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Advioe Lanojuages were developed to facilitate the implement at ion of fcnouledcje-based solutions to 
probleas that are ooinbinatorial in nature. This paper reports on an efficient implement at ion of AL2 
(in Fortran)! and eiperioents with its appUcation to chess endgames. In particulart a difficult 
ending with king and kntght vs. king and rook was implemented in AL2 following the structure of an 
older advice prograo which uas previously uritten in ALI. The new implementation of this endingt in 
AL2i is about two orders of magnitude faster than the previous ALi program. 

UHINKOVITA IMPLEMENTACIJA JEZIKA NASVETOV AL2. Jeziki nasvetov olajSujejo reševanje komb i nat or i t!n ih 
problemov s pomočjo aktivne baze znanja. V tjlanku je opisana utiinkovita implementacija AL2 in 
eksperimenti z njegovo uporabo v Šahovskih konOnicah. Na podlagi prejšnjega programa napisanega v 
ALI) je bila v AL2 implementirana teifka konfinica kralja in skakaOa proti kralju in trdnjavi. 
Implementacija v AL2 je od prvotnei programirane v ALli hitrejSa za dva reda velikosti. 
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way of lootclng at problems Is: 
nltlal problem sltuatlon. S, flnd a 
f actlons Mhlcn transforms S Into a 
atlon« f, such that F° satlsfles a 
conditlon G. The actlons can be 
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Tne Nhoie problem ot matmg nas oeen leuucea 
into tiie (easler) subgoals: torce the 
opponent's King to the edge, and, when on the 
edge, carry out tne tlnal phase for mate. 

Tnls Is, basicallv, the form In wnlcn ^he 
Knowledge about problems is couifliunicdted tu 
tne proulem-solver vla Advlce Language 2. 
T«o nontrivlal endgames have been Implemented 
In ALI and AL3: King and knlgnt vs. King and 
rooK (KNKH) In ALI (UratKo and Hlchie I9t)0b], 
and King and paMn vs. king and pann in AL3 
(BratKo 19d2a; 19il2b). AS snown by Kopec and 
Nlblett (19tf0), the dlfflcultv of perfect play 
In KNKK Is beyond the capablllties of chess 
masters. Tne performance of an advlce program 
In ALI tor KNKH mas, If not perfect, at least 
comparable to tnat of human masters. 
One trouble wlth ALI was Its slotiness, due to 
an inefficlent Implementation in PUP-2. To play 
a muve In a nontrivlal KNKK posltlon, it tooK 
the systeni typlcallv a few nlnutes of CPU on a 
Ui::C Kl-lO processor. Me translated the ALi 
program tor KNKK into AL2 and used It as a 
benchmark for testlng our present 
Implementation of AL2. Ttie present 
implementation tvplcally ušes betaeen a second 
and a fe« seconds to play a move iii a difficult 
KNKK posltlon on a ui::c KL-10 processor. Tne 
pace of play of a few seconds per move is 
attalned bv AL2 Nhen Eearching about lOuO 
positlons in the game-tree. Under regular chess 
tournaiiient conditions, the plaver is allomeu 
about three mlnutes per move. So under 
tournament conditions, the program would be 
allomed to.search correspondinglv larger 
portlons of the game-tree. Wlth, say, !>0 tlmes 
more tirne per move, the system would be able 
search some bO chousand ot positlons per nove 
actually played across the board. Tnls figure 
is comparable to tne speed of some (not 
fastest i) tournament cness program*. 

The rest of the paper describes the details of 
AL2 and its Implementation, and some' 
experliiiental results. 
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2. 'AI.2 DESIGN 
The overail structure of the kL2 tviten !• 
deplcted In Fig. i, The fflaln modulei of the 
svstem are > 
(U the IcnoKledge bage 

Knowledge Is represented In advlce-tables 
and pleces-of-advlce. each advlce-table 
Is speclalised as to deal trith certatn 
problem-subdonaln. According to the 
current probleiti-sltuatlpn It 
chooses an aproprlate advlce-llst. 
Advlce-llst Is an ordered list of 
pleces-o£-advlce. A pleče-of-advlca 
suggests what goal should be achleved next 
whlle preservlng some otner condltlon. 
If thls goal can be achleved In a glven 
problem-sltuatlon then we say that the 
plece-of-advlce Is satl^žlabie. 

