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Abstract

We started this study by looking for the most efficient sequential algorithm to perform Constraint Satisfaction Prol-
lems in finite space. The algorithms responding to this criteria are Forward Checking,

Their principle, sequential implementation, parallel implementation, user guide have been described in the first parl
of this report. Application results have as well been demonstrated on cormonly knewn problems: the queens, the
zebra (also called the 5 houses problem), scheduling and mazes. They have been run on the Multi-PSI. full results
have been reported.

The second part of the report describes the experimentation we made by introducing dynamic load balancing, Its
principle is described, the choice of the communications between processors and their syntax are given. The following
chapter describes in detail the constraints gencration of the examples shown in the first repart. The code of the
conslraint generation is reported. Then we publish the code of the problem solvers. They are written in KL1[4], run
under PIMOS[2] on the Multi-PSI[3] and perform the Parallel Forward Checking,
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Chapter 1

Dynamic Load Balancing

The first part of the report described the applications of Parallel Forward Checking. When used to make the exhaustive
solution search, we noticed sometimes poor specdups. We could show a strong correlation between the speedups and
the load balancing of these applications. Thus, to improve the efficiency of the parallel version of Forward Checking,
we have to improve load balancing. One of the ways of doing so would have heen to improve the static load balanee,
however this would lead Lo a cuse by case study without generality, as a consequence we undertook Lhe more difficnlt
study of dvnamic lowl balancing.

1.1 Principle

To achieve efficiency in the parallel world on the Multi-PS1[4], we adopted so far Lhe principle of minimizing the
communications in the machine since inter-processor commuuications are slow. The parallel versions of Forward
Checking show specdup Lo the optimal sequential version because the communications have been reduced to their
strict minimurm, by using static load balance, lmplementation of dynamic load balance has to make some compromises
between the costs of communications and accuracy of the load balance, In the following two sections we discuss our
choices for the granulacity and the type of communications between processors,

1.1.1 Granularity: coarse grain

Loosely coupled machines, like the Multi-PSI are devoted to deal with coarse granularity problems. The main problem
of the Multi-PSI comes from its slow data-transmission between processors. As each of the proressors has its own
memory, transmission is to transform the local atom-numbers into aloms, transmit them and encode them into the
new local atom numbers. This operation is performed by the firmware and is in consequence slow. If programming
efficient algorithms, one has to avoid as much as possible the communications.

As a consequence we will not change the granularity of the static implementation, but add a dynamic load balance so
to share roughly the tasks.

1.1.2 Communications between processors

Coarse grain parallelism limits the frequency of the commmnications, but requires the circulation of several types of
messages, To do so, there are two wildly used techniques in competition.

Token ring

This principle is to put a token in a ring, going from one processor to the others. A processor communicates only with
the token, and has to wait it to exchange information with other processors. This principle is simple and makes an
easy control of the coherence of the messages, via contral of the token. If there is no message to transmit, the token
goes emply from processor to processor, thus it may slowdown the algorithm by making unnecessary communications.

Asynchronous communications

Each of the processor may emit a message towards his neighbors, and as well receive messages from them. All
communications are asynchronous, the control of the coherence of the whole state of the machine becomes difficuli.



1.1.3 Outline of the algorithm

The Parallel Forward Checking problem solver begin their work by using the static load balancing defined in the
preceding part of the report. All processors begin their work wntil one of them fnishes it Then this processor emits
an ask signal, going to all the processors, asking them to make an estimation of the remaining work Lo be done. When
this signal comes back to the asking processors, the latter has an image of the overall tasks o be done. Locally,
this processor chooses the most busy of the processors, and sends it a split signal, so to share its work, When this
processor gets the split message, it makes again an estimation of the remaining work 1o be performed, and then
splits it imto two equal parts. One of this parts is send to the asking processor, the other is deme by the loeally, The
Figure 1.1 gives a simplificd synoptic of the principle used for the dynamic load balancing. The principle as described

dynamic load balance

Figure 1.1: Qutline of the Dynamic load balance

would lead to an increase of communications as the algorithms reaches the end of its work because the size of the
tasks transmitted between processors decrease in a geometric sequence, always half of the work is transmitted. Thus
we introdueed an additional parameter in our algerithms, giving & threshold after which the dynamic load bLalance
switched to static load balance. This message is the static message. Once a processor reached this critical point, it
sends this message to all its fellows so to finish the work without wasting time in communicating negligible tasks

1.2 Implementation

lmplementation of the preceding outline poses some technical problems. The first is to know how to make the
estimations of the remaining work on the processors, Then the communications between processors have to be created
o to minimize them, and transmit all the different messages. The communications modifies in turn the algorithms, so
they may be able to suspend their work, treat the communications and continue the work, We describe these points
in the following sections.

1.2.1 Estimation of work

One estimation of the work to be done by the algorithm, is to consider the the size of the search space Dy =
I w . .ox Dy At the begin of the algorithm, the static load balancing splits this search space into Pnb (number of
processors) equal subspaces. The static load balance is oplimal if the sparseness of the solutions in these subspaces,



15 equal.

As the Ferward Checking progresses in its task, it keeps in memory the current point of the searches. 1t is quite simple
to take this eurrent poind in the search space and to caleulate its “distance” to the end of the search.

This estimation from the current point to the end of the search space is a measure of the remaining work of the
processars, [n fact, as these measures are performed alimost simultaneously on the processors and each of the processors
being equivalent. our measure gives an image of the sparseness of each of the domains. As a consequence, dynamic
load balance will improve the performance of the problems showing poorly balanced sparsenesses between the solution
subspaces of the processors,

1.2.2 The communications

We chose (o implement Ve asynchronous communications frame in the Multi-I'51. The processors are refated by twao
kinds of streams. On of them merges the results calculated by the processors, the other stream connecis all the
processor in a ring and assures the communications between them. Next we sludy the ressages circulating in this
stream and explain their interaction with Lhe work of the processors.

ask

The [ask, Pro,] message is emitted by the idling processor Pro,. The next processor in the ring gets this message and
makes the estimation of the remaining work. It adds it to the message before forwarding it to the following processor,
the message is then [ask, Pro,. { Pro., Esitmg]} .. ]

When this message comes back to the Pro, processor, the latter has all the mformation on the state of advanee of
the work, and chooses the most busy processor so Lo split its task by issuing the split sigual.

split

The syniax of the this message is [split, Pro,, Prog), which means to split the work of the Pro, and send half of
the remaining work to the Pro, processor. As long as this message 13 read by anotler processor than Pro,, it is
simply duplicated, When it reaches the Pro, processor, then the latter muakes updates the estimation of the remaining
work and splits it into two equal parts. The first of them i1s done locally, the second part 1= transmitted to the Prog
prosessor, via the work signal.

work

The work signal [work, Pra,, Begin, End] transmits new work to the wdling processor Frog, with the lower and higher
limits of the search space. As for the split signal, this message is copied by the processors, until it reaches its
destination, the Pro, processor. This one begins then its work.

static
The static message may be issued in several conditions, each time the remaining work to be done is inferior to the
given threshold Lb, when the asking processor Pro, performs the load balance, and when the splitting processor Pro,

reached the end of its work. The syntax of this message is [static, Fro, .. ], so0 to detect when this message visited all
the processors.

The static message switches the visited processors into static Forward Checking, cutting them form the communica-
tion stream, provided these processors have not send a sphit message. The processors having send a split message stay
in the dynamic mode, so lo perform the part of work which will be send to them by the work signal.



Chapter 2

Examples of Constraints generation

We show in this chapter how we generate the constrainis for the examples. We begin with the simplest example, the
queens, and go into more comphicated opes, the mazes and finaly the scheduling. The prineiple is first deseribed, then
the code 15 commen bed

2.1 Queens

As this 1= the first exatiple, we give as well the constraints peneration as the code I.':.l.]iilui,r the problemn solvers,

2.1.1 Call of the Problem solvers
= module queens.

:= public constraints/2, sfch/3, gfch/4, safchl/3, gfchl/4.

% the problem start:
% N iz the number of queens
% PNb iz the number of processors
% File 1s the name of the result file. It is a string.
gfch(K, PEb, File):- truel
gfch:run({N, N}, 'queans’, ‘number", FNb, File}.

gfch{N, WZ, PNb, Filel:— truel
gich:run({¥, N, WZ}, 'gueens’, 'number', FNb, File).

% the same, but with I solution search in
% speculative AND-parallelism

gfchi(N, PNb, Fila):- trual
afchi:run({N, N}, 'queens’, ‘number’, PNb, File).

gfchi(N, WZ, PNb, File):- trusl|

gichi:run{{N, N, WZ}, 'queens’', 'musber’, PNb, Fils),.
2.1.2 Description of the constraints
variables

The variables are the lines z; of the board.

domains

The domains of the variables are the contents of the lines, their instances ;.

static constraints

nno static constraints for the queen problem,



dynamic constraints

For an instance of a queen, in line #; and column z;, the dynamic constraints express all the positions in the board
which are attacked by this queen: namely the line r,, the colummn z; and the diagonals passing by the x; z; point, as
shown in Figure 2.1

Figure 2 1: The dynamic constraints for queens

2.1.3 Generation of the constraints

%

% Constraints of the Problam

%

constraints({Size, Size}, Table):- truel
constrainte(Size, 0, [J, Table)

constrainta(Size, Size, TabIn, TabOut):- truelTabln=Tablut.

otherwise.

constraints(Size, Col, TabIn, Tablut) :- truel
init_cols{Size, Size, TabIn, TabInl, Cel),
constraints(Size, ~“(Col+i), TabInil, TabOut}).

init_celai0, _, TableIn, TableOut, _} :- truel
Tablefut=Tableln.

otherwize.

init_cols{Col, Sige, Tableln, TableCut, X} :- true|
Coll := Col - 1,
init_offs{Size, Size, Colil, Elemtab, X},
TableIni=[[f, Coli|Elemtabt] |Tableln],
init_cols(Coll, Size, TableIni, Tablelut, X).

init_offa(d, _, _, Tab, _J :- truel|Tabs[].
otharvigea,
init_offs{0ff, Size, Col, Tabk, X} :-
off1 := Off - 1,
Index := X + Off1l,
Index1 := Index mod Sizel
(Indexi=:= Index ->
const_dom(Indexl, Size, Col, Off1, Tab, Tabl);
othearviase;
true =>
const_dom{Indexl, Size, Col, “(X - Index + Size), Tab, Takl)),
init_offe(0ffi, Size, Col, Tabl, X}.

=}
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% const_dom(Sizme, Column, Dffset, Pattern)

4
const_dem(_, _, _, O, Tab, Tabl) :- truel
Tab=Tabi.

athervise.
const_dem{Index, Size, Col, Dff, Tab, Tabi) :-
Sum = Col+0ff,
Dif := Col-Dffl
const_doml{Size, Sum, Patl),
const_doml{Size, Dif, Pat2),
list:append(Pat?, [ColiPatl]. Pat),
Tab=[[Index|Pat] | Tabi1].

const_doml(Siza, Pos, Pat) :- 0 =< Pos, Pos < Size |
Pat = [Pos].

otharvise.
const_domi(_, _, Pat) :— truel| Pat = [].

2.2 Mazes

Wi defined some unusual rules for the mazes. The mazes are entered at the left side, and exit at the right one. Lhere
is just one position allowed by eolumn of this maze. When changing columns to progress in the maze, we may only
move to the 3 or 5 neighbours in the next column; according to the maze. Some positions are forbidden in the maze,
by the walls delimiting the mage,

2.2.1 Description of the constraints
"il:iab]uﬁ

The variables are the columns z; of the maze.

domains

The domains of the variables are the contents of the columns, their instances ;.

static ronstramts

The static constraints define the walls, of the maze, this is to say they restrict the possible moves.

dynamic constraints

For an instance of a position in the maze, n columns z, and line #j, the dynamic constraints express all the positions
in the maze which cannot be attained from there. Thus, the dynamic constraints remove the domains as shown in
Figure 2.2,

2.2.2 Generation of the constraints
%

% Constraints of the problem

!'i

constrainta({SizeX, SizeY¥}, Table):- trual
gtatic_constraints(SizeX, Size¥, [, ST_cons),
dynamic_constraints(SizeX, 0, SizeY, ST cons, Table).

etatic_constraints(SizeX, SizeY, In, Cut):-
Sizeld := Sizel/4]
horizont ([~ (Size¥Y-3), "(S5ize¥Y-4)], SizeX4, SizeX, In, Ini),
vertic(” (SizeY-5), Size¥, ~(Sizel4-2), [1, Ini, InZ2),



Figure 2 2: The dynamic constraints for maze

vertic(®, "(5ize¥-2), ~{SimeX-1),[1, In2, Out}.

i reamoves an horizemtal lina (double, with several elements in Y) from the
% domain. The line 1z remcved form Xbegin te Xend.
W
herizont (Y, Xbegin, Xend, In, Out):- Xbegin < Eendl
Ini=[[Xbegin, 0, [Lbegin | ¥111Ind,
horizent(Y, “(Xbegin+1}, Xend, Inl, Dut).
gtherwise.
herizent(_, _, ., In, Out):- truel|In=0ut.

