A Plausible Mo v e Generator for Shogi Using Static Ev aluation Reijer Grim b ergen Electrotec hnical Lab oratory , 1-1-4 Umezono, Tsukuba-shi, Ibaraki-k en, Japan 305-8568 E-mail: grim b erg@etl.go.jp Abstract T o mak e a program that can p erform w ell under tournamen t conditions, shogi p oses some extra c hallenges when compared with c hess. The main problem is that in shogi there are on a v erage man y more legal mo v es than in c hess. T o deal with this large branc hing factor, it seems inevitable to reviv e researc h in to plausible mo v e generators, whic h has not b een successful in c hess. In this pap er a �rst step in dev eloping a plausible mo v e generator will b e presen ted for mo v es in v olving winning and losing material. It will b e explained ho w suc h a plausible mo v e generator can use the static ev aluation of shogi p ositions to generate mo v es. T est results sho w that this plausible mo v e generator generates on a v erage only 30% of the total n um b er of mo v es. The time sp en t on this analysis is w orth the e�ort, as is indicated b y a ma jor increase in p erformance on a test set of shogi problems. As preliminary results, these are v ery encouraging. 1 In tro duction Strong c hess programs are capable of reac hing searc h depths of up to 13 plies in games under tourna- men t conditions [4]. In computer c hess tournamen ts the a v erage thinking time is ab out 3 min utes p er mo v e. T o reac h the same lev el of pla ying strength, shogi programs need to ha v e a similar p erformance. There are t w o imp ortan t problems facing the shogi programmer who is building a high p erformance shogi program. First, b ecause of the p ossibilit y of re-using captured pieces (the dr op mo v e), the n um b er of p ossible legal mo v es in shogi is on a v erage m uc h larger than in c hess. The a v erage branc hing factor of the searc h tree for c hess is only ab out 35 while in shogi the a v erage branc hing factor is ab out 80 [8]. These n um b ers do not tell the whole story . In shogi the branc hing factor increases as the game progresses. This is illustrated with data from 10 exp ert games that will b e used in this pap er for di�eren t tests. The details of the games c hosen are giv en in T able 1. The games w ere selected to ha v e No Pla y ers Date Op ening Length 1 Y.Habu(9-dan) - A.Shima(8-dan) Decem b er 13th 1994 Y agura 123 2 N.Y ashiki(7-dan) - T.F ujii(6-dan) April 3rd 1996 Shik en bisha 165 3 H.Kamiy a(7-dan) - K.Ko dama(7-dan) Marc h 6th 1998 Aigak ari 115 4 M.T ac hi(6-dan) - H.Nozuki(4-dan) Decem b er 16th 1997 Y ok ofudori 82 5 K.T aniga w a(9-dan) - M.Nak ahara(10-dan) June 12th 1990 Kakuga w ari 146 6 M.Ch uza(4-dan) - N.Ito(4-dan) Marc h 11th 1997 Hineribisha 128 7 S.Anzai(5-dan) - S.Sato(5-dan) No v em b er 18th 1997 Muk aibisha 112 8 N.Hatak ey ama(6-dan) - D.Nak aga w a(6-dan) August 22nd 1997 Y o dofuribisha 139 9 K.Horiguc hi(6-dan) - D.Suzuki(5-dan) Octob er 21st 1997 Nak abisha 154 10 K.Ishida(9-dan) - K.Manab e(8-dan) Marc h 1998 Sank en bisha 104 T able 1: 10 T est games. Op ening giv es the op ening strategy of eac h game in Japanese and L ength is the length in ply of eac h game.