(2) the search module 
Ihe search module talcčs an advlce-llst ttoa 
the KnoKiedge base and trles to satlstv a 
plece-o£-advlce In the list, sequentlally 
actemptlng the pleces one after anotner, 
untll It succeeds. To satlsfy a 
plece-of-advlce is to flnd a speclflc 
subtree o£ the game-tree called 
forcing-tree. Forclng-tree niay be 
Interpreted as a strateov that guarantees 
us the achlevement ot the goals prescrlbed 
In the flrst satisflable piece-of-advice 
from the advlce-llst. 

(3) the Interactive Interface 
Ihe Interface facllltates the conimunlcatlon 
between the user-player and the system. 
It accepts a forclng-tree from search 
module and Interprets It as our strategy 
£or playlng our moves. besldes thls It can 
show useful statlstlcs and enable trace 
durlng the search £or a forclng-tree. 

posltl 

positl 

KNOMUJCDGE 
ttAse 

on Ple 

SEARCH 
MUDULEi: 

on str 

INTERACTIVE 
XI TSRF* CE 

chess endgame / 
Knotfledge V 

ces-of-advlce 

9tegy 

moves ^/ 
statlstlcs V 

(user ^ 
experty 

(user A 
player^ 

Fig. li The basic structure of the AL2 systeD. 

It should be noted that the baslc structure of 
Ati2 as descrlbed above Is almost Identlcal to 
tnat of the ALi systera (Implemented In POP-2 
at the Universitv of Illinois, outlined also 
in Bratico and Mlchle 1980). 
In the folloulng paragraphs »re descrlbe the 
modules of AL3 In moi;e detalls. 

2.1. Ihe lcno«ledge base 
Advlce-tabU ii a let of rulet of the form 

If preconditlon then advlce-llst 
If more then one preconditlon Is satlsfled 
then slmply the flrst ruie li chosen. 
A plece-of-advlce is a flve-tuple 

(HG, BG, UHC, THC, MAXD) 
Khere HG and BG are predlcatei on posltlons 
called holdlng-goal and better-goal 
respectlvelv, UHC and TNC are predlcates on 
noves, called move-constraints for us and for 
theo respectlvelv and HAXD is a depth-bound 
of a forclng-tree. By "us" we nean the side 
to move In a glven posltlon, elther whlte or 
blacK, and by "them" the opponent of "us*. 
Nove-constralnts can besldes a mere selectlon 
of a subset of legal moves prescrlbe an 
orderlng on the ooves that are selected. 
We say that a plece-of-advlce is satlsflable 
in a glven posltlon if and only If : 
(1) the "us" side can force the achlevement of 

the better-goal In less then MAXO plles, 
whlle 

(2) durlng the play toward the better-goal, 
the holdlng-goal Is never vlolated, 
and 

(3) the "us" side always chooses Its moves only 
from the set of oioves that satlsfy UHC, 
and 

(4) the "them" side's cholce of moves Is 
llmlted only to the moves tnat satlsfy THC. 

Goals iiiay also be expressed by the 
satlsflabllltv of some other plece-of-advlce, 
at follOHS I 

Better-goal (or noldlng-goal) is achleved 
In a posltlon If the other piece-of-advlce 
Is satlsflable In the same posltlon. 

k 
TaKe, as an example, the klng and pawn vs. Iclng 
endlng, A plece-of-advlce for the stronger tlde 
that suggests slmply "push the pamn to tne 
gueenlng sguare" can be deflned as t 

(pawn.sate, pawn_queened, pawn-nioves, 
Iclng.macro.move.to.gueening.sguare, 9.pllet) 

