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ABSTRACT 

Two comP•Jters' coJTmt•Jnicatin~ via a data linlo have been prosramnted 

to combine when makin~ exhaustive dePth first searches of chess 

same trees. The computers share in the evaluation of nodes 

near the root ot· the tree b':l seP-.ratel'::l evaluatins the successors 

of these nodes. It has been found that a F'ttP 11/45' which runs 

at 1 Mhz., and a PDP11/20, which runs at 0.5 Mhz., combine 

to Produce a distributed Processor which has an effective averaae 

sPeed ot 1.35 Mhz., which is 0.15 Mhz. less than the maximum 

combined Power of 1.5 Mhz. A final chaPter comPares control 

structures suitable for N-Processor parallel tree searches. 

Resullte 

c / 

On a Prosramme la combinaison de deux ordinateurs, commurtiauant 
/ 

entre eux Par une lisne de donnees, pour etfectuer une recherche 

exhaustive •dePth first• des arbres au Jeu d'~checs. Les ordinateur 

, ' 
se Partaae 1; eval•Jation des somurets PJ·es de la racine de 1 "arbre 

... , 
en evaluant seParement les successeurs de ces sommets. On a 

/ 
trouve au'un PDP 11/45, fonctionnant a 1 Mhz., et un PDP 11/20, 

aui tonctionne 1 0.5 Mhz, se combinent pour former une unit~ 

centrale distribu~e poss~dant une vitesse effective mo':lenne 

de 1.35 Mhz. c.a.d. 0.15 Mhz. de moins aue la Puissance combin~e 

maximale de 1.5 Mhz. Une chaPitre final comPare des structures 

de controle possible pour une exPloration de l;arbre en Parall~le 

avec N unit~s centrales. 
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ChaPter 1. INTRODUCTION 

"The electronic calculator Plaws Chess as well 
as it can be PlaYed on mnemonic and arithmetic 
lines: i.e. not verw well. One feeds into the 
machine the swmbols (Pieces) and the rules as 
to their scoPe (includinsthe lensth of each file, 
rank, and diasonal>: also th~ relative values, 
and certain imPortant reactions<such as the effect 
of a caPture' of Check, Mate, etc.). On this basis 
the machine works out and assesses arithmetic 
Possibilities with sreat accuracw. Given a two 
move Problem, it works out the effect of all Possible 
moves' their Permutations and combinations, til 
a sol uti on is reached. This maf;..es the t T'eatn.ent 
of a comPlex Position into a vast oPeration, involvins 
tremendous prosralltlllins. The COITtF'uter is limit,ed 
bw its instructions and its memorw- i.e. the 
rules with which its circuits are fed. Althoush 
with the aid of the binarY numeral swstem' auite 
an enormous eauiPment can be 'invested' irt it, clearlY 
it must oPerate mainlw throush exhaustive analYsis. 
It sPells out the same' so to sPeak, in sinsle 
letters. Certain aPPreciations bw waw of 'Judsement' 
misht, with insenuitw, be 'fed in' like shaPes 
in shorthand. SubJect to this' what it cannot 
do is 'Plan'; and, of course, it can onlY disresard 
values under sPecific instructions' such as check. 
All the nutrition in the world is not likelY 
to enable it to 'combine'.• 

<G.Abrahams' footnote in 'Th~ Chess Mind', 1964) 

Abrahams consisned comPuter chess to a footnote in 1964. And 

his descriPtion of how a comPuter Plaws bw exhaustive analwsis 

is still as true todaw in 1978. Does comPuter chess' reciPient 

of this half pase lambast still merit onlw m footnote or does 

it rather need to be born anew bw an aPProach which enables 

the comPuter to Plan ? 

Parado!dcallw the most successful chess Prosrams accePt the 

lawwer Abrahams' Baconian Prosnosis that thew can onlw oPerate 

thro•Jsh e}~havst.i ve anal wsi s. Thew accePt this 'sick Point ... , 

their lack of Plannins, and concentrate instead on Performin~ 

an exhaustive analwsis as auicklw as Possible. 

Michie [20J has Pointed out that most Prosress has been 

made in comPuter aPPlications bw findins the most efficient 



alsorithms for a computer, rather than bw tr~ing to have a 

comPuter COPY how a human Performs the s8me task. ln this thesis' 

I concentrate on the comPuter method of makinR an exhaustive 

tree search, with mw main thrust beinR on how to make the comPuter 

make an exhaustive tree search more auicklw bY parallel Processins. 

Havins several comPuters co-oPerate on this exhaustive analYsis 

is an obvious idea' PerhaPs more obvious than the other waYs 

currentlY used to achieve sPeeduP. LevY claims that when Michie 

made his famous bet with him in Ausust 1968, that no comPuter 

could beat him by Ausust 1978' Michie envisioned havinR LevY 

face a batterw of comPuters Performins parallel search. This 

1 batterY' does not wet exist. 

Within I describe how two comPuters maw be prosrammed to 

cooPerate on the searchins of chess same trees. I besin bw 

-~- outlinins what a tree search ist sive an abstracted Prosram 

for chess tree searchins and then briefly survew the PrinciPal 

methods u~ed for sPeedins UP searches. I also describe the 

concePts of parallel Processins - semaPhores and critical areas 

- which were used in the prosrammins. The second chaPter describes 

the board, Piece and move rePresentations used, and how moves 

are senerated. 

The third chaPter describes how the two machines communicate, 

and hp~ transmission errors maw be detected and corrected. 

This thesis attemPts to answer the auestions: 

How can two Processors be combined to make a Parallel 

tree search 1 (chapter 4) 

Is this combination efficient ? (chapter 5 ) 

How can the two Processor search be extended 

to more than two Processors ? (ChaPter 6 ) 
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With onlw two Processors available, it has not b8en Possible 

to Prosram the seneral N-Processor search. 

TREE SEARCHES 

The board Positions corresPond to tree nodes and the moves 

to the lines Joinina them. A tree misht aPPear as: 

o-------o-------0 
N N1 N11 

----·---0 
N12 

---·-·---0 
N13 

o-------o-------0 
N2 N21 
----·---0 

-------0 
N23 

Fisure 1.1 A tree of dePth two. 
-~ 

The Postfh~es sive the move orderins. fm· E.>:·~amPle' N12 is 

the node reached bw takins the first move from the root and 

then the second move from node N1. 

An examPle of a chess tree search tor the Position of Fisure 

1.2 is siven below in Fisure 1.3. lhe ~irst column sives the 

first move, the second the second move. The numbers in brackets 

are the backed UP evaluations of these moves. Search Parametet·s, 

counts of the number of subroutine calls and the search time 

are shown below the moves. The time tor the same search without 

the Printout of the moves is 10 sec. 

Given a chess board, let the task of uPdatins it when a move 

is made be done bw a subroutine UPDATE, and that of restorins 

it be done bw F.:ESTOR. Let SETMVS, or set moves' be the subrotJt i ne 

which senerates all the moves from a Siven Position. 
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. D A T E 2 0 -· 0 C: T -· 7 t: 
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*'MAXD 8 MMAXD 10 CD 2 PDEP 2' 
*'BLACK KHS A7 87 C7' 
*'WHITE KHl AS 85 CS' 
>::"BOARD' 

. P. 

, .. -·· 

A 

F' . F' . 

8 c E 

1, •
 .. 

F G 

Fi~ure 1.2 Pro~ram Prin~ou~ of Board posi~ion used 
in search of Fi~ 1.3. 
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GO 
SJUGLE PROC. SEAF::CH 

PC5-C6 PB7XPC6(0) 
PB7-86(0) 
PA;'-AG<O> 
KH5-G5(0) 
KH5-H6 ( (1) 

KH5-G6 < (1) 

PB5-B6 PA7XPB6C600) 
PC 7~':PE:6 < 600) 
PC7-C6<600) 
PA7-FJ6 < 6(1(1) 
KH5-G5 < €.0(1) 
KH5-H6C600) 
KH5-G6C600) 

PA5-A6 P87XPA6<600) 
KH3-Gl PC7-C6C800) 

PE:7-E:6(E,(10) ,, 

KHl-H2 PC7-C6<800) 
PE:7-86C600) 

KH3-G2 PC7-C6C800) 
PB7-86 < 60e1) 

BEST LINE FOUND AND SCORE: 

-12-

PB5-B6 PA7XPB6 PC5-C6 PB7XPC6 PA5-A6 PC6-C5 PA6-A7 PC7-C6 
PA7-AB=G!<600) 

ALPHA -1000 BETA 1000 MAXDEPTH 8 MMAXD 10 
CDEPTH 1 MOVES FROM CD: 24 
UPDATES 31616 SETMVS 8757 CSTMVS 15394 NOMAXD: 12995 
UOI1t1AXD 103:9 UBP: 0 
UPDATES/SEC: 980 SETMVS/SEC: 271 CSTMVS/SEC: 4~7 NO~AXD/SEC: 403 
NOMMAXD/SEC: 32 NBP/SEC: 0 
ELAPSED TIME<SECS>: l2 & 16'60 THS SECS 

, 

Fisure 1.3 Prosram Printout durin~ search bw PDP 11/20 of 
position shown in Fis 1.2. The Prosram Prints 
moves it searches within 2 Plies of the root, 
the PrinciPal continuation' search 
Parameters, and counters of the number of times 
certain subroutines are called. Also Printed 
is the rate at which thew are culled. Note 
ihat the Prosram makes 980 board uPdates per. 
sec. On the F'DP 11/45 The prosram e~·~ec•Jtes at 
about 2000 board uPdates Per. sec. 
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A Proaram which uses these subroutines to traverse a tree 

UP to a fixed dePth MAXD, would have the followine structure. 

CALL TRAVERSE.; 
TRAVERSE:PROCCBOARD,D>; 
I* LET D f~E THE GLOBAL liE::PTH VARIABLE, IN1TlALLY 0 *I 
I* THE SUBROUTINE UPliATE INCREMENTS D' *I 
I* AND THE SUBROUTINE RESTOR DECREMENlS D *I 
DCL MOVE<0:50), 

M; I* MOVE INDEX*/ 
SETMVSCBOARD,MOVE>; 
M=O; 
WHILE::CMOVE<M>/=0) DO; 

END TRAVEf\SE; 

CALL UPDATECBOARD>; 
IF D<MAXD THEN CALL TRAVEf..:SE; 
I* VISIT NODE *I 
CALL RESlOR<BOARll>; 
END; 

Fisure 1.4 A Proeram to traverse a tree. 

This subroutine makes a full width dePth first traversal 

of the tree. Full width searches' sometimes called Shannon 

TYPe A strateaies [23), consider all successors from each node. 

Some Proerams' in an attempt to reduce the search effort, do 

not uPdate the board for all sucessors of each node at dePths 

below MAXD. Instead thew senerate all the moves and suess which 

are likely to be the best. lhese moves will be uPdated; the 

others will not. This is a Shanr.on ·fype r~ strategy. 

Now consider how to find the best move. Assume that each 

PlaYer chooses that move which maximizes his score. lhis assumPtion 

defines an alsorithm for selectinR moves from scores. 

Assume that a subroutine EVALCBOARD) returns an evaluation 

of the board position for the Plawer whose turn it is to move. 

The value of this Position to the other Plawer is -EVALCBOARll). 

The followins Prosram returns the best move tor the Plawer 

~hose turn it is to move. I assume that the uPdate subroutine' 
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when uPdatins from dePth d to dePth dtl, coPies vscor(d-1) 

ir,to vscor <dti >. 

l.ltL 
VSCORC-11MAXD),/* VIRTUAL StORE,OR BACKED UP SCORE OF MOVE *I 

I* AT ~ACH DEPTH *I· 
ALPHA, /* ASSUME ROOT PLAYER CAN OBTAIN AT L~ASl THIS SCORE *I 
BETA'/*ASSUME OlHER PLAYER OBTAINS AT L~AST THIS SCORE*/ 
D INIT<O> I* DEPTH *I' 
BSTMVSCO:MAXD);/*BESl MOVES*/ 

VSCOR<-1>=BETA; 
VSCOR<O>=ALPHA; 
BSTMVS:::O; 
CALL MAXIMUM; 

MAXIMUM:PROCCBOARD,D); 
I* THE SUBROUTINE UPDATE INCREMENTS D' *I 
I* AND THE SUBROUTINE RESTOR DECREMENTS D *I 
DCL MOVECOI50), 

M; I* MOVE INDEX*/ 
SETMVS<BOARD,MOVE>; 
M=o; 

LOOP: WHILECMOVECM)/=0) DO; 

END MAXIMUM; 

CALL UPDAlECBOARD>; 
IF li<MAXD THEN CALL MAXIMUM; 
ELSE CALL EVAL<BOARD); 
CALL RESTORCBOARD>; 
I* SCORE MOVE Dt1 *I 
VSCOR < D+ 1) =-·VSCOR ( Dt1); /*CHANGE TO OTHER F-'LAYER / ~;; 

VIEWPOINT *I 
lF VSCOR<D+1>>VSCORCD> lHEN DO; 

I* BETTER MOVE *I 
VSCORCD>=VSCORCDfl); 

END; 

I* ALPHA BElA CUTOFF ? *I 
I* I.E. IS THE PRECEDING 

* MOVE NOW WORS~ THAN SOME OTHER MOVE 1 
*I 

IF -VS COR (D) <=VSCOR < D-·1 ) THEN LEAVE LOOP; 
ELSE BSTMVS(D,*>=MOVE<M> AND BSTMVS<Dtl,*>; 
END; 

Fisure 1.5 A Prosram to traverse and score a tree. 

The line 'IF -VSCOR<D><=VSCOR<D-1) lHEN LEAVE LOOP' tests for 

alPha beta cutoffs. The Plawer from dePth d-1 is assumed alreadw 

to have a move which scores vscor(d-1). 

SuPPose that the Plawer from dePth d has Just been scored for 

a sood move. This move is sood enoush to make the score of 
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the OPPosine Plawer's Previous move from dePth d-1 worse than, 

or of emual value to, the score which he is assumed to be caPable 

of obtainine alreadw. 

Thus the Plawer from dePth d-1 will choose not to make the 

current move from dePth d-1. It is no lonser necessarY to score 

rePlies to this move. lhe remainins rePlies maw b~ overlooked; 

ihis is done bw leavine the move looP. 

o-------o-------0 
Mi M11 

------·-·0 
M12 

--·-----0 
M13 

o-------o-------0 
M2 M21 

-·--···-·-X 
M22 
-----···X 
M23 

FIGURE 1.6 A search tree. The moves which need to be scored 
are terminated bw a -0 and those which do not are indicated bw 
a --X. 

In terms of Fisure 1.6, M21 is such a Sood rePl~ to move M2, 

that move M2 cannot be better than move M1. Thus moves 

and M2J do not need to be evaluated. AlPha beta cutofffs ma~ 

be seen bw the absence of manw rePlies to white'~ oPenina moves 

as shown in the search tree of Fieure 1.4. 

Althouah manY Positions are not scored, the alPha beta Procedure 

is still considered a full width search since it still returns 

the best of all Possible lines. 

The historY of the discoverY of the alPha beta cutoff is 

eiven bY Knuth and Moore [17J. 
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EVALUATION OF MOVES AT MAXIMUN DEPTH OF SEARCH 

Nodes at the ma~·d ITIUilt dePth of search ;:n·e !:.c·o rf..>r.i b~ 1td n i 1T1C:<H in!!~ 

over all seouences of caPtures' as described b~ Gillosl~ C12J. 

This ouiescent search can take as much as 70% of the search 

time. This fraction has bean reduced b~ settins MMAXD, the 

maximum dePth of the muiescent search' onl~ 2 Plies be~ond 

the maximum dePth of the full search. Nodes at dePth MMAXD 

are scored staticallw. 

TREE SIZE AND MOVE ORDERING 

The alPha beta cutoff Sives sisnificant reductions in the 

effort remuired to search a same tree. Let F, the fanout, be 

the averase number of' moves in anw Position. Then there are 

maxd 
F Possible Positions at dePth d. The alPha beta 

search can score as few as 

and 

d/2 
2F terminal POsitions for even cl, 

floor(d/2) 
F + 

ceilinS(d/2) 
F -1 terminal Positions 

at odd dePths. 

Consider Fisure 1.1 asain. SuPPose that moves M21 and M22 

are bad moves and that move M23 is a sood sharP rePlw to M2. 

Mcwes M21 and will be~necessarilw evaluated before the 

cutoff move' M23, is evaluated. Orderins the moves, to increase 

the likelihood of the cutoff move beins evaluated first, would 

sPeed up the evaluation of M2. 

Three PrinciPal methods are used for move orderins: an orderins 

based UPOn a knowledse of chess, the killer heuristic, and 

iterative deePenins. 

lhe first uses a Plausible move subroutine to staticallY 
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order the moves. 

A killer move is a move which Produces a cutoff. The killer 

heuristic, Slate [24J notes' is an inexPensive attemPt, based 

on super~tion' to find the killer move. A rumour is started 

durin• the search as to which ones Produce cutoffs. This rumour 

consists of storins the moves which have Produced cutoffs, 

in the expectation that thew will continue to do so in the 

future. After •eneratins moves these killer moves are ordered 

so as to be searched first. 

Iterative deePenin• consists of findin• the best line in 

lower depth searches and then examining this line first when 

making searches at higher depths. An iterative search, deepening 

at each iteration by two plies, might perform the following 

sequence or activities: 

conduct 1 ply search, 

order moves at root using results or 1 ply search, 

conduct 3 ply search, 
. ; 

order moves at root using results or 3 ply search, 

conduct 5 ply search. 

The five ply search is speeded up by the move ordering based on 

the results or the three ply search. and the three ply search 

is speeded up by the move ordering made possible by the one ply 

search. This procedure may be used to order moves other than 

the root; in practice, this is often the only one so ordered. 
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ChaPter 2. PROGRAM OVERVIEW AND CHESS DATA STRUC1URES 

This chaPter besins bY listinS the maJor sections of the 

Prosrsm and then describes the particular data structures used 

in the chess Portions of the Prosrsm - the board and Piece 

lists, the rePresentation of a move and the data which needs 

to be stored when the board is uPdated. 

PROGRAM COMPONENTS. 

The maJor Prosrsm sections are listed in Table 2.1. lhis 

will sive the reader an ides of the prosrsm's caPabilities. 

In APPendix B' I list the inPut commands which are recosnised 

b":::: the ProSrBITI+ 

The sections have been Prosrammed bY writins abstract code 

in Pseudo PL1, continuallY refinins sections into succesivelY 

simPler modules. The titles of these modules are siven in the 

table of contents for the Prosrsm listins, which is contained 

in aPPendix c. In the Prosram listins, each assembl':::: lansuase 

module clearlw shows what it does, its inPut Parameters and 

the outPut it Produces. 
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Table 2.1 F'rosratT• CotTtPonents. 

OIJtr-ut 

Free format strins inr-ut. 
InterPretation of these strinss as commands, moves' 

Pieces or numbers. 
Conversion of move,,r-ieces, numbers from character to 

internal foriTt• 
Place a Piece on the board. 
Recosnise inr-ut of moves when r-lawinM a s~me. 

Conversion of moves' Pieces ·fo character form. 
Conversion of 16 bit nurnbers to character form IJnder anw base. 
Conversion of 32 bit numbers to decimal character form. 
Forrr.atins of numbers and strinss. 

Double Precision arithmetic ' 
Addition' subt ract,i.bn. 
MultiPlication, division. 

Plaw a same. 
Initialise board, ur-date board~ restore board. 
Generate moves, includins-castlins' oueenins r-awn and nishtins r-awn. 
Machine Communication. 

Buffer control for holdins messases. 
Messase recer-tiort and transmission with car-ab Hit~ 

for recoverins from transmission errors. 
Tree control for sinsle r-yocessor searche-s. 
Parallel Searches. 

Tree control. 
Produce messases for other Processor. 
InterPret contents of received messases and Produce 

ar-r-ror-riate rer-l.ies. 
Gather statistics on Parallel searches. 

Time individual subroutines. 
Direct Parallel se~hes with varwins search paratTteters. 
Analwse results of Parallel search for both machines. 
Produce table of results for Parallel searches. 

I refer the reader to the Prosram listins for details of 

Prosram I/O, double Precision arithmetic and how the prosram 

r-laws a same. I will now turn to the chess data structures 

I have used. 
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PIECE REPRESENTATION 

A Piece list is necessarw so that all the Pieces can be Passed 

over when seneratins moves. Slate confesses C24J that his first 

Prosrams had no list of Pieces; each time the lltuves toT' a PlaweT' 

were to be senerated, the board had to be searched for the 

Pieces. 

Pieces are contained in a 32 element structure arraw: 

DCL 1 PIECE<0:31), 
2 ON POIN'T ER, 
2 CLR, I* COLOUR *I 
2, TYP, !*PIECE TYPE NUMBER *I 
2 VAL, I* VALUE *I 
2 NXTP POINTER, I* NEXT PIECE *I 
2 LSTP POINTER, I* LAST PIECE *I 
2 DADD POINTER; I* ADDRESS OF PIECE'S DIRECliONS *I 

I* OF MOVEMENT *I 

The ON field contains a back Pointer to the sGuare on which 

a Piece rests. When the Piece moves it is necessar~ to uPdate 

this field. The CLR field is 0 for black and 1 tor white Pieces. 

The TYP field Sives the Piece's t~Pe number, and the VAL 

field sives the material value of the Piece. The DADD field 

Points to a list sivins the comPass directions in which a Piece 

ma~ move. Each direction list is terminated b~ a zero. 

The TYP AND VAL fields and the directions in which a Piece 

ma~ move take on the followins values: (Fis. 2.1) 
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PIECE TYP VAL DADD->directions 

c I 

knisht 4 300 sswrsserwswreserwnwrenernnwrnn~.~ 
•\"!,.:;---.· 

bishoP 6 315 ""',ne, sw' se' 0 
" 

rook 8 5(:)0 r .. srerwrO 

aueer. 10 .900 nrsrwrernwrnerswrserO 

kins 12 5000 nrsrwrernwrnerswrserO 

Pawr• 14 100 nrrtwrnerO for white; 
SrSWrSerO t·or black 

UnlfiOVed rook 16 500 r .. srerwrO 

UillfiOVed kins 20 5000 nrsrwrernwrnerswrserO 

ur.ir.oved Pawn 22 100 nrnwrnerO for white; 
srswrserO t·or black 

-
.~·:~1.;-0<l 

Fisure 2.1 Piece t~Pesr ~~lues and th~~irections in which 

~ the~ move. 

When seneratins movesr the Piece t~Pe field allows a fast 

table JumP to the relevant code for seneratins that Piece's 

RIOVeS• 

Unmoved pawns are distinsuished from moved ones b~ their 
,. 

Piece t~Pe. One does not then need to test which·sauare a Pawn 

is on to see whether it ma~ move forward two sauares. And b~ 

havins a Pointer to the directions in which a Pawn ma~ move 

contained in the. Piece arra~r or.e need .not test the colour 
·~ ~-

.. t: ,,, . 

of. a Pa.~n .to see 'which ·di fectior• it ma_~, move in. 
~ "· 

,. ,·-,;:_"::;::: .-L~ :. 

Unmoved kinss ~nd rooks. are distinsijished so that castlins 

rishts ma~ be ascertair.ecf. 

c Unmoved Pieces are distinsuished b~ havins a TYP field >=16. 

When an unu.oved Piece is lfiOVedr 8 is subtracted trOll its TYP 
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field. It then becomes its moved counterPart. 

The active Pieces of each colour form two doublw linked 

chains. The NXTP and LSTF' t·ields are the chain Pointers. When 

uPdatins and restoring the board a Piece maw need to be removed 

from or r~stored to the chain of active Pieces. A doublw linked 

chain makes it easw to find the Precedins and succedins Pieces. 

The doublw linked list tor Pieces of each colour alwaws 

commences with the kins. The black kins is PieceCO), and the • 
white kinS is Piece(16). The other black Piece indmxes are 

1 to 15, and those for white 17 to 31. 

BOARD REPRESENTATION 

Shannon t23J first sussested rePresentins a chess board as 

a 64 word arraY which contains the twPe numbers of the Pieces. 

A white Piece would be rePresented bY a Positive number' and 

a black bY a nesative. For examPle sauare(Q), or a1, misht 

contain a 4 to indicte a white rook. 

MY rePresentation is slishtlY diffet•ent. The sauares form 

a structure arraY: 

DCL 
1 SQUARE <0:63), 

2 PCE PO l NTEF~, 
2 CSO CHAF~ ( 2), I* CHARACTER ~: DI~M OF SOUARE *I 
2 NXTSQ <Ot15) POINTER~ 

The PCE field ot a sauare contains a Pointer to the Piece occuPYing 

the sauare. This is null when the sauare is emPtY. 

Note that the first element ot the Piece arraY contains 

a Pointer to the sauare. This tisht linkase between sQuares 

and Pieces makes it easy to chanse a Pointer to a Piece into 

a Pointer to the Piece'~ SQUare, and vice versa. SuPPose R4 

Points to a PiecelsQuare. Then the t.wo cYcle machine oPeration 
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MOV <F~4),R4 

turns R4 into the corresPondins sauare/piece Pointer. 

The NEXTSQ subarraY contains 16 Pointers to the adJoininS 

sauares. These 16 sauares are the eisht smuares immediatelY 

surroundins anY one sQuare whose comPass directions are sw, 

attainable bY a knisht. Their compass directions are ssw, SSE, 

A null Pointer in an element of NXTSQ indicates that the 

adJoinins SQuare in the direction indexed is oft the board. 

For examPle, smuare A1 has no SQuare to the west of it and 

so SQUARE<O>.NXTSQ(W)=O. 

This rePresentation of the board and Pieces Permits common 

code for seneratins the rnoves of man'.:l Pieces. 'lhe 1T10Ved kins 

and the knisht move to anY of their 'adJoininS' smuares. The 

'adJoinins' smuares are those non-null smuares in the NXTSU 

arraY in the directions in which the Piece is tree to move. 

Queens, bishoPs and rooks maY move as tar as thew wish in the 

directions in which thew are tree to move, Provided there is 

no Piece blockins them. 

REPRESENTAllON OF MOVES 

Each move senerated occuPies 3 words. Its structure is: 

DCL 
1 MOVE POINTER<*:*>' 

2 TYPE, 
2 TO r'OINTER, 
2 FROM f-'OINTER; 

The FROM and TO Pointers indicate the smuares from and to which 

a Piece maw move. The move twPe is senermllw the twPe of the 

movins Piece. ExcePtional conditions arise in the followins 

four cases: 
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MOVE 
castlins 
en Passant caPture 
Gueenins pawn 
krli sht ins Pawn 

TYPE :t: 
30 
32 
34 
36 

A bishoPins pawn and a rookins Pawn are Offiitted. Their ffiOVes 

are a subset of the Gueenins pawn ffiOves. 

The hish move twPe value enables a siffiPle test for excePtional 

conditions: 

IF MOVECM>.TYPE>=30 THEN DO; 
I* code for excePtional ffiOVe *' 
END; 

and thus the board maw be uPdated or restored with onlw one test 

for excePtional conditions needinS to be ffiade. 

REPRESENTATION OF UPDATED MOVES 

The structure declaration for an uPdated move is 

DCL 
1 UMOVE<*:*> BASED<D), 

2 MOVE 
3 TYPE:: POINTER, 
3 TO POINTn'"\, 
3 FFWM POINTER, 

2 LAST_BASE POINTER, I* POINTS 10 BASECD-1) *I 
2 VSCQR, 
2 CPCE POINTER, I* CAPTUR~D PIECE *I 
2 SCOR, I* MATERIAl.. ON BOARD AFTEr~ UPDA.J E *I 
2 CHK, I* IS THE PLAYER IN CHECK Y *I 
2 BMV < *: * > L r KE MOVE; I* I~ EST r10VES FOUND *I 

LAST-BASE is a Pointer to the Precedina uPdated ffiOVe' at dePth 

D-1. VSCQR, or virtual score' is the current backed uP score. 

Initiallw vscor<-1>=beta, vscorCO>=alPha. lhese values are 

carried down the stack. When uPdating to dePth D, the new VSCUR 

coffies froffi the second Precedins node: 

VSCOR<D>=VSCORCD-2> 

If the ffiove is a caPture, the Piece caPtured is stored in CPCE(D), 

otherwise CPCECD) is null. SCOR<D> contains the value of the 
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material on the board after the move has been uPdated. CHK<D> 

indicates whether the Plawer to move is in check. This value 

is not strictlY necessary, but it is useful when Printins moves 

to know whether a move has Put a Plawer in check. 

STORAGE ALLOCATION FOR UPDATED AND GENERATED MOVES. 

UPdated and senerated moves share the same storase area. 

In a dePth first search a stack maw be used for storins uPdated 

moves and also tor s tor ins moves. 1 have chosen to P 1 ace th.::·ar 

on the same stack. Its use is as follows. The moves are senerated; 

the move at the toP of the stack is UPdated first. When this 

move has been scored' the board is restored and the uPdated 

move is removed from the stack. lhe next move is now on toP 

of the move stack and is the next one to be UPdated. The stack 

misht aPPear as follows: 
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OCTAL. 
ADDRESS 
10000 

7776 
7774 

07772 
07770 
07766 
07764 
07762 

VSCOR<--1) 
:fJASE ( --1) 
BASE<O> 
VSCOR(O) 
CPCE(O) 
SCOR(O) 
CHK<O> 
BMV(O) 
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1000 
0000 
07776 
00000 
00000 
00000 
00000 
00014 
05630 
05110 
00000 

p 
E4 
E:
. ,., . .:. 

The senerated moves immediatel~ followins this area: 
••• 
• + • 

FROM 
TYPE 
TO 
FROM 
TYPE 
TO 
Fr~OM 

TYPE 
TO 
FRot1 
TYPE 
FROM 
TO 

BASE<1>-> 
VSCOR<1> 
CF'CE<1> 
SCOR<1) 
r;HK< 1) 
BMV(l) 

0 
4 

04764 
03452 

4 
04640 
04120 

14 
05360 
041:.;!0 

14 

7774 

E. Nil MARKER 
N 
C3 
B1 
p 
A3 
A', .:. 

p 
A4 
A:~ 

F' 
D4 
D3 
POINTER TO BASE<O> 

Fisure 2.2 An examPle of how storase misht be allocated for 
storins moves and rememberin~ an uPdated move. 

After the move Pd4-d3 is evaluated, the move on toP of the stack 

is Pa4-a2. 

Note that in PDP11 machine lansuaee, stacks srow downwa~ds 

to lower addresses. Thus the addresses shown are in descending 

seauence. In what follows I will alwa~s rePresent memor~ addresses 

as descending, so that roots of trees, at high addresses, are 

at the toP of, and Srow down, the Pase. 
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CHAPTER 3. INTERMACHINE COMMUNICATION. 

-
In this ChaPter I describe the hardware used to communicate between 

the two machines, when this link failed to operate correctl~' how 

transmission errors can be detected, and how to recover from them. 

Consideration of error recover~ Procedures the11 le&d& into 

sections describins two Particular techiaue& used in Prosrammins 

these Procedures: Gueues and semaPhores. 

DR11A DEVICE INTERFACE 

All inter-machine communication was Performed usins the as~nchronous 

Parallel link installed b~ w. Striesel in 1976. He installed 

a modified D~11A. lhe device most similar to this and described 

in the DEC PeriPherals Handbook C4J is the DR11C. The imPlementor 

claims that it transmits data at an averase rate of 35 micro&econds 

PeT' 16 bit word. 

The Parallel link consists of a control and status res:i.ster' 

an outPut buffer and an inPut buffer. lhe addresses of the 

Parallel link resisters are:-

F'LSR= 164000 F'arall e 1 link stattJs resister. 
PL.OB=164002 Parallel l inlt.. otJt.Put t:u.Jtfer. 
f-'L Il~= 164002 Parallel link inPut bt.JffeT'. 
PL.VC= 320 Parallel link interruPt vector. 

One of these devices is attached to the UNIBUS of each machine. 

The devices on the two machines are connected b~ two cables' 

one for each direction. 

The link Permits full duPlex transmission. A word of data 

ma~ be Placed in the outPut buffer b~ an assemblY lanauaae 

command such as : 

MOV ~O,@tOUiBUF 
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When an outPut oPeration is besun, the outPut data is stored 

in the 16-bi t outP•Jt resister. A NEW D·~lA ~~FADY ~=- :i snal is sent 

to the link interface to indicate that data has been loaded 

bw means of a DATAO or DATOB bus cwcle. 

The data passes alons the cable to the inPut buffer of the 

other machine. l"his is a 16 bit read onlw resister used tor 

transmitting the data to the UNIBUS. lhis resister ma~ then 

be read bw a DATI seGuence onto the UNIBUS. When this occurs 

a Pulsed sisnal, DATA TRANSMITlED is sent to the sender's device 

and informs it that the transfer has been comPleted. 

The transmitted data is accessible bw an assembl~ lansuase 

command such as : 

MOV @:I:PL.lB,RO 

The control and status resister Provides tour bits which 

can be used to control and monitor data transfer. <Tht--:- erroT' 

bits described in the PDP Handbook are not iruPlemented.) Of 

the four bits which are imPlemented, two are set bw the device 

and are not under prosram control. 

One of them' BIT 7, indicates that data has been received. 

This event is called a REQUEST A. When data has been transmitted, 

a REQUESl B occurs at the sender and is indicated b~ the settins 

of bit 15. This bit remains set until the data. has been read 

b~ the other machine. 

These two bits are used to swnchronize transmission. When 

transmitting, the Prosram waits until REQUEST B is cleared. 

A macro suitable for sendins a word of data is : 

.MACRO SNDW 
TST @:I:PL.SR 
BMI • -4 
MOV RO,@:I=PL.OB 
.ENDM 
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When receivins data the Prosram waits until REUUESl A is 

set. A suitable MACRO is ! 

• MACFW RECVW 
TST @:I:PLSR 
BPL. .-4 
MOV @:I:F'L lEt, •1:0 
.ENrtM 

Data transfer maw also be interruPt driven. Two bits in 

the status resister Provide for this. When INTERRUPT ENABLE 

"" A <Bii 6 ) is set , an interrtJPt oc.·curs uPon r·eceivins a word 

of data. The corresPondins interruPt for sendins data, INTERRUP1 

ENABLE B <Bil 5) was found to be inoPerative. 

When an interruPt occurs' the Prosram stores the current 

Prosram counter and Processor status word on the swstem stack. 

It then loads a new ProsraJJ• co•Jnter from F'L.VC and a new Pr<:>ces.sor 

status word from PLVCt2. Thus F'L.VC should contain the address 

of the interruPt service routine. 

ADDRESS 

PLVC 320 Address of ISF\. 

PLVCt2 322 interruPt status word 

Fis 3.1 Parallel link interruPt vectors. 

When the machine is turned on, the INIT sisnal at Power uP 

clears the PL.SR so that no interruPt will occur unless PL.SR 

is initialised under Prosram control. 

ASSESSMENT OF THE DR11A. 

The DR11A onlw runs in receive interruPt mode. Each word 

took on averase of 34 microseconds to transmit. 1he receiver 

would attemPt to continue Processins durinM this interval. 



-30-

It takes some 25 machine cwcles to test for the end of a messase, 

save resisters and continue Processins. lhus li~tle useful 

work can be done whilst waitins for a comPlete messase to be 

received. 

The link lacks a send interruPt feature. lhis meant that 

the sender had to remain in the send subroutine whilst transmitting 

a messase. No other work can be done whilst tT·&n~mittins a 

messase. 

ACTUAL TRANSMISSION ERRORS. 

No bit errors, detectable bw a checksum inconsistency, have 

been detected. The link cable is some 15 metres Ions and connects 

the two comPuters directlw. lnter~erence i~ conse~uentlw low 

and this twPe o~ error was not exPected. 

The DR11A sometimes fails to transmit a word of data. Counts 

of the number of words sent and received con~irm that a word 

has been 'lost', since thew differ bw one. I believe that this 

is a hardware Problem. 

This loss of a word is alwaws Preceded bw ~ second receive 

ir.t..errupt.. occurir,s before the first.. has been 1:.er·viced. Suppression 

of the receive interruPt bw clearins the RECEIVE INTERRUPl 

ENABLE A bit failed; a word would still be lost. 

I believe that clearinS the INTERRUPT ENABLE A bit, settins 

it or allowins a receive interruPt to occur causes the sender 

to believe that the transmitted data has been read. lo provide 

correctly sYnchronised transmission, the sender's REQUEST A 

flas should onlY be cleared when the data is accessed. When 

INTERRUPT ENABLE A is accessed, or an interruPt occurs' the 

sender's REQUESl A flas should not be cleared bY hardware. 
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I now turn m~ attention ~rom the hardware to the use o~ 

- it. Successful transmission o~ messases reGuires detection and 

recover~ ~rom transmission errors. The procedures used in this 

ProJect are described in Gra~ [13J. Errors are detected b~ 

sendins a checksum with all messases. 

F-:RROR RECOVERY 

After an error has been detected, it is necessar~ to retransmit 

the orisinal messase. The receiver and sender lftust co-ordinate 

this retransntission in such a wa~ that no Rte.ssase .is. lost or 

dt.JP 1 i cated. This is e~fected b~ : 

1. Numberins messases. 

2. Sendins an ACK to acknowledse stJcces.-s'tul receiPt ot· a messase, 

and a NAK when the messase has been incorrectl~ received. 

When there Rta~ be Rtore than orte outstandins messase beirtS transmitted, 

it is necessar~ to number the ACK's and NAK's so that thew 

maw be distinsuished. Note that there exists two seGuences 

of messase numbers: one ~or each direction. 
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MESSAGE FORMAT 

All messaaes have the format shown in Fis 3.1. 

hiah order 
bYte 

low order 
bYte 

!lenath<words) ! header ! 
--------------------------------! 
!aclt.. i.d. ! send i.d. 

ll A T A 

CHECKSUM 

Fia. 3.1 Messaae format. 

The first word contains a messaae header pattern in the 

low order bwte and the lenath of the messase in the hiat. order 

bwte. The second word contains messase lDs. 1·t1e low order bwte 

contains the sender~'s identification for the ITI(?Ssaae, and t..h(;;o 

hiah order bwte contains an acknowledaement ID tor anw messase 

that the receiver maw have sent. 

The third and anw subseauent words contain data. The last 

word sent is the checksum, which is such that the sum of all 

the messaae words is zero. 

SimPle acknowledaements are a sPecial case of the above format, 

for which there is no data. The ITtessaae is then 3 words lons. 

Neaative acknowledgements have a neaative ackr.owledsement ID, 

the neaative of the exPected ID. 

When SID=O, The messaae needs no acknowledsement' since 

it is itself merelw an acknowledsement. I decided to send a 
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checksum with a simPle acknowledsement so that all messases 

would have the same format. This also reduces the probabilitY 

of an ACK or NAK beins incorrectlY received, since theY then 

also carrw a checksum. 

MESSAGE RECEPTION. 

This messase format Permits a messase to be received in 

the followins manner • 

The receiver is active when it is receivins data, inactive 

when listenins for the besinnins of a messase. When ir.active' 

the receiver recosnises the besinnins of a messase when a word 

corrt<ainin::J the messase header in its low or·der b~:~te is received. 

The receiver then becomes active and accePts the·rest of the 

messase, the lensth of which is siven in the hish order bwte 

of the messase header word. 

Whilst the receiver is active' it is data insensitive. A 

receiPt of the header Pattern would be treated as data.' When 

it is inactive, it can onlY become activated bw the header. 

PARALLEL LINK SERVICE ROUTINES. 

ReceiPt of a word causes an interruPt to ISR, the interruPt 

service routine. It tests to see which of thr·ee states ·the 

receiver is in. 

STATE ACTION. 

1. Ex?ectins header If header, then set lensth of messase exPected 

and ?ass to state 2. Otherwise isnore 

data and remain iri state 1. 
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2. ExPectins I.d. Add data to buffe~. 

and data. Check for buffer overtlciw. 

3. ExPectins checksum. Add data to buffer. 

Call INTPT routine. 

Return to state 1. 

TESTING MESSAGE VALIDITY AND ERROR RECOVERY. 

The followins describes the r·outine lNTPT which tes-ts tor 

detectable transmisssion errors. 

Ever~ lltessase received maY reauit·e a r·ep).y, so <:m attelltPt 

is made to sain control of the outPut buffer • If the buffer 

is not availabler the messase is not interpreted. This will 

be done bY a different invocation of 1NTP1. from the interruPt 

service routine. 

lhe checksum is tested. If in error' a NAK is sent. Otherwise 

the messase has a valid format. 

The SID is then checked to see if it is the one expected. 

If so the messase is accePted and its contents interPreted. 

If it is that of a previouslY accepted messaser the m~ssase 

is isnored. If the SID is too hish, a NAK of the expected messase 

is sent <this trissers retransmission of the other machine's 

outPut b•Jffe r > • 

The AID is tested next. If zero, nothins is done. If nesative' 

sisnalins a NAK, the outPut buffer is retransmitted. If AlD 

is sreater than zeror all messases uPto and includins the one 

acknowledsed are freed from the outPut buffer. 
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Normal error recoverw will detect the loss of a messase 

bw the out of seauence SID of the succedin~ messase. It sometimes 

haPPens that the sender maw onlw proceed after a rePlw to a 

messase has been received. A deadlock misht occur when a Processor 

is waitins for the rePlw to a messase whic~' has not been successfullw 

received. In these situations' to avoid a deadlock, the sender 

will wait for a fixed time and then if no rePlY has been received' 

retransmit the messase. 

I close this chaPter with a descriPtion of how mueues 

and semaPhores were Prosrammed. 

QUEUES 

Queues were reauired for the holdina of messases in the Parallel 

link data buffers. lhe Prosram senerates messases which are 

- mueued readY for the subroutine which Places the words of data 

in the Parallel link. 

An examination of the aueueins alsorithm il) Knuth [16J revealed 

that his alsorithms are inaPProPriate for imPlementaton in 

PDP11 assemblY lansuase, in that 

1. His buffer Pointers are not directlY 

related to the PhYsical address of the data. 

Thew point instead to the word before the data. 

2. A direct imPlementation of his alsorithms 

makes imPossible the use of PDP11 autoincrement 

and autodecrement modes of addressins, wherein 

data maY be moved to the address contained in a resister' 

whilst at the same time incrementina or decrementins 

this resister to POint at the previous or tollowina address. 

If resisters Poirl't directlY to the fNJrtt or end of· a G'.teucH 
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it is then Possible to both write more understandable GtJeuins 

al•orithms and use assemblw lat)Sua•e autoincrement and autodycrement 

modes. 

Let Pl be a Pointer to the front of a oueue, and P2 be a 

Pointer to the end of this Gueue. Then P1 Points to the word 

at the front of the Gueue and P2 to where another word maw 

be added to the Gueue. 

Use Pointers MINP and MAXP to sive the limits of the Gueue 

storase area. All Pointers have the values deducible from examinins 

the followins diasram. 

MINP 

Pl -:> 

P2 -:> 

MAXP 

free 
storase 

used 
storase 

f'ree 
storase 

Fisure 3.2 The storase area used bw a Gueue. 

The followins triPlets of code Permit addition and removal 

of a word of data from the Gueue. 

ADDITION 

<P2>+=llATA 
IF P2=MAXP THEN P2=MINP 
IF P2=P1 THEN OVERFLOW 

REMOVAL 

IF P1=P2 THEN UNDERFLOW 
DATA=<Pl)f 
:t:F P1=l'fAXP "IHF..N P1=t1INP 

The oPeratiort <P2>+=DATA means that the data to be added to 

the Gueue is Placed at the address Siven bw P2, and then P2 

is incremented to Point to the next word. 
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SEMAF'HORES. 

- These are reBuired when several Processors wish to have exclusive 

use of a shared resource at the same time. Parts of the Prosram 

code which onlY one Processor maY execute at anY one time are 

critical areas. 

For examPle' an ordered sharins is remuired when two or 

more messases have been received and, throush interruPts, two 

Processors are tr'::llins to rePl'::! to dj.fferent messases. The shar·ed 

resource is the parallel link output buffer. 

A second examPle is the allocation of exclusive access to 

the critical Part of the search tree. The shared resource is 

the root area of the search tree. 

SemaPhores are easilY imPlemented on a PDP11 since there are 

indivisible machine oPerations: 

INC S 

t•EC S 

which either increment or decrement the variable S and also 

set the zero bit of the prosram status word in one oPeration. 

When a semaPhore S has the value one' onl'::! one processor ma'::! 

absorb the sisnal S by a decrement oPeration and set S to zero 

at the same time. 

SuPPose an\::! Processor which tries to absorb the sisnal S and 

finds it non-zero increments S and then trie& asain to decrement 

S to zero. It could so into a busy looP tr'::llins to become the one 

Processor which decrements S and simultaneouslY sets S to zero. 

Would this be a losicallY correct imPlementation of semaPhores1 

DJi sktra C5J states that it R1Ust be iR1Possible foT· two processors 

to deadlock in an 'after You' - 'Not after You' conversation 

where each rePeatedlY tries to become the Processor which decrements 
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S to zero. The tollowins is an examPle ot how two proccessors 

Pl and P2 maY become in deadlock. 

s PO Pl 

0 
0 DEC s 
-1 INC s 
0 DEC s 
-1 INC s 
0 DEC s 
-1 lNC s 
0 DEC s 
-1 INC s 
0 DEC s 
-1 INC s 
0 DEC s 
-1 

Fis 3.3. Interleaving ot semaPhor oPerations bw Processors 
Pl and P2 creates a deadlock. 

Processors Pl and P2 each want to decrement S to zero. The 

con~lict could So on ad in~initum. 

Now sUPPose instead that a Process dies when it is blocked. 

Thus in the above P1 and P2 would die when thew decrement S 

to less than zero. Processor PO on e:d tins tv·on• the semaPhored 

Process notices that it has incramented S to zero or more. 

This shows that some other Process has been bloc:-V..etj, ~r~t:l 

indicates that Process PO should not die but rePeat execution 

of the semaPhored Process. lhus when a Processor inside a critical 

area increments a semaPhore to zero or more' it should rePeat 

execution ot the critical area on behalf ot some blocked Process. 

SEMAPHORE IMPLEMENTATION ON TWO MACHINES WI.fHOUT COMMON MEMORY 

Where is the semaPhore to be stored when two machines do not 

share memorw? The imPlemented method is to have a coPw ot the 
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semaPhore on each machine, and when the semaPhore is blocked, 

'- and an oPeration is done on the semaPhort a messase is sent 

to the other machine. 

I did not find an~ simPle wa~ of havin~ the machines nesotiate 

between themselves which one should have ir1itial value 1 when 

onl~ one semaPhor sisnal is initiallw available. Instead the 

machines are told bw the switch resisters which one has initial 

value one. The seneral solution to this Problem is siven bw 

DJisktra t5J - how to have a nesotiated access to a critical 

area without deadlock. 
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ChaPter 4. PARALLEL SEARCH 

-
Parallelism will ~ndst in a tT'er:.> search Prosram at two 

levels: within particular subroutines or at a more abstract 

level wherein different nodes of the tree are examined 

concurrentlY. Consider the hierarchical structure of the MINMAX 

subroutine. Subroutines UPDATE, REs·roR and SETMVS are all called 

from MINMAX. The Parallellism maY be sousht et a low level' 

within move seneration for examPle, or at a hisher level' in 

MINMAX. I first examine the formr:.>r. 

PARALLEL SUBROUTINES. 

Consider move seneration, which is a Prosram bottleneck: 

The technology chess Prosram was rePorted to sPend 70% of its - time seneratins moves. ThomPson has sPeeded UP his chess 

Prosram BELLE bw means of a chess sPecific microProcessor move 

senerator. 

Move seneration is hiShlw Parallel. lhe moves ot each Piece 

in each direction maY be senerated indePendentlw. Havins several 

processors senerate moves in Parallel is Possible and this sPeeduP 

in move seneration will sreatlw reduce overall search time. 

However this will onlw sPeed uP one subroutine. If the rest 

of the Prosram is onlw executed bY one processor' then new 

bottlenecks will aPPear in other Parts of the Prosram. More 

sisnificant sPeeduPs are potentiallY available bw assisnins 

the manY tree nodes to different processors. 

PREVIOUS WORK ON PARALLEL TREES. 

Marshal!, in his Ph. D Thesis [18J and elsewhere C19J describes 
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how he has simulated the parallel evaluation of decision 

trees in PL/1. He claims that the Parallel evaluation of many 

nodes at the same dePth, which turns the search into a partial 

width first search' decreases the time taken for comPlete evaluation 

of a tree by more than the increase in the number of processors. 

Unlike a a dePth first search, he searches a decision tree 

iteratively. He attributes the sPeed increase to the sPread 

of the Processors enabl ins then. to stumble on the decision 

Path more GuicklY. 

' I would Point out that this spreadins maY be. effected bY 

a sinsle Processor; that in fact is what his 'simulation' did. 

He cannot therefore claim that the unexPected extra sPeeduP 

is due to the Parallel alsorithm. It is due to a different 

search strategy. 

Several PaPers [3,8,25J have discussed Parallel evaluation 

of binarY trees. TheY are PrimarilY concerned witfl balancins 

then. so that theY are 'bushY'. This Produces manY candidate 

nodes for Parallel evaluation, BE well as balancins the work 

load amonsst these nodes. 

Game tree• differ from binarY trees in that theY cannot 

be balancedr and in that they are not simPle AND trees, but 

mixed AND/OR trees. An AND node is one roT' which, in oT'deT' to 

~ scoT'e the node, all the successoT's need to be evaluated; An OR 

node is one for which theT'e is one successor which will 
I 

completely scoT'e the node. 

PARALLEL NATURE OF AND/OR TREES. 

Cutoffs introduce OR nodes into the tree' and it is not 

known beforehand which nodes will have to be examined. If a 

seP-arate Processor is· a!:>sisned to each of the 01~ s•Jccessors 

of a node, then it maw turn out that the 1st 01~ node is sufficient 

to score a node. The processors er.saEi'ed i ,., ~rnri r.d t.hi-1 nt.h.-::.1" 



successors are redundant. 

- An AND node reouires that all its successors be evaluated. 

One Processor ma~ be assianed to each successor without immediate 

duPlication of effort. However the amount of work reouired 

to score an AND successor is reduced bY narrowinS the alPha-beta 

bandwidth. Thus one Processor scores an AND node with less 

effort than msnw; the sinsle Processor will have a narrow alPha-beta 

bandwidth when scorins msnw of the s~cessors. 

SuPPose msnw processors commence a search with wide alPha-bets 

values. Since thew will all finish their sesrches at about 

the same time' the benefit of a narrow bandwidth is occluded. 

This dissdvsntsse is psrtisllw overcome b~ Psssins uPdated 

width Parameters to effected Processors durins their search. 

An efficient Parallel search should therefore aim to: 

1 Have onlw one Processor evaluate OR nodes. 

Quicklw achieve narrow alPha-bets windows so that 

the evaluation of the successors o-t· ANlt nodes becontes 

indePendent and msw thus be efficientl~ Performed in 

Parallel. 

SEARCH STRATEGY. 

I have considered the followins two strstesies for distributins 

nodes smonsst Processors: 

SPlit the Processors at a fixed common dePth. In the followins 

diSSrSITu the COITtlftOfl dePth, Crtt is 1. The terndnsl nodes sr·toWn 

are the candidates for Parallel evaluation. 
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o-------o-------0 -------o' .:,.,;.. _____ 0 

o-------o-------0 ------x 
-------x o-------0-------o 
-------x -------x 

I 
SuPPose nodes marked x not to be evalu•te 
bY a sinsle Processor. TheY misht be ' 
evaluated in a parallel search. 

Fisure 4.1 Common root area o~ search tree for CD=l. 

The second strateSY is to use a variable common dePth. In 

the followins CD decreases from 3 to 0 and then is set to 3 asain. 

CD 
3 
3 
3 
2 
2 
1 
1 
0->3 
3 
3 
2 
2 
1 
1 
0->3 
3 
3 
2 
2 
1 
1 

o-------o-------o-------o-------0 -------0 
-------0 -------0 .-------0 

-------0· 
-------0\ 

o-------o-------o-------o-------0 

-------0 . -------0 
-------x -------x 

-------x -------x 

o-------0-------o-------o-------o -------)( 
-------x 

-------0 
-------0 -------x -------x 

Fisure 4.2 Common root area o~ search tree 
for a variable common dePth strateSY. 

The alPha beta search has the ProPertY that the first successor 

of each AND node is an AND node. The moves which misht not need 

to be evaluated are asain marked bY an x. 
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EXAMPLE - PROGRAM PRINTOUT. 

The Position o~ Fi~ 1.2 was searched in Parallel mode with 

a fixed common dePth of" 1. The tree o~ Fi~ 4.3 shot.,s which 

Processor searched which node. Pro~ram Printout for thi~ para}le\ 

search is shown in Figs. 4.4 and 4. 5. The moves from 

CD=l are shared between the two processors. 

The move PC5-C6 gives an AND node for which all the 

Processor 
PC5-C6 ------- P10XPC6 11/45 CUT orF BY 11/20 ------- PB7-B6 11/20 

------- PA7-A6 11/20 
------- I<H5-65 11/45 ------- KH5-H6 11/20 
------- KH5-G6 ·11/45 

PB5-B6 ------- PA7XPB6 11/20 CUT OFF BY 11/45 ------- PC7XPB6 11/45 
------- PC7-C6 11/45 
------- PA7-A6 11/20 
------- KH5-G5 11/45 
------- KH5-H6 11/20 
.------- KH5-G6 11/45 

f'A5-A6 ------- PB7XPA6 11/20 
KH3-G3 ------- PC7-C6 11/20 

------- PB7-B6 11/45 
KH3-H2 ------- PC7-C6 11/45 CUT OFF BY 11/20 

------- PB7-B6 11/20 
KH3-G2 ------- PC7-C6 11/20 CUT OFF l<Y 11/45 ------- PB7-B6 11/45 

Fi~ure 4.3 Root area 0~ tree searched b'Z both Processors, 
for Position of Fi~. 1.3. 

successors will be searched. The first successor. PB7xPC6 

is taken by the'11/45, and the second, PB7-B6 by the 11/20. 

The 11/20 finishes scoring its position CSCORE=O> first. and 

continues with the move PA7-A6. 

The score of the 20 cuts off the move PB7xPC6 being searched 

by the 45, as is seen by the move's not being scored (Fig 4.4). 

The 45 continues with the next move, KH5-G5. The search continues 

similarly through the moves PB5-B6, with the processors sharing 
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GO 
PARALLEL SEARCH 
LEAD SEARCH INITIALLY 

PC5-C6 PB7XF'C6 
KH5-G5(0) 
KH5-G6(0) 

PB5-B6 PC7XPB6C600> 
PC7-C6C600> 
KH5-G5C600j 
KH5-G6 ( 600)-

I\H3-G3 PB7-B6(600)' 
I\H3-H2 PC7-C6 
KH3-G2 PB7-B6C600) 
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BEST LINE FOUND AND SCORE:. 
PB5-B6 PC7XPB6 PA5-A6 PB7XPA6 PC5-C6 PB6-B5 PC6-C7 PB5-B4 
PC7-C8=QC600) 

ALPHA -1000 BETA 100Q MAXDEPTH 8 MMAXD 10 
CDEPTH 1 MOVES FROM CDI 12 
UPDATES 17860· SETMV~ 4801 CSTMVS 8716 NOMAXD: 7563 
NOMMAXD 628 NBP: 0 
UPDATES/SEC: 1644 SETMVS/SECI 442 CSTMVS/SEC: 802 NOMAXD/SEC: 69 
NOMMAXD/SECI 58 NBP/SECI 0 
ELAPSED TIMECSECS>: 10 & 52'60 
BUSY LOOP TIMECSECS); 0 & 1 
LINK-RECEIVE INTERRUPTS: 0 

* 

THS SECS 
'60 THS SECS,/.= 0 
WORDS RECEIVED: 360 

... 

WORDS SENT: 431 

Fi~ure 4.4 Printout bw PDP11/45 durin• a Parallel 
search o~ the Position shown in Fis. 1.9. The 
Processor searched the subtrees o~ the ruoves Printed. 
The BUSY LOOP TIME is the end o~ search idle time, 
and is seen to be ne~li~ible. 

the moves-between them. The-move PA5-A6 is scored by th 20 before 

the other processor takes a move in that search tree; the 11/45 

does not make any updates for that move. The move KH3-H2 shows 

a speedup effect due to the parallel search: in fig. 1. 3, the 

single processor search completely scores two successors: 

PC7-C6(800) and PB7-B6(600). In a parallel search, the score. for 

PB7-B6 is found before that of PC7-C6 and·cu~s it off (fig, 4. 5 

has no score for PC7-C6>. 



'GO'PARALLEL SEARCH 

PC5-C6 PB7-B6C0) 
PA7-A6<0> 
KH5-H6(0) 

PB5-B6 PA7XPB6 
PA7-A6C600) 
KH5-H6C600) 

PA5-A6 PB7XPA6(0) 
KHJ-Gl PC7-C6 
KHJ-H2 PB7-B6(600) 
KHJ-G2 PC7-C6 
BEST LINE FOUND AND SCORE: 
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PB5-B6 PC7XPBC PA5-A6 PB7XPA6 PC5-C6 PB6-B5 PC6-C7 PB5-B4 
PC7-C8=QC600) 

ALPHA -1000 
CDEPTH 1 

BETA 1000 MAXDEPTH 8 
MOVES FROM CD: 12 

MMRXD 10 

UPDATES 10783 SETMVS 2958 CSTMYS 5199 NOMAXD: 4~44 
NOMMAXD 411 NBP: 0 
UPDATES/SEC: 964 SETMVS/SEC: 265 CSTMYS/SEC: 465 NOMAXD/SEC: ~8~ 
NOMMAXD/SEC: j7 NBP/SEC: 0 
ELAPSED TIME<SECS>: 11 & 11'60 THS SECS 
BUSY LOOP TIMECSECS>: 0 & 1 '60 THS SECS,X~ 0 
LINK-RECEIVE INTERRUPTS: 0 HORDS RECEIVED: 430 WORDS SENT: l6E 
* 

Fisure 4.5 Printout bw PDPll/20 durins search shown 
in Fis 4.~ • Note that the 11/20 makes 964 board uPdat~s 
Per. sec., whilst the 11/45 makes 1644. 
In single processor mode1 the 11/20 searches the position at 
980 positions/sec, whilst the 11/45 searches the position 
at about 2000 positions/sec. 
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CRITICAL AREAS OF THE SEARCH lREE 

Both Processors share in the evaluation of moves below the 

common dePth<D<=CD) as directed bw the Prosram MINMXP. This Prosram 

directs a tree search which takes note of the best moves, scores 

and alPha beta cutoffs found b~:~ the other pr·ocessor. 

