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A Network of Queues Model for Distributed Systems
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Abstract This paper describes a model that estimates performance for distributed computer systems.
The model provides the systems designer or systems analyst with a responsive tool for performing
high level system design studies. The model has a user-friendly interface designed for the user who
is not familiar with the terminology of analytic modeling. The model is implemented using state-
of-the-art analytic techniques for evaluating queueing networks.

The model views a distributed computer system (network) as a collection of computer systems
(nodes) interconnected by a communications subnetwork. The databases in the network are segmented
and the segments are stored at nodes throughout the network. The processing of transactions at
each node is modeled as a central-server queueing model with many transaction classes. The flow
of transactions between nodes in the network is database-driven with each transaction fowing from
its origin node in the network to the nodes having the database segments it requires. During its
travels in the network a transaction consumes resources attributable to sources such as operating
system support, database management system support, communications handlers, applications code,
and transaction management. A user describes a distributed computer system by responding to a

series of interactive solicitations which gather the information needed .to establish the network
structure and workload characteristics. The network structure is specified using predefined descrip-
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1.

2.

tions for the basic node components; transactions are defined in terms of either low level general
transactions or high level DDP transactions. The system description provided by the user is used
as the basis for constructing a multiclass network of queues that is analyzed using product form
analytic techniques. The end product of a modeling session is a set of performance predictions for
the distributed computer system described by the user. The parameters computed include average
end-to-end response times for transactions and utilizations for hardware devices.
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Fig. 1 Conceptual model of a distributed computer system
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WEZHEDOPFVHF v avd 9.12 .82
WE2HED T VI avd 10.75 1.23

R SYWs Y v EDOTRTCORE, $RTOT7 2 —RX0R T Vs v v OFH
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Table 2 Detailed output reports
(a) WALIHLO T YH v a Y LEDNTOMNF

(AP E TOEE+ Ay P 7 —7 « F—a~
—ABBWY AT L+ Ay b T =7 c VAT 2 —R)

WOk E % } 3w si)is)i b VEs Y e v EE (B)
ffin1 CPU i . 229 .00 | 14
HiA 1 AL 829 ; .01 i .70
s 1 HokEE 009 ‘ .00 21
#5452 CPU | . 029 00 .02
Ws2 AMKEE . 08% .01 .33
53 CUP ‘ . 029 .00 : .0l
M3 AdAEE . 089 .00 ' .07
a1l (=) WHE2 . 0194 .00 .00
W2 (-) A3 | 019 .00 .00

(b) A1 DLEDPFVHFI Y a v LI DONTORHF
(F— 2 R=REBRYR T b+ R ETOREE)

¥R E R FEF b IS v VR HIE (B)
i1 CPU L1196 .00 .07
MRl AHA 41% .01 .40
i3 CPU . 019 .00 .01
A3 A7 . 05% .00 .04

(c) MELIDPEDMT VoY ay LICDNTDRMT
(R b T =9 + V2T 2 —=2R)

W OR B % SEERRE FI VI v a YRR B (7))
Mgl CPU . 019 .00 .01
WAl AMEES . 06% .00 .05
WSl SRR . 009% .00 21
#5452 CPU . 019 .00 .01
WA 2 AiBes . 069 .00 .24
MRl (=) #HH2 .019% .00 .00
g2 () #WA3 . 019 .00 .00

KETRT L DICFEBITHA Y T —7 08, MaD b5 vF 2 v a viERLDHL
ONDT = —REFEIHDELTEFMELTVS., Lcd-T, BOOHEICIT NS &~
FIVay 72— XOPEMBHD. PEKRIN TV EIEBHERIEETHE. £ 74
vEXTIA VHFOBREBELNTVS. V54 VEHAERBETE-T, H£o—Fy
2THE LA CPU) CER M V7Y a VIKELROIAESXIT b5 vy
7Y a VEBBAERLTCVWSE, Ff, B Y IvavIEDIVF ey — 2V FOR
B L, BBEOBBORLTVS. 754 V&K, MELEMIH 2. HH
DHRER, AV 74 VRECELUL TV, FMREICE T, PFYFIrvav 72
— T 5 LMOERMEELNE. COFMMRETHE, EEBCLIKET - — XOHH
B, BEEEEIUEBRIKET 3 M5 97 Vg VBRI T 3.

3.2 #bFARy bU— 28

MSEFNVERBETIHEDTIA » bV -7 OXRBR, AEE»LLF—FINET = —X
KERLNIERER - TESON, A& 5. BHTH 04 v PV —7 BEKINTH 5.
DED, FIUHI Vs YORND, Ay PU—ZRKBADTARIC, DDOETTTH, %
OEWCRELE T IZD. He O A, —RILUABEEOY M v« p—ss e 270



gy DY AT ARBYBHHAAEFTVOA Y 2T —7 9

P:Z"ijt EEL
P=3Pu L, F—IR—A5 2 TAVFEFAMN) 7 il
53b0DET S,
F 7 Pogdd, AHAT 70 RETIHAIE, F—FX—A - LT A
VRMNEIZT IR AT AMERERT.

M 4 SHa0ERNERR

Fig. 4 Basic node representation

LUTHBETE LS, BEFEOHEESE M) v 7 AKX - THALRERTES (H4).

PO YY I Y g VERTICR, £EOI S ADOHBEF A4 VEES., —DOHRIIE
ETEE IS VF IV a VEIC S, —=20F 24 VRBHB. —DD L5 YHFI Vg s
BCTI75R (72~R) OFMEZEZLDLE, WMEEFNVOY T LY 2 TREZEZ DHE
DHbB. EDOLSVFIYarvbs 3R aTHESD, CRRBETAEPESRCEYS
HELE, BXUENEEELLARV—F 4 V7 YRATLNBEERTEDTHD. T
D7 FRE, Fh—=D2DrFVF IV a VERTEIEy b7 —7 - F—a_R—REEY R
Fo, Ay bT—0 + T/ RABICBEAVET7 2 —AMBESEKST. FFUv¥FIva
v m—HNT KB E, 75 RAFal WEBL, READOKOHELF— 2 X—2 4L
B, BXUEHLLARL—F 4 V) - YRTLEAEERT. BES KT ERELS b
SUFIVavitHT ARy P U= T RREBIEA VI T 2 —RNBEEFRT 20,
75 a2 ~DOBBEOBENRDL. —D0F A VOPETDI 53 ADOEEFE T, —D
DL VIV avDT7 =R LOBEORAEEFLITIIOIRERREINS.

&HiSD CPUHAEKIZ, CPU kT 27 ok y vFY — 2, TESNS. CPU
NEMAEEE 0y YOBES, FbHTHEy b7 —7 0EANSHTIE, B— CPU 0+
—EREGEEEHICEBILLTETTS. LALEROWEMEonizl &, BFHY—
ORFLITFEBICS &S0 A AT -7, CPU KBBT 2y b Y A2eMT 5. Bk
LEETa vy +OELAE, CPURHKLEE 0ty pIfF— 2@, fl4xo CPU
EHEUOHEBTES. o0y 3BEY—~EH 5L BMLDIF7R (FFVFIVa
YeT7x2—X) OF—-ERABICREREH/HERIRTE 2D (- RBHOSHE,
G Laplace Z#U A8 hidiz . WEOY —EXOHHIE, BEAETRTL
DEEEH L THB). ‘

BHEADOARDELSEIEZ, BAORMY v 752 ek (FCFS: First-Come-First-
Served) 4+ — N EFE > THELNG. ARMAR Y Y70, FIAESFZ VY7 v a viIKED
UTHF—2_R—R « 4 Y P OERBECH - TERTSZ. UL, AMAR Y Y
ORETIE, AHOH— ~OBRIFELOERTITS. £FIR (FCEFS) 4 —/THR, 9%
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TDI A (FS5VHFIYay T 2= CHLTHRH—DERIHOY — & REELE
TBEL Lbl, leDs 5208 —~E2N—FFHEENES D, K7 5 ALEAL
Sy —CRBMEERLY S 5RO K 7—5 VAHOFEEE, v—7" - 9 —E Rk
MOEH N —T U B AR CHEIRE LWNEY). o7 5 —= Y TR, 204 S AL
At — XM OEEEFE s CHETADOTM, flsD 7 v F o vay - 7 2—XIE
AONBAWST 3 ~= V213, TOALTEREORLE Y JICHBEFTHEDEL5.
Ay b= DOLRATE, Ay bY—7 OBABBE L 3BERLEEIE (FCFS) %
—NCESTHREINDE. BESOTRAVWESNAM ) Y27 iEH LT, =20y — b
N5, AMNESEOEBESERRIE, F5 V¥ s vay s 72— X0 EICHERIBEOE
BAEEZBZCENTES. Cid, ZOHAMA » =~ VDY [ XICHBTHEDTH 5.
FREOT—7 « AT -V avd, ZOHANDEEFEY) Y/ R3BEY —~SCL-TESR
hd. COBPDY—NICETT =) + AT =V a VARBEE T LEED FT VHFI Y
a vid, BEY—NEFATES. BEY—NCE-T, DI TR (FFVFI Vs
VT 2—R) O —ERAEMICRERIENHEIEIRTES.

4. BRELZHMORER

EFNVEESHNC, FAFHFIFOHADOEL IEBALRTNTRSINN. K TELE
AN XHIBEFNVTR, YRTLELREAICEZ ZLHEBHLOT, ThiFREFLR
5. LhlL, COEATOHEE DL LI TEAS.

BERIIZOOWEMBHD, —DEHIE, &5—DERUEOMRTHE. BRIETE, =
FUOHENERTH L EE2TANGE. COT 0 RATRERPIEETHAZ EEHLD
b TRIEL, Ta ) TADQELIEEANDZRKELES. ZYEROBRICEVN T,
2 ohiclBAsd 227 ol i e L 3Manicd 5 h 2 B0 HEE ORR
KBNT, BETHICLEEHAND. BE, THOBEEDYRAT AR KETVESE
1IN T 3 2 AR T L ERTORL - (COBORHEIETNVOT S T
LEEBRTHCELEND). RET-HRIEEZYORE T, #BR%E "CR” 75
THDOEMOTELL TRy, BERELELNZ COBOHEER, EFVOERSE
BRI THRIKE SN, EFVOELIEHERT I, Z20RBELTAHIS.
COEBRTH, DB AT LRI, EHava.—2 - YRATFLERBTEFNVE
FET 2. F3(a),(bicehd DEROKERETRT.

ROIOERICBNTIE, KEBEOYRATF A -F—2L, BEHEHO (b5 v¥ o va ViR
AERERBELR) VP =i EFADFT—2%, C. A Rose OICHU? 55
Eote. ZEI FAOBEEZROKREBITIA Yy b7~ SR EFESBKEEY P T .
PN BFNVOF— ZARRETBICIE, SNAP ey or— SO0 n i) 4, BEjI
CEAMET, HEOMAESREFARIEERALTHS. dhEbHHEMOEAR, b
SNV a VIBBEANSD (A bSUF IV aY) OTH, PS5 U¥F I v a VRREEE
MIIFEUTIZIED. HEEFAEF S TVRTF L 52EFTNVET S & T, —DIi3B—H
RELT, bH—DIIMiEmsRILs AN IEERERLZHA Ay PV -7 ELTET
Wb L7, B—HR & LA OHTRASE-EL T3 L, HAHOBBET LT ) XA
BN T 5 L THicsr>. SNAP O#HR M-S 0B ORREN—FKL T3
L3, HAATNVT ) XLADESHEABAHICIFPE Y 5 L THRICILD. Rose |3, O
BABE LY b Iv e —o e TN, EBOYRT AKEULTHE EEL LD L
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LY RV AT AEBIB/FBAREFVvORy b7~ 1
3 X B HER

Table 3 Experimental results

(a) SEER1OHRE

e b BB IV o) I

s — s = s = T
RYATH ForpZom P aaey OB (5EN
FIFAE (%) :
CPU 89.30 86,50 86, 45 8,51  86.51
CH1 44,90 51.70 51,70 51.68 5168
CH2 37,00 38,00 38,02 38.02 38,02
CH3 32,00 35. 50 35, 50 35.50  35.50
CH4 47.80 51, 80 51, 96 5196 5196
SERGERE () :
BAnev2TUYs 08l (FHUE) NA . 294 .29 .29
— R 091 (FRME) NA 144 .14 14
VAFLAEE S VY v a v
AL VTIVS .8 1 2.7 2. 69 2.69
— A 3.8 4 7.0 7.04 7.04
(b) SEER2 OFER
A €5 EF N B
(AIET/2)* (AIET/2) (24 —2¢ CPU) (24 —s% CPU)
FIHE (%) :
CPU 50. 1 50. 13 50,13 50,4
CH1-CH12 10.9 11.15 11.15 115
SEREIER (#)
T1 96,15 96, 32 101. 40 101,11
T2 116,48 116.34 135.17 135. 27
T3 23,30 23,72 27. 49 27.05
T4 4,87 4.84 4,96 4,90
VRAFLEH T YT v VR
T1 .56 .56 .50 .59
T2 .16 .16 .19 .20
T3 172 1.75 2.02 1.99
T4 .04 04 .04 .04

* AIET (Average Instruction Execution Time): @4 %5279 % Fki0 AIET/2 i3, AIET 2
2EDEITITbh B L LERT

7eioT, HEEFANTOERRBELCIOF— 2 LHRTEE, COEFVBERY T L

CARBRTARAERH O LORYWEMB U LEID SN LIS, 2ERORRT

3, BRAZES vty v CPUEAKLE SHEHY 27 L0 EEFVERE, —0
ORMOBHEFNICE BERRELNTNE. EFIWVATRE, CPU BEET vty 3 TR
K. Led-T, COEFNVTREHASE 0ty ¥ OEFVLOBRICY — B RFH
REBLTOE. HREFVCLIBREBAEFVCIBRRBEFITENOT, Wi
HWTNVT ) XLRELWEERS.

COEFNVEIHRMIEY AT L ORIEFEODPENPET X LT 57, REOYRT L
EES72D, BloABEFVICL BERILTHIRL. UL, TOFREEFVERVLT
BRI Y 2 7 2% EFVCT BEBRETV, BohiliAfEDT Y b)Y ETF
HEK L AMELLB L. 2oRRIE, BETE26DTH-

RREROSHF

ABETHRRBEFNMLCEST, PFVW I Yz VERENWKCMYTF 4 X=X » 4
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Y POBEBOEELREY, EFEOHBRNE Y 27 A2 ABNICERTES. EROSHML
BYRAFald, ThEDbT-LEHETHS. T3b5, 7 Uy¥F7 v VEIRIEKER
BHBHBL, FT—ER—R -/ AV IOEBPIEREL T B, e, FPFVFI7Va

VBTV R RTBBEDHBET—FN—R - 2/ A Y NI, —=OOHARKSHZEDRETT
B, P YH IV avORRKE, 2y E—VET - F A TE5HD0H5.
Aﬁﬂ@yz%A&EE%u,C@%?»fﬁﬁén1m5§@;0@%f@5.c@%

, BREABMEY 27 AR KRBT ZENCHT 20 FVvOE L DRAD, EA
%%%ﬁom%%%?é
bub<®@,ﬁﬁ%rwﬁ%ﬁf&5&ﬁﬁﬁa.%ﬁ%f»@@ﬁﬁﬂﬂf&éé
EBMREFAMRSREFAOTHES. COSTEF VI, EERESRIETREALLD
®T%5 2%Y, HMEFVRBIARME Y RT L DOHBREREL THEL, Z0OME

BYUFENLEY AT LAORBILIYUTRIES. COBOEFVES - TUTRINES
TONT =<V R%, FOFEETFUTACLRTEHN. TE32LiF, =710l
BEREDNR T 4 —< YV RERAF vy T+ Y ay T BEDATHD. N7 44—/ 2AFHD
TDIKEHEEFVTHOZEER, FBiTASNEKEDS BT, $E7 72T, HEDOX
vy b= AEBEELTVS. COREETR, P UV v e vORMEEERYE
BUTH D CEZRELTEY, Y XBHEHBOHHICEALTE, HEOEa Y
Pa—& « V2FLEBATULE—FH L T, A O. Allen™, P, J. Denning'™, K.
M. Chandy'™ 2RBEFT 2 &L AlCEBE, TOLEHIMEMUE, DI LbEHYRT L
WHHT2LEERE, EFVORRORLUUERBIEBES C L RIEWV. Sz vyEa—
2« VAT LARIEWICEHMEERY 2T L EABYLOT, CORABBDTRTEE &
HELRIZ.

WEerrvid, BEMOMESR < M) v 7 AREIBEZRL THIEL. ThEbEIEE
FUTE, HIRLTWE., $EEFLV TR, —20RBEAEMO—2DKREAE OO
i, k=2 UhfFshizo. CoFRE, HEEFVOEREEM T 2 DIGER
hicboThHD, mE%%TW:UXA%7m77AL HIEFPWOBRL T ENTEBHIR
TH5. ALEIK, —D2D L5 V¥ 7 va v, ZTOBREMEALOKRTE~NELBEUIC
12EBEVIWEEFTVOFN S, SFEEFAVCHAOHEREKET VT X200 TS
LEEBEW OB LS.

BrEEFTi, CPU, AMBR MY Y/ BRUTRV—TF 4 V7« VAT 4 Ofl%
HobUHEEBLLELZFHAT 20T, MABSA Y 17— OHBEEDHE T 22 %
Bt TE 5. Lal, TORETR, oL UORERERESED TEEIEILEND
5., CORFEDLIARIR, BEEFIOEBEBATHS. Z0XHEPOHFOEHRIT, #Hi
RTVENSILDS, EFVOEBABRABICSIERERIC ODVWTEIZELLLOIK
Al H b EMTELARLH L. Chid, TEHTRBRI B LMD VN, £
HSTIHRVESITRERES 20 L.

