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The Universal Compiling System

H. C. Gyllstrom, R.C. Knippel
L.C. Ragland, K. E. Spackman
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Abstract The Universal Compiling System (UCS) is a unified compiling system for a set of languages

1.

and architectures. The integrated implementation discipline of UCS results in reduced development
and maintenance costs and increased reliability and efficiency. The key to the UCS design is the
strict separation of the source language dependent processes from the architecture dependent processes.
This is made possible through the use of an intermediate text and dictionary (symbol table) which
is both language independent and architecture independent.
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EFSNBE. Chick-T, 7avi - 2V FRERZ 2LEBBETBETRETS. &
BOEBE#EL e/ 54b, TRBHETETHS. 120XBLEY —ABINLEY 2
—VICERET 3. L L, v« Y FE, 32— FO»ED OMAERBOBRICHT
T% B0, TAThONEBEICESA ©d 5. UCS T, »IBOBHEM LRI YL/
WiC, 1DODOEKED Y A7 AEREFEFEAL T 3. COY AT LTLBREFER PLUS
LIEEN, YAFA VT Y THEEDIHI Sperry Univac #4352 » EAKESE
ETH5D.

4., UCS o ®I &

FIEZMD 5 R UCS OFERBETH S, 102, HiLLEESLHLVEROE
s U, EBVEIBERER, BOATHE, 3o EBTRM IS —RICKERT
X 5,8ThH 3.

UCS EHOFBREMR, S EF W LTl a vooa S 2B T 2EMOMLD
I EN., —F UCS #8ELTLES &, Ly s « m YV FERTRY AT LE
S, EEOBEAEHFLOBBKEBE TIPTS5,

Fieie, UCS oS flid, UCS T2 32 DT 53 E8EAKERE UHEN TEH
Moo o4 5AENET ZOWKET A GRAEMR) L0 R0 Ey. UCS 2R LT
RTOBBTHEFLBONRERSBVENR, 7o v - 2V FOREE 1 DORBEE
W Fe 75 a0 Thb. T, SO0 TR, UCS 09~ T ORKEFLIET
2R 120Ny 7 « 2V FELDDEFESA 75 Y Bhhid L.

UCS OEZEHEAKH LVEHRSEAMA LD, REOEHICHBELZENT S C &
BEWKTE5., — I, 120FLOEELHERTIDICIEURNTT S, FlaviA
S OEERIICET 3HRBEDS bRV OEABRELIES. BED UCS KHLWERE
Mz 2c &3, HULLBMED aveg 52T 2BAOESD 1 DFWIFRTRITT
X%, bebd UCS DEFRRBELLORRIEBFKEE TSI KHEHF LcDT, BFED
SEICH LEMEABING 213, BT A2BEST TRMOEFETEERIN TV 354
BENC EEFFTHE, —~RIENBEATHETHSD.

2T, HRABENORNAREDXSIBETHEAID. BELLIa VA5 THEED, ¥
25 ABEABEL T, BELOIBEZUOFE,SEINZHDILTELTNDOL LD
SEEMBELLD. F UCS YAFLABEMETH I LK -T, ZOHFIKETREIE
B, kN T v 50 VA IR KIL RN BT F ABTECHODS bl
FAEZICE > TRIAEBBVEICRLI 200K, LaL, FREITEREL. #lic
MBOBEERT L, F2REAZRVAVARET UCS »oBEHICRRNE N 3.

btk LB - O FEHRE I TVS UCS aveq 513, BEDR DM
LiEEDEEIC O DN oNAEAOEEa v/ 1 780, a3 VA VHEESBN KD
KBbhz., Lil, UNIVAC v 1) —x 1100 @ a2 v 94 SHECRER MG, FBEREK
BFIE L, avred VERRZE—ORABEIAE L THEERDOL N a Ve, 5ERRT
% B2 EBbpotc. —F, UCS DT Rt DERDs, UCS TRk EN TR
ST EBICHMREOAN, T I3BORLEREREAL T LICE DI V5. Ly



GhEy ERMEROLESH UCS 9

U, COHMEOMBEIIRTEBRELY, HEATHEORRELTFFAMEROL S, B
MUt =« —XCDHET B ERE>TROBUUPTLLTHLEBTES. 7=2—X%
BETBEENICERMBERDBBROAIZIMNWNILBEILVIEF IR > T 5.
UNIVAC ¢ ) —x 1100 it 8T, UCS ALREE L 3 2 F R TSR h D 2 v
55X 0 HLROEBRTTATHS. T ORBERERORBD I, UCS % Sperry
Univac - OERO/NI OB RIE BRIV B ENTE . a v 4 VEBICRT
% UCS OEMEIC L 5282 F/MLT 570, 2 —FORRWEEBEZFALTNS
UCS /sy s « 2V FRVEDITNTOEHERREEIETHLENTES. L L,
205 b TEAOL P BBEREE T 0 75 AEOTELNEVESICRIET 50—

FAEFLEVES KL, BERLELEFRETTE LIV 1 5EBRT 5. 12
S &z, PLIL ik aHEHk O IRRESZLET 53— FEVHOYP LI = /2L
5 EthAh i - TEIEN, LT FORTRAN oo v it BB I N E. L
MNoT, FORTRAN @ o Vo4 VEERCOEERELZ AV THRLNLICEFT RN E
A3

UCS O etk icsdd 3 EREAER S hic o — FOMEREEL T 555 I Bbh b 23,
EBICIRE -7 B THRIZILN S, BERSE, UCS BEBEEDOTNTEIEL
BONBOHVEVSERILL-T, BT 7 5L23y 7 « TV FIRBEHRORD?
EBHON, LVELD “BEE” & Bk —R” ORBELFEZEDONTVENLTSH
3. 2T, ChoDEEREZROEETELNLARDO T/ 5 2 ERTEHDTH
5. #hwx, & i, PLI OBRBTERI N, BElPa — FAERMEIC T 5F &
LTEASINIERE% COBOL &0 /S alkfRATECENTE, I Xina
— FERZTS>CEHNTE 5. ARk, D5FNEAFTS FORTRAN®PLII 7 m 7 5
4132 COBOL D7 it S L i BB OBN e HFEL SR EER L ENTE S0 6
Thb.

UCS oBtoERR, AUSEEHE/H D ALEEEAMN T~ T D Sperry Univac
HOVAFLATERINDCEABE®RT 200, HABKE - TREEOALEZERLL
K5, VATFLHMOEECH B - T, BAEOEKEEEDO T 1/ 7 ARECHE
WEREE 10, T v AT ABOBTAEFICHEMLT 2 LK b, COEFEORAM
73, Sperry Univac # OB M THBERINE v b T -2 WIC, EA GBS
I 28LT-T 5.

UCS TORWBEETELNITRTOT o/ 5 LI UTETRESEH—-TH 500,
FERZR UCS Ot OERL LFSEERT 5 LB8TES. TOTERKE-T, 12
DIEAEHL TS 6E0DI LTHHBOEELZHFEMNTESL, LZOERETTHS
CEIiE S, EEHOBERYMRNTHI00, FREBRETHEEDETEENS 62L&
BB UEROEEEABRTE 5.

Bikie, BRAEZR 0S5 LZHRT I00RENEEIN LV S AT UCS OF|
HAEFEATES. BUAGRATERAF N2V I/PL 5 — - F2 v 7 DHDY — VTS
BNHEDTHB. av A SOERLULERIE, @FB Y YR vy FRNyF Vs ¥R
F AL > TEARCERAINLOHELT, EROBETEINLT 0 70807
ZPHETSE&CHHEMINETHSS. FORTRAN ® PL/I k> EHEICHT 52
VA SOV OPRIBECHIBDOF N F VY IHOY —NMEFE S T, UCSTR
HRBAAVS DDOEBRERTE 05, %5 LLELR YR T & OFEER UCS ©
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WHRICIE 5. 20T, BRAZRRANKT Ny + Y S BEEB 370 TR, ThdOmk
EOERFEREOEEICOEBETHSE > BESHICL>T, UCS O F 5452 d
LT LiTis 5. i

5 & bH b I
UCS itk 2EREMOHEREDHK, FHEHEOBEYE, 7 5v+ v /BB X UR
RO, YAFs0EltHick>T, HiEa v,  VRRERE LR « BEZEOW
HeFEEEA 2L v SOMBICABEL DBEEL—SZH LT LKL 5.
Zhic, UCS o L oHE#HEMICE - T, BEED Sperry Univac #EOFIHH 3 2@ Z4b

2Lt ETI, ChoDRAERTHICERT I EBTE 5.
(1100 v 7 b o = THIZFEE MR FE &)

#H@mEmas H.C #uR bo—4A (Hans C. Gyllstrom)
196%4E4E Towa KFEWBNWTIAVE2—F - VAT
Ph. D. ##. Sperry Univac fhic Ak, Bl 7, COBOL,
FORTRAN, PL/I, UCS %2 £® ) —X 1100 D2 ¥7$4 5D
PR AN T AEES vy VHRBBO I V—F « =2 — T 4.
Minnesota FFEFE(EHIAN.

WM EE AMBEMGA4EL A1 RiciTbitl, 2=y 7 S4e
ek (B, KEET4ET) 1100 #4770 H. C. Gyllstrom
O [2=s3y BT BEFES vy VEHFE—RE -8
JE « 3| SYSTEMS, No. 145, 5-6 &, 1979) OPAE%E b
BINL TN A.,




¢ 5 UNIVAC TECHNOLOGY REVIEW 0%
DRXTF LA ERE PLUS
The PLUS Programming Language

F. W. Stodola

= B PLUS (Programming Language for UNIVAC Systems) {3, Sperry Univac £ T&EI X
RHNDOY RF 4 0y 5 sARBORKES RS 5 LEFET, CNETKHLS 25D R
27 BRI EDLN T X . KB cld, PLUS O a voof VG O #igte, 154 Vs,
ASSIGNED B#ic2nCil~3. Fhk, 7— 510)%3%@3’]&%%%2:1%&2 AR Uic RIR O EH

DN 2 7o T Ie DA L2 HFER DT ik

Abstract PLUS, Programming Language for Univac Systems, is a high level language designed by
Sperry Univac for use by Sperry Univac systems programmers. It has been used in the development
of compilers, interpreters, data management systems, security facilities, and operating systems.

It is not the intent of this paper to give an overview of the PLUS language. Such a discussion
would become much too lengthy. Rather, emphasis will be placed upon PLUS’s approach to data entities,
its INLINE {facility, and a selection of its compile-time facilities.

1. 13 C & I
4R, IRV TS5y SOWABERINTV . Fuss<id, F—-2OREE
HE0d, 7—40H&PEHNEOSBRLoYBREEL LFRIVEVDNS. T4
OHFHREEOHFIZ, ROESKTEDTH 3.
1) —10 225 +100 F TO#M (WA &) OBMEEZRAL 2BEH 7 —4
2) EIIBOSMHEERTRAET -2
HMEHBEET IO S LEFRTBCER, YAT L 7rs 53 v 7OSHIENT
b, BBOKHERTHS. 27, BHEENEEZATHS. BEENDS, 20, L3R -
XD Lb0TREL, ELNDBLrIEBEORMETHS. T ) XLACBEESD 5
B&wid, 7o/ ,0BMERZOMREKEAT . BERBHEECHEZ ST S A
EEBICE LT Th A, PLUS B MM & Stk & HEMICRIET 2 DI TR
WS, SEBRES ELABETECLILE T, TOEBEOAREHEHEINT 5. fﬂf?
IVIRHENICTAAONBETH S, L L2 BSATREGASFLL L.
EORIGHAHR TR, P — 2R3 LT 8ELLBBAMB Ny v + (BHID 25E iwi%
D7y ANEEES, D74 =V FRIGSES, Sy 7 7 OFH, ¥F5LLELO0FMT—
DEHELZERATEL) LV BEOYEITHEEIK, L0 IEKELTHS.

2. F—-H0OFRHE
PLUS i3, HRMNEHE L L IC, COXIRIEHELT —2DEFT %2 S HEIC LA
ghidr oy, PLUS Tid sk (abstract), 264 (specific), ##k (machine) &5 =By
DF —2EEFECE>TehEREL LTV S.

Reprinted from ACM SIGPLAN NOTICES, (January 1980), Vol 15, No. 1, pp. 146-155.
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21 W BEEE
F—2 OMBNEEARTEES LT, £ 1,2 3 3% 5. PLUS THIRHNET —4
BETBICE, INOORICRREBRIZTEANS. F—2ORFFHRIC DOV TRA
bIREENT, F—# BT ZEEIIERFRICEE LIV, #IRNIET — 2 EEOH %

PIFIiCRY.
DECLARE DAY_OF _MONTH : INTEGER RANGE(1 TO 31),
YEAR : INTEGER (4),
DAY_OF _WEEK : STATUS(S'SUNDAY', S'MONDAY',

S'TUESDAY', S'WEDNESDAY'
S'THURSDAY', S'FRIDAY',
StSATURDAY"),
ARRAY_OF _REAL(100): REAL,
TITLE : CHARACTER (10),
NAME : [LAST__NAME : CHARACTER(12),
FIRST_NAME : CHARACTER(6)1,
EMPLOYEE_ENTRY :BASED
[EMPLOYEE_NUMBER : INTEGER(5),
NAME : [FIRST_.INITIAL : CHARACTER(1),
MIDDLE__INITIAL : 1 CHARACTER,
LAST_NAME 112 CHARACTERII;

x 1 ERYEF—5OR
Table 1 Basic data types

INTEGER: % #

REAL : E

LOGICAL : By b estg=v

POINTER:: BASED EFOMMAZ#MIIT 2HERER>
CHARACTER : x5

STATUS : R#ELFTTRY, BA LY
CONDITION : mmERMH, &4

# 2 ERMAHEOER

Table 2 Storage classification

STATIC: F—2ICE DO SN EERERSECHERIN TV S
z & -

BASED : HRMBRA VR iICk->THHENBT &

AUTOMATIC : Fht & EZTICE Y AR SRR EN S

EXPORTED : Fass ABNOATEEDLNZT -2 ThHBT &

IMPORTED : ABTEZINTVBTF —42%27 0 s 5 LABNOHTHE
STk

UNALTERABLE : fEZEATRELRNT L

£ 3 {fFmisEE
Table 3 Qualifying attributes

SIGNED: f&—-o%
UNSIGNED : 573U
RANGE : O EZ RS

22 L
F—AQEMBTHEARTICRELOBEAIEET 5.
LT — A R, WMRNKEDLN AT —2DEFIKANT L. 2084, €D
BOF—2iIca T 2EERF —2OERBRFERIEET 2L 0HDOTIREL, Bicaghic
BEOMEARTBEEZGATOE LN IICTERL,
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FHEMLF—2TEBICE - T, F—2OTBHEBOBMNI FtgEcE 5. SFHLET
Ey PRERL—F 4 VS VA FAEKRTH O UDERBEDL LN TV EF -2 &R
COFETAVE 7= — A B ENTES, BEEF—2EREMHI LT —213, A
BT AR T -2 LA UHETHERTE 5. €ORAZTIRT

DECLARE YEAR : INTEGER 18 BITS;

DECLARE CHEBYSHEV_VALUE :REAL WORD;

DECLARE NAME_OF_FILE :FIELDATA CHARACTER(12);

DECLARE PACKED_ENTRY :MAPPED
[GENDER : STATUS(S'MALE',S'FEMALE") éBITS,
PROPERTIES : CONDITION BITS(12),
INDEX: 18 INTEGER BITSI;

= 4 REEHOBAK
Table 4 Storage size

BIT: JEEEy PRTRY
BYTE : SHEESNA PRTRY
WORD JHREBRTRT

SHORT WORD : J#% 12 fEHMITHRY

LONG WORD : ~#k% 2fEHATHRY

MAPPED : BEEOTIAROEIM TN, 2 ¥91 IBRET 2HIET
128, TusIeEE LZEBYITON S EERY

5 BHERE

Table 5 Machine representation

PACKED DECIMAL : sy 7 10 #H

ASCITI: ASCII =— ¥i&EH
EBCDIC: EBCDIC 2— Fi&%k
FIELDATA: FIELDATA =— Fi&%
ASSIGNED: F— & ORISR E L VR 2 -PREEICE
o2
23 Bwm s R

BHICRE U7 — 2 OEAEMNER & &icid, MACHINE B#A5F—2EEMhT
Bznnond oy, LEZTENBERTNFR S 22445 &b, BEROF—20
ARG ERET BED, RS — R XFHFT -2 RERHFT—2 2RAT HED
oA, BRI TENLLTBL cHitcDEENHN SN 5. PLUS Tk, coE#4
BEEFT AT — 2R EEE L ORFRICHRELEENED, BRULBEKEEH A v & —
Ul TEN 5. MACHINE BHABEZ CEE L7 — 2 HlARITRT.