Tree searches above the common dePth are done PrivatelY bY 

each machine' in a subroutine called MINMX2. lhis subroutine 

is called from MINMXP when an uPdate is to be made which will 

increase the dePth beYond the COITtiTton dePth. Control is returned 

back to MINMXP when the board is restored back to the common 

dePth. 

Since both machines share in the evaluation of nodes at 

and below the common dePth, it is Possible tor the two machines 

to interfere with each other when scorin• and distributins 

IT•OVes between them. In order to el:imirtate this' onl~:~ one 

machine maw access nodes at or below the common dePth at anw one 

time. Since such oPerations are all done within MINMXP, this 

amounts to makins MlNMXP a critical area. Access to MINMXP 

is sated bw the semaPhor CA. 

IMPLEMENTATION DATA STORAGE 

The prosram of chaPter 1 is imPlemented as a stack. I felt 

that it wo•.Jld be easier to keeP the stack J·ePreser.tat,ion ·t.han 

to use trees. This necessitated havinR two coPies of the root 

area of the stack, one tor each Processor. I outline in chaPter 

6 how to imPlement a Parallel search with a tree rePresentation 

of updated moves. This would allow one area of memorw to hold 

the root area of the tree used bw all Processors. 

lhe storase maP for both Processors is shown in Fisure 4.6. 



HIGH 
MEMORY 

11/45 
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11/20 

AREA OF 
IDENTICAL 
TREES AND 
DATA. 

CM----->---------------------------------

LOW 
MEMORY 

AREA OF 
PRIVATE 
TREES AND 
DATA 

Fis. 4.6 Private and shared Portions of move storase area. 

1 will now discuss the Prosram of Fisure 4.7 wtlich is an abstract 

version of the assemblw lansuase prosram (aPPendix C PaSes 63-67 ). 

PROGRAM VARIABLES 

The followins variables direct the Parallel search. 

CD lhe common dePth. Moves from dePths <~CD are shared 

between the two machines. 

LEAD A flas set UP when this Processor is currentlw leadina 

the other. 

CM Common move, the move stack Pointey·, above which address 

the Processors have the same aenerated and uPdated moves 

tree. 

CA Critical area semaPhor. It is used to assian exclusive 



access to the critical area. 

NCJIN<D> The number of active Processors. At the end of the 

search, NOIN<O>=O indicates that all Processors have 

terminated searchins. 

HANDLING TWO COPIES OF THE ROOT OF THE lREE 

The Processors must know each other~ Position in the search; 

b~ notins that moves are all stacked, I realized that the move 

stack Pointer was sufficient to indicate how deeP in the search 

tree a Processor was. The com1T10n stack Pointer·, the dePth in 

the move stack UP to which both Processors have an identical 

search tree, is sufficient for determining when messases need 

to be sent or reauested: 

Onl~ the evaluations of shared nodes need to be communicated. 

The Processors share uPdated and senerated moves which lie 

at address above CM. 

When a Processor restores its board and cliPs its se.r.~rch 

tree' the common search tree must necessaril~ be cliPPed b~ 

the same amount. Let M be the Point to which a Processor has restored 

its board. When M>CM, then M must be uPdated so that M=CM. 

PROGRAM DESCRIPl.ION 

The alsorithm of Fis. 4.7 Performs a fixed dePth alPha beta 

search. The Prosram contains GUTUs because , from the Point 

of view of anY one processor, other Processors cause discontinuities 

in the execution Path of that Processor. 

The Prosram is similar to that siven for a sin~le Processo~~ 

excePt that there are the followins additions: 

The Processors s~nchronize the besinnins and end of their searches 
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b~ sendins STRTSRCH and ENDSRCH messases. When receivins such 

a messase, the number of active Processors is incremented / 

decremented. 

B~ settins the switch resister 1 on the front Panel of one 

machine, one Processor knows that it ma~ lead the search initiall~. 

The other Processor remuests the critical area and awaits an 

accePtance from the other machine, which will be sent when 

the other machine leaves the critical area. 

FINDING A FREE NODE • • 

When descendins a search line which the other Processor has 

alread~ entered, a Processor needs to know which line to take 

from the current uPdated node, and the current backed uP score 

for that node. It sends REQM to the other machine which rePlies 

with a RELIN messase containing the necessar~ node information. 

When one Processor is followins another CLEAD=O) and arrives 

at LOOP, it is seeking a move which needs to be evaluated. 

It must first catch uP with the other processor. The other 

n.a~ be above, below or sP 1 it fro1T1 this r-r·ocessor at this dePt.h 

(b~ exiting from MINMXP and evaluating a move Privatel~). 

When CM<BASECD> then the other is to be reached b~ ascending. 

Control Passes to RESTOR. 

Otherwise the other is below or level with this Processor. 

First skiP those moves which the other has alread~ evaluated 

b~ settins M'"'CM. 

Then if D<CD the other Processor is to be reached b~ descendins. 

Otherwise D=CD and the Processors have a common tree uPto 

this node and will sPlit at this Point. 'lhe Process:.or selects 

the next unevaluated move. 
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The next section: 

IF M>CM THEN no; 
CM=M; SENDCCM); 
END; 

ensures that CM is alwaws at least as •reat ss M. 

SELECTING A MOVE AT THE COMMON DEPTH. 

The contents of FROM(M) are tested. When it is zero or dumm~, 

control Passes as with one Processor - there is no move to 

be evaluated. Otherwise the move needs to be evaluated. This 

is done bw a call to MINMX2 if the move is outside the critical 

area, otherwise it is evaluated bw a 'recursive' call to MINMXP 

which is effected.bw JumPins to the entrw Point of MINMXP, DESCEND. 

The other oPerations nestins the call to MINMX2 ~ield access 

to the critical area and then' after return from the call' 

remuest and await access to the critical area. 

SCORING NODES. 

Node values are onlw backed UP when a final score for the 

node is obtained. Otherwise evaluation of a node is precluded. 

Thus a node is scored either when all its successors have been 

scored or an alPha beta cutoff has been found. 

If a move has siven an alPha beta cutoff, then the score 

of other moves from this node are irrelevant. An~ other Processor 

in this subtree has been literallw cutoff bw the cutoff. The 

node maw be scored immediatelw whether oT· not another Processor 

is in the subtree of the node scored, viz even when 

NOIN ( Dt1 >:::·0. 

When OSC=N01N<D+1>=0 a Processor is scorins nodes which 

have been comPletelw evaluated and when OSC=NOIN<D+l)/=0, it 
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is scorins nodes because all other processors in that node 

have been cutoff. When USCI=NOI N ( D+ 1) the node eva J. uati on 

is incomPlete and cannot be backed uP. 

When a new node score and best line are found these need 

to be communicated to another processor whenever· the~ are 

Part of the other Processor's search tree. ·rh is is done b~ 

the call 

When an alPha beta cutoff occurs which is on a node which 

is also Part of the other Processors search tree<CM>BASECD)), 

then the other Processor needs to be informed. It sends the 

IT1essase 

CUTOFF<CM,BASE<D-1)) 

which informs the other processor how far to back UP before 

it seeks a new line to evaluate. 

FIGURE 4.7 PARALLEL SEARCH ALGORITHM. 

DCL 
ACTPROC -ACTIVE PROCESSORS - ASSUMED 0 UN ENTRY 
PDPTH -ASSUMED ON ENTRY TO MINMAX 
CA -CRITICAL AREA SEMAPHORE 
CM I* COMMON MOVE *I INIT(-1) I* HIGHEST ADDRESS *I' 
D /*DEPTH*/ INITIAL (Q), 

CD,CDO, I* COMMON DEPTH AND INITIAL COMMON DEPTH */ 
OSC, I* NO OF OTHER PROCESSORS THIS PROCESSOR 

lS SCORING *I 
NOIN<O:MMAXD), I* NO. OF PROCESOURS IN NODE AT DEPTH D *I 
CA SEMAPHORE IN1T(1); 

MINMAX!PROCEDURE; 
D=O; CD=CDO; 

DESCEND! 

UFL.AG=O I* UPDA ·rE FLAG USED 1 N PRINT 1 NG *I; 
L.E::AD=O; 
IF INITIAL._L.EAD THEN DO; 

V<CA); LEAD+; 
END; 

P<CA) ;;* REQUEST CA AND AI . .JAI'T TII...L. OBTAINED*/ 
GOTO START; 

I* D<CD *I 
CALL. UPDATE; 



START: 

c 

.. 
' • 
' LOOP: 

c 

c 

NOIN<D>=1; 
CALL SETMOVES; 
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IF ~LEAD THEN DO; 
SEND<REQM,~ASECD)); 

AWAIT REPLY<RELINE,cM,CD,BASE<D>,NOIN<D>•VSCORCD>•BSTMVS(D,* 
I* OTHER PROCESSOR INCS NOIN<D> & F<EPLlES NOINCD) *I ,~ -­
CALL .. NEWSC; I* FIND IF CUTOFF CAUSED BY REPLY "?"~!. • .. , 

~ AND PASS NEWSCORE DOWN MOVE STAci~ *I . . . 

UFLAG+; 

M=CM; 
ENDf 

IF D<PDPTH & D~=O THEN PRINT_UPDTD_MOVEf 

OSC=Oi/* SCORING FOR NOONE ELSE *I 
IF -LEAD THEN DO; 

IF CM>BASE<D> THEN GOTO BREAK; 
M=CM; 
IF FROM<M>=O THEN GOTO BREAK; 
IF D<CD THEN GOTO DESCEND; 
M+; 
LEAD+; /*LEVEL *I 
END; 

I*M POINTS TO AN UNEVALUATED NODE *I 
IF M>CM THEN DO; 

!*ABOVE*/ 

I* 11=0 *I 
/*BELOW *I 

CM=M; 
SENII(CM>; 
END; 

/*OTHER PROCESSOR SETS LEAD=O*/ 

I* LEAD *I , 
IF FROM<M>=O THEN GOTO BREAK; 
ELSE IF FROMCM>=DUMMY THEN DO; 

ELSE reo; 

M+i 
VSCOR<D>=SCOF<<D>; 
END; 

IF D<CD THEN GOTO DESCEND; 
PRX2=0 ;ATTENT=O ; 
VCCA>; I* FREE CRITICAL AREA *' 
CALL MlNMX2; 
I* WHEN RETURN IS DUE TO RECEIVED CUTOFF' 
* ON RETURN, LEAD=O & OSC=-1 
*I 

P<CA>i I* OBTAIN CkiTICAL AREA *I 
NOIN<D+l>=O; 
IF ATTENT THEN CALL NEWSC; 
I* PRX2=0 *I 
END; 

' l ~ 

-=' 
I 
I 

'"'::? 

.::::::: 
= 

I 
I -



• , 
• , 
• , 
CUTOFF: 

c 

BREAK: 

CONTIN: 

EXIT: . 

c 

VSCOR<D>=VSCOR<Dtl>f 
IF VSCOR<D><=VSCOR<D-1> THEN GOTO CUTOFFf 
IF FROM<M>-=DUMMY THEN DO; I 

BSTMVS<Dr*>=UPDTD-MOVE<D>t~STMVS<D+l•*>f 
IF CM<BASE<D> THEN ' 
SENDCSELINErBASE<D> rNOIN<D> ,vsCOR<I.t) ,BSTMVSJ.D~ 
END; ::::J -·· 

ENDf 
END; 

ELSE DOl ::§ 
IF VSCOR<D+l>>VSCORCD> THEN DOf 

VSCOR<D>=VSCOR<D+l>f 
1 F VSCOR <D) <=VSCOR <ll-1) THEN. GOTO CUTOFF; =§ 
IF FROM<M>~=DUMMY THEN DOf 

BSTMVS<D•*>=UPDTD-MOVE<D>&BSTMVS<D+l,*>f 
IF CM<BASE<D> THEN 
SEND<SELINE,BASE<D),NOINCD),VSCOR<D>tBSTMVS(D,.~ 
Et·m; -··· 

END; 
EN[Ij 

GOTO LOOP; 

-NOIN<D>f 

EN[I; 

IF NOIN<D>>O I* OTHERS TO NOTIFY *I THEN DOf 
I* SCORED NODE WHICH CAUSED CUTOFF IS COMMON TO BOTH 

* PkOCESSORS 

*' OSC=NOIN<D>f I* SCORING FOR ALL OTHERS*' 
SEND<CUTOFF,~ASECD-l))f/*OTHEk PROC. RESTORES AND 
LEAD+; 
ENI!f 

GOTO CONTIN; 

-NOINCD); 

..... 

IF NOIN<D>>O THEN SENDCEXIT,BASE<D>>f I* OTHERS DECkEMENT NOIN~D) *I 

IF D=O THEN GOTO EXIT; 
IF <D<PDPTH &UFLAG-=0 > Ok D=PDPTH THEN DOf 

CALL PRINT_VSCORI 
UFLAG=Of 
END; 

CALL RESTOR; 
IF II<CD & VARCD THEN DOl 

CD=D; IF D=O THEN C~=CDO; 
END; 

GOTO RETCALLf 

VCCA); 
AWAIT<NOIN<O>=O>; 
CA=O; /*CLEAR CA IN CASE OTHER PROC. REQUESTS LEAD BEFORE*/ ' 

I* INITIALISATION OF NEXT SEARCH *I 

~' -·--

CM=-11 
RETURN; 

END MINMAX; 



ChaPter 5. RESULTS AND DISCUSSION. 

This chaPter Presents the results found and tl1eir interPretation. 

I begin bY defining what I mean bY overhead, and then distinsuish 

the various t~Pes of overhead which can occur. 

The anal~sis used tor seParatins one Particular tYPe of 

overhead, the communication overhead, from the others is then 

Presented. This then leads into the Presentation of the results, 

and is followed b~ an exPlanation of the ProYram's Printed 

outPut. The chaPter closes with a discussioll of several features 

of the res•Jl ts. 

POWER OF COMBINED PROCESSORS. 

Two or more Processors ma~ be combined to form a sinsle virtual 

Processor. When the individual processors are combined perfectl~' 

the Power of this virtual Processor is the sum of the Powers 

of the individual Processors. lhus a PDI) ll/45 which executes 

at 1 Mhz and a PDP 11/20 which &xecutes at 0.5 Mhz have a 

Pontential combined power of 1.5 Mhz. 

S•JPPose two Processors Perform a task. :in times Tl and T2 

respective!~, when executins sinsly, aJld in tirue TO when combined. 

ExPressed as times, the maximum Power of the combined Processor' 

1/TO, is the sum of the Powers 1/Tl and 1/T2' of the individual 

Processors. 

1 :::: 1 + 1 
( 1) 

l1 

I call this rrlinimum time TO the bese time' end con•P•Jte efficiencies 

of combined machines b~ comParin~ them to the base time. 



-56-

All time in excess of the base time is overhead. 

-
OVERHEADS - TYPES 

Overheads maw be caused bw: 

1 Idle time at the end of a search when a Processor is waitin~ 

for another to comPlete its task. 

2 Idle time durins the search when a Processor has comPleted its 

task and is waitins to enter the critical area to score its task 

and select another move (processor lockout>. 

3 Idle time durins a search whe11 a Processor wishes to enter the 

critical area and UPdate its scores to reflect new values received 

from the other Pro~essor (processor lockout). 

4 Communication of scores' lines of Plaw and tree status. 

The tollowins overheads are due to extra search effort. 

5 Unneccesarw full or Partial evaluation of a move which will 

be cutoff bw another Processor. 

6 Move evaluation with unneccesarilw larse alPha beta search width. 

Note that tor CD=O, the Processors cannot cut each other off 

since the root node is alwaws an AND node. Furthermore' 

beta values of moves from the root are independent. Onlw 

alPha values for the score at D•O connect the searches. 

7 DuPlication of the root area - each machine senerates 

the moves in the root area. "!his is senerallw r1es\ttil>le since 

the fanout is so hish. 

I have not attemPted to measure each of these overheads seParatelw, 

but have instead divided them into two seneral catesories, which are! 

1 dsub -· the increase ir, wei.shted tree size due to IJni"IE:~cessaT":~ full 

or Partial evaluation of moves and duPlication of the root 



area of the tree. 

2 dcomm - time sPent formins,sendins,receivins and Processins the 
I 

messaaes Passed between the two machines. 

Mw calculations separate the effect of these two twPes of overhead. 

Unfortunatelw, the communication overhead is not easilw measured 

since. communication time is disPered over manw subroutines. 

Tirrd.ns each of these subroutines is too ir,volved. 

The time SPent communicating is ProPortional to the number of 

words sent and received, but this does not sive an absolute measure of 

the time sPent communicatins. To find communication time, it is 

necessarw to ll1eas:-ure the time sPent setarchins the tree' and to c·all an 

additional search time communication overhead. 

The time sPent actuallw searchins the tree needs to be measured. 

This time is not ProPortional to anw simPle measure of the tree size, 

such as the number of bottom Positions ill the tree or the number of 

board uPdates' as 1 have found from exPerience. The onlw waw 

to measure the time sPent searchina the tree is to find the 

amount of time sPent executins the subroutines which are called 

durina a tree search. AnY other methods are unreliable. 

I now Present these ideas mathematically, and d@scribe how the 

ensuina calculations have been Prosrammed. 

MEASUREMENT OF SEARCH EFFORT. 

The total search time is the weiahted sum of the numbet· of 

calls to each subroutine. There are five PrinciPal catesories 

of subroutine calls durins a search. These are : 
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1 UPdate amd restore 

'') .... SetmvS-ITIOVe seneration 

3 Cstmvs-caPturins lltOVeS 
Seneration. 

4 M i nma~·{-t ree control and 
scorins. 

5 CoiTtiTIUrt i cat j. on subroutines 

t calls Averase time of 
one call 

u IJ 

s s 

c c 

M lfl 

w Per word 

The time u is the averase time tor a board uPdate and rDstore. 

For everw board uPdate there is a corresPondin~ call to restore. 

In a Parallel search' one processor sPends its time as follows: 

(2) 

where W=-=W tW is the SIJITt of ttlt-~ words received and sent. 
in out 

This time is for Processor 1. Combined Processors will take less 

time. To convert subroutine timin~s to that tor the combined 

Processor accordins to (1)! 

u = u1 * TO/T1 s :::: s:l. * TO/T1 (3) 

c :::: cl * TO/T1 m ::: ml * TO/T1 

The effort for a distribtJted Parallel search, where the subscriPts 

denote the Processor I.D., is: 

T ::: CU1 t U2)u tCSl tS2)s +<CltC2>c t CM1tM2>m t CW1tW2>w (4) 

The communication overhead is CW1tW2>w. 

For anw board Position' u,s and c have been IDaasured bw timins 

a fixed number of calls to each subroutine. I note that durin~ 

anw search s and c will decrease as Pieces a~e captured, so that 

s and c as measured from the root ot the tree will be sreater 

than s and c as measured several Plies from the root. 



It is onl~ Possible to measure m in an actual searct). 1he 

time for Processor i to search alone . . 
lS• 

(5) 

where ui, si, ci' and mi are subroutine times as measured b~ 

Processor i. 

This ma~ be solved for m b~ settins M=U i.e. b~ assumin~ 

that the amount of work involved in scorir1~' coP~ins the PrinciPal 

continuation UP the tree and selectins moves is Pr·oPortional to 

the number ot board UPdates. This sives: 

lhe combined minimum search time is then 

TO = U*u + S*s + C*c + M*m (6) 

In Practise the number of subroutine calls is increased for 

a Parallel search. Let subscriPts denote the number of subroutine 

calls for each Processor durins a parallel search. 

Then the subroutine time is: 

Tsub = <Ul +U2)u + <S1+S2>s +<C1+C2)c + <M1+M2)m (7) 

The communication time is defined to be an~ time in exces~ of 

Tsub. 

T - Tsub + Tcont ( 8) 

This ma~ be solved for Tcom. 

F.:ESUL TS 

Five endsame positions from Fine (9], Fis 5.1 have been 

searched mainlw with dePths MAXD=B and MAXD~9. Five midddlesame 

Positions from Point Count Chess, fisure 5.2, bw Horowitz and 

Mott-Smith [15], have been anal~sed at MAXD=4 and MAXD=5. The 

maximum dePth of the muiescent search, MMAXD, is MAXD+2. lhe 

Prosram Printout for these Position is siven in APPendix A 
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4 5 

Fisure 5.1 Endsame Positons which were 
searched. White is to lttove. F'rosram F'l':irtt()ut 
is found in APPendix A. 

3 

6 
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POINT COUNT CHESS 

Keres v. Szabo 1955 

NO. 31. White to move 

NO. SSA. White to move 
,~ .. 

5 B-B4 Q-Bl 

6 P-B6 B-Q3 

7 BxB NxB 

8 Q - N4 and wins 

NO. 48a. Black to move 

5 B-R4 B-Ql 

6 B-N3 B-B3 

7 N-KB3 

No. 72B. Black to move 

Dus-Chotimirsky v. Capablanca, 1925 

NO. 36. Black to nwve 

Fisure 5.2 Middle same positions which were 
searched. 



and exPlained below. 

~-

PRINTED OUTPUT - SINGLE PROCESSOI~ SEARCHF..S 

A sinsle Processor search is conducted ~or each Processor seParatelY. 

The co•Jnters 

U , S , C , M , T , NOMAXD<the t positions at the maximum d~Pth> 

and NOMMAXD < t positions at absolute maxiffium d~Pth o~ search) 

are Printed ~or both Processors. 

The line 'BASE' contains the base values used ~o~ calculatine 

increases in a Parallel search. l"he base tirue is ~ound bY <1>. 

The ~ollowins lines sive the averaee time of each subroutine call, 

the total time sPent in each subroutine and the % of Processor tiffie 

spent in the resPective subroutines. 

The results show: 

1 The auiescent search, which investieates caPturins semuences, 

takes a larse ProPortion of Prosram time. 

2. Move Seneration tYPicallY takes 70% o~ all search time. 

PRINTED OUTPUT - PARALLEL SEARCH. 

The calculations shown in the Prir.ted outPut ~or Parallel 

searches are detailed below. 
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X increase of subroutine time on base time: T~ub-TO * 100 

TO 

7. increase ot· cotr.nt•Jnication time on base time! Tcomm-TO *100 

7. increase of time on base time: 

Microsecs Per word communication time: 

EfficiencY ; 7. of base time in total time: 

EfficiencY 

EfficiencY 

7. of increased subroutine ti~e 
in total time: 

7. communication time in total: 

TO 

T-TO * 100 

·r o 

T-·r sub 

Win + Wout 

·ro * 100 

·r sub-TO * 100 

T 

Tcomm * 100 

1 

MINIMUM SEARCH l'IMES - % OVERHEAD AND PARAMETERS FOR MINIMUM 

The followir•S table is abstracted front the r·esults siver• in 

APPendix A. For the fastest search in each Position at each dePth, 

it shows VARCD, CD, the Per centase overheads due to 

increased tree size <:md cotTimunicatior., <:md ·t~he overall 

overhead. 
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Table 5.1 1ime overheads. for Ill in i ITIUITI sear·ch timP 
for all Positions. stt.Jdi ed. 

'-....... 
!11aNd vaT'Cd cd dsub dCOITIITI X increase of· t .. i me 

/. X on base 
Position 
------------------------------------------------------------
end same 
1 B 1 2 5 1.:" 

<;} 10 
1 9 1 2 7 2 9 

2 9 1 2 12 ') 
""- 14 

2 10 1 2 0 7 9 

3 8 0 1 4 1 ~ 

3 9 0 1 7 1 8 

4 8 0 1 26 1 27 
4 9 0 1 28 0 28 

5 7 1 2 7 9 17 
5 8 1 2 6 3 9 

middle same 
3:1. 4 0 0 1. c.-

<;} 7 
31 5 0 0 8 ~~ 10 

- 36 4 0 0 1 1 ') 

"-" 
""-

36 5 0 0 9 0 9 

48b 4 0 0 13 ~.::· 
<;} 18 

48b 5 0 1 4 P) ..,. !5 

55 a 4 0 0 0 1 1 
55 a 5 0 () -3 1 -3 

72b 4 0 0 1 
..,. 
<;} 

, .. 
;:.. 

72b 5 () 0 20 0 20 

Most Positions st•Jdied JJ1a~ be searched with a time overhead 

of 10/. or less. Thus an increase in Processor POWer of" 1 1.:· 
t...J 

Sives an average SPeeduP of" about 1.35. 

I will now attemPt to distinSuish the effects of Particular 

t~Pes of overhead. 

I attribute the less than exPected search time for Position 

55A to a leaPfrog effect wherebw the 11/45 evalu&tes a sood 

move earlier in the search when Parallel Processing than when 

seaT'ch).ng the !!:.aJJ•e Posit.ion alone. The score for this sood 
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move then decreases the search effort for the leaPtrossed move(s) 

which the slower 11/20 is Processins. This is the onlw waw 

in which the move orderins maw have been altered for the Parallel 

seat'Ch. 

Some et these times are inflated bw idle time tor one Processor 

at the end of the search. In Practise this over·h+:>ad is onlw 

sisnisicant for cn~o. It maY cause a Processor to idle tor 

as much as 40% of the search time (Position 4 with MAXD~s, 

CD=2). For hisher values of CD this factor is less than 1 % 

of the search time. 

The folJ.owinf~ tdble e}:cJ.udes this idle timt:.> <-~nd sives time 

increases tor all Positions for CD=O (not necessarilY the best 

time). It maY be seen that DSUB senerallw increases with D. 

Table 5.2. 

Pos:i. tier, 

d=7 
d=8 
d=9 
d=10 

F'osi tj.on 

d=4 
d=5 

DSUB (% time increase on base time excludin• communication 
time and busy looP time> at CD~o tor all Positions studied. 

EndsatM? 
1. 

16 
24 

Middle 
31 

1 
8 

'1 
""· 

6 
21 

same. 
36 

1 
9 

4 
'l 

4Bb 

1.3 
14 

4 

13 
6 

r.;•C"' 
;J-.J8 

0 
-3 

20 
11 

l2b 

1 
20 

Do new scores found bY one Processor sPeed uP the otherV 

The Prosram was run with and without the passins of new scores 

found bw one Processor into the t,ree of the otheT'• For the 

few Positions studied, the difference in the time of search 



was insisnificant. lt aPPears that these new narrower alPha-beta 

values come too late in the search to cause an~ appreciable 

difference to the search time. 

OVERHEADS ~ RELAliVE MAGNlTUDES OF COMBINED 1REE SIZE AND COMMUNlCATIU 

In Table 2.1, the communication overhead is Senerall~ about 

of the same masnitude as subroutine overhead. It increases 

exPonential!~ with CD and makes values o~ CD>=2 inefficient. 

In no Position is there a minimum search time with CD=3 or 4. 

Part of this communication overhead must bP due to the simPle 

nature o~ the link used - all trans~ers done u11der CPU control 

without DMA, a word at a time. I have not been able to i~olate 

Processor lockout <time when a machine is waitinY to enter 

the critical area) from the communication time. 

-
INCREASE IN COMMUNICATION OVERHEAD WITH CD. 

The averase ~actor bw which the communication overhead increases 

for each unit increase in CD is shown below. 

t1i dd 1 e Game E.nd Game 

Stratesw A: variable common dePth 1.5 

Stratesw B! ~ixed common dePth 3 

The hisher rate o~ increase in communication overhead ~or the 

middle Same is probablw due to the hiSher fc;nout in these Positior,s. 

StrateSY A has a lower rate of increase in communication 

overhead because the common dePth averases over time to a low 

value - it is onlY hish on entrw to a node, and is soon decreased. 
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VARIATION OF DSUB WITH CD. 

Dsub is QenerallY lower for even CD < AND nodes> than for odd 

CD <OR nodes>. Aside from this• as CD increases' dsub alters 

unPredictablY. 

This is exPlained by notin~ that once a PrinciPal continuation 

has been found, a search tree will SenerallY cor1sist of alternating 

AND then OR nodes. lhe root node is alwaYs an AND node. 

All successors ot AND nodes need to be evaluated. OnlY one 

S'..Jccessor of an OR r,ode 111a~ need to be evalu;:d,(;;)d. When several 

processors are assisned to evaluating the stJccessors ot an 

AND node, none of them will be cutoff b~ another; conversel~' 

when several are assisned to an OR node' one ruaw cut off the 

others; the effort of the cutoff Processor is wasted. 

COMPARISON OF STRATEGIES A AND B. 

The stratess ot a variable common dePth senerallY Produces 

lower values of dsub and dcomm than strateSY B. 

Strategy A is most effective in endsame positions, wherein 

overhead is senerallY low tor CD=2. 

COMPARISON OF PARALLEL SEARCHES FOR MIDDLE GAME AND ENDGAME. 

For middle same Positions the communication overhead increases 

so raPidlY that hish values of CD are inetficien~. Fortunately, 

when CD = o, dsub is senerallY low. I attribute this to a bushY 

tPee effect - alPha beta val1Jes are fairlY const;;;nt as the 

manY moves from the root are evaluated, so the successors ot 

the root maY be evaluated indePendently. Most of the prosram 

tir11e is sPent refu·t,ins root moves and not establishing thefT,. 

BY contrast, endsame Positions have a lower tanout and so 
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a sreater ProPortion of the time is sPent in tindins the PrinciPal 

continuation and tixins alPha beta values. A sreater traction 

of the search effort is then sPent searchins with narrowina 

alPha beta values and dsub is conseBuentlY sreater. 

SUMMARY. 

The two Processors combine PerfectlY when pertormina a Parallel 

search, excePt for the followin~ overheads: 

increased combined tree size. 

end of search idle time 

communicataion time 

Processor lockout. 

For most search Positions, ther exists a set ot search Parameters 

which Produce a total overhead ot 10 % or less. 
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ChaPter 6. EXTENSION 10 N-PROCESSORS. 

-
has been attributed to the inademuacw of known control structures 

to co-ordinate the activities of IDanw Processors CEnslow[7J>. 

Enslow observes that throuShPut in a multiProcessor swstem 

is; a non 1 i near f•Jnct ion of the number of P J·c1cesso rs. Th roiJShP•Jt 

increases bw 1.8 for 2 Processors' but bw onlY 2.1 tor three. 

Some have attributed this failure to the tact that manw alsorithms 

are simPlY not suitable tor Parallel Processins. However tree 

search is hishlY suited - the number of nodes in the tree and 

thus the number of tasks available tor· Parallel execution srows 

exPonentiallY with dePth. Each of these nodes reGuires but 

little communication comPared to the amount of coiDPutation 

involved. 

The central desi~n ~uestion for N-Proces•or tree searches 

is the control structure - should there be a central control 

Process or should all Processes have indePendent access to 

the root area of the tree1 

A central control Process has the disadvantase that it is 

itself a Potential el·~ecuticm bottle.-neck. Shared access to the 

root area of the tre~ eliminates this bottleneck and moreover 

eliminates the need tor most inter-Processor messese.-s. Interference 

between Processors' which maY become sisnificant for manY Processors 

in a small root area,. maY be reduced bY allowins access to 

different nodes at the same time. 

I besin with a fe¥-1 c:omrnen·ts on storase allocation. 
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STORAGE ALLOCATION FOR A DYNAMICALLY CHANGING 1REE 

The block structure of the Pro•ram of fidure 2.1 indicates 

that new storase for Placins senerated moves is allocated in 

the Prolosue of each call to MINMAXv and freed asain in the 

ePilosue. This storase use has been imPlemented as a stack. 

However' with manw Processorsv the fact that one Processor 

leaves a block does not imPl~ that the storase declared in 

that block maw be freed; other Processors maw still be inside 

this b 1 ock. Sto rase is a 11 ocat.ed and t r-eed at unP redi ctab 1 e 

times and cannot be imPlemented as a stack. 

Do anw hi•h level lansuases Provide anw dwnamic storase allocation 

Primitives suitable tor this task ? A lanRuase such as PL1 

assumes that dwnamic stor-ase allocation ma~ be imPlemented 

as a stack. The Prosrammer is exPected not to create holes 

in the stack bw freeins storase out of seauence. PL1 does r1ot, 

then' Provide anw storase allocation Primitives suitable for 

a dwnamicallw chansins tree. In contrast, Alsol 68 uses a heaP 

storase allocation scheme wherebw storase maw be allocated 

and freed at random. It provides Primitives suitable tor this 

ProblEHfl• 

In the followins, I make exPlicit when 5torase maw be allocated 

and freed, and also when Processes are created and die. 

N-PROCESSOR SEARCH WITH CENTRAL CONTROLLING PROCESSES. 

The central Problem is the coordination ot 

1 creation ot tasks. 

2 the evaluation of their results. 

3 killins tasks whict1 have been made redundant bw the results 
of another task <cutoffs). 

4 the freeins ot storase no lonser reQuired. 
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Tc> ~'£<>:a1Td.ne its feasibilit.~? I have written ~n outlir1e control 

s~stem ~hich seParates these comPonents into subroutines which 

The subroutine SPAWN Senerates the root Part of the search 

tree. It allocates storase for nodes' and creates Processes 

to evaJ.1_1ate then1. Processors are assisr.ed to nodes acc:or·dins 

to the sche1T11"' det .. ai led in ChaPter 4,. The PT·oc:es:.ses created 

Pass the resultin~ evaluations to the Process ASSESS via the 

PiPeline V and then die. 

The Process ACCESS evaluates the scores it receives ~lons the 

PiPelin• and Passes maximal scores and lins• of Pla~ UP the 

tree. 

When a node evaluation is comPleted, either· n~turall~ or b'.d - a cutoff, it calls TERMINATE, which kills all processes in 

the subtrees of cutoff nodes and frees the corresPondinR storaYe. 

The Process SPAWN uses the s~stem calls: 

ALLOCATE(UNODE,U) 

The formf.H' allocate-~s storase. The latter creates a F>T·oc:ess 

to execute the task MINMX2 with the siven Parameters. The call 

returns the identification ID ot the created Process. 

These calls become blocked either when all storase is allocated, 

or when all Processors are allocated. 

ASSESS is the receiver Process tor node evaluations. These are 

received on the PiPeline V b~ the swstem call 

RE:CEIVE<V> 

When the PiPeline is emPtY, receive is blocked. When data is 

Placed in the PiPeline' RECEIVE becomes unblocked and ASSESS 
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C(:-Jnt, :i. nues. 

SPAWN and ASSESS are mutuallw exclusive Processes. I Presume 

that when TERMINATE kills Processes sr1d ~rees storaee, SPAWN 

will not be reactivated until ASSESS is aeain blocked bw an 

emr:-·tw P:i.Pel:ine. 

Fieure 6.1. Tree Search with Central Processes. 

MP:PROC OPTIONSCMAIN>; 
DCL 1 UMOVE BASED<U), 

2 LSTU Pl·R,/* BACK POINTER TO PRECEDING NODE *I 
2 SCORE, 
2 VSCOR'I* BACKED UP SCORE *I 
2 BSTMVS<0:20> LIKF. MOVE' 
2 tsuc, I* 4 SUCESSORS *I 
2 MOVESU<0:50), 

3 MOVEU LIKE MOVE, 
3 NXTU f-'Tf~, 

3 SUCID; I* ID OF PROCESSOR ASSIGNED TO MOVE *I 
CD, I* COMMON DEPTH 
CDOi I* INITIAL COMMON DEPTH *I 

I* ASSUME THIS PROCESS HAS 1D=1 *I 

CD=CDO; 
ALLOCATE UMOVE;CALL IUMOVE;/*lNlTIAI.ISE UMOVE *I 
Cf~EATE ( J, ASSESS); !*CREATE PROCESS :ft:l TO EVALUATE NODES *I 
CALL. SPAWNO; 

SPAWN:PROC(IJ,M) RECURSIVE, EXCLUSIVE OF ASSESS; 
I* THIS PF<OCESS CREATES A SEARCH TF~E.E DOWN TO H·IE COl1MON 

DEPTH, CD. JHE CALL CREAlE IS PRESUMED 10 BECOME BLOCKED 
WHEN lHERE ARE NO MORE PROCESSORS AVAILABLE. 
CREATE BECOMES UNBLOCKED WHEN AN INVOCATION OF ASSESS 
HAS COMPLETED AND FREED SOME PROCESSORCS>. 

*' DCL. 

M, 
n•; 
UPDATE; 

SPAWNO:ENTRY; 
ALLOCATE UMOVE; 
SETMVS; 
M:=O; 
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WHILECFROMCM)/=0) DU; 
IF D<CD THEN CALL SPAWN; 
ELSE I~ ISUC>O I* =-1 FOR CUTOFF NUDE *I THEN 

[IQ; 

END; 
F~E.STUf\E; 

CREATECID,MlNMX2CBUARD,A,B,U,M)); 
U->MOVE<M>.NEXT=NULL; 
U->MOVE<M>.SUCID=ID; 
END; 

IF VARCD THEN DO; 
CD=CD-1; 
IF CD=O THEN CD~CDO; 
END; 

END SPAWN; 

ASSESS:PROC EXCLUSIVE OF SPAWN; 
I* THIS PROCESS BEGINS AND IMMEDIAlELY BECOMES BLOCKED 

* SINCE THERE ARE NO EVALUATIONS 1·0 RECEIVE 
* IT BECOMES UNBLOCKED WHENEVER AN EVALUATION IS RECEIVED 
*I 

DC I ... 
V PIPELINE OF cu,v,EVAL,LINE> 
U PTR, 
M, 
EVAL,I*RETURNED SCORE *I 
LINEC0:20) LIKE MOVE; 

RECEIVE< V: U, M, E. V Al.., LINE) 
WHILE<tSUCCM>>O> DO; 

CALL TERMIN(U,M); 
IF EVAL>=VSCOR THEN DO; 

VSCOR=EVAL.; 
UO=l.STU; 
IF VSCOR>=UO->VSCOR lHEN DU; 

I* CUTOFF :+:1 
tSUCCM>=1; 
END; 

ELSE BSTMVS=MOVECM) AND LINE; 
END; 

tSUCCM>=tSUCCM)-1; 
END; 

TERMIN:PROCCUO,MO) RECURSIVE; 
I* KILL ALL PROCESSES IN ALL SUBTREES OF UO,MO 

AND FREE Sl.ORE WHICH HAS NO PROCESSORS ROOTED IN IT 

DCL UO PTF\, M; 

IF UO=NUL.l. l'HEN RETURN; 
U=UO->MOVE<M>.NXTU 
WHILECMOVE<M>.SUCIDI=O) DO; 

lF SUCID=1 THEN CALL TERMINCU,M);I*KlLL SUBTREE*I 
ELSE IF SUCIDCM>>1 lHEN CAL.L KILLCSUCIDCM));I*KlLL PROCESS*/ 
END; 

FREE ( U-· >UMOVE) ; 
UO->UMOVE<MO>.NXTU=NULL; 
END TERMIN; 



The declaration contains a storase allocation for the successors 

o~ the node, unli~e the case heretofore. 

The storase area for an uPdated move has to be allocated 

and ~reed d~namicall~. A Processor leavins a node decrements 

the tSUC count ~or that node. When it decrements tSUC to zero, 

then the tree Pointed to b~ base ma~ be ~reed. ll1e Processor 

should then se.-t tSUC to -·1 to indicat:e that the node has been 

scored. 

N-PROCESSOR SEARCH WITHOUT CENTRAL CONTROL PROCESS,. 

Assume there are man~ Processors sharin~ some memors area' 

and that it contains the.- tree root area. 

I will discuss the case in which each Processor ma~ traverse 

the tree indePendentls of a central controllins process. I 

will identi<f'~ each oPeT'ation ~or which interference ma!;.l arise. 

Each such oPeration will have a seParate ~emaPhore lock. 

The condition that the entire root area be a sinsle critical 

area, so that onl~ one Processor ma~ access it at an~ one tirum' 

mas be relaxed to allow several Processors to traverse the 

same tree simultaneous!~. Inter~erence between Processors onl~ 

l Scorins nodes 
& CoPS!ins uP the.- PrinciPal cor.tinuation. 

Selectins the next move to evaluate tram that node. 

Let these two tsPes of operation be.- a seParate critical 

area for each node. Let each be sated bY its own semaphore, 

with initial values one. Then a maximum of two processors ma~ 

be visitins a node at anY one timm; a Processsor will visit 

a node ~rom above or below when seekins a node to evaluate 

and from below when scorins a node. 
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Consider the followins examPle, wherein N r~Presents nodes 

and P Processors. SuPPose Processor P1 to be searchins for 

a node to be evaluated. It is not scorins node N. It increments 

IPROCCN,Nl> and enters node Nl simultaneous!~ witf1 Processor 

P2r which is scoring node Nl. 

*---------------·----------------* 
N Nl N11 
Pi P2 P2 

----------------* 
N12 
P3 

----------------· 
N13 
F'3 

----------------* 
N14 

----------------* 
N15 

*---------------·----------------* 
N2 

Fisure 6.2. A tree in which several Processors P 'are visitins 
nodes N. 

Processor P2 has evaluated N11 and is sc:orins Nt, which 

reQuires that it control the evaluation Part of node Nt, where 

the score and best line from node N11 are stored. Processors 

P3 and P4 are scorins nodes N12 and N22. 

Processor P1 is about to enter node Nl and score one of 

its successors. lt will either search N14, which is still unevaluated, 

or else' if P2 rer·orts a cutoff, it will notice.- this when it 

visits Nl, exit from Nl and trw to score a successor to N2 

:i.rtstead. · 

The declaration of an uPdated move misht be: 
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1 IJMOVE<*:*>' 
2 L.ASL.BASE VrR I* BACK PO INTER UF' THEE *I, 
2 £::VAL.N, 

3 LOCK SEMAPHOR lNIT(i), 
:5 VSCOR' 
3 BSlMVS(O!MMAXD) LIKE MOVE, 

2 NEXl ..... MOVE, 
3 LOCK SEMAPHOR INITC1), 
3 M PTR, I* POINTER TO NEXT MOVE TO EVALUATE*. 

2 CUlOFF FLAG INIT(O), 
2 PROCIDS<O:*PROCESSORS> I* IDS OF PROCESSORS IN TRE~ 
2 MOVES<0!50), 

3 TYPE, 
3 TO pn-;:, 
3 FROM F·'TR, 
3 tPRQC, I* NO OF PROCESSORS IN THIS TREE*/ 
3 BASE PTR /t BASE ADDRESS OF MOVE *I 

Cutoffs must be aui ckl!::! communicated tcJ other· 1:. r·oc:esso rs. 

This ma!::! be done either b!::! havins a Pir-··eJ.ir•e between Processors 

or b!::! PeriodicallY testins the cutoff flas. 

The ProsraiTt for di rectins t!,is tree search wot_tld be veT'!::! 

similar to the one siven in ChaPter 4. The onlw parts which 

would need to be chansed are those involvins the variables 

LEAD and CM. With shared memory, a Processor will be able to 

find its own waw around a tree' without havins to ask a11Y others 

where thew are in the tree' what their score and best line are, 

or which moves have or have not been evaluated. 

The variable LEAD is not reauired since it onlY helPs find 

a free move. Instead a Processor will traverse the tree <when 

D<=CD) untiJ. it finds a free move - one with tPROC=O. 

ESTIMATED SPEED OF MANY PROCESSORS 

It is necessarw to have at least N nodes available for Parallel 

execution. When there are more Processors than moves from the 

common dePth, it will be necessarw to increase CD. 
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Results with CD>O have shown that the search effort is not 

sisnificantl~ increased when ffian~ nodes are made available. 

The OF-·thtUITI value of CD will be the cm<~~ which balances the 

narrowed alPha beta values which the Processors will inter-communicatE 

asainst the hisher 'communication' <root area traversal) overhead. 

I cannot sive an accurate Prediction for the sPeecluP with many 

Processors. 



ChaPter 7. CONCLUSION. 

A comPact for·m of the alS~ori thm used in searchir•~ !.:!BJT•e trees 

was Presented first. This is the basis of the Prosram which 

has been written to search SBme trees and Plaw chess. On a 

PDP11/45 with a cwcle time of 1 microsec., the Prasram makes 

a full width dePth first search of anY chess Position at the 

rate of UP to 2000 Positions Per second. 

An alsorithm for Parallel search of chess same trees has 

been devised, and imPlemented in the case of two distributed 

Processors communicatins via a simPle data link. The existence 

of transmission errors has reouired that Protocols be devised 

and imPlemented for the detection of, and recoverY from, line 

t-) T' ro rs. 

It has been found that two comPuters maY be combined to 

search a same tree, and that the averase time overhead is onlY 

10%. Further analYsis of this overhead has reouired that the 

times sPent communicatins and searchins tt1e tree be measured 

and distinsuished. 

A standard method for measurins the size of the search 

treer bY countins the number of nodes at the bottom of the 

t.reer was found to be an inadeouate measure of the tirue sPent 

searchins the tree. A more accurate method is to total the 

times sPent in each subroutine. The time ~Pent in anY subroutine 

is the Product of the number of calls to the subroutine and 

the averase time of each call. 

A Prosram has been written to find these averase times• 

to conduct tree searches with varwins search Parameters~ to 

calculate how much of the search time was sPent i11 each subroutine, 
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and to therebw deduce the communication overhead. 

Bw accountins for where the Processor sPends its time durins 

the search.when'Parallel Processins, insisht has been ~ained 

as to the relative sizes of the PrinciPal overh~ads in a Parallel 

search. The main overheads are: 

end of search idle time, 
communication time 

and increased combined tree size. 

It was found that the end of search idlw time is onlw sisnificant 

when the common dePth is zero' ~nd that for the fastest search 

in anw Position, the other two overheads are about eoual. Communication 

overhead increased exPonentiallw with the common d~Pth of the 

search tree• so that when the common dePth is dreat&r than two, 

the search is alwaws relativelw i11efficient. 

The final chaPter considered methods for iruPlementins a 

Parallel search when manw Processors are available. Two methods 

were compared: 

1. A central Processor which has uniaue acce~s to 
the root area of the tree, and which controls 
searches bw the other Processors, and 

. .'! ' 

2. IndePendent Processors• which have sh~red access 
to the root area of the tree. 

The latter confisuration was then recommended as beins the 

more Promisins. 
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Appendix A -

This appendix contains program output, the general descrip­

tion of which is found in Chapter 5. 

line 1 - The command typed in is 'PDEP e SWEEP' 
which requests that the print depth be set to zero 
{i.e.no moves be printed whilst searching) 
and that the subroutine SWEEP be executed. 

lines 2 and 3 - The subroutine Sw~EP begins by printing 
the pieces on the board in Continental Notation. 

line 4 - Search parameters are printed: ALPHA, BETA, MAXI~1 
DEPTH, ABSOLUTE 11.AXIMUN DEPTH 111 

line 6 - S\iEEP commands that each processor search the position 
on its own. 

line 8 - The number of calls to subroutines UPDATE, SETMF3, 
CAPTTffiiNG-SE~~OVES, and SCOP~S are printed, followed 
by the search time in milliseconds and then the number 
of nodes at the maximum depth of search. 
This data is printed both for searches made by 'this', 
the printing processor, and searches made by the 
'other' processor. 

line 12 -BASE~ combines the data for the two processors. 
TIME-MS gives the search time for perfectly combin~ 
processors, 

line 13 The time of 1 call to each subroutine is shown~ 

line 14 - The total time spent in each subroutine is shown. 

line 15- The percentage of the total time spent in each 
subroutine is also shovm. 

line 17- Parallel searches are then conducted with VARCDEPTH=0,1 ;. 
The columns printed show the common depth; the % increase 
in time spent for subroutine calls over that predicted by 
the BASE time; the % increase in time spent communicating 
and processing each word communicated 
The following three columns present the efficiency of 
the search (the search time is divided between the BASE 
time); extra time spent processing subroutines beyond 
that allowed for by the BASE time; and the percentage 
of time spent communicating between the two processors. 

line~ - The final lines show the principal continuation .. 
The score is shown in brackets. 



c 

c 

- A-:L--

~ ~PDEP 0 SWEEP' 
2 WHITE KGJ PAl PB4 PFJ PF2 PH! 
' BLACK KF5 PA6 PB5 PG5 PH6 
~ ALPHA -1000 BETA 1000 

' SINGLE PROCESSOR SEARCHES 

8 
., THIS 
to OTHER 
tl 

1-z.. BASE it 
11 Tit1E/SB 
lit TOTAL 
'5 ~n I ME 

H. PARALLEL 

1'8 
I 'I 
lo 

CDEPTH 
(1 

0 

0 
0 
0 
(1 

SEARCH 

CI)EPTH 

VARCI)EPTH 1 

0 

1 

..... ... 
-:---· 

4 

VARCDEF'TH 0 

0 

1 

,., 
,;;. 

z 

4 

UPDATES 
16916 
16916 

16916 
,..,.-:-~· '-,;:. _ .. 

3:950 
28 

f.INCR 
SLIBRTU 

BASE 

16 

28 

5 

25 

..... '? ..__. 

16 

28 

3:1 

':".a? 
-·I 

-·c-:. . ..... 

' 

SETt1VS 
4700 
4700 

4700 
141! 
6650 

47 

f.INCR 
C 0 f11o1LIU 

BASE 

20 

1 

r: 
~· 

5 

7 

19 

1 

9 

,...!":• 
~~ 

6"' .:. 

BEST LINE FOUND AND SCORE: 

CSTMVS SCO~:ES TIME-MS NOMAXD: NOMMAXD 
2561 16916 14000 11054 23 
2561 16916 7800 11054 23 

2561 16916 5017 11054· 23: 
9?<· --· 62 

23:67 10!3 
17 7 

~~I UCR MICRSEC EFn~C\' EFFNC\' EFF~~CY 

TI 11E /WO RI> ~~TOTAL ;~INCR (. 

BASE COMMLIU BASE SLIE:RTN COMMLIN 

3:6 2962 74 1'"' .:. 14 

28 18 78 22 1 

10 158 91 r: 4 ~· 

J:e 120 77 19 4 

3:0 147 77 :t.E: 5 

3:6 ,.JC•,..J'? 
""'~·£;;... 74 12 14 

28 ?.B 7E: 22 1 

]:9 1St: 72 22 6 

59 16B 6";· 
-'' 23: 14 

97 190 51 18 32 

PF3-F4 PG5XPF4+ KGl-H4 PH6-H5 KH4XPH5 PF4-Fl PHl-H4 KF5-E5(10 

* 



c 

---- P. 2 

'MAXD 9 MMAXD 11 SWEEP' 
WHITE KG3 PAl PB4 PF3 PF2 PH3 
BLACK KF5 PA6 PB5 PG5 PHf. 
ALPHA -1000 BETA 1000 

SINGLE PROCESSOR SEARCHES 

CDEPTH UPDATES 
THIS 
OTHER 

BASE .. 
TIME/SB 
TOTAL 
~niME 

0 35650 
0 3565(1 

0 15650 
(1 23;3: 
0 €!]:17 
0 21 

PARALLEL SEARCH 

CDEPTH ;n NCI<: 
SLIBRTN 

BASE 

VARCDEPTH 1 

(1 24 

1 18 

"':• .,. 
.:.. • 

-, 21 ,;., 

4 19 

VARCDEPTH (1 

0 24 

1 1E: 

") ::::7 .:.. 

::::: 24 

4 45 

SETMVS 
15673: 
15673: 

15673 
1•110 

2210(1 
57 

:~H~CR 

COr-Htli~J 

E:ASE 

16 

:::: 

":• 
"-

") 
,;,. 

2 

16 

r, 
.;. 

"':• ... 

9 

21 

BEST LINE FOUND AND SCORE: 

J1MAXD 11 

CSH1VS SCOI<:ES TIME-MS NOMAXD: NOMMAXD 
9651 ]:5650 38783 17381 66 
9651 35650 21450 17181 66 

9651 1:5650 1lE:17 17lE:1 66 
923 -15 

8917 -550 
")-
'""'~# -1 

:~H~CR MI CI<:SEC EFFUC:\' EFnJC:'r' EFFNC\' 
TIME /WOI<:D i';TOTAL :~INC:R ,; 
E:ASE C:Of·1t1UN BASE SLIBRHJ COMMUU 

40 7171 71 17 12 

21 ~QC• 
~-~V s:::: 15 2 

9 165 92 f. r, 
.;. 

23: 153: 0"':• ....... 17 2 

21 157 eo r) ........ 15 2 

40 6077 71 17 12 

21 380 eo-· t..•S 15 2 

3:9 108 72 27 1 

?.4 195 75 18 7 

66 175 6 (1 ~·7 .... 12 

PF3-F4 PG5XPF4+ KG3-H4 PH6-H5 KH4XPH5 PF4-Fl PHl-H4 KF5-E5 
KH5-G5(100) 

* 



c 

0 

c 

--- t-t.:J- -­
~h0\'12 

'WHITE KG3 A5 B5 CS H3 BLACK KG5 A? B7 C7 HS WHITE' 
•'MAXD 9 MMAXD 11 MAXCD 4 SWEEP' 
WHITE KG3 PA5 PB5 PCS PH3 
BLACK KG5 PA7 PB7 PC7 PH5 
ALPHA -1000 BETA 1000 MAXDEPTH 9 MMAXD 11 

SINGLE PROCESSOR SEARCHES 

THIS 
OTHER 

CDEPTH UPI>ATES 
0 4 9421 
0 49421 

SETMVS 
1596€: 
159(1~: 

C:STMVS SCORES TIME-MS 
4705 49421 40183 
4 7(15 49421 Z263:3: 

~WMAl-:D: NOMMA>-~D 

5.273:7 2 
?.273? 2 

-----------------------------------------------------------------------~ BASE ft e 49421 1590E: 4705 49421 1448::S: '"';•":17'";•'"j.• ,.., 
..:.·'-I _.,.I .:. 

T If1E /SE: 0 23:7 1290 787 87 
TOTAL e 11700 20517 3700 4267 
i!T It1E (1 ?Q ...... 51 9 11 . 
PARALLEL SEARCH 

CDEPTH in·NCR r.INC:R ~-;I NCR MIC:RSEC: EFn~C'r' EFnK'r' EFn~C\' 
SUBRTN COMMUN TIME / w (I 1": [:• r.TOTAL ;-;I NC:R r.: 

BASE BASE BASE CCIMMUN BASE SUBRTN C:OMMUN 

------------------------------------------------------------------------VARCDEPTH 1 

0 21 2 "') "?· 1145 81 1? ""'-· 

1 rt 2 (1 41 -·1 t: 71 2S' 

2 12 .... 
,.;;. 1 ~~ 142 se: 18 

-::· 19 .... 21 125 C'• ";• 16 -· ,;;. ...... _;. 

(~ 17 4 21 148 c·-· 
1,.1 ~~ 14 

VARCDEPTH (1 
..... 

0 21 2 "'")";· 1842 E:1 17 .;.......;· 

1 ~~ 2 8 41 -18 71 29 

2 24 -:· 26 13:5 79 19 .... 

?. ~:~: 9 42 19(1 76 ? .... .... J. 

4 26 26 C" .... 
...... ~ 188 66 17 

BEST LINE FOUND AND SCORE: 
PHl-H4+ KOS-F5 PB5-B6 · PA7XPB6 PA5XPB6 PC:7XPB6 PC:5XPB6 KFS-E5 
J(G3-F3((1) 

2 

8 

2 

,.., 
,.;;. 

";.• 
...;• 

2 

8 

2 

6 

17 



0 

H4-
f'::::s·,.:,-;. ~;.' :;;( 

'PDEP 0 MAXCD 4 MAXD 18 MMAXD 1
~., 

..:. 
*'SWEEP" 
WHITE KG3 PAS PB5 PC5 PH:?. 
BLACK KGS PA7 PB7 PC7 PH5 
ALPHA -1000 BETA 1000 

SINGLE PROCESSOR SEARCHES 

THIS 
OTHER 

CDEPTH UPI::OATES 
0 3:54 371 
0 3543:71 

SETI1VS 
9106;:: 
91062 

CSH11l5 SCOF:ES 
171211 3:543:71 
171211 3541:71 

t1f1A~~[:· 12 

Tit1E-t1S NOMAXD: NOMMAXD 
:?.7365(1 148856 
207267 148856 

1~:244 

1:?244 

-------------------------------------------------------------------------BASE tt 0 :?.54:?.71 91062 171211 :?.543?1 13:3:?.17 148856 1~:244 

Tlt1E/5B 0 23:3: 1287 790 53:7 
TOTAL 0 67400 S2E:50 8:?.483: 189917 
~niME 0 1E: 9 ....... 

"-~ ' 51 

PARALLEL SEARCH 

CDEPTH i::INCR r.: H~CI': i~INCR MIC:RSEC EFFNC'r' EFn~C:'r' EFFNC:'r' 
SLIE:RTN COMMUN TIME /WORD /::TOTAL i'~ HKR ._. ,. 

