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Metody planovani Stavovy prostor

Prohledavani stavového prostoru

[Wic11]

hra Misionari a kanibalové

@ prepravit 3 kanibaly a 3 misionare pres feku

@ jakmile je nékde vice kanibalti nez misionaf@, jsou misionari snédéni
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Metody plénovani = Stavovy prostor

Planovani ve stavovém prostoru M

@ aplikace standardnich prohledavacich algoritmu

do sitky,

do hloubky,

A* ... po dlouhou dobu chybéla vhodna heuristika,
atd.

o k reseni planovaci alohy

prohledavany prostor je podmnozina stavového prostoru
uzly odpovidaji staviim svéta

hrany koresponduji prechodiéim mezi stavy

cesta v prohledavaném prostoru odpovida planu
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Metody planovani

Stavovy prostor

d [Wic11]

Planovani ve stavovém prostoru - pfikla

crane SO crane 32 crane 35
E
robot |] robot |]
locationl location?2 locationl location2 locationl location2
- -
crane 51 53 crane 84
—
éalle; A
[rfcbct i | {Zobot )
locationl location2 locationl location2 locationl location2

@ uzly: zaviené atomy

@ hrany: akce (uzavfené instance operatorti)
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Metody planovani Stavovy prostor

[Wic11]

Planovani ve stavovém prostoru

e Dano: zadani planovaci alohy P = (O, s;, g)
@ Planovani ve stavovém prostoru jako loha prohledavani:
@ pocatecni stav: s;
o test na cil ve stavu s: s = ¢
o funkce ocenéni cesty planu 7: |7|
o funkce naslednika stavu s: I'(s)
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Metody planovani Stavovy prostor

[Wic11]

Progresivni hledani

a, $1

a, " S4
s E
U a, S g r Sg
a; 8L
a
3 s

@ Forward-search(O, s, g)

@ s< sp
@ 7 < the empty plan

@ jestlize s = g, potom vrat «

@ E <« {ala je uzaviena instance operatoru € O
a precond(a) je pravdiva v s}

© jestlize E == (), potom vrat FAILURE

@ nedeterministicky vyber akci a € E
0 s+ v(s,a)
@ <+ Tma
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Metody planovani Stavovy prostor

[Wic11]

Priklad prohledavani prostoru stavi 1

[
O]

=]
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Metody planovani Stavovy prostor

[Wic11]

Priklad prohledavani prostoru stavid 2

[d
(&l

[E] (&I ]

B=E=]
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Metody planovani Stavovy prostor

Priklad prohledavani prostoru stavi 3

[Wic11]
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Metody planovani Stavovy prostor

Priklad prohledavani prostoru stavi 4

[Wic11]
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Metody planovani Stavovy prostor

Priklad prohledavani prostoru stavi 5

[Wic11]
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Metody planovani Stavovy prostor

[Nau09]

Relevantni akce

S
&)

@ Necht P = (%, s4,¢9) je STRIPS planovaci tloha.
@ Akce a je relevantni pro cil g, jestlize
e a zpisobi, ze alespon jeden z literadla g je pravdivy
e gNeffects(a) # 0
e a nezplsobi, ze ani jeden z literali g je nepravdivy
o gtNeffects (a) =D ANg™ Neffectst(a) =0
@ Regresni mnozina cile g pro relevatni akci a € A je:
o v Yg,a) = (g — ef fects(a)) U precond(a)
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Metody planovani Stavovy prostor

[Wic11]

Zpétné hledani

94 a4

@ Backward-search(O, sy, g)
@ 7 < the empty plan

@ jestlize so = g, potom vrat 7

@ A + {a]a je uzavfena instance operatoru € O
a v !(g,a) je definovano }

© jestlize A == (), potom vrat FAILURE

@ nedeterministicky vyber akci a € A
(5]
(6]

T4 a.m
g7 '(s,a)
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Metody planovani Stavovy prostor

STRIPS planova¢ ™

@ 7 < the empty plan
@ modifikované zpétné prohledavani z ¢
@ precond(a) je nova mnozina podcili (misto v~ 1(g,a))

@ vyber jeden podcil, ktery se ma dosahnout
@ jestlize podcil neni dosazen
@ vyber akci, ktera splni podcil
@ zajisti dosazeni vstupnich podminek akce
© proved akci

Q@ zajisti zbytek cild
© Algoritmus STRIPS nemusi najit plan, i kdyz existuje.

