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A Layout Design System based on Constraint-directed Reasoning
( 1st Report: The Fundamental Approach )

Shinsuke AKAGI and Kikuo FUJITA

A layout design of a system such as a power plant is a time-consuming and expertise-based
task and needs to satisfy the spatial constraints among the elements composed of a design object.
In this paper we propose a new general approach with two concepts; the constraint-directed
reasoning based on the domain concept to operate the preliminary stage of layout design, and the
generate and test procedure to deal with various kinds of layout specifications. From the above
concepts, the layout specifications are generalized and classified into the four groups of
constraints, The domain means here candidates for layout of a element, and the layout procedure is
executed in the process of the generation, test and selection of the candidates considering each
group of constraints. Moreover, we propose the concept of layout potential in order to reflect the
global layout situation for the optimum of the layout result and the smooth layout operation. The
proposed approach is composed of the general procedures and the individual specifications which
can be represented with declarative form, and have the generality and the applicability to various
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kinds of layout design.

Key Words: Design Engineering, Artificial Intelligence, Layout Design,
Constraint-directed Reasoning, Object-oriented Programming,

1. #

BHORRBEMCIEETSY IR EOEXBOTSY
FREFCHBNTE, TSV EMRT 2 2R
OUREL RV, »oTMEIEMILEIT L5,
ENSOURBRETD I VDY RERE, hrc
LEXRERHFBOHELLEDTVE, ZDX50
Bite, RECETFMSERCKEFLI Lomr
T, BERHEAOERERSE O, a2V a—4
OBRALIZENBHAOPHENKE L, —F, Mk
MBLHEHORBEERL VL DOLEBY, Zhi
FRBHCBAL TRHIMR RO RUHEES 2
FLERRLEISLTIRANEELEDTIVS D,
RERBHCHVTY, HeDermott Hictz3aya—
2 BRBADEEAOBAAAEITIR]1 D DiEy, 7
SUMRHPVLS I R 2HRICL TN 2HhDH,
HIPTFTORTVS, UL, TnsoR&DIEFE

AERBHEBEOHET MM 2 EEEN- WL — L &

aujt

* RWE PRTESA 1A
*ER, KRR I¥S (8565 WEHTILER 2-1).
* ER KRA¥KFER.

CUTERTSC L EEEReTLB R0, N
B, BF - BRENBBTCRIRZNRIYONT, BE+

DRBRRFBONTVIREVEISICEDNhSE,. Zhe
BY3roici, XERERHE VSRt 22 0%
ReESOW AR XBFEOMIHARTH 3.
*HREcH, EERHOAR:BHNSYLBR T
IERMOEMOITMBRELBNETI L5020
NUReED AR LTERL LT, HikNEL
BEBO—>THS TMHRE T DYSIVv T @ ®
XN EERM T SRR ML, *
NicE-T, RO SNSEMEITMNT ¥ OBRMER
E, 22 RETIRHRLBI LD ORIHRNL 2
BHRCHML, IEONBHLRERL REO—RYT
RO MBI L Y RERH 2 X8 T3 F5e0
RT3, 7ubs, BERERMHICHSTIS O 2
HL T, SBOMBRECHNCHR ISV TRNL

LT, HRODMY # 3 HoBEFARMAKCRET

¥3TLUNELT, @ROES S X 3MRE
&!*abr&ﬂb.?éuﬁlth5§“&MH%
Borewic, Wb ERRFTELMEAEDRB
KE-T, XEREBEBRHOFELHTITS. chic k-

— 290 —



Bkt BT BARRBEH RS AT AOHR B18) 2287

THRMZY 27 LMBH T3, 1, BEER
HodEz—-RENCERL TXRMCERTa ol
BUHFRROUEH 5L BB RETHD V.
nH, kTR, EFROXBL 13 XEXRERE
DRI LEREHTEIPLITYZLREICOVWTER
L, XBOAFLOMRICHOVWTREZHTEET S,

2. RERHOBE LBFE

2] EEBitomMStERXOXBFE 2 KE
Rt s MEER, HROLSCRECETSF
FINHERCKEL, 1, BRRHEANOREEHR
NI ETHIN, ThCMAT, RELEONREFHE
BCRLIEAWAICHS . c0hy, REERIIRC
THE, tLTERINB30AT, BEAZLHLD
TR, BonBRCETMHLIFGELZ TIILLE
Bolknw., o, ERkoavEai—20BHICHOL
TH, RHBROMEZZERIC LY Yy, BRUHAKD
BECRGEOVTRSRUBIRTFLTWS.
ERPH BT I HERCOVTH, MBS
seRMsiBecy, BENERe AT LY
TETHS N, AROMUT A CHRL K E L
Siho, RBUEATI I LIERLERS. Cok
», ELUMKE LT a—Y RF v 7 ARMESHD
rEnTHYH, ARMRLEREOD EOTHITF
AN—PYRFLOFERAWT, BERHEOH Y
SRR CERARE (if — , then— 4 213
ATEATI Ly, REROMEEERSIZtbT
¥BUATLIMBENDOHE PP, UL, T
DEHTFHE, 2OREFE 4 OREMMCX 2L
ZEL, BHEBORNTIXMAZAREL LISL T
B, RHNEIEDb- Y, HzER D
thlLridcro NG TI LRy,
—MECUFER L Y OETRL TENLLOTRIZL.
chiz, RERHORECD 2 URHBEOREN+
HBExhTWRVILEBEE S, BNV AT
LEMBETI DRI, RBHEF OIS TER
2iToT03h2ERH BB TI I LHFLRTH S,
2:2 MfE r RERH 2 A#RTR, UEo
I5uMERERRTZFHRELT, RETLARE
&3 chigiEm @ O ESuRFEERRTS. M
VEFORLHR, 51 o5n-MECHL T, RiED

