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Preface

The work in this report was performed by the Telecommunications Division of
the Jet Propulsion Laboratory.
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Abstract

A rationale and method are presented for effecting the synthesis of multiple
DSIF real-time functions in a single computer. Included are the management-
supervisory, as well as engineering disciplinary roles and interfaces required to
allow independent, noninterfering  subfunction  development and  subsystem
operation.

JPL TECHNICAL MEMORANDUM 33-420




DSS Subsystem Implementation by

Time-Shared Computer

l. Introduction and History

This report was written in consideration of the poten-
tial that has been afforded to the DSIF by small general-
purpose digital computers and to indicate that this
potential can be further increased without a correspond-
ing increase in the number, speed, or memory size of the
on-site machines. The principal factor that sets the use
of digital stored-program machines at a tracking station
apart from the use of similar equipment at a computing
facility or a commercial data-management center—whose
services and capability are time-varying and available to
any and all subscribers—is primarily that the tracking
station is configured and committed to provide a given,
prescribed function for an extended period of time. Be-
sides this fully dedicated application of an on-site com-
puter, there are other definitive characteristics, First, the
programs in these compueers tend to make greater de-
mands on the speed and time of the central processor
than they do for the input-output (I/0) channels. Com-
putational portions of the program are station-event-
actuated and require computation synchronous with the
event, whereas 1/0 can be somewhat asynchronous, as
long as it is rapid enough so as not to accumulate too
large a backlog. Further, the structure of these programs
during their developmental phase is different in some
detail from the version operating during a spacecraft
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mission; each of these is very different from nonreal-time
programs of the problem-oriented or data-management
types. The set of computer peripherals is extremely dif-
ferent from the usual 1/0 set found in a job-shop in that.
in the station, the computer is a monitorin:, processing,
and controlling device integrally developed into varicus
of the station subsystems. As such, the set of peripherals
not only consists of the usual analog-digital voltage con-
verters, but may also include special subsystem-oriented
devices such as number-controlled and programmable
oscillators, ranging coders, information-symbol-stream
detectors, auto- and cross-correlators, switches, counters,
ete. The set of peripherals required during subsystem
development is usually different from (and larger than)
the set actually needed during operations. Lastly, and
very significantly, both the computer software and its
associated subsystem peripherals are engineered together
as a unit because software-engineering decisions affect
peripheral hardware designs, and vice versa. What this
implies is that software needs to be engineered, and that
this engineering thus needs to fall under the same cog-
nizant management as the hardware part of a subsystem.

From the user point of view, there are several similari-
tics, however. For example, the addition of such capa-
bility makes possible certain previously impossible tasks.




It makes some previously ditficult jobs relatively casy.
Other funciions—and this is a major consideration—are
reduced in user cost. with increased  reliability and
confidence inherent in the end product.

The first use of a computer as an integral part of a
JPL tracking operation was an experiment in 1962 during
which real-time detections of vadar echoes from Venus
were made. The computer used was a very slow, small,
and unrcliable device—ceven by the standards of that day.
Speed. memory, and longer-term reliability: were avail-
able at extra cost. of course. but were not justifiable
hecause of the experimental nature of the application
and because, as naive as it was later to becore viewed, it
did the intended job with such apparent case that the
potentiality of such cquipment was intensely obvious.
This computer. incidentally, was originally purchased to
attempt failure-mode  signal  processing of a Ranger
scismometer experiment, but the experiment was subse-
quently deleted from the Ranger missions.

The next application of a stored-program digital device
at a station was the Mod T1T Stored-Program Controller,
installed ac the Venus site for the 1964 Venus radar
experiments as a pr()gr;nnnmhlv ranging device, Its sister
machine, the Mod I1. similar in structure. was a labora-
tory device that formed the core of the R&D work lead-
ing to the (special-purpose’ Mark T Ranging Equipraent.
Both were designed and built at JPL from commercial
logic modules at great time and expense to provide
methods and technology for increasing the functional ca-
pability of a network station by being part of the signal-
handling. monitoring. and control functions. The Mod 11
was slow, limited in what it could do, and had only
moderate reliability, Since even the R&D site (Venus
site) was not. at that time, configured to accept the
monitoring it could provide, the control it could effect.
nor the signal-processing flexibility it could extend, its
potential was never fully realized. However, its presence
was certainly mnoticcable. For the first time, multiple
functions were provided for within the program itself.
For example, during the 1964 Venus Radar Experiment,
the Mod III controlled the ranging codes, keyed the
transmitter. timed the round trip. switched in the re-
ceiver, followed a range ephemeris of the planet, phase-
tracked the echo modulation, put out ranging residuals
indexed with time, etc.

The digital processing schemes which had been dem-
onstrated at the R&D site began to find their way into
the entire DSIF. and in 1967 had been implemented
into the Antenna Pointing System (APS). the Digital

Instrumentation Svstem (DIS), and the Telemetry and
Processor  (TCP). Meanwhile. R&D
systems were finding computer implementations: Pro-
crammed Local Oscillator (PLOY. Nariner 1967 Ranging,
and Radar/Radio Astronomy, to name a few. Each ap-
plication used a separate computer, because there was

Command other

no convenient way to develop two or more complete
subsystems into one program. However, it was as casy
or casicr to build a software subsvstem than it was to
build that same function in hardware, and more impor-
tantly, it was cheaper. even with one computer per sub-
given to the single

svstem. Nevertheless, the  obs

computer did not exhaust its capability.

The DSIE, in consideration of the advancing state of
the art, has successtuily applied the computer art to a
network of tracking stations. and has thus developed
a technology based on having one subsystem per com-
puter, with the computer speed and memory size some-
what in excess of that required to do the job. These
computers are now nearing the end of their useful cost-
cconomic lives, and will eventually have to be replaced.

Generally speaking. several elements in a subsystem
require infrequent and/or minor attention of the com-
puter: others require such attention as would saturate
the central processing unit (CPU) of any particular ma-
chine. Thus. whereas a computer of a given type could
process severai tasks of the first type with relative ecase,
it could not perform one of the latter in addition. Aug-
mentation by certain special-purpose  peripherals  can
often alleviate this CPU strain (usually at the expense of
subsystem  flexibility, however), so there is a tradeoff
between CPU speed/time and peripheral complexity. Of
course, cach task could have its own computer whose
size and speed are commensurate with the task to be
performed, which, together with its outboard hardware,
is jointly engincered for maximum task cost effective-
ness. At the other extreme, all tasks could conceivably
be incorporated into a large. very fast machine whose
equivalent time-shared speed per program is, on the
average, the same as that on cach of the smaller ma-
chines. and whose memory is at least as large as the sum
of all smaller machines. There must be, in this latter
case. some means to relax or remove any simultancous
demand for CPU time, either by engineering the occur-
rences of the actuating event. or by providing peripheral
buffers to hold or perforia those parts of the tasks that
are so time critical.

The possible engineering  advantages of the one-
machine concept are (1) that the computer, along with
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all its periphierals, may he less expensive than the several-
machine implementation, (2) that there is only one ma-
chine to be familiar with. and (31 that program-to-program
interfaces are simple. not requiring hardware, However,
it imposes some problems not readily quicted. One has
to do with reliability: how does one provide tor a fail-
urce? On the one-large-computer model one could envi
sion an oxtra central processor and perhaps a spare bhank
of memory hut not total |'<-p|i(.|lin|w to cure the fanlt. o
at least provide fail-safe operation (e, a multiprocessor .
The fail-safe feature holds antomatically for the many-
computers model but a cure requires a redundant backup
or sparc. The diffienlt problem for the onc-computer
model arises i specifving what speed. memory, and
peripheral 170 devices are needed to do the intended
multiple job and how the separate subsystems are to be
softwarc-integrated  (multiprogrammed) into one  com-
puting unit,

It is interesting to note how the commercial job-shop
computing facilities handle this Latter problem. Either all
jobs are entered sequentially in a quene to be processed
cach in turn, or ¢lse several job programs are entered into
memory simultancously and are processed on a time-
sharing basis. Programs are continually shifted around
as jobs are completed and new ones allocated to memory.
Each facility has, as part of its implementation, a resident
program called an operating system. or executive program,
or queue supercisor. or monitor. to give a few of the
names given to it to acquire. allocate. and manage mem-
ory. and to load and supervise the execeution of programs.

