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Planning by using Abstraction of Homomorphism

Hiroshi MABUCHI  Kiyoshi AKAMA  Eiichi MIYAMOTO

Dept. of Information Eng., Faculty of Eng., Hokkaido Univ.

Kita 13, Nishi 8, Kita-ku, Sapporo, 060, JAPAN

Planning means to look for the action sequences to arrive at the goal state by giving the initial
state and the goal state. The plan is a sequences of operators which converts the initial state to
the goal state. In this paper, we propose the problem abstraction by using homomorphisms and
show an example for looking for the plan by using this method. Intuitively homomorphism means
a mapping which preserves relations among conditions. From this example we show the availability
of abstraction about the problem solving, and we remark the relevancy to the planning.

Key Words : Homomorphism,Abstraction,Planning,Problem Solving,GLP(Generalized Logic

Program)



1 FAMNE

IR (3][4] PHBIR (75 v =v 7)[2
. ATHBEOEBDYTFO 1 oTh b, Hic, 3
HOHBILR I HLINTEHE R,

Ty, MRE r BEREY S
AB I T, BEREICET 2250 FH%R5)
EROD IRV, OHREY BEREICE
bE 23 X5 AVERROFI» TS5 v TH B,

BTENLR I, SEOERICHEESD 3 »E
IS K- T, FERETERYETE & BEBHIEHEI D 2 oic
RELBF B rhcE s, MEHRReTS v
= v 7 RRECTS & T, MEFGEE 0%
ROBHELrRELBOTE I vt k< moh
TV, KRN TH, 23, F'Sv=v2ichg
L2353 v 25740 15TH3 ABSTRIPS[1)
EFRELT, EORMEAY®RET S,

KT, BARN RARIEZER ¢ R MR g ZeR]
%, —fEBRE Y v 7 5 & (GLP)[5] iIc#ksuT
REOMMECERIET 2. ELT, TAb 220
REEM OB o rSariiB 7o s
bHmEoREcERLT S, £ LT, By
SYEVIZLMBHTI vy X EFRG, S
SVERDD, £, Ihb2o0ERE R
Ty aky vy ARRBLREERL,
FEEAT B, MEMIRIZSHE L0k, RIS, BRET
OREFDOBIFROFMNEHERETHIREE L
LESREREVS, b, BkSursa
MR T 07T s0BFEER L, HERBZSHIC
L5377 v=v oMLY RT,

2 ABSTRIPS 50 ES

ABSTRIPS oAkt LT, BLFo k34
HEERL B,

1. ABSTRIPS Tit, 75 v = v 7RI % K
FTEIEHREDO B, AL —X Larlgikx
nTwuxv, 2o, ARXTIH, 75 v
=V /BTSN BLETOERY IS
b33, Tabb, A —2—D2h0i}
2L, IpRE, BERE IRt T s, &
. MEIEENIA L — 2 OB TER
S L VAR mRbahtn3,

2. BEBOFIBRIC X 2RIV SFEIT, +
RTOMBLEHA TV I bITTIRAL,
X T, AR T, WERRIZBIC X 2
RIEEVLSHLOFEERET S,

3. STRIPSEIRE®D 3 oflic k 24~ L— % (B
WM, HIBRY X b, BMY X 1) OEH
HIRFEETIL, MEEHOBICH K
LTWw3ianbitlhTE 2742 RoNTL
5, £, L CHFHREIWT, TR IR
{fbeZ@atLic v, 22T, KBRILTI,
IR -2 BEDOF R — 2 DR LB
A&oththokgo<7 LT, B8
HICERT S,

3 REOBRHBEIZEBZTIS =
fRIE D ET

3.1 FIEERE

KRLTR, FILLT2F4 20D ) 4D
BEoMEYER L3,

Fig.l TRT LS, <24 pl,p2,p3 @ 3 &
B, FU4RIFREDD 2D B, = DEIC,
PEBFYRIREOFARI DI
DHPFREA PO, PEVLF 47, KEL
FARIZEDICRZICHZERREBICBT
iEEEX 3,

BB+ 2H60&8 LT, KDXS Rt
PRE->TWVE,

e ~FIC1DODF 4 X7 LB CTERLL,

o YDFL4RID, ENED/PEBF 42
DEICBOTRA LAV,
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3.2 7 bLOESEAVEMBORERR

ek, 1EITRRAEMEOREL T A
(FEFaREX) oBarHVTET.

