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valges are c‘ithcr serialized (independent AND-parallelism)
or synchronized (dependentAND-paraIlelism).

Several systems exploit only AND-parallelism [21. 22]

lehsm [2, 6, 28. 32| or acombination of AND-

chsm [13, 19, 7). Systems that combine both
AND- and OR-parallelism

are still under development and

OR parallelism 15 present i many application areas as
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[ INTRODUCTION

el rocessing 18 a Very important alternative to ob-
allel | ; ok | e to
7 l ;Fcrformancc (rom programs. It can be exploited
000(

i explicitly Most well-known parallel systems
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mphcitly Of ooramming model and parallelism
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. . ] v(l pr
~od on imperaty - B T pRl
pased ()d N’lﬁ licitly, making the programming task hard.
oied EXPHETEE 5

(th imperative programming, declarative pro-

are
is expl

asting W S - .
ol oc[CSCNS 1 higher-level programming model where
gmmmch s to worry on what to solve and not on

(he programmet need
how (0 solve d prob ‘
ic. logic programmii
cxploitimplicit parallcl.ism [18]. | s b«
In Logic Programming there are some lm[?‘nu. ‘ iq
of parallclism that facilitate the qulomalnc cxcc’utj(‘)n.. cf
(wo main sources arc OR-parallelism — parallel LXLLU[I.()‘H 0
clauses that composes a predicate — and ANI)-p(u'aIIeh.sm.-
parallel execution of goals that COMPOSCS 2 clausg. The main
aherent difficulty of AND-parallelism 1s to obtain cohcrcpt
bindinos for variables shared by several goals executed n
parallc]. This has lead to design execution models \.vh.crc
o0als which may possibly bind shared variables to conflicting

em. Because of this declarative char-

- 1g offers some opportunitics (0
aelerst

such as parsing, optimization problems and databases. OR
parallelism 1s one of the simplest forms of implicit paral-
lelism, since 1t can be executed without including any an-
notation in the code. At the same time, the execution model
s close to the sequential one. This helps reusing efficient
sequential techniques.

Systems implemented for shared memory architectures
present several limitations: (1) the hardware is not scal-
able, (2) algorithms and data structures designed for shared-
memory architectures sometimes are not scalable if the hard-
ware 1s scalable.  Distributed implementations of PLPS
would be desirable, but are complex and there are few im-
plementations. PLoSys [31] is one example of OR-parallel
system for distributed memory systems. It was inttially im-
plemented for SP/2 machines using a centralized scheduler.
PLoSys was used as a study case to test important concepls
concerning PLPS over distributed environment.

Scheduling PLPS is difficult since the granularity of tasks
1s in general unknown. Most schedulers use heuristics as the
original PLoSys scheduler did. This paper presents one im-
provement with respect to the original scheduling strategy of
PLoSys [30, 31]. The main idea is to use a static analyzer to
infer granularity information at compile time. This informa-
tion is then used at runtime by the PLoSys scheduler.

The rest of this text has the following structure: section
I presents some details of PLoSys imp.lcmcnu\lion,‘ scctio::
[11 presents the way granularity informations are obtained, I
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ic ! | ving schedul-
proposes the use of static information for lmprlol | i FyRge
ing, V presents some related works, and, finally,

presents the final considerations.