DECLARE ITEM : SIGNED INTEGER 36 BITS MACHINE;

DECLARE POINTER_TO_NEXT_NODE

: MACHINE POINTER WORD;
DECLARE NAME : 8 EBCDIC MACHINE CHARACTERS;

ZDETIE, MACHINE Blicd v, 3>OFEH(ITEM, POINTER_TO_NEXT_
NODE, NAME) BIcikE LicF — 2 REF L THET 5 LERL, O L%
BB LLTHS. ‘
2.4 WEMNLEF -5 OBEE
F—REMENICES LI, DRICHRNEBHERVWCESHBELEL L. k&
Z 1, BERROF -2 2BROMHCERELEIDThnid, £DOKREXIF RANGE
Bk, »30REERRT 20K ERIGEROHITRARTBEREICE » TIRET <&
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ThHb. DT E%E, ROBBEBEBHATRES.

EHED 15500 coBMBOHEA LT 5. Fus 5 ks UNIVAC vy — = 1100
ETavrt vEdN20THENIE, BYTE BHC X » TEMUEEBRTENEZ S 1 5.
¥ ) —x1100 LT 1FEM36E » v B30T, £0 PLUS av,ef 531,94 b EC
Oédﬁvhlﬁmoé4ﬂ4b%%boué.9Eyb&m5@m%B6AC@?—
20D D BEEERRTEOKFSTHE. 2O7Fus5u6% UNIVAC YY) —x90 Lic
BLAELED., VY —X90D1IERRZE Y +THY, 154 FI8E Y bTH B, V)
—X90PLUS o vo¥f SRIUKRZDOEI BV D>FE. €57 5L, 255K DRSO EL
FZETET, 7ol 5 ARELIEFHLELRLSE. Lahls, RANGE BHEZRWT, 7«
EZW RANGE(1 TO 500) ok icsE LT, REBROEMN I Z 2 vood Stk
THBHE, E55D0Y ) —XTHHAREEHEENEON S, 3520 BHERE-HE
K772 ATE BMApTBHEMCED D2HBCEba v 5075,

b-&% BYTE, SHORT WORD, WORD D& 5> uHMITEER AR, ToEET
N, FHESOBBTOELDa Y A DETHEENS. Ll RANGE BE:AH
Whid, BE LT —208E 2MOEFSPELTE 3723 T, 20F -2 kLT
BEBOE &b 77 e ALPTOE/NEMORRESNE D Do 5.

3. AvS41 UK

PLUS 7 u /'3 sid, F—2DBHEFETIHEROFIBELIAZELLTFAINS,

EETENRLTUSFLEAVET 2 —REBEBLENRTED. 50D, VAT LS
U753 ADHETHE, ARV=F 4 VS VRFLEA VET 2 —RELDBHERED,
INETEYT S5 a—FIRHE-> T35, PLUS iKi3, BEECOEETEF ORI
WTR—EOBBED 2 — FAER T ABEND 5. AL —F 4 v/ - YXF 450D ER
BEDERIZCOBKBITH 5.

COBEEEA V54 VEEETEEN, IV SEA VAT ABABRIATHE. 4
VEAY e avRA SIRMMLTEY, e s Lh04 V54 VEREFERAEEL D —
FRBRT 2. 2Da—FTAVY54AvD534T753)%2D2L >TELE, PLUS a3
LB LRBEERUTBIRTES. AVS5AY - A V27 2ITEBIIEIPLUS 3 voeq 5
D—ETHY,PLUS Fa /5 afTA V54 VEBER LTV B LU EINS. LT,
BT L SV OMSEE AT — 2 EAVLCOPERT B, 1 V54 VBRI LTS ¥
2 AHER Uiza— Fid, PLUS o voef shia vl L LB a — FOHRICE
TEFHEDAZN 5.

COMREFEZE, ER 4D L I WBHREESZHTOL T VYT 5 - Fu s 541
BWOMENIECN S, EFHREOFE L EER, 5ISBOBZORDDF —v~y Fis
RODT, AR —F 4 VF « YAFLONHEELLTERT L XICEEHTH 5.

AV 54 vOERRFICETH SHOMBEZBREECEZ THRLIL. CDHiTE]
SHOMP LM, BLUE4 DL EHOBREREHET 2BELHL-TVE. 4V 5
AV A a2 FY)2BPLUSa Vg SO—EETH B, T oNERFRE 2 /-9
FOEHRT— T NP oEUHE S, RICEBRZ0DE, vY —x 1100 = THEEHTZ4 V5
AV e F oty FONL DLOBEDBHRIHEANTH 5.

RASBIE - B S BCBIRT 2B A BT O EL OMAHEEBAE S L T
5. IhSicd b, lEEMEH, BHER, 5~, Fx, &5, BASED £33,
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BBRONTNTH 205 HET S, T, ZOF—20KE % L BN TOBEKLAE
Bons. 3ok, BI&BOBM, 238 &H0s BASED EHOBAIKKIE, 20—
DBR (2L ARBAVE) BEDLVIRRICa —FINTOEIhYUETEX S, (AL
BEHRZRDOLVIRL2DBESEEL, FHICE-TRA V54 b hFATE 3.)
ZHIOBW 4 V54 VOEHZDSDIE, EXINIEHOBEREELTN S, 4
VA VOERMICRAFEE 1 DD BE, BEINKEEHEFOLOEER T S &tk
5. 0E, A4 vOLHIM INL THBET5E, LA U A0, INL  ZES
NI SBOEPEE LV RE A0 Ke—Fg 5z &ickth, LA A1, INL(G) &
{ ZHOBEHMOABRE L YRE Al ita—FT5. 3bAA, CARKHLTERINS
EBEDa—~FDA_Z v FfliZ, INL(E7Z INLE)ICE x#b 510 (Bih) L1705

AV 54 YDAFMCHAFEE 222007 (INLE, /)¢ & jREE O8I, EX
hic i BHOB X RBEHET 2EHREET. BAF ARSI N IBROBREERT
BRI S b d Y54 Y Padey $TREFHLS SVEERLT, £ IR
HBCENTEE. CDSRVIZDEFEDA V4 VRE»TERENIca — ¥ TGO
bDEAHIENB. )

AEZ A V54 VERRICROEHIE, REZOAMEZEANING. AL F
—7Nicid o, PLUS a4 502 — FAERBBTEY LARBESER S 5.
HEEHK - HEER (T V7 SEBED EQU BREOBE &) 32 vood MER G EE
L, 1 Y54 YOBBBROMYE LTHES C &8T5, ERRESEOLUT~DHRL
FEh, REWNLEAD Y2 ELTHEDNS.

W A Y54 Y OF, D, B, BE ETROZREOBH » v £ — V¥ 3.
BOBIUBEIPLUS aved 503 V4 VED X v & —SOEKICKIREINS.
FHPE-FER A V54 VEBETR, 28255530 FBEL O a2 — FARM
Tx Ak, ON & OFF DEREBELZBA TS, ON EREBEIEE LARDEISET
5L, ON D7 u v/ BBRSN B, ATH5E, ST S OFF #EREOKE TLHE
DHIESHEINS. ON DFa v 7 iE, ANFRTEZEMNTE 5.

ESCAPE fgmr&&-- INEEHESL ON 7o o 7 OB AR TR B ENTE 3,
¥, TORREBIABD ON 7oy s £42ERELTEGE, 2070y s E2nice s
NBTNTDTay 7 ONBAKRT IR BT LEMNTX 5.

P INLINE .
I EQU 1 -INITIALIZE LOOP COUNTER
LOOP ON P GE I -CONDITIONAL-DO FOR EACH PARAMETER
LA A0, P(I) -LOAD THE I'TH PARAMETER-FILE
-PACKET (INLINE GENERATED CODE)
ER PFS$ -PERFORM PROGRAM FILE SEARCH
- (INLINE GENERATED CODE)
I EQU I+1 - INCREMENT PARAMETER INDEX
GO LOOP - ITERATE

OFF

END .END INLINE
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4. ASSIGNED B

v —x11000 ER &4 CIERERKRD 20 REHEZ DI v POFEHE LV IR L
KANTETCEBELAbh 3. ABICERELYZEENMLTRINETLEDELD
3. COGRSENRT BIDITE, TSI T4 TDOTu T3 LNTERLDVY RAE%
BET 7 2 2 LB INEE 50, PLUS TRCOERE, 705 sNTERED B4
FEOLVRE, bANEBHEELEZBERITZC > THLLTW S, TRETD

O ASSIGNED BT, %9 MACHINE Bi:& L bicigmLioni@iEoiin.

DECLARE VAR_ITEM? : LOGICAL WORD MACHINE ASSIGNED('A0'),

VAR_ITEM2 : LOGICAL WORD MACEINE ASSIGNED(042);
FEOTER, % VAR_ITEM] vy R A0 &%, /&% VAR_ITEM2 &
042 Feph & ABHZE ST TS, cDEHRTEE, H5 ERDASICET 2EHRPLV I R4
AO ZHLTEIhIZES, BIRASEZLIETE 707 5 6 TREHR VAR_ITEM! &
Be2click-T, DEBREBBCENTES. T, M2FMBONEERILDER

Uiz 3 3icit, &% VAR_ITEM2 28R L TFAE L0,

5. aA VA EROEEE

Bl es s s B0 5 AOME, EHE7 w75 a0EE, HEOEBESHDEO
a v VEOHE ML, PLUS Do v LEEDIERAZRANS. CDEE, do&d&
bR 2EEL L, COPY 3, INCLUDE X, RESUME X# 4T DEFINE X
Th5. He-THRELILZEEER®RDa 4 VBEQ D ICRFEL TE CBEE LT,
ENVIRONMENT ##ehsd 5.

5.1 COPY 3z

COPY i3, MDBHRIKH ZER TS5 L% DI VA VORERRICE D 5 &
WA > TV A, W OhDEVa— VB LALEEEba—F&bERDa -
FHAICEDTELS &, ZRESEEITEEY2a— LR CDa—FENZERT I LT &
V. COFER, EENEDT - FENFZITTOOT, BFESREEZENIATH 3.

COPY X THET 5D, HEINZEHR v/ 5 A0FELEEH (UNIVAC v ) —x
1100 Tl z v A v M) ERTNTFERTD 5. H#EINTE, COPY XDb - e
Hi, bt OBRR7 S5 60— THE2HOLSICMEINS. TOEEB 2/
5 LB COPY XTREBEXNEKL. COPY XRBRHKBRTAENHIZEIET
XIS, ANTFILTH L.

COPY XTRIRD2DDAT v a visfgETE 5. ‘NO SOURCE #7va vidEE
LT&kFHB a3 6%a vy v ) 2 ERAIELGZNC E2EKT 5. IMPOR-
TED &7 v s vid, EBARF—20EHLMPMEOREAE 1 DO -G T
I A EATRRICT B (EF, EXPORTED B2 >b0D & IMPORTED B#A#>
SDODTHMBHKRE), DA T varvhddLad, #EINE2—FOTKHBTRTD
EXPORTED /@#:4s IMPORTED BH#icEE S h, IHIMEDOHEN S Pic EXPORTED
BHEER TR ORKRBIEEIN S,

COPY('LIBSOURCE"', NO SOURCE);
»The source code contained in L IBSQOURCE will be copied
”into the program but will not be included into the
”source listing.
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COPY('FILEA', IMPORTED, NO SOURCE);

”Assuming FILEA contains the following declaration

"DECLARE COUNT : INTEGER(4) EXPORTED : =5;

”it would be processed as if it were

"DECLARE COUNT : INTEGER(4) IMPORTED;
»Thus variable COUNT is initialized only in the code
”unit exporting its declaration.

5.2 INCLUDE 3r& RESUME 3z
INCLUDE X & RESUME XREHB 70/ 5 L BEHEDETI VL VT BT EET]
BEICd BRI TH 5. INCLUDE XTisgEsnicflX»ERL 51T, INCLUDE X
EZnicHind 5 RESUME XOMOEKRT v 7' 5 8284 v3nb., RIESIHE,
%595 RESUME XD#h o a vooA4 Mbily 5h 5. INCLUDE 3X& RESUMEX
BANFIRLUTH L. #2720, av, 4 vIhZWEacadEh 3 INCLUDE X &
RESUME XosHiZMRa voe4 L3 NITL,

INCLUDE(COMPILE_FOR_9000);
COPY('SYSTEM') ;
DECLARE ...

RESUME;

5.3 DEFINE 3¢ X ES

BREBOHE—~OHWIE, EELa—~FOEAKBNTT OS5 5252247 BT
ETHDB. FulsrEERTIEDIANZRITOEKEBE Y ICERL I TN,
Z07u s LEJNORBIA D LI RKBBIKEET L2 ENTE 5. BRI H 55
HFBEREL—BHOBHDFEnEET IO, EHETIFRZELIHDTHS. C
CTERBIIEHE, SME ERE REESZVENFIEENLBLINBRTH-TH
LV, FBHEOCTNIHBRILBSELHHALDOSOTRINER S, BT ELER
FARENT EEEDOF L ORORMERFRIE, I voes VBT AN S, a v, v
ZDESEHMNTHHBE, ZOHHCAMBRZEO>ERD W ZBHDTINS 50
DEHICHBINS. COXOHELZROBLLHLNTHAS.

COPY('PARMS'); ”Copy compilation parameters, including formal
?definition for SERIES__1100
DEFINE SERIES_9000=NOT SERIES__.1100;
INCLUDE(SERIES__1100);
DEFINE ATTRIBUTE CHAR_TYPE_SIZE=12 FIELDATA CHARACTERS;
DEFINE TABLE_SIZE=32;

RESUME;

INCLUDE(SERIES_9000) ;
DEFINE ATTRIBUTE CHAR_TYPE_SIZE=8 EBCDIC CHARACTERS;
DEFINE TABLE_SIZE=16;

RESUME;
DECLARE SYSTEM_FILENAMES(TABLE_SIZE) : CHAR_TYPE_SIZE;

FOR I:=1 TO TABLE_SIZE DO
BEGIN

END;
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6.

EESTFHINEHOR, ERPBUOIMNENBEFTNTELDDEEETELD
b, TORYPEHDOINARITHRERET > THEWVT, 2OERTFOEEETLLSIC
Tx B, XLIA2HMOPITRLEEIIC, 1DDYRF AhBRDY X7 ACEHRT X
37005 6%, 1 DOFBF e 5 a0 cELCLbTEENS. PLUS EETEL
FeBETELS oy $OBE LTI, UTS400 % — 32 b+ ¥ X5 ADThd UTS 400
COBOL =z v,¢4 50355, 2T DEFINE X, INCLUDE & RESUME 32
B Mo PLUS EEDEE A%, UNIVAC v —x 1100, 90/700, 90/300
DEITHBEFEEL 2 v SOFEB 70 /5 82 —MIZ0TTERTND

5.4 ENVIRONMENT #%sk

UNIVAC vy —x 1100 @ PLUS 2 v.¢4 5 ¢k, ENVIRONMENT &% A 3
&, ~ERBEUAEEARELTEVT, OO o v o4 VRERIKZENERHAAT
CBLENTES. ChEEAR, eV —VHTEBOEENHSLE, ThEEHL
HE2BANHHNTE S, $REFTINERTVEELLESOEDAEY 2 — b
WOBNT, RKE—EDa v 4 LV TTETCEETES, EVa— VB2V L LT 5
EHITR, B>~ THUELTCHBEFE L ERAAHIZTHRELL, a2 v URHO
HiRicis 5.

MODULE;

CONTROL (ENVIRONMENT('ENVIR1')); ”Declarations processed to this
”point will be saved in ENVIR1.

CONTROL(ENVIRONMENT('FILEA.ENVIR2")); "All declarations processed
”to this point will be

”saved in FILEA. ENVIR2.
TERM;

MODULE(ENVIRONMENT('FILEA.ENVIR2"')); "Preprocessed declarations
“from FILEA.ENVIR2 will be
”read in.

