Cse 249/4QY Planning & the frame problem 1

STATES, CHANGE, L THE FRAME PROBLEM

¢ Most pmch'ca[ dowams are ot stake

o In'hllc.'gcuf agcu'b need to reason about
change, & plan actions that caue change

Sitwntion Caloulus (Melarthy £ fayes, & 63 13)

- Iutroduce sthuation a (states) wto
“Fluaent" (ohun’dle) Predimfcx % stmelar te
Davidsoncan event arguments , but more lekce

"suapshots” of eurrent world sinte, than evests .

b A ] C On(A,B,S,), (lear(A,S,),

B8] |[p] On (B,TABLE,S,) , eic.
TABLE

— View achions Rs mapping one sihuschion 1to
another; view action types as abstract

melividuals formedl by on action ﬂnc\%n
a’pud +o the mobive imnvolved .

¢g. action {'y}oc m (A8, C) : wove A from B 4o C .
statk akanac - mediated 67' 4_9 (or r_cggl}‘) {imd’tan

do(m(AB,0), Ss) = S, new situatidn
M
Big advantase (as we'll s2) : plans are ferms do (.- dof.. ),
2 ean be deduce by C.Green'c “answer extrackion,

csC UL/ Y

Things are differevd m the new sifuafion :

o On (G, TABLE, S)), Clear(R,S.),
¢ On(A,C,8), 1 Clear (,S))
B D efc.
Could also s

: On(E,TABLE, do(m(A,B,C), So))J
Clear (B, do(m(A,B,0), $o)), efe.

- Axiom‘fiz:iaa e‘mugc 3 iechms_ .
“Given certaim precondihions, i we do & cerfam

type of action, then such-anel-such consdifions
hold o the resultan? stake”.

eq., ( -hkéxj all free variables fo be V-quan‘f:'f:]:a()
On(x,y,s) A Clear(x,s)A Clear(z,s) A x+Z
@/\é] As'= dofm(xy,2),s) > On(s2,5) A Llear(y,s)
effectt /\1C(ﬂf(t;3')

For instance | Let S, = do(m(a,8,0), S,)
Then we ca.n'ly derive

On (R, L, 5,) A Llear(B,S,) an Cleatc (€,5)

Buf what about On (8TAKE, S), on(e)h ), aWAS,)
On(DTARIE, 5,) 7 Nel to mention Blue(B, o)
beoomuing RBlue(B,S,), efc.
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— Sp we also ueed axioms abeut whket
doecn't dwn@c- i

Clear(x,s) A s'= do(m(u,v; W),5) A X W > (lear(¥,s)
Ow (x,y,5) AS'= do(m(u, vy w),3) A x £u = Onfx,y,s’)

Blue (x,5) A 5'= do(m{u,v,w),s) = Blue(x,s')

k'mm 3¢u¢n'ily cowled wsre
Color(x,y, s) As'= do(mlu,v;w),s) = Colov(x,y,5)
e,g_' Blue-. - an individunt (o color)

[Problems: - oo weany thingt don't change !
O(mn) axioms

ne. {f Hauenky Of achons
- doesn't allow concurren? action;

Finme Problew. : how can we axiomatrize
(or otherwise express) nonchange Juccing

4

® Monotonic solubons :
- quant, Fied stale cpproach (ICowalcki) _
- explanaion closure (Hass, Podmantd, Schacher], I?etfy
- histonies (Hayet) .

o Nowmonotomec Solu throms

Mc (ad&y, Ke.’kr, Ll'{sdu‘k " qucr’ - @

csC Y /e Plunin_,&ﬁwm Troblew 4

ve we towsidley other a,fmdcs vo
Hhe frame problem, we look meore closely

a¥ deductive ,ﬂ(numhs .
Simple exqmple  wse st(xy) wrhad of mionn) £

[ Stackiey causes “On” _
“3 S sth) dofstixy),s)

