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A Study on Applying Hierarchical Planning for Adaptive
Software Systems

Kazuhiko Nishimura

Abstract

The purpose of this study is to establish a method for the software system to quickly
adapt itself to changes throughout a software life-cycle, such as requirements change,
system crashes or modification of operational conditions. This thesis proposes an
approach to create an adaptive system based on Al planning. Al planning is aimed at
finding an efficient way of problem solving. This thesis presents an automated approach
to generating abstractions for the hierarchical planning. To evaluate the effectiveness of
the approach, it is applied to the following three areas: (1) Web services composition,
(2) Operational environment for computing systems, and (3) Software specification
acquisition task, all of which require high adaptability.

Web services composition requires an efficient method to find the right web services
to meet required goals. In this thesis, an automated composing method based on the
hierarchical planning is proposed. Actions are formulated from existing web services
definitions.

To cope with the operational management for complex computing systems, several
approaches, such as self-managed system and autonomic computing, have been pro-
posed. This thesis describes an approach for autonomic systems, which is based on
a three-layered model Jeff Kramer proposed. In this study, a variety of individual
operational services are defined, and the proper sequence of operational services is au-
tomatically obtained. The study also identifies required information with priorities.
Therefore, it contributes to reduce the gathering activities of useless information.

In the software specification acquisition, where the tasks depend on the experience
and skills of workers, appropriate guidelines and tools to support these tasks are needed.
According to requirements change or modification, the process planner generates a
plan for doing the specification activity effectively. This plan can be used to invoke
associated tools and information. This thesis presents the experimental results of the

application of the prototype system to develop business application software systems.



Joodoboooooobogon
obooobooobooboobouoood

oo oo

O

bbb, gobbuoodgbbboodobboooo,gobbooaoon,
gobbobbouooogobbbbbuoooooobboobbboooooboboon
gbood,gbbooobbodbbugoboogbboobbooobbooobn
gbbooo.ggboboodabb,bbooboodgbb,booobboobbadabb
O0O00C0OO00DOOO00D0OoOOobO AIDOO0OO0oO0bDOoOooDoOg.
OOoo0oOo,Al0D0D00000DO00DOO00DOO00DbOO0ObDOODbDOOoDbDOODOO
gobbobb.0bbbbboooooobbbbbbooooo,oooooobobobb
gobbobbbouoooogobbobbuoooooobobo.oobbo,oobon
gboooobbogboooooboo,bogbboobbooobbooobboobn
gboooggag.
OO0,WebOOGOOOoOooO,0b000bo0obobooboo,0obooboobooobog
go3douogooob,gggooobobboobbbbooogooo.oog 3000
gobbobo,0bbbbbodgoooobbbbbooo.bouooooobbon
goboboo,bogogbboboogobooa,buoogoobobodaod.
WebODODODOOODOODOOOODOOOOOO,000000D0DO0O0 WebOODOO
gbboodgbboug,ogbbodgbbuobobooobboobb.boo,o0bb
gobooobo,bbobbbouoooobbobboooooobbob,obbob
Obooboooboboboboboobobuobo.0o,0b0Webdobooo O
gbbbuoooobbbuoooobbobooan.
goooououooobbobbbbiodoooouu,gooouooooboobbbn
gobo,ggobobbobbbodgoooobobob,obbobbboooooooooboon
O KramerDOOO0OO 300000000000 00O00O, 0000000000000
goboboboboo.obbboggooobbbobboooooobbo,oobboob
gooboobobooo,gobboobbuogoboobooobbooobo.oo,oobon
gbboodbbog,gobbodgbbuogbobooobboobbuoooboodoabb
gbobobooo.gggboboboooobobboooobobod.
gboobobobobooboobobobooob,obbo0boboboobobo
gboodgbbug,gbboooboogbboobbuoobobooobboobn
goodgbuogboodgb.boobg,gboobbobbobbobbobboobd
gboboboboobo,boobobobobooboboboboobobobon
gobbobbouoooobbbobbbouoooobbobouooooooboboon



gob.ogobbobobbogoooobbob,obbbbboooooooboon
oo, 0b00o0bo0bobooooboboob.obooobobob,bobobon
gboboboogobbobuooo,gooobobooaon.



HRpN

010
1.1
1.2
1.3
1.4

020
2.1
2.2
2.3

24

2.5

2.6
2.7

0304
3.1
3.2
3.3

3.4

g

UODO0O0O .o
UODDODO0O o s
UODODODOO e
UODDO0O0O o

ggbobobuogoobbbouooobobbogo

OODODOO .o e
0
I 1 P
231 00000000 .00 o
232 00000000 ... 000 oo
233 0OO0OO0OOO0O0ODOODOO .« ..o
I
241 0000D0O0O0DOODO .00 o000
242 000000 ..o e
I
251 OOOO ..o
252 OO0OO .« oo e
OO

obooooopoobobO WwWebOOOonoooooOo

UODODODO .o e
0
I 0
3.3.1 WebODOUOOOODO .00
332 wWSDLOODOODOOOODOOODOOOO ...
333 000000000000 .« ..o 0 oo oo
334 O0O0O0O0O0O o000
I
341 00000000 .00 s

T O R e

11
11
12
13
16
16
17
19
21
21
22
23
27



1

3.5

3.6

040
4.1
4.2
4.3
4.4

4.5

4.6

0s50
5.1
5.2
5.3
5.4

5.5

5.6

5.7
5.8

060

HEN

342 O0O0O0 ..o
U000 ..

OODOOO .o s

441 0O00DO0O0OODOODOO .00 0000 .
442 000000000 .00 o oo .
443 0O0000DOO0OOOO0O .00 000000
UODOOO0 ...
451 000000 ..
452 O0O0OD0 .o e
OODO

ggbboobuoogbbbod

UODODOO o s
UODO0O o
I I
I
041 OO0OO0O0ODOO0 ... o s
542 OO0OOODOO ... o e
I
0.5.1 OOOOOO0ODO ..o oo oo
0.5.2 DOODOO ..o oo
5.5.3 ODODOOO .o e
I
5.6.1 OODOOOO0ODODO ... oo o .
5.6.2 OODOOOO ..o e
5.6.3 UOOOODOO ... o
564 OOOODOOO ... o e
OODOO .

g

45
45
48
49
o1
ol
93
95
o7
o7
o7
64

67
67
68
69
71
71
72
73
73
76
78
81
81
82
84
84
88
90

93

99



11

gooo 107



1.1
1.2
1.3

2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9

3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9

4.1
4.2
4.3
4.4
4.5

4.6
4.7
4.8

I

gobDooooon ...