Because of the time dependence inherent in a tracking
station activity. the job queue technique cannot be used.
The time-share technique has the right elements, but its
job-shop implementation is inefficient and not oriented
toward the type of function the computer is to provide
in a tracking station. On purely a cost-cffective basis, it
is not vet known whether it is more economical to group
many or all present computer-based tasks into one large.
fast machine, or to retain the one-job/one-computer rela-
tionship upon which the technology evolved, but with
cach computer smaller, inexpensive, and sized to the task.
The one-computer-per-task engineering technique is now
a matter of record. To be able to evaluate the one-
computer-per-subsystem model. there must tirst he a
model.

The ensuing sections consider the aspects of nultipro-

gramming a computer for impl('lnvminu \pc(-ili(- functions
into a tracking station. How a subsystem is managed. pro-
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crammed. and operated s discussed: also considered s
how new systems, as they evolve, are i, Temented at
minimum interference and cost to the total station,

Il. Organizetion of a Multiprogrammed
Subsystem

The specifie problem to which this report is addressed
is that of providing a means and rationale for implement-
ing any of the several computer-based DSS equipments
by o single computer interfaced directly with the analog
and special-purpose digital cquipments in a tracking sta-
tion. This is the logical nest step from the one-computer-
per-function technology already developed within the
DSIF. and one which will Tead to a next logical step of
one computer per site, should the latter prove technically
feasible and economically advantageous.

A wed about nomenclature, In the DSN| the word
system usually refers to the total configuration of subsys-
tems that operate together to perform a function that
camot be accomplished by a single subsystem. A sub-
system is an integrated set of hardware and/or software
arouped together for development that performs a closely
relaied group of functions and uses a commen technology.
For example, within the DSTF. there are RF Doppler and
Signal Level, Ranging, Angle Tracking, Telemetry, Com-
mand, and Monitor/Control Systems. These systems are
implemented by the conjunctive participation of several
subsvstems, such as the Antenna Mechanical, Microwave,
Receiver/Exciter,  Transmitter,  Tracking,  Telemetry/
Command. Menitor/Control. Frequeney/Timing, Record-
ing, and Technical Facilities Subsystems. Each of the
su])s_\'sh'ms. too, pr()\'i(]v\' a set of functions, and is thus
divided naturally into a multiple set of sub-subsystems
called assemblies. Functionally, as a typical example, the
DSIT™ Tracking Subsystem measures Doppler and range,
points the antenna, programs the local oscillator or ex-
citer, converts data for communications lines, records
tracking data, and compares data with predicts. The
assemblies for providing these are the Tracking Processor,
Doppler. Ranging, Frogrammed Oscillator, Communica-
tions Baffer, and Digital Recorder Assemblies.

The approach taken here is that eack assembly is devel-
oped on an individual basis, separate insofar as instal-
lation, interface, test. modification, and operation are
concerned, but unified in that they time-share a siagle
central processor. This approach stresses and preserves
a proven technology: The functional individuality of each
assembly. To both the development engineer as well as




the operator, the assenbly appears as it it were made with

one computer per assembly.

Fach assembly consists of an assignied fraction ot the
computer capability, along with certain mterfaces with
the computer. oth v subsystems, and other assemblies
(Fig. 1. One such computer interface can be o special
purpose Operations and Monitor terminals for that assem-
blv. Such w terminal has display and controls as required:
these may include 170 devices, indicator tights, test
points. wisembly hardware/software checkout facilities.
tost inputs. mode switches, parameter settings. ete.

The development of any particular subsystem is under
the management and technical direction of a subsystem
Cognizant Development Engineer (CDE). As indicated in
Fig. 2, the several assemblies are developed by individual
Assembly Cognizant Engineers (the initials ACE here
scem singularly appropriate). who must not only build
within the technical confines of the function and equip-
ment involved. but must also adhere to various codes and
standards imposed by system and subsystemn management.

—

SSEMBLY
INTERFACE WITH
OTHER SUBS (')TlMJ

¥
b

The erganizational philosophy may be summarized as
follows:

(1) The computer has sufficient speed, memory, and
peripherals to perform all subsystem functions.

9

2) Bach assembly is allotted a certain fraction of the
computer capability  (speed, time. memory) by
the subsystem CDE, commensarate with the func-
tion to he performed.

os]

Each separate assembly is developed as a separate
entity by cogmzant engineers with other assemblies
and subsystems as interfaces.

(4) Fach assembly is developed noninterferingly and
not necesserily synchronously (except for program
interfacing and schedule milestones) with  other
assemblies.

(5) Interface conflicts are resolved by subsystem CDE.

(6) Each assembly is viewed as a set of modules, con-
nected together.

ASSEMBLY ASSEMBLY
OUTBOARD OUTBOARD

I EQUIPMENT EQUIPMENT
4 ]
ASSEMBLY )
OPERATION —— = SUBSYSTEM
AND MONITOR A TERF
TERMINALS TIME-SHARED NITH OTHER
— s COMPUTER SUBSYSTEMS
= LOGGING
SUBSYSTEM
CONTROL
PANEL
ASSEMBLY
OPERATION > | suBssTEM
AND MONITOR - )
TERMINALS —
DIAGNOSTIC
ASSEMBLY
EQUIPMENT

Fig. 1. Implementation of a complete subsystem by time-
shared computer interfaced with hardware
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| COGNIZANT |

|  DEVELOPMENT
ENGINEER |

ASSEMBLY [ rAsseMau [ ASSEMBLY

COGNIZANT | | COGNIZANT | COGNIZANT
| ENGINEER | | ENGINEER | ENG INEER
L { Sa— J

Fig. 2. Organization for development of computer-
based subsystem

lll. Subsystem Development Configuration

The special nature of the task is one that necessitates
a fully dedicated installation of the computer; by this is
meant that the total configuration and capability is engi-
neered for the job at hand (allowing for reasonable
growth potential of the subsystem), and that the functions
performed are fixed for a given mission. extending essen-
tially intact over an entire track. Some of the desirable
characteristics are ones that extrapolate naturally from
present technology: for example, The subsystem structure
makes use of software as well as hardware management
by the CDE. Development adheres to a set of module/
assembly/subsystem/system  standards, including  pro-
gramming standards for language, format, technique, and
documentation. as well as interface standards for both
software and hardware. Irterface conflicts are resolved

by the CDE.

Such characteristics are also constraints which imply a
simpler, more efficient computer implementation in addi-
tion to the positive supervicory control of the way
functions are performed.

The computer software configuration consists of a
supervisory system (Queue Monitor) and the separate
assembly program modules. The supervisory system soft-
ware can be viewed as a separate assembly, and, as such.
the prototype is developed within the DSIF. Because it
is a prototype, and because it is written by systems engi-
neers, ruther than by programming experts, it may be
somewhat inefficient in its use of the computer and insuf-
ficiently documented. However. it does have the required
characteristic: it is an operating picce of software, ex-
pertly designed in function, speaifically tor a tracking
station. The operating field version of the supervisor is a
more cfficient and fully documented version of the proto-
trpe possibly contracted outside the DSIF to “superpro-
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grammers” whose expertise is in software rather than
communications systems. Eftficiency in the supervisor is
necessary, as it will he used in cach computer-based

subsystem,

The software tor each assembly, as well as its hardware,
is developed by the ACE: it is not necessary to make it
more cfficient by superprogramming as long as it fits
within the assigned computer fraction. It is thus the
CDE's responsibility to ensure that the computing allot-
ment is properly assigned, that there is consistency be-
tween the efficiency of the program and the allowed
resource. Each ACE maintains and documents his own
software, kept separate, and not released until the assem-
bly is operative. Once all assemblies are operative, i.e..
when the subsystem is tully developed, the entire com-
puter software is dumped as a unit, approved, and
certified by the CDE for use in a tracking operation.

