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A EE: Situation Calculus



Situation Calculus &

» RIZERAERIE dynamical systems. FHZEEERY 6] :
> ZIETTEHELRAIE RN, ﬁ'ﬁ]ﬁlﬂ'*ﬁ:

> HMERE fﬂ]%ﬂ%#

HEMIT

ﬁﬂtﬁf\jﬁﬂﬁz

@%ﬂﬁ-iﬂ]]jﬁﬁﬁ agent’s mental state FYESM;

Agent By BDI k7S

AAEITHHITINER, UREFRS

5 AP [B) B S 4L i) 5

ITEhAR, HRE, ERIELE;

BERITER, IRAEM, FAEKKHHRE: &

» MMATRLUETIZ e HEIBAMIE, system control, simulation, and

analysis.
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& FiZ kA X

» EERZERZIE:
» R IR, world
> B¥F, goal
> {TEhIN{AE2MEtH 5, how actions change the world

~ (TEIXHERMRIN: FOERT AN, RNERT A6
> EAHEA:
P ORE (state): — M RGAERRAINGER
> 1730 (action): ARASZiE]_EAYERSTRR G
- WBRRE HRNO—BHBERSG (D B HHEEAR)



BEATE R

» EEEITT (IBA S, Si,...) MBEREZTT (IEA s, 9, s, s1,
), BIERSHIFRR (BF)
> ITRIRBIAFS, BTFRREFITS (xﬂﬁﬁﬁﬂmﬁ'iﬁ)‘o
(—*’l:_?{iz'kfd)h?_féﬁﬁ%—/l\ﬁidﬂﬁﬁ , BEBTEAITHEMK
N
> flEn: move(agt, x,y, z) NMEZTTT agt KRXMTEIHIEM,
TIT x,y,z A%, RR agt ¥ x Ny L3 z £
» ITEhESHRE do, T, 3]%?’7'2114\%*11'%3{259&5’15{]1‘%%0
do(a,s) A s EMIT a MERKRES, NMEZREITIERE
ARETH. do HREMARTITIHFT
> filg0: do(az, do(ar, So)) FRTE So FIRFEHIT a1, a2 HIGER
» TR (fluent) KREFEKFTBREAIZRAMELE, BEEta
B I8 1R 0 R £



B REEARIR

> R MEMEAHBRRERITHTEN
> F—ITHEME—NBF
> EAEE S, RELRE a1,..., a0, NEEKTE

do(ay, S)
do(ay, do(a1, S))
do(a,, do(ap—1,...,do(a1,S) -+))

MEM—WERN. Bk, —MTIFIRER— "HE".



> RABIEETE, BARES. ke o ]
> Bl (FRAHSR) BETRES So

(F1) on(B, A, Sp) A on(A, C, Sy) A
on(C, F, Sp) A clear(B, Sp)
> clear(x,s): £ s x LHERBH (FF) TEHE—HIRA
> REFRR CTHAHRT (B "SEAER")
(R1) Vsclear(F,s)
(R2) Vxys(on(x,y,s) A=(y = F)) D ~clear(y,s)

> ERIL A @RS (BRE)
> i, AEBKR “AEFL" RFEHA on(AF,S)



BRI

> BRNE: WEREAWITHHERER, B—1EAX,
A . Iﬁﬁﬁ%ﬂ?ﬁiﬁﬁﬁ]ﬁ‘]ﬁﬂ%f—ﬁﬁﬂﬁ% XaA "EH
R (NMEZEHE) 1 "R (MAEER)
> Blan: LeREITED W x My ERE| 2z £, B move(x, y, 2)
R
(R3) on(x,y,s) A clear(x,s) A clear(z,s) A —(x=z) D
on(x, z, do(move(x, y, z), s))
(R4) on(x,y,s) A clear(x,s) A clear(z,s) AN =(x=z) D
—on(x, y, do(move(x, y, z), s))
(R5) on(x,y,s) A clear(x, s) A\ clear(z,s) A =(x = z)A
—(y = z) D clear(y, do(move(x, y, z), s))
(R6) on(x,y,s) A clear(x, s) A\ clear(z,s) A =(x = z)A
—(z= F) D —clear(z, do(move(x, y, z), s))



