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Constraint-based Approach for Automatic Floor Planning System

KAzuvyosHI HONDA'

We present the new methods to realize the automatic floor plannig system that introduce
constraint-based modeling and constraint processing. Our new method represents the objects
and its relations as constraint first, and after that, it draw the layout based on our efficient
constraint processing mechanism that are independent on the domain itself. The main target
of our methods is to make the initial plan. Using our methods, we got the merits such as (1)
delrarative description of domain model and (2) high extensibility and low cost maintenance
of the system. Our method was realized by using (1) efficient algorithm using constraint
propagation based on co-routine mechanism in order to solve constraint and (2) constraint
logic programming framework to combine the arithmetic and symbolic calculation to solve
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the automatic floor planning problem. In this paper, we explain these mechanism in detail.

1. B U B

BB ERY, 47 1 AEVHTOSRH, HiE
%%ﬁf@mU?@%ﬁbsﬁx,:kﬁ@v47v

OBEEEIR, JUT TSIy v IS, F
ﬁ###% ELHEENSNE VI EBPL, I
B BB OFE —REZEXETBEMLT A VAT 4
DIEBDSAA LTz,

YAFLAEROT7TIu—FE LTI, BENROL
BrBEERCESL I 7EFALTEELIT) b
DY, WEONV—VEFESTRETALDO0H L. »
ThoOKED, 7u77 5 = 7 EEFSRAEEE
ThHrEVHIHEHEERLT, MATOBELOEL
RN BOENTHEL TV

RiZ 0Bk LTid, Hashimshony 59 D F DS
5.4, a b c, dDADOHFENHY, akb, b

t REH AR S
Tokyo Gas Co., Ltd.

2102

Le ckd, ald IBBEEEFSAOLNTVE LT
5, Z0LE, H10XHIC, 525 N-BEERIC
FOWT, M1H0 (1) DL ICHES T 7 ERERL,
IHI, M1F0Q)DEICERDOLAT I M 2E
W B0 EBBROFMEDRE - 2FES 57 %4
BLTHO, Q)Y IRTLATY 2B HETHS.

COHEREBOMBICERTAEE, LAT YR
) DRLETST, LobFREOZVEERRE
5252 L9% BERREFMNUHNOBENORE S
SEELLVAT I N EERT A ENEHEL WO,
WO ENS .

SRS LT, BEERCLLEBICIZDLLT,
REOV-—VEFHALTLAT7 Y FOEHEEZITIH
4% Plefferkorn '), Flemming® 512 X » ’C?’z‘?—:% &
Niz, CoOREE, RELLZITECELREL
:@Eﬁ%twﬁﬁ(%ﬁ,ﬁu,W%éﬁ&w,&
E) TEILNV—=NIZE-T, BEEEREL T L.
oz, M1 EMUEEE, M2 0k )ICLT#H
{. 2 D Step2 TliF, adBrhde [BETS



Vol. 38 No. 11

Ry

(2) Ad jacency with
direction rooms

1 79 7%FHLRE
Fig.1 Spatial layout based on adjacency graph.
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X Depth | Width

min |MaxX|min |Mmax
Livingroom| 360 360

W Floor E Vestibule [120]600}120{600
Kitchen 180 180
Bathroom |[180 180

y 3 700
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Living Mestibulg

(d)PlanSample

(c)Adjacency

M3 #HE1
Fig.3 Example of floorplaning problem.
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Fig.4 Spatial representation of the room.
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Algorithm  PositioningRoom(AllRooms, UserConstraints, KNOWLEDGEBASE)
Procedure PositioningRoom (AllRooms, UserConstraints, KNOWLEDGEBASE)

RoomsList + ORDERED-ROOMS(AllRooms) —(1)

ConstraintsStore + APPEND-KNOWLEDGE(UserConstraints, KNOWLEDGEBASE)-(2)

PlacedRoomsList « {}
OuterWalls = GET-WALLS(UserConstraints)—(3)
while RoomsList is not empty do—(Loopl)
begin
R + SELECT-ROOM/(RoomsList)
Remove R from RoomsList

PosConstraints < SELECT-POSITIONING-CONSTRAINTS(R,ConstraintsStore)
Remove PosConstraints from ConstraintsStore
PUT-ROOM-BY-POSITION(R,PosConstraints,OuterWalls) —(4)

AdjConstraints + SELECT-ADJACENT-CONSTRAINTS(R,Constraints)

If AdjConstraints = {} then —(5)
Add R to PlacedRoomsList
else

Remove AdjConstrains from ConstraintsStore

OpositeRooms +

SELECT-ROOMS-BY-ADJACENCY(R,ConstraintsStore,AdjConstraits,OuterWalls)-(6)

PUT-ROOM-BY-ADJACENCY

(R,OpositeRooms,RoomsList,ConstraintsStore,) —(7)

Add R to PlacedRoomsList
end
end PlacedRoomsList is a solution

end

H11 A v7U0rADLOOBRET VI A
Fig.11 Layout algorithm for the main process.