ZEREPEBRAL TRERDZIOTRILL, RIS

RO onzERTR DS (M, giERLLET, B
MoK THHORE» S RENZFRE LR
BLTREBI>eT330THh, LH—ROTHE
AR cEn - MERRZERLLLOTHZ S W

BeRRLRERNCHTIZ L2~ Y RTF v ARR
EoMEsE, BEFMs rEEIEREATHWEI L
LEELTEY, SNEARChE2RB T2 EYLS
HIRLn0i§5. o, BHEOHTIEHRMILE
BagoBRkcl, BEER-KD SN2 RENE
KiHG T HBE, 2h2ERERCHSVWTERT
INHOMEHTRE L HFEL, BEHER, RE&ED
ZMECHLT, 2hopdbictknERzRA
VLT RENZEROBL2ERL >-B2E8T13H0
tEIMTIE, 2OMROCEEERBELTI T A
ferazeicry, AANCREEFEEMBTI L
HEEBRTFTHS. 25, COLIRFHEMET
B ri, M LOIREY SABNSERREO?
NIV ZLERBRTEIETHY, BRESILBHM
MeHLBMRENZ—RGTHERCENLY XF L
EPMETzooRezy, MAT, BHBEORE
DU L - CHRED XN IEE - BT ES
Mg TES. —8, SlEECOLTR, Th
BHEELERHEXRYATL OLHBRYATRY
300, HAFNT ¥R, Constraints® ¢
FONIRMBIR® Thinglab 'O THRONIMME
BELOBRCRoNnTH ), A RERHMEE

Bk, MEOMRCLERICO>VWTHHKL
kT, FRRBE» o REFELMRATILEN S

3. R, CorS5LEroRRLTIEFER
BHOBRICHOVWTERXS,

3. EAKER 0Bk

31 RREBHME ERBEHCoOVTOMRRE
DTV cHich, EORETRINKYEFAL,
UToREeE®L THL< . ‘

(1) KEEX (component) : BRI < ¢ BHHRY

OMBER .
(2) BRMEM (space) : M) OERZEWL T L
ZRMoOBIOLE.

(3) EEM# (constraint) : LELOERCZMM

NG - F (R Y% oo Lo AT 3.
AL, 7oV PRS0 TR, KETS VD
EMRTERY 705V I R EOEHMBORFEOS
B, QIRTSY 2 RETIRBOEONED
KRB v BB ErHETE. QiR TVHY
PRFEV7IoHENCRET S . TREANBR
REVZORECRETS,), "TPANBRIPREL
BHRN RE VS RERNORRRASNEL .
4IMTRATH LI L T—RECHET BN
°%3. PtofAEzAv3 e, EERIHE TEREN

—291 —



2988 BEiER XD BARBRH TRV A7 L0008 E1H)

! Conceptual design Process
{ - Construction of components
i « Generation of layout constraints

[ Layout design process

[ Preliminary lsyout N

| Detail layout

Detail desisn process . o .
+ Pipe routing design
+ Constructive design
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Layout problem solving

% (Compartaents)

Restricting layout

Constraints

(2) Individual layout problem representation
. F ( Layout problem solving stage )
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One of solutions
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= . a strong adjoining relation among layout components.
~—— : a weak adjoining relatidn among layout components.
\":s: a component group by strong adjoining relations.
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| Sort the order of layout operations |

S |

Have all layout components been laid ? Yes

-

End

Select a layout component vhich
(Succeeded) |

is not laid to the layout space.

Ly Execute the layout operation
Succeeded \_ of the selected component. >
{ Failed
: Execute the back track operation,
Found until finding the nev branch. >

Not found
End (Failed)
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Yes Does the coamponent already have the >
candidates 7.
i o
> Ko cospartment
i

<Gather the compartments vhich the
component_is able to be laid on.

{ Succeeded 1

Cest the gathered comparteents > All rejected

considering the region constraints.
RN -
<Generate the combinations of >¢Ltomination
compartsents i.e., candidates
corresponding to the component shape.
S v

<Test the generated combinations All rejected

considering the test constraints. )

$0K
Sort the tested candidates : ’
considering the priority constraints |
and the layout potential.

["Select the best candidate, and store |
the rest of the candidates.

Lay the component on the colpartlents}
of the selected candidate.

Test the laid candidate considering Rejected
the global constraints.
§ 0K
{End (Scceeded) | [End (Failed) ]
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MY HEL ZWIESER IR TOBMIHL TR
BEHSFEL, BIRMDEFEL L L THHRIE
RT3 RS5O DEMOBIRNIIC L2 BBRIHTL
LERBoREWEDEFORBEIK-THS. B
BEFYYe R, COISRRBEOHNILZED
EERBECESWT LA ERBEORE, 5 LY
HHRBRBERBRT I DOLDOTHY, UTokc
ESOTERNGC X s RRRROBEFTICETO
XEemr3.
 BIRMBHSHFEL 2@, EEEMoBA
OERLEETS.
cRERRCESCREIBELT, HOBERY
ERTERN3IL 2RI B0, H»2BR
T ARERMOF T, ERic2OREIEN
HObon>5, 2ORVICEQORIEFHILR
VHORREBWET VDI LIIICTS.
cH2ERERML IS LI ¥Io, TOERL
WEERRC L > TRARST SNTORVERT
59, POoBORREORE L BRERRKICL -
- TRRFT st 3KREOEROBICE,
EOFXEROERFREE S n3THEIEN LD,
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5:3-3 B420MROCENE Bk, 40
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