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< ¢, < hp (the value ¢, = 0 being reserved for the case when all Rjufiromul XXV.s Da L1
are included in E and the value ¢, = hn being prescribed when everylf
class K{™ is disjoint from E). .
The collection {E, W, ..., W, }, where W =1 (U me N, Uﬁ"’#g} |
1 < d <k, is obviously a partition of I*; let ¢ be the equivalence induced'
by this partition. :
From the definition of e, it follows that A n e = vg. If (p, @) = Ay
then p and g have the same length m and there exists a block Ui
which contains both p and q. Since pt and ¢i have again the same length
and (pi, ¢i) = v it follows that (pr,qi) €A n e and, moreover {pi, gilg
< U+ for a certain d < k. Therefore (pi, gi) € An e hence Anef
a right congruence. ‘
From the definition of ¢ it follows that for a pair (p,g)€ e,

have either {p, ¢} < E or {p, ¢} n E = & which points that e< xg,

FQUILIBRIUM POINTS FOR 2xn BIMATRIX GAMES
BY
CONSTANTIN SMADICI

‘r It is well known that for two-person zere-sum games, in which one
fhe P]u-\-r-l‘.‘s.l‘_él.‘i onl_y. two pure strategies, it is possible to find all
imal sh_uicgio.\:'bd\-' using a graphieal method, {1]. In this note we
Q1 describe o simple procedure lor finding an equilibrium point for
g-person NONZCTO-SUBL games in which one of the players has only
5 pure strategries,
1. Let I'= (4, B) be & bimatrix game, given by the payoff matrices
fa), £ —1{0). each of them with 7 rows and n columns. As usual-
one denofes by X and Y the mixcd strategies for the two players, i.e.
| X = {‘.1..‘ I .l'fm, 2z 0, 2 1= 1 } R {fjl 1] C}gn, Y= 0, z Y= 1}.

Definition V[2]. A pair of strategics (2, 1), (2%, y*) € X XY, is called
gquilibrivin puint (EP) for the game I' = {4, B) if

gAY < av Ay, forall zs X,  2'By < a'By’, for all ye¥.
‘Dgfinitim} 2. A saddle point for a game "= (d, B) is called an
briwm point (@', y') such that @ and y° are pure strafeglies.
Definition 3. Lot T— (A, BY be a bimairiz game § the graph associated
is a miced graph G = (V,U), wherce
'i) V= {({i. ) [i=T1,,m § =1,., nt,
Yothe are ({4, ) (5, 0)= U iff i =k and by> by, or =1 and
4kl
_1) the cdge {(i,7), (M, D} = U iff i =k, j#l and by = by, or j =1
and a.;— a;. ’
! (V, ) is the :1ssnc‘ia§cd graph to a bimatrix game T, we shall
?.JI)]>~ (& 1) when ((74,7), (5, 1)) € U and (i,7) ~ {(k, 1) when {{(i, 5),

f_lmtmn 4. Let G= (V, U) be the graph associated with a bimatriz
hen' case call the row 1 of G the subgraph of G the vertices of which
, J= 1,y n, and the column j of G is the subgraph of G the ver-
“which are (i, ), i=1,.., m. )

3. A nondominadted vertex in a mived graph G= (V, U}
tex v,v € ¥V, with the property that the are (v, v) € U for all
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B IS clear that a bimatrix game has a saddle point iff his asso-
z;gh has a nondominated vertex, and every row and every co-
H iﬁﬁfﬁmd graph to a bimatrix game has at least one non-
Hatich 209
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1; =1,
0: h#isie {1,..,n\1550h

e @ = P20 = 2 b= pl(1 ) > (G ¢ = p((L] :
l;p((‘.'.j) il P, 7)Y > (1, 4)) pl(1, 7)) > (2, /1))
Now. let us consider a 2xn bimatrix game T = {A, B) and let
.8 be two real numbers, x, B_> 0, a + B = 1; we shall denote by I'(s

), 5 € f1.2), the 2 > n bimatrix game with the payoff matrices

B (0 (50) Bs) = (b () defined by

Now, let us consider G = (¥, U) {he associated graph to a bimad =

game 1* = (.1, 3} and p: U~ R defined by
bi, bha 1=k,

yy — Ay j = l.