UODDODO0O o s

UODD0ODOO0 .o s 12
I 13
I I 15
I I 16
D00000000 (1) o v v veeee e e 17
D00000000 (2) .« o oo e e 18
O00000000 (3) .« o oo e e e e e 18
D00000000 (). o« v vveeee e 19
I 24
WebOOOOODO ..o o e 30
WebOOOOOOOOO ... 31
WebODODOOOOODOO .« .o 000 o e 34
WSDLOODODO . ..o e 36
Oooooooobo wWebODOOQoOGoOooo o000 oo oo 37
I I P 37
I I P 38
UODODODO0O oo 39
0000 (CPU Time, OO0 :msec) . . . . ..o oo 42
I I 46
300000000000 ..o 48
UOD0O0OO0O0 .. 51
gobobuogoobobbooooboooooooooo oL 52
gboooboboubooboobdobdobobobobobabooon

OO0 . o4
I 56
I 1 o8
O00000000O0DO0(oOgg ABSTRIPS) © .o oo oo 59



vi

4.9

4.10

5.1
5.2
5.3
5.4
5.5
5.6
5.7
5.8
5.9
5.10
5.11
5.12

(0000 2)0000000000000000 (S)(Oooooooo

OOABSTRIPS) . . . ..o 61
(0000 2)000000000000000000(@)0000000

OOOABSTRIPS) . . . oo 62
000000000000 .. ..o 70
000000000000000000 .« . ..o oo 73
0000000: 0000000000 ... .. ... 74
0000000000 .. .. oo 75
000000 ... oo 77
0000000000 .. ..o 78
0000000000000000000 .« .. ..o 79
00000000000 ... oot 80
000000000 ... oo 82
0000000 .. ..o 83
0000000000 .. ..ot 86

I 0 89



2.1
2.2
2.3

3.1
3.2
3.3

4.1

4.2

4.3

4.4

4.5

4.6

4.7

5.1
5.2

HEN

OODODODO0O . e
I 1
OODODOO oo

00000000 ... oo
000000000000 (0000 ABSTRIPS) . . . .. .. .. ...
(0000 1)00000000000000000000000000
O@O0) .« .o
(0000 1)00000000000000000000000000
O (ABSTRIPS) . . . . . .
(0000 2)0000000000000000(S)00000000
000 LY(OOO) .« . oo
(0000 2)0000000000000000(S)00000000
000 (L)(ABSTRIPS) . . . oo

vii



10

L] [

1.1 O0O0Ooond

gobbbbbuoduooooooobobbbbobboboodgbbuoooooaon
gobbobodoooogobbbbuoooooooboobouoooooboon
gobbobbodoogooobobobbbodooooboboouooooobooon
gobbbbbouooooobbbbbbooooobbbbooooooboboboon
oopCOOO0OO0DOOOODOOODOODOOOODOODOODOODOODD
gobobobbboodogooobboobbboboooooooooboboobobobooon
gobbbbbuoooogbbbbbbduoooobbbbobooooobbobobo
goobobobobooobbobbbobbbbooodoooobuoooooboobn
goobobbbouoogooooobobboobobboboobobbooooooooboboobooon
gbbbooogbbbuoooobbbuoooobboooood

gboboboooobbbooooboboooobbobuoobobbooogn

o O U0O0UDOUODLOODLDDODUOUODLOUUODLDOODbLObOOUDLUODLDODnOD
gbbbuoogobbboooobbbuooooboo

e J0DOUOUOOOLODLDDOOLDbDDLDLODODOOUUUUULULUOUULDLDDbLDbODODO
gbbbuoogobbboooobbbuooooboo

e OU0OLOOOODDOUOODLOUDLDLDOOODLDUOOLDOODLDDbOOOO
gbobooodgoood

e OUD0OODLOOODLUOLODLDLOODLLUOODLDOUOLDUOUODLDOUOO
gbobboogogbbbuoooobbbooooboboobooo o

gobbobobbougoogobbobobbooooobbobbouoooooon
gobgbobobobobooooboooboboooobobobobobooo
gobbobbbouooogobbbbbouoooobobobobboooooooboo
gobbobbbouoggogobboobboogoooobobbouoooooboon



2 010 0o

O00000D0D000D00O0 Total Cost of Ownership O O O O O Quality of Services O
0000000000000 ROIDODODODODOODOODOODOODOODODOODOO
oo

oo oooooouooooooooooooouoooon
dddoooobooooogo2esddoooobooo BPpOODODODOOO0OO0OOoOooOO
Jdoodoodoooooo4Quooooooooooooooooooooon
gdoooooodooooboouodooooooooooooouoooooa
gotobootdotdooboououooououoobooooououooooouon
oo ouooooououoooooououooa
gdoooddodooooooouooooooooooouooooooooa
goddooooboduotuotootobooootuoooooooouooououooa
oo oooooouooouooouououooa
gdoooobodooboouoooooouoouoooouoooooooon
googo

oo ouoooooooooouooooooan
godododoooouoodobodoooooooobooooooouooooon
gdodoodooodoouotoo@mo 1o oooooooouooon
D000 7%00000000000000030%0000000000000000
O0000000000000000000 (75, 760

dddodooooooIToddddooooooooobLbb oo oOooo
oo ououououoouood

A% BREE &R<F B
21.2% 8.2% 30.6% 40.0%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

