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facs

The contents of this thesis represent-the-resulls
of doing & softrare siruletion of the Minuteman D17B
Conputer, The D17B computer is a general-purpose computer
which was used in the conirol of the Hi:mteman Kissile,
This coaputer is dbzing ih2sed out of Air Force inventory,
and as a result of teing ésclared excess, it is dbeing sade
avajlable to governnent ezcrcies end educational insti-
tutions, The Alr Porce Insiitute of Tecimology Electrical
Enginesring Departaent kes zcquired two of these conputers,

Rweaﬁhlnsbeemshrteﬁat&ﬂf to meke the Di7B
computer operaticrnz2l] in a lzboratory enviromment and to
derelop apmlicstions, Tae sofirare siculation is a part
of tnls research efiort., Tae olher areas being pursued at
the present tizs are the édesiga axd consizuction of a kard-
wars cortrol ccnmsole, the dosign end comstruction of am 1/C
interface for comirolling a tape reader, tape punch, ard
teletype, and a descriptioa cf the PI178 cooputer and the
steps to be followed in ralinxg it op=rationzl,

I want to express oy arpreciatiom to Dr, Prauk K,
Brown ard Dr, Gary 3, la=snt for proposing the sisulation
prograa as an area of research ard for their expertise as
advisors for this project. Speciel acinowledgement is dvne
Bob Hitchell, a Systecs Encineer froz liewark Alr Porce
Station, Ohio, for the lmoiiledge end docu=antatiom which
he has iszcarted to this resezrch rroject., 1 za also
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grateful to ths other fcur students who were doing research
in this area for their help in understanding the operation

T e

of the D17B cozputer.
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Abstrac

A software prozram has been uritten whick-Simulates
the fuctions of the Hinutexan D175 coaputer at- the register
transfer level. The simvlation prozraa is uritten in the
PORTHAN Extended lansuage {0 be used on the Intercom System
{teletype) of 2 CDC 6600 cozputer system., The simulation
program of the M 7B coxputer was develoved at the Alr Porce
Institute of Tecltinology es part cf a2 ressarch effort in
nak;;zg a D178 ox=ration2l in ;. 1zborztosry environmt. The
simulation program has proven iicelf useful as & teaching
ald and can be used for error chnecking prograxz tapes to be
run on the D173 ccaoputer, 1t can also be used &s a stendard
for the herdsare ¥ersion of the cozputer, The simuletiom
progran comsists of & mzin prozraz and eight subroutines,
The main progran consists of a rezding and translation sec-
tiom which reads and interprets input data, a noncoxzpute
mode sgction ¥hich iople==nts the lcz2ding and interaction
functions, and a coupute £d5de section which implexents the
search, read and write mezory, end execute functions, A
programing languzge for the D178 sizulsation prograa was
foreed unich contalins nuobers and lo2d codes, switches, and
miscellarveous cozmands, The piscellanscus coxeends include
such functions as register displey, mesory display, pode
tracing, and setting of flipflops., Example progra=ms run
on the simulated coaputer have dbeen included to show the
types of output availadble,

vii

N s E b
e i e e —— Nl o o F e ] e Al =



. . - . - A o . - e s ~ - e i o »
N § W o T S AT T BN P o M 0 SIS AL TR S Sy S e e R e i S

GE/EE/72-7

SOFTWARE SINUIATION
OF . .

r—t 7

THE WINUTEMSN D178 COMPUTER

—~ -

I. Introduction

The purpose of this thesis is to describe the software
simulation prosrea of the rinutemen D17B cosputer that hes
beeg_developed, & softuere siculotion of the D17B computer
was develop=d as part of & re;earch- effort at the Air Force

- — - -

Institute of Technology. ihis rescarch effort was concerned
vith findinz useful a2vplications for the U173 coaputer.
These are several rezsous xny & sizulation of the D1I7B
coaputer 2s written, This prozran can be used in teacuing
the operatioa of the Di78 co=puter. It cen also bde used
as tackup carability for rmoming D178 programs vhen the
actual ccaputer is not available, Iihe wost icportant reasonm,
honeve_r, is that the simulstion program can provide error
checks for the D173 progress which it executes, The .ard-
ware version of the D17B computer has no error checking
cavability. -
The simulztion progran was written to sizmlate the
3 D17B couputer at the register transfer level, & register
“ ‘ transfer approach was used because it allowed the D17B
computcr to be siculated at the inforzation erd data trans-~

E fer level, Thus it was not necessary to simulate the logic
'_ ‘ equations required to clear and set each flipflop. Using
T ; ( the register transfer approach also sllows for the tracing
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of the inforaation flow in the simulated computer as data

is loaded and prograas executed. Uith this W@tim

-— - -——-—’.___s

tracing caiability, ithe siculztion progras can be used as
a teaching aid, '

General D178 Description., The D17B computer is a small,
synchronous, serial, general-purpose digital cozputer., It
was designed to b= usad in 2irborne cocntrol applications
andtasusedineontrollingtheguidamemﬂoperaﬁaxcf
8 lunntmn Fissil>, This cosputer has several .npormt
characteristics of uhich the following are importaat to an
understanding of the simulation program, (RBef 6:5-6)
1. Yhen the D173 ccaputer is executing, all coaputer

operations are controlled by ar interr2liy stored progrea,

This stored prozrex can be exntered by external input devices

(tape rezder, teletypz, conirol comsole suwilches, ete.).

] 2. The xord lenzth for ihis computer is 27 bits, of

% which 2k are used in computation. The remaining 3 bits are

. spareéndsynehrcmizinghitsan&tbnsmmtneededinﬁw

simulation prograz, For this reason the word length is

treated es 24 bits Lroughout the remainder of this thesis,
3. The E==0ry storage czpability consists of a 6000 ‘

rpa cagnetic disk with a storege capecity of 2935 words of |

44

which 2728 are addressable, The contents of memory include
. 20 colG-storage chamels of 128 sectors (words) each, a hot-
storage channel of 1238 sectors, four rapid access loops (U,P,
E,B,) of 1, &4, 8, ard 16 words respectively, four 1i-word
arithasetic loops (5,i:,i#,I), aud two 4-word input buffer

2
-
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loops (V,B). Cold-siorage charnels are those memory loca-

tions which allow dzta to b= stored only when they are
enabled by an externzal switch, Bonever,d:t:,:anberead
froa theun ot 811 times, Hot-storaze chzanels can be used
for storing ard rs2ding of éaia without an enable switch.
Aloopcm_sistsotazordorgrcupofsordsahicharecon-
tinually read and stored on the disk e&s it twrns, A 1-word
loop would be read and stored czach woréiime, For a 4-word
loop; eachmrdisrcaaandsto*eainfonrwoﬂti-es,
&mrdlwpisreadendstomineigb.mﬁtims”twom-
tine is tne asount of tice reauired $o serially read and
store the 24 bits of a word., All portions of emezory described j

here have been inclnied in the sipulation prosrza,

k., The D173 cozputer parforis computziiocns using tae
binary nutcr systes viih nzzative nuzbars bezine represeated
in two's cosplezent form (sign plus two's coaplemamt),

5. The instruction set for this coopater comsists of
39 instructions, The onomcnic and cctz2l coding for each
instruction is given in Appendix B, £&1so incluled with the
instruction set is e nuzber of wordtizes required for the
execution rhass of ezach instructica,

6. The input capsbilitiy of the D173 coapater includes
acceptance of detector, discrete, incremental, and character
inputs, The detcctlor input sets the DR (detector reset)
flipflop to "1" when a true level is put on the detector
input lice, Discrete inpuis are true: or false levels wn
the discrite input lines, Increzental inputs are saspled
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inputs that are incrementaily added to the input buffer
loops (V,R), Character inputs are five bit codes generated
by a teletype or tave recder and tran;fer;e—;l:’% the D178
on the character input lines, T

7. The outpats that can be realized from the D17B
coxputer are birary, discrete, single character, phase
register states, telemetrz, &end voltage outruts. Binery
outputs are coxzputer generateld levels of 41 or -1 availadle
on the binary output lines, A discrets output is a true
level shich is put on onc of 28 discrete-output limes, Only
one discreie culput 1line can be at the true level at a time,
Single charecter 1s a ccxputer generated five bit code of
the & most sigaificant bits of the accu=mnlator plus a parity
bit, e cherzcter outrvul 1s rade availzble on cuttul lines
for driving & telciype, a t2ps prumch, or some other character
coded outprut device, FPazse rezister status is the condition
of the phase registesr flirflops waich is eavallahle for =on-
itoring on output lines, Teleameiry output is thes bit config-
uration of registers or voltage signals available on out-
put lines for transzission to telemetlry ecuipzent, Voltiage
output is a comsputer generated snalog voltage corresponiing
to portions of the accunulator conteats which is made avail-
able on outpat lines,

8. Srecial features of the D17B coamuter include
flag storc, split-word ezrithzetic, and mininized access
tining, Flagz store rroviéss the carability of storing the
preseat contenis of the accumulator while executing the
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next instruction., Split-word arithmetic is used in per-
foraing arithrmetic opsrations on both halves of 3_ spiit
word at the same tiee, A splitwordon;:h:;)ﬁamists
of 11 bits, Eininoized zzcess timing is the placing of
instructions ard data in memcry 8o that they are avallable

vith =minizus delay fro> the disk rcemory.

In order to have the D17B coeputer simulation program
simmlate the actval cozpuver 2s closely as possible, all of
the foregoing characteristics have been included, 4s a
result of this similarity, the simulatlicd $Tosran chows
monise for- usefulness as a standzard for an operational
D178 cozputer. By comparirg thz resulis of a test progra=
provided as input to both the Lharduare and softrare versions,
reglister and ianstruction exeenution malfunctions in the
hardxare versicn can bz detected,

The D173 computer can bz loaded with prosrzas and data
fron punched tapss, The proZram and data are punched onto
the taps by a tepe punch and & tzpe reader is used to
enter tris information into the D178 computer, 7The sisu-
lation rrogras is extrexely helpful in the preparation of
these prograa tapes vhich are to be read into the Di7B
computer. The sinulation rrogrez has the capability of
reading the same punchel tapes for input data as ere used
in loading the D178 computcr, The simuiation progran lelps
in the preparation of program tapes ty detecting aad loca-
ting invalid symbols punched on the tepe and by decoding
the program instructions. Tre simulaticn rrogram aiso has

RSB b vmmnn e
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the capability to detect addresses (locations in memory)
that are ouf of ran=c of the Fresent program being run,

These capadilities have snoxn the D173 cm:pnta__sin_;ﬂatiou
progran {0 be very useful.

Thesis Outlire, Chapter II of this thesis coxtains a des-
cription of the structure and organization of the simuvlatior
program, Ihe functions perforzesd ty the main prograa and
subroutines are discussed and a description of the varisbles
used in writing the simulatioa progran is givex;_. - Chapter
III contains a deseription of the sm.;s;io:.;angmge whick
1s used as input data for the siumulition yrogrzm, Eethods
for creating jrograas O bs run on tae simnlated computer
ars given end a2 zmethced for creating a shorternsd version of
the simuiation 2anguzge is prescnted., Chapter IY contans

a listing of the error siatenen’s provided by the si:nlatién
pregrar, Chapter V contains exexmple prozraes which heve
been rum on the sisulated computsr, Several Frograzs are
1isted which show the types of output that are availabdble froa
the simulation program, Chapte= VI is the coa:lviing chap-
ter and containy recommendations for additions to the simu-
lation program to enlarge its capabilities.

Powr apperdixzes are includcd with this thesiz to
provide additional information and clarificction two the D17B
conputer sirmulation description, Appendix A contains s
_ 1isting of the simulation program, Aprsndix B 4s & coa~
piletion of the DI7R ir.truction sel and & 1istinz and
description of the D178 load codes. Appendix C contains
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figores. forff-.nterpreﬁng trhe simuletion program output

resulis for bivzry, discreie, and voltage outxlmtsj_. Appendix
D supplies information for using the 1)178 rim-]ation progran
at AZIT, &lso insluded in Aprendix D is a eond:m.se’d listing

N P R ATt (LTI

of the simalation languaze,

The deécription of tke D178 computer simulation prograa
presenizd in this thesis acsumnes tne reader has a basic mow-
ledge of the Di73 cozputer and the procedures for prograraing
it,— Mo altexpt is maide to describe the D17B computer or io
describe D178 prograsning npsthods, ‘l?er-igzsemt:_lon concern-

Ve DA b T N P P ety

¢

ing these areas, ths reader should refer to references 1 and
k&,

References 4, 5, 7, erd 8 are the main sources of
infor=ation uced in writing the simuiation prosrar, efl-
erence & is a training rammal for the D17 cocrmuter whnich
describes tre Mimcilons a2nd opcrations of the computer,
Reference 5 is a collection of figures which show picter-
1ally the D173 fumctions end operations, Reference 7 is
an engineering ranml with a furction dreakidown of the
logic eguations &nd tizing diagrexns of the coaputer
operations, Reference 8 is aa Alr Force Technicgl Kanual
containing 211 the logic eguations irplemented on the D178
coxputer,
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II. Dj7B Covputer Similation Program

This chapter describes the organization-end -structure
of the D17B computer simlation program., In xriting the
siculation rrograp, the plan u2s to sizmulate the actmal
coaputer as closely 25 possible, This close correlation
betweer the zctuzl cooputer and the simulation progrenm
pakes it possible for a user to use both the computer znd
s..mlatien prozren using only one set of programaing tecn-
niques. However, there are se"era]. areas in tue simx]ation

-‘--—;.-m._ .-

prozran uhers a2 quasi-sisulation a2rproach was used, The
quasi-sizvlation approach vses i{ne same register inputs
&nd gererates the saxe resulis, but the pethods of obtain-
ing the rosults differ,

In prerzring (o irite the siempiaticn progres, several
cozputer simulation longusges were studied, the predominant
one being tze fozputer Design Lengucge (CDL) developed at
the Universitiy of aryland, This langvage consists of
coapater elezents (register, nerory, coumters, etc.) amd
is described in the first five chapters of referemce 2,
Portions of the D173 compater sinulation progras were writ-
ten in CDL, bult because of the noravailability of a CDL
compiler, 2 iransforzstion to the FORTRAH language was mede,