BASE E:ASE BASE COMMLIN BASE SUE:F.:TN C:OMMLIN 

\/ARC DEPTH 1 

0 19 ")~• 
~..:. 41 C•£'!'7":•"':• 

\,l .... """""' 71 t:S 16 

l 26 -1 25 -·1?4£1 80 2j '· 
2 4 5 9 2f:::J J: 91 4 5 

.,. 15 ":• :17 77 .-} f::5 1:$: 1 .. · .;,. I I '-

; 

4· :.15 
,., 
..... 17 65£=: 8(. 13: 2 

VARCDEPTH (1 

0 1~ .... , ") 4:.1 7910(1 71 1·;- 1f. ., .... -·· 

j_ ;::6 ·-1 25 ·-1::?:41.1 81.1 ?:t j_ 

.... ?.: ::: -2 ::::1 ' -.:.>10 76 25 fi "-

-, 
1?1 

,. 
f:: jf.i17 9? 0 7 - I 

~~ ?-1 ..... ~·-:;: 78 75 24 j ,;;. 

BEST Lit~E FDUN[) At·W SCORE: 
PB5-B6 PA7i<PE:6 PH3:-H4+ KG5-F5 PC5-C6 f'E:7XPC6 f'A5-A6 PC:f.-C:5 
PA6-A7 PC?-C6 PA7-AE:== G!( t.00) 

"' 



,~, 
~' 

) 

c 

' 

c 

~5-

~:, ~Cl'.-; 3 

'CLEAR BLACK KE6 D6 F6 WHITE KEl DJ F2' 
*' MAXD 8 MMAXD 10 SWEEP' 
WHITE KE3 PDl PF2 
BLACK KE6 PD6 PF6 
ALPHA -1000 BETA 1000 MAXDEPTH 8 

SINGLE PROCESSOR SEARCHES 

CDEPTH UPDATES SETMVS CSTMVS SCORES 
THIS 0 1803:7 7825 57(18 18(137 
OTHER 0 18037 7825 57(18 18037 

TIME-MS tWMA:<:D: NOMMAXD 
1650(1 t:e:s5 8 

9167 c,c.c::c:: 
'-''-'""''"". 8 

------------------------------------------------------------------------BASE lt 0 18037 7825 570€: 18037 59(~0 BE: 55 8 
TIME/SB 0 240 1010 547' 63 
TOTAL 0 ~ -.-.-. c _!.ss 79(1(1 3117 1150 
;niME (1 26 48 19 7 

PARALLEL SEARCH 

CDEPTH ;nNCR ;.-; U~CR :~I ~JC~: MIC:RSEC: EFFUC:\-' EFFUn' EFFt~C:'t' 
SUB~:TN COMMLIN TIME /WO RI') ;aOTAL ;~I~JCR i! 

BASE E:ASE BASE C0~111UN E:ftSE SLIBRTU COMMLI~l 

------------------------------------------------------------------------\IARCDEPTH 1 

0 4 1 5 158 96 4 1 

1 45 -:::· 48 170 6E: :!:1 2 -· 
2 14 E. 2(1 1 ?"':• .... s-· j . 11 5 

2 16 9 24 182 80 12 7 

4 12 12 25 177 so 10 10 

\IARCDEPTH 0 

(1 4 1 5 145 96 4 1 

1 45 .,. 4 E: 170 €·8 3:1 2 -· 
"':> 18 C• 25 177 80 14 6 .:.. ... 
.,. 45 2 •t 69 183~ IC'Q 27 14 -· ...... 

4 2(1 73: 94 18B 52 1(1 38 

BEST LINE FOUN r.• AND SCORE: 
PF2-F4 PF6-F5 PDJ:-[)4 PD6-D5 KE3-D3: KE6-1>6 KD3:-C:3~ Kt•6-C6 < 0) 

* 
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'-' 

c 

-R(?­
po="""; • . ..; :::JYl 3 

'CLEAR WHITE KEl Dl F~ BLACK KEG D6 F6 WHITE' 
*' 514EEP' 
WHITE KEl PDl PF2 
BLACK KE6 PD6 PF6 
ALPHA -1000 BETA 1000 

SINGLE PROCESSO~~ SEAf;:CHES 

CDEPTH LIP[:.ATES 
THIS 0 t19575 
OTHER 0 49575 

f•1AXDEPTH 9 

SETMVS c:sn1vs SC:OF~ES 
16872 ~510 49575 
16872 5510 49575 

~1MA:W 11 

TIME-MS ~WMA}<:I::.: NOMMA}<:D 
1603:3: 2~2172 1 
203:~0 1:2172 1 

------------------------------------------------------------------------BASE tt 0 
Tit1E/SB 0 
TOTAL 0 
:n I ME 0 

PARALLEL SEARCH 

CDEPTH 

VARCDEPTH 1 

(1 

1 

.. , ._ 

z 

~~-

1 

BEST LINE FOLIND 
PF2-F4 F'F6-F~ 
J(Cl-8:3:<0) 

* 

t19575 16872 
24 3: 1007 

12067 169E:3: 
..,.-;. 
..;-..;· 47 

Y.INCR Y.INCR 
SLIBRTN CO~H1LIN 

E:HSE BASE 

7 1 

t! .. ~. 2 

13: 4 

12 rt 

12 e: 

7 1 

44 '";· .... 

,. .. ;· 
-.,..:.w 4 

40 12 

...,.,. 

.C:,. .... I 3:::: 

ANC• SCORE: 
PD 3:- C"l f'[:.6-C•5 

5~10 cJ9575 11.000 3:2172 1 
55£1 80 

1:0:n: 3:9~0 

8 11 

i~ I ~4C:R MIC:RSEC EFn~C:'r' EFFUC:\' EFFNC\' 
TIME /WORD Y.TOTAL Y.IUCR ~· .. 
BASE COf1MLIU BASE SLIE:RTN COMMUN 

E: 262 Q<· ... -· e: 1 

46 3:55 bE: 3:8 2 

17 205 S6 11 s 

17 202 86 10 4 

17 19(1 85 10 5 

s 24 0 93: e: 1 

~~ 7 3:73: 6E: 3:0 2 

2€· 17E: 79 1C• .... 3 

5:::: 20E: 65 26 8 

58 1E:7 6-:.· ..;- 16 21 

KE:f.-DJ: KEf.-Df. KC•1.-Cl KD6-C6 



c 

c 

,. Sl4EEP,. 
WHITE KH4 PB4 PD4 
BLACK KH6 PC6 PD6 
ALPHA -1a00 BETA 1000 

SINGLE PROCESSOR SEARCHES 

THIS 
OTHER 

BASE tt 
T It1E/SB 
TOTAL 
:!TIME 

PARALLEL 

CDEPTH UPDATES 
a 22813 
0 22E:13 

a 22813 
0 2 3:3: 
0 5317 ' 

0 26 

SEARCH 

CDEPTH ;~INCR 

SLIBRTN 
BASE 

-AI-­
po:.:..·, ~on LT 

SETMVS 
8426 
8426 

8426 
e:st:1 

7167 
3:6 

:~INCR 

COMMUN 
BASE 

CSTMVS SCORES 
913:7 22813: 
913:7 22813: 

913:7 22813 
53:0 122 

4850 2783: 
24 14 

?.It~CR MICRSEC 
TH1E /WORD 
E:ASE ·coMMU~~ 

TIME-MS NOMAXD: NOMMAXD 
20117 11830 4 
11167 1183:0 4 

7183: 11 e::s:a 4 

EFnlC'r' EFFNC\' EFFNCY 
?.TOTAL ?.INCR ~ 

BASE SUBRTN COMMUN 

-------------------------------------------------------------------------VARCDEPTH 1 

0 1.<' -· 21 3: •1 5212 75 1a 16 

1 26 1 "J? 55 7Q 21 1 .... I "" 

~ 41 3: 44 122 70 28 2 ... 

z 'H 4 ~~5 150 69 28 3 

4 39 5 44 16 (1 69 27 4 

VARCDEPTH 0 

0 13 21 34 4740 75 10 16 

1 26 1 27 '?"':• 
I<.. 79 21 1 

.... ?.1 4 3:5 13:7 74 ""='.,. ..,. ... '"_;. .,. 

:?. 3:0 1 C• .... 48 182 67 20 12 

4 16 56 7 .... ,;;. u::7 5E: 10 .,., 
...... 

BEST LIUE FOLII·W AUD sco~:E: 
KH4-G4 KHf.-66 KG4-F4 KG6-F6 KF4-G4 F'I>6-C•5 KG4-F4 KF6-E6(0) 

* 



c 

0 

c 

-RB­
posi ~::r,-,4 

'CLEAR WHITE KH4 B4 D4 BLACK KH6 C6 D6 WHITE ' 
*"SWEEP" 
WHITE KH4 PB4 PD4 
BLACK KH6 PC6 PD6 
ALPHA -1000 BETA 1000 MA)::C•EPTH 9 

SINGLE PROCESSOR SEA~:C:HES 

CDEPTH LIPC•ATES SETMVS CSTMVS SC:OI<:E 5 
THIS 0 49471 15969 5744 49471 
OTHER 0 <19471 15969 5744 49471 

TIME-MS UOI1A~<D: UOMt1AXD 
3:5067 3:?.207 64 
19€:5(1 1.3:207 64 

------------------------------------------------------------------------· BASE ff 0 49471 15969 5744 49471 1268?. 3:]:207 64· 
T I t1E/SB (1 23:8 e:4 7 5:H1 13:5 
TOTAL 0 11783: 13:517 ?.05£1 6717 
~niME (1 3:4 :?.9 9 19 

PARALLEL SEARCH 

CCrEPTH r.:INCR r.: HJCF~ r.:INCR MIC:RSEC: EFn~C'r' EFFNC:'r' EFFNC:'r' 
SUBRTN COMf1LI~~ TIME I WO I<: [;• f.TOTAL f.INC:R !}; 

BASE BASE BASE COMMU~~ BASE SUE:RTU C:Of1t1LIN 

VARCDEPTH 1 

(1 6 75 81 3:('46 7 ~5 -... _, 41 

1 28 0 28 45 7t: 22 e 

2 46 ':• 48 ... 1t.17 
• I 6E: 3:1 1 

::::: 45 ":• 47 145 6E: 3:1 1 ... 

4 45 ]: 4C• ... 167 68 30 2 

VARCr,EPTH 0 

0 6 75 81 3:3:62 E: 55 3: 41 

1 28 0 28 45 78 22 0 

':1 .o::·c• ~: 41 14E: 71 27 2 "- -·\..• 

"':'!- ;c- 9 ~-5 .183: 69 25 6 -· -·~· 

4 17 2t· 4-. .s 187 70 12 1C• ... 

BEST LINE FOUND AND SCORE: 
PD4-D5 PC6XPD5 PB4-B5 PD5-D4 PBS-86 PD4-D3 PB6-B7 PD3-D2 
PB7-B8=Q PD2-D1~Q QBBXPD6+CB> 

* 



0 

c 

0-, I 

\)-::c..; .:,...;, 'j • ., ' 5 
'MAXD 7 MMAXD 9 SWEEP' 

WHITE KD3 PA5 PB5 PC4 PG2 PH~ 
BLACK KE5 PA7 PB7 PF4 PG4 PH7 
ALPHA -1000 BETA 1000 

SINGLE PROCESSOR SEARCHES 

THIS 
OTHER 

CDEPTH UPDATES 
0 21779 
0 21779 

SETMVS 
4793 
4793: 

MA:X:DEPTH 7 

CSH1VS SCORES 
259t: 21779 
2598 21779 

TIME-MS ~OMAXD: NOMMAXD 
17550 

9883 
15511 
15511 

176 
1("6 

------------------------------------------------------------------------~ BASE tf 0 21779 4-793: 259t! 21779 63:17 15511 176 
T If1E/SB 0 243 1543: 883: 117 
TOTAL (1 5300 7400 23:£10 2550 
~nHtE 0 30 42 1-. .s,. 15 

PARALLEL SEARCH 

CDEPTH %INC:R :.-; HJC:R Y.HKFi: MICI':SEC: EFn~C:'r' EF n~C:'r' EFn~C:'r' 
SLIBRH~ COt11'1LIN TIME I•WRD %TOTAL ;~INCR 'Y .. 

BASE BASE BASE c 011 ttll ~~ BA!:·E SLIBRH~ COMt1LIN 

-------------------------------------------------------------------------VARCDEPTH 1 

(1 20 1~' .:. 3:2 2245 7€. 15 

1 --::·7 -·· 4 41 ,..~,.~-.: ..... ..,;.. ('1 26 

") '? 9 17 190 86 6 ... I 

2 s 11 19 1St: 84 7 

4 7 17 24 1<=1'? 
J -· 

~::1 6 

VARC:rJEPTH (1 

0 20 12 .,. "":.• 
...;~~ 2£167 76 15 

1 3:7 4 ·a .l"'•f:":'"• 
.::.. .... ·~ 71 26 

"'> 22 11 34 19(1 75 1? "-

f :!:? :::~ t. 73: 197 5€: 21 -· 
4 25 1i:0 156 2(1£1 ?.9 10 

BEST LINE FOUND AND SCORE: 
PH2-H4 PG4XPH4E. P. PG2XPH3 PH7-H5 PH3:-H4 PF4-F3: PC4-C5(0) 

* 

9 

3: 

s 

9 

14 

9 

-,. _, 

s 

21 

51 



0 

c 

- P.-\t:>-­
pos\ ;, ')-,.· 5 

'MAXD 8 MMAXD 10 SWEEP' 
WHITE KD3 PAS PBS PC4 PG2 PH2 
BLACK KES PA7 PB7 PF4 PG4 PH7 
ALPHA -1000 BETA 1000 

SINGLE PROCESSOR SEARCHES 

THIS 
OTHER 

CtJEPTH LIPI)ATES 
0 565(14 
(1 565(14 

SEHWS 
20654 
20€.54 

CSTtWS SCORES 
14186 56504 
1418€· 565(14 

MMA}<:D 10 

TIME-MS NOMAXD: NOMMAXD 
62050 29010 440 
34583 ~9010 440 

--·-----------------------------------------------------------------------BASE D (1 56504 20654 14186 565(14 22200 29(110 440 
TIME/58 0 243: 1543: e:83: 68 
TOTAL 0 13:750 3:1883 12533: 3:SE:3 
6TIME (1 22 51 20 f. 

PARALLEL SEAF~CH 

C:DEPTH ;~INC:R Y.INC:R ~~INC:R MICRSEC EFFtJC:~' EFFNC't' EFF~Jc~· 
SLIBRTN com1u~~ TIME /WOf':D Y.TOTAL Y.HACR .,. ... 

BASE BASE BASE C:OMMUN BASE SUBRTN COMMLI~J 

VARCDEPTH 1 

0 11 19 21 12710 77 9 15 

1 <14 0 44 93: 69 3:0 0 

"') E· 
.,. 9 195 92 5 2 ... ..;· 

2 B 2: 11 180 90 7 .,. 
I ..;· 

4 6 5 10 192 91 ... 
~· ·1 

VARC:DEPTH 0 

(1 11 19 2:1 11703: 77 9 15 

1 44 (1 44 93: 69 3:0 e 

2 16 4 20 245 84 1 ,. -· 3: 

-:- 45 10 55 200 64 29 7 -· 
4 17 :::6 54 147 _.I 65 11 24 

BEST LINE FOUNI) AU[) SCOF.:E: 
PH2-H4 PG4i<:PH4E. P. PG2~<:PH3: PH7-H5 F'H3>· H4 PF4-F3: PC:4-C:5 PFl-F2<0) 

* 



c 

c 

-q. :1::J. ---

'MAgD 4 MMAXD 6 SWEEP' 
WHITE KC1 BG5 ND4 NCJ QD2 RD1 BF1 RH1 PA2 PB2 PC2 PE4 PF4 PG2 PH2 
BLACK KGB RA8 BCB QD8 RF8 BE7 NC6 NF6 PA6 PB~ PD6 PE6 PF~ PG7 PH~ 
ALPHA -1000 BETA 1000 MAXDEPTH 4 MMAXD 6 

SINGLE PROCESSOR SEARCHES 

THIS 
OTHER 

CDEPTH UPDATES 
0 12445 
0 12445 

SEIMVS 
1642 
16.42 

CSH1VS SCORES 
261:$ 124 45 
261}: 12445 

liME-MS NOMAXD: NOMMAXD 
19250 25~8 1186 
10667 2578 1186 

------------------------------------------------------------------------BfiSE fl: 0 12445 1642 2€.13: 12445 61::6 7 2~.r·s 1186 
TH1E/SB (1 25(1 4~5(' 271::(1 85 
TOTAL 0 3:117 7817 ('2€. 7 H:t5t1 
~nu1E B 16 ' 41 3:8 5 

PARALLEL SEARCH 

CDEPTH raiNCR raiUCR ;-;;u~CR MICRSEC EFFUC\' EFFUC\' EFn~C'r' 

SLI8RTN COMt1LIN TIME /W 01<: I) raiOlAL raH~CR r.: 
BASE BASE BASE COMt1UN BASE SUE:R·I N COMMLIN 

VARCDEPTH 1 

(1 1 5 r· 41::2 9·~ 1 5 

1 53: 9 E ~, .... i C•'.t '-' ... 6 ,., •..:. S:t. 11:" 

~· 

,._, 16 66 ~·,..1 19}: 55 9 3:6 .... . ._ 

-:- 19 74 9:::: 2l1(1 t,.. 10 se .... .... ~ 

0 1 5 ., 
t 4t:.:: 94 1 5 

1 53: 9 62 11::2 6 '·· .... ·;- -. _, s. 5 

2 8 81 Sf.: 15!5 C"' -;.~ 4 4 .,, 
...)..:· _, 

-;- 55 "':;· w;.· ·;~ 3:fH.: r,,..,c:-: 20 11 e.E: .... ,.;._ .. _ ... '-~'""I 

BEST LINE FOUND AtW SCOI<:E: 
BG5;<NF6 BE 7>::BF6 N [:. 4 !<:I·~ Cf. F'B?'!<:NCE.<-15) 

* 



0 

"11A~W 5 11~1A~~D 7" 
*"SWEEP' 

- P:- \L.-

WHITE KC1 BG5 ND4 NC3 QD2 RD1 BF1 RH1 PA2 PB2 PC2 PE4 PF4 PG2 PH2 
BLACK KGB RAB BCB QDB RFB BE7 NC6 NF6 PA6 PB7 PD6 PE6 PF7 PG7 PH7 
ALPHA -1000 BETA 1000 MAXDEPlH 5 MMAXD 7 

SI~GLE PROCESSOR SEARCHES 

THIS 
OTHER 

CDEPTH UPDATES SETMVS 
0 84200 5347 
0 84200 5347 

CSH1VS 
43:92 
4 ·;-Q~ .• _ .... _.""' 

SCORES TIME-MS 
tl4200 7E12j~3 

8420(1 3:9717 

~WMA>~D: ~WI1MA)I<:D 

6€·4i·e. 4684 
664 76 46E:4 

-------------------------------------------------------------------------BASE f.t (1 842(10 53:47 4392 842(1(1 253:67' £.64 76 4684 
TH1E/SB 0 252 4'?53: 271::0 1~:5 

TOTAL (;:1 21183 25417 12217 11417" 
:nlf1E (1 l0 36 1(' 1E· 

PARALLEL SEAr<: CH 

CDEPTH (!INCr<: ;;: I NC:R ;~I NCR MICRSEC EFFNC'r' EFFtlC'r' EFFNU' 
SLIBRTN C:OI'1~1LIN l U1E /WO~:D ?.TOTAL ;::H~CR % 

BASE BASE BASE com1LI~~ BASE SLIE:RT N COMMLn~ 

VARCDEPTH 1 

(1 8 2 1(1 66:~ 91 '? ~. .:. 

1 ]:£: ;:: 41 2t:te: 71 2(• 2 

~·. 10 19 '.• Cl 19(1 ?8 8 14 ~ '- -· 
-, 
,.:;. 11 23: -_;.. C": 

.:· -· 195 ("4 ~: 1(' 

-------------------------------------------------------------------------VARCDEPTH (1 

0 (: '.• H.t 62(1 ~'1 '- 7 

1 3:t: 3: 41 2t:t£: 71 2 

~. 

.:. 11 ,.,~. 

~~ 3:3: H::£1 "}' C" 

I ~· (: 1(' 

-::· 3:1 10£: 1·<·(, 1 Q'.• 42 -· _ ..... -· ... 1:f. 45 

BEST LINE FOUND AND SCORE: 
~D4XNC6 PB7XNC6 PE4-E5 NF6-E8 BG5XBE7 QD8XBE7 PE5XPD6<100) 



/ f·1A~~CD ~ SWEEP" 
WHITE KG1 NB1 RD1 REi NF1 QC2 BEl P82 PC3 PE4 PF3 PG2 PH? 

~ BLACK KGB RAB RC•8 BFB QC7 Bl>? ~JH5 PB5 F'E5 PF7 f'G6 PH6 
,.., ALPHA -100£1 BETA 100£1 11AXDEPTH 4 1111AXC• 6 

SI"GLE PROCESSOR SEARCHES 

THIS 
OTHER 

CDEPTH UPDATES SETMVS 
0 ?4726 4188 
0 34726 4188 

CSTMVS 
[:2f, 7 
8267 

SCORES TII1E-11S 
3:t1726 52767 
3:4726 28917 

tJOI1 A :<: (;r : 

12~" .. 7 6 
12?76 

10 D:J:.-

tWI111AXt> 
~961 

:1.961 

------------------------------------------------------------------------

_,....., 
\.# 

0 

BASE # 0 
TIME/SB 0 
TOTAL 0 
:n I 11E (1 

PARALLEL SEARCH 

CDEPTH 

VAF~C:DEPTH 1 

0 

j_ 

~ 
.:;.. 

-::· -· 

\.IARC:DEPTH 0 

0 

1 

BEST LINE FOUI·W 
BD7-E6 RD1~<J<:C:•B 

* 

34726 4188 
242 44 23: 

8400 18517 
16 ' 3':5 

;~I NCR ?.INC~: 
SLIBRTN C:Ot1MLIN 

E:ASE BASE 

1 1 
I 

I 

41 7 
,::. 

20 !5• 
(. 

20 51 

1 1 
1 

41 ";' 
I 

8 77 

56 2:~·2 

mw SCORE: 
RAE:l<:RI)B PH3:-~14 ( E:5 > 

8267 3:4 726 18683 12776 ~:961 

253:7 140 
20967 4883 

L1 (1 9 

?.I tJCR MICRSEC EFFUCY EFFNCY EFFt-JCY 
TIME I~JORD ;~TOTAL :-::I tJCR ~~ 
E:ASE COt1MUN E:ASE SUE:1<:1 N COM11UtJ 

2 23:£1 9f: ' 1 

4 f: 1€·5 67 ':• C• .;,. ._. 5 

5f: 1 C•? ''I f.::: l2 :?4 

?1 ~ 9<: ~f: ~-2 ?8 

2 ,. .. .,.,..,. 
.;...~,;,..._. 98 j :t 

4 t: j6J. f,f: 2E: 5 

f~5 1?2 54 4 4:1 

4 4(: 21(' 1£·: 18 72 



0 

0 

c 

"t1fO~D 5 t1fo1A~<D 7" 
*'SWEEP' 

- fT\4--

WHITE KG1 NB1 RD1 REi NF1 QC2 BEJ P82 PC3 PE4 PFl PG~ ~HJ 
BLACK KGB RAS RDB BFB QC7 BD7 NH5 PB5 PE5 PF7 ~G6 PH6 
ALPHA -1000 BETA 1000 M~XDEPTH 5 MM~XD 7 

SINGLE PROCESSOR SEARCHES 

Cl)EPTH UPDATES SEH11/S CS1MVS ::c:ort:ES llME-MS tWMfl~:L:t: 
THIS 0 3;(16553: ~1874 44245 3: t.iE:· 5 5 3: 3:3:l121? 18('837 
OTHER (1 3:£16553: 21874 44~45 3:0E~S5:( 11::3633 1 (.• -.. 0 ., ·~· L,.:l I \,.t j._ I 

. _, ,, 

N (I M M fl ).;t. 
451€:~~ 
4 51~:~~ 

-------------------------------------------------------------------------BASE tt (1 3:06553: 218?4 44~·l5 ' 306553 118(11? 1E:ra:sr 4511::3 
TH1E/SB (1 245 4423: #"t&:": -···· 

~""t~j. 1 f:"T~ .. .... 
TOTAL (1 '?51(1(1 96 '?5(1 112~1~;:3: 4•tf2~:3: 

;niME 0 23: 29 3:4 14 

PriRflLLEL SEARCH 

CDEPTH ~;I ~JCR :~I UCI\: :~IHCF~ MICRSEC E:.FFNC!r' EFFI-~C!r' EFFNC'r' 
SLIE:RTN t:Ot·1MUU 1 H1E /WORD X1 (tTflL :~ U~CR X 

E:ASE BASE BA:.E com1uN BflSE SUI::f~T t·~ COMMLI~J 

VARCDEPTH 1 

(1 9 fl 9 -1:::1:.1 91 9 e 

1 1E: 1 1 (.• .... 1 t;:f_: t:5 14 1 

'·· 1 E:l 6 16 1E:3: t::E. 9 ~ ... ... 
-;.. 
...;· 9 (: 1(' 19[1 t:5 C• .... (' 

VARCDEPTH 0 

(1 9 (1 9 -?t: 91 9 

1 16 1 1 (.• .... 1t:E: E:5 1tJ 1 

, I 

..:. 251 13: 4 '.• .... 1/E: '?0 20 

~: 2f:f {::]: 103: 1~.1(: 49 H:t 41 

BEST LINE FOUND AND SCORE: 
NH5-F6 PH3:-H~ RA8-A1 PH4-H5 NF6XPH5C-15) 

* 



0 

"CLEAR" 
*"BLACK QCB RrJe RFB KGE: e:e:7 NI) E. ND4 A""' i 86 CS 
*"I~HITE Rr-11 NC3 NE1 RF1 KG1 E:G2 QG4 A2 E''-' .... C4 
*"BOARD" 

" ,. .. >f<Q • lf:f:;:. . *R . *K 

. *P. >t:E: . . . . *P . . . . *P . . . . ot:P 

. >t:P. . >t:N. *P . P. >t-:P .... 

. >t:P. . P . 

F' . *tJ. p .. ,. . Q . ~ . .. 

u. p . ,. .. 

p . P. E: P. 

R. N. R K. 

A B c D E F G H 

*,.BLACK t1A~W 4 t1MA~<:r.:• 6 Cl> 1 VA~:c:r) (1" 

*'.GO .. PARALLEL SEAI':CH 

BEST LINE FOUND AND SCORE: 
PE6-E5 PH2-H4 PA7-A5 PH4-H5C0) 

E:ETA 1000 MAXDEPlH 4 
MOVES FROM C:D: 84 

ALPHA -100£1 
CDEPTH 1 
UPDATES 103€.3 
NOt·H1A>~rJ 20(1€. 

SETMVS 888 CSTMVS 3250 
NBP: 0 

D7 EE. F7 GG H?' 
1)3 E4 FE. G.,. ... H2' 

UPDATES/SEC: 560 SETMYS/SEC: 48 CSTMYS/SEC: 1?6 NOMAXD/SEC: 197 
NOMMAXD/SEC: 108 N8P/SEC: B 
ELAPSED TIME<SEC:S): 18 & 30'60 THS SECS 
BUSY LOOP TIME<SECS): B & 1 'GB THS SECS,X= 0 
LINK-RECEIVE INTERRUPTS: 0 WORDS RECEIVED: 3155 WORDS SENT: 2579 
*,.MAXD 5 MMAXD 7 GO'PARALLEL SEARCH 

BEST LINE FOUND AND SCORE: 
PE6-E5 PH2-H4 PE:6-E:5 NC3XPE:5 ND6XPE4C0) 

ALPHA -1000 BETA 1000 MAXDEPTH 5 MMAXD 7 
CDEPTH 1 MOVES FROM CD: 99 
UPDATES 68213 SETMVS 5364 C:STMVS 13599 NOMAXD: 35114 
NOMMAXD 9955 NE:P: 0 
UPDATES/SEC:: 767 SETMVS/SEC:: 60 CSTMYS/SEC: 153 NOMAXD/SEC: 395 
NOMMAXD/SEC: 112 NE:P/SEC: 0 
ELAPSED TIME< SECS): 88 & 5!:::" t•O TH~· SECS 
BUSY LOOP TIMECSECS): B & B '60 THS SECs.~~ a 
LINK-RECEIVE INTERRUPTS: 0 WORDS RECEIVED: 3341 WORDS SENT: 282? 

* 



0 

0 

c 

'MAXD 4 MMAXD 6 SWEEP' 

- l11b­
p~-..:~· . \ '":. ~ 4 8 b 

WHITE KG1 RA1 NC3 NE1 RF1 BG2 QG4 PA2 PB2 PC4 PDl PE4 PFG PG5 PH2 
BLACK KGB QCB RDB RFB BB7 NDE. ND4 PAl PB6 PC5 PD7 PE6 PF? PG6 PHI 
ALPHA -1000 BETA 1000 MAXDEPTH 4 MMAKD 6 

SINGLE PROCESSOR SEARCHES 

THIS 
OTHER 

Cl::OEPTH UPDATES 
(1 25162 
(1 251€.2 

SE1MVS 
2121 
2121 

c=·TMVS SCOF~E~. TIME-MS NOMAXD: NOMMAKD 
6E.£::f;t 251€·2 17717 9572 4174 
66£::(1 25162 20833 9572 4174 

------------------------------------------------------------------------BASE # 0 
T I t1E/SB (1 

TOTAL 0 
~nit1E 0 

PARALLEL SEARCH 

CDEPTH 

VARCDEPTH 1 

0 

1 

~. 
.,;. 

:::: 

VARCDEPTH 0 

(1 

1 

2 

BEST LINE FOLHW 
PE6-E5 PH2-H4 

* 

251€·2 2121 
247 4380 

€·200 9283: 
16 25 

i::INCR ;~I NCR 
SUBRTN C011MLIN 

E:ASE BASE 

13 5 

2E: E: 

20 29 

24 3:7 

13: 5 

2t: 8 

7 5S• 

•} , .. ·:]:34 

AtW SCORE: 
F'A7-A5 PE:2-B4 (0) 

E·6Bf.1 25162 1341(' 9572 41'?4 
2E.e:::.: 172 

17917 43:1(' 
4 r:: 11 

;~I UCF<: MI CR=·EC: EF FNC\' EFFUC\' EFFNC\' 
Tit1E /WO RI> i::TOTAL ;~ HJCR r. 
E:ASE comw~~ BASE SUE:t<:HJ COMMUN 

18 1055 85 11 5 

36 185 74 21 6 

50 190 6 .... .. 14 20 

60 197 62 15 23: 

1 C:• .... 101]: BS 11 5 

3:5 1E:3: '?4 20 6 

e.5 193: 6(1 4 36 

:.?.81 217 21 10 69 



0 

0 

c 

"t1A~::D 5 t1t1A~W 7,. 
*,. SI~EEP' 

-'PI\ 7'--
pos.; h~ 48 b 

WHITE KG1 RA1 HCl HE1 RF1 BG2 QG4 PA2 PB2 PC4 PDl PE4 PF6 PG5 PH2 
BLACK KGB QCB RDB RF8 BB7 HD6 HD4 PA7 P86 PC5 PD7 PE6 PF7 PG6 PH? 
ALPHA -1000 BETA 1000 MAXDEPTH 5 MMA~D 7 

SINGLE PROCESSOR SEARCHES 

CDEPTH LIPl)ATES SETMVS CSH1VS SCD~:ES TIME-MS NOI1A>U:c: HOMMA~:D 
THIS 
OTHE~: 

0 
(1 

1764]9 
1764l9 

1453:7 l8344 
14537 3:8344 

17643:9 2:S:666; ... {::1799 j:f:t<t 2r 
17€.4::::9 13:1£183 1::1799 3:0427 

-------------------------------------------------------------------------BASE # 0 176439 1453:7 38344 ' 1764::::9 B43:67 B1799 3:0427 
T I t1E/S8 0 247 4380 268:::.: 15(1 
TOTAL (1 ·t:~517 63:667 1021::9:( 266£10 
;niME 0 18 27 4::::: 11 

PARALLEL SEARCH 

Cr1EPTH t::IHCR i'; H~ Cl': Y.INCR 11I Cl<: SEC EFn~C:'r' EFFHC:Y EFFNC:1' 
SLIBRH~ C:OMMUN T I 11E /WORD t::TOTAL ;~I NCR z 

BASE BASE BASE com1u~~ E:AS E SLIBRl N COI1Mll~~ 

VARCDEPTH 1 

(1 14 4 1C• ... 45E:3: 85 12 .( -· 
1 4 ':• 5 ~12 ~)5 4 1 ... 
... 9 4 13: 17':• EJ E: t: 4 ... I<.. 

:: 10 6 16 18£: 8€. t:: 6 

VARCDEPTH (1 

(1 14 4 1£:: c.!-::::~9l:;: 85 12 l 

1 4 2 5 213: 95 4 2 
,, 2€. 9 :.::5 1(:0 74 19 7 ... 
:!: 14 73: ('""' • • 2(1(1 ~-/ ..... _ ... (:: 3:9 

BEST LINE FOUND AND SCOI':E: 
PE6-E5 NI2-H4 F'Bf.-·85 NC:l~:F·E:5 tH:tf.>::f'E4 ( 0) 

* 



0 

c 

- ~~~-
y.:.----;·1. \.~. / .. , ....... 55~ 

'MAXD 4 MMAXD 6 MAXCD 3 SWEEP' 
WHITE KE1 RA1 RH1 QF3 PA2 PB2 PC3 PD4 PF2 PG2 PH2 BD3 BGS NES 
BLACK KGB RFB QDB RAB PA7 PB7 PG7 PH7 PF7 BCB NEB PC6 PE6 BE7 
ALPHA -1000 BETA 1000 MAXDEPTH 4 MMAXD 6 

'SINGLE F'ROC:ESSOR SEARCHES 

Ct•EPTH UPDATES SElMVS C:STMVS SCOJ<:ES TIME-MS UOMAXD: 
THIS 0 62482 6153: 17095 E·2482 95150 12609 
OTHER B 62482 6153: 17095 62482 513:67 12609 

BASE I 0 €·2482 6153: 17095 €.24€:2 33117 12609 
T I f1E/SB 0 255 5637 ~843 -9e: 
TOTAL 0 1593:3: 346€:3: 486€10 -€.065 
;n If1E 0 17 3:7 52 -5 

PARALLEL SEARCH 

CDEPTH i!INC:I<: i::INCR i::H~CR MICRSEC E F F tJC\-' EFFt~C\-' 

SUBRTN COM~1LIU liME /WORD i::lOTfiL i!H~CR 

BASE BfiSE E:ASE C0~1MLIN Bfi!:.E SUBI<:1 t~ 

~WMMA!Jc:D 

6550 
6550 

6550 

EFFNCY 
r. 

COMf1UN 

------------------------------------------------------------------------VARCt•EPTH 1 

0 0 1 

1 20 4 

'·' 2.:5 -::·~ 
"- ..,:.. -=· 

3: 3:4 :u; 

VARCDEPTH 0 

B a 1 

1 20 4 

'·' ""'" 59 "- I 

,. ,...,.., 3:04 -· ,_tt.:_ 

BEST LINE FOUND AND SCORE: 
BGSXBE? QDBXBE7 NE5-C4 PE6-E5C0) 

* 

1 3:22 

,, c:-... ~· 197 

fC.• ..... 188 

71 1 l:.t'<• "'-· 

1 3:28 

,,~ 

"-~' 197 

66 190 

3:5€. 217 

99 0 

sa 16 

e.0 ~1 

59 20 

99 

80 it· 

6€1 4 

""•~"• ~.:.. 11 

1 

1 

2£.1 

21 

1 

-.... _, 

67 



0 

c 

'MRXD 5 MMAXD 7 SWEEP' 

-A\9~ 

po:;.·, h C5Y"I S S \1-

WHITE KE1 RR1 RH1 QF3 PA2 PB2 PC3 PD4 PF2 PG2 PH2 BD) BG5 NE5 
BLACK KGB RFB QDB RAB PA7 PB7 PG7 PH? PF7 BCB NEB PC6 PE6 BE? 
ALPHA -1900 BETA 1090 MRXDEPTH 5 MMAXD 7 

SINGLE PROCESSOR SEARCHES 

CDEPTH UPC•ATES SETIWS C:STMVS sco~:Es TIME-M!:. N0~1A><:D: 
THIS a 512990 24935 329€:3: 51299(1 4 ~127~~}: 420555 
OTHER 0 512999 24935 3:2983: 512990 22Ba67 420555 

~JOMMAXI) 

st.2E·4 
s6264 

--·----------------------------------------------------------------------BASE ft a 51299(1 24·03:5 32983 51299(1 145€·17 420555 ]:€.264 
T I t1E/SB 9 255 5€.3:2..: 2847 83 
TOTfiL (1 130E:17 13540£1 93:883: 42633~ 

~n I t1E (1 3:2 34 23: '- 11 

PARALLEL SEARCH 

C:DEPTH ;~INC:R r. I t~C:R :--;INCR MICRSEC EFFUC'r' EFFNC\' EFFNC'r' 
SUBRTN C:OtH1U~~ TIME /WORD r.TOTAL :--; It~C:R r. 

BASE BASE E:RSE C0~1MUN BASE SUBRT ~~ COMMUN 

VARCDEPTH 1 

(1 -3: 1 -3: 1665 194 -3 1 

1 11 0 11 }:£;: 99 1(1 0 

":• ::::~1 E. 37 14 ~;' ·;o "<· 23: 4 ... I -· 

3: 33: '? 4(:.1 152 ?1 24 5 I 

VARCDEPTH 0 

0 -3: 1 ·~ 1€.27 1(14 -1: -.:;. 1 

1 11 0 11 49 99 10 

'":• 10 14 24 167 81 8 '- 11 



- r,tao--=-:._ 
P:.7--'·· :' ,, . .::::, :;:,.P. 

'MAXCD 3 MAXD 5 MMAXD 7 SWEEP' 
WHITE KE1 RA1 RH1 QF3 PA2 PB2 PCl PD4 PF2 PG2 PH2 BD3 BG5 NE5 
BLACK KGB RFB QDB RAB PA7 PB7 PG7 PH7 PF7 BCB NEB PC6 PEG BE7 

: ,- ALPHA -10£10 BETA 1000 ~1AX['JEPTH 5 ~1Mm<l> 7 
:~ 

SINGLE PROCESSOR SEARCHES 

THIS 
OTHER 

CDEPTH 
(1 
0 

LIPt•ATES 
51299(1 
512990 

SETMVS 
24035 
24035 

CSH1VS SCORES THlE-MS NOI1Ar~C·: 
3:29E:3: 51299(1 4B23:n: 428555 
32983 51299(1 227950 420555 

~W11MA>c:D 

~6264 
36264 

-----------------------------------------------------------------------BASE lt 0 51299(1 2403:5 3:2983 512990 145517 420555 ~6264 
TI11E/SB 0 '""•t::'C" "',_J ...... 5627 2843 83 
TOTAL 0 13:0817 13:523:3: 93:783: 42500 
;niME 0 :n: 34 23: 11 

PARALLEL SEA~: CH 

CDEPTH t::INC:~: ?.HKR ?.INC:R MICRSEC EFFlJC'r' EFFUC'T' EFFNC'T' 
SUBI':TN comwN T I t1E /~WRC• i!TOTAL ;-;:I NCR r. 

BASE BASE E:ASE COMI1LI~~ BASE SUBRlN COMI1U~~ 

VARCDEPTH 1 

0 -3: 1 -3: 1625 1(14 ., 
-~ 1 

1 11 0 12 4-. ..::. 90 10 (1 

2 3:1 6 3:7 15(1 (]: .... ~. 5 c ~~ 

~· 3:4 7 41 152 ('1 24 5 -· 

VARCDEPTH 0 

0 -. -..:;. 1 -3: 1573: 104 - ., .... 1 

1 11 (1 11 3:0 90 10 0 

.... 1(1 14 z,~ 167 81 8 11 ... 
-:-:· ::::4 84 119 185 L!6 1f. 1:9 -· 

BEST LINE FOUfW AtW SCOI':E: 
NE5~{PC:6 P87~<NCf. QFJ:~':PC6 E:E7XE:G5 QC: G)·::~: AB< 85 > 

* 

c 



c 

-A~~-

"CLEAR'" 
*'BLACK KGB RAB RFB A? 87 H7 G7 F7 D5 BF6 ND7 NG4' 
*"WHITE KC1 RD1 RH1 A2 82 H~ G2 F2 C2 BG3 NE2 ~F3' 
*" BOAFW·· 

*R . . . . . *R. *K .... 

. . . . *F' .... 

. . . . t:N .... 

N • B. 

P . P. P . . . . N • P. P . P . 

. K. R 

A B D E F G H 

*"BLACK MAXD 4 MMAXD 6 CD 0 GO'PARALLEL SEARCH 

BEST LINE FOUND AND SCORE: 
NG4-E5 RD1XPD5 NE5XNF3 RD5XND7<100) 

ALPHA -1000 
CDEPTH 0 

BETA 1000 MAXDEPTH 4 
MOVES FROM CD: 16 

UPDATES 5337 SETMVS 635 CSTMVS 1801 NOMAXD: 1380 
NOMMAXD 945 NBP: 0 
UPDATES/SEC: 622 SETMVS/SEC: 74 CSTMVS/SEC: 210 NOMAXD/SEC: 16j 
NOMMAXD/SEC: 110 NBP/SEC: 0 
ELAPSED TIME<SECS>: 8 & 35'60 THS SECS 
BUSY LOOP TIME<SECS>: 0 & 1 '60 THS SECS.~~ B 
LINK-RECEIVE INTERRUPTS: 0 WORDS RECEIVED: 4?8 WORDS SENT: 363 
*'MAXD 5 MMAXD 7 GO"PARALLEL SEARCH 

BEST LINE FOUND AND SCORE: 
ND7-C5 RD1XPD5 NC5-E4 BG3-C7 NE4XPF2CC) 

ALPHA -100(1 
CDEPTH 0 

BETA 1000 
t1DVES FR0~1 CD: 

UPDATES 35967 SETMVS 3782 
NOMMAXD 2819 NBP: 0 

13: 
C5Tt1VS 5599 

UPDATES/SEC: 901 SETMVS/SEC: 95 CSTMVS/SEC: 
NOMMAXD/SEC: 71 NBP/SEC: 0 
ELAPSED TIMECSECS): 39 & 56"60 
BUSY LOOP TIME<SECSl: B & 11 
LINK-RECEIVE INTERRUPTS: 0 

* 

THS SECS 
'60 THS SECS.~~ 0 
WORDS RECEIVED: 440 

243:09 

140 NOMAXD/SEC: 609 



c 

c 

--a_.:-. 
?c::.. .. ·, l':':l \ - r) \.:::. 

'MAHD 4 MMA~D 6 MAXCD 3 SWEEP' 
WHITE KC1 RD1 RH1 PA2 PB2 PH2 PG2 PF2 PC2 BGl NE2 NF) 
BLACK KGB RAB RFB PA7 PB7 PH7 PG7 PF7 PD5 BF6 ND1 NG4 
ALPHA -1000 BETA 1000 MRXDEPTH 4 MMAXD 6 

SINGLE PROCESSOR SEARCHES 

CDEPTH UPDATES SETMVS c:s1 ~ws SCORES TIME-MS 
THIS 0 15914· 1732 5£118 15914 23717 
OTHER (1 15914 173:2 5[118 15914 13t:t83 

NOMA XI): tWMMA>::D 
5468 2565 
5468 2565 

-------------------------------------------------------------------------BASE # (1 15914 173:2 5018 ' 15914 1:;:433 5468 2565 
T If1E/SB (1 252 3 E: ~-· 0 21E:J: 13:t:t 
TOTAL (1 40(1(1 6700 1095(1 20E.7 
;niME (1 17 2E: 46 9 

PARALLEL SEARCH 

C:DEPTH ;! It~CR t::INC:R (~I UCR MIC:RSEC EFFNC:1' EFFNC:l' EFn~C:l' 

SLIBRTN ccmt·1LIN TH1E /WO RI) t::TOTAL ;~ H~CR r.: 
BASE BASE E:ASE COf1l'1li~J BASE SLIBr<:H~ COMMUN 

VARCDEPTH 1 

(1 1 5 5 59E: 9€. 1 "" ~· 

1 3:E: 9 47 168 e:t: 26 6 

..... 15 47 6~ .. 1'=f".• 62 9 29 ... ;... -· ... 
7 _, 13: 58 7"1 19~~ 58 C.• .... 3:4 

VARCDEPTH (1 

0 1 "" -· 5 5<=17 _ _., 95 1 ... -· 
1 :?:e: 9 47" 1€.8 €.8 26 6 

'":• 1 <· 6""" ~=0 195 55 7 37 ... -· • f 

-::· 44 -· 3:53: (•(l'? 
-~ -~ t 220 2t:t 9 ~-·1 

BEST LH~E FOUt·W AtW SCORE: 
NG4-E5 fU• 1>~ P [:• 5 NE5lWF2~ r<:C•5XNC•7 ( 1(10) 

* 



-A23-

'MAXD 5 MMAHD 7 SWEEP' 
.~ WHITE KC1 Rt>1 RH1 PA2 PE:2 PH2 PG2 PF2 PC2 E:G3 NE2 NF:?~ 
....., BLACK J(QE: RA8 RF8 PA7 PE:7 PH7 PG7 PF7 PD5 E:F6 tH:t7 tJG4 

ALPHA -1000 BETA 1000 MAXDEPTH 5 MMAXD 7 

SIHGLE PROCESSOR SEARCHES 
-

CI)EPTH UPDATES s.ETt1VS 
8841: 
8€!43 

CSTMVS SCORES TIME-MS NOMAXD: NOMMAX 

.,...., 
~ 

THIS 
OTHER 

a e=E· 7£:10 
0 B6700 

12452 86 7(1(1 
12452 8£.700 

92450 
51633: 

602}:(' 
6(12]:(" 

544 
544 

----------------------------------------------------------------------BASE t e 8670(1 8€!43 12452 e:t.700 3:3:13:3: 602~:7 544 
TH1E/SB 0 252 3:~!70 218(1 107 
TOTAL 0 21817 14217 2?150 92E.7 
~!T Ir1E 0 24 3:7 ':>Cl 

~-· 10 

PARALLEL SEARCH 

CDEPTH :u NC: j;~ :~I NC:j;~ i'; I NCR MI CI'~SEC EFFtJC:'r' EFFNC\' EFHJC 
SLIBRTU COMt·1LIN T I ~1E /WORf) i~TOTAL i::HJCR 

BASE BASE BASE C:0~1MLIN BASE SUE:RTN CO MMU 

VARCDEPTH 1 

0 20 0 20 -1E: B3: 1 ;-· 

1 27 3: ~:(1 210 77 21 

2 7 1"<" 20 1 Cl'":• 84 6 1 I -· ... ~ 

3 5 16 21 193: E:3: 4 1 

VARCDEPTH 0 

0 20 0 20 -2(1 83: 17 

1 27 3: 3(1 207 77 21 

~- 26 19 45 185 E.9 ... if! 1: 

? 25 1 ,.,,.. 147 2(12 4(1 -· t.:t.:. 10 4~ 

BEST LINE FOUND AND SCORE: 
ND7-E:6 NF1-D2 UG4-E5 ND2-B3 NE5-D7(0) 



-

APPENDIX B. TELETYPE INPUT COMMANDS RECOGNISED DY PROGRAM. 

COMMAND 

GO 
SWEEP 

END 
CLEAr~ 

WHITE 
BLACK 

SET PIECE 

EXPLANf.ITIDN 

Basin an alPha-beta tree search 
Perform Parallel searches with var~ins values 
of VARCD and CD, and Print table of results. 
End Prosram execution. 
Initialise the board 
Either 1) the followin~ Piece descriPtors are 

Hssumed to be white/black. 
or 2> it is white/black's turn to move. 
Follow with the Pieces which are to be set 
on the r boa r·d. 

The followins ka~ words are used to set variables. 
F(:>llow the wc1rd with a sPace and then the number. 

ALPHA 
BETA 

MAXDEPTH 

MMAXDEPTH 

MOVENO 

CDEPTH 

VAF'\CD 

Search width Parameters. 

Ma:dll•UIT• dePth to which all R•oves are searched. 
De~tond this dePth onl~ caPtu~es and mueenins 
Pawn moves are searched. 

Maximum dePth of muiescent search. No uPdates are 
made be~ond this dePth. The positiin is evaluatecl 
static-all ~-:S. 

No of moves from the start. 

Common dePth of the tw Processors in Parallel 
search mode. Moves at this and lower dePths 
are common to both Processors. 

Variable common dePth ·flas. Non zer·o wher. CDEP.I H 
is to be varied durins the search. 

SETTING THE SWI1CH REGISTERS FOR A PARALLEL SEARCH. 

BIT :t 
0 
1 

2 

DESCRIPTION 
Set UP to PUt machine in parallel mode. 
Set UP on one machine.l.his mMchine leads the 
search initial!~. 
Set uP tor Print out of messases sent between 
the two machines. 



APPENDIX C : PARALLEL CHESS. 
TABLE OF CONTENTS 

20-NOV-78 09143:52 

··-1··· :~ 

~'·-•.. 1. 
3 .... 1. 
4-.. 1 
5- 1 
6- 1 
7 .... 1 
8- 1 
8- 29 
9-- 1 

1. 0-- 1 
1. 1. .... 1. 
12- 1 
13-· 1. 
14- 1 
14- 24 
15- :1. 

l. 6-- 1 
17- 1 
19-- 1 
20-· 1 
21-.. 1 
22- 1 
23-· 1 
~~~4- 1 
:~5- 1 

_,.~~ 

1 :· --
·~-· 

Mo 1 
28-- l 
29-- 1 
30·- 1 
31.-- l 
32- 1 
3?-.. ... 22 
33- 1 
34-·· 1 
35-- 1 
36-· 1 
36-· 2:1. 
::}?-- :1. 
38- 1. 
39- 1 
41 .. - l 
4? .... ... 1 
43- 1 
43- 90 
44- 1 
4!:'j-- l 
47-- 1 
48-· 1 
49- l 
,,~ .... 1 
·~, :!. 

52 .. ·· 1 
53- 1 
5:~- 21 
~j4-- 1 

MACROS 
VAF\IABL.ES 
OUTPUT MESSAGES 
VARIABLES 
CHARACTER INPUT RECOGNITION 

INITIALISE PIECE TYPES AND COLOUR 
INITIALISE SQUARES 
SQCOL.ROW 
CHARSQ 

INTERPRET PIECE. 
SETPIECE ON BOARD 
SET A RELEVANT PIECE OR SQUARE 
SQUARE FROM CHARACTER CONVERSION 
SCAN I PUT THE NEXT WORD IN THE BUFFER IN STRGO 
VERIFY 

INDEX 
GET 
BINARY FROM DECIMAL. CONVERSION 
SWEEP: PERFORM 1 AND 2 PROCESSOR SEARCHES WilH VARYING CD 
PERCENTSIFIND % OVERHEADS 
TIMESUB:TIME SUBROUTINE FOR UPDATE,RESTORrSE~MVS S CSETMVS 
PCOUNTSI PRINT COUNTERS 
PBMVES: PRINT BEST MOVES FOUND BY MINIMAX. 
MAKEBDI MAKE UP CHARACTER FORM OF BOARD 
FIND BOARD OFFSET GIVEN COL AND ROW 
CHARACTER FORM OF UPDATED MOVE 
PRINT STRING AT TABCD-1) 
Pr(INT vscm-:: 
PPIECE: PRINT PIECES 
PRNO:PRINT ARRAY OF NUMBERS 
PRHEAD: PRINT ARRAY OF CHARACTERS 
DOUBLE PRECISION DIVISION (WITH ROUNDING), + & -
CNVMIL.LL: CONVERT TIME TO MILLISECONDS 
CNVMICI CONVERT TIME TO MICROSECONDS 
DECIMAL FROM 32 BIT BINARY CONVERSION 
DECIMAL FROM 16 BIT BINARY CONVERSION 
DMOLSI DOUBLE PRECISION MULTIPLICATION 
DDIVS: DOUBLE PRECISION DIVISION 
PLINKf MACFWS 
PI... INK 
DEBUGGING MESSAGES 
PRINT DESCRIPTORS AND VARIABLES 
PRMSGIPRINT MESSAGE RECEIVED OR SENT 
PARALLEL LINK MESSAGE TRANSFER ROUTINES 
PARALLEL LINK INTERRUPT SERVICE ROUTINE 
PSTACK:PRINT CONTENTS OF STACK 
SEND LlNK LIATA 
INTERPRET RECEIVED MESSAGES 
SEND E.RROF< 
SEND MESSAGE ACK OR NAK 
OPEN I CLOSE OUTPUT BUFFER FOR THE ADDillON Of A MESSAGE 
SEARCH FOR MESSAGE IN OUTI~UF; FINn CHECI\St.IM 
PARALLEL LINK MESSAGE HANDLING MACROS AND VARIABLES 
PINTPTI VARIABLES 
SYNC! SYNCHRONIZE PROCESSORS 
SENDAV! SEND AN AREA OF CORE 
ADDOQ! UPDATE PLINK OUTPUT BUFFER QUEUE POINTERS 



APPENDIX C : PARALLEL CHESS. 
TABLE OF CONTENTS 

RT-11 MACRO VM02-12 20-NOV-78 09143:52 

,_4·- 13 
~:;-- 1 

~:.i5- ;;~ t.. 
56-·· 1 
56- 26 
~i7-- 1 
~j7- 20 
59-· 1 
60- 1 
62-- 1 
63- 1. 
67-- j_ 

68-· 1 
68·-· 49 
68-· 95 
70-.. 1 
71- j_ 

72-· 1 
73-·· 1 
74-· j_ 

75- 1 
76-·· 1 
77- 1 
78-·· 1 
79-- 1 
80- 1 -

,~~= 
1 

.... j_ 

83- 1 

WAIT f..:EPL.Y 
P<CA)! REQUEST CRITICAL AREA 
V<CA>! FREE CRITICAL AREA 
REQMUPM! REQUEST UPDAlED MOVE DATA 
SELINI SEND LINE OF PLAY 
SNODE: SEND NODE DATA 
RNODE! RECEIVE NODE DATA 
INTPT CONTENTS OF RECEIVED MESSAGE 
PARALLEL LINK CHARACTER ECHOING TO OTHER PROCESSOR 
VARIABLES USED lN MINMAX, SETMVS,UPDATE & RESTORE 
MINIMAX PARALLEL TREE SEARCH 
INITIALISE MOVE SlACK 
NEWSCI HANDLE COMMUNICATED SCORES AND CUTOFFS 
PRINVS: PRINT VSCOR~S ON STACK 
UPSCORI PASS COMMUNICATED SCORE DOWN KOVE STACK 
MINNX2 
EVAL: EVALUATE StORE AFTER UPDATED MOVE 
KING CAF'TUF"~ED 

BESTMOVES: COPY THEM DOWN FROM Dt1 TO D 
INSERT MOVE MACROS 
SETMOVES 
SETMOVESt ROOKS, BISHOPS & QUEENS. 
SETMOVESICASTLING 
SETMOVES! KING AND NIGHT MOVES 
SETMOVES! PAWN MOVES 
CSTMVS!CAPTURING MOVES ONLY 
CSTMVS: PAWN MOVES 
UPDATE BOARD 
F-:ESTOF-:E BOARD 



-t:PF'ENDlX C 

:1-

(.; 000000 
? 000000 
(:) 
(:) 

1.0 
:1.1. 
12 
:1.:; 
:1.4 
:1.5 
:t 6 
17 
18 
19 
20 
21 
;.:!2 
:;~3 

24 
25 
:?.6 -~;~ :: .. ~r 
29 
.30 
31. 
·~2 

33 
34 
3~; 

36 
.57 
38 
39 
qo 
4:1. 

)5 
)6 
i7 

PARALLEL Cr·IESS. ~n-11 MACRO VM02--12 20-NOV-18 09:43:52 PAGE 1 

.TITLE APPENDIX C : F'ARAI..LEL CHESS. 
• SBTTL r1ACROS 

.MCAU ...• REGDEF, •• V2 •• ' .PF\INT,. TTYHh .EXIT, .GTIM 
• MCALL. • TT I NF~ 
.REGDEF 
•• v2 •• 

. , 
; 

; 

; 

; 

.GLOBL. PDUMP,SENDCM,MLOOP,RE.TCALL,SELIN 

.GLOBL MINStMAXS,MlNR,MAXR 

.GLOBL NEWSC,UPSCOR 

.GL.OBL MSTACK 

.MACR~ SAVREG xo,xl,X2,X3,X4,X5 

.IRP x,<xo,x1,x2,x3,x4,x5> 
.IIF NB,X,MOV R'X,-(SP> 

• E.NDt1 
• E.NIIM SAVF.:EG 

.MACRO RESREG XO,X1tX2,X3,X4,X5 

.IRP x,<xs,x4,x3,x2,xt,xo> 
.IIF NB,X,MOV <SP)f,R'X 

.ENDM 
• ENDM RE.S.~EG 

.MACRO STIME L.,~·lt?L1 t'!'L~~r'!'l..:~ 
;•·w LOST 
.GTIM f:L1,:f.L.2 
BF.: l.3 
l.U .I{L.KW 2 
L2! .BLKW 2 
rtoV L.2' H 
f10V L2+2, L 
• ENIH1 

.MACRO DCLR X 
CLR X 
CL.R X+2 
.ENDM r1CLR 

• f1ACRO DriOV A' B 
MOV A,B 
MOV Af2,£H2 
.ENttM 

;MACRO TO SAVE RO DURING PRINT 
.HACF\0 SPRINT A 
MOV RO,-<SP) 
.PRINT A 
MOV ( SP) + , •w 
.ENDM 

.MACRO MOL ArB,?L1,?L2 
MOV A,-(SP> 
MOV a,-<SP> 



APF'E:NIIIX c 
MACf\OS 

!:)~ 

5'-" 
60 
61 
62 
63 
64 
6!5 
66 
67 
68 
69 
70 
71 
72 
73 
74 
ns 
76 
77 
78 
79 
30 
H 
32 
33 _,-. 
·~ . -- ' 

3.J 
~6 

37 
38 
39 
>o 
~1. 

