Theorem 3 The decision problem of determining whether there exist polietesand m 4, for a given
COM-MTDP withfree communicatioythat yield a total reward at leask” over some finite horizof is
PSPACE-complete.

Proof: To prove that the problem is PSPACE-hard, we reduce the single-agent POMDP to a COM-
MTDP. In particular, if we are given a POMDES, A, P, (2, O, R), we can construct a COM-MTDP for
a single-agent team (i.ev,= {1}):

S'=8

A= A

=10

P'(si,(ar) ,sy) = P(si,a1,5f)
Q= Q

O'(s, (a1}, (w1)) = O(s,a1,wr)
B = ()

Rly(s,(a1)) = R(s,a1)
Ry(s,0) =0

This COM-MTDP satisfies our assumption of free communication. The POMDP assumes perfect recall,
so we use the following state estimator functions:

SEY() =) 1)
SEes({(Q2,..., Q7Y 0h) =(0?,... o= at) )
SEis.(8,null) =3 3)

Just as in the proof of Theorem 1, we can show that there exists a policy with expected utility greater
thanK for this COM-MTDP if and only if there exists one for the POMDP. The decision problem for the
POMDP is known to be PSPACE-hard, so the COM-MTDP problem under free communication must be
PSPACE-hard.

To show that the problem is in PSPACE, we take a COM-MTDP under free communication and re-
duce it to a single-agent POMDP. In particular, if we are given a COM-MTBPA, 3, P, 2, O, B, R),
we can construct a single-agent POMDP as follows:
S'=S5
A=A
Pl(siaaa Sf) = P(Sla a, Sf)
2=Q
O'(s,a,w) = O(s,a,w)
R'(s,a) = Ra(s,a)

From Theorem 2, we need to consider only the complete-communication policy for the COM-MTDP and
this policy has a zero reward. Therefore, the decision problem for the COM-MTDP is simply to find a
domain-level policy that produces an expected reward exceéddir@iven full communication, the state
estimator functions for the COM-MTDP (as shown in the proof of Theorem 2) reduce to:

SEi.((Q°,..., Q71 Q) 2 =(Q°, ..., Q7" Q) (4)



A policy for our POMDP specifies an action for each and every history of observation§')+ — A’.

The history of observations for the single-agent POMDP corresponds to the belief states of our COM-
MTDP under full communication. Therefore, we can translate a POMDP-paticynto an equivalent
domain-level policy for the COM-MTDP:

7TA(<(.UO,(4J1,... ,wt>) EW’((&JO,wl,... ,wt>) (5)

A team following w4 will perform the exact same domain-level actions as a single agent follow/ing
Thus, there exists a policy with expected utility greater thafor the COM-MTDP if and only if there
exists one for the POMDP. The decision problem for a POMDP is known to be in PSPACE, so the COM-
MTDP problem (under free communication) must be in PSPACE as well.