IV. The Supervisor Program

Because of the dedicated nature of the instaliation. and
because of some of the system management is allocated
to the CDE. the Queue Monitor can be a relatively simple,
low-overhead assembly. both in the amount of memory
it occupies and in the time it takes to supervise the exe-
cution of assembly programs. Besides containing the time-
share queue switch, it is also proper to include as part of
the cupervisory assembly those subroutines (such as 1/0,
pregrammed operators, ete.) that are common to many
uscrs, written in re-entrant code (or perhaps usable only
when not already in use).

The Queue Monitor need not allocate CPU time to
programs in a wait mode. This is not necessarily a bonus
feature in the initial assignment of the fractional capa-
bility given to an assembly, but may be of advantage to
a CDE tryving to fit newly developed assemblies in with
ones not completely utilizing their allotted fraction. by
post-evaluation of assembly requirement.

During subsystem development the supervisor should
be made to allow each ACE extreme flexibility in the
development of his assemblv. For example, it can allow
for the loading, debugging, and testing of one assembly
while others are either running or being similarly devel-
oped. This not only gives the subsvstem the same struc-
ture it will have during operations, but makes it possible
to develop each assembly separately, simultaneously, and
noninterferingly with development, test. or operation of
other assemblies.




However, it is not necessary for the program dump,
i.c., the station version of the subsystem, to contain the
full flexibility of the development subsystem supervisor.
For example, it need contain only that part of the super-
visor required to monitor the assemblies; that part dealing
with loading and manipulating separate programs on an
individual basis is not needed during operation.

V. Levels of Priority and Organization
of Resources

One characteristic of real-time programs is that they
are required to perform designated actions upon receipt
of external influences. Some of these are demands for
immediate response; others initiate actions which, subse-
quent to their initiation, are not as extremely time critical.
but nevertheless, have « certain urgency; still others, such
as those monitoring an equipment status, require no par-
ticular synchronization with that external equipment at all.

Many computers, and the ones we shall assume here in
use, have an interface system of external inputs for inter-
rupting the normal ¢ .aputer CPU sequence and branch-
ing to a specified location for its next instruction. Such
inputs are arranged in priorities, in which certain inter-
rupts are allowed even when the computer is still process-
ing a previous, but lowcr interrupt call; for others, the
interript request is put into a priority queue to await
its turn.

In accordance with such a priority interrupt scheme, the
subsystem priorities can be divided into four categories:

Level IV. Fixed time-slot allocation of CPU time to
assemblies in cyclic repetition. Number of
slots per cycle for each assembly approved
by CDE.

Level ITI. Interrupt-actuated queue (IRA): interrupt
event initiates reassignment of assembly
time-slot to one of the assembly subpro-
grams. Upon subprogram exit, the assembly
reverts to level IV,

Level IL System Interrupt: interrupt event common
to many users initiates short-user programs.
Length and execution order must be ap-
proved by CDE.

Level I. Private Interrupt: interrupt event initiates
action for one assembly only. Interrupt link-
age assigned by CDE and program length
approved by CDE.

As will be noted. cach user assembly has a certain time
per subsystem evele assigned to it, of which no other
assembly can deprive it except when interrupted by
level T and 11 prioritics, and thus approved by the CDE.
Should the ACE desire to make use of a time-event-
actuated subprogram, he can do so at his own volition
and cognizance as long as he stays within his time slot
allocation. This he does merely by requesting the Queue
Monitor to reassign his time slot from level IV to the
level TIT subprogram or he can request a flag be set (by
a level I event) which can be sensed in the assembly
level IV software. For more critical applications, the ACE
may request both extra time and priority through the
CDE, to ensure that no infringement with other assemblies
occur, The four priority levels are illustrated in Fig. 3.

VI. Programming Language for Assembly
Development

tiie procedure for turning an ACE’s requirements into
an assembly program is the transformation of a sequence
of instructions, written in the problem-oriented, or source
language, into machine instructions coded and stored in
the computer. Commonly this process is accomplished
in two steps: first. the source language is scanned and
translated into an intermediate language isomorphic to
machine code; second, a loader interprets and inserts the
program into memory and transfers control to a given
location.

The compiler for a subsystem is a part of the develop-
ment effort only; it is not necessary in the tracking station
version. Because of this, the compiler may be a separate
assembly in the development subsystem, or it may be a
free-standing program in a computer other than the tar-
get machine. In the latter case, it is necessary to have the
intermediate output discussed above, with only the loader
as part of the development subsystem.

The terminal characteristics, in either case, regardless
of the configuration or complexity of the compiler are the
important factors. The source language should be simple,
flexible, and properly oriented to the subsystem; the ma-
chine code should be efficient. In fact, it does not seem
unreasonable, considering the costs involved, to sacrifice
convenience in source language at the gain of machine
code efficiency. For example, a subset of Fortran modi-
fied to exclude high-overhead routines, interspersed with
symbolic machine instruction capability, would provide a
convenient beginning source language.
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USER SYSTEM IR
SUBPROGRAMS

LEVEL I: LEVEL II:
PRIVATE IR | SYSTEM IR
| SYST
IR
USER PRIVATE IR |
PROGRAM QUEUE LINKS
I FLAG SET
| INITIATE IRA
QUEUE
] —_——— ——
LEVEL I1I:
IR-ACTUATED (IRA)
QUEUE
RET )
ENTER
e S—
USER
QUEUE LINKS IR-ACTUATED
SUBPROGRAMS
\ EXIT

S
|
I
|

TIME-SHARE
MONITOR

. CHRONOUS

LEVEL IV:
TIME INDEPENDENT
PROGRAMS

USER ASYN-

PROGRAMS

Fig. 3. Hierarchy and priority of user programs and
organization of subsystem monitor
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The compiler would naturally exclude the use of cer-
tain instructions which, if used improperly in an assembly,
could result in the failure of another assembly. Such is
only a benefit in the development subsystem since assem-
blies must be certified by the CDE prior to inclusion in
the subsystem dump.

As the compiler program itself, once the source lan-
guage is defined, is devoid of station-oriented constraints,
it should properly be written by superprogrammers rather
than by the DSIF. It does fall within the responsibility of
the DSIF, however, to define the source language, per-
haps in consultation with programmers, as regards to a
proper balance between source language convenience and
output code efficiency.

Assembly documentation is required on several levels.
The first level is a block diagram showing the organiza-
tion of the assembly purely on a functional basis. To turn
the functional requirement into an operating unit, how-
ever, there has to be a technique analogous to that used
to turn hardware functions into hardware. For software,
this technique is a hierarchy ol documentation, the first
of which is the functional block diagram.

The second level of drawings consists of a sequencing
chart for each mode. A sequencing chart has somewhat
the same form as a conventional flow chart, but it is con-
cerned with how the several functions required in a given
mode are called up when required. The functions are
shown only as blocks, and the chart shows the queueing
scheme, the links to other modes, and the operation of
interrupts. In cases where timing is critical, the chart is
accompanied by a timing diagram.

The next level of drawings consists of a detailed flow
chart for each of the functions to be performed in each
mode. The machine program is derived from these flow
charts and represents the final level of documentation by
the ACE.

The DSIF has a standard procedure' for the prepara-
tion of DSIF computer programs that can be expanded
to contain the same detail the DSIF requires on all hard-
ware. As a minimum, subsystem documentation found in
a station should include:

(1) Functional block diagram.

(2) Sequence block diagram of assembly programs.

'DSIF Standard Procedure 14 '8c.

(3) Timing chart of program actuations and CPU usage.
(4) Schematic of each hardware module.
(5) Flow chart of each program module.

(6) Source-language listing of each module showing
resulting machine code, relative memory assign-
ments, and characteristics of all interfaces between
modules.

