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Abstract 
In this article we present the main new features of the agent system DEPRODEX 
(Decentralised Production Control Expert) and its centralised counterpart ZEPRO­
DEX. By testing these prototypes with more than 300 scenarios using a bicycle 
model plant we were able to compare several decentralised and centralised 
production control methods. Both conventional as well as new developed ones 
were evaluated. The results of these comparisons are judged concerning several 
factors of influence (e.g. complexity of manufacturing process, deviation of master 
scheduled flow-times etc.). This project is part of the special research organisation 
"Multiprocessor and Network Configurations" SFB 182 kindly sponsored by the 
DFG (Deutsche Forschungsgemeinschaft). 
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1 PROBLEM SETTING 

Today, German industrial companies supporting production control by "leitstand" 
systems use decentralised and centralised concepts approximately to the same 
degree (Stadtler et al., 1993). While centralised methods aim at controlling the 
whole factory by only one leitstand, decentralised solutions assign one leitstand to 
each foreman area or even parts of it. In the latter case a network is formed leading 
to problems of co-ordination and optimisation among the individual leitstand 
systems (Scheer et al., 1991). Therefore the first question is how to improve 
decentralised methods by agent approaches using intelligent co-ordination 
mechanisms. The second question is - from an IT-perspective - to investigate under 
which circumstances centralised or decentralised production control should be 
preferred. 

2 DECENTRALISED APPROACHES 

Current leitstand systems just accept local tardiness of orders and pass the 
information to the next involved production areas (for a detailed analysis see 
(Weigelt, 1994, pp. 11). Even specially developed co-ordination modules work 
like this. Consequently, global tardiness at the end of the production process 
cannot often be avoided. 

To overcome this problem we developed the agent-system DEPRODEX 
(Decentralised Production Control Expert). Here we distinguish two levels (see 
Figure 1): On the hierarchically higher control level, a so-called Job Order Agent 
(JOA) is specialised in co-ordinating the planning activities all over the factory. It 
receives master scheduled production orders and allots them to the several 
production areas, each managed by a so-called Machine Group Agent (MGA). 
Furthermore, the JOA provides information to the production manager on the 
current state of orders in the production process. On the hierarchically lower 
scheduling level, the MGAs are able to create schedules autonomously because 
functions and data are distributed completely. MGAs schedule by applying various 
priority rules and selecting the best plan afterwards. Being close to the production 
process, the foreman can consider current scheduling restrictions and therefore 
guarantee realistic plans. 
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Figure 1: Architecture of DEPRODEX. 

We worked out several co-ordination mechanisms to avoid global tardiness and to 
shorten flow-time and stock. They are all based on the intelligent exchange of 
unused buffer times. Whereas in DEPRODEX-1 the agents behave co-operatively, 
in the market mechanism of DEPRODEX-2 they act at least sometimes 
defectively. Both systems are founded on a blackboard architecture to support the 
extensive communication processes. They have been programmed on PCs in 
ToolBook and C for MS-Windows. For more details about the prototypes see 
(Weigelt et al., 1993; Weigelt, 1994). 

3 CENTRALISED APPROACHES 

To compare several decentralised and centralised production control methods, we 
implemented ZEPRODEX, a centralised counterpart of DEPRODEX concerning 
hard- and software. ZEPRODEX is an agent system encompassing two agents: A 
JOA with similar functionalities as in DEPRODEX and a so-called Machine Agent 
(MA) which generates schedules for the whole factory. The MA works and acts 
like a "big" MGA. 

The centralised system consists of DEPRODEX modules as far as possible. In 
this way we could minimise implementation time and maximise comparability. 
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4 RESULTS 

To test and to compare the different methods in a realistic environment, we based 
our implementation on the data of a bicycle producing plant of the company 
Hercules GmbH. Our model consists of three production areas including six 
machines each. In the decentralised approach one MGA is assigned to one 
production area, whereas in the centralised one the MA manages the whole plant. 

The material flow through the factory depends on the nine different variants of 
bicycles. By creating adequate production programs we could investigate job-shop 
as well as flow-shop problems. 

Table 1 Survey of considered scheduling methods 

Scheduling approach Explanation 

Personal Personal scheduling (using knowledge of slack and 
setup-times) 

Decentralised conventional Milestones for each production area; applying 
various priority rules inside each area (spectrum) 

DEPRODEX-1 Agent system mainly based on co-operative agent 
behaviour 

DEPRODEX-2 Agent system mainly based on defective agent 
behaviour 

Centralised conventional Applying various priority rules for the whole 
production (spectrum) 

ZEPRODEX-1 Transformed and modified algorithm of 
DEPRODEX-1 (centralised version) 

ZEPRODEX-2 Transformed and modified algorithm of 
DEPRODEX-2 (centralised version) 

Table 1 gives a survey of the different scheduling methods considered in our tests. 
The conventional approaches are represented by a spectrum of solutions, because 
each priority rule produces an individual result, and it cannot be predicted which 
one attains current scheduling goals best. Therefore we used the best and the worst 
value in each case to have benchmarks for our new developed solutions. 
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For measuring the quality of scheduling methods, we used the classical goals 
• minimising tardiness; 
• minimising flow-time and 
• minimising stock. 

