An Ev aluation F unction for Shogi Reijer Grim b ergen Electrotec hnical Lab oratory , 1-1-4 Umezono, Tsukuba, Ibaraki, Japan 305. E-mail: grim b erg@etl.go.jp Abstract Shogi and c hess are similar games. The aim in b oth games is to mate the opp onen t’s king. Ho w ev er, the main di�erence b et w een shogi and c hess is that in shogi pieces tak en from the opp onen t can b e used again. This has imp ortan t consequences for the ev aluation function. In c hess the material balance is vital for the ev aluation of a p osition while in shogi the ev aluation of a p osition is m uc h more based on abstract concepts lik e bad piece formations and danger to the king. In this pap er a set of features will b e prop osed that are vital for an ev aluation function for shogi. These features ha v e b een implemen ted in an ev aluation function whic h is part of a complete shogi pla ying program. This ev aluation function has b een tested b y comparing its p osition assessmen t with the opinion of professional pla y ers in 54 middlegame p ositions and 46 endgame p ositions from professional games. The ev aluation function agreed with the exp ert opinion in 64 of these p ositions, judging the middlegame p ositions a little b etter (67%) than the endgame p osition (61%). Keywor ds: Complete information games; Ev aluation function; Computer shogi 1 In tro duction In AI researc h, the game of c hess has a long history dating bac k to the 1950s. With the win of the Deep Blue program o v er w orld c hampion Kasparo v, the comp etitiv e c hallenge of making a strong program to b eat the b est h uman pla y ers migh t so on no longer b e the driving force it once w as. Realizing this, w e ha v e lo ok ed at other t w o-pla y er, complete information games as p ossible targets for AI. W e ha v e compared go, xiang qi (Chinese c hess) and shogi (Japanese c hess) with c hess, b oth in the features of these games and the computational di�erences [5]. Our conclusion w as that shogi is w ell suited for AI researc h. This is b ecause shogi is similar to c hess, y et signi�can tly di�eren t from c hess. Its similarit y lies in the goal of the game, whic h is mating the opp onen t’s king in b oth shogi and c hess. The main di�erence b et w een c hess and shogi is that in shogi the pieces tak en from the opp onen t can b e reused b y putting them bac k on an empt y square instead of pla ying a mo v e b y one of the pieces on the b oard (this is called dr opping a piece). Another di�erence b et w een shogi and c hess is that most pieces ha v e only limited mo v emen t. This leads to a slo w build-up of the game and also to the problem of using pieces e�cien tly . Pieces that are placed badly can not b e mo v ed to b etter p ositions easily . F or a more detailed comparison of c hess and shogi, see [6]. F rom a computational p oin t of view, these di�erences ha v e some imp ortan t consequences. First of all, the a v erage n um b er of legal mo v es in a shogi p osition is m uc h higher than in a 1 c hess p osition. In shogi the branc hing factor of a full-width searc h tree is estimated at 80 [4], while the branc hing factor of c hess is estimated at 35 [3]. T o cop e with this di�erence, I am curren tly building a shogi program that, b y using pattern recognition, only generates a limited n um b er of suitable candidates in a p osition [2]. The di�erences b et w een c hess and shogi also ha v e imp ortan t consequences for the ev aluation function. In c hess, p ositional ev aluation is based primarily on material. Of course, a go o d ev aluation function is able to judge whether there is p ositional comp ensation for the loss (or sacri�ce) of a pa wn, but usually in c hess the loss of material determines the outcome of the game. Also, a c hess game is hardly ev er pla y ed out un til the mating stage. Long b efore that, a theoretical endgame is reac hed where b oth pla y ers kno w the outcome of the game and one pla y er resigns or b oth pla y ers agree on a dra w. In c hess, there has b een considerable researc h in setting up endgame databases that pla y endgames p erfectly [9]. In shogi, there are no theoretical endgame p ositions. Because of the reuse of pieces, a shogi endgame is usually a mating race b et w een the t w o pla y ers. In this mating race sp eed is more imp ortan t than material, but when an attac k runs out of steam, material giv en to the opp