(1) PUT-ROOM-BY-POSITION 2 & o TEE A EEICELE &
(AT
(2) EERCER MU E LT, WT O % FECERT 5
(2-1) f#i# Capacity ¥ BHT 5.
(2-2) #I% non-overlap £ BAT %.
(3) (2) DAILIG LT 2 E4T
(8-1) (2-1)(2-2) DT TRE L 56
=y 7 bTy s LTRHORERRMZHT.
(3-2) (2-1)(2-2) LBV RB L h o2 BE
— (2-1)(2-2) OHKHIEH S NI BREDORET, RO
BEEICBAT.
Hi12 IV—FUILBEBE7VLIT) XA
Fig.12 Layout algorithm based on co-routine.

4.2.2 =% %

IN—F VIBOERERX, AT ULRAEY TS
Ok A RICHIWRBREEOREE s oA L v &
ALT, BEETEIELFH - A EROZBE ORI
WWEoT, BEVWOTOvACELRRI XL L
TIfoTW5,

BRI TOEBYTH S,

WwOW, BEVELZRTHEER W, (( BHED
ID) 28ATA. W; i,

Wi @t wally, ..., wally, ..., cornery, ..., cornerg, ...
THY, wall; 1¥, BEFERICEINLNEDID T,
EEEBRIEFE 2 O&EREIT4 TH A, cornery 1,
RBEHREBICEINAADID T, BEEERIESFE R

LRHFIFALL4THA.

AA T OCATHBEVEEINSL L, LTONV—
WIHE- T, SHREBOMET B (Wi D% o
5ZE) L, 77O RAL 2ERHTS (3HE
SN RTLTAHLDI, ANORBOESDIAIT
EWT5).

If Room; %° wall; \ZECE then W; = wall;.
F77a LR 1ICBWTIE, i85 delay FIB LT
Wi OEFEKLT 5 T TETHIEBE SN TV /2 non-
overlap HIHIASEEI SN B, FrLABIPNIHE &
FTTIKEE SN TWEEE L OBICHIKM»ER S I,
2R SNzl UL, non-overlap Z RIS €5
ZET, Wi#wall; X4 V7 OXAIER 5.

H 77 a0k 2O Capacity bEI SN 5%, 47
TUEALDOBFEL VD LEMETH 5.

15912 Capacity fl¥DERIE, #HR%E {0,1} &F
%% By (1 3MEOID, HBOHMIEI n LT 5)
HoT, MFTOXH1%ksb (L; 1X, Room; DIgH
BATE (wall; DMEICLS)).

Capacity #l#9 :

Bij*Li+..+..+Bijj*xLi+ ...+ Bpj *x L,

< LengthOfwall; (wall; DE &)

Capacity D3a, W; OBMFILOZED, W, L&
¥ Bi; DUTORRIZE > TEET .

If W; = wall; then B;; =1. ——(1)

If B;; = 0 then W; # wall;
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(Roomy, & OuterWall,, \ZEETE W)
—(2)

A YT URRDP LY T T U2 ANOERED (1) O
BFRIC X o TITbh, HOBRIC X B1EED (2) TR
Zh. REDOY—AT By; =0 PEPNLHEHIT, (1)
WX BHIFEHET, By PIRREMKIEL TR, &
ELO Capacity TN ERICE T CEHEV TS 72
OTH5.

7ol 2, BEESROHES3I D (ME1L 10x10,
HME2 20%x20, HE3 30x30 (HEEVF AKX (K
x#))) T, T0HL, BEL HBE2/RS 400
B L wall; B L CERE S /2354, Capacity
i,

1%10 + 1% 20+ Bs; * 30 < 40
2% %, ZOFFR, MBEHEFTHbN, Bs; =0 77
i, WE 3T wall; IIEETE RV L HNEH
na.

ZDEHIZ, 7T UER 2D Capacity 12X -,
A YT UL ATREEOEHOBRBI ML KD A
LILPTES,

43 EBOBRE

WMEHLEEEOTI I CTENEEL LTRRTAHI LR
TERVOT, R ROILEPSHH. TD72DICH,
W OBRDOFENRD LD, T TR, TRTOFED
KESDAEZBRAICTA72012, TEMEZRMNCT
rrwyhEr e s (K18 OFITiE, AEORD (1)
DT EWMERMITHIL).

