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Úloha

Zobrazte evolúciu stratégií hry väzenská dilema, NWRUi MH PRGHORYDQi JHQHWLFNêP DOJRULWPRP� SULþRP

NDåGi GYRMLFD Yl]�RY EXGH LQWHUDJRYD" YåG\ ���NUiW PHG]L VHERX� 7DEX�ND SODWLHE MH

kooperuje (C) nekooperuje (D)
Kooperuje (C) 3,3 0,5

Nekooperuje (D) 5,0 1,1
1DSUtNODG NH� SUYê Yl]H� QHNRRSHUXMH �'� D GUXKê Yl]H� NRRSHUXMH �&�� SUYê GRVWDQH � ERGRY D GUXKê �

ERGRY� 9l]QL PDM~ SDPl" YH�NRVWL �� SDPlWDM~ VL LED SRVOHGQê "DK V~SHUD� 1DSUtNODG VWUDWpJLD &&'

�FKURPR]yP R WURFK ]ORåNiFK� ]QDPHQi� Y SUYRP NURNX DJHQW NRRSHUXMH ��� SRORåND Y FKURPR]yPH MH &��

Y �DOãtFK "DKRFK NRRSHUXMH ��� ]ORåND MH &�� DN Y SUHGFKiG]DM~FRP "DKX V~SHU NRRSHURYDO� DOHER

QHNRRSHUXMH ��� ]ORåND MH '�� DN V~SHU Y SUHGFKiG]DM~FRP "DKX QHNRRSHURYDO� 3UL SRSXOiFLL ���� XUREWH

YåG\ QiKRGQH ��� VNXStQ SR ��� QHFKDMWH LFK YãHWN\ SR GYRMLFLDFK LQWHUDJRYD" PHG]L VHERX� V WêP� åH VD

NDåGpPX EXG~ VþLWRYD" SODWE\ D ]REHUWH GR �DOãHM JHQHUiFLH LED � QDMOHSãtFK� 9êVOHGNRP Pi E\" JUDI�
NGH QD RVL [ EXGH þtVOR JHQHUiFLH �WHGD þDV� D QD RVL \ SRþHWQRV" ]iVWXSFRY WHM NWRUHM VWUDWpJLH Y

generácii.

Teória hier

Problémami ako Väzenská dilema sa zaoberá špeciálna vedná disciplína teória hier. Teória hier vo
YãHREHFQRVWL UR]OLãXMH GYD GUXK\ KLHU� KU\ V QXORYêP V~þWRP D KU\ V QHQXORYêP V~þWRP� 9 SUYRP W\SH

hier sa jedná o hry typu YêKUD�SUHKUD� WHGD DN MHGHQ KUiþ Y\KUi� GUXKê PXVt QXWQH SUHKUD" D QDRSDN� .

WRPXWR GUXKX KLHU E\ VPH PRKOL ]DUDGL" QDSUtNODG KUX 1LP� NGH KUiþL VWULHGDYR RGREHUDM~ ] N{SN\ �� �

DOHER � ]iSDON\ D Y\KUiYD WHQ� NWRUê ]REHULH SRVOHGQ~ ]iSDONX� =R ]ORåLWHMãtFK KLHU VD VHP Gi SULUDGL"
QDSUtNODG ãDFK� 1D Y\VYHWOHQLH Qi]YX E\ VRP GRGDO� åH KUiþ EX� Y\KUi ���E� DOHER SUHKUi ���E�� þR GiYD

YåG\ FHONRYê V~þHW � �SUL UHPt]H P{åHPH NDåGpPX KUiþRYL XGHOL" � ERGRY�� 'UXKê W\S VD Y\]QDþXMH WêP�

åH WDNpKR SUDYLGOR R QXORYRP �DQL NRQãWDQWQRP� V~þWH YêVOHGNRY QHSODWt� $ SUiYH VHP SDWUt DM 9l]HQVNi

GLOHPD� Y NWRUHM MHGQRWOLYp V~þW\ V~ � �SUL RERMVWUDQQHM NRRSHUiFLL�� � �SUL MHGQRVWUDQQHM NRRSHUiFLL�

respektíve 6 (pri obojstrannej nekooperácii). Práve Väzenská dilema, ktorá bola prvýkrát formulovaná v
URNX ����� SDWUt N QDMVNRUãtP� SRPHUQH MHGQRGXFKêP KUiP� NWRUp PDM~ QDY\ãH DM PQRåVWYR DSOLNiFLt Y

reálnom svete.

7HyULD KLHU V QHQXORYêP V~þWRP Pi EOt]NR N WHyULL UR]KRGRYDQLD� 3UREOpP\ ULHãHQp WHyULRX UR]KRGRYDQLD

VD Y\]QDþXM~ YlþãtP SRþWRP DOWHUQDWtY QD ULHãHQLH QHMDNpKR SUREOpPX D YlþãtP SRþWRP XGDORVWt