onen t while attac king migh t turn around the game. Building go o d defensiv e and attac king formations, e�ectiv e use of pieces and go o d judgmen t of the mating race is therefore vital to the ev aluation of shogi p ositions. Ev aluation functions ha v e not b een the sub ject of in tensiv e study in most games. Only in go, where the ev aluation is curren tly m uc h more imp ortan t than searc h, the ev aluation of p ositions gets considerable atten tion ([7], [10]). In shogi, there has b een some researc h in to the ev aluation of danger to the king to guide tsume shogi searc h [8], but no publications on a general ev aluation function. One of the reasons is probably that an ev aluation function con tains a lot of sp eci�c game kno wledge. An ev aluation function of one game do es not carry o v er to other games. Still, w e feel that researc h in to the ev aluation of p ositions can giv e imp ortan t insigh ts in the problem solving b eha viour of h uman pla y ers. In this pap er the features will b e discussed that should b e part of a shogi ev aluation function and ho w these features should b e balanced in the di�eren t stages of a shogi game. F or example, in the op ening it is more imp ortan t to build a solid formation than to attac k the enem y king (ev en though there are op enings where the attac k starts almost immediately). The features of an ev aluation function for shogi will b e describ ed in section 2. These features ha v e b een implemen ted in an ev aluation function that is part of a shogi pla ying program. Some imple- men tational issues of the ev aluation function will b e discussed in section 3. The results of the implemen ted ev aluation function will b e giv en in section 4. I will end with some conclusions and giv e some plans for further researc h. 2 F eatures of an ev aluation function for shogi If w e lo ok in the shogi literature, w e �nd that there are a n um b er of imp ortan t concepts whic h are vital to understanding a shogi p osition. One of the b est examples is the b o ok Better moves for b etter sho gi [1]. Here the principles of go o d p ositional shap e and bad p ositional shap e, castling formations, the imp ortance of pieces according to the p osition of the king, calculating the sp eed of the mating race and the imp ortance of p oten tial and initiativ e are discussed. I will no w lo ok at eac h of these features, as w ell as to some of the standard features of an ev aluation function lik e material balance and con trolled squares.

2.1 Material Ev en though material considerations are not decisiv e for the outcome of a shogi game, material is clearly imp ortan t. Esp ecially in the early stages of the game, loss of material migh t mak e it imp ossible to set up a decen t attac k and will lead to a loss b y a wide margin. There are some imp ortan t problems with ev aluating material in shogi. Firstly , in shogi loss and gain of pa wns is usually not v ery imp ortan t. P a wns are often sacri�ced to force pieces to bad squares. On the other hand, ha ving no pa wns at all to use for these sacri�ces is often (but not alw a ys) a big disadv an tage. Secondly , there is the problem of the v alue of promoted pieces. In shogi most pieces promote. F urthermore, they promote on three ranks instead of only one as in c hess. Sometimes a promoted piece only gets some extra p ossibilities, but often the mo v emen t of the piece c hanges completely . Promotion is almost alw a ys optional, so the decision b et w een promoting and non-promoting a piece is not only a matter of material adv an tage, but is based on p ositional considerations as w ell. A sp ecial case among promoted pieces is the v alue of a promoted pa wn. In shogi, promoted pieces that are tak en lose the extra p ossibilities gained from promotion. Therefore, when a promoted pa wn is tak en, it b ecomes only a pa wn for the pla y er to drop. The adv an tage of ha ving a promoted pa wn is therefore bigger than its v alue as a promoted piece, whic h is the equiv alen t of a golden general. 