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 § INTRODUCTION

ogramming systems have bec?n studied for

han a decade. Techniques and scheduling strategies
~S4e el systems have been established [1], [2] for or-
hat run on centralised memory architec-
as been done on distributed memory sys-
ems such as Opera 4], Plosys [15], [9], [7], [6] Delph 8],
and Kabu-wake [10]. More rcc.cnt.ly, Gupta et al proposed
3 stack-splitting technique 10 distribute work 1In ACE [12],
20]. Most of these strategies concentrates on one .kmd of
policy based on top-most, bottom-most or !cft-most dispatch-
ing, and, in fact, there IS no work In .lhc literature that com-
nares the impact of these strategies In the same or.-par.allcl
system. Beaumont [3] performed some work in this direc-
tion, but his main concern was to devise a flexible strategy (o

parallel 1ogic P

Aurora [14).

These fixed strategies, top-most, bottom-most and left-

most, seem to be efficient for most or-parallel systems run-
ning on centralised memory or distributed memory archi-

lectures, but as new platforms such as clusters of worksta-
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ti
st(r):: apd Clusters of PCs have been gaining popularity, these
€gICs may become obsolete of inefficient,

In this work we simulate top-most, bottom-most, and left-
most based strategies modelling their associated co;ts in dif-
ferent architetcures: centralised and distributed Memory sys-
tems. We evaluate each strategy for a benchmark set usually
emp!oyed o study or-parallel systems, modelling the costs to
distribute work in each platform. Based on the results of this

study we also s?mulate a strategy that chooses the best piece
of work according to the costs modelled.

Our results show that, in general, top-most dispatching
performs better than the other strategies for a greater num-

ber of processors.  Our proposed strategy based on minor
cost.tasks s overall better, particularly when we introduce
architectural costs to the simulation.

Other wprks have been done on simulation of parallel logic
programming scheduling strategies. Shen has simulated the
Argonne scheduler for Aurora [16], and did detailed sim-
ulation of and-or parallelism in order to obtain amount of
parallelism from applications for infinite and finite number
of processors [17]. Ferndndez worked in the same track by
doing a study of and-parallelism in applications [11]. Our
work differs from theirs in that we simulate different schedul-
ing strategies modelling costs for centralised and distributed
memory architectures. Work was also done in actual paral-
lel systems such as Aurora [3], as mentioned before, where
Beaumont experimented with a combination of strategies in
the Bristol scheduler, for Aurora, on a shared-memory archi-
tecture.

The paper 1s organised as follows. Section III describes
our simulator, and the fixed scheduling strategies imple-
mented. Section IV explains our modelling for costs. Sec-
tion V presents a brief description of our benchmark set. Sec-
tion VI presents our results. Finally last section draws our

main conclusions and future work.

[I. OR-PARALLEL EXECUTION

The execution of logic programs generates execution trees
where each branch corresponds to an alternative path to solve

a given goal in the body of a logic program clause. Or-
parallel execution assumes that each alternative for a goal

can be executed by a different processor. In that case, if we
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citle(T), author (A), date (D), location(L).

Fig. 1. Example of or-parallelism

| nd we
have a program such as the one shown in figure IIl,t inative
have available processors we could execute each a zor =
to the goal conference/1 by a dlfferegt p;);fjati(.m Y
| t solution, each O :
each clause leads to a differen ik
| independently. Due to lack of space,
this case, can be done indepen . i
ISCUSS] dels is out of the scope 0
discussion of or-parallel mo . ol
' ' lication and to the tota
er. According to kind of app . |
gf available processors, different scheduling strategies may

produce different execution trees.
[II. SIMULATOR

We studied three basic strategies commqnly use:dl;nl .par-.
allel logic programming systems that e.xplmt Or-para ; 1tsm_.
left-most dispatching, bottom-mqst dispatching, an k 0111)
most dispatching. When dispatching on lcft-x.nost work, the
scheduler selects the tasks that were created 1n the program
clause order. This strategy assumes that programmers place
solutions in the program clause order. Thxs. also f.avours
execution of non-speculative work. When dlspatf:hmg on
bottom-most tasks, the scheduler selects.work that 1s deeper
in the computation tree. This strategy 18 .normally u.sed to
maintain processor locality and to minimise contention on
shared choicepoints. When selecting top-most tgsks, the
scheduler chooses work that 1s higher in the tree, 1.e, clos-
est to the root. This strategy was originally used by the first
or-schedulers implemented for centralised-memory systems
such as Aurora [14]. The heuristics behind top-most dis-
patching is that higher tasks have greater granularity, there-
fore processors would communicate less often.