011 00000000000

gobbobobbooooobobbobboooooooobboobbouooooon
gobobobboogoooobobbodooooobobobooooooooboobooon
gbbbuooobbbooobbboooobbbuooobn

gobbobobouoogoobbobobbbooooooobbboouooooon
gbomodbbogobboodbuoggbogobbooobboobboobn
obogooboobbobbobobobbobobobobobboobooooboobon
O00000000000000 [140LOsterweil 00000000 0OOOODODOOO



1.1. O0O0Ooggn 3

gobobobobooogogobbbobbooooooboobbooooooboboon
obgobooobobbobobobbooobooboobuoobooboobon
gobbobboogooobbbbuodoooooobboobouoooooboboboon
gobbobbbougoogobbobbbdooooobboobbooooooboon
gbobbbbbouooooobbbbbbodooooobbbbouooooooboboo
gbobobooogbbbuoooobbboooon

0000000000000 000000000000 (Self-Adaptive System) O
gbbboooobbbuoodobobbboooobbbuoooobboad

Ulil2000000b0b000bbo0boooouoobbooogboooboon
gobbobbdogooobbobbboddooouobbobooooooobooon
gboubudbbodbbogbooobuoobobuoobobboobooobodgn
goooobobobobobobtuodoooooboooooooooobobobbbbbobbb
gbhbogoboooobbbuoobbuoobboobbobbboobobuoobboobon
gbobobouoogon

Biz TISVZVTVRT L
(FO2aVNaRE)

FIR#&E
T3
o 25D
i v

=TI AT L

BB AT LA

012000000000

O00000D0000000D0D00D0OO002001 00 National Academy of Engineers [
0000000 IBM O Paul Horn O 0O Autonomic Computing Manifestod O 0O 0 0O O
OO00O000bO00oO0o0ooOOobobO0bo0b0o0obD0ooobODoboO0 Dooboo
O000004000000000000 Clesed LoopDO0OO0DOO0OO0OoOoooOon
000000000000 0000000oOooo0ooooooooooooooon



4 010 0o

O0D00000000D0O00D00D0O0O0DO0OOD0 Monitor-Analysis-Plan-Execute O O
OO0O000bDo0O0O0 MAPEKOOOOOODOOOODOOODOOOOoOoDOODOD
oobooboboooooboobobobooooooobooboboooboooooDooo

1.2 000000

gobobbbooooooobbobobbbouooooobboboboooooon
obogboobboobooboobbooboobbooboobbobboo
gobbbodoogogobbbobbtbouooooboobobouoooooboon
gboboboogobbobuoooobbboooooooo
obooobboobbooobbooobbooobbooobboomobb
gobbobbobouoooogobobbouoooobbobbobooooooooon
gbobobuoooobbbooogbobuoogobbbuooobobboo
012000000000000000000000000O0OO0DODODOODOO
gobbobboougoogobbbbouooooobbbouoooooobboon
gboboboogobbbuoogooboboooon
OO000000oooo0oOooDoOooOoAlODODOOOOOoOoOoOAIODODODOOOO
gboobobbooogooobobbbooboobbbbdooooooooobboboon
gboboboooobobboogobobuoogobobbuoobobuoogoboo
Al00DOOoO00ODOOO0O0oDOo0oooDoO0oobooobooooDboOooDbOoo
gbobobooouooobbooogbobobooon

e OO UODLDOODDODOOLOOODLOUOODLDDUOODLDOOLODLOOO
gooboobbgobooobbooobooobboobboobuooboon
gbboodboboogbbobobodbbuoobbuobbuooboobbogon
gbboodgugobogbbogoboogbooobboobboobbogon
goobobgbobobobooboboboboboboobobobon
gbooboboubboooobbbuoooobboboooobon

e OUODDOOODODLOUOODLDOOODLDUODDOODLDUOODLDOOn
gboogobogobuogobooboboobboobooobooobooon
gbobogboodbogbboodgbbuoobbobbuoooboobboan
gbooodbbogbboobodgbboboooboboobboobbogn
oboooboobbgobboobboobboooboobobobobooon
gboodbugbogbogbooboboobobobboobbobboboboo
gboogdgboggboogobboobboobboduooboboonooboon
oboooobooo

e OUUODLDUOODLDUODLDODLOODLUOODLDOUODLDOUOODLDOOn
gboboogdboggboogobboobbogbbodbobbooboobogon



1.3. 0DOogogn 5

gbooogdobbogbbuoobobobbuboogboboobboobobogon
gbooboboooooboobboouobooboboboobobobon
gbobuogbbuogobboobbuoobuoogbbooobboogbbd
gboobuoooobbbooogbboboogobbbuoooboboboo

1.3 O0oogn

OOoO00oO0bobo0l2000000000000DO0AIDOOOODODODOO
gobbobbbouoooogobbbboooooobbobbooooooboon
goboboooobbbuoooobbboooooobobooon

gbobbobbbougoooobbbbbbuooooooobbbbuooooon
gbooobooboobobuogobboobbogosbbuooboobuoobboanbn
OO0Ooo0bo0ooooboooboobdOWebOOOOODOooOobooboob oo
gobbbboooooobbbbbouoooooobbobbuooooooboboboon
gobbobbbouogoogobobboooooobbobbooooooobooon
goboboooobbbooobbobooooboo

1.4 0O00OO0O0OO

gl3bgugbbbuooouooobbbuoooobbbuoogbbboooon

g2000oobobbbobbbotbudoooooobboboobboouooooon
gobbbbbouooooobbbbbbooooobbbbouooooooboboo
gobbobboouoooogobbobboooooobobobboooooonoboon
gobobobbouoogooobbobbboooooobbobooooooooooon
gobbbbbuoooogbobbbbotboooooobbobbouooooobbobobo
gbogbbogbogbobooboobboobooboboboobboobobod
gboboboooobbbooooboboooobobobuoooobobobooa