B REOFSRIFT DB ENST
F 4% (ombig x) kL, INEVF4 R H2S x
IKHBL VST 4% (onsmall x) LT3, £
Fou REOLBFLZRIBTXCAVELIT b
L% (Nonbig x) t L, REWVF 4 X7 BT x
IZRVEVST bk (Nonsmall x) £33,

7 A OEORE (Fig.1) Tk, FIIRE A |
HEREB %7 b 20BEOHTET LRDX
SiEh5,

A = {(onbig pl),(Nonbig p2),
(Nonbig p3),(onsmall pl),
(Nonsmall p2),(Nonsmall p3)}

B = {(Nonbig pl),(Nonbig p2),
(onbig p3),(Nonsmall pl),
(Nonsmall p2),(onsmall p3)}

3.3 TS5 v s/RBEGRTR

APFETIE., GLP 0ERIcHEBLBE, 20
BETHE S 0773y rEE UL/l 2V
3, ULjal, BEEES LA TEZ AL, B
B w7 Ao Sxt8% GLP OERRICE SV
THIRI N TS, 4, BT orSad
F7arsLbRL LS, RBORATER
b33z eicesd,

FF, Sov=vrEERRBRLES, 22
T7Iv=v R ER T REL L TKRD
path & next ¥ A T3,

(path «1FHGFRAE «g: HBIREE
S:A L — 2 F)

(next #sl1:RHE *s2:REE +xTidA L —2%)

path FRECE X &2 FIHPREE, BER
Hexgi Bxg T TEBIE XL —20%T
HB5S » o7 BREE ., next iTARAExsT, IRAE#s2,
REExsl 2452 KBB I XL — 2T 20
k3,

RiZT a7 5 b%RmT,

(as (path *g *g )
(as (path *i *g (%o
(next *si *s2 *o0)

(path *s2 *g *answer))

. *answer))

Fov=vrtik, ZDOmlEE path Dxi txg
K ENENEBEN R ORE BERE2 5 X
T path % BB L . ¥IREE 2 b BEEREE~ DA
RL— 2GS kKDBZ L TH B,

3.4 GLPIZ&3ZBA—-LORR

32HOEEIC X ARIEORERBF AL T,
B —A% GLP O 7w 7 5 Ak HVTERET
BrROESICED, cnb20ODT vy S A
X, B —A next D70 7 F LT, next i 3
SOFMER-TV S, H 15, REIOHEE
3L ({}) CHEZNLTI T, KNDOF 4 X7 BED
R7CHBED O REFREOBTERBINT
V3, E25 1k, RomiERCE N AES T,
%351, TRENRED (MoveBig *x *y)
t (MoveSmall *x xy) TH 3%,  OZEHFEL—A
next i¥, B3 BIHIC L > THE L 5IHORED D
E2BIBORE~AERT 5 r 2 FHT 3, &
T, C,CREOES R,

Ci: (as (next {(ombig *x) (Nonbig *y)
(Nonbig *z) (Nonsmall *x)
(onsmall #*z)(Nonsmall *y)}
{(onbig *y) (Nonbig *x)
(Nonbig #*z) (Nonsmall *x)
(onsmall *z)(Nonsmall *y)}
(MoveBig *x *y)))

C2: (as (next {(onsmall *x)(Nonsmall *y)
(Nonsmall *z)(onbig *p)
(Nonbig *q) (Nonbig *r)}
{(onsmall *y)(Nonsmall *x)
(Nonsmall *z)(onbig *p)
(Nonbig *q) (Nonbig *r)}
(MoveSmall *x *y)))

Z 2T, (MoveBig x y) X, KE¥WwF 4 R
7RI xHORT y ~BHT T EEEBRL,
(MoveSmall x y) i, P WVF 4 X7 EZXT x
BoRTy~EhT I L REKRTS,
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Bk 7o s 5 sk GLP 0BHRoBETER
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27 b+ & (onsmall xx) % (onbig *x) R Y%
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WT ra2EOBETHE, T, SIRRA
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2
A1 = {(onsmall *x),(Nonsmall *y),

(onbig *x), (Nonbig *z),...}
Gi1 = {(onsmall 1), (Nonsmall 2),

(onbig *z),(Nonbig 3),...}
Sy = {{*x/1},{*xy/2},{*x/*z} ,{*=/3},...}
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{({*x/1}, (onsmall #*x),(onsmall 1)),
({*y/2}, (Nonsmall *y),(Nonsmall 2)),
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{(onsmall 3)(Nonsmall 2)(Nonsmall 1)
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M(Py) =

{path({(onbig 3),(Nonbig 1), (Nonbig 2),
(Nonsmall 1), (onsmall 2),(Nonsmall 3)},
{(onbig 3), (Nonbig 1), (Nonbig 2),
(onsmall 3), (Nonsmall 1), (Nonsmall 2)},
(MoveSmall 2 3)),

next

({(onbig 1), (Nonbig 2),(Nonbig 3),
(Nonsmall 1), (onsmall 2),(Nonsmall 3)},
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{(MoveSmall 1 2),(MoveBig 1 3),
(MoveSmall 2 3)}

