rather than to fit as many fuactions as possible info an
existing unit. In place of the word “build” here ome could say “‘sized”, since many standard
computing elements can be used in distributed fashion, but the tendency to ‘zo the cheapest
route’ usually results in acquiring a processor too small, info which a partial Iist. of management
functions are then force-fit.

6.  An intelligent processor should manage only iis own resources and should be ignorant of
{and thus unable to manage) other processors’ attached resources.

7. A processor should maintain a list of functions which it is capable of performing. Any
functional requests not in this list should be passed on (if the processor is a communications
node) or not acknowledged (if the processor is part of a network). Thus no processor rejects
requests unless they are patently illegal, and therefore no processer nesd know what functions
other processors are-capable of performing.

8.  All communications between processing elements must be through a single, hishly structured
message system, with rigorous atfention paid to message formats and protocols.

9.  All the preceeding principles must be tempered with common sense and technological and
economic realities,

The result of the application of this set of groundrules is manifested in visible system features such as
processors whose sole responsibility is the management of files for all other processors in a given complex.
This is the ultimate extension of the process. whereby first a processor and software are created to manage
the motion of a disk arm and the reading and writing of data bits on the magnetic media; thence the
ability is added to that processor (which is nearly imbedded within the disk unit) to handle error
detection, retry and some recovery of the data recorded on the disk; then further diagnostic ability,
management of the disk space, and finally the management of the files on that particular disk are added.

L]
A list of functions to be distributed to a multiplicity of processors then would include:

1. File management — Control of access, security, backup and error handling, space allocation.

2.  Comununications handling — Management of all remote access trunks, logon validation, recovery,
scheduling of resources activated by the remote devices.

3.  Trumk management — Control of the network that interconnects the collection of resources
and processors,

4.  Special processor control — Independent management of special resources such as the FMP
graphics processors and archival storage coordinators.

Hardware Intercomnection

The most flexible system organization would permit the interchange of data and comtrol information
between any set of processors and resources in the system. As the number and variety of processors
grows, the practical methods of interconnection become faxed by physical limitations such as volume and
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lengths of cables. The FMP system is based on a network frunk techmique (reference section 3.5 of
Funetional Specification),

In this scheme all intelligent processors are connected together by one or more bitserial trunks on which
data can be {ransmitted, or control information interchanged. Each commection is via a programmable
device controller (PDC) which is itself an intelligent processor. Management of the trunk (which is itself a
resource) is distributed among all the PDCs on the trunk which deal with contention and scheduling of
transmissions.

Each PDC is capable of providing for attachment to four different trunks, however, in the interest of
system availability at least two PDCs will be used at each intercomnection. Each of the PDCs will have
access to at least two different trunks.

All system resources, disks, tapes, graphics, archival, comfnunjcations, special FMP CPU and frontend
processors, will be attached uniformly throughout the network, thus permitting the linking of any system
component with any other.

In general, data fransfers are direct from resource to resource without intervention (or store-and-forward)
by other processors. Thus a high speed disk unit would fransmit data directly to the FMP CPU, without
the data being passed through any other processor (such as the front-end units): The major front-end
processors charged with the file management responsibility in this case would validate the access to the
particular disks, setup the software linkage (so that the FMP knows where the data is physically located),
then step out of the way (logically) while the high-speed data transfers take place.

While the system is online, any device or processor can be logically, or even physically, removed from the

network without disrupting operation, as long as that resource is not required for a particular computation
during the time of removal.
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Software Interconnection

The total interconnectability offered by the.hardware aspects of the network trunk can be constrained
by the software system fo appear as a variety of traditional interconnection schemes (such as a STAR
organized network). The choice of constraining the system intercomnections must be based on:

1.  Desire to climinate a multiplicity of ianterface modules to be written; despite a generalized
message structure, the act of linking a PDP-10 graphics computer to the FMP would require
some interface logic different from that needed when linking to a disk or a frontend processor.

2. Format conversion — To produce the most cost-effective system it is desirable to adapt any
number of existing, proven hardware devices to the purposes. of the FMP. Raw data, not even
internal arithmetic formats, are rarely idemtical, thus there exists a need for software to provide
conversions. These impose overheads in space and time and also require programming and
checkout resources, wiich may be in limited supply. The need to reduce the number and
variety of this type module is great.

3. The need to restrict access to certain resources — For security or system efficiency reasons
it may be desirable to limif certain interchanges. Thus the graphics processor has no need to
speak directly to the FMP for any reason, and vice versa, despite the fact that they may be
attached to a common trunk for purposes of attachment to the high-speed disk units,

The software must provide, via modifiable tables, a2 means for defining, the apparent interconmection of all
devices on the trunk. The network trmmk provides an eight-bit address for each unmit attached. At the
basic hardware level, any device can have its address established by manually changing the seiting of a
series of keylocked switches, The PDC can have loaded infe itself at system startup time 2 series of soft-
wate addresses (or addressdike structures). Finally, each attached processor will have ifs own higher-level
addressee structure,

Messages, Structure and Discipline

To keep any system of cooperating but asynchronous processors from degenerating instantly into a state of
electronic chacs, a rigid set of protocals must be defined and adhered to rigorously. The only (emphasize
the word only} means of intercommunication is through a predefined set of system messages, There
cannot be any sneak paths or extra wires used for that one special case. The rule is simply that if a
function cannot be handled efficiently within the message system, then either the message system must be
revised or. the function abandoned. There can be no eguivocation on this rule, lest the system totally
collapse from special-casing,

When dealing with the concept of messages, several levels of system consciousness or message envelopes
must be defined:

1. Trunk protocol — Each PDC, when communicating with another PDC on the trunk, builds a
basic trunk protocol envelope around the data being fransmiited, and decomposes the envelope
from data received (Reference section 3.5 of the Functional Specification).

2.  Processor Protocol — Each processor involved in interchanging information on the trunk places
another level of envelope around the data being exchanged. Whereas the trunk messages involve
hardware-oriented items such as hardware address codes and cyclic error checking, this second
level is defined by the seftware portion of the operating system. The format and contents
are addressed {¢ the methods wherein the messages are stored, queued, routed, and decoded
within and by each processor. Suggested formats and a list of message types to be imple-
mented for the FMP are presented below.
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3.  The highest level messages are those exchanged between job-level programs executing in the
major computer processors (FMP, front-end, graphics and archival store manager). These
messages are primarily for control purposes rather than for the exchange of quaniities of data,
An example would be the chit-chat between the interactive graphics processor producing the
displays, and & mesh generation and stretching program residing in the front-end processor
during a session wherein the aerodynamacist is interactively modifving a mesh structure. .
Specification of this set of messages will have to await further phases of the FMP development

project.

Message Formats and Types

User programs may issue messages which result in the performance of system functions. To issne a
message, the user presets a 2- or more word block according to the Alpha and Beta conventions described
below, and performs an Exit Force instruction (09) that transfers control to the operating system monitor

mode.

Immediately following the exit force instruction in the instruction stream is either a 32-bit indirect or a
64-bit direct message pointer. Hexadecimal format of an indirect message pointer is:

GOEEQO:r
T Register containing the address of the message,
The hexadecimal format of a direct message pointer is:
00FFaaaaaaaaaaaa
s Address of the first full word of the message.

The message has a two-part standard format. The Alpha (first) portion specifies the function te be per-
formed, length of parameter list, and where to proceed for emor processing. The Alpha portion has the
same general format for all messages.

The Beta (second) portion contains the parameters. The format of the Beta portion depends on the
function, as described Iater for each function code. Alpha and Beta words must start on full-werd
boundaries and must exist in space which has read/write or write temporary access.

P

When a message is processed without error, the operating system returns pontroi to the next half or
full word immediately following the message pointer. Thus, calls can be chained by placing one message
pointer directly behind another.

Alpha format:
Alpha (1) T len € f
16 16 18 16
Alpha (2} n eea '
16 . 438
Alph;
pha (3} bl b

{optional) I_ L _1§L — o o 4&'
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3 Hexadecimal response code returned by the operating system when message has been processed.
If no error occurred, the response code is zero {exceptions; {=0013, £=0016 and £0017),
The significance of a non-zero response code varies as described for each function code.

len If len = FFFF, Alpha (3) contains the length and bit address of the Beta portion. Other-
wise, Beta is assumed to begin at Alpha (3) and len is the length of the Beta portion.

c This field varfes with the message; usually, it specifies function -options or controls.
f Specifies funciion to be performed (hexadecimal message code).

o May specify option or control, may contain a parameter for the message, or may be a
parameier returned during message processing,

eea Bit address that receives control if error occurs. This address must He within the program
issuing the message. If eea = 0, the error is comsidered fatal to the further executien of this
user process. )

bl I the Beta and Alpha portions are not contignous (len = FFFF), this parameter indicates
Beta length in full words.

ba If Beta and Alpha portions are not conﬁgum-:s (len = FFFF), this parameter indicates address
of Beta portion’s first full word.

The terms controller and controllee have specific meaning relative to FMPOS. For example, 2 batch
processor also controls actions of a user program; the former becomes the controller and the latter,
controllee. This relationship between programs can exist in other ways as well: omne program can
initialize andfor direct the actions of another.

Since FMPCS is a file-oriented system, file management is an important aspect of the operating system.
Although FMPOS takes a little direct responsibility for action on a given file, a set of user messages allows
a fair degree of latitude in directing FMPOS processing for a given file. Standard inessages also transmit
information between programs operating in controller-controllee mode. The messages are calls to the
system; they are shown in the following table by the alphabetical name of the message.

MESSAGE FUNCTION CODES

Message Function Codeft
CHANGE FILE NAME OR ACCOUNT NUMBER . 0B
CLOSE FILE 05
CREATE FILE 01
DESTROY FILE 02
EXECUTE OPERATOR COMMAND+T 21
EXECUTE PROGRAM FOR USER NUMBERTT 22
EXPLICIT 1/O 50
GET MESSAGE FROM CONTROLLEE 17
GET MESSAGE FROM CONTROLLER 16
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Message |

Function Codet

GET PACKLABEL AND PFI

GIVE FILE

GIVE TAPE ACCESS TO CONTROLLEE
GIVE UP CPU UNTIL I/O COMPLETES
INITIALIZE CONTROLLEE CHAIN
INITIALIZE OR DISCONNECT CONTROLLEE
KEEP

LIST CONTROLLEE CHAIN

LIST FILE INDEX OR SYSTEM TABLE
MAP

MESSAGE CONTROL

MISCELLANEQUS

OPEN FILE

POOL FILE MANAGER

PROGRAM INTERRUPT

RECALL

REDUCE FILE LENGTH

REMOVE CONTROLLEE FROM MAIN MEMORY
RETURN FROM INTERRUPT

ROUTE AND FILE DISPOSITION

SEND MESSAGE TO CONTROLLEE

‘SEND MESSAGE TO CONTROLLER

SEND MESSAGE TO OPERATOR

SET ALL PERM FLAGTY

TERMINATE

UPDATE USER DIRECTORYtY
USER/ACCOUNTING COMMUNICATION

11

08
oC
52
ib
1B
28
13
09
04
18
24
03
26
1C
25
0A
19
51

0D
15

14

1A
2A
06

23

OE

T

Reserved for future use:
07 ADVISE
20 ABNORMAL TERMINATION INTERRUPT
27 LINK SYSTEM CALL
29 SEND MESSAGE TO DAYFILE
1E, 1F, EQ-FF Reserved for installation use

Available to a privileged task only
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THE FMP MONITOR

The FMP CPU hardware is being designed with a particular mode of system operation in mind. The
distribution of functions to the other processors attached to the network trunk frees the FMP from many
of the conventional operating system chores. Thus the hardware design permits a total of 65,536 64-bit
words to be utilized by the monitor. Since there is no direct input or output to the main memory and
since the user has dominion over all the remaining memory, there will be no (repeat — no!) operating
system overlays. The absolute maximum is 65,536 words. Certain hardware instructions have been i
provided to assist the monitor in its resource management functions; other instructions have been
consciously omitted to inhibit the desire to add one more feature to the system.

Allocation of FMP Resources

In keeping with the distributed system philosophy, the FMP monitor need omnly manage the storage
availsble to it ( Main Memory and Backing Store: — the register file and vector buffers are the respounsibility
of the compiler system), and the computing resources (or which job is to be loaded and executed next).

Backing Store

The 256-million-word Backfﬁg Store is -managed in units of 32,768-word blocks. ;&ll data tr;insmissions are
accomplished in that same size block, however, the inputfoutput channel PCDs may decompose the blocks
to smaller increments for transmission on the trunk,

In the initial configuration, there are 8192 blocks of 32,768 words that can be managed. Any program
executing in monifor mode can address any block in the B:;cking Store. Programs operating in job mode
can reference a contiguous band of Backing Store as established by the monitor. The monifor then must
be able to provide the following facilities:

e  Allocation of Backing Storage for the entire program and daia base for a job being loaded
from the network trunk. This allocation is based on the queuned list of jobs snbmitted by the
front-end processor for execution. Included in the queued information is the space
requirements for the job execution,

®  Setup of the base address register and field length register for the job in execution to enable
that job to referencz the Backing Store.

¢ Deallocation of storage as the completed (or aborted) job’s data is rolled out onto the network
trunk.

o  Allocation of small blocks of Backing Store for on-line diagnostic storage, I/O lists (see I/O
Handling, below), and system statistics buffers.

. Freezing of blocks in the Backing Storage when explicit input/output requests involve them,
freeing the same blocks on completion of /O actions.

®  Developing accounting information for billings based on storage useage over time.

o  Ondine exercise (perodically) of the Backing Store map table (which interlocks the use of
Backing Store) and amy other facilities attached to the Backing Store, to verify that everything
is still working.

&  When running a series of small jobs that require small amounts of Backing Store, maintaining
a table of space allocation for all such jobs.
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Main Memory

Only one job is intended to reside in the Main Memory at a time, thus the monitor need provide
no special facilities for memory allocation.

The management of Main Memory as a resource coincides exactly in form and content with the
allocation of the computing resource, which follows,

Functional Units

The frontend processors are responsible for the organization, staging, and scheduling of jebs to be
submitted to the FMP. Once a job is fully staged by the FEP (front-end processor) an FEP to FMP

monitor message is transmitted on the trunk. This is a type 2 message, which gives the following data:

Job LD. (zenerated by the FEP)

Backing Store and Main Memory requirements

I/O list for the staged job {see 1/O Handling, below)
Time limif (if job exceeds the limit — abort —)
Relative priority

I/O list for files to be accessed w1th explicit I/0

The monitor allocates Backing Store for the IO lists and queues the remainder of the message in a
sixteenjob gqueue (maximum allowed is 256 jobs, but that appears to be excessive). When the job

in progress completes, the monitor initiates the roli-out of that job and examines its job queues
(including diagnostics that might be invoked on periodic schedules). The job with the highest priority
that will fit the available memory (in the event that the FMP is operating in degraded memory mode)
will be rolled in:

o Continguous block space must first be allocated to the job coming in. This may invelve
collection of disparate groups of blocks that have become diffused in the Backing Store
during explicit I/ or small job executions. :

° The file/files containing the job data to fill the block space are physically defined by the IfO
lists, The lists for the incoming job are pointed to by the queued job request held in
monitor’s personal area in the 65,536 main memory block reserved for monitor. Monitor
transmits this pointer to the PDCs on the I/O channel which then access the lists and perform
the data loading functions. Prior to initiating the I/O action, monitor sets all affected '
blocks ‘busy’ in the Backing Store map table.

®  As blocks are loaded by the PDC, it returns a response to the monitor which verifies that
that portion of the operation was properly completed, and clears the map table busy
flags. Upon completion of the last block, the monitor sets a ready flag in the job gueue.

] When a job is in the ready state, monitor {ransmits a message to the FEPs indicating which
job has been staged to the Backing Store, along with a time stamp. This permits the FEPs
to maintain an.audit trail of the progress of a given job. )

L When the job in the CPU completes execution, its entire Main Memory contents are swapped
to its Backing Store blocks. The job in ready state is then swapped info Main Memory, the
Backing Store RA+FL (reference base address and field length) register set, the monitor interval
timer set with the job time limit and an exchange operation initiated which puts the job into
execution.
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®  As the exchange operation is initiated the monitor sends another time-stamped system message
to the FEPs to alert them that the job is néw executing.

®  Wher the job completes and has been swapped to the Backing Store, monitor alerts the
PDC, gives it the IfQ list pointers, and thus initiates the roll-out operation after setting all
the respective Backing Store blocks busy.

®  On job completion, an end-of-job is transmitted to the FEPs.

L When the roll-out is cmﬁpleféil, monitor sets all relevant blocks not busy, updates its own

chart of available memory, sends a final roll-out time-stamped message to the FEPs, and
examines its jobs waiting queue for the next job to be preloaded into the Backing Store.

PDC Communication with the Monitor

Upon completion of requested actions by the PDC, it loads 64 bits of software-defined status information
into the channel status word. The monitor periodically pools each channel with an 02 instruction
{Transmit (R) to Channel (8) and Channel (S) to {T)).

The software definition of the included bits in the status word provides for valid and error terminations
of the Input/Output request, as well as other information. For example, the monifor might request that
it be informed of the completion of each block fransfer accomplished in a multi-block input/output
exchange. The PDC would then respond by updating a status word for each transmission.

Since a block transfer at 200 megabits is completed in about 14 milliseconds, the polling rate of once
each 100 microseconds would allow monitor a fairly refined scan of the progress of input/output it has
requested.
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User/Monitor Communications

Al communication between the user job in execution and the FMP monitor is through a message
structure identical to the format and style given in the section on Messages, Structure, and Discipline

above,

1.

Two methods are used by the user job for pointing to the messages:

Direct — The user job executes an 09 (Exit Force) instruction. The 64-bit quantity
immediately following the Exit Force instruction contains a hexadecimal FF in the

leftmost eight bits (bifs -0 through 7), indicating that a memory address is contained in
bits 35-63 of that word, Monitor will fetch this word and use the address o acquire the
message, All messages must be stored in Main Memory. Instruction execution will be
continued following the 64-bit word carrying the direct address, after monitor has responded
to the message.

Indirect — the user job executes an 09 instruction. The 32-bit quanfity immediately

following the Exit Force instruction contains all zeros in bits 0 through 8 indicating that

the rightmost ¢ight bits of the 32-bit quantity contain the register designator of the

register containing the address of the message. Instruction execution continues following the 32-bit
pointer guantity, after monitor has responded to the message.

After interpreting the message and taking appropriate action, the monitor executes an Exit Force (09)
back to the job to restart it at the point it performed its job to monitor exchange {with its own
Exit Force instruction).

Messages

A basic set of messages are required for assisting the executing job:

Read N blocks from file XXX sequentially into Backing Store beginning at address
AAAAAA from current file position. All transfers are in blocks of 32,768 words.

Write N blocks to file XXX sequentially from Backing Store beginning at address AAAAAA
from current file position. All transfers are in blocks of 32,768 words.

Rewind file to beginning block.
Skip forward file N blocks.

Close file (note that the user may not open any files. Thus the Close operation essentially
locks out the file from further use during this job execution.

Give file to user UUUU with password PW’ (used' to release an explicit IfO file to tasks on
the front-end processors (FEPs). T

Reduce time limit for this job to TT seconds.
Reduce Backing Store allocation for this job to/by BB blocks.

Send message to user UUULL. A wuser job must be logged on within one of the other processors,
and enabled to receive messages. The user LD. is 2 16-bit quantity with all LDs greater

than 8000 (hexadecimal) reserved for system tasks, and all I.D.s 7FFF (hexadecimal) and

helow assigned by the various application programmers.

Enable message receipt — .all other usersfusers UUUU, YYYY, ZZZZ only, Execute message

processing program at job address AAAAA, save curreni execution address in job register 01
(data flag branch address).
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. Disable message receiving - all users.

. Set error processor address at job address AAAAA.

o  Suspend job temporarily (roll out job until exiernal actions reactivate job).
®  Job complete.

&  Job abort, dump following zreas of job memm:_v to system error file (normally contains error
messages and error parameters).

Exception Handling

Monitor validates the format and syntax of all messages passed from the user. In the event that a message
is invalid in these areas the job is aborted, the system error log updated, error messages are sent to the
FEPs, and the next job is initiated.

If the function requested is not in the table of monitor capabilities it is automatically passed onto the

network trunk (see Distribution of Functions under System Philosophy above). The message response area

in monifor for this message is set with a real time value from the current clock. After a delay of PPPPP
seconds, if no response is returned, the message is comsidered unachievable. In this instance the monitor

* then enters the job error processing program (if that exit has been set by the appropriate message), or

aborts the job (if the job did not set an error exit address).

If the message is responded to but is not achievable due to system errors or a resource being “down”,
the monitor elects to execute the job error processor (if set up) or aborts the job.

In all cases the time of message transmission, response and error conditions are recorded in the master
system log, and the system error log (maintained by the FEPs) is updated. In the evemt of a continued
failure of the system to achieve a particular function or message type, the monitor will suspend operation
and alert the FEPs and the rest of the system.

Monitor/System Communications

Monitor can communicate with the outside world via twe avenues: direct control of the inputf/output
PDCs (programmable device controllers) with word-oriented messages using the monitor mode 02 (Transmit
(R) to Channetl (S} and Channel (S) to (T)) instruction, or indirect exchange of messages using polling techniques
via the Backing Store. Software in the PDC can interpret the contents of the 64-bit word exchanged by this means
to perform certain functions. In some cases the rightmost 48 bits of this word will contain an address in
Backing Store. In other cases the 64-bit data contains several fields for use by the PDC and monitor for
communicating maintenance, diagnostic, degradation, setup, restart, and other internal functions. Three major
types of messages are propesed:

®  Immediate — The entire message is contained in the one 64-bit word exchanged by the 02
instruction.

®  Direct — The function code is contained in the leftmost 16 bits of the exchange word; the
address points to the actual message in Backing Store.

®  Indirect — The function code and sequence of system commands are all contained in a list in
Backing Store; the list contains within it the address pointer to the messages to be transmitted.
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Messages

. Acknowledge (receipt of incoming monitor or job message, pius time stamp).

®  Reject (cannot perform function requested because it is not in ¥MP resource tabile).
¢ Al job mode messages are legal in monitor mode,

®  Job suspended, rollout complete.

®  Job aborted, dayfile and error log information at DDDDD and EEEE respectively.
¢  Transmit dayfile information from DDDDD.

‘®  Transmit error log information from EEEE.

®  Transmit maintepance log information from MMMM,

®  Job complete, rollout complete,

®  Where is file.

. Is file open.

© Degrade available Backing Store to NNN blocks,

® . Check real time clock synchronization.

e Perform F/O operation from I/O list at NI

e  Load YO list at HN

®  Reject because resource failed, or job addressed mot In FMP

‘. Assign new job, queue information at QQQQQ

Exception Conditions

All incoming messages pass through the PDC which either plants them in Backing Store (in a block reserved for
monitor) or sends them direct upon a 02 instruction poll from the monitor. ¥f the monitor fails to poll after a given

period of time, or the function requested is not performed by some set time, the PDC assumes the FMP to be
disabled and aleris the FEPs. :

If ‘monitor is unable to complete a critical function, such as real time clock synchronization, or if
messages or respomses appear garbled, the PDC will allert the FEP. A Maintenance Control Unit function
can then be initisted-to determine the condition of the FMP, and bring everything to a halt if need be.

If monitor is unable to get completion of messages, it will first switch to alternate PDCs, alternate FEP
addressees, and finully halt and alert the Maintenance Control Unit,
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Input/Qutput Handling

Input and output is controlled by communications between the monitor and the PDC. Actual data
transfers always take place from and to the Backing Store, under control of the PDC. The PDC provides
addresses to the inputfoutput interface within the Swap Unit, block counfs, and function (read or write).
Data exchange between the PDC and the Swap Unit is monitored directly by the PDC, as its own internal
counter follows the 32-bit half-word tramsfers across the imputfoutput trunk. When a 512-word block has
been fully transferred to the PDC buffer, a trunk inputfoutput operation is initiated (for output from the
FMP). For input the trunk inputfoutput fills a 512-word buffer in the PDC before the PDC to Swap Unit
transfer is initiated.

For file transfers the PDC receives a pointer to the inputfoutpuf list for that file. The inputfoutput list
contains the following information:

® Header word containing file identification
o  Open status {read,wiitereadfwrite)
e Position pointer into the file map- of cufrent location

e First block of file

. Last block of file

e.  Unit number and logical block number

. Address of first and last entry in input/output list
e A variable length list of entries giving the disk unit
e  Disk block address and number of consecufive blocks for this segment of the file

A file is then a collection of data that may be spread over a number of disks, in noncontiguous chunks.
The file map is kept with the file on the disk and tramsferred to Backing Store by the FEP (Front-End
Processor) which opened the file for the executing job. Disk unit addresses are 16 bits long with all
addresses of 8000 (hexadecimal} or larger specifying that the disks are multiple units using multiple trunks
and, thus, multiple PDCs for the parallel transfer of data. In the case where monitor defects a multiple
disk drive file (alternate blocks on each drive} a PDC will be alerted for each trunk, and a separate file

list pointed to for each PDC. The set of file lists, either one (for one disk tramsfer), two (for two parallel
disks transfering alternate blocks), or four (a maximum of four disks can be transferring simultaneously),
are separted into individual inputfoutput lists which define the file. In degraded mode a single PDC can
alternate through the lists, transferring first one block from one disk, the second from another, and so on.

File size is defined by the FEP during job assembly time, and may not be extended by the FMP job or
its monitor.

Input and output of data can be carried on with other system componenis in the same mavner as the

disk sysiem, however, the data transferred need not be in minimum units of 32,768 words, since many
attached processors need not contain that much buffering. Addresses in the file list below 4000 (hexa-
decimal) designate other components on the trusk (such as the FEPs, or low-speed devices). The command
word sent to the PDC from the menitor in such cases carries a count of words to be transferred rather
than blocks of words.
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Maintenance Interface

The Maintenance Control Unit (MCU) communicates with the FMP over any one or more desig_nated chanaels of

the network trunk. Any PDC can have the particular address and password loaded by its software at )
autoload time permitting it to accept MCU messages, and toggle the special maintenance control bits
provided in the FMP CPU (see Section 3.6, FMP Functional Computer Specification). These control lines
provide hardware level control and monitoring capability for any permitted processor om the trunk.

Special Lines

The FMP Functional Specification defines 2 set of lines (established by the PDC acting as the MCU
interface) whose function is to control degradation, configuration, and activity of the FMP. Lines such
as ‘stop’, ‘disable instruction overlap’ are needed for system failures and during scheduled maintenance.
The FMP monitor must contain the capability to exercise the options defined by these lines. Until more
detailed CPU design is completed these special functions must be limited to their STAR-100 counterparts
discussed in Section 3.6.1.

Messages

In addition to the messages discussed in Monitor/System Communications above, the monitor can issue a
set of privileged messages to the MCU processor, via the PDC. Included .in this set of messages would be:

1.  Disable instruction overlap — vector, map, swap, or scalar

2.  Disable SECDED error check, leave syndrome bits unmodified (used during diagnostic operation)
3. Force SECDED error on trunk KK (diagnostics only)

4.  Help! (Undefined ailment, illogical combination of events discovered by monifor.)

5. New job to be initiated, rotate assignment of pipelines. -

Degradation

The only mode of degraded operation permitted for the FMP is a reduction of the Backing Store hardware
to a mininnem of 32-million words and a reduciion in the Main Memory to a minimum of two-million
words, This degraded mode permits the maintenance of memory units off-line, since they are powered
and cooled in those minimal unif quantities. Memory configuration is specified by a set of control bits
preset by the MCU in a message to the appropriate PDC when the FMP is in the master clear state only.
For purposes of addressing changes when i degraded mode, the memory is first divided into upper and
lIower (with each half being able to be the lower half-memory in degraded mode). Thus the first level of
degradation consists of cutting the available memory in half, changing the apparent physical addresses to
take the healthy half of memory into the lower address space and locking out address references to the
sick half memory.

In this mode the maintenance station can enable memory references by the monifor or selected PDCs to
provide diagnostic facilities at various clock rates.
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The Scalar Processor is capable of operating with the Vector and Map Units disabled, and even powere
off. .

THE SYSTEM FUNCTIONS

The basic approach in the FMP Operating System is to rely heavily on the utilization of functions already
implemented in existing software and operating on existing computing hardware. To meet this objective

in the time frame established for the FMP installation requires the minimem disruption and redesign of the
standard operating system components. This is accomplished by three techniques:

2.  Programming of the PDC to simulate interfaces already known by the existing software
systems. Basic OS drivers can remain intact in most instances. Machines of alien

architfecture to each other but with massive entrenched software can be interfaced for
relatively small cost,

b.  Constraint of the number and complexity of functions reguired by the FMP, and
making the FMP responsible for any functions with extremely fast response time
requirements (such as the reading and writing of the major data base disk systems).

c.  Providing most FMP services with job mode applications programs written in higher-
level languages.

Input/Qutput for the FMP

Management of all files in the FMP system will be handled by the FEP. Data transfers between elements
of the system and file resources will be conducted directly by those elements, however. The FEPs must
supply the funetions normally required of general-pirpose computers:

1.  Open file, verify access, set access mode (read, write, readfwrite).
Close file, dispose of files (destroy, archive, keep in place).
Alocate file, and file space.

Fxpand and contract file space.

Move files.

Search, and retrieve files.

Assemble files from subfiles.

e A T o B

Build file maps for FMP disk transfers,

These functions can be provided by meost known operating systems, such as the CYBER NOS and NOS/BE
systems. By judicions programming of the attached PDC it should be possible for the FEP operating
system to deal with attached peripherals (for which software is already in place} in the same manner as

if the peripherals were directly attached in today’s customary manner.

Interface for the FMP can be provided by an FMP message handler operating in job mode. This message
handler can perform file searches and retdevals using the structured access file software native to the FEPs,
and transmit data to the FMP, or its high-speed disks, using only one specially developed trunk driver
which would have to operate in the CYBER PPU.
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Job Scheduling for FMP

The FEP complex must perform the scheduling of sequences of jobs to be executed on the FMP.

The decision on when and what to execute from the queus given to the FMP by the FEPs still remains
for the FMP monitor as deseribed in Allocation of FMP Reasources above,

For purposes of scheduling, the high performance disk system is considered part of the memory resources
that belong to the FMP and must be allocated by the FEP. Taking the FEPs’ scheduling responsibilities
for a job in order:

1.

»ow

R R N

10.
11.
12.
13.
14.

15.
16.
17.

Assessment of available system resources (tabulating amount and location of high
petformance disk, low performance disk, central FMP memory, Backing Store,
available terminals, archive, and jobs already quened for FMP).

Choice of next job to be assembled for the FMP — based on incoming requests
for service

a. priority,
resolirces required,
c. time limit (quick interactive or full run),
d. availabilify of components of the job (programs and data).
Reservation of high performance disk space.
Layout of contiguous job space to be rolled into main FMP memory.
Layout of coniiguous storage area for the job to be allocated in the Backing Store.
Building of file map for job and data files on the high-speed disks.

" Creation of file entity with security and modes of permitted access.

Storage of file header, file map on selected disk.
Movement oi‘ program file from local storage to job file.
Movement of data base to job data files.

Closing of data and program, files.

Transmission of queue request to-FMP.

Logging of all the above activities.

On close file from FMP, evaluate the disposition code and perform required operation
(note that only FEPs can destroy or otherwise .dispose of files).

Maintain job status from submission to FMP to job completion.
Provide job mode programs for accounting. _

At job mode completion, follow through on disposition codes.

0
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Exception Handling for FMP

The front-end processors provide two functional entities which deal with system exceptions:
1. Maintenance Control Unit (MCU) processing.

2.  Frontend system management.

Programs representing the MCU functions will be prepared for at Ieast the FEP computers. These modules
will be given the MCU privileged password for communications with the FMP and control of the special
MCU lines (channels) within the FMP CPU. These functions are defined by the MCU lines available, and
additional monitor communications defined by as yet to be completed design work.

The FEP computers are responsible for recording all errors and determining what disposition to make of
the partial data and remaining program and job daia that are safvaged from aborted jobs, Restart,
recovery and reirench functions are programmed in the FEP, and the semi-automated decision to apply
such strategies driven by FEP programs.

Input/Output Handling for Other Attached Processors

In order to maintain full control over all the system resources, the FEPs should perform all file manage-
ment functions afforded the FMP. In some instances a particular processor may require z umique attach-
ment to a unique peripheral which need not be attached to the trunk. In these cases management of
the attached peripheral resource becomes the respomsibility of the processor that “owns” the resource. In
all other cases the FEP or the PDC atiached to a resource acts as the resource manager. As in the FMP,

the actual data fransfers bypass the FEP and go directly between the processor and the requisitioned
resource.

OPERATING SYSTEM STRUCTURE AND IMPLEMENTATION

Within the limits of the operating system implementations for the front-end processing systems already in

existence, the FMP operating system should conform to certain architectural and implementation ground
rules. h

Programming Language

All new components of the operating system should be written in a higherdevel language. The same
higher-level language should be used regardless of the processor being programmed. The programmable
device controllers presently are implemented in assembly language because they operate in real-time, and
each machine cycle must be accounted for. This situation may be umavoidable, however some effort
should be expended to see if major portions of PDC programs could be implemented in a higher-level
language.

. The choice of higher-level languwage is not as important as the decision to require the use of one at all,
however, the langnage PASCAL is becoming 2 pseundo-standard software programming [anguage which is
implemented on a variety of hardware, and widely tanght in computer science courses. At this point
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PASCAL would appear to be the best choice since many language processors are being creafed and
bootstrap systems produced for it.

A dialect (if not the entire language} of PASCAL should be used as the primary programming language
for the PDCs wherever possible. The compiler system could reside on one particular mainframe producing
system code for the other attached processors, mcluding the FMP. Development of such a system, with
attendant documentation, debugging, and system design contro] aids should be imitiated as soon as pessible.

Modularization

One of the ounigrowths of the distribnted system philosophy is an enforced modularization of the software.
As functions are distributed outward from a3 central computing facility into a network of ever smaller
computers, the functional portions become the entire program module for the distributed computers. By
enforcing a set of message standards for communications between such programs, a rigid set of boundaries
can be defined for each and every module in a system.

What remains is to break up all system functions into modules of like kind regardless of whether or not
they actually reside together in a large central computer or in fragmented smaller machines. This means
imposing message disciplines and constraints on intermodule communication, even within a common computer.
Thus at some later date, a module could be moved to a different computer, with the identical messages
being passed over the network instead of internally within the memory of a single computer.

A set of module implementation specifications must therefore be created and placed in this portion of
any software specification, at a later phase in the project.

Configuration Flexibility

The FMP system must be capable of functioning even in severe states of degradation. This means that,
as a minimum, the FMP in its most degraded state of memory, at least one FEP, sufficient disk space
to queue one job, plus one interconnecting irunk must be available for completing fiow model solutions.
The system must also be able to sustain interactive communications, and to queue jobs on mass sforage
during interruptions of service by any of the other system components such as the FMP; archival storage
subsystem, graphics subsystem, or high performance mass storage system,

The operating system must cope with any pessible combinations of configurations arising dynamically in

an operating day. Equipments must be able to be taken off-line, without restarting the operating system,
and new equipments installed without reassembly, recompilation, or other massive remapping of the operating
system {the exception to this would be the reassembly of a small portion of the operating system, say the
disk driver, to accommodate a new type of disk system). In most cases of this sort, however, the PDC
{Programmable Device Controller) is expected to insulate the bulk of the operating system from such specific
hardware changes.
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Extensibility

Two factors militate against the creation of an ideal system design and implementation on the first
installation of the FMP complex:

1. The time and resources available fo generate the first production sysiem make it
necessary to be ruthless about eliminating all but the most necessary production
system functions from the first system implementations.

2.  The operating system must be adapted to the actual production requirements as
learned from operation of the FMP system over an extended period of time.
Decisions such as the location and allocation of system functions according to the
“Distributed System Philosophy” must be reconsidered as actual experience detects
bottlenecks and resounrce imbalance.

It should be cbvious from past computer system experience that these factoxs require 2 high degree of
flexibility and adaptability in the operating system, as understanding of the FMP and its participation in
the airfiame design process matures. It should be possible to redesign, recompile, load and test experimen-
tal functional modules while the total system is on-line. Furiher, it should be possible te introduce new
functional modules into the system, while the system is on the air in production mode, without fear of
destroying the remainder of the system. Thus if an error occuss, it can only affect the modified or new
modules and functions.

Without this feature it can be expected that, although the hardware availability might be high due to
extensive reliability engineering and the basic software might be reliable for the same reason, new software
development requires so much dedicated system time that actual customer availability is severely affected.
This is of particular concern when it is realized that certain components in the system (such as the FMP)
are one-of-a-kind, as well as the total configuration being unigie. Thus final debugging and testing would
have te be done on the actual FMP complex. This consideration alone is so important it must be siressed
with utmost vigor, as experience on the STAR-100 systems has shown. Since few STARs are available for
software checkout, the STAR data center has become a major test and imtegration facility, substantiaily
reducing the system availability to general customer utilization.

The operating system architecture then must be defined with this goal in mind, and thence the manner
and means of modularization and message implementation can be dictated,

RAM (RELIABILITY, AVAILABILITY AND MAINTAINABILITY)

The software system for a complex as large as envisioned for the FMP installation is a major factor in
system reliability and availability as is the hardware. A detailed specification of the RAM requirements for
each software subsystem must be developed for the FMP as objectives for the inifial and final production
operating systems, and be included in this porfion of a software specification. Two items requiring special
care and attenfion are docmmentation and stability.

Documentation

Operating systems with many independent nodes, and a variety of functional modules require extensive
documentation in excess of the commonly used listings, flow charts, and module descriptions. There must
be established a set of documentation standards which engage the following issues:
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1.  Extensive definition of all terminology in an alphabetic glossary (for example the term
“message” must be rigorously defined and each of the fields in the message must be
defined in terms of their meaning).

2. A master outline of the operating system documentation must be created with a place
for every single piece of system documentation (including listings of the source language,
job control setups to form the loaded operating system, and any other preparation detaiks).

3. A set of required documentation rules to be used for imbedding thought as well as
technique in the program listings is required. Thus management ground rules are needed
such as “all term names must be fully spelled out in source language symbols, at the
cost of more typing time at a terminal or more keypunch strokes” (phrases Iike *message
length” are more desirable than “MSGLNG” for readability}.

4. A set of programming ground rules which aid documentation and future comprehensibility
must be established and enforced. The structured programming schemes aided by the
structure of PASCAL are one major example of an -enforced technique.

5. A theory of operation manual must be prepéred for each component of the distributed
system, as an overview ‘of the total system.

6. A message dictionary {with every form and every function described) must be created
for the whole system.

7. A master library (preferably automated to make updates timely) must be established for
current, and past, versions of the source cede, flow charts (or flow descriptions), and all
versions of the software objectives, design and test objectives documentaiion.

Stability

A detailed breakdown of the stability requirements for each software module must be developed before the
system implementation commences. That specification would then be placed here. The overall requirement
is that the totfal software sysiem (including operating system, compilers, and utilities} must have a mean
time to failure no worse than the hardware system.

Obviously a perfect system would be desired, however practical experience shows tiat some degree of
instability will remain in a system as Iong- as new applications are submitied to it and, in particular, if
new or modified functional modules of the operating system continue to be introduced throughout the
lifetime of the system.
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EQ ILLEGAL
E1 ILLEGAL .
E? TLLEGAL
E3 ILLEGAL
E4 ILLEGAL
ES ILLEGAL
E6 ILLEGAL
E7 TLLEGAL
E3 ILLEGAL
E9 ILLEGAL
EA ILLEGAL
E8 ILLEGAL
EC ILLEGAL
ED TLLEGAL
EE ILLEGAL
EF ILLEGAL
Fo ILLEGAL
Fi ILLEGAL
F2 ILLEGAL
F3 TLLEGAL
Fi ILLEGAL
F5 ILLEGAL
Fé ILLEGAL
F7 ILLEGAL
F8 ILLEGAL
F9 " ILLEGAL
FA ILLEGAL
FB ILLEGAL
FC ILLEGAL
FD ILLEGAL
FE ILLEGAL
FF TLLEGAL
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1.0 SCOPE

This specjification tor -the CODC FLOW MODEL PROCESSOR
(FMP) 1s to be used In conlunction with the

CDC STAR-100 Computer Specifications. It

is assumed that the reader Is. famitiar with the
concepts and terminology described In those
documents,

- This Is NOT a reference manual for user®s groups.
This document is written expressiy for logic
designers and diagnostic programmers.
2.0 APPLICABLE DOCUMENTS
10354637 . CBC FLOW MODEL PROCESSOR Functional
Computer Specification

3.0 PERFORMANCE REQUIREMENTS

3.1 General Description

REPRODUCIBILITY G
RIGINAL PAGE 15 PooR.



. kA ek wl wy v

{CONTROL DATA ENGIMNEERTINSG NQ. 10354636
fevmtmmm—————— i DATE Dec. 1377
| Corporatlion | SPECIFICATTIGON PAGE 15
--------------- REV. A
---------------------------- R ADL ~=———mmcmmcemmm e e -

Feliedl Iinstruction Formats and Types

3.1.1.1 Instruction Formats - all fields are 8 bits unless
othernwise specified.

3aleleiat N/ZA

3'1010102 N/A

Jeledetse3 NZ4&

REPRODUCIBILITY OF THE
3eleiaint Format &4 ORIGINAT, PAGE IS POOR
! F { R i s T !
iFunctioni{Source ISourcelDesti~ |
H i i 1 2 inatlon 1
! | 1 1 H
2 A P Format &

! F ! R i . ]
IFunctioniDesti- H I48 H
H ftnation | !
} § l H
3elelelst Format &
H F H R H |
{Functionl - Desti- | Iis |
H ! nation | H
i H } {
Jelelslas? Format 7

F R ) T
Function *

*Described where -used
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3eilsileied N/7A
3eleiet.O Format 9
H F i G H S T

* *

tFunctlion | Sub- !
H }Functlont
3 1 {

3elele1.10 Format A

W N W R R Y R WS G e e e W W S S e -

1 F § R ! {
{Function 1Reglister! *¥ !
1 H } H

i

1

Reglster 1

!

H H i H

* Described where used

Zeieleinldl Format B
**¥ Unused areas must be

----------------------------------------- cleared to zeros
H F } G H H H T H
IFunction § Sub- 1¥¥%1 T i Base H
N IFunctionl H & ! Address H
i : ! ! ! 1
Jeieieiei? Forméf c
0 4567
H F I it X f A t Y i B f Z H Cc H
fFunctioni*liliiRegisterlRegistertIndex! Base IRegisteriRegistert
i Vot H H iAddress! t H

o A o A b sy A b e W we e W VI W U N RS W W TR A WS D WP R WE R W W R TR MRS R R S e S A e S S S -

* Unused area must be cieared to zeros.
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3eie1s1s413 Format D

oF THR

------------------------- REPROD
bOF 1#1PC! Parcel 1! @K@NM?AGEBW—-
iFunctionl! I ! .
H ielsg 16 H
* Unused area must be cleared to zeros.

3slelatlsity Subformats
3aielstslls.] Format D1 Parce! 16 Bits

0 14 2 3 445 6 7 89 410 i1 42 13 14 15

H A {BiCt 0t E !
Jeieleleilye2 Format D2 Parcel &4 Bits

0 12 3 4585 5 7 8 9 40 144 12 13 14 15 if==-—~—=m~vcm—ccmm——e=- >31
H A iBiCi D | Z H E H
32------mreeremmememmecec e meeceacam o e —ee >53 60 61 62 63
H F H G H

S AR A W ke W A ke e A A e Ay kD e i vy — — ———— T ———— . - -

3.101.1-1@.3 Formaf D3 PaPCEI ie Bi?s

123 45867 389 18 141 12 13 14 15

et de R R R S W R R Y R R R e T T

b K Tl R L Y e el L L T
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3etelelelésalyy Format Qg Parcel 1& Bits

__0 _ i_ 2. ._3 _‘A. 5 .-6._ ,?,. 8 4.;9_ 1.0-- 1_1..-‘ 1:2:- 1_k3.r 1..1}_,1:5— _— -

. ———— W W AR W SR e e v e S S R G AP e S

Seleledeiftns Format 05 Parcel 32 Bits

0 12 3 455783 10 11 12 13 14 15 16 17 418 19

. e W AP S S e Em N

- T o A Y . A S

i C1 D ¢+ E t F 1 G} HI JI Xt LI MI NI

A D A R S B e e i e i v e Wi W W M M GNP S G Mm EE W A WD W A WP TP G ek ol
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Jelals?2

321:1:201

3elela2e?

3slels243

Instruction Types
Register Instructions (RG)

In the register instructions, atl! operand scurces
and all result destinations are recgisters. R, S,
and T each desianate the contents of one of 256
registers. ’

A register may be used to hold one or both source
operands as wetll as the result. Special caset |if
register 9ff is designated as a source or resuit
register, sse Section 3.1.7.

Unless stated differentiy In the Instruction
descriotion in all register-to-register operations,
the contents of the source registers are unchanged
and the destination register is ctleared before the
result Is transferred into it. -

Index Instructions. {IN)

The index instructions are used primarily in
performing numerical calcuiations on field lengths
and addresses.,

The term, replace, means repiace only the specified
bitse. The phrase, replacge the right=-most L8 bifts cues
implties that the {aft-most 16 bits are not altered.

Branch Instructlions (BR)

granch conditions may be determined by examining
singie bitsy a3 &8~bit indexy 32-bit floating-point
operands or 64-bit floating-veoint operands. A
special branch is provided to enter and leave the
monitor orogram. Alt ltem counts in branch
instructions are in half=-words.
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Stream Instructions (SM)

Stream instructions operate on ordered sets of data,
executing in either the Swap, Map, Buf fer, or Vector
Unitse A set of stream Instructions consists of a
32-bit header packet (see format Dy 3s1.1+1+13) and a
variabte number of 32-bit packets containing parcels
of data to be transmitted from the Scalar Processor
to one of the three stream units {Vector, Map, SWwap).
Packets are flxed length (32-blts) whlle parcels are
16=bity ZT2-bitsy Or. 64-bit tength. The header and its
associated packets of instructlions constitute a fornm
of high level micro-code for the particutar function.

Referring to format D under section 3.1.1+¢1+135 the
stream designators are defined as follows?

F =~ Eight=bit Instruction code

PC -~ Four-bit packet count specifying the
number of 32-«bit packets following the
header packet. Note that a count of zero
impiies that the entire stream instruction
is contained in the first 32-bit packet
containing the header.

The various subformats for the microinstruction
parcels are given in section 3¢1.1.1.14, formats D4
through D5. The fields take on meanings dependent
upon their use in & given parcel, for a given unit.
In general, the field designators are used as
follonst

A = Subfunction fieid (for example, R1
SETUP?}.
B - Reference mode {(immediate for

addresses Imbedded in the instruction,
or indirect for addresses In the
specified registers in the Scalar
Processor register filel.

Cc - Word size (32-bit or 64=bit}.

{continued)
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3'101.2.‘-} (COﬂf.) >

B Extension coqu.50urce field, or

Hyd

LsMsN

length field depending on the
instruction.

Register file pointery; length field,
base address, or source fielid
depending on the instruction.

Memory address in Map and Buffer
instructions, source field in Vector
Unit instructions,

Lower address blits (shift count) for

Map instructlons,y round flag In Vector
Unit Instructions.,

Complement flag for B and 0 trunks in
Vector Unit.

Nult fleld.
Vector Unit resuit bus select.

Unused
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3eleia2.E N/A

3e1+1424€ N/A

3eleila2.47 N/A

3e1:1+2.8 N/ZA

3eisieZ2e” Moenitor Instructions (MN)

3e141+2410

Monitor Instructions perform as described only when
in monjitor mode. When not in monitor mode, the
monitor Iinstructions perform as an illegal
instruction rould {see SeCction Zelebe2.2)

Non-Typical Instruction {NT)
The format and operation of these instructions are

completely described under the individual instruction
ﬂl"lfQ-UDS-
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3el.e2 Addressing

Groups of bits Iin an address should be thought of as
addressing varjous units-of storage as illustrated
in the chart below.

1§==========> 54 55 55 57 S8 593 50 61 B2 63

R N e T SR

~ bit position |} NN I D D R B
in 3 registeri=eceemecencel \rrecrccccr e v s w =
or =n in- H { i } H
struction ] 1
word i Address of 1
| <=====SHorde====>1

EPRODUCIB]LYTYOFTHE |<~-Address of Half-Word—-~--= >
B R t
ORIGINAL PAGE 15 P00 P T Address of Byfe--——oe e
!
| ¢mwmwmacepddress 0f Bit-===—=cocmccncnaa ————

g M e e W M M ws wme SEE e W

Within a8 word, bits, bytes, and half-words are always
numbered from left to right. The lowest addressed
bity byte, or half-word is always the left-most bit,
bytey, or half-word In the word.

All addresses are_ G8=bit quantities and contain
enough information to reference a specific bit.
Depending on the usage of an address, a certain
number of the right-most bits in the address are
ignored. For example, if a byte is being read, the
right-most three bits of the address belng used to
reference [t are ignored. Depending on the
instruction, operands are counted on a bit,y byte,
half-word or word basis.

i <~~-===haifeword g------- mmmmm>{Kmmme=mhg] fenord {ece-=-==>|

: ! i 1 T i ! T !
lbyte 0! byte 1} byte 2 ibyte 3 Ibyte 4lbyte Sibyte glbyte 71

O ek L S D S . A D T R Wl D e e e dher Bl VW W AP W A Ay SRR A L S L P N R AN W N A

bit 0 7 8 15 16 23 24 31 32 39 40 47 48 S5 56 63

The above figure jillustrates the retative locationh of
each bitsy byte and haif-word within a s4-bit word.

{continued}
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If it is necessary to add addresses and item counts
{indices or offsets), the item count ls shifted teft
end off untit it Is properly alianed with the
address. Binary zeros are attached to the right end
of the guantity being shifted.

The result of the additlion always addresses a3
guantity having the same unit as the 1tem count. for
instance, if a byte count is added to any addressy
the result references a byte. This means that the
right-most three bits of the address wil! be Ignored,
The following chart summarizes the process of adding
an item count to an address and shows which blts are
ignored in the resultting address.

(continued)

REPRODUCIBILITY OF THE
ORIGINAL PAGE 1S POOR
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3el1a2 {Cont.) ie 57 58 59 50 61 62 63
Base Addressee—-wcscc—concac~a >} ! } H H { i1
H ! { H
/ ! H ! {
! 16 22 631 ] } - ]
L e ! ! i
4. words | *¥ twords f 0y 60t 90 g}
et ittt S P ! 1 H
iten ! 1 i i
counts ¢ 16 21 63! ! {
(indicest = +-—cccrecccccmccc e r e e sem e ! !
or off- i8. half- | *=* | hal f=words Do ag 9 i
sets) 7/ Words - et et = = —————— i !
\ i6 19 63l H
T et !
iC. bytes i¥¥ibytes {00 0
f | eemsmme e e ——— 1
! i6 631t
i deae e m e e——— e —m————————————————
10s bits ibits H
i e mm e mmm m - v o
AN
REPROPT;JC]BEM OF THE ie 57 %8 59 &4 61 62 63
ORIGINA™, PAGE IS POOR oo 22 22 2222 27
| H ! H } H H I |
! ----------------------------------
H ! ] 1 1 H
iA. words 1 <~-~-Bits used«» <== ¥ cemaaa-«a >
H } ! } { H
resylt= | H ! H i
ant iBs hatf- l <===Bits used-===> <~=wow=- *oe>y
address-| words ! H H {
as ] H ! i
1C. bytes }<===Bits usedrro=mecwa=u > <= ¥ a3
H 4 H }
! ! . !
iDe bits | €mmmmm— Bifs used-=-~-=ewo—wa- >
\ ! {

* These bits In the resultant

address are ignored.