If we talce for example the posltlon In Fig. 2, 
it Is obvlous that thls plece-of-advlce fallt, 
because the blacK klng can capture tne whlte 
pawn. 
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a b c d e f g n MHITE 
Fig. 2i An exanipie of nontrlvial posltlon 

for Mhlte to move and wln. After 
tne natural move K d2 blacK 
can dram by K e7. Ihe only correct 
move is K c2'l. 
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2.2. The learch nodule 
Control Btructure chooses whlcn place-of>advlce 
from advlce^list to apply next. Then It trles 
to satlsfy It by simpie depth-flrst search. 
It and only If a plece-of-advlce Is satlsflable 
iln a glven posltlon there exlsts a £orcina-tree 
and the search module finds It. 

^orclng-tree Is a subtree of the game-tree 
rooted in a given positlon, such that i 
(i) every node« except the root-node, 

satlsfles HG, 
C2) every npnterinlnal node satlsfies not BG> 
(3) every terminal node satlsfies BG> 
(4) there is exactly one move itoa every 

nontenolnal us-to-move nodei that move 
must satlBfy UMC> 

(5) there are ali legal moves troni everv 
theiifto-rnove nontermlnal node that 
satis£y TMC, 

(6) the lenght ot the longest path must not 
exceed the depth-bound MAXO; the root-node 
is supposed to be at depth O. 

Me say that In a posltlon, from mhlcn there is 
no legai "us' move tnat satlstles UHC, the 
better-goal can not be achleved. But 1£ there 
is no legal "them" move that satlsfies TMC, the 
posltlon Is a terminal node ot a forclng-tree. 

In Fig. i there is an exanipie o£ torcing-tree 
<jenerated tor the posltlon in Fig. 2. Here, a 
plece-ot-advlce for \»hlte that suggests how 
to get the Klng In tront o£ the pawn Is 
Batlstied. 
|>K c2 bK e7 WK b3 

BK ti WK d3 
BK e8 ina. b3 

BK d6 
BK e6 
BK d7 
BK e7 
BK eo 
BK e7 
8K d7 

MK b4 
WK C4 
WK b4 
WK C4 
WK C4 
MK C4 
«tK b4 

BK C6 
BK dS 
BK d6 
BK d6 
BK C6 
BK d6 
BK d6 
BK 06 
BK dd 
BK C6 

F \q. The forcing-tree for white for the 
position in Fig. 2. On any black's move 
white has an answer that brings his king 
in front of the pawni so that blaok 
cannot eventually prevent the qLieening. 

AUVlCe NODES 8 
1 
2 

NODES 
Fig. 4i 

19 
bb 
77 

1 
3 

5 1 b 
9 0 15 
<CPU t ime 

1 4 1 
10 15 0 

= 0 . 1 8 s e o ) 

1 
0 

Statistic typed during game-tree searoh 
for white in the position from Fig. 2. 
The first piece-of-advice "push_pawn" 
fails in 8 pliesi but the second 
"bring_king_in_front_of_pawn" succeeds. 

i . j . The Interdctlve InCertace 
The Interface can interpret some dozen commands 
from the user, to start various tunctlons o£ 
the systera. The search module trlggers tne 
searchlng for a torclng-tree on tne user-plaver 
reguest. This one Is then interpreted as our 
strategy and executed by Interactive Intertace 
in across-the-board play. 

The user-expert iiiay speclfv tne svstem to Play 
in the "strong-iiiode" or In tne "»leaK-mode". In 
the flrst čase the st,rdtegv is executed up to a 
terminal node In the forclng-tree. On tne other 
hand i£ the "vneaK-mode" Is cnosen It means that 
there is no polnt In £oHowlng the current 
strategy up to Its end, and a ne« £orclng-tree 
is generated lmmediately on the next move. 

3. IMPLEHENIATION 
A Fortran lopiementation o« the AL2 system mas 
developed on a PDP-ll/34 at "Joze£ ste£an* 
Institute, LJubllana. tater it was installed 
on a DEC-10 at the unlversltv o£ tdlnburgh and 
at the E. Kardelj Universitv at bjubljana. The 
development o£ the AL2 programmlng pacKagc 
Mhlch contains about 3000 Fortran coramands 
required about a hal£ a year woric ot one of us. 