DECLARE

TERM;

¥ H b [

PLUS i, -2 DRHLER S BBICKRE LLRELZRAMSE 520, 38
FRBREOF—2EEE2FALTVS. 7ol 5 sxfRALEBY EEZD THAILT
BLERTETHE S Lrl, AMTERINTVWEF—2ORREZEATIHEA (&
2 ER ®&{0, ey ) K, EHREFT—2OBABET 5RAENSKELIL TS 5.
PLUS T, ¢S BLEIEZT, FHEERRLBRNTRRDTE 2L IRFIN
TW5, BHBERRIBBOMEAZRELTRVWSEY, COF -2t d 2HERNTL
bZOBBOMEE S b TREY., BROMEIEZELTF -2 2T 25481
2, MACHINE B#ick » THRERXZBLLRINER L. EECX-THELR
DR, SBERRICE > TRISHHLILED. Lkd->Tre s 33 BREFEREE
ZELT, BEELF—FEZEELBIREIRLLD. 0T &b, 207 —20OH
FKENR 0 /5 A ETHBICRISN S L0 I ZRSD 5.
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Plkiema<, 4154 viiEEd ASSIGNED Ritko X 5 in i ic i DRI T
DWW T hi~R7c. bz PLUS [ H U HIE, EhkEEED S EEN TR D
—FEERLLD, BEDOVYRZEBRALLOFER LD T 520 ThH5. PLUSDa
YA VIFOBBEIC DN TR T RTERR DI TRV, @ALESOFETTHF4
TOBECEFTSIHHBLTORETLS.

i3s3, PLUS i3, BEDLEZAHHOY — IR S, BEICIHREL T,

(1100 v 7 b v THIFEHE TLH EZ #R)

HMEEBN F.W. X F F—3F (Frank W. Stodola)

19694F Minnesota JEFREERAYE, 19TI4ERASY V2 —
2 PREOELSEMGH, Sperry Univac fhic Atk Ll 8
SEMIZ AL Roseville BiFé 4 v 2 —ICBINT 5 v/ — Y » ¥ 2
T 4L Se—70—FE LT, MACRO, ASCII FORTRAN,
APL, PLUS D EHEY vt » HHORE & £ OHEBICHEE.
BE RISv—70 Y —x 1100 PLUS, UTS4 XX PLUS
gmRA a5, XU MCO V77-800 FORTRAN @
RS oY 20T 2 b ewi—Ty,
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Y7 by 7HRERESE RDL

RDL : A Language for Software Development“

H. C. Heacox

E W OEE, avEa—F - aXbOREERZE, N—FUxT c AR MCHNRY T FY 2T
AR FBHALODHZ. COMME L —VOERICEENTEY, R BIBOHEMRTES,
REFHEOWE, BOPTIPREEOME, B B - Ay V2 —VOTFRAREE NS XD
i, ETEITRELLOZERL T 3. _

CHET, Y719 =TD347 « 44 7 v&KICh fc » THEATS 2EEHTERE, Fik
&, V—ABEDolcle®, KD ONIBECTFIGA Shith -/,

C DEAZER Lo Sperry Univac 4112, H—Mh >BHFEHNTHEINY 7 by = THFREY
—VERR R L. chbDy—LDH b0 1 OBEROEETH 5.

v 7+ oz THEREE (RDL: Requirements and Development Language) & i3, ZERMABEN S

TRFCELZY 7+ v 2 THROTNTOESBBTES LI LT & EETH 5. RDL
TREET — 2 R—RAOBEDID, AF— AV FERBHICANS. ZOF—F~x—RICE
BRI u Y= PCETETNTOF—2ME8EN 5. LEK->T, F—E_R—AR5NL DR

BOBRMREEMMERTE 5. 2hid, Bk /HEOLBOSIT, MEEROBE, EDOER,
BFREOEREY, 2MREARTOa 2= —vYa via—F 1 i —va VORIEFETDH
%. RDL 3, Michigan A% ® ISDOS u ¥z 2 r OFREA S &g, Sperry Univac DV 7
Py ox TEHREMAMSER L DT, HNOY —AE LTERIhTO S

ARk, RDOL TH#HASEBR AR L, RitHRosTcoFMLpLRT. 6K,
AF =4 N—ZADEHEP RDL Fo v OREBIERBEBORIZHZHCTHRIT 5.

Abstract Industry trends reflect a continuing and significant shift in resource expenditures (funding,
personnel, facilities, etc.) from hardware to software. In line with this trend, customers are becoming
increasingly sophisticated in their demands not only for increased functionality, but also for improved

maintainability, enhanced ease of use, greater stability, and predictability of schedules, cost, and
performance.

Historically, the lack of comprehensive standards, procedures, and tools, applicable to the entire
software life cycle, has been a major stumbling block in providing the desired features. Sperry
Univac recognizes this need and is meeting it by creating a unified, comprehensive set of automated
software development tools. One of these tools is the subject of this paper.

The Requirements and Development Language (RDL) is a non-procedural language which permits
the user to describe all aspects of software development, from requirements specification through
maintenance. RDL statements are used, incrementally, to build an integrated data base containing
all data pertinent to the project. From this data base, standard reports can be generated to analyze
requirements or design specification, to track problem areas, to produce documentation, to furnish
up-to-date status information, and to ensure communication and coordination among all phases of the
development process. RDL is based on work done by the ISDOS project at the University of
Michigan. It was developed, and is being used as an internal tool for Sperry Univac Software
Development.

This paper describes RDL by discussing the constructs available in the language, and by presenting
detailed examples from the area of design specification. In addition, some examples are presented

Reprinted from ACM SIGPLAN NOQTICES, (December 1979), Vol. 14, No. 12, pp. 71-79,
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> v7hry=7THREE RDL 21

which illustrate the flexibility of the integrated data base and the power of the report-generating
facilities of the RDL Processor.

F C & I

V7MY TOHEBERICHT AXBROFIBHE LSS, 5bDRFEDRT, 20
HAERTRD 25, XETEDOEBEINIcY — A AFLNL2388 F4 &
5 %30)6155541337}17‘: V=t o TV B BEEENEN4867] BERE N 2 v 25 438
MNECBEENOTHHIKAI N, YT L2DKS SPEBRI BTN TRDE S 15
HFEOEL 3.

D) vR7adREL, HHICENE, J0EOBEREASLELR S, COBA
VAT LADRETEBERB A DI NV—T MY T B LRI D. IV RFLADEY
a—MEZED, BESN—TBISRELE. NS/ V—~FRTDI L 2 mly —
YarRa—Fur—Ya VPRI BE, BREEBOIZD, KENEEE LGOI
RERD, ILRREFRBOBOY 7 by 272 ohtcb T 5.

2) BREOEBESETETUTOLLILS. L0DOIHEREBEEDI, 72 XAD
Ve NVCR S TXEIN S & S RHRABE TR, EESLEEICERT S C & ok
L gL,

3 XEMRFRICY —LNCLRBINBZDNREDIBDT, Fhatvi—vgvi
EHORETHRBIC W, ‘

A VAT AR BLUEEOBYSERARS, EAKKLTHEEFI M ED FOF X
N TRETEEST 155,

DLOMED» O &, BHREREAROHBSRESC L, V7 by = 7O 7 2BH55E
0%%K%Eénéc&,%@?Nva#%Kﬁmﬂmméc&,X%ﬁﬁ%TVXf
LR UIET 20080 h LIV &, BEBb1 S

cnbmc&mb,/7bv;7ﬁﬁmomr®%Ammﬁ& ZRV, 2EREICRE
MICERTE 3H DY —VORBERC bbb, V7 bv = 7BSEE RDL 220
Oy —LTh 3.

1.1 RDL oH#H

RDL BHFFHEEETHY, Y7 v = THROTNTCOEOERNTE S, 2ho
ICHEEREERE, BAHLSE, SE, REOWE, i, SEELEIURESNEEN 2.
elZ R, TRVl FORBREEGUF VI VORET — 2 N— R AR A ICHEET 2
DI RDL BHNONE. ZDF 4 ~N—2iF, Fu vz FERELLYHS, BE
LTV R3R27NV—FOERFERF LR 2. T1Hbb, COF—2~—2k LTRIAEM
TE, TCHOOMEEMERTE S, ¥, HPNIKXEAERT 3 ENTE 3.

1.2 RDL pEs#

M1ch1gan KD ISDOS 7m ¥ = 7 b+ |3 BIZEIMEZE (PSL : Problem Statement Lan-
guage) (NEMEYN 2 EFE B L7e. L L, RDL KEH SN2 6 DDH4, PSL OF
W& 2L DRV, ISDOSY 7 b v = TAFIATE 25 EEASR T 5, PSL
HHERT B0, ODELOLMNETH -7, T kg, ISDOS v x5 4t BEEE
EBEBICL - TERLTN S, LEh-T, EBLERTIENEESEARAZOE
Ricgb¥oh 3. ‘

Sperry Univac $kD v 7 kv = 7 BRI E, PSL x50 ¢, RDL %#Bg%% L7-. RDL
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BEROY - VIR Oh, REDECABEICEESELTHIEN.
1.3 RDL o#E&

RDL i3, D 3 DDEXELEND 5.

1) “%g” &3, COEBOEANBRERTH 5. AROBIEFLERT 5L 3K
eEIND. 12& 213, DESIGN-FUNCTION i3+ A5 A DEBNER (TR 5K
EENCIRa— F &5 D) 2R THRIMEBTORROETH 5. FRORKEZFI
W TLST, RDL RF— |} & ¥ Tk » T assign-scratch-file & LI5E T 5.

2) “BH” Lid, TNHSMBELTV AHREHIT IR TH 5. BROBIEFHELZE
BT 5L IEEINS ChicE LT, BEORKER, FAENEELEZ TRK
L, ZEOWRICHET .. wE 2, IMPLEMENTATION-LANGUAGE Rk
i3, #ED DESIGN-FUNCTION MBREEET 5L IV 2EF/ZEET 5.
3172h 5 FORTRAN &5 EEEDTHHDH. t1, BEBERDEIOXER
ROBEZFBODLICERT HLETE 5.

3) “BIR” B2 oM EoMBERENBEBEICE > THAT 5. Lichi- TREFER,

one DESIGN-FUNCTION INVOKES another
wX-7T, o DESIGN-FUNCTION 2FUH T C &P,
a DESIGN-FUNCTION DERIVES some data structure
kT, 5 DESIGN-FUNCTION b 37 —s2#Eis8E ST C Lnl%is
ETE5.
W - Bl BROZAEFNOBIY 7 b Y = THEOTNTOEEED £ ) ICERL
nTns. UL, RDL BHEHFLOWEEROT, LIS IEBEROBELH
THHD.

2. RDL ofERZ*
v by TRHBETOMERNT, ROL OFRAEEHBHTS. KL, AOHT
BROFFEZR N B.
1) DESIGN-FUNCTION &% : chi3 L3MiTHMLIcLBDTH 5.
2) DATA ®%: v RF2DF—2RBEEKRT.
3) REQUIREMENTS-FUNCTION %% : chid DESIGN-FUNCTION KWHRIT

procedure
interface
- r"“J"“'l ,_,_J_.___] r“‘j'““»
object I property 1 relation | 1 wtility |
procs ; procs ' procs 1+ ! procs i
______ ] SO B
""‘"‘J"__l - r“"l“‘l
1 object object + object
: update ! retrieval : utilities E
" fetch | | fetch | fetch
1 first I 1 next 1 specified
L object : : object : cbject

1 FHEEFHLA9Tz—2R
Fig. 1 The RDP procedure interface



g VY7 ruLTHRESE RDL 23,

ATV 22, BEREBICB D TR ON IS R T ER 3.
4) ORGANIZATION 0% : BRSSO B EEEA TN 5.
WomTiE, ROL 0% -7 — FRAXETEL, AIASOERT IBRER (JRoa
RIEDERE) JNLFDA 2 Y v 7 RTRT. BEZ (1) BRSTOKRILZE LTHN
T3,

2.1 FKEREH LS

2.2

V7MY = TRRICE D 2EEIED 1 DIC FREEEH S 5. RDL b oL
BRADCLEZATICRT. E RDL F— 2 x—Z~OFFHEFH LET B4 v 27 = —
ADBREHEEZRET 5. COBELZ THRESHEICHS N1 DL S IcER 3.

WEREDHR (FHEDA V27 = —REK) D RDL I &k BRI KDL 5 icit 5.

DEFINE DESIGN-FUNCTION procedure-interface

DESIGN-LEVEL IS SUBSYSTEM!

TITLE!

RDL Procedure Interface!

PURPOSE!

The procedure interface provides access to the RDDB via FORTRAN subroutine
calls, This allows the user to write applications against the data base, either for
report generation or for making data base updates from within his applications, !
RESPONSIBILITY OF RDL-Group!

KEYWORDS ARE proc-int!

PARTS ARE object-procs, property-procs, relation-preos, utility-procs

DEFINE X, & U procedure-interface &4 5 4,d DESTIGN-FUNCTION Dt
ROPERET g N—APREELBONIE, ThEEERIES, T D3I SR A ST
FTLEMORIT. Thubh, COMSIYRE, KO DEFINE X TOTRTOMAET
BT D procedure-interface DESTIGN FUNCTION @A h 3.

DESIGN-FUNCTION oE#:oA iz DESIGN-LEVEL, TITLE, PURPOSE
DEXIC L > TiTbh b, DESIGN-LEVEL iz, B¥DO—FITH D, 2oEI3IxE
PIATRDL O & THFINLMORKS 2D O TR I NIEHE 550, —F, TITLE
BT PURPOSE @&, BHDMEELTIEOEIMBEMNT, 7 — 2~—2dic 5w 3
HEL G EZERTHR I OCEBYOHTH S, ChbOEMICLY, NROIELEREA
ABGHPTORICHIRICE T CENTE . O LR TEDEHBERICIES IR -
T3, :

BODAF— AV it RDL OHRHOBEBROLEAHEL TS, PARTS ARE
BILRICk - TEREAEE A ETE, KO TR, XOMM~, SR OEMILET -7
LERBRTE 5. PARTS MBREFBERICBVT, AUHREED 1: 2 BEE LTl
EINTOS. LiehioT, ChiZMBE#EEO0ET. BRE min LEst 20 L
5T, MEEL DB LLTMTH 5.

RESPONSIBILITY Bdf&id DESIGN-FUNCTION %o BkinAs ORGANI-
ZATION HEOREKMIKHT DI 5. chick - THEICHE L 72 SIMEEHS £% sh
5. [A#kic KEYWORD Bif&iz KEYWORD iﬂ‘%@ﬂﬁiﬁféﬁﬁ@ﬁ%ﬁc‘:%iﬁﬁﬁ, Ve
AEWENICKEATE. F—2R—2ADOHEBLIERT 5 & &, OB DLN 5.

SBEHL B OB

2. VHNCHRIE Lic £ 50, BEKEQRI DML, PARTS BIRICE » CEMT S
%. procedure-interface WHIL, FDEHD 1 Dic object-procs »EiFh % DES IGN-
FUNCTION #H-7TW 3. T, Fic object-retrieval &S TR A E - T



5. COFMLRROMICEIDRIND.

DEFINE DESIGN-FUNCTION object-procs!
DESIGN-LEVEL IS PACKAGE!
TITLE!
- Procedures to Manipulate Objects !
PURPOSE !
This package provides user-callable routines which allow the user to create, delete,
modify, and retrieve data-base objects !
RESPONSIBILITY OF RDL-Group'!
KEYWORDS ARE proc-int, proc-int-objects !
PARTS ARE object-update, object-retrieval, object-utilities!

DEFINE DESIGN-FUNCTION object-retrieval !
DESIGN-LEVEL IS PACKAGE!

TITLE!
Object Retrieval Package !

PURPOSE !
This package provides routines which allow the user to:
1. Retrieve the first object in the data-base.
2. Retrieve the next object in the data-base.
8. Retrieve a specified object by name. !
KEYWORDS proc-int, proc-int-objects!
RESPONSIBILITY OF RDL-Group!
PARTS ARE fetch-first-object, fetch-next-object, fetch-specified-object !

COPIDHTERINTVN S 2200 FRITE b, PACKAGE &5 fED DESIGN-
LEVEL BEAE->TW3. $i, ZNODRBERHE 2, H I KEOREHHRTHBT &
ZRLUTNS.

2.3 a-— Rrk#EDRE

WE DML DK ERIERES LT &, FEWREa—FLTEELDOICKD. £
DEHBRRBROPITRINS.

DEFINE DESIGN-FUNCTION feich-specified-object!

DESIGN-LEVEL IS UNIT!

TITLE!
Fetch Specified Object !

PURPOSE !
Given the name of a user-defined object, fetch-specified-object returns the type

code of the object.!

ALGORITHM!

flow fetch-specified-object

call Call find-name to verify object’s existence and get its type

if Error in find-name?
process Zero type field in packet
process Set error status

else
process Set type field in packet
process Status=0

endif

endflow !

PROVIDES specified-object-retrieval !

RESPONSIBILITY OF RDL-Group!

KEYWORDS ARE proc-int, proc-int-objects!