¥* These bits in the index or offset are shifted off and do not
enter the address calculation.
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3aile2e1 Memory Hlerarchy Addressing
There are four levels of memory accessible to the
programmer?$ Register Flle, Vector Unit Buffer (VUB},
Main Memory and Backing Store. Each of these
memories can be addressed by instructions In two
different ways: direct and indirect.
Jele2edsl Direct Addressing

Memory addresses can be contained within the
instructlion lftselfy and are therefore called direct
addressess,s In the case of the Register File, such
direct addresses are called register designators,
each designator being assigned a name such as Rs S,
or T« A direct register file reference in an
instruction can access any one of 255 registers
{egh=-bit or 32~bit).

Vector Unit Buffers can contaln from one to four
thousand words each. Thus a field of twelve bits is
established {see formats D1 throuah D5} for the
insertjion of the buffer address.

Main memory addresses permit accessing up to 128
miliion e4~bit words, thus 27 bits are
established as the direct address field for this
format.

Backing store references always access data iIn

324768 B4=-bit word bliocks. Twenty-seven bits of

direct address field are allocated to permit

referencing up to 128 million of these blockss or
12 .

Lef X 40 words of data.

The actual amount of physical memory present ls
determined by the specific machine configuration.
Memory not actually In existence csuses a data flag
branch to occur at the time of reference.
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30ie241a? Indirect Addressing

The memory addresses can aiso appear in a4-bit
registers in the Register Fite. . Thus an instruction
can reference memory indirectiy by giving the
appropriate register fite address, which points to
the register contalning the desired memory address.
The aliocation of address bits in the designated
registers are as follows:

o Register fitle address =« rightmost 8 bits of
the indirect register
(bits 56-63}. This
altocation ls used only
for the SWAP (709
Instruction.

0 Vector buffer -=- 3{] addresses are bit
unit addresses addresses,s thus the
rightmost 21 bits of
the Indirect register
are used (bits 43«63).

o Main memory addresses == all addresses are bit
addresses, thus the
rightmost 33 bits of
the indirect register
are used {bits 31-53}.

o Backlng store memory -« ali addresses are bit
addressess thus the
entire 48-bit address
Is used.

3l e241 43 I!Iegal Addresses

Main memory addresses { through 180500 are
16
reserved for the operating svystems. Any reference to
this address range by a Job mode program results iIn a job
mode ilfegal abort of the program in execution.

Maln memory addresses 0 through 50890 are reserved
16

for the storage of the monitor®s register fite. Any

referance to thls area by a monitor mode memory

access will cause a monitor mode iliegal abort.

REPRODUCIBILITY OF Tﬂﬁ
ORIGINAL PAGE IS POOR
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3+1.2.2

3212341

L *erec s rrrcmcaccracacre e e

Instruction Addressing

Instructions are addressed on full=-word and hal f-word
boundaries. The Instruction address counter will,
thereforey, be incremented by a half-word after
executing a 32-bit instruction and by a fuli wWord
after executing a b4=-bl1lt instruction, This atiows
instructions to be packed contiguously in storage.
The following chart illustrates the various ways
instructions may be packed within s4-bit words.

bit position

8 31 32 63
| 32-bit Insts * . 1 6h-bif inst. aoper i
i’;ZZ;IJ'Z;;ii'TZ;;Z"""'i""';ZZ;II'Z;;if';;per';
| Ga-blt Insts Tomer 1 3a-bit inst. % 4
S
| sz-pit inste ® 4 sacbir inete i
\*These could alee be 32011 packers of stream i
i instructions., H

Note that a branch is possible to any of the
instructions. The lower © bits in any branch address
wifl always be Interpreted as zeros,

Termination Rules

For. instructions which terminate upon exhausting the

lengtih of a data fleld, data string or vector? |f

that item iIs exhausted prior to the first operand
fetch, the instruction becomes a no op$ no data is
fetched and no data flags are altered.

Stream Instruction Termination

Stream instructions terminate when the result vector
is exhausted, Source vectors which are exhausted
before the resuit vector is exhausted are extended,
as reguired, with the operand desionated in the D
field (extend codel.
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(N/A)
{(N/A)
(N/A)

Definitions and Rutes

Overlap of Oberand and Result Fields

If the result fieid coverlaps a source field such that
elements of the result are stored in the source field
before etements in this portion of the source field
are read, undefined resujfts may occur, That iss the
source elements may be The original elements or they
may be the newly~-stored elements. The Instruction's
resuits may become undefined. Note that some specific
instructions prohibit any overlap of source and
destination flelds. This restriction is included in
the appropriate instruction descriptions.

BEBRODUCIBILITY OF THE.
ORIGINAL PAGE IS POOR
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3elelka? Setf~Modifying Programs, Undefined Instructions and

Undefined Operands

3ele442+1 Self-Modifying Programs [A2.0])

As a general rutesy self-modifying programs are not
allowed. .See Appendix A2.0 for further details.

Zeleltn2e? Illegal Instructions

An instruction with an unused function code lis
termed an jiltegal instruction and causes the
follionwing?

A. If in monitor mode, an automatic branch to the
address specified by the contents of absolute
register 4 lIs executed,

Bs. If In }ob mode, an exchange to monitor mode is

performed with execution beginning a2t the address
specified by the contents of absolute register 3.

3eielh 2.3 Undefined Instructions
The Instructions with a defined F .code but which

elither- have undefined bits set or specify an
undefined operation cause undefined resutts.

JelolhaZely (N/A)

SelelsaPsE No op Instructions

The instructions that are defined as No op (no -
operation) Instructions do not fetch data and do not
alter data flags.
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3eleles3 Floating-Point Format
Zetehe3al 32-81it Floating=-Point Format
-=- bit 0, exponeﬁf sign bit
i
'}
H ! H
§ H |
l | H
e e — e ————————— ¥ exponent binary point
! i 7
|
! I-— bit 8, coefficient sign bit
P i
' v
e md e d st e e, — e m e~ ——— H
i | H I
i { H
H H ! H
----------------------------- * coef.
H t g 31 | binary
point
H H !
H H I
| 8=bit signed ! 24=bit silgnea i
! exponent H coafficient i
H } H
0 7 8 31
bit \ /

32=bit floating-point number

There are two 32=-bit half-words in every 64=bit word.
A 32=bit floating-point number occupies a half-word.

A zero is a positive sign bit and 2 one is a negative
sign bit for both the exponent and the coefficient.

Both the exponent and the coefficient are expressed
8s two's complement signed integers, Numbers are of
the form {¢} 2x where ¢ is the 24~-bit signed
coefflcient, x is the B8~-bif signed exponent, and the
base 1Is 2.

{continued) REPRODUCIBILITY OF THE
ORIGINAL PAGE IS. POOR
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3'1'“—-3.1 (Conf.)

The range of useful coefficients iIs from 8080600 tfo

is
7FFFFF .
16 |
23
This represents numbers of the range -~{2 1} through
23
+{2 -1,

The range of useful exponents is from .90 to &F
16 16
which is from minus 11?2 to pius 111 .« The
10 ig
values of 70 through 8F all fati into a special
16 156
end case range 3s defined by the following table.

X is any hexadecimal digit.

Clement Representat ion
Machine Zero BXXUUXXXY
i6
Indefinite TXWNXXXXK
i6

Exampies of 22-bit fioating-point format répresented
Iin base 16.

1 oa 0000901

+1 normalized EA 4000080

-1 go FFFFFF

-1 normalized £EQ 80DO0GD

+2586 00 gooisa
10

4 floating~-point number is normalized 1f the
coefficient sign bit Is different from the next blt .
to the right. This condition Iimplies that the
coefficient has been shifted to the left as far as
possibie. Note that an all zero coefficient requires
special attention for normalized operationse.

KEPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR
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3.10‘}.3.2 6’-1--bi1' Floafing-Poin? FOPmaT
=== bit Q0+ exponent sign bit
H
H
\
A H }
H t H
i | !
-------------------- ¥ exponent binary point
H i 15
)
} == bit 4164 coefficlent sign bit
1 13
1 ]
i v
e it T et !
{ ! H t
H H i
{ i ! i
---------------------------- * coef.
! ! 17 63 ! blinary
point
! [ !
{ 1 1
{ 16=bit signed H 48=-bit signed H
i exponent H coefficient H
i i H
g 15 1¢ 63
bit /

b4=bit floating-point number

A gh-bit fiocatling~point number is contained in a
64-bit word.

A zero ls a positive sign blt and a one is a negative
sign bit for both the exponent and the coefficient.

Both the exponent and the coeflficient are expressed
as tno's complement signed integers, Numbers are of
the form (¢} 2x where ¢ is the 48-bit signed
coefficienty X Is the 15-blt signed exponents, and the
bass Is 2. .

{continued)

0
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(Cont.}

The range of useful coefficlents is from 80030 DOGO

go04 to 7FFF FFFF FFFF . This represents numbers
186 47 16 L7

of the range =-{2 ) through +{2 =1).

The range of useful exponents is from 8080 to
16
6FFF which is from minus 28,672 to plus 2845671
i6 ig i0
The vatues of 7000 through B8FFF all fall Into s
16 ie6
speclal end case range as defined by the following

table. ¥ is any hexadecimal digit.

Element . Representstion
Machine Zero BXHXXAUXXXXXEKAXN,
i6
Indefinite TXXRXKXXEA KA AAXX
i6

Examples ot fleoating-point format represented in base
16

+1 0600 000D 0000 0001

+1 normalized FFDz 4008 0000 0080

-1 - 0000 FFFF FFFF FFFF-

-1 normatized FFD4 8000 gop0 0000

+256 0 0p00 000G GOODOD £180
1

A fioating=pnoint number is normalized if the
coefficient sign bit is different from the next bit
to the right., This condition implies .that the
coefficient has been shifted to the left as far as
possibies Note that an all zero coefficlent requires
special attention for normalized cperations.
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Zelabok End Cases

If indetftinite Is used as an operand in a fioating-
point instructions both the upper and the lower
results are indefinite.

For the cases tisted belows, 0§ represents machine zero
and N represents an operand which is neither machine
zero nor jindefinite.

0+ 0= 8 0 *0=20 0 /7 0 = Indefinite
0 £ N= N g * N=2g g 7/ N= 39
N +ao-= N N*p=07 N 7/ 0 = Indefinite
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3alelhe5 Floating=Point Compare Rules
Several of the instructions compare two floating-
point operands for:?
a. eguality {r} = (s}
b. non~equality {r) <> (s)
ce. areater than or equal to (r} > (s}
de less than {r} < {s)
For these examples, the first operand is represented
by {r) and the-second operand by {s}).
ZetefieBad One or Both Operands Indefinite
) If one operand is Iindefinites no compare conditfion is
met since indefinite is not: garester than, Jess
than, equal tos nor not eguszsl to any other operand.
If both operands are indefinite, the {(r) = (s) and
the (r) > (s) conditions are met since indefinite is
defined egqual to indefinjite.
Neither Operand Indefinite but One or Both Operands

3etlehhe5e2

Machine Zero -

Any non-~indefinjte, non-machine zero operand with .a
positives, non-zero, coefficient is strictly greater
than machine zero.

B -
Any non=indefinite, non-machine zero operang with a
negative coefficient Is strictly less than machine
Zaro.

Machine zero is egua! only to itseif and any number
having a finite exponent and an all zero coefficlent.

REPRODUCIE 7197 5
ORIGINAL pacy rsoz%ggE
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3elsheBe3 Nelther Operand Indefinite Nor Machine Zero

A. TIf the signs of the coefficients of the two

operands are unlike,

RADL -~~=- e e DT

the operands are unequal

and the operand with the positive coafficient is
larger of the two.
8. If the signs of the two coefflclients are alike, a
ffoating=point subtract upper is performed}
oparand r minus operand s,

the

Condition met criteria are analyzed as follonst
e If the upper 48 bits of the resuit
coefficient are all zeros {r) = (s)
De If the upper %8 bits of the result
coefficient are not all zeros ({r} <> (s5)
Ce I¥ the result coefficlent is positive
{r}y 2 (s}
de If the resuit coefficient is negative
{(r}y < ({s)
The above g¢riteria {a and b) tor equality and
non~equatity do not guarantee that I[f r = s, that

g =

3
b

REPRODUCIBILITY O
T TH
ORIGINAT, PAGR IS JPOORE

r when the foltowing is truet

The operands have unequal exponents.
4" pbits exist in any of the right-most bit
positions of the coefficient which wil!
shifted off the right during atianment of the
smalfer exponent. For examptle:

1 16 63
r = 100041 {
s = D M W WD M D mie S A e i T e i S YR VI WY D VN et R W AR S

igogno! X1
Exponent difference = 4
If x = 0 then r = 5 implies s = r
If x <> 8§ then if r = sy 5 <> pr

or i{f s = ry r <> s

{continued)

be
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The order of events of the ftoating-point subtract
upper is first to compiement the subtrahend, then
alian the coefficient assoclated with the smalier
exponent and finally to perform 3 floating-point add
operation, The foliowing is an example of r = s but
S <> r,

Operand r = 0180 pooo 0oan 1081
5 = G104 ggae gpogoo giog

Complement s 04104 FFFF FFFF FFen
Atiagn r gioL a4ann 800 0108 i
Add a!ligned g18%  §0GO 00089 0000 1

r and
complemented s

Since the wupper 48 bits of the result coefficient are
all zeros, the pair of operands are considered egual.
However, if the operands are interchanged, the
following happens:

Operand r = 0104 gooo gooo 8400

s = 61090 6ogao IREREES 1001
Compliement s 04100 FFFF . FFFF EFFF
Align s 0104 FFFF FFFF FEFF F
Add r and 0104 8800 iRERLLY D480
complemented, 0104 EFFF___FFFF FEFE £
aligned s 6104 FFFF FFFF FFFF F

Since the upper 48 bits of the result coefficient are
net atl zeros, the palir of operands are considered
uneqgual.
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3elelebel

JedlsheHs2

Upper and Lower Results

The floating=-point add, subtract and muftinty
instructlons generate a result coefficient twice the
tength of the source operands®' coefficients. The
left and right halves of thls resutt are called the
uppar result {U) and the lower resuit (L),
respectively.

The sign bit of the tower result's coefficient is not
affected in a lower operation and remains at zero in
two's complement arithmetic. The other bits of the
lower coefficient receive no special treatment.
Remember that a lower result is not meaningfut aloney
but it must be used in conjunction with iIts
assoclated upper result.

Sections FelebeHal = 3slebebatly are written for pa-bit
operands, For 32-bit operands, substitute 47 for 95,

45 for 94, 23 for 47, and 22 for 4p where the latter

numbers appear.

Riaht Normatization

Hhen the result coefflicient overflows its register,
a right shift of one piace Is necessary. In this
case, the entire 95=-bit result is shifted right one
place with sign extensjon and one is added to the
exponent. This c¢operation is known as
right-normalization and it is done, when necessary,
aven if normalization Is not expiicitliy specified by
the Instruction. This may cause exponent overflow!
if soy the resuit is set to indefinite and data flag
bit 42 may be set.

Floating=-Point Add

Regardless of thelr signs, both operands®
coefficlents are extended to 94 bits In itength, not
including signs by adding 47 zercs to the right of
their binary points.

The exponents of the two operands are compared and
the 94-bit coefficient of the operand having the
smaller exponent is effectively shifted right one bift
and its exponent Increased by one, successivefy unti!

{continued)

REPRODUCIBILITY OF THE
ORTQIMAT, PAGE IS POORI_
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the two exponents are equal. The sign of the shifted
coefficient Is extended from the jeft to the right
during the shift. Negative coefficlients approach a
minus one and posltive coefficients approach zero as
they are shifted. i

The add is a 94-blit operationsy not inciuding sign.
Right normatization takes pilaces if necessary. The
coefficient for the U result is the ieft-most 47 blts
and the coefficient for the L result is the
right-most 47 bits of the 94-bit result,

The exponent for the U result is equal to the larger
of the two operand exponents. Right=normatization
wilt increase this vajlue by oney If it occurred.

The exponent for the L resuilt is 47 less than the
ig
U rasutt®s axponent for all cases except thraes

8. Rightenormalization causes the U exponent to
overtfiow] the U result is set to indefinite} the
. exponent will be gFDi {59 in the 3z2~bit
i6 16
casel.

be If the U result's exponent minué 47 causes
10
exponent underflow, machine zero is stored as
the L result,.

ce If -either or both operands were indefinite, the U~
and L results are indefinite.
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The floating=-point subtract operation is performed by
compliementing the coefficient of the subtrahend and
performing a floating~point addition operation. The
complementation is a 4B8-bit, two's complement
operation and is performed before the operands are
extended to 34 bits,.

The hardware used for Fioating Add or Subtract
operations has an extra (or extanded} coefficient
sign bit. This means that the compliementation

of an 8000 coefflicient is handied without the

right shift of one and Iincrease o0f the exponent

by one asused elsewhere. This. will cause a

result {(although not mathematlically incorrect)

whlch may differ from the result obtsined when a
right shift of one with increass of one is usedy when
the following conditions are met:

1. The operand of the pair having the farge
exoonent {OR either of the two operands If their
exponents are equal) must have a coefficient of
80430 ===

2 This operatlion must requlre this same coperand to
be compiemented due to _
2. being the subtrahend in a subtract operation
oRr
be sign contro! in either a subtract or an add
operation ===

3. The "“other" operand must have a2 negative
coetficient,.

- THIE
REPRODUCIBILITY OF
ORIGINAL PAGE 18 POOR

{continued)
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Selsltehed {Conte.}
Example I A =~ B
A 60 F
B 64 8
£DC_EMP
Extra Sign
H
. v
Complement B B =64 (4) 8 0 ©
_ 3
B ->e64 (@) 8 0 0O
Align operand 1=-p0 (1) F F F
with smalier H
exponent ->64 (4} F F F
Add A plus A 64 {1) F F F
complement _
of B +B 64 (0) 8 ¢ D
6 (0) 7 F F
64 7 FF
Exampie IT ﬂ -
A 50 F
B 6F 8
COC_FMP
Extra Slgn
H
v
Complement B B i-6F {1} 8 0 1
_ 1
B ~>6F (0} 8 0 ¢
Align operand =50 (1) F F F
with smaller H
exponent -»6F {4) F F F
Add A plus A 6F (1) FF F
compiement -
of B +B8 5F (0) 8 0 @
6F (0)

RINGEG NQ. 103546636
DATE Dec. 1977
ATTION PAGE 42
REV. A
00
0C
Instruction
Specification

(ERR I
g B
Instruction
! Specificatjon
H
i
H
{
I 6F 8 0 8 0 00
{
{ 70 4 D O D 0 O
i sp FFF OO0OGQ
H
t 70 FFFFFF
H
i 70 F F F FFF
}
H

. A —— —— -

-
LI
™
n
n
n
i
M

{cont inued)
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301-'—}-6-3 (Confn)

If this operation Is a Subftract Uppery the specifled
result is indeflnite {(with the appropriate data
flaas) white the CDC FMP result did not overfiow. If
this operation were a Subitract Normaiized, note the
followings

Instruction

CRC_FMP | Spegitfication
. H
Resuit of 6F (g) 7 F FFFFUtT0 3FFFFF
Subtract H
Uoper 1
l
Normalize the 6F 7 FFFFF teF 7 FFFFE

Upper Resutt
shifting zeros H
in from the right == e;dceccececccawnaaa-

Note that the subtract operation is not always
commutative. In other words It Is not always true
that (A-B) = ~(B-A). This characteristic wiii be
observed If the fottowing is true of A and B:

3+ The exponents of A and B are not equat,
be "1 bits exist in any of the ridht most bit

positions of the coefficient which will be shifted
off the right during allgnment of the smaller exponent.

Example of (A~8) <> ={B=A):

A
8

0184 6FCB 8g7E 89F2
2100 eFAC 3F50 ASFA <~-

{
These two 1 bits will be shifted off during
exponent aitlgnment.

{contTinued}
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Compiement Bl
-B = 4160 2053 CoAz 5AQ6

Ation B:%
-B = {104 Faos 3CoA 25490 6

= {184 6FCE $07E 8grg
= 0104 Fogs 3C8A 2580 8
G104 &68D10 Btae AFgz 6

A~B = 8404 6800 BC8s AFg9g

AMign BY
B = 0104 BaF A C3F5 DAGF A

Complement Al
-4 = {114% agzg 7F8 4 760E

~{B=AY¢ .
8 = (104 B6F A C3F5 BASF A
~A = 0404 803n FER4 I&0E

- 0184 g972F 4377 5860 A
~{8=A)= 0104 £8D0D 8C8s8 AF33

This differs from A-8 in the ifast bit
position,

REPRODUCIBILITY GF
ORIGINAL PAGE IS pc»?f%@
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3alelebHeb

Results of the Fioating=-Point HMuitipiy Instruction

When two fioating=point numbers are multiplied, the
iovwer resuit retains the 47 least significant product
pits generated. The sign bit of the lower result lIs
always set to zero and the exponent of the {ower
resuit is the sum of the two source operands*®
exponents with the exceptions listed below?

The upper result retains the 47 oreduct bits
immediately to the left of the bits retained by the
tower product. The sign of the upper product®s
coefficient folliows the normal rules of algebra. The
exponent of the upper result is the sum of the two
source operands® exponents plus &7 with the

following exceptions:

A The sum of the source operands® exponents (plus
47 o if upper resuit) exceed &FFF for which
10 16
case the resuilt exponent Is set to indefinite.

be The sum of the source operands® exponents {plus
&7 + LT upper resuit} is tess than S004g for
ig i6
which case the result exponent is set to
machine zero.

Cae Either or both operands are indefinite for which
case the result exponent is set to Indefinite.

de Neither operand is Indefinite tut either or both
operands are machlne zero, for which case the
result exponent is set to machine zero.

If 2ither operand has a coefficlent of 800G 0000 0060
and an exponent of X, the operand will be treated as
though its coefficient were CoQf 0000 0000 and its
exponent ware X+i1.

The Floating=-Point Divide Instftruction

£
The quotient from the divide operation is the result
of dividing the prencormatized, integer coefficient of
the divisor Into the integer coefficient of the
dividend generating a 47-bit quotient (23-bit
quotient for 32-blt divide). If either operand has a

{cont inued}
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{Cont.)

coefficient of 80008 0000 0000, the operand will be
handled as though its coefflcient were Cppo0 0000 0000
and its exponent Increased by one. WHhen the divide
hardware normalizes the divisor coefficient, the
number of places shlifted left is added to the
exponent of the guotjent as defined beiow.

The exponent of the resuit will be glven by the
follonwing equation?

(Exponent of Dividend}
{Exponent.of Divisor)
(4p - NC}

ig
where NC is the number of places shifted left
to prenormalize the divisor. For the 32-bit
divide operation 22 is subtracted rather than
i0

Exponent of Quotient

1 #

bt o
i8

The right-most bit of the guotient Is neither rounded
nor adjusted. The remainder Is not retained. The
sign of the guotient®s coefficient foliows the normal
rules of algebra. )

Normal ized Upper Results

The normalized add and subtract instructions generate
an intermediate result identical to the final result
of the Add U and the Subtract U instructions.
Normal ization of the intermediate, 48=-bit result then
takes place as follows: .

The 48-bit coefficient Is shifted teft one bit

and [ts exponent is decreased by ones sSuccessively,
until the siagn bit and the bit immediately to the
right of the sign bit are different. Ouring this
shift, zeros are attached to the right end of the
48-bit coefflclent., 1If reducing the exponent by one
causes exponent underflow, the resuit of the
normalization operation is defined as machine zero.


http:Exponent.of
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--------------------------- RADL
Jeleliaba? (N/A)
3ele.7 {N/4}
Jelebke8 (N/A}
Jelshoed (N/A}
Selels el {N/A)
Jaelebald Operand Size Definitions

N A A A D D e

ENGINETERTINSGE NO. 10354636
BATE Dec. 4977
SPECIFICATTION PAGE 47
REV. A

The foliowing definitions are implied throughout the

specification.

Hord

Half-word '

Byte

Digit

Sword

A p4~-blt guantity, the address
the teft-most bit always being
muftiple of 64 .

10

A 32-bit quantitys the address
the left-most bit always being
multiple of 32 .

10

An B8-bit gquantitys the address
the [eft-most bit always being
multiple of 8 .

18

A 4-bit binary coded decimal
or sign. One digit per byte In
format and two digits per byte
packed BCD format.

612 bits (or 8 s&=bit words).

of
a

ot
a

number

zoned
in

REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR -
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Item Count {field tengths, offsets, indices, etc.)

Atl field tengths, offsets, Indices,y shift counts,
etc.y are item counts which specify a number of
bits, digits, bytes, half-words or words.

Where an jitem count pther than an jndex is

contalned in a 4B=bit field, there shali be at jeast
32 consecutfive and identical sign bits. Sign bits
must always be extended to the left to fill the
16=-bit or 48=bit field containing it.

The item count upit is specified by the instruction
title line code {see arrow}.

Example t
v - .
342167 L2 4 32 RG ADD N3i {(RY#(S) TO (T)

The 3?2 indicates that fleld lengths and indices are
expressed jn 32-bit half-words. Any deviation from
this method of specifying the units for the various
item counts would be indicated in the iInstruction
description or in the description of the Instruction
type. The Instruction type refers to RG (registerl},
SM {(stream), etc.

An index may be either positive or negative in sign.
The maximum magnitude of an index iIs a function of
its usage. The Index (s shlifted to the Jeft end=off
zero/three/five/six places before the addition to the
base address when the unit for the index is
bits/bytes/hatf-words/vords. Digits are not used as =
unit for iIindices.

A field length must be positive in sign and have s
i6
magnitude of tess than 2 3 the use of a negative
fietd length causes that length to become strictly
undefined. Offsets are subtracted from the field
length in stream instructions, but note ‘that for a
negative offset, this amounts to increasing the
length specification since subtracting a negative
guantity is addition.

REPRODUCIB
ILITY |
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Data Flag Branch Register [A7.013

General Description

The data flag reglister is designed te give the
programmer an automatic branch to a3 special

routine for certain operandss resultfss conditions,
etCes without hls having to pay the time penatty of
explicitly checking these conditicns in his program.
If a condition which has been previously selected to
cause an automatic branch occurs during an
instruction, the Instruction is compieted, the
address of the next Instruction which would have been
executed is stfored inte the address portion of
register 04 and a branch is made to the address
contained In register 2. The state of the data flags
in the invisible package is defined oniy If the
proaram was Interrupted between Iinstructions.

Register Description

PRODUCT MASK - "DATA

FIELD FIELD FLAGS FREE FLAGS
I ! | . { i
i 16 bits 1§ 16 bits 1 15 bits | 16 bits H

D D W TR e A D e e ke e g b A .l Gl o e o Ak e el e e ey i gt

I * 43 151 * 149 311 ¥ 135 471 * {51 581 ¥ |

Y . ——— S N WD WD N WS R D R D D D S L G S . ML A WM e A . -

0 2 16 18 32 3% 48 50 59 63

*Zits ¢ through 2, 16 through 18, 32 through 34, 48
through 50, and 59 through 53 of the data fiag
register are undefined. Any attempt to sampla, set
or clear these blfts is meaningless and the result
of any Instruction trying to do so is undefined,

An additional! reglster providing bits s4 through 127
has been added for the expanded vector capabilities.
Bit assignments, and location in the Invisible
package, have not been made as vyet.

RODUCBﬂlITY
%gUII\AL PAGE IS POOR
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‘Data Flag Bits

Data fiags 35-47 lndicate conditions that have
occurred. Bits 35-~47 are gleared oniy by the Data
Fiag Register Bit Branch and Atter, and the Data Flag
Reglster Load/Store instfructions,

Mask Bijts

A mask bit is associated with each of the data flags.
The mask bits have the function of selecting the
conditions for which the programmer wishes an
automatic data filag branch,

It is important to note that the associated mask bit
need NOT be set in order to set a data flag bit. The
mask function iIs solely one of enabling a particular
data flag to cause a bit to set in the product fieid.
The order in which the mask bit and ijs associated
data flag bit are set is immaterial, as the result is
the same} that is, their associated product bit is
set.
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3+1+62244

Product Bits

tach product bit is the dynamic logicat product of a
data flag bit and its assoclated mask bit. Data flag
branches are performed when there [s at {east one one
in the product register and the data flag branch
enable bit is set.

Data Flag Branch Enabie Bit

The data flag branch enable bit, bit 52, must be set

for an automatic data flag branch (DFB) to occur.

Bit 52 is automaticaltiy cleared by the hardware when

a DFB takes places It must be reset with =z Data Fiag

Register Bit Branch and Aiter or a Data Fiag Registar
Load/Store instruction to re~enable the DFB.

Jata Fl1ag Ragister Bit Assignments

Product BItT

{

i Mask Bit

H i

i i -Data 3it
{ I

vV V Vv

3=19-35

Soft Interrupt. Monitor software can st bit 35 of
a Job's Data Flag Branch register while the register
is stored in the Job®*s invisibie package. If, after
exchanging back to }job mode, bit 35 and its
corresponding mask bit (bit 18) are set, a normal
data flag branch occurs followinag completion of the
current instruction.

4=-28-36
Job Interval Timer
5-21-=37

NZA

{continued)
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3‘1‘6.2.5 (Contn)

5-22-38

N/A

7-23-39

L7

The blnary result exceeds the range of £ (2 =1).18.
8=-26L=410
Bit 40 is the_ inciuslive OR of bits 37, 38 and 39,

Bit 24 masks bit 4#0. Bit 8 is the logical product
of bits 24 and 40.

(cont inued)
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3elebHe245 {Cont,)
g=25=41

Floating=point divide fault: The divisor has an atll
zero coefficient or the divisor as read from the
register file or from central storage is machine
zero, "If the divisor and/or the diwvidend is
indetinite, no divide fault exist=s. If a divisoar
causes a divide fault, the guotient is set to
indefinite. The exponent overflow and result machine
zero data faults are not set by a divide whose
divisor caused a divide fauilt.

10+-26-42

" Exponent overflow? The exponent ¢f the result is

targer than sFFF {6F for 32=-bit arithmetic).
is 16

Results are not checked for exponent overflow until
after the exponent adjustment for normalization or
significance has taken piace. In the adlust exponent
instructlions, If a left shift exceeds the number of
ptaces required for normaiization, this data fisg is
set. Exponent overflow causes the resuit to be set to
indefinite: therefore, the indefinite flag will
always be set on an exoonent overflow. This exponent
overflow data flag Is.not set if either source
operand from central storage or the register file is.
indefinite or by a divide instruction whose divisor
causes a divide fault.

11-27-43

Resultl Machine Zero: The exponent of the result
returned to Main Memory or to the Register Flie
is tess than 9880 {90 for 3I2~bit arithmeticl.

i6 16
Result Machine Zero may be caused by exponent
Junderflow or by one or more 0f the input operands
being machine zero. The Result Machine 7Zeroc data flag
bit Is not set by a divide whose divisor causes a
divide fault.

REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR

{continued}
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341ebH 225 (Cont,)

12-28-44

SslebaZsb

Bit 44 is the inclusive OR of bits 41y 42 and 43.
B8Bit 28 masks bit 44. Bit 12 is the ltogical product
of bits 28 and &4&.

13-29=-45%5

A negative source operand was encountered In a square
root instruction. The sqguare root of the absoiute
value of the operand is formed3; and the two'*s
compiement of thils square root is stored as the
result.

14=~30-46

An indefinite resutlt was placed Into centratl storage
or into the Register Filesess OF +ess e€ither or both
operands of a floating-point compare were Indefinlte.

An indefinite result may be caused by one or both
operands of a floating-point arithmetlc operstion
being indefinite or by the occurrence of either a
divide fault or an exponent overflon.

15-31-47

Breakpoint?: See section 3+2+1+5.

Fres Data Filags

Bit 51 is the dynamic inclusive OR of the product
field.s This bit Is set If any of bits &
through 15 are sets. 3it 51 cannot be cleared
directiys bits 4 through 15 must be cieared to
accomplish this.

Bit 52 is the data flag branch enable bit. If bit 52
is a8 one and bit 51 becomes a one {(or vice
versa} a data flag branch occurs at the end of
the current instruction. See Z.1.6.3 for
additional information. Bit 52 is
automatically cleared by the execution of 3
data fiag branch.

{cont inued)
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ENGINEERTINSG NO. 103545636
. DATE Dec. 1977
SPECIFICATTIOMN PAGE 55
REV. A

dits 53, 54 and 55

8it 55

Bit 57

Bit 58

There are no product or mask bits associated
with bits 534 544 and 55. Blts 53, 54y and 55
are cleared out automatically during the
initial phases of the instructions (unliess the
instruction is a no op —-- see Section 3.1.3}
which may set any of them. Thus, If pertinent,
these bits must be sampled before executing
another instruction which would clear thelr
previous state, The setting of bits &3, 54,
and 5% does not cause 3 data ftag branch,

= A CPU gate associated with the Maintenance
Station monitoring counters (See Functional
Computer Specification listed in Section 2.8).
-~ A CPU gate agssociated with the Maintenance
Station monitoring counters {See Functional
Computer Speclification listed in Section 2.0).

- N/A

{continued)
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opP

ap

" 53

CODE

%3

COoDE

DATA FLAG BITS 54

V37 3B 39 41 42 43 45 46 &7 55

CATA FLAG BITS 54

V 37 38 39 41 42 43 45 46 47 55
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JelebBe?2e

oP

CODE

53

cab

DATA FLAG BITS
V 37 38 39 41 42 43 45 46 47 55

54

BATA FLAG BITS
V 37 38 39 41 42 43 45 L6 &7 55
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opP
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53

CODE

53
54

CODE

54

DATA FLAG BITS
V 37 38 39 41 42 43 45 46 47 55

DATA FLAG BITS
V 37 38 39 41 42 43 45 46 47 55
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e wumm=e R A DL —==m=cea=w ——————————— -—————————
Data Flag Branch {(DFB} ' [A7.0]

If 3 bit in the mask field is set and its associated
masked data flag blit is set, the associated bit in
the product field becomes a one. Bit 51 in the free
flag field also becomes s one since It is the dynamic
inclyusjive OF of bits 4 through 15 of the product
field, :

If bit 51 is a one from above and If bit 52 is also
set (this is the DFB enable bit), an automatic DFB
occurs. The DFB fakes place sometime following the
termination of the instruction which caused the OFB
condition to exist. The execution of the DFB sets
the bit address of the next instructlion Into the
right-most 48 bits of register 01 and a branch is
made to the pbit address contained in the right=most
48 bits of register 22. The DFB enabte bit In the
flag mask register (bit 52) is automatically cleared
at this time. The left-most 416 blits of reaglster 014
are clesred to zero by a DFB.

Programmer Note?

DFB*'s are disabled when bit 52 is cieared. But if
bit 52 iIs reset before efiminating all the DFB
conditions,s another DFB wili occur which will change
the return address in register 81 and the machine may
wind up In a "tight loop*™ If proper caution is not
taken. Sampling bit 514 for a zero before setting bit
52 will prevent this situation for all .cases except
those Involving the Job intervat timer. Hhen using
the Jeob interval timer, it should be remembered that
the setting of bit 36 In the DFR occurs
asynchronousiy with respect to iInstruction execution
once the Job interval timer iIs loaded. Thus the time
may set bit 36 atter the check of bit 5i and before
the branch to the contents of register 01, One method
of handling this situation Is to examine the contents
of register 04 upon entering the routine for handling
data flag branches. If register pi indicates that the
branch occurred ocutside the DFB roufiney then
register (1 could be copied to a temporary location,

{cont inued)
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3elefe3 {Cont.)
If register 061 indicated that the branch had occurred
within the OFB routine, then register 01 would not be
copied to the temporary location. At the concilusion
of the BFB routine, a branch would always be taken fo
the contents of the temporary ifocation.
A simpler method is to combine the setting of bit 52
and the branch to the contents of register 01 into a
singtle 33 instruction (3I3603501}.

3el.7 Register File ) N

For register operatlons, the 8-bit instruction

designators directiy address the 256 registers of
1a

the Register File. BOuring program execution {(monitor

or jobls these registers reside in the Register Flie.

When an exchange operation occurs, the registers are

.stored into 256 memory locations beginning at bit

io
address zero if in monitor mode and blt address
L0080 If In job mode. The reglisters may not be
16

referenced as memory by thelr associated monitor or
lob program. The only exceptlons fo this rule are
the B7 and BA instructions with G-bit 7 set. {The B7?
and BA instructions are lllegal in the COC FMP}.

REPRODUCIBILITY OF TH
ORIGINAL PAGE IS POOR

{cont inued)
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Figure 41 shows 2 map ¢f the Register File and the
relationship between the register, its storage
address for monltor mode and 1Its B-blt designator.
The number on the right represents the bit address
and the number on the left iIs the value of the B-bit
deslignator for the p4-bit register case. The number
inside the register represents the value of the 8-bit
designator for the 32-bit operand case. Note that any
reference to 32-bit register one is undefined.

.8=bit Desjonator Monitor Mode
Bit Address
Bit
0 31 32 63
Q Y2/ 7LF7700 7777278727777 72777777770...08008
|mrmmm e c—e - {rreememerenec—a ! 16
1! 2 1 3 1 0e.s 0040
| = r e B it L H 156
2 1 4 i 5 10...00880
Rt et L 1 16
\ - /
/ ’ \
T e ittt !
7Ft FE16 } FF1s 10...1FCO
i e S bt Dt T H i6
801 10...2000
e ! 16
N\ /
/! \
1 !
FF lmmmmc e e !
16' | B...3FCB

--------------------------------- 16

Figure 4. Register fFile

{continued)
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Register File Restrictions

A. Register Zero {Job or Monitor Mode)

1s During an eXchange operation the contents
of the trace register and the appropriate
memory location for register zero are
exchanged (swapped).

Monlitfor to Job?

W A W Sy Wy -

tBefore ! After i
{Exchange! Exchange!
------------------------------------- et
lAbsolute Address 7aro H A i c 1
=t e e e c e — . ——— e —————— e ————— }
iTrace Register I c } A }

T i D e D D D N S R MR R N S WD R WD WA W WD SN G GV W R D N W wer i i e ek e

Job to Monitor:

—— - A -

iBefore 1| After H
{Exchangel Exchangel
------------------------------------- | =}
tibsoiute Address Zero H A ! A {

[ U P P PSP PEGEPISEPIIOUPI DI |

{Trace Register ' c 1 A !

A S ol A e e M A b g A A A A A A .l o T D .

THE

of
OB SO ooR
%gggm paGE 18 B0

{continued)
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Jedle7 {Cont.)}

PDuring a 70 {(Swap) instruction Involving reglster
zero as nart of the register field, note a
reguired pecullarity. Although the current
contents of the trace reglster are sent to

the appropriate memory location for register
zeros the current contents of the trace register
are not altered.

s e (il Sl G o S G S -

IContents {Contents |}
IBefore 70 {After 70 |
i

tMemory {ocation for 1 ! i
lregister zero 1 A H B H
o rmm e —————— e e e ———— ———————————
1Trace register H B i B H

e Y b e b ke S I S S R A L WS N W WS M g Y G G W W e e o Wt -

2. Register zero when referenced by =z designator
Wwill provide machlne zero as an operand
excent when used 3s a source register for
8 base address or other description for a
stream instructions in which case register
zero Wittt appear to contaln eh=zero bits. The
use of a zero address '‘may cause the
instructlon to be treated as an iitegal
instruction as defined Iin Section 3.1.ifle The
use of a zero field length may cause the
instruction to become undefined such as the
3B instruction. If register zero is speclified
as the destinatlon registery, the Instruction
typically performs normally with data flags
being set,y, iIf warranted, but noc data is
stored. Some instructions become undefined if
reglster zero is specified as a destination
register.

The fotllowing tables are Intended to define what
operand is obtalned when register zero is )
specified for a source operand. To simplify

this chart, specifying of register zero as a

(cont inued) REPRODUCIBILITY OF THE
: ORIGINAL PAGE IS POOR
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destination register has been ignored. A biank
in the chart indicates where [t is either not
possible to specify register zero or it may oniy
be specified as a destination reagister. The
designators Ry Sy Ty Gy X4y Ay Yy By Z and C are
used for convenlence although they do not appty
to afl instructions, Utilization of the following
symbols ls made.

. Result When Register 7Zero is Referenced
2ymbol for an_Operand

M. Machine zero is provided.
8000 0000 0000 0000 e4-blt mode
i6
8000 €000 3Z2=bit mode
i6
A Al} zero Is orovided.
Z All zero In the used portion.

In this instance the left-most bit
is not used thus machine zero and
all zeros are indistingulshable.

N Instruction pcerforms as a no op.
c No control vector 1Is used.
0 A mask of all ones is provided.

{continued)
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- 8. BL-bit registérs one and two (32<bit registers 2
through 5)

If data fiag branches are being used, HL=bit
registers one and two must be reserved
excliusively for that use. Register one is the
data flag branch 2xit address and register
two hoids the data flag branch entry address.

. Monitor®*s e64-bit registers g~F (32=-bit registers
16
g=-41F )
ib

RPeglsters zero, one and two have the restrictions
iisted Iin A and B above. Reajisters 3 through 7
are used for the illegal instruction, exit force,
and externat interrupt entry points.

De 32-bit register on2 (right-most hatf of s4-bit
reglster 0}

Any reference to 32-blt reglister one Is undefined.

REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR
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3e1.8 Real~Time Counters
3.148.41 Free Running Clock
This éio;k consists of a free-running 47-bit counter
and a positive sign bit for a total of 43 bits. It
can be stored into register T using a "Transmit Reaf-
Time Clock to T" (38) instruction. This counter
increments at a one MHz rate.
3.1.8.2 Monitor Intfterval Timer

The monitor interval timer Is a 24-bit timer that
decrements at a one MHz rate.

This timer can be loaded from rzglister R using the
“Transmit {(R) to Monitor Interval Timer™ ({(gd)}
instructiony when the computer is In monitor mode.
The timer can be activated by lozading it with
anything but atl zeros. Once It is activated,

it will decrement until it reaches zero or is
deactivated. When the timer is decremented to zero,
it will cause an external Interrupt on channel 16

which must be processed like any other external
interrupt.

The timer is deactivated by the following methods?

1. Master clear

2 Loading Wwith at!l zeros

3+ Decremented to all zeros {(when it is decremanted
to al! zeros and caused an external infterruont,
it will be inactive until loaced with some vafue
other than zero).
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2414843

3e¢1.9

Job Intervatl Timer

The job interval timer is a 24—-bit counter
decrementing-at a -one MHz rate.

This clock can be loaded (in lob mode) only from
register R using a 3A (Transmit R to Job Interval
Timer} instruction. Once loaded, the tlmer continues
to decrement untll either an exchange to monifor
mode occurs, the timer decrements to zero, or the
timer Is loaded with a value of zero, If an exchange

40 monitor mode occurss the decrementing of the Job

intervai timer is stopped and the current contents
of the timer are stored in the invisible package,
When the execution of that jlob is resumed, the Job
intervatl timer is loaded from the invisiblie package
and resumes decrementing,

When the timer decrements to zero, bit 36 of the
data flag branch register wiil be sets Thus, if
the corresponding mask bit Is set, @ data flag
branch would then occur during the next RNI.

The timer may be deactivated by loading it with a
value of zero. This does not cause bit 36 of the
data flag branch register to be set. Master clear
will also deactlvate the Job interval timer.

The timer is deactivated by the following methodst
i1+« HMaster ciear

2 Loading with a value of zero

3. Decrementing to zero

The contents of the Job Intervat timer may be
samoled by use of the 3I7 instruction (Transmit

Job Interval Timer to T). This does not
deactflvate the counter,

N/7A

ﬁ ®
REPRODUCIBILITY -OF TE
ORIGINAL PAGE I8 POOR
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Exchange Operestions and Invisible Package [Ag.0]

The purpose of the exchange is to change the prime
rote of the CPU from monitor mode to job mode or
from }ob mode to monitor mode.

The exchanga operation from monitor to a job is
always accomplished with an exit force lInstruction.
This causes the contents of the invisible package to
be loaded into the appropriate registers; the mode to
be changed from monitor to tob enabting interruonts;
and execution to beglin as specified by the invisibie
package. Note that this may be the restarting of a
previously interrunted progranm.

The Exit Force instruction and the channel interrupt
are the two normal ways of getting from a job in Jjob
mode to the monitor brogram in monitoer mode.
Atftempting to execute a monitor-type Instruction in
job mode or by attempting to execute an undeflned
op=-code comorise the third way into: the monitor.
Except for the starting peint in the monitor program,
the oneration performed In getting to the monitor are
identicatl for the three. Sufficient information to
restart this job is stored into the invisible package
and the mode 1Is changed from lob to monitor, The
monitor program iIs executed starting at the absolute
address contained in the right-most 48 bits of the
monitor®s ragister 34+ 5y OF 5.

{continued)
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Monitor register, the
Method of getting ) . contents of which is
to_the Monjtor . ysed to _set P
1. Attempt to perform an Reglister 3

2

3
Lo

iltegal instruction or a

monitor-type instruction

in Job mode

Attempt to perform an Register 4
il 1egal Instruction in

monitor mode

Exit force Register 5
External interrunpt Register 5

The right-most ten -bits of the absolute starting
address of the invisibie package must be zeros.

The monitor must set up an invisible package for
each Job. There ;s NDO invislbie packsge for the
monltor program itseilf.

To start a job initislly, the monitor must ciear
the entire [nvisible package area except for the
progaram address areas,

For a more detsiled description of the exchange
operation, see the aspplicabie computer speclification

as

listed In Section p2.0.

{continued)
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3.1.10 {Cont.}
Abscoilute
INVISIBLE PACKAGE ) . Word Address
V177727777 Proaram Address FXXX>==X3
e et R b B L b E e et L D D P }
VISP Breakpoint IXAA===X1
R e ittt !
! H XA ===X2
e e R et et el H
VPP P PP TP Iy SIS 77 P77 PPP 727 7277778777727 X X==="3
NN E Data Flag Register L AR K= ==Xy

R | e e e s
g //////////////1////z///x//////////:xxx---xs
----------- oo o o e

1///////////: //////////////////////////////////:xxx---xa

L S A S D DGR A S U D SRR S D T A R S T A e R WD WD e S S

}ASCII Mode Bit {Clear bit for ASCII Mode -
) Set bit for EBCDIC Mode}

e D S A A Al B M kS " T — . . - — " — " -

V2P27777778 NP4 77 7007777777770 dob Interval TimeriXXX-==X8

R e A Ay il i S Wy i oy iy o ke e e e Mk

L ok R W D S e S D S D Sl e G S R . A S P A W VA S A - -

A SR A Al . T WS S L A S YR AR WS SR L o R AP W A S W e e

The comouter returns the Iinformation In the
non-crosshatched areas except as noted in Appendix Ag.0.
For specific detail in the cross-~-hatched areas see the
applicable machine specification as listed in Section 2.0.
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3.2 Performance Charaéferisfics
324 Instruction Descriptions

The instruction titles {342s1el ~ 342+1.256)} are
written in the following format:

Je2ele XXX AA B CC DD NAME OF INSTRUCTION [AX]
where AA = the function code {(0g~FF )
B = the format types,s 1-E 1o
CC = the number of bits in the operand

1 single bift
32 haif-words
64 words
E elther 32 or 64-bit
B both 32 and s4-bit
NA operand size not applicable

DD = the Instruction type

. Blank Undefined
8R Branch

IN Index

MN Monitor

NT Non-Typical

RG Reglister

SM Stream

[AX] = The section In the Appendix which gives
further Information.
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Z3e2+101 g 4% NA MN IDLE

Hhen in monitor mcdey anable the external interrupnts
and idle until! an externatl Interrunt occurs. The R,
S and T designators sre undefined and nust be set to
Zeroc. -

3224142 0t & 645 NT TRANSMIT (R) TO BACKING STORE MAP
REGISTER AND CURRENT BACKING STORE
MAP REGISYER TY0 (T)3 SET AND CLEAR
BUSY FLAGS PER (3}

The Backing Store contains 8192 biocks, each of
324768 B4=bit words. All or any portion of this
Backing Store can be assigned to the user presently
residing in the CPU by setting the Block Base
Address (BBA) and Block Field Lenath {8FL) in the
backing store map register., When in job mode, ail
backing store addresses sent to the Swap Unit have
the BBA added to thelr valugs to form an absolute
backing store address. All monifor mode and I/0
references are made as absolute references without
the addition of the B8BA.

The BBA is contained In bits 8 through 53 of
register Ry whife .the BFL is contained in bits 32
through 47 of register R. Register T at the
completion of this insruction contains the current
values of BSA ‘and BFL transmitted from the backing
store map register in bits 32 through 3, white the
uoper bits (0 through 31i) contain the block numbher
and number of contiguous biocks that have been set
busy In the Backing Store {as a resuilt of an I/0
operation, SHAP operation or monifor mode force busy
operation). Bits 0 through 15 contain the number of
cont iguous blocks while bits 16 through 31 contain
the block number of the first block found busy Iin the
Backing Store, beginning at the block number found in
bits 16 through 31 of register R.

If the contents of bits g through 45 or bits 32
through 47 of register S are non=zero the
instruction also force-sats or force-clears aroups
of block busy flags in the B8acking Store as follows!

o Blits (=15 = number of blocks *to be forced busy in
the Backing Store

¢ B8lits 15-31 = block number of first block of group
te be set busy

(continued)
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o Bits 32=-47 = number of blocks to be forced not
busy in the Backing Store

o Bits 48-53 = block number of first block of aroup
to pbe forced not busy

If a force busy and force not busy ls attempted on
the same blocks or blocksy the result is undefinede.

Note that the busy flags for esach block can be set
or cteared by the I/0 channel and monitor by
software, and by the Swap Unit during BSWAP
transfers. If a BSWAP operation from job mode
specifies a busy block, the BSHAP coperation
terminates, setting data flag 95,

The full execution of this instruction as described
is possibie onty when it is executed In monitor mode.
If the instruction Is executed in job modes, only

the bilock busy information is transferred fo bits #
through 31 of register 7 with bits 16 through 31 of
register R specifying the beginning block number in
finding the first busy block. '

g2 4% 64 MN  TRANSMIT {(R) TO CHANNEL (S} AND
CHANNEL (S) To (T}

Register S contains the number of an I/0 channel.
The contents of f4~bit register R are transmitted to
the specified I/0 channel {between 0 and 15), at the
same time the specified I/70 channel transmits a
6h~bit oguantity to be stored In register T. The
data being exchanged consists of control intormation
passed between the monitor mode program and the I/0
channe! intelligent processor (PDC). The meaning of
any combination of bits In these exchanged control
words [Is solely defined by the software protocolis
establ ished for the monifor and the PDC.

63 ILLEGAL

04 4 64 NT BREAKPCINT-MAINTENANCE

The breakpoint instruction fransfers R to the
breakpoint register. The breakpoint register is
used as a malntenance and program debhugging =2id.

{continued)
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Note: Breakpoint will not be sensed on any scalar
memory raferences Iin the CDC FMP.

§ {Usage 1 H H
i i8ifts 1 Breakpoint Adcress H {
il 8 9 15 16 58 59 63

Bits D=8 and 59=63 are not used.

The breakpoint address is compared with varlious
addresses such as the current instruction address,
READ 4 and READ 2 operand addressesy eftc. If the
breakpoint address matches one of these addresses
and the proper usage bit is sets bit 47 of the data
flaa branch reglister 1Is set indlceting a breakpoint.
Any combination of usage pit is permissible}
therefore the breskpolnt address can be checked
against any or all of the addresses Jisted below.
The breakpoint register is part of the Invisibie
package of = Job.

Breakpoint Usage Bifts
Bits 9-45 are breakpolnt usage bits wheare if3

a. Bit 9 is set, breakpoint on hal f-word contents
of the program address register (P) Just after
the execution of the instruction at that
location.

bs BIt 10 Is set, breakpoint on the READ 1 operand
address for stream, or the raead operand on
random addressing instructions.

Ce Bit 14 [s setsy breakpoint on the READ 2 operand
address for 3 stream instruction.

ds Bit 12 is set, breakpolnt on the WRITE 4 address
for a stream instruction or the write operand on
a random addressing instruction.

e, Bit 13 is set, breakpoint on the READ 3 control
vector or operand address {mask) for 3 stream
instruction.

fo. Bit 14 is set, breakpoint on the READ 1 order
vector address.

{continued)
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Te

Bit 415 is sety breakpoint on the READ 2 order
vector address,

Breakpoint Compares

i.

2e

Hhen in Job mode, addresses are compared with
breakpoint.