@ Dosazeni podcile miize porusit jiz splnéné cile.
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Metody planovani Stavovy prostor

Sussmanova anomalie

@ interakce podcild, jejichz FeSeni se musi prolozit, aby je bylo mozné
splnit soucasng,
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Metody planovani Stavovy prostor

[Nau09]

Sussmanova anomalie - priklad s kostkami |

START
On(C,A) On(A, Table) CI(B) On(B,Table) CI(C) E

[l=]=]

On(A,B) On(B,C)

%
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Metody planovani Stavovy prostor

[Nau09]

Sussmanova anomalie - priklad s kostkami Il

START
On(C,A) On(A, Table) CI(B) On(B,Table) CI(C) E

CI(B) On(B,z) CI(C)

[l=]=]

On(A,B) On(B,C)

%
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Metody planovani Stavovy prostor

[Nau09]

Sussmanova anomalie - priklad s kostkami Il

START

On(C,A) On(A, TﬂbIP) CI(B) On(B,Table) CI(C) E
CI(B)On(B,z) CI(C)

\/
CI(A) On(A, 2) (‘I(B)‘\

On(A,B) On(B,C)

%

[l=]=]
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Metody planovani Stavovy prostor

Sussmanova anomalie - priklad s kostkami IV ™!

On(C,A) On(A, Table) CI(B) On(B,Table) CI(C) E

e

On(C,z) [e(9)

PutOnTable(C)

\

CI(A) On(A, z) CI(B) \

k

\

On(A,B) On(B,C)

Ci I(B) On(B,z) CI(C)

[l=]=]
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Metody planovani Stavovy prostor

Sussmanova anomalie - Priklad sluzeb

Akce:
loadService(A, S): PRE
saveService(A, S): PRE

ADD
createService(A): ADD
DEL
deleteService(A): ADD
DEL
start: ADD
Plan:
1. start

2.% createService(a)

[declared(A), serviceInStream(A, S)]
[created(A)]

[serviceInStream(A, S)]

[created(A)]

[declared(A)]

[declared(A)]

[created(A)]

[declared(a)]

3.* saveService(a, stream)

4. deleteService(a)

5. loadService(a, stream)

Radek Marik (marikr@felk.cvut.cz)
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Metody planovani Stavovy prostor

Sussmanova anomalie - schéma

Start
declared(a)
.-~ Start
declared(a)
- createService(a)
Sat created(a)
declared(@) ’ saveService(a, stream)
createSen/ice(a)'/ created(a)
created(a) servicel nStream(a, stream)
deleteService(s)
declared(a)
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Metody planovani Stavovy prostor

WARPLAN planovac

1973

k feSeni Sussmanovy anomalie se pouziva strategie doprednych a
zpétnych posuvil operaci,

@ linearni planovag,
o Plan je representovan jako linearni sekvence.

Jestlize podcil nelze splnit, planovaé se navraci s aplnym
prohledavanim prostoru, tj. zkousi viechny mozné linearni sekvence.

do 12-16 volani metod.
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Metody planovani Prostor planii

[Wic11]

Prohledavani prostoru stavi vs. plant

@ prohledavani stavového prostoru
o prohledavani grafu, jehoz uzly reprezentuji stavy svéta
@ prohledavani prostoru plani
o prohledavani grafu, jehoz uzly reprezentuji ¢asteéné plany
o uzly: Castecné urcené plany
e hrany: operace zjemnéni plant
e feSeni: Caste€né usporadané plany
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Metody planovani Prostor planii

[Wic11]

Castecné plany

@ plan
e mnozina akci organizované do né&jaké struktury
@ CasteCny plan:
e podmozina akci
e podmnozina organizaéni struktury
@ Casové usporadani akci
o zdtivodnéni: co akce znamena pro plan

e podmnozina vazeb proménnych
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Metody planovani Prostor planii

[Nau09]

Planovani v prostoru plant - omezujici podminky

@ podminka predchazeni
e a musi predchazet b
@ vazebni podminka

e podminky nerovnosti, napf. v; # vy nebo v; # ¢
e podminky rovnosti a substituce, napf. v; = vy nebo v; =¢

o kauzalni vazby
e pouzij akci a k vytvoreni podminky p potfebné pro akci b
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Metody planovani Prostor planii

[Nau09]

Reseni nedostatkd - nesplnéné cile

e Otevreny cil
o Akce a ma podminku p, ktera nebyla dosud vyresena
o Reseni nedostatku
e nalezni akci b
@ at ji existujici v planu nebo vlozenim
o ktera muaze byt pouzita k vytvoreni p
@ miize predchazet a a produkovat p
e proved instanci proménnych
e vytvor kauzalni vazbu
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Metody planovani Prostor planii

[Nau09]

