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'.B*B:<+%,-.92<( S%"6%:%>(:7%9:C9I(9%:%6.<72-:D%
(8(<;%92R9(>%+.(9=%Jp.+/(9S%.)C7:-%.*%I*0>(%9><2,>2<(9uK

o7)>;%>(:7%)<.)(<>;S%$?(%(7)>;%>(:7%9:C9I(9%
(8(<;%6.<72-:=

HE



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

G#'Y8$'#;'EQ01:/*/'B3//1*

&x QJxK%%%*.>%><2(

Suppose the universe has at least two elements.

e&x QJxK%%%*.>%><2(%(0>?(<

C*08:&*'35'+*8.&'''#Q'XP=QD<'
'''''''''''

HH



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

!oF%?.-+9%=*Q8051FD%6.<%>?(%cv%):<>

¥ o8(<;%>(:7%9:C9I(9%^Q;%8%Â^Q;S

]%>(:7

^Q;

Â^Q;

^ ;

HN



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

]%9)(,0:-%:^0.7%9,?(7:

¥ >.+82,P,&9@.&(BH@.+9Q(((

% % % %

% % % %$ Q=&!Â& DJ
%
% 06%! %09%cv=

HU



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

]%9)(,0:-%:^0.7%9,?(7:

¥ >.+82,P,&9@.&(BH@.+9Q(((

% % % %

% % % %$ Q=&!Â& DJ
%
% 06%! %09%cv=

ww!oF%Q%G.7)<(?(*90.*%]^0.7k

HW



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

]<79><.*/i9%]^0.79

]-B:;9%QĴD̂K

"6%QJ^D;DPKD%>?(*%QJ;D̂DPK=

"6%QJ^D̂D; KD%>?(*%QJ^D; K=

"6%QJ^DPKD%>?(*%QJ^D;DPK=

"6%QJ^D; K%:*+%QJ;DPKD%>?(*%QJ^DPK=%
HX



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

"*,.<<(,>%<2-(9

¥ c<.7%!"! 6.--.B9%! =%M<.*/u

¥ c<.7J!$# K" J!$' K%6.--.B9%!$ J#"' K=%M<.*/u

¥ c<.7J!"# K$J!"' K%6.--.B9%!" J#$' K=%M<.*/u

#.%:R9.<C.*

#.* &+09><0R2C8(

NZ



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

G.<<(,>%0*>(<7(+0:>(%<2-(

¥ c<.7J!"# K$J!"' K%6.--.B9%!" J#$! K" J#$' K=

NY

!
#

'!



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

G.<<(,>%0*>(<7(+0:>(%<2-(

¥ c<.7J!"# K$J!"' K%6.--.B9%!" J#$! K" J#$' K=

NY

!
#

'!

Z)85'3&'5)*'/3&5"3C:?A35F'":1*'5)85'23A*&'5)3&[



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

o^:7)-(

¥ "6%Â! <#%%09%8:-0+%>?(*%! '()*%=''>&*?#'*"7&#5%

!