() Pt j)> (kD) :{

Definition 6. [f G— (V, U) is the graph associated with & bimg
game '= (1. By and p: U - R is defined as ahove we call marked g
assoriated with 1" the couple (G, p). B

The following lemma was proved in [3].

Lemma 1. The pair of stralegics (x.y) is an equilibrium point
the game I'= (4, B) iff it is an equilibrium point for the game TS
— (A, B}, ko= mpy hos §l ..., 0 where Ay, (BY), is the v
obtained from A.(B). by sublracting the row Ie(eolumn k), from each'
of A, (column of B). Using this lemma, one can easily prove the fg
wing lemma:

Lemma 2. Two bimalriz games with the same marked assos
graph have the samc equilibrinm  points.

Definition 7. Let & (¥, U) be the graph associated with a bim
game; we shall say that the column § of G is weakly dominated in G if |
exists hoh = {1, 0l such that (i, k)= (i, 7) for all i =1, m

Remark 1. Let D= (1. B) be a bimatrix game with the as
ted graph G—= (v, 0) and let J be the sct of all weakly domis
columns in @, if I'== (., B) is the bimatrix game obtained from
lating all the colummns 4,3 = J, from the matrices 4, B and (2, 9

EP for T. then (r, i) is an KPP for 1Y, where

—

a(8) = 8j(=a, - Ba.) + Sitta, + 8, a3 i=12,
by ()= 8i(aby + 8ba) + B by - 8, by i = 1,2,
ere 3¢ is I{l'nll(;(:kﬂl"s svinbol and @, by, a; (s), b; (s) are the i-th
the matrices oA B, A(s), B(s), respectively. L ' o
petinition 8. [f (&(s), yls)} is « pair of strategics for

' (a(s), ; gles for the game I'(s 3
g}, we shall say that the palr of strategivs (x, 3 or the ga e I, ¢ !
) o Sy i £ yh f game T, is ge
. s,
o= [f8)8] b als) 85) (=, B) + w(5)83(1, 0) + z,(5)34(0, 1},

e (o 8), {1,0). (0,1) wre considered as vectors with tweo componends.
Theovem 1. Let I'= (i, B} be a 2 n bhimatrix ;

: : 2 x game and (r(s),
x(s) > 0, an EP _./or P(s;x, B)s then the pair of strategies, (z, (y;,
ated by (X(s), y(8)) &s an EP for the given game T.
Proof. Lot (ixfs), y(s)), wls) > 0, be an EP for I{s; 2, 8); then

a(yls) = a{syA(s) yls)s i =1, 2, 2(8)B(s) < {L‘(.S‘)B(S)y(g)’

3 .(.s') —|: @, (8) =1 and &, (s), x.(s)> 0. Taking into account the
Y (7), % 8>0, a4 8 =1, it follows

——

';"' i }}}_j(*? J,

(1‘) dn == ; .lf;' 0,J = J.

Remarl: 2. Taking into account the fact that (a, y) is ank

a4 2wn bimatrix game 1" = (A, B)owy i
a; yls) = ady(s); i = 1,2, 2B < aBy(s).