[I. PLOSYS SYSTEM OUTLINE

PLoSys implements an implicit‘OR-pamllcln}s)lIljoziS[;[)sr(:g;lj
without including any annotation 1n'thc code. ipri
siders that no shared memory is available qnd aA C sl
cations must be done through message pasﬂsmg. St; Iymodcl
efficient implementation, 1t uses t.he multl-seguec;x bt e
[25]. The multi-sequential model 1s charactcnzg : )i'c =
processes (workers) that have a full Prolog Engmh ,t .ee. g
worker can solve a complete brancl? of the searc trthc. X
set of workers must cooperate sharing tasks to ge bs gact
oram final result. Each worker implements a Prqlog la g
;nachme based on WAM (Warren Al?stract Ma.chm.c | ]).crat-
standard Prolog compilation technique Fonsxsts n ggn’rhis
ing WAM-like code whose architecture is stack l?ase‘ : i
WAM code can be emulated or translated to machine spe
CO(Ii; .OR-parallel systems, task exportation consists in lgnvmg-
a branch of the tree to be remotely solved (an OR a ternzli-
tive). A task 1s thus composed b'y one or more clauses %‘
ternatives) of one predicate and 1ts cxecuugn conte>ft. -
next untried clause of a predicate 15 s.torcd In a special da.ta
structure called choice point [1]. Choice points are stored 1n
a stack called Local.

A. General characteristics

The fundamental problem to solve in an OR-parallfal l(?gic
programming system 1s the maintenance of multiple bindings
for the same variable location in different branches of the
search tree [13, 25]. In theory, a new resolvent is generated at
cach unification of a goal against the head of a clause, by. re-
naming all the variables of the current resolvent. In prac?lce,
resolvents are not copied and the same memory locations
are used to compute alternative resolvents [25]. As a goal
can match to several different clauses and produce different
bindings for a variable, a system that allows several clauses
o proceed 1in parallel need a mechanism to avoid conflicting
bindings. So, optimization techniques used in sequential im-
plementations, establish that the same variable location holds
several single assignment logical variables (bindings) corre-
sponding to alternative unifications of the same goal of a re-
solvent with different clause heads of a predicate. In sequen-
ial Prolog implementations, such a variable location is reset
during the backtracking operation, before a new unification is
attempted. The variable locations to be reset at backtracking
are stored in a stack called Trail Stack.

[n parallel Prolog implementations, variable locations that
may lead to conflicting bindings — these locations are also

stored in the Trail Stack — are called conditional variables.

Each processor needs to have its owp co
variables, as processing of each brapc
rately and simultaneously with other D
lem is to mix efficiently sequentia] py
— since most of the computation

sors will be done sequentially —

. . _ r

processors with their own copies of the conditiong] sao}; ding
r

Cd [O Copc W][ ]ables
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Several solutions have been Propos A
lem. One of the frequently used Classification Cons; ': Prob.
groups: copying, sharing and f€CoOmputation of e [ threq

1. copying of stacks: In this Scheme, eachy Work
tains a complete copy of the Stack
An importer worker copies the sta

tion state down to the node provi
porter will need to restore the stack bindings

vious state, i.e. when the Imported choice o;
created. This way, they keep thejr in

g ermaj_
S 1n IS W0 ;

ding work

One 1de
Search tree wi, the o
porter. So, both share parts of the stacks .

nique, the importer backtracks until the.ligt[?;sn:ech-
choice-point before copying the segmens of the St:\ctn
that are younger than the Jast Common choice-pojpe cks
2. sharing of stacks: workers share the parts of the g : |
that they have in common. acks

: glCal var-
: ; Ca-

d by a special;
called “controller”, Delphi [8] is the m

this approach.

Each technique has an associated non-constant-time cost
that is incurred at task creation time, at variable access time,
Or at task switching time. All three Operations cannot be per-
formed in constant-time [20]. Therefore in order to reduce
the overhead costs, Systems need to reduce these three costs
10 as low as possible. Unless the System employs a static
scheduling strategy to execute the programs, task switching
1s always non-constant-time, and in this case, it becomes one
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o1 parts of the system 10 be 'optl'mizcd [\18].. This Machine 0 AGY
fihe Cm:fmeon of our study concerning scheduling in OR (
mal : - e
'S;r:;cl S.\’Swmb'hand’ if a parallcl Prolog system wants to ¥WorkeroJ [Worker 1]
p on the olh;;gl 0g semantics, the execution of side-effects . i
mnmtam mc~ia| qttention: workers should guarantee that the Scheduler
r‘.qum}‘ SPC(LO rdcr_scnsiliw: predicates across tbc brzfnchcs.of o /
cxccull""‘o 1< calized 0 the correct order. This typically in-
the OR-trtC,t_n (he execution as long as the current branch
jolves dc:la}ll n the OR-ree. PLoSys was designed to deal
i 1ot lcftmOSl 1 [30]. Side-effects had influence in the op-
o lc ling since it would be less complex