~2 

'3 
~4 

~5 

>6 
>7 
'8 
'9 
.00 
.01 
.02 
.03 
_04 
.05 
06 
07 
08 
r: ... ~ 

U. 
1.2 
13 
:1.4 

PARALLEL CHESS. RT-11 MACRO VM02-12 

. 
' 

LU 

; 

; 

; 

; 

; 

l ') 
.~. BR 

LU 
L2! 

AIID <SP) tB 
DEC 2<SF'> 
BGT L1 

CMP <SP>+t<SP>t 
.ENIIM 

.MACRO IITST L,H,?L1 
TSl H 
BNE 1..1 

.ENDM 

TST L 
CLN 

.MACRO DINC L,,H 
ADD t1,L. 
ADC H 
.E::NDM 

.MACRO DDECR L.,H 
SUB f:1PL 
SBC H 
.ENDM 

.MACRO DMOL2tl.,H,OFLOW 
ASL. L 
ROL H ;MOVES C 10 LOW BIT 
BVS OFLOW 
• ENDt1 

.MACRO DSTACK L,H 
MOV H' -· (SF') 
MOV L.,-(SP> 
.ENDM 

.MACRO DUSTACK L,H 
MOV <SP)f,L 
f'HJV ( SF'>+ ' H 
.ENDM 

.MACRO DNF..G L,,H 
NEG H 
NEG L 
SBC H 
.ENDM 

.MACRO DADD L1,H1,L2tH2 
ADD L.1,L.2 
ALIC H::~ 

ADll H1tH2 
.ENfiM 

.MACRO liSUB L1,H1tL2,H2 
sur{ L1,L2 
SBC H2 

20-NOV-78 09:43152 PAGE: 1+ 



APPENDIX c 
MACROS 

:l ··'""" 
:1.~ 
U.7 
U.8 
119 
:1.20 
:1.21. 
:1.22 
123 
:1.24 
:1.25 
126 
:1.27 
128 
:1.29 
1.30 
:I.:H 
:1.32 
:1.33 
134 
:1.35 
:1.36 
:1.37 
138 
139 
1.40 '·-:L,~ 
:l .:.. 
:1.43 
3.44 
145 
1.46 
1.47 
1.48 
1.49 
1.50 
f.~H 
1.52 
I. ~5~5 
I. !7i4 
l55 
I. ::'i6 
1.57 
1.58 
1.59 
1.60 
1.6:1. 
1.62 
1.63 
L64 
I. t.)5 
I I~~' 

'· 

F'AF\AL.LE.L CHESS. RT-11 MACRO VM02-12 20-NDV-78 09!43!52 PAGE 1+ 

L.U 

L4! 

; 

SUB H1,H2 
.ENDM 

.MACRO DCMF' L1,H1,L2,H2,LEQ,GTR 
CMP H1,H2 
BGT GTR 
BLT LEQ 
CMF' L1,L2 
:BHI GTF< 
BR LEQ 
.ENDM 

.MACRO DDIV LD,HD,LN,HN,LUrHU,LR,HR,?L1,?L2,?L3,?L4 
CLR LU 
CLR HU 
TST LD 
BNE L3 

TST HD 
;DIVISION BY SERO 

:BEQ L4 

MOV LN,L.R 
MOV HN,HR 
TST HR 
BPL Ll 

DNEG LR,HR 

DSU:B LD, HD, LR, Hf~ 
BLT L2 

DINC L.O' Ht~ 
BR L.l. 

LIALtD Lrt,HD,LR,HR 
TS'T HN 
BPL L.4 

DNEG LC~' HU 

• END!of 

.MACRO DMOL AO,A1,BO,B1,CO,C1,1L1r?L2 
~10V BO, CO 
MOV B1,C1 
DSTACK AQ,A1 
E~R L2 
L1! DADD BO,B1,CO,C1 
L2! DDECR (Sp),2(SF'> 

DTST (Sf'),2(SF') 
BGT 1..1 

CMF' (SF') -h (SF')+ 
.ENDM 



APPENDIX C 
VARIABLES 

:1. :;""' 
3 
4 030000 
~s o3oooo 
6 
7 031000 

9 
:1.0 
:1.1 
:1.2 
1.3 
:1.4 
:1. e; 
:1.6 
:1.7 
:1. E~ 
:1.9 
20 
21 
") ") 
t' •• ,.:: •• 

23 
24 
')c:· 
:. ..... } 

26 
/~ 

;l' 

2r 
29 
~0 

':1. 
;2 
~:-> 
54 
}5 
~6 

~'? 
)8 

~9 

~0 
H 

~3 
f4 
15 
16 
f7 
f8 
f9 
;o 
i1 

i4 
;5 
i6 
i7 31000 

F'AF~ALL.EL CHESS. RT-11 MACRO VM02-12 

MSTACKl 

.SBl'TL VARIABLES 
• CSECT VAFUAllLES 
.=.+30000 

20-NOV-78 09:43:52 PAGE 2 

FR: ;FREE AREA FOR TEMPORARY STORE Al BOlTOM OF SlACK AREA 

FRONT! 
BL.==40 
CF{=15 
LF==12 
;PIECE. 

.=.+1000 

DUMMY=2. 
NIGHT=4. 
BISHOP=6. 
ROOK=8. 
QUEEN::-:1(). 
KING=12. 
F'AWN=14. 

THRU=lo. 
UROOK=16. 
UKING=20. 

THRUP=21. 
UF'AWN=22. 
;THR. 
THF{=29. 
CASTL.E=30. 
EPCAP=32. 
QPAWN=34. 
NPAWN=36. 
DT==S. 
NEXTSQ=10. 
SSW=O+NEXTSQ 
SSE=2+NEXTSQ 
WSW=4.tNEXTSQ 
SW=6.+NEXTSQ 
S=8.+NEXTSQ 
SE=lO.tNEXTSQ 
ESE=12.tNEXTSQ 
W=14.tNEXTSQ 
E=16.tNEXTSU 
WNW=18.+NEXTSQ 
NW=20. tNEXTSt~ 
N=::.!2. +NEXTSO 
NE=24.+NF.::XTSO 
ENE=26.+NEXTSQ 
NNW=28 • +NEXTSC~ 
NNE=30.tNEXTSQ 
; DCL 1 PIECEC0:31), 

. , 
; 
; . , 

LENP=24. 

2 ON P"fR, 
2 CNXTR,L.STR,RF.::L Bll) 
2 CL.R, 
2 <TYPrPTYP BIT<32)), 
2 VAL., 
2 <NXTP,L.STP), 
2 DADD PTR; 

PIECEI .BLKB 32.*LENP 



I~F'PENDIX c 
VAf< I f!tFJLES 

~:j.(-~'-·3 2 4 0 0 
~::.~ 

l>O 
6:1. 
62 
63 
64 
65 
66 
67 
68 
69 
70 
"71 
72 
73 
74 
75 
76 
77 
78 
79 32400 
80 37l)OO 
81. 
[;~2 

~:l3 
'~ 

8 
B~ 
86 
B? 37600 
B8 3?600 
89 376:1.2 
90 37624 
<n 37636 
92 :~7650 
93 37662 
<.?4 37662 
95 3771.2 
96 37712 
'7'7 37742 
98 
99 
100 
101 
1.02 7746 
103 7770 
:1.04 7770 
105 0002 
:1.06 0002 
:1.07 0014 
:1.08 0014 
:1.~ 0036 
:1.'--' 0036 
1U. 0046 
:1.12 0046 
U.3 0056 
:l.l.4 

F'Af\f1LLEL CHESS. Rl-11 MACRO VM02-12 

ENDP: 
ON=O. 
NXTF<=2. 
LSTR=4. 
REL=6. 
CLF~=8. 

TYP:::10. 
PTYP=12. 
VAL.=16. 
NXTP=18. 
LSTP=20. 
DADD=22. 
; 
; 

DCL 1 SQUARE<0:63), 
2 F'CE PTRP 

; 2 CNXTRtLSlRPREL BIT), 
2 CSQ CHARC2), 

; 2 NXTSQC0!15) PTR; 
LENSU=42. 

SQUARE! .BLKB 64.*LENSQ 
ENfiSQ: 

DH<S! 

ADH~S: 

VALUES: 

F'CE=O. 
NXTR=2. 
LSTR=4. 
REL..=6. 
CSQ=8. 
NXTSQ::.:10. 

.WORD 

.WORD 
• WOF<D 
• WOF<n 
.WORD 

.WORD 

o,ssw,o,ssr::,o 
wsw,sw,s,sr::,EsE 
o,w,o,r::,o 
WNW,NW,N,NE,ENE 
OtNNW,O,NNF::,O 

20-NOV-78 09:43:52 PAGE 2+ 

.WORD 
PEN! .WORD 

o,o,3oo.,315.,5oo.,9oo.,5ooo.,1oo.,5oo.,o,sooo.,1C 
1000.,0 ;wiDTH OF AB SEARCH IS 2*PEN 

; HmELE'JANT f10VE PENALTY FOR GOING OUT '· · 
PCNT=33. ;BONUS FOR HAVING PIECE ON REL SQ 
TEMP0=17. ;TEMPO SCORE 
;USED BY MINMAX ONLY 

.WORD o,NNW,WNWtWSW,SSW,SSEtESE,ENE,NNE 
NDIRS: 

• WORlt o,sE,SWtNW,NE 
BDIRS: 

.WORD o,w,r::,s,N 
f\l.H F.:S: 

.WORD o,w,E,s,N,SE,SW,NW,NE 
tmrr~s: 

.WORD o,sE,sw,s 
BPI.tiRS: 

.WORD (),NE, NW, N 
WPDIRS: 



APPENDIX C 
VARIABLES 

:~.~~ 

:1.--
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OUTPUT MESSAGES 
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:L,­
~0056 
3 040063 
4 040070 
5 040112 
6 040143 
7 0401.62 
8 040220 
9 040230 
:1.0 40240 
ll 40250 
12 40274 
:1.3 40276 
14 40314 
15 40335 
16 40:5l> 1. 
1.7 40366 
:1.8 40370 
:!. 9 40411 
20 40432 
21 40442 
22 40452 
23 40476 
24 40515 
25 40536 
26 40606 .,,-
:~10626 
2~'40654 
29 40704 
30 4072:1. 
31. 40747 
32 4076>7 
:~3 41013 
:~4 41044 
35 41064 
36 41100 
:37 
3B 4U.O~; 

39 41.:1.22 
40 41136 
41 41152 
42 41166 
43 41203 
44 41214 
45 41241 
46 41276 
47 41332 
48 41342 
49 41353 
50 41365 
51 41.400 
5'#-41410 
~:~~1.417 
!';'j4 41465 
55 41.506 
56 41.51.6 
57 41526 

NL.TB! 
MU 
M2! 
M3! 
M4! 
M6! 
M7! 
M8t 
M9! 
M10! 
Mll.! 
M12! 
M15! 
M16! 
M17! 
M18! 
M19! 
M20! 
M21! 
M22: 
M23! 
M~:4! 

N:-!5! 
M26! 
M27! 
M28! 
M29! 
M30! 
M3U 
M32: 
M33t 
M35! 
M36! 
M37! 
M38! 
SL=57 
M40: 
M41: 
M42! 
M43! 
M44! 
M45! 
M46! 
M47t 
M48t 
M49! 
M50! 
M5U 
M52! 
M53! 
i'i54: 
M55! 
M56! 
M57! 
M58! 
M59! 

.SBTTL OUTPUT MESSAGES 

.ASCIZ <CR><LF><TAB><TERM> 

.ASCIZ <CR><L.I-=>I*I<'TERM> H::XPECTING INPUT 

.ASCIZ /NON-NUMERIC INPUT/ 

.ASCIZ /INVALID PIECE DESCRlPTOR/ 

.ASCIZ /INVALID SCWARE/ 

.ASCIZ <CR><LF>IBESl LINE FOUND AND SCOREti<TERM> 

.ASCIZ /UPDATES/ 

.ASCIZ I SETMVS/ 

.ASCIZ 

.ASClZ 

.ASCIZ 

.ASClZ 

.ASCIZ 

.ASCIZ 

.ASCII 

.ASCII 

.ASClZ 

.ASCIZ 

.ASCIZ 

.ASCIZ 

.ASClZ 

.ASCIZ 

.ASCIZ 

.ASClZ 

.ASCIZ 

.ASCIZ 

.ASCIZ 

.ASCIZ 

.ASCIZ 

.ASCIZ 

.ASCIZ 

.ASCIZ 

.ASCIZ 

.ASCIZ 

.ASCIZ 
;:::; 

I CSTMVS/ 
/ELAPSED TIME<SECS)!/ 
/&/ 

/'60 THS SECSI<TERM> 
/ILLEGAL POSITION/ 
/MOVE NOT RECOGNISED/ 
; •••• !<TERM> 
/.l<lERM> 
/DECREASING DEPTH/ 
/INCREASING DEPTH/ 
/NOMAXD!/ 
/NOMt1AX[I/ 
/IRREL MOVE CUTOFFS!/ 
/MOVES FROM CD!/ 
/UPDAlES PER SEC!/ 
/ERROR : MESSAGE CONTENTS NOT RECOGNISED/ 
/PARALLEL SEARCH/ 
/LEAD SEARCH INITIALLY/ 
/OUTPUT BUFFER OVERFLOWS/ 
/NBP PER SEC!/ 
/BUSY LOOP TIME<SECS)!/ 
/'60 THS SECS,X=/ 
/SINGLE PROC. SEARCH/ 
/LINK-RECEIVE INTERRUPTS!/ 
/WORDS RECEIVED:/ 
/WORDS SENTt/ 
/NBPt/ 

.ASCIZ /UPDATESI<SL>ISEC:/ 

.ASCIZ /SETMVS/<SL>ISEC:/ 

.ASCIZ /CSTMVSI<SL>/SEC!/ 

.ASCIZ /NOMAXD/<SL>/S[C:/ 

.ASClZ /NOMMAXDI<SL>/SEC:/ 

.ASCIZ /NBP/<SL>/SEC:/ 

.ASCIZ <CR><LF>IUNEXPECTED CUTOFFI<TERM> 

.ASCIZ /UNEXPECTED CUTOFF IN MlNMX2/<TERM> 

.ASCIZ <CR><LF>/SINGLE PROCESSOR SEARCHES/ 

.ASCIZ <CR><LF>/THlSI<TERM> 
• ASCIZ <CR><LF>IDTHER/<TERl1> 
.ASCIZ <CR><LF)/BASE t/<TERM> 
.ASClZ <CR><LF>IPARALEL/<TERM> 
.ASCIZ /TIME-MS/ 
.ASCIZ /SCORES/ 
.ASCIZ <CR><LF>IMICROSECONDS F'ER SUBROUTINI':: CAI..I.. :!<TERM> 
.ASCIZ /UPDATES E RESTOR/ 
.ASCIZ / ::C:INCF'U 
.ASCIZ /-%TOTAL/ 
.ASCIZ I BASE/ 



APPENDIX C : PARALLEL CHESS. 
OUTPUT MESSAGES 

~::;~-41536 M60: .ASCIZ 
~H546 M6U .ASCIZ 
60 41556 M62! .ABCIZ 
6l 41564 ~163: .ASCIZ 
.(. '") 
\.)~. 41574 M64t .ASCIZ 
63 41604 M65! .ASCIZ 
64 41614 M66! .ASCIZ 
65 4161.6 M67! .Ascrz 
66 41626 M68: .ASCIZ 
67 43.634 ~169: .ASCIZ 
68 41644 M70! .ASCIZ 
69 41655 M7U .ASCIZ 
70 41.670 M72! .ASCIZ 
71. 41701 M73! .ASCIZ 
72 417:1.4 M74! .ASCIZ 
73 41725 M75! .ASCIZ 
74 • E~JEN 

-

RT-11 MACRO VM02-12 20-NOV-78 09:43:52 PAGE 3+ 

/ SUB FaN/ 
I CONMUN/ 
/MSEC./ 
I TIME/ 
I I<SL>IWORD/ 
IMICRSECI 
I I 
/ EFFNCYI 
/%TIME/ 
I %1 
<CR><LF)/%TIME/<TERM> 
<CR><LF>ITIMEI<SL>/SBI<TERM> 
<CR><LF>ITOTAL/<TERM> 
IACCTD TII11:.:1 
<CR><LF>IWHITEI<TERM> 
<CR><LF>/BLACKI<TERM> 
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1Q 
1736 
1740 
1742 
1742 

2742 
2744 

3744 
3752 
3760 
3766 
3772 
4000 
4006 
4015 
4023 
4030 
4041 
4050 
4056 
4061 
4065 

:c 
4107 
4116 
4124 
4133 

4145 
U55 
H63 
U71 

TSTRGt 

STRG: -

STRGOt 

.SBTTL VARIABLES 

.WORD STRG 

.WORD 0 

.WORD 0 

.BLKW 377 
.WORD 0 

.BLKW 400 
STRGS: .ASCIZ /INPOS/ 

.ASCIZ /WHITE/ 

.ASCIZ /BLACK/ 

.ASCIZ /REL/ 

.ASCIZ /SETBD/ 
.ASCIZ /PIECE/ 
• ASCI Z /Sl~UARE/ 

CALPHA! .ASCIZ /ALPHA/ 
CBETA! .ASCIZ /BETA/ 
CMAXDt .ASCIZ /MAXDEPTH/ 
CMAXNIM! .ASCIZ /MAXNIM/ 

.ASCIZ /CLEAR/ 

.ASCIZ /GO/ 

.ASCIZ /END/ 
.• ASCIZ /BOARD/ 

.ASCIZ /PDEPTH/ 

.ASC!Z /PLAY/ 

.ASCIZ /MOVENO/ 
CMMAXD! .• ASCIZ /MMAXD/ 
CCDEPTH! .ASCIZ /CDEPTH/ ;cOMMON DEPTH 
CVARCD: .ASClZ /VARCitEF'TH/ , ;cOMJ10N DEPTH VARIABLE: 

f=O FOR FIXED CDE~THr1 FOR DECREASING CD 
CPEN! .ASCIZ /PENALTY/ ;IRRELEVANT MOVE PENALlY 

.ASCIZ /MAXCD/ fMAXIMUM COMMON DEPTH 

.ASCIZ /SWEEP/ iPERFORM PARLLEL SEARCHES WITH VARYING 

.BYTE 0 

.EVEN 
\172 LSTRGS: 
\172 .WORD LINPOS,LWHITE,LBLACK,LREL,LSETBD,LPIECE,LSQUARE 
~210 .WORD LALPHArLBETArLMAXDPTHrLMAXNIM 
l220 .WORD LCLEARrLGOrLENDrLBOARD•LPDPTH 
l232 .WORD LPLAYrLMOVENO,LMMAXDrLCDrLVARCDtLPEN,LMAXCD 
~250 .WORD LSWEEF' 
'252 .WORD LREST 
l254 SETBD! .WORD 1 
.256 SWPIECE: 
'256 .WORD 1 
~260 PLAY: .WORD 0 
l262 Tl: .BLKW 2 fiNITIALISED BY MINMAX 
l266 T3: • BLKW 2 
~~ T4: .-BLKW 2 
I . lU: .BLKW 2 fTIME FOR 10000. UPDAlES IN 1/60 SEC. 
13 2 TS: .BLKW 2 
~306 TC: • BLKW 2 
l312 TM: .BLKW 2 fllME IN MINMAX 
1316 DTT: .BLKW 2 fTOTAL TIME DIFFERENCE FROM THAT EXPECTED 

DE.F'THS 

l322 ADT! .WORD 50.*60.*3r0 ;TIME LOST BEFORE DEPTH IS INCREASED 
I 
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BLES 
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;c 
336 
342 
342 
344 
344 
425 
465 
533 

576 
600 
S04 
606 
610 
612 
614 
614 
620 
620 

NADT: 
sr: 

.WORD -50.*60.*9.,-1 ;TIME BEHIND THAT EXPECTED 

.BLKW 2 ;TIME IN SECS - ~ 

SPT: .BLKW 2 fTIME REMAINDER - 1/50 THS OF A SEC 
COLOUR: 

.WORII 1 
lNPOS: 

.ASCII 

.ASCII 

.ASCII 

.ASCIZ 

.EVEN 

/SET PIECE BLACK PA7 PB7 PC7 PD7 PE7 PF7 P67 PH7 / 
/RA8 NB8 BC8 OD8 KES BF8 NG8 RH8 / 

/WHITE PA2 PB2 PC2 PD2 PE2 PF2 PG2 PH2 I 
/RA1 NB1 BC1 QD1 KEl BFl NGl RHl / 

2,0 
MAXDPTH:.WORD 2 
MAXNit1: • WORII 
MMAXD: • WORn 
MOVENO: .WORD 
ALPHA: • WORD 
BETA: .WOkD 
TOPF'CE: 

SCORE: 

s.;ABSOLUTE MAXIMUM DEPTH 
0 fNO OF PLYS FROM START 
-1000. 
1000. 

.WORD o,o 

.WOkD 0 
622 FlRREL: 
622 .WORD 0 
624 
624 
6~ )'-" 
634 
640 
644 
650 
654 

TOPRE:L: 
.WORlt 0 

RELOFF: .WORD PRESS+4 fOFFSEl IN MSTACK OF POS OF REL<P> OR REL(SQ) 
SIX: .WORD 6•0 
SIXTY: .WORD 60.,0 
TEN: .WORD 10.,0 
HUNDRED:.WORD 100.,0 
THOUSAND:.WORD 1000.,0 
TENTHO: .WORD 10000.,0 

.EVEN 
" , 
" , 
" , 
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CHARACTER INPUT RECOGNITION 
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:1. 
::.:~ 
3 000000 
4 000000 
5 000004 
b 000012 
7 000020 
B 000026 
9 000032 
10 00036 
:1.1 00044 
:1.2 00052 
13 00060 
:1.4 
:1.5 00060 
:1.6 
17 00064 
:1.8 00070 
:1.9 00074 
20 00076 
21 00100 ,.,., 
A-L 00104 
23 oou.o 
24 00112 
25 00114 
26 00116 -2 ')0120 
2~00122 
29 00124 
30 00126 
31 00130 
32 00132 
33 
34 00134 
3"'' J 00136 
:36 00140 
:37 00144 
38 00146 
:39 00150 
40 00150 
41 OOl. ::'i4 
4~) .... 
43 00154 
44 00160 
45 00164 
46 00166 
47 00170 
48 00174 
49 00200 
50 00202 
~)1 00204 
5!"-00210 
I::', '0">1"> ,,,.._..., ~ . ..:.. 

54 00216 
55 00220 
~..i6 00222 
57 00230 

.SBTTL CHARACTER lNPUl RECOGNITION 

.CSECT INPUT 
START: 
MOV IFRONT,SP 
MOV tiSR,@tPLVA 
MOV tiNTSW,@tPLVA+2 
MOV tRINT,@tPLSR 
JSR R5 rlPTYPCLR 
JSR R5,ISQUARE 
MOV tl,SETBll 
MOV t1,CULOUR 
MOV tl,SWPIECE 
LOOP! 

JSR R5,SCAN 
~ MATCH THIS STRING WITH AN ELEMENT OF STRGS AND GOlD CODE 
MOV tLSTRGS,R2 
MOV ISTRGS,Rl 

1$: TSTB ( Rl) 
BEQ 5$ 

MOV tl,R3 ;MATCH=l 
MOV ISTRGO,RO 

2$1 TSTB <RO> 
BE::Q 3$ 
TSTB <Rl> 
BEQ 3$ 

CMPB <RO)f,(Rl>t 
BEQ 2$ 

CLR R3 
BR 2$ 

3$: TSTB ( Rl) t ; NEXT s·r RG 
BNE 3$ 
;Rl PTS AFTER A lERO,RO F'TS AT A ZERO 
TST R3 
BEQ 4$ 

JMP @ ( R2 > ; 11ATCH 
4$: TST <R2>t 

BR 1$ 
5$! ;No MATCH FOUND 

JMP @(R2> 
L.INPOS: 

;sTRGO 
MOV 
MOV 
MOVB 
BNE 
MOV 
MOV 
MOVB 
BNE 
MOVB 
INC 
MOV 
110VB 
BNE 
MOV 
BR 

CONTAINS 'INF'OS' 
TSTRG,R1 
tSTRGO,R2 
(f<1)t,(R2>t 
1$ 
tSTRG,Rl 
tiNPQS,R2 
( R2 > +, ( Rl) t 
2$ 
tBL,-(Rl> 
R1 
t:S'JRGO,R2 
<R2>t,(R1>+ 
3$ 
tSTRG,TSTRG 
LOOF-' 

; s·r RGO=s·r RG 

;STRG:.::1Nf-'OS 

;SlRG:.::Sl'RG I I , i STRGO 



APPENDIX C : PARALLEL CHESS. 
CHARACTER INPUT RECOGNITION 

!:;n-._00232 L..WHJ:TE: ~10V 

!.:~0240 BR 
60 00242 L.BL..ACK: MOV 
61 00250 BR 
62 00252 LREL: CL.R 
6:~ 00256 CLR 
/,4 00262 Br~ 
65 00264 LSETBD: MOV 
66 00272 CL.R 
67 00276 BR 
6B 00300 LPIECE: MOV 
69 00306 BR 
70 0031.0 L~>QUARE: 
71 0031.4 BR 
72 0031.6 LCLEAR: JSR 
73 00322 JSR 
74 00326 CLR 
75 00332 CLR 
76 00336 CLR 
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=l=l,COLOUR 
LOOP 

:J-1,COLOUR 
LOOP 

SET BD 
PLAY 

LOOP 
$1,SETBD 

PLAY 
LOOP 
t1,SWPIECE 
LOOP 
CLt\ SWPIECE 
LOOP 

R5,IPTYPCLR 
t\5, I SQUARE 
SCORE 
TOPREL 
FIRt\EL 

77 ;INITIALISE TIME~-;:s 

78 00342 CLR DTT 
79 0034<!'> CLR DTT+2 
BO 00352 BR LOOP 
81. 00354 LMAXDPTH: 
82 00354 JSR R5,SCANBIN;RETURNS ~n RGO 
B3 00360 MOV ·~ 1 , MAXDPTH -r:: )0364 BR LOOP 
B!P-60366 L.MAXNIM: 
B6 00366 JSR F~5, SCANB IN 
87 00372 MOV F<i ,MAXNI!1 
BB 00376 BR LOOP 
89 00400 L.ALPHA: JSR R!::i,SCANBIN 
90 00404 MOV R1,ALPHA 
91. 00410 JMP LOOP 
("\..., 
'1~. 0041.4 LBETA: JSR R5,SCANBIN 
93 00420 MOV R1,BETA 
94 00424 .JMP LOOF' 
(?~5 00430 LGO: 
(?6 00430 TST PLAY 
97 00434 BEQ 1$ 
98 00436 JMP L.F<EST1 
99 00442 1$: 
:1.00 0442 MOV @f:SWF".:EG, SWITCH 
101 0450 JSR PC d1IN~1AX 
1.02 0454 JSR R5,PBMVES;PRINT BEST MOVES 
103 0460 JSR R5,PCOUNTS H'RINT COUNTERS 
104 0464 JMP LOOP 
1.05 0470 LBOARI.I: JSR R5,MAKEBD 
lOb 0474 .PRINT =I= BOARD 
107 0502 JMP LOOP 
:LOB 0506 LPDPTH: JSR R~,SCANBIN 

1.- 0512 ~10V R1,PDPTH 
1~ 0516 JMP LOOP 
:1. :1.1. 0522 L.PL.AY: 
U. 2 0522 t10V :1=1,PL.AY 
U.3 0530 ~JMP LOOP 
:1.1.4 O~i34 L.MMAXD: 
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CHARACTER INPUT RECOGNITION 

RT-11 MACRO VM02-l2 20-NOV-78 09:43:52 PAGE 5+ 

:1 ·,.,~,, 0534 
~0540 
:1.:1.7 0544 
118 0550 
:1.1.9 0550 
120 0554 
121 
:1.22 O!:i60 
:1.23 0564 
124 0564 
125 0570 
l26 0574 
:1.27 
:1.28 0600 
:1.29 0600 
130 0604 
:1. 3l 0606 
l ~52 06:1.2 
133 0614 
134 0620 
:r. ~~5 0620 
:1.36 0624 
l37 0630 
:1.38 0630 
1.39 0634 
:L40 0640 
:1 - 0644 
:1."" 0644 
143 0650 
:1.44 0654 
:1.45 0660 
146 0660 
147 0666 
148 0672 
:1.49 0676 
:1.!:.-iO 0702 
:1.::-'.i:l. 0702 
1.52 071.0 
:J.!'.'i3 
:1.54 
:1.55 
:1.56 0712 
:1.57 0712 
158 0716 
159 0722 
:1.60 
:1.61 
:1.62 
:1.63 0724 
164 0724 
:l.l)5 0730 
:L ·W.. 0732 
:1.~0736 
:1.68 
169 
:1.70 
171 

l..Cit! 

JSR R5,SCANBIN 
MOV R1, Ml~AXD 
JMF' LOOP 

JSR R5,SCANBIN 
MOV Ri,CDO ;COMMON DEPlH 0 : CD MAY BE ALTERED 

JMP LOOP 
LVARCD: ;COMMON DEPTH VARIABLE 

JSR R5,SCANBIN 

; 
l..MOVENO: 

1$! 

LPEN: 

LMAXCDI 

l10V Ri, VARCD 
JMP LOOP 

JSR R~h SCANBlN 
ASL R1 
TST COLOUR 
BGT 1$ 

INC MOVE NO 

MOV Ri,MOVENO 
JMF' LOOP 

JSR RS,.SCANBIN 
MOV R1,PEN 
JMP LOOP . , 
JSR R5,SCANBIN 
MOV R1,~1AXCD 

JMP LOOP 
LSWEEP: iPARALLEL SEARCHES WITH VARYING CD UP TO MAXCD 

MOV @tSWREG,SWITCH 

LEND: 

; 
; 
; 
SCANBIN: 

4 

' ; 
; 

JSR R5,SWE.EP 
JSf\ R5, F'BMVES 
JMP LOOP 

BIC tRINT,@IPL..SR 
.EXIT ;END PROGRAM 

JSR RS,SCAN 
JSR R5,BIN 
RTS R5 

; RETURNS STf~GO 
;BINARY FORM OF NUMBER RETURNFD IN R1 

LREST: ;CHAR STRING NOT RECOGNISED SO 
TST PLAY 
BNE 1$ 
J~1P LREST2 

;LOOK FOR CMVE AND UPDATE BOARD 
;GENERATE ALL. LEGAl.. MOVES AND SEE IF ANY IliENTIFY 
JWITH THE INPUT STRING 
;st:.T R3,R4 



:NDIX C : PARALL~L CHESS. 
:ACTER INPUT RECOGNITIQN 

~ 0 4: 
'·~ -. 

0750 
0754 
0760 
0762 
0766 
1000 

. RT..:_11 MACRO VM02-12 . 20-NOV-78 09:43:52 PAGE 5+ 
'~~~::,. 

' HOV t-MSTACK-10. rR3 ''" 
· .: · MOV R3rR4 .... ' . 

ADD . tPRESS.i R4 . 
JSR. 'PCrSETMVS ; INPUT CHAR STRING SHOULD BE ONE 
TST . KCAF-' 
BEG 2$ 

CLR KCAP 
SPRINT 4M1S ;xLLEGAL,POSITION 
JMP LOOP 

L 

' 

1004 2$: ;R4->TOP OF MOVE STACK 
1004 
1006 
1010 
1014 
1020 
1024 
1026 
1032 
1034 
1034 
1040 
1044 
1050 .. ·. 
1054 

1060 

~6··· 
1074 
1074 
1076 __ ,_ 

1100 
1102 
1104 
1106 
1110 
1110 
1114 
1116 
1116 
1130 
1134 
1134 
1142 
1146 LRESTlt 

1146 
1154 
1162 
1170 
1176 

iQ 
1214 

1216 
1224 

10$: 

TST <R4) HtOV~ 'f 
BEQ 8$ 

8$t 

JSR PCrUPDATE 
JSR PCrSETHVS ;IS UPDATED MOVE.LEGAL 1 
TST KCAP 
BE.Q . 3$ 

INC 
., . NEG 
. JSR 

NEG 

CLR ,. KCAF· 
BR· .. 6$ 

REPEAT, 
COLOUR ·::.~· 
PCrSETMVS 
COLOUR~:fQ.(,. ·• 

·~·1:'.' 

;CHECK 1 

DEC REPEAT ?~ 
fUPDAT~D MOVE.LEGAL NOW FIND CHAR F'ORM 
MOV tPBUFrRO ;RESULT IS IN PBUF 
JSR R5rCHARHV 
MOV. ISTRGOtR1 fiNPUT STRiNG 

'i.'_fc~' 
TSTB · < 1"<1 > :.'-/. 
BEG 10$ . ;sUCEED 

<RO) TSTB 
BEQ 6$ ;FAIL · 

CMPB <RO>+rCRl )t 
BEG 4$ 

fFAIL TO MATCH OR ILLEGAL HOVE 
JSR PCrRESTOR 

. BR .. 2$ ~NXTMV 
fFAIL TO MATCH ANY MOVE 
SPRINT tM16 iMOVE NOT RECOGNISED 
JHP LOOP 

;MOVE RECOGNISED & BOARit UPltATED ANII COLOUR CHANGED, 
MOV SCOR < R3) , SCORE .. 

' INC MOVENO 
; ENTRY. POINT F"OR STARTING WITH MACHINE MOVE 

, .... fR3 & R4 WILL BE SET BY HINMAX . · . . 
.. ·. HOV .SCOREr BETA ;sET'. ALPHAr BE. TA FOR STRATErnc· SEARCH 

~ ' .('1. ··-<-<-~ ·~;,)<1r.- ' •' . ·~· ; 
· ADD PEN, BET A · .~&:~:" · 

MOV SCORE;ALPHA .. ·::: 
SUB PENrALPHA 

" JSR f'Crf1INMAX 
. JSR . R5, PBMVES 

CMP VSCOR<R3>rALPHA fANY MOVES F'OUND 1 
BGT .18$ tALPHA<BETA ALWAYS 1 

;scORE OUTSIDE ALPHAr BETA RANGE, SO TACTICAL 
MOV ALF'HA' BETA 
MOV t-lOOOO.,ALPHA 



( C : PARALLEL CHESS. 
~R INPUT RECOGNITION 

2 
4 
2 
:> 
:> 
) 

4 
) 

4 
4 
) 

4 
) 

2 
s 
2 
4 
) 

2 
s 
:> 
2 

:o 
s 
s 
:> 
4 
) 

) 

~ 

s 
2 
) 

4 
) 

4 
:> 

't .. 
4 
s 

4 
4 
4 
) 

) 

:G 
) 

) 

4 
4 

31$: 

32$! 
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1B$t 
BR 22$ 

CMP VSCORCR1),BETA 
BLT 23$ 

liOV BETA' ALPHA 
MOV t10000.,BETA 

22$S 
DSTACK T2, T2+2 ; SAVE liKE OF FIR' 'ST CALL 
JSR PC,MINMAX 
JSR R5,PBMVES 
DADD CSP)t,CSP>+•T2tT2+2 'T2 IS NOW 

INC MOVENO 
MOV MOVENOtRl 
ADD t2,R1 
ASR Rl 
MOV t:PBUF,RO 
JSR R5,DEC 
.WORD 10. 
f10VB t:TERMr-CRO>+ 
SPRINT •PBUF 
TST COLOUR 
BGT 25$ 

SPRINT t~117 
BR ST26$ 

SPRINT t:M18 

MOV R3,RS 
ADD tBMVtR5 
MOV -CR5),-(R4> 
fiOV - < RS > , - < R4 > 
MOV -CR5),-CR4> 
JSR f'C,UPDATE 
NEG COLOUF~ 
MOV tl,REPEAT ; 
JSR pc,SETMVS ;cHK ? 
CLR REF'EAT 
NEG COLOUR 
MOV t:f'BUF,. RO 
JSR R5,CHARMV 
SPRINT :tPBUF 
MOV SCORCR3>,SCORF­
;ADJUS1 TIME 

. , , ' . . . . . 

.. , , ' . 

;SEARCHES . 

--

-· 

-· -
l 

) 

-· 

-

-

-
-· 

--

-· ---

;cALL TO MINMAX WILL HAVE PUT ELAPSED TIME BEYOND Tl IN 1 
DADD T2,T2t2,DTT,DTTt2 
DSUB ADT,ADTt2,DTT,DT1+2 
DCMP DTT,DTT+2tADTtADT+2r31$,30$ 
;TT-ETT GETTING LARGE~ DECREASE DEPTH 

DEC D 
SPRINT tl119 
BR 33$ 

;DECREASE DEPTH 

DCMP DTTrDTTt2,NADTrNADTt2t32$,33$ 
;ETT-TT GETTING LARGE CAN AFFORD-TO INCREASE DEPTH 

CMP Drta. iDON'T GO BETOND D=B 



APPENDIX C : PARALLEL CHESS. 
CHARACTER INPUT RECOGNITION 

;~.~ 1652 
~ 1654 
288 1666 
289 l.672 
290 1672 
291 1676 LREST2: 

Rl-11 MACRO VM02-12 20-NOV-78 09143:52 PAGE 5+ 

BLE. 33$ 

JMF' LOOP 

SPRINT ,~,N~?O 

INC D 
?lNCREASE DEPTH 

293 1676 
294 1702 
295 

~ ASSUME INPUT STRING IS A PIECE OR SQAUARE DESCRIPTOR 
·r ST SWPIECE 

296 
297 
298 
299 
300 
301 1704 
302 1.710 
303 1714 
304 1716 
305 l. 722 
306 1724 
307 1726 
~308 1732 
309 1734 
310 1740 
31.1 1.742 
~~. 174'~ 

lW 1750 
31.4 1752 
3:1.5 1756 
316 :1.762 
3:1.7 1766 
31.8 1770 
319 l772 
320 1774 
321. 2002 
322 2004 
323 20l.O 
324 
'525 2014 
326 2020 
327 2024 
328 2026 
329 2032 
~30 2034 
331 2036 
~32 2040 
533 2046 
S34 2050 
~35 2052 
)36 2056 
F""' 2062 ......, 
)39 
i40 

BEQ 4$ 

4 , 

;SET RELE.VANl PIECE. 
;CALL INTERPRET PIECE 
;oN CALL TO INTPTP 
;RO-> PDESC.TYPE 
;2 DESC.ON 
;4 STRGO-> 
MOV ISTRGO,-CSP) 
SUB t4,SP 
~10V SP, FW 
JSR R5,INTPTP 
TST <RO) 
BEQ 3$;ERROR 

TST SETBD 
BEQ 1$ 

JSR R5tSETPIECE 

1$: 

TST 
BNE 
l10V 

!'fOV 
BEU 
A))D 
JSR 
SUB 

CRO> 
7$ 
RO,-<SP> 

@2<R0>,2<RO> ; 
3$ ; INVALID 
:a:2, RO 
R::'i, SETRF·SQ 
12,RO 

ANY PIECE '? 

.PRINT :i-M3 ; 
MOV. (SF··) +, R() 

ALID t6rSP 
JMP LOOP 

INVALID PIECE DESCRlP' 
oR. 

; SET RELEVANl SOUARE 
MOV tSTRGO,-<SP) 
SUB :f:2rSP 
MOV SP,RO 
JS~~ R~•, S(~CHAR 
TST <RO> 
BNE ~$ 

MOV RO,-<Sf') 
.PRINT :f:M4 ; INVALID SQUARE 
MOV (SP)t,RO 
BR 6$ 

5$: JSR R~,SETRPSQ 

ADD t4rSP 
JMP LOOP 
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INITIALISE PIECE TYPES AND COLOUR 

3 
4 
:i 
t) 000000 
7 
f:l 
<'f 

:1.0 
:1.:1. 

t2 
13 
14 
15 
16 
:t 7 00000 
:J.8 00004 
:l9 00006 
20 00010 
21. 00014 
:?.::! 00020 
::~3 00022 
24 00024 
25 00026 
26 00032 
··~ ~' 00036 

:¥00042 
29 00046 
30 00052 
31 00054 
:52 
33 00056 
:54 00062 
35 00066 
36 00072 
37 00076 
~8 00100 
~9 00102 
~0 
H 
~2 

.SB11L INITIALISE PIECE TYPES AND COLOUR 

.CSECT INITIALISE 

; 
lPTYPCLF<! 
; NO ARGut1ENTS 
;DCL BSTRG BITC32); 
;PlECE=''jBSTRG=l; 
;no;TOPPCE<*>=O; 
; I=31 TO 0 BY -1; 

IF I>=16 THEN PIECECI>.CLR=WHITE; 
; ELSE PlECE<J>.CLR=BLACK; 
; PIECE<I>.TYP=BSTRG; 
; BSTRG=BSTRG & 'O'B; 
;END 

1$: 

2$: 

; 
; 

MOV 
CLR 
CLF\ 
MOV 
t10V 
CLF< 
CMP 
BGT 
MOV 
t10V 

:I:TOPPCE., F\1 
<Rl >+ 
<R1>+ 
:I:PIECE,Rl ; PIECE='' 

-· <f<2 > 
R2,R1 
1$ 
:1:1,R4 ; R4=BSTRG 
*ENDP,R2 

SUI{ $LENP ~ R2 
MOV R4,<PTYP+2><R2> 
INC CLF<<R2) 
ASL.. R4 
BNE 2$ 
;BLACK 
MOV :l:bR4 

3$: SUB :l:I.ENF', R2 
MOV R4,PTYP<R2> 

RTS R5 

ItEC CLFd F<2) 
ASL R4 
BNE 3$ 



APPENDIX C : PARALLEL CHESS. 
INITIALISE SQUARES 

RT-11 MACRO VM02-12 20-NOV-··78 09:43:52 PAC1E 7 

1,-
,~: 

~0104 
3 
4 000104 
5 0001.1.0 
6 000114 
"? 00011.6 
8 000120 
9 000122 
:1.0 00126 
11 00132 
1.2 001.34 
13 00136 
1.4 00142 
1""-~} 00144 
16 00150 
17 001.54 
j.8 001.56 
19 00162 
20 001.66 
21 00172 
22 0021.4 
23 00216 
:;~ 4 00220 
25 00224 
26 00226 
,.~ 
.:.. 

2!-00230 
29 002:~4 
30 00236 
31 00242 
32 00246 
33 00252 
34 00256 
35 00262 
36 00266 
37 00270 
38 00272 
39 00276 
40 00300 
41. 00302 
t2 00304 
~3 00306 
44 0031.0 
45 00312 
46 00314 
47 00316 
\8 00320 
t9 00322 
50 00324 
51. 00326 
ir-00330 
~)0332 
~4 

)5 
)6 

ISCWAF~E: 

.SBTTL INITIAl.ISE SQUARES 

jCLEAR SQUARE 
HOV tSQUARE,R1 ; SQUARE=O 
~10V tENDSQ, R2 

1$: CLR -<R2) 
CHF' R2,R1 
BNE 1$ 

. 
' ; 
; 

MOV :~"7,- < SP > 
2$! MOV t7,-<SP> 
3$: TST -<SP> 

HOV SP,RO 
JSR R~•" SOCOUW~I 
HOV CSP),F\4 ; R4=SQO 
JSR R5,CHARSQ 
MOV <SP),CSU<R4) 
MOV R4,<SP> 
MOV t4r-(Sf') ;DI=4 
4$! MOV t4r-<SP> DJ=4 

R1=DIRSCDI,DJ) 5S: MOV 2CSP),R1 
MCIL t5,R1 

Cf1P 
r1EC 
BGE 
TST 
DEC 
BGE 

ADD <Sf'),R1 
ASL R:l 
ADD tliiRSvRl 
MOV <R1),R1 ;Ri~D 
BEQ 6$ 

ADD 4<SP>,R1 f R1=->SUUARE(SQO>.NEXTSQ(D) 
f10V R1,R4 
MOV B.<SP),-CSP) ; IfDI 
ADD 4<SP),(SP) 
SUB +2,CSP> ;I+DI-2 
MOV B.CSP>,-<SP) ; JfDJ 
ADD 4(5F'),(SP) 
SUB t2,CSP> ;JfDJ-2 
TST -·<SF') 
MOV SP,RO ; SUClfDI,JtDJ> 
~JSR R!:'.i, SQCOLROW 
MOV <SP)f,CR4) ' R1=SQ1 
CMF' <SF'>+ r ( SP > f 
DEC <SP> ; DJ=DJ-1 
BGE 5$ 
TST <SP)f ; POP liJ 
DEC <SP> ;Dl=lii-1 
BGE 4$ 

CSP)f,(SP)f ;pop Dl & SUO 
<SP> ;J=J-1 
3$ 
<SF')+ ; POP J 
<SP> 
2$ ; I==I -1 

Ts·r < SP) + 
RTS R5 



APPENDIX c 
SQCOUWW 

:L-
2\.r 
."5 000334 
4 
5 
s 
7 
8 
9 
10 00334 
:1. j_ 00336 
12 00342 
13 00344 
:l4 00350 
:L5 00352 
16 00356 
:1.7 00360 
:1.8 00364 
:1.9 
20 00366 
~~ :1. 004l.O 
22 00412 
23 00434 
24 00440 
25 00442 
26 
?-
")~ .· ... 
~!9 

30 00444 
31 
32 
33 
34 
3~i 00444 
36 00450 
37 00454 
58 0045l) 
39 00462 
~0 00466 
u 00472 
~2 

l3 
~4 
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.SBTTL SUCOL.ROW 

SlKOLROW: 
;GIVEN RO POINTING TO SQ, Ir J RETURN 
; THE ADDRESS OF THE SQUARE IN <RO> 
; IF SQUARE IS ILLEGAL RElUI=<N <R:l )::.:0 
; <RO>-> SQ . ') ,...:. 
;4 
CLR 
MOV 
Bl.T 
CJiP 
BGT 
MOV 
BLT 
CMP 
BGT 

j COL COUNTED 
1 ROW COUNTED 

<RO) 
4(t~O>,R1 rR1:.:::f:=ROW 
1$ 
R1,f:7 
1$ 
2 ( RO) 'F~2 ;R2=J 
:1.$ 
R~h :1:7 
1$ 

;vALID I & J 
MOL :JB. tR1 
AliD R2tR1 
MOL :l:l..t.NS(~, R 1 
ADD f:SQUARE,Ri 
fiOV R1, <RO> 

FROM 
FROM 

0 
0 

1$: RTS R5 . , 
; 
; 

CHARSU: 

; 
; 
; 

.SBTTL CHARSQ 

; GIVEN RO POINTING TO CHAR(2)rJrlr RETURN CHAR(2) 
;RO-> 'A2' CHAR<2> 
•'") 
l'.:. 

;4 
MOV 
ADD 
MOVB 
t"'UV 
ADD 
MOVB 
RTS 

J COL 
I ROW 

2<RO>,R1 ;Rl=COL=J 
*'A,Ri 
R1,(R0) 
4<Ro> ,r~1 
t'l,IU 
R1d<RO> 
R5 

;cOL IS LOW ORDER BY1E 
;Rl=ROt.J:::.:f 



APPENDIX C : PARALLEL CHESS. 
INTERPRET PIECE 

RT-11 MACRO VM02-12 20-NOV-78 09:43:52 PAGE 9 

:1.- .SBTTL INTEf(PRET PH.CE. 
:;:~0474 INTPTP: 
3 ;GIVEN ->s·r RGO, F>:ETURN iYF'E. ANfl ON OF PIECE 
4 . IF STRG IS NOT RECOGNISED .fHEN RETURN TYF'E=O , 
5 ; ON CALL THE STACK IS AS FOLLOWS: 
6 ; <SF'>-·> OLD PC 
7 ; ( RO > -> TYPE .. 
::> ;2 ON 
y r4 ->STRGO 
10 
1.1 ; 
1.2 00474 Cl.R <RO> ; TYPE.:.::(> 
l.3 00476 MOV 4<RO>rR1 ;R1=->STRGO 
14 00502 1$: 
:1. ~; 00502 TSTB <R1>+ 
1. 6 00504 BNE 1$ 
1.7 00506 DEC R1 ;Rt=->0 
1.8 00510 SUB 4(RO>,R1 ;Rl=l.ENGTH STRGO 
19 00514 CMP Rl,t2 
20 00520 F.~ NE 3$ 
21 
.)'") · .. ~~.:. 00522 ADD 4<RO>,R1 
23 00526 INC R1 
24 00530 MOV Rl ,ra 
·)t~ 00532 !10VB -ou >, 0(2> . MOVE ZERO ~. ,.J ' 26 00534 2$: 
2·-)0534 MOVB -<R1>,-<R2) 
2~0536 BNE 2$ 
29 00540 MOVB =l=' P f < R2) rSlRGO='P' & STRGO 
30 00544 BR 4$ 
31 00546 3$: 
52 00546 CMF' R19 :a::~ 
53 00552 BEQ 4$ 
~4 00554 RTS R5 ; ERF"<OR 
~5 00556 4$: 
~.!) 00556 !10V 4<RO>,R1 ;R1=->STRGO 
57 OO~if.:.2 C!1PB (Rl)rt'P 
~8 0056t:' BNE 8$ 
~9 . 

f 

~0 00570 TST COLOUF\ 
H 00574 BGT 5$ 
~2 00576 C!1PB 2<R1),t'7 ; BL.ACI< AND RDW=7 
\3 00604 BEQ 6$ 
t4 00606 BR 7$ 
t5 00610 5$: 
t6 00610 C!1PB ~? < Rl h t '2 ;WHlTE ANfl ROM=2 
~7 00616 BNE 7$ 
~8 00620 6$: 
~9 00620 !10V ~UPAWN,<RO> 
:iO 00624 BR 21$ 
H 00626 7$: 
'j'1"-00626 MOV :~PAWN~ ( R()) 
~0632 BR 21$ 
)4 00634 8$: 
j5 00634 CMPB <R1ht'N 
i6 00640 BNE 9$ 
)7 00642 !10V :f:N J GHT, < RO > 

' 



APPENDIX C : PARALLEL CHESS. 
INTEF\PRET PIECE 

;.;~0646 

~0650 9$: 
':)0 00650 CMPB 
61. 00654 BNE 
~)2 00656 
63 00662 
64 00664 10$! 
~)5 00664 CMPB 
66 00670 BNE 
~)7 00672 
68 00676 
69 00700 11$! 
70 00700 CMPB 
71 00704 BNE. 
7? •.. 00706 
73 00712 
74 00714 
75 00722 
76 00724 
77 00726 
78 00726 
79 00734 
30 00736 
31. 00740 
32 00740 
33 00746 
:r-10750 
~~00756 
36 00760 
37 00760 
:l8 00764 
39 00766 
?0 00766 
11 00772 
12 00774 16$: 
i"3 00774 CMPB 
14 01000 BNE 
?5 01002 
n Ot010 
?7 01012 
18 01.01.6 
19 01020 
lOO 1026 
LOl 1030 
l02 1032 
03 1.032 

L04 1040 
l05 1042 
l06 1042 
l07 1046 
lOB 1050 
l.f'~ 1.050 
l, .1054 
lir 1056 20$! 
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BR 21$ 

<F\1),:1:"B 
10$ 

MOV :I:BISHOF',(RO> 
Bf\ 21$ 

ou) ,t;"(~ 
1.1$ 

MOV tQLJEEN,(RO> 
B~~ 21$ 

<R1),:a:"R 
16$ 

TST COLOUR 
BG'f 12$ 

CMPB 2<Rlh:l:"8 
BEQ 13$ 
BNE 1!:1$ 

12$1 
CMF'B 2(R:I)r:l:'1 
BEt~ 13$ 
BNE 15$ 

13$! 
CMPB 1 <R1) ,t"A 
F.<EU 14$ 
CMF'B 1<R1),:a:"H 
BNE 15$ 
14$! 

MOV :HJROOI<' ( RO) 
BR 21$ 

15$! 
MOV tROD!\, ( •~o > 
BR 21$ 

<R1>,t'~~ 

20$ 
Cl1PB :I.(Rt)d:"E 

BNE 19$ 
TST COLOUR 
BLE 17$ 

Cf1PB 2<R1) r:l:"l 
BEC~ 18$ 
BNE 19$ 

17$t 
CMPB 2(R1>,t"8 
BNF.: 19$ 
18$! 

MOV :I:UKING,(RO> 
BR 21$ 

19$! 
110V :~:KING,< RO > 
BR 21$ 

.12 ; CHAf<ACTER STRING NOT RECOGNISED 

.13 1056 rns R5 

. :1.4 :1.060 21$! 
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INTERPF~ET PIECE 
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I.~"' 
1.~ 
1.17 
1:1.8 1060 
119 1064 
1.20 1066 
1.2:1. 1072 
I.~-~~-~ :1.076 
1.23 1100 
1.24 U.04 
1.25 1.106 
l.26 1110 
1.27 1114 
1.28 
1.29 
1.30 

-

-

;PREPARE fOR CALL TO SQCHAR 
; <FW>-> DN 
;2 ->STRGO <COL,ROW) 
I NC 4 ( RO) ; !1DVE PAST F' I ECE · CHARACH:.R 
MOV RO,-<SF') 
ADl'l =~2, F~O 

JSF\ R5,SQCHAR 
MOV <SP>tdW 
TST ~,~(RO) 

BNE 20$ 
CLF\ <RO> ; INVAI..:CD SQUAF\E 

DEC 4 < F\0) 
ras R5 



AF'F'ENDIX C t PAf\ALLI::.I.. CHESS. 
SETPIECE ON BOARD 

RT-11 MACRO VM02-12 20-NOV--78 09! 43: ::;2 PAGE: :l (l 

:1.,­
~)11.16 
3 
4 
5 
6 . ., 
' ., 
:> 

t 
1.0 
f. :1. 

l2 
13 
14 
1.5 
1.6 
17 
1.8 
1.9 
20 
21 
-~2 
23 
24 
25 
?.6 0111.6 
')~l1 ")") 
'·~·"".:.. 
?. 01124 
?.9 01130 
50 01132 
H 01132 
52 01134 
B 01140 
~4 01142 
55 01146 
~6 01:1.52 
~7 0:1.:1.54 
)8 01156 
~9 Ol.156 
~0 01162 
H 01166 
~2 01170 
n 01170 
i4 01172 
~ t:• ... J 01176 
\6 01.200 
l7 01200 
l8 01202 
\9 01204 
)0 01204 
a 0:1.210 
)':l-.01212 
:'-')1216 
54 01220 
)5 01224 
)6 01.226 
i7 01226 

.SBTTL. SETPIECE ON BOARD 
SETPlECEt 
; IF ·r YPE=:"KING " UKING THEN DO; 

R1=0; 
IF BLACK THEN R2=PIECE<O> ; ELSE R2=Pl~CEC16)i 

; IF TOPPCE<COLOUR>~=O THEN •<3~PJEC~(F'2+1) ;ELSE R3::::0; 
; END; 
;ELSE no; 

R1=TOPPCECCOLOUR)f 
; IF R1=0 THEN 
; IF BLACK THEN R2=PIECEC1); . , ELSE R2=PIECEC17); 

ELSE. R2""F'IECE<P1+1>; 
; R3=0; 

END; 
;IFR1-=0 THEN PlECECP1>.NXlP~P2; 
;PIECECP2>.LSTP=P1; 
;PIECECP2>.NXTP=P3; 
; IF P3""=0 THEN PIECECF'3) .LSTP:7 P:?.r 
;IF P3=0 THEN TOPPCE<COLOUR)=P2f 
; ;oTHERWISE HAVE INSERTED P2 BEFORE P3 K l"OPPCE IS UNALTEREI 
; . 
' ;(RO>-> TYPE 

~2 ON 
C~tF' < RO), tKING 
BEQ 1$ 
CMP ( RO), =HIKING 
BNE ~i$ 

CLR R1 
TST COLOUR 
BGT 2$ 
MOV tPIECE,R2 ;R2=P2=PXFCE<O> 
TST TOPPCE. 
.BNE 3$ 
BR 4$ 

MOV t<PIECE+<16.*LENP>>,R2 
TST TOPPCEt2 
BEQ 4$ 

MOV R2 ~ R:~ 
ADD tl.ENF', R:~ 
BR 11$ 

CLR R3 
BR 1.1$ 

TST COLOUR 
BGT 6$ 
MOV TOPPCErRl ;BLACK 
BNE 9$ 
t10V ~=1rR2 

BR 8$ 

MOV TOPPCEt~~dU 



C : PARALLEL CHESS. 
ON BOARD 

c 

11$: 

RT-11 MACRO VM02-12 

BNE 9$ 

MOV t17.,R2 

9$1 

CLR R3 

MOL tLENP,R2 
ADD tPIECE,R2 
BR 10$ 

;ELSE P2=F'1+1 
MOV R1rR2 
Arlll tLENF', R2 

20-NOV-78 09f43t52 PAGt 10+ 

;R1=P1, R2=P2, R3=P3 ARE SET. NOW INSERT F'IECECP2>. 
lST R1 
BEG· 12$ 

MOV 
MOV 
TST 
BEG 

·MOV R2,NXTP<R1> 

R1,LSTP<R2> 
R3,NXTPCR2) ..... 
F<3 
50$ 

j 
I 
I 
'• 

;INSERTING KING AT FRONT, 
;LEAVE TOF'PCE UNCHANGED 
MOV R2,LSTP<R3> 

WHEN THERE ARE OTHER PlECiS 

0 50$: 

14$: 

BR 14$ 

TST COLOUR 
BGT 13$ 

13$: 

;R2=PIECE 2 

MOV R2,TOPPCE 
BR 14$ 

MOV R2, TOF'PCE + 2 

MOV CRO),TYPCR2) fPIECECP2>.TYPE=PDESC.TYPE 

J 

) 

MOV ( RO >, fi:1 ; PIECE0:'2 >. l:IAl:lt•R=ADIRS ( f'TYPE > ~ 
\ •. \ 

15$1 

16$t 

0 

ADD tAtiif,:S, fi:1 
MOV <R1),DADD<R2> 
CMP CRO>rtPAWN fiF PTYPE=PAWN OR UPAWN & COLOUR= WHITE THEN 

fPIECE<P2>.DADDF<=WPDlf<S 
BEG 

. CMP 
BNE 

15$ 
CRO>,tUPAWN 
16$ 

TST COLOUR 
BLE 16$ 

~MOV tWPD1Rs,DADD<R2> 

MOV 

ADI.I 
MOV 
TST 
BGr 

(R0hR1 flF COLOUR=WHITE THEN PIECE<P2>.VALUE=VAL<PfYPE> 
fELSE PIECE<P2J.VALUE=-VALCPT> . i 

NEG 

I VALUES'· Rl 
(Rl>•VAL<R2> 
COLOUR 

. 17$ '> 

VALCR2> 

1 



1PPENDIX C : PARALLEL CHESS. 
;ETPIECE ON BOARD 

l~ 1444 
'W'1444 
1.7 1452 
18 1456 
19 
20 1462 
21 1466 
22 
23 
24 

-

17$t 

. , 

ADD 
MOV 
MOV 

CLF\ 
RTS 

RT-11 MACRO VM02-12 

VALCR2),SCORE fSCORE=SCOREtPIECECP2>.VALUE 
2(R0), <R2) H'IECE<P2) .oN~~PDESC.ON 
R2,@2(R0) 

REL < f\2) 
R5 

;SQUARE<PDEC.ON>.PIECE=P2 
H~P(F')::::O 
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3ET A RELEVANT PIECE OR SQUARE 

-~!~1470 
) 

~ 001470 
001472 
001476 

001500 
~ 001506 
.0 01512 
.l. 01514 
.2 01.514 
.3 01.520 
.4 01520 

J;!" 
. •. ! 01524 

,(. . \.} 01530 
.7 01;:536 
.8 01544 
.9 01550 
~0 

!1 
~2 
~3 

SETF~PSQ: 

2$t 

.SBTTL SET A RELEVANT PIECE OR SRUAR~ 

; ( RO)-> ON/f-' :c ECE 
MOV CRO),R2 ;R2=SU OR Pl[Cf.. 
MOV TOPREL,Rl ;Rl=lOPRfL 
BNE 1$ 

fiNITIAL WHEN TOPREL=O 
MOV tPRESSt4,RELOFF 
MOV R::~ r FH~REL 

BR 2$ 

MOV R2rNXTR<R1) 

t"'OV R:t r LSTR ( R2) 
MOV R2,TOPREL 
SUB t4tRELOFF iOBTAIN OFFSET FOR NEXTREL P OR SQ 
MDV RELOFF,RELCR2) 
CL.F~ NXTR < R2) 
RTS R:.':i 



1PPENDIX C : PARALLEL CHESS. RT-11 MACRO VM02-12 
>CWAF\E FFWM CHARACTER CONVERS J ON 

' 001~j52 
001.554 

) 001.560 
.0 01.564 
.1. 01.570 
.2 01.572 
.3 01576 
.4 0:1.600 

.6 01622 

.7 01.624 

.f:l OH)30 

.9 0:1.632 
~() 01.636 
~1. 0:1.640 
~2 01640 
!3 01642 
~4 01.664 
~5 01.670 
~6 0:1.672 
)"-':167'' 
;~· ~-

~9 

;o 

SQCHAR! 