Y vartic removes a vertical line from the domainm,
% vertic(Begin, End, Res, In, Dut},
o

% begin is the begin of the wall, End is the end.
% to make a real door in a wall, we have to apply twice this predicate.

vertic(Cur, ®Wax, X, Coms, In, Outl):- Cur < Max|
Consi=[Cur|Cons],

vertic{ " (Cur+l), Max, X, Comsi, In, Out).
vertic(Max, Max, I, Conz, Im, Cut):- trus|

Dut= [[X, ©, [¥ |ConslllIn].

dynamic_constraints(Sizek, SizeX, _, Tablm, TabOut):=- truel|TabIn=Tablut.
othervise,
dynamic_constraints(Sizel, Col, SizeY¥, Tabln, TabDut) :- truel

init_cola(Size¥, Sizel, SizeY, Tabln, TabInl, Coll,
dynamic_constraints(SizeX, ~(Col+1), SizeY, TabIni, Tabdut ).

imit_eels(0, _, _, Tableln, TableOut, _) :- truel
Tablelut=Tableln.

otherwise.

init cols(Col, Sizek, SizeY, TableIn, TableDaut, X} :- truel

Coll := Cel - 1,
init_cffe(Sizel, SizeX, SizeY, Coll, Elemtab, X. Syncl),
TableIni=[[1, Coli|Elemtab)|Tableln],
(wait(Syne) ->
init_cols(Coll, SizeX, SizeY, Tablelnl, Tablefut, X)}.

init_offs(0, _, Tab, ., Sync) := true|Tab=[], Symc=1.



otherwise,
init_offs(0ff, SizeX, SizeY, Col, Tab, X, Sync) :-
Off1 = Off - 1,
Index := X + Dff1,
Indexi := Index mod SizeX|
(Indexi=:= Index ->
const_dom(Indexl, SizeY, Col, Off1, Tab, Tabl, LSyac);
othervise:
trug ==»
const_dom{Indexl, Size¥, Col, ~(X - Index + SizeX), Tab, Tabi, LSync)),
init_offs1(0ff1, SizeX, SizeY, Col, Tabl, X, L8yne, Sync).

init_offs1(0£f1, SizmeX, SizeY, Col, Tabil, X, LSync, Syme):- wait(LSynec) |
init_effs{0ff1, SizeX, SizeY, Col, Tabl, X, Sync).

%
% const_dom(SizeX, Column, Offszet, Pattern)
*
const_dom{_, _, _, O, Tab, Tabl, Sync) :- truel
Tab=Tabl, Sync=1.
otherwvise.
const_dom(Index, SizeY, Col, OffIn, Tab, Takl, Sype) :-
off OffIn = 2,
Sum := Col+0ff+i,
Dif := Col-Dff|
{Dif < 1, Sum »>= SizeY -> Tab=Tab1l, Sync=1;
otharwice:
true -»
generate{0, Dif, [, Pat1, _),
generate(Sum, SizeY, Pati, Pat, Syne),
Tab=[[Index |Pat] ITabl]).

generate{Min, Max, PatIn, PatOut, Sync):- Min < Max|
PatIni=[Min|PatIn],
generate(”(Min+1), Max, PatIni, PatOut, Sync).

othervise.

generate(_, _, PatIn, PatOut, Syne):- truel PatOut=Patln, Sync=1,

2.3 Scheduling

2.3.1 Description of the constraints
variables

The variables are the events z; to be scheduled.

domains

The domains of the events represent the temporal dimension z; of the problem. The problem is given in terms of
tirme-steps.

static constraints

Most of the events may only occur inside of & statie time-window; according to the As Soon As Pussible ASAP and
As Late As Possible ALAP. Lets show the example described in the first part of the report, Figure 2.4, To simplifie,
we represeut ouly one part of the problem, generalization is straightforward,

If we ask the system io make the scheduling of this problem in 6 time steps, it begins to determin the As Soon As

Pogsible and As Late Az Possible schedules, as shown in Figure 2.3 The domain of the variables is thus reduced, its
limits becomes the ones defined by ASAP and ALAP, ¢, & 1,322 €[1,3), zz € 2,424 € [3.5].zs € [1, 4],z € [2, 5],

10
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Figure 2.3 The ASAP and ALAF schedulings

I7 & [4. ﬁ].
The sige of the search space i thus dramatically reduced and passes from 67 = 270936 to (respectively) 3 « 4% x 3 =
1868, This reduction of the search space by a factor of T2 illustrates Lhe usefniness aof static constraints

dynamic couslraints

For an instance of au event z; in the temporal space z;, the dynamic constraints express all the time-steps of the
eeluted events which are invalidated by the current instance; this is to say all the predecessors of this even should be
finished before. and all the successors should begin afier. This is quite simple to program with the Lree structure we
adopted to represent the relations between events. It is to search for parent children relations in a graph (classical
problem}.

2.8.2 expression of the constraints

To be able to express different problems, we made a little language. To express a problem, one has just to express the
suceessor relation. inside of a vector. The positions of the vector are the events, their content gives thetr successors:
ometimes a list if there are several successors. The 0 position of this vector is a virtual element pointing towards all
the beginning elements, The end elements point as well to a virtual element heing the last position of the vector. The
latier always contains an empty list.

for the problem described in Figure 2.4, First part of the report.
Da.ta.={[1.2,5.ﬂ.lﬂ:|,3.3.4,?.6,?,12.9.12,11.12.[]}.

for the problem described in Figure 2.5, First part of the report.
Data={[1,7],[2.3],[4,6),[9,11],5,[11,12,13],[®,12,13],8,[6,9],
[10,12].[13,17].[15.13].t14.1?].15.[15,16],15,19.[14,151,15.[1}.

2.3.3 (Generation of the constraints

As we already commented the principles, and the programs are quite simple, basically performing parent-children
searches, we do not add comments to the sources,

constraints({X, ¥}, Rea):- truel

% these +1 appear because time frame iz in the range fi..m],

% and gfch in [0.. (n-1}]
time_frame(~(X+1), “(Y+1}, Dom, Ch_tree, Pa_tTes),
make_mask(d, ¥, Mask),
static_constrainta{Dom, Demi, 1, ~(X+1), Mask, Maski,Sta_res),
transferm(Ch_traa, Ch_treel),
transform(Pa_tree, Pa_tresl),

% up here, evaerything is clean again

11



dynamic_constraints(Doml, Ch_treel, Pa_treel, Maskl, Sta_res, Res).

make_mask({Cur, Max, Mask):- Cur < Max|
Mask=[Cur |Mask1],
make_mazk({"(Cur+l), Max, Maski).
make_mask(Max, Max, Mask):- true| Mask=[].

static_constraints(Dom, Domc, Cur, Max, Wask, Maskc, Res):-
Cur < Max,
Curi:= Cur-1|
get_vactor_slement (Dem, Cur, Elem, _, Damd),
cet_vactor_element (Dom0d, Curil, _, Eleml, Domi),
transf simple(Elem, Eleml, Elem2},
diff(Elem?, Mask, Maskil, LoRes},
kes=[[Cur1, 0, [Curl |LoRes]]|Res1],
static_constraints (Doml, Domc, “(Cur+l), Max, Maskl, Maskc, Resi).
static_constraints (Dom, Domec, Max, Max, Mask, Maskc, Res):- true]
Dom=Dome , Mask=Maskec, Rea=Q].

% transf_simple asnd transform are to bring the variables,
% from [1. W], to [0..7(N-1}], as well as the domains.
transf simple([&|B], R1, RZ):-
Al:=4-1|

Ri1=fa1 |H11],

Rz=[4l |R22],

transf_simple(B, Ri11, R22}.
transf_simple([], R1, R2):- trus|

ki1=[1, R2=[1.

transform( [A|B], Res):- list(4)|
transform(A, Hesi),
transform(B, Hes2),
Aes=[Resil | ResZ].

otherwise.

transform{ [A|B], Ras):- trual
transform(B, Resi),
Res=["{A-1) |Res1].

tranaform([], Res):- true|Res=[].

ditf([aiB],{aIC], Copy, Res):- true|
Copy=[A|Copy 1],
diff(B, C, Copyl, Res).
othervise.
diff{8, [A|C], Copy, Ras):- trus]
Copy=[AlCopy1],
Res=[4i|Resi],
diff(B, C, Copyl. Resl).
diff(_, []., Copy, Has):= trus|
Copy=00, Res=[].

dynamic_constrainta(Dom, Child, Parent, Mask, In, Out):- truel
relat{'before’, Child, Dom, Doml, Mask, Maski, In, Ini),
relat{'after’, Parent, Domi, _, Maski, _, Ini, Out).

relat{Typa, [A|B], Dom, Dome, Mask, Maske, In, Out):- truel
relati{Type, &, Dom, Doml, Mask, Maski, In, Ini),
relat{Type, B, Doml, Domc, Maski, Maskc, Inil, Out).

relat{_, [1, Dom, Domc, Mask, Maskc, In, Out):- true]
Dom=Domec, Mask=Maskc, In=0Out.

12



relati(Type, [AIE], Dom, Domc, Mask, Maskc, In, Out):- list{d)l
relat1(Type, A, Dom, Domi, Mask, Maskl, In, Inl),
relatl{Type, B, Doml, Domc, Maskl, Maskc, Ini, Out).
ctherwise.
relati(Type, [AIB], Dom, Domec, Mask, Maskc, In, gut):-
vector_slement(Dom, A, Domh)} |
relat2(Type, A, Domk, B, Dom, Domi, Mask, Maskl, In, Inil,
relati{Type, B, Domi, Domec, Maskl, Maske, Ini, Out).
relati{_, [1, Dem, Domc, Mask, Maskc, Im, Out):- truael
Dom=Domc, Mask=Maskc, In=Out.

relat2(Type, X, Domk, [¥|Z], Dom, Domc, Mask, Maskc, In, Out):~- list(¥)]
relat2(Type, X, Domk, Y, Dom, Domi, Mask, Maski, In, Int),
relat2(Type, X, Domk, I, Doml, Dome , Maski, Maske, Inl, Out).
otherwize,
relat2{Type, X, Dom¥, [¥I|Z], Dom, Dome, Mask, Maske, In, Out):-
vector_element(Dom, ¥, DomY)|
relat3{Type, X, ¥, Domk, Dom¥, Mask, Maskl, Im, Inil,
relat2{Type, I, DomX, Z, Dom, Domc, Maskl, Maskc, Inl, Out).
relat2{_, _, ., [1, Dom, Domc, Mask, Maskc, In, ODut):- tzuel
Dom=Domc, Mask=Maskc, In=0Out.

relat3(Type, %, ¥, [AlE], DomY, Mask, Maskc, In, Out}:- truel
relat4(Type, A, Dom¥, Censt),
(Copat=[] -> Ini=In;
otherwise;
true - Int=[[X, 4, [Y |Conat]}|Inl},
relati({Type, X, ¥, B, DomY, Mask, Maske, Ini, Out).
relat3(_, _, _, [1, _, Mask, Maskc, In, Out):- true|
Magk=Maskc, In=0Out,

relatd(’before’, Lim, Dom¥, Const):- truel
before(Dom¥, Lim, Comst, _J.

relatd{’after’, Lim, Danm¥, Const):- truel
after{Dom¥, Lim, Cemst, 0, _}.

before([A | _], C, Before, Lon):- A > C|
Before=[], Ln=0.

atherwise.

before{[A | B]l. €. Before, Ln):- truel
Before=[A | Beforel],
Lo:= Lni+ 1,
before(B, ¢, Baforel, Lni).

before([], _, Before, Ln):- truel
Bafore=[]1, Ln=0.

after([a | B], C, After, Aln, Ln}:— & < €|
after(B, ¢, After, “(Aln-1}, Lun).

ctherwise.

after([A | B], ¢, After, Aln, Ln):- truel
After=[A | B],
Lo:=Aln.

aftar([], _, After,Aln, Ln):- true|
After=[], Ln=Aln.

% we hawe the definitionm of the problem

time frame(X, Y, Dom, Ch_tree, Pa_tree):-
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Din:=X+1]

schedul:init(X, Dln, Data),

new_vector (PIn, Dln},

parent{(Data, Child, PIn, Par, 0, Dla),
set_vector_element(Par, 0, _, [], Paremt),
asap(Child, 0, Dln, Asap, AsapMax, Ch_tres),
alap(Parent, ¥, Dln, Alap, Pa_tree),
make_domain(Aszap, Alap, Dem, Dsize, Dln).

parent{Mata, Datac, In, Out, Fos, Max):=- Pos<Max|
set_vector_element(Data, Pos, Ele, Elel, Datai),
parenti{Ele, Elel, Pos, In, Ini),
parent{Datal, Datac, Ini, Out, ~{Poa+l), Max).
parent(Data, Datac, In, Out, Max, Max):- srue|
DatasDatac, In=Dut.
parent1([A|B], Copy, Pos, In, Dut):— true|
set_vector_element(In, A, Elem, Resel, Ini),
(Elem=:=0 => Resel-Fos:
list(Elem} -> Resel=[Pos|Elem]:
cthervise;
true -> Resel=[Pos,Elem]),
Copy=[&lCepyi],
parent1{B, Copyl, Pos, Inl, Out).
parent1([], Coepy, _, In, Out):- true|
Copy=0, In=0ut.
othervise.
parent1{A, Copy, Fog, In, Dut):- true]
get_vector_element(In, A, Elam, Resel, 0Out}),
{Elem=:=0 -> Hesel=Paos:
list(Elem} -> Resel=[Pos|Elem]:
othervise:
true —> Resel=[Pos Elem]),
Copy=A.