RYSO\Y�XM~FLFK YêVOHGN\ MHGQRWOLYêFK DOWHUQDWtY� 7êPWR XGDORVWLDP V~ SULUDGHQp SUDYGHSRGREQRVWL D QD

]iNODGH WRKR VD Gi UR]KRGQ~"� NWRUi VWUDWpJLD MH QDMOHSãLD� $NR SUtNODG PRåQR XYLHV" IDUPiUD� NWRUê VD Pi

UR]KRGQ~"� þL VL Gi DOHER QHGi ]DYLHV" ]DYODåRYDFt V\VWpP� 5R]KRGXM~FLP IDNWRURP MH SRþDVLH� X NWRUpKR

WUHED RGKDGQ~" SUDYGHSRGREQRVWL D QD ]iNODGH WRKR VD UR]KRGQ~"� þL ]DYODåRYDQLH Pi ]P\VHO� 7HyULD

KLHU YãDN SULQiãD QRYê SUYRN� WêP MH GUXKê KUiþ �SUtSDGQH DM WUHWt� ãWYUWê� DW���� 7X Xå RGKDGRYDQLH

SUDYGHSRGREQRVWt MH QHSRPHUQH ]ORåLWHMãLH� OHER RGKDGXMHPH� DNR VD ]DFKRYi LQê åLYê þORYHN�

Klasická väzenská dilema

9Ui"PH VD YãDN N 9l]HQVNHM GLOHPH� 3UtEHK MH R GYRFK ]ORþLQFRFK� NWRUt V~ ]DWNQXWt ]D PHQãt SULHVWXSRN�

]D XNUDGQXWLH DXWD� 3ROLFDMWL LFK SR SULFK\WHQt SUL þLQH ]DWNQ~� RGYHG~ QD SROLFDMQ~ VWDQLFX D XPLHVWQLD GR

RGGHOHQêFK PLHVWQRVWt� =ORþLQFL WHGD QHP{åX PHG]L VHERX NRPXQLNRYD"� 'HWHNWtY YãDN YHUt� åH REDMD V~

YLQQê ] YlþãLHKR SULHVWXSNX� ] Y\NUDGQXWLD EDQN\� = WRKR G{YRGX LP RERP QHFKi PRåQRV" XGD" WRKR

GUXKpKR DNR ]ORþLQFD� NWRUê Y\NUDGRO EDQNX �PRåQRV" '� GHIHFW DOHER QHNRRSHURYD" VR VYRMtP

VSRORþQtNRP� DOHER KR QHXGD" �PRåQRV" &� FRRSHUDWH DOHER NRRSHURYD" VR VYRMtP VSRORþQtNRP�� $N DQL

MHGHQ QHSUHKRYRUt �PRåQRV" &&�� GHWHNWtY LP SULãLMH NUiGHå DXWD D REDMD VL S{MGX VDGQ~" QD MHGHQ URN� $N

REDMD QDKOiVLD WRKR GUXKpKR �PRåQRV" ''�� REDMD GRVWDQ~ SR WUL URN\� $N SUYê XGi GUXKpKR� QR GUXKê

QHXGi SUYpKR �PRåQRV" '&�� SUYê EXGH RGPHQHQê ]D VSROXSUiFX V SROtFLRX VORERGRX D WHQ GUXKê VL

S{MGH RGVHGLH" Sl" URNRY� 0RåQRV" &' IXQJXMH SUHVQH QDRSDN DNR PRåQRV" '&� 2EDMD WHGD VWRMD SUHG

URYQDNêP SUREOpPRP� XGD" þL QHXGD"�

Klasická dilema kooperuje (C) nekooperuje (D)
Kooperuje (C) 1,1 5,0

Nekooperuje (D) 0,5 3,3



9l]HQVNi GLOHPD� WHGD VS��D MHGQX G{OHåLW~ SRGPLHQNX SUH SUHIHUHQFLH YêEHUX DOWHUQDWtY�

• DC>CC>DD>CD

$NR VD WHGD UR]KRGQ~"" 2EDMD PDM~ VHEHFNê FLH�� D WR VWUiYL" YR Yl]HQt þR QDMNUDWãt þDV� 3UHGVWDYPH VL�

åH SUYê ]ORþLQHF YLGt GR FHO\� Y NWRUHM VHGt GUXKê D SRþXMH� DNR VD WHQ UR]KRGXMH� 1HFK MH WHGD GUXKê

ÄVSUiYQ\P³ ]ORþLQFRP D EXGH ]DW�ND"� D WHGD GHWHNWtYRYL QLþ QHSRYLH� 9 WRP SUtSDGH VL SUYê Y\EHUi PHG]L

VORERGRX D MHGQêP URNRP Yl]HQLD� þR KR SUL PD[LPDOL]iFLL VYRMKR ~åLWNX YHGLH N VSROXSUiFL V SROtFLRX�

3UHGSRNODGDMPH SUH ]PHQX� åH GUXKê ]ORþLQHF E\ FKFHO RVWD" VORERGQê� D WDN XGi SUYpKR� ýR Pi UREL"
prvý v tomto prípade? Rozhoduje sa medzi tromi a piatimi rokmi vo väzení, samozrejme tri roky sú
SULMDWH�QHMãLH� WDNåH RSl" XGi WRKR GUXKpKR� 9 RERFK SUtSDGRFK VPH WHGD EROL VYHGNDPL� åH SUYpPX VD

YLDF RSODWt WRKR GUXKpKR XGD"� 2EGREQH YãDN XYDåXMH DM GUXKê Yl]H�� þR YHGLH N VWDYX ''� 7HQWR VWDY VD

QD]êYD URYQRYiåQ\� 9]QLN WRKRWR URYQRYiåQHKR VWDYX XPRåQLOD Y\ããLH XYHGHQi SRGPLHQND SUHIHUHQFLt�

7UDJpGLRX YãDN MH� åH URYQRYiåQ\ VWDY '' MH KRUãt DNR VWDY && SUH RERFK KUiþRY� 2EDMD E\ VL WHGD GRV"
SROHSãLOL� DN E\ SUHãOL GR VWDYX &&� %RKXåLD� YãDN QHH[LVWXMH G{YRG� NWRUê E\ LFK GR WRKR VWDYX YLHGRO�

1LH NDåGi KUD Pi URYQRYiåQ\ VWDY� Y QDVOHGXM~FHM WDEX�NH XYiG]DP SUH SRURYQDQLH U{]QH GUXK\ KLHU�

3RG Qi]YRP KU\ MH XYHGHQp SRUDGLH SUHIHUHQFLt PRåQRVWt�

Prisoner's
Dilemma (PD)

Chicken (CH) Stag Hunt (SH) Deadlock (DL)

DC DC CC DC
CC CC DC DD
DD CD DD CC
CD DD CD CD

6SROXSUiFD� R NWRUHM VPH GRNi]DOL MHM YêKRGQRV" VD R PQRKR MHGQRGXFKãLH GRVDKXMH Y KUH W\SX 6+ D MH

QDMVN{U QHGRVLDKQXWH�Qi Y KUH W\SX '/�

Iterovaná väzenská dilema

.ODVLFNi Yl]HQVNi GLOHPD VD KUi UD]� 2EDMD Yl]QL VD PXVLD UR]KRGQ~" EH] WRKR� DE\ VD PRKOL GRKRYRUL"�
6N~VPH WURãNX ]YR�QL" WLHWR SRGPLHQN\ D SUHGSRNODGDMPH� åH WtWR GYDMD V~ QHSRXþLWH�Qt D GRVWDQ~ VD GR

SRGREQHM VLWXiFLH PQRKRNUiW SR VHEH� 7RWR E\ VQi� PRKOR YLHV" N WRPX� åH VD REDMD SRXþLD D GRVWDQ~ VD

] QHYêKRGQpKR URYQRYiåQHKR VWDYX '' GR YêKRGQHMãLHKR VWDYX &&� = XYHGHQpKR G{YRGX DXWRUL

RE\þDMQH SULGiYDM~ SUL LWHURYDQHM YHU]LL QRY~ SRGPLHQNX SUH SUHIHUHQFLH�

• CC>(DC+CD)/2
7iWR SRGPLHQND ]DEH]SHþXMH� åH ]DWNQXWêP VD YLDF RSODWt VSROXSUDFRYD"� DNR VD VWULHGDYR XGiYD" D EUD"
na seba vinu.

=Gi VD WHGD� åH ] GOKRGREpKR K�DGLVND MH SUH RERFK YêKRGQp VSROXSUDFRYD"� 2EDMD VD WRWLå ERMD� åH Y

QDVOHGXM~FRP NURNX LFK WHQ GUXKê XGi� þR VS{VREXMH SUtNORQ N VSROXSUiFL� 1iNORQQRV" N VSROXSUiFL VD Gi

PHQL" ]PHQDPL Y SRGPLHQNDFK ~ORK\� 3UHGVWDYPH VL� åH ]ORþLQ� ] NWRUpKR LFK GHWHNWtY XSRGR]ULHYD� QLH MH

Y\NUDGQXWLH EDQN\� DOH EUXWiOQD YUDåGD� SRWRP '& ]QDPHQi VORERGX� && � URN� '' �� URNRY D &' ��

URNRY� 7X MH KUR]ED� åH PRMD GREUi Y{�D QHEXGH RSlWRYDQi Då SUtOLã YH�Ni� WDNåH VSRORþQtFL EXG~ PHQHM

QiNORQQt N VSROXSUiFL� 3ULWYUGL" E\ VD GDOR Y QLHNWRUêFK DPHULFNêFK ãWiWRFK� NGH MH PRåQê DM WUHVW VPUWL�

1DRSDN SRGPLHQN\ VD GDM~ DM ]MHPQL" D QDYRGL" YKRGQHMãLX VLWXiFLX SUH NRRSHUiFLX�

Stratégie

$N VD KUD QHXVWiOH RSDNXMH� KUiþ VL P{åH Y\EUD" Y SRGVWDWH ] QHREPHG]HQpKR PQRåVWYD VWUDWpJLt� 9

�DOãRP UR]REHULHP QDM]iNODGQHMãLH ] QLFK�

Náhodná stratégia: +Uiþ VL SUL NDåGHM SUtOHåLWRVWL KRGt PLQFRX D SRG�D WRKR VD UR]KRGQH� þL EXGH DOHER

QHEXGH VSROXSUDFRYD"� 7iWR VWUDWpJLD MH MHGQRGXFKi QD SUHYHGHQLH� QR QHGi VD RG QHM RþDNiYD"� åH EXGH

PLPLQDOL]RYD" KUiþRY þDV VWUiYHQê YR Yl]HQt� 3URWLKUiþD WRWLå QiKRGQp XGiYDQLD XQDYLD D SR XUþLWRP

þDVH SUHVWDQH E\" RFKRWQê VSROXSUDFRYD"�

Kooperatívna stratégia: -HGQi VD YODVWQH R VWUDWpJLX ÄNWR GR WHED NDPH�RP� W\ GR�KR FKOHERP³� +Uiþ

