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1.0 INTRODUCTION AND BACKGROUND

1.1 Compiler Status

On July 16, 1975 NASA/SSD conducted the HAL/S Configuration
Inspection (CI) at Intermetrics in Cambridge, MA. As a result
of this meeting the HAL/S compilers were formally accepted by
NASA for use on the Space Shuttle Program.

In a sense the CI was the culmination of 5 years of develop-
ment in bringing HAL from an RTOP concept to an operational
language and compiler. Figure 1-1 traces this development
showing the contracting party as well as the general objective
of the work. Figures 1-2 and 1-3 list all the HAL/S compiler
deliveries up to the date of CI. Of course the earlier versions
were dJdavelopmental milestone releases.

As of the CI, the current status of the compilers may be
summarized as follows:

® The HAL/S-360 compiler is operational and in daily
use at several installations.

This compiler accepts HAL/S source and emits IBM 360 machine
code for either: (1) any compatible IBM 360/370 computer;
(2) the Software Development Laboratory (SDL) at NASA/JSC.

® The HAL/S-FC compiler is operational and in daily use
at IBM/Houston and Rockwell/Downey.

This compiler accepts HAL/S source and emits IBM AP-101
machine code. This code may be executed on: (1) the AP-101
itself; (2) the AF-101 interpretive computer simulator within
the SDL or on any compatible IBM 360/370 computer.

® All User and System Documentation has been published
and is up to date.

® A maintenance document is under development.

In order to properly baseline the compilers, a Configuration
Index was prepared and presented at the CI. This Index, in
terms of 360/05 entities is shown in Figures 1-4 and 1-5.
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360 COMPILER RELEASE SUMMARY

DEVELOPMENT MAINTENANCE
360-1 ArrIL 13, 1973 " 360-12 ApaiL 16, 1975
360-2 June 15, 1973 360-12,1  ApriL 23, 1975
360-3 Auve, 1, 1973 360-12,2  ArmIL 30, 1975
360-3,1 Aug. 30, 1973 360-12,3 May 7, 1975
360-4 Ocv. 1, 1973 360-12.4 June 4, 1975
360-5 Nov, 19, 1973 360-12,5 June 25, 1875
360-6 Fes. 25, 1974 ’
360-7 Mar, 29, 1974
360-8 Juy 8, 1974
360-8,1 Jury 13, 1974
360-9 Aue, 9, 1974
360-9.1 Ave. 30, 1974
380-9,2  SeeT. 5, 1974
360-10 Oct. 29, 1974
360-10.1  HKov, 29, 1974
360-11 Fes, 3, 1975
360-11.1 HFarcw 23, 1975

Figure 1-2

FC COMPILER RELEASE SUMMHARY

DEVELOPMENT ﬂﬂlﬂlﬁﬁﬂﬂfﬁ

FC-2 ApriL 29, 1974 FC-8.1  ApriL 23, 1975
FC-3 Jury 19, 1974 FC-8,2  AeriL 30, 1975
FC-4 SepT, 27, 1974 FC-8.3 My 7, 1975
FC-4,1 Nov. 6, 1974 FC-8.4 June 4, 1975
FC-4,2 Nov, 15, 1974 FC-8,5 June 21, 1975
FC-5 Nov, 29. 1974

FC-6 Jan. B, 1974

FC'E. l FEB. 13; 1975
FC-6.2  MarcH 2, 1975
FC-7 MarcH 31, 1975 ‘

Figure 1-3
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DSH

HAL/S-360 CON-]13URATION INDEX

DESCRIATION

APPROX. SIZE

HALS360, MOWITOR

HALS360, COMPILER
HALS260,ERRORLIB

HALS363,RULIB
HALS360, DIAGPROC
HALS36J.5TPLIB
HALS , RUASM

HALS ., RURIMAC
HALS, SDFPKG.ASH

HALS . DIAGASTC . MACLIB

DS

05 Load Module - Contain several programs:

« MONITOR - Control 5 gment of Compiler

+ HALLINK - HAL/S-300 Link Editor

+ RUNMON « Contrel S.gment of Stand Alone Diagnostic
System

+ SUBMON - Control S gment for Diagnostic Regquest
Language . rocessor

+ SDFPKG = Simulatim Data File Access Package

XPL Object Module - The txecutable HAL/S5-360 Compiler

05 Partitiored Source Marule - Text for individual error
messages lssued by copiler

05 Load Module - Runtimz Library for HAL/S-360
XPL Object Module - Diagytostic Request Language Processor
05 Load Module - Alternale FSIM Statement Processor Library

2S5 Partitioned Source My ule - Source of runtime library
{assembler)

0S Partitioned Source My ule - Macro library for HAL/S-360
system (assembler)

08 Partitioned Source Miule - Source of Simulation Data
File Access Pachkage (:ssembler)

0S Partitioned Source Module - Macro library for Stand
Alone Diagnostic Sys:en (assembler)

HAL/S~360 CONF GURATION INDEX

{Con't)

DESCR PTICN

15K bytes
BX bytes

12K bytes
S5l bytes

BX bytcs
335K bytes

1200 cards

45% bytes
25K bytes
25K bytes

12,400 cards

700 cards

1,600 cards

400 cards

APPROX, SIZE

HALS , MORASH
HALS, STPGEN ASM

HALPASS1.REL12V5, SOURCE
HALPASS2, REL12V5, SOURCE
dALPASS3, REL12V5, SOURCE
XCOM, LFONZ9

XCOMLINK, CHPG3
XPL.LINKLIBS

05 Partitioned 5Source Iiciule - Source for Compiler
Monitor and HALLINK {issembler)

0§ Source Module - Condi:ignal assembly statements to
generate alternate :tatoment processors

XPL Source for Compile:r ?hase T

XPL Source for Compile: ’thase II

XPL Source for Compile. 2hase III

0S5 Load Module -~ Contrnl Scgment for XPL Compiler
XPL Object Module - XP.. lompiler

XPL Scurce - Library for XPL compilations

XPLZAP XPL Object Moduie - Prugram for performing field patchas
to compiler modules
{lfir ' 1 " R
OF G‘IN%L PAGE 15 Figure 1-4
G QQ[LﬁllfIﬁf ) -4~

6C00 cards

40 cards

15X car.is
138 ccris
4K Cards
7K bytes
134K hytes
150 cavds

17K bytes
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HAL/S-FC CONI'T SURATION INDEX

DSH DESCR PTION APPROX. SIZE

-HALS101.SUPPORT 05 Load Module - Conteius support software for GPC
ASM101 - Assembler (As delivered by Oweygo)
LNK101l - Link E¢i.or (As delivered by Owego)
8IMI0L - Simulato - (As delivered by Owego)

HALUCP ~ User ccn .rol program for simulator to 31K bytes
trap similated 1/0 and provide diagnostic
support ‘
HALS]OI.COMP{LER XPIL, Object Module - Ti'e executable HAL/S-FC Compiler 542K bytes
HALS101,RUNLIB AP-101 Load Module - Fu time library for HA.,/S-FC 6K HW
HALS101,RUCLEUS Source - Link Bditor co. trol cards to include SVC and I/0 1 card
handler .
HALS101,MONITOR 05 Load Module containiig control segment for Compiler 15K bytes
HALS101.ERRORLIB 05 Partitioned Source ¥ dule - Text for individual error [1200 cards
messagqes issued by o mpiler
HALS101,ZCOKLIB AP-101 Load Module - Co; tains long, indirect branch £00 HW
addresses (2CONs) f£o. all library members and entry
points
HALSFC, RUNASM 05 Partitioned Source M duie - Source for runtime library | §500 cards

[(AP-101 assembler;

HALSFC, RUNMAC 05 Partitioned Source Midule - Macro library for HAL/S-FC 200 cards
system (AP-1Cl assemt ler)

HALSFC.ZCONASM 05 Partitioned Source ¥ dule - Source for ZCON library 12060 cards
(AP~101 assembler}

HAL/S-FC CONF'TIURATION IMDEX (CON'T)

s DESCL.IPTION APPROX. SIZE

HALS, MONASH UGS Partiticned Source ‘1odule - Source for compiler menitor | 3000 cards
{360 assembier)

HALS. RUNMAC : 05 Partitioned Source :todule - Macro library for compiler 200 cards
monitor {360 assenb .er)

HALPASS1,REL12VS, SOURCE APL Source for compile‘ Phase I 15K cards

HALPASS?.RELFSVS.SUURCE ¥PL Source for compile: Phase II (FC code generator) 14K cards

HALLPASS3,REL12VS, SOURCE XPL Source for compile: Phase III 4K cards

Figure 1-5
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1.2 Development Experience

The HAL/S compilers have been developed in a changing
environment but under configuration control since December,
1972, All changes and discrepancies have been formally
reported through Change Reports and Discrepancy Report
mechanisms, i.e.

LCR's for Language Change Requests

PCR's for Program Change Requests (non-language)

ICR's for Interface Change Requests (to SDL, FCOC, etc.)
DR's for Discrepancy Reports

A composite summary of this activity shows that as of
June 24, 1975:

132 LCR's were submitted, 77 were implemented;
54 PCR"'s were submitted, 29 were implemented;
327 DR's were recorded, 260 were applicable.

It is interesting to note the trends concerning these
data. As indicated in Figure 1-6, LCR activity has been
steadily decreasing from a mid-development high of 14,
implemented in 360-8 (July 1974), to only 2 new language
features in the CI compiler releases of June, 1975. PCR
activity, on the other hand, is still fairly active, reflecting
desired changes in system interfaces, diagnostics and code
optimization improvements. This activity may be expected to
continue through the fall of 1975 based on recent decisions
to go ahead with AP-10l1 micro code changes and further HAL/S-FC
code generation optimization.

The patterns of verified discrepancies, up to CI, have
been analyzed and are plotted in Figures 1-7 and 1-8 in terms
of "latency" value. Latency is defined as the number of releases
that a bug remains in the system between introduction and
discovery. Figure 1-7 seems to indicate that for HAL/S-360
the bugs found are not particularly correlated with the most
recent compiler change activity (i.e. the most recent compiler
releases). This is better shown in Figure 1-9 where, for
example, discrepancies found in 360-72 (dotted line) could have
been introduced in almost any previous release. The data
suggests the following tentative conclusions:

-6-
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® rFor HAL/S-360

1) Newly discovered bugs appear "equally likely"
to have been introduced in any of the previous
releases.

2) LCR, PCR and DR activity does not of itself
introduce a significant number of secondary
bugs.

3) The HAL/S-360 compiler is a stable, mature,
operational program.

® For HAL/S-FC

1) Newly discovered discrepancies are more correlated
to recent change activity. This is probably due
to the fact that FC development has been characterized
by new optimization features in addition to
maintenance.

2} HAL/S-FC is less stable than HAL/S5~360.

3) However, the HAL/S5-FC compiler is operational and
its absolute DR performance record and frequency
are tolerable.

It should be noted that the number of DR's reported is a
function of both compiler integrity and the frequency of use.
The more users, the greater the chance of finding something.
The non-uniformity of use over compiler development will tend
to distort statistical inferen~=s and any conclusions should
be tempered by this fact.

1.3 Performance Objectives

The performance objectives for the HAL/S compilers were
established at the Preliminary Design Reviews and documented
in the Compiler System Functional Specification documentssr~<.
Of particular interest here is the stated HAL/S-FC requirement
on generated object code:

"The object code produced will not exceed that produced
via hand-coded assembler language methods by more than
15% in either memory requirements or execution time. "2

The corresponding HAL/S-360 performance was set at 20%.

-Q-
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A major portion of the CI was devoted to the presentation
of data demonstrating the achieved performance of the HAL/S
compilers. This data was collected during the first half of
1975 as the result of a coordinated "acceptance test"” activity
among Intermetrics, NASA, IBM/Houston, and IBM/OWEGO. The
emphasis was on the HAL/S-FC compiler.* As a result of the CI
acceptance tests and procedures, Intermetrics was able to
derive the following:

HAL/S~FC size inefficiency: 11-13% over assembler language

HAL/S-FC speed inefficiency: 9-11% over assembler language

Based on examination of the data, methods and conclusions,
NASA accepted the HAL/S-~FC compiler.

