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ABSTRACT

Two comruterss communicating via a3 dats linlky heve been grosrammed
to combimne when making exhasustive derth first searches of chess

dgame trees. The comruters share in the evaluation of nodes

near the root of the tree by serarately evalusting the successors
of these nodes. It has been found that s FLF 11745, which runs

at 1 Mhz.» and 3 FIF11/20s which rums at 0.5 Mh=,.y combine

to rroduce =z distriguted rrocessor which hass an effective averase
sreed of 1.35 Mhz.s which is 0.15 Mhz. less than the meximum

combined rower of 1.9 Mhz. & final charter comrares control

structures suitable for N-rrocessor rarallel tree cearches.,

Resume

On a Programmé 1a combinsison de deux ordinateursy communicuant
entre eux rar une lisne de donmees» rour effectuer une recherche
sxhaustive "derth first”® des arbres au Jeu d’échecs. Les ordinateur
se rartase 1’évaluation des somurets Fres de 1s racine de l’arbre
en evaluant serzrément les successeurs de ces sommets. On a
trouvé au‘un FUOF 11/45, fonctionnmant 3‘1 Mh=.s et un FOF 11/20,
qui fornctiornne 3 0.5 Mhzs se combinent rour former ure unite
centrale distribuée rossédant une vitesse effective mosenne

dé 1,35 Mhze ceaeadse 0413 Mhz. de moins aue Iz Puissancé combinee
maximale de 1.5 Mhz. Une charitre final comrare des‘structures

de controle rossible rour une exrloration de 17arbre en rarallele

avec N unites centrales.
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Charter 1, INTRODUCTION

"The electromic caliculator rlavws Uhess s well
as it can be rlavwed on mnemonic snd arithmetic
limes?! i.e, not verw well. One feeds into the
machine the swmbols (Fieces) znd the rules as
to their score (includingthe lensth of esch Tiles
ranky and diadgonzll)!l also the relative valuesy
ana certazin imrortant reactionsi{such as the effect
of & carturer of Checks Matey etc.). On this basis
the machine works out snd zssesses arithmetic
rossibilities with sreat sccurascw, Given 2 two i
move rroblems it works out the effect of z11 rossible
movess their rermutztions and combinationss til
z solution is reached. This makes the trestment
of z comrlex rosition into & vast orerations involving
tremendous srograzmming, The comruter is limited
by its imstructions and its memory— i.e. the
rules with which its circuits sre fed. Althoush
with the zid of the bimarwe numeral sustemy cuite
an enormous eeuirment can be ‘invested’ in ite clesrlw
it must orerzte mainly throush exhsustive asnalesis,
It srells out the gzmey so to sreaks in single
letters, Certain arrreciastions by waw of ‘Judgsement’
miginty with ingenuityy be “fed in’ like shares
in shorthand,. Subdect to thisy what it carnot
do is ‘rlan’sy zndy of courser it can only disregsrd
values under srecific instructionsy swuch as check.
All the putrition in the world is mot likelw
to enasble it to ‘combine’ .’

(G.abranamsy footrnote in "The Chess Mind’ e« 1%64)

Abrahams consisned comruter chess to 2 footnote in 1964, And
his descrirtion of how 2 comruter rlaus by exhasustive anaslvsis
is still as true todsw in 1978. Does comruter chesss recirient
of this half éaSe lambast still merit onls & footrote or does
it rather need to be born a2new by an srrroach which enables
the comruter to rlan P

Paradoxicalis the most successful chess rrodgrams zsccerlt the
lawder Abrahams’ Eaconian rrognosis that thew can only orerste
throush eth&tive analwsis. Thew sccert this ‘sick roint’
their lack of rlanmings and concentrate instesd on rerforming
an exhaustive anslusis as euichly as rossitile.

Michie [20] has rointed out that most rrogress has been

made in comruter arrlications by finding the most efficient
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glgorithms for 2 comrutery rather than by truins Lo have &
comrFruter core how a humsn rerforms the ssme Lask, Iln this thesiss

I concentrate on the comruter method of making an exhaustive

tree sesarcny wWwith me main thrust being on how to make Lhe comruter
make an exhsustive tree search more cuickly by rarallel rrocessing.

Having several computers co-orerazlte on this exhaustive snalusis
is an obvious ideay rerhars more obwviows than the other wavs
currently used to aschieve sreedur, Leve claims that when Michie
made his famous bet with him in August 1968y that no comruter
could beat him by Ausust 1978y Michie envisioned having Leve
face a hatterw of comruters rerforming rarallel search. This
‘hatterw’ does not wet exist.

Withinm I describe how two comruters may be rrogsrammed to
coorerate on the sesrching of chess dgame trees, [ bedin bDvw
ouilining what 3 tree search isy sSive an sbstracted rrogram
for chess tree searching and then brieflw survew the rrinciral
methods used for sreeding ur searches. 1 2lso describe the
concerts of Farsllel rrocessing - semarhores ang criticasl zreass
- Wwhich were used in the rrosramming. The second charter describes
the bosrdy riece and move rerresentations usedy and how moves
sre gsenerated.

The third charter describes how the two machines communicates
snd how transmission errors maw be detected and corrvected,

This thesis asttemris to znswer the cuestionsi

How can two rrocessors be combined to mske 3 rarzllel
tree search T (charter 4)
Is this combination efficient ¥ (charter 5 )

How can the two rrocessor search be extended

to more tham two rrocessors 7 {(Charter & )
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With onlwy two rrocessors asvailsbley it has not been rossible
to srodgram the deneral N-rFrocessor search.

TREE SEaRCHES

The pboard rositions corresrond to tree nodes and the moves

to the lines Joining thems. A tree might srrear ast

(9 o e o o s e (o e e s e )
N N1 Ni1

N1z
..~..................,...0
N13
0.....,.....................0......‘.«....._........‘0
N2 N21

SR
N22
s e e s e )

N2

Figure 1,1 A tree of derth two.

The rostfives dgive the move ordering. For exemrlesr NIZ is
the node reacﬁed pw teking the first move from the root and
thnen the second move from node N1,

A examrle of & chess tree sesarch for the rosition of Fisure
1.2 is given below in Figure 1.3, The first column sives the
first mover the second the second move. The numbers in brachets
are the backed ur evaluations of these moves. Search raramelerss
counts of the rumber of subroutine calls and the search time
are shown below the moves, The time for the seme sesrch without
the rrintout of the moves is 10 sec,

Given a3 chess boardry let the tazsk of urdating it when z move
is made be dome by 3 subroutine UFVATE: and that of restoring
it be done bw RESTOR,. Let SETMVSs or set movesy e the subroutine

which generates 311 the moves from a given rosition.
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. DATE z2@--0CT-78&
.k MAREK

#“NAXD & MMAXD 1@ CD o PLEP 2
+/BLACK KHS AT E7 €7’

+“MHITE KHZ AS ES €5

%’ BOARD”

Fisure 1.7 Frodgram rrintout of Roasrd rosition used
in search of Fig 1.3,
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GO
SINGLE FROC. SEARCH

PC5-C6 FE7HPCECE)
PEF-EE(E)
FAT-AGCED
KHS-GS (@)

KHS-HE (@D
KHS-GECE)

FES-BE6 FATKFEEC(EEED
FCPYPRECERE)
FCP-CE(EREAD
PAT-AECERR)
KHS-GSCEEE)
KHS-HE(60@)
KHS-GE(GEA) .

PAS-RE FPETHFAGCEEHAD

KHZ-GX FC7-CE(EBB)
PEF-BE(6LEAY

KHI-HZ FC7P-CECEEED
PEF-EE(EEE)

KHZ-G2 FPCF-CE(EEE)
PEF-EE(EER)

BEST LIME FOUHD AND SCORE:

PBS-BE€ FA?HPEE FUS-CE FEFXFCE FAS-RE  FCE-CS FAE-AF FC7-CE

PA?-AE=Q{EAAD

ALPHA -1668 EETH 1666 MHSDEFTH & MIREDR 18

CDEFTH 1 MOVES FROW CD: 24

UPDRTES Zz1€1¢€ SETHVE &7S7 CETHVE 15294 HOMARKEDR: 12995
HOMMAKXD 1629 NEF: @

UFPDRTES/SEC: 2e6 - SETHVS/SEC: 271 CSTHVSA/SEC: 477 NOHRRDASEC:

HOMMAKDA/SEC: Z2 MEFASEC: @
ELAPSED TIME(SECS)Y: 22 & 16766 THS SECS
*

Figure 1.3 Frogram srintout during search by FLF 11720 of
rosition showrn in Fig 1.2, The rrosgsram rrints
moves it searches within 2 rlies of the roots
the rrincirzsl continuations search
~arametersy and counters of the number of times
certzin subrowutines are czslled. Also rrinted
is the rate st which they are cslled. Note
that the rrosram makes 980 board urdates rer.
sec, Un the FPOF 11/4% The srodram executes st
ahout 2000 board urdstes rer. sec.,

403



A rrogram which uses these subroutines to traverse & tree

ure to 3 fided derth MAXDy would have the following structure.

Cal.l. TRAVERSES
TRAVERSE I FROC(EBUARD 1) 5
¥ LET It BE THE GLOBAL DEFTH VARTIARLE, INITIALLY O %/
A% THE SUBROUTINE UFLATE INCREMENTS s X/
¥ AND THE SUBROUTINE RESTUR LDECREMENTS L X/
neL. MOVE(O!50)
M3 /% MOVE INDEX%/
SETMUS(RBOARD s MOVE D) 5
M=
WHILE(MOVE (M) /=0) Qs
Call. UFDaTE (ROARIL) §
IF D=MAaXn THEN Call TRAVERSES
A VISTIT NODE %/
Call RESTOR(RBROARD) S
ENI?
END TRAVERSE {
Figure 1.4 A rrodgram to traverse 2 tree.

This subroutine makes 3 full width derth first traversal
of the tree., Full widlh searchesr sometimes called Shannon
Tere A stratedgies L2307y consider 211 successors from each node.
Some srodgramsy in an sttemst to reduce the search effort, do
not wurdate the board for sll sucessors of each node at dertns
velow MAXII, Instead thew denerzte 311 the moves and gsuess which
gre likelw to be the best., These moves will be urdateds the
others will not. This is a Shannon Ture B stratesws,

Now consider how to find the best move. Assume that esch
rlaver chooses that move which maximizes his score. This assumebion
defines an aldorithm for selecting moves from scores.

Assume that a2 subroutine EVAL(BUOARDD) returns an evaluation
of the board rosition for the rlawer whose turm it is to move.
Tﬁe value of this rosition to the other slawer is -EVAL (BOARD) .

The followins rrodgrasm returns thne best move for the rlawer

whose turn it is to move. I zssume that the urdeste subroutines
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when urdating from derth o to derth d4ls cories vecor{d-1)

into vecor(dtlld,

nCL

VECOR(-1IMAXIND » /7% VIRTUAL SCORE,OR BACKED UP SCORE OF MOVE %/

7% AT EACH DEFTH X/
ALFHAY /% ASSUME ROOT PLAYER CAN OBTAIN AT LEAST THIS SCORE
BETA» 7XASSUME OTHER FPLAYER ORTAINS AT LEAST TH1S SCOREX/
DINITCO)Y /7% LEFTH X%/ '
BSTMVS (O IMAXID) 3 /XBEST MOVES %/
USCOR(-1)=RETAS
VSCOR (O Y =ALFHAS
RETHMVE=03
Call MaxXIMUMs
MAXIMUMIFROC(ROARD ) $
Z¥ THE SURROUTINE UFDATE INCREMENTS U %/
/% AND THE SUBROUTINE RESTOR DECREMENTS It %/
neL. MOVEC(OI50)
M3 /% MOVE INDEX%/
SETHVS (BOARLy MOVE ) 5
M=03
LOOFS WHILE (MOVE (M) /=03 103%
Cal.l UFDATE (BOARLD §
IF [=MAaXD THEN CALL MaxIMUms
ELSE CAlL EVAL(BOARD) ;
Cal.ll. RESTOR(RBOARID 5
A% SCORE MOVE I+l %/
VSCOR(IH 1) =-VECORN41) 5 /%CHANGE TO OTHER FLAYER S
VIEWFOINT %/
IF VSCORDH1)VSCORL THEN O3
/% BETTER MUVE %/
VSCOR I =VSCORI41) s
¥ ALFPHA BETA CUTOFF 7 %/
/7% T.E. 18 THE FRECEDING
¥ MOVE NOW WORSE THAN S0ME OTHER MOVE 7
X/
IF ~-USCORM) <=YSCORD-1) THEN LEAVE LOOF3
ELSE BSTMUS (LX) =MOVE (M) AND EBSTMVS(D4+L1sX) 3
ENID
ENDs
END MAXIMUMS

Figure 1.5 A srodram to traverse and score z tree,

The line “IF -USCOR(IN <=VSCOR{LI-1) THEN LEAVE LOOF’ tests for
zlrha beta cutoffs. The rlaver from derth d-1 is zssumed alreadw

to have 2 move which scores vscor(d-1).

Surrose that the rlawer from desrth d fes Just been scored for

g gZood move. This move is sood encugh to make the score of

*/
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the orrosing rlawer’s epreviouws move from derth a-1 worse thans
or of eaual value tory the score which he is assumed to be carable
of obtsining aslready,.

Thus the rlazver from derth d-1 will choose rot to msaske the
current move from derth d-1, It i no longer necessary Lo score
rerlies to this move., The remaining rerlies maw be overlookeds

this is dorne bw leaving the move loor,

) e e e e (Y et o e )
M1 M1l
O
Mi2
e e e e e ()
M13
oo e o e - 0O
M Mzl
FR——'%
M22
SUPISURN—. ¥4
Me3

FIGURE 1.4 & search tree. The moves uwhich need to be scorved
szre terminated by 3 -0 and those which do rnot sare indicated biw
& -%

Im terms of Figure 1.6 MZ21 is swuch & good rerle to move M2y
that move M2 cannot be better thanm move Ml. Thus moves M2Z
and M23 do not need to be evalusted. Alrha bets cutofffs maw
be seen bw the asbsence of manwe rerlies to white’s orening moves
as shnown in the search tree of Figure 1.4.

Altnoush mang rositions are not scoredy the zlrha bets srocedure
is gtill considered s full width sezsrch since it gtill returns
the best of 811 rossible lines.

The historg of the discoverw of the zlrhs betz cutoff is

given bw Knuth and Moore L1771,
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EVALUATION OF MOVES AT MaAXIMUM DEPTH OF SEARCH

Nodes at the maximum derth of search are scored bw minimaxing
over sll sequences of certuress zs described bw Gillosle 121,
This auiescent search can take as much as 704 ot the sesrch
time, This fraction hss been reduced by setting MHAXD, the
meximum derth of the euiescent searchs onle 2 rlies bewond

the maximum derth of the full sesrch, Nodes at derth MMAXD

are scored staticallw.

TREE SIZE AND MOVE ORIERIMG
The alrha bheta cutoff dives significant reductions in the
effort reacuired to search z game tree. Let Fy the fanoubs bhe

the averade number of moves in anw rositions Then there are

maxo
F rossible wositions 2t derth d¢ The aslrha beta

search can score as few as

a/2 .
2F terminal rositions for even s
floor(d/2) ceiling(d/2)
s F + F -1 terminal rositions

at odd derths.,

Consider Figure 1.1 again. Surrose that moves M2l and M22
are bad moves asnd theat move M2% is & dgood share rerlw to M2,
Moves M2l and M22 will be tnhecessarily evalusted bhefore the
cutaff moves M23» is evaslusted. Urdering the movess L0 incresse
the likelihood of the cutoff move bheing evaluzted fFirshty would

sreed e the evalustion of M2,

Three rrinciral methods zre used for move ordering: an ordering

based uron & krnowleddgse of chessy» the killer heuristics andg
iterative deerening,

The fTirst uses 2 rlausible move subroultine to staticallw
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. order the moves. ‘

éi:; A killer move is @ move which rroduces s cutoff, The killer
heuristics Slate [24]1 rotesy is an inexrensive attemrty based
on surerditions to find the killer move. A rumour is started
during the search as to which ones rroduce cutoffs. This rumour
consists of storing the moves which have rroduced cutoffsy
in the exrectation that thew will continue to do so in the
future. After senerating moves these killer moves are ordered
s0 as to be searched first.

Iterative deerening consists of finding the best lime 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

,c:; sequence of activities:
conduct 1 ply search,
order moves at root using results of 1 ply search.
conduct 3 ply search.
order moves at root using ;esults of 3 ply search,
conduct 5 ply search.
The five ply search is speeded up by the move ordering based on
the results of 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 uséd to order moves other than

the rooti in practice, this is often the only one so ordered.
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Charter 2, PROGRAM OVERVIEW AND CHESS DATA STRUCTURES

This charter bedins bw listing the mador sections of the
Frogram and then describes the sarticular deta structures used
irmn the chess rortions of the srogram -~ the board and riece
listsy the rerresentation of & move and the dats which needs

to he stored when the boasrd is urdated,.

FROGRAM COMFUNENTS.,

The maJor rrodgram sections are listed in Table 2.1, This

will give the reader an idez of the rrosram’s cerabilities.
In Arrendix By I list the inrut commands which are recognised
tbw the rrogram.

The sections have been rrogrammed by writing abstract code
in rseudo FL1» continually refining sections into succesivelw
simrler modules, The titles of these modules are given in the
table of contents for the srogram listinsgs which is contzined
in arrendix Co In the rrodgram listingy esch assemblw langsusde

module clesrly shows what it doesy its inrut rarzmeters and

the outrut it rroduces.
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Tehle 2.1 Program Comronents.

InFut
Free formaet string ineut.
Interrretation of these strindgs ss commandss moves:s
Frieces or numbers,
Conversion of movessriecess numbers from charscter to
internal form. :
Flace a8 riece on the hoard.
Recognise inrut of moves when rlaving 5 geme.
Outeut ~ X
Conversion of movess rieces +to charzcter form.
Conversion of 16 bit mumbers to character form under any Dase.
Conversian of 32 bhit numbers to decimal charscter form.,
Formating . of rnumbers and strindgs.
louble rrecision arithmetic ¥
Additionysubtractibon.
Multirlicationsy division.
Flaw & game.,
Initislise boardr urdate boardsy restore board.
Gernerate movesy including castlingy ueening raun andg nighting Fawrn,
Machime Communication. '
Buffer control for holding messsdes.
Messadge recestion andg trasmission with capabiﬁtg
for recovering from transmission errors,
Tree control for single rrocessor sesrches.
Farallel Sezrches,
Tree control.
Froduce messages for other srocessor.
Interrret contents of received messagses and Froduce
arrrorriate rerlies,
Gather statistics on rarazllel sesrches,
Time individual subroutines.
irect rarallel seaches with varwing sesrch rarameters,
fnaeluse results ot rarallel sesrch for both machines,
Froduce table of results for sarallel seasrches.

I refer the reader to the rrodgram listing for detzils of
srogram [/0y double srecision srithmetic and how the rrodgram

rlavs a8 dame. I will rmow turnm to the chess data structures

I have used.
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FIECE REFPRESENTATION

A riece list is necessarw o that a8ll the rieces can bhe rassed
over when generating moves., Slaste confesses [241 that his first
rrograms had no list of rieces’s each time the moves for a3 rlaver
were to De dgenerastedr the bozrd had to be sesrched for the
rieces,

Fieces are contained inm 3 32 element structure arrawl

neL 1 FIECE(OI31),

ON FUINTERS

CLKy /% COLOUR %/

CTYFs  /ZXFIECE TYFE NUMEER %/

VALs /% VALUE %/

NXTF FOINTERs /% NEXT FIECE %/

LSTF FOINTERs /% LAST FIECE %/

DADD FOINTERS /7% AIDKRESS OF FIFCE’S DIRECTIONS %/
/% OF MOVEMENT %/

PIRSES RS RIRS PO

The UN field contains 2 back rointer to the seuare on which
g riece rests. Whern the riece moves it is necessarwe to urdate
this field, The CLR field is 0 for black and 1 for white rieces.
The TYF field dives the riece’s tuwre numbers and the Val
field gives the material value of the riece, The LADD field
roints to 8 list dgiving the comrass directions in which & riece
maw move., Ezch direction list is terminzsted by 3 zero,
The TYF aAND VAL fields and the directions in which 2 riece

maw move take on the following values! (Fig., 2.1)
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PIECE ' ™ VAL DADD->directions

G — s S SME e S G Gt G e S e SIS e S A due Ea G Sam P s e ot Gutn e e G 000 S (e L qmas W Gy SN Wt GSet ees G SHED SA0 NS SNGU WS GOES TS SOU M das RS S Gime SeSe SME SRS $MAL GH Gee ST EME SRSV A0S e FeS S S Savm |

|

knisﬁt A _ | : <4 ,ssw»sse;wsw;ese;wn&;éne;nnwvnnéu
bishbé ‘   b 6 ;hw;nevsw;seigg' | é
rook 8 - . i!‘300 ms-;em‘vvo %
queen . 100 o 900_,'jtnysow;e;nw;nEysw;se;O': ;
kinsg . 12 | ;5000 wn:s»w:e!ﬁwyfl;95Q75é10 |
FaWn 14 ‘ ] 100 . nynwrnesO for whites

srsweserO for black
unmoved rook 15 o $00 f nrsresws @
unmoved king 20 «7 ’ 5000 'n,s,w,Eynwsneysw’seyo
urmoved Fawn 22 100 \J%nvnwvn990 for uhité?

f:s;sw;se;o for hlack

Figure 2.1 Piece turess values and the directions in which

thew move.

When dgenerating movess the riece ture field allows a3 fssik
table Jumr to the relevantfcode forvseﬁératins that riece’s
MOVES . -

Unmoved £awns are digﬂinSUished fromkmoved ones by their
riece twee. One doés'hoﬁnthen need to test which seuare a rFawn
is on to see whether it;maaimove forwafd-tuo sedares. And bs~_

having 3 rointer to the directions in which 2 =3wn mavw move

.

contained in the_Piece aﬁfas: one'need;bot'test the colour
of?é}ﬁ35ﬁ¥§biseg,;hibhiéi%géﬁiﬁﬁ it mégfmove in, |
:Qamoyeéégiﬁss;?h&:rgég;:are'distiﬁébished so fhat ééétliﬁé’ﬁ
risﬁpé ﬁaB be asééffaiﬁ;&}x | i
' Unmoved rieces érefdiétinSUished bs havins s TYF tield >=16.

When an unmoved riece is moved» B8 is subtracted from its TYP



field. It then becomes its moved counterrart.

The zctive rieces of esch colour form two doublw linked
chains, The NXTP and LSTP fields are the chain rointers. When
urdating snd restoring the board & riece maw need to be removed
from or restored to the chain of sctive rieces. A doublw linked
chain makes it essw to find the rreceding and succeding rieces,

The doubly linked list for rieces of eszch colour slwavs
commences with the king, The black kindg is riece(0)y znd the
white king is riece(lé). The other blachk riece indeves sre

1 to 1%y amd those for white 17 to 31.

BOARD REFPRESENTATION

Shanmorn L2331 first sud=gested rerresenting s chess board as
8 &4 word array which contains the ture numbers of the rieces.
A white riece would be rerresented bw 3 rositive numbers and
3 black by & nedative. For examrle scuare(Q)y or 31y misght
contain 2 4 to indicte 2 white rook.

My rerresentation is slightlw different. The souares form

a structure arraw?

neL

1 SQUARE (0:1463)
2 PCE FOINTERS.

2 080 CHARC(Z)» /7% CHARACTER FORM OF SQUARE %/
NXTSQR (0:113) FOINTERS

B b

The FCE field of 2 scuare contains g rointer to the piece occurwing

the seusre. This is rnull when the seuare is emrtw,

Note that the first element of the riece arraw contsins
s rointer to the seuare. This tidght linkade between sauzres
and mieces makes it easyw to change a3 rointer to & riece into
# rointer to the riece’s seuarer and vice verss., Surrose K4

roints to 3 riece/sauare. Thern the two cucle machine oreration
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MOV  (R4)sR4
turns R4 into the corresronding sauare/riece rointer,

The NEXTEQ subarraw contzins 16 rointers to the addoining
suares, hese 16 seuares zare the eignt sausres immediatelw
surrounding any one seuare whose comrass directions are SWy
Sy SEy Wy Es NWy N» NE$} a2nd the other eight scuares asre those

attainsble by 38 knight:. Their comrass directions are S5Ws S5

WSWy ESEs WNWe ENEs NNWs NNE.

A rall rointer in a2n element of NXTEQ indicaztes that the
addoining sauare in the direction indexed is oft the bhoard,
For examrles scuare Al has no seuare to the west of it and
s0 SQUARE(C) JNXTSR{WI=0.,

This rerresentation of the board and rieces rermits common
code for senerating the moves of manw rieces. The moved king
angd the knight move to anw of their ‘addoining’ seuares. The
‘addoining’ sauares are those non-null seuares in the NXTSQ
arraw in the directions in which the riece is free to move.
flueensy bishors and rooks maw move zs far zs thewr wish in the

directions in which thee sre free to moves srovided there is

no Friece blocking them.

REFRESENTATION OF MOVES
Ezch move dSernersted occuries 4 words, Its structure is!
neL.
1 MOVE FOINTERCkIX) s

2 TYFE >

2 70 FOINTERS

2 FROM FOINTERS
The FROM snd TO rointers indicate the seuares from and to which

g miece maw move., The move ture is genercllv the ture of the

moving rieces Excertional conditions srise in the followinsg

four cases!
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MOVE TYFE %
castling 30
en rassant carture 32
uUeeninsg rFawn 34
krmighting rawn K

A bishoring rawn and a2 rocking rawn are omitted. Their moves

are a subset of the cueening rFawn MOVeES.

The high move ture value enables 2 simrle test for excertional

conditions?

IF MOVE(M) TYPE>=30 THEN D03
/¥ code for excertional move X/
END3

and thus the hoard maw be urdeted or restored with only one test

for excertionsl conditions rneeding to be made.

REFRESENTATION OF UFLATED MOVES

+

The structure declarstion for an urdsted move is ¢

neL
1 UMOVE (k3%) BASETDICL) »
2 MOVE

3 TYFE FOINTERS

3 70 FOINTER»

2 FROM FOINTERS
LAST_EASE FOINTER, /% FOINTS 10 BASE(D-1) %/
VSCOR |
CFCE FOINTERy /% CAFTURED PIECE %/
SCORy /% MATERIAL ON EQARD AFTER UFDATE %/
CHKs /% IS THE FLAYER IN CHECK % %/
EMV (k%) LIKE MOVES /% REST MOVES FOUND %/

RS RS

-~
'~

LR R I LR O

LAST.BASE iz & rointer to the rreceding urdated mover at desth
-1, VSCORy or virtual scores is the current backed ur score,
Initizlly vscor(~1li=hetay vscor(O)=aslrha, These values are

carried down the stack. When urdating to derth Iy the new USCUOR

comes from the second rreceding node!

VSCORCID =VSCOR(D~-2)

If the move is & cartures the riece cartured is stored i CPCECL) s

otherwise CPCE(D) is rull. SCORD) contzins the value of the
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materizl on the board after the move has been urdated. CHRD
indicates whether the slaver to move is in check. This value
ig mot strictly rmecessaryy bDut it is useful when errinting moves

to krow whether 8 move has rut & rlawer in check.

STORAGE aALLOCATION FOR UFDATED AND GENERATEDR MOVES,
Urdated and denerated moves share the same storzsdge zres.
Imn &8 derth first search 8 stack maw bhe used for storing usdsted
moves and also for storing moves. I have chosen to rlace them
on the sasme stack. lts use is as follows. The moves zre dgenersted’
the move at the tor of the stack is urdated first. Whern this
move has been scoredy the board is restored asnd the wurdated
move is removed from the stack, The rnext move is rnow on tow
of the move stack and is the next one to be urdsted., The stack

might arrear zs fTollows?
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OCTAL
ANRESS
10000
7776
7774
07772
07770
Q77466
07764
Q7762

The senerated moves immediztelw

VECOR(-1)
BASE (1)
BASE(Q)
VELOR(O)
CRUCECO)
SCORCOY
CHK(0)
BMU (G

L2 2 2

FROM
TYFE
TO
FROM
TYFE
T0
FROM
TYFE
TO
FROM
TYFE
FROM
T0

BASE (1)~

Figure

VSCORC1)
CRCECL)
SCORCL)
NHKC1)
BMV (1)

-»:._'J"é,»-

1000

(000

07776
00000
00000
00000
00000
00014
05630
05110
00000

0

4
04764
03452
4
044640
04120
14
053460
04120
14

7774

¥
E4

B

following this arez’

END MARKER
N

c3

Bl

F

A3

Al

P

A4

A

F

4

3 '
FOINTER TO RBASE(O)

2 An examrle of how storage might be sllocated for

A b oA,

storing moves and remembering an urdated move.

After the move rdd4-d2 is evalusteds the move on tor of the stack

is rad-z2,.

Note that in
to lower addresses.
seuence., In what follows

a8 descendings

at the tor ofs

and Srow downs

FIFil machine landuadger stacks grow downwsras
Thus the addresses shown are in descendins
I will slwaws rerresent memory zddresses
so that roots of treesy at hish addressesy are

the rade.
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CHAFTER 3. INTERMACHINE COMMUNICATION.

In this Charter I descrite the harduware used to communicate between
the two machimes» when this link fziled to orerate correctluyry how
tramsmission errors can be detectedy and how to recover from them.
Consideration of error recoverw rrocedures then lesde into

sections describinmg two rarticular techiues used in rrodgramming

these rrocedures! cueues and semarhores,

v

DRilA DEVICE INTERFACE

All  inter-machime communication was rerformed wusing the asurcohronous

rarallel link installed bw W, Striegel in 1974, He instslled
g modified [IR11A,. The device most similsr to this and described
in the DEC Perirhersls Hazndgbook [41 is the DIRI1C, The imrlementor
claims that it transmits datas at an averasge rate of 30 microseconds
rer 14 bit word,.

The rarallel limk consists of 3 control and status registers
an outrut buffer and an inrut buffer, The addresses of the

rarallel link registerse arel-—

FLSER=164000 Farallel link status redister.
FLOB=1464002 Farallel limk outsut puffer,
FLIB=164002 Farallel link inrut buffer.
FLYC= 220 Farallel link interrust vector.

Orne of these devices is attached to the UNIBUS of esch machine,
The devices on the two machines are conneclted by two cables,
orne for eazch direction.

The link rermits full durlex trarnsmission. A word of dats
maw be rlaced in the outrut buffer bw &n assemblw lansuade

command such as |

MOV RO» @¥0OUTERUF
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When an outrut oreration is bhesguny the outrut dats is stored
in the 1é6-bit outrut register., A NEW LIATA READNY sidgnal is sent
to the link interface to indicate that dats has been loaded
be means of 3 DATAQ or DATOR bus cucle.

The datz rasses slondg the cable to the inrut buffer of the
other machine., This is 2 14 bit read only redgister used for

transmitting the data to the UNIERUS., This redister maw then

be rezd b & DATI seauence onto the UNIRUS. When this occurs
g rulsed signal, DATA TRANSMITTED is sent to Lhe sender’s device
and informs it that the transfer hss been completed,

The transmitted datz is accessible bw an assembly lansusde
commang such as ¢

MOV CEFLIBSRO

The control znd status resister srovides four bits which
can be used to control snd monitor dates transfer. (The error
bits described in the PIOF Handbook are rnot imrlemented.) 0OF
the four bits which are imrlementedr two are set by the device
and are not under rrogram control.

One of themy BRIV 7 indicates thalt date has been received.
This event is called a REGUEST A, When data has been transmitteds
g REQUEST B occurs at the sender and is indicasted bw the settinsg
of bit 15, This bit remains set until the dats has been read
be the other machine.

These two bits are used to Ssnchrmnize transmiséion. Wher
transmittingy the rrogram waits until REQUEST B is cleared.

A macro suitasble for sending 8 word of destes is @
+MACRO SNDUW
TST R#¥PLSR
BMI ,-—-4

MOV ROy @¥FLOE
+ ENDIM
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When receiving data the srodgrem waits until REQUEST A is
zet. A suitable MAUKRD is 3
+MACRD RECVY
TST R¥FLSKR
BF'L * ""4
MOV REFLIRBIRO
+ENDIM

Ilata transfer may 2lso be interrurt driven. Two bits in
the status redister srovide for this. When INTERRUFT ENABLE
A (BIT 6 ) is set » an interruslt occurs uron receiving 3 word
of data, The corresronding interrurt for sending detas INTERRUPT
’ENABLE E (RIT 5) wes tournd to be inorerative.

Whern an interrurt occurss the rrosram stores the current
Frrodgram counter and eprocessor status word on the suestem stack,.
It then loads 2 new rrodram counter from FLVC and & new srocessor
status word from FLVC+2. Thus FLVLC should contain the sddress

of the interrurt service routine.

ANNRESS
FLVC 320 Address of ISR,
FLVC+Z2 322 interrurt status word

ene 400 wee 240u ensk sers Meav brb ares Sube Bess SOES BAVE sete evut bebs besy Sebe Swss sese sere

Fig 2.1 Farazllel link interrurt vectors.

Whern the machime is turrmed one the INIT sigrmal at rower ug

clears the FLSR so that mo interrust will occur unless FLSK

is initizlised under wrogram control.

ASSESSMENT OF THE DkRlia.
The DR11A only runs in receive interrurt mode. Esch word
took on averadge of 34 microseconds to tramemit, The receiver

would attemrt to continue srocessing during this inmterval.
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It takes some 25 machine cwcles to test for the end of 3 messadear
save registers and continue rrocessing. Thus liltle useful

work can be done whilst wsiting for 2 comrlele messade Lo be
received,

The link lacks a8 send interrurt fesature., This meant that

the sender had to remain in the send subroutine whilst transmitting

a2 messase., No other work czn be done whilst Lransmitting =

messasge.

ACTUAL TRANSMISSION ERRORS.

No bit errorsy detectable bw & checksum inconsistencws have
been detected, The linmk cable is some 1Y% metres long snd cornects
the two compruters directlz. Interference is consecuently low
and this ture of error was not exrected,.

The DR11A somgtimes fegilse to transmit & word of dats. Counts
of the rumber of words sent and received confirm that 2 word
has been ‘lost’» since thew differ bw one. I believe that tﬁis
is 2 hardwsre rroblem.

This loss of a word is slwaws rreceded by 3 second receive
interrurt occuring before the first has been serviced. Svﬁaressii:nr'u
of the receive interrusrt by clezring the RECEIVE INTERRUFT
ENAEBLE A bit faileds 2 word would still be lost,

I bhelieve that clearing the INTERRUFT ENARLE A& bitr setting
it or sllowing 3 receive interrurt to occur causes the sender
to believe that the transmitted data hss been read, To rrovide
correctly swunchronised iransmission; the sender’s REQUEST A
flas should only be cleared when the dats is zccessed. When
INTERRUFT ENABLE A is accessedr or an interrurt occurss the

sernder’s REQUEST & fladg should not be cleared by harduware,
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I mow turm me sttention from the hardwzsre to Lhe use of
it. Successful transmission of messadges reaquires detection and
recovery from tranemission errors,. The rrocedures used in this

srodect are described in Graw [13]1: Errors are detected by

sending a checksum with 311 messades.

FRROR RECOVERY

After an error has been detected, it is mecessary to retransmit

the original messade., The receiver znd sender must coiordinate

this retransmission in such 3 waw that no me5sage’is lost of

durliceted, This is effected by

1+ Numbering messages.,

2+ Sending an ACK to ackriowleddge succeaﬁhlireceipt‘of g messages ;
and 2 NAK when the messadge has been incorrectly teceived.

Wher there maw be more than one outstanding messade being tranmemitteds

it is mecessary to number the ACK’s and NAK’s so that thew

maw be distinguished,. Note that there exists two seuences

of messade numbers: one for eazch direction.



MESSAGE FORMAT

o All messzades hsve the format shown in Fig 3.1,
‘-
nigh order low order
bute bhute
llensthuords) | header |
tack i.d. I gsend i.d. i
?”mmnu,_;_;_;_;m~~mnmm-,“*Mmew"T
i |
! !
! !
o cHECKSUN 1
Fi;. 3.1 Messadge format.
?:: The first word contains 2 messade header rattern in the
low order bute and the length of the messase in the hish order
bute, The second word contzins messade Ins; The low order buwte
contains the sender’s identification for the messsger and the
high order bute contasins an acknowleddsement IL for anw messsge
that the receiver maw have sent.

The third and anw subsecuent words contain dsts, The last
word sent is the checksums which is such that the sum of all
the messadge words is zero,

Simrle acknowleddements are 2 srecial case of the sbove format:s
for which there is no data, The messadge is then 3 words lonsg.
Negative scknowledgements have & nedgative acknowledgement Il
the nesative of the exrected I,
*%; - When SID=0y The messade needs no acknowledgements since

it ig itself merelw an schnowledgement, I decided to send &z



()

Lo 9L £

checksum with 2 simrle acknowledsement so that 3811 messadges
would have the ssme format. This slso reduces the rrobasbilitwe
of am ACK or NAK being incorrectly receivedrs simce thew then

also carrye 38 checksum.

MESSAGE RECEFTION.,
Thiec messade format rermits 3 messade Lo be received in
the following marnner .

The receiver is active when it is receiving datss insctive
when listening for the begirning of & messadge, When inactives
the receiver recognises the bedinning ofla messsge when 3 wordg
containing the messade héader in its low order bute is received,
The receiver then becomes szctive and sccerts lhe rest of the
messager the lendgth of which is given in the hidgh order bute
of the messadge hesader word,

Whilst the receiver is zctives it is datse insenéitive. [}
receirt of the header rattern would be trested as data. When

it is insctivey it can onlwe become éctivated b the hezder.
FaRALLEL LINK SERVICE ROUTINES.

Receirt of & word causes an interrurt to I[8Ry the interrurt

service routine. It teste to see which of three states the

receiver 1is in.

STATE ' ACTION,

1., Exrecting hesder If hezders then sel length of messase exrected
and rass to state 2. Otherwise isrore

dats and remain in state 1.
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2+ Exvrecting 1.d. fidd dats to buffer,

and data. Check for bhuffer overfliow.

3+ Exrecting checksum. Add datz to buffer,
Call INTFT routine.

Return to state 1.

TESTING MESSAGE VALIDITY AND ERROR RECOVERY.

The following describes the routine INTFYT which tests for
detectable transmisssion errors,

Everwy messadge received maw reuire z rerldy 50 30 attemst
is made to dgain control of the outrut buffer . If the buffer
is not svsilabler the messade is not interrreted. This will
be done by 3 different invocation of INTFT from the interrust
service routine.

The checksum is tested. If in errory 3 NAK is sent. Otherwise
the messade has g valid format.

The SID is then checked to see if it is Lthe one exrected.
If so the messadge is accerted and its contents interrreted.
If it is that of 2 rreviously asccerted messsdger the messadge
is ignored. If the SII is too hishs 38 NAK of the exrected messase
is sent (this tridgdgers retransmission of the other machine’s
outrut buffer ).

The AID is tested nmext., If zeros nothing is done. If negsitive.
signaling a NAK» the outrut buffer is retransmitted, It AlLD
is dsreater than zeror 21l messasses urto and including the one

acknowleddged are freed from the outrut buffer.
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Normzl error recovery wWwill detect the loss of 2 message
bw the out of secuence SID of the succedins messadge, It sometimes
haerrens that the sender maw only rroceed sfter 8 rerlwy Lo a

messzdge has been received. A deadlock might occur when a8 Frocessor

is waiting for the rerlw to 3 messade which has not beern successtully

received, In these situationss to svoid s deadlocks the sender
will wzit for 8 fixed time andg thern if no rerly has been receivedds
retransmit the messade.

I close this charter with a descrirtion of how cueues

and semarhores were srogsrammed.

QUEUES
RQueues were readired for the holdind of messsges in the rarallel
link data huffers.‘The rrogram generates messadges which are
wieued reade for the subroutine which =laces the words of data
in the rarallel link,
Ar exxaminagtion of the cueueing zldorithm in Knuth 141 revesled
that his asldgorithms are insrrrorriste for imrlementston in
FOF11l asssemble landguadger in that
i, His buffer rointers are not directlw
related to the rhusical address of the dasts.
Thew roint instesd to the word betore the data.
2 A direct imrlementation of his alsorithms
makes imrossible the wse of FIF11 sutoincrement
and sutodecrement modes of addressings wherein
data maw be moved to the address contzined in a redisters

whilset a2t the same time incrementing or decrementing

this register to roint a3t the rrevious or following address.

If registers roint directly to the front or end of 2z cueup:s



()

()

- 34

it is then rossible to both write more understandable cueuins
slgorithms and use assembly lansusge autoirmcrement and sutodecrement
modes .,

Let F1 be 3 rointer to the fromt of s cueuer and P2 be s
rointer to the end of this euewe., Then F1 roints to the word
at the front of the cueue and F2 to where zarnother word maw
be added to the aueue.

Use rointers MINF and MAXF to give the limits of the cueus
storage area. All rointers have the values deducible from exdsminins

the following diazgram.

MINF e
free
storase i
i -t o s e st v s 2o s
used
storadge
P2 e —
free
storase
MAXF i e ———

Figure 3.2 The storage ares used bw 3 queue.

The following trirlets of code rermit addition zaznd removasl

of 3 word of dats from the cueue.

ADDITION REMOVAL

(F2)+=DATA IF Fi=F2 THEN UNDERFLOW
IF P2=MAXF THEN P2=HMINF DAaTA=(F1)4

IF F2=F1 THEN OVERFLOW IF Pl=HMAXF THEN F1=MINF

The oreration (F2)+=DATA means that the dals to be added to
the queue is slazced st the address dgiven by P2y znd then P2

is incremented to roint to the next word,.
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SEMAFHORES.,
These zre reeuired when several rrocessors wish to have exclusive
use of a shared resource st the same time., Farts of the rrodgram
code which onlw one rrocessor may execute at asnw one time are
critical areas.

For exsmrley an ordered sharing is veauired when two or
more messagses have been received andy through interrurtsy two
rrocessors are treing to rerlw to different messades,. The shared
resource is the rarallel link outrut buffer,

A second examrle is the sllocation of exclusive access to
the criticsl rart of the search Ltree. The shared resource is
the root ares of the sesrch tree.,

Semarhores are easilyg imrlemented on 2 FUF11 since there are
indivisible machine orersations’

INC &
LEC &

which either increment or decrement the varisble § and also
set the zero bit of the rrodgram status word in one oreration.
Wher & semarhore 5 has the value onery oOnly ONe FIOCESSOT mMay
sbsorb the sidgnal § by 2 decrement oreration and set § to zero
at the same time.

Surrose asnv Frocessor which tries to absorb the sisnael § and
finds it non-zero increments S and then tries adgsin to decrement
5 to zero. 1t could go into & busw loor truing to become the one

rocessor which decrements 8§ and simultzneously sets § Lo zero.

Would this be & logically correct imrlementastion of semasrhores?
Ddisktrs [3] states that it must be imrossible for two rrocessors
to deadlock inm an ‘after wou’ - “Nor after vwou’ cornversation

where each rerestedly tries to become the rrocessor which decremernts
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8 to zero., The followins is an examrle of how two rroccessors

Fi srnd F2 maw become in deasdlack,

S FO F1

0

0 DEC &

-1 INC 8§

0 DEC 8
-1 INC 8

0 neEe s

-1 INC &
0 DEC S
-1 INC &

0 DEC S

-1 INC &
QO LHEC &
-1

Fig 3.3, 1Interleaving of semarhor orerations DY Frocessors
Fi and F2 crestes z deadlock.

Frocessors Pl angd F2 esch want to decrement § to zero, The
conflict could g0 on ad infinitum,

Now surrose instesd that & rrocess dies when it is blockedd,
Thus in the above F1l and P2 would die when thew decrement S
to less then zeros. Frocessor FO on exiting from the semarhored
rrocess notices that it has incremented § to zero or more.
This shows that some other srocess has been blockedy asnd
indicates that rrocess FO should not die but vereat execution
of the semarhored rrocess, Thus when a2 rrocessor inside & coriticsl
sresg increments 2 semarhore to zero or morers it should rerest

execution of the critical ares on bhenalf of sowe bhlocked srocess.

SEMAFHORE IMFLEMENTATION ON TWO MACHINES WITHOUT COMMON MEMUORY
Where is the semarhore to be stored when Lwo machines do rot

shiare memore? The imrlemernted method is to have s cory of the
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semarhore on each machines arnd when the zemasrhore is blockeds

arnid an orerstion ise done on the semsrhores 3 messsdge is sent
to the other machine.

I did nmot find any simrle waw of havimg the machines negotiste
between themselves which one stould have initisl value 1 when
only one semarhor signzsl is initislly avsilable., lnsteszd the
machines are told bw the switch resisters which ome has initisl
value one. The dgenersl solution to this rroblem is given bw
Duisktra [3] - how to have 3 nesotiated asccess to 8 criticsal

ares without deadlock.
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Charter 4. FARALLEL SEARCH

Farallelism will exist inm & tree sesrch rrogram st two
levels! within rarticular subroutines or st & more abstrasct
level wherein different nodes of the tree sre exsmined
concurrentls, Cornsider the hierarchicsl structure of the MINMAX
subroutine. Subroutines UFPUATEy REETOR and SETHMVS zre a1l cslled
from MINMAX. The rarsllellism maw be sought al 8 low levels
witﬁin move dgeneration for examrler or at 8 higher level: in

MINMAX: T first examine the former.

FARALLEL SUBROUTINES.,

Consider move generations which is 8 rrodgram bottlenechk!

The technologws chess rrogram was rerorted to srend 70% of its
time generating moves., Thomrson has sreeded ur his chess
rrogram BELLE bw mesns of s chess srecific microrrocessor move
generator.

Move deneration is highlw rarallel. The moves of each riece
in esch direction mavw be denerated imderendentlw, Having seversl
Frocessors denerate moves in rarellel is rossible nd this sreedus
in move generstion will Hrestly reduce oversll search time.

However this will onlw sreed ur one subroutine, It the rest
of the rrosrem is onle executed bw one processors then rew
bottlenecks will arresr in other rerts of the rrodram. More
significant sreedurs are rotentislly avaeilable bw assidgning

the marng tree nodes to different rrocessors.

FREVIOUS WORK ON FaRaLLEL TREES.

Marshalls im his Ph., I Thesis [18]) arnd elsewhere [19] describes



how he has simulated the rarsllel evalustion of decision

trees in FL/1. He clsims that the rarallel evalustion of many

nodes at the same derth» which turns the search into s rartizl

width first searchs decreases the time tsken for coﬁplete evaluation
of 3 tree bw more than the irncresse in the number of rrocessors.
Unlike 3 8 derth first search» he searches & decision tree
iteraztiveluw. He sttributes the sreed incresse to the srread

of the rrocessors ensbling them to stumble on the decision

reth more cuickly.

I would roint out thst this serresding mey be. effected by
a single rrocessori thet in fact is what his ‘simulation’ did,
He canmot therefore claim that the unexrected extrs sreedus
is due to the rarzsllel zldgorithm. It is due to a3 different
search strategy.,

Several rarers [3s8,25] have discussed rarallel eQaluation
of binarw trees. Thew are rFrimarily concerned with balancing
thém so that thew are ‘bushe’. This rroduces manw candidate
rnodes for rarallel evalustionr» as well a3s baslancing the work
load amonsgst these nodes.

Game trees differ from bimare trees in that thev cannot
be balancedy a2nd in that thew are not simrle AND treess but
mixed AND/OR trees. An AND node is one for which, in order to
score the node, all the suc;essors need to be evaluated; An OR
node is one for which there is one successor which will

completely score the node.

FARALLEL NATURE OF AND/OR TREES.
Cutoffs introduce OR nodes into the treey zrnd it is rot

kriown beforehasnd which rodes will have to be exsmined. If 2
serarate rrocessor is assisned to each of the Ul successors

of 2 node, £hen it mew tournm out that the 1st O nrode is sufficient

to score 2 node, The rrocessors engssed in ceenring the nthern
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successors are redundant.
Ar AND mode reauires thaet a1l its sueccessors be evalusted.
Ore rrocessor may be assisned to each successor without immedizte
dgurlicstion of effort, However the amount of work recuired
to score an AND successor is reduced bw narrowing the slrha-bets

bendwidth. Thus one srocessor scores sn AND mode with less

effort then manws the single rrocessor will have 3 narrow zlenha-bets

bandwidth when scoring meny of the svecessors,

SU;POSE many Frocessors commence s search with wide zleha-hetls
values, Since thew will a1l ftinish their sesrches st about
the same timey the benetit of & narrow bandwidth is occluded,
This disadventade is rartizllw overcome by rassing urdated
width rarameters to effected rrocessors during their search.

An efficient rarallel search should therefore zim tol
1 Have onlwy one rrocessor evaluste OR nodes,
2 Quicklw achieve narrow slrha-bets windows so that

~the evaluation of the successors of ANI nodes becomes

inderendent and maw thus be efficientlw rerformed in

rarallel.

SEARCH STRATEGY.
I have considered the following two strategies for distributing

nodes amonsgst srocessors?
S#1it the rrocessors at & fixed commor derth, In the following

diagramy the common derths Clly is 1. The terminal nodes shown

are the candidates for rarallel evalustion.
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Figure 4.1 Common root ares of search tree for Cli=i,

The second stratedw is to use a3 varisble common derthe In

the following CD decreases from 3 to O and then is set to 3 adgain.

cn -
3 O-m————— O——————— Qm—— Q= m—— 0
3 e e ee——— 4]
-3 : e ——— 0
2 ememe———— 0 "
- 2 ,mmm e emanem e 0
- 1 - g, |
T s 0.
0->3 Q= O——————— Q= O-—————= 4]
5 mmme——— ®
3 S e ®
2 | mme———— ¢
2 L ——— 0 1
T e ® :
i - %®
0->3 Om—m———- Q=—————— Qe ——— Qrmm———— 0
e ———— b4
3 e em—— =® :
2 _______ o \
n 0 |
i meem——— ¥
T mmme——— b
Figure 4.2 Common root areas of search tree ?
tor a variable common derth stratesw. |
I
The alrha beta search has the rrorertuy that the first successor é
t
‘:; of each AND rode is an AND node. The moves which might rnot need !

to be evaluated are adain marked by an .
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EXAMFLE - PRUGR@H FRINTOUT.

The rosition of Fig 1.2 was searched in rarallel mode with
a8 fixed common depth-of 1. The tree of Fig 4.3 shows which
#rocessor searched which npde. Frodgram rrintout for this gzrailel
search is shown in Figs. 4.4 and 4. 5. The moves from
CD=1 are shared between the two processors.