‘_Vith (hlsci:nral’l‘?d schedu

{{ most branch.

o detect the le design and implementation decisions in Work
ortant dCSIE orker 2 Worker3]

Other 1P o of the PLoSys system cai be characterized
!

ing aspCClS [32]
or has only one worker and each worker

engine (figure 1); Y
o ]irg::fhinf (processor) that controls initializa- Yactine2 achined
, there! mination of executions. In addition to a nor-
on and |[<cr ‘his machine holds the scheduler process
mal WOTKC <cheduling) and all workers must notify the

has 4
S Ol
Fig. 1. Worker's organization 1n PLoSys with four nodes environment

(Cﬁmrahzed ;itions and get tasks; g
scheduler of state transitio g : ’WAM measures. Scheduling 1s a fundamental aspect in any parallel
o cach worker has 1t private data ared WIETe stacks system since it 1s closely related to system performance and
are manipulated. When a ta§k IS export.ed, stacks t.hat thps Is an important research field in parallel logic program-
represent the context exgcullon are copied to the 1im- ming [18].
orter environment (copy'lng. of StﬂCk?): . Since ideal scheduling is a NP-complete problem, heuris-
larity information available, each tics are frequently used to obtain a good schedulin’g while

o there 1s no granu , .
estimated by its number of choice minimizing the scheduling costs. In PLoSys two heuristics

oints (indicating the number of pending alternatives). are used: (a) the oldest choice point is the most complex;
However choice points do not repr escnt.the rc.al load, and (b) the worker with the greatest number of choice points
ker with two complex choice points can 1s the worker with more load.

s SINC ;
worker’s load 1S

since one WOIRE . :
have more pending work than another with three choice In PLoSys, a worker can assume three states as 1llustrated
points; . . in figure 2: 1dle, quiet and overloaded. This transaction 1s

n in PLoSys is done by copying of the done using the number of choice point as load measure. This

, task exportatio

WwAM stacks and of all non tried alternatives of the old- is a heuristic which is not much precise as will be discussed

o5 choice point from the worker with the highest num- later.
her of choices points. This decision is based on the
heuristic that the oldest choice points (highest in the
cearch tree) are likely to have the greatest granularity.
Besides, this decision simplifies memory management
since the highest choice point is the closest of the top of
the search tree and also of the top of the Local Stack.

Load decreasing
(execution or
exportation)

All tasks finishing

OVER
LOADED

Load increasing

Task importation

B. Scheduling characterisics Fig. 2. Worker's state transition in PLoSys

One of the most important elements of a parallel system IS
the scheduling algorithm. Scheduling [15] aims at deciding
the task attribution to processing elements and the execution
order of each task. The task scheduler is the entity responsi-
ble for deciding what, when and to whom export tasks. All
scheduling policies must distribute tasks over the available
computational resources improving one or more performance

When a worker is in a idle state, the centralized scheduler
is notified about that. When the scheduler identifies a pair
of idle and overloaded workers, it sends a message to the
idle worker that will try to import a task from the overloaded
worker. So, the exportation process will be realized directly
between an importer (idle) and an exporter (overloaded).
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vironments, so the scheduler must a
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tasks otherwise the exportation COsts ¢4
quential execution COSIS. \
| e. it has a small complexity B aitiou o

i > SVS lnS Cx ()r . -
puted. Most OR- sarallel syste P o

1y 1 ' ter 1
to task complexity 1Ssucs. [t \\o.uld be Eel i
could be evaluated both for detecting worker 10z