1.$! 

; 

• SBTTL SQUAF\E FF.:OM CHAI.:.:AC"I EJ-:: COHVEF~SIO!~ 

HH VEN COL., F\OW FIND ON StWARE OF" PIECE 
;RETURN ON=O IF INVALID 
;<RO>-> ON 
;2 -··><COL,F\OW> !.ISUAI..l.Y -·>S"IRDO 
CL.R < F\0) 
110V 2(RO),R1 ;r-:1=-->COL 

; F\2=F\OW 110VB 
SUB 
BLT 
CMP 
BGT 

t'1,R2 fR2=ROW-1 
3$ ; I NVAL. ID ~'Wlo.! CI-I(.~RACTER 

R2,f.7 
3$ 

MOL :~:8. , ·~2 
110VB ( F\ 1. ) , R 1. H\l==COL. 
SUB :a:' A r R 1 
Bf..T 3$ ;INVALID COLUMN CHAI·<AC"I ER 
CMP R:t,t7 
HGT 3$ 

ADD Rl, •n 
MOL :l:LENSt~, R2 
ADl"l :J:SQUARE,R2 
MOV R2, <•W> 

RTS R5 
; 



' 

( C : PARALLEL CHESS. RT-11 MACRO VM02-12 20-NOV-78 09:43t52 PAGE 13 
•uT THE NEXT WORD IN THE BUFFER IN STRGO 

) 

) 

~ 
) 

I 
l 

SCAN: 

1$: 

'. 3$: 

) 

) 

) 

~ 
; 

.. '• 

.. , 
; 
; 

.SBTTL SCAN : PUT lHE NEXT WORD IN THE BUFFER IN SlRGO 

JTHE TT INPUT BUFFER IS SEARCHED FOR A CHARACTER STRING• 
fWHICH IS RETURNED IN SlRGO, TERMINATED BY A ZERO 
f IF THE BUFFER IS EMPTY A PROMPTING MESSAGE 18 DISPLAYED 
f AND INPUT IS TAKEN FROM THE TELETYPE 
MOVB tBL,f<O 
MOV TSTRG,Rl 
BR 2$ 

MOV RO,-(SP> 
.PRINT tM1 f EXPECTING INPUT 
MOV (SP>+tRO 
MOV •sTRG,f<l 
MOV R1•TSTRI3 
JSF< R5,GET 

JSR R5,VERIFY ;FIND FIRST NON BLANK. RETURNS CR2>->CHAR 
fOk ZERO IF NOT FOUND 

TST R2 
BEQ 1$ r 
fCHARS HAVE BEEN INPUT 
MOV R2,Rl ;REMOVE LEADING BLANKS 
MOV R2,TSTRG 
JSR R5,INDEX 
TST R2 
BNE 3$ 

fNO BLANK FOUND SO STRG IS TERMINATED BY A ZERO 
CLR F<O 

fCOPY STRING TO SlRGO UNTIL A DELIMlTER<IN CRO> > IS FOUN 
MOV tSTRGO,R2 I : 

CMPB RO,(Rl> 
BEG 5$ 
MOVB <R1>+•<R2>+ 
BR 4$ 

CLRB <R2> 
MOV Rl•TSTRG 
RTS R5 

fSTRGO IS TERMINATED BY A ZERO 
;R1 PTS TO A BLANK OR A ZERO 



, 
) 

) 
) 

2 
~ 
) 

) 

2 
4 
4 
6 

C t PARALLEL CHESS • RT-11 MACkO VM02-12 20-NOV-78 09:43t52 PAGE 14 

0 VERIFY: 

1$: 

2$: 

. 
' ; . , 
INDEX: 

c 
1$: 

2$f 

. . ., , 
t 

" 
.. , 
.. , 

• SBTTL VERIFY 

;R1 
fkO 

PTS TO A STRG TERMINATED BY A ZERO 
CONTAINS THE CHAR WHICH IS 10 BE FOUND 
RETURN k2 PTS TO THE FIRST CHAR WHICH IS NOT THE TEST CHAR • ::;~J ;oN 

HF NO COUNTER CHARACTER IS FOUND , <R2>=0 
;Ro & R1 AkE UNCHANGED 

R1r-<SP> ·3 MOV 
CLR R2 

TSTB <R1> 
BEQ 2$ 
CMPB <R1)f,RO 
BEQ 1$ 
DEC k1 
MOV R1rR2 

MOV '(SF')+' Rl 
RTS R5 
• 
' 

.SBTTL INDEX 

;RO CONTAINS A 
; ON kE.TURN k2 
; IF IT IS NOT 
MOV R1,-<SP> 
CLR R2 

TSTB <R1> 
l:tEQ 2$ 
CMPB Ck1)f,RO 
BNE 1$ 
llEC R1 
MOV R1,R2 

MOV <SP>t,Rl 
RTS R5 

CHAR WHICH IS TO BE FOUNDIN TH& STRG F'TD TO BY R1-= 
PTS TO THE FIRST OCCURRENCE OF THE CHAR ! 
FOUND THEN R2=0 



(.~F·PEND I X c 
GET 

:1.-
'~':>060 4.. ...... 
3 
4 
1::' 
-..} 

6 
7 002060 
==~ 002066 
9 002070 
10 
11 02072 
:1.2 02072 
13 02074 
:1.4 02100 
:1.5 02102 
:1.6 02104 
:1.7 02106 
:1.8 02110 
19 02112 
::;~o 02112 
21 02120 
:~2 02124 
23 
24 02126 
25 02130 
26 02134 
2,~2136 
2~2140 
29 02142 
30 02142 
31 02144 
3'"J 

"'" 02144 
33 02146 
:-)4 02150 
35 02152 
36 02156 
~:)7 02156 
~3a 02160 
39 02162 

-

PARALLEL. CHESS. RT-11 MACRO VM02-12 20-NOV-78 09143152 F'AGE 15 

GET I 

9$1 

.SBTTL GE.T 

;oN CALL R1 PTS TO A BUFFER. ON RETURN R1 IS UNCHANGED. 
;READ FROM TT lNTO BUFFER UNTIL A LF IS FOUND. 
~REPLACE THIS LINE FEED BY A ZERO. 
; REPLACE ANY PRECEDING CR BY A ZERO 
BIS t100t@l44 ;SET BIT 6 OF JSW FOR TTINR 
MOV FW,··<SP) 
MOV R1,-<SF') 
;sEE IF ANY PLINK CHARS INPUT 

CLRB CR1) ;Rl->RECEIVING BUFFER 
JSR R5, REAliPCH 
TSlB <RU 
BNE 9$ 
.TTINR 
BCS 5$ 

3$1 

MOVB FW, <R1 )t 

.TTYIN (Ri)t 
CMPB :I=LF,RO 
BNE 10$ 
;PUT A ZERO AT THE END OF THE STRG 
CLRB -OU) 
CMPB - <FU > , :I=Cf( 
BNE 2$ 

2$! 

;R1 
CMF' 
BEQ 
t10V 
JSR 

CLRB <~U) 

l~R 3$ 

lNC 
PTS TO 0 
f\l,(SP) 
5$ 
<SP) ,R1 
R5,PSE.Nfl 

R1 
BYTE. 

;PARALLEL SEND 

MOV (SP) t, F~1 
MOV < SP) t, t~O 
RTS F\5 
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BINARY FROM DECIMAL CONVERSION 

:1.-
~2164 
3 
4 
1:!" 
~ 

6 
7 
8 
9 
:1.0 
11 
12 
:1.3 
14 
:1.5 
1.6 02164 
17 02166 
18 02172 
1.9 02174 
~~0 02200 
21 
;:.2 02202 
2:~ 02204 
24 02206 
").,. · .. ,.) 02206 
?.6 02212 
;~~2214 
?.M222o 

BIN: 
.SBTTL BINARY FROM DECIMAL CONVERSION 

;CONVERT STRGO TO BINARY 
;RESULT OBTAINED IN R1 
vCARRY SET IF INVALID RESULT IS FOUND 

;I=o;B=o 
~ IF STRGCI)='+' THEN DO;I+;CLR MINUS;END 
;ELSE IF STRGCil='-' lHEN l+;MINUS=1; 
;Do WHILE CSTRG<I>!=O) 
; X=CHCl)-'O'; 
;IF X<O ~ X>9 THEN ItQ; CALL ERROR;END; 
; 
; 
;END; 
;rF MlN 

1$: 

B=<B*10>+X; 
I=l+1; 

H·IEN B=···B; 
CL.R R4 H<4=MlNVS 
MOV :I:STRGOtR2 ;R2=->STRGO 
CLR R1 
CMF'B ( R2) ':(: I+ 
BNE 1$ 

INC R'"> .:.. 

BR 2$ 

CMF'I~ <R2),:J'-
BNE :.;!$ 
MOV t1,R4 
INC R'"> .:.. 

;MINUS=1 

?.9 02222 2$: 
)0 02222 
a 02224 
)2 02226 
~3 02230 
>4 02234 
)5 02236 
)6 02242 
>7 02244 
;a 02244 
;9 02246 
fo 02254 
·1 02256 
·2 02260 
·3 02262 3$: 
4 
5 02262 
6 02264 
7 02266 
8 02270 
9 02272 
0 
1 02274 
?-')2276 
~2300 
4 02302 4$: 
5 02302 
6 02304 
7 02306 

TSTB 
BE.Q 
MOVB 
SUB 
BL.T 
CMP 
Bl.E 
21$: 

<R2) 
4$ 
< R2 > 'R3 
:I:'O,R3 
21$ 
R3,:J9. 
3$ 

MOV RO, -- (SF') 

.PRINT :l:f12 
MOV CSP)t,RO 
SEC 
Fas R5 

;MOL. R1,:1:10 
ADll R1, f~1 
MOV R1, -- ( SP) 
AI.ID R1,R1 
AI.ID Rl,Rl 
ADI.I (SF') h f< 1 

ADD R3,R1 
INC R2 
BR 2$ 

TST R4 ~MINUS ? 
BEQ 5$ 
NEG F~:l. 

;NON NUMERIC INPUT 



APPENDIX C : PARALLEL CHESS. RT-11 MACRO VM02-12 
BINARY FROM DECIMAL CONVERSION 

!5~2310 

!~2310 
60 
61 02312 

-

CLC 

RTS R5 
;r.:ESUL.T lS l.N R1. 

20-NOV-78 09:43:52 PAGE 16+ 
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ERFOkM 1 AND 2 PROCESSOk SEARCHES WITH VARYING CD 

c 

c 

.SBTTL SWEEP: PERFORM 1 AND 2 PROCESSOR SEARCHES WITH VARYING CD 

.CSECT MAKEBD I -
SWEEP: 

;PERFOkM 1 PROCESSOR SEARCHES TO ES.fABLISH A BASE TUtE 
;AND lHEN PARALLEL SEARCHES WITH VARYING CD 
JPRINT COUNTERS IN COLUMN FORMAT 
;AND COMPARE TO BASE COUNT 

·JSR RSrPPIECE 
.WORD M74,WKING,M7S,BKINB,O 

JSR RS,PRNOS ;PRINT SEARCH VARIABLES 
.WORD o,lo.,CALPHA,ALPHArCBETArBETA 
.WORD CMAXD,MAXDPTHrCMMAXDtMMAXD,O 

JSR RSrTIMESUB;TIME SUBROUTINES<TU,TS,TC> 
.PRINT tNEWLINE 
• PRINT tl148 
;SINGLE PROCESSOR SEARCHES 
CLR VARCD 
CLR CDO 
JSR RS,NLHEAD 

.WORD CCDEPTH,M7,M8rM9,M54rMS3,M21,M22,0 
CLR SWITCH 
JSR PC,MINMXl 
MOV @tSWREG,SWITCH 
JSR R5,SENDAV 

.WORD NOUPSrENDCO,BASE 
JSR R5,SYNC 
DMOV BASE+24.,BASE+28.;SAVE OTHER'S TIME 

;FIND THEORETICAL TIME FOR 2 PROCESSORS 
;no BEFORE CONVERSION TO MILLISEC TO AVOILI OFLOW 
;<T2rBASE+24;BASE+24) 
iTT=T1%T2/(T1+T2> 

JSR RS,DiiOLS 
.WORD T2rBASE+24.,FR,Q 

DMOV BASE+24.,FR+4 
JSR R5rDADDNOS 

.WORD T2,FR+4•0 
JSR RS,DlHVR 

.WORD FR+4,FR,BASE+24.,Q 
JSR R~n CNVMILL 

.WORD T2rFR,BASE+28.,FR+4rBASE+24.,FR+B.,Q 
.PRINT *M49 iTHIS MACHINE 
JSR RS,PRNO 

.WORIJ l,to.,CDO,NOUPS,NOSETMVS,NOCSTMVS,NOUF'S 
.WORD FRrNOMAXD,NOMMAXn,o 

.PRINT tMSO iOTHER MACHINE: 
JSR RStPRNO 

iFIND BASE NOS 

.WORD 1•10.,CDO,BASE,BASE+4•BASE+8 • 
• WORD BASE,FR+4,BASE+12.rBASE+16.,Q 

JSR R5,RULEOFF 
.PRINT tM51 ;BASE NO. 
JSR R5rf'RNO 

.WORD l,to.,CDO,BASE,BASE+4,BASE+B • 
• WORD BASE,FR+B.rBASE+12.rBASE+16.~0 

;FIND WORK DONE<TU,TS,TCiBASE+28.) 
JSR R5,DMOLS 

.WORD BASErTU,FR+12. 

= 
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SWEEP: PERFORM 1 AND 2 PROCESSOR SEARCHES WITH VARYING CD 

0454 
5~0462 
~0 00472 
Si 00476 
!>., ... 00506 
S3 00516 
S4 00522 
(.0:." 
.) ...... 00526 
)6 00532 
S7 
~>8 

)9 00540 
70 00554 
71 00574 
7rJ .... 00610 
73 00614 
74 00624 
15 00630 
76 00640 
77 00646 
18 00652 
?9 00662 
}0 00674 
~ :l. 00700 
l2 00720 
l3,.Q0726 
l-0732 
15 00742 
l6 00754 
:7 00760 
~8 
19 01000 
·o 01004 
'1 01014 
·~ •· .. 01020 
'3 01030 
'4 01036 
~~s 01042 
'6 01062 

.WORD BASEt4,TS,FRt16. 

.WORD BASEt8.,1C,FRt20.,0 
JSR R5,ACDDVR ;MlCRO->MILLISECS. 

.WORD 3tTENTHOtFRt12.,FR 
DCLR BASEt28. 
JSR F:5, DADDNOS 

.WORD FR,BASE+28. 

.WORD FRt4,BASEt28. 

.WORD FRt8.,BASEt28.,0 
;FIND TIME FOR TREE UPDATES PER SEC. 
;(T2-CACCOUNTED TIMEJ)*iOOOO./NOUPS 

LIMOV T2tTM 
DSUB BASEt28. ,BA.SEt30. ,"fl1?Hi+2 ;ACCOUNTED TIME 
DMOV lM,FRt12. ;MINMAX TIME MILLISECS 
JSR R5,DMOLS;MILLI->MICRO 

.WORD TENTHO,TM,FRt16.,0 
JSR R5,DDIVR 

.WORD NOUPS,FR+16.,TMtO 
.PRINT tM71 ;liME/SUB 
JSR F\5, CNVM I C 

.WORD TU,FR+16.,TS,FR+20. 

.WORD TCtFR+24.tlM,FRt28.,0 
JSR R5,PRNO 

.WORD 1t10.tCDO,FR+16.,FRt20.,FR+24.,FRt28.,0 
• PRINT f:t172 
JSR F~5, CNVM I L 

.WORD FRtFRt16.,FRt4tFRt20. 

.WORD FRt8,,FRt24.,FRt12.,FRt28.,0 
JSR R5, f-•f".:NO 

.WORD 1•10.tCDO,FRt16.,FRt20.,FRt24.,FRf28.,o 
~FIND %TIME FOR SUBROUTINES 
JSR R5, ACDI''IOLS 

.WORD 4•HUNDRED,FRrFRt16. 
JSR R5,ACDDVR 

.WORD 4tT2tFRt16.,FR 
.PRINT f:M70 ;%TIME 
JSR R5,PRNO 

.WORD 1,1Q,,CDO,FRtFRt4tFRt8.,FRt12.,0 
DMOV T2tBASEt28. 
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~WEEPt PERFORM 1 AND 2 PROCESSOR SEARCHES WITH VARYING CD 

. ·/~1076 
~'W'1 :1.02 
) 0011.1.0 
I OOU.16 

001124 
' 001130 
' 001152 

001156 
' 001200 
.0 01204 
.1 01226 
,2 01226 
.3 01226 
.4 01232 
.5 01236 
.6 01250 
7 01254 
8 012=)4 
9 01262 

:0 01270 
:1 01272 
•"'> ,.:.,. 01276 
:3 
:4 01302 
5 01306 
'6_£)1314 
,, ·1 :-z;"'>o 

:Ef•th3;4 
9 01330 
:o 01332 

:1. 01332 
2 01336 
3 01340 
4 01340 
C" 
~J 

6 
7 

INC VARCD 
.PRINT ti~F.:WLINf. 

.PRINT tNEWI_INE 
• PRINT tt12/ 
JSR R5, NU·IEAD 
.WORD CCDEPTH,M57,M57,M57,M65,M67,M67,M67,0 
JSR F~5, NU-lEAD 
.WORD M66,M60,M61,M63,M64,M58,M57,M69,0 
JSR R5, NU-lEAD 
.WORD M66,M59,M59,M59,M61,M59,M60,M61,0 

F'RC016$: 

17$: 

50$: 

60$: 

; 
; 

JSR t~5, RULEOFF 
JSR F~5, p•·wos 
.WORD Ot10.,CVARCD,VARCD,O 
CLR CDO 

• P.UNT tNEWLINE 
CMF' CllO, ~1AXCD 
BGT 50$ 

JSf~ 

JSR 
;JSR 
JSR 

JSR 
JSR 
INC 
BR 

DEC VAf.:CD 
:E~GE 16$ 

RTS R5 

R5,SYNC 
PC,MINMX1 

R5,PCOUNTS 
R5,SENDAV 

.WORD NOUPS,ENDCO,PAR 
.'(5, SYNC 
R=;, PERCENTS 
CDO 
17$ 
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)ERCENTS:FIND % OVERHEADS 

RT-11 MACRO VM02-12 20-NUV-78 09:43!52 PAGE 19 

,l*"' 

~ .... ;1342 
) 001342 
~ 001.346 

001362 
001376 

001400 
001404 

.0 01412 

. 1 01420 

.2 01426 

.3 01436 

.4 01442 

.5 

.6 01452 
7 01462 

.8 01466 

.9 01472 
~0 01476 
~1 01502 
;'") ..... 
!3 01510 
:4 01514 
:5 01524 
'6 01530 ·-:~ 
9 01540 
0 01554 
1 01570 
2 01610 
3 
4 01.624 
5 01640 
6 01654 
7 01674 
8 
9 
0 01710 
:l 01714 
2 01724 
3 01740 
4 01760 
c:· 
,,) 01764 
6 01774 
7 02000 
8 
9 
0 02006 
1 02012 
?"'""~20 16 
~ 
4 02024 
5 02030 
6 02040 
7 02044 

.SBTTL PERCENTSSFIND % OVERHEADS 
PEf..:CENTS: 

JSR R5,LtADDNOS 
.WORD NOUF'S,PAR,NUSETMVS,PARf4,NOCSTMVS,PAR+8. 
.WORD NOMAXD,PARt12.,NOMMAXD,PARt16.,NBP,PARt20. 
.WORD 0 

; FIND WOf\1'"~ DONE 
JSF..: R5, DMOLS 

• WOf.:D PM~, TU, FF~ 
.WORD PARt4,TS,FRt4 
.WORD PARt8.,TCtFR+B • 
.WORD PARP1M,FRt12.,0 

JSR R5,ACDDVR ;MICRO->MILLlSEC. 
.WORD 4,TENTHQ,fR,FRt16. 
;FIND ACCOUNTED TIME 
DCLR PAF<t28. 
JSf\ R5, DADDNOS 

.WORD FRt16.,PARt28. 

.WORD FRt20.,PARt28 • 
• WORD FR+24.,PARt2B. 
.WORD FRt28.,PARt28.,0 

;CONVERT TO COMBINED TIMING 
JSR R5, Dt10LS 

.WORD BASEt24.,PARt28.,FR,O 
JSR R5,DD1Vf\ 

.WORD BASE+2B.,FR,PARt28.,0 
; JSR R5, F'•(NOS 
; .WORD 1,1o.,M73,PARt28.,M63,T2,0 
DMOV PAR+28. ,FR+4 ;Tr~EES!ZE 
DMOV T2,Ff<t8. ;coM~1UNICATIUN TIMEtTOTAL. TIME···lREESIZE THf 
DSUB PAR+28.,PARt30.,FRtB.,FRt10. 
DMOV T2,FF~t:l.2. ;TOTAL THiE 
;coPY UP FR. 
DMOV BASEt24.,FRt16.;BASE liME 
DMOV PARt28.,FRt20.;EXTRA lREESIZE 
DSUB BASEf24.,BASEt26.,fRt20.,FR+22. 
DMOV FRt8.,FRt24. ;cOMMUN TIME 
;cOMMUNICATION TIME PER WORD 
;MlCROSECS/WORD<WDSIN,WDSUUT,COMM 'flMEiMICROSEC/WORD> 
JSR R5,DMOLS ;MICROSECONDS 

.WORD TENTHUrFRtB,,FRt104.,0 
DMOV WDSI,FRtlOO. 
DADD WDSQ,WDSOt2,FRt100.,FR+102. 
.. JSR R5, DDIVR 

.WORD FRf100.,FR+104.,FRf108,,0 
JSR R5rCNVMIC 

,WORD FR+108.,FRf112.,0 
; 
;FIND % INCREASE ON BASE 
JSR R5,DSUBNOS ;TIME-BASE 

.~ORD BASEt24.rFRt4 ;TREE TIME- BASE TIME 

.WORD BASE+24.,FR+12.,o;T2- BASE liME 
H'IND % TlME 
JSR F\5, ACDMULS 

.WORD s.,HUNDRED,FR,FRt32. 
JSR R5,ACDDVR 

.WORD 4PBASEf24.,FRf32.,fR 



1PPENDIX C : PARALLEL CHESS. 
>ERCENTS:FIND % OVERHEADS 

Rl-11 MACRO VM02-12 20-NUV-78 09143t52 PAGE 19+ 

j~12054 

i~2060 
>0 02070 
;l 02076 
,2 02102 
.3 02116 
;4 02130 

t::• 
h.J ; 

JSF~ R5, ACDDVR 
.WORD 4'12,FRt4B.,FRt16 • 

• PRINT #NEWLINE 
JSR R5, f'RNCJ 

RTS f~5 

.WORD 1,to.,CDO,FRt4,FRtB.,FRt12. 

.WORD FRt112.,FRt16.,FRt20.,FR+24.,0 
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:TIME SUBROUTINE FOR UPDATE,RESTORrSETMVS t CSElMVS 

.SBTTL TIMESUBITIME SUBROUTINE FOR UPIIATErRESTORrSETMVS & C~ETMV§ 

,0 

t 
~ 

c 

T H{ESUB: ; TIME SUBROUTINES 

Ll: 

L2: 

• , 

TIMVO$: 

.. , 

TlMVl$1 
10$: 

20$1 

50$1 

·. ; 
; 

.MACRO liMEMVS SUBR,TXr~L1r1L2 
JSR pc,IMVSTACK 
MOV R4,-<SP> 
MOV t5000.,-<SP) 
STIME T1,T1+2 

MOV 2<SP>rR4 
JSR PC,SUBR 
l.IE.C <SP) 
BGE Ll 
STIME TXrTX+2 
DSUB 11rT1+2•TXrTX+2 
DMOL2 TX•TX+2rl2 

CMPCSP>+r<SP>+ 
.ENDM 

SAVREG 5 
TIMEMVS CSTMVSrTC 

TIMEMVS SETMVSrTS 

MOV ·R4r-<SP> 
MOV 410000.,-<SP> 
STIME Tlrl1+2 

MOV tt1STACK -6000, R 1 
MOV 2<Sf'>•RO 
MOV R1,R4 

MOV <RO>+r<Rl>+ 
BEG 30$ 

~tO V <RO>+•<Rl>+ 
MOV (RO>+rCRl)t 
BR 20$ 

30$1 
JSR f'CrUPIIATE 
JSR PCrRESTOR 
DEC <SP> 
BLE 50$ 
TST <R4> 
BNE 30$ 
BR 10$ 

SliME TUrTUt2 
DSUB T1rT1t2rTUrTUt2 
CMP CSP>+•<SP>t 
;.PRINT tM55;MlCROSECS PER SUBROUTINE CALL 
;JSR R5rPRNOS 
; .WORD 1rlO.,M7tTUrM8rTSrM9rTCrO 
RESREG 5 
RTS R5 

-·-



1PPENDIX C : PARALLEL CHESS. RT-11 MACRO VM02-12 20-NOV-78 09:43:52 PAGE 20+ 
"IMESUB:TIME SUBROUTINE FOR UPDATE,RESTOR,SETMVS I CSETMVS 



X C ; PARALLEL CHESS. 
: PRINT COUNTERS 

RT-11 MACkO VM02-12 

f'COUNTSI 
.SBTTL PCOUNTSI PRINT COUNTERS 

;PRINT COUNTERS 
JSR RS•PRNOS 

20-NOV-78 09:43:52 PAGE 21 

6 
2 .WORD O•lO.,CALf'HA,ALf'HA•CBETA,BETA,CMAXDrMAXDPTH,CMMAXDrMMAXD,~ 

JSR R5rPRNOS I D 
4 
2 

l 
) 

) 

' ~0 
) 

10$; 

f'C020$: 

50$1 
f'C05S$: 

60$1 

; 

.WORD o.to.,ccDEPTHrCDO,M24,NOMINMX2,o I 
TST FIRREL 1 
BEG 10$ , 

JSR RS,PkNOS 
.WORD 1,1o.,CMAXNIM,MAXNIM•M23,NORCUT,CPEN,PEN,o 

JSR R5,f'RNOS 
.WORD 1r10.,M7,NOUPSrM8,NOSETMVSrM9,NOCSTMVS 
.WORD M21,NOMAXD,M22,NOMMAXD,MJ8,NBPrO 

TST 
!(NE 
TST 
BEG 
20$: 

1"2 
20$ 
T2t2 
50$ 

;PRINT COUNTS PER SEC 
JSR RS,ACDMOLS 
.WORD 6rSIXTYrNOUPS,FR 
JSR R5, ACIIIIVR 
.WORD 6rT2,FR,FRt30. 
JSR RS,PRNOS 
.WORD 1•10.rM40,FRtJO.,M41rFRt34.,M42,FRt38. 
.WOkD M43,FRt42.rM44rFRt46.rM45,FRt50.,0 
;PRINT SEARCH TIME 
JSR R5rDltiVS 
.WORD SlXTY,T2rST,SPT,O 
JSR R5,PRNOS 
.WORD 1r10.,M10,STrM11,SP1·,o 

·SPRINT tM12 
BIT tl,@*SWREG ;PARALLEL MODE 1 
BEG 50$ 

;BUSY TIME 
JSR R5rDitiVS 
.WORD SIXTYrT3tFR,FRt4.rO 
;x BUSY TIME 
JSR RSrDMOLS 
.WORD HUNDRED,lJ,FRtS.,O 
JSR RS, ItitlVS 
.WORD T2rFRt8.rFRt12.rFRt16.,0 
JSR RSrF'RNOS 
.WOkD 1r10.rM31,fRrM11•FRt4.,M32rFRt12.,0 

BlT tl•@*SWREG 
BEG 60$ . 

JSR RSrPRNOS 
.WORD 1,1o.,M35rNORINT,MJ6,WDSI,M37rWDSO,o 
DCLR NORINT 

·RTS· RS 

-:~ 



~PPENDIX C : PARALLEL CHESS. 
~cOUNTS: PRINT COUNTERS 

RT-·11 MACRO VM02-·12 20-NOV-78 09143:52 PAGE 21+ 
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~BMVES: PRINT BEST MOVES FOUND BY MINIMAX • 

I. ~-
~'-'3506 
~ 

~ 
) 

003506 
1 003512 

003524 
) 003526 
.0 03532 
.1 03536 
.2 03540 
.3 03544 
.4 03546 
.5 03550 
.6 03552 
. 7 
.8 03554 
.9 03556 
:o 03562 
:1 03566 
~2 03572 
:3 03576 
:4 03600 
:5 03604 
'6 03610 

·~~:i1 
9 03616 
0 03622 
j_ 03624 
:2 03630 
3 03632 
4 03632 
5 03636 
6 03650 
7 03654 
8 03656 
9 
0 
1 
2 

• SBTTL PBMVESI PRINT BEST MOVES FOUND BY MINIMAX. 
PI~MVES: 

~BOARD ASSUMED AT D=O 
;ASSUME R4=TOP OF MSTACK, 
;R3=UPM<D=O). 

F'Bl$1 

MOV =I:PBUF,RO 
SPRINT tM6 ;BESTLINE 
MOV ~~5,-(SP> 

lNC REPEAT ;CALLS TO SETMVS WILL FIND CHECKS 
CLR 
MOV 
Allll 
MOV 
'BECi 

LASTD 
f{3, R5 ;FIND B~1VOn> 
:I:BMV,R5 
-<R5>,-<R4> 
4$ 

MOV -<RS),-(R4) 
MOV -<R5),· .. (R4) 

;R3=LUM, R4=TOF' OF MSTACKCFROM OF MOVE) • 
MOV R5,-<SP) 

TST D 
BL.E 6$ 

JSR PC,UPDATE 
NEG COLOUR 
JSR PC,SETMVS ;FIND IF CHECK 
NEG COLOUR 
110V (SF')+, RS 
MOV tPBUF,RO 
JSt~ R5, CHAt\MV 
JSR RS, PRINHfV 
BF~ PB1$ 

JS~~ PC, RESTOR 
8.( 5$ 

6$1 ;D=O & BOARD IS RESTORED TO ORIGIN. 

; 
; . 
' 

JSR R5,PVSCOR 
SPRINT tNEWL.INE 
CLR REPEAT 
MOV ( SP) ·h R5 
RTS R5 
.EVEN 
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MAKE UP CHARACTER FORM OF BOARD 

.0 

I ' 

" \ 

0 

.SBTTL MAKEBDt MAKE UP CHARACTER FORM OF BOARD 
MAKEBD: 
;MAKE A CHARACTER REPRESENTATION OF THE BOARD SUITABLE 
;FOR PRINTING. 

; 
; 
" ' 

MOV R2,-<SP> 
MOV Rl•-<Sf-') 
MOV 17,-<SP> ;no I=7 TO 0 

DEC 
BGE 
TST 
MOV 
MOV 
RTS 

MOV 17,-CSP> ;no J=7 TO 0 
CLR -<SP) 

6$: 
DEC 
BGE 
TST 

(SF'> 
1$ 
<SP>+ 
<SP>+,Rl 
CSF' >+' R2 
RS 

~tOV SP,RO 
JSR kS,BSQCOLROW 
MOV <RO),-CSP> 
JSR RS,SQCOLROW ;RETURNS <RO>=SQ 
MOV <SP>+•R2 ;R2=->CHAR SLOT 
MOV @(RO>,Rl rRl=Pl 
BNE 3$ 

;NO f'lECE 
MOV R2,R1 
MOVB -<Rl>•<R2>+ ;COPY PRECEDING CHAR 
MOVB <Rl>•<R2> 
BR 6$ 
H'IECE 
TST CLR<Rl> 
BGT 4$ 

4$: 
MOV 
ASR 
A)HI 
MOVB 

MOVB +'*•<R2>+ 
BR 5$ 
MOVB tBL,(R2>+ 

TYP<Rl),Rl 
Rl 
+PTABLE,Rl 
<Rl),(R2> 

TST 
<SP> 
2$ 
<SP>+ 

<St=·>+ 
;J::J-1 

;pop J 

;pop I 
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FIND BOARD OFFSET GIVEN COL AND ROW 

:r.-,.'-' ; .. 
3 000000 
4 
5 
:. 
7 
3 
1 

tO 
ll 00000 
1.2 00002 
l3 00006 
L4 00012 
L5 00016 
.6 00040 
.7 00042 
.8 00064 
.9 
~0 00066 
~1 00072 
~2 00114 
~3 00116 
~4 00120 
~5 00122 
:6 00124 
I"!''"""'· 
:~ 
:9 
0 00126 
;1 

o::­
... J 

6 
,7 
8 
9 
0 
1 
2 
3 
4 
5 01606 
6 01650 
7 
B 
9 

.SBTTL FlND BOARD OFFSET GIVEN COL AND ROW 
• CSECT ltSC~COU..:OW 

BSCiCOLROW: 
;GIVEN THE COL AND ROW OF A SU THE SUBROUTINE RETURNS 
; A POINTER TO THE F'OSI TION IN THE CHARAc·r EF~ BOARD WHEF.:EIN 
;TWO CHARACTERS DESCRIBING A PIECE SHOULD BE PLACED. 
ION CALL CRO>-> BSQ RETURNED VALUE 
; 2 J COL 

4 I ROW 
IOFFSET=BDARD+34%C1+3C7-I>>+<1+4*J) 

MOV R1,-<SP) 
MOV tBOARD,-<SP) ;usE CSP) AS ACCUMULATOR 

; 

; 
; 
; 
BOARD: 

; 
; 

MOV t?,R1 ;WANT R1~34*<1+3<7-I)) 
SUB 4CRO),R1 
MOL t:hR1 
INC R1 
MOL :1=34.,R1 
ADD 

~10V 

MOL 
INC 
ADD 
MOV 
MOV 
RTS 

R1dSP) 

2 <RO), Fa 
t:4,fU 
R1 
R1,(SF') 
< SP > + , ( F..:O) 
CSP)f,R1 
R5 

.REPT 4 

.ENDR 

• f<EPT 3 

.ENDR 

.REPT 3 

.E.NDR 

.REPT 4 
.ASC11 I 

.ENDR 

.ASCII <CR><LF> 

.ASCII 1 .... 
.E.NDR 
• ASCI I <CF~><LF> 

.ASCII <CR><LF>I A 

.WORD 0 
c 

• • • • I 

I 

F G H I 
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:HARACTER FORM OF UPDATED MOVE 

L-
2~ 
) 000000 
~ 

5 
:> 
7 

J 000000 
~ 000002 
lO 00006 
!.1 00010 
l2 00014 
3 

!.4 00016 , .. 
~ .:;, 00022 
L6 00026 
.7 
l8 00032 
.9 00036 
!0 
!1 00040 
!2 00044 
~3 00046 
!4 00046 
!5 00052 
!6 00056 
:7""0060 
~~0064 
~9 00066 
:o ooo66 
:t 00072 
:2 00076 
:3 
;4 00102 
,~ 

•;;;.} 00110 
6 00112 
:7 00120 
8 00122 
9 00:1.24 
0 001.32 
1 00134 
2 00140 
3 00142 
4 001.46 
5 00150 
6 00156 
7 00160 
8 00164 
9 00166 
0 00174 
l 00176 
:~~.-••. () 0 2 0 2 
:._;'0204 
4 00212 
5 002:1.4 
6 00220 
7 00222 

CHARMV! 

.SBTTL CHARACTER FORM OF UPDAlED MOVE 

.CSECT CHARMV 

;PLACE THE CHARACTER FORM OF lHE UPDATED MOVE IN TH~ BUFFER 
; RO··>BUFFER 
;R3=->UPM . 
' MOV RO,-<SP) ISAVE BUFFER ADDRESS 

MOV MT(RJ),R2 ;FIND CHARPIECE<MT> 
ASR R2 
ALID iPTABLE.,R2 
MOVB <F<2) ' < f~O) + 
IFIND CSQ(SQO) 
MOV SUO<R3),R2 IR1=SQO 
MOVB CSQCR2),CRO>t 
MOVB <CSUt1><R2>tCRO>+ 
;FIND TYPE OF CAPTURED PIECE 
MOV CPCECR3),R2 IR2=P1 
BNE 1$ 

;No PlECE CAPTURED 
110VB :1: I-' ( RO >+ 
HR 2$ 

1$: IPIECE CAPTURED 
MOVB :1: I X, ow ) + 
MOV TYP<R2),R2 
AS~~ R2 
AliD tf-•TABLE, R2 
MOVB <R2)f,CRO>+ 

;FIND CSQCSQ1) 
MOV SlU <F~3) , R2 
MOVB CSQCR2),(RO>+ 
MOVB <CSQt1><R2),(RO>+ 
;SPECIAL MOVE ? 
CMP MT<R3),:JTHR 
BLT 9$ 

6$% 

7$: 

CMP MTCR3),tCASTLE. 
BNE 4$ 

MOV <SP> d(O ;CLEMi: BUFFER AND RESTAin 
CMP SQO(RJ),SU1(R3) 
BHI 3$ 

MOV tCKCASTLEtR2 
B~~ 8$ 

3$: MOV =II:ClKASTLE, F\~.> 
BR 8$ 

CMP MTCR3),tEPCAP 
BNE 5$ 

MOV tCHAREP~R2 

l<R 8$ 
CMP MT<R3),:1:QPAWN 
BNE 6$ 

MOV :I:Ct~PAWN, R~!. 

Bf~ 8$ 
CMP MT<R3>t:I:NPAWN 
BNE 7$ 

11DV tCNPAWN, ~~2 
BR 8$ 

;ERROR ON MT PARAMETER 



~PPENDIX C : PARALLEL CHESS. RT-11 MACRO VM02-12 
:HARACTER FORM OF UPDATED MOVE 

"9-) . 
:<~0226 
)0 00230 
)1 00232 
''") 
).:.. 00234 
)3 00240 
)4 00242 . .,. 
)...} 00246 

; 
8$! MOVB 

BNE 
DEC 

TSTB CHI\< R3) 
BEQ 10$ 

MOVB 

<R2)t,(R0)f 
8$ 
RO ;REMOVE 0 BYTE 

#' ·h <RO> + 

20-NUV-78 09:43:S2 PAGE 25+ 

; MOVE fJVEf< CHARS 

)6 00246 MOVB t<TERM>,<RO)f fMUVE KEEPS SAME LINE 
)7 00252 
)8 00254 
)9 00256 
'0 
':I. 
'2 
·:~ 00260 
'4 00260 
'5 00264 
'6 00264 
'7 00272 
'8 00277 
'9 00302 
:() 00305 
:1 00330 
:2 
:3 
E~ 

~ .. 

CLRB CRO)t ;o END MARKER 
MOV <SF')f,RO 
RTS R5 

; 

CKCASTLE.! 
.ASCIZ /0--0/ 

CQCASTLE! 
• ASCI Z /0-·0-0/ 

CHAREF'! .ASCIZ /E.P./ 
CQPAWN: .ASCIZ /=Q/ 
CNPAWN! .ASCIZ /=NI 
M5: • ASCI Z /EFUWR ON MT PARAM. I 
PTABLE: .ASCII /??NBRQKPR?KP????PPP/ 

; 
; 

.EVEN 



~PPENDIX C I PARALLEL CHESS. 
~RINT STRING AT TAB<D-1) 

RT-11 MACRO VM02-12 20-NOV-78 09!43152 PAGE 26 

[ .. -
~~ 
~ 000000 

• 5 

) 000000 
.0 
.1 00002 
.2 00006 
.3 00010 
.4 00016 
.5 00020 
.6 00032 
.7 00036 
8 00044 
.9 00046 
~0 00060 
:1 00064 
~2 00066 
:3 00072 
:4 00104 
:5 00110 
6 0011.4 
7""" 0 11 6 
'~01?? . ....~. 

9 00124 
.o 00126 
:1 00140 
2 00144 
3 00146 
4 00146 
5 00156 
6 00164 
7 001.66 
8 
9 00170 
0 00172 
1 00172 
2 
3 00176 
4 ... 
~'I 

6 

•. ~ 

PRINTMVI 

.SBTTL P~UNT STRINO AT TAB<I.I-1) 
• CSECT f-'RINTMV 

;PRINT STRING ON TELETYPE WITH D-1 PRECEDING TABS • 
fON CALL RO->STRING TO BE PRINTED 

TB=11 
TAB=11 
TERM=200 
MOV R1,-<SF') 
;TAB TO CORRECT COLUMN 
TST LASTD ;FIRST TIME ? 

BEQ 2$ 
CMF' D'LASTD 
BLE 2$ 

SPRINT tTABC 
INC NTAB 
CMP NTAB,:JB. 
I{L T 4$ 

SPRINT #NEWLINE 
1.$: CL.R NTAB 

BF\ 4$ 
2$: MOV DtR1 ;l=D-1 

SPRINT :f:NEWL.INF.: 
CLR NTAB 
CMF' R1 ,:a.a. 
BLT 3$ 

3$: DEC R1 
l~LE 4$ 

SF'RINT tTABC 
INC NTAB 
F.~R 3$ 

4$: ;NOW PRINT STRING 
SPRINT RO 
MOV LJ,LAS1D 
MOV <SF')f,f'U 
RTS f~5 

TABC: .ASCII <TB><TERM> 
NEWLlNE: 

NTAB: 
; 
; 

.ASCII <CR><LF><TERM> 

.EVEN 

.woFm o 



\PPENDIX C : PARALLEL CHESS. 
:·RI NT VSCOR 

Rl"-11 MACRO VM02-12 20-NUV-78 09:43:52 PAGE 27 

I.·-
;~'-' 
) 000000 
~ 

' 000000 
000002 

> 000004 
.0 00010 
.1 00014 
.2 00020 
.3 00024 
.4 00026 
.5 00026 
.6 00030 
.7 00032 
8 00034 
9 00040 
~0 00044 
:1. 00056 
:2 00060 
:3 00062 
:4 
'5 
6 .,..,. 
~ 

F'VSCm~! 

.SBTTL PRINT VSCOR 

.CSECT f'VSCOR 

;PRINT THE CURRENT VSCOR IN BRACKETS AS A DECIMAL NUMBER 
;R3=->UF'M 

. 
' ; 

MOV R1,-(SF') 
MOV RO,··<SP) 
MOV tPBUF,RO 
MO VB. t" < ' <FW) t 
MOV VSCOR<RJ),Rl 
JSR R5,DEC 
.WORI.l 10. 

TSTB <RO>t ;FIND END OF STRING 
BNE 1$ 
I.IEC RO 
MOVB t"),(RO>t 
MOVB. t<TERM>,<RO>t ;SAME LINE 
SPRINT tF'B.UF 
MOV <SP)t,RO 
MOV <SP)t,Rl 
RTS R5 



~PPENDIX C : PARALLEL CHESS. 
~PIECE: PRINT PIECES 

RT-11 MACRO VM02-12 20-NOV-78 09143:52 PAGE 28 

I.""''-
2'-' 
s 
t 
5 000064 

000064 
000074 
000100 

lO 00100 
.1 00102 
") . .:.. 00104 

.3 00106 

.4 00110 

.5 

.6 00110 

.7 00112 

.8 00116 

.9 00122 
~0 00124 
!1 00130 
~2 00132 
t3 00136 
:4 00142 
I"' ,;,.) 00146 
:6 00150 
,--..015? 
:~0156 
:9 00160 
0 00162 
1 00162 
2 00166 
3 00176 
4 ... 
..,} 

6 

F'PIECE: 

10$: 

; 
; 
; 

.SBTTL PPIECE: PRINT PIECES 
;GROUPS OF TWO ARGUMENTS 
;FIRST ARG IS CHAR FORM OF COLOUR 
;2ND IS.HEAD OF PIECE LIST 

SAVREG 0,1,2,3 
SUB #50.,SP 

;FOR WHITE AND BLACK PIECES 
MOV < Ro > +, •;:o 
BEt~ 50$ 

• PRINT ; WHITE, I{I..ACK 
MOV @(R5)f,R2 ;PIECE HEADER 
20$: 

BR 10$ 

ADD t50.,SP 
RESREG 0,1,2,3 
RTS ~(5 

;FOR ALL PIECES OF THIS COLOUR DO; 
MOV SP,R1 
MOVB ti{L, OH)+ 
MOV TYPCR2),R3 
ASR R3 
MOVB PTABLE<R3),(R1>+ 
MOV < R2 >, R3 
MOVB CSQCR3),(R1>+ 
MOVB CSU+1CRJ),(R1>+ 
MOVB #TERM,CRl>+ 
MOV SP,~W 
.PRINT 
MOV NXTP<R2),R2 
BNE 20$ 
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PRNO:PRINT ARRAY OF NUMBERS 
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I. -
2~0200 
3 
1 
5 
s 000200 
7 000210 
~ 000214 
i> 000216 
i.O 00222 
1.1 00224 
l2 00230 
.3 00230 
L4 00232 
1.5 00234 
l6 00236 
.7 00240 
.8 00242 
.9 00244 
~0 00250 
~1 00252 
!2 00254 
~3 00254 
~4 00260 
:5 00260 
~6 00264 
:~0270 
~~0?7? • .a:.. """' 

:9 00272 
:o 00274 
;1 00276 
"'I 00302 '"'-

3 00304 
4 00304 
5 00310 
6 00312 
7 00314 
8 00314 
9 00320 
0 00330 
l 
:~ 
~z 

'-' 

PRNO: 
.SBTTL PRNO:PRlNT ARRAY OF NUMBERS 

;PRINT NOS WITHOUT DESCRIPlORS 
; NOS ARE ~·RECEDED BY A TAB & AI~E RIGHT JUSTIFIED TO 7 CHAf~~ 
;LARGER NOS ARE NOT TRUNCATED BUT OFLOW 7 CHAR FIELD 
SAVREG 0,1,2,3 
SUB +5o.,SP 
MOV SP,R2 
ALID tlO.,R2 
MOV <R5)f,R3 ;BIT INDICATOR FOR SINGLE , DOUBLE PREClSIC 
MOV <R5)f,25S PBASE 

MOV < R5 > + , tU 
BEQ 50S 

45$! 

rmv R2,RO 
TST R3 
BGT 30$ 

MOV OU) ,R1 
JSR R5,DEC 

25$: • WORD 10. 
BR 35S 

MOVB 4TERM,(R0) 
SUB t'l, FW 
t10V R2' R1 

CMP F~1, RO 
Bl.OS 45$ 

MOVB tBL,-<R1> 
BR 40$ 

NOVE~ :I'I'AB,-<RO> 
.PRINT 
BR 10$ 

ADD :t50.,SP 
RESREG 0,1,2,3 
RTS RS 

HU=NO 

;R1->NO 
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~RHEAD: PRINT ARRAY OF CHARACTERS 

L­
~,.,.0332 
~ 000332 
\ 000344 
5 000346 
) 000346 
7 000360 
~ 
~ 000360 
lO 00364 
.t 00364 
'") L.-:. 00366 
l3 00370 
4 oo37c) 
c~ ..... ) 00400 

.6 00402 

.7 00404 
~8 00410 
.9 00412 
~0 00414 
!1 00416 
~2 00416 
~3 00422 
!4 
~5 
~6 -"11., 

NLTBHD! 

NLHEAD! 

F'RHEAD! 

50$! 