FORMAL-PARAMETERS ARE object-packet (UPDATE), status (QUTPUT)!
INVOKES find-name PASSING object-packet (INPUT), object-type (OUTPUT)'
UPDATES objeci-packet USING object-type, object-status!
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ZDHIT, DESIGN-FUNCTION fetch-specified-object 3 UNIT @ DESIGN-
LEVEL THY, a—F 4 VKB LTHWEZ LA RLTNS., COKECRFLWEE
BEMNLDhEATNS. 1 oa:i ALGORITHM B#:—<, =DfEiZ DESIGN-FUNC-
TION OBEEEZRLERTANETHS. LOATR T vy 7 BEOEN 2 — FEZHHNTH
5. ZDXHICLT, ABRDIHTEFDI—~FDA R~V a VEF—2~N—XPICT
BT B L TXD. : ,

Ric, ZOFICBENBH L “BIR” 2% 2 5. FORMAL-PARAMETERS B# 3
DESIGN-FUNCTION oMl LRAALHET vt Hons. Ch3ZEELSRE
THb5. LS50, N0 FORTRAN # 7 0—F v E LTHEERN BT EKIE-TW 3
PoTHAB. INVOKES B3R, Y RFLathich b8 FLF 47 v—F VD CALL
OEEEfEET AL LI, FHUOKICEIN 2K5| ¥ ALE T 5. INPUT, OUT-
PUT, UPDATES &\ HERFH LOBEREMA THN 2BHROFHEILRRT 5.

UPDATES B3#&i3, DESIGN-FUNCTION HRick » TitdiL 5 DATA HROM
Bz, REENERTELL51 LTS, UPDATES ofiic, ¢ ®EE (RDL) TFIH
Tx Afkic DERIVES % DELETES &2% 3. coflotheo UPDATES B
i, ENEBEIESLNS DATA & b, BEHOFEMICELN S5 DATA HRb
BEINTHS.

PROVIDES BIRIC L » TEREEEOMDOBRE I B - IEENTE . BL S
<, ThRBERIBOERBEDD 2RETF — 2 ~— A0 SIEE LIEREZID H 96
NBHRETHRIEBDONT-DTHAS. TOERIT spéciﬁed-object-retn’e'val EnH 4
@ REQUIREMENTS-FUNCTION WRAEERT A LickDiFEIN TS, PRO-
VIDES Bi#id, O REQUIREMENTS-FUNCTION &, £ A2%EH$ 5 DESIGN-
FUNCTION &OMO#EU & 2R LTH 5.

F=gR—XD{EMA

RDL 57— % ~—ZDEHICEEL, RO 3 DOEEBFISEHIN TS

1) EMROWE—DERBRFT —2—ZAWIKH 5. LizhioT, WEEOBEIER
INBEEFNDOTH, BHETEIINTORRMBR > D EEC>2060, EhED
EChoTHRARDERKBEERR LBV I LNBTE 5.

2) F—gR—ARBROBFATRICE BICH-T, BRAKHERT L E8TE3. %
REUEBEL-> K EERBBECERTS 5.

3) FoaR—AEZRBCHTT LR T 25O 085N, T OWEE L EEERT 3.

TNEDEADEERPBOTHIRIN 5.

3.1 BRoBEER ,

WD EREH 7272 1 DU DT, RDL Ostg ORICEE SR St & & icid,
FNKHEELTO3EOMED 52 OMBNRL X515, BEEOMKIE, i
DAEEDHRICH 2hICE»TEIE S, ks Zid, 218K UK procedure-interface
stgictd 5 PARTS ARE XEZEZTHED. ZOHEA procedure-in’terface 13, FhL
AT object-procs HHhFEO FAATH B, object-procs oA B E, COBBKRIDH
P bROBEIHBHEINTOEPDLI CELBND.

DEFINE DESIGN-FUNCTION object-procs!
PART OF procedure-interface!.
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3.3

procedure-interface & object-procs HHES LTS PARTS BROEKEIZ-7Z1D
Thsb. LhL, TOBRIBZ2ZOOEMLIRFTIKHISEL TN S,

CDOWSDOBEHER, Vo ABBRBHEY.INZEETNIKEE LT RTORRL S £
OHEBMBRZ S, LNWAEERICHB. LA, bIREEL

some DESIGN-FUNCTION INVOKES another

EfELiELED. £ LT MUHEN A2 DESIGN-FUNCTION E b ostE
DEETH-cE Lid. MOHINARRBRELEFTORITELZDEROER I
CEZRPEZMOIEL TS, LFEOMBRBEET A2 LEFTHINRIERLLERE 5.
ZOBBET — 2 N— RNCELET BDOR S, FORSh A RORIHE S 2himb
CEMTED. Chid 3 3HOBYOPICHERINTINS.
FeH X=X DOBRENLIEE

RDL ¥ —2 ~—Ricik, EEABBT 20BN T -4 R—RIC AN BNE 7
— 2 EEAIEET HARENEY, SIS EEREREND . BREFIHTIRICE 2 &
FLEDIIRIEFTANTH XL, HWPLED, Hl-7b, BELALDT BT EHB0D
THHERETH 5.

T EZZVHOBRET, EHRIN BT T catalog-file 25 DESIGN-FUNCTION
i3 file-directory L\WHHED DATA MRELTHES T2 EMbh> TS ETHiT,
ROMAXMNTFT —FR—RCANLN B,

DEFINE DESIGN-FUNCTION catalog-file!
UPDATES file-directory!

B> T, BH OB flename L3 DATA RBROMICEBC EDbHD,
catalog-file 13 status-return L5 DATA WREEINIC EdbhrotctLES.
ZOEMBROBEIC L > TEMT BT EMNTE 5.

DEFINE DESIGN-FUNCTION catalog-file!
UPDATES file-directory USING file-name
DERIVES status-return

INoDMPNERBLTHEMIK, RO 2ODOMENELN B,
1) catalog-file & file-directory & DRicEHEFET 5 UPDATES BRI EMN% 3 2R
# “USING file-name” 2 BNT 2 LIk »TEHIN 3.
2) catalog-file & status-return ORRiIcHi-ts DERIVES BEFEBMEH 3.
RABic LT, BHEOEBKEAZEELLZY, HILOERKBEEZBELIZDTE 3.
F—F R—=Z2 O LB
CNETRBRTELEIRBREF LA VS LI LT, ERPRIFORBIC—
EORBEEFRTCLENTES. chlSicb RDL K, VY7 rv27 - Fudzy bic
BT 2T RTOBEHNT — 2 N—ACEL N B, LVWHHEBELGHAND S, ZOF—4
N=Z2p o REFOFRB LT MOHEEINE. ELEDF—ZX—ADIHILDL 5
NISAT w7 7 61K E T, O E KUREEBFERSRENL DEHBNICIISN S, ¢
Nold, BMIHAEE»OZEIITC—EM (consistency) BE, FBEULNEDOHERETO
WHOICHMNTE 3. BHENGANTERED DD SO s 5 685K 2 o5hTED, %
NoEd—#ELT RDL o€y 4dH 50 d RDP LN TN S,
ROPWAEZEZ TH LS.
1) catalog-file £1»5 DESIGN-FUNCTION #EBELTVT, £0OEHEOEEN
ST TEBHK5, ED DESIGN-FUNCTION pieh #HUOH T OhmY 7o & T
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. i, EEED RDL Yoty HickDa<w Y FEEINETE 5.

LIST NAMES SELECTION=‘INVOKES catalog-file’
CORER, lHEINILHREFETHTITTO DESIGN-FUNCTIONS O4FiD
FBD2L 6N 5.

2) TDESIGN-LEVEL # PACKAGE T®» 2L 57 DESIGN-FUNCTION i3t
@ DESIGN-FUNCTIONS #MUH L TR SRV LFHAZES—BHEDOWH T
BELELELED. ROa=Y FEAVRIE, —BHEoREZTLELNS.

LIST NAMES SELECTION="DESIGN-LEVEL
=PACKAGE AND INVOKES’
BERELT, PACKAGE vxUDOMR (‘DESIGN-LEVEL-PACKAGE’ THER
nbo)o5 L INVOKES BIZROFICIFH LAIE LT ->TW 560, 3Hb
Lb—BEHOERKERT IHRTNTOLFORSELN S
3) BRKX-THEEOLNLHBER, BEBETH- T, WHBETH-TH, RO
<V IFCE->THEONA.
LIST STRUCTURE NAME =procedure-interface
RELATION=PARTS-ARE
F A R—ABE2BQOEEOHICL > THERINbDETELE, COAaTYFD
BWREDTIRINEEREEDOADI S KIS, ZOERIN1IDOLA YIS A
ERULThBTEERINICD.

STRUCTURE REPORT FOR OBJECT procedure-inter face
RELATION PARTS-ARE JAN 10, 1979

procedure-interface PARTS-ARE
01 object-procs
02 object-update
02 object-retrieval
03 piffob
03 pifnob
03 pifsob
02 object-utilities
01 property-procs
01 relation-procs
01 wutility-procs
4) WL OPONRICET B9 RTOF— 498 RDL XOETRRINTN S, BT
11 AR EHETREEIC O N D, oI RHEER, WRIcx LT
CIEELERINLFT 2041 5T, hOWRELRT 2D ICEBEINIBHE,
SEINIHRAEZELLOBLNE, TO/TRESRRT L. EAEF, Roa<
VREEBELTHLD.
LIST RDL NAME=object-procs
cDa=yY FRATIREINBEITAEDIDET. ek i, “PART OF procedure-
interface” &\D EEIIH object-procs DILRICE L TEBE I WL -72ELTH
2.288R), 2.1 HoMicBid 3 “PARTS ARE object-procs” i DKL L
THERINTHNEDT, PTIRYT LIST RDL k9 2HEFBOROPiciIzhn
BEN TV BT LICERIN.
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DESIGN-LEVEL PACKAGE!

TITLE! )
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PURPOSE!

This package provides user-callable routines which allow the user to create, delete,
modify, and retrieve data-base objects!
RESPONSIBILITY OF RDL-Group!
KEYWORDS ARE proc-int, proc-int-objects !
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Table 1 Sample data structure.
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property-entry *
common-entry *=
next-pointer ® ¥ 2,854 b
keyword b= 31,54 b
Sform-pointer R4 V4 4,84
relation-entry %=
common-entry *=
next-pointer ¥ 2,34+
keyword b A 31,54 b
Sform-pointer RA4 VA 454 b
relation-type B 184 b
nbr-of-parts ® 1,34 ¢
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urrent Trends in Data Base Systems
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FRBAVE T2 —RA: 2y b T —20, NSFAN, JL—YaFlD3DDF—FE57)
VXEMTH 525, DT -2 N —ABEICET IFRLOMARL - T, =FVEHO—H—F
BOTRETHY, £7 -2 €T NVEH—ORMHEBICL - TXETE B LMD o1

ST g ~N—R GEREETHAEBCRENR OGN 52—, BEBASHBEIN LYK
B. K/ —F~DOF—2 DEBHEICIZ 2 DODOXELFE RS — 2 RE L4587 — 2 E) 55
5. HEF -2 RERSVERELRTY, BHOFEENGL EMENST 5. —F, HEF
—RABERT 7 & ABEHICRFNLE OEBHTH S

Fe—BAR—=R AU Pa—F: CARREDI VP2 — 21 LT, 2OHEFOME L EET
FLAREL > TADDOMEEEOUBRERTET, ®FAMET BNy 72V F, HI30RSH
VAFLRBFELIOD /) —FELTHEATETH 5.

Abstract Significant progress is being made in four major areas of data base systems. The reason for

the progress in the lack of substantive barriers to continued technical improvement, and a large market
created by the general purpose nature of the systems. Data base systems were developed initially to
overcome a number of limitations in file systems by providing storage design independent of appli-
cations, explicit data definition, shielding of data formats and storage structures from the users, and
recovery and integrity independent of applications.

1) In the mass storage area, the recording density of moving head disks has historically doubled
every 30 months for the last 10 years, and will continue to improve at a rate approach to the
historical trends. The enabling technology includes thin film heads, pure metal media, and
smaller physical tolerances. The cost per stored bit should continue to decline in inverse proportion
to the recording density.

2) 3 data models dominate the user interface=these are the network, hierarchical, and relational.
Recent work on the common data base architecture has shown that a one-to-one correspondence
exists between features in the network data model and the relational data model, allowing trans-
lation from one data model to another and the support of both data models by a single
storage structure.

3) Distributed data bases offer improvements in response time and availability while reducing
communications cost. The two principal ways of allocating data to nodes are (@ replicated, and
@ partitioned data allocation. Replicated data has better reliability but may sacrifice performance
in update-intensive applications. Partitioned date depends on high locality of access for efficient
operation.

4) Data base computers can provide a factor of four inprovements in performance due to specialized
architecture and associative addressing relative to conventional machines, and are used as back
ends to a host or as a node in a distributed system.

© 1979 IEEE. Reprinted, with permission, from COMPUTER (May 1979), Vol. 12, No. 5, pp. 27-41.
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Abstract This paper presents an analytical study of speed-cost tradeoffs in memory hierarchy design.
It develops an optimization criterion by which average access time, i.e., memory system delay, is
minimized under a cost constraint for a hierarchy with given memory sizes and access probabilities. Using
a power function assumption relating speed and cost of memory units, it is shown that an optimized
hierarchy has the property of balanced cost and delay distributions, in that each memory unit makes
the same percentage contribution to memory system cost as it makes to average system access delay.
Using the same assumption, a lower bound on average access time is developed, showing that access

time is roughly related to a cube-root averaging of access probabilities. These results provide useful
tools for developing memory hierarchy design strategies and for evaluating data placement algorithms.
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Table 1 Performance of two-memory systems
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g2 otowm 22T 5
wnesy L, HE.B 07w n mmoms
T 7 & X

fe#ZL, P1=0.9, P:=0.1, c1=0.1, ¢2=0.9, A=0.5, bo=1, S=1,

BRI RROERICE - T, DEROMBERICHET 277 e X EH OB &L
T, RET7T 7 v ABHZFTx %
BN DEARICHK LT (4-1) 2685 T, Pi=pK(Bi/t:) & bi=boti™® & Bi=bic; %
U2 5 &,
ti=(BKboc;)V/FTD P, -1+
bi=bol/P*V(BK ;)= R/ P BIB+L)
8=0.5 OHMBBICH LT, F—FBAI YD DFEET 7 & RFER pi=Pijc: 25 &,
t;i=K'p;723 bi=K"p;*®, (4-4)
i, EA R ED 2EBET /v RAEIN B XD B2 ODEIEREFRNE L &
%, Tavg RB/NCT B, TI 2 ABEROENFT— 25N 0T — & D 267=1.59
B, By P 2°¥=1 26 EE VBB 2N TH BT L AEBHLTH
3.
BEAED Y2 —2KRETIR £=0.5 DIAOBBREFERT 545, TXTOHEWR 8
DR EOBRICBNT PRONSOIERER S, EEIVNS NI, BIEREEBICET 2
RRBHOHE L BHOMACOEREZRIET L 0HIKIE, pOAERELNESL T 3.

(4-3)

FERE DEREDIRA
BRI REPEAMERET 5 &, HEOTRABEKICH LTOEE T 7 + AR O TR
BHZ ZEFGEGENENN S, COTRI, EHIORBROT 7 & ABREEZ T, v
AT LDT I 2 ARRICE A BREFBOEUD. T, COBETHZREES
T ~&pEBEINICMBET ENTE D,
HRER R E IR £ M LT pi,ci Licd-T P 2> BEEBE NS X 5
1, BB bi=boti P 2IUET DL &, —EBAFKO T TOR/NT 7 € ABEIZKR
THZoNn5.
min (Tavg)=S“l/’sbol/ﬂ[Zcip;’s/"s“)](”’3’/’3 (5_1)
AEAR e B/ND Tavg BEBICERBRO VD& FICERT S, FNB N+ OK



48

BEKOBAITE, U-DOPiti=pKB: BRY LD ETH B 5Z BNtk bi=boti™?
EBimbici BT, Li=bMPBUEHE piRd o, CNEROT @) hb 4 &
HkT 5L, ‘
Pibot/Bc ;M8 =BK B;B;\'#
L%, Bi ZHBELT, $RTOIRDOVTMEL DL,
S=3"Bi=[bol/PcMBP ;1K 1]FIB+D
S = (K )Pl Bpl A+BIS[ Py /B ]8I A+
ThBH T, K 20 THlE, 4-2) WhATEE, Teg=KpS THolclr b
TangK,BSzS—l/ﬁbollﬁ[Z(Pial/ﬁ)ﬁ/(ﬁﬂ)](ﬁ+1),ﬁ (5-2)
E1 5. Pi=cipi & (5-2) KRAT 3L RBRIEON 5.

IR C DT, EEBEEICE D TREROY 4 REEE LS OHRED
S UM AL XICEELE 5. TIb BT OLEE Y 14 XOEAICKH U TR
BAND T (G2 GNRAT) AR FUIT 2 FRESA S, %7, SRTMHHEL
LAREFT —& « T I 2 ARRNHICONTORBLER LD SHEL L. ROM2E X
UH3TensOFEREZRT.