The move PC5-C&6 gives an AND node for which all the

Frocessor

FC5-Cé ——mmmmm FE7XFC6 11/45  CUT OFF BY 11/20
——————— FE7-E6 11/20
——————— FA7-A6  11/20
——————— KHS-G5  11/4%
——————— KHS-H6 11/20
——————— KHS-G& ~11/4% »
FES5-B6 —=——mm- FA7XFR& 11/20  CUT OFF RBY 11/45
——————— FC7XPES 11745
——————— FC7-C6 11745
——————— FA7-A6 11720
——————— KHS-65  11/45
~~~~~~~ KHS-Hé 11/20
———— KHS-G6 11/4%
FAS-A6 ————me- FE7XFA6 11/20
KHZ-63 —===wmm FC7-C6  11/20
------- FE7-EB6 11745 -
KH3-H2 e FC7-Cé 11/45  CUT OFF BY 11/20
——————— PE7-E6  11/20
KH3-G2 ——=——m- FC7-Cé& 11/20  CUT OFF BY 11/4%5
——————— FE7-Eé 11745

Figure 4.3 Root area of tree searched by hoth rrocessorss
for rosition of Fig., 1,3,

successors will be searched. The first successor, PB7xPCé
is taken by the’'11/45, and the second, PB7-Bé by the 11/20.
The 11/20 finishes scoring its position (SCORE=0) first, and
continues with the move PA7-A6.

The score of the 20 cuts off the move PB7xPCé 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-Bé&, with the processors sharing
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FARALLEL SEARCH
LEADl SEARCH INITIALLY

FC5-C6 FPHR7XFCA
KH5-G5(0)
KHS5~66(¢0)
PES-E6 FC7XFRE(600)
FC7-C4(600)
KHS5-G5 (6007
KHS~66 (600 -
KH3-G3 FE7-E6(600)
KH3-H2 FC7-Cé
KH3-G2 FE7-B6(&00)
REST LINE FOUND AND SCORES: |
FES-B6 PC7XFBS FAS-A6 FE7XPAS FC5-C6 FE6-ES FC6-C7 FES-EA4
FC7-C8=0(600)

ALFHA -1000 BETA 1000 MAXDEFTH 8 MMAXD 10

CDEFTH 1 MOVES FROM CL: 12

UFDATES 178460 SETMVS 4801 CSTMVS B714 NOMAXDI? 7563

NOMMAXD 628 NEF: O

UFDATES/SEC: 1644 SETMVUS/SEC: 442 CSTMUS/SEC! 802 NOMAXD/SEL! 49

NOMMAXDI/SEC? 38 NEF/SEC: O

ELAFSED TIME(SECS)Y! 10 & 52’60 THS SECS

RUSY LOOF TIME(SECS): 0 & 1 ‘60 THS SECS+Z%Z= 0

LINK-RECEIVE INTERRUFTS: 0 WORDS RECEIVEID: 340 WORDS SENT: 43
X A

Fidure 4.4 Frintout by PLF11/45 during a rarallel
search of the rosition shown in Fig, 1.8, The
Frocessor searched the subtrees of the moves rrinted.,
The RUSY LOOF TIME is the end of search idle time»
‘and is seen to be rneglidgible.

the moves between them. The move PAS—-A& 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-HZ2 shouws

a speedup effect due to the parallel search: in fig. 1.3, the
single processor search completely scores two successors:
PC7-C&6(800) and PB7-B&(600). In a parallel séarch. the score for
PB7-Bé6 is found before #hat‘gf‘PC7—C6Aand‘cu§5'it off (fig. 4.5

hés“ho score for PC7-Cé6).
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/GO’ PARALLEL SERRCH

PCS-C& FEV-EBE6(ED
FAV-RE&CE)D
KHS-He&CE)

FES-BE€ FAVHFEE -
FRA?-AECEBH)
KHS-HE(6EE)

PAS-AE FPEVAFRE(E)

KHZ-GX PC?7-C&

KHZ-HZ2 FPE7-Be(&CRD

KH3-G2 FC?P-CE

BEST LINE FOUND AND SCORE:

FES-EBE FPCVEFEC PAS-AE6 FPEVKFARE FCS-C6 FPEE-ES FPCE-C7  FPERES-EB4

PCY-CE=QCEEED

ALPHA -10@6 EETHA 1666 HAWDEFTH & MMRXD 1@

CDEFTH 1 MOVES FROM CD: 12

UFDBATES 1678 SETHMVS z295e CeTHYS S19% HOHMAXD: 4x44

HOMMAKD 411 HEF: © :

UPDRTES/SEC: 2€4 SETHVSASEC: 265 CSTHVSASEC: 465 NOMREDASEC: 3&¢
HOMMARXED/SEC: Z? NEFA/SEC: @

ELAPSED TIMECSECS): 11 & 11766 THS SECS

BUSY LOOFP TIMEC(SECS): B & 1 ‘&0 THS SECS, 2= @ ‘ -

LINK-RECEIVE INTERRUFTS: @ HORDS RECEIVEDR: 4za HORDS SENT: 26t
* :

Fidgure 4.5 Frintout bw FIOIFF11/20 during search shown
i Fig 4.4 , Note that the 11/20 mzhkes 964 board upoates
#er. sec.y whilst the 11745 makes 1644. .

In single processor mode, the 11/20 searches the position at
780 positions/sec, whilst the 11/45 searches the position
at about 2000 positions/sec.
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CRITICAL AREAS OF THE SEARCH TREE

Both srocessors share in the evalustion of moves below the
common gesth{l<=Ch) zs directed bw the rrosram MINMXF., This erodgram
directs a tree search which takes note of the hest movesy scores
and alrhs beta cutoffs fournd bw the other srocessor, |

Tree sesrches above the common desth are done srivately bw
each machiney in 2 subroutine called MINMXZ2., This subroutine
is called from MINMXF wher an urdate is to be made which will
increage the derth bewond the common de;th. Control is returned
bzck to MINMXF whern the bosrd is restored back to the common
derth,

Since both machines share in the evsluazstion of nodes at
and below the common derthr it is rossible for the two machines
to interfere with each other when scoring and distributing
moves between them. In order to eliminate thisy onlw one
machine mav access nodes at or below the cowmon derth st anwe one
time. Since such orerations are all dome wilhin MINMXFs this
amounts to making MINMXF 2 critical area., Access to MINMXF

ig dated bw the semarhor Ud.

IMPFLEMENTATION DATA STORAGE

The srosram of charter 1 is imelemented s 2 stack, I felt
that it would bhe eassier to keer the stack rerresentation than
to use trees. This necessitated having two cories of the root
area of the stacks one for each srocessor. | outline in charter
6 how to imrlement 2 rarallel sesrch with a8 tree rerresentation
of urdated moves. This would z2llow one ares of memorw to hold
the root ares of the tree used bw 211 rrocessors,

The storage mar for both srocessors is showrn in Figure 4.6,
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MEMORY

11/45 11720
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! DATA.
|

]

i

]

I

1

! AREA OF

! FRIVATE

! TREES AND
! DATA
]

]

]

i

!

Figs, 4.6 Frivate and shared rortions of move storage zres,

1 will riow discuss the rrogsram of Figure 4.7 which is &n abstract

version

FROGRAM

of the zssembly landuadge srogram {(arrendiy C rages &63-67 ),

VARTARLES

The following variagbles direct the rarallel search.

ch

LEA

CHM

CaA

The common derth, Moves from derths <=Cl zre shared
between the two machines.

A flag set ur when this rrocessor is currenltly leading
the other.,

Commor moves the move stack roinlers zbove which address
the rrocessors have the ssme genersted and urdsted moves
tree.,

Critical ares semarhor. It is used to aseisn exclusive
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sccess to the critical zreaz,
NOINCID The number of sctive rrocessors. At the end of the
searchr NOIN(O)=0 indicastes that 11 rrocessors have

terminated sesrching,

HANDILING TWO COFIES OF THE ROOT OF THE TREE

The rrocessors must know esch others rosition in the sesrchi
g noting that moves asre 21l stackedr I realized that the move
stack rointer was sufficient to indicate how deer in the sesrch
tree 8 Frocessor was. The common stachk rointers the derth in
the move stzck usr to which hoth rrocessors have zn identicsl
search trees is sufficient for determining when messsges need
to be sent or recuested:

Only the evazluastions of shared nodes need to be communicsted,
The rrocessors share urdated and genersted moves which lie
at address sbove CM.

Wher & rrocessor restores its bosrd and clirs its search
treer» the common search tree must necesssarily be clirred bu
the same amount. Let M be the roint to which & rrocessor has restored

its board. Whern M>CM» thern M must be urdated so that M=UM,.

FROGRAM LESCRIPTION
The sldorithm of Fig., 4.7 rerforms 2 fixed derth alrhs bets
sesrch., The rrodgram contains G0TOs because » from the roint
of view of anw one rrocessors other srocessors cause disconlinuities
i the execution rath of that rrocessor,
The rrogram is similar to that given for & single rrocesso'ty
excert that there are the following additions:

The srocessors sunchronize the bhedginning and enag of their searches
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tw sending STRTSRCH and ENDSRCH messsdes. When receiving such
a messadger the number of asctive srocessors is incremented /
decremented.

By setting the switeh redgister 1 on the front ranel of one

machines one rrocessor krnows that it mew lezd the sesrch inidtialiw,

The other rrocessor reauests the criticsl sres aend swasits an
agcecertance from the other machiner which will e sent when

the other machine leaves the critical ares.

FINDING A& FREE NOLE.

When descending 8 search lime which the other rrocessor has
glresdws entered, a rrocessor needs to know which line to take
from the current wurdasted nodes and the current backed ur score
for that node. It sends REAM to the other machime which rerlies
with & RELIN messade containing the necessary node information.

When one rrocessor is following another (LEAD=0) and srrives
at LOOF, it ié seeking & move which needs to be evsluated.

It must first catch wur with the other srocessor. The other
may be sbovey below or srlit from this rrocessor at this derth
(bw exitins from MINMXF and evalusting a move rrivatelu).

Whern CMABABE(L) then the other is to be reached bw a%cendin%;
Control rasses to RESTOR.

Otherwise the other is below or level with this rrocessor.
First skir those moves whiéh the other has slresds evsluated
bw setting M=0CM.

Then if DHECH the other rrocessor is to be resched by descendins,

Otherwise I=CD and the processors have 2 common tree wurto
this node and will selit at this woint., The rrocessor selects

the next unevaluated move.
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The next section?
IF M>CM THEN Ll
CH=i¢ SENDC{CHM)Y 3
ENDs

ensures that CM is zlwaus st least as dreat sz M,

SELECTING A MOVE AT THE COMMON LEFTH.
The conternts of FROM(M) are tested, When il is zero or dummwe
control rasses as with ome Frocessor - there is no move to
be evaluated., Otherwise the move needs to be evalusted., This
is dome by 8 ca3ll to MINMXZ if the move is outside the criticasl
aregr» otherwise it is evalusted by 2 ‘recursive’ call to MINMXF
which is effected.bw Jumring to the entre roint of MINMXF» HESCENH.
The other orerations nesting the call to MINMX2 wield azccess
to the critical arez and theny after return from the calls

reaurst and awsit access to the criticsl ares.

SCORING NODES,

Node values zre onlw backed ur when 2 finzsl score for the
node is obtzined, Otherwise evaluation of &8 node is srecluded,.
Thus 2 node is scored either when 311 its successaré have been
scored or an alrha bets cutoff has been found.

If 3 move has given an alrha bets cutoffs Lthen the score
of other moves from this node are irrelevant., Anw other srocessor
in this subtree has beem literzallw cutoff bw the cutoff. The
node mavw be scored immedistely whether or not another srocessor
is in the subtree of the node scoredr viz even when
NOIN(LH1) =0,

Whern OSC=NOIN(I+1)=0 3 rrocessor is scoring nodes which

have been comrletely evaluated and when DSC=NOIN(D+LY/=0s it
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is scoring nodes becaudse 1l other srocessors in thast node
have been cutoff. Wher O0SC/=NOINI+1) the node evaluation

is incomrlete and cannot be hacked wur,

When & rew node score and best lime are found these need
to be communicated to znother rrocessor whenever Lhew are
rart of the other rrocessor’s search tree., This is dome by
the call

SEND(SELINyBABE (L) s CMy VESCORDI s NOINCLD s COLOUR s BETMVS (119 X ) ) 5

When an slirhz betz cutoff occurs which iz on 8 node which
is slso rart of the other rrocessors search tree(CMERASE(L) )
then the other rrocessor needs to be informed, It sends the
message

CUTOFF(CHM»BASE(DI-1))
which informs the other rrocessor how far to bsck ur before

it seeks 3 mew line to evaluate.

FIGURE 4.7 FARALLEL SEARCH ALGORI1THM.

nel.

ACTFROC ~-ACTIVE FROCESSORS - ASSUMEL O ON ENTRY
FOFTH -~ASSUMED ON ENTRY TO MINMAX
(] ~CRITICAL AREA SEMAFHORE
CHM /% COMMON MOVE X/ INIT(-1) /% HIGHEST ANLRESES X/»
D /7%DEFTHX/ INITIAL (Q)»
CDsCHOy /% COMMON LEFTH AND INIT1AL COMMON DEFTH X/
0s5Cy /% NO OF OTHER FROCESSORS THIS FROCESSOR

185 SCORING X/
NOIN(OIMHMAXT) » /% NO., OF FROCESOORS IN NODE AT DEPTH I X/
Ca SEMAFHORE INIT(1)3

A

-
MINMAXIFPROCETIURE 3
0=0s CO=CDO3
UFLAG=0 /% UFDATE FLAG USED 1IN FRINTING %/3
LEAL=03
IF INITIAL.LEALI THEN D03
UiChA)s LEADES
END;
FCA) /% REQUEST CA AND ANALT TILL OBTAINEDX/
GOTO STARTS
DESCENIN
/% DECH %/
Call. UFDATES



START . N o =
NOIN(D)=13 | i |
; CALL SETMOVES; ' » .
q::, . . IF "LEAD THEN IOj S =
o - SEND(REQM» BASE (1) ) 5 | '
AWAIT REPLY(RELINE:CM;CD;BA&&(U);NOIN(D);USCDN(D);BSTMUS(D;*
/% OTHER FROCESSUR INCS NOUIN(D) & REPLIES NUIN(D) %/ =
CALL NEWSC3 /% FIND IF CUTOFF CAUSED BY. REPLY 7. |
% AND PASS NEWSCORE DUWN MOVE STACh
X/

4

M=CM3

END3 .
UFLAG+3$ a ‘ .
IF D<POPTH & D™=0 THEN PRINT_UFDTD_MOVE;

it

i

™ s -
Q

Q

n .

L 2 ]

DSC=035/% SCORING FUR NOONE ELSE %/ . T
IF ~LEAD THEN DO} | SRR
IF CM>BASE(D) THEN GOTO BREAKj /*ABDUE*/ | -

M=CM3s R
IF FROM(M)= 0 THEN GOT0 EREAK3 /* D=0 */ e

IF D<CD THEN GOTO DESCENDj) /XBELOW X/
Mt
LEAD+s /XLEVEL %/

' © ENDj : ‘

/*M FOINTS TO AN UNEUALUATED NOUE */

- IF M>CM THEN nosj ‘

.

i

iy

U

<:; o : SEND(C“)? o /*UTHER PRUCESSUR SETS LEAD=0X/ .
/¥ LEAD %/ . ' i » : Ca
IF FROM(M)=0 THEN GOTO RKEAKS R R
ELSE IF FROM{(M)= UUMMY THEN DOj : o . ‘ '
M+ :
VSCOR(I) = SCDR(D)!
ENI3
ELSE D03
IF D<Ch THEN GOTO DESCEND;:
FRX2=0 SATTENT=0 3 o .
Y(CAY } /X% FREE CRITICAL AREA x/ ' : X
CALL MINMX2 i
/% WHEN RhTURN IS DUE TD RECEIUED LUTUFF! {
¥ ON RETURN! LEAII=0 & 0SC=-1 .
. 94 :
FCCAY?F /X% UBTAIN CRITICAL Ahhé X/
NOINCD+H1)=03
IF ATTENT THEN CALL NEUSC!
/% PRX2=0 X/
END? '

oW

it

th g

QD

il

C ETCALL‘
o IF 0sC= NOIN(D+1) THEN nos
‘ /% FINAL SCORE FOR MOVE TO D41 %/

)

. IF BLACK THEN DOj ‘ : "
« = - IF VSCOR(D+1)<VSCORCLY.THEN DO’ . - . . - &

-

i
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VSCOR(D)=VSCOR(D+1) 5 _ z
IF VSCOR(DN)<=VSCOR(D~-1) THEN GOTO CUTOFF3# =
IF  FROM(M) T=DUMMY THEN DOS L =
g:p_ BSTMVYS (Dy X)=UFPDTD.MOVE (D) 8BSTMVS(D+1» % =
\ IF CM<BASE(D) THEN S
SEND(SELINF,BASE(U)yNOIN(D)vUSCUR(U);BSTMUS(Dﬁﬁ
Eh‘[I y ._.r .,'f.’.

13
[R5 ]

END3
END?
ELSE D03
IF VSCOR(D+1)>VSCORC(L) THEN DOj
VSCOR(IN) =VSCORC(D+1) # t
IF VSCOR(IN<=VUSCOR(D~1) THEN GOTO CUTOFF}:
IF FROM(M)~"=DUMMY THEN DOy
RSTMVS (D %) =UFDTD. MUUE(D)SBSTMUS(U+1;*),
IF CM<BASE(D) THEN = :
SEND(SELINE;BQ&E(D)yNUIN(D)9USC0R(D);BS\MUS(ﬁﬂﬁ

END
END3?
END;
END
GOTO LOOF$
’ ' ;
j i
5 |
CUTOFF . |
~NOINCDD %
IF NOINCD)>0 /% OTHERS TO NOGTIFY %/ THEN DO} |
~ /% SCORED NODE WHICH CAUSED CUTOFF IS COMMON TO ROTH
c:: % PROCESSORS o o
X/ 2 =

OSC=NOIN(D)3} /% SCORING FOR ALL OTHERS %/ o ==
SEND(CUTOFF s KASE(DI~1) ) § /XOTHER FROC., RESTORES AND REQUESTS (
LEAD+ S :
ENDS
GOTO CONTINS
BREAK?

~-NOINCD) 5
IF NOINC(D)>0 THEN SEND(EXII;BASE(D))! /7% OTHERS DECREMENT NOIN(U) */

CONTIN? |
IF D=0 THEN GQTO EXITS
IF (D<FDFTH 2UFLAG"=0 ) OK D=FDFTH THEN DOj !
CALL PRINT- vscoh, |
UFLAG=0} , 7
END; |
CALL RESTOR;
IF D<CDN & VARCD THEN DOj
CD=D3 IF D=0 THEN CL=CDO3 . |
END$ : ‘
GOTO RETCALLS [
EXITS
V(CA)} \
AWAIT(NOINCO)=0)3} o i
-~ CA=03  /XCLEAR CA IN CASE OTHER FROC. REQUESTS LEAD BEFOREX/ !
(:; /% INITIALISATION OF NEXT SEARCH %/ ’
CM=-13 s
RETURN; ]
END MINMAXS ' | I
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Charter 5, RESULTS AND DISCUSSION,

This charter rresents the results found snd their interrretation,
I besin bw defininsg what I mean bw overheady snd then distinguish
the various tures of overhead which can occur,

The snalusis used for serarating one rarticular ture of
overhead, the communication overhesdr from the others is then
rresented., This then leads into the rresentastion of the resulls.
znd is followed bw an exrlanation of the rrogram’s rrinted
outrut, The charter closes with a8 discussion of several festures

of the results.

FOWER OF COMRINED FROCESSURS.

Twd or more rrocessors may be combirned to form 8 sindle virtual
rrocessor. When the individual processors are combined rerfectlds
the rower of this virtusl esrocessor is the sum of the fFowers

of the individual srocessors, Thus & FIFF 11745 which executes

at 1 Mhz and z POP 11/20 which executes st 0,5 Mhz have &
rontentiazl combined rower of 1.5 Mhz.

Syrrose two rrocessors rerform 3 task in times T znd T2
resrectivelyr when executing sindgluy and in time TO when combined.
Eurressed 8 times, the maximum rower of the combined rrocessors
1/T0r is the sum of the rowers 1/T1 and 1/72y of the individual
FrOCessors.

1 = 1 + 1

- - - (1)
70 11 T2

I call this mimimum time TO the bsse times znd comrute efficiencies

of combined machines bwy comraring them to the bhase time.
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All time in excess of the bhase time is overhesd.

OQVERHEADS -~ TYFES
Overheads maw be caused bl
1 Idle time at the end of & search when 8 processor is weitindg

for another to comrlete its tasshk,

Y

2 Idle time during the cearch when s rrocessor has comrleted its
task and is waiting to enter the critical sres to score its tashk y
and select another move (Frocessor lockout).,
3 Idle time during 2 search when 3 rrocessor wishes to enter the
criticel aresz snd urdate ils scores to reflect new velues received
from the other rrocessor (Frocessor lockout).,
4 Communicestion of scoress lines of rlaw znd tree status,

The following overheads are due to extra search effort.
5 Unnmeccesarw full or rartizl evelustion of 2 move which will
te cutoff by srother srrocessor.
& Move evaluation with unneccessrile larde zlrhe bets sesrch widbh,
Note that for Ch=0y the rrocessors carnnot cut esch obther off
since the root node is slwaws an ANU node. Furthermores
tets values of moves from the root are inderendent. Onlw
sglrhe values for the score at =0 conmect the searches.
7 Murlicastion of the root sres - each maschine dsenerates
the moves in the root area. This is senerallw nesigidle since

the farnout is so high,

I have not attemrted to measure esch of these overhesds serarzteluys
+

it have instesd divided them into two dserneral casledoriesy which arel

1 dsub -~ the increase in weighted tree size due to unmecessarwe full

or rartizl evaluation of moves znd cdurlication of the root
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ares of the tree,

2 decomm ~ time srent formingssendingsreceiving asnd srocessing the
messadges rassed between the two machinesl
Mw caslculations serarzte the effect of these two tures of overhesd.

Unfortunatelss the communication overhead ie not essily measured
since communication time iec disrered over manw subroutines,
Timinﬁ ezch of these subroutines is too involved,

The time srent communicating is rrorortionsl to the number of
wards sent and receiveds but this ﬁoes not give an sbsolute messure of
the time srent communicating, To tirnd commurnication times it is
neceseary to messure the time serent seavrching the trees z2nd Lo call an
additionsl searchn time communication overhesd,

The time srent actuzlly sezrching the tree needs Lo be measured,
This time is not rrorortionsl to arw simele messure of the tree sizes
such 2 the number of bottom rositions in Lhe tree or the number of
toasrd urdatesy s 1 have found from exrerience. The onlw waw
to measure the time srent searching the tree is to find the
gmount of time srent executing the subroutines which are called
aguring 2 tree search. Anwe other methods are unrelisble.

I riow rresent these ideas mathemzticasllwy and describe how tLhe

ensuing calculations have been rrogrammed,

MEASUREMENT OF SEARCH EFFORT.
The totzl search time is the weishted sum of the rumber of

cslls to esch subroutine, There are five srincirsl catedories

+

of subroutine calls during 2 search. These sre !



¥ calls dAverazdge time of

one call
1 Urdate znd restore U i
2 Setmvs-move dgenerstion G &
4 Cstmvs-~carturing moves C c
generation.
4 Mimnmax~-tree control aznd M m
sCoring.,
5 Communidcation subroutines W w Fer word

The time o is the averadge time for & bosrd updzte znd restore.
For everye bosrd urdate there is g corresronding esll to restore.
Im 8 rarallel searchs one rrocessor srends its time a3s follows!?
T=U¥ul +5%s1 +Cxel +Mkmi FWXwl (2)

where W=W +U is the sum of the words received and sent.
in out

This time ie for srocessor 1. Caombined rrocessors will take less

time. To convert subroutime timinss to thet for the combined

rocessor according to (1)3

#

Ll ul X TOA/TH s = gl ¥ TO/T1 (3)

[

c cl X TO/TH m o= ml X TO/T1
The effort for a3 distributed rarzllel cesrchr where the subscrists
denote the rrocessor I.l.r is?

T = (Ul + U2)u +(851 +52)s +(CL4+C20e + (MI4+M2dm + (WIHW2Iw (4)

The communication overhesd is (Wi4W2)w.

For amnwe board rositions uss and ¢ have been messured bw timing

a2 fixed number of calls to each subroutine. I note that during

any search s and © will decrezsse as rieces are cartureds so Lhat

s gnd © a5 measured from the root of the tree will be gsreater

thamrn 8 and ¢ 2% measured several rlies from the root.
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It is onlw rossible to messure m in an actusl seavch, The
time for srocessor 1 to sesrch slone ist

Ti= Ukul +8%sl + Ckcl + MEml {35)
where uly sly cly and ml zre subroutine times 56 wessured bw
rrocessor 1.

Thise maw be solved for m by settinsg M=U i.e. bw zssuming
that the amount ot work involved in scorings coreing the rrincirsl
contiration ur the tree anag selecting moves is rrorortionsl to
the rnumber of board urdates. This gives:

Tl = Wkul + S%s1 + Ckcl 4+ Ukml
The combined minimum search time is then

TO = LUk + S¥s + C¥ec + Mim (&)
In rractise the number of subroutine c2lls is increased for
g rarallel search., Let subscrists dernote the number of subroutine
czlls for esch rrocessor during 2 rarallel search.
Then the subroutine time is!

Tegub = (U1 +U2D)u + (814520 +(CI4+C20c 4+ (MI+M2Im (7

The communication time is defined to be asng time in excese of
Taub .

T = Tsub + Tcom (&)

This maw be solved for Tcowm.

RESULTS

Five enddgsme rositions from Firne [%]y Fidg 3.1 have been
séarched mainly with derths MAXD=E and MAXD=9. Five midddledame
rositions from Point Count Chessy fidgure 9.2y bw Horowitz and
Mott-8Smith [15]» have been znalused at MAXD=4 znd MAXU=L. The

maximum derth of the auiescent searchs MHAAXI is MAXTH2, The

Frogram erintout for these rposition is dgiven in Arrendix A
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and exrlzined below,

FRINTED QUTFUT - SINGLE FROCESSOR SEARCHES
A single rrocessor search is condgucted for esch rrocessor serarstelw,
The counters

Uy & C s M T » NOMAXD(Lhe # rositions &t the maximum derth)

and NOMMAXD ( # rositions at absolute meximum derth of search)
are erinted for both Frrocessors.

The line “RBASE’ contzins the base values wused for calculating
increasses in & rarallel search. The base Lime is found bw (1),

The following lines dgive the averasge time of each subroutine cslls
the totzl time srent in ezch subroutine and the X of rrocessor time
srent in the resrective subroutines.

The results show?

1 The auiescent searchs which investigates carturing sequencess
tzkes 2 larde erorortion of rrosram time.

2 Move denerzstion turically tsohkes 704 of all sesrch time.

FRINTED OQUTFUT - FARALLEL SEARCH.
The cealculsations shown in the syinted outrut for rarallel

cearches asre detailed bhelow.
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% incresse of subroutine time on base time! Toub-T0 % 100

4 incresse of communication time o bese tiwme! Tcomm—-TO %100

TO
Z incresse of time on base time! T-T0 % 100
“;Sw
Microsecs rer word communication time! T—-Tsub
Win + Wout
Efficiency 5 % of base time in total time: TO % 100
;m
Efficiencwe § X of increased subroutine time Teub-TO ¥ 100
in total time! e
T
Efficiency ! Z communication time in total?l Tcomm % 100
m;wmw

MINIMUM SEARCH TIMES - % OVERHEAD AND FARAMETERS FOR MINIMUM

The following table is zbstracted from the results given in
Arrendix A, For the fastest search in easch rosition zt esch desths
it shows VARCD, Ly the rer centadge overheads due fto
incressed tree size snd communicstiorns arnd the overall

overtiead,
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Tatvle 5,1 Time overheads Tor minimum search time
for 811 rositions studied.

mayed varecd ol s docomm % increase of time
“ “ on bhase
rosition

end game

1 g 1 2 5 ] 10
1 @ i 2 7 2 G
2 ? i 2 12 2 14
2 10 i 2 4] 7 Q
2 g 0 1 4 1 O
2 9 QO 7 1 te]
4 2] 0 1 26 1 27
4 g9 0 i 28 0 28
5 7 1 2 7 9 17
g 2] 1 2 & 3 ¢
middle dame

21 4 4] 1 5 7
31 S 4] 4] 8 2 10
24 4 4] O 1 1 2
34 5 O 4] ? O G
480 O G 13 b 18
48h S 0 i 4 2 ]
WiNT: 4 0 ¢ 0 i 1
noa % 4] ) -3 1 -3
720 4 0 0 1 o ]
7320 9 0 0 20 0 20

Most rositions studied maw be sesrched with & time overhead
of 10% or less., Thus an incresse in srocessor rower of 1.9
gives an averase sreedur of zshout 1,35,

I will rnow sttemrt to distinsuish the effects of rarticulsar
twres of overheszd.

I sttritbute the less than exrected search time for rosition
554 to & learfrog effect wherebw the 11745 evalustes 3 dood
move earlier in the search when sarallel rrocessing than when

searching the came sosition slone. The score for this good
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move then decrezses the search effort for the lessfrodgged movels)
which the slower 11/20 is rrocessing. This ie the onlzg waw

in which the move ordering maw have bpeen sltered for the rarzllel
SEsETCh,

Some ot these times are inflated tiw idle time for one rrocessor
zt the end of the search, In rractise this overhesd is onlw
signigicant for CDI=0, It maw casuse 3 rFrocessor te idle for
s much as 40% of the sezsrch time (rosition 4 with MAXD=S,

Ch=2), For higher values of LI this fsctor is less than 1 %
of the search time.

The following tasble excludes this idle Lime &nd dgives time
incresses for all rositions for ClU=0 (not necesssrily the best

time), It maw bhe seen that NSUR dSernerazlly incresses with U.

Table 5.2,
NEUR (% time increase on base time exocluding communication
time and busy loor time) &b Cl=0 for 211 rositions studied.

Encigame
Fosition 1 2 3 4 5
=7 20
=8 16 4 13 i1
=9 24 & Vi &
=10 21

Middle dHame.
Fosition 31 24 482hH “Oa 72h
d=4 1 i 13 O 1
=5 8 @ 14 -3 20

o mew scores fournd by one rrocessor sreed ur the other?
The rrosiram was run with and without the rassing of new scores
fournd bw one rrocessor into the tree of the other. For the

few rozitions studiedy the oifference in the time of szesrch
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was insignificant. 1t arresrs thaet thece rew narrouwer aslehas-hets
values come too late in the search 1o cause any arerecishle

difference to the search time.

QVERHEADS - RELATIVE MAGMNITUDES OF COMBLIMNED TREE SIZE AND COMMUNICATIO

I Teble 2.1y the communication overhead is generslly zboul
of the same masgnitude 3¢ subroutine overhead, It increazses
exronentiazlle with CI and makes values of Clr=2 imnefficient.

Imn ro rosition is there 2 minimum search time with CLU=3 or 4,

Fart of this communication overhesd must be due to the simrle
nature of the link used - 211 transfers done under CFU control
withiout DMAy & worg at & Lime. I have not been sbhle to isolste

rrocessor lockout (time when & machine is wailing to enter

the criticel srez) from the communicstion time.

INCREASE IN COMMUNICATION OVERHEAL WITH CI,

The averade factor bw which the communication overhesad incresses

for ezch unit incresse in LD is shown below.

Middle Game Ermg Game
Stratedw Al variable common derth 2 1.5
Strategw B! fired common derth b 3

The hidher rate of increase in communicatiorn overhesd for the

mirdcdle game is srobablue due to the higher fanout in these rositions,

Stratedw A has a lower rate of increase in communication
overhesd because the common desth aversdses over time to & low

valug ~ it is onlw hidgh on entre to a8 noder and ie soon decreasen,
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UARTATION OF DSUB WITH Cu.

leaub iz senerally lower for even CD ( AND nodes) than for oddg
CI (OR rnodes). Aside from thisr, as CL incressess dsub zlters
unpredictaiply,. \

This is exrlasimned bw noting that once & rripcirzl comtirnuation
has been founds 2 search tree will denerallw consist of slternstinsg
ANTI thern DR nodes, The root mode is zlwaws an AND node.

All successors of AND rmodes need to be evslusted., Onlw one
successor of an OR node maw need to be evalusted., When severazl
FrOocessors are sssidgned to evaluating the successors of an
AND modes none of them will be cutoff bw znothery converselus
wher several are assigned to zn OR noder one msw cut off the

otherss the effort of the cutoff srocessor is wasted,

COMPARISON OF STRATEGIES A& AND H.

The stratedw of 2 varisble common derth dgenerally rproduces
lower values of dsub and deomm than stratedw B,

Stratesy A is most effective in enddgame rositionsy wherein

averhead is dsererslly low for Cl=2,.

COMFARISON OF PaARALLEL SEARCHES FOR MIVDLE GAME AND ENDGAME,

For middle dame rositions the communication overhesd incresses
a0 raridly ﬁhat high values of CI sre inmefficienl. Fortunastelws
when CO = Oy dsub is denerallw low. [ sttribute this to a2 bushw
tree effect ~ alrha betz values are fairle constent as the
manw moves from the root are evalustedr so the successors of
the root maw be evaluzsted inderendentlw, Most of the srosgram
time is srent refuting root moves and not estasblishing them.

By contrasts enddame rositions have z lower fanout ang so
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& grester rrorortion of the time i srent in Finding the srinciesl
o contimnuation and fixing z2lrha betse values, A dreater fracltion
e d .
of the sezrch effort is then srent sezrching with narrowing
aipha bets values and dsub is consecuentluw dsreater,
SUMMaRY .,
The two rrocessors combine rerfectlw when rerforming a8 rarazllel
searchr excert for the following overheasds?
incressed combined tree size,
end of sesrch idle time
communicatsion time
rrocessor lockout.,
For most sesrch rositionss ther exists 8 set of seasrch rarameters
which sroduce 2 totzsl overhsad of 10 %X or less.,
L4
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Charter &, EXTENSION TO N-FROCESSORS.

The fzilure of multirrocessors to rrovide sigrnificant sreed-us
has heen attributed to the insdecuacw of khnown control structures
to co-ordinate the activities of menw rrocessors (Enslowl71).,
Erslow obhserves that throughreut in 2 multisrrocessor sustenm
is 2 nonlimear function of the rnumber of rrocessors,. Throushreut
increases bw 1.8 for 2 srocessorsy but by oniw 2.1 for three,

Some have sttributed this failure to the fact that merne zlsgorithms
zre simrle not suitable for rarzllel rrocessing. However tree
search is hiﬁhls suited -~ the rumber of nodes in the tree and
thus the number of tasks asveailable for rarallel execution srows
exronentially with derth, Each of these rnodes reauires but
little commurnication comrsred to the amount of comrutation
involved,

The centrsl desidgn cuestion for MN-processor tree searches
iz the control structure - showuld there be & central cormtrol
rracess or should a1l srocesses have inderendent acoess Lo
the root ares of the tree’

A central control rrocess has the disadvanlsde that it is
itself & rotentizl execution bottlerneck, Shsred sccess to the
root area of the tree eliminates this bottleneck and moreover
eliminates the rneed for most inter-srocessor messzxges. Interference
petween rrocessorss which maw become significant for many rrocessors
in s small root sresy. maw bDe reduced by zllowing sccess to
different nodes at the same time.

I besgin Wwith & few comments omn storasge allocation.
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STORAGE ALLOCATION FOR A& DYNAMICALLY CHANGING TREE

The block structure of the srogrsn of Fisure 2.1 indicstes
that new storage for plazcing denevsted moves is alloceated in
the srolosue of ezch csll to MINMAY, and freed aszin in the
erilogue, This storztse use has heen imrlemented 59 5 ctack,

Howevers with manw Frocessorse the fact thet orne srocessor
lesves & block does mot imerlwe Lhat the storsse declered in
thatlblmck maw be freeds: other srocessors maw still bhe inside
this block, Storzge ise allocsted snd freed at unrredictable
times argd canmol be imrlemented s & stack.