Fortran is not very convenlent language for 
sucn a Klnd of programmlng tasK, but at the 
moment when the woric mas inltiated no other 
hign-levei programmlng language tras available. 
On the other hand the Fortran Implementatlon 
has turned out to be much more efficient then 
the Khot̂ n Implementatlons in others, more 
pouerful lanouages (P0P*2, Prolog). For exttiiiple, 
the current Fortan Implementatlon on UEC-IO is 
about 100 times faster and even on PDP-ll/34 
about 10 tlmes faster then POP-2 implementatlon 
of the Alil. svstem. Tne reason Is oniy partly 
due to the 4 tlmes faster processor in tne 
first čase. The efflclencv Is measured In 
the number of posltlons generated per second 
during the game-tree search. The Ali2 
system exanilnes Detween 500 and 1000 posltlons 
per second, dependlng on the complexlty of 
predlcates in pleces-of-advlce. 

4. EXPERIH£NTS ANU Hi^SULTo 
IKO major experlnient5 conducted wlth AL2 tiere 
concerned »ilth the Implementatlon of tv«o 
endgames: Klng and pawn vs. Klng CMozetlc 
19»0J, and iclng and knlght vs. Klng and rook 
(KNKR). Here ve present the second experlment, 
the more compiex test of AL2: a KNKR advice 
program. Uur AL2 program for KNKH is. In fact, 
a translatlon of an advice program for KNKR 
in ALI (bratKo and Mlchle 1980b). 
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Is a summarv of baslc ideas 
KNKR advice program. The 

for tne »eaKer slde, i.e. the 
If a KNKK position Is 

won for the rooK's slde, the 
n tMO motlfsi first, roating 
econd, capture of the Knlght. 
posslble elther after a short, 
tlon le.g. based on plnnlng the 
ter a long-term strategic plan 
of separatlng the Knlght and 
ing, and subsequently 
e Knlght. If neitner of the two 
an be exploited then the 
eoretlcally a drat». The advice 
e Knlgnt's slde is based on 
ttacKer's goals. The 
broad advice is as folloms: 

1. Avold mate: Keep the klng as far from 
tne edge as posslble; 
Keep the Klng as far trom 
tne corner as posslble. 

2. Preserve the Knlght: Keep the Knlght as 
near the frlendlv Klng as 
posslble and far from the 
eneiiiy Klng. 

The aetalls ot tt)lE broaJ strategy are 
Incorporated Into an aovlce table comprlsed 
of 5 columns (nihlch corresoonds to 5 
producCion rules) ana 16 pleces-ot-advice. 
As our KNKR aovlce prograra is a rather 
Etralgnttorniard translatlon of the original 
program in Aui we nere present only examples 
of its bsnavlour, speciallv aitn respect to 
Its efflclency. 



24 

In the £ollowlng exasiples Me glve the CPU tlee 
the'system spent for plavlng the move, and for 
some posltlons statlstlcs on the number of 
posltlons searched (tor separate pleces-of-
advlce trled beCore the move was found, 
shOHlng aiso these numbers over tne depth of 
posltlons In tne game-tree; depths correspond 
to columns labeled t'6]. 

Example 1; 

I h l s I s a gatne between t h e a d v l c e program and 
an I n t e r n a t i o n a l c n e s s m a s t e r . The s t a r t l n g 
p o s l t l o n ot the qame I s In t h e £ o l l o w l n g 
d iagram. Tnl s p o s l t l o n I s won for v h l t e , as 
Known from d a t a o a s e s of c o m p l e t e KNKR p o s l t l o n s . 
Mhlte can f o r c e t h e c a p t u r e of the k n l g h t 
a g a l n s t b e s t d e f e n c e In 24 moves . 