AT 5 & &1, R AEHICH U TRENLBMERAT, EREMELTE 3.
TRBO VA REBAEAE bo, S, Tei=1 DX KEHMLTHEHENPTL, DL &
PidRERBEL LS. & OEOMICH LTE, —BETLIHERY X7 4T Tag=1.0 &73
B, LichioT, RIOEMHHRIC> 0TI L To A —EB O —BBRTIERIC 5
FBILELTT /€ XMMART. 20T, BEE p=0.5 £i£5 &, 27 G- &,

min (Tavg) = (3 p:"%cs)® (5-3)
DEAID. D 13 RBOEHEFH O, Tove KIEFICEEST D £ DEDBLNE
BEEBH5ZEEZRLTNS.

Bl2 Fars b ) EROF—gN—XEELED. Fa L7 b BEDRD20/
—k Y N EED BN, 20T S & XEEEAT 2 XBHOESTH B EFELES.
D&, BIOBOTHRICT L7 b )EBABETBE, ENEPHERNLT 37152
5dp. (5-3) 2fFES &,

1/3 1/3 3
mm(ng=U%g) Q2+(%%) as]:agm.

Licts=>T, RA—BERO—MEEEics U T _BBRRREE D &, RIS~
FOEBRENSBING. Chid, FORBES—-BEORD D K _RELMREE DS
AT 24HEBE L LB LEBRELENC EZ2RT.

—fie THEVEERICE - T, @7 2 & 20X BHEMIICEN 7 7 + AFHTHIT T
X Bh 5, TREETUEER Y AT L33 100 00—k v FEDEOLERERTE 5| L8
RENTNE. LT, -3) BCOE#HERTS. Ldl, cOs—& ¥ &0
SHEREEREE Y X T s L, BEO—BBTER v A7 & (CHRETER Y X7 TR
MU 7B IOERE C AEOBA TERINEEOM E L c—~BERERY X 7 5) &
EHBLUIZEDTH 5.

CORRIT B OHICHEVEEINGTLY. =07 LV IFFICHVELE L TH,
min(Tavg) =0. 885 TH Y, f=0.3 L HIEIENMETDH, min (Tavg)=0.856 TH 2.

Bl 3 —BBEEERYXF IO UTIEBRBRY X7 A2H0TT 7 & AHT
2ERKRET HORIE, EDLINTF—2 + 77 v ARHBLED. CHIZIRFICEKE



GR3O  EEREERRORT 49

WHETH B, A T24H D0 Tavg=0.5 LW HELHBNREL U TRAKEDR,
Bl o e B4 v 2 7 2 —RED, BOBEBNICEBICERT 57 — & 2Hlikn
KBTS — 2MBEEOETELE D - e ERES D, BWEHKRT I0ETLICESLT S
DICHEREELTTHB. 6-3) BES &,

1/3 1/3 3
Tavg:[(&) c1+ (E—Z) Cz:l =0.5
Cc1 c2

L5, cOBEXEH LTIV I MEELT,

c1=0. 20 c1=0. 10 c1=0. 05 c1=0.01

<P1=0. 84 (P1=0. 73 "<P1=0. 66 <P1=0. 56
B3, flilFdA v —F4 v YAF L (0S) Oa— FO—IHHEEDEEARENR
HMERIKEL DN ALSINEREEZBELED. LOEEF ST, BAKOS a—F
BYUFLEREREDOI s~V b2 EDBETEE, COZRBRERDOY Frn—F08F
BOWERELRT LD, 2EOTHEBRDOT v —+ v 5 OS O (10/v—%
VREATEPINECERLE. ERED 10—y VEEULMER LN OS P
O3/, — %y FEEEFERTHOS HIFEAERY. Lich-T, LEOFER,
BEORBEBOMMBEL N VLG, ¢OTFr—~FIRIDKENVEREESRADE
NWZEERLTNS.

6. EFNOEH

VWEITHESLE=FAVREFCEMT LD Tho7. kEIE, TRTOREHE,LLD
EEMEAREL, 0 AVANEBBORRETF —2REELEV I EEZRELL,

DT TREFNCBEDHEREEBLT, #0500 DXl d 3 HEERT.

F-sEE EREEETIOEELERT IR, ¥FSCELNESETEF -4
Bih o & bROEREBEILS B LD, 72 EBGIICREHRI DRESSS. COE
FATRCOBEMMLCY, RN P KRMENDIELFETS. F—sREREDHE
LF—2EBTORET ARME =T VICEEBE. 20T, 5 LT~ TOATE
COEF MR LA L R hERZ SR, bBAA, ERKR-VVIDII,
»ALBFORBERZEADCDL L UORSGRHEL F—4BHBEEELTVD L, =7
MEES U BARRERECEATE S, F—4RBEEC X > CEENRC 51856, £
BERER Y A TF Az kRN EAEINE. INBLR LESHEERER Y X7 50%)
RERRTAERLEREL S,

BREEEL FATERBECHEEIBRAATRT IO, b5 NFEMEED AN
AEOD - & bFEBENERTH . HidoX S, ch3EWEMIIKTEROLS, JLHE
HDT 7 & AEMich e > TREBOF —2 KU T % 28 TH 5. EROFT 27
MBI IS TRELTNE ST, EF VORI —RO v X7 AR5FHOESE LTHE
Z BT, PHEBCREZTD., NFHEROEBR AR T ) r—va itk TED
5. f2E AT, DEBEAOBEAE LT, ~EEHAESEA LEUEEE LTHESBS
CRERDL BBPRELNELDS, COEFATENRLLZEANREOER, .35 0.7
ORI OHWHET, B DEISIVEEBINLL. §=0.5 OEIEHEEEED L —F-
A 7OERLOFMCERTH 5.

BE7ER  BLOVYRFALBWT, ZREEPORE LT —2 3HHTIIC—
REBA~BS BRI LN, 5 Lks, —~BENLOTEBEREDA <7 v F



50

HBORBICT 7+ A LEFRIEE SN, & 28BAKE, ChORAOT 2 &R
EELE, HABACBINSBMOWMEE BT UTETEND. 20T, BIFREBED
DEEETHEOLN ZEE S RICKET 5. AMKEB LS LVT, EELE (F—4228
W70 LRART 7 & R) ZRE Lichs, Pi ORI LI 2 BEHEVELHE, L0
FNVIEHCEET 7« AOBEAIES CENTEE. Tbb, Mi 2#F54<¢5 Y F
DEGERETHEDELT, Pi 2RI 200 TH5. 545V FBZBEM L
DEEEET 72292801, XP R 12825, ABTHEHNFHRICE P Ko
WTORKEDF Pl D, CCTEIEFBRITERT 7 & ADMHEREM & 12mEH
FRICRALT 5.

F—SBE ELOF—FBRBEETH, 1o0REEBREILTNTOF—4%
REBOBVEBRICEE U TELERD 205, F—20BEHOMESEC . 72
Db, bl bEVEER VAT LARNDLF —20a P —A2EIRTNERE SN, £
DREAEDT 7 v ARHENEE LOF—2DEBICHELTITHON B C EEERLTY
5. F—2EHOREBR, —ENF—4TBLOVL oL REVAEVAT LOERERE
BEEL, fHMCHEOCEEREBAT S E2AORBE YA XBHKRTBEETH 3.
HERACEL BB ICEN T IBRE - RER, BRE—EOEEEZEATH . 7
—AEENRCDEER, BLONKR2RDOEHELEWT 20N 1LICE3L51,
BEEOV A XEZTERETNIE, G-3) BUEBRUTHD. CcOLE T BYRFLAD
EROBRBIEUTIZ#BA 2Lt 3. F—2FHER, SORBETLIVE{DER
EEALBNEROEVSS, EEEBYRTFLOMRMEEAR/ILIEE,. &4, ST
DPEEHED &, HOBEE~DT 7 e ANLT /7 ADTe— v 25D, Th
PBEF—2DI0 =% Y M2 EVS LS B _HERER R F TR, R—EHFO—K
B v 27 21 LT min(Tavg)=0.5 Z#HBRTE 29, F—2EEOEAKIIA—
VAT ACHIEE LT min(Tag)=0.59 & 150, —BBIRERICH LTI100,¢—% v O
FERELREOT, T0,9—k Y P OEERBWRESF B,

H b

ABORRIIBEFENEHIC > T 3. SHIZTTEROB A EEEHE 77 2 RFER
LEBBRSY TS, ZOMROSEBICIE2HEAGH 505, COEKBIRIBLHEHOLRE
BYATFLCHATE %, COMRBRIE, cCTREBERROEB =7 VI LTHE -
0, MEREFAVCBOTORABRERTS 5.

A5, TOBBREHIE, ~+BEMTERTEEEREL L. ChRBEETIREL
Baetaicdaild 5. COREEE-T, DBBRRATELTFAL:. THbbREE Y R
FLEBNTY AT LBAOX N—% YV + 2 5D 5DEREER, VAT LDT 7+ AEE
DXr—2 v VOBERERDBCERR U, BEEECEET Y A7 41, BEROY
A REHEHTHERE->T, AOKEHRYRATFLENELY Z. LbL, BA—EOD%E
HOTTREDEI KHEHOMEELZFEHL T, SEIPEEEZLET2CEM8TERN. B
HHRER, FHAOEBBEREEF VICLTEYNTH 508, ~FEMETSTOBEBIK
KHUTRERYTIEE SR,

BEEN A ~FEMEIRE L TRITEED THERAEEAE 1205, COEEL ST
SoEERT 7 e AMBEAFICE LTHE SN 2R/NEET 7 & ARHNE SN 5.

COBRRARD 3 _HELIESEREOFR—& O —BELERICH I 2R A% b~ 565



s SR EMER oy 51

RFEBEEEGD, Fi, SHRERKBRESCT — 2 RENEZ G 2 e 2T 5
DICHHATH 5.
AFOVERICY 720 T.K. M. Agerwala O/IcEsS4 5.
(1100 v 7 b =7 « $B— b KR H—8 7

#E&wi [1] C.K. Chow, “On Optimization of Storage Hierarchies”, IBM J. Res. Develop., Vol. 18,

May 1974, pp. 194-203.

[2] C.V. Ramamoorthy and K. M. Chandy, “Optimization of Memory Hierarchies in Multi-
programming Systems,” J. Assoc. Comput. Mach., Vol. 17, July 1970, p. 426.

[3] J.E. MacDonald and K. L. Sigworth, “Storage Hierarchy Optimization Procedure,” IBM
J. Res. Develop., Vol. 19, Mar. 1975, pp. 133-140.

[4] S.L.Rege, “Cost, Performance and Size Trade-offs for Diffierent Levels in a Memory Hier-
archy,” Computer, Vol. 19, Apr. 1976, pp. 43-51.

sEEREN T.A. 9 25 (Terry A. Welch)

Massachusetts TR A TEATS4AHY. 1960, 1062, 19714¢
iZEneh SB, MS, Ph. D. 2418, A5z P. Elias {§
T OG22 5 L4 TOMBEIROBERMIRRICES
AH0. 0O, #4E Honeywell HiciiE L, o Y E 2—
£ L OMFEORMABRGTE LU Y 2T A ICHEYE. 1971, 1976
0 5 Austin © Texas AP PHBCBITHF La Y Ea—i-
YA T/ Re0Y, HESFREE YR T A ELERTFICEISL
AV E a— 2 DR

19764 LIf# 2 ¥ & 2 — 2 B0 = 5 — ¥ » & L TSperry
Research Center i@, (FAHzE v 2 7 &, VLSI Sa44i,
BLUa V¥ a— 2 DEHEMEICOHTOTERICEHE.




(&HEH UNIVAC TECHNOLOGY REVIEW #0%

2407 Oty YEficE 3T Oy YRHOEE

Some Considerations in the Design of Mainframe Processors
with Microprocessor Technology
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Abstract Implementing mainframes with multimicroprocessors entails an extra cost for main memory.

1.

This often-overlooked phenomenon is analyzed here for several mainframe systems.

LSI technology, in the form of random-access memory chips and microprocessors, has led to the
availability of computing systems priced very much lower than “mainframe” systems here to fore.
Mainframe systems, however, offer some features—higher performance and fault tolerance, for
example—that “microprocessor” systems do not.

Achieving mainframe functionality with LSI technology is of great interest to computer designers
because of the anticipated dramatic improvement in cost-performance. One design approach that is
often proposed is to interconnect a set of microprocessors so that each microprocessor executes different
user jobs. The total throughput of this concurrently executing set of microprocessors is expected to
be equivalent to the throughput of a single mainframe processor, This paper discusses some consi-
derations which are often overlooked by proposers of this “multimicroprocessor” design approach.
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Fig. 5 Multimicroprocessor equivalent replacing only the processor of Fig. 1
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An Attempt to Flexible Finite Difference Method
and Its Applications
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Abstract A flexible finite difference method in orthogonal curvilinear nets is proposed to yield simple
computational procedures and a superior fitness into the complicated boundaries for the numerical
solution of partial differential equations.

The results of a numerical experiment are also supplemented to prove its wide practical applicability
and desired accuracy by the use of a certain potential flow model.
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Fig. 2 Difference families of cross shape and rectangular shape
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w(z, ) =1  m[fmn Houm}  =10+-00, f 12 T {ttm} = f1n7 040
ux(Z, Y) =1 n,cdL Frun" T {ttma} =101+ -00,Lf2n™ HHtim} = fon'un
uy(z, v) =1 F o, u)[ Fmn T {ttma} = = fan"un (5-12)

tze(, y) =S n, 21l Frun™ Httmn} = fun " un

wyy(x, =1 nyu)[ Frm I Httma} = = fon " ttn
L1 D, T LTI, us=0u[0%, uze=0[02% +++ THV, L/ n RS nnl D 4FTFEEET
HbOETA LEd-T, £F V¥ vy VIREET
Laplace FERBRDO XL HICIR 3.

tze+tyy=1f -+ Fonl {ttm} =0 (5-13)
BAFRIBRO T~ TORBPERK PV T ERDOFEREZD
U, MIAEREDL S, AORKBREGEERL
T, FEAABFEHETOHRNEEENIE SN 5.
7 u 5 A0RNKERINCRT.

I

5.3 HSEERTENCLERT VY v VORI
Bl 1 BRO—SMAMBELZ—BA 29, S
05 ADFR FIBHSGNEZEY, BB —EKI

12 510 OFRIE
Fig. 12 10 point difference

SUTIRAT Ue. RILIKIE, BRI & » TRITE family
* FAMILY. TABLE %% :

® FAI141IY r:mF i; o 7 -5 1 41 e 7 42 2 3 43 5 9
2 72 71 70 1 3 & 5 & 10,

; ; 2 17: Z; ;g 3 71 70 69 2 4 67 6 7 "

4 68 67 66 69 8 12 70 3 2

4 3 8 6; 2’2 Jg— 5 42 1 H 43 6 7 44 9 13

5 ; ‘5’ 5 . 13 6 1 2 3 5 z 8 9 10 14

; 6 g 10 11 ? 2 3 4 6 8 46 10 11 15

8 f 7 12 45 66 8 67 66 65 4 12 16 3 7 6

2 “ m 12 4% be 9 43 5 6 [T 10 11 45 13 17
LTy = 5 T L I -~ 19 5 6 7 9 11 12 13 14 18
1 & 5 o T2 i 11 & 7 g 10 12 65 14 15 19
15 . 11 16 e o5 12 66 65 64 8 16 20 7 11 10
s 5 T 5 o s 13 [ ] 10 75 14 15 46 17 21
1 10 13 15 18 19 14 9 10 11 13 15 16 17 18 22
TS 1 I 5 19 7 15 10 1 12 Ty 16 64 18 19 23
I 12 15 20 63 64 16 65 64 63 12 20 24 11 15 14

(a) 2RFERE (b) 3 WRAERE

R 13 REERO—5
Fig. 13 2nd and 3rd order approximation
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X-AX1S
(a) 2KMEEE 6 5ESD

10..00
S
k>
a
2}
;.
=
=
ks
t
2
’t
L% -

o
a -7 .
T ot H T T T T T T T T T
DR | 2.06°  4.0097 .00 8.00 f0.60  12.00 14.00 15.52
X-AXI1S .

(b) SUME 10/25

B 14 @ISR '
Fig. 14 Solutions by 2nd order approximation (6point difference) and 8rd order

approximation (10 point difference)

BORATEL N HNEE, BXCHBEEETFEERT. S, 2HREEEIR
BEOFEBROMER 125 L URIB@, B IcRT. choOMbbbhrskdic,
DETA10Z thic 0 B 6 5ESICE DN AHLA, CNdEEDLT N TOHKIBI0N
EMCEONTNG. 2UNEE, 3 IBEORITREE%E N4 @), (b)ICRT.