2.2 Castling In shogi there is no standard castling mo v e lik e in c hess. An imp ortan t part of the op ening strategy is therefore to build a castling formation of generals and mo v e the king in this forma- tion. There are ab out �ft y di�eren t standard w a ys to build suc h a castling formation. As an example, on the left of diagram 1, w e ha v e the Y agur a castle. B @ > < : 8 6 M L K J I H ~ ( * R \ ^ X Z X ‘ ‘ ‘ ‘ , . B @ > < : 8 6 M L K J I H ~ ( * R \ ^ X Z X ‘ ‘ ‘ ‘ , . Diagram 1: Y agura castles Building a strong castle tak es time and this p oses t w o problems for an ev aluation function. First, a castle formation is only go o d when the king is mo v ed in to it. F or example, on the left of diagram 1 the king has mo v ed safely in to the castle formation. Ho w ev er, on the righ t of diagram 1 the king has not y et b een mo v ed in to the castle. It will tak e t w o more mo v es to get from the righ t of diagram 1 to the left of diagram 1. A static ev aluation should b e able to assess if there is time for the king to mo v e in to the castle. The second problem is to ev aluate what shap es are actually castling shap es. This is esp ecially di�cult for the strongest castles, whic h are usually build in sev eral stages. An example is the A naguma castle (diagram 2). This is the strongest castle in shogi. On the left of diagram 2 w e see the anaguma in its complete form. On the righ t of diagram 2 one of its preliminary stages is giv en. Whether the p osition on the righ t is also a castle formation is arguable. B @ > < : 8 6 M L K J I H ~ ( * R \ ^ X Z X ‘ ‘ ‘ ‘ , . B @ > < : 8 6 M L K J I H ~ ( * R \ ^ X Z X ‘ ‘ ‘ ‘ , . Diagram 2: Anaguma castles 2.3 King safet y The safet y of the king is probably the most imp ortan t feature of an ev aluation function to w ards the end of the game and therefore vital to the strength of an y shogi-pla ying program. Mistak es in op ening and middlegame can often b e repaired, but mistak es in the endgame can mean the di�erence b et w een winning and losing. Tw o imp ortan t and con icting issues in king safet y are thickness and esc ap e r outes . Thic kness is the n um b er of defending pieces surrounding the king. Escap e routes giv e the p ossibilities for the king to run a w a y from threats. The t w o extremes can b e seen in diagram 3. On the left of diagram 3, the king is completely surrounded b y defending pieces, but it has no where to go. On the other hand, on the righ t of the diagram the king has no defenders, but can run a w a y in all directions. Usually an endgame p osition lies b et w een these t w o extremes and the ev aluation function has to decide whic h defending pieces add to the thic kness of the king and whic h escap e routes are safe. B @ > < : 8 6 M L K J I H ~ ( * R \ ^ X X Z ‘ ‘ ‘ ‘ , . B @ > < : 8 6 M L K J I H ~ ( * R , . Diagram 3: Thic kness and escap e routes Another issue of king safet y are the attac king pieces and the strength of the defensiv e p oin ts these pieces are attac king. The p osition of a king can b e v ery bad, but if there is no w a y for the opp onen t to attac k the king e�ectiv ely , the king is not in danger and there is no need for defensiv e action.

Finally , there is the problem of entering king . In shogi it is usually a big adv an tage to driv e the king in to the op en b oard. Ho w ev er, there are situations where this tak es a lot of material and the king can escap e b y crossing o v er the b oard and mo ving in to the enem y camp. Because most shogi pieces ha v e a forw ard mo v emen t, it is di�cult to attac k the king when it has managed to pass the attac king pieces. When b oth pla y ers manage to bring their king in to the opp onen t’s camp, it is p ossible that the game ends in a dra w. This is v ery rare (less than 0.5% of professional games end this w a y and in amateur shogi this is ev en rarer), but a go o d ev aluation function should b e able to judge the p ossibilities of making an en tering king. 2.4 Go o d shap e and bad shap e Another imp ortan t feature of the ev aluation of shogi p ositions is the notion of go o d shap e and bad shap e. A piece can b e considered to b e w ell p ositioned if it has freedom of mo v emen t or is part of a go o d attac king or defending formation. Examples of go o d defending formations ha v e already b een giv en in section 2.2. Some other examples of go o d shap e and bad shap e are giv en in diagram 4. B @ > < : 8 6 M L K J I H ~ ( * V \ ^ X Z ‘ ‘ ‘ ‘ , . B @ > < : 8 6 M L K J I H ~ ( * X X Z ^ R \ ‘ ‘ ‘ ‘ , . > < : 8 6 4 2 M L K J I H ~ ( * Z ‘ ‘ T \ ‘ ‘ ‘ V , . Diagram 4: Go o d shap e and bad shap e On the left of diagram 4 w e see a p osition where the blac k bishop on 8 H, is completely b o xed in. This bishop is clearly