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The Development of Commercial Cryptosystem Standards

Jim Nelson

B O OMER, BREavea—40, BXUaVEL—2BIKEY ABEBROEEET S/

WOREHRE S/ Y 25 4 (commercial cryptosystem) %R BFEIL . £ ORIEBRIIFEE
WCREDRSH D, BEIC X ZEHECERAAELTEDHYUREVZ XD, A TREMARS(LY X
FADEERBENTOLDOR, EEABENTHNELDTHEEELLE. FREMES(LYRT
LELTOERATELESTX 5D, COEELBURETHS. Fk, JE{EXTESL
DTS R ST M S 13 2 K OAERS R A RENS L. S5, KRBT
13, ErELics UTREFON TV AR OWTRY, HOFRER T 2RSSy 2T
LERBNITT 5.

Abstract There are many requirements for commercial cryptosystems for transmission of intelligence

1.

2.

between terminals, between terminals and computers, and between computers. Much commercial in-
formation has great value and can warrant the cost of cryptographic protection. This paper claims
that the slow rate of implementation of commercial cryptosystems is due to the lack of standardiza-
tion. This standardization is necessary to achieve general acceptance of cryptosystem products by
users. General acceptance is required to permit production volumes which lead to reasonable crypto
product prices. This paper discusses the standards efforts that are now ongoing, and projects the
types of commercial cryptosystems which will be available in the near future.
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Reprinted from CRYPTOLOGIA, (October 1980), pp. 213-224.
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SEX T ay 7 EENITEEL 64 €y P OEEXICHIET A 64 £y P OEXMBRTON B,
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TXLEHAR(N Y7 - WX D)FELAVDTa b anvERET L EBELONTH
3.

5.3 1A% a2=4—varReEFEERNE: FEDSTD 1027
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1978 £ 8 A i, a vV a—# & EHNE K4 5 XEHREHS (American National
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2, BEE OB T A ERE/LFEEEE, X3SPARC/ENCRYPT LIEiEh 20505
N=TEYB T, 285K, OV, VI IYTIRLIERTLBDIAER
WTI, KED DES &LF s K EA—DF—2BET7T V3 ) Xafik (DEA) Z2E U .

COINV—=TRENR, BBV —va YOE— FICET M ORKEIFRT 2720
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<, Mo, H—ty FOBDABERTE B XS5 T 2T, By b DR
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2 OEHICH T, X3/SPARC/ENCRYPT i, WE{tsLUEELOMIEEIEa VY
a— 2 LEEEEE L DEIEICE T, W DOPOREIBINICES CEBNTELLELLT
3.

6.1.1 Yy v sHOESt

REEALE - REE RSB OICE b MBRIEIE, WAKE LBERR, /32
V.- LBERROBTHS. BEEE(ELIER R BER(ELRY v2)0%
KIRTHRBETHD, Ok, COESEERY) 7 - 7Y 74 (link cryptor) & HIF
ha.

I . £ - €| R
g H U7l o0 M Y o s
ok 7475 . JEIE bl “ 7978 yok
g3y A7 LOHBE
7T i 5 797 W5 77
K_HK__HK A N AL ~ Lﬁ
o N €l |E
Iveal [Jv7 - T-__‘it_ VPR E TN I IVPP2RE B I I VR B - S
-7 g7 717 sy Iv¥a-¥ syrs |7 |7 |20 7% W
il bs AN A

Ay =Y RPNy P RIEDBE
K4 vy oEEL
Fig. 4 Link encryption
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5l Vv -7 ) T R2RIABOEEEEBEMEBICE N TR THCHRATS
ZA, OV Ea—2 EEWEREBECEASh D255 4 v — VBXT/ Yy PRERMA
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UL, A ve—YBIU0ery PREBRIEFICE S OB LY v 7 $ i ERD
SIELNTNG. &Y V7 $RABMOMICEI MBIy FT7—7 - 3V Ea—21{, B
Bl s BRES YRy, TOBEEEE/AL, F2v7 L, REUTHEHEKL, BY
B AL LT GRS S BIDF — % - T), BARMICEDIES 4 v £— Y% BRI TR
DY v/ ICHE%ST 5. Wokk, BEROEREIESy b7 -7« IV E2—2TREKR
KESINa (BEXTHLEXTHES). 51K, F—OFEEIA ve—YVELEBT
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- S N [ % A A Bl PRI S
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. B 530 ?
B ; 3
ﬁ;ﬁ‘@? HIRE O
70)TE

K5 %wMomsit
Fig. 5 End-to-end encryption
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IR RSt LT ) Y/ R OB LTRHREBETH B R, LK E
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B3, VY /MEKEEOTEL AV TORELERETIH0ELT, BEINL. C
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6 WEMT—yTHEE @BET—7 - 771)0) OES{k
Fig. 6 Physical interchange (magnetic tape file) encryption

DR, &Y Vs THELBIUERSLEN L, BELENis v -0
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Abstract Data base computers have been identified as one means of using hardware to improve the

1.

performance of current Data Base Management (Software) Systems while offering increased function-
ality. This paper describes a microprocessor-based data base computer architecture and its operation
that was developed during one of Sperry Univac’s research efforts in this area. Parallel transfer of
large blocks of data which are then processed in parallel on a content-addressable basis by a-series
of microprocessors is the key to this design. The data base computer described in this paper per-
forms all of the functions required to support a CODASYL or a relational deta base management
system.
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3., READE IBITIR, 774 VBOBIHIIN KPickiiIh s, 82 BET,
77 A VARDLDEHINBBEE— FTHELTHE KPickhhEEINE. KPoD
BEABLIZTRTOVI—FBARLOHTIEL 3. KPICHET A FHI2 0
A»hSDVa— VN, BicaTohs.

5) ZFH (modification) : ZBE L2V a—FDOF—%, T FEAE—FD KP itiEA T
5. OFW, EEINBVI—FEARUY ) VEET 4 A7 H B0 70y 7 BB
5 RAM igiEsiAts, X5, cOv Y vy AFhO va—FD+—%, HAHlE—FD
KP4 — L 9T 5. Bikic, #fke— D KP THHINTH2HE%S TP i
LVET, MSTIEEETS. RAANOFTHEIN 3 KPhOEBRR, BEkIhs
VY Y ARIEO Y I— FOEBERD, H2OREELLO Y a— FOEERERD
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EEohTHD. MEOBAIE, BV v FEHEARS, BT S, BEOE
i, ERFICED FEEMDE S, |

6) itk (deletion) : Z D#FEIR, BEOEALEML TH Y, AMIH T ZHAK
MLy a— FAHIBRT 5.

7) BN (addition) : Va— FE 7 >4 MGENT AETIO 2 BEOME, Lva—F
DEFEDDOBFHBROBMEEIFEMHML TS, 3BREET, RAHNOEHEENE LN, X
B Bsrva—rigiadhsd. KP kIO ERIN T 2IFBE T BINAEK
ENFZL I FBITR7 7 A VPICERELTVBZ EARLTED, zOVa—F
774 NVRKTEAT AL EREEEZBIZHCT LS.

8) %7 (sort) : DBC 3 FMBEREZHE > T 20T, £ < OHOWHNLEFMEHS
THETHS. 1204l%, & TP g FHAOHEL LidEeYa— VR hOHS
HEONARC DO TEEDEINS 2N IIHEETS. 20%, COREOERION
B, BT 5 TPEBORBG EE2MHET S, o2 D20HFEIR, 77414 WH5E
ZEINTHETHRDET. EABEESD, WIIRBIMEOMEREL, PiilL
b TP O n DA — X THRINITIT ST,

BHORANEDPHENBLZGUEAOHEDY, LEEADI I NS - LEMUEBIED

EFHETH 5. EHOMAPHELETT 5+ KPORBHENRD SN 20 b LA,
ok HIEREBichE, & TPHRESO 7 74 AEKRD S TREUED %285, KPrhic
RRETEMHMVLVI—-FRE, #—7o— - VR MNCEMIMNLSE. T TP R D
¥%T795E, KPoSEEEBIZZVTL, 4—~"yu— - vao—FHEINS. +—{E
HEOEEEINBKETECRKP KBV OSHBVEAR, +ABKEICE 2 ETHET
5. ZOBE KPRBEAE—FIED, HEULEAERTIKMO LS. ZEOMEIE KP
BEATBTHIET 50 A b EICEL . S BRIECEBOEMBNELLEE, £DHEER
BIHICHIEY A VAERT B, COLICE— - oy VEFEOBHTHERAT B C
LHTE B,

o>

5. V7 bHa27
DBC OV 7 by 2T EWETHFRAL ava—20V 7 by=TiR, &%, F—
2, BEFOHEWNERHLUTCEVWKHEE LIS Y 7 by 2T - YT VAT LDRy b7~
I;pBIE 5.
LD Ay b7 —7BROL DB ER>TW B,
1) mBIhZGe, F—2%, BEEEBETHIAPI V272X
2) A4y 27 2= ABEBRINBORY, #EEBEREHNICTORTLEe Oy
7
3) HBA Y 27 2 —AMBEBRINKBORY, HA3EBESRIICTHREET — 2 /&
4) F—aABEF — A — AT RERGS
5) MDY T v AT AEECHTERGS
BEYT VAT A, TNESANTHEO YT v A7 ATHEINTEhEDEL.
EBRKEDOY T YT HTVATF LD Ry b7 =2 2RAICRT. T ORKRGDIE
THRNBZEEP LI > T3S,
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ARAD -
Iv¥a-%-
V7 bhboxT
Codasyl FSitid yL—3afiv
ocasy LDM, ISAM, EA AN
LDM DAM, SAM LDM £v572-%
AbLyY.
F— v EH
(SDM)
rY - F— N A
T N—-2A

5.1

B4 VI buzTEE
Fig. 4 Software structure

KRR AVEL—-5DVT bU2T

1) BEEF0 3L chbiimEy— 288 (LDM, logical data manager) iCxi4" 5
F— FRFEEL 7 74 VAN ZETTEHERBOT Y r—vay - Fnsshs
ThB. INbiE, F—R2OBMEREDDDOF—2EEY 7 = ThEHE>TE
BEOTF) r—va 2 0ET5.