WHhen in monitor mode, absolute addresses are
compared with breakpolnt, Since the monitor
program does not have an Invisibie packagey the
breakpoint register must be Set up each time the
monltor orogram is entered, The breakpoint
register is automatically cleared to zero during
the exchange to the monitor.

Program address compares are made on hatf-word
boundaries, and ali other compares are made on
sWword bdundariles.

Data flag? it 47

TLLEGAL
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3e2.407 86 7 NA MN  FAULT TEST - MAINTENANCE [A4140]

This instruction [s used to comolement checkword
bits on the scalar write bus in order that the read
SECOED circultry may be checked out. It can aliso

be used to disabie the error correction circuitry on
ait read buses. This allows data to be passed
through the SECOED hardware without any correction
taking piace.

This instructlon is aliways enabied during monitor
mode. In }ob mode it becomes a no op unless bit 413
of word 8 in the }Job®s invisibisa package 1s set.

The modes are set up by executing this instruction
with a 4" in the approoriate R designator blt and
are cleared by executing the instruction with s
“g" in the same blt location.

The R designater bits are deflined below:

R_DESTGNATOR _BIT

8 Disable error correction on all
Read buses.

9=45 Checkword bits to be
complemanted.

Programmer Notet These bits must be set to zero
before any monitor to leb exchange operation. If
these bits 3re not set to zero via an 0 instruction,
the connection network could produce invalid data on
the read and invalid data could be written into
MEMOry «

The S and T designators are undefined.

A description of each of these faults can be found
in specificatjion 10354637, COC FMP Functional
Comouter Specification.

SECDED_FAULTS

The test Is Initiated by executineg an (e instruction
with bits 9 through 415 selectad of the P designator
to compiement the respective checkword bits of

hal f-words 0y 14 2y and 3 on the write scalar bus to
Maln Memory, By aprpropriate selfection of data

pits and complementation of checkword blts when

{continued)
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Z3e2:148

3¢2+149

34241418

Wwriting in memorys one shouid be a3ble fo generate
SECDED faults on all read buses. This should allow
complete checking of the read SECDED hardware and
also the fault recording hardware for type and
address of the fault.

The forced compiementing of the checkword bits is
discontinued by executing an 06 instructlion with
pits 9 through 15 of the CDC FMP,

This descrintion expiains the way the 0 Instruction
is executed on the CDC FMP,.

07 ILLEGAL
08 & NA MN INPUT/0UTPUT. PER R

When Iin monitor mode: Activate the channel flag-
designated by the R designator and exit to the next
sequential instruction. If the R designator
specifies a non-existent channel, the operation

of this Instruction is undefined.

The S and T designators are undefined and must be
set to zero.

09 4 4 B8R EXIT FORCE

From a job to the monitort Exchange to the monitor
program. A hardware branch is then taken to the
address defined by the right-most 48 bits of the
monitor®*s register S. For this case, the Ry S and T
designators are undefined and must be set to zero.

From the monitor to z job: Exchange to the }ob
whose Invisible package is located starting at the
absolute bit address contained in register T. For
this case, the R designator is undefined and must be
sef to zero. If either the S designator or the
contents of register S are equat fo zero, the job*s
register flle and the monitor®s register file are
identicat.
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3e2.1411

3e2e1e12
34241413

3e2s1l.tts

0A & 64 MN  TRANSMIT (R} TO MCNITOR INTERVAL

When In monitor mode, transmit bits 40 through &3 of
64=bit register R to the monitor Inferva! timer ’
{see Section 3+1+8). The teft-most 40 bits of
register R are ignored. The S and T desSignators are
undefined and must be set to zero.

08 TLLEGAL
ac TLLEGAL

ab ILLEGAL
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0E & &4 MN TRANSLATE EXTERNAL INTERRUPT (A9.0)

Each bit in the external! interrupt register {EIR) is
assoclated with an external I/0 channel, or the
monitor interval ftimer,

External Interrupt Register B8jft LAssianment
0 I/0 Channet 0
1 n 1
2 H 2
3 H 3
13 H A
5 ! 5
6 H 6
7 i "7
8 { 8
Q { 9
10 ! 10
i1- H 11
iz } i2
13 1 13
i4 v 14
15 I/70 Channet is
186 Monitor Interval
’ Timer

Transiate the lowest numbered bit set in the EIR

into its associated four-bit code and transmit this
code to the right-most four bits of register T. The
jeft-most 60 bits of register T are cteared to zero,.

Examine the EIR and if only one bit is set, the
branch condition is met. The branch, if taken, is
To (S + (R) where (S} is an index In half~-words and
{(R) is the base address.

The exits, be it 3 branch or not, clears the bit (and
only that bit) in the EIR corresponding to the
channe!l designator which was transmitted to

register Te.

If the T and S designators are equal,y the
interrupting channei designator will also be
the branch index.

Bit zero of the EIR witl never be sef as it is
reserved for malntenance purposes.

If no bit in the EIR is set, this instruction setfs
T to alt zeros and no branch is taken.
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3e2+1e18 oF ILLEGAL

32241417 i0 A 64 RG CONVERT BCD TO BINARY, FIXED LENGTH

3¢2+1.18

ey
. »
(St
o
. -
Ny =
&0

3241421

3¢241.22

Convert the packed BCD number in register R to a
signed {two's compiement) binary number and place
the resuit into the right-most 48 bits of register
Te The conversion is undefined for binary resuits
L7 47

greater than 2 <«1 or less than {2 =~1})3 thus the
fargest decimal! number that may be converted is
3140,737+488,355,327. The ASCII/EBCDIC sign code
for the BCD number is In bits £0~63 of register R,

Data flag bit 39 will be set for numbers outside
this range.

If the inpout number Is not a valid BCD number, the
results are undefinsd. Bits g~15 of register T will
be cleared to zero,

i1 A 64 RG CONVERT BINARY TO BCD, FIXED LENGTH

Convert the right-most 48 bits (two®s complement
pinary number) of register R to a3 packed BCH number
and place the result In register T. The result is
a number having 15 digits (4 bits per digit plus the
sign In th lower bits « bits s0=~63}. The binary

47
range is * (2 ~1).+ During Job mode, the sign bits
generated are conditioned by the ASCII/EBCDIC bit
in the }Job's invisibie package. During monitor mode,
only ASCIT codes will be generated.

12 7 64 NT LOAD BYTE; (T)Y PER (S), {(R)
13 7 64 NT STORE BYTEY (T) PER (S}, (R}

Load/store a byte from/inte the address specified by
{RY + {5}, where (R) iIs the base address and {S3S) is
an item count of bytes, into/from bits 56 through 3
of register T. The remaining bits of T are cleared
on a load and ignored on a store.

14 TLLEGAL

i5 TLLEGAL
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3424133

ENGINEERING NO. 18354636
DATE Dec. 1977
S PECIFICATTITZUON PAGE 86
REV. A

16 TILLEGAL
17 TLLEGAL
18 TILLEGAL
19 ILLEGAL
1A ILLEGAL
18 TLLEGAL
1C  ILLEGAL
1D ILLEGAL
iE  ILLEGAL
i1F  ILLEGAL
SHIFT (R) AND (R+1) PER S TO (T) AND

(T+1)
This instruction shifts the 128-bit operand formed by

20 7 64 RG

.catenating the contents of register R and register

R+4 (blt 0§ of register R+i follows bit &3 of register
RY and stores the results into the reglister
designated by T and the next sequential register
{(T+4)e The S desiognator specifies the type and
amount of shift, If the S designator is in the
ranae from 0 through 7F {0 through 127 ), the
16 i0

128-bit operand is shifted left end=-arcund the
specified number of places. If the S designator is
in the range from FF through 8% {=4 through =127 1},

- 16 ) 10
the 428-bit operand is shifted right with sign
extension. For this case, bit zero of the cperand

{continued}
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3¢e2e1 33 {Cont.)

Fe2+1430

from reglster R iIs considered to he the sian bit of
the shifted operand. The number of right shifts is
eguzi to the two's comolement of the S designator.
If for example, S is equal! to FE , the operand

ie
shifts right two pilaces. If the S designator is
greater that 7F or less than 84 4 the results
ie is

of this instruction are undefined. Thes R designator
must specify an even register number. If the R
deslignator is equal to zero, register zero witl
provide .machine zero, This instruction does not
test for machine zero or indefinite or set any data
flags.

21 7 64 RG SHIFT (R)Y AND (R+14) PER (S} TOo (T
AND (T+1)
This instruction shifts the 128-bit operand formed by
catenating the contents of reglister R and register
R+1 (blt § of register R+1i follows bit 62 of register
R) and stores the resutts into the register
designated by T and the next segquential register
(T+1). Yhe contents of the register designated by S
determine the fype and amount of shift. If the
right-most byte of register S is in the range from g
through 7F {0 through 127 }, the 428-bit
is ig

operand iIs shifted ieft end=around the specified
number of places. It the right-most byte of
register S Is in the range from FF through 81

16 16
{-1 through =127 ), the 4128-bit operand is shifted

10
right with sign extension. For this case, bit zero
of the operand from register R Is considered to be
the sign hit of the shifted operand. The number of
right shifts is equal to the two®s compiement of the
right=-most byte of register S. If the right-most
byte of register S is greater than 7F or less
16
than 84 4 the resuits of this instruction are
16

undefined.,. The left-most seven bytes of register S
are ignored.

The R designator must specify an even register
number, If the R designator is equatl to zero,
register zero will provide machine zeroc. This
instruction does not cause a test for machine zero or
indefinite or set any data flags.
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3424135 22  ILLEGAL

3.2.1435 23 ILLEGAL

3.241437 24 ILLEGAL

3241438 25 ILLEGAL REPRODUGIBILITY OF THE
34241439 26 ILLEGAL "RIGINAL PAGE IS POOR:
34201440 27 TLLEGAL

3e2e1e81 28 ILLEGAL

30201042 29 ILLEGAL

30241443 2A ILLEGAL

3e2st el 28 4 B4 RG ADD TO LENGTH FIELD

Add bits gg through 45 of reglister R to bits 48
through 63 of S and store the result in bits 80
through 15 of register T. Bifs 16 throuah £3 of
register R are transferred to bits i through 63 of
register T.

3+2e1e45 2C 5 64 RG LOGICAL EXCLUSIVE OR (R},{S}, TO (T
34241446 2D & &4 RG LOGICAL AND (R)4 (S}, TO (T)
3e2e1lei7 2E & B4 RG LOGICAL INCLUSIVE OR.(R}4(S}), TO.(T)

These inmstructions perform the indicated logica!l
functions listed below. The functlon occurs bit by
bit on the a4t~bit operands contained in the registers
designated by R and S, The result in each case is
stored in the register designated by T.

EXCLUSIVE OR AND INCLUSIVE OR
R 3 RaS RsS RaS
g g 0 8 .0
0 o 1 il i
1 9 1 . 0 1
1 1 J 1 1

If the R or S designators equai zeros register zero
will contain machine zero.
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30241448 2F 3 1 BR REGISTER BIT BRANCH AND ALTER

This instruction examines bit 63 of register T. Aas
specified by the G designator a branch is made to
the address contained in the right-most 48 bits of
register S. The branch is made according fo G bits
8 and 4 as foilows!

— G Gi
] ] do not branch
0 1 branch unconditionally
1 3 branch If the oblect bit was a one
i 1 branch 1f the oblect bit was a zero

After the branch decision has besn made and
regardless of what that decision was, the oblect bit
iIs altered according to G bits 2 and 3 as follows?

Gz 63
0 1] do not alter the oblect bit
] ol toggle the oblect bit to the other
state
1 ] set the object bit to a one
1 1 clear the oblect bit to a3 zero.
THE
1TY OF.
GDUCEIL
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30241449 30 7 64 RG SHIFT (R) PER S TG (T)

3¢2+1.50

This instruction shifts the g45«bit operand from the
register designated by R and stores the result into
the register desjignated by T. The S designator
speclfies the type and amount of the shift., If the
S designator is in the range from g through 3F (o

16
through 63 )s the operand from register R lIs shifted

ig
feft end=around fh; speclfled number of piaces and
then stored in register T. If the S designator is
in the range from FF through C1 {-1 through
16 16
-53 Jas the operand from register T Is shifted
10
right with slan extension and then stored into
register Te For this cases, bit zero of the operand.
from register R is considered fto be the sign bit of
the shifted operand., The number of right shifts is
eaqual to the two's compiement of the S designator.
If for exampte, S 1is equatl fo FE 4 *the operand
i6
from register R shifts right tvwo places. If the
S designator is greater than 3F or less than
' 16
C1 + the results of this instruction are _undefined.
16

If the R designator is egqual to zero, register zero
will provide machine zero. This Instructlion does not
test for machine zero or indefinite or set any data
flags.

31 7 64 BR INCREASE{R) AND BRANCH IF(R} <> 0

Increment the contents of the right-most 48 bits of
register R by one. The upper 16 bits of register R
are not altered and arithmetic overflow is ignored.

If the result from above Is 48 zeros, go 1o the next
sequential instruction. Tf the 48-bit result from
above Is non-zero, branch to (S} + (7) where (S} s
an [tem count of hal f-words and (T} is the base
addresse. The resulting address for the branch is
undefined if the R designator is eqguzal to either the
S dessignator or the T designator. )
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32 9 1 B8R BIT BRANECH AND ALTER

Register S contains the address of the oblect bit.
This instruyctlion rzads up the word containing the
oblect bit and examines the bit« The branch is then
made according fto G bits 9 and 4!

GO Gt
0 g do not branch
g 1 branch unconditlonatlly
i 0 branch if the object bit was a one
1 1 branch if the oblect bit was a zero

Aftter the branch decislon has been made and
regardless of what that decislon was, the oblect bit
is aitered according to G bits 2 and 3 as follows!?

G2 G3
0 a do not alter the object bit
0 1 toggle the oblect bit to the other
state
1 0 set the obhlect bit to a one
1 i clear the oblect bit to a zero

NOTE: If Gg and Gz and G3 = 0, do not reference the
oblect bit at =zl

If (Gp = 1) and (G2 and G3 = ) read, but do
not #wrlte the oblect bit

G bit 5 =10 Register 7 contains the branch
address

G bit 5 = 4! Branch address is formed by
- adding the T designator, used as
G bit 5 = 1 a hatf-word item count to the
program address register

G bit 5 = 141 Branch address 1s formed by

{- subtracting the T desiagnator,
used as a half-word item count,
from the program address register

G bit &

=
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3+42+1.52 33 B 1 BR DATA FLAG REGISTER BIT BRANCH AND ALTER

I is a six-bit designator specifying an object bit in
the data flag register.

The oblect bit In the data flag register is examined
and the declision to branch is made according to G
bits 0 and 1.

Go G1
0 g do’ not branch
] 1 branch unconditlonally
i 08 ‘branch if the oblect bit was a one
1 1 branch 1f the oblect bit was a zero

After the branch declislion has been made and
regardless of what that declision was, the oblect bit
is altered asccording to G bits 2 and 3 as follouwst

G2 G3
H] ] do not alter the object bit
1, 1 toggle the object bit to the other
state
i ] set the oblect bit to a one
1 1 ciear the objlect bit to a zero

Programmer Note: It Is meaningless to try to alter
bits in the product fietd {(bits §~-15) since the
product fietd is strictiy a function of the
approporiate data flaa and flag mask bits.

Since the 33 instructlion begins execution without
waiting untij the machine has completed ail
operationsy the data flag bits may set on any minor
cycle during execution of the 33 instruction.,.
Therefore, the oblect bit is samplied 2 mlnor cycles
after the 33 instruction (s ltoaded into IR0. This
sampled oblect bit, rather than the actual oblect
bity is used to control the decision to branchs and
the altering of the actual objlect bit in the data
flag register. Consequentiy, any data fiag bits
that set after the oblect bit is sampied will not
affect the decision to branch, Also, if the sampled
oblect bit is a zero, any data flag bits that setf
afterwards will not be cleared nor toggled to a zero.

{continued)}
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31241452 {Cont.)
G bit 5 = ¢ Register T cqnfains the branch
address.
G bit 5 = I? 8ranch address is formed by
}1- adding the T designator, used as
6 bit 6 = gt an item count, In half-words,s to
the program address reagister
6 bit 5 = 1! Branch address is formed by
. - subtracting the T designator,
G bit 6 = 11 wused as an item count, in
hal f-words, from the progranm
address register.
3¢241453 34 4 B4 RG SHIFT{R) PER (3) TO (T

This instruction shlifts the g4=-bit operand from the
register designated by R and stores the result into
the register designated by T, The register
designated by S speclifies the type and amocunt of the
shift. If the right=most byte of register § is in the
the range from 0 through 3IF {0 through 63 1),
16 18

the operand from register R Is shifted left
end-around the specified number of places and then
stored into register T. If the right=-most byte of
register S Is In the range from FF through Ci

. i6 16
{=-1 through =63 }s The operand from register R is

10
shifted right with sign extension and then stored
info register T. For this casey bit zero of the
operand from register R is considered to be the sign
bit of the shifted opersand. The number of right
shifts is equal to the two's complement of the
right-most bytfte of register S. If the right-most byte
of register S is greater than 3F or less than C1
1ge 16

the results of this instruction aré-undefined.
The left-most seven bytes of register § are ignored.

If the R deslgnator is equal to zeros register zero
will provide machine zero. This instruction does noft
cause 3 test for machine zero or indefinite or set
any data flags.
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3+2+1+54 35 7 64 BR DECREASE (R) AND BRANCH IF {R) <> g

Decrement the contents of the right-most 48 bits of
register R by one. The upper 16 bits of reglister R
are not altered and arithmetic overflou is ignored.

If the result from above is 48 zeros, go to ths next
sequential instruction. If the 4B8-bit result from
above Is non=-zeros branch to (5} + (T) where (3} is
an item count of half-words and {7} is the base
address. The resuiting address for the branch is
undefined if the R designator is equal to elther
the S designator or the T designator.

3e2+1+55 36 7 64 BR BRANCH AND SET(RITO NEXT INSTRUCTION

After storing the address of the next seguentiat
instructlion Into register Ry branch to {S) + (T)
where (S) is an item count of half-words and (T) is
the base address. Bits 0 through 15 of register R are
forced to zeros. Bits 59 through &3 of register R are
undefined. If the R designator ls equal to the S
designator the results of this instruction are
undefined,

NOTE:s If S=8, and R=T, this Iinstruction sets
register R 10 the half-word address of the next
instruction and the program continues at the next
instructlon. This is a way to sample the program
address register {(P).

3e2e¢1e56 37 A 64 NT TRANSMIT JOB INTERVAL TIMER TO (T

Transmit the contents of the job interval timer into
bits 4p0-63 of register T. Bits -39 are cleared fo
zZero, The R and S desjignators are undefined and nmust
be sat to zero., This instruction does not deactivate
the t1ime.

When executed in monitor mode, the operation of this
instruction is undefined.

3029157 38 A 64 IN TRANSMIT (R BITS pgp-415) TQ (T BITS
00-15)

Replace the left-most 16 bits of register T with the
jeft=-most 16 bits of register R,
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3e2e1+690
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39 A &4 NT TRANSMIT REAL-TIME CLOCK TO{T)

Transmit the contents of the real-time clock to bits
i6 through 83 of register T. Bits [0 through 15 are
cleareds R and S must be zero. ) :

3JA A 64 NT TRANSMIT{RITO JOB INTERVAL TIMER

When 2xecuted in job mode, this Instruction transmits
bits 49 through 83 of p4~bit register R to the Job
interval timer. S and T must be zero. (See Sections
JelshHe3 and 3.10803) .

When executed Iin monitor mode,y, this instruction
performs as a No 0D, -

38 A 64 BR DATA FLAG REGISTER LOAD/STORE

Transfer the contents of register R to the data flag
register and the original contents of the data ftag
register to register 7. The S desianator Is
undefined and must be set to zero. The R and T
designators may be the same and this will swap dats
flag packayes.

NOTE: An immediate data flag branch results at the
termination of this instruction If the new
contents of the data flag register meet the
aopropriate conditions,

3C 4 32 NT HALF=-WORD INDEX MULTIPLY(R)*®{(S) TO (T)

The right-most 24 bits of registers R and S contain
signed, two's complement integers., Thelr product is
formed and stored Into the right-most 24 bits of
register T, The left-most 8 bits of register T are
cleared to zeros.

If the product or either operand exceeds the value,
23

(2 =1} the result is undefined,
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3e2e1e62 3D 4L By NT INDEX MULTIPLY (R)*(S) TO (T)

The right-most 48 bits of registers R and S contain
signed, two*s complement integers. Their product is
formed and stored Into the right-most 48 bits of
register Te The left-most 416 bits of register T are
cleared to zeros.

If the product or elther oberand exceeds the value,

Ly
{2 =4) the resuit is undefined.

3¢2¢1+63 3E 6 64 IN ENTER(R) WITH I {(ie BITS)

Clear register R and transfer the right-most 16 bits
of this instruction to the right-most 48 blts of
register R {(the slgn of the 46~bit immediate operand
is extended through bit 18).

32«16 - 3F B B4 IN INCREASE(R) BY I (45 BITS)

Reptace the right-most 48 bits of register R by the
sum of those bits and the right-most 416 bits of this
instruction {(the sign of the 16=-bit immediate oberand
Is extended through bit 158 for the sddition}.
Arithmetic overfiow is Ignored.

3+2+1465 40 & 32 RG ADD UZ (R¥+{3S) T0 (T
3¢2+1+66 41 4 32 RG ADD L3I {(R)+(3) TO (T}
34201467 k2 & 32 RG ADD N: (R)+{5) Tg (T)
3+2+1.68 43 ILLEGAL

3¢2+1469 44 & 32 RG  SUB U3 (R}-{S) TO (T
3:2+1.70 45 & 32 RG SUB L3 (R)-{S)Y TO (T
3e201.71 46 4 32 RG  SUB N3 (R}I-{S) TO (T
3422172 47 ’ ILLEGAL

3424173 48 4 32 RG  MPY U$ (RI*{S) TO (T}
Be2¢1aTh 49 & 32 RG MPY L3 (RY®(S) TO (T)
322175 4hA TtLEGAL

32176 48 & 32 RG6 MPY S3 (RY*(S} TO (T)
3eZ2el77 4C 4 32 RG DIV U3 (R)/{S) TO (T}

These instructions perform the indicated floating-
point arithmetic operation on the 32-bit floating-
polnt operands contained in the registers designated
by R and S. The result in each case is stored in the
reglister desianated by T.

{continued)}
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320177 (Cont.)

3e2.1.78

3e2:1.79

3.2+1.840

3424181

U signiflies that the upper resutt of the operation is
returned} L signifies the lower resuit} S signifies
the significant resulit: and N signifies the

normal ized upper result,.

Data tlagst! bits 41, 42, %3 and 4&
40 6 32 IN HALF=-HORD ENTER R WITH I(4ips BITS}

Clear register R and transfer the right-most i6 bits
of this instructicen to the right-most 24 bits of
register R (the sign of the 16-bit immediate operand
is extended through bit 8).

48 f 32 IN HALF-WORD INCREASE R BY I{ip BITS}

Replace the right-most 24 bits of reagister R by the
sum of those bits and the right-most 16 bits of this
instruction {the sign of the 16-bit immediate overand
is extended through bit 8 for the addition}.
Arithmetic overfliow iIs lgnored.

4F 4 32 RG OIV S5 (R}I/(S) TO (T)

This instructlion performs a divide significant
operation on the 32-bit floating-point operands
contained in the registers deslianated by R and S.

The result is stored in the register designated by T.

Data fliagds: bits 414 42y 43 and 46
50 A 32 RG TRUNCATES (R) TO (T)

Transmit to destination register T the nearest
integer whose magnitude is less than or equal to the
32-bit floating-polnt operand in origin reglister R,
This integer [s represented as an unnormatltized 32-bit
tioating-point number having a positive exponent.

If the exponent of the source operand is positive

{greater than or equal to zerol, the operand is
transmitted directly to the destination register,

{continued}
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3!201081 {(Cont.)

If the exponent of the source operand ils negative,
the magnitude of the coefficient is shifted right end
offy, and the exponent is increased by one for each
bit position shifted unti! the exponent becomes zero.
Zeros are extended on the teft during the shift. If
the coefficient of the source operand is positive,
the shifted coefficient with zero exponent is entersed
into the destination register. If the coefficient of
the source operand is negative, the fwo's complement
of the shifted coefficient with zero eaxponent is
entered into the destination register,

If machine zero is used as an c¢perandy 32 Zeros are
returned as a result,

Data fiag: bit 46
3421487 59 A 32 RG FLOOR: (R)Y TO (7)

Transmit to destination register T the nearest
integer tess than or equal fo the 3I2=-bit floating-
point operand In origin register Re This integer is
represanted as an unnormalized 32-bit floating-point
number having a positive exponent,

If-the source operand®*s exponent is positive (greater
than or equal to zerol), the operand ls transmitted
directly to the destination register.

If the exponent of the source operand is negative,
the coefficient is shifted right end off and the
exponent is increased by one for each bit position
shlfted untlil the exponent becomes zero. Sign bits
are exfended on the i{eft during the shift. The
shifted coefflcient with zero exponent Is entered
intoe the destination register.

If machine zero is used as an operand, 32 zZeros are
returned as a result.

PData flag! bit 46

3241483 s2 A 32 RG CEILINGSIR)Y TO (T)
Transmit 1o destination register T the nearest
integer greater than or egual to the 32-bit floating-
point operand in origin register R. This integer is
represented as an unnormalized 32-bit flioating-point
number having a positive exponent.

{continued)
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34241483 (Cont.)

342184

3'2'1.85

If the source-—-eperand's exponent jis oosifive {greater
than or equal! to zero), the operand is transmitted
directly to the destinatlion register,

If the exponent of the source operand is negative,
the two's compliement of the coefficient is shifted
right end off and the exponent is increased by one
for each bit position shifted untll the exponent
becomes zero. Sign bits are extended on the lefft
during the shift. The two®*s compolement of the shifted
coefficlient with zero exponent Is entered into the
destination register.

If machine zero Is used as an operand, 32 zZeros are
returned as a result.

fata fiaat bit 46

53 A 32 RG  SIGNIFICANT SQUARE ROQT Y (R} TO (1)

Transmit to 32-bit register T the square root of a
32-bit floating—-point o¢perand in register R.

Datas filagst: bits 434 45 and 456

S4 & 32 RG ADJUST SIGNIFICANCE: (R) PER (S) TO
{n

Adjust the sianificance of the floating-point ooerand
in register R and transmitf it to result register T.

A signed, two's complement, integer is contained in’
the right=-most 24 bits of register 3. The absolute
value of this integer is a shift count.

If the shift count is positive, shift the operand®s
coefficient left the number of places specified by
the shift count or by the number of shifts needed to
normalize the coefficienty, whichever iIs smaller. In
either case,y, the exponent of the operand is reduced
by one for each place actually shifted. An all zero
coefficient will be shifted teft the number of olaces
specified.

{continued)}
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3421485

3+2¢1886

{Cont.)

If the shiff count Is neagatlve, shift the operand's
coefficient right the number of piaces speclified by
the shift count and increase the exponent of the
operand by one for each place shiffeds If R is
indefinjite,s, T will be [ndefinite and data flag bit
46 is set., If R is machine zero, T wili! be machine
zero and data flag bit 43 will be set.

This instruction 1Is undefined iIf the absolute value

of the shift count Is greater than 23 .« Note that
’ id0

the addition of the shiftt count car cause either

exponent overfliow or exponent underfiow.

Data flagst: bits 42, 43 and 46

55 4 32 RG ADJUST EXPONENT3 (K} PER {S) TO (T)

Transmit the adjusted operand from register R to
resuit register T. The exponent of the result is set
eaual to the exponent of the operand in register S,
The coefficient of the result is formed by shifting
the coefficient of the operand from register R.

The shift count used is the difference between the
exponents in registers R and S. If the exponent in
register R is greater/less than the exponent in
register S, the shift is to the left/right,
respectively., For zero coefficients In register R,
the exponent from register S is copied to register
T with an atl~zero coefficient.

If a teft shift exceeds the number of piaces reauired
for normatization, the result is set to indefinite,
and data flag bit 42 is set. If either-or both
operands are indefinite or machine zero, the resuft
is set to indefinite. In this cases, data flag bit 46
is set and data flag bit 42 is not set. -

Data flags: bits 42 and L6
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3241487 e 7 64% SM  BSHAPS: R-==>5 or S-=->T7

Move data from the B8acking Store (specified by source
fietd R)Y to Main Memory (specified by S), or move -
data from Main Memory to the Backing Store {specified
by T). When moving data from the Backing Store to
Main Memory the T field must be zeroj when moving
data from Main Memory to the Backing Store the R
field must be zero,

Bits B8 to 15 of register S specify the number of
blocks to be transferred from one memory to another)
one block is 324768 64-bit words. Only an integral
number of biocks may be transferred. A vatue of zero
for ftransfer length makes the instruction a No ope.
The maximum length transfer is 255 blocks.

Bits 0 to 7+ 16 to 34y and 43 to 63 of register S are
unused. Bits 35 to 42 specify the block base address
for the start of the transfer from/to Main Memorvy,.

Bits 0 to 13y 46 to 29, and 43 to 63 of registers R
and T ars unused. Bits 14 and 415 are used oniy iIn
monitor mode to manipulate the backing store block
busy f lags. 2 one In bit 14 means the blocks of
Backing Store accessed by the BSHAP instruction will
remain busy after completion of the swap (normally
the Backing Store blocks are made busy at the issue
of the BSHWAP Iinstructlon and the busy flags are
cleared block by bleock as the data transfer
compoltetes. A one in bit 415 is essentially an override
of busy fTlags for blocks accessed by the BSHAP
instruction. This alliows monitor mode fto lock down
blocks by making {and leaving) them busy, vet allows
monitor access to them. In job mode bits 14 and 16
are not used and a BSWAP proceeds as though both bits
nere zero -- blocks must not be busy at the start and
are left not busy at completion,

gits 30 to 42 of registers R and T specify the block
base address for the start of the transfer from or to
the Backing Store, respactively.

If the i1ength of the transfer is such that the Swap
Unit attempts to read or write past the end of
ajther memory,y instruction results are undefined,

{continued)
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3¢2+1.87 (Cont.}

Examples of 56 useage:!

Register 10 =--- . 001010008400080080

Register 11 -=-- 00001080200000000

561141000 Move 180 blocks of data from the

i6
Backing Store beginning at address

200000000 to Malin Memory beginning
at =address 10000000.

56001011 Move 410 blocks of data from Main
16
Memory beginning at address 4106000000
to the Backing Store beginning at
address 280000000,

3e2a1:88 57 ILLEGAL
3.241.89 58 A 32 RG TRANSMITS (R} Yo ()

Transmit the operand In 32-bitft register R to 32-bit
register T.

3+2+1.90 59 A 32 RG ABSOLUTES (RY T0 (T)

Transmit the absclute value of the 32-bit floating~
point operand in register R to register T.

3¢2+41.91 SA A 32 RG EXP.: (R)Y YO (T}

Transmit the exponent from the left-most 8 bit
poslitions of the origin register R to the right-most
B bit positions of destination register T. The sign
of the exponent Is extended through bit 8 of

. destination register Ty the left-most B8 bits of the
destination regls?erlare cleared to zeros.,

3e2+1.92 5B 4 32 RG PACK: (R), (3) TO (T)

Transmlit a 32-bit floating-point number to the
desfination register T. The exponent of the number
is obtained from the right=-most 8 bit positions of
register R and the coefficlent is obtained from the
right-most 24 bit positions of register S.
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3e2.1493 sC A B RGE EXTENDS 32-BIT{(R) 70 B4-BITI(T)

Extand the floating=point number from 32-bit register
R into a g4=-bit floating=point number and transmit
the result to g4-blt register 7. The vaiue of the
resulting 16-bit exponent is 24 less than that of

the origin operand®s exponent. The coefficient is
obtained by transmitting the right-most 24 bits of
the origin register into bits 16 through 39 of the
destination register., The right—-most 24 bits of the
destination register are clearsd to zeroc.

If R Is Indefinite, T will be Indefinite and dats
flag bit 46 will be setse If R Is machine zero, T
will be machine -zero and data fltag bit 43 witl be set,.

PBata flag?! bit 43 and 486
3¢e2¢19% 50 A B RG INDEX EXTENDS 32-8BIT(R) TO 84=-BITI(T)

Extend the floating=point number from 32-bit register
R into a3 g4=-bit floating-point number and fransmit
the result to g4-bit register T. The value of the
resulting 16-bit exponent is the same as the origin
aperand®s exoonent. The coefficient is obtalned by
transmitting the right-most 24 bits of the c¢rigin
register into bits 40 through 63 of the destination
register. Bits 16 through 39 of the destination
register are set to the sign of the origin
coef{lcienf.

If R is indefinite, T witl be indefinite and data
fiag bit 46 will! be set. It R is machine zero, T
will be machine zero and data flag bit 43 will be set.

Data flag?! bit 43 and 46

5E 7 32 NT LOAD3S (T) PER (S), (R}
GF 7 32 NT STORE$ (T) PER (S}, (R)

L] -
-
- L]
O W0
o N

Load/store 32-bit register T from/into the zddress
specified by (R) + {S) where {(R) is the base address
and {S) is an item count of half-words. Note that S
and R are g4~bit registers and that the Item count

is shifted left five places before the additlon.
Overfiow from this addition is ignored, if it cccurs.
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ENGINETERTING NO. 10354636
DATE Dec. 1977
SPECIFICATTIG OGN PAGE 104
: REV. A
----------------- R AD|L ——«—smssaccrsc e ssmm e s e =~
60 & 64 RG ADD US (RY+{S) TO (T)
61 4 64 RG ADD L3 (RY+(S) TO (T)
62 4 64 RG ADD N3 (R)+{S) TO (T)

These instructions pertorm the indicated floating-
point arithmetic operation on the gi-bit floating-
point operands contained in the registers designated
by R and S. The result in each case is stored in the
register designated by T.

U signifies that the upper result of the operation is
returned? L signifies the Jower results; and N
signifies the normalized upper result.

Data fisgst bits 42, 43 and 46

63 & 64 RG ADD ADDRESS: (RY}+(S) TO (T3}

This instruction adds bits 16 through 63 of register
R to bits 16 through B3 of register S and stores the
result In bits 46 through 63 of register 7. Bits 16
through 3 are treated as 48-bit, positive, unsigned
integers. Arithmetic overflow is ignored. Bits 0
through 15 of register R are transferred without
modification to blts 0 through 415 of register T,

(R)-{3) TC (T
(R)-13S) TO (T}
(Ry={3) TOo (T)~

RG SUB U3
SuUB L3
SUB N3

6 L 64
65 4 64 RG
56 4 64 RG

These instructions perform the indicated tioating-
point arithmetic operation on the g4-bit floating=-
point operands contained in the registers designated
by R and S. The resuitt in each case is stored in the
register designasted by T.

U signifies that the upper result of the operation is
returned! L signifies the tower resulti and N
signifies the normalized upper resutlt,

Data flags: bits 42, 43 &8N 45

67 & 4 RG SUB ADDRESS: {(R)={(S)} TO (T)

This instruction subtracts bits 18 through £3 of
reglster S from bits 16 through &3 of register R and
stores the resutlt Iin bits 18 through 53 of register
Te Bits 4156 through 52 are treated as 4B8-bit, positive
unsigned integers. Arithmetic overfiow is ignored.
Bits 0 through 15 of reglister R are ftransferred
without modification to bits 0 through 415 of

reglister T.
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3e241.1180

Reg R

Reg T

68 & 64 RG MPY Ui (RY¥(S) TO (T)
89 & 64 RG MPY Lj (RY*(S) TO (T)
A TLLEGAL

68 L& B4 RG MPY St (R)I¥{S) YO (T)
6C & 64 RG DIV U3 (RY/(S) To (T}

These instructions perform the indicated floatinc-
point arithmetic operation on the g4~-bit floating=-
polint operands contalned in the registers designated
by R and S. The resuit in each case is stored Iin the
register designated by T.

U siognifies that the upper result of the operation is
returneds L signifles the lower resuitd S signifies
the. significant resuit.

Data flagss blts 441, 42y 43 and 4g

60 n B4 RG INSERT BITSS (R) 70O {T) PER (3)

This instruction inserts the right-most bits of the

register designated by R Into the register
designated by Te.

Ay " e ey .l . A A A A A S A i VI R A A A D W MM A S .-

H H m §
! I €mmmm e >}
H H bits H
H
INSERT v
H
v
i O m ! H
i ¥ (= >} * 3
H i | bits | H
A ¥ These bits are unaltered
!
bit n
H 1 H { i
| 6~==0 | n | Becmsmecm o e aa e Bt n 1
{ i H ! H
g 9 410 15 416 57 58 63

{cont inued)
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3¢2+14110 {Cont.)

3its 10 through 15 of reglster S contalin the number
{m} of right-most bits to be inserted. The right-most
& bits of register S specify the the bit number (n)
in register 7 where the ieftmost bit of the Inserted
data Wittt be placed. Bits 0 through 9 and 16 through
57 of register S are undefined and must be set to
Zero.

If the R deslgnator is equal fo zero, then register
zero will provide machine zero. If m plus n is
greater than 64 4, or 1t m is equs! to zZeros the

ig
results of this instruction are undefined,

3e2e¢1.111 6E &4 64 RG EXTRACT BITS; (R) TC (T) PER (S}

This Instruction extracts bits from register R and
stores them into the right-most portion of register
T Register T is clieared before receiving the
eXfracted bits.

e i S e A s e S P VI WY A SR W e W AN R e A WP AR R WS Y o e e g WS T S SR WP S s A0 MM S .

! P toom _ {
Reg R | jCmmmr = —— >4 !
1 I 1 bits i H
A H
| v EXTRACT
bit N wecemercccrcc e e
1
v
! ! m
Reg T | Qemmr e s v s e cm s s —— ] e >1
i : H bits H
H t i H i
Reg £ { 0--=0 1 m | feemmremr e e e o i n ;
i ! ! { s
G g9 10 15 146 57 58 83

{continued)
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2.2.1.111 {(Cont.)}

Bifs 180 through 15 of register
{m) of bits to be extracted fro
right-most 6 bits of register S
pit number of the extracted bit
and 16 tnhrough 57 of register S
myst be set to zero.

If the R designator is equal to

will provide machine zero. If

than 64 4 or if m ls equal to
110

this instruction are undefined.

32201112 6F 4 64 RG DIV S3 {(R)/(SY T
This instruction performs a 0Olv
operation on the sa-bit floatin
contained in the registers desi
The result is steored in the reg

Data flags: bits 41, 42, 43 an

Je2+14113 70 A B4 RG TRUNCATE; (RY TO

NQO. 10354636

DATE Dec. 1977
N PAGE 107

REV. A

S contain the number

m reglster R. The
specify the left-most
S. Bits 0 through 9
are undefined and

Zeros register zero
m pius n Ls dareater
zeroy the results of

0o {M

ide Slgnificant
g-point operands
gnated by R and S.
ister designated by T.

d 46

{m

Transmit to destination register T the nearest

integer whaose magnitude is less

than or squal to the

magnitude of the s4-bit floating-point operand In

origin register R. The Integer
unnormatized a4~bit fleating-ono
positive exponent.

is reprasented as an
int number having a

If the exponent of tThe source operand Is positive

(greater than or equal to zero)

s the operand is

transmitted directiy to the destination register,

If the exponent of the source operand is negative,
the maanltude of the coefficient Is shifted right

end off and the exponent is incressed by one for each
bit position shifted untlii the exponent becomes zero.
Zeros are extended on the left during the shift, If
the coefflicient of the source operand is positive,
the shifted coefficient with zero exnonent is entered

into the destination register.,
the source operand is negative,
of the shifted coefficient with

If the coefficient of
the two's complement
Zero saxponent is

entered into the destination register.

{continued)
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3.2+1.113  (Cont.)

3«2¢16114

3e2+111%

If a machine zero is used as an operand, 64 zeros are
returned as a resulft,

Data flag:s bit 48
71 A B4 RG FLOORSZ {(R) TO (T}

Transmit to destination register T the nearest
integer less than or equal to the g4-bit floating-
point operand in origin reglister Re This integer is
represented as an unnormalized s4-bit fleoating-point
number having a positfive exponent,

If the source operand®s exponent is positive {greater
than or eaual to zero}, the operand is ftransmitted
directly to the destination register.

If the exponent of the source operand is negative,
the coefficient is shifted right end off and the
exponent Is increased by one for each bit position
shlfted until the exponent becomes zero., Siagn bits
are sxtended on the left.durlng the shift. The
shifted coefficient with zero exponent (s entered
Into the destination register.

If a machine zero is used as an operand, 64 zeros are’
returned as a resuit,

Data flag! bit L6
72 & g4 RG CEILINGS (R) TO (T)

Transmit to destination register T the nearest
integer greater than or equal to the s4-bit floating-
point operand in origin register R. This integer is
represented as an unnormalized g4~blt floating~-point
number having a positive exponsnte.

If the source operand®s exponent Is positive {greater
than or esqual to zero), the operand is transmitted
dlrectly to the destination register.

If the exponent of the source operand is negative,
the two®s complement of the coefficient is shifted
right end off and the exponent is increased by onhe
for each bit position shifted until the exponent
becomes zeroc. Sign bits are extended on the left
during the shift. The two's complement of the shifted
coefficient with zero exponent is entered into the
destination register.

{cont inued)



ICONTROL OATA 1 ENGINEERTINGEG NO. 10354636
[]

e ittt ! BATE Dec. 1977
!} Corporation | SPECIFICATTION PAGE 41089
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Je2e1.115 {Conte)

If machine zero is used as an operand, f4 Zeros are
returned as 3 result.

PJata fiag: bit s .
3.21s116 73 A 64 RG SIGNIFICANT SQUARE FOOT: (R) TO (T}

Transmit to register T the square root of the 64-bit
floating=-point operand in reglster R.

Oata flags: bits 43, &5 and 46
3214147 76 & H& RG  ADJUST SIGNIFICANCE: (RY PER {S) To (T}

Adiust the significance of the floating-point operand
in register R and ftransmit it to resuilt register T.

A signed, two's complement Integer iIs contained in
the right-most 48 bits of register S. The absolute
value of this integer Is a shift count. The left=-
most 416 bits of register S arse ignored.

If The shift count is positive, shift the operand®s
coefficient left the number of places specified by
the shift count or by the number of shifts needed to
normal ize the coefficienty whichever is smailer. 1In
either case, the exponent of the operand is resduced
by one for each place actually shifted. An all zero
coafficient Wwill be shifted left the number of olaces
specified.

If the shift count is negative, shift the operand®'s
coefficient right the number of places specified by
the shift count and increase the exponent of the
operand by one for each pliace shifted.

This instruction is undefined if the absolute value

of the shift count is greater than 47 + Note that
ig

the addition of shift count can csuse ejther exXponent

overfiow or exponent underflow.

If R is indefinite, T will be definite and data flag
bit 46 will be set. If R is machine zero, T will be
machine zero and data flag bit 43 wWill be sete.

Data flagst bits 42y 43 and 4p6



ICONTROL DATA | ENGINEERING NO. 103546306

ot —————— 1 DATE Dec. 1977

! Corporstion } SPECIFICATTION PAGE 1190

———— - ————— - REV. A

------- - —tmte— e ——t s semmmn= R | [} | ereecrcccc e e e r e s e e — -

75 4 64 RG ADJUST EXPONENT: {R) PER (S5} 70 (T)

fransmit the adjJusted operand from register R to.
result register T« The exponent of the result s set
egqual to the exponent of the operand in register S.
The result is formed by shifting the coefficient of
the operand from register R, .

The shift count used is the difference between the
exponents Is register R and S. If the exponent In
register.R Is greater/tess than the exponent in
register Sy the shift is to the lteft/right,
respectiveiy. For zero coefficlents in register R,
the exponent from register S is copied to register T
with an ail-zero coefflcient. -

If a5 1eft shlft exceeds the number of places
reaquired for normaiizationy the result is set to
indefinite and data flag 42 is set., If either or
both operands are indefinite or machine zero, the
result is set to Indefinite. In this case, data flag
bit 46 is s=2t and data flag bit 42 is not set.
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ICONTROL DATA ! ENGINEERTIWMNRGEG NO. 10354636
e ——— ! BATE Dec. 1977
} Corporation 1| SPECIFICATTIO ON PAGE 141
e bt REV. A

3e2¢1 119 76 A B RG CONTRACT: 64-8IT (R) TO 32-BIT (T)

Contract the ei4~=bit floating-point number from
register R into a 32-pit. ftoating=-point number and
transmit the result to 32-bit register T.

Input Exponent Result
7FFF Resutt Indefinite
: Indefinlite Data Flag 45
7008
6FFF Result Indefinite
H Data Flag 42y 46
00548
pasy Result exponent 24 iarger
: 10
H than input exponent
3 Copy tefft-most 24 bits of
H input coefficient
FF78
FF77 Resyuit machine zero
: Oata Ftag 43
80400

The ?24-bit resuit coefficlent Is copled from the
left=-most 24 bits of the 43-~-bit source coefficient
{bits 46 through 39). This has the effect of

contracting all negative source coefficientsy whose
absolute values {(neglecting tha exponant) were less
24

than or equal to 2 sy T 3 minus one.

Data fiags: bits 42, 43 and 46
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! Corporstion | SPECIFICATTION PAGE 112.
............... REV. A
---------------------------- R ADL ~=eccmcccmmcccccccrmcm e cmm e

3+2+.1.120 77 A B RG ROUNDED CONTRACTS 64-BIT (R) TO 32-BIT
(1)

Perform a rounded contract operation on the g4-bit
floating=-point number in register R and transmit the
32-bit floating-point resuit to 32-bit register T.
A positive one is added to the origin operand in bit
position 4080. It overflow occurs the exponent is
increased by one and the coefficient is shifted right
one place. The left-most 24 bits of this 48-bit sum
are then transmitted to the 24-bit coefficlient '
portion of register T. Each non=-endcase result
element®s B-bif exponent is 24 (25 is overflow

10 10
occurred} greater than the corresponding source
element®s exponent.

Data flagst bits 42, 43 and 46
Ja2+14121 78 A 64 RG TRANSMITS (R} TO (T)

Transmit the s4-blt operand in register R to
register T.

3+2+414122 79 A 64 RG ABSOLUTES (R) TO (7)

Transmit the abscolute value of the p4-bit floating-
point operand in register R to register T.

Data flags? bits 42y 43 and 46
3.2.1.123 7A A 64 RG EXP.3 (R) TO (T)

Transmit the exponent from the left-most 16 bit
positions of origin register R to the right-most

16 bit positlons of destination register T. The sign
of the exponent is extended through bit 16 of
destination reglster T, The teft-most 46 bits of the
destination register are cleared to zeros.

3e2el4124 7B & B4 RG PACKS (R)y (8) TO (T

Transmit 38 s4~bit floating=point number to
destination register T. The exponent of the number
is obtained from the right-most 16 bit positions of
register Ry, and the coefficient is obtained from the
right-most 48 bit posjitions of register S.
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--------------- REV. A
---------------------------- RADL ~ecmmmerme e rrcccrcr e e e

322+14125 7C A 64 RG LENGTHS (R) TO (T}

Transmit the left-most 16 bit positlons of origin
register R to the right-most i6 bit positions of
destination register 7. The left-most 48 bits of the
destination register are cleared to zeros.

32214126 70 7 &4 NT SHAP) Se===- >T AND R====-=>5

Move to destination fleid Ty a3 portion of the
Register Fiie beginning at the s4=blit register
specifled by the right-most eight bits of register S,
Transmit source field R to the Reglister File
beginning at the a4-bit register specified by the
right-most eight bits of register S.

The jeft-most 16 bits of register R and T specify

the field length in words for the source and
destination fieldss respvectiveiy. The field lengths
of the source and destination fields may be different
but each must be even, A zero fleld length Indicates
no transfer for that ftield. Any transfer of words
into or out of the Register Fite that becomes
exhausted of registers (i.e., beyond the bounds of
the Reglster Fiile), causes the instruction to become
undefined.

The right~-most 48 bits of registers R and T speciftfy
the base address of the source and destination
fields,y respectively. These addresses must specify

an even b4=bit word in Main Memory. Bits 57

through 63 of register R and T are undefined and must
be set to zerc., QOverlap of the source and destination
fieids is allowed only if the base addresses for both
fields are equal.

Registers Ry Sy o T, may be In the range of the
registers being swapped.

The starting register in the fite specified by the
right=-most eight bits of register S must be an even
reglister or this Instruction wil! be treated as an
undefined instruction. For additional material see
Section 3.1+7 on the Register File.

REPRODUCIBILITY OF THE
ORIGINATL PAGE IS POOR
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ICONTROL DATA | ENGINEERING NO. 10354636

fammm e e ——— ; DATE Dec. 1977

! Corporation 1 SPECIFICATION PAGE 114
............... REV. A
---------------------------- R A DL =—ecmececcccm e e
3+2+14127 7E 7 &4 NT LOAD; (T) PER (S), (R)

3.241.128 7F 7 &4 NT STORE} (T) PER (S}, (R)

Load/store s4-bit register T from/into the address
specified by (R} + (S) where (R) is the base address
and (S) Is an item count of words.

3241129 80 ILLEGAL

3e2¢1 130 Bi1 ILLEGAL

Ze21.4131 82 IL&EGAL

342014132 83 ILLEGAL

342+12133 84 TLLEGAL

Je2+14134 85 ILLEGAL

321135 86 ILLEGAL

3.2+141356 87 ILLEGAL

3¢2e1.137 88 TLLEGAL .

3021138 89 ILLEGAL

3e2¢1.43¢ 8A ILLEGAL

322141410 88 TLLEGAL

3e2e1a141 8C TILLEGAL

3e2e1e142 80 TILLEGAL

32214143 8E ILLEGAL

3e2elatiy BF TLLEGAL

3e2el1ei45 90 ILLEGAL

3e2e1148 91 ILLEGAL

302010147 97 ILLEGAL

302010148 93 ILLEGAL

3021149 94 ILLEGAL
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ICONTROL DATA | ENGINEERTINGEG NOD. 10354636

DATE Dec. 1977

! Corporation i SPECIFICATION PAGE 115
--------------- REV. A
---------------------------- RA D L =—emmm oo e e
3.2.1.150 95 ILLEGAL

3.2.14151 96 ILLEGAL

3.2.1.152 97 ILLEGAL

3¢2¢1+153 98 TILLEGAL REPRODUCIBILITY OF THE
3.2.1.154 99 ILLEGAL ORIGINAL PAGE IS POOR
3.2.41.155 9A TILLEGAL

3.2.1.156 98 ILLEGAL

3.2+1.157 9C ILLEGAL

3.2.1.158 90 D E SM STREAM MAP

Depending on the value of fhe four-bit subfunction A,
the Map Unit performs the functions described,

Subformat D1
Fleld Cade
A 1

2
3
b
S
B
7
8
B 0
c g
1

Register Fille Reference Mode {46-DIift
parcel)

Operation

READ 1 Setup

READ 2 Setup

READ 3 Setup

WRITE 4 Setup {HW1iA} source
from READ 1

WRITE-1 Setup (Wi3} source
from READ 2

WRITE 1 Setup (WiC) source
from Compress/Mask/Merge Net
WRITE 1 Setup {(WiD} source
from Gather/Scatter Net
WRITE 41 Setup (HWiE} source
from Vector Unit

Ragister File Reference Mode
{Supformat 01)

64~bit Mode
32-bit Mode

{continued)
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ICONTROL OATA 1 . ENGINEERINSG NO. 18354636

et — e ——— H . DATE Dec. 1977
{ Corporation SPECIFICATTION PAGE 116
--------------- REV.- A
---------------------------- R A DL ~recremcrrrrc e e cr e ccn e e =
3«2+1.158 {Cont.)
B {(for A code = 1-3, READ Setup)
. J Extend indefinite on input vector
1 Extend floating-point zero on
Input vactor
2 Extend filoating~point one on
. THE inout vector
—R@EQDUUBILITY OEOOR 3 Repeat input vector (for
dﬁj@ﬁgﬁi,?é&ﬂﬂls 4-bit mode, lowest three

bits of field Ilength must be
zeroi for 32-bit mode, lowest
four bits of field {ength

must be zeroj if fleld length
is zero, operand is broadcast)

D (for A code = 4=84 WRITE Setup}

i} Order vector oberates on ones
1 Order vector operates on
Zeros
2y 3 Not defined
E go-FF Register file designator

Subformat 02 Immediate Reference Mode {s4~bit parcel)

Operatjion

I
2
[[oN
]
[]
o,
)

READ 1 Setup

READ 2 Setup

READ 3 Setup

WRITE 1 Setup (W1A) scurce
from READ %

WRITE 1 Setup (WiB) source
from READ 2

WRITE 1 Setup {(WiC) source
from Compress/Mask/Merge Net
WRITE 4 Setup (W1D) source
from Gather/Scatter Net
WRITE 1 Setup (WiE) source
from Vector Unlit

o -~ o &) Ew N [

8 i Immediate Reference Mode
({Subformat D2)

C S | 64~hit Mode
i 32-bit Mode

{confinued)
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ICONTROL DATA | ENGINEERTING NO. 10354636

H et ket L ] DATE Dec. 1977
{-Corporation | SPECIFICATTION PAGE 117
--------------- REV. A
---------------------------- RADL ==mwsmre e e e e
3-2010158 {Cont.)
D {(for A code = 1-3y READ Setup)
0 Extend indefinite on inout
vector
1 Extend ftoatling-point zero
oen input vector
2 Extend flosting=-point one on
input vector
3 Repeat input vector {for
64-bit mode, lowest three
REPRODUCIBILITY OF THE bits of fleld length must be
(ﬁﬂﬁﬂﬁAlaPﬁiﬂﬂIS-POOR' zeroj for 32-bit mode, l!owest

four bits of fleld length
must be zeros 1f field length
is zero, operand is
broadcast).