Reseni nedostatkd - hrozby kauzalnich vazeb

o Kauzalni vazba:

e vzhledem k vlastnosti relace usporadani

o Vaj,a €m:Jx:x € pre(az) Az € eff(ar) & a1 < an

e vlozime kauzalni vazbu jako relaci splnitelnosti mezi operatory
€T

o a1 — (g, kde = € eff(ay) Az € pre(az) Aoy <

e Cteme:  poskytuje x pro as

@ hrozba kauzalni vazby

o negativni hrozba kauzalni vazby: a; -5 a3 je kauzalni vazba v planu
a a; < ag, as < agz, jsou konzistentni s planem
a existuje efect p € eff(ay) takovy, ze milze smazat ¢
e positivni hrozba kauzalni vazby: ... podobné pridani ¢
@ reseni hrozby

o degradace (angl. demotion) as < oy
e povyseni (angl. promotion) ag < aq
e omezenim vazby proménnych

Radek Marik (marikr@felk.cvut.cz) Klasické planovani Il 10. dubna 2012 30 / 69



Metody planovani Prostor planii

TOPLAN e

@ angl. Total Order Planning

@ inicializace: IT < {{sgoai}},S < {Sgoat}

toplan(so, I1, S)

Q jestlize 3s, € S, m, € I : 54001 == sp, pak return(m,)
Q jestlize S=10)
o pak return(failure)
e jinak
@ remove s; from S a remove m; from I1
O A+ {aleff(a) € si}
© S+ {s|Va € A: successor(a,s) = s;}
0 Q«{rVacA:m=aUm}
0 return(toplan(so, append(IL, Q), append(S, S)))
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Metody planovani Prostor planii

POPLAN el

e angl. Partial Order Planning (simplified)

@ inicializace: II < {actions, {59 < Sg0a}, {}, {Pre(sgoar)}}
Q akce a, B

poplan(IT)
Q if complete(II) then return(II)
Q@ if 3p € eff(B) A B € openGoals(IT) a Ja, ze p € eff(a)

o then append(IT, {{a 5 B}, {a < B}}) a remove(p, 3, openGoals(IT))
o else return(fail)

O if existuje kauzalni vazba oy = ay ohrozena akei a3
e then udélej jeden z nasledujicich kroki
e Promotion: return(poplan(IIg{as < a1}))
e Demotion: return(poplan(IlJ{az < as}))

o else return(poplan(Il))
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Metody planovani Prostor planii

TWEAK, PWEAK planovace

1987

planovac s ¢asteénym usporadanim:
e Plany jsou reprezentovany jako ¢aste¢né usporadané sekvence.
e Zavislosti mezi akcemi se zaznamenavaji explicitné.
o Konecny plan se ziska linearizaci ¢aste¢ného planu.

Jestlize dojde k selhani podcile, prohledavaji se pouze hraniéni
podminky.
Je rychly.

o sekvence s 20 metodami v nékolika sekundach,

o Bohuzel, existuji situace, kdy se planovaé¢ chyti do nekone¢né smycky:

e smycky pfi vytvareni a ruSeni objektd.
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Metody planovani Planovaci grafy

GRAPHPLAN planovac

1997
plany jsou reprezentovany pomoci planovaciho grafu,
e myslenka je velmi podobna dynamickému programovani ¢i feseni toku
siti,
Vsechny plany jsou konstruovany soubézné.
o rozsifovani grafu (dopredny béh)
o vyhledani planu (zpétny béh)

e Planovac udrzuje relaci binarni vzajemné vyluénosti (mutex) mezi uzly
representujici aplikované akce a vyroky popisujici stav.

@ Problém s cyklenim odstranén.

@ Nelze pouzivat parametrizované akéni schémata (instance).

o Vytvari obrovsky prostor vyroki.

e Existuje fada podparnych strategii, které podstatné urychluji
planovani.

@ Implementace jsou schopny zvladnout plany s 50-100 volanimi metod
do minut. W
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Metody planovani Planovaci grafy

GraphPlan - planovaci graf
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Metody planovani Planovaci grafy

[Nau09]

Planovaci grafy

Planovaci graf
Stridani dvou arovni
@ S; obsahuje viechny literaly, které by mohly platit v Case i

o A; obsahuje viechny akce, které mohou mit splnény predpoklady v
Case 7

@ mezi dvéma akcemi

o nekonzistentni efekty ...jedna akce neguje efekt druhé akce,

o interference .. .efekt jedné akce je negaci podminky druhé akce

e konkurecni potreby ...podminka jedné akce je neslucitelna s
podminkou druhé akce

@ mezi dvéma literaly

e nekonzistentni podpora . ..dva literaly jsou vzajemné svou negaci
nebo kazdy par akci produkuci tyto dva literaly je vzajemné neslucitelny.
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Metody planovani Priklady

STRIPS reprezentace - priklad

@ pocatecni stav: start
o cil: writeValue(a, 3)
@ akce:

startPlan: PAR []

PRE [start]

