The Computation in Game Playing is Beyond the Reach of Computers´ Ability

Jianfeng Zhou

942 Hough Ave. #D

Lafayette, CA 94549 jianfz@aol.com

Abstract

In gam e pl a yi ng, th er e exi st t wo kinds of com puta ti on s:

quali ta ti ve com put ati on an d quan tit ati ve com putat i on.

Th e quant ita ti ve com put at i on bel ongs t o T uring com puta ti on , but th e qua lit at i ve com putat i on i s n ot. Th e quali ta ti ve com put ati on i s a kin d of com put at i on ba sed on in con si st en t or con tradi ct or y pr oper ti es. So th er e i s an essenti al lim it ati on for curr ent com put er s t o i mit at e human s´ thinking in gam e pla yi ng, wh i ch i s a t ypi cal int el li gent pr obl em sol vin g exa mpl e. Th er efor e, a n ew m ath em ati cal com putat i ona l m odel i s r equir ed for an art i fi cial int ell igen t syst em .

In t rod u ct ion

At pr esen t, it seem s that gam e pl a yin g i s n ot a pr oper dyn a mi c syst em in wh i ch an int el li gent a gent can si t uat e. It ma y be con si der ed that all th e m oves on a gam e boar d ar e di scr et e an d cer ta in in forma ti on , and th er e ar e n ot r eal cont inui t y and un cer tain ti es. As a m att er of fa ct, th e cont inui t y and th e un cert aint i es beh ind th e m oves of ch essm en ar e n ot onl y r eal, but a l so r ela t ed t o int elli gent a cti vi ti es of ga m e pl a yer s. All th e cert aint i es and un cert ainti es dir ectl y r efl ect th e int el li gent a ct i vit i es. So ga m e pl a yin g i s a t ypi ca l int el li gent pr obl em sol vin g syst em .

Comput er s seem t o be a bl e t o com put e alm ost an yt hing i f a lgori thm s can be con struct ed for th em.

However , a ll kin ds of al gor ithm s ar e cr eat ed by human bei n gs. Can we gi ve out an a l gori thm tha t can gen era t e a ll kin ds of pr ocedur es r equir ed by ga m e pla yi n g? If n ot, can com put er s l earn wh at al gori thm s th ey n eed in gam e pla yi n g? Yet kn owin g h ow t o l earn i s a s di ffi cult a s kn owi ng h ow t o pl a y. Learning an d pr obl em sol ving ar e t wo a spect s of an in t el li gent a ct i vit y. So it i s n ecessar y t o st udy th e essen ce of bot h hum ans´ ga m e pla yi n g an d com put er s t o see wh eth er th er e i s an y fun dam en tal di ffer en ce bet ween th em.

Com p u t at ion in Ga me P la yin g

I ha ve spent several m on ths t o speci fi ca ll y st udy th e thin kin g pr ocesses of h um an beings in GO gam e pla yi n g. GO ga m e i s popular in Ja pan, Kor ea and China.

It i s th e m ost com pli cat ed ga m e in th e wor ld. It onl y

con si st s of t wo st on es: bla ck an d whit e. Th er e i s a ver y si mpl e r ul e for st on es t o l i ve on th e gam e boar d. An d t wo pl a yer s al t ernat e in pla cin g bla ck and whi t e st on es on a large (19~ by 19~ l in e) rul ed boar d, wi th th e aim of surr oun din g t erri t or y. On e st on e i s put on a gam e boa rd in on e st ep. St on es ar e n ever m oved a ft er th ey ar e put on a gam e boar d, and onl y r em oved i f th ey ar e com pl et el y surr ounded.

During th e gam e pla yi n g, th e pr eci se in form ati on t o a pla yer i s th e posit i on of a st on e on a gam e boar d.

Beh ind ea ch st ep, th er e exi st a l ot of un det ermin ed in form at i on, such a s wh at th e pur pose i s, what th e n ext possi bl e st ep i s, what th e advant age or di sa dvanta ge i s.

Th e in forma ti on i s n ot onl y un certa in, but a l so dyn a mi call y ch anges beca use a pla yer ma y chan ge hi s/h er i dea s and ut il iz e st on es t o a chi eve di ffer ent pur poses, or beca use of th e shi ft bet ween th e in fl uen ce an d t erri t or y of st on es.