(7) Annotated memory map of each assembly program.

Each level of documentation adheres to a set of standards,
some of which are set by the DSIF, others imposed by
the CDE on the ACE, and by the ACE on his develop-
ment personnel.

VIl. A Demonstration System

To illustrate the desired characteristics, to demonstrate
a specific documentation technique, and to aid in formu-
lating some of the foregoing rationale, a simple super-
visory assembly has been programmed for an SDS-910
computer. The rcason for choosing the SDS-910 was that
it was available for the purpose, and that any program
which would work on it would also operate on an
SDS-920 or SDS-930 as well, without alteration (albeit
some alterations, making use of the more powerful instruc-
tion repertoire, could markedly increase its efficiency).

A simple functional block diagram is shown in Fig. 4,
as the demonstration configuration now stands. It may be
noted that the handling of level III IRA queues is not
impicmented in this version, but otherwise, the system
performs all the functions outlined in the preceding sec-
tions of this report.

The indicated block diagram represents the first level
of subsystem documentation. It shows the connectivity of
the various computer interfaces and 1/0 devices with the
internal functions of the computer. It shows, for example,
that all buffer 1/0, whether initiated by a user program
or the loader, take place under the supervision of the
time-share monitor. It shows that the loader, when
initiated by the fill push-button, is executed in the time-
shared queue mode. Parallel 1/0, however, is program-
mable at user discretion.

From such a diagram, some of the things a CDE must
supervise is readily apparent, such as the parallel 1/0
interface, the private IR links, the length of private IR
programs, and the interchange between private IR pro-
grams and non-IR programs.
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Fig. 4. Time-shared SDS-910 demonstration system configuration diagram

The next level of documentation, Fig. 5, is a sequencing
chart showing the execution order of the assembly and
the way modules are connected together. Each module is
designated by its name (which is also its source language
entry call). The diagram is annotatcd, showing how each
subprogram is initiated, which subroutines it calls (desig-
nated by double arrows), and how exit is made. In the
event there are multiple exits, as in QUBLDR for exam-
ple, an assertion about the specific condition for exit is
required.

In instances where timing of the various routines is
critical or otherwise important, a timing diagram, such as
Fig. 6, is appropriate. Figure 6 shows how the queue-
switch interrupts are related to a time slot, how the
QSWITC subroutine reacts to the interrupt, and how
the user programs are sequenced.

The next level of diagram is the module flow chart, as
shown for QSWITC in Fig. 7. This diagram uses standard
flow-chart symbols for functions, decisions, etc. One item
of note in the diagram is that each entry in a box has a
reference number affixed to it. This is to identify that
point in the final documentation level, the compiler print-
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out, as illustrated in Fig. 8. Because of its availability, the
source language was taken to be SDS SYMBOL.

The SYMBOL compiler not only lists the source state-
ments, but also the machine code on the same printout.
The compiler output paper tape format is accepted by the
SDS Universal Binary Loader, which stores the program
into memory. The SDS loader (QUBLDR), modified to
operate its I/O under interrupt control by an evanescent
subprogram PATCH forms the queue monitor loader.
Because it was adapted from an existing program and be-
cause of the structure of the SDS-910 input media, no
more than one user can use the loader at one time (i.e., it
is nonreentrant), and only via the paper tape reader on
the W buffer. In the event the W buffer is in use by
another program, its use is time-shared between loading
and the other 1/0 on a record-by-record basis.

Because SYMBOL (or METASYMBOL) only is avail-
able as a source language there are few natural restric-
tions imposed on user programs, other than those imposed
by the programmer himself. Since the interrupt feature is
enabled, and since the W and Y buffers have EOT and
EOW interrupts, all buffer I/O must be under IR control.
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2 ms QUEUE SWITCH IRS

/-~ IRRATE = NUMBER OF
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+ HLTFLG

USER | PROGRAM EXECUTION USER 2 PROGRAM EXECUTION

EACC 31 PAr7ZAv77721Z
[user Queue | -

Fig. 6. Timing diagram of QSWITC, the time-slot switch of
the SDS-910 demonstration queue monitor

Hence the user is provided a buffer I/0 programmed
operator, RIO; and to provide users with specific IR
arming/disarming without negotiation with or interfer-
ence to other user programs, ARM and DARM operators
are provided.

There are other programmed operators provided but
these are with regard to not wasting time in various wait
modes, such as halts (WAIT), breakpoint waits (PAUSE),
ready tests (READY), or busy tests (BUSY). Other pro-
gramming restrictions are listed on the QUEUE MONI-
TOR nameplate, Fig. 8, and the entire demoustration
system compilation appears in Appendixes A, B, C, and D.
The incomplete documentation is a natural consequence
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of the development status of the program. The entire
QUEUE MONITOR requires 735 memory locations ex-
clusive of the loader which occupies 650 locations.

Several user programs have been written to exercise
the QUEUE MONITOR; all but one are 1/0 bound; that
is they are usually waiting for a character to be finished
typing, etc. During this wait, the CPU is free for the
other, a compute-bound program which simply incre-
ments a cell and displays the number asynchronously as
a plotted line. With separate programs to read cards, type
card images, type on the teletype, test a breakpoint then
type, and accumulate and plot, it was found that each
1/0-bound program consumed under 5% of the CPU
time and that the QSWITC overhead was about 5% .

VIIl. Conclusion

This report has given a method, rationale, and specific
demonstration for the implementation of a time-shared
capability within the present DSIF which can readily be
extended to the DSN Mark III configuration. The tech-
nique is one capable of utilizing at least 95°¢ of a ma-
chine’s capability (SDS-910), and greater utilization of a
machine with a more flexible machine code repertoire or
increased speed.
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Fig. 7. Time-shared queue-switching interrupt subroutine
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Appendix A

Demonstration Queue Monitor Assembly
for SDS-900 Series Computer
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6C » A .
61 ¢ M L
P e END STARY -
| 63 o .
bh @ 13+ USER PRAGRAMS RFFER T® QUFUE “ENITAR PBPS vIA 8PD: .
| 65 . -
! T ARLS APD 017000000 RELEASE REST AF INNING .
67 ARM AP0 017100000 AR IR (O T8 15) .
L1 DARM APN 017200200 DISARM IR (0 T2 15) .
L BUSY 8PN 017200000 PRACEED IF TESY FAILS .
- .
- .