The simulation prograa is written in the FOITRAR
Extended Language to te rtm on the intercom System (tele-
type) of a COC 6600 Cozputer systea, Insiructions for using
the simulation prosraz at AFIT 2re contained in Appeadix D,
Appendix A is 2 1listing of the simulation prosres,
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Thne D175 computer hos several codes and addresscs

which it decodes and uses in loading and exccuting a progran,

B it i

Karnauzh hHaps (/edtch diagrams) of the oparation.codes,
{flag store code:, load codes, and channel address és are
shovm in Figes, 1 and 2. ‘'these codes and addresses appear
in the computer in binary form, <The oncration code is a
four bit code uced to determine the instruction to be
execcuted, e Tlag ctore code is a three bit code which
determrines unere Tlag svore will take place, The lOad
codés ave five bit codes uvsed in 104Qkﬁq“dﬂ*QM&nto ‘the
conouter, .n instrvctiot address is a seven bit code
which determines the sector location of the next instruc-
tion, Yaie iastruction cuammel address can oaly be chanzed
by uwsing & treansfor (Tie) instruction, A nuwsver address
bit code wnich consists of a five bit chamnel
desimation 248 a seven bit sector location, Because
péaTiaG insvructionsz do not ownerate on binary data, a cor-
relation betireen the overation code, flag store code, load
code, instruction address, and number address of the D173
conputer anc a mumber in the FORTAAN vrogram had to be
made, This rclationship wes mede by taking each code or
address and cnenging the binary reovresentation to its
cquivalent deecimn) repronentation, The decimal represent-
ation vas then used as the desipgmotion for the code or
addre:s in the LTHAT meogram, Included on the diagrams
in Mo, oad 2 are the binary rcceprosentation, the

quagl~octal reiresentntiosa, mnd the rulwital desigmation,
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Operation Codes
02

cooe | oom 2ot |01 0f———-—tynary Tode
- (C0) (er) (i) (2 9) wp—— Queasi~Qctal Code
Y-Spec|] SCL Is10 v T4l . . ..
3 3 _-: 7 FORTRAN Designation
nLou | oLl cary | crio y
t20) | (o) (=) | (2%}
sup NPY Mmprs | s
5 & ?
([TT1er | 1tot 111t | 1110 %
(£0) {7 (o )
SAD ADD sun Sssu
11 1o ) 17
o<
179%0 100 PR ] 10
() 1 (n) £ (<)
X-Spec| CLA STO TRA
\ 7 o0 2 1
) \___m\/ﬁ___J
0, - - .
X-Spccial Instructions 2
[ N
00n0> | casot | oot foret s fouttn | vty | cotes | ocie
{c0) (o2 (¢} o, {157 (1) (12) 10)
BoC 808 BOA
1 2 i - 7 2 A 5
01220 J 01231 | cennt feteco [eioea | onein | otect | ciioo |)
(™) {22} zl) {2 (= 1) (32} ()
RSO HPR | pOA voC voB VOA
S BT N R 11 1 <4 14 ‘
5 ?c.
RO I IR ST R IR EAL TN I S YOl ILEEEAN IEE TSR N IE RS IR R
(72) Wz (¢ (75%) {74 (7e) (72 {v0)
HFC EFC LPR LPR LPR LPR
o4 20 27 - s s )
o g =
1ooza frrmay pasors Lisoin feceeo ) et |oreiet | toteo
.c) (x5 (s () (s (s7) () (re)
ANA con | mn DIA DI
17 1. R 15 2% o 0o =9
\ J \ J
' N
<, Cy
L& P
—_
C,
. . (o]
Y-Special Instructions A
g N
000y § cacat | 22001 | esias | estto | od1ts | coter | ecico
(09} {nz) {¢2) (o) (14} (12) (1) (19)
N | I
o1c0oi] credtif otout|f creieff crriel] crtaa|f evtor)f ot1vo
(20) (o () 2l {s%) (") (22} (0)
SAL ALS snL SLL SLR SRR | ARS SAR
& 10 122 ., 11 17 1 1 17
11oed Pateat frentt 111010 fatein st | sttt | tu00
(c) (=) 1y {r) () () {vay )
- COA ot
Cy o4 ~r 0 oY ~ o an_ | re
es o Pianns faerty faentn frevwn ettt | oo | actoo
(o) (.0 () (") (en) () {r3) (50)
COA =) —rme - —
17 ] ', e 1, i t o i1
[ ) [N — "
. Y
3 1
wromn comed
cv—

?
-

Mg, 1, Velteh niaﬁrdms of Uperation Codey and Lpocinl
Instruction: 10
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L
Channel Addresses .
! 3
[ 4 N\
€200 | cooor |oeaiy | ccnio | oot 11t | o010l | 00100
(02} (cz) () (o1} () {10) {12) (1)
00 02 06 04 14 12 10
1 2 4 3 7 g 3 I
' 0 coen: Doroit | o1ousd Cizi0] c1122 | 01101 | CL100
(22 <) (.2 120 (W (=) (32) (20)
20 22 26 24 34 3s 32 30
a 10 12 11 15 15 ik 13 >c
4
11970 | 12001 | 11001 | 11010 ] 11120 | 21111 f 12101 | 11100
- (60) (<2) (67) (¢~) (7-) (76) (72) |.(70)
c 25 26 23 27 2 R ) 29-.4J -
d 10220 | 16io | tooty | recio | 101 | 10111 | 1C201 | 10100
(rg) § a2y | O | () | ey | ey |2 | )
40 42 46 44 M E F | -50
17 17 20 19 21 2% o2 21
\. J _..._J
b4 ﬁf’
\l K a ] :
"4
Cy
Flag Store
Ss2
_A\
L4 _\
[ enn | oo £33 =g Binavy Cede
(o) {2 (7.3 {7} wademmee Buasl- Octal Code
idle F 50  [telemetry ’
be ] . 2 gt FORTALN Designotion
202 10t L2 112
s (o) poez) | (er ] ()
o € L v H
z o = 7
\. P
—
Ser
Load Codes
C’,
- —\
cno 09* 01 R
(09) (E4ch (ra) (o
Haln Location} Verily Filt
j-tco A 111 1)
¢, (16) (1) (1) (1)
-‘\ Compute| Enter Dcleto | Ctlear
5 3 5

Fig, 2.

Store and Load Codes

11

Veltch Dizgrans of Chamel Addresses and Ilag

ol R
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. » ]
4 quasi-octal reprc,cntation of the codes and addresaes

. ‘ . . 1
- can be made by talxing the binary rcprqsentotion'end con-

.

- r———r - L4

verting to octal, t is recesqary to assume p»euao-zuro .

bits in opecific losations, The quasi-octal °enre cn-'

tation is discussecd in the D175 Computer Programming !

Fanval (Hef 1:8). 'fne same type of corlelation was also
’ '
wsed $n designating a sector location in the FORTRAN pro-

- . : ' 1
gran, Pig, 3 shous the corrclation that was made between

the ¥~loop, “~-loop, L-loop, B-1o0p, iH-loop and g‘spctor

] - e .

location. 1 .o ~‘~.v-v3-'b:um‘-:'.'. e '
i

to have the persen us*ng it nrovide the sanme dutﬂ to the N
proszran as he would if he vierk using the actual compy ter '

in thz Jleboraiory, The switchesn must‘be turned Lo thq '

|
prover positions to accomplish loadanq rqd conmbutinzg, The
] . '

data mu't be error free to uccesufull' ex ecute & pros r?m.'
The type of dlnplay (revi ter or namory) is spec;fioa by
the user, Yy '
The D172 computer simuIation programn consisbs bf'a
main progran and eignt subroutineo. The main programlis'a
compilation of tince distinct'sebbions cach of which ﬁer-.
forms & major function, Thése'threc sections ?re the
roading and ftranslation scetion, the noncoupute mode sec-
tion, and the coupnte noée seelion, bju. I shows the pro-

sram flow between thece scebtions of tl main prodram and
. H

tha subroutines,. - ot "
Yho organdzabion and ntrugture of ach of the soctions

The concedt: u°nd in urltiAo the sinulation pro ran vas

W A R i L

+ Vi Ml Y AR S s T

T

it e

i




GE/EE/727 , | | A
. ’ ! V-LOOP " :
P | R-LOOP i
SECTeR r-LOOY¥ .x';-LOOP T T H-LGOP
A | hn pobasy . i FORTRAG |, kM remimaN |, k¥ RORIAAN
! 000 1 4 ©C 1 0 1 0 1
| oL 2 |1 2. |1 2 1 2
02 3 | 2 3 2 3 2 3
003 b 3k 3, & 3 b
: 00k T 5 0 1 b 5 4 5
005 , 6 1 2 5 6 5 6
! . 006 7 2, .3 ‘16 : 7 6 7
007 8 "3 e 7 8l d -8
010 9 0 1 0 1 |10 9
011 10 1. 2 1 2 11~ 10
, 012 11 2 3 | 2 3 12 11
013 412 |3 e |3 Iy 13 12
o1 13 0 1 L 5 1 13
- 015 b 1. 2 5 6 15 14
_ 016 15 2 3 6 7 16 15
i 017 16 3 U 7 8 17 16
020 17 o ‘1 o 1 0 1
\ 021 18 1 2 1 2 1 2
022 |19 i2 3 2 . 3 2 .3
023 20 3 b 3 - 4 3 L
! , 024 21 0 1 L 5 & 5
! ]
. A B ] . . .
' 170 |, 121 0 1. 0 1 10 9
L1710 122 1 2 1 2 11 10
172 123 2 .3 2 3 12 11
173 b |3 0 b 3, & 13 .12
; 176 125 0 1| 5 14 13
| 175 '126 |1 2 5, 6 15 14
176 127 1 | 2 3 6 7 16 15
¢ 177 ' 128 3 %! ?, 8 17 16
' -Gm&-oluhion vabuoen oriiubomal and LGtk Geslg-

Fifne 3,
'

nation for Lnptor.u

st and Hulti-vord Loops

13.
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of the main progran will be discussed along with the func-
tions perforzed by each of the subroutines. The variables

used in creatirzz the sirnlaticn program are also ;i_si;ed with
8 short descrivtion of hox each is used.

Readinx 2nd Tronsiztion Sectlen, Taue reading and trars-~
lation gection is the trexsister end interrreter portion
of the simulation rrogram, 411 input data is read, inter-
preted, axd transizted in this portion of the main prograa,
A tt";nafer of operatiomn to the. roanconpate node cr coe of
the subroutines is mde to utilize this data, The pro-
gra=zing ]anguage accepted as valid czte by the simmlation
progran is described in det=il iz chapter IIT of this
thesis &u4 w311 ot be discussed im ihe followinz descerip-
tion of the rezdine ond troxesistion sccetien,

Tre reading &:d tramslation section is physically
located 2t the bszimins of the simuwlatlon rrogram, Whea
the siculation progranm 1s lcaled for execution, execution
begins =t the stexrt of this section, The first output
moduced by this section is & headinzg containing the
nzme of th2 simulation program, the dave, and the tice
at the beginning ol executicn, The rexairder of the rezd-
ing and translation section is responsible for the reading,
interpreting, and traaclating of input data, Input dats
is read as glphetetic or numsric characters (hollerith),
This data is then interpretad &s octsl or binary data, a
load code, 8 switch d=sigraticn (setcing), or a niscellareous
input or com2rd, The miscellaneous inputs or co=ands ere

15
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responsible for a variety of functions which include the
following: register and memory displey, discrete data,

e m e T

increpental data, setting of fliprflops, and mode t:.racing.
If data is interpreted as ocizl data, binary data, or |
a load code, 2 translatioa is =ade fro= the hollerith 1
represenw_tion tc tinary integer dz=ztz2 comsistinz of 1's
gnd 0's, This binary intezer dalza is then supplied to the

nrorcoryi.te mode of the sirulzticn prorsresn where it is

utilized, A switch desizmation rasuits in a switch variaile
bem lozded witn the desigmation., iisceilanesus input or
cotmaand dsta resulits iIn either tas storincs of input da2 or

i e at LAkl B R ks b ted e

the fla2-inz (settirs to 1 o 0) of vzricdles which control

progra= {loA.

Flow grnris showing the orfErizision and siructure of
the readis; and transizlicyn s22tica are shoum in 2izs, 5
thru 7. 7ig. 5 shcus the intsrz=ciion and interoretative
capebility of the simulation Trosraz, figs, € and 7 zre
extensions of the flscuchzayt show:m in Fis, 5 and shou tae
results of interprztation of suitch Sssigretions aad irters

pretaticr of miscellanccus inputs &ndi comr=nss,

kon-Cormmeite foclc ‘2ction, This section of tiie simulatinn
progran sismulates the acncontoute mode of the 91785 computar,
The roncompute rmode can be ¢ivided into tiro categories each
perforzing a rzjor functior, +Thess {0 cztercries are non-
coapute lozd and roncozpui=2 ronlozd, 7Tre noncompute nonload
function comrrisss the follouins modes:  *yrercre to orerate”,

*sync oit counter 17, *syuc tit cownter 2%, *ronual halt®,




and "progras halt®. In the prerare-to-operate mode, mode
contirol Tiipflops are initialized. Vuring syne bit coumter

- - .,...._’_/
1 anG 2 modes, a synchronizing bteteeen the clock track bit

counter and the bits of 2 word is tede, The emmral halt
mode is used rur idlins, rreraring to lced, and prerering to
cozpute, The progrez hnlt mode is entered by axecution

ol a program nhzlt iastruction., Ths roncoeoute load fumction
is made up of the following modes: Tualit®, “mrepere to
szaple®, "saz=ple code®, *rarity check®, ard "process code".
The xait mode is used for idling whilesmiiing for input
data, The gtrerere to sznple pose is entered uhen data is
detect=d on the inoaut lires, In the sz—=ple code mode th2
input éata is read, 3he rerity checik =ode is used for
chiecking the inpui G232 for odd =mrivy. In the rrocesc ecie
mode the input data is docoded end nroco3ced accoriins o
the decirhercd code,

Fig., 8 is 2 MNouchart of the raorcompuic =ade w¥hich
shous the progran= flow peticeen thsse modes. This floszchert
wae uced In writing this rert of the simlation progrern.
¥ig, 8 is drzwvn as 2 veitch disirar wita the rmode control
11ipflop stroies 2s the 1oclean variadle,, =F an ajld in
tracir.; throvsh the noncempute o3z secticn of the sira*astion
progren, tue m0de coatrol flipflopc have been incluced as
cornzant cayNls, The wode control FL1pflodps zre listed as

beinz set to 1T or 0%, In the D73 corruter these

I2ipfloms were celimlly sct, however, they vwore not needed
in $he cimdaticn mvaorwe oiunse of the seatentizil fios
20
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that occurs in a FIRZRAH program, Two adfiticual fizures,
Figs, 9 zud 10 have heen included unica give a Turther

—— - .._—o—.{‘-.‘: -

breakdoim of the rrograa flov in the "manual halt® mode
of roncozpute nonlcad and in the *pruvcess cmie‘~ééde of

noncoapute load,

Compute I'cde Seecticn, =iic section of the similation

megran sim:lates the cozcute sode of tiae D172 comcuter,

The compute zode consisis of mcles vhicn perfora {ive

mjor functions: “nuzber sezrch®, "nusrer read”,

e T2

*instrvetion search”, *insirection read®, &nl “execute®.
The nuaber search, ouabdsr read, instruction seaser:, ard

- -

instructicn read modes are eguivalent to the Teich cycle
associated with other ccapuicrs, The executs mode is equiv -
alent to thie execvic crycle, Iumder search 2nd iastruction
sez2rch locats the doi= word in oszory unile miber re2d
&nd Instruciiosn read mload tZz localss word froa pemory
into a register, =xzcuie results in the execution of one
of the -39 instructions ir the insiructicn set of the D175
co=puter, The ccopule mole sectiom of the simulation pro-
Zrea uas written using the aocve functioms, 4 flouchart
which shoiis tae mromas floy in the cozmute rode section

is given in Pig, 11,

Sxbroutines, The subroatines asscocisted with the DITR

coapulicr sizulation vrozren uere —z2de for chree pOrposes:
1. Shose runctions ¥hizh were necsded several timss

hrou™n the pro-r2n uere corextnd 2s suoroutires,
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Subroutines fzlling into this category &re Subroutine LOAD,
Subroutine UIL0iD, and Subroutine DISPLLY, T L.

—f- ,,_.../;.J‘

2. Thoss functicns unich are only ‘.alled fno!a one

place in the =uin progres, Q_uu Puc!.x ars of such n:mormce .
and magnitude that & sepzrete loéztion is beneficial in the

orgamzatz.on of the simdatxon crcgram Submntines in this

category are Suvroutine .a'rqsz, aub“outipe x?Lcsu.,"!‘ and ;
Subroutine ITECRY, ..
~3. %Shose Twmctions wnich wili not be used very fre- -

auently, Therefore they could bs remousi. mﬁw izu]ation . .
rrogras= if 1t =s deverzined thzat they'wers not really nzeded,

This world resuil izz- 3 éecre;.’.sed me=ory cors size needed for -
execution of the simulzaiion ';x"c:?‘._, icwever, to ‘be able e

to utiiize &2l the intiruction zet of the U172 epmpulisr axd
]

ell the chamnel éesim=ziions ‘c?:::se_: funciioas k24 to rezzjin
as & part of the si=zusaiicn ,n'c'-m - ;ubz'qutir.es §n this
cetecory are sumroucine UISGIST gnd Subroutine INC2THRE,

A doserintion of the ‘\mctvo.. norforzed oy e:«:ch of tae-

subroutinse vill be siven, Tae crder of ex’plaaahw is the

order of eppezrance om the progre: listing located’in . 1
Apperdix 2, ' ) o .