In the sections that follow the acceptance test objectives
and procedures are first described, the raw results are then
presented and analyzed and finally, conclusions and observations
are drawn. An appendix is also included containing an illustra-
tive set of compiler listings and results for one of the test
cases.

*x
Intermetrics did present some interesting but inconclusive

data concerning the HAL/S—BG?d
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2.0 ACCEPTANCE TEST OBJECTIVES AND PROCEDURES

The effort to define and conduct compiler acceptance
testing was formulated undexr NASA direction in January, 1875.
The overall plan called for establishing a representative set
of benchmarks, coding them in both HAL/S and AP-101 assembler
language and then comparing performance. It wac recognized
very early that the higher order language/assembler language
comparisons are influenced by many variables and may be sub-
ject to wvarying interpretations. In order for the exercise
to have acknowledged validity it would have to be carefully
designed and controlled, with all parties participating and
congnizant of its progress.

Intermetrics, the compiler developer, and IBM/Houston,
the compiler user, approached the task from different points
of view. Intermetrics first suggested benchmarks that re-
presented theoretical HAL/S usage. That is, the selected
routines contained a wide sample of HAL/S constructs designed
to correspond to expected Shuttle applications. IBM was more
interested in HAL/S performance as it related to "real"
Shuttle code. Many of their sizing and timing estimates for
the Shuttle Approach and Landing Test (ALT) and Operational
Flight Program (OFP) were based on a HAL/S performance of
15% in size and speed and they desired a true reading of the
delivered product. The IBM approach was adopted and 14 test
routines were established as the acceptance set. The routines
were selected from HAL/S coding done by IBM/Houston, Intermetrics
and Draper Laboratory. Each routine was approved by both
Intermetrics and IBM before being incorporated into the set.

Bzcause of time and rescurce limitations, it was decided
to use the routines themselves as the test specifications
instead of generating abstract word representations. In
other words, once establishing that originally coded routines
would properly execute, they formed the test baseline from
which the HAL/S vs. assembler language exercise could begin.

Intermetrics was immediately aware of the fact that the
"performance” of these routines would not compare favorably
with assembler langauge and in fact would be significantly
improved in a straightforward manner by simply changing the
HAL/S source code. That is, a good assembler language coder
could be expected to do better than the compiler on these
baseline routines, but so should a good HAL/S programmer.
The separation of effects on performance, of compiler design
and human source code ingenuity, proved to be a continuing
problem. In the final analysis i1t was partially accounted
for by numerous iterations and cross-fertilizations of the
resulting HAL/S and assembler language solutions.

11

INTERMETRICS INCORPORATED - 701 CONCORD AVENUE - CAMBRIDGE, MASSACHUSETTS 02138 + (617) 661-1840



In order to insure an objective comparison, and also

inject an element of competition, IBM/OWEGO was selected

to program the routines in AP-101 assembler language while
Intermetrics would produce the HAL/S code. It was very
important to establish a set of groundrules, at the outset,
that would result in valid comparisons and stand up under
scrutiny. There would be plenty of opportunity for
misinterpretations due to run time environments, different
conventions, presumptions about data, timing algorithms, etc.

2.1

1.

531
.
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Acceptance Test Groundrules

The original set of 14 routines cod=d in HAL/S would
serve as the test baseline.

Execution results would be based on initialization
data for each routine. These data areas would be
established and held constant throughout the testing
exercise.

Assembler language routines would be coded as total
substitutes for corresponding HAL/S modules, i.e.

a) FCOS interfaces would he maintained.

b} the data base established for the HAL/S routines
would be frozen and accessed by assembler language
code.

c) where assembler language routines needed and called
library functions already existing in the HAL/S
system, these same library routines were to be used
with the same conventions as HAL/S.

READ and WRITE statements were to be placed in routines
calling the tests so that the data base before and after
execution could be observed and the results easily compared.

All timing information was to be gathered using the AP-101
interpretive computer simulator running in HI-FI mode.

While meeting the above requirements, the programmers,

using either language, were free to improve the size
and/or speed performance of their routines by such

-12-
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devices as:

in-line loops vs. subroutines

straight line code vs. loops

common sub-expression elimination
redesign of execution order

elimination of redundant decision points

etc.

With respect to this last point (6), there was no doubt
that both groups would be striving to compare "best" HAL/S
against "best" assembler language. This was felt justified
because of the iterative aspect of improvement. That is,
given a routine already coded, it seems always (or almost
always) possible to improve it. This occurred time and again
during this acceptance effort. On many occasiors Intermetrics
would receive from IBM/OWEGO an assembler code version which
out-performed, by far, the latest attempt using RAL/S. More
often than not the HAL/S code could be further improved,
sometimes exceeding assembler language performance. The
reverse was also true. By the CI}¥ both groups were convinced
that each had benefited from the designs and "clever" ideas
of the other, and that for the most part the results reflected
compiler performance and not human ingenuity.

Ficure 2-1 depicts the process described above. After
selecting the examples (1), and establishing the data bases (2),
each group attempted to run and improve their respective
routines (3). At first execution was stand-alone (4) in
order to check out operation, interfaces, use of simulator, etc.
Eventually the official data base was used (5), results were
compared and the routines rewritten (6) to improve performance.
Best against best, and the pressure of schedule, produced the
final results (7).

*In fact, coincident with CI and for a few weeks thereafter
IBM/Houston saw further areas for improvement in the
Assembler language code. Using similar design approaches
Intermetrics re-worked one of the corresponding HAL/S
routines and also experienced better performance. The raw
data related to this post-CI exercise is included in the
discussions in Section 5.

~13-
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2.2 Test Objectives

2.2.1 Primary Objectives

Simply stated, the primary ohjective of the acceptance
test exercise was to establish the performance of the HAL/S-
FC compiler with respect to the Shuttle applications programming
tagsk. The performance was to be stated in terms of size and
speed inefficiencies over comparable assembler language coding.

IBM and NASA had previously decided to code the Flight
Computer Operating System (FCOS) in assembler language, thus
performance demonstration was confined to the application
areas of: guidance, navigation and control (GN&C); user
interface (UI}; and systems management (SM).

2.2.2 Secondary Objectives

The collection of a large amount of compiler performance
data afforded the opportunity of reporting on several other
interesting characteristics of HAL/S development and usage.
Since the baseline set of routines was compiled using FC-5,
an unoptimized compiler, and new data was to be collected
using FC-8, the demonstrated benefit of the FC-8 optimization
features could be measured directly. This would be achieved
simply by compiling and executing the identical source using
both compilers.

In an effort to demonstrate "best" HAL/S performance,
Intermetrics intended to improve the original sources. The
differences in resulting performance between "0ld" and "new"
sources, using the same compiler (FC-8), would then be a
measure of the influence of programmer experience on size and
speed.

Thus two measures became secondary objectives of
the study:

(1) degree of improvement due to optimization;

(2) effect of programmer experience.
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2.2.3 Data Collection
The data collected is best explained by discussing

the "results template" used for each test routine. The
templates for size and speed are shown below.

SIZE PERFORMAGCE DATA:

(i) (Z) (3} R | {5) (6} (7}

original & Improve- Improved | % Improve- Indepandent| % HAL/S
HAL/S Code ment H?.!./i Code ment Assembler | Inefficiency
Size (HW) 8i:e (HW) Language

{1y~ (2) (2,;(4) Size {IIW) {4)-1(8)

Fe-5 FC-8 FO-8

SPEED PERFORMANCE DATA:

(1) l (2} (3) A (5} (6) (7}
Original % Improve-| Inproved % Improve-| Independent] % HAL/S
HAL/S Code ment HMLL/S Code menht Assembler | Inefficiency
{usec) {(1y=-(2) {usee) - {2) ~4) Lanﬁ::?j (4) - (8)
. B Y
FC-3 FC-B FC~B
N.A. H.h

The % measures are designed to answer the performance gquestions
most often asked; i.e. what % improvement was achieved by a

new compiler, or through programmer experience; and what % in-
efficiency is HAL/S over assembler code.

The results achieved for each routine are presented
in terms of these templates in Section 3 of this report.

With respect to Size Performance, columns (1) and (2)
indicate the code size in AP-101 half-words (HW} using FC-5
and FC-8 respectively. Cclumn {(3) contains the % improvement.
Note that only code size will be measured, since both compiler
and assembler language code utilize identical data areas. After
the HAL/S source is improved, this "best" size is entered in
column (4). Column (5) then reflects the improvement of "new"
source over "old" source using FC-B. The assembler language
size appears in column (8) and the HAL/S size inefficiency {(over
assembler language) is entered in the last column (9).

The speed data is similarly presented. Timing for original
source using FC-5 was "not available"; therefore columns (1) and
(3) will not contribute to the study.
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2.2.3.1 End-to-End vs. No Libraries. The question of how to
measure the execution time for a routine, and what is a proper
comparison between HAL/S and assembler language caused a certain
amount of difficulties in gathering and interpreting data. Two
points of view were expressed:

(1) the HAL/S compiler represented an integrated design
of code generator and libraries and therefore timing
data should be computed "end-to-end". That is,
performance should be measured based on the total
time it takes to execute a routine from entry to exit.

(2) since the HAL/S libraries are themselves written in
assembler language, the time spent in the libraries
is not a true measure of compiler efficiency. There-
fore, by subtracting the time in libraries from the
total, the performance of the code generator can be
deduced.

This second point of view was, in some cases, easier to
state than to measure. No particular problem existed where both
HAL/S and assembler language routines used the same libraries.
But when the assembler language design elected to compute a
function in~line and the HAL/S routine accessed a library
function then direct comparison became difficult. In such cases
it was decided to subtract the library time from the HAL/S total,
and the "functional library" time from the assembler language
total. The functional library L.ing the in-line code performing
the library function. On occasion it became difficult to decide
what belonged to the function and what didn't.

For the most part Intermetrics subscribed to the fixst
point of view, considering the HAL/S compiler product as an
entity. IBM was inclined toward the second. In the final
analysis, both types of data were collected and integrated
before arriving at the final performance figures.
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3.0 TEST ROUTINES AND RESULTS

Fourteen routines were selected to form the baseline set
for acceptance testing. This set consisted of examples identi-
fied by IBM/Houston from their implementation effort, or
contributions by Draper Laboratory and Intermetrics which
closely resembled expected use. All routines were reviewed and
approved by IBM and Intermetrics before being incorporated into
the baseline.

3.1 Functional Description of Each Routine

3.1.1 The "GNC" Subset
Test No. l: SECOND_ORDER FILTER

This routine by the Draper Laboratory implements a second
order discrete linear recursi.e filter.

Test No. 2: MEASINCORP

This routine by Intermetrics implements an optimal filtering
algorithm which incorporates external measurements into position
and time components of the state wvector. 1 compool is involved.

Test No. 3: G FILTER

This routine by Intermetrics implements a recursive linear
least squares filter which estimates gyro drift on the basis
of differencing platform altitudes. 1 compool is involved.

Test No. 4: This routine by IBM/Houston calculates the
TACAN azimuth from the state vector, the measurement residual,
and the vector of azimuth partials; the routine also computes
the variance of the azimuth measurement error.

Test No. 5: ELCOM

This routine by IBM/Houston computes several Shuttle
elevator commands.

Test No. €: GCB_YR CE

This routine by IBM/Houston represents the yaw/roll
control element and performs aileron, rudder and nose-wheel
processing for yaw/roll flight control modes.

Test No. 7: GRI_RGA FDIR

This routine by IBM/Houston performs fault detection
indication and recovery {FDIR)} for the rate gyro assemblies.
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Test No. 8: GRE_3ELEM

This routine by IBM/Houston performs the necessary 3-
element processing as determined by the FDIR status.

Test No. 9: GGJ_AL_FDCMD

This routine by IBM/Houston performs functions for the
Approach and Landing (A/L) Flight Director Command Processor
for roll and pitch.