BEEET VDN TRESITHLID. BIReTFVvEBTB 7YYy - EFNVOD
BiEL ~vidid, —2OHABHRKSZ. ELTHWEORFEEIEKED T viFs v
3 VTHBEMPE, FABIFCEKED N v I v aviE— BN Y Iy a VICHE
LIRS, 7 A VEREE Y 2 TIEEOBAE, DDP r 7 vy 7 yavik
FZ TR T vIRBEz. LL, oAk, RIAZEBKREL—RINF ¥
¥ vaVEFEORL, BN 07 -2 Y2 FHEEED TR EL SRV, 2%



CHEY DY AT ABHBRHBETHNETVOR Y FT—7 13
&, FIRAZERBYCSHMENELATI D ICHEOFEABBL TOBRERHD, =F
WOENRTIICRTHCEERD. FIAHEN, HESFI VY7 va vE-EHO-K
FUYI Y a VIERBTEBRS, FELEOMARREELIZL, RAESY 2T 217 —
BR—R 2T AV FOPEMOBEEELZ L TEFMELESEL, BHOLEEDO T 7 4
w P EBPNTE-DICFEEO—R 5 VI va vEBALTOERRLOMBEIRE &I
W, LA, BAKENS VY a v ESMEIIYF IV a VLT F ek 7 KDET S
DOMIAZVTBEIBHET, MEOBE LI EDHEETHS. bL, =PIV
YUy a Vs, EROARERIN &GS TOREE 2L, A0 0 B3ES
%ﬁmﬁéﬁ.F§7$7937®%?W%C®£5Kﬁ@b,%ﬁ%?WNQ%%ﬁﬁ
EAEBLEESEFVvAMARL DI, SROFETH 5.

W&EF NV EHEEFNVICHBERMOFREHS. b7 V7 v a Y ORIPICET 5
Bid, BELLELWARLOTHAS. b5 V¥ s va YEREBLT FHTF—2~
—20—BHRE N, RO VF I va YORKBETUELGHB TS, g5
Y7y aVELONKEHETRCELTES. BHEAETMLTZRB I Y¥ 7Y a v
T EAED T, HMEReF Vv EHEETVOERBERSGEHBERED 2 KRENHE BE
DEFNVICHEAT HLHCRABMERELNT A1, FAERG IS V7 vay, HBVE
BREECEICRPOBNOHR EAPOEBNRIONHERYD 5 B EHH 5. HRIEH
5, CHRCOEFVOBENFAEORSHOMBOBALBL LD EE DN ).
EBICET 34RR, COBREERTHAID. P VY I Y a VOWTHET -2~
2 D—BHAHMT 2R, 40 0EBROMRMEY 25 ACH-TH, By /ilL-
TS VYH I a ViDL ERENLSCEDLNZI. Y7y a YD
AV TE, FREEPLHTRY. SHOYRATFARLBOT I VY HF I ¥ a YOi
BRI TN, FROVRTF ATTF -2 ORNEEBORNE D IR BZT AN
oNBLHIRNLDEE—MRLTEEEDLNS.

e TV EREE TV EREET L 5—20MBER, CPU ORRAENERK
CETHB. WEEFNVTRE, CPU ORBREELEHBTHD EHMELCVE. FEE
FATE, BT A VEFE TS YHF oY avERLTVS. BKEF =4 Y ITEB
DT L5 Y7 Vs VREIBOL BTOAR L TE B30T, WHED, 5030 T
KEREERAB®RT ALK 5. HEeFVIBREF =1 YAEFES DR, F1IK
HEZDFLZITSHHTHD, Iy 7 Y a VREESRT 203 LNEOEEETF -
4 VTERTEE, UPARTEABLELHERHL LAV TETNLTHAD. B
BT 24 VEESE, FI7VFIYa VEREBANE L, =t A, CPUDORIAE
HENEEX, AV~ YRFLD T VW IV a VIEEEEE I VYV a VR
BIIMD CREMISEREL S, FOIFHIC & - THREBOERRED LR23HH 50D TH,
BEBOMTH B E, BRMY AT o BBECHIEINLHE, W RARAHEBDOEED Y
2T LbE S EBEIEPEIBDENASS. FADAYEa—& » N—FT = TOREFK
PoTBE, N—FU 2 TEBEETHCFATEC &R, T CPU OREARRK
%<T%%.O§@,biyfﬁyaVﬁﬁ%ﬁ%<?56&ﬁ%%mfﬁé.%b%b
FUNI Y a VERTORERMF <4 VOBBOTHPEETF = 1 VTORITSBENND
B85, BEEFVREY 2~ VEEROT, TOTATY ZLEBIFHAT ZORELS
ThHd WEEFNMAORIMbELICTX 5.

HEFVICEBDOS 5 —D04IRIZ, HECBTFAANIEAERORBICHS. WET
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Wb, AMIAEAKRA MY Y IhoBRENTHE. H2DRA M) Y7RB3—DD5%E
#ZE (FCFS) 4 —/NTHY, F 44, HHAEBELLICEBEOEIVICHTEY—ER%E
T2, —=DDA M) VIR, FOA M) YRR ONHBEELT » A NVIKE-T
Y—ERENZ—=DOABRNEE (FEAEF 4« X7EB) KABT 2. Wik, Th
BEE LIRS, HEFTR, —D20F v A vB—D0HIMMEIC DN, £ OfH
R SEOF 4 R/ BBREHINTOT, 20EBEFREROT + 2 7 HELRERIK
BNT, HEAFY -7 EV—I RN LT —2RELEBERE L TNE L b DTH
3. HIRMBEBICERDTF » A VHBDHEMEN, TREHA N VY IOF 4 27 BEERIET
B3CEB L BB HEEFUVBBEMREZL—D2OABAR ) Y ZOY—NEREDOED
S0k, TOXINERERRBLL, bTOIKBMIEcLERE. Lhl, 20X
MO DTH - THEBOANNESFREET TS ETTCANENTRTHS. A
MAESKROEF I L TR, HSH—y— YOAHRAR MY Y IE2EE LR, 50
REBAT & SR ANDR MY VI EESTIET 5 &, FUGKE &9 — SR O
MECEATHED REREREELE B ENRTEEEE,. oD TR, BIlOAH
HEFNVBLHEEF N EHICE ST, EEOANIEAKORENERTOIANEHE
WRRE—-AHRHR M) v 7OH —SOEERD 5.
HiSEBEDEBEDERTRIC DTS, WULIREIRSHTL 3. ABTESKROES
DS, EMBFELTHNERACS LENUBRIELR/NMNCTE 5. FHEBTIE HEH
BEEEELT, EFVIREDLIKHMARALLEL L DIRBKENHETHS. EFVD
EEESETAEIRTLT FOEREFAOCTHRREROESEMELHL, HAFITE
CHORRTBCERESTABAR MY VLA ABBREOBELRDZENITED
T&xA. AHN=RLE, TTREFNVOHRRKEELTHS. UL, COFEORAR,
HoPUDEDLBREROES, EHOTWHESARNELSARLGHEEEORBEL T4
CETBERHD, LEB->THEECKRERBDOREZCETHD. £DD, HkEE
AEBROTIR, COFERZONAEOSURWRERE LTI L Lhiz., —REE#E
LTHELLIZINROR, HEEFVEBRBEEFVEERTICLETHS. FEETFTIVR
EV L SHEBROT, TOFEOBEATFVERARESETHKEIIITL.

b b IC

AL, DBNEYRFLDNRT 3 —< Y 25 THT 220 0RBHICITLAEPTOE
FVRDNTRRIEDTHD. COEFNVICEY M VF I v a VHEWMIIT, F—4R
—R e AV MCERBOBOARNE Y AT L3, ABEMNICRETXS. X5, 20
TFNMIIEY, ThODREFBRILLEVATLLERRETES. COEFNMTCE STV R
FLAREFHSE, N—Fu 27, F=4~"—2, 705 s2BXU0ARORRPEEIC
L, YRATFALADNT 3 —2 VARENLEOGRBRIETA20ES5EFHETESL. CDOEF NV
i, BbHA0%y t V=27 R2FMT 20N FRCREOH L OEHFEERA LTS, C
OFHEEFEIE, 79 VT =720 T 3 —v Y REMETIERICTHITES. Licds
T, FRAZBRAMAERBIBET /T4 EF 4 2MOHEDOTIF 4 €57 4 LEESY
B LEMIT.

NRRBEHIRDLTHAHS5D. ZUHOBEORRE, ISKEAERONILTHH
3. bV IV avORBE, FIUYHI Y YREZEBER O HF BSE T RE
%, SORBIKEATICLLSBOMATNEHETHS., MBI LEHL
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7 F— A R=2%FE, MHNARDT7Ta—F %+ A MBI v Ea—20REN
B, EFNVTRAL ODREICRETEHLDICILE.
BBIC, KBOEFRE LU TORLEVRKBOA L KCHELERLIO.
(V7 b T - Fafs MEERE VY7 MU T I H5
BRAEE Fo=hw -7V r—vaVvE FF #E L0
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Abstract We describe a design for supporting relational queries to databases created under a CODASYL

1.

or Entity-Relation model. The architecture is unusual in that intermodel query translation is handled
by the view facilities from a pure relational system. The relational schema which captures the
semantics of the CODASYL -database is expressed as a collection of relational views with integrity
constraints, Each SQL query against this system-generated relational schema is translated into a
SQL query against “access relations” which are essentially CODASYL records. Set links are represented
by join predicates. A slightly modified relational query optimizer is then used to produce an access
strategy for the query.
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1) E[SIOFET 4 MELTF—22ERT 2 “MapEfAE DBMS” T oM
WARHEE LTS C AR,
2) BEfF CODASYL YR FALDT I £A + V—F ¥
CRBDYRT LAEESTIRELBINTECECED, HILIERTZa—-FOR®
L LTnad (®1).

DMLTC&EAMNT: yr—3vaviiit 3
FREESQ ST A HAEMVEE
Vai—BEHEZ
E - Skl A M
T AHeAE
[RREE
oS- 1
dy hT—7 omzziee
TR ;75{;@%
n—F
B4R EL
7R -
n—F

CODASYL

(kv b7 =7)
T R— R

®1 YRFLEE
Fig. 1 System overview

MNAEHROT o —Fid, BRETIKMB YR F L CEREDS V47 = —R%Z
BET 20 HER, F—gX— 2%, F— a2, MOSERR, 52 0B KHB
DML 248OBEE S 0S5 A~OBOSERRICHNTRERZRERS .

Gy F 7= BF— 2 R—2RARBF - N—ARERTECER, TV Ir—va
VerursabiBERBLRERERLRVOT, —BICEHENLEHELBELL.
BEASOBEBE Y RF AL, £y POF LI — FOEFEBHEOERENA S TR
LTHWRENDT, F—2N—2R0EHREKLOTLLL. Z0LITBRESEHEI N
2, JEELRERAE>TVEy NEHLHICT SO, TRTOTF Y r—Ya -
VAR N [N Ay A F AR AR AP

AOTFr—Fid, HOF—EZR—RETRAL s aC—CELIEE, Ay b7 H
H5VEBERT -2 R—ADLF -2 NS B HETHS. fllT 7 v —F OMBEA
i, BEEEHOOFALICHS. MR (L0HOVERELS O TIROVRY) K0l
ORIICERINLL TREST, TAHOMRTF 20203 E—BRMSHIE<T
BIZSINDT, BENINE. wR& 38—, BTFLLWEKEOKMBEREE
EFoTUDEFTERNEND ECACEGHOMBENRSZ. Cold, HEALORKA
BELTF ) r—vay.7us 523, BEEBERTI ISV I vay e TaTTA
ENLUTOHRF—ER—ADRFEFTABL LN LKL S.
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Zaniolo'*1 L Goldman® |z, CODASYL R & —= b, (—BEEKKESEAN) T
OHRBEREFEELVLFERBCHOPTOERBMA F—< 2B SR I HELZRL. HE
HENRAF—= T 2ERBEOMNAEELERE, FROFy P77 BF—2~—
AR LTEFTTETO 2 ATDA V2T Y 2IMESNTHABL

WoDT 24 TFDAVEFY 2 LXB T o—Ficid, ROREBES.

) 77 ex¥Ed, ShOTHEERNICLILESEN. A V27V 20T o —F
L, ~Bilra—FE2REEgtdsiy b7 —sBOaw v i, RELENS
TEELTFHLLLTS.

2) Av£7Y 2R, ETHCEDBCERLZgREE SN

3 AvETY 23, HRCHLYOERSL2S.

TNFN—ZDF 1 b & AT DNT, Dayalld JGER™ T B FRE DR A+ % CODADYL
GEBEAAGUBEE vl 5 A ERTECENTEEELTNE. COTNFR—RT
Kok XA iE, HAED CODASYL #l DBMS 2ZH T2 B FIHTEBC &
b5b. oz liF, HBASENOYATFLOTRTCOEMRIKCHEAET 277 2 AHEZHR
DEDICEL OFEEBNETHL EEEHR LTS, [CODASYL EfFHV—F
v ETO—RBIcEAERNR LT ARELAUDERBE YA T 2 LoRMEENE 5 (2L
THREEINE) ] ChickD, LOMMEERA X —v2ERTIENTESE. 85
T, BEEEYAF LB~ 7 4 VORIRDPY -+ ETHOLEETE20T, s
HOEELNIBBEFELZLEDLHIBT 7 e 2EEBFIATE . = vF~—-21d, &F
BYRATLOBECSETFORBELETS. Vassilion I, ZOXBMIPTRHUSE#RT
Fu—FRRELTVEY, BHEL>OTRMIATHEZN. ERT7T 7o —FORDRA
3, BBRSos 540 BEOBREFIANINTLESENSCLETHS.

2. CODASYL #—#~R—RDf=bDEFEHR F~7 DER
2.1 & %
ATETR, EFEAEDES CODASYL ofEMSER SN, EH-HE (E-R) #F
— 2 R—2 FOBBREY 2 — oWV THhTLREERK XN T 5. CODASYL 1=
—FHEO7 4 —NVFOEZ VIR, 20BO 2DV a—FHBZD7 4 —NFiKR—0IEZHE
BEBH > ENBNEE, “F—" BTN La—FEREZEy MISOFLI—F
METE RO74—VFOEFTH KO B, BA—HLa—-FE2E>"20F1a—FH
20 K(S) wE—0 LML ENEnEE, SO “ky b F=" EFINhS. #
Va—FDF—LFLa—FDty b F—%4¥ZCcLicky (bLEEE GIETMER
35), Fra—FYOERBMEY*—ZHCHBITECENTESE. F—(ty b+, ki
WA EED 7 4 — NV FOBRDDETVTHSE ETH. 2y MRS, FLra—FH
OEERMED, oy VERECENIDOFLa—F TRINLEELTVL & X, “AANH
& (automatic mandatory) EMEENB. 74— Fid, “FEEEBHFINLTLH (NNAY”
HZ0OE “BEEHFINLETL (DNAY” EEEXIhTHTH I,
blEey PHOFLI— FOIRFSEKIES, &3 —FH Rec 23 NNA +-%, &
0k GRAMBEBEO €y McdL) NNA £y b« F—%#->Tuhid, CODASYL
F—2 R—2 P OERIE, EREAF-—EF-TERETLCENTELM. KANES
B2y M, BREKZTEBBLELNTWVS. Lcd-~T, Ree oL a—F~
DA EZC ik, TEMICE NNA +—2E>La— FElic/zE 02, Rec ®
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EBRERF—Ey b F—0f (ErBLOLEY) KD —BRHERINS. Rec fiic

NS TFOMSEZOL T - FO "AMFE—" SFER EHOFLI~-FRERD Ry

i, kv FRAOIEESEROEOERD, W ohDky FEAETECENTES.
2.2 —EHHI |

—BH o, AF—<ORENBESTHD. HHHKDL CODASYL 7F—4 <R—2A
AT B SBERENE ST BID, AF—<EHEL—F v L, CODASYL o —HH#
BHAMD, FHUEBRRERF—<BHLEZOIITZS TN,

Zaniolo™%, “CODASYL 2 &—=" 5 BRI NEELBH—ERERELTRDO S
DEHFTNHS.

D) $3La—Fho74—VFOEZDE, F— DNA) LEEEhTHRENIER
L. Tbbh, FoZoolva—FbdF—hoITRTCO7 4 -V FRHL, H—
DI E AT oI,

2) Hdky tOFLa—-FEhp74 —NVFDEZHE, £Oky POy b - F—
EEEINTORANIER ST,

3 ky MR, AANEBREEIEZT I TOEIIRITZS L.

4) 74 —wFiE, NNA EEEINTWRIRERLED. 74~V FOEED, H
REBEREE i@+ —) &> TEHE, RL F-— ¢@§74—wrwﬁ?
%5 NNA EER Rl #— (NNA) &L ClEbNLS.

ﬁ%%@kbmé&éné“%%ix*—f’Lkﬁét;—-UV—V57®ﬁ%
W, WMOZBHO—EHOHRNERT 3.

) 74—nFi, NNA LESINTHRETNENR S B0 (B0 KBS NER O
NNA EEic LTEbNS).