N@



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

o^:7)-(

¥ "6%Â! <#%%09%8:-0+%>?(*%! '()*%=''>&*?#'*"7&#5%

Â!
#

NA



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

o^:7)-(

¥ "6%Â! <#%%09%8:-0+%>?(*%! '()*%=''>&*?#'*"7&#5%

#

NE



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

¥ '()(*+(*,(%-./0,%?:9%>B.%8(<90.*9%.6%>?(%
6.--.B0*/%/:7(9
ÐV(7:*C,%J(8:-2:C.*K%/:7(

Ðo?<(*6(2,?>&c<:099(%/:7(

x:7(%>?(.<(C,%9(7:*C,9

NH



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

¥ '()(*+(*,(%-./0,%?:9%>B.%8(<90.*9%.6%>?(%
6.--.B0*/%/:7(9
ÐV(7:*C,%J(8:-2:C.*K%/:7(

Ðo?<(*6(2,?>&c<:099(%/:7(

¥ 4(<90.*%YS%q-:;(<9%7.8(%:990/*7(*>9=
Ð#.*&+(>(<70*09C,D%07)(<6(,>%0*6.<7:C.*=

x:7(%>?(.<(C,%9(7:*C,9

NN



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

¥ '()(*+(*,(%-./0,%?:9%>B.%8(<90.*9%.6%>?(%
6.--.B0*/%/:7(9
ÐV(7:*C,%J(8:-2:C.*K%/:7(

Ðo?<(*6(2,?>&c<:099(%/:7(

¥ 4(<90.*%YS%q-:;(<9%7.8(%:990/*7(*>9=
Ð#.*&+(>(<70*09C,D%07)(<6(,>%0*6.<7:C.*=

¥ 4(<90.*%@S%q-:;(<9%7.8(%>(:79=
Ð'(>(<70*09C,D%)(<6(,>%0*6.<7:C.*=

x:7(%>?(.<(C,%9(7:*C,9

NU



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

Teams

Assignments

NW



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

$?(%/:7(&0*>20C.*

¥ (*8+&'8"*'"*0#"/&'#;'-18F3.2'5)*'28+*J';#"+:18&'
/*&0"3C*'":1*&'#;'5)*'28+*

¥ !5#+30'5F-*N''8'&3+-1*'":1*
¥ G*28?A*'85#+30'5F-*N''$)85'3&';#"C3//*.
¥ ,*-*./*.0*'85#+N' $)85'-18F*"'3&'811#$*/'5#'S.#$
¥ ,3&9:.0?#.N'-18F3.2'3.'-8"811*1
¥ V#.9:.0?#.N'-18F3.2'3.'&*T:*.0*
¥ EQ3&5*.?81'T:8.?M*"N'5#')8A*'8'+#A*
¥ \.3A*"&81'T:8.?M*"N'5"F3.2'811'+#A*&

NX



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

V(7:*C,%/:7(%.6%cv

UZ

I II



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

V(7:*C,%/:7(%.6%cv

UZ

q-:;(<9%?.-+%:%6.<72-:D%.*(%)-:;(<%:>%:%C7(=%o:,?%
>?0*39%>?:>%06%?(%.<%9?(%?.-+9%>?(%6.<72-:D%0>%09%
><2(=

I II



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

V(7:*C,%/:7(%.6%cv

UZ

q-:;(<9%?.-+%:%6.<72-:D%.*(%)-:;(<%:>%:%C7(=%o:,?%
>?0*39%>?:>%06%?(%.<%9?(%?.-+9%>?(%6.<72-:D%0>%09%
><2(=