030000500000 2000000000000000000O0O0D30O0O0OO
gbobooobooboooobo

O30000WebOODOOODOOODOODODO AIDODDODODODOODOODOODOO
gobbbbtboooooobbbbbodooooobboobobouooooobobon
OO0b0obOobooobooboobooboooobooooboooOo wWebOo oo
OOoowsSbLOOOODOOoOOooooooboboooooobooboobooooo
gbboboooobboooobbobao

g400000o0bobboobbbboooooooobobboobuoooooooon
gobobobobooogoobobobobboodooooboobbbooooooooboobooon
gbbogobbooobbboobbbooobbuooobbuooobbooobn
Kramer U0 OD0O0OO0 3000000000000 00O0ODODOOOOOOOOOOODO



010 0o

1% FH#

AMEDOER.RE. B

F28E MREBICEITIVZVIVRATLDOER

HIE Y

TSV T EMERATICEZEMEL-BRIEETS
DZUTIIOWTHAN, RBEBEL TAFEOAMMEER

$3E BEIS= FAEREIS = P e

vyizsawers— || coseamea || E5E AREAZ
EXDBEER FLDEE

Web H—ERXEH%E BiEYIrIIT7IR YINIIT O RT L

EILTDHAHEEL TLERIRTS=0 T tEEERIET

TR =24 [Z, Kramer HHVIREE A=HNTOLX

DERZREL, &
HIE RS

THI/T—FTY
FrliHFHIT—IL
BEBORRTEE
REL, BRILY 5.

R—Z2ADY—)LEH
5L, TDHEMDMEE
EXiERAY

b~ 4 ED

F6E fEim

013000000




1.4. ODOOO0O40OO 7

gobbobbouogoogobobbbouooogooobooooooobooon
gbogboobbooboobobooobooboobboobooboobboo
gobbobbouoooobbbobbbouoooobbobouoooooboboon
gbobobooggn
Os50000b00b0b0o0bboobbooboobboobbooboobbo
gobbobbbouooogobboboooooooboobouoooooboboon
gobbobboogogoobbobbbouoooobobobouooooooboooon
gobbbbbouooooobbbbbbouooooobbbbbooooooobbo
gbbobuoooobbbuooobobbboooobbobuoooobobobooooboo
gebibuoooobbbuoodoboboooobbodao



8 010 0o

gbooooog

020
0000,0000000000000000000000000000000000
00O, Vol. 6, No. 5, pp. 701-709, 199101

O30

Shinichi Honiden, Kazuhiko Nishimura, Naoshi Uchihira, Kiyoshi Itohl] An Applica-
tion of Artificial Intelligence to Object-Oriented Performance Design for Real-Time
Systems] IEEE Trans. on Software Engineering, Vol.20, No.11, pp.849-867, 1994

oooo,0000,000,0000,0000000000DO00O0DO0O0O WebODO
Dooooboobbooboubobobobuobouobobgn 2008, pp.139-146, 20080

040
gboodg,bogob,gbug,ogbbudgobbuoobboobuoobboobod
Oooooooooobog, Vol. 26, No. 1, pp. 107-115, 20110

050
0000,0000000000000000000000000000000000
0000, Vol. 34, No. 5, pp. 1074-1086, 19930

Kazuhiko Nishimura, Yasuyuki Tahara, and Akihiko OhsugaldA Knowledge-based Sys-
tem for Software Specification] Proceedings of 4th Joint Conference on Knowledge-
Based Software Engineering, pp.235-236, 20100



2 [

Jogobobobboobobobbooddd
HRERN

gobbobbbooooogbobbbbbboooooobbbbbouoooooon
gobbobobooogoogobbbbbodoooooobboobouoooooboon
gobobobbouoooooobbbbodoooobooboboooooooobobooon
gbbobbouodoooooobbbbuodooooobbbbboooooobbobobo
gboboboogobbobuoooobbbooooobooo

2.1 O0O0OOO

0000000000000 0bOO00DbOO00oDOOObObD AlIDDO0ODOOoODOOO
0000000000000 000000000000000000DbO0ODOODOD
0000000000000 0000000000DO00DO0DO0DOO0obOO0oDOoDOon
0000000000000 0o0oooooOooooooooboboboDbOooD
0000000000000 0DO0DO0000DO0DO0DO0DbOo0O0

OO00DAIOOD00OD00ODO0O0OO00DO0OD0O0DO0000D00DO0OO0O0oDOoDOOooonod
019,42, 7400 0000000000000 490000 [67jo0O00O0O0O (9, 73
000000000000 0000DO0000O0000DODO00oOO00oDOoDOooOoOoOon
000000000000 00Do0O0oo0oooooooooooooooooon
OO0Oob0oobOobooobOoboooooboobo20000booboboobOoboon
0000000 BIONETICS 2010 O O 0" Emerging Synergies of Artificial Intelligence
and Software Engineering” 0 0000000000000 O0OO0OO0ODOODOODOOOO
O000000O00DOO0O0ODAIO0ODOOO0ODODODOOODOODOOODOODOOD
00000000000 [RoUooDooooooooooooooooooooo
O00000000000000000000000O0000WebOOOOOGQOOO
(10, 11, 39, 40, 55,61, 65|0 0 0 0 0000000000000 [28,41|000000
000000000000 00000000000 [4,8,68,690000000000