ADD [declared(server, a), declared(server, b)]

DEL [start]
connectServer: PAR [A]

PRE [declared(server, A)]

ADD [bound(server,A)]

DEL [declared(server, A)]
writing: PAR [a, 3]

PRE [bound(server,a)]

ADD [writeValue(a, 3)]

DEL []
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Metody planovani Priklady

Vysledek prikladu

o cil: writeValue(a,3);
@ vysledna sekvence:

@ start
@ connectServer(a)
© writing(a, 3)
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Metody planovani Priklady

Priklad - Specifikace API

pweakDefine(action(saTag: :loadTags),
domain(saTag) ,
comment (?\%(TagsId)s are loaded from the stream
\%(StreamId)s into \%(TagGroupId)s’),
body (
parameters:: (ComId #com; StreamId #stream;
TagGroupld #tagGroup; TagsId # tags;
CounterId #counter),
constraints::[],
precondition:: [
(object(com, open, ComId), assumed),
(object(stream, filled, Streamld, tags, CounterId),
validated),
(stream(StreamId, start), validated),
(object (tagGroup, open, TagGroupld), assumed),
(object(tags, tagDeclaration, TagsId), assumed),
(size(tags, TagsId, CounterId), assumed)],
positive_effect:: [
operation(loadTags),
object(tags, open, TagsId),
activeFlags(tags, TagsId, satActiveNone),
related(tags, TagsId, tagGroup, TagGroupId)],
negative_effect:: [
object(tags, tagDeclaration, TagsId)])).
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Metody planovani Priklady

Priklad - abstraktni testovaci skript

TESTCASEMARK

TESTCASE: [86, simpleMethodUsage]

Tested: [step(loadTags(comA, streamA, tagGroupB, tagsA, counterA),
%(TagsId)s are loaded from the stream %(StreamId)s into %(TagGroupl
begin(start)
step(declare(counter, counterA), An object must be declared)
step(declare(server, serverA), An object must be declared)
step(initilizeCom(comA), COM environment is initialized)
step(declare(tagGroup, tagGroupA), An object must be declared)
step(declareTagNames (tagNamesA, counterA), TagNames must be declare
step(createServer(comA, serverA), SATag %(ServerId)s is created)
step(createTagNames (tagNamesA), Names reference %(TagNamesId)s is e
step(declareTags (tagsA, counterA), An object must be declared)
step(createTagGroup(comA, tagGroupA, serverA), SATag %(TagGroupld)s
step(declare(stream, streamA), An object must be declared)
step(releaseServer(comA, serverA), SATag ’%(ServerId)s is released)
step(addTags(comA, tagGroupA, tagNamesA, tagsA, counterA), Tags %(T
step(setActivationFlags(tagGroupA, satActiveBound, tagsA), Activati
step(createStream(streamA), A stream %(StreamId)s in memory is crea
step(declare(tagGroup, tagGroupB), An object must be declared)
step(createServer(comA, serverA), SATag %(ServerId)s is created)
step(saveStream(streamA, tagGroupA, tagsA, counterA, satActiveBound
step(rewindStream(streamA), %(StreamId)s is rewinded to its begin)
step(createTagGroup(comA, tagGroupB, serverA), SATag %(TagGroupId)s
step(releaseTags(comA, tagsA, counterA), Tags %(TagsId)s are releas
step(loadTags(comA, streamA, tagGroupB, tagsA, counterA), %(TagsId)
aTEST (loadTags(comA, streamA, tagGroupB, tagsA, counterA), %(TagsId
step(releaseTagNames (tagNamesA), Reference %(TagNamesId)s is releas
step(releaseFilledStream(streamA, start, counterA), %(StreamId)s is

step(uninitilizeCom(comA), COM environment is closed)
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Metody planovani Priklady

Priklad - vysledny C++ kéd

//
// Test case: 441
// Created: Wed Nov 15 21:19:35 2000

// Author: Generated by TCG written by Radek Marik,
// Description:
// TagsId are loaded from the stream StreamId into TagGroupId.

void Test_441_00)

HRESULT hr = S_OK;
ISATagServer *serverA;
ISATagGroup *tagGroupA;
// SATag ’serverA’ is created.
hr = CoCreateInstance(CLSID_SATagServer, NULL, CLSCTX_ALL,
IID_ISATagServer, reinterpret_cast<void**>(&serverA));
TG_CheckHResult (hr, NULL, __uuidof(0), __LINE__ - TestRefStart_441,
ISATagRef * tagsA[counterAl;
// ’tagsA’ are loaded from the stream ’streamA’ into ’tagGroupA’.
hr = tagGroupA->Load(streamA, counterA, tagsA);
TG_CheckHResult (hr, tagGroupA, __uuidof (tagGroupA)
_T("tagGroupA->Load"));
// TEST: ’tagsA’ are loaded from the stream ’streamA’ into ’tagGrou
TG_PrintResult(_T("’tagsA’ are loaded from the stream ’streamA’ int
streamA->Release();
// Release tags tagsA
for( long i = 0; i < counterA; i++) tagsA[i]l->Release();
tagGroupA->Release();
// SATag ’serverA’ is released.
serverA->Release(); SR