Th er e ar e al so a set of con cept s used t o descr i be th e un certa inti es in GO ga m e pl a yin g: th ese in cl ude in fl uen ce, t err it or y, at ta ck str ength, defen si ve a bi li t y, pot ent ial for a tta ck, stra t egi es, t a ct i cs and so for th. Th ey defi n e som e kinds of r elat i on s am on g st on es. Th er e ar e som e fa ct or s r el at ed t o th ese con cept s, but th e r elat i on s ar e ver y fuz z y an d n on -l in ear. For exam pl e, th er e i s a stra i ght l in e of wh it e st on es on a gam e boar d. Th e l onger th e lin e i s, th e gr eat er it s in fl uen ce i s t o th e bl a ck st on es. Th er e i s a com m on kn owl edge tha t t el l s h ow gr eat th e in fl uen ce of a gr oup of st on es i s. However , th e kn owl edge i s depen dent on th e sit ua ti on ar ound th e st on es.

Wh en h uman bein gs pla y a gam e, th ey a l wa ys ca rr y out t wo kin ds of com put at i on s. On e i s at a quali ta ti ve l evel . Th ey n ever tr y t o fool i shl y t est al l possi bi li ti es of ch essm en positi on s t o fin d out a good st ep. At th i s l evel , th e target of com puta ti on i s t o find out wh er e th e m ost im por tant pl a ce or pr obl em i s and h ow t o at ta ck th e pr obl em . Let us call i t a qual it ati ve com putat i on. It wor ks on a ll contra di ct or y r ela ti on s such a s an at ta ckdefen se r elat i on, an in fl uen ce-t errit or y r ela ti on , a li fedea th r ela ti on and so on. Som e contra di ct or y r elat i on s occur a t an y t im e. For exam pl e, an a tta ck-defen se r el at i on a ppl i es t o a singl e st on e or a gr oup of st on es. In ot h er wor ds, an y st on e ha s both a ggr essi ve an d defen si ve m eanin gs. Th e qua li tat i ve com puta ti on i s a spira l pr ocess. It in cl udes t wo pr ocesses. On e i s t o ana l yz e exi st ing pr obl em s an d get out th e prim ar y pr obl em . Th e second pr ocess i s t o anal yz e th e pri mar y pr obl em an d wor k out a good strat egy. Th e pr obl em s in gam e pla yi n g ar e in fa ct th e di al ect i c contra di ct i on s a m on g di ffer en t contra di ct or y a spect s such a s a tt a ck and defen se. It i s th ose contra di ct or y r elat i on s that dri ve quali ta ti ve com put ati on int o a spiral pr ocess.

Th e second com putat i on in gam e pla yi ng occur s at a quanti tat i ve l evel . Th e a im of thi s kind of com puta ti on i s t o obt ain th e sequen ce of a set of m oves in a scope on a boar d. Th e sequen ce at thi s l evel i s so i mportant that i t m a y deci de th e ^li fe~ or ^death~ of st on es. It con si der s ever y possi bl e st ep. Thi s kind of com put ati on can be r eferr ed t o a s quant it ati ve com putat i on.

Th e t wo kinds of com put ati on s a bove ar e int er - dependen t. Th e qua li tat i ve com puta ti on deci des th e t arget s an d th e stra t egi es, and th e quanti ta ti ve com puta ti on gi ves out th e exa ct st eps. Wi th out th e quali ta ti ve com put ati on, th e quan tit ati ve com putat i on m a y get int o an expl osi ve sit uat i on beca use of t oo man y possi bi l it i es of ch essm en pla yi ng. Th e qual it ati ve com puta ti on a ctual l y gi ves out a scope for th e quanti tat i ve com puta ti on . On th e oth er han d, wi th out th e quant it ati ve com putat i on, th e qual ita ti ve com puta ti on cann ot be im pl em en t ed beca use i t i s ba sed th e com putat i on of quali ta ti ve pr opert i es. Th e quanti tat i ve com puta ti on i s a com puta ti on n o m att er wh at kinds of quantit i es th ey ar e. But th e qual ita ti ve com puta ti on con cerns th e m eanin gs or im por tan ce of quanti ti es. And th e m eanings of di ffer ent quanti ti es ar e n orm all y con tra di ct or y. Di ffer en t quanti ti es r epr esen t di ffer en t a spect s of a pr obl em such a s att a ck an d defen se. An d th ese a spect s ar e in t er-r elat ed and dia l ecti cal l y con tradi ct or y. Th e qua lit at i ve com puta ti on wi l l fin d out th e pri mar y con tradi cti on am on g di ffer ent con tra di cti on s. So th e quant it ati ve com putat i on i s a kind of T ur ing com put ati on, but th e qua li tat i ve com puta ti on i s n ot .