VD WHGD Y{EHF QH]DXMtPD R V~SHURYH "DK\� DOH MHGQRGXFKR YåG\ VSROXSUDFXMH� 9êKRGRX WHMWR VWUDWpJLH MH

SUHVYHGþHQLH SURWLKUiþD R VYRMLFK GREUêFK ~P\VORFK� þR VS{VREt� åH VD SUHVWDQH Ei" QDMYlþãHM KUR]E\



&' D EXGH YLDF QiNORQQê N VSROXSUiFL� 1HYêKRGRX MH� DN VL SURWLKUiþ RYHUt� åH KUiþ SRXåtYD þLVWR

NRRSHUDWtYQX VWUDWpJLX� P{åH VD UR]KRGQ~" Y\XåL" VLWXiFLX D Y\"DåL" SUH VHED PD[LPXP�

Nekooperatívna stratégia: -HGQi VD YODVWQH R VWUDWpJLX ÄNWR GR WHED FKOHERP� W\ GR�KR NDPH�RP³� +Uiþ

QLNG\ V GUXKêP QHVSROXSUDFXMH� 7iWR VWUDWpJLD VD ]Y\NQH DSOLNRYD" KODYQH SUL YH�PL QHYêKRGQRP &'� NH�
MH WR Då SUtOLã SHQDOL]RYDQp� 1HYêKRG\ WHMWR VWUDWpJLH V~ ]UHMPp� -HGQDN ]QHPRå�XMH QDVWROHQLH

RERMVWUDQQH YêKRGQpKR VWDYX && D SRWRP Y SRGVWDWH Q~WL V~SHUD� DE\ DGRSWRYDO URYQDN~ VWUDWpJLX� þR

YHGLH N URYQRYiåQHPX VWDYX ''�

Stratégia Tit-for-Tat (TFT): 9 WHMWR VWUDWpJLL KUiþ VSROXSUDFXMH Y SUYRP NURNX D SRWRP YåG\ RSDNXMH

SUHGRãOê "DK V~SHUD� 1LHNR�NR U{]Q\FK ãW~GLt XNi]DOR� åH SUiYH WiWR VWUDWpJLD PD[LPDOL]XMH VSRNRMQRV"
KUiþD� Robert Axelrod z University RI 0LFKLJDQ ]RUJDQL]RYDO Y URNX ���� V~"Då NDåGê V NDåGêP U{]Q\FK

DOJRULWPRY� NWRUp GRGDOL YHGFL ] U{]Q\FK DPHULFNêFK ãN{O� 1DMSUY VD WXUQDMD ]~þDVWQLOR RNROR �� VWUDWpJLt� ]

NWRUêFK SUiYH 7)7 Y\ãOD Yt"D]QH� 9 QHVNRUãRP NROH VD Xå ]LãOR QDG �� VWUDWpJLt D SUiYH MHGQRGXFKi 7)7

EROD RSl" QDM~VSHãQHMãLD� 3UHþR MH 7)7 WDNi ~VSHãQi" 3R SUYp� 7)7 ]DþtQD SULDWH�VN\� WHGD

VSROXSUDFXMH� þR Y\WYiUD SUHGSRNODG N QDVWROHQLX URYQRYiåQHKR VWDYX &&� 3R GUXKp� MH WR WUHVWDM~FD

VWUDWpJLD� WHGD WUHVWi V~SHURYH SRGUD]\� 3R WUHWLH� MH WR RGS~ã"DM~FD VWUDWpJLD� þR ]QDPHQi� åH Y SUtSDGH

prejavenej súperovej dobrej vôle, zabudne na predošlé podrazy. Napriek týmto výhodám, TFT má aj
MHGQX GUREQ~ FK\ELþNX� $N VD VWUHWQ~ GYH 7)7� WDN MH WR LGHiOQH� QR SUHGVWDYPH VL� åH ] LVWpKR G{YRGX MH

UD] V~SHU GRQ~WHQê QHVSROXSUDFRYD"� SRWRP VD 7)7 GRVWiYD GR QHSUtMHPQpKR F\NOX &'� '&� ] NWRUpKR

niet východiska.

Vylepšená TFT: 9\OHSãHQi 7)7 VD P{åH QDSUtNODG Y PDORP SHUFHQWH SUtSDGRY UR]KRGQ~" ]DEXGQ~" QD
súperovu QHVSROXSUiFX� þtP VD Y\KQH SUiYH VSRPtQDQpPX HIHNWX� 7R SHUFHQWR VD RE\þDMQH YROt Y

UR]PHG]t ������ ,QRX PRåQRV"RX V~ U{]QH PHFKDQL]P\� NWRUp PDM~ NRQWURORYD"� þL V~SHU QiKRGRX

QHSRXåtYD OHQ þLVWR NRRSHUDWtYQX VWUDWpJLX� SRWRP E\ VD WR GDOR ]QHXåL"� LQDN VD YUiWLPH N SRXåtYDQLX

TFT.

Aplikácie

Doteraz sme sa zaoberali klasickou väzenskou dilemou, no tento problém má mnoho iných aplikácií v
UHiOQRP VYHWH� $NR VRP Xå VSRPHQXO� KRGQRW\ Y MHGQRWOLYêFK NROyQNDFK PRåQR QDVWDYRYD" �XERYR�QH� 7R
vedie k rôznym verziám väzenskej dilemy, jednou z variácií je vlastne aj zadanie tejto úlohy, kde väzni nie
V~ WUHVWDQt DOH RGPH�RYDQt� 1Lþ WR YãDN QHPHQt QD SRUDGt SUHIHUHQFLt� WDNåH FHOi WHyULD RVWiYD

zachovaná.

.GH YãDGH PRåQR QiMV" DSOLNiFLH WHMWR KU\" =DþQLPH QDSUtNODG VR ]EURMHQtP GYRFK NUDMtQ� 6WUDWpJLD

spolupráce znamená nízke zbrojenie, naopak nespolupracovanie vedie k vysokým výdavkom za armádu.
6SOQHQLH SRGPLHQRN XYiG]DQêFK SUH Yl]HQVN~ GLOHPX VL PRåQR MHGQRGXFKR RYHUL"� 1DMOHSãLH SUH NUDMLQX

MH PD" YH�N~ DUPiGX� NH� V~SHU QHPi QLþ� SRWRP QDVWXSXMH VLWXiFLD GYRFK PDOêFK DUPiG� NWRUp V~

EH]SHþQHMãLH DNR GYH YH�Np DUPiG\ QDSUtNODG V MDGURYêPL ]EUD�DPL D QDNRQLHF MH VLWXiFLD� NH� P\

armádu nemáme, no protivník ju má. Takáto situácia v podstate nastala v období studenej vojny medzi
=665 D 86$� 1DMSUY EROL REH NUDMLQ\ Y VWDYH ''� Då SUtFKRGRP *RUEDþRYD QDVWDO SUHFKRG NX VSROXSUiFL�

,Q~ DSOLNiFLX MH PRåQR YLGLH" Y HNRQRPLFNHM VSROXSUiFL NUDMtQ� .UDMLQD EX� FKUiQL VYRMH WUK\ WêP� åH Pi

Y\VRNp FOi� D WHGD QHNRRSHUXMH DOHER XYR�Qt ]DKUDQLþQê REFKRG� D WHGD NRRSHUXMH� 0RGHUQt HNRQyPRYLD

Xå GRNi]DOL YêKRGQRV" OLEHUiOQHM SROLWLN\� þtP VD GRND]XMH YêKRGQRV" && RSURWL ''� �DOãtP SUtNODGRP

P{åH E\" VLWXiFLD GYRFK NPH�RY� NWRUp P{åX EX� SRGQLND" QiMD]G\ MHGHQ YRþL GUXKpPX DOHER V QtP

REFKRGRYD"� -HGQRGXFKR VD Gi RYHUL"� åH SRGPLHQN\ V~ RSl" VSOQHQp�

Evolúcia

1D QDVOHGXM~FLFK VWUDQiFK SRStãHP YêVOHGN\ HYRO~FLH MHGQRWOLYêFK VWUDWpJLt� %XGHP VD ]DREHUD" YHU]LRX
SUREOpPX SRG�D ]DGDQLD DNR DM NODVLFNRX Yl]HQVNRX GLOHPRX� 0RKOR E\ VD ]GD"� åH YêVOHGN\ RERFK YHU]Lt