Figure 1: Highest n um b er of legal mo v es, a v erage n um b er of legal mo v es and lo w est n um b er of legal mo v es b y mo v e n um b er in the 10 test games. a wide v ariet y of di�eren t t yp es of shogi p ositions. Therefore, eac h game is pla y ed b y di�eren t pla y ers and has a di�eren t op ening strategy . In Figure 1 the results of analysing the n um b er of legal mo v es in these test games ha v e b een giv en. The �gure sho ws the increasing branc hing factor of shogi, whic h is caused b y a larger n um b er of p ossible drop mo v es. Pieces can b e dropp ed on an y v acan t square, so there are man y more mo v e p ossibilities to drop pieces than for pieces already on the b oard. In the endgame, whic h is the vital stage in shogi, the branc hing factor can easily exceed a 100 and stretc hes of branc hing factors of 140 or more are not uncommon. In con trast, in c hess the game often b ecomes easier to w ards the end as less and less pieces remain in pla y . All strong c hess programs use endgame databases to stop the searc h when p erfect kno wledge ab out the game result is a v ailable. Not only the high branc hing factor is a problem, but in shogi also the a v erage thinking time p er mo v e in a game under tournamen t conditions is m uc h less than in c hess. There are t w o reasons for this. One is that the a v erage game length of shogi is ab out 115 ply [1], while the a v erage game length of c hess is ab out 80 ply . A shogi program can therefore use less time p er mo v e than a c hess program. The second reason is that the tournamen t conditions for shogi programs are m uc h stricter than for c hess programs. In the ann ual CSA tournamen t, the uno�cial w orld c hampionship tournamen t, a program has only 25 min utes for the full game (in the preliminary stages this is ev en less: 20 min utes). Based on the a v erage length of a game, a program has to pla y ab out 60 mo v es in that time p erio d, lea ving only 25 seconds p er mo v e on a v erage. This a v erage is misleading, since most games b et w een computer programs tak e longer than games b et w een h uman pla y ers. Most programs therefore ha v e some metho d to dynamically c hange the time alloted to a mo v e. This time can for example b e based on quiescence, p osition ev aluation or a guess ab out the exp ected n um b er of mo v es remaining. T o deal with a large searc h tree and sev ere time constrain ts, shogi programmers ha v e realised that it is necessary to mak e go o d decisions ab out the mo v es on whic h searc h e�ort should b e sp en t. All strong shogi programs use plausible mo v e generators to cut as man y unlik ely mo v es from the searc h as p ossible. In c hess, this approac h has not b een successful. In the 1960s most c hess programs used plausible mo v e generators (see for example [2]), but since the dev elopmen t of the Chess 4.5 program in the early sev en ties [10], the basic approac h of c hess programs has b een a full width searc h. The features of shogi and the tournamen t conditions of computer shogi tournamen ts mak e a reviv al of plausible mo v e generators necessary . This migh t also b e of in terest to cognitiv e scien tists, who ha v e b een complaining that c hess programs are not \real AI", since the w a y computer programs pla y c hess has no connection with the w a y h uman pla y ers pla y the game (for a small discussion on this, see [6]). Unfortunately , there are not man y publications on the metho ds used in strong shogi programs, since no top programmers has a researc h in terest (most are commercial programmers). Exceptions are Kakinoki (author of Kakinoki Shogi ) and Y amashita, author of the YSS , who ga v e some details ab out their programs in Japanese ([5],[12]). My w ork is in part