B (for A code = 4-8, HWRITE Setup)

] Order vector operates on ones
i Order vector operates on
zeros
2+ 3 Not defined
£ 16=bit fleid tength
F 28-bit sword address
G Lower address bits (used for

shift count)
z . Unusad

Subformat 0 S1y 52 Connection Setup (g4-~blt parcel)

Fleld Code Qpoeration
A g S1, S2 Connectlon setup
B, D Destination code {8 for

S1, B for S2)

No change

Vector Unit

Buffer Unit

Both Vector Unit and Buffer
Unit

Internal to Map Unit

W N o

£

{cont inued}
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3+2+1+158 {Cont.)

Cy, E

Ul $£ N R o

ENGINTE

SPECIFICATYTION

Subformat 03 Map Unit

Fieid Code
A 0
A
8

B (For A code

A NN

C (For A code
followling:

2
2 s

2

ERINGSG NO. 18354636

DATE Decs 1977
PAGE 118
REV. A

Source Code {C for Si1y E for

S2)

No change

R1

Rz

Compress/Mask

Merge

Gather

Functions {416+«bit parcel)

Operatjon

No op
Map Unit functions
Clear )

A only, othervwise Ignored)

A)

i,

1s

1y

1»

y 2

Gather

Scatter

Compress

Mask

Merge

Form Order Vector

C field bits specify the

order vector test greater than
order vector test not equal
32-blt operands (=0, B4=-bit)

move trecords (=8, move words)

order vector operates on zeros
{=g, on ones}

not defined

{continuad}
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{ Corporation ! SPECIFICATION PAGE 1489
--------------- REV. A

J3e2eiel58 {(Cont.)}

C (For A code = B) 0 field bits each specify a
unit to be cleared as follows:

7
2 READ %
B
2 READ 2
5
2 READ 3
4
2 HWRITE 1
3
2 Compress/Mask/Merge
2
2 Gather/Scatter
1
2 31
0
2 S2

{cont inued)
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! Corporastion | SPECIFICATTIUON PAGE 428
............... REV. A

3:2+14158 (Cont,. )

With a string of subfunction parcels taken from the
previously listed functions, one can perform a number
of operations wlthin the Map Unit, or tink the Map
Uynit to the Vector Unit to provide operand streams or
to take result operands from the Vector Unit, Some
examples of this linkage aret

Vactor Transmit 10 p4~bit words from memory
i6
address 10000000 to address 1000030.

Assume that the register file is setup as follows?
Reglster 1g= 6310 000040000000
Register 11= 00410/0800010000080

and the instruction buffer hoids the following:?
(A1t quantitles in hexadecimal)

Total command? 9001404050128028
Header {iqdirecf mode: for both vector references)

9031 an directs the operation to the Map Unit,
the 4 indicates that one 32=-bit packet
follows the header packet,

First parcel?! 4840 Function code 4 in first
: four bits indicates that this
is a READ 1 setup.
The next four blits are zero,
Indicating thatt

B field=0 -- indirect reference mode

C field=g -~ B4=bit mode operation

0 fleld=g -~ Extend A fietd (it
shorter than C fleld)
with Indefinites.

The next 8 bits=10, the
register designator pointing
to register 1 . .

i6

{continued)
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| Corporation | SPECIFICATTEIZ ON PAGE 121

indinaheslis ikt REU. A
-------------- —emmm e ——mm = R ) ) | emmmcemc et rm e e e e r e - -
3e2.1.158 {Cont.}

Second parcel? 4012 Function code & in first four
: bits indicates a WRITE ¢

setup With source from READ i1,
By Cy D flelds aill zero
indicating &4~-bit mode,
indirect reference to the
register file, and extension
mode is ioncred, the
remaining 8 bits contain the
register desiagnator 42
pointing to the register
containing the starting
address and length of the
ocutput stream to be written
from WRITE 1.

Third parcelt B028 Function code 8 Indicates
CLEAR operation; 28 specifles
that R3 is to be disconnected
{no order vector) and
Compress/Mask/Merge is to be
cleared {from any previous
operationt.

The same function could be programmed using the
instruction itself to contain the field tengths and
bass addresses?

S004802841800600161000000043800006410040000400
which could be broken down into the following fields?

Hesder 9004 Function sent to Map Unit, &4
32=-bit packets follow 1o
describas the operaticn.

First parcel? Bp23s Clear R3 and
Compress/Mask/Merge

{cont inued}
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iCONTROL DATA | ENGINEERINSGEG NG. 10354636

|e~cmcceaewm—a ] ) DATE Dec. 1977
i Corporation | SPECIFICATTIGSN PAGE 122
_________ —————— REV. A

T SRR mwm= R A D | =mmme—eccre e semem— e e ———

312-1-158 (Con*o’

Second parcel: 18000010100000080
First four bits = 1 meaning @ READ 1
setups next four bits = 8 meaning that
this is an immediate instruction
{memory address a2nd length to come
directly from the instruction
itself)y 64=-bit mode, extend
indefinites) the next 8 bits
are unused for the S0
instructions) the next 16
bits contain a 00490 or field
tength of 16 elements i the

id
remaining 32 blts contain the
bit base address of the source field.

Third parceilt 4800801004000000

. First four bits = 4 meaning a HWRITE 1
setup with source from READ 1, the
next four bits = 8, meaning that B=4
or the memory address and iength are
contained in the instructions the next
eight bits are unused, and the
remaining 48 bits contain the t1g«bit
field length and 32-bit base address

- of the destination fjieid. .

Note that one field couid be described by an
immediate parcel and the other by an indirect
reference to the Register File thus a
9D0210104B80000400810008000 wouid have an indirect
reference 1o regjister 10 for the source field while
the destination fie!d address of 41000000 would be
contained in the instruction itseif.

{continued)
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{CONTROL DATA !¢ ENGINEERING . NO. 10354636

{ Corporation | SPECIFICATTIG ON PAGE 123
-------------- EEV. A
---------------------------- RA DL —=-mcmemmmerm e accacan e

3e2e12158 (Cont.}

A gather operation which would retrieve every fifth
etement from memory beginning at address 400000090
would require an additionat parcel to be sent to the
Map Unit to direct the gather operation. In this
casey let register 05 containt 0o0D100048G0580000 and
location 500000 containt 0000100G000D000005. Then
the Instruction wWwould appear as:?

9002101033057612A4600000

which can be broken down as folliows

header 90g2 == Send function to Mapg Unit,y 2
32~-bit packets fol!low

Parcel 11t 1010 =—- Setup READ 4 with register 4

. {base address of vector}

Parcel 2! 3305 -- Setup READ 3 from reagister 5
{pointer to¢ increment), repeat
vector {increment)}

Parcel 3¢ 7012 -=- Setup HRITE 41 with source from
Gather/Scatter Network, base
address of output from register
12

Parceil 4% A100 -- A=functionatl control! ot Map Unit
interna! modutles,
1=Gather operation,
00=64-blt etements

Parcel 51 BR00 =-- No op to fil}l packet
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{CONTROL DATA I FNGINEERING NO. 10354636
frmer e — ] DATE Dec. 1977
i Corporation | SPECIFICATTIOGON PAGE 124
............... REV. A

34241159 9E D E $M BUFFER READ/WRITE SETUP

This instruction provides individual setup for each
of four ports in the Buffer Unit. A buffer

address asnd vector tength can be provided for RB1
and RB2? {Read Buffer {1 and Read Buffer 2) and for
W84 and WB2 (Write Buffer 1 and HWrite Buffer 2).
Subfunctions are specified by the A field of the
instruction subformats.

Subformat D1 Register File Reference Mode (ip-bIt

parcel)
‘fgeid Code Operatjon
Y 8] Ne op
1 Set up RB1 Port
2 Set up RB? Port
3 Set up WB4 Port
L Set up WBz Port
B g Register File Reference Mode
{Subformat D4}
C g 64-bit Mode
i 32-bit Mode

D {(for write setup, WB1 and HBZ source)

S1 {Source 1)

Sz (Source 2}

AR1 {Arithmetic Result 1)
AR2 {Arithmetic Result 2)

NN

D (extensijion form for nonconformatl vectors, RBi
and RBZ setup)

] Extend this stream wlth
indefinites
1 Extend this stream with
N - machine zero
2 Extend this stream with
floating~point ones
3 Repeat this stream from the

beginning

E go-FF Register Fite Designator {(for
base address and field length}

{continued)
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oo mmm—mm——— ! DATE Dec. 1977

Corporation ! SPECIFICATION PAGE 125

--------------- REV. A

3+2+¢14+159 {Cont.)

Subformaf D5 Immediate Reference Mode (32-bit

parcel)
Fietd Code Operation
A 1 Set up RB{i Port
2 Set up RB2 Port
F THHE 3 Set up- W31 Port
REPRODUG%E&?EOPOOE % Set up WB2 Port
RIGINAL -
0 B 1 Immediate Reference Mode
(Subformat Ds5)
c q 6L-bit Mode
i 32-bit Mode

D (for write setup, WB1i and WB2 source)

Si {Source 1)

Sz (Source 2)

ARY {(Arithmetic Result 1)
ARZ (Arithmhetlic Result 2}

W N2

D (extension form for nonconforma! vectors, RBi1 and
RB2 set up)

H Extend this stream with
Iindefinites

1 Extend this stream with
machine zero

2 Extend this stream with
floating-point ones

3 Repeat this stream from the
beginning

E i2-bit fieid length of vector In words (if C
fiatd is zero) and hatf-words (if C field is a
one)i the right-most three {(or four) bits of the
field length are ignored, thus all vector
functions from and to the buffer operate on
groups of 8 words {or {15 half-words).

F 12=bit buffer base address in swords {(eight-word
groups). Thus a base address of 08g would
16
address words 0 through 7 of the vector and base
address 001 wotld raferance words 8 through 15
16,
of the pbuffer,

{continued)
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Base addresses taken from the Register.fFile are

bit addressess however the
effectively making the address to

low order nine bits

the buffer a sword address.

to perform a simple add of two vectors

contained In the buffer with the resul!t returned to
the buffer would require three buffer setup

commands and a VYector Unit command.
instructlions would appear as follows:?

m

3.2+1+159 {Cont.)
are lgnored,
Examplet?
9E (3
setups

Parcel 1% 184100000 A
B
C
D
E
F
Parcel 2: 28100100 A
B
c
o
F

The bhuffer

3

Instruction header for Buffer Unit

packets 10 foftowe.

Sefup RB1

Immediate Reference

64=-bit Mode

Extend with indeflnites
snumber of simitar

15

alements to be

processed (fieid

length}

selements start
i6
buffer address BDD
i6

{base address)

field =1,
fleld =%
field =0,
field =g,
field =100
field =000
at
fieid =24
fiald =4,
field =0,
field =04
field =181
field =100

Setup RB?
Immediate Mode
64~bit Mode
Extend stream with
indefinites

snumber of elements
16
to be processed [(fietd
fength) .

selements start at
16
buffer address 188

: i6

{base address)

(continued)
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--------------- REV. A
---------------------------- R A DL =rmeecccrecwer e cmnr e c e aaa =
3-2-10159 {Cont.)
parcel 3% 34400200 A fiefid =3» Setup WBi1 Port
8 fieid =1, Immediata Mode
C fietd =0, 64-bit Mode
DO field =2, Select AR4 bus for
results from Vector
Unit
E field =100 ,snumber of elements
16
to be stored In the
puffer
F fieild =200 sstart at base
i6
address 200

16

Thus the sequence Y9EQ030000184000002841004003A400280 would
deliver *two streams of data to the Vector Unit visa
RBi (Read Buffer 1) and RB? {Read Buffer ?) starting at
addresses 000 and 400 s respectively, and continuing
16 ig
for 100 efements. The resutts from the Vector Unit
i6 ’
would be stored into the buffer beginning at base address
201 for 100 elements. Note that a no op {(000G) was
i6 16
irserted after 9E03 to flilt out the header packet,

REPRODUCIBILITY OF THE
ORIGINAL PAGE-IS POOR
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!e2a1.1610 9F E E SM Vector Arithmetic
This 32«bit Iinstruction controls the operations, and
sejection of input and output data busses, for the
Yector Unlit. Referring to instruction format E, the
fleids are defined as follonws?

Fleld Function_ Codes_and_Meaning

A Operation Code 9F Vector Arlithmetic

3] Suboperstion ode AR{ Bus ARz Bus
{Supboperations 00 A Cc
80—-417 are 01 B D
performed with g2 A+B C+D
normal ized g3 A+B C*D
arithmetic) 04 A¥B C*D

05 {A+B)Y¥D A+B

0% {(A¥B)¥(C*D) C*¥D
87 (A+B)Y¥(C+D) A+B
] (A+B)* (C+D) Expand

22=-bit C
to 64 bits
g9 A+B+D A+B

i (A+B)+C*D C*D
03 (A+BY*C+D {(A+B)*C
oC (A*¥BY+(C*D) C*¥D
10 A*¥{B+C*D) B+ (C*D)

S {A+B)*D {2+B}*C
oF (A*C)+D (A*¥C)+B
10 {A*B)Y+D C*p
11 (A*B}+D C+D

1z DIVIDE 1
13 DIVIDE 2
i4 Sum of

. products
15 Product of
sSuUms

16 Sum

17 Product
18 A+8 Upper C+D Upper

Sum Sum_
19 A+B Lower C+D Lower
Sum Sum

(cont inued)
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{CONTROL DATA | ENGINEERING NO. ¥0354636

e e - § DATE Dec. 1977
! Corporation 1} SPECIFICATTION PAGE 129
---------------- REV- A
---------------------------- R ADL =eme—e—cr—ceccan e mmcm e —e e
3-2.1-160 (COﬂTo)
Field ction_ Codes_and Meanina
Code AR4 Buys ARz Bus
1A A+B Upper C*D Uoper
Sum Product
i8 A+B Lower C*D Lower
Sum Product
iC A*8 Upper C*D Upber
Product Product
10 A¥3 Lower C*D Lower
Product Product
Cy0,EsF Source busses 0 Source 1 {Si)\
for AsB+CE&D 1 Source 2 {(S2}/from
streans Map
Unit
2 Read Buffer 1 (RBi)=---
3 Read Buffer 2 (RBZ2)=~=|
v
from
Buffer
Unit
G Round/No round 3] No round results
1 Round results
Hey J Complement B.D g No comp lement
i Complement operands
K Nuit field must be zero
LeM Select result ) Do not select
bussas to buffer arithmetic resutt to
buffer
{L=AR1 select, i Select arithmetic
M=AR? select) . resuit te buffer
N Write Bus 1 select @ No setlect
1 Select AR4 To¢ Write
Bus 1
2 Select ARP2 to HWrite
Bus 1

3 Illiegal

{cont inued)
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{CONTROL DATA 1} ENGINEERINSG NO. 18354636

emac——m————— ' DATE Dec. 1977
{ Corporation | SPECIFICATTION PAGE 130
--------------- _ REV. A
---------------------------- R AD L ~eeeemrerce e ccmrcrcec s ccaw=-
3+2eta160 {Cont.)

Examplet

The Vector Unit has four Input busses and three
output busses assocliated with ift.
The busses are:?
Si Source 1 from the -Map Unit
S2 Source 2 from the Map Unit
RB1 Read Buffer 1 from the Buffer Unit
RB2? Read Buffer 2 from the Buffer Unit

AR% Arithmetic Resutt 4 =--to the Buffer Unit

AR2 Arithmetic Result 2 =--to the Buffer Unit

Wi WRITE ¢ . -=-t0c the Map Unit
{either output ARi or AR2 can be sejected
into the write bus trunk)

The contents of the internal busses AR4 and AR? are
defined by the suboperation field B in the
instruction. A simple vector add utilizing data from
Maln Memory {via the Map Unit) and placing resutts
back into Main Memory {via the Map Unit) requires a
subfunction code of 2, with source operands info A
and B selectad from S4 and S2 respectively and with
the AR41 oufput sent to Wi. The resulting instruction
would appear as? -

argzi404 with the flelds broken down as
follows?t
A=aF Vector arithmetic
B=82 Seliect A+B and Ci+D to ARY and ARp2
respectively
source from 51
source from S2
source from Si
source from 52

| il = Y S v

Mmoo
LTI L B [
LW >

{C and D are unused In this ’
example but necessary to activate
the error checking)

Must be zero
= Do not select AR1

or AR? to buffer ports
N=1 Select AR1{ {which will contain
A+8) into WRITE 1

X G @
It -

H
0. No complement, no rounding
0
M

{continued)
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3+2+11610

3e2+s1e1b1

3421162

Je2el4163

32414164

3e2e1+4185

3:2414156

3e2ele167

302414168

342+s14169

322411780

3e2e14171

-

ENGINEERING NO. 10354636
-1 DATE Dec. 1977
SPECIFICATIOGHN PAGE 131
.- REV. A

{Cont.)

Note that identlcal Input selections into the A,C and
8,0 operands, and identical functlions A+3 and C+D,
cause an automatic checking of the two adder outputs.
In addition, the outputs of the multipliers,y, though
idis, are compared for error checking during the
processing of the addition operations.

Ap  TLLEGAL
A1 TLLEGAL
Az ILLEGAL
A3 ILLEGAL
Ay ILLEGAL
AS  ILLEGAL
A6  ILLEGAL
A7  ILLEGAL
A8 TLLEGAL
A9  ILLEGAL

AA  TILLEGAL
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ICONTROL DATA ENGINEERTING NO. 10354636
lmmcm e mr e ——— | . DATE Dec. 1977
!} Corporation ! SPECIFICATION PAGE 132
_______________ . REV. A

32414172 A8 ILLEGAL
32414173 AC ILLEGAL
3¢2+314174 AD TLLEGAL
3+2e1e4i7E AE ILLEGAL
3+2e1.176 AF ILLEGAL

BR COMPARE- INTEGER, BRANCH IF (&)

32241177 Bp € E
+ (X} EQ (Z)

3+2+1.178 Bf € E BR COMPARE INTEGER, BRANCH IF (A}
+ {X) NE (2}

3¢2414179 g2 € E BR COMPARE INTEGER, BRANCH IF (A)
+ {X) GE (Z)

3.241.180 B3 £ E BR COMPARE INTEGER, BRANCH IF (A)
+ (X)) LT (Z)

3241181 B4 C E BR COMPARE INTEGER, BRANCH IF (A)
+ (X) LE (2}

3+42.1.182 Bz € E BR COMPARE INTEGER, BRANCH IF (A)

+ (X) 6T (Z)
If pit 0 of the G designater 1ls cleared/set,
registers As Xy T and 7 are $4/32 bits respectively,
Reglisters B and Y are always 64 bifs. .

G bits 1 and 2 must be set to zero.

(continued)
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------ Amemmm e e m——mme B A ) || cemmcemc e csr cm e e s e . —————

3e24+1.182 {Cont.)

These instructions are executed In the following &
steops:

1+ Form the sum of the 48-bit {(24-~bit it &G bit 0 =
1) integers from the right-most portion of
registers A and X, lgnoring coverftonws. If
designators A& and/s/or X equal zero, machine zero
will be suppiied.

?+« Read register Z. If the 72 designator is equal to
Zero compare against 48 zeros (24 zeros If G bit
0 = 1) may be made.

3+« Store the following in register Ci
o The sum from step 4 is stored into the
right=-most 48 bits (24 bifts Iif G bit 0 = 4) of
register C.
0 The left-most 16 bits (8 bits if G bit 0 = 1}
of register A are copied into the left-most
portion of register C.

Ge Compare the sum formed Iin step {1 with register Z
as foliows:

o G bit 3

it
o

The integers compared are the
48-pit (24 bits [f G bit B = 1)
resuit of step 1 and the
right-most 48 blts {24 bifs if G
bif 0 = 1) read from register Z
Iin step 2.

o G bit 3 The integers compared are the 64
bits that are storsad into
register C in stenp 3 and 64 bits
read from register 7 In sten 2.

n
[

This compare is defined only for
the By and 81 instructicons {EQ
and NE}.

Hhen both G bit 0 and G bit 2 are
1 the instructions are undeflned,

{cont inuad)

REPRODUOIBEITY ‘
OF+
ORIGINAT, PAGE 18 Poog
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ICONTROL DATA ! ENGINEERINGEG NG. 10354636

. 1 DATE Dec. 1977

{ Corporation | SPELCIFICATTIOI ON PAGE 134

- e—— e —— ’ REV. A

————— Rk o S Uy S, R A D L A —— S

3.2+14182 {Cont.}

o G bit &t = § The Integers compared are
interpreted as signed two's
complement numbers.

The integers compared are

o G bit &
interpreted as unsigned numbers,

it
Y

The following table indicates the ordering of numbers
from largest to smaliest zas controtled by 6 bift 4.

A R A e T T s A e W il D e S iy e sy S e i e . U A A

! ] H i i
———m——— e — e —————— ———————— - i ———— emm—————————}
i ] ! }
{Largest { 7F ==~ —wew- FF ] FF m~wacacee- FF !
! t { 7F ==~wcwena FE ] FF ==eceae= FE !
H H i . { . 1
i H H . | s !
| { ! . 1 . i
§ | ! 00 =~~=-==== J1 i 80 ======== 01 {
| | ! 00 ~=vm=mn=- 0o } Bl w=mcemnea iR} !
} H ! FF ~~wecaw-= FF } 7F ==mcmweo FF H
i i t ) - ! - ’
H i i . | . H
} v 1 . H . H
iSmallest ! Bl ~=>==em- 01 ! 00 =wmmw——= 1 H
H I 80 -=~e=~== (0 t 00 «=w—we=== 00 {

—— A e T WD e S T —— TP D T . iy o . P N A S A Ay i A B e e -

.

5» - If the specifled compare condition is met the
instruction performs as follows?

o 6 bit 5 = 0 Branch to the address formed by
adding the half-word item count
from register Y left shifted 5
places T0 the base address from
reglister B,

{continued)
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3e2e14182 {Cont.)

¢ G bit 5 = 4 Branch to the address formed by
adding (G bit & = @), or
subtracting (G bit & = 1} the
hal f-word i(tem counts from the B
and Y designators (is bits},
feft shifted 5 placesy to the
program address of this
instruction,

If the specified compare condition is not met, the
instructions will continue axecution at the next
sequential instruction.

It any of the following conditions occur, the
operation of these instructions is undefined.

¢ G bit 0 =1 and G bit 3 = 1
o G bit 3 = 4 for B2, B3, B4 and Bs
g G bit s =0 and G bit &6 = 1

The CDC FMP has expanded caopabilities for the 80
through BS instructions implemented by means\of G
bif 0 through 3 combinations.

Bp € E NT COMPARE INTEGER, SET CONDITION IF {A) + (X) EQ (2)
Bt € E NT COMPARE INTEGER, SET CONDITION IF (A) + (X) NE {2)
82 € E NT COMPARE INTEGER, SET CONDITION IF (A) + (X) GE (2}
B3 C E NT COMPARE INTEGER, SET CONDITION IF (4) + (X) LT (2)
B C E NT COMPARE INTEGER, SET CONDITION IF (A) #+ (X} LE (Z)
85 C & NT COMPARE INTEGER, SET CONDITION IF (A) + (X} 67 (2}

If bit 8 of the & designator ks clearad/set,
registers Ay Xy Yo C 3nd 7Z are 64/32 bits
respectively. Register B is not used and must be
set to zero.

G bit 4+ = 0 and G -blt 2 = 1

These instructions are executed in 5 steos of which
the first four {compare) steps are identical to the
first four steps described for B0 through B5
instructions with G bits 1 and 2 equal to zero
{comoare branch)

{continued)
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3e2¢1.182 {Cont.}

If the specified compare conditlon Sy met the
instruction performs as follows?

Store intfo register Y and e4~bit quantity
{32-bit if G it 0 = 1) Y0O=--=001 and
continue execution at the next seguential
Iinstruction.

If the specified compare condition jis not met, the
instruction performs as foliows?

Store into register Y and 64-bit quantity
{32-bit if G bit 8 = 1) G00--~000 and
continue execution at the next seguential
instruction. .

If any of the foliowing conditions occur, the
operation of these Instructions is undefined:

o G bit g i and G bit 3 = 4

1 for B2, B3, B4 and BS

1)

o 6 bit 3
o G bits =1, 60bit 6=10or G bit 7 =1

o The C designator is equal to ?he.Z designator

BO € E BR COMPARE F.P.y BRANCH IF (A) + (X} EQG (X)
Bf C E BR COMPARE F.P., BRANCH IF (A} + {X) NE (X3}
Bz € E BR COMPARE F.P., BRANCH IF {A) + (X} GE (X)
B3 C E BR COMPARE F.P., BRANCH IF (A) + (X) LT (X)
B4 C E BR COMPARE F.P., BRANCH IF (A} + (X} LE (X}
B5 C E BR COMPARE F.P., BRANCH IF (A) + (X} GT (X)

If bit 0 of the G designator is cieared/set,
registers A and X are 64/32 bits respectively.
Registers B and Y are aiways 64 bits. Registers €
and Z are not used and must be set to zero.

G bit 1 =1 and G bit 2 = 0
These instructions compare the two floating=-point

operands from reglsters A and ¥ according to the
floating«~point compare rules in Section 3eielbe5es

" {continued)

FPROBUCHIITY OF THH
ORIGINAL PAGE 1S POOR_
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3+24101482 {Cont.)

If the specified compare conditlon is mets the
instructions perform as follows:?

o G blt 5 =84 Branch to the address formed by
adding the hal f-word iItem count from
register ¥, ieft shifted 5 places,
to the base address from register B.

¢ G bit 5 = 414 Branch to the address formed by

adding (G bit 6 = 8) or subtracting
(G bit 6 = 1) the haif-word item
counts from the 8 and Y designators
16 bits), laeft shifted 5 places, to
the program address of this
instruction.

If the specified compare condition is pot met, the
instructions wil!l continue exaecutlion at the next
sequential insfrqcfion.

If any of the following conditions occur, the
operatjion of these instructlons Is undefined:?

o G bit 3 =141, G bit 4 =4 or G it 7 =1
o Designator Z and/or C not equal to zero
¢ G bit 5 =90 and G bit & = 1

Data Fiag?t bIit 46.

NT COMPARE F,P, SET CONDITION IF (A)

Bp C E + (X)) £Q (Z)
Bf C E NT COMPARE F.P, SET CONOITION IF (A) + (X) NE (2Z)
32 € E NT COMPARE F.P, SET CONDITION IF {A) + ({X) GE (Z)
B3 € E NT COMPARE F.P, SET CONDITION IF {(2) + (X) LT {(Z)
By C £ NT COMPARE F.P, SET CONDITION IF {A) + (X} LE {2
35 C E + (X) GT (2)

NT COMPARE F.P, SET CONDITION IF (A)

If bit g of the G desiagnator iIs cleared/set,
registers Ay, Xy and Y are 64/32 bits respectively.
Registers By, C and Z are not used and must be set to
Zero.

{continuad)

REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR
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--------------- REV. A

3.2+14182 {Cont,.)
G bit 4 = 1 and G bit 2 = 1
These instructions compare the two floating-point
operands from registers A and X according to the
floating-polnt compare rules in Sectlon 3.1.4.5,

If the specified compare condition i§'mef the
instruction performs as follownus:

Store into register ¥ and 64~blt gquantity
(32-bit if 6 bit 0 = 41} 000-=~-000 and continue
execution at the next sequential instruction.

It the specified compare condition is not mety the
instruction performs as follows!

Store into register Y the p4~bit quantity

{32=-bit if G bit 0 = 4) DO0~=--0041 and continue
executjon at the next sequential instruction.

If any of the following condifions'occur. the
operation of these instructions is undefined:

o Any one of 6 bits 3 through -7 is set

o Designators By Z and/or C are not equal to zero

Data- Fiag: blt 4e.
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--------------- PEV. A

3.2+1+183 Be S5 NA BR BRANCH TO IMMEDIATE ADDRESS;(R)+I{(48
’ LBITSY

The right-most 48 bits of register R contain an item
count of hailf-words. The right-most 48 bits of the
instruction word contain an immediate operand which
is used as a base address. An unconditiena! branch
is taken to the branch address formed by adding the
Item count to the base address (the item count is
shifted ieft 5 places before the addition and
overflow, 1If anyy, is ignored).

A direct branch Is taken to the base address from the
instruction word if the R designator is zero or if
the right-most 43 bits of register R are 2zeros.

Se2a14184 B7 ILLEGAL

342414185 88 ILLEGAL

J«2+1.1808 839 ILLEGAL

3+2.14187 BA TLLEGAL

3:241.188 B8 ILLEGAL

3+2.1.183 BC ILLEGAL

3.2+1.1910 BO ILLEGAL

3¢24144191 3E 5 64 IN ENTER (R} WITH I(48 BITS)
Clear register R and ftransfer the right-most 48 bits

of this instruction to tha right-most 48 bits of
register R,
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Je2e1 4192

342414193

34214194

342414195

3+2.1196

3e¢2e1e197

3s2¢121938

3+2.1.199

3+2+14200

321201

3+241.202

3¢2+1.203

3e2¢10204

BF

ENGINEERTIMNG NO. 10354636

SPECIFICATTION

5 64

DATE Dec. 1977
PAGE 149
REV. A

IN INCREASE (R} BY I{48 BITS)

Replace the right-most 48 bits of register R by the
sum of those bits and the right=-most 48 bits of this

instruction word.

Co

Ci

C2

C3

Cu

Cs

Ce

Cv

c8

cs

Ca

cB

ILLEGAL

TLLEGAL

ILLEGAL

TLLEGAL

ILLEGAL

ILLEGAL

ILLEGAL

ILLEGAL

ILLEGAL

TLLEGAL

ILLEGAL

ILLEGAL

Arithmetic overfion is ignored.
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{CONTROL OATA ! ENGIMNEERTINDG NG. 10354636
| DATE Dec. 1977
i Corporation | SPECIFICATTION PAGE 14t
------------- REV& A

32214205 CC ILLEGAL
3.2.1.208 CO 5 32 IN HALF-WORD ENTER (R) WITH I{z4 BITS)
Clear register R and transfer the right-most 24 bits

of this instruction to the right-most 24 bits of
ragister R.

3a2e1 4207 CE 5 32 1IN HALF=-WORD INCREASE (R) BY If{24 BITS)
Replace the right-most 24 bits of register R by the

sum of those bits and the right-most 24 bits of this
instruction word., Arithmetic overfliow is lgnored.

342.1.208 CF ILLEGAL
3+2.1.209 Dg ILLEGAL
32212110 D# ILLEGAL
Je2e1.211 02 ILLEGAL
Fe2¢1 212 03 JLLEGAL
32214213 04 ILLEGAL
3421214 Ds  TLLEGAL
3¢2e1,.24% Ds ILLEGAL
3.2.1.218 D7 TILLEGAL

342410217 D8 TILLEGAL
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3.2+1.,219

30212290

3+2¢14221

3e2e14222

0B

oc

8B

ENGINEERING NO. 10354636

DATE Dec. 1977

SPECIFICATTION ~ PAGE 147

ILLEGAL
ILLEGAL
It LEGAL
ILLEGAL

ILLEGAL

REV. A
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i Corporation
34201223 DE
JeZ2ele224 OF
3.2.1.225 ga
3+2:1.228 E1
3.2+1.227 E2
3.2.1.228 E3
3.2.1.229 E&
Fe241238 ES5
3.2.1.231%1 ES
3.2+1.232 E7
302414233 ES8
3.2+1-234 Eg
342414235 £EA
3¢2¢14236 EB
3.2.4.237 £C
3+241.238 ED
3e2+1+239 EE
3.241.240 EF

ENGINEERTINSGEG ) NG. 403548636

DATE QOec. 1977

SPECIFICATTION PAGE 143

TLLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
TLLEGAL
ILLEGAL
ILLEGAL
TLLEGAL
ILLEGAL
ILLEGAL
TLLEGAL
ILLEGAL
ILLEGAL
TLLEGAL
ILLEGAL
ILLEGAL

ILLEGAL

REV. A

o A U e o A R T T A A . o 1
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3e2e10261
3e2e14242
3.2.14283
302014204
342414245
342410246
342414247
342414248
322414249
342414250
3.2.1.251
342414252
322414253
3e2414254
342414255

3+2+1258

F8
Fo

FA

8

FC

FD

FE

. FF

ENGINEERING NO. 10354636

DATE Dec. 1977

SPECIFICATTION PAGE 144

ILLEGAL
TLLEGAL
TLLEGAL
TLLEGAL
TLLEGAL
ILLEGAL
TLLEGAL
TLLEGAL
TLLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
ILLEGAL
TLLEGAL
TLLEGAL

TLLEGAL

REV. A
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i Corporation 1} SPECIFICATTIOGON PAGE 4145
--------------- REV. A
---------------------------- R ADL = eaccccscc e e cmcre e e
32242 Instruction Execution Times

Instruction execution times are to be included in the
appropriate machine description specifications. See
Section 2.0.

bel TEST REQUIREMENTS (not apolicable)

5.0 PREPARATION FOR DELIVERY (not appiicable)
5.0 NOTES

6el ASCII/EBCDIC Reference Charts

The foltowing table defines the control characters used In the
ASCII Reference Chart.

il . — W D R D S EEE VM D AN M M W WD A D M AN N T WD D TN N S M TR A A TE G e eR S e e e W e A G .

!NUL Null I0LE Data Link Escape (CC) }
;SOH Start of Heading {CC) iDCi Device Controtl 1 :
:STX Start of Text (CC) iDC2 Bevice Controtl 2 :
:ETX End of Text (CC} :003 Device Control 3 :
:EOT End of Transmission (CC) ;DCA Device Conftrol 4 {Stop) :
:ENQ Enquiry {CC} :NAK Negative Acknowliedge {CC} :
:ACK Acknowledge {CC) :SYN Synchronous Idie {CQC) :
:BEL gell (audible or :ETB End of Transmission Block :
! attentlion signal) i (COy !
;BS Backspace (FE) :CAN Cancel ;
;HT Horlizontal Tabulation :EH End of Medlium ;
R (punched card skip (FE) } i
:LF Line Feed (FE) :SUB Substitute :

A ——— T T A T T e S W s R AP A e Wy A A A A e A T S W A D W W -

NOTE?S {CC} Communication Control
{FE) Format Effector
{IS) Information Separator

{continued}
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---------------------------- R ADL ~—~—mcrcccc e e rrrnwr e e
Bel {Cont.)

H H {
IVT Vertical Tabulation (FE) {ESC Escape- |
¢ H H
iFF FfForm Feed (FE} 1FS File Sepsrator {(IS) ¢

H i !
iCR Carriage Return (FE) 165 Group Separator {1IS) H
L3 ] i

¥ £l

1SQO Shift Out I1RS Record Separator (IS i

H H !
ST Shift In J1US Unit Separator (IS) H
{ H i H
H . IDEL Delete H

PV ———————— e g e e R R N P T R T R Y ]

NOTE: {CCY Communication Control
(FEY Format Effector
{IS) Informatlon Separator

In the strict sense, DEL is not a controtl character.

{continued)



AMERICAN NATIONAL STANDARD CODE FOR INFORMATION INTERCHANGE (ASCH) WITH PUNCHED CARD CODES AND EBCDIC TRANSLATION

b 1) o o o 1 1 1 t 1 | 1 )
by o o [ 1 [ 0 [} 1 1 1 t
Lg a [} ) o ¢ ] 1 [i] a 1 '
g 0 [ o 1 0 1 0 1 [ ]
oL —— ‘- R
n " 12 3 " 1%
b4 by bz 0 ) b 4 9 1 |
1 ROW 1Al [0 ic 0} 1E} iF
NUE, L sp o P
000 0 12-0+9-B-1 | 12211-9+B=1 | no puncn g4 | 112 12-%4 0-0 0-F | 12-0-8-1 [12-11 98 [12-ttwps0 6 l12 3987 121108 |1rnnoaa
NUL 00 | DL Sp 40 @M|P DY 6 a1 6B 6 ar i e
S0H [ 1 A a t
00 0 ) 12-9-1 11-9-1 12-8-7 12-4 | 11-8 9-1 12.0-9-2 {11 81 12-nosdjoR1l liznow |12
soH o 1 1 aF |1 Aaci|a os 31 42 59 1 AG ] 0
. L AL ol LN
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APPENDIX A

SCOPE

The Intent of this Appendix is to provide additional
intformation regarding some of the characterlstics of
the CDC FMP. Further information can be found in
other appropriate specifications. {See Section

ey

Appiicable Documents).

SELF=-MODIFYING PROGRAMS

The use of seff-modlifying programs ls not allowed.
The following rules which would have to be followed
illustrate why this must be true.

The following rules apply to all programs:?

i.

The twenty-four 64=bit words before {having
addresses lower than current instruction word)
and the thirty-two 84-bit words after (having
addresses higher than current instruction word}
the current instruction word shall not be
modified by the currenf instruction.

The twenty=-four Instructions before (in terms of
order of execution) and the thirty=-two
instructions after (in terms of order of
execution) the current instruction word shat!
not be. modified by the current instruction.

The store into Main Memory for tha 13, SF,

and 7F instructions may not teake piace before
the execution of the next instruction in
sequence., Thereforey if these instructions are
used to modlfy code, It 1Is difficult to
guarantee that the store has taken place before
the execution of that code. There are three
procedures to gusrantee that the store has taken
place prior to exacutlion of the intended
modified code,

3. The execution of any iInstruction which
references Maln Memory with the exceptlion
of the 12y 13+ 324 5E, 5F,y 7E and 7F
instructions. These instructions must be
executed baetween the store Instruction whlch
modifies the code and the use of that
modified code.

{continued) REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR



A e D S v A - -

ICONTROL DATA ! ENGINEERINSG NO. 10354636
[ e e ; DATE Dec. 1977
{ Corporation ! SPECIFICATION - PAGE 152
............... REV. A

b, The execution of the conditional branch
feature of the 32 instruyction between the
store instruction which modifies the code and
the use of that modified code.

c« Execution of a load instruction (12, SE, or
7E)Y foltowed by a transmit (78) instruction
vwhere the source register for the 78
instruction conflicts with the destination
register for the load instruction. These
instructions must be executed between the
store Instruction which modifies the code and
the use of that modifled code,

The instructions referenced In a«y be and ce.
above must be executed from addresses at least
four swords before or at teast three swords after
the modified code.

A3.0 INSTRUCTION STACK

Each machine has a different size instruction stack
thus prooram optimization must be approached with
different parameters. Further Information is
contained in the appropriate execution timing
specliflication.

Numbep of_ Hords_jn Instruction Stack
CDC STAR-18 ] ph=-bit word
COC STAR-100 32 6ha~bit words
CDC STAR=10DA 128 Z2=bit words
coC FMP i28 32~bit words
At D NZA
Az.0 VECTOR FORMATS

In the CDC FMP, a vector is defined as a contiguous
set of bits, bytes or floating-point operands. The
contiguous set of bits or bytes is calied a string,
while the contiguous set of floating-polnt silenents
is called an array.

{(cont inued)
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8perands are used In the following vector formats:

INV
Con

The
Bit
bit
lob
the

Pro

The
int
whe
com
poi
The

Array - a counted, varigbie~fenoth, contiguous,
floating-point operand field, Vector opperations
can be performed on defined fields consisting
entirely of 32-bit operands or entirely of g4~-bit
operands.

Index List - a3 ¢ounted data array of integer
values Iin floating-point format.

ISIBLE PACKAGE
tents of the Invisibie Package

COC FMP performs as speciflied with an addition.
12 of word 8 contains the stall bit. The statl

is a "1" it no data was processed durlng the last
time=siice that resulted In the preparation of
invisible package.

gram Address Register

onhly reguirement on the program address stored
o the first location of the Invisible package
n program interruption has occurred is that the
outer be able t¢ restart the }job from the same
nt a3t which the interruption occurred., -
following table s included for information onilvy.

OF THE
R EPRODUCIBILITY
ORIGINAL PAGE IS POOR

{continued)
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A2 {(Cont.}
! Interrupt Condition | Program Address Stored 1
1 ! In Invisible Package i
ettt Lt !
| Exilt force Instruc- | A + 28 ) !
I tion at address A § 16 !
! in Job Mode. H H
R et !
Iltegal instruction A

H H
{ with function code H
{ tess than 80 at |
i 16 H
| address A In !
{ Job Mode. 1
et s a————————————— ————————— H
{ I1tegal instruction A
i with function code
! greater than or

! egual to 80 at

H i6
! address A in

{ Job Mode.
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A7.0 DATA FLAGS

A7 «1 Soft Interrupt Bit

Honitor software can sa2t bit 35 of a }Job*s data flag
branch register white the register (s stored in the
Job's jnvisible package. Ifs after exchanging back
to Job mode, bit 35 and 1lts corresponding mask bit
(bit 139) are sets a normal data flag branch occurs
foliowing completion of the current instruction.

A7 .2 Free Data Flags - Bits 56 and 7

The following are the definitions for free data
flags 564 57+ and 58.

Bit 56 = A CPU gate associated with the maintenance
station monitoring counters (See Section 3+8ehGe1e¢1
of Enge. Spec. 10354637 ).

Bit 57 - A CPU gate associated with tha maintenance
station monitoring counters (see Secflon 3eHBehaied
of Eng. Spec. 103546370V,

Bit 58 - Not used on CDL FMP.
A7 +3 0Data Flag B8ranch

The automatic data flag branch can occur up to 325
instructions after the iInstruction which caused it.
The point a3t which the branch occurs can vary betwesan
executions of the same program as a result of the
asynchronous I/0 activity affecting the load/store
operationse.

The foltowing points pertain to the use of the data
flag register:

1. The contents of the DOFR as stored into the
register file by 3 3B instruction wilt
reflect alt previous activity on it. Also,
activity prior to the 38 instruction wiil
not atfect the new contents of the DFR,

2 ADFB*s caused by a 3B instruction or any
Instruction previous to it may occur
after the next one or two instructlions,
but no tater.

" {cont inuad)
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3. Sampling or altering a data flag blt with
a 33 instruction may occur out of sequence
with a previous pipeline Instruction up
to 35 instructions ear{ier.

|

4+ If a 33 instruction alters a bit which
causes an AOFBs the branch may occur up
to two instructions later, regardless
of the fact that ali pipetine instructions
previous to it may have finished.

Again, if the ADFB is aiso contingent on
the completion of a pipeline instruction,
the gutomatlc data flag branch may occur
up to 35 instructions after the
Instruction which caused it.

When registers 14 2 or 4 in the FMP register file are
altered by an instruction, and this instruction is
fotlowed by an automatlic fiag branch or iliegal
monitor instruction branchy, the store operation may
happen out of sequence with the .branch operation,
Thus, for exampie, if a 7E Instructlion loads register
4 with a certain value, and this instrucion is
follovwed by an i!lega! monltor mode Insfruction, the
automatic branch will be to the address specified by
gither the old or new contents of register 4,
depending on the timing of the 7E and the instruction
stream.

AS.D ADDRESS DISCONTINUITIES

When addressing non-existent areas of memory the FHP
will generate an operand abort.
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Ag9.0 EXTERNAL INTERRUPT BIT ASSIGNMENT

The foliowing chart describes the externat interrupt
pit assignments.

D W i S Gt SR TS S I S N W P S S S A AL W TR e W iy S el e Py D Sk ekl i e W A W e

! Bit~ H COC FMP 1
I { !
) ] H I1/0 Channel 0 H
1 ! I/0 Channel 1 !
1 2 H I/0 Channet 2 !
I 3 { 1/8 Channel 3 H
! § }
o4 } I/0 Channel 4 {
i 5 i I1/0 Channel 5 i
! 5 i I/0 Channel & H
V7 H I/0 Channel 7 }
e == | et - ———— !
L H I/C Channel '8 H
1 9 H I/0 Channel ¢ H
i 10 H I/0 Channel 18 H
P11 | I/0 Channel 14 !
} | H
i 12 i I/0 Channel 42 '
I 137 1 I/0 Channel 13 H
! 14 { I/0 Channel 14 i
| 15 i I/0 Channel 15 i
e | e e e e —— {
i1 16 { Monitor Interval i
i 17 H Non-Existent H
1 18 ! A H
I 19 H ! {
H i } }
| 20 | ! H
21 H H H
| 22 i v i
i 23 H Non=-Existent H
| e et e L e e i
| 24 } Non-Existent H
i . H n i
{ . i } i
i N H H H
§ . H ! |
! . ] i H
H . ! H !
H . } ! !
§ . i v l
I 39 H Non-Existent !

R A AR AR A A kD Al R ST M R WD A W R B AR D R el T b o A ER W WP A R T o e D N WA WA
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04 & p4 NT BREAKPOINT - MAINTENANCE

The breakpoint Instruction transfers R to the
breakpeint register. The breakpolnt register is
used as a maintenance and program debugging aid.

o WD e T WY e e T A R A S G e WS SN WA U S D S e A e AL M e A TR A W s . S A e -

! {Usage | 1 !
{ iBits | Breakpoint Address H 1
g 8 9 15 16 58 59 £3

Bits 9g-8 and 59-&3 are not used.

The breakpoint address 1s compared with various
addresses such as the current instruction address,
READ 1 and READ 2 operand addressesy etc. If the
breakpoint address matches one of these addresses
and the proper usagde bit is set, bit 47 of the data
flag branch register is set indicating a breakpoint.
Any combination of usage bit is permissiblie,
therefores, the breakpoint address can be checked
against any or all of the addresses listed beiow.
The breakpoint register is part of the invisible
package of a job.

Breakpoint Usage Bits
Bits 9-15 are breskpoint usage bits where If!

a. Bit 9 is set, breakpoint on half-word contents of
the program address register (P} }just after the
execution of the instruction at that location,

be Bit 40 is sety breakpoint on the READ 1 operand
address for vector, or the read operand onh random
addressing instructions.

Ce Bit 14 is set, breakpoint on the READ 2 operand
address for s stream instruction.

de Bit 12 is set, breakpoint on the WRITE i address
. for a stream instruction or the wrjite operand on
a random addressing instruction.

es Bit 43 is set, breakpoint on the READ 3 control
vector or operand address {(mask) for a stream
instruction.

{cont inued)

REPRODUCIBILITY OF
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fo BIt 14 [s set, breakpoint on the READ 1 order
vector address.

de Bit 15 is set, breakpoint on the READ 2 order
vector address.

Breakpoint Compares

1« HWhen In job mode or monitor mode, addresses are
compared with breakpoint. Since the monitor
program does not have an invisible package, the
breakpoint register must be set up each time the
monitor proagram is antered. The breakpoint
register is automaticatly cleared to zero during
the exchange 1o the monitor.

2 Program address compares are made on half-word
boundariess, and all other compares are made on

sword boundaries.

HE
EJTY'OFIE
REPRODUCII?AGE 18 POOR

ORIGINAL 2
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This instruction is used to set up modes which
modify certain logic functions In the CPU in order
that the fault sensing circuitry may be checked out.

The Instruction is oniy enabled when blt 43 of word 8
in the }ob"s invisible package is set {Refer to Eng.
Spec. 10354537): 1f this bit is a zero, the 05
instruction will act 25 a no op instruction.

The instruction is alwayvys enabled during monitor
mode.

The modes are set up by executing thils instruction
with a *™1" in the appropriate R designator bit and
are cleared by eXecuting the instruction with a "g"
in the same bit location.

E D_FAULT

The test is initiated by executing an g6 Instruction
with any combination of ones in bits 9 through 15 of
the instruction (R designator field) to complement
the respective checkword bits of all half=words
stored in Main Memory via the READ 3 bus. By
appropriate selection of data blits and
compiementation of checkword bits when writing in
memorys one should be abie to generate SECDED faults
on aill Read buses. This should ailow complete .
checking ot the Read SECDED hardware and also the
fault recording hardware for type and address of the
fault,.

The forced compiementing*of the checkword bits is
discontinued by executing an 06 instruction with
bits 9 through 15 of the instruction (R designhator
fleld) set to zero,

{contifued)
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A12 .0

The S and T deslignators are undefined.

No Interrupts or I/0 memory reguests can be allowed
during the execution of these tests.

FLOATING-POINT SUBTRACT

The Instruction Descrintions Specification

{paragraph 3+.1.4.6.3) defines the fioating-point
subtract operation as "performed by complementing the
coefficlent of the subtrahend and performing a
ttoating=point addition operation™. It is further
added "that the compiement of an 8080 0008 0GOO
coefficient Is 4000 0060 0B8R0 wilth one added to the
value of the exponent associafed with the
coefficient".

The hardware used for floating add or subtract
operations has an extra {or extended) coefficient
sign bit. This means that the compiementation of an
3800 coefficient Is handled without the specifiad
right shift of one and Increase of the exponent by
cene. This witl cause a result {(although not
mathematically Incorrect) which may differ from the
specified result when the following conditions are
met:

i+ The operand of the palr having the targe exXponent
{OR either of the two operands if their exponents
are equal) must have a coefficient of 8088 ---

2 This operation must require this same operand to
be complemented due fo
a2+« being the subtrahend in a subtract ooeratlion
OR
De sign control in either a subtract or an add
operation ===~

3s The "other"™ coperand must have a3 negative
coefficient.

‘(confinued)
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xampl A - A 60 FFFD g
B 54 B8 008 8
’ Instruction
L£oC FMP Specification

Extra Sign Bit
H
- v
Complement B B {-64 (1) 8 0 0 0 0 O
P |
B -»>64 () 8030 0 8 0 ¢

6 B8 0 0 0 0 O

- o wn ee ws WA e e 0

65 4 0 0 0D 0 @

Atign operand -0 ({) FF F 8 0 0 !-g0 F F F QgD
with smaltler 1 H
exponent ->64 (1) FFF F 00 =>65 FFFF 801
Add A ptus A &4 (L) FFF Foo1les FFFFB8Q
complement - 1
of B +B 64 (0) 8D O G OO 65 & 00083

S g e -

1
1
1
'
'
'
'
)
§
|
1
]
[}
'
|
|
'
i
1
1

b4 7 FF F DD 66 3 F FF B8 C
Example JT A = A 50 FFFao ]
B BF 8 0 010 0
- Instruction
chC_FMP Soecificatjon

Extra Sion Bift
!
v -
Compiement B B 1=-6F {1} B 00 0 0 0 ¢
: _ 1
B =>sF (0) 800D 008

6F 8 08049 8

70 &% 0 0 0 0 O

b SR el A A G s e S e Bre M AR e e ) (Y

Align operand i-50 (1) FFF g oo 1 5 FFFOQGQO
. with smaller H

exponent ->6F (1) FFFFFF 178 FFFFFF

Add A plus A 6F (1) FFF FFF 70 FFFFFF

complement _

of B +B oF (0) 83 0008 0! 70 40 4g0O0TCD0TD

6F 0y 7 FFFFF 170 3FFFFF

{continued}



N A D ain S

ICONTROL DATA 1 ENGINEERINSGE NOs 10354636

{mammm—ammm -] DATE Dec. 1977

{ Corporation 1 SPECIFICATTIU ON PAGE 153
-------- ——— REV. A
----------- memmmmmmmsecacee R A D L eseeemmmemeedemccee e e
A12.0 {Cont.)