Capacity Hil#1C 7 ZFICH % § 5 Space L\ H %
BEIMZ, minimize(Space) X ETE S5 Z & TE
By5.

Z l; + Space = LengthOfwall;
j=1
I; 1%, FUHEE Wall; 2#ATHHROBITIEE
=7, N
NEERCOR S RHE L, BICELZWHIOHR
BORSEFEETHLENDS. Zhid, REFRK
KhasLogELTwd. B13 T, Eflo™Mo
ZEI(2) CTARTEBFTERKICTHILETH A, Wih
DEDWREDHED, TAF— ADIEROBE TZH
FIZHRIEERELTWEDT, Ny 2Ty 7id%4E
L%,

5. [CAfIEFHE

AETE, RAOFEOESUEZRT 2D, BHiE
T COFETHER L EEEBUER Y A 7 A TG-FP

HIcxkoS7ar I v v FERMLY R T AOER i 2109

Minimize
[

R1 2 5 R1 |R2| | RS
\ >
R3 R4 R3 R4
2)
M:aximize

®18 fHOREDH
Fig. 13 Instatiation of variable.

TO.
5
1 ! 1

B3 25 By

H15 HJssv
Fig.15 Output panel.

H14 AJpsEn
Fig.14 Input panel.

(Tokyo Gas Floor Planner) % #4/7 5%.

5.1 TG-FP

Fald, BOTNT) XNk EITFEEEBERY
A7 & TG-FP (Tokyo Gas Floor Planner) % %3
L7.

TG-FP i, o7 a7 75 v=v 7 OHEBLY A
T A ERRRIC, RETEBKBETL2 94TV FOEE R
LT 5720 ORETOBEMIRDIIERL T 5 E—KED
REIHBATY — 7y b ThH B, BN T
IDIL, HLETOEMREVIVHED VAT ATH
5., IO, BROERNMENBEROBT L,
WO OBIERELRAE TN,

BFTi, EBof %> T TG-FP % 3BT 5.

TG-FP &, 14 AT SRV & o THREHIL
BREHEANTH. BREFD 200732 VT, £h
FNIEEL 2BV ELGTBZANTS. ZOTD2
DDAV ENETNDOREOTRICET 50Nt
ANTEH. BETEHD2DOD/RVT, 1L 2BOE
ERRER L XEONBEE ANT S, ETO/NRNVT
X, IDK DEEZ /Ny —VTRRIEHBTESL. A
Tk, B15 O 4 ¥ F 7T MakePlan DK% » %
&, IBDOVAT Y MEBSEF SRS, LAT Y
FIEBERRTE, 2—HFRI0F,LFADD
PERTAHIENTESL, BIRLAZBOIHLT, 2
P& B 51212, MakeFloorPlan 2F K% v %
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%1 TG-FP & LIFE I X 2 FEATHRED LK
Table 1 Performance: two types of TG-FP.
LIFE (2V—F 7% L) TG-FP (an—FVLEDHY )
r—A | BB | EATRE (B) | EFAT TR Ny o oo 2% | EARE (B) | ETRT TR Ny b v K
1 11 1.38 67,904 19,743 0.73 56,646 17,228
2 10 24.28 591,666 98,252 0.73 21,022 3,679
3 10 20.65 669,202 117,429 1.18 25,715 5,187
4 11 - - - - 81.6 1,418,654 468,810
5 10 - - - 6.92 248,446 80,167
6 10 20.11 857,411 152,746 5.42 203,211 65,979
7 10 - - - 6.70 221,426 63,895
8 10 68.27 1,996,377 464,607 1.72 56,646 17,228
9 9 30.55 10,848,146 1,859,337 4.32 158,991 46,245
10 10 = - 0.67 23441 6657

|

®16 fii% CAD IC X 2H5IEH
Fig.16 The output by using small-CAD.

T kv,

T/, KRN ECHS CAD ZFH L TBIE
EETES. —HIER16 IIRT

5.2 &F i

KETIt, Ren77a—F%, VAFALATHA
TG-FP DEBOBEL, BE7 VT XL EZFDE
BHEOBED» LFHEL 1T ).

5.2.1 HEILAT7IbMIXFLELTOFHME

%1 O, TG-FP ICL2ETHERTH BY,
EITRER L, EFATF T, Ny oIy oBER
LTh 5.