2) — BV IrYLT  ZOATFTYIOV T P 2T,
BIOF— 20OKMNOHREDIHIC DBC # T HETF7r v 2 va VEEEAT

a5,

avNAg Z,

=T )T«

3) FRAR—RBEY I 2T DA FTVDV T LY TIE, BAORET -
A EFNDF—~RAEHRT Oy YRIEEDIZDD T s A VEBY 7 T2 T, T—
2R—ADRITL—F 4 )V F 4, FeRB_R—ADRHIBE2—F 1) T 1, T— 28
Eo Ry VEEGATNS.

5.2 mEF—45EE (LDM)

B B Y T VAT AL, BEOTF— 2 EFNVERETAVYATLTHS. T
NIV EBROHREF— 2 - EFVELEST L ENTE B, BE, ZRLTODETF -2

2SR, Bk (CODASYL, DMS 1100081), MISAM, EHARK,

F, OS 1100 ZAEAHRIITH 5.
BEEFALDEDMDT—F « EF VIOV TIZ, SHkaads.
LDM i, BE 0 /5 AiCF — 2 DHREHIRAE (logical view) 252 256D THY,

@Iy DML @44 # LT, DBC THEHTAA MV vy Y« 7— 2 EH (SDM, storage

data manager) Y7 YR F LD HDF—F « AV VERE (DSL)%%&C?‘%%%%%

.

JIV—va

l%Lm,v:—F@%E%ﬂ%&?év:—F-v&w@ﬁ%&%bﬂﬁé%f%é
Fe2 e 2FNEYTAF—<EDOERICESE, LDM BEMRE S 0S5 LT — 2%
ETRNC, F— 24%#mUEHTS. LDM i3 SDM oLV 3 — FOEF D #ERL, W

MiceEh oz LET 5.

5.3 RbLwY . F—-5EESDM)
APy Y F—2EEESDM) ¥ T Y RAF AL, F—ER—R 3V Ea— 2 ETHL



VI LT 2T THD, F— 2OBMPRELGTEL, ZOMOF— 2 EEREAMES
hEEL.
SDM &, WD T &AEFT DI, BERHMT S5 LEBEL—F 515
T3,
1) BEm®
2) fHEEH
3) A& F—EN—RDETF
4) iR EIRE
B) T OBEHY LRI & R
6) SEaMoEE
D ThAYYTFaVS
8 {&E
SDM B#ERO R+ —<Z2EETE S, F— 2 _—ABEHD DBC LM > T d &
AT, HED SDM 7235, ZEWPEELEDOIDICS v 27— & L L. TOR
o SDM 347 — 2 ~— AGFHFMO fz DICEd o M BRICHES .
54 A&« F—HhnNR—-2
AR+ F—a2~—R(MDB) L, HREEZEF— 2 N—AEEHL TN BF— 220 F— &
~N—ATHhB. MDB i, #— 2BV 7 by =2TLD b -EOMHbN, RFINS.
chit, F—2EEY T VRFLEDA V27 2 —AD—FTHY, ROBDEEZATH
3.
) F—4HEHINEF—2 - F4LI M)
2) WmEAf—<
3) RbVyP . RAE—=
4 YT7RF—<

& b b

Sperry Univac i3, BEEAZEMUEHLBAMMEREZEEL, BECERED 7 — &
N—RET Y r—vavAERBELEWEEL TN S, COBARRGHALTH S HELRE
Jeit L7z DBC OFHLITH 3 C & RPIOMETCHO LI~/ HEOKRAET S
NVhr—yavDSe, 4%OEROFEILLY, F—E2R—X « a3y Pa—2iCKd 2
BEERAE LD, BEINTOERHFRCINOOEREZFEHR LT, ABTHEELZT
— 2 F I F R ICHET L, CCTHELZF— 2 R—X » 2y Ea— 2, CODASYL #I
HBNFY L —v a3 FVEDF— ZFR—AEE Y R T LADQFICHE 13T < T Oz
.

W, HREE BBV - TS, D DBC 7T—+57 F + 2 EEHT 57201
MEREREEFT T3S, g7, DBC Kk 37 —42D 7 53 X2 ) v ICBE§ 2EERMH
BARELTN S, XBIC, F—EN—R + TV Ea— 2ONEEFITICHET S v 2
al—vay 2FLEERELTNS. ChRNA2 Y E2a—2 ETORF— 2 -2
HORFLEDHBETIDOLDTH 5,

COEBKENO Y Ea— 213, BREMEQICBOTHERLRG 27— 2%25EE
BLTHL CEIRARESEMT AT EICINBIEAS.

' (YRF AV 7 boTHRES E B
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A .Unified Approach to Online Assistance

N. Relles, N. K. Sondheimer,
G. Ingargiola

Help! I need somebody.
Help ! Not just anybody.
Help! I need someone. Help!
...Won’t you please, please help me?
Help me ! Help me!
© 1965 Northern Songs Ltd.
John Lennon and Paul McCartney

B MW S0LERavE.—% - VAT AR, DOPOERD HELP Fatw v +0EI=2

< 3 I (assistance command) % ¥ - T 5. # ¥ 54 ) (online assistance) ZZIRINICT 31
2, TV F .« 2 —+ 45 B4t (assistance provider), i O MAEEMIC I L 722 5 D
LREEER SR, ARRBZOLd BRIV TENE. Tbb, RFMaYEa—4% -
VAT ADQLEREEEENPT R, BASFICXSBVENT vy b EEBERERED, RE
KB SN F— 2 R— 2R ET B L A2E~NS. AROERHARRDOEELDTHS.

1 &FMa— B REE T 28O

2. bhDRTVEMBEARET 3D HKRELEF— A GBIV T — 4 OBK

3. MBRMNBHEELEEL XETEVILULT T—FT/ T

4 V54 VBWEMBASL, THEHE LTV DB ER TS5 LY 75T
Zofh, AT, Avo4 VEBEDBEEEDTHIORENTLDLET S, 1 >OFEZREL
fo. THDB, VI EULT 34 THA I NVOZBIETRD D1 2 BHEKETHHETH
5.

Abstract Many interactive computer systems have some form of HELP or assistance commands.

Effective online assistance requires a well-defined framework that addresses the needs of both the
end-user and the assistance provider. This paper presents such a framework, whose generality and
usefulness come from an application-independent assistance processor and a highly structured database
of assistance information. Major considerations are (1) the types of assistance interactive users needs
(2) the data structures and relationships required to provide comprehensive assistance, (3) software
architectures that encourage and support effective forms of assistance, and (4) the programming effort
required to include and maintain online assistance. To make online assistance effective and econo-
mically feasible, the paper proposes a way to integrate assistance into other phases of the software
life cycle. :

F C & K&
BT SR, LIPRFMRY T MY T OMRICET EROERTERTHELEL
BNTVG. SFEY 27 LAOMBHILEREL, bRIOHERREST ZA (¥ F -2
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This article is reprinted, with permission, from AFIPS Conference Proceedings (1981 National Computer Conference). pp. 383-
388. .



EEY AV I4 VERA~OHE TS —-F 23
—) LA VEL— R EDHINFELTOIY P — 2 OEMR TR, YRT AR,
LAY Fa2—WHLIKL-THAZINDDH 4. b0z~ RIS 7
0y VIERNARBEEEFRIVE -2 E2ETEBCEEHATHSE. oD
BHEITRZ 5 L D20F ks, ARSRER WERT 7 v a YOmR, #HEOHRN =
5 — D, U A FEOEREL ST V5 4 ) (online assistance) D FH:TH 5.

VA VgL BR-=2TPa—4 51 FIRLBEHENEHTECRNTRD
ATENRTVWS. BLILMBOFELID A4 L) THhOREMWICITLAATHS. Thid,
VRFAEDZ-FHPEAICSBLTNAL L, EMNRERERNS B EEESEL
TVA. F2HE, FFax Y P EESCERRE» S 2R AHERENE, £75
AVTREBEMTEX 3 H1CH 3. HEAB2—YRAVIA VEBERANT, §8ksn
AN T s VY ROPE R ELLENTES. A= T LTSI, YLFHE
TOBEREINEREINE. BBEOFAELT, Fv54 VB UAFES I LIKED Y RF 4
DOURIEIDCETHE. THLE, YAFLO0FAEEZERL, HBRC2—FEYR
ERTVEHORMPERBICRNIZRDRICH 3.

ZLOERAYRTLIE, W 2hDs4 7D HELP Yoty 49Efa~y Fif-
TS ULhal, thod vy 27 o B—BHIKERE(v=2 7 vh TEBICAED
2D XDy = ) LM ORM) T E. KRN VR TF A TE A =2 —8R,
HEINA, 2—PEET D FIVBLUHARSEA V2 72— ADXHMET, L
HIEMMNTLBL I » TE T 3B

THEMICE V54 VEBBETOKE, =V F e a—FEBIERELDERE IO
PRI A ARETH B, BRI, VI T« 54794 70 ERMOERELT,
A VT4 VEBHERELLEDE L THRRELTELBRAKDOVTERTVS. Y RTF 40—
BHEEHENPT IR, TV =Y s VIIEBELROVED Y 0k v ¥, BLUSEICHE
BEINABREROF -4 "—2b08B0N5. TOKR FWERTEEANLIDH
L. THbE SHMa—-FOREE LTV AEMOLE, ph DT 0B EIRMET 2
HOF—2BEL T — 2 OBEG, BRNCTENEELEELETAZV 7 0T 7T —
FFIF v, TELTAVIA VB ERAALENERBG LTS BDT w717
BHTH5.

