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FORMAL DESCRIPTION OF THE GAME OF PANG-KE 

by John McCarthy 

The game of Pang-Ke is played on the board and with the initial 
position shown in figure 1" Players move alternately by moving a 
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piece to a horizontally or vertically adjacent square 0 

A piece is captured and removed from the board if an 
opponent moves into a line and causes the configuration 
lalajb~1 or 1 Lala~lo To win one must capture all 
the opponentis pieceso 

The follo'YTing is a formulation of the game in 
first order logic. We use equality, functions and con­
ditional expression in addition to predicate calculus 0 

Predicates 

sq(s) 
n4(i) 
i < j 
pos (p) 
typ (u) 
side (u) 
won (u,p) 
initial (p) . 
neighbor (s1,s2) 
ok move (Sl,s2,p) 

captured (sl,s2, 
s3,p) 

legal(pl,p2) 

Constants 

s is a square 
i is a number between t and 4 
i. < j 
P is a position 
11 is a possi.ble occupant of a square 
u is a side (white or black) 
the side u has won in position p 
p is the initial position 
the sqQares s1 and s2 are neighborso 
it is legal to move from square sl to square s2 
in position p 
s3 is captured in the move from s1 to s2 in 
position p .. 
it is legal to move from position pI to p2 

1, 2, 3, 4, black, white, blank. 

Functions 

row(s) the number of the row in which square s is located 
col(s) the number of the column in which square s is located 
(i,j) the square in row i and coluwn j 

it the successor of the number i 
occ(s,p) the occupant of square s in posi~ion p 
mover(p) the side whose turn it is in position p 
opp(u:) the opposite side to side u 



Axioms 
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sq(s')::>n4(row(s» 1\ n4(col(s») 1\ s = 'tlrow(s), col(s) 
n4(r) A n4(c)'::>sq(¥(r,c)/\ r = row (Y(r,c») A c = col('({r,c» 
n4 ( i) == i = 1 V i = 2 V i = 3 V i = 4 " 
1<21\2<3/\3<4 
i < jl\j < k~i < k 
"1 i < i 
1 t = 2 /\ 2 Y = 3/\ 3 1 = 4 
pos(p) A sq(s):J typ (occ(s,p) 
typ(u)::::) u = black \/ u = white V u = blank 
pos (p) ~ side (mover(p) 
side( u):J u = black V u = white 
side (u)~ opp(u) = if u = black then white else black 
won(p,u) == pos(p) 1\ sidelu)A [3 s" occ(s,p) = 'il] 1\ 

l [3 so occ(s,p) = opp(u)] 
initial(p) == mover(p) = blackA[occ(p,¥(l,l» = blackA 
occ(p,Y(1,2» = blackl\occ(p,Y( 1,3) = black 1\ 'occ(p;~(1,4» = black 
I\occ( p ,Y( 2,1» = black 1\ occ( p, )12,,2) = blankAocc( p, YC 2,3» = blank 
l\occ(p,y(2,4» = blackAocc(p,'l(3,1) = whitel'\occ(p,Y(3.,2» = blank 
l'\occ(p,Y(3,3» = blankAocc(p,'(C3,4/) = whitel\occ(p,~(4.,1» = white 
l\occ(p,'(4,2») = white;\occ(p,\(4,3)) = white/\occ(p,')f\4,4» = white 
neighbor(sl,s2) ~ (row(sl) = row(s2)j/\[cOl(Sl) I = col(s2)v col(s2) T = 

col(sl)]\I(col(sl) = cOl(s2»A[row(sl)Y = row(s2) 
Vrow(s2) ~ = row(sl)] 

ok move (sl,s2,p) == neighbor(sl,s2)/\ occ(sl',p:F mover(p)/\ occ(s2,p) = 
blank 

captured (s,s2,s3,p) =- ok move (s,s2,p)l\occ(s3,p) I: opp(mover(p»A 
1\ 3 s13 s4[ s.l ~ s2As 11= s,3/\ s4 T s2 A s4 1="s31\ s4 "T" 

sl/\ [row(sl)'= row(s2) = row(s3)= row(s4) Vcol(sl) 
= col(s2) = col(s3) = col(s4)]A oCC(Sl,p) = 
mover(p)A(s = s4Vocc(s4,p) = blank)Aneighbor 
(sl ,s2)1\ (neighbor( sl,s3 )Vneighbor(s2, s3» 1 

legal(pl,p2) = mover(p2) = opp(mover (pl) )1\]s13 s2[ ok move~sl,s2,pl)A 
vs~ sq(s):::>occ(s,p2)= if s= sl !hen blank else if 

s = s2 then mover (pI) else ,if captured (sl,s2,s,pl) 
then bla~ else occ(s,p~ --

canwin( u, p) - won (u, p) V [1 wone opp( u, p»1\ 3 pl. legal( p, pI) A ' if 
mover(p) = u then [~plo legal(p,pl)A canwinTU,pl)l 
else 'd pL,leg.al\P,pl)~canwin(u,pl)] 

This equation is satisfied by the condition that u can win in p~sition 
p but it does not characte'rize it si.nce' there are predicates that satisfy 
the equation that show u \-Tinning some drawn situations. 
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