Bl 2 —BRCYE LS 3RNOB (EREREEORE) RIBKRTEIK, =
HIICEE u 2H > —BRNSH D, %@¢Kﬁ3q®&mbﬁ%%%®&?%.c®mﬂ
DBICDNT, BERT V¥ v v 9z, 9), Zﬁméﬁz Pz, v) | ‘

: o=uz+qlogr,  ¢=uy+qld - (5-14)
f’viéné. CTT, r=1/m, 0=tan" (yjz) TH 5. ¥ 1z, E=zll, n=y/l, p=r/l



LBLL, G-)oEnenid

2 — £+ 9 (log I+log p) . Y
nl nl
; (5-15) — i
Y _py 9 — 4
nl 77_'_7116 ’ — r
u 0
LB, gl=1L0L, WDHT Enp % — < -
ThTh z,u,r ELT -
p=z+1+logr, d=y+0 (5-16) -

15 —BRCREH LOS B R0

cLTh, —ftaRbnizw. Fig. 15 A uniform stream in a field of flow
H(G-16) L r=e""*1 Fixh b ri= with a source
ZAyt=e®PTD TH L. LT
yP=g?PmF — g2 (5-17)
FIkkiC (5-16) L 1, tanf=y/z=tan(—y) & 132 DT,
. z=y/tan (—y) (5-18)
BHROSNS.

R G-16) p o HE SN DAL EHE, RIOHMBHETICE>TRIFEZ R A7, K
17 BB DIcH ICEA T BBRERILICK 28T D12 OBERSER AR T, &7, HiRg

Lyj TR 60

-4 -3 -2 -1 0 1 2 3 4

$=0
16 BTFARLBEREMH 17T FREZREBIFOLOHDEZRSER
Fig. 16 Net and boundary for sample Fig. 17 Finite element distribution
for FEM analysis
& 1 EmiE (Exact), 258 (D), §REHR (FEM) oREs:
Table 1 Numerical comparison between Exact solution and results
by Difference method and FEM

. e[%] . e[%]
/—F Exact D FEM D FEM /—F Exact D FEM D FEM
1 0.993 0.996 0.978 0.30 1.51 10 2.002 2017 1.989 0.0 0.65
2 2.043 2.043 2.030 0.0 0. 64 11 2.991 3.008 2972 0.23 0.64
3 3.001 2991 298 (0.33 0.53 12 3.992 3,984 3,978 0.20 0.35
4 3.995 3.995 3.993 0.0 0.05 13 0.991 0.977 1.043 1.41 5.24
5 0.996 1.043 0.994 4.7 0.2 14 2,001 1,983 1.976 0.90 1.25
6 2.000 2.011 1.989 0.8 0.55 15 3.040 3,019 3.013 0.69 0.89
7 3.006 3.008 2995 0.07 0.37 16 4.007 3.986 3.983 0.52 0.60

8 4.024 4,030 4.025 0.15 0.03 17 1.028  1.011 1.003 1.65 2.4

9 1.018 1.027 0.990 0.88 2.75 18 1.942  1.917 1.913 1.29 1,49
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(a) 2WEEE 65%H
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X~-AXIS

(b) ARERE

E 18 —HERICH Lhtdh 37N OB ORISR
Fig. 18 Solutions by 2nd order approximation (6 point difference)
and FEM for the field of a uniform flow with source

(Exact), 4% (D), GRERLM (FEM) ORBIE () % 1iCRT. BRI (6-18),
¢=y+0, O=tan Y y/z) IC X B.

2 WO S LRI ORI R A I8 (2), (b) IR

Bl 3 WitiL, BALDHSHADH (2BHARORS)  —RICHOMELED 570
BIC, EAETHEEA y v R RATE. LL, chiR7as s anflkicinD, &
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Y
1.316
Yy
. , 141
’ ?(zy)
— o1 .,] ~
— /ﬁ . 02 ! s
. —a +a x +2 +1 0 +1 +2
) R L WA
19 —#ERICRE L, BAADH 5 HNn0is 20 ¢=0 R
Fig. 19 A uniform stream in a field of flow with Fig. 20 Stream line for ¢=0
a source and a sink
B 54 HEF A 93

T DT

1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
(a) KTFA% 54 (b) HFmHE 93

K21 #%BFS
Fig. 21 Used net

MIERBBATERD., CCTREBERERLIOTIRITHRTROMINHEKEL N
5L EERT.
M19 WRT & DI, —RREFENOTIKE LRI DKRE L, BlHHh DL D 5
LEDBEERT VY v ¢ EWRNBEK ¢ 2R B, FHEMIKED, ¢ & dRERZTH
o=uzx+qlogri—qglog re=ux+qlog (ri/rz), ¢=y+0:—02 (5-19)
1D, 7y, 01,00 38 &2 =V {zta)lty?, re=V{e—al+yE Oi=tan™! [y/(x+a)],
Ge=tan"'[y/(z—a)] TH 5. (6-19)»p5, KABELEhEONS.

y?t=2ax cot h(¢ — Qo— xo)— (22 +a?) (po XEDTER) (6-20)
_ 2ay .
P a2+tan g —y (5-21)

CCT, W ¢=0 IKEYTERERDE. (6-21)T ¢=0 & LT, y=0 &35
X, 2RARERENB. 2T N0 OBEAERD B &

- xt=a’+2a v - (5-22)
. tany

Euwd. ERo Z/—>0 @ﬁlﬁﬁi =t +2a, THbB yx0 OMM AT BER 2=
tVa(a+2) THB. RIC, =0 OHIERH v % 5 E2, (5—20);6 a=yo(—1/tan yo+
lsinge) ERBONB.

KG-20)BLTFLETRDIC 20,90 1L D, a=1 &bt&%@ ¢ 0 @Fﬁ‘%iﬂﬂ“ﬁ%ﬂ
5. W20k ¢=0 OWHERT .

RG220 kDt &Nz =0 ORBEIER & L,’C, 21 (a) (b) DI FEIT & D 1R
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Fig. 22 Solutions both by 2nd order approximation, and with double-stage
net for theXfield offflow with source and sink

WARA. TNd 2REEESIC L DITREREN22 (), (b) KR,
5.4 HEERICEATIELD
RE SN MBEBEE FRESREDHAEBEERD, RRCKRLEPELERNSL
W, BF Ve MEEEFNVE UTRATERBD 20T ELBE L. ZOKE,
FAERICE 5 ENEMD oI, 4% Navie Stokes HER, Ml €7 L8 EiIc20

s

THHMETBTETD 5.
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Ty 5 LERNTAT, K20 OFEOBAEER
1) BgE2RRTIHUHHTERA»OHRETE, BHELPIT L.
2) 7us s Al Db OB ARAD B DT, EF VK U THEIE~<S.
3) BBRAyvaHTBNEES TS FLATERLENTTY.
) Fulss sOBMBE D> TETIE, BHNEETHEL DU HBRICHET
x5,
5)  FEHEER A O BIUC M 72 0 HIR AW B0 (AR5 OJEFESEH).
135,

6. 8 b b I
PLE, % LNEAME & 2 OBIEERIC OO THE Lic, BEBOEMEIHRERIED &
5 I WHMCRASNTOR N ERMDSTH 225, 4% S SICHE, TR0 TS
B SN B L5 HREMD 5TETH 5.

gExm [1] tmEEL i, ARERROKM, ARMEEHS 1975
[2] W.H x4 axX¥, ZHER HEFER ITFcbY2EREEIOTEL I T, BEX
Sk, 1978,

PEERN B ¥ fh  (Tsutomu Fujino)

IH3R454EL:, IFLSEBURUH R B IR R Ae 3, M=
FETT (M) A%L. i - 3RE) - WS & ok (B IR
BEEIEA Adr) OWIICHENR. 824, TG LBAIE. 474,
FHEmARBN L 5. T, 484FEX D B Y TEHE
2, SRR AEREME. SUEX Y AAD =s%y 7 (Bk) OB
&Y, BEKCES. 3V a—4%IC &k 3 METEME
1M-4-B—#zH & Myt ) (Embe, 1972) RO EMSH
3,

W OE #% M (Yoshizumi Watanabe)
WARTIASELE, 444E RURR A RSB T2 ER () BT
FEEEARZ =%y 2 () AK, BECES. BRYI YT
WM E s v—FieB0T, BRERE w54 H—1©
AL LICHEE. YHEELAA.

BEHEIFT ABXEIRABEDSOMIB04I2HIZA O =23y JIYES
WILERATR R 2 - ST ERRESIC BT THE3EH
M TR e A IR 58 L JE R REVEN AR OB SR | L L
TREINTHA.




@ UNIVAC TECBNOLOGY REVIEW %08

mE@iT7 04 S .A CIRCUIT of#EBESTREE

Technical Report of CIRCUIT a New Electronic
Circuit Analysis Program '

£ B e

E # CIRCUIT i, ARICBENZ L BEFORLORMICLD, BXET BB O/ D

BAHHEATTZIH Yy — & LTI L~ 1R 5=l Ui, 2 0%, it ok =4
2T, L~ 2RID RE TS, 1980E 12 HEETO 22— IX, FAMERAD Z&DT
RAAT20MEE#MZTHE. Tk, SRABIBIFBESIEF CEKICDODL>TED,
CIRCUIT Rz A+ REL T, BHEHREY - VELTEBEL?DHS. Fi, A0y
5 ATROIEEREEORBELORRI, $%TONETHA I MOKBHRAVY 7+ v =7
ORI HIEBICHRTHRE LT, BUDC BN S, ik, SFIN(HA2=/vy 7 (k)
TEi% L7 ASCII FORTRAN 7Y avsef 5) i K 5B us 53 v 7Kk - T,
CIRCUIT o5 BETORARER It 2FBLTEL.

Abstract This paper describes the notable features of “CIRCUIT”, which is developed at Nippon

1.

Univac Kaisha Ltd. as a new electric and electronic circuit analysis program. Furthermore, several
numerical computation algorithms of CIRCUIT are introduced and evaluated for the sake of charac’
terization of this program.

ASTAP released by IBM has been appreciated for its flexibility, statistical analysis feature and nu-
merical ‘stability. Such advanced circuit analysis programs have become indispensable tools for IC’s
or LSI’s design with increasing integration density and variety of nonlinear characteristics of semi-
conductor devices.

Under these circumstances, we began to develop a new software in 1975, and CIRCUIT was accom-
plished in 1977 as a new analysis program. All the functions of ASTAP are included in CIRCUIT,
and some attractive functions are supplemented to assure advanced network analysis and design.

L o®» I«

TV o=y 20amsEsR, IC, LSI oL s e nERE A B OBETEKELES
U7, IC, LSI oFEEH 20V RBh o2 EH UABTHREORNZICE-T, avE
A —ZICEAEEYIaLr—va v, BIOEELYHROMEICHERTRETREL
TEELODH 5. 2 OWAHMESKEBRLL, hokix EEHN BRTIRADOIERIE
BREBEEEESEDTORBINEE S >TW5. CIRCUIT 3§, 2L 5B ESR
DHET, ARzZ=,vy 7 k) ORET IAHOBESETRIBEFETT Y 7 by =7 & LTH
RINI 05 ATH D, ZOHLBOBEICY K ->TR, SHENLSFIAERBICERICT
WMTEBZEHSCERBLT, DTOE#ER /¥ LEL.

T EHOBARTCEBEORER A B TEROSMREIFIR L S
c KEMBEEOTRBER B 2L CANT BT 2y 7K~ s ufift2EAT 5.
- Al—oEKgEHET — 2 ICERK (DC), i (TR), R (AC) D 3B OMBIT € — F2HE
T&BLHKKT 5.
SR AR 4 REEER .
SREHOTFRRIC & B ERERTR R R 2.

’ 79
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- EBE/ 7 2 DRUACBRIEEFEIE 2.
CHABBEEBEBERLT, 57497 T4ZTV4@XY7U/5%K&ﬁT%%i
ST 5.
-/ZTA%M@%7477U% 5.
C@ivﬁ%*&ﬁmiofcmaﬂr%/7bﬁxT&beﬁ&T%ﬁ&f o
EELER, EEOESURBEE A EERBONEE 7 A EHRE LTHER,
B, SHOER TEHBE TH OB ERICEERN 21T 5 JEHEENE &S RIRT 25
Thote. Ha OWEAFHE LR UIRR, ROL S MHEHEERA L.
 BEAARIC & BBIEHEAT ‘
- BHDCR I RN IR T & B EMEENT
-wﬁ%ﬁﬁmiaﬁﬁ%%ﬁ%%ﬁﬁﬁ®ﬁﬁ%ﬁ
RO THBICRIT SN BB AR Uil o — Kick BF750EA
AF§TH1 CIRCUIT 7 a /' 5 » O E Ch SREDHSBHMBLITY 7 by =TEL
T@ﬁ&&ﬁﬁﬁmomf ~5.

2. CIRCUIT o8
CIRCUIT 7u /5 A0HRIT 1ICRT LIS D2OHETEVa—NVE 2DD547
FYUMSHE-TN5E BHEYa—AVREZoNEBEFTVOREELS - LBED
BEONCHREY 2 — b oERENE. HEYa—VdEBEY 2 —VTERIEI N
%ﬁ#%@mﬁ1?45f%% Tussnae 53475 VIGENEY 2~ VOEERED
HICFERT S, =57 74779i%%KVbT%ME%@ﬁﬂG?%%aT%L
Kﬁ%?%

<:>-)

=2
=+ k
el

1 CIRCUIT Y RFALEE
Fig. 1 Process chart of “CIRCUIT” system



By ERFF7 o/ 5 » CIRCUIT oy &MiEstas: 8l

CIRCUIT RK®D & 5 15 6 D DEEEEH » TV 5.

W1k, 5 ODEEMEITE—F (DC, TR, AC, DC/TR, DC/AC) %[/ —0 &7 LiRic
HUTHERT2CENTEEETH 5. BHiR (DC) BIFRIEE LI N4 TRAEHEDOH LT
EEOREREOMEAE . BE (TR) @iTREBEMNICER T 2 AJ1TH 4 2R OBEE
ISEEETT 2E—-FTH D K (AC) BIFRE5Z Shic BEEERO BEBUINE & #
WT2e—Fcdhs BEH-BE (DC/TR) =— FCIHEEMRLBEBTONYEELE L
THEMCEK T 5. EF'&%(UWW)%—FTM,ﬁﬁ%ﬁmﬁwfﬁﬁ%%#ﬁ
EREFEEORELOIDOEELA L LTRSS '

213, 3%0ui@%ﬁ%?%10@@%%7»K%&5C&mféékwockf
5. cOLAINKERITeFE IC © LSI OFRFICBNTHETH . KL
BB TCHEEOHEEZT S Iovicid, BELCHTHEESLETS 55, birbhis
AU THE L BTARE I DO TR BICHERT 5.

#3138, EEOFEHETHEH FORTRAN MILEMAAKS 30T 2 505 —
TUERIC K - CRENRTRTH 28 TH 5. COX D RRRITEF VERIE LITRL
kaﬂRMﬁ@:yﬂ4v—§aVﬁﬂ%ﬁﬂﬁ%%vn—wwﬁﬁkwﬁvfo%
BIC & - CRBRAME o 7. CO&S I LTEH SN AR ORI L SUEBKMAT =2
XOBEFME, REIERLOLIRELTROON D LHIC, “BLBERT HiTh
AR EABEE D Newton-Raphson H: A ESHLETHB LTINS,

WA, ¥TEFA v/ nERBES, IC A )EOL KRBT BT E— Y
ERORBORBICHERICBUDETHS. Fl, 7N+ 5475 ) OHLHLHLD
mmﬁ®%w&f%?wﬁ%%ﬂﬁbfﬁ<&,%&T,EE%TéC&H<%ﬂ%Em
KBRTZ2LH5E-THE(L28R).

#513, BMOEBRETBEORERHH lo:E VT H zvm&* faP 5%#@@%7&1? - T,
VAT LDHIS 2 Z ORERSHIRDONBHTH L. TOHREIR, ERE L Fbh

BHSy — v DdBRREET L

2 ¥TEFNOTYAEH
.. Fig. 2 ‘Submodel macro definition
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TEIew—R My —RBEPFHER LT, EEEROEREEARETIORKELTH 5.
BN TE ONAHBRIEE LRI 5 2 2D e X 775 &, BENV LEARBIGE
HiOEEE gy b, HE0RBDME N7 A 4O RF v v 4 « F50E LTHETS
5.