E\ PDOL E\" ]KRGQp� YãDN SRXåLWp þtVOD V~ URYQDNp� UR]GLHO MH OHQ Y WRP� þL ]QDPHQDM~ RGPHQ\ DOHER

WUHVW\� $NR VD YãDN XNiåH� YêVOHGN\ ]KRGQp QHEXG~�

Väzenská dilema s odmenami

1D ~YRG DQDOê]\ E\ VRP XYLHGRO WDEX�NX Y]iMRPQêFK V~ERMRY MHGQRWOLYêFK VWUDWpJLt�



7DEX�ND �� Turnaj stratégií pre verziu s odmenami
Stratégia DDD DDC DCD DCC CDD CDC CCD CCC Spolu

DDD 10 : 10 46 :  1 10 : 10 46 :  1 14 :  9 50 :  0 14 :  9 50 :  0 240
DDC 1 : 46 20 : 20 19 : 24 44 :  4 6 : 41 50 :  0 24 : 19 50 :  0 214
DCD 10 : 10 24 : 19 10 : 10 30 : 25 13 : 13 26 : 21 25 : 25 32 : 27 170
DCC 1 : 46 4 : 44 25 : 30 28 : 28 5 : 45 8 : 43 29 : 29 32 : 27 132
CDD 9 : 14 41 :  6 13 : 13 45 :  5 12 : 12 44 :  4 16 : 11 48 :  3 228
CDC 0 : 50 0 : 50 21 : 26 43 :  8 4 : 44 20 : 20 26 : 21 48 :  3 162
CCD 9 : 14 19 : 24 25 : 25 29 : 29 11 : 16 21 : 26 30 : 30 30 : 30 174
CCC 0 : 50 0 : 50 27 : 32 27 : 32 3 : 48 3 : 48 30 : 30 30 : 30 120

3R]ULPH VD WHGD QD GRVLDKQXWp YêVOHGN\ MHGQRWOLYêFK VWUDWpJLt� NWRUp V~ XYHGHQp Y WDEX�NH �� 9t"D]RP VD

V SRPHUQH YH�NêP QiVNRNRP VWDOD VWUDWpJLD '''� WHGD Xå VSRPtQDQi QHNRRSHUDWtYQD� 1D GUXKRP

PLHVWH QDVOHGXMH &''� þR MH YODVWQH RSl" QHNRRSHUDWtYQD VWUDWpJLD OHQ V WêP UR]GLHORP� åH Y SUYRP NURNX

ÄRP\ORP³ VSROXSUDFXMH� 1D WUH"RP PLHVWH MH SRGLYQi VWUDWpJLD� NWRUi XGiYD V~SHUD� DN SUHGWêP V~SHU

VSROXSUDFRYDO D NRRSHUXMH� DN SUHGWêP V~SHU GRKDG]RYDO SROtFLL� 2VWDWQp VS{VRE\ Xå GRV" VWUiFDM~� 7R�NR
RVSHYRYDQi 7)7 VWUDWpJLD �R]QDþHQi DNR &&'� MH Då QD ãWYUWRP PLHVWH� ÒSOQH NDWDVWURILFN\ GRSDGOL

YãHWN\ NRRSHUDWtYQH DOHER YLDF�PHQHM NRRSHUDWtYQH VWUDWpJLH� &&& D '&& ]RKULHYDM~ GQR WDEX�N\�

6N~VPH VD ]DP\VOLH" QDG SUtþLQDPL WDNêFKWR YêVOHGNRY� $NR Xå EROR Y WHRUHWLFNHM þDVWL Y\VYHWOHQp�

XGiYDQLH ]QDPHQi QHSUHKUiYDQLH� $N QDKOLDGQHPH GR SUYpKR ULDGNX WDEX�N\ �� NGH V~ XYHGHQp QDKUDQp

ERG\ YåG\ Y SRURYQDQt VR V~SHURYêPL ERGPL� WDN ''' QHPi QLNG\ SDVtYQH VNyUH� þR MH QLH VtFH QXWQê DOH

GREUê SUHGSRNODG SUH FHONRYp Yt"D]VWYR� 3RGREQH MH QD WRP DM YêEHU &''� 1D GUXKRP NRQFL NRRSHUDWtYQH

VWUDWpJLH QHGRNiåX V~SHUD QLNG\ SRUD]L"� LFK VNyUH MH DNR YLGQR Y SRVOHGQRP ULDGNX WDEX�N\ � SUH

PRåQRV" &&& YåG\ SDVtYQH� =DXMtPDYp MH VL DM YãLPQ~"� åH VWUDWpJLD '&' Y SULDPRP V~ERML QLNG\

neprehrá, no celkovo nie je moc úspešná, je dokonca horšia ako CCD, teda naša známa TFT, ktorá
P{åH SUHKUD"� QR QLNG\ R YLDF DNR R � ERGRY� 2EH WLHWR WYUGHQLD V~ �DKNR GRNi]DWH�Qp�

$NR WHGD EXGH DVL SUHELHKD" VDPRWQi HYRO~FLD" 1D ]DþLDWNX PiPH ���� QiKRGQH Y\EUDQêFK VWUDWpJLt�

WHGD SUL UR]GH�RYDQt GR VNXStQ EXGH Y NDåGHM VNXSLQH V YH�NRX SUDYGHSRGREQRV"RX ]iVWXSFD NDåGpKR

YêEHUX� .DåGi VWUDWpJLD QHEXGH PD" DVL ]iVWXSFX Y NDåGHM VNXSLQH� QR DVSR� YR YlþãLQH iQR� = WRKR VD

Gi RþDNiYD"� åH GR GUXKpKR NROD SRVW~SLD KODYQH ]iVWXSFRYLD ''' D SUtSDGQH DM &''� 1D GUXKHM VWUDQH

&&& QHSRVW~SL VNRUR Y{EHF D SRGREQH EXGH QD WRP DM '&&� 8 RVWDWQêFK EXGH ]iOHåD" QD UR]ORåHQt

MHGQRWOLYêFK VNXStQ� $NR EXG~ Y\]HUD" �DOãLH NURN\" 'DOR E\ VD RþDNiYD"� åH ''' EXGH Yt"D]L"� QR
pozrime si radšej jednu simuláciu.

Graf 1. 8NiåNRYi VLPXOiFLD Yl]HQVNHM GLOHP\ V RGPHQDPL

9l]HQVNi GLOHPD V RGPHQDPL

��

���

���

���

���

����

� � � � � � � � � �� �� ��

þDV

S
R
S
X
Oi
F
LD

&&&

&&'

&'&

&''

'&&

'&'

''&

'''



7DEX�ND �� 8NiåNRYi VLPXOiFLD Yl]HQVNHM GLOHP\ V RGPHQDPL

ýDV DDD DDC DCD DCC CDD CDC CCD CCC
1 116 128 127 128 147 110 132 112
2 515 92 2 2 335 14 39 1
3 993 0 2 0 2 0 3 0
4 1000 0 0 0 0 0 0 0

Graf 2. 8NiåNRYi VLPXOiFLD Yl]HQVNHM GLOHP\ V RGPHQDPL

7~WR XNiåNRY~ VLPXOiFLX PRåQR YLGLH" Y WDEX�NH � D JUDILFN\ ]Qi]RUQHQ~ DM QD JUDIRFK � D �� 1DãD

DQDOê]D SUHG VSXVWHQtP VLPXOiFLH EROD WHGD VSUiYQD D XGDYDþ ]Yt"D]LO� 1HSRWUHERYDO GRNRQFD DQL PRF

NURNRY� YãHWNêFK RVWDWQêFK RGVWUiQLO ]D � NURN\� 'RNRQFD DM GUXKê Y SRUDGt &'' ERO Y SUYRP NURNX SRG�D
RþDNiYDQLD SRPHUQH ~VSHãQê D SROHSãLO VL VYRMX SR]tFLX� 0XVtPH VL YãDN XYHGRPL"� åH HYROXþQê