% ASAF and ALAP are simply vectors.

% we make a depth first of child or parent and update the
% ASAP and ALAP by m‘putting the min and max inside.

% then we can do the csp.

% csp should work as well without this,

% depth first takes the Child or PArent and constructs the

% chronology if the operations in lists.

% the result Lis is the pre-fixed tres represantation

%oit filters as well the element :Filt, this allows to conmstruet
% the and removing the end and bagin, unnecssary in the follewing.

depth first{Vect, Vo, Begin, Filt, Lis):- truel
set_vector_element (Vect, Begin, Elem, Elemc, Vectl),
depth_firsti(Vectl, V¢, Elem, Elemc, Filt, Lisl),
Lie=[Lis1].

depth_firsti(Vect, Vo, [AIB], Copy, Filt, Lis):- true|
got_vector_element(Vect, A4, Elam, Elemc, Vect2),
depth firsti1(Vect2, Vect3, Elem, Elemc, Filt, Lisi),
Copy=[4 | Capy 1],
Lis=[[& |Li=s1] | Lisz],
depth_firsti(Vect3, Ve, B, Copyil, Filt, Lis2).

depth_firstl1(Vect, Vecti, [, Copy, _, Lis):- trusl
Vect=Vectl, Copy=[], Lis=[],

otharvise.
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depth_firsti(Vect, Ve, Filt, Copy, Filt, Lis):- truel
set vector_slement{Vect, Filt, Elem, Elemc, Vect2)},
dnpth_ilrstlﬂ'ac*ﬂ, Ve, Elem, Elemc, Filt, Lis),
Copy=Filt,

depth_firsti(Vect, Vc, A, Copy., Filt, Lis}:- Filt ='= A]|
set_vector_element(Vect, A, Elem, Elemc, Vact2),
depth_firstlf“ectﬂ. Ve, Elem, Elemc, Filt, Lisl),
Copy=A,
Lis=[& ILis1].

¥ for &5 Socom As Possible
% we make a vector and scan the list of Children,
% the maxi of the time schedule is set to the ASAF vector

asap(Child, Begin, Ln, Res, Max, Ch_tree2}:- truel
depth_first{Child, _. Begin, Lmn, Ch_tree),
new_vector{ResIn, Lu},
asapl(Ch_tree, Ch treel, ~(Begin+1), Resln, Resi),
lizt:rec_remove(Ch_treel, ~{Lan-1}, ., Ch_tree),
set_vector_slement{Resl, ~(Ln-1}, Max, Hax, Res).

asapl{[a |B], Copy, Begin, Vecln, VecOut):- true]
{list(A} -» asapi(4, Copl, Begin, Vecln, YecInl),
asapl(B, Cop2, Begin, VecIni, VecOut),
Copy=[Copl | CopZl;
otherwise;
true -» get_vector_element{VecIn, A, Val, NemVal, VecInl),
fel:maxi(Val, Degin, NewVal),
Copy=[h | Copl,
asapl(B, Cop, ~(Begin+1), VecInl, VecOut}).
asap1(], Copy, ., VacIn, VecDut):- truel
VecIn=VechOut, Copy=[1.

¥ far A= Late As Poszsible

% we make a vector and scan the list of Parents

% the mini of the time schedule is set to thae ALAP vector

% to do so, thiz vecor has been instanciated to the Max value of
% the time schedule, issued by the asap predicate.

alap(Parent, Maxval, Ln, Res, Pa_treel):- true|
depth_first{Parent, _, “(Ln-1), O, Pa_tres),
new_vector{kesIni, Ln),
alap0{ResIni, ~(Ln-1), Maxval, ResIn),
alapi{Pa_tres, Pa_treel, ~(Maxval-1), Resln, Rea) .

alap0{Vect, Cur, Maz, VectR):- Cur > =1
set_vector_element{Vect, Cur, _, Max, Vecti),
alapd(Vectl, “(Cur-1}, Max, Vacth).

alap0(Vect, -1, _, VectR):- true|
Vect=Vecth.

alapi([A |B], Copy, Maxval, VecIn, VecOut):- trua|
(list(A) -> alapi(k, Copl, Maxval, VecIn, VecInl),
alapi(B, Cop2, Maxval, VecInl, VecOut),
Copy=[Copl | Cepll;
otherwise;
true -> set_vector_element(VecIn, A, Val, NewVal, VecInl),
fal:mini{Val, Maxval, HewVall},
Copy=[A | Copl,
alapi(B, Cop, ~(Mazval-i), VecIni, VecDut) ).



alapl([d, Cepy, _, VecIn, VacOut):- trusl
VecIn=VecOut, Copy=[].

% make_domain prepares the domain for the Csp.
% it outputs the variation demain of each variable, in the Domain vector,
% as {0, [2,3],01)....} and the list Dsize containing the length of each
% domain and the variable name. [[2,1],[1,21...]
% notice that we lose the first and last element of ASAP and ALAP,
% since the begin and emnd are fizxed elements
make_domain(Asap, Alap, Dom, Dsize, Dln):- true|
new_vector(Deml, “(Dla-1)),
make domainl(Asap, Alap, Deml, Dom, Dsize, “(Dln-2)).
make_domainl(Asap, Alap, DomIn, DomOut, Dezize, Cur):-
Cur > 0,
vector_element(Asap, Cur, Sel),
vector_slement (Alap, Cur, Lel)|
gene_li=t(Sel, Lal, List, Lln},
set_vector_element(DomIn, Cur, _, List, DomIni),
Dsize=[[Lln, Cur]|Dsize1],
make_domainl{Asap, Alap, DomInl, DomOut, Dsizei, “{Cur-1)}).
make_domaini{ _, _, DomIn, DomDut, Dsize, 0):- trus|
DomIn=Dom0ut, Dsize=[].

gene_list(4, B, Lis, Ln):- & < BJ
Lis=[& | List],
Lo:=Ln1+1,
gene list{"(A+1), B, Lisi, Lni)}.
gene_list(a, A, Lis, Ln):- truas|
Lis=[A], Ln:=1.

critical_time(X1, Y1, NewY):-

% here again we have these +1 operations

% for historical reasoms, the scheduling works between 1 and ¥
% the problem solver between O and (N-1)

X:= X141,

Yr= Y141,

Din:=%X+1|

schedul:init(X, Dln, Data),

new_vector{PIn, Din},

parent(Data, Child, PIa, _, 0, Dln},

asap(Child, ©, Dln, _, Critical, _),

{Critieal > ¥ —> NewY := Critical - 1,
Blabla=[’Critical time', NewYl,
util:p_conscle(Blabla, _);

otherwise;
trum =3 NewY := Y1},
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Chapter 3

Source code of Parallel Forward
Checking

The zource code is divided into 5 modules, sfehl, gfehl, afch, gich, fch. The four first ones contain the sources
of the problem-solvers, the last module has some utilities used by the problem solvers.

As the code is clear enough, no comment has been added besides the comments already contained in the source files.

‘The the cade uses Lhe Tacilities provided by the FLIB library[l]. We mske an extensive use of bil-encoding, so 1o
achive efficiency.

3.1 SFCH1

i Frogram: SIMPLE FORWARD CHECKING IN PARALLEL

%

" mnigue solution search

%

Y SPECULATIVE AND PARALLELISM

A

¥  Auther: Takashi Chikayama (ICOT)

%  Data: 15 Aug 1088

A Hote: Queens Problem Sclver

W Originally, this was 2 sequential implementation of the
14 gueen prolem

%

% modified Bernmard Burg

! Extention to parallel processing

% Date: 10 May 90,

% modified Bernard Burg

% Extension to simple forward checking (application indpt)
A Date: 13 June 80.

% modified Bernard Burg

W One solution search with AND parallelism
%  Date: 29 June 90.

!

%  For keeping candidate positions, a bit table is used.
Y  Thus, only up to 32 variables problem can be solved.
%

= module sfchl.
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i= public main/E, run/s, psfchi/s.

% measures for the multi-psi
run{{Var¥bin, DomS2}, Pr¥ame, OutF, ProlibtIn, File):- true]
fch:fech input(Var¥bIn, VarNb, ProNbin, Prokb),
Name=string#"SFCH_ONE",
fel:get _code(sfchi, psfchi, 5, (oode, normal),
utzl:start_stats(Qcode, {{Var¥b, DomSZ}, FrName, OutF, ProNb, L}, STH),
S5TR1=[{0, string#"problem solver”, Name},
{0, string#'problem”, Pr¥ame},
{0, string#“size", {VarNb, DomSZ}},
{0, string#"processors”, Prolb},
{0, string#"selutions", L}|STR],
(string(File, _, _) -» fchiwrite_in_file(STR1, File);
altarnativcly;
true -> File=L).

psichi(N, PrName, CutF, ProMb, Res):- trupe|
paricreate_list_of p(0, ~(ProNb-1}, {Nm, PrName, OutF, ProMb}, Data),
par:apply list_of_p(Data, , sfchi, main,
{data_in, Processor_in, merge_out, stream_in, stream_sut},
Resl, Circ, Cire),
list:sync_sum{Res1, Res2, Tot),
{wait(Tot) -»
utilireq_time(string#“time", Sync),
pafch11(0utF, Tot, Res2, Res, Sync)).

pefchi1(DutF, Tot, Res?, Res, Sync):- wait(Syne)|
util:ireq red(etring# reductions", Synci),
(wait(Syncl), OutF=all -> Res=Res2:
dthervise;
true - Res=[Tat, HesZ]).

main{{Size, FrName, OutF, MaxPro}, CurPre, ME_out, ST_in, ST_out) := truel
maini{{Size, PrName, MaxPro}, CurPro, Ans, ST_in, ST_out),
list:sync_length{ins, AnasC, Lln),
(wait(LLn), OutF=all -> ME_out=AnsC:
otherwise:
#ait{LLn)-> ME_sut=[LLnl).

mainl{{{SizeX, SizeY}, PrName, MaxPro}, CurPro, Ans, ST_in, ST_out) :-
init_nondets(SizeX, SizeY, MaxPro, CurPro, Nondets, PT},

fchisingle bit_table(SET),

feligat_code{Pr¥ame, constraints, 2, PRCode, normal),
fel:shoen_execute(PRCode, {{SizeX, Size¥}, Cons}, 0, 4086, 1,
[start|Ctl], Rpt),

fchicontrol_shoen{kps, Ctl, S8yne),

Ich:mpattern_table(Cons, Sizel, SizeY, PT, 55Sync, CurPro),

nev_vector (AnsV, SizeX),

choice{Nondets, Ansv, [], Ans, SBT, PT, ST_in, 5T out).

choice(_, _, Sin, 3, _, _, ST_in, ST_out):= ST in=[stop|_]|
$=53in, 3T_in = 5T_out.
alternatively.
choice(_, _, Sin, 5, _, _, ST_im, ST_out):= Sipn \= []1]

Sin = 8, ST_out = [step | ST_in].
choica([{Row,Bits} iNondets], 4, [], 3, SBT, PT, ST_in, ST_out) :-
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vector element(PT, How, PTell |
choose(Bits, &, [1, S, SBT, PT, PTel, Row, O, Nondets, 5T im. ST_out).
choicel([1, &, [1, 5, _., _, 8T_in, ST_out) :- true |
Y §No more nondeterminacy; we have the answer.
$ = [4], ST_out = [stop!ST_in].

choosel _, _, Sin, 8, _, o5 - -0 =r —» &T_in, ST_out) :-
57 _in=[ztepl_]|
8=5in, 5T_in = S5T_out.

alternatively.
choose(Bits, A, Sin, 5, SBT, PT, PTel, Row, Col, Nondets,
ST_in, ST_out) :- truel

alt_chooga(Bits, A, Sin, 3, S8BT, PT, PTel, Row, Col, Nandets,
ST_in, ST_out).

alt cheose(0, ., Sim, S, _, —s —» —s —» -, ST_in, ST_out] :- truel
& = Sim, ST_in = 5T_out,
othearwvise,

alt_choose(Bits, A&, Sin, 5, S8BT, PT, PTel, Row, Col, Nondets,
8T_in, ST_out) :=
LSB := Bits /1,