2. MEAELEX

W DODBDFVIA VEERTFNy XV S V2T LOELEL ML ST, 2 —F3
LVIEUVIREREB D OBRE (=4 7, BHEBFE WREP 2 ofHoRCKRO N
B o) ICHAC EAREESELN TV S, 2OEEDL DT, BHPHA F - 54
YORMMBEB. COXIMD, VAT AOEFERTEMPICT 24 V54 VBV 7
P T DU DBIER, 4 V54 VEDEEOSRNIEFEREOTICIE - T
WA FHRMICE S it A Y4 YBIHRRO XS BEEER - TOIBOhIERS
ANAY -

1) JHBE-- FRE@EA LTINS VAT ACDONTOARE STHES X 7 & 54D
T)DEBEMIKEZDEI: 2E2iE, 27007653 RWELTOLAEAK, 22—
DPIRETFHE, WEISNE TS0 3IVIEE HB0RARNL—F 4V YRF
ATONT, WULETEM TSNS S50,

2) REE 2 —FOBRICE Ul X d@h 2 L NV TRIBELZ 2. 7D
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B, WDMONG T 7EBLTCRBUNE, okl DOSBEREE LRSI
T EMTERVOTRES. FBAEER S 0ORZNICH &L J DT
BEBB ORI NIEE SN, :

3) AT 2 —FOBRADORINKHA LB ES5 A 28D EAE &
BLy—MHEUEE I15—PZ0FREE-TREZI-FRERLIECTS, &
BAEF gz S0,

4) Y- ROFRBEHE- - ETPOLR7EPFT I ERLICE A ER T B
7. ELOBYYRFARMAOY s THEXELTHLON TS, EHEXT S
72010, BEOZ R AR GIFTINER LMD TRERELD T, R
BIEARELLZOIICELDT S LIk, RSKL 5. EEIC, hWiTEh
WFu S5 a4 YS4 VENORBEAZY bhTitins.

5) —E: B UBRAEET, MEHNASHR VR T LR L TR TN TORER
Tur5sik—BLTEYTACE. COBRAEERISIRROAEKIE, ARV —
FA4 VT VATFLDOUVRVTEGBELATEDECETHE. LpLiaks, BE
DEEERZDOL S T—BWHRINL TS, ZORKAOHEEID, BIEEN, X
ERYVATLEERT BTV r—vay a5 60k TRIEL, ARv—F
4 VT VAT LDATY FEEOLDICABINZCENENCETHE. TOK
R TV —va VEERBREINLER, Fvo4 YEPEE - L CHRT 3
», —BUEOIRWIBEOA V54 VEIATS D, BA0RARV—F 4 VT VR
T oS T 2 BB E L I M bDEEL LB EARNLONTNMTH -
7z,

6) tREEME---BENCHT 2 HBERICEHENT, HARETABCT IS tEX
i, 2= 0527 r A VOBHOEREFELZEML, TOFESRRINHE, =2
=¥ [OK! ZD&BDICETRL] &iERTIAE, RTKBINSI X S K
AR ~3TH 3.

INOORHNBEERC LR, SITOHMRONVEY Y R F o528 EDHBA

(BE2NRMBDADBE->TVBEDERFLCEDHBA)ES, FHRTOHEATHS. L
Vi34 VTHGOBEMOELZEZBLISELTI I bR, 2—FRISKIVTE
PIEBHEICED, BB Y A7 23 bNIELNS. ChITOBRBRD S, BHYRF A
BL—FICBKBINEIDELELED 6 DOBEA2 LOREZ LI TN BRI >TNES
iz Blel,

3. M—m B

3.1 4% =

LTEROMBAEEBEMIA LT, ARV —=F 4 V7 VAT AR 1 DOBY T~ 4
~N— 2z (assistance database, ADB) & 1 >DiZ 7" u & v ¥ (assistance processor, AP) %
BV LERETS. BYF—~4~—23, BEEELINLF—2N~-XT, 77
=Ygy e TRyt _—F,4 vF  VAFLAAEDaTY ¥, S £ LTHE
BERTOELNS. BP0y 3BT Ay —v s VIIRELREW T o & v 4T,
BYTF— 4 R—- 2T 2B POMEREBRT 2. 1 B0 oy +T—EHikOBR%
BT T EMNTED, &, BYBY 7P Y 2T o4 V27— REHOTEREST,

ZDT 0y FIIEOMEN & & B ICHIIC 2 —F DR — 2 TREL RN T & THEN
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]
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Lo B _
——————— 7oty Foyn-A

M1 # B B &

Fig. 1 The assistance environment

L1 55, WYICEELISL T -2 X—2%8FENE, BUEHRERITHERDOH S
bDET BT EMTE S, '

Mliga—, TAVr—vav-7 o560 0y VEOHEELODIRNBD AR
LT3, 2—FBANT2a<Y FRT7T IV r—va v 7ul 30550 REH 0
ey FONTNMICEINS. BHERREZZOT )V yr—va VKZ0EIORTEIN
3. BT oy i3, BEIOEVIEBEHELLY, AEEED S ZHMIEEET S
WL, A =a2—BRPBINBEROBERETHICEBHB. THVr—vayv - Fos7An
CEHT Oy I, WOLSHTEHNDOLDIE, A ve—V%PhEDTETEMH5.

1) 2—¥oREOHT. &ilE, ARINEN2I—-FPERAINE a7 Y FOR

NeJBBICRE LIcx 5 —%&

2) BY oy yofRiill, AKKEOMHE BEFIESOATF

3) 2 —FOEIHERIC OV TORMDIEE

4 HABEHTERICHET 2BEONBET S YV r—va VTR T ACERETE

(T1abb, BHOEEELEEDICEFTEL]D.

BHF— 42— 2R3N2ERT LI IDDOAREBEOLOEB->T5E. THOLEEE
BIF -4, ROBYHF—4, BPER F—42Tbh5.

BEENF— 213299 » 2 T & L TEYEEH (assistance administrator) X - TH
BENBEEINAREF— 2 A2EATNS. BYEBELN-TH, AHELTTHRE

g |71 BT }
=5 v 7 Ay k7= TERD
25 TIY = PRy

IS0 0 I A B SR 77 4=

P8
gMr-s L2z
_ vy

2 BRhF—-9~—2 (ADB)
Fig. 2 The assistance database
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, BEIELTESARTNITRSIY. 2hid 1 ATH LWL, ERREMEECENTH
L, Tass=e, FU A 54, THAIr—v s vOEMEOEMTH-TH
. BEBHF-2 LR, 2ORBPHL, EERICL—H - HA4 FPBH =2 T
RO 3 BRI 25, BEF—L4DF 47 vaF Y BREHOMARCENLHE
EEATOZ. EBUBEROA » V7 =213, 5377 )V r—va VCRAT ISP EOMHE
BRAERHEL TV, COLIBMSPHERGRE O, BABERAOHRMX, D
Ay—Y, a2 FORE, HEIVRAE SWoTEFR A ST A,

EHRHF -2, K2~ ky Vs VORDTRBEEETHY, 7TV r—va v
PEOEYEMRE 22—V EOMOHEREELREA LTS, COXREDERICK DB
Taky i, BEOCHAY, 1OROMERI ST r—va vEDOMTITbiLL
StEED DARAOER DT, HUBMICEREADLEZCEMNAHELRS. K2 TRENSD
XO, EHEMTF— 23T —voREBLY L, FREE ZLTHEORZ A VE
DTaT 4= VEBATND, T r—vay Fal 5187 nxy vi3&ED
i, BEO—EHIEMF—2DREN Ay M7~ ICHEE LTV AETEYNF— 2 2B
THLEMTEE.

EfT7 -2 3BZ oG, - BHEEYE, BBA v ¥—V0Ry VT D/ —FD
PFEX, ZLTEZOMOBY oty vOFEWHOVTOHEEI S >TNE. T
B, BT oy 30hnE NS LV RBBPHEEZEOLDOLDT, BHF— 42—
REMERRETIORER SN 5.

3.2 ERhF~-I~R—2X

SHREITEBMET AL, BHAy P72 BT AEHOBIREER AT RT S
5. MBOKXRBRICHET 3UED, bhbhiKEDXIBaxy b7 —7 2BETIHBELS
AT N EFELBBL cofi tibhbBHERELTEL 2y M7 — 7 BROME
EHBICRL TS 5.