If this operation is a subtract uppery, the specified
result is indefinite {(with the approoriate data
flaas) whnile the CDC FMP result did not overfiow. If
this operation were & subfract normallzed, note the
following¥?

Instruction

i
FMP H Soecification
H
Result of fF (8 7 FF FFF 70 I FF FFF
Subtract H
Upper H
{
Normal lze the &F 7FFFFF | 6F 7FFFFE
Uppear Resulft
{Zeilelta7} A A
shifting zeros H H
Iin from the right === s=e=erecceacccemcaccas-

7 THE
EPRODUCIBILITY O
%RIG]NAL PAGE IS PCOR
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SCOPE

The CBC Flow Mode! Processor [(FHP)} Functionail
Speclficatlion iIs Intended t0 provide information_of

——Fhe~Fo-l-lowing—types o €lther the user or maintenance

personnel.

o Information that may be obtained about
computer/program operation via the
Maintenance Control Unit (MCU}.

o Changes in mode cor operation internal to the
FMP that may be made via the MCU or
program that are not specified In the FMP
Instruction Specificatlion.

o Informatlon concerning computer operation
that iIs of value in debugging
software/s/haraware or in program optimization,

This specification is pot intended to provide
information as to hgw 2a unit performs Its specified
tasks such as would pormally be found in a Theory of
Qoeration,

APPLICABLE ODOCUMENTS

1832546 36 £0C Fiow Model Processor Instruction
Specificatlon

REQUIREMENTS

Genera! Functionat Description

The Fiow Model Processor (FMP) is an extremeiy hlgh
speed computational system designed specifically for
the solution of flow simulations related to the
design and construction of aercdynamic bodies. It is
based, iIn part, on the Control Data STAR-100
archifecture, with both Main Memory and Scalar
Processor design taken from the STAR~igp family. The
resulting basic structure Is augmented by a massive

REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR

{continued)
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BACKING
STORE

256
MILLION
B84 BIT
WORDS

+ E.CC.

X

Backing Storage capabkility {up to 256 milllon words
of CCD memoryls, a Swap Unit {to perform exchangsas
between the Backling Store and the Maln Memoryl, a.
Map Unit {for gathering vector data from Main Memory
and storing resultts), and a Vector Unit (for the
computatinal portions of the problem solution).
Figure 3.1-1 shows the overall block diagram of the
FMP,

EXCHANGE
{128}

SCALAR
PROCESSOR

1, READ 2
{STORE)

READ.3

MEMORY
INTERCHANGE

SWAP

UNIT

- feam w1
MAP >51<
uNIT | §1

_@_>

READ 1

512

READ 2

i

WRITE 1 RE1
5 (9 ™ BUEFER >
i @ UNIT RBZ
(2 & N on €1
@ @ @ S WORDS | AR1
+ SECDED
ARZ
MAIN
MEMORY R
§ MILLION
/0 64 BIT WORDS
unT + SECDED
T
| .
1
1 SERIAL
DATA
1_ TRUNKS
------- +o- REPRODUCIBIEITY OF THE

ORIGINAL PAGE IS POOR

Figure 3.4i-1 Basic COC FMP Confliguration

(continued)

VECTOR
UNITS
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Data and programs are entered .info the FMP via the ——
Input/Output _ports_attached—totHE Backing Store.

—OREs Fhe varlous fragments of a job are aggregated in
the Backing Store, and the FMP is idle, the Job is
“"rolled™ intoc the Main Memory wvia the Swap Unit.
Certain portions of the computationss all of the
bookkeeping and si! of the FMP's overail confrol are
accomplished in the Scalar Processor » It 1s this
processor that interprets the instruction siream,
acts on those instructions which it cany and
distributes the remaining instructions o fThe
appropriate attached units {Map, Swap, Buffer,
Vector).

The FMP is designed to operate at a minor ciock
cycle rate of ten nanoseconds, with all data
transfers, and all pipeline segments capable of
clocking a new data auantity (32, 64, 128, 512, OT
2048 bits wide) every minor cycle., The maximum rate
of arithmetic-resuits production in the 8 sector
pipetines then becomes 3 {(operations peak rate)*2
{32-bit results per pipleline}*8{pipelines)=48 per
minor cycie of 410 nanoseconds=4.8 billion
filoating-point operations per Ssecond.

The Scalar, Map, Swap, and Vector Units are capable
of operating simultanesousiy so that a malority of
bookkeeping and data mapping (reorganization
functions) can be overtiapped with the computation.
This enables the effective rate of probiem solution
to aporoach 60% of the peak rate, or 2.8 biliion
operations per second, which exceeds the original
obiectives establlished for Navier-Stokes scolutions
for flow filield simulationss

Unilke the STAR-400, the FMP is designed for
monoprogramming of computational jobs, thus there is
noe virtual memory mechanism. A4!1 user ]Jobs are
given the use of the entire eight miftion words of
Main Memory minus the first 65K words which are
reserved for the FMP monitor. This maonitor ares
cannot be accessed by the Job mode programs. A
series of several monitor mode instructions permifs
the management and allocation of the Backing Store,
as well as control communications with the I/0
processors attached to the FMP. These I/O
processors, called PDOCs {(Programmable Device
Controllers), are capable-of Intelligent control of

{continuesd}

REPRODUCIBIL 1Ty (0
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the I/0 Trunks f{up to four attached To each POC) and
inteiiligent communications with the monitor, as well
as providing 200-megabit data transfer rates between
the Backlng Store and the irunks, and from 50 fo
108¢-megabit transfar rate on the actual coax frunks
Themselves,

The instruction set for scalar ooerations Is a
compatibia subset of the STAR-100 family which
supoorts most STAR softwares with the addition of a
few operations made necessary by the unique I/0 and
acking Store configuration provided on the FMP.
ggiﬁgg}KqﬁnﬂTY'OFjTthe Map Unit provides executlion capsability of the
: . STAR-1 008 "Iverson™ operators of vector
MASK,IMERGE, COMPRESS and SCATTER/GATHER while the
Vector Unit, In cooperation with the Map Unit,
performs the “Iverson®™ SELECTs SEARCHs and SEARCH
INDEXED LIST operations., The Map Unit 1s capabie of
performing memory to memory operations while the
Vector Unit is performing buffer to buffer operations
indevendentliy. 1In addition, severzi combinations of
Memory, Buffer, and Vector Unit operat ions may be
invoked.

The VYector Unit performs the add, subtract, multiplys
divide operations commonly found on most processors,
in addition to a series of linked and macro
operations providing combinations ¢f additions and
multiptications every minor cycle. The set of
}inked operations chosan were based on the
characteristics of flow-model simuilatlons that have
been analyzed by Controf Data Corporation. In
addition To the simple combinations of add/subtract
and muitipiy, the functions SUM,PRODUCT,SUM OF
PRODUCTS, andPROODUCT OF SUMS are Included for
matrix computations.

To ensure the retiability and maintalnability of the
FMP, a number of error checking and recovery
facitities are built In, as weill as a group of
maintenance functions which ¢an be Invoked by =
designated computer attached o one or more of the
I/0 frunks. Single £rror Correction, Double Error
Detection (SECBED) is carried through all data
trunks up to the functional unit actually using the
data. Checking for errors Is done at several points
in" The data vath (for example at the Memory, st the
Map Unit, and at the Vector Unit) so that faults can
be qguickly isolated, while the error correction is
apolied at the polnt where the data is used, for
example the input stream of the Vector Unit.
{continued)
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Figure 3.1-2 COC FMP Filoor Lavout
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Scalar Processor

The Scalar Processor is phvysically contalned In a
cabinet. attached to the Vector Processor cablinet.
Main Memory is attached to the Scalar Processor
cabinet in order to reduce transfer deilays and galin

parformance.

The Scalar Processor has synchronous internal joeglic
With a ciock period of 10 nanoseconds and is
Inpliemented using LSI circuits. A block dlagram of
the functional components of the Scalar Processor is

shown In Figure 3.2-1.

The COC FMP ‘Instruction control is contained in the
Scalar Processor. The Instruction Issue Unit
consists of two pearallei parts, one for the monitor
program and one for the lob programi it receives and
decodes all instructlions from Main Memory. A
semiconductor instruction stack provides buffering
for elght swords for the job and one sword for
monitor {512 bits per sword} esach of which can
contain up to 128 32-bit instructions or &4 6L4-bift
instructions or 3 mixture, The lob instruction stack
can contain up to 6 discontiguous swords with two
sWwords lookahead. The Read Next Sword (RNS)} portion
of the RNS/Branch Unit provides the control for
{oading the Instruction stack. The Branch—portion
performs branch condition testing and executes the
branch instructions.

The Instructlon Issue Unit is pipeillned and is
capable of issuing instructions at the rate of one
instruction avery 10 nanoseconds. The Instruction
Issue Unit decodes all instructions and directs
decoded sitream instructions to the appropriate
processor for execution. Thus, with independent
vector and scalar instruction controls operating on a
singie instruction stream, the Scalar Processor can
execute scalar instructions in parallel with most
stream iInstructlions,.

The instruction stack contains eight supsrwords
{swords) containing 54172 bits each. If an
Instruction is referencsd which is not presently in
the stack, the Issue Unit is halted and a memory
request is made for the word contalining the required
Instructions. The sword thence brought from memory

{continued}
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must repiace one of the swords already in the stack.
The sword that iIs "thrown away® or overlaid--by—the

-———-INCOMIAG SWord 1S the least recently used (LRU)

swords. Thus if words numbered consecutively 0
through 7 have been executed without any intervening
branches, word 8 {required by the next consecutive
instruction) vould be brought {from memory and
overliaid in the stack in the position oricginally held
by sword number ¢ Wwhich, in this casey iIs the LRU

sword,
{continued)
ORIGINAL PAGE IS POOR
DATA FLAG .
ERRORS TO SWAP UNIT
[FROM MAP UNIT) RiNS/
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Figure 3.2~-1 Scalar Processor Block Dizgram
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The Load/Store Unlt provides speciail handling of the
Load and Store: instructions, The unit acts as =a
pipeline and is capabie of accepting 3 new request
rate of one load every minor cycle or one store

& every two minor cycles,y provided a memory busy
Eapﬁ or register file write-bus busy

g. does not occur. A circular buffer containing six
E;Q4 registers provides buffering for up to six load

2 regquests, or three sfore requests, or a mixture of
EE . loads and stores,

r

C-H
gé The Load/Store Unit is cacable of loading a randomly
o accassed word of data from Main HMemory into the
B‘{{ Register File in 150 nanoseconds after reading the
c;%_ base address and item count of the data. This time
ﬁigi assumes a memory busy or register file write~bus busy
E% does not occur. A memory busy would add up to 40

nanoseconds o the load ftime.

The Scalar Floatlng-Point Unit contalns completely
independent functional elements to attain high scalar
performance. The following are the times in
nanoseconds to produce a 32-bit or gu-bit result in
each functional element. These times correscond to
the shortstop tlmes. Shortstop is the process by
which a resuit from any arithmetic etement may be
returned directly to elther Input of any arithmetic
2lement. Thls occurs In parallel with the storing of
the result in the Register File, Shortston
aliminates the time necessary to store the result In

the Register File and then reirieve it for use in the
next arithma2tic operation.

Add/Subtract Pipe 50 ns
Multiply Pipe 50
Shift/Logicatl Plpe ]
Single Cyclie Pipe 18

Divide/SQRT/Convert Element 240

The pipe elementis are segmented and capabie of
accepting new operands every 410 nanoseconds. The
Divide/SGRT/Convert element must complete each
operation before a new one can begin. All elements
are capable of being shortsftopped. The Scalar
Processor contalins a semiconductor Register File
which provides 256 B4-blt registers for use in

instruction and operand addressings Indexing, tield
lengthsy and as

{cont inued!}
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source and destination registers for scalar
instruction operands and resulis.——The-Register File

-~~—jps—capabi1é of two reads and one wWrite every 10

naneszconds.,

Scalar Processor Error Checking

The basic design of the FMP Scalar Procgessor.is based
on the design of the STAR-100A and STAR-4100B Scalar
Processors. In these designs {already being
implemented} there exists a moderates amount of error
checking on busses!

D

SECDED - Al] data bussas in and ocut of the

" Scalar Processor carry seven hits of singte

error correction, double error detection
code bits for each 32 bits of data. The
data busses are the Load/Store data bus {584
bits wide}, the Instruction Read data bus
(128 blts wide), the Reglster File eXchange
path (4128 bits wide =ach wavy), and the
Reglister Fiie data bus to the Map Unit {128
bits widel,

Parlity - All microcode memories in the Issue
and Floating-Point Units contain parity bIft
checking., The microcode carries a parity

‘bit from the Time it is assembled on =3

front~end processor, untit{ it is read during
execution In a given unit. A parlty fautt
causes an Immediate sftoppage of the CPU, and
an error flag to be sent fo the Maintenance
Control Unit (MCU). The instruction stack
contains parity information in like manner.

Iilogical function -~ Communication between
the various functional elements of the
Scalar Processor is performed by seguences
of mlcrocode generated function codes, which
are decoded at the receiving end by
microcode, Sufficient entropy has been
included in the function code scheme to
permit some detection of imnternal control
signal failures. :

{continued)
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The Scalar Processor for the FMP is being sexamined
closely to see If parity {1 bit for each B8 bifs of
data} can be Included in all internal data trunks and
functionat elements. Checking 07 ine arlthmetic
elements {(with the exception of the muitipiy clement}
can bhe accomplished by this method, thus ensuring a
high degree of integrity for this unlt. The pensity
for this measure however can be a seriousiy reduced
performance for some scalar operations (particulariy
whera recursion iIs Invoked)l. An examinatlon of the
tradeoffs of costs performancs, and reliablility will
have to awalt more detalled design and analysis of
the Scalar Processor.

SECDED {Single Error Corraction Doubie Error
Detection)

The SECDED error information is logged by the
Malntenance Control Unit (MCU). The information
legged is syndrome word, single error, doublie error,
Read bus code, and CPU word address bits 37-58.

SECDED ERRCR INFORMATION

1+ SYNDROME BITS - These seven bits generated by

the ervror correcting code . The 39 unique
syndrome words for single bit errors are jisted
on Tabie 3.2-1. Of these 39 {odd bif)} syndrome
words, only the 32 data bit codes will foggle &
bit when error correction is enabied, Other odd
bit codes latched in SECDED that differ irom the
39 unique syndrome words wili be flagged by the
MCU as a multiple odd bit error. Doubie error
syndroma words have an sven number of bifs,

2: SINGLE ERROR - Bit 5 of channel ATB8 {see saction
3ebo1) Witll set (f there is a single error not
praceded by a double error.,

3. DOUBLE ERROR - This MCU disolay register wiii
set unconditionally on a doubie error.

4. SECDED FAULT BUS CODE - These MCU display
registers define the read bus on which the
SECDED error occurred.

REPRODUCIBIL 17y

(continued) ORIGINAY, PAGE ISOF'IHE

POOR
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Read
e ———
CODE g = I/0
CODE i = Ri
CODE 2 = R2
cobg 3 = R3
CODE 4 = Scalar
CQDE 5 = RNI
CODE 6 = Swap

The

A e i . — . - o Ak Ak W ik mr T e p Sy Af

error logging priority fer simultaneous SECDED

errors on multfiple buses is?

7

1. RNI

2. SCALAR
3+ R2

L. R1

5. SWAP
Bs 1/0

7. R3

HALF-WORD ADDRESS (Bits 57,58) - These address
bits decods the four 32-bit groups within a
quarter sword. The error logging priority for
simultaneous SECDED errors more than one
half-word is In ordert: HWQ, HWi1, HW?, and HW3.

CPU WORD ADDRESS (8its 37-S6) - These address
bits indicate the followings

Bit 37-39 Select 41 of 8 Memory Chipbs
40=-49 Setect 41 of 1K Memory Cells
50 1024K Select
51 512K Select
£2~54 Bank Se2ilect
55=-56 Guarier Sword Seliect

LATCHED, ADDRESS BITS (37-58) - In SECDED these
address blts are always the physical CPU Word
Address Bits. ’

{continued)
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TABLE 3.2-1 UNIQUE SYNDROME

Bit

[Ca e BV o A RN ) I~ Y O AN o e ]

Data

3pp00000¢0
Lopuoang
20000000
10008000
gsponoon
04000008
g2000008
#40300008
ggs00008e
gpsogaoo
00200000.
00400000
gog8poao
g0aun000
goozooono
gao040000
400089000
poedg4a00
poo0z0ao
gooo400g
pgaoosang
gpo000400
ggooozan
pogoo4da0
gooooo0sn
Bo0000G40
00060020
gpogooLs
ggoggons
00080004
900008402
G0000004
Check Bift
Check Bift
Check Bit
Check Bit
Check Bit
Check Bift
Check Bit