LINE__ - TestR

-
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HTN planovani Definice

[SVi0]

Hierarchické planovani

angl. Hierarchical Task Net (HTN) Planning

Zakladni myslenka

@ slozité plany maji ¢asto zfejmou strukturu,
@ struktura se da zachytit ve formé hierarchie abstraktnich plani.

@ podplany jsou €asto (skoro) na sobé nezavislé.

Priklad

@ "Abychom se dostali na konferenci v ?x, dojed na letisté, nastup do
letadla do 7x, potom jed do hotelu konference."

@ "Abychom se dostali na letisté, bud Fid auto nebo si vezmi taxi."

o "Jestlize mas dostatek penéz a potrebujes si vzit taxi do ?y, bud
zavolej dopfedu nebo zamavej rukou, potom nasedni do taxiku, fekni
"Chci je to ?y", pockej dokud nedojedete do ?y, zaplat jizdné a poté
vystup z taxiku."

A

45 / 69

Radek Marik (marikr@felk.cvut.cz) Klasické planovani Il 10. dubna 2012



HTN planovani Definice

HTN plany ¥

e Plan = (Ulohy, Omezeni)

@ primitivni

e standard forma STRIPS operatori
o "proveditelné"
@ slozené
e vstupni podminky a efekty
e metody na kompozici operatory do podplana
@ s detaily vnitini struktury,

@ parametrizovang,
@ podobné makriim nebo podprogramiim.
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HTN planovani Definice

HTN plany: priklad

Build
House

I I
] I
! | Obtain :
' [Permit }
I Construct Pay I
' Builder ;
! |Hire / ! ;
i |Builder i I
- 4‘ 7777777777777777777 /\

! decomposes to
e s o St 0 A St . i S S L i S S 5
! |
! Build i
! / Roof \ i
i |Build .~ |Build Build !
i |Foundation Frame Interior i
! \ Build / :
i Walls '
|
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HTN planovani Definice
[SV10]

HTN omezeni a plany

@ precedence (pred, po, mezi)
@ Casové metriky

@ zdroje

@ omezeni na dané arovni plati pro viechny pary aloh nizsi arovné
o U= {uy,uz}; V={v1,v2}

o U<V =u <vsus <wvijur < vgus < U

o Abstraktni plan obsahuje slozené operatory/alohy

@ Instance planu obsahuje pouze primitivni alohy

@ PIna instance planu je aplné usporadana instance planu se viemi
proménnymi vazanymi.

\
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HTN planovani Definice
[SV10]

Vyhledavaci prostor

Zadani problému

@ Cilovy stav je abstraktni aloha, které ma byt dosazeno

@ neni to stav svéta

4

Operatory prohledavani prostoru

@ dekomponuji alohu na podulohy

@ dosazuji parametry aloh
o resi konflikty.
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HTN planovani Definice

Abstraktni HTN algoritmus

HTN-plan(tasks, constraints, methods)

@ Jestlize (tasks, constraints) nema feseni, return({})
@ Jestlize (tasks, constraints) je instance planu

e vyber plnou instanci planu

o jestlize takovy plan existuje, vrat jej, jinak return({})
© Vyber abstraktni tlohu ¢ € tasks
@ Vyber aplikovatelnou metodu m € methods

e kde u je seznam aloh z m a ¢ jsou omezeni z m
o tasks = (tasks — {t}) Uu
e constraints = constraints U ¢

© (tasks, constraints) = applyCritics(tasks, constraints)
@ return(HTN-plan(tasks, constraints, methods)
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HTN planovani Definice
[SV10]

Proc¢ je tak dobré

Specifikace
@ Metody kéduji doménovou znalost.
@ Metody kéduji znalost reseni problému
o "jak"nezli "co"
@ Abstrakce zapouzdfuji vzory interakci
@ + Mize byt jednodusi specifikovat doménu

@ — Musi se specifikovat vsechny mozné cile (a jak jich Ize dosahnout)

Varovani

@ HTN planovani, v nejhorsim pripadé, ztistavava NP-aplné
e Nemusi se ukoncit (rekurzivni expanze metody - miize byt obtizné
detekovat smycky)

@ Mauze nastat, ze musi Uplné expandovat, nez se najde, ze plan
neexistuje.