10 20 0Oogoobbobooooboobooodgboon

[44,62)|0 00000000000
Nau OOOODOOO AIDOOOOOOODOOODOOOOO,0AIDDOODODOODO
Oo000o0Oo00oboOoo00ooOoo0ooooooDooooDoOoOAIODOoOO
000000000000 00000 7roboo0o000o0oooooooooooo
gobbbbbbouodoooooobbbbobbbbouooooooobobbobobo
gobbobbbouoooogobbobbooooooobbobouooooooboboon
gobobboobbbdggooobbobbodoooooobooobboooon
gbobbbbbouooooobobbbbbduooooobbbobooooobbboo
gbobbobbooogooobbbobuodoooooobobbouoooooboon
gooogg
OoooboooAlOOOO0ODOOOO0ODOO0O0bODOOOO0bDODbOOObDObOOO
DooboboboobobobooooboboboobodNawOoooobgo
STRIPSOOO00OO0OO0ODOOOO0ODOOO0ODOOOODOOOODOODObODOOoOobODOoO
gbobbbbooooooobbbbbotoooooobbbbboooooobboboo
gboboboooobboboooobon
gobobobbbodooooooobobobbtbodooooobobooboboooooon
gbubbuodgboobbogbuoobobuoboobbbooobuooboabn
gobobobbbouoogogobobboooooobooboboooooonoboon
goboboboobobobobbboooooooooboboobobbbooooooooboboooon
gbobbbboooggobobbbbuodoooooobboobouoooooobboo
O0O0OMACROPSO STRIPSOODOOOOODOOOOODOOOOOOODOOOODO
goboboooobbobdoooobbboooobobboooobboboooon
gbobbobbbdooooobbbbbboduoooooobobbbboboodoooaan
gobobobbooogooobbobbbodooogoboboooooooboon
gobobobboooooobobobobbodooooboobobboooooooobooboooD
gbuogobbooobudboobboobooboobboobuabboaobbn
gbobogobboggbbobuooobbooobbooobbbuooobbooobn
goobobbobooooooooobboboobobboobbooooooooooboboobooboD
goo
gobobbboogoooobobobobbboooooboboobbbouoooooon
obogoboobboobooboobbooboobboobooboobboo
gobobbbobbououooooobboobbbobbouoooooooobboon
gobobobbouogogoobbobobboogooooboobooooooobooon
obogboobbooboobboobboobooboobbooboobbon
gobbobbbouogoogobbobbbouoooobboobouoooooboon
gobobobobboooogooobbobbboddoogouoooooboboon
gbobboooobbooodabbon
gpobobbouooooobobbobbbooooogoboboobobouoooooon



22, 000O0ODO 11

gbobobogobboooobbooobbuooobbooobobbuoooboboan
obogboobbooboobooobooboobboobobooboobbon
gbobboooobbbooogbbbuooobobboood

22 0OJ0O0O0OO

gobbobbbouoooobbbbbooooooobboobouoooooon
gobbobbouogoogobobbbouooooobobbooooooooboon
gbobboobooboobooboob

gooo
gbboboooobbbooobboboooobobuooobobbooogn

gbooboogooboood

gbogobogobuogbobuogbbuodgbbodboooboooonoon
gbbboooobbboodobbboooobbbuoooobn

gooo

gbogobogobuogbbuoobbogbbodgboooboooooon
gboooobbogbbobobobuogoboooboboobboobboon
gbobboogobboooaod

OOo02300000000000C0O000000O0DOOO0OOOO0ODO ABSTRIPS
gbooboboooboobo240000b0bobooboboboobobobLon
gooobobo2s0b0bogdbbogobooobboooboobobooobn
goobbbobobbbb260000000000O0O0O0O0O0O0O0O0O0O0O0ODDOOOO
27000b0oobon

23 U0O0OoO0oOooobooboboboboobn

gobbobobbooooooobbobboooooooboboobbuoooooon
gooboobbobooooooobobobbbdoooooboobboooooooboobooon
gobbbbooogooobbbbbouoooooobobbbouooooobobon
gobbobbbouoooogobobbbodooooobobbooooooooboon
gobobobbobooooooobobobbboooooobobbbooooooooboobooon
gobooo

OO0DO0000DO000O0oO0bo0oooOobDABSTRIPSOODOOOODOOODOOO
OOOABSTRIPSOOOOODODOOOOOOOOOABSTRIPSO STRIPSOOODOO
gobbbbbouoooobbbbbbouooooobboobbuooooooboon
gboobooobogoon



12 20 0Oogoobbobooooboobooodgboon

(1) 0000000 00oOoO000oooOOO0COOO00OOoOOoOoOoooOOOOO
oboboobooboon

(2) 0000000000000 0O0DOO0O0OCOOO0O0OOOOO0O0OOOO0OO
gboooao

OO000oOO00oboooobooobooobooboobooogSTRIPSOOOODOOO
gboboboooobbboooobbboooooobooon

ABSTRIPSOOOOOO0O0O0OOOOOOOOODDODOOOOOOOOOOOOOO
OO0000O0ob0boOo00oboO0oobobooobobOOo0o0obbO0o0oDbDoOoODoSacerdoti
gobbobbouoogogobobbbooooooboobbooooooooboooon
gobbobobbbbbouooooooobbbbobboouooooooobboon
gbobobooogbbbooooboboooon

gobobobboooooooboboobobbotboooooooboobbobooooooon
gobbbbbouooogobbbbbuoooobbobouoooobobobon
gobbobodoogogobbobobbooooooboobbodoooooboon
obogbobooboobooboobobobobooboobd

23.1 0OU0OOOoggao

gbobbobbogooooobbbbbbooooooobbobobboooooon
0000000000000 000000000000000 [A4]o

00000000000 0DO0DO0Db0ODbDODbOo STRIPSOOOOODODOODOO
OOo0ob0oboobooooooooosSTRIPSOOOO0OODODODOOOOOODOD
OO000oO0booobooobOo0obbOobo0oobOoooOoooOoooOobOoOonooSTRIPS
gobobobbooggoobobobboodooooboobobbooooooooboooon
gbbbuoogobbboogbbbuoooobbbuooobbbuoooobobo

Opname::= 0040000

Precondition::= [
O00D0O000o0ooOoOoooooooooooooobooooooo)
Delete ::= [

O00D0O000o0oooobooooooooboooooo]