2 Clear(3,3)v 10lear(y,s) v Onlxy, dofst/%y),s)
2. (ot neidd) 2;3, o %)
3.Clear(A,S) S— g]
. Clear\(B, 5)) , L. e ]
2. dlent .fcml“ 70"(4‘,:')V\Am(sv) %o :

s. On (AB,3)

8.76[&@:3) V"awf(q;) vA‘“(ddW) S)
T2Uear(3,S,) v Ars ol ) )
/

10.Ans (dofit(AB), 5,)
On(AE,S)

S, = dot(AB),%)




csey fyeY

Su’opm we 4.[.(0 /uu( S

50 On (8, TRUE o)
6. Color (B,BWES)
Prove: On(B,TABLE, dofd(AR),So))
Clear (A, dofsl{AR), So))
Color( B, BLUE(dolst(A,B), 52))

u;r ame ;a‘x toms .

In a stck action st(=Y), The only Ow-relation
+hat becomes falrc i Yhe one for X :
“ Onfi, 3) vx=u V On(uy, dolilxy), )
Sem c’[&u“% the Ouly Clear- relation That besonees
Fale i the oue ?br y:
1 Clear(u,s) v y=u V Clear i, do (s ), Y))
Scom.larlx the color rela'/cbmlu};s f row STate €
are preserved;

, Colev
7 Color(u,v,5) v Color(u,v, dofstlxy),<)

= » - | - l
e weed timailar asoms for relntions That-

stay fale .

Plapsineg & Frau toblest g l
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_ c] s 5 A 33 On(ALg)

’7\] B : R
Se g

A slightly more complex example

Frame proflew. arices af mtermedinte
states , general (preconditione of-

vardons meoves ) ;

How do we kuow A is shil clear affer
welve done st(e,Table) ?

Outline a/ 'orn/ :

- resolve goal slewied 2 On (AE
) 9) ve.stlny)-
qfcc(t ~> B st be ofeay provious /

= resolve olewsa! that I i elesy vr.
wheve presondseos. ic thon f x’ l':!o: t{r?:ti(‘{/
Cookis ‘“’.“‘“ clear) At Table weust be pleey, %

= reselye o“‘“ﬁ{ that A & clear vs /'rm o
,io; praervatipy Of Llear properly olacry stfx,y)
> o Joud Ml A was sloar prior 16t

- rewolve a.,mh:f' mital chole (wheve A « olecQ

P.S.: Early proof algorithms were foo inefficient,
but later strafegies were more practical (Sofs,
state alignment, unachievability pruning)
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Frame Axioms vs. "Explanaton Closure" (EC)
in deductive planning

State So __L,
(el (o (el Il (5] (o1 | [ee
( —

N

Goal

On (83, Tall, S, , Clear(B2,S)
ﬁc‘tio‘:‘: do(stack(x ¥)s)
Vi,v,5. (Qear(es) nQear(yys))

= Ou[x Y ‘.{g‘«k{x :
(] 'y'_j
Goal = 35 0n (8¢, 36,2) :

To keep bleds B,—B¢ clear:
D Yxy,s, 2. (aw(:,.s) Aty ) =>

Y = Clear(z Ao(

Frmae % AoCeteck(oy),9))
() Vx,s,0. Cear(x3) A1 Cleat(sdoley))

"Explanation = 3J y. as 3*“"()’:’9

Closure"

(1) O(#actions) axioms/pred; (2) O(1) axioms/pred
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LSTR!PS "

b =

"Shakey's" high-level planner/reasones
(Fikes & Wilssom, AT 2 (wy): 181208, (2T1)

Formelize achons ws ferms of ogemfvrs
with Jreoiﬁ'cl pmouatc:f('oﬂ ¥'s

7 N\
delete oolef
Lozt st

STRIPS ASSUHPTI0K : AlL da—m’ei ave
j{ndf(a{‘y the del. & adel Uitz (4 mf‘@
L i"f"“j f‘knuié state conrfmifﬁ

We also assume o specified unanbruens
mitial ctate ul(omk?‘:f{c of ca A:)l, ’
E'.ﬁ.) Openitor for ruxlm}i an object :

push (k,m,n)