LSE = 0 |
Coll = Col + 1,
Ritsl := Bits >> 1,

choose(Bitsl, A, Sin, S, SBT, PT, PTel, Rew, Coll, Nondets,
ST_in, ST_out).
ptherwise,
alt_choose{Bits, A, Sin, S, SBT, PT, PTel, Row, Col, Nondets,
ST_in, ST_out) :=
Coll = Cel + 1,
Bitsl := Bits >> 1,
veciu:_ﬁlamant[PTel, Col, PT_Col) |
check({Nondets, &, Sin, Sini, SBT, PT, HRew, FT_Cel, KD, ND, Col,
ST_in, ST_ini)@priority(*, 2000},
choose(Bitsi, A, Sini, 5, 5BT, PT, PTel, Row, Coll, Nendets,
5T_ini, ST_out)@priority(s, 1000).

eheck{_, _, 5if, 5, _+ —s -+ —» —n =» —» ST_imn, ST out) :-
ST_in=[stopl_1| §=5in, ST_in = 5T_out.
alternatively.

check(L, A, Sin, 5, SBT, PT, Row, PT_Cand, Nondets, NDtail,
Col, ST in, ST_out) :- true|
alt check(L, A, Sin, 5, SBT, PT, Reow, PT_Cand, Nondets, NDtail,
Col, ST_in, S5T_out).

alt_check([1, &, Sin, S, SBT, PT, ARew, _, Nondets, NDtail,
Col, S5T_in, 5T_out) :- trua|
Wotail = [],
gat_vector_elemsnt{A, ARow, _, Col, Al),
choice(Nondets, A1, Sin, S, SBT, PT, ST_in, ST out).
alt_check( [{NDRow, Bits}|NDleft], A, Sin, 5, SBT, PT,
Row, PT_Cand, Nondets, NDtail, Col, ST_in, ST_oumt) -
vector_slement{PT_Cand, NDRow, Pattern),
MewBits := Bits /% Pattern,
NewBits > © |
check1(NDleft, A, Sin, S, SBT, PT, Row, PT_Cand, Nondets, KDtail,
NewBits, NDRow, Col, ST_in, 5T_out).
otherwise.
alt_check(_, _, Sif, 5y —s —s —s —» =3 -y —» ST_in, ST out) :-
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truel
& = 5imn, ST_in = ST_out.

% to test if the sclution is unigue
checki{NDleft, A, Sin, 3, SBT, PT, XRow, PT Cand, Nowdets, NDtail,
Bits, Rew, Col, ST_in, ST_out) :-=
Hash := Bits med 27 .
vector_element(SET, Hash, {Bits, Posl}) |
check2(NDleft, &, Sin, 5, SBT, PT, XHow, PT_Cand, Nendets, HDtail,
Row, Pos, Col, ST_in, ST_out).
otherwvisa.
check1(NDleft, 4, Sin, S, SET, PT, XRow, PT Cand,
Hendets, HDtail, Bits, Row, Col, S5T_in, 5T out) -
KDtail = [{Row, Bita}|KewTaill,
check(NDleft, A, Sin, 5, SBT, PT, XRow, PT Cand, Nondets, NewTail,
Cel, S5T_in, ST_out).

check2([], A, Sin, S, SBT, PT, Akow, _, Nondats, BDtail, How, Pos,
Col, ST in, ST_out) :-
vector_element{PT, Row, PT_PosI),
vector_element{PT_Posl, Pos, PT_Pos)|
Wbtail = [J,
% again false
zet_vector_element(A, ARow, _, Col, A1),
check{Nendets, &1, Sim, S5, SET, PT, Row, PT_Po=, WD, KD, Pos,
ST_in, ST_out).

check2{[{NDRow, Bits}|NDleft], A, Sin, &, SBT, PT, XRow, PT Cand,

Nondets, NDtail, Rew, Pos, Col, 5T_in, ST_sut) -—
vector_element (PT_Cand, NDRow, Pattern),
NewBits := Bits /\ Pattern,
NewBits > O |
NDtail = [{NDRew, WNewBits}|MNewTaill,
check2(NDleft, A, Sin, S, 5BT, PT, iRow, PT_Cand,

Nendets, NewTail, Row, Pos, Col, ST_in, 5T _out).

ctherwvise.

checkZ{_, _, Sin, 5, _, _, . v o4 —r —s v . 5T_in, ST_out) :=- true|
5 = Sin, 5T_imn = ST_out.

% INITALIZATIONS Inserted

A

% generates a vector of Sizel elements:{Doml, Domz, Dom3, Domd...}
% where Dom represents the bit encoding of each variables domain
% the size of sach demain DomSz is recorded in Rsize

% Rsize=[DomiSz, Doml, Dom2Sz, Dom2 ...

% PT is the mask table (NewDom:= Mask/\ Dom)

init_nondets{Sizel, SizeY, MaxPro, CurPro, R, PT):- true|
fch:gen_elements(”(SizeY-1), DomM, Domk, DomB, Disz, DBsz),
fch:find_power{0, 0, MaxPre, Digit),
init_nondets1(R, 0, SizeX, DomM, Domh, DomB, Disz, DBsz, Curfro, Digit,
0, PT),

% init_nondetsi fills the domains, It determines as well the parallelism
% According to the number of proceegore, which is in powar of 2,

% it inserts the whole domain of a variable, o¢r inserts a half demain

% DomA or DomB,

% Df course, each processor will work on a different domain
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init_nondetsl(5tl, Max, Max, _, _, - —s -9 —» - o _Ji— truel
sti=[].
othervise.
init_nondets1i(St, W, Max, DomM, Domi, DomB, DAsz, DBsz, CurPro, Digit, Whera, PT):-
¥ »= Digit,
vector_element{PT, N, PtEl),
vector_element{PtEl, 0, PtELE1},
vector_element{PLE1El, N, LnitDom),
DomEl:= DomM /% InitDomi
st=[{N, DomEl}|5ti],
init _nondetsii{Sti, "(¥+1), Max, DomM, DomiA, DemB, DAsz, DBez, CurPro,
Digit, Where, PT).
init nondetsl{St, N, Max, DomM, DomA, DomB, Dhsz, Dbsz, CurPro, Digit, Where, PT):-
N < Where,
vector _element{PT, N, PtEl],
vector _element{PtEl, 0, PtElEl},
vector_element(PtE1EL, W, InitDem),
DomEl:= DomM /% InitDom|
st={{N, DomEl}]5t1],
init_nondet=1(St1, ~{N+1), Max, DomM, DomA, DomB, DAsz, DBsz, CurPro,
Digit, Where, PT).
init nendetsi(St, N, Max, DemM, DomA, DomB, DAsz, DBsz, CurPro, Dhgit, Where, FT):
K < Digit, ¥ »= Where,
vector_element{PT, K., FPtELl],
vestor_element(PtEl, O, PtELEL},
vester slement(PtELEL, N, InitDom)!
Shift:= N - Wheare,
Loc:= {(CurPro >>Shift)/ M\,
(Log=:=1 - DomEL:= DomA /% InitDom,
St=[{N, DomEl}|St1];
othervise;
tTue => DomEL:= DomB /% InitDoem,
St=[{N, DomE1l}|St1]),
init_nondetai(St1, "(N+1), Max, DomM, Domk, DomB, Dhs=z, DEsz, CurPro,
Digit, wWhere, FT).
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3.2 GFCH1

% Program: GENERALIZED FORWARD CHECKING IN PARALLEL

%

% the size of the tables is a parameter

*

% UNIQUE SOLUTION SEARCH

* speculative AND-parallelism

s

% Author: HBernard Burg

% Date: June 28 20,

!

% Wotes:

% run{{SizeX, SizeY, WD_encod}, Problem, ProcessorNh, "f£ile")

s

W SizeX is number of variables in X dimension (integer)

Y Siza¥ is number of variables in ¥ dimension {integer}

% Wh_encod defines the length of the encoding and decoding tables, (integer)
% if WD _enced=1, an element of X is decoded as 1 werd

A Wl _encod=2, X 2 words, with a shift
s etc.

% This word encoding has strong repercussioms on the efficiency, thus
g we open this parameter to the user, so he may adapt it te the machine
% used. (For the 80 MByte PSI, we used Sizel=16, WO_encod=1)}

u Froblem is the name of the medule containing the applicatioan {ntom’)
W FrocessorNb is the number of processors used (integer)

A File is the name of the result file (“string").

%

% in the file, time measure, reduction count, Size

% PrecessorNb and number of solutions are recorded.

%

% This version uses bit encoding for the domains of variables

%

% The pattern masks are stored in the PT table.

% The number of bites of demains are stored in the DT table.

% The first bite of domains are stored in the FT table.

%

% The heart of the program is application independent.

i~ module gfchil.
1~ public gfchl/E, pgfchl/E, run/B.

%

% PARALLELISM AND MEASURES

'.I": e e

run({VarNbIn, DomSz, WZ}, PrName, DutF, ProWbIn, File):- truel

fchi:fch_input{VarKbIn, VarNb, ProNbIn, ProNb),
Bame-gtring#"GFCH_ONE",
fel:get_coda(gfchi, pgfchl, 5, Qcode, normall,
util:start_stats(Qcode, {{Var¥b, DomSz, WZ}, PrName, OutF, ProNb, L}, STR},
5TR1=[{0, string#"problem sclver", Namal},

{0, string#"problem”, Pr¥ame},

{0, string#“size”, {Varkb, DomSz, WZI}},

{0, string#"processors”, Profib},

{0, string#"solutions"”, L}|STR],
(string(File, _, _) -» fch:write_in_file(STR1, Fila);

alternativaly;
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true —> File=L}.

pgfchi(N, PrMame, OutF, Prolib, Res):- truael

par:cruatu_list_cf_piﬂ. - (Prob-1), {N, Pr¥ame, OutF, Prolbl, Datal,
par:apply_list_of _p(Data, _, gichl, gichl,

{data_in, processor_in, merge_out, stream_in, stream_out},

Resl, Cirec, Circ),

list:sync_sum{Resl, ResZ, Tot),
(gaiti(Tot) =»

util:req_time(string#“"time"”, Sync),

petchii{DutF, Tot, Res2, Res, Syncl}.

pgfchii{0utF, Tot, Res2, Res, Sync):- wait{Sync)|
util:req red(string# reductions", Syncil,
{wait{Sync1), OutF=all -> Res=Resl;
othervies;
wait(Synci) -» Res=[Tot, Res2]).

% the main predicate

gfchi({{SizeX, Size¥, T_5Z}, Pr¥ame, DutF, MaxProl,
CurPro, ME_out, ST_in, ST_out):-
MMaz:= (1<<SizeY)l=t]
gen_dom(PrName, SizeX, SizeY, MazPre, CuxFro, Dom, [Car, Cdar| Lisl,
FT, DT, MasTa, DGNB, Sumln),
fch:gen_decode(SizeX, Size¥, T_SI, DT, FT, DGNB, MasTa),
prop_best{Lis, Car, Cdar, Nlis, [MCar, NCdaxr]),
fch:sumlength(SizeY, DGNE, Sumlnl,
(BCar < 1 => Ri=[], ST_in=ST_out;
otherwise;
truae =>
propagate([NCar, WCdar], NLis, Dom, ], Ri1, DT, PT, FT, DGNB, MasTa,
MMas, Sumln, ST_in, 5T_sut)),
1ist:sync_length(R1, R2, LLn},
wait_res{0OutF, LLn, R2, ME out).

wait_resf{all, LLn, R?, R):- wait{LLn)IR=R2.
otherviae,
wait_res{_, LLn, _, R):- wait(LLn) [R=[LLn].

%
Y INTTALIZATIONS

?* ———————= e ———

% generates a vector of K olements:{Doml, Dom2, Dom3, Domd...}
Y where Dom represents the bit encoding of each variables domain
Y the size of each domain DomSz is recorded in Reize

% Raize=[DomiSz, Deml, Dom2Sz, Dom2 ...

% PT is the mask table (NewDom:= Mask/% Dom)
% DT is the table of the number of bites
% {vector_element(DT, NewDom, NewDomSz))

% FT is the table of the first bites, to find the next
% instanstanciation of the variables

% T_Size is the size of the words in the decoding

Y Mas_TA is the deceding table, it constaints masks of cutting the
% word to decode in slices,
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gen_dom(PrName, SizeX, SizeY, MaxPro, CurPre, R, KenDex, PT, DT, TDO,
DENB, Sumln):- truel
fch:gen_elements(” (Size¥Y-1), DomM, Domi, DomE, Disz, DBsz),
fch:find_power(d, 0, MaxPro, Digit),
Where:= 0, Y%(SizeX - Digit)/2, for queens
(wait{DAsz), wait(Where) -»
fel:get code(PrName, constraints, 2, PRCode, normal),
fel:shoen_execute(PRCode, {{SizeX, SizeY¥}, Cons}, 0, 4095, 1,
[start|Ctl], mpt),
fchicontrol shoen(Rpt, Ctl, SSyne),
fch:mpattern_table{Cons, SizeX, SizeY, BT, SSync, CurPrao),
gen domi(R, NomDet, 0, SizeX, SizeY, DomM, DomA, Doms, Dész, DBsg,
CurFro, ~(Where+Digit), Where, PT, DT, TD, DGHE, Samln)).