(2 @y ey + was) 3 by wbe < (@bt Taba)y i s
e (2, y), wenerated by (a(s), y(s)), is an EP for the game T and the

em is proved.

orollary 1. [f I' is @ 2 X n bimatrixz game and x° is a mizved sira-
rdthe' j:r.s-f player, generated by a circuit of length 4 in the graph
owu‘h I', then every equilibrium point, (a(s), y(s)), (s} > 0, for
B, 20), s = {1, 2}, generates an EP for the game L.

iinan’r 4 If a0 = X s a mixed strategy gencrated by a circuit
g lﬂl i th.e graph associated with a 2 X =n bimatrix game [,
e associated graph to P(s3 a3, 2%), s = {1, 2}, there exists at
ne weakly dominated column j therefore, if a circuit of length 4

where a;, b, i = 1,2, are the i-th rows of the malrices A, B,

vely, it resulls that, when I has no o saddle point, we have

Remark 3. If the graph associated with a 2 X n bimatri
has no circuits of length 4 then the game has a saddle point. -
a. Tet (G, p) be the marked associated graph to a 2X# bi

game I" = (A, B) and (1, 5) > (La) > (240> (2.7) > (1,4) @

of length 4 in (73 we shall say that the pair of strategies (% ¥
1, n, §# i are generated by this eircutl if

a % ‘ s h= .s : - N
e | e J atSS()Cl:ll(:(l' graph to ' does not generate an EP for I', would be
(5) ) @ + b s - d iO establish whether one of the games I'(s3a?, %), s =1, 2, has
b - l e s h=ju al:1m~ points, (ie(s), y(s)), such that x(s) > 0. Note that, by remark
b 2, | ¢ +d . an consider only 2 > n bimatrix games, I, with exactly one non-
! LY 0 ; h :)‘I:J)Jll
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grapht associated with I, then (2% y':) or (&% ys), respeetively, is

dominated verlex in every row of the graph associated with 1" (the y
eE'_p for T and lemma is proved ;3 if (1,7:) > (2, j2) and (2, 4) > (1, ja)s

tex (,) is a nondominated verlex in the row 4 if {i, ) > (i, h) for @
h, b # 3). ‘ . . it T P fi
Lemma 8. Let I' be a 2 » n bimatrix game and o, p = R, 2,8 5 i the graph associated with T consider y= (y,) € Y defined by
a4 B =13 Then, if (&,5)> (k,]) in the graph associated with 1, we 8 .,k = f,
(3, 7) > (k, J) in the graph associated with T(s; =, B). s € {1, 2}, and o 7
versely. ke Yy = )
E \ , h=17s

=
- +
el

R
+
™

Proof : Let us consider (4,7) > (k,7) in the graph associated
I' = (4, B), i.c. ay > a3 We shall have (4, 7)> (k, 7) in the graph a
ciated with T(s;a, B) ifl ay(8) 2 ay{s), where a; (), ey (8} are defiy
by formulas (6). Taking into account the formulas (G} 1t follows

a(s) — apls) = [(3% — &) « - 8l — Sk +
A 18— 3 B+ 3§y,

and because a -+ 8 = 1 it follows

(11) ay(s) — apls) = (3la 4+ ¥p) {ay — auy):

Since «, p > 0, it results that ey (s)— ay (s)2 0 iff ay— a2
lemma is proved. [

0’ h ?Ej'.hjfh

ghere 2 P2 Ja) > (1,745)) and 8 = p((1,42) > (2,52)-

tce in Lhe araph a‘%so'cintcd with (13 a9, a3) we have (1, 7.) ~ (1, 72>

(1, ), for all b # js, o it results that (@, ¥) is an P for ' and this

tot completes the proo{ of the lemma.

" Lemma 5. Let T be a 2 X n bimatriz game and 2° < X a strategy

erated by a circuit of length 4 in the graph associated with T'5 then at

st onc of the games [(s3al af), s= 1,2, has a saddle point.