Svbroutine ZW3IT, This smbz‘cutine perforas the store
(3TG) instiouctior, vhich ciores ..he sontexn ts of the ace-
wEFEor in ths soiory & £3dross Cidem 3In its 12 taru’l of
the irstruction reziscer. A norvel lceding of mewory is -

rarforced for o1l charel dfea ;tizm excewe the s.’u:'-le

word chzouers (4,1,5L,.}%, chomel 70 /- -:;ap), «nd channel

.25 T ; .
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3

72 ;(R-Zgoop). The storg insi:ruction canrot store in single

: C : " aonl 1oons Storag,° in chazhels 70 and 72 vrovides the
E S
_ D17B uith real time control. St;orave in channel 72 results

in 2 wnole uor:l adai or ‘of the accu:mlato" content*‘

the addressed word of tae: “~loop if toe fine cowntdosa

fsde

53 °G" seg, *f 5 15 "1' set, a nnroal store

flipflop (ZC)

: . takes place., Storaze in chennel 72 resulls in a =pliv word
. - i

. . ‘ .
addition of the accuruvlator contents to the addressed word

of the B-loop if & is 70" set, iIf FU is ’1' set nd> store
i$ zilowed.” This suproutihe can doxzeu erronecus suilch ‘
settings which termir;ate the run u;'xm retvrn to the m2in ;

: 1

').u

. ! Subrentineg 7743, This subroutins provides the funciion

FanN
[
[
(1]

of lozding the Contcenis of tue ':‘.CC snalator into a2ddressed
- Rerory locations, Tke areas of mznory: that can be loaded
by the subrcutire are: 26 cold-storage nemory chammels
{chemnels 00 thra %3), the hot-storage merory chemnel (cha=n-
:  nel 50) " chanpel 52 (--199..) chaznmel 5% (#-1loop), chernel
: 56 (E-loop), and ch:gmel €0 (U-loor)., This sudroutines can
- also Gatert erroncouvs swiich seittings shich will terz=inaie

2

the progyen Tun, 4 czll is ==dc o this subrouiine froe

e

! both the no:-zcs::;mte mode seciion ang the cozpute =ode section
1

h
Ix

of the main rroras. .

i
|

Svbrontine IHI7 1D, “his subrouatine verforas the fune-

-

* tion o ‘b..nrz.' an’ aday ss2d word of momd into the

%

-

L * Heregisler, Yhe informmation wnlcideé is thea wsed either

e ——————————p CAr e
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as an ins%rrction or an opex;a.rd nuzber, This subroutine
caa unload datz from ali zddressable mes;ery charnels, Data

- -

S o

unloaded from chamels 7C and 72 is increrentz2l dzata used

—~ -

for real time control., 1Ii %he chanmel desisnation is

either 70 (¥-locp) or 72 (2-locp), one of o possible actions
can take plzce, Fcr the Y-loop, if ¥i (incremental input
flipflop; is "0" sei then norzz2l umloading occurs, however,

if YK is "1™ set then the omels cooplenent of the ¥-loop

is lmloaaed The szme conditions apply to the x:-loo;) and

the settirgs of & (increxental input —illi;u-l«e*.;,;: This ‘sub-
routine czr detect out of range conditicns for the cold-

storaze and hot-storaze menory chzmnels,

Svoroutine FINEIT:,  This subroutine performs the {une~
s 19)

of the iastruciion regisizr and storinz The contents of taz

Job
[(4>]

tion of deciphering fl=r store location dits (bits 17,
accucuiator in the cescizhsred cheamel at the sector addrss
associgtcd 2iths the execution of the present imstructios,
The fliz store codes provide for storinz in the following
charmels: hot-siorzge memory chkamel {ciiennel 58), chznnsl
52 (r-locp}, chennel 5% (l-loon), chovmel 556 (E-loop),
channel 60 (i-1scp), end chzorel 6% (i-regiscor)., The
emainin; tio flag store possibilities are rlag stors

telezciry =ignel ard flag store idle,

subroviine UIGFIS Y, Suoroutins DISPL:IY provides ihe

simulation vrozran with the capability of displaying the

binary contents of 2l resistsrs and lcovs, This subrsutine

28
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has two entry points, LHTRY REG1 and EilTRY BEG2. Entry point
Bi51 is called from the reading and translation section of

= i

the m2in vrozram and perforas the fumction of mterpretin"

Fa -

the arguments ziven with the rezister command, ‘nn argusent
consists of a regzister Gesiznalion enclosed in parenthesis
imediately following 2 register commend, If a valid ars-
unent exis;ts » tne varizble Bezistr is set to cne, Regisir
beinz one set z2llous the min rrograa to denote a register
or loop to be displayed.- A cazil to entrv vroint REG2 is then
madz to devermine if the con..eni;s of t...a..mst.r or loop
should be displazed, Entry voint 2EZ2 checks to see i*f' the
register or loop was spec1fled in the register comd arzg-
ument, if not a retwrn is made to tne main presraa, If it

was specificd then ils conbtenis will be displayed as ouizus.

mecwe. ey

subrontine 1ZI02Y,  This svdroutine provides tne cen-

&bility of displaying ihe contents of =a2zory (channels 00
thru 50) whenever the remory com=pd is specified, Upom

entry into this subroutine a checx is made of the n2EoYy

cor=and erzuaeni to determine ii the displzy should ve ia
octzl or binzry, .. memory commad argument consists of

either BINARY or OOL being cnclosed inm parenthesis imsed-

iately following 2 memory co=xmnd. If no argument was
specified, the default condition of GCTAL is used, In
£playins the contents of pesory, only those portions of

; percry that have been written into since mcmory wes last
) initialized ®ill be shomm in the outpsat listing, ie=ory is
! IEE
g initi2lized ty writing tor deciznl 9's inte each word of
, 29
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wewmory. This condition is then chocked to deteraine if the
contents have chanzed, and if they have s tae ccatents of that

- . --’;/.

location are vrinted &s output.

A

Sveroutin: DISCRIF,  Fhis subroutine provides the cap-

2bilitr of erfering discrete datz and storing it for use

In & progren usins ithe ¢iscrete input instructions (DIs or

AN NI I

DIB), Subroutine PISCIZILT hes two entry points, ENTRY DISK

end EITRY DIJY, Intry point DISY is calied to interpret

R R VTR TR 3

and trerslate Z-discrete invuis and store thea for use

. —— et ™

daing & pro~ram rii., 19 hiis make ud ez2ch X-discrete

{244 s

(e

input., A zaxirun of: ten X-discrete input reauests is 2lowed,

e

e

because the slorzze orea Gata array in the FURTRiE progran

is dimensicmzd for 10,

RETIT N EM

mniry goint 2313 i35 czlled o interpret ang trans-
late Y-giscrele inpuis end zi-re, lzeh Y-discrete irput
cousists of 24 pits, o moximmes of %en Y-discrete input
requasi:s is allowed, bocause the storage ares éatz arrey

in the FUITELI prosran 15 dicensioned for 10,

Suorountine IuCISHE.  This subroutine provides the czp-

POUPPRPR -

ability for enicrins~ increranial data inko the four ucrds
of the “-1lcop ¢r th2 four words of the R-loop. Subroutine
NGRS has Two entry poinis, E¥TRY I1NC3 end SHTRY INCT.

2try point INC3 is called to Interprst ad translzste

¥
£
g‘
;&
g
3
£
i
E i
x
z
k!
£ :
3
i
i
=
z
e T
{
4
g
H
p §
13
k ¢
z
¥
-
€
£
3

?
W

2-inereneniz2l inpuls ond stors in R-locp, Each L-incrs-
mental input i3 ved e up of 23 bits, Four d-incremental

Input oguests FiI1 i L-Roop v enterin: anciher recuest

30
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causes %ord 0 of the R-loop to be loaded with the new data,
Additional inpuds i1l word 1, word 2, and word 3 with new
data, This sequence can continue 1nd;f:{n1-—t;1:;~/

Entry IiiCY is called to interpret and translahe V-inc-
remental inputs arnd store in V-loop. Each V-incremental
input resuvest is couaposed of 24 bdits, Fowr Y-incremsental
input req;zests i1l the four words of the V=loop aad
additionzl input regquests cycle through the four words
erain £fillivz thea with-nexw data sial]ar to the R—loop.

e gum——

Si=vlstion Frozrzn Yarioples, This section comtains a
compllation and description of the varisbles used in tre
D17B ccoputer sirulation program, A complete alvhabetical
listins is =de of the variebles with descrivtions of their

E2in uses wlthin ths rrograz, Severzl of the variables have
been usced for rore tian cne function, They are descrited

as havirs no exin uszge, For these pasrticnlzr variadbles

and ssveral others, the reader should refer to the cozpater
mi.nto-n‘.; angé note the use riajde of them in each instance

they have been used, Tke variables that ere in this category
are discosced at the end of tals section,

Eech of the variabvles in the simvlation prograa are
integer varizties or have been declared as swch in an
1cCLad stateasni, except the variables *Volts® end
*Voltsge" ¥hich are real variabies,
The 1icéins axd description of the variabdles is as
follous:
A{2%) ~ Acewwmilztor, consists of 24 bits.

) |
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¢(5)

€5(5)

Cian
‘ :n: ’5‘

Pht-3 o il
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Carry, borros flipflop,

ninzry=C reoresents octal designation,
Binury=1 rcpresents dinary designation.

iperand chammel rezister, consists of 5
i‘llpﬂopS.

{peranG channel buffer register, comsists

of 5 flipflons, copies the 5 least siz-
nificznt bils of instruction register,
for "I special instructions,

Contains #C2FAAN channel CGesignetion,

Used —=2inl}y for ”?fd 2a4 ozaer"tz.;m code
d=sizmation,

{:omcn r2isters used for storaze a2né
e &
2tion of inforesticon in projrz=a,

Dicerete culmul rezister, consists of

Szt to TP h=n outpat uill be distscesd
iish speed printer; set o it other-

Detoclor resst flinflop.
Z-loop, censists of 2 words,
Cold-storeze =czory wurite suitch,

P-lo0p, consists of I words,

»,

F3n2 covntlom flinilop,

Initiate Iocding

R A %Y

s¥itch,
-lac siore sector desimator,

L& AN smial hzlt code o £FU or i




suitches to xanual hz2lt =mode,
G(3) - Binary outout rezister, consists of

3 flinflops. - e
E(16) - H-loop, consists of 16 words,” ~

EALT - Detz word contzining hollerith
ckzyaciers THALDY,

BC_D=(5 - vatz srray vhich cont2ins nexidecizel
czie for mmrers & thru 15,

I{24) - Instmction ~ezister, comsists of
2% fispilops,

PN -~ vcatains caleulated L USE2LN- desisnz=tion
for instructiicon chzmmel,

unlczded Indo insiructio: register

i

. e - - - !
id - Zecnariczx]l input switch, {
1

1515 - S5et in ==nuzl h2lt node to fl2z Ix E
syitch In =zmuzl n2lt node, ;

Tuo. - - > i
12z - 32V Io Gssigmate rezory dzie to b2 ‘

reiher taon nuzser reziceer,

r b

ot gy

I35 - Contzins calculated 7H#TRE desiznation
icer instructicn sector,

I2{5;} - Input trezspission lines, contains the
h pits of infor=etion 2nmi a perity bit
which ==ke up the input datz for cct=l
and lo2d ceées,

e et wt W e @ sad ree mee wesh bE4

»

¥ - Coamte mode switch, three-position
seiteh (um, Halt, Sinle),

IEpR -~ Set to 1 oy ar Er? insrrcticn, used in
prosraa control after an #r iInstruction
has teen exccated,

EAS b - Get to 1 bz 2n HFR instruction, used to
flzz O selten Lo eroorin nalt wode,

.
i
3
i
%
i
t
i
!
!
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-

£514855G

L(2%)
LIsT

Lis™

1{128,21)

——

2(8)

o ==

farsead

Y '-0*M5MN“.‘ “?*u
)

- .-

.- :V-.i‘.i;

ECUSA

byt

T .
ol IS

-cody; set U2 2 wnen £3CiJ-code is o be

"

Sct to 1 in m2nual halt node to flag X
stiitch or T sigrzl to maxual hall mode,

S i
Loser accunulzator, consisis of 24 bits,

Coniains nuzber of executlolis specified,
nas a defzult of 5C.

Cow:tr the muozr of executions in
cempite mods &G copres with the
nizb=r specified,

Jemory storage arrzy, coasists or 2683

idords which Uiclules coli~storage and j
hotl-storare movery. - ;

peta errey wiln »5CiI-code Gesigration
for lozd cedcs, ;

Aakarsaaon ot

Caduen:

Set to 1 uhen insut is to be in A3(1%.

r2zf fpoz Tare2; set to 3 xhen 25013~

e ame e

coig is te Te rz=zd fronz Tave3; resetl

to 0 &t emd of =:lii-cole,

Zaster reset sriich, (somsnizry on tyce).
Zuzber re-istes, comsists of 2k Gits,
Szt vord contzizming hollerith

chzrector *= %,

Son{aing czlemlaled FALAN desigp=Tion
for corerand chenmel,

Counts inpul éatz colwms, resat > U

2t coimt of 73.

Date word coataining hollorith

cazrocizr 7,7,

Set to 1 in 2 sudpre;rarn vhiee faial error
hes been cncowmtored, tarzinates run
uoon reitarn o 1nin proYan.
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RIXES

HLIST

BLPARZ:

#BE3{10)

RAFAR=EE

1i{27)

EioRD{72)

2 ..-J--
.

Data word contzining 9999999999, used to
iritialize memory a2rd detect out of
range conditions, - - ——=7"

data array containing decim=l- integers
¢ thru 9, vsed in detecting v2lid
arzuzent in executs command,

22te word containing hollerith

| 4 3
character (-,

Batz trezy contzininz hollerith
chzracters of the registers and loops,
wsed In éic plavn:'; the contents of loops
and reZisiors, .oe e S

pzta iiord contzining holleritn
cherccter )7,

Coantains calculztsd FPIRTING desigmation
for onzrand sector,

Usci in severcl different apdiicziic:s

e=inmly for interpretirg
tings, and com==nds,

An arrzy useld {0 store 72 chareciers
of input é=2ta which are to bte intsrorated,

Cpreraetion-code storage rogister, corsists
of & {13ivflc

Ty,

Datz word contzining rollerith
characters "CFF?,

D22 vord containin; nollerith
characiers “i:%,

Dzta word conizinin; octzl one,

-

LR

2ce preisier, comsists o 3 flinilsys.

R

-~
- w®

£

- - - o - - I - - . -
ever2i Aifferent aoniicziions

PRRVRRT £ 7.1 197 LA VS TRENUTRNIEY
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2(k)

2E2(10)

]
7

TRAS

throuzh progran,

- Pouer on/oif switch, .

- — T

- 3~-loop, incrementzl inpui loop

C - -

consistine of 4 words, -~ =

- Lrray w¥aicn is set by rezgister command

o dicsplzay those rezisters and loops
given as arguments,

- Variable hich contzins the codée of the

recister or loovp thzt has just changed
inforzatiorn,

- Coumts nuzder off increment2) "invuts to

- — .~

2-loop, reset to 1 at count of 5.