% gen_dom! fills the domains, It determines as well the parallielizm

% According te the number of processors, which iz in pover of 2,

% it inserts the whole domain of a variable, or inserts a half demain
% DomA or DomB.

% 0f course, each processor will work on a different domsin

gen_domi{St1, NonDet, SizeX, SizeX, _, _, _, _, _. _, _. —h mr o —a a
i= truel|
nevw_vector(5t1, SizeX), NonDet=[].
othervise.

gen_dom!(St, NonDet, N, SizeX, SizeY, DomM, Demd, DomB, DAsz, DBsz,
CurPro, Digit, Where, PT, DT, TD, DGKB, Sumip):-
K >= Digit,
vector_element (PT, N, PtEL),
vector_element({PtEl, O, PtELEl),
vector_element(PtELEL, N, InitDom),
DemEl:= DomM /% InitDom|
set_vector_element(St1, N, _, DemEl, St),
bit_sum(DT, DemEl, Sumln, TD, DGNB, DoemLn, 0],
NonDet=[Domln, N|NomDeti],
gen_dem1(St1, NenDetl, “{N+1}, SizeX, BizeY, DomM, DomA, DomE, Dis=x,
DBsz, CurPro, Digit, Where, PT, DT, TD, DGNE, Sumln},
gen_domi1(5t, NonDet, N, SizeX, Size¥, DomM, Domf, DomB, DAsz, DBsz,
CurPro, Digit, Where, PT, DT, TD, DGNE, Sumln):-
N < Where,
vector_element(PT, W, PtE1l),
vector_elemsnt(PtEl, 0, PtE1EL),
vector_element(PtELEL, ¥, InitDom),
DomEl:= DomM /% InitDeml
Fet_vector_element(Sti, N, _, DomEl, B},
bit_sum(DT, DomEl, Sumln, TD, DGKE, Domlm, ©),
NonDet=[DomLn, WlWonDeti],
gen_domi(Sti, NonDeti, “(¥+1), Sizel, SizeY, DomM, Domhk, DomBE,
DAsz, DBez, CurPre, Digit, Where, PT, DT, TD, DGHE, Sumln).
goen_doml (5t, MonDet, N, 5izaeX, SizeY, DomM, Domk, DomB, DAsz, DBsz,
CurPro, Digit, Where, PT, DT, TD, DGNE, Sumln):-
N < Digit, N >= Whera,
Shift:= ¥ - Where,
Loc:= (CurPre >»>Shift)/\1,
vector_element(FT, N, PtEL),
vector element{PtEl, 0, PtELEl),
Vector_element(PtELEL, N, InitDom)|
{Loe=:=1 -> DomEl:= DomhA /% InitDom,
set_vector_element(St1, N, _, DomEl, 5t):
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otherwise;
true -> DomEl:= DomB /% InitDom,
set_vector_slament(St1, N, _, DomEl, 5t}),
bit_sum(DT, DemEl, Sumln, TO, DGKE, Domlm, O,
NonDet=[Domln, N|NonDeti],
gen_domi(Sti, KonDetl, “(N+1), SizeX, Size¥, DomM, Domi, DomB,
Dasz, DBsz, CurPro, Digit, Where, PT, DT, TD, DGNE, Sumln).

% GENERALIZED FORWARD CHECKING (core)

A

% a solution was given by another processcr.

propagate{_, _, _, Im, Out, _, s v s - -0 = 8T_im, ST_ocutl:-
ST in=[svop|_] |ST_out=5T_in, Out=In.
alternatively.
propagate(_, _, _, Imn, Dut, _. _. s —v =1 —» = 8T _in, ST_out):=
In %= [0 Out=In, ST_out=[stoplST_inl].
propagate([1, _, Dom, 0, Out, _, _, _, - —y -» -, ST_in, ST out):-

truelOut=[Dom], ST_cut=[stop|ST_inl.
propasate{[i,L]_ Lis, Dem, [1, Cut, Dr, Pt, Ft, DGNE, TD, MMas, Sumln, S5T_1im,
8T _out):=
vaclor_element(Pt, L, Ptel}l
g¢t vector_element(Dom, L, Doml, ¥, Domc),
first_bit{Ft, Doml, &, TD, DGKB, Y),
vector_element({Ptel, ¥, Ptelel, _},
check_posi{Lis, Demc, {1, [1, Out, Ptelel, D%, Pt, Ft, DGNB, TD.
MMas, Sumln,ST_in, ST out).
propagatel [L1ln,L], Lis, Dom, [1, Out, Dt, Pt, Ft, DGKE, TD, MMas, Susln,
ST_in, ST_out):—
Lln=%=1,
vector_slement{Pt, L, Ptel]|
get vector_element{Dom, L, Doml, Doml2, Domc}),
first_bit{Ft, Deml, ©, TD, DGNEB, Y),
¥Y1:=Y+1,
Domi2:=(Doml>>¥1)<<¥1i,
set_vector_element(Domc, L, _, ¥, Domcl),
vector_element{Ptel, ¥, Ptelal, _J),
check_pos2(Lis, Dome3, [1, [“{Lla-1},L|Lis], Domc, [1, Out, Ptelel, Dt,
Pt, Ft, DGKE, TD, MMas, Sumln, 5T_im, ST_out).

Y, propagates The Constraints Issued From Position [X, Y], Fer Line L.
check_posl( _, _, _, Im, Oubt, _, i o4 =5 —p =r =1 = ST _in, ST_out):-
5T _in=[= top | _] | ST_out=5T_ in f Out=In.
alternatively. .
chack_posi(L, Dom, Varr, In, Out, Ptel, D%, Pt, FtL, DGNE, TD, MMas,
Sumln, ST_im, ST_ocutl:- truel
alt_check_posi(L, Dom, Varr, In, Out, Ptel, Dt, Pt, Ft, DGNR, TD,
MMas, Semln, ST_in, ST_out).

alt_check_posi{ _, _, [01_1, In, Dut, _, _s —» = = =+ —» =»
ST_in, ST_out):- truel|
Out=In, ST_in=S8T_out.
cthervise.
alt_check_posi([Aln, AlB], Dom, Varr, Imn, Out, Ptal, Dt, Ft, Ft,
DGER, TD, MMas, Semln, ST_im, ST_out):-
vector_elsment(Ptal, A, MMas)|
check_poel(B, Dom, [Alm, A |Varr], Im, Out, Ptel, Dt, Pt, Ft,
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DCHE, TD, MMasz, Sumln, ST_in, ST_out).
othervise.
alt_check_posi([_,41B], Dom, Varr, In, Out, Ptel, Dt, Pt, Ft, DGNE,
TD, MMas, Sumln, 5T_in, ST_ont):-
vector_element(Ptel, &, Mask)i
set_vector_element(Dom, 4, Domel, Wewdom, Domi),
Newdom:= Domel /% Mask,
bit_sum(Dt, Newdom, Sumln, TD, DGNE, Newaln, 0),
check_posi(B, Doml, [Newaln, & |Varr], Im, Dut, Ptel, Dt, Pt, Ft, DGNB,
TD, MMaz, Sumln, ST_im, ST_out).
alt_check_posi([0, Dem, [1, In, Out, _, _, _, _, _, _, _, _,
3T_in, ST_out):- true|
Out=[Dom|In], ST _out=[stopl|ST_inl.
alt_check_posi{[], Dom, [Car, Cadr|Cdr], Inm, Out, _, Dt, P, Ft,
DGNB, TR, MMas, Semln, ST_in, 5T_out):— truel
lazy_prop_best(Cdr, Car, Cadr, Mcdr, Wear),
propagata{Near, Wedr, Dem, In, Out, Dt, Pt, Ft, DGNE, TD, MMas,
Sumln, 3T_in, ST_out).

check_pos2( _, _, _, _, _, In, Out, _, _, _, _, _. _, - s
sT_in, ST_out):-
ST_in=[etopl|_T|ST_out=ST_in, Out=In.
alternatively.
check pes2(L, Dom, Vark, Valln, DomIn, In, Out, PTEL, DT, PT, FT,
DGNE, TD, MMas, Sumln, S5T_in, ST_out):=- true|
alt_check_pos2(L, Dom, Vark, Valln, DomIn, In, Out, PTEL, DT,
FT, FT, DGNE, TD, MMas, Sumln, 5T in, ST_ocut).

alt check_pos2( _, _, [0|_], [Lln, LILis], DomIn, In, Out, _, DT, PT,
FT, DGNB, TD, MMas, Sumln, ST_im, ST out):- trusl
propagate([Lln,L], Lis, DomIn, In, Out, DT, PT, FT, DGNB, 1D,
MMas, Sumln, 5T_in, ST_out).
otherwise.
alt_check_pos2([Aln,A|B), Dem, VarR, Valln, DomIn, In, Out, PTEL,
DT, PT, FT, DGNE, TD, MMas, Sumln, ST_in, ST out):-
vector element{PTEL, A, MMas)|
check_pos2(B, Dom, [Aln, 4 [VarR], Valln, DomIn, In, Out, PTEL,
0T, PT, FT, DGNE, TD, MMas, Sumln, ST_in, 5T_ocut).
otherwise.
alt_check_pos2({[_,4|8], Dom, Varf, Valln, DemIn, In, Out, PTEL, DT,
PT, FT, DGNB, TD, MMas, Sumln, S5T_in, 5T_cut):=
vector_element(PTEL, &, Mask) |
set_vector_element(Dem, A, DomEL, NewDom, Domi),
NewDom:= DomEL /% Mask,
bit_sum(DT, NewDom, Sumln, TD, DGNB, Newdln, 0},
check_pos2(B, Demi, [WewAln, A [Vark], Vallm, DomIn, In, Out,
PTEL, DT, PT, FT, DGNB, TD, MMas, Sumln, ST_in, ST_out).
alt_check_pos2([], Dom, [1, _, _, In, OUt, _, _, os ' —s s —s —s
BT_in, ST_out):- truel
Out=[Dem|In], ST_out=[stoplST_in].
alt_check_pos2([1, Dom, [Car, Cadr|Cdr], [Lln, L|Lis], DemIn, In,
Out, _, DT, PT, FT, DGNB, TD, MMas, Sumln, ST_in, ST_out):- truel
propagate([Lln,L], Lis, DomIn, In, Inil, DT, PT, FT, DGNB, TD, MMag,
Sumln, ST in, ST_iml)@priority(+, 2000),
lazy_prop_best(Cdr, Car, Cadr, NCdr, NCar),
propagate(NCar, NCdr, Dem, Ini, Out, DT, PT, FT, DGNB, TD, MMas,
Sumln, ST_inl, ST_out)@priority(*, 1000},
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% the following predicates are used in the core of the program
% they should be as efficient as poszible

¥ note: they are shared by GFCE and GFCH1, but for the sake of
% efficiency we duplicate this code in the modules calling them.

% research of the first bite of a word
first bit(Ft, Value, Pos, BMask, DGNE, Res):-
index:= EMask /% Value|
first_bit1(Index, Ft, Value, Fos, BMask, DGHE, Res).

first bitl1{0, Ft, Value, Pos, BMask, DGKEB, Reg) -
Nvalue := Value => DGNBI
first_bit(Ft, Nvalue, ~{Pos+1), BMask, DGNB, Hes) .
first_bitil(Index, Ft, _, Pos, _, DGHE, Ras}:=
Index > O,
vector_element(Ft, Index, Loc)|
Res:= Lec + [Poz + DGNBJ.

% research of the sum of the bites of a word
tit sum(Dt, Value, Pos, BMask, DGNE, Res, Sum) ;=
Pos = 0,
NValue := Value >> DGNB,
Index := BMask /% Value,
vector_element{Dt, Index, RLas) |
Sumi:= Rlec + Sum,
Bit_sum(Di, KValue, ~(Pos-1), BMask, DGHB, Hes, Sumi).
bit_sum(Dt, Value, O, _, _, Res, Sum):-
vector_slement{Dt, Value, RLac)|
Res:=fLoc#Sum.

Y. searches for the best element to be propagated,
" {t means the cne having the s=mallest Domain Size DomSz,
% [DomSz, Dom lothera]

prop_best({[A,BIL], Min, €, Res, Couple):- A > Min]|
Res=[A,B|Resl],
prop_best(L, Min, C, Resl, Couple}.
prop_best([A,BIL], Min, C, Res, Couple):= A =< Minl
Reg=[Min, ClResi],
prop_best(L, A, B, Resl, Couple).
prop_best{[, &, B, Res, Coupla):= truel
Ree=[1, [&, Bl=Couple.