o anwe high level lansuzdges rrovide any dwnamic storsse allocation
rrimitives suitable for this task 7 4 lansusdge such as FLI1
sesumes that duensmic storsge zllocestion mew bhe iwrlemented
ae & stack.,. The rrogrammer is exrected not to creste holes
i the stack by freeing storasge oult of secuence, FL1I does noty
thenys rrovide snw storsde zllocation rrimitives suitable for
g dunamically changing tree, In contrasts Aldgol 468 uses 2 heasr
sbtoragse &llocastion scheme whereby storsse maw be sllocated
and freed at random, It rrovides srimitives suilable for this
Froblem.

Irm the followings:s [ msaske exrlicit whern slorede mew be allocated

and freed: snd 5lso when srocesses are orested and odie.
N=FROCESSOR SEARCH WITH CENTRaAL CONTROLLING FROCESSES,

The central rroblem is the coordinstion of

I crestion of tesks.

2 the evaluztion of their results.

3 killinsg tasks which have been made redundant by the resugits
of snother task (cutoffel.

4 the freeimg of storzadge no longer reauired,
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To @Héming ite fessibilitw » I have written an outline control
Sﬁﬁtem,which,aeparéteﬁ these components inlo subroutines which
may bhe executéd iy & centrel rrocessor. Fisure &,1 details

the anzslusis of this swsiem.

The ﬁubrmﬁiine SFAWN generates the root sart of the search
tree. It zllocates storsse for nodesy and creates srrocesses
Lo evaluste them, Frocessors sre assidgned to nodes asccorvding
to the scheme detaileﬁ inm Charter 4, The rrocescses created
rass the resulting evalustions to the rrocess AS8SESS via the
rireline V and then die.

The rrocess ACCESS evalustes the scores it receives zlons the
Fireline and rasses maximal scores snd lines of rlaw ur the
tree.

When & node evalustion is comerleted, eilher nstursllys or be
# cubtoffy it calls TERMINATEs which kills zll rrocesses in
the subtrees of cutotf rnodes and frees the corresronding storase.
The rrocess SPAWN uses the sustem calls!

ALLOCATE (UNODIE » L)
CREATECITy MINMX2(BOARTs ALFHABETA UsiM) )
The former sllocates storasdge. The lastter crestes s rrocess
to gexecute the tesk MINMXZ with the given rarameters, The call

returns the identification ID of the created rrocess.

These calls become blocked either whern 31l storsse ie zllocateds

or when &1l rrocessors are alloczted,
ASSESS is the receiver rrocess for node evalustions, These are
received on the rireline V bw the sustem call
RECETVE (V)
Whern the rireline is.emptsv receive is blocked, When dats is

laced in the rireliney RECEIVE becomes urbhlocked and ASSESS
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continues,

SFAWN and ABBESS sre mutuzllw exclusive srocesses. [ Fresume
that when TERMINATE kills rrocesces and frees storages SFAWN
Wwill rnot be reactivated until ASSESS is adgein blocked bw an

emetye srireline.

Figure &.1, Tree Sesrch with Centrzal Frocesses,

MFIFROC OFTIONS(MAIND G
neL 1 lJHnUL BASED(U) »
LETU FTRs /7% BACK FOINTER TO FRECEDING NODE %/
SCORE s
VSECORs 7% BACKED UUP SCORE X/
BSTMUS(0320) LIKE MOVE,
£¥5UCy /7% # SUCESS0RS X/
MOVESUCOIS0)
2 MOVEU LLIKE MOVES
X NXTU FTR»
2 SUCIDG 7% IN OF PROCESSOR ASSIGNED TO MOVE X/
Chy /7% COMMON DEPTH
Clios 7% INITIAL COMMON DEFTH X7

AEAESEAELI

¥ ASSUME THIS FROCESS HAS 1D=1 %/

Ch=Chos
ALLOCATE UMOVESCALL TUMOVES /XINITIALISE UMOVE %/

CREATE (JryASSESS) 3 /XCREATE FRUOCESS #1 TO EVALUATE NODES %/
CALL SFAWNO;s

SPAUNIFROC U, M) RECURSIVE., EXCLUSIVE OF ASSESS:

FE THIS FROCESS CREATES A4 SEARCH TREE DOWN TO THE COMMON
DEFTH, Ch. THE CALL CREATE I& PRESUMED T0 BECOME RBLOCKED
WHEMN THERE ARE NO MORE FROCESSORS AVAILABLE.

CREATE ERECOMES UNRLOCKED WHEN AN INVOCATION OF ASSESS
HAS COMFLETED AND FREED SOME FROCESSOR(S).

X/

ol
U PTRY
Ms
TIes
UFDATE #

SFAWNQIENTRY 5
ALLOCATE UMOVES
SETMVSS
M=03
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WHILE(FROMM)Y /=0) {3
IF 0-00 THEN CaLL SPakiNg
ELSE TF &8UCH0 7% =-1 FOR CUTOFF NODE %/ THEHN
nos
CREATE CILy MINMXZ2 (BUOARIsAs By UsM) )5
U==MOVE (MY s HEXT=NULL
U==MOVE (M) L SUCTH=L1s
ENIe
NI
RESTORE $
IF VARCD THEN N0s
Ch=Ch-15
IF Ch=0 THEN Ch=CL0:
END
END SPAWNS

ABSESSIFROC EXCLUSIVE OF SFPaWNS
A THIS FROCESS BEGINS AND IMMEDIATELY RECOMES BLOCKEN
¥ SINCE THERE ARE NO EVALUATIONS T0 RECEIVE
¥ IT BECOMES UNRBLOCKED WHENEVER AN EVALUATION I8 RECEIVED
¥/
L.
UV FPLRELINE OF (UsYsEVAL s LINE)
U FTRs
My
EVal s Z¥RETURNED SCORE %/
LINECOI20) LIKE MOVES#
RECETIVE(UIUsMeEVAL « LINE)
WHILE(ESUC (MY =0) Nds
Call. TERMINC(U»M) 5
IF EVAL»=USCOR THEN D0j
VECOR=EVAL
UO=LSTU
IF VSCOR>=U0~-=VYSLOR THEN D03
¥ CUTOFF %/
$¥SUC(MI=17+

ENDS
ELSE RBSETMUS=MOVE (M) AND LINE:
ENI:
FSUC(HMI=FSLIC(M)—~15

END3

TERMINIFROC(UOyMO) RECURSIVES
A% KILL all PROCESSES IN aAlLL SUBTREES OF UGsMO
AND FREE STORE WHICH HAS NO FROCESSORS ROOTED IN IT
X/
DCL UO PTR M5

IF UO=NULL THEN RETURNS
U=L0-=MOVE (M) + NXTU
WHILE(MOVE(M) .SUCTI/=0) D03
1F SUCID=1 THEN CaAll TERMIN(U»M):/%K1LL SUBTREEX/

ELSE IF SUCTD(M)>1 THEN CALL KILL(SUCID(M)):/Z%KILL FROCESSk/

EMTIS
FREE (U-=UMOVE ) 3
O~ = UMOVE (MO ) s NXTU=NULL.3
END TERMINS
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The declaration containsg & storase sllocstion for the successors
of the rnoder unlike the csse heretofore.,
The storage ares for sn urdsted move hiss Lo be sllocsted
anid freed dunsmicalls, A rrocessor  lesving g node decrements
the #S5UC count for that rnode. When it decrements #5UC to zeros
then the tree rointed to bw base maw be freed., The srocessor
should then set #SUC to -1 to indicate thal the rnode has been

seared,

N=-FROCESSOR SEARCH WITHOUT CENTRAL CONTROL FROCESSs .
Assume there are many Frocessors sharing some memors sTess
and that it comtains the tree root ares.

I will discuss the case in which each #rocessor may traverse
the tree inderendentlw of a2 centrzl controlling rrocess. 1
will identify each oreration for which interterernce maw srise.
Esch such operation will have 2 serarate semasrhore lock.

The condition that the entire root sves he 3 sindgle criticsl
zreay 50 that onlwy one rrocessor maw sccess it at anw one Liwes
maw be relaxed to allow several rrocessors to Lraverse the
53&9 tree simultaneousiv. Interference heltween rrocessors onlw
2rises when

1 Scoring nodes
% Coruing ur the erinciral comtinuation.

2 Selecting the next move to evaluste from that node.
Let these two twres of oreration e & serarate critical
areg for esch node. Let easch e dated bw ilts own semarhores
with imitisl vslues onhe. Then 2 maximum of two Frocessors maw
e visiting 2 node &t anw ome times & rrocesssor will visit
g node from above or below when seeling & node to evaluzste

arc from helow when scoring a8 node,



{

CEE .
PR

Consider the following examrley wherein N rerresents nodes
ano F orrocessors. Surrose rrocessor Pl to be sesrching for
a2 node to be evalusted, [t is mot scoring mode N It imcrements
FFPROCNNLY arnd enters mode NI simultameously with srocessor
F2y which is scoring node N1,

*..........«................m..........................*.................u..»..‘..-».....‘..........................*

N N1 N11
Fi P2 P2

s s 00 v mn s s s e s e snns ube e osee 3

N12
b3

.....................‘».....,....................-...‘..*

N13
B3
aos su0s ess tese TS e swen sves 4ses Sess Sese Shas saar Sees sees seer *

N1i4

et 200 caee sere Sa8s sebs sare boss st Sene G006 mouk mend Sire sees sen *
M1
K o o e e s s e e Jf o e e e e e s

N2

Figure 6.2+ A tree in which several rsrocessors P 'agre visiting
nodes N.

Frocessor F2 has evalusted N1l and is scoring N1y which
recuires that it control the evaluzation rart of node Nls where
the score and bhest lime from node Nii agre stored, Frocessors
F3 and F4 sre scoring nodes N12 and N22.
Frocessor F1l is about to enter node N1 and score one of
its successors. 1t will either search Nid4y which is still urneveslustedy
or elsey if F2 rerorts & cutoffy it will notice this when it
visits Nls» exit from Nl and tre to score & successor to N2
irnstesd,

The declaration of an urdated move misht bel
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LeL.
1 UMOVE (k%)
2 LABT.BASE FTR /% BACK FOINTER UF TREE %/,
2 EVALN)
Z LOCK SEMAFHOR INIT(1)s
3 YSCORy
3 RETMYSG (0! MMAXT) LIKE MOVE,
NEXT..HOVE »
3 LOCK SEMAFHOR IMIT(1)» .
3 M FTRs /% FOINTER TO NEXT MOVE TO EVALUATEX
CUTOFF FLAG INITCO)»
FROCIDS (O #FROCESSORS)Y /% ID8 OF PRUCESSURS IN TRED
MOVES (0500
3 TYFE s
TO FTR»
FROM FTR»
FFROC, /% NO OF FROCESSORS IN THIS TREEX/
KASE FTR /% EASE ADDRESS OF MOVE %/

P3RS ba

Od D G s O

Cutoffe must be cuickly communicated Lo other rrocessors,
This maw bhe done either bw having & wireline belwesn srocessors
or bw reriodicallw testing Lhe cutoff flasg,

The srogsram for directing this tree search would be verw
2imilsr to the onme dgiven in Charter 4, The onlw rarts which
would need to be changsed are those involving the variables
LEAD and CM., With shared memorwy & rrocessor will be zble to
fimd its own waw around s treey withoult having Lo assk anw others
where thew are‘in the trees» what their c<core and best line ares
or which moves have or have not been evalusted.

The variable LEADR is not recuired since it only helrs find
& free move, Instead & rrocessor will traverse the tree (when

D=C0y wurtil it firmds &8 free move -~ ane with #FROC=0.

ESTIMATED SFEED OF MANY FROCESSORS
It is nmecessary Lo have at least N nodes asveilsble for rarzllel
execution, When there are move rrocessors than moves from the

comnmon dertny it will be necessarye to incresse (L.
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Results with CL>0 have shown that the sesrch effort is not
gignificantly increased when many nodes sre msae asvesilsble,
The ortimum value of CI will bhe the one which balances the
nerrowesd szlrhs bets velues which the srocessors will inter-communicat:
ggainst the higher ‘communication’ (root zresz traversal) overhesad.
I canmot give an sccurate rrediction for the sreedur Wwith maenw

Frocessors.
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Charter 7. CONCLUSION,

A comrzct form of the algorithm used in searching dsme trees
was rresented first, This is the basis of the rrogram which
nas been writtern to sesrch dsme trees and slaw chess. i s

FOF11/745 with & cowele time of 1 microsec.s bthe Frogsram maskes

g full width derth first sesrch of snw chiess rosition st the

rate of ur to 2000 rositions rer second,

An aldgorithm for rarallel search of chess dasme trees has
been devisedsy snd imrlemented in the cesse of two distributed
Frocessors communicating vis & simrle dats link. The existence
of transmission errors has required that srotocols be devised
and imrlemented for the detection ofy and recoverw froms line
ErTOrS,

It has been found that two comruters maw be combined to
search & dssme treesy and that the sverade time overheasd is onlw
167, Further analwsis of this overhead has recuired thalt the
times srent commumicating and searching the tree be measured
ana distinguished.

A standard method for messuring the size of the sesrch
treey bw counting the Ppumber of rnodes at the bottom of the
treery was found Lo bhe an insdeauste messure of the time srent
gearching the tree. & more accurste method is to totsl the
times srent in esch subroutine, The time srent in asnw subroutine
is the rroduct of the number of calls to the subroutine and
the averasge time of each call.

# rFrosram has been written to find these aversse timess
to conduct tree sesrches with varwing search rarametersy Lo

L.

caloculate how much of the search time wss srent i esch subroubtines
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and to therebw deduce the communication overhesd.
Bw sccounting for where the Procegsqrrspends‘its time during
the search.when rarallel rrocessings insisht has beehﬁéaihed"
85 to the relstive sizes of the Frincirzl dverheads in 3 Parallél
search., The main ovgrheads are!l
end of search idle times
communication time
and increased combined tree size.
It was found thst the end of sesrch idle time is only sisnificant
when the commorn derth is zeror and that for the fastest search
in any rositiorns the other two overhesds sre ahqut ecusl. Communication
overhesd increased exronentizslly with the common derth of the
search trees so that when the common desth is grester than twos
the search is alwaws relstivelw ineffiéient.
The finsl éhapter éonsidered methods for imrlementing s
Parallelrsearch whern many Frocessors arte svailasble, Two methods
were comrared?
1. A centrsl rrocessor which has unieue asccess to

the root sres of the treesy zsnd which controls
searches bw the other rrocessorss and

L33

2. Inderendent srocessorsy which have shared sccess
to the root ares of the tree.

The latter configuration wss then recommended a5 beins the

more rromising.
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Appendix 4 -

This appendix contains program output, the general descrip-
tion of which is found in Chapter 5.
line 1 - The command typed in is 'PDEP @ 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 SWEEP begins by printing
the pieces on the board in Continental Notation,

line 4 - Search parameters are printed: ALPHA, BETA, MAXIMUM
DEPTH, ABSOLUTE MAXIMUM DEPTH,

line 6 - SWEEP commands that each processor search the position
on its own.

line 8 - The number of calls to subroutines UPDATE, SETMVS,
CAPTURING.SET.MOVES, and SCORES 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 combined
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 shown,

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 procesging 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 17

line-botom — The final lines show the principal continuation.
The score is shown in brackets.

RS T NPT

T R,



Poo hime L
1 ‘PDEP @ SWEEP’
& : WHITE KGZ AT PE4 PFZ PF2 PHZ
> BLRACK KFS FAE& FBES PGS PHE
« ALPHA -1069 BEETA 10a6a MAXDEPTH & . MMAXD 1@
¢ SINGLE PROCESSOR SEARRCHES
& CDEFTH UPDRTES SETHVSE CSTMVYS SCORES TIME-MS NOMAXD: NOMHAXD
4 THIS @ 1€91¢ 4708 2Sel 1691 € 14a6a 11a6S4 2x
o OTHER g 1€91¢€ 47a@ 2961 1€916€ reaa 11654 2=
W
iz BASE # 6] 1e€91¢ 4766a EETS 16216 Se1v 116854 23
3 TIME/SE a SFE N 144z azz &2
W TOTAL a zaop - 6ESE 2267 lagxxz
15 XTINE a 28 47 17 ’ 7
. PARALLEL SERRCH
g COEFTH AINCE “INCE ZINCR MICREEC EFFNCY EFFNCY EFFHCY
Iy SUERTN COMMUN TIWME AWORDE  ZTOTAL Z“IMNCR “
1o _ BRSE EASE ERSE COMMUN BEASE SUERTH COMMUN
YRRCDEPTH 1 TR
(&) 1€ 20 6 c9E 4 1z 14
e . 1 2F i 2¢ zE 7 22 1
b o S 16é 15¢€ o1 ] q
= ] S @ 1@ 7T 1¢ 4
4 P 7 @ 147 i i¢ 5
VARCOEFTH © T TTTTToTmrrmmmmmemmmmmmmmme e
@ 16 1¢ z€ gazv 74 2 14
1 2e 1 28 ze e 2z 1
= =1 = 0 1688 ve 22 €
z =7 2 o 1e8& €2 2% 14
4 KA £ a7 196 N i¢& 2
BEST LIME FQOQUND AND SCORE:

PF2-F4 PGIXPF4+ KGZ-H4 PHE-HS KH4XFHS PF4-Fx FHz-H4 KF5-EG(1@

*
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PO tion

L “MAKD 9 MHMAKXD 11 CSWEEFR”
\ "4 WHHITE KGz PAZ PB4 PFZ FFZ FPHZ
BLACK KF5 FA& FPBS PGS FHE
ALPHA -166a EETH 1@6e MAKXKDEFTH & . MMAXD 11

' SINGLE PROCESSOR SERRCHES

CDEPTH UPDATES SETHMVS CSTMYS SCORES TIME-MS NOMAKD: NOMMAXD
THIS @ ISE5@ 45673 ags1  ISESE  TETEZ A7IEA €6
OTHER @  I565@ 15673 9E51 35658 21458 417384 €€
BASE # 8@  ZSE5@ 15673 agS1  TSES@  1I8i7  17I6M €6
TIME/SE @ 233 - 1418 arz . -1%
TOTAL 8 gz17 22186 gaiy —s5g
2TIME a 21 57 2% -1
PARALLEL SEARCH
COEPTH ZINCR  XINCR  RINCE MICRSEC EFFNCY EFFNCY EFFNCY
SUBRTM COMMUN TIMNE  /WORD ZTOTAL  ZINCR 2
BASE BASE ERSE COMMUN ERSE SUBRTH COMMUN
VARCDEFTH 1 TTTTTTTToTTTTTTTToTTmmmmmmmmmmmmmmmm e
6 o4 1€ 48 7173 71 17 12

2 7 2 o 168 az € z
z 21 2 2z 152 gz 17 2
4 19 z 21 157 g2 15 2
YARCDEFTH @ T TTTTTmTmrmmmmmmmmmmmmmmmmmmmmmmee
@ 24 16 48 €mB77 71 17 12
1 16 z 21 ze0 &3 15 2
2 z7 z za Lag 72 z7 1
: 24 o 24 195 75 1@ 7
1 45 21 €6 175 €@ 27 12
BEST LINE FOUND AND SCORE:
PFZ-F4 FPGSRPF4+ KGZ-H4 FPHE-HS KH4WPHS PF4-FZ PHI-H4 KFS-ES
KHS-G5(166)

‘2; *
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“HHITE KGZ AS BS CS HZ ELACE KGS AT BF C7 HS WHITES

# MAKD @ MHMAKED 11 MAXCE 4 SWEEPRY

WHITE KGZ FPAS FETS PLCSL FHZ

BLACK KG& PRV FBY FCF FPHS :

ALPHA -41694 BETAH i16ae MALDEFTH & MMARLDE 11

SINGLE PROCESSOR SEARCHES

COEFPTH  UFRDATES SETHMYSE  CETHVYE SCUEES— TIME-NS NOWMAKXD: HOMMRXD

THIS B 49421  1586€ 4705 49421 4@18T  :273%7 2

OTHER B 49421 159@8  47ES 49421 EEII 27V 2

BASE # ‘m 49421 158688 4705 49421 1448% 32737 2

TIME/SE @ 227 1296 7er &7

TOTAL & 11788 26517  I7RB 4267

2T IME @ 26 s1 o 11

PARALLEL SEARCH

CDEPTH  XZINCR  #ZINCR  XINCR MICRSEC EFFNCY EFFNCY EFFNCY
SUERTN COMMUN  TIME  /WORD ZTOTAL  XINCR 2
BASE  BASE  BASE COMMUN  BASE SUERTN  COMMUN

VARCDEFTH & T
@ 21 2 2z 1145 e1 17 2
1 4z @ 41 16 71 29 @
2 z : 14 14z X: 1@ 2
z 1 z 1 125 oz 1€ z
4 17 4 21 140 ez 14 z

VARCDEFTH @ T
@ 21 2 2% 1@42 e1 17 2
1 4z @ a1 ~1g 71 28 @
2 24 z 2€ 135 7o 15 2
z 23 9 az 1960 7@ 2z €
4 2€ 2¢€ ¥ 188 €€ 17 17

BEST LINE FOUND AND SCORE:

PHZ-H4+ KGS-FS PES-BE6  PRAPHFEE PRSUFEE FOTHPEE POSKFEE KFS-ES

KGZ-FZ(@)

3
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Pesinon Q. 10 [it

“PDEP 8 MAKCD 4 MAKD 14 MMAXD 12

*7 SWEEP”

WHITE KGZ PAS PES PCS FHZ=

BLACK KGS PAY FEV PC7 FHS

ALPHA -l1aaa BETA 1g6@ MAXKDEFTH 16 MMAXD 12

SINGLE FPROCESSOR SERARCHES

CPEFTH UPDRTES SETHYS CSTHYS

SCORES TIME-MS NOMAXD: NOMMAKXD
THIS @ 354371 91@60 171011 54374 IPIESEH 148856 1244
OTHER 6@ 354371 91@6C 171744 54374 287067 148856 11244
BASE & @ 354371  @1@6r 171044 IS4E74 133347 A4SE56 4%244
TIME/SE @ 233 1287 7ag 57
TOTAL @  674EE  IZES@  ©I48T 189917
=T IME @ 1e o 2 51
PARALLEL SEARCH
COEPTH #INCR  ZINCR  ZINCE MICRSEC EFFNCY EFFNCY EFFNCY
SUERTN COMMUN TIME  AWORD ZTOTAL  %IMCR z
EFSE ERSE ERSE  COMMUN ERSE CSUERTN COMMUN
YARCDEPTH 1
a 19 2 41 gsrop 71 1% 1€
1 =€ -1 a5 4740 o 29 1
o .4 5 a 2013 a1 4 5
> 15 o 37 77 & 1 1
4 “4s o 17 £5¢ € 13 =
YARCDEFTH @
a 10 2o 41 Toiam 71 1% 1€
1 o -1 25 -174@ KL 2, 1
o o -z 71\ -o1@ 76 a @
= o 7 o 1617 az a 7
A 71 o =3 76 75 24 y

BEST LINE FOUMD AND SCORE:
PE5-E€& FAVHAFPEE FHZ-H4+ KGS-FS FCS-CE& FPEVEFCE FAS-AE  FPCE-CS
PRE-R? FCY-Ce&  FRV-AE=R(CEES

*
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Posl mow Ry

“CLEAR BLACK KEE& D& F& WHITE KEZ [ F2-

-~ #7 MAXD & MMAND 1@ SMEEF’
- WHITE KEZ FD2 PF2
BLACK KEE PDE FFE
ALFPHA -10@6 BETA 1@aa MAYDEFTH € MMAKE 1@
SINGLE PROCESSOR SERRCHES
COEFTH UPDATES SETMYS CSTMYE SCORES TIME-HS NOMAXD: NOMMAY
THIS @ 1e@z7 7eos S7ee | 18027  LESOE ggss g
OTHER 6  1g@z7 7eos s7as  1g@:7 Q167 coss o
BASE # 6 1g@z7 7ers  srag 1g@z7 Sogn eess ¢
TIMEZSE a 248 - 1@ie 547 €z
) TOTAL B T3 7oaE 2117 1158@
2TIME 6 26 qg 1@ 7
) PARALLEL SEARCH
CDEFTH SINCR  HIMCE  ZINCE MICRSEC EFFNCY EFFNCY EFFNCY
SUERTN COMMUM  TIHE  /MORD %TOTAL  ZINCR s
ERSE EASE BRSE  COMMUN EASE SUERTN COMMUN
T
B 4 1 e 158 o€ 1 1

[N
BN
wm
LX)
o
w
[ Y
=}
Ly
om
o
1ot
[
T2

2 14 : za 172 gz 11 5
2 1€ 9 24 1ez e 12 7
| 4 2 12 25 177 g 16 1@
| YARCDEFTH @ T
o 4 1 g 145 96 4 1
1 45 2 48,  17@ i z1 2
2 16 : 25 177 g 14 €
z 45 24 € 163 59 27 14
4 ze - 7z a4 18€ 52 16 z@

BEST LINE FOUNL AND SCORE:
PF2-F4 PFE€-FS F0RZ-[4 FPRE&-DS KEZ-DX KE€-D& KDZ-CZ KDE-CE&EC(B)

*
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POt Ao 3
“CLEAR WHITE KEZ DZ FZ BLACK KEE& D& FE& WHITEC
** SHEEF”
WHITE KEZ FOZ FF2
BLACK KE€& FD& PFE
ALPHA -i1@a@ BETH i1@80 MAXDEFTH & MMARDE 11

SINGLE FROCESSOR SEARCHES

CDEFTH UPDATES SETHVSE  CSTHVE SCDRES‘ TIME-MS MNOMRXKD: NOMMAXD

THIS a 49575 legve “hla 49575 ze@zz zive 1
O0THER @ 49575 legrz S51@ 49575 2@ezoe zive 1
BASE # @ 42575 ieeve Sl 49575 1zaed rzarve 1
TIME/SE @ 24z laer Sof ga
TOTAL @ 12067 l1eagz I@zz IQGE
«“TINE e IZ , 47 & 11

PARALLEL SEARCH

CDEFRTH ZINCR  HINCE AINCR MICRSEC EFFNCY EFFNCY EFFNCY
SUBRTN  COMMUN TIME ZUORE  KTOTHL “INCE 4
ERSE ERSE EASE COMMUN EASE SUEBRTN COMMUN

e o s s e e S e st Tme e St et ke o e o e ot W WA i e G= M e e e M wms M M S s e e ey me e e s e e e e e P A e S e -

YARCDEFTH 1

@ 7 1 & 2ED 93 € 1
1 44 = 1€ 255 €% 26 2
2 1% 4 17 265 86 11 %
z 1z 4 17 zaz €6 16 4
4 2 € 17 R3¢ g5 16 5
VARCDEFTH © T
@ 7 1 & z4@ oz € 1
1 44 3 a3 373 €& z@ 2
2 2z 4 € 17¢ 7 1g z
z 4@ 2 sz 2@ €5 26 &
4 25 3z sg 1e7 €3 1€ 21

BEST LIME FOUND AND SCORE:
PF2-F4 PFe-FS FDRZ-D4 FRe-DS KEZ-DEZ KEE-DE KDX-CE KDE-CE
KCZ-BZ(8)

+*
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P%“HDU\%
“SWEEP
- NHITE KH4 PE4 PD4
4 BLACK KHe& PCE& PDE
ALPHA -1@6066 BETA t1ac@e MALDEFTH & MHAKD 16
SINGLE PROCESSOR SERRCHES
CDEPTH UPDATES SETMYS CSTMVYS SCORES TIME-MS NOMAXKD: NOMMAXD
THIS 5] 2281 842¢ 91zvy 2281z 26117 11&z@ 4
OTHER 5] S281Lz gd4z¢ a1zv 2281z 11167 11¢za 4
BASE #  © 2281  ©426 9137 22813 748X 14830 4
TINE/SE 5 2XZ gse Sxe 122
TOTAL 5] 5317 . 7lev 48586 . erez
ATIME a 26 I6 24 14
\
PARALLEL SEARCH
COEFTH #INCR ZINCE ZINCE MICESEC EFFNCY EFFNCY EFFNCY
SUBRTN COMMUN TIME AHORD  ZTOTAL “IMNCER 4
BRSE BRASE BEASE 'COMMUN EARSE SUEBRTN COMMUN
YARCDEPTH £ T
a 1% 21 4 o2ie 7o 1@ 1¢
@ 1 g 1 a7 oo v 21 1
2 41 K 44 122 ré 28 2
z 11 4 45 15@ £s 28 x
4 S S 44 1eg &2 27 4
VARCDEPTH & T
a 1= 21 x4 4748 7o ia 1¢
1 26 1 av v s 21 i
2 %1 4 x5 1=7 74 2z z
z za 1€ 4 ¢ 1e2 &7 2@ 1z
4 1¢é S °a 1?7 e i1a z2

BEST LINE FOUMNLE AND SCORE:
KH4-G4 KHe-GE& KG4-F4 KGE-F& KF4-G4 FPLE-DE  KG4-F4 KFE-E&C@)

*

c
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post Hon £

“CLEAR WHITE KH¢ B4 D4 ELACK KHE& C& D6 WHITE “
*7 SHEEF”
HHITE KH4 PE4 FD4
ELACK KHe FCE& FDE
ALPHA -1608& EETH 1ea@ MARDEFTH & . MMAXE 11

SINGLE PROCESSOR SERRCHES

CCEFTH UPDATES SETHMYS CSTHMYS SCORES  TIME-MS NOMAKD: NOMMRED

THIS @ 49471 15969 5744 49471 IS@E7 X207 €
OTHER @ 49471 15969 S744 49471 19858 23207 €4
BASE # @ 49471 15969 5744 49471 1268 TIpA7 €4
TINE/SE 8 e g47 520 125
TOTAL @ 11783 13517 @58 6717
“2TINE e 4 za @ 19
PARALLEL SEARCH S
COEPTH  XINCR  ZINCR  ZINCR MICRSEC EFFNCY EFFNCY EFFNCY
SUERTN COMMUN  TIME  /MORD  XTOTAL  ZINCR 2
ERSE  BASE  EBASE COMMUN  BASE SUERTH  COMMUN

YRARCDEFTH 1

2 € 75 8L ZF4E; 55 z 41
1 2¢ @ T 45 7€ 22 @
2 1€ z 46 147 : 1 1
2 4% z a7 145 €€ z1 1
4 as : 46 163 T 26 2
YARCDEFTH €@ T TTmmrmmmmmmmmmmmmmmee
e € 7S g1 zzEe® 55 3 a1
1 2¢ @ 2 5 & 22 8
2 z¢ : 41 148 71 e7 2
2 25 2 a5 163 €9 25 €
4 17 2¢ 43 187 78 12 16

BEST LINE FOUND AND SCORE:
PD4-DS  FCEHFDS FE4-EBES  FPDRS-04  PES-BE6 FD4-D1Z  FEE-B7? FDEZ-D2
PB?-BC=0 FOZ-0i=0 BEEKFDE+(H)

*



—na—
P Mo O
“HRXD vV MMAXD ¢ SWEEFR-
HHITE K[OZ PRS PES FC4 PGZ FPHZ
BLACK KES PRY FBEY FF4 FG4 FHT
ALPHA -10Q66 EETA 1ea6a MAXDEFTH 7 MMAXD &

SINGLE PROCESSOR SERRCHES

COEFTH UPDRTES SETMYS CSTMYS SCORES TIME-MS NOMAXD: NOMMAKD
THIS 8 21779 479z zfog 21779 17558 45511 17¢
OTHER 8 21779 4793 2588 21770 agez 15511 17€
BASE & 8 21779 479T  p2ses  zi7re €EAT ASS11 17€
TIME/SE e 243 1543 e 117
TOTAL @ Szan 7400 TR0 ZE5a
2 TIME a i@ a4z 17 15
PARALLEL SEARCH
COEPTH ZINCR  XINCR  XINCR MICRSEC EFFNCY EFFNCY EFFNCY
~ CUBRTN COMMUN TIME  /WORD ZTOTAL  ZINCE %
BRASE BRSE BASE  COMMUN BRSE SUBRTH COMMUN
VARCDEPTH 1+ T ToTToTmmTTmmmmmmmmmmmmmmmmmmmmmmm e
B 2@ 12 oy 2245 7€ 15 a
1 =3 4 41 a5 71 26 2
2 7 a 17 1a@ & € 2
z & 11 10 186 £4 7 o
4 7 17 24 19z a1 € 14
VARCDEFTH @
@ 26 1z =z SHET 76 15 a
1 7 4 41 250 71 26 %
z 22 11 %4 19 75 17 g
2 %7 € 73 107 sg 21 21
4 o5 1@ 15€ @ 2@ 1@ 51
BEST LIME FOUND AND SCORE -
PHZ-H4 PG4XFH4E. F. FGZHFHZ PHF-HS FHI-H4 FF4-FX PC4-C5(@)

*



— B\o
POS: Dy =
‘MAXD & MHMAXKD 18 SHEEFP”
WHITE KDZ FRS FPES PC4 FGZ FHZ
BELACK KES PATV FBY FF4 PG4 PHT
ALPHA -10@06 BETA 1meq MAXGEFTH & MMAXD 1w

SINGLE PROCESSOR SEARRCHES

CHEFTH UPDATES SETHMYS CSTHYS SCORES  TIME-MS NOMAXKD: NOMMAXD

THIS a SESR4 caesd 14186 SeSed tzese 29618 440
OTHER 5] SeSE4d 2BE54 1418¢ SESBR4 458z 9@t 440
BRSE # a Seood 28654 141B¢€ SeSeq 2zz2e06 29@1a 44@
TIME/SE 5 24z 154z ggx &8
TOTAL @ 1z75a Iigez 12532 gez
{TIME 5] &e Si P &

PARALLEL SEARCH

CHEFPTH #INCE ZINCE “INCR MICRSEC EFFNCY EFFNCY EFFNCY
SUBRTN COMMUN TIME AWORD  ZTOTAL “INCE %
BASE EASE BEASE COMMUN BASE SUERTN COMMUN

VYARCDEFTH 1

& 11 19 1 107l 7 S 15
1 44 @ 44 9% 3 @ @
2 € z @ 195 a2 5 2
z e z 11 LeE s 7 E
4 € 3 1@ 19z o1 5 4
VARCDEFTR @ T
B 11 1 4 11783 i ) 15
1 14 @ 44 o £9 z6 @
z 1€ 1 =6 245 g4 13 E
3 45 1@ 55 zae €4 2o 7
4 17 € 54 197 €5 11 24

BEST LINME FOUNC ARND SCORE:
PHZ-H4 FG4xFH4E. F. FGZHFHZ FH?-HS FPHZ-H4 FF4-Fz FC4-CS FPFEZ-F2ca@r

¥



—Bad1 —
Se=s M D)
“MAKD 4 MMAXD & SWEEFR’
HHITE KC1 BGS ND4 NCZ QD& RD1 BF1 RH1 FHZ FEZ FCZ PE4 PF4 FGZ FHZ

BLACK KG& RAE ECE QL& RFE BEY MNCE NF& FAHE PEY FI6& PEE FF?Y FGY PHY
ALPHA -i00@8 BEETR 1&8b6& MAXDEFTH 4 MIALD &

SINGLE FPROCESSOR SERRECHES

COEFTH UPDATES SETNMVE  CSTYMVE SCORES  1IME-MS NOMAED: NOMMAXD

THIS @ 12445 1647 2613 12445 192Se 2508 1186
0THER 0 12445 1642 2613 12445 16667 257 1186
BASE # @ 12445 1642 2613 12445 eBE&F  2h¢@ 1186
TIME/SE @ 258 4vse  2ree es
TOTAL 8 x117 7817 7267 1@5@

XTINE G 1¢ 41 zg. o

PARALLEL SEARCH

CDEPTH “INCER ZINCE #INCR MICRSEC EFFHNCY EFFNCY EFFNCY
SUBRTN  COMMUN TIME AWORD  Z107TAL “INCR “
BASE EARSE EASE  COMMUN BASE SUBRTN  COQMMUN

YARCDEFTH 1

@ 1 S ? agz ad 1 5
1 53 “ ¥ 1Ez €L £ 5
z 1€ X g 193 S5 ] 1
3 19 T4 G ALl ¥ 1@ 28
YARCDEFTH © T
o 1 5 7 dEZ G4 1 5
1 X o & 1ez ¥ 23 5
z & &1 £ 195 X 4 4z
z 55 333 K332 225 z 11 €&
BEST LINE FOUND AND SCORE: :

BGSKNFE BEVXEEFE MD4KNCE PEFRNCE(-4153

*



A~

&“M “MARD 5 MHARD 77
*" SWEEF”
HHITE KC1 EGS ND4 NCxz @R2 RD1 EFL RHL FAZ FEZ PCZ PE4 PF4 PG2 PH2
BLACK KG& RAE EBECE QD& RFE EBEV NC& NF& FAE FEV FDE& PEE PF?¥ PGY PH?
ALPHR -16a@a EETR 1R66 MASDEFIH S MMAXD ¢

SINGLE FPROCESSOR SERRCHES

CDEPTH UPDATES SETHVS CSTMVS SCORES TIME-MS NOMAXD: NOMMAXD
THIS @ e4zem  S347 4392 £4Z0@  7E2IX 66476 4684
OTHER 6 g4zeE  Sz47 4392 g4zem 9717 EE476€  4€84
BASE # @ £4z2@@8  Sx47  4E9r  g426@  C5367 66476 4684
TIME/SE @ 252 47SET Z7EE %5
TOTAL B 2118F 25417 12217 11447
ZTIME @ @ 26 17 16
PARALLEL SEARCH
COEPTH  #INCR  2INCR  #INCR MICRGEC EFFNCY EFFNCY EFFNCY
SUBRTN COMMUN  1IME  AWORD  ZTOTAL  ZINCR #
BASE  BRSE  BASE COMNUN  EBASE  SUBRTN  COMMUN

e e e e e A i G o et ot e A e et T e e A e G e A e e S s o e e e e e S M T S e S e Mm-S G e S A S e m em - - —

YARCDEFTH 1

1 %6 3 41 zag 71 2 2
z 1@ 19 2 196 ;8 g 14
2 11 23 25 195 74 : 17
YARCDEFTH @ TTTTTTTTTTTTTTTTTeTmeee T
@ ; 2 1@ XL a1 7 2
1 z¢ 3 41 cug 71 2 2
z 11 22 %3 1e6 7S : 17
2 1 1a6 24 19z 4 1 45

BEST LIMNE FOUHD AWD SCORE:
ND4XNCE FETKNCE FE4-ES NFe-E& EGSHEE? QDEXEEY PESHFDECL@E@)

*



O

0

“HAXCD = SHEEF’
WHITE KG1 NEB1 RE1 RE1 NF1L

—— A . - - s S e ) e et T Mt Gms W G A e A Mt 4 dm e e e 4 M e = e e e e e W T - A ma vt e -

BLACK KGE& RARS RDE EBFE QC7
ALPHA -16866 BETAR i166a
SINGLE PROCESSOR SERRCHES
CDEFTH UPDHTES
THIS a 4726
OTHER a 4726
BASE # a@ 4726
TIME/SE a 242
TOTAL @ ed4aa
“TIME g 1€
PARALLEL SEARCH
CDEFPTH “INCE
SUBRTHN
EASE
VYARCDEFTH 1
f 1
1 41
2 2@
z 2@
YARCDEFTH ©
A 1
1 41
by 5]
= 56
BEST LINE FOUMD AND SCORE

BBV -E&

*

@CZ BEZ FEZ FCZ FE4 PFZ
ED7 NHS FES FES FF7 FGE
MAXDEFTH 4 M
SETHMYS CSTMYS SCORES T
418E G067 Z47DE
4188 Q267 4726
418E 8267 TATEE
4423 UEET 148
16517  2B9ET 4867
x5 46 o
»INCR  XINCE MICRSEC
COMMUN TIME  /HORD
ERSE ERSE  COMMUN
1 o o2
7
7 4¢ 165
26 s6 1a7
./
51 71 Rk
1 o oE
1
7 4g 163
i 5 162
zazn 448 o7

ROLERDE RAGKRDE FHI-H4(85)

FG2 PHZ
FHE

MAKE &

IME~-MS NOMAXD:
L2767 12776
28047 12776
18682 12776

EFFNCY EFFNCY

aToTAL “INCE

ERSE SUERIN
ag 1
&7 a8
&z 1z
RS 1z
ag 1
&L 2¢€
g 4
14 16a

10 ok

NOMMAXL
%61
2264

EFFNCY

LY

COMMUN

wn

~J
[



oL

— Plp—

pos ion 25

“MARD 5 MHAKD 77
*" SHEEFP”

NHITE KG1 HE1 RD1 REL1 MF1 RC2 BEX PEBEZ PLZ FPE4 PFX PG PHI
ELACK KG& RKAE KDE EBEFE QCF ELR¥ NHS FPES FPES FF?P FPGE PHE
ALPHA -i1aooo0 EETA 1e6a MHEDEFTH & HHAKD

~

SINGLE PEROCES:S0OR SERRCHES

COEFTH UFDATES SETMVS  CSIMYES SCORES  TIME-MS NOMAXD: NOMMAXD

THIS B IEESSET 21874 44245 GU6SSE  FI@sAF  LGrEEF 4518%
OTHER @ IWESST 21674 44045 ZTWESST  LEZEIT  AG¥83IF 45163
BHSE # @ IEESSE 21874 44245 . ZE65SET  14E6617 AGrEI7 45163
TIME/SE @ 245 4423 2533 15
TOTAL 6 75i@@ 96750 110083 4603
2T IME @ o3 o %4 14
PARALLEL SEARCH
CDEFTH INCE  EINCR  ZINCE MICRSEC EFFNCY EFFNCY EFFNCY
SUERTN  COMMUN 1IME  AWORD  Z10THL  ZINCR %
EASE EASE BEASE  COMMUN EHSE  SUERTN  COMMUN
YARCDEFTH 1 O TTTTTTTTTTTTTTTTTmmmmmmmmmmmmmmmmmT
o o & a Y g 4 @
1 16 1 16 168 45 14 1
o 16 € 16 167 &6 o 5
: o & 17 10w G5 & 7
YARCDEPTH @ 7
o a b 2 - 91 a @
1 16 1 1¢ 186 G5 14 1
% o 17 40 178 e 2 g
= o G ok 1oe 49 16 41

BEST LINE FOUND RAND SCORE:
HHS-F& FHZ-H4 EAE&-A1 FH4-HE NFERFHG(-1%)

*



6:;

“CLERR”
*“BLACK QC¢g
**HHITE RA1
*”BOARD”

RDE RFE& KGE
NCZ NE1 EF1

BEEY

K@ HR R

¥E L.

%P

. _#N. *P . P

WP

NCe N4 A7 EB& CG

KGL BGz QG4 AR

Ko

#P

WP

_®F. L P

R

A B C (] E F G

*#*"BLACK MAXD 4 MHMARD
*7 GO0 PARALLEL SEARRCH

& Chr 1

BEST LINE FOUND
PEE-ES FPHZ-H4

AMD SCORE:
FA7-AS  FH4

ALPHA -ig@@
CPEPTH 1
UPDATES 18Z&X
NOMMAXD 26686
UPDRTES A SEC:
HOMMAKD/SEC: leE
ELAFSED TIMEC(SECS): 1& &
BusY LOOF TIMECSECS)>: & & 1
LINK-RECEIVE INTEREUFTS: @
* MAXD S MHAKD 7

EETH 1@eo

SETHMVS gee
NEF: @
Seg

BEST LINE FOUND
PEG-ES FPHZz-H4

AND SCORE:
FEE-ES

ALPHA -16G@
CDEPTH 1
UFDATES €&821X
HOMMAXD 9955
UPDATESASEC:
HOMMAKDZSEC:
ELAPSED TIME(SECS)>: &8 &
BUSY LOOF TIMECSECSY: @ & @
LINK-RECEIVE INTERRUFTS: @
*

BETA 1a@a@6

SETHMVS
NEF: @
veEYT
11¢

MOVES FEOW CD:

MOVES FROM CD:
Sied

H

VARCE @

-HS ()

MARXDEFTH 4

&4

CSTHVS

SETHMVELASEC:
NEF/SEC: 8
IpTeq

THS
‘&6

R
' L.

C4

zeoa

CaThyY

SECS
THE SECE,

L7
4

c ¢

[

v
=

HORDS RECEIVED:

GO FARALLEL SERRCH

HCZEFES NDEEFPE4C@)

HA#DEFTH

as

SETHMYSASEC:
HEF/SEC: @
Sar el

THE
‘eq

WUEDS

CaTHvYS

&6

12590

CESTHYSASEC:

SECS

EE€ F7 G&
Es F& GS

MHAKD &

NOMA KD :

SEC: 1vé&

-

MMAKD 7

- NOMARD:

SECS, &+

RECEIVELD:

15%

@
x%41

H7
Hz

16z9

L2

NOMARDASEC:

MORDRS SENT:

“,

20114

HUMAKD/SEC:

WORDS

SENT:

ry
£n
~)
\0

282y



— Pk
PTt A a8y

“HAXKD 4 MHWAXD € SWEEF”
MHITE KG1 RA1 HNCZ HE1 RF1 EGZ
BLACK KG& QC& RDE& RFE BEY NDE

©@G4 FPHZ FEBEZ FLC4 FLZE
N4 FAY PEE FCS PLRT

FE4 FF& FGS FHZ
FEE FF? FGE FHY

ALPHA -1066@ EETA 1@a0 MEEDEPTH 4 MMARD 6
SINGLE PROCESSOR SERRCHES
CDEFTH UPGATES SETHMYS CSTMYS SCORES TIME-MS NOMAKD: NOMMALD
THIS 8 25162 2171 EEEE  S16E  E7VAT a5z 4174
OTHER 8 25167 nyz EEER  DS16Z 2BEIE usy o 4174
BASE # 8 25162 2101 CECH  DS16r 13447 as7z 4174
TIME/SE a 047 430@ 2683 17
TOTAL a 6200 argx  A7UL7 4317
2 TINME a 16 o 4t 11
PARALLEL SEARCH
CDEFTH ZINCE  XINCR  XINCE MICRSEC EFFNCY EFFNCY EFFNCY
SUERTH  COMMUN TIME  AMORD ZTOTRL  ZINCR %
EFSE BASE ERASE  COMMUN BERSE SUERTN COMMUN
YARCDEFTH 1 -
a 1% 5 1€ 1655 a5 11 5
1 o g ¢ 1e5 74 21 €
o o o s 196 x 14 2@
5 24 27 e 1a7 £ 15 23
YARCDEFTH @ T TTTTTTToTTTTooTTmmmmmmmmmmmmmmmmmmmmm
@ 13 5 1€ 1617 es 11 5
1 o g 5 163 74 2@ €
= 7 59 65 193 ca 4 €
= 47 2324 zg1 217 21 1@ 69
BEST LINE FOUND AND SCORE: )
PEG-ES FHZ-H4 FA7?-AS FES-E4(6)

*



Pos hon A8

‘MAYD 5 MMAXD 77

*” SHEEF”

MHITE KG1 RA1 NC3Z NE1 RF1 EGZ QG4 FAZ2 FEZ PC4 FDZ PE4 FFE PGS FHZ
BLACK KGE& QCE& RDE RFE EEF NDE ND4 FA7 FEE FCS FD7T FEE FF? FGE FH?
ALPHA -10@80 EETR 1660 MAXCEFTH S MMAND 7

SINGLE FROCESSOR SERRCHES

COEFTH UFDRTES SETHYS CSTHMYS SCORES  TIME-MS NOMAXED: NOMMAXD

THIS B 176439 14537 36244 176439 236667  €1799 @427
OTHER B 176439 14537 268344 176439 131683 £479% 10427
BASE # @ 176439 14537  IEI44 . 176430  G4Z67 1799 20427
TIME/SE 6 247 4386 268 156
TOTHL @ 43517 EI6E7 41@2EEI  CEEHE
2TIME @ 18 27 4% 11
PARALLEL SERRCH
COEFTH  ZINCR  #INCR  ZINCR MICRSEC EFFNCY EFFNCY EFFNCY
SUERTN COMMUN  TIME  /WORD XTOTAL  XINCR i
ERSE  BASE  BASE COMMUN  EASE SUBRIN  COMMUN
VARCDEPTH £ T
@ 14 4 18 4583 &5 12 g
1 4 z 2 21z a5 4 1
. 2 4 13 172 & @ 4
2 16 : 16 18¢ ge & €
VARCDEPTH @ T
@ 14 4 16 4zos &s 12 z
1 4 2 5 213 a5 4 2
z 2¢ 9 x5 166 74 19 7
z 14 73 &7 e 5% ¢ za

BEST LINE FOUND AND SCORE:
PE6E-ES FHZ-Ha FEE-BS NCZXKFES MREXFE4CED

*



“HAYD 4 MMAKD & HWRKCD 2 SWEEFR/
HHITE KE1 RA1 RH1 RFX FAZ2 PEZ PCE FD4 PFE FGZ PHZ EDZ EBGS NES
BLACK KGe& RFE& @b& RAE PAT PEBEF PG? FHY PF7 ECE NEE FCé& FE¢ EBETV
é:; ALPHA -1@6@ BETH 1660 MARDEFTH 4 MHAED &

"SINGLE FPROCESSOR SERRCHES