e
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°s @ aln apr 017400000 AUFFER 1,8 b
y A | . WATY apn ny172720000¢C wWAIT FAR WALT FLAS .
T - -
75 RN R R R e e e L A R R R AL R R AL
T Fanr
77 e e e e e A R AR AR R R L
TR - .
20 . e LAA": >
28 - -
R4 . 1o ATA'DARD FILL ZUFUF YANITBReLOADER TAPF, .
R e Ps  L®a" USFR TAPFS RY FILL PUSHBUTTAN, .
83 . .
Ré IR R T T e e R R A R L L
as PATE
24 I R e e e e e e e e e R R R R R R R A R R A R R R L]
R? » .
RE e PRACGAM TR aFY nFLATIVE ARIGIN T8 2FRE .
RS . .
9L I I R T e e e T R R R R R
lal "3 -1 94 Annn ann
27454 0wk 3n0n3 97 GZER® CLP
e  00AS% € 01 20007 97 BRY QuALER
82097654 e £AR nzree
~AALRE ﬁ,ﬁL;;
i I L R R R s e A e e e e L A A R R A R R R R R R R R A AR R A ]
2 - =
3 e DEFINTTIANS PEOULTAR TR THIS ASSEMBLY! .
5 (QUFLF S12F AND CAMPUTFR CRUFIGURATION .
[ - -
£ R N T O e R R R R )
00009512 7 IRRATF EQU 10 NUMBFR AF [ReS PER INNING
09000287 R LASTIR FRU n2e? LAST IR IN 207
00014299 a MEMSIZ ERQU 010000 24n% wWARDg MEMBRY
020009212 1r  GMAY ER 1¢ NUVBER £ ~CRMISSI3LE LSER PROGRAMS
11 . -
z’ L T e N N T R R R R R A R R R ) IS EEEE R R RR R R R R R R AR B N 2 J
12 - .
14 . DFFINITIBNS NE L ®ANFR LRCATIANSG .
158 . -
1# R T e T R R AR L
00024002 17 LD2ERe EQY MEMS12.04000 LRLCER 2ERm REFERENC
f0NN77 bk 12 BIAS  EnU LOZFRAL 044k INTTIAL 31AS ADDRESS
20094576 19 QUBLDR EQU LD2FRAL2E 74
2~ . ©
21 R R I T e e e T F R R R R R A R R R
27 PACKE
23 I e e R R R R R R
24 . .
28 o PRARRAY STARY | 1NKAGES .
2¢ - L3
?7 L T T e T R R T R R R R R AR LR
28 . .
02001 20 ARDA 1
02001 0 21 2101s 3C BRU RESTRY G8 TA START ALL PRBGRAMS AT BEGIN
20002 0 01 21009 3 ERY) RSTARY INTTIALIZE QUFUE TR NB PRBGRAMS
00003 2 ni no78? 32 ERY GuUlY RE“AVF |ASTY PREG
?3 R e e R Y T TR e A A R R R P R R R R R R R R R R R R R R R R R A R R !
el . -
A5 . PRAFR &FF 17 (PhRAFF)»
ElS - .
37 LR T L S R PR R R T P T R R R R R R R R R R A R R R R R A L
4 02008 0 00 309CC 38 PuRAFF P2F
£900% 9 21 7209%0% 3° 8RU ]
4n . 3
00006 52255151 43 PWRMSG TEXY < FRRP R >

FN007  474KE157
.'.? R T N R e ey R T I T R N R R R R R R R R R R R R R R L 2

43 - .
L CELLS niD TR r27 ARF VARTAALF STRRAGE i
4E . .

ok L R T T YR T e R R R R R AR T )
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©J030
0r030
Ann3t
AAAID
RLEE]
£N034
n0036
20037

nh:s?
¢00%2
55053
n10546
00055
00056
00057
70069
272061
00962
nnN063
27064
00065
nn0&eé
02067
20079
20071

0no72

20073
0N074
00075
00076
00077

£ 43
N &3
~A L

43
o ¥ |
0 43

DO DODDOOOMDIDIDID

Cc200¢C
75
35
53
01
51

[ s Xo Ne N

17900
171ce
17200

\Fbﬁb
olal 1
"u‘:

Ar bk

~en
JUC6e

973

01074
Q0CH2
NoNe?
anc7s

nnnnn
1000

0008

~mm
wud

~
v

17300909
17409390
17500000

17400
17709

~mm

Ann
JUU

L
0~

0

¥
- )

(S LIS IS 1)
)

106
107
10R
10°
110
1T}
112
313
114
115
116
117

PACE
...Q.I.II.C......I...|..||........Ol.l..l..........l'l...l.!.l.‘...l....
- .
. £8%, ENT, PRyFD IR LINVAGES .
- -
..I...Onoly'l.l.l'll|||'I|.|..0.0l.l.'0|".0...."....l'.."....'.....'l

AR ok Lo x

nRv FALYIR FA. Vv IR

ERV FAL JID FRA. W IR

RV raYvYIo rFAT v IR

BR™ FRY, 1N FAY W IR

=] S 2 DATA STRRANF

pov Paray PR AN IR

pEv naRarp PwR AFF IR
...I...Q.....l...l.....l.lII.....Il‘.'........l..'....Il.lll..'.........
. »
. CELLS N4l TR m=q ARF STRRAGE -
. -
Rl I T ey e e R A A R R R R R R R R AR A LR

PARE
.“ICII....I'(...I....II.CII..'........Il.l'.........l..D....‘.......l..
« -
. PRYFN as D Qa TINF (FWREN)»
- .
...'..I..'..........Il....'...".......'..................'.......'.....

ARRE 082
PuyRRN  PZF

LPx Ninne /

Ley L8 7/ "FLAY 10p0 MILLISEC

oRY LRl /

Swe 0P400n PALER AFF ACCURED

gy N vES

o 4]

Fav 0 DSCw

Lol A1nY nary

ERTY

BRU $-

TYP Drtak

Le & PaRvGA

g ) PWRMSh41

TAD,

ER! *t41 CLFAR IR

et RESTY
Il I T T T e e R R R A A A R
- -
v PRAGRA“MED SPrnRATAR TA RFLFASE RFST oF INNING (RRLS)
. DESTRAYS B RFGISTER, B
- »

.....'l.l....'.'........'IC..I..'......I...I..b'...l.I..l'.l...l'.'.....
RLSPBP EQU s

