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Abstract: How to decrease the observation variables for strong planning under partial observation is explored.
Beginning from a domain under no observation, add necessary observation variables gradually to get a minimal set
of observation variables necessary. Two methods are presented to decrease observation variables. With the former,
when any of the two distinct states of the domain can be distinguished by an observation variable, this algorithm can
find a minimal set of observation variables necessary for the execution of a plan. With the latter, when there are
states that can’t be distinguished by only one observation variable, this algorithm can find a set of observation
variables as small as possible which are necessary for the execution of a plan.
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Fig.1 Asimple robot navigation problem
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1 function DECREASEOBS(I,G,X)

2 Ogeo:=; result:=false;

3 ST:=MKINITIALTREE();

4 IT:=MKINITIALTREE(I);

5 if (IcG) then

6 return Ogeo;

7 endif

8 TAGSTNODE(ROOT(ST),Undetermined);

9 while (—ISSUCC(ROOT(IT))vOqgeo#OanV | Ono| #|Oan-1) do
10 result=CONFORMANT(BEL (andnode(IT)),G,ST,O¢e0. X,1T);
11 if (result==true)

12 then PROPAGATESUCCIT(leaves(IT),IT);

13 else IDENTIFYBEL(ST,Ogeo, X,IT)

14 endif

15 endwhile

16 return Ogeo;
17 end
Fig.2 Decrease observation variables algorithm
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Initialize variables and two types of tree structure

>
>
A

Satisfy concluding condition

CONFORMANT procedure calls EXTENDTREE procedure to extend the search tree
and extends the initial state tree. The return value is assigned to variable result.

result=true

N A4

IDENTIFYBEL procedure PROPAGATESUCCIT
procedure is to propagate
success information bottom-
up on the nodes in the
initial state tree.

Observation variables in Oy, can

distinguish all the Failure nodes.

Calling ADDOBVAR procedure to increase necessary observation variables.

»
»

A 4

Fig.3 Sketch map of decrease observation variables algorithm
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1 procedure CONFORMANT(I,G,ST,Ogeo, X,1T)
2 while (FRONTIER(ST)#JASUCCESSNODE(ST)=¢) do
3 node:=EXTRACTNODEFROMFRONTIER(ST);
4 EXTENDTREE(node,ST);
5 endwhile
6 if (SUCCESSNODE(ST)#Q) then
7 TAGITNODE(NODE(I),Success);
8 return true;
9 else
10 Nodes(IT):=Nodes(IT)UFAILURENODES;
11 Arcs(IT):=Arcs(IT)(initialST(IT),FAILURENODE);
12 return false;
13 endif
14 end
Fig.4 CONFORMANT procedure
K4 Al Bk i) 7 e
1  procedure EXTENDTREE(n,ST)
2 if nonapplication(BEL(n), all acA) then TAGNODE(n,Failure);
3 else
4 forall aeA
5 if applicable(BEL(n),a) then
6 n":=NODE(R(BEL(n),a));
7 Nodes(ST):=Nodes(ST)u{n'};
8 Arcs(ST):=Arcs(ST)w(n,a,n’);
9 if (BEL(n")cG) then TAGSTNODE(n’,Success);
10 else if (3n,eST:BEL(n")=BEL(n,)) then TAGSTNODE(n’,Examined);
11 else TAGSTNODE(n’,Undetermined);
12 endif
13 TAGSTNODE(n,Examined);
14 endif
15 endfor
16 endif
17 forall "eNODEUNDETERMINED(ST)
18 forall acA
19 if applicable(BEL(n'),a) then n":=NODE(R(BEL(n’),a));
20 endif
21 endfor
22 if (BEL(SONS(n'))==BEL(FATHERS(n'))) then TAGSTNODE(n',Failure);
23 endif
24 endfor
25 end

Fig.5 EXTENDTREE procedure
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Fig.6 Search tree at the first cycle Fig.7 The first search tree
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1 procedure IDENTIFYBEL(ST,Ogeo,X,IT)

2 OBSSTFAILURE:=g; MARKNODE:=0;

3 forall neNODEFAILURE(ST)

