
!¨΅ ῭%·΄῭( )*+,-+.΄/+(01 2).-34( -56(῭- *.΅781῭(¨( /¨(
΅*΅5( 9*.-*- 4( 7-8¨+/¨΅*΅+1/΅3῭- ῭5( /34%.¨΄/΄
((4¨+0-+῭-4+01 /34%.¨΄/΄) *(5.4΅4¨(: 0(¨%88΄8-: (*΅·%/-+:.
!- (3¨% ¨( *.΅781῭(¨( ΄ ¨+῭1 ¨΄: (4¨+0-+῭-4+01: /34%.¨΄/΄:
-῾(.¨+=¨(4 ῭=4΅ (*= ‘¨+: 6+09: ῭(:’ (*΅·%/-+:.

2̓ ῭;: /- *΅88% *.΅781῭(¨( ΄ ;·98-+% ῭(: -῾(.¨%¨(+ 0(+ (*=
¨+: (*΅·%/-+: ¨;4 %88;4. ῟- ¨9¨΅+( *.΅781῭(¨( (/,΅8-5¨(+
΄ !¨΅῭%· ΄·()*%΅*.
΄·῭·+¨%),·-·:

Α+῭΅8=Β΄/΄ (Β(·῝4 0(+ 3*΄.-/+῝4
Δ.΄῭(¨΅6=¨΄/΄ 2).-34(: 0(+ Ε4%*¨3῾΄:
Φ1·΅: /¨+: -08΅Β9:
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!¨΅῭%·΄()*+,- ,(./0+,῭-

Γ΅+΅+ -54(+ ΅+ *(50¨-: (΅4¨=¨΄¨-: *΅3 (*΅·(/5Η΅34);

Γ΅+-: -54(+ ΅+ /¨.(¨΄Β+09: (634(¨9: (*΅·%/-+: ¨;4 *(+0¨῝4);

Γ΅+( -54(+ ΄ ;·98-+( 0%·- *(50¨΄ (4%8΅Β( ῭- ¨+: /¨.(¨΄Β+09:
*΅3 ·( (0΅8΅3·1/΅34 ΅ 56+΅: 0(+ ΅+ 3*=8΅+*΅+ *(50¨-:;

Α+ ·( (*΅·(/5/΅34 ¨-8+0%; Γ΅+( /¨.(¨΄Β+01 ·(
(0΅8΅3·1/΅34; Γ΅+( -54(+ ΄ 8Ι/΄ ¨΅3 *(+,4+6+΅Ι;

)54(+ ΄ 8Ι/΄ ῭΅4(6+01;

)54(+ ¨΅ (*΅¨98-/῭( ¨΅3 *(+,4+6+΅Ι 0(8= Β+( ¨΄4 0΅+4;45(;
)54(+ 0΅+4;4+0% 798¨+/¨΅;

Α+ Β54-¨(+ (4 ΅+ *(50¨-: (88΄8-*+6.΅Ι4 *%4; (*= ῭5( ·΅.%;

Α+ Β54-¨(+ (4 3*%.,-+ (7-7(+=¨΄¨( ;: *.΅: ¨( ,(.(0¨΄.+/¨+0%
¨;4 *(+0¨῝4;
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6,(῭,789,¨% /)* 9%:09%/)-
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1-2
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7·12Α῭-῭ 3-5

!¨΅῭%῭· 3: Δ᾿῭᾿-.2 +῭΄%,-῭ +Α=()*4 +Α;()16(;3;4 –
!1῭(῝)%Ε4: 7·12Α῭-῭ 6-7

!¨΅῭%῭· 4: ΅·-.᾿Ε4 Δ᾿(῭᾿;%-.Ε4, Δ*῝῝·᾿(-.2 +῭΄%,-῭,
.῭- +῭΄%,-῭ ΅;5·,-.)Φ /Γ()΄3῝῭᾿)4: 7·12Α῭-῭ 8-10

!¨΅῭%῭· 5: +῭΄%,-῭ 3· !.᾿·᾿῭῝Ε,; ΅)(1=: 7·12Α῭-῭
11-13 .῭- 15-16

!¨΅῭%῭· 6: Β*,῭῝-.2 +῭΄%,-῭ +Α=()*4 +Α;()16(;3;4:
7·12Α῭-) 18
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(:·Α-.= Η῭Γ῝)Α)%΄῭)→0.9+
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!. ¨΅῭%· - amanou@math.uoa.gr ΄()*(+,-./0 .*- 1*2,῭-*



6%(·΅,῭49%: 6%῭7¨5΅῭ Nim(n,m)

2),΅3῭- 2 /¨΅57-: ῭- ῾38%0+(. Θ 1΄ /¨΅57( 9,-+ n 0(+ ΄ 2΄
/¨΅57( 9,-+ m ῾38%0+(.