3.1.2 The "UIL" Subset

Test No. 10: DMC_DISPLAY

This routine by IBM/Houston determines the starting
location of one of four display format buffers. 6 compools
are involved.

Test No. 11: DMC_NEW_DISPLAY

This routine by IBM/Houston performs control data main-
tenance and logic in order to output the background format
control words (FCW's) to the display electronics units (DEU's).

Test No. 12: DMC FILL BACK_GROUND_FCWS

This routine by IBM/Houston locates the background FCW's
and issues appropriate SVC's to send the FCW's to the DEU's.

3.1.3 The "SM" Subset

Test No. 13: SAS_ANALOG SCALE

This routine by IBM/Houston converts parameters from
pulse code modulation (PCM) units to engineering units, and
vice versa. 5 compools are involved.

Test No. 14: SAS_ POLYSOL

This routine by IBM/Houston performs several polynomial
solutions as determined by SAS_ANALOG_SCALE.

3.2 Summary of Programming Fzatures

Taken together the 14 routines exercise most of the program-
ming features available in HAL/S. These are summarized in matrix
form in Figure 3-1.
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Lanquage Features Exercised within Test Routines

Language Acceptance Test Number

Feature 1|213|4f5|6778|9{210]|11 12 |13]14
Integer , v YV " R B A
Scalar s s /Y Y
Vector

Matrix Y

Bit Strings vV A A Y v
Booleans v 14 v/ v
Array Y iV /Y v | v
Structure v / o A B A
Subscript SV Vo VAR DA A B B
BUILT-IN FUNCT.ON ViVl v oY

IF Then ELSE | _ AT "2 2 N A0 2 A A B A B

DO CASE v v

DO FOR s oY v v v
DO WHILE ! " A
REPEAT/EXIT/RETURN v

Procedure v IV |/ v | v v
Function v Y |7 _ v

Compool Yy |7 2R AN A R 4
REPLACE v
REENTRANT/AUTOMATIC ‘ v
NAME Variables | v/ N
TEMPORARY aw I/ v

Figure 3-1
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3.3 Test Results

The results of the acceptance tests are presented in
Figures 3-2 to 3-15 in terms of a standard template for each
routine. 7The specific numbers shown were achieved, in general,
just be' .. CI and reflect numerous iterations in trying to
reach "Lust" HAL/S and "best" assembler language. In the cases
of Test Nos. 13 and 14, final results were obtained shortly
after CI and have been included in this report.

In trying to improve the performance of the original
routines by altering the HAL/S source code, Intermetrics
was guided by a few general principles. These may be summarized
as follows:

1) attempt to reduce the number of decision points
in any control flow

2) use the structured control statements DO WHILE, EXIT
and REPEAT instead of artificial data, e.g. flags, first time
values, and additional IF-statements for loop control

3) use RETURN expressions for multiple FUNCTION return
points instead of creating temporary variables for the
same purpose

4) simplify expressions which are computed iteratively
{i.e. within loops)

5) attempt to reduce the frequency of variable bit
subscripting

6) when logic branches (DO CASE, IF} result in different
selections of essentially the same code, try to eliminate
explicit code by introducing subscripted forms

7) consider size/speed tradeoffs; execution time can
be reduced, sometimes significantly, by unravelling inner loops

8) attempt to reduce frequency of very complicated sub-
scripts through introduction of temporary NAME variables.

NOTE: items (4), (5) and (8) are now subjects of compiler
optirization efforts.
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A summary of data is presented in Figures 3-16 and 3-17.
Figure 3-16 shows performance for "best” HAL/S vs. "best”
assembler language, with and without libraries (alsoc see
discussion in Section 2.2.3.1l). Figure 3-17 lists
improvements in HAL/S results, using FC-8, attributable
to programmer experience only.

As an example of the data collection process for a single
routine, the computer listings associated with Test No. 8,
GRE 3ELEM, are included in the Appendix. The set contains
the original HAL/S source listing specifying the test, followed
by the "best" source as modified by Intermetrics. Next comes
the IBM/OWEGO assembler language code. The interpretive
computer simulator trace shows execution and basic timing
data. The final listing is that of the data base hefore and
after the test. The data base transformation indicates whether
or not the test executed successfully.

In preparation for the CI, a great deal of data was
collected and recorded for the fourteen routines. It then
became a guestion of meaningful analysis through the applica-
tion of appropriate measures.
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Figure 3-2
TEST NO.: 1

FURCTIONAL GROUP;

FUNCTIONAYL DESCRIPTION:

PROGRAMMING CHARACTERISTICS:

SIZE PzRrORFANCE DATA:

TEST NAME:

TEST DESCRIPTION

GuC

SECOND_ORDER_FILTER source: Draper Laboratory

Second order discrete linear recursive

filter

Array subscripting,Scalar arithmetic

{3) (2) (3} (4) {5) {€) (7}
{oina 3 Improve- Improved $ Improva- Independent] % Hazgs_
Hgéiglégéc ) mén: - HL/S Code nentc Essenbler Izefficiency
Size  (IiW (13— (2) ize (HW) (2) - (4) Language (4)-15)
e A =T Size (W) e
>c-3 ©Cc-28 rC~-3
93 91 2.2 77 15.4 64 20.3
SPEED PERFORYANCE DATA:
(1) (2) (3) (4 (5) 16) (7}
Original E Improve- Impraived 'S Improves- Independant!| ‘% HAL/S
BAL/S Code ment HAL, 3 Code ment Asseubler Inefficiency
(usec) (1)-(2) (u3uc) (2) - (4) Lenguage (4)- (6)
m @ Hse )
PC-5 TC-8 FC-8
R.A. 245.7 N.A. 234.5 6.10 213.5 3.8
356.3 345.3 3.10 326.7 5.7
O .
Olfigm ' Pacy
O
OR QI I8
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Figure 3-3
mEST NO. : 2

FUNCTIONAL GROUP:

TEST BESCRIPTIGN

TEST NAME:

PUNCTIONAL DESCRIPTION:

PROGRAMMING CEARACTERISTICS:

SIZE PZRFORNAHCE DATA:

MEASTIUCORP

GHC

SOURCE:

Intermetrics

Optimal filtering algorithm to incorporate

externzl measurements irito position and time

components of the state vector.

n-dimensional Vector/Matrix, 1 Compool

(1) (2) (3) (4) (5) (6} {7}
Original $ Improve-— Improved % Improve- Independent| % HP_.L(S
EAL/S Code ment HAL/S Code ment Assemblzr | Inefficiency
§ize (W) -(2 Size (EW) | (5 (4 Languege {4)={6)
(1)4.( 3 I Size (HW) T
FC-5 ®C-8 rC-8
550 450 18.2 316 29.8 268 17.9
SPEED PERFIRMANCE DATA:
(1) (2) (3) (43 (5) (6) (7)
Original % Improve- Improved s Improve- Incdependent| '3 HAL/S
HAL/S Code ment HAL/S Code ment Assembler Inefficiency
(psec) (1) -(2) (usne) (2)-(4) Language (4)~ (6)
I @ ¥ &y
FC~5 TC~8 ¥c-8
N.A. 16327.8 N.A 15507.6 5.0 l4674.4 5.7
-5
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TEST DESCRIPTION

Figure 3-4

TRST NO.: SOURCE: Intermetrics

3 rese wame: _ G _TFILTER

FUNCTIONAL GROU?: GiC

Recursive linear least squares filter which
estimates gyro drift on the basis of differing
platform attitudes.

FUNCTIONAL DESCRIPTION:

PROGRAMMING CHARACTERISTICS: _ ~rrays of 3-vectors, 1 Compool
SIZE PERFORMANCE DATA:
{1, {2) (3) (4} (3) (g) {7)
Original % Improve- Improved % Improve- Indepandent| % HAL/S
HAL/é Code nent HAL/S Code ment Asserbler Ineffic;ency
ize  (HW size (HW) Language
Size (W) (1) -(2) (2)-(4) Sine. (BW) (&)~ (6)
FC-5 FC-8 . rC-8
677 606 10.5 308 49.2 256 20.3
SPCED PERFORMAHCE DATA:
(1) J (2) (3) (4 {5) (6) (N
Original s Improve- Improved % Improve- Independent! % HAL/S
HAL/S Code ment HAL/S Code ment Assembler | Inefficiency
(usec) (1)-(2) (use) (2) - (4) Language (4)-(6)
=m e (usec) NG
PC-5 TC-8 FC-8
N.A. 2161.7 N.A. 876.3 54.8 874.1 11.7
4432.9 1817.3 58.1 1857.9 -2.2
ORIGoy.
OF poopr, PAGE 15
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Figure 3-5

TEST DESCRIPTION

TEST NO.: 4 2EST NamE; OC_TACAN_AZ SOURCE: 1BM

PURCTIONATL GROUP: GHC

PUNCTIONAL DESCRIPTION: Calculates the TACAY azimuth measurement from

the state vector,

the measurement residual, and the

azimuth partials vector and selects the variance of

the azimuth measurement error.

PROGRAMMING CHARACTERISDICS: 3 vectors, 3¥3 matrices

Saone. scalars

o SIZE PERFORMANCE DATA:

{1} (2) {3) {4) (5) (6) {7)
Original g Improve- Improved % Improve- Indecendent| % BAL/S
HaL/5 Code ment HAL/S Code ment Assemblex | Inefficiency
B iy -———(2) Size (HW) —
PC-5 FC-8 PC~B
7z ‘ : -
123 100 13.7 a3 7.0 132 -29.5
SPEED PERFORMAICE DATA:
(1) (2) (3) (4 , i5) {6) (7)
Original % Improve- Improved ¢ Improve- | Independent| ‘% HAL/S
HAL/S Code ment HAL/3 Code ment Assembler | Inefficiency
{usec) (1) - (2) (usue) (2)-(4) Lenguage (4) - (6)
- (2) ¥ (6)
FC-5 TC-3 FC-8
- N.A. 1050.2 N.A. 872.2 16.9 735.4 18.6
bﬁ?k’%ﬁ
gﬁ-‘—“’éﬁ@ a
of

ety
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Figure 3-6

TEST NO.;: 5

PUNCTIONAL GROUP:

TEST DESCRIPTION

TEST NAME:

FUNCTIONAL DESCRIPTION:

PROGRAMMING CHARACTERISTICS:

SIZE PERFORFAHCE DATA:

LLCOM

GNC

SOURCE: iBM

Computes various elevator

command variables.

IF-THEN-ELSE,

Sgalar Arravs

user function calls.

{1) (2) {3) (4) {5) (6) {7)
Original $ Improve- Improved $ Inmprove- Independent| % HAL/S
HAL/S Code ment HAL/S Code ment Asseabler Inefficiency
Size (HW) (1) -2} Size (EW) (2) = (4) Language (4)=(6)
= e VR EW (8),
= Size (HW) s
PC-5 FC-8 rC-8
193 181 6.2 166 3.3 138 20.3
SPEED PERFORMANCE DATA:
(1) (2) (3) () (5) (6) (1)
Original % Improve- Improved % Improve- Independent| ‘% HAL/S.
HAL/S Code ment HAL/3 Code ment Assembler | Inefficiency
{usec) _ (usec) . Language Y- (6
(1)1(2) (2)2(4) (usee) (.)6( }
FC-5 FC-8 FC-8
N.A. 448.8 N.A. 442,2 1.5 418.4 5.7
459.6 146.,0 3.0 422,6 5.5
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Figure 3-7 TEST DESCRIPTIUN
TEST NO.: _ O TEST NAME: GCB_YR CE SOURCE: __ IBM
FUNCTIONAL GROUP: GNC

FUNCTIONAL DESCRIPTION: Yaw/Roll (Roll/Yaw) Control Element will perform the

aileron, rudder, and ncsewhee)l processing of less than

25 Hz for all Yaw/Roll

{Roll/Yaw) fiight control modes.

PROGRAMMING CHARACTERISTICS: IF-THEN-ELSE, Integer and Scalar arithmetic.