.SBTTL PRHEAD: PRINT ARRAY OF CHARACTERS 

SPRINT :B:NLTB 
BF< F'RHEAD 

SPF\I NT :B:NEWll NF:: 

;PRINT DESCRlPTORS IN LIST PTD TO &Y R5 
SAVRE::G 0,1 

MOV <R5)t,R1 
&EQ 50$ 

.PRINT :B:TABC 
MOV R1, f(O 
TSTB <R1>+ 
BNE • -2 
MOVB :B:TERM,-<R1) 
.PRINT 
CLRB < f\1 > 
BR 5$ 

RESREG 0,1 
RTS R5 
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lOUBLE PRECISION DIVISION <WITH ROUNDING), + & -

. ,of~ 

:~0424 
; 

000424 

' 000430 
000432 
000436 

) 000440 
.0 00442 
1 00444 

.2 00444 

.3 00446 

.4 00450 

.5 00454 
6 00464 

.7 00472 

.8 00500 

.9 00506 
~0 0051.0 
:1 00510 
~~~ 00514 
:3 
4 
:5 
'6 00516 
.. ~---
:~ 
'9 
0 00516 
1 00522 
2 00524 
3 00530 
4 00532 
5 00534 
6 00536 
7 00536 
8 00540 
9 00542 
0 00546 
1 00556 
2 00564 
3 00572 
4 00574 .,. 
;..,] 00574 
6 00600 
7 
8 
9 
0 00602 
1 

~-
~0602 
4 00610 
5 00612 
6 00612 
7 00614 

ADDIVR: 

; 

; 
ACDDVf~: 

SO$t 

; 
; 
.. , 
DDIVR! 

10$: 

.SBTTL DOUBLE PRECISION DIVISION CWITH ROUNDING), + & -

fARRAY OF DOUBLE PRECISION DIVISION AND ROUNDING OF RESULT 
;FIRST ARG lS COUNT, & OTHERS ARE ADDRESSES OF BASES OF ARR 
SAVREG 0,1 
MOV < R5) +, FW 
MOV t10$,R1 
MOV <R5)t, <f<1 >+ 
MOV (f~5)t, <rH>+ 
MOV (R5)t,(R1>+ 

DEC RO 
BLT 50$ 

10$: 
~IS~i: R5rDDIVR 
.WORD o,o,o,o 
ADll =1:4, 10$ 
ADD t4d0$t2 
ADD :1:4,10$+4 
:m~ 5$ 

RESREG 0,1 
RTS R5 

;3 ARGS AND 0 

;ARRAY OF DOUBLE PRECISION DIVISION BY A CONSTANT 
fWlTH ROUNDING OF RESULT 
;FIRST ARG IS COUNT, I OTHERS ARE ADDRESSES OF BASES OF ARR 
SAVREG Or1 
MOV ( R5) + , RO 
MOV t:10$,R1 
MOV ( R5) +, ( R1 > + 
MOV ( R5 > +, ( R 1 ) + 
MOV (R5)·h <RUt 

DEC RO 
BLT 50$ 

10$: 
JSR R5,LIDIVR 
.WORD o,o,o,o 
ADD :f:4,10$t2 
ALII! 44, 1 0$+4 
BR 5$ 

RESREG 0,1 
RTS R5 

;3 ARGS AND 0 

;DIVIDE 2ND BY 1ST TO OBTAIN 3RD 
;AND ROUND THIRII TO NEAREST NO. 
SAVREG 0,1,2 
CMP -<SP),-(SP) 

MOV <R5)·hRO 
BEQ 50$ 
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DOUBLE PRECISION DIVISION <WITH ROUNDING), + I -

:'.;a-oo616 
5,_,.0620 
!)0 00622 
Si 00756 
'>2 00766 
)3 01006 
'>4 
)5 01006 
)6 01016 
)7 01020 
)8 01020 
)9 01022 
70 01030 
71 

76 
'7 
'8 
'9 01032 
10 01036 
11 01040 
:2 01044 
i3 01046 
:t"~1050 

:~1052 
:6 01052 
:7 01054 
:8 01056 
:9 01062 
'0 01072 
'1 01100 
'2 01106 
3 01110 
4 01110 
5 01114 
6 
7 
(~ 01116 
9 
00 1116 
01 1122 
02 1122 
03 1124 
04 1126 
05 1130 
06 1144 
07 1l.46 
08 1146 
Q.Sl1152 

rr· 
12 
13 1154 
14 

ACDI10LS: 

; 
DAtiDNOSI 

50$1 

; 
; . , 
DSUBNOS: 

MOV ( F'<5) + d..: 1 
MOV CR5)f,f<2 
DDIV CR0),2CRO),(R1),2CR1>•<R2),2CR2>,<SP>,2<SP) 
Df10L2 ( SP > , 2 (SF') , 15$ ; OFL.OW COND BFMNCH 
DCMP CSP),2CSP),(R0),2(R0),10$,20$ 

; <:= 
LllNC <R2> ,2<R2> 
BR 10$ 

CMP ( SP) + , < SP) + 
RESREG 0,1,2 
RTS f~5 

;ARRAY OF DOUBLE PRECISION MULliPLlCATION BY 
;FlRST ARG lS ARRAY LENGTH, 
;sECOND lS CONSTANT 
;THIRD IS MULTIPLIER,FOURTH IS MULTIPLICAND 
SAVREG 0,1 
MOV ( R5) + , RO 
MOV t10$,R1 
MOV ( R5 > + ' < R 1 ) + 
MOV ( R5 >+ , <FH ) + 
MOV C R5) +, ( R 1 > t 

DEC RO 
BLT 50$ 

JSR R5,LIMOLS 
10$: .WORD o,o,o,o 

ADD :1=4,10$+2 
ADD :1:4,10$+4 
BR 5$ 

RESREG 0,1 
RTS R5 

;3 ARGS AND 0 

;GROUPS OF 2 ARGUMENTS. ADD 1ST TO 2ND. 
SAVREG 0,1 

MOV <F~5) +, .<0 
BEQ 50$ 

MOV CR5)f,R1 
DADD <R0),2(RO),(R1.),2CR1) 
BR 5$ 

RESREG Otl 
RTS R5 

;GROUPS OF 2 ARGUMENTS 

A CONS'TANT 
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DOUBLE PRECISION DIVISION <WlTH ROUNDING), + I -

l.J~ 

1~1154 
Ll.7 1160 
1.18 1160 
1.19 1162 
1.20 1164 
l21 1166 
l22 1202 
l23 1204 
:.24 1204 
~25 1210 
. 26 
.27 
.28 
.29 1212 
.30 
.31 1212 
.32 1216 
.33 1224 
.34 1230 
.35 1236 
.36 1236 
.37 1244 
38 1246 
39 1250 
40 1254 
·*""!~ 

I 

~ 
43 

-

. , 
; 

RUL.EOFF: 

10$! 

;sUB 1ST FROM 2ND. 
SAVf<EG Or 1 

MOVCR5)frRO 
BEQ 50$ 

MOV <R5)ftR1 
DSUB (RQ),2CRO),(R1),2(R1> 
BR 5$ 

F~ESREG 0,1 
RTS R5 

;DRAW A LlNE ACROSS PAGE 
SAVREG 0,1 
MOVB t'-rCHARAC 
MOV t80.,R1 
.PRINT tNF.:WLINE 

.PRINT :I:CHARAC 
DEC R1 
BGT 10$ 

RESRE'G 0,1 
ras r~s 
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CNVMILLL! CONVERT TIME TO MILLISECONDS 

:1. 
")'. 1 ">~6 
-~·~ ~;;.;) 
"5 
4 001256 
5 001260 
~) 001260 
7 001264 
3 001266 
? 001272 
1.0 01276 
11 01302 
12 01306 
13 01316 
14 01322 
15 01332 
l.6 01334 
1.7 01334 
18 01336 
1.9 
;?.o 
2:1. 
;:.2 
23 01340 
24 
25 01340 
26 01342 
,:.~-~-..1342 

;.~~1346 
29 013e:;o 
30 01354 
31 01360 
32 01364 
33 01370 
34 01400 
35 01404 
56 01414 
37 01416 
58 01416 
39 01420 
~0 
H 

.SBTTL CNVMILLL! CONVERT liME TO MILLISECONDS 
CNVMILL! 

5$! 

CNVMIC! 

5$! 

50$: 

; 
; 

;coNVERT FROM 1/60 THS SEC TO MILLISEC 
CMP -<SP>,-<SP> 

MOV 
BEQ 

<R5)f,10$t2 
50$ 

MOV 
MOV 
MOV 
JSR 

SF·',10$+4 
SP,20$+2 
( R:5) +, ~!0$+4 
R5, Dt10L.S 

.WORD HUNDRED,Or99.,0 
JSR R5,DltiVF.: 
.woRD srx,99.,o,o 
BF.: ~j$ 

CMF' <SP)+,<SP>+ 
RTS R5 

.SBTTL CNVMIC! CONVERT TIME TO MICROSECONDS 

;coNVERT FROM 1/10000*1/60 THS SEC TO MlCROSEC 
CMP -(Sf-'),-·(SF') 

MOV 
BEQ 

<R5>+ d0$+2 
50$ 

MOV 
t10V 
MOV 
JSR 

SPrl0$+4 
SP,20$+2 
(R5)fr20$t4 
R5 r Dl10LS 

.WORD TENr0,99.rO 
JSR R5, ItDl VR 
.WORD SIXt99.rOtO 
BR 5$ 

CMP <SP)t,(SF')t 
RTS R5 
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DECIMAL FROM 32 BIT BINARY CONVERSION 

:1.-
a.w 
:5 
4 
5 001.422 

7 
8 
9 
10 
11 

1.3 01422 
14 
:1.~; 01434 
16 01440 
:1.7 01442 
18 01444 
:1.9 01446 
20 01454 
21 01460 
22 01464 
23 01466 
24 01470 
:::.>5 01472 
26 01506 
2.~1506 
2~1512 
29 01520 
30 01524 
31 01532 
32 01540 
33 01546 
34 01550 
35 01550 
36 01552 
37 015~;2 
38 01554 
:·59 01556 
40 01560 
41 01562 
42 01564 
43 
44 01566 
45 01572 
46 01606 
47 01606 
48 01610 
49 01616 
!50 01620 
51. 016~2 
5~1-D.1624 
·~· j 6'1"4 ..• 1·~· ..:. 

54 01.6~?.6 

~'55 01630 
56 01634 
57 01636 

.SBTTL DECIMAL FROM 32 Bil BINARY CONVERSION 
; 
;coNVERSION OF 32 BIT NO TO DECIMAL 
; 
DDECI 
;sUBROUTINE TO CONVERT 32 BIT NO TO m::c 
~RO->BUFFER WHERE RESULl WILL BE PLACED 
;R1->WHERE NO IS <LOW ORDER WORD) 
;ALL REGISTERS RETURNED UNALTERED 
; LOW HIGH 
;B R1 R2 

2$1 

11$1 

R3 R4 

MOV 2CR1>,R2 fB~R1,R2jLOW,HIGH 

MOV <RU,R1 
TST R2 fiF B<O lHEN DOf 
BGE 1$ 

DNEG R1,R2 fB~-B 
MOVB :f:'-,(RO>+ 

MOV :f:1tR3 fD=1 
CLR R4 
CLR -<SP) 
CLR -<SP> ;o ENn MARKER 
liCMP R3,F~4,R1tR2t3$,4$ ;DO WHlLE<D<=B) 
3$: ;n<=B 

;It>B 
MOV 
BNE 
MOV 
BNE 
BR 
5$1 

DSTACK R3tR4 ;sTACK<=D 
DMOL2 R3tR4,31$ ;D=DI10 
DSl ACr~ R~~, R4 
liMOL2 R3tR4,31$ 
DMOL2 R3tR4t31$ 
DADD CSP)f,(SP)t,R3tR4 
BR 2$ 
31$1 ;ovERFLOW 
CMP <SP)f,(SP)t 

< SP) +, ~~3 ; LOWD ;DO WHILE<D<=STACK~=O) 
5$ 
<SP)t,R4 ;HlGH D 
6$ 
10$ 

MOV (SF')+, F<4 
;D<:::.B & D"=O 

6$1 MOVB :f:'O,(RO> ;ST=ST & CHAR 
7$1 DCMP R3,R4tR1,R2,B$,9$ ;no WHILE <D<=B> 

8$1 ;D<=B 
INCB <RO) 
DSUB R3, R .. h R 1, ~~:~ 
1m 7$ 

9$1 INC RO ; 
BR 4$ 

Ht=O 
CMP RO,(SP> 
BNE 11$ 

MOV"El t I 0, ow) + 
CLRB CRO> ;o END MARKER 
TST <SP>+ 



~PF'ENDIX C : PARALLEL CHESS. ~(T--11 MACRO VM02-12 
DECIMAL FROM 32 BIT BINARY CONVERSION 

~j~1640 

~1650 
so 
H 
:>2 

; 

RE.SREG 4,3,2,1 
RTS F\5 

20-NOV-78 09143152 F'AGE 33+ 
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DECIMAL FROM 16 BIT BINARY CONVERSION 

t. -
:;~}:1.652 
'5 
4 
5 
6 001652 
7 
3 001.662 
9 001664 
:1.0 01666 
:1.1 01670 
1.2 01674 
1.3 01700 
14 01702 
15 01704 
:1.6 01706 
:1.7 01710 
18 01730 
19 01732 
20 01732 
21 01732 
•")") 
A--~~ 01734 
23 
24 0:1.736 
25 0:1.742 
26 01742 
2~1744 

2~1746 
29 01750 
30 01752 
31 01754 
32 01754 
33 01756 
34 01760 
:55 01.760 
36 01762 
37 01764 
38 01770 
~59 01770 
40 01772 
41 01774 
42 02002 
43 02004 
44 
45 

.. ._ 

.SBTTL DECIMAL FROM 16 Bll BINARY CONVERSION 
DEC: 
;SUBROUTINE TO CONVERT :1.6 BIT NO TO A DEC STRING 
;RO=->BUFFER WHERE DECIMAL CHARACTERS F\FSUL T WILL BE F·'LACED 
;R1=BINARY NO I IS RETURNED UNCHANGED 

1$: 

2$: 

3$: 
4$: 

; 
; 

; 
TST R1 ;rF B<O THEN DO; 
BGE 1$ 

NEG Rl H<:::-B 
MOVB i'-,(RO)t ;sT=STI'-' 

;[1=1 MOV i1, F\2 
CLR -(SF'> 
CMP R2,R1 
BHI :~$ 

;o END Mr:'lRKER 
;uo WHILE <D<=B>I 

MOV R2,-(SP> 
MOL <R5> d~2 
BR 2$ 

; STACI\<==D 
;1):-:::0*10. 

MOV <SF')t,R2 
BEQ 7$ 

;n<=STACK 

;tt<=B 
~10VB i '0, R3 

CMP R1,R2 
BLT 6$ 

; R3=C="'0' 

;DO WHILE <B>=D>; 

INC R3 ;c=Ct1 
SUB R2,R1 ;B~B-D 

BR 5$ 

MOVB R3,<RO)t 
BR 4$ 

CMP RO,<SF') 
BNE 8$ 

MOVB i'O, OW>+ 

;ST=STIC 

CLRB <RO> 
TST <SP)t 
RESREG 3,2,1 
TST <R5>+ 
RTS R5 

;o END MARKER 



\ 
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~MOLS: DOUBLE PRECISION MULTIPLICATION 

I.-
2~2006 
3 
4 
5 
:) 
7 002006 
3 002014 
1 002014 
10 02016 
11 02020 
12 02022 
13 02024 
14 02106 
:!.5 02:!.10 
:1.6 02110 
l7 02116 
18 
:1.9 
20 

DMOLS: 

. 
' ; 

,SBTTL DMOLS: DOUBLE PRECISION MULTIPLICATION 

;GROUPS OF THREE ARGUMENTS PTD TO BY R5 
;MULTIPLY 2ND. BY 1ST. TO GIVE THIRD ARGUMENT 
;uNTIL ZERO FIRST ARGUMENT IS REACHED 
;ARGUMENT ARE ADDRESSES OF DOUBLE PRECISION WORDS 
SAVRE::G Od ,2 

MOV <R5)f,RO ;MULTIPLIER 
BEU 50$ 

MOV <f\5)trR1. 
MOV (R5>tdi:2 
DMOL CR0>,2<RO),(R1),2(R1),(R2>r2(R2> 
HR 5$ 

RESREG Od, 2 
RTS •<5 
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JDIVS: DOUBLE PRECISION DIVISION 

1.­
::.:~2120 
3 
4 
7j 002120 
s 002130 
7 002130 
3 002132 
:; 002134 
1.0 02136 
11 02140 
:1.2 02142 
13 02276 
l.4 02300 
:1.5 02300 
16 02310 
:1.7 
:I.B 
:1.9 
21. 

DD I VS: 

5$! 

50$: 

; 

.SBTTL DDlVS: DOUBLE PRECISION DIVISION 

;ARGUMENTS COME IN GROUPS OF FOURr 
;TERMINATED BY A ZERO 
SAVREG 0,1,2,3 

~10V ( R5) t, RO 
BEG 50$ 

MOV < R5) t, •u 
MOV ( R5 > ·h R2 
MCJV ( R5) t ,.-;:3 
DDIV <R0),2(RO),(R1),2(R1),(R2>,2<R2),(R3>,2<R3) 
BR 5$ 

F.:ESRF.:G 0, 1 '2' 3 
RTS R5 

.SBTTL PLINK! MACROS 
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0 
0 
6 
0 ·~ ' 

4 l 
4 ' 
0 
6 
2 
0 
0 

2 
2 

:60 
o'") 
,.,;. 

!6 
;2 
~6 

• SBTTL PLINK 
.CSECT DUMP 

.MACkO NXTWD PrMIN,MAX,1L1 
~ASSUME P IS A REGISTER: 
;IF ~>=MAX THEN P=P-MAX+MIN 

LU 
• ENit~t . , 
; .. , 

CMP PrMAX 
BLO L1 

SUB iiAXr f' 
ADD MINr~ 

.MACRO LSTWD PtMlNrMAXr?Ll 
CMP PrMIN 
BHI L1 

L1: 

SUB lHNrP 
ADD MAX,f' 

.ENDM ~ .. , . , 
; 
.MACRO NXTMSG ~rMINrMAX 
fFIND NEXT MESSAGE 

• ENDM . , . 
' • , 
PDUMP: 

MOV R4r-(SP> 
MOVB 1<P>rR4 
ASL R4 ;WORDS TO BYTES 
ADD R4tP 
NXTWD PrMINtMAX 
MOV <SP)frR4 . 

BIT t4rf!':JSWREG 
BEQ P[l59$ 
JSR R5rPDUMPO ;PRINT MINMXP STATUS 

PIIUMPU ;ENTRY POINT FOk !lUMPING BUFFER POINTERS ONLY . 

PD59$: 

• , 
.. 
' 

JSR R5rPRNOS 
.WORD o,tO.rb17,MSGINrD18rKSGOUTrM36rWDSINrM37rWDSOUTrO 
JSR RSrPRNOS 
.WORD Or8.rD10,FINrD11rRINrD12tPINrD13rFOUTtD14rROUTrD15rPOUTrO 

Rrs· R5 

PDUMPO: fPRINT MINMXP STATUS 
MOV R3r-(Sf'> 
MOV SP,1S+26. 
MOV R4r-(SP) 
MOV SPtl$+22. 
JSR RSrPRNOS 

IS: .WORD Or8.rD8tDtD4rlEADrD7rD3rCMrD6rOrD5rOrO 
CMP <SP>+r<SP)f 
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F'LINK 

~j~0170 

~ 

-

·-
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RTS R5 
; 



X C : PARALLEL CHESS. 
NG MESSAGES 

.SBTTL 

20 
D11 .ASCII 

1. \ D21 .ASCII 
3 !131 .ASCIZ 
7 D4: .ASCIZ 
5 ne.·. 

~· .ASCIZ 
1 D61 .ASCIZ 
5 D7: .ASCIZ 
2 DB: .ASCIZ 
5 [19: .ASCIZ 
2 !l101 .ASCIZ 
7 D11: .ASCIZ 
4 D121 .ASCIZ 
1 D13: .ASCIZ 
7 D141 .ASCIZ 
5 [115: .ASCIZ 
3 D161 .ASCII 
5 D17: .ASCIZ 
4 D18: .ASCIZ 
4 D19: .ASCIZ 
5 D20t .ASCIZ 
5 1121: .ASCIZ 
1 D22: .ASClZ 
7 D23: .ASCIZ 
2 D241 .ASCIZ 
6 D25: .ASCIZ 
4 !127: .ASCIZ 
30 !128: .ASCIZ 
7 !129: .ASCIZ 
5 ll30: .ASCIZ 
5 D311 .ASCIZ 
3 [132: .ASCIZ 
7 !133: .ASCIZ 
2 [134: .ASCIZ 
6 [135: .ASCIZ 
1 !136: .ASCIZ 
5 D37: .ASCIZ 
2 D3S: .ASCIZ 
5 D39: .ASCIZ 
0 . D41: .ASCIZ 

.EVEN 
t 

. 
' 

, 

0 
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DEBUGGING MF-SSAG£S 
<CR><LF><TAB><TAB><TAB><TAB><TAB>IRECMSG1/<TERM> 
<CR><LF>/SNDMSGt/<TERM> 
/CM=/ 
/LEAD=/ 
/R3=/ 
/R4=/ 
/PRX=/ 
/II=/ 
<CR><LF>IAT MINMX21/ 
/FIN:/ 
/RINt/ 
/PIN:/ 
/FOUT:/ 
/ROUT:/ 
/POUT:/ 
/-/<TERM> 
/MSGlNt/ 
/MSGOUTt/ 
/INVALID CHECKSUM/ 
<CR><LF>/OUTBUF BLOCKED - 10 MESSAGES/<TERM> 
/NAK, EXPID:,;/ 
/RECEIVED Sill=/ 
/AID NOT RECOGNISED/ 
/UNEXP.DAlA::/ 
/BUFFER MESSAGE WITHOUT HEADER/ 
<Ck><LF>/CONTENTS OF LINK OUTPUT BUFFER ARE11<TERM> 
<CR><LF>/5 OR MORE MESSAGES OUTSlANDING IN OUTBUF/<TERM> 
<CR><LF>/OUTBUF BLOCKED - SEMAPHORE/<TERM> 
/RECEIVE BUFFER OVERFLOW/ . 

/PLSW RECEIVE 01~ SEND BIT NOT SET ON INTERRUPT I 
<CR><LF)/2ND PLINK INTERRUPT WAITING FOR ATTENTION/ 
<CR><LF>/3RD OR MORE PLINK INTS. I 
/PS=/ 
/II=/ 
/PC=/ 
/SEND/ 
/LS/ 
/LR/ 
/VSCOR=/ 
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ESCRIPTORS AND VARIABLES 

oO 

0 
0 
4 
6 
0 
4 
6 
0 
2 
4 
6 
2 
6 
2 
4 
4 
0 
0 
2 

:o 
6 
0 
2 
6 
0 
2 
4 
0 
2 
4 
4 
6 
2 
2 : 
6 
0 
2 
4 
4 
6 
2 
2 

0 

PRNOS: 
.SBTTL PRINT DESCRIPTDRS AND VARIABLES 

;PRINT DESCRIPTORS AND NOS. I 
JADDRESSES OF D~SCS & NOS ~EuiN 2 WORDS B~YOND RSt TERMINAl.ED BYI 
fCRS>=O FOR 16 BIT• 1 FOR 32 BIT. 
f2<RS>=NO BASEC10. E.u.) 
SAVREG 0,1,2,3 
SUB tSO.,SP ;PRINT ~UFFER 
CLR R2 JR2=TAB COUNTER 
MOV <R5)f,R3 iRl=BIT INDICATOR 
MOV CR5>+,25$ ;BASE 

3$: TST CRS) JEND OF LIST T 
BEG 50$ 

6 , 
.. , 

MOV SP,RO ;RO->BUFFER 

10$: 

l1EC R2 
BGE 5$ 

5$! 

MOVB 
MOVB 
MOV 
BR. 

MDVB 

tCRtCRO>+ 
tLF,(RO>+ 

t3tR2 
10$ 

tTAB,CRO>+ 

;TAB COUNT 4 

MOV CR5)f,R1 ;cHARACTER STRINu 

20$: 
BEG 

MOVB 
BNE 
TST~ 

MOVB 
TST 
BGT 

30$.! 

50$ 

<Rl>+•<RO>+ 
20$ 
-<RO) 
tBL,CRO>+ 
R3 ;16 OR 32 BIT 1 
30$ 

MOV f!CRS>+•Rl 
JSR RS,DEC 
.WORII 10. 
BR 35$ 

MOV <R5)f,R1 
JSR RS, rtr1~C 

MOVB tTERM,CRO>+ 
MOV Sf',RO 
.PRINT 
BR 3$ 

TST <RS>+ 
Arm tso. ,sp 
RESREG 0,1,2,3 
RTS RS 

;R1=NO 

;Rt->NO 



~PPENDIX C : PARALLEL CHESS. 
PRINT DESCRIPTORS AND VARIABLES 
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:1.,~1374 

;!"-" 
3 001374 
4 001400 
.'5 
6 001404 
7 001412 
8 001416 
9 001416 
10 01422 
11 01424 
12 01430 
13 01432 
14 01464 
15 01470 
:1.6 01474 
:1.7 01474 
18 01506 
19 01510 
20 01512 
21 01512 
22 01.516 
23 
24 
25 

PF.:OUTB: 

20$: 

. 
' 

;PRlNT OUTPUT BUFFER AND POINTERS 
SAVREG 1,0 
JSR R5, F'DW1P1 
;PRINT CONTENTS 
.PRINT f:D27 
MOV FOUT,RO 

;PRINT BUFFER POINTERS 
OF OUTBUF 
;cONTENTS OF LINK OUTBUF ARE 

2$: 
CMF' Ro,ROUT 
IlEQ 20$ 
MOV R0,4$t6 
MOV FW ,Rl 
NXTMSG R1,1MlNS,tMAXS 
MOV R1,4$t8. 
JSR R5, PF\t1SG 

.WORD i,MINS,MAXS,o,o 
MOV Ri,RO 
BR 2$ 

RESREG 1,0 
RTS R5 
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PRMSG:PRINT MESSAGE RECEIVED OR SENT 

:1.-
.,·.~ 

:~ 001520 
4 
1::-
;;J 

6 
7 
8 
9 
1.0 01520 
:1.1 01530 
:1. ~:. 01530 
:1.3 01534 
14 01540 
1 r::· . ,.} 01542 
1.6 01544 
:1.7 01546 
18 01560 
19 01562 
20 01562 
21 01574 
2~; 01574 
23 01600 
24 01600 
25 01604 
26 01.606 
:;''-..1610 
~1612 
29 01614 
30 01616 
31 01616 
32 01622 
33 01622 
34 01624 
35 01642 
:5e> 01646 
37 01650 
38 01654 
39 01656 
40 01660 
41 01662 
42 01664 
43 01664 
44 01670 
't5 01672 
46 01674 
47 01676 
~8 01700 
49 01704 
50 01710 
51 01712 
.'i~~-o 171.4 
: 1720 
5~01.720 
)5 01724 
56 01726 
57 01730 

f-'RMSG: 

PRMSGO: 

35$: 

.SBTTL PRMSG:PRINT MESSAGE RECEIVED OR SENT 
• GLOBL Pf~MSG 

;PRINT MESSAGE RECEIVED OR SENT 
; (f\5)=0 FOR f\ECE:CVED,=l FOI~ SEHT 
;2(R5>=MIN 
;4CR5>=MAX 
; 6 ( R5 > =Ff~ONT 
;a.cR5>=END 
SAVRE.G 0,1,2,3 

SUB 
MOV 
MOV 
TST 
I{GT 

t3o. ,sp 
t4, f\2 
sP, r.:o 

;TAB COUNT 

CR5) 
10$ 

SPFUNT till 
BF\ 15$ 

SPRINT tD2 

;RECEIVED 

;SEND 

MOV 6CR5> di:3 

CMF' R3,B.CR5> 
BEQ 50$ 

CLR 

CMF' 
BEt~ 

R2 

~mv sP, r~o 
DEC R2 
BGE 25$ 

I{f\ 35$ 

MOVB :ft:TAB,<RO>+ 

~HJVB < R3) +, r.: 1 
NXTWD R3•2<R5),4CR5) 
JSR R5,DEC 
.WORll B. 
MOVB tTERM,<RO>+ 
f10V SP, F~O 
.PRINT 
BR ~~0$ 

R3,B.<R5> 
50$ 

MOV SP, F\0 
DEC 
BGE 

R2 
40$ 

MOVB 
MOVB 
1ST 
BGT 

tCR,CRO>+ 
tu:·,cRO>+ 
CR5) 
37$ 

MOV t::aR2 

' f10VB 
DEC 
BGT 

=a:T(lB, < fW > + 

36$ 
37$: 
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)RMSG:PRINT MESSAGE RECEIVED OR SENT 

:;a,....o1730 
5~1734 
::.o 01736 
)1 01736 
S2 01742 
)3 01742 
<:.4 01744 
<:.5 01762 
)6 01766 
~7 01770 
S8 01774 
'>9 01776 
70 02000 
71 
i'2 02002 
i'3 02002 
74 02004 
75 02006 
76 02010 
77 02014 
i'8 02014 
79 02020 
30 02030 
H 
J2 
:~3 

"-" ,_.. 

50$: 

; 

45$! 

rtOV t4. , r~2 
HR 45$ 

NOV (f~3)f,F~1 

NXTWD R3r2(R5),4CR5> 
JSF~ R5, DEC 
• WOf<D 8. 
MOVB :I:TERr1, <F\:0) + 
t10V SP, RO 
.PRINT 
t{R 35$ 

MOV SF', f<O 
CLf~B ( RO) 
.PRINT 
ADLI :1:~~0. , SP 

AliD :1:10.,R5 
RESREG 0 t1, 2' 3 
RTS R5 

;PRINT NEWLINE 

20-NOV-?8 09:43:52 PAGE 41+ 
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. LINK MESSAGE TRANSFER ROUTINES 

•· 

·\ 
I . \ •• . ' 

c 

" 

. , . , . , 

. , . , 
• , 
PIN: 
FIN: 
RIN: 
POUT: 
FOUT: 
ROUT: 
MINR: 
MAXR: 
MINS: 
MAXS: 
OFLO: 
MSGIN: 
MSGOUT: 

. EXPID: 
.. NXTSID: 

OUTBUF: 
LR: 
LS: 
SEND: 

.. RESENit: 
... '.,. NORINT: 

WDSIN: 
WDSOUT: 
WitS I: 
wnso: 

. RSEM: 

.SBTTL PARALLEL LINK MESSAGE TRANSFER ROUTINES 

.CSECT F'LINK 
NOUTB=10. ;NO OF MESSAGES IN OUTBUF WHEN IT BECOMES BLOCKF.:I 
PLVA=320 
PLSW=322 
INTSW=340 
PS=177776 
PLSR=164000 
PLOB=164002. 
PLIB=164004 
HEAD=125 
~1AXID=177 
RINT=100 
SINT=040 

fiNTERRUPTS PROCESSED AT PRIORITY 7 

;BIT 6 
;BIT 5 

RWD=200 ;BIT 7 
INT=140 ;SET BITS 6 & 5 TO ENALBLE RECEIVE & SEND INTERRUPT~ 
SWD=100000 ;BIT 15 j 

NOINT=O 

.MACRO SNnW W 
TST @tPLSR 
BMl .-4 

DINe wnsouT.wnsouT+2 
MOV W,@tPLOB 

.ENDM 

.WORD MINR 

.WORD MINR 

.woRn MINR 

.WORD MINS 

.WORD MINS 

.WORrt MINS 

.BLKW 200 

.BLKW 200 

;PARALLEL LINK INPUT RECEIVE PTR 
;FRONT OF INPUT BUFFER 
;REAR OF INPUT BUFFER 

;RECEIVE BUFFER 

; SENI• BUFFER 

.WORn 0 ;t OVERFLOWS OF INPUT BUFFER 

.WORn 0 ;No OF MESSAGES IN INPUT BUFFER 

.WORD 0 

.WORD 1 fEXPECTEn.I D 

.WORit 1 

.WORD 1 ;oUTPUT BUFFER ACCESS SEMAPHORE 

.WORD 0 fREHAINING LENGTH OF MESSAGE BEING RECEIVED 

.WORD 0 ;REMAINING LENGTH OF MESSAGE BEING SENT 

.WORD 1 ;sENn SEM~PHORE 

.WORD 0 

.WORD o,o ;NO OF RECEIVE INTERRUPTS 

.WORD o,o ;WORrtS RECEIVED ON IlR11 

.WORD o,o ;WORDS SENT. ON DR11 

.WORD o,o ;WORDS RECEIVED ON DR11 

.WORD o,o ;WORDS SENT ON DR11 

.WORlt 1 ;RECEIVE SEMAPHORE TO INDICATE.: 
;=1 NO DATA IN 
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~ARALLEL LINK MESSAGE TRANSFER ROUTINES 

;<::;;0 llATA IN 
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PARALLEL LINK INTERRUPT SERVICE ROUTINE 

:1,-
. .., 
3 000000 
4 
5 000000 
6 
7 
B 
9 
10 
11 00004 
:1.2 
13 
14 00004 
15 00010 
:1.6 00012 
17 00020 
18 00022 
19 00024 
20 00030 
;?.1 00032 
22 00032 
23 00040 
24 00042 
;o::· 
;_ ... J 00042 
26 00046 
:---0060 
~0064 
29 00066 
30 00104 
31 
3 ,., 

.:. 

33 
34 
}5 
56 
)7 00110 
)8 00114 
~9 00116 
lO 
l:t 
l2 00120 
~3 00124 
~4 00126 
l5 00130 
l6 00134 
17 
f8 00140 
~9 
~0 00142 
i1 . ,.., 
f ,_,,._...., 

r . .,. ..... 00142 
i6 00142 
'""7 '/ 00160 

.SBTTL PARALLEL LINK INTERRUPT SERVICE ROUTINE 

.CSECT PLISR 

fBIC tRINT,@IPLSR 
SAVREG 0,1 
;TST @tPLSR ;sEND1 
a{MI 1 s 
; JSR R5,SENDC 
; BR 30$ 

; TSTB @tPLSR ;RECEIVE 
ISR0$1 

BPL. 20$ 
DINC NORINT,NORINT+2 ;:~: RECEIVE INTERRUPTS 
DEC RSEM 
BGE 12$ 

CMP RSEM,4-1 ;2 WORDS OR MORE OF INPUT 
BEt~ 30$ 
BL"I :1.1$ 

JSR R!"h PSTACK 
BR ;~os 

.PRINT tD33 
BR 30$ 

;3 OR MORE INTS. 

MOV @:I:PLlB,RO 
DINC WDSIN,WDSIN+2 ;• WORDS RECEIVED 
MOV PIN,R1 
MOV RO,(Rl)t 
NXTWD R1,1MINRtiMAXR ; 
MOV R1, PHI 
;CMP R1,FIN ;oVERFLOW1 
;BNE 2$ 
; INC OFL.O 

.PRINT ID30 ;RECEIVE BUFFER OVERFLOW 
BR 3$ ;SHOULD NEVER OCCUR - SENDER'S 

DECB l.R 
BGT 9$ ;cONTINUE 
BEQ 5$ 

;25$! 

;EXPECTING HEADER 
;INCB LR 
CMPB RO, :t-HE AD 
BNE 22$ 

;21$! 
22t: 

SWAB RO fSAVE LENGTH 
!10VB RO, L.R 
DECB LR 
; BEU ~)$ 

B·~ 9$ 
.WORD 0 ;UNEXPECTED DATA WORD 

;uNEXPECTED DATA 
f10V RO, 21$ 
JSR R::J, F··~NOS 

.WORD o,a.,D24,21$,D37,SENDtD38,L.S,D39,LR,O 
3$! ;REMOVE WORD FROM QUEUE 

LSTWD R1,tMlNR,tMAXR 
TST -(R1.) 
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LINK INTERRUPT SERVICE ROUTINE 

I 

:Q 

~ . 
.. 
" l 

~ 
) 

' ) 

' 

0 

·~ 

. 30$t 

. , 
; 
; 
PSTACKt 

PSTACKt . 

.. , .. , 
• , 

5$! 

. 
' ; 

.. 
' 

;LR=O 

MOV Rl•f-'IN 
BR 9$ 

INC MSGIN 
BIT t4, itSWFd.:.G 
BEU 7$ 

6$! 

MOV 
INC 
BLE 

t10V Rl, 6$+8 • 
MOV f.:IN,6$+6 
JSR R5tPRMSG 

;END. 
;FRONT 

.WORD o,MINR,MAXR,o,o 

Rl,RlN 
RSEM 
12$ 

;END or MESSAGE 
;FREE SEM TO ALLOW DATA IN READ 

t200,@tPS ;PRIO 3 
tRINT,@tF'LSR 

BIC 
;BIS 
JSR 
BR 

RS,INTPT ;INTPT CONTENTS 
30$ 

OF RECEIVE ~UFFE~ 

20$: 

lNC RSEM 
BLE 12$ 
BR 30$ 

;ENABLE FURTHER DATA READS 
;IF bATA IN THEN TAKE IT 

.PRINT tD31 ;PLSW REC OR SEND BIT NOT SET ON INTERRUP 
i 

RESREG Otl 
;BIS tRINT,@tf-'LSR 
RTI 

.SBTTL PSTACKtPRINT CONTENTS OF STACK 

MOV @:f:F'S•FR 
MOV <SP h FR+14. 
MOV 2(Sf-'),FR+16. 
MOV 4<Sf-'>,FR+2 
MOV 6<SP>,FR+4 
MOV 8.<SP),FR+6 
MOV 10.<SP),FR+8 •. 
MOV 12.<SP>•FR+10. 
MOV 14.CSP>,FR+12. 
.PRINT tD32 ;2ND INTERRUPT 
JSR RS,PRNO 
~WORD o,a.,FR•FR+14.,FR+16.,FR+2,FR+4•FR+6•FR+8 • 
• WORD FR+10~•FR+12.,0 
RTS RS 

-· 
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m LINK DATA 
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100376 
)00402 
)00404 

00404 
00410 
00412 
00416 
00424 
00424 
00432 

00434 
00442 

-2~ 
00460 
00464 
00476 
00476 
00502 
00510 
00510 
00514 
00516 
00522 
00546 
00564 
00570 

00572 
00572 
00576 
00600 
00600 

SENIIA: 

SENIIC: 

5$S 

.. 
' . , . 
' 

.SBTTL SEND LINK DATA 

AVAILABLE WilHOUT SAVING 
.ENABL LS~ 
;ASSUME RO IS 
;TRIGGER SEND 
llEC SEND 

IF NO MESSAGE IS BEING SENT, OTHERWISE R~TURN 
;INITIALLY SEND~l 

BLT 5$ 

3$: 

20$1 

RTS RS 
.DSABL 

;BISB tSINT,@tPLSR 
TST RESEND 
BEC4 3$ 

CLR RE SEND 
MOV FOUTtPOUT 

CMP POUT,ROUT 
BEt~ 4$ 
;WAIT FOR LAST MESSAGE 10 
;AND THEN WASTE smtE TIME 
;TsT QitPLSR 
;BMI .-4 
;MOV tso,-<sP> 
;l!EC <SP> 
;BGT .-2 
;rsT <SP>+ 

MOV POUT,l0$+6 
l10V ROUTt10$t8. 

BIT t4,@4SWREG 
BEG 20$ 

JSR R5,F'RMSG 

CLEAR 

10$: .woRn ltMINStMAXStOrO 

MOV 
MOVB 

DECB 
BLT 

F'OUTtRO 
l(RO>rLS ;LENGTH 

LS 
2$ 

MOV POUT,RO 
SNI:IW ( RO) t 
NXTWD RO,tMINS,tMAXS 
tiOV RO, POUT 

' " 
~. 

~R SENDC ;INTERRUPT SEND DOESN'T WORK 
;CONTINUE WITH INTERRUPT 

;aiCB tSINT,@tPLSR 
INC SENII 
BLE 2$ 

LSB 
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NTERPRET RECEIVED MESSAGES 
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~' 

000000 
000000 
000004 
000006 
000012 
000014 

0 00014 
1 00022 
2 00024 

.3 00032 

.4 00036 

.5 00036 

.i.) 00044 

.? 00046 

.8 00052 

.9 00054 
~0 

~1 00054 
~2 
~3 00060 
~4 00064 
~5 00070 
?.C) 00072 
?.~-0074 

2~0112 
29 00116 
30 00124 
H 00126 
X"") 
""'- 00126 
33 00130 
34 
35 001.62 
36 00164 
37 001.66 
38 00172 
39 00176 
40 00200 
4:1. 
42 
43 00202 
44 00206 
45 00210 
46 00212 
47 00212 
48 00214 
49 00232 
~50 

~51 00234 
5?..4)0236 
~ ,._.. 
54 00240 
!.'.'i5 00244 
56 
57 00246 

INTPT: 

32$: 

.SBTTL INTERPRET RECEIVED MESSAGES 
• CSECT INTF·'T 
;ASSUME RO, R1 ARE AVAILABLE 

DEC OIJTBUF 
BGE 1$ 

INC OUTBUF 
RTS R5 

CMF' MSGOUT,:f:NOUTB 
BLE 2$ 

.PRINT f:D20 
JSF\ R5, PF\OUTB 

C~fP FIN,FnN 
BNE 32$ 

INC OIJTBUF 
R·r S f\5 

;FREE OUTPUT BUFFER. 
JSR R5,FREAIDO ;FREE MESSAGES WITH AID 0 FROM OUTBUF 
;CARF\Y ~fAY BE SET BUT CONTINUING WITH INTPT IS ONI..Y HOPE 
MOV FINdW 
CMPB OW> ,:f:HEAD ;ELIMINATE WORDS UNTIL HEADER FOUND 
BEQ 3$ 

TST CRO)t 
NXTWD RO,:f:MINR,tMAXR 
MOV ROrFIN 
.PRINT tD25;BUFFER MESSAGE WITHOUT HEADER 
.EXIT 

MOV RO,R1 
NXTMSG Rlrf:MINR,f:MAXR 
;RO=FRONT, Ri=NEXT MESSAGE 
MOV R2,-CSP> ;AVAILABLE REGISTER 
MOV RO,-<SP> ;FRONT OF MESSAGE 
JSR r-:5, CHKSUt-1 

4S: .WORD MINRtMAXR 
TST R~Z 

BEQ 6$ 
;INVALID CHECKSUM 
; SPF\1 NT :1:1119 ;r NVAL ID CHECKSUM 
JSR R5,SENDACK ;NACK 
.WORD 0 
BR 30$ ;NEXT MESSAGE 

TST (RO>t 
NXTWD RO,f:MINR,f:MAXR 
MOV RO,-<SP) ;sAVE PTR TO <SID,AID> 
;SEE IF SlD IS VALID 
MOVB <RO),R2 
BEQ 28$ ;IF SID~O THEN MESSAGE 18 JUST AN ACK 

; SO lGNm-::E 
CMPB R2,EXPID 
BNE l6$ 

;MESSAGE HAS EXPECTED SID 
INCB EXPID 
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[NTERPRET RECEIVED MESSAGES 
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)p.-:,)0252 
'~0254 
so 00262 
:) 1 00262 
',, 
:0.:. 00266 
::.3 00270 
S4 00270 
S5 00274 
~.6 00276 
S7 00276 
:>8 
S9 00300 
70 00304 
71 00306 
?2 
?3 00310 
74 00314 
75 00320 
76 00322 
77 00322 
78 00326 
79 00326 
:10 00330 
31 00330 
32 00334 
:l3 00336 
3 '-'0340 
]~0344 
36 00350 
37 00352 
38 
39 00354 
?0 
?l 00354 
~2 00356 
?3 00374 
?4 003/'6 ... .,. 
?...J 00414 
?6 00416 
""7 7, 00422 
78 00424 
?9 
1.00 
f.O:l. 

; 

B~·L. 14$ 
MOV =U, EXPID 

JSR RS,INTCON 
BF\ 28$ 

~JSR R!:';, SNDERR 
BR 12$ 

MOV (SP),RO PRO=->SID 
~DOES THE RECEIVED MESSAGE ACK A SENT MESSAGE T 
MOVB 1(RO),R0 
Bt.Q 12$ 

H~O::-.:AID 

~NO MESSAGE ACK - CONTINUE 
BF'L 8$ 

8$! 

12$! 

; t~AK 
INC RESt::NT.I 
JSR R5,SENDA 
BR 12$ 

~RESEND liATA 

JSR R5rFREEOB ;POSITIVE ACKNOWLEDGEMENT 

TST <SP)t 

MOV R1,FIN 
MOV <SP>t,RO 
MOV (SP>t,R2 
INC OUTBUF 
DEC MSGIN 
BGT INTP1 
RTS R5 

;ELIMINAlE MESSAGE INTERPRETED 

INTCON: ;SET UP POINTERS FOR INTERPRETING CONTENTS 
;oF MESSAGE 
TST <RO>+ 
NXTWD RO,tMINR,IMAXR 
SAVREG 1 ;NEXT MESSAGE 
LSTWD Rl,tMINR,#MAXR 
TST -<Rl> 
JSR R5,INTPTCONT 
RESREG 1 
F\TS R5 

fRO PTS TO BEGINNING OF TEXT 
;r-:1 TO END &R2=SID 
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INTERPRET RECEIVED MESSAGES 
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1~00426 

a..-
3 
4 000426 
c· 
,.) 000426 
6 000434 
'7 000436 
~3 000442 
9 000444 
10 00462 
11 00464 
:1.2 
13 00466 
14 00472 
:1.5 00524 
16 00530 
17 00534 
18 00536 
19 00536 
20 
21 00544 
22 00546 
23 00550 
24 00552 
'")C' 
,;-_~ 00552 
;.~6 00554 ,...,-
,.{ 

~!,..... 
~!9 

:30 00556 
31. 
32 00556 
33 00560 
34 00562 
35 
:S6 
37 00566 
38 00570 
39 
40 00572 
41. 00624 
42 00630 
43 00632 
44 00636 
45 00640 
46 
47 00640 
48 00640 
49 00642 
50 00644 
51 
5~ 

~;,._ 

FREAIDOf 

5$! 

; 
; 

;ELIMINATE MESSAGES Al FRONT OF OUTPUT BUFFER WITH SID~O 
;RETURN CARRY SET IF OUTBUF IS BLOCKED ON RETURN 

CMP FOUT,ROUT ;ANY MESSAGES T 
}:{EC~ 30$ 

MOV FOUT,RO 
TST < RO) t 
NXTWD RO,tMINS,tMAXS 
TSTB CRO> ;srD~O? 

BNE 9$ 
;srn=o 
MOV FOUT,RO 
NXTMSG RO,tMINS,tMAXS 
~10V RO, FOUT 
IIEC MSGOUT 
B.( 5$ 

CMP MSGOUT,tNOUT}:{;LET FOREGROUND TASK WAIT UNTIL OUTBUF 
;EMPTY 

BLE 30$ 
SEC 
RTS R5 

CLC 
RTS R5 

FREEOB: ;POSITIVE ACK:FREE OUTPUT BUFFERS 
;UPTO AND INCLUDING ACK MESSAGE 
MOV R2,-<SP) 

10$! 

; 
; 

MOV •u , -<SF') 
JSR R5,SRCHOUT ;GIVEN RO=ID, 

TST R1 

;RETURNS R1=PTR TO FOUND MESSAGE 
;R2=NO OF MESSAGES PASSED OVER 

BEQ 9$ ;NOT FOUND - DO NOTHING 
;FOUND- DELETE THIS AND PREVIOUS MESSAGE 
NXTMSG R1,*MINS,tMAXS 
MOV R1,FOUT 
INC R2 
SUB R2,MSGOUT 
:BR 10$ 

; SPFHNT tD23 

MOV <SP)t,R1 
MOV ( SP) t, ·~2 

RTS F~5 

;ACKID NOT RECOGNISED. 
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)END EF\F<OR 

.-
~'-"' 

000000 

0 
1 
2 
.3 
4 
.,. 
J 00000 
6 00002 
7 00010 
8 00012 
9 00014 
0 00016 
1 00022 
2 00024 
3 00024 
4 00030 
5 00034 
f) 00040 
''~0042 
~0044 
9 00044 
0 00050 
l 00052 
2 00054 
3 
4 00054 
5 00060 
6 00064 -, 
/ 00066 
8 00070 
9 00074 
0 00076 
1 
2 00076 
3 00102 
4 00106 
5 00110 
6 00112 
7 
8 00112 
9 00116 
0 00122 
1 00124 
~-l)0124 

...... 
4 
5 
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.SBTTL SEND ERROR 

.CSECT SENDERR 
SNDERR: ;sEND ERROR 
; 
;MESSAGE ID IS NOT THAT EXPECTED­
;1.MESSAGE BECAME A NACK ON LINE, 
;2.MESSAGE TRANSMISSION BEGAN BEFORE NAK OF 
; PREVIOUS MESSAGE RECEIVED 
;3.HEADER OF PREVIOUS MESSAGE NOT DETECTED. 
;sTRATEGY! IF ID IS THAT OF ONE OF LAST 

TEN MESSAGES, THEN ACK, ELSE NAK 
;IF EXPID<NOUTB I <O<=SID<=EXPID 01~ MAXIDtEXPID-NOUTB<=SID<=MAXID) 
; OR <EXPID-NOUTB<=SID<=EXPID> THEN CALL SEND ACK 
;ELSE CALL SEND NAK 

28$! 

; 
• 
' 

MOVB <RO>,RO ;RO=SlD 
CMPB EXPID,tNOUTB 
BGT 22$ 

20$! 

TSTB RO 
I~L T 18$ 
CMPB ROtEXPID 
BLE 24$ 

MOVB tMAXHitR2 
AI.ILI EXF'Ht,R2 
SUB tNOUTB,R2 
CI1PB R2tRO 
BGT 26$ 

CMPB F~O, tMAXID 
BGT 26$ 
BR 24$ 

;EXPID>=NOUTB 
MOVB EXPID,R2 
SUB tHOUTB,R2 
CI1PB R::!, ~i:O 

; SEND A Cl< 

rSEND NAK 

;SENfl NAK 
;sEND ACK 

BGT 26$ ;SEND NAK 

26$! 

CMPB RO,EXPID 
BGT 26$ 

;sENf.l ACI\ 
f10V 2 (SF·> d~O 
JSR R5, SENT.IACI'\ 
.WORD 1 
BR 28$ 

;SEND NAK 
MOV 2<SP),R0 
JSR R5,SENDACK 
• WOF\D 0 

RTS f\5 

;sEND NAK 

; ~W=FRONT OF MESSAGE 
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SENDACKl 

.SBTTL SEND MESSAGE ACK OR NAK 

.CSECT SENDACK 

fOUTBUF BEING ALREADY OPENrSEND AN ACK 
fOF MESSAGE BEING INTERPRETED ·· , ·. 
tON CALLr RO=FRONT .OF MSG FOR WHICH 
; .. THE WORD'"FOLLOWING <R5)::i:1 

;A NAK TO BE SENT 
MOV Rlr-CSP) 
MOV ROr-<SP> 
JSR RSrOPNSEA 
MOV CSP> rR! 

• "*:. 

tfRONT 
tRETURNS RO=OUTPUT PTR 
;Rl=->FRONT OF MSG TO ACK 

--TST <Rl>+ 
NXTWD RlrtMINRrtMAXR 
MOVB < Rl h Rl ; Rl=SID 01:- INTPTD 
TST CRS>+ ~' 
BGT 1$ 

; 

MOV Rlr22f 
MOV EXF'IDrR1 
MOV R1r21$ 
JSR RSrPRNOS 

MSG 

ACK IS SENT 
FOR AN ACKr =0 

I 
I 
l 
I 
I 
I 
1 

FOR 

::1 

-"'! 

. ~ 

-

-.... 

t 
;tOff .WORD Or8.rD21r21frD22r22$rO 

JSR R5rPROUTB 
;NAKrEXPID= rRECEIVEU SlD 

-"' . , 
NEG Rl 

1$: 
JSR RSrCLSNDA 

;c MOV CSP>+rRO 
MOV CSP)f,Rl· 

~. '·" kTS .. RS = 
I 21$: .WORD 0 .·; 

22$: .WORD 0 . .,."" , .. , . . , 

.j 



) 
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LOSE OUTPUT BUFFER FOR THE ADDITION OF A MESSAGE -j 

0 

' ... 

0 

I 
.SBTTL OPEN & CLOSE OUTPUT BUrFER FOR THE ADDITION OF A MESSAGE 
.CSECT OUTBUF ~ 

20$: 

31$: 

. , . , 
; 

;RETURN RO->AVAILABL~ WORDr ~o OTHERWISE 
SAVREG 1 

JSR R5riNTf'T ;INTERPRET MESSAGES RECEIVED & 
fTRY TO CLEAR OUTPUT BUFFER l 

CMP MSf30UTrt4 fKEEP NO OF OUTSTANDING MESSAGES LOW ! 
;so THAT BACKGROUND INTPTATION IS NOT BLOCK~D 

BLE 31$ 
;.PRINT tD28 
BR 20$ 

"DEC OUTBUF 
BGE 32$ 

RESREG 1 

.PRINT tD29 
INC OUTBUF 
BR 31$ 

,5 MESSAGES OUTSTANDING 

;. OUl BUF · BLOCKEit 

;TRY Af3AIN 

OPNSEA: ;ENTRY POINT FOR SKIPPING TESTS: USED BY BACKGROUND TASKS 
MOV ROUTrRO 
TST <RO>+ ;FIND DATA POlNTr SKIPPING HEADER SPACE 
JSR RSrADDOQ ;rEST QUEUE 
1ST <RO>t ;sKIP lDS 
JSR R5rADDOQ 
RTS R5 

; 
CLSND: ;ENTRY POINT FOR FOREGROUND TASK 

;oN CALL RO->END OF lEXT 
; Rl=AID 
;oN RETURN RO=SID OF MESSAGE 
JSR R5rCLSNitA 
INC OUTBUF 
TST MSGIN 
BLE 10$ 

SAVREG Or1 
JSR RSriNTPT 
RESREG Or1 

10$: :3 

CLSNIIA; 
RTS R5 

;MESSAGE HAS BEEN ADDED 10 OUTBUF SO FIND CHECKSUM t 
;oN CALL LET RO BE END OF MESSAGE TEXTr Rl BE THE AID 
MOV R2•-<SP) 
MOV R1r-<SP> ;AlD 
BIT t1rRO ;oDD BYTE 
BEQ 2$ 

CLRB <RO>+ 
NXTWD ROrtMlNSt+MAXS 

MOV ROr-<SP> 
MOV ROtR1 

;END OF TEXTr EXCLUDING CHECK SUM. 
;Rl=REARr EXC CS. 

-_J 
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CLOSE OUTPUT BUFFER FOR THE ADDITION OF A MESSAGE 

0 

;o 
0 
4 
0 
0 
2 

2 

2 

MOV ROUT,RO 
SUB RO,Rl 
BGT 4$ 

fRO=FRONT 
iWANT Rl=LENGTH~ EXC CS 

SUB tNINS,Rl 
ADrt f:MAXS, R 1 

ASR Rl ;BYTES TO WORDS 

iiF L<O THEN L=MAXS-MINS+L 

INC Rl HU=LENGTH, INCLUDING CHECK SU~f. 
MOVB tHEAD,CRO>+ iHEAD 
MOVB R1,CRO>+ ;LENGTH 
NXTWD RO,tMINS,tMAXS 
CLR -<SP> iSID OF MSG 
CMP R1,t3 
BG1 5$ 

CLRB <RO>+ 
BR 6$ . 

;No SID FOR CONTENT FREE MESSAGE 
!) 

:> 
2 
4 
~ 
) 

MOVB NXTSID,(SP> 
MOVB NXTSlD,<RO>+ 
INCB NXTSID 

;sAVE SID OF MSG , TO BE RETURNEI 

~ 
) 

2 
) 

) 

~ 
) 

~ 

~0 
) 

) 

; . , 

BPL 6$ 

MOVB 4CSP),(RO>+ ;ACKlD 
MOV ROUT,RO ;FRONT OF MESSAGE 
MOV 2CSP),R1 ;REAR OF MESSAGE, EXCLUDING CHECK SUM 
JSR R5,CHKSUM iRETURNS R2=CHKSUM 

.• WORD MINS, MAXS 
NEG R2 

. MOV R2' <Rl >+ 
NXTWD R1,tMINS,tMAXS 
MOV Rl,ROUT ;NEW REAR OF QUEUE 
INC MSGOUT ;NO OF MESSAGES QUEUED FOR OUTPUT 
JSR R5,SENDA ;TRIGGER SEND IF NECESSARY, RO MAY BE ALTERED 

. MOVB <SP)t,RO 
TST <SF'>+ 
~mv csP>+,Rt 
MOV <SP)frR2 
RTS R5 

--
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SEARCH FOR MESSAGE IN OUTBUFf FIND CHECKSUM 

J-
~ 
:; 000000 
4 
5 
6 
7 
8 000000 
9 000002 
:1.0 00004 
11 00010 
1.2 00010 
1.3 00014 
14 0001.6 
1.5 00020 
16 00022 
:1.7 00040 
:1.8 00042 
19 00044 
20 00076 
21 001.00 
::.~2 00102 
;;!3 00102 
24 00104 
'") c-... ~ ........ J 00104 
26 00106 
~'~ .. 
:~• 
29 
30 00110 
~5:1. 
32 
33 
34 00110 
35 00112 
36 00114 
37 00114 
38 00:1.16 
:;9 00120 
40 00122 
41 00136 
42 00140 
43 00140 
44 00142 
4o:· ,.} 00146 
46 
47 
~8 

SRCHOUT: 

1$: 

; 
; 
CHKSUM: 

.SBTTL SEARCH FOR MESSAGE IN 
• CSECT Sf(CHOUT 

OUlBUr; FIND CHECKSUM 

;FIND MESSAGE 
;oN CALL' 

WITH GIVEN ID IN OUTPUT BUFFER 
RO=ID 

;oN RETURN: R1->MESSAGE IF FOUND, =0 OTHERWISE 
R2=t DF MESSAGES PASSED OVER . , 

MOV 
CLR 
MOV 

CMP 
I{EQ 

R3,-<SP) 
R'.) .:. 

FOUTrR1 

R1,ROUT 
2$ 

MOV R1,R3 
TST <R3>+ 
NXTWD RJ,tMINS,tMAXS 
CMPB RO,(R3> ;rD=SID<S> 
BEO 3$ ;FOUND 
NXTMSG R1,tMlNS,tMAXS 
INC R2 
BR 1$ 

CLR R1 ;NOT FOUND 

MOV <SP>t,R3 
RTS R5 

;oN CALL RO-> FRONT OF MSG,R1->REAR 
; <R5>=MIN, 2CR5>=MAX ADDRESS OF QUEUE 

;RETURNS R2=CHECKSUM 
MOV RO,- C SF-'> 
CLR R2 

CMP RO,Rl 
l~EU 2$ 

ADD (R0)t,R2 
NXTWD RO,(R5),2CR5) 
Bf< 1$ 

MOV <SP)t,RO 
ADit :t:4,R5 
RTS .i:5 
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.0 

.1. 
2 

.3 
A 
.5 
.6 
.7 
8 
9 
~0 

:l 

:.!~ 

:~ 
:o 

; 

. , 
F~EQCAR=1 
ACKCA=2 
F~EQM=3 

SELINE=4 
SETCM:-::5 