$.%:,,.2*>%6.<%6<((%8:<0:R-(9D%>?(;%:,>2:--;%?.-+%:%
):0<%J&D9KD%B?(<(%9%09%:*%:990/*7(*>=

I II



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

y(/0**0*/%.6%>?(%/:7(

UY

J! D 9K



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

G.*\2*,C.*%7.8(S%z.>?(<k

U@



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

G.*\2*,C.*%7.8(S%z.>?(<k

U@

J!$# D9K



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

G.*\2*,C.*%7.8(S%z.>?(<k

U@

J!$# D9K



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

G.*\2*,C.*%7.8(S%z.>?(<k

U@

J#D9K

J!$# D9K



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

G.*\2*,C.*%7.8(S%z.>?(<k

U@



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

G.*\2*,C.*%7.8(S%z.>?(<k

U@

J!$# D9K



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

G.*\2*,C.*%7.8(S%z.>?(<k

U@

J!$# D9K



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

G.*\2*,C.*%7.8(S%z.>?(<k

U@

J!$# D9K

J! D9K



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

'09\2*,C.*%7.8(S%z9(-6k

UA



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

'09\2*,C.*%7.8(S%z9(-6k

UA

J!"# D9K



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

'09\2*,C.*%7.8(S%z9(-6k

UA

J!"# D9K



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

'09\2*,C.*%7.8(S%z9(-6k

UA

J! D9K

J!"# D9K



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

'09\2*,C.*%7.8(S%z9(-6k

UA



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

'09\2*,C.*%7.8(S%z9(-6k

UA

J!"# D9K



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

'09\2*,C.*%7.8(S%z9(-6k

UA

J!"# D9K



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

'09\2*,C.*%7.8(S%z9(-6k

UA

J#D9K

J!"# D9K



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

#(/:C.*%7.8(S%ww9B:)k

UE



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

#(/:C.*%7.8(S%ww9B:)k

UE

JÂ! D9K



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

#(/:C.*%7.8(S%ww9B:)k

UE

JÂ! D9K



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

#(/:C.*%7.8(S%ww9B:)k

UE

J! D9K JÂ! D9K



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

#(/:C.*%7.8(S%ww9B:)k

UE

JÂ! D9K



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

#(/:C.*%7.8(S%ww9B:)k

UE

JÂ! D9K



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

#(/:C.*%7.8(S%ww9B:)k

UE

JÂ! D9K J! D9K



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

o^09>(*C:-%`2:*CI(<%7.8(S%z9(-6k

UH



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

o^09>(*C:-%`2:*CI(<%7.8(S%z9(-6k

UH

J%̂! D9K



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

o^09>(*C:-%`2:*CI(<%7.8(S%z9(-6k

UH

J%̂! D9K



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

o^09>(*C:-%`2:*CI(<%7.8(S%z9(-6k

UH

J%̂! D9K

J! D9J:{^KK



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

o^09>(*C:-%`2:*CI(<%7.8(S%z9(-6k

UH



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

o^09>(*C:-%`2:*CI(<%7.8(S%z9(-6k

UH

J%̂! D9K



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

o^09>(*C:-%`2:*CI(<%7.8(S%z9(-6k

UH

J%̂! D9K



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

o^09>(*C:-%`2:*CI(<%7.8(S%z9(-6k

UH

J%̂! D9K

J! D9J:{^KK



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

d*08(<9:-%`2:*CI(<%7.8(S%z.>?(<k

UN



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

d*08(<9:-%`2:*CI(<%7.8(S%z.>?(<k

UN

J&^! D9K



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

d*08(<9:-%`2:*CI(<%7.8(S%z.>?(<k

UN

J&^! D9K



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

d*08(<9:-%`2:*CI(<%7.8(S%z.>?(<k

UN

J! D9J:{^KK

J&^! D9K



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

d*08(<9:-%`2:*CI(<%7.8(S%z.>?(<k

UN



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

d*08(<9:-%`2:*CI(<%7.8(S%z.>?(<k

UN

J&^! D9K



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

d*08(<9:-%`2:*CI(<%7.8(S%z.>?(<k

UN

J&^! D9K



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

d*08(<9:-%`2:*CI(<%7.8(S%z.>?(<k

UN

J&^! D9K

J! D9J:{^KK



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

]>.70,%6.<72-:S%/:7(%(*+9

UU



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

]>.70,%6.<72-:S%/:7(%(*+9

UU

J! D9K ><2(



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

]>.70,%6.<72-:S%/:7(%(*+9

UU

J! D9K ><2(



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

]>.70,%6.<72-:S%/:7(%(*+9

UU

J! D9K



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

]>.70,%6.<72-:S%/:7(%(*+9

UU

J! D9K
6:-9(



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

]>.70,%6.<72-:S%/:7(%(*+9

UU

J! D9K
6:-9(



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

]>.70,%6.<72-:S%/:7(%(*+9

UU



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

]>.70,%6.<72-:S%/:7(%(*+9

UU

J! D9K



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

]>.70,%6.<72-:S%/:7(%(*+9

UU

J! D9K
6:-9(



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

x:7(%>?(.<(C,:-%9(7:*C,9

UW

!

A

& @9(<27,(@&(A @K(*&1(.&45(@K(RR(
P*9(*(S@&&@&6(9<2*<,65(

& @9(K*49,(@&(A @K(*&1(.&45(@K(R(
P*9(*(S@&&@&6(9<2*<,65(



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

$<2>?%! %B0**0*/%9><:>(/;

¥ M0**0*/%9><:>(/;%.6%:%)-:;(<S%7:3(%92<(%>?:>%06%
;.2%?.-+%:%6.<72-:D%0>%09%><2(D%:*+%06%>?(%.>?(<%
/2;%?.-+9%:%6.<72-:%0>%09%6:-9(=

UX



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

¥ y;%0*+2,C.*%.*%>?(%6.<72-:S%"6%""%09%)-:;0*/%?(<%
B0**0*/%9><:>(/;%:*+%

¥ 9?(%?.-+9%:%6.<72-:%>?(*%0>%09%><2(D%:*+%06

¥ ?(%09%?.-+0*/%:%6.<72-:D%0>%09%6:-9(=%

WZ

$<2>?%" %B0**0*/%9><:>(/;



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

c0<9>%9(7:*C,%/:7(%.6%@

WY

Moves for all logical operations and 
atomic formulas are exactly the 
same as for first order logic, except 
for the new dependence atom.