CHEFTH UFPDATES SETWMYS CSTHYS SCORES TIME-MS NOMAXD: NUMMAXD

THIS a o4 €15z 17a%s g&24ee 8xz1%a 1z€@9 €55a
OTHER a t24e2 £15% 17825 62482 S1Z67 12¢€g2 £550
BRSE # a 2482 €103 1788% 6242 Xz117 1z€8% €550
TIME/SE a 25o SEET cg4z -o<
TOTAL 5] 15933 Idelx 48608 -EBES
ATIME a 17 7 oe -5

PARALLEL SERKCH

CDEFPTH #INCR ZINCE ZINCR MICRSEC EFFNCY EFFNCY EFFNCY
SUBRTN  COMMUN TIME AWORD XY OTHL “INCR Z
BASE BEHSE BASE COMMUN BEASE SUBRIN COMMUN

et = e e i T W S e A e G et Tms T ey b e Gt T G s M e Gme s G W A S o S . e Mt e e ams = e T e e e e e e e . - A — o —— -

YARCDEFPTH 1

@ @ 1 1 22z a9 Z 1

1 2@ 4 25 197 g 16 2

‘ z x5 E3: 6 1e8 e 21 2

C z z4 z¢ 71 197 59 2 21
| WARCDEFTH @ T TTTTTTTTTTTrTTTmmmememmem

@ @ 1 1 28 ua @ 1

1 2 4 25 197 &6 16 %

2 7 59 €6 . 198 €6 4 x6

z sz a4 56 217 o 11 €7

BEST LINE FOUND AHD SCORE:
BGSXEEY OLEXBEY MES-C4 FPEE-ESCE)

*#



' — /g —
position 55 H

“MAXD 5 HMMARXD 7 SWEEFR’
WHITE KE1 RAL RH1 @QFZ FAZ PEZ PLE P04 PFE PGE PHZ EBDZ BGS MHES
' BLACK KG& RFE& QL& EKRE& FPAY PEY FPGF FHY FPF7 EBCE NEE FC& FE& EBEY
‘:; ALPHA -1e66 EETH igea HARGEFRFTH & MMARD 7

SINGLE PROCESSOR SEARCHES

COEFTH UFDATES SETHMYS CSTMYS SCORES TIME-MS NOMAXD: NOMMAKD
THIS @ 512998  24EIS  IpGET 5172008 4B27IE AZESSS 6264
OTHER @ 512990  24B3I5 2983 S100U@  DREBET  4ZBSSS 26264
EAGE # @ 510998 24635 0083 510208 145617 428555 Z6064
TIME/SE o 258 ST 2847 &3
TOTHL @ 120817 135480 2 9ISET 42633
2 TIME a Tz %4 T 11
PARALLEL SEARCH
CDEPTH 2INCR  ZINCR  XINCR MICRSEC EFFMCY EFFNCY EFFNCY
SUERTN  COMMUM TIME  /WORD  ZTOTAL  ZINCR %
EASE BASE ERSE  COMMUN EASE  SUERTN  COMMUN
VARCDEFTH 1 T
@ -3 1 -z 1665 164 -3 1
1 11 @ 11 xg ap 16 @
‘:; = %1 € 27 147 23 oy 4
| z =3 ; 44 150 1 24 5
YARCDEFTH @ T TTToToTmmTmmmmmmmemm et
a -3 1 -3 1627 104 . 1
1 11 @ 11 46 g 1@ @
o 1@ 14 o4 167 &1 g 11



o

— Ra0—

Poui iy 35R

“MAXCD X MAXKD O MHMARD 7 SWEEF”

WHITE KE1 RA1 RHi1 @FZ PRAZ FEBEZ FCZ P4 FFZ PGZ FHZ ELZ EBEGS NES
BLACK KG& RF& QD& RAE PA7 FEV FGF FPHF PF7 ECE NEE® FPCE& FEE& EBE?

ALPHA -1666 BETH 168 MASDERFTH & MHRED 7

SIMNGLE FROCESSCR SEARCHES

-

COEFTH UPDATES SETMYS CSTMYS SCORES TIME-MS NOMAXD: NOMMAXD

THIS @ S1009@  C4@3S I0OEI  S12008  4@23IIT 0 42BSSS 16264

OTHER @ 51299@ 24035 I008T  S1799@  2279SE 428555 0 6264

BASE # @ 5129908 C4@AZS 200 S1009@ 145517 426555 Y6264
TIME/SE @ o5 Seo7 TE ez
TOTAL @ 1I@EL7T 13ISCIT 0 GrFEl csaa
“TIME 6 T3 x4 23 11

PARALLEL SERRCH

CDEFTH “INCR  2IMCE  XINCR MICRSEC EFFNCY EFFNCY EFFNCY

SUERTN  COMMUN TIME  /MORD  #TOTAL  ZINCR i

BASE BASE EASE  COMMUN EASE SUBRIN COMMUN

VARCDEFTH 1 T TToTToTToTTmmmermmmmmmmemm e

a -3 1 -3 1625 164 _z g

1 11 @ = 43 g 16 @

o z1 € 7 156 73 oo 5

2 24 7 41 150 1 o4 5

T

B -3 1 -3 1573 164 —x 1

1 11 @ 11 za s 16 @

o 16 14 d 167 g1 & 11

z 4 &4 119 185 a€ 1€ xg

BEST LIMNE FOUND RMD SCORE:
HESHPCE FEVAENCE GQFZEFCE BEFHEEGS QCERREABCRED

*



-—
o'/

-1 a1-

“CLERR”

7 BLACK KGE& RAE RFE AV BY HY G7 F7 DS BFE NDTF NG4
* WHITE KC1 RDB1 RH1 A2 B2 HZ G F2 CZ EBG=E MEZ NFZ/
* BOARD” N R ol

*R ... e CRRED O ORK L

kP, RP ... wN ... kP . #P. %P
%E.
kE

L3 * B

A E c b E F G H
#* BLACK HMALD 4 MMAKDR € CO0 @ GO FPRARALLEL SERRCH

BEST LIMNE FOUND RNL SCORE:
HG4-ES RDRLXFDS NEGHENFZ RLEHMNDF (106>

ALFPHA -1o666 BETH 1&06 MAKCEFTH 4 HHAKDE €
CDEPTH @ HOVYES FROM CD: 1€

UPDRTES SZ2EV SETHYE €325 CETHYS 1ge1 NOGMARD:
HOMMAXRD 945 NEF: @

UPGRTES/SEC: &2z SETHVYSASEC: 74 CSTHVSASEC: Z1ie
NOMHARDEA/SEC: 116 NEFASEC: @

ELAFPSED TIMECSECSY: & & 57 6B THS SECS

BUSY LOOF TIMECSECE): @ & 1 ‘6@ THES SECE, %= @
LINK-RECEIYE INTERRUFTS: @ WORES RECEIVER: 4¥&
*MAXD 5 MWAXD 7 GO PARALLEL SEARRCH

BEST LINE FOUND AND SCORE:
ND?7-C5  RDLEFPDS NCS-E4  EGZ-C7  NE4AXKFPFZCED

ALFHA -164aa EETH 1666 MAREDEFTH S - HMMAED ¥
CDEPTH @ MOVES FROM CD: 1Z

UPDATES ZS967 CETHMVYS zvee CETHYS &5an NOHMAKD:
NOMMAXD 2&81% HEF: @

UPDARTES/SEC: S61 SETHVYS/SEC: @5 CSTHMVYSASEC: 146
NOMHMARXD/SEC: F1 NEFASEC: @

ELAPSED TIMECSECSY: X2 & S676€8 THS SECS

BUSY LOOF TIME(SECS>: @ & 11 768 THS SECE, Z- @
LINK-RECEIVE INTERRUFTS: @ WORDS RECEIVED: 448@

*

1368

MOMAXDASEC:

WOREDS SENT:

24289

NOMAREASEC:

WORDS SENT:

1¢1

cas

[
Ia)
[y



—_—t &.«—-. IRt

17

Py o T2 s

“HARD 4 MMAXD €& MAKCD I SWEEFR”

NEZ NFZ

MHITE KC1 RDL RHi PRZ FEZ FHZ FGZ FF2 PCZ BGX
BLACK KGE& RAE RFE FA? FE? FH7 PG7 FF7 PDS BFE NDY NG4
ALPHA -186@ BETA 100 MAKDEFTH 4 MMAXD €
SINGLE PROCESSOR SERRCHES
COEFTH UPDATES SETMYS CSIMVS SCORES TIME-MS NOMAXD: NOMMAXD
THIS @ 15914 1732  S@4& 15914 23717 5468 2565
OTHER - B 15%14  17x2  S@4& 15914  13@ET 5468 2565
BASE # @ 15914 173z  S@18 ° 15944  ©433 5468 2565
TINE/SE @ 2sg  zgvm o1E3F 136
TOTAL @ 4080 €7@ 16950 26T
2TIME e 17 2e 46 9
PARALLEL SEARCH
COEPTH  HINCR  ZINCR  XINCR MICRSEC EFFNCY EFFNCY EFFNCY
SUBRTN COMMUN  TIME  AWORG  ZTOTAL  ZINCR 2
BASE  BASE  EASE COMMUN  EBRSE  SUEBRTN  COMMUN
YARCDEPTH 1 Tt
@ 1 g 5 sag o€ 1 5
1 z€ 5 47 168 €8 26 €
z 15 a7 €z 19z eo 5 29
z 1z 56 71 196 5¢ & x4
VARCDEFTH €
@ 1 5 g a7 o5 1 s
1 z 2 43 162 co 26 €
2 12 67 &0 195 5 ; 7
: a4 53 Tu7 zze 2 9 1
BEST LIME FOUND AND SCORE:
NG4-ES RO1XPDS NESKNFZ RDSKND7 (180D

*



O

“HA¥D S HMAKD

WHITE KC1 ROL RHL FRZ FEZ FHZ FGZ PF2
BLACK KGE& RAE RFE FAT

ALPHA -16606

SHEEFR”

— A23—

-

PRl

FE¥ FHY FPGT?

BETA laag

SINGLE PROCESSOR SEARCHES

UPLATES
Ee7aa
gevan

SETMVS
gg4z
eg4zx

PCZ EGEZ

MAKDEFTH S

NEZ NFZz
FF? PRS BFE NDV NG4

MHAKD

=4

TIME-ME&
az45a
S1ezx

NOMAKD:
ep2xy
euzxy

/3

NOMMAY
S44
544

A o — - N G it = e NS e G i G o S o = = . —— = - o M TmS W e = = = - = v

CLEFTH
THIS (5]
OTHER : S
BRASE # a
TIHNE/SE a
TOTAL a8
“TIME a

PARALLEL SERRCH

CDEFTH

“IMNCE
SUERTHM
BERCSE

ZINCE
COMMUN
BRSE

EFFHCY
«TOTHL
BASE

EFFNCY
“INCE
SUBRTH

EFFNC

COoMMU

—— e - " G ve A - A e Ve e M G M e W e e e e e e e T e M ah e T M G e M A W o e G e e S e me e e e M Eme e VM A e m

YARCDEFTH 1

- v — o s o o o A e e o e e e e e T A T e G b des A e e W e e e Gt S e S eme e e e e —— e e e e S e = - -

YARCDEFTH @

BEST LINE FOUND
HDFP-B& NFzZ-D2

*

L]
-

3
a4}

r2
n

AND SCORE:

NG4-ES

NDZ-EB3

CETHVYS SCORES
12452 geraa
12452 = a4
12452 EeveaE

21i¢ea 1a7
2vi5e acer
e 1@
ZINCE MICREEC
TIME AHURLD
BASE COMHUN
2@ -1&

g 216

e 1a2

21 14

Py il 2a

za 287

45 185
147 2a2

NES-DF e



{

(

AFFENDIX E.

COMMAND

GO
SWEEF
END

CLEAR

WHITE
BLACK

SET FIECE

The following

TELETYFE INFUT COMMANDSG RECOGHIGED RY PROGRAM.

EXPLANGTION

Bedgin an alwha-bets tree search

Ferform rarslilel sesrvches with varwing values

of VARCD and CIy snd srinl teble of results.

Ermgd rrosram execution.

Initislise the bosrd

Either 1) the following riece descrirtors are
sssumed to be whitesbisck,

or 2) it is white/blsasck’s turn Lo move.

Follow with the rieces which sre to be set

on the bosrd

kew words are used Lo set varistiles.

Follow the word with & sesce and then the number.

Al HA
BETA

MAXDERTH

MMAXDERTH

MOVEND
CREFPTH

VARCT

Sesrch widbth rarsmeters.

Maximum derth to which all moves sre sesrched.
Rewtond thiz derth omly cerlures and cueenin:s
FaWn moves sre searched,

Merimum derth of auiescent sesrchs No urd
made hewornd this derbth. The rositiin iz e
staticaelly.

ates ar
waligate

No of moves from the startd.

Common derth of the tw rrocessors in rarallel
search mode. Moves at this snd lower derths
are common to both rrocessors.

Variable commorn derth flsg. Non zero whern CDERTH
is to be varied during the search,

SETTING THE SWITCH REGISTERS FOR A FARALLEL SEARCH.

BIT #
0
1

)
<

DESCRIFTION

Set ur Lo rutl machine in rarallel mode.

Set wr on one machine.This mschine lesds the
search initisllu.

Set ur Tor rrint out of messsses senl betuween
the two machines.

&

o



AFFENDIX

TARLE

QaF

C ¢ FARALLEL CHESS. RT-11 M&CRO UMO2-12 20-NOV-78 059143108
CONTENTS

8]

MACROS
VARTABLES
QUTFUT MESSAGES
VARTARLES
CHARACTER 1NFUT RECOGNITION
INITIALISE FIECE TYPES aAND COLOUR
INITIALISE SQUARES

SQCOLROW
CHARSR

INTERFRET FIECE
SETFIECE ON ROARD

SET A RELEVANT FIECE 0OR SQUARE
SQUARE FROM CHARACTER CONVERSION
SCAN ! PUT THE NEXT WORD IN THE EBUFFER IN STRGO
VERIFY
INDEX
GET
EINARY FROM HECIMAL CONVERSION
SWEEF! PERFORM 1 AND & FROCESSOR SEARCHES WITH VARYING Co
FERCENTSIFIND % OVERHEADS
TIMESUEBITIMNE SUBROUTINE FOR UPDATERESTOR.SETHMVS & CSETHVE
FCOUNTS: FRINT COUNTERS
FEMVEST PRINT REST MOVES FOUND BY MINIMAX.
MAKERD?! MAKE UF CHARACTER FORM OF ROARD
FIND BOARD OFFSET GIVEN COL AND ROW
CHARACTER FORM OF UFPDATED MOVE
FRINT STRING AT Tag{Di-1)
FRINT VSCOR
FHIECE: FRINT FIECES
FRNOQIFRINT aRRAY OF NUMBERS
FREEATI: FRINT ARRAY 0OF CHARACTERS
DOUEBLE PRECISION DIVISION (WITH ROUNDING)s + & -
CNUMILLLSY CONVERT TIME TO MILLISECONDS
CNUMIC: CONVERT TIME T0 MICROSECONDS
NECIMaL. FROM 32 BIT BINARY CONVERSIUON
NECIMAL FROM 16 BIT BINARY CONVERSION
IMDLSY DOUEBLE FRECISION MULTIFLICATION
NNIVvE: DOURLE PRECISION DIVISION
FLINKS MACROS
FLINK
DERUGHING MESSAGES
FRINT DESCRIFTORS AND VARIARLES
FRMEGIFRINT MESSAGE RECEIVED 0R SENT
FARALLEL LINK MESSAGE TRANSFER ROUTINES
FARALLEL LINK INTERRUFT SERVICE ROUTINE
FETACKIFRINT CONTENTS OF STACK
SEND LINK LATA
INTERFRET RECEIVED MESSAGES
SEND ERROR
SEND MESSAGE AUK OR NAK
OFEN & CLOSE QUTRUT BUFFER FOR THE ANDITION OF & MESSAGE
SEARCH FOR MESSAGE IN QUTEUF: FIND CHECKSUM
FARALLEL LINK MESSAGE HANDLING MACKOS AND VARIARLES
FINTFT? VARITABLES
SYNLCS SYNCHRONLZE PRUOCESSORS
SENDAVY SEND AN aREA OF CORE
ADDOQRY UFDATE PLINK OUTFUT BUFFER QUEUE POINTERS



AFFENDIX
TARLE OF
R T !
i - 1
S5 24
Sé- 1
Sh- 26
57— 1
57— 20
59~ 1
&0~ 1
&2~ 1
63~ 1
&7 1
&8~ 1
&8~ 49
48~ 95
70~ 1
7i- 1
72~ 1
73~ 1
74~ 1
75~ 1
Fh- 1
77~ 1
78~ 1
79~ 1
L8~ 1
o -1
-, 4
az- 1

Al

L3 FARALLEL CHESS. RT-11 MACRO VMOE-12 20-NOV-78 09143152
CONTENTS
WATT REFLY

F(CAYY REQUEST CRITICAL AREA

V{CA2: FREE CRITICAL AREA

REQMUFM: REGUEST UFDATELD MOVE DATA

SELIN?D SEND LINE OF FLAY

SNODED SENI NODE DATA

RNOLE ! RECEIVE NOIE DATA

INTPT CONTENTS OF RECEIVED MESSAGE

FaRalLEL LINK CHARACTER ECHOING TO OTHER FROCESSOR
VARTARLES USED 1IN MINMAX, SETMVS,UFDATE & RESTORE
MINIMaX PARALLEL TREE SEARCH

INITIALISE MOVE STACK

NEWSC? HANDLE COMMUNICATED SCORES AND CUTOFFS
FRINVG: PRINT VSCORES 0ON STACK

UFSCOR? FASS COMMUNICATED SCORE DOWN MOVE STACK
MINMX2

EVAL D EVALUATE SCORE AFTER UFPDATED MOVE

KING CAFTLRED

BESTMOVES ! CORY THEM DOWN FROM D4l TO D

INSERT MOVE MaACROS

SETMOVES

SETMOVES? ROOKSy BISHOFS & QUEENS,
SETMOVESICASTLING

SETMOVESD KING aAND NIGHT MOvES

SETMOVES: FAWN MOVES

CESTMVSICAFPTURING MOVES ONLY

CESTHMVE: PAWN MOVES

UFDATE BROARD

RESTORE RBOARD



EFFENDLIX O

& 000000
7 DOO0LO0
:

42
43
14
15
Y6
Y7
18
19

il

e
Togar
i4

5%
ib
37

FARALLEL CHESS, RT-11 MACRO UMO2-12 20-NOV-78

+TITLE AFFENDIX £ 3 FARALLEL CHESS,
+SETTL MACRDS

r

3
SMOALL JREGHEF s 4 s V24 oo o FRINT s W TTYIN JEXITy . GTIM
SMCALL S TTINR
REGDEF
> ng + %
SGLOEBL FLOUMP SENDUMsMLOOPYRETCALL » SELIN
+GLOBL MINSyMAXSsMINRs MAXR
+GLORBRL NEWSC»UPSCOR
LGLOEBL MSTACK
3
;
¢
;
+MACRD SAVREG X0y X1y X2y X3 X4+ X5
s IRF X X0 X1 X2 X3 9 X4 X5
+ITF HNE«XsMOV R X»=(SF)
+ NI
+ENTIM SAVREG
}
+HMACRO RESREG XO0sX1eX29 X3 e XA X5
s TR X XS X4y XT s X2y X1y X0
+TIF NE:XsMOV  (SF)Y+sR7X
+ENDM
JENDIM RESRKREG
#
JMACRDO STIME LeHoePL1» 7273
sROLOST
LOATIM FLL#L2
EBR L3
.13 +BLRKW 2
L2: +BLKW 2
L33 MOV L29H
Moy L2420
+ ENDIM
;
LMACRO TICLR X
CLR X
CLR X+42
SENDM DCLR
j
SHACRD DMOV AR
MOV AsE
MOV a42sB42
+ ENDTIM
;

sMACRD TO SAVE RO DURING PRINT
+MACRO SFRINT A
MOV ROs—-(5F}
+FRINT A
MOV (8P4 RO
« EWHIM

13

+MACRO MOL ArB,?L1,7L2
MOV As—(8F)

MOV Re—(5F)

091433152 PAGE 1



AFFENDIX C ! PARALLEL CHESS, KT-11 MACROD UMO2-12
HACROS

5 P BR Lz

7 - L1? AL (GF) sk
&0 L2e LNEC 2(SF)
&1 EGT L1

& CMP (SFY 4 (SF) 4

&3 LENIIM

44 ;

6H5 H

&6 JMACRD DTST LyHs7L1
&7 TST H

48 ENE 1.1

&9 TST L

70 CLN

71 L1t

yae. ENTIM

73 ;

74 JMACRO DINC LsH

75 ADL #1sL

76 ANC  H

77 ENIIM

70 ;

79 JMACRO DLECR Lo H

30 SUE  #1sL

11 SEC H

3 ENIM

33 ;

o MACRD IMOL2sL s Hy OFLOW
Elond ASL L

16 ROL H  $MOVES € TO LOW RIT
37 RUS  OFLOW

18 JENDHM

39 ;

0 JMACKRD DSTACK LsH
3 MOV Hs—(GF)

2 MOU L~ (SF)

’3 L ENDM

’4 ;

5 : JMACRD DUSTACK LsH
ré MOV (SF) 4L

»7 MOV (SFY+sH

'8 ENDM

5 ;

00 MACRO DNEG LoH

01 NEG H

0n NEG L

03 SEC H

04  ENDIM

05 3

06 JHMACKO DADD L1sH1sL2sH2
07 ADD L1.L2

o8 ALC H2

Fum ADL HisH2

11 ;

12 JMACRO LSUER L1sH1,L2sH2
13 SUE  L1sL2

14 SRC HZ

20-NOV-78

0934352

u2

FAGE 1+



AFFENDIX © ¢ PaRalLEL CHESS, RY-11 MACRD UMO2-12 20-NOV-78 09343152 PaGk 14
MACROS

g oo SUE  H1sH2
L L ENDM

117 ;

118 JMACKD TICHMP L1sHLsL2eHZyLEGsGTR
119 CMF H1sH2

120 EGT  GTR

121 BLT LEQ

100 CMF LisL2

103 EHI  GTR

104 ER  LEQ

195 ENDM

124 ;

107 | JMACKO DOIV LDsHDsLNsHNs LOsHOy LKy HRy L1y PL2» FLE» L4
128 CLE L@

109 CLE  HOQ

130 TET LI

131 ENE L3

132 TST HI

133 (MIVISION EY SERD
134 REQ L4

135 L3

134 MOV LNsLK

137 MOV HNs HR

138 TST HR

139 BFL L1

149 IINEG LRy HR

1 L1t

-4 NGUE LIy HITy LR s HR

143 BLT L2

144 DING LGy HOQ

145 Bk L1

146 Lo

147 DAL LIs HIly LEy HR

148 TET  HN

149 EFL L4

150 INEG LG yHQ

151 L4 :

L5 ENIH

L5 ;

1554 JMACKD DMOL AOsA1sBOsB1,COsCL»TL1 7LD
LS5 MOV EO»sCO

L6 MOV EisC1

157 ISTACK AOyAl

158 ER L2

L5 RE DADD ROy E15COsC1
160 Lo DDECK (SF)»2(SF)
L& OTST (SF)»2(SF)
L&D RGT L1

&3 CMF (SF)+s (SF)+

b4 ENDM

65 ;

| et ;

-« ;

i



AFPENDIX C ¢ PaARALLEL CHESS, RT-11 MaACRO UMO2-12 20-NOV-78 09143152 FPAGE 2
VARTARLES

1 - JSETTL VARIAELES
e LCSECT VARIAELES
3 + =4+ 30000
4 030000 MSTACK:

5 030000 RS SFREE AKEA FOR TEMFODRARY STORE AT EOTTOM OF STACK AREA
é =4 +1000
7 031000 FRONT §

g BL =40

o Ch=15

10 LF=1%

11 SFTECE .

12 DUMMY=2,

13 NIGHT=4,

14 RISHOF=6.

15 ROOK=8,

14 QUEEN=10,

17 KING=1%,

18 FAWN=14,

19 THRU=1%,
20 URDOK=16,

21 UKING=20,

20 THRUF=21,
23 UFAWN=22,

24 5 THR .

255 THR=29,

26 CASTLE=30.,

el EFCAF=32,

B} o QFAWN=34,

29 NFAWN=36,

30 nT=8.,

31 NEXTER=10.,

3o SEW=0+NEXTSA

33 SSE=24+NEXTSQ

34 WEW=4 , +NEXTS0

35 SW=6. +NEXTER

14 G=g, FNEXTSR

7 SE=10, +NEXTSQ

' ESE=12, +NEXTSQ

59 W=14.,+NEXTSQ

'O E=16. +NEXTS0

M WNW=18, +NEXTS0

V2 NW=20, +NEXTS0

V3 N=22, +NEXTS0

14 NE=24 o +NEXTS0

5 ENE=26, +NEXTSQ

16 NNW=28 . +NEXTS(

V7 NNE=Z0 , +NEXTSR

8 ; DCL 1 PIECE(0331),

19 ; 2 ON FTRs

0 ; 2 (NXTRyLSTRyREL BIT)
i ; 2 CLRy

e 5 2 (TYFsFTYF BIT(32))s
e ; 2 VAL

4 ; 2 (NXTESLSTF)

i ; 2 DADD PTRS

ith LENF=24,
7 31000 FIECE? JBLKE 32.%LENF



AFFENDIX C
VaRTARLES

Hpee 2400
“ogr
&HO
&l
&3
&H3
&4
&H5
&b
&7
H8
68
70
71
72
3
74
j’ﬁ

79 32400
80 37600

87 374600
88 374600
8¢ 37612
0 37624
91 37636
92 37650
93 X7462
P4 37642
?5 37712
P& 37712
P7 37742
98

29

100

101

102 7746
103 7770
104 7770
105 0002

106 0002
107 0014
108 0014
16, 0024
1N 0034
111 0044

112 0044
112 0036

114

FaRalLLEL CHESS.

ENDF ¢

NEP BR NBER Ske M

SRUARES
ENDSQ:

DIRES

w
-

ANTRS S

VaLUES:?

FEN?

FONT=33.,

TEMFUO=17,

RT-11 MACRO UMO2-12 20~ NUU 78 09143152 FAGE 24

ON=0,

MNXTR=2.
LETR=4,
REL=&.

ClLi=8

TYF=10,
FTYP=12,
Val.=14.
NXTF=18.
LETF=20.
HQDD 22,

HCL 1 BQUARE(OI463)
FCE FTR»

(NXTRsLSTRsREL BIT)»
CER CHAR(2)»
NXTSR{011%)Y PTRS
LENSQ=42,

« BLKER 64 .. xLENSQ

IR MY RIS e e e

FCE=0,
NXTR=2.
LETR=4,
REL =6,
CE5QR=8.
NXTSQ=10,

+WORD
»WORND
+WORD
+WORD
+WORD

Oy ESWY 02880
WsWsSWy Sy SEESE
QrWs Qs O

WNW s NW s Ny NE y ENE
Qs NNWs Qs NN 5 O
+WORD OOy NOIREyEDIRSyROTRG» QLIRS s QUIRE s BFUTIREyRITRE Y O
LWORD 0903300, 3 31595004900, 25000,:100,+500,:0:5000.51C

+WORTY 1000450 FWIDTH OF A B SEARCH 18§ 2%FEN
s TRRELEVANT MOVE FENALTY FOR GOING OUT .-

sBONUS FOR HAVING FIECE ON REL S0
s TEMFO SCORE

FUSED BY MINMAX ONLY

NOIRS:

BNTRS?

RIOTRES

ROIRS?

BFIIRSGS

WFIITRS S

a
»

SWORD O» NNWy WNW s WEW» SSW» SSE » ESE s ENE s NNE
+WORD O»SE s SWyNWs NE

JHWORD OsUWsE SN

+WORTN Qs WsrE»SsNeSE s SWs NW o NE

SWORD OSEs5We S

+WORD OsNE>NWyN



AFFENDIX C ¢ PaRalLLEL CHESS. RT-11 MACRDO VMO2-12 20-NOV-78 (09143152 FAGE 24+
UAaRTIABLES

-

T 1Y

Rl N



AFFENTTX C
DUTFUT MESSAGES

]
A 0054
2 040063
4 040070
5 040112
& DAD1473
7 040162
£ 040220
? Q40230
10 40240
11 40250
12 40274
13 40276

14 40314
15 40335
14 40341

17 403466
18 40370
19 40411

20 40432
21 40442
22 40452
23 404746
24 40315
25 40534
26 4046046
o,

X Y0824
28404654
22 40704
20 40721
E1L 40747
32 407467
2 41013
34 41044
25 41044
4L 41100
37

38 41108
29 41122

40 41136
41 41152
42 411466
43 41203
44 41214

A% 41241
44 41274
47 41332
48 41342
49 A1353
50 41345
51 41400
41410
Y1417
54 41445
55 41506
56 41514
57 41526

FAaRALLEL

ML.TES
M1z
23
M3
M4t
Mé3
M7
ME
M% 2
M10:
M11:
M12¢
M15¢
Mlé4d
M173
M18:
Mie:
M201
M2l
M221
M233
M24:
M253
M2é3
M2
M281
M29o:
M301?
M313
M32s
M33:
M3GS
M3&
M373
M3g:
8l=%7
M40
M4l
M43
Ma3:
Ma4:
MaG e
Mas:
M4z
M481:
Mage:
Ma0?
M1
MO
ME32
M54t

MESS

Ma5& e
M371
M58
MI9e

CHESS,

+SBTTL
+ABCTZ
+ASCIZ
+ASCIYZ
+ASCTIZ
+ASCIZ
+ABLTZ
+ASCTZ
+ASBCIZ
+ABLCIZ
+ASCTZ
+ABCIZ
+ABLLIYZ
+ABCIYZ
+ASCTZ
+ABCITI
+ABCTI
+ASCLZ
+ASCIZ
+ABCIZ
+ABCIZ
+ABCTZ
+ASCIY
+ASCIZ
+ABC1Z
+ABCIZ
+ASCT2
+ABCIZ
+ABCTY
+ABCIZ
+ABCIZ
+ABLCTIYZ
+ASCTZ
+ARBCTZ
+ABCIZ
+ASCIZ
=/

+ASCIZ
+ABCIZ
+ASCIZ
+ASCIZ
+ASL1Z
+ABCTZ
+ASCIZ
+ASCTZ
+ASCTZ
+ABCIZ
+ASCIZ

+ASCIZ <

+ABC1Z
+ASCTZ
+ASCIZ
+ABCTY
+ASCIZ
+ASCIZ
+ABCIZ
+ASCIZ

RT-311 MACRO UMO2-12 20-NOV-78 07143152

QUTRUT MESSAGES
SORFILF S TAR < TERM:
SCORECLE /%7 TERM:
ANON-NUMERIC INFUT/
JSINVALIN PIECE DESCRIFPTOR/
SINVALTL SRUARE S

SEXFECTING ITNFUT

SORFELFE/BEST LINE FOUND AND SCORED /7<TERM>

JUPDATES Y/
/7 SETMVS/
/s C8THMVSY/

JELAFSED TIME(SECS>:/

V874

/760 THS SECS/TERM:
SILLEGAL FOSITION/

AMOVE NOT RECOGNISEDR/
Foas s /ETERMS:

/e SUTERMS

JUNECREASING DEFTH/
SINCREASING DEFTH/
SNOMAXID: /

ANOMMAXD/

ZIRREL MOVE CUTOFF&S:/
AMOVES FROM Chi/
JUFDATES PER SECI/
JERROR 1 MESSAGE CONTENTS NOT RECOGNISEDR/
/PARALLEL SEARCH/
ZLEAD SEARCH INITIALLY/
JOUTPUT BUFFER OVERFLOWS/
/NEF FER SECI/
ZBUSY LOOF TIME(SECSE):/
/060 THE SECS, %=/
AGINGLE PROLC, SEARCH/
FLINK~RECEIVE INTERRUFTS!/
JWORDS RECEIVED:/
SWORDE SENT/
/NEPL S

AUPDATES /8L /8ECY/
/SETHMVE/<SL=/8ECT S
FLSTHMVE /8L /8ECS/
ANOMAXD/ < SLE/8EC T/

SNOMMAXTD/ <SL=/SECL/

ANBR/<SLE/8ECY S

CORFCLFE/ZUNEXPECTED CUTOFF /< TERMX
ZUNEXPECTED CUTOFF IN MINMX2/<TERMX>
LORHCLFH/SINGLE FROCESSOR SEARCHES/
SORECLFE/THLIS /S TERM >

LORECLF = /FARALEL /CTERM

/TIME-MS/

/SCORESS

SCRHCLFH/MICROSECONDS FPER SUBROUTINE CALL

ZURDATES & RESTOR/
/ AINCRY/
JOoRTOTAL Y
/’ BAGE/

FaGE 3

/S TERM>



AFFENDIX C ! FARALLEL CHESS. RT-11 MACRO WMO2-12 20-RHOV-78 09143152 PAGE 3+
QUTFUT MESSAGES

1~ ] 52 4, M&0 s JASCIZ / SUBRTN/

Cartt 1 54 6 Mé13 CASCIZ / CUMMUN/

40 41554 M6 JASCIZ /MSEC./

&1 41564 M&Z3 JASCIZ /7 TIME/

62 41574 M&4 JASCIZ 7/ /4SLE:/WORD/

4 41404 M6 JASCIZ /MICRSEC/

44 41614 M&6 S JASCIZ /7

65 41616 M&7 3 JASCIZ 7/ EFFNCY/

6 41626 M&B S JASCIZ /UTIME/

47 41634 M&9 s JASCIZ / %/

48 41444 M70¢ VASCIZ <CRH<LF>/ZTIME/<TERM:
£9 A1455 M71 3 VASCIZ SCRH<LE>/TIME/<SL>/SR/<TERM:
70 41470 M723 JASCIZ CCRHLF:/TOTAL/<TERM:
71 41701 M733 LASCIZ /8CCTT TIME/

72 41714 M741 JASCIZ CCRFLF:/WHITE/<TERM:
73 41725 M75 ¢ JASCIZ SCRFSLF=/BLACK/<TERM:
74 JEVEN

O



NDIX C ¢! PARALLEL CHESS, RT-11 MACRO VMOZ~-12  20-NOV-78 0931433152 PAGE 4.,h_§_
ARLES ‘ ’ ' S -
\ +SETTL VARIAELES
1€:; TSTRG? ' o
1736 +WORI STRG
1740 JWORD O
1742 STRG?
1742 JWORD 0O
+BLKW 377
2742 +WORLL - O
2744 STRGO? '
’ +RLKW 400
3744 STRGS ¢ +ASCIZ /INFUS/
31752 +ASCIZ /WHITE/
3760 +ASCIZ /BLACK/
3766 +ASCIZ /REL/
3772 +ASCIZ /SETRDV/
4000 +ASCIZ /PIECE/
4006 «ASCIZ /SQUARE/
4015 CALFHA! +ASCIZ /ALFHA/
4023 CRETA! +ASCIZ /BETA/
4030 CMAXD? +ASCIZ /MAXDEFTH/
4041 CMAXNIMS +ASCIZ /MAXNIM/
4050 +ASCIZ /CLEAR/
4056 +ASCIZ /60/
4061 +ASCIZ /END/
4065 : " WASCIZ /BROARL/
40 +ASCIZ /FDEPTH/ ‘ ,
\ - +ASCIZ /FLAY/ : gy
4107 ’ +ASCIZ /MOVENO/ i
4116 CMMAXIDI: . JASCIZ /MMAXD/ !
4124 CCLEFPTH? +ASCIZ /CDEFTH/ $COMMON DEPTH \
4133 CVARCD?! .ASC1Z /VARCDEFTH/ - ; COMMON DEFTH VARIARLES
$=0 FOR FIXEL CLEFTHs1 FOR DECREASING CI
1145 CPEN!  .ASCIZ /FENALTY/ $ IRRELEVANT MOVE FENALTY
1155 JASCIZ /MAXCD/  $MAXIMUM COMMON DEFTH -
1163 +ASCIZ /SWEEF/ SPERFORM FARLLEL SEARCHES WITH VARYING DEFTHS
1171 +BYTE 0O |
+EVEN
4172 LSTRGS ¢ :
1172 , +JWORD LINFOSsLWHITE »LBLACKsLREL sLSETEILFIECE y LSQUARE :
1210 +WORD LALFHAsLEETAs LMAXDFTHLMAXNIM
4220 +WORD LCLEARyYLGOyLENIyLEOARDLPDOFTH
1232 +WORD LFLAYsLMOVENOs LMMAXILCLty LVUARCD LFENy LMAXCD
1250 +WORD LSWEEP
1252 +WORD LREST : o
1254 SETRDS: WORD 1 _ !
1256 SWPIECES | F
1256 +WORD 1 :
12460 - PLAY? +WORD O '
1262 T1$ +BLKW 2 FINITIALISED KY MINMAX
1266 T3 +BLKW 2
} B T4} +BLKW 2
rE;: : TUS +BLKW 2 3TIME FOR 10000. UFDATES IN 1/60 SEC.
1202 1S +ELKW 2 :
1204 TC? +ELKW 2
1312 T™? +BLKW 2 FTIME IN MINMAX i
1316 DTTS +BLKW 2 $TOTAL TIME LIFFERENCE FROM THAT EXFECTED

1322 ADT 2 +WORD S0.%60.%350 $TIME LOST EREFORE DEFTH IS INCREASE];II



0IX € ¢ PARALLEL CHESS. RT-11 MACRO VUM0O2-12 20-NOV-78 09:43352 FAGE 4+ {
BLES ‘ .

1
!

3~ NADT!:  JWORD -S50.%60.%%,r-1 $TIME BEHIND THAT EXPECTED |
3§:; ST +BLKW 2 $TIME IN SECS - T e
336 SPT? +BLKW 2 FTIME REMAINDER - 1/50 THS OF A SEC
342 COLOUR? : ~ " ;
342 LWORD 1
344 INFUS S
344 +ASCII /SET PIECE BLACK FA7 FE? FC7 FL7 FE7 FF7 PG7 FHY /
425 | +ASCIY /RA8 NR8 KC8 (DS KES RF8 NG8 RH8 /
465 +ASCII /WHITE PA2 FR2 FC2 FPL2 PE2 FF2 FG2 FH2 /
533 ‘ +ASCIZ /RA1 NRi EC1 QDI KE1 BF1i  NG1 RH1i /
576 MAXDFTH?: . WORD 2
600 MAXNIM: WORD 2,0
504 MMAXD! JWORD 8,3 AKSOLUTE MAXIMUM DEPTH
506 MOVENO! .WORD O $NO OF FLYS FROM START |
610 ALFHAS  WORD -1000. |
512 RETA? +WORD 1000, :
514 TOPFCE ;
514 JWORD 0,0 |
420 SCORE ¢ ;
520 JWORD O |
422 FIRREL$ o |
422 . JWORD O
524 TOFREL?: , . , ‘
524 L +WORD O , ‘ e
52:; RELOFF! WORD FPRESS+4 ;0FFSET IN MSTACK OF FOS OF REL(F) Ok REL(SQ)
5 % SIX! +WORD 640 - S
534 SIXTY: +WORD 40,50
540 TEN? +WORD 10,50
544 © HUNDRELD'$ « WORD 100,50
550 THOUSAND .WORD 1000,0
554 TENTHO?! +WORD 10000,30

+JEVEN

- 6wy




AFFENDIX C ¢ FARALLEL CHESS., RT-11 MACRO VMO2-12 20-NOV-78 09143152 FAGE ©
CHARACTER INFUT RECOGNITION

1 +SETTL CHARACTER INFUT RECOGNITION
- LCSECT INFUT

3 000000 START S

4 000000 MOV #FRONT s SF

5 000004 MOV #ISR»@#FLVA

& 000012 MOV $INTSW»PEFLVA4R

7 000020 MOV  #RINTR#FLSK

8 000026 JSR  RSs1FTYFCLR

$ 000032 JSR RS ISQUARE

10 00034 MOV #1sSETED

11 00044 MOV #1yCOLOUR

12 00052 MOV  #1ySWFIECE

13 00040 LOOF 3

14 ;

15 00060 JSR  RS»SCAN

16 } MATCH THIS STRING WITH AN ELEMENT OF STRGS AND G010 CUDE
17 00044 MOV  #LSTRGSsR2

18 00070 MOV  #STRGSyK1

19 00074 1% TSTE (K1)

20 00076 BEQ 5%

21 00100 MOV #1sK3 s MATCH=1

22 00104 MOV #STRGOSRO

23 00110 2% 3 TSTE (RO)

24 00112 BEQ 3%

25 00114 TSTE (R1)

26_00116 BEQ 3%

27 20120 CMFE (ROY+9» (R1)+

WO0122 EEQ 2%

29 00124 CLR K3

30 00126 ER 2%

31 00130 343 TSTE (R1)+ FNEXT STRG

32 00132 ENE 3%

33 (k1 FTS AFTER A ZEROYRO FTS AT & ZERO
34 00134 TST R3

25 00136 EEQR 4%

X4 00140 JMF @CR2)  $MATCH

37 00144 4% TST  (R2)+

I8 001446 ER 1%

29 00150 56! $NO MATCH FOUND

40 00150 JHF R(RZ)

41 00154 LINFOSS

42 5STRGO CONTAINS ‘INFOS‘

43 00154 MOy TSTRGsR1 $STRGO=5TRG
44 001460 MOV $STRGO,R2

A5 00164 1% MOVE (R1Y4» (R2)+

46 00166 ENE 1%

47 00170 MOV $STRGrR1 $ STRG=INIFOS
48 00174 MOV $£INFOSsR2

49 00200 2% MOVE (R2Y+» (R1D+

50 00202 ENE 2%

51 00204 MOVE #EL s~ (R1) FSTREG=STRG & * 7 & STRGO
5= 00210 INC Rl

P’ 0212 MOV FSTRGO Y R2

54 00216 23 MOVE (R2)Y4y (R1)+

55 00220 ENE 3%

54 00222 MOV #STRG TSTRG

357 00230 BR L.OOF



AFFENDIX C 3

FARALLEL CHESS.

CHARACTER INFUT RECOGNITION

ey (23D
Mg 0 240
40 00242
&1 00250
&2 00252
52 00254
A4 00242
45 00244
b4 00272
47 00276
68 00300
49 00304
70 00310
71 00214
72 00316
73 00322
74 00326
75 00332
76 00334
77

78 00342
79 00344
80 00352
81 00354
82 00354
8200360
£ 0364
oM 03466
84 00346
87 00372
88 00374
89 00400
90 00404
$1 00410
22 00414
93 00420
94 00424
2% 00430
96 00430
97 00434
98 00434
$9 00442
100 0442
101 0450
102 0454
103 04460
104 0464
105 0470
106 0474
107 0502
108 0506
152 0512
Luge 0516
111 0522
112 0522
112 0520
114 0534

LWHITE: MOV

RT-11 MACRO UMOZ-12

¥1COLOUR

ER L.OCH
LELACKS: MOV #-1,C0LOUR
EBR L.OOF
LREL CLR  SETED
CLR FLAY
EBR LOOH
LSETED: MOV *¥185ETED
CL.R  FLAY
ER L.OOF
LFIECE: MOV ¥1ySWHIECE
BR L.OOF
LEQUARE? CLK SWFIECE
ER L.OOF
LCLEAR? JSK RO IFTYFCLR
JER  R3» ISRUARE
CLR SCORE
CLR TOFREL
CLR  FIRREL
FINITIALISE TIMERS
CLR 07T
CLR  DTT+2
ER L.ooF
LMAXDFTH?S
JER  REGsSCANBINFRETURNS STREO
MOV R1MAXTIFTH
ER L.OOF
LMAXNIMS
JBR RISy SCANEIN
MOV RIsMAXNINM
ER LOOF
LaLFHAD JSR RS SCANEIN
MOV RlsALFHA
JHMFE LOOF
LRETA: JSR RI»SCANEBIN
MOV  R1sRBETA
JMFP O LOOF
LGOS
TST FLAY
REQ 1%
JHMF LRESTL
1¢:
MOV RESWREGSWITCH
JSR O PCsHINMAX
JER RIYyFEMVESSPRINT BEST MOVES
JER REsFCOUNTS $FRINT COUNTERS
JME LOOF

LEOARII: JSKR

R s MAKERD

+FRINT #BOARD

JMF
LFDFTH? JSR

MOV

JMF
LFLAYS

MoV

JMF
LMMAXT

LOOF

RO SUANRIN
R1sFLOFTH
L.OOF

1 FLAY
L.OOF

20-NOU-78

-

LP'
B3



AFPENDIX C ¢

FARALLEL CHESS.

CHARACTER INFUT RECOGNITION

RT-11 MACRO UMOZ-12

20-NOU-78 09343

A
P52

FAGE !

1 0534 J8K RS SCANEIN
T 0540 MOV R1yMMAXD

117 0544 JMF LOOF

118 0550 LCIv \

119 0550 JBR  RSsSCANEIN

120 0554 MOV R1,CD0O JCOMMON DEFTH O ¢ CD MAY BE ALTERED
121

122 0540 JME LOOF

123 0544 LVUARCD? 3COMMON DEFTH VARIABLE

124 0544 JSR RS,SCANEBIN

125 0570 MOV R1sVARCD

126 0574 JMF LOOF

127 ;

128 0600 LMOVENO?

129 0400 JBR RS sSCANKIN

130 0404 ASL Rl

131 06064 TST COLOUR

132 0612 EGT 1%

132 0414 INC  MOVENO

124 0620 144

135 0620 MOV R1sMOVEND

136 0624 JMF LOOF

137 04630 LFEN?

138 046320 JBR RSsSCANBIN

139 0634 MOV R1SFEN

140 04640 JMF LOOF

17 0644 LMAXCD?S

19 04544 JER  RS»SCANEIN

143 0450 MOV R1sMAXCD

144 0654 JMF LDOF

145 046460 LSWEEF?! FARALLEL SEARCHES WITH VARYING Cl UF TO MAXCD
146 0640 MOV EESWREGs SWITCH

147 0644 SR RS9y SWEEF

148 0672 JSR RSy FEMVES

149 0476 JMF LOOF

150 0702 LEND?

151 0702 BIC #RINT s @$FLSK

182 0710 JEXIT SEND PROGRAM

153 ;

154 ;

155 ;

156 0712 SCANEIN?

157 0712 JSK KS,5CAN sRETURNS STRGO

158 07164 JSR  RS,BIN SBINARY FORM OF NUMEER RETURNED IN R1
159 0722 RTS RS

140 ;

161 ;

162 ;

163 0724 LREST!  $CHAR STRING NOT RECOGNISED &0

164 0724 TST FLAY

165 0730 EBNE 1%

1wt Q73D JMF LREST2

T 0736 144

168 }L.OOK FOR CMVE AND UFDATE EOARD
149 $GENERATE ALLL LEGAL MOVES AND SEE IF ANY TDEMNTIFY
170 SWITH THE INFUT STRING

171 $SET R3sR4



VRIS —

NDIX C ¢ FARALLEL CHESS,. ,7RT;11'MACR0”QM02-12 g 20-NOV-78 09143152 PAGE 5t
:ACTER INFUT RECOGNITION i | | ue e

036 .U ‘g~;:ﬁUU,x#MSTACK 10.,R3 L
s LW MOV REsRA _ ‘ ‘ |
0744 . ST ..,fﬁﬂﬂz.*PRESS-R4 . R R ST
0750 T . JSR . PCySETMVS yINPUT CHAR STRING SHOULD BE ONE = |
0754 o L CTST CKCAR. L e e e
0760 , ST« . BE@R 2% e P S
0762 © it - . CLR KCAP o R ha o
0766 ‘ -~ SPRINT #M1S5 . FILLEGAL,POSITION
1000 : : s UMP O LDOP s B T SR
1004 > 2%t $R4->TOF OF MOVE STACK
1004 ‘ CTST  (R4) 1 FMOVE P
1006 : BEG 8% -
1010 , - JSR  FCsUPDATE T
1014 o JSR  FC»SETHMVS $IS UPDATED MOVE.LEGAL 7
1020 TST KCAF . - e :
1024 : : : ‘ BEQ 3% e
1026 . S , CLR . KCAFP
1032 L B ER - - 6%
1034 | 3%t ' o - . ;
1034 . L © Uuw oo INC  REPEAT .. JCHECK ? = i
1040 . L 7 .. NEB COLOUR . S |
1044 . . S T JSR .PCySETMVS :
1050 - e .- - NEG COLOUR ‘ , |
1054 ~ DEC . REPEAT : : b D b
SUFDATED MOVE LEGAL - NOW FIND LHAh FORM ©
1060 MOV #PBUFRO  SRESULT IS IN PBUF .oTTET
e  JSR_. RSsCHARMY ’ L T
1970 MOV #STRGOsR1 SINFUT sIRING , o
1074 L L - |
1074 TSTR (R1) 0 ,' .
1076 e ST - BEQ 10$ .~ §SUCEED
1100 o S . TSTR (RO) &
1102 oL L -~ REQ &% SFAIL - ; f
1104 . - S e . CHMPB (R0)+,<R1)+ BT
1106 ‘ R S T . HZ REQ . 4% ' !
1110 o S-S £ .,FAIL TO MATCH OR ILLhGAL MOUE :
1110 e et TR ,.axge " JSR . FPCsRESTOR :
1114 e . . ' BR = 2% FNXTMV o N
1116 _ " gst . FAIL TO MATCH ANY MOVE j
1116 S . SPRINT #M16 FMOVE NOT aruouwxs&n
1130 , ~ JMP  LOOP
1134 1083 $MOVE RECOGNISED % BOARI UPDAIED ANI! COLOUR CHANGED .
1134 » . MOV  SCOR(K3)sSCORE .
1142 ) -+ INC MOVENO ;
1146 LREST1: ;ENTRY POINY FOR STARTING WITH MACHINE MOVE . ' 1 {
.. .ot . 3R3 & R4 WILL BE SET BY MINMAX . . '
1146 .- MOV  SCOREsBETA #SET ALFHA». BETA FOR STRA1EBIL shARLH
1154 e . ADD FENsRETA .
1142 S T MOV SCORE s ALFHA
1170 T SUR FENsALPHA
1176 o L JSR FCMINMAX
yﬁ:? . " JSR . RS»FPRMVES A o R ‘
195 CMP  VSCOR(R3)sALFHA #ANY MOVES FOUND 7
1214 '~ BGT .18% $ALFHA<BETA ALWAYS - :
. S " $SCORE OUTSIDE ALFHA» BRETA RAth; 80 TALTICAL
1216 o MOV ALFHASBETA o o
1224 . MOV #-10000.sALFHA |



£

c 3

FARALLEL CHESS.,

IR INFUT RECOGNITI1ON

A - ST NP R W 2 AT I I A R A A N |

Wil 2% & Wit DWW OB PO NP PRPIVOUGWIVO SN VDD P

FU R S VT I W e

O

&’

O

v(‘

ST26%

30%3

31¢2

32%4%

M

RT-11 MACRO VM02-12  20-NOV-78 093143152 PAGE 5+
ER  22%
18%¢
CMF  VSCOR(R1)yBETA
BELT  23%
MOV ERETA»ALFHA
MOV  $#10000,sBETA
2244
DSTACK T2,T242 $SAVE TIME OF FIR('ST CALL °
JSK  PCsyMINMAX
JSK  RS»PEMVES
DADD (SF)4s (SFY+y T2 T242 $T2 1S NOW
$ SEARCHES
INC MOVEND
MOV MOVENO,R1
ADD  #2,R1
ASR Ri
MOV #FBUF»RO
JSR RS»DEC
JWORD 10,
MOVE $TERMr(RO)+
SPRINT #FEUF
TST COLOUR
BGT 25%
SPFRINT #M17 RN
ER  ST26%
254 3 _
SPRINT #M18 54,7
MOV R3sRS
ADD #BMV,RS
MOV  —(R5)s-(K4)
MOV —(KS) s~ (R4)
MOV  -(RS5)s—-(R4)
JSK  PCs>UFDATE
NEG COLOUR
MOV  #1,REFEAT 3

JSR
CLR
NEG
MoV
JSR

FC:SETHVS SCHK 7
REFEAT

COLOUR

F¥FEBUF s RO

RS » CHARMV

SFRINT #PRUF

MoV

FALJUST TIME
sCALL TO MINMAX

DADD
nSUR
LCMF

SCOR(RX) »SCORE

T2, T242,0TT0TTH2
ATy ADT+2,DTT»DITH2
DTTyUTTH+2sA0T»ADTH2:,314,30%

sTT-ETT GETTING LARGE= DECREASE DEFTH

DNCMF

DEC D :
SPFRINT #M19 s DECREASE DEFTH
BR 33%

DTT DTT+2, NAOT s NALTH+25 324,338

CSETT-TT GETTING LARGE - CAN AFFORD ‘TO INCREASE DEFTH

CMP Ls#8. FOON‘T GO EETOND L=g8

WIl.L HAVE PUT ELAFSED TIME BEYOND' T1 IN

it i i A A Wi it i il s i BTN tih

i

1

i

N



AFFENDIX © 3 PARALLEL CHESS. R1-11 MACRO YMO2-12 20-NOV-78 093143152 PAGE S+
CHARACTER INPUT RECOGHNITION

e LD BLE 324

gy 1654 SFRINT #M20 s INCREASE DEFTH
208 14666 INC I

209 1672 2343

290 1672 JMP LOOR

291 1476 LREST23

292 $ ASSUME INPUT STRING IS5 A PIECE OR SHAUARE DESCRIFTOR
293 1676 18T  SWRIECE

294 1702 EEQ 4%

295 $SET RELEVANT FIECE

294 ;CALL INTERFRET PIECE

267 5ON CALL TO INTFTF

298 FRO=~ FOESC. TYPE

299 32 DESC, ON

300 £ 4 STRGO~

301 1704 MOV #5TRGO» ~ (8F)

302 1710 SUE  #4,8F

203 1714 MOY  SFSRO

304 1714 JER RS INTPTE

305 1722 TET (RO

304 1724 BEQ 3I$3ERROR

307 17264 18T  SETED

308 1732 BEQ 1%

309 1734 : JER RSy SETFIECE
210 1740 Bl 2%

311 1742 1%¢

T 1742 MOV B2C(ROY»Z(RO)Y 3 ANY FIECE 7
AW o550 BEG 3% 5 INVALID
314 1752 ANLL X29RO

215 1756 JSR R4, SETRPSQ

214 1742 SUE  #¥2,R0O

317 1766 2% TST (RO

318 1770 ENE 7%

319 1772 3% MOV RO~ (SF)

320 1774 CPRINT 4MZ 3 INVALID FIECE UESCRIF
321 2002 MOV, (SF)Y 45RO oR
322 2004 Vs X O OALD #65SF

323 2010 JME LOOF

324 $ SET RELEVANT SQUARE

305 2014 4% MOV #STRGO»—(SF)

124 2020 ~ SUR  #28F

327 2024 MOV  SPyRO

128 2026 JER K5 SHCHARK

129 2032 TST (RO)

3130 2034 ENE 9%

331 2036 MOV ROs~(SF)

332 2040 . SFRINT #M4 3 INVALID SQUARE
133 2044 MOV (8F)Y4sRO

334 2050 ER &%

335 2052 543 JSKR RS, SETRFSQ

134 2056 6% ADD $4,8F

£ 20462 JMF LOOF

(39 3

40 3



AFFENDIX C ¢ FaRALLEL CHESS. RT-11 MACRO UMO2-12 20-NOV-78 0914

IHITIALISE FIECE TYPES AND COLOUR

g JSETTL  INITIALISE FLECE TYFES AND COLOUR
_ JCSECT INITIALISE

3 ;

4 ;

5 ;

6 000000 TFTYFCLRS

v SNO ARGUMENTS

a SOCL BSTRG RIT(32)3

% SPTECE=’’ $RSTRG=1

10 103 TOFFCE (k) =03

11 5 [=31 TO O BY -13

172 5 IF I3=16 THEN FIEGECI) .CLR=WHITES
13 ; ELSE FLIECE(T).CLR=ELACKS
14 ; FIECE(T) . TYP=ESTRGS

15 ; ESTRG=RSTRG & ‘03

16 $ ENII

17 00000 MOV #TOFFCE s K1

18 00004 CLR  (Ri)+

19 00004 CLR  (R1)+

20 00010 MOV  #FTECEsK1 § FIECE=’’
21 00014 MOV SENDF»R2

27 00020 1$3 CLE - (R2)

5% 00037 CMF  R2yR1

04 00024 EGT 1%

25 00026 MOV #1sK4 § RA=ESTRG
2600032 MOV RENDF»R2

00036 241 SUE  #LENFsR2
00042 MOV R4s<FTYF4+2 (R2)
79 00046 INC  CLR(R2)

30 00052 ASL R4

31 00054 ENE 24

3 s ELACK

33 00056 MOV #1yR4

34 000672 3% SUE  FLENFyR2

15 00066 MOV RAsFTYF(R2)
16 00072 DEC CLR(R2) s BLACK=—1
37 00076 ASL R4

8 00100 ENE 3%

19 00102 RTS RS

30 ;

11 ;

47 ;

2

+
+

5

2
-

FAGE &