User proc/func calls,

SIZE PERFORMANCE DATA:

{1} {(2) (3) {4) (5) (6) (73
Original % Imsrove- Inproved 3 Improve- Independent| & H_L/S
HAL7§ Code ment HAL/S Code ment Assembler Ineffielency
i v Size (HW) Language .
Size (HW) {1)-{2} {2);(4) Size (HW) (4)(;.){2
rC=5 rC-8 C-3
117 114 2.6 108 5.3 a3 10.2

SPEED PERFORMANCE DATA:

)

(1) (2) (3) (4 (5) (6) (7)

Original 3 Improve- Improved % Improve=- Independent| ‘% HAL/S
HAL/S Code ment HAL/S Code ment Assenbler Inefficiency
(usec) (1)-(2) (usee) (2) = (4) i o (4)-(6)
1) {Z) {8)
FC-35 FC-8 FC-8

N.A. 70.1 N.i. 70.1% 0.0 " 88.3 2.6
122.1 116.3 4.8 113.9 2,1
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Figure 3-8

TEST NO.:

FUNCTIONAL GROUP:

TEST NAME:

TUNCTIONAL DESCRIPTION:

PROGRAMMING CHARACTERISTICS:

SIZE PERFCRIANCE DATA:

TEST DESCRIPTION

GRI_RGA_FDIR

GNC

SOURCE:

I3M

Performs FDIR functions for the rate gyro

assemblies.

Bit strings, ANDing, ORing,

Bit vartitioning

(1) (2} {3) (4) (5) (6) (7}
vicinsz § Improve= Inproved § Improve~ Indepandent| & LAL/S
Hgiigéggée ment HAL/S Code m;nt Ascewmzler Inefiiciency
Size  (14) V(1) -(2) Size (BW) [ (5)_(4) Pt o (4) - (8)
[N 2) (6,
»C-5 re-8 PC-8
269 267 0.7 165 38.2 137 20.4
SPEED PERFORMANCE DATA:
(1 (2) (3 (4) (5) (€) (N
Original % Improve- Improved % Improve= Indeperdentl -3 EAL/S
HAL/S Code ment HAL/S Code ment hssembler Inefficiency
(usec) (1)-(2) (usec) (2)-(4) Lenguage (4)- (6)
(1} 12} (&)
FC-5 FC~8 TFC-8
N.A. 504.3 N.A. d43.9 lz2.¢ 453.3 =2.1
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Figure 3-9 TEST DESCRIF1 1™
TEST NO.: 8 TEST NaME:; GRE_3ELEM SOURCE : IBM
ene

PUNCTIONAL GROUP:

Performs the 3 element processing as determined
by the FDIR status.

FUNCTIONAYT, DESCRIPTION:

IF-THEM, DO CASE

Single bit selection, integer arrays.

PROGRAMMING CHARRCTERISTICS:

STZE PERFORHANCE DATA:

(1} t2) (3} (4) (S) (6} {7)
=31 g Improve- Inprovzd % Improve— Independent| % HAL/S
Hgi;glggée ment HAL/S Code ment Assgmbler Inefiiciency
e Siz HW) Language e
Size  {HW) ()= (2) ize ( (2)-(4) P ()= (6)
FC-5 FC-8 " FC-8
220 194 1i.3 138 28.9 100 33,0
SPEED PERFORMARCE DATA:
(1) (2) (3) (4) (53 (6) (7
Original ‘% Improve- Improved % Improve- | Independent{ ‘% HAL(S.
BEAL/S Code ment HAL/3 Code ment Assembler Inefficiency
{(psec) (1)=-(2) {usac) (2)-(4) Language (4}~ (6)
o T (usec) T
I Fc-s TC-B FC-8
N.A. 578.7 N.A. 562.5% -2.4 418.5 41.6
1130.9 836.3 24,2 772.3 8.3
ORIy,
(H?‘}) éLL'}Z4
CH}R GQB_Hg
Wiy
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Figure 3-10 TEST DESCRIPTION

TEST NO.: 9 TEST NAME: _ GGJ_AL_PDCMD SOURCE: IBM
FURCTIONAL GROUP: GlC
PUNCTIONAL DESCRIPTION: Performs the functions of the A/L Flight

Director Commarnd Processor for roll and nitch.

PROGRAMMING CHARACTERISTICS: Scalar arithmetic, IF-THEN-ELSE, user-—

functions.
SIZE PERFORMANCE DATA:
(1) {2} {(3) (4) (5) {6) {7)
Original ¢ Improve- Improved % Improve- Inlesendent| & HRL/S
HAL/S Code © ment | HAL/S Code ment Assembler Inefficiency
size (1) -2y | S EO L oy Sanguags (4)-(5)
o % Size (HW) 7%
FC-5 FC-8 FC-8
z : : .
149 134 4,3 104 22.4 34 23.8
SPEED PERFORMANHCE DATA:
(1) (2) (3) (4 (5) 16) (7
Original % Improve- Improved % Improve- Independent| -3 HAL/S
HAL/S Code ment HAL/S Code ment Assemkler Inefficiency
(psec) _ (usec) - Language _
(11-(2} {2)~-(4) (usec) (4)-1(6)
1 2 [
FC-5 FC-8 I PCc-8
N.A. 221.9 N.A. 146.3 34.1 131.9 10.9
1169.7 654.2 44,1 v47.8 1.0
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Figure 3-11

TEST NO.: 10

FUNCTIONAL GROUP:

SIZE PCRFORMANCE DATA:

TEST DESCRIPTION

TEST NAME:

FUNCTIONAL DESCRIPTION:

PROGRAMMING CHARRCTERISTICS:

DMC_DISPLAY SOURCE: __ IBM

Ul

Determines the starting location of a Dispnlay Format

Table within one of four Displa¥ Format Buffers ang if
not found in anv of tne fouvr bhnTfers thon cause a

39 t y i i
Eﬁ§§e¥?nory read to load tihe proper display into a

6 Compools, IF-THEMN~ELSE,

Integer arith., bits with subscripting structures.

(1) {2) (3) {4} £} (6) (7)
igi ¢ Im a- Iroroved & Improve- Independent| 2 HAL(S_
Hgéiglggée mzigv HAE/S Code ment zssembler | Inefficiency
ize Size (HW Languaga g
Size (BW) (l)—(?) i (HW) CZ)E}EL Size (HW) (&%6(0)
FC-5 _] PC-8 Fc-8
380 365 3.9 166 54,5 214 |  -22.4
SPEED PERFORMANICE DATA:
(1) (2) (3) (4) (5) (5) (7)
Original ‘% Improve- Improved %t Improve-~ Independent| '3 HAL/S
HAL/S Code mant HAL/S Code ment Asserbler Inefficiency
{usec) - {usie} - Language _
(1)1(2) (2)2(4} (usec) (4)6(6)
FC-5 FC-8 FC-8
N.&. 377.9 N.A. 303.5 19.7 320.9 -5.4
AL PAGE
ORIGTI A e
.m&l&ﬁ%ﬂ&eﬁ
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Figure 3-12 TEST DESCRIPTION

TL3T NO.: 11 TEST Nayg;  DMC NLW DISPLAY SOURCE: IBM
Ul
FUNCTIONAL GROUP:
PUNCTIONAL DESCRIPTION: New Display Processing is to perform UI rcontrol data

maintenance and logic necessary to control output of
bagkground FCW's to the DEU's.

PROGRANMMING CHARACTERISTICS: Same as Test #10

SIZE PERFORMAACE DATA:

(1} £2) (3) (4) (5) (6} {73

Oricinal $ Improve-| Improved % Improve- | Indegendent| $ EAL/S
HAL/3 Cade ment . | HAL/S Code ment rssembler | Inefficiency
Size (HW) (1) -12) Bize (HW) (2) = (4) Language (4] - (6)

‘ =~ Elze ({iW) ey
PC-5 FC-8 Pc-8
271 206 24,0 139 3.4 138 44,2

SPEED PERFORMAICE DATA:

(1) (2) (3) [ (5) ! {6) (7)
Originral 3 Improve- Impcoved % Improve- | ‘Independent) 3 HAL/S
HAL/S Code ment HAL/3 Code mant Assembler | Inefficiency
(usec) . (usc) _ Language _
(1)1(2) (2}2{4) (usec) (4)6§6)
FC-5 FC-8 I rc-8
N.A. 114.3 N.A. 111.1 2.3 101.3 9.7
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Figure 3-13 TEST DESCRIPTIOHN
DMC_FILL BACK-

TEST NO.: 12 TEST NaME: GROUNMD_FCWS SOURCE: TRM
FUNCTIONAL GROUP: [
FUNCTIONAL DESCRIPTION: Locate the background FCW'c and issue the 1/0

SVC to send FCW's to the DEU.

PROGRAMMING CHARACTERISTICS:  Oe€ test #10.

SIZE PZRFORFANCE DATA:

(1) (2) (3) (3} (5) {(€) (7)
ici g Improve=- Improved 3 Igmprceve- Indegendent| 2 H%E/S
H%;gn&gée rent HAL/S Code mant Ascembler Inaefiiclency
: 1 i BW . Languagea
Blza (W) = | T e | S | Wz
rc-5 FC-8 | Fc-3
723 639 | 4.7 256 62.8 292 -12.3
SPEED PERFORMANCE DATA:
o8] (2) (3) (4 (5 (6) (N
Original % Improve- Improved % Improve- | Independent| % HAL/S
HAL/S Code ment HAL/S Code ment Assembler Inefficiency
(usec) (1)-¢2) sed) oy -4y teer (4)- ()
{1} (¥ b [
FC-5 FC-B i rc-8
N,A. 907.7 N.A, 884.7 2.5 730.8 21.1
- 35~
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Figure 3-14 TEST DESCRIPTION

rEST NamE: SAS_ANALOG SCALE SOURCE: _ IBM

FTEST NO.: 13
sM
FUNCTION. . GROUP:
FUNCTIOMAT. DESCRIPTION: ' Performs the logic necessary to ~onvert carameter

values from PCM units to engineering units or from

engineering units back to BCM units.

PROGRAMMING CHARACTERISTICS: 5 Conpools, IFP-THEN-ELSE, Array subscripting,

Booleans, Structures.

SIZE PERFORFAHCE DATA:

(1) {2) (3} (&) (5} (6) (7)
Oricinal § Improve- Improved % Improve- Indepenéent| HAL(S.
#AL/E Code ment HAL/S Code ment Assembler | Inefficiency
Size (HW) (1)=(2) Size (HW) (2) = (4} Languaga (£)-(5)
: 5 Size (EW) ~
FC-35 FCc-8 . FC-8
274 212 22,6 233 -12.3 208 14.4

SPEED PERFURMANCE DATA:

(1) {2) (3) (4 , (3) (s) (7)
Original % Improve- improved % Tmprove- ‘Independent| ‘3 HAL/S
BAL/S Code ment HAL/S Code ment Assembler Inefficiency
(nsec) (1)-(2) wsac) 1 (3)-(4) e o (4)-(8)
1 2 (6)
FC-5 -8 T rc-8
N.A. 111.3 N.A. 111.3 0.0 112.8 -1.3
268.7 268.7 0.0 206.8 29,9
~36-—
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Figure 3-15 TEST DESCRIPTION

oEsT NO.: L4 TEST Mamg: SAS_POLYSOL . SOURCE: IBM

SUNCTIONAL GROUP: SM

Performs the various order polynomial backwards

solutions as determined bv SAS_ANALOG _SCALT.

PUNCTIONAL DESCRIPTICN:

PROGRAMMING CHARRCTERISTICS: Integers, bit strings, arrav subscripts,

Structures.