Ka

HEZRL
> SEZEITH a TAH T, RMRANR, AUMEH 5 BT S
ETHRFIERER
» B, & a=move(B A F), S =do(a,S), #& (R3-6) AJ#E
H: on(B,F,S), —on(B,AYS), clear(A,S)
> BRI, FHEH S BT S AZHER, fla:
clear(F,S')
> —iRHY, 5 BRE-ERMEMERTEBRA TR
HiEH TINAEAZRHIUHEATHRER . A
FHAMBERDNEA BRI THRL EHEX. "HE" B
ERSINERNIZ
(R7) on(u, v,s) A —=(u= x) D on(u, v, do(move(x, y, z), s))
(R8) —on(u,v,s) N—=(v=1y) D
—on(u, v, do(move(x, y, z), s))
(R9) clear(u,s) A =(u= z) D clear(u, do(move(x, y, z), s))
(R10) —clear(u,s) N—(u=y) D
—clear(u, do(move(x, y, z), s))



BT R E P AESR B 7

> HEZRE)E (Frame Problem): SRREHERAZMIEER,
RKETZRXALE, BHEXE.
» BRRERBRRAR:
» DAMIE deterministic actions without ramifications BJ1& 5 .
» {# F closed world assumption, (RS TR THEITEH
(FX) #ELE2IE LK, ZRBHIMRBFARE.
» {8 successor state axiom, ¥EITFE:
» B4 effect axioms:

» #R#E CWA 152l Explanation closure axioms:

F(%,5) A —~F(% do(a,s)) > 77 (%, a,9),
F(%,s) A F(% do(a, 5)) > 7 (%,

a,s).



» _FiRPS axioms ATIL Fl—" successor state axiom Fik:
F(X,do(a,s)) = v (X a,s) V [F(X, ) Ay (X a,5)].
» XtF function fluent £
X, do(a,s)) = y=vdX,y,a,5) V [(X,s) = y A=(IY)vd(X, Y, a,9)].

> WHREANTIEEEL Y Unique names axioms for actions.



15T m E R &K1 a] &
> 18iA Poss ASkZIE{TRIRIRIIZ, Hla0:

Poss(pickup(r, x),s) D [(Vz)—holding(r, z, s)] A ~heavy(x)
A nextTo(r, x, s),
Poss(repair(r, x),s) D hasGlue(r,s) A broken(x, s).

> Z{4E)E (Qualification Problem): FARMEZIEITEIEEH
TR EHIER -
> ERREPBRTE:

» J@3iT action precondition axioms FZIE{TEETIR:
Poss(A(X), s) = I1a(%, s),
Hop A% s) A—AKX, AHE do.

» 7& SC thi%#¥F ignore all the “minor” qualifications, M
¥ “important” qualifications {E AT SN E M.



RN N Fa
SR EE BT
» Foundational Axioms for Situations:

do(ay,s;) = do(ag,s2) D a1 = aa A sp = so,
(VP).P(Sp) A (Va,s)[P(s) D P(do(a,s))] D (Vs)P(s),
=sC So,

sC do(a,d)=sCs.

» —" basic theories of Action J4:
D = 5 UDssUDap U Dyny U D,

He > A EHERYPIEE foundational axioms,

Dss AFEFKHY successor state axioms,

D,, AFEXKH] action precondition axioms,

Duna HHEEH unique names axioms for actions,
Ds, AZIE So BIAK.

vV vy vy VvYy



» Situation Calculus 7£ Planning 7 F:

» The planning problem: Given an axiomatized initial situation,
and a goal statement, find an action sequence that will lead to
a state in which the goal will be true.

F£ SC, plans can be synthesized as a side-effect of theorem
proving.

Axioms F (3s) G(s).

executable(s) =q4¢ (Va, s*).do(a,s*) C s D Poss(a, s*).

o is a plan for G iff D = executable(o) A G(o).

» SC £ Database Transactions Rz F:

» ATLLZE[E projection problem in Database, BI#IBi+E&EHITHE
LATEHERIZUR -

v
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v
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Golog

E1=
=]

il

Complex actions and procedures F3E high level control of
robots and industrial processes, intelligent software agents,
discrete event simulation, etc.

Golog HHRYJ: provide a situation calculus based account of
complex actions and procedures.

Golog is a program language based on the situation calculus
which allows for expressing and reasoning with complex
actions and procedures.

a Golog program ¢ is based on Situation Calculus.

Do(d, s, s') will be macro-expand to a SC formulas that says
that it is possible to reach s from s by executing a sequence
of actions specified by 9.