- 8-1002 ircre=emial fiinrlop, can be set

to 1 or 0 by rrosrz:s input.,

- Datz :ord contzininz hollerith

-~

- fla; code tuffer rozister, consists of
Fa

3 £iipflops, used in c2lculzting loca-
Tion to uhich flaxsiore 7ill t=2ke place,

~ Used 2inly to conizin FEETRLN sector

cesigrnation,

{zriadle set by siznal command, il set
to 1, rodzss of operation will be traced,

- Date uoré conizininz holierith

charecters "SIHCI=ES,
Tizing signzl, (somentary on).

Set to 1 bty @3 instruction, used in
controllin;: prosraz: operaticn after a
721 Instructicn has becen exccuted,

2it mnde, used to Tlag
walv rode.

X
4]
’.u
g
o]
ot
o e
& 3



U -~ U-1oop, consists of 1 word,

(k) - V~1o0p, incremental input lpop which

concists of & words.  ~ - =

71 - Comis number of incrememtal inputs to
*-locp, reset to 1 at comat of 5.

EEN - #~loop increrzntal flipflop, cen be set
tz 1 or C by rrograam intut,

—JCLTRGE - 7arizble ussd in calculating enalog
volizre éesirmeted by contenis of .

ErR - arizble which i3 set to the nusber of
irors Birmss reguired for exzecuvion of

£(19,19) - array uhich siores X-discrete input date
fo T2 used in prozeon rin,
i3 - Coumis nunder of I-€iscrets inmits,

i of 10 is 2llou=d,

X1 -~ Coiis mizber of A-Giscrete inpuls useid

in rrozran, uhen greater than A1 it
zsswzes valwe of II,

B

¥(2%,19) - Avpay unich stores Y-ciscrete inpat dzta

to oo uvsed in prozrem rua,

.._..«.
e
]

1 - Comxis nuaber of Y-discrete inputs,
mxioun of 1€ is alleoued.

Yi - Sounis musber. of Y-dliscerete inputs vsed

in prosron, unch greavcr than Yi it

- cee wm M~ we P F ol -3
. EL512s wolng of Y1,




%

PIVPRNER A
Y TP

- OJ-'N%W.W-vM«-WM-«w‘M

"

P IO . Lot

H
$
3
33
1
3

ZERO - Dzt2 word containine sstal zero.

The 1ajor portion of the varistles- inciu@ed in this
listing have the same name as nsed in the D173-¢omputer

literatwrs, For comrarison purposes, the reader is referred

to the docuzents paritzining to the D173 coxputer listed in
the GLidilczrerhy, ({2ef 6:110-:14)

“he foilowips variables, scoe of which appear in the
atove tirg, have besn used i severel different appli-
cat;;'ms in the sinulation prograar - *Code”, 'cggrqg'_, .
"Rus®, "Pp25e®, ®Sect®, "Voltagze®, 'Iol";w_';”::: ;13', “Ih=
*“Is*, end TiI6", These varizbies kave been pointed out
for those irierassec in wodifyins the simulation progre=a
or for tiosse interestcd in ixplementing the simulstion
progras on & differont cosruter system,

A description of {the orszrization erd structure of ths

D173 cozpvtepr si=cizalion esogras nas been zivea in this
chepter. The noxt ar:z2 to be covered 1s the sisvlaticn
lenguage a2ccepied by tae sizmulztion prograa,

Sevens et
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III. D178 Compater Simmlaty~y Languagze

Tais chapter describes the simnlation-lawuage under-
stood and accepied by tke DI72 cozpubter simulatiov progrua,
The simalation larguage is thie input iata to the simulatin
progras., Hethods for progruming e cimulated somertsd arn
@iscassed aleas with a meihind for cresting a shortened
veriion of the simulziizox o2, Errer detectia ca2p-
abi:!ltties of the simxl=2Zizr prozroa are jresented in chapter
IV, Chzpier ¥V will pruseat 50-3:: exgzples of progpres that
nave tsem rum aileess wath the ipss of :.‘t;r.;:;;,at are availe
zbl=,

For puacposes of presentziion, the simiation progran
lergizce 35 éivided into the follouing categories: mters
and oz codesz, s=iieacs, and sisceliawcous inpubts and

coancs, A Coscrmipiiom of the clemamis of e simuiation

a2nzuese in each of ihese categories will be given along with

guldelives for using each,

Frobers grnd Lozd Coden, The nusoer systecs ernd loal codes
aocepted by tne simamlation progirz2: are:

Octal acabers - 0, 1, 2, 3, %, 5, 6, 7

Birary nichers - 0, 1

Lo2d Codas - RALT, LOCATIOCH, FILL, VERIFY, CCHPRS,
EISER, CLZAR, DUISiZ (£ descrirtica of
the Load =3 is given in Ajpendix b)

‘nree differeat representzcions of thc nuzbers anl locd
codes can be specificd, By cosciiyiny OCTAL, bIRARY, or

¥4, an ostzl reprsseniation, 2 HYiaary ropreseatzilonw, o
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3 an ASCIT representatiorn of the numbers and load coées can

in the three specificalions are as foilous:

. ot

be used, ‘The representation of the aumbers and lo2d codes

— T

. B e
- -

Binary ASCIX

Zenresentatio:

Euymters - C

¢

L oln

Lcad Codes - ExiT

PLLS
L]

{

" kot s i "

S T ek

N =
VLR T §

.
A .
*r o N

-

3soresentzation ‘F.ep:_e_‘ sentation
10000 ° [ o
00001 = 1
00010 2
10011 .3

© 06160~ R o
1010t 5
10110 .

CO111

01000
1801
11010 - Z

” wy o

¥ . . o V’ YV kY '.i ‘.- n"~r"." "" oy . .,A
Mmm«mmmm«-mmﬂmmwmmmmnwmmm.aw tF g Y
|
N N W W N e

L@ iaiia.?

o

JERIFY o111 . 3
CONFUTE ! 11100 <

25723 0:101: = ]
R 01110 A .

DELSTS 11111 2,

when CCPAL it cpecified aunbers and load csdes sust be
In tae octal representotion, ¥hen BINAZY is speaifie:i nUR-
ders and lezd codes zust 2 in the birary represent?.tior. )
¥hea 530 is specified nasbers ard lo2d cods=s pust be :.n tae - .
£SCI3 Tepreseat:tion,

Fre:Yza tapes to b2 rumi on the 0173
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computer are in tne AaCII representation The default
specification is Cc'l‘-‘sL : .

-~ w---'/‘

To termina ate an octal or 'bmary representation, all

Rra S

]
that is requirec. is to spsbify another representation. To

" terminziz a2 i3CII representation requires that the letter
- f

"5® be supplied =fter the last 45CII input symbol. Doing
this 11111 cause the .nrorzra"- to revert to the octal repre-

sentatmr. or binzry rcz;resentatw on wnich it had before Hikii

-was—specified, ! - )
" The default sisecificatioz.z is 2ssvmed-3f-an. error results

in:prosram terminati cm, yif the poscr switeh is turned off,

sy o - anen o

or if P“".n;:._.ummic. is specified,

S-f:ite.;';g. Vith the simxletion lanmwsze in this category it

'is’ possidle: to sreeify ‘Switches and Gosi icnate a setting or
: rode, The simugaiion prosran accedts these suitch desig-
natiors and provides ‘this infornztion to prograa variables
8830v13t1 *.1t.r1 tae switecunes,.

. Tite fora for Spécif:{i!‘;g svitches is as follows:

Switen{irz)

where Siitca {s the desigrated citch mmenonic name, axd Arg
is tné switch setting or wode position’of the switch,

Tne suwltches and allc.aea settings are as follows:

. . Swuitch Yanme . witch Inemonic & Jettinss
Tiring Siqmel - (TXN)
roser (nfuff Suitehn i".-. 1), PR(csz)

Initizte Londing sSuwitch k‘S(Gi.’)




GE/EE/72-7
Faster Beset Switch mR(o¥)
Cold-Storage Write Switch Ei(GH), EW(0FFR)~
e
Discrete Switch DD(0#), DD{OFF)
Kechanical Input Sititch {a)
Compute iode Switch #(HALT), #(sIn51E), R(BUK)

Pipine Si-n2}, The timing sigrzl is produced suto-
maticzlly for the octal amd ASCII rapresentations, There-
fore 7( CZ) need be used only after each binary represeatation
of & nuzber or lczd code. The timing sigrel is turned off

e " A w - -

-——— - AP

by the vrogren,

Pouer (n/iif Siitch. The rower switch must be turned

on after each lozding of the binary deck, and this must

be done vefors ithe masisr raset siuHitch is turned on tc e~
vent an zmore=cl mromran terz=inz=tion, imce the vower swiich
is turned on, it rer2ins ca until it is turned oif or tke
prograa is hslted and *=iD OF FYaATERAR® is printed, e

default condition for the pouer switch ic CFP,

Irniticte Icz2dins Suitch, %his switch is turned on to
Initiate lo2éing and ruts the simulation progran in the
wait mcde of noncompute., It is az pozentary on type switch

and is turmed off by tire progran,

Colé-Storaze Write Suitch, The cold-storage urite

switch is en on/off typrs swiich that allous writing on the
cold-storaze cnzmels (chaxmzls 00 thru 46) of nemory xncn

turncd on, whoa the suicch is off, no writling is 2llowed

42
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and any attenpt to write will cause an abnormal pro-ran

- M.’_,,( e
==

G termization, Cnce =#{{¥) has been specified this condition
) will rcmain uwntil it is Liwned off or watil the progran is
hzalted 22ED OF FROCIAR® is printed, The default con-

RICIHICSAITAVIY SRECREL NASLEN

dition for the cold-storaze write switch is CF2.

Enster oset Suiich, The mester reset switch is turned

on to initizlize certain flicflous, synchronize the bit

&)

courier and sszoeior itrack, lezad the instruction register with

o~ -

a trensfer {7:i) instructicon i5 chamnel 00, s»c.,or 000 and

. - S e g

put tne simulatea comvuter into the ::::311....1 nzit pode of

noncorvuts, The masier roset switch is & monsntery orn typs

)
{wbe
3]
¢
'y
(¥}
ot
)
("
l‘l
5‘1‘
:.‘o'

P,

?

L 3 et Bale Lloo e hr e =3 Y 2 o~ 3
eyoe fuiich maw oilous writing on the hot-sicrage cizmmel

£

{channel 50) of rozory axd allows Giscrete outouts wnen

turned on, whzn this switeh is 077 1o writing is allowed

on crammel 50 and any altespt to write will cause an
abnorszl prosrou terzination, Also when this switch is off

no céiscrete cuivuls can zprear which 7ill dbe reflected in the

output liztirg oy the printing of ihe follouing statenent:
*PISCH=E0s SUITCH IS GFF - DISCIEDS CUTHTS ARS DISANLIDS,

Cnce DD{Ci) kzs been speecified, this ccanditiom will remain

until it is Swn2d of f or watil the promren is halied and

FED (P ZaGINL? As prirtcd., The defzuli condiiion of the

discrate cuitch io PR,

&3
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Fechonical Inout Swiich, The mechanical input switch

is used for putting the cormputer In the wait mode of non-
e el 7

compuie frez the idle sutsode of ~=nual halt, Vhenever Ii(0i)

is srecified it zust b2 folliowed by zn F3(Gl) to pvt the
computer in the vait ncde., Failwre to Go this causes &n
abnori2l prosrzm berzinztion, The mechaniczl input switch

will be uzed very infrzoucrntly., Tne cechanical input cxitch

is a momenizry orn ype oiich ornd is turned off by the

rrogran, -

-, -
. ——— = A o ———

Comoute ofc Switeh, *he coopute mode switch is 2 thres

position suiten that can be set at Hik, SIAZLL, or BaLY

£, L 3~ 4% - o Za - -~ Ky - 3 sy
fmetionc in the nonesohuie modés con be rerioraed, Setting

register end $he sizvlated cozmput.r goes thru the progran
Yalt mode U0 th2 =znu2l hzlt zode Lo wait for further suitch
SCttings cor eonditions, The SINGii position of the cezvute
=olde switch is momentary on {yp2 and the pregren rebturns the
switch To thne ia:d condition, Hhen the coz=pute pode suitch
is get o the nUl position, coniinuous ozeration occurs in
the coznute ngde wtil an i (hzlt eng nrocced) instructicn

ic encounteredl or tan prorem is zimorsally terainated, The

v

connuie rede mwifch hag o default condition of HLLLR.
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Eiscellenecws inputs znd Coms=rds, The simulation lanzuaze
in this catezory proviies sany ,urctions that are unrelated

= a——— ,~sl

tut wers not of such ionortance to ﬁarrant be1n5 in a cat-

egory ol their cwn, +Tne functicons that w#ill be described

o

In this catezory arc iisted a5 follous:
gezister anG rezory Displzy
Increxenizl] irsuls

Discrets inputs

—-rode Irzcitg - -
Execution Specificztions o e T T e

Settinz ¢f Alipflons

Zezister end recory Sieplavy, The dinary contants of

any of the reiisters (£,1,%v,%) or loowvs (u,7,E,4,7,%) can
be cispizczed ©y use of thz register cozmmand, The register
conxznd nis thz follciing for::

REZISTEHATE)
where 4rz is 2 list of the rezisiars and/or loops to de
displayed,

The register coxs2nd ca2n contain fro= zero ito ter
spzcifications in the argumecsnt listing., A valid spec-
ification 1s one of the followins letters which xhen
specified will display the centents of the loop or re:
ister associzied with it wrenever the contents of trnat

regisier or loop chanze in a proares run:

k5
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pecificziicn 2exister or Locp Displayed

Accumalator .
o

Irstruction zZegister

-—

i

S - -

B

Iorer Accusulator

o

suzter Jerister

.
»

G-lcop (i-word lood)

{5-vord loop)

'
t‘:
t
o
3
¢

(&-20rd loop)

"
é‘_’,
8

—- i " H-loop (ij-word loop)
_ 4 T=lcop (L-word éi-,;;xat--locp)-' i

2 2-1000 (L-u2rd input loor)

The arzurents of th2 rezxisier cox—and can be semrated

by comzz2s or blanks o> they czn 2 2lzoed onz affter anciner

v ey wgm - - P .- - - - =
Exanples: H=315TZ<{l 1,1.,%} =311 displaey contenis cf
w3z 3
Lxe

Wil
cesuwrniz or, instrusiion

rezisier, lousr coocusulzior,
@rdé mwiser register,
iy Tos s d ca - - . . .
223337230z &) ¥-lcop, #-100D znd zccu~—

Adzfor will te Gisplzyed,
BIIaTE0(G 0 registers or loozs will
e éispiz=yed,

The defaull coniition for tine resgister coz=and is
REIISTEZ(). The defavlt cornaition is assurmed eachn tize 2
prozras run 1is terzinated and more input data is supplied,
Therefore if register éisplay is wanted, a register co=mand
Btst Dz used cach tims dz=iz is ontered,

P0 Gisplay thz contents of cold-storoge and hot-storase
channslc {chuanels §0 tknru 58} cof wecory, a semcry co==and
is wsed. The zex=ory coniors has the folicrin fors=:

A e

&6

rree

ca eben wan
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ESECRA(Arg)
where Arg is the tyu= of display requested, either BIRARY

s-—'.-;‘f-_! e
or ¢CT2L.,

- - -

-—

1f the argu==ant is not inc:uded or incorrectly svec~
ified, thz default for Arg is OCTAL, The nedory comsard
can oe used anyuhere nithin the program,

Exaaples: ORY(31%22Y) hKeoory display will be in birary,
FoE0RY Herory display will de in octal,

. Incrsrenial Imgats, 3ecause the sizulation wogran does

-~ —

Lot have rezl tizs contml camebility, vrovisions were p2ide
for eatering éata in the Y-1lcop 2axd n-“02D. This data
could then ©= used in the prorrac=ing of the simulated coz=-

pater &s thcwh it had bze: suprlied increzeni2lly during

real ti=s processin

{i
[ ]

Y

The for= of The regusst for entering incrementz]l dzta

Loop(arz)
whers i;oop is either ¢V or # 2nd arg is 24 bits,

For #rg to fili h2 whole werd of the ¥-loop or #-100D,
it should cene2in 2% or mor: bits., ~<ny bits zbove 24 are
ignored, #nz tits less thzn 2% results in the least sir-
nificant bits remeiring unchansed, Storage starts wita bit
2% ard continues towards bit 1 until dzia is exhausted,

Invalid bits are assuwzd by the rrogram to b2 zero
and a ressage is cutmut to tais effect. The first increren-
tal indul rzausst stores dz2ia in word O of the Y-loop or

#-1lo0p (uhichever is deins fillcod)., Tue second request in

57
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word 1, the third recuest in xerd 2, tne fourtn reguest in
vord 3. .,dditionzl recouests start over with word O and !