Add ::= [

0000000000000 0oooboooooooool

g210000boo0

0210000000000000Opnamed Preconditiond , [0 Delete ,[0 AddO
Oooooooo



23. 0U0b0booooooboooobooboo 13

OOpnamel] OO00OOOO0DOODODOOOM Precondition0O0O0O0O0D0OOOOO
0000000000000 00b00b0b00bU00boDbUOUm@mDeleted D0 OO
0000000000000 000000000AddDODODODODODOnn
O000000o0o0ooooogooooo (oo 1,002,.., 00000000000
gooboboboooooooobobobbbooooooobboooooooboobobooboD
goboboooobbboooobobboooobbuooouobbboo

02200000000000000000000000O0DO0DOO0ODOOOODOOO0O
goobo22000obbbooooobbbooooboboboooobo

RX | RX |
|

OpName ::= pushb(BX, BY)
Precondition::=[
type(BY,box), pushable(BX), nextto(robot, BX),
inroom(BX, RX), inroom(BY, RX), inroom(robot, RX)]
Delete ::=[
at(robot, A,B), nextto(robot, A),
at(BX, A, B), nextto(BX, A), nextto(A, BX)]
Add ::=[
nextto(BX, BY), nextto(BY, BX) ]

022000000000

232 OJO0O0OO0OOOO
gbbobuoooobbbuooobobboooobbbuoooobbob
() D0O0O00DoO0oooDoOoOoOoOoO0UoOoooDoooO
(2) DOOoOOooOoooooog

(3 DO0O0U0U0U0U0OooDoOOoOooOOoUOUOUUOoOoDooOoO



14 20 0Oogoobbobooooboobooodgboon

STRIPSOOOOODOOO0OO000O0OO0OOOOOOODODODOOODODDODOOOO0O0O0O
00000000000 DOO00D0O00000ODDOOoOoOSTRIPSOOOOODDOO
OO0000000DO00DOO00DO00DooO0oo0DOo0o0oooooDoooooooaon
OO00d0000000O00D00oDoooDoooDoooooooo

00000000000 DO000O00DObOO0o0bO00oDbOOoo0bOooooOooDoDOo
OO000000D0DO00DO000OO00o0bOO0o0DODo0o0oooooOoOonoooooaon
O000000D00O00DO0000doDoO00ooDo0ooooooDoooooooOon
00000000000 bOO00bO00DObOOo0bOO0o0oDbOOoobOooboOoooDOon
OO00000000o0o0o0ooOooooooooooooooooooooooaon
0000000000000 (00000oooooD)0D0oDoooooooooo
OO000000O000OO00DO00bO0oo0oOO0oDoOOooOoooooobDOooDon

OO0000000000D0000000 ABSTRIPSO OO O Sacerdoti O O Precon-
ditionO0 00000000000 0O0O0O0ODODODDODDODDOOOOOODODOOOO0OOO0O
0000000000000 00000000O0O0 [e3)0

OO00000000O00DO00oO0doDoooDoDooooooooooooooa
O00000000O00000000d0oDO00oDo0oooDooooDoooDoooooon
0000000000000 DOO000ODO00bOO00DobOO0o0oooooDOoOoooOon
O00000O00D0000o0o00ooDooooDooooOOo100oboo0ooaon
ODO000D00000000000000D00doodoOooDoooDOoDo0ooDooDoOoon

O0230000000000000000000000DO00O0DOO0OOOOO0O0
OO000000D0D0D0dododooobOdoDoDoooooooonoooooDooooon
O000000D00O00000000d0oDO00oD0o0oDoOoooDooooooDoOoon
0000000000000000000000000000 (DoDoooOooooo
0000000000000 00)D000000000Uooooo 23000000
Ond00000D0D0D00D000DO0OO0DOOODODOO0ODOOODDOO0ODOO0ODDOOO0
00000000000 oboooboooooooobooobooooooooag 2.3
OO00000000n-10000n2000000000000000O00O0O00ODODO0
0000000000000 00D000D0DO00D000DD000oDoDOoooDoOon
ooooooon

O0000000000000000000STRIPS21|0 000000000000
O0O00oOOoooOoDooon

() CoOoo0o0o0O0O0O0OO0OOUUDODDODDDODODODODODOODOODOOOOOOOOO
gbboogudgbbodgbboobbuoobboobbuoobboobooogn
oboboobooboobod

(2) 0000000 AdAdOOOOOOOOOOOO0DAdOOOOOOOOoooQ
gbboggbooggbooobboobbodgbboobobboobboon
OO000000O000ObOOO0b0Oo0b0bOOn0n PreconditionO0OOOOOODOO



23. 0U0b0booooooboooobooboo

ARL—2(T O av BT S8

EIRRE L BARIRRE

TSOZUGVRT

| LAXJLn

L > | B
(B2 @ {55

4

: | L)L n-1

) (0—e—0—e](iL
RS KRG

U230000bobuooaobood



16 20 0Oogoobbobooooboobooodgboon

OO00000000000Preconditiond 000 U0OO0OOODOODOOOOOOO
obobobooboobooboobooboob

(3) (2) 00000000000 Precondition0 0000000000 OOOOOO
O0O0000O0000 Delete0 00 AddOOODOOODOOODODOOOOOODO
000000 ()OODODOO0ODoOoOO0oOO0oOO0O0O0O00O00 Precondition OO O
OO0000D00O0000000D000Precondition 000 0OOOO0OOOOOOO
0000000000000000000000000000O()o0ooo

233 0O0OOO0oooooooo

gbobobbobouoooooobobbobbbooooooobbobboooooon
gobobobbobooooooobobobobbooooooobboobobooooooboon
gobbbbbugoogobbbbbuoooooobobouoooobboboon
gboboboooobobooooonboon