2) Z74—NFOETDEF, DNA LEEINTHWREAERSHY., (F¥a—- )V
—Vavid, BHENBRTES7 4 — b o@ENDIE Eb—DD (NNA,
DNA) #—%#D.)

3D BTy MRKESIATHRINERESED. F8bb, 74—V F RA O
&IEEEIE, b7 4 —F ROBOMEELTERETRERSIEN. ok
i3, RAJCR/(B) &:mansd (( ) BHEELET). ALBE7 -V FOEED
OBAILY Ty MERIIERTES.  (Zaniolo OXRMI T “ANif+-—" ES
2, BB R O0F—THEBEADOY Ty MHIRTHS.)

Zh5DH|ANIC L v, Zaniolo 75 CODASYL 2 # —<=CHER LT TO—EHERE
BEBRA+F —<CHBTECENTES. CODASYL 2+ —<Cp NNA & DNA 0F
S, 20FFIHEFRBRF—<BHLE BEREAF—rkBVT, BLra—-FoF—£&
£y b F—O#AE DNA CBETAC &Ik, & CODASYL ®v b+ - F—EEEH
BZCEHBTES. £y FBKANBEBBHYUTHE ENIESE, NNA THEHLVI—Fh
LAMINIF—DEEEY Ty VWP ZDF-EEZBRTICELDELONS.

2.8 Yp—varvElTOLI— FEOEROEHN
CODASYL L a— FOEBR{ER, va— FORREEZ—RICHI T2 MEBI7 4 —vF
"Hd” RQATNS EEZS. BE, WEBHTTHOT tid ORISR TV &
RET 2. La— FRRERL (TRbb, BUOELEEERLETY) 30TEY, +-—
ELTtd 74— FEEODT, 23V L—Ya ¥ Thb. fid CODASYL nER
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YRF LMD OHEBICHAAETE S LFEINE. CNOOEELRFI 5700, va
—FBEOYL—vavE TR ) L—vay” LS

Va—F#MEYL—Vg vEARTCERED, Bl bl CODASYL va—Fod
BIEAEZ B0 ENTES. ERBEEVRTLE, T/7EX ) V—vavhbof (F
Bbblra—F) 2wKTs £LTC FRECEFMRAF—~hD ) v—Ya VYPOD
HAEET 570, BREBEEOKEAKE JOIN) thk-Tn2hb0ra—FrbolF
WMOBRETH>T LN B.

La—F#EAE) L—ve YELTHRAMWIHOEICELD, T7ER - ) b—Va
VERYRFABER L “Ca—-)L—va Vv’ BRETEIDK, BREDOEEZE
BRATX2LI 5. Cotkedic, SQL REMAINS. td BEAZRRINLENLT
LEBRNT, BEOF—4 - 74 —VFELTERYRATLATHOHEDONEZbDET 5.
Jr—vavRotid 74— Fi3 ‘R@ Likdns.

oy M, Ea—- ) b—Ya voESheliEs LTHEAS. ROR1ZRy S
OELVa—FH, BIUFLaI—FBELLS. +v SoEHRE, ‘RL.@ & R1L@
DB NAMIE, £y F SOEBRBERCLIDVBET > IOLNE” EVIBREICE VDR
Ehz. oz Eid, RO.@ Link (5)-R1 @ &Mt sn 5. (Manola™ & Z il
Lz F VEREHBALTHNS.) BRMYRFLOE . —NEEEE, bs 5 EEHE
FTN—F Vic kK DERINIREEES LS, Link®) 2-207 4 — NV FEDER
BRINTOROREE LTHOES. B —0EgER, CODASYL BiEoBREE
s W I G AR

Hwang!®, Katzl”, Vassilioul'?? @ XA TBNOLN TR ERINE X F+—v K EE L
BRI 2 F—ws, Ea— LD ICERINE»E RS, Zaniolo OXET? 1w
FAERICONTE, o TRMNED. BEEL, FREAEEES (outer join) % AR
LTBEDPOTHD. CCLTHE, TERRIBHICY 2 —2HEL LIcKBEZHRALI.
LU, Zaniolo D2 F—<ik, KORWEREA VL7 2 —2%EMHTE. CCTOR
F—2w Db, HORF—<HRBEINEED, HO)Lv—YaryD—2IKCHL,
&R (restriction) & (projection) ASNEELLS.

CORTEINIEARAF—<id, &EEK (Fubblra—F#) o0 v—¥a
v, BROBEBEOEHTHERINS £y MRIZBRIKERE (TH00bey &) Ok
DY V—¥a YESATHS. EEREEHEOXE, HOAELEDLDICRERTEIEID
2, BEHOBEREERT S ICRIEHTHB™.

2.4 Ea—2BELLERF—TEBR7ITUXAL

BT v B, TZ/RR ) V—VarPry bER —HEERTED CODASYL
2 &k —ThbOTNTOHBEHEREMET I ETHS. CODASYL 2 F—= K H/is L
feBa—+ ) b—¥a Vi, Ea—FRIEELVI-FEPZ Ly MES—BRELNS X
e, FRiRT=D WArUcEEk, GEB UekEk, BE) oRUEEROICENT
2l pIFREMcERINSE. CoRUNEHER T Eh, EOoAMF—ERHAL
NEMLEIMIOVTE, LELEVLS>h0@ERSBS S, M2, R&F—vERPiE
BZ2E2— ) L—Ya YORBEROBNERLTDSE. —FEEa—- )L —Ya YHER
Thhld, FhEFLVEa— YL —va VOERFERATESCEERLIWL.
KEa— - Ul—-YavERLEITZRED
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CODASYL
AF¥—=

CODASYLA ¥ —%
A5 i & h iR
TH#

Voo~

B 2 Ea—i£RH
Fig. 2 View generation

a=—<Jb—Yay, BEZNETI®RA - F—TNThsb. tid 745—nFi, #L
THEAZCERAI TN,

2) R.key i, Ro—>p NNA - 74— FE2EF. (CoF—FtidTh-
TSN

3) R.Set-key(S) iE, W< om® NNA v b - F—D7 14—V FEFEFT. Rizty
FSOFLa—-FRETH 5.

4) Ea—Y—vg g3, EEFE -R. TET. Rec kI 2EFXZDEHTEHS
Ea—«JL—Ygvid ReeR TFHEF. ZUT vy bSoEELAETEL— .
JL—< g vit, S.R.TET.

5) Ea—Jb—YavdD74—WFZE, WREB->THE ) L—Ya VD7 4
— WV FZERHELUTRLUbSDTH 5.

DERBNBGHA D~3) i, Ca—-Jb—vYary  AF—vFHHL, FHL{E
— e Y —v s YOHRZESERETEZ NNA +—Z2¥gd 2 (tid BEAZCRALR
V). ZOELO—EHFRL oELNSHA DV TE, FERIKB~NTHS. E-RX
F—whiD) n:m BEENDES LDRMBELOL GLOBEIRONTS, Fiofték
LIl Tn5. ERBMOFERZKE, Ea— Jb—VYaV .« AF—vktta—J VL
=V a YO—BHEKILOKEIAF—BRINS.

1) a7 U7cFEfk-----CODASYL La—F# R1 2, HHEZEORB TS NNA F—

(R.key TRENDB) ZEATVBEIEBIE,
Define View R1_R as
Select R1. %k from R1
key : Define R1-R.key as R 1. key (NNA, DNA)
(F7%bb, Rlikey 260 R1I.R @7 4 —Fid, R1I-R
F-EHERT5.)

2) R ULIEE - RO 28, Fra—F# R1 #H>ty b SOBHLI-FRHTH
D, SHNNA &y b« F—%D, ZTHUBKANEBETHYD, Ca—rJr—v
7Y RO-R T TClRERINTVWERESHIT,

Define View R 1_-R as
Select R 0_R. key, R 1. %k



EREY x oy b9 =7 » BFVLEOBRE Y 2 - OO EY 23

From RO-R,R1
Where RO_R. @ -+ link(S) -+ R1.@
Key : Define R 1-R.key as R 0-R. key U
R 1.Set-key (S) (NNA,DNA) ;
3) B ROR & R1R M9 CicEsEshTEy, SHBELVaI—FHROZTFV
29— F® R1 0>, SicHA 2) BEEBEAINTOENE i,
Define View S-R as
Select R 0_R.key, R 1-R.key, R1-R.
(SOt y b+ F—FOTRTDT 4 —IVF)
From R0-R,R1-R
Where RO_R. @ -+~ link(S) -+ R1.R. @
Key : Define S_R.key as R 1-R.key (NNA, DNA) ;
L%@ﬂ%be,*—%%atv:—Fﬂwwa—,%5mmi%m§ﬁﬁ®ﬁwr®
Lo FHOF—Ey b F—hOREF—EFHOC-MBOND. BLF—HR
Enmwnﬁ,%@v:—Fﬁ%%%x*—vwﬁmf,E@ﬁbwﬂb&éc&wf%
Uw-%%ﬁ®§%m,E%E%&bf%b,E@bfwéﬁ@—o%Tatxbt&
LD TECERTERNOT, BEROFAEREMLC LSS,
@3ﬁ,%vb?—ﬁ@x*—7@®ﬂ%ﬁb1m5.Cﬂﬁ,%wfv~7-1*—
75%&,%ﬂ&ﬁ%ﬁﬁ%l*—7ﬂ6§ﬁﬂfwé.(Dmmm;x#—vm,gﬁ
FATY X LOEED ZBAERTETELOCEPNTHBY, F—FHOERICONTE
i THIS.

State (Sname, Region) Band (Bname, Bstyle)

State_City Band_City

i

City (Cname,Population)

(v FDOFEIK) State.City : b 5Stated™ Z O Cityk & A T 3 GRkAN AT
Band_City : Z 0 Citylz 1 3 ARBand& R LT3 (FHE)

3 Xy bT—=4 RF—7H

Fig. 3 Network schema diagram

& CODASYL & —7>
Record State
Sname (NNA, DNA), Region
Record City
Cname (NNA), Population
Set name is State_City
Owner is State, Member is City
Set-key is Cname

Membership is automatic mandatory
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Record Band
Bname (NNA, DNA), Bstyle
Set name is Band-City
Owner is Band, Member is City
Membership is optional
KRAEGZERRF-—<>
COT=+F7F¥iICBNT, AF—-<EROMINL, BISENOF —2EHEENS
£, SQL Ea— Y v—va v EFDTHE. BHINAE2— )L —V gV
BROLHIKIES.
Define View State_R as
Select State. sk from State
Key : Define State-R.key as Sname (NNA, DNA)
Define View Band_R as
Select Band. %k from Band
Key : Define Band-R. key as Bname (NNA, DNA)
Define View City-R as
Select State_R. Sname, City.
From State_R, City
Where State_R. @ --- link (State_City) --- City. @
Key : Define City-R.key= (Sname, Cname) (NNA, DNA)
Z Ot 0 —BEHER
City-R[Sname] < State_R[Sname]]
Lo=E2500 2 -1, REZRBLTN3.
ROE 2 =13, BEOEKREETLTNA.
Define View Band_City_R as
Select Band_R. Bname, City_R. (Sname, Cname)
From Band-R, City_-R -
Where Band-R. @ - link (Band_City) --- City-R. @
Key : Define Band-City_R. key as (Sname, Cname) (NNA, DNA)
Z D o—EHEFR
Band-City -R[ (Sname, Cname) ]< City-R[ (Sname, Cname) ]
Band_City_R[aname] CBand-R[Bname]

3. HELEOESEER
3.1 Fa—BERACLIH
MOAEEIRE, FeBlREREELEY. £l BEOor—BSl3 - LTHK
DH/HCENTES. Po—BEXWIOBER, Vrys2874s—2VFR@&ER.@ &
DOBEOHEDH, V) VI OBREMD LB, DT —+77F + 2R 4 id
SQL Ba— “V” 0oE#HE, BMIRFEY L —Yay, H20VRHEEROY R b
(“From-list (V)”), Z&fF (“Where-clause (V)”) » S 3. V1 %5 From-list (V2) dhyz
B AW, Fromlist (V2) fIDHE3E 2 —DEBEE->TNEESE, Ea— VI B
— V2 OEPEEE->THE (BAWE V2 3 VI holhhd) LES

%ﬂﬁl
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TIXA-Ub=Zay po_ gL —3guEs
l:*\TTZ;SQLFDqu/a\ﬁ [ ) YavEER
Ca—@Eifz s
A iEL
(1¥a2—/1)

|

TI7EA-) b~ gr
1253 3 SQLE &+

B4 MOEEERT-FFIF+

Fig. 4 Query translation architecture

(MOadoBifiicds) Ca—E&HAIE, Fromlist (V) oy v—v a3 voR%E
Ea—-VORBIESBWI AL LVMOEEQERRT S, CoBRE, ITos
M7 722 V) v—Ya VEREBOWAEEEERT2ETHROIREING. Ea-iF, £
DE 2 —PoEMHINIE 2 —DEIRINIBTOIEZIBRIONS. COT LR, Ea
—BERAERY, DEFBRNLHOAEHRIER QS2 2R bDIKT 5.

FINAR QDS A —VANKRT ST LT ) X4 (Stonebraker OXERDY 5 ORSH)
BIROLHITH .

(VS1) From-list(Q) 25 VZEIHRT 3. £ LT, From-list (V) % From-list (Q) cffn

35 (QEVHOMEKRIEZHTRIUTERTAEE SR, BHRBIHLES
id, TOMHWEEONEPE, VAHASOMEHRE R KEs®AoN5.)
(V82) QHpE7 14— F VA 28 —EHOEWY) X P FOoE TV )
LoTESBZE. (V.AXRA HBLTED, R A7y 71 TELN
CTohiE, VAR ROA TESHTZIONS.)
(VS3) Where-clause (Q) ix “Where-clause (V) AND Where-clause (Q)” jc & b B X1
Abhb.
Bl B ROBEBEBNEEEEZL 5.
Select sk from City-R
Where Sname=‘Minnesota’ and Cname+ ‘ Frostbite Falls’
HA VS1-VS3 kb, MOAERROIS RERLINS.
Select State. Sname, City. Cname, City. Population From State, City
Where Sname=‘Minnesota’ and
Cname+# ‘ Frostbite Falls’ and
State. @ --- link (State-Cite) --- City. @

3.2 MLEEERLRA

BRI E 2 — e LT, @HOY - —F 871, RAEICEML L5t o s
FMOAEZEEHLTLES. 0L NREAEHRT 20, BRI ERERE
FIF T 5 B0 &EMFRLER QS1-QS3 %EmT 3.

CODASYL LOBIfRE 2 —i, LIELEHE (oin) AL, HkkoBHH Y27 A
CBUB, BEALOBABERE - —X 0 bERIE>TVE. LhL, HPOBEHKT
—Z R—ZAHFRBING &, F—xN—2EFEER, LELEHLLYLv—va VoL



26

A VR T 2 — RERET B DI 2 —OFHEET S LiKs. 2 LTRRIK
WIS - — A ED M C S B, Lichs-> T, RIOAEMRIGHRANS, P sBEf
AT ALBONTHEHESDTH 5.

(@QS1) REERL : ROBAUEHEA T2 < Lickyh Whereclause 2fi5R1LT 5.

a) RLERLEES (oin) 2 VK. (&2 “T1 A=T2 Band T2 B=
constant” % “T 1, A=constant and T 2. B=contsant” jc X D & Xz 5.)

b) £AEBEOYKR (o, “TLA=T2.B” & “T2B=TLA” O0—>
ZHIERT %) :

¢) FiEROBFOMB (i@ “TLA=TLA” £EIKRT5.)

(QS2) RAELMEMOKRE : TE T 2)r—va VTLOMER ERET 5. ¥
k,WMmdwwﬁTwﬁé*—KKﬂbTK:THK@%Q%@ATm%&?
Z. YR 55 T 24K L, Where-clause 7> 5 (T.K=T'K) ZHlkk L, 9T
o T %= TiRESHZ 5.

Kig*—<db, T.K=T".K o7, T& T @unosEUHAZERLETN
Breoin. Lo, TET BEELTHLT LS.

Ea— OO AEE LT, MOAROERBETRZEL, Ea—OERKICRE 2 —
BT reR ) b—Ya vicdT b bORERT S ENSE. COFER, Ca-0F
X7 RIS T, QS 2 OMRBUTHELNbOKES. B¥RED, &7
ez )L —Ya YOABE—DBRBTERIREESITVL, ¥ QS2 BKFEOM
FBTHERHAINEGLER LR N TS S.

(QS3) MR fAOBRE: “R0.A=R.B” 55313 “R0.@ - link(S) - R.@" OF

OQHOIERF, b L RO 5 Where-clause D E D0 Hic b R F, »DRO
BQOBEWY A P FD7 4 =V FThETNE, RO ERO %44 (semijoin)”
BELS. QHBERE RO ORfEEEEL, ERVaA—-FBRHETS RO v
a— Fhir—oEoc ERREINTHRE, RO “BIRTE" EFEN5.
(Vv—vavicBELTR, chid, RBBISRO(A) 0% Ty MEBDT ETH
%. CODASYL +v McELTH, chidSHAANEBRTESC L2 EK
43%. £RULa—FR, B REELYo—Fo tid)CRO(td) 2L bli-7
HlLo— FO®EMT (FTRbbEira—Fo tid 25ATHNS0DT, ®REZY
Ty MEREORICIES. @i5T 5RO LI —FoME, EEOELVHEERS
ZlcHicE—> TR S30.)
YR TET T — 7 VORER, MOAYORKRCEEEELTRALEY. “H
BTEEl T —7 v RO ZBRET I DI, From-list(Q) #» & RO 2 BlR L,
Where-clause(Q) 5 R0 2&4ATWAEZHKRTS. RO ZHIRT 5 &, RS
HIBFREICIZ A C EMRHVBE T LIKERT 5.