* • - - - + - - - + " - • » — - - + - - - 1 — - • « • " - • - — • 
e I I I t I i I I I 

< • - - - • * • - - - • < • - - - • » — - - • - - - • * • - - - • » • — — t - - — « -

7 1 I I I I | Q I I I 
• " - + — • — • r r - t — 1 - - - + — t — • 

6 1 I I \W I I I I I 

5 < I t i I i I I S I 

4 I I I I I I I I I 
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1 I I i I ( I I I I 
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a b c d e f g h 

8 . . . . , K e67 ( 5 . 7 8 s e c ) 

ADVICE NODCS 1 2 3 4 

1 
15 
14 
13 
12 

NODCS a 

6 
828 
828 
896 
93 

2651 

6 
6 
6 
6 
1 

0 
65 
65 
105 
18 

0 
18 
18 
33 
7 

0 
100 
100 
113 
67 

0 
71 
71 
71 
0 

0 
568 
568 
568 
0 

Up t o t h l s p o l n t both t h e program and t h e 
master p l a v e d o p t l m a l l v . T h l s i s t h e f l r s t 
mlstaKe In t h l s game v h l c h c o n s l d e r a b l y 
s h o r t e n s t h e r e s l s t a n c e of t h e wealceT s l d e . 
C o r r e c t was K f 6 t . 

9 . R h 6 t , K eS ( 0 . 9 0 s e c , 464 n o d e s ) 

WHITE 

1 . K eS , N a4 ( ( 1 . 8 8 s e c ) 

(The b e s t d e f e n c e , r a t h e r hard t o f l n d . ) 
S t a t l s t l c s on s e a r c h f o l l o w s . ) 

ADVICE NOOES 1 2 3 4 5 6 

1 
IS 
14 
13 

Nooes s 

14 
172 
172 
423 
781 

14 
14 
14 
7 

0 
25 
25 
54 

0 
30 
30 
47 

0 
31 
31 
86 

0 
21 
21 
30 

0 
51 
51 
199 

2 . R h7+, K e8 ( 2 . 5 4 s e c , 1078 n o d e s ) 

3 . K d6 , N b6 : ( 2 . 4 6 s e c , 1074 n o d e š ) 

4 . R h S t t , K ti ( 0 . 9 8 s e c , 389 n o d e c ) 

5 . R h4 , N c 8 f ( 1 . 9 8 s e c , 880 n o d e s ) 

6 . K d7 , N b6+ ( 0 . 5 4 s e c , 218 n o d e s ) 

7 . K c6 , N c8 ( 1 . 4 4 s e c , 594 n o d e s ) 

8 . H h 7 t , . . . 

8 1 I l A I I I I I t 
+ „ . t — - + — • — t " - • - — • — • - — • 

7 1 I I I I t \ 9 \ I g I 

6 1 I iCTOi i I I I I 
• « — — • • " - + J * - + - - - t — + - » - • — - • - — • 

5 I I I I I I I I I 
t » - - ' f - — + — - f — t - - - t - - - « - - — • — - t 

4 1 I I I I I I I I 
+ - - - > • • - - + • - - - • - - - + — - * - - » • - - - + - » - • 

3 1 I I I 1 , 1 I t I 
• — - - + - " - + - - - t - - - + — • • " — • » • — - • - » - • • 

2 1 I I I I t I I I 

i I i I I I I I I I 
t - - - + - - - + - • - + - - - • — — • • - - " t - - - + — t 

a b c d e f g h BLACK 

Play was sto^ped here as the whlte's «ln Is 
clear byi 10. K d7, N a7 11. H a6, N bS 
12. R a5 etc. 

Exaaple 2i 

In the follovlng game agalnst another chess 
naster the program agaln defended a lost 
posltlon. Thls tirne, after a master'« nlstak« 
the program saved the game. 