Our simulator implements these three strategies ideally
and considering costs of two different machine architectures:
centralised-memory and distributed-memory systems.

We also simulated a strategy that always selects the closest
task to a processor, instead of using a fixed left-most, top-
most or bottom-most policy. In a real system, this informa-
lion can be kept in a data structure such as the tip nodes
employed by Sindaha in his Dharma scheduler [19]. In the
tp nodes scheme it is very likely that the closest task to a
processor is the one that is found on its left or on 1ts right in

the tip list. Therefore, the minor COst strategy implemented
this way would yield very low overheads.

Our simulator executes Prolog programs in parallel in a
Step-by-step fashion. We keep a global clock to synchronise

Each clock cycle corresponds to one Prolog
ching of a goal with a candidate clause), We

also maintain a local clock per processor. c main 5

rithm of the simulator is roughly sketche iy figure 7 ;g&
processor tries to find an alternative clayge ¢ its CUrren.t ach
All other alternatives to the same goal are pyt op atask foal,
Processors can be in one of three possib]e States: dleq beuez
or waiting. All processors, but the first one, are init;a Usy
with idle state. They change to busy whep (e scheduley “‘i
an available task to be executed. Procesgors enters the wnfis
ing state when we model architectura] COSts and he i Calt.
sor selects a task from the task queue. Instead of eXecu[;z

the task immediately, the processor simulates it Waiting
depending on the architecture. me

We implemented three versions of the simulator:
e Ideal, simulates each Prolog redyctjop PET procesgo,

tor delay per Processor, A

at a global cycle;

o task cost, in this version we com
processor needs to travel to arri
from the task queue;

o task cost with processor delg
ever the scheduler assigns a tas
a processor, a timer is started
state 1s changed to waiting. T

pends on the cost to take the ta
architecture modelled.

In order to implement the top-most and bottom-mogf dis-
patching strategies we rank the task queue according to the
level of the task in the execution tree. In order to implement
the left-most dispatching Strategy we keep an identifier for
each choicepoint node that is used by the algorithm to insert
its descendants tasks at the right position in the task queue.

Carrusca presents a more detailed explanation about the sim-
ulator in her thesis [5].

Y, 1n this version When-
K from the tagk queue to
to that processor and its
he value of the timer de-
sk chosen and also on the

IV. MODELLING COSTS

Our first implementation, ideal, does not consider any
costs in order to compute execution time. Therefore, this
version provides a task-processor schedule that is ideal to 2
given application, i.e., all tasks have the same probability to
be taken.

In the ideal simulation (ideal), every idle processor can
take any task in the same clock cycle, and the cost to take a
task is equivalent to one clock cycle.
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yflea proceSSOr[i] f 1dle
produce solution
els€ ' |
{f: there 1S:00O alternative goal
processor[i] = jdle
produce atfall
alse /2 ran alternative was found */
point registers to the alternative body
endif
endif ' .
find other alternatives, 1f any, and put them on the task queue
end £ the task -
chedulé rasks from the task queue to idle processors
increment global clock
end While

he simulation with costs (task cost), we increase the
Int «sor's clock with the task cost. The task cost In
id!‘3 .proclememation is defined by the distance between the
this 1MP ie rocessor was positioned at and the task to be ex-
|ast taskg dlzstance we mean the cost of traversing the search
CC“ted‘t.l {Ihe processor reaches the choicepoint with alterna-
:.rszsu;;flt 10 be executed. This cost depends on the schedul-
1

