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Abstract. In order to make the enterprise assessment system become more intelligent and efficient for the
application and realization technology of advanced manufacturing technology, the enterprise alliance and its
business reconfiguration model for Holonic Manufacturing System(HMS) are processed. The enterprise
alliance with dynamic reconfiguration and Holon feature is established by constructing the information
platform to Holonic Manufacturing system. The system can realize the informationize in enterprise and
between enterprise. The cooperation between enterprises can also be supported. The task assignment problem
in the enterprise with directed graph model is presented. Task assignment problem with buffer zone is solved
via a hybrid PSO algorithm. Simulation result shows that the model and the algorithm are effective to the
problem.

Keywords: Task assignment problem, Holonic Manufacturing System (HMS), Directed graph model,
Particle swarm optimization (PSO)

1. Introduction

Agile Manufacturing®™ needs the production system having ability to reconfiguration by the separated
unit and forming the manufacturing organizations which have no relevance with the production batch. All
the processes are operated by the information flow to cope with the market requirement. There are also some
new requirement for the manufacturing unit to simplify the hierarchy, realize the modular management and
flexibility production, and work concurrently based on the actively response and innovation of the unit. That
is mean to make all the manufacturing system to be more agility and immediately response. So it is important
to build the manufacturing units which have agility ability to organize (1) all the production process (2)
integrate the production process and the other part in the enterprise to a whole system (3) integrate the
corresponding unit in different enterprise into a new system.

Manufacturing system evolve from hierarchy®” to parallel, from center-control to distributed control®.
All the change bring new requirement for the production management and control. The changes include how
to divide the manufacturing unit, the manufacturing unit management style, control structure and
corresponding control methods. The application of the manufacturing modular brings a new series problem.
Main problem caused by the unit management include:

1. How to build a new production control structure and model to satisfy the organization and structure
flexibility to suit the control of multi-unit enterprise production activity. From the point of the tendency of
the manufacturing system development, cooperative and division are the first problem to be solved. It is
necessary to change from the tradition hierarchical structure to ‘bio-manufacturing’ to realize the cooperation
and responsibility from each other.

2. How to build the modular intelligent control system and corresponding operation style to not only
satisfy the requirement from the top system, but also implement easily step by step. The decisive factors of
the realization of system agility are the local decision ability and cooperative of each unit. So the operation
environment must be provided for distributed production process.

3. How to realize the efficient production schedule and optimum process. The core of production control

* Corresponding author. E-mail address: zhaofg@mail2.lut.cn

Published by World Academic Press, World Academic Union


mailto:2345@public.wh.hb.cn

Journal of Information and Computing Science, Vol. 5 (2010) No. 2, pp 146-152 147

is to build high efficient and flexibility system to meet the requirement from the dynamic production
schedule.

In order to make more intelligent and efficient for the application and realization technology of advanced
manufacturing technology, the research on enterprise alliance and its business reconfiguration to Holonic
Manufacturing system! is processed, by constructing the information platform to Holonic Manufacturing
system, the enterprise alliance with dynamic reconfiguration and Holon feature is established, this system
can realize the informationize within enterprise and among enterprise, then support the cooperation between
enterprise.

This paper provides a dynamic re-configuration and order optimization model and optimization
algorithm of holonic manufacturing systems (HMS). The paper is organized as follows. Section 2 provides a
summary of the state of arts of Holonic Manufacturing Systems (HMS). In section 3, task assignment model
based directed graph is applied to cooperative activity among orders in a community. A hybrid PSO
algorithm for Order assignment problem with buffer zone is given in Section 4. Simulation result is given in
section 5. Finally, Section 6 concludes the paper.

2. A Holonic Architecture For Manufacturing Systems

Holonic Manufacturing Systems is one of the Intelligent Manufacturing Systems (IMS) program's six
major projects resulting from a feasibility study conducted in the beginning of the 1990’s. The objective of
the work of the HMS consortium is to "attain in manufacturing the benefits that holonic organisation
provides to living organisms and societies, e.g., stability in the face of disturbances, adaptability and
flexibility in the face of change, and efficient use of available resources." FII")

In the holonic manufacturing system, each holon cooperate with other holon and make use of extern
resource to accomplish the task delivered by system. So the chains from customer requirement, through
internal production planning holon and cooperative production task holon to supplier delivered task are
established in the system. As showed in figure 1.

