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Abstract .  PSAP (Planning System for Aircraft Production) is an air- 
craft production planning decision support system, whose aim is to sched- 
ule the aircraft production over the next years (more than five years) at 
Dassault factories. Each possible solution respecting the order calendar 
involves a production cost. PSAP must provide a low cost near optimal 
solution, as well as one which is robust with respect to manufacturing 
constraints. It needs to be computationaly efficient in order to allow 
a flexible interactive use. PSAP has been designed with the knowledge 
representation and control allowed by a parallel constraint and logic pro- 
gramming system; it has been implemented in ECL'PS ~ and in ElipSys. 
This paper presents the results of experiments on several benchmarks 
allowed to extract positive results about the parallelism uses. 
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1 I n t r o d u c t i o n  

The aircraft production is scheduled with respect to customer orders. The objec- 
tive is to find schedules respecting the delivery dates for all aircraft and being a 
satisfactory compromise between two production criteria. On tile one hand, the 
storage between the different assembly lines of the factory must  be minimized. 
On the other hand, the production uses highly skilled labour, and a change of 
production rate involves a work overload. The aim is then to minimize the storage 
t ime for a given max imum number  of production rate changes. 

This long term production consists in scheduling the assembly lines where 
large sections of aircraft are manufactured.  A section is a ma jo r  aircraft part  
(i.e. cockpit, wing, rear fuselage, final assembly, . . .  ). This production is paced. 
Up to 400 aircraft and 30 assembly lines are concerned. 

Among the several factories involved, the Argenteuil factory was chosen as 
a pilot site, since, in the current practice, the production plans for the other 
factories are generally derived from those elaborated for Argenteuil. The users 
are the planning experts of the Argenteui] factory. 
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This paper presents the work done on the automatic scheduler within the 
APPLAUSE ESPRIT contract. We will explain the choice of parallel CLP, the 
storage time optimization which introduces parallelism, and present the conclu- 
sion of the first benchmarking using the ElipSys[5] and ECL~PS r [4] parallel CLP 
languages. See [1] to have more details about the specificities of the application. 

2 PSAP application 

Production planning and scheduling are complex operations involving a great 
number of constraints, both numerical and symbolic. These constraints are likely 
to vary with time: constant changes in the production context make it necessary 
to modify the constraints embodied in the planning system, as well as the cost 
elements. Unfortunately, the difficulty to express these constraints doesn't allow 
the use of the usual scheduling or planning tools. A first implementation has been 
done in the CLP language CHIP [2]. The constraints used in PSAP are in finite 
domains. Good results was found [1] with appropriate heuristics; nevertheless, 
considering the very large size of the search tree, we have to prune it. 

Finding an optimal solution means exploring the whole search tree. The 
search tree size depends on the fact of choosing Y changes out of an X-element 
set (let ( r )  branches) and on the fact that,  for each change there are P possible 
values (pV branches); with P the number of possible values of production rate 
possible values on the same assembly line (generally the P average value after 
the constraint propagation is 20), X the number of aircraft where a production 
rate change can occur and Y the number of rate changes given by the end-user 
(Y average value is below 10). 

The need for parallelism has also been felt necessary since the sequential 
optimization could run for small-size data  sets (i.e. 70 aircraft), but not for actual 
large-size data  sets (i.e. 250 aircraft). A parallel implementation has been realized 
with the languages ElipSys[5] and ECLIPS e [4]; (ECLIPS e is the successor of 
ElipSys). At certain nodes of the search tree, instead of trying each possibility 
in sequence by backtracking, we try them in parallel on different processors. The 
parallelism deals with predicates, either built-in or defined by user. In PSAP, 
the parallel predicate is the "minimize" procedure, which uses branch and bound 
method in order to explore the search tree [6]. 

Each parallel call will be performed by a worker. On a multi-processor ma- 
chine, the number of workers should match the number of physical processors 
available on the machine. When there are more workers than processors, several 
workers must share a processor which is slower than having just one worker per 
processor [4, 5]. Here is a simple example to illustrate the prolog OR parallelism: 

:- parallel clause/l. 
clause(X) :- goals1(X). 
clause(X) :- goals2(X). 