. reoy employed. Inan actual Prolog impl;mentgtion,
g Se 8 lated to de-installing and installing variable

hindings along the path through the Prolog stacks in order to
reach the celected choicepoint (O take an alternative from.
In the simulation with processor delay (task cost with

rocessor delay), whenever a processor takes a task, a timer
ii initiated depending on the modelled architecture, and the

processor enters the waiting state. If the simulated archi-

tecture has centralised memory, the timer is started with the
value of the task cosl calculated as in the task cost simula-

tion.
If the simulated architecture has distributed memory, the
imer is initialised with the value shown in expression 3:

where num_bytes represents the number of bytes of each

choicepoint to be traversed, msg.size corresponds to the
size of the network message, and network_latency repre-

sents the delay to send a message through the network. This
expression represents the cost (0 (raverse the tree to find a
ask plus communication costs. In our implementation we
considered that each choicepoint has 120 bytes, a message
has 4 bytes, and the latency 18 equivalent (o half a Prolog
reduction.

As in our simulation all tasks are placed on a global task

Fig. 2. Simulation Algorithm

queue, there are some tasks that are taken by the same pro-
cessor that created them. In that case, no communication cost
1s added to that processor in the task cost with processor de-
lay simulation, with distributed memory.

V. BENCHMARK SET

Our benchmark set is composed of four programs that ben-
efit from or-parallelism. The first one, family, was used
only to validate our results and consists of a database with

family and employment relationships. The query used for
this program is replicated in order to produce a choicepoint
with 35 alternatives in the beginning of the computation.

Our second application is the popular N-queens program
(queens). We ran this program with a 6x6 chessboard.
Our third program consists of a theorem prover, mutest
that solves a problem described in [13]. The problem 1S 10
produce the string 'mu’ from a given string, through produc-
tion rules that can be applied in any order. The theorem (o
be proved is that 'miiiii’ produces 'mu’. If we replace the
letters in the strings by numbers, this puzzle solves some 1n-
teresting problems in number theory. Our last program 1S
an example from the well-known natural language question-
answering system chatl180, written at the University of Ed-
inburgh by Pereira and Warren. This version of chat! 180
operates on the domain of world geography. The program
chat 80 makes queries to the chatli80 database. This 1s
2 small scale benchmark with good or-parallelism, and 1t has

been traditionally used as one of the or-parallel benchmarks

for both the Aurora and Muse [1] systems.
We chose benchmarks usually used by parallel logic pro-

e
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(task-cost X num-bytes) x network_latency
task_cost + msg-size

Fig. 3. Cost expression

gramming systems thal exploit or-parallelism. These pro- 2
erams have different search trees . order to stress the be- .
haviour of different scheduling policies. g 20
‘g’ 15
VI. RESULTS & ‘2 '
We executed the three versions of the simulator with 1, 2, o oL OLeft-Mast
4. 8. 16, and 32 processors. The run times obtained for one Rnor:Cost /|
processor do not consider any parallel costs. All speedups
shown in the graphs and tables are relative to these sequential
run times. i .
Figures 4, 5, 6, and 7 show the speedups of our bench- .. queens speedups, ideal
marks up to 32 processors, for the three policies studied.
From left to right, the bars show speedups for the top-most,
hottom-most, left-most and minor-cost policies, respectively.
-
0 15 : 0 Top-Most
2 + a0 § ® Bottom-Most
801 @ Top-Most 3 || [oLett-Most
B 1: m Bottom-Most O Minor-Cost
o 1 O Left-Most Num Proc
5 OMinor-Cost
s Fig. 7. chat080 speedups, ideal
Fig. 4. family speedups, ideal
fected by different policies. This indicates that th
trees have different characteristics and their balanc: iy
good or bad depending on the policy used. Tables I fla nlpc
B T and IV show speedups for all applications with 2. 4 ¢ .
B : and 32 processors, for all policies. We ¢ il
3154 ’ SRR A - an observe that for
2 ' [@Top Mo mutest and queens, as we increase the number of DI0-
s | IR [moctomwos CeSSOrs, the performance improves for the top-most dispatch-
o o, FHTL AR 1 VU1 QD (O Mo Ing strategy. This is mainly due to the characteristics of the
1T TRET R T 1 | L el search tree of these two applications that create choicepoi L
choicepoints
Hum Proc that have more granularity closer to the root. In that case
brar?ches of the tree that are on the critical path are takcr;
Fig. 5. mutest speedups, ideal carlier Pl'OdUCing better pcrformance,
The top-most policy is 7.6% better than bottom-most, for
the queens benchmark, with 32 processors, and is 24.8%
The ideal simulation shows the maximum speedup we ety S .left-n?ost for the asme example, The tec i
achieve up to 32 processors for all applications andpfor eca}l: provement is achieved when we compare the top-most pol
strategy. We can observe that although no cost is associ acd Ay e l?ft-r.nost policy, with 32 procesaocs, BE. UK
o dispatching work to processors. the applicat late mutest application: top-most is 29.4% better than left
' pplications are af- most. As the chat[180 application has a very good amoun!
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1o ideal simulated strategy produced visible
ot