^ . . . f . . . t . . . t — t — - ' • ' — t — - > — " • -
6 I I I I I I I I I 

7 I I I I I I I I I 
^ _ _ . t . . . f . . _ 4 . . . _ t — t — ' » — — ' « ' " - ' • ' 

6 1 1 1 1 1 1 1 1 1 
• — t — + — • — t — • — t — • — • 

5 I I I I I I I I t 
t — - t — — t — • — f ^ — — t — - t — t — - - ^ 

4 1 I I I I I 1 ^ 1 I 
« . . . . ^ . . . ^ . . _ t — • « — ' < — — ' • ' — ^ - ' — t 

3 1 1 1 1 1 1 1 1 1 
• — t " - * — + — • — + — + — — t — — • 

2 1 1 1 1 1 1 1 1 1 

I I l O I iCCP I I I iSL I 
• - - - • J * - t — • " * « - + - - - • - - - • - - - • - - - • • • 

a b c d e f g h WHITE 

1. R h4t, N f6Tl (2.32 sec) 

ADVICe NODES 1 2 3 4 

1 39 
15 980 

NODES s 1019 

6 
17 

24 O 
13 186 

O O-
91 672 

The move N £6 was good, but not optlaal. Best 
«as N e5. 

2. K d2 , 

3. R d4? 

K b2 (1.00 sec, 417 nodes) 

After thls nlstaice the posltlon is theoreticallv 
dravn. Correct was K d3. 

3. 

4. 

5. 

6. 

7. 

8. 

• * 
K 

R 

K 

R 

K 

• • 

d3 

d7 

d4 

e7 

d5 

, 

, 

t 

t 

, 

, 

K 

N 

K 

K 

N 

N 

b3 

e8 

b4 

b5 

d6 

C8 

(1.06 

(0.74 

(0.88 

(1.02 

(1.66 

(0.64 

sec. 

•ec. 

•ec. 

•ec. 

• eo. 

sec. 

434 

287 

388 

448 

717 

241 

nodes) 

nodes) 

nodes) 

nodes) 

nodes) 

nodes) 

At thls polnt draw «as agreed. Posltlon is 
obvlouslv drawn. 
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Exainpie 3l 

+ - - - • — • - - - • — • " " ^ • - - — • • — » • — • 
8 1 l i l I I I I I 

t _ _ . f — f - - f — t — f - t * - " ^ — t 
7 1 1 1 ^ I I I I I I 

6 1 I I I t I B ' ' ' 
f . . . f — . f — + —«4^——f — t — t — — f 

S I I I I I I I I I 
t . . - f — • f - r - t — ' f " - t — t — t — ' - + 

4 1 I iCS^I I I I I I 

3 1 1 I I I I t V I ) 
t . — f . - . f — t — • — f — t - - - + — - 1 

2 1 I I I I I I I I 

I I I I I I i I I I 

a b c d e f o h BLACK 

ExBmple 5> 

• — • T T ^ t — • — t — r * — • — • — • 
6 1 l O l I I I I I I 

• — + - ' - t — • - - - • — • — • ^ " • " - * 
7 1 I I I S I I I I I 

6 1 I I 1 1 1 I I 1 

5 1 I I I I I I I I 

3 1 1 l i l i I I I 
• — • — • • — • — • — • — - • — • - • • • 

2 1 I I I I I I I I 
+ - - - t — t — + — 4 — • — • " - " • — • 

I I I I I I I I I I 

a b c d e t 9 h BLACK 

'rogram pJ 

AOVICG 

1 
15 
14 
13 

NOD£S s 

lavsi K h4 

Nooes 

11 
196 
349 
956 
1512 

1 

11 
11 
ii 
S 

(3 

2 

0 
20 
42 
62 

.60 

3 

0 
15 
28 
36 

sec) 

4 

0 
38 
84 

201 

5 

0 
16 
21 
48 

6 

0 
96 

163 
604 

Tne prograin piavs the only dravlng novei 

K cA. (2,24 «ec) 

ADVICE NODES 1 2 3 4 5 

1 
15 

NODES » 

10 
B97 
907 

10 
5 

0 
32 

0 
18 

0 
152 

0 
5S 

0 
632 

Tne move played by the program K n4 Is the 
only, study-liKe draulng move. ine natural 
.DDOve K g4 Nould lose atter R c6, N d8, R e6. 