Preconds : AT k,m) A ATEC (m)

Del . AT'(k,m), ATR (m)

Adel : ATk, w) ) ATR (n)
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CSC Tyy/wy

[Rigorcton’ STEES (5,69 | "3yoring Fodure &
(i-e. aonddjm.d,.
0. Tuckindize currenl plan P :e nelj S :=8,;
Initilive curvenl stule +goml list +o (Se,(6e);

(Tn gencral | this is (S, (6., ,_,, Gol)
achons

[. Try 4o prove thol goal G is u(rm(y true msite§ ;

K 1c Q SOk Pwm
2. I suaesful thew W N el
- remove G, from goal Lif
= 1f G # 60, an action mslanee Oy will be
sccooimled with G, .. . appensl thes fo P
i.e, P:= PJO;; alse,
let S :=0;(5), The re:u.lf"f a.ﬂntymd
opernior 3 O; to the given siate(;
- if the goal lit is mow (5,0) (nnm!gu(x)
veburn plan P, ele Shitl G mte the

)

Meu{&,} Liztef &30"01

3 ss el the
mdsf{ -%ez::‘:‘n é:(molv:l(c &hm( (1n effelT; & i jout)

from the fvu proof offemyp
ma( o ,m,l" mn‘nm rouy O, Tent bns au

the dt.Mn unresolyabl &feme
- Let 6 be fha (oon unction of ) prccondohm
of apmu’or msfimcc Oy »let t:zitl §qolol .

ishi
steps
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B

'Sﬂ?l’s wku:hon

Al [

A Ou(A R false
A(;;—f ry boal : Abwc[k‘%% b ouusc e
w TOu{XY) V Abovelx )
stack (x“o M‘W»ofwth:\_ . 4 )
' Tt Cleay G /c)
pre: Clear(x) , Clear (y) Clear (@
Ael + Clear (y) dlear (e

2dd 1 On(x, \/> C‘%(’ : D"M}
Lu'f{al(y, Plaw := () , fm'{'t'z{(y Gm(lis'fw(l’m‘*) ib“(A/iQy

L Foof of Oula) i Tuit guaky; L) Gt
G0n(k,B) it untesoluchle
2 Ou(A,R) matches On(iY)  theredore select
shck(AR) ) Gorl-Gf 1= (Tt Gy, On(mT))
wheve. G {CLcav( A), Clear( B\} 39};,‘14@ g)
3, (’Yoo— vro(flm((M,C‘m(ﬁ’) wm It Suceeed |

ﬁ«dafxc Aan 1= (Shekra,py), Goalidid ve = (S, (Onla, B)))
whee ey S = (Ctear (&) , Clear(z) Gn(AK)}

, lrca! rf On(AB) m S Succeeds ‘MW{LV
) éoal"u.r* = (S, (), so redurn PUM (SM(A,E))
Assume Clear(Table)

-
i Tuit, sothat @ i Et

can be \Q‘htckcae“-{'o +he Talle |

T’?}i Hl_f-__\fwo%\
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l’wmﬂw)

STRIPS wn Action

3.5. An Example
Tracing through the main points of & simple cxample helps to iilusirate lh:

various mechanisms in STR1PS. Suppose we want a robot 1o gather togather!
three abjects and that the initial world madel is givea by:
ATR(2) |
My AT(BOXI. B) :
AT(ROX2. ¢}
AT(ROX3, o)

The goal wiT describing this task is
Go: (3x) [AT(BQOX], x) A AT{BOX2, x)
A AT(BOX3, x)].

ts negated l‘orm is
~ Goi~ AT(BOX1,x) v ~ AT(BOX2, x)
v ~ AT(BOX3, x).
(In ~ Gy, the term x is a universally quantified variable.)
We admit the fallowing operitors:
(1) push (k: m, #): Rohot pushes object £ (fom place m 1o place n.
Precondition: AT(k, m) A ATR(m)