\

Radek Marik (marikr@felk.cvut.cz) Klasické planovani Il 10. dubna 2012 51 / 69



HTN planovani Definice

Simple Hierarchical Order Planner (SHOP) ¥

Algoritmus

@ linearni planovac s doprednym vyhledavanim
e planuje v tom samém poradi jako probiha vykonani planu
e v zakladu se jedna o prohledavani do hloubky

primitivni Glohy nemaji podminky
nepovoluje soub&zné akce
representace operatorl s vysokou expresivitou (numerické vypocty)

vykonny (ale ponékud neflexibilni) planovaci algoritmus
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HTN planovani Definice

Priklad SHOP domény &***

(:operator (!putdown ?block)
((holding ?block)) _ Delete list
((ontable ?block) (handempty))) - Add list

(:method (make-clear ?y)
((clear ?y)) <4 Applicability condition

nil) 4mm Task list

(:method (make-clear ?y)
((on ?x ?y)) _ Applicability condition
4 ?
(miske-Elear 2 )- Task list

(lunstack ?x ?y) (putdown ?x)
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HTN planovani Definice
[SVv10]

Rozsiteni jednoduchého HTN planovani

@ detekce hrozeb

e feseni pro cile s interakci
e nalezeni zpilisobu nasobného vyuziti operatori

@ metody mohou vkladat podminky a efekty

e umozhuje nalézt dfive hrozby béhem planovani
© metody mohou indikovat vyuziti zdrojt

e je mozné zahrnout nékteré typy rozvrhnovani

© operatory/metody mohou zahrnout oteviené podminky ("externi
podminky")
e je potfeba pouzivat planovani zalozené na zjemnovani akci
e umoznuje hledani "inovatorskych"reseni
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HTN planovani Definice

Priklad: stavba domu (O-Plan) ***?

Method Build (?house)

Precondition:
Effects:
Applicability:
Expansion:

Orderings:
Links:

TimeWindow:
Resources:

Radek Marik (marikr@felk.cvut.cz)

(and (own land) (have money))
(built ?house)
(single-family-home ?house)
S1: Build-Foundation(?house)
S2: Build-Frame(?house)
S3: Build-Roof(?house)
S4: Build-Walls(?house)
S5: Build-Interior(?house)
S6: Decorate(?house)
S1<S2, S2<S3, S2<S4, S3<S5, S5<S6
S1 causes (foundations laid) for S2
S2 causes (frame erected) for S3 and S4
S3 causes (roof built) for S5
S4 causes (walls built) for S5
S5 causes (interior done) for S6
start between 11:30 and 14:30 at S3
bricklayers = between 1 and 2 men at S4

Klasické planovani Il
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HTN planovani HTN Priklad: API testovani

Priklad HTN: OO test design

1. UML model

Folders
Member| 0.*

+Folder
«Ownerlnigues +Package: string
+Mame: string

Crwenery
Links

tember [ 0.*

+Docimentt ink
+PDMKey: string +ForeignDocument

+FilePath: string qw «owertide|reguired» +FilePath: string

+5ubClass: string

Referenty’1
Inherits
DocumentReference
+NativeDocument
«override|requireds +FilePath: string q.*
zreguireds +DocumentlD: string Biect
«reguireds +Category: DocumentCategory
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HTN planovani HTN Priklad: API testovani

Priklad HTN: OO test design

2. Datapool with generated instances

Table "DBOracle.0bjectTabl o ] 4 |
E | B B s L R | % |
CContextID |_Creation  |_ClassID: | 1o | Buid «|

| [¢'10Tag, 0, 0) Generated  I0Tag 11295 =5

{"Assembly DD TMember', 2, 4) Generated  AssemblyUDDTMember 11368 &7 —I
("Assembly DD TMember', 2, 0) Generated  AssemblyUDDTMember 11456 79

| |{'segmentackivity', 1, 0) Generated | Segmentictivicy 12092 283
| [{'PCMTEntry', 0, O} Generated  PCMTERLry 12425 28
| |¢'Celllommand', 4, 0} Generated  CellCommand 12429 T2
| [{'AssemblyUDDTMember', 3, 6) Generated  AssemblyUDDTMember 1Z091 144
| [{'Cell, o, 00 Generated  Cell 13559 108
('Station’, 1, 0} Generated | Skation 14174 35
| |{'SegmentAckivityTemplate’, 0, 0) Generated  SegmentActivicyTemplate 14732 234
| |¢'"Celllommand', 11, O} Generated  CelCommand 1480 259
| [¢'AssemblyUDDTMember', 2, 1) Generated  AssemblyUDDTMember 14854 59
| [{'Diagnostic', 4, 0} Generated  Diagnostic 14933 163
| |¢'Cellcormmand’, 2, 0) Generated | CellCommand 15254 180
| |("SequenceType’, 0, 0} Generated  SequenceType 1527 &
| [{'UDDTMembervaluebint', 3, 0) Generated  UDDTMemberyaluebink 16361 114
| |¢'CellCommand’, &, O} Generated  CellCommand 16998 299
{"UDDTMembervaluereal', 0, 00 Generated  UDDTMemberYalusReal i7 134