- - ,,.__--’c"

repeat the cycle, =acn tizir Tre progren terainates for

- 1

more datz2, the mreosrcm is initialized to start Aitﬁ word O

[y
~

.

;.
:
!
3
i,

agailn, 1t :s5 pessible by inci-3iayg ro data in the zrgument
to skip nuzlers wishgout changing the previously stered dzta,
For readapiiity ti==nzs zre Ionored in tre arzuwaeal portion
ef the regucst, The &z2tz can thersfore bl arranzed in any
sroupinss aesired. ) -

Sxamples: (000 021 €10 ©i1 100 11 110 xii) Tihis ruauest i
£ills sword G of the B-lucp witn the binzry daia
given in argucent,

#{) 7Y #() 7(L00000111311 ODOGCO 111111) Tois
raquest cnices uords 0, 1, ami 2 of thz J-icco to
romain pochkinood and uord 3 o b2 7ill=ad with ine
Lismzpy 8ty . 3ven in ar.uciat,

Discralz Ivwsts, iscreic inpuls zre ma2cesszry Lo

sucply dztz for use wiin the UL a2nd Din (Liscrete Input -

ana Discret, input 31 instructicas,

Tbe fora o>f the regnuest for entering éilerete input 3s:

Tyrelarg

where Tyre is the type of dizerate irmud, either £ or Y, and
Erg is 19 vits Top K-discrate iopuls zrnd 2B bits for Y-dis-
crete inputs,

For &rg to Lo valid It =ust contzin the puster of dits
required for thsz innut tryre, 1t ca2» contz2in reore Dits thon
required, beocause 2xeoncive bits arvove those roguired ares

irmored, I nat enscurh kits are Ss:upplisd, however, the

prosraes will wse the éat | borond the roguest wntildl the rreper

-

t
i
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count is reached.
Invalid bits are assumed Ly the prognas to be zero and

w——’:fo:—/ hd

a message is output to this effect. A maxiﬁhm of ten X-dis-
crete input requests and tea Y-discrete input reques is
allowed obefor: ithe storzze zrea is filled, additioral
requests are irmorsd, Input reczuesis £ill the stcege
array in ceauential order from 1 to 10, Provisions for
refilling tre discr=te storage array cnce 211 ten storage
aress have been filled is given in tre initializstion por-

tion of this section, - we e

usinz the stored ciscrete invuls, they zre used Trom

.

i

*-

]

.

1

i

H

H
o

4

i

1 to the hicrnest nuz=ber stored. dditiomal requssis btejornd

the hizhest ruster 1csults in the rrosrea using the hiznest
. nuober storzd 2n8 2 nsssa2gs is oviput Lo this effect., nen-

ever zn zonornz2l tersinziion 5P the rroafren is z=de or tre

ey ssitch iz turned of T, %hiz coumter for vsing discrets
}

Eode Trocint, EKode trzcinz is used in deciphsrirz the

contents of & presrac. In the noncozputs =ode, the modes of
operation zre listed =s output, In the cozpute node, the
Instruction beinz executcé is listed 2s ocutput and a flaz

store is indicated il it uas progjrun=ed,

”

The mode tracing cap2dbility iz recuested by 2 signal
cozpand with the folloxwins for=s:
S1GinkL

slheneves oxsdel 15 gpocified in a2 progran, it flios the

representztiosn of 2 varisule froz2 1 to O or ¢ to 1 depanding

59
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upon the value it had xhen the siznal command was given,
r:ode tracirz is perforzed when the si';nal -rariable is 1,

.-‘&“..-/ <

Whenever a prograr ruan is terainated and more input data is

-_ -

supvlied, tne sizn2l variable is initialized to 0. The
sirmal cozzeré used wiith the register command will give

as output & detailsd 1listinz of the contents of a progra=m,

£xcoction Sveecifigatisn, Trerz are nurRercus occasions

¥hen 2 rocra~zer will inzdvertently write a progren wnich

loops on itself resuliin- in ¢ ut-c:': SO0ir g on to 1nf1ni‘u3
To prevent this froo havszninsg in t.*:e s "ulateo. cc"pmter,

provisions nave bsen rade for couriins the number of exe-
cution cycles in the ccopuve wode and terzinating the
progrern rim whsn ine nusper oXcseais 2 srecified asount,

The rrosrescr ozao sizcify the nmuche» of executions sllcusd

where ir3 is any four Gigii decin=ld nusber froa 0600 to G953,
If no execule co—=nd is given, the default walue is

EECyTE(0050)., EZz2¢n tine ths wrosran ter=inates for nore

data, the exccuiion cycie coumtzyr is imitialized to zero,

execuitions allowed is initiclized o

oy

Bowrever thi2 numder o
the defzvil value only upom an abrer=s]l progran terzinatiion,
poreyr suitcn Turn off, or initizlization., +The nuster of
executicns specified is printad cut vwienever an execute

cox=nind is encouniorad in @ mrosyess,
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Settinz of Flinflors. The simlation lansuage descrided

here provides the camabiiity of settins or resettinz certain

- ¢ e W

- -

specified control fiipflovs which can chanbe urograa flou
when encountersdi, The fiipsflops that can be set are DR (de-
tector) flipflop, 3X (increzentzl input) flipflop, and “i
(increszental input) fiinficp.

The status of the i 13ipflop is used in the execution
of severzl instruciicns, It is resec to "0* by progran
control usin~ tho 33D (Res== De "acto") instruction. To *1”

set the D2 flipfleop, a com=3d with t1a -:0}-3.‘9;;1?13 forz"is

g-rezisior in norrzl forr, if U End I are T1° set, the
one's cosoplemant of the éxiz 15 wnliczded indd the [l-register,

Trhe fora for specifying the condition of the 7l and EY
flivilops is:

Flipfiop(~rg

vhere rlipflop is either U7 or i, znd Arg is il or 1.,
Initiadization, en the pinary deck of the sizulatinn

prozras is loaded for execution, mzemory is initialized by
putting ten ézei=zl 9's in every wsrd location, the Hinc:r
output 1izflops are set to & 41 condition on 211 three lines,
tha diseraic inpui requast counters are se: to start soumt-

ing a2t 1, and taz DI rmd &0 flirlicus ars 0" set, The

b oy

@ wme bt as

bt prnr wn
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ozracmer can cause the sa=e initialization to occur by

using the initizlizafion coimzmd which has the following
e i

fora:

R
-~ aw -—_eY 4 R A
Dlanlinlalemi Y0
rpapemjns | oEnact TR rars ez e &
Zresraceans s 2inads,  Yhe rrerrarxir cethods presentedq in

not 2isz2uss cetheds for Treonrwrminizs 4ee D173 comnuter, but

are corcerned wilh rcinods oni exznples o rrograsmdsding th2

simuletics rrofran, “or z Jlscussion of procrewmiag the

- . e - e

=eifi™ 0 ihs prozramsmAing

[$]]

£172 cezputer, the 722
anmral written for iz iinutzzon Coiputis~ Isers Group,

Hef 1)

-~
-
i
[}
¢
3
m'
i
“ 1
"
{0
(v}
B
4
)
Y
X
LY
I
L
Wi
&
e
8
*

-
-
%
&
(4]
(]
3,
'
X
hh
(o]
1]

™M ox the simmieled cooTuisv,
“he aporoach for errau-ir; the innut lungusage in

Prorran fors: found msat advantz—sous o>y ths author is vo
fisuxlize 2 hardware coniscl console witn switches for

eack elemznt of the sinulzaticn lensuzze, To write a
prograzn *hen regulrss that ths troTrooser write cowm the
simlation lansusse coxe for szcn swilch that ke would push
on the censol:, ITnis azproich vorie bacauvse of the simii-
arity between the sizuniztion recme nni the hardware
version of ths cozrutar,

e roa on the simdated

re

In writing & woorao
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coaputer, the prograuzer is not restricted to eny input
fornat, The inrut is format free and can be entered 72
characiers psr line, This &llows mwwmua
comtinuous wrozran with ezch wom of the sizmlation language
separaten by £ dsliniter, A delimiter is a cheracter shich
fixes ,the erd of a simlstion l=xgusge word, The deliziter
required is cus blank betiteen each ¥orn of the simulation
langvags, Excentions to the use of a deliniter are that
octal data can bo grougzd arnd 1o Geliziier is needed for
the ASCII rerreseataiion, [ R
There &re ithres words in the sizulation language that
enst begin in coluwm ene. These words ere FR(OFP), €O,and
$. T3 tiwo words FR{OFF) end GO sizrify thet the irvut data

is cczplets ani ready to D2 rezd exnd intermeoted by 1Lz sisu-
laticn mrosren, Imtermivy FR{OF?) 2313 resuli in the pover
sullch beirg Girmed off et the exd &7 ths rm, DBatering GO
causes the sirulz=tiox prosram to retura for sore inp:t deta
when it is intcrproted, A co=sent line is created by spec-
1lying ¢ in colwem 1, T2 progrem ipusres the 71 rerzining
charectars ir that lime,

¥henever the siruleiion prozrem iz draded for cxetu-
tiom, F2(0¥) must te spcified btofore ER(J). Once the
power sulich has been turmes ca it remaius om until it is
twned of T or wmitil the prograz is bhalted, EW{GE) exd DD(GH)
will eiso rem2in on wntll fwrred off or miil tha2 progren
is halted.,

A typleal rrogras to B2 rum o the simuleted caxputer
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will coutain switch desi@ati;ms, octal or binary cata and
load codes, and camznds, To enter ocm or binary data

-v————:,’.'.“ <

and load codes, the simulated conpnte:. ‘must be in the uait
nmode of noncompute, (me of several ways that this can be
accomplished is with the following suitch .designalions:

Pa(cE) 2(cs) Fa(og) ¢ - !

The pover switch bas now been turnéd oa, the master

reset sxitch ha2s beeu depressed putting the compucer through
the "prepere to operate" nolde, rsync bii counter-i-2-2° mode’
where the instruction register 3is loadc-d wWith a transfer (72.)

irstruction %o c}':snnel 00, sector 000, and into the smnual
halt mode. The initiate lczdiriz swilch was pushed puttihg

the computer infto the w2it mode., To oneble | Jiting oz cold-

storage channcls of mesory and eilow the u.zo"y to be fill.,d

w¥ith innut Gaiz the followins would b2 specifjed:
ESigu) 7

The ccld-sioraze write switch has been turned on and

the fill lozd code h2s been specified.’ The sizulated com- °

Futer is nou rezdy to receive and store éatz, The follow~
ing prozrznm is & sa2mple D173 co=puter prorran to &dd o
octzl nusbers (14 and 2) znd output a telezeiry sig,r:—al. of

the snswer: ‘

84010201 =NTIR 6502002 FITER %2:02260 ZHTIY CLEAR 201
LoCaTits IS5 18 #0wEl fisssd 2 iTER




r

~

os/m/17 . :

The 2ddition prozranm end data hove been entered into
i ) . ) .
meqory._ To put-the sizulzted computer into the compute rode

———

aequires the foliowirsg wit?h designations:‘-f.

3

——

wlREL) 2l ' .

The ea;*“t & rt-n-n“s been set 9t the R

iR Y)OS:.*.LO"

the u=sier rasei-su it ch is derressed again Duttinz

Y

coaputer throurh

H 2 -
m2neal halt ucds is rsached, the corpuier will zuiczaticzily

3 i i (2 tem o
zo to the -cozrute oiz and the vrogres-wnildi-Lba csxecuied,

The coarlete rrogran wauld loox as Jollows:

Fa(ca) 7a(en) 73(0) 2s(oi) FLLI B2033201 Z.05% 65020202

EEP e iR S O¥ » 3 AN T Tl T aaco s T - A enNT wnr N e e g8, ot
20333 il ‘!) G228 .770% Q22 201 1 CR03I0h Ciian e Zidm

. ~o - - R R J-CRE S A L
. Cii=-, .2 a2 3 il Ticae d STV -
3
H - Ny e ’ -lats q,.:t 3 " LTS miy=3 o~ ~--'! 11
The &nove TIeTTER 3 C-’—..- 51T and upom exsiuticn Wi

* H s PR -
v =, .- i - =- 3 - & 2y — "
output toz exswuzp 122%2Y ic) viz & iclemeiry siznci, =

telexetry sizmnl cousists of 2%
0103500).

223¥ signal

g
0
3
o
]
]
e
.
[§]
|
h’
Sy
~a
o)
)
"y
V
(]
“3
(1]
&
3
oo
2
L]
U'Z)
1Y
4

- H
to, the sirul2ticn yrosran, ?h s reafy sigmaii rasulits in

FR{USR) vas specifizd, then & the ond of execuiion, the

E X nTalibe THAN SereALL s Cee T Y Y Rt e TRt s R T > et [T | =
2 Taiar geasn 2T el T llteees all.s Jewtt T g L Lava e Pupui SFERY -

~ L3 - - - ~ - - ~ -~ > oy -

To contirue rurwing -iore prosrans or nore ads, the user
o It T er T et v ez Y ras e el 2T

wovid om0, L2 ogrEiIont uauid restont end =it s

T

Secian
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user to (EETER PR(CGRAN)., At this point the unser would

enter more prozrams or more data, o
- ———RE T

If GC has besen speciified then at tne complé_ti_o_n of the
program run tne system would respond with the méwégage to
(CCHTIHUE PRUGHAE). The user can now executs the same
prograa over 25ain with the sace éata or new data can bte
entered. The prograzn written cnto the merory will remain
there until overwuritten or uktil initialization cccurs,

— 70 ex=cutle the szme progranm a2:2in would reaguire the

- e T e~

following: se—-

w(t) x(’vNH)
GO

o sxecute the sare prosres aszin wiin new datz (20 &
12) would reguire the follouins:

iR(3R) F3{Lx) FILL €Lz 201 1afasluli CLIix 20 =i2iz

CLEiR 12 =Zhuvel K(2u:) 3H(23)

GO

Gverwriting the previous prosres with 2 rrozraa to
sultiply two numbers (<, 0%00060600 and +.3000000C) couid be

accomnlished as folliows:

RKR(G:i) #5(Cii) PILF. CL34R 1 LUCATICN 254020202 :uTER
CL=2 201 LOTATIN: 026000C0 FHTZ2 1L0CCO0D =T
G<

This pro-rac would nroduce no resulis taczuse it wzs

en

rot exnteral into e conpuie m3i2, Yo execuie it would

56
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require:

F2(0s) {aad) e

G0 R

Executicn o7 trne rrecpam produces 2 telemetry signz=l

of the 2nswer, For z more comprehcnsive listing of the

3]

cozpute cods roriicn of the prosre:x, the sizmal and register

comnEnds ¢z be used,  Jhiom using the siznz]l and register

(1)

cox=ends in the compute mode for the first few times, the
nunmbar of executions alloied should ts-lowsveds- This Is
céonez to prevernt larce zmounis of cutcut in czse the prograz

has lccps, T0 sxecuie The muitiply rrogren using the siz-

S it by ) o e DA BTN o A e

- - - ez
nal and rezistoer com=ands wovld resuire:

Rt 2 T AT S Lm N Ic v e e e o - - Y S YELTA e

Z=25070 \:1:3.(2) SEsaisize -X.A-J.J.'.u-(.‘.:'l’.‘.:’;‘ i-(auzil 4 \,..)

t is rossivle ¢o run & rrogras ending with an Hrx

-

: instruction (sucn zs the previous ziditioz or multinly pro-
grass) ssverzl tincs using tuo difTerent nuzbers eacn tine,

4 To do this resuires svacifyine (#117) when the sirulated

H cozputer is in the pro-ren hzit mode znd to follow this by

23(¢x), Specifying H(AI7) puts the simulaied computer :in
(

the m=nw2l nz=li nods and specifying 1

Jated cornuior in the unit mcde, 1If & sismal or rezister
coxnd W3S c2ing uvsced, ihem IJiCinl RS:ILTEH{) should bz
- srecified ©v2fore cnizrin~ more c¢oiz, Loing this prevents

1ode traciny; zad roaisier disaday mhile the row data is
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being loaded into the cormputis The signal and register

cozmands must be respvecified tefore n(uv-!) is spec:.ﬁed to -

-
- -.d.-—"._l

allow mode iracing end recistar display in the co"pnte mode,

The news Gaia can be entszr2d4 vy specifying a 3 1 load code

~

and following this with the ne2x ¢é2ta, The simmlation pro-

£raa can nouw L2 puc bac:k intc (he compuie mode by specifying
#{8¢3) followzd by :2(<N). This cycle can be repeated as
meny tixes as gfesirsd, Th2 rrosrexm for doing this with tao

sets of Gatz womdd loo¥ s folilors:

- ——— T — ———-

2(GR) FR(CH) FIii 0Iiiz Z0r LOTLTILL 20200000 =
OLGEG00D 2582 w(=2un) (2. 0) =(Ea2) A3(or) F1iL

Cikazl 201 LA:CaTIlL ODSCCICTO ZaTiir 22355000 EaT=R

L]

) )

G.