Lp8 PC
STR IRCNT
S\ IRENTY
ary $e1
BRR ¢
Q..C......Q...O..ll.l'l.'.'l..!I....ll.l..l...l...l.l.l..l.l.l........'l
PAGE
A AR R R LR R ll.O.l.O.l.lIIQ....I..lll...ll..n....l........Q.u.‘.l......l.
- -
. LINKg TR PRAGRAVMED APERATARS »
- L d
...I..........Q..IIQ..QI..'...".....!.....l..'.l..'......I......'......
GRLS aPn 017000500 BUFLE INNING RELEASE
ARM™ 8pn 017100000 ARV IR
DARM ) 017200100 N1cARM R
BUSY  EBPD 017300900 PRRCEED IF TEST FAILS
REANY 8en 0i7annn0n STRP IF TEST FAILS
PALSE @pPD 017500000 APT WAlT
81A aPn ¢17620000 BUFFER 1,0
WAlT epn 017700000 WATT FER HWALT FLAG
- -
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0179 11¢ ARRG ni7n
AA178 0 A1 AnaTg 110 RR) RLEeDAD RELFASF REMAINDFR aF INNING
09171 0 01 37341 12~ BPL AR“pAp ARY IR pAP
L2172 0 01 03362 121 2Rl PR“pAD PISARM 1R pAP
oni?3 0 01 59372 127 aRL ASvpAp
SA174 0 01 J7e0k 123 BRY ROYPSP
00175 9 01 50430 124 ERL PSEPap
00176 0 N1 3047%4 125 ERY A1ppAap
0r177 ¢ 01 90625 12¢ 8R! WATDAD
127 « .
127 .00.0"...'.il."l.I..ll!|'!0I.ll..'.l.l.|Q...II.I..'I.I.I.!Q.'O.I......
129 - -
i:l’ . LIN¢g T QUFUF RS .
131 » .
1232 Ol.ll.'l..iIC'ID...Il.II..IC...l..!..l...D....l..'."l...l'.l.l...!l'...
00206 133 ARRE LAGTIRAy
nN206 0 3 502119 134 gRv CFILL
02207 0 43 jrR82 13§ BRY nSatTe
13+% e e o A
137 PARE
13% .oOooc.nolc.o.o!.u.0.no.l.0...0..0...;0.!0.n..l..lc..uoo.c0.0.-0.00...0.
137 . »
147w FILL INTERRUPT RALTINE (GFILL)»
141 . -
147 e o
¢n210 0 09 cooor 143 GFILL P2F
co2il 0 35 o172 144 ST nFa /
20212 0 37 31322 147 STX GCF ¥ /SAVF A,x
20213 0 49 30024 144 MCF GS12E INCRFMENT NUMBER BF PRAARRAMS,
00214 O 29 nogon 147 nep
0n24i5 0 76 21777 145 LA NEMAX ‘s
00214 0 73 2Co24 149 SK4G AS12F /
00217 0 21 j0227 b -1a RRY %473 /
07222 © 35 20024 151 STA RS1272¢ /
09221 0 01 00247 152 BRY) nF2 /1F TAE MANY PRAGS IGNARE AND EXIT
07222 0 &0 H0N21 153 mne oNy™ INCREMFNT NUMBER AF ITFMS [N GQUFUF
00223 0 29 79000 154 MAP
00224 0 73 goo21 155 Sk oNUM /
0225 C 21 20227 154 RRyY $+7 /
00226 0 35 2oc02} 157 STA QNUM /1F LIST BVERFLEWS LIMIT TR MAX
00227 0 43 3174~ 158 pow ayursyy
0N230 0 71 21074 159 Lex PO 7
CN231 0 43 2ce34 160 BR™ BUF ANV /
09232 0 71 31875 161 LDx P1 /
00233 0 43 pnNk34 147 PRV EUFADY /ADVANCE W AND Y BUFFER QUFUFS
10234 0 71 009224 163 LnX AS12E /
02235 C 76 57644 144 LDA RIAS
0236 € 35 00014 14E STA LB1AS SAVE LAST pPROG A!AS
00237 € 16 71065 16¢ MRG vBo
0n240 2 35 31172 167 STA QA,»
00241 0 75 31107 168 LCA GUAL AD /
20242 2 35 1274 169 STA GP, 2 /START AEW PRAGRAM IN [LAADFP
NA243 2 37 ~11lus 1720 STy HLYFLe,2 ENARLE JUEUE SWITCH TR NEW PRBGRAM
G244 0 71 90021 171 LDX INy™M /
‘ 0N245 0 76 3rN24 172 Lra QS12F /
' NA24k 2 35 51261 173 STA [L1SsT,” /7INSFRT NFw PRBGRAM IN AUFUE
: 0000C247 174 9F? Fau ]
| 02247 0 76 11177 175 Lra nFA /
: 00250 0 71 91322 175 LrY aFy /RESTRRE A, x
' £N251 0 01 422170 177 8RY «CFILL
17# 0'..""0'0.!.."!.!..l'..IOQDOIi..lCQCQJCQQ.QIDIDOIOIOQODOl..li..ll.’..
179 PAGE
180 !!.c..il...nl...'lQl.b..'..ll.'!!ll...l..l..'...lQO.Q....UIQ.QO..O!.!...
1Ry = »
187 » JUFLE SWITCWINAG INTFRRUPT MARULE (QSWITC)»
127 = *
1Rk Ocl-oo...!o.o.lIl.-au.a..n.cbll-Dlohu.l.ul.....ll.o!'iQilrlonnnoiouloodl
3 1RE * »
18¢ » FUNCTIRNE T8 AIVE TIME«SLABT TR MNEXT PRRGRAM IN QUELE ".TST. .
187 «» B
P 182 ..lllllb..l.lll......l.l.!l!.l!ll'l.ll‘l..i.ll.l..dl.'l.l...'..!l'.l....
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182 « .
janr - f_tvvr.nL TAPL}' *:r]\‘lyln\Sx »
191 » .
1972 # 1RCNT NUMBFR AF [R'S LEFT THIS SLAT, NEG 1«
197 = XGSu X REG TFMP SAVE .
134 = TRvAY NUMBFR AF IR'S PER TIMELSLS8T, NEG |
19% ONAY PRAGR*™ NBW IN CONTROL, NEG ! .
19¢ nA \ .
197 cB N .
192 = ox ARRAYS FAR SAVING A,3,X,P,CELL 0
1939 « npP / -
200 . Q0 / -
201 QYePAn CFLL W!TH L8C B8F TAP AF W BUFF QUEUEe
cr . Py =410 1 .
202 QITEM PBINTER T8 QUEUED PROBG LIST, NEG 1
P04 GNUY™ SUMBER AF (TEMS IN PROG LIST, NEG 1 &
POE e (+[§ =47 , ! w*
FO0R @ GLISY ARRAY WITH GQUEUF BF PRAA NUMBERS *
207 HLTELAR ARRAY W]TH PRBGRAM WAL TS! GR [F NFGes
2NF e TSTFLG ARRAY »1TH PRBGRAM TEST INSTRS .
209 G” IF n; ELSE EXU TSTFLG; GB IF SkPas
210 . Ni se1y 1 .
211 .
?17‘ AR RS ER SRR 2 no-DlOuco....oo00000000000n...l.Q'....Oll..i.ll....l..ll....|
213 o EATRY! IR YA CELL DFSIGNATED NURING CAMPILE, BRM GSWIIC .
P16 # EX1Te CONTINUFS AT PREVIAUS INTFRRUPTIBN 8F PROGRAM IN QUFUF e
T T T R T T R e L R T L
217 . .
7%7 . SURRAUTINES: .
°1r ARM CANRIP TH CANNECT BUFFER IR'S FBR NEXT 1/8;«
218 RFY s+ .
220 ¢ .
;'?1 ...QODQ.!!Ioll...lQOQ|IQ..IOOOI.....QQ...QQ....I....O!..l.l...l...!....l
00Cco0R252 222 QS0 EQU ¢ ENTRY
00252 © 00 00200 223 GSHITC P2F CALL SAVE CFLL
0n253 C 53 gCoa? P24 GS»y Sk 1RCNY END PF IN™ING
02254 0 01 22287 ger BR 42 YES,
00255 O© 61 20042 P2¢ GSw? MIN IRCNTY N8s INCREMENT IR CAUNT
00256 0 N1 4nPs? 227 0S»3 BRU eQSalyC RETURN T8 PRESFNT PRAGRAM
00257 0 37 30027 228 GSh4 STY X0S- SAVE X REG
an2en 0 71 51761 p2° LnyY IRVAYX RFSTARE IRCNT
NN261 © 37 20042 230 STX {RCNY 7o (NEG) MAX VALUE
nog6é? © 71 2p0al 231 0S5 LPX GNP PICK UP NUMBER THIS PRSG
00263 2 35 51172 237 STA GA,? \
010264 2 36 31205 237 sYa Q8,2 \
00265 0 76 200227 234 LA ¥QS« \
8nP66 2 35 11327 238 STA CX,? \ SAVE A,BsX,P RFGS AND CELL O
pn2é? C 76 33252 737 LCA QRSWITC s FER TWHIS PRBG FOR NEXT ENTRY
cn279 2 35 21274 237 STA nP,» y;
- 00271 0O 7& 20007 238 LA o] /
g pn272 2 3% 91157 P30 SYA 00,2 74
00273 0 83 40047 242 GS4k SKM «NTEPARN W 3UFF QUEUE EMPTY
AN274 0 N1 20301 P41 BRU $45 YFS,
02275 0 42 21907 2472 GQSY7 ERTY N2+ 1S W BUFF BUSY
one76 0 01 00301 247 ary $47 YESe
0nNe77 © 71 01074 244 QSwR Lex o] \B, PICK UP W BUFFER NDFSIGNATIOA
00300 C 43 0055 P4°F BRY cenaie CRNNECY W BUFF IR1S, RETURN
00301 0 83 4004t P4¢  QSwo SKN #0TRPA Y4 Y SUFF QUEUFE EMPTY
4 0n302 0O €01 ¢C307 247 ERI! €45 YFS,
00303 C 40 223Ce P42 GEr{C BRTY N9s IS v RUFF BUSY
00304 € 01 00307 24° BPRL 447 YES.
AN30S © 71 21075 280 nSkW11 DX Pl NBe PICK UP Y BUFF DFSIGNATIEN
ny306 0 43 J0850 25 nR™ CANRIR CONAECT Y BUFFFR IR'S, RETURN