6, 5oDEARE— FOHOERDE — ik L TRBLRI e T 5 &
BTEBCLTHB. RORED “BELI” #EBMNKETIME Y5 £ 4 227 VLR
LEBREHET S, 3T Fletcher-Powell HEic Xk - T, O 5 # 2 ZR/NCT
ZPEET S A ZDEERDBCENTE S, COBEIBAIVvLVEF ZERCEY P LK
D, BAREER/NCT ARIBEMERH LD T E2OREFHTH S

3. CIRCUIT TH\2Est&Es=

A2 CIRUCIT i U st BRI DN TORAMS S DEZERT 5.

3.1 EEEAEXOILN

CIRCUIT EZEick » CEBE I EHEKEF VA& HNT, CIRCUIT p33X ¢ AEIEES
BRICOVTHNT 2. VEHLONEBRIL 6 EEOMLA 2 MTHRT (ML) & AHER
HRMOMAETEREEINS. Lichi- THEBITFOBNE N toRm~s t Vv E VI
DEEBEKCRD 5 L IKRET 5.

C T N QEBEOY, B 3&BRKE O] (EFHES), V3&EEEORTHE
prs, I 3&EBNOBRTS 5. N HOBBEIZNLE OERBEER S, N1 tree-
branch &, Ni fH®D link-chord Bic 3%l c& 5. Nr RfiG% —1 T, Ni=N—Nr
Td 5. Vi, It % tree-branch BOEE, BH & U, Vi, L % link-chord HO®EHE, &
Wegs cors, B V=[Vy Vil, I=[h L] OMOBHFARO EUFER TR
BENB.

L+QIL=0 (Nt 38) (3-1a)
Vi—QTVr=0 (N ) (3-1b)
IV, E)=0 (N 3&) (3-1¢)
E=g(,V,¢) (N 7t) (3-1d)

£ (3-1a) i3 Kirchhoff ®EFAI, (3-1b) it Kirchhoff OEFMTHS. QiEdAh v b * &
y FTFIEMEEN D NrX Ny D0 & +1 EAERIKT HBHTHT, BEKEO +Ray
HABESRESEE TS, (3-1c)id Ohm Al T&EIEE OBHICL » TRD & I iK1
B, (KL, Xi BJ OEARETSOICHEREBKE OB EM (V) ¥ XEHRME
) #FKT.)

i) V—RI=0
aVE IR VR —GV+I1I=0
Fp XV A VR —C%+I=0
s dI dl; _ (3-2)
LAVEIRYR V—L%—EM&S=0
FBIER G2 SES) V—E=0
, 5 50 N\ (7 0 5\ _
BE EEROH 284) @ ;MQXJ @ meXJ‘O

RB-14) FEER 5 2 2DEOBRERTH 5. CIRCUIT w3 FORTRAN @ HWNK
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B i ! b1 TR [ 0 7
1 : ! : 1 L 0
1 1 : | 11 I 0
_______ S SR St N I I OO
1 -1 I Vi b
o ¢ =111] Ve 0
! o -1 v, 0
________ _.______1__,'____._7_1__}___.____ _Y‘_ ______ﬂ______
! -1 ! i ~E ()
| 1 1 V2 £,
-1 Pt A RS NAS:
I H T'____E'_C_*J _______ | v a-C b, Vi (1)
T B 0
' -1 ! v B3| E o,
| aj,! Lol L htgnh
! 2 ) ~1 Iy
. i bt ] = J L — a‘]‘ _J
J.+8V.

3 NAT Yy FEOEKEAELN
Fig. 3 Hybrid network equation
PHMBER AN EEORBERSERTE 500, ChdEYLTHPBINEES
V. BEREEOMIC DNTITER Lz f 2N 3 1TRT.
3.2 Stiff Eoik(C & 2BERT
' :H3DﬁbLﬁmﬁ%ﬁ<t%K ﬁﬁﬁﬁﬁ&muw%CMHQr&®ﬁﬁF%A
KTEE®Z 5.

%(tn) =ar|:x(tn)— zibrkx(fn—k)} ‘ (3-3)

CCTxEBEBREL, SHIBEEV THS.
BTRBEBERO A — L BREL XL DWW TRAET S, Hhw 3 Stiff ZTH 5. Stiff
ROEEE, N4KFRT LI ICREERE Stilff EREcHifETcs 5.
Stiff I T, MR EE LIERICRD LR TEEL T 505, EEOKEE S sHEE
BTRABBEOREZES NS 2 evBE LBENELNKE. CORRB/MS BB EHOE
CEICE - TEI SR N MR OBERN SR NER &1 > T 5

Stiff HFis; Stiff R
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1
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4 Stiff &
Fig. 4 Stiff system

M |

Gear D/ iic@@%%%%f%%@@%&? &m?fﬁﬁéé&%ﬁi@ﬁﬁﬁ

BINRTH D,

2 (3-3) 11 (implicit) 72 2 A 770 5, 2(t.) DIEARYD BHIERES T R I 0%
Thod dx(ts)ldt ODEEVEELT L. Licdi- TRBHMERSE, 2. 25 da(te)/dt
B O RABE TG Tked Hh % &7&&(%mm)m&47®ﬁﬁ$@%1zT/7K%
TEARIEELKE LD, Sl HBICB TS REM AT v « 4 X di=to—tn %
EBCEBTED. Chitd LT, BRESDORT v 7 « 44 X3 Stff S c8iE DR
B ST BDICHEFK/NISULBINER LB, 20kDIc, BITZ A4 FICH~EE
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HEPRZMICKRELE>TLE S,

KB4 DIRE 712, 105 ISHGERS TRERFBREF D, ARKEE 4 2 4
PRI TRERFBERAF S L5 CAMNKEGIING, AFv X H4 X 4t
LESOHYWOBEELHEHEANIKESD 255 CHEMWER SN 5. TPV EER,
THTF

xp(tn)=i§grix(tn-i) (3-4)
EEETF, DFVBEAEDORT v 7 A4 XiKBIF B (3-3) DREOMOELLHET SL
ETES. HULHEETPORESHFEREABL 205, ZORAAT v 77R3EME
7Y, BHELINSORAT y 7« A XTEIBPDEBENE. (3-3) DFREL ar, bne
ER-HDEY grr BEEINTELT, SAKEY 2BEDRTF v 7« 4 XOREE
PoEHRINS.

Gear OLARXAEFBR G- IKRAT S &, BEEE L& & OFERERBHERSE
bNb. NLOFEBERIY, ROLILEREEZHOTEINDS.

Er=g(X t) (3-5)

RSN
F(X,:, E:) B(X:, E)

TCT, Xa=[Lp, Vil, T 2 (3-1a) & B-1b)poBoh 5 N 1T 2N SIOHEITI,
F=—(0f/0X), B=f(X, E)—-(0f/0 X)X Th 5. F,B 3(3-1c)% X: THENILLTE
bNBHHTHB. CORBITREEROCIBEAFEIEO I DELBFIIME Xo o5 MR
Uz (3-5), (3-6) OZEIALABE L, Newton-Raphson HE75A4DEGENINEEAEDC &
NTE 5.

CIRCUIT Tt X OFfifEi% Gear O FRFAR B-4) KL - TEHETE. ZOFH
FiE i HFERGC-D OB IVEMUETH 270, BEAERERREZ 2~3EO
FETWETS. SMORETRELENEERE, SSKE/RAZD ST ELD, IS
WAFy P e A4 XTHLOFRTE2BOTHEHET 5588 RTH 5 C & HEHRE
TERBRNKHEASIN.

HER (3-6) ONEBERFEORMS REE, CIRCUIT | 5 v R L — 4 OFILETHEE
NROFEDBHENHEN S, THRHLBERERLERT I TNTOXNDERBEET T, &
BERBBREETEROIHL, cn b ORBHOHAEFIHE FORTRAN =2 — Fic#iR L,
HIE Y —ViCEEET 3. ChoDRIMEI L - T, FHSEEREN - THEEIS
RICEHETLCENBTES. CORBORBISBEDOBEH Uik, RET 5 % B ic fF
B, 3.5 BICHRNZHITIHEEOMR AT ARBI L 2D HEERBEELRILL T
5.

BERITE S ODANTFRIE o V=T 515, bk bAMOL—7R LIl L
IR ORBOFER AWM KEBETH Y, dHON—FRITNORELFFAHERICE
EVBEICHESATF T« 4 XEFELELNS FUT EBET2EFHT 28UER
FORETH 5.

bolbAUON—FRBBAF Y Y VI ERBLED, BITRT&REE2F 29295
N—=T"TH 5.

3.3 BB &R I ERE

CIRCUIT kBT, BEREERD 2 DICGBERIT RV ER URESFEX (3-1)
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dx
T =0=F(X) Ry

¥y ¥ EBIE

* XNy B

N\ RS
5 \mlEERz

Fig. 5 Pseudo transient ;
RS 5. COREEBLGBERITETS, R50LS5ICABATA—E L LIcE &0
BEBHT 2 TN TOEBEOBRBENBET 2 TERTLUT, BElE4EKRE T 2
KSICRT LI BEDOREHFHIC & » THET 2B BURE) PEBRAHEEL FBELSL),
BMEEZNS T 5. BRAOCIBEERSE LeHRIcEET 2. COBGEERERERD
BlIEIC RS v FEANTESORREZEMTE L. Ltd-T, CORFERE->TRD S
nreERFR, FEBWEFERO (—RICR) BREET 2HOTTH - ESBRENT LD
THEEWNZ D, 5L, T2 2 Y AOESERSKMERED LG E/ 4 BRI 2
6, FHEEICETE THEE D Newton-Raphson 2i TR 51 5 & 5 78 S IC (k723 5 Beisolt
RAESH T, RROBH a5 20ERTIEEL LTETN TS5 Eb 5,
CIRCUIT TRIRODO &> BITREMLZ, BERBHCSVTCZORHREZBRICHEA LT
5.
1) BEERITOBRENEZY) 727 24 Y AZEERNWHERME FBT 3701,
BA) 77 2 v 2P ML O OREREZFEE LTV S, F6IRT LS
I, B+ voevz v 2AEIEBELBERE XTI, 81 2220 2%
MR RBEREA~BIICHINT 5. EERETHE, B+ v v 2 Y A EBET~
TOBEBBREBUA v &2 2V ATCOTRCOEBERTRBICKELDT, i d O
V727 2y AREROEBEOERRBICEZEYS, —HitbT, REHEOBRETC
NOEERERBEICEN T 2BRAVUVBEOEE ZHINL, #h28PLEEOR
B BRI ~hc BT A& %7 5.

O
DomE sy |

R oo 4 -

—E/L T R

v
i
!
I
|
!
i
1
|
I
i
t
{
1
i
1
i
T
1
|

+‘—+ @ O~~~ FFFHIVT -~ -0

BUYA 5y R Liinﬁmﬂ

B 6 MLUTHE U RDEA ‘ B 7 ZEOBE

Fig. 6 Pseudo reactance substitution Fig. 7 Leading edge compensation
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2) TRTCOY 72 4y AEREF VDR T®ﬁ%6%%ﬁ<ﬂ DIEIE & #-A b0
5. INKE->TCHEBOBEBEOES2&E£2KE L, BEBRKELITOESRAT v
FEADELTALHIRKERLTH A, COELERIEVWHEFORER A Stiff %
TRHIERCESDTH 5.

3) TRTONATRABRIHTICGRTIABILEOBEERMA 5. TOFEICE T,
ERBAT RGBS A TR & 2BEORERSE/Lic UTHRARNICUET 5 Y 77 4
VAWHBEETYH, BHEORESHILETE 2. 070 —FRERDIRVIERTE
E=FNICH UTIEFICEZTH 5.

3.4 EMEAEH D TOREI ETHEBIT
A EIEEAD T LD THIBL SN TH S, HEMBER I L -3 0 T AFHEENT
BEFIND., TREEAS LT, ERMABEIN CHEEE 3 5 8Bk BRI TN 5.
CIRCUIT B\ THROFEIFICE > T, FABFBERG-1)A2HE/LT 5.

D) FRTOFBBER, aVvFI28VR, F3VEVR, AVEIZ A%, BER
KL THREINEER DERER ST 5.

2) INTOWFTERIL, XEBTHCEBSINEREBER RN THEICRET S

3) EMEMEBER I S KART XS KEEADT LD ODRFHIT R AEELE T 5 BEEME
DOREIAVEI ZVREBILT.

=
8 HERRORIIL

Fig. 8 Linealization of dependent source

Zh DT NTOBREATIET, EH - BEFT 0D 0FRAOKEARRI, Bicsg
ENDLDTHB. Lk - TREBITOEAFERED, G-)DOIFTOEREEHRE
WicEZ, BAMSTE dx/dt % jwr TES#Z, BEARZRMTAICRATS20T
W ENTES., 2T, JRENEA, o HARE 2rf (f SEANER cHE. v
P THICEERC LI, TANOHETEROMENER - BERBITOBE & F 724
AULRENSCTETH D, Lichi-THEKRK < BT & WM & oM UTik@Eo
BETFRIETIRAES C L 8TE 5.

3.5 #Elo— FEKIC K BERITIIRME

ERo XS, BE, BE, RRBERD T, SHEFEE LREBOEBLLLE
(B-6) A AE S RE L TEDLILINIZTIN S, T CIRCUIT o ## #f Ld 5icid
T DN FTENOREBE R KET 5 ENEAEHET 2 LOFERKEETH 5.
(3-6) R KM fe» THETNEEEREHUMN2DH 5.

1) BRETILERETH 5. FHANOLERICH T AIEREHL O, & iKKRE

TFNTR, FERRANAI.
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2) FIFINDIEBEROYSB L UMBR 1 207 VOB hELE S, Z DT 5
OB -TED 5. )
Gustavson DFILIE T DL D BATFIOHMIEET>T, b - & SHRCHBETS b
DTH BB Fo L 5 i FBEROBAERD 2154, Crout KRRO L5 KED 5.

AX=B (3-7a)
(L) X=B (LIU 548) (3-7b)
UX=L"'B=Y  (Fi#AA) (8-7¢)
X=U"'Y (HREHRA) (38-7d)

FEERAT v TREERMBERATEHEELLTE, L OoOm AL U D miTRRORXTH

zi,,‘:a,-m—':ézmum (i=m~N) (3-8)
= (s It [t (=t 1) (3-9)
ZLTC, X7 v Y & X BROARTEE SN B.
y,-=(b,-—ii=llz,-,,yu)/z,-,~ (i=1~N) (3-10)
N
x":yi—u;;_l_luiuxu (i=N~1) (3-11)

TRIL L VOLERERD 21onicid, NEZRETORTETBLE (N*—N)/3 HO
BRAZFELTINELE S, Lidi->T B-8)~(3-11) #4525 KHELTW DT
3, WIEOKEGMBEC DO TRERSHERMZE LT, HENTERE{E->TLES.
O EHA/ITTINOHELZRIE U TEEL SFHEETS FENNA WS LBER XN
fo. Gustavson OFHEIZENLDR TS - LRI TH 225, FEICHEMBFLIEAFT S
MHENRDHE., Lichi-T, THAZMESRELTHRT IEABELTHS. & LT
DEBEFEOMNENS 5L UDFE->THONE, G8)~B-1)TEREINBTNT O HE
WO IEBERMOBRBEEDAE LD IZTC LN TE B, Gustavson OFHETHRHEY b -
vy TR S THEBEROEAA LV KL, K9IKIRT LS BFT FORTRAN Fia
—FAEHBLTNE. chd5Da—FRav M VIhAREY 2 -~ INT,
FEOMBEDI D OEROBET v/ 5 6%D DT,

CIRCUIT <3, zDF)EA UNIVAC v —x 1100 DN—Fy 2 TIETHLSIC
FHLTWS. EREHEHLGESTEE, ROEBOTH .