The previous examilas nove Toen conlered into the coapuie
nedie by srpocilying t2{ 4} iLULG or I{2un) na(cCi)., This

resulls in a transfer {c chaurs) 63, sector 000 and starting
executioa at that lccatisn, =~ rrozran can de executed at
any siariing jocation b specifring S000=sox LCCATICHE COAPsTE
(2T}, xox as tho shommal adiress and secior lecation of
e first instructiion fu te exscuged, ISoLTILH puts the
transfer insiruction 32705xxx in the insiruction registar,
GLOFTZ pels the corruiar iIn €2 ounusl kol mode emd MINEH)
vuats the conpuler in &ne coosare rode for continuous ran,

* RPN PY PO
~11 neo IIOVAACT SO

ifr S {138l) sheuld end with 2

L. o - - .3 £t Y oz -~ & cmd T . « e g - 3 .-
B21¢ ard proctad {7H2F rshraziion,  Unir insiruction puss
==
>
- - —— - 4 pr S pe i e ey Ry [ _Saacy - e - =
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the computer into tiie progrem h2lt mode, If an HPR instruc-
tion is not used, the prozram= will contizue in the compute

- T

mode wntil an errcr occurs which will ermipate the rum or

the nuaber of executions exceeds the nusber speéified.

sShoriered Jersicn of sizuiazion iznsuzze, The following

description of a2 m=eizcid for crezting shortensd versions
of the simuiation lanzuage dces not apply to octzl data,
switches (excevt compute nmofe suitch), or flipflop settings,

These parts of the lanzueze ravz 1ot bzen included 3n the

- —— -

discussion,

i shori:en-e& version of txze inpul lensiaze can be
created ty thc user. 7o @2 this reguires izizing those
leiters of 2 simudation lenuzTe word which ares used by the
simui2fion rrefran in inieroroting iU and using tnose letisrs
23 e irpui for thz word, 84£3iicnz]) letiesrs c2n e edded
to build = mmexmonic fora o iuz werd il desived., The follow-
ing is 2 listing of tassa uoris in the simulation lanzuz=ze
which can be shorcansd, & iisiing of tac vortions of the
wcrl which are used in ingsrsreling it, and an exasple of

a shortened version of the wora:

Sizulation Lanw2zs

words which can Lo Internreting: ixanple of a2
Shortencd Iabioars Shoriencz2 Jersicn

RALY . ELLD

2 CaTILH i i

fiLlL FI ¥ili

Vil EY PR




M o N e P — e e - i e, = PR 4 N T2 e
P I Rt o TR e W A N - 4 Rk e IR EREs S s S S oS B bt e B ot o T et

GE/EE/72-7

CONPUTE co cox

G ERTER EN B -__.32/
CLEAR CL cL

) DELSTE DS DEL
OCT:L o oCcT
BINARY B BIN
KEAN 1] ERAN
SLiGLE s SI5G

—~- RUH -R RUK

RECIST=R(Arg) BE(Arg)— - ——BEG(Arg)
EEORY(BIRARY) HE(3) REX(B)
HFERCRY(CCTAL) | EE(0) HEX(0)
SIGHAL s SIG

~- HKECTTE(Ars) EX(Arg) EXEC{irz)

BREIZTYTALIZAGIC: ZEI RSINIT

The s2z2 using conditions eppvly to the ablrevizted
version of the lancuzge as &pply to the full-vord version,
Lh]anizisnee&edasadsnzitsrbetreeneachwordofthe
languzge except ocizl dzia, Input d2ta is enterud with a
free Jormat, All 72 colwms caa be used for enterinz input
data, hoxever, ro languzce elemont can be divided belreen
two lires, If 2 vord wiil not fit on 2 line, leave the
resainder of the iine blank end put the word at the first

. of the next line,

;
E
{
—

A descriptica of itne sizulztion has been given in this
clapter, This langrame consisis of risbers and lozd cocdes,

{ switches, and niscellamcous coisxmnds, Also discusscd was

69
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the zothod for creatirg programs to be executed by the simu-
lation prograz., The chzpter was concluded ug;_ a method for

-— - e

creating a shortened version of the smlation'.lqnguage.
The following chaptiers w%ill give a listing of the erorr
detection casavility of the simulation prograzm and will re-

sent examples of prrezrans tanat have been run on the simu-
lated computer,

61
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IV, Error Detection

Error detection is one of tas cutstamiding. features of
the D178 computer simulation prozgra=, ¥With this earzcbility
the prozraz tares can be error checked by tae simuloted com-
puter defore tney are rmun on the Di78 corputer, To sucsess—
fully loxzd ari execuie 2 program on the D172 co-iuter tne
yprograa Las to Lz error free, it the present tizz there &re

no error rhecks zz=de by the DI73 conpiter excent for rarity

and verifyiaz the contents of =amory., .

> . —— . ———— -

The error detecticn prreviced ) thae simulition vrosran

goes heyoni cbecking- Juct prosraa tepss, £11 input duta is

.
Nrnnnin | ety

checked for validity by cosrarang the inp SFo0013

f

azinst the simutalion lansuzxe Srztols, Shecks are 21350
g xade by tre sizulatlion rocgren o delest inv2liid swites

setiinss,; z2idresses tual are

Q

ue of range of the Trorec,
and a varicty of coniitions (a2t #re nct allowes oy the D173
computer, i
A iisting of the errcr siztezenis that are crovided Ty
the simuiation progras is given in ih:s section. included .

uith each statemant a-e possible causces of trne errc> or 2

Jrovre

further explanztion of the error. i

Error Statenents/Causes of Zrrorz, a listing of ths error 1
statexncats rrovicel b the DI75 acznuisr simulation orogran
is as foullous:
SHE FOLLGING DATA IS 607 ALilEZ:D:  (Invalig i)
inpet 5tols enetificd ars gt vari o the sIiqulntion
lemzuaze,
62
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LOAD CODES KUST 3E 1# BINARY WHEN BINARY IS SPECIFIED
A 2ifferent representation for a load code was used when
the binary revresentation was spzcified.- ———=-

THE POLLOYINZ INPUT DA IS I#7AIID: (Inwvalid Data)
Portions of in2 inrut word were interpreted but an improper
syEbol uas exncouantered cdiszllowingz any further interpre-
taticn,

PROGRAR TERIIZATER

The prozraa =ust te in the wait node of noacompute for data
to b2 entered. ) - ‘

AN PS(OR) SISHAL KUST ROLLCY AN IH(0H)-SISHAL-26 PUT -FACHINE
IR @aA1T N0DE - Da™2 16:H3EDD

It I5(3%) 3s specified, thne only w2y to put the computer in
che wait mode is to specify 75({E).

CCiPUTZ KCo= SUITCH SPICirFiod LUCEa=SCLY

Cnly /v, 31iC12, or iaLT can be used &s nodes for the com-
pate suiten,

FUIBE ROLLCWING I:PUT D07 G 1Ead 9aP2 1S INVALID - (Invalid
Syabol)

Unen #iAXN hes besn specified, innui dzta st be in the
ASCI1 representz%ion.

’ g

3

4

t

; §

i

. r

SEECUTE ZRBGUIIZNT SFECIFIZD LNCEARICTLY - DEPAULT VALUE OF 50
aSS"EED

The arsusert of iz exccule comm2nd must contain four decizal
cigits to be valia,

CCLD--3TCRESS ¥RITE SUITCH SFECIFIRD IHCCRZECTLY

Only Cii or (T can b= used as the settings for the cold-
storage nemory write switch,

DISCRETE SW¥ITCH SPRCIFIZD IaCinasCTLY
Canly Cli or (AP can b2 used as e settinzs for the discrete
suitch,

T e P T i e
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PCGHER OX/CPP DATA 15 IiCoR2ICT
Only Gi «r OFF can te used a2s the settings for the power
onfofs suitch, P

CRAKNZ=L SPECIFIZD Cilllt™ 32 LOSDED - PROGRAK TERIABATED
Only channels 00 thru S6 czn e lczded by an enter load
code,

ER(Ci) calxn 2 SPICIRITD WiTH P{CPP) - PROSRAE TEREINATED
PR(Ci) must te specified before 0{(0M).

PZCIFIZD SZFCZE N{TTN) ARTER AN MR

57
- FALGIAN ..3"'""""‘25)

E(BALD G537 ==
INSTRUCTICH
An FF2 instruciion puis the comr: uisr into the rrogren halt
mode and I(iiLT) must b2 spzeified to-=ct-cus-of the pro-
gran k3lt cols axd into ths zamnsd hal; =ziz,

A THAGSPEER IS EOT RILIUID TC L-2ZE, Ve, (2 B-LUIFS - FRACG2aR
TERRTIATS

Cramn=ls &5, 79, and 72 cannot t2 usz2d with a €A (Pransfer)

- - -
s Ty
instruciion),
T S Rmet ST saRI 3 gems weem em s .oy 4 e oy SFvscievgemw e
Ll..a t.“&.--;;;.:v- Rzl e lT el B eeex auii I-.:.-a.:;'\:u.t.-.&—.“:

Fot &11 rossivilities for J-cizeizl instruciions have bzen

wired into ¥he compuler, rou hzve srzeifizd cne of these

arscs for excention, Ohesi: Uiz (rzraticm Oois veitch

STCALGE WEITE SUICE IS {FF « T3l TERTHATED

EHd(Ci) pust be specificd tefore iriting can take place on

cold-siorage wenory chonnels,

STCRAGE I3 NOT ALLCUZD I SINZES-i30Ps (s,1,i, <2 U) -
OoniE TERUTNRTDD

e —ehebanars e d Loz

mn
The STC (Store) instruciion camnei siore in single-word

STCRLCE Calild TRIE PLISZ 14 CEOLLLGSL 50 IF DASCRETR SWIToH
1S C: ¥ - FRLlinl. WL 3

i
D2{CI) ust be spocifis: tzlor: urd

¢ Qa

v e i2¥e place on

PRSP —
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channel 50 (hot-storaze memory charmel),

COLD-STORAGE K=HOIY CanlU? 22 LCADZD 1R COID-S‘:OR‘AGE WRITE
SWITCE IS OFF - FROGRAK TERELWATED ~  — -

Ed(0i) must be specified tefore writinzs can taks place om
cold-storage wezory cuannels,

BOT-STORAEE HENGRY CiUNCT &2 10ADZD 1P DISGEETT 3WiTeid IS
OFF - PROGRAY TERTINATE

DD(Ci) must be specified tefore writirs cen toke piace o
chammel 50 (hot-storage nicnory channel),

FLAGSTCRE IS ALLLYED Chid 16 L-RTT QR3h ST0HEE INSTRGCTICH
1S TO CHil 50, F, H, 02 B-LOOPS - FROG3AL TZZUIVATED

If a ST2 (Store) instruction is to cham=nels-<0;-352, Sk, or
56, a flaz store is 21louwed oniy to chaanel 65..

OFERAND aLDRATSS IS «UT (2 BANGE - FACERsE TEl@XlaTel
Ar aresa of penory has vren c2cipmited 101 G operand, vt
no data has bsen lozadea thuere,

e n o e

) ", o A SN F2osilss N O
IRSTRUCTICN ADDISSS IS OUF oo 2ALTE = FRasilas ¥258510 12D ;
- H
A —— - - =3 - - 3 - .
s DEIOTY W nas bean fesismiied ot U2 paxt Instructicon, ;

koueser no data has beea o825 cr $iolz into Thal mozory
word.

RESISTER DISFLIAY REIEST IS INVALID - {Inveld
pley Bequesi)

Register display ccizmand is missing a2 iefi parznthesic,

erisfer His-

f.b
1,

(Invalid Sy=bol) IS iGT 2 I2LID RECISTEd DISPLAY ZaciuEa
A sycbol other thzn cne of ths ten registor éisvley synnals
was used,
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V. Frozramming Exaroles

Tnie cn=pier is ccﬁcerne& with prommems—that have been
ron on the D173 Sonputer simunlziion orefjren, Sevenr differ-
ent exawnie ;roxrazs .. fick ¢karts will 13 presesnted wanich
shoa the types of cutrul dant con i rexldized, In the cowrse
of ri2tering Yhese seven exzmples, i rajoriiy of the
irstruveticas in the "nsiructlioxn st of the DL73 corputer

will 2 used.,

Examnle Prozrern vskor 1. In this cizsple;—vhe-tyre of ocut-

at evalilablie in $he nomconpute role is shovm, Thls exarvie
clions the ¥27y laad colzs a=~e usei 2nd thz wzy in shich d2ta

is loaded irnto =2y,

¢,

i".

Sizr2l trzcing and ragisier @isplay in the noncospuse
Bcde will be unz2 v2ry irfrequantly tecause of the iorge
amouaic of outruit even for 2 gm2li progran, iicwever, for
scmeone lezrming tiz oreraticn of ths D172 cozmuvuler the
output Gisplayzd o; thess w0 cc—amds cFn b2 vsed as a
teaching 3iq,

A sooovry 2isplay vegvest is mzde at the end of this
exaizple, “he menmory dvow inat appeers os Jhe listing has
a channsl and secter édesimation on inz left., This address
is the pemory 2dcress of tae cotzl word eppearing in the
first colury: o7 thad rawr, The scesnd colw in the serme
rov cndAains tac nerory werd of thz next secicr locatiom,
Yhe sane applics to 211 remaining words in that rouw, If a

soctor locziion in a row has not been lozéed wilh Cata it
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eppears on the listing as a word contaiming al2 7's, The
rows in which none of the sector locations are lozded with

- - -—-_‘——.’..’/'

data do not arp=zr ir the oemory dump listing.