00307 © 71 00017 257 GSk12 LPX GITEM PICK UP QUEUED LIiST PBINTER
00310 92 41 0031°? 283 BERX t4? INCRFMFAT | 1STe END BF LIST
g nn311 N 71 10021 254 LY ON! ™ YFSe RECYCLE T8 BEGINNING BF LISY,
09312 0 37 20017 25¢ STx GITE™ NAe STORE PBINTER
% 00313 2 71 21261 25¢€ LDY OL1IST,? PICK UP NExT PRBG ANU“BER.
00314 0 37 gocec 757 STy ANAW STARE PRAG NUMBFR
; 00315 2 53 01144 7?58 (QSk13 Sk* HLYFLE, 2 THIS PRREG [N WAIT
4 00316 0 01 97273 58 BRY OSwWe YES, S SKIP ITe
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2317 2 76 51335 re”  GIk14 DA TSYFLLR,? N9y PICK UP _PRBG TEST REGUESTe
08320 © 72 CiCe7 S SwA L3 | ACTIAN REGUIRED
4n3e1 0 01 gn=an PR7 RRU ASw17 vrFs
on3z2a 0 71 onagn AT NS48 LPY ANAY \
ARIP2T 2 7k V1274 P64 Lna neP,? \
20324 (o0 1 _'-:c:'- PRt SYA F_:.‘vvc \
09325 @ 76 J211%7 e Lra 80,2 \ PIck UP A,BaX,P REGS AND CELL ©
3P4 n 5 02105 269 YA () /7 FAR NfW PRAGRAV
01327 ? 76 =2117? 26% LA GA,? /
9r338 2 75 L1705 P40 Lp2 Q8,2 /
an331 2 71 ~1322 274 Lry 0X, 2 /
00332 0 N1 40287 279 GSe16 ©°F RS R e EX1T TE NEw PROGRAM,
0”333 2 23 51735 P72 GS»17 Fxu TSTFLB, 2 PFRFARM QE’;UESTFD ACTI9\. PREG READY
0n334 0 01 50273 272 ERPU NSuA NP, SR gKIP IT
2933% € 44 30907 P4 cLr YFS,
00336 2 35 21335 27° STA TSTFLR,2 CLFAR TEST REGQUEST,
26337 0 71 21322 P74 RR') NSy E Ge A\
2727 ....ll.ll.I..|00.I0..|lUOCO...C..I...l.ll.'......l...l...l...l'.ll0.....
27 PARF
P27 ...C...I.lil’....I...I...I........'.OI.......g....."|.....Q............
PR" »
PRY # 1MTERRUPT ADM )N1SARM PRPS, (ARM,DARM ) @
PR & -
PRI iﬁiuiii'o-nnnOO'-nlo-o.ounu..oaou..ocuoao.o..0000000-oo.on.onuoooooo..n
02000342 PR4 ARMPEP FOU L
cn34n 0 53 20042 P85 SN 1RCNT CHECK FAR
00341 © C1 2034 PRE BRY $=1 ENGUGH TIME
o342 0 35 50045 787 STA TVPA /
NN3U D K8 A4k 285 cyYe T™PR /
20344 € 37 30025 289 STY T™™PYX SAVF RERS
AN3LS 0 77 w000 2or FAY s /
N384 0 76 N108° P9 LPA ARMA /
0N347 2 e D007 FLE R 0,2 /
2N352 0 16 NN2M7 293 vRA ARMAY 1 1N IR BIT ¢ PREVIRUS ARMING
00351 C 135 30747 204 A STA ARvVEY /
N352 © 22 2002 292% AlR /
£n353 0 13 70247 Pak pRY ARMRY ARV IR#g
00354 0 76 20N4S 297 LrA T™PA /
00355 0 75 0OC4% 298 LOR T™PR /
c0356 0 71 s0ces 29% Lny TMEY /RESTBRE,
003%7? 0 S1 20307 klole ORR o] RETURN
301 ¢
00000360 202 CR¥PSP ERQY ¢
00360 0 83 20NK? Elok] S\ 1Ry CHECK FsR ENAUGH TIVE
07361 0O 01 0ON36T E [ol 2 BRU $=1 /
00362 0 35 SN0LS s STA TMPA /
0N363 0 36 DI04k 20 STR T™PR /
00364 O 37 20225 307 oTX T™PX /SAVE REGS
C0365 0 77 40009 308 FAy 0 /
00366 C 76 2106° 30° Lha DARMD /
£0367 2 64 3000C 310 RS Cr? /
00370 © 14 29047 311 ETR ARMGY 0 IN IR BIY
00374 © 01 97351 7?2 B8RU AM4
?1'-‘ OQCQQQI.I...I'....I'iD......Q.I..l.'."l....Q....III.Q.......'...I......
214 PAGE
'5,12 .Qo....u..u.p.u.o.onu.qon|cul.coo-Qo..Oc.l.a...n.o.!l.o.o.ogo'UOGOOQC.GQ
EB U ] L]
317 = PAP TA VAKE BUSY TEST, P WAIT IN GUEUE IF READY. (BUSY)»
ESE DESTRAYS A,B RFGISTERS »
31« -
320 O ST LT T T R R R RS AR e ARt A g
r 00000372 321 BSYPEP EGU $
00372 0 53 20042 32?7 SkN IRCNTY /
00373 0 01 20377 Er-kl BRU g1 WATT F82 ENBUGH TIVE
00374 © 37 20025 324 STX TMPX SAVE X
00375 © 76 40000 32% LEA *0 ‘
00376 0O 16 J1045 326 MRG MBO /
02377 © 71 050020 327 LOX GNBY /
00400 2 35 S1144 328 STA HLYFLG,2 SET UP TEST IN INVERTER SUBRTN
n0k01 0 76 H200C 32° LrA 0 SAVF PBP RgF
oosc2 € 71 5002F% 33r Loy T™™PX RESTBRE Y
2
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00403 ‘T M Griakd 331 REARY  BPRAA INVERTED READY TEST
| AY404 O 35 20000 337 STA 0 RESTORE PBP REF
| 00405 0 81 20000 273 pRR 0 RETURN
| 334 TR I T T e e e R R RS R R A R R AR A
kL .
EET R PRAD yA MAKF NFUICFE RFANY TEST, AP WAIT IN QUEUE IF BUSY+(RFADY)«
237 . AEeTRAye R REGISTER .
3R . .
cic il [ TN T R R T y e e S R R R R AR R R
020004C6E 34~ RDYPAP ENU ¢
00406 0 53 20042 W St IRCNTY /
092407 0 01 Jn40A 342 Ry =1 SKIP REST BF INNING IF NAT ENBUGH TIME
00&10 © 37 20025 343 STX TPy /
00411 € 75 4000" 344 LDR »C /
0n4i2 € 71 ooo0en 345 LBX ONAY /
0N%13 2 36 11335 s sTA TSTELR,2 /SEY TEST FBR QSWITCH ACCESS
0A414 © 38 DNW1FE w7 sYn 41 /
00415 0 23 20000 e FxU JEXFCUTE TEST
Co416 0 01 00424 34° BPU R1 RFTURN IF FAIL
0N417 © 75 21074 3528 Lpa PO /
00420 © 71 oQ22" 351 LbX GNRY /
07421 2 3% 01335 357 sTR TSTFLG,? PESTARE INDICATOR IF READY
00422 0 71 00CPS 35% LDX ) ot
£h423 0 51 5000 354 FRR r AND RETURN
355 e »
00424 C 71 (00025 356 R1 LOX T™MP Y /
00428 C 75 31074 357 LoR PO
0nk26 0 36 J0N42 /L ST] [RANY
00427 C €1 004Ch 359 KR! RDVYPAaP
_16' IIQ.I.'.!...I..I'.U.IQ.I..'.C'.!.lCI...’Q.......QQI...l.l!.l...!.l.l....
361 PAGE
/2 00!.0..00.....006.0.....0-..0..DOQ.C..Q..O....Q...QQO.Q...!.CQQ.QQ!IQ..Q
367 0« -
Wi - PRP tA PAURE, PRACEFD AN BPT N TnGGLE (PAUSF)
L DESTRAVS (A)(R)s(X) REGISTERS .
366 » hd
367 ...'...I.I..l.DG.....-..l..............lll..l‘l...l..'...'.I.....Ol.....
0009430 3R PSEPAP FQU L]
0ne3n 0 76 "HCOOD 369 LDa e SAVE EXIT
0n431 0 77 49002 37c EAY «0
0N432 3 74 01061 271 RF ARY RPTST,?
00433 2 75 21CS51 372 LeR BPTST, >
97434 C€ 71 o002 373 LDX AN /
00435 2 36 N11us 374 STR HLTFLG,?2
07436 1 74 30k41 37% REAPY RPPA /
00437 0 135 3900N 374 STA 0 SET UP gxIT
0N44n 0 51 20000 277 arR o]
7R e -
00441 0 43 Q044D 379 BPDAWN BR™ s+
00N&42 O 00 0200°7 380 243
! 00443 2 23 01144 3R ExuU HLTFLR, 2
ON44s  C 41 0N44? 387 MIN apPnay 4
Y 4 0Nk4S 0 51 nous? 387 ] BPRAL g
f ‘iR_M I R R R R T Y NS R R RN R R NN ».!I..l..I..I..O........I.!...'...QIQ.Q.I.'....
R IRE PAGE
| 3RA T I I T T T e e T R R R SRS S A LS R e S A s
) 387 .
| EELI FAN aF »A8R" AM" FMS AF TRANSMISSIAN R RBUTINES .
R - -
! 390 T e e S A R R A R S SRS A AR AR e A
3N - -
{ co446 0 00 00007 397 EBTWIR F2F FNDeRF«TRANSMISSION W BUFF IR
' rh447 0 23 70017 292 FxU EATLAr TERMINATE [NST
0N.5n 0 N1 wNusksk 394 BRI *te?
27/E - -
0A4SY 0 00 000ecH 29¢ EBTYIR F7F FND=PF=TRANSMISSIAN Y BUFF IR
0n452 0 23 cOO1d 397 Exu EBTLACSY TERVMINATE
cn453 0 01 40451 397 BRU *$e2
392 # .
on4S4 0 N0 39007 4or EBWYIR P2C FNPD=AFe,ARND Y BUFF IR
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Page 1 of 9