not w orking and if there is time, blac k should try and impro v e the p osition of this piece. In the middle of diagram 4 w e see a castle formation that is mangled. It lo oks v ery similar to the y agura castle p osition giv en b efore, but the gold on 8 H, mak es it imp ossible for the king to en ter the castle. The blac k king is no w v ery vulnerable and mo ving the gold from 8 H, to 7 H, is a high priorit y mo v e. Finally , at the righ t w e see an ideal blac k attac king formation. In shogi the golden rule is to use three generals for the defense of the king and com bine ro ok, bishop, knigh t and the remaining general to attac k. Go o d shap e and bad shap e are most imp ortan t in op ening and middle game p ositions. In the endgame the mating of the king b ecomes the n um b er one priorit y , and shap e considerations unrelated to the king p osition do not pla y an imp ortan t role. 2.5 Distance to the kings As said, a shogi game only ends in mate (or b y the rare case of m utual en tering king). This means that the pieces that can activ ely tak e part in the mating pro cess b ecome more and more imp ortan t to w ards the �nal stages of the game. Pieces that are far a w a y from the king can b e v aluable in the middle game where these pieces can b e used to break in to the enem y camp. Also, in the middle game it is still p ossible to �nd the time to mo v e bad pieces to b etter p ositions. In the endgame there usually is no time and pieces far a w a y from the king ha v e almost no v alue at all. On the other hand, ev en insigni�can t pa wns can b ecome vital anc hors for attac k when they are placed close to the king. An example can b e seen in diagram 5. The di�erence b et w een the pa wn on 2 ;M and the pa wn on 6 8^ in this p osition is h uge. > < : 8 6 4 2 J I H G F E ~ ( * S ] _ Y a a ‘ a ‘ , . Diagram 5: Distance to the king 2.6 Con trolled squares More freedom of mo v emen t means more options and more c hances for a lasting adv an tage. Con trolled squares is a w a y to measure this freedom. In shogi, it is esp ecially imp ortan t to con trol the squares in one’s o wn camp, whic h tak es a w a y p ossibilities for dropping pieces b ehind enem y lines. This is esp ecially imp ortan t in the middlegame. In the endgame, the con trolled squares around the king b ecome v ery imp ortan t. 2.7 Pieces in hand This is an ev aluation feature v ery sp eci�c to the game of shogi. Pieces that can b e dropp ed ha v e a lot of p oten tial (the threat of dropping a piece can already in uence the game), whic h is tak en a w a y b y actual dropping them. On the other hand, w aiting to o long b efore dropping pieces is a common mistak e of w eak pla y ers. If there is a go o d square for a piece to drop it on and if there is time, one should pla y that drop. An ev aluation function should b e able to judge if there are go o d squares for the pieces in hand. 2.8 Initiativ e Initiativ e is v ery imp ortan t in shogi. As long as the opp onen t has to answ er to threats, he has no time to mak e his o wn threats. Close shogi endgames are often w on b y the pla y er who has the initiativ e. That pla y er can often mak e mating threat after mating threat un til �nally there is no more defense. 2.9 P oten tial Judging whether a piece has p oten tial is not easy . It is closely related to the concept of go o d shap e. F or example, the pa wn on 2 ;M in diagram 5 is a piece with p oten tial. Ev en if blac k has no pieces in hand to drop at 2 ;0 , there migh t come a p oin t in the game where suc h a drop is p ossible. 2.10 Mating race sp eed Coun ting ho w man y mo v es b oth sides need to mate the king is imp ortan t for understanding whic h side is ahead in the endgame. This ev aluation also dictates whether one can attac k or whether one should defend. 