REEHEB % path LB LRDESiIch B,



pathl =
{s1:
{(onsmall 1), (Nonsmall 2),(Nonsmall 3),
(onbig 1), (Nonbig 2),(Nonbig 3)}
! ...(MoveSmall 1 2)
S2:
{(onsmall 2),(Nonsmall 1), (Nonsmall 3),
(onbig 1), (Nonbig 2),(Nonbig 3)}
l ... (MoveBig 1 3)
S3:
{(onbig 3),(Nonbig 1), (Nonbig 2),
(Nonsmall 1), (onsmall 2),(Nonsmall 3)}
! ... (MoveSmall 2 3)
S4:
{(onsmall 3),(Nonsmall 2),(Nonsmall 1),
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Q2 = (path xline2)
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ZIT, Qo0 EREICEH T30S, KIS
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M(Py) =

{path
({(onbig 3),(Nonbig 1), (Nonbig 2),
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{(onbig 3), (Nonbig 1), (Nonbig 2),
*, %},
(MoveSmall 2 3)),

next

({(onbig 1), (Nonbig 2),(Nonbig 3),
*, %1,

{(onbig 3), (Nonbig 1), (Nonbig 2),
*, %},

(MoveBig 1 3)),...}

IDEE, ROLS RBARMR OIS, 6%
ROBIEBTTIvERDBZ LICRE,

Q202 € M(P2)

I 2T, 0 = {+line2/((MoveSmall 1
2),(MoveBig 1  3),(MoveSmall 2 3))}
TH5,

4.3 WBEMERTS >

HEICIE, HRHAR TS vERDDL, 7T %
RDB i, BIETCHBAATER S sline2 1
kVEfE e LTeHd, T, 8 ~ 8,
X, TED Fig2 iIHIGEL TV 3, (Q,P) D7
FVYRRDEXSIChB,

{(MoveSmall 1 2),(MoveBig 1 3),
(MoveSmall 2 3)}

RAEHERB % patho bt THLRDESICA D,

path2 =
[s71: {%, %,
(onbig 1), (Nonbig 2), (Nonbig 3)}
l ... (MoveSmall 1 2)
S22: {¥%, %,
(onbig 1), (Nonbig 2), (Nonbig 3)}
l ... (MoveBig 1 3)
$°3: {%, %,
(onbig 3),(Nonbig 1), (Nonbig 2)}
| ... (MoveSmall 2 3)
S’4: {¥, %,
(onbig 3), (Nonbig 1), (Nonbig 2)}]

5 Z#FAZEHE (Homomorphism)

5.1 HEFRBFR-LBY>Z

HERBZS L i, HERAIC, H3BYR0E
BRTOBIR ORI FEREBICELTD, 20
BIRERFLTV S XS 2 EREE S, &ifiT
iE, 3.5 81D 4 o< A1,G1,S1,u> & 4.1 i
4 D < A2,G2,82, 1> DUEFBIZIC X B Y v
s REXD,

A1 ADZEBICOWTHTHRZ, 3,
hatAr = At OSEREEX S, X, (on-
small *x), i IC, (Nonsmall x*y), --iZ %
BEH A, (onbig xx) K ¥REEL AVERT
53, £k, hs:S) — SFEEERL T3, &
DrE,.ROLSIChEEHT S,

h = {hahs)

5.2 HEFBTHOIER
AEiCI, BIEO h ARERBER L 2B L

AT, TOEEI. h KD 2 >D5E:%
T eThHd,

L. h(p1) C pe

2. h(G1) C Gy

o7, h(lu‘l)i
b3,
h(u1) = {(hs(s),ha(a)ha(b)) | (s,a,b) € p1}
h(G1) = {halg) | (&) € Gi}

T, siERA, a RRARIOT P4 biF
RABEDOT b4, gk 799 Y F7 bakRiT,
ERETREHE, s hsT, abgid by THIX
IKERENZZ b TH B,

Mm% 3 DEOERICHEFBIZER (h) &F77%
SELRDES KRB,

h({*x/1},(onsmall *x),(onsmall 1))

=({xx/1}, %, %) € po

h({*y/2},(Nonsmall xy),(Nonsmall 2))

=({xy/2}, %, %) € 2

h({*x/z},(onbig *x),(onbig *z))

=({*x/xz},(onbig *x),(onbig *z) € gy

h(G) Lt RKRD XS hEKRT



h({*z/3},(Nonbig *z),(Nonbig 3))
=({*z/3},(Nonbig *z),(Nonbig 3) € u2

IhbXbh, ROBEBRHIERS,
h(u1) C po

WIS, GLIKDWTRTA 3,
h(G1) = ha(G1)
= h({(onsmall 1),(Nonsmall 2),
(onbig 1),(Nonbig 3),---})
= { %, %,(onbig 1),(Nonbig 3),---}
cho kb, ROBBRMELS,

h(G1) C G2

6 BEH#SosrLoHmEITnsS
VA

6.1 EEIns/SLdiRryoss Lnmi
#*

ARETIR, KRAXCRREB®K S0 254 P
BT v L BOBRICOVWTRRSE, P
BROES B Tor5LTH5,

Py = {C1,Ce} =

{(as (next {(ombig *x)(Nonbig *y)
(Nonbig *z)(Nonsmall *x)
(onsmall *z) (Nonsmall *y)}
{(onbig *y) (Nonbig *x)
(Nonbig *z)(Nonsmall *x)
(onsmall *z)(Nonsmall *y)}
(MoveBig *x *y)))