' wever, 1t 18 not
termining the best task(s) to be exported. Ho‘ bl
cain cost or granularity intorm

mations during execution. |
GRANLOG (GRanularity ANalyzer for LOGl;‘ Plna Tirz:;
ing Systems) [3. 5] 1s model that gencratcs b(:’t alsns e
pa}tially static informations about Prolog 'plocr‘ | .u[ ok
GRANLOG system accepts @ Prolog program as n.\pf ‘;m-
oenerates an annotated Prolog program containing ”L 8(; ‘is
lion about complexity of goals and clauses. GRA(I}\J e
composed of three parts: Glgbal Analyzer (GLA), Gre
alyzer (GRA) and Complexity Analyzer (CA). L
GLA employs global analysis (0 determine 1110 Cc;sL Ayﬁn-
and argument sizes for cach predicate. Morcover, c

ies cen clause literals.
alyzes accurately the dcpendengcs bclwrcc. Ef,‘R o
Based on this analysis, the Grain Analyzer (GRA) 1

establishes the grains of a clause body, 1.€., wmch. arc the
tasks that can be executed in parallel. The Cpm ol?x1ty At.m-
lyzer evaluates the cost involved 1 n the execution of lhc' gram.s
(oranularity) detected by the Grain An.alyzcr. In adc”mox'\,‘lt
determines the complexity of the pending resolvent for each
literal in a clause. The pending resolvent CONSISLS qf all con-
(inuation literals that follow a clause literal [4]. It is used to
oct the complexity of a search tree branch during the exceu-
tion of programs (OR complexity (4]). During the execution
‘he runtime must use this static information to get the actual
OR complexity at a give branch of the Prolog tree.

The Complexity Analyzer is composed by two modules:
ORCA (OR Complexity Analyzer [4]) and CASLOG (Com-
plexity Analysis System for LOGic [11, 27)). Both mod-
ules generate information about the complexity of logic pro-
orams. Figure 3 shows the internal structure of the Complex-
Ity Analyzer.

ORCA produces simplified information used to determine
the OR complexity. It is based on Tick’s algorithm [34] with
some modifications to increase precision as presented in [4].
CASLOG was developed by Lin and Debray and generates
highly accurate and complex recurrent expressions that can
be used to determine the complexity of each predicate in a
program (AND complexity). The information generated by
ORCA is called simplified because it does not consider real
recursion and gets all information at compile time. In con-
rast, CASLOG generates expressions which can be evalu-

ated at run time give really precise complexity information.

an casy task to infer g
well 1o use these infor

grain considering the size of its inputs, The ou
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Fig. 3. Complexity Analyzer structure

The Complexity Analyzer includes complexiy
tions. We present here a small picce of prg),
4) and the corresponding GRANLOG noyagi
ter its analysis (figure 5). Figure 5 presents
performed in the hanoi predicate. The gran, 1
notation contains the granularity expression
sion can be used to calculate the Computation

 Code (f

aritYaE
hiS prm&
al COSt of 2
C.-size an-
()flheinpul
CXDFCssiQnS
’27L Be-

notation contains the relation between the gy
and output grains. The notation used ip these
is the same as those utilized in CASLOG 11
sides that, the Complexity Analyzer annotates the Simp)

fied information generated by ORCA. This inl"ormalionlplL
cludes a constant used to perform the OR Complexity 'u? :n-
sis (for example, 39 1n the second grain.clayse a;lna y-
tion). In the grain_clause annotation, (hjs Number ;)ta
resents the complexity of a clause. In the grain_goa] ::d
grain_-goals annotations, the number represents (he c;ln-
plexity of all next goals in the clause (pending resolven)
Besides that, grain_proc presents, after predicate idcmi:
fication, modes and argument measures, the fo lowing sin.
plified predicate informations: predicate complexity, ni,mbcr
of clauses, a list containing complexity of each cl'ausc, and
recursive call complexity. At the end, it also presents (e

corresponding links to granularity and out _size an-
notations.

hanoi(:,A,B,C, [mv(A,C)]).

hanoi (N,A,B,C,M)
N >1, N1 is N 58
hanoi (N1,A,C,B,M1l), hanoi(N1,B,A,C,M2),
append (M1, [mv(A,C)),T), append(T,M2,M).