T/, anv—FUHEEFIH L TG-FP DR
FWET A0, EECERADURNIERL 22
V—F VLB E AW TWRWY AT A LIFE OEITHE
BLRLTHBD.

g (-] 1F, 103N BN Lol —
ATHY, EfTxiTbiloTna.

VAFLAREBIED EVWIBELPLRL L, ET
e, MEEONLIEEOR, HHSNLEORY
WHSEEICRL. £ RA L, ETEEE, TG-FP
BEBLR1IGUATHZETEY, RO LIFE I
BT, X0 ELoMEEBNTnS. /2, 22T
BoNTER, BAOBEMRICRE VLD, (1)#
BOVATIMEEZHIZTOE Y MTED, (2)
BECENKOEEZ RY, 202 RATLL)

ZETIHATTRBOICER, LWIHFHEZETED,
UHOE—REOHFTZBOENELHEL T 5.
5.2.2 7T X LOFHE

ZITCE, AN—F U R—ZADEADT VT XA
DOFHE#4T9. TG-FP OERBL T, KADT IV
TYRLTE, DTFHOVEHRTEL.
(1) Generate & Test EIOMIPIZB VT, Test &
BN i A
TR EHE 2 SRR L 2.

(3) HWHOESHLRILBEERL L.

(4) Hhwa—-FETEHTEL

non-overlap fil#O@EH % L TERHIN TS (1)
%, capacity B OBHA L ETEHRIN TS (2)
X, VAT LEERICHATS )2 TEER, EAN
BB CERRATOILELRFHTH L. ERICE
NLBHw (1), (2) BRI THoleriR1 2ffioT
HHET 5.
F1LICBWT, IV—F v &FoTWiW LIFE ©
BOLD—MEMIZRL, BETAT Yy THTRTY,
LSHVEBTELZEBETVS, FROBANLIE, XK1
DFEFROBOSLYWELOBMTHE NNy 7T v 78
ZEHTAIENTEDL, 22T, ¥—A8DHE
X, b Rd o E AT 464,607 W22 o2 b DA, 2
W—F VB EFE 72 d 0k, bTH 17,228 B
HoTwWah, fDr—22, 3, 92 LOBITLHDAS
L3, EATRM, EFAT v THOENKEWIEL,
Ny 7 NT o 7BOENPREV., TRHORERDPLIE,
AN—F TV EFobDDFED, HHIEEIZL - T,
fEOBY AARDL DEEIRIY, 517, BES
BWERE, BORELANUVTEID LTWwaZ e
FhB.

(3), (4)i%, fERLAVAT L%, A BBREE
b (VAT LOMBEREDER, WRELTHHED
BN e U CHERRICRIE T 5 9 R TEETH 5.

(2)
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EHEEMGTERL, ChEfBELT, 7077
Sy FHEERESHCERL TS ((3)) OT
N— VETHEZERT BHAICLRT, T as 74
FFEALTV., T, EBOT OS50 -FOED
ETRTH, HHLEEAT) E5 % 500 TRE TEHR
((4)) LTHBY, Av5F v Ak, HgREOm LD
HTOX) v PR TE 5.

6. B Y

AfTlE, fPcESC 77 S = v 7 HEMt
VAT ADERKFEICOWTHRNRT.

Tarre oy S EERRIRTEEL, FleER
RECNETZHELEAT S L CRELB AR
2Lz, BRI L mERD L % 5 22/HE
BHIWEZERL, ThbEfH-T7urrs5rovy
MERERL L. S5, ZHEEHGEQEL T
BEEBLLODFEL LT, SE5E0OHIREERT
IN—F UERICEDCT VT XL RREL.

—7%, ®BAOFEL, FEMBEBERLD AT A
TG-FP @M L, TG-FP OEBMEOBE» L, ET
Bl M DRERENR YU THL I EZHEALL. 2,
FRLAETVTY XL, ENLGREZRLERLTS
h, Lad, HPREMSELE-T, BWTHT,
LAY IBERDS B TOI—F 4 VI TELTE
TRERE L /-,

S%IZ, RFERLIVIBLIQT STV 7]
BIERT L 012, BEMROBIIBRONE»S
VAFADOHNEBEMRFLVESIBE, EELT
Wit B 5189 CAD #EeDBME e LT <.

BE HE, BHEILAT Y MERVATLAOERB

VSR STVERICE L TR A4 % THE R W 20T v b
B RFE TETOB ORI, AIHEAE
FICELATREVALEY. $7/4, VAT AERI
BB LT VEERETANT D V5 (8R)
DBBEOH L IZEHN-LET. dbET, TEL
BFEE LTWRRWERED AR N - LET.
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