Example 4» 

^ . . - ^ . . _ f > - - ' « ' - - - f - - f •>--'«'--• t - — t 
8 1 I I I I I I I I 

• — - • - - - • - - » t — t - - - 1 • - - • » • - - - 1 - " -1 
7 1 I . I I I I I I I 

+ - - - + - r " * - - - + - - - + — t — - + " - + - - - + 
6 I V * ) I t I > I < 

t . ' « - « . . - . t - - - > ' f — - f — - t — - f - - f - ' - - f 
5 1 I I I S > I • I I 
4 1 I lOO^I 1 ^ 1 I I I 

3 1 1 I I I I I I I« 
+•--'»'"-'»—4—'«'-r-'«'—-«'—-+---'«' 

2 1 I I I l i l i I 
t . - > t - — f — - t - - - ' f — t — - f « t — - t 

I I I I I I I I I I 
^ . . . + . . . t — — t ' - - - f - - - t — - + — - t - — 4 -

a o C d e t g h 

Program playB: K b7 

ADVICe NODt:S 

BLACK 

1 13 
15 706 

NOOeS 3 7X9 

b7 

1 

11 
4 

(2, 

2 

2 
37 

.Ot> 

3 

0 
29 

sec) 

4 

0 
142 

5 

0 
49 

6 

0 
445 

The nove K b7 is agaln surprlzlng, but only 
correct. The Intultlve move K b6 loses atter 
R d4 torclng the Knlght tar trom its 6wn Icing. 

^xaiiiple 6» 

f . . . ^ . . _ 4 . . . ^ . . . t — f . — 4 — t — « 
8 1 I I I I I I I I 

+ - - - + - - - + - - - + — t — " • — " • - - - • — • 
7 1 1 I I I I I I I 

V+ + — + + — + — . + _ — + — • — • 
I I I I I I I I 

5 1 I I H I I I I I I 
+ — • — + — + - - - + — • — + — • — • 

4 1 1 I l O D i I I I I 
t — • — - + — - + - » - • - - - • — t — + — t 

3 1 I I i 1 % I I I I 
+ _ . - + — . + . . _ + _ . » ^ j C t . . . + . . . + . _ . t 

2 1 1 1 I I I I I I 
t — t — + — • " - • — + — • — • — • 

I I I I I I I I I I 
to — t — f — . t — • + — > t — t — f —<» 

a b C d e t g h 
BLACK 

the prograa tlnds tne prettv and only correctI 

K b6 (0.86 sec) 

AOVICe NOUtS 1 2 3 4 5 6 

1 
15 

NODES B 

13 
271 
284 

11 
3 

2 
19 

0 
27 

0 
34 

0 
26 

0 
162 
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S. CONCbUSION 
The Implementatlon of AL2, presented In ttils 
paper. Is by about tfo orders of magnltude 
faster than the prevlous Implementatlon of ALI. 
Ab2 Is aiso currentlv the oniy itnpienieritatlon 
of Advlce Languages vhose legal move generator 
Is complete. others are llinited to certaln 
subganies only. 
AL2 as a language Is very slml 
onlv Introduces small but usef 
The major Iraprovement over ALI 
A(i2's efflciencv. On the other 
conpered to ALI and AL2, as a 
programmlng language, nuch mor 
general. However, Its present 
DiaKes It a rather Impractlcal 
solvlng reallstlc problema. On 
posslbllltv Is to comblne the 
lingulstlc power and AL2's eff 
the hlgh level reasonlng mould 
donaln of ALi3. The result of t 
'plans', or pieces-of-advlce, 
passed to AL2 for concrete che 

lar to ALI, it 
ul Improvements. 
thus lles In 
hand, AL3 is, 

nonprocedural 
e £lexible and 
IneffIclencv 
tool for 
e attractlve 
AL3'S 
iclencv. Thus 
be done in the 

hls would be 
Mhlch would be 
ciclng by search. 
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