3 Implemen tation of an ev aluation function The features describ ed in the previous section ha v e b een implemen ted in to an ev aluation function used in a shogi pla ying program. The ev aluation function mak es a di�erence b et w een middlegame and endgame. A p osition is considered an endgame p osition if the danger to the king is higher than a certain threshold. Concerning the issues raised the follo wing c hoices ha v e b een made: Material Loss and gain of pa wns is not tak en in to accoun t when ev aluating material. Only if there are no pa wns in hand the p osition is ev aluated negativ ely . Promoted pa wns are equal in v alue to a golden general, whic h is the piece the pa wn promotes to. Ho w ev er, b on us p oin ts are giv en if a promoted pa wn is attac king another piece. No sp ecial measures ha v e b een tak en concerning the v alue of promoted pieces. Regarding material balance, promoting is alw a ys considered b etter than not promoting. If a piece b ecomes a bad piece due to promotion, this should b e co v ered b y the ev aluation of go o d shap e and bad shap e. Castling A castle formation is only considered go o d shap e when the king has mo v ed in to the formation. F urthermore, preliminary castling formations are also giv en b on us p oin ts, but not as man y as the standard castles. This is to assure that the program will not pla y castling mo v es only , but will giv e those mo v es some priorit y . King safet y This is probably the most di�cult concept to add to the ev aluation function. The ev aluation function that has b een implemen ted lo oks at thic kness, escap e routes and the opp onen t’s attac k, but only at the squares adjacen t to the king. En tering king is not handled as a sp ecial case. Go o d shap e and bad shap e The ev aluation function curren tly lo oks at ab out 100 go o d shap e and bad shap e formations (excluding castle shap es). This assessmen t of shap e is imp ortan t in the op ening and middlegame, but not considered in the endgame. Distance to the kings This is the most imp ortan t feature in the endgame, but not consid- ered in the op ening and middlegame. Pieces are giv en p oin ts based on the nearest square they are co v ering relativ e to the o wn or the enem y king. Co v ering instead of actual piece p osition is used to judge the distance to the king of long distance pieces lik e bishop and ro ok.

T yp e of p osition Num b er of p ositions Correct Middlegame 54 36 (67%) Endgame 46 28 (61%) T otal 100 64 (64%) T able 1: T otal results of the ev aluation function Con trolled squares If a square in the camp of the opp onen t is more attac k ed than defended, extra b on usp oin ts are b eing giv en. This feature is only lo ok ed at in the op ening and middlegame. Pieces in hand The ev aluation function lo oks for a limited n um b er of go o d squares to drop pieces. F or example, p ossibilities for dropping a ro ok in the enem y camp. Initiativ e This concept turned out to b e to o abstract for a static ev aluation function. This particular feature is left to the searc h part of the program. P oten tial This concept is closely related to the notion of go o d shap e and has not b een implemen ted sep erately in to the ev aluation function. Mating race sp eed This also is hard to judge without doing searc h and therefore left to the searc h part of the program as w ell. Note that the amoun t of danger to the king is an indication of whic h side has the adv an tage in the attac k. Of course there are a n um b er of con icting concepts in the ev aluation function. F or example, is sacri�cing the �nal pa wn in hand w orth the p ositional adv an tage? Or, is winning a ro ok b etter than defending one’s king? The ev aluation function needs a lot of �ne tuning to judge these con icting situations and often only searc h can pro vide the answ er. 4 Results The ev aluation function has b een tested b y selecting 100 p ositions from shogi b o oks and mag- azines that ha v e b een judged b y exp ert commen tators. These p ositions w ere b oth middlegame p ositions and endgame p ositions. There w ere 54 middlegame p ositions and 46 endgame p osi- tions. Judgmen t of the exp erts w as that one side w as winning, one side w as b etter or that the p osition w as equal or di�cult to judge. The total results of the implemen ted ev aluation func- tion are giv en in table 1. If w e split these results up in to the judgmen t of winning p ositions, adv an tageous p ositions and equal or di�cult p ositions, w e get the results giv en in table 2. 5 Conclusions and further researc h The main conclusion is that the ev aluation function is able to judge shogi p ositions reasonably w ell. F rom c hess researc h w e kno w that an ev aluation is b est applied in a quiet p osition, but these p ositions are not v ery common in shogi. Esp ecially in the endgame, quiet p ositions are the exception rather than the rule. Strong threats are used in the shogi endgame to bring the king nearer to mate.