Proof: Lel (1,4) be a nondominated vertex in the first row of the

aph associnted }viih (1,3 2% a2); if in the graph associated with T" we

In the following lemma we suppose the game T such that in evelllave (1.7) > (2. 7) then, by lemma 4, it follows (1,7) > (2,4) in the

row of the graph associated with I' there exists exactly one nondomges h assoriated with (1 a3, a3), hence (1,7) is a saddle point for I'(1

nated vertex. ) ; il (2.} > (Lj) in the graph associated with I', then we have
Lemma 4. Let 1" be a 2 » n bimatriz game and (1,3} > (1, 5 j) > (L,j) in the graph associated _“'lthj Iz ;uﬂl?soﬂ?g), and because the

={(2,7.) > (2,7} > {1,7) a cireuit of length 4 in the graph associaled’ row i the graph assoqiatcd ‘.‘"th (1 ;o‘r‘"l’o‘%). is the samc as th_e

T, where (1,7) (2,7) are the mondominated vertices in the first and ind row in the graph Oass%claoted with ['(2; af, af), it follows that (2,7)

second row, respectively. Then, if x° € X is the stratedy venerated byl ?add!“ PC_’“‘_t for I'(2 5 T $) andythc lemma is proved.

cireuit and both D(s3al, at), s = 1,2, have a saddle point, it follows) Taking into account lemmas 4,5 and remark 2, we can state now

there exists y = Y such that (x", y) is an EP for I (e following theorem : _ . ' _
Proof : First, note that we ean supposc > j. Since the g Theorem 2. Let T' be a 2 x'n bimatriz game and (1,7) > (1,4:) >

associated with 1' has only a nondominated vertex in cvery row, g1) > (2, 1) > (1, 7) a curcuit of length 4 in the graph gssocmta_d with

the first (sccond) row in the graph associated with (25 a8, a2), Buch thei (1,4) and (2,3,) are the ;nondommutc:d vertices in the first and

29, 22)), is the same as the first (sccond) row in the graph uassociated! second 70w respectively 5 then, if a°< X s a stralegy generaled by

I it follows that DMs;al, ab), s < {1, 2}, can have a saddle point] er‘curt, oie urzfi only one of the following statements 1s true:

in the row s of the graph associated with it. - ) There erists a pair of strategics (a° y'), gencrated by this eir-
Let us suppose now that both the games (s 2%, a9), s=1, 28 31?_}“(.]’ is an EP for T.

a saddle point and let (1,4.) be saddle point for I(1; af, 29) and{ i) For cach EP, (2(1), y(1)), of T(13 a?, a8) we have x(l) > 0.

::} s:d(dlc p)oi'nt forI Il;(f i ;z:'i, cvg)(;i 1if g2 € {J, it 0;- jafs_ {jjé} {it is i) For cach EP, (2(2), (2)), of T(23a}, af) we have (2) > 0.

at (z¢, y") is au LP for 1" and lemma is proved; if 7., js j Jaf W) There exis - i3 . .

j: = js then, by lemma 4, it rezults that (% y)is Jij"EP f(j)r ! ) 2’3 a.n?Iz‘I‘;L:’erS l‘y Yoyt g i = {0 Loy SANVIRIE that

lemma is pro_vc'(ll too. _'l.‘hel_‘cfo.r_c it remains to prove the lemma 1 Let »' = X be a strategy generated by the cireuit (1, j) (1, 1)

case fu, 75 € {7, 41} and j. # 7s Since the first row in the graph assol ) > (2, /) > (1,7) in the graph associated with a 2X n THsThe

I, where (1,5) and (2,4,) are the nondominated vertices in the

with I'(1; af, #8) is the same as the second row in the graph asso@
with [(23 2%, 8), it follows that (1,4.) ~ (1, 72) > (1, 1) for all nd the second row, respectively ; let us denote by J(s) the set of
dominaled columns in the graph associated with I'(s; af, al), § €

-2
2}, by [(s;a% af) the game obtained from I'(s; aj, 2%) delating all

# ju, §s, in the graph associated with (13 ad, a%), and becausc (15
a saddle point for (1 ; af, 29), and (2, §4) is a saddle point for NP

9 2

¥ . = Hemns 5, 5 = J(s), and by t . i ) ati
Fo) ~ (2,72) or (2,71) ~ (I:H : cquan;J; 53 (;)J?.sr;‘ 'y T(s) the game obtained from | delating

) 1s
by lemma 4, we can write (1,7.) > (2,7.) and (2,j.) > (1, 7a)
graph associated with I'. Now, if (1, ]

(10)

—
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Lemma 6. [f [(s;ad, r4) s < {1. 2} has every EP such that z(s)
then for every KP (r(s), y(s)), of T(s3af 28) we have ro(8) = 0, will
T'(s 5 24, a%) is obtained from I'(s 3 a9, a3} delating all the columns j, je J
and s is defined by

L 1.8 — 2,
(13) 5 { '

2, .5‘.—].