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

'()(*+(*,(%:>.7

W@



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

'()(*+(*,(%:>.7

W@

J=(t 1,...,t n)D9K



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

'()(*+(*,(%:>.7

W@

J=(t 1,...,t n)D9K



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

'()(*+(*,(%:>.7

W@

J=(t 1,...,t n)D9K



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

'()(*+(*,(%:>.7

W@

J=(t 1,...,t n)D9K



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

d*06.<7%9><:>(/;

¥ ]%9><:>(/;%.6%""%09%2*06.<7%06%B?(*(8(<%>?(%/:7(%
(*+9%0*%""%?.-+0*/%JQJ>4D===D>. KD9K%B0>?%>?(%9:7(%

% QJ>4D===D>. K%:*+%>?(%9:7(%8:-2(9%.6%>4D===D>.]4 D%>?(*%
:-9.%>?(%8:-2(%.6%>. %09%>?(%9:7(=

¥ "7)(<6(,>%0*6.<7:C.*S%""%,:**.>%29(%:*;>?0*/%
R2>%>?(%8:-2(9%.6%>4D===D>.]4' B?(*%9?(%,?..9(9%>. =

WA



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

x:7(%>?(.<(C,:-%9(7:*C,9%.6%@

WE

!

A

& @9(<27,(@&(A @K(*&1(.&45(@K(RR(
P*9(*(7&@K.2+(S@&&@&6(
9<2*<,65%(

Non-determined



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

¥ T@&&@&6(9<2*<,65(.K(RRQ'S**-')#1/3.2'8.'8:Q3138"F'
5*8+'U'8./'+8S*'&:"*'5)85'3;'F#:')#1/'8'-83"'=&J&DJ'
5)*.'&' U'8./'U'&8?&M*&'&J'8./'3;'5)*'#--#.*.5'
)#1/&'=&J&DJ'5)*.'&' U'8./'U'&8?&M*& Â&<

WH

$<2>?%! B0**0*/%9><:>(/;



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

¥ V2)).9(%""%?:9%:%2*06.<7%B0**0*/%9><:>(/;%( 
9>:<C*/%6<.7%J! Dr) sK=

¥ R1,*S%!(>%h( R(%>?(%9(>%.6%:990/*7(*>9%9%92,?%
>?:>%J#D9K%09%:%).90C.*%0*%>?(%/:7(D%""%)-:;0*/%(=

¥ U5(@&17EF.&(.&(#S%"6%""%?.-+9%J#D9KD%>?(*%h( 

9:C9I(9 #=%"6%"%?.-+9%J#D9KD%>?(*%h( 9:C9I(9 Â# =%

WN

$<2>?%" %B0**0*/%9><:>(/;



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

V(,.*+%9(7:*C,%/:7(%.6%@

WU

This is like playing many semantic games in parallel.