inspired b y these publications, but also aims at giving a more solid basis for the use of plausible mo v e generators in shogi. In earlier w ork, I presen ted a plausible mo v e generator based on Candidate Relev ance Analysis or CRA [3]. CRA analysed the meaning of mo v es regarding the goal of the game, discarding all mo v es for whic h no meaning could b e found. CRA w as v ery conserv ativ e ab out the mo v es to b e discarded to mak e the c hance of losing vital mo v es as small as p ossible. As a result, to o man y mo v es remained to b e searc hed and the cuts resulting from CRA turned out b e insu�cien t to allo w deep searc h. In this pap er I presen t a �rst step in the construction of a plausible mo v e generator for shogi whic h can discard enough mo v es to reac h searc h depths comparable to those in strong c hess programs. The 13 ply depth of c hess programs seems a go o d target, since the strongest shogi programs are not y et able to searc h this deep, reac hing only 9 to 11 ply . The plausible mo v e generator describ ed here is based on the information collected b y a static ev aluation of shogi p ositions. 2 A Plausible Mo v e Generator for Shogi T o build a plausible mo v e generator for shogi, it is necessary to understand when a mo v e is a plausible shogi mo v e. Ev aluation of the curren t p osition, for example to �nd mating threats, forks, attac k ed pieces, fa v ourable material exc hanges and so on are vital to understand whic h mo v es are lik ely in a p osition. T o b etter understand what t yp es of mo v es are most often pla y ed in shogi, the meaning of the mo v es of the 10 test games w ere analysed b y hand. If a mo v e had more than one meaning, the most imp ortan t meaning w as pic k ed. If it w as hard to decide b et w een the imp ortance of di�eren t meanings, one w as pic k ed at random. The results of this analysis are presen ted in T able 2. It is surprising that all mo v es of the test games can b e describ ed b y only 11 basic mo v e categories. It is also in teresting to note that the n um b er of sacri�ces that do not �t in to an y other category is quite lo w. Only 1.0% of the mo v es w ere sacri�ces of material that can not b e explained b y an y of the other mo v e categories. F rom the table it can also b e concluded that shogi is a v ery tactical game. Only 30.9% of the mo v es in the test games b elongs to the category Str ate gic Move . All other mo v es b elong to a category with a tactical meaning. The only previous study in to the classi�cation of mo v es in shogi b y using professional game records is b y Kotani and Iida [7]. They giv e a more general classi�cation of shogi mo v es, distinguishing only b et w een drops, captures, promotions and \other" mo v es. This classi�cation do es not seem sophisticated enough to giv e go o d suggestions for pruning mo v es. Kakinoki [5] uses only 8 basic mo v e categories, but all of the 11 categories in T able 2 are implicit in his categorisation. Y amashita [12] Mo v e T yp e PMG 1 2 3 4 5 6 7 8 9 10 T ot % Strategic Mo v e ( p ) 36 30 46 29 48 49 48 49 32 25 392 30.9% A ttac k Piece p 15 22 19 15 24 20 19 16 23 15 188 14.8% Win Material p 16 30 15 14 21 18 12 15 28 13 182 14.4% A ttac k King 23 29 7 0 17 11 9 17 27 16 156 12.3% Defend King 15 31 8 1 17 8 4 12 22 14 132 10.4% Defend Piece p 10 10 10 10 13 10 12 12 12 10 109 8.6% Exc hange Material p 3 7 7 6 2 5 6 6 5 5 52 4.1% Threaten Promotion p 1 1 1 6 1 5 1 6 0 2 24 1.9% Promote Piece p 3 2 1 1 2 0 1 4 1 1 16 1.3% Sacri�ce Piece 1 3 1 0 0 2 0 0 3 3 13 1.0% Defend Promotion p 0 0 0 0 1 0 0 2 1 0 4 0.3% T able 2: Mo v e meaning classi�cation in the 10 test games. PMG are the categories that ha v e b een implemen ted in the plausible mo v e generator describ ed in this pap er.