EEORSEARWIIKEZ, BOIEBERE/ — FhoHE3F— -k THEALS
NB. K/ —Fi}, a<yF, X524, BIO0RBEROLHITHEEEL, T7+R LD
WS OhOEALEHEIN TN, K3 TR, WMREZNOEFRRTLI7F+X POWIA &
O GEE TEXT S0 3w g7 —/7THL T 5. OB ECX
D, =M IR ICET 2BHERERTCENTES. L&, HBWEKT 7
ANVKET BEEREERT 2 E, EPT oy yid, 20/ — FICEEEN/ TR M %
FRT 5.

b LEBUEBERETELIK, £/ — FEBBRICER T2 8T, BF
DOV D® HELP v 27 4ld, BYF—4_—~20thiczok ) SEBEREZRDA
NTHBLAL6T] 32 L 2 ¥ Wisconsin KZFWCHIT 5@@HELP v 27 41, YRAT 4.
SATSYVHROETa S A HLT 120/ - FEE-Tn5a. &5, Z0X57
/o~ FREAAERLR I~ FORREHRIFATIEHOTND/ — FEELAFRE-> TS, L
DERAERET 28/ — Fid, 77 x24Ty a VERPL RTERO I LICTRLD /
— FAEE - T3R8, _

FROBYF - 2 N~ 2 CHHBEERERRT I ERE-T, BYY AT LOEED
BEMBTHONE. bbb, BsOBBEEFREH2CEICE> T, 2—HFRTHPPITK
DAERICEEAEDTCENTES. 1 2OMAKET 2T XTOTRIERERRT S
L, a—FIMEOFETERT AEREALISE LML, VHICERSN/E



ERES A VI VER~OF—T Ta—F 27
FOREE ey M, $RE0Fy b7 =7 HT—BH AR, EHIROBEERTY
3. BEAy PT—/ 0BT, CHOOBBRENTNEL o/ < WVEMNT T —7T
xEN5.
bod, bR OBBEED LD IS-A BETHS. ISFABERRBO L 220fE%:,
X —BH A LRI O 5. & 213K 3 © IS-A BRI, 3NTO RAN-
DOM FILE i3 FILE ©#b, $~To SEQUENTIAL FILE $FfETh 5 LARL
T3, ¥7 2y FOBRELTEL 2L, 1SA BREZL OMBOL 4 7 OMfER (2=
V¥, 8524, HEMEE) 2RBTAOELS. COXIKBEREVIEOEANS
CEIED, a—FR—BNEBIORIT S LSV TORMERS C EHTHES S,

%
2

‘;3_[(

SYNTAX
OPERATOR 4
( oreanizTion : Rt oA ) LIS READ-FILE EXAMPLES

EXCEPTIONS

~
T AN
TEXT TEX

Pru—

REALIZES

\ INSTANCE-OF
\

ORGANIZATION:
RANDOM

TEXT

A file is a collection of records
stored on a device known as...

To read a file, you must first...

3 BBF—-SORK
. Fig. 3 Sample of assistance data

IS-A psfE (B3R) K5 o 2 Do fHic MODE & REALIZES 334 %. MODE B
BETYF 47 4 OBWMAEBATEIDIKALS. b0 v n s oBko B
FHEOHERAER LTS, &%, X3 © MODE Bi%iz FILE @ ORGANIZATION
B0 & LT SEQUENTIAL 7 RANDOM ##F &3 ¢ x5k LT3, REALIZES
BRE, 52151074 OBRED, FO—BLIN B CEOBHO LT, 00X DLH
HTHERTEXE2LEVIHRERLTVS. M3 opiciz, RANDOM FILE ® ORGA-
NIZATION EM:E—H187 7 41 VIEREORENLE L TRENTVWS. T 6 0K
K&koT, 2=, TVF4 74 OBM ZThOOHEME BIUEEIYT 474 &
ORIOMHEAHIPT 5 N TE 3. F1, REALIZES BEMS7INE, HEO3MKE
DT g. fo& %1, RANDOM FILE Tid, 207 v 4 VOBADBHEOCEDTE 3
FATOMO MODE Otk & EAEHET 5L HIEENE.
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K3, MoBEEGESEIN T 5. OPERATOR BER LTV F 4 F 4 1T
fERTHE 2= FAEDS. k& ZE, H3od FILE T3 READ-FILE o< K&
WRITE-FILE o= v Fs8E a5, SYNTAX B@iZo <Y FOBXOREEAYT ~ D
RolELThbn s, EXAMPLES 3HRIBMAT 7 x4 % 72, EXCEPTIONS i1
B0 I 5FNNTEEET i, shEhEbhs.

INSTANCE-OF BE{%&id, B v PV —7 BT 251 D0EERKBRATHS.
12EAED HELP ¥ 25 ARV, TOBRIEIZ—FOEBEONSEA, B v Y
— 7 OHTRE SN —BRNTHRABERICHE X 20RES. ChiRBETFHEEEE
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PACKAGE [file;
TEXT “A data structure for storing and retrieving” &
“objects to and from secondary storage”] is
IS-A data-structure;
SYNONYM dataset, data-set;
RELATED secondary storage, peripheral;
TS:ZPE kind-of-organization is (
[sequential ;
TEXT “A form of organization that allows only” &
“sequential access to records™],
[random ;
TEXT “a form of organization that allows both” &
“sequential and random access to the” &
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organization: CONSTANT kind-of-organization :=random ;
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Structured Modeling and Performance Evaluation
of Computer Systems

B.S.H. Wang

B W FRVAFLEULABE VAT LOLEHICLA, ZO VAT AOMESL Tl 5 K
AV Ea =2 YRATLDEFANBENRFR & I5 3. 4, :l/l::L--ﬁz-“/XTL\@;E
7A€ DUEREITINC S 3 4 DI VBB €3 LS RBLTO 5. #5717 1
(queueing network model) iF, €5 L7z —AD1D>TH 3. ChE TICHE L DEF YL
HIEN, AV Pa—2 YRATLBIPARVV—F 4V 7« YRAFT LQEA REEDHES T
TEB LD 7.

AT, —BY AT LOBEPSHE—HIEEF ML EE m&@%&m#ai&%rg.%@

HALEFROL 16D TH 5.

L BHREER VAT LOEFVERBOY TEFVDESCHBT A ECE T, GHEx%E
BIFT 5. TDXINEYTEF VL, BIETANSBETERES S S &0 S EH%T, FEATEY
BEOEME XTI 5.

2. WRYATFL (DY T MY 2T ®Va—ifoBLIN TV —F 4 v 7 -
VAT L, BOIBGLTOEN—Fy 2 TERE, $230EZ0MEOHMEE, DT hr)
Z, KFFMCEREE Lic v A7 2 BERTHER S BES MICIIBBNICBER I Nz Y 27 4
KEFNMLLT, MRESEERT 5.

S EFMLEEEBITHEE A RA L, @RV 72 LTI BERWEAFAETD, 2he
NOY 7Y RAT LT U TRERBBROESTETS . EENLEMICE > TZ DT P o —F 45k
N5,

Abstract Models of computer systems constitute a very important means of investigating computer
system performance, whether for predicting the performance of proposed new systems or proposed
changes to existing systems. In recent years, noteworthy progress has been achieved in development
of various analytic techniques pertinent to computer system modeling and performance evaluation ;
queueing network models are one such tool. Many successful models have been developed which
enable the performance of different components of computers and operating systems to be predicted.
From the general system’s point of view, this paper presents an attempt to adopt a unified modeling
and evaluation strategy, which will :

1. Reduce the complexity by decomposing a complex total system model into a set of submodels.
Such submodels are of manageable complexity in the sense of near-complete decomposability.

2. Achieve accuracy by matching the target system structure (whether it is a layered operating
system with many software modules, interconnected hardware resources, or a combination of both)
with a model structured vertically in hierarchical levels as well as horizontally in interconnected
system components.

3. Integrate fragments of modeling techniques and method of analysis to perform microscopic

analysis of a total system and microscopic analysis of subsystems. Practical examples are given to
illustrate such an approach.

54. Ay

This article is reprinted, with permission from proceedings of CMG XI International Conference 1980, pp. 1-5.
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Fig. 1 A multiprogrammed time-sharing system model
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Abstract This paper reviews the experience of Salt Lake Software Development Center in creating

1.

a single source ANSI COBOL compiler, to run on 1100 series, series 90 or series 80 systems while
producing interpretable code for the microprocessor based UTS 400 and UTS 4000 families. This
project has demonstrated that the single source concept, using PLUS, is viable and has produced an
efficient produdt. The incremental cost in attaining single source is far less than would have been
the case with separate development and maintenance efforts.

This paper presents the concepts of portability, the unique problems encountered and special con-
siderations in developing a portable product, and the techniques which were effectively employed on
the UTS 400 COBOL project, and then summarizes the results which were obtained.
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Fig. 8 Sysem interface modules



k> BEtE-—aKESEOMKER 51

TRIMFT 74 VOEZFTABMD BT T ERTENRD, av) 51, ERAEBSEY 22—
H—FEDAFvarve LTI A BAZBCEERELTNS. UL, ¥ I —x 1100
ECH, COAFYa v EEEDOBRY L5, O, VY —X 90 OF — TR
i, ) —x 1100 HO F a4 v ¥ic MODULE XABINT X5 KEBLRINIENES
-z,

7z, VSO BL O OS3 FeRREIhizd (ciic{ bk, EXPORTED EHE
AHOLTOWO HEHOIRE LT, v ) —x 1100 LT, A4 FD 73— FEH
ZLTNBOT, BINET— 2L URBE OARNIRYO 12 35 (255)IC T O 3
SHB. ULy —x90BX0v) —x80 LTR, 8XEREBICTVHEDON L.
COt, B—OABLNBARPERINECLICE S, UL, VS/9 OERIRERY
05 AT, COREBABRDELUTHRE LRV (ZL0SB cilktiansg) 7 <D
FEBBEZNDT, COBD ZEEZIROBLTLES. 25T 5L EFMOBRIE, &K
KRS BN 5 ~AETDTbh, LATOROEALELS. it v e—Y0E
FEINTOROOTI—FEIELLREZ B0, BokBEARTH CLBHONTHS.