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

y(/0**0*/%.6%>?(%/:7(

WW

J! D hK



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

'09\2*,C.*%7.8(%z9(-6k

WX



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

'09\2*,C.*%7.8(%z9(-6k

WX

J!"# DhK



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

'09\2*,C.*%7.8(%z9(-6k

WX

J#D|K

J!"# DhK

J! DnK



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

'09\2*,C.*%7.8(%z9(-6k

WX

J#D|K

J!"# DhK



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

'09\2*,C.*%7.8(%z9(-6k

WX

J!"# DhK



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

'09\2*,C.*%7.8(%z9(-6k

WX

J#DhK

J!"# DhK



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

G.*\2*,C.*%7.8(%z.>?(<k

XZ



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

G.*\2*,C.*%7.8(%z.>?(<k

XZ

J!$# DhK



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

G.*\2*,C.*%7.8(%z.>?(<k

XZ

J#DhK

J!$# DhK



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

G.*\2*,C.*%7.8(%z.>?(<k

XZ

J!$# DhK



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

G.*\2*,C.*%7.8(%z.>?(<k

XZ

J!$# DhK

J#D|K

J! DnK



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

G.*\2*,C.*%7.8(%z.>?(<k

XZ

J!$# DhK

J! DnK



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

#(/:C.*%7.8(%ww9B:)k

XY



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

#(/:C.*%7.8(%ww9B:)k

XY

JÂ! DhK



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

#(/:C.*%7.8(%ww9B:)k

XY

JÂ! DhK



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

#(/:C.*%7.8(%ww9B:)k

XY

JÂ! DhK J! DhK



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

#(/:C.*%7.8(%ww9B:)k

XY



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

#(/:C.*%7.8(%ww9B:)k

XY

JÂ! DhK



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

#(/:C.*%7.8(%ww9B:)k

XY

JÂ! DhK



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

#(/:C.*%7.8(%ww9B:)k

XY

J! DhK JÂ! DhK



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

o^09>(*C:-%`2:*CI(<%7.8(%Jz9(-6kK

X@



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

o^09>(*C:-%`2:*CI(<%7.8(%Jz9(-6kK

X@

J%̂! DhK



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

o^09>(*C:-%`2:*CI(<%7.8(%Jz9(-6kK

X@

J%̂! DhK



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

o^09>(*C:-%`2:*CI(<%7.8(%Jz9(-6kK

X@

J%̂! DhK

J! DhJc{^KK



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

o^09>(*C:-%`2:*CI(<%7.8(%Jz9(-6kK

X@



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

o^09>(*C:-%`2:*CI(<%7.8(%Jz9(-6kK

X@

J%̂! DhK



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

o^09>(*C:-%`2:*CI(<%7.8(%Jz9(-6kK

X@

J%̂! DhK



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

o^09>(*C:-%`2:*CI(<%7.8(%Jz9(-6kK

X@

J%̂! DhK

J! DhJF{^KK



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

d*08(<9:-%`2:*CI(<%7.8(%Jz.>?(<kK

XA



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

d*08(<9:-%`2:*CI(<%7.8(%Jz.>?(<kK

XA

J&^! DhK



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

d*08(<9:-%`2:*CI(<%7.8(%Jz.>?(<kK

XA

J&^! DhK



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

d*08(<9:-%`2:*CI(<%7.8(%Jz.>?(<kK

XA

J! DhJF{^KK

J&^! DhK



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

d*08(<9:-%`2:*CI(<%7.8(%Jz.>?(<kK

XA



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

d*08(<9:-%`2:*CI(<%7.8(%Jz.>?(<kK

XA

J&^! DhK



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

d*08(<9:-%`2:*CI(<%7.8(%Jz.>?(<kK

XA

J&^! DhK



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

d*08(<9:-%`2:*CI(<%7.8(%Jz.>?(<kK

XA

J&^! DhK

J! DhJc{^KK



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

]>.70,%6.<72-:

XE



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

]>.70,%6.<72-:

XE

J&DhK



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

]>.70,%6.<72-:

XE

J&DhK h)& Q%



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

]>.70,%6.<72-:

XE

J&DhK h)& Q%



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

]>.70,%6.<72-:

XE

J! DhK



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

]>.70,%6.<72-:

XE

J! DhKU'%'&



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

]>.70,%6.<72-:

XE

J! DhKU'%'&



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

'()(*+(*,(%:>.7

XH



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

'()(*+(*,(%:>.7

XH

J=(t 1,...,t n)DhK



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

'()(*+(*,(%:>.7

XH

J=(t 1,...,t n)DhKhQ%



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

'()(*+(*,(%:>.7

XH

J=(t 1,...,t n)DhKhQ%



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

'()(*+(*,(%:>.7

XH

J=(t 1,...,t n)DhK



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

'()(*+(*,(%:>.7

XH

J=(t 1,...,t n)DhK
U'&8?&M*&'5)*'/*-*./*.0*



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

'()(*+(*,(%:>.7

XH

J=(t 1,...,t n)DhK
U'&8?&M*&'5)*'/*-*./*.0*



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

x:7(%>?(.<(C,:-%9(7:*C,9

XN

!

A

V(9*F9J,9 & @&(A @K(*&1(.&45(@K(
RR(P*9(*(S@&&@&6(9<2*<,65%(

X

Determined, perfect information



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

Teams

Assignments

XU



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

M0**0*/%9><%" %><2>?

¥ M0**0*/%9><:>(/;%.6%""S%7:3(%92<(%>?:>%06%;.2%
?.-+%J! DhKD%>?(*%h%9:C9I(9%! D%:*+%06%?(%?.-+9%
J! DhKD%>?(*%h%9:C9I(9%Â! =

XW



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

M0**0*/%9><%! %><2>?

¥ y;%0*+2,C.*%.*%>?(%6.<72-:%! S%"6%""%09%)-:;0*/%
?(<%B0**0*/%9><:>(/;%:*+%

¥ 9?(%?.-+9%J&DhKD%>?(*%h%9:C9I(9%&D%:*+%06

¥ ?(%09%?.-+0*/%J&DhKD%>?(*%h%9:C9I(9%Â&=%

XX



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

¥ 4(<90.*%YS%q-:;(<9%7.8(%:990/*7(*>9=
Ð#.*&+(>(<70*09C,D%07)(<6(,>%0*6.<7:C.*=

¥ 4(<90.*%@S%q-:;(<9%7.8(%>(:79=
Ð'(>(<70*09C,D%)(<6(,>%0*6.<7:C.*=

¥ V:7(%B0>?%oc&/:7(=

M<:)%2)%.6%/:7(9

YZZ



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

F.+(-%>?(.<;%.6%+()(*+(*,(%-./0,

% p.+/(9%YXXUS%c.<%(8(<;%6.<72-:%6J, 4DTD, $K%
>?(<(%09%:*%(^09>(*C:-%9(,.*+%.<+(<%9(*>(*,(%A
JBK%B0>?%B&*(/:C8(%92,?%>?:>%:%>(:7%8%9:C9I(9%
6%0t%AJ8K%09%><2(=