BINA R ORI O REM RS 5 20 flERY. QS 113, Sl Ll ORRG

MAMELTS. QS 2 OUEMEALIDIC. ROBOAYE Q2 2ELTHLD.
Select State_R. Region, City-R. Sname, City-R. Cname

From State-R, City-R
Where State-R. Sname=City_R. Sname

$H] VS1-VS3 itk % City-R oRrEoRFRE,

Select State_R. Region, State-R’. Sname. City. Cname



& v by—7 - 2FNVEOBRE L. —OLEE 27
From State-R., State-R’, City
Where State-R Sname= State_R’. Sname
and State_R’. @ --- link (State_City) .- City. @
QS 2 1T State-R’ 2BpHEL, zhEsAALTo0boE (L2, BMY A tdod
®) State.R TE Xz 5. BRILINLHANEERKROL SIS,
Select State-R. Region, State-R. Sname, City. Cname
From State_R, City
Where State_R. @ --- link (State_City) -+ City. @
Zhir State-R ZE &#Z 2.

BNAENY Ly 2 YERBELTONATRTOLI— FRELEE LRV E &,
QS3 R XIIEGREIMOMKL. EAE, MHaAE Q3 : “Select Chame from City-R”
CHBNT, RUEL State 77 e XOBEAREOHTRE. HOAEEDOLEDHS S,
City La—Fisfd->doh T3 State OEBHEIc L EEEZZ V. £ LT,
State-City 12X AMBEBE LD T, link ®REF, §T o City La—F 2 HE T 5.
(QS3 MM U RS, B—HHo/BEaEERA L TEREShcE -2 HEI
DITFFHIN A0,

4. HITOLEELOLE
4.1 BBRRE—7ODER
£ OWfEd, CODASYL F—42 R—2%2ERRTIERRA F—v2ERT 2D 0
Ty RAEBELTONS. 21T, CODASYL 7 —2 N—2icitd 2 BFRE o [
SHDEFEERTETNTY 2R EZ TS, FOLESZOFE—RER, *» 17
—y « A< RELEARA F—vRHKTECLTHS.
bbb RS 2 X F—<13, Hwang®, Katzl", Vassiliou?? & 8AERKT 5 A +—
23, DRBEBZ->TNE. WEH, &FEES—D O F — % FOHHME E-R 702
R LT3, CODASYL 57— N—2thOEREE L 7ML T 5 o i, Bk
F—HfEE-oTEy b+ F—FHE R LRFHERESRO. bhbhid Hwang, Katz,
Vassiliou HAMEH L0 ERAUBRRMA +—<2FHAL, XA F—-vdhicB B 0HEEGICHE
T5F—BlRe R, EAMOEEELERTEY L—Yayhicky b« F—2E0X
51Ut &y b+ F—#I3, S-RicHd2BN0F—HREERT L LiICLDED
T2, Zanolo™?! Ty b« F—HREELL EHATVETEE, FRinF—2HA
(1978 CODASYL H#%) dWMy KD LZ2ERLTHL.
bhbhid, RF—<EROEFORBELTE 2 —2EAL, ChETOERLDD
SO BFETHRLREREERETHS.

D b BEhESR, “—HIC—DDEa—- ) L—Ya Y ZERTSICON,
S LNEa—+ JL—Va Yhiy hT—7 ORI C LB BREL
T, “—iic 1A DD 2 b RPEXAZ KB R BN YJy—VYay:  F
—~DEZETDF—EHOEEEBRVT, WL 2LOLa—FRMIEDOT7 4 —NVFDY
2P ELUTAF—2BETA-O0BBELEL LY. SO LOERSNLYE
2 —DLICHETZC LR, TRTOBRFEEDEHIEZSOY L—Va VICRHIMLT
2. dL, KOO L—Y s VHK From ) 2 bhicd 3 0 ThHHE, EHo
DOERERL, —BHERK, FVA—, FoUER, BERBL-> TEBEPEET



28

POEHLPTNDDICES.

2) et RF-—vAERRKBOTE, £LO0BRMBHS. 2hid, Lo -FHHE
y FREIOBBEOEF L DREINEEASD. BEAEDMOMRBICBNTE, v
—Foky FBBMENH LR F - DEREAFTHE, HBRLELTORF—<R
MERBE-7HOIIBY, HOE2—DFNTE2ELC EFED. Uik THE
OERES 0S5 ARELLBOHDIIES. bhbhot o —EROFETE, T
TREHBINTVAEz— - JL—Ya VECEBINARINEDT, HOEa—
BHRETLDOENRERELEL LT

Va—FPey PMEIRINNE, Fhoh5BHINTH Y 2 —dHBRINIT
HRIEE SR, 2hFEFTOT e —F TR, HROLDOBER, ARy —PHD
hty FREBTES NN, BBETALTY RLOMOMEHEHE T B BEND -
2. bhbhDT7T—F77F 2 iKBVOTR, BBRIhzdLra—FPey tZBRLT
WEHE—DE 2 —2BNTIETTIN. D% BEHEYRT LD —BFER
B, BN b0hbHEIN TV A 2 — 2B UERTZ DT EDLN
5.

bhbhid, BEREFLVE B 241X 5 CHET 2 RER M- 7. (Zanio-
10191 [ 2Zefliz s LS, 2hoBABE—0AI Bl SATHEICT E131.)
R(A) & R'(K) oA E—EER, bhibhovAFLrgs W Tid “RAISR
(K); K i3 (NNA,DNA)” wZ#In3. BN ETHIADMEE, Kofel
THEbLNAZ EMNRNDOT Fhol3y 7y MKICX > THAIA L5,

4.2 RB§L&HmE

Hwang™ {3, FIW&SEEBROPHREE L TRE-FEX +—<2EHT5. HngeE

13, BAKEDOR Y F T~ BENESEEE (NQUEL) wx#ihz. NQUEL it Uil
IWBAEIES C LR TEEM, Bl > TR TR, FEARPEERE, bh
bhobta— YL —Ya yOo—D2KRETHS. [FLTEHROMETH 5 NQUEL
MoaeEl, bhbhoBFRERWAYCAMETHS) Lich-T Hwang®™® 0o IE L
PR OEHRIZ, T, bhbhOBMREZENLT .

BREFLVOE » —BEEERA LT, $NTOMWEEEERTI LV, bhbhd

T—FF7F » ICHRERFEND B.

1) bhbhoERLEPFEHCLOBERENTHL20E, HFLLa—FORRBERELA
EREELRN. £OERRZA V27) 2 EHRUTKED. Hwang!™ O
NTEAZKRED. ER EF0E0TE, B -70B B BHIDTEE P BE i
PRLTVB3DIE, bLbARHED—DDE 2 —BEE - TR LT X, )T
ORINARE#IT, HWEINCERYRFLATHRATMELE - — B SBIBEBICIY
MEXN5,

HOF—% « EFNVCELIA =Ny FENZLZ LR, BEAEFEBTNE
HicHEZ D ER =Fv0BmE, BEAOLDRSELZL. bhbhid, ER
EFVOEBIBELELLDS, 772X - Jv—VYa VERAGORELZLET S
ZERGEELEEARE Lt (EXABMEDER vAF A FEBEINTS, B
HEH» S ER BADEBROELE, BREY . -DBEHRICLDLEINS.)

biibhd Hwang, Dayall® &, RAESHMEMOBEALRAT EDICE 2 —B8
HIBRINZJEELFEEIRETSZ. (HRIROEBYTHS. IR LN EKD



EREY Fy b7 =7« EFVLEOBFRREE 2 —OB0AYE 29

BEEEYERTS. €y b F—DF =4 VBT LERETHIKT.) bhb
03, Ea—0BEBHINHIECHIRTE &0 S IEF B USRI ZBRF U .
2) mLUWEER, BRREAy Y~/ MoEBicEbh a0 TR, BREOD
FRBICE > THFBES 5T, Hwang™ O30 BEREFERZ ICE-T
BRIEPDTEL, AnaEERiciEd AT 2B LTERSER/LRAELE
mi7. bhbhoBEP U cBR/MBRIRE, Ca—EBsBio—BERdoT, B
AEHRCHEDLNBZ T T, TNTCOEKBMEREBCL - TERATHS.

Ay b T =2 L LTEHINTOEF— 2 ~OBREEFLRETIHBE LI X T
LEBET DI, bhbhid, — BT 20bhaE (La—=FPey MK
Wil V—va VAEAEITAAENH S, (Zaniolo™®), Goldmanlt®?, Vassilioul!?),
Hwang®® B9 ~NTEHEHFL TV B.) blbhOT—FF7 FritBOTE, i
SOBEER, MBRUEREERBCEARELZUEZL OV 2 —2EHTELEF
LT3,

3) MEE, F3VREFREAR 7 s 4 vELTEREIN LTV E 0P, CODASYL
BETEHERINLLDEEGLEL D) L —Vva vy PE 2 —2RRTEENTES.
AlEa—@B&Hz &, HOAEREIBELSTNTCOTF -2 LTHERATES.
LRHER FREOMOAEPERICH L TRARERTH .

bhbh oI, E—0FEBEHR VX FL2HED “T)XL” YX 74 (Katz ©
XY THEN, bhbNOV 7 b T T—%577F »id Katz O/¥5 584 £ &
BIODZETEE-TWSE. TXTCOHEBINERIT, bhbhoRwERcs -
THAFHEZ DT, B—0 KRB ITYHER + —< BEET T L. F 7 CODASYL
VI—FiR, 77X« Vb —Ya YEARBINTHEOT, EFVEERDP, B
AHEREL, HARE (bbb, Bra—F&FLa—-Froo0lEHoks) B8
BEFAHRCEHEINS.

5. BB —Ry b7—0 - F-5 OBBLHBETIN

MOAEERE, #408E R0.@ & R1L@ ik #ilshs #HiE, €y S0
HEMIC K OFET>ToN3 (RO.@ - 1ink(S) - R1.@ &BEE)” = -7 SQL Z3E
KE-TT77€A -V L—¥avigdd s SQL BnESE2ED . ZofiTid, v
CEEEESC OBREEIROE > 2R NS, RELCBEOZEETNERIC OV TRH
Rosenthal, Reiner ¢ 3@kt 1101 2 RkE ¢ X.

¥9, £y bSKHEATITFLOE~ORMOBBELLEFNVEELZ S, BLI3I—FoO tid
% Tmember DR MIcTAWITENT 5. FFAKARED Ly M LEBEZRE>P S LNIT
WEH LT 4 =V Fid, owner-tid(S) &FEhNE. 2L TIHRINC FLa—FTdH 5
F—7 3 Tmembert (S), & 3 i3 Tmembert & FEh 3. 7‘:&71@‘, City* (State_City)
13, 74— F City. @ Cname, Population, @ State %#>. (Tmember* Join (link)
Towner) {3, & Tmember La—F&, 2O L a—F « R V2 LT H>TLNS
Towner L 2 — F%B@i@ﬁﬁ'%; (o Join 1%, T La—FhoD+oRERE2HE
45, 2T, o) v rELE->THEL Jon 2#FHTE0iC, Oora—Fhoo
tid ZRRETEHEEITOICENTES.)

BLa—FhoFra—Foliicd, =2 0K RENH 2. S22 —-Fid,
WA~ TR HEMDT LI~ FADHEA v 2 OEAEH - T 5B, HEKSEW




30

Dbt (Tibb, HADKRERET S7-Hi), [(data-fields, member-tid 1, member-
tid 2,+-)) ¥, Towner*= ((data-fields, member-tid 1), (data-fields, member-tid 2),---} &
FHEAEZINTVBCEEZEETE. BELALVTE, ERLEE, #4274 —NVFT

Wz BTbNic s, PEVREEOHABEShI L EkDABING. (BEKD

BYRED, EEBLT — 2 2N T Rz DICEAZONTIVS.) Rosenthal & Reiner X

BRI BNT, RBEOERNLD, V—YavE UTEREROEI e, #4 ¥ 4.

A MEHE- RBIKBEREINTNS.

T & Te %, £y b Y VITHED>TOLNLZDDO LI —FRELETE. (EHo08
La— R ChE0ERETEHERLD. bhtbhid—Eo “A#td”, H2uid “ftid”
T owner-tid & member-tid Z2&K 9 %.)

BRI, (T Join (link) T:” ik =Fb¥N3) Tw 6 T ~OKii &
(“Ty Join(link) To*” ik D EFvib&N3) Te 5 Tt ~OKHEH & DBFE Join D
BIREEZ L. TV BELZONS &, T ZEBRT I XA THLE8TES. %7z, To*
HEZohz &, I ABEBERTZ AT ETEL. PR IS B ORI,
EEABSERR OBV OOEBE. HAMKIE, v—THm (LA, HAeEHR,
ANTV—F) &, WWEDLDDA LT VDY) L—¥ a Y EEEHET 572D OYERE#IE
(read, sort, cache) DT % BIE LT 50100

FIFTX2EAMIEE, &40, Yr—varyELTHALNERIEY V—Ya VH
OEHADEDOSDERLTH . BB D REINZBEZROLTHETT
KFIRTS.

1) REoFROSEL - EE %R, FEUREBENEREEAHTOLL2LORE
MAZHLTWS. $FHNEROBRAZEKR Lch &, BicBEOTABEFLEN
3.

2) HeMimgoRBE-- T RA Y L—Yavid, BEFELT Sort, Scan, Join,
Dreate_index & oHi& 7 —2ME LTlOFbLNE. HEEKIE, 7722 )L
—Ya VY EOIh L OBRETOREICE > TEREAINS.

3) BAOEFN-DEFOOF—2B50REAM LT —2%, bz, Gkl
MOEDORA VEAETTREFVILTEXEEBFDEF VL, CODASYL L ToD77 %
AWIEAE T FAALT B DRMBEREEAEDBEERR > T3, Tidd T, &
20 T b Te* ZEOHTEAL2ED D1, BADDLOWES BE R
UTh3 LB, mHETREOS T dio, 20 T FosEE tid 2%
LlcdicFEbhsc LicERET 5.

4)  BEEE DL SR D -CODASYL a5 =id, &% T: ~OEET 7 £2
Diewicdd Ti-Te Y ¥ 7 MR 2. SBBEE, BROXDEOEHRIEER
W35 ROORVIEERETZLOKAED7 4 -V FTlLa—F Th &y -9
5. Te #BRICELOBBERIcT 7 2T 5Lk Tr o ftid 7 4 —w FTIH~ZB.
FTNTD Ty La—FADT 7 e AEEEHIET 5 70ic (T OFL»5D) T O
tid & T2 @ ftid OILBESELZEEFEZ 5N 5. Rosenthal & Reiner 3N
KBWT, RIOIBEESE “EBOY)L—ra ¥’ BHOEEONBEOEMNZEER
BT 3% A, chonfliz CODASYL Y v 7/ kb#aed 5.

5 ERBRORRWFEE WL DhORELEMILERY, BREABTNENLS
ROESOEROEEEL T ons. Ti-T: Rt (F72b b (ThtJoin Tz))



6. &

(g I

GERES Ry b7—7 c &F N LEOBREE - -OEgE 31

AEFMMLETBES, To MANFN—TO “HWER” 5V FTARONIZRLTE
WENAS T EERIERTECERIDRMOFAERRESES. MO, EHET
J R AREEEOREELTHE ) L—Y 3 VIEORKAEHIRT 2 wic, Hix/aE
BE Y 25 ADPIRENTNS. WV —T - 5 v FERET LRI, &
FHBE SN ATREEERRATIHICSERATH SN,

Ao, REE) v/ OERR, HEAWRFLCHEEEE5L5. HaRAVE T
A VERBSCELTE, Bra—F tudR, Sra—-FE7/72X952LEL
KBBTEMTERD. Likd-T, BLa—FE2BE2BMALHET 0 tid 7
4=V FOX~#EE, 20 td Y X POBEESEE ST ERMERY. &I
i, ZHOT 7 AW SFREEBE CENTELILE I, BBy
FOEREEFFEL.

Hh DI
CODASYL 7 > A v& LCEREINLF -2 BEREO 77 e X 2RI 5 L DI,
%ﬁﬁVZfAéﬁﬁféﬁ&%?bt EETN%%*&&@%@T&%

1) CODASYL #—#R—Z2DEKRZHRTIEMRBR +—< 3, —BEHNZR -
FEBME . —DBED L LTERINSG.

2) BEOY 2 —EREEY, BRMOMHNAEERRT 0SNG £CT
B, bTDhRHED - FERELT5.

3) CODASYL FoBBBEFHEFHICT 5 icoicBins e i oaemsit,
BMiE 2 —OFEF) I, YV —ASHELvigBinEhs. chickd CODASYL
i E RS BREERECORRATELLS.

4 HETEER Y 2T AORMELEEE, CODASYL va—FzadU0EEDO T/
Z Y v—va YNOBEBRHBNAEERRT L0, P TIERTE L.

5) CODASYL + v b OXHIZ, Mol icEEihns. REEE L mhm oK
Atk Mm OB IR IRV REIcb o - THIRT 5.

6) v b F—DBHE, ty MVEREERTIZ)LU-va v o—HEANERSS
HiIEHEINS.