:1'"1 (])'1'? 51 + .},"3];;—}— : )
a (D y() = (T, @y + v, @) !
(7 (1) (23 by + a2 i)+ z

: [;' (1) a (1) + 2. (1) a, (1)) y(1) = {an ay 4+ 22 a2)

| L od formulas (17) follow from (15} and (18). _

Now we shall prove that . (1} = 03 suppose (1) <0 and let

Proof. Suppose that for cvery EP, (1) (1) of r'(1 ;2 22 ) s consider the pair of strategics (x(2), y(2)} for I'(2; 2%, 22} defined by
have a(1) > 03 then there exists i, # i, 7, such that 1, j:)> (1L, il oy S T T (00 e (2) e
all & #E_jg) and ’(2,_'}2) >(1.jo), in ﬂzc fzilglll associated \(Jvil'{1)!?(1(; ;2 19) y(2) =y @ (2) = m (a2} ey wa (2) = (V).
Since I'(13a?, 29) is obtained from (1329, 23) delating all the weal
dominated columns. it follows that in the graph associated with J
a2, 22) we have (1,j.) > (1, R) and (2, k) > (2,j.) for all & # 7, wh
implies (1, 72) > (1, ) and (2,j.) >={2, &) in the graph associated
T’('Z s af, ag); according to remark 2 it resulis that I:('.Z 129, 23) has g
one EP corresponding to the saddle point (2. j). Following the
way ohe ¢an prove that, when for every EP (r(2), y(2y, of (22
#(2) > 0, then every EP of T(13 2% a?) is a saddle point and our len
is proved.

Theorem 3. If the game T(s;a}, af), s = £1, 21, has no saddle po
then cvery EP for I(s) gives an EP for I

Proof. Suppose (s af, af) has no saddle points 3 since in the g
associated with I' there exists exactly onc nondominated vertex in €
row, it follows that for the EP, (x(s), (), of~l.‘(.s' s a?, al) we have ys

acalise T >0 and a?;(l) < 0 it results 2(2) = 0. and as above, we can
- ove that (x(2), ;/-(2))35 an BP for (23l 2%), and this contradiets
ma 73 thercfore 2, (1), dcﬂl:ined by (16}, is a nonnegative nnrmber
d (x(1), y(1)) is an EP for T(13 a3, #2). Then Remark 1 shows that
(1), y(l);, where ~

) o~ _ 1) & J(1)
0) (1) = a(1) > 0, (1) { 0: he ),

an EP for I'(1; a8, af) and, by Theorem 1, it results that the pair
¢ strategics (7, ¥) generated by (x(1), »(1)) is an KP for I". Note that
om (7), (16), (20) it follows

= ) U ht JQ),
= S { 03 he J1).
ce we can obtain the EP (z, y) directly from (r, i), and the theorem

for the tve U oroved in the case s = 1. Similarly one can prove that it is true in
j = J{s) and, if (2(s), y(s)) is an EP of T(s 3 af, x3) then (z, (8)y, case s— 2. and this completes the proof.
an EP of I'(s; ), a?) where : Now we can prezent the procedure for finding an KD for a 2 = n
' atrix game. Let I'= (A, B) be a 2:n bimatrix gamec.

Step 0: Has I’ a saddle point? If YES then we have found an BEP
I and STOP; if NO go to step 1.
Step 1: Delate all the weakly dominated columns in F and obtain
game I' = (4, B) such that in every row of B there cxists only one
imal entrv. Let by, the maximal entry in the first row of B and
the maximal entry in the second row ol Bj; by lemma 1, we can

ider a,, — 0, h = 1,...,n. and by = by = 0.