n
of parar:lcc S"m performance:
fferc
v TABLE |
family -MAIN - IDEAL
’/Er F"”'fop Bottom Left | Minor
N ¢ || Most Most | Most |  Cost
Proc ||
=51 96 1.99 [ 1.99 1.94
4|l 390 3.967|:73.96 [44.3:90
8 7.60 T41" =74l 7.22
6 || 14.45 13967 13:10%14+135,716
;2 24.08 24.08 | 24.08 | 24.08
e T
TABLE Il
“utest - MU.TOP - IDEAL
————T Top | Bottom | Left | Minor
I;::; Most Most | Most Cost
——T"199 | 198] 199 1.98
4.1 +39] 3.96 | 3.834 3.91
g || 7.28 7.69 | 7.48 7.62
16 || 14.82 13.8.] 13.13.1..14.29
32-11:23.75 18.35:.23.75..|: 23.40
TABLE III
queens - QUEENS(6,QS) - IDEAL
Num Top | Bottom | Left Minor
Proc || Most Most | Most Cost

2 6199 1'99714:1.99 1.99
4 | 3.94 3.89° 1 1:3.85: | «.3.94
8 [|:::7:78 7:56:1=57.27 | %1.60
16 1| 1452 | 13.73 | 12.93 | 14.26
32 || 25.62 | 23.80 | 20.52 | 22.22

When we introduce costs to take the tasks (task cost), 1.¢.,
the processor (akes task, but its clock is increased of the cost
(0 take the task (distance from the node where the processor
is positioned (0 the task node), we can opservc .a decrfaase in
the speedups when compared with the ideal simulation re-
sults, as expected. We also obtain slowdown for some num-
bers of processors. Note that we compare the parallel execu-
ion times with the sequential execution time of an interpreter
(hat does not consider any parallel overheads, therefore these
speedups are somewhat worse than if we were comparing
with a sequential version that has parallel overheads.

Figures 8, 9, 10, and 11 show the speedups for the task
cost simulation for all applications, with the three policies. In

TABLE 1V
chat"BO-IDEAL

Num Top | Bottom | Lefy Minor
Proc || Most Most | Most Cost

2 1.99 199 | 199 108
4 | 3.99 399 | 399 | 3096
81 7.96 1.95:}..7951:.791
16 || 15.67 1577 | 1570 | 15.47
32 || 30.41 30.67 | 30.67 | 29.29

general, for a small number of processors, the top-most pol-
ICy performs worse than the left-most and bottom-most [:)h'-
cies. As we increase the number of processors, the top-r‘;ost
polfc.y performs better than the bottom-most ’and left-most
policies. The best Improvement is observed for the chat |

80 application, where the lop-most strategy is 44% better
than the left-most, with 32 processors.