After analyzing the relationship and activity of each pair of entity do, we find that we can model the
relation between each pair of entities as the connection of customer and supplier. The role of the initial
planning holon is that of matching the task and resource capacity to accomplish the task that is fulfilled by
the supplier. The decision processes are based on a supply and demand relationship and the outcomes are
decided by selling and buying activity in respect of the resource and by market behavior. As shown in the
figure 1. There are four basic elements in the market behavior: supplier, customer, item required and rules of
transaction.

Suppliers are the holders of resource and the providers of the requirement of the project. The customer is
the consumer of the requirement. Supplier and customer can be the rational entities of supplier, manufacturer,
sub-seller, section in manufacturing enterprise and customer. The project requirement is the stuff which has
value for the customer, including processed materials, semi finished articles, final product, services, and so
on. Transaction rules are the criteria of transfer of project ownership from supplier to customer, That is to
say, the rules for transaction and trade for resource capacity in different time.

In the application of the system, roles can change. For example, when one holon provides the resource to
another holon, its role is as supplier. It will, however, play the customer role when capacity can not meet the
requirement and it turns for help to another holon. In the market mechanism all we need to do is to define the
connectivity and activity of the entities in the holonic manufacturing system. So when an enterprise holon
lays out its production planning, it can use market mechanism method based on market equilibrium theory,
and apply it to the modification feature that matches order/task to resource in the market, and consequently
lay out the appropriate strategy, rule, or optimization method to realize the optimum allocation of resource.
The production planning and control system can response to the market quickly through the holonic
manufacturing system. The responsiveness can be seen at several points: 1) when the production task and
resource experience changes, the system can reconfigure to set a new production planning and control
system. 2) the system can collect, save, fetch and keep track of the information on-line. 3) it can respond
quickly when the resource encounters any problems.
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Figure 1. Holonic Manufacturing System

3. Task Assignment Problem

Task assignment problem can be depicted as: there are n orders O ={1,2,---,n} to be bidden by m
holons M ={1,2,---,m}, n orders assessed by m holons step by step. At certain time, each order can only
be assessed by one holon, each holon can only process one order at the same time. The process time for order
J on holon i is d; ;. The buffer zone for holon i and i+1 is B;. The optimum objective is minimize the

whole assessment time for the whole order.

3.1. Mathematics Model
Let O ={o(1),0(2),---,0(n)} as the feasible order sequence for the order system, S, ; is the start time

for order j to be processed on Holon i, then the mathematics model for the task allocation problem with some
buffer zone can be depicted as

Si,O(j) = max (Si—l,O(j) + di—l,O(j) ! Si,O(j—l) !

: : )
Si+l,0(j—Di+l—1))1 1=12,---,m, j=12,---,n
Dmax (0) = Sm,o(n) + dm,o(n) (2)
T*=arg{D,,, (0)} > min, Voe O (3)

Where equation 3 is the maximum time model for all the orders to be processed on the task Holon evaluation
system. In equation 1, the first part is the sequence of order passed by the system. The second part is the
sequence of order processed by the system. The last part has relevance with the saving capability of limited

buffer zone. The buffer zone will have no effect on the task allocation problem if C, > n—1.

3.2. DIRECTED GRAPH MODEL
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Directed graph®™ s the important tool to analyze the task allocation problem with buffer zone. For one
feasible order process sequence o, the corresponding directed graph model is G(0) = (N, A), the vertex is

N =M xJ, connectarcis Q=Q" uQ" UQ?®, where

Q" ~UJUHG-1 .G,

Q" = OU{«i—LJ),(i,j»}
Qs = LmJ {41 -Buy 1.6, i)}

In the graph, vertex (i, j) is the operatlon of order o( ) in holon i with the weight of d; ;. The arc ((i-

1,j),(i,j)) is the process sequence constriction, that is S, o) 2 > §; 10()) +d. i10(j) - Arc ((i, J-1)(i,j)) is the order
exchange constrict in aggregation QY which is the Siot) 2 Siogjy tdiaey - ArC
((i+1 j—B.,-1,(,j)) is the buffer zone constriction in Q° which is S

weight in Q and Q" are 0. The arc weight for ((a,b),(c,d)) is —

o) 2 S.m(, B . The arc

a,o(b) '
For a certain order with process sequence 0, lead time is the length of key path in G(0) according to the
graph knowledge. In figure 2, we use the directed graph model withn=10,m=4,B, =4,B, =B, =2.