The Tlovckari for exaurpie rprograa no, 1 is 2s follows:

START

|

Irace

Sedes
31 splay

— i.1)

"

- ——— -‘._M"

- ———

F2(0g) :R(LE) T3LLN) Zainn)
DDL 03 )

.,._...._&._-
iozd Datz |
: 3 zZald K

sttt coam—
Ferory ‘!

Durp

{in ectfal}l
]

ST3P

67




O1SPUSED Te FRIZTER, TWPE *27 A TYOUR SAnis OMMER- :
H

IF OUTPYY 1S 22 5
VISE IY?#E %" -

8t

*’t’b%?l?é6$‘$=tltt'$804§i.l##"l"'iCO"SS‘L"#“‘O"‘.

= s

- D122 CORPITER T PO :

. SIALATI T PROGIRA e : o
= : : P ee :

% PATZz 01723772 TlXe=z 19.43.90 £ 2

R 1

*&
‘tt#&'?ttit&tt’t:tti¢1.03‘8.30¢v‘¥!f"&‘s;tt'%‘t't‘t’t"

.

3 FRISTOUT OF ISPUT PRO33AA s - :
- AFSTER PRACAIAL ) ] }

wm

(23) 52(33) FsCad & IVes) Lh(TH) FILL _-

2
T B0 (SSTEL) — e :

SIGZIL BECISIZZ(R,1,1) P
SLEAR 91234567 %P2k Hav
FRWFF) , .

CIGIRL 02 - (TDZS TILL ZE 17ALED :
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Exanple Prozraz Nucber 2, This example consists of an add-
ition ripple program that has been uritten using the three

. ———

different representations for input data £ach progran k28
teen lozded and execui:i serarately., The additio;l riople
program loads 1 into the accu=ulator and keeps adding 1 to
the contents of the accumulator, 3ecause tais progras loops
on itself, the execute comsand hcs been used Yo stop the
executions at 2 count of five,

—The initialization and me=ory cozmenjds a2re used with
€ach representation, iode tracingz and—«t’e‘ siseer display are

us2d in the compubte mode porticn oaldy,

Tne flouchart for example prozras no, 2 is as follous:
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Exanple Progranm Bumber 3. This sxaople is an arithzetic

progranm that uses a C02 {charactier outpui) subroutine to
—— "

The C{3 subroutine

output the ansier as eight octal digits.

-

was developzd by thie Sysiems ILzabcraiory Group ag Tuiane
University.
The arithzesic progra2m consists of seven arithzetic
routines with sizariing lccaticrs at thes progrzn addrsss
listed b2ici,

= 2z 2. 5 - <
Each roudizne ne=ds o &2tz nusbers siarting

2t the date z2dédressss Ziven -

Scet Erithizetie Houiine onan  Seet

22

is GGG S5i2 rouvins 2 021
il GGO 330 routize i Go1

24 GOD SiF routine 26 001
3C 000 Wncle #o, EFY routire 32 0C1

Each routine of tae arithretic trogre=s cza 1ink ud
with the CTA subiroutine o scuilnui ne resulis, The SOA
subroutine is loaded in chamals &% zud L8, The last
instrecsion of the G422 subrputine is an P8 incstruction

vhich puds the cozmpucsr in {ee mropmes hzlii made

In this example & {izg store telieme. _ signz2l is also

g

outrutv the ansucr, ¥o mode Iirscing or register

b
¥

g
I\
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is used.
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flouchert for exam=ple progren no, 3 is as follcws:
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The flouchart for exarplé prograz no, U is as followus:
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Examvle Progranm Huzber &, This example is a- prograa wnlch
- 1 . 1
showus the discrete output c2r2bility of the simmlation vro-
S -

—_—. -

gram, To interpret the discréve ouitrut list_:‘i;n.g; the rezgder

12 in Appensix C.,

should r=fer to Fig,
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GE/EE/72-7

Example Preocram Huzber 5, The prograam for tais example uses

)

f .
":" the Dinary outvut ipnstructions (3CA ,BGB,,B’@)_,_@;*.:@’ shows the

ViRl

t 4.\4.L'zyw i

binary output cap2bility of the simulation progrem. To
= interpret the binary output listing, the resader should refer
fo Fig, 13 in &ppeniix C, i

-l

The flowcizri for example prograwm no, 5 is as follows:

P CEARAL )

STARR

FR{ou) mm{0x) »s(on) =4(oH)

3 Lcad .
3{ DoTrED
: £(RWEI)
: s
.i;; L Trace
3 % ) ¥odss ..
‘s Bisplay
;E {5,3)
é ¥R(C¥)
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E CLa
E S 253000 '
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. <

A '(\’"\"n

Ixecute 10
2363
Instrucins
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IF CUTPUT I§ 30 SC PISPOSZ0 T0 PRINTER, TYPE TP AZD Tysue maszT; SiHER-
- VISE TVPZ & - 2
1w¢mnmamm:mmtmzmmu¢mmut
E =3 E - 4
= D173 CCEPUISR s
*t SIZNLATISS PRSGRAn s
E 3.4 % -
=¥ DATIE= Gl/28/712 TINE= 20.10.12 t=x -
E 2 J =%
FEFSEEF R ER TN S SR TSI eI S L TSN AT RS2 SRS CALETESETEEESE
€ FRIZISUT OF IDPUT PRICIAH s

“EXIZIR PREGRRH) -

S SIZARY SUTPUT THROGRAS — o DT

PRASZ) FRIBN) FSAGYER ZF{EXZd SILL
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AC23-1) = 20D 203 020 500

- GTAD
+1

- e
IZ53/TTIsT - Gas
&2 LIS G1t oF -3

213 110 328 G539 85t 08D

BIZASY 25T7UT "2
BImZY SurrlT

5R25-1) = I

“a" izcizoTiss -
€3 LIZE SIS oF +1

BIDEY C5TP07
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Exazple Progres Huzber 6, Tnis example is 2 progren ubick

uses the volizzme cutpuf instructicons (20%,¥,¥8C) and shous

- - - ¥4

- - ’-——::’f‘-'*J -
the voltage sulrnt capsbility of the sisuni=ztion progra=, 0
interprev the volinge output listing, ithc rezder showld rofer

to Pig. 1k in Zprendix ©

Tiie flcuchart for tuis exaxvrie is as foilozs:
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T T ——r———

20 445.04.5107

Y
R3L o MR AR ————— T e

<o
0

IF cuTFuT 15 BE DISPSSED I8 PRINTER, TYPE P~ AKD "YOUR B:8L’y 2iscs-
¥1Sc TYP= - R e e —
*x *k
*% D17 CS=PUTER =%
** SIFZTICY FROGRAN =k
=% E = 4
=% DATE= 92/57772 II%s= 20.,40,04 =
=% *%
mmwmmmmm
=% PRISTCIT 8F IETUT PRSSRAE *=

(ERIER PRESIam) -

S VSLTIAGE CYTPUT PRecnayn A

PRASIY (S FS(SH; TI(2ay FILL

48017230 £5 42529201 £ 43333093 En eq«9u2~2 EE 50009232 =E

CL 22! i€C CL EZ CL 208580 =2 XC(9325) X (BUD) BR(SY)

PR(SFF)

% RISGLIS OF SISHLATION =

EC. Br EXSCUTISHS SPECIFIZD = 29

PRASS REGISTIER - PI{3-~1)= 681

v1ts—1)= 0005050 $iTH A VDLIASE CUTPUT OF  0.00 VOLIS

VOLTAGE SUIPE8T IS oS3 LI%Z vadil

Vi{B8~-12= Q058303 ViTH & VSLIAGS 2UTPUT oF «iS VLIS

VSLTAGE EG4IFGT IS &% LIHS us1y

VI(8-1)= $0030Q1D VITH A VILTAES DUTPUT OF «31 VELTS

VSLTIAGZ GUTPUT 1S o LIES voll

V1(3-1)= 09923C011 FI1H & VSLIASZ CYIPUT OF e&7 VOLIS °

VOLTAGE OBTPUT IS ©F LINE Vsl

VI(S-1)= CGGOJ212D WiTH A VCLIAGT SUIPUT GF «63 VLLIS

VOLTAGE GHIPYT 1S &4 LIS v*nx

vi(8~-i)= 05006191 ¥ITih a v LIASE CUTFUT ©F «78 VGLIS

VOLTAGE QUYPUT 1S S8 LINE US1i

VI(S-1)= 00GCGO11C ¥ITH A VﬁLIﬁGZ SUIPUT SF «94 VOLTS

VSLTAGE ZSUTPUT IS 684 LISE voit

VI(S~-1)= 00020111 VIYH & YILTSEE CUTPLT GF 1.0S VOLTS

VSLIAGE CuiPBT IS S LILE vsii

K3, OF SXSCUTISHS HAVE EXCSIED 0. SPECIFIED - PRSGRSH TERSKISATED ;

I0 RUN ANSTHER PRCSIAG IYPE "RUN 3 TS STCP IYPE "HALT - YALT :

=k EuiD GF FROG2AHR EXECUTICH TiEcs:s «771 SEC
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Exacoie Prozrem Nusber 7.

175 cozputer insiruction s=t,

ILe=d
Progran

Trace
Eodes
Bisclay

(.Ei E:)

h 4
Ciz
Ae750637

Shift :e,
ELS
A7S
St
Sar
SLL
SR,
3R

SH

WL

E
{2

et
]
-y
]

- display are used in the cozpute =ole only,

&
-~

i

SR e BT A RE S RS

This preogren is an exanpie of

2 prezras ¥nich uses all thes shift insiructions-of the
e
zode {racirg and register

Tee fiouckert for example progream no, 7 is as follous:




iF SUTPUT IS I BS SisFDsDd 10 PREIDIER, TYIPE 7 ard “ycum mEs
¥IST YT g4 - %
TEI L SR E SN E S I TSI TS IHATL IS FERSEVLE S ST EEILEEEE6 44 ILESE
%% s
% S1E Co25Ize %
& SIZTLATICE PROSAAR s
Yy 28
*t BARIZ= Q122772 TIZZ= 19.2€.25 +*s
=% e

EEITEEITEL FT LR IR L IGLUS S LA EECGE SV LSS RES 4SSLEISCHARGE

=¢ PIZICVT CF I5707 PRAS2an s
TAERTER PRSIRRE -

| § S3IFT FR3s2am

PRI T2 FEEE3 U2 Flis

452010201 == $23Z22%5 I 23033203 Sz 33012255 =2 53553023 =2
ICTL23B5 TI SOITRIII TN LIIL5433 I 021:3303 =z 302332282 B
CL 231 15T 02763037 X CICRL ZTCISTERNMR ,Z) (TS a3(SD)

PREFF)

2
i
r‘
0

ZADTT - == Taes
2 - FADIT JLL S FIRTDD)

FASTIR ZISST STuTess

PRIPRS 79 S3IZATT ZsaS
SYST 213 CoSpiEs 1 omes
SI=C 5IT CTUSIER 2 552

- - - - a— L o - e
S{28) V(233€3)  IDLS SIS-E82T oF ALGSL EALT
PRIPATE TS TPULIT SLE-400T ©F farTab E=avy
Co2UIE S5 -

53 223 i1l 11T G253 589 21t 1
SEIDCTIST - (CLR)
i

il 3i2 270 00X 311 11

FT iSSTERETIES - GLS)
3 930 501 11T 133 Q&

4]

SU23ILT - GE5)

[RCCTIPLATICR A ET K157 157
H i 150 02 G20 1i1 1:10

&23-13 = 03 I

SLIT RCCIWRLATOR LIFT SHIFT ISSTSETISS - (Sal)
L23-1) = i :

SPLIT ACCUTULATSY RWET SR1F7 ISSIREYINN - (523
AC23-1) = I3I 331 111 1907 T2 o9 1 1S

L i
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Vi, Conclusion

] A softvere simmlaticn progran of—-tha—%&mz‘%:‘:m Di78

VI NP AR S AD SR L GV S

Cozputer =s wrltion to simulzte the funstions-of the D173

coapuier, The objectives of this simulation were o kave

the sizmdation program simulete the actial cooputer as
closely s possidie, Thais cbjeciivz i2s met because he
rajority of the Di72 Tumciions have bezen Inciludsd in the
similation mregrazn, The lez2@ing and intsraction fuxmctions

of the noncscpute ocde have been used, In ihe coxmpule moie,

— - - T - -

———— -

the searchinz, reading and witing ==wory, and instruciion
execution are 211 p=re of the simmlaiica prograDn, Hoorever
rossidble, the sames 2lgoriltim implexcnied on T2 Di72 =S

used in the sizuletion mregryanR, Tris approsch resuiicd

C'- In so=s imefficiencies in the simmiaticn prozras, but a
. Dy-Trofuet of using the sz2ze 2lgeriiinz i that ine sizniaiion

progren can be used &s 2 Ts2ching 234 for lezrming
the crzraiion of the Di7S coz=guter, A1so eror dsiaction
was buiit inic trhe simwiaiion prozrem ond hazs heea very

kelofid in oreatirz mrogrzm tapss for the D178 cozputer,

Becozmenfiations for Pubims Stiady, There are son

D178 cozputer fwmciions uhich have now been incoroorated

in the simulation progran, Txo of these fuzcticns are

rereens gy e aaA

acsociated with rezl $#ime conizrol mrecessing gnd inciuvnde

the capebilities for incressxntal inmuts 2pnd fine cound.

recrer iy

dowr or=rations,

Q Tre D175 cosputer is czpeble of debtecting and

93

o KT AR e UAIE R S
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Incrementally adline bits of information to the werds of

the ¥-lcop ard R-loop without prograd control,” Also nhen' :
- .
the EPC {entsr fins coumidomm) instrm zeticn 1s exedubed, the

"
o
v

compuser goes inteo The fire counvdeim moGe., In the fine -

3
-
&

"

comntdoin sode, the ¥-loop and U-loop are linked togetker

I3
i
24
=
£
&
i
3
<
I
V

-~ -

forainz a digiial intsgraior which orerates mithout pro-

gran cemtrol, : :o- -
The incremsmtzal inpuf and fine co:.mﬁo_'.m‘mﬁe func-

tions 1isted above would be icporient if the simclation

xere to be used for rea2l fize coni'r:‘azf.-.-%ir:;e—@”ﬁés‘ not’

e origivel purpsse of Ths simulaticn p':cgra::, t‘aes;e

faetions are not izicluﬁeﬁ, Houezer, tne firze couxtiowm

instruactions (EPC-n2lt fine comtdom «md EFC) amd the T

Ons

- | - - b ] ol - @& o - = - R
wstruactisns ¥hich store and whiced Infeor=mticon ivoo e .

=

J-loop anf 2-1cop cre 2 rart of the sizmiation rroezrasn, .