("AssemblyUDDTMember’, 1, 4) Generated | AssemblyUDDTMember 17211 =222
{*Aszsembly DD TMember', 0, 1) Generated  AssemblyUDDTMember 17294 93
("Assembly DD TMember', 1, 3) Generated  AssemblyUDDTMember 17375 190

| |{'segmentackivity', 0, 0) Generated | SegmentActivicy 17830 261

| [{"ControlSequence’, 1, 0) Generated  ControlSequence 15073 75

| |{'Diagnostic’, 9, 0) Generated | Diagnostic 18176 33

| |{Cell, 5, 00 Generated  Cell 18343 103
('CelCammand'. 4. MY Generated | CelCammand 1A4A1 Al LI

| | | =
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HTN planovani HTN Priklad: API testovani

Priklad HTN: OO test design

3. Metascripts

Tes 42 00&808 AKX 3JJ_-

< TesthetaScripts. py (DARockwel TestingiLibPyTestwarel)

-

class LoaddpplicationTenplate C({Scriptitep.itepTenplate C):

#

def init (self, scriptTemplate, parent, coder, umlContext, apy

Jcriptitep.itepTemnplate C._ imit  (self, scriptTemplate, parent
self.appCContext = umlContext.Rootipeci(l)
self.CreateConstant (' StepType', coder.loadipplication)
self.CreateConstant (' TestPath', wmlContext.Rootdpec(0). IdhsStri
self.CreateConstant (' Package', self.CompositeTemplate().3etup()
self.BindVar ('Cutll', cutl)
lappVar = self.MakeVar ('0bjectVar', appWVar,
self.ConpositeTenplate (). varManager. Add{unlContext.Rootipec ([
lappType = self.MakeVar|'ObjectType', appType, unlContext.BRootd
self.CompositeTenplate () .AddClassVar ( (lippVar, lappType])
self.CreateConstant (' cleanap ', [appVWar])

-

[+] 2
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HTN planovani

Priklad HTN: OO test design

4. Generované testovaci scripty

35 ASOMTestModule0 - Microsoft Visual C# NET [design] - TestSource05.cs

HTN Priklad: API testovani

=lalxf
Fle Edt View Poject Buld Debug Took Wndaw Help
- S EBRRo- o8B ot - | (# Meoobject_actual I REDRR -,
=2 i

R 2lA%SR. B X,
TestSource05.cs | Index 2 x
[82 Asomrestrtoduleon.c_o_oosoo =] [@0oirotestep(unt steptimber) Loak For:

7 steps: N

/" 0. Add a UDDTStructure chject in collection Logiclibrary.UDDTStructures Fitered by:

i 1dd & lssemblyTemplateFolder ohject in collection Logiclibrary.lssemblyTemplaterol |[pefiken ]

/" 2. 10d a DiagnosticRuleGroup ohiect in collection LogicLibrary.DiagnosticRuleGroups

7 5. 1dd a lssemblyTemplate ohiect in collection AssemblyTemplateFolder. lasenblyTenplar || onoqmater daradter

2 4. Add a GrowpActivityTemplate object in collection hssemblyTemplate.Toplevelictivity | [-(comment

7" 5. lod a SegmentictivityTemplate obiect in collection GrouphctivityTemplate.Seguentic | [-operstor

7

puplic C_0_00S00() : base (CSupportTool.GetRCPTestingPath() + "TestModules))GH'\ASONTestHody

public override uint GerStepCount
public override void DolnvokeStep(uint stepluber)[.. |
void Test3tep_0_500_0()
/i
{
// Step: 0, Load a project
RSI.EC.DacaStore .Logic. ContralProjest ocontrolProject0l = RSI.EC.Datastore.Logic.Controlf

// Step: 1, Get a sub-chject interface RSL.EC.DataStore.logic.logicLibrary
RSI.EC.DataStore.Logic. LogicLibrary ologicLibrarydd = oControlProjectod.Logiclibrary:

postedersmentcparairs
postfix aper
et dermentapsrators
Jibcpesiiioi
- (rirus sign in Baoks onine)
(negative)

Sction Explrer - AsOTesie B X
Bfell=;