Maie : ranz o
Negated precondition: ~ AT(k, m) v ~ ATR(m) == P -

e b e behave (ks Covtmnhs -
clete list: m) - Wit vegakion (b
ATk, m) g % g
Add list: ATCk, ) ke v ey i
ATRO) Wi o wath,

(2) goto(m, n): Robot goes rom place m to place u. %’w““d 'k""“-')
Precondition: ATR(m)

Negared precondition: ~ ATR(ui) Lt v
Delete list: ATR(m e § e
4 L., shectiog \ PRUCENT Gx

Add list: ATR(m) .
Following the fow chart of Fig. 2, STRIPS first creates the initial node

(M, (Ge)) and sitempts 1o find a contradiction to (MpU ~ Gg}. This
attempt is ur ful; the ir plcte proofl is:

~ AT(BOXL3) v ~ AT(BOX2, 1)V ~ ATOXLY)  wncee =Gy
AT(BOXI, 5\ AT(BOX?. ¢)
£ AT(BOX1L 3 v ~ AT(HOX3, o)\
[~ AT(BOX2, )}V ~ AT(BOX3, b)
i ~ AT(BOXI. d) v ~ AT(ROX2. d)

AT(BOXA, o) =os Mo

We attach this incomplete praof to the node and then select the node ta have
2 suceessor compuled,

The only candidate operator is push(k. s, n). Using the aghd Tist clause
AT(k, n), we can continue the uncompleled prool’ in one of several ways
depending on the substitutions made for & aad o, Gach of these substitutions
produges & relevant inslamx of pmh Om u_l'f'.lhcsc T

0!’. pmh(B
given by the substitutions BOX2 for & and b for . Its ‘mm.nh.ll precondi-
tion (in negated rorm) is: . :

i~ G. ~ AT(RO)Q, mv ~ ATRQn)
Artifecial Inlf!l'mm 201970, 1892208

Es

{9

202 RICHARD B, KIKES AND NILS 1. NILSwx

Suppose 0P is selected and used 10 create & successor node, (Later in (he
search process unother successor using one of the other relevart instnnces of
push might be computed if our origina! selection did not lead te & solution,)
Selecting 0P, leads to the computation of the successor node {Me, (G4, Gy)):

STRIPS next attempts to find a conteadiction for' (M, U ~ G}, The un.
completed proof (difference) atlached 10 the nods contains:

~ AT(BOX2, m) v ~ ATR(m)

AT(BOXQ Va(u) ;
L vhet 15 et - [ egber!

— £
2 pansgh Ll (~ATR@)  ~ ATBOX2 @) 7 S B
When this node is laler selected to have a successor compuied, one of the

cundidate operators is goto(nt, ), The .rcir.\mm inslance is determined to be
[OP,. go!o(m, c)

1%

with (negated) precondition
[~ G RO,

This relevant operator results in the sucgessor nods (Mo, (Ga, Gy, Gyl
Nest STRIPS determines that (Mg U ~ G,) is contradictory with i = g,

Thus, STRIPS applies the operator goto{a, ¢) 1o M, to yield

ATR{c)

M,: | AT(BOXL, b)

AT(BOX2, c)
AT(BOX3, d)
The successor nede is (M, (Gy, Go)). Immediately, STRIPS determines that

(MU ~ G, is contradictory with m =6 Thus, STRIPS applles Lhe oper.
{ h{BOX2, ¢, &) fo ylel 3
ator push{ ¢, 8) to yield — ek wen vee il
/A\;FB(QXI 5 kel oy oo denat i
M ’ v ae tnglnichul (e & &3’3
AT(BOX2, ) e iy g krw(\jd»‘r&