Exp ert ev aluation Num b er of p ositions Correct Winning Middlegame 4 3 (75%) Endgame 21 13 (62%) T otal 25 16 (64%) Adv an tageous Middlegame 26 16 (62%) Endgame 9 7 (78%) T otal 35 23 (66%) Equal/di�cult Middlegame 24 17 (71%) Endgame 16 8 (50%) T otal 40 25 (63%) T able 2: Results according to exp ert judgmen t Another problem is that the analysis of a shogi game is only partly based on static ev aluation of p ositions. It w as actually quite hard to �nd middlegame and endgame p ositions where the exp ert actually giv es the p osition a de�nite judgmen t. On the other hand, the analysis of shogi games is full of abstract considerations lik e: � \If I allo w P3e I ha v e no more mo v es" � \Blac k has no mate and there is no defense against (...)" � \After (...) the endgame b ecomes v ery close" � \If I allo w white to attac k �rst, I ha v e no faith in the p osition, so I pushed on" These abstract concepts are hard to include in an ev aluation function. Seen in this ligh t it is encouraging that the implemen ted ev aluation function agrees with the exp ert opinion in 64% of the p ositions. Also, the balance of the ev aluation function seems rather go o d. The p ercen tage of correctly judged p ositions is almost the same for winning, adv an tageous and equal p ositions. B @ > < : 8 6 4 2 M L K J I H G F E ~ ( * } ) + a ‘ a [ Y \ a a ‘ V ^ a R ‘ a _ ‘ Y S Y a ‘ ] ^ [ a ‘ _ a ‘ c V X Z 4 ‘ 4 U ] 5 Diagram 6: Ev aluation failure Ho w ev er, there are clearly some unsolv ed problems. Esp ecially unclear endgames seem to b e hard to judge b y a static ev aluation function. The ev aluation function scored only 50% on these t yp es of p ositions. This is in part caused b y the problem of judging dynamic balance, but it has also to do with the options a v ailable in a p osition. The notion of \there are no go o d mo v es in this p osition" is di�cult to incorp orate in to a static ev aluation function. That this can lead to some terrible misjudgmen ts is illustrated b y the p osition in diagram 6. This is a p osition from an analysis of a professional game and the judgmen t w as that blac k is winning, b ecause he has a mating threat white can not e�ectiv ely defend against, while white has no mate. Ho w ev er, the implemen ted ev aluation function judges this p osition as b eing an o v erwhelming win for white. F uture researc h will fo cus on bringing the ev aluation function closer to the tree searc h algo- rithm. Esp ecially in the endgame, the notion of threats, coun terthreats and defense against these threats should guide the searc h. This will require imp ortan t c hanges in the searc h part of the shogi pla ying program. References [1] Aono, T. & F airbairn, J. (1983). Better moves for b etter sho gi . T oky o, Japan: Sank aido. [2] Grim b ergen, R. & Matsubara, H. (1997). P attern Recognition for Candidate Generation in the game of Shogi. Pr o c e e dings of the Workshop on Computer Games (W31) at the IJCAI-97 , 7-12. [3] Hartmann, D. (1989). Notions of Ev aluation F unctions T ested against Grandmaster Games. In Beal, D.F. (Ed.), A dvanc es in Computer Chess 5 , 91-141. Amsterdam, The Netherlands: Elsevier Science Publishers. [4] Matsubara, H. & Handa, K. (1994). 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. (in Japanese). [5] Matsubara, H., Iida, H. & Grim b ergen, R. (1996). Natural Dev elopmen ts in Game Re- searc h. International Computer Chess Asso ciation Journal, 19(2) , 103-112. [6] Matsubara, H. & Grim b ergen, R. (1997). Di�erences b et w een shogi and w estern c hess from a computational p oin t of view. International c ol lo quium on b o ar d games in ac ademia 2 . [7] M � uller, M. (1997). Generalized Thermograph y: A New Approac h T o Ev aluation in Com- puter Go. Pr o c e e dings of the Workshop on Computer Games (W31) at the IJCAI-97 , 41-45. [8] T anak a, S., Iida, H. & Kotani, Y. (1995). Appro ximate estimation of solving tsume shogi problems using an ev aluation function. Computer Str ate gy Game Pr o gr amming Workshop . [9] Thompson, K. (1996). 6-Piece Endgames. International Computer Chess Asso ciation Journal, 19(4) , 215-226. [10] W olf, T. (1996). Ab out problems in generalizing a tsumego program to op en p ositions. Pr o c e e dings of the Game Pr o gr amming Workshop in Jap an ’96 , 20-26.