M AW o

ENGINEERINSGEG NO. 10354537
. DATE Dec. 1977
SPECIFICATION: PAGE 15
REV.
~~~~~~ RA DL =rm—mem e e e e e

HORDS FOR SIHGLE BIT FAILURES

Syndrome Word

78
68
58
64
54
7¢C
74
76
10C
1A
16
19
15
iF
5E
gD
07
46
45
26
25
67
57
37
61
51
31
59
29
79
75
60
40
20
10
08
i
92
61

{continued)
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The syndrome word is iatched if the bit shown in the
data pattern in Table 3.2~-1 Is in error. For
example, if and only 1f, bit 0 failed on any dats
patfern, then the syndrome word would be 74.

The SECDED error iatching hardware has two basic
moedes of operation -~ Mode 4 and Mode 2.

Selection between the two modes Is accomplished
through the MCU/CPU Maintenance Line called SELECT

.SECDED ERROR LOG MODE THO.

For both modes In the event of simultaneous SECDED
errorsy the information to be latched Is dependent on
the relative priority of the data buses or half-words
which contain the errorss 811 information will be
correct for the error selected. It [s possible in
both modes to encounter a single and doublie =rror
simultansoustiy and Istch the singtfe error. The double
error flag will set unconditionalily. Therefore,
if_Ihe doubie error_flaag is set, the syndrome bits
nust _be checked 1o deiermine if sinagle or double
error_wWas tatcheds In the event the single ernror flag
is sety; and no double error, the error wiill be a
single error.

ode

The first error to occur after a masfer clear or
error clear will have its error information ftatched.
The information will be correct in all cases, -
regardiess of subsequent errors. If a double error
follows a single without an error clear, the doubie
error information wilt be lost.

Mode 2

Operation In Mode 2 Is the same as In Mode 1 except
for the foilowing 2nhancement! An attempt will be
made to latch the error informatlon for the first
doubie error encountered whether or not a single
error has previously been latched,

{cont inued)

REPRODUCIBILITY OF ¥R
ORIGINAL PAGE IS POOR
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As In Mode 41, the double error flaag wiill set

unconditlenally when a double error is encountered,

However, other aspects of Mode 2 operation are iess

certaine. The conditlions which may result are’ listed
below?

Case 4

in the event of simultanecus errors, Mode 2 is the
same as Mode 4. If the double error flag is sety the
syndrome bits must be checked to determine if a
singie or doubie error was latched.,

Case 2

If the SECDED checker encounters a single or several
single errors, and lIs absent of the double error

flag, then the error information will be that of the
first single error. AlYl Information is correct as in
Mode 1. -

Cas= 3

If the SECDED checker encounters a double followed by
other double or singlie errors then the error
information wilt be that of the first double error,
All information is correct as In MWode 1. However,
the MCU cannot be distingulished from Case 4 with the
doubled error latched, so the synarome bits must be
checked.

Case &4

I1f the SECDED checker encounters a single error and N
minor cycles |later {N<8) a double error lis
encountered! Address bits 37 thru s4 for eithsr the
singie or double error may be lafched! bits 55 and 56
are indeterminate! and the remaining error
information would be that of the double error.

Case §

If the SECDED checker encounters a single error and N
minor cycles later {N>8) a2 double error Is
encountered, the double error information will be
correct. However, the MCU cannot distinguish this
cas2 from Case 4.

{cont inued)
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Case ¢

If the SECDED checker encounters a doubte error and

-one or more minor cvcles fater a single or double

error s encountered, this is simply Case 3. The
first double error information wilil be iatched,

Moda 2A Double Error Log
This mode is eiectronically identical to Mode 2.

The difference is strictiy operationsal.
Specificatliy, after a master clear or error clear,
the MHCU deliberately creates a singale error using
the maintenance function to toggle a check bit.

This error is not clearedy, and effectlvely blocks
detection of al!} subsequent single errors.,
Consequentiy, when the MCU detects the double error
flagy It knows that this is €ase 5 and the error log
information is correct for that double error.

8LOCK WRITE ENABLES

The MCU has the capabiiity to a2nable biock wWrite
enablie I'f 3 SECDED error occurs. There are two
gptions which can be selected depending on SECDED
error mode.

1. With Mode 414 the write enables will be blocked
when SECDED receives its first. single or double
arror.

P With Mode 25 the write enable will be blocked
when SECDED receives its first double error,

COMPLEMENT I/0 CHECKWORD BITS

This meaintenance feature enables the MCU to toggle
the Write I/0 checkword bits before write Info
memory, Toggling the 128 combinations on each
half-word of the six Read Data Buses sllows checkout
of the SECDED checker,

{continued)
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GENERAL USAGE

Mode 1 is a good SECODED Iatch design for a memcry
Wwith low error rate. Al error Jog iInformation is
correct. Howevers, it wil! not ltatch the double error
if it foliows a single error within the cyclie time

of the MCU.

Mode 2 iIs a betfer SECDED latch design for a memory
with a hlgh error rate. Al}l single errors latched
are correct, and all doubte-errors Tollowing a
single error by areater than slight minor cycies

{80 ns) =are cerrecte. A double error occurring
before a single error is also latched correctly.

Mode 2A is a doubie error 1cgging system for use

if single errors are to be ilgnored. This mode will
miss the double error only if there is a simultaneous
single error with higher ltatching priority. If thils
condition would occur, a diasgnostic requesting only
one bus wWill get around the bus priorify. If the
dlagnostic falis and stlil Ilatches a single error,
then the double error Is in a lower prilority hgif
word,

Associative Unit

N/ A

Instruction Issue/Decode

AYl instructions are read from memory by the Scajar
Processor and decoded for subsequent issue., This is
accompliished in the Issue Unit which is composed of
two parts, one for monitor and one for }job. After
decoding an instruction, the Issue Unit issuyes It to
the unlit responsibte for ifs execution: the Vector
Unit, the Swap Unit, or the Scalar Processor itseilf.
Responsibilities for all instructions are shown In
table 3.2=2.

These units are essentlaltly independent of one
another and can exescute instructions In paraliel.,
The remainder of saction 3.7 provides additionat
information on Scalar Processor operation. Section
3.3 descrilbas the VYector Unit and section 3.7 covers
the Swap Unit.

{fcontinued)
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RESPONSIBILITY

First Digit of Instruction Code
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37
877

" PAGE 13 P{)OR

Executed within the Scatar Processor (Note that
Data Fiag information will be passed to the D

Flag Register in the

The Scalar Processor
Processor to eXecute
instructions,

Illegal instructione.

Executed in the Swap

Vector Processor for

-appropriate instructions).

initiates the Vector
portions {or ali} of the

Unit.

ata
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Reglister Fite

The Reglster File of the FMP contains 256

su-0it words. This Register Flile is capabie of
accomp lishing two read operations and one wWrite
operation &vary 10 nsnosecond minor c¢ycle. in
additiony the Register Fille can be exchanged at the
rate of two registers Iin and two out every minor
cycle., A complete swap of the Reglster File is
accomp lished in 2556 410~nanosecond minor cycles plus
set~up time.

The FMP has 15 Result Address Registers (RAR) used
to confllct check each scatar instruction ready for
issue against register file addresses that are to be
written by an already issued scalar instruction. IT
a conflict exists, the action taken depends on
whether the needed result can be shortstopped or not
{see sectlons 3.2 and 3.2.8 for additional
information on shortstopl). I7 shoristop is possible,
the instruction is issusd at the appropriate time
and instructlon issue continues, I7f shortstop is
not vossible (e.g9.y the result of a previous load Is
needed), issue stops. >

The RARs are set sequentiaity from the resutt
register designators of issued scalar Instructions.
They are cleared when the result is writfen into the
Register File.

Branch/Instruction Stack

The Branch Instruciion exscution times may be found
in section 3.9 of this Specification.

The instructlion stack implemented In the FHMP
accommodates up to 8 swords {5412 bits per swordls:s 6
of which may be discontiguous. To sustain the

instruction rate a two-sword "lookahead™ will be done
by reading the two swords following fhe one beling
executed, Issue wllt not be blocked if the swords

folitowing are not in the stack.

An address s maintained for each of the eight swords
so that out-of=-stack branches may be taken without
voiding the 2ntire stack. For instance, 1t would ke
possible To cal!l a subroutine of up to 3 swords (48
instructions/32 bits ecach) several times from a three
svword instruction stream and never branch out-of
stack after the first branch which loads the
subroutine inte the stack,

{continued)
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Self-Modifvying Programs

The material describing the restrictions concerning
self~modifving programs wiil be added at a fater
date.: This wWwillil be simitar to that found in
paragraph Az.0 of Eng. Spec. 10354636.

34247 Load/Store Unit

The Load/Store Unit executes the 12, 13, 32: 5E, 5F,
7E and 7F instructions. There are six address
registers in the Load/Store Unit which enable
requests to be stacked and executed in the proper
order. The 12, S5F and 7E instructions each reguire
‘"one realister and can be executed {in the absence of
memory conflicts) at the rate of one ]load per minor
cvcle. The 5F and 7F insfructions sach require two
address reglsters and can be executed at one store
per two minor (40 ns) cycles. The 413 and 32
instructions each reguire two address registers which
are then busy for 17 minor cycles.

The {oad/Store Unit is thus capsable of streaming
lLoad/Store Instructions {other than the 13 and 32)
at one minor cycle per load and two minoer cycles per
store assuming no Memory or Register File conflicts.
For example, a stream of N loads wiltl execute In N +
i4 minor cycles from the issue of the first load
unti! the operand from the last load available in
the Register Fite, A stream of N stores will
execute in 2N + N minor cycles from issue of the

{3

first store until issue of the iast store.

3.2.8 Scalar Floating Point

The FMP has an arithmetic unit dedicated to scalar
(non-vector) cperatlions. This Scalar Floating-Point
Unit wilt be divided inte five separate functicnal
elements! one each for add/subtract., muitiply and
logicalis, a single cycie eiemant for the add/subtract
address and transmit type instructions,-and one
combining divide, square root and convert.

{confinﬁed}

REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR
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Atl elements of the arithmetic unit sre ssaparatetly
and independently coniroliled 1o alliow concurrent
coeratlion. However, only one opszrand pair Is issued
to the arithmetic unit each minor cycie so this
becomes the limiting factor determining the result
rate frem concurrent operations.

The first four are effectively segmented pipeline
elements which accept 3 new pair of oparands every
minor cycle. They each produce @ &4 or 32-blit
result every minor cycie., The divide = sg.rt. -
convert element is not segmented and thus acceots
operands only at completion of the previous
operations every 28 minor cvyclas per 64-bit operand.
Using 32~bit operands would spproximateliy doubla the
result rate of the divide - sgqe. rt. and convert.

Intarface Between Scalar Floating Point and Scalar
Contro!l Unit

Inout Trunks

There are three input frunks to the Scalar Floating-
Point Unit. The characteristics of these trunks are
cuttined Iin the following description. All input
operands are treatad as 64 or 32-bit floating~point
guantities, except as noted. If an indefinite or
machine zero floating-ooint operand is received, its
coefficlient will be set to all zeros. )

{continued)
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A Input Trunk

This trunk is B4 bits wide. It receives g4 data
bits from register lecation R in the following
format

p4~Bit Mode

i 15 16 63
Information | exponent H cogfficien? |
i H |
32-Bit Mode
H 7 8 4% 16 39 40 63
Information } expo-lexpo-lcoefiicient] Zeros H

| nent Inent | ! ]
{copy
of 00-07)

All bits transferred on this trunk shouid be held on

the trunk for a perlod of 10 nsec. measured at the
input to the Scalar Filoating-Point Unit.

B Input Trunk

The B trunk receives data from registar location S
and is lidenticai to the A trunk.

(continued} |
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Conitrol Trunk

The control trunk carriess tthe signals which control
the Scalar Floatina~Polint Unit. It is made up of
the following signatst

Conirci Address

The control address blits are the bits That
selract the proper set of internal control
signals for the floating-pelint Instruction
being executed. There is a unigue code for
each Instructlion as listed in Table 3.2-3.
UUsing the input data to the Floating-Point Unit
as a reference, tThese controil bits must arrive
at the floating-point fogic 1.5 cycles ahead of
the data and be valid for 410 nsec.

Mode Conirols

The mode controls are Mode g& In, Mode s4 Qut,
G-blts and Divide. Ths HMode 64 and G-bit lines
must lead the input data by 1.0 minor cycles and
the Oivide signal must tead by 1.5 minor cycles.
These should remain up for 10. nsec.

Iszsuye Confrols

These controls are S-Shortstopy R-Shortstops
S-Ciockgate, R~-Clockgate, S-Shortstop Enabis,
R~-Shortstop Enable and Go. Theses controls ail
must be valid 1.0 cyclias ahead of the data.

The Shoritstop Enabie signals enable the setting
or clearing of the Shortstop control flio~flops.,
The Shortstop signais set or ciear signals
cause data to be clocked into fthe floating-
point input registers when these signals are a
one, The Go signal telis the Floating-Polnt
Unit to begin processing the operands that are
in the input registers.

{continued)
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19
11
20
21
2A
28
2¢
2D
2E
2F
30
31
34
35
36
38
3C
30
3E
3F
50
41
52
g
45
46
58
49
48
&C
4D
4E
&F
50
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TABLE 3.2-3

TIME

INSTRUCTION

ENGINEERING

SPECIFICATTIOGAN

CODES

A

NO.

DATE
PAGE
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354637
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TIME TRUNK TRUNK OUTPUT CONTROL
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21
02
i0
11
18
1%
1A
i3
1C
10
iE
iF
20
21
22
23
2L
25
26
27
28
29
2h
25
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2D
2k
2F
30
31
32
33
34
35
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DT.DB,BFLG39
b7,0B

DFLGL23s 43445
DFLG4 2,434 45
DFLGY2 s 43+ 45
DFLGL2343,46
DFLGYE2+43+46
DFLGL22434 40
DFLGLZ 43446
DFLGL2s 43445
DFLGHZ+434 45
DFLGL1 452943445

DFLG4 142543446
DFLGEB
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TABLE 3-.2~3 INSTRUCTION CODES {ContT.}

INSTR Mpy Mes CONTROL G-BITS DBIV. CYCLE BUSY A B
IN_ OUT ADDRESS TIME_ IIME TRUMK TRUNK OUTPUT CONMTROL

54- 0 8 36 0 5 0 b R DFLG46
52 0 O 37 0 5 0 i R DFLGLB
53 0 9 38 1 30 26 0 R DFLGLt3,45,46
54 0 0 39 0 5 D S R DFLG42 543,46
55 0 O 34 0 5 0 S R DFLGHZ,46
56 1 4 0 4 0 R S
58 0 0 38 0 1 0 R B
59 0 0 3C 0 5 0 8 R DFLG42+43+45
5A 0 0 3D 0 3 0 i R
s8 0 0 3E 0 3 0 R S
5C 8 0 3F 8 5 0 i R DFLGL3 46
50 o 4 49 0 5 0 0 R DFLG4Z L6
60 1 1 &1 8 5 0 R S DFLGL2+43:46
1 1 1 42 0 5 0 R S DFLG42435L6
62 1 1 53 B 5 0 R S DFLGH2s45,46
63 1 1 AN 0 1 B R S
64 1 1 45 8 5 0 R S DFLGL2 143 146.
65 1 1 46 0 5 B R S DFLGY2,43446
66 1 1 47 0 5 i R S DFLG42 943,45
67 1 1 48 0 1 0 R S
68 1 1 49 0 5 0 R S DFLGH2s43:46
69 1 1 A 0 5 i R S DFLG42343+45
68 1 1 4B 0 5 0 R S DFLG42:563.45
6C 1 1 4C 1 54 49 R S DFLGHLs42:83556
6004)1 1 4D B 4 ) R S
6D(2)1 1 4E 0 3 0 T 8
BE 1 1 4F 0 3 8 R S
6F 1 1 50 1 54 49 R S DFLGHL 42,4346
78t 1 51 8 5 0 8 R DFLGBY
7401t 52 i 5 8 0 R DFLGsL
721 1 53 0 5 0 0 R OFLGs.
73 1 1 54 1 54 50 0 R DFLG43+45:486
76 1 1 55 0 5 0 S R
75 1 1 56 B 5° 8 S R
76 1 1 57 0 5 0 0 R
77 1 0 58 0 5 0 0 R
78 1 0 53 0 1 0 R 0
79 1 1 54 B 5 0 0 R
7A 1t 58 0 3 i R 0
78 1 1 5C i 3 0 R S
7€ 1 1 50 i 3 0 R D

Notet The g0 instruction requirzss three references to the
Register Filed this takes two minor cycles. The “({}" Is the
first and fthe "{2}" is the second.
{continued) REPRODUGIBILITY OF THE

ORIGINAT, PAGE I8 P*
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TABLE 3.2-3 INSTRUCTION CODES (Cont.}

INSTR Ms4 Mes CONTROL G-BITS ODIV. CYCLE BUSY A B

IN 0uT ADDRESS TIME FIMF TRUNK TRUNK QUTPUT_CONTROL -
B0.Gi=0 1+ 1 50 G1:2+3:4 0 3 1! A X
80,6i=1 1 1 70 G14+2,3-4 0 5 g a X
Bi,61=0 1 1 651 Gl+2:3 44 1] 3 ) A X
B1,61=14 1 1 ?1 G14+2y3s4 O 5 tH A X
82,G61=0 1 1 B2 Gl1+2:3:4 g 3 a A X
824+61=1 1 1 Tz Gls2+394 g 13 2 A X
B3+61=0 1 1 63 G1+2,354 O 3 0 A X
B3,61=1 14 1 73 Gi+2:13+4 1] 5 ] A X
B4y,sG1=0 1 1° 6 Gi1s2:+3+4 g 3 L A X
BysGi=1 1 1 7t Gis2:3+4 D S o A X
B5,61=8 1 4 65 G1+293s8 0 3 a A X
B5,6i=41 1 1 79 G122:324 0 5 g A X
BE 1 1 76 8 1 0 i I
g7 1 1 T7 g 1 1] I R
cD 0 B 78 0 1 0 0 I
CE 0 79 0 1 g I R

{continued)
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Cutpui Trunk

This trunk is g bits wide. It fransmits ouiout

data to the Map and Swap Units., The data formats for
32 and 64~bit mode are as shown below. Data wilt
remain on thls trunk for 10 nsec.

0 i5 16 63

£4~8it Mode } exponent [ coefficient H
1 i H

0 7 8 31 32 39 40 63

32-8it Mode texpo-~lcoefficientiexpo-icoefficient!
inent | inent | !
AN /

ﬂﬂﬂﬂﬂﬂﬂ V————————

copy of 00-31
Qutput Control Trunk

The output control trunk transmits control or fault
bits associated with results generated by the Scalar
Floating~Point Unit. These signais comg un with
data and ara held up for 10 nsec. The folliowing
signals are transmitted on the ocutout control trunk:?

Signal Meaning of a 4™ on Signal Line
8ranch Cond. Met: The operands meet the combare

condition. This line is zaro
when a compare Is noet being
done.

Exit Cond. Met The operands do not meet the
) compare condifien. This tine
is zero when a compare ls not
being done.

Bivide Timing Divide operands will follow
Pulse this timing pulse by 1i4 cycles.
Divide Busy The dividea element cannot acceot

new operands auring the tinme
this signst .is a "1

{continued)
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Siana Meaning of a_ 1" on Sianal Line

|

Data Flags 39, 41, See specificatlon 18354636 for
B2, L3+ h5y 4B these definitions.

Instruction Conflicts

Due to the verious instruction cycle times,
conflicts may arise at the outout of the Floating
Point Interface and wlthin the unit. Floating Point
operations must not be Initiated on cycies which
will cause confiicts. The following procedure can
be.usad to determine these confiict cyclest

C = the cycle at which operation A 13
A initiated.

L = the number of cvycles operation A spends in
i} fioatling point.

€ = the cyclie time at which operation B is
8 ' iniltiated.

L. = the number of cycles operation B spends in
B floating point.

If operation B is initiated after operation A then
C #2#C +L - 1L +to avoid a conflict.
8 A A B

In addition it must be remembered that no dlivide

instruction may be initiated if the busy time has
not expired from a previous divide.

{continued}
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écaiar Floating Peint Malntenancs Ald

This feature currentiy under study would allow Tthe
display of pertinent registers in floating point
during mulfi=-cycle Instructions. ’

Thne Scatar Fleating Point Unit is controlted by two
separate microcodes, Fach of these mirocodes
provides conitrol information to the integrated
circuit ltogic to implement the instruction being
performed. By altering thlis controi information,
i.2+4y reloading the microcode memories with specisally
modiflied microcodes, the contents of interval
registers could be transmitted, unaltered, to the
outout of the unit. Maintenance sofiware would use
this information for display or fault isolation.

Disolay:?

Only the registers critical to that instruction
woutd be dispiayed grouped in timing ranks. It may
be possible with 2 multi-cipe machine to display
comparisons.

Additional information on this wiil be provided at a
later date.

34249 Absolute Bounds Address

The absolute bounds addrass mechanism provides the
facility to notliy the MCU of a memory reference
(read or write) inside a specifled block of memorv.
The block of memory is specified by an upper bounds
sHord address and a lower bounds sword address.

Note that the addresses are absolute physical sword
addresses transmitted from the MCU. The bounds
addresses are defined as not inciuded in the block of
MEemory

The cltasses of reference ares

i) Vector Resad and/or Write Requests

2} CPU ang/or SWwap RequesTs

Bounds cﬁecking is effectively dlisabled, i1f =2ither
{or both} c¢iass 1 or 2 has neifther possibllity

selected, .
. {continued)

REPRODUCIBILITY: OF. THE
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The Checker can selectively test various classes of
requests for in-bounds conditions. Any combination
of classes may be selected. :

If the FMP has besen stopped by a bounds hit, the hit
must be clieared by the clear fault slignal from the
MCU before the FMP can be restarted. The FHP can be
restarted to execute the next instruction in
sequence.

The occurrence of a bounds hit {(l.e., 3 selected
memory reference Inslde bounds) is signaled to the
MCU«. To identify a second bounds hits the MCU must
clear the first bounds hit signal vis the clear fault
signal.

When a bounds hit is made, the sword address of the
causing reguest is saved In the bounds hit register
until a Master Clear or Fault Clear occurs.

.The bounds {imits and the bounds hit address refer
to physical addresses, which are independent of all
Memory Degradation modes. {The bounds test is
applliad to the address after any BGegaradation mode
manipulation has been applied).
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32210 Trace Register

Register file address zero is used as thza trace
register,. The itrace reglister contains the address
from which the most recent branch was taken.
Register zero can be referenced by executing a 70
instruction. See the instruction specification for
the mode of the 70 instruction which will move
register zero to Malin Memorva. The malintenance
station can read register zeroc by storing the
Register File snd reading absolute zeroc fronm
memory. After a job to monitor exchangs, the job’s
address zero In memory contalns the address of the
last branch taken prior to the exchange operation.
After a monitor to Job =2xchange, monitor®s address
zero {(absolute zero) contains the address of the last
branch taken prior to the exchange operations
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3.3 Vector Processor

The Vector Processor consists of three distinct
subsystemss, the Map Unit, the Buffer Unif and the
Vector Floating-Point Ensemble (VFPEY}, The Map Unit
Is a singie homogeneocus logical element which
controls all memory accesses by vector ooerations,
and performs cerftain timited functions {such as
Transmit Vector and Scatter/Gather) itself, The
Floating=-Point Ensembie is designated an ensemble
because it consists of a set of nine identicat
arithmetic units, &all of which operate in lock-step
synchronlzatlion. One of the units is désignated by
control signals from the Maintenance Contrel Unit
{MCU) as the auxiliary or spare unit. Normatly, this
unit will! be performing the same functions as the
remalning elight units, utilizing data inputs common
to one of the operational units, but with its output
data ignored. The seff-checking circuits internal to
that unit then can be exercised continuousliy even
though the unit is off-1line. .
The Buffer Unit Is pbhysically part of the VFPE but
is treated as a2 logical entity. It has nine
identical ses¢tions, each of which is directiy
associated with one of the nine Vector Units in +the
VFFPE.

The Vector Processor runs under its own locat
control., That iss the Instruction Issue Unit in the
Scalar Processor passes sufficient iInformation to
the Vector Processor so that it can proceed
independentiy. .No active control is required from
the Issue Unit. When the Vector Processor is glven
a process to perform, it checks for resources
required andy, if avallabte, sefs up and performs the
required operations. If the resources are not
avallable, the setup information Is held in a
one-word cueue until the resources become availabie.
When the Issue Unit finds the queue full, it ~
suspends Issuing to the VYector Processor untli the
queue is emotied,

{continued)



e A e e

. e e -

——

a i ENGINEERINEG - NOs 30354837
- DATE Dec. 1377

1 SPECIFICATION PAGE 35
——— REV.
----------------- R ADL ~m—m—om—mm— e e mcmmn e e
{Cont.)

The Vector Processor gueue is, In fact, three
quasues - one esach for the Vector, Man, and Buffer
Units. The Buffer and Map Unit queues are further
sroken down according Yo the separafte resources of
sach unit. Thus, 1If an individusl resource is
available, it immediately tries to verform the
desired function.

For exXamples Iif the Map Unit Is requested to get tuo
yector streams from memory to be added in the VFPE
and To store the resultfts in the Buffer Unit,s the
Issue Unif sends information to set up the two read
puses, R1 and Rps as part of the instruction Issue.
If R2 is in use at the time of the issue, the setup
informatlon for R2 Is held in its queue and the R1
setup is performed {provided R1 wWas not In use). Ri
then makes memory recguests but, becasuse the current
operation which has RZ In use does not require Rl
data, no data moves through Ri.

As. another exanple, consider a vector stream from
memory, via R1 in the Map Unlt, being -added in the
Vector Unlts to a data stream from the Buffer Unit
With the rasult going back to memory. Concurrent
With this the Issue Unit can send sstup informatlon
to RZ and S2 in the Map Unit and WBi in the Buffer
Unit to cause a load of the buffer from memory.
Because a3l of these resources ~ Rz, 32, and HB1 -
are not In use the setups are performed and the
buffer starts loadina. No confticts occur because
of the vector add being executed in parailetl.

Holding its own setup information localily, =

resource has two additional regulrements in order ‘1o
perform a functiont valid data at its input and a
place that will zccept the oprocessed output. This
then is the contrel sysiem for the Vector Processor -
when valid data is presented at the input to a
function resourcey 1If the resource has been set up

to perform an operation it sends an "accep?”™ to the
sending resource, and soms number of cycles later
produces vallid output data. If the receliving
resource is able to take the data it does so. If,
howaver, proper setup of the raceiving resource has
not as yvet been fully accomplished, acceptance of the
data is not forced. If a given resource does not
recelve an "accepit'" to the resource supplyling its
input. Vaiid data is indicated by a "valid" signal
on a single tine {(calied the valid line) thsat
accompanies the data. The "accept™ signal is aiso a
single line (catled the sccept linel.

{cont inued}
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Thus, a comoiete operation consists of setting up a
complete "™valid”™ chain - from things that can source
“"valids®™ {Main Memory and Buffer Unit) to things
that can sink ®vailids"™ {also Mazin Memory and Buffer
Unif). IFf 3 compiete "valld"™ chain Is establiished
for a given operation, that operation wil! proceed
to completion. In most cases completlion is
determined by the wrlite length of the output vector
going to zero. When this occurs a signal is sant
backward along the “wvalld™ chain {in the "accept™
direction) stopping the generation of "valld™ and
“accept" signals. Howevers, operations besing
performed, memory addresses being referenced, and
the "valld”™ connections are malintained.,. Thuss only
the changes from one operation to another need be
sent to start the next operation.

Vector Filoatling-Point Ensemble {VFPE)

Figure 3.3~1 provides a simplified block diagram of

a single Vector Unit in the ensembie. Each unlit is
completely independent of anothers with no
intarconnectlions between them for data or control.
All incoming and outgolng control passes between each
unit and the Map Unit or the Scalar Processor. £ach
Vector Unit contains two full puitiplier and adder
glements and two hal f-adder eleamentss sach of which
is capable of operating on pairs of B4-bit input
operands or quarteftes of 32-bit operands every clock
cycles Each arithmetic etement {addy multiply) are
segmented pipelines, thres segmrents per slement.

Each segment requires one clock cycle of pipeline
time, Thus two operands proceeding throuagh all three
segments for a.combinatlon add and multinly (
{A+B)*C) would requlire nine minpr cycles to pass from
the select network to the result busses, Arithmetic
Result 1 [AR4) and Arithmetic Resuit 2 (AR?2). A
sinmple, normalized ADD operatlion utillzes the
front-end add elements (FADD4L or FADD2), bypasses the
multioly elements and completes the addition and
post-normalization in the back-end add elements
{BADD1 or BADD2). The totat segments for a slimple,
normal ized ADD is six or for a simple MULTIPLY
overaflon It is gliso six segments of pipefine time.
This pipetine iength contributes te vector startup
time as described In section 3.9.2
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Read Bus Select Elements:

There are four inputl data busses for each Vector
Unity RB1 {Read Bus 1 from the Map Unit),

RB2 {Read Bus 2 from the Map Unit), Si (Source 1

from the Buffer Unit Ya» and S2 {Source 2 from the
Buffer Unit). Each Input bus is capable of

supplving operands to any or all four of the
functional streams {Bus A, Bus B, 8us £ Bus 0) which
feed the various arithmetic elements.s As can be

seen from figure 3.3~1 then, any combination of input
busses ¢an be fed to any of the arithmetic =lements,
permitting such combinations fto occur as (A¥A)+({B*¥B)
by supplying the A stream from the Buf fer Unlt (for
example} via S41 and selecting 1t through SELECT A and
SELECT B fo the Bus A and Bus B sides of the multiply
element. Likewlse the B operands could be suppliad
from the Buffer Unift via S2 and selected through
SELECT C and SELECT D to the C a2and D sides of the
second multiply etement {MUL2}. The results of MUL4Y
and MULZ would then be combined In the final back~end
adder BADD 4, to form the sum of the ¥two products.

"The read bus select elements SELECT Ay 8, C and D

3e3ela?2

are indlviduatily conitrotlied by the Csy 0, E and F
fields of the 9F (Vector Arithmetic) instruction
which is Interpreted by the Issue Unit and
transmitted to the Vector Unit.

Write Bus Select Eiements

On any glven clock cycle a VYector Unit can

transmit one g4-bit or two 32-blt resuit eperands to
the Map Unit for storage in memory via the WRITE 1
gus. On any given clock ¢ycle the BADD 41 and BADD 2
2lements {back~end add elesments) can produce one
64~bit or two 32-bit results, each of which are
pltaced on their respective Arithmetic Result busses
(AR1, and ARZ). The resuits appearing on these two
busses are defined by the subopersztion codes for the
9F {(Vector Arlthmetic) Instructlon. The N fieid of
the 9F instruction {section 3I+2.1.160 of the
Instruction Speciticatlion) directiy controls which
result buss ARis or ARZ2, or no bus; is connected to
the Write Bus, W1,

_ REPRODUOIBILITY OF THE
ORIGIAL PAGE IS POOR:-
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Front-End Add Elements (FADD4 & FADD2)

Two identical! arithmetic elements form the froni-end
functional processors of sach VYector Unit. These
elements are composed of a brenormalizZze network which
atligns opersnds of unlike exponents, pilus a fulli
fwo’s complement adder producing one 64-bit or two
32-bit results every minor cycle. There is no
post-normalization shift netvork presenty in these
elements, The outout results from such an slement is
the equivalent of the FMP ADD or SUBTRACT UPPER or
LOWER, with no normalize shifts being done on the
result data.

The primary function of these adders in primitive
operations (dladic arithmetlc such as A¥B) is fto
perform the pre-normalization of iInput opsrands
{particularly for the divisor in divide operations}
and to provide for complementing of one or more
operands for functions such as [(-A¥B).

Each FADD element has its own independent microcode
control so that diagnostics can be loaded via the
microcode trunk to perform falture lisotation tc the
lowest replaceable component jevel (L$I chipl.

In addition to the pre-normatization of the divisor
in divide.operationss The FADD =zlements perform the
necessary complementation of nsgative source
gperands prior to pnerforming the tabis look-up that
initiates the reciporocal approximations.

Muitioly Elements (HUL4 & MULZ)

Each Vector Unit contains twoe identical multiply
elements each with its own Independent contro! logic.
The multiply element inputs two B4~blt or four
32-bit operands and produces one gua-bit or two
32~bit results every clock cycie. This muiltioly
operation is performed in three segments, sach of
which requires a minor cycle. In the first segment,
four-bit groups of the multinlier are used to

encode 8-bit groups of the mulftipticand into a
series of partiat sums and carries For the
remaining two segment timess these partial sums and
carries are merded through a series of nartial
adders vielding a 96-bit wide, final! product of

(cont inued)

REPRODUCIBILITY OF THE
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partlal sums and carries which are finally added
together in the back~-end adder (BAQD4 or BADD2).
This additjon operation produces a 96=-bit wide
coefficient result which can sither be normalized,
truncated, rounded. cor.left In upper or lower ’
form {for double-precislon arithemtic).

Inputs to the mulfiptltier are conirclied by the
subfunction operations speciflad in the 9F (Vector
Arithmetic) Instruction, and can come from the read
bus select networks, the front-end adders, the

divide tabte element (for divide cperations)s or from
one of the arithmetic resuit busses emerging from the
back-end adders depending on which operations, such
as PROBDUCT, are desired. If one of the two MUL
elements Is not specified in the suboperation,; then
identical inputs are selected for both eiements and
checking iIs enabled.

Back-end Adder Elements {(3ADD1 and BADD2)

Each Vector Unit contains two identical back-end
adder units,; each with its own independent contro)
iogice The back=-end adder consists of a rank of
deskew logic for synchronlizing the varlous partial
sums and carries from the multiply elements , and a
full fhree-input adder capable of combining the
multinly outputl resuits with the output ot either
FADDBY or FABD2 of the other multipiier element. This
function provides faclllties such as {A*B)+C or
{(A=B)+ (C*D) .

Each back-end adder performs a 95-bit {in s4-bit
operand mode) or two 48-bit {in 32~-bit operand mode)
coefficient addition every minor cycle. The first
segment contains the lLatches and first addition of a
pair of operands. The second segment contains the
second addition of the resulting input pair of
operands pius the final group carry/generate tree,
and the final segment contains the
rounding/truncation logic and post-normalization
netyWork. Post-normalization is controlied by the type
of operation specified Iin the SF instruction.

Inputs to back-end adders are controliied by the
subfunction code in the SF {Vector Arithmetic)

{continued)
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instruction. The outpuls are placed on the
arithemtlc resulf busses AR{4 a2nd ARP by The adders
B8ADD4 =nd BADD?2 respectiveiv. In addition, each of
the result busses is connacted directty to the inpuf
sejection network of the Buffer Unit.

Divide Table Element

The divide operation utilizes most of the arithmetic
alements in the Vector Unit To achieve a divide

rate of one resutt per minor cycie {(for 24-biY
coefficient accuracy), the reciorocal divide
approximation iIs utiilzed., In this modes the divisor
is pre-normalized and its absolute value yvielded by a
front-end adder. This resulting divisor is then
sampled by taking 12 bits of the coefficient from the
ieft-most {(or most significant) end, not including
The sign {(which will always be zero since The
zbsolute value of the divisor is used), and not
including the most significant bit {(whilch wilil always
be one-since a normalized divisor s used}), vielding
bits 48=-29 of the p4-bit coefficient. These tuweive
bits are used to address a read-only memeory {ROM}, or
took-up table, callised the divide table element. A
39-bit word (pius one parity bit} is read from the
ROM at that address. The word is partitioned into
two fieldsy S (414 bits) and T (25 bits). The field
is used as inputf to the other front-end adder (for
complementation if the divisor was originaliy
negativel,-and the S fleid Is used as inout to =
nultiniier to form the product of S times the
remaining bits of the coefficlent {(the 2L bits not
used in the table look~upls The muitliolied resutt is
subtracted from T in the back-end adder and that
result Is then fed into the other multiplier along
with the dividend to form a s4-bit result of which

24 Dits of the coefficient are accurate. The pair of
rasults out of the back-end adders can be stored in
the buffers or memory, thence retrisved during a
second pass (DIVIDE 2) to perform the necessary
corrections 1o produce a full g4-bit resul¥,

{continued)
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Figure 3.3-2 shows the Interconnection for the first
pass divide operatlion (DIVIDE 1) which vields a
correct 24-plt coefficient result. Mot shown is a
network which transmits the lower 34 bits of the
divisor with the upper 14 bits cleared to zero., It
Is this quantlty which is multiplied times the slope
{S) value to form the first product in the reciprocal
approximation.

Figure 3.3-3 shows the Interconnection scheme for the
second pass divide operation (DIVIDE 2) which iIs

used to produce g4-bit floating-point guotient
resuliss. The input operands required for this second
pass are? the first pass guotient {which is by
itsetf adequate for 32-blt arithmetlic), the originai
divisor,. and the Intermediate product which Is
normally stored in fthe Buffer Unit.

The divide table etement is referenced once each
minor cycle during the DIVIDE.4 operation. This
means that when in 32-bift mode, the divide rate is
the same as for gu4~bit mode during the first pass.,
one result per minor cycle. Usually however, the need
for 48-blit accuracy In the coefficient portion of the
64-bit result wlll! require the DIVIDE 2 pass wWhich
then creates a frue g4-bit divide rate of one resul?t
avery two minor cycies per Vector Unit.
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Figure 3.3-2

First Pass for 32-Bit Divide
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Error Checking
SECDED

Each of the trunks entering and leaving s Vector Unit
and connecting to the Map Unit contain SZCDED {single
error correction, double error detection netwerks).
Read Bus 4 (RB4), Read Bus 2 {(RB?2) inpbuts contaln
SECDED detectlion and correction circuifts, while the
Write Bus 1 trunk contains a SECODED code generation
network,

SECDED is carrled on a 32~bit baslsy seven bits for
each 32 bits of data. Thus all Input and outpuft
trunks possess 78 actual bits of transmitfed data.

Parity

The divide tabie element consists of a toadable RAM
that behaves as a resd onily memory during normal
Vecgtor Unlit operation. Each 39 bifs of divide tabte
data have a slngle parity blt associated with them,
Upon each table read, the parity is checked. If a
arror occurs, the Vector Unit 1s immediately halted
and the Mainteanance Controi Unit {(MCU) is alerted by
an aerror flag. In addition, the Scalar, Map. and
Swap Units are sent sfop signals.

Upon command of the MCU the Vector Unit can transmit
the falting memory location in the divide tables, the
ooerand tocation in "the input vectors for the
failing casa, and the P counters of all the control
microcodes for the Vector Unit, to assist in
maintenance actions.

Each of the microcode memories contalns a parity bit
for each word addressed. In the event that a varity
error occurss the mlcrocode sequence is frezen and
the P counter fransmiffted to the MCU on command. A
filag indicating which microceode is falllng Is sent
to the MCU. The Maps Scalars and Swap Units are
also sent stop slgnals.
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Result Checking

Each Vector Unit is supplied with three colnclidence
checking networks, capablie of comparing the resuflts
produced by the identical pairs of arlthmetic
elements., CHECK 1 compares the outputs of FABDiL and
FADO?, CHECK 2z compares the outouts of MULY and MULZ,
and CHECK 3 compares the results of the final adders
BADD1 and BADDZ. Checking is enabled under the
foltowing circumstances.

1. YWhen the same Input trunks are selected into
the pair of operand ports ALRC and B&D, and
the identical functlons are selected for the
pair of eliements FADDL, FADDZ2 or MUL1, MUL2
or BADD4, BADDZ;

2. MKhen a given element is idled during an
operation. For exampli=z, the suboperation
code 02 would iInvoke the operation A+B and
C+D thus idling the mdltiply elements: 1In
this case a palr of opearands emerging from
the front-end adders would be
enabled into both HMULL and MUL?
automatlcally by the Vector Unit. The
multiplised output, athough meaningless to
the programmer, would be checked by the
checking netviork.

3+ When one of a pair of elements is idled by =
particular suboperation code. For example
the suboperation code 05 would cause the
operation {A+B)¥D, thus MULZ? wouid be idie.
In this case the Vector Unit would
automatically enable the same pair of inputs
fo both nmultiply elements. The checker
would then be enabied. )

It can be seen that the programmer can expllcitly
control! checking in some cases by setting the
appropriate fleids In a 9F add instruction fto setect
identical operands to identical elements.,

In the event that an enabled checker discovers a
mismatch In the oytput data, tha Vector Unit is

halteds a stop signal is sent to the Map, Swap,and

Scalar Units, and the MCU is ailerted,

REPR
ABRODUCIELITY o g7

PAGE 15 pooR;
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32/64-Bit Arithmetic

Each Vector Unit is capable of processing two 32-bit
or one s4-bit results =ach minor cycle in each of
its arithmetic element segments, except for the
divide table which produces ons 32-bit resuit per
cycle,

Each arithmetic element excapt for the divide Table
can also orocess a combination of one a45-bit and one
32-bit operand each minor cycle as input to an’
operation. For -exampie, the FADDYL element could be
accepting a 64-bit input operand on lts A irunk and
A 32-bit operand on 1fts B trunk. Tn this mixed mode
FADDY would produce a g4~bit resuit,.

FEach of the input trunkss from either the Masp Unit or
Buffer Unit, provide a2 flag indicating what mode that
particular trunk is operating iny, either 64 or
32~bit. The VYector Unit then automatically configures
its arithmetic elements to acceot that form of data
on that frunk.

The output Trunks fo the Mao Unit and Buffer Unift
also provide a8 flag to the Vector Unit indicating
what mode they expact thelir opnerands to be in. Thus
the Vector Unit 1is responsible for the necessary
fruncation or expansion of data to match that format
required by the recelving units.

) i TY OF THE
. SPRODUCIBILE
ORIGINAL PAGE IS POOR

{cont inued)
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o

point numbers in.the CDC FMP are two
32 bits and 5% bits., The 32-bit format has
exponent and a 24-blt coefflcient (Flgure
The g4=~bit format has a 416-bit exponent and
coefficient. The {eft-most bit of each
and coefficient is the sign bit. A
description of fioating arithmetic is

in the instruction specification.

32-BIT FORMAT

g 7 8 31 32 39 &40 63
i [ H ! }
i (8) | {28} ! (8) { (z24) !
! 1 o H |
N TN SN SN /

v v v v
UPPER UPPER LOWER LOWER
EXPONENT COEFFICIENT . EXPONENT COEFFICIENT

64-BIT FORMAT
2 15 196 63
- 1 i
| (16} t {48} i
! 1 H
\ PR 7
v v
EXPONENT COEFFICIENT

Filgure 3.3-4 Operand Formats

S — i . ———— T tin —



{CONTROL DATA | ENGINEZERTINSGEG NO. 10354637

e ekl b bl ! DATE Dec. 1977
ICORPORATION | SPECIFICATTION . PAGE 49
--------------- REV.
----------------------------- R A DL =—emeereem o s e e
263419 Asynchronous Control

As 3il other unlts, the Vector Unit controls the

movement of operands through its various elements by
reguest/accept signals. Thersfore, as soon as data
ready signals appear at the oorts selected by =3
particular SF operationsy the Vector Unift wili begin
to move tha data through its networks. The resul ts
witl be placed on the selscted outpuf busses, and no
more data will be placed there until an accent is
received from the selected frunk destiination. That
is the purpose of the flelds In the 9F which
designate which output ports to expect accepts on
during an arithmetic operation.

likewise, the Vectoer Unit returns an accept for every
operand it takes from an input port, thus allowing
the unit supolying operands to move a fresh operand
into place on the trunkse In the case of mixed mode
operations where the rate of supply can exceed the
rate that the Vector Unit can processy, the accent
flag consists of twoe bits Indlicating whether th=
lower or upper 32-~bi.t eperand has been accepted on
the particular 64-bit trunk. .

3:3+1.18 éonfrol Signals

{To be defined later)
3:3.1:11 Microcode Terms

{To be‘defined later)
3030112 Interface Timing

{To be defined later)
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Exchange Operation and Interruots

-
The purpose of the exchange ls to change the prime
roje of-the CPU. In }ob mode, job tasks are
performeds in monltor mode, the system decisions are
made.

Some Instructions in progress may be Interrupted
prior to their compietion. The invisible flags
stored in the Invisible packags are used to restart
the interrupted Instruction exactly where its output
jeft off.

Job mode data processing can be monitored, during
monitor mode, by examining the Stali Bit in Word 8 of
the Job®s invisible package., The Stalti Bit is a "i1"
if- no data was processed during the Job time-siice
that resulted in the preparatlion of the invisibte
package.

Invisibie Package

The Invisibte package Is always stored starting at an
even numbered sword address. Therefore, the
right-most 10 bits of the starting address of the
invisible package must be zeros. Thls is as indicated
in the Exit Force Instruction #wWrite up Iin the
Instruction Specification.

The monitor must set up an Invislible package for each
job. There is NO invisible package for the monitor
program itself.

If a Job iIs to be re-entered, the monlitor should not
alter the job*s invisible package.

Figure 3.3-5 shows the format of the invisibie
package.

{cont inued)
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0 e PROGRAM ADDRESS @) s8/71177/] WORD O
O e (5) | BREAKPOINT (%) % L
e B
7777 % 0 3
A //// 16 DATA FLAG BRANGH REGISTER  (7) 83 4
o0 PFO1 15[1 PF 1 63 5
00 VECTORS F&G(2) 15[16 VECTOR'S PROGRAM ADDRESS @ 58/715// 6
00 PFO2 15/16 PFi2 (8) 63 7
JV/////%OV////////////// e ) 63 8
PFO3 5]16 PF13 53 9
00 ] CURRENT INSTRUCTION (2) 63 A
00 PFO4 15]16 PFi4 63 8
///Z/ / 7 /%//// 0 /////‘//////// //////// g
PFOS i5[1 PF15(8)
// 70 W 7 7 E
00 PFO6 (8)- 15[t PFi6 F

ik CONTENTS UNDEFINED

Figure 3.3-5 Invisibie Package Format

{continued)
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The fojlowing notes apply to Figure 3.3-5.

i

2

3

)
3}

Bits 0-415 and 59~63 are not used and must be set to
ZeroS. ;

Quantity is toaded or read/stored or written by

the Scalar Processor only.

Usage bits for breakpolnt reglster.

4 Quantity is toadedsstored by Vector Processor onlye.

N/A
Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit

Bit.

Bit
BLit

16
17
18
19
20
21
22
23
2h
25

26"

27

Flag o

Filag 1

Fiag 2

Flag 3

Interrupt Fiag
NOT USED
Load/Stored
Load/Store?
Subfunction bit 0
Subfunction bit 4
Subfunction bit 2
Subfunction bit 3

Quanflfy is loaded/stored by the Vector Processor
only. -
Words 547499840 and F are itoaded by both ths
Scalar and Vector Processor. These words are
stored by the Vector Precessor if the vector
restart bit {word 8 bit f¥=1 and by the Scalar
Processor 1f the bit = 0.

9 Bits 59~53 are not used and must be set to zeros.

(continued)
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10 Bit g0 vector restart bit.

i1

12

The

Vector Processor's instruction register

receives bits 0-1%, word 6 and bits 16-53 word A.
A vector will restart without retoading the vector
Instructlon from memory only iIf bits 1$~63, word A
are not needed to restart (Bit g, HWord 8=1}.

Bit

Bit

Bift

Bit

Bit

Job
the

1 Register file's scalar ensbie

{Bits 0 and 4 are toaded by the Scatlar
Processor and stored by the Vector Processord,

2-11 are not us=d, '

12 Stali bit. This bit is a 1" if no data is
processed,

13 Fault test instruction enabie. For further
information see specification 11845800,

14 Monltoring counters enable. For further
information see Section 3.7 in this
specification.

15 ASCII =0, EBCOIC =41 {Bits 412~-15 are
loaded/stored by the Vector Processor onilvd.

Intervael - -Timer. Quantity iIs loaded/stored by
Vector Processor onlys

Quantity is stored by the Scalar Processor and
loaded by neither,

OF THRE
EPRODUCIBILITY .
gRIGIN,AL PAGE I8 POOR_

{continued)
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Exchange from the Monitor o a Job

This is always accomplished Wwith an Exit Force
instruction. The monltor program must set up the
invisible package for the job prior to exchanging to
that }job via the Exirt Force instruction. The Exit
Force operation is as foliows:

1e

The CPU"s lnvisible registers and flags are
loaded from the Invisible package located
starting at the bit address In the monitor®s
register T specified by the Exit Force
instruction. This starting address is saved In a
reglster to provide for storing the current
invisible package when returning to the monitor
Program.

The Register File for monitor is stored into
absotute memory locations g through 3FCg - The
i6
Reglister File for the job is lcaded from the
job’s memory locations 10G0008-103FC0 . Any Job
- 16
mode references to this area of a job®s memory
causes the executing instruction to be treated as
an iliegat instruction.

The CPU mode 1s changed from monlfor mode to lob
mode.

The contents of P (program address register) are

then read up and an appropriate start
seguence is executed,

{continuad)
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Exchange from Job to the Monitor

The Exit Force instruction and the channal interrupt
are the two normal ways of getting from a Job In the
job mode to the monitor program In Monitor Mode.
Attempting to execute a monitor-type instructiion In
job mode or an attempt to executes an undefined
op~code comprise ths third way intfo the monitor,
Excent for the starting point in the monitor program,
the operations performed in getting to the monlitor
are identlical for the three,

The operation is as follows?

is The current invislible registers and flags are
stored into the invisibie packaage starting at
the same address used to load the invisible
package when the }ob was entered. ’

?a The Register File for the Job is stored In
memory tocations 100030-4103FCH and
i6
memory locatlons 0 through 3FCH are
16
read and put into the Register File,.

3. The CPU mode Is changed from job meode fo¢ monitor
mode. Any external interrupts which occur after
this point are honored only 1If the CPU executes
an Idle instruction. TIf the CPU does not execute
an Idle instruction, the interrupts are saved
untl! the CPU mode reverts to job modesy or untili
the monitor program ciears those interrupts with
a 0E (Transiate External Interrupt) instruction.

s The monitor program is executed starting at the
absoiute address confalined In the rlght-most 48
bits of the-monitor's register 3:536 08 7.

Refer fo Table 3.3-1 for methods of ge%?inq from
Job to monitor mode,

{continued)
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If an attempt is made by the monitor program to
perform an undefined op-code,s an automatic branch is
made to the absolute address contained In the ’
monitor®*s register 4. This hardware trap Is to aid
in the debugging of the monitor software and fo trap
some hardware failures. This trap is not to be
utitized by the monitor software as a “normal*
branch.

TABLE 3.3-1. JOB8 TO MONITOR METHODS

i e S e . o A W - s W e W e

iMethod of Getting IMonitor Register, the |
ito the Monitor IContents of which is H
l juUsed o Set P }

l1. Undefined Instruction, Register 3
i HMonitor .type

instruction In Job .

Modey, or a reference

to the Register File

as memory (blt

address Q000-3FFF )

16

H

H

]

H

!

H

! -Monitor or reference
H to the Register File
} as memory (bit

| address 0000-3FFF ).,
H 16
}

i

]

H

]

3. Exit Force, Register s

4+ Channel Interrupt.

! H
1 H
H !
{ i
i H
! H
i ]
i )
H !
2. Undefined BP Code in 1 Register 4 H
i - H
} H
i i
i ]
| !
[ 1
i i
1 !
H Register s H
! {

{cont inued)
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The bits in the external interrupt reagister are
assigned as shown In the foilowing table!

TABLE 343-2. EXTERNAL INTERRUPT REGISTER BIT ASSIGNMENTS

B S hr e A T e e A g i e e M Ve R TR W FES e R M e ME MM M R T e WE W v . e e S W e e S

jExternal Interrupnt Line iAssignment i
o o e e v e - 1
i ] iI/0 channel ¢ 1
! 1 H 1 i
i 2 H 2 H
i 3 } 3 i
o e e e e e e e e e s e e 1
H L } 4 i
H 5 i 5 1
! 2] ! ) {
i 7 ! 7 1
| e e e e et e e i
| 8 i . 8 |
l 9 ! .3 !
| 10 _ | 10 !
i 11 } i1 1
et e e ————— }
H iz H 12 |
i 13 H 13 !
i i4 ¢ 14 i
! 1% II/0 channel 45 H
i H

i6 iMonitor Interval Timer

A o - M W e S W N A S ML T MR R Sy N S EE M R N M W e e A SR b AW R W e e A A AR


http:3-3.1.13

- A e e A

ICONTROL DATA | ENGINEERTING NO., 10354637

. — R A -

~=1 DATE Dec. 1977

{ SPECIFICATION PAGE 58

——— REV.

Buffer Unit

Fach Vector Unit contains a buffer capable of

holding from 1024 to 8192 64-bit operands, depending
upon machline configurations. The total

configuration of eight buffers (plus one spare)
constitutes the Buffer Unit, Seg Figure 3.3-6. The
basic configuration of 41024 operands provides 3a
capacity of 8192 total oparands that can be held
Wwithin the Vector Processor,. In the maximum
conflguratidn this can be as high as §5,536 operands.
Afthough the buffers are physicatly contained within
gach Vector Unit to limit access times, they are
treated as ifogically separate entitfties on a par with
the Map and Swap Units. Thus there 1s a3 separate )
controi for addresses for reading and writing and the
format of the operands (32 or 64-bit).
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Y

: -RB1

1. 81, 82 FROM MAP UNIT

2. AR1, AR2 FROM VECTOR UNIT

3. ALL DATA PATHS CARRY SECDED
BUT ONLY THE DATA BITS CARRIED
IN A PATH ARE NUMBERED

Figure 3.3-6 Buffer uUnit
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Read and Write

Fach buffer is capable of reading two independent
operands every minor cycle, as well as writing two
independent resuit operands per minor cycjije. The
selection of which operands to write iIinto the buffer
is performed by the write data sslectors 1 & 2 (ses
figure 3.3~6}. Note from the figure fthat any bus can
feed any of the two select networks at the same time.
Thus it is possible to inpui a dats stream from 51
{the Map Unit) to both Write Buffer 1 {WB1), and
Write Buffer 2 {(UB2) simultaneously.,

The write addresses or WBi and WB2 are Independent
and are set up by separate Buffer Unit suboperations.
Thus in the iliustrations S1 could be written into
two separalte, independent areas of the Buffer Unit,
‘simultaneousliy.

Read operations can proceed from Independent
addresses in the same minor cycle since the buffer is
composed of high-speaed ECL RAMS allowing random
addressing at the rate of two per minor cycie, As
operands are read from the buffer and placed on the
designated ftrunkt a "data valid"™ signal is placed on
the corresponding trunk control itines. In addition,
the format of the data (32 or 64-bit) Is also

flagged on the respective trunks to the Vector Unit.

The four ports providing input operands are connected
to the Map Unit {351 and S2) and the outputl result bus
of the Vector Unit {AR1 and AR2).

Control

The Buffer Unit processes its own control logic,
despite the fact that it Is intimateiy connected
within the host Vector Unit. The contrel scheme Is
based on & loadable microcode which 'handies the
interpretation of the particular suboperation code,
the setting up of addresses, and the control of
incrementing of address counters and testing of
fermination thresholds for all vectors whose scurce
or destinatlon is within the Buffer Unit.

REPRODUCIBILITY OF .THE
QRIGINAL PAGE IS POOR
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3:+342:3 Error Checkling

A1l data paths withir the Buffer Unit carry single
error corrections double arror detection codes with
each 3z-bit operand. In the event that a read
operation cgauses the discovery of a slngle-bit error.

the data will be corrected and the unit wiil not
hatt. However, the error address at which the data
Was read wilt be *"1atched up”™ for sampling by the

MCU, along with the SECDED syndrome bitfts which will
be sent an error flag, ’

In the.event of & doubie~blt errory the Vector Unit

will be halted, @ stop signal sznt to he Swap, Map:
and Scalar Units and an error fiag transmitted to
the MCU,

3+3+24 4 Control Signals

{To be defined tzter)
3+3.245 Hicrocode Terms

(To be defined Jater)
3:3:2e6H Interface Timing

{(To be defined later)
34343 Map Unit

Figure 3.,3-7 gives a general block dilagram of the
Mao Unite This unit is divided into 12 functional
elemaents, each of which contains its own control
microcode, and thus is able to operate somewhat
independentiy of the other slements. Thls feature
is primarily intended to facilitate fault isolation
and maintenances. The Map Unit controls 21! accesses
to Main Memory for r=ading and wWwriting by the
Vector Unit or the Maop Unit itself. The Map Unit
also contains certain vector functions which it can
perform itself (SCATTER, GATHER, COMPRESS, MASK,
MERGE} &

THE
.. pRODUCIBILITY OF
. IGTNAL PAGE 15 POOR
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FROM SCALAR
PROCESSOR
INSTRUCTIONS )
FROM ISSUE UNIT ——51  wmiap . DATA FLAG ERRORS
REGISTER — b CONTROL TO SCALAR PROCESSOR
R’ﬂ%ﬁg&l\{l FILE DATA \lr TO VECTOR
 MEMORY ADDRESSES ) & BUFFER UNITS
CONTROL 81 ~ §1
ADDRESS |- TO ALL | MULTI- _<>_.~,.
READ 1 |7 " PLEXOR
BUS AND [ ry
C DATA | CONTROL
’ i v
GATHER MERGE/
ADDRESS ASSEMBLY MASK
. | READ 2 g
BUS AND [< )
. O DATA | CONTROL i
. ’ v

v

=
s2

52
COMPRESS = MULTI- —@——a»
ADDRESS PLEXOR
' @ READ 3 |

P
BUS AND
_ DATA _|CONTROL |WORDS _ crom
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READ 4 and READ 2

The Map Unit contains fwo identical bus read
elements termed READ 1 bus and contro! and READ 2
pus and coniroi networks. Each eiement provides the
addressing, address incrementling and data bus
buffering required for the interconnection to Main

Memory busses,
Error Checking

A1}l dsta busses within the Map Unit provide 7 bits
of SECDED code for every 32 bits of data. To assist
in fault isolation, each read bus element contains a
SECDED error checking networks for 1Its resvective
input port. In the event that a single-~bit error is
discovered, the contents of the respectiive address
counters an error flag, and the syndrome bits are
held in MCU interface registers for sampling by the
MCU. '

I

-

In the event that a double-bit error occurs, ali of
the above actlons tvake vlace, but In additions The
entire Hap Unit is haltedy a stop slaonal Is sent to
the Vectors Swaps, and Scalar Units, and 2 fatal
error signal iIs transmitted to the MCU.

Data Movement

Each data bus can move 5412 blts (plus SECBED)Y of
data every minor cycle. All requests to memory
vield a fult 54i2-bit data word,; while the outpuits of
the read bus eliements c¢an emit 512, 128, 64 or
32-bit data items.

Address Confrol

Each bus element manages its own 'addréssing controi
of memory access. Initial addresses are sent to ths
bus elements by the map control element. In
addition, address increment values (+1, =1 or some
prescribed variasble N) are sent to each buffer
element by the map conirol. An additional set of
contro! lines from the map control indicate what
addressing modes, and what data widths are required
of the bus control element. A speciatl address
Iincrement port is supplied by the READ 3 bus
incrementy GATHER operaticn.

(continued)

REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR.
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The modes of operation for the address loglic are:

1.

2

Full streaming--In this mode data iIs moved at
the maximum rate suppnlied by the memory system.
Normalilfy 542 blts of data are transmitied to
the input port each minor cyciel 512 bits are
passed dirgctly to tThe 31 and 52 output ports
which suop!y the Vector and Buffer Units with
data. This mode is used for all vector
arithmetic operations when a3l]l operands are

The same size. For examples If the operation
performed is a memorv-to~-memory vector
addition with Input and result operands all 64
bits widey the Map Unit will provide data at
streaming rates. However, if one of the
operand streams is not the same size {say one
32-pbit Input and one B4-bit Input operand},
then the bus supplying the 32-bit operands wlitl
move half as much data per minor cycle in order
to synchronize with ths Ba4~bit data movement.

Half streaming--In this mods memory requests
are not made each minor cyclie, but are made
every other minor cycia, This case arlses for
the mixed 32/64-bit mode previously discussed.

Word or half-word streaming~~Depending on the
operand size, the Iinput read streams can be
moved at reguiar intervals In wWord or half-word
increments, This mode is used for the COMPRESS
and MASK operations which guarantee that new
elements will be used evey minor cycle,

Burp mode--This mode moves word or half-word
elements, as needed, by the functional element
in the Map uUnit. Its peak rate ls one data
eiement every minor cycle, while it is possible
for many minor cyvcles to pass before the data
element is required. The malor use for this
mode 1Is in the vector MERGE operation where
data elements are moved from the read stream
depending on the presence of one-bits in the
corresponding order vector.

{continued)
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G Read reverse mode-~The memory system and
addressinag and data disassembiy neatworks are
capable of streaming data in any of the
previous modes In reverse order if the address
increment is -1.

Ha Random access mode~-Al] previous modes deal

with sequentially accessed data. moving such
data at rates prescribed by the operation in
process., In the case of the vector GATHER
operation, data is accessed non-sequentiaily
from the Main Memory. Two submodes are provided
in this case--fixXed increment and wvariable
1ndeXa

In the fixed increment mode, the map control
element provides a positive or negative integer
value which Is used as an increment for each
naw memory addresss, Thus; instead of the
normal Increment of +#4, any Integerail value can
ba used In this mode, In such cases for .
exampley The memory addresses produced are M,
M+N, M+2N and so forth, where M is thes initial
address and N Is the fixed increment.

In the variable index mode, the value of the
memory address is computed from the initial
address M and the contents of a tist of inftzagers
I. For each integer {positive or nsgatlive) In
the iist, a2 memory address is compuled and a