DOJRULWPXV� NWRUê SRXåtYDPH QD VLPXOiFLX Y WHMWR SUiFL MH VWRFKDVWLFNê� D WHGD VD QiP PRKOR VWD"� åH SUYi

VLPXOiFLD YUiWLOD Y\VRNR QHSUDYGHSRGREQê YêVOHGRN� -HGLQê VS{VRE� NWRUêP VL YêVOHGRN PRåQR RYHUL"� MH
VSXVWL" VLPXOiFLX YLDFNUiW� 1DVOHGXM~FD WDEX�ND XGiYD Yt"D]RY D SULHPHUQp SRþW\ NURNRY� NWRUp SRWUHERYDOL

QD GRVLDKQXWLH ~SOQpKR Yt"D]VWYD SUH �� ��� RSDNRYDQt HYRO~FLH�

7DEX�ND �� 9t"D]L Yl]HQVNHM GLOHP\ V RGPHQDPL

9t"D] DDD DDC DCD DCC CDD CDC CCD CCC
3RþHW 9896 0 0 0 0 0 104 0
Kroky 2.40 11.05

7DEX�ND � LOXVWUXMH YêVOHGN\� +ODYQêP Yt"D]RP MH SRG�D RþDNiYDQLD QHNRRSHUDWtYQ\ YêEHU� 9\KUiYD Y

��� SUtSDGRY D Y\KUiYD SRPHUQH KODGNR� =DXMtPDYp YãDN MH� åH S{YRGQH SURNODPRYDQi VWUDWpJLD 7)7

WLHå GRNiåH ]Yt"D]L"� 'DUt VD MHM WR OHQ Y �� SUtSDGRY� QR DM WR MH OHSãLH DNR QLþ� 2Wi]ND VDPR]UHMPH VWRMt�

DNR MH WR PRåQp� 6N~VPH VL WHGD SR]ULH" MHGQX HYRO~FLX� Y NWRUHM Yt"D]t 7)7�

7DEX�ND �� 8NiåNRYi VLPXOiFLD YêKU\ 7)7 SUH Yl]HQVN~ GLOHPX V RGPHQDPL

ýDV DDD DDC DCD DCC CDD CDC CCD CCC
1 120 117 143 133 122 130 137 98
2 517 106 5 0 287 36 49 0
3 974 0 3 0 2 0 21 0
4 975 0 6 0 0 0 19 0
5 974 0 11 0 0 0 15 0
6 966 0 18 0 0 0 16 0
7 951 0 32 0 0 0 17 0
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8 925 0 45 0 0 0 30 0
9 861 0 76 0 0 0 63 0
10 624 0 158 0 0 0 218 0
11 78 0 168 0 0 0 754 0
12 0 0 0 0 0 0 1000 0

Graf 3. 8NiåNRYi VLPXOiFLD YêKU\ 7)7 SUH Yl]HQVN~ GLOHPX V RGPHQDPL

Graf 4. 8NiåNRYi VLPXOiFLD YêKU\ 7)7 SUH Yl]HQVN~ GLOHPX V RGPHQDPL

$N VD SR]RUQH SR]ULHPH QD WDEX�NX � D JUDI\ � D �� XYLGtPH� åH YêYRM ERO SR GYD NURN\ SRGREQê DNR SUL

~YRGQHM VLPXOiFLL� =PHQD YãDN QDVWDOD Y WRP� åH VWUDWpJLD '&' VD RG WRKR PRPHQWX ]DþDOD UR]PiKD"� þR
Y\XåLOD &&' D SRKRGOQH ]Yt"D]LOD� $NR VL YãDN PRåQR Y\VYHWOL" ~VSHFK '&'" -HGQRGXFKR� '&' VD Y

V~ERML SURWL ''' VSUiYD DNR '''� WDNåH Y WRPWR V~ERML UHPL]XMH� 3RWRP Xå Y VNXSLQH ]iOHåt QD SRUDGt�

OHER Y SUtSDGH URYQRVWL ERGRY� SRVWXSXMH KUiþ V QLåãtP SRUDGRYêP þtVORP� 7êP SiGRP VD DVSR� Y

MHGQRP SUtSDGH ]R VWR ]DþQH UR]PiKD" '&' SURWL '''� $N E\ DOH 7)7 VWUDWpJLD QHPDOD GRVWDWRþQ~

SRSXOiFLX� WDN E\ DVL ]DQLNOD D V~ERM E\ RVWDO GOKRGRER QHUR]KRGQê PHG]L ''' D '&'� þR RE\þDMQH

Y�DND OHSãHM ãWDUWRYDFHM SR]tFLL Y\KUi QHNRRSHUDWtYQD VWUDWpJLD� WHGD '''� $N YãDN 7)7 Pi GRVWDWRþQ~

9l]HQVNi GLOHPD V RGPHQDPL
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SRSXOiFLX� WDN VD XGUåt� QDUDVWLH D Y\KUi� 9\KUi Y�DND WRPX� åH MH SURWL '&' ~VSHãQHMãLD DNR SURWL '''�

$NR YLGQR ] WDEX�N\ �� SURWL '&' ]tVND �� ERGRY D SURWL ''' ]tVND LED � ERGRY�

Pre lepšie pochopenie si rozanalyzujme rôzne situácie. Ak je 9 DDD a 1 CCD, potom vyhrávajú DDD. Ak
je 9 DDD a 1 DCD, potom rozhoduje náhoda, teda DCD postúpi v 10% prípadov. Prípad 8 DDD a 2 DCD
MH SRGREQê� DNXUiW '&' SRVW~SL Y ��� SUtSDGRY� ýR DN MH Y VNXSLQH � ''' D � &&'� DOHER DNR MH

úspešná TFT proti QHNRRSHUDWtYQRVWL" 3R VSRþtWDQt KRGQ{W ]LVWtPH� åH 7)7 ]tVND ��� ERGRY D

nespolupracovník len 98 bodov, teda CCD vyhráva a postupujú obaja jej zástupcovia. Ešte jedna
]DXMtPDYi PRåQRV"� QHFK MH Y VNXSLQH � '''� � '&' D � &&'� 9 WRPWR SUtSDGH Y\KUi '&' VR ���

ERGPL SUHG &&' V �� ERGPL D Då QD NRQFL VNRQþt YãHWNêFK � YHU]Lt ''' V �� ERGPL� 9LGtPH WHGD� åH �

''' Y VNXSLQH V QLHNêP ] &&' DOHER '&' SRPHUQH þDVWR Y\SDGiYD� 1DVOHGXMH WHGD RWi]ND� NR�NR

]iVWXSFRY XYHGHQêFK GYRFK VWUDWpJLt SRWUHEXMHPH� DE\ EROL VFKRSQt UDVWX D Yt"D]VWYD�

Predpokladajme, ak je v skupine 8 alebo menej zástupcov DDD, potom vypadnú a postúpia ich dvaja
súperi. Nech je x zástupcov CCD a DCD, potom ostáva 1000-x zástupcov DDD. Nech C(n,k) sú
NRPELQiFLH Q QDG N� SRWRP ãDQFD� åH YãHWFL Y VNXSLQH EXG~ ] ''' MH� C(1000-x,10)/C(1000,10).
âDQFD� åH Y VNXSLQH EXGH SUiYH � FKODSFRY ] ''' MH� C(1000-x,9)*C(x,1)/C(1000,10).
0\ FKFHPH� DE\ SRþHW ]iVWXSFRY ''' NOHVRO� $N WHGD VþtWDP XYHGHQp GYH SUDYGHSRGREQRVWL D XUREtP

LFK GRSOQRN� GRVWDQHP SUDYGHSRGREQRV" YêVN\WX � D PHQHM ''' Y MHGQHM VNXSLQH� R]QDþPH MX p� 3RG�D
SUHGSRNODGRY ] NDåGHM WDNHMWR VNXSLQ\ SRVWXSXM~ '&' DOHER &&'� NH�åH VNXStQ MH ��� D ] NDåGHM

postupujú 2, dostávame nerovnicu 500*2*p>x . Po vyriešení tejto nerovnice dostávame x>26, teda 27 by
Xå PDOR VWDþL"� %RKXåLD� ~YRGQê SUHGSRNODG QLH MH VSOQHQê� OHER SUL YêEHUH GYRFK '&' D � ''' Y

VNXSLQH UR]KRGXMH QiKRGD D '&' YlþãLQRX GRNRQFD Y\SDGQH� WDNåH EXGH SRWUHEQp HãWH R QLHþR Ylþãt

SRþHW LQêFK VWUDWpJLt� $N VD YãDN SR]ULHPH VSl" QD WDEX�NX �� YLGtPH� åH Y ãWYUWRP UHVS� SLDWRP NURNX

EROD SRSXOiFLD &&' D '&' VSROX OHQ �� UHVS� ��� . WRPX QHRVWiYD OHQ GRGD"� åH Y\SRþtWDQp KRGQRW\ V~

SULHPHUQp SUDYGHSRGREQRVWL D VNXWRþQi VLPXOiFLD VD RG QLFK EXGH YåG\ R QLHþR OtãL"� $NR YãDN YLGQR SR

SUHNRQDQt WêFKWR GYRFK NURNRY Xå XYHGHQp VWUDWpJLH SRPHUQH UêFKOR UDVW~ D &&' QHVN{U Y\KXEt DM

svojho pôvodného pomocníka DCD a vyhrá.