SIZE PERFORMANCE DATA:

(1) (2) {3) (4} (5) (6} (7)
Original % Imprave- Imnroved % Inprove- Independent!| % EAL{S'
HAi/é Cade ment HAL/S Code mant Assembler Irefficiency
size  (EW) -2y | St B oy -ga s | woe
[IDE (2) (&}
rC-3 FC-8 rC-8
’ 113 110 2.7 &7 20.9 66 31.8
. SPEED PERFORMANCE DATA:
(1) (2) (3) (4 (5) (5) {7)
Original % Improve~ Improved % Improve- | Independent| -3 HAL/S
HAL/S Code ment HAL/35 Code ment Assenmbler Inefficiency
fysgm
{useac) (1y-(2) {usnec) (2)~(4) L?nguz?e (4)-(6)
T iy use T
FC-5 TC-8 T Fc-8
N.A. a2l1.6 N.A. 868,.2 5.8 594.3 46,1

ORIGINAL PAGE IS
OF PGOR QUALITY,
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@ HAL ASSEMBLY HAL ASSEMBLY

z GROUP [ TEST ¢ | SIZE SIZE 2 TIME (No~1ib) TIME (No-1ib) % (No-1ib)
O

3 1x% 77 64 20,3 234.5 {234.5) 213.5 (213.5) 9.9 {9.8)
S 345.3  (345.3) | 326.7 (326.7) 5.7 (5.7)
> 2 316 268 17.9]15507.6 (1433.1) 14674.4 {1262.5) 5.7 (13. 5}
m 3 308 256 20.3{ 1817.3 (1722.7) | 1857.9 (1857.9) -2.2 (-7.3)
o 976.3 (931.7) } 874.1 (874.1) 11.7 {6.6)
5 4 93 132 . -29,51 872.,2 {(92.7) 735.4 (93.5) 18.6 (-0.9)
= G 5 166 138 20.3| 446.0 (2B5.7) 422.6 (262.3) 5.5 (8.9} -
o N 442.2 (281.9) 418.4 (258.1) 5.7 (9.2)
o c & * 108 9§ 10.2 70.1 {70.1) 63.3 (68.3) 2.6 {(2.6)
g 116.3 {116, 3) 113.9 {113.9) 2.1 {2.1)
o) il 165 137 20.4 1 443.9 {(443.9) 453, 3% (453.3)% | ~2,1 (-2.1)
5 grx 138 100 38,01 592,5 (592.5) 418.5 (418.5) 41.6 (41.6)
O 836.3 (836.3) { 772.3 (772.3) 8.3 (8.3)
Z 9 104 84 23.8] 654.2 {(221.9) 647.8 {215.5) 1.0 {3.0)
il 146.3 (146.3) 131.9 {131.9) 10.9 (10.9)
c 4 Sub-total |1475 1277 15.5%23501.0 (7752.9) {22129.0 {7322.3) 6. 2% (5.9)*
m o . b -

- 1 ' :

Q) g 1G ** 166 214 -22.4| 303.5 (303.5) 320.9 (320.9) -5.4 (-5.4)
g 11 %+ 199 138 44.2] 111.1 (111.1) 101.3 (101.3) 9.7 {9.7)
s 12 %% 256 292 -12.3| 884.7 {884.7) 730.8 {730.8) 21.1 (21.1)
) Sub-total | 621 644 = 3.6 1299.3 {1799.3) [ 1152.0 {1153.0) 12.7 (12.7)
(@]

o .

m S 13 238 208 14.4) 268.7 (268.7) | 206.8 (206.8) 29.9  (29.9)
= M 111.3 (111.3) 112.8 (112.8) . t=1.3 (-1.3)
> ’ 14% % 87 66 31.8| B868.2 (868.2) 594.3 (594.3) 46.1 {46.1)
a Sub_total | 325 274 18,854 1248.2  (1248.2) | 913.0 (915.9) [ 36.6% 136.67)
§ L

S TOTAL 2421 2195 10.3(26048.4 (10302.4) 4195.9 {9389.2) 7.7% (9.7%)
m

_l

w

o

N~

L * Aggregate % Improvement

. *% Routines using no HAL/S libraries at all.

§ Figure 3-16 HAL/S-FC ACCEPTANCE TEST RAW DATA

et

;; ("Best" HAL/S vs. "Best” Assembler Language)

(o]

2

o




Figure 3-17.

Source using FC-8

gize and Speed of Original and Improved HAL/S

GhoUP | TEST ¢ S1ZE TIME
VERSION VERSION
% %
ORIGIHAL | 'MPROVED | IMPROVED | ORIGINAL | TMPROVED | IMPROVED
1 91 77 15,4 % 49,7 234.5 6.1 %
. 356,73 345,73 3.1 %
2 150 315 25,8 & | 16327.8 | 15507.5 5,0 %
3 606 308 49,2 % ' Lku32.9 1817.3 58,1 %
. 2161,7 976,3 54,8 %
. i 100 93 7.0 % 1050.2 872.2 16.9 2
‘ 5 181 166 8.3 % h59,6 LLE, 0 1.0 %
N uyg, 8 uyz,2 1.5 %
C 5 114 108 5.3 % 70,1 76,1 0.0 %
. 122.1 116,3 .8 %
7 267 165 38,2 % 504, 3 543,9 12.0 %
8 194 138 28,9 % STR.7 592.5 -7 h 9
110%,9 236,73 24,2 %
g 134 104 22.4 % 1169,7 65%, 7 ug,1 %
221.9 156,53 34,1 %
Sub- 2137 1475 31,0 %* | 29157,7 | 23501.0 1g.4 %*
Total
10 368 145 60.3 % 377.9 166,9° 55,8 %
13) N
11 206 199 3.4 % 114, 3 111.1 2.8 %
|
12 689 2438 64.0 % 807.7 §02,5 11.6 &
Sub- 1260 592 53,0 3* ! 1399,9 1080.5 22.8 &%
Total
S 13 2358 238 0.0 % 268.7 268,7 0.0 2%
111.3 111,3 0.0 %
"
1tk 110 87 20,9 % 921.6 868.2 5.8 %
" |Totar | 38 325 6.6 2| 1301.6 | 12u8,2 REE
3745 2392 36.1 %*| 31859.2 | 25829,7 18.9 3 *
* -
hggregate %-improvement
QRIGH\TAL‘ PAGE 1S
O@‘P(KH%<QUAJJH§H
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4.0 DATA ANALYSIS

In order to arrive at a performance characteristic for
the HAL/S-FC compiler a number of candidate measures were
considered. Fundamentally, each measure involved the averag-
ing of the collected data by a particular algorithm. The
basic approaches were as follows:

® The performance can be based on the set of routines
taken as an aggregate,

In this approach all the routines are viewed as
members of a single program. For example, the program size
is the sum of the sizes of all the routines. Size comparison
is then based on total HAL/S size vs. total assembler language
size. The effect of this measure is to give more weight to
the larger and more time consuming routines.

® The performance can be defined as the average performance
of the routines taken individually.

In this approach, the % inefficiency of each routine
is first computed and then all "%-values" are averaged to
arrive at compiler performance. The effect of this measure
is to equalize the weighting of each routine.

® The performance of the HAL/S-FC compiler can be based
on the expected applicability of HAL/S to Shuttle
application programming.

In this approach, the routines are grouped into
the applications categories designated by IBM/Houston:
guidance, navigation and control (GNC), systems management (SM},
user interface (UI). The performance of each group is first
assessed (by either of the two methods above) and the groups
are combined using appropriate weighting factors. The effect
here is to tie more closely the compiler performance to the
intended applications. However, the performance values become
a strong function of the selected applications weighting factors.

® The speed performance can be evaluated with and
without libraries.

The intention here is to gain cspecific insight into
the code generation facility of the compiler,

® Minor variations of all of the above can re postulated.

After giving careful consideration to these approaches
it became apparent that the "correct one" was a matter of sub-

jective judgement. In order to enhance objectivity and promote
the credibility of the results, it was decided not to confine
the analysis to a single approach, but instead to try them all.

YRECEDING PAGE BLANK NOT FILMED
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4.1 Measure Definitions (Formulae), in %-Inefficiency

Let Hi = size/speed of each HAL/S routine;

Ai = size/speed of corresponding assembler language
routine

Measure T: An Aggregate of all code

y
oty
]

T = -y~ 1] %100, ¥4

LA
li‘

Measure A: An Average of %'s

N
= iy (L.
A=Y 1] X 100
X

Measure WT*: Aggregate by Group then Weighted

Ll ; I T
W W . \ L 1
cNe M} -1 Ix 100 + SM[ i ' X100 + W, Ml 11 % 100

~

WT

~

Measure WA*: An Average of %'s by Group then Weighted

Tor

) i 1,
WA = W, . & Sowy| x 100 4w, X k' s, L
GNC NGNCE 3 su g, & i L) X 100 + NUIZ

e

= 1] X 109

-
]

* i rei 3
WGNC' WSM’ WUI are size/speed weighting factors.
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4.2 Performance Weighting Factors Based on HAL/S-FC
Shuttle Applicability

The weighting factors reflect tne relative Jdominance
of GNC, SM and UI routines in the Shuttle applications
programming. The numerical values shown below were computed
based on the best available estimates of relative sizes and
CPU utilizations at the time of CI.

SIZE FACTORS SPEED FACTORS
(EXCLUDING DATA AREAS)
] ! ,
CPY
TYPE SOURCE SIZE WEIGHT TYPE SOURCE 7 | WEIGHT
ahe ALT MATED DROP ; Gue IBM SIZING & TIMING 117.3 | 0.732
' ESTIMATES (6/16/75)
TBM STZING & TIMING H i
ESTIMATES (6/17/75} |18,559 0.672 ! ;
IaM FDOS's (2/17/75)
Uz i LESS 3UFFERS AND &,912 0,250 ur 30.5 | 0.190
i COMPOOL
SM | LE3S TARBLES 2,133 0.077 sM 12.3 | 0.077
27,604 1.000 160, | 1.G60D

4.3 HAL/S-FC Size Performance

The size results for the 14 test routines summarized in
Figure 3~16 were analyzed using the four measures of Sec. 4.1.
The comp’ ler size performance, expressed as % inefficiency
over assembler language, is shown in Figure 4-1.
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Measure HAL/S
Inefficiency

1y T 10.3%

2) A 14.1%

3) WY 10.9%

4) WA 13.2%

Figure 4-1. HAL/S~FC Size Performance

Measure HAL/S
Inefficiency

1) T 7.7%

2) A 10.7%

3) WT 9.8%

4) WA 8.6%

Figure 4-2. HAL/S Speed Performance
{End-to-End}
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4.4 HAL/S-FC Speed Performance

4.4,1 End-to~-End

As listed in Figure 3~16, the 14 test routines contri-
buted 21 execution time results. This occurred because more
than one executive path was included for several of the routines.
The performance was then calculated using the measures of
Section 4.1, and is shown in Figure 4-2.

4,4.2 Alternate Speed Criteria

The issue of "end-to-end" vs. "no libraries" performance
was discussed in Section 2.2.3.1 of this report. The "no~lib"
data has been included in Figure 3-16 and was subjected to the
four standard measures. Figure 4-3 summarizes the groundrules
for this approach and the resulting performance figures are
shown in Figure 4-4, superimposed on the end-to-end data.

Note that measures 1 through 4 arxe end-to-end, and measures
5-8 are "no-lib".

Additional speed measures were createa by the observa-
tion that the end-to-end aggregate timing data was subject to
significant influence by the test routine #2. Taken as an
aggregate this single routine consumed approximately 60% of
the total execution time. Therefore in Figure 4-3, measures
9, 10 represent compiler speed performance excluding the
results of routine #2. (Only the aggregate speed measures apply.)

4.4,3 Another Look at No-Libraries

Because of the inherent difficulties in extracting the
influence of libraries on the HAL/S routines, the consensus at
CI was to examine the effect of restricting performance
evaluation to the set of HAL/S routines without any libraries
at all. (These routines are marked with ** in Figure 3-16.)
Using this reduced subset, and the standard measures, the
computed compiler performance is shown in Figure 4-5.
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AN ALTERNATE SPEED CRITERION

THUS FAR, PERFORMANCE MEASURES HAVE BEEN BASED ON END-TO~END DATA,

HOWEVER, CODE GENERATOR EFF1ZIENCY LESS
LIBRARIES MAY ALSO BE OF INTEREST.