CUTOFF=6 
F'CHARS=7 
EXIT=9. 

.SBTTL PARALLEL LINK MESSAGE HANnLING MACROS AND VARIABLES 

.CSECT PINTPT 

.MACRO SADDB X 
r10VB X, < RO) + 
NXTWD RO,#MINS,#MAXS 
.ENDf'i 

.MACRO SADLI X 
MOV x,<RO)t 
JSF: R5, ADDOQ 
• ENDI'i SADD 

• MACF"<O F~AI.tD X 
MOV OU>·hX 

;ADD TO OU1PU1 QUEUE- CHECK OFLOW 

NXTWD R1,fMINR,tMAXR 
• ENDI'i 

RDY=11. 
SNDAF<R= 12. 
RELINE=13. ;RECEIVE LlNF.: 
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~woooo 
> 000040 
~ 000100 

000102 
000104 

000106 
000110 

.0 

.1. 

.2 

.3 0011.2 

.4 

.6 

.7 00114 

.8 00116 

.9 00:1.20 
~0 00122 
~:1. 00124 

~3 00:1.26 
~4 00130 
~~i 00132 
)6 00332 
>/-' 033" 
•, I . ·- ~ •'· 

~~0334 
~9 

;o 

.SBTTL PINTPTI VARIABLES 
PARI .BLKW 16. ;PARALLEL COUNT FROM OTHER PROC. 
BASE I • BLKW 16. ; 1 PFWCESSm~ COUNTS 
BUSYI .WORD 0 ;BUSY SEMAPHORE FOR SYNC 
MAXCD: .WORD 4 ;MAXIMUM COMMON DEPTH 
SWITCH: .WORD 0 ;sURROGAlE SWITCH REGISlER 
SWREG=177570 
LANOINI .WORD 0 ;LAST NO IN NODE 
HCA: .WORD 0 ;HAVE CRITICAL AREA 

;SEMAPHORE PRIVATE TO THE MAIN PROCESS 
;USED AS PlF'ELINE FROM ~~ECEIVE INTERRUPT 
;PROCESS ACKCA TO MAIN PROCESS 

CA: .WORD 0 ;CRITICAL AREA 
;•1 WHEN CA UNUSED 
;=O WHEN PROCESSOR IS lN CA 
;<o WHEN REUUESlS FOR CA HAVE BEEN RECEIVED 

CM: .WORD -l;COMMON MOVE 
OSCI .WORD 0 ;No OF OTHER PROCESSORS TO SCORE FOR 
LEAD: • WORD 0 
F'RX21 .WORD 0 ;PROCESSOR CROSSING IN MINMX2 
ATTENTI .WORD 0 ;::::-1 WHEN COMMUNICATED CUlOF"F 

;=tVE WHEN SCORED NODE HAS BEEN RECEIVED 
FPCHI .WORD MlNPCH 
RPCH: • WOf\1.1 MINPCH 
MINPCHI .BLKW 100 
MAXPCHI 
CWOTEI .ASCi:l ///<TERM> 
CHARAC: .ASCII /OI<TERM> 
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,,_ 
!~033.6 

000336 
000344 

; 000346 
' 000352 

000360 
' 000364 
.0 00374 
.1 00376 
.~.~ 00402 
.~~ 00406 
.4 00414 
. ~:.; 00420 
;.6 00422 
7 00422 

:.a 
.9 
>.0 
>.:!. 

')!:." 
~ -..J 

?.6 00424 -~~0432 
?.8 0436 
')0 
~. / 00440 
~0 00442 
H 00452 
~2 00460 
n 00460 
34 00462 
3!.:'j 00464 
36 00472 
37 00474 
5e 00474 
39 00476 
10 00502 
H 00506 
'l ::.~ 00514 
43 
44 
:15 

• £)BTTL SYNC: SYNCHF\ONIZE PROCESSOI~S 
SYNC: 

;SYNCHRONIZE BOTH PROCESSORS 
BIT =U ,SWITCH 
BEQ 50$ 

50$1 

SENDAV: 

5$1 

10$1 

INC BUSY 
SAVREG 0,1,2 
JSR R5,QPNSE 
SADD f:f\DY 
Cl.R R1 
JSR RS,CLSND 
~JSR F~5, WA I TRP 
RES.~EG 0, 1 , 2 
TST BUSY 
BNE • --4 

F:TS R5 

.SBTTL SENDAVI SEND AN AREA OF CORE 

;SEND ARRAY VARIABLE 
~ARRAY LOWER I UPPER LIMITS ARE CR5), 2CR5) 
IRECEIVING ADDRESS FOR OlHER PROCESSOR IS 4CR5> 
SAVREG 0,1,2 
JSR RS,CJPNSE 
MOV <R5)t~R1 ;FRONT 
MOV ( R~j) t' R2 
SADD f:SNDAR~~ 

SADD < •;:s > + ;RECEIVING 

CMP FU ,R2 
BHIS 1()$ 

SArlfl <Rl>+ 
BR :=i$ 

CLf\ FU ; AID:-.:.0 
..JSR R5,CLSND 
JSR f\5, WA I TRP 
RESREG 0' :1. , 2 
RTS R5 

Am:nu::ss 
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ADDOQ: UPDATE PLINK OUTPUT BUFFER QUEUE POINTERS 

:l -
2~0516 
3 
4 
5 OOO!H6 
6 000534 ., 
.. · 000!'j40 .... 
:::. 000542 
9 000554 
:1.0 OO~i54 
:1.1 
1.2 
1.3 
1.4 00556 
1.5 005~i6 

1.6 00560 
1.7 00562 
I.B 00562 
L9 00566 
w 00566 
:~ :1. ()0572 
~2 OO~i74 
~3 OO~i76 

.~4 00600 
)C!' 
.. 'lt.J 00602 
U,-~0606 

~~oe:.12 
.!8 006:1.6 
~9 00622 
;o 00624 
a 00624 
t'"> ,.,.. 00626 
i3 00630 
;4 
:5 
:6 

ADDOQ! 

10$! 

WAITRF'! 

20$t 

30$! 

.SBTTL ADDOQ! UPDATE PLINK OUTPUT BUFFER QUEUE POINTERS 

;ADD TO OUTPUT QUEUE 
;CHECK FOR OVERFLOW 
NXTWD RO,IMlNStiMAXS 
CMF' FW, FOUT 
'BNE 10$ 

SP~~ I NT 11129 

.SBTTL WAIT REPLY 

SAVREG 2 
TST -(SF') 

MOV f.600,<SP) 

JSR •1:5, SF:CHOUT 
TST ~U 

BEt~ 30$ 
l1EC < Sr') 
BGT 20$ 

INC RESEND 
SAVREG 0,1 
JSf~ F~5, SENDA 
RESREG 0,1 
BR 10$ 

TST <SF'> t 
f\ESHEG 2 
ras R5 

;OUTPUT BUFFER OFLOW 
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'w-()632 
000632 
000632 
000636 
000640 

' 000646 
: 00064~. 

000652 
0 00662 
1. 006.~.4 
'") 00670 .~~.· .. 

.3 

.4 

.5 

.6 oot:, 74 
"'} 006/'4 . ' 

.8 00700 

.9 
~0 00702 
~1. 00706 
.?2 007:1.4 
~3 00714 
>4 
l c:• 
•••• ..1 

~,f., -~~0716 
;~ !: 
~9 00716 
w 00722 
H 
52 00724 
53 00730 
34 00734 
55 00734 
~6 

;}7 
38 
:-s(Y 

.SBTTL. P<CA): RE:WJEST C~UT:CCAL AF\EA 
REQCA! H.OOP UNTIL CRJ.TICAI.. AI.:.:EA lS OBTAINED 

. 
' 

FREECA! 

LIEC CA 
BGE: 30$ 

RTS R5 

SAVRE.G 0,1,2 

JSR R5,0PNSE ;RETURNS RO 
SADD tREQCAF\ 
CU\ R1 ;AlD=O 
JSR R5rCL.SND ;RETURNS RO=SID 
JSR R5,WAITRP IWAlT REPLY 
;MESSAGE ACKNOWL~DGED 
; AWAIT CA>==O, TESTE!! FCm BY BACKGROutHt PROCESS 
lAND WHICH SETS HCA PRIVATE FLAG 10 1 

TST HCA 
BLE 6$ 
; FREE TO Pt\OCEED 
ltEC HCA 
RESREG Q,l,,2 

.SBTTL V<CA): FREE CRITICAL. AREA 

;FREE CRITICAL AREA CAt 
INC CA 
BGT 35$ 

RTS R5 

;CRITICAL AREA RECWEST RECEIVED 
JSR R5rSE.NDW 

• WORD f.tCKCA, 0 
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REQMUPM: REQUEST UPDATED MOVE DATA 

l..J­
:>~0776 ~ .. ~ ....... 
3 
4 
5 
s 000736 
7 000744 
3 000750 
? 000760 
1.0 00766 
1.1 00770 
1.2 00774 
l3 01000 
1.4 01006 
1.5 01014 
1.6 0:1.0:1.6 
1.7 01.022 
i.8 0:1.030 
l9 01032 
>.0 01.032 
~:1. 01034 

~6-
;~,:1.074 

~9 01074 
;o 01100 
;j_ 01104 

:6 01114 
:7 01114 
8 

0 
1. 0:1.120 
2 01120 
3 01122 
4 011.26 
5 01.132 
6 
7 
8 

f\EQMUPM I 

10$: 

.SBTTL REQMUPM: REQUEST UPDATED MOVE DATA 

IPROCESSOR LAGS OTHER - REQUEST CURRENT MOVE FROM 
;HASE<D> AND WAIT <Fm;: SEI..lN> 
IFORMAT: REQM,UPM 
SAVREG 0,1,2 
JSR R5,0PNSE 
SAI.Iti :i:RE.mf 
SADD R3 ;UPMCD) 
CLR Rl ;Aili=O 
JSR R5,CLSND 
,JSR F~5,WAITRP 

RE.S~(EG <>, 1 '2 
CMPB NOINCR3),t2 
BGE 10$ 

RTS F\5 

CL.R @:t:PL.SR 
.PRINT t60$ 
.EXIT 

60S: .ASCIZ /1 OR LESS PROCESSORS lN CA NODE/ 
.EVEN 

; 

.SBTlL SELIN: SEND LINE OF PLAY 
SEL.IN: IGIVEN R3=UPMCD), SEND INFORMATION ABOUT NODE: 

ISELIN, BASE(D),NOINCD), VSCOR([I), BSTMVS<D,*) 
SAVREG 0,1 
JSR t~5, OPNSE 
SADD tSEL.INE 
ITST D ;IF D~=O THEN BMV(D,*>=O TEMPORARILY, AVOIDS SENDIN 
IBEQ 5$ 
; MOV <BMV-2><R3>,-<SP> 

CU~ <BMV-2> ( R3 > 

JSR ~~5, SNC.IDE 
;rsT D ;RESTORE BMV 
HJEQ 1~:J$ 

MOV <SP)f,<BMV-2>CR3) 

CL.f\ FU ; A 1 D=-.:0 
JS.~ R5, CL.SND 
RESREG 0,1 
f\TS R5 
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1 .. ·­

~~1134 
~ 

l 
5 
' ;:. 

7 001134 
3 001136 
) 001144 
.0 01154 
l1 01164 
l2 01170 
.3 01:1.70 
.4 01176 
:.::j 01200 
1.6 01202 
'. 7 01204 
.8 
.9 
~0 

~1 01206 
~2 
.~3 

~4 

~5 
!6_p1206 
,. 1''10 ··~·~· 
~ . 01230 
~9 01252 
)0 01274 
~l. 01300 ,...,. 
) ,\~. 01300 
)3 01320 
)4 01322 
)5 01324 
)6 Ol.326 
\7 
:B 
;9 

SNODEI 

RNODt:: 

; 
; 

.SBTTL SNODE: SEND NODE DATA 

; RO-·>BUFFEF~ 
;ADD BASE,NOINCD),VSCORCD),BSTMVS(D,*) 
; TO SENI:i BUFFER 
;f\3->UF'M(D) 
SAVREG 3 
SADD R3 ~BASECD) 

SADD NOIN(.\:3) 
SADD VSCOR<R3) ;vscORCD) 
ADD IBMV,RJ ;BSTMV<D•*> 

SADD -<R3> 
TST ( R3> 
BNE 1$ 
RESREG 3 
f\TS R5 

.SBTTL RNODE: RECEIVE NODE DATA 

;f\O->BUFFER 
;RECEIVE BASE,NOINC[I),VSCOR<D>,BSTMVS<D•*> 
;FROM SEND BUFFER 
;R3->UPM<D> 
SAVREG 3 
RADD R3 ;BASECD) 
f(ADD NOINCR3> 
RADD VSCORCR3) ;VSCORCD) 
ADD tBMV,f\3 ;BSTMV<D•*> 

FMLID -<R3) 
TST < R3) 
BNE 1$ 
RESREG 3 
RTS R5 
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. ---.1.330 
~~1330 

00:1.336 , 00l340 
001346 

' 00t352 
' 001.360 

001.360 

0 01.362 
:1. 01362 

.2 01366 

.3 01372 
4 01.400 
c:· 
,,} 

6 01402 
7 01402 
8 0141.0 
9 014:1.2 
~0 01416 
:1 01426 
•"'> 
.~. 01434 
'3 01.436 
:4 01.442 ,.,. 
,...J 01446 
:6 01.446 ·-
·~1.450 
:9 0:1.450 
0 01454 
:1. 0:1.460 
;.~ 01462 
3 01462 
4 01470 
5 01470 
6 01472 
7 01474 
8 0147t) 
9 01.500 
0 0:1.504 
1 0151.0 
2 
3 
4 

SENDCM: 

; 
SENDCTF: 

P.I'T :U, SWITCH 
BEO lO$ 

MOV CM,1St2 
JSR ~i:!5, SENDW 

1.$: .WORD SETCM,o,o 

Fns F\5 

MOV (R3)r1St2 ;NODE FROM WHICH MOVES CUTOOFF 
JSR R5rSENDW 

1S: .WORD CUTOFF,o,o 
RTS R5 

; 
SENDEXITl 

BlT 
P.EQ 

:J:1,SWITCH 
10$ 

10$: 
RTS R5 

JSR F\5' OPNSE 
SADD f:EXIT 
SADD F~3 

CLR R1 
JSR R5,CLSNJ:t 
.JSR R5,WAITRP 

SENDW: ;PUT WORDS FOLLOWING R5 INTO OUTBUF 
SAVREG 0,1 

; 

JSf( R5, OF'NSE 
BR 2$ 

SADD < f\5) t 
2S: 

TST ( R5) 
P.NE 1$ 

TST <R5>+ 
CLR F~i 

JSR R5rCLSND 
RESREG 0,1 
RTS R5 



} 
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iTENTS OF RECEIVED MESSAGE 

0 

. : 

.SBTTL INTPT CONTENTS OF RECEIVED MESSAGE 
, .CSECT INTPTCONT 

INTPTCONT: 

18$: 

~USE RO AS SADD PTR, Rl AS RADD PTR IN MACROS 
fiNTERPRET CONTENTS OF RECEIVED MESSAGE 
fON CALL RO->TEXTr Rl->END OF TEXT, R2=AID OF MESSAGE 
SAVREG 0,1,2 
MOV Rl,R2 ;END OF TEXT 
~fOV RO, R1 
JSR RS,QPNSEA 
CMP CRl)r+REQCAR 
BNE 10$ 

CMP 
BNE 

13$: 

DEC CA 
BLT 6$ 

CRl),t:ACJ<CA 
15$ 

INC 
ltLT 

CA 
13$ 

;CRITICAL AREA AVAILABLE 
SADD tACKCA 

JMP INTF'S9$ 

fHAVE CRITICAL AREA 
INC HCA fPRIVATE SEMAPHORE 

;TO MAIN PROCESS 

JMP INTP59$ 

TO PIPELINE 

CMP CRl>rtREQM 
BNE 18$ 

SAVREG 3,4 ;WANT R3->UPM REQUESTED 
RADD -2<SP> ;SKIP HEADER 
MOV CR1 > ,R3 
fREF'LY 
fRELINE,NEWCM,CD,[BASE,NOINCD>,VSCORCD),BSTMVSCDri>J 
SAD)) tRELINE 
MOV R3,R4 ;FlND NEWCM- THE WORD BELOW UPMCD+1> 
ALID I PRESS, R4 

C~jp -<R4> ,R3 
BNE 17$ 
TST <R4>+ 
tiOV R4 •CM 
SADl) CM 
SADD CD 
INCB NOINCR3) 
JSR R5rSNODE 
RESREG 3,4 
JMP INTP59$ 

CMP CR!),tRELlNE 

; WANT Cl1 
;RESET Cli 

fADD REQUESTING PROC 10 COUNT 

BNE INTP20$ --
;THIS IS REPLY TO REQM 
fRELINE,NEWCM,NEWCD,[BASECD),NOIN<D>rVSCORCD>,BSTMVSCDr*> 
RADD -2<SP) ;SKIP HEADER _ 
RADII CM 
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;::;t-")0272 
5~0314 
50 00320 
61. 00324 
::.2 00324 
!;3 00330 
!>4 00332 
:05 00354 
S6 00360 
S7 00364 
:,8 00366 
S9 00372 
70 00372 
7l 00376 
72 00376 
73 00402 
74 00404 
75 00426 
76 00432 
77 00436 
?8 00442 
'9 00442 
)0 00446 
11 004~i0 . ,, 
''"'"·· 00472 
p· 
, • .. } 00500 "-~·. 10504 
l~05l2 
~6 00516 
:7 00522 
:8 00522 
:9 00526 
0 00530 
:1. 00552 
2 00554 
3 00574 
4 00600 
5 0060:~ 

6 00606 
7 00606 
B 00606 
9 00612 
00 0614 
01 0616 
02 0640 
03 0644 
04 0644 
05 0646 
06 0650 
07 0666 
08 0704 
!"'·''•· 0706 
~0706 
u. 0724 
:1.2 0730 
13 0732 
1.4 0734 

INTP20$: 
CMP 
BNE 

INTP25$t 
CMP 
BNE 

INTP30td 
c~~P 
BNE 

35$! 

RAIHI CD 
~JSR R5, f<NODE 
JMP INTF-'59$ 

<R1),:f:SELINE 

;SKIP HEADER 

;nON/T CALL UPSCOR WHEN ALREADY 

INTP2~i$ 

RAIJlt 
JSR 
TST 
BL.T 

-2<SP> 
R5r ~~NODE 
ATTENT 
22$ 

INC 
' c vTo~'=' I= 

A'f T~.NT 

~JMP INTP59$ 

( R1), tSETGI'1 
INTP30$ 

r-:ADD -2<SP) 
<F~l), CM 
LEAD 
INTP59$ 

~10V 

CLR 
.JMP 

(R1)r:f:CUTOFF 
35$ 

RADI.I 
MOV 
MOV 
MOV 
CL.f{ 
JMP 

-·2<SP> 
t-l,oSC 
<R1) ,p~i:X~! 
:f:-·1, ATTENT 
LEAD 
INTP59$ 

;DISABLES SCORING 
fNEWSC WILL RESTOR TO PRX2 

CMP ( FU) , :I= EXIT 
BNE 40$ 

40$! 
45$t 

INTP!:iO$: 

CMP 
BNE 

F~AriD -2 <SF') 
SAVF'.:EG 3 
RADll R:5 
DECB NOHHR3) 
F~ESREG 3 
.JMP INTP59$ 

; l.tEC~i:EASE NO OF. F'ROCESSOF<S IN NODE 

CR1),:f:PCHARS fPARALLEL LINK CHARACTER TRANSFER 
INTP50$ ;MOVE CHARACTERS TO PLINK CHAR BUFFER 

SAVF'\EG 0 
FMDD -2<SP> 
MOV F~PCH, RO 

MOVB <R1)f,(RO>t 
BEO 42$ 
NXTWD R1,:f:MlNR,tMAXR 
NXTWD ROr:f:MINPCHttMAXPCH 
B~~ 41$ 

NXTWD RO,:f:MINPCH,tMAXPCH 
MOV RO, t\PCH 
RESREG 0 
BF'< INTP59$ 
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···- 0734 
.. 0740 
1.7 0742 
:1.8 0746 
1.9 0752 
"20 0752 
21 0756 
22 0760 
23 0762 
:~4 1.002 
... ) c:· 
.~ . .J 1022 
26 1.022 
27 1.024 
28 1026 
29 1046 
30 1050 
31. 1050 
32 1052 
33 1054 
:::S4 1054 
35 1060 
36 1.072 
37 1074 
~58 1.074 
39 1.076 
4.Q.._ :1. :1.02 
.. :1.:1.10 
1f.ir 
43 
44 

54$! 

INTP59$! 

CMP ( FU ) , =I:F~DY 
BNE 54$ 

DEC BUSY 
._IMP INTP59$ 

CMP <R:J.),tSNDARR 
BNE 60$ 

SAVREG 3 
RADD F~3 

RADD R3 

CMP R1, F\2 
BEQ 58$ 

HH\IP HEADER 
;ADDRESS FOR PLACING DATA 

; ~~2==END OF TEXT 

RADD OU>+ 
BF~ ~:i6$ 

RES~~EG 3 
BR INTP59$ 

CLF~ @=I:PL.SR 
SPRINT =I:M26 ;PARALLEL. LINK MESSAGE NOl. RECOGNISED 
.EXIT 

t10V <SP) ,f\1 ;AID 
JSR ~~5, CL.SNDA 
RESREG 0,1,2 
·~TS R5 
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PARALLEL LINK CHARACTER ECHOING 10 OTHER PROCESSOR 

:J.·-· 
~lU.2 
7 
-..} 

4 001112 
t::" 
.I 001120 
s 001120 
7 001126 
:1 001130 
? 001134 
10 01146 
Ll 01146 
12 01152 
13 01154 
1.4 01166 
1.5 01166 
t6 01170 
1.7 01172 
L8 01210 
:.9 0:1.212 
?.0 01.21.2 
~:I. 

~2 01224 
!3 01242 
~4 01246 
!5 01250 
~6-01250 
) 11 ?56 
;~ ~. 

:9 
:o 
:]. 0:1.260 
;2 
3 
A 01260 . ., -· 01266 
6 01270 
7 01274 
8 01300 
9 01310 
0 Oi.310 
1 01330 
2 01332 
3 01334 
4 01.336 
5 01342 
6 01346 
7 01346 
8 
9 
0 

.SBTTL PARALLEL LINK CHARACTER ECHOING TO OTHER PROCESSOR 
READPCHI IREAD FROM P~RALLEL LINK CHR INPUT BUFFER 

; 
PSEND: 

1$1 

30$1 

PR1->RFCE1VING BUFFER 
SAVREG 0,1,2 

CMP FPCH,RPCH 
BEQ 4$ 

MOV FPCH,R2 
SPRINT ttWOTE 

MOVB CR2>tCHARAC 
BEQ 5$ ;DON'l PRINT END MARKER 
SPRINT ICHARAC ;ECHO CHARACTERS 

MOVB CR2)f,(R1>+ 
BEQ 3$ 
NXTWD R2,tMINPCH,tMAXPCH 
BR 2$ 

SPRINT f:QUOTE 
;ALL OF MESSAGE READ 
NXTWD R2,f:MINPCH,tMAXPCH 
MOV R2tFPCH 
B~~ 1$ 

RESREG Otlr2 
RTS R5 

;PARALLEL SEND OF CHARACTER INPUT 
;Rl->BEGlNNING OF MESG , WHICH lS TERMINATED BY 0 BYTE. 
BIT f:lt@f:SWREG H'ARALLEL MODE '!' 
BEQ 30$ 
SAVREG Ot1 
,JSR R5, OPNSE 
SAD[I :I:PCHARS 

SADDB OU) 
TSTB <R1>+ 
BNE 1$ 
CLF~ Rl ; NO AID 
JSt~ R5, CLSNit 
RESREG 0,1 

Fns R5 

;RETURNS RO->BUFFER 
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.0 

.1 

.2 

.3 

.4 
5 
6 
7 
8 
9 
:0 

:1. ,,., 
.:. 00000 
3 00002 
4 00004 
5 00006 
6 00010 
~~001,., 

~OOl~ 
9 00020 
0 00022 
1 00122 
2 00124 
3 00126 
4 00130 
J::' 
~} 00:1.32 
6 00136 
7 
8 00142 
9 00142 
0 00144 
1 00150 
2 00154 
3 00154 
4 00156 
5 00160 
6 
7 
8 
9 00472 
0 00474 
:1. 00476 
~0'1~ 

:~0500 
4 00502 
c:· 
J 00504 
~) 

7 00506 

.SBTTL VARIABLES USED IN MINMAX, SETMVS,UPDATE & RESTORE 

.CSE.CT MINVARS 

;oFFSETS FROM BASE OF UPM 
PRESS=-214. 
LMV=214. ;LENGTH OF MOVE AREA EXCLUDING PRESS AREA 
LBMV=204. ;LENGTH OF BEST MOVE PART OF MOVE AREA 
BMV~-10. ;OFFSET OF BEGINNING OF BESTMOVE AREA 
CHK=-11. ;DOES THE MOVE CHECK THE OPPONENT ~ 

NOIN=-10. ;NO OF PROCESSORS IN NODE 
SCOR=-8. ;A SCORE BASED UPON MATERIAL 
CPCE=-6 ;A POINTER TO THE PIECE CAPTURED BY THE MOVE 
NIM:.::-4. ;NO OF IRRELEVANT MOVES 

; WHEN<O GENERATE CAF'TUr~FS ONLY 
VSCOR=-2 ;THE VIRTUAL SCORE - THE BACKED UP SCORE 
LUM=O ;A POINTER TO THE PRECEDING UPDATED MOVE 
SQ0=2 ; FROM Sut.JARE OF THE UPDtlTED MOVE 
SQ1=4 fTO SQUARE 
MT=6 ; TYPE OF THE UPDATED t10Vr: 

;vARIABLES USED IN MINMAX 
BOTM: • Wmi:D ; BOTTOM OF M~H ACK FOI\ CtJF{RENT SET OF MOVES 
TOPCMI .WORD PTOP OF CAPTURES STACK 
F~EPEAT! • WORD 
KCAP! .wmw 

• WORD ; DEPTH 
.WORD 0 ;COMMON DEPTH 

[I! 

CD! 
CDO: .WORD o,o ;lNITIAL COMMON DEPTH FOR SEARCH 
VARCD! 
PBUF! 

.WORD 0 ;wHETHER TO DECREASE CD DURING SEARCH 

.BLKB 100 
LASTD: .WORD 0 ;LASl PRINTED UPDATED DEPTH 
PDPTHJ .WORD 0 ;DEPTH TO WHICH TO PRINT BOARD 
UFLAG! .WORD 0 fTEST NO OF UPDATES SINCE LAST MOVE PRINTING 

.WORD 0 

.WORD w,SQUARE+<63.*LENSY> 

.WORD E,SQUARE+<B.*7*LENSY> 
;vARIABLES USED IN SETMVES 
BROOK! 

.WORD 0 

; BKF<OOK 
; BQFWOI\ 

.WORD w,SQUARE+<7*LENSQ> ;WKROOK 

.WORD E,<SYUARE> ;WQROOK 
Wf\OOK: 
CLRKING: .WORD 
OPPKINGI .WORD 
UPMOVE! .WORD 0 ; 

.=.+200. ;TEMPORARY STACK FOR HOLDING CAPTURES 

CMVE: • WORT.I 0 
MTYPE: .wmm 
SPEC: .WORD 

;AND ENSURING THEY ARE ON 1·op OF THE MOVE STACK 

;vARIAHLES USED IN SETMVS BUT ALSO USED ELSEWHERE 
BKING: .WORD PIECE 
WKlNGI .WORD PIECE+<16.*LENP> 
EPSQI • WORD 
; VARIABLE USED IN UPDATE AND RESTDixE 
RCAST: .WORD SYUARE+O 
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5~0510 
"~0~1"> .L w . .t.. 

~0 0051.4 
)1 0051l) 
)2 00520 
S3 00522 
S4 00524 
' c:· :;.._t 

)6 00526 
')7 00532 
)8 00536 
)9 00542 
70 00546 
'1 00552 
12 00556 
13 00562 
14 00562 
15 00566 
16 
'7 
'8 

.WORD SQUARE+<3*LENSQ> 

.WORD SQUARE+<7*LENSU> 

.WORD SQUARE+<5*LENSQ> 

.WORD SQUAREt<56.*LENSQ> 

.WORD SQUARE+<59.*LENSU> 

.WORD SOUARE+<63.*LENSQ> 

.WORD SQUARE+<61.*LENSU> 
;cOUNTER FOR TOTAL t BOARD UPDATES 
NO UPS I • WORD 0, 0 
NOSETMVS! .WORD o,o 
NOCSTMVSI .WORD o,o 
NOMAXD: .WORD o,o 
NOMMAXD!.WORD o,o 
NBP: .WORD o,o 
T2! .WORD o,o 
ENDCO! 
NORCUT: • WORD 0, 0 . 
NOMINMX2:.WORD o,o 

;NO OF CAI..I..S TO CSTMVS TERMINATED BY MAXDD 
;No OF BOTTOM POSITIONS 
;MINMAX ELAPSED TIME 
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.......... 
000000 
000000 
000006 
000010 
000016 
000024 
000026 

0 00034 
1 00036 
... ) .. " 0003'1!'> 
3 00044 
4 00044 
5 
6 
7 
8 
9 00044 
0 00116 
1 
2 001.20 
3 00124 
4 00126 
5 00134 
6 00136 - 0140 
er-60140 
9 00146 
0 00150 
:J. 001.50 
'"' .:.: 00154 
3 00162 
4 00166 ... 
-..} 

6 
7 00166 
8 00166 
9 00176 
0 00206 
l 00216 
... ) 
A' •• 00226 
3 00236 
4 00246 
5 00256 
6 00266 
7 00272 
8 00276 
9 00302 
0 00306 
j_ 0031.2 
~:'-'0316 

'~ 

4 
5 
6 
-;' 00322 

MINMAX! 

20$! 
MlNMXit 

• SBTTL MINIMAX F'Af\ALLEL TF~EE SEA!~CH 
• CSECT rHNMAX 

BITB t1.tSWITCH H'AF~Al.LF..I.. SEAF<CH'f 
BEQ 1 :';';$ 

• PRINT tM~;~7 H'Al·~AU.EL SEf-tRCH 
BIT t2,SWITCH ;LEAD 1 
BEQ 20$ 

.PRINT tM28 ;LEAD SEARCH INITIALLY 
BH 20$ 

.PRINT tM33 ;siNGLE PROC SEARCH 

;cOLOUR=THAT OF PLAYER TO MOVE 
;oN RETURN RJ->UPM(Q), & R4=TOP OF MSTACK. 
;ELAPSED TIME RETURNED IN T2 
;INITIALISE VARIABLES NOT ON THE MOVE STACK 

STIME T1tT1+2 
SAVREG 5 
;sWAP AI..F'HAdH::TA IF NECESSARY 
TST COLOUf'\ 
BGT 1$ 

CMF' ALPHA, BETA ; WANT ALPHA> BE. TA 
BGE 3$ 
BR 2$ ;SWAP ALPHA,BETA 

1$! 
CMF' ALPHAtBETA fWANT ALPHA<BETA 
BLE 3$ 

2$! ;SWAP 
MOV Al.PHAtRO 
MOV BE"TA,ALPHA 
MOV RO,BETA 

; MOV MAX[I, MMAXD 
; ADD t4, MliAXI:t 

DCLF( NOUPS 
rtCLR NOSETMVS 
DCLR NOCSTMVS 
DCLR NOMAXD 
DCLR NOl111AXD 
DCLR NOF\CUT 
I:tCLR NOHINMX2 
l!CLR NBP 

;ABSOLUTE MAX DEPTH OF SEARCH 

CLR REPEAT IREPEAT=O 
CU\ 1\CAP 
CLR D 
CU( LASTD 
CLF\ NTAB 
CLR UFLAG 
JSR f·'C, H1VST A Cl\ 

;LENPSQ WILL BE SET BY MINMAX IF NECESSARY 
;cOLOUR IS THAT OF OPPONENT 
; F\3=- >UPM < 0) 
;R4=->TOP OF MOVE STACK 

CL..R LEAD 
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)f-....0326 
5~0334 
)0 00342 
·, 1 00344 
:~2 00352 
':.3 
S·1 00354 
S5 00360 
;6 00362 
;7 
SB 00362 
S9 00366 
70 00370 
71 00370 
72 00374 . 20$! 
73 00374 

·-

MUV CDO,CD 
BITB :1:1tSWITCH 
BEQ 15$ 

;INITIALISE CD 
;PARALLEL SEARCH? 

BR 

BIT 
BNF.: 

12$! 

15$! 

MSTART 

t2,SWITCH ;LEAD 1 
12$ 
LEAD // SEARCH 

JSR R5, REtiCA 
BR 20$ 

;CRITICAL AREA IS ENTERED, AND CA=O 
INC LEAD 
Bf< 20$ 

INC LEAD 

; STAF\T 
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c .. , 
j£1ESCEND 
DESCENDlJSR PCrUPDATE ;RO CONTAINS FROMr R4 POINTS TO IT 
;sTART: 
MSTARTl 

MOVB t1tNOIN<R3> ;NOlN<D>~l 
TST NIM<R3> ;IF Al.UHit) THEN IllH 
BLT 41$ 

) 

) 

) 

) 

CMP DrMAXtiPTH ;IF D<MAXDPTH THEN no; ) 

'C·. > · .. 

i 

) 

' ) 

! 
~ 
) 

' ) 

~ 
il 
:> 

'> 
4 )' 

" :> 
4 
0 
4 
6 .. , 
.:. 

4 
0 
0 
? 

<>o 0 
2 
0 
2 

14 

12$l 

14$1 

40$: 

BGE 40$ 
;R4=->PRESS(Dt0) 
MOV FIRREL,RO ;SQPRESS<Dr*>=O 
BNE . 11$ 

;No NEED FOR RELEVANCE TESTING 
JSR PCtSETMVS 
TST KCAP 
~EG 50$ 

JSR RS' KCAF'T 
CLR LANOIN;NO PROCS AT D+1 
JMP RETCALL 

11$: CLR -(R4) ;MAKE SPACE FOr< REL£VANCE DATA 
CLR -<R4> 
MOV NXTR<RO>rRO 
BNE 11$ 

JSR PC,SETMVS 
jR4=->TOP OF MOVE STACK 
TST KCAP 
BEG 14$ 

TST D ;RETURN IF D~PTH•O SINCE ILLEGAL POSITIO~ 
BEG 13$ 

JSR RStKCAPT 
CLR LANOIN;No PROCS AT Dtl 
JMP RETCALL 

13$: JMP M150$ ;D=Ot ILL~GAL POSITION 

INC REPEAT 
NEG COLOUR 
JSR PCrSETMVS ~NO MOVES INSERTEDt R4 UNCHANGED 
CLR REPEAT 
NEG COLOUR ;COLOUR=-COLOUR 
T.ST )) 
BEQ 50$ 
JSR PCrEVAL 
BCC 50$ 
JMP RETCALL ;BOARD RESTORED 

tiiNC NOMAXD,NOMAXD+2 
MOV t-1tNIM(R3) 

41$: ;ELSE no; 
DINC NBPrNBP+2 
CMP It,MMAXD 
BLT 43$ 

D l NC NOl1MAXD, NOMt1AXD+2 
CLR -<R4> 
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ili~0662 
;~0666 
;0 00670 
il. 00670 
>2 00674 
,3 00700 
>4 00702 
'.,. 
) "'~' 00706 
)6 00712 
)7 00716 
)8 00716 
~9 00722 
i'O 00726 
rl. 00726 
72 00732 
::'~5 00734 
74 
75 00740 
76 00744 
77 00750 
78 007!:.'14 
?9 00756 
30 00762 
3l. 00762 
82 00766 
~13 
{~ 

8'--'076i> 
85\>0772 
86 01000 
87 01002 
88 01006 
89 01010 
90 01014 
91 01020 
92 
9:~ 

94 

50$: 

M55$t 

CLR LANOIN 
BR :50$ 

JSF( PC, CSTMVS 
TST KCAP 
BEQ 49$ 

JSR R:-:;, KCAPT 

HWHHD+1 >=O 

CI .. R LANOXN;NO PROCS AT Dt1 
JMP RETCAL.L 

TST LEAD 
BGT M55$ 

MOV tDUMMY,-<R4) 
CLR LANOIN ;NOIN<Dtl)=O 

JSR R5,R(QMUPM ;RElURN MADE AFTER REPLY RECEIVED 
; DOES THE NEW VSCOI~ CAUSE A CUTOFF ? 
CLR PRX2 IPRX2=0 
JSR R5, UPSCm;: ; U.HlKFOI~ CUTOFFS & UF'DATE SCORES 
TST PRX2 
BEQ 54$ 

JMP M130S ;GO TO CUTOFF 

MOV CM,R4 

;PRINT UPDATED MOVE 
INC UFLAG ;sHOWS UPDATE MADE SXNCE LAST PVSCOR 
CMP D, PDF'TH 
I{GT MLOOP 

TST 
BEQ 
t10V 

11 
M LOOP 
:J:PBUF, RO 

~JSR R5, CHARMV 
JSF\ R5,PRINTMV 
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-~0~4 MLOOP: 

~- l0:4 
; 

CLR 
001030 TST 

I 001034 BGT 
001036 

' 001042 
001044 

' 001050 
0 01050 
1 01054 
2 01056 
3 
4 01060 
5 01064 
6 01064 
7 01072 
8 01074 
9 01100 
~0 01100 
!1 01104 
!2 01110 10$: 
:3 01110 Cttf-' 
~4 01114 BLOS 
!5 01116 
!6 01122 

~i~: 20$: 
MOV 

:9 01130 BEQ 
:o 01132 CMP 
:1 01136 BNE 
:2 01140 
:3 01142 
;4 01146 
·~ 
·~ 01152 
:6 01154 31$: 
:7 01154 CMP 
.a 01162 BOE 
:9 01164 JMF' 
0 01170 33$: 
1 01170 
'2 01174 
·3 01200 
4 01212 
5 01216 
6 01222 
7 01226 
8 01232 
9 01236 
0 01240 
1 01244 35$: 
,~1244 
:=::._.., 
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osc ;oTHER SCORE=O 
LEA It 
10$ 

CMF· CMrR3 
BLOS 3$ 

JMF' M140$ 
3$: 

MOV CMrR4 
TST <R4> HN SPECIAL CASE OF CUTOFF 
BNE 4$ · LR~+) ""'~...~.. se SeT 

_;o AT ENtt OF SEf-1RCH . ' t 
J~1f-' 11140$ 

4$: 
CMP DrCD 
BGE 5$ 

JMF' DESCEND 
5$: 

Al:ID 4:6 rR4 ;M+ 
lNC LEA It 

R4rCM 
20$ 

MOV R4rCM 
JSR R5rSENDCM 

<R4>rR1 ;lF FROMCM>==O THEN GOTO BREAK 
M140$ 
R1, tDUMl1Y ;ELSE IF FROM<M>'"'=DUMMY lHEN GOTO ItESCENit 
31$ 

TST <R4>+ ;!10VE PAST ltUMl1Y 10 NEXT f10VE 
CLR LANOIN HWIN<D+1 >=O 
MOV SCOR < R3 > , R6~ ;VSCORCD+1>=SCOR<D> 
BR RETCALL 

n,cn 
33$ 
DESCENit 

CLR PRX2 ;RElNlTIALISEr MAY BE SET 
CLR A TT ENT ;DUE TO SCOR COMING AF"TER SEf-lRCH 
DINC NOMINMX2,NOMINMX2+2 
MOV R3r-2<R4> ;sAVE BACK PTR lN CASE OF REUM<D> 
JSR R5,FREECA 
JSR PCri11NMX2 
JSR R5r REC~CA 
TST ATTENT ;COULD HAVE BEEN NEW SCORE WHICH 
BEQ 35$ ; , t .. h/~I...IU~,.es 'c. oP-E. 

JSR R5rNEWSC 

CLR LAND IN ;t~OINCD+l ):.:0 
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'o 
) 

) 

:> 
) 

2 
~ 

) 

~ 
) 

4 
s 
2 
6 
:> 
4 
6 
2 
6 
0 
4 
6 
6 
4 

60 
2 
4 
0 
4 
6 
2 
4 
0 
4 
6 
2 
2 
6 
6 
4 
0 

2 
2 
6 
0 
6 
2 

t 

' 

Q 
0 
0 
4 
6 

RETCALL! 
;RO=VSCOR<Dtl> 

39$! 

f 
fCUTOFF 
M130$! 

fBREAK: 
M140$! 

CMPB OSC,LANOIN ;IF OSC=NOIN<D+l> THEN EVALUATE 
BNE MLOOP 

110V 
TST 

. BGT 

38$! 

<R3>rR2 
COLOUR 

38$ 
fBLACK 
CMP VSCOR<R3),VSCOR<R2) 
BLE 44$ fUNEXPEC1ED COTOFF 
CMP ROrVSCORCR3> fVSCORCD>=VSCOR<D+l> 
BGE l1LOOf' 

MOV 
CMP 
BLE 
CttP 
BEQ 

ROrVSCORCR3> 
RO,VSCOI~CR2) f IF VSCOR<D><=VSCOR<D-1 > 
M130$ fGOTO CUTOFF 
Rl,tDUMMY fiF Rl-=tDUMMY THEN DOf 
11LOOP 

JSR 
CMP 
BHlS 

f'CrBSTMVS fELSE COf'Y :8ESTMOVE~ 
Cl·hR3 ; uP S'Tf\CioC. 

f1LOOP 
JSR R5,SELIN 
BR MLOOP 

CMP VSCORCR3),VSCORCR2) 
BGE 44$ fUNEXPECTED CUTOFF 
Ct1f' RO,VSCORCR3). 
BLE MLOOF' 

44$t 

MOV ROrVSCOR<R3) 
CMP RO,VSCORCR2> 
BGE M130$ 
CMP Rl , tltUMMY ; IF Rl"=tDUMMY THEN DO; 
BEQ 40$ 

JSR PC, BST11VS 
Ct1P Cl1,R3 
BHIS 40$ 

.JSR RS, SELIN 
40$: 

JMP MLOOF' 

.PRINT tM46 fUNEXPECTED CUTOFF 
JSR R5,PDUMPO fPRINT STATUS 
.EXIT 

IIECB NOINCR3) 
BLE M145$ 

MOVB NOINCR3),0SC 
JSR R5, SENI•CTF 
INC LEAD. 

.BR M145$ 

DECB NOINCR3> fNOIN<D>=NOINCD>-1 
BLE M145$ 

JSR R5,SENDEXIT 
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21""\ 
2'-' 
!) 

:> 
4 
6 
D 
4 
!) 

2 
6 
6 
4 
0 
6 
0 
4 
6 
4 
6 
4 
4 

6 
6 

20 
6 
0 
4 
0 
6 
2 
6 
6 

6 
4 

6 ,. 
2 j 

0 
4 
4 
6 
6 
2 
2 
4 

c 

M145$l 

42S: 

• , 

; 
.. , 
.. , 

MOV 
BEO 

DrRO 
M150$ 

CMP 
BGT 
BEO 

; D=O'? 

ROr PliPTH 
42$ 
41$ 

TST 
BEQ 
41$: 

;PRINT THE SCORE 

IJFLAG 
42$ 

JSR RS,PVSCOR 
CLR UFLAG 

MOVB NOIN<RJ>rLANOIN ;LAST NO. IN= NOIN<D> 
JSR PCrRESTOR ~RETURNS RO=VSCOR<Dtl). 
CMP D•CD ;rF D<=CD THEN <CD=D;IF CD~ 0 THEN CD=MAXCD;); 
BGT 45$ 

TST VARCD ;vARIABLE COMMON DEPTH 1 
BEC~ 45$ 
MOV DrCD 
BNE 45$ 

MOV CDOrCD 

I:CR RETCALL 

JSR R5rSENI1CM ;GIVES OTHER PROC UP TO DATE CM - THERE MAY BE 
;ILLEGAL MOVES WHICH NEED SKIPPING 

JSR R~hFREECA 
STIME T3rT3t2 ;MEASURE BUSY TIME 
JSR R5,SYNC 
CLR CA ;cLEAR CA 10 EXCLUDE lNlTIAL PROBLEM NEXT TIME 
MOV :t:-lrCM 
DMOV WDSINrt.lfiSI 
DMOV WDSOUTrWDSO 
l1CLR Wl•SIN 
LICLR WDSOUT 
;wANT ALPHA<BETA 
CMF' ALPHA r BETA 
BLT 52$ 

;SWAP ALPHArBETA 
MOV ALPHArRO 
MOV Bl::TA,ALPHA 
MOV ROrBETA 

STIME T2,T2t2 
DSUB T2rT2t2rT3rT3+2 
DNEG T3rT3t2 
DSUB Tlrl1t2,T2rT2+2 
RESREG 5 

;BUSY TIME 

RTS PC ;BEST MOVES ARE IN BS1MVECOr*> 

;BUSY TIME =-CT3-T2) 
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?. 'W'2136 
.SBTTL INITIALISE MOVE STACK 

IMVSTACI\l 

t 002136 
) 0021.42 
s 002144 
7 0021.50 
3 002152 
i> 002:1.54 
10 02156 
t 1 02:1.62 
12 02164 
13 02:1.70 
14 02174 
u:; 02176 
16 02202 
17 02204 
18 02206 
19 0221.2 
20 
~:~ 1 

-

;INITIALISE 
MOV 
CL.f~ 

l10V 
CL.R 
CLR 
CLR 
NOV 
MOV 
NOV 
MOV 
CL.R 
MOV 
CLR 
CL.f~ 

SUE: 
F\TS 

STACI\ 
tt1STACK, R4 

-<R4> ;LUM<-1>~0 

BETA,-CR4) ;vsCORC-1)=BETA 
-<R4> ;MT<D=O>=O 
-(R4) ;SQ1CO>=O 
-CR4) ;SQO(O):O 
tMSTACK-2,-(R4) fLUM<O>~->LUM<-1> 
R4,R3 ;RJ~->UPMOVE 

ALPHA,-· ( R4) ; VSCm~ ( 0) ::.:ALPHA 
MAXNIM,-<R4> INIM<O>=HAXNIM 
-<R4) ;cPCE<O>= 
SCORE,-<R4) ;scORCO>~St::ORE 

-<R4) ;CHK<O>=O 
-<R4> ;BMVS<O,*>=O 

tLBMV-2,R4 ;RESERVE PLACE FOR BESTMOVESCOt*) 
PC 
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' \ 
) 

~ 
) 

) 

) 

) 

) 

) 

4 
) 

4 
) 

4 
~ 
) 

4 

2 
() 

2 
2 

0 

NEWSC: 

20$: 

sos: 

45$: 

.SBTTL NEWSC: HANDLE COMMUNICATED SCORES AND CUlOFFS 
; IF' A CUTOFF IS FOUND RESTOI~ BOARD. 
;oN CALL ATTENT=-1 WHEN CUTOFF RECEIVED' 
f & PRX2 IS THEN ALREADY SEl IN BACKGROUND 
; >O WHEN ONLY NEW SCORE<S> RECEIVED 

TST 
BLE 

TST 
BEC~ 

30$l 

CMP 
BGT 

CLR 
CLR 
RTS 

A TT ENT 
20$ 

;JSR 
JSR 
;JSR 

;IF ATTENT>O THEN CALL UPSCOR 

RSrPRlNVS 
R5,UPSCOR 

R5rPRINVS 

PRX2 ;RESTORE BOARD 1 
50$ 

;MOV R3,55$ 
;sPRINT .Nf.WLINE 
;JSR RS,PRNOS 
; .WORD o,B.r56$r55$r61$,ATTENT,57$rF'RX2,DS,D,O 

CMP R3rPRX2 iWHILE <BASE<D><PRX2> 
BHIS 49$ 

JSR PC,RESTOR fCALL RESTOR 
BR 30$ 

;MOV R3r55$ 
;JSR RSrPRNOS 
; .WORD Or8.r60$rD,56Sr55$rO 

Ilr CD ; IF D<=CD THEN <CD=rt; IF CD= 0 THEN CD=MAXClH); 
45$ 

TST VARCD ;VARIABLE COMMON DEPTH 1 
BEO 45$ 
MOV II,CD 
BNE 45$ 

MOV CDO,CD 

F'RX2 ;PRX2=0 
ATTENT 
R5 

; 55$ t • WOR[I 0 
j56$: .ASCIZ /R3=/ 
;57$: .ASCIZ /PRX2=/ 
;6os: .ASCIZ /FINAL D=/ 
;61$: .ASCIZ /ATTENT=/ 
; • EVEN 
; 
; . , 

.SBTTL PRINVS: PRINT VSCORES ON STACK 
PRlNVSI ;PRINT VSCOR STACK 

ss: 

TST ~1STACK-2 
BEG 5$ 

MOV tNOINT,@+PLSR 
.PRINT t59$ 
.EXIT 

SAVREG 3,0 
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)f~~~346 

)~350 
·)o 02350 
:) :1. 02352 
p 

&. 02354 
)3 02356 
)4 02364 
)5 02372 
S6 02374 
S7 02374 
:)8 02376 
S9 02400 
?0 02404 
71 024:1.2 
72 02416 
73 02426 
74 02430 
75 02430 
76 02436 
77 02440 
78 02440 
79 02442 
:JO 02444 
81 02452 
82 02456 
8~_\)2466 
Oj '">470 
~;!-6;470 
86 02472 
87 02476 
88 02500 
89 02504 
90 02531 
91 
92 
93 
94 
<;.>:=:; 

96 02544 
97 
98 
99 02544 
100 2554 
:1.01 
:1.02 
103 
:1.04 2560 
105 
106 2562 
107 2564 
:1.08 2566 
1 2566 
~......, 2570 
:l11 2572 
112 2574 
113 2576 
11.4 2600 

30$! 

35$! 

CLR -<SF') 

MOV R:.h--CSP> 
MOV <R3> ,R3 
BNE 10$ 
.PRINT tNEWLINE 
.PRINT f.l:IB 
MOV SP,RO 

MOV (f\0)·hR3 
BEG. 25$ 

MOV f\3,58$ 
BIC t100000,58$ 
JSR R5,PRNO 

• worm o d~. , ~58$, o 
BR 20$ 

.PRINT t60$ 
MOV SP,RO 

t10V <RO)t,R3 
BEQ 35$ 

MOV VSCORCR3),58$ 
JSR R5,PRNO 

BR ~~0$ 

MOV RO,SP 
RESREG 3,0 
RTS R5 

.WORD o,e.,58$,0 

fADDRESS NOT NEGATIVE 

58$: .WORD o,o 
59$: .ASCIZ /NON-ZERO PTR Al D=-1/ 
60$! .ASCIZ <CR><LF>IVSCOR=I<TERM> 

.EVEN . 
' ; 
; 

UPSCOf\: 

CL..RD,.~O 

.SBTTL UPSCOR: PASS COMMUNICATED SCORE DOWN MOVE STACK 

;PASS COMMUNICATED SCORE DOWN STACK UNTIL 
iEITHER ORlGINAI... DEPTH IS REACHED OR A CUTOFF IS rOUND 
SAVREG 0,1,2,3 
SUB :f:6,SP 

NEWSC0=2 IBL..ACK BETA VALUE 
ALPHA VALUE 

;BASE RO 
NEWSC1=4 ;WHITE 

MOV SP,RO 
;FIND BASES 
CLR -<SP) 

DOWN 1·0 DEPTH =-1 
;END MARKE.R 

MOV R3,R2 
;LOOP 

MOV R2,-<SP) ; STACK<-BASE<D> 
MOV < R2) , R~! f D=D-1 
BNE- 10$ ;uNTil.. <D~-2> 

MOV <SP>t,R1 fD'-1=-1 
MOV <SP)f,R2 iD' =0 
CMP VSCORCRl),VSCORCf\2) iiF VSCORC-1><VSCOR(0) THEN DO; 
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r.~- 2606 BGT 15$ 
1.:- IBLACK MOVES FROM D'=O 
117 2610 MOV t-1,CLRDCR0) ;CLR'=-1 
118 2616 MOV VSCORCR2>,NEWSCO<RO> ;NEWSC<O>=VSCOR<O> 
119 2624 MOV VSCOR<R1>,NEWSC1CRO> ;NEWSC<l)=VSCOR<-1 
120 2632 BR 20$ 
121 2634 15$: IWHITE AT D'=O 
122 2634 MOV tl,CLRDCRO) ;cLR'=l 
123 2642 MOV VSCOR<R1),NEWSCOCRO> ;NEWSC<O>~VSCOR<-1 

124 2650 MOV VSCOR<R2>rNEWSC1<RO> ;NEWSCC1>~VSCORC0) 
125 2656 20$: 

-
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) 

l 

2 
2 
j 

j 

:, 
j 

4 
6 
6 
4 
6 
4 

oO 
2 
2 
0 
0 
6 
0 
4 
4 
6 

0 
0 
4 
4 

0 

UP20$: 
20$.: 

:SO$: 

; 
; 
; 

NEG 
t<iOV 
MOV 
BEG 
TST 
BGT 

30$: 

35$; 

45$t 

49$: 

;LOOP 
CLRD<RO> 
f<2,R1 . 
<SF')f,R2 
50$ 
CLRD(RO> 

; CLR '::CLR' -1 
;[1'=1:1"+1 
;IF D'>D THEN LEAVE LOOP 

35$ 
;BLACK 
CMP NEWSCO<RO),USCORCR2) ;IF NEWSCO<VSCORCD') THEN DO; 
BGE 25$ 

MOV NEWSCO<RO),VSCOR<R2> ;usCORCD'>=NEWSC<O> 
CLR BMV-2<R2> ;BSTMVS<D',*>=O 
BR 30$ 

MOV VSCOR<R2>,NEWSCO<RO) ;ELSE NEWSCO~VSCORCl:J') 
;cUTOFF '!' 
CMP VSCOR < F<2) 'VSCOR ( R 1 ) ; 1 F VSCOI~ ( tl' ) (:::VSCOR ( D '-1 ) THEN 
BGT 20$ ; oo 

H'RX2=D'-1 MOV Rl,F'RX2 
BR 49$ ;LEAVE A LOOP AND RESTOR STACK 

;wHITE 
CMP NEWSC1 ( RO >, VSCOR < F<2 > ; IF NEWSC1 >VSCOIH rt') THEN 
BLE 40$ ; l>O 

MOV NEWSC1CRO>,VSCOR<R2> ;vSCORCD')=NEWSC1 
CLR BMV-2<R2) ;BMV<D',*>=O 
BR 45$ 

DO; :;;: 

MOV VSCOF<<R2>,NEWSC1CRO>;ELSE NEWSC1=VSCORCD') ~ 

Cf1P VSCOF<<R2) ,VSCOR<R1) .; IF VSCCIR<D' >>=VSCOR<D'-1 > THEN 
BLT 20$ ..: DO 

MOV R1,PRX2 ;PRX2=D'-1 

TST CSP>t 
BNE 49$ 

;REPEAT 

ADD 16, SF' 
RESREG Od ,2,3 
RTS R5 
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:> 
:> 
ll 
:> 
2 
2 
:> 

2 
6 

0 
4 
0 
2 
6 
2 
4 
6 
2 
4 

oO 
4 
6 
2 
6 
6 
2 
6 
2 
6 
2 
6 
0 
4 
4 ;· 

' 
6 
4 

4 
2 
4 
6 
0 
4 

""" i.l 
2 
4 
0 .o 

. , . 
' ;DESCEND 
MINMX2: 

• SBTTL MINMX2 
• CSECT f1l Nl1X2 

JSR PC,UPDATE iRO CONTAINS FROMr R4 POINTS TO IT 
TST NlMCR3> ;IF ALLM<D> THEN DO; 
BLT 21$ 
8$: 

CMP D•MAXDPTH iiF D<MAXDPTH·THEN DO; 
BGE 20$ 
;R4=->PRESSCDr0) 
MOV FIRRELrRO iSQPRESS<Dr*>=O 
BNE 11$ 

;No 
JSR 
TST 
BEC~ 

NEED FOR RELEVANCE TESTINB 
fo*C,SETMVS 
KCAP 
25$ 

JSR R5,KCAPT 
JMP 

CLR -<R4) 
RETCLl ;BOTO RETCALL 

CLR -CR4> 
MOV NXTRCRO>,RO 
BNE 11$ 

JSR PC,SETMVS 
;R4=->TDP OF MOVE SlACK 
TST KCAP 
BEG 14$ 

. JSR RS, KC APT 
JMP RETCLl 

INC REPEAT 
NEG COLOUR 

;MAKE SPACE FOR RELEVANCE DAlA 

JSR PC,SETMVS ;NO MOVES INSERTED' R4 UNCHANGED 
CLR REPEAT 
NEG COLOUR ;COLOUR=-COLOUR 
.JSR F•C, EVAL 
BCC 25$ 

JMP RETCLl ;BOARD RESTORED- GOTO RETCALL 
20$: 

DINC NOMAXD,NOMAXD+2 
MOV t-1,NIMCR3) 
;ELSE 110; 
;piNC NBPrNBP+2 
Ct1P D, M~1AXI.I 
BLT 23$ 

DINC NOMMAXD,NOMMAXD+2 
CLR -<R4> 
MOV tDUMMY,-<R4> 
BR 25$ 

TST FIRREL 
BEG 24$ 

JSR PC,EVAL 

MOV +<DUMMY-1>r-<R4> 

;sEE IF OCCUPATION OF REL SQ 

;INDICATOR THAT CSETMVS HAS.NOT 
~ \feT ~ee~ '-lht.fO . 
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) 

) 

~ 

2 
4 
:> .,0, 
~ . 

4 
6 
2 

6 
0 
4 

6 
4 
6 
2 
4 

~ 
6 
2 
4 
0 

M230$: 

• , 
; 
;MLOOP . , 
30$: 

MOV 
;JSR 
;rsT 
;BEQ 

rBEE::N CALLED 
tDUMMYt-CR4) iTRY STATlC EVALN FIRST 

f-'C,CSTMVS 
I\ CAP 
25$ 

; JSR RS,KCAPT 
; JMP RElCLl 

; f'RINT Uf'ItA·r ED 
INC UFLAG 

MOVE 
;sHOWS UPDA.fE liADE SINCE LAST PVSCOf\: 

CMP lh PDf'TH 
BGT 11::~30$ 

, 

MOV 
JSR 
JSR 

tF'BUFtRO 
RS,CHARMV 
R::, PRINTMV 

.E::NAJjL LSB 

MOV 
BEQ 
CMP 
BHI 
BEO 

<R4>rR1 ;IF FROM<M>=O THEN GOTO BREAK 
40$ 
Rl,tDUMMY ;ELSE IF FROM<M>-=DUMMY THEN GOTO DESCEND 
M1NMX2 
31$ 

;cR4>=<tDUMMY-1>, SO NEED TO GENERATE MOVES. 
TST CR4>+ ;REMOVE INJJlCAlOI\: 
JSR F'C r CSTMVS 
1ST KCAP 
BED 30$ ;LEGAL UPDATE:: 

JSR RS,KCAPT 
JMP RETCL1 

MOV SCORCR3>rRO 
TST ( R4 >+ 

; VS COl\: ( lH 1 ) ::-:SCOI\: ( ra) 

;RETCALL: 
RETCL2: 
33$1 
34$: 
;RO=VSCOR<D+1> 

MOV <R3) rR2 
TST COLOUR 
BGT 35$ 

;BLACK 
CMP VSCORCR3>rVSCOR<R2> 
BLE 38$ 
CMP RO,VSCOR<R3> 
BGE 30$ 

r VSCOI\: < n > ::VSCOR < Il+ 1 > 

MOV 
CMP 
BLE 
CMF' 
BEQ 

BR 

RO, VSCOI\: ( R3 > 
RO,VSCOR<R2> ;IF VSCOR<D><=VSCOR<D-1>. 
40$ rGOTO BREAK 
RlttDUMMY iiF Rl~=tDUMMY lHEN no; 
30$ 

JSR PC, BSTMVS r E.LSE. COPY BESTMOVES Uf-' ::: 
30$ 
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2 
6 
0 
4 
6 
2 
4 
0 
2 
6 
0 
0 
4 
6 
4 
2 
6 
0 

; 
;BREAK: 

2 40$: 
2 

~ 
4 
0 
2 
6 
2 42$: 
2 
6 
6 
2 
4 
D 
4 
0 
D 
6 
D 

RETCLll 

50$: 

' ; . , 

35$: 
CMP VSCORCR3),USCORCR2> 
BGE 38$ 
CMP RO,VSCOR<R3> 
BLE 30$ 

38$: 

CMP 
BGT 
BEl~ 

MOV RO,VSCORCR3) 
t10V < R3 > , R2 
CMP RO,USCORCR2) 
BGE. 40$ 
CMP R1,tDUMHY ~IF R1~=tDUMHY THEN no; 
BEQ 30$ 

JSR F'C,BSTMVS 
BR 30$ 

TST ATTENT ;cUTOFF DUE TO RECEIVED SCORE 