AT{BOXY, o) « mmsw‘, it 5,

The resulting successor node is (43, (Go)}, and thus STRIPS reconnders 1he
original problem Bbut now beginning with world model Ma, The rest of (he
solution proceeds in similar fashion, .
Our implementation of STRIPS easily produces the solution {goto(a, ¢),
push(BOX2, ¢, b), goto(h, ), push(BOX3, & 8)), (Incidentally, %,
Ihearem provmg problen-solver [4] has not been nble to oblain [ solutio
{5718 Version of the 2-Toxes problemm. Tt did solve o simpler version of the
problens designed to require only two operator applications.)
Artificial Inteliigence 2 (49713, 189-208

X
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(supplementary)

TRIPS 203

Example Problems Solved by STRIPS

STRIPS has been dcsigned loben gcnera!-parpoxe problem solver for robot
wsks, and thus must be 2ble 1o work with o variety of operaters and with 2
i world mods! containing & large number of facts and relations. This section

e

——r

H
' !
;
@.’
T
0

v

R L e I

)3i. ). Room plan for the robot tasks,

—

Artifieial Tarelfigence 2 (1971), 189-208
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Some problems STRIPS has trouble solving

1. Sussman anomaly

1 &1 Action: Puton(x,y,z)

I___| GOAL: Pre: Clear(x), Clear(z),
| l N | B | On(a,B) Dnlx,y)
O] (oo / l...l On(B,C) Del: On(x,y), Clear(z)
| 41 B | C| Add: Onix,z), Clear(y)
. P AP

Clear(Table)

This is troublesome if STRIPS “protects™ goals that have already achieved from subse-
quent change: it gets stuck after achieving just one he goals.

If it doesn’t use goal protection, then it will unde the goal it achieved first, in the
course of achieving the second.

2. Register exchange problem

| ¥1 1 82 | 15 carans \ | ¥2 | W1 | |
] / | [V, SO (U |
Ri R2 R3 R1 R2 R3
Action: Copy(x,¥.z) “‘copy contents x of register y te reg. 2"
Pre: Contains(y,x)
Dal: Contains(z,\$)
Add: Contains(z,x)

Given: Contains(R1,N1), Centains(R2,N2}

Geal: Contains(R1,N2), Centains(R2,N1)

3. Malching socks problem
Here it’s possible to get a solution, but the method seems awkward...

There is a box with many black and white socks in it. There is one operator,
Take-out-sock, with no preconditions and add-list containing just

Have-sock(!S), Black(!S)VWhite(!S),
where IS is replaced by a new constant S1, S2, ... whenever the operator is instan-
tiated. We also assume unique names, i.e., unequal (81,82, ...). The goal is to have

two socks of the same color; ie.,
(Ix)Have-sock(x) A (Fy)Have-sock(y) Ax £y A It secws wiove

[Black(x) A Black(y)] v [White(x) A White(y)] ndun{ 40 Uit

ﬁuad mxmhé

Johe Push | M
McCarthy Simgh  Fredkm N:\&;

Some symbolic Al originators
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| BEvenD sTRIRS

H terarchical Pbmmka_

~Make a plan. interms of high-Llevel (eoarse,
Lafgc-sco.!c) actions & :‘la.fc. descripgtions
Eﬁ-n\&‘ﬂ\c steps of 'I'hc.h
mto lower-Level subrlaus

ciwreuwistunces becowe ku-wu

-level plan
when dr.taqhkd

o Scarch space reduction !

e Dot hewe 16 kV\M Aetat U!J
civoumsTawees 1w advanct

paz-o“ :
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GRAPHPLAN
(Bluse & Furst 'f5)
Forward & hdtuuwl sweeps (“Socssman.
usmj 1#5()
PLANNING GEAPH e
ON(CA
ON&,B
’ ‘m.fq
> ON[CT)
o u(.x,c)—% <y
. e _
/Z;:afl a na«d‘ﬁt ;\ Mmé(
o set U ’rqf‘. wouler” /
o frnd Xo& (exdawc Moewards Stafe

Or) Conshanfc )

Tt tn el s
’ fmd & plan by Y&&‘hh ’* .e
regression from Koot achiocs mé

lact stafe codflih
xoR ucsﬁfn:‘g rw.‘ m;f;f‘:(

Huter &/er
P i‘canq fbx( ”{ﬁ"zlmm
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SATPLAN