THE ANALYSIS IS AS FOLLOWS:

FOR HAL/S ROUTENES FOR A/l ROUTENES
DISCOUNT TIME FOR! DiSCOUNT TIME FOR:
{1} LIBRARIES (1) LIBRARIES

(2) LIBRARY SET-UPS (2) LIBRARY SET-UPS

{3) FUNCTIONAL LI1BRARIES AND SET-UPS
(WHERE IN-LINE CODE HAS BEEN
SUBSTITUTED FOR HAL/S LIBRARIES)

Pigure 4-3

Measure HAL/S
Inefficiency
1) T IRRT
2) A 10.7%
3) WT 9.8%
4) WA 8.6%
5 T 9.7%
6) A 10.1%
7} WT 9.5%
8) WA 9.0%
9) T 10.7%
10) A 10.5%

Figure 4-4. HAL/S~FC Speed Performance

(All Cases)
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Measure HAL/S
Inefficiency

T 17.0%

2) A 12,.9%

3) W { 13.6%

4) Wa 10.6%

Figure 4-5. HAL/S-FC Speed Performance
(Cases with NO Libraries Only)

4.5 Effect of Compiler Optimization

The HAL/S-FC compiler has been undergoing an optimization
program in order to improve performance. The acceptance test
activities permitted at least a tentative assessment of its
progress. The data recorded in columns (1), (2} and (3) of
each test template (Figures 3-2 to 3-15) indicate the improve-
ment of the modestly optimized #C-8 over FC-5. The
results for all routines were analyzed using the standard
measures of Section 4.1; a summary is shown below.

S1ZE REDUCTION
MEASURE DESCRIPTION FroM FC-5 1o FC-8
T STRAIGHT AGGREGATE - 10,253
A AVERAGE OF %'S 9.51%
WT WEIGHTED GROUP AG JREGATES 10,287
WA WEIGHTED AVERAGE OF %'S 9.03%
47
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4.6 Effect of Programmer Experience

The test routines comprising the HAL/S-FC acceptance set
were selected from existing procedures, coded primarily by
IBM/Houston and Intermetrics, with no particular attention
paid to demonstrated performance. As discussed in Section 2.1,
numerous iterations of both HAL/S and assembler lanaguage code
followed before the "best" results were achieved. The difference
between original and final speed and size, using compiler FC-8,
may be attributed to a programmer experience factor. Columns (2},
{(4) and (5) of the templates record this data base and a summary
of improvements for each defined measure is shown below.

i MEASURE DESCRIPTION SI1ZE REDUCTIOM SPEED REDUCTION
USING FC-8 _ UsIiG FC-8

T STRAIGHT AGGREGATE 36.10% 18.9%
t A AVERAGE OF %' 25.20% 16.3%
|
i T WEIGHTED GROUP AGGREGAT : 36.90% 18.8%

WA WEIGHTED AVERAGE OF 2'S 26.10% 17.6%
i
|
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5.0 CONCLUSIONS AND OBSERVATIONS

The L/8 Acceptance Test exercise was characterized by
the sincere efforts of all parties to derive compiler perfor-
mance threugh controlled procedures and objective criteria.

The approach was highly successful. The resulting performance
data was scrutinized thoroughly, discussed and finally accepted
by consensus, at the Configuration Inspection (CI) meeting.

The compiler performance figures as well as some ohser-
vations on method and directions are summarized below.

5.1 Summary of HAL/S Compiler Performance

Based on the CI acceptance testing the following figures
may be stated for HAL/S-FC compiler performance:

HAL/S-FC Size Inefficiency: approximately 11-13%
over Assembler language

HAL/S~FC Speed Inefficiency: approximately 9-11%
over Assemblar language

These specific ranges of values were selected as essentially
spanning the significant performance figures as derived via
the several measures.

The final values should be gqualified as follows: only a
sample of Shuttle routines were utilized in the testing, the
Shuttle category weighting factors were based on preliminary
design data, the programming was accomplished by experisnced
individuals (at Intermetrics and IBM/OWEGO) participating in
a competition -- not in the line production of flight code.

As a by~product of the testing, data was collected on the
secondary objectives of the exercise: compiler optimization
and programmer experience. The following characteristics were
noted: '

® rCc~8 size optimization
Improvement over FC-5- vi0%

Influence of programmer experience
Reduced* the size of HAL/S routines by Vv25%

® Tnfluence of programmer experience
Reduced* the execution time of HAL/S
routines by v17%

* Using FC-8
~4Q-




5.1.1 Aadditional Test Routine Results and Comments

At the time cf the CI meeting and for a few weeks -
thereafter IBM/Houston saw opportunities for further improve-
ment of the assembler language results for the User Interface
(UI) subset, viz. Tests Nos. 10, 11, 12. 1In general by
utilizing global knowledge of the computations, significant
improvements were gained primarily through better register-
savings policies. The specific results* for these three
cases were reported as:

Assembly Agsembly
Test $# Size Time
10 130 143.3
11 - 132 98.7
12 ' 236 695.5

As a checkvoint comparison, Intermetrics re-worked
Test Routine No. 10 using some of the same design approaches
suggested by the IBM/Houston assembler language routines.
The new results for this routine became:

Test # HAL HAT,
Size Time
10 144 161.5

Time and available resources did not permit a full-
blown post-CI activity; however there is no doubt that further
improvements could have been achieved on both sides, through
refined design techniques, the taking advantage of special -
circumstances and the application of "trickier" code.

—r—

* Also see Figure 3-16.
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" The performance values stated at the beginning of
Section 5.1 are not precise. They can only reflect the

- sample chosen and the effort spent. Perhaps an additional

tolerance of 2-3% should be applied to account for further

refinements. New data on these routines should not, however,

- significantly affect the gualitative statement of HAL/S

performance.

5.1.2 Comments on Programmer Experience

The significant improvements attributable to programmer
experience signify that the HAL/S compiler cannot improve
s HAT,/S source code on its own, but simply translates an original
4 design into machine code. The improvement comes from two sources:
(1) source level modifications that are implementation independent,
(2) knowledge of alternatives which take advantage of specific
code generator/machine characteristics. Both approaches found
application in modifying the test routines.

In many ways (l) reflects good programming design,
exploitation of logical structure, elimination of redundancy,
minimization of decision points, and full expression of the
. language. (2), to some extent, is required because of the
: mismatch between the instruction set of the machine and the
- particular higher order language (HOL) at hand. Unless the
AP~101 were designed as a HAL/S machine, i.e. executing HAL/S
statements (or their equivalent) in microcode, the opportunity
# for varying efficiency from HAL/S statements to machine code
would always exist. Specific knowledge of how a particular
HAL/S construct is implemented can then become improtant when
& high performance is to be achieved.

- The HAL/S compiler design effort is attempting to reduce

. this gap through code optimization, i.e. by substituting

- compiler capabilities (and complexity) for required programmer
knowledge. Perhaps in future programs the higher order language

E? environment {i.e. the machine) will be more amenable, resulting

- in greater standard efficiencies at less software impact.

5.2 Some Observations on Test Methods and Criteria

The HAL/S acceptance test activity was carefully planned
and controlled in oxrder to insure the credibility of the
3 resulis. Every effort was made to conduct the tests with a
- maximum of openess and communication. A number of important
elements contributed to its success:

| 1) selection of independent programming teams for HAL/S
and assembler language -

h 2} establishment of comprehensive mutually acceptable
e groundrules
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3) definition of representative benchmarks and common
data bases

4) requirement for successful execution, and full inter-
changeability, of HAL/S and assembler language routines

5) the sharing of design approaches between teams and
the maintenance of a friendly spirit of competition

6) the reporting of all data without prejudice.

In spite of the above, "good" and "better" results for
HAL/S and/or assembler language were achieved as a result of
differing emphasis. Figure 5-~1 illustrates the point by
plotting the tradeoff between sizs and speed for Test Routine
No. 3. IBM/OWEGU selected a smaiiwr, slower solution than
Intermetrics. Figure 5-2 shows che march toward size improve-
ment by successful revisions of HAL/S source. The requirement
for "size" instead of "speed" or vice versa, was not clearly
stated in the acceptance test groundrules and, for the most
part, each team tried for both. Occasionally the results
became quite sensitive to the particular =mphasis. In
retrospect, some c¢riterion should have been established
accompanied by a weighting formula, so that the size/speed
tradeoffs would be more explicit and better appreciated.

An interesting by-product in the struggle and competition
to achieve better performance was the obvious benefits of a
compiler in terms of increased productivity. Many new designs
and source modifications were attempted by the HAL/S team
because the compiler automatically attended to the details
of addressing and instruction selection, and provided
comprehensive diagnostics. The assembler language group
was more cautious and less inclined to change & working
routine because of the potential for programming error. The
result was more tries* at the problem for HAL/S and a better
appreciation for design tradeocffs. When dealing with assembler
language the prospect of re-doing a substantial program
became overwhelming.

# In Figure 3~16 some of the HAL/S results were, in fact, “"better"
than the corresponding assembler language. In these cases
the assembler language team had stopped at some point,
presuming that their routines had reached satisfactoxy
performance. HAL/S work continued, sometimes achieving
surprising results.
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5.3 Areas Identified for HAL/S Improvement

As a result of the test exercise and with the benefit
of discussions among HAL/S and assembler language team
members, a number of areas were identified for improvement
in HAL/S code generator and compiler design. Most will
contribute to time efficiency by substituting in-line code
for the current library calls. The features to be improved
are:

® STRUCTURE MOVES
® YECTOR/MATRIX MOVES

® 7EROING OF VECTOR/MATRICES

€ MATNTAIN VECTOR OF SIZE 3 IN A VECTOR
ACCUMULATOR AND PERFORM SIMPLE
COMPUTATIONS IN-LINE

® yECTOR (SIZE N) AND MATRIX ADDITION AND
SUBTRACTION DONE IN-LINE

® 1.00P STREAMLINING
® ~OMMON SUBEXPRESSION

All items have become part of the HAL/S optimization
program.
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APPENDIX

Results Associated with Test Routine #8 GRE_3ELEM

CONTENTS
A.l: Listing of Original HAL/S Source
A.2: Listing of "Best" HAL/S Source
A.3: Listing of "Best" Assembler Language Code

A.4: Execution Trace (from simulator)
(HAL/S statement numbers correspond to listing in
Appendix A.2.)

A.5: Data Bases, Before and After Test
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HAL/S COMETLATICY IENTERNMNETRICS , INC. SFRTEXETRY 3T, 1975

20:30337.00 Pa

1G9

119

110

IF [GREV_FAILCNIR] ~= 0 THEN
£o;
WORT = BITPIR - 13
DC FCH GRFV_J = 1 TO 33

IT GREV_FAILCNTR >= "GREV_FAILCYT THEN

GFEV_J
GREB_FAULTPATIS = oy
. GREV_J+WORD
FLSE
GREE_FAULTPAIAS = OFF;
GRPV_J+HOID

f
i

Al

GFF_3°LvY

GP¥_3TLFY

]
*d
]
w
"
-
"
<&

GRE_3IFLT

G6F=_3ZLiTY

ST¥T SOORCE CHFFENT SCOFE
9% ¥y GFE_3ELENs ) | GFT_38LFY
54 ¥) EFOCELUTT; Appendix A.1l GPF_3IRLFY
{ 8% g BECLARE GFEV_PATR AERAY (3) SCALAR, Original HAL/S Source RET_3PLEV
Lo-9g M GFEV_I_FAULTPAIRS INTEGER; ] GFY_3ELFH
.58 M) GETV_PAIR = ABS(GRIV_DATA - GSFV_CATA )3 SPF_3TLEY
5 ] 1 2
37 My - GEEV_PAIR = ABS (GREV_DATA - GREV_DATA )3 Eggg GRF_IELEW
st 2 ' 2 3 =
W G
33 #) GREV_DAIR = ABS(GREV_DATA - GRSV_DATA ); 8 &5 SEr_3FLTY
X | 3 3 1 w g
59 ¥ DC FOR GREV_J =.7T TO 33 %%'H, GT™_3TITY
P
109 ¥y IF GREV_PAIR > GREV_TOLERANCE THEY [ &S RRF_3FLEY
51 GRTV_J 3] $§
131 %4 GREV_FAILCYTH = GRTY_TAILCYNTE - K é? GYT_37LTY
s GREV_J GREV_J 5
S15E 0 GRE_3FLEM
: y
GRIV_FAILCNTE = 3 B2 Gre_3oyTw
GREV_J g
TND; g GF=_3T1.7¥