Κ*%.,΅34 2 *(50¨-:: ΅ Λ 0(+ ΅ ΛΛ.

Γ.῝¨( *(5Η-+ ΅ Λ, ῭-¨% ΅ ΛΛ, ῭-¨% *%8+ ΅ Λ, 0¨8.

Μ%·- *(50¨΄:, =¨(4 9.·-+ ΄ /-+.% ¨΅3, 6+(89Β-+ /¨΅57( 0(+
*(5.4-+ (*= (3¨14 =/( ῾38%0+( ·98-+.

Μ-.65Η-+ (3¨=: *΅3 ·( *%.-+ ¨΅ ¨-8-3¨(5΅ ῾38%0+. ᾿ ,(῭94΅:
654-+ 1 /¨΅4 4+0΄¨1.

Ε4 n = m, ¨΅ *(+,456+ 89Β-¨(+ +/΅..΅*΄῭94΅, (88+῝: 89Β-¨(+
῭΄-+/΅..΅*΄῭94΅.
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Ν( *.΅/*(·1/΅3῭- *.῝¨( 4( 7.΅Ι῭- ¨΄ 8Ι/΄ /¨΅ +/΅..΅*΄῭94΅
*(+,456+ 0(+ ῭-¨% /¨΅ ῭΄-+/΅..΅*΄῭94΅.

Nim(1, 1)
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o e De Jaxifse Eve fubani ano enr apoesen

62 : Da.

o Ea Giazifa no abso fubari va Da

kapfis e neixvifi .



Nim(2, 2)
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⑬
· Avo E Goyafri Evatubari ano
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Shaiba, o I De zazifa dra juban , ano en Jafia
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2) Ma
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·
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seaba
,

o I Ea Gabifa 2 gene and enr

adan seriba va fa e agtisal .

O E sijorge De xagel .
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&
· Au ol naqe n fisaria, o Ie Naga n

Fatalia ano en aban swibe : De XasaoI

Avol nage nul fitaria, o fe nie a net

zuzara
aro en Ayan Graba,a pagaz

p
naxido so Nim(1

,
11 va. De xisco 1

.

Terika, osa fosalia van va daya o
E ano ent

nquis snaba
,

zosa de nopes va o El ano en 28

Globa van De xisa essica o 5
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῟΄-+/΅..΅*΄῭94΅ *(+,456+:
Nim(n,m)
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,
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B
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O I de naga mun fuxaria ano en 28 Groiba
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6%(·΅,῭49%: 6%῭7¨5΅῭ /.¨ Shapley ῾%῭ Shubit
34΅)5%·῭ 3 4*2.(60: !, 7 .*- 8.
9΅:6 4*2.(+0 /56- /῭* ·4*῾=῭- .*- /῭* =4῾% ·6 (% %4%2%
4·)%᾿%῾62 (* ·4*῾=῭-* (;῭ ΅῾῾;῭.
῟ 4*2.(+0 4%· :* 4·)%᾿%῾ΑΒ6- 4)%.῝4(6- ·6 .῾Α);Β+ (.2̈̀ +Β+ (+0
Δ῝Β+0).
!·(=0 4%· :* .῾+);:62 64-῾/,6- 4%-% ·4*῾=῭- :* Β(%56῝Β6-.
!῭ *Β(%5ΑΒ6-, (% 4*-5῭2Ε- Φ6.-̈̀ ΅6- *4= (+῭ *)5Α. !῭ 6·Β(%5ΑΒ6-,
% 5(·4+·/῭%0 Δ6῝,6- .*- (% 4*-5῭2Ε- Β·῭652Γ6(*- ·6 *·(%῝0 4%·
/5%·῭ ·62̈̀ 6-.
Η 4-:*῭=(+(* ῭* 46(῝56- (%῭ Β(=5% % ! 62̈̀ *- ω.
Η 4-:*῭=(+(* ῭* 46(῝56- (%῭ Β(=5% % 7 62̈̀ *- ε.
Η 4-:*῭=(+(* ῭* 46(῝56- (%῭ Β(=5% % 8 62̈̀ *- ϑ.
ΙΘΒ(; ω > ε > ϑ.
9΅:6 4*2.(+0 :/῾6- ῭* ·6,-Β(%4%-ΑΒ6- (+῭ 4-:*῭=(+(* ῭*
64-᾿-ΚΒ6-.