SDS PROGRAM LIBRARY
PROGRAM DESCRIPTION

Catalog No. 000020

IDENTIFICATION:
AUTHOR:
ACCEPTED:

COMPUTER
CONFIGURATION:

PURPOSE:

PROGRAMMED
OPERATIONS:

SUBROUTINES
REQUIRED:

STORAGE:

UNIVERSAL LOADER

Programmatics Incorporated:/n. Tausworthe (chansesil

February 3, 1965L!u1y 18, 1968 (chaniesﬂ

Any SDS 900 series computer with a eand-seades-andiios
photo reader and a typewriter. Loader existe-on-oande

-end-paper-tape-and loads programs which exist eibhes
on eawdes-e+ paper tape.

To load one or more programs produced by SYMBOL
or META-SYMBOL and presented to the loader on
@ithes—punohed-esarde-oe paper tape. This loader has
essentially the same capabii’ities as the SDS MONARCH
Loader but it functions independently of MONARCH.

None

None

Uses hltmlocationo of memory plus storage for
the loader's symbol table which is constructed in the
locations immediately preceding the loader with each
unique symbol (external label or POP item) requiring
3 words of memory.
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Page 20of 9 Catalog No, 000020

TIMING: wpifofpee  NOn-reentrant

ASSEMBLY

LANGUAGE USED: SYMBOL

LOADING

PROCEDURE: Freadinreoi-tretintvenoottoadorisathive slep
precesinvelvinga-pre—iroototrepra—bootetrap
toeder—amd-the-dmiversei-boaderr—Fhe pre—beotetrep

bririat doithomdosh-sr-firoi—record of the poper

s Sainitialand =
.h ot 1";1!: A;' ":" PPV "1'...:.“ lug‘g_;'
Loaded as part of QMONITOR e et et
by standard paper tape fill.
Whremrtondimptire—toader—{rormcerder—th e
z i ms s g

P - MEa———— T L lax
o e s 2 L MEREIV TS SE - L AL I SEC V- E-FIEN
+rowder.

Fire—Fwo-Cuard—boader-rs~ireiuded—in-the—bi P—tied
e e fla: matisaa s e s s e s =
tho—Basiei T Londonisinsioted .
tepe—versiomend-is-the-second-receord-of~tire-tape.
PAPER-PAPRE
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Sttt ottt R i
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Page 4 0f 9 Catalog No. 000020

USE: OEtions

“Severed-loader options are controlled by the setting of the
four Breakpoint switches.

Breakpoint
Switch Setting Function

p— REV-ITES ad—thre—toartrrmmm ettt eton e

Leada dlO 223 o Sl
s S

oY

onibiabed 3 1 % 22

2 down Loader will halt when an End

Record without transfer address

is encountered. Tho=AmBogitie
3 Selandiael 2

2 up Loader 'will not halt when End
Record without a transfer
address is encountered.
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Page 50f § Catalog No, 000020

eoRtain & the vneonditsonet

Use as a Subroutine

Once the loader has been loaded into memory, it can be used
by programs in memory as a loader subroutine to load other

programs. The calling sequence is:
BRM QUBLDR

where (A) is interpreied as the initial load
relocation bias and:

(A)y= 1= loader's symbol table is retained

(A)°= 0~ loader's symbol table is purged
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Page 6 of 9 Catalog No, 000020

and where QUBLDR is an external
label which is always present in the
loader's symbol table (i.e.; never purged).

The loader returns control to the program whiek

eotied-it-oniy-rer-Snd-Reeord-witire transfer address
Cannot be used to return SLRCOUR RIS g Tttt oAl P COP PP e s t=an
control to calling program.

(i.e., a "BRR'" return to the program is not made).

Halts

There are several halt instructions within the loader. Some of
these halts are termed '"scheduled' halts since they occur only
when specifically requested by the user. The remaining halts are

"unscheduled'" or "error' halts.

(a) Scheduled Halts

C Register Contents Indicates

20—kt Bk it G0N W SR GO b b PR B
ferred=to-townder,

202D RRE Breakpoint 2 is down when End Recoxd
without transfer address is encountered.

-Ozuma Brretiporrrtieto—tevermrsiras i thro e
2 e SV POV BT TE-FEENNN-V-V-ee- 3-8 F-V-
Ladaaasistranier addross.

(b) Unscheduled or "Error'" Halts

C Register Contents Indication and Corrective Action, If Any

200000 Buffer error on attempt to read a record
from input medium spesified-by-Bsealpoint

TECHNICAL MEMORANDUM 33-420
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Pu_:\: 8 of9

Catalog No, 000020

(c)

and/or

and/or

and

Blank COMMON references and a definition. Blank
COMMON references should be preceded by a Blank
COMMON definition, but external references and
definitions (label or POP) nced not be supplied in
any particular order,

The term "'program' is used in this description ot
the Universal Loader to mean a sequence of:

(a) One or more data records (Record Typ~ 0).

(b) One or more external reference or definition
records (Record Type 1).

(c) One or more programmed operator reference
or definition records (Record Type 2).

(d) Terminated by an end record (Record Type 3)
with or without a transfer address.

The last, or only program, in a series of programs
to be loaded should have an end record (Type 3)
with a transfer address and all of the programs
preceding it should have end records (Type 3)
without transfer addresses.

If there are unsatisfied label or POP references at

the time the end record with a transfer address is

encountered, the loader indicates that an error con-

dition exists. Fhe-preogrammrer-—carr-thon-ouppiypw
. ; HORLik aditi i !

: pried . bl A
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Catalog No, 000020

See Appendix J of "SYMBOL and META-5YMBOL
REFERENCE MANUAL'", SDS publication number
900506A, July 1964 (and revisions) for a description
of the data formats accepted by this loader. Note,
however, that the Universal Loader does not accept
labeled common definitions or references (Record

Type 2, Item Types |1 and 3) and will treat labeled
common references as format errors.

Programs to be loaded can be introduced on puachad
essde=ampaper tape. The input/output subroutines
within the Universal Loader de=wet use interrupts
and do not usr: interlace.

E
=
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Appendix C
QMONITOR, Loader, and User Program Dump Module
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