corresponding request seni to memory at the

rate of one per minor c¢ycley per bus controt
elements The memory request wil! yleld either
one 64-bit or one 32-bit operand depending on
the format desired by the operations

The two bus control elements {READ 1 and READ 2} are
capable of fransmitiing simultansous memory requests,
if the addresses are odd and even, respectively.

Thus a peak rate of fwo random 3access requests is
possible with the fwo elements operating in tandem.

READ 3 Bus and Controf
A third input bus is provided in the Map Unit for

handiing special streams of data used In the Map
Unit.
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Error Checking

SECDED error codes are carrled on the READ 3 data
pbus, but sre not passed on fo other Map Unit
elements as are the READ 1 and READ 2 data bus error
codes. This is due to the fact that READ 3 data is
disassembled into bit streams or index streams and
the 32-bit SECDED parcel is no longer intact. Thus
the READ 3 bus element provides error checking of
The inout data only.

Error handling and correction and reporting to the
MCU are identlical to that supplied by the READ 1 and
READ 2 bus eiements. See paragraph Te3e3Z.1.1.

Data Movement

The movemant of data within and out of the READ 3
bus etement Is more complex than the READ 1 and READ
2 counterparts, This is due to the nature of
operands provided by fthe READ 3 element.

1e Controi vector--The writing of data into
Main Memory on the WRITE { data bus can be
controiled down to the 32-blt levei. That is,
in any given minor c¢cycle, 512 bits of data can
be transmitted to ths Memory Interchange, but
any combination of 32-bit operands within that
542 bits can be suppressed (not written into
memoryls This actlon iIs gontroiled by the group
of bits cailed control vector bits. When
operating a vector to memory operation at full
streaming rate, 15 32-bit guantities are
transmitted to memory. If the control wvzctor
operation is invoked {see instruction
specitfication for 90 instruction), a grouo of 1%
bits is provided by the READ 3 bus control
element. Thus READ 3 must, In full streaming
mode, be capable of disassembling the 512-bift
input data sword {(super-word) into groups of
16=-bit parcels, one parcel per minor cycie.

{continued)
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2. grder vector--The vector obperatlons MASK, MERGE,

and COMPRESS derive their controi of data
movement from a group of bits c¢al fed order.
vector bits {faken Trom Iverson®s APL). The
presences of.a bit in the order vector may mean
the transmlission of that corresponding dats
element In the READ 2 stream (in the case of
vaector MASK operations}. In this mode, bits are
transmitted in groups of sixteen to the
appropriate functlional element {MASK, MERGE or
COMPRESS networks) at the rate required by that
elements. . In normal operation four bits are
moved (as are four operands) every minor cvcle,
Thus requiring the READ 3 bus to provide 16 bits
every four minor cycies.

3 Indexed list~~When performing the vactor
operations GATHER or SCATTER using a 1ist of
indexes, the READ 3 bus supplies these indexes
at the rate recguired by the particular bus
element. Indexes always fill a 64-bit operand,
although the maximum index reguires only 16
bits. Thus indexes are moved at the rate of
two words (64 bits wide) every clock cvycle
reaguested by the READ 41 and READ 2 controlis.

Since meéemary requests in this mode are
essentially randomy, the rate of data movement
is not predictable, due to memory confiicts
betvween READ 1 or READ 2 or memory busy*®s due
to previous raquests. Thus the memory address
and request conirol operates in a form of burp
mode.

303.3.2.3 Address Conitrol

The managemznt of addressing and memory reqguests is
much simopler in the READ 3 control elementy Ssince
alt data is ssauentliaily accessed., WNote that the
maximum rate at which READ 3 is reauired to deliver
operands (in the lndexed 1ist mode} Is two a4-bit
Wwords each minor cvycles, This means that when the
Vector Unit is running In full streaming, READ 3 is
making memory requests every 416 minor cycles, and
when not in fuil streaming {(SCATTER/GATHER), REAG 3
is requesting memory evey & minor cycles. This
lowar rate for READ 3 makes it possible to share the
residual memory bandwidth with the Swao Unit and
instfruction stream regquests issued by the Swap and
Scalar Units. )
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The WRITE 1 Bus {(Wi) provides the output port for
the Vector and Map Units back to Hain Memorvy.

3634331 Error Checking

The WRITE 1 bus provides 7 bits of SECDED code for
every 32 bits of data transmitted. SECDED codes are
generated by each of the functional components of
the Vector and Map Unlits, so that WRITE 1 control
onty checks for errors in the operands being
transmitted through it, This feature is provided
for fault isotation and malntenance proceduresa
Error checking, correction and MCU communications
are the same as for READ i, READ 2 and READ 3.

333+3+3.2 Jata Movement

The WRITE 4 bus is capable of transmitting 512 bits
plus SECDED each minor cycle when in streaming mode.

In addition to the 542 bitss a group of sixteen bits
called write enabies are transmitted to enable +he
storage, or suppression, of any 32~bit guantity
transmited to the memory system. These write
enables permit the storage of vectors beginning at
memory address other  than siz-blt boundaries, and
the ending of vectors on other than 512-bit
boundarles.

The write enablies are also used to transmit control
vector bits for selective storage suporession when

invoked by that particuiar suboperation for the Map
Unite.

3-313.393 Address COhTPOi

WRITE 4 1ls capable of writing sequential dsta at
streaming rates, or writing data at fixed increments
{as READ 4 and READ 2 can read dats at fixed
increments), or writing data based on a list of
indexes provided by the READ 3 trunk (SCATTER
operation),
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GATHER Assembly Network

When performing the GATHER operations the individual
operands (either TtTwo 6t or two 32-bit opersands)
which are detivered each minar cvycle by the READ 1
and READ 2 busses must be assembled info a
contiguous vector. This network provides that
function. In =addition to handiing tThe maximum rate
of operand Iinputs tThe network must also be abie fo
handla burp rates as memory and bus conflicts
interrupt the smooth flow of data.

All data gathered includes [ts correspvonding SECBED
codes (which is based on 32-bit parceis), but no
error checking or correcting logic Is included.

S14 and S2 Multiplexors

The Map Unit provides two data ports suppiving the
Vector and Buffer Units. These are the S1 {Source 1)}
and S2 [(Source 2) ports aopearing in Figure 3.3-7»
These multiolexors zre provided to permit the
selection of one-of thz Mao Unit functionai elements
{GATHER, COMPRESS,; MASK/MERGE}) or tThe contents of
READ 41 bus or READ 2 bus as Inputs to the source

- stream going t¢ the Vector or Buffer Units. Both

343435

383347

busses can move dates &t the maXimum sSTreaming rate,
or at slower rates depending on the specified
function. For every operand segment Transmitied, the
31 and S2 busses must receive an accept signal on
their respective conirol lines before moving a new
data guantity onto the bus.

WRITE 4 Setlect

This nmetwork provides a simple selection muitiotexor
for the stream to be written back to memory. No
error checking logic is inciuded although the busses
carry the SECDED codes.

MERGE/MASK Network

The vector functions MERGE and MASK are provided by
this element. Inputs are data streams from READ 1
and READ 2 at 428 bits aviece. A disassembly

register Is provided for sach stream to break dovn

. the data into &4 or 32-bit operands.

{continued)
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Data i1s moved at the rate governed by the input
order vector (sixteen bits at a time) and the
specifiad functioni .

1. MERGE-~The MERGE opesration has itwo modes,
replace and shufifle. In the replece mode,y, the
vectoer Input on READ 1 is moved through the
element at the rate of four operands per minor
cycle. The order vector 1Is moved at thes rate of
four bits per minor cycle. When a one=bit is
found in the order vector a data etement from
READ 2 Is replaced for the corresponding dats
etlement Iin the READ 1 vector, and the next READ
2 data element is moved uo to await insertion.
Thus READ 2 is moved at the rate of one-bilts
appearing In the order vector.

Iin the shuffle mode, READ 1 Is advanced for
every one-plt in the order vector and READ 2 is
advanced for every zero-bit in fthe order wvector.
When a.stream is advanceds one operand from that
stream is moved into the output streame In both
cases the output stream Is moved at the rate of
four operzands per minor cycle.

2 MASK==-In the MASK operation ail streams, input
and output,y are moved at the rate of four
aoperands per minor cycle. In this casey, If an
operand iIs not used from the input streams it is
thrown away.

SECDED error codes are carried through this element,
but no checking or correcting is dome thetre.

COMPRESS Network

The COMPRESS network operates in a similar fashion
to the MASK/MERGE network, however, 1t utillizes only
one input stream, READ 14 and produces output data
at the rate at which one-bits appear In the ordar
vector, The READ 4 stream is moved at the rate of
four operands per minor cycle, the order vector is
moved at the rate of four bits per minor cycle. In
the event that the order vector was compieteily
filied with one-bits, the ocutput stream Would move
at the rate of four operands per .minor cycle. On
the other hand, it the order vector was completftely
vacuous,y no output would be produced, but the entire
READ 1 vector would be input and thrown awaye.
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3:343.9 Order VYector Assembly

One sat of vecior functlions permit the creation of
the order or contro! vector based on arithmetic
comoparisons performed in the Vector Units. In this
mode zach Vsctor Unit transmits 3 conitrol bits
indicating the state of comparison of a set of
operands in a given clock cyecles This comparison
can only be performed by one of the two back-end
{final) adders {BADD4 or BADD2} in the Veactor Unlits.
The condition codes #ransmitted are! A=B, A>B, A<EBs

The condition codes are then selected by the Map
Unit for any combination {A<=B) of conditions and
usad to form a bit vector indicating the frufth or
falsity of the selected condition. The resulting
order/control vector is then stored into memory
via the WRITE 1 bus.

Since the order/control vector 1s generated at this
pointy the assembly network also generates the
SECOED codes needed for all opsrands. Order/control
vectors are-formed at the rate of 8 blts per minor
cycle (8 pioveline units at one condltion each per
minor cyclel. )

3«3.3:10 Map Controi

The map control element provides the Interface
between the Instruction Issue Unit and the Map Unift.
When a map instruction {op code 90} is detected by
the Issue Unit, it is ftransmitted (along with atl
suboperation parcels} to the map controt element
which then makes any necessary

register file references, forms the stariing
addresses, Iincrements, and control signails and
transmits them to the appropriate Map Unit elements,
The Map Unit is responsibie for releasing the Issue
Unit to go on issuing further instructions.

Many conditions arise during vector and maoc
operations which can effect the contents of the data
flag register., The map control element deskews all
such data fiag information and makes the approoriate -
changes in the data flag register.
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Plpeline Selection

Figure 3.3-8 gilves a block diagram overview of the
interconnection of the Map Unit and the Vector Units.
In this diagram, the Buffar Unit is not shown, but
instead ls considered imbedded within the respective
Vector Units.

As can be seen from the figure, there ars actuaiiy
nine physicatiy distinct Vector Units comprising the
Floating~Point Ensemblje, Nine input setzact and
eight outut select networks are housed within the
Map Unit to provide connections to the Vector Unlts
and the input and output data busses.s Only one of
the input trunks Is shown here, labeled S{0) through
S{?Y, corresponding to the sourcs trunk Si of
emerging from the Map Unit. Alsc shown [s a special
data trunk labeled mzaintenance data, which can be
selected into any or all of the nine physica! Vector
Units. The selectlion of maintenance data in and-
maintenance data out s under the control of the
Maintenance Control Unit (MCU).
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Map/Vector Interconnection
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Normal Operation of Selection Netwnorks

Upon deadstart of the FMP, the Mzintenance Control
Unit+t {MCU) sets up the input data selection networks
and output data selection networks for eight
pipeiines., Normally the pipelines wouid be
configuraed with Vector 0 through Vector 7 on-iine to
the input and output data trunks. In addition, the
data trunk of the adlacent Vector Unit (in this case
S{7)) would be enabled to the extra Vector Unit (in
this case Vector 8). The ouftput of Vector 8 would
not be selected into HRITE 1 (W1), but couid be
sampled by the Malntenance Controil Unit. The same
selection would be made for the S2 (Source 2) bus
from the Map Unit. Thus during execution of vector
arithmetic instructions, Vector 8 {in this exampte}
would be performing iIdentical operstions on data
identicat to that submitted to Vector 7. Thus the
intarnal arithmetic elements and checking circultry
of the excess unit are continuously exXercised.

In the event that the excess unit discovers an error
in its own operation {(checker failure, parity error
or SECDED douwbte error), The*Vector Unit will be
halted but no stop flag will be sent to any other
Units. The M&intenance Contrei Unit {MCU) will be
alerted, however., _Under contro! of the MCU, special
data trunks can be connected to the input_and output
of the excess unit and fault isolation diagnostics
executed with selected data being forced into the Si
and S2 ports of the faliling unit. This technique
pernlts the on~line maintenance of a falling Vector
Unit.

Error Recovery and Majintenance

In the event that an error iIs detected in one of the
on—line Vector Units,s the entire FMP is haited and
the Job in progress is aborted. Before another }job
is started the MCU will switch the data bus seijects
so that the excess unit is Introduced into the
system, and ‘the failing unit removed. For example,
1f Vector & were to fall and thus be switched
off-line,y, the input selects would be changed so that
S{4} would now go to Vector 5, S(5) to Vector 5,

and so on with S(7) now gated to the previously
offline VYector 8, At the same time the output
selects would be changed in similar manners as well
as mainfenance communications enabled with Vector &
through the dats busses.

{continued)
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This scheme permits the use of any Vecteor Unit as

the excess unit, dependng on the MCU confrols set up»
thus alil pipelines c¢an be continuously exercised In
an on~{ine manner thoughoult the operating day. In
such instances, the Maintenance Contrel Unit could
rotate the assignments between jobs.
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3ol Main Memory

Hain Memory lIs a single-levely random—-access

memory using bipoiar, 4K-bit integrated clrcuits. The
memory wWords are 78 bilts which provide for s 64=-bit
data word and 7 bits of single error correction
double error detectiocn (SECDED) for each 32-bit

hal f-word. The semiconductor memory accass time is
40 nanoseconds, where access time is defined as the
-Time from the address reaching memory until data is
clocked out of the memory. This memory is directiy
addressable in elther monitor mode or job mode.

The basic Maln Memory size Is two miflion words
with expansions to four or eight miliion words
avallabie as field upgrade options.

Each two mitlion words of Maln Memory contains 1§
memory stacks each having 256K 39-bit half-words (32
data bits pius 7 SECDED bits)., Each 256K stack is
arranged In eight phased .banks. In streaming modes a
reference will be made simultaneousty 1o the same
address in esach of the 16 memory stacks to obtain a
super-word {SWORD)} of 5412 data bits. Memory busy
conflict rutes take Into account the 16 physicaily
independent stacks and the elght-bank phasing within
gach stack fo treat the bank address in =zach of the
16 stacks as a separate entitv. Thus, it could be
said that each two million words of Main Memory
contains 4128 phased half-word banks.

The eight-bank phasing plus the physical distribution
of the memory stacks allows memory references to be
made at 3 maximum rate of one svery 18 nanosecond
minor cycle for each two miiition words of memoryv.

" Thus, the Maln Memory has very high dats transfer
bandwidthss

two milllon words 512 bits/minor cvycie

1824 bits/minor cycle

four miltion words

elght miilion words 2048 bits/minor cycle
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Memory Stack

The memory stack is packed in a frzon-cooled 5

cubic ft. area with 8 banks, each 32K x &8 bifs. The
FMP utitizes thirtv-two blts for data and seven

bits for SECDED. There are three board types used in
the stack!? Inout control, storage, and output,
Figure 3.%4~1 shows the module organization which
lends Itself 7o massive use of distributed icading
and emitter-ANDIing and also results in “zero-sken"
consiruction which equalizes signal paths througn ail
memory chips to maintain identical timing throughout
the stacks

{continued)



i e g

CONTROL DATA | ENGINETERINSGEG NOs 10354637

o ! DATE Dec. 1977
! Corporstion | SPECIFICATION _ PAGE 78
_________ ————— . REV.
---------------------------- RADL----—m—mmmrmmmm e o

3kl {Cont.)

BANK CONTROL AND TIMING

- -

P T e e T P e A

TNPUT BANK 0,2.4,6 W. DATA O-19 __ ADD. A
w—
- e s ey e e e ///////7 A, //41_
B INPUT BANK 1,3,5,7 W. DATA 20- 39
- A s I //'/ TLAIA AL, /W/' AT
C STORAGE BANK O T 0-19 3
_ /7 /////////// ALY T /// K///A’/// 7, ALt i
D STORAGE BANK | )
—~
R e P A e o A
E STORAGE BANK 2 BIT 0-19 e 3
i rr T e o 7 /V/J
F _STORAGE _BANK 3 BIT 0-19

/////,’//////7///// ///////ﬂ/ A ///,1
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e ///J//V,V///W/,f///ﬂ’////l
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~ O I R
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S{&E /7/4’///[////////7/14/ LA, ////ﬁ
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A e A A Al M A A, //W/ AL AN //A
L_STORAGE _ BANK O BIT 20-39 '
T R o o
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e o o T o /ﬂ
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L ///7/7/7/7/////////[/ AT, ALY, ,ﬁ
R__STORAGE:_ BAN BIT 20-39
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T_STORAGE _ BANK 7 BIT 20-3% T

P e L e e e e e T e
| |M_QuUTPUT _ TERMINATORS, READ DATA _REGISTERS u /

Flgure 2.4-1 Memory Stack

{continued)
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108 coax tines connect each memory stack to the
Memory Interchange. All signals on the lines except
the read data are sent from the interchange to the
stack. Below is a list of these {ines!

Ctock (2) - One for each input board to
synchronize tha memory stack to the interchange.

Absolute Address (45) - Twelve address bits for
the selection of the &£X memory chios and three
address bits for the setection of the eight
ranks of memory chions.

Sank Address () - Three for each input board
which are decoded for the selection of the
elght banks withln a stack.

Stack Reauest {2) - One for each input board
which are decoded for selection of a unigue
memory stack.

Write Control {2} - One for each Input board fto
inform the stack of a write memory cycle.

Write Data (39) - 39 datza bits to memorys 32 for
datas, 7 for SECDED. Bits 08-49 on tThe A"

input boards and bits 20-38 on the "B"™ Input
board.

Sync {1) - This signal provides a point of time
reference for meintenance nurposss,.

Master Clear {2) - One for each input board.

Read D=tz {(39) - 39 Read date bits from the
read data registers on the output board back to
the interchange.

Memory Conflgurstion

Memory stacks are located as shown in Figures 3.4~2
and 3.4-3. There are =2ight stacks per memory section
and these sections are positioned arcund the Memory
Interchange, {(Flgure 3.4-2). Figure 3.4~3 shous
where the various half-word segments in & sword of
data reside in memory and where stacks reside in a
section, Sectlon poslitioning In this diagram is shown
for dats clarity and 1s not the true physical
positloning.
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Figure 3.4-2 Section Designations FHMP Mamory
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Figure 3.4-3
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Memory Interchange

The Main Memory has 512 banks, each bank 39 bits wide
{37 + 7 SECDED) by 32K words deep. See figure 3+4+4.
The memory-has twe separate access control networks,
each network connected to one-half (256 banks) of
mamory . The "EVEN" confrol network addresses and
passes data to and from the even numbered 1024-bit
groups and the *0DD™ control network the odd numbered
groups. This 1s done to enable fwo separate accegses
o memory simultaneocusly.

The other side of the Memory Interchange are the
connections to the Map Unlft and the other units that
require access to memory - the Scalar Processor and
the Map Unit. The memory access is controlled
through four memory ports. Three of the ports are
dedicated connections to the Map Unit (Ri, R2, W1i)
and the remaining port is time shared between the
remaining read/write buses {R3 and swap).

For vector operatlions Ri, R?2 and R3 make reguests
for 2048 bits of dats thus requiring both even and
odd contro! networks. For R1i and R2, 2048 bits of
data are held and sent 512 bits at a time to the Map
Unit. Wi accepts 5412 bits and assembles them Iinto
2048 vit groups., This assembliv/disassembly means
that 3 port requires access to memory one cycie in
every four. Thus the map ports c¢an use up to 3/4 of
the memory pandwlidthe.

The remaining port Into memory is dlvided 2 ways?$
the Swap Unit, R3 to the Map Unit, and R3 to the

Scalar Procassor,. The Swap Unit will use 128 data
plts per cycle and will always address memobry
sequentialiy. On a swap request the port will get or

store 4024 bits from/to memory. Thus the Swap .Unlift
can make a memory reguest every eight cycles and data
will. move to/from the Swap Unit as a 5412-bit move
every four cycles. The Map Unit uses R3I In elither of
two modes ~ to get indexes for the GATHER/SCATTER
instructlons or to get bit strings (order vectors}.,

in the first case the Map Unit can use uo to 128 bits-
on a cycle, thus requiring a memory request every
glght cycies. In the second case the Map Unit uses

up to eight bits on a cycle thus regulring.a memory

reguest only every 128 cycies since the vort will

alWways redauest 1024 bifs of data. The R3 connection

Acont inued)
B
EPRODUOIB ﬂYlSOFo%%
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to/from the Scalar Processor is used for two
purposess The first is to fetch instructions infto
the Issue Unit and the second is for load and store
requests to/from the scalar Register File. Both of
these functions are highly asynchronous, The Issue
Unit has a buffer to hold up to £096 bits of
instruction so as to enable orogram loops of
reasonable slze without making repeated memory
reguests.

Memory can be accessed In saveral bit-group sizes -
32 bits {(half-word)y 64 bits (41 word} ipz24 bits {16
words), and 2048 bits {32 words). Each port contains
fogic To tell memory the access width and the address
of the first half-word to access:s Ali accesses must
be on proper boundaries for the size reguested.

Thus, for exampley a word access must reguest an even
half-word address. Even though an entirs 41824 blits
of data may be transferred by a network controt, only
the data requested will make the memory busy. Thus a
request for g full word of dats.-wlll make two banks
of memory busy thereby reducing possibie menory
conflicts.
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MAIN MEMORY
\ 8, 64 BIT WORDS + SECDED
(! R1
DATA |t N R I O B B
DISASSEMBLY ]
. i
b =1
EVEN L -
o] ACCESS
CONTROL — -
A2 R2 ! * .‘ - 256 BANKS I
ﬂ—@—‘ DATA Lot P - -
DISASSEMBLY = —
TO/FROM MAP UNIT — as
EVEN )
w1 wi N [ofsTa]
DATA G— [ _t
ASSEMBLY
C) B o 256 BANKS -
TO/FROM SWAP UNIT oo ._ i
. AGLESS — ~
CONTROL ' b— -
-——@—— R3/SWAP - -
DAT.
10 MAP/RZ AssenELyy [ [ I B A I
DISASSENMBLY lay.

s

TQ/FROM SCALAR/R3

i

Figure 3.4-4 FMP Memory Interchange
and Main Memory
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TABLE 3.4-1 MEMORY PORT TRANSFER MODES

T L L T R

H MEMORY H i i
H INTERFACE - ! MEMORY PORT ! TRANSFER I
i BUFFER ] }  MODE |
o et e e - - ——— i
H i H 1
i R4 i Mao ! Half-vord, Word,il
} ! ! Sword H
e e e e e e i e e H
H H 1 H
H R2 ) i Map ! Hatf-word, Wordsi
H t ! Sword !
e e e e e e e e A e e — - —— H
H H H H
| Wi - ! Map | Half-word, Word,l
H 1 { Sword : H
jmm et A . ———— e i
: H H H
] R3/Swap ! Scalar, Map | Half-word, Word i
i ] Swap ! Sword {
i H H H
} ! 1 !
At Lk =
REPRODUCIBILITY OF THE

ORIGINAL PAGE IS POOR
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Jelp oy Memory Degradation

If more than the minimum fwo-Mword memory is
oresent, degradation may be selacted so0 that the
amount of usable memory is less than the fotal
memory on The system. The amount of usabile memory
is controiled by thrae degradation bits from the MCU
along with a strobe bit.

e . Sm L T W R AR e S TR TR My A Al W i AE RS e M o e W e A e U AL W g ey e S LS A SR gk heb i S L

! Memory H . H i
! Sections® | DEGRADATION BITS fUsable!
i Used ! iMemorvyi
e e e s . e —— e ————— |
! ; i i i i H
H A,H 1 i 1 } i ] ¥} l H
e r i e e e ——————— ! i
H 8.6 | 1 P41 S ! 1 12 }
s e e e e —— Ittword |
H CsF | 1 I | I 0 H 2 H }
e et T R it ————— H {
H DsE 1 1 i 1 i 1 H 3 i H
T e e et e ————— frem——— H
i A)H}B,G H 0 H i i X } 4 ! i i
e kbt - itvworag 1
i C’F,D?E ; B = 1 = X f 5 } 1
e e e e jom—m——- !
; AsHIBLG g0. 1 g i X H 5} i 8 H
H CyF3D4E | H i H I Mword 1

. T T W T Y ——— T A M A W S R . m v mer Trh S I e N M e e e M
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170 Channels

The EMP is equipped with a basic set of =ight I/0
channels, and includes space for an optional eight
I/0 channels. All input and output 'is through the
Backing Store, via the Swap Unit. Figure 3.5-1

gives a general block diagram of the I/0 unit. The
input/output characteristics are optimized around
large block transfers of data, since small block data
handling appears to have a higher overhead associated
Wwith memory accesses.
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&%) - 1/0
FROM/TO SCALAR DLSTR!B-
TOR
<+—(6a) <
>/
i @
FROM/TO SWAP] -
1 ! | _ -
I ) - | —
1 L
I oo -~ -
I | 1
| b n
P A |
1 1
[ 1|
I 1/0 BUFFER I 15 vore poc's wiTH
I ; { DATA TRUNKS
. |
| [ ¥
||
L
| 8 OPTICNAL
I 1/0 CHANNELS
Lo

@ EACH PDC CAN HAVE UP TO
4 TRUNKS ATTACHED.

@ A TRUNK WITH THE ASSQCIATED
DATA SET AND PDC CONSTITUTES

A CHANNEL.

Figure 3.5-1 170 unit
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Data Movement

Data can be transmitted from the I/70 Unit at the
rate of 128 bits every clock cycle. Thus with a 10
nahosecond clock cycizs the total I/0 bandwidth Is
i2+8 blllion bits per second. However, the I/0 Unit
must share the Swap Unit bandwidth with Memory to |
Backlng Store swaps, and thus the design goal is for
an achieveable, sustalined I/0 bandwidth of 3.2
blllion bifts 'per second.

The I/0 Unit is engineered in two parts, LPU and
paripheral, The CPU portion inciudes the 1I/0
distributer for control between the Scalar Processor
and PDCs, the I/0 buffers and assoclated channel
control not showne. The individuzl CPU-~end capability
for tranfers is one 32-bift {olus SECDED) data iten
transfered per minor cycle per channel. The current
peripheral~-end bandwidth is 50 megabits per second,
thus the CPU-end is not being challenged in the
initial instaiiation.

Data iIs moved between the I/0 Unit and the Backing
Store in 4128-bit parczts {(quarter-swords}. Data is
moved between the I/0 Unit and the peripheral
sections in 32-bit segments, and controt Information
under the command of the monitor mode scalar g
instruction is communicated betfween the Scalar
Processor and the peripheral section In 64-bit
pieces.,

Error Checring

Al} data passed through or buffered in the I/0 Unlt
contains seven blts of SECDED information for every
32=bits of dats. SECDED checking and generatlon are
performed in the POC {(peripherai device controller)
so that eprror correction can cover the total path
from the Swap Unit out to the perlipheral sections.

In the event that a singfe-bit error is detected by
the POC, the error is corrected and the PDC memory
counter for the failing address nius the syndrome
bits are locked up for sampling by The MCU, An
error flag is sent to the MCU Indicating which POC
discovered the error.

{continued)
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If a double~-bit {uncorrectabie error) is discovered,
the error dats is latched up, the MCU is flagged,
and the PDC attemptis to retry the data fransfer
between the Backlng Store and the POC, If after =
number .of attempts (set by the installation) the
error cannot be recovered, an error message is sent
down the netdork data trunk by the PDC., a code word
is sent fo the scalar monitor on the p4-bit trunk,
and the I/70 Unit idles fthat varticuliar channel., If
the MCU discovers more than one channel faiting it
Wwill force a Job abort of the computatdon in
progress and cause the monltor to enter a channel
diagnostic mode. All stations attached to the ftrunk
are alerted to the problem and wift take approoriate
action, including sWitching to an alternate channel.

Data transferred onto the data trunk carries one or
more CRC {cyclic redundancy codes) for error
checking. If the POC receives a faulty
transmission, it requests a retry of the full block -
on the trunk for a number of times. If the block
cannoet be transmitted the POC will signal the
transmitting station and attempt to retry on an
alternate trunk {(esach POC can be attached to up to
four itrunks at s time}. The MCU and the

transmitting stations are atl alerted to any errors,
whether translent or fatal, and through software
will take aporopriate actions.

3:5.3 Addressing

Ali data transfers to and from the I/0 Unit are by
128-bit parcels; howeversy the minimum block size
fransmitted from the Backing Store is defined for
each channel, but cannot be less than 512 words,
All data arriving at the I1I/0 Unit is held in a targe
buffer, This buffer can house from 32,768 to
2621144 Words depending on the bandwidth requirements
of the perloheral subsystem on a given channel.
Eight channsls operating at full rate would require a
fuil bleck to be held at a time per channel to
minimize Interference with other Backing Store

" requests. Al! data enters the homogeneous memory
puffer, which Is allocated by a local control in the
170 Unlt. Since a varliabla amount of buffer can be
allocated dynanicaily, the buffer can be of modest
sizey with varlous I/0 channels glven large porticens
as they need them for large ftransfers.
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The POC

See report Appendix C

The Trunk

See report Appendix D
Maintenance Control Unit (MCU)

The MCU is an sutonomous Maintenance Control Unit
connected fo the computer via a CRC FMP I/0 channel
Wwith access to special internal interfaces. These
interfaces allow It to regutate informaticn flow,
contro! pulses, and monitor performances of the
computer. The MCH consists of a contrel unit, line
printers card reader, and a disc drive and It
provides for system dead-start and system performance
monitoring. Speclial c<onnections to the computer give
the MCU the capability of monitoring system
performance, Diagnostics and preventlve maintenance
are facilitated by this section.,

There are three operating modes for the MCU.

1. The first mode is under operation of a diagnostic
malntenance program to Jlocate faults and
mal functions wlthin the MCU.

2. The second mode of operation Is running diagnostic
routines on the FMP. The MCU loads dlagnostics,
ranging from a simple command test 1o a very
sophisticated diagnostic catalocg routines, controls
and monitors the operations of the diagnostics,
and disptays the resutts of the tests via The
dispiay unit or line printer.

3. The third mode of operation iIs System Operation.
Here againy the MCU loads the Uperating System
Software inte the FMP and controls and monifors
its operation. In this on=~line mode of operation,
the MCU concerns itself witht sutoloading the
ceniral orocessor and first level stations,
rdnning on-tlne diagnostics, monitoring CPU
faults, and restarting the central processor after
nang-ups.,
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MCU/CPU Interface

The MCU connects to the FMP via 3 nefwork ftrunk.

It interfaces 16 buffersy Internal to the FMP,

calted MCU/CPU channeis - AT8 being cutgoing bhuffers
and B8TA beling a8cCcesSs channeis. Tavies 3.6-1 through
3.6-8 show the channesls from the CPU to the MCU (ATE)
and Tables 3.6-9 through 3.56-16 show the channels
from the MCU to the CPU (BTA). Each tablie shows the
channet! bit number, and function of each blit for =z
channel .
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IBit Nos | Function |
R e o e e e t
I 1| i 8it 0 Current Instruction Address !
i1 H 1 Register !
i2 ] 2 H
i =2 i 3 - }
i 4 I 4 H
i 5 i 5 i
1 5 H & H
Y 4 H 7 H
1 8 H 8 H
I 9 ] 9 |
i A I in i
{8 ! 11 H
| C - iz i
i1 0 ! 13 }
i E i 14 i
I F i 15 H
] } H

e e i G e b e AR M e N AL A e e S A g L L N S A WD WV WA R A S o S bt

Bitis Current Instruction Address
17 Register

TMMOORNEBEOONOVFENNRE O
RN
o

{continued)
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H
!
{ Bit3?2 Current Instruction Address
] 33 Register

MMOOR 0P NDU NN - e

TABLE Z.5-4 CHANNEL ATBL

e e T T e i T R R

Display Register - Dispiays the
register selected by bits C-F of
channel BTA4 in the MCU.

et et s b e . . wa ww

o M mrat mew wed b s R e e A e S S ekl ees  asss

SN M OO OO R N R D

[
[aV]

{continued}
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ZeBelod (Conte)

TABLE 3.6=5 CHANNEL ATBS

Bit MNo. Function

Bit 16 Display Register - DOisplays the
17 register selectied by blts C-F of
18 Channeil B8TA4 in the MCU,

18
20
21
22
232
24
25
26
2r
28
29
30

21

e o e wm Jn s o [ e e e e o e - e v .-
MM O ODe O ePMRMOWM SN o

v W e mwm (E e e e e w G M el e %W s sk (e mee e
W M e i W m i M W SR el e b e e WA A e

TABLE 3.6-6 CHANNEL ATBs

as]
—
—
=
o}
.

Funciion

Bit 32 Display Register
33
34
35
36
37
38
38
40
4
42
L3
by
45
46
L7

P s Tl il e o B S R s
....-......-...-..--)-.--—.-._—-m-_-...-
e A e Sl WS e i e s mee el ele Wl SR LA pam A S e e

Mmoo neNITMEIANNE ©

{continued}
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TABLE 3.6-7 CHANNEL ATB?7

Bit No-

Function

Bit 48
59
50
51

i iy A wm e

Display Register

52
53
5y
55

56
57
58
59

MMOOLEOBNOU F NN -

s e i wa e Sl ww ww (2 e mm e |Ee e e e e [ e

60
b1
62
53

I
M e W A M am G el e Gl gl P e sk

TABLE 3.5-8

CHANNEL ATBS8

Bit No.

Function

1

1#-

¥

Memary SECBED Fault or Instruction

Microcode Parity Fauit
Not Used
Absolute Sword Bounds Hit

Stack Parlty

'
I aem et mem i Nt s i m

L ¥
¥

Event Stop
Single SECDED Error
CPU Clock =~

Monitor Mode

Used for gating data back
to the CPU. The MCU cannot read

this line.

Temperature -
Not Used
Section Power Fall
£0_Hz Input Power Fajila

Dew Polnt Alarm

i whem e [ wl e e e e e e e o [ - o o g e [ e e

-

60

Not Used
CPU Idie
CPU Siooned

Hz Input Power Fall,

laws [ s i e Jn me e | o A e e me (e e ee e re e e e

#IMM OO =0 N

These {ines_indicate whyv fhg CPU has stopped.

s fom s mar m um me mn e i m m aw e e
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3+Be1.2 Channels from MCU to CPU

TABLE 3.5-9 CHANNEL BTA14

e e e b U T R A W A G R e B TE A T Y G S AL A N A e e A e W AN M e S

MAC Maester £lear.~ Master Clear 1o Memory
Interchange, and Main HMemory oniv.

This includes the I/0 channels. This
signal must be set a minimum of 3
microseconds,

- . - g

Stop - CPU wlil stop before next
instruction issue.

no
¥

Step - Execute one Instruction. Store
the register fite and the invisible
package {lab mode onlyl$ then stop.
Faults must be cleared before the
computer can be stepped.

stop. Faults must be cleared before
computer can be started. )

Store Register File -~ The Register Fiie

is stored starting at address

0000 in monltor mode and address 5000
16 186

in Job mode.

Load Register Flle - The Reglister File is
lcaded stsrting at address 0000 in
16
monitor mode apd address 4000 in 1ob
16

e EmAt R e e W AW MR AR m meae B SN e e T e ey BN A G e W M Geae

i !
| 1
} 1
! !
| !
i i
i H
i }
1 H
] 1
H !
t {
! }
| i
i i
.3 * 1} Run - SYart CPU from manual stop or faultl

H A
1 i
| i
{ ]
H |
i H
| i
] |
1 1
] 1
H H
i !
i !
i H
1 i
1

i¥* Computer must be stopped before executing these H
i commands. i

{continued}
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TABLE 3.6-9 CHANNEL BTA1 (Cont.)

i Bit i . Functlion {

} CPU Master Clear - Master Ctear to Scalart
| Units Siream, and Floating Point onive. {
} Memory Interchangey I/0 Channels, and
] Main Memory are not Included. This

! signal must be set a minimum of 3

! microseconds.

Clear Fault Conditlons - This signal
clears the following conditions and
allows the computer to be restarted wlth
a run signal {(bit 33t

a. SECDED Doubtle Error Condition

De MIC Memory Parlity Fault

>

T Sword Bounds Hif
de The Bounds Hit Address is releaseda.

es Reference to Illegal Address in
Stream Microcode.

fa Instructional Stack Parity Error

Address and Syndrome Bits. .
MCU Sync.- This signai is used in the
CPU to gate the CPU data back to the MCU,
When reading the display registers, the
MCU Sync. signal must be set gfter the.
read signal is set.

A Select SECODED Error Mode Two,
B Read - Transfer setected regisfe% and
CIAR into the Dispiay Registers.
c
D t! Blsplay Register Seiaction
E ! See Section 3«644.2
F .l

et A e T e e m s R HE e e i el e S —H S i weh e mer aea M e e e e el G M S Mk SR A R mim e Aee et s

1
i
!
!
H
}
i
{
H
i
!
1
H
H
|
8 i Clear SECDED Single Error, SECDED Fautt
H
1
!
!
!
!
!
!
!
i
!
|
1
i
!
H
1
|

{continued)
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TABLE 3.6-10 CHANNEL BTAZ2

A S B e e G S R R e W S e T W AN W A SGM W M M S W S P W W o o —— S o —

on the panel which is specified by
bits 1i-15 of Channei BTA2. If blft
8 and bit 9 are set, only the odd
or even cliock, on a panei are moved
depending on bit A

iBiY l Function }
e e e e e e - ———— 1
S I Latch Hemory Size Code i
! 4 ¥ 1 Static Interrupt Gate - When this signal isi
} ! a "1, time Infterrupts and external |
i i i Interrupts will only be processed i
! 1 i between instructions. i
I 72 *id I Memory Size Degrade Code H
HEEC R ! apn = 2 Meg Memory !
} 1 H 001 = 2 Meg Memory., H
H it H Force Section 1 =--> Section 0 -i
! R | 040 = 2 Meg Memoryy H
} HEH i Force Section 2 -=-> Section 0 !
P o *t1 | 0441 = 2 Meg Memory. i
H 1 i Force Section 3 --> Section 0 |
H H | 4100 = ¥ Meg Memory H
! i ! 101 = 5 Meg Memory, Force 1
H ! ] Upper 4 Meg —--> Lower 4 Meg H
1 1 H 110 = 8 Meg Memory H
it 5 *Hi } Seiect Mainframe Clock Freq. }
i i ; B89 = Nominal i
i 5 *1 1 H 004 = Increase clock freg. (1} 1
1 7 OFLI H 0410 = Decrease clock fraa. (1) H
i } i 811 = Select veriable freq. H
! i H {adlustment on oscitiator |
{ l ¢ pak) !
| ] i 100 = Increase clock freq. (2) i
H H ! 104 = Incresase ciock frea. {3} H
H H i 118 = Decrease clock freqg. {2} H
H ! H 111 = Decrease clock freg. {3) i
H | ! H
1 H } NOTE: If clock freguency codes 4-7 |
{ i ) are.  used, then code 3 iIs not H
{ H | availabtes, Either codes (-3 or 0~-2 |
I H ! and 4-~7 are available. i
i &8 % i ; Delay Trailing Edge = Delay the H
{ | | traiting edge of si! of the clocks |

1 l !

| } {

H } !

H ! H

! f i

e e e s

|¥ Computer must be stopped before executing thease i
{f commands. i

A WD R D A AR e A T R G W S R MR M W e S S S R W A e e e b e e o A W A W W S

{continued)
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]
]
H
i
1
i
H
i
[
I
i
1
L)
t
[
H
!
]
1
1
]
|
|
I
1
1
1
1
1
t
I
t
|
|
|
i
H
1]
L
t
1
I
L
H
]
]
i
t
]
i
t

o s Eee i A RS e W W b e e e W M ma e W R feew e e

¥ Computer must be stopped before.executing these
commands .

ENGINEERINSG NO. 10354637
DATE Dec. 1977
PECIFICATTIOQN PAGE 1040
REV.

. b T - - S b - —— e} AP s et e A A ——

-t m

i

H Deiay Leading Edge -~ Detlay the

H leading edge of atll of the clocks’
H on the pane! which Is specified by
H bits B-F of Channel BTAz, If bits 8
H and 9 are set, only the odd or even
i clocks on a pane!l are moved

H depending on bit A.
i
v
+

“p" - Move even clocks {sec
ic description for bit 8 or %).

iPanel Designator for Clock Margins -~ Bit
{8 1s the left-most bit of The des.ignator.
1The desianators are defined below, .
!Nesignator ] Panei {s) )

c

[
jn

00
01
az
03
04
o5
LS
07
68
03
gaA
0B
ac
0B
0E
oF

[(to be suppiied later)

At dbae  ede mede M W e e e we M W e e S e s
S e e A W e e s R e AL me e S s fee

I mr ot hh e me mm v tm el e e e e S e e Wi Gl GE e WM e S e o ear e B wie e e et o mw e atm e e i

{continued)}
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TABLE 3Z.6-10 CHANNEL BTAZ (Cont.])

T e S A A S S o AR AN - A . A e S b b S b pmd B AR i e AR A AP A e e e AR P R A W A R

!
]
1
|
t
[}
1
i
I
I
|
|
L]
|
!
|
]
i
)
|
!
|
)
I
1
i
|
i
|
I
[
]
|
!
I
|
|
!
|
|
]
]
I
|
H
i
i
I
|
1
L

{fo be supplied Iater}

. . A I — . ———— -y it

{continued)
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TABLE 3.5-11% CHANMEL BTA3
I Bit No. | Function H
{ i :
H H H
H G ! Not Used. H
i : H
H 1 i Send an external flag on the channel H
H { specified by the Channel Select Code in }
H } bits 4-8. ($1) {(¥2) !
H | i
H 2 i Set Channel Disable on the channel !
! f specified by the Channetl Select Code in i
I § bits 4-8.{511{*3) i
H H i
H 3 i Clear Channel Disable on the channel H
H { specified by the Channe! Select Code H
H i In bits 5~8.(%1)(%3) H
i AY H H
i- 4 1 i Channel Selesct Code. A code of i
i i i 0 thru F selects a channel !
H 5 > I 46 is6 i
i 6 1 i (g thru 15 ) for the operation H
H 7 1 i 10 40 H
i /7 t specitied in bits 1y 2 and 3.{*1) Bit !
H { 7 of BTAZ Is bit 3 of the Channel Select!
H { Code, ’ H
i i R H
H i} i Select Alt Channels (g thru 15 )y for |
i { 10 10 {
H } the operation specified in bits 1, 2 andl
1 I 3.(%1) l
H i !
i 9 | Stop on SECDED Single Error Detection. |
I i §
] A { Disable Stop on SECOED Double Error !
i { Detection. !
H H ) H
H o] i Block External, Interrupt i
{ i H
i C | Disabie Error Caorrection on all Read H
i ! Buses. i
i i i
] D ! SWwap Register File Read on Exchange. H
H i i
{ E | Not Used i
H i !
H F { Not Used. i
H 1 i

{continued)
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{¥1) The Channel Selsct Code bits 4-8 must be set
before any commands are senty and it must remain
set until after the command has dropped.

{+2) The External Flag Is transmitted to the device
on the I1/0 channe! correspondlng to the code in
bits 3-8. Externai Flag insiructs the device fo
autoload.

(¥*3) The Channel Disables are transmitted to the 170

Unit. If the disable line for a channel iIs set,
no backing store references will be allowed from
that channetl. Data transfers can proceed Iin and

out of the channel buffer in an end-around type

of operation.

TABLE 3.5-12 CHANNEL BTA4

t H function {
W v e . W M . S T W S R T M M A S e wE [ — x
- i . - - !
1 { Checkword bit 01 i
] H it - H
§ H 21 Used for toggiing 1/01
> H Zi-- Checkword bits 4-g H
I H L 1
i H 51 H
} ! 651 H
- H ——— 1
i i
! Block Write Enable on SECDED Error i
i . H
i Not Used . i
t+ Not Used H
i i
i Force Reg., File Store at bit address H
} 20,0080 on Initiat Exchange H
i H
{ Force Instruction Stack Parity H
$ {

3
{ Enable I/0 Simulator i
H {

&
! Initiate I/0 Simulator on Channel Fliag H
i H
! Not Used H
! Not Used H

N e gy et i D i e S W Y S W M am m A vb u . W - - ———— . —

{continued)
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e A W S A et R e WE, G W S S e S M M A T M W N S e e i e e W A G M WA M M e g S W A g

R R L o |

!

[

Upper Bounds
Upper Bounds
Uoper Bounds

PN o

i .~ Q
I W

Lower Bounds
Lower Bounds
lLLower Bounds

LONEN 3 L SN ] Sl | jo %
[=1aN Yo - B~ To 13" BN o
[ =Y

o~ o~ —

Bounds Address Bit

| e wm i Ve e |

{
! i
‘ !
‘ :
! !
H i
i H
i i
! f
! ;
H !
i i
i !
H i
i t
: ]
i i
H {
; !

1
! Bue to the operational characteristlics |
i of the meintenance inferface, only one |
{ bit of the code can be changsd al one !
} time, Address bits must be loaded in H
! such a manner as to leave the Load Code 1
i bits undisturbed, - Address bits are i
g transferred on the Leading Edge of a :
{ !
§ !
i i
! i
H i
i i
i H
i i
H !
i i
I i
H !
i !
b :
H H
i i
} H
i H
} 1
{ i
] }
H H

F MMOCmE0oe |

code chan?e, the address bits must be
ore a code changde occurs.

set up be
Address Bits are Loaded as follows,
sTarT;ng and ending with a Null Code?
Code =
Code =
Code
Code
Code =
Code =
Code =

Bounds
Code = Nui)
Bounds {imits are absolute,;, physical

hal f-word addresses. Bits (35-38) and
(55=~58) must bse zero.

Nuti k

St up Bits (35-42) Upper
Bounds

Set up Bits (43~50) Upper
Bounds

Set up Bits {541-48) Upper
Bounds .- -

Set up Bits (35~42) Lower
Bounds

Set up Bits (43-50) Lower
Bounds

Set up Bits (54-58) Lower

i

1l

FoNl N N W o

(confznued)
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JebHelie2 (Cont.}

TABLE 3.5-14 CHANNEL BTAg

Functlon‘

ety A b - . . ——— - Nk b i S W e e - —— = il —

S e
@
[
—p

- - .

Check bounds on memory { If bits 0 and
reads {
! 1 or bits 2
Check bounds on memory | and 3 are zero,
writes H
. I no bounds hits
Check bounds on GPU } can occur.,
H
|
i

references

o e o e S e e R

Check bounds on channel
references

e e G s e e e W W e

-1
Stop CPU on bounds hit

Enable bounds check ~ The bounds
addresses and conditions must be set uop
before the enable 1s set.

Count A - Monitoring Counter A Is
enabled while thls iine is a *t» and
held clear when this line is a *g". The
proper counter specification and bits
8~E of channe! BTAg must not change
while this line is up.
Count B - Monitoring Counter B is
enabled while this ilne is a 1" and
held clear when this line is a "§". The
proper counter specification and bits
8- of channe! BTAs must not change
while this line is up.
Clear counter {ses code 6 iIn Section
326502} s ) -
Stop CPU on Counter A Incrementi
T i -
Stop CPU on Counter B8 Increment! {
- -- 1
See
Section
3060&41-3

derm M M . e e wew R W e s e M e P e e e e W Gae e i G e S A dede deee  wm e R e M am e me b e
drte dee amed ewes b kel R R e

s e s Ee e der A e S EE e e MY S B S e e Wb M A R mm Beer mem e R A b e e

v i shde deak e W T i dedr mekd A ek e mver resl s dew e e

{continuead)
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3368142 {(Cont.)

TABLE 3.6~14 CHANNEL BTAs (Cont.)
$ ! {
{ Bit H Function H
o e e e e e e e e e ———— H
I i —— H
i B ! Enable Carry into Ai | H
i H i H
| C i Enable Carry into Az | - {
i H + }=~=See Sectlon t
= D H Enab,e CaT‘!"y into 81 1 3.6.‘-}'102 H
! i } 1
H E i Enable Carry into Bz | H
1 H 1 i
i i H
- ¥ i '
i F } "0*™ -~ Load Counter A Event Selects and
H ! Gates {(Channel BTA Bifts pg-F). i
} l !
! i 1" - Load Counter B Event Selects and |
| i Gates (Channel! BTA Bits (-F). . H
H H !
} H i
i H i
1 { i
+ H i

H : {

This bit shouid be
counter before the

is set into Channel

set to the proper
count specification
BTA7.

{continued)
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3ebhele? {(Cont.)
TABLE 3.6-15 CHANNEL BTA7Y
| ; H
l Bit i Function H
e e S . = e '
i 0 R i
} H 1 i
Vo1 i 1 t
H H 1 i
H 2 H I Event Seizct for Counter A1 and B1 |
i } {-See Section 3.68.4.1 for codes H
i 3 i H ’ {
$ { H H
i 4 b1 H
! - H
i 5 ; H !
! ! { 1
i b6 i H H
} | 1=Event Select for Counter A2 and Bz |
V7 ! ] See Section 3J+6.L.1 for codes i
H i { ]
i A H H H
] i ! H
1 9 f i- - H
H | = |
1 A : Not UsSed i
H ! -——- H
H B H Selected Job Gate 1 i
! H ! H
} C : Monitor Mode Gate | MCU Event H
H H ! Counter Gates!
H D i Job Mode Gate }=~See Section H
} } I 3ebaletial ]
{t E H Data Flag 56 Gare | H
] 1 } {
. H Data Flag 57 Gate | H
i { i
! ] i

{continued)
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TABLE 3.6-16 CHANNEL BTAS
1 ; H H
i Bit i Function H
: = :
VB f o= H
i H i }
LI | b i i
} H i i
i 2 i 1 H
! H ! }
1 3 H ! 8~-bit function select code. BIt 0 !
} H { is the left-most bit of the code. H
H L § ! See event code 12 in Section i
i H H 16 H
i s ] ] 3eBalpais H
} i { H
| } 1 1
} H ' }
i 7 H | !
i ] === H
i 8 | ==ee H
H i H !
i 9 1 H i
i i H H
i A H i H
H i | : H
! B8 } ! 8=-bit function mask, Bit B is the 1
H H t left-most bit of the mask. See i
i C H ! event code 4172 in Section 3eHefolsl
] H H 16 i
! D i H i
| { i
£ § i H
§ H {
} 1 H
! 1

—— Ve e
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MCU/Microcode Memory Interface

Upon power up of the FMP all microcode memory
contents are undefined since that memory is built of
RAM circuits with volatile storage. Each of the FMP
microcodes can be loaded by an MCU function which is
sent over the FMP TI/0 channels from one of the
processcrs acting as Tthe MCU. A speclialt trunk
address Identifies the special I/0 channel! which does
not transfer data to the Backing Store, but instead
provides controt Information for the FMP, and
retrieves status information from the FMP from one
or more of the internal maintenance channels
contained within the FMP. One of the malintenance
functions is the toading of microcode to each of the
microcode memorias. Each block of microcode
received by the MCU interface 1Is checked for date
errors {using the CRE code in the trunk messagel and
sent to Its respective microcode memory sSysitenm.

Each block 1Is preceded by a unlgue 16-bit address
which jidentifies the particular microcode
destination.

Microcode Units and Addresses

(to be supplied iater)

Microcode Error Checking

Under controtl of the MCU interface control signals,
a microcode memory can bhe loaded with data from the
trunk. The dats carries its own parity bits (one
per word) whlch ara generated by the assembler at
the time the microcode is created. This block can
be read out of each microcode memory sequentially by
the MCU Interface so that the memory can be checkeda
Each word read is parity checked asnd if an error
occurs the location of the failing word is unlcaded
by the MCOU interface via the P counter of that
microcode. )

BQuring normatl startup procedures, each microcods
memory is loaded In turn with ifs unique microcode
and the entire contents are swept out on an MCU-
controlled, seauentia! read operation te wverify the
integrity of that memory.

{continued)
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Buring operatlion of the FMP, each microcode access

is parlity cheacked. If a parity error occurs in apy
microcodey, the MCU jis signalled via the network

trunk and the FMP CPU is stopped &s soon as possible,
The tocation of the error P counter and the address
of the faliling microcode unit are then provided %o
the MCU Interface for transmission to the MCU
orocessor on the trunk.

MCU Interface Channet Bits

{to be suppiied later)}

Microcode Memory Channel Programming

{to be supplied later)
NSA

N/7A
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3+¢He3e3 Typical Microcode Interface Functlion Codes

For all channel functions the address that
accompanies the functlon and tha nuit function are
ignored. The following 3=bit function codes control
the microcode memorys?

TABLE 3.6~17 B TYPICAL FUNCTION CODES (MIC. MEM.)

e R R WS S W S M G AR A G N A W A R R W G W A e e T o e b e v A i G ek A A ey S e e

Nut{ - Automatically sent|
by the MCU interface as i
the second half of any
other function.

Read Memory - Read a
block ot microcode memory
from the current .
microcode "P"™ address.

W i iy mE e Sesl e mam e

e

Write Memory - Write a
biock of microcode memory
from the current
microcode "P" address.

Not normally used but
will perform the same as
a EQP.

H

H

{ H
i H
! H
H H
H H
i i
H i
H H
H H
i i
i |
H i
1 !
i H
H H
} i
! H
1 Data - Automaticaliiy senti
! with the data during a i
I write microcode memory i
| operation. i
! H
! Read Status ~ Read the i
! current microcode status.l
{ H
i H
! t
} t
} t
f i
{ H
{ H
i }
} i
H H
i H
H H
i }
| i

See Section 3.6.3.5 for
explanation.

Wrlte Switches - The
switches provide control
of microcode eXecution.
See Section 3+e6+3els

EOP - £nd of QOperation
clears the interface of
all previous functions
and also clears the
counter that controis the
data fan-in and fan-out
to/from the channhet.

W L T T i S e M e W AR W W e e M S W e A ek s s e vu kb AR S —

wdh pmdr W e G ea M aetE men e Eet e R M el AR M aup R M WA E mas A e e A R e e
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,Hicrocode Switches

Microcode switches are 4+blt coniroil terms used to
control the microcode memory. Each swlitch Is one bift
of the Hrite Switch Control HWord. The 1418 function
code {write swWwitch) causes the microcode memory to
store the Write Switch Control Word in a reglilster.
The MCU interface receives this data from the /0
Trunk and sends it to the microcode control. The
tollowing is a definition of each switch function and
a description of its use.

1. Switeh Function Definitions

TABLE 3.£-18 MICROCODE SWITCH FUNCTIONS

Go Microcode - Strobing this bit wiil
cause microcode to start execution at the
current microcode *"P"™ address.

RiIti.= Setting Tthis-bit wlil stop any
microcode instructions executing at the
time the bit ls set. The instruction will
come to a normal halt with “P" pointing to
the next word to be executed., Execution
can be resumed by setting bit 0.

Sense Switch ~ Any microcode program can
sanse the condition of thls switch for
program control! {used mainiy by
diagnostics).

P to 0 - Strobing this bit wiil force the
“P" register to zero., Kill should be set
either previously or in the same word so

as to come t0 a normal halt,

Clear Checkpoint =~ Strobing this bit wiil
clear. the check point flip~floo.

Drop Control-Setting this bit disables
control of the CPU and the I.C.s from
microcode. This will prevent undefined CPU
operation due to a microcode memory test.

W e s e R MR e e ek e e el Rl s e et e we s mm b man MR A A e s

MM A v B S e e S e M MR W ek W Y W e me me m ae me Y s e e dem e e

e S T S iy Al e - — - R S W g e i T R ol A A P

{(continued)
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Sebhedals {Cont.)

TABLE 3.56-18 MICROCODE SWITCH FUNCTIONS (Cont.)

i § H
H ! i
{ 5 | Change Status Word 2 Definition - Bits 8~F1i
¢ ! of Status Word 2 become blts g~-7 of an IC i
H | register. See Section 3.6.3.5. i
! { i
)7 ! Enable control of the register logicat {
H ! pipe from microcode, !
i 8 ! Function for Scalar Microcode not yet i
H i defined., H
{ } i
i 9 ! Sweep Scalar Microcods i
{ } ) H
i i 1 Hrite Scaiar Microcode - Must be set to H
{ I Write. }
e | Scalar Microcode, disablies microcode writel
H { enables, H
i { i
i 8 { 4 = Enables Scalar Microcode to sweep PMBOY
I 1 8 = Enables Scalar Microcode to sweep PMgi1li
} ] 1
i C-F i Functions for Scalar Microcode not vet
| !
] i

H
defined. H
i

{continued)}
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2 Use of Switch Functions

is Switch Functions 0, 3 and & are one-shot
functions. This is accompliished by having the
reguired bilt set In the sven i1p~bit word of a
transfer and clear in the odd 46-bit wWord.
I{ the blit is set Into both halves of a2
22-bit transfer, for Instance, the funcilan
wiil be performed in that transfer but will
possibly be ignored if sent Iin the next
transfer.

2 Switch Functions 0 and 3 are delaved by one
cycle so that other functions sent In the
same data word have time to propagate) i.e.,
"KkKilt*™ and "P to 0" together are lagal as are
“sense swWwitch™ and *go microcode’™, Diher
combinations are also legsl.

3. Switch Functions 1y 29 59 Bs 7y 94 A and B
are latching functions that are caught and
held until another functicn is sant,. Note,
however, that a single function consists of
twoe or more data transfers -- each transfer
clearing and toading over previous data
transfers so that a switch that is meant to
be valid both during and aftér the function
must be sent in both halves of a 32~bit data
transfer and any latching function fthat Is
supposed to remain valid through ancther
"send switches™ function must be sent again
with that functions again presenmt in both
halves of the 32-bit data word.
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325305 Stream Microcode Status

The input of status to the MCU can be of any number
of wordss but all words after the first word will be
word 2 of the status.

The Input of status does not have any gffecf on
microcode or microcode controls.

Upon the receipt of a 101 {read status) channel
function code, the MCU Interface wili load the
channe! with the following status words.

TABLE 3.5-19 MICROCODE STATUS

e aa A AR M W T S T e M e D R e P s D M A G e A e o e P A A A TP . .

register. {See bit 6 of the switch
function controi wordl.

i Bits . H H
{{Word 1) H Meaning i
T i P S L |
H q ! Checkpoint - Software uses this bit H
H H to Iindicate to the MCU that the |
{ H microcode has reached some predefinedt
H i status found an error or reach some i
{ § predefined address for debugging, fori
H H example. H
H H i
I 4i-n H Ftags -~ Tha current state of flags 0,1
H i 1 293 3o H
! H H
{ 6&-F H P - The current state of the P 1
i ! {microcode address) register.¥ H
e e e e e e e e e ————— H
| Bits ! §
1{Hord 2} H Meaning H
om0 s e e e e e H
i g H Run = This bit will be ussd to H
} i indicate the microcode 1ls executling. |
: H H
H 1-4 H Ji - The current state of the least i
H | significant 4 bits of the Ji H
| i register. !
! H H
H 5-F f J2 - The current state of the J2 }
¥ + 1
1] ¥ 1
H H H

!

}¥*The contents of P do not indlcate the address at |
{ which microcode has stopped unti! the second minor!
| cycle after the RUN bit has gone teo zero. Thus it!
} Is necessary to read the status word twicesy once |
i to determine that microcede is not running, and i
{ once to read P, H

—— A M A AR W N M A R A Y A e - —— . . —
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3.043.6 Interface Sequences

After selectlion of the MCU interface the
fotiowing are examples of possiblie control seduences.

TABLE 3.5-20 INTERFACE SEQUENCES

. — A AN W W W it TR e e A e S AN SU day i WA A WD ey wwr e e TS e e e e M B e e AL A W T R R A S R W W

T A i W MM M e e e s Ak S Gy W el e rem e

i Step | Code |} Sequence (Stream Unlts Hrite Microcode) i
s e ] mmmwm e e e e e - ————————
! A H 111 1 EOP - To- cliear the interiace. Initiate {(bit

i H ! 0} should not be sent with any EOP function.

l ! H

i B H 010 § Write Mode - The address with this function is
H © ! ignored?! the wrlte wil! proceed from the

1 H ! current P address, )

H ! H

}- C H 100 i Data - Data sent to microcode must {eXceont on

i ! i i the last transfer) be sent in integer

i H | multipies of wmicrocode words. One microecode

} i ! word Is 44 16-bit transfers. Data will be !ost
l H i1 and/or rearranged If this is not observad.

H H -

H D - 111 | EQP

} i i .

i E l { Repeat from Step B as many times as necessary

H H i to complete transfer of the block of data.

HE e D e e et e e e ———— -
! Step 1t Code } Seguence {Stream Units Fead Microcode) {
o= o e il e Tt et e e e e = H
H A i 114 1 EOP H
H H H ; H
' B 1 001 | Read Mode - The address is ignored. i
H H H H
H C ! i Input the dat=a. The same cautlon as in Hrite |}
H H { Microcoge Step C avplies. Data starts from H
H i ! the current microcode P sddress, H
H i ! i i
t b H 1141 1 EOQP i
! H i i
H E i ! Repeat from Step B as many tlimes as Necessary. |
1

INote: If the iast operatlion performed in a sequence is an EOP,]
Ithe next sequence does not have fo start wlth another EOP, H

{cont inued)
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After selectlon of the MCU Interface the following
are examples of possible control sequances.

TABLE 3.6-20 INTERFACE SEQUENCES (Conft.)

TS v W ARy e e P e A A5 e S ot AN S - - b . T vy W Sm S W e v A G A R e W RS WL M R Y v e M TV

! Step 1 Code | Sequence {Stream and Scalar HYrite- i
H H H Switches} 1
e m— s ————— R e e et bt b o e e e H
} A 111 + EOP H
H ! { i
H B 1 118 | Set Switch Mode - The address Is ignored. !
i H i H
i c 1 1408 ! Dataz ~ Although one 32-bit transfer Is thsa ]
' ! ! normal data ilength, there is no restriction onl
i i ! data length [If the extra data fength can be 1
H 1 ! useful -~ repeated starts for instance. i
} ! i H
i D i 111 | EQP i
e et e e ———————————— i el i
i Step 1 Code H Sequence {({Stream Read Status) H
e e e s e e - ~e===1
i A 111 ¥ EOP H
! H H }
i B i 101 | Set Status Mode - The address Is ignored. H
} H ! . {
H c H t Input Data - All dats after the first word is i
H i i status word 2. i
H H H i
} D 111 1 EOQP !

1
|3
iNote: If the last operation performed in a seauence is an EQOP,i
Ithe next sequence does not have to start with another EQOP. }

{continued?}
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3e6+3s6 (Cont.)

TABLE 3.6-20 INTERFACE SEQUENCES {Conft.)

I Stap | Code 1 Sequence (Stream and Scalar Write H
§ H H Switches) i
e o e e = ——— o -————— H
f Step.! Code |1 Sequence {Hrite Scalar Microcodeil H
e T TR S e ittt e i i ke T e ]
t A i 111 i EQP = To clear the interface H
H H ! H
i 3 1 B4 0 ! Write Mode - Bits 0-8 of the second 16 bits ofi
H H ! the address, selects daughter boards (-8, H
H 5 { respectively. The first 416 bits of the address!
t H { are ignored. The write will proceed from the H
H i 1 current P address. i
| H i i
i c i igg i Data - Bits -3 are Write Enables and bits H
! ! .l 4=1%5 are Data. The microcode address is H
} } { Incremented by one for each 16 bit auantity ;
] } { sent by the MCU, H
H D I i Repeat step C until the selected Auxiliary i
i 3 ! Board has been t!toaded {normaiiy 4024 16-bit H
H H i Wwords). H
i ! i i
! E 1 111 | EOP !
i 1 H H
! } H ]
H F H i Repeat from step B to load other Auxiliary t
! { H H

Boardss

T v e b T T ey S A W Y e N G R e s e N SMA WA M AS M W M M e e bk ek Al A oy o A o A . A T . — .

iNote!d If the last operation performed in a3 sequence is an EOQOP, !
ithe next sequence does not have to start with another EQP. }

A Sk b e e N N o G A T Mmb M G S R W T . o S T Al S - — A W4 A A e . EAS . St

-
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Writing or Sweeping Scalar Microcode Memories

The scalar microcode consists of 5 memoriesi PMOD,
PMa41, HMOD, OMQp 2nd GMOg. A)though each operatas
independently during CPU Instructlion executions they
are all addressed simultaneousiy auring writing or
sweeping operations.

Scalar Microcode Memory HWrite Operations

For write operations, the write enables at each
auxiliary board controt which auxiliary board and
which address within an auxiliary board Is to be
#writtens Since 12 blits of data are written at a
time, the write enables are also responsible for
choosing which 42-bif portion of a microcode address
is to be written,

Under the control of the write =2nables and auxitiary
board selecty, one auxlliary board is written at a
time. The address registers on the auxiiiary boards
wilt first be set to 00 and then cycled thru FF

16 16
and then back to 00 white writing one~fourth {(or

16

twelve bits) of an auxiliary board., The write
enable wili then change 1o address the next tuelve
bits of the particutar auxiiiary board and the
address register will adgain cycle through all
addreasses, This operatlon wilt occur four times on
each of the 9 auxiliary boards.

It is possible, by bringing up all 9 auxiliary board
selects and all write enable bitss to write all bits
of alil auxiliary boards in one write of 100 words

i6
{except PMOO/PMO41}. Each 12~-bit seament of the 48-
bit word will be duplicated. This would be done

only as a maintenance ald for pattern generation
during either write or sweep operations.



A i ENGINEZERING NO. 10354637

-—1 DATE Dec. 13877
H SPECIFICATTIONW PAGE 120

- ' REV.

Scalar Microcode Memory Sweep Operatlions

Sweeping of the scalar microcode memory Is an