7êPWR E\ VRP DQDOê]X SUHEHUDQHM KU\ X]DYUHO� -H MDVQp� åH DQDOê]D SUHYHGHQi Y SRVOHGQRP RGVWDYFL E\

VD GDOD SRRSUDYL"� DE\ SUHVQH Y\KRYRYDOD SRGPLHQNDP ~ORK\� QR WR E\ EROR WUHED SULGD" �DOãLX SUHPHQQ~

D ULHãL" QHURYQLFX R GYRFK QH]QiP\FK� 7RWR YãDN Xå SUHVDKXMH UiPHF WHMWR SUiFH� 0RKOL E\ VPH VD YãDN

HãWH ]DP\VOLH"� DNR VD ]PHQt HYRO~FLD� DN ]PHQtPH SRGPLHQN\ ~ORK\� .RQNUpWQH DN VL VSRPHQLHPH QD

GUXK~ SRGPLHQNX� NWRUi KRYRULOD� åH && PXVt E\" YLDF DNR SULHPHU '& D &'� Y QDãHM ~ORKH WR EROR � YRþL

���� þR SRGPLHQNX VS��D� QR P{åHPH W~WR QHURYQRV" HãWH ]YlþãL" D WêP ]YêKRGQL" VSROXSUiFX� 9 WDEX�NH

5 resp. 6 sú uvedené výsledky analýzy pre CC=3.5 resp. 4.

Graf 5. 9t"D]L Yl]HQVNHM GLOHP\ V RGPHQDPL SUH U{]QH KRGQRW\ &&

9l]HQVNi GLOHPD V RGPHQDPL
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7DEX�ND �� 9t"D]L Yl]HQVNHM GLOHP\ V RGPHQDPL SUH && ���

9t"D] DDD DDC DCD DCC CDD CDC CCD CCC
3RþHW 4235 0 0 0 0 0 5765 0
Kroky 4.13 7.45

7DEX�ND �� 9t"D]L Yl]HQVNHM GLOHP\ V RGPHQDPL SUH && �

9t"D] DDD DDC DCD DCC CDD CDC CCD CCC
3RþHW 186 0 0 0 0 0 9814 0
Kroky 5.55 5.47

8YHGHQp YêVOHGN\ OHQ SRWYUG]XM~ YãHREHFQp RþDNiYDQLD� ýtP MH VSROXSUiFD OHSãLH RKRGQRWHQi� WêP

OHSãLH GRSDGDM~ NRRSHUDþQH RULHQWRYDQp VWUDWpJLH� 7X E\ VRP FKFHO XSR]RUQL"� åH ]PHQD SRGPLHQRN

QHFKDOD Y SODWQRVWL YãHWN\ S{YRGQp ~YDK\� 5R]GLHO RSURWL YHU]LL V PHQãtP && MH Y WRP� åH X Y\ããtFK &&

SRVW~SL YLDF ]iVWXSFRY 7)7 GR GUXKpKR D WUHWLHKR NROD D SRWRP VL Xå MHGQRGXFKãLH SRUDGLD Y ERML SURWL

QHNRRSHUDWtYQ\P VWUDWpJLiP� NWRUêFK MH WDP DM SUL ]PHQHQêFK SRGPLHQNDFK YlþãLQD� 7iWR ~YDKD MH
SRGSRURYDQi DM NOHVDM~FLP SULHPHUQêP SRþWRP NURNRY SUL YêKUH &&' D UDVW~FLP SUL YêKUH '''�

Klasická väzenská dilema

9 �DOãtFK ULDGNRFK VD SRN~VLP VWUXþQH UR]DQDO\]RYD" NODVLFN~ Yl]HQVN~ GLOHPX D SRXNi]D" QD MHM

UR]GLHO\ YRþL Yl]HQVNHM GLOHPH V RGPHQDPL� 1D SUYê SRK�DG V\PHWULFNp ]DGDQLH V PLQLPDOL]RYDQtP

WUHVWRY QDPLHVWR PD[LPDOL]RYDQLD RGPLHQ E\ PRKOR GiYD" URYQDNp YêVOHGN\� $N QDKOLDGQHPH GR WDEX�N\
�� Y NWRUHM V~ XYHGHQp YêVOHGN\ WXUQDMD NDåGê V NDåGêP NODVLFNHM Yl]HQVNHM GLOHP\� 3RUDGLH MH ~SOQH

]KRGQp V SRUDGtP X Yl]HQVNHM GLOHP\ V RGPHQDPL� 2Sl" VD WHGD Gi RþDNiYD"� åH VWUDWpJLD ''' EXGH

Yt"D]L"� $N VD YUiWLPH N SR]QiPNDP XYHGHQêP QD NRQFL SUHGRãOpKR RGVHNX� ]LVWtPH� åH RWi]NRX RVWiYD�

QDNR�NR MH VSROXSUiFD DWUDNWtYQD� DE\ VD UR]KRGOR� þL QHMDNi 7)7 SUHåLMH SUYp NROi� NH� MH SRG YH�NêP

náporom nespolupracujúcich stratégií.

7DEX�ND �� Turnaj stratégií pre klasickú verziu
Stratégia DDD DDC DCD DCC CDD CDC CCD CCC Spolu

DDD 30 : 30 3 : 48 30 : 30 3 : 48 27 : 32 0 : 50 27 : 32 0 : 50 120
DDC 48 :  3 20 : 20 26 : 21 4 : 44 43 :  8 0 : 50 21 : 26 0 : 50 162
DCD 30 : 30 21 : 26 30 : 30 11 : 16 29 : 29 19 : 24 25 : 25 9 : 14 174
DCC 48 :  3 44 :  4 16 : 11 12 : 12 45 :  5 41 :  6 13 : 13 9 : 14 228
CDD 32 : 27 8 : 43 29 : 29 5 : 45 28 : 28 4 : 44 25 : 30 1 : 46 132
CDC 50 :  0 50 :  0 24 : 19 6 : 41 44 :  4 20 : 20 19 : 24 1 : 46 214
CCD 32 : 27 26 : 21 25 : 25 13 : 13 30 : 25 24 : 19 10 : 10 10 : 10 170
CCC 50 :  0 50 :  0 14 :  9 14 :  9 46 :  1 46 :  1 10 : 10 10 : 10 240

7DEX�ND �� 9t"D]L NODVLFNHM Yl]HQVNHM GLOHP\

9t"D] DDD DDC DCD DCC CDD CDC CCD CCC
3RþHW 10000 0 0 0 0 0 0 0
Kroky 2.00

9êVOHGRN QLH MH Då WDNê SUHNYDSXM~FL� 'RNXPHQWXMH� åH WiWR VLWXiFLD MH VtFH SRGREQi WHM SUH Yl]HQVN~

GLOHPX V RGPHQDPL� QR WiWR YHU]LD MH ] K�DGLVND VSROXSUiFH HãWH R QLHþR KRUãLD� 9 WDEX�NH � YLGtPH� åH

MHGQR]QDþQêP Yt"D]RP MH '''� $N VD FKFHPH GRVWD" N SUtþLQiP� WDN VL VWDþt XUREL" PDOp SUHSRþW\�

5R]GLHO\ QDVWiYDM~ YR YêVOHGNRFK VNXStQ V � ''' D � &&'� 9 WRPWR SUtSDGH VL WRWLå ''' RGVHGLD OHQ
264 rokov, NGHåWR &&' Då ���� þR UREt ]R ]iVWXSFRY ''' Yt"D]RY� . SRGREQHM VLWXiFLL GRFKiG]D Y