Fig. 4. Hanot predicate - fragment of Prolog code

Clause and goal complexity are expressed in terms of num-
ber of resolutions [4]. Resolution express the cost of calling
a predicate in a Prolog program. Data in table I present sonie
results of GRANLOG evaluation [3]. Using the expressions
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A,C,B,M1),append (M1, (mv(A,C)],T)) &

c,M2), append(T,MZ,M).

.(1 grain_9

atom(
[atom(3)

hanOi(llAl
haHOi(NIA’
N 2 1,
(hanOi(Nll
hanoi (N1,B/A,

Fig. 5. Hanoi predicate — fragment of GRANLOG code

generated by the CASLOG system, the number of resolution
'« calculated for several input sizes. As presented in figure 5,

the complexity expression for hanot 1s:

Chanoi = $1 * exp(2,81) + exp(2,$1-1) - 2

Note that $1 represents the size of the first argument.
Then, for each input size, execution time 1s divided by the
expected number of resolutions. With this results 1t 1s pos-
sible to verify the accuracy of CASLOG and resolution time
for each Prolog system. This experiment was done using Sic-
stus 2.1 and CProlog 1.5 under SunQOS system.

ORCA module generates static information considering
that a fact has 1 resolution while the complexity of rules is
obtained by the sum of the complexities of each goal in the
clause plus one call (considers the head call). The complex-
ity of a procedure is given by the sum of the complexities

:
2 81 100 | 012 | Qg g?g
3 261 300 | 011 | 33| g1
4 0| 845 | 012 | 1000 | g1
5 74 | 1850 | 011 | 250 | g1
5 | M| 800 | o1 | 5417 | g
71 98| 9950 | 010 | 12500 | 13
8] 274 | 2000 | 010 | 7917 | g1
9 | 4862 | 48600 | 010 | 61833 | 13

10‘ﬂl 10750 1105445 | 010 |139500 | 13
Verage
'I“lme/R%s. ' o b

T v e | RN

. of the clauses belonging to that procedure. The complex-

ity of a recursive call is computed as the complexity of the
corrcsponding procedure by considering each recursive call
as having weight 1. Since the actual number of recursive
calls is unknown, this number is only an approximation. For
example, ORCA will calculate for Hano; the recursive call

complexity 14 and the complete predicate complexity 40.

[V. APPLYING GRANULARITY INFORMATION TO
PLOSYS SYSTEM

Among static information generated by GRANLOG, three

informations about predicates are used in this Integrated
model:

o number of clauses (N¢): this information indicates the
number of clauses which composes the analyzed pred-
icate. Each predicate is composed of a set of one or
more clauses with the same name and arity (number of
arguments);

e clause complexity (Cc): is an integer number which rep-
resents a relative amount of work to execute one specific
clause which composes a predicate;

¢ goal complexity (Cm): each clause is composed by a
set of zero or more goals (zero if it is a fact). This value
represents the complexity of executing one specific goal
inside a clause. .