BNE 40$ ;ALLOW CUTOFFS AFTER RECEIVED 

.PRINT tM47 ;UNEXPECTED CUlOFF 
MOV .NOINT,@tPLSR 
JSR R~h PRNOS 
.WORD o,to.,D35,Dr0 
.EXIT 

I.l, PDPTH 
42$ 

rPRINT THE SCORE 

41$ 
TST 
BEQ 
41$: 

UFLAG 
42$ 

JSR R5rPVSCOR 
CLR UFLAG 

JSR PCrRESTOR ;RETURNS RO~VSCOR<D+1>. 

TST ATTENT 
BEQ 50$ 

JSR 
JSR 
JSR 

Ct-tF' DrCD 
BGT 33$ 

RS, REC~CA 
RS,NEWSC 
R5,FREECA 

RTS PC ;BEST MOVES ARE IN BSlMVE<CD,*> 
.[ISABL LSI.i 
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VALUATE SCORE AFTER UPDATED MOVE 

2 
4 
0 
4 

6 
2 
6 
2 
4 
6 
6 
2 
6 
0 
0 
4 
0 
2 
6 
0 
0 

~ 
0 
2 
2 
0 

2 
6 
0 
4 
6 
2 
2 
4 
6 
0 
2 
4 
6 
0 
2 
6 
0 
2 

2 
0 

EVAL: 

. 
' 

.SBTTL EVAL! EVALUATE SCORE AFTER UPDATED MOVE 
;EVALUATE SCORE AFTER UPDATED MOVE 
;ay FINDING IF MOVE WAS RELEVANT 

18$! 

22$! 

24$: 

;TEST FOR RELEVANCE! CPIECE y, REL<TO>, RP<lO),CHECK 
CLR RO ;DS=O 
t10V SUO C R3), R1 ; SG·o REL ·~ 

TST REL<R1> 
BEG 18$ 

;FROM REL SG 
MOV :t:-PCNT' RO 
MOV SU1<R3>rR1 
TST REL<R1> 
BEG 50$ 
BR 20$ 

MOV SG1(R3>,R1 ;Rl=TO 
TST REL<R1> ;REL SU<TD>? 
BEG 22$ 
20$! 

ADD tF'CNT,RO 
TST CPCE(R3> 
iCEO 50$ 

ADD t:PCNTrRO 
BR 50$ 

MOV CR1>,R1 ~RP<TO) 1 
BEG 24$ 

1ST REL <RU 
BNE 50$ 

CMP D,MAXDPTH ;ONLY EVAL OCCUPA1ION IF D>MAXD SINCE MOl 
BGE 50$ ;NOT GENERATED YET 

l10V F I RREL, RO 
MOV R3,R1 ~IS THE ~~ESSURE ON ANY RP OR REL SQ 
Al'ID :u:·RE.SS, R1 ; ~t{:::f~)F·RESS < D, 0 > 
l10V < R3 > 'R2 
ADD *PRESS,R2 iR2->PRESS<D-1,0> 
26$! 

MOV -<R2),R5 
r.m1 Ro 
iCIT -<Rl>rR!:I 
BNE 25$ 
MOV -CR2),R5 
COM R5 
BIT -<R1hR5 
BNE 25$ 

MOV NXTRCRO),RO 
BNE 26$ 
BR 27$ 

CLR RO 
CMP MTCR3),tTHR 
BGT 50$ 

NOV 
BR 

;PRESSCD>S ~PRESS<D-1>=01 

; PRESS (D) S '~PRF..SS ( D-1 ) =0? 

;RO=->NXTR SQ OR P 

:fTEMPQ,RO 
50$ 

;IF PRESS(D)1i"PRESS<D-1) 

iCASTLE,EPCAPrGPAWN OR NPAWN ? -
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ALUATE SCORE AFTER UPDATED MOVE 

50$l 

. , 
; . , 

TST CPCECR3) 
BNE 50$ 
TST~ CHKCR3) 
BNE 50$ 
MOV <R3> ,R2 
"JSTB CHK<R2> 

;CHECKS ARE RELEVANT 

iR2 USED ABOVE ~UT LOST 
;REPLIES TO CHECK ARE RELEVANT 

BNE 50$ 
;IRRELEVANT MOVE 
SU~ PENtRO ~IRRELEVANT MOVE PENALTY 
ADD D,RO ;DEPTH BONUS 
llEC NIMCR3) 
BGE 50$ 

29$: 

TST 
BGT 

52$: 

CLC 
RTS 

DINC 
JSR 
MOV 
TST 
BGE 

SEC 
RTS 

COLOUR 
52$ 

ADD 
BR 

SUB 

PC 

NORCUTrNORCUT+2 
PC,RESlOR ;RESTOR 
SCOR(R3>,RO 
COLOUR 
28$ 

BOARD & GOTO NEXT MOVE 
;vsCOR<D+l>=SCOR<D>+PENAL 

7. 

SUB D,R09DEPTH BONUS 
Al:ltl PENrRO 
BR 29$ 

ADD D,RO 
SU~ PEN,RO;IRRELEVANT MOVE PENALTY 

PC 

RO,SCOR<RJ) 
55$ 

RO,SCOR<RJ> 
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TURED 

KCAF-'T! 

; 
; 
• 
' 

.SBTTL KING CAPTURED 
;KING IS CAPTURED, 

iLAST UPDAl.ED MOVE WAS ILLEGAL 
~SINCE Il MOVED PLAYER INTO CHECK 
. ..ISR PC' RESTOR 
MOV SCOR<R3>,RO 
MOV KCAf',R1 
SUB VAL<Rl),RO 

;VSCOR<D+l>=SCOR<D>-PIECE<Pl).VAL 

;ENCOURAGE FAST KING CAPTURES 
TSl COLOUR 
BGT 35$ -:~ 

;BLACK HAS HIS KING CAPTUREDIGIVE BLACK DEPTH BON 
SUB DtRO ' 
BR 36$ 

ADD 

MOV tDUMMY,Rl ;PREVENTS CALL Tll BESTMVS 
CLR KCAP 
RlS RS 

---
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IESTMOVES: COPY THEM DOWN FROM D+1 TO D 

:-.. 
000000 

.0 
l1 
;,2 
l3 00000 
.4 00002 
l5 00004 
1.6 00010 
l7 00012 
l8 00014 
f.9 000:1.6 
20 00020 
~1 

?.2 00022 
?.3 00026 
?.4 00030 
')I!!" 
:. "'J 00032 
M 00034 ·-.?.7. 0036 
?.~ 
:.~9 

'50 

BSTMVS: 

.SBTTL BESTMOVES: COPY lHEM DOWN FROM D+1 TO D 

.CSECT BSTMVS 

;IF R1=tDUMMY THEN 
; BSTMVE<D,*>=O 
;E::L.SE 
; BSTMVE ( D, *>=MOVE (M) & BSH1VE. ( D+:l., ll:) 
IR1=TYPE OF LAST MOVE 
; f~3=->UPM 
;R4=-"->TYPE+2 OF LASTM <TOP OF MOVF s·rACK> AT DEPTH D TO lH:l 
;cOPY THIS MOVE DOWN UNTIL A PTR TO R3=UPM(l)) IS OBTAINED 
;THEN COPY BSTMVE<D+1>->BS1MVE<D> 

MOV R2, -- < SP) 
MOV R3,R2 ;R2=->BSTMVE<D> 
ADD :JI:BMV,R2 

MOV R4r-CSP) fELSE 
2$1 MOV -(R4>,-CR2> 

CI1P CR4) ,rn 
BI~E 2$ 
TST <R2>t ;DELETE PTR FROM MOVE STACK 

H\:4=->MOVE ( D+ 1 ) 
ADD tBMV•R4 ~R4=->BSTMVECDt1r*> 

3$1 MOV -<R4),-(R2> 
BNE 3$ 
MOV (SF·')+' R4 

4$! MOV <SP>+rR2 
ras PC 

; 
; 
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:NSERT MOVE MACROS 
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.0 

. :1. 

.2 

.3 

.4 

.5 

.6 

.7 

.8 

.9 

.~0 

~1. 

!3 
~4 

~6 

~~··-
;~ 
~9 
;o 
)1 

)2 

f6 
f7 
18 
19 
iO 
i1 

'~ 
i4 
i5 
i6 
i7 

.SBTTL INSERT MOVE MACROS 

.CSECT SETMVS 
;INSMVE 
1R3=DEPTH 
;RO=PO, <RO>=SQO 
; rH=SQ1 

;IF ALLM<D> THEN DO; 
lF REL<SQ1) THEN PRESSCD,RELCSQ1))=&PTYPCPO>; 
IF-REPEAl THEN DO; 

; M=M-1; 
; MOVE< N) • TYF·'I:::::MT f 
; MOVE<M>.TO=SQ1; 

MOVE<M>.FROM=SQO; 

END; 
; 
.MACRO INSMVE $PO,$SQ1,TYPEtL2,TL1 

TST REL ( $SCH > ; REL. SQ!'" 
BEQ L1 

LU 

.ENDM . , . , 

;INSCMVE. 

~fOV IJF-'MOVE, R2 
ADD REL($SQ1)rR2 ;R2=->PRESSCD,SQ1) 
BIS P1YP($PO),-(R2) 
BlS <P1YPf2)($PQ),-(R2) 

TST REPEAT 
BNE L2 

MOV TYP£::,-<R4> 
f10V $SQ1,- < R4) 
MOV C$PO),-(R4) 
BR L2 

;IF ALLM<D> THEN DO~ 

; IF ·~El.CSCH) THEN F'F~ESS(li,REL<SUU >=&PTYP<PO>; 
IF REL<P1) THEN PRESS(D,REL<Pl>>=&PTYPCPO); 

; END; 
;IF REPEAT THEN 
; IF Pl=OPPKING THEN CHK<D-1>=1; 
;ELSE no; 
; M=M-1; 

MOVECM>.FROM~SQO; 
t10VE<rn ,TO=SQ1; 

; MOVECM>.TYP=MT; 
IF Pi~OPPKlNG THEN DO; 

; GDTO RESET; 

; f<3=l1 
;R2=P1 
; r~1=SCU 

END; 
END; 
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:NSERT MOVE MACROS 

Rl-11 MACRO VM02-12 20-NOV-78 09:43:52 PAGE 74+ 

;~­i._, 
.o 

·6 
·7 
.8 
.9 
'0 
'1 

'3 
'4 
'5 
'6 
'7 
'8 

:o 
:j_ ,., ..... 
:3 -
:7 
:8 
:9 
'0 
'1 
'2 
'3 
'4 

'6 
'7 
8 
'9 
00 
01. 
02 
03 
04 
O!::i 
()6 

L. '")f ..:.+ 

.MACRO TCMVE SPO,$SQ1,TYPE,SP1,L2,?L1 
TST REL. ( SSCH) 

Lit 

.E.NDM 

BE.C~ L.1 
t'iOV l·n r -· ( SP) 
MOV UF'MOVF f R:~ 
ADD RE.L ( SSf~ 1 ) , ~~~; 
BIS PTYP($PO>f-(R3) 
BIS <PTYP+2>CSPO)r-<R3> 
t'iDV < SP) + f ~~:~ 

TST F.: EL< SP 1 ) 
BEC~ L.2 

MOV R3, -· < SP) 
MOV UPMOVE' ~1:3 
AI•D REL. ( SP 1) , R3 
BIS PTYPCSPO),-CR3) 
BIS <PTYP+2>CSPO),-(R3) 
MOV <SP)t,R3 

• MACRO INSCMVE SPO, SSQ1, TYPE f SP1 r LA·' '!'1..2 f '!'1..3 
TCMVE SPO,$SQ1,TYPE,SP1fl..2 

CUI: ( SPO), CLR ( SP1 > 
L.4 

CMP 
BE.Q 
TST 
BEQ 

REPEAT 
L3 

L3: 

• ENDt1 

CMP SP1,0PPKING 
BNE L.4 

t'iOV R:~,- < SP > 
MOV UF'MOVF.: r R~5 
INCB CHK<R3> 
MOV <SP>t,.R:~ 

BR L4 
MOV <$PO>,-< R5 > 
t10V $SQ1, ·- < F~5) 
t10V TYPE r- < ~~5) 
CMP SP1,0F'PKING 
BNE L.4 

MDV SP 1. r I\ CAP 

JMF' RESET 

;cAPTURE OPPONENTS KING 1 

;KCAP CONTAlNS THE KJNG 
;wHICH IS CAPTURED 
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c 

• SBTTL SETMOVES 
SETMVS: 
fR5 lS USED AS CMVE PTR FOR INSMVE 
;R4 GIVES WHERE MOVES MAY BE PLACED, AND ON RETURN PTS TO TOP OF MSTACK 
;R3=->UPM<D> INITIALLY ,rs STORED lN UPM & IS RETURNNED UNCHANGED ~ 
• , 
.MACRO ROOKSQS A,B,?L1t?L2rTL3,YL4 
;GIVEN A:-::TO OF KING, RETURN A F''JR TO FROM t TO SQUARES OF CASTLING ROOK 

CMP A,f:SQUARE+<2*LENSQ) 

L1: 

L2: 

L3: 
L4t 
.ENDM . 
' . , . , 

BNE L1 
MOV tRCAST'B 
lcR L4 

CMP A,.SQUARE+<6aLENSQ> 
BNE L2 

MOV t:RCASTt4,B 
BR L4 

CMP A,tSQUARE+<5B.*LENSU> 
BNE L3 

TST 
BGT 

1$! 

MOV tRCASTt8.,B 
BR L4 
MOV tRCAS1+12.rB 

COLOUR HF COLOUR =BL.ACI( 
1$ 

MOV BKING,RO I SET RO=PO 
MOV ROrCLRKING 
iiOV WKING,QPPKING 
BR 2$ 

MOV WKING,RO ;ELSE DCH 
MOV ROrCLRKING 
MOV BKING,OPPKING 

THEN [IQ; 

TST REPEAT 
BNE 5$ 

;IF -REPEAT lHEN DO; 

CLR -<R4> 
TST NIM<R3) 
BGE 3$ 

;END MARKER 
; IF "ALUi(l:l) THEN 

HOV tDUMMY,-CR4) ; FROM< l1 >=DUMMY 

CMP MT<R3)rtTHRUP 
BLT S$ ;CHECK LABEL 

4$S 

CMP MT<R3),tUPAWN 
BNE 4$ 

;SET E.PSU=MID SQUARE OF LASl HOVE 
l'fOV t·i"l ( R3) , SPEC ; SPEC MOVE 
MOV BtU ( R~ > , R2 ; TO SQ OF LAST MOVE. 
ADD SQO(R3),R2 
ROR R2 ~WANT NO NEGAliVE BIT INSERTED 
MOV R2,EPSU ;sET EN PASSANT SQUARE 
BR 5$ 

CMP MT<R3),tCASTLE 
BNE 5$ 



c 

0 

c 

c 
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iPLACE KING ON SQUARES HE PASSED OVER 
; IN CASTLING - IF ANY OF THE SUUARE.S (.)RE~:_::_: 

~IN CH[CKs KCAP WILL BE FLAGGED 
MOV MT<RJ),SPEC ;SPEC MOVE 
ROOKSQS SQ1(R3>tR2 
MOV i!2(R2)rR2 rR2=P2 
MOV R2s-<SP> ;STACK THE ROOK POINTER 
MOV CLRKING,@(R2) ;GHOST KINGS 
l10V CI.RKIN(hi!SUO<R3) 

MOV R3,UPMOVE ;sAVE UPDATED MOVE PTR _ 
HOV tCMVE,R5 ;FREE R5' R5~CMOVE AREA. N.B.MAKE SURE 0 Al CMOVE 
BR 57$ 

;NPIECE 
NF'IECE: 
;RO=F'IECE.<PO> 

MOV NXTP<RO),RO 
BEQ 59$ 

S7$: MOV TYP<RO>,Rl 
MOV R1, ~ITYF'E 
JMF' (~8$ ( Rl) 

8$: .WORD o,o,S30$,SlO$,SlO$,S10SrS30$,S40$,S10$,0,S20$,S40$ 
89$1 JMP RESET 

;DUMMY,NM,BM,RM,QM,KM,PMsURMrUKMrUPM 
;N.B. R3 SHOULD INITIALLY PT ABOVE lHE. 1ST. DIRECTION 
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;ETMOVES: ROOKS, BISHOPS & QUEENS • 

000342 
000342 

000346 
000346 

0 00350 
j 00352 
2 
3 00354 
4 00354 
1:!" 
~~ 00356 
6 00360 
7 00362 
8 00364 
9 0036{) 
:0 00434 

j_ 00434 
12 

• SBTTL. SET MOVES: ROOKS, H H3HOPS & QUEENS. 
;ROOKS, BISHOPS, AND QUEENS 
; URM: RM: tm: BM I 
; RO=PIECI::: (PO) 
S10$! 

MOV DADDCRO),R3 ;R3=->DIRS 
;NRDIR! 
11$! 

TST -·<R3> 
P.EQ NPIECE 
MOV (f(0) tR1 

;sAMRlllR! 

ADD (R~~) vRt 
MOV <R1hR:l. 
BEQ 11$ 

fCR3)=->ADDR OF NEXTSQ 
; f(1=SQ1 

MOV CR1),R2 ;R2=PIECE<P1) 
BNE 13$ fiF EMPl"Y 

INSMVE RO,RtrMTYPE,12$ 
13$! 



: C : PARALLEL CHESS. 
I!CASTLING 
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c .SBTTL SETMOVES:CASTLING 
;UNMOVED l<ING 

) 

) 

' 
l 
) 

~ 

' ) 
) 

) 

2 
~ 
s 
) 

!> :> 
2 
4 
6 

:>Q 
2 
4 
6 
4 
4 
6 
0 
2 
2 
4 
6 

c 

;cASlLING 
;UKM: 
520$1 

TST 
BNE 

;NEXTR! 

;NEXTSO: 

. 
' 

kEPEAT 
830$ 

TST 
BGT 

21$: 

MOV 
BEC~ 

HF 

COLOUR 
21$ 

MOV 
BR 
MOV 

-(R3),R1 
530$ 

1ST 
MOV 
BEG 
CMP 
BNE 

23$! 

24$: 

26$! 

"'REPEAT THEN no; 

;IF COLOUR= BLACK THEN R3=->BROOK 

tBkOOK,k3 
22$ 
f:WROOK, R3 j Eo..&e Ri _., \u >toow: 

; Rl=St~2 
;IF SU2-=0 THEN DO; 

-CR3) ;R3=->Dik 
CR1),R2 ;R2=P2 
22$ ;IF F'2"=0 THEN IIO; 
TYP<R2),f:UROOK ;IF PIECE<P2>.TYP' 
22$ ;-=vReooc.. THE?IIJ 

CLR -<SP> 

ADD <R3) ,Rl 
MOV OU > ,Rl 
CMP RldRO> 
BNE 24$ 

;o EN[I MARKER 

;sG~SUO & CASTLING VALID 
TST (SF'>+ 
MOV CSP)f,Rl ;Rl=SU1 
INSMVE RO,Rl,f:CASTL£,26$ 

~ 

MOV 
TST 

Rl,-(SF') 
<Rl> 

;STACK<=<SU4),SQ1,SG3 
; PIE.CE ON StH '"!' 

.BEU 23$ 

TST <SP>+ 
~$NE 26$ 

BR 22$ 
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3ETMOVESI KING AND NIGHT MOVES 

I ··- • SB'f 1 L SE.TMOVES: KING AND NIGHT t10VES '· ?._., ;KING & NJGHT ~10VES 

~ 

~ ;RO=PO 
5 00076() 530$: 
:) 000760 MOV DAllD ( RO) r R:.l; HlND ltiRS 
7 000764 31$: 
l ;NEXT N DIR 
i 000764 MOV -<R3),R1 ; f<l=NEXTJ.IXR 
lO 00766 BEQ 33$ 
• :1. 00770 ADD <RO>rRl 
~2 00772 MOV (f\l),Rl ;Rt::::S(H 
l3 00774 BEll 31$ 
.4 00776 110V <R1>,R2 H'IEC.:E<P1) 
l5 01000 BNE 32$ 
.6 01002 :CNSI1VF ROtR1rMTYPE,31$ 
l7 01050 BR :H$ H~NDI R 
l8 01052 32$: 
.9 01052 INSCMVE RO,R1,MTYPE,R2,31$ 
~0 01.226 33$: JMF' NPIECE 
~:l. ; 



~PPENDIX C I PARALLEL CHESS. 
SETMOVES: PAWN MOVES 

RT-11 MACRO VM02-12 

!. .. "-· 2'W' 
3 
4 00:1.232 

s 001232 
7 001236 
3 001240 
1 001.242 
10 
!.:1. 0:1.244 
12 01.246 
1.3 01250 
14 01252 
I o::· . ~J 

16 01254 
1.7 01262 
!.8 01264 
19 
20 
21 
22 
23 
24 
25 01272 
:.~6 0:1.272 ·-2,._,1274 
?.s-01276 
29 01344 
50 01344 
5:1. 01352 
52 01354 
n 01356 
54 01360 
55 01362 
56 01.364 
57 01432 
)8 

~9 01432 
le 01434 
H 01436 
l2 01440 
~3 01442 
\4 01444 
\5 01446 
~6 014~50 
l7 01624 
~8 01624 
~9 01630 
w 
):1. 01632 
)7<-11636 
5~1{>42 

54 01644 
55 02020 
'il.> 02020 
57 02026 

.SBlTL SETMOVES: PAWN MOVES 
;PAWNS I UNMOVED PAWNS 
;PMIUPM 
S40$1 

S44$1 

;FORWARD MOVES N OR S 
MOV DADD<RO>,R3 ;RJ=->DIRS 
MOV < RO) , ~U 
ADD -CR3),R1 
MOV (R1),R1 ;R1=SU1r NOR S OF SQO 

MOV F<l 'R2 
ADD < ·~3) , R2 
MOV <R2),R2 
BNE 41$ 

TST CR1) 
BNE S42$ 

; IF SQ2=0 THEN IF f1T===r'Al•JN THEN MT=QPAWN 
CMF' MTYPE,:J:PAMN 
BNE 41$ 
MOV :&'(1PAWN ~· MTYr'E 
;GENERATE QUEENING PAWN MOVES EVEN WHEN ALLMCD>=O 
fBY SETTING ALLM<D>=l 

;N.B. IF PAWN CAPlURES KING, IMMEDIATE EXIT 
HS TAKEN TO RESET AND ALLMCD> IS WfWNG. 
;CLR R2 ;IS UNECESSARY 

;F'IECE < P1) ? 

INSMVE ROrR1,MTYPE,42$ ;R2 LOST 

Cf1P MTYPE, :ft:LJPAWN 
BNE S42$ 

ADD 
rmv 
TST 

CR3) dU 
<R1hR:I. 

OU> 
BNE 842$ 

;riND SECOND SQ AGAIN 
H<1=SQ2 
;IF NO PIECE ON SR2 

HtiAGONALS 
l10V -<R3) rR1 
BEQ S44$ 
ADD < RO) , f( 1 
MOV <R1> ,f\1 
BEQ 842$ ;NPDIR 

MOV <R1>rR2 ;R2=P1 
BECJ 4:~s 

Ct1P t1TYPE, :~:r HR 
BLT 46$ 

CMP R1, EF·'Sl~ 
BNE 842$ 

r R :1. :::SO 1 =EPSQ 
f10V UPMOVE, R 1 
MOV S(H ( R 1 ) , R 1 
MOV <R1>rR2 ;R2=P1 
I NSCMVE RO' FU r =H: f-'CAP r R2 f S4 2$ 
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:o 

i2 

i2 

CMP MTYPE,tUPAWN 
BNE 45$ 

MOV *NPAWN,MTYPE 
JMP S40$ 

;MT=NPAWN 
JMP NPIECE 

; 
;RESET BOARD 
£ , 

i6 RESET: 
i6 

·6 
'0 
'6 

2 
6 
:o 
:o 
:4 

:oO 
,o 
0 
2 
4 
6 
0 
2 
4 
4 
6 
2 
4 
0 
0 

c 

MOV UPMOVE,R3 
TST SPEC 
BEQ 52$ 

CMP SPEC,tCASTLE 
liNE 51$ 

;RESET BOARD: REMOVE KING AND REPLACE ROOK 
CLR @SlW ( R3) 
MOV <SP)t,R2 ;R2=P2' THE ROOK 
KOV R2,@(R2> ;suUARE<SU3>.PIECE=P2 
q .. ,R SPEC 
BR 52$ 

CLR EPSO 
CLR SPEC 

;pur CMOVES ON MOVE SlACK 
;R5=CMOVES, R4=MOVES 
52$: 
53$: 

MOV <R5)tr-<R4> 
BEQ 55$ 

54$: MOV <R5)tr-(R4) 
MOV <R5>tr-(R4> 
MOV <R5>tr-<R4> 
BNE 54$ 

55$: 

;PREVENT OTHER CALLS FROM 
; 0.)1 N(,. "TH 1> e ~6~. 

TST ( R4 > t ; REMOVE 0 FROM TOP OF STACK 
INC NOSE.TMVS 
BNE 56$ 

INC NOSETMVSt2 

RTS PC 
; . , . , 

J • 

• 
• 
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APTURING MOVES ONLY 

Q 
.SBTTL CSTMVS:CAPTURING MOVES ONLY 
.CSECT CSTMVS .... 

.MACF\0 CINSi'1V $PO,$S01rTYF'Er$P1,L1 
MOV TYF'Er..:.(R4> 
MOV $SG1r-(R4> ·-· ..... 

MOV ($J-!'0)r-(R4) 
CMP $P1r0F'F'KING fCAPlURE OPPONENTS KING"'!' 
BNE L1 

f'mV $F'l rKCAP 
JMP C50$ 

;KCAP CONTAlNS THE KlNG WHICH IS CAF'TUF<F::It 

) 

) 

~ 
? 
\ 
) 

) 

~ 

~c 
4 

; 
; 
; 
CSTMVS: 

.ENIIM 

CLR -<R4) 
TST COLOUR 
BGT 1$ 

;ENII MARKER 
;IF COLOUR =BLACK THEN DO; 

MOV BKINGrRO ;sET RO=PO 
MOV WKING,OPPKING 
BR 2$ 

MOV WKINGrRO ;ELSE DO; 
MOV BKlNGrOPPKING 

CMF' 
BNE 

NTCR3)rtUF'AWN 
C7$ 

;sET EPSG=MID SQUARE OF LAST MOVE 
MOV MTCR3>rSPEC ;sPEC MOVE 
MOV SG1CR3)rR2 ;ro SG OF LAST MOVE 
ADrt SC40 ( R3 > , R2 
ROR R2 ;wANT NO NEGAllVE BIT INSERTED 
MOV R2rEPSQ ;SEl EN PASSANT SQUARE 
BR C7$ 

jf\OOKSr BISHOF'Sr AND QUEENS 
;URMlRMtQMtBMt 
;RO=F'IECE<PO> 
C10$! 
;NRDIR! 
11$! 

1ST -(R5) 
BEC~ C5$ 
MOV <RO>rRl 

;sAMRDIR: 
12$: 

ADD <RS> rR1 
MOV < Rl), R1 
BEC~ 11$ 

;Rl=SQO 

j(R5>=->ADDR OF NF::XTSG 
;Rl=StU 

MOV <R1)rR2 fR2=PIECECP1> 

. , 
; 
.. , 

BEQ 12$ ;IF EMPTY 
CMP CLF\CRO>rCLR<R2) 
BE.Q 11$ 
CINSMV RO,R1rMTYPE.rf\2r11$ 
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::·g'-
.!~ :;, 
~~o 

51 00152 
62 00152 
S3 00152 
~A 
:):j 00152 
S6 00154 
S7 00156 
S8 00160 
!>9 00162 
70 00164 
71 00166 
72 00170 
73 00176 
74 00200 
75 

-

;KING I NlGHT MOVES 

;RO=PO 
C20S:;UNMOVED KING DOES NOT CASTLE 
C30$: 
31$: 
;NEXT N DIR 

. , 

MOV - ( R!:.:i) , f~ 1 
BEQ C5$ 
ADD ( RO >, R1 
MOV OU) ,Rl 
BEQ 31$ 

H.:1=NEXTDH~ 

;FU=SCH 

MOV < R U , f~2 
HEQ 31$ 

H'IEtE<P1) 

CMP tLRCRO>,CLR<R2) 
BEQ 31$ 
tiNSMV RO,R1,MTYPE,R2,31S 



~ 

APF'ENDIX c • • 
CSTMVSI PAWN 

.. -
l.fll' 
:5 000226 
4 
c· 
....} 000226 
6 000232 
"7 000234 
8 000240 
9 000244 
10 00250 
11 00254 
1 ':) 

·~ 

13 
14 
:1. !"} 
:1.6 
17 00304 
:l8 00304 
19 00306 
20 
21 00310 
22 
23 00310 
24 00312 
25 00314 
2A... i 

~Yo0316 
2 00320 
29 00322 
30 00324 
31 
32 00326 
33 00334 
34 00336 
35 
36 00344 
37 00344 
38 00346 
39 00350 
40 00376 
41 
4? .. 00376 
43 00400 
44 00402 
45 00404 
46 00406 
~7 00410 
~8 00412 
~9 00414 
50 00422 
H 00424 
~,_00452 

~0452 
)4 00456 
55 
56 00460 
)7 00464 

PARALLE.L CHESS. 
MOVES 

RT-11 MACRO VM02-12 20-NOV-78 09143152 PAGE 81 

.SBTTL CSTMVS: PAWN MOVES 
;NPIE.CE 

;RO=F'IECE(f-'0) 
MOV NXTP<RO>,~W 
BEO C50$ 

C7$: MOV TYP<RO>,Rl 
MOV DADD<RO>,R5 ;GET POINTER TO PlE.CES' DIRECTIONS 
MOV k1rMTYF'E 
JMF' @8$0U) 

BSI .WORD o,o,C30$,C10$,C10$tC10StC30St40S,ClO$,O,C20$,39$ 
;DUMMY,NMtBMtRMrUM,KKrPM,URM•UKM,UPM 

;N.B. R3 SHOULD INITIALLY Pl. ABOVE THE 1ST. DIRECTION 
; 
; 
; UNMOVED f-'AWNS 
39$: 

40$: 

; 

41St 

42$: 

TST -<f-:5) ;MOVE PAST N OR S DIRECTIONS 
BR 42$ 
;PAWNS : SEE IF THEY QUEEN 

;FORWARD MOVES N OR S 
MOV <RO), R1 
ADD -<R5)tR1 
MOV <R1),R1 

MOV R1,R2 
ADD ( f~5 > 'R2 

; R1=StH, N OR S OF SUO 

MOV CR2),R2 ;R2=SU2 
BNE 42S iWANT NO MOVES FORWARD WHICH DO NOT UUEEN 

;rF SU2=0 THEN IF MT=PAWN THE.N MT=UPAWN 
CMP MTYPEttPAWN 
BNE 41$ 
MOV tQPAWN,MTYPE 
;GENERATE. UUE.ENING PAWN MOVES 

TST Ck1> 
BNE 42$ 

;DIAGONALS 
MOV -<R5>tR1 
BEC~ 44$ 
ADD <RO) PR1 
MOV <R1),R1 iR1=SU1 
BEO 42S ; Nf'DIR 

MOV CR1>rR2 ;R2=P1 
BEt~ 43$ 

43$1 

CMP CLR<RO),CLR<R2> 
BEll 42S 

CMP Rl, EF··SQ 
BNE. 42$ 

; •H=StH=EPSti 
l"'OV SU1<R3>rR1 

; NOT A CAF'TURE BUT 
; cope 0.1..(. 

MOV <R3),F\2 ;R2=P1 



~PPENDIX C : PARALLEL CHESS. 
:STMVS! PAWN MOVES 

'if'-0466 
:;~0514 44$! 
)0 00514 CMF· 
)1 00522 BLT 
. r) 
) ""' ... 00524 
}3 00532 
)4 00534 
)5 00542 
)6 00546 
)7 00550 
)8 
)9 00550 
'0 ; 
'1 ;RESET BOARD ,,.., 

.:.. ; 
'3 00552 C50$! 
'4 00552 CLR 
'5 00556 INC 
'6 00562 BNE 
'7 00564 
'8 00570 C51$! 
'9 0()570 RTS 
:o ; 
:1 ,,.., .•... 

RT-11 MACRO VM02-12 20-NOV-78 09:43!52 PAGE 81t 

CINS~1V RO,R1,tEPCAP,R2,42$ 

MTYPE,tTHR 
C5$ 

C~tf' M TYPE, #l~PAWN 
BNE 45$ 

MOV tNPAWN,MTYPE 
MOV DALlD ( RO) , R~j 
Bf~ 40$ 

45$! 
;MT=NPAWN 
BR C5$ 

EPSU 
NOCSTMVS 
C51$ 

:CNC NOCSTMVS+2 

F·'C 
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OARD 

0 

0 

UF'ti.ATEt 

.SBTTL UPDATE BOARD 

.CSECT UPDATE 

~k3=->LASTUP AND IS RETURNED AS lHE NEW ->UPM 
~R4=->FROM AND IS RETURNED AS THE TOP OF THE MOVE STACK 

MOV R4,R5 
MOV R3,-CR5) JMSlACK<:->LUM 
MOV RS,-CSP> JSTACK<=->UPM 

JR3=->LUM,R4=->FROM, R5=->UPM 
MOV <R3),R2 JVSCORCD+l>=VSCOR<D-1> 
MOV VSCORCR2),-CR5> JMSTACK<=VSCOR<D+l> 
MOV NIM<R3>r-CR5> ;NIM<D+l>=NIM<D> 

l$:JRESTART 

; . , . , . , . , . , 
; . , . , 
; 
; 

MOV @(R4)t,RO JRO=PO 
MOV CR4)t,R1 ;R1=SU1 
~R4=->MOVE<M>.TYPE 
CLR @(RO> JSOUARECSQO).PCE=O 
MOV Rl,(RO> iPIECE<PO>.ON=SUl 
MOV <R1),-(R5) JMSTACK<=CPIECE 
BEG 3$ 

JPIECE IS CAPTURED 
MOV CR1>,R1 JR1=P1 
MOV SCOR CR3),- ( R5) ; SCOR ( Dt1) =SCOR <r•) -PIECE ( Pl> • VAL::~:: 

2$; 

21$: 

SUB VALCk1),(R5) 
MOV LSTPCk1),R2 ;R2 -=o SINCE THERE IS A KING 
MOV NXTPCR1>rR3 3 
BEQ 2$ 

MOV R2,LSTP<R3) 
MOV R3,NXTPCR2> 
TST REL<Rl> 
BEC~ 21$ 

t10V LSTR<R1),R2 
MOV NXTRCR1),R3 
BEQ 20$ 

110V R2,LSTRCR3) 
20$: 

TST R2 
BE(.~ 21$ 

110V R3,NXTRCR2> 

MOV <Rl) ,Rl HU=StH 
MOV @(SP>,R3 ;RESTOR 
BR U4$ 

;NO PIECE CAPTURED 
MOV SCORCR3),-(R5> 

R3=->LUM 

;SCOR<D+1>=SCORCD> 

MOV RO,(Rl> ;SUUARECSQ1).PCE=PO 
CMP CR4> ,~THRU 
BLT U14$ 

CMP CR4) t:fTHR 
BGT 5$ 

SUB trrr, TYP < RO > 
BR U14$ 

5$: CMP CR4),tCASTLE 
BNE 6$ 
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) 

~0 

U14$: 

c 

ROOKSUS Rt,R2 
MOV @CR2)f,RO ;RO=PO 
MOV CR2)f,R1 ;Rt=SQ1 
GLR @(k0) ;SGUARE.CSQO).PIECE~O 

MOV RO,(Rl) ;SQUARECSQ1).P1ECE=PO 
MOV Rl,(RO) ;PIECE<PO>.UN=SQ1 
SUB t:rrr, 'f YP ( RO) 
BR U14$ 

6$: 

.. :':'! 
-'9 

GMP <R4),:f:EPCAP 
BNE 8$ 

CLR 
TST 
BGT 

7$: 
17$: 

MUV 
MOV 
MOV 
BR 

8$: 

CR1> 
COLOUR 
7$ 

A))D 
BR 
ADD 

<Rl),Rl 
RO,(R1) 
RldRO> 
U14$ 

;sQUARE<SUl>.PIECE=O 
! 

:&:S,R1 
17$ 
tN,Fd 

§ 
;:sLACK CAP1URES S 

;R1=SQ2 
;SQUARECSU2>.PIECE=PO ~ 
;PIECECPO>.SUUARE=SU2 

CMP < R4 > , :H~F'AWN 
BNE 11$ 

SUB VALCRO),(RS> ;sCOR<D+1>=- VAL<PO> ~ 

10$: 

MOV 
TST 
BGT 

:t:QUEEN,TYF-'<RO> 
COLOUR 

9$ 
MOV VALUES+GUEEN,VALCRO) 
NEG VALCRO) 
BR 10$ 

9it MOV VALUES+QUEEN,VALCRO) 
MOV +UDIRS,DADD<RO> 
ADD VALCRO),(R5) ;sCOR<D+1>=+ VALCPO) 
BR U14$ 

CMP CR4>,+NPAWN 
BNE U14$ 

SUB VALCRO),(R5) ;scOR<D+l>=- VAL<PO) 
MOV tNIGHT,l"YPCRO) 
TST COLOUR 
:atn 12$ 

MOV VALUES+NIGHT,VAL<RO) 
NEG VAL<RO> 
BR 13$ 

12$: MOV VALUES+NIGHT,VALCRO> 
13$: MOV :&:NDIRS,DADD<RO> 

CLR -<RS> 
CLR -<R5> 

MOV <SP)+,R3 
MOV R3,R4 
SUB :t:LMVtR4 
INC D ;D=D+l 

ADD VALCRO),(RS> ;scoR<D+l>=+ VALCf-'0) 

;CHK=O & NOINCD>=O 
;:aslMVS<D,t>=O SAVES TESTING TERMINAL NODES 
; FOR :t:rtUMtiY 
;R3=->UPM 
;RETURN R4=->TOP OF MSTAGK 

.§ 



~PPENDIX C : PARALLEL CHESS. 
JPDATE BOARD 

Fn -·11 MAC~\:0 lJM02-··12 

. ·h- 04?2 
L--0504 
.1? 0510 
.:1.8 
. :l9 
.20 

. ....,.. 

. , 
; 

DINC NOUPS,NOUPSt2 
NEG COLOUR 
RTS f·'C 

20-NOV-78 09:43:52 PAGE 82+ 
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) 

) 

) 

s 
J 

2 

4 
2 
:> 
4 

.SBTTL RESTORE BOARD 

.CSECT RESTOR 
RESTOR: 
;R3=->UPM 
;R4 IS UNDEFINED, AND IS RETURNED AS ->FROM OF NEXTMpVE 
;RETURNS RO=VSCORCOLD D>• 

MOV RJ,R4 
TST <R4>+ ;R4-->FROM 
DEC D ;D=D-1 
NEG COLOUR 
MOV <R4)f,RO ;RO=SQO 
MOV (HR4)f,Rl ;Rl=PO 
CMF' <R4)f,tTHRU 
BLT RlO$ 

3$: 

CMr' -2 ( R4), :t•fHR 
~GT 3$ 

ADD t:DT' TYF' ( Rl) 
BR R10$ 

CMP -2<R4>,:t:CASTLE 
BNE 4$ 

1 ~Q~fw '[t!E K l NG & THEN SE. T RO 'R 1 SO THAT THE 
t B'fr SE~· BACK 

CMF-' 
.BNE 

AlHt tDT,-rYP<R1) 
ROOKSU < R1 >, R::? 
MOV RiP <RO> 
CLR @(fd) 
MOV RO,(Rl) 

;FIND PTR TO ROOK SQUARES 
;SQUARE<SOO>.PIECE=PO 
;SQUARE<SUl).PIECE=O 
;PIECE<PO>.ON=SUO 

MOV <R2)f,RO ;RO=SU2 
MOV @(R2)f,Rl iR1=P2 
ADII t:trr,TYP<Rl) 
BR R10$ 

-2(R4),t:EPCAP 
7$ 

;MOVE THE CAPTURING PIECE BACK TO THE SQUARE . 
; THE CAPTURED PIECE SHOULD BE LEFT. 
MOV -4(R4>,R2 ;R2=SU1 
MOV R2,R1 ;WANT R1=SU2 
TST COLOUR 
BGT 5$ 

ADD :t:S,Rl 
BR 6$ 
ADD :t:N,Rl 

MOV @(R1>,R1 
;NOW MOVE THE 
CLR @(Rl) 
MOV R1,CR2) 
MOV R2,(R1> 
;RO=SQO, Rl=F'O 
BR R10$ 

; Rl='F'O 
CAPTURING PIECE .BACK TO 

;SUUARE<SU2).PlECE=O 
;SUUARE<SOl>.PIECE=PO 
;PIECE<PO>.ON=SQ1 

; t.U·'AWN AND NPAI~N 

SOl 

MOV :t:PAWN,lYP<Rl> ;PIECE<PO>.lYP=PAWN 
MOV VALUES+PAWN,VAL<R1> ;PIECECPO>.VAL=VALUE<WPf 
TST COLOUR ; "') ·:: 
BGT 8$ 
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SYMBOL. TABLE 

AP''""""'IVR 000516R 011 ACIIMOL. 001032R 011 ACI<CA -- 000002 
A.....,Vf'\ 000424f\ 011 ADDOQ 000516R ()')') ADIRS 037662R 002 A.."""'' 

ADT 044322f< 002 ALF-'HA 044610f'\ 002 AT TENT 000124F~ 022 
BASE 000040R O':J':> "'"·"""· BDif<S 040002F~ 002 BETA 044612f\ oo:;: 
BIN 002164F\ 004 BISHOP= 000006 BKING OOO~~OOR o::~4 

BL :::: 000040 BMV :::: 1"/7766 BOAFW 000126R 006 
BOTM OOOOOOf< 024 BF'DIRS 040046R 002 Bf<OOI\ 000142~~ 024 
BSQCOL OOOOOOf< 006 BSTMVS OOOOOOR 027 BUSY 000100.~ 022 
CA 000112R 022 CALF' HA 0440 1!:if\ 002 CASTLE::.: 000036 
Cl<ETA 044023R 002 CCDEF'T 044124~\: 002 CD 000012~~ 024 
:DO 000014R 024 CHARAC 000334R 0~~~~ CHAREP 000272H 007 
CHARMt,.J OOOOOOR 007 CHARSQ 000444F~ 004 CHK ·- 177765 
CHKSUM 000110R 021 CKCAST 000260R 007 CLf\ :::: 000010 
CLRD :::: 000000 CLRKIN 0001!:.i4R o:;~4 CLSND 000066f\ 020 
~~LSNDf.i 000122R 020 CM 000114f\ 0~~~~ C11AXD 044030.( 002 
CMAXNI 044041R 002 CMMAXD 044116F~ 002 C11VE 00047~~R 024 
:;NPAWN 000302R 007 CNVMIC 001340F~ 011 CNVMIL 001256F·: 011 
COLOUR 044342R 002 CPCE :::: 17'7772 CPEN 044145R 002 
CQCAST 000264R 007 CQF'AWN 0002"/7F\ 007 Cl~ - 0000:1.5 
:~SQ :::: 0000:1.0 CSTMVS OOOOOOF'\ 03:1. CUTOFF=-: 000006 
:VARCD 044133R 002 C10$ 000074f< 031 C20$ 000152R o:3:t 
:30$ 000152R 031 CS$ 000226R 031 C!:.iO$ 000552F\ 031 
~51$ 000570R 031 C7$ 000234R 

~ 

031 D OOOO:J.OR 024 
)ADD :::: 000026 DADDNO 00111.6R 011 DnEc 00:1.422f\ 011 
)DIVR 000602R ou. DD IVS 002120R 011 DEC 0016~'i2R 011 
)ESCEN 000376R o:.;~~; LIIRS 037600f\ oo::~ DMOLS 002006F\ 0:1.1 -)~. NO 001154R 011 DT :::: 000010 DTT 044316f< 002 
)~Y = ' 000002 D1 00() 17:,~f( 012 DlO 0002"/2R 012 
)11 000277R 012 D12 000304R 0:1.2 D13 0003:1.1R 012 
)14 000317R 012 D15 -000325R 0:1.2 [116 000333R 012 
)17 000335R 012 1118 000344F< 012 D19 000354R 0:1.2 
)2 000211R 01.2 D20 000375R 012 D21 000435R 012 
)22 000451f< 012 1123 000467R 012 1124 000512R 012 
)25 000526R 012 lt27 000564F.: 012 D28 000633R 012 
)29 000707R 012 D3 000223R 012 D30 000'745F~ 012 
)31 000775f< 012 D32 001053R 012 Il33 00112'7R 012 
(54 001162R 012 D35 001166R 012 11:36 001.1'/:I.R 012 
)37 00:1.175R 012 D38 001202F.: 012 1139 001~W5f'~ 012 
)4 000227R 012 D41 00:1.210R 012 ll!:'.i 000235F~ 012 
:•6 000241R 012 Ll7 ooo:;;~45R 012 D8 000252R 01.2 
:19 000255f< 012 E :::: 00003:0~ ENfiCO 000562f~ o:.;!4 
:NDP 032400R 002 ENDSC~ 037600R 002 ENE :::: 000044 
~F'CAF' :::: 000040 EPSQ 000504R 024 ESt: :::: 000026 
:\ML. 000612R 026 EXIT - 000011 EXF'ID 001()22R 013 
:IN 000002R 013 FlRREL 044622R 002 FOUT OOOO:J.Of\ 013 
·pcH 000126R 022 FR 030000R 002 FREAID 000426R 015 
'F~EECA 0007:1.6R O'.I'J ,I!. FF\EEOB 000556R 015 FRONT 031000·~ 002 
iET 002060R 004 HCA 000110R 022 HEAD = 000125 
IUNDFU:. 044644f\ 002 IMVSTA oo:;;!136R 0')1::' ,(.....} INDEX 002034f< 004 
:NF'OS 044344F.: ()02 lNT - 000140 lNTCON 000:554~~ OV5 
NTF'T OOOOOOR 015 INTPTC OOOOOOf< 023 INTF'Tf' 000474R 004 
t~'20 000324F.: 023 INTF-'25 000376F< 023 INTF·'30 000442R 023 
:~50 000734F\ O''j-z ..:..w INTP59 001074f< o:;;!3 lNTSt.J - 000340 
PTYPC oooooor.: 004 ISQUAR 000104R 004 ISR oooooor.: 014 
: S~\:0$ 000004R 0:1.4 KCAP 000006F\ 024 1\CAPT 001156F\: 026 
:ING :::: 000014 L.AL.F'HA 0()0400R 003 LANOJ.N 000106R () :;~2 
.ASTD 000122R 024 LBETA 000414Fx 003 LBLACK ooo:.;!42F~ 003 
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SYMBOL TABLE 

L.j-1 -· 000314 LBOARLI 000470f\ 003 LCD 000550f\ 003 
L~Af\ 000316R 003 LEAD 000120H 022 LEND 000702R oo:5 
I...ENP - 000030 L.ENSC~ :::: 000052 LF -· 00001:.;~ 

L.GO 000430R 003 LlNPOS 000154R 003 Ll'iAXCD 000644f<: 003 
LMAXDF' 000354R 003 LMAXNI 000366f\ OOJ L.Mt1AXD 0005:34f{ OOJ 
LMOVEN 000600R 003 LMV - 000326 LOOP 000060.( 003 
LPDF'TH 000506R 003 L.PEN 000630R 003 LPIECE 000300R 003 
I... PLAY 000522R 003 Lf< 001030·~ 013 LREL 00025~~R 003 
LREST 000724R 003 Lf<EST1 001.146R 003 LREST2 001676f~ 003 
L.S 001032R 013 L.SETBLI 000264~< 003 LSOUAR 000310R oo:.~ 
L.STF' -- 000024 LSTR - 000004 L.STFWS 04·11 '12R 002 
L.SWEEP 000660R 003 L.UM :::: 000000 L. VAF\CD 000564F< 003 
I... WHITE 000232f< 003 MAKE BD 003660.~ 005 MAXCD 000102R 022 
MAXDF'T 044576R 002 MAXID :::: 000177 f1AXNIM 044600R 002 
MAXF'CH 000332Fi: 022 MAXR 000414RG 013 ~1r;xs 001014RG 013 
MINMAX OOOOOOR 0~~5 M1NMX1 000044H 0">0: II'..J MINMX~~ oooooo•;: 026 
MINF'CH 000132R 0~!2 MINF< 000014FW 013 MINS 000414f\G 013 
ML.OOP 001024f<G ()">!.:' .;..,J Ml1AXD 044604R 002 rtOVENO 044606R 002 
MSGIN 001016R 013 MSGOUT 001020R 013 t·1STACI' 030000RG 002 
MSTART 000402R 025 MT :::: 000006 rtTYPE 000474R 024 
MO$ 000166R 025 M1 040063R 002 Ml.O 040:~50R 002 
M11 040274R 002 M12 0402'16R 002 M1JO$ 001442F~ 025 
'1140$ 001470R 025 M145$ 001502R 025 M15 040314•;: 002 
M150$ 001606R or) I!:' 

.;..c;;) M16 040335R 002 f11 '7 040361R 002 
M18 040366R 002 M19 0403'70·~ 002 ri:,~ 040070Fi: oo:?. 
M20 040411R 002 M21 0404J2R 002 ~1 ~:~ ~~ 040442R 002 ·- 002 M230$ 000270f< 026 M24 0404'76F~ 002 M,., 040452R 
''i..:.. ,J 040515R 002 M26 040536f< 002 rf~~7 040606R 002 
M28 040626R 002 M29 040654F~ 002 t13 040112R 002 
M30 040704R 002 M31 040721F~ 002 rt32 04074'7f.: oo:.;~ 

M33 040767R 002 M35 041013R 002 r136 041044f\ 002 
~37 041064R 002 M3B 041100R oo:.;~ M4 040143R 002 
140 041105R 002 M41 041122R 002 f142 041136R 002 
M43 041152R 002 M44 041166R 002 1145 041203R oo:.;~ 

M46 041214R 002 M47 041241R 002 M48 041276F~ 002 
;.-j49 041332R 002 MS 000305R 007 r150 041342R 002 
'151 041353R 002 M 52 041365R 002 r153 041400F\ 002 
154 0414:l.OR 002 M 55 041417R 002 M 55$ OOO'l66F\ 02:; 
'156 041465R 002 M57 041506R 002 1158 041516f\ 002 
'159 041526R 002 M6 040162F~ 002 ri60 041536R 002 
'161 041 ~546R 002 M62 041556R 002 M63 ()41564f~ 002 
'164 041574R 002 M65 041604R 002 rt66 041614t~ 002 
16? 041616f< 002 M68 041626R 002 M69 041634F~ 002 
"f7 040220R 002 M70 041644F.: 002 H71 041655R oo:.;~ 

'1?2 041670R 002 M73 041701F\ 002 M?4 041714f\ 002 
'1?5 041725R 002 M8 040230R 002 M9 040240R 002 
'-! ·- 000040 NADT 044326R 002 NBP 000552R 024 
~IHRS 037770f\ 002 NE ::: 000042 NEWLIN 000172R 010 
-IEWSC 002214RG 025 NEWS CO= 000002 NEWSC1= 000004 
'-!EXTSQ= 000012 NIGHT = 000004 NIM :::: 177774 
'-!L.HEAD 000346R 011. NLTB 040056F( 00~~ NL'J BHD 0003J2R 011 
-..trn:.:t, - 000050 NNW -· 000046 NOCSTM 000536R 024 

""'-' -· 177766 NOINT = 000000 NOMAXD 000542R 024 
\IOMINM 000566R 024 NOM MAX 000546R 024 NOR CUT 0005621-~ 024 
\IORINT 001040R 013 NOSETM 000532•< 024 NOUF'S 0005~~6F:: 024 
'-!OUTB - 000012 NF'AWN :::: 000044 NPIECE 0002641=~ 030 
\!TAB 000176R 010 Nl.t.l - 000036 NXTP ·- 000022 
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j\J}~\ - 000002 NXTSID 001024R 013 NXTSl~ - 0000l.2 
c!iwJ 001 0:1.4F\ 013 ON - 000000 OPNSE OOOOOOf~ o::;!o 
DF'NSEA 000044R 020 Of'F'KlN 000156R 024 osc 000116R 022 
OUTBUF 001026f\ 013 PAR OOOOOOR 02~~ PAWN ... 000016 
F'BMVES 003506F~ 005 PBUF 000022R 024 F'B1$ 003544F\ 005 
PC =%000007 PCE :::: 000000 F'CHARS:= 00000'7 
F'CNT :::: 000041 F'COUNT 0027'76R 005 f-•C020$ 003150R 005 
F'C055$ 003436R 005 Pf!F'TH 000124R 024 Pl'IUMP OOOOOOF.:G 012 
PDUMF'O 000112R 012 F'DUMP1 ()00014~~ 012 F-'1159$ 000110R 012 
PEN 037742R 002 PERCEN 001342f\ 005 PIECE 031 OOOf\ 002 
PIN OOOOOOR 013 PLAY 044260R 002 PLIE~ = 164004 
PL.OB -· 164002 F'LSR :::: 164000 F'l..SW = 000322 
Pl..VA :::: 000320 POUT 000006F< 013 F-'~''I ECE 000064R 011 
F'RC016 001226R 005 PRESS :::: 177452 P~~HEAD 000360R 011 
PRINT M OOOOOOR 010 PRINVS 002316R 025 F'~~MSG 001520RG () 1 ::;~ 
PRMSGO 001:::i30R 012 f-'RNO 000200f\ 011 F·'f\NOS 001220R 012 
PROUTB 001374R 012 PRX2 000122F< 022 PS -· 1777"16 
r-:·sEND 001260R 023 PS TACK 000246R 014 PT ABLE 000330R 007 
F'TYF' = 000014 PVSCOR OOOOOOR 011 lWlRS 040036R 002 
Qf'AWN -· 000042 QUEEN :::: 000012 UUOTE ()00332f\ 0':>'.) 

""'·""'· 
:-.:CAST 000506F\ 024 RDIRS 040014~( oo:;~ RDY :::: 000013 
~EADF'C 001112R 023 F~EL :::: 000006 RELINE= ()00015 
=i:ELOFF 044626R 002 REPEAT 000004R 024 REUCA 000632R 022 
:;:EQCAR= 000001 RElm :::: 000003 REUMUP 000736F\ 022 
:;:ESEND 001036R 013 RESET oo::;~o56Fi: 030 F\ESTOR OOOOOOR 0"/7 .,,~.._, 

:;:ETCAL 001250RG 025 RETCL1 000556R 026 RETCL:,~ 000336R 026 
-.~ 
'\, 000004R 013 RINT = 000100 RN ODE 001206F\ 022 
~M .... 000010 ROUT 000012R 01.3 RPCH 0001:50.( 022 
~SEM 001064R 013 RULEOF 001212R 011 RWD -· 000200 
w =%000000 R1 =%000001 F~10$ 000300F< 033 
~2 =:%000002 R3 =%000003 R4 c-:%000004 
~5 ::::%000005 C' ;;:) :::: 000022 SCAN 001674F\ 004 
)CANB! 000712R 003 SCOR - 17T170 scm~E 044620f~ 002 
>E ..... 000024 SEL.IN 001074F<G 022 SELINE= ()00004 
>END 001034R 013 SENDA 000376F~ 014 Sf.::NDAC OOOOOOF\ 017 
>ENDAV 000424R 022 SENDC 000510R 014 SENDCM 001330RG 02~~ 

)ENDCT 001362R 022 SE.NDEX 001402F\ 022 SEN[Il.J 0014:iOR 0">'1 L4 

~ETBD 0442541-"\ 002 SET CM = 000005 BET MVS oooooor.: 030 
)ETF'IE 00l116F~ 004 SETt~ PS 0014/0R 004 SlNT - 000040 
)! X 044630F..: 002 SIXTY 044634R 002 SL -· 000057 
)N!IARR= 000014 SNDEF:R OOOOOOR 016 SNODE 001134R 022 
;p ==%000006 SF'EC 000476f\ 024 SPT 044336R 002 
;QCH~tR 001552R 004 SQCOLR 000334R 004 SQUAF~E o:32400R 002 
;QO - 000002 SQ1 :::: 000004 s•::cHOU 0()0000f( 021 
;SE - 000014 ssw -· 000012 ST 044332P 002 
:TART OOOOOOR 003 STRG 041?42R 002 STRGS 043744F\ 002 
TRGO 042744F\ 002 ST26$ 001416f\ 003 sv1 .... 000020 
WD - 100000 SWEEP OOOOOOR 005 St./ ITCH 000104F~ 0~!:~? 

WF'IEC 044256R 002 SWF\EG ::: 177570 SYNC 000336F\ 0')') 
4~ 

10$ 000342R 030 S20$ 000610R 030 S30$ ()00760~~ 030 
40$ 001232R 030 842$ 001432R 030 S44$ 002020F\ 030 
?·~ 000272R 030 SS'$ 000336F~ 030 TAB ..... 000011 
I"~,_, 000170R 010 TB - 000011 TC 044306R 002 
EMF'O :::: oooo:~1 TEN 044640R 002 TENT HO 044654R 002 
ERM -· 000200 THCJUSA 044650R 002 THR ·- 000035 
HRU :::: 000017 THRUP - 000025 T1t1ESU 002132R 005 
IMVO$ 002342R 005 TIMV1$ 002630~~ 005 TM 044312~( 002 
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r· "':M 000002R o:;~4 TDF'F·'CE .... 044302R 002 TSTRG 
yp ::: 000012 T1 
3 044266R 002 T4 
KING - 000024 UP AWN 
PMOVE 000160R 024 UPSCOR 
ROOK ::: 000020 U14$ 
AL. -· 000020 VALUES 
EI=\:IFY 002010R 004 vs cm;: 
AITF..:P 000556R 0'')~) 

~-~- WDSI 
DSO 001060R 013 WDSOUT 
NW -· 000034 WPDIRS 
!SW ::: 000016 ••• V2 

ABS. 000000 000 
000000 001 

AF\IAB 044660 002 
NPUT 002066 003 
NITIA 002314 004 
At\EBD 004012 005 
SQCOL.. 001652 006 
H~1RMV 000354 007 
F..:INTM 000200 010 
VS COR 002312 01:1. 
UMP 002032 012 
I... INK 001066 0:1.3 
L.ISF\ 000602 0:1.4 ·-!1 T 000646 O:l.~.i 

~ER 000126 016 
ENDAC 000064 0:1.7 
UTBUF 000364 020 
F\CHOU 0001 ~jO 021 
INTPT 001512 0~.~~~ 

NTF'TC 0013~50 023 
INVAF: 000572 024 
INt1AX 003036 o:;~5 

INMX2 001230 026 
STMV~> 000040 027 
ETMVS oo:? 162 030 
STM\..-'S 000572 031 
F'DATE 000512 032 
ESTOF\ 00036() 033 
r::F..:ORS DETECTED: 0 
REE CORE: :1.0627. WORDS 
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044614F~ 002 TOP REI .. 0446:;~4F\ 002 
041736F~ 002 'IU 044276R 002 
044262F\: 002 T~! 000556Fi: 024 
0442/2F..: oo:;~ l.JFL.AG 000126R 024 

·- 000026 UPDt-1TE ()()()000~\: <n::~ 
002544FW 025 UP20$ 002656F\ 025 
000452~~ 032 U4$ 000106R 032 
03'7'?1 :;~F\ 002 VARCD oooo:wr~ 024 

::: 177'776 w ::: 000030 
0010:7.i4F\ 013 WDSIN 001044F\ () 1 :~ 
001050R 013 WKlNG ooo5o:;~R o:;~4 

040056R 002 WROm~ 000154Fi: o:;~4 
::: 000001 