2] support 3 =
] Testsourcson.cs

) TestSourcets.cs

< [
{7 step: 2, Get collection sncertave RSI.EC.Daratuore-Logi.LogioLincary I TSCEerces Dynanic Help Ex
RSI.EC.Dacagtore . Logic. L otDY 0. 000 _{| & 3] )
4 | [ | B
Task List - 1 Buld Eror T x
[ veseren [re
Clck here o add anewtasic
G5 Thedeponciency Mirosft, Dt b’ s ot b Fourd
< Il »
TaskList | B, Find Results 1 | B Output |
[ Ready I IMnes ot ch1 T 1]
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HTN planovani HTN Priklad: API testovani

Priklad HTN: OO test design

5. Testovaci sada

e
Options
Test selection: CHWASOMTesttModule00/127  Test description:
+/ ['Structuralbssembly’, 5, 0] TEST SCENARID! -
/" ['Stucturalbsssmbly’, 8, 0] Steps: L i
/' CustomProperty_12_1 0. Add a Sequence object in collection
MechanicalD ocument. S equences
v/ Mechanicallibrary_0_1 1. &dd a Signal object in collection
/%, Sequence_0_1 Sequencedctivity.Signals

+/ CustomProperty_13_0 2 Add a Structuralbssembly object in collaction LI
/' Method

+/ SequencedctiviylsUssdBy_C
+/ SequenceElementlsU sedBy_{ |
+/ SequencelslsedBy COM_0_
A Sequencelperation_0_0
A Assembldctiviy_0_0
A Assemblpdctivitgl sU se

A thod =1

Expected result:

Ciaste/osve Actusl result

an object.' in madule ASOMT esth odule00 caught
Inner exception:

HelpLink:

Stack trace:

Exception 'Object reference not set to an instance of j

i at
4 [ASOIMT esthnduls0n.C_0_00127 TestStep_0_127_0 = |

' &utoadvance

STERP Start unattended

Source listing |

[Ready.

[Test: 1267500 [Step: 111 >
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HTN planovani HTN Priklad: API testovani

Priklad HTN: OO test design

6. Zaznam testl

N =
N & o

Home Print  Options
[Hicraichy- > Comtolbroject_U_U-~LogicLibrary_U_U->Zfissetubly | elplater older_U_ 1]
— . | Trueir'n
Link

| Ezception 'Specified argument was out of the range ... 15 CTestCascBase.

| Hierarchy->ControlProject_0_0-=Methed->GenerateReport-=8%2173->ConitrolPre

[ Trueie'n

| True'r'nThe mner file 'GeneratedEeportidatat A C TS egmentd ctivity M am

| Hierarchy->ControlProject_0_0-=ContrelProcessor_ 0 0-=>Assembly 0 0-=hMethoc

[ Trueie'n

| Ezception 'Assembly GenerateReport method: Ziml gen .. 03 CTestCase

| Hierarchy->ControlProject_0_0-=Methed->GenerateReport-=8%2173->ConirolPre

[ Trueie'n

| Truelr'nThe mmer file 'GeneratedRepertidatat A C TS egmentd ctivity M am

| Hierarchy->ControlProject_0_0-=ContrelProcessor_0 0-=>Zection 0 0-=MMethod-:

[ Trueie'n

| Ezception 'Assembly GenerateReport methed: Zml gen .. 08 CTestCaseE

| Hierarchy->ControlProject_0_0-=ContrelProcessor_0 0-=>Zection 0 0-=Aszembly

‘ - [ Truete'n

- | Ezception 'Assembly GenerateReport methed: Zml gen .. 07 CTEstCasiEl;I

»

‘Link

;nted ‘ Link

Repoit-

‘Link

‘Link

Bl i
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HTN planovani HTN Priklad: API testovani

Priklad HTN: OO test design

7. Priibéh testovani

‘BS’{k e R Y LA LGS B4 UM LU =0

" A tiome | WfBookmarks 2 The Mozila Organiza... g Latest Buids

Failed tests
ECLogic4_0 -ASOM

1075 £

- * Justone
@ Modulo
£

¥

nunber of failed tests
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© Priloha

e JSHOP2
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Priloha JSHOP2

JSHOP2 ™

Atomicka tloha

o ([:immediate] s t1 to ... ty)

o v
(Seznomiloh .

o ([: unordered] |[tasklist; tasklisty ... tasklist,])

(]
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Priloha JSHOP2

JSHOP2 ™

@ (:operator h P D A )

e (: protection a)

o (: method h [name;| L1 11 [namey] Lo T ... [name,] L, T,)
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Priloha JSHOP2

JSHOP2 ™

Planovaci doména

o (defdomain domain-name(d; ds ... d,))

Planovaci tloha

o (defproblem problem-name domain-name
(lag a2 .- a1p]) T1 ... ([@m1 @m2 - @mpl) Tm)
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Priloha
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