2] —l _ szly g =l ,,_ 1)1;1~
| bayy — 29 I boy, — by

he games Lis; 2t o) = (A{s), fi(s)), s=1,2, viven by the pavoft
ces ;

. . ~o o - _ . : ~ -
mz-a,l; B — % by i— aj b, . 3(2) = 0~ |; B(2)— ) by ‘
b ala

a, 00,4+ 23b,

0,7 J(s),
(), j& J(s)

Now, let us supposc s = 1 and (v, y) an EP for (1), ic.

(14) 7y (s) =

(15) 7By +7eba < (70 by + 72 82) 4. @ g€ (B ay + vats) i3 i= L
and define the pair of strategies (2(1), y(1)) for (15 29, 25) by.
(16) YU) =T 3 (1) = (f2D) Ty T2 (1) = 75 — (232D
It is clear that }}(1) is_a strategy for the sceond playver in

T(1; a9, #2) and (1) + 2. (1) =1, 7, (1) = 0; we shall prove
3

—

z, (1) = 0 then (2(1), (1)), defined by (16), is an EP for T(1; 23
T[98, 4 22B) - T (DT < [ (1) (100 4 a8 AR
Lm0 B] 7 @ () g <Tn () @ (1) &m0 a: (1] #1)3

{17) -
[
Taking into account (15) and (16), it follows:
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Step 3 : I both the games (s 3 af, af), s= 1,2, have a saddle pojy T
then, using lemma J, we obtain an 15P for T and, by Remavk 1, for
If T‘(s;n"}, 29), s & {1, 2}, has vot a saddle point, constder J{+)} and.
obtained from I' delating all the columns j = J(s) and apply Step
to I'(s). ) .

Sinee after each iteration we shall obtain a game, the number |
columns of which is less than the numbcer of columns in the Origi
game, it follows that in a finite pumber of iterations we shall obtain
EP for the given game I'. . ‘

Eaample : Let I'= (4, B) be the bimatrix game given by the p
vof{ matrices

0 1 -1 2 2 -1 =3 1 p 1
A = ; B = 1

2 —3 i 6 3 1 3 06 —2 =3
We observe that in every row of B there exists only one miximal g
ment, by, and b, respectively, and I’ has not a saddle point.

Step 1: Consider the matresic

0 000 6} ,. [-3 —5 =1 0 —L
Ay = M= R
—3 —3 2 4 1 3 5 2 0 3

Step 2
20 = (2%, ad) = (1/2,1/2)5 y° = (0, 17, 0,8/7,0)

NOTIE

LY

LA GEOMETRIE ET LA THEORIE DES CATEGORIES
PAR

V. CRUCEANU

Introduction. La théorie des catégories représente 1a synthdse la plus générale et
] profUl“l“ dans le développement de la mathématique ct clle constitue Pinstrument fonda-
mental puur In structuration de la mathématique agtuclle. En particulier, la notion de
catéuoric 1OUS permet (!o définir avee beauvcoup de rigueur ct de clarté objet des nom-
breuses disciplines m_at!‘mputiqucs ot celui de foncteur, d'établir d’une maniére précise les
. pappor!s entre ces disciplines, ) ) )
Le but de ce travail cst d’établic eertaines implications de la théoric des catégories
dans 1o géométrie classique. Le point de vue prédominant dans cc domaine, qui a joué un
rol fondamental pour v développement de la géométric dans le dernicr sitcle, est celui de
F. Klcin. ou autrement dit celui de la théorie des groupes. Conformément & ce point
de vue, ¢tant donne un espace & doué d’une certaine structure ¢t un groupe ¢ d’automor-
hismes de celte structure, Ja géométrie de I'espace S, par rapport an groupe G, est I'étude
de cos proprictés des figures de § qui sont invariantes aux transformations de . Or, en
sfométric tous n’¢tudions pas d’habitude un seul espace, mais une classc d’espaces d’un