% the Lazy version is used in the core of the program

% searches for the best element to be propagated,

¥ it means the cne having tha smallest Domain Size DomSz,

Y [DomSz, Dom |othars]

Y this lazy version stops as soon as it finds and element having

Y a Domain size=i, [1, Dem, lothers]. This works since we know that
Y 0 elemsnts cannot appsar in the core of the program

lazy_prop_best(L, 1, C, Res, Couple):- truel
RessL, Couple=[1,CI.
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otherwisa.
lazy_prop_best{[A.B|L], Min, C, Res, Couple):- & > Min|

Res=[A,B|Res1],

lazy _prop besti(L, Min, C, Resi, Couple).
lazy_prop best([4,BIL], Min, C, Res, Couple):- & =< Mig|

Res=[Win, C|Resi],

lazy_prop_best(L, A, B, Resl, Coupla).
lazy_prop_best([], &, B, Res, Couple):- true|

Res=[], [a, Bl=Couple.

lazy_prop_besti{[A,BIL], Min, C, Res, Coupla):- A > Min|
Res=[4,8|Re=1],
lazy prop_bestl1{(L, Min, C, Resl, Couple),.
lazy_prop_best1{{4,BIL], Min, C, Res, Couple):- & =< Min|
Res=[Min, C|Resi],
lazy_prop_best(L, A&, B, Resi, Couple).
lazy_prop_besti([], Ak, B, Res, Couple}:- true|
Res=[], [&, Bl=Ceuple,
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3.3 SFCH

% Program: SIMPLE FORWARD CEECKING IN PARALLEL
A

A exhaustive solutien search

%

%

% Auther: Takaghi Chikayama (ICOT)

% Date: 1E Aug 1988

% Wote: Quesns Problem Solver

% Originally, this was a sequential implementaticon of the
% guesn prolem

A

% modified Bernard Burg

i3 Extention te parallel processing

% Date: 10 Hay 90.

% modified Bernard Burg

A Extension te simple forward checking (application indpt)
% Date: 13 June 80.

%

%, For keeping candidate positions, a bit table 1= used.
%  Thus, only up to 32 variables problem can be golved.

:— module sfch.
;- public main/3, run/5, psfch/5.

Y measures for the multi-psi
run({Var¥oIn, DomSZ}, Pr¥ame, OutF, ProNbIn, File):- truel
tch:fch input{VarWblIn, VarNb, ProNbln, Prolb),
Name=string#"SFCH",
fol:get_code(sfch, psfch, 5. Qcode, normall,
util:-start stats{Qcode, {{Var¥b, DomSZ}, FrName, OutF, Frolb,
STR1=[{0, string#"problem solver™, Namel},
{0, string# problem”, Frlamel},
{0, stringg size”, {VarWb, DomSZ}},
{0, stringf"processors”, Prolib},
{0, string#"sclutions”, L}|STR],
(string(File, _, _} -% fch:write_in_file(STR1, File);
altermatively;
true -» File=L).

pafchi(N, Prlame, OutF, Prolb, Res):- true|
par:create_liat_of_p(0, “(ProNb-1), {N, PrNams, OutF, Prolik},
par:apply_list_of_p(Data, _, sfch, main,
{data_in, processor_in, merge out}, Resi, _, [},
list:sync_sum(Resl, Resl, Tot),
(wait({Tet) -»
utilireq_time{string#"time”, Sync),
pefchi{DutF, Tot, Res2, Res, Syncll).

psfchi{OutF, Tot, Rea2, Ree, Sync):- wait(Syne) |
util:req_red(stringh"reductions”, Synci),
(wait(Sync1), OutF=all -> Res=ResZ;
otharwisa;
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true =>» Res=[Tot, Raz2]).

main{{Size, Pr¥ame, OutF, MaxPre}, CurPro, R} :- trusl
maini{{Size, PrName, MaxPro}, CurPro, Ans),
list eync_length{Ans, AnsC, LLmn),
{wait{LLn), OutF=all -> R=AnsC;
otherwise;
true - R=[LLn]).

maini({{SizeX, Size¥}, Pr¥ame, MaxProc}, CurPro, Ans} :-
init_nondets(SizeX, SizeY, MaxPro, CurPro, Noendets, PT),
fch:single_bit table(SBET),

fel:get_code(Priame, constraints, 2, PRCode, normal),
fel:shoen_execute({PRCode, {{SizeX, SizeY}, Cons}, 0, 4036, 1,
[start [Cel], Rpt},

fch:control_shoen{Rpt, Ctl, SSync),
fechimpattern_table{Cons, SizeX, SizeY¥, PT, 55ync, CurPro),
merge{S, Ans),

new_vector (AnsV, SizeX),

choice(Nondete, AnsV, S, SBT, PT).

cheice([{Row,Bits}|Nondets], &, S, SBT, PT) :=
vector_salement({PT, Row, PTel)|
choose(Bits, A, 5§, SBT, PT, PTel, Row, O, Nondets).

cheica([], A, 85, _, _} :- truel
% o more nondeterminacy; we have the answer.
5 = [4].

choosel(0, _, S, _, _, _, _, _. _) = traal
5= I1.
otherwise,

choose(Bits, &, 5, SBT, PT, PTel, Row, Col, Nendets) ;-
L3B := Bits /M 1,
LSE = O |
Coll := Cal + 1,
Bitsl := Bits »>» 1,
choose(Bitsl, A, S, SBT, PT, PTal, Row, Coll, Nondets).
athervise,
choose(Bits, &, 5, SBT, PT, PTel, Row, Col, Nondets) :-
Coll := Col + 1,
Bitsl = Bits »> 1,
vactor_element(PTel, Col, PT_Col) |
S = {51, 52},
check(Nondets, 4, 51, SBT, PT, Row, PT_Ccl, BD, KD, Col)@®priority(+, 2000},
choose{Bit=1, A, 52, SBT, PT, PTel, How, Cell, Nondeta)@priority(+, 1000).

check({[], &, S, SBT, PT, ARow, _, Nondete, ¥Dtail, Col) :-
truel

KDtail = [],

set_vector_element(A, ARow, _, Col, A1),

choice{Nondets, A1, &, SBT, PT).
check([{NDRow, Bits}|¥Dleft]l, A, S, SBT, PT,

Row, PT_Cand, Nondetsz, KDtail, Col) :-
vector_element(FT_Cand, NDRow, Pattern),
NewBits := Bite /\ Pattern,
HewBits > 0O |
checki (NDleft, A, S, SBT, PT, Row, PT_Cand, Nondeta, NDtail,

NewBits, NDRow, Col)}.
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otherwise,
checkl_, _, 5, v ot =+ =1 —1 —>» _} = trual

s=1[.

Y to test if the solutiom is unique
checki(NDleft, A, 5, SBT, PT, XRow, PT_Cand, Kondets, NDtail,
Bits, Row, Col) :-
Hash := Bits mod 37 ,
vector_element(SBT, Hash, {Bits, Pos}) |
check2{NDleft, A, 5, SBT, PT, XRow, FT_Cand, Nomdets, KDtail,
Row, Pos, Col).
ptherwise.
checki{KDleft, &, 5, SBT, PT, LHow, PT_Cand,
Nendets, WDtail, Bits, Row, Col) :-
NDtail = [{Row, Bite}|NewTaill,
check(NDleft, &, S, SBT, PT, XRow, FT_Cand, Nondet=, NewTail, Coll.

check2([], &, 5, SBT, PT, ARow, _, Nondets, ¥Dtail, Row, Pos, Cel) :-
vector_element(PT, Row, PT_Posl},
vector_element (FT_Posl, Pos, PT_Posg}|
WDtail = [1,
% again falsae
sut_vector element(A, ARow, _, Col, A1),
check(Wondets, A1, 5, SBT, PT, Row, PT_Fos, BD, KD, Pos).

check2({[{NDRow, Bits}|NDleft], &, $, SBT, PT, IRow, PT_Cand,

Nondets, NDtail, Row, Pos, Col) :-
vector_slement(PT_Cand, §DRow, Patteru),
FewBits := Bits /% Patternm,
NewBits > O |
WDtail = [{NDRow, NewBits}|NewTaill,
check?(NDleft, 4, S, SBT, PT, XRow, PT_Cand,

Nondets, NewTail, Row, Poes, Col).

etherwize.

check2(_, . S, _i s —r —1 =t =% =t =% _) - truel
5= [1.
¥ INTTALIZATIONS Inserted

¥ e m oo s m——

Y% mgenerates a vector of Sizel elements:{Domi, Dom2, Dom3, Domé...}
% where Dom represents the bit encoding of each variables domain
% the size of each domain DemSz 1s recorded in Resize

Y% Reize=[DomiSz, Demi, Dom2Sz, Dem2 ...l

% PT is the mask table (NewDom:= Mask/\ Dom)

init_nondets{SizeX, SizeY, MaxPro, CurPre, R, PT):= truaf
fch:gen_elements(” (SizeY-1), DomM, DomA, DomB, Disz, DEsz),
fch:find_power(0, 0, MaxPro, Digit),
init_nondetzl(R, O, SizmeX, DomM, Domk, DomB, DAsz, DBsz, CurPro, Digit,
0, PT).

% init_nondetsl fills the domains, It determines as well the parallelism
%, According to the nusber of processors, which is in power of I,

% it inserts the whole domain of a variabla, or inserts a half domain

%, Domk or DomB.

% 0f course, sach processsr will work on a different domain

init_nondetsi{5tl, Max, Max, _, _s —v —s —s =5 =3 —» _yi- truel
sei=[].
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othervise.
init_nondetsi(St, N, Max, DomM, Domh, DomB, DAsz, DBsz, CurPro, Digit, Where, PT):-
N >= Digit,
vector _element(PT, N, FtEl),
vecter_element(PtEL, 0O, PtELEl),
vector_element{PtELELl, N, InitDom),
DomELl:= DemM /% InitDomi
St=[{N, DemEl}[5t1],
init_nondets1(St1, "(K+1), Max, DomM, DomA, DomB, DAsz, DBsz, CurPro,
Digit, Where, PT).
init_nendet=1{5t, N, Max, DomM, Domh, DomB, DAdsz, DBsz, CurPro, Digit, Where, FT):-
N < Where,
vector_element{PFT, N, PLEL},
vector _element{PtEl, 0, PtEIEL),
vector _element{PtE1El, N, ImnitDom),
DomEL:= DomM /% InitDoml|
St=[{N, DomEl}|St1],
init_nondets1(St1, "(N+i), Max, DomM, DomA, DomB, DAsz, DHsz, CurPro,
Digit, Where, PT).
init_nondets1(St, N, Max, DomM, DomA, DomB, DAsz, DBsz, CurPro, Digit, Where, PT):-
K < Digit, N >= Where,
vector_element({PT, N, PtEl},
vector_element(PtEl, o, PtELE1l),
vector_element (PtELEL, N, InitDom)|
Shift:;= § - Where,
Loc:= (CurPre >»>Shift)/\1,
(Locs:=1 = DomEl:= Domd /% InitDom,
St=[{N, DomEl}|5ti];
otharyisza;
True =3 DomEl:= DoemB /% InitDom,
st=[{¥, DomE1}|Sti]},
init_nondets1{St1, “(N+1}, Max, DomM, Domi, DomB, Disz, DBEsz, CurPro,
Digit, Where, PT).
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3.4 GFCH

% Program: GENERALTZED FORWARD CHECKING IN PARALLEL
%

% the size of the tables is a parameter
A exhaustive solution search

LS

]

% Author: Bernard Burg

% Date: June 14 90.

n

% Notes:

% runf{SizeX, SizeY, WD_enced}, Problem, Processcrib, HEile')

L]

L

! SizeX is number of variables in X dimension (integer)

% SizeY is number of variables in ¥ dimension (integer)

) WD_encod defines the length of the encoding and decoding tables. (integer)
% if WD_encod=1, an element of I is decoded as 1 word

W WD_encoad=2, I 2 words, with a shift

b ate.

h This word encoding has strong repercussions on the efficiency, thus
% ¥e open this parameter to the user, so he may adapt it to the wachine
» used. (For the 80 MByte PSI, we used Sizel=16, WD_encod=1)

i Problem is the name of the module containing the application (’atom’)
% ProcessorNb is the number of processors used (integer)

% File is the name of the result file ("string").

)

A in the file, time measure, reduction count, 3ize
% ProcessorNb and number of solutions are recorded.
%

% This version uses bit encoding for the domains of variables
%

% The pattern maske are stored in the PT tabla.

% The number of bites of domains are stored in the LT tabla.
% The first bite of domains are stored in the FT table,

%

;= module gfch.

:— public gfch/3, pgfch/5, run/E.
%

% PARALLELISM AND MEASURES
I -

run ({Var¥bIn, DomSz, WZ}, PrKame, OutF, ProWbin, File):- truel
feh:foh_input(VarNbIn, VarNb, ProNbln, Prolb),
Bamesstring#"GFCH",
fol:get_code(gich, pgfch, 5, Qcode, nermal),
util:start_stats{Qcode, {{Var¥b, Dom5z, WZ}, PrName, OutF, Prolb, L},
STR),

STR1=[{0, string#"preblem solver"”, Namel,

{0, string#"problem", PrName},

{0, string#“size", {Var¥b, DomSz, WEZ}},

{0, string#"processors", ProNbl},

{0, string#“solutions™, L}|STR],
(string(File, _, _)} -* fch:write_in_file(STR1, Filel);
alternatively;
true —-> File=L)}.
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PEfch(N, PrName, OutF, ProNb, Res):- truel
par:create_list_of_p(0, “(ProNb-1), {N, PrName, OutF, Prolb}, Data),
par:apply_list_of_p(Data, _, gfch, gfch,

{data_ip, processor_im, merge_out}, Rasi, _, [1},
list:sync_sum{Resi, Res2, Tet),
(mait(Tor) -»

atil:req_time(string#"time", Sync),

pefchi(OutF, Tot, Res2, Res, Syncl).

pefch1(OutF, Tot, ResZ, Res, Sync):- wait(Sync)|
utilireq_red(string#"reductions", Synci),
(wait{Syncl), OutF=all -» Res=ResZ:
cthervise;
wait(Synci) -> Res=[Tot, Res2]).