VNXSLQH ]ORåHQHM ] � '''� � &&' D � '&'� 9t"D]t '&' V ��� URNPL Yl]HQLD SUHG ''' V ��� URNPL D

&&' MH �DOHNR Y]DGX V ��� URNPL�

$E\ VPH GRGUåDOL V\PHWULX V YHU]LRX V RGPHQDPL� VN~VPH WHUD] SRKQ~" KRGQRWRX ''� 3êWDPH VD WHGD�

NR�NR PXVt GDQi KRGQRWD E\"� DE\ VWUDWpJLD 7)7 Y{EHF PDOD ãDQFX QD ~VSHFK� 3UH PRåQRV" � ''' D �

CCD dostávame hodnotu 88DD pre DDD a 50+72DD SUH &&'� þR YHGLH N YêVOHGNX DD>3.125. Pre
PRåQRV" � '''� � &&' D � '&' MH YêVOHGRN HãWH QHSULD]QLYHMãt� OHER KRGQRWD SUH ''' MH 89DD a pre
CCD to je 65+72DD� þR YHGLH N QHURYQLFL DD>3.824. Pri pôvodnej hodnote DD bolo na úspech TFT
SRWUHEQp� DE\ VD Y\VN\WRYDOL Y GRVWDWRþQRP SRþWH VNXStQ Y WURMLFLDFK� 3RGREQRX DQDOê]RX V



NRPELQDþQêPL þtVODPL DNR YR YHU]LL V RGPHQDPL GRVWDQHP� åH SRþHW VWUDWpJLt 7)7 PXVt E\" DVSR� ����

7RWR MH YãDN ãWDWLVWLFN\ QHUHiOQH� OHER 7)7 Y SUYêFK NROiFK SRPHUQH UêFKOR Y\PLHUD D SUHEXGL" VD GRNiåH

Då Y �DOãtFK� N þRPX YãDN SUiYH ] XYHGHQpKR G{YRGX QHSUtGH�

6N~VPH WHGD QDMSUY KRGQRWX '' �� NWRUi Y\KRYXMH RERP Y\SRþtWDQêP SRGPLHQNDP� -HM KRGQRW\ V~ Y

WDEX�NH �� $ SRWRP YH]PLPH HãWH DM KRGQRWX '' ���� NWRUHM YêVOHGN\ V~ Y WDEX�NH ���

7DEX�ND �� 9t"D]L NODVLFNHM Yl]HQVNHM GLOHP\ SUH '' �

9t"D] DDD DDC DCD DCC CDD CDC CCD CCC
3RþHW 122 0 0 0 0 0 9878 0
Kroky 5.12 5.29

7DEX�ND ��� 9t"D]L NODVLFNHM Yl]HQVNHM GLOHP\ SUH '' ���

9t"D] DDD DDC DCD DCC CDD CDC CCD CCC
3RþHW 1799 0 0 0 0 0 8201 0
Kroky 4.30 6.41

Graf 6. 9t"D]L NODVLFNHM Yl]HQVNHM GLOHP\ U{]QH KRGQRW\ ''

9êVOHGN\ QLH V~ YH�PL SUHNYDSXM~FH� DM NH� SUHGVD OHQ VD WDNê YêUD]Qê ~VSHFK 7)7 Xå SUL KRGQRWH ���

QHGDO RþDNiYD"� 9êVOHGRN OHQ GRNXPHQWXMH WR� åH Y WHMWR YHU]LL KU\ VD 7)7 QHPXVt VSROLHKD" QD SRPRF

'&'� DOH Y\VWDþt VL DM VDPD� SUHWRåH SUH ��� Y\KUiYD YR Y\ãH ��� SUtSDGRY D SUL ���� GRNRQFD Då YR YLDF

ako 95% prípadov.

Implementácia

V prílohe k tejto práci prikladám program v jazyku Pascal, ktorý rieši pôvodnú úlohu, teda väzenskú
GLOHPX V RGPHQDPL� =PHQD QD NODVLFN~ Yl]HQVN~ GLOHPX MH SRPHUQH WULYLiOQD� VWDþt ]PHQL" W\S ~ORK\ ]

0D[ QD 0LQ D ]PHQL" RKRGQRWHQLH SRGPLHQRN &&� &'� '&� ''� 9ãHWN\ G{OHåLWp ~GDMH V~ DNR NRQãWDQW\ Y

~YRGH SURJUDPX� SUL LFK ]PHQHQt VD Gi SURJUDP XSUDYL" QD ULHãHQLH �XERYR�QHM ~ORK\ W\SX �[�� 3{YRGQi

YHU]LD SURJUDPX YåG\ SUH NDåG~ GYRMLFX URELOD �� VWUHWQXWt D QD ]iNODGH LFK YêVOHGNX SULSRþtWDYDOD
KRGQRW\� 9\OHSãHQi YHU]LD VL YåG\ QD ]DþLDWNX Y\SRþtWD WDEX�NX KRGQ{W WXUQDMD NDåGê V NDåGêP D KRGQRW\

] WHMWR WDEX�N\ Y\XåtYD SUL LQWHUDNFLL NDåGHM GYRMLFH� WRWR MH YH�PL YêKRGQp� OHER V~"Dåt FHONRYR OHQ �

VWUDWpJLt� 3UtNODGPL WDNêFKWR WDEXOLHN V~ WDEX�N\ � D �� 7êPWR Y\OHSãHQtP VD FHONRYê þDV YêSRþWX

PQRKRQiVREQH ]PHQãLO� -HGLQêP SUREOpPRP WHGD EROR UR]KRGQ~"� NHG\ VD QLHNWRUi VWUDWpJLD SUHKOiVL ]D

Yt"D]D WXUQDMD� ,GHiOQH E\ WR PDOR E\" SR GRVLDKQXWt SOQpKR VWDYX� WHGD ���� ]iVWXSFRY� 7RWR QLH MH

9l]HQVNi GLOHPD V RGPHQDPL
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SUREOpP SUH 7)7� DOH SUH QHNRRSHUDWtYQX VWUDWpJLX ''' SUREOpP QDVWiYD� 7HQ SUREOpP MH SUiYH Y WRP� åH

SRUD]L" '&' QLH MH MHGQRGXFKp� ]iOHåt WDP WRWLå GRV" RG QiKRG\� = WRKR G{YRGX VRP REPHG]LO Yt"D]VWYR

QD VWDY� NH� V~þHW GUXKêFK PRFQtQ SRþWRY ]iVWXSFRY VWUDWpJLt MH YLDF DNR ������� þR ]RGSRYHGi

SUHNURþHQLX KRGQRW\ ��� MHGQRX VWUDWpJLRX� 9 SUtSDGH� åH DQL WRWR QHVWDþt� VRP REPHG]LO SRþHW N{O QD ���

$N VL YãDN SR]ULHPH �XERYR�Q~ ] DQDO\]RYDQêFK WDEXOLHN� YLGtPH� åH WiWR KRGQRWD SUHNUDþRYDQi QHEROD�

GRNRQFD VD N QHM VWUDWpJLH DQL OHQ QHEOtåLOL� WDNåH RE\þDMQH EROD Y\XåtYDQi SRGPLHQND GUXKêFK PRFQtQ� .