HAL/S CCHDPTILATICH

INTERBNETRICS,

S5THT SOURCE
EI . []
112 ¥} 5IT4 = GREB_FAULTPAIRS H
51 3 AT BITPTR
Ef . .
113 Hy ) GREV_I_PAULTPAIRS = INTEGER (BIT4):
118 4] DO CAST GREV_I_FAULTDAIRS ~ 23
112 M| ELSE
115 Hy : : H
116 H| Lo;
E} .
117 %) GREB_FLIFSTATUS = QfF;
8] BITPTR+2
:;.I [l
118 %] GREE_SFFAULT = OFF;
S 3
119 ¥} GROV_FAILCHTR , GR¥V_FATLCNTR = 0:
51 2 3
120 M) END;
121 ¥ :
122 #} LO; .
?I []
123 ¥4 CRED_ FTIRSTATUS = QFF};
51 BITPTR
E| .
124 M| GREE_SFFAULT = QFF;
sl 1
128 M1 GFEIV_PAILCNTE , GRIV_FAILCNTR = 03
51 1 _ 3
126 44 FUD;
127 H| EC:
E . .
126 % GEZB_TLIRSTATUS = QOF7;
3] BITPIR+1
LT .
129 14 GRETE_STTAULT = OFF;
5

I

N-

30,

1975

——

20:39:37.00

FAGT

CURREKT SCOPE

GRE_3FLEY

GRE_3RLEN"

GPF_3ELFH
GEY_3°LTH
GRE_3ELFH

GRT_3PLEY

GRE_3EL™H

GFF_3FLEH
GPF_3TLEM

GRE_3ELFH
GRT_3ELTY

GET_3ELEA

GFT_3PITv

GPE_3RLFH

GEZ_3TLIN

CASE 1

casw 2

CASE 3

CAST &

11
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EAL/S CCHETLATICY IXTERMETRICS , INC, SEPTEMRER 3§, 1975 29:39:37.00 PAGE 12
54T SOURCE CURFENT SCODE
136 #| GREV_FAILCHTR , GREV_FAILCNTR = 0; fPF_3RLPM
S| 1 2
131:H| END; ssf_ért?ﬂ
132 41 BND; GR®_3FLTH DO CASR EWD
133 34 END; . 6TY_3TLEY
130 8 CLOSE; .

w#xk B L O C K

B UM HARY wkxx

GFF_3TLFH

OUTEE VARIPABLES USEID

GREV_DATA, GREV_J*, GREV_J, GREV_TOLERANCE, GREV_FRILCNTR*, GREV_FAILCNTR, WORD#, BITETR, GREV_FAILCNT, WORD, GREB_FAULTPAIFS*
BITU*, GYFE_FAULTPAIRS, BIT4, GREB_FLIRSTATUS*, GREB_SFFAULT¥
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v
b
;
[

STAT

69
70
71
72
7z
T4

' HAL/S CCHEILATICN

INTFRHENETRICS ,

SOURCE

%1 GRE_3TLEYN:

1
LR
H)

=2

nhm

w s

EC FCR GBEV_J = 1 TO 133

IF ABS (GREV_CATA - GREV_DAT2

I RC.

EECCELURE:
EECLARE GEEV_INLEX ARRAY (4} INTEGER INITIAL(T, 2, 3, 1):
CECLARE PICK ARRAY({R) TINTEGER INITIAL{i0, 10, 2, 10, 0, 1, 10,

SEPTEMBFR 30, 1975 .

Appendix A.2 .

"Best" HAL/S Source

10} s

) > GREV_TOLERANCZ THEN
GREV_J+1

GREV_INDFX GREV_INLEX
‘ GREV_J

GREV_FAILCNTR = GREEV_FAILCNTSH + T3

GREV_J GREV_J
ELSE

GEEV_FRILCNTE = 03

GREV_J
Eﬂb;

IF tGR?V_SnILCNIE] ;= 0 THEN
po;
TEXPOIRRY ACC INTZGER:
ACC = 03

IF GEE?_FBILC&TR1>= GREV_FAILCNT THEN

_BCC = 43

I¥ GFEV_FAILCHTRZ>= GEEV_FATLCNT THEN

ACC = AGC + 23

IF GREV_FAILCHTR >= GRETV_FAILCHT THEW
X T

RCC = MCC + 1

GEEP_FAULIPAIFS =

SUBBIT (ACC) 5
3 AT BITPTR .

N0 CAST ACC ~ 2%

ELSE

21z82: 19,31
CURPENT sSCOPE

fTT 3T

GFT_371TH
GRF_3ELFK
GFT_3ZLEY
GrT_37LTY

GRE_3ELEH

GPE_3TLEM

GFT_3TIEY
GPE_IFLEM
GPT_37L™

GRT_3ITL7Y

GET_37LTY

GRE_3FLEX

Gr=_3Fyey

GRE_3ELENH

PLGT



L e g YT R

LA

97"

5¢

G2

v
awmo

INTFRMETRICS,

SOYRCT
E] 3
N | i
| - _
M GREE_SFPAULT = OPF;
5] ' -3
B GREY_P2TLCNTR , GREV_FAILCHTR = 03
81 . 2 3
¥l TND;
Hi 3
LY tc?;’
El g - : . _
My _ : GREE_SFPAULT = OFF;
sl ' - _ 1
P IR ' GREV_FAILCNTE , GREV_FAILCNTR = 0;
S| : ‘ 1 T 3
i END;
VN T £o;
3 L.
My ' GREE_SFFAULT = OFF;
£ ' .2
¥ GREV_FATLCNTR , GPEV_FAILCNTR = 0;
§ 1 : 2 .
.y . END;
I ' END3
E{ - .
1 GREE_FTLIRSTATUS = OFF;
3 . o ' BITPTR+PICK '
3 Ace
¥ _ EYD;
v CLCSF3

kxwk B L CC K S UGS EBRY wrex

oLIF

T VARTIAMLTS L8ID

STEV_J%, ETEV_J,

I Ng.,

FTYNG 004 J0
1 @ovd [IVAIDIEO

g

STPTENSBER 30, 11975

27:82:219,31

- PRAGF

CU=EFPNT SCOPE

GRE_3FLER

GRE_3FLEH
GRE_3IELEH
GEF_3TLE™

GF?_ﬁ?LEn
GRE_3IBLEH

GPF_3ELEY
GRE_3ELEM
GEF_3TLPy

GFF_3TLFY

GRT_3ELEY

GFF_3FLEY

GR¥_3ELEH

GEE_3FLT%

CASE 1

Cast 2

CASE 3

CASE %

DO CASE *

|

1

D

€REV_DATA, GPEV_TOLEFANCE, GREV_PAILCNTR*, GREV_FAILCNT®, GREV_PAILCNT, PITPTR, GREB_FAULTPATAS®, GRPE_SFFIULTS
. GBTB_IDIESTATLS* : _ ' '



SUEECUTINE GRE_3ELEH FAGT 2

LCC GSJECT CCLE ALE1 ADR2Z2 SOURCE STATEHMENT GPC VIF4,1 14,52 N7/0147%

a Appendix A.3
& _ : 3 A3GRESCH AMAIR - fcarIncg
v CL300 o 4+B3GRESCH CSECT ' "Best" Assembler Language Code C1-pvry™
i CCI0CCO ' 5+RQ FQy 0 : - i Bq-rvrIY
: LCIBED : 6+31 pelil 1 DI-2HLIX
. {C3cDaz T+P2 QU 2 B Bt A
o CLRCLR3 8+73 FQU 3 0-3%r TN
e CEoso0n : 9+Fl QU o N1-naMrvY
S o o 1% 11 104R5 EQU 5 S ETELT
I ceacece 114R6 TQU 6 01-FuRTN
€CCcCCy ' 12487 Fou 7 C1-24RIY
cceacoo - 13+F0 EQU 0 01=-AMALIY
C2ata : T4+F1 EQu 1 01-LvrIV .
ceaGe02 : 15+F2 EQU 2 01=-AMAIY
c{Lena3 TE6+F3 EQU 3 01-24ATH
cceioaun 17+F4 ToU 4 G1-2HAIN
cC00008 ", T1B+F5 EQE 5 BI-h¥ATH
clececs T 19+P6 EQU & ] ’ CT-ANATH
ceacoa 20477 EQU 7 . C1~A*AIN
CCC3IC0 . 21+ USING STRACK,D ADDRESS STACK AREA O1-AMATF
CCSL0 EBLO coeo 22+ LA 0,06(0) CLEAF LOWER HALT AS HULL LOCAL DATA DPTR  O1-i4AIW
¥ 0C221 carFc 1003 £oe3 23+ STH® NEXTSTK SAVE REGS AT CALL IN NBY STACK ARZA N1-AuRIN
. Cddad gaoc cco3 24+ iH 0, NEXTSTK UPDATE STACK BTR 01-2%R 1IN
i
T CCIoLLE 26 ACC EQU 6 genoseng
= cCocgar 27 85 EQU 61 . : aguansR0n
CCOC03F 28 57 EQU 63 areoTeco
CCA0300 : 30 USING #NGRESCH,RT 0Cocaento

CLealco 31 USING #LOCAL,2Z . acoignoe




g PAGE 3
SUBLCUTINF GE%_3TLEY :

GPC VER9.71 14.52 07/01/75

LCC CRJIECT CCDE  ADE1 ADR2 "SOURCE STATEMENT
’ 33 * cemmma—e -~ HAL STATEMTNT KOMBER #8  nopg: ggg;gggg
34 % —memee —-=- HAL STATEMENT NUMEEP 45 : 20018000
5 gg ;A;,E;""LT H&E; gﬁ?TE“NT NUMBER 48 HAL/S Statement numbers refexr | n¢gisoce
0CU 916 ceco K : : neo130
peoch ? ! ER IR T —— HAL STATEMENT WUABER 47 § .o -0 intermediate HAL/S ggg?‘?f%gg
CCOCS 9TF5 2029 0029 38 HAL4T  1H  6,GREVINDX(7) source and do not correspond 00018000
0CeC7 78F5 €032 €032 39 LE  0,GREVDATA (6) : and ¢ 8 aen15n00
€Co09 pE7 40 ig 2'2H1 to listing in Appendix A.l 00020000
£COCA E516 cecs 31 (KHT, go2n0e0
GCO0E £PF5 2029 €029 42 ~L# 6,GREVINDX(5) or B.2. HHEME
CCIOL 5EF5 C0I2 cea2 43 St 0,GREVDATA (6) Cp0a3000
CO29F TLOu C011 0001 44 BNM  HALW7A 00n31000
0007 7BES 45 LFCR 0,0 _— 00025000
Goe11 48F9 0016 €c16 zg.HnLuva »gﬁﬂ gigggﬂ A Go0aann0
18 0004 : - HBL : : e
CCe13 1o te 48 * ———-====-— HAL STATEMENT NGMBER 48 gggg;ggg
G314 9EFS EO1A i S 49 LH ACC, FAILCNIR(7) neRs9000
25615 peow ta15 5081 : 81 s 45 00330000
anps > ce v ’ < *
30CT7 DFOY §2 % mwe~=mwuw-— HAL STATRHENT NUHBER 49 gggg:gag
00018 CEE6 53 HAL49 SR ACC,ACC 01033000
1 EFS 1h ¥ 54 HAL49A STH  ACC,FAILCHTE{7} o330
LC019 EEFS =07a ¢ _ 55 % ——mmo———en HAL STATENFNT NUMBER 50 Eg?‘;‘s‘ggg
eCoIE EIE, 00Ccs 56 AR 7,KR1 20025000
R @, ¥ oo
» NGE - €C5 0015 58 : 237001
GOJIC LAA ¢ P HAL STATEMENT NUMBER 57 SRERNAE
£o01T 9TAD cC1B 60. ‘LB ACC,TAILCNTPR+3 g%gg _ 0CEE0I0D
QCGIF E€TI . 001c 61 aH ACC,FAILCNTR+2 HE PISRRERH
£CH20 €675 01D 62 Ad T BCC,TAILCETRS3 vy g% 3¢ ru2000
21 . | £61 003E ° 6
€Ca21 CaF? CO3E ¢ i # —~m-w==-—e HAL STATEKFTNT NUMBYE 52 Eg gggﬁﬁ?gg
) ' 65 % m=m=-m---= QAL STATEXENT NUNBFR 53 = EE ceounron
~ ) . . R . \ itLigl
96023 SD2D LooR 66 18 5,BITPT & v NCOLGD 0O
CCO264 SLE6 AOOE ccep - 67 W SeELAGS (D) o 00NLTOC0
36025 9C16 £005 68 Ll 4, KK 3] OCONANCD
0CE27 FUSL 003C 69 SLL e S eps = 00249000
I..—‘ 0 70 T A Tr ] '- .
00928 SEMT 0019 71 % =mom=mw-c- AL STATEMENT NUHBER 54 3 BB ﬁﬁgggggg
20029 9¢14 cees 72 i 7,KH1 31000
60024 51 po 73 LH  ACC,FATLRNT . gggsscnﬂ
T 78 % wwweeme-w- BAL STATENFNT NUMBER 55 02033000
CCOZB G675 EOMA 0012 ;s.Hans 'gg gggggnrzcswatv1 2c05u800
3 C030 0002 76 : \
20923 L9238 77 % wmmmwmwm-= HAL STATEZSENT NUMBER 56 goonanog
atoss se1a CO34 0004 ;3 5 s : pee5AAN
aLa2# :?10 80 & ~m=w-m=dw- HAL STATEEFNT NOUWBER 57 g:gzgggg
2033 - : 81 HALS7 LR Sl reG1An
WA e BB D
033 23ES - R3 Ve : EORINRA
CChis 2323 - i # w~-=w-e-e- HAL STATEMENT NOMBER 58 gggi;ggg
1Ca34 FU06 - 0001 85 HaLS@  SFL 4,1 AEARS 0
&C533 0716 coes B6 A 7,Kd1 0006AG00
20036 $71a (cCé R7 cH  7,KHU
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S prase