YZY



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

F.+(-%>?(.<;%.6%+()(*+(*,(%-./0,

% p.+/(9%YXXUS%c.<%(8(<;%6.<72-:%6J, 4DTD, $K%
>?(<(%09%:*%(^09>(*C:-%9(,.*+%.<+(<%9(*>(*,(%A
JBK%B0>?%B&*(/:C8(%92,?%>?:>%:%>(:7%8%9:C9I(9%
6%0t%AJ8K%09%><2(=

WP,.2,+(J}.*C*(*&4=%@ZZWKS%$?(%,.*8(<9(%09%
:-9.%><2(%J6.<%*.*&(7)>;%>(:79K=%%

YZ@

Answers a question of Hodges.



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

G.*9(`2(*,(9

¥ ]%-:*/2:/(%6.<%#q%.*%I*0>(%7.+(-9=

¥ G.7):,>*(99=

¥ !~B(*?(07&V3.-(7=

¥ V():<:C.*%J"*>(<).-:C.*K=

YZA



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

NP-complete

YZE

^]/3&9:.0?#.'#;'
85#+& 6]/3&9:.0?#.'#;'

85#+&

PTIME

_8"+#'`#.?.*.'6747



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

¥ c.<72-:%09%*&,.?(<(*>%06%:%>(:7%9:C9I(9%0>%
B?(*(8(<%:--%92R>(:79%.6%90P(%•*%+.=

¥ c0<9>%.<+(<%6.<72-:9%:<(%Y&,.?(<(*>=

¥ '()(*+(*,(%:>.79%:<(%@&,.?(<(*>=

¥ '09\2*,C.*9%.6%>B.%+()(*+(*,(%:>.79%*((+%
*.>%R(%*&,.?(<(*>%6.<%:*;%*=

YZH

G.?(<(*,(%J1:<7.%}.*C*(*D%@ZYZK



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

¥ V3.-(70P(%I<9>%.<+(<%6.<72-:=

¥ '.%9.7(>?0*/=

¥ G:*%;.2%/(>%R:,3%>.%:%I<9>%.<+(<%6.<72-:=

¥ #.*&:<0>?7(C,:-%.*%:--%7.+(-9=%

¥ #.*<(,2<908(%.*%I*0>(%7.+(-9=

¥ G:*%:-B:;9%+(93.-(70P(%0*>.%+()(*+(*,(%-./0,=

YZN

'(93.-(70P:C.*%JB0>?%4=%x.<:*3.K



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

¥ $?(%,-.92<(%.6%+()(*+(*,(%-./0,%2*+(<%
,-:990,:-%*(/:C.*%?:9%>?(%(^:,>%9><(*/>?%.6%
9(,.*+%.<+(<%-./0,%J40--(%#2<70D%@ZZWK=