WHMWR SRGPLHQNH PD YLHGOL VN{U XYHGHQp YêSRþW\� NWRUp KRYRULD� åH ]iVDGQê REUD" P{åH QDVWD" LED SUL

SRSXOiFLL V~SHURY SRULDGQH FH] ��� WDNåH FK\E\ E\ VD Y\VN\WRYD" QHPDOL�

Záver

+ODYQRX RWi]NRX WHMWR SUiFH EROR ]LVWL"� þR MH YêKRGQHMãLH VSROXSUDFRYD" DOHER QHVSROXSUDFRYD"� 9 RERFK

preberaných verziách väzenskej dilemy sa vyskytli podmienky, pri ktorých bolo výhodnejšie
VSROXSUDFRYD" DOH DM SRGPLHQN\� SUL NWRUêFK EROR YêKRGQHMãLH QHVSROXSUDFRYD"� 1DM]DXMtPDYHMãtP
~ND]RP MH YãDN WR� åH NRRSHUiFLD Y]QLNi ] þLVWR VHEHFNêFK G{YRGRY� WHGD PD[LPDOL]RYD" YODVWQê ~åLWRN� =

XYHGHQêFK DQDOê] YLGQR� åH VSROXSUiFD Y]QLNi HYRO~FLRX D QHPXVt QDVWD" SULDPR RG ]DþLDWNX� (YRO~FLD

QLH MH KURX V QXORYêP V~þWRP D Y�DND WRPX P{åH NRRSHUiFLD SULQLHV" YêUD]Qp YêKRG\ SUH YãHWNêFK

]~þDVWQHQêFK�

$NR VRP Xå VSRPHQXO Y\ããLH� Yl]HQVNi GLOHPD Pi PQRåVWYR DSOLNiFLt Y UHiOQRP VYHWH� 9R YlþãLQH

SUtSDGRY SODWt� åH RERMVWUDQQi VSROXSUiFD MH YêKRGQHMãLD DNR RERMVWUDQQp ãNRGHQLH VL� 3UL VSROXSUiFL MH WX

YåG\ YãDN KUR]ED� åH GUXKi VWUDQD ] QHMDNpKR G{YRGX RGVW~SL� þR E\ QiV YH�PL SRãNRGLOR� $ SUiYH
UHODWtYQD YH�NRV" WHMWR ãNRG\ MH MHGQêP ] UR]KRGXM~FLFK IDNWRURY� NWRUp RYSO\Y�XM~ QiFK\OQRV" MHGQRWOLYêFK

KUiþRY N VSROXSUiFL�

8å SiQ Axelrod HPSLUFN\ ]LVWLO� åH 7)7 MH MHGQRX ] QDMOHSãtFK D SRPHUQH MHGQRGXFKRX VWUDWpJLRX� 9 WHMWR

SUiFL VPH DQDO\]RYDOL OHQ VWUDWpJLH V SDPl"RX �� PRåQp UR]ãtUHQLH P{åH YLHV" N VWUDWpJLiP V YlþãRX

SDPl"RX� NWRUp P{åX E\" SUH PHQãLH þtVOD ULHãHQp URYQDNêP VS{VRERP� DNê MH SRStVDQê Y WHMWR SUiFL�

3UH YlþãLH KRGQRW\ VD Gi SULVW~SL" N LQêP DOJRULWPRP� QDSUtNODG NX JHQHWLFNpPX DOJRULWPX�



Program Vaznova_dilema; {Evolucny agloritmus na hladanie najlepsej strategie}
Uses Crt, Dos;
Const pv  = 1000;   {pocet vaznov}
      ps  = 500;    {pocet skupin}
      pvs = 10;     {pocet vaznov v skupine}
      pt  = 10;     {pocet tahov}
      pn  = 2;      {pocet najlepsich/postupujucich}
      pk  = 10000;  {pocet opakovani hry}
      out   : String = 'vd3.txt'; {vystupny subor}
      typ   : String = 'Max';     {typ hry Max (odmena)/ Min (trest)}
      trest : Array [0..1,0..1] of Real = ( (1,5),(0,3) ); {trest/odmena}
      {0 znamena kooperaciu a 1 znamena nekooperaciu}

Var   s    : Array [1..pv] of Byte;      {strategie vaznov}
      ns   : Array [1..pv] of Byte;      {nove strategie vaznov}
      svs  : Array [1..pvs] of Byte;     {strategie vaznov v skupine}
      sedi : Array [1..pvs] of Real;     {tresty z interakcii v skupine}
      poc  : Array [0..7] of Longint;    {pocty strategii}
      vitaz: Array [0..7] of Integer;    {pocty vitazstiev}
      prt  : Array [0..7] of Real;       {priemerne pocty tahov}
      tab  : Array [0..7,0..7] of Real;  {tabulka vysledkov}
      f    : Text;                       {vystupny subor}
      tah1,tah2   : Byte;           {tahy vaznov}
      ptah1,ptah2 : Byte;           {predosle tahy vaznov}
      sedi1,sedi2 : Real;           {dokopy tresty}
      i,j,k,l,q,p : Integer;
      eps         : Real;

Begin
 {inicializacia}
 Assign(f,out);
 Rewrite(f);
 Clrscr;
 Randomize;
 For i:=0 to 7 do
  Begin
   vitaz[i]:=0;
   prt[i]:=0;
  End;
 {generovanie tabulky vysledkov vzajomnych subojov}
 For i:=0 to 7 do
  For j:=i to 7 do
   Begin
    tah1:=i Div 4;           {prvy tah prveho vazna}
    tah2:=j Div 4;           {prvy tah druheho vazna}
    sedi1:=trest[tah1,tah2]; {trest za prvy tah prveho vazna}
    sedi2:=trest[tah2,tah1]; {trest za prvy tah druheho vazna}
    For l:=2 to pt do
     Begin
      ptah1:=tah1;
      ptah2:=tah2;
      tah1:=ptah2*((i Div 2) Mod 2)+(1-ptah2)*(i Mod 2); {tah prveho vazna}
      tah2:=ptah1*((j Div 2) Mod 2)+(1-ptah1)*(j Mod 2); {tah druheho vazna}
      sedi1:=sedi1+trest[tah1,tah2]; {plus trest za tah prveho vazna}
      sedi2:=sedi2+trest[tah2,tah1]; {plus trest za tah druheho vazna}
     End;
    tab[i,j]:=sedi1;
    tab[j,i]:=sedi2;
   End;
 {spustenie simulacii}
 For q:=1 to pk do
  begin
   For i:=1 to pv do



    s[i]:=Random(8); {generuj nahodne strategie}
   For i:=0 to 7 do
    poc[i]:=0;
   For i:=1 to pv do
    Inc(poc[s[i]]);
   p:=0;
   Repeat
    For i:=1 to ps do
     Begin
      For j:=1 to pvs do
       Begin
        svs[j]:=s[Random(1000)+1]; {nahodny vyber do skupiny}
        sedi[j]:=0;
       End;
      For j:=1 to pvs do          {kazdy s ...}
       For k:=(j+1) to pvs do     {... s kazdym}
        Begin
         {pripocitanie hodnot z tabulky}
         sedi[j]:=sedi[j]+tab[svs[j],svs[k]];
         sedi[k]:=sedi[k]+tab[svs[k],svs[j]];
        End;
      For l:=1 to pn do
       Begin
        j:=1;
        For k:=2 to pvs do
         If (typ='Max') and (sedi[k]>sedi[j]) then j:=k;
         If (typ='Min') and (sedi[k]<sedi[j]) then j:=k;
        ns[pn*i-l+1]:=svs[j];
        sedi[j]:=0;
       End;
     End;
    For i:=0 to 7 do
     poc[i]:=0;
    For i:=1 to pv do
     Inc(poc[ns[i]]);
    {For i:=0 to 7 do {vypis momentalneho stavu}
    { Begin
      Writeln(poc[i]);
      Write(f,poc[i]:4,';');
     End;
    Writeln('--');
    Writeln(f);
    Delay(1000);}
    For i:=1 to pv do
     s[i]:=ns[i];
    eps:=0;
    For i:=0 to 7 do
     eps:=eps+Sqr(poc[i]);
    Inc(p);
   Until (eps>980000) or (p=15); {zaverecna podmienka}
   j:=0;
   For k:=1 to 7 do
    If (poc[k]>poc[j]) then j:=k;
   Inc(vitaz[j]);
   prt[j]:=prt[j]+p;
  end;
 {vypis vysledkov}
 For i:=0 to 7 do
  If (vitaz[i]<>0)
   Then Writeln(f,vitaz[i]:5,';',(prt[i]/vitaz[i]):5:2)
   Else Writeln(f,'    0;');
 Close(f);
End.