operation To be done to detect a parity error on ahy
of the 9 microcode auxiliary boards. The operation
simply consists of referencing all 9 auxiliary’
boards simultaneocusiy with the same address register.
SInce there ls one parity bilit per auxillary board

per microcode memory, any parity error or erraors

will be isolated To the failing auxiliary board or
boards.

The control signals necessary to perform the sweep
operation are Sweep {switch function bit A), Enable
PMOD/PMO4 (switch function bit B) and Clear Fauit.
Sweep should be enabled during the entire sweep
operation. Enable PMOG/PMOL selects PMOG or PMO1
microcode memories and Clear Fault will clear any
parlity errors causad by the sweep operation. If
Clear Fault is sent while sweep is stili sety not
only wil! the parity fault condition be cleared but
sweeping wWiitl continues. However, since the sweep
address, upon a parity faulty, is 3, & or 5 addresses
ahead of tha actual parity fauit address, sweeping
immadiately after a parity fauit will “skip"™ 3s 4 or
5 addresses respectively., For esxsmple, 1If the
parity fault address is 22 on PM0OQ then addresses 23,
24 and 25 will be skipped.

The reglster used to reference all of the auxitiary
boards during the swesp operation is clieared before
and after the sweep operation. Thus, sweeping
starts with address zero and, because of the time
delay Iin detecting parity errors, will end bayond

that address which caused the parity error. For

exampie, if the parity error occurred on HMOO at
address 125 then The address displiaved at the MCU
will be 130 and is therefore 5 ahead.

The following list specifies how far ahead of the
parity faull address the sweep address wil! be.,

GHMOoa 5 ahead
ODMOD 4 ahead
HMB0 5 ahead
PMOo 3 ahead
PHGA 3 =2head
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Monitoring Systftem Activity by the MCU

The MCU monitors the output of two display registers
as its main medium of monitoring system activity.
One display register contains the output of the
Current Instruction Address Reglster {CIAR}Y. The
cther display reglister contains the output of The
reglster sefected by the MCU, A 4-~bit code sent from
the MCU selects which register the dispiay register
will present. In addition to monitoring the display
registers the MCU can also monitor the micreoccode
memory status and other CPU status.

Monitoring with Counters

For monitoring purposes. the CPU has four 4g-bit
counters. Each of these counters can be connected to
an =2vent line selected by a command from the MCU.

See figures 3.6=1 and 3.6-2. A list of events which
can be counted and their corresponding select codes
is given in Table 3.8-~21. For ourposes of discussion,
one pair of 46-bift counters is referrad fto zs '
Counters A1 and A2. The other pair is labeled B1 and
B2. Counter A and Counter B are completely )
independent and cannct be tied togetheri however,
they do share the same input event lines and gate
lines. The counters can be read by selecting them for
input Into the MCU display register. They can also be
combined in various ways to form one or two 32-bit
counters. This reconfiguration is accomplished via
the carry lines from the MCU. The counters are
gnabied by a number of hardware and software gates
selected with a mask from the MCU. The MCU has the
option of stopping the CPU count condition. This
option Is exercised by use of the stoo fines.

{confinued}
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T

> 32-A COUNTER

BITS TO sCU
. COUNTER A
A LIHES _zgzop
> A GATES

aae
EVENT:
SELECT Al
SELECT A2

SELECTED JOB GATE

JOS HODE GATE

MONITOR HODE GATE-~

A
E\«Err.rT T

ENABLE
COUNT A

DATA FLAG 57 GATE
—DATAFLAGQS3E GATE

TS'fDP CPU ON CTR A INCR

ENABLE CARRY INTO A2
CARRY INTQ Al

\ /
s
FROM MCU
s
-
. |
32-8B COUNTER
e) BITS TO MCU
- .
. —
. COUNTER B
i »
|__B3ToP
B LINES cPU
B GATES

E“NTT...T eee

SELECT BI
EVENT
SELECT B2

SELECTED JOB GATE
JOB MODE GATE

\ MONITOR MODE GATE

‘“ T

tST(I)F‘ CPU ON CTR B INCR
ENABLE CARRY INTO B2

ENABLE CARRY INTO BI

COUNT 8
DATA FLAG 57 GATE

DATAFLAG 58 GATE

v =

FROM HCU

Figure 3.6-1 Block Diagram of Counter Loglc Lines

{continued)
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JCB MODE COUNTER A2 /B2 COUNTER Al/ B
MONITOR MOBE
DATA FLAG BIT &6
DATA FLAG BIT 57
>0 =0 =B 2B 282 p=»B82 $2wB[ - 1]
L] - L) L - . - L ] - -
EVENT — -l SELECITON
SELAEICT = o RETWORK Al
EVENT |7 + SELECITION EVENT
SE';é‘”‘l: 3 s HETWORK A2 count
. EVENT
FELECTED - | couNT
GATE AND LINE
b=
Jon
MODE - AND
GATE
| I,
HEU L yamiror
GATES | monE AND
GATE
DATA
FLAG 56 AlD OR
GATE
DATA
FLag 57— AnD
GATE
- - [ OR e
T EVENT MASK
COUNT
* b }
AND AND
EHABLE CARRY.
iNTO AL or

INTO A2 ————l
¥
STOP GPU ON
COUNTER A S ARD AND 18-BIT COUNTER AND E' 16~BIT COUNTER
INGREMENT | Az - Ar
CARRY
1 ')

[
TO WCL

Figure 3.6-2 Block Biagram of Counter A

(cont inued)
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TABLE 3.6-21 COUNTER EVENTS

instruction issue to nexty, non-selected issue, !
}The counter will begin counting when an '
linstruction whose function code meets the i
tcondifions described in code 12 below, is !
{ tloaded into IRO. It will stop counting when i
{the first foilowing insfruction which does NOT!
Imeat the conditions is toaded intec 1IRO. !

H *Codes 1 }
j 16 § EVENTS i
o e mm e : !
iCounter iCounter] }
1A1/B1 tAp/82 1
i ! i 1
[ et Jomn—e e e e skt et haing i
H g1 ! {Number of branches out of instruction stack, i
=~ m———— o e e e e e H
H { 01 !Number of branches in Iinstruction stack. !
R it Jrmmm e e e e e e m ——————— }
! 1 H {Number of times mlcrocode fleld MON = 4 is |
H { iselected. .
e ———— fomm———— I e bt R il e - ——— e —————— i
} ! 04 I1Number of shortstop path usages. T
jmmmmmm lewmmmm s el Dt L e e e e e e i
H s ! | Not Used i
B - joemm e [ m————— - . = e e o e e !,
i ! 05 INot Used. . j
e ——— Jmm—wmm | e - ————— e —————— '
} g9 i { Number of normal channel! backing store H
H } {requests. ;
e jm—————— e ada e e e -—————— ]
i i 09 iMumber ot nermal channel ‘backing store i
t H {requests accepted. }
= ———— e e e e e e e ——— H
! DA ! | Number pf CPU memory reguests, ]
- jmm—————— | mm e e e e e e - ————— :
H i A - INumber of CPU memory regquests accepted. i
e e ——— e e ittt T T R R e P !
! a8 ! i Total number of memory requests. i
el ——— = mm——— e - - e e e e e —————— !
! i 0B . Total number of memory requests accepnted. i
o m———— o ——— I e e !
11 1 {Number of mlnor cycles from selected
;
H
!
!
H
i
!

! #*These are 5-bit codes, expressed in hexadecimal. |

e .  n v A A AN e e A el A kA e S O Y e S A il S NS g . T - . o

(continued) R@RODUCIBEITY OF THE
ORIGINAL PAGE IS PO
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TABLE 3.58-21 COUNTER EVENTS {Cont.)

- . Y — . T W S M W S W WS M A W YES TEL S T A il R SRR A S W ———

EVENTS

e
o

1A4 /81 tazs82 i
i ! I
i

P

H

i

) i

ICounter (Countert! H
H

{

3

e mm ar wr | m am  m m  d  NME e W e R B A e S A AS R AR W ML N A TR MR WS AN WA TSN Ve v MM T e A

P

INumber of times a particular functlon code or |
la particular category of function codes is }
texacuted., The count condition Is determined byl
tan 8-bit select code and an B-bit mask sent tol
tthe CRPU on MCU channe] BTA8. It the seiject i
]
;
H
H

o<

i code bits and the corresponding instruction
l1function code bits are equal wherever there i
121" in the mask, the counter will be

(]

incremented. If the mask contains all zeros,
al) Instructions wlll be counted.

- AL MBAL el Apm B e mem aeme aee

-

—

A ———————

17Time between selecting microcode monitor i
}field, MON=2 and selecting MON=3. H
______________________________________________________________ |
H 13 { Number of cycles where data is not avalilabie

H lat the output of a functionzsi unit once data

H ! has been regquested for all input streams. This
H 1time does not Inciude the time reguired for

t linitial setup {preceding the input of the last
i ioperands to a functional unit). This count
i

}

}

{

M e e em e e M M el memk =R WY WA R e v

[
<Y

—-—

!thus permits the programmer toc anaiyze the
lamount of time rezqguired for startup memory
{accesses, pipelinesfunctionst unit length, and
imemory conflicts for a specific instruction.

| ------------ e A . . A - . T a S T S e
{*These are S5=hit codes, expressed in hexadecimal. !

———————— o — v W D Ve ek vk i s iy e v ek kil AR ey AP det L R L A . . T 0 O =t S T S W ——

L T S iy

s MW e s A A Wk sk e

%, PRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR
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Count Gates and CPU Lines

counters are incremenied when the seiected event

occursy the count line Is uo, and one or more of the
foltlowing gate=line condlitions is satisfied:

1.

(%1
-

The Event Counter Enable bit is set in the
invisible package of the Jlob currentty beling
exacutaed and the Selected Job Gate from the MCU
iz set. This alioWws.counts to be made during
salected jobs only.

The CPU is in Job mode and the Job Mode Gate
from the MCU is set.

The CPU Is in monitor mode and the Monitor Mode
Gate from the MCU is set.

Data flag bit 56 (or 57) is set in the Data Flag
Register of the CPU and the data flag 58 (or 57)
gate from the MCU is set and the CPU is in
moniftor mode.,

Data flag bit 56 lor 57) Is set In the Datas Filag
Register of the CPU and the data flag S (6 57)
gate from the MCU Is set and the Event Counter
Enabie bit is set in the invisible package of
the }job currently being executed.

There is one set of gate-line =2nable logic for
Counters A4 and A2 and one set for Counters B{ and

823

therefore, Counter A may be enabled by different

gates than Counter 8.

In summary the CPU {ines are:

Data flag bit 5¢,
Data fiag bit 57.
Moqi?or mode,

Job mode,

Job enable of monitoring counters from invisible
package,

There is a coerresponding MCU gate for each of Tﬁe
above. )

REPRODUCIBILITY o -
ORIGINAL PAGE I3 ,PongE
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Carry Lines

There is one enable carry |ine assoclated with each
16=bit countear. Enabie carry line Al enzbles the
carry .into Counfer A1 from Counter A2. Enable carry
line A2 enables the carry into Counter A2 from Ai.
There are equivalent llnes for the B Counter. A zero
on carry lines A1 and A2 aliows the Counters to
operate as two 16-bit counters. Only half of the
total number of events are available at the selaction
network for one Counter Af or AZ23 therefore, if a
32=bit count is desirsd, either counter may have the
lower bifs of count. For example, if an event is
enabled to Counter A1 and a 32-bit count is desired,
then enable carry line A4 must equat 0" and enable
carry line A2 must be a3 "1™, In this exampie, Counter
A4 will have the Jlaast significant bits and Counter
42 will have the most significant.

Stop LLines

There is one stop line assoclated with each counter
pairy, one for the A Counters-and one for the B
Counters. When the stop tine is a "i"y an event
incrementing either i6-bit counter wiltl sftop the
compouter. Mode |ine “Event Stop™ is returned to the
MCU {bit 4, channe! ATB38) to show why the CPU has
stoppeds. The MCU, after sending a "“Clear Fault
Signal™, may restart the CPU.,.

Counter Setup

Typically, the four counters wouid be set up by the
MCU as foliows?

1a Set the following bits as required?

Aas Stop CPU on A Increment {(bit 9, channel BTAB)
be Stop CPU on B Increment {bit A, channei BTAg)
cs Enable carry Into A1 {(bit B, channel 8TAR)
da Enable carry into A2 {(bit C, channel BTAG)
e, Enable carry inte 81 {(bit Dy channe! BTAg}
f. Enable carry into B2 (bit E, channeil BTAg)

2. With bit F, channel B8TA6s 2 zero, set event and
mask selection for Counter A intfo channel BTA7.

3« Set bit Fy channel BTAg to a "1".

ba Set event and mask selection for Counter B infto
channel BTA7.

REPRODUCBILTTY OF THE (cont inued)
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5. If A1/Bi event code 12 for function counting has
been selected, set channel B8TA8 to the desired
function and mask.

6o Set count iine A or B {(bit 6 or 7, channel BYAg)
as desired.,

The counters will now ba counting events and wlil
continue to count until thelir respective count 1ilnes
are droopped.,

Display Reglisters

There are two 64-bit display reglisters that can be
monitored by the MCU. One display register is used
for the Current Instruction Address Register {CIAR)
and the other Is used for a register that has besn
selected by the MCU, The register is selected by a
t-bit code Itransmitted on bits C=F of channel! BTA4.
Any uniisted bits {(such as bits 00-ig for code 3) are
undefined.

The MCU must send a3 read signal to enable the CIAR
and The selected register into the display registers.
The read signal has been defined as blt B on channel
BTA1 and its leading edge simultaneously transfers
both registers  into the display registers. The
register select code must be set up by the MCU before
the read signal is transmitted to the CPU.

The CIAR is received on channeis ATB4L - ATB3 of the
MCU and may read while the CPU is running. The
seltected register is received on channeis ATBLy - AIB7
of the MCU. See Section 3.6.1+1 for blLt assignments.
The selected register on channels ATBy - ATB7 may
onty be read when the CPU Is stopped.

{continued)
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The select codes and corresponding registers are

listed below:

DISPLAY REGISTER SELECT CODES

TABLE 3.5-22

!
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k1 Bus
Rz Bus
R3 Bus
Scatar

e W e kel e Mm%t mees e e

Scalar

valid.
Syndrom
Farity
Parity
Parlity
FParity
Parity
Parity
Farity
Parity
Parity

Scalar
Scalar
Scalar
Scalar
Scalar
Scalar
Scalar
Scalar

NOTE?S

S e R mae R MR A e S mm e S mbde W teee e M Ee M e M e Al W R prir e e A

RNS Bus
Instruction Stack Parity Fault
MIC Memory 0 Parity Fault
MIC Memory 4 Parity Fault

PMi1 Enabled

= Code 0
= Code 1
= Code 2
= Code 3
8us = Cod

= Code S

MIC Parit

Bouble Secded Error,

2 Bits
Fauit
Fault
Fault
Fault
Fault
Fault
Fault
Fault
Fault

on
on
on
on
on
on
on
on
on
for
Microcods
Microcode
Microcode
Microcods
Microcoae
Microcode
Microcode
Microcode

At

- Syndrome

signal

e 4

vy Fault

Auxiiiary
Auxiliary
Auxiliary
Auxiiiary
Auxiliary
Auxitiary
Auxiliary
Auxitiary
Auxiltiary

Parity Checking

Address
Address
Address
Address
Address
Address
Address
Address

bits.

SECDED Fault Read Bus Code
170 8us

Board
Board
Board
Board
Board
Board
Board
Board
Board

-Birt
-Bit
-8it
-Bit
-8it
~-Bit
~81t
-Bit

NP R NN o

Syndrome Bits must be
checked t0o determine if address and Bus Code are

- N e N N

Fault/Error condltions are cleared
by the *Clear Fault™ signal
MCU except the SECDED Errfor and the
These are cleared/
reteased by the '"Ciear Single Error"”
from the MCU.

from the

~

e G e e EN e G e R ER e W SR e e
O~ Oy

- e Vi me we e weh B M iy W ek M S mee e S mral e S e e e e s
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8-631
1

If bit 8 of channel BTAs in the MCU is a "O*,
both counters will be cleared after the read
signal 1Is received and after both counters are
transferred into the display register. If
bit 8 is a "1",s the counters will not be
cleared.

Jo ensure proper initialtization of the counters,
the count |ines must be made zero prior to the
new count selection.

iCode | i H
i 16! Raegister(s) 1 Bits |
jmm——— e m e e e e e e —w jomm - H
I 4 1 {continued) H !
H H i H
; i SECDED Fault Address ! 34~631
H !} {Absolute physical bit addressy; significant { H
H ! 1o the half-word level) LN H
! H H !
H ! The address of the first SECDED error is i i
{ ! retained In this register., H t
i ! H H
i ! The SECDED Fauit Address is released by the ] 1
] ! Clear Single Error Condition Signal from the i i
H i MCU. t {
H ! i !
} 5 -1 Bounds HIt Address ! 0-31 1
H ! (Absoclute physical bit address, rlight H i
i Y tustified) . H H
! ! The address of the first bounds hit is H H
! !} reftained in this reglster. The bounds hit ] H
! ] address is refeased by the Clear Fault — ]
} ! Condition Signal from the MCU. The bounds H ]
H i checking is performed on half-word boundaries H H
! I only. i i
| H { i
I 8 | Counter A1 ! B-45 1}
! } Counter Ap 1 16-31!
} } H 1
! ! Counter B{ I 32-474
H | Counter B2 1 &4

{ H i

l 1 !

i I i

} ! !

} H |

1 H H

1 } !

! ; v

! i 1

H } H

H ! H

H : i

{ ! H

W hmih e S bem WM R e mem e aew wee

A Al o W P Em b W R M R R R R R R R ER Wm b e e B S el ol W A A S S ER S . GNP S L R U A M A W WD e A e e SN e dmy e T e

REPRODUCIBILITY OF THR
L. + X PAGT T 2]



A TR e gy ey v e -

_ICONTROL DAT

- A e - am -

R -
iCORPORATIGN

Ay o —

-

A ENGINEERTING NO. 10354637

- DATE Dec, 1977
i SPECIFICATTION PAGE 132

——— REV.

Logic Fault Monitoring

There are two types of logic faults detected In the
comouter. They are memory SECDEDB and MIC memory
parity, ¥Yhen a2 loglc fault is detected, the computer
stops betwWeen Instructions. The types of fault may
be sensed on channel ATBS. {See Section 3.B+114

After sensing the jogic fauity the MCU must clear the
fault via bit 7 of channe! BTAi. The MCU must
defermine the appropriate response to the faulf

and has the option of rastarting the CPU by setting
pit 3 of channel BTAt1.

SWap Unit

Figure 2.7-1 gives an coverall block diaaram of the
Swap Units This unit performs swapping operations
for data from the Register Fitsz to Main

Memory, from Main Memory to The Register File during
eXchange operatlions and register file swap
operations {70 instruction). The Swap Unit also
performs bilock swap bperations between Main Memory
and the Backing Stores Finally, the Swap Unit
provides the I/0 interface to the Backing Store.

REPRODYCIBILITY OF THE
QRIGINAL PAGE I8 P~
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128 DATA FROM SCALAR
PROCESSOR

128 DATA TQ /O UNIT

DATA
AT 612> DATA To MEMORY

ADDRESS/LENGTH FROM SCALAR PROCESSOR

ADDRESS FROM 1/O UNIT

ERRORS TO SCALAR & T/OUNIT

ADDRESS TO SCALAR PROCESSOR

v

256 x 128
SELECT [— 8IT
BUFEER
CONTROL
TO READ
ADDRESS & T
CONTROL | BACKING ADDRESS 5
w————— STORE M| " quepe
CONTROL | <
BACKING
STORE
¥
CONTROL BACKING
TO WRITE STORE
MAP
123
256 x 128
BT e
BUFFER

< 128 DATA FROM /O UNIT

fe— DISASSEMBLY -a—@—- DATA FROM MEMORY

SELECT

J26, DATA TO SCALAR

Flgure 3.7-1

PROCESSOR

FMP Swap Unlift
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Data Movement

The Swap Unlt moves swap data between reglster files
and memories at the rate of 128 bits ver minor cycle.
Data transmitted to/from Main Memory is ftransferred
in 512-bit {plus SECDED) segments. Thus a set of
assembly and disassembiy buffers are provided to
agglutinate or decompose data Inte/from 512-bit

"units from/to the ftransfer quantity of 128 bits.

32742

Error Checking

SECDED is carried on ali trunks (including the
reglster file swap Trunk) and In the data buffers,
SECOED oriiginating in the Main Memory is composed of
seven bits for every 32 data bits. SECDED 1is
carried this way (seven bits for every 32 bits)
throughout the FMP with the exception of the Backing
Store. SECDED within the Backing Stors consists of 11.
grror code bits for each 512 dats bitsi the
conversion between seven bits for every 32 and i1
bits-for every 542 must be accomplished at the
Backing-Store interface. /

In the event that & single-bit error is detected -by
the Swap Unit, 2 flag is sent to the MCU and the
counters pointing fto the data plus syndrome blts are
locked up for sampling by the MCU. Mote that in
such cases the first error only will be locked up in
the MCU Interface.

When 3 dodble=bliT error Is detected, the Swap Unit

Is hatted imwmedlately, stop fTlags are sent to the
Scatar, Map and Vector Units, and the MCU Is alerted.
Locatien and nature of the error are locked upn 23s in
the case of the single-bif error,.

REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR
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Addressing
Atl transfers Invelving the Backing Store occur in
blocks of 32,768 64-bit words. Ail exchanges batween

the Register File and Main Memory occur in
muktiplies of 128-bit quarter-svords, beaginning on a
quarter-sword boundary. When a reference to a
particular Backing Store block is made, datsa
transmission from that block begins as soon as fhe
particular block iIs selected, rather than waiting
tor the flrst word of the block to appear at the
outout or input ports of the Backing Store. This is
necessary o reduce the latency time inherent in
biock-organized CCD memory systems. With 2 block
length of 32:768 words the latency.time to wait for
the first word can be as long as 2.2 milliseconds.,
This can be reduced 1o near zero by beginning
transfers immediately.

The ability to begin Backing Store transfers
immediatety requlires address control information to
be exchanged betwezn the Backing Store and tThe Swap
Unit. In particutlar, the current saddress being read
by the Backing Store must be sent to the Swap Unit
s0 that Main Memory write addresses can be

adlJusted to match the starting word tocatlion. The
sama Is true for the Read from Memory, Hrite to
Backing Store.

Address Queue and Backing Stors Map

The Swap Unit is capsble of four different swap
instructions, one in process and three waiting to be
executed. This permits the object code in the
Scalar Procassor to release a series of swap .
instructlons lecal to a segment of computation and go
on to something else, As addrasses and swap control
informatlion arrive at the Swap Units the
corresponding blocks in the Backing Store are set
busy in the backing store map. This prevents
accidentat overlap of swap operations. A similar
busy is set for Main Memory by the Memory
Interchange to prevent erroneous conflict situations
to arise.

{continued}
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I/70 operations are funneled through the Swap Unit,
by checking the busy map. I/0 operations are
permitted to occur oniy wWith busy blocks {which have
been set busy by the monlitorl. At tThe completion of
an 1/0 operation, the I/0 orocessoer can clear the
busy blt or instruct the moniftfor to ciear it.

In the svent that two swao rsquests are made to the
same pblock of Backing Stores such that the second
regquest encounters a busy block, the reaquest will be
relected and a data flag bit set to indicate that an
error condition has atrisens The programmer may
choose to sample the data flag blt or to enable an
automatic data flag branch to an error handling
routines

Controt Signals

{To be defined later)
Microcode Control Terns
{To be defined later)
{nferface Signals

{To be defined later)
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Backing Store

The Backing Storage subsystem provides a massive,
en=line memory wWlth fast access and high block
fransfer bandwidths. The memory is englneered into
32=milllon-vword modules, so the minimum
conflguration Is one 32-million-word cabinet. The
maximum configuration ls governed by available space,
but with the 65K chips now avaitiasble in CCD {charge
coupled devices) the practical maximum appears to be
256-million words, The sllowable address space
permits an expansion up To i-billlon words of
Backing Storage as technology developments make such
volumes feasible.

Data Movement

Bata is read/stored from/into the CCOD memory on
512~bit paths. Every 408 nanoseconds 512 bifs are
read in paratlel from a selected rank of memory
chlpos. The dats is iatched into 542-bit holding
registers and disassembled into 428-bit segments for
transmission to the Swap Unit every tenhth minor
cycle. Writing of the Backing Store proceeds in
reverse order with 128-bit segments being transmitted
and assembied every tenth minor cycle, and the
resulting 542 bits being written to the Backing Store
every 400 nanoseconds.

REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR
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3+8.2 Error Checking

The Swap Unit transmits and receives 128 bits, olus 7
bits of SECDED for each 22 data bifss between the
Backing Store and itsatf while 11 bits of SECDED are
stored and retrieved with each 5412 blits of dats in
the Backinag Store. The conversion from 7 SECDED
bits per 32 data bits to 11 SECDED bits per 542 data
pits {and vice versal is done in the Backing Store
Unit at the assembly/disassembly Iinterface. Whlle
the new SECDED code is generated, previous SECDED Is
checked with appropriate error correction and/or
flagging taklng place, ’

312843 Addressing

A read or write operation is iInitlated by fhe Swap
Unit sending a basic block address and read or write
signal to the Backing Store. 1In retfurn the Backing
Store Unit fransmits the nexi word address available
for readng and writing. The Swap Unit then adjusts
its memory addresses so0 that data transfer can begin
immediately., ’

3.8.4 : Controi Signals
(To be detfined tater)
3.8.5 Iinterface Signals
(To be defined tater)
3.9 Timing Information
The FMP Is in preliminary design phases so only the
. most preliminary timing estimates are available.
All estlimates are given in CPU minor ctlock cycles.
The period of this clock cycle Is predicted to be 10

nanoseconds, but with extant technoiogy can be no
worse then 16 nanoseconds,

 REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR
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3.9.1 Scalar Processor Timling

The fable Iin Section 3.9.1.2 is designed to provide
scalar timing data for the instruction sz2quences In
FMP., 411 timing data Is expressed In minor cycles.

3¢9.1:1

Multi~operand instructions are typically expressed as
overhead + {(number of cycles per operand) {number of
operands) .

Scalar instructions are expressed as described beiow.

The ISSUE portion of the tabie glves the minimum
number of minor cycles between the issue if the
specific instruction iisted Iin the teft column and
the issue of the next instruction Iin the seauence.,
Various operand or memory confiicts {as discussed
later} can cause addltional delay bavyond this
‘minimum time.

The Issue portion of the taples is sub-~divided when
appropriate into three categoriss as defined below?

NB -~ No Branch

ISB -- In Stack Branch

0SB -- Qut of Stack Branch to first guarter-
sword. This time must be lncreased by
19 2 or 3 if the Branch address is in
the 2nd, 3rd or 4th quarter-sword
respectivelys

The non-branch instructions use the entry under NB

or No Branch. Exampie 1 ililustrates a simple, no
confiicts Branch saquence.

REPRODUCIBILYFY OF THE
ORIGINAL PAGE IS POOR
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Example 4

Instr. R S T Commanis

A)Y B0 - - - Register designafors which
are net pertinent to the
examplie are represented by

g -
B) 25 - - Branch condition not met.
C) &85 - - -
D) 25 - - = Branch condition me¥,

branch out of stack to
instruction £ in 3rd
guarier-sword.

-

Seguence Timing

o —— i

Instr. A issues at miner cvcle 0
Instr. B lssues at minor cycie 4
Instr. C issues at minor cycle 12
Insir. B issuzss at minor cycie 13
Instr. £ issues at minor cycle &2

The RESULT AVAILABLE portion of the tabie contains
information necessary to time insiructlon seauences
with operand dependenciss, The flrst columny, SS or
shortstops contains entries for those Instructions
which use the Scalar Floating~Point Unit. These are
the Instructions which may use the shortstop feature
to provide an inpuf operand. This entry ils the
number of minor cycles after issue that the resutlt
gperand wili be avaliable at.the shortstop for use
with a following instruction.

"If instruction A Issues at minor cycle X, any

following instruction, 8, needing the result of A
must issue no later than minor cycle X+5S to utitize
the shortston. A floating-point instruction needing
the result of A, can be issued before X+SS and wait
at the input of Floating Point for the shortstopped
resutt of A. This atlows other non-floating-polnt

(continued)
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instructions to issue. The resulting time of an
Iinstruction that issues and waits for shortstop

Wwill be as if it had issued at the ideal time to
match shortstop. A subsequent Instruction reqguiring
access to Floating~-Point will not issue any earliier
than {X+SS3 + 1.

If instruction B issues later than cycle X+SS, thus
missing the shortstop: instruction B must walt untll
at least X+RF. At this time the desired operand
Wwill be avaiiable from the Register File. Examole 2
illustrates operations using shortstop.

Examolis_ 2

Instr. RS T Comments

] &g - = 12

8) 60 - e - .
C1 60 - - =

o 61 _ - - -

E) &l - - -

) 60 iz - i4

G} el i 14 -

HY 7F - - -

I} 80 - = 15

J) 60 i4 - 16

K) R0 16 15 -

L) 60 - = =

Seauence Timing

Instr. A issues at @

Instr. 8 issues at 1

Instr. C issues at 2

Instr. D issues at 3

Instr, £ issues at 4

Instr. F issues at 5 =~- Thus exactiy matching

shortstoon
Instr. G issues at & =-- Issues but must waift

at the input of
Floating Point for the
result of instruction
F to be availabla

{continued]
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(Con*o )
Instr. H Issues at 7
Instr. I dissues at 11 =~- Cannot issue untii

instruction G catches
shortstop and
proceeds, Thus 3
minor cycles not used
instr. J issues at 13 -~ Missed result of
instruction F at
shortstop thus
waiting unti! operand
is avallable from
Reqgister Fiie

Instr. ¥ issues at 14 =-- Issues and walits at
input to fFioating
Point

Instr. L issues at 13 -~ Instruction K Is

treated as If Issued
at 18 a2nd the L at 19

The last column under RESULT AVAILABLE {MEM)
contalins entries for those scalar Instructions {13,
32, 5F, 7F) which store a result into Main Memory.
The time listed is the minimum time untii the
operand iIs in memory and available for use., The
time may also be Increased by 4 mlnor cycles if the
desired mamory bank Is busy.

The UNIT BUSY portion of the table concerns
instructions issued to either the Divide/Convert
{D/C) Unit or the Losd/Store Unit (L/S)}. The Divide/
Convert Unit executes the 18, 11s 4C» 4F, 53s 6Ly 6F
and 72 instructions. This unit is the only portion
i Scalar Floating-Point which is not cempletely
pipetined} thus the aporopriate unit busy time

listed in the tabile must elapse before a third
instructlon can be issued to the Divide/Convert Unit.
Floating~Point instructions other than these elght
may be lIssuad to Flosting-Point while the
Divide/Convert Unit is busy., A second instructioen
from the set of eight can be lissued, but will be held
in front of the Floating-Point Unit and issuing of
non-floating-point instructions wil! continue.

{continued)
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The lLoad/Store Unlit executes the 412, 13y 32+ 5Es BF,
7E and 7F instructions. Thers are six address
registers in the Load/Store Unit which enable
requests to be stacked and exXecufed in the proper
erder, The 12, 5E and 7E instructions each reaguire
one register and can be executed {(in the absence of
memory confiicts) at the rate of one 1oad per minor
.cycle. The s5F and 7F Instructions each require fwo
address registers and can be executed at one store
per tWwo minor cycies. The 413 and 32 instructions
gach require two address reglisters and can be
executed at one per 44 and 1% mincr cycles,
resoectivetive.

The Load/Store Unlit is then capable of streaming
Load/Store instructions {other than the 13 and 32}
at one minor cycle per toad and two minor cvycles per
store assuming no Memory or Register Flle conflicts.
For example, a stream of N loads will execute In N +
1% minor cycles from fthe lssue of the first load
until the operand from the last losd 1s available In
the Register File. A stream of N stores wiil
execute in 2N + N minor cycles from issue of the

13

first store untit! ilssue of the last store.

cxamplie 3

Instr. R S T Commenits
&Y 60 - = =
BY 7{E - - -
-Gy 413 - - -
DYy 13 - - -
EY &0 - - -
F) 7E - -
Gy *7FE - - -
H) 7E - - -
I} 43 - - -

{continuead)
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Instr. A Issuess at @
Instr. B ilssues st 4
Instr. C issues at 2
Insir. 0 issues at g
Instr. £ Issuss at 6
Instr. F issues at 7
Instr. 6 issues at 8
Instr. H Issues.at i

9 Instr. H must wait for
. address register
to become free
from Instr. C.

Instr. I lssues at 35 Instr. I must wait for
address register.

There are three additional DOperand Dependencies which
must be considered. :

1 Source operand confliict -- an instruction.
regquirling the result of a previous instruction
a5 an inoutl operand walts until the operand
becomes available,

2. QOutput operand conflict -- an instruction output
to the same Register File locatlon as =
previously Iissued, but siower instruction, walts
until the previous Instruction stores its resuit
in the Register Flle.

3. Register File HWrite confliet -- an Instruction
cannot Issue if its result arrives at the
Register File at the same minor cycis as the
result of a previously issued but slower
instruction.

Table 3.9-1 pertains to instructlons havina greater
than 1 minor cycle issue time.

The first cotumn lisfts the appropriate instructions.
The second column indicatas the minor cycle of jissue
that a specific operand is required. The third
column indicates the availabitity ¢f shortstoo for
that specific operand.

{continued)
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TABLE 3.9~1. ORDER THAT DESIGNATORS ARE READ FOR MULTIPLE
ISSUE INSTRUCYION AND IF THEY CAN CATCH SHORTSTOP OF A
PREVIOQUS IMSTRUCTION

AN A AR S W S TR AP e i - e - T -y S L e W e M Wi cpw e P e e A S TN W

| INSTRUCTION { DESCRIPTIGCN 1 SHORTSTQP |
et e e e e  — — — r———rrr —rr———r r——— — - ———— H
I 13 ist ! RESET ! No H
H 2nd 1T ! No H
e e e e e e A e - ———————— H
i 20-27 ist I ! No |
t 2nd i RES ! Yes !
Jm e e e e e e e e e e ———————— i
! 2F ist i S ! No {
] 2nd it T I No l
! 3rd 1T I No H
o e e e e e e e e e e e e e e e i
b 31435 ist - S&T ] No i
H 2nd ! R I Mo H
i 3rd I R 1 No !
e e e e e e e e e e e a4 H
! 32 ist HEEN i No H
H 2nd I > i No H
m e e e e e e e e e e !
i 35 ist I SET i No }
H 2nd I R i No H
! 3rd i R {i No i
J e e e e e e e e e e e e e !
i 5F ist i RES { Neo {
H 2nd P T i No !
e e e e e e e m e m— — e e m - = ———— §

60 ist 1 RLS ! Yes {RES)H H
1 2nd P T I No i
e e e e e e e R R e ——— e ———— H
i 7F i1st i RESET I No H
! 2nd i T 1 No H
e i e e Tl i
i BO-85.X00X-X 4st! BLY ! No H
] 2ndi Xg&A i No f
H 3rd} 2 ! No H
i 4thi X&LALC ! No {
e e e e e e e e e e e e e e - H
i Bo=-Bs.XgiX=X 4st! BgY { No !
1 2ndi X&ALC } Yes (XzA) i
' 3rdt Z I Yes 1
e e et e e e e E e rm s ————————— t
! BO-B5.X10X-X 41st] BLY ! No t
i 2ndi X&A i Yes i
R D Rt i e R e H
I B0-B5.X1i1X~-X 4sti 3&Y ! No 1
i 2nd! X&A ! Yes {

A A S e S U VAL e S b AT it W P n e W e AR el e S e A G e . . . —— -
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DOATE [ec. 1977
PAGE 146
REV.
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Comments

Instir. R

60
35

60
20

60

Sequence

Timing

Instr.
Instr.

Instr.
Instr.

Tnster.

A
B

issues
issues

issues
issues

issues

at
at

at
at

at

12
12

32
36

458

Specifies an out of stack
branch to Instruction € in
the 2nd guarter sword

Specifies an In stack branch
to Instruction E

8 must wait for Result from A
to be stored into the Register
File

Result {from Instruction.
available from Shortston at
time 37 allows issue at 3¢
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{continued}
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in Register ¢ Is available at 5 cycles and Y

¥*0utput to be stored

Y may be used from the Shortstop at time 5. C can

not be shortstopped.

at 8 cycles,.
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Vector Processor Tliming

All vector processing ftimes are stated in terms of
overhead {the tlme required to start up a vector
goeration} and vector throughput In resuits per sinor
cycles Total time for a vector operation is then
stated as O0+N/R where 0 Ils the overhead, R iIs the
rate of results per minor cycie, and N=M times the
ceiling of L/Mj L is the vector length and M is 8 for
64-bit operands or 16 for 32-bit operands. Ceiling
Is the APL operator which returns the maxinum

intager vatue of the argument.

Vector overhead is variable depending on a number of
conditions. Its component parts sre!

1. Issue time~~-The Instruction Issue Unit
reguires a certain number of cycles to
Transiate and scan over the vector
Instructions and the incjuded 32~bif
DaCKETSt

2 Transmlssion of control information from the
Scalar Unift.

3. Map Unit satup~-~-«The time required to form
addresses and initliate the memory reguests
within the Map Unit.

s Transmission of memory reqguest.

5. Memory access time.

6. Data transmission to Map Unit.

7. Data transmission through Map Unit.

{continued)
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8. Data transmission to Vector Unit.

9, Time through vector pipelines,
™

10. Transmisslon to Map Unit.
i1, DOatz pzth through HMap Unit.
12+ Transmission to memorvy.

When two vector operations appesar In consecutive
instructi'ons in the Issue Unit the issue time,
transmission of controt! to the Map Unity and part of
the buffer setup time are overlapped. Thus the
overhead in such cases can be reduced.

Table 3.9-3 glves Vector Processor times for
operatlions involving the Vector Unifs. See section
3:9.3 for timing of vector operations executed
within fhe M¥Map Unit and section 3.9.4 for Swap Unit
timing.

TABLE 3.9-3 VECTOR PROCESSOR TIMES

- —— ———— . ——————— At WD T S i W o o A = e - o v - -

! H i H i i Sustained |
1 t i }Desti- | Overhead | Data H
i Function | Modiflier | Source Ination ! Time¥® ! RatesCyctiel
l ___________ S A - A A A o AL W am m r Heb  dt S e S S W S i m W -
i H } i ! H i
| Vector 1 Normal i Memory ! Memory | 28 + 2P | 512 bits |
{ - I ! I i H H ! H
i § | H i Memory ! Buffer | 20 + 2P | i i
! H 1 ! 4 H H ! i !
! i H ! | Buffer { Memory | 20 + 2P | ] i
i H H { H i ! H H H
} H H v i Buffer ! Buffer | 412 + 2P i i i
H H H | i H ! { }
! i { Broadcast! Memory | Memory | 28 + 2P | 1 i
! l H t H H H i I l
H ] { H ! Memory | Buffer | 20 + 2P i H H
} ] } ! H } 1 ! ! H
H { i H { Buffer | Memory | 2g + 2P 1 H i
| H i A H H i i H i
i v H v i Buffer | Buffer { 12 + 2P 1 H H
! ! 1 H i { v i
! Buffer ! None i Memory | Buffer | 414 + 2P 15412 bits i
I Load H H ! ! ! !

1¥p = Packet Count In the instruction header. i
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Map Unit Timing

The Map Unit functions of MERGE, MASK, COMPRESS.
SCATTER and GATHER operations are Incorporated
physically within the single Map Unit. These
operations have only memory as a source of operands
but at! except SCATTER can deliver results to either
memory or the vector buffers. Table 3.9-4 gives
timing information for these Map Unit functions.
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TABLE 3.9-4 MAP UNIT TIMES
H ! 1 H H ! Maximum }
} } { ! Desti- { Overhead t Data i
} Functlion | Mode { Modifier | nation ! Time¥ | Rate/Cyciel
______________________________________________________________ !
GATHER ! Hord t  None } Memory | 386 + 2P {41 operand¥¥!
H ! § ! H { i H H
i ! H i None | Buffer ! 28 + 2P 1} H H
H § i H H H | 1 H
! H H i Stride f Memory ! 26 + 2P | H i
l H H { H H H H H
H ! v ! Stride | Buffer | 22 + 2P !} v H
H | i ! H H H
] ! Record! None I Memory | 36 + 2P 1512 blfs¥®¥*¥|
H } H i | i - H i i
! H H i None ! Buffer | 28 + 2P | H {
! { H i ! H H 1 H
f i ! I Stride 1| Memory | 285 + 2P | ! ]
H 4 i H t H H { i
v g v ! Stride | Buffer | 22 + 2P | v H
4 H | . 1 H H
SCATTER | HWord | .None ! Memory )} 30 + 2P 131 operand¥¥}
H i } ! H H } HE
t } Word 1 Stride i Memory | 28 + 2P 1 v H
{ t H . [ ! ! . }
} I Recordt None | Memory | 30 + 2P 1512 bits#¥¥|
1 H H 1 H i } i
v { Record?! Stride | Memory | 28 + 2P | v H
! 1 1 H i {
COMPRESS | N/A I N/A 1 Memory ! 26 + 2P 18 input !
H } H 1 H H H toperands™¥* |
i i H H ! H i H H
H i i i } | Buffer | 22 4+ 2P 18 input H
v H H i { i ! loperands®¥ |
H H H } | H ! "1
MASK H H H i ! Memory | 24 + 2P 1512 bits }
! § i 1 } 1 ! H 1 T
v I t { { ! Buffer § 20 + 2P 1 v !
i H H { ! } H H
MERGE H ! H i ! Memory ! 25 + 2P 18 output H
i H 1 H i i H {operands¥*¥* |
{ ! i H H H | H !
v t Y t Y ! Buffer | 22 + 2P 18 outfput !
; H i i loperands¥®* |
vttt e e e R A e S e St s w e ———— i
H ¥P = Packet count in the Instruction header,

H
| ¥*Either 32-bit or pga-bi+ word. ) i
|¥+¥Rate assumes that swords are moved on sword boundaries} 1
H if nety maximum rate s 258 bits per cycle. H

T e . T i ——— ., P W W . S A A em. W S Ak W in WP i S M D W AN
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Swap Unit Timing

Swap Unit sférfup consists of the issue cycle = 1,
transmission to the Swap Unit = 1, and Swap Unift
setup = 5 cycles. Once bagun,s the swap operation

movaes data at the rate of 542 dats bits every 400
nancsecends.,

QUALITY'ASSURANCE PROVISIONS - Not Applicable
PREPARATION FOR DELIVERY - Not Applicabte
NOTES
Intsrcom
CDC FMP has an intercom system which is utilized
primarily for maintenance purposes. The systfem can
be enabied by simply plugging the reaulired number of
headsets Into.the desired intercom lacks. There are
intercom Jacks located in each section and In the
MCU. Up to four headsets may be on~iine a2t any time.
Systeam Start-up
The Start-up sequence for the system is as follows:s
i Bring up system power.
2 Autoioad MCU.
2. Master clear the system from the CPU.
This master clear:
= -Inifializes the CPU - clears ali control
flip=-flopssy data fiags, interrupts and error
flip~-flops.

b. Sets monitor mode in the CPU {(Job Mode FF
cleared Iin step A).
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L. tLoad microcode into the Stream Unit and the
Scatlar Unit from the MCU.

5. The MCU sends an externalt flag to the I/0
stations reaquired on-line. The stations, on
receiving this flag, witl autoload and enter an
Idie toop waiting for a channet flag from the
CPU. An alternative approach Is to manually
autoload each of the stations desired on-tine.

5+ The MCU loads the operating system kerne! inteo
Main Memory, then interrupts the CPU. The
CPU recognizes the.intferrupt and executes a
partial exchange to start execution in monitor
mode. This exchange is the same as a normal! }job
1o monlitor exchange except the contents of the
Register File are not stored. Program execution
starts at the address contalined in monitor®s
register six Just as it does after a normal I1/0
interrupt.

REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR
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Appendix C

PROGRAMMED DEVICE CONTROLLER DESCRIPTION

A Programmed Device Controller (PDC) is a unit which adapts data chanmels or peripheral controllers to
a serial data trunk. By means of the PDC and the serfal trunk, & set of processors, or processors and
peripherals, may be convenienily and efficiently interconnected.

Figure C-1 ijllustrates a processor to processor data link construet using the serial trunk for connectivity
and PDC’s for adapting the CPU channels to the trunk. A CPU can present messages (and data) to

the PDC, and can accept messages {and data) from the PDC. The PDC is an agent for inserting messages
on the trunk and for selecting messages from the trunk. In this case the PDC is neither the originator
of an activity nor the recipient, but rather the means for conveying the bit stream defining the activity.

e © o cPy CPU CcPU cPU
i 1 HANNEL
c
’ < INTERFACE
% v
6 @ © PDC PDE PDC " Ippc
. TRUNK ;
Fl )

Figure C-1. Processor To Processor Data Link

Figure C-2 illustrates an intercommect of host processors and peripheral units. The function performed
by the PDC for the host processors here is the same as that in the processor-to-processor data link: to
act as the agent for message (and data) delivery, being neither the originator nor the recipient of a
message. The PDC adapting a peripheral unit to a trunk, on the other hand, is itself the originator or
recipient of messages. As such, it has the function of message interpretation and execution as well as
the message delivery function.
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HOST PERIPHERALS

PROCESSCRS {AND CONTROLLERS)
CPU cpPU
PDC POC rOC PDC PDC
. | TRUNK P
J 4

Figure C-2. Processor/Peripheral — Subsystem Network

This type of PDC, having an additional function to satisfy, requires resources in addition to those of the
processor-adapting PDC, namely execution time and memory; the design musi be capable of such exten-
sion.

£ T TRUNK ;
DATA
SET

TCU e © e {UP TO 4 TCU')
Y
\
TCU SELECT
CONTROL
A i
k { PDC
DATA MESSAGE PROCESSOR
BUFFER BUFFER
DEVICE
INTERFACE

C-2



The PDC consists of transmission conirol units, message and data buffers, a device interface, and a
processor to manage these resources in a way which satisfies the PDC functions.

1.0 TRANSMISSION CONTIRGCL UNIT (TCU)

The TCU decouples the message transmission protocol from the functional definifion of the message. The
message transmission proiocol includes,

©  Trunk protocol — a bit-oriented protocol similar to SDLC
® Contention resolution
o Access control

¢ Message closure

and defines how a message is moved from a TCU buffer interface, down the trink, to another TCU
buffer interface, and how a message disposition status is retumed.

2.0 BUFY¥ERS

The PDC buffer decouples the data rate of the attached device (processor channel, peripheral interface)
from the 50-megabit data rate of the trunk. The buffer has two parts, 2 message section and a data
section.

Messages have a predefined format and are of fixed length. Data transfers, from the viewpoint of the
attached unit, can be of any length. The PDC blocks and unblocks long data fields for transmission on
the trunk. The data buffer functions as a civcular buffer. When half full, the PDC begins transmitting
the data block on the trunk, while at the same iime the devicer continues outputting data to the PDC
{other half of the data buffer). The receiving PDC performs a similar function, placing the received data
blocks inte its data buffer in a circular fashiop. Thus the sending PDC waits for ifs atiached device

to deliver a block (half buffer) of data, “bursts” this data on the trumk, and waits for the next block.
The trunk, is available to other communicating PDC’s between bursts.

Messages, as they arrive off the trunk, are placed into the message buffer one affer the other until
either the message buffer becomes full, or a message arrives with associated data. If the message buffer
is full, the TCU returns a BUSY response to the criginating TCU. If the message is accepted by this
PDC, an ACK is retwrned to the originating PDC. The PDC will accept one message with assocjated
data at 2 time. No additional messages will be accepted unfil the process defined by the data message
and its data has beer concluded. .

3.0 _DEVICE INTERFACE

This is the logic necessary to match the device control and data characteristics fo the PDC. A channel
interface includes data assembly/disassembly, resync, ready/resume, and whatever control line and function
translation is required. This logic also includes voltage/impedance (V/Z) matching, The interface to a
peripheral controller is essentially the same as a channel interface.
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The major difference between a PDC interfacing with a processor channel and one interfacing with a
peripheral controller is the question of control. A PDC is passive to a channel, and active fo a con-
troller. Thus a channel PDC reacts to the commands of the chanmel; the state of this PDC is controlled
by the channel. The situation is reversed for the peripheral controller PDC. Here the state of the
peripheral controller is conirolled by the PDC; the PDC, in effect, appears to the peripheral controller

to be a channel.

4.0 PROCESSOR

This is the.programmable element in the programmable device controller. The software executed by the
processor includes a basic set, which is found in all PDC’s, and an application-oriented set, ie., the
channel PDC, peripheral confroller PDC (and its variations).

5.0 BASIC SOFTWARE SET

° Message transrnissionr conirol
i. Interprefs response fo message
a.  ACK - Message received. Transmission is completed. Set status for channel.

b. BUSY — Message was not accepted. Transmission is completed. Set siatus for
channel. )

e¢. No Answer — Contention, fransmission error, access violation, or failed PDC
(also nonexistent). Perform a retry operation.

Results {a, b, or c¢) determine next action.
e  “Buffer management

1. Message queue' — FIFQ. Manage queue pointers. Set up address registers for both the
channel and the TCU interfaces.

2.  Data buffer management. Set up address and length registers. -
® Data blocking

1. Synchronize the transmission of data blocks on the trunk with data motion on the
channel.

-] PDC state control

1.  Busy/available (for messages), transmit/receive data, connected/disconnected, autoload.

6.0 CHANNEL PDC SOFTWARE SET

® Channel Interface
1. OQutput message, out;;ut data — interpret selects,
2. Input message, input data — interpret selects.

3. END OF OP — synchronous with final data message.
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4. STATUS ]
5. ABORT - send message to destination PDC similar to the end of operation message.
6. MASTER CLEAR

a.  Hardware — reset pointers.

b.  Softwarc (function) — Abort data inputfoutput if iIn progress.

7.0 PERIPHERAL CONTROLLER PDC SOFTWARE SET

Channel extension
1. Convert command words to channel functions.
2.  Inputfoutput data.
3.  Data blocking/deblocking.
Device driver
1. Manage queve of readfwrite requests.
2.  Convert requesis to the appropriate set of channel command words.
3.  Emor retryfrecovery.
4.  All of chanmel extensions.
Higher level function
1. File system
- a.  Message translation

b. - Rescurce management

¢.  Catalogue

d.  Access coitrol

e. All of channel extensions, all of device driver

C-5
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Appendix D
SERIAL TRUNK CONTROL PROCEDURE

The Programmable Device Coniroller Communication-Control Procedure (PDCCP) is a bit-oriented, code-
independent, modular data link {trunk) control protocol. It is designed for a conference multipoint inter-
connect, and is meant to be line and link compatible, to the greatest extent practical, with Contrel Data
Communication Control Procedure (CDCCP). CDCCP is presenily under development as a Control Data
Corporate Standard and is not yet available for publication.

CDCCP, which is intended for use in “datacomm™ networks, ie., those using relatively low-speed common

carrier facilities, expressly forbids multipeint interconnects, whereas the serial trunk system allows them.
This constifutes the principal differénce in the design philosophies of the two protocols, and arises be-

" cause of the widely divergent application requirements.

This document defines in detail the frame stmucture used in oll PDCCP transmissions. It describes the
structure, formatting, and significance of the various fields in the frame as well as frame delimiting flags
and frame check sequences.

1.0 FRAME STRUCTURE

1.1 GENERAL

The vehicte for all command, response, and information transmission is called a frame. A frame is a
sequence of contiguous bits bounded by and including opening and closing flag sequences. There are two
types of valid frames, as discussed below.

1.1.1 TYPE- Frame

A valid TYPE frame is 2 minimum of 64 bits in length, including flags, and must conform to the fol-
lowing strncture:

F, T, FUN, §, P, I, FCS, F

where

F = Flag Sequence

T = Destination Address Field
FUN = Function Field

8 = Source Address Field

P = Parameter Field

1 = Information Field {optional)
FCS = Frame Check Sequence

Frames containing only link conirol sequences form 2 special case where no I field is present.
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The TYPE- frame siructure js illostrated in Figl.-u:e‘ btl, Each element of the frame is detailed under
Section 1.2. )

1.12 TYPE-H Frame

A valid TYPE-II frame is a minimum of 80 bits in length, including flags, and must conform to the fol-
lowing structure.

F, T, FUN, AC, §, P, I, FCS, F
where
AC = Access Code Field
and all other elements are identical to the elemenis of the TYPE-1 frame.
Frames containing only link control sequences form a special case where no I field is present.

The TYPE-I frame structure is illustrated in Figure D-2. Each element of the frame is detafled under
Section 1.2. )

1.1.3 Frame Type Limitations

Command frames may be either TYPE-I or TYPE-II frames. Response frames are always TYPE.I frames.
On a given trunk, all command frames must be of the same type.

1.2 FRAME ELEMENTS

i.2.1 Flag Sequence (F)

All frames open and close with the flag sequence. This sequence has the binary configuration 01111110,
that is, a zero-bit followed by six one-bits, followed by a zero-bit.

The opening flag serves as a position reference for the address and control fields, and initiates trans-
mission error checking. The closing flag serves as a position reference for the frame check sequence.

Transmitters must send only complete 8bit flags. All receivers attached to the data link mmst search
continuously, on a bit-by-bit basis, for the flag sequence., Thus, the flag sequence provides frame
synchronization.

An F may be followed by a frome, another ¥, or an idle line. An F which closes a frame may also be
_used as. the opening F on a following frame. Any number of F’s may be transmitted between frames.

Since the .F sequence brackets and synchronizes the frame, it must be prevented from oceurring in any
field of the frame. This is accomplished by the zero-insertion technique described below.

Each fransmitter must insert a zero-bit following five contiguous one-bits anywhere between the opening
and closing flag sequences. The insertion of the zero-bit thus applies to the address, control, information
and FCS fields and effectively prevents the fortuitous transmission of the F sequence 01111110,

el

D-2



Y004 ST THva TYNIDINO
dHT J0 ALITIFIDNAOYFEY

F T TFUN S P I FCS F
Opening Destin- | Funetion | Source Para- Info Frame . Check Closing
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Figme P-1. TYPEI Frame Structme
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Figure D2. TYPE-I Frame Structure

Span of Frame Check and Zero Insertion




Each receiver after detecting the opening flag (start of frame) confinuously monitors the received bit
stream and removes any zero-bit which follows a succession of five contiguous one-bits. Note that zero
insertion at the transmitter follows the computation of FCS and that zero-deletion at the receiver pre-
cedes the FCS check process.

Receivers must be capable of recognizing the following sequences as containing one or more flags.

a. FCS 01111110 T FUN
~—Flag-—»
The flag can be detected as a valid closing flag for one frame and a valid opening flag
for the next frame whether or not the first frame was addressed to this receiver. This
is a combined opening and closing flag.
b. FCS 01111110111111¢ T - FUN
~Flag—
-e——-Flag—-—

Although transmitters must send only complete 8-bit flags, receivers will detect this sequence
as 2 flags,

c. 01111110 XXX .. ... X 01111110

where X is any combination of bits not comprising a flag. The number of X bits can range
from 0 upward.

1.2.2 Destination Address Field (T)

The Destination Address Field (T) immediately follows the opening flag of a frame and precedes the func-
tion field.

Two addressing modes are defined for this addressing field by the state of the most significant bit (bit-
Zero):

1.2.2.1 Unique Destination Address

Bit zero = 0. The remaining 7 bits uniquely identify the destination.
1.2.2.2 Global Destination Address
Bit zero = 1, The frame is directed to all units on the tmnlz_-

1.2.3 Function Field (FUN)

The Function Field (FUN) is located immediately following the destination address field and preceding
the source address field (TYPE-I} or the access code field (TYPEJI). The function field is used to
convey the commands and responses necessary to control the data link,
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The two most significant bits of the function field are reserved for link control as follows:

0 1 2 7

L1 |

1
I

1 For Rotate Priority Command frame
0 For all other Command frames

0 For Command frame

1 For Response frame

Il

Note that bit 1 is reserved for command frames, but not for response frames.

The remaining six (6) bits of the function field are available for specified commands and responses.

124 Access Code Field (AC)

The Access Code Field {AC) inunediately follows the function field in the TYPE-II frame; this field
does not exist for the TYPE-I frame.

The AC is a “key” whichk must match the “lock™ on the receiving unit in order that the frame be
accepted. If the match is not made, the frame is discarded.

12.5 Source Address Field (S)

The Source Address f‘ield (8) immediately follows the function field in the TYPEI frame or the access
code field in the TYPE-II frame.

The Source Address Field identifies the unit which sent the frame.

12.6 DParameter Field {P)

The Parameter Field (P) immediately follows the Source Address field, preceding the information field.

The parameter field provides control or status for the control message or response message respectively.

1.2.7 TInformation Field (I)

The data link control is completely iransparent to the contents of the I field. The I field may, there-
fore, consist of any number of bits, in any code, related to character structure or not and Ilimited only
- by system requiremenis. The I field is unrestricted as to length but it should be recognized that typical
length is contingent on system requirements and limitations beyond the link Ievel. Factors limiting I
field length may include channel ervor characteristics, PDC buffer size, and the logical properties of the
data.

The fortuifous occurrence of a flag or abort sequénce within the I field is prevented by the zero-insertion
technique ‘described in paragraph 1.2.1.

An T field with a length of zero is specifically permitted.

] REPRODUCIBIL
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1.2.8 Frame Check Sequence (FCS)

¥ach frame includes a 16-bit frame check sequence (FCS) immediately following the I fieid (or the P
field if there is no I field) and preceding the closing flag. The FCS field serves to detect errors induced
by the transmission link thus validating transmission accuracy. The 16-bit FCS results from a mathemati-
cal computation on the digital value of all bits (excluding inserted zeros) in the frame including the
destination address, function access code, source address, parameter and information fields.

The process is known as cyclic redundancy checking using the CCITT Recommendation V.41 generator
polynomial of x16 + x12 4+ %5 + 1. The transmitter’s 16-bit remainder value is initialized to all ones
before a frame is transmitted. The binary value of the transmission is premulfiplied by x16 gnd then
divided by the generator polynomial. Infeger quotient values are ignored and the transmitter sends the
complement of the resulting remainder value, high-order bit first, as the FCS field.

At the receiver the initial remainder is preset to all ones and the same process is applied to the serjal
incoming bits. In the absence of transmission errors the final remainder is 1111600010111000

(Xg thru Xyg respectively).

The receiver will discard a frame in error. Subsequent retransmission of the errored block is under
control of error recovery procedures.

1.3 ADDITIONAL CONVENTIONS

1.3.1 Interframe Time Fill

* Interframe ‘time fill may be transmitted to mainfain the link in an active state. Time fill may also be
used to avoid timeouts and to hold the authority fo transmit. ’

When used, interframe time fill must be a series of contiguous flags which are contiguous to the closing
flag of one frame and the opening flag of the next frame.

132 Abort

Abort is the process by which a PDC, in the act of transmitting a frame, decides before the end of that
frame to tenminate in an unusual manner which will cause the receiver to discard the frame.

Aborting a frame is accomplished by transmitting at least seven consecufive one-bits with no zero-
insertion. Receipt of seven contignous one-bits is interpreted as an abort.

1.3.3 Invalid Frame

An invalid frame is defined as one not properly bounded by an opening and closing flag or one which
is too shorf, e.g., less than 64 (TYPE.)} or 80 (TYPE-II) bits between flags. An aboried frame is an
invalid frame. A PDC will ignore an invalid frame.

1.3.4 Ovder of Bit Transmission

The order of transmission for all fields is most significant bit first.
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2.0 DEVIATIONS IN PDCCP FROM CDCCP

2.1 FRAME TYPES

CDCCP defines one frame type; PDCCP defines two (one incorporates an access code, one does not).

2.2 FIELD DEFINITIONS

PDCCP defines three additional fields:

S — Source Address Field
P — Parameter Field
AC — Access Code Field

2.2.1 Address Field Definition

The Address Field {A) of CDCCP js redefined as the Destination Address Field (T) in PDCCP as follows:

A (CDCCP) T (PDCCP)
N Octets in length Single Octet
where N 2 1
Two Addressing Modes Single Addressing Mode
Group Addressing No Group Addressing
Global Address = 11111111 Global Address = 1XZOCKXXX
Null Address = 00000000 No Null Address
(ignored by all stations)
Address Field refers to -~ Address Always Destination
Source or Destination

2.22 Control — C (Function — FUN) Field
C (CDCCR) FUN (PDCCP)
N Octets in length Single Octet

where N = 1

~————Content Definitions Totally Different

2.3 MINIMUM LENGTH OF FRAME
CDCCP PDCCP

48 Bits 64 Bits (TYPED)
80 Bits (TYPE-I)



e

2.4 ORDER OF BIT TRANSMISSIONS

ChCcP PDCCP
Address, Control, Respon- All Fields
ses, and Sequence Numbers Most Significant Bit Fimst

are Low Orxder Bit First

(Bit 20 first)

Data (I Field) Any Order

FCS = Most Significant Bit First

3.0 TRANSACTIONS

3.1 GENERAL

A transaction is a dialogue between two units on a trunk. At least one of the units must be active
{(a PDC). Active units can transmit command or response frames. Passive units can transmit only response
frames. The multiplexed loop controller is an example of a passive unit.

A dialogue can be viewed as a set of command and response transmissions. Consider two units, A and B:

IDLE TRUNK
A transmits command frame(s) to B
Reserved trunk
B transmits response frame(s) to A
Reserved trunk .
A transmits command frame(s) to B
@
o
o
o
B transmits response frame(s) to A
IDLE" TRUNK

A dialogue, therefore, consists of one or more sets of command/response transmissions.

Each PDC contains one to four trunk interfaces, These interfaces are called Trunk Control Units (TCU).
The TCU interfaces the trunk and the PDC buffer, The TCU selects frames from the trunk and presents
frames to the trunk,

The' TCU analyzes certain frame fields as part of ‘the select process. Likewise the TCU generates certain
fields when presenting frames wo the trunk. These TCU operations, as they pertain to the PDCCP frame,
are discussed in detail in the following sections.
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3.2 TRANSMIT COMMAND FRAME — TYPEd OR TYFPE-I

@A —®—

IFITIFUNI |FCS|F|
F = Flags
FCS = Frame Check Sequence .
FUN = Bit 0 and ! forced to zeros. Bits 2-7 come from the buffer.
@ = not generated by the TCU

3.3 RECEIVE (iOMMAND FRAME — TYPEI
]F|TIFUN|S! IFCSIF]
I—t—not analyzed by the TCU—»I
T = The transmitted address which must match this unit’s address.

FUN = The function field which must identify this freme as a command frame (bit 0 =0). The
TCU recognizes a small set of functions.

s = The source field of the first correcily received frame; it is saved by the TCU

3.4 RECEIVE COMMAND FRAME — TYPE-H

L5 |

T‘_IFUNIACISI. ] ’FCSIFi
]—*not analyzed by the TCU—*-I
AC = The transmitted access code which must match the physical access code of this unit.

All other fields are recognized identjcally to the TYPE-I frame of Section 3.3.
3.5 TRANSMIT RESPONSE FRAME
‘FIT!FUNIS[PI IFCS'FI

}*not generated by the TCU-»i

T = The value saved when receiving a command frame. See Section 3.3.
FUN = The response, including bit 0 = 1.

s = The physical address of this unit.

P = The parameter field; contains unif status.,

T, FUN, S, and P are inserted by the TCU.



3.6 RECEIVE RESPONSE FRAME

|F!T.|FUN[ .[FCSIFI
l—~—not analyzed by the TCU —|
T = The transmitted _address which must match this unit’s address.
FUN = Bit 0 must be set.
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