CCdax
aCJ40
12041
0004z
3CCu3
oLaduy

wCous
1LCas
2Cou7
cceus
LCous
- socua

WO |
ofouc

H L
JCO4E

cCoy4r

£Las0
GC0S1
peese

0Cass
pIGIETY

3C355
aCd586

0CCEY
seoce
€TLs9

CTEA
0354
3CCEC
UCASE

QCOET

SUBFLUTIN® GARE_3JELEH

CBJRCT CCIE

TA3E
EBU

arap
9CE6
AL¥E
SEF6
Z3EY4
F3F6
EB2¢€
Icic
8816

LChC
EBIE
reic
ER16
Lcau
EESE

g§rz2
Ar3a

FET1
LECB

1]
ni
1
o

1 ]
EB?5

TF10

SE3E

3F16

EBT1
EBGD

apug

2524

BLYS

sT16
ESFC

BA4ZS

JELS
23TS

2001
BLLT
EC0B

FFFF

ALY

c0zZn
a0

CCCB
e
ceer
cota

coco
CCup
£0¢s
€C61
cocs
CouP
coes
€053
CCEl

cocs
0CCE
og1c
Cc31
oc9
C01B

£01D
€057

ccen
{665

601C
CO1E

CJliz

cniz2

¢ecs

0601

ADE2

ooop

003t
0007

bo1E
0007

0009
0016

0002

0004

003r
FFFF

84
£9
90
91
92
93
94
95
9%
97
98
99

1¢0

101

102

103

104

105

106

167

198

109

110

111

112

113

114

115

16

117

11R

119

129

121

122

123

124

125

126

127

128

129

130

131

132

SCURCE STATEHBIT

BL
STH
W on et e —
L
Li
Ld
LR

T s ———————

CASEN LE

CASE3- iH
M e ———

STH
HAL70A STH

ChSEHN L#
SH

B o ———————
STH
ST

¥ eremer—m—m————

¥ o ———————
¥ crmmmem————-
5uU38 LE
)
STH
# e m——— -
|~ J— -
f T ——
1H
SLL
XHI
LH
NR

HALSS
3,FAULTPES ‘
HAL STATEMENT NOMBER
7,BLTPTR
4, HASKS {7}
5, SHIFTS (7)
7, FLAGS {7}
3,4
3,89
3,KH3
CaASE1 _
3,KH1 .
HAL STATERENT %UMBER
HAL79
3,KH1
CASE3
3, ki1
CASEYS
HEL79 _
HAL STATEMENT NUNBTR
HAL STATFMENT NUHBER
6, K16
7,KH2
HAL STATEMENT WOHBTE
3,PAILCNTR+2
HALTOR
HAL STATEMENT HUHBER
HAL STATZHENT NDMBIR
6,KH3
HAL STATEMENT NUMBER
3, FATLENTE +1
3,FAILCKTR+3
sUB
HAL STATEMENT KUNBER
HAL STATSHENT NUMBER
6, KHS
7K1
HAL STATZMENT NUMBSE
3, FATLCNTA+2
3, FATLCNTR4]
HAL STATEMENT NUHBER
HAL STATFEENT NUMDEE
HAL STATEHENT NUNBER
HAL STATEMINT NUYBFF
5,SFFAULT
5,6
5 SPFAGLT
HAL STATERENT NUMBER
HAL STATFMFNT NUMBER
BAL STATEMEET NUMBER
5, KH1
5,{57)
5,X'FFEF"
3,FDSTATHS
1,5

P ‘. .- IR

59

66

60

e

65
67

70

71
72

75

76
63

T4

62
68
73

PAGE

ORe6TO00
0CNERONY
00069000
0c079000
oceyInee
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0CI73IN00
0GOTUNDG
o0nT5000
00076000
£e377000
80OTRED0
geg79000
nCOR0000
pLI81000
0ra82000
00083000
000840C0
0CORENOD
CCNBAODD
aeeATaNg
000BRO0D
0CoRA0ND
neIanrnn
10001000
00ra20C0
00203760
genaseco
apasary
nCreFn0g
eroaTesa
gcnasIng
aregengn
pL1gnnee
ecIntaan
ceicenee
ar 103956
0C104000
cranseee
£eICHLLY
BL10700n
£o3canng
00109090
£C113000
0C111600
5C1120(0
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0r114C00
0C1150C0
RREI
2£117000
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cer19nnn
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001218C¢
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SUBROUTINE GKT_3ZLEM

LCC CEJECT CCLE ADF1 ADR2

CCO60 ER4S 0011
JC061 ccrP8 Q0CO coco
JC0€3 C7EC
(&)
27
v Q2

PAGE 5
SOUECE STATEMENT GPC VEF9,1 14,582 237/01/75
143 STH 3,FDSTATUS 00122000
Y * —cccecweca=- HAL STATEMFNT NUMBEFR 77 00123000
145 ¥licwaa s amam AAL STATEMENT NUMBER 78 nC124050
146 * ==mceeeeeon HAL STATSMENT NUMBER 79 00125200
147 HRL79 AEXIT 00126000
TYR+ st kkdkkPITURY TO CALLER* sk itk sk vk dokhok gk Rk ik kR R R Kk kR Sk k
TL9+HALT9 LM OLDSTACK RFSTORE REGS AT FNTRY 01-A=XIT
150+ BCFE 7,RY EPTURN TO CALLER C1=-ATXIT

AR R R e e e S R RS S S e R L e R R L b
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0. CCARLUCSCY CC3249 (0674 BEDC : TH 007c3 070d R2=C36Z00NC #P3=C71000C0Y 4
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HALUCP VERSICN /.22

REGISTER SET O
BPEGISTER SIT 1
FLCATING
UECATEL PSW

EIPS TIME(SICS)

(8530900
LRs331250
CES535920
(Ff=3930C
0.2C85437CC
C.2CR5425CO
G.CCBE44S00
0.CCBEW730C
0.CCBEUISO0
0.CCREE23(CC
C.0CB8547CC
3.0085571CC
c.20A8558900
2.CCB5609CD
0.CCE5625C0
0.CCBEEWICO
0.2(8564300
2.CCF%ATA900
J.CCEE701CC
0.CCES9190C
0.CCRE73500
C.CCES5E66CC
0.CCESBRUCO
J.CCEBRGHD0
C.CCREC24080C
c.CCB83E420C
C.CCERSFEQ0
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0.CCFRCS400
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003331 02736 DE1C
€C3332 0973 9735
€€3333 0073F 31r5T01aA
€53334 323741 =rf30009
€C3335 04743 3735
€C3336 08744 DET™
CC3337 0726 RF3S
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TZSTING 3FT_FGA_FDPIR AND GRE_3ELEM HAL INPPOVED
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l
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HAL/S Statement Numbers
Correspond to

GIFC STMULATOR

0001300 70200092
goecoceo 000000ND
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2000 PA=02912900
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0000 R4=00010000
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0200 *R6=00200000
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41133333 *F2=41133333
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VFFSION 9.1

PAGF

0[b REG

*27=00000700
*28=00000070
*£5-00000200
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R7=C0000900
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£3=00470000
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r1=0a0n000N

£1=00100000
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*37=00120000
*57=00020070

ono2

STAT

L= R

Execution
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ENIAN 4 AN 1 13\5‘@‘-“37‘5\0‘0‘]7‘0‘&&7\3\0\:::EGGG:GQ-'}
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.FAGE 0203

HALUCP VEESICN 6.2: TESTING SFT_RGA_FDIR ANC GRZ_3FLTM HAL IMPPOVFD GPC SIMULATOP YPSSIOY ©°.1
SEGISTEF SETI G C7DCCCE0 08220000 09440000 CSIED000 CAEBGAOC CO0020000 0017000 0C020000
REGISTE3 SIT 1 CCCCCCOC 0000GA00 02000000 00009C00 00000000 00000000 00000000 C0COGOND
FICATING ET FEGS  8CCCCCOC 0CC0CO0O 41133333 000CIC00 41133333 £0009900 41119993 6£000200:
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C.CCERL23CC £C3339 00729 DSAC L nc 00745 S g
0.CCBAL5COC ©O03340 CO72A O9EFSED2C FLH 00910 0002 #R6=0772700C PBT=00020060 &
C.CCR54720C ©G63341 0072C 9LT5F02D LH 00911 0003 " FU=057RALGC *ES=CO030070 4
0.CCE54940C (03382 (728 7AF5CO3E e 00924 41133333 *F0=041133333 F1=ACCOC00Y o
0.CCPRE3330 CC3343 00730 587SA03E SE 00926 41119999 *F0=u71999aC P1=ceCocann  u| -
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C.CCEESSECC C€O03347 00733 TAOA RC 00732 : 4
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3.CCETC338C C€C33h5 00736 DLIC EC 00737 c
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HALUCE VERSICN 6.2:

REGISTER SET O
rZ SETEY
FLCATINC PT REGS

GISTER

CELATZL ESW

ELES TIME(SECS)

8

—p

.0CE743000
C.ICETUYECT
C.CCETENLCC
0.CCETS36CC
$.CCR755€0C
0.CCET5800C
C.CCETBT600

GISTEE - SET. 0
0.CCETT712C3
C.0CE772808C
0.CCET742C0
0,CCBT7774C0
velL87732CC
C.CCRTE2€0C
C.CCET24QCC
c.C(EFET72CC
C.LCETESECC
$.CC(RT7926CD
J.cCETSIACC
C.CCETSRRCO
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2.CCBRE1200

TFSTING GRI_FGA_FCIR AND GRE_3ELEM HAL IMPRCVTD
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€03427 : NORNTY ARESAONE Ln n29ecs
CC3y22 023689 BETS STH 00BFF
C0zu23 n06BA 5731 Ly 008=F
CC3424 (O06EH  7ATFSEOUY LE 0092a
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Appendix A.5
Data Bases, Before and After Test
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