4 for m:=1; k>m>1; m++

5 MARKDIS:=0;

6 for p:=1; k>p>1; p++

7 if (X(BEL(n)[M],Ode0)=X(BEL(N)[P],Oqeo)) then
8 MARKDIS:=MARKDIS+1;

9

endif
10 endfor
11 if (MARKDIS==k-1) then
12 MARKNODE:=MARKNODE+1,
13 Nodes(IT)=Nodes(IT)UNODE(BEL(n)[m]);
14 Nodes(I1T)=Nodes(IT)UNODE(BEL(n)-BEL(n)[m]);
15 Arcs(1T)=Arcs(1T)w(n,BEL(n)[m],BEL(n)-BEL(n)[m]);
16 goto 4
17 else continue
18 endif
19 endfor
20 OBSSTFAILURE:=OBSSTFAILUREW{n};
21 if (MARKNODE==t) then OBSSTFAILURE:=J;
22 endif
23 endfor
24 if (OBSSTFAILURE#J) then ADDOBVAR(OBSSTFAILURE,Ogeo, X, 1T);
25 endif
26 end

Fig.8 IDENTIFYBEL procedure
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1 procedure ADDOBVAR(OBSSTFAILURE,Ogeo,X,IT)

2 Ono:=00eo;Odeo:=3;

3 if (grandsons(ROOT(IT))=&) then prune grandsons(ROOT(IT))
4 endif

5 forall 0,2 Opo

6 MARKNODE:=0;

7 forall neSONS(ROOT(IT))

8 for m:=1; kxm>1; m++

9 MARKDIS:=0;

10 for p:=1; k>p>1; p++

11 if (X(BEL(n)[m],0m)=X(BEL(n)[p],0m)) then
12 MARKDIS:=MARKDIS+1,;

13 endif

14 endfor

15 if (MARKDIS==k-1) then

16 MARKNODE:=MARKNODE+1;

17 Nodes(IT)=Nodes(IT)UNODE(BEL(n)[m]);

18 Nodes(IT)=Nodes(IT)UNODE(BEL(n)-BEL(n)[m]);
19 Arcs(IT)=Arcs(IT)u(n,BEL(n)[m],BEL(n)-BEL(n)[m]);
20 goto 9

21 else continue

22 endif

23 endfor

24 if (MARKNODE=t) then Opo:=0Ono{0n}; goto 4

25 else Ogeo:={0Om}; goto 36

26 endif

27 endfor

28 endfor

29 end

Fig.9 ADDOBVAR procedure (the first case)
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1 procedure ADDOBVAR(OBSSTFAILURE,Ogeo,X,1T)

2 forall 0 Ogeo

3 Odeo:=0geo{0m}; MARKNODE:=0;

4 forall ne OBSSTFAILURE

5 for m:=1; k>m>1; m++

6 MARKDIS:=0;

7 for p:=1; kxp=1; p++

8 if (X(BEL(n)[M],0ue0)=X(BEL(n)[M],Ogeo) (BEL(N)[P].Oceo)) then
9 MARKDIS:=MARKDIS+1;

10 endif

11 endfor

12 if (MARKDIS==k-1) then

13 MARKNODE:=MARKNODE+1,;

14 Nodes(I1T)=Nodes(IT)UNODE(BEL(n)[m]);

15 Nodes(1T)=Nodes(IT)UNODE(BEL(n)-BEL(n)[m]);
16 Arcs(IT)=Arcs(IT)u(n,BEL(n)[m],BEL(n)-BEL(n)[m]);
17 goto 5

18 else continue

19 endif

20 endfor

21 if (MARKNODE=r) then Ogeo:=Ogeo—{Om}; goto 2

22 else goto 31

23 endif

24 endfor

25 endfor

26 end

Fig.10 ADDOBVAR procedure (the second case)
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1 procedure PROPAGATESUCCIT(n,IT)
2 res:=false;
3 if (onepairandsons(n)=Success)v(oneorson(n)=Success) then
4 res:=true;
5 endif
6  if (nzROOT(IT)) then
7 if (res==true) then
8 TAGITNODE(n,Success);
9 Ntather: =FATHER(n);

10 PROPAGATESUCCIT (Ntather,IT);
11 endif

12 endif

13 end

Fig.13 PROPAGATESUCCIT procedure
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Fig.14 The second and third search tree
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