¥ y2>%B(%*((+%*(/:C.*%>.%(^)<(99%]<<.Bi9%
$?(.<(7L

G-:990,:-%*(/:C.*

YZU



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

"*>20C.*09C,%*(/:C.*

& C(*$1&D(EF&D*1G&H5&IJE=?7F>5

¥ @"K$*L($M&&8%9:C9I(9%6€ ; %0t%(8(<;%92R>(:7%
.6%8%B?0,?%9:C9I(9%6%:-9.%9:C9I(9%; =

¥ @"K$*L($M&8%9:C9I(9%&%0t%8%09%>?(%(7)>;%>(:7=

¥ e%6%09%*.B%(`208:-(*>%>.%6€ &6.<%:>.70,%65

¥ "*>20C.*09C,%*(/:C.*%J6€ &K%09%:*%:->(<*:C8(%
B:;%>.%(^>(*+%*(/:C.*%6<.7%:>.70,%>.%*.*&
:>.70,%6.<72-:9=

p.B%:R.2>%0*>20C.*09C,%*(/:C.*L

YZW



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

"*>20C.*09C,%*(/:C.*

& C(*$1&D(EF&D*1G&H5&IJE=?7F>5

¥ @"K$*L($M&&8%9:C9I(9%6€ ; %0t%(8(<;%92R>(:7%
.6%8%B?0,?%9:C9I(9%6%:-9.%9:C9I(9%; =

¥ @"K$*L($M&8%9:C9I(9%&%0t%8%09%>?(%(7)>;%>(:7=

¥ e%6%09%*.B%(`208:-(*>%>.%6€ &6.<%:>.70,%65

¥ "*>20C.*09C,%*(/:C.*%J6€ &K%09%:*%:->(<*:C8(%
B:;%>.%(^>(*+%*(/:C.*%6<.7%:>.70,%>.%*.*&
:>.70,%6.<72-:9=

p.B%:R.2>%0*>20C.*09C,%*(/:C.*L

YZX



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

"*>20C.*09C,%*(/:C.*

& C(*$1&D(EF&D*1G&H5&IJE=?7F>5

¥ @"K$*L($M&&8%9:C9I(9%6€ ; %0t%(8(<;%92R>(:7%
.6%8%B?0,?%9:C9I(9%6%:-9.%9:C9I(9%; =

¥ @"K$*L($M&8%9:C9I(9%&%0t%8%09%>?(%(7)>;%>(:7=

¥ e%6%09%*.B%(`208:-(*>%>.%6€ &6.<%:>.70,%65

¥ "*>20C.*09C,%*(/:C.*%J6€ &K%09%:*%:->(<*:C8(%
B:;%>.%(^>(*+%*(/:C.*%6<.7%:>.70,%>.%*.*&
:>.70,%6.<72-:9=

p.B%:R.2>%0*>20C.*09C,%*(/:C.*L

YYZ



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

"*>20C.*09C,%*(/:C.*

¥ '()(*+(*,(%:>.79%,:*%*.B%R(%+(I*(+%0*%
>(<79%.6%,.*9>:*,;S
%!" =#$%%%$=&$>'(((' ((("!"=#'(( (X%(( (!" =&''(Y(!" >'%

¥ '.B*B:<+%,-.92<(%:*+%>?(%(7)>;%9(>%)<.)(<>;%
:<(%)<(9(<8(+=

¥ G.7):,>*(99%6:0-9=

¥ x.(9%R(;.*+%#qD%2*-(99%#qQ,.&#q=

p.B%:R.2>%0*>20C.*09C,%*(/:C.*L

YYY



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

"*>20C.*09C,%*(/:C.*

¥ '()(*+(*,(%:>.79%,:*%*.B%R(%+(I*(+%0*%
>(<79%.6%,.*9>:*,;S
%!" =#$%%%$=&$>'(((' ((("!"=#'(( (X%(( (!" =&''(Y(!" >'

¥ '.B*B:<+%,-.92<(%:*+%>?(%(7)>;%9(>%)<.)(<>;%
:<(%)<(9(<8(+=

¥ G.7):,>*(99%6:0-9=

¥ x.(9%R(;.*+%#qD%2*-(99%#qQ,.&#q

p.B%:R.2>%0*>20C.*09C,%*(/:C.*L

YY@



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

"*>20C.*09C,%*(/:C.*

¥ '()(*+(*,(%:>.79%,:*%*.B%R(%+(I*(+%0*%
>(<79%.6%,.*9>:*,;S
%!" =#$%%%$=&$>'(((' ((("!"=#'(( (X%(( (!" =&''(Y(!" >'

¥ '.B*B:<+%,-.92<(%:*+%>?(%(7)>;%9(>%)<.)(<>;%
:<(%)<(9(<8(+=

¥ G.7):,>*(99%6:0-9=

¥ x.(9%R(;.*+%#qD%2*-(99%#qQ,.&#q=

p.B%:R.2>%0*>20C.*09C,%*(/:C.*L

YYA



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

"*>20C.*09C,%*(/:C.*

¥ '()(*+(*,(%:>.79%,:*%*.B%R(%+(I*(+%0*%
>(<79%.6%,.*9>:*,;S
%!" =#$%%%$=&$>'(((' ((("!"=#'(( (X%(( (!" =&''(Y(!" >'