describ es a m uc h more sophisticated sc heme, where the generation of mo v es is based on the n um b er of plies left to searc h. F or example, a mo v e that attac ks a piece is not generated if the remaining searc h depth is only a single ply . The idea is that the adv an tages of suc h a mo v e can not b e ev aluated in a single ply of searc h. The 29 mo v e categories that Y amashita describ es are all sub categories of the categories of T able 2. Suc h a detailed analysis of mo v e meaning impro v es the qualit y of the plausible mo v e generator, but also tak es more time. T o �nd out whic h categorisation w orks b est is one of the sub jects of our researc h. As a �rst step, I ha v e lo ok ed at the mo v e categories relating to loss and gain of material. That is, I ha v e implemen ted a mo v e analyser that recognises mo v es in all of the categories in T able 2 except Str ate gic Move , A ttack King , Defend King and Sacri�c e Pie c e . Actually , the category Str ate gic Move is also partially implemen ted. The CRA-based plausible mo v e generator used previously had a n um b er of p ositional patterns to recognise strategic mo v es. These patterns are still presen t in the curren t plausible mo v e generator, and giv e an indication of the p erformance of the program in non-tactical p ositions. T o analyse the meaning of mo v es relating to win and loss of material, a static capture ev aluator of p ossible capture sequences is used (brie y describ ed in [11]). With this ev aluator, for ev ery square on the b oard it can b e analysed statically if a piece on the square is attac k ed, if there is a fa v ourable capture or if there is a promotion threat. T o this I ha v e added rules to decide if the in tended defence of the piece or defence against a promotion threat impro v ed the capture v alue, thereb y in tro ducing a static 1-ply lo ok ahead. Only mo v es impro ving at least one of the square v alues giv en b y the capture ev aluator, are generated b y the plausible mo v e generator. The static 1-ply lo ok ahead has a n um b er of implemen tation problems, as the examples in Figure 2 sho w. In the left diagram of Figure 2, the knigh t on 6i is attac k ed b y the lance on 6g, but can b e defended indirectly b y mo ving the ro ok to 6f. This t yp e of indirect defence requires a detailed analysis of the p osition. In the middle diagram, the silv er on 7g is attac k ed b y the t w o bishops. The problem here is to recognise that mo ving the silv er to 8h is not a su�cien t defence against the white threat. In the righ t diagram of Figure 2, the problem is to decide whether the bishop on 7g is attac k ed or not. The knigh t on 8i is pinned, but the pinning piece (the ro ok on 7i) is also the only piece attac king the bishop, so the bishop is actually not threatened. These are just a few of the problems that adding a static 1-ply lo ok ahead to a static capture ev aluator faces. Ho w ev er, static capture analysis is just the start of what has recen tly b ecome the core of a strong shogi program. F or example, Rollason’s Shotest also has a sophisticated static capture ev aluator called Super-Soma [9]. Rollason’s program has done v ery w ell in recen t computer shogi tournamen ts. My curren t static capture ev aluator can deal with all single-square captures with and without promotions, pinned pieces that lead to capture of the king (in con trast to pinned pieces that lead to ma jor loss of material) and promotions. It can deal with the �rst t w o of the three cases of Figure 2, but the rules for dealing with the case in the righ tmost diagram ha v e not b een implemen ted y et. B @ > < : 8 i h g f e d _ \ T B @ > < : 8 i h g f e d Z T W W B @ > < : 8 i h g f e d R \ U V Figure 2: Examples of problems with static 1-ply lo ok ahead