1, COHER, HOMIC Sperry ORBYZAF A V7 P 2 TEHOXBRERTT

mén,Mmmedmgﬁém,~Eﬁ%ﬁ@%%%QMKomfﬁ§H%@%%t

—E R
Fe a2 R—ZOFEEZR, AF—vOHMLTF—2~-REB@RTILOT, —EEHBE, va

— Y=Y YIREDEREIN IPER X ¥ - < OXENNTAH LTS ROBAIR, £XHo

Al ~3) (p.22) KEDAERIhIcEa— Y L—Ya YODO—EMHKESZ 5

1) Vva—FEpF—& NNA 74— Fig, 20Vva— FREEBCETVLLET 72 )
-y vdDF—& NNA 74— Figis 5.

2) Relita—+)Yb—¥a3¥ VRO From )X DY V- g vET A, Rel 13 (RRA 2)
WCBW3) T/RR Y L—Yg VigiEshk, HB0E G ) KB B) Ea- Y-V
vz, Ak VR 0B R MhicBbhd Rel 74— FOEELT 5.

a) Rel.A 8 NNA Thhid V-R.A i3 NNA Th 5.
b) 4+ — ROR.key #5 Rel & V-R mdoTEibD LT 5.
H LAS Rel oF -1351F, Algd V-R 0o*—Th 3.



32

H LA VR OEHERCHEDLNLIy FSHD Ly b« +—7251d, Rel AURO-R. key {3
V-R 0+~—-Th 5. ‘

3) B=—(V-R i3 Rel OF~_RTD74—-WVF) &L, Rl Ga—Jr—vaved
%. (Rel 3MAl 2) w3 RO e Lninl, 320REBANS) kKEJ2)v—va Vi
L)

a) V-R 10BO&ER, Rel hoFH-TIoNbDT, ROLIKEFT NS

V_R (B)CRel (B)
Rel Ea— )=y 3 YTRENERSBOEKR, FRAEORF -3 Eca— )V
— ¥ a VANDBRBOAEELL ENTEELOTHS. T/ R ) b=y VEASDHINE
ﬁlﬁezp“f;u\,)

b) LU SHAKAMBEBET, Rel 21 3) ® R1I-R 7251d, Rel 0K V-R 04

LGNS, FCTROLIICEEIN 3.
Rel (B)SV-R (B)

Hwang!®? 3, fEo08H LA+ —= (203, bhbhbBFRT 30U THE) 3, Tk
ER Y27 a~QOEFREA V27 2 —2%HBTECEEHBHEL NS, HBL0EFLIRBNT
i3, v b F—3HRH 2) THELRBBDERNT, RENIL. SLSH m:n THBEIDH,
bIbNICKHERSHE—DZEBNIHA 2) itk T, + -2 R1-R.keyURO-R.key TH 2 & T
b5,

(g 1D ABNGY > HEREEE FOMIEEE
BRINIEAOBBICHE-T, 2y b VYV I72EET 2 00BolEESHTS. <L
TOD43¥E, Rosenthal, Reiner M EN? TOREET 7 ¥ ZED 12 HD3E Y 27 DRI
ATH 5.
1) partk: Tt 3 T @7 7 AR LIIBREN D 5. (A%, {tid Zra—Fo7 /73R
RLREGNS.) .
2) BPRAAYE: T2 i3 Tit BT B720DICT 7 2 2AXNBFRER SN, (378hb, ftidi i3
FERIC T2 27 72X 932 LB LIIESC LIFTERN.)
AR, EET 7 X EESRMBOTMFOLDRERTHE. (f2&Z213 tid ) X PR
4 = F, WOHRZ, HBES) HOALEER, HET/ tACOBERTH 5.

)

Ty

1) Fra—FoERHER £0BLI— FAOF( VEZAUESGOFVa-FhoHLa—
K~ D XK

2) Fra—FhoBla— FAOKIDOEEZ, CODASYL FuL a— FAIEENICZOE L
= FIZDEBNTNEEETEL, BROFVa—~ FOEREEZABT 2 E0TE, Bra
—FET772RFTEHERLICET 4 -V FPORVI-FD tid 2B B ELNTEXSE. D
HIgL, &y FEBREOFLVI-FBZORLVI—- FRoHNT—HIEDLN T BBEK

ELW.

3) Bra—FhoFla— FNORMOESE, RAVE - TLAWTRTDOTF L a— Fx i
7 5.
HHIAAY: :

1) #ra—-FpbFra— F~oXiic, Fra—FREva—-F2EHET2Y) V2 - )X
FRichB. Fra—-FoY R rE2EIRE, BBOTVva— FERWTINRTET 7 € XF
BLELSH B,

2) Fra-—FoOEB@EN BlLa- FERNICOBEENRTOEBEDTFra—-Fhr oL a
- F~OEMTHE, BLa—-FOT 7R LIKHT s — NV FhoBLa—Fp tid 283






UNIVAC TECHNOLOGY REVIEW £ 5 &, AUG. 1983

FHAL o EA=FRICHETEI+ =9 N—-DHE

=

The Effectiveness of Design and Code Walkthroughs

J.J. Hart
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Abstract There has been much discussion of the value of using structured walkthroughs to do design

and code reviews, but there have been few quantitative measurements published to show how
effective they are. This paper discusses the benefits seen from doing design and code walkthroughs
during the development of the Programmers Advanced Debugging System (PADS 1100) at Sperry.
In particular, it discusses some non-statistical benefits achieved by the walkthroughs and presents

one very significant quantitative result.
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Abstract This paper presents a method whereby a high-level language can be extended to provide
access to all the capabilities of the underlying hardware and operating system of a machine. In
essence, it is a facility that allows a user to make special purpose extensions to a language without
requiring the compiler to be modified for each extension. Extensions are specified in an assembler-
like language that is used at compile time to produce executable code to be combined with compiler-
generated code. This facility has been implemented in a systems-programming language and was
designed to provide access to facilities not directly available in the language. The way in which
the facility was implemented calls for a minimum of user-visible language changes and is well suited
for generating code sequences for any language. The facility provides the extension writer access
to information available in the high-level language during compilation, permits the selective genera-
tion of user-defined code sequences depending on the context in which they are being used, provides
for the integration of this code with compiler-generated code, and provides for the generation of
user-understandable error messages when an extension is used incorrectly.
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The Environment for Software Development “CASE”

w OB W

E #y CASE (Computer Aided Software Engineering)id, Y 7 I =2 T7D54 7 « 47 il
Bicbl-THERATE2Y 7 by = THREFODOMEENIRERETHS.
AFETIE, COCASE c&a3hady —NVICEAEYNT, ZoBBELHREELICEEELED—
Bl 5.
SOy —niE Sperry HTHFEIN, RARSCRKERL =3y 7 B WT EXEC 249
TeRAY 7o = TOBES - BT ERAIN, FESRSICREOR EKEE LTS,

Abstract CASE (Computer Aided Software Engineering) is the comprehensive environment for soft-
ware development and maintenance, applicable to the entire software life cycle.
This paper descrives the tools included in CASE, results of the usage, and an example of the Ja-
panese language processing of CASE tool.
These tools were developed in Sperry Computer Systems, and are being used in Sperry and Nippon
UNIVAC for deveopping OS 1100 software including EXEC. They contribute to the improvement
of productivity and quality.

1. 3 C % I

AHDON—F U 2 THREBCBTAEERSICREoETA R, BE2RRSE3
BEIZD. TR, FORE AR - BRESWSITETERIATHEIESE Ly —
WK ELEELTWE EEZLNS.

-7, bhbho#-T0aY 7 o= 7R - BFicBE2RTSE, Cok31Y
— BB L, B TH—BEEEL, RANTREOWAZLEREONEZ N LIS
. V7 uaTRE>TOWSAbhvbhis, B bOUEFEMI 20Ky 7927
EEFKERLTCOWE Lot EZL LS.

—F, av¥a—%F 77/ 0V LERE-T, MEBROILDICEKRIEZEDY 7
P TIRUREBIIE > TE. bbb I L E= ZPBMIET/NA R« AV F T D
PORLT, BERBF—ER—R +wx VAV YRTLDBIGELTZDTHS.
LT, COLINKBEY 7+ 92 T7OMRE, PAROT 0/ 5<TTE&EDYTH
1, BAEOT oS 5=pEROT a5V F—LilX->TiHbR, 205 DM
®3i:;7fyay&Mvﬁ%%ﬁECvT<5.C@kb77fﬁl7®%%lﬁ%
BEELL, FOTERROLIICER LT,

D EREs - KEOTER (FELER BESERCHTIRREE) 2o, &0

FEOTEHRT . :

2) BHRBRE-- - WBOBERIARUBEEET I LT LERNTS.

3 EHF--BIRINBENREY 7 VU TOMRE HEREEEETS.

4y % bIoEEE LR, THEERRTIHFE (TATY L) B2ERL, &

BT LD B,
B a—F 4 v LEEREERICS EDNT, EVa—NVE Pl 5 VS EEBT
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ERpINC RV
6) BART R b BRDEY 2 —D, ZORFEHEEBLTHELTFRA TS,
D AVFISL—vg Ve BrDEY a—NVEEEE-NBEZET I VI MU=
TeavE—F v bHET .
8) TrviVaVeFAreenV 7 hyaT e avR—3Fv I, ERINIHE

HREEZETA2LELERET 3.

9 VAT ATAbr 2P RBRBEXNBEY I M2 T« VAT A ENF LAY
oA ERIT .

10) Y § —Reeen YY) —Z2DWEHEEBRIL, BEXECHLTY 7 by 2T%22 — ¥ i
#93.

1) Fog s b FR—1 2—FOHBREY 7 N TOBALFEREXETS.

12) @ VI b TR —FHRERTREIREICT 5.

13)  fRSFree V7Y TIRBRHEINICEBY ZEBIETS.

CHRBIRTE (V79270347 - HF470E0NZ3E) 2 1830TRITTTH
3. £rOTRCEEHEINE AN, KELH, LIEBE, FEILE RIEBRELSEC
#HINTWH3B.

COEIBY I I 2TDFAT » $ 47 vEXETEY —vicR—BiHESdD, HE
CEEEAE-SSOBMLEEINE. Ff, FHEA V- FFa s Y RO FFax b
RERTAEGOSOTIRIEL, BRIEFKEEERBEYLT X PRELIEO ML, HEDE
FEOBH, LE—- b NEFSRERDE. ChODOBREBLTRDEL NIy Ve
£ LISk % CASE (Computer Aided Software Engineering) & H.43.

723, CASE 3 OS 1100 v 7 t v = 7 ORR - BFE{REL TS,

2. CASE v—J
CASEl, V7 I eTD3A47 + ¥ A JNVDEAT v TEXET DY —VOREBKT
b5 (chdiclE, TTRERINTVE GO, BEZIETOLONEINTNS).
YT RYLTDIAT A&, ZhEXETSE CASE Y —vED WIS ZRLTE
OMNE1TH 5.
S¥ e, Ei1z CASE v — g TEAT 5.
2.1 RDP 1100 (Requirement and Development Processor 1100)
RDP 1100 3, FicEREH « BARRE - EBRFOTEEXRTEY -1 TDHS.
RDP 1100 {2V 7 b v = THRIC OO 2 EREEHNREFTRBL, ThETF -4
N2 TS, COF— 2 N—RpDEROBRE, BRI, WMEBOERET
Bk, oDV —i& LT3 Michigan K20 ISDOS 7u ¥ = 7 + @ PSL/PSA #3
b TWHA. RDP 1100 i3, z o PSL/PSA ZEBICLcdDT, V7 b U= THHRE
WART AIEFRXESE RDL &, 200y 2524 RDP po5HK - T 5.
2.1.1 RDL (Requirement and Development Language) .
RDL i3, BRERY 7 by = TORBEEZRET 5 120G %5 (Object), BALR
(Relation), B#k: (Property) &> Z0>0OEAMEIZEZRNS.
HEENS DR, BERIGEVATFLOBREZD C ETH D, AT & HYRE (Object
type) Ao, VAFLADEBRRI VAT LAEBRTETNTORKKONT, £OHRE
OHRREOEZ BIUOBNROBHETRT S Lick>TiTbhb.
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FA7 - FA TN CASE v-u
FORER#R
PR ZE AT
RDP
®F [ s |

DCL

=54 T PRIMUS
a2z g b FALD FLIT

Av77v—var I PRIMUS l ’ COMUS I

TCS CS1100
AT AL FAD

vy rw

AVAbb—=Yav

® sF I PRIMUS ] l ROLAFJ
(&fk&EL )

ICAMPUS I I UNADS I

1 YU2bF9z27 547 - HYA491& CASE Y-
Fig. 1 Software life cycle and CASE tools

RDL oftidfl& FTic/”Rd. ¢ T RDL 0F—U — FRANFET, 1 —FNEHXKT 3
EMINXFETERLTVS. Fhe, BRER (1) RREFELTHWS.

DEFINE DESIGN_FUNCTION fetch-specified-object !
DESIGN_LEVEL 1S 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 |
- module fetch-specified-object
bsegin
call fined-name to verify object's existence and get its type ;
if error in fine-name ¢
begin
set 0 type field in packet;
. set error status ;
end;
else
begin
set type field inpacket ;
staus =0 ;
end; |
PROVIDES specified-object-retrieval |
FORMAL_PARAMETERS ARE object-packet (UPDATE}, status (OQUTPUT} I
INVOKES find-name PASSING para-list |
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DEFINE ¢i, & L fetch-specified-object &1 4@ DESIGN-FUNCTION # (v &
FAOBEHEBOEREETHER) OMEN, TRF—2 -2 EELLZTNG,
CNEEREIEE. EELTONE, FRiRGLUTERINAC &L 5.

Z DB D4, fetch-specified-object 55 @413 DESIGN-LEVEL, TITLE, PURPOSE,
ALGORITHM @& Xick - THibhrs. Bikicid 2 EbH v, DESIGN-LEVEL @ &5
Bl E LTESETHEINLLOULLEBETEEW b @ &, TITLE, PURPOSE, ALGO-
RITHM ok 5cEdBERObD (FH+X b &IFELHS) MH 5.

ALGORITHM E#:i2, ¢ @ DESIGN.-FUNCTION @7n= ) XLk LR TE5HDT
3. coPTRT oy 7 EEOEMN 2 —F (SDL-#%875) ZHOTH5.

BOOXIE, Mhos: oBBREiLsT s b0 TH5. FORMAL-PARAMETER Baf%
i3 DESIGN-FUNCTION Bl URSIETET S0 i Al v 51 5. INVOKES Bifk
2, TV 2—AOEH LoBGE L OED S¥ERET 5. PROVIDE BRI IERIC
EN3EFREERTS. THOL, EBEOIRBERHOTIEONKREEZRRITEH0D
THb.

ZZTRHAIELTHIF TN, BEEREZRT PARTSHEELHS. COBFKEHE
FiThCET, DTN, DM~ LRI OFMEET L EERBRTES.

BROIRTIE, ZoMBEEANAENIcERSNS. INVOKES B PASSING C &
WAEBRE A L IRICER L2 5, Bdgicid INVOKED BY A PASSING C
LS EED, C dWgicid PASSED BY A INVOKING B &0 5 BB H BN
N3 chicky, TELERRF T 2EMOTLEEBFRINS.

%72, 20 RDL Kk 2R 0B TRAKERLEHT—EKERT 5 HHEBIKL,
BRBFE LB A TERENICBELTO CEBHRETHS.

2 RDP (Requirement and Development Processor)

RDP (%, RDL CTHRENHREREER T L7 — 2 X—2OERK - &5 - RELDS
Ui, choDERICDETLEBOMITBLONENETOI VAT LTHS. COVA
F AR, ZEEHROBESMBICKIZTEEONMT, SBORNKETIEGEDT =

STRUCTURE REPORT FOR
RELATION SUBFUNCTIONS_ARE
MAXIMUM DEPTH = 15 LEVELS

1983 May 13

01 TCS_KEYWORD_PROCESSING

02 REG_KEY TEST
03 ~CHECK_KEY
03 REGISTER_KEY_CTS

02 KEY_SEARCH_XQT

.+ 03 TCREATE_KEY_TEST_DB

03 STATEMENT_ANALYZE
03 KEY_SEARCH_SELECT
03 GEN_TCS_RUN

02 CROSS_REFER
03 CROSS_REF_CTS
03 LIST_CROSS_REF

02" MODIFY_KEY
03 MODIFY_KEY_CTS
03 CHECK_MOD_KEY

END REPORT

‘W2 RDP X +54F 4 - U= b
Fig. 2 The structure report by RDP



I UPDATE DEPARTMENT EXPENDITURES I I 1-1¢
Number | 1982 Nov 09 I Update LVL |

1. UPDATE DEPARTMENT EXPENDITURES

1.1. GENERAL

RDL name is EXPENDITURES-UPDATE.

DESIGN_LEVEL IS “UNIT",

IMPLEMENTATION_LANGUAGE 1S COBOL.

t.1.1. PURPOSE

To update on a moathly basis the department cxpenditures for salaries,

vacation pay, and sick leave pay. These expenditure totals are then
used with the budget to calculate balances remaining to be spent

1.1.2. SCOPE

1.1.3. ALGORITHM

FLOW YEXPUPD!

call ‘call GETEXP to get this month expenditures'

call *call EXPTOT to get total expenditures'

process ‘add this month expenditures to total
cxpenditures’

process 'output expenditure totalst

endflow

t.1.4., DESIGN STRUCTURE
PARTS ARE PRODUCT-UPDATE, PRODUCT-MODIFY,

PART OF DEPARTMENT-RECORDS-SYSTEM.
1.2. INTERFACES

1.2.1. CALL INTERFACES

INVOKES GETEXP;
INVOKES EXPTOT;
INVOKES EXPTOT1.