5. BEMEZIF OB FORE
5.1 #BiEHEEIFDORHORTOHRE

INETIC, BEEABEOSENERLERT IO MERLERE LI URELRNTE
7z, CCTRBHI— FO “BHEE” A#FRIET 500K, BNRYNEE SR Z0OMMmo
DT & EBEETT .

EKHEEEICE, 2Oo0ENBENSS. BIRSIONT IV vayOBEXL
BIUOBK LOYETHD, B2RELI0NT %77 F v ORIFLOEHBIETH 2.
LA, THAYr—vavBIEBD, T—F7 27 F+BHBTHLEDIC, BEVAT
LB LB EREDOROEELABERT I EBLILEBRELTS.

ZOMBORESME LT, HlEHEm S e BE st v AT 40 BT, HHHEAD
SENEADIOCT HEENHS. ZOFERELT, Fobial, HMET, BFROED
Hio— FREREINEC &b, ILICHOBEET REEL, w4 /nrney Y%
BEfEE Ui v AF AOHERE EDICEBMENE. v 4 7nFuty PE—HC, ZD/MS
HEE EEICEEINHSE, B/NROV YR 2, FHAN S AMTEEL »EHEL S
V. 2O, DE/NEGEEER Sy 7 HEMEED X 5 0 D» 0BT, HElE
N—F U RELT DL, FRREELEO A Py s TBELZI2V— LT, BHA
ST F— A EBETOIN—FVTHS. 7

BAEON 1T, FRAOFLOT —+7 7 F » BLUORPBHEET 57200 3 — FAE
WIS OBIRAIRE L. o— FARBOEMES &, ChBIERBITA— I~y FOED
5, EZEORFICH L CHENSS. THbh, BREEBABGP BT TR, TEdH
Botorud s rOEBEDED LSS, a— FERPEMTLER, BEAEDD
— FDBYRT LHTE > BRTERO LMD > T B, ZDD), FLOFHLL
VA5 A3 — FERBOKBSAZIEIRTIRE L. EXELUOKHIE, B
EQFAEAED, B2 BANEELEE—-REEAS. chodd, “BH 2 —F
OBMM” O, “BHEBEAEED” ERBROBHWWRL -BTE. ZhKE-T,
YR LDEEDS L OBEC TIPSR T PHEICEIMOH 570y PitkEh
BODTH5.



52

B RIS 37D HEA LMBOR 1 25 572ph 3 C LIk T,
B OBIRICK LT AR AELBCEHTE S, W DbD I~ FAREE
T 2L B LB, ot lDDa— FERBEMHEMTS. BT — FOBKEER,
X bNEASBENRET 20T, EEOERICES L, FWKIMBELNIAT 2

JRREITHREIZA Y 2 F) T4 T FIKT3CETHE(NIBR).
5.2 AV&TUF s THENI— FEZOMEE

HAMKD T —+7 7 F + OFETHEIL, FKESEOTERAE/KERHECERIETH
HE AR EBEICE - TERETBCLTho7. COBHICE T, 2394 5
i, KO BHBERE JOEAREE LORSLUEHRESEZLONS.

BAKEORSEDL, HABOT ) r—va VicHAT 3 B BLUOF—%20
BAGATHS. EEBICE, BEa—-FORADF N5 FiE, =4 270 « 23— FE~
DOFREFHLICRY, TOFEREFH LSEROBRKY ~VvOM4E2HERT 5.

CORBBHOBBE LA LY 5 TR, 2— FERSHBITL, X5k,
COBWEAXBTAVATLTHR—-DBENTVEZLEDLL AFEGFETES. 7
075 LEETT B DI BERERIIEL 2BEONTEREINT, <4 /0 a—F
LN te T a2y 7T BRI U TEEEINS.

INET, 2V - 2ERIBBUITHFLOBREZBORD 20N E S, EBOBEK
EAEBLT oo, HEXEZRINLELTE, BEOBMICEDL S BH L
WREABRTACERBTERNTHASS. Ld-T, TOMAFEEEL EEOBRIE LT
FOBWICHAT 272D DOEENE F R, “BEEEED” a8l 5itk-T, HEK
ENUBHINACEBUEDI-FE V7 N2 T THIRTECETHS. Lith-T, ¥
A HROEIL, BIED v AT LAICAKT 3, BRI AE, THbb, vA74DE
KERZBN I - FEBBa—FOMTAI v 27) 2 LTELS BN Y 7 by 2T - 5
NA REES, RIEY, B, B BEMEAED” Fuis bE S AT

4V 27Y 2OFEEOR AR, EELTROETH 3.

1) 4y 27Y 2 X0 BRETIND 2 — FEBKICHEILTE S, Lizks-T,

BIR&ELEWH T 0 7 54T, AL a2EHEI—-FET2L08351C

| BT — |
SRR

+
R 8

]

I — NHERED
A5 7)5T 4 Tha—F
1 T~
| A | B | ]
Lv5TYs AvyTYw o fvoTYs

B4 BHEEEEOEEDORE
Fig. 4 Portable language design
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The Oracle Assumption of Program Testing

E.J. Weyuker

B W Fur5aeFAMCBOTLRUITIRD 3 5N BREIC, “F A PICIE MEESEET
27 LS bONBD. Tbb, 7R I—FIIARHEEL, a5 AED U
BERMBELOSEI AN DOTOERCHRETEZL VI EHTHS. AFTE, TORHOEH
BARHL, £<0EA, FREBEZCHLARETEIN, L0 HRICHET 5 & 2R
T, X5, CORBAERBLE EOEBLREL, ThCROEEBEITEEET 2.

Abstract A frequently invoked assumption in program testing is that there is an oracle (i.e. the
tester or an external mechanism can readily and accurately decide whether or not the output produced
by the program is correct). The reasonableness of this assumption is examined and the conclusion is
reached that in many cases this is not a realistic assumption. The consequences of operating under
this assumption are examined and alternatives are investigated.

1. 3 L » I

SRS 5 A FAMOFERDT A MV ERERET HLE, BEHRHELT TAZ
—lF A P = RESOTHED HINHIRRESELO D EMPEIEREICRETE 5
LRETS. bL, CORBMEL 5T, 7R POMET (oracle) MELET 5L D T &I
T3 (LA, BEXREI AR,
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BEULZ00, £ 2 hicb 5 ED L S NRBEND 2O 0ERELZTNIFL S0,

LCAT, FAMOMEDRFARRT AEANBEAN 2 2H2L3ICBAS. H1
2, FAMCOWTOXRTED BT OLNTNEEL DT RS 5 2M5bEDICHHEMLD
DTHBCEH, CORBAETEENLTSOICLTN S, E2OHEEE, ThBHEICAI
HAHIRONZBDOENILTH S, IR T L FTAMOHFTCORRKOPEBRL, 7
Z MOV TORARERNEARERB IS C LBMONIY, 0/ 5 AhDRD Zik
HMU7D, 7005 AQOESICHET AHELED A EBNLTHIEREZMAET 5L TH
2. bL, FAMEREOEESHRETE ROV ETIE, FAMNIAENEIETHLLE
WERROES S, EEE, ChEEBORRTRIE. LaLss, MEEOFEERRSE
ORBEOBENIBRETH I LAM CEBEETH 5.

2. HWEOFEERSICXT BN
TP, BUICBERICLLZEFAZ—HT A MEROEY A FRICRETS 20380

2, bokdb b X (plauvsibility) {f, FX44 (correctness) & XA IC H U TREWV. IE

This article is reprinted, with permission, from the procceedings of 13 th Hawaii International Conference on System Sciences,
(January 1980), pp. 44-49.
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IAMEKMAT, 0, 1D0FFETIDCHDORLE LTI YY) XLEEERT S
NENHE, CORBLZTNTY RLRECHOEFNTL 500, BE, WMriiTH1k
DOTNTY XLWLI DG THIRODBCEEEENLCETHA. ThiCb bbb
P, 2OHOTNTY ZLERDY, FOTATY XLABBHIDLDERLE - THBET E
ERTOREBEEBHEETI.

T, WHROBEAEPFELIENWEZO OS54 « TAMCERE 2EBOHER, 2
ORREOFEYMSERICRETE AL “BHifkLI” F—2TFu s s 628EXE
CBBCETHD. EDBIC, Tl 5 DA EETECEBBEBC E b b5
3, : '

MO EERRSEEN TR LN CEART s 5 40E LT, B TEHMEWLIP
HHICRBOLNEIERT 570 s 7 6E2H5F5LICLED. ZOL D RBEHTE, ¥
NRTCOEN%#F 2y 7 95L&, HEZRAFERCETIRHESTD, RELLTH
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b, ZDIcY, BEIHNIO—HSOELSHELD o&%bbéwwfnm%ﬁbac&

WA, Lo, Bl, chodFas 5 sl L0BEATWRBMEF—4TLDD
WO AR T 2851 T& 3, 2L TSI UICHIDOEAYLL L OHTIDEN
HAHETEOTHS. COFHER, ANOBHNTu s 3wl TR & KHRBD
. ERSE, ZTOLIBHATIE, AJNTEFA b F— 2 ORRMBIIMERICIL S
NoTHB. AT 0HOLOOTXRTOMEANEHBE LV A 1957075655
DELES. FD&HILIETNI 3,628,800 Y bEETEDT, BMOPRKFEETF = v 7
LB EZETIREBETEIRTHS., £ T7ur565bi-EBEL, TBIN3

EROBE T A 2E LT ADI SN AEAN LTI w75 b E2EEIRTH D
LHOBEROBAITIT, 24 BY OFFIULELELISN DT, cha@#%@ﬁbé%?@
%T@%K%:v&f%%b%@# GO T RS LADEMHEEHT S5 ENTE 5.