AFFENDIX C ¢ FARALLEL CHESS. RT-11 MACKRO VUMOZ2-12 20-NDV-78 09143152 PAGE 7
INITIALISE SQUARES

1, -~ ‘ JSETTL INITIALISE SQUARES

M0 0104 TSQUARE ¢

3 $ CLEAR SQUARE

4 000104 MOV #SQUAREsR1 3 SUUARE:=0

5 000110 MOV FENDSQyR2

& 000114 1% CLR  —(R2)

7 0001164 CMF R2sR1

8 000120 RNE 1%

& 000122 MOV &7~ (SF)

10 00126 244 MOV 7, (8F)

11 00132 3% TET =~ (SF)

12 00134 MOV SFsRO

13 00134 JER RS SRCOLROY

14 00142 MOV (SF)sR4 3 RA=S500

15 00144 JBR  RSsCHARSQ

16 00150 MOV (SF) 2 CBURA)

17 00154 MOV R4y (5F)

18 00154 MOV #45-(SF) $DI=4

19 00142 4% MOV 245 -(5F) 5 DJ=4

20 00146 543 MOV 2(8F)sR1 § RI=DIRS(DI,DD)
21 00172 MOL  #5sR1

22 00214 AL (SF)YsR1

23 Q00216 ASL K1

24 00220 . ADD #DIRS SR

25 00224 MOV (R1DsR1 3Ri=D

26 00226 BEQ &%

2 3

200020 ADD 4(SF) sR1 §F RI=~>8SQUARE (SQ0)Y . NEXTSR (DD
29 00234 MOV R1sR4

30 00234 MOV 8. (SF)Yy—(8F) § T4DI
31 00242 AL A(SF) s (SF)

32 00244 SUR  #2s (8F) sI4DL-2
3T 00252 MOV B, (8F)Ys—(SF) 5 J+DJ
34 00254 ADDL 4(8F) s (SF)

35 00242 SUR 2, (SF) NS (N B
34 002664 TET  —~(&F)

37 00270 MOV SFsRO 3 SQOI+DI» 0400
18 00272 JER RS SQUOLROW

39 00274 MOV (SPY4+s(R4)Y 5 R1=501
40 00300 CMF (SFY+s(SF)+

41 00302 6% DEC  (SF)Y § DJ=0J-1

12 00304 EGE 5%

43 00306 TST  (SFY+ 5 FOF D)

44 00310 DEC  (SF) snl=ni-1
45 ON3Z12 EGE 4%

16 00314 CHF  (SFY+s (SPY4 FEOF Il & 800
17 00314 NEC  (SF) $ =01

8 00320 BGE 3%

19 00322 TST (SF)Y+ FEOF

30 00324 DEC  (SF)

51 00324 EGE 2% jI=i-1

52003320 TST  (8F)Y 4

/0332 KRTS RS

54 ;

5 ;

ié 3



AFFENDIX C ! FARALLEL CHESS, RT-11 MACRO VYMO2-13 20-NOV-78 09143152 PAGE B
SRCOLROW

o +SETTL SGCOLROW

3 000334 SQRCOLROW?

4 SGIVEN RO POINTING TO Qs Is J RETURN

5 $ THE ADDRESS OF THE SQUARE IN (RO

4 3 IF SQUARE IS TLLEGAL RETURN (R1)=0
5 (ROY~> SQ

3 2 J CoL COUNTED FROM O

2 ;4 I ROW COUNTED FROM ©

10 00334 CLRE  (RO)

11 00336 MOV A4CRO)sR1 FR1=T=ROW

12 00342 BLT 1%

13 00344 CHFP R1s#7

14 00350 EGT 1%

15 00352 MOV 2(RO) s R2 FR2=1

16 003564 BLT 1%

17 00340 CME K247

18 00344 EGT 1%

1.9 svaLInD I & J

20 00346 MOL  ¥8.sR1

21 00410 ALDl R2:R1

22 00412 MOL  ¥LENSQRsRL

22 00434 ALD  $SQUARE sR1

24 00440 MOV K1 (RO)

25 00442 143 RTS RS

26 #

2 3

2 ;

26 JSRTTL CHARSQ

30 00444 CHARSQS

31 $ GIVEN RO FOINTING TO CHAR(Z)sJdrls RETURN CHAR(2)

12 §RO~ -V CHAR(2)

13 32 J CoL

24 4 I KW

3% 00444 MOV 2(ROYsSR1 $R1=C0L=

314 00450 ADD #7AsK1

37 00454 MOVE R1ls (RO) SCOL 1S LOW ORDER BYTE

38 00454 Moy A(RO) s R1 FRI=ROW=T

19 00462 AnD #71sK1

10 00446 MOVE R1s1(RO)

41 004772 RTS RS

42 3

13 3

44 3



AFFENDIX © 3 PARALLEL CHESS. RT-11 MACRO VMOZ2-12 20-NOV-78 093143152 PAGE 9
INTERFRET FIECE

1w~ LSRTTL  INTERFRET FIEGE
T’ 0474 INTFTF ¢

3 SGIVEN ~»8TRGOy RETURN TYFE AND ON OF FIECE
4 3 IF STRG IS NUY RECOGNISED THEN RETURN TYFE=0
5 3 ON CALL THE STACK IS AS FOLLOWS!

4 $(8F)Y~> OLD FC

7 5 (ROY-= TYPE

3 52 ON

? ;4 ~-=8TRGO

10 ;

11 3

12 00474 CLR  (RO) 5 OTYPE:=Q

13 00476 MOU  4(ROYsR1  $R1=-3>§TRGO

14 00502 1%3

15 00502 TSTR (R1)+

14 00504 ENE 1%

17 00506 DEC R1 $Ri==-30

L8 00510 SUR  4CROY>R1  $RI=LENGTH STRGO

19 00514 CMF  Ris$2

20 00520 ENE 2%

21 ;

2 00522 ' ALl A(RO)»R1

22 00526 ING R1

24 00530 MOU  R1sK2

00532 MOVE - (R1) s (R2) 3 MOVE ZERU

24 00524 2%

2™ 0534 -~ MOVE —(R1) - (R2)

0538 ENE 2%

19 00540 MOVE %/Fs (R2)  $8TRGO=‘F’ & STRGO
10 00544 BER 4%

11 00544 341

12 00546 CMP K143

33 00552 REQ 4%

14 00554 KT& RS 3 ERROR

15 00554 4% 1

34 00554 MOV 4C(ROYsR1  $R1=-328TRGO

17 005D CHFR (R1)s%‘F

I8 00564 BNE 23 3

5 :

Y0 00570 TST COLOUR

Vi 00574 RGT 5%

12 00574 CHPE 2(R1)s%77 SBLACK AND ROW=7
13 004604 REQ &%

14 004064 ER 7%

Y5 00610 54 3

¥4 00410 CHEE 2(R1) 472 SWHITE AND ROW=2
17 00616 BNE 74

18 00620 %3

V9 00420 MOU  #UFAWN, (RO)

50 00624 ER  21%

51 00426 : 71

D042 MOV #FAWNs (RO)

) 0632 ER  21%

i 00624 a4 1

in 004634 CMPE (R1)#’N

6 D0&40 ENE 9%

7 004642 MOV #NTGHT » (RO)

N



AFRFENTTX € ¢ PARALLEL CHESS. RT-11 MACRO UMORZ-132 20-NOV-78
INTERFRET FIECE

HPmO06464 ER 21%

Nt 0 650 %3

40 00&50 CMFE (R1)s%#'E

61 00454 ENE  10%

42 00656 MOV #BISHOF s (RO)

63 00662 Bk 21%

64 008464 104

45 00644 CMFE (R1)s#°0

bé& 00&70 ENE 11%

47 00672 MOV #QUEENs (RO)

68 00676 Kk 21

69 00700 114

70 00700 CMFE (Ri)s%’R

71 00704 BNE  14%

72 00706 TST COLOUR

7% 00712 BGT  12%

74 00714 CMFE 2(R1)»%‘8
75 00722 EEQ  13%

76 00724 EBNE 15%

77 00726 12¢¢

78 00726 CMFE 2(R1)s%°1
79 00734 BEG 134

30 00734 ENE  15%

31 00740 124

32 00740 CMFE 1(R1)s%"A
33 00744 KEQ  14%

20T EQ CMFE 1(R1)s¥'H
2D0756 ENE  15%

346 00760 1443

37 00740 MOV $UROQK (RO
18 00764 BR 218
39 00766 15%3

P0 00746 MOV #RO0OKs (RO)
71 00772 ER  21%
P2 00774 1641

’3 00774 CMFE (R1)s4K

74 01000 ENE  20%

5 01002 CHPE 1(R1) s#’E

24 01010 ENE 194

P7 01012 TST COLOUR

78 01016 BLE 174

’9 01020 CHPE 2(R1)Ys%‘1
10O 1026 BER 18%

101 1030 ENE  19¢

Lo2 1032 17%3

103 1032 CHFE 2(R1) 478
LO4 1040 BNE 19%

LOS 1042 184

L0& 1042 MOV #UKING» (RO
LO07 1044 ER 1%
LO8 1050 194

L0 1050 MOV AKINGs (RO
L. 1054 BR 214
—

111 1056 20%

12 $ CHARACTER STRING NOT RECOGHISED
12 1086 RTS RS

.14 1060 2143

091435152 PAGE

g+



AFFENDIX C ¢ PARALLEL CHESS. RT-11 MACRO UMO2-12 20-NOV-78 0914310528 FAGE 24
INTERFPRET FIECE

| 3 FPREPARE FOR CALL TO SHCHAR
- 3 (ROY=> ON

117 322 ~>8TRGO (COL »ROW)

118 1060 INC  4(RO) $MOVE FAST FIECE -CHARACTER
119 1064 MOV RO~ (SF)

120 1066 ANl #25RO

121 1072 JSR RSy SOCHAR

22 1076 MOV (SF)4sRO

123 1100 TST  2(RO)

124 1104 BNE  20%

125 1106 CLR  (RO) 3 INVALID SQUARE
126 1110 DEC  4(RO)

127 1114 RTS RS

128 3

129 ;

130 3

-



AFFENDIX C

FaRALLEL CHESS.

RT-11 MACRO YMO2-12 20-NOV-78 09143152 PAGE 10

SETRIECE ON EBOARD

y

L1114

Rt IR € Y «(1

e e ek e e R M LA
R IR N PR S R o

—
m

......

6 01116
PN 1R2
*P%1164

01130
so 01132
31 01132
32 01134
33 01140

34 01142
35 01146

36 01152
17 01154

1 011%4
19 01154
10 01162
11 Q1146

12 01170

13 01170
14 01172

15 01174
16 01200
17 01200
18 01202

19 01204
0 01204
il 01210
01212
) 1216

34 01220
iS5 01224
6 01226
7 01226

LSETTL SETRIECE ON ROARD

SETFIECE
s IF TYPE=KING © URKING THEN DUs

R1=03
IF BLACK THEN R2=FIECE(0Q) ¥ ELSE R2=FIECE{(16)+
IF TOPPCEC(COLOUR)Y "=0 THEH R3=FIECE(F241)5ELSE R3=03
ENDS
ELSE DO
Ri=TOPFCEC(COLOUR) §
IF R1=0 THEN
IF BLACK THEN R2=FIECE{(1)}
ELSE RE=PIECE(17)3
FILSE R2=FIECE(F141)3
R2=03
ENIs
FIFR1I7=0 THEN FIECE(F1)  NXTF=P2$
FRPIECE(RP2)LETR=P14
SFIECE(F2) S NXTP=FZ}
$1F FP37™=0 THEN PIECE(F3)J.8TF=F2¢
sIF F3=0 THEN TOFFCE(COLOQUR)=FZ}¢

|E MR WP R B R Wb eR BE B ER e

# FOTHERWISE HAVE INSERTED F2 BEFORE F3 & TOPFCE IS UNALTEREI
H
’

s (ROY-> TYFE

§.2 ON

CHMF (RO » #KING

BEQ 1%

CMF (RO » FUKING
ENE U4

1%3
CLR RI1
TST COLOUR
EGT 24
MOV #FIECEsR2  $R2=F2=FIECE(0)
TST TOFFCE
ENE 3%
BR 4%
241
MOV #<FIECE+714 . XLENF:yR2 FRO=PEFIECE (16, )
TST TOFFCE+2
EEQ 4%
34
MOV R2sR3
AN #LENF, K3
ER 114
441
CLR  R3
ER 11%
541
TET  COLOUR
EGT 6%
MOV TOFFCEsR1  $BLACK
ENE 9%
MOV %15 R2
ER 8%
e

MOV TOPFCE+ZRY



e

C ¢ PARALLEL CHESS. RT-11 MACRO VM0O2-12  20-NOV-78 09:43:52 FAGE 104 y
ON EOARD 2
ENE 9% _
‘:;~ 783 | =)
MOV  #17.sR2 ) e
83 ‘ s R
MOL #LENFsR2 : S 4 =
AUD #FIECEsSR2 L S g
943 v , =
$ELSE P2=F1+1 ‘
MOV R1yR2 o _
AL $LENFIR2 - : =
10%3 - |
CLR R3. L .
11%¢ ' : | =)
iRi=P1y R2=F2, R3=P3 ARE SET. NOW INSERT FIECE(F2).
ST Ri B o l ~
BEQ. 12% - o | 2
MOV RZsNXTF (K1) = i
12%3 |
MOV  R1sLSTP(RZ) | =
MOV R3sNXTP(R2) = ;
TST K3 : ,
BEQ 50% : =
$ INSERTING KING AT FRONT» WHEN THERE ARE OTHER FP1ECES
$LEAVE TOFFCE UNCHANGED . o ' T
MOV R2yLSTF(K3) | : o 3
50% 3 - ; :
TST COLOUR : =
BGT 13$% . ~ . ) -
‘ MOV  R2yTOPPCE
BR 143 =
13% »
MOV K2y TOFPCE+2
144 o , » : =)
$R2=PIECE 2 o
MOV (RO) s TYF(R2) $FIECE(P2) . TYPE=FDESC.TYPE -
MOV (RO) sK1 $PIECE(F2) . DANDR=ADIRS (FTYFE) =
. ADDlII FADIRS»KR1 ' :
- MOV (K1) sDADD(R2) . _
g CMF (RO »#FAWN 3IF FTYPE=FAWUN OR UFAWN 3% COLOUR = WHITE THEN =
. $PIECE (F2) , DADDR=WFD1RS
BEG 15% : ,
_ CMP  (RO) s ¥UFAWN - o | | =
BNE 16% - L ~ *
15%3 , : ~ - :
' TST COLOUR ' . ‘ , ‘ ' =
BLE 16% o . I
MOV #WFDIRSsDADD(R2) o . . 0
16%¢ N | o i - B
' MOV (ROYsR1  $1F COLOUR=WHITE THEN FIECE(F2).VAILUE=VAL (PTYFE)
‘:; : - , JELSE FIECE(FZ) VALUE=-VAL(PT) T _
SN ~ ADD #VALUES,R1 AR R E E i =
MOV  (R1)sVAL(R2) : , LT |
TST COLOUR ~ - | -
- "BGT -17% - - o S - - ; =
NEG VAL (R2) ?

!



FRFENDIX C
ETFIECE ON EDARD

17
18
1%
20
21
a2
23

24

i~

(1

1444
1444
1452
1456

1462
14464

+
4

FakaLLEL CHESS,

ar @ E»

Al
MOV
MOy

CLR
RTS

RT-11 MACRO UMO2-12 20-NOV-78 09143152 PAGE

Val. (R2) s SCORE FSCORE=SCORE+FIECE (F2)  ValUE
2CROY» (R2) FPIECE(FR) ,ON=PDESC . ON
R2yB2 (RO
FSAUARE (POEC.ON) W PIECE=F2
REL (R2) sRF(FY=0

RS

104



YWRENDIX © 1 PaRaALLEL CHESS, RT~11 MACRD UMOZ-12 20-NOV-78 09143132 PAGE 11
SET A RELEVANT FIECE OR SQUARE

Lo JBETTL SET A RELEVANT FIECE OR SQUARE
g 1470 SETRFSQAS
§ $ (ROY -2 OWN/FIECE
} 001470 MOV (RO)sRZ sRI=801 Ok FPIECE
1001472 MoV TOPRELRI  SRI=TOFREL
y 001476 BNE 1%
? FINITIAL WHEN TOPREL=0
3 001500 MOV $FRESS+4RELOFE
P 0015064 MOV R2:FTRREL
.0 01512 ER 2%
101514 142
2 01514 MOV R2ZsNXNTRIRL)
3 01320 2%
4 01520 MOV RISLSTR(R2)
01524 MOV RZ2y TOFREL
& 01530 SUE  #4-RELOFF  FORTAIN OFFSET FOR NEXTREL F OR 5Q
7 013536 MOV RELOFFREL(R2)
8 01544 CLR  NXTR(RZ)
@ 015350 RTS RO
40 5
't §
2 §
2 ¥
RN
k4



WFFENDIX C
JQUARE

’

»
}
!
)

Nt 1 552

001852
P O01554
' Q01560

e

Bl R = D

00D

QO
‘1
3y
2
‘4

'S

€

y—

S

0

01544
01570
01572
01576
01600
01600
014622
014624
014630
01632
01636
01640
01640
014642
014644
01670
01672
M&T2

SQACHAR?

143

%]
+#
L2 ]

s

L T2

FaRALLEL CHESS., RT-11 Malka URMO2-12 20-NOV-78
FROM CHARACTER CONVERSITON

LERTTL SQUARE FROM CHARACTER COMUERSION

FGIVEN COL, ROW FIND ON SGUARE OF FIECE
FRETURN ON=0 IF INVALID

§ (RO - N

32 == (COLy ROW) UEUALLY -=81TRGO
CLR  (RO)

MOV 2(RO)Y»R1 sR1=~C0L

MOVE 1(R1)sR2 FR2=R0OY

SUBR  $£71:R2 fFR2=R0OW~1

BLT 3% FINVALID ROW CHARACTER

CHF R2y %7

RGT 34

MOL #8.sR2

MOVE (R1)sR1 s R1=0C0L

SUB #74rR1

RLT 3% sINVALID COLUMN CHARALTER
CHMF Rl %7

BGT 3¢

ADD R1sKR2 sR2=8% (ROW-1)+C0L
MOL  ELENSU,R2

AR FSQUARESR2

MOV RZ2y (RO)

RTS R3

14

F e

12



{ C ¢ PARALLEL CHESS., RT-11 MACRO UM0O2-12 - 20-NOV-78 093143152 PAGE 13
‘UT THE NEXT WORD IN THE RUFFER 1IN STRGO

+SBTTL SCAN $ PUT THE NEXT WORD .IN THE BUFFER IN STRGO

;Q SCANS

$THE TT INFUT BUFFER IS SEARCHED FOR A CHARACTER STRING»
FWHICH IS RETURNED IN STRGO» TERMINATED BY A ZERO 1
3 IF THE BUFFER 1S EWFTY A PROMPTING MESSAGE 1§ DISFLAYED
3 AND INFUT IS TAKEN FROM THE TELETYPE |
MOVE #BL sRO ~
MOV  TSTRBsR1

»
y
s ER 2%
; 188 ‘
) MOV ROy~ (SF)
) JPRINT #i41 3 EXFECTING INPUT
5 MOV (SF)+sRO
) MOV #STRGsR1
b MOV R1sTSTRG
) JSK  RSsGET
b 2%
} JSR  RSyVERIFY SFIND FIRST NON ELANK. RETURNS (K2)->CHAR
50K ZERD IF NOT FOUND :

TST R2
2 REQ 1% 2 f

5 CHARS HAVE EREEN INFUT
} MOV R2sR1 $REMOVE LEANING ELANKS
5 MOV R2,TSTRG
: JSKR RSy INDEX
5 TST RZ
>€:: , . ENE 3% ,

‘ : $NO BLANK FOUND SU STRG IS TERMINATED BY A ZERO
2 CLR RO : 3
- 3% ;
5COPY STRING TO STRGO UNTIL A DELIMITERCIN (RO) ) IS FOUN
} MOV  #STRGOsR2 j .
) 4% » :
) CMPR ROs (K1)
2 BEQR 5% t ; )
} MOVE (R1)+4s(R2)+ : :
5 BR 4% , :
) 5% 3 , : T
) CLRE (R2) iSTRGO IS TERMINATED BY A ZEROU
2 MOV R1sTSTRG $R1 PTS TO A BLANK OK A ZERO i .
3 ‘&
LY

RTS RS | | J

s w-s B>

o
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FARALLEL CHESS., ‘RT-11 MACROD UM02-12 20-NOV~-78 09143152 FAGE 14

VERIFY:

~ 1%

rJ
L
>

“EF W "

INDEXS

1%

2%

-r wWe =W

+SRTTL VERIFY -

$R1 PTS T0O A STRG TERMINATEDL RY A ZERO
3RO CONTAINS THE CHAR WHICH IS 10 RE FOUND

30N RETURN K2 PTS TO THE F1RST CHAR WHICH IS NOT THE YEST CHaRr, 3

§IF NO COUNTER CHARACTER 15 FDUND » (R2)=0

RO & R1 ARE UNCHANGED ‘ B
MOV R1,~(SF) =)
CLR R2

TSTE (K1) , | =

BEQD 2%
CHMFR (R1)+sRO B
BEQ 1% =
DEC K1

MOV R1,R2 .
MOV (SPY4sR1

RTS RS | i}
A ‘ | e

{H

!
4 |
iRO CONTAINS A CHAR WHICH IS TO EE FOUNDIN THE STRG FTD TU_?Y REZ
i ON RETURN R2 PTS TOD THE FIRST OCCURRENCE OF THE CHAR f
3 IF IT IS NOT FOUND THEN R2=0 ? -
MOV R1s-(SF) =

+SETTL INDEX

CLR R2

TSTE (R1) =
REQ 2%

CMFE (R1)+4»RO n »
ENE 1% =
DEC R1

MOV  R1sR2 _

MOV (SF)+yK1
RTS RS :



AFFENDIX C ¢ PAaRALLEL CHESS, RT-11 MaCRO UMOZ2-12 20-NOV--78 09143152 PAGE 19
GET

1 JBRTTL GET
Vi 2060 GET?:
3 JON CALL R1 FTS TO A BUFFER, ON RETURN R1 I& UNCHANGED.
4 sREAD FROM TT INTO BUFFER UNTIL A LF IS FOUND.
5 SREFLACE THIS LINE FEED EY A ZERO.
& 3 KREFLACE ANY FRECEDING CR BY A ZEROD
7 002060 EIS #100,@444 $SET BIT & OF JsW FOR TTINR
3 002066 MOV RO»-(5F)
$ 002070 MOV Ris~(SF)
10 JSEE IF ANY FLINK CHARS INFUT
11 02072 54
12 02072 CLRE (R1) FR1I->RECEIVING BUFFER
13 02074 JSR RS REALFCH
14 02100 TSTE (K1)
15 02102 ENE 9%
16 02104 JTTINR
17 02106 BCS 5%
18 02110 MOVE  RO»s (K1)4
19 02112 10%¢
20 02112 JTTYIN (K14
21 02120 CMFE #LFRO
22 02124 ENE  10%
23 SFUT A ZERO AT THE END OF THE STRG
24 02126 CLKE -~ (K1)
2% 02130 CMPE - (R1) s $CR
26 02134 ENE 2%
2§:8213a CLRE (K1)
2N 2140 ER 3%
29 02142 2%
30 02142 INC  Ri
31 02144 3% iR1 PTS TO O BYTE
32 02144 CMF Rl (SF)
33 02146 EEQ 5%
34 02150 MOV (8F) K1
35 02152 JER RSSFSEND  $FARALLEL SEND
36 02156 943
7 02156 MOV (8F)+sR1
A8 02160 MOV (SP)Y+ RO
9 02162 RTS KRS



AFFENDIX C

FaRALLEL

BINARY FROM DECIMAL CUONVERSION

1

s

o

.

.....

N SO L B R

T 2164

02164
02166
02172
02174
02200

02202
02204
02206

02230
02234
02234
02242
02744
02244
02246
02254
02254
02260

02262

02262
02264
02264
02270

02272

02274

P27

-’ 2300

4
5
&
7

02302
02302
02304
02306

SSETTL BINARY FROM DBECIMAL COMVERSION

BIN?
FCONVERT STRGO TO BINARY
FRESULT QBTAINED IN R1
sCARRY SET IF INVALID RESULT I8 FOUND
# I=035B=0
¥ IF S8TRGC(I)="47 THEN DO 14+5CLE MINUSSEND
FELSE IF STRG(IX)= -7 THEN 1+iMINUS=1;
00 WHILE (STRG(I)!=0)
§ X=CH(1)Y-70"3
$IF X0 ™ Xx9 THEN D035 CALL ERRORSERD:
; B=(B¥1Q)+Xs
5 I=14153
s ENID S
$IF MIN THEN B=-kj
CLR R4 iRa=MINUS
MOV #STRGOSR2  3RZ2=->8TRGO
CLR R1
CMFRE (R3)»% "+
ENE 1%
§
INC R2
ER 2%
143
CHFE (R2)s% —
BNE 2%
MOV #1isR4 FMINUS=]
ING  R2
243
TETE (R2)
BER 4%
MOVE (R2)sR3
SUR  #70sR3
BLY 21%
CMF RZ%9,
BLE 3%
21%3
MOV ROs~(SF)
+FPRINT #M2 FNUON NUMERIC INFUT
MOV (SFY+RO
SEC
RTS R3
KX 3
sMOL R1-#10
ADLL R1sRI1
MOV Ris-(85F)
ALl RisR1
ALl RIsR1
ahl (SFY+sR1
’
ALl R3sR1 FR1I=(R1%10)+(R3)
INC R2
R 2%
443

TET R4 sMINUG 7
BEQ 5%
NEG K1

CHESS ., RT--11 MACRO UMO2-12 20-NOU-78 0914

1é



AFFENDIX © ! FARALLEL CHESS. RT-11 MACKRD YMO2-12

20-NOV-78 09143152 FAGE 1é+4
BINARY FROM DECIMAL CONVERSION

5 02310 %1
) 2310 CLC

&0 ] FRESULT 18 1IN Ri
61 02312 RTS RS

i

()

e



c

FARALLEL CHESS. RT-11 MACRO VMO2-12 20-NOV-78 09143152 FAGE 17
FROCESSOR SEARCHES WITH VARYING Ch

ERFORM 1 AND 2

GZ}

L L]

SWEEF?

+SETTL SWEEFP! FERFORM 1 ANI 2 PROCESSOR SEARCHES WITH VARYING CIi

+LCSECT MAKEERD

$PERFORM 1 PROCESSOR SEARCHES TO ESTABLISH A BASE TIME

$AND THEN PARALLEL SEARCHES WITH VARYING CD
$PRINT COUNTERS IN COLUMN FORMAT
sAND COMFARE TO BASE COUNT

-JSR  REYPFPIECE

+WORD M74sWRKINGsM75yBKINGYO
JSR  R3»FRNOS FPRINT SEARCH VARIAELES
+WORD 0210, yCALFHA»ALFHAYCRETA» RETA
+WORD CMAXDy MAXDIFTH» CHMAXD » MM4AXTI» O
JSR RO TIMESUER: TIME SUBROUTINES(TU»TS,TC)
+PRINT #NEWLINE
+FPRINT #M48
$SINGLE FROCESSOR SEARCHES
CLR VARCD
CLR CLo
JSR  R3IsNLHEAD
+WORD CCDEFTH»M7»MBsMP» M54 MOZ»M21,M2250
CLR SWI1TCH '
JSR  FCyMINMX1
MOV CH#SWREG,SWITCH
JSR RS SENDAV
+WORD NOUFS»ENDCO»BASE
JSR  RI»SYNC
MOV BASE+24.yBASE+28.38AVE OTHER’S TIME

$FIND THEORETICAL TIME FOR 2 PROCESSORS

#D0 BEFORE CONVERSION TO MILLISEC TO AVOIL OFLOW

s (T2yBASE+24 i BASE+24)
FTT=T1XT2/(T14T2)

JSR  R3E»DHM0OLS
+WORD T2sBASE+24.9FRs0
DMOV BASE+24.,FR+4
JSR R DADONOS
+WORD TZ2sFR+45»0
JSR  RS»yDIIVR
+WORDN FR+4»FRyBASE4+24.50
JSR  RIOCNVUMILL
+WORD T2sFR»BASE+28. s FR+4»BASE+24,9FR+8.490
+FPRINT  #M49 s THIS MACHINE
JSR  RIsFPRNU
+WORD 1510.,CH0y NOUFS, NOSETMVS» HOUSTMVS y NOUFS
+WORD FRyNOMAXID» NOMMAXTI» O
+FRINT #MS0 $OTHER MACHINE?S
JSR R3»FRNO ’
+WORD 1510, 5CDOs BASE y RASE+4 s BASE+S.,
+WORD RASEsFR+4»BASE+4+12,.,BASE+16.90

s FIND BASE NOS

JSR  RY»RULEOFF

+FRINT #M51 s BASE NO.

JSh RSy FRNO
+WORD 1510.,,CL0OyBASE s BASE+4yBASE+8.,
+WORD BASEsFR+8. sBASE+12, s BASE+16490

sFIND WORK DONE(TU» TSy TCFBASE+28.)

JSR  RS,IIMOLS
+WORD BASEsTUsFR+12.

f

!

i
b

i

iy

f ith

{

i

diy
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ARFFENDIX C ¢ FARALLEL CHESS. Ri-11 MACRD UMO2-12 20-NOV~7E 09143152 FAGE 174

SWEEF:! FERFORM 1 AaND 2 FROCESSOR SEARCHES WITH VARYING CI

567 a4 ' : +WORD BASE+4AsTSFRY16,

u§w004é? TWORD BASE4S.»TCyFR+20.50

50 00472 S8R RS ACDIVR 3 HMICRO-=MILLIBECS.

41 00476 fWORD 32 TENTHOFR+12.9FR

52 00506 DCLR BRASE+28.

53 00316 JER RSy DATLIINGS

54 00522 +WORD FR»RBASE+2E,

55 005246 LWORD FR+4BASE4ZE.

56 00L3Z SWORD FR+8.BASE42E, 50

57 FIND TIME FOR TREE UFDATES PER SEC.

S8 5 (T2-CACCOUNTED TIMEIYX10000, /NOUFS

59 00540 MOV T2 TH

000554 DSUE BASE+428. BASE430.»TMy TM+2  SACCOUNTED TIME
71 00574 MOV TMsFR+12.  SMINMAX TIME MILLISECS

72 00610 JER RS, IMOLSSMILLI->MICRO

7’3 004614 +WORL TENTHOs TMsFR416.50

74 Q0624 JER O RSLLDIVR

'HO00630 +WORD NOUFSsFRI146.5TH» 0O

74 Q0640 +FPRINT #M71 # TIME/SUR

77 00644 JER RS CNUMIC

0 004652 +WORDY TUsFR+16. 2 TESFR+Z0,

00662 JWORD TC>FRH24, s THMFRAZ28.50

10 00674 JBR RE&SsPRNO

1l Q0700 JWORI 110, 2CN0yFRY1E, o FRY20. 5 FRHZ24, 5 FR$28,50
32 00720 JFPRINT ¥M72

10726 JER RS CNUMIL

¥ﬁ.'0?3? +WORD FRyFR+1&. 2 FRY4FRY20,

1500742 +WORD FRAG, »FRE24. »FRELZ, 5 FRYZ284 90

16 00754 JER RYFRNO

77 00760 JWORD 1510, »CHOsFRYL1E6 o FRIZ0 s FREZ4. 9 FRAZE . # 0
8 FFIND XTIME FOR SUBROUTINES

19 01000 SER O RO ACDMOLS

01004 SWORTL 4 HUNDRET s FRsFR4 16,

‘1 01014 JER Ry ACDIOVR

2 01020 +WORD 4 TEsFR+16. s FR

'3 01030 +FPRINT #M70 §ATIME

4 01036 JER RS FRNO

'Ho01042 +WORD 1210, CH0FRyFRY4FRIG, »FR+12.50
'S 01062 DMOV T2 BABE+28.,



fWFREMDIX C ¢ FARALLEL CHESS, RT-11 MaACRO VMO2-12 20-HOV-78 09143352 PAGE 18

IWEEF?! FERFORM 1 AND 2 FROCESSOR SEARCHES WITH VARYING CD
076 INC  VARCIH

) 11072 LPRINT #NEWL INE

¢ 001110 JPRINT #NEWLINE

b 001116 JFRINT #4277

; 001124 JSR RSy NLHEAL

, 001130 JWORI CODEFTHs MS7 s MG7 s MGV 2 65y 67 v 67 s MET 9 0
' 001152 JSK K5, NLHEAD

b 001156 JWORD M66 s MEO s MET y MET s MEA s MEE» M7 » MEY 5 O
001200 JSR RSy NLHEAD

0 01204 JWORD M&b s MSP s M59 s NSO y MEL s M5 s G0 » i1 v O
1 01226 FRCOL6S !

2 01226 1641

3 01226 JER RS RULEOFF

4 01232 JSR RS, FRNOS

5 01236 JWORD 0510, 5 CYARCI» VARG 0

& 01250 CLR  CIO

7 01254 1741

8 01254 JPRINT  #NEWLINE

¢ 01262 CMF CLOy MAXCI

0 01270 BGT  50% |

01272 JER  RSySYNC

2 01276 JSR PGy MINMX1

'3 3 SR RSsFPCOUNTS

4 01302 JER RS, SENDAY

5 01306 JWORD NOUFS, ENDCO s FAR
6,01314 JSR RS, SYNC

271320 JSR RSy PERCENTS

o TEEy ING DO

9 013320 R 17%

0 01332 50%

1 01312 LEC VARCD

2 01336 BGE  16%

3 01340 40% 1

4 01340 RTE RS

5 ;

& ]

7 ;



WHFENDIX C
PERCENTSIFIND

PNegw 1342
001242
001346
QO1342
001376

001400
001404
01412
01420
01426
01436
01442

R R X I~ LU

01452
01462
01446
01472
01476
01302

MONULLN O

_- G

e
13 01510
4 01514
5 01524
6 01530

N

¢

01540
01554
01570
01610

014624
01640
01654
014674

A keSO am

01710
01714

01724

01740
017460

01764

01774
02000

bl b OGN D

2 RN

&

o

02006
1 02012
SN2016
S

4 02024
5 02020
& 02040
7 02044

+
+

%

FARALLEL CHESS, RT-11 MACRO UMOZ-12
OVERHEADS
JSHETTL FERCENTSIFIND % OVERHEADS
FERCENTS?

JER RSy DALDNOS

LWORD

LWORD

JWORD O
FFIND WORK DONE
JER RSy DMOLS

JWORD FAR TUSFR

SWORD PARY4 T8 FR+4

JWORD FAR+E8, s TCFREE,

JWORD FAR TMsFR412.50
JSKR  RS5:ACHOVR  $MICRO-=MILLISEC.
JHORD A TENTHD s FRFRY16,
FFIND ACCOUNTED TIME
ICLR FARY28,
JER RS DANDNGS

JWORD FRYLG. s FARTZE,

SWORD FR420. s FARE2E,

SWORD FR424, sFAR+Y28E,

SWORD FR28, s FARY2E, 50
$CONVERT TO COMBINED TIMING
JSK RS IMOLS

JWORD BASE424, sFARY28.»FRH0
JSR RS DUIVR '

L WORD RBASE+28, s FRyFAR+Z28.+0
FUSR REPRNOS
i JWORD 1510, sM73sBARIZE, o HEZ» T2 0
OMOV  PARE28.sFR+4 FTREESIZE
MOV T2,FR+8,. 3 COMMUNICATION
DSUR  FPAR+YZ8. sFARTI0. s FRYB . s FREYL1O,
OMOV  T2sFR+12, $T0TAL TIME
FCOFY UFP FR.
IMOV RASE424.FR414.3RASE TIWE
OMOV FAR+28. s FR+20.3EXTRA TRFESIZE

NOUFS s AR NOSETHUS s FAR+ 4 NOCSTHVS » FARTE .
NOMAXTIs FARY 12, s NOMMAXTs FARY 16, s HEBF s FARY 20,

S0-NOV-78 092143152 PAGE 19

TIME:TOTAL TIME~TREESIZE TIM

DEUER BASE+24. s BASE+Z24. s FRYZ0. s FRA22,

IMOV FR+8.sFR+24,

sCOMMUNILICAYION

JER

RS9 IMOLS

+WORD

TIME PER

SMICROSECS/WORD(WRS TN WDSOUT » COMM
FMICROSECONDS

TENTHOs FR+E8, +» FR+104, 40

3 COMMUN
WORD

TIME

TIMEsMICROSEC/WORID

oMoV
nann

JBR

WOSTsFR+100,
WOSUWDES04+2sFR+100. sFRY102,

RS IDTVR

JER

a

]

#FIND
JGR

s FIND
JER

J5R

s WORT

R3yCNVMIC

+WORD

» WORT
» WORD

4 TIME
RS ACIMOLS
e s HUNDREL FRFRE3Z,

o

+WORD

RSy ACTIIVR

SWORD

% INCREASE ON RASE
RSy DSUBNGS 3 TIME-BASE
RASE+24, s FRA4
BASE+24.,»FR+12,5037T2

FREL1O0. s FR+104, s FR+108. 50

FR+Y108,sFR+L112.50

s TREE TIME -

- BASE

BASE TIME
TIME

45 BASES24, s FRIZ2 9 FR



IFFENDIX C
*ERCENTEIFIND

2054
1N 20460
O 02070
v 02074
2 02102
3 02116
4 02130
'

oy

V7

—_—,

.

= wr 8

FarRaLLEL CHESS. RT-11 MACRO UMOZ-12 20-NOV--Z8 09343352
% OVERHEADS

SER RS ACTIDVR
+WORL 45 T2, FR+48, sFRY16.
SPRINT #NEWL INE
JER O RO FRNO
SWORDN 1510, CN0sFRYAFRYB. S FRELE,
SWORD FR4112.9FR+16,9yFRY20.FR424, 50
RTS RS

FAGE 1%+



CC 3

L

TIMESUB?

Lis

-

TIMVOS$?:

s
y

TIMV1$?
10%:

20%3

50%2

-

FARALLEL CHESS. RT-11 MACRO VMO2-12 20-NOV-78 09143152 FAGE 20 !
'TIME SURROUTINE FOR UFDATEsRESTORSETMVUS & CSETMVS ’

+SRETTL TIMESUE!TIME SUBROUTINE FOR UFDATEsRESTOR»SETMVS & CthMU‘
s TIME SUEBROUTINES =
+MACRO TIMEMVS SUBR»TX»7L1»7L2 :
JSR  FCs IMVSTACK : |
MOV R4»-(SF) : |
MOV ¥5000.,-(SF) :
STIME T1,7T1+2

A

il

MOV 2(SFP)sR4 o
JSR  FCsSUER f
LEC (SF)
RGE L1
STIME TX»TX+2 §
NSUER T1»T142,7TX»TX42 =
DMOL2 TX»TX+2,L2

ih

}

1
t

I

CHMF(SF)+y (SP)+ =

STIME TUsTU+2 -

DSUR T1sT142:TU»TU+2

CHMF  (SF)+» (SPO+

# +FPRINT #MOSIMICROSECS PER SUEBROUTINE CALL
#JSR  RSsFRNOS

’ +WORD 1510.9M7»TUsMB» TS»M9»TC»O
RESREG S

RTS RS

+ENIM
SAVREG 5 =
TIMEMYS CSTMVSs»TC
TIMEMVUS SETMVYSsTS =
MOV - R4»-(SF) ,
MOV #10000, s—(SF) =
STIME T1sT142

)
MOV  #MSTACK-4000sR1
MOV  2(SF)sRO _
MOV  R1sR4 =
MOV (RO)+s(R1)+ A : ~
REQG 30% . i =

MOV (RO)+s (R1)+ :

MOV (ROY+s(R1)+ f -

EBR 20% i =

30%3 |

JSR  FCsUFDATE f

JSR  FCyRESTOR ; 3

DEC  (SF)

ELE 50 :

TST (R4) | =)

ENE  30%

ER  10% | _
| =
|
1
| .

.
:
i

il

et



IFFENDIX © ¢ FARALLEL CHESS. RT-11 MACRO UMO2-12 20-NOV-78 09343152 PaGE 20+
TITMESURITIME SUBROUTINE FOR UPDATE.RESTORSETMVS & CSETMVE

()
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¢+ FPARALLEL CHESS. RT-11 MACRO VUMOZ-12 20-HOV-78 09143152 FAGE
FRINT COUNTERS

FCOUNTS $

1043

FCO20%:

5043
FCOSSs$:

60% 3

-

+SBTTL FCOUNTS: FRINT COUNTERS -

sFRINT COUNTERS
JSR  RUFRNOS

JBR  RS»FRNOS :
+WORD Os10.sCCRDEFPTHCIO» M24» NOMINMX2,0
TST FIRREL
REQ 10%
JSR RO FRNOS

JWORD 1510,y CMAXNIMs MAXNIM»M23 s NORCUT » CFEN»FEN»0

JER  R3I»FRNOS
+WORL 1510, M7 NOUFPS,MB» NOSETHVS» M9 » NOCSTNVSE
+WORD M21 s NOMAXID 1422 » NOMMAXD » 38 » NEF» O

T8T T2
ENE 20%
TST T2+2
REQ S50%
20%: .
$FRINT COUNTS FER SEC
JSR  RSsACDMOLS

+WORD &6+SIXTYNOUFS»FR
JSKR  RSyACDIDVR

+WORD 6»72»FRyFR+30,
JSR  RSsPRNOS

+WORD' 1510, sM40sFR+30.,141sFR+34,,M42,FR+38.,
+WORD MA3,FR+42.rMA4yFR+46.»MASsFR150.90

$FRINT SEARCH TIME
JSR  RSyDLIVS
+WORD SIXTYs»T2»8TsSFT»0
JBR RSsFRNOS
+WORD 1510,9M10,8TsM11585FT»0
-SFRINT #M12
RIT #1,@#SWREG SsFARALLEL MOLE 7
REQ 50% ‘
s BUSY TIME
JSR RS LIDIVS
+WORDN SIXTY»T3sFRsFR+4,.50
3% BUSY TIME
JSR RS»IIMOLS
+WORD HUNDRED, T3sFR4849¢0
JSR RS LIDIVS

+WORD T2sFR+84»FR+12492FR+16450

JSR  RO»FRNOS

21

+WORD 1510,sM31sFRsM11sFR+44y1M32,FR+12490

RIT #1,Q@#%SWREG
REQ &60%

JSR  RS»FRNOS

+WORD 1510, sM3SsNORINT »M36sWDST »M37WDS0»0

DELR NORINT

‘RTS. RU

+WORD 0,10.9CALFHA;ALPHG:CBETA;BETAvCMAXD;”AXDPTH7CNMAXD9MH@XD;G§

il

|
M

Jb

dit

1
¥

i

it



FFENDIX C 3 FaRaALLEL CHESS, RT=-11 MACKRO UMO2-12 20-NOV-78 09143152 PatGE 214
COUNTS: PRINT COUNTERS

-

+ S

-



WFFENDIX C 3 FARALLEL CHESSY. RT-11 MACRO VMo2-12 20-NOU-78 09143152 PAGE 28

CEMUESS PRINT REST MOVES FOUND BY MINIMAX,

|- JSETTL FEMVES! PRINT EEST MOVES FOUND BY MINIMAX.
) g 3506 FEMVES !

; s BOAKD ASSUMED AT D=0

} ;ASSUME RA=TOF OF MSTACK.

; SRI=UFM(D=0),

, 003506 MOV #FRUF RO

7 003512 SPRINT #Mé s BESTLINE

} 003524 MOV RSs~(SF)

) 003526 INC REFEAT SCALLE TO SETMUE WILL FIND CHECKS
0 03532 CLE  LASTD

1 03536 MOV R3ZsR5 SEIND EMV(RE)

2 03540 ALL  #EBMUy RS

3 03544 FE1$! MOV  ~(RS)y~(R4)

4 03546 REQ 4%

5 03550 MOY =~ (RS ) s~ (R4)

& 03552 MOV = (RS s~ (RA)

7 sRE=LUMy R4=TOF OF MSTACK(FROM OF HOVE).
8 03554 MOV RSy~ (SF)

9 03554 JSR  FCyUFDATE

0 03562 NEG COLOUR

1 03566 JSR FCeSETMVUS  3FIND IF CHECK
2 03572 NEG  COLOUR

3 03576 MOV (SF) 4 RS

4 03600 MOV #FEUF» RO

5 03604 JBR  RSs CHARMY

& 03610 JSK  RE5yERINTMY

™™ 2414 kR FEL1$

2 e KON A%

9 034616 541 TST I

0 03622 BLE &%

1 03624 JSR  PCyRESTOR

2 02630 Bk 5%

3 03632 4% 1 i0=0 & ROARD IS RESTORED T0O ORIGIN,
4 03632 JER  RSyFUSCOR

5 03636 SFRINT #MEWLINF

6 03650 CLE  REFEAT

7 03654 MOU  (SFY 4 KRS

8 03456 RTS RE

& EVEN

0 ;

1 ;

2 ;



. € ¢ PARALLEL CHESS., RT-11 MACRO VM02-12 20-NOVU-78 09143152 FAGE 23
MAKE UF CHARACTER FORM OF KOARD

u +SETTL MAKERL:! MAKE UP CHARACTER FORM OF BOARD
' 0 MAKEBD? =
+MAKE A CHARACTER REPRESENTATION OF THE ROARD SUITARLE §
sFOR FRINTING., |
MOV R2»~(SP)
MOV  R1,~-(SF)
MOV  #7:-(SP) $00 I=7 T0 O

1% MOV #7+-(SF) D0 J=7 70 0 ! =
2%3 CLR -(SF) i
MOV SF»RO - 3
JSR R3Sy BSQCOLROW ’ =
MOV (RO)»-(SF)
JSR RS SQCOLROW SRETURNS (RO)=5Q )

MOV (SF)+sR2 $sR2=->CHAR SLOT =
MOV B(RO)sR1 fRi=F1

b ENE 3% )
sNO FIECE =
MOV  RZyK1
MOVE -C(R1)s (K2)+ $COFPY PRECEDING CHAR _
‘ MOVE (K1) (KR2) =
‘ ER 6%
| 334 FIECE - . Q
TST CLR(K1) =
KGY 4%
MOVE #/%X» (R2)+ ; _
ER  S% s =
{:} ' A% MOVE #BL» (R2)+
: 543 MOV TYF(R1)sKi _
ASK K1 | =
AN FFTARLEsR1 ‘
MOVE (K1)y(R2) \ _
‘ 6%t TST (SF)+ =
: DEC (SF) $Jd=d-1 ,
: RGE 2% : )
TST (SF)Y+ $FOF J =
: DEC  (5F) :
' RGE 1% -
: A TST (SFY+ $POF I ==

MOV (SF)+sR1
' MOV  (SF)+sR2
oy RTS RS | GE

> W W

1

i



AFFENDIX C ¢ FARALLEL CHESS. RT-11 MACRO VMO2-12 20-NOU-78 Q9143152 PAGE 24
FIND' BOARD QFFSET GIVEN COL AND ROW

(R JSETTL FIND ROARD OFFSET GIVEN COL AND ROW

2 JCSECT BSQCOLKOW

2 000000 BEACOLROW:

3 SGIVEN THE COL aND ROW OF A SQ THE SUBROUTINE RETURNS
5 A FOINTER TO THE FOSITION IN THE CHARACTER BOARD WHERE LN
4 s TWO CHARACTERS DESCRIBING A FPIECE SHOULD EBE FLACELD,
7 s 0N CaLlL (RO)Y->» B&Q RETURNED VYalLUE

3 ; 2 J COL.

4 § 4 I ROW

Lo FOFFSET=ROARD4 34X (143 (7-1))4(144%D)

L1 00000 MOV Ris-(SF)

12 00002 MOV #ROARD -~ (SF) FUSE (8F) AS ACCUMULATOR
LZ 00006 MOV #7sR1 SWANT R1I=34%(1+3(7-1))

L4 00012 SUE 4<(RQ)sR1

1S 00014 MOL  #32R1

.6 00040 INC K1

700042 MOL  #34.:R1

8 00064 ALl Rl (SF)

.9 H

My 00066 MOV 2RO sR1 FWANT Ri1=4%.J4+1

11 00072 MOL  #4sR1

2 00114 INC K1

)3 00116 AL Ris (SF)

4 00120 MOV (SPY+s (ROD

% 00122 MOV (8F) 4RI

6 00124 KTS RS

v— 3

E: ;

'S ;

(00126 BOARD:

1 +REFT 4

2 +REFPT 3

3 +REFT 4

4 +ASCLL / sea e/

5 JENDR

S +ABCIT <CR=<F =

7 +EWDR

8 JREFT 3

% JREFT 4

0 VASCTIT Zawes /

1 +ENIIR

2 JABCIT <CRHLF-

3 JENDIR

4 +ENDR

5 01606 JASCII «<CRx<LF>/ & ®B € ©o E F G M/
& 01650 JWORD O

7 ?

8 H

s ;

o~



AFFENDIX C

FARALLEL CHESS. Rf-11 MACRD VUMO2-12 20-NOV-78 093143152 PAGE 25

SHARACTER FORM OF UPDATED MOVE

%

00000

PR

)

000000
000002

000046
00010

00014

MG ihd N BT

GO SO LT G B G

00016
00022
00026

00032
00034

1 00040
12 00044
'3 00044
14 00046
15 00052
6 Q0056
0060
0044
9 00066
0 00066
100072
00076

SO NO LGN, ORONO D R

00102
00110
00112
00120
00122
00124
00132
00134
00140

00142
00146
00150
00156
00160
00164
00166
00174
L 00176
202072
0204
00212
00214
00220
7 00222

Bk

o U0

SSETTL CHARACTER FORM OF UPDATED MOVE
+CHBECT CHARMY
CHARMY?
sFLACE THE CHARACTER FORM OF THE UFLOATED MOVE IN THE BUFFER
# RO-BUFFER
s R3=-2UFM
¥
MOV RO»—-(&5F) s SAVE BUFFER ADDRESS
MOV MT(R3I)sRZ  FIND CHARPIECE(MT?
ASR  R2
ALLD  #FTARBLESR2
MOVE (R2)s (RO
FFIND CSQ(SQ0)
MOV SUO(R3)sR2 §R1=5Q0
MOVE CESQ(RZYy (RO)+
MOVE <CS5Q+1x(R2)y (RO +
sFIND TYFE OF CAFTURED FIECE
MOV CFCE(R3Z)»R2 sR2=F1
ENE 1%
FNO FLIECE CAFTUREI
MOVE #/-» (RO)+
ER 2%
142 sFIECE CAFTURED
MOVE #7Xs (ROY+
MOV TYP(R2 s RZ
ASK R2
ALl #FTABLERZ
MOVE (R2X+» (RO +
FFIND CeR(5Q1)
MOV SRI(RIZ)SR2
MOVE CSQIRZ2)» (ROD+
MOVE <CEQ+1-(R2)s (RO 4
FBPECTAL MOVE 7
CHMF  MT(R3)s¥THR

rJ
&
-

ELT 9%
CMP MT(R3) » #CASTLE
ENE 4%
MOV (S5F) RO sCLEAR RBUFFER AND RESTaRT
CMF  SROCKE) » SE1 (R3)
BHI 3%
MOV #CKCASTLE »R2
BR 8%
341 MOV #CQCASTLE s K2
BR 8%
443 CMF MT(R3) 5 $EFCANF
ENE 5%
MOV #CHAREF »R2
BR 8%
T X CMF MT(R3) s $0FAWN
ENE 4%
MOV #CUFAWN K2
ER &%
643 CHF MT(R3) s #HFAWN
ENE 7%
MOV #CNPAWNs R2
BR 8%

73 MOV EMS.RY FERROR ON MT PARAMETER



WPFENDIX © ¢ PARALLEL CHESS. RT-11 MACRO UMO2-12 20-NOV-78 093143152 PFAGE 2494
SHARACTER FORM OF UFDATED MOVE

3 - ;

?ﬁuy0226 5k MOVE (R23+» (RO s MOVE OVER CHARS
0 00230 ENE 8%

1 00232 DEC RO #REMOVE O BYTE
32 00234 9% TETE CHRK{R3)

3 00240 REQ 108

4 00242 MOVE &4 (ROY+

5 00246 10%3

6 002464 MOVE $<TERM>» (RO)+ $MOVE KEEFS SAME LINE
7 00252 CLRE (RO)+ 0 END MARKER
8 00254 MOV (SF)+sRO

¢ 00256 RTS RS

O ’

"1 ’

2 §

'3 00260 CRCASTLE S

'4 00260 JASCIZ /0-0/

'S 00264 CRCASTLE?

'H Q0244 +ASCIZ /0-0-0/

7 00272 CHAREF: +ASCIZ /E.F./

'8 00277 COrAaWN: +ASCIZ /=Q/

@ 00302 CNFAWNS +ASCIZ /=N/

W 00305 MG +ASCTIZ /ERROR ON MT FARAM./

1 00330 FTARLE?: +ASCII /?PNERRAKFPRPRP??TTRPE/
e + EVEN

L TR P 13

ir@ék



YFFENDIX C ! FARALLEL CHESS, RT=11 MACRD VHOZ-12  20-NOU-78& 09143352 FAGE
*RINT STRING AT TAE(D-1)

| - SETTL PRINT STRING AT TAR(L-1)
Y JCSECT FRINTMY
000000 FRINTHY
} sPRINT STRING ON TELETYFE WITH D=1 FRECEDING TARS.
5 5ON CALL RO-3STRING TO BE FRINTED
; TR=11
? TAE=11
; TERM=200
' 000000 MOV Kis-(SF)
0 STAE TU CORRECT COLUMN
1 00002 TST LASTD SFTRST TIME %
2 00006 REQ 2%
3 00010 CME [ LASTD
4 00016 ELE 2%
5 00020 SEPRINT #TARC
& 00032 ING  NTAE
7 00036 CMF NTAE #8,
8 00044 ELT 4%
9 00046 SERINT #NEWLINE
0 000460 143 CLK  NTAE
" 00064 ER 4%
12 00066 241 MOV DR $1=0-1
2 00072 SPRINT  #NEWLINE
4 00104 CLR NTAE
= 00110 CMF R1s#8.
6 00114 BLT 3%
0116 SUE  #8.sR1
§i60122 3% DEC i
9 00124 ELE A%
‘o 00126 SFRINT #TARC
1 00140 ING NTAR
2 00144 BR 3%
7 00146 4%3 iNOW FRINT STRING
A 00146 SERINT RO
5 00156 MOV I LASTH
4 00164 MOV (SF)+sR1
7 00166 RIS RS
g ;
9 00170 TAECE  LASCIT <TE:<TERM:
0 00172 NEWL TNE 3
1 00172 VASCIT <CRE<LF =< TERM:
2 EVEN
3 00176 NTAED  JWORD O
P ;
5 ;
& 3



YFPFENDIX C 3 PARALLEL CHESS. RT-11 MACRO UMOE-12 20-NUOV-78 09143152
*RINT VUSCOR

L e +SETTL PRINT VSCOR

- +CSECT FYSCOR

000000 FYSCOR:

} sPRINT THE CURRENT VUSCOR IN BRACKEYS AS A DECIMAL NUMBER
j FR3=-UPM

3 }

PO00000 MOV R1»—(5F)

1 000002 MOY ROy ~{SF)

PQO0004 MOV #FEBUF yRO

0 00010 MOVR #7 (s (RO +

1 00014 MOV USCOR(RI3) s K1

2 00020 JER O RESLEC

2 00024 SWORD 10,

4 Q00246 141

500024 TETR (ROY4 FINDD END OF STRING
& 00030 ENE 1%

7 00032 LEC RO

8 00034 MOVE £ )+ (RO+

9 00040 MOVE #<TERM»y (RO} s SAME LINE
0 00044 SPRINT #PEBUF

1 00054 MOV (SFY4sRO

2 00060 MOV (8F)+eR1

300062 RTS RS

14 i

5 H

) ;

S

-

FAGE

27



AFFENDIX C

*FIECE

)

¢

000064
0000464

000074
000100

T e WD Tt e R Bg T

OO m NG BK RO

00100
00102
00104

00106
00110

00110
00112
00116
00122
00124
00130
2 00132
'3 00136
4 00142
s 00146
‘q 00150

00162
00166

00176

FFIECE?

1042

H50%2

- wr e

FPaRALLEL CHESS. RT-11 MACRO UMOZ-12 20-NUOV-78 09314351528
FRINT FIECES

LSETTL PPIECES PRINT FIECES

s GROUFS OF TWO ARGUMENTS

sFIRST ARG IS CHAR FORM OF COLOUR
$2NT IS HEAD OF PLECE LIST

SAVREG 0919253
SUER  #30.,5F

sFOR WHITE AND EBLACK FLECES
MOV (RHY+RO
BEQR 50%

+JFRINT SWHITE» EBLACK

MOV @(RE)+sR2  SFIECE HEADER

20%2

FAGE

$FOR alll FIECES OF THIS COLOUR Dl

MOV SFsR1

MOVE #BLs (R1X+
MOV TYF(R2)sR3
ASK  R3

MOVE FTABLE(R3) s (R1D+

MOV (R2)sR3E
MOVE CSQIR3)Y s (R1D+
MOVE CSU+1(R3)Ys (R1D+
MOVE  #TERMs (R1)+
MOV SFsRO
+FRINT
MOV NXTF(RZ) s R2
BENE 20%

BR  10%

Al #3530, ,5F
RESREG Q919243