Qv oy [+ 5 L2 R — i ‘a2 5 o0 B
A (]) _3/2 “'3/3 1 2 1/2 - s {1)l o 0 1/" 0 2, tain ivpe. Pautre part, nous considérons non sculement des tranformations bijectives
1 o _ 3 —3 o 1 1 g 3 5 9 0 8 dun cspace cn lui méme, mais des transformations qui, cn général, ne sont pas bijectives
= : E et qui transforment un espace donné en un autre de la méme classe. Il en résulte que Iobjet
] 0 0 0O 0 0 ~83 —5 =1 0 -1 2 la géomélric est bLeaucoup plus général que celui considéré par F. Klein. Le point de
A, (2) y ()= de la théoric d upes cst aussi limité i le t entre les di
(€2 NE 4 : ) g de 1o théoric des groupes cst aussi limité cn ce quu concerne le rapport entre les di-
g2 =32 1 2 1/2 0 o 1/2 0 —2 erses géométries parcequil se réfere seulement & certaines relations d’isomerphisme ou de

pordination asscz restriclives. Nous allons montrer que la théoric des catégorics nous
e un point de vue plus général et préeis pour définir les diverses géométries et pour
ablir les rapports entre celles-ci, ainsi que, entre la glométric ct d’autres disciplines ma-
ématiqucs.

Dans ¢e qui suit nous considérons seulement des catégories dont les objets sont des
sembles doucs de eerlaines structures et les morphismes sont des applications qui con-
ent ces structures. Soit € et @ deux catégorics de ce type et supposons que les objets
@ goblicnnent des objets de @ par ladjonction d’unc certaine structure supplémenta~
6 ¢t que les morphismes de € sont des morphismes de 0 qui satisfont & la condition
epnserver la structure o.

© Un foncleur doubli de @ vers @D scra un foncteur qui associc 4 chaque objet de €
et dc avee le méme ensemble support ¢t & chaque morphisme de €, le morphisme
D représent¢ par la méme applieation mais cn omettant le fait qu'il conserve la struc-
6. Nous dirons que la catégoric € est subordonnde & la catégoric ‘D si, ¢t seulement
il existe un foncteur d'oubli de € vers ). Dans ce cas nous dirons aussi que Ia disci-
e mathématique qui a comme objet d’¢tude la eatégorie € est subordonnée 4 la discipline
sspondante 4“4 Si € est une sous-catégorie de ) alors le foncteur injection canonique
=) peut étre regardé comme un foncteur d’oubli et par suite toute sous-catégoric
D est subordonnée 3 2. Une catégoric € est isomorphe & une catégoric ‘D s7il existe un
eur de ' vers 7 qui soit un isomorphisme, cest a dire plein, fidel ct bijectif. Les
l_lncs mathématiques correspondantes 4 deux catégorics isomorphes scront appellées
lsomorphes. Une eatégoric C est dquivalents & une catégorie ‘7 s'il existe un foncteur
= 7 qui soit plein et fidel et tel que chaque objet B de N soit isomorphe & un ob-
_Ia lorte (1), avee o objet de €. Les disciplines mathématiques correspondantes
U calégorics Cquivalentes seront appellées aussi équivalentes. Un squeletle pour une

Step 8: The game with the payofl matrices A, (1), B*(1} has no
saddle point; delate from the matrices 4, and B* the columns con
ponding to the weakly dominated columns in 1(13;af, 29), i.c. col
1, 4, 5 and obtain the game I'(}) with the payoff matrices !

A;--[ o o}! 1"‘_'- —1].
LR 52

Applying Step 1 to this game we obtain a'= (87, 4/7), y°= (2/3)
and observe that (@9, %) is an BP for I'(1}; therefore (v, y), wherej
= (3/7, 4/7) and y= (0, 2/3, 3/3, 0, 0), is an LP for the given gam
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