Golog H1 complex actions

> Primitive actions: a
Do(a, s,s') =q4f Poss(a[s],s) A s = do(a[s], s)
» Test actions: ¢?
Do(¢?,s,5) =qr pls] ANs=¢
» Sequence: d1;d9

DO((Sl; 02, S, 5’) =df (ELSJ/).DO((Sl, S, bjl) A DO((SQ, SJ/, bj)



Golog H complex actions (con't)

» Nondeterministic choice of two actions: d; | d2
Do(81 | 62,5,5) =q4r Do(d1,5,5) V Do(62,s, )
» Nondeterministic choice of action arguments: (7x)d(x)
Do((7x)6(x),s,5) =ar (Ix)Do(d(x), s, §)
> Nondeterministic iteration:

Do(6*,s,5') =4 (VP).{(Vs1)P(s1,s1)
A (Vs1, s2, 53)[Do(, 51, 2) A P(s2,83) D P(s1,83)]} D P(s,s)



Golog HY program

» Conditions: if ¢ then §; else do endIf =4 [7;61] | [707; 02].
» While-loops: while ¢ do 6 endWhile =4¢ [¢7; 0]*; —¢?.
» Predicate P: Do(P(t1,...,ts),s,8) =qf P(t1[s],..., tals],s,5).
» Program:

proc P1(vy) 61 endProc; - - - ; proc P,(Vy) 6, endProc; &

Do({ proc Py (v1) 61 endProc; - - - ; proc P,(V,) 8, endProc; 6o}, s,5) =gf
n
(VPl, ceey Pn).[/\(V$1, S92, V,-).Do(d,-, S1, 52) D) P,'(V,', S1, 52)] D) DO((so, S, Sj)
i=1

» Hh Pi(v) HETFFEFER, 0 AFEFEME. 0o AHET
TR ER.

» IWENXAZMAR, XA When Py,..., P, are the
smallest binary relations on situations that are closed under the
evaluation of their procedure bodies 61, ...,d,, then any
transition (s, s’) obtained by evaluation the main program g is
a transition for the evaluation of the program.



Golog RYM R

» Golog 2 AEEH planning ARVITEL.
Axioms = (34, 5).Do(6, So, s) A\ Goal(s) B4R, EA O
R SC A AK, MAZEMEAY object (). o ATREAIZA
BARtEELEH.
» Golog #EFAILLIERARZ 4R :
» Correctness: Axioms = (Vs).Do(d, Sp, s) D P(s).
» Termination: Axioms |= (3s)Do(d, So, s).

» BRIk, MBENFT is well-suited to applications where
a program ¢ is given and the job is to prove it has some
property.

> IB1T Golog program M EMRELZRE: HE—MKE s, E15 s
& program R terminating situation, B}, M So HA&HI{TEh
F3|. B): Axioms = (3s)Do(d, Sp, s).



Golog HYTER (con't)

» Golog program —figXfz SC H second-order sentence.

» F|H Prolog ATILE HH—4 Golog interpreter.
» AT B Golog X complex action schemas,
without specifying in detail how to perform these actions. {5]30:

while [(Iblock)ontable(block)] do (mb)remove(b) endWhile

» Classical planning AT FRi%E AH— Golog program:
while —Goal do (ma)[Appropriate(a)?; a] endWhile
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JEEAiEHEIE: Nonmonotonic Reasoning



e HEIE

> ZEiBiE (BIREHERE): U NMEFENARERSE T AR
. MRTEA MIUlrXEA

» JERIAKE: ARBHEARERFERAN. BTFXEREHE
ERENATS, HEFNEIHINRE, ARSHERNE
BARWHER. TEA B TUl’ EA

> JERHHEIRN A

» HFAHFRRIE (CWA): HRIAEE MHNEUERE AR

KMEPEE (Negation As Failure): ?EKHB‘H’HEIE?'JTF:’L

HEZRia] & (Frame Problem): /x?millﬁ’ﬂ A2

4y e]88 (Ramification Problem): % ijJE]’]mj?ng'[%

HiIOHEIE (Commonsense Reasoning)

vV vy VvVyy



JE R IR BT

> BETR BEERSE, BT, HEFES

> B2k, BEERD. EREEASTC, M, HEEAS
%o

> B2k, RIS, HEFERL, HEFERERE, AL,
FEFE 7 (RVIERAR )

» HRE, B2X, REARY HHEFRL, HEFEEL
1, L BEEAR.

> RRSHHERMTENE, HMRZARRMEEINE, BR
MERRESHE, L, BRMRMEENE.