RTS RS

28



AFFENDIX © ¢ FARALLEL CHESS., KT-11 MACRO UMO2-12 20~-NOU~28 09143152 FaAGE 29
FRNOIFRINT aRRAY OF NUMBERS

L - +SETTL PRNOIFRINT ARRAY 0OF NUMEBERS
P 0200 FRNO ¢
3 PPRINT NOS WITHOUT DESCRIFTORS
} PNOS ARE FRECEDED EY A TAR & ARE RIGHT JUSTIFIED TO 7 CHARS
5 PLARGER NOS AKE NOT TRUNCATED BUT OFLOW 7 CHAR FIELD
5 000200 SAVREG 0515253

7 000210 SUER  #50,,5F

3 000214 MOV SFsR2

> 000216 ALDl  #10,sK2

L0 00222 MOV (REY45R3 $RIT INDICATOR FOR SINGLE » DOUBLE FRECISIC
L1 00224 MOV (RED+,25%  SRASE

12 00230 1043

.3 00230 MOV (RS)+sR1

L4 00232 EEQ  50%

L5 00234 MOV R2sRO

L& 00236 TST K3

700240 BGT  30%

B 00242 MOV (K1) #R1 PR1=NO
9 00244 \ JER  RSSDEC

0 00250 25% 3 JWORD 10,

00252 ER  35%

2 00254 30%:

300254 JER RS DDEC $R1-=NU
4 (0240 3541

5 00260 MOVE  #TERMy (RO)

6 00264 SUE  #7sRO

TNOR70 MOV RZsR1

0272 40% 3

900272 CMF  R1sRO

0 00274 ELOS 454

10027 MOVE #EL s~ (K1)

2 00302 ER  40%

3 00304 45412

4 00304 MOVE  #TAEs - (RO)

5 00310 FRINT

& 00312 ER 10%

7 00314 50% 4

g 00314 ADD #50, 5 8F

g 00320 RESREG 0s1s2,3

0 00330 RTS RS

1 3

2 ;

3 j

A 4



AWFPENDIX © 3 PARALLEL CHESS, RT-11 MACRO UMO2-12 20-NOV-78 09143152 PAGE 30
"RHEALI: PRINT aRRaY OF CHARACTERS

[ SERTTL PRHEALD FRINT aRRaY OF CHARACTERS
Dy 0332 NLTEHD 3

3 000332 SFRINT #HLTE

} 000344 ER FRHEa&LD

3 000346 NLHEAD?

5 000344 SFRINT #NEWL 1NE

7 000360 FRHEAD S

3 FFRINT LESCRIFTORS IN LIST PYD TO EBY RS
P 0003460 SAVREDG 051

1 00344 7S

.1 00344 MOV (RS4RI

(2 00366 EEQ 50%

1% 00370 +FRINT  #TARC

l4 00374 MOV R1sRO

L5 00400 TSTE (RiY+

(6 00402 . BNE -2

.7 00404 MOVE #TERM»—-(R1)
.8 00410 sFRINT

.9 00412 CLRE (R1)D

W 00414 ER 5%

1 00414 50%1

2004146 RESREG 0»s1

200422 RTE RES

14 ;

e 5

'h #

g

g



FPENDIX C ¢ PARALLEL CHESS. RT-11 MACRD UMO2-12  20-NOU~78 09143352 PAGE 31
IOUBLE FRECISION DIVISION (WITH ROUNDING)s + & -

+SETTL DOUBLE FRECISION DIVISION (WITH ROUNDENGYs + & -~

0424 ADDIVR

; jARRAY OF DOUBLE FRECISION LIVISION AND ROUNDING OF RESULT
; sFIRST ARG 18 COUNT, & OTHERS ARE ANLRESSES OF BASES OF ARR
i 000424 SAVREG 0r1

, 000430 MOV (RS) 45RO

* 000432 MOV #10%,R1

} 000436 MOV (RS)+s (R1)4

' 000440 MOV (RS54 (R1)+

0 00442 MOV (RS 45 (R1D+

1 00444 5%

2 00444 DEC RO

3 00446 BLT 50%

4 00450 JSR RS, DDIVR

5 00454 10%4 JWORD 0505050 33 ARGS AND 0
6 00464 ADL  #4,10%

7 00472 AL 4510842

8 00500 AL #4s10%+4

9 00506 BR 5%

0 00510 504

1 00510 RESKEG 01

2 00514 RTS RS

'3 ;

4 ;

5 ;

6 00516 ACDIIVR

- sARRAY OF DOUELE FRECISION DIVISION EY A CONSTANT
£ sWITH ROUNDING OF RESULY

9 SFIRST ARG IS COUNT, & OTHERS ARE ANDRESSES OF BASES OF ARRK
0 00516 SAVREG 0»1

1 00522 MOV (RED 45RO

2 00524 MOV #10$>R1

3 00530 MOV (RS) 45 (R1)4

4 00532 MOV (RE) 45 (R1)4

5 00534 MOV (RS)+s (R1)4

& 00536 5% 1

7 00536 DEC RO

g8 00540 BELT 50%

9 00542 JSK RSy LDIVR

0 00546 10%3 JHORD 0¢050,0 33 ARGS AND O
1 00556 ADL 44510442

2 00564 AL #4,10%+4

2 00572 ER 5%

4 00574 50% 3

5 00574 RESREG 0s1

6 00600 RTS RS

7 i

8 i

9 ;

0 00602 IDIVR:

1 sDIVIDE 2ND BY 1ST TO ORTALN 3RD

Farmn AND ROUNDN THIRD TO NEAREST NO.
0602 SAVREG 0s152

400610 CMF = (SF) s~ (SF)

5 00612 10%4

6 00612 MOV (RS) 45RO

7 00614 REQ 50%



APFENDIX C 3

Bwm00616
E%uVOéEO
50 00422
51 00756
e 00766
53 01006
54

5 01006
56 010146
57 01020
8 01020
3¢ 01022
0 01030
71

P2

73

4 01032

'S

7h
7
'8
'? 01032

FaRaLLEL CHESS.,
ODOURLE FRECISION DIVISTON (WITH ROUNIVING) »

.{. g .
MOV (RS4RI
MOV (RY+sR2

RT-11 MACRD VM0O2-12

20-NOV-78 09143152 PAGE 31+

DRIV (RO s 2C(ROY» (R1D 2 2(RID s (R2Y s 2{R2I » (BF ) » 2(8F)

IMOL2 (SF)Y»2(EF)»159%

LCHF

a4

BR 10%

CHMF (SFY 4 (SFY+
RESREG 0s1,2
RTS RS

T we e

ChHOLS:

$o=
LINC (R2),2(R2)

sOFLOW COND BRANUH

(SF)s2(SF)Y s (RO) s 2({RO)»10%,20%

$ARRAY OF DOURLE FRECISION MULTIFLICATION EBY A CONSTANT
sFIRST ARG 18 ARRAY LENGTH:

sSECONTL 18 CONSTANT

FTHIRD 1S5 MULTIPLIERFOURTH IS MULTIFLICAND

SAVREG 0»1

0
i1

12

3

01034
01040

01044
01046

%M.ﬁioﬁo

i
e
o

CONO DGR O DH N

04
05
06
07
08

50
01052
01054
01054
01062
01072
01100
01106
01110
01110
01114

01116

1116
1122
1122
1124
1126
11320
1144
1144
1144

08, 1152

MOV
MOV
MoV
MQy
Hov

DEC
BLT

1062

(REY+ RO
¥10%sR1
(R3)+s (R1)+
(REY+» (R124
(RS)4» (R1X4

RO
50%
J8R - RS IMOLS

+WORD 0205050 4 ARGS AND

0

Al
AL
BR
5042
RESREG 0O»1
RTS RS

-

y

DARDNGS S
s BGROUFS OF 2
SAVREG Os1

[41]
&

MOV
BEQR 50%
MOV
DADD
BR
5041
RESREG Os1
RTS RS

(RS)+sRO

F¥4,10%42

¥4510%+4
5%

ARGUMENTS . ADD 18T TO 2ND,

(R3)+sR1
(RO s 2(ROY» (R1D 9 2(R1)

O%

r
12
13 1154
14

}
;
’
DEUERNOS

sGROUPS OF 2 ARGUMENTS



AFFENDIX C ! PARALLEL CHESS. RT-11 MaCRO UMOZ-12 20-NOU-78 09143152 FAGE 31+
NOURLE FRECISION DIVISION (WITH ROUNDING)s + & -

| L& $GUE 18T FROM 2ND,

Ly 1154 SAVREG Os1

L17 1160 541

118 1160 MOV (R5)+ s RO

119 1162 EEQR  50%

120 1144 MOV (RS 49R1
121 1166 OSUE  (ROY»2(RO) s (K1) s2(R1)
122 1202 ER 5%

123 1204 504!

.24 1204 RESREG O»s1

2% 1210 RTS RS

26 3

27 ;

.28 ;

29 1212 RULEDFF?

.30 sTRAW A LINE ACROSS FAGE
31 1212 SAVREG Osi

32 1214 MOVE #‘._sCHARAC

33 1224 MOV #80. K1

34 1230 JFRINT #NEWL INE

35 12346 1043

34 1234 JPRINT  #CHARAC
37 1244 DEC R1

I8 1246 RGT 10%

39 1250 RESKEG O»i

40 1254 RTS RS

¢ ¥

. 4 3

A% ;

g



AFFENDIX C
CNUMILLL:

21
22
23
24
25

26

s,

P 1 2516

001256
001260
001240
001264
001266
001272
01276
01302
01306
01316
01322
01332
01334
013324
01334

01340

013240
01342

21342

2001344

29
30
z1
12
32
24
34
36
17
38
39
40
31

01350
01354
01360
01364
01370
01400
01404

01414

01416
01416
01420

g’

: FARALLEL CHESS,
CONVERT TIME TO

CNUMILLS

]
o

“w> Wk B

CNUMICS

n
o

H0% ¢

-

RT—-11 MACRO UMOZ-12 20-NOV-78 09143152
MILLISECONDS
+SETTL CNUMILLLY CONVERT TIME TO MILLISECONDS

CONVERT FROM 1/60 THS SEC TO MILLISEC
~(SF) » - (GF)

CHF

MOy
BEQ

1043

20%1

CHMF
RTE

(RE)+10%+2
50%

MOy
MoV
Moy
JEGR
+ WORT
JBR

+WORD

BFs104+4
SFs20%42

(RED) 420444

RS DMOLS
HUNDRED s G292, 50
R3s DUTVR
SIXs9942050

Bk U¢

(SF)+» (SF)+

R&

JHRTTL CNVUMIC! CONVERT TIME 70 MICROSECONDS

 CONVERT FROM 1/10000%1/7460 THS SEC 7O MICROSEC
=(8F) - (GF)

CMF

Moy
RER

10%3

2082

CHF
RTS

(RE)+ 10442

S04
MOV SFe104$+44
MOV SF»20¢%42
MOV (RS +,20%4+4
JER O RS DMOLS
+WORL TENsO»%%.50
JER REsDDIVR
+WORD BIX»99.5050
BR 5%

(SF) 45 (SFY+

RS

FaGE

954



AFFENDIX C ! FARALLEL CHESS, RT-11 MACRO VMO2-12  20-NOVU-78 093143152 PAGE
DECIMAL FROM 32 RIT BINARY CUNVERSION

1, JSETTL DECIMAL FROM 32 BIT EINARY CONVERSION
- $

3 SCONVERSION OF 32 RIT NO TO DECIMAL

4 ;

5001422 LDEC S

& $SUBROUTINE TO CONVERT 32 RIT NO TO DEC

7 JRO->BUFFER WHERE RESULT WILL BE PLACED

g FR1->WHERE NO IS (LOW ORDER WORID

@ jALL REGISTERS RETURNED UNALTERED

10 3 LOW H1GH

i1 3 E Rl K2

12 3] K2 R4

13 01422 SAVREG 423525150

14 ;

15 01434 MOV 2(R1)yR2 FR=R1sR235 L0, HIGH

16 01440 MOV (R1)sR1

17 01442 TST R2 $IF B0 THEN DO

18 01444 RGE 1%

19 01444 INEG R1sR2 R ER Y

20 01454 MOVE %/ -y (RO +

21 014460 1% MOV #1sR3 $ =1

22 01464 CLR R4

2 01466 CLR - (SF)

24 01470 CLR  —(SF) $0 ENI MARKER

25 01472 2% 1 DEMFE RZsRASRISRZy 38543 00 WHILE(D==R)
26 01504 2% $D=R

271506 USTACK R3sR4 $STACK =11

oNen 1510 DMOL2 REsR4»%1% s0=0%10

29 0152 HSTACK R3yR4

30 01524 IMOL? R3IyR4s314

31 01532 PMOLE2 R3,K4s314

32 01540 DADD (SEY 4 (SFY+sR3sRA

23 01546 ER 2%

34 01550 3144 $OVERFLOW

35 01550 CMF (SFY+4» (SFY 4+

34 01552 4% SLR

37 01552 MOV (SFY4sR3 $LOWD SO0 WHILEA(DZ=8TACK =0)
38 01354 ENE 5%

39 01556 MOV (SF)+sR4 SHIGH I

40 015460 ENE 6%

41 015462 ER  10%

42 01564 £t MOV (SF)+sR4

43 sh<=F & D=0

44 01564 644 MOVE #°0y (RO) $5T=6T & CHAR
45 01572 743 DCMF R3sRAYKR1sR2:8%594 300 WHILE (Do=E)
46 01404 84 Fh=KR

47 014606 INCE (RO)

48 01610 OSUE R3sR4ArR1sR2 § R=R-I
49 014616 Ek 7%

50 01620 943 INC RO 3

51 01622 ER 4%

5201624 108 =0

g 1424 CMFE ROy (5F)

5401626 ENE 11% |

=5 01630 MOVE #705 (ROY 4+

54 01634 1143 CLRE (RO) 50 END MARKER

57 01436 TST  (SF)+

33



AFFENDIX © ¢ FPARALLEL CHESS. RT-11 MACRO UMO2-12

20-NOV-78 02143152 PAGE 334
DECIMaL FROM 32 BIT EBINARY CONVERSION
HRe(1 440 RESREG 435201
:"'Wléfi() RTS R3S
50 3
51 H
G2 '
L4

S



WWRFENDIX C ¢ FARALLEL CHESS, RT-11 MACRO VMO2-12 20-NUOV-78 0931435152 FAGE 34
DECIMAL FROM 146 BIT BINARY CONVERSION

(R JSETTL DECIMAL FROM 16 BIT RINARY CONVERSION
P’ 1 652 DECS

% $SUBROUTINE TO CONVERT 1& BIT NO TO A& DEC STRING
4 §RO=-~>BUFFER WHERE DECIMAL CHARACTERS RESULT WILL BE FLACED
5 JRI=RINARY NO % 18 RETURNED UNCHANGED

s 001652 GAVREG Z325150

7 3

3 001662 TST K1 $IF EB<O THEN DO

3 001664 KGE 1%

10 01666 NEG R1 3E=-R

11 01670 MOVE %7~y (ROY+  $S8T=5T& -~

12 01674 1% MOV #1sR2 $h=1

1% 01700 CLE - (SF) 50 END MARKER

14 01702 244 CMF R2yR1 SU0 WHILE (0=K)3

15 01704 EHI 3%

16 01706 MOV R2s-(5F) FSTACK =D

17 01710 MOL  (RS)sR2 FL=0K10,

18 01730 ER 24

19 01732 343 s 0K

20 01732 A%

21 01732 MOV (8F)+sR2 $D=8TACK

20 01734 BEQR 7%

23 JI=R

24 01736 MOVE #/0sR3 FRE=C=0 7

25 01742 5% 3

26 01742 CMP R19R2 P00 WHILE (R==D)3
e | 74 4 ELT &%

D17 46 INC R3Z ;C=C+1

29 01750 SUE  R2»R1 $E=R-T
30 01752 Bk 5%

31 01754 6%

32 01754 MOVE K3y (RO)+ $8T=5T80

3T 01754 ER 4%

34 01760 741

35 01760 CMF ROy (SF) $IF 8T=77 THEN ST=5T&°0’
346 01762 ENE 8%

37 01764 MUVE #/0s (ROY+

28 01770 84

39 01770 CLRE (RO) 50 END MARKER

40 01772 TST  (SF)+

41 01774 RESREG 3s2s1

42 02002 TET (RS +

43 02004 RTS RS

44 $

45 ;



SPRPENDIX © 3 FarRALLEL CHESS,. RT-11 MACRO UMO2-12 20-NOU-78 09143152 PaGl 3%

MMOLS: DOURLE PRECISION MULTIFLICATION

SSRTTL LDMOLS: DOURLE FRECISION MULTIFLICATION

2‘~f2006 DMOLS:

L s GROUFS OF THREE ARGUMENTS FTD 70 RBY RS

4 sMULTIPLY 2ND. BY 18T. TO GIVE THIRD ARGUMENT
] sUNTIL ZERO FIRST ARGUMENT I8 REACHED

4 FARGUMENT ARE ANLDRESSES OF DOURLE FPRECISION WORDS
7 002006 SAVREG Os1.2

3 002014 9%3

7 002014 MOV (RS)+sRO FMULTIFLIER

10 02014 BEQ  50%

131 02020 MOV (RS4RI

12 02022 MOV (RGX+sR2

13 02024 DMOL (ROY»2(RO)» (R1)22(R1Y» (R2) 2 2(RZ)
14 02106 kR 5%

1% 02110 S0%1:

16 02110 RESREG 0Os1s2

17 02114 RTS  RY

18 )

1% H

20 3

)

e,



IFFENDIX £ 3 FARALLEL CHESS, RT-11 MACRO VMO2-12 20-NQU-78 09143152 FAGE %6
DOIVE: DOURLE FRECISION DIVISTON

[ - SHETTL DOIVED DOUBLE PRECISTION DIVISION
S~ 120 nnIvs:
x FARGUMENTS COME 1IN GROUFS OF FOUR»
4 s TERMINATED RBRY A ZERD
5 002120 SAVREG 0-1,3253
5 002130 5%
? 002130 MOV (RS)+RO
3 002132 EEQ 50%
¥ 002134 MOV (RED 4RI
10 02136 MOV (RS RY
11 02140 MOV (REI+R3E
12 02142 : ODIV (RO »2(ROY s (RID s 2(RLID) s (R 2(R2DI » (RII » 2(R3)
13 02276 BR xS
14 02300 50%2
15 02300 RESREG Os1+253%
14 02310 RTS RS
17 §
18 H
1% ’
21 +SRTTL FPLINK? MACROS
-

e



¢ C

©

COMNDPOLEORSO
I o<

b M 12

'
» oy
4

bal

v&

FARALLEL CHESS.

+SETTL FLINK
, +CSECT DUMF
+MACKO NXTWD PyMINsMAXs7L1
}ASSUME F IS A REGISTER!
$IF P>=MAX THEN F=PF-MAX+MIN

CHP  FyMaX
RLO L1 :
SUR HMAXsF
ADD MIN»F
L1z
o ENIIM

-

> _r Ep

MACRO LSTWD FsMIN»MAX»> 7L

CMF  FsMIN
EHI L1
SUE MINsF
ADD MAXHF
Lis ' :
+ ENIIM

> s =

+MACRO NXTMSG FsMINyMAX
sFIND NEXT MESSAGE
MOV R4y-(SF)
MOVE 1(F)sR4

ASL R4 SWORDS TO BYTES

AL R4»F
NXTWD Fs>MIN»MAX
MOV (SP)+sR4

DUMP ¢
RIT #4s@4#SWREG
REQ FD59$

RT-11 MACRO VUMOz-12

20-NOV-78 0914313532 PAGE 37

JSR  RIFDUMFO FFRINT MINMXF STATUS
FOUMF1$ FSENTRY FOINT FOR LUMPING BUFFER FOINTERS ONLY

JSR  RSyFRNOS

+WORD 0510.L17yMSGIN»DIB,MSGOUT»M3S6sWDSINMI7» WLISOUT»0

JSR RS sFPRNOS

+WORD 0,8.vUiOvFIN7U11;RIN;DIQiPINle&:FOUT!D14rk0UTleq;PUUT90

FOS94 ¢
RTS RS
i
’
FIUMFO: FiPRINT MINMXF STATUS

MOV  R3»-(SF)
MOV SFr1%4+26.
MOV R4,-(SF)
MOV SFy1$422,
JSR RS FRNOS

143 © JWORD 0s8, 08114 LEADYD7 » D3 >CMs 0690905900

CMP (SFP)+»(SF)+



AFFENDIX C ¢ PARALLEL CHESS. RT-11 MAURO UMOZ-12 20-NOV-78 09143152 PAGE 37+
FLINK

S8m00170 RTS R3S

-

-

R



X cCc:

NG MESSAGES

O

O

CUMNUFOORNNUUNWNDGORNAUUDLUAWUNELSENPIUI G- TN O R

&a’ .

Dis
na23
n3s
D43
D33
Dss
073
ng:
ne:
Di1o¢
D113
niazs
D13
Ni4:
D153
Diss
Di7:
nig:
Digd
D20t
n213
naz2:
D233
0243

n25:

n27:
n28:
n2¢es
D303
n3i:
n3a2:
n33:
D34
n3s:
D361
n37z:
nag:
n3e:
D41}

FARALLEL CHESS.

+SBTTL
+ASCII
+ASCIL
+ASCIZ
+ASCIZ
+ASCIZ
+ASCIZ
+ASC1Z
+ASCIZ
+ASCIZ
+ASCI2
+ASCIZ
+ASCIZ
+ASCIZ
+ASCIZ
+ASCIZ
+ASCII
+ASCIZ
+ASCIZ
+ASCIZ
+ASCIZ
+ASCIZ
+ASC1Z
+ASCIZ
+ASCIZ
+ASCIZ
+ASCIZ
+ASCIZ
»ASCIZ
+ASCIZ
+ASCIZ
+ASCIZ
+ASCIZ
+ASCIZ
+ASCIZ
+ASCIZ
+ASCIZ
+ASCIZ
+ASCIZ
+ASCIZ
+EVEN

RT-11 MACRO VMO2-12 20-HNOV-78 09243252 FAGE 38

DEEUGGING MESSAGES
<CR><LF»<TARF<TAB><TAE><TAR><TAB>/RECHSG ! /< TERM>
<CR=<LF>/SNIMSG ¢ /< TERM>

/CH=/

/LEAD=/

/R3=/

/Ra=/

/FRX=/

/hi=/

<CR»<LF>/AT MINMX23/

/FINt/

/RINS/

/PING/

/FOUT:/

/ROUT 3/

/FOUT S/

/-/<TERM> :

/MSGINt/ ;
/MSGOUT !/ | | f
/INVALID CHECKSUM/

<CR><LF>/0UTBUF BLUCKED - 10 MESSAGES/<TERM>

/NAKy EXPIN=/

/RECEIVED S1D=/

/AID NOT RECOGNISED/

ZUNEXF +IATA=/

/BUFFER MESSAGE WITHOUT HEADER/

<CR><LF>/CONTENTS OF LINK OUTFUT BUFFER ARE$/<TERM>
<CR><LF>/5 OR MORE MESSAGES OUTSTANDING 1IN OUTBUF /<TERM>
<CR><LF>/0UTHUF BLOCKED - SEMAFHORE/<TERM:> |
/RECEIVE BUFFER OVERFLOW/

/FLSW RECEIVE OR SEND BIT NOT SET ON INTERRUFT/
<CR»><LF>/2NI FLINK INTERRUFT WAITING FOR ATTENTION/
<CR><LF>/3RD OR MORE FLINK INTS. /

/FS=/
/n=/
/FC=/
/SEND/
/LS/
/LR/
/VUSCOR=/



X C ¢ PARALLEL CHESS. RT-11 MACRO VUMO2-12 20~-NOV-78 09143152 PAGE 39
ESCRIFTORS ANDI VARIARLES

+SETTL FPRINT DESCRIFTORS AND VARIARLES |

0N FPRNOS? f
sFRINT DESCRIFTURS AND NOS,

FALDRESSES OF DESCS & NOS BEGIN 2 WORDS BEYOND RSs TERMINATED BY

i(RS)Y=0 FOR 16 BIT» 1 FOR 32 EIT. . l

$2(R5)=NO BASE(10. E.G.) ) I

SAVREG O»1+2+3 |

SUR #50.,5SP FFRINT RUFFER : ’

CLR R2 33R2=TAR COUNTER i

MOV (RS)+sR3 FR3I=B1T INDICATOR

MOV (RYSY+225% SBASE

3% TST  (RS) SEND OF LIST 7 .
EEQ 503
MOV SFsRO 3 RO->BUFFER
LVEC R2
EGE 5%
MOVE  #CRs (RO)+
MOVE #LF» (RO)+
MOV #3,R2 3 TAR COUNT 4
BR. 10%
544
MOVE  #TARy (RO)+
10$3 :
MOV  (RS)4sR1  $CHARACTER STRING
BER 50%
2043
‘:} MOVE  (Ri)+s (RO)+
ENE 20%
TSTE -(RO)

MOVE #EL»s(RO)+

TST R3 316 Ok 32 BIT %

BGT 30%
MOV @(RE)+sR1  $R1=NO
JSR  KRS»DEC

25%2 +WORD 10,
BR 30%

~

X043
MOV (RS)+sR1 sR1~>NO
JSR RS DLEC

35%1
7 MOVE #TERM» (RO)+
MOV  SFyRO
JFRINT
ER 3%
50% ! i
TST (RS)+ ;

Al £50,y8F
RESREG Os1s2:3
RTS RS

RHRNOLLISOGNRNOGLIDNODNOPROGDIINOCOCLDIDRNEIENEDDINIOINDDORDCO

-s W e



AFFENDIX C ¢ FARALLEL CHESS. RT—-11 MaACRO UMO2Z-12 20-NOU-78 09143152 Fab
FRINT DESCRIFPTORS aNll VaAaRIARLES
101374 FROUTES
Eﬁﬁf SFPRINT QUTRFUT BUFFER AND FOINTERS
X 001374 SAVREG 1.0
4 001400 JER RSy FIUNMF] sFRINT BUFFER FOINTERS
3 sFRINT CONTENTS OF QUTERUF
& 001404 HFRINT #0027 SCONTENTS OF LINK OQUTRUF ARE
7 001412 MOV FOUTsRO
8 001416 2%
? 0014164 CMF ROSRDUT
10 01422 BEQ 20%
11 01424 MOV ROs44%44
12 01430 MOV ROsR1
13 01432 NAXTHMSG RIs#MINS #MAXS
14 01444 MOV R1,44%48. -
15 01470 JB8R RSy FRMSE
16 01474 4%
17 01474 SWORD 1sMINS»MAXS»040
18 01304 MOV R1IsRO
19 01510 ER 2%
20 01512 20%3
21 01512 RESREG 150
22 01516 RTS RS
23 3
24 3
25 H
o’

4¢)



AFFENDIX C 1 FARALLEL CHESS, RT-11 MACRDO VUMOZ-12 20-NOV-78 09143152 FPAGE
FRMSGIFRINT MESSAGE RECEIVED OR SENT

] e LJBRTTL PRMSGIFRINT MESSAGE RECEIVED QR SENT
— s GLOBL FRMSG

3 001520 FRMSG !

4 $FRINT MESSAGE RECETVED OR SENT
7 $(R5)=0 FOR RECEIVEDs=1 FOR SENT
& F2(RES)=MIN

7 54 (RS)=MAX

8 § & (RS Y =FRONT

9 58, (RS)Y=END

10 01520 SAVREG O»1s2s3

11 01530 FRMSGO S

12 015320 SUE  $30.,sSF

13 01534 MOV #4,R2 . $TAR COUNT

14 01540 MOV SFsRO

15 01542 TEY  (RS)

14 01544 EGT 10%

17 01546 SERINT #D1 $RECEIVED
18 01540 ER  15%

19 01562 1048

20 01562 SFRINT  #D2  SENTI

21 01574 1543

22 01574 MOV &(R%) sRE

2% 014600 20% 3

24 014600 CME K228, (RS)

25 01404 EEQR  50%

26 01606 MOV SFRO

TTN1610 DEC R2

T 412 KGE  2%5%

29 01414 ER  35%

30 016164 25$ 3

31 01616 MOVE #TAK: (RO 4+
32 01622 304

32 01622 MOVE (R3)+sR1

34 01624 NXTWI R3s2C(RS) » 4 (RE)

35 01642 JSR RYsDEC

16 01646 JWORD &,

37 01650 MOVE #TERM» (RO)+

28 01454 MOV SFsRO

19 014656 FPRINT

40 01660 ER  20%

41 01662 CLR  R2

42 01664 354

43 01664 CHMF RZs8. (RS)

44 01670 EEQ 50%

45 014672 MOV SFsRO

44 01674 nEC Rz

17 0146764 EGE  40%

48 01700 MOVE  #CRy (RO +
19 01704 MOVE #LFs (ROY4
50 01710 T8T  (RS)

51 01712 EGT 37%
5mmni3%3 MOV #5sR2
. 72 3643

SAT01720 MOUE  #TARs (RO 4+
35 01724 nEC  R2
36 01726 BGT  36%

37 017320 3741



WPRPENDIX © ¢ PARAGLLEL CHESS. RT-11 MACRO UMO2Z2-12 20-NOV-78 09143152 PAGE 414
*RMSGIFRINT MESSAGE RECEIVED OR SENT

G 1730 MOV ¥4, s R2
gy 1 734 ER 454

50 01736 4043

31 01734 MOVE  #TAaRs (RO +
42 01742 454 ¢ :

33 01742 MOV (R3V4sR1

4 01744 NXTWI R3s2(RS) » 4(RE)
45 Q1762 JSR RESDEC

“6 01766 JWORD 8,

57 01770 MOVE $#TERM» (RO 4+

L8 01774 MOV SFsRO

49 01776 +PRINT

70 02000 KR 354

71

2 02002 5043

7302002 MOV SFsRO FPRINT NEWLINE
74 02004 CLRE (RO)

75 02006 JFRINT

764 02010 ADL $#30.,sSF

77 02014 56941

'8 02014 ALD ¥10. RS

79 0R020 RESREG 0s152+3

0 02030 RTS RS

31 ;

£ 3

33 3

-



( C ¢ FPARALLEL CHESS. RT-11 MACRO UMOZ-12 20-NOV-78 093143152 FAGE 42
. LINK MESSAGE TRANSFER ROUTINES , '

+SBTTL FARALLEL LINK MESSAGE TRANSFER ROUTINES

" +CSECT PLINK
- NOUTR=10. , 3ND OF MESSAGES IN OUTBUF WHEN (T BECOMES RLOCKEL

. PLUA=320 ’ , _ \
FLSW=322 .
INTSW=340 $ INTERRUFTS FROCESSED AT FRIORITY 7
P8=177776 ) : o ,
PLSR=1464000
FLOB=164002
FLIR=144004

HEAD=125 ,

MAXID=177 |

RINT=100 SRIT 6 |
SINT=040 SBIT 5 |

t

RWD=200 $RBRIT 7
INT=140 FSET RITS 6 & 5 70 ENALBLh RECEIVE & SEND INTERRUFTS

SWn=100000 SBIT 15
NOINT=0

- E; W

|
|
!
I
o x
+MACRD SNDW W |
TST  @#PLSR C |
BM1 ,-4 3
DINC WOSOUT»WDSOUT+2 ‘

MOV Wy @3FLOB |

|

ral +ENDM
o/ 3
y
;
) PINS +WORD MINR $PARALLEL LINK INFUT RECEIVE PTR
r FIN: . JWORD MINR $FRONT OF INFUT BUFFER
» RINS +WORD MINR $REAR OF INFUT BUFFER i
. .~ POUT! +WORD MINS o 3
) FOUT! . JWORD MINS
' -~ ROUT? JWORD MINS
» MINRS +JBLKW 200 $RECEIVE RUFFER
} MAXR S
S MINS? +BLKW 200 $SENDI BUFFER
pooh MAXS$
> OFLO3 +WORD O 3% OVERFLOWS OF INFUT BUFFER
.8 MSGIN: JWORD O $NO OF MESSAGES IN INFUT EUFFER
) MSGOUT! JWORD © . .
'  EXFID! LWORD i ;EXPECTED 1o
» “ NXTSIDS JWORD i ‘
: ~ OUTBUF: WORD 1 :OUTPUT RUFFER ACCESS SEMAFPHORE ~ 1
) LR! . JWORD O SREMAINING LENGTH OF MESSAGE EEING RECE1VERD ,
' LS8! LWORD O SREMAINING LENGTH OF MESSAGE HEING SENT 1
... SEND! . JWORD 1 3SEND SEMAPHUhh ,
.. _RESEND! .WORD O .
). . ... NORINTS +WORD 050 _ $NO OF RECEIVE INTERRUPTS o
K::"wlh;WDSIN‘ «WORD 050 ~  FWORDS RECEIVED ON DR11 ‘ f .
4 7 WpDSOUT: JWORD 0,0 $WORDS SENT. ON DR11 ’ | )
» . WDSI: . JWORD 050 . 3WORDS RECEIVED ON DR11 s
|

) » wnsos +WORD 050 ~ $WORDS SENT ON DR1l 4
, - RSEM? +WORIN 1 SRECEIVE SEMAFHORE TO INLICATE? |
: #=1 NO DATA IN i



APPENDIX ¢ PARALLEL CHESS. RT-11 MACRO UMOR-132 20-NOV-78 09143352 PAGE 424
*ARALLEL LIMK MESSAGE TRANSFER ROUTINES

18— su=0 UATA TN

O

()
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Fa

RALLEL

1 o

3

7
8
¥l
16
11

12

e
000000

000000

00004

13

14
15
14
17
18
19
20
21
20
23
24
25

26

00004
00010
00012
00020
00022
00024
00030
00032
00032
00040
00042
Q042
Q0044

TTTN0060
006 4

2
30
1
i
33
34
35
34
37
e
9
YW
H1
ya
13
14
VS
bo
V7
HE
ve
10
11

)

00066
00104

00110
00114
00116

00120
00124
00124
00130
00134

00140

00142

b ko,

-

(b
i

7

00142
00142

001460

LINK INTERRUFT

@ Wk i s

SRO%

SERVICE ROUTINMNE

SSBHTTL FARALLEL LINK INTERRUFT SERVICE ROUTINE
JLEECT FLISR

FEIC  ¥#RINT,@#FLSR
SAVREG 0Os1

$TST  @#FLSK s SENDY
PEM1 1%
} JSK RS, SENDC
; Bk 30%
TSTE Q#FLSR s RECETVE
EFL 20% ‘
DING NORINTsNORINT42 3¢ RECEIVE INTERRUPTS
DEC RSEM
BGE  12%
CMP RSEM»#-1 32 WORDS OR MOKE OF INFUT
BEQ  30%
ELT  11%
JSR RS,PSTACK
BR 304
1143
CRINT  $133 33 OR MORE INTS.
RE  30%

MOV @#FLIESRO

DHINC WOSTIN,WDEIN+E s WORDE RECEIVEN
MOV PINsR1

MOV ROs(R13+

NXTWD RIs#FMINRy#EMAXR $

MOV RISFIN

sCMFP R1ISFIN sOVERFLOWY

sENE 24

# INC  OFLO

3 +FRINT £D30 sRECEIVE BUFFER OVERFLOW
§ ER 3% FSHOULD NEVER 0CCUR - SENDERS

BUFPER  BLoCKED.

<
3
L
-

LDECE LR
EBGT 9% 3CONTINUE
BEG GO
FEXFECTING HEADIER
# INCR LR
CHMFE RO $HEAD
BRNE 224
SNAE RO 3SAVE LENGTH
MOVE ROsLR
nEce LR
FRER 5

BR 94
52142 SWORD O SUNEXPECTED DATA WORD
2242
FUNEXFECTED DATA
] MOV ROs21%
§ JER RO FRNOS

-,
8]
h
#
-l

SHORD 058,024,215, D37ySENDD3ELESDETS LR O
3% # REMOVE WORD FROM QUEUE

LETWI R1sEMINRy EMAXR

8T  —-(R1)



. C
. LINK INTERRUPT SERVICE ROUTINE

:

- o - e

v W o —

- W e vw e w

o

T AT W Nl I R DT P I T T Wl W T W

7

o

FARALLEL CHESS.

- 3082

a
-4
a
’
-
’

Fn

STACK?

FSTACK?S .

s Wr W

kRT-11 MACRO VUM0O2-12 20-NOVU-78 09143152

MOV R1yFIN

FAGE

A3+

!
|
{
!
|
|

READ

HA

i

Hh

BEK 9%
5% sLKk=0 .
INC MSGIN
j BIT #4,P#SWREG
; REQG 7% )
; MOV R1,6%48,  SEND
; MOV  RIN»é346  $FRONT
; JSR RSy PRMSG
; 682 JHORD 0> MINRsMAXRs 090
5744 .
MOV R1yRIN JEND OF MESSAGE
INC RSEM 5FREE SEM TD ALLOW DATA 1IN
BLE 12¢ A
RIC #200,@#FPS ;FRID 3
SRIS  $RINT s G#FLSK |
JSK  RSsINTPT  $INTPFT CONTENTS OF RECEIVE RUFFE®
ER  30% ‘ |
943 |
INC RSEM SENABLE FURTHER LIATA READS
BELE 12% $IF DATA IN THEN TAKE IT
BR  30%
2048

+FPRINT #D31

RESREG 01
sBIS  FRINT,@#FLSR
RTI

+SBTTL PSTACKIPRINT CONTEHWTS OF STACK

MOV  @$FSsFR

MOV  (SF)»FR+14.

MOV  2(SF) FR+16.

MOV  4(SF)sFR+2

MOV  6(SP),FR+4

MOV 8. (SP)sFR+6

MOV  10.(SF)sFR+8. .

MOV  12.(SP)sFR+10,

MOV 14, (SF)sFR+12.

JPRINT  #D32 $2ND INTERRUFT
JSR  RS»FRNO

+WORD 03s8,yFRsFR+14,sFR+16.sFR+2:FR+4sFR+61FR+8,
JWORD FRH10.sFR+12450

RTS RS

|

$PLSW REC OR SEND BIT NOT SET ON INTERKUF

i

i

ih A i, i N A BN Hi

ith
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Il LINK DATA

:®76 SENIDAS

+SETTL SEND LINK DATA

+ENAEL LSE
$ASSUME RO IS AVAILAEBLE WITHOUT SAVING ‘
$TRIGGER SEND IF NO MESSAGE IS EREING SENT» OTHERWISE RETURN

100376 DEC SEND FINITIALLY SEND=1
00402 ELT U%
00404 2%
E1SE #SINTs@#FLSR
00404 T8T RESEND
00410 REG 3%
00412 CLR RESEND
00416 MOV FOUT.FOUT 4
00424 3%2 v
00424 CMFP  POUT.ROUT e
00432 REQ 4% ;

iWAIT FOR LAST MESSAGE 10 CLEAR
sANDD THEN WASTE SOME TIME
»TST CE¥#FPLSK

sEMI -4

yMOV #50,-(SF)

sHEC (SF)

sBGT -2

s TST  (SF)+
00434 ' : MOV FOUT»10%+6
00442 : MOV ROUT»10%48.

o0 : RIT #4,@4SWUREG
U356 EEQ 20%
00460 JSKR  RSryFRMSG
00464 10%3 +WORD 1>MINS»MAXSs0+0
00476 20%3 . : -
00476 _ MOV FOUTsRO
003502 ‘ "MOVE  1(RO),»LS SLENGTH
00510 SENIDC? .
00510 DECE LS
00514 ELT 2%
003516 MOV POUTsRO
00522 SNDW (RO)+
003546 NXTWD RO»FMINSs$#MAXS
00564 : MoV  ROsFOUT
00370 ' kR SENDC $ INTERRUFT SEND DOESN’T WURK
$CONTINUE WITH INTERRUFPT
00572 A% sBICE #SINTsC@#FPLSR
00572 ' - INC SEND
00576 BLE 2%
00600 9% )
00600 RTS RS
+[OSAEL LSE

W -




FFRENDIX C ¢ PaRalLEL CHESS. RT-11 MACRD VMO2-12 20-NOV-78 09143152 FAGE 45
NTERFRET RECEIVED MESSAGES

o JEETTL INTERFRET RECEIVED MESSAGES

— JUSECT INTET
FASSUME RO» R1 ARE AVATLAKLE

000000 INTET:

000000 IEC  QUTRUF

000004 RGE 1%

000006 INGC  QUTRUF
L 000012 RTS RS
C 000014 1%¢

0 00014 CMF MSGOUT» #NOUTR

1 00022 ELE 2%
2 00024 JRINT #0020
3 00032 JER RS,FROUTE
4 000364 243
5 00034 CMP FINSRIN
& 00044 ENE  32%
7 00044 ING  OUTERUF
B 00052 RIS RS
.§ 00054 32%8
0 $FREE OUTFUT RUFFER,
1 00054 JER  RSSFREAIDO FREE MESSAGES WITH AID O FROM OUTERUF
b3 $CARRY MAY BE SET BUT CONTINUING WITH INTFT IS ONLY HOFE
23 Q0040 MOV FINsRO
4 00064 CMPE (RO s #HEAD FELIMINATE WORDS UNTIL HEADER FOUND
25 00070 BER X%
26 00072 TET  (ROY+
10074 NXTWI ROy #MINK s #HMAXFR
20110 MOV ROSFIN
19 00116 JPRINT #0253 BUFFER MESSAGE WITHOUT HEADER
10 00124 JEXIT
31 00126 2%
12 00124 MOV ROsRI
32 00130 NXTHSG R1»#MINR» #MAXR
14 FRO=FRONT» RI1=NEXT MESSAGE
3% 001632 MOV R2,-(5F) FAVAILARLE REGISTER
146 00144 MOV ROs~(SF) FFRONT OF MESSAGE
37 001664 JER RSy CHKSUM
8 00172 4% 3 SWORD MINR: MAXR
39 00176 T&ET KRR
40 00200 FEQ 4%
41 INVALID CHECKSUM
47 FOFRINT #0119 $INVALID CHECKSUM
43 00202 JER  RSySENDACK $NACK
44 Q0206 JWORD O
45 00210 ER  %0% FHEXT MESSAGE
44 00212 6%
47 00212 TST (ROY+
48 00214 NXTWI RO» #MINR» $MAXR
4% 00232 MOV RO»~(SF) FSAVE FTR TO (SIDyALID
50 FSEE IF 10 I8 VALID
51 00234 MOVE (RO)sR2
e e To bk 7o REQ 283 $IF SID=0 THEN MESSAGE 18 JUST AN ACK
D P50 1GNORE
54 00240 CMPE RZSEXFID
55 00244 ENE  16%
5 FMESSAGE HAS EXFECTED SID

a7 00248 INCE EXFID



WWRENDIXY O ! PARALLEL CHESS, RT-11 MACRO UMO2-12 S0-NOY-78 09143152 PAGE 454
[NTERFRET RECEIVED MESSAGES

5 Py () 252 BFL  14%
e 0254 MOU  %1sEXPID

L0 00242 14%3

41 00242 JER RS, INTCON

L2 00244 ER  28%

52 00270 16%1

44 00270 , JER RSy SNIERR

45 00274 BR 124

Lé 00274 2041

L7 00274 MOV  (SF)SRO FRO=-+81 1

58 iD0ES THE RECEIVED MESSAGE ACK A SENT MESSAGE
49 00300 MOUE 1(RO)syRO  $RO=AID

70 00304 REQ  12¢ JHO MESSAGE ACK - CONTINUE
71 00304 EFL 8%

e FNAK

22 00310 THE  RESENT

74 00214 JER RS, SENDA  $RESEND DATA

75 00320 ER12%

76 0032 8%

?7 00322 JER RS, FREEOR  $POSITIVE ACKNOWLEDGEMEWT
78 00324 1243

79 00226 TET  (8F)+

30 00330 1041

31 00320 MOU  R1s,FIN SELIMINATE MESSAGE INTERFRETED

32 00234 MOU  (SF)Y 45RO

33 00334 MOV  (SF)Y4,R2

30340 INC  OUTRUF

2034 4 LEC MSGIN

24 00350 EGT  INTFT

17 00ED RTS RS

38 ;

19 00354 INTCON? $SET UF FOINTERS FOR INTERFRETING CONTENTS

20 50F MESSAGE

71 00254 TET (RO 4

P2 00354 NXTWI RO s #MINRy #MAXR

P2 00374 SAVREG 1 SNEXT MESSAGE

24 00376 LETWD R1sEMINR s £MAXR

FEO00414 TST -{R1?

26 00416 JSR RSy INTPTCONT FRO FTS TO BEGINNING OF TEXT
77 00422 RESREG 1 PR1 TO END SR2=STI

28 00424 RTS RS

79 ;

LOO ;

101 ;



AFFENDIX € ! FARALLEL CHESS, RT-11 MACRO VMO2-12 " 20-NOU-78 093143152 PAGE 46
INTERFRET RECEIVED MESSAGES

LR (0426 FREAILDOS
. - SELIMINATE MESSAGES AT FRONT OF QUTFUT BUFFER WITH SI0=0
3 SRETURN CARRY SET IF OUTERUF I8 BLOCKED ON RETURN
4 000426 54 3

5 000426 CHMF  FOUTYROUT 3ANY MESSAGES &

& 000434 HEGQ  30%

7 000436 MOV  FOUTsRO

8 000442 TET (KO +

9 000444 NXTWD RO #MINS s £MAXS

10 00462 TSTE (RO) $8IN=07

11 00444 ENE 9%

12 : $5ID=0

13 00466 MOV  FOUTsRO

14 00472 NXTHSG KOs EMINS» #MAXS

15 00524 MOV ROSFOUT

16 00530 DEC  MSGOUT

17 00534 ER 5%

18 00536 943

19 00536 CMF MSGOUT» #NOUTESLET FOREGROUND TASK WAIT UNTIL OUTRUF
20 FEMPTY

21 00544 BLE 30%

22 00546 SEC

23 00550 KTS RS

24 00552 304

25 00552 CLC

246 00554 RTS K5

- ;

5. 3

el ;

30 00556 FREEOE: jFOSITIVE ACK!FREE OUTFUT BUFFERS

31 FUPTO AND INCLUDING ACK MESSAGE

32 00556 MOV R2sy-(SF)

33 00540 MOV R1s=(SF)

24 00562 JSR  RY»SRCHOUT $GIVEN RO=1I

35 SRETURNS Ri=FTR TO FOUND MESSAGE

14 $R2=N0 OF MESSAGES FASSED OVER

27 00566 TST Ri

38 00570 BEQ 9% sNOT FOUND - 0 NOTHING

39 $FOUND- DELETE THIS AND FREVIOUS MESSAGE
40 00572 NXTMSG R1s¥MINS»EMAXS

41 00624 _ MOV  R1sFOUT

42 00630 INC R2

43 004632 SUE R2,MSGOUT

44 00636 Bk 10%

45 00640 9%

44 FSPRINT #023 FACKID NOT RECOGNISED.,
47 004640 106

48 00640 MOV (SF)Y+sR1

49 00642 MOV (SP)Y4sR2

50 00644 RTS RS

51 ;

5 . 3

3 ;
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JENDN ERROR

- JEETTL SENT ERROR

L — JCSECT SENDERR

L 000000 SNIERRS $SEND ERKOR

} ;

; FMESSAGE ID IS NOT THAT EXFECTED-

. 1. MESSAGE EBECAME A NACK ON LINE,

' © $2.MESSAGE TRANSMISSION BEGAN BEFORE NAK OF

: ; FREVIOUS MESSAGE RECEIVED

- i3, HEADER OF FREVIOUS MESSAGE NOT LETECTED,

0 FSTRATEGY S IF I IS THAT OF ONE OF LAST

1 ; TEN MESSAGESs THEN ACK» ELSE HAK

2 FIF EXPIDCNOUTE & (0<=SID<=EXPID Of HAXIL+EXFID-NOUTE<=SI0=HAXI1)

3 ; OR (EXFID-NOUTE<=SID<=EXFII) THEN CALL SEND ACK

4 SELSE CALL SEND NAK

5 00000 MOVE (RO) s RO SRO=G1D

6 00002 CHMFE EXFIDs#NOUTR

7 00010 BGT 224

§ 00012 TSTE RO

9 00014 ELT 18%

0 00016 CMFE ROSEXFIN

1 00022 ELE 24% FSEND ACK

2 00024 18%3

3 00024 MOVE #MAXILR2

4 00030 ALl EXFINSR2

5 00034 SUE  #NOUTERyR2

6 00040 CHFE RZsRO

N0042 EGT  26% FGENT NAK
0044 203

9 00044 CMFE RO»#MAXIN

0 00050 EGT 6% $SEND NAK

1 00052 ER 24% SENTT ACK

2 00054 2243

3 SEXPIDE=NOUTE

4 00054 MOVE EXFIDsR2

5 00060 SUE  $HOUTER2

& 00064 CHFE R2yRO

7 00064 RGT 26% FSENTT NAK

8 00070 CMPE ROyEXFID

$ 00074 BGT  26% s SEND NAK

0 00076 2443

1 sSENTT ACK

2 00076 MOV 2(SFYsRO  FRO=FRONT OF MESSAGE

3 00102 JSR RSy SENTACK

4 00106 JWORD 1

5 00110 ER  28%

6 00112 26%%

7 sSENTI NAK

8 00112 MOV 2(8F) RO

§ 00116 JER RSy SENDACK

0 00122 JWORD O

1 00124 2843

T30 1 24 RTS RS

.
- .
4 3
= ’



¢ C ¢ PARALLEL CHESS. RT-11 MACRO UMO2-12  20-NOVU-78 09!43152 FAGE 48 |
JSAGE ACK OR NAK S L - .4

= © SBTTL SEND MESSAGE ACK UR NAK !

'oR © JCSECT SENDACK R .4
) . SENDACK! |
, " JOUTBUF BEING ALREADY OPEN»SEND AN ACK |

aa; $0F MESSAGE EREING INTERFRETED . ' =
Cf JON CALLy - RO=FRONT OF MSG FOR NHILH ACK IS SENT
~§..n.- ...  THE WORD FOLLOWING (RS)=1 FOR AN ACKs =0 FOR
e oo 3A NAK TO BE SENT el , : =
) c MDY R1,-(SP)
) © MOV. ROs-(SF)  $FRONT
) JSR  RS»OPNSEA $RETURNS RO=0UTFUT FTR =
) MOV . (SP)sR1 ;R1=->FR0NT OF MSG TO ACK
2 . -TST (R1)+ o .
) TNXTWD R1s$HINR» $HAXR . =
) .. MOVB (R1)sR1 3R1=8ID OF INTPTD MSG
} - TST  (RSX+ ’ T U -
> S BBT 1% ; =
o T MOV R1,22¢ '
) L MOV EXFIDsR1 .
S R MOV R1,21% =
3 JSR RSsPRNOS . :
- » $10$:  JWORD 0»8,s021,21$,D22,224,0 3NAK»EXPID= ,RECEIVED S1I
oo . 3 JSR  RSsPROUTE ) o ; =
b e ‘ NEG R1 g
o 1%% - IR ~ ) T ; ; -
) . .~ JSR..RS»CLSNDA e ' ‘ K =
!‘:}';af .o . MOV - (SF)+sRO e : B ‘ :
1 o MOV (8PY+sR1 -
oo . RTS8 . RS - . =
b 21%3 e LWORD O :
b o 22%3 7 JWORD O | =
-
s .
!
' =
..fj\ | =
.
| =
i
5

)



c

‘:;

FARALLEL CHESS., RT-11 MACRO VUM0O2-12 20-NOV-78 09143152 FAGE 49
LOSE OUTFUT BUFFER FOR THE ADDITION OF A MESSAGE

OFNSE

2043

31%1

32%2

»
’
»
L
»
)
0

FNSEA?

a

CLSNDS

10%:

CLSNDAS

3
L

. |
+SBTTL OFEN & CLOSE OUTPFUT RUFFER FOR THE ADDITION OF A MESSAGE

+CSECT OUTRUF

SRETURN RO->AVAILAELE WOR)Ny =0 OTHERWISE
SAVREG 1

JSR RO INTFT s INTERFRET MESSAGES RECEIVED &
#TRY TO CLEAR OUTPUT BRUFFER '
CMF  MSGOUT»#4 SFKEEF NO OF OUTSTANDING MESSAGES LOW

BLE 31% |
3 PRINT #0128 % MESSAGES OUTSTANDING
ER  20%
TEC OUTBUF
BGE 324
JERINT #D29 # OUTRUF 'BLOCKED
INC OUTHUF
R 31% 3 TRY AGAIN
RESREG 1 4

FENTRY FOINYT FOR SKIFPING TESTS! USED BRY RACKGROUND TASKS
MOV  ROUT»RO

18T <(RO)+ sFIND DATA FOINT, SKIFFING HEADER SFACE
JSR RO ADINLIOQ $TEST QUEUE '
18T (RO + #SKIF IDS

JSR  RS»ANDOQ

RTS8 RS

sENTRY FOINT FOR FOREGROUND TASK

sON CaALL , RO-ENDN OF TEXT

’ R1i=AID

»ON RETURN RO=8ID OF MESSAGE

JSR  RS:CLSNDA

INC OUTRUF

TST MSGIN

BELE 10%
SAVREG 0»1
JESR RS INTPT
RESREG 0s1

RTS RS

SMESSAGE HAS BEEN ANDED T0 OUTBUF SO FIND CHECKSUM &

FON CALL LET RO RE END OF MESSAGE TEXT» R1 RE THE AID
MOV R2s-(SP)
MOV  R1s-(SF) $ALD
BIT #1sRO 00D RYTE
REQ 24
CLRE (RO)>+
NXTWD RO #MINS» #MAXS

MOV ROs-(SF) $END OF TEXT» EXCLUDING CHECK SUM,.
MOV  ROsR1 sR1=REAR» EXC CS.

|

#50 THAT BACKGROUND 1INTFTATION IS NOT BLUChED

9

U & @ W v

w

| t
5w

i

;H
N



X C ¥ PARALLEL CHESS. RT-11 MACRO VMOZ2-12 20-NOV-78 09143152 PAGE 49+ B
CLOSE OUTFUT BUFFER FOR THE ADLITION OF A MESSAGE =

0 ‘ MOV  ROUTyRO $ RO=FRONT .
4 SUE KOsR1 SWANT R1=LENGTH» EXC C$ | g
60 EGT 4% ;

5 |

SUE #MINSsR1 FLF L<0 THEN L=MAXS-MINS+L

4 ADL  #MAXSsR1 ? z
0 4% I

0 ASR R1 SBYTES TO WORDS | .
2 INC R1  $R1=LENGTHs INCLUDING CHECK SUM. ! 5
4 MOVE  $HEAI (RO)+ $ HEAD \

D MOVR KR1,(ROY+ FLENGTH : }
2 NXTWD RO»#MINS > #HAXS =
D CLR  =(SF) $SIL OF MSG

2 CMF R1:#3 | ]
4 EGT 5% _ . =
> CLRE (RO)+ $NO SID FOR CONTENT FREE MESSAGE

2 BR 6% A

4 5% ¢ £5
3 MOVE NXTSID» (SF) $SAVE SID OF MSG » TO EE RETURNET
) MOVE NXTS1Is (RO)+ 361N ,
3 INCE NXTSID =
) RFL 6% A '
2 : MOV ~ #1sNXTSID _
> 6% . =
> MOVE 4(SF) s (RO + 5ACK1D

4 MOV ROUT»RO s FRONT OF MESSAGE -
> MOV  2(S5F)sR1  $REAR OF MESSAGE, EXCLUDING CHECK SUM =
} JSR  KY,CHKSUM $RETURNS R2=CHKSUM

>€:; - +WORD MINS»MAXS :
! NEG K2 =

- MOV R2s(R1)+
NXTWD R1s#MINSs#MAXS ‘
MOV  R1sROUT iNEW REAR 0OF QUEUE =
INC MSGOUT . sNO OF MESSAGES QUEUED FOR OUTFUY ‘
JSR RSy SENDA s TRIGGER SEND IF NECESSARYs RO MAY EBE ALTERED

Tw W N e

3

)  MOVE (SF)+sRO =
\ TST  (SF)Y+

5 MOV (SF)Y+4sR1 _
) MOV  (SP)Y+sR2 =
?

RTS8 RS

e ws By
i

ey

e

i



AFFENDIX C ¢ PARALLEL CHESS. RT-11 MACRO UMO2-112 20-NOV-78 09143152 FAGE 50
SEARCH FOR MESSAGE IN OUTEBUF: FIND CHECKSUM

oo, LERTTL SEARCH FOR MESSAGE IN OUTRUFS FIND CHECKSUM
- LCSECT SRCHOUT

3 000000 SRCHOUT

4 $FIND MESSAGE WITH GIVEN ID' IN QUTPUT RUFFER
5 0N CALL> RO=TI

& $ON RETURN? R1->MESSAGE IF FOUNDs =0 OTHERWISE
