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FORMAL DESCRIPTION OF THE GAME OF PANG-KE

by John McCarthy

Abstract: The game of Pang-Ke is formulated in
a first-order-logic in order to provide
grist for the Advice-Taker mill. The
memo does not explain all the terms used.

The research reported here was supported in part by the Advanced
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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
piece to a herizontally or vertically adjacent square.

A piece is captured and removed from the board if an
opponent moves into a line and causes the configuration

WX loelo
»IX]o|O

[alalb] | or T Ja[alb|. To win one must capture all
the opponent's pieces.

The following is a formulation of the game in
first order logic. We use equality, functions and con-

ditional expression in addition to predicate calculus.

Predicates

sq(s)

nk(i)

i<

pos (p)

typ (u)

side (u)

won (u,p)

initial (p) ,
neighbor (sl,s2)
ok move (sl1,s2,p)

captured (sl,s2,
S5)P)
legal(pl,p2)

Constants

is a square

is a number between 1 and b

<

is a position

is a possible 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 squares sl and s2 are neighbors.

it is legal to move from square sl to square s2
in position p

s3 is captured in the move from sl to s2 in
position p.

it is legal to move from position pl to p2

S0 P En

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 column j

i' the successor of the number i

occ(s,p) the occupant of square s in position p

mover{p) the side whose turn it is in position p

opp(u) the opposite side to side u



LY

Axjoms

1. sqg(s)Dnk(row(s)) A n(col(s)) A
2, ni(r) A n(c)Dsq(Y(r,e))A r
n’+(1)" =1Vi=2Vi=3

= Ylrow(s ), col(s))
= row (\((r e¢)) A ¢ = col(Y(r, c))
3, = 3= Vi
b, <2A2<3 /\ 5 < b
5. < JAJ < kDi
6. *1 i<i
7. 1*=2A2'=3A3%' =14
8. pos(p) A sa(s) Dtyp (oce(s,p))
9 ty‘p(u):)u = black \v u = whiteVv u = blank
10. pos (p)j side (mover(p))
11. side(u) D u = blackV u = white
12. side (u)>D opp{u) = if u = black then white else black
13. won(p,u) = pos(p) A side(u)A[@s. occ(s,p) = Ul A

1@ s. oce(s,p) = opp(u)]

14, initiall{p) = mover(p) = blacka[occ(p,¥(1,1)) = black A

oce(p,Y! Zl 2)) = black Aoce(p,¥{ 1,3) = black A oce(p,{1,4)) = black

Aocc(p,Y(Q 1) black Aoce(p, )2, 2)) = blankAocc(p,Y(E,i)) = blank

) 3
/\occ(p,\/(z,u)) = blackAocc(p(3,1)) = wh1te/\occ(p,Y(5 2)) = blank
/\occ(p,Y(5;5)) = blankAoce(p,Y(3,4)) = whiteAoce(p, (4 1)) = white
Noce(p,¥(4,2)) = whiteA oce(p,y(k ,5,) = white Aocc(p,¥(4,4)) = white
s2

) £ (row(sl) = row(s2))Alcol(s1)® —col(sz)vcol(SQ) =
co1(s1)]V (col(sl) = coi(s2))alrow(sl)' = row(s2)
Vrow(s2)' = row(sl)]

16, ok move (sl,s2,p) = neighbor(sl,s2)A occ(sl,p)k mover(p)A oce(s2,p) =

blank

17. captured (s,s2,s3,p) = ok move (s,s2,p)Aocc(s3,p) = opp(mover(p))A

AdslIshis1+ s2As1F s3Ash F s2Ask ¥ s3A sk +
s1A [row(sl)= row(s2) = row(s3 )= row(sk) \Vcol(sl)
= col(s2) = col(s3) = col(sk)]A oce(sl,p) =
mover(p)A(s = stVocc(sk,p) = blank)A neighbor
(s1,s52)A (neighbor(sl,s3 )‘V"neighbor(sz,s5))]
18. legal(pl,pe) = mover(p2) opp(mover (pl))A3ds1 3 s2[ ok move’sl,s2,pl)A

' V/s. sq(s)Doce(s,p2)= if s= sl then blank else if
s = s2 then mover (pl) else if captured (sl1,s2,s,pl)
then blank else occ(s,pl)]

19. canwin(u,p) = won (u,p)V [ won(opp(u,p))A 3 pl. Legal(p,pl)A if

" mover(p) = u then [F pl. legal(p,pl)A canwin(u,pl)]
elsed pl. legal(p,pl):jcanwm(u,pl)

15. nelghbor(sl

This equation is satisfied by the condition that u can win in position
p but it does not characterize it since there are predicates that satisfy
the equation that show u winning some drawn situations. v