% the main predicate

}; _______ T —

gfch({{Sizex, SizeY, T 5Z}, PrName, GutF, MaxPro}, CurPre, R):-
MMas:= (1<<SizeY}-1|
gen _dom(PrName, Sizek, SizeY, MaxPro, Curfro, Dom, [Car, Cdar| Lis],
PT, DT, MasTa, DGNB, Sumlin),
fehigen_decode{SizeX, Size¥, T_SZ, OT, FT, DGNE, MasTa),
prop_best{lis, Car, Cdar, WLis, [NCar, NCdai]),
fch:sumlength(SizeY, DGNB, Sumln),
(NCar « 1 =» R1 =[]:
otherwise;
true -> propagate([NCar, NCdar], WLis, Dem, R1i, DT, PT, FT, DGHE,
MasTa, MMas, Sumln)),
list:sync_length(Ri, R2, LLn},
wait_res{0utF, LLn, R2, R).

wait_resf(all, LLn, B2, R):- wait{LLn) |R=R2.

otherwise,

wait_res{_, LLn, _, R}:= wait(LLn)}|R=(LLn].
A

Y% INITALIZATIONS

R —

% generates & vector of N elements:{Domi, Dem2, Dom3, Domd...}

% where Dom represents the bit encoding of each variables domain
% the size of each domain DemSz is recorded in Rsiza

% Rsize=[Domi1Sz, Domi, Dom2Sz, Dom2 ...]

% PT is the mask table {(NewDom:= Mask/\ Dom)

% DT is the table of the number of bites

% (vector_element (DT, NewDom, NewDomSz))

% FT is the table of the first bites, to find the next

% ingtanstanciation of the wariablas

% T_Size is the size of the words in the decoding

% Mas_TA is the decoding table, it constaints masks of cutting the

% word to decode in slices,
gen_dom(PrName, Sizel, SizeY, MaxPro, CurPro, R, §onDet, FT, DT, TD,

DGEB, Sumln):- truel
fch:gen_elements(~(Size¥-1), DomM, DomA, DomB, DAsz, DBsz),
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fch:find_power(0, 0, MaxPro, Digit),

Where:= 0, %{SizeX - Digitl}/2, for quesns

{wait(DAsz), wait(Where) ->
fel:get_code{Priame, constraints, 2, PRCode, normall,
fel:shoen_execute(PRCode, {{SizeX, Size¥}, Cons}, 0, 4088, 1,

[start|Cell, Rpt),

fch:control_shosn(Rpt, Ctl, SSync),

fch:mpattern_table{Cons, SizeX, SizeY, FT, 53ync, CurPro),

gen_domi(Rk, NomDet, O, SizeX, SizeY, DomM, DomA, DomB, DAsz, DBsz,
CurPro, ~{Where+Digit), Where, PT, DT, TD, DGNB, Sumln) ).

% gen_deml £fills the domains, It determines as well the parallelism
Y, According to the number of processors, which i in power of 2,

% it inserts the whole domain of a variable, or imserts a half domain
%, DomA or DomB.

%, 01 coursze, each processer will work on a different domain

gen_domi(Sti, NonDet, SizeX, Sizek, _, _» s —s =+ —r 0 =1 =3 =3 = —r
= truel
new_vecter(Stl, SizeX), NenDet=[].
otherwise.

gen_domi{St, NonDet, N, SizeX, SizeY, DomM, DomA, DomB, DAsz, DBsz,
CurPro, Digit, Where, PT, DT, TD, DGNE, Sumln):-
N »= Digit,
vector_element{PT, ¥, PtEL},
vector_element({PtEl, 0O, PtELEL),
vector_element(PtELEl, ¥, InitDem),
DomELl:= DomM /M InitDoml
cat vecter_element(5t1, N, _, DomEl, 5t),
bit_sum(DT, DemEl, Sumln, TD, DGNB, Domln, a3,
NonrDet=[Domln, N|¥onDeti],
gen_domi{5Stl, WomDeti, “(N+1}, Sizek, SizeY, DomH, Domé, DomB, DAsz,
DBsz, CurPro, Digit, Where, PT, DT, TD, DGNB, Sumln).
gen_doml1(5t, NonDet, N, Sizel, Size¥, DomM, Domk, DomB, DAsz, DBs=z,
CurPro, Digit, Where, FT, DT, TD, DGHB, Sumln) -
N < Where,
vector_element{PT, N, PtELl),
vector element{PtEl, 0, PtELELl},
vector_element (PCELEL, N, InitDom),
DomEL:= DomM /% InitDoml
set_vector_element(St1, W, _, DemEl, 5t),
bit_sum{DT, DomEl, Sumln, TD, DGN¥B, Demln, 0),
NenDet=[DonLn, N|NenDeti],
gen_dom1(St1, NonDeti, ~(N+1), SizeX, SizeY, DomN, Demi, DomB,
DAsz, DBsz, CurPro, Digit, Where, PT, DT, TD, DGNE, Sumln).
gen_dom1{5t, NomDet, N, SizaX, SizeY, DomM, Domk, DomB, Disz, DBsz,
CurPre, Digit, Where, FT, DT, TD, DGHB, Sumln): -
N < Digit, N >= Where,
Shift:= N - Where,
Loc:= (CurPre »»Shift)/\1,
vector_element(PT, N, PtEl),
vactor_elemsnt(PtEL, ©, PtElEl),
wector_element(PtE1El, N, InitDom) |

v

{Log=:=1 => DomEl:= Domk /% InitDom,
gat_vector_element(Sti, N, _, DomEl, 5t);

otharvise;

trua -> DomEl:= DomB /% InitDom,

get_vector_slement{St1, ¥, _, DomEl, 5t)),
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bit_sum{DT, DomEL, Sumln, TD, DGNB, Demln, O},
NonDet=[Domln, N|NonDeti],
gen_domi(Stl, NomDeti, “(N+1), SizeX, Size¥, DomM, Domi, DemBE,
DaAsz, DBsz, CurPro, Digit, Where, PT, DT, TD, DGNE, Sumln).

% GENERALIZED FORWARD CHECEING {core)

Y

propagate([], _, Dem, Dut, _, _, _, _, _. _, _}:- true|Out=[Dem].
propagate{[1,L], Lis, Dom, Out, Dtv, Pt, Fr, DGNB, TD, MMas, Sumln):-
vector_clement(Pt, [, Ptel)|
set_vector_selement(Dom, L, Doml, Y, Domc),
first_bit(Ft, Deml, ¢, TD, DGNB, Y),
vector_element{Ptel, Y, Ptelel, 7},
check_posl(Lis, Dome, [}, Dut, Ptelel, Dt, Pt, Ft, DGNB, TD, MMas, Sumln).
othergise,
propagate([Lln,L], Lis, Dom, Out, Dt, Pt, Ft, DGHE, TD, MMas, Sumln):-
vector element(Pt, L, Ptel)]
sat_vector _element(Dom, L, Doml, Doml2, Domc),
first_bit(Ft, Doml, ¢, TD, DGNB, Y),
Yi:=¥+1,
Doml2:={Doml>>Y1)<<¥1,
set_vector_element{Domec, L, _, ¥, Dome3),
vector_element(Ptel, ¥, Ptelel, _J,
check_pos2(Lis, Deme3, [1, ["(Lln-1),LILis], Dome, Out, Prelel, Dt,
Pt, Ft, DGEE, TD, MMas, Sumin).

% propagates The Constraints Issued From Position [X, Y], Fer Line L.

check_pesit _, _, [Of_J, Out, _, _, _, _, _, _, _, _}:- true|
Dut=[].
ctherwise.
check posi{[Aln,A|B], Dom, Varr, Dut, Ptel, D, Pt, Ft, DGKE, TD, MMas,
Sumin):=

vector_element(Ptel, A, MMas)|
check_posi(B, Dom, [Aln, & |Varr], Out, Ptel, Dt, Pt, Ft, DGNB, TD,
MMas, Sumln).
otherwises.
check_posi{[_,A|B], Dom, Varr, Out, Ftel, Dt, Pt, Ft, DGKNE, TD, MMas, Sumln):-
vector_element{Ptel, A, Mask)|
get_vector_element(Dom, &, Domel, Wewdom, Doml),
Newdem:= Domel /% Mask,
bit_sum{Dt, Newdem, Sumln, TD, DGHE, Nawaln, 0,
check_posl(B, Domi, [Newaln, A |Varr], Out, Ptal, Dt, Pt, Ft, DGNB,
TD, MMas, Sumln).
check_posi([], Bom, [J, Out, _, _, _, _, =, =, -, _}:= true|
Out=[Dom] .
check_pesi{[], Dom, [Car, Cadrl|Cdr]l, Dut, _, Dt, Pt, Ft, DGNB, TD, MMas, Sumln):-
true|
lazy_prop_best{Cdr, Car, Cadr, Nedr, Wear),
propagate(Necar, Nedr, Dom, Out, Dt, Pt, Ft, DGNE, TD, MMas, Sumln).

check_pos2( _, _, [0]_], [Lin, LILis], DemIn, Out, _, DT, PT, FT, DGHE,
TD, MMas, Sumln):- truel
propagate([Lln,L], Lis, DomIn, (umt, DT, PT, FT, DGNB, TD, MMas, Susln).
othervize.
check_pos2([Aln,A|B], Dom, Vark, ValIn, DomIn, Out, PTEL, DT, PT, FT, DGHB,
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TD, MMas, Sumln):-
vector_element(PTEL, A, MHas)|
cher.k_pc:s?{ﬂ. Dom, L[&lm, A [VarR], Vallnm, Domin, Cut, PTEL, DT, FT,
FT, DGNB, TD, MMas, Sumln).
otherwise.
check_pos2([_,A|B], Dom, VarR, Valln, Domlm, Uut, PTEL, DT, PT, FT, DGHE,
T, MMas, Sumln):-
vector_eiement(PTEL, A, Mask)|
set_wector_element(Dom, A, DomEL, KewDom, Doml),
Wewhom:= DomEL /% Mask,
bit_sum(DT, WewDom, Sumln, TD, DGNE, KewAln, 0,
check _pos2(B, Domi, [Newhln, A |Yark], Valln, Domln, Out, PTEL, DT,
FT, FT. DGNE, TD, MMas, Sumlm}.
check_pos2([], Dem, [1, [Lln, LILis], DomIn, Dut, _, bT, PT, FT, DGNE,
TD, MMas, Sumln):- truae]
merge({[Dom], Duti}, Outl,
propagate( [Lin, L], Lis, Demlm, fmti, DT, PT, FT, DGNE, TD, MMas, Sumln) .
check_posz2i[], Dom, [Gar, Cadrlcdrl, [Llm, LlLig], DomIn, Out, _, DT, PT,
FT, DGKE, TD, MMas, Sumln):- true|
mergel{0uti, Out?}, Out),
propagate([Lln,LJ, Liz, DemIn, Outi, DT, PT, FT, DGNB, TD, MMas, Sumln)
gprierityl*, 2000},
lazy_prop_best(Cdr, Car, Cadr, NCdr, NCarl,
propagata(NCar, NCdr, Dom, OutZ, pT, PT, FT, DGNEB, TD, MMas, Sumln)
fpriority{*, 1000).

%, the following predicates are used in the core of the program
% they should be as efficient as possible

¥ note: they are shared by GFCH and GFCHI, but for the sake of
%, efficiency we duplicate this code in the modules calling them.

Y research of the firat bite of a word
first_bit(Ft, Value, Pos, BMask, DGNB, Res):-
Index:= BMask /% Valuel
firet_biti(Index, Ft, Valune, Pos, BMask, DGHE, Res).

#irst hit1{0, Ft, Value, Pos, EMask, DGHE, Res):-
Nvalue := Value »> DGNE|
first_bit(Ft, Wvalus, ~(Pos+l), BMask, DGNB, Res).
first bitl(Index, Ft, _, Pos, _, DGHNE, Res):-
Indax > O,
vector_element(Ft, Index, Loc}|
Bes:= Loc + (Pos = DGHNB}.