I, BH on & nt+l OO 0.0001 & XA @ 10,000 HOAENEE LT, EE 2
&T%ﬂﬁ%%ﬁ%fufﬁA%%if&ii.chm,%o&%%bm%%ﬁﬁgmﬁ
2 oNBHTHE. TOBEBELOLELERET 510, AMOEICH1DH S 2
DORENE B, 2D 1 DRBHIOBETH S, COBEI, n & ntl EOMOEIAIE
0.1 LT BMOMBMAEERTBLSKTAL Ul 5LEEET B ECEDBRT
X2, TOME, FrvrThEERTL0,000HETIRES 0/ G EL S IS
T BRIDF L, TOMRO—HOLEFY Y v T B EThHhE. 2DO0HOHER
30179 (3 2%4EL 45 8.1 OWBOMEE L TELOOELEZHIT 22 ENEFT im
NWZEDLHEUAMBETH S, log28=3 ® log216=4 THRTLRBEMTH 505,
log2 8.1 3 3.0179 THEZ LRWEEMPD-EBHL. ZOEADE-EBELER
HEAN OODEELSTORBEROMBICL > THEFINTH B EREREL LY. &
T, BELAEFu 750l 10 fEEGO¥EEF = v 2 THERNDT, £hb
OHEETHELNED ERBICHETALIKED L LRBUTHEEL L TR, 20
2, Bz T Xe2H0THOFa /5028l LIV I XS, BHLL
RF=2TFa s s2 B3 HRETERED DOBEI XL > THELNE 1 DOET
bah, thid, LELE, RECHBETEE2bDOTREBENVCERERLKLY. 70l
LSBT~ 2 TRIEUS ETT 20, KEOF— 2PBRMEF— 2id L TiE#E -7
BREEBOTCERIBLABEY., £A—7o—0BRELANIB/OE, TIRKOHE
DEVTH 5.

MEBEELBNESO SO S T4 . TXFC%T5%3§E@%Kﬁi REIS -
EHOUEERPANBECETHE (CNIR—BIC, T TRETLTNIZZETHAD).
ZZTHRER, FIESHLED I - LI LIDOHBEAREL TN 2 ETH 5.

bodbd o LIDOHANIERIKSSANE, FEE FALER b -ELL0D
DERY, Lizis-T, BONTHEROZYUHUICELTRIBLASMIMAI LKL
V. FERIE, TV Ea— ZESNIEE Y R F AICBOT 50,000 [ TORA LIIEE
TELILEDBOD-2TNBELE, ~4EVIHEERIIBYITHEE0I &b B (T
Whb, boLd5L<REW)L, ¥35k, FEBELWETHNIE, 50,000 2% 5
EERLEBEDTHSE. LrL, 0 & 50,000 & OBOEEKIZIE -5 LOHTHS
(BBAHA, WL OhDOEPHABHSMOBPWAWHE LY, ~BHEEICHHET 2 &
BH3). Mh, HFEBOBHANI,NS 0FTOEKTHINIET, b-Ed oL IDMMH
RO DH D & 75 BITEINTRD.
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Tid, bodlbo LIXOREABRETACEDLSIRKTREZLNDLESS 2. KR
OREEICELTiX, 20 120K, WL 2hDEED AT T 2ELZME0H 50
HEETZCETHE. 5K, BHOBENI2LTOMmEBINIL, b5l
OBEAEMICIEET B C EMNTRRICHE S, 2L A, AEOEREHET LI 0SS
A2EFEELELS. EXOED S 2EORMIT —1& +1OMTHECLBOL>TNEL
LTHDH. Xdig, 0° 30° 45°, 90°, 135°, 150° 180° 25D iEi{l & EAZRAED Hikhs
Mlok>kE2ZENEMTHBLT 5.

N /N[
N

H1 E % # ®

Fig. 1 Sine curve

NE, 42° OERAFELIZVDOTHINE, ZOfEIE —1& +1oMichsl el
DELDTEDNDLP B, £F, TOHEIE, sin30°=0.5000 & sin 45°=0.7071 O OE
THBTENDME. XDIC, 30° & 45° OO MBI TH D SERIMNCE - T
42° OERIT 0.6657 L D/AXL AT ERBNENVI T Ebbh b,

Z0F, 30° & 45° ORITIRERIBIAENMI “F” THE 0 OEMINIRH
TitE 3. 2N, sin 42° DEEEOEIL 0. 6657 ([T TAVWETHEEEAONST
H55. LEd-T, 0.7050 L5k b-E b5 LNERICAZT M &b, THIIEE
DLWVETH B EREEB >TOASTHAS. X510, ERMBROREN LIS ICIERE
BHEOHRICL>T, d-L b5 LIOREAAISIK—BRET LB TE2LIK
755.

4., HEOFERBROLE

MEOBEEERHIB LB VEEHENLT SO TR EV I EmA B IRERERL, 7
MBI 2EEDN L DhORBEE ZNOOMBE T E DS, T TR, MWEORE
ER#FAZIANCESORELEZTHLS.

LR ERUEREML AIEENS B 2 OOREIRENHE. 20 1 >05451, W
PRRIEBICELODIC, 7R EZ—/MEBTNFE-TOBERETLLETHS.
Zhiz, 2O0RRDS bTRIBC BEABDRNIEITHS. TOEL B “WEE”
DREN DN DODDEBESIBID 55, Lipld, TTHEELLVBDZELIETL
DICHEEBET2CETH D, T, 2OMEICLD, BEYLEF Ny ek T as
5 LOBELICEBNEC E0H A0, 2OBBASCRKER S EICES. DA
Ay Ty H—03F0 S5 LD “BOAEEBET RHRKELLTRS S LAEZEEL, €O
B AEE-TLEINOHE, BRISKEKRTHS.

£ 120k — RSy — i3, HEORIZBD THE057 R 2 — 0BT OR
BEFLONERBNCUEATHE. I<AONTHELIIC, 7R FPRIESTONTH
B SEINTBEAED TR S5 2550 RELDTRYT S HF, BOEKRELT
BATNE., LHLENDE, ChidABICIREL BRI TH B, —kic, RELF X b
(nonexhausitive testing) & U7z & X1Ci3, BEMICBOBHEELTHNEEEILGNS. L
BL, FAIBFADRUELNSDELTRD SN TR/ S 413, EEICELNT EZ
HINT5. Dl dEd, 707 252BEIRIFEEDF— 2108 L TRIELVOEER
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ARTEIERINIDLLTHD. UL, £H3TROELE, HELET%ET R M T-
72ELTH eSS AR BEINTOROERTT A LR TER,

Lo, 1OBATNEENDE. FA OHERE(THbL, MULIT AT 4 7
TN—=TTELAL) EDFERICEINIT, BLOF X MO THEDELEATE L T
BIbrbod, TAMOBEEZEIELOHEREZEALTDOLERNE N > TS
PZUTC, EUVVEREBATHBNEPIOVTRIZEAEMEFMOL L3 ICELN D,
VAT AV T MY =TIRELTE, BE, BREZLUFIOYETIRG SE NI ERLE
t#sh s, 2084, HOMEOEMMR—BITRESINSE. Lhl, FA2—3%h
DDORBDHRBED L SICHRIEIN/Z DIT DV T, Do/t ELTTE P72, F
oM T AT 4 VT« TN—T1F, FAIMERERBELOWCEELBFANMOGNECE &
PEEDIIITELBBEREL 0%, MEXBEICTALLRO LS IKCEbNR S, Lo
2C, V7 MU= TOFBER, —RIC, V7Y TIETAERISHERTNTRAT
LTCHIZNDT, BYOORMIZEZONTH20hbMNENDTH B,

—T, VI Py LTI, LT uS s FAMNOSEREET BICONT, T
A+ DOEBEIC OO TOFHNEOHRICT AL LS.

s 5 a3, BRIANCEEEBTHIREL LY TREL, TS5 ARERE
BOIWH CLEAMAETZ250THRINIIRSRNWESLS. cocdld, "—Fu=T
DORFEEITE, AE, BRINTHEZENLDOTHB.

BT, ZOLINTFAIOHUMPERTEILEThIE, Yo/ 7 220V TRLTER
TEERFRICGERBCEBTERINTR OB, BE, 20HEEELTAVLNTNS
bOD 12, Fus s rORNEABELCEEERT 2D TH A0 @BELIIDNE
BUELDALR, 108, TOXIBHERT ST L6 7 A MO+HHOEFELE LTR
WETHBDPERALFERL TS, LHLLENSE, TOEFRWAATHZENS LK
BRORMSH L. AL TS/ EAERICBRRIERTES. CNTTAHERLT
ik, 1EZE, “URSSA03EFOSEEBR TRTOHBEABLEL” Ehd
B0 “QIED B v — kY N EBLE E0DEAIKBRRBCENTE S, LhL, T
NoDHBREDH-> TN BT EDERARERBERTRIZY. COLI NRRTIAEE
WHEL, »2 “ELOREREHLZ” S0 REBERD S bic@vohd. Lrl, &
NETHERUTEEIE, TOCTERF—BICHRETET B ETRRL. ThYwAiC, &
WHEC B B C DERIREDMOERID 2, WE T TER L T LD WAEWILRE
ERoTOS. . Lkd->T, 7A OWMESERET ZICONT, F/z, HET A O
ERICHEBETF A P TREVELETFA MREFEL RV LFAMOCE TH 3)ICH
5. 2T, HELEIhEELED 2 0OAENEEENS L Ebhd. 201D
12, ETHRAIETRSHEMEORERTHS. LrL, ThoOkkRi, R HER
WiEbDTH5. LrLEsNs, 2OHOEER, HEBRTT A 270/ 74180
TS EEE, BT 2REICHNU-EZBHRHETHS. bhbhid, BN HRDE
LD ELERD, 2L THRETERIAENLKN. 20 kid, 7AZ—NHEELXI
GBS BORENLBENTH S EEL 5.