We ask: What constmucts ouud"l- successful pPlan
(0, 0s ---0;...0,) sefisfy ot each sirge ¢ (¢izn+)?
- evpress The constrrnd ac a beolean ﬁrmu(t
= find & satisfying accigruent (g, usiug DPLL)
- extract the plen (the True actions)

ﬁowmvsfqpxndommd u‘jﬂwynl
conslitions frue ol stage net ' Ty =1, 2,3, - with
the goel asserfed 4o beSue ot net, till wcxmeel
ConsTraacls implied by a successful plaw (sTRIPS-Uhe operdters)

stage | slage 877!5!- ‘flgt sthee

to‘.:-yo—l—-uo - o\
R
L. uui‘ulcand.‘s (.epfects of o, il
hold, and k.t{?l‘,qf-( lo,h.u'tr Tie gon xlw(d

alousg sorth The
2. precondsof 2. o
Ge Aou”f Aﬁ&c:;sr" £ 1{58 °f‘°a

Similarly, if ~p held ¥ a'd ol dm “d X LowL ? m: Ipl.:.“:“

at 1, and O, doesn’t No! EC! e n
cause p, ~p holds at2 kods‘z :'t ed
prc nl: A{Q A_. ,“ _,fdt constram
Allowing ﬁw__l! plans f a qaueu. lengti ol up solutions _

o We can't commit in advanee o specifrc actions (orany actions)
butwe can say that if- 0; occurs, then ifr precondt were hucafs&,u.
and its effects were frue af stige i+t ;

® No Two actions occur af the saue d’agc,eg,-vo v=0,

o Explanation Clesure (instead qpfmmc axioms):
I & condition plm/ls af sfage ¢ while P holds af sTAge u-l,
Chen. 0;VO\VO;v... oteurred at stage ¢, where ¢50%, 00

are the q:cra:brx hal have =g as ax qfed’ S,gfﬂ/ fvr p,)-rp
Iz an gee
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Example : Makmg a flashlight eperadional by
pulling tn 2 batleries (remanricq the eover firs
anel replacing (t al the end) .

Booleax variables :

Oe\F5c) — the cover s on. The ﬂns/((th'aT .#a,u

I(B1 ) — batlery | s " the ﬂmﬂtj‘tf cf'fﬁlgtl- 5 JLCens
(B2 2 Fc) — ballery 2.
BC, — remove cover of flashlighl o sTage ¢..
Pc; — place eover om ﬂasl\(@hf at slage ¢
I1 — _“‘ﬁ*_ﬁ] wmitp E af S‘fRQCL

Tz — tnsert B2 iute Fa.f’:f'qec

E.g-, n=4 (.5'57"‘3&:)

. Initial cond's: OLENA~LELF)ALELF)

2. Goal tond's:  O(C,F S AL(RYF ) A LH{B2FS)

3. Beconds & effects | for i =1, ¢ 4 Exelusion eond s
'DPC V['?O(C,Ft)/\O(c) ul)) [,“'i_?) 1&“/1?(‘
TRE; V(O(C,Fc)A"O(C,FwO) PGV IT;
TV (00,5 DAIBLED ALBYE i)  TRGVIL:

s &n

12 v (V0(C,F )AL (B, i) AT(BL F i) k 22::32

= Ir’"V-'I 2"

5 EC conditions, for (= b, 4 ;
O(,F o) VI0E, Fer) v e
"'O(C,f"c)v O, Fivi)VRL
J—fBi,F DVILBLFE )V I
1I(81,F o)V I(8, Fou) N “"“”‘“’ﬁ‘
I(B2,F¢d) V"I[BZ, Fa)VIZ;
1L(B2,F,¢) V.T[BZ,F’ ) =T ““ﬁ,,ff"““

Makfn] RC, X1, , L23, Py #rue yzé//s q :afi’;ﬁ:,’ acsc_q»um‘l"