% research of the sum of the bites of a word
bit_sumiDt, Value, Pos, BMask, DGNB, Res, Sum)i-
Pas > 0,
WValue := Value >> DGNE,
Index := BMask /% Valus,
vector_element{Dt, Index, RLoc)|
Sumi:= RLoc + Sum,
bit_sum(Dt, NValue, ~(Pos-1), BMask, DGNE, Res, Sumil.
bit_sum{Dt, Value, O, _, _, Bes, Sum):-
vactor_elemsnt(Dt, Value, RLoc)|
Res:=RLoc+5um.
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% searches for the best element to be propagated,
% it means the cne having the smallest Domain Size DomSz,
% [DomSz, Dom |others]

prop_best{[A,B|L], Min, C, Res, Couple):— 4 > Min|
Re==[A,B[Resi],
prop_best(L, Min, C, Resi, Couple).
prop_best([4,BIL], Min, C, Res, Couple):- & =< Min|
Res=[Min, C|Resi],
prop_best(L, A, B, Resi, Couple).
prop_best{[], 4, B, Res, Couple):- truel
Res=[], [A, Bl=Couple.

% the Lazy version is used in the core of the program

% searches for the best element to be propagated,

% it means the one having the smallest Domain Size DomSz,

% [DomSz, Dom |others]

% thiz lazy version stops as soon as it finds and element havipg

% a Domain size=1, [1, Dom, |others]. This works since we know that
% 0 elements cannot appear in the core of the program

lazy_prop_best{L, 1, C, Res, Couple}:- truel
Res=L, Couple=[1,C].
othervise.
lazy_prop_best([A,BIL], Min, C, Res, Couple):- 4 > Mim|
Rez=[i BlRes1],
lazy_prop_besti(L, Min, ¢, Resl, Couple).
lazy prop_best{[A,BIL], Min, C, Hes, Couple):- A =< Nin|
Res=[Min, C|Resi],
lazy_prop_best(L, &, B, Resl, Couple).
lazy_prop_best([], 4, B, Res, Couple):- truel
Res=[1, [a, Bl=Couple.

lazy_prop_besti([A,BIL], Min, C, Ras, Couple):- A& > Min|
Res=[4 ,B|Resl],
lazy_prop_besti{L, Min, C, Resl, Couple).
lazy_prop besti1([4,BIL], Min, C, Res, Couple):- A =< Min|
Res=[Min, C|Res1],
lazy_prop_best(L, &, B, Resl, Coupla).
lazy_prop_besti([], &, B, Res, Couple):- truel
Res=[], [4, Bl=Couple.



3.5 FCH: utilities used by the problem solvers

W
p FORWARD CHECKING IN PARALLEL

" utilities used by SFCH, GFCH, SFCH1, GFCH1

% Auther: Bernard Burg
% Date: & july 30

:= module fch.

i~ public single_bit_table/1,
fch_input/4, write_in_file/2, gen_elements /&,
sumlength/3, gen_decods/T, control_shoen/3, find_power/4,
mpattern_table/6.

% utilites for SFCH and SFCH1
llll;...,___________......_..____..________ -
Ill.'l. I}
% single_bit_table(Table)
% The element number {2°NW mod 37) of the table is:
LW, N}

single_bit_table(Table) :- true|
new_vectar(TO, 3T},
sht{31, TO, Table).

abt(0, TG, T) :- trus| T = TO,
othervise.
sbtiNO, TO, T) :-
N1 := NG-1,
Shifted := 1 << M1,
Index := Shifted med 3T
set_vector _element (TO, Index, _, {Shifted, Wi}, T1},
sht (N1, T1, T).

% wtilities used by SFCH, SFCE1, GFCH, GFCH1

'll'l'l_______..__. S ——— Rt

% checking the input parametera,
% Prolb has to be a power of 2
% 0 < DomSz =< 32

fch_input{DomSzIn, DomSzlut, Profblm, ProNbOut):-
0 €« DomSzIn, DomSzIn < 33|

DomSzIn=DemSz0ut,

naive_bit_sum(ProNbIn, O, BRE),

(ENE =:= 1 -> ProNbIn=ProNblut;

othervise;

true -2

util:p_consola(

string#"Error in the processors number ProNb. It should be a power of 2", _1).
otherwise,
fch_dimput{ _, _, _, _):— tzuel
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util:p conscle(string#"Errer in the domain size DomSz, (0 < DomSz =< 32)", _}.

%this is an elegant manner to count the number of bites in a word
naive_bit_sum(C, Mem, Res);- trusl
Mem=Ras .
otherwise.
naive _bit_sum(Nb, Mem, Res):-
Nbi:= Nb - 1,
NbZ:= Wb /\ Nb1|
naive_bit_sum(Nb2, “(Mem+1), Res).

% utility, to write the result in a file

A

write_in_file(STR, File):- truel
fel:open_file([print_length(32)|Stream], File, w, normal),
write_in_filel(STR, Stream).

write_in_filel{[A|B], Stream):-
vector _element(h, 1, A1),
vactor_elementi&, 2, A42)|
hesul=[41, az2],
Stream=[puttq(Resul) |Streami],
write_in_filel(B, Streami}.
write_in_filel([], Stream):-truel
Stream=[] .

% generates the domain elements, encodsd in Bites.
% DomM iz the whole domain

% Domi is the domain with the even bites

% DomB is the domain with the ocdd bites

gen_elemants(Val, ResM, ResA, ResB, ANb, BNb):- Val> 0|

Loc:= 1 €< Val,

ResM:= Loc %/ RezMi,

Resi:= Loc %/ Hesil,

ANb:= ANBLI +1,

gen_elementsi(~(Val-1), ResM1, ResAl, ResB, ANbi, BNB).
gen_element=(0, KResM, Resk, ResB, ANb, BNb):- trual|

RazM=1, ResB=0, ResA=1, ANb=1, BNb=0.

gen_elementsi(Val, ResM, Resi, ResB, AND, BNb):= Val> 0|

Loc:= 1 << Val,

ResM:= Loc \/ ResMi,

ResB:= Loc \/ ResB1,

BNb:=BNb1 + 1,

gen_selements(”(Val-1), ResM1, ResA, ResBl, ANb, BNb1).
gen_elementsi(0, ResM, HesA, ResB, ANb, BNGL):- truel

ResM=1, ResA=0, ResB=1, ANb=0, BNb=1.

% the contrel of the shoen

control_shoen([resource_lew | Rpt], Ctl, Sync):-
trua|
ct1=[add_resource(1000000000),
% for M-PSI add_resource(1000000000, 1000000000),
allow_resource_rasport | Ctli],
control_shosn{Rpt, Ctl1i, Symc).
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control_shoen([terminated | 1, Ctl, Sync)i-
truel
Sync=1, cel=01.
atherwise.
control_shoen([_IY], Ctl, Sync):- truoe|
control_shoen(Y, Ctl, Sync).

%, Compiles the list of constraints issued from the application
% and gives the table of comstraints used for the forvard checking.
% mpattern_tablelL, MaxX, Max¥, T, Sync, CurPre)

mpattern_table(L, MaxX, MaxY, Tab, Sync, CurPro):- wait{Sync)

local stats(SyncOut, CurPreo),

{wait(SyneOut) ->
init_vector (ElemiY, MaxX, MaxY),
new_vector{ElemY, Hax¥),
create_table(ElemY, ElamX¥, 0, MaxV, Elam¥i),
new_vector (TabEmpt, Maxk),
create_table(TabEmpt, ElemY1, 0, MaxX, Tablnit),
pattern_table(L, Tablnit, Tabl}).

¥ local_stats makes performances on the processor 1 only,
Y to avold uUnhnecessary measures on oTther Processors.
lecal stats(SyncOut, ©0):- truel
util:reg_time{"Constraints"”, Topl,
{wait{Top) -» local_statsl(Tep, SyncOut)}.
othervise.
local_stats(SyncOutr, _}:— true|SyncOut=1.
local_statsi(SyncIn, SyncOut):- wait(SyncIn)|
util:req_red{"red", SyncOut) .

create table(TabIn, Elem, Cur, Max, TabOut):- Cur < Max|
set_vector_element(Tabln, Cur, _, Elem, TabInil),
create_table(TabIni, Elem, ~{Cur+i}, Max, Tablut).

create_table(TabIn, _, Max, Max, TabOut):- truel
Tabln=Tablut .

pattern_table([4|B], TabIn, Tabut):- true|
pattern_tablel{d, Tabln, TabIni),
pattern_table(B, TabInl, TabOut).

pattern_table([], TabIn, TabOut):- true|TabIn=Tablut.

pattern_tablel([IndA, IndB|&]l, TabIn, TabOut):- truel
Pattum_tablaz{h, MazkIn, MaskOut),
get_vector_element (Tabln, Indk, AV, AV1, TabDut),
set_vector_element{AV, IndE, MaskIn, MaskDut, AV1).

pattern_tablei{[], Tabln, TabOut):- truel TabIn=TabOut.

pattern_table2([[Ind |A]|B], VMIn, VMOut):- truel
pattern_mask(A, O, NewMask),
Mask:= NewMask /% OldMask,
set_vactor_element(VMIn, Ind, OldMask, Mask, VMIni),

pattern_table2{(B, VMIni, VMOut) .
pattern_table2{ [J, VYMIn, VMOut):- true|VMIn=VMOut.

Y this allows to make an empty mask, without removing all the
% elements.
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pattern_mask(["+'], _, Res):- true|
Rez := 0.
pattern_mask{{Pos|B], Mask, Res):-
LocMa:= | << Pos,
Maskl:= LecMa \/ Maskl|
pattern_mask(B, Maskl, Hes).
pattern_mask([], Mask, Res):- true|
Res := Mask xor {(-1).

init_vector(Vector, MaxX, MaxY¥):- trual
new_vector{Vec, MaxX),
Vect_value:= {l<<Max¥)-1,
init_vector1(0, MaxX, Vect_walue, Vec, Vector).

init_vectori(Ind, Max, Value, In, Out):- Ind < Max|

set_vector_element (In, Ind, _, Value, Ini1},
init_vectori(”(Ind+1), Max, Value, Inl, Out).
init_vectorl(Max, Max, , Im, Out):- trusl In=Cut.

% finds the power of a number

find_power(0, Val, In, Y):- truel
Mask:=(In>>Val)/\1,
find_power(Mask, ~(Val+i), In, ¥).
tind power(1, Val, _, ¥):- true| ¥Y:aVal-i.

% utilities used by GFCH, GFCH1
e e
% determines the number of words to use for decoding ¥ inm
% theck_pos 1 and 2
% we have to write it in a naive way since the compiler refuses
% the indexing with the moduls dperation
sumlength{Size, Bitln, Resg):-
Test := 5ize mod Bitln|

[Test =:= 0 -> Res := {Size / Bitln) =1:
otherwigea:
true —> Res := (Size / Bitlmn)).

gen_decode(SizeX, Size¥, TabSZ, DT, FT, T_Size, MasTa):- trus|
table_size(Size¥, TabsZ, T_Size),

word_mask(“(T_Size-1), MasTa),

digit_table(T_Size, OT),

FTln:= 1<<T_Size,

new_vector{FTIn, FTln),

first_table(”(FTln-1), FTIn, FT).

% calculation of the table length
table_size(Size, Prop, Res):-
Test:= Size mod Prop|
(Test =:= 0 -> Rae:= Size / Prop;
otherwise;
true -> Res:= (Size / Prop)+1).

word_mask(Len, Bits):- Len > ~1|
Bits:= Bitsl W/ (1 << Len},
word_mask(~(Len-1)}, Bitail).

word_mask(-1, Bite):= true|Bits:=0,
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% generation of the table recording the number of bites of
% oa word

digit_table(Max, Tr}:-

Size:= 1<<Max]|
new_vector(T, Size),
set_vecter_element(T, 1, _. 1, Ti),
digit_tablel(Z, “{Max+1), Ti, Tr).

digit_tablel(N, Max, Tt, Tr):-

N < Max,

Locmin:= 1 << {N-1),

Locmax:= 1 << N,

Mask:= Locmin xor (-1}
digit_table2(Mask, Locmin, Locmax, T, T2),
digit_tablel( (N+1), Max, TZ, Tr)-

digit_tablel(Max, Max, T, Tr):- true|T=Tr.

digit_table?(Mask, N, Locmax, Ti, Trh:-
N < Locmax,
Ind:= N /\ Mask,
vector_element(Tl, Ind, Valuel!
set_vector_element(T1, W, _. “{Valueti), T2},
digit_table?(Mask, ~{N+i}, Locmax, T2, Tr).
dlgit‘tablﬁz{ _, Max, Max, T, Tri:- true|T=Tr.

%, generation of the table recording the first bite of the word.
% this algorithm could alsc take the samé principle as the
% digit_table algorithm {but we kept & more classical way of deing) -

first_table(Max, Yvalin, ¥Yvalout):- Max » O
find_pnﬂer{ﬂ, g, Max, ¥),
(maiti¥] =>
gat_vector_element(Yvalin, Max, _, ¥, ¥Yvalinl),
first_table(” (Max-1}, ¥valini, Ywvalout)).
first_table{&, ¥valin, yyaleut):- truel¥valin=Yvalocut.
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