-

Also, a subroutine for sioring incrszenizl Gatn spppiied

by the user inteo ihe V-loop z=f R-100D is a part of iné

@

sirmlasicn Tregran.  Thae Iuncremental -input and Sine comdie |
doxn =ode c2r2bilities éesc;ri-b:-:d =bove are f.z:pro?eaenfs

that coxld be 283ed by = thesis studext who is Yesserching .
ihe ares of real ifaz=e contrsl amplicatiors i‘z.ar e Di7E :

-

conTuier, i

"w
“t

AunoRer recc==sndation for futwre stuiy would de the: -
2

crzation of @n assezbler for ihe DiTB computer. The assea~ °

bler could be written for operztion on the $DT €500 compuler, 2
The assesvler would zecspt as input a progrem.writien in )

- - T ..
Di78 memonic ccding and cuipnt sa mimched t2pe a achine
s 3

-
(1]
1 ™
1"




o - ,',
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' ' H 1
— : lenzuage version of !:he vrozrax, This machine Azngus e
& 3 - -
e o : . o
~ progzran on the punched tape couid then be supplied as data
- i . i v
. : to both the D178 compuier and: the simulation yrogranm.
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DSSCRIZTICH RGXEERTIC CONS HORD TIZES
ADD &84 - o= 1
ALS Accumulztor Left Shifi 00 22,s.. .. s+
to Accumulztor Lo 52,s 1
A3S  Accumuictor Eighit Shif: 00 32,s st1
234 SBimnery Cuimst 2 Lo 10,s
308 Binery Cuisui R LG 12,s
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zior ; e,s
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202 Discraie Cutput A 40 2¢,s 1
ERC  Enjer Pine Coumniiowm LQ 42,5 B |
HRC EHz2li Fine Cowmicowm Lo 6¢,s i
iiPa H2li end Procesd L0 22 ¢ 1
LI Loa2d Faose Zegister 30 7-,5 1
#HI Hinus .l2znitude Lo 4k s 3
PR Euliiply Heaitfiea 3% e,s 13
5PY  HalTpiy 2% e¢,s 13
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P b

S Split Accimuisior Ie
Sa2 S»lit accumulatior Right Shift 00 39,= s¥1
vlii Compare end Limit ¢t c,s 2

i2  Split Left Yord Right Shift 00 3k,s s+
Split Muliiply Hodiried
SEP  Split ¥ulisiply

30

26
SRAL  Split Right Hord Lofi 3nif: 00 25,s s¥3
SRR Split Right Word Right Shift 00 38,s st
S5 Split Subiraed . 70 e,s 3
S?¢ ESzore fAccumulator 3% c,s 1
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HALT -~
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DEISTE -
ENTER -
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D178 Lozd Codes

- e

Tails lozd csde czuses the DI?B"'*ES‘”ST?ZI; accepting
dztz and enter the program kalt modé, ~ The zamual
hz2it node #1311 be enter=d if the cozpule switch
is sct at the Ealt position,

This ccde causes the computer to go to the nanual‘
k21t mole of noxcompute, Tie compute rode ¥ill de
entered if the compute siiich is set-at the 2mn or

- -~
- e we .

—— o
—m—

Singie peosition. ==

-

This load code "0" sets the fill/verify £iipflop
(03).

This lozd code %1* sets ths £111/verify f1ipflcp
(:33).

Thls code causes the contents of the Loxer icous-

ulator to be shified Into the Iastruction Begister,

This code clears the Louer Accumulator by fiilirgz
it vith all zeros,

This code causes no action,

The action prodused by this coiée deverds uvpon the
setting of the fi1l/verify flipficp, ¥hen this
ccde is first decivnsrsd, the contents of e
L:;'a:er accumulator is transferred into ths Zccun-

= re
wintor,

A
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e e e e S e e R RS e SRS T
ey 03 is "0" set, then the contents. of ths Iu.cm-: :
ulator is stored in the neg_sgz::f lo&a;;‘pn addressed: -
by the Ins{ruction Register, :_:;,_; _ s o -
If 05 is *1” set, tuen the contents of the Acorm-
ulator is cozmared uiih .the contents of fne memory
location a2d3ressed by the Instruction BEgisi:er. )

- The last action of ihis load code is 1o fiicresent. -
the Imstruction Bezgister by one,
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-GE/EE/72-7
Porevord to Aprendix D

A softiare simuizaiion progran has- been-written vhich
similates the fimctions of tThe Hinuteman DI7B computer.

The structurs and orzanization of this simulation program

is described 3In chzpier ITI of this thesis, The D173 simu-

lation languege is tresented in chapier IXI, chapter IV
contains & listing ¢f tre erzor siztencnts of the sim-

Jation progrem, and chapter ¥ is m==de up of ezample Lro-

—

grass vaich were rm on the simidzted compulers .

— . T em e ™
- ——— oy — -

This susendix condains inforrmtion for uwsing the DIT8

coapuver simuiaticn-rrogram at AF1IZ, Frocedures are given
=Y

-

for accessinz the simuniation vrograa from a2 teletyne terp-

inal, Inforzation conceprning ike use of prozren f=res

M

- -~
E]

apd externz2l prozren Tilss is gisc inmclufed, a condensed

version cei the Diy3 simdaiion Ianguage is given follous

by the listing of 2 nsthed for crssiing 2 shortansd version
>

of the si=lation lanzizge.

D-3
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Frocedures for Usinz ihe

D173 Comopuier Simniaiion Prozrenm ai AFT
gl

-

[} '-J

[ ey

The D173 compuiter sinmulsdioz progzran uas writicn to

be used from = teletype terminal,

-

rocegures for opsrating
2 teletyre terminal ares coniained in ths Interconm 2 Bef-
erence Hanuzl (Zef 3).

Tne simnlation progran is available on the CGDC G600 -

Computzr System 2S5 2 permanexnt file, MSINUIATIOE is the

verzanent fiie mame, Only one version of the progre= exists

o . T o .

so 2 cycle nuzber need not be specified when atiaching the

pereameng file, However, the prozvam s czizlozucsd as

. I
non 40X of

C¥=1, 7he cimuiaticn pregram reguirzes less

repory U5 execuis on fhe 0600 sysien, The majority of

(D]

NPOZTRADS YR o% The simldation program reguire less fhar

5 seconds of canirzl protessoer fipe,

Py

Ongraiion fron 2 Teletyne Termiuel, To access the sizuletion

rogran fron the teletype ferninezl rsguires the ussr o

N AT
ritl
— —

vith the 6600 compuier, Irocedures for doing this

ars contained in the Intsrce: 2 Reference Eenxuald {Ref 3:
Chap, 3, o, 3j. After login lhizs toen succsssivwily coavleted
the teletyre prints out

CoEiRliD-

¥

The user uill respoxt with }
ATTRCE ITEAN ERUINCIATION,,F =1, i

i

to c2ke the simdaticn prozrem availabie for his use. The i

system will respond 1o this regusst Dy Lyping the tips on

- o~
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thie -attack reguest followed by

- - -

COmHAzD~ o

- -':-"'.‘::f:é’ - ) ’
- Th2 user must decide il he wznts the output to dbe vrinted K

- —
- -
e T

at the teletyrs or if he anes to cispose the outpub To
tre patch terminzl line vrinter, If outvut is to be
printed by the teleiyrza the user chould respond to the
coznand :fi’ch

CORR=CT, LHreT, GUTPUR.

2

s ey osabit

= If ontout is to b2 dispossed {o-the hizh sp22d printer the
user shouid respond with S

CCRHEST, I4FPET, 2PN,

The systen i1l process this reguest and the t2letyees will

.
¢

e AL
et

print ke following:

e]1

Viti,

:
jg
E =

¥hich puts the simulatiorn prograa inito execution, Iuring
exzecution oi his éatz the user should resgond Lo &y ressages

that anpzar at the teletype, Yhea the vser has {inished

eufyidi fet 26 LU LaRALS
I b

ruming prograns he should exit the similation prozre= by

.

AL A

specifying Y2(OF?) ang resovond to the message:

TTO BUN ANRCTIER RICRAN TYPS 'RUN'; TO STCP IYES

A

A

g
130
PERE]

Tne sysien responds with the message

')

BTy P " wy -
EED (¥ PG

- - fa

e |‘p«-[|"¢-,”.¥ "A
E
3

D2
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-and prints the aaownt of execution tioe used, This will be

followed by - = -
— -
'cc}ﬁ‘?m- e

If outrut .s fo b= disposed {5 the batch terainal lire
printer, the user should resrond with

DISEOSE, OUTPHE, P2=E77. 2
followed by the LCCCTT procsiires contained in the Intercoz
2 Reference ianual {Bef 3:Cekaz, 3, p. 3-6). _'

If output is not to b= disposed-fc-She-line pridter,

then the user shouldé foilcw t:e mrocedures for ILOGOUT.

Usinz Progran Tanes, rrozrss t2nes can sunply daia to the

simlation progre=, The é2tz on these tapss is entered by
the tape reader located at each telstype terminzl, The
Drogram i2pes can also b2 tumched at the t2legype ternminal,
Frocedures for pimening znd ra2ding of prozraa tapes is
contained in the Infercom 2 Reference jlznual (Ref 3:Chap, 2,
P. 7-9).

Prograa tapes unich will 21so b2 ruz on the D178 coz- ‘
pater must b2 uwritien using the ASCII representation described
in chapler IIT of this ihesis., Eianks, line feeds, and car-
riage returns arc iznored i, the DI75 computzr teve rezder,
so these symbols can b2 punched on the tzpss. This allows

the program tepss whidcén will e ™un on the Di75 compuce

to 21so be executled Ty the sizmulation rrogrem.
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Bsing Externg] Files, Tw¢ files can be esiablished in tne
CDC 6600 computer unich will supply data in the ASCII rep-

—_— - ,_—_./":‘-.”‘

a———

resentation to the simulstioz program. The fifes- rust have
the panes of' TAPZ2 or FAPE3, They c2n b2 creat';i;- :;‘c ‘The
telatype by entering SZTUP when itkhe {sletype prinds
COIEEAYD -
Th2 user resronis with
SEZUP,
The~teletype will process thig commami znd rrint teck
NEY 02 OID FIIE— ' s

The vseir sHould iyre
HES/TATE2 or .3-’.2.-3,3/‘2.-“.1’2-‘.3
9he teletyse will respond wWitn
RE&DY,

i

The user cam proceed Io iifs 2 prograa in ASCII rerresenta-
St

tion, ZZz2ch iime of the progrez::

1

e proceeded by 2 1in2
nucbar, Procedicel for creaiing programs in SETGE ers con-
teinsd in the INTERCLH 2 Reference ¥enual (Ref 3:Chem, %),
The last syiicol suprlied rust e the letter *il*., This sjz=-
tol signifies the ecnd of the progran, Also the SSVE direc-
tive shouwld 2liays b2 given ati the er? of & pregran,

To use the progran created oa TAFEZ or ZArE3, the ussy
must proviGe an argu=ent to the simmiation rrogrem comsend
AN, E2aH(Z) w11l result in fhe rezding of the etz on
TAYZ2, BE(3) czuses the simulation prograan o rezd the
data {roa 393, An exapple in vhica f2ta is rezd fro=

TA¥E2 is as fo3lcus:e

DA

B T T
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(EWTER FROGRAR) - : \

Pa(CA) 2(03) =i{ox) FS(ex) mnu{2) . -

sB(0%) K(2UK) e

PR(GF?) " P

D178 Tc=muter Sizmmiziisy Irimree Jowowoee, A 1isting of tie

sirmul=vicn izmzusce is e&s follous:
Cotel mushers - 0, 1, 2, 3, &, 5, b, 7
Bivary mu=bers - 0, 1

—. Yoad Codes ~ HALR, ILOCATICH, PILL, VERIFRY
.Nm, 1—‘.;1:::3 Cizam, DZL.)...,__,._«.-

PR -..-..-—.,—-—-‘- -

Wren GCRAL is §pacifie:i, inout must be in CGetal rep-
resentation, Vhen BINARY &s specifiecld, input must be in

Birary reoresentztion, ZHpen HMAN is specified, input nust

e 3t £SCIY remoscniaticn. (Defzuli is OOTAL; .
Ceil Bin=ry A4S0
Benresoniztion Eeoresenitaticn Revreseniziion

huw=bers - (¢) 100090 ¢
1 c5001 i :
’ 2 . 09010 2
3 10011 3
3 001C0 “ o, 1 |

5 10101 5

6 16110 6
7 00111 7 .

Iozd Codes ~ EHAILT 01050 8

LGCATIOH 11001 9

FI1iL ) 11010 VA

¥=21FY 0i10i1 H

COHPUEE 11109 <

=iTER 0:101 =

D-5
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CLEAR 01110, A
DELETE 11111 . - ?
—_— ___:___’_;,::_, -
Switshn YNome Eneronic{Setting

Switches ~ Timing Signal T(0H)

R(G1), BR(GZF)
Initiate Load Switch PS{0xH)

] ¥zster Rssel Switch m(oxn)
Colid-Storaze Hyite Switch (CH), =(OFF)
Discrete Switch pD{o3), DB(CPR)
Hechanie2l Inpat Sziica m{an)

(D=feuli of these swilches is OFP) -

- -

Cozpute Eode Swibeh E(HALR), Z(s1mIs),

FA §:in )
(Pafzult of this swltches is BALT)

Display - £ Dinary oubputl lisiingz of any of the follom-

ing ragisters or icsos wili e given uhensver
Y3

i3s conianis changes, if it eppears as the
arzueane of the REGISTER cozsand:
¥neponie Rexisisr or 105D
% Asgcucuiator

I Instruction Register
L Lower Accumulator
Ruater Register

&

P P-]loop
E E-100p
i id-lcoo
U C=-100D
¥ vY-icop

B R-3cco

Fxample: BRSSISTER(A,I,L,N

(fo. of arguments can vary from 0 to 10 and must
b2 one of these given abave)

D-6
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GE/EE/72-7 -
The contents of memory will be given.as oubput
xnrenever a KEEGRY commamd is given: -

HORY(SCTAL) Eepory dump will be given in
—— - ,—-—-—_—f;g'
Cctal, T
MENORY(BINERY) Hemory Gump uill be given in

Binary,

(Defanii is OCTaL)

Discreie Inputs -~ X(19 bits as argument) 7
Y{2%* bits zs erzument)

Exemple: X{1 000 020 101 111 110)

. ¥(iii000313520511000121060). -

- P e

Increnenizl Inputs - V(24 bits ds argument)
R(2% bits as arguzent)

Exazple: V(0000 0001 00i0 0911 01080 6i0i)
B{00501111 113110000 1Gi051010)

Eiscelianeons -

SIGHAL - Ezch time SIGHAL is used, it flips the
represeniation ires € 0 1 or 1 %0 O,
SiGHaL is 0 a% the baginning of the
rrogren rum, Whea SIGHAL is 1, the rcodes
of the cozputer will be traced,

BLECUTE(oox) ~ Xe. of execmiion cycies in the
cexmpuic mode can be specified,
Example: ELECUTE{0010) 10 execusions -
EXECHZE{99%3) §%29 execuiions
EXECUTE(0250) 250 executions
{Defamlt is 59 execudions)
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VE(O) - Vi flinflop is *0* set.
VE(1) - ¥X £lipficp is "1* set,

5%(0) - 3% flipflop is "0* set, . -
BX(1) - BX flipficp is *1" set. ==

RETEITIALIZE - Hemory 3s initialized, binary output
i1lipflops are set to +1, ani dis-
crete inpot counters are set to zero,

Shortened Yersicn of Simulziion Lancuace, The following

listing contains ine sizuiztion lansuage words waica can be

shortened, the intervreting letters, -zrnd-aa-cxeaple 6F
a2 shortzned version:

Sirmlation I=ncuage - -
MoXds wizich cam o= Iinteroreving Exempie of a
e

Shortenes istisrs Shonrtened ¥ersion
31X AN H HRLT
LCCATION L ice

FILL PI FILL
VERIFY v VE2
CONPUTS co CO3
ENTER EN BN
CLE4E CL CL
DEIZTE D3 DEL
CTAT. 0 ocT
BINARY B BIN
EHAR E# JHZEE
SIEGIE S SING
RUN R RUH
RESISTER{ag) B={Arg) B=5(4rg) )

o
¥
5
s
3
<
%
e
¥,
i
K
A
3

EEZRORY(31:31aY) =) KEH(B)
SHCRY(CCEALY ={0) KEH(0)
SIGNAL S Sic
EXECUTE(Ars) (&rg) EEC{ar:)
BEINITIALIZATION BEY BEINIT