7 ; R2=# OF MESSAGES FASSED OVER
8 000000 MOV R3y-(SF)

g 000002 CLR R2

10 00004 MOV FOUTsR1

11 00010 14

12 00010 CMF  R1sROUT

13 00014 REQR 2%

14 00016 MOV R1sR3

15 00020 TST (R3)+

14 00022 NXTWD R3s #MING » #MAXS

17 00040 CMFR RO (R3) FID=5INCS)

18 00042 BEQ 34 3FOUND

19 00044 NXTMSG R1s#MINS> #MAXS

20 00076 INC R2

21 00100 EF 1%

22 00102 2%3

23 00102 CLLR  R1 $NOT FOUND

24 00104 3%

2% 00104 MOV (SF)Y+sR3

26 00106 RTS RS

~ 1 4

. i

29 i

30 00110 CHKSUM?S

31 $ON CALL RO-> FRONT OF MS8GyR1->REAR

33 i (REY=MINs 2(RS)=MAX ADLRESS OF QUEUE
33 $RETURNS R2=CHECKSUHM

34 00110 MOV RO»~(SF)

25 00112 CLK R2

36 00114 143

37 00114 CHMF ROsR1

38 00116 BEQ 2%

39 00120 ADD (RO +sR2

40 00122 NXTWD ROs (RS5) s 2(R5)

41 00136 ER 1%

42 00140 2%

43 00140 MOV (SFY4 RO

44 00142 ADD E4,RY

4% 00146 RTS RS

46 3

47 3

48 3

wtbe..
5 ;



WWRENTIIX C § FaRalLLEL CHESS. RT-11 MACRO UMO2-12 20-M0V-78 093144152 PAGE 51
‘BRALLEL LINK MESSAGE HANDLING MACROS aND VaRTaARLES

L™ SHSETTL FARALLEL LINKE MESSAGE HANDLING MAUROS AND VARTIABLES
! SCBECT FINTRY

i LMACRO SaADNE X

} o MOVE Xy (RO

1 NXTWD RO EMINS #MAXE
» + ENTIM

:
3

-

+MACRO SADD X

MOV X (RO H
0 JER O RIADDOQ sALD TO QUTFUT QUEUE- CHECK OFLOW
A SENDM Sa0D

>,
g1

& +MACRO RADLD X

4 MOV (R1Y+X

5 NXTWD R1»#MINR,#MAXRK
» ENIIH

4
L

5

§

REQCAR=1
ACKCA=2
REQM=3
SELINE=4
SBETCM=G
CUTOFF=6
FCHARE=Z
EXIT=9,
RIOY=11,
SNDARR=12,
RELINE=13. sRECETVE LINE

H

léﬁ‘*f£&ﬁéi§miiksﬁto&sﬁ

(.j.



WFENDIX C 3 FARALLEL CHESS, RT-11 MACRO UMOZ~12  20-NOV-~78 09143152 FAGE %52
*INTFT? VARTABLES

s +SETTL PINTFTS: VARIABLES

V! QOO0 FaR: +BLKW 16, sFAaRalLEL COUNT FROM DTHER FROC.
P 000040 FASE S +BLKW 14, 31 FROCESSOR COUNTS

} 000100 RLSY?S LWORDE O SRUSY SEMAFRHORE FOR SYNC

i 000102 MAXCD: JWORD 4 sMAaXIMUM COMMON DEFTH

» 0006104 SWITCH: JWORD O 3SURROGATE SWITCH REGISTER

! SWREG=177570

P DO0104 LANOING WORD O $LAST NO 1M NODE

P 000110 HCA? SWORD O FHAVE CRITICAL AREA

s SEMAFHORE FRIVATE TO THE MAIN FROCESS
sUSET AS FPIPELINE FROM RECEIVE INTERRUPT
sFROCESS ACKCA TO MAIN FROCESS

00112 Cae LWORD O SCRITICAL AREA

s=1 WHEN Ca UNUSED

=0 WHEN FROCESSOR IS IN CA

0 WHEN REQUESTS FOR CA HAVE EBEEN RECEIVED

VENTU bW D

00114 CHt SWORLD 13 COMMON MOVE
00114 nac: JWORDE O §NO OF OTHER FROCESSORS TO SCORE FOR
00120 LEAD? +WORD O
0 00122 FRX2: SWORD O SPROCESSOR CRUOSSING IN MINMXZ
00124 ATTENT: LWORD O §=-1 WHEN COMMUNICATEL CUTOFF
2 F=4UE WHEN SCORETD NODME HAS BEEN RECEIVED
13 00124 FFCH? +WORTD MINFCH
4 00130 RFCH? SHORD MINFCOH
W O00132 MINFCH?: +BLKW 100
?Q”SOKEE MAXFCHS
Q332 QUAOTES +ABCIL /7 /<TERM>
?§-60334 CHARACY .ASCIT A0/<TERM:
e §
W0 3

()



FRENTDTX

FaRaLLEL CHESS.

RT-11

IYNG? SYNCHROMIZE PROCESSORS

' w0334

b 000336
1 000344
v 000344
Q00352
P 000360
FO00344
.0 00374
100374
2 00402
A 00404
4 00414
500420
S 00422
700422

9
0
i
22 00424
4
e

26_00424
M, 0432
26 00436
29 00440
30 00442
3100452
32 00460
3% 00460
34 00462
35 00464
36 00472
37 00474
38 00474
19 00476
10 00502
31 00504
42 00514

JHGETTL SYNL?
SYNE?
’ s SYNCHRONTZE
BIT #1,SWITCH
BEQR 504
INC  RBUSY
SAVREG 01,2
JER O RSy OPNSE
SAapl EROY
CLR RI1
JER O RS CLENT
JER S RESSWAITR
RESREG O0s1s2
TST RUSY
BNE -4
a0
RTS RS

e Ve

+SERTTL SEMDAY
SENDAVS

$SEND ARRAY U
s ARRAY LOWER

sRECEIVING Al
SAVREG 09212

JER O REUFNSE
MOV (RS4RI
MOV (REI+R2
SADD FSNDARR

SADD (RYS) 4+

5%
CMFP R1sR2
EHIS 104%
Sann
ER
1043
CLR  R1 sAID=
JER REG CLSND
JER RISWAITR
RESREG Q912
RTS RS
:
¥

MACRD UMO2-12

SYNCHRONIZE FROCESSORS

EOTH FROCESSORS

P

¢OBEND AN AREA OF CORE
ARTARLE

& UPPER LIMITES ARE (RS), Z2(RE)
DRESE FOR OTHER FROCESSOR IS 4(RIED

FFRONT

FRECETVING ANIRESS

(R1)+
k3

O

Ft

20-NOV--78 09143152 FAGE



AFRFENDIX C @ FARALLEL CHESS. RT-11 MACRO UMO2-12 20-NOV-70 09143152 FAGE 54
ALDDDRY UPDATE PLINK DUTFUT RBUFFER GQUELE FOINTERS

1o LERTTL ADDOR: UPDATE FLINE QUTFUT BUFFER QUELE FOINTERS
D051 6 ADDOOR S

SADID TO OUTFUT QUEUE

FCHECK FOR OVERFLOW

000514 NXTWI RO #MING» EMAXS

000534 CMP ROSFOUT

000540 ENE  10%

000542 SERINT #4229 SOUTPUT BUFFER OFLOW

2 D00SS4 1083

10 00554 KTS  R%

11
el
L3 LSETTL WAIT REFLY

14 Q0554 WATTRF

LS Q0S54 SAVREG 2

L& DOS&0 TST - (SF)

L7 Q0547 10%¢

L8 O05&D MOV #4000 (5F)

19 Q05&6 204

20 00544 JBR RS, SRCHOUT

M Q0572 ST K1

12 00574 BER  30%

'3 Q0S4 DEC  (SF)

4 Q0400 EGT 20%

O Q0&QD INC RESEND

2 Q00606 SAVREG 01
g 0612 JSR R, SENDA
\I00416 RESREG Oyl

19 00427 ER 10%

10 00424 2043 ‘

i1 00624 TSET (SF)Y+

2 004624 RESREG 2

T 004630 RTS R%

14
v

v

3OS e O 08 b Dl

T A

TR T Y



FRENDIX © ! FARALLEL CHESS. BT-11 MACRO UMOZ-13 20-NOU-78 09143152 PAGE 55
(CAYE REQUEST CRITICAL AREA

- +SETTL FCCAY 3 REQUEST CRITICAL aREA
0432 REQCAL  FLOCGF UNTIL CRITICAL AREA 1S DETAINED
- DO0AZZ 143
DODA3EE LEC  CA
000434 RGE 30%
000640 SAVREG Qs152
' O004&4as 2%
PO006AL JBR O RO OFNGSE FRETURNE RO
T D00ASE gann  #REQUAR
00462 CLK  R1 $All=0
RO&LL4 JBR RECLSND sRETURNS RO=8ID
T QO&70 JER RIS WALITRE fWALT REFRLY
FMESSAGE ACKNOWLEDGED
FAUATT CAHX=0TESTED FOR BY BACKGROURD PROCESE
FAND WHICH SETS HCA PRIVATE FLAG T0 1

-

#%

D D e b

238
+
.-

00674 4
00474 TST HCA
Q0700 BLE &%

$FREE TO PROCEED
00702 LDEC  HCA
Q0704 RESREG 0152
200714 30%2

E 00714 RTS RS
14 }
b $

Y LSETTL V(LAY FREE CRITICAL AREA

. 0716 FREECAS

?g.y sFREE CRITICAL AREA CaA+

00714 INC  CA

0 00722 BGT  30%

i1 sCRITICAL AREA REQUEST RECEIVED
12 00724 JER RISy SENDIW

13 00730 JWORD ACKUAS O

4 00734
35 00734 RTS RGO

£l

3
%
e

L4 H
37 3
18 ]
"
¥ $
{



AFFENDIX © ¢ FARALLEL CHESS. RT-11 MACRD Ho2-12 20-NOV-78 09143352 PAGE 54
REQMUFM? REQUEST UPDATED MOVE DATA

(W LSETTL REQMUFPM: REQUEST UFDATED MOVE DATA
20724 REQRMUFMS

3 FPROCESSOR LAGS OTHER - REQUEST CURRENT MOVE FROM
4 FHASEC(ID AND WAIT (FOR SELIND

5 FFORMAT? REQM s UM

4 000734 SAVREG Osls2

7 000744 JER RSy OFNSE

3 000750 GAND  EREQM

? 000760 saDl R3 FUFMOID

LO 007664 CLE RI 3ATD=0

L1 00770 JER RS CLEND

(2 00774 JER  RESWAITRF

LZ 01000 RESREG Osls2

L4 010064 CMPR NOINC(R3) o #2

15 01014 EGE  10%

L& 01016 CLR  @¥FLSR

L7 01022 +FPRINT #60%

L8 01030 JEXIT

s 01032 104

0 01032 RTS RS

'L 01074 £0%¢ LJASCIZ /1 OR LESS PROCESSORS IN C& NODIE/
2 EVEN

X 3

r4 ;

15 3

L JORTTL SELIN! SEND LINE OF FLAY

' 074 SELIN?  $GIVEN R3I=UFMCINy SEND INFORMATION AROUT NODE:
'8 SSELINy BASE(D) s NOINCIDY ¢ VSCORCIN s RSTMUS (D %)
o 01074 SAVREG Oyl

0 01100 JER K5, 0FNSE

1 01104 SADD #SELINE

2 STST D 51F D7 =0 THEN EMU(D»%)=0 TEMFORAKRILY: AVOIDS SENDIN
3 FREGQ 54 , Moves
‘4 3 MOV <BMU-23(R3) s~ ({SF)

5 ; CLR  <EMU=-23(R3Z)

& 01114 543

7 01114 JBR RSy SNODE

] $1eT It SRESTORE BEMV

£~ SREQ 154

0 5 MOV (SPY+y <BHV-Z= (R3)

1 01120 154

2 01120 CLR  R1 $A1D0=0

3 01122 JER RS CLSND

4 01126 RESKREG 01

5 01132 RTS RS

& H

7 3

£ ;



YWFENDIX © ! FARALLEL CHESS. RT-11 MACRO UMO2~12  20-NOV-78 093143152 FAGE

SNODE T SEND NODE DATA

LSRTTL SHODES SEND NODRE IIATA

(

L

2 BNODE 2

§ $RO-=RUFFER

} sADD BASESNOINCL) »VECORCD) s BETHMVS (115 %)
3 3 TO SEND RUFFER

5 PRI-=UPMOID

P 001134 SAVREG 2

3 001134 SADID RI SRASE (LD

P 001144 SADD NOINRI)

0 01154 SALD VECORCRZY  3VSCORDD
L1 01144 ALD FBMVR3 FRETMV (D, %0
L2 01170 13

3 01170 SADD ~(R3)

L4 01174 T8T  (R3)

LS 01200 BNE 1%

L& 01202 RESREG 2

L7 01204 RTS RS

Lg §

g $

20 +SETTL RNODE! RECEIVE NODE DATA
01208 RNODE?

22 s RO-=RUFFER

3 FRECETVE. BASE s NOINC(ID s VESCOR (L) s BETHMVUS (Tis %)
14 sFROM SEND BUFFER

5 FRE3-FURFM O

WP 1206 SAVREG 32

Vg 1 210 RADD R3 sRBASECID

01230 RADD NOIN(R3)

01252 RADD VSCOR(R3)Y  3USCORIND
10 01274 Aalll #BMVSR3 FRETMUVD ¥)
i1 01300 143

12 01300 RaLD ~(R3)

i3 01320 TET  (R3)

Mo01322 BNE 1%

001324 RESREG 3

S 01326 RTS RS

7 §

8 ]

5 3

a7



IFPENDIX 3

FarallEL CHESS.

RT-11 MACRO UMOZ-12 20-NOV-78 09143

(NODIE! RECETVE NOLE DATA
e R SENDCM?
N 1 330 EIT #1,SWITCH
. 001336 EEQ  10%
L 001340 MOU  CMy 1842
P 001344 JSR RS, SENDW
. 001352 161 JWORD SETCMs 050
' 001360 10%¢
0013460 RTS RS
' ;
0 013242 SENDCTF ¢
1 01362 MOV (R2),1%42 HODE FROM WHICH MOVES CUTOOFF
2 01366 JER RS, SENTIW
301372 163 JWORI CUTOFF 0.0
4 01400 RTS RS
5 ;
& 01402 SENDEXITS
7 01402 1T  %1,SWITCH
8 01410 EEQ  10%
§ 01412 JER RSy OFNSE
0 01416 SAND $EXIT
01426 SADD K3
2 01434 CLR Ri
3 01436 JER RSy CLENT
4 01447 JSR RS, WAITRF
= 01446 10%1
6,01446 RTS RS
-4
‘&'614 SENDW?!  SFUT WORDS FOLLOWING RS INTO OUTRUF
9 0145 o SAVREG Os1
0 01454 JSR RS, OFNSE
1 01440 ER 2%
2 01462 143
3 01462 SADD (RS)+
4 01470 241
5 01470 TET  (RS)
& 01472 ENE 1%
7 01474 TST (RS +
8 01476 CLK K1
9 01500 JSR  RSyCLSNI
0 01504 RESREG Os1
1 01510 RTS RS
2 ;
3 ;
4 ;

......

152 PAGE

5

a8



c 3

NTENTS OF RECEIVED

C

du

FARALLEL CHESS.,

1082

- 18%¢

N\

RT-11 MACRO UM02-12 20-NOV-78 09143352 FAGE 39

MESSAGE

+SBTTL INTFT CONTENTS OF RECEIVED MESSAGE

+CSECT INTPTCONT
INTPTCONT
+USE RO AS SADD FTRs R1 AS RADD FTR IN MACROS ;
s INTERFPRET CONTENTS OF RECEIVED MESSAGE ' |

yON CALL RO->TEXTs R1->END OF TEXT» RZ=AIll OF MESSAGE
SAVREG 0s192 :

MOV
MOV
JSR
CMF
ENE

CHMF
ENE

13%¢

CMF
ENE

17%3

CHF
ENE

R1sRZ SEND OF TEXT '
ROyR1
RS» OFNSEA !
(R1) s #REQCAR ;
10% !
DEC CA
BLT 6%

FCRITICAL AREA AVAILAELE
SADD #ACKCh

6%
JHP  INTFS94

(R1)»+ACKCA
154
INC CA
ELT 13%
SHAVE CRITICAL AREA
INC HCA 3PRIVATE SEMAFHORE TO FIFELINE
+TO MALIN FROCESS

JMF INTFPS9%

(R1) »+REQM

18% :
SAVREG 3:4 FWANT R3->UFM REQUESTED
RADD -2(SF) $ SKIF HEADER
MOV (R1)»R3
sREFLY

vRELINE:NEUCM;CU;LBASE;NUIN(U);UbCOR(D);BSTﬁUb(U!*)J
SADD ¥RELINE

MOV  R3,R4 FF1IND NEWCM - THE WORD ERELOW UMMCD+1)

ADD  #FRESS»R4

CMF  -(R4)»R3

BNE 17%

TST (R4)+ $WANT Ci
MOV R4,CH SRESET CH
SALl CH

SADD CD

INCE NOINCR3) $ADD REQUESTING FROC TO COUNT
JSR RSy SNODE

RESREG 3,4

JMF INTPS9$

(R1)»#RELINE
INTF20% :
s THIS IS REFLY TO REQM

,RELINEyNEULMvNEULD’LBﬁbh(U);NUIN(U)7U$CDR(D);BS1MUS(U;*)

RADD  -2(SF) FSKIF HEADER
RADD. CM



ARFENDIX © ¢

INTFT CONTENTS OF

i -~y ()P
ld 021 4
40 00320
41 00324
52 00324
3 00330
4 00337
5 00354
(‘)

7

F

EE Aol % o

00340
00344
58 00366
59 00372
70 00372
71 00376
73 00376
"3 004072
4 00404
" D0ATE
% 00432
7 00436
B 00442
9 00447
0 00444
00450
i 00477
12 00500
0504
I
4 00516
00522
00502
00524
0050
00552
00554
00574
00600
00607
& 00606
7 00404
8 00606
9 00612
00 0614
01 0416
03 0640
03 0644
04 0644
05 0646
06 0450
07 0ALS
08 0704
,"m‘.::\, {) 7 0 é‘_b
e 070
11 07724
12 0730
13 0737
14 0734

™~

Sl G P O G0

INTF20%:

INTF2G% ¢

INTF30%1:

4048
4541

INTRPSO%

FaRALLEL CHESS,
RECEIVED

CHP
EBNE

22%¢

CMF
BNE

CrF
ENE

CHF
BNE

CME
ENE

4143

RT-11 MACRO UMOZ-12 20-NOV-28 09243152 PAGE 5%+
MESSAGE

rRapl  Co
JER RIS RMOLE
JMP INTREY %

(R1) > #BELINE

INTF25%
RADD  ~2(8F) sSKIF HEADER
JER RS RNODE
TST ATTENT $NON’T CALL UPSCOR WHEN ALREADY
ELT 22% | CUTORE

INC  ATTENT
JMF O INTREY S

(K1) v #EETUM
INTFI0%
RADD  ~2(SF)
MOV (R1)5CH
CLR  LEAD
JMPOINTPS9%

(R »#CUTOFF
154
RADL  ~2(5F)
MDYV #-1,080 sUISARLES SCORING
MOV (R1)sPRX2  sHEWSC WILL RESTOR TO FRXZ2
MOV #-1»ATTENT
CLR  LEAD
JHMFP INTPG94

(R1)»#EXIT
404

KADD ~2(SF)
SAVREG 3
RAII RE

DECE NOIN(RI) $HECREASE NO 01 FROCESSORS IN NODE

RESREG 3
SMP INTRS9S )

(R1) + ¥FCHARS sFPaRALLEL LINK CHARACTER TRANSFER

THTFEOS FMOVE CHARACTERS TO FLINK CHAR BUFFER
SAVREG O :
RADD —-2(5F)
MOV RFCHsRO

MOVE (R1)+s (RO +

RER  42%

NXTWD R1s#EMINRy$#MAXR
HXTWD ROy FMINFOCH #MAXFOH
BR 41%

NXTWD ROy EMINFCHs #MAXFCH
MOV ROsRFCH

RESREG O

BR INTFRS94



FFRENDIX C
NTFT COMTENTS

0734
Y 0740
17 0742
18 07464
19 o752
BO 0752
21 0756
22 0740
23 0762
24 1002
25 1022
24 1022
27 1024
28 1026
29 1046
30 1050
31 1050
32 1052
33 1054
34 1054
25 104
34 1072
37 1074
I8 1074
39 1074
40 1102
1110
4 AL
43
44

FARALLEL CHESS. RT-11 MACRO UMOD2-12 20-NOV-78 09143152 FPAGE
OF RECEIVED MESSAGE

CHMF (R1Ys#RDY

ENE  54%
N nEC  RBUSY
JHMPOINTRS9%
Ha4% 3
CMF (R1) s #8NDARR
BNE  40%
SAVREG 3
RADDN R3 sSRIF HEADER
RADD K3 FANDRESS FOR FLACING LATA
S6%12
CHF R1sRZ sR2=END OF TEXT
BEQ 584
kAL (R3+
Bk H6%
S84
RESREG 3
ER INTFE94
H0%3
CLR BE#FLSR
SFRINT #M26 fFARALLEL LINK MESSAGE NOT RECOGMNISED
JEXIT
INTPE?$3
MOV (EF)sR1 ;AL
JER O RO CLENTIA
RESREG Os1s2
RTS RS
¥
’
§

594



AFFENDIX C ! PARALLEL CHESS, RT-11 MACRO VMO2-12 20-NOV-78 09143152 PAGE 40
FARALLEL LINK CHARACTER ECHOING 10 OTHER FROCESSOR

1o LSRTTL PaRALLEL LINK CHARACTER ECHOING TO OTHER PROCESSOR
D 1112 READPCH? sREAD FROM PARALLEL LINK CHR INFUT BUFFER
2 sR1I-FRECELIVING BUFFER

4 001112 SAVREG Qs1s2

5 001120 143

A4 001120 CHMF FFCHs RFCH

7 001126 BEEQ 4%

3 001130 MOV FRCHsR2

7 001134 SFRINT $QUOTE

10 011446 282

11 01146 MOVE (R2)CHARAC

12 01152 BEQ 5% sDON‘T FPRINT END MARKER
13 01154 SFRINT #CHARAC SECHO CHARACTERS
14 01166 E

L5 01146 MOVE (RZ)+s(R1D+

L& 01170 REQ %

L7 01172 NXTWD R2s#FMINFCH #MAXFCH

L8 01210 Br 2%

L 01212 S

01212 SPRINT #QUUTE

21 sALL OF MESSAGE READ

12 01224 NXTWD R EMINFCH» 2MAXFCH

'3 01242 MOV R2FFPOH

4 01244 Bk 14

D 01250 4% 3

01250 RESREG 0»1:2

L Rt T RTS RS

P ¥

e ;

0 5

01260 FSENI

e sFARALLEL SEND OF CHARACTER INFUT

3 FRI-FBEGINNING OF MESG » WHICH 18 TERMINATED BY O BYTE.
4 01260 BIT #1.@%SWUREG sraARALLEL MODE 7

A 01246 REQ  30%

& 01270 SAVREG 0»1

7 01274 S8R RS OFNSE FRETURNS RO-HBUFFER

g 01300 SADD #FCHARS

¢ 01310 143

0 01310 SADDER (K1)

1 01330 TSTE (R1)X+

2 01332 BNE 1%

A 01334 CLR R1 SNO AID

4 Q013346 JER - RS CLSND

3 01342 RESREG Os1

& 01346 3042

7 01346 RTS  RY

8 ¥

@ §

0 ’



WRPENDIX C 3 PARALLEL CHESS, RT-11 MACRD UMO2-12 20-NOV-78 09143152 FaAGE sl
JARTARLES USED IN MINMAX, SETMVS.UPDATE & RESTORE

.- SHETTL VARTARLES USED IN MINMANs SETHMVS:UPDATE & RESTORE
Tongy LLCSECT MINVARES
4 3
' sOFFSETS FROM BASE OF UM
! PRESS=-214,
; EMY=214., FLENGTH OF MOVE AREA EXCLUDING PRESS AREA
’ LEMU=204, sLENGTH OF BEST MOVE PART OF MOVE aAREA
} BMV=-10, sOFFSET OF BEGINNING OF RBESTMOVE AREA
! CHR=~11, s DOES THE MOVE CHECK THE OFFONENT 7
NOIN=-10, FNO OF PROCESSORE IN NODE
SCOR=-8, #A SCORE BASED UFON MATERIAL

CPRCE=-&6 & FOINTER T0 THE FPIECE CAFTURED RY THE MOVE
NIM=-4., iNO OF IRRELEVANT MOVES

sWHEMN< O GENERATE CAFTURES ONLY
VELOR=-2 FTHE VIRTUAL SCORE - THE BACKED UM SCORE
LUM=0 sa FPOINTER TO THE FRECEUING UPRATED MOVE
SQ0=2 sFROM SQUARE OF THE UFRDATED MOVE
801=4 FTO SRUARE

«r_ra.b Gt = S 0 D O B Gl B O

MT=6 sTYRE OF THE UPDATED MOV
¥
sVARTABRLES USED IN MINMAX

00000 ROTMS +WORD sEOQTTOM OF MSTACK FOR CURRENT SET OF MOVES

D002 TOFCM:  JWORD sTOF OF CAPTURES STACK

00004 REFEAT? JWORD

00006 KCAF? +WORD

00010 I3 +WORD s DEFTH

0012 Cre LWORD O FCOMMON DEFTH
3“%0014 Chos SWORD 050 FINITIAL COMMON DEFPTH FOR SEARCH
¢ 00020 VaARCD?! JWORD O SWHETHER TO DECREASE CU DURING SEARCH
0 00022 FRUF 3 +RBLEE 100
1 00122 LASGTD:  LWORD O FLAST PRINTED UPFDATED DEFTH
2 00124 FOFTHY  LWORD O $DEFTH TO WHICH TO PRINT BDARD
3 00124 UFLAG?:  LWORD O $TEST NO OF UFDATES SINCE LAST MOVE PRINTING
4 001320 LWORD O
I 00132 SUHORD W SQUARE+H-C63 XLENSH § BKROOR
& 00136 HWORD E>SRUARE+LCS  K7RLENSQRS s BARDOK
7 sVARTARLES USETDN TN SETMVES
g 060142 RROOK?
@ 00142 JWORD O
0 00144 JWORD Wy SQUARE+H7XLENSR: s WKROOR
1 Q0150 JWORD E»<SQUARE > s WOROOK
2 00154 WROOK
3 00154 CLRRING? +WORDN
4 GO154 OPFRKING? » WORD
S 00160 URFMOVES JWORLDL O 5
& + =0 +200, s TEMFORARY STACK FOR HOLDING CAPTURES
7 sAND ENSURING THEY ARE ON TOM OF THE MOVE STaACK
8
7 00472 CMVE: LWORD O
0 00474 MTYFE?!  JUWORD
1L 00476 SFEC? +WORD
;Mm FVARTABLES USED IN SETMVE BUT ALSO USETD ELSEWHERE
S 0900 BRING: JWORD FIECE
4 00502 WRING: JWORD FIECE+<16.XLENFX
5 00504 EFSQ? +WORL
) SUARTARLE USED IN UPDATE AND RESTORE

7 00504 RCAST: JWORD SQUARE+O



SFFENDIX C ! PARALLEL CHESS,
JARIABLES USED IN MINMAX,

RT-11 MACRD VMO2-12
SETMVSUFDATE & RESTORE

20-NOV-78 093143152 PAGE &2

S 0510 UORD SQUAREHCIXLENSR:

T 0512 JWORTD SRUARE+<7XLENSQ>

50 00G14 SWORD SQUARE+L<CSXLENSQ

51 00516 SWORD SQUARE+S56 . XL ENSQE

52 00520 +WORDH SRUARE+CE9, XLENSQ:

53 00322 SWORD SQUARE+ &3, kLENSR:

54 00524 +WORD SRUARE4<61 . XLENSQ:

b sCOUNTER FOR TOTaL # BOARD UFPDATES

b6 00526 NOUFE: L WORD G0

37 00532 NOSETMVS +WORD 00

8 00534 NOCSTMVS S +WORD 00

¢ 00542 NOMAXTI? JWORD 00

0005446 NOMMAXD: L WORD 050 FNO OF CALLS TO C8THMVS TERMINATED BY MAXDD
1 00352 MNEF +WORDY 050 MO OF BOTTOM FPOSITIONS
2 00554 T23 JHORD 050 FMINMAX ELAFSED TIME

'3 00562 ENDCO '

4 00562 NORCUT: JWORD 050

'HO00%464

= NOMINMX2: .WARD 050
g 5

7 §

g §

P i

-



FFRENDIX C 1 FARALLEL CHESS. RT-11 MACRO VMO2-12 20-HOU-78 09143152 PaAGE 63
INIMAX FaRalLLEL TREE SEARCH

B SBRTTL MINIMAX PARALLEL TREE SEaARCH
o SOSECT MINMAX
000000 MINMAX!
Q00000 ‘ BITE #1»SWITCH sPaRALLEL SEARCHT
Q0000& BER 134
000010 +FRINT #M27 sFARALLEL SEARCH
000014 BIT #2,SWITCH :LEAD 7
000024 BEQR  20%
000024 +FPRINT #M28 sLEAD SEARCH IHITIALLY
00034 ER 20%
00036 15%2
00034 +FRINT  #M33 $BINGLE FROC SEARCH
00044 20% 3
00044 MINMX13

FCOLOUR=THAT OF FLAYER TO MOVE
$ON RETURN R3-HUFM0)» & RA4=TOF OF METACK.
sELAFSED TIME RETURNED IN T2
FINITIALISE VARIABLES NOT ON THE MOVE STACK

SR SO0 B O

00044 STIME T1sT142
00116 SAVREG 5
SSWAF ALFHASBETA IF NECESSARY
00120 TST COLOUR
00124 RGT 1%
4 00126 CME ALFHAYEETA SWANT ALFHAZRETA
5 00134 BGE 3%
&_00136 ER 2% ;SWAF ALFHAYBETA
0140 1%
50140 CHMF ALFHASEETA SWANT ALFHATRETA
§ 00146 ELE 3%
0 00150 241 s SWAF
1 00150 MOV ALFHA»RO
2 00154 MOV RETA»ALFHA
3 00162 MOV  ROsEETA
4 00166 341
5 SMOV  MAXDs MMAXT s ARSOLUTE MAX DEFTH OF SEARCH
& SATID #4 5 MHAXD
7 00164 MO% 3
8 00146 DCLR  NOUFS
$ 00176 DCLE  NUSETMYUS
0 00206 DICLKE NOCSTMYS
1 00216 NCLR NOMAXD
2 002264 DCLR NOMMaXD
3 00236 OCLR NORCUT
4 00246 NCLR NOMINMXZ
5 00256 LCLR NEF
& 00266 CLR REFEAT SREFEAT=0
7 00272 CLE  KCAF
8 00276 CLR I
9 00302 CLE  LASTD
0 00306 CLLRK NTAE
1 00312 CLE UFLAG
Y JER  FCy IMVSTACK
o SLENFSQ WILL BE SET BY MINMAX IF NECESSARY
4 5COLOUR 16 THAT OF OFFONENT
5 FRI=-TUFM0)
é sR4=~=TOF OF MOVE STACK

"

700322 CLKk LEAD

4
B



WEENIIX C 3 FARALLEL CHESS, RT-11 MACRD UMO2-12  20-HOU-78 091433152 PAGE 434+
fINIMAX FARALLEL TREE SEARCH

03246 MOV CROSCI FINITIALISE ©n

T 0334 BITE #1>SWITCH SFARALLEL SEARCH?
20 00342 BER 15%

31 00344 BIT #2ySWITOCH SLEAD 7
52 00352 ENE 12%

53 INOT LEAD /7 SEARCH

54 00354 JSR  RESREQCA

55 00340 ER  20%

56 Q0342 12814

87 FCRITICAL AREA IS ENTERED: AND CA=0
58 00362 ING  LEAD

59 00366 ER  20%

70 00370 1543

71 00370 INC  LEAD

72 00374 L 20%3

73 Q0374 BR  MSTART SSTAKRT

-

)
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HHOROONOOBINDPDOD VDU LB 9w v ur ar

C ¢ PARALLEL CHESS.,
*ARALLEL TREE SEARCH

{::

-r

» DBESCEND
DESCEND? JSR
ySTART $
MSTART?

MOVE #1sNOIN(R3)
NIM(R3)

TST
BLT
8%

14%2

4

40%3

C O ass

RT-11 MACRO UM0O2-12

FCrUFDIATE FRO CONTAINS FRUOMs R4 POINTS TO IT

FHNOINCD) =1
$IF ALLM(D) THEN DOs

4

CMP  DyMAXDFTH 53 IF D<MAXIIFTH THEN DO
RGE 40%
tR4=~>FRESS(I1»0)
MOV FIRREL»sRO
BENE ~ 114

$NO NEED FOR RELEVANCE TESTING

JSR  PCySETMVS

T8T KCAF

KEQ S0s
JSR ROy KCAPT ,
CLR  LANOIN#NO FROCS AT D1
JMF RETCALL

SOPRESS (Ds %) =0

11%3 CLR

~-(R4)
CLR  =(R4)
MOV NXTR(RO) RO
RNE 11%

JSR  FCySETMVS
$Ra=->TOF OF MOVE STACK

TST  KCAP
BEQ = 143 :
TST D SRETURN IF DEPTH=0 SINCE ILLEGAL FUOSITIOM
BEQ 13$
JSR  RS5sKCAFT
CLR  LANGIN3NO FROCS AT D+i1
JMP RETCALL
13 JHF M150% $D=0y ILLEGAL FOSIT1ON
INC REFEAT

. NEG COLOUR

JSR FC»SETMVS
CLR REFEAT

NEG COLOUR

ST D

BEQ 50%

JSR PCsEVAL
ECC  50%

JMF  RETCALL

$ COLOUR=-COL OUR

s BOARD RESTORED

DINC NOMAXD>NOMAXD+2
MOV #-~1,NIM(R3)

$ELSE DO}

"DINC NEFsNEP+2

CHP Dy MMAXD
BLT 43%
DINC NOMMAXD s NOMMAXDH2
CLR  ~(R4)

R VIVIVY 2ri AN

20~-NOV-78 093143152 FAGE 64

$MAKE SFACE FOR REILLEVANCE DATA

FNO MOVES INSERTED, R4 UNCHANGED



FRENDIX C 1 PaRaALLEL CHESS. RT-11 MACRO VMO2-12 20-NOV-78 02143152 PaGE 444
IINIMAX FARALLEL TREE SEARCH

EN0LA 2D CLE  LANOIN FNOIMN(DHL )Y =0
R LYY ER 504

0 00670 4343

vl 00&70 JSR  FCyCETMUS

2 00474 TET  KCAP

3 00700 EEQ  49%

4 00702 JER O RESSRCAPT

V5 00706 CLE  LAMDINSNO FROCS AT D41
6 00712 JMF RETCALL

37 00716 4941

8 00716 MOV FDUMMY s~ (R4)

49 00722 CLE  LANOIN FNOINCO+1)Y=0

70 00726 50% !

71 00724 TST LEAN

72 00732 EGT  M554

?E 00734 JER  RYyREQMUFM SRETURN MADE AFTER REFLY RECEIVED
74 $DOES THE MEW VSCOR CAUSE A CUTOFF 7

7% 00740 CLR  FPRX2 FERY2=0

76 00744 JSR  RSSUFSCOR  SLOOKFOR CUTOFFS & UPDATE SCORES
77 00750 T8Y  PRX2

78 00754 REQ S54%

79 00754 JMF M130% $G0 TO CUTOFF

20 007462 544

31 Q0742 MOV CMsR4

B2 00766 M558 3

33 . $FRINT UFDATED MOVE

By 0746 ING  UFLAG FSHOWS UFDATE MADE SINCE LAST FVUSCOR
85 00772 CMF TyFOFTH

86 01000 EGT MLOOF

87 01002 TST U

88 01006 BEQ  MLOOF

89 01010 MOV $FBUFsRO

30 01014 JEBR RSy CHARMY

g1 01020 JER  RSyFRINTMV

R H

3 ;

94 ;



FPENDIX C

2201024
~5§a024

001030
» 001034
- 001036
' 001042
» 001044
001050
01050
01054
01056

01060
01064
01064
01072
01074
01100
01100
01104

01110
01110

14 01114
5 01116

UM R OVONGU BN RO

6 01122

P OYUONSUDLDWNNFHOVYONOUDWNH O OO0 L
<
[y
[y
N
Lo ]

MLOOF ¢

10¢3

20%2

31%3

FARALLEL CHESS.
IINIMAX FARALLEL TREE SEARCH

RT-11 MACRO UMOZ-12

20-NOV-78 09:143:52 FAGE 635

CLR 0OSC $OTHER SCORE=0
TST LEAD
EGT 10%
CMF  CMsR3
ELOS 3% .
JMF M140%
3%
MOV  CMsK4
TST (R4) $IN SFECIAL CASE OF CUTOFF
ENE 4% (R} witt BE SCT,
30 AT EnD OF SEGRCH 3
JMF M140% )
4%
CMF  IIsCD
EGE 5%
JMF  DESCEND
543
ANl ¥6sR4 § M+
INC LEAD
CMF  R4,CM
ELOS 20%
MOV R4sCM
JSR RSy SENDCM
MOV  (R4) skl $1F FROM(M)=0 THEN GOTO EREAK
BEQ M140%
CMF  R1,$DUMMY SELSE IF FROM(M)"=LUMMY THEN GOTO DESCEND
ENE 31¢% .
TST (R4)+ $MOVE FAST LUMMY TO NEXT MOVE
CLR LANOIN GSNOINCD+H1)=0
MOV SCOR(R3) s RO $USCOR (D41 )=SCORCD)
ER  RETCALL
CMF  LyCD
BGE 33%
JMF  DESCEND
334 ' .
CLR FRX2 $REINITIALISEs MAY BE SET .
CLR ATTENT $NUE TO SCOR COMING AFTER SEAGRCH
DINC NOMINMX2sNOMINMX2+2
MOV R3y-2(R4) $SAVE BACK FTR 1IN CASE OF REQM(I)
JSK  RY,FREECA
- JSR  PLCsMINMX2
- JSR  RSsRERCA ,
T8T ATTENT $COULDN HAVE BEEN NEW SCORE WHICH
BEQ 35% :INVALIDATES ScoRE,
: JSR  RSyNEWSE
35% ¢
CLR LANOIN SNOIN(DH1) =0



(C?

FARALLEL TREE SEARCH

o

U P WSS

CHLOAPMNNOEDLODNIDIOBINIDIDRNPORRNED GO DO U
s’ (T)

o DdDOO ﬁf\) oMM

FARALLEL CHESS.

RETCALL:

RT-11 MACRO VUM02-12 20-NOV-78 09343152 PAGE 66

§RO=YSCOR(D+1)

39%3%

CMFR OSC»LANOIN

$IF OSC=NOIN(D+1) THEN EVALUATE ‘

ENE MLOOF B
MOV (K3)»R2
TST COLOUR
.BGT  38% E
- $BLACK
CMF  VUSCOR(R3)»VSCOR(R2) )
BLE 44% FUNEXFECTED CUTOFF e
CMP  RO»VUSCOR(K3) $USCOR(D) =VSCOR(DH+1)
EGE  KLOOF
MOV KOs VUSCOR(R3) E:
CHMF  ROsVUSCOR(R2) $ IF VUSCOR(D)<=VSCOR(D-1)
BLE 1130% $GOTO CUTOFF - | |
CMP  R1,#DUMMY $IF RI1™=#DUMMY THEN DO ? z
BEQR HMIL.OOF : |
JSR  FCH>BSTMVUS $ELLSE COPY BESTMOVES ,
CMFP CHsR3 5 VP sTRCK. ' =
EH1S HMLOOF :
JSK  RSsSELIN | )
ER  MLOOF , | =
384 : . !
CMP  VSCOR(R3) s USCOR (RZ) , i )
EGE 443%  $UNEXFPECTED CUTOFF - - =
CHMF  ROsVSCOR(R3Y = . .
ELE HMLOOF | - ; _
MOV ROy VSCOR(R3) ! z
CMF  RO»VSCOR(R2) ‘
BGE M130% : o )
CMF  R1»#DUMMY $IF R1“=#DUMMY THEN DO; z
BEQ 40% .
. JSR  FCsESTHVS |
CHMF  CMsR3 \ | z
BHIS 40%
JSK RSySELIN .
40%3 z
JMF MLOOP
44% -

»

3
$CUTOFF
M130%¢

$ BREAK
M140%:

IECR NOINCR3)

ELE

ER

DECE NOINC(R3)

BLE

M145%

MOVE NOIN(R3)»0SC
JSR  RS»SENDCTF

INC
M145¢%

M145%
JSR

LEAD

FNOINCDD)=NOIN(D) -1

JFRINT  #M46 $UNEXFECTED CUTOFF =
JSR  RS»FPOUMFO FPRINYT STATUS !
JEXIT -

1l

RS SENDEXIT



¢ C

FARALLEL CHESS. RT-11 MACRO UMO2-1Z2 20-NOV-78 09143152 FAGE 66+

FARALLEL TREE SEARCH

0o

S2PEPODOPDDOPPOCDLOIPODNDD W RIR

o0

O

&)

SRR HOMN O R s RO LOOR

O

M1454¢

o
L)
*
*e

-y W E»

MOV  I»yRO $0=07
REQR M150% :
CMFF  ROYFLFTH FFRINT THE SCORE

BGT 4z%
BEQ A41%
TST UFLAG
BEQ 42%
414%2 JSR  RS5sPVSCOR
CLR UFLAG
MOVE NOINC(R3)»LANOIN $LAST NO. IN= NOINCID
JSR  FCyRESTOR FRETURNS RO=VSCOR(D+1).
CHMF I CD F1F D<=CD THEN (CD=D3IF Clh= 0 THEN CD=MAXCIL:)j
BGT 45%
TST VARCD sVARTABRLE COMMON DEFPTH 7
BEG 45%
MOV Dy CD
ENE 45%

MOV CLO»CD

ER RETCALL

JSR  RS,SENDCM $GIVES OTHER FROC UF TO DATE CM - THERE MAY EE
, $ ILLEGAL MOVES WHICH NEED SKIFFING |
JSR  RSyFREECA :
STIME T3sT342 FMEASURE BUSY TIME «
JSR  RS»SYNC
CLR CA $CLEAR CA TO EXCLUDE 1NITIAL FROBLEM NEXT T1ME
MOV  #-1sCHM »
DMOV WOSINsWOST
MOV WOSOUT » WSO
ICLK WISIN
DCLR WDSOUT
SWANT ALFHA<EETA
CMF  ALLFHAYBETA
BLT 52%
sSWAP ALPHAsBETA
MOV ALFHARO
MOV  BETAsALEHA
MOV  ROSBETA

STIME T2,T2+2

DSUR T2y T242,T3,T342 s BUSY TIME sBUSY TIME =-(T3-T2)
ONEG T3,T3+2

DSUR T1sT1425T25T242

RESREG S

RTS8 FC JBEST MOVES ARE IN BSTMVE(O»X)

Y

130}

P

it

S



WRENDIX C
INITIALISE MOVE

? 2136
3

Y 002134
5 0002142
5 002144
7 002150
3 002152
» 002154

L0 02154
L1 02142
12 02164
13 02170
14 02174
LS 02174
14 02202
17 02204
18 02204
19 02212

.......

()

FaralLEL CHESS, RT-11 HMACRO UMO2-12 20-NOU-28 09143152
STACK

JSETTL INITIALISE MOVE SBTACK
IMVUSTACK?
FINITIALISE STACK

MOV FMETACK R4

CLR  -(R4) FLUMC-1)=0

MOV BETA»~(R4) SVSCOR(~1)=RETA

CLR  ~(R4) FMT (D=0 )=0

CLRE  —-(R4) FSRL0)=0

CLLE  ~(R4) FER0C0)=0

MOV #MSTACK-2,-(R4) FLUMCO Y === UM(~1)
MOV R4,R3 F 3= UFMOVE

MOV ALFHAy~(R4) SVUSCOR(O)I=ALFHA

MOV MAXNIMy—-(R4) FNIMCO)=MAXNINM
CLRK  ~(R4) sCFCEC(O) =

MOV SCORE -~ (R4) FSCORCOI=SCORE
CLR  ~(R4) s CHR{0)Y=0

CLR  -(R4) FEMVS (0 %) =0

SUE #LEMU-2,R4 $RESERVE PLACE FOR EESTMOVES(0s%)
RTS  BC

Se /P Gk

FAGE &7



I
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IANDLE COMMUNICATELDL SCORES AND CUTOFFS

C

-—

Tad W

Lo~ B S I~ BRF AN LV AR L RN W ) N U I N e

orax

rJ I"JOF\J#@U*U\

NEWSC?

50%¢

\

3554 JWORE O

10681
1O57%3
360%:
61¢2

s E> W B

FRINVS?

4]
L 4
L L)

+ASCIZ /R3=/
+ASCIZ /FRX2=/
+ASCIZ /FINAL D=/
+ASCIZ /ATTENT=/

+EVEN

+SBTTL FRINVS: PRINT VSCORES ON STACK
sFRINT VSCOR STACK
TST MSTACK-2
BEQ@ 3%
MOV #NOINT»@¥FLSR
+FRINT #8594
+EXIT

SAVREG 3»0

FARALLEL CHESS., RT-11 MACRO VUM0O2-12 20-NOV=-78 09843152 PAGE 68
+SETTL NEWSC! HANDLE COMMUNICATED SCORES AND CUTOFFS
$IF A CUTOFF IS FOUND RESTOR BOARD.
$ON CALL ATTENT=-1 WHEN CUTOFF RECEIVEID,
H & FRX2 IS THEN ALREADY SET IN BACKGROUND
; 0 WHEN ONLY NEW SCORE(S) RECEIVED
TST ATTENT #IF ATTENT>0 THEWN CALL UPSCOR
BLE 20% .
i JSR RSGsFRINVS
JSR RS UPSCOR
$JSR  RS»FRINVS
TST FRX2 s RESTORE ROARD 7
EEQR S0%
MOV R3,55%
FSPRINT #NEWLINE
$JSR  RSYyPRNOS
i JHWORD 098, 936%9535%»61%»ATTENT »SG7%sFRX2,08y11» 0
30%1¢
CMF  R3yPRX2 FWHILE (BASE(D)<FRX2)
EBHIS 49%
JEBR FC»RESTOR #CALL RESTOR
ER 0% :
49%3
$MOV R3,505%
#+JSR  RS»FRNOS
3 +WORL 028,608y 56%y55%50 ;
CMP Ly CD $IF D==Ch THEN (Ch=L$IF Cl= 0 THEN CDh=MAXCLi)}
BGT 45% '
TST VARCD fVARIARLE COMMON DEFTH 7 ;
BEQ 44% i
MOV I CD
ENE 4%54%
MOV  CIDOsCD
CLR FPRX2 sFPRX2=0
CLR ATTENT
RTS R3S

HEH

i

1

i

i

[t

s

iy



WRPENDIX C
MRINVEG D PRINT

DT 44
i 350
W0 02350
02352
13 02354
V3 02354
54 02344
L5 02372
26 02374
57 002374
48 00376
59 02400
70 02404
71 02417
72 02416
73 02426
74 02430
75 02430
76 02436
77 02440
76 02440
79 02442
30 07444
B1 02452
82 024564
- >
-
25470
86 02477
87 02476
88 02500
89 02504
90 02531
91

o2

93

04

P

94 02544
97

28

99 02544
100 2554
101

102

103

104 2550
105

106 2562
107 2564
108 2566
1 05Gg
;“ﬁyQS?O
111 2572
112 2574
113 2574
114 2600

FarRaLLEL CHESS. RT-11 HMACKQO UMOZ2-12 20-NOU-78 0914%5152 FAGE 4B+
USCORES ON STACK
CLR  ~(5F)
104613
MOV R3s-(5F)
MOV (R3)R3
ENE 10%
SFRINT SNEWLINE
JERINT #08
MOV SFyRO
2081
MOV (ROX+$R3
BEQ 23%
MOV R3,58%
BIC #100000,58% FADDRESS NOT NEGATIVE
JER RS FPRNO
JWORD 058, +58%50
EBR 20%
25%
+FRINT #60%
MOV SFsRO
30%3
M0V (ROY+sR3
BEQ 35%
MOV  VSCOR(R3) +58%
JER ROyFRNO
JWORD 098, 158%50
ER 30%
3543
MOV ROSF
RESREG 3,0
RTS RS
5843 LWORD 050
4 JASCIZ /NON-ZERD FTR AT l=-1/
60%1 +ASCIZ <CR»LF=/7VSCOR=/TERM:
+EVEN
h
¥
i
LHETTL UPSCOR: FASS COMMUNICATED SCORE DOWN MOVE STACK
UFSCOR?
FFASS COMMUNICATED SCORE DOWN STACK UNTIL
FEITHER ORI1IGINAL DEFTH IS REACHED OR A CUTOFF IS FOUND
SAVREG 0215243
SUBE  #&:85F
CLRI=0
NEWSLO=2 s BLACK BETA Val.UE
NEWSC1=4 SWHITE ALFHA VALUE
MOV SFsRO + BASE RO
SFIND RBASES DOWN TO NEPTH =-1
CLR  ~(8F) FEND MARKER
MOV R3sR2
10%2 LOOF
MOV R2y-(SF) ; STACK<-BASE (I
MOV (R2)sRZ § Ii=0-1
ENE - 10% sLINTIL (Li=—-2)
MOV (SFPY+yR1 ERTREED L |
MOV (SF)Y4sR2 sh’ =0
CHMFP VSCORRI) »VSCORR2)Y FIF VSCOR(-1)<VSCOR(0O)Y THEN DD



APFENDIX C ¢ FARALLEL CHESS. RT-11 MACRO UMOZ-12 20-NOV-78 09143152 PAGE &84
JPGCOR: FASS COMMUNICATED SCORE DOWN MOVE STACK

L2604 EGT 15¢%
1 S FRLACK MOVES FROM DIN7=0
117 2610 MOV &F~1»CLRO(RO)D sCLR =-~1
118 26146 MOV VECOR(R2) s NEWSCO(RO)D FNEWSC (O =VUECOR(0)
119 2624 MOV VSCDR(R1) s NEWSCL (ROD FHEWSC(1)=VUSCOR(~1 |
120 24632 EBR 20¢%
121 2634 1542 SWHITE AT D/=
122 2634 MOV #1sCLRICRO) iCLR =
123 24642 MOV  VSCOR(R1) yNEWSCO(RO) FNEWSC(0)=VSCOR(~1.
124 2650 MOV VSCORCRRY s HEWSCL(RO)D FNEWSC (1) =YSC0R0)
125 2656 20%3

s~
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FARALLEL CHESS.
FASS COMMUNICATED SCORE DOWN MOVE STACK

RT-11 MACRO VMOZ2-12 20-NOV-78 09143152 FAGE 69

NEG CLRID(RO) $CLRZ=CLR -1

MOV R2sRI1° s =0"+1

MOV (S8F)+sR2 #IF D7>D THEN LEaAVE LOOP =

REQ 0%

TST CLRID(RO) .

EGT 35% =
# BLACK

30%¢

49% 2

sREFEAT

CHF  NEWSCO(RO)»VSCOR(R2) $IF NEWSCO<VSCOR(D’) THEN LOj
BGE 29% =

MOV NEWSCO(RO)»VSCOR(R2) FVSCOR(L )=NEWSC(0)

CLR  BMV-2(R2) FESTMVS(D’s%)=0

ER 30%
25%2

MOV VUSCOR(R2)yNEWSCO(RO) FELSE NEWSCO=VSCOR(D)
sCUTOFF 7 =
CMP VSCOR(R2)>VSCOR(R1) #1F VSCOR(N)<=USCOR(D‘~1) THEN

BGT  20% ; 00 )
MOV K1,FRX2 $PRX2=D7~1 =
BR- 498 SLEAVE A LOOF AND RESTOR STACK
SWHITE _
CMF  NEWSC1 (RO) »USCORCR2) $1IF NEWSC1>VUSCOR(D’) THEN DOj =
BLE  40% > po '

MOV  NEWSC1(RO)sVSCOR(RZ) VSCOR(D’)=NEWSC1
CLR  BMVU-2(R2) FBMVU(D‘»X%)=0 E
ER 45%

40%: .
MOV VUSCOR(R2)»NEWSC1(RO)FELSE NEWSCI=VSCOR(L’) =

CHMF  VSCOR(R2)»VSCOR(R1) $IF USCUR(D')}=USCDR(D’~1)vTHEN
ELT 20% . Do =
MOV  R1sPRX2 iFRX2=D"~-1

TST  (SF)+ =
ENE  49% »

ALD  #6»SF

RESREG
RTS RY

0ry1+2,3
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RT-11 MACRO VMO2-12 20-NOV-78 09:43152 FAGE 70

+SETTL MINMX2
+CSECT MINMX2

JER
18T
ELT
8%

1443

20%:

2142

234

24%3

FCo
NIM
214

UFDATE RO CONTAINS FROM» R4 FOINTS TO IT
(R3) $IF ALLMC(D) THEN DOUj

CMF  DsyMAXDFTH  $IF D<MAXDFTH -THEN DO3
BGE 20%
iR4=->FRESS(D»0) '
MOV FIRREL»RO FSQFRESS(LsX%)=0
ENE 11¢%
§NO NEED FOR RELEVANCE TESTING
JSR  FC»SETMVS
TST KCAF
BEQ 205% ;
JSR ROIKCAFT
JMF RETCL1L
1142 CLR  -(R4)

GOTO RETCALL

CLR  -(R4)
MOV NXTR(RO)sRO
BNE 11%

JSK  PCySETMVS
$R4=->TOF OF MOVE STACK
TST KCAF
BEQ  14%
TJSR RS KCART
JMF  RETCL1

INC REFEAT
NEG COLOUR
JSR  FC»SETMVUS  $NO MOVES INSERTED» R4 UNCHANGELD
CLR REFEAT
MEG COLOUR # COLOUR=~COLOUR
JSR  FCsEVAL
BCC  205¢
JMP RETCLI F BOARD RESTURELD- GOTO RETCALIL

DINC NOMAXDyNOMAXDE2
MOV #-1sNIM(R3)
sELSE L0

fUINC NEFsINRF+2

CHF  D»MMAaXD

ELT 23%
DINC NOMMAXD s NOMMAXIH2
CLK  -(R4)
MOV $DUNHY s - (R4)
BR 254 ,
TST FIRREL
EEQ 24% |
JSK  PCryEVAL $SEE IF OCCUPATION OF REL SQ

yMAKE SFACE FOR RELEVANCE LATA

i

MOV #<DUMMY-125s-(R4) S INDICATOR THAT CSETHMVS HASﬁNOT

D MET BEEN CHLLED .
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RT-11 MACRO VUMOZ2-12

20-NOV-78 09143152 PAGLE 70+

FBEEN CALLED ,
MOY  #DUMMY»—(K4) §TRY STATIC EVALN FIRST E
3JSR  FC,CSTMVS
$TST  KCAF *
JBEQ  25% 1
; JSR  RSs»KCAFT ' |
; JHMF RETCL1 |

) 254 ¢
SEPRINT UFDATED MOVE
) INC UFLAG $SHOWS UFDATE MADE SINCE LAST FUSCOUR
3 CMF Dy FLFTH . :
2 RGT M230%
A MOV #FEUF RO
3 JSK RS, CHARMY ' =
4 JSK  RSyPRINTMY
3 M230% ¢
JENAKL LSE E
;
;
$ MLOOF
4
3 30%1 | )
3 MOV (R4)sR1 5IF FROM(M)=0 THEN GOTO KREAK 3
2 EEQ 40%
3 CMF  R1y#DUMMY SELSE IF FROM(M)“=DUMMY THEN GOTO DESCEND )
3 EHI  MINMX2 | , £
2@ REG 313
5 (R4)=<#DUMNMY-1>» S0 NEED TO GENERATE MOVES, )
4 TST  (R4)+ $ REMOVE INDICATOR £
5 JSK  FCyCSTMYS
2 18T  KCAF |
; CREG  30% $LEGAL UFDATE =
) JSR  RSyKCAET
4 JMF RETCL1
J 3143 : z
5 MOV  SCORCR3) sRO $USCORCI 1) =SCORCDD
4 TST (R4)+
$RETCALL $
4 RETCLZS
; 33$ ¢ )
5 4% =4
$RO=VUSCOR(D+1)
6 MOV (R3) s K2
5 TST COLOUR | z
4 BGT 35%
$ BLACK
5 CHE  USCOK (K3) s USCOR (R2)
4 BLE 38%
4 CHME  RO»sVSCOR (R3) SUSCORCD =VSCOR (D4+1) _
2 KGE  30% =
4 MOY  RO»VSCORCKS)
@:} CHP RO »VSCORCK2) 3 IF USCOR(D) <=VSCOR(I~1)
4 BLE 40$ $GOTO EREAK e
4 CHF  R1s#DUMMY $IF R1-=#LUMMY THEN DO}
o BREQ 303 ' ‘ 4
4 JSR  FCsBSTMUS. FELSE COFY BESTMOVES UF &
0 BR 304