Li mit at ion s o f Co mp u t e rs

Com put ati on in com put er s bel on gs t o T uring com puta ti on , whi ch i s a pur el y quanti tat i ve com puta ti on . It goes onl y a t on e l evel . In oth er wor ds, com put er s tr eat th e essen ce of di ffer ent quant iti es a s th e sa m e. Th ey do n ot con cern th e m eanings of quantit i es.

And th e m eanings of quanti ti es depend on th eir a ppli ca ti on s cr ea t ed by pr ogram m er s. Alth ough an a ppli ca ti on can be buil t for qual it ati ve purpose, th e quali ta ti ve com put ati on becom es t ot all y st at i c a ft er it i s i mpl em en t ed beca use th e m eanin gs of var ia bl es ha ve been pr edefin ed by t h e a ppl i ca ti on . Th e m eanin gs of va ria bl es cann ot be th e vari a bl es of an appl i ca ti on . Tha t m ean s tha t a ll th e varia bl es ar e of on e t ype. However,

th e qua li tat i ve com puta ti on r equir es th e m eanin gs of quanti ti es a s it s vari a bl es.

Is it possi bl e t o esta bl i sh a com put er syst em that t akes both quant it i es and th eir m eanings a s varia bl es?

Thi s pr obl em i s r elat ed t o th e m eanings of s ym bol s

( Ha rnad 1990). In a current sym bol syst em or m ath em ati cal forma l syst em ( Mendelson 1964 ), al l s ym bol s ha ve onl y ext en si ona l m eanings. In order t o i mpl em en t quali ta ti ve com puta ti on, both int en si on and ext en si on sh oul d be a ssign ed t o sym bol s (Zh ou 1997a ).

Th e int en si on of a sym bol r epr esent s it s con tinuous m eaning. Can a T urin g ma ch in e i mpl em en t th e int en si on of s ym bol s? T urin g m a chin es ar e di scr et e m odel s of com puta ti on (T uring 1956). Th ey ar e ba sed on current sym bol syst em s, th e sym bol s of wh i ch ha ve on l y ext en si ona l m eanings. So Tur ing m a chin es ar e n ot str on g en ough t o support qua li tat i ve com puta ti on .

Turin g ma ch in es ar e a th eor eti cal com put at i ona l m odel of com put er s. It can onl y be used t o com put e all thin gs that can be pr edefin ed or descr i bed. Th er e i s n o com puta ti on al par t of a T uring ma ch in e t o t el l i t h ow t o gen erat e n ew in for mat i on i f it i s n ecessar y ( Hopcr oft an d Ul lman 1979). On e r ea son i s tha t T uring ma chin es run onl y a t a quant ita ti ve l evel . T ake expert or kn owl edge syst em s a s an exam pl e, kn owl edge, m eta - kn owl edge, or m et a-m et a-kn owl edge can be con struct ed in a kn owl edge syst em . Howe ver , th er e al wa ys exi st except i on s wh at ever h ow m uch m eta kn owl edge i s bui lt in th e syst em . Tha t i s beca use th e doma in kn owl edge cann ot be r epr esen t ed a s th e vari a bl es in a kn owl edge s yst em an d under st ood by th e kn owl edge syst em it sel f.

Turing computation is limited in a consistent world. All soft ware systems on computers should be consistent. It seems there is no doubt of this. Does an inconsistent system make anysense? From a consistent and static view, it is meaningless. However, an intelligent system hasgot to be able to compute contradictoryinformation. Without this ability, a computer system is impossible to interact with a dynamic world, which iscontradictory. Game playing is a good example of this contradictoryworld. It alwa ys presents contradictoryproblems. Howdoes a purely consistent computer system interact with thisworld? All the soft ware systems running on computers are consistent and static systems because theycannot evol ve themselves into next generation without humans´ help. Neither can expert or knowledge systems on computers. So it is impossible for computers to imitate humans´ intelligent thinking in game playing

A New C om p u t at ion a l M od e l

A n ew com put ati onal m odel i s r equir ed in or der t o i mpl em en t both th e qual ita ti ve com put at i on an d T uring com puta ti on .

Th e ba si c el em ent s of a n ew com puta ti onal m odel sh oul d in cl ude t wo si des: di scr et en ess an d contin uit y.