All these informations are obtained from grain._proc
annotations. The PLoSys-GRANLOG version uses the static
annotation for OR parallelism. The static OR simplified an-
notation gives information about predicates and clauses as

fixed values. Obviously, it is an imprecise value since the
real complexity can only be evaluated at runtime with the

actual data values.
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0OG’s static informations are helpful but are not
scheduling. At a given siep of

here is a set of goals that remain

(0 be executed called the current resolvent. IL1S necessary
o calculate dynamically the work available considering the

obtained granularity of tasks plus the granularity of 1ts re-
<olvent. Therefore, three other informations are calculated

during program execution using these static informations:

o resolvent complexity (ACRPL): an accumulator of local
resolvent complexity, i.¢., the amount of untried alterna-

GRANL “
sufficient to be used 1n OR

the exccution of a program, {

tives in the execution tree,
e choice point complexity (CPE): each ¢ |
this value which represents the complexity of alternative
2ccumulated resolvent at that point in the

hoice point has

clauses plus

execution tree; . . .
« worker load (RCT): sum of all choice point complexi-

iies. This sum means the complexity of all tasks waiting

for execution.
The information produced by GRANLOG can be very use-
ful to guide scheduling decisions. The scheduler can select

better pieces of work to assign to processors based on the
number and grain size of alternatives in a choice-point. The

centralized scheduler used by the PLoSys system was modi-
fied in order to support GRANLOG information [16].

A. Implementation Details

We tried to minimize the changes into wamcc abstract ma-
chine [9] used in the PLoSys implementation. Only the in-
structions related to choice point manipulation was changed.
All other functionalities are introduced in compiled WAM

code. This means that a parser/compilation strategy must
also be added.

A special file 1s generated for each Prolog program with
GRANLOG's static information. This file is a table of gran-
ularity informations related to each predicate in the Prolog
program extracted from GRANLOG output.

The dynamic informations (ACRPL, CPE and RCT, see
above) are calculated at runtime and must be updated contin-
uously during the execution. Each choice point complexity
(CPE) 1s associated to one specific choice point stack struc-
ture. We use a specific structure in our integration module
to manipulate these informations, avoiding changes in the
WAM data structures. This design decision aims at simplify-
ing granularity information management into other PLoSys
verrsllons under development in our research group.

1e compiled W | icati '
modified lopallow ai?nce:?:(tiee\l'.ael;;p : ap?llﬁatlon e {S %
These changes are some variabl lon'o -+ WOTka bifome
rectly the predicate and clause b r L PN T
their complexity information st elgg' Cum?ml)’ CXCCLfteq e
i ored in their granularity infor-

Static and dynamic informations are included into the

Symposium on Computer A rchitecture and High Performance oy, utin
- Sd() p
N&\'}"

PLoSys system in the followin g way:

e clause complexity (Cg), 20al
number of clauses (Nc): g 'Staf‘

from the GRANLOG output file 2
ble to be used during execution: ok
o resolvent complexity (ACRP ’

at each predicate call to stor
solvent;

1
[

o

structure to store CPE or have

maps .the complexity of each Choice po, ¢ th
ternative was used to minimize s The las 1

To summarize, there are two m
PLoSy.s Prolog abstract machine must be ch
a predicate call (ACRPL updating), andcza".ged: (1)
operations (CPE and RCT updating). Th( I)> In choje
responmble for parallelism controlowere ;SOL;Sz S Mody
Odifieq_ The

ment of the Workere

AN Situationg

C Point

B. Experimental Results

Before pr?senting our initial experimental results it ie:
portant to discuss a little about dynamic oransul 5, i 'S i
mz.mons used for the implementation. Th: au arty infor.
USINg O'le simple mathematic manipulationys are Cal.cma[ed
subtracting of single variables. Even sim le thS adding ang
spent to calculate and manipulate these v P