Mb%ﬁ@@ﬂb@@ﬂf@@

o i L E Te=e=erorle

P
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Figure 2. Orders assignment based on directed graph

4. A Hybrid Pso Algorithm For Order Assignment Problem With Buffer Zone

Assume a vertex sequence O=(0,,0,,---0;) in G(0) , where | is the vertex number and
=(i[u], JlJu]) eM xJ,1<u <l . The key path can be break down into several sub sequences
(9,h),1<g <h<lI. Each sub sequence is connected by the arc with same property which is belonging

same group in Q" or Q°. Let i[g,] and i[h,] are the first and end segment, then i[h,_,]=i[g,] and B, is
connected. For the i position aggregation there are
p = {{ol_l,o,_l +1,---,0,,}if Blis cc?nnected
{o,, +1---,0,,}, otherwise
Theorem 1: Let oe[],0=(0,,0,,:--,0,) is a key path for G(0), B, is the block in key path,
1<1<k. C, (o) =>C, .. (0)

1. o isthe random array in [, and o(j)=0(j), jeJ \U rcon@Y or

2. each holon i and random array o € H o())=o0()), jed \U IeQH(i)U
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According to the above theorem, we can see that it will no difference when the content in Q™ and Q°

exchange their sequences. So the array satisfies theorem should be deleted from the search space. The search
process in its feasible space can be depicted as follow.

The order m in array 0 can be forward or backward one step ST(m), m<ST(m)<n or
L(m),<L(m)<m) . For each stp m, 1<m<n , the nearest right move is
r(m)=min{l :1<1<k,m<o} . For ml<m<n , the  nearest left move is

I(m) =max{l :1<1 <k,0,; <m}. The new position can be gotten according to following rules
R(m)=o0,,,,1<x<n

r(m)?
L(m) :{ob(m)_l -1 if By, is connected and m = 0y, l<m<n
Oy ()1 otherwise

n-1 n
The move aggregations M (0) = U{(m, R(m)}u U{(m, L(m))} have relevance with array witho.

m=1 m=2

M (0) include all the neighbor N (0) with array 0. The search algorithm based on separated block is search
the neighbor around N (0) to get new array 0'as the best solution as shown in Table 1.

Table 1. The movement aggregation for the order path

m 1 2 3 4 5 6 7 8 9 10
R(m) 4 3 6 8 8 6 10 10 10 -
L(m) - 1 3 2 5 6 7 7 6 7

The algorithm is shown is figure 3. The balance stragedy is the possibility for neighbor search based on
Block.

Order sequence code

v

Order sequence Initialization

A
Search based on PSO

Neighbor Search based on Block

Neighbor
Space $
search Multi-neighbor search based on

adaptive meta-lamarckian

Satisfied
reatirement?

Output the solution

Figure 3. Neighbor Space search algorithm for the task assignment problem

5. Simulation Result
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Firstly, one problem with buffer zone is solved in this part, meanwhile the influence of the size of buffer
zone to the task allocation problem is studied. Secondly, the other performances in the PSO™ ™! have been
compared with other method. Finally, the size of population and neighbor search possibility for the
optimization performance and computation time have been studied .

The parameter for the PSO as follows. Population size p,=20,B=25 |,
w=1414,c, =c,=2.712, X, =0, X,., =8.0,v,;,, =-5.0,v_, =5.0

min 1 max ? Ymin 7 Tmax
The possibility to execute the block neighbor p, = 0.1, start temperature T, =5.0, degrade velocity

A =0.85, the step for selection is nx (n—1), keep the optimum L =10 as the stop criteria. Each case is
run 20 times. The result is shown in table 2.