K 38 RDP FHAr - REa XV}
Fig. 3 The design document generated by RDP

v/, XEOHBER, F—20EHE (2 V34 FOATMERIEE) 25 EBTES.

T, WAL RDP OBkED > 5, HMEEERBREEHOTERLICbDE
PlELTHTTEL.

oA +S3 I FH s UR—F (K2)

o FEHEREE (X 3)

fe &2, HEREEERT 2T, 9 RDP ek - TXEMEK o2y ¥ THS UN-
ADS (UNivac Automated Document System)E) QA HICHEBZ L5 F—42 %, F—EN
—ZHDFERM S HNTE. D¥RKZOF—2% UNADS KAAL, 179 5.

SDL (Structured Design Language)

VAT A FOT T AORHDOIOBER & N EE SDL i3, PLUS (Programming
Language for Univac System)&2 %€ F VBRI TS, L L PLUS & b HHEE
DEVEBRNTES. ¢ SDL #ANEL, FTUERLINL) R (K4), NS F+
—F (5) 2MATE oty ¥ BEBESNTVS.

TCS (Test Controller System)

TCS RKBOF A+ » Fu/ 5 85EHBL, 72 ME% (FX - 7 0s 5 AOET,

WEMHE, MEBER EXETEY—NVTHS.
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MODULE;
PROCEDURE sample_flow chart
BEGIN
WHILE chain is not ampty DO
BEGIN
{F scanned item ¢ > '®EQF’
THEN
BEGIN
IF scanned item = 'PROCESS’
THEN
BEGIN
compute dimensions.
draw rectangular box;
END; -
ELSE
BEGIN
CALL compound statement;
record computed dimensions;
END;
END:
CASEENTRY line type
CASE dotted:
output dotted vector command:

CASE fragmented:
output fragmented vector command:;
CASE uynbroken {solid}:
output unbroken vector command:
ENDCASE:
END;
RETURN;
END:

TERM:

B4 SDL YRF4 Y
Fig. 4 SDL output listing

WHILE chain is not empty DO

|

|

1

i

| IF scanned item = "PROCESS’ |
| :

!

|

| CASEENTRY line type |
S [ P [ et s |

| i |
| CASE dotted: { CASE fragmented: |CASE unbroken (solid}: |
|

| output dotted vector 1 output fragmented ]output unbroken vector
| command | vactor command | command

i

|

!

|

RETURN L
I

5 NSFp—1t
Fig. 5 Nassi-Shneiderman diagram

TCS i3, avbtu—3 LBECELIAEINTZ2—FT 4 VT 4D HBKINTNS
AV PO =S RETNRTDLI—F « A VE T 2 —REODIED, BERENDOHERICH >
TFAL 705 LERR - EFL, B2 —F4 Y T4 - T 07 LEETTLHEE
EHo. i, WEHNOBERETRICELTEY, ZBEREER DT TFFax Y ML
TOBETEXZ LI >TW5S.



TCS oI UTOE B TH 5.

1) FAMRBERT » A VORIR, 77AN0EFR L s Fud 5 5sOHEEEDER.

2) FAP TS FL0FR, FAL e FUVRAM) —LOERBIUET. FA b -
Tas ek, FeYF  B—FTHEETLED, Ny F 2= FTNy s/ 5y
YR VasFELTETTEC EBTRE

) HOLUDLEFTULRELTHIFR PO AY R ME, SAEFINEFI MDY
A b

) FRINCELEP-IZDDDA, FOEFTIRVEHATS.

B) Fx IRy~ oW (M6).

HARDCOPY STATUS OUTPUT FOR USER-NUMBER 01 - RUNNING TEST CONTROLLER SYSTEM (TCS) ROUTINES DATE 051783

TEST CONTROLLER SYSTEM STATUS PRINTED AT 10:03:40 ON 5-16-83
*xx ON THE FLY STATUS -- BATCH MODE *x»
*%* USER NUMBER 01 - RUNNING TEST CONTROLLER SYSTEM (TCS: 1R1) ROUTINES #x+
44 TEST(S) PASSED.
1 TEST(S) BYPASSED PUE TO ENVIRONMENT.
5 TOTAL TESTS PASSED.
3 TEST(S) FAILED.
1 TEST(S) TERMINATED ABNORMALLY,
4 TOTAL TESTS FAILED.
1 TEST(S) STILL ACTIVE.
T hkR

50 TOTAL TESTS RUN.

wxx TESTS THAT HAVE FAILED *xx

AAQ1TOD AAD20 AAD22 AAQ26

AAD31 HAS BEEN ACTIVE FOR 1 MIN.

*%n COMPREHENSIVE BATCH STATUS OF ALL TESTS RUN »%

*¥*x USER NUMBER 01 - RUNNING TEST CONTROLLER SYSTEM (TCS: 1R1) ROUTINES #xx
HH# FOLLOWING TEST(S) WERE RUN ON AN 1100/80A UNDER EXEC LEVEL 38R2 W44

AADO1 PASSED. 9:45:52 ON  5-16-83

AAQDO2 PASSED. 9:46:03 ON 5-16-83

AAQO3 PASSED. 9:46:17 ON 5-16-83

AADO4 HAS NEWLY GENERATED BASE. 9:57:44 ON S5-16-83

AADOS PASSED. 9:46:52 ON 5-16-83

AADOG PASSED. 9:47:09 ON 5-16-83

AADO7 PASSED, 9:47:27 ON 5-16-83

AADDS PASSED. 9:47:48 ON 5-16-83

AAQOY PASSED. 9:48:00 ON 5-16-83

>AAD10 VARIED IN COMPILATION < 9:48:12 ON 5-16-83 »+x DBASE MASM 3R1 ; TEST MASM 3R1
AAD11 PASSED. 9:48:32 ON  5-16-83

AAD12 PASSED. 9:48:49 ON 5-16-83

AADT3 PASSED. 9:49:06 ON 5-16-83

AAD1TS PASSED. 9:49:16 ON 5-16-83

AAD1S PASSED. 9:49:24 ON 5-16-83

AAD16 PASSED. 9:49:37 ON 5-16-83

AADT7 PASSED. 9:49:57 ON 5-16-83

AAD18 PASSED., 9:50:12 ON  5-16-83

AAD19 PASSED. 9:50:25 ON  5-16-83

>AAD20 VARIED IN COMPILATION-EXECUTIONS 9:50:40 ON 5-16-82 =x% DASE MASM 3R1 ; TEST MASH 3Rr%
AAD21 PASSED. 9:50:56 ON 5-16-83

>AAD22 VARIED IN -EXECUTIONS 9:51:11 ON 5-16-83

AAD23 PASSED, 9:51:23 ON 5-16-83

AAD24 PASSED. 9:51:31 ON 5-16-83

AAO2S PASSED., 9:51:38 ON 5-16-83

>AAQ026 TERMINATED ABNORMALLY % » * x x< DUE TO USER RUNSTREAM ERROR....... .
AAQ27 PASSED. 9:52:00 ON 5-16-83

AAD2B PASSED. 9:52:10 ON 5-16-83

AAD29 PASSED. 9:52:20 ON 5-16-82

AAD30 PASSED. 9:52:31 ON  5-16-83

AAD31 IS CURRENTLY ACTIVE. 10:02:19 ON 5-16-83

AAD32 PASSED. 9:52:57 ON  5-16-83

AAQ33 PASSED. 9:53:08 ON 5-16-83

ARD34 PASSED, 9:53:18 ON 5-16-83

AAQ35 TEST EXECUTION BYPASSED » % * « DUE TO ENVIRONMENT CHECX FAILED.

ENVIRO COMMAND: SYSTYP=1100/60

E 6 TCS X pig@u=U
Fig. 6 TCS test result summary listing

6) 3) OWBICHKEIRY R b DR « £7E

7 B3 ash—VagVDFRA P CS 110089 Lagki b, wkEE (TSS,
THWEAL L) O¥YIalb—=Ya VT, 3Iamyr—Yay V797 0RET
A PPEBETA FEITY. BETRMNCBOTRE, HMEAEBTORAZORELGM
REBTEBL, 2HRE-TYI 2 —¥a VETIEBEEE-S.
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2.4 PRIMUS (Problem Reporting Integration and Maintenance for UNIVAC System)

PRIMUS {, 70/ 5 603 —F 4 v/ RFH 45 XKBEF, V7 o704
VIS L—vay, BLOTuF s by E-POTELEHEHL, ZOoBERE5A56D
Th5. '

COBRMERERKT B, CNLRPPDLIERMERNTE—DDOF—4R—2%E
fitg 5. '

CDF—E =R}, TLROBHRBEMENS.

1) SUR (Software User Report, 2. —# &0 b 7 7 v#4:), TQ (Technical Question,
2—Fh o OER EOMNER) - FONE, BEE, B EEZETEOER
2) PLE (Problem List Entry)-- 3 TIBRINTNE Y 7 b9 270D F5 7V
WA NERR, BEFEGE) BEBWINE. T VORITICAVS.

3) CHG (Changes)~V 7 b = 7OEE, H2VEHREERFT- L2 —FBITRY
OWE, BEOWNE, HERAZKMHEEDER
4) CIF (Customer Information File)----. Y7 aTRY ) R Ll —¥FORER
5) L oEHERER
FegN—ZY, WAEBEA VI Y THRIENERORERSTANSN, BB

BERXNEZOETRETHENTES.
INLOBHMLERECH LT, ¥FXENRETFEERTILOTHRTDHS.

2.5 COMUS (Computerized On-site Maintenance for User’s System)

V7Y TORERLRS (BE2—-FOWLAANRE) 2R8LL, BRI ED
iERIN 5.

EREBEHEIDTOEEDTHS.

) #—¥hey 7 by =TOERK RBEOLLAHZEMTS.

2) WERMO2—H V27 —RERFHDL, EEoEF L, HRELEZZ»S.

3) BARYT, RAEFICHELTEERET 5. |

2.6 CAMPUS (Computer Aided Management and Planning for Univac System)

V7 by THRCET S X NEEERET — 2 S — Xkl BREEOT -
g R—2ADLEBOBFRGERENNTEY -V THE. F—4~—Z3 RDP 1100 Db D
EHEAL, HAZEBATEDA Y47 = — AR RH LTS, FHEHRE LTERMTS
BERSORUTOLBEDTH 3.

o Fui s FOBEBELHE
e FuF s rDF5 Y, TANAL—V
o ¥
o EMEMHETH
o VY —AFH
2.7 #othoy—I

1) DCL (Declaration Control Language)----- F- 2T EERETHY, HNE
LTF—4%F+r—F, Tk v7s5a—F, PLUSa—-FREoN5.

2) FLIT--EZFRA 7 ns 5 22 XEREEBRANICRET, Fus/ 7 5D7A MR
FoNy SERERTITS. EFRAS0/ 52K LTCRAFy T« Yay MEIEDORK
GEEBARTI, Trs 5 20BHRT Ny SBTE31ED, BHELEETONE
REBELTCTS 0S5 AQEFHERETH 3.
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3) SPORT:v 7 b= TOHKBELETIETE Y — L.
4) ROLAF (Remote On-Line Analyze Facility)-:-- NS T NDBRBIBYR DD B

i S Z DFEFZIT S Y — .

3. BEAEMLE

S, BHAREBLENERZHY, Y7 MYy 2 THEREIEY —VCBELTR, 20
BERMIEF .

HE TR~z CASE v —,vom, RDP 1100 il LT BAZLE O0RANEINT
3. BRTHE ROL OXEITNTEAREAT R ICEBE TRV, F+R 5%
AARETRERL, THEF—ZN— ML, ZChoRLeBAREOXELHITS
EVHINEEFTLISLSKL, BERTHTHAS.
COMEEZR T, M ERK 8 IcRY

BE, v-<F, #F .

ZHTT T T A RDL7"— %

© XEH DMF LR T ’
RDP

AV TIT4TH
HAGEXFEOASD -
EIE

XEHA
ANty 8528

“H%illl[
EEIREL

i HoARE
E{(vig,’*“:}ﬁtﬂb }QEM’E’& pii: el N

\/—\
[ 7 RDP OHARENIBHE

Fig. 7 Japanese language processing of RDP

4. % 7
CASE 0BETTOY 7 by =THRETEBONIDEEHITAHS.
D E#HLOZAL)VEFFatvF—Va Ve BEON:2 A YF—va vOFE
TRZOBRENIEVICREL, RELZBYRAT LOWBBISIKT U2 TS K
Fad Y PRYRIICENRTED, ZOABRBELLBVENS T ERNVRUH .
LA R Far VY bBETERIKEL, FABBREOBEBICOVTOBHRPF—T
ZRINELTS, ThEHUHTOREE LT & TR
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NIPPON UNIVAC KAISHA.LTD.

NUMBER :
cesp-001

REV

A TCSHF -7~ FAMNE2~F 1 V71 4-1

4.. 4¥vE7 -2

4. 1, A~FedvETL-R
£=T=FrFALLENAHRRBCTSY L -7+ ¥REGISTERT
By o,
DML 7 g PENIEF—T = FRAIDSH~T—F . F-#X=-ZAHRY
NTVANhFz o2 LARINTWRETNEZ5-¢T 5,
F-7— FEFRPAOUGRERUTBIIICTSHIL~F 1 YMODIFY
RT3, O FEHRCE -7 - FOF 2 » 7HBWIND,
TCSOUTITEL TIdF -7 - FE QM T oM 7 -V 7 ¥R
FRFERRLRITEED T ENILES,

4. 1. 1. FAIBENFOF-T7-FFz» 7HUE
RDL name is KEY_CHECK_.!

mas
HORERAEERNINTVBEF R FER2-F 1 U F 1 OB
ApidEnd,
R, EORMERPCEZ VAV E (JCL7 740, FAM s =YF) 0
FIRED LD LIFETAH D EXDHB L EITR> TV S,
KPCEXL AV D>
RFR PRy - S8
:LEVEL
:PARAMETER

{DOCUMENTATION
CHECK-KEYWORDS AIDS7o¥7 +4
tEND
AR =g ¥
DCTS,I CASE*TCS.

FARFRSENFR L= v g

~=~- Specinl purpose keyword ---

8 RDP SMEIHRE (HXE)

Fig. 8 The functional specification document (Japanese)

RDP 1100 jck5Y 7 + ¥ = TOMRTIE, LOHRKREHETEF2 4 v HERH
AEeE1 5. THbb, YAFALAOBEREERKIC, Fdax Y rOBELITI L
TEB. S, F—E_N—ADLRUOBCRFEOERILF+22 Y P 2AFTS
52XHIiss.

?) BIBEONF »Fv7RDP 1100 gLV 77 b Y= 7TOER - E2H - FFH
OEBETAE, BRWIKNOOTEMOEASERS TV EKES. 0
CERED, 72EARHEEY 2 —VIEELRD > BEAOHEELRRCHERTS L
EITHETH 5.

3) F TR FRIFRCEOBNBIERT, ROBEHENTETIKTA LD
ho, 1 7veya vORESELSCENBEL. TCS M THCLIKED, T
Z b DU « BIR - BT - BROF = v 7 ZEBITY, FA MEEOEEHOI
EoEREOR EBRNG. Fio, FEFCHLTE, 72 MREEEAS7CDITT
2 MEROHEEBHAITE .

) Tl be—ER 2 —PHOPHERPDRBEY 7 U . TOBERIKE BTN,
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Design Methodology for Testability VLSI
C. H. Chen

E B LBE, [7RA2)742BRELLHmERE] S0 FEARERFOFEROIE
PORELEDTES. RERBDOTFA MDA 7 « 4 7 i DT dho-D, VLS @
TR OEAESNTT 5. .

BT RE2E) 74 2B ORE (ogic) 21850k, DC FRMORDDAF+ ¥+ &y
b Hkth(scan/set technique) %% % & 5 1 F L OHIH S H: (design constraints, FEEbHIN) %%
ZARgniEn s,

CORFHIICE, 7my s 0FTh (skew) O B o H/NMb, DEEHIE O BL, ~¥—F
(hazard) ® L — X (race) DBENEENS.
—ihIhkrRadhn 2y b T—7 s 2FLVERAOT, BB TFRMNBUETE S0
OHBE+SRFETOHNELZE, T-VvROETET. T, bEEOLSV 2V YF 47T -
R &y VB (LSSD: Level Sensitive Scan Design) #HIIE, ZOROEHERELL - THBE T &
ZRT.

Abstract This paper studies the subject of “Design for Testability” from the aspect of logic
design methodology. An analysis of VLSI testing characteristics as well as the life cycle of logic
testing are presented.

To achieve high logic testability, design constraints which are beyond the scan/set technique for
DC test must be considered. These constraints include clock skew effect minimization, synchronized
logic operation, and hazard/race avoidance.

By using a generalized topological network model, design constraints which are necessary and
sufficient for dynamically testable logic are described in terms of Boolean equations. It is shown
that some Level Sensitive Scan Design (L.SSD) Rules are particular solutions to the equations.

1. & L &

AR TFRALEY T4 Z2HKE U VLS iR OHREFERICONTHENLZEDTH
3. TRIMAEEREEZEERT 3 0DORIT LOGHMRERZ 7 - R TEEINS.