1) CIRCUIT OFREY 2 — VB TTIIANHNICERT 32L&, £y b vy 7

DRODICHEBERLZT & LD 7L 2B A FHE (packed index table) 2 LT\ 3.
£1 Evb 2y THERAFTRFRNOFTELREE

Table 1 Required memory area for bit map and packed index

R e bz WATH (]
200 1,113 1,200~ 2,000
300 2,501 1,800~ 3,000
500 " 6, 946 3, 000~ 5, 000

1,000 27,778 6, 000~10, 000
2,000 111,113 12, 000~20, 000
3,000 - 250, 001 18, 000~30, 000
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T 2383 -C{ _11s9xCC  124)=CC  16¢8)*CC 159)
* =0 120)x0( 180 2=CC 1902#C¢ 199
* -C¢ 208 )% C(C 216)-CC 224)%C¢ 231)+A( 108)

I 2391z =0« 149)%C¢ 159)=C( 171)%C¢ 180)
* -C¢ 191)*C( 1991)=C¢ 209 )*C(C 216)
x =Ct 225)#C¢ 231)

C¢ 240)=  =C( 117 )0 124)-C( 150 )#C(C 159)
L =L 12221 #C( 130 )=CC 122 )% L( 199)
* -C( 210)+C( 2161=C¢ L2260 C( 231)

C¢ 241)= =L 1383*C( 124 )=CC 15130 159)
* -C¢ 173)%C( 189)=-C¢ 193)%CC 199)
" C¢ 211 340¢ 214)=0CC 227 )% {( 231)

C¢ 2642)=  =C¢ 119)+0( 124)-C¢ 152 )%C( 159>
¥ =CL 1724 3xC 180)=CC 194 3xCLC 199)
. ) -C¢ 212)%CC 216)=C¢C 228)%C¢C 231)

L 2433 =(( 153 )% C( 1693=C¢ 175 3#{( 180
* ~Ct 195 3%C¢ 199)=C( 213)%C( 2169
% =CC 22031 0( 231) i,
SC(- 26435 =C( 120)*C(C 1243=CC 154 )% C¢C 159>
* - 17634C¢ 180)=CC 196 )% {( 199
* ~C¢ 214 )+C( 216)-CC 239)*C¢ 231)

YU 36)= (=C( H32eY( 143=C( 1163xY( 25)
* -C¢ 138)xY¢(C 231)=C( 148)xY( 31}
% 20 170 )%Y( 32)=0¢ 190 )8 ¥( 33
* -C¢ 20%)%Y( 34)a-CC 22463*v¢( 35)
N _ +R( 34622/C¢ 2382

C¢ 2453 (=CC 148)xC( 160)-CC 179)*C< §1)
* o wCl 1003 C( . 200)=CC 2033 L( r
* -C¢ 224 % C( 232)3/CC °  238)

Ct 24638 (=L 143 3%xCL 1461 3=C( 1703¥%C( 182)
* ACC  190)«CC - 231)=CC . 208)+CC  218)
& fold 224.3%xC¢ 23333/0¢ 238)

¢ 247)= (=CC 116)%C¢ 125)=C¢ 1483%CC 162)
* a4 1203xC¢ 183 )=l 1003 (L 202}
* ~C( 203)*C( ~219)=-C( 224)%C¢C ?34))/C( 238)

Ce 248)= (=C( 1153%C( 1241=CC 1,834 0¢ 1632
* ~C( 170)xC¢C 1864)=CC 190 3%C(C 203)
* =C( 2083%C¢C 220)=CC-  224)%C( 235312/C¢ 238)

C¢ 249)= (»C¢ 143)+C¢C 164)=-C¢C 170)*C( 185)
* (o4 1903« (( 204 3~CC 2083 (( 221
* -C¢ 224 3%C( 234)3/0¢ 238)

C¢ 2503= (=C( 1145)%C( 1272 )= 148 )¥*(¢ 1465)
* -C( 1793)=C¢ _186)-(2( 199)%C( 205) .
L w0 - 208)%C( 222)=CC 224 3%C( 237.234CC 238)

o4 251)= - A( 109) ) ]

¥ 323= (=L AR)*Y( 153-CC Qb IXYL 23)
* T #8¢ 373)7C¢ 251)

Ce 252)= A 1100 .

Y¢ 38)= (=C¢ 713x¥( 163-C¢C A5 1wy ( 231}
P +BL 3833 /C¢ 252).

C( 253)= (¢ 101 )%C¢C 109)-C¢ 149 )%C¢C 160)
* =Lt 17120 18130 191 )CL 2002
* g -CC 207)#CC 217)-C( 225)+C( 232)
* - CL 2393%(( 245 )AL 141

C( 254)= =C( 1902)+C(C 109)-C¢ 159 )+C(C 169)
* Y ol d 122 3x0¢ 181 ). (Y 192 3x(¢ 2003
* - -G 219)%C¢ 21_?)-C( 226)%C( 232)

E 9 Gustavson MFEIC&THERSN FORTRAN 01— Fofl -
Fig. 9 Picked up operations by Gustavson’s algorithm

zOFHEENE, kﬁﬁ%“wfiavr
Bedis. iliL£26®ﬁE%&FbtWT%%@

LT 5.

2) FORTRAN o — FARORH VT, Hilll 7 — FAREZZR L.

DHBERE 2 ICRT.
ﬁM:—bi%ﬁﬁ%®

-y THE YR BTN TTEMRA
RAFRFROBAMYELTR

Zh oD 2k

a—FEA F@ﬁi?m;of%&énéﬂﬁﬁm

% 2 FORTRAN o — F}féiﬁﬂ«lﬂ— KDL&
"Table 2 Comparlson between FORTRAN code and pseudo code

FORTRAN a—F

o - F

® 11
- i3
OE OB

2‘——-;\“/\-7 F

L0
'10. 0~70. 0

av4s3ESus
S ADA—NV A

B OB R | ®R EF

1.2~1.5
1.0

0




ek AR 1 75 & CIRCUIT ysfh s slat&si: 89
F—25THD. CNO6DI— FR&ESATELKBRINENOETIN . LR
1, SHEIRER & RELIEESRAB AT 5L FORTRAN o — FEk O lla — FEED
BhThnadzctaRrLTHA., UNIVAC v ) —x 1100 %R TOFMEIC X hid/h
RS VOBITICE TS, B2 — FEORERITIEE FORTRAN 2 — ¥k
FONEhote TRV, WIKET ZEHEBHNTES7HTDH 5.

PlLE, 220Kk xsEHESOHMIc, CIRCUIT TPl FOEE% Gustavson DJEEICH
2C, BT ET 2R BARLHERAOEHZN->TH 5

315b b, Crout 5 RRTE A BB OTHAR—OHERICERTE L5, FBFINE
FEORZFOOIFicTREMA ., I HIGRUH U-EBEEZBMESE, 1EIORFTIC
DSNT—EHEITNIE LIS E, SR EIKRDELUET T EHFIH L, R
WY A EREAERT A8 IR LTS, i, (83-6) D3 CIE IR, Crout FR%E DT
Fo fill-in B (FHEITCET & -» L AEICET HHEFER) O BUCHERTHER LT
%, CIRCUIT =RYEIIc@EAIN T B Markowiz OEABEE Wii=(R:—1)(Ci—1)
AFRLT, 7&3ZRB UIAEFCANE L 2 DEABEHK

Wi=(R:i—1)(Ci—1)
AWk, fill-in BRORED 3L DROFEREFONBOUNEEREL T 5. L
T R RifFEHD C BifBEOENFNI EBEROKTHS. Wi id, Crout HHED
BETE (F, BLUE i flicREd 5 fill-in OERPO LB A &K T 28 <, CIRCUIT

Tk Wi ORIFIFER (3-6) DT LI ZANEA TN 5.

% 3%, UNIVAC 1100 My, &®3O®%Acow1%ﬁﬂ%TbTw% # 1
Eﬂ-ﬁﬁﬁﬁ%lW@ﬁDﬂTﬁﬁ%ﬁ®%%f%b,%ZQ%TWiW1®%TW%
L0~ TRER L7 TH O, A3 DT F i3 fl 1 e 7 L2205 HA<THRR L
72 DTH D, FNFNBEEOHET - BERIT T BAOF— 47T, ARV IN
b 828 [EITH 1.

% 3 UNIVAC > Y -—X 1100/82 TOERTF—F
Table 3 Performance data on UNIVAC 1100/82

#l | RTH /\xlﬁliﬁkl AT [B] | 47 [B] | BrAiteE [+ e
1 53 j 105, 100 27 1,840 38
2 532 850 245 145 91
3 1,041 850 632 290 150

Bl 1 DF — 2 BHMBD A —/3~ oy FUHEHRTS 50 REECBET TRMETE 512
ENE LY, BT SIERICEMTH I EARLTOS. Fl2 L4131, A—
~y FEERASOIN E SR EBMSHSERAIE 10, REFTRN/HTLE DMK
RELTHMTHDBLEARLTNS

Hh b oIC

CIRCUIT O#he% XA T 3 EANBEEFEECDVT, ZOMK & RAORHRIC
SNTHERT, CHODOFEHEET ) r—vay - Fusl 536t LTEEDHT 5D
K, V7 by TRIFEL ODERE, a7 VS LOTRBBBETH 72 L b
FLTEB &L,

CIRCUIT 12, BELRELD2—FHD VRO EBERYEELS LI, ROKILQ



90

HEEDBINPRIR OB AT » T 3B,

» RRFARATIC B B BRSSO SR AE

=T DRT X A EERREL, BEEES O T 0y R

=R RE T 4 OFROR—EH E~OF 0 v b5
REZEBOW GO THRIC X 2 35N O SE

Fio, BEEERH LW, FHEHRT, E4EBMINATEOHES LTI
+LOAD Fu&vy4Z2FfHULE, /N FTvOEE 5 va L —3va vk
i EEALIC X B, EERHEOREE, WMNSHtORERLE

CHARREEZ 7 s ANEBLT, o2 27 A5 &K< Bk

- Pt B BRIRR P D S g

mEMBBY LMD,

tkic, CIRCUIT oz L dbicl, AMICbRENBEEZRI LI, ARa=rvy
7 (BR) O'E B EHE, (WA IES OMRICEH L.

SEHEE [1]1 W.T. Weeks and A, J. Jimenez, et al,, “Algorithms for ASTAP—A Network Analysis
Program,” IEEE Trans. on Circuit Theory, Vol. CT-20, No. 6, Nov. 1973, pp 628-634.
[2] R. Brayton, et al, “A New Efficient Algorithm for Solving Differential-Algebraic
System Using Implicit Backward Differentiation Formulas,” Proc. IEEE, Vol. 60, No. 1,
Jan. 1972, pp. 98-108.
[3] T.G. Gustavson, et al, “Symbolic Generation of An Optimal Crout Algorithm for
Sparse Systems of Linear Equations,” J. ACM, Vol. 17, No. 1, Jan. 1970, pp. 87-109.

#MEEEN E B % (Takeshi Nagashima) =T
IEF22aEA:, ABERRSET AT AR e, AT4ERIREE
BesiRET. REAR 2=,y 7 (M) AfL. BlkFEEL
T, B 0 BEETFREOTESFichE T 255 3
2 b= g VEIOERICET A RIS, R 2L
— 4 CSSL 1100 o BA « Bk, WMF[EE ¥ av—4 CIR-
CUIT @il - %, mHlER: ~ 2 = v — 42 DIANA o
BRI EDT o 7 MO BE, BHEYZ 97T
WHARRIE 7 v — T IR,
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L

KEEHRERREE Ada OICHSH

1. EAHZB L R 5 LRBEEE

K EEp#2 (Department of Defence—DoD & I
T BEALI D Y E2— & » ¥ X F 4 (embedded
computer system) B ADSELHK—9ZHNT
HEALDNTVBEFE Ada 20T, ZOBRH
B 2.0 O EEAROPEY I DO TORME
BEMEICESSh, pEVBERNTEIGNE LD
15T &

DoD EiZiciz Ada % DoD HHDEEL T 4%
235, E—fBicd Ada BERTILCELEER
ATWA. Ada 5 DoD it AINZFTXTDHa v
¥a— 2 THEBATRCESETNE, EHS5THRU
AV EERTSRMa—YTh Ada P
FATTREICIE 2 & WS CEBTHIN 5.

FTT, D& EEBRICHELT—RO 22—
Ada% EFABIGASTETESIFRHL TH &R
DNT, REINTOLAEEFELRES- 126 &ICL
TEELTB &0

2. Ada XEOGHSE

Ada B b EERAARHaVE—42 » Y X T
AAERSASBELTV S, BALEI Y E2—
B eVRFAR, AVE2—RDN—FYU 2T &~
BALXRT, V—FEHY 27 4, ITAVHPALH
BEEHIMY 27 4, BEFMEY X7 L7 EICHE
bhay I =T« VA7 o—EiEL T 5.

COBERO B Ada H3& L KA T B HEE
ELTi

c F—2EY T2 4 NCRET B ERITIRE

 Bgk I A IR G D EREA NS
EhHTrcEpnTES. chliloBBEOBKEILE
QICHAAB AV E2a— & « VAT LHENDI LD
b, VI U2 TTE BELTel I IER
BT 5 oo SN, P, fhki, Bl RE
e, BT AED A ARINTNE DT,
—RDF 0T 3 LEBILORDONDEODTH 5.

COAFEDEBHICHR - i d sl &, Ada
OEFENG > L RMTEZRTTHS. COHE
LLTHT SN0, HEKBROWEY AT &
D HIE5HT,

CERIBROATEESw Y v F Oy A7 4

« BRRAZEEHY AT A

. BZTEHY X T &

FIEHTEERY R T A

- RBRYV— BRIy X T

CTEOHERA D Y Ca—& « VAT L
nERHFoNLS. COFEICOVTR, 4%
Ada OTERASKIRTE 5.

3. FHEHEA

BEHHESTTE WHELE IN SRR,

o 7 7 4 LHLER

- 10 EEE/ NI R IRE

- IRE PSR

- BPIPEA R

- HEIE
TH A5, Ada €O TCDEAEBLTHBE, &
BRI E va— KT, ISR TV —F
DML TERENTIAIETE 2500, ZO4M
OB DN TREENRETH L EWNA 5.

T AVMETH S, Ada B2 —FED
ARFELTRIEY 74 VBB EFF R b« 774
VIR DA MBI TS, F—2EELTa- %
WMIBG 2 8REB|7 74 L2tEN 7 7 4 VOBRRR Bl
Py =V A RABETABENDLY, AHAID LS
BAN ML E & BERBET AV TNV—F
HLUTAIORNEOEBTHAD.

10 R/ NSRRI 1 BoBEES B L
BBHEC R SEOHA T H 5. Ada i3 BEIE/NK
HF—22EITHBD, Thid COBOL < PL/I
DI0EFEE /NI E E DL BRI - T3, COBOL $
PL Tit, 10K - BAEERZHI L
IR A TR L T 243, Ada TizBliciiE
WE/NBUSIRED & 5 s ERE TR L, MR
B L EDDHENHICT FIL, EETHER BRI
WELTHRE 20 THA I3, RSO %2R51R
v, 2EEENUEHE CLERERD BE/NUEH
BAYIaV—PIHBCLEZERLTNS. 2O
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FETI, DEVEVZESEERLD, BHHE
BREELTH 3 BN HSEBbh 3,

IERFEEERE COBOL o & BEmisis &
Y7 F i KB BEO XFREDWH 2 EHL T
2, Ada Bz EL5 L THRY. DThic
PASCAL 37+ A P AMNEHITHBDHT
B, chiFfcEz2id 1230 S S HEA 1,230 &
WEL VBRI, RETH A 5. WEAD /T
= VEREBEThRE I DOTH A M, Thd
COBOL % PL/I iclThTFobL L,

DLEoBEHic Xy, FHEHESHTO Ada Dfff
Ric@plh oSk 2. AUEGBIK XD, #HA
HMAYE2— 2« YRTFLTH->Th, B0
VoA e VAFADEIREHEHAOY A7 AT
B kA AN

4 BiWEE ,

BREABTTL T BEL SN 3R

- RE/NSURERE - E231

« HERNIHEA B B « a— FAERORHIL
Thz. Ada BEH/NUERE L ESICBEL TR,
T EEEA LI TV A, a— FEROERbico
DT, REMEFr RO ER I N TBIRGTS
3.

& A, SIN, COS, LOG 71 & O¥ZFEHIHMA S
BERE—WI A TWIIL, 2D Ei3—R Ada 8
ERSHHECB LTV E IR 2ERTH3. L
L, HRABEAY Y2 —& - YRFATH=MAE
BRERBBETHECLEEALE, Adadirty i
—VBANCENTHR LB ., Td
b, BEFEHAABEEE/ Cy r—YELTHELT
B, B0 SEKIIAL LS AT FORTRAN
EEDLZ L AR, BEl Sy =Y, T4
v 7 e Ny =V OFFAOERICTE LS.

CDE DI B E, Ada BEERE RN TN
WEWHIBEEBRNEERTE - RY LS. b
THCEROLHEITEIEETH B, Lo
T, #7E FORTRAN & 3 \id PL/I 234 /5—1L T
VAR ESBICEA 0 Ada BEHLTH &
XZHICBZSB. i

5. Y RF LM

VAT AEBRSFTERI N B BEER,

cey MUE T — s
RETEHEAHD. Ada Davsof 73, Ada HE TR
BT3B &R XT3, PASCAL av/¢
4 948 PASCAL CHERTEITLEEZL 3L,
PASCAL DAL IEL D NELZ Ada 3o
FEORNE AT EELONS.

722U, Ada ORI HEELTE D £ b A<V
—T AV e VAT KEFIRT B IEE O I EUR
X T @ ©, CONCURRENT PASCAL
PEECOREZ LU CREIFFT R&TIL.
6. % F H
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