Is the cost paid to get a less Imprecise
tion,

€ 1S a time
alues. However this

granularity informa-

The methodology used was simple and it could be imple
me:nted with minor changes in parallel Prolog abstract]glv
chl.ne. Th.e first experiments indicate that tneouse of oran?l:
larity minimizes the communications with the schedulacr and
the “false overloaded state detection”. By false overloaded
stat.e detection we mean that the centralized scheduler can be
notified that some worker Wx is overloaded due to current
number of choice points while it actua ly has few tasks to be
execpted. So, the scheduler can inform an idle worker W
that it can import work from this worker Wx. In this case WO
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(1) the Wy worker imports a task and Wx

e idle, or (2) the Wy worker tries to import

il 0 bcnatioﬂ . canceled by Wx‘ begause Wx is no more

0 1ed state. If granularity information is used

rlod e minimized. In our experiments, no expor-

e ‘,:an~elcd using granularity information. Figure 6

a5 Canc characteristics. The use of granularity infor-

ed execution time even In a single processor

hehavior 1s due to scheduling implementa-

kers, including the one located in scheduler

All wommuni cates with scheduler thread using mes-

pmccssor‘, co pach worker has a spy thread which send load
2o ler, even if there 1s a single worker.

Can hﬂppcn

; Sdechas
mad on. This

S with granulanty | without granulanty |
queens § [ 2.3 1 2:5] &3

— - -
_——134 69] 28,68/ 23.70| 68,09/ 41,33| 51,00
avered 2 43| 435] 345[13,15]20,19[12,22

Aumiser of processors

‘ai b grasulerly  [ywetnu granuiny |

Fig. 6. PLOSYS execution time for queens 8 benchmark

presents our initial evaluation of scheduling using
Queens problem was chosen as our benchmark.
Queens IS 2 classical problem which aims to place n queens
1 chessboard 7 X 1 In such a way that none queen attack
the other, For our experiments, it was executed at least 10
times for placement of eight queens using one, two and three

vorkstations. The execution time (average) was presented in
«econds in the graph and in the data table which also have the

standard deviation (std dev).

Figure 6
grarlUlar l[)’

V. RELATED WORK

Granularity analysis can be done using different method-
ologics. Normally, it depends on programming paradigm
being used. The first studies on complexity and granularity
analysis were done for imperative languages [26, 29]. Later,
granularity analysis studies about functional [23] and logic
(11,24,27, 33, 34, 35] programming were published. Granu-
larity information can be computed at compile time (low pre-
cision, low execution cost) [34] or at runtime (high precision,
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high cost?. It is al‘so possible to use an hybrid approach: to
gct some mforma?lons at compile time to be evaluated at run-
'ME as proposed in the CASLOG system [27]. The latter ap-

dluc 10 runtime informations used. However, GRANLOG
4180 presents fully static inYormations to be used when execu-

tion cost must be minimized. So, GRANLOG system [3, 5]

offers two approachs: it can collect either static or hybrid in-

form.ations. The underlying philosophy of GRANLOG 1s to

proyldc as much information as possible so that the user can
decide what and how to use it,

. The use of granularity informations to help parallelization
310 4 néw concept. However, there are few implemen-
ta.uons In real systems. For example, DSLP [10] 1s a dis-
tributed AND/OR scheduling that uses granularity informa-

tion to make decisions. DSLP currently has only a simulator
prototypc of AND scheduling. Other classical approaches
were investigated by Debray, Hermenegildo et al [12, 17].
GRANLOG's granularity informations were already incor-

porated to help scheduling of an AND/OR parallel system
.for shared memory machines. Static informations were used
In the Andorra-I system and good results were obtained [14].

VI. CONCLUSION

Granularity informations obtained at compile time can be
really helpfull to guide scheduling decisions. GRANLOG
s an example of granularity analyser. Using its informa-
tions, PLoSys OR scheduler was improved to use a more
precise heuristic for worker load. The approach presented
in this paper can be applied to any kind of scheduling policy,
since no assumption is made about how scheduler(s) interact
with workers to evaluate worker load. So, besides describ-
ing a specific implementation experience, it also presents a
methodology to dynamic load evaluation using static granu-
larity information.

Initial evaluation indicates that our method is worthwhile.
Several extensions are possible to our current implementa-
tion. As a future work, several benchmarks will be submitted
to PLoSys and the real impact of granularity information will
be evaluated. Using these results the algorithm could be im-

proved.
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