“FRAEVTF 4 AHNEL R KOV TOIELVWR#BEE S 2H I, VLS o
F R+ OEMAESd B5Ede, VLSISHEREOTF X FDS54 7 » 4 7 VR ShIT
LTEPRINEIRE SR, S, BETEA 2 & & VLSL RO 2 2 b B LUy
4 I NWEEET B DI, FREE) T 4 Ol DHRBEHRITOHVEMLHRT O, £
SESBFETHEC EBHLLIKIE - TETNS.

Rk, “FRACVF 4 AHNE LU 2BF” BEICaR M, TEROFE (engineering
mangement), HAVNEAF ¥ ¥ ¢+ ky MEHEOEFK LV S BALOERINTE L, &
7o, BHEIWCT A P TS AMBBIREEET A ELNINLERICE, ITIEHNEEL
DORABEELTE . 2013, 234 b ¥ (unate function) O REHDP T » ¥ T b

© 1981 IEEE. Reprinted, with permission, from proceedings of COMPCON *81 Fall (September 15-17), pp. 168-173.
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2.

HRDRE, H5VIEBEOCHME E (&A1, Reed Miller XBIM)TH 2. I DI,
RAEEE 7 7 7 (state graph) DEES S, 7 R4 LY 7 1 % # DIEFREBE IS 20
R HBERICE & > T 5.

AT, “TRAEC)F 4 2BNEUREE EWITHEAEHOFEROBRAL O
WY 5. BohkHBREDROEBEDGERM 2T, REHEICYT SHRE—INAS
KEBECRTBRMICHEANTE 5. KIFEIKIE, L vV YT 47« A4 e VREAD
WEHT 7a—F5B, 2+ 50 ®y MEFREOIFIXIHER, BXU, 3 FTFHNHIK
P7z & 213 Gibson % Schneider @XHRYP> U CREINTWNS T F - F v 7 (ad-hoc) 73
WEMHRAIBE Zh T 5.

LSSD®1 13, 724 ) F4 2HAMWET AHFICHTAVRTFTF 4w 7T Fua—F
THY, kP OEBCERICHEASIN TS TS, LSSD o=y ¥ 2R3, HEHTxH
THHNWRACESTDTHY, ThIKIDFRF « R7 M PBERTE, AREFZ L -
VAT ARBRBCHEBATEEEES. 084, V-X0RX AWM ExhEIATH
3. TAREAEY T4 2BHNE L BENE #?&&bf‘L%Dm/XTAK%E@ﬂm
GlkAEBT BHO—20ETHD. —JF, ARONERHNLEF R FEWEIKT S, LD
— BRI REANEERA ERIEELPA O T L ERBLN TN S.

VSLI 72z + D#EE

TR MER, FREAEY T4 FEEOSHADLS, HERBLTO=E 23060 5.

1) E¥HarvgE—xY 1+ (off-the-shelf component)

2) 7uv4 -ua¥y s (array logic)

3) HR%as LSI
Ths.

BROEEa VYR —F v M, B LELOEEAI ST X FAKEZMARAAL TR, L
MU, REBEOF R MIAHTHSE. N3, OF v FOEEERE (well defined),
QELG B ARETFRES LI, OXBKEAINS DT R « N7 FVERICS
RFESEATE, REIcXs.

>N w40 Faky M, FBIW, CRT-avito—-5pa .=y —v
AV AVET 2= RIEEDRY T TN 0V JOBEET A FOFELELDALK
koI hTETH3.

T4 +mYy 7O TH, PLA (Programmable Logic Array) ® 5 2 b #3JK { BF4E
INTEY, ZLOBFRGEEBE SN TE DB, SLA(Storage Logic Array) ® 5 2 b T
DNTHMRBIOSREDOSNESIELTHDEYE., KBTI, FELT, 547 %47
Ve 3 A b REEIRA, Y TF 4 ANEAYEL—F « YRAFLAOHREREDLNS H X
£ A VLSIHED T A DWW TIERS.

21 FRMDSA4T7 Y1451

VLSI OF R FDFA7 « F4 70, UTOMDODT 2~ X 5Hi-> T 3.

1) WHBEORIE

2) ERHIETOBRIE

3 HEHT A b

4) BRIBYBHRFT A b
MERAOBRIERHEFOELHD T X THY, HEICA— FY = TEIED LT BHIC
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fTbhad. 7R MIEE, RBEYI2Vv—422A0LTY 7MY THRITHR B. SSI/
MSI % AHE5ET VIS IKHBEdT 57y F e K= FEE-TITH T A ML, 2R bD
AL ob TR MPHOELOLMEMBE., 27 2—XiE, 7nRb—7, BBEEE,
HWIBHERRIL E DI DDEBED = F o 2T FNy 7, FLRBEIHLVRVTOF N, R
VIial—VYaYThb NoD7 V-, REFTuetro—EBELTHsELE-
KT LN 26D TH B, EETF R MPRBCED5EFFA ME, DIBRIEL
Thbh Tl Likiss.

—RICEBT A MEF v 7 - v bthE D, R—F, FEVa—-0, YRFLDTR
FEBATOL. —F, BRIKBT22H 7R PREEMFE2RS0 242506 0 T H
D, FOEFTTHONS. HEEZROHT DO R ML, BEBRE, 5o 7OfEE, K
— FOERERE S ETICREY, BRBEENICERT S, LeP-T, 7R ED547 %
A I NVOROVEETHREARATICENELGS LS. FREE)F2BHNELE
HatE, VM1 7 VOB BRVBETITONE k), FTREAEYF 4 « x ¥ — (testability
measure)tt®? DV b FRMEM L ERENT, 2R FPOET, HAPERO LW
FERZEEZLB.

2.2 VLSI 72 b 0458

VLSI @72 MR, LSI PR TF A FEMORIEDZECAHRIEOL, GTFHLLLENS
b THRBOEVS FRBPECHEET S, LI DHOR— FOF R TR & 7 IR,
LSIDF w7 - VRWVODTRAITHWESLIIKNEY, TV 2—-0DT A A VLSI DR
—FOTFR M 1cEWVH DI THS.

CDENEHOHICTS72D1C, VISl OF 2 FICHBRIEEAEMMTL, PITFiC VLSI
VIO T A P EDEREERLTEL.

1) #F—PEETd->TFR PEATOHEN

LSI PIFfOKR—F « LRAVOF R PEBNTIE, £ MSISSI o v R—% v Fofb

BHaHLrICENTEY, 20BEL 7Y TAVRKTDTR FERTHE. Lz

5T, F=F s VVOYRBBERZIBEIOTHLTd . THERL

VLSI o=/ a3 FRA r&NTE5T, VLSI OF o 7« LRVDF R FTIE, F

v TROES — FAERRELIIEEAE1009— L Y F OHERBERAEL T, TL

5. = MIEHIGHAEDLINTRY, BETAIERTLCABLIITION, R

PEBHTEIL.

2) 7R -RSAVIDRESINTIVS

VLS i£5 - TR, WY~ 37 a—70Lkh, 4 - %—%y b« 7 5T5

CERFDRPRAETHY, THLF - rOABLC YLD OBGIEFILEL, B

HMERHEEELCEE2LDEBLTNS.

3) BRLES- M

VLSI o7 — PEMBIRIEL, SPNERE (redundancy design) 233 2 b&hF4h e

Lt Tind. £ OFED CAD iE, 7' — FOEAARSBEICI BIC &S 1T

BRICEZTHSS. LI, TUREEBEOT A b - ) A POER, KBTI 400 -

VAT LDHREY I 2l —Y s YBASBOBETHD.

RET A LR
LDx7 Y avyTiR, 7REZ2EY T4 OBEHELA LT R FHERBEO LD DORGE
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T DN THRD,

2 OERM, VLSI F 2 bOF 20 HE LT TOSDE BT TN S.

D) ##IEF R OHEBRE

2) 7Yy (glitch) L —2 (race) OBIHILF 2 b

JEFEg DO F A b ORBEEREER /5 7 (state graph) DEEAL SR Licb Db
ELBEET 28, ThoRB¥MELTOMETHS. BHMLEFHEEE (malfunction) %
BolEFEEIE, S5k EEEET. —0F, HIAEREREOBNILT X b (static
test) I HHLIRMAE TH 5.

Doz s, VLSI 72 b ORELRFRT 227 » FIRERO XIS,

25y (1) JEERBEOF R P ENSEMHSHES, JOHHELEASEEEOT X

FEAEY)DF R PR T B,

ATy (2) BT R P OMELEHERT X b (static delay test) ORIEICIFE S

w+5. ‘

BIORF vy IE, T/ RATETCTALITED %) 2EDAFEMKO Huffman €
FUEROTHbONS. BRETE, A VY. — 2 OREFHCRIEMETIEFRE D F X
FEBL DI, RFE LY ey MEEEZAOTRIL TS, COEBIETRTOX =
VEF (7Y w70y ) V7 b LIRZICEEIE, TXTO7Y 770
y T LUTTF A PTE, HARAENTOAEASEEBDOTF A IDT 7R « B4 ¥
FPELTHHEITENTEZLIRLAELBDTH S.

F2DRT v TRAMEKOERTHSE. ARV PREKRs oy s THBESHh, EFO
BEFEAR 2w 7S ESNTEDLNS. L—ARBNERN LD IKFREFH S cRHE
BICBOTE, MAAEMKROELOF R IRBEETHY, HEERKELEDOSBEEL
5.

AFp Yoy MEIHEELSDUSBRBMBEI LA S, YUTTH, BT R +E
AR T BEEFTFRIC DN TR S.

3.1 WMEEEEFI

ol
ru

FREAECNF 4 HHEEEAN IO Yy PT—7 - EFNIEH ETOTHRRE. £T,
BEORARKOEEDTH S,
S: 7ay /RPEREET
X, Y: F—42 AN Di, smw s AN C: AOMALSREE. JK, 50T RS Hi
ZY T e 7ay FiEHTBEAN I, KRS BAS D iITHRT 5.
Qi: 7uavyy ¢ TRABENZHA
{Px}: BIBEX~D LRATHESDOEED
{Py}: Y ~DLRANESDEED
{¢x}: X~NDIRAT I 2w 75T
{¢r}: Y~D1IKAN I vy 7 ES
Qx}: LOREADOLHTXRBOWBIESDHEED
[Qr}: LYREADHOHTYIRIRVBESDHETD
WEERKEFVANDANELTR, LKANES (Pxyl, 729y 7 AT {dxv}, HIE
AJMEE (virtual input) {Qx, v} O=Z2D &4 P Hk-TWH5.
FED X,Y kLT, 2o H3EEDI vy 7 ¢ KOWTERET S L,
X=F+H¢:+Gp:
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S
(P
X
= penises )P @f——=
Q) ¢,
A
{Pr}
Y
t——( RiTi+Ls,
Qi

1 WEERETNL
Fig. 1 A logic network model
Y=R+T¢i+L:
L1553, 2T, F,H,GRT,L i3 ¢:,6: %4 FROHBERTH 5.
FEORFMKR, R1OEOMAEMICAHTIENTES. LEB-T, UTK
MRZRFEBNE 6 KHLCHERAINECELERD.
B OR E OE
BNFREZEYF 4 AERTLBIIZ, 23 %Y @ 2y FEEABZ Z2EFOHINE
BhTERIN D, COBEFOEHNEEITE, 70y 7 0ThOEEOR/NML, EIEE ORI
BIE(L, Y= F/L—20DKRE, TR ) XA MEREERTACELEENGENS.
oML, AF¥e Yty FRERY ) 2 VEBRERDICEICLICEE. o, C
DA =~y Fig, WBOFA7 - A4 7003 R FOED» S RAVTHBEICESEN. &
— MEVHEMN 2 LLED VLSL 20T, EREDITHE. —F, L—R[n¥F—
FORBREREYERHERART I ERED, "—FU2T2REELALBMTET LD
CABETHS. 35IC, HAEOT R MNAKRBREREL L TEI CLOAERTHS.
1) [ oRBBTE

FORN e VRAFADLVIRAR « TV RT 7+ LYL (register transfer level) TO
EREVSBEMLRS S, HEREAPE TREIFTICENEENTEHD, BHRTD
55, BEELIE, BHBRFVEIN VRATFLAOHBEL, BET—FT77F+Db L
COLVAZBOUTHREROHENE L TERLLIETAINETHS. BROTKIO
R ASEEEOBRETH L. LIREANDR—F 4 VIR, 70y ORE
DA THB SN 5.

RS-7V w7« 7uy 7OLSBHERAMPA EVERF, Ta4Vv4 54, ¥V Tn -
Vay b, AVL—2R2EDOFZX MVIMETHD, ZhHRIKRARADE Y THE 7R
PRSI, —F, RAPEKOFA MVIET7 )y T - T7ny T D uy s
Ci BYRT L /0y I THBINTVWEETEEBRETHSE. 250, XTORA
Wy .y s h—D, FFERDIay 7 ((8)) TINVADEA I VT A HBATES
EIRERINTOIEATHE. CORHOLBETIRHER, L di=off 12151,
Ci=off L18BCETHB.

Jay JEEASRORESELLO EEHERES YL 0%y —F Licil
(odd parity reconvergent fan-out) (&, /¥ FORRENS. LT, 7w 7
EABELTEDTNTOMASEEE R, ARE(EFINTORTRER SR,
zHUkboid, BEVAbREVY ny 7 ORECHMBSEEZRMAT 2 &KLY,
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BRETRETH .

L — R DI E A OB R ORNEGELITD (a), (b)IKRT.

(a) VIPREADF—ZANE, FOVVREDIuy 7 OEBTH - TSI
WHDETE. JuwIEE-TITF47¢ET5E, 70y ¢ KFLT,

' F.L.G=F.LH=0

&35 (®1).

Tibb, Dy & C oo v —RBKBEINTVS.

LOHEBRRDO—DDH MR,

G=H=0

TH5.

CURMEL EICRENTHE B TRREBRAOWTHS. Ccolfs, 7uv I A
JGEE, BEENLTLIYREZDF— 2 ANTEELIND,

(b) vPREANDIKRIay I AT ¢ &, ¢ OBMTHBHDEE LRA—04

— MCABZIN TR S,

—DD1IRI By I AN ¢ D07 ) w7« 7097 Qi,Q %HALEEREE
(X7),X,Y) 2BLCHBMLTHR LT 5. QF oiAiR, @ 303 Q)
ELT X, Y TA-TWBH0DET 5.

TDEERI,

L.L'=0

Lis5.

Tibbh, QF B Q DAHEBTEZHMAL T, @ LQf BE—DI a7
PMHETRA vy FEINBZTLEEBVDTHS.

— DO L IR

L=0 %73 L'=0

TH5.

CHRMBEL ECRENTH 508, +H I FRXOBTHBH.

2) vYRZDFEE

REFp Y ey b OEAIL, 1959 48 P.D. Eldredt® ¢ L o TEA S 1z, BFICIE
-, LSVLSI @4 — FBUIOETICE 78, TOFERESBRAINTETVS.

RFp vy PHEIE, BPDN—FD LT c F—rsny FEARAELYTLYR
FDTAIEARICTIEEDELECHHMONTVWEIHE—DHETHS. COFHETH,
MARENIHMLEREBEDOT A DD DT 7 ¥R F[ELTLIREZEZRANTNS,

L3SSD 5 o Fid, T URERKABU HFTHEDO—2THS. Muldert™ |3, Bhiy
[T (dynamic circuit technique) % B 7z MOS x £ ) BT OB HEIEICD
WTRRTI 3. Yamadal'® |32 LSSD TRWOOLNTIE LNV o 5o F L3RS 572
*EY BFOHRFITCODNTBRTNS,

VLSI o852 bicBd2—20MER, Fv 7LD /7v9 7D L5 YR (on-
chip clock tolerance) TH 3. VLSI HEFTHBNT, Fv X LOEEEREIBIER &
EARICHRAKELTEY, 70wy s « PLI YRR, 7R MRESENASFEERECT
BF A EEESHMETHS. Zo V- MV FT 7 )T e 7oy 7R, REFORME
WEZIW, ZLORFHACESTHBHIIELDEN, bR v FLRBREDIay 71
F0 (skew) OFEBRBELTCLES.
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GRXD FREEYVT4RENELE VIS Rt T

R, R, R,

— D, D, D,

o] e o]

2

®2 9431vTBREOHOETDTHN
Fig. 2 A signal path for timing analysis

PITF, ZOBRIDNTIERS.

M2iI=ED2DLVYALZ RyRey Rs &, ZDODMAARER Ni, Ne LHSRBEZOD
BENOWAERT. Cid Ri ~07 a0y 7 AR, trytn 13 R & Ny OEEELER
T —fEEEAE RS LKL IREZDEY FT v THERIZ0OTHSL LREL, &7 1
w7 Ci Db —Y) vy« Ly (trailing edge) % tc: &L, tc,=0 &3 3. FEMI
A IV SBRAETHIUHE LA - Ty FICHLTRE,

te,>Er,+in,+ir A+,
Lz, b= S ey Ve bYH T Y T 7y TRIILTII,
te,>tr i+ Er,+En, At
&1 5.
2BOVYREEHEDT—4 - RRAOBAKIR, BK7 vy 7 AEE lte. BRFOD
VYRZARODWTR—DEAEEBC EATHTES. Lkl, Z22UEDVIYRZLH
A F—& « RADBEIE, L Ty Fhsay s OFh (clock skew) DREE
BN RDEEARED., Lok 79 FREBNTR, to & te. WML THY, Co DY,
WARISBEDTRE trt+tn, P ETHBLLEDOANERING. TH LT EDD,
LRV 5y FOBNT A PIBRIEOTHS.