> RIRSHERMTENE, XMEARRMEENE, BR
MERESHE, BRMBEMEAN, A, BR#R
27 (RARMEENE)



FETE

» JFERIAEENEET(E:
» McCarthy By “BRZEIEiL" (Circumscription): ¢:
Bird(x) A =Abnormal(x) O Flies(x), CIRC(¢, Abnormal).
> Reiter f "HR&1B4E" (Default Logic):
O‘(X) : Bl(x)v s vﬁm(X)
7(x)
» Moore B “Bi\FIiIZB4E" (Autoepistemic logic): 3 &R
AL, ZIETARE.

» JERIAEIERIFZL . Assumption = Minimal Knowledge
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Bl & E%FE: Answer Set Programming



1Z 4512 Fr [3] I

> BEERF (ERF) ARNNES
A+ AL A L A,

> BIEERF (IETEF) BME—AI4R/N Herbrand #&EY



ZIEEFHSIN not’

> BEEFPINE X AMTRER:
A Ar,...,An,notAmit, ..., N0t A,.

> 5|\ ‘not’, MMISINIEEIFERIRIEEE

> ‘not’ /R A", BEEFTHEN (ELH) XER.

> X FIERR FEME—RIMR/N Herbrand #EEY, X F—ARIZEE
FFAR/N Herbrand #ERIAZHE—R). (B4 2AER 7)



FRERREYIE X (Stable Model Semantics)

The stable model semantics for logic programming (Gelfond &
Lifschitz 1988).
» Assumption = Minimal Knowledge.
> XFE ‘not’ AN, EMNAF[ATESENERE LM
i (assumption). FTIEMAEEXEREN: SEEHESH
BYEME (minimal knowledge) —%.
» WTFEERTFHES S, PP EXA P PETIARLES
FHIER:
L WRMMEFHE nota, FHH acS, MMERXFZIN;
2. MBRFIRAIE not LF.

> S 2 PHTAEEEL iff S 2 P° Ry#RuMERL,
S=AS(P°)



Stable model &

T
BF2F Py Herbrand R B{YY S 2 P° B Herbrand &
B,
T8
BRF PEA—NMREBEBER P B— MR/ Herbrand #8384,
» FREFEHE—RREED, IZEFNR/MER,
» GLEEFZBIEEER, 60 {p <« notp. };
» BEREFEESMAERE, H8 {p < notq. g+ notp. };
» BEBFRETEENEERER, Fl {p—p
» M EFRNREREKEEELRAFE.



TRERRBYE X ZE
> RIS BB

fly(X) < bird(X), not nfly(X).

[FBE, BT/

bird(X) < penguin(X). /* {tHER S */
nfly(X) < penguin(X), not fly(X).

/¥ BE, TRBARTE Y/
penguin(tweety). /* tweety 21oHE */

> tweety SR ?

> IR FHIFTARRERE S

{ bird(tweety), penguin(tweety), fly(tweety) },
{ bird(tweety), penguin(tweety), nfly(tweety) }.



A TE

> HTERNTER, RAETREHEERE -. EEFPHELATLIM
NZHETE:

L« Ly,....,Lp,notLmyq,...,notL,.

Hep, LF0 L BxF, WEFHEFHEE ()

» WFEZBTENEBEER, HATTIIE XK
/)N Herbrand #28Y, RARIHIEET Herbrand fEFEXT Rz A3 FHY
&4,

> F2FHY Herbrand HEEIZ —H K (REREE p 1 -p) HH
EXFHEMEES Lit. ZRAERT, BEEFFEBIEN
B EMHER.

» F2FHY Answer set A—ANILFE S, HE S=AS(P°).



ZEEFSEED

> —MEEREFMAN R F£— Herbrand BETAHE, HEAMN
HEMFMAELIRENE.

> ZERRETHERLT, MREHERLIE, Herbrand HEHR
B, NN FEE Gt AR

> BEREFMENEHIFHERNTEERR.

> FERRAE ASP EFEE, REUARIEHI, HNIAZEEH
E%Fi". MEaTENEFEAREGNES. ASP KRR M-

> 2813EFE ASP BEEMARIEENE, WU AREMARER, U
ERABFR.



ASP 12

» —N ASP BF R TIIRXMMMES:
H<+ ay,...,am,notamy1,...,notan.

Hip o ARF (BEF) HAZHER—NETF-
> 5 HATE, BAFRZAMA "5

< ai,...,3m, N0t am41,...,Nnota,.