¥ '.B*B:<+%,-.92<(%:*+%>?(%(7)>;%9(>%)<.)(<>;%
:<(%)<(9(<8(+=

¥ G.7):,>*(99%6:0-9=

¥ x.(9%R(;.*+%#qD%2*-(99%#qQ,.&#q=

p.B%:R.2>%0*>20C.*09C,%*(/:C.*L

YYE



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

M(%,:*%)<.8(%]<79><.*/i9%]^0.79

'()(*+(*,(%-./0, p(;C*/i9%0*>20C.*09C,%-./0,

QĴD̂K QJ^K# QJ^K

"6%QJ^D;DPKD%>?(*%QJ;D̂DPK= "6%JQJ^K" QJ;KK# QJPKD%>?(*%JQJ;K" QJ^KK# QJPK

"6%QJ^D̂D; KD%>?(*%QJ^D; K= "6%JQJ^K" QJ^KK# QJ;KD%>?(*%QJ^K# QJ;K

"6%QJ^DPKD%>?(*%QJ^D;DPK= "6%QJ^K# QJPKD%>?(*%JQJ^K" QJ;KK# QJPK

"6%QJ^D; K%:*+%QJ;DPKD%>?(*%
QĴDPK=%

"6%QJ^K# QJ;KD%:*+%QJ;K# QJPK%>?(*%QJ^K# QJPK

YYH



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

"*>20C.*09C,%*(/:C.*

¥ 8%9:C9I(9%6&• . &;%0t%6.<%(8(<;%>(:7%n%B?0,?%
9:C9I(9%6%>?(%>(:7%h%! %n%9:C9I(9%; =

¥ '.B*B:<+%,-.92<(%09%)<(9(<8(+=

¥ G.7):,>*(99%6:0-9=

¥ x.(9%R(;.*+%#q%2*-(99%#qQ,.&#q=

!0*(:<%07)-0,:C.*

YYN



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

¥ "*>20C.*09C,%07)-0,:C.*%09%>?(%:+\.0*>%.6%
,.*\2*,C.*S

¥ !0*(:<%07)-0,:C.*%09%>?(%:+\.0*>%.6%+09\2*,C.*=

x:-.09%,.**(,C.*9

(! ! " ) |= # "# ! |= " $% #

(! ! " ) |= # "# ! |= " $ #

YYU



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

¥ !0*(:<%07)-0,:C.*%09%>?(%:+\.0*>%.6%+09\2*,C.*=

q<..6

(! ! " ) |= # "# ! |= " $% #

YYW

X

Y
X !  Y

X !  Y X !  Y



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

¥ !0*(:<%07)-0,:C.*%09%>?(%:+\.0*>%.6%+09\2*,C.*=

q<..6

(! ! " ) |= # "# ! |= " $% #

YYX

X YX !  Y

Z
X !  Y

Z



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

!(99.*

¥ v*(%,:*%:++%R.>?%0*>20C.*09C,%:*+%-0*(:<%
07)-0,:C.*%>.%+()(*+(*,(%-./0,%B0>?.2>%-.90*/%
>?(%+.B*B:<+%,-.92<(=

¥ "*>20C.*09C,%*(/:C.*%:/<((9%B0>?%>?(%.<0/0*:-%
*(/:C.*%.*%>?(%:>.70,%-(8(-D%:*+%R:90,%:^0.79%
.6%+()(*+(*,(%R(,.7(%)<.8:R-(=

¥ x..+%JLK%6.<%)<..6%>?(.<;D%R2>%R:+%JLK%6.<%
7.+(-%>?(.<;=%"9%>?(<(%:%<(:9.*%6.<%>?09L

$?(%7.<:-%.6%>?(%9>.<;

Y@Z



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

Z)85'3&'/*-*./*.0*'1#230'2##/';#"[

¥ !:*/2:/(%6.<%#q=

¥ $..-%6.<%>?(%9>2+;%.6%7.<(%,.7)-(^%
+()(*+(*,0(9%>?:*%\29>%>?(%]<79><.*/%.*(9=

¥ ]%8(?0,-(%6.<%2*,.8(<0*/%>?(%7:>?(7:C,9%.6%
+()(*+(*,(%0*%:%8:<0(>;%.6%,.*>(^>9
Ð':>:%70*0*/

ÐV.,0:-%,?.0,(%>?(.<;

Ð!./0,%6.<%f:C.*:-0>;%:*+%"*>(<:,C.*

Y@Y



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

¥ 1=%455*5*(*D%@"#"$!"$%"&N()*%D%G:7R<0+/(%
d*08(<90>;%q<(99D%@ZZU=

¥ !./0,%6.<%"*>(<:,C.*%J!"#$KD%oVc%!./"GGG

Y@@



!"#$%&%'()(*+(*,(%-./0, 1.23.%455*5*(*

$?:*3%;.2u

Y@A