OR-parallel execution of the predicate clause/l results in the concurrent execu- 
tion of goalsl(X) and goals2(X). 
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3 R e s u l t s  a n d  c o m m e n t s  

Numerous benchmarks were conducted and concerned only the schedule of the 
last assembly line, which is the most difficult to schedule. Two cases may be 
identified: the case where the whole search tree is taken into account, and the 
case where the search is halted when the solution cost is lower than the minimum 
bound. On the one hand, the solution found is the optimal one, on the other 
hand is a sub-optimal one. 

In order to illustrate these cases, two benchmarks are presented; they are 
performed on a drs6000 machine with 4 processors. In the left table, an optimal 
solution search where 120 subsets of possible production rate changes are ex- 
plored in parallel (data set of 70 mirage 2000). In the right table, a sub-optimal 
solution search where 84 subsets are explored out of the 364 possible subsets 
(date set of 250 mirage 2000). 

number of workers 1 2 3 4 number of workers 1 2 3 4 
time in sec. 534 280 198 160 time in mn. 212 52 22 18 

speed-up 1.9 2.69 3.32 speed-up 4.02 9.7 11.51 

In this kind of benchmarks for optimal solution, the speed-up is quasi-linear. 
Moreover, another problem arises: the possible gain of time with parallelism 
considering the constraint propagation. Indeed when the optimal solution is in 
the left side of the tree (depth first search), it will be found very quickly whether 
using the parallel method or the sequential one. The problem here is to know 
a priori the parallel grain size. In the PSAP problem, this size depends on the 
number of rate changes, on the data  set size and on the first solution found. In 
particular in sequential execution, if the first solution found is the optimal solu- 
tion, the parallel grain size may be too small to obtain speed-ups while searching 
for the solution optimali ty proof if there is good constraint propagation. 

For the case of sub-optimal search, the execution may be super linear. These 
results confirm the idea that  the position of the required solution is important  
in order to obtain good results of speed-ups. In/,he above example, the solution 
is in the right side of the tree, therefore the more workers there are, the faster 
the solution will be found. Nevertheless, there may exist a threshold such as 
using n workers will be the same as using n - 1, whereas using n + 1 will yield 
a significant gain of time. This was confirmed with tests on a 12-processor SGI 
computer.  

number of workers 
t ime in mn. 

speed-up 

1 2 3 4 5 6 7 8 9 10 11 12 
135 5.07 4.92 4.67 4.92 4.73 3.12 3.45 3.22 3.32 3.5 3.3 

27.9 28.229.2 28.2 28.6 43.0 40.8 42.2 39.4 39.9 41.2 

These levels prove that  the parallel speed-up is due, for a big part, to the positions 
of optimal or suboptimal solutions in the search tree. 
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4 Conclus ion 

Most of real industrial problems in planning or scheduling use a great amount  of 
data.  The search for opt imal  solutions requires a great calculating power; their 
processing demands powerful tools. This paper  showed that  the use of parallelism 
gives satisfying results. 

PSAP belongs to a mixed scheduling and planning application area: schedul- 
ing area by its precedence constraints and planning area by the pacing problem. 
Parallel execution could help to search for the opt imal  cost in the large remaining 
search tree. This result confirms that  parallel execution of CLP can yield rele- 
vant solutions. With  respect to the search of an opt imal  solution, the speed-up is 
quasi linea.r. Nevertheless, the speed-up depends on the position of the opt imal  
solution, and on the size of data.  On the other hand, the search of sub-opt imal  
solutions may  lead to a super linear speed-up. In the same way, the gain depends 
on the position of this solution. 

Parallel CLP is powerful and relatively easy to use. OR-parallel ism achieves 
an efficient and relatively straightforward exploitation of parallel resources, which 
are now more and more commonly available. 
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