> ARMENE XN AREPOLFAREZEREE.



Answer Sets

> BFEBETFHES S, PP EXH P RETIHAXLES
BriER:

L RN FE nota, FHH ac S, MIMRRXFHM;
2. MERFIFRAIE not XF.

» & P A PHAREAERNES, SE PH Answer set, HH
XY S 2 P° Wtk/MERIFE SHE P PHIMBELAR.
> RATLTEANER (Ff AFEF):

f< ai,...,am,notams1,...,Notay, notf.



ASP BEZRM R

» BEEFAUESN, —1, ZEEHE answer set,

> BIEREFH answer set —ERLFEFEESHFE

» Minimality: F2F P HJ answer set 12 P RYFR/VEEY,

» Supportedness: [RF a BT R P HJ— answer set S, M|
F1E PRI— N r {47 body(r) £ S F AR
B head(r) =

> answer set # minimal + supported.

» BF a BT R P WIETH answer set, F2FF P HY answer
set ZBERTEF PU{a.} By answer set, {BRIERA—EMIL-
BlanFE R P

< nota.
a<+ c
c < notb.

b < notc.



ASP 3K i 8] @

> ASP KAEEIRE, RAFEIFEIEA S HIEH k-

> ASP iR [B]@AY /75 Generate-and-test, St#id o)l A] RE
g, BRZIEARGEERE.

> Xt ia) BRI il AR (o) A AR 4 Fia) L), iXHER—EL
i) R A B ARG AT L AR B AN [R] Y i) R SE 451

» ASP itEEZ4 A NP-complete.

> EFMILA ASP RABS:

» smodels: http://www.tcs.hut.fi/Software/smodels/
cmodels: http://www.cs.utexas.edu/~tag/cmodels/

clasp: http://www.cs.uni-potsdam.de/clasp/
dlv: http://www.dbai.tuwien.ac.at/proj/dlv/

vV vVvYyy


http://www.tcs.hut.fi/Software/smodels/
http://www.cs.utexas.edu/~tag/cmodels/
http://www.cs.uni-potsdam.de/clasp/
http://www.dbai.tuwien.ac.at/proj/dlv/

n & o) &

» B n EREE: A MEBRLENENAERE, HSPm
RAEHEERE.
» ASP #4gf5:

color(V, C) < vertex(V), col(C), not othercolor(V, C).

othercolor(V, C) < vertex(V), col(C), col(C1), C! = C1,
color(V, C1).

+ arc(V1, \2), col(C), color(V1, C), color( V2, C).



n 203

» n 2F0EIE: 7 0 1T n JIFEE L, MRBIERATHEE
LHIR—1TeER S ER—X A%k L, MR AER
Wi, MEKRKHE n TEHE LW 0 M EREARRHRIFT
E=Eii) =P

» ASP 4g#5:

queen(R, C) < not no_queen(R, C), num(R), num(C).

no_queen(R, C) < not queen(R, C), num(R), num(C).

occupied(R) < queen(R, C), num(R), num(C).

< not occupied(R), num(R).

< num(R), num(C), num(Cl), C! = C1, queen(R, C), queen(R, C1).

< num(R), num(R1), num( 0), R' = R1, queen(R, C), queen(R1, C).

< num(R), num(RL), num(C), num(Cl), R! = R1, queen(R, C),
queen(R1, C1), abs(R — R1) == abs(C — C1).



I

i

B2 R O] B

WME/REER: SdEPRENSFRNE—XRIERE.
» ASP #mf5:

v

he(V1, V2) < arc(V1, V2), not otherroute( V1, V2).
otherroute( V1, V2) < arc(V1, V2), arc(V1, V3), he( V1, V3),

V2! = V3.
otherroute( V1, V2) < arc(V1, V2), arc(V3, V2), he(V3, V2),
Vil = V3.

reached(V2) < arc(V1, V2), hc(V1, V2), reached(V1),
not initialnode(V1).

reached(V2) < arc(V1, V2), hc(V1, V2), initialnode( V1).

initialnode(0).

« vertex(V), not reached(V).



INGS

v

ZEREFHEARS: AFEMAEE, EFEHKE.
ASP MM ETREREIEN.
ASP B—MIERIFHIETR, HiZd

assumption = minimal knowledge.

ASP RIERIEARFXE: Generate-and-test.
ASP K &% BEZ M EET KR

v

v

v

v
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