TP bYF 7Y T 7y TOBRIAIE, ORFEICE > THSHITED
DT, I Ay I DA—N—F v TR, FNBELECHESELELTTG, @%LV
TRRARFLTCHE—2D s ay 7 TEL, BETHB.

FHRMEAR, OL - Ty FRENTL—ZALPT, QUIRAZDHRELD
FRIPULHPTES, - PEEBICEHN DC 72 PBTERY, BETHS.

—F, TRR[A =T LN Ty F TR, BI—DORDB Iy I BRET
H5H LOREBLIZXZDTA MBBHN/EHNORNG CHETHS. LIEOEEHD
5, VLSI #BEICHENTE, =y VEF LD LAV - T 9 FREDLNEREBOT
5.

Ry PETFRIED T+ BRERA

FELEBTF e h v 7 BT REEY 74 FBEBABRFT I TE T ZEN0A
o3, UFOLIKELDHHTLENTES. :

1) &EE /S7vF, HBEARREANOEBAR DY DEDHT,

2) B, RF0773Y—, Ve BERKBEEDIE.

3) LFOT7 eAhTEdLdicdascs @k, 7avy, YYIwevayh,
Tp—=F Nyl 18R, T2 VAV e T 7 VTTFPORSOER.
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4 T Ty T BEICE Vee WEEERHYT, EHEENLTHbRIEE SE.
) F—F - U_XWRPETOTAY—F OR 283 %. ChiZEBOZHiKEr%L
TCEREB.
?F-$vﬁﬁﬁ%wu,EK%—F-v&wwﬁﬁmﬁﬁéﬂfékkw,Wﬁl@
JeHICBINTNEF X MEFEEZONTC B k. 20001, [ROBRER S, 72 b
VR MEROER S, EHEBOF2HNTEKEMEOF R b ENaThd. 5, T
Foeody 7 BRAOBEROPHOREINTELF R FOREEEHRE, 40 bbEKOH
MbE 7 4 —F ey 7 « S2OMBR>AF ¢V« 2y PREICLDIFRAIREES.

(1
ot

Hh b oI

VLSI 7 2 r DRSS L, RETFRAMDIA T « 4 J VDO TBRNR. T,
FAEEY F 42BN E L VLSI BHAEDRIC OV T B,

WMEREOT A M, HEOWE, N—FU LT FNy s, B8RS, BEicBY
BBETFRAIPOE->TNE., FX MChhzax Mg, VLSI ofl&a 2 +@ 30 ¢—
Y MEBAB. FRAINDFTAT WA 7 VORI, “TREAECY T4 2B ELE
R A8 VLS 0 F 2 F ORJEABRRT B304 - TOES 2 X MHICER L L Th
5CEERLTNAG. COFER, A 2R 2EGL, R4 7 053ELL, 7
bV RMOER, BEZHAEREL, BEAE100,9— & ¥ | QiR A THEIC
3. :

—BfhZnN bR VH v 2y b T =7 - BFUERANT, RF ¥k FMEHE
BEEAFRAZEY 74 BEEEARETZCERKEID, 2R PIREE SRR
B ot

EK, BICT R L ATREYS VLSI R4 R T 2 7o D ICHERFERO SRS 3 5
HADETEIND. ZORREFDOT ALY F 4 2HLDB1DIC, kEHLIKERT
X5b0DTh5. HHHED LSSD HlILC oXOBHBETH D LARLI.

BRIC, FoTORBI/a v 7D Y ROBERDIZNC ERD, VLSI 0F 2 b
DIeDHRF LRV e F o FPTFNTHBTEERL

(zvy=7YV 7y - wvg— BRR-H L& EHf

ujt
&
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b BEWUBRTZILTYUXLICETAWMEATEEMORIE

Wirability Measure in Placement Improvement Algorithm

A. M. Patel

E B AWTR EERHOBELHNTIEGETREEONEKSVTRYT. 24REEELSE/MLT
BRROFEH T u—F TR, LT LOERTRISEENGLNRY. KECTRETIRENG
BRI TVTY X413, BETEEEELERED >4 REWROFMEEL LTHNS.
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Abstract: This paper develops a wirability measure to gauge the placement quality. It is shown
that the conventional approach of minimizing the total wire length does not assure a wirable
placement. An iterative placement algorithm which operates on the wirability index and wire
length improvement criteria is presented. An initial placement was obtained using the conventional
constructive and interchange algorithm. This placement was iteratively improved by the wirability
improvement algorithm (WIA). This algorithm has been incorporated in the Automated Gate Array
Chip Design System. The results of real gate array chip placement problems are presented in detail.
The results clearly demonstrate the effectiveness of the proposed algorithm.
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Analyses of Continuum by Means of Finite Difference Method
Refering to Coordinate Transformation
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Abstract For the analyses of continuum with arbitraly shaped boundary, the finite difierence methods

1.

(FDM) and the finite element methods were effectively used as we mentioned before. When we
can apply orthogonal, curvilinear coordinate system such as poler coordinate, eliptic coordinate for
the given problem, it is convenient to use FDM refering to coordinate transformation. In this case
the orthogonal curvilinear lattice on physical z-y plane are replaced to the orthogonal straight
line lattice on analytical é-7 plane, therefore differential equations are easily transformed to
difference equations by this system. For the analyses of other system where no orthogonal curvi-
linear lattice system we established, it is necessary to make this system by means of numerical
methods such as FDM with arbitraly distributed nodes or FEM.
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EHWE L fo AR O ETERIET, Bk
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Fig. 4 Microscopic network of z-y and é-» coordinate system
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6. & B FE R
BEERZ =r, 7=0 LT 2EIMBEERTHSE(M5). H2EOHACKY, K

DML BfER = ED 5.
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ag=1, p1=00, Oz=r1

COXDCHBEERIARSEHERBCRT, N6 RS N2 BRIERETRIR7IORS
NAESEERIRCBEANS. CONTHIBLICBHETHTER 2 —E LT 5
L, MEEHTEIHEEOEEARNENRS.

Y

5 HEER

Fig. 5 Poler coordinate system

0

6 EEERTOVER

Fig. 6 Poler coordinate system (plane of physics)
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H 7 EEERTORNE

Fig. 7 Poler coordinate system (plane of analysis)

COEERATERMNA D SERDOBEE, N7 PVEBOBAICHT THRNS.
1 ZH5EH ur,0)

_ou o _Ou
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0%, 10w, 10
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7. XMBEEER
§=log (r/ro), (r=roef), p=0
&y, HEREE £y ZROK S ICERT 5.
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8 B ERRO TR

Fig. 8 Logarithmic poler coordinate system (plane of physics)

9 sifEEFEROVETR

Fig. 9 Logarithmic poler coordinate system (plane of analysis)

SHBEERTORSTERL, ERBANF—DEXEERT PLDEZFIDNTRNS.
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8. KA EBER
En ZiifpEELTsLEs, FRBROLICERINS.

x=cosh & cos §, y=sinh € siny

() el 2 (5) () =

xg=sinh & cos 7, x,=—cosh & sin 7, xegg=cosh & cos 7, xgy = —sinh & sin 7,

Zyy=—cosh&cosy, ye=cosh&siny, w,==sinhécosy, yg=sinh&siny,  yg,=cosh& cosy,
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10 HEMEER
Fig., 10 Eliptic coordinate system

9. EEBEREICIEL IEBELTRESE
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ol zid, R TEMERZOHEBAMD Laplace XA L, 51 ET =0, s Lk
T E=1, so, 58 ET &a=0 A¥HdbDET 5. REkIC 7 BH S AT Laplace DX
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B 11 HBEEEHER
Fig. 11 Singly conected region

S,

B 12 2 EE LR
Fig. 12 Doubly conected region

2L, BR, 51, s ET 72=0, 52 LT 7=0, s« £T 9=1 24 dD&LT 3.
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EEBROBREBSHBI D2V T &7 2RO 2 LHICIEBERERME, B3 EEMHK
EEMNEOHITZEY 5 EBHETH 5.
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Fig. 13 Orthogonal linear straight lattice system
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Fig. 1 Conceptual model of a distributed computer system
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1. | The language imposes an ordering on the different classes |
2. | of declaration within a block. However, there is nothing |
3. | forbidding declaration after use within the type |
q. | definition. This should be no problem to a two-pass |
5. | compiler. A one-pass compiler should diagnose correctly |
6. | Refer to Welish, Sneeringer, and Hoare, p688. |
7. PROGRAM main {(output})
8. type
9. matrix = array [1..10, 1..10} of complex
10. complex = record
1. realpart, imagpart: real
12. end
13. var
14. M matrix
16. it,rr integer
16. begin
17. writeln (" For a single~pass compiler, an error should have
18. i occurred in the TYPE section during compilation. "}
19. end
B 1 FERTRTSLR
Fig. 1 Sample tPst source
NBS Minimal Basic Test Programs— Ver-
&EXW sion 2, User’s Manual, Volume 1—Docu-

[1] W.J. Cody, W. Waite, Software Manual-
for The Elementary Functions, Prentice-
Hall, 1980.

[2]1 J.V.Cugini, J.S. Bowden, M. W. Skall,

mentation, NBS Special Publication 500~70/
1, November 1980, pp. 15-16.

[31 J.V. Cugini, Specifications and Test
Methods for unmeric Accuracy in Progra-
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1. << user types "®@tcs$.controller pcrt”

2. pcrt is name of test package >>

3. FTC 3R1.85 06/10/82 15:37:08 CREATED 01/22/82 09:27:20
4. MODE?

5. << user types "demand” {for this example) >>

6. SPECIAL EDITING CONSIDERATIONS FOR PCRT

7. PASCAL COMPILER CALL OPTIONS MAY BE SPECIFIED.
8. COMMA MUST PRECEDE OPTION(S); E.G., ".S§"

9. " * { BLANK IN SINGLE QUOTES ) ==> NO OPTIONS.
10. ENTER PAS OPTION(S}):

11, ———-- DEFAULT IS ~ ° -————D

12. << user presses XMIT key for default >>

13. MAP OPTION MAY BE SPECIFIED.

14, * * ( BLANK IN SINGLE QUOTES ) ==> NO OPTIONS.
15. ENTER MAP OPTION({S): .
16, —=--- DEFAULT IS S ——=-=>

17. << user presses XMIT key for default >>

18. TYPE OF LIBRARY MAPPED MUST BE SPECIFIED:

19. FOR I ENTER
20. 00 e e m—m e — s m—— e =
21. NON-REENTRANT L |BRARY | NR
22. CONFIGURED COMMON BANK L IBRARY [
23. NON-CONF I GURED COMMON BANK LIBRARY | NC

24 ENTER TYPE OF LIBRARY MAPPED

25. ----- DEFAULT IS NC -———>

26. << user presses XMIT key for default >>

27 OPTION KEYWORDS MAY BE SELECTED.

28. ENTER OPTION KEYWORDS:

29, ——-——- DEFAULT IS NOOPTIONS- ————>

30. << user presses XMIT key for default >>

31. PCRT: DEVELOPMENT

32. TEST NAME?

33. << user types 'ai-scop-1" >>

34. AI-SCOP-1 WILL BE RUN.

35. DEFAULT FILES OK?

36. << user types "yes" >>

37. YOUR DEMAND USER NUMBER 1S: 05

38. @MSG,N COMPILE, MAP, AND XQT OF Ai-SCOP-1 FOLLOW (IN BRKPT})
39. @BRKPT PRINT$/TESTRESULTS

40. @ESTAT:SYSTEM$.STATUS,L PCRT

41. FTS 3R1.86 06/10/82 15:55:30 CREATED 02/03/82 14:11:47
42. **% A[l-SCOP-1 FROM PCRT *¥%

43. SDFCOMP 3R1.34 06/10/82 15:55:31 CREATED 02/03/82 14:11:
44, w#%%% END SDFCOMP *xxx

45. THERE WERE DIFFERENCES IN COMPILATION.

46. THERE WERE NO DIFFERENCES IN EXECUTION.

47. KEEP LISTINGS?

48. << User types "yes" >>

49. COMPILATION LISTINGS?

50. << User types "yes" >>

51. DEFAULT OPTIONS ARE L. WHAT OPTIONS?

52. << User presses XMIT key for defauit >>

K2 FIVvEFa—¥F&EFRE-

I hA=50WDED

Fig. 2 Sample of test execution in demand

mming Language Standards NBS Special
Publication 500~77, June 1981.

[4] P.R. Eggert, “Runtime Checking for ISO
Standard Pascal,” IEEE Transactions on
Software Engineering, Vol. 7, No. 4, July
1981, pp. 447-448.

[51 FORTRAN Compier Validation Systdm

(FCVS 78), 1.0 Detailed Test Specifications,
Federal Compiler Testing Version Center,
November 1978, available from National
Technical Information Service as publication
AD-A 062-038.

[6] C.N. Fischer, R.]J. LeBlanc, “The Imple-
mentation of Run-Time Diagnostics in Pas-
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21. @HDG **xx
22. FTS 3R1.86

24 . :DOCUMENTATION
26. @ASG.,T

27 . READY
28. @ERS R8BS .

RB%.,F/10//500

30. END ERS.

31. @SYSTEMS$.DRED
32. DRED 3R1.47
33. @ADD,LP DREDS.
34. @PAS$%.UPAS

38. 3
39. @MAP$.MAP F
40. END MAP ERRGRS: O TIME:
41. @XQT RB$.ABS

44 . @FREE RBS%.
45 . READY

46. @BRKPT PRINT$
47 . @HDG *xxx

1. SDFCOMP 3R1.34 06/10/82 11:20:58

2. SDFCOMP RESULTS .Al-SCOP-1/BASE, TESTRESULTS. ,PTCFILE

3. COMPILER UPAS

4. EXECUTION XQT

5. IGNORE UPAS 1,9 BEGIN UCS

6. ##%* SDF COMPARE IN!TIATED #+*%» - BY SDFCOMP -

7. kW e e M e e N AE RN A K. (1 prrmessen e
8. SDF COMPARE FOR PROCESSOR UPAS

9. @PAS$.UPAS SOURCE$.A!-SCOP-1,RB%.REL., ,NOOPTIONS
10. @PAS$ . UPAS SOURCE$.A1-SCOP-1,RB$.REL,, ,NOOPTIiONS
11. <8I BEGIN UCS PASCAL OR1T1 02,/10/82 15:52:49

12. <TlI BEGIN UCS PASCAL OR1T2 06/11/82 11:20:47

13. <T> **ERROR(MAJOR) 10 Error in type v

14. <T> *%*REMARK {CLARIFICATION) 10 Scanning resumes here

15. after fast error with this number v

16. <T> 3 matrix = array {1..10, 1..10)] of complex ;

e R R R R D B R P
18. SDF COMPARE FOR PROCESSOR XQT

19, @xXaT RB$.ABS

20. @X0T RB$.ABS

TEST QUTPUT FOR PCRT TEST **x%x%  Al-SCOP-1

06/11/82 11:20:42
23. @ADD,LP FESTPAS*PCRTJCL.AI-SCOP-1/JCL
25. << documentation appearing

29. FURPUR 2BR2T2 S74T11 06/11/82 11:20:45

06/11/82 11:20:46

SOURCE$.AI-SCOP-1,RB$.REL,..NOOPTIONS

35. **ERROR{MAJOR) 10 Error in type v
36. **REMARK{CLARIFICATION} 10 Scanning resumes here
37. after last error with this number v

matrix = array [1..10, 1..10) of complex
SOURCES$ . MAPNC ,RB% . ABS

7.081

42. << The execution of the test is performed as a check >>
43. << on runtime error recovery and diagnostics. >>

LISTING(S) FOR PCRT TEST #»#% Al-SCOP-1

CREATED 02/03/82 14:11:47

the test’'s JCL >>

CREATED 07/16/81 09:01:51

48. << A long listing of the source element appears here >>
B3 BH—FX MR

Fig. 3 Sample individual test report
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1 TEST(S} PASSED.
2 TEST(S) FAILED.

73 TEST(S) WERE NOT RUN.
3 TOTAL TESTS RUN.

WoONDA L WN -

10. A1-RCRD-EQ18 Al-SCOP-1
11. NO TESTS ACTIVE.

13. AJ-NAME-EQN3 PASSED.
14, ON 6-10-82 x#x
15. ELAPSED SUPS = 000:21

23. AND 10:25:00 ON 6-10-82.

TEST CONTROLLER SYSTEM STATUS PRINTED AT 13:40:06 ON
*#%¥% ON THE FLY STATUS -- DEMAND MODE **»
*%¥* USER NUMBER 62 - RUNNING PASCAL CRITIQUES

(PCRT: DEVELOPMENT) ROUTINES #%*

**% TESTS THAT HAVE FAILED #%*

12. # FOLLOWING TESTS WERE RUN ON AN 1100/60 UNDER EXEC 38R2 ¢
BASE UPAS ORI1T1

16. >AI-RCRD-EQ18 VARIED IN COMPILATION-EXECUTION< 10:24:30

17. ON 6-10-82 *%# BASE UPAS ORIT1 TEST UPAS OR1T2
18. ELAPSED SUPS = 000:25
19. >AI-SCOP-1 VARIED IN COMPILATION 10:25:00
20. ON 6-10-82 =#%# BASE UPAS ORIT1 TEST UPAS OR1T2
21. ELAPSED SUPS"= 000:22

22. TESTS WERE STARTED BETWEEN 10:24:15 ON

6-10-82

10:24:15
TEST UPAS OR1T2

6-10-82

H 4 Rour—S2EpRF—42R -« Lil—bOF
Fig. 4 Sample test package status report
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