At on e han d, com put ati on focuses on th e cont inuous nat ur es of thin gs; at th e oth er hand, com puta ti on i s carri ed on di scr et e nat ur es. Thi s i s a cr ucial point t o an art i fi cial int ell igen t syst em . Di ffer ent fr om T urin g m a chin es, a n ew com puta ti onal m odel sh ould al wa ys pr esent t wo kinds of r esult s. At on e l evel , it gi ves out th e nat ur e, scope and strat egy of th e com put at i on. At an oth er l evel , it pr oduces con cr et e val ues.

Sym bol s of a n ew com put at i ona l m odel sh oul d con si st of bot h di scr et e and cont inuous pr operti es. That wi l l pr ovi de th e foun dat i on for both quant ita ti ve and quali ta ti ve com put ati on s.

A n ew com putat i ona l m odel sh oul d be a bl e t o com put e con tradi ct i on s. Wh en ever i t m eet s n ew con tra di cti on s, it can a ut oma ti cal l y gen er at e a n ew set of i n forma ti on t o com put e. That i s a key poin t for a com puta ti on t o beha ve a s int ell i gent, cr eat i ve or dyn a mi c. In ga m e pl a yin g, pr obl em s fa ced by a pl a yer in ea ch st ep ar e oft en con tradi ct or y. Th er e ma y be sever a l ben efi t s, but on l y on e you can get. Th er e ma y be som e wor se defect s in your part an d som e gr eat ben efi t s a ttra cti ve in oth er part s. Howe ver , onl y on e a ct i on you can do in ea ch st ep. Th e ben efi t s ma y di sa ppear in your n ext turn. All th ese con tradi ct or y in forma ti on sh oul d be com put ed dyn ami cal l y.

In sh ort , th e n ew com putat i ona l el em en t, or ea ch st ep in a n ew com putat i ona l m odel , sh oul d in cl ude t wo a spect s. It sh oul d be a bl e t o ma ke use of con tradi ct or y in form at i on t o l oca t e or l imi t th e scope of a pr obl em.

And it sh oul d final l y r ea ch t o a con si st ent r esult, such a s defea t ing th e oppon ent in gam e pla yi ng. That m eans a n ew com puta ti onal m odel sh ould dyn ami cal l y a ccept an d ana l yz e th e con tra di ct or y in form at i on an d wor k out i t s con si st ent answer pr omptl y.

Con c lu sion

Al th ough th er e ar e sch olar s wh o argues that int ell igen ce in cludes som e kin d of com put at i on that i s n ot T uring com puta ti on ( Penrose 1989 ), th e Ch ur ch- Tur ing Th esi s st il l pr evail s in th e fi eld of art i fi cial int ell igen ce. On e r ea son i s that i t seem s i mpossi bl e t o wor k out oth er com puta ti on al m odel, th e com puta bi lit y of wh i ch i s gr eat er than T uring ma ch in es´. At pr esen t, ever yt hin g i s for m ali z ed in a di scr et e and con si st ent wor l d. Th e dyn a mi c worl d i s, h owever , con tin uous, dyn ami c an d con tra di ct or y. Int ell igen t com puta ti on ha s t o be ba sed on con tradi ct i on so that it can pr esent a both di scr et e an d contin uous, both stat i c and dyn ami c worl d. What I a m wor king on i s an int el li gent computat i ona l m odel t o sol ve th i s impa sse (Zh ou 1997b).

Re fe ren c e s

Ha rna d, S. , 1990, Th e Sym bol Gr oun ding Pr obl em,

Ph ysi cs, D42

Hopcr oft , J.E. and Ullm an, J. D. , 1979, Intr oduct i on t o

Aut oma ta Th eor y, Langua ges, and Com putat i on,

Addi son - Wel sl ey Publ i sh ing Co.

Mendelson, E., 1964, Introduction to Mathematical Logic,

D. Van Mostrand Co.

Penrose, R., 1989, The Emperor’s NewMind, Oxford

UniversityPress, Oxford

T uring, A. M., 1956, Can a Ma ch in e Thin k? Th e Wor ld of Ma th em at i cs, TE MPUS , Vol. 4

Zhou, J., 1997(a), An Intelligent Logic System, the Second

China-Japan Symposium on Advanced Information

Technology, HuangShan, China

Zhou, J., 1997(b), Howto Extricate Artificial Intelligence from a Difficult Position, Global Chinese Computer

Conference on Education , Guanzhou, China