Table 2. Information system levels

Lead Buffer=0 Buffer=3 Buffer=5

Holon/order | e | "BRE | AVE | Tavg | BRE | AVE | Tavg | BRE | AVE | Tavg
5/5 3032 | 421 | 645 | 056 0 0 0.22 0 0 | 013
10/5 3161 | 580 | 6.90 | 0.64 0 0 0.29 0 0 |015
15/10 3310 | 961 | 12.32 | 066 | 432 | 691 | 044 0 |333]021
15/15 3096 | 14.21 | 17.33 | 181 | 512 | 11.03 | 067 | 311 | 578 | 031
20/5 3720 | 12.13 | 1421 | 254 0 567 | 101 0 0 | 026
20/10 4331 | 12.44 | 17.65 | 3.39 | 433 | 545 | 186 | 356 | 412 | 0.18
20/15 5673 | 1359 | 18.77 | 364 | 7.32 | 633 | 2.09 | 404 | 543 | 191
20/20 6005 | 948 | 1032 | 511 | 589 | 671 | 309 | 445 | 501 | 121

Table 3. The result in different population

S‘g‘;‘gm 10 | 20 | 30 | 40 | 50 | 60 | 70 | 8 | 90 | 100

BRE 1.13 0.78 1.33 1.29 1.47 0.94 1.25 1.45 0.95 1.21

ARE 257 | 235 | 256 | 244 | 266 | 213 | 243 | 236 | 222 | 261

WRE 402 | 350 | 437 | 410 | 380 | 412 | 339 | 360 | 354 | 404

Tavg 23 27 26 25 29 32 31 33 38 35
With the increase of the population, the computation time is also increasing, but the quality of search
changed in small scope. So the population size has little influence on the search quality for the task allocation
problem. The suitable size for the middle and small problem is 20, but the size can also adjust according to

the scale of the problem.

6. Conclusions

A Holonic Manufacturing architecture for manufacturing system to improve the response and efficient
for the enterprise is presented and testified in this paper. The task allocation problem in this architecture is
solved by directed graph based on PSO algorithm. The great benefit of a Holonic Architecture for dynamic
response of manufacturing systems is the graphical and concise representation of activities, resources and
constraints of a operation of task holon in a single coherent formulation, which is very helpful for designers
to better understand and formulate scheduling problems.

7. Acknowledgement

This research was supported by the National Natural Science Foundation of GanSu Province under Grant
375062-B25-033.

8. References

[1] Rao, LiP, Shao X, etal. A CORBA- and MAS-based architecture for agile collaborative manufacturing systems.
International Journal of Computer Integrated Manufacturing. 2006, 19(8): 815-832.

JIC email for subscription: publishing@WAU.org.uk



152
(2]
(3]
[4]
(5]

6]
[7]

(8]
(9]
[10]

[11]

Fuging Zhao, et al: A Hybrid Pso Algorithm for Order Assignment Problem

Han Muhua,Liu Leibo, Wei Shaojun. Hierarchical optimization of multi-objective embedded system design using
Pareto-frontier algebra. Chinese Journal of Electronics. 2008, 17(3): 402-408.

Soundararajan Karthik, Brennan Robert W. Design patterns for real-time distributed control system benchmarking.
Robotics and Computer-Integrated Manufacturing. 2008, 24(5): 606-615.

Giret A, Botti V. From system requirements to holonic manufacturing system analysis. International Journal of
Production Research. 2006, 44(18-19): 3917-3928.

Leitao Paulo, Restivo Francisco J. Implementation of a holonic control system in a flexible manufacturing system.
IEEE Transactions on Systems, Man and Cybernetics Part C: Applications and Reviews. 2008, 38(5): 699-709.

HMS Consortium, Holonic Manufacturing System (HMS) Web Site(1994), http://hms.ifw.uni.hannover.de/

Wang Lihui. Integrated design-to-control approach for holonic manufacturing systems. Robotics and Computer-
Integrated Manufacturing. 2001, 17(1): 159-167.

Han Zhong, Chen Fumin, Gao Zhiyong,etal. Node granularity transformations based on object directed acyclic
graph in system modeling. Journal of Xi'an Jiaotong University. 2008, 42(9):1122-1126.

Zhao Gang, Jiang Ping-Yu. Weighted directed graph based part clustering model. Computer Integrated
Manufacturing Systems, CIMS. 2006, 12(