20 e
il
a 5T !
g 10 - |
§ . : @ Top-Most
o A . | mBottom-Most
) | |OLeft-Most
2/ g ghijg gt |ENNOr-Cout
Num Proc
Fig. 8. family speedups, task cost
51—
4 4
n -
— Bk T &
g 2l B Top-Most
@ =1 ll Ei | | m Bottom-Most
= \ : g ' Oleft-Most
5 4 8 18 0 O Minor-Cost
Num Proc

Fig. 9. mutest speedups, task cost

Our proposed strategy, that allocates minor tasks to pro-
cessors, performs relatively well for the ideal simulation,
and, when we introduce costs, performs much better than any
other strategy as we increase the number of processors. The
only exception is queens, with 32 processors. This can be
better observed in table V. In this case, top-most shows better
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or task cost simulations. The distribyeg

tion presents slowdown for almost aj| app]iCaticomory Simy,
LA s gies (note again that t.he sequential times uSCdnsa S‘rate:
.1 1 Al speedups do not .con31der parall.el COsts. ReSult[gO My
g 34 /| S Togo somewhat l?ctter if we used the time obtaine by -thwoul ™
8 21 w Bottom-Most simulation 1n one [.)roc.essor).. Although we el e paral]e]
2 | [orenos for almost all applications with almqst all numbeSlodeWn
0 pitts o gt 4g' 19 0 Minor-Cost cessors, we can observe that as we iNcrease e 'S of Dro
et Prioe processors, the rate between any other Strategy (num DT of
nor cost) and the top-most strategy red, o un[ﬁxeem mi.
dups, task cost becomes better. The iny exception is ch at’lel top,moSl
Fig. 10. queens speediip duces better results wih the left-mogt Strateoy 0 .that Do
observed in tables VI, VII, VIII, and 1x SY- Thig can p,
TABLE V]
10 7 ; family - MAIN - TASK COST WITH PROCESs o DELAY .y,
B \
§ 5] + |l s Num [ Top. T Boiowt [ Ll et
& 41 : | @ Bottom-Most Ost | Most Coi
rind ; } UL?ﬂ-Most 2 0.34 0.36 0-38 0?\6:
0 - gy 5 i o Minor-Cost 4 0.40 0.41 0.44 054
Hum Proc 8 0.61 0.55 0.63 082
16 | 1.08 | 098 | 098 | i,
Fig. 11. chat(80 speedups, task cost 2 1.96 1.96 | 1.96 3.17
TABLE VII

performance, because the top-most strategy potentia.lly starts
1odes that are in the critical path first, while our minor cost

strategy can select bottom-most noc%es that may nf)t be in the Num Top | Bottom | LR M
critical path. This may lead to delaying the execution of tasks Proc || Most Most | Most Cost
that are in the critical path. . 2:31172.0.03 028 | 0337 o33
Our minor cost strategy can be a good alternative to the 4 11::0.05 0:27:140.22 ().40
other strategies as we increase the number of processors, be- 8 || 0.08 0.20 | 0.19 0.36
cause in that case, processors that are taking a node for the 161l 017 028 | 03 0.3
first time will be allocated to tasks that are closer to the root. 31 || 03 031 | o 5 O.25
Therefore this strategy favours both the expansion of nodes - 28 |
that are closer to the root and the expansion of bottom-most
nodes to keep locality.
TABLE VII]
TABLE V queens - QUEENS(6,QS) - TASK COST WITH PROCESSOR DELAY - DM
queens - QUEENS(6.QS) - TASK COST N oo Bore T
Num || Top | Bottom | Left | Minor Proc || Most Most | Most | Cost
Proc || Most Most | Most | Cost 2 || 0.06 036 | 066 | 051
2 (| 0.47 0.71 | 0.76 1.47 411 0.10 027 | 034 | 066
4 || 0.86 Mk B B 2.80 8 || 0.17 0351 036] 093
8 || 1.68 1.88 | 1.89 4.68 16 || 0.36 0.39 | 0.44 [.13
16 1 2.81 | 298| 2.37 ) 4.56 32| 070 057 | 059 | 091
32 || 4.84 3.62 3,47 4.10

Our proposed strategy that selects minor tasks also be-

When we introduce architectural costs and delay proces-
sors, the behaviour of the strategies contrasts with the ideal

haves quite well for greater number of processors. Partic-
ularly for our simulation of centralised memory (SM), this
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