€ a=RE L It e

gk [1] R A. DeMillo, R.J Lipton and F.G. Sayward, “Hints on Test Data Selection: Help
for the practicing Programmer”, Computer, Vol. 11, No. 4, Apr. 1978, pp. 34-41.






UNIVAC TECHNOLOGY REVIEW 2%, FEB. 1982

B3 7075457 bOBERE
= AR SR O S

Theories of Program Testing and the Application
of Revealing Subdomains

E. J. Weyuker, T. J. Ostrand

E # Goodenough & Gerhart i£&k 55X b « F— ZZBIRIC OO TOHFZ AWKk T 5. DR
ZHARAUEHT 2720k, FHE T A MVEELRFEBROEL 2 RET S, COFARI S0 s 5
L TFRAINBEOEBEE L 50WCHESLENTE S,

a5 LADANT — 2EBOH B5MAEBRIC B O T, “COHEBTELLMBINILOAT
BIDTHELETELEOE, ZOEBOTNTOATRIEL S REINEN B, TOHS
HiE “BHTH D (revealing)” LiN5. COEZDENT 5L AL, AJIEEBAISEEBIC
FEILT, €DORAMBEI RADF—2NENSELLAEINS D, TR ENSELINERN
OO, ELoMIKRELICTEZLICHD. 0T, EBOF R T, 7 5 ADHH
SBFICLIDDF— R EBEC LK L > THERTS. T5Thid, CORBICK > THREIC S
T LBMTRAMNTES. RANNETFAMFRELTE, BCOPTWVWEEI NGBV ARET
LLOINERENRSEBICAET I LTS,

TZTE, W 20DXMRTID BT oNlz3 200705 2hffio TABTHRLALZELZ S
TT7AMLTH5.

Abstract The theory of test data selection proposed by Goodenough and Gerhart is examined. In
order to extend and refine this theory, the concepts of a revealing test criterion and a revealing
subdomain are proposed. These notions are then used to provide a basis for constructing program
tests.

A subset of a program’s input domain is revealing if the existence of one incorrectly processed input
implies that all of the subset’s elements are processed incorrectly. The intent of this notion is to
partition the program’s domain in such a way that all elements of an equivalence class are either
processed correctly or incorrectly. A test set is then formed by choosing one element from each
class. This process represents perfect program testing. For a practical testing strategy, the domain
is partitioned into subdomains which are revealing for errors considered likely to occur.

Three programs which have previously appeared in the literature are discussed and tested using
the notions developed in this paper.

1. @ ¢ » (=

Tuy 5 L07 X MBI AEROEE L BB, EEBOF X ko e S
ABHlLE, ZNENDT A TORY OBRHO I RTREOREFEATTSC
LTHB.

Goodenough & Gerhartf8 (35 2 PR D72 DO DBEANBEREEL, S0l 35 L0A
NF—2FENET A b « F— 22 BUHTHEECONTHERL TS, Z2OHT “Fo
7 LDEEDHES LK LTRBEINZTFA L « F—2Tl, 8 FA MRS I
W ZERDPORTHEINTBY, “HERFRAN % 7005 A DAJIHREE BN

© 1980 IEEE. Reprinted, with permission from TRANSACTION ON SOFTWARE ENGINEERING, (May 1980), Vol. SE-6, No.
3, pp. 236-245.
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GEXY a5 s TR MOERESHILWMAHERO LR 65
HBICERI R TERELTNS, Yo/ 54 FOBBTR ML R ROFHZIEIITT A
—20%ae T={u} ThHa.

IT othiz F RX-TELLMBINTENF—% L B3HbEE, D, £DLIIC

hED, F OoAHNFT— #EBOMIC, ELSABINTENT— % d 235 5. ]

AT R FOEENTRTELNENS LR, 207005 40ELXDERE L
ZEICEHE L.

ABCIHET, 2EL SETHOOERD, BEDF X FABRT 2HMICENL SVE
FTH AT THSE, T2, W OOLORBEAEHL T, ZNoDRBERELERT 5.

4T, 1POHBICAS X3 IKERINLEEDO T T/ 5 220 Ty, HOoOH
BALTHLCEDOTFAOEBEE5Z 5. LbL, COT7Fa—Fid, ERNLERRSH
5 EIIAET X130,

OXIC5ETI}, FhECIBBINBEICTNT 2720, FHIZT A MERIELE
LE A RO S A BAT B, 6ETIE, TOEIHFICEINT, 3207077
AT DNT, ZOF A MEBERLTA 5. SRISHSBBROEZELF R, 7R bafico
WTORBLAGZ, BEHRUFANOEBRETI> SATENTHS.

2. Goodenough & Gerhart OSEFE
ik
F: 7arsn,
D AT
R : HJ1MEE.
F(d): AJ1 deD ictLT, Fi(Bikd2i0)H] F(d)eR £4EKT 5.
OUT(z,9): F O Jitt#k. z€D, yER.
OK(d): F(d) BEFEL OUTW, F(d) Tthhnid, FRAN 4Kt L TELY. Chz
OK(d) T%9.
T: 5Rb5F—20%4. TCD,
C: 5= MERFEEE TERETHIFMHMETHS.

ik mxBlTr, 2 b T BEECIKAR LTV ALM%E, COMPLETE(T,C) TERL T
%.

T8
(1) SUCCESSFUL

> 2+ T ppkThT# % (SUCCESSFUL).

& (VteT)OK®). $iabb,

SUCCESSFUL(T) =(V t €T)(OK(2))
(2) RELIABLE
WM C AEFETE B (RELIABLE).

& Cltk-TBEINSZTNTD T R MIKIIT H 5, HENOIE
TARTRDTIRISN,. THEbB, ’
RELIABLE(C)=(V T1, T:S D)((COMPLETE(T}, C)ACOMPLETE(T:, C))

D(SUCCESSFUL(T1)=SUCCESSFUL(T")))
“(3) VALID
BERERE C HELTHS (VALID).
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& Fursas FpELL fcﬂz‘iﬁA B, Cit&-TBEINIF XL
OFIZE, RGTHENF AT 80U L 12EET S, Thbb,
VALID(C)=(VdeD){(T10K(d)D(3T < D)(COMPLETE(T, C)

AT ISUCCESSFUL(TY))

Ubow#Er s, ROEAEENEONS.

EE
B C BEHTE, »pORATHLUEOE, Clti-TRENST R ME, EHA
TFAITHB. T10b5b,
(3T < DY ICHCOMPLETE(T, C)ARELIABLE(C)AVALID(C)
ASUCCESSFUL(T)) (VY d € D)(OK(d))

BT, COBHBERATIEARE, W 2»OMEND 5. Blicrn s 5 shOik
DEDLMUDAMAC ERFTERODOT, BIREEDOFFEME ZYMBRIEINIDRE L
DIEIED, TA M U TRANERLAREERT SO THEEET, HDOLDE XITH
¥ohd. COLHE, £2F -2 EBPHEL £ 7 X P RIBEKIRIETHS. £C
T, SETBATVELEEDLNAZBVIIS UTHBESBT 2 HEZHL 5.

212, EOEHRIIITNT, $5 12507075 6C@d L TEDLNTN ST EITERA
THMETH S, —RIC, TR INOHER, £07 a5 LOFRBOICKET 22 LTI
3L, 7075 L0EER L » TEEOZMMGERIES, 7y 7OBEBTRREZN
AR

EOICHOMEE UT, ZYELEREMyIHEE TRV EBbTonsE. O
MEEIC DWW TIR 3ETHRT 5.

COEBAEMES L&, TRAIMEFABRIBEEFT A MOLYOEELR DT LS T35
5. LdL, o7 20hDBRVEMNGIENT, H500E, DL dBOND HEE
OBFDOODTHZLEMSBOTIE, RECHEEANE S bARHT I LRTSE
. S5EE 6FETI, CORMBEANY AT, REOHUEAREDOBRDICHEE L EIE
ZAFEEATS. chickds, FAMORIIER, 7R 75 LD0ELW EEKRETSY
25DTiRIEL, BEOROVBEELLNWCLABERT LHDITILS.