No #Legal #Gen Sv(%) NG % 1 10003 3323 66.7% 11 8.9% 2 15793 4520 71.3% 26 15.7% 3 8146 2203 72.9% 22 19.1% 4 4310 1172 72.8% 7 8.5% 5 11248 3694 67.1% 21 14.3% 6 8399 2856 65.9% 20 15.6% 7 6396 1804 71.7% 11 9.8% 8 7802 2443 68.6% 18 12.9% 9 14261 4485 68.5% 18 11.7% 10 8221 1874 77.2% 23 22.1% T ot 94579 28374 70.0% 177 14.0% T able 3: Results of the plausible mo v e generator in the 10 test games. L e gal is the total n um b er of legal mo v es, Gen is the n um b er of mo v es generated b y the plausible mo v e generator, Sv is the sa vings of the metho d, and NG is the n um b er of mo v es not generated b y the plausible mo v e generator 3 Results T o test the p erformance of the plausible mo v e generator, w e ha v e compared the exp ert mo v es pla y ed in the test games with the mo v es generated b y the plausible mo v e generator. In T able 3 the results of this analysis ha v e b een giv en. It can b e seen that the curren t plausible mo v e generator sa v es b et w een 65.9% and 77.2% of the total n um b er of legal mo v es for an a v erage of 70.0%. The cost for this is b et w een 8.5% and 22.1% of the mo v es pla y ed b y the exp ert pla y er, for an a v erage of 14.0%. Losing a considerable n um b er of the mo v es pla y ed b y the exp ert pla y er w as una v oidable, since the plausible mo v e generator is only a partial implemen tation. Therefore, the mo v es not generated m ust b e analysed in more detail. In T able 4, the mo v es are classi�ed b y the mo v e categories in tro duced previously . As exp ected, the categories Str ate gic Move , A ttack King , Defend King and Sacri�c e Pie c e are resp onsible for most of the mo v es not generated, namely 93.6%. The remaining mo v es p oin t to errors in the mo v e generator. One of these problems is the correct analysis of pinned pieces, as describ ed in Figure 2. Note that the plausible mo v e generator is often able to generate m ulti-purp ose mo v es. F or example, there are 156 mo v es in the 10 test games categorised as A ttack King . Of these mo v es, the curren t plausible mo v e generator is able to generate 97 mo v es ev en though there are no rules for recognising attac k mo v es. This is b ecause most attac king mo v es are also at the same time a promotion, threaten a piece, threaten promotion or win/exc hange a piece. Mo v e T yp e 1 2 3 4 5 6 7 8 9 10 T ot % Strategic Mo v e 4 3 14 6 8 11 8 7 8 3 72 40.7% A ttac k Piece 0 0 1 0 2 0 0 0 0 4 7 4.0% Win Material 0 0 0 0 2 0 0 0 0 1 3 1.7% A ttac k King 3 16 4 0 3 6 2 9 5 11 59 33.3% Defend King 3 4 2 1 5 2 1 1 2 1 22 12.4% Defend Piece 0 0 0 0 0 0 0 0 0 0 0 0.0% Exc hange Material 0 0 0 0 0 0 0 0 0 0 0 0.0% Threaten Promotion 0 0 0 0 0 0 0 0 0 0 0 0.0% Promote Piece 0 0 0 0 0 0 0 1 0 0 1 0.1% Sacri�ce Piece 1 3 1 0 0 2 0 0 3 3 13 7.3% Defend Promotion 0 0 0 0 0 0 0 0 0 0 0 0.0% T able 4: Mo v e analysis of the mo v es not generated b y the plausible mo v e generator.

Pr Mo v e Generator SU Same No Without With fact Result? 1 5:32 0:33 10 2 0:39 0:01 39 3 2:17 0:08 17 4 17:53 1:18 14 5 6:52 0:11 37 � 6 4:32 0:30 9 7 3:22 0:24 8 8 1:05 0:12 5 9 2:57 0:16 11 10 8:46 0:58 9 T able 5: Time tak en for 5 ply searc hes in 10 tactical shogi problems with and without a plausible mo v e generator. SU fact is the sp eed up factor. As a second test, 10 shogi problems w ere selected to see ho w m uc h the searc h p erformance w ould impro v e if a plausible mo v e generator w as used. F or this test, all shogi problems had a solution whic h leads to a material adv an tage for the side to mo v e. Our shogi program is an iterativ e alpha-b eta searc her using PVS/Negascout with transp osition tables and the history heuristic. The full-width v ersion of this algorithm can only searc h 5 ply deep on a 450 MHz P en tium when giv en a time limit of 20 min utes. Results of a 5 ply searc h with