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s BREAK?
40% 3

42%2

RETCL1:

S50%3

LTI T T

RT-11 MACRO VUMOZ2-12

20-N0V-78 09143152 FAGE 70+

35% ¢
CMF  VSCOR(R3) »VSCOR(RZ)
EGE 38%
CMF  RO»VSCOR(R3)
ELE 30%
0V ROSVSCOR(R3)
MOV (R3)sR2
CHF RO»VSCOR(RZ)
BGE  40%
CMF  RI1»#DUMMY §IF R17=3#DUMMY THEN DO3j
REQ 30% ‘
JSR  FCyEBETMVS
BR 30%
38%:
TST ATTENT sCUTOFF DUE TO RECEIVEDR SCORE
ENE  40% sALLOW CUTOFFS AFTER RECEIVED
+FRINT  #M47 sUNEXFECTED CUTOFF
MOV #NOINT»@¥#FLSR
JSR  RS»FRNOS
+WORD 0y10.0355D150
+EXIT
CMFP  LsFPDFPTH sFRINT THE SCORE ; z
BGT 42% '
BEQ 413 , ; .
TST UFLAG f I
REQ 42¢ ' '
41%3 JSR  R3sFVSCOR .
CLR UFLAG =
JSR  FCHYRESTOR SRETURNS RO=VSCOR(L+1), i
TET ATTENT
REQ S0% :
JSR  RIYREQCA
JER RS NEWSC
JER  RO»FREECA
CMF DsCD
BGT 33%
RTS FC JBEST MOVES ARE IN BSTHMVE(CIsX) ‘ B

+18AEL LSE



X C ¢ FARALLEL CHESS. RT-11 MACRUO VMO2-12 20-NOV-78 09143152 FAGE 71
VALUATE SCORE AFTER UFDATEDRl MOVE

+SETTL EVAL:! EVALUATE SCORE AFTER UFLDATED MOVE
EVAL? sEVALUATE SCORE AFTER UFDATED MOVE
sRY FINDING IF MOVE WAS RELEVANT
$TEST FOR RELEVANCE! CFPIECE 7y REL(TO)» RF(CI0)»CHECK
CLR RO #DIS=0 ‘
MOV SRO(R3)syR1 3S00 REL 7
TST REL(R1)
REQ 18%
iFROM REL SQ
MOV #-FCNTsRO

©
2
4
0
4
6
2 MOV SG1(R3)sR1 . | :
6 TST REL(R1)
2 BEQ 50%
4 BR  20%
6 1841
6 MOV  SQ1(R3)sR1 FR1=T0
2 TST REL(R1) SREL SQCTO)?
6 BEQ 22%
0 20% 3
0 ALl #FCNT»RO =
4 TST  CPCE(R3)
0 BEG 50% )
2 ALL  #FCNT 5RO 3
é ER %508
0 2243
0 MOV  (R1)sR1 SRECTOY 7
?}o REQ 24%
18T REL(R1)
0 ENE 50%
2 24%3 .
2 CMF D> MAXDFTH SONLY EVAL OCCUPATION IF IMAXD SINCE MO
0 BGE S0% §NOT GENERATED YET E:
y
2 MOV  FIRREL»RO
6 MOV R3sR1 $15 THE PRESSURE ON ANY RF OR REL 5@ _
ine cp bt eh e ge & DVFFERE NN
0 ANL SFRESSsR1  SRIZ-PFRESS(Dy0)
4 MOV (R3)»R2 ]
& ADD FFRESSsR2 FR2-=PRESS(DI-1+0)
» 26%
2 MOV  —(R2)»R5  $FRESS(INE “FRESS(D-1)=0% )
4 COM K5 =
5 BIT ~(K1)sRS
0 ENE 25%
2 MOV  —(R2)sR5  SFRESS(I) & “FRESS(Li~1)=07 3
4 COM RS
6 EIT -(K1)sRS
0 ENE 25% z
2 MOV NXTR(KO) yRO sRO=->NXTR SG OK F
5 ENE 263%
0 ER 7%
2 2543 |
Dy, MOV  $TEMFOsRO $1F FRESS(IND & FRESS(D-1)
g’ BR H0% : =
o 27%%
0 CLR RO
2 CMP  MT(R3) s ¥THR 5CASTLE»EFCAF s QFAUN OR NPAWN 7 =
0 EGT  50%



c 3
ALUATE SCORE AFTER UFDATEL

C

T GAl W N et e e w s

O

FARALLEL CHESS.

-y B w»

5048

55% 3
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MOVE =
TST CPCE(R3)
ENE  50% =
TSTE CHK(R3) $CHECKS ARE RELEVANTY
ENE 50% .
MOV (R3)sR2 fR2 USED AROVE BUT LOST ==
TSTR CHK(R2) FREPLIES TO CHECK ARE RELEVANT
ENE  %50% : _
$ IRRELEVANT MOVE ==
SUK PFENsRO $ IRRELEVANT MOVE FENALTY
ALl DsRO $DEFPTH EBONUS
DEC NIM(R3) ‘ =
EGE  50% ~
DINC NORCUT s NORCUT+2
JSR  FCrRESTOR $RESTOR ROARD & GOTO NEXT MOVE ==
MOV  SCOR(R3)sRO $USCOR(D+1)=SCOR (1) +FENAL
TST COLOUR ‘
EGE 28% =
SUR [DsROFDEFTH BONUS
AN FENsRO 3
ER  29% =
28%
AL DIsRO B
SUR  FENsROS IRRELEVANT MOVE FENALTY =
29¢
SEC .
RTS FC =
TST COLOUR
BGT S2% =
ADD  RO»SCOR(R3)
ER  55%
5248 B
SUE ROsSCOR(R3)
cLC =
RTS FC



C t PARALLEL CHESS.  RT-11 MACRO VUMO2-1i2  20-NOVU-78 09143152 FAGE 72
TURET =

S

JSETTL KING CAFTURED ~

{:} KCAFT: $KING 18 CAFTUREDS =
SLAST UFDATED MOVE WAS ILLEGAL ‘

SSINCE 11 MOVED FLAYER INTO CHECK

JS8R  FCYRESTOR =
MOV SCOR(R3) 5RO sVUSCOR(D+1)=8SCOR(IM) -FIECE(F1).VAL
MOV  KCAFsRI1 _
SUE VAL(R1)»sRO ‘ ' b

SENCOURAGE FAST KING CAFTURES
TST COLOUR
EGT 35% . =
SELACK HAS HIS KING CAFTURED:GIVE ELACK DEFTH EON
. SUE 11sKO :
: - BR  36%

! 35%¢

) . ADDR D RO u.
! 36% 1 h
) MOV #DUMMYsR1 SFREVENTS CALL TO BESTMVUS

r CLR KCAF _
, RIS RS | =

- e W

O



IFFENDIX © ¢ PARALLEL CHESS. RT-11 MACRO YMO2-12 20-NOV-78 091431052 FAGE 73
IESTMOVES: COPY THEM DOWN FROM D41 TO D

e LSETTL BESTHMOVES?! COPY (HEM DOWN FROM D41 TO b
! CSECT BSTMVS

;000000 BESTMVS?

‘ 3IF R1=$DUMMY THEN

; ; ESTMVE (I1y X) =0

> SELSE

* ; EETMVE (I1s X) =MOVE (M) & ESTMVE (0h1 s %)

) SR1=TYFE OF LAST MOVE

) SRB=-UFM

0 SRA4=-=TYFE+42 OF LASTM (TOUF OF MOVE STACK) AT DEFTH I TO L+l
A ;COPY THIS MOVE DOWN UNTIL A& PTR TO K3=UPM(D 18 OBTAINED
2 $THEN COFY EBSTMVE (DH1)-~>ESTHVE (1)

LZ 00000 MOV R2s—(8F)

4 00002 MOV R3,R2 sR2=- RS THVE (1)

L5 00004 AL EEMY,R2

L& 00010 MOY R4y~ (SF) FELSE

L7 00012 Y MOU —(R4) s~ (R2)

L8 00014 CHF (R4) s R3

(9 00016 ENE 2%

20 00020 TET (R2)+ SDELETE FTR FROM MOVE STACK
21 $ R4=-=MOVE (D4+1)

22 00022 ADD #ENMVs R4 tRA=->ESTHMVE (D41 %)

23 00026 34 HOY ~(KR4) = (R2)

24 00030 ENE 3%

15 00032 MOV (SF)Y4yRA4

24 00034 A%¢ MOV (SF)Y+sR2

2T 0036 RTS FC

293 ;

29 ;

10 ;



WRFENDIX C ! FARALLEL CHESS. RT-11 MACRO UMOZ~12  20-NOV-78 09143352 FAGE 74
INSERT MOVE MACROS

-~ SBRTTL INSERT WOVE MACROS
Y JOSECT SETMVS

{ § INSMVE

} $RA=DEFTH

i $RO=FOs (RO)=SQ0

A FR1=5Q1

’ PR2=

3 $IF ALLM(ID THEN D03

J H 1F REL(SQ1) THEN FRESS(DsREL(SQ1))=8FTYFP(FO0);
0 3 IF~REFEAT THEN D03

A 5 M=M-13

e ; MOVE (MY o TYFE=MT$

.z 3 MOVE (M) . TO=8Q13%

4 ; HOVE (M) . FROM=5Q03

5 § END3

b ; ENDS

7 ]

8 SMACRO INSMVE $FPO»$SQR1sTYPE L2 71

@ TST REL($8Q1) SREL SQ7

0 REQ L1

3 MOV UFMOVE s R2

el ADD REL($SQ1)sR2 fR2=-2PRESS (D S01)
13 RIS FTIYF($FO) »~(R2)

'4 B1S  =FIYFP42:($F0) »~(R2)
’e .13

I TET REFEAT

a%_y ENE L2

' MOV TYFEs-(R4)

9 MOV $5Q1s~(R4)

1o MOV (3F0) s-(R4)

51 ER L2

g s ENDM

3 §

14 ;

) H

A 3

y7 $ INSCMVE

8 sIF ALLMDNY THEN ©0s

15 3 IF REL(SE1)Y THEN FRESS(UsREL(SG1))I=§FTYF(FO);
14 ] IF REL(F1) THEN FRESS(UsREL(F1))=§FTYP(FO);
5] ; ENI

e $1F REFEAT THEN

V3 3 IF F1=0FFKING THEN CHK(D-1)=13%
14 SELSE D0

15 3 M=M-13

by ; MOVE (M) . FROM=S0103

V7 ; MOVE (M) s TO=8Q13%

V6 ; MOVE (M) » TYF=KT$

19 3 IF P1=0FFKING THEN D03

0 5 GOTO RESETS

il 3 ENDS

P 3 ENI

I - ]

4 H

] $R3=1

T FR2=F1

i FR1i=501



WFRENDIX © 3 FARaLLEL CHESS, RT-11 MACRO UMO2-12 20-NOV- 78
NSERT MOVE MACROS

T s RO=FO

| Sy ¥

O +MACRDO TOMVE $F0O» 3501 s TYPEs$F1.L.27L1
vl ) TET REL(HES5GQ1)

e BEG L1

& Moy RIs—(85F)

4 MOV UPMOVE - R3

v AT REL($S5R1) 2R3

) RIS FPIYP(RFO)r-(R3)
7 BIS <=PTYP42:(5F0) s~ (R3)
8 MOV (SF)Y+:R3

B .13 TET REL($F1)

'O BEQ L2

1 MOV RIs—-(8F)

2 MOV UFPMOVER3

'3 ALl REL($F1)sR3

'4 BIS PTYFP($FO)»—~(R3)
'S BIS <FTYP42:($FP0)s—~(RE)}
g MOV (SFY+R3

‘7 L ENDM

'8 H

G 5

0 $

1 +MACRO ITHNSCHMVE $FO+$SQ1»TYPEs$P1sL 4 TL 273
12 TCHVE $FOs$SQLsTYFE »$F 152

=3w‘ L23

o CHMF  CLR(SFO)sCLE($F1)

g BEQ L4

) TST REFEAT

7 REQ L3

321 CHP $F1:0FPFRING

e ENE L4

ge) MOV R3s—(5F)

1 MUY UPMOVEsR3

e INCR CHK(R3)

‘3 MOV (SFX4R3

‘4 BR L4

] L33 MOV ($F0O) s~ (R4S

‘& MOV $80Q1s - (RS}

7 MOV TYPEs—(R3)

g CMF $F1»OPFFPRING

' ENE L4

41¢) MOV $F 1 KEAF

01

02 JMF RESET

03 + ENTIHY

04 3

03 ¥

Qb ]

093143152 FaGE 744

FCAFTURE OPFONENTS KING 7

sRCAF CONTALINS THE KING
sWHICH

IS CAPFTURED
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FARALLEL CHESS.,

SETMVUS?

RT-11 MACRO VMOZ-12

+SETTL SETMOVES

#REG 18 USED

+MACRO ROOKSQS AsE»TL1»7L
sGIVEN A=TO OF KING»

L3:
La3
+ENIIM

-

B>

282

CHpP
ENE

CMP
ENE

CMF
BNE

TST
RGT

18T
BNE

342

AS CMVE FTR FOR INSHMVE
sR4 GIVES WHERE MOVES MAY BE FLACED, AND ON RETURN FTS TO TOF OF MSTACK __
FR3I==UFM) INITIALLY »IS STORED IN UPM % IS RETURNNED UNCHANGED

L1

2y TL3s LA

RETURN A FIR
A FSQUARE+C2XLENSQX

MOV ¥RCAST»EB

BR

L4

i #SQUARE+C6XLENSQ -

L2

MOV ¥RCAST+H4»R

ER

L4

Ay FSQUARE+ 58, XLENSQ:

L3

MOV
BR
MOV

COLOUR

1%

MOV
MOV
4oV
BR

MOV
MOV
MOV

REFEAT

H%

CLR
TST
EGE

CMF
RLT

4¢3

¥RCAST+8. R

L4

FRCAST+12.5R

BRING»RO

$1F

20-N0OV-78 09143132 FAGE 795

COLOUR =BLACK THEN IOj

ySET RO=FO

RO»CLRRKING
WKINGy OFFRKING

2%

WRKINGsRO

sELSE DOs

ROy CLRKING
BRING» OFFKING

$IF

-(R4)

NIM(R3)

3%

MOV

TREFEAT THEN D{s

sEND MARKER
i1

F 7 ALLLM D) THEN

FDUMMY » - (R4)

MT(RZ) s #THRUF
sCHECK LARBEL

9%

CHMF
ENE

CHF
BNE

MT(R3) s ¥UFAWN
4%

# FROM (M) =DUMMY

$SET EPSUG=MID SQUARE OF LAST MOVE

MOV MT(R3)+SFEC
MOV SQ1I(R3)sR2
Al SQO(R3) sR2
ROR  R2 FWANT NO
MOV R2,EPSQ
ER 5%

MT(R3) »¥#¥CASTLE

5%

$SFEC MOVE
370 S@ OF LAST MOVE,
NEGATIVE BIT INSERTED
sSET EN PASSANT SQUARE

i

.....

ity
it}
4t



C ! PARALLEL CHESS, RT-11 MACRO UMOZ-12  20-NOU-78 09:43:52 PAGE 75+ =

sPLACE KING ON SQUARES HE FASSED OVER

‘:} sIN CASTLING - IF ANY OF THE SQUARES AREZ
$IN CHECKs KCAF WILL BE FLAGGEL

MOV  MT(R3)»8FEC »SFEC MOVE B

ROOKSQS SQ1(R3)sR2 =3

MOV @2(R2)sR2  $R2=F2

MOV R2s-(S5F) iSTACK THE ROOK POINTER

MOV CLRKINGsB(RZ) s GHOST KINGS =
MOV CLRKINGs@SQO(R3) | :

54 ¢
MOV  R3ISUFMOVE $SAVE UFDATED MOVE FTR e
MOV  $CMVEsRS  SFREE R5» RS5=CMOVE AREA. N.E.MAKE SURE 0 AT CHMOVE
ER  S7% B

SNFIECE | =

NFIECES

$RO=FIECE (F0) ; ~
MOV NXTF(RO)»RO : | <
BEG  S59% |

574 MOV  TYF(RO)sK1 _
MOV  R1sMTYFE 5
JMF @8% (K1)

8%¢ JWORD 0y0,530$y510$5510%551055530$:540$,510%,05520$,5408

594 JMP RESET ; =

S LUMMY s NM» BM s RM» QM KM 2 FM s URM s UKM s UPM
iN+Bs R3 SHOULD INITIALLY FPT ABOVE THE iST. DIRECTION

Hi

Hh

i

i



FRENDIX C 3 FARALLEL CHESS. RT-11 MACRD VMOR-12 20-NOV-Z8E 09143152 PaBE 7é
ETHOVES: RODKS, BRISHOFPS & QUEENS.

- LHSRTTL SETHMOVES? ROOKS, RISHOPS & QUEENS.

LT sRO0OKSy BISHOFS: AND QUEENS

sURMIRMIGMIEM:
sRO=PIECE (FG)

000342 810%:
000342 MOV DAI(ROY s K3 s R3=~->DIRE
FsNRIVIR

Q00344 1142

000344 TET ~(R3)

0 00350 BEQ NFIECE

1 00352 MOV (ROD#R1 s R1=5Q0

2 s SAMRDLIRS

3 00354 1243

4 00354 ADD (R2) R FOR3I)=-ADDR OF NEXTSEQ
500354 MOV (R1)sR1 sR1I=80Q1

& 00340 REQ 11%

7 00362 MOV (R1)sR2 sR2=FIECE(F1)
g 00344 ENE 13% 31F EMPTY

? 003446 INGMVE RO>RLsMTYPE»12%
0 00434 1342

1 00434 INGSCHYE ROSRISMTYPE-R2:114%
2 5

-



¢ C ¢ PARALLEL CHESS, RT-11 MACRO UM0O2-i2

}$CASTLING
.SETTL SETHMOVES!CASTLING
ﬂ;} $UNMOVED KING

20-NOV-78 093143152 FAGE 77

$CASTLING ;
SUKM S 1
) 52083 ;
) TST REFEAT $IF "REFEAYT THEN DO3 '
} ENE S30%
; TST CULOUR $1F COLOUR=BLACK THEN R3=->KROOK .
2 EGT 21% ‘
} MOV #BROUK K3
) ER  22% ,
2 21¢3 MOV #WROUKsR3 jecse R2> wReok
$NEXTR?
5 2243
5 MOV -(R3)sR1 PR1=802
) EEQ S30% $IF SW2"=0 THEN DIOj
2 1ST -{(RX) sRE3==2DIR
4 MOV (R1)sR2 sR2=F2
5 BEQ 224 IF F2°=0 THEN DOj
3 CMP TYF (K2) » #UROOK 3 IF PLIECE(F2) ., TYF
5 ENE 22% /T UReOK THEW
) CLR - (5F) 30 END MARKER &
FNEXTSQS ‘
2 238 ¢ ADD (R3) sK1 |
4 MOV (R1)sK1 $R1=(S04) 501,503 |
4 CMF R1y (RO) i
o‘:} BNE 24% i
$8Q=500 & CASTLING VALID
2 TST (SF)+
4 MOV (SE)Y4sR1 fRi=501 ;
5 INSMVE ROsR1s#CASTLE»26%
4 24%2 !
4 MOV R1y-(SF) 58TACK<=(804)»5Q1 503
6 TST (R1) 3FIECE ON 501 %
0 BEQ 23%
2 26% 4
2 TST (SF)+
4 EBNE 24%
6 Rk 224

-

tHh

TH)

P!

Hh

HA

B

st

Vi

133

vih



WFFENDIX C 3 FPARALLEL CHESS. RT-11 MACRDO UMO2-12 20-NOU-78 09143152 PAGE 78
SETHOVESS KING AND NIGHT MOVES

L SERTTLL SETMOVES: KING AND NIGHT MOVES
. 4 SRING & WNIGHT MOVES

3 5

} s RO=F0

i 000760 830%3

5 000760 MOV DADL(RO) s RE FFIND DIRS

P 000764 314

3 PNEXT N DR

P 0007464 MOV ~(R3)»R1 FRI=NEXTHIR

LG 00766 REQ 334

1060770 AN (RO) sR1

2 00772 MOV (R1)sR1 sR1I=50G1

L3 00774 BEQ 314

L4 Q0774 MOV (R1)sR2 sPIECEC(HY)

(S 01000 BNE 32%

L6 01002 THSHMVE ROSRL-MTYPE»31%
L7 01050 BR 31% FNHDIR

(8 01082 3243

(P 01052 INSCMMVE ROSRISMTYPE,R2:,314%
0 01226 3343 JMEP NFIECE

3 8 ¥

-

()



AFFENDIX C
SETMOVES?

PR O

ERE B IS

T ek Bk ek e e W
& R

et
S

P P e e
= O 0 0

=
3

22
23

)

001232

001232
001234
001240
001242

01244
01246
01250

01252

01254
013282
01264

01272
013272

A—,
2o 1274

2ETOL274

14
37
e
47

10
4
32
13
14
15
Y
17
18
1¢
i
il

013244
01344
01352
01354
01354
01340
01362
01364
01432

01432
01434
01436
01440
01442
01444
01444
01450
01624
014624
01430

01632

s ] 634
s 1 542

74
5
ié

37

01444
02020
Q2020
020246

t FARALLEL CHESS.

FAWN MOVES

RT-11 MACRO YMO2-12 20-NOV-78 09143152 PAGE 79

LSERTTL SETMOVES? FaAWN MOVES
FFPAWNE & UNMOVED FAWNS

SFMIUFM
S40% 3

$FORWARD MOVES N OR S

MoV
MOV
ALD
MO

aw

MOV
AL
MOV
ENE

41412
78T

DAODDCRO) »R3 §RE=-DIRE
(RO R
~(R3)sR1

(R1).R1 sRI=541.. N OR § OF SQ0
R1:R2

(R3)sR2
{R2)sR2 $R2=502
41%
#IF SQ2=0 THEN I1IF MT:=FARN THEN MT=QFaWHN
CHFP MTYFE » #FPALWN
BNE 41%
MOV $QFAWN MTYFE
SGENERATE QUEERING FAWN MOVES EVEN WHEN ALLM(I) =0
FRY SETTING ALLM(ID=1
FRE=0
FNGEs IF FAWN CAPTURES KINGs IMMEDIATE EXIT
F15 TAKEN TO RESET AND ALLMIDD I8 WRONG.
sCLR R2 518 UNECESSARY
(ki) PFIECE(RLY 7

BNE S42¢

INSHMVE RORL1I-MTYFE»42%  sR2 LOST

42%3
CHMF MTYPE » $UFAWN
ENE 542%
AL (R3)R1 sFIND SECOND SQ AGAIN
MOV (R1)sR1 FR1I=50Q2
TET (k1) FIF NO PIECE ON SQ2
ENE S42%
INSMMVE ROsR1I-MTYFE 5424
84243
sDIAGONALS
MoV ~(R3)sR1
EEQ S44%
ADD (RO sR1
MOV (R1)sR1 FR1=8501
BEQ 542% sNFDIR

MOV (R1)-R2 iR2A=P1
REQ 43¢
INSCHVE ROsRLsHMTYPEsR2:5424
4342
CHF R1,EFSQ
EBNE S42%
sR1I=8Q1=EF50Q
MOV UFMOVESR1L
MOV S01(R1) R
MOy (R1)sR2 sR2=F1
INSCHMVE ROsRIs#EFOAPsRZ2:542%

CHr MTYFE s #THR
BLT 44%



X C 3

FARALLEL

CHESS., RT-11 MACRO VUMOZ2-12 20

5% FAWN MDVES

0

<

2
A

2

6
16
'O
‘6

b O

ra

o oo

o<>¢400~».>raoz>¢>m<>c>? &

CMF MTYFE»#(FAUWN

REMOVE KING AN

~NOV-78 09143152 FAGE 79+

REFLACE ROOK

jR2=F2, THE ROOK
$ SUUARE (803) FIECE=F2

ENE 45% .
MOV ENFAUN, MTYFE
, JMP 540%
4548
. $MT=NFAWN
46% JHP NFIECE
14
$RESET ROUAR
" _ |
RESET: \
MOV UFMOVE »R3
TST SPEC
FEQ 52¢
CMP SFEC,#CASTLE
ENE 514
SRESET HUOARD?
CLR @SQ0(K3)
MOV (SF)4sR2
MOV R2,@(R2)
CLR SFEC
BR 52%
5143
CLK EPSQ

CLR SFEC
sFUT CMOVES ON MOVE STACK

$RS=CMOVES» R4=MOVES
52% 3
53%3
MOV (RS> 49— (R4)
BEQ 55%
544 MOV  (RS)4»-(K4)
MOV (RS)4s-(R4)
MOV (RS)+3-(K4)
ENE  54%
5543 |
TST (R4)+ SREMOVE O FROM TOP
INC NOSETMVS
BNE 564
INC HNOSETMVS+2
5643
RTS FC
;
;
;

sFREVENT OTHER CALLS FROM .
, VeiNG THIS eP6R .

OF STACK

N ih PRI Y g di diy : g

i

it



c

AFTURING MOVES ONLY

T W TN s W W e e e

1o W e e -

L g

N Y e e

B N R T N Y R T IS

<

+SETTL CSTHVSICAFTURING MOVES ONLY

+LCBECT C8THMVS

+MACRO CINSMV $F0»$S0LyTYPE»$F1sL1

MOV TYFE»=(R4)

MOV $S8Q1,-(R4)

MOV ($F0)»-(R4)

CMF  $P1,0FPFKING sCAFTURE OFFONENTS

ENE L1
MOV $F1,KCAF s KCAF CONTAINS THE
JMF LS50

+ENDM
; .
;
’
CSTMVS?
CLR =-(R4) sEND MARKER
TST COLOUR s+ IF COLOUR =EBLACK THEN DIi0;
EGT 1%
MOV BKINGsRO $SET RO=FO
MOV WRING.OFFKING
ER 2% :
1%3
MOV WKINGYRO sELSE DO
MOV BRING,OFFKING
2%
4%

CMF MY (R3) s #UFAQWN
BENE - C7¢

FARALLEL CHESS. RT-11 MACRO VMO2-12 20-NOV-78 09143152 FAGE 80

RING?Y

KING WHICH I8 CAFTURED

$SET EFSQ=MID SQUARE OF LAST HMOVE

MOV MT(R3)sSFEC

s SFEC MOVE

MOV SQI(R3)sR2  3TO 8Q OF LAST MOVE

Al SRO(R3) sR2

ROR  R2 FWANT NO NEGATIVE EIT INSERTED

MOV RZ2,EFPSQ sSET EN FASSANT SQUARE
BR C7¢
sROOKSy ERISHOFS» AND QUEENS
SURMIRMIQMIEBM?
yRO=FIECE(FO)
Ci0%:
sNRINIR?
1142
18T —-(RD)
BEQ C5%
MOV (ROJ»R1 3R1=5Q0
s SAMRDIR?
1243 ‘
AR (R%)sR1 §F (RS)==>ANDK OF NEXTSQ
MOV (R1)»sR1 iR1=50Q1
BEQ 11%
MOV (R1)sR2 iRA=PFIECE(F]1)

BEQ 12% SIF EMPTY
CMF CLR(RO) s CLR(RZ)
REQ 11¢
CINSMV ROYR1IYMTYFEYR2,11%

_y EF 9

i
i



AFFENDIX C ¢ FARALLEL CHESS. RT-11 MACRO UMOZ-12 20-NOU-78 09143152 PAGE 804
CESTHMVESICAPTURING MOVES ONLY

Eﬁ:; FRING & NIGHT MOVES
39 H
40 FRO=F0
AL 00152 CR20¢ 13 UNMOVED KING DOES NOT CASTLE
t2 00152 30412
53 00152 I1%
44 sHEXT N DIR
435 00152 MOV ~(RS)«R1 SRI=NEXTDIR
5& 00154 REQ C3%
A7 00156 Allll (ROY 1
48 001460 MOV (R1):K1 FR1=801
59 Q0162 BEQ 31¢
70 00164 MOV (R1)«RZ PFIECE(FL)
71 00166 BEQ 314
700170 CHMF CLROROY s CLR(RZ)
73 001746 BEQ 31%
74 00200 CINSMY ROsRISMTYPER2:31%
75 §
A,
-

()



AFFENDIX C 3 FARALLEL CHESS, RT-11 MACRO VMO2-12 20-NUOV~78 0914315
CSTMVE: FAWN MOVES

2 PAGE 81

- VSETTL CSTMVUS! FAWN MOVES

i FNFIECE

3 000226 C5% 8

4 SRO=FIECE(FO)

5 000226 MOV NXTF(RO)Y RO

& 000232 BEQ C%0%

7 000234 C7%: MOV TYF(RO)sR1

8 000240 : MOV DADDC(RO) s RS FGET FOINTER TO FLIECES’ DIRECTIONS
% 000244 MOV R1sMTYFE

10 00250 JMF @83 (R1) :

11 00254 8% JWORD Os0sC30$sC10%$,C1035C10%,C309740%5C108209020%539%
12 SIIUMMY » NMs BM s RM» QM2 KM 2 FM» URM» UM » UFM

13 $NEB, R3 SHOULD INITIALLY FT AROVE THE 18T, DIRECTION

14 3

15 3

16 FUNMOVED FAWNS

17 00304 3948

18 00304 TST  ~(KS) MUVE FAST N OR & NIRECTIONS

19 00306 ER  42%

20 $FAWNS ¢ SEE IF THEY QUEEN

21 00310 4043

e $FORWARLD MOVES N OR 8

23 00310 MOV (RO)Y sR1

24 00312 AL —(RS) s K1

2% 00314 MOV (R1)sR1 PR1=8Q1y N OR 5§ OF Q0

2 ;

e D0314 MOV Ri1sR2

28 00320 ADD (R%)sR2

29 00322 MOV (R2)sR2 FR2=6802

30 00324 ENE 424 $WANT NO MOVES FORWAKD WHICH DO NOT QUEEN
31 $IF SG2=0 THEN IF MT=FAWN THEN MT=0FAWN
32 00326 CMF MTYFPE s #FAWN

33 003324 ENE 41%

34 00336 MOV $UFAWNS MTYFE

35 $GENERATE QUEENING FAWN MUOVES

36 00344 41%%

37 00344 TST (K1) SPIECE(FL)Y #

38 00346 ENE 42%

39 00350 CINSMY ROsR1»HMTYFEsRO»42% FNUT A CAPTURE BUT
40 00376 4243 Jcopg O.K.
41 s DIAGONALS

42 00376 MOV ~(R5) sR1

43 00400 BEQ 44%

44 00402 ADD (RO s K1

45 00404 MOV (K1) sR1 FR1=501

46 00406 BEQ 42% SNFDIRK

47 00410 MOV (R1)sR2 pR2=F1

18 00412 BEG 43¢

19 00414 CMF CLRC(RO) s CLR(R2)

50 00422 REQ 423

7l 00424 CINSMY ROsR1sMTYPESRZs42¢
300452 ‘ 4343

Y 0452 ’ CMF R1EFSQ

4 00456 ENE 424¢

35 FR1=801=EF5Q

36 00460 MOV S01(R3) PRI

i7 004464 MOV (R3)sRZ tRE=F1



IFFENDIX C ¢ FARALLEL CHESS. RT-11 MACRD VMO2~12 20-HOU-78 09343152 FAGE 814
SBTMVSE PAWN MOVES

0446 CINSMY ROSRIs#EFCAFR2:42%
w051 4 4447

W 00514 CHMF MTYFE»#THR

00322 RLT C5%

2 00524 CMF MTYFE» #QFAWN

33 003532 BNE 45¢

M 00334 MOV ENFAUNSMTYPE
& 00542 MOV DADDCRO)Y s RY
w6 0035446 ER 40%

»7 00350 4543

(i1 FMT=NFAWN

¥ 00550 BR (SR

0 i

"1 sRESET BOUARID

T2 i

'3 00352 CH0%3

4 00552 CLR  EPSQ

'S 003554 INC  NOCSTMVE

& 00862 ENE (CS51s%

'7 00564 INC  NOCSTMVESR

'8 00370 CH1s2

7 00570 RTS FC

e §

i1 §

e §
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DarD
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FARALLEL CHESS. RT-11 MACRO VUMO2-12 J0-NOV-78 09143152 PAGE 82

+SETTL UFPLATE EBOARLD
+CSECT UFDATE
UFDATE?
FR3=->LASTUF AND IS RETURNED AS THE NEW ->UFPM
$R4=->FROM AND IS RETURNEL AS THE TOP OF THE MOVE STACK
MOV  R4sRS
MOV R3s-(RS) $MSTACKC=~L UM
MOV R&E»-(SF) s STACK=-=UFM
$R3==LUMy R4=-:FROMy RI=->UFM

MOV (R3)sR2 $USCOR(LI+1)=VUSCORC(D-1)
MOV VSCOR(RZ2)»-(R5) yMSTACK<=VSCOR(D+1)
MOV NIM(R3)s~(RS) PNIMDHL ) =NIM (L)

142 3RESTARY
MOV ©@(R4)+s»RO  3RO=FO
MOV (R4)+sR1 JR1=50Q1
$sR4=->MOVE(M) . TYFE

CLK  @(RO) $ SRUARE ($00) , FLE=0 =
MOV  R1y(RO) $FIECE(F0)  ON=$01
MOV (R1)s-(RS) §MSTACK<=CFIECE
B E G 3 $ .3‘.2‘.
SFIECE IS CAFTURED
MOV (R1)sK1 sR1=F1 B

MOV SCOR(R3) »=-(RY) $SCOR(D+1)=SCOR(I) -FIECE(P1) JVAL=

SUE VAL (K1) (R3)

MOV  LSTF(R1)sR2 FR2 7=0 SINCE THERE I5 A KING

MOV NXTF(R1)sR3
REQG 2%
MOV R2sLSTF(R3)

2%3 MOV R3sNXTF(R2)
T8T REL(R1)
REQ 21%

MOV LSTR(R1)sR2
MOV NXTR(R1)sR3
REQ@ 20%
MOV R2PLSETR(R3)

WP MIF M W NP W MEE R AR W W

20$ 3
TST R2
BEQ 21%
MOV K3, NXTR(R2)
2143
MOV (R1)sR1 sR1=501
MOV  @(SF),K3  SRESTOR R3=->LUM
ER U4
343
$NO PIECE CAFPTURED
MOV SCOR(KR3) »~(RS) $ SCOR (D41 ) =SCOR (I
U4s: :
MOV RO (R1) $ SUUARE (SQ1) JFCE=FO
CMFP  (K4) s #THRU
ELT U14$
: CMFP  (R4) s $THR ’
BGY 5%
SUR  #UTs TYF(RO)
Bk Ul4$
5% 4 CMF  (R4) s #CASTLE
BNE 6%

SUEB #DT»TYF(RO)
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20ARD
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Uiass

FARALLEL CHESS,

6%

114

CLR
CLR

MoV
MoV
SUER
INC

RT-11 MACRO VUMOZ2-12

ROOKSOQS RisR2
MOV R@(R2)+sR
MoV (R2)+sR1
CLR  ©@(RO)
MOV RO (K1)
MOV  R1,(RO)

" SUR  FDTTYPC
ER Ui4gs
CMP  (R4)»#EFCAP
ENE 8%
CLR
TST
RGT
7%
1743
MOV
MoV
MoV
ER

CMF (R4)» #QFAWN

BNE 11%
SUER  VAL(RO)»
MOV FQUEEN»T
TST COLOUR

20-NOV-78 09143152 FAGE &2+

0 $RO=FO
sR1=8Q1
# SQUARE (SQ0) +FIECE=0
s SQUARE(SQ1) JFIECE=FO
$FIECE(FO) . ON=5Q1

RO)

(R1)
COLOUR
7%
Al
BR
ALl

(R1)sR1
RO» (R1)
R1is(RO)
uias

(R3)
YF(RQ)

i
!
t
3SGUARE(SG1)'PIECE=?

¥SyR1 s BLACK CAPTURES
17% ‘
FNyR1

sR1=5Q2

$ SQUARE (SU2) L FIECE=FO
sFIECE(FO) . SQUARE=5Q2

5SCOR(D4H1 )=~ VAL(FO0)

EGT 9%
MOV VALUES+RUEEN» VAL (RO)
NEG VAL (RO)
| BR  10%
943 MOV  VALUES+RUEENs VAL (RO)
10%: MOV $QDIRS»DADD(RO)
ANl VAL(RO) 5 (KS) $SCOR(DIM41)=4 VAL(FO)
ER  UL4$

CHMF  (R4)»#¥NFAWN

BNE Ul4$
SUB VAL (RO)»
MOV #NIGHT»T
TST COLOUR

BGT 12%
MOV
NEG
ER

1241 MOV

1348 MOV #NDIRS»D
ADLY VAL (RO)»

- (R3) sCHR=0 & NOIN

-{R3)

sFOR  #DUMMY

(SF)Y++R3 I R3==UFM

RIrR4

¥LMVsR4

]

sh=D+1

(R3)
YF{RO)

FSCOR(IM1)=~ VAL (FO)

VALUESH+NIGHT » VAL (RO)D

Val.(R0O)
13%

VALLUES+NIGHT » VAL (RO)

ALL(RO)
(RS)

(0)=0

sSCOR(N+1 )=+ VAL (FO)

FEETMVUS (Ly X ) =0 SAVES TESTING TERMINAL NUODES

SRETURN R4=~->TUOF OF MSTACK

U ed W W

i)



AFFENDIX C ¢ FARALLEL CHESS, Rf-11 MACRO YHO2-12 20-NOV-78 09343152 FAGE 824

JFDATE BOARD

0472 DING NOUPS. NOUFS+HE
. e 0504 NEG COLOUR

17 0510 RTS FC

(18
19
20

s @r B

¢

{



O
BOARD

&

B S A T e N W v e~ tw e

- g pravpe

N KB R P S

LEAN PN PR IR NP IE 28 KC B A T [FANR W RRNF VA

LW e

it

R L8 R

FARALLEL CHESS. RT-11

+SETTL RESTORE EROARLD

+CSECT RESTOR
RESTORS
$ RI=-UFM

$R4 IS UNDEFINED, AND
$RETURNS RO=VSCOR(OLD L),
MOV  R3,R4 ~
TST (R4)+ $ R4-—FROM =
DEC D 3D=D-1
NEG COLOUR ~
MOV (R4)4sKRO  $RO=8G0 . =
MOV  @(R4)+sR1  $R1=FO
CMF (R4)+,#THRU
ELT K10$% e
CMF  ~2(K4) s #THR
KGT 3% ; )
ADL DT> TYF(R1) . | =
Bk R10%
3% CMF  ~2(R4) s #CASTLE
ENE 4% i
$MOVE, THE KING & THEN SET ROsR1 SU THAT THE .
4B SET BACK | _
ADL T TYF(RL) | =
ROOKSQ (R1)yK2 FFIND FTR TO RUOK SQUARES
MOV Rl (KO) $ SQUARE (8Q0) + FIECE=F0 _
CLR  @(K1) 3 SUUARE (8Q1) . PIECE=0 g
MOV RO» (K1) sFIECE(FO)  ON=5G0
MOV (R2)+sRO FRO=5G2 _
MOV  @(R2)+sK1  $R1=F2 E
ADD  #DT»TYP(R1)
ER  K10$% }
A% =
CHE  -2(R4) s $EFCAF
ENE 7% )
' SMOVE THE CAFTURING FIECE BACK 70 THE SQUARE . =
3 THE CAFTURED FIECE SHOULD EE LEFT,
MOV -4(R4) K2 R2=501 .
MOV R2,R1 FWANT R1=802 e
TST COLOUR
EGT 5%
ADD  #SsRki
ER 63
54 ¢ AL #NsR1
6%
MOV @(R1)sR1  $R1=FO
5NOW MOVE THE CAFTURING FIECE BACK TO 801
CLR  @(R1) 5 SUUARE (802) JFIECE=0 =
MOV Ris(R2) $ SQUARE (SQ1) JFIECE=F0
MOV R2» (K1) SPIECE(FO) o ON=5G1 ,
iRO=5Q0s K1=F0 =
ER  R10$
7%

MACRUO VMO2~-12 20-NOU-78 09143152 FAGE 83

IS RETURNEL A8 ->FROM OF NEXTMOVE ==

i QFAWN AN NFAWN

MoV

MOV

TST COLOUR
RGT 8%

FFAWNS TYF(R1)
VALUES+FPAWN s VALL(R1)

SPIECE(FO) JTYP=FPAWN

A

4

sFIECEC(FO) s VAL=VALUE (WF¢
N) =



AFFENDIX C 3

SYMBOL TARLE

AEPTIYR
A M’ VR
abT
BASE
BIN
BL
BOTHM
BSQCOL
Céa
CEHETA
ono
SHARMY
CHESUM
CLRI
SLGNDG
SHAXNI
SNFAWN
SOLOUR
SACAST
-8R
SVaRCD
2304
Jale
14l
MIVR
JESCEN
.,
Ve NO
u Y
111
14
17z
12
122
25
29
131
134
137
14
14
19
INDF

FCAF =

TUAL
"IN
"FCH
REECA
iET
[UNDIRE
HFOS
NTFT
fres 2O
Mg SO
FTYFD
BRO$
ING
ASTH

000516R
000424R
044322R
000040k
0021 64R
0000490
000000R
000000R
000112R
044023R
Q00014R
Q0O0000R
000110R

= 000000

000122R
044041R
000302R
044342R
000264R

= 000010

044133R
000132R
QO00E70R

= Q00246

0004602R
Q000376R

001134R

= 000002

OQO277R
000317k
000335k
000211R
Q00451R
Q00526R
000707R
Q000775R
O001162R
001175R
000227R
000241R
Q00255R
032400RK

000040
000612R

Q0O0002R
000126R
000716R
002060R
044644R
044344R
0Q0000R
000324R
Q007 34R
0DOO00OR

000004k
000014

000122R

011
011
002

22

004

024
006
0u2
002
04
007
021

020
002
007
002
007

002
031
031

011
025

011

012
012
012
012
012
012
012
012
012
012
01z
012
012
002

026
013
022

22
004
002
002
Q15
023
023
004
014

024

FaraLLEL CHESS,

ACDMOL
ALIDIOR
Al FHA
EBINIRS
BISHOR=
BRY =
EFDIRS
BSTHMUSE
CalFHA
CCLEPT
CHaRAC
CHARSQO
CRCAST
CLRKIN
CH
CHMMAXD
CNUMIC
CFPCE =
CQraWN
CETMYS
C10%
Co%
C7%
DATIDND
nnIvs
DIRS
nrT

ni

niz
s
nig
D20
na3
n27

n3

nizz
Das
138

4i

7z

E =
ENDSQ
EFSQ
EXIT =
FIRREL
FR
FREEOE
HCA
IHVUSTA
INT =
INTPTC
INTF2S
INTPSS
ISQUAR
KCAF
LALFHA
LEBETA

RT-11 MACRO UMO2-12

001032k
000%1 6R
044610
040002R
000004

177764

040046K
000000RK
044015R
044124
000334k
000444F
0002&0R
000154R
000114R
044114K
001340R
177772

00027 7R
000000R
000074R
000226k
0002 34K
001116R
0021 20R
037600R
000010

000172R
00030AR

A000325R

0003 44K
QO0375R
000447R
0005464K
O00223R
001053R
001146R
001202k
001210R
Q00245R
000032

037600R
000504R
000011

044622R
030000R
D00GE6R
000110R
0021346K
000140

000000R
00037 4R
001074R
000104R
O00006K
000400R
000414K

011
022
002
002

002
027
002
002

22
004
007
024
022
002
011

007
031
031
031
031
011
011
002

012
012
012
012
012
012
01z
012
012
01z
o112
012
012

002
024

002
002
015
022

023

023
023
023
004
024
003
003

1

ACKLCA =
AlIIRS
ATTENT
BETA
BRING
ROARD
RROOK
BLISY
CASTLE=
cu
CHAREFR
CHIK =
CLR =
CLEND
CHaxn
CHVE
CNUMIL
CHEN

CR =

CUTOFF=

20%
CH0%
o
e c
nEC
oMoLs
orry
nio
nig
nis
niy
n2i
24
n28
030
niz
u3s
4y
s

18
ENTICO
ENE
ESE
EXPID
FOUT
FREAID
FRONT
HEAD =
INDEX
INTCON
INTPTF
INTH3O
INTSH =
ISR
KizAaFY
LANMOIN
LELACK

H o#

20-NOV-78 0¥

000002
DA77 662K
000124k

044612KR

000H00K
0001 26K
000142k
000100k
000036

00001 2K
Q0027 2R
177765

000010

000066K
044030k
00047 2R
00125 6R
044145k
000015

00000

000152R
00055 2R
000010k
001422R
001652R
QORZ006R
044316R
000272k
000311k
OO0 IIIR
0OOEAR
000435R
00051 2K
000633R
OO07A5R
001147k
001171k
001205k
000235R
OO0 RS
000562R
000044

000026

001024R
000010k
000426R
031000k
000125

002034R
000BEAR
000474R
00044 2K
000340

OO0000R
001156R
000106R
0002AZR

+ .y
43152

002
022
00
024
004
024

022

024
007

020
002
024
011
002

031
041
024
011

011
011

002
012
012
012
012
012
012
o1z
012
012
012
012
01z
012
0u4

013
013
015
002

004
015
004
023

014
028
022
003



AaFPENDIX C 3

SYMEOL TABLE

LGOD
LMAXDIF
LMOVEN
LFOFTH
LFLAY
LEREST
L.S

LETF =
LESWEEF
LWHITE
HAXDFT
MAXFCH
MINMAaX
MINFCOH
ML.OOF
MSGIN
METART
MO%

Miil
M140%
M1504%
M1g

M20
M
Vil
Ma&

M30

M33

M37

140

M43

M4 &

M4e

51

154

H5b

MS9

al

164

167

47

72

475

J B
JOIRS
HEWSE
JEXTSEQ=
JLHEAT
\,.! i\!",;;gﬂn
AL
NOMINM
HJORINT
JOUTR =
NTHE

i

= 000314

000316R

= Q00030

000430k
D00354R
000600R
000506k
000522R
000724R
001032R
000024

000440R
000232R
04457 6R
000332R
000000R
000132R
001024R0
001014R
000402R
000144R
04027 4R
001470
001606R

0403456R
04041 1R
040452R
040515R
040626R
040704R
040767R
041064R
041105k

041152R
041214R
041332R
041253R
041410R
041465R
041526R
041546R
041574K
0414616R
040220k
041670R
041725R
000040

027770R
002214REG
Go0012

OO0346R
000050

177766

000B46R
001040k
000012

000174k

0032

003
003
0032
003
003
003
013

003
003
002
022
025
0u2
025
013
025
025
002
025
0w5
002
002
002
002
002
002
002
002
002
002
002
002
002
002
002
002
002
002
002
002
002
002

002

025

011

004

013

010

FARALLEL CHESS.

LBOARD
LEaD
LENSH =
LINFDS
LMAXNI
LMY =
LFEN

LR
LREST1
L.SETERL
LETR =
.UM =
MAKERD
MAXID =
MAXR
MINMX1
MINR
MiAXD
MEGOUT
MT =
Ml

Miz2
Mi45%
Mlé
Mi9
M21
M230%
M2é
M2e
M31
M35
M38
M4l
M44
M47

]

M52
M5E
M57

Mé

M&d
M&S
M&8
M70
M73

Mb
NADT
NE
NEWSCO
NIGHT
NLTH
NiNW :
NOINT
NOMMAX
MOSETHM
HFPAWN
MNW

ihoH o

o

RY-11 MACRO UMOZ2-12

0Q0470R
000120R
000052
000154R
000346H
0003264
0004630R
001030R
001146R
000264R
000004
000000
003660R
000177
00041 4R06G
0000 4AR
00001 4RG
0444604R
001020R
000004
040043R
040276R
001502R
Q40335
040370R
040432k
000270R
Q40536K
0404654R
040721K
041G13R
041100K
041122KR
041166R
041241K
000305R
041363R
041417k
041306R
040162R
041556R
041604R
041626R
041644K
041701K
040230R
Q4A324R
000042
000002
000004
040056R

= 000044

000000
D00S4A46R
000532R
000044
000034

013
025
013
002
013

002
002
025
002
002
002
026
002
002
002
002
002
00D
002
002
007
002
002
002
002
002
002
002
002
002
002
002

QO2

024
024

L.Ch
L.END
L =
.Maxen
LMMAXT
L.GOF
LPIECE
LREL
LREST2
LEQUAKR
LETRGS
LyaRCh
MeX I
HAXNINM
MAXES
MINMX?2
MINS
MOVENQ
MSTACK
MTYFE
M10
M130%
ML
Mi7

M2

NEWLIH
MEWSC1=
NIM =
NLTEHD
NOCSTM
NOMAXD
NORCUT
NOUF'S
NFIECE
NXTP =

20-HOY-78

000550R
O00702R
000012
Q00444R
0003534R
000040R
000300R
000252R
0O1&76R
000310R
044172R
000G&4AR
QO0102R
Q444600R
001014RG
000000R
000414RG
044506K
030000R6G
000474R
0A0250R
001442R
040314k
040341R
040070k
040442k
04047 4K
0A0606R
040112R
040747R
041044R
040143k
041136R
041203k
041276R
041342R
041400R
000766R
041516R
041536R
041564R
O41&1 4R
DA1634R
0414655R
041714k
040240R
QOO05REZR
000172k
000004
1727774
000332R
OOOE3SR
Q00542R
O005&2R
QOO0E24R
000264R
000022

HE

FAGE 8%+



AFFENDIX C 3

SYMEBOL TAEBLE

NMasL = 000002
L 00101 4R
OFNSEA 0Q00044R
OQUTRUF  001028KR
FEHMVES  0O03504R
FC =%000007
FONT = 000041
FCOSS4  003436R
FOUMFO 0001 12R
FEN Q37742R
FIN 00Q000R
FLOE = 1&4002
FLVa = Q00320
FRCO1IS  Q01226R
FRINTM 000000R
FRMSGO 001530R
FROUTE 001374R
FEEND GO1260R
FTYF = 000014
AFAaWN = 000042
RCAST DOOS06R
READFC 001112R
IELOFF  044426R
REQCAR= 000001
RESEMD  001036R
Q%lPQL 001250RG
?; ) QQOQ04R
M = 000010
YS5EM 001044R
0 =Z 000000
2 =X000002
] =X 000005
ICANRTI O00712R
1) = Q00024
SENT Q01034R
ENDAY 000424R
ENDCT  Q01362R
WETRD 04425 4R
ETRIE Q0111&R
IX O444630R
INDARR= 000014
W =H/000006
QCHAR  001552R
30 = Q00002
SE = QO0G014
TART GOOO0O0R
TRGO Q42744R
Wh = 100000
WFIELC Q44254R
10% QOO0I42R
40% QO1232R
7 Q0027 2R
b  O00170R
EMFD = 000021
ERM = 000200
HRU = 0QQ0Q17
IMVO$ OO2342R

013
020
01%
005

0035
012

002
013

0035
010
012
012
023

024
023
002

013
025

013

003

013
022
022
002
004
002

004

003
002

002
030
030

030
010

005

FarallEl CHESS,

RT-11 MACRO

NXTSID 001024k
ON = 000000
OFFKIN  000156R
FAR 0000GO0R
FEUF 000022R
FCE = 000000
FCOUNT  002774R
POETH 000124K
FOUMFL  Q0Q014R
FERCEN 001342R
FLAY 0442460K
FLSR = 164000
FOUT 000006R
FRESS = 177452
FRINVS 0023146R
FRNO 000200R
FRXZ 0001 22K
FESTACK 0002464R
FUSCOR  000000R
QUEEN = 000012
RIOIRS 040014R
REL = 000004
REFEAT 00G004KR
REGM = 000003
RESET O02056R
RETCL1I 0Q003%4R
RINT = 000100
ROUT 00001 2R
RULEGF  Q01212R
Fi =X000001
R3 =Z000003
g = Q00022
SCOR = 177770
SELIN 001074RG
SENDA 000376R
SENDC 000510k
SENDEX 001402R
SETCHM = 000005
SETRFE  001470R
SIXTY 0444624K
SNDERK  OO0000R
SPEC 000476R
SACOLR O00334R
5041 = 000004
SEW = Q00012
STRG 041742R
8T26% 001416R
SWEEF QO0000R
SBWREG = 177570
520% 000410R
5424 001432KR
594 000336R
T = 000011
TEN 0444640KR
THOUSA 044450R
THRUF = 0000235
TIMV1I$ 0Q02630R

UMG2-12

022
014
014

022

004
002
014
024
004

002
003
005

0350
030
030

002
002

005

2O MOV~ 78

HXTER = 000012
OFNSE O00000R
ase QO0114K
FAWN = 000016
FR1® 003544R
FCHARS= 000007
FCOZ0%  QO03150R
FILMF QOO000RG
FLG9% 00CL10R
FIECE 031000R
FLIEBE = 1464004
FLEW = 000322
FFIECE Q00084R
PRHEAD 0003460R
FRMSG Q01520RG
FRNOS Q01220R
F& = 177776
FTARBLE  O00330R
QUIRS 040036R
QRUOTE 000332R
RIY = 000013
RELINE= 000015
REQCA QO0632R
REQMUF  00072&R
RESTOR  QOOO00R
RETCLE  000336R
KNOLIE 001206R
RFCH OOO130R
R = Q00200
R10% 000300k
R4 =Z000004
SCAN 001474R
SCORE 04446200
SELINE= 000004
SENDAC  000000R
SENDEM  O01330RG
SENDUW 001450R
SETHMUS  0000Q0R
SGINT = 000040
Sl = Q00057
SNODE 0011 %4R
5T 0442246R
SQUARE  032400KR
SRCHOL 00000Q0R
aT 044312k
ETRGS 043744R
=10 = Q00020
SWITCH 000104R
SYNC O00336R
530% 0007 40K
5444 DO2020R
Tag = 000011
T 044306R
TENTHO  044654R
THR @ Q00035
TIMESU  Q02132R
™ 044312k

09143152 PFAGE

<D
RO

0]
-~
-3
“

<

¢h

i

003
012
012
002

011
o1l
012
012

Q07
002

022

022
Q2
0%z
Qué
l" t’"
Koo Aee

022
033

004
ood

017
02z
022

0X%0

oJege:
00z
002
01
002
002

022
022
030
030

002
oo

005
002



FFENDIX C ! PARALLEL CHESSH, RT-11 MACRO UMOZ-12 20-NOV-78 093143152 FPaGE €634
MEBOL TARLE '

romH O00002R 024  TORFCE  044414R 002 TOFREL  044624K 00R
Lo s 044302R 002 TSTRG  041734R 00 TU 044276R 00%
YF = 000012 T1 0442862R 002 T2 T A 024
3 0442466 002 T4 044272R 002  UFLAG  000126RK 024
KING = 000024 UFPAWN = 000026 UFDATE  000000R 032
FMOVE  000140R 024  UPSCOR  002%544RG 025 UP20% Q02&56R 0us
ROOK = 000020 Uias 000452k 0%2  U4s 000106R 032
Al. = 000020 VALLES  0%7712R 002 VARG  000020K 024
ERIFY 002010k 004 VSCOR = 177776 W = 000030

AITRF  000554R 022  WNSI 001054k 013 WOSIN  001044R 013
080 001060R 013 WOSOUT  001050R 013 WKING  000502R 04
NW = 000034 WFDIRS 040056R 002 WROOE  000154R 04
BW = 000014 fe V2 = 000001

AES. 000000 000

000000 001

ARIAE 044640 002

NFUT 002064 003

NITIA 002314 004

AKEED 004012 005

SACOL 001652 004

HARMY 000354 007

RINTM 000200 010
USCOR 002312 011
LIMF 002032 012

LINK 001046 013
LISR 000602 014

i T 000646 o1s

éﬁﬁER 000126 016

ENDAC 000044 017

UTEUF 000344 020

RCHOU 000150 021

INTPT Q01512 oJESe,

NTFTC 001350 023

INVAR 000572 024

INMAX 003034 025

INMX2 001230 026

STMVSE 000040 027

ETHMVS Q02162 0320

STMVS 000572 031

FIATE Q00512 032

EGTOR 000340 023

RRORS DETECTED: O
REE CORE3S 10827, WORDS

ARKy DKL S MARK=FRING» MAREBLD FLINK» FINTFT s MINMXF » MARKIZI/NIMEIRIN
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