3. EEOFRIDEE

CZTH, EBOFAPEFNy FEBY 2BET A OBREEHETAS. 2T
W, 1207075 A3REICHE - R - B &SN, £ DMK (version) k5. KD
JRHBELOWENIBELED SO, FROELIEZRETLIDO05EF L. Le
L, 1DDROEBT X IR, FOKITE » THTUHEBIEETII L.
felzid, BMAEANEL,

F(d)=(d%d)+3

OK(d) — [(d+d)+6=F(d)]
W3 Fn s A08Ees, OK@) 8XU OK(—1) Tk a4, OIFNTD d ic20T
i3 TI0K(d) ThBHrD,

CT)—(T={t} A te{0,1,2})
REUT, pOEHETEIRMELINS. VE, COF—2IKkBT X MOKE, EROR
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DILETNT,
F(d)=(d*d)+6
LIEETEE, OK(O) 8L OKQ@) ©, i dic2Tik TI0KW@) &b, ##E C i
HIZPEETX2HDTIRIE.
o, Wi
CHT)e— (T={t} A te{-1,1,3))
i, ¥HDO S0 S5 LR U TIRERTE25OTRITVD, BHELSE. Lbl, —#
BELL 7075 2 LTIRERTE25D0THD, HORYUTH 5.

ik YOS s ATR
F(d)=(d*d)+3
OK(d) «— [(d+d)+6=F(d)]

TH 5.
t=—1 > F(=1)=(—1)%k(—1)+3=4

OK(—1) «— [(—1)+(—=1)+6=4=F(—1)] .. OK(—1)
t=1 = F(l)=4, OK(1) «— [8=4] ' .. TIOK(1)
t=3 o F@)=12, OK@3) «— [12=12] .. OK(@3)
THHEh O

CHT) «— [T=1{s} A te{-1,1,31]
T, —1 &332 0K THs4, 1k OK ThL.
TJRELIABLE(C’). X -T, C’ |3 RELIABLE T,
—F, O RE->TREIINFR bofic T10KA) &2 1 b0, T={-1,13} i
SUCCESSFUL G735,
TISUCCESSFUL(T). L 7T, C’ i3 VALID T\,
—%, BELF 0y 7 A4TR
F(d)y=(d*d)+6
OK(d) «— [(d+d)+6=F(d)]

t=—1 = F(—1)=7, OK(—1) < [4=7] .. TIOK(—1)
t=1 o F1)=7, OK(1) «— [8=T] s, TIOK®)
t=3 o F8)=15, OK(3) «— [12=15] ... TIOK(3)

Ltedi=T, ~TO te{~11L3} k2T T10K@E) td 5. €T, C' TEIN:
FRAMRTNTHRI TN, k-7T C' 12 RELIABLE T& %.
Fiz, CRBRITRNT R M TH 205, C'id VALID ThH 5.

Tk, KREOEOSWEII, FoNy SOBETHREINEY. ThIFEIEINYT 5
DHBVIREINEED, FRRBCELT 305 50 ARFEINIELEVIEKTD
CHEFEMEY AR o TR,

HAEZF AL - 7 20BMEARET 58, ANHEHEO &0 57— 2%, BECK->T
BINATREA > T B RETH 3. MOANFT— 252 HRUSWEEIZETH
B8, 72720, EEBTOHEF— 2%, TAIORELOHRLLELTS, FTRFELE
AROCERITE B,

BHEREETH-Td, 2OEEEP 7T 75 2OEL IR DO TR DAL,

bhbhOBEFOER, EHMEZAB LMY TRITNCLEEHRT 2D TH
5.

| E® 1: (VC)(VALID(C) vV RELIABLE(C))

mw@é,%%fﬁhfxr%ﬁm;ofﬁbuﬁﬁéﬂﬁmwé,2%Tﬁwfxr
B L > TRIRINBTRTOF R PRIEKITH B, k»T, TOEBEIRD L.
EE, BERRUTEDoTERET BL, RO EHBRY L.

) Fu75sc@B0NEETS.

»o,
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2-1) ZDOFHEEWMI-T TR MIENOERDT A,
%7243
2-2) ZOHBEIEFEHTE .
B VALID(C) oEREHE R,
TIVALID(C)
="1("(3de D) I0K(d)A (I T < D)COMPLETE(T, C) A ISUCCESSFUL(T))]
=(3deD)[ I0K(d)A(Y T < D) ICOMPLETE(T, C)VSUCCESSFUL(T))]
Thb. #TT )
1) TI0K(d) &75% deD NEET L. DLDRBOBERET .
hD
2) FRTOH T w2T SUCCESSFUL(T) T 3 7,
F7:03,
TICOMPLETE(T,C) T 3.

L AT, RELIABLE(C) 0i#, ik, TICOMPLETE(T,C) #251F, “#ic RELIA-
BLE(C) T# 5.

2HEDERHIR, DU LDTAIOBEA,SR, BUTROEEICIZFA ML, ®
STHMBBONITNTEEZFRL TN A,

4. —BIEIGLEEL—BIEETEIHEE
Goodenough & Gerhart DEM T X F DWHADS, 70/ 5 LT A FERAK, 72+
INBFOTSMMURET AT &R, TTIRAE. cRIGLT, HMEDZMYE - [SEE
DR AEBOBICIKET 2L SIcTEhE, CORBE, B2 ohhABEErTE51C
EoRKEART 0S5 AR L THEESODICES. CHRT 5wl - Ky s R 7
APEULTELHAOENTN S, RICRT—WRICEHE—HICEFETE3CLDEHTIL,
Iy L FPERRERELUTEATHS.

EE
c HHECH—BRICEYTH D (uniformly valid)
& (VF[(34eD)(1OK(F,d))
D(3IT S D)C(T)N\ ISUCCESSFUL(F, T))]
c FEECH—BEICETETE S (uniformly reliable)
& (VEYNYT, VT:2D)
L(C(T)NC(T2)) D (SUCCESSFUL(F, T1) = SUCCESSFUL(F, T2))]

UL U T— G BEREL 3, —BIRYTHrO>—RICEETE200T
H5. COERFRD, WXCIDERCEED 70 75 LADIREREENT 2 THA S 5s,
COWERIBERBELER>THE. 2%, TEOF0 /5 2H LT, HBE®RTH
BIC — R BRI BRI AR L 720,

WE, B C TRBALTRNTOT A LOMESHBATTER D ICHE LN E %, CAHH
CEHTHBIEN I EITT B,

BRI RS HEERHAO LIRS TH L. LrL, HEKESTHRWEECIEERKE
Ao IHRBICE L T—RBICRY LD A0, H¥EsE, CoFxroLhnic
LEFTNBOEIBERIIHLT, dIZOOTRELLKEL, D—{d} oF~TnE:E
KONWTRIELWE S U0 /5 2Bl IENTEALETHS. Lkh-T, ROE
HERB. '
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T 2 B C I—RBICRYTHS.
& #HiHE C BHFEIREYTH 5.

EREC YN THEBLEAND S, Tibb,

FE 3 ¥ C B—HCERTX 5.
& HHE C 37107 X PR,

BB : Cos7 12D F A MABNEHAOHICED T 75 LIt > THEMTE 5.
CESFAIN ET: 28, t i 3T1 07— 47T, T iC3egInneEds. T 0
FTARTATCHUTIRELL, tHUTRELL BT RS S5 L5EL LENTES.
20T, CD2ODFAMICOFE IS MR U TEIBREEHILS, CRERTSE
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Fig. 1 Flowchart for triangle classification problem

Pr: TI(AzB) N\ (BzO)], $13bb, (A<BV(BC)

P2: (A>B>C) N (A*=B24C?)

Ps: (A>B>C) A (A%>B2+C?

Py (A>B>C) A (A< B2+C?)

Ps: (AzBzC) A [(A=B)V(B=C)] A TI[(A=B) A (B=C)],
THbb, (A=B>C)V(A>B=C)

Ps: (A=B=C)

2 ZAEMITOTSLORBRAIEERORE

Fig. 2 Path domain conditions for triangle classification program

Di=SinPi: (A<B)V(B<C)
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Dy=S5sNPs: (A>B>C) N (A2>B24+C2%) A (A<B+C)

B 3 RMESELEBAEIORTDOICK » THESN 3848

Fig. 3 Subdomains formed by intersection of problem partition

and path domain partition
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Fig. 4 Test data and output for triangle classification program
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5 ELLHEWSAEMESD Y S LORESEIEROEIEF
Fig. 5 Path domain conditions for incorrect triangle
classification program
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Fig. 6 Flowchart for fast exponentiation program

Bk E PR BiREL Ly DE

YO 2RI
P 014 0 0
Pz 0137234, n=1 2 107
Ps 01(23)"4, n=1 21 1n
P 0123(3+23)°3(3+23)%234 2— 12K {FE  LO0+1)0(0+1)%1
Ps  013(3+23)°23(3+23)234 0,2° %[ < {8 1(04+1)71(0+1)%0

7T REHET DTS LOEEIEIGEE
(R EBUL, X6 ORNRDOFIT O I FESEH - FIEAIKER)

Fig. 7 Path domains chosen for exponentiation program

X1 x<-1 Yi: y=0
Xo: x=—1 Yo: y=27 n=1
X3: =0 Ys: y=2"—1, n>1
Xa: =1 Yi: y=1
Xs: x>1 Yo: v i3 2°—1%R< ¥
Ye: y iz 27, 0 2 < B
WA Xix Yy i=1,,5; j=1,,6

K 8 REHET RIS AOEHIEE

Fig. 8 Subdomains for exponentiation program
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procedure calendar (integer value day 1, month 1, day 2, month 2, year) ;
begin
integer days; :
if month 2=month 1 then days:=day 2—day 1
comment if the dates are in the same month, we can compute
the number of days between them immediately ;
else
begin
integer array daysin (1: 12);
daysin (1) :=81; daysin (3) :=31; daysin (4):=30;
daysin (5) :=31; daysin (6) :=30; daysin (7) :=31;
daysin (8) :=31; daysin (9) :=30; daysin (10) :=31;
daysin (11) :=80; daysin (12) :=31;
if ((year rem 4)=0) or
((year rem 100)=0 and (year rem 400)=0)
then daysin (2):=28
else daysin (2):=29;
comment set daysin (2) according to whether or not
year is a leap year;
days:=day 2+(daysin(month 1)—day 1);
comment this gives (the correct number of days-
days in complete intervening months);
for 1:=month 1+1 until month 2—1 do
days :=daysin (1)+days;
comment add in the days in complete intervening months;
end ;
write (days)
end ;

H9 HLvryF—HEIOSSA

Fig. 9 Calendar computation program
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