(as (next {(onsmall #*x)(Nonsmall *y)
(Nonsmall #z) (onbig *p)
(Nonbig *q) (Nonbig *r)}
{(onsmall *y) (Nonsmall #*x)
(Nonsmall *z)(onbig *p)
(Nonbig *q) (Nonbig *r)}
(MoveSmall *x *y)))}

TarIa Pt LT, BEREZERE TR
CRDESICR D,

h(h) =

{(as (next {(onbig *x)(Nonbig *y)
(Nonbig *z) ¥ %}
{(onbig *y) (Nonbig *x)
(Nonbig *z) % %}
(MoveBig *x *y)))

(as (next {# % (onbig *p)
(Nonbig *q) (Nonbig *r)}
{3 % (onbig *p)
(Nonbig *q) (Nonbig *r)}
(MoveSmall *x *y)))}

TR, PicEL L, Db, ROKIED
A=

Py = h(P)

6.2 EEBEEOEKk
M(P),M(Py) it 3.6 87 4.2 iCik~7@
hthsd,

h I UERIBIZEHE 7 A o, IROBIRAK Y 3L >
e AERENTLS [T,

M(h(Pr)) > h(M(P1))

= BB, Flico LT Y ILo C k iEH
b THB,

X LIC, pathy ¥ pathoDBR%ER~3, h
Fh pathy,path i XBEIC, 3.7 ik 4.3 @iTiR~
THb, pathy® S; ~ Sy ¥ 77D 3D2DA R
L —Z OF T OB L CHREIZERETR S,

h($1) = 51
h(S2) = 8
h(S3) = 5}
h(Sy) = S}

h((MoveSmall 1 2)) = (MoveSmall 1 2)
h((MoveBig 1 3)) = (MoveBig 1 3)

h((MoveSmall 2 3)) = (MoveSmall 2 3)
bbb, hipathy) = pathe VWX 3%,

T T =vs

RBEoMHcERILINEBEK S e 754 P
YHE T S S L PBhH Y, TNENDT T v



V7RSS L FCEBTREIEY Q1,02
T35, Fig2 TRT LI, (Q,P) DT I vk,
EXfE 1 D 81 ~ S4(3.7 ) TEEA, (Q,P) D
Tovik, BFE2 © S| ~ Sj(4.3 1) TEER
%, 51,55,55,851F. BNEN 51,5,,53,5, % Hefd]
BZRLbOTHS (6.2F). BERE20 S, =
53,53 = S, DEIRL D, BERE3 TR, Sh— S}
DIRT vy TOHRTTvHEPLTVE, D
b, (MoveSmall 1 2) & (MoveSmall 2
3) REHAFH ALV LHNSLB, NIT,
R w754 PoC) FEEEGOSADT
HBTEDELVLS2ETHD, £oT, BRE3D
MRS r5L3{C}thd, ZOEBDODE
REKICBERR 23, TV ERDBEH0D
MBS, MEICHELE C txTE s,
HRBIZE R B D S| ~ Si(BERE 2) ik, S ~
Sy(BeFE 1) oBSR 2RI L B NMRETH Y, &
BEOoMEsad-oTwE, chED, 75y
=vIrEfTEIHE. RbkoHuERIOL
~ACTTERIE RS, RiC, BFE 2 TR 1
DAT v TORICEDLESL, LT, B2
121 20RE»S, KOBEFEREZED, £
DRELRWICEET L THRNERD S,

Fig.2

Homomorphism

8 LIV

AT, GLP IcETSwT, BT ey
LB T w Lk NTNBEOREATE
AL, chb2o0ERLENATerS5A
%Y v oMARIEREERL, BEHLE, £

. BlR7 e o n i ur s anliRe
AL, WEBERICEEZ S Sv=vricks
T, TraxfRiEl Az tickoT, 79V
KO- DDOMBE SR Y IHHICIE LR =
EHTER, oI, BREBERE DR TE
EEGOEAELII LY, ZOBIOHEE
K XoT, 7 raogibicimac, ¥RRg
PEIL D D 7T v 2k B -0 DMK D 5
BICHIBEAR S e CE¥B S LS L -,

SHOFEL LT, FELAEHL »806
NEVRROHFTO TS v =y VY LllB D
BEIERE U LRS,
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