Initial=[type(robot,robot) ,type(box2,box),type(box3,box),
type(dl,door) ,type(d2,door),
type (rPDP,room) , type (rRAM, room) , type (rCLK,room) ,
pushable (box3) ,pushable(box2),
connects(dl,rCLK,rRAM), connects(d2,rPDP,rCLK),
connects(dl,rRAM,rCLK),
connects(d2,rCLK,rPDP),
inroomRobot (rRAM) , inroom(box2,rCLK) , inroom(box3,rCLK) ,
status(dl,open),status(d2,open)]
Goal=[nextto(box2,box3) ,inroomRobot (rPDP)]

0240000000000000

02400300000PDPORAMOCLKODOOOOOOOOOOO rRAMOO
O0002000000000000000O0O0ODOOODODOODWItiaA) 0002000
0000000000000 PDPOOODODOOOOOOOODOGoal)DOOOOOO

24 0O000O0O0OOOOO

gobobboboogoooobobbobbboooooooboobbboooooon
O SacerdotiD O OO OOOOOOODO

() COO0O00oUoUoOooDoOOoOoOoO0U0U0U0D0DODoOOCOOO00OOUoDOooODoOODO



24. 000OOOOOOO 17

(2) 000 KOOO Cx 0000 L(>K)O000 Cp(i=1,.,n)00000000
000000000000C, 0000 KOOOO

gobobobobbodooooooobbobbboooooooobboobbboooooon
00000000000000000000000000000 fJD0oooooo
gbobobooogbbbooggboboooobbobuoooobbobogad

OO00O0o0o00oooOboOo0o0ooooooboooboOoOoooooooDoobooOoOn Sac-
erdoti 0000000000 DOOOODOOODOO0OODOOOODOOODOOODLOOOO
gboboboooobbbuooobobboooon

() COooooooooooood
(2) DOO0O0O0D0D0ODODDOOOOOOOOOOoooDoOo

(3) 0000000 0O0OOUUOOUooooOo

241 0O00O0OO0OOOOOOOO

Ooo0oboooooobo0ooooo0ooooobo0ooobDoOoOooDOO AddoO
Oo0000OO0O000DoOOo00bOOoooO00ooOOo000oDo00obOOO0O0Og Addooo
O0O000O0000b000bO0o0obOnDO Precondition UODOOODOOOOOOOO
O000000D000000AddOOODOO Precondition0 OO OOODOOOODO
gbobobobboouoogobbobooooooobboobouoooooboon
gboogobogbbobbbooobboobbooooboboobboobod
gobbbbouoooobbbbbbouoooobbobbooooooooboo
gboboboooobbbuooobboboooobbbuoono

> a] Y a] ) 3|
sl s2 s3
2bi] b2 )d
D3 Sbl
s4 s5
[a) >4
JL15)

Precondition
JRALEFR

MY

o Add )Rk
IR 9} =% >

025000000000 (1)



18 20 0Oogoobbobooooboobooodgboon

- ~
NNNN
= =

£l B
l

026000000000 (2

02528005000000000 (sl00s20s30s40s5)0 00000000000
gboodgbuogbogboogbbuogbogboobbuooboobooboonon
googbbdg2200b00d0bboobogbooobuoobbooobbn 2.5-2.8
000000000000 Precondition 000 AddODODOOOOODOOOOODODO
OOO0O0OD0ODelete DODOOOOOOOODODODODODOOOOOOODOD
gooboboobboooggobbbobbbtboddgoooo200000ooooboobooon
000000000000000(0000)D0ooooooooooooooooo
gbobboooobbbuoooobbodao

29 53
absl abs2
2b
sl < _ B
E\_) E
3| [ 61
s4 .
(2 >q]

027000000000 (3)

O2500005000000000000AddDOOO0O cOO0O0OODODOOOO



24. 000OOOOOOO 19

-
-
-

]

028000000000 (4)

O0D000D0s10s20s3000000000000s10 s200000 Precondition [
0000000 (O 2.6)0s10 Precondition 000000 aObl0O000O0O0Os20
Precondition 00O OO0 a0 2000000000 0OOO0O0OOLIO b200O0OO
0000000000 AddOO0 000 cO0O0O0OPrecondition 000 OO0 aO
b(bOblO200DO0OO0O00O0OO)000OODODO0O0ODODO abslOOOOOOO
goobodggz260000

OO0D0000000b0s30s1000s20000000000000O0 abs20000
00 (027)0s10s20s3000000000000000000000000O00O0OO
OO00D000D000D00O000000 abslO abs2000 AddOODOODO cOODO
OO0 Precondition DO DO OO0 a000000ODOODOODOOOOOOOOODODO
00000 abs2000000000 abs20 absl0 000000000 O0OOO (O
23) 000 0000000000000 0O0O000OLODOO0OO0D0bOOOOOO
gobooo

gboobog28000000b0b00040d

242 000000

O0000000 PreconditionU OO OOODOOODOOODOODODOOODOOODOO
OO0000000D0O0OO0DOO000O00C0ObDOODAlgorithm 10 assign_crities 0 O
O000buobodbooboodl PreconditionD OO OOODDOOODOOODOOO
00000 (C:0000000000000 HL)yOoooOoooooooooooo



20 20 0Oogoobbobooooboobooodgboon

OoOoobuooboobooboobobobbobobobobduuobd Precondition O
obogboobboobooboobboobuoobboobooboobboo
oooobooogoobooboo 0 1gboboboooobobobooooboooooo
Ooodoboobodbbuoobboo0ob00oOoobUUndPrecondition O OO
gbbboooobbbooodbbboooob
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if P, € PL then
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end if
end foreach
else
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end while
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<wsdl:definitions...
L - - - =71
<wsdl:message name="findRestaurantService">
<wsdl:part name="Zip" type="xsd:int"/>
<wsdl:part name="Pref" type="xsd:int"/>
I</wsd|:message>

I<wsd|:message name="findRestaurantResponse">
| <wsdl:part name="Name" type="xsd:string"/>