In contrast to this, capacity load has not been a primary goal because we always 
explored the production of orders through the whole factory. Consequently, 
capacity load became a predefined Figure influenced by the due-dates. 

We carried out tests with ten scenarios, each represented a different production 
situation depending on scheduling complexity, capacity load, short-term 
breakdowns, a. s. o. In about 300 planning courses we scheduled approximately 
1 000 000 operations to compare the several scheduling methods. Figure 2 
illustrates the average results considering all scenarios. 

From a general point of view the results can be summarised by three statements: 
• The new developed co-ordination mechanisms improve decentralised 
scheduling to a high extent. In average, tardiness can be reduced by 50%, flow­
time by 25%, and stock by 38% applying the co-ordination procedures among the 
agents. There was no scenario in which the new solutions were worse than the 
conventional ones. In both projects- DEPRODEX-1 and DEPRODEX-2- we were 
able to prove the convergence of our co-ordination mechanisms. 
• The general question whether production scheduling should be performed 
by a centralised or a decentralised system must be answered carefully. Focusing on 
tardiness a decentralised agent approach is the most promising method. But if the 
main goal is minimising flow-time and/or stock, centralised scheduling achieves 
the best results - assuming all constraints can be considered and there is no need to 
modify the schedule by the foremen. 
• If you really want to optimise production control, personal scheduling 
cannot be an adequate alternative. In none of our test-scenarios personal 
scheduling. achieved better results than computer-based methods. On an average, 
the agent systems could avoid 90% of the delays personal scheduling caused. 
Flow-time and stock was reduced by 40% respectively 54% using the co­
ordination mechanisms. 
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T = Tardiness (Percentage rate of 
delayed orders) 

F = Flowtime (Average flov.iime of 

one order) 
S = Stock (Average of 

one order in front of one machine) 

SM 

Personal schedding 

DC= Decentralized conventional scheduling 

01 = DEPRODEX-1 
02 = DEPRODEX-2 

ZC = Centralized conventional scheduling 

Z1 = ZEPAODEX-1 

Z2 = ZEPAODEX-2 

Figure 2: Test results with DEPRODEX and ZEPRODEX. 
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Taking a look on the detailed analysis, it must be emphasised that the master 
scheduled due-dates have a big influence on the results (see Figure 3). Of course, if 
you reduce master scheduled flow-time, danger of tardiness increases. But, 
DEPRODEX-1 proves its benefits by achieving even the lowest percentage of 
delayed orders. Considering flow-time there is another interesting effect. The 
shorter the flow-time is planned in advance, the less the quality of the various 
scheduling methods differs. Here the advantage of the agent approach is more 
obvious in the case of long master scheduled flow-time. Focusing on stock we 
achieved quite similar results. We can state that in both cases the decentralised 
agent approach produces better results than the conventional methods at least 
concerning one of the objectives. 

Another influence factor which has to be mentioned is production complexity. 
On the one hand, quality of conventional decentralised scheduling improves in 
comparison to the centralised approaches when complexity of the whole 
production process increases. On the other hand, the new co-ordination 
mechanisms work less successful in this case. As a conclusion, the agent solution 
fits best in a middle range of production complexity. 

One of the most important results concerns short-term breakdowns. Here the 
agent solutions achieve values above average whereas conventional decentralised 
scheduling have to accept very bad marks. 

At last two special advantages of the agent systems shall be pointed out which 
could be proven during the tests: 
• DEPRODEX-1 and ZEPRODEX-1 allow refined judgement of generated 
schedules. It is possible to distinguish whether flow-time reductions can be 
achieved by advanced finishing dates, postponed starting dates, or both. Using a 
special classification of orders prevents e. g. that too early finished production 
orders are valued positively because of the saved flow-time. 
• DEPRODEX-2 and ZEPRODEX-2 allow "order-individual scheduling". 
That means that an order will be preferred to this extent as its external priority 
number relates to the other priority numbers. E. g. a special order may have a three 
times higher priority number than an average order. In case of trouble this causes 
that three hours delay of an average order is equalised by one hour delay of the 
special order. Consequently, the production manager has much more transparency 
what "price" special orders really cost. 
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Objective: 

Objective: 

Minimize 
flowtime 

15% to 
0% 

0% 0% 0% 

SM = Scheduling method 
T = Tardiness (Percentage rate o1 

delayed orders) 
F = Flowtime (Average 11owtime o1 

one order) 

SM 
Z1 

DC= Decentralized conventional scheduli g 
D1 = DEPRODEX-1 
ZC = Centralized conventional scheduling , 
Z1 = ZERODEX-1 

Figure 3: Influence of master scheduled flow-time. 

5 CONCLUSION 

In general, the discussion proves good up to very good results of agent systems in 

comparison to other approaches. Having a broader view including the numerous 
organisational advantages of decentralised concepts an agent approach for 

production control shall be supported. To achieve even better results, a mixed 
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centralised/decentralised solution - as well realised as an agent system - seem to be 
promising (Weigelt (1994), p. 119). 
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