:- Γ῭ ·0-ΑΕΙ)*, ,῭ .2,)*, )- 0῭΄.᾿·4; +)-῭ Γ῭ ·΄,῭- ;

0-Γ῭,6᾿;᾿῭ ·0-Η΄῾3;4 .2Γ· 0῭΄.᾿; ᾿·Α-.2;
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Tar : > 7 3 33 A va f

TBr : >
-> 3 B rai M

=rivapa ano no Tab
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PBA : 32 > 37 13 3 33 37
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.

o B

Par=Par + =8 . 0 + -(1- 3 - Pa2
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,

diee De Enijifi ve scoxaia

er naieun pa ene pajeditch evoroxie roses

ga naficion anexier repaire Ma er neinen
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Aga ,

or Enizajai aro en pion o A
,
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&
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. o A
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6%(·΅,῭49%: =) ΅53᾿99% /)* ·*3%῾῭+9΄¨)*

2 8΄/¨9:: ΅ Λ 0(+ ΅ ΛΛ.

Θ (/¨34΅῭5( ¨΅3: /388(῭7%4-+ 0(+ ¨΅3: (4(0.54-+ ,;.+/¨%.
Α΅3: *.΅¨-54-+ ¨( -῾1::
- Ε4 ΅῭΅8΅Β1/΅34 0(+ ΅+ 6Ι΅, ·( *%4- ·38(01 5 ,.=4+(.
- Ε4 6-4 ΅῭΅8΅Β1/-+ 0(494(:, ·( *%4- ·38(01 1 ,.=4΅.
- Ε4 ΅῭΅8΅Β1/-+ ῭=4΅ ΅ 94(:, (3¨=: *΅3 ΅῭΅8=Β΄/- ·(
(*-8-3·-.;·-5 0(+ ΅ %88΅: ·( *%-+ ·38(01 10 ,.=4+(.

:- Γ῭ ·0-ΑΕΙ)*, ,῭ .2,)*, )- 0῭΄.᾿·4; +63῭ Θ(6,-῭ Γ῭ ῝0·-

) .῭ΓΕ,῭4 3᾿; 1*Α῭.= ᾿·Α-.2;
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-
o neirens I drsgesta :

An o E Enigafsi ve

oposgrisa, ma suppigava
globoism .

An o E Erisafa va

invomagica, pa suppapara· Mojogrisw.

Ala o E De
arobojrisa .

O
Moinos Man o I Ge

omobarism.

Agen Josa Eira
da oobogni sorr van o 2

.



1.2. :··%4·῭΄3+ ῾΄·῭=᾿*(%
᾿·΄)¨/*¨
(7·12Α῭-) 2)
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1%+῭῾· +/)῭7,5%

΄.(./;
Γ(50¨-: = /¨.(¨΄Β+09: ΅4¨=¨΄¨-: *΅3 (*΅·(/5Η΅34.

΄0-¨;
῟- *΅+( /-+.% (*΅·(/5Η΅34 ΅+ *(50¨-:.

1(;
!¨.(¨΄Β+09: *(+0¨῝4 = ΅+ 634(¨9: (*΅·%/-+: ¨΅3:.

΄02.;
Θ ;·98-+( (4 *(5῾΅34 /3Β0-0.+῭94-: /¨.(¨΄Β+09:.
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;)(·΄- ῟%()*+5%+᾿- ῟%῭4¨5)*

34-¨-·,5*6 ,.῭78
!- ῭΅.·1 694¨.΅3.

9·*.*(48 ,.῭78
!- ῭΅.·1 *54(0(.

!. ¨΅῭%· - amanou@math.uoa.gr ΄()*(+,-./0 .*- 1*2,῭-*



6%(·΅,῭49%: 6%῭7¨5΅῭ Nim(2, 1) +, ,῾/,/%9΄¨᾿
9)(·0
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/
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#yo 18
.2)I
c

(i
,
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,
0)

· Sus rocupas Seaton
For nainen nor daifa

· sus arpas avayapatis en spaentien.

·
[et zopazines vopupis jeyorpa as hangup is



6%(·΅,῭49%: ΑΒ+῭῾᾿ ()*3΄/% +, ,῾/,/%9΄¨᾿
9)(·0

34΅)5%·῭ 2 4*2.(60: Λ .*- ΛΛ.

!)5-.΅ ᾿΅Γ6- % .*:/῭*0 1 Θ·)Κ.

῟ 4*2.(+0 Λ /56- 2 64-῾%,/0.
1+ 64-῾%,Α: 7΅Γ6- ΅῾῾% /῭* Θ·)Κ .*- 46)῭΅6- Β(+῭ 64=·6῭+ Δ΅Β+.
2+ 64-῾%,Α: Μ25῭6- /῭* Γ΅)-. !῭ (% Γ΅)- Δ/)6- 1, % Λ 5΅῭6- .*- % ΛΛ
4*2)῭6- (* 5)Α·*(*. !῭ (% Γ΅)- Δ/)6- 2-6, % Λ 46)῭΅6- Β(+῭
64=·6῭+ Δ΅Β+.