and without the plausible mo v e generator are giv en in T able 5. The results for these 10 test problems are a strong indication that the addition of a plausible mo v e generator will ha v e an imp ortan t impact on the p erformance of the searc h. Ev en in the w orst case, searc h with the plausible mo v e generator is more than 5 times faster than full-width searc h, and in most cases more than 10 times faster. W e can also see a risk of the approac h. In one of the test p ositions (n um b er 5) the solution mo v e w as a sacri�ce that the plausible mo v e generator did not generate. Therefore, the solution to this problem could not b e found. W e also see that the searc h is still not fast enough for go o d tournamen t pla y . Under some circum- stances, ev en a 5 ply searc h will not b e able to �nish within 25 seconds. 4 Conclusions Plausible mo v e generators are a vital part of strong shogi programs. It is often unclear ho w these mo v e generators are dev elop ed. This pap er is a �rst attempt to use the analysis of professional games as the basis for a plausible mo v e generator. The plausible mo v e generator presen ted here deals with the generation of mo v es leading to a p ossible win or loss of material. The analysis of these t yp es of mo v es is based on a static capture analysis with a static 1-ply ev aluation of the mo v es defending against a material threat. The plausible mo v e generator presen ted here giv es imp ortan t sa vings in the mo v es that need to b e searc hed. Preliminary results indicate that this will lead to an imp ortan t impro v emen t of the searc h p erformance in shogi programs. Ho w ev er, the plausible mo v e generator needs to b e further expanded to deal with mo v es attac king and defending the king. Also, the curren t plausible mo v e generator needs to b e impro v ed, since preliminary results indicate that the n um b er of mo v e generated is still to o large to searc h deep enough for strong pla y under tournamen t conditions.

References [1] Japanese Shogi F ederation. Sho gi Y e arb o ok Heisei 10 . Nihon Shogi Renmei, 1999. [2] R. Green blatt, D. Eastlak e I I I, and S. Cro c k er. The Green blatt Chess Program. In Pr o c e e dings of the F al l Joint Computer Confer enc e , pages 801{810, 1967. [3] R. Grim b ergen. Candidate Relev ance Analysis for Selectiv e Searc h in Shogi. In 9th A dvanc es in Computer Chess Confer enc e , P aderb orn, German y , 1999. [4] E.A. Heinz. D arkthought Go es Deep. ICCA Journal , 21(4):228{229, Decem b er 1998. [5] G. Kakinoki. The Searc h Algorithm of the Shogi Program K3.0. In H. Matsubara, editor, Computer Sho gi Pr o gr ess , pages 1{23. T oky o: Ky oritsu Sh uppan Co, 1996. ISBN 4-320-02799-X. (In Japanese). [6] R.E. Korf. Do es Deep Blue Use Arti�cial In telligence? ICCA Journal , 20(4):243{245, Decem b er 1997. [7] Y. Kotani and H. Iida. Whic h Mo v es should b e Pruned? {Classi�cation of Shogi Mo v es and the Rate of Pla y ed Mo v es. In Game Pr o gr amming Workshop in Jap an ’95 , pages 148{156, Kanaga w a, Japan, 1995. (In Japanese). [8] H. Matsubara and K. Handa. Some prop erties of Shogi as a Game. Pr o c e e dings of A rti�cial Intel ligenc e , 96(3):21{30, 1994. (In Japanese). [9] J. Rollason. P ersonal comm unication, 1999. [10] D. Slate and L. A tkin. Chess 4.5: The North w estern Univ ersit y Chess Program. In P . Rey , editor, Chess Skil l in Man and Machine , pages 82{118. Springer V erlag, New Y ork, 1977. [11] P . V an Diep en and J. V an den Herik. Schaken vo or Computers (Chess for Computers) . Sc ho onho v en, The Netherlands: Academic Services, 1987. [12] H. Y amashita. YSS : Ab out its Datastructures and Algorithm. In H. Matsubara, editor, Computer Sho gi Pr o gr ess 2 , pages 112{142. T oky o: Ky oritsu Sh uppan Co, 1998. ISBN 4-320-02799-X. (In Japanese).