<wsdl:part name="Address" type="xsd:string"/>
I</wsd|:message>

<wsdl:portType name="findRestaurant">

I <wsdl:operation name="findRestaurant”
parameterOrder=“Zip Pref">
| <wsdlinputname="findRestaurantService“
message="impl:findRestaurantService"/>
| <wsdl:output name="findRestaurantResponse"
message="impl:findRestaurantResponse"/>
</wsdl:operation>

E/wsdl:portType>

<wsdl:binding name="findRestaurantSoapBinding" type="impl:Estimate">
</wsdl:binding>

<wsdl:service name="findRestaurantService">
B -

</wsdl:service>

</wsdl:definitions>
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add ::=[
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opname ::= addToCart
precondition::=[ in_catalog(ItemX),
hold(user,ItemX), on_screen(user,VX),
on_screen(ItemX,VX), cart_status(Cart,VX) ]
delete ::=[hold(user,0BJ1), hold(ItemX,0BJ2),
in_mycart (ItemX,List), hold(0BJ3,ItemX)]
add ::=[ in_mycart(ItemX,Cart), hold(user,ItemX)]
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opname #
move_agent(agent,OMSX,SRVY,SRVX) ::
precondition # [
type(OMSX,oms),
type(SRVX,server),
type(SRVY,server),
connects(OMSX,SRVX,SRVY),
status(OMSX,active),
inserver(agent,SRVY)] ::
delete # [inserver(agent,SRVY)] ::
add # [inserver(agent,SRVX)].

- 4
Server-2 Server-4
_ -

Server-1 :agentE Server-3 ‘
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opname #
migrate_sw(agent,SWX,0MSX,SRVX) ::

precondition # [
type(OMSX,oms),
type(SRVX,server),
type(SRVY,server),
type(SWX,software),
installed(SWX),
connects(OMSX,SRVX,SRVY),
status(OMSX,active),
inserver(SWX,SRVY),
inserver(agent,SRVY)] ::

delete # [inserver(agent,SRVY),
inserver(SWX,SRVY)] ::

add # [inserver(SWX,SRVX),
inserver(agent,SRVX)].

A
Server-2

4
Server-1 (... Server-3 ‘
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#EIKRE -
type(agent,agent), type(omsl,oms),
type(server-1,server), type(server-
2,server),
type(server-3,server), type(server-
4,server),
type(serviceA,software),
type(serviceB,software),
type(serviceC,software),
type(serviceD,software),
connects(oms1,server-1,server-2),
connects(oms1,server-2,server-3),
connects(oms1,server-3,server-4),
process_stats(serviceA,stop),
inserver(agent,server-1),
status(oms1,inactive)],

BiERRE
inserver(agent,server-4),
inserver(serviceA,server-4),
process_stats(serviceA,run),

ARL— 3V EBY—N
(oms1)
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04200000000
oo OO0 | ABSTRIPS
inserver 7 3
accessto 6 1
type ) 4
status 4 2
connects 3 4
installed 2 4
reset_mode 1 1
process_stats 1 1

300,000

250,000 ——AKF&
== Abstrips
200,000 /
150,000 / /
100,000 / /
50,000

HESmAF R [ B - msec.)

0

/7
10 20 30 40
ETAY " |

Toshiba Dynabook (Intel Core Duo By H—T2300/1.66GHz )
OS:Windows XP, Program: SWI-Prolog 5.6

048000000000000 (0DO0DOO ABSTRIPS)

043000000000000 (OOOO ABSTRIPS)

ooo 000 (msec) | ABSTRIPS(msec)
GIEIEIEEY 2,360 92,343
(0000 2)(100) 672 4,109
(0000 2)(200) 5,313 53,344
(0000 2)(300) 21,703 259,922
(0000 2)(400) 141,687 0ooo
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044 (0000 1)000000000000000000000000000 (O
0o)

00 |00000000 |Obooooooooo
1 21,409 59
2 3,698 123
3 0 123
4 1 124
5 0 124
6 0 124
7 0 124

0450000 1)000000000000000000000000000 (AB-
STRIPS)

U0 |00000000 |ooboooooog
1 15 5
2 998 59
3 1 60
4 7,712 124

046 (0000 2)0000000000000000 (800000000000
L@oo)

0oOgd 100 200 300
00 S | L S L S L
225 | 28 950 | 58 | 2,175 | 88
341 | 56 | 1,281 | 116 | 2,821 | 176
270 | 56 | 1,140 | 116 | 2,610 | 176
0|57 0| 117 | 360 | 177
0|57 0| 117 | 265 | 177
50 | 57 100 | 117 | 250 | 177
0|57 0| 117 | 375 | 177
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047 (0000 2)0000000000000000(S)00000000000
(L)(ABSTRIPS)

ood 100 200 300
00 S | L S L S L
1 18 1 10 63| 202,825 | 30
2 165 | 28 540 | 58| 1,441 | 88
3 150 | 29 736 | 99 | 1,535 | 89
4 560 | 57 | 2,829 | 117 | 4,742 | 177
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000000 2)(500)000000ABSTRIPS 000000 (100)0000000
00000000000000000000 ABSTRIPSOOO0O0O000000000
000000000000000000000000000ABSTRIPSOO0000O
00000000000000000000

04900 4.1000(0000 1)000000000000(S)000000000
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00000000000000000000000000000000000000
00000000000000000000000000000000000000
00000000000000000000000000000000000000
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Srivastava 0 0 00 0000000000000000000000000(1) 00
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main_effect # [
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o0 @ob),00o0obooogo(@moo),obooo@mooy,
ooooooo @oo)dd «:

main_effect # [
odoooooo @o), 00000 (@oo),ooooooo @oy,
00 @o),0oo0obooogo@moo),obooo (oooy,
ooooooo @oo)dd «:

sort # [
type (0 O ,editor, DO OO),type(0 0 ,editor, DO OO),
type(0 00O ,editor, DOOO)] ::
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