!῭ % Λ 46)΅Β6-, 4*2Γ6- % ΛΛ ·6 (%῭ 2Ε-% ()=4%.

!῭ 46)΅Β%·῭ .*- %- Ε῝%, (% 4*-5῭2Ε- (6῾6-Κ῭6- .*- %- 4*2.(60
·%-)΅Γ%῭(*- (* 5)Α·*(*.

῟ΕΑ)*῝· ,῭ 5-῭᾿*0Κ3)*῝· ᾿) 0῭-Θ,΄5- 3· ·.᾿·᾿῭῝Ε,; ῝)(1=.
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6%(·΅,῭49%: =) ΅53᾿99% /)* ·*3%῾῭+9΄¨)* +,
,῾/,/%9΄¨᾿ 9)(·0
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6%(·΅,῭49%: 6%῭7¨5΅῭ %¨%῝0/᾿+᾿- +, ,῾/,/%9΄¨᾿
9)(·0

34΅)5%·῭ 2 4*2.(60: Λ .*- ΛΛ.
1*2.(+0 Λ: !῭(-(%)4-῾-.=.
1*2.(+0 ΛΛ: 34%᾿)῝5-%.

!)5-.΅, % ΛΛ .)῝᾿6(*- Β(+ :/Β+ 1 Α Β(+ :/Β+ 2.

῟ Λ Ν΅5῭6- ῭* ᾿)6- (%῭ ΛΛ 6Κ0 2 Δ%)/0.
Η 4-:*῭=(+(* 6῭(%4-Β·%῝ Β(+ :/Β+ 1 62̈̀ *- 1

4 .
Η 4-:*῭=(+(* 6῭(%4-Β·%῝ Β(+ :/Β+ 2 62̈̀ *- 1

2 .

῟ Λ /56- Ε·῭*(=(+(* ῭* *῾῾΅Φ6- :/Β+ 4)-̈̀ (+ 2+ *῭*ΓΑ(+Β+.

!῭ % Λ ᾿)6- (%῭ ΛΛ, % Λ .6)Ε2Γ6- ·2* ·%῭΅Ε* .*- % ΛΛ 5΅῭6- ·2*
·%῭΅Ε*.
!῭ % Λ Ε6῭ 6῭(%42Β6- (%῭ ΛΛ, .6)Ε2Γ%·῭ .*- %- Ε῝% 0 ·%῭΅Ε60.

῟ΕΑ)*῝· ,῭ 5-῭᾿*0Κ3)*῝· ᾿) 0῭-Θ,΄5- 3· ·.᾿·᾿῭῝Ε,; ῝)(1=.
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:·*.῾. =῾6῭.70῭626/: !Ι4΅8΅ (*= 0=῭7΅3: -4=: *(50¨΄
/¨΅3: ΅*΅5΅3: ΅ *(50¨΄: 9,-+ (0.+7῝: ¨΄4 56+( *8΄.΅·΅.5(.
ϖ Α( /Ι4΅8( *8΄.΅·=.΄/΄: ¨( (.+·῭΅Ι῭- (*= *%4; *.΅: ¨( 0%¨;
0(+ (*= (.+/¨-.% *.΅: 6-῾+%.
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Δ/(%/᾿4῭῾΄-

Θ 2-῭·-6)(48 -4=: *(50¨΄ 654-+ ¨΄4 054΄/΄ ¨΅3 /- 0%·-
/Ι4΅8΅ *8΄.΅·=.΄/΄:.

2Ε.(, 0%·- /¨.(¨΄Β+01 -4=: *(50¨΄ ·( -54(+ 94( 6+%43/῭( ῭-
¨=/( /¨΅+,-5( =/΅ ¨( /Ι4΅8( *8΄.΅·=.΄/΄:.

Θ /¨.(¨΄Β+01 *-.+Β.%·-+ (0.+7῝: ¨+ ·( 0%4-+ 94(: *(50¨΄: /-
=8΅ ¨΅ *(+,456+.

Α΅ 2·*.῾. 2-῭·-6)(4᾿* ¨΅3 *(50¨΄ i /3῭7΅85Η-¨(+ ῭-
Si.
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6%(·΅,῭49%: 6%῭7¨5΅῭ %¨%῝0/᾿+᾿- - ΔΕ¨)3%
+/(%/᾿4῭῾Β¨
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Me ear I :

Apa mata Gigarnylaria·
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0) (1,-12 100) 100
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Tie ear I:

Eye Eve sivodo nampogoguans.

Aga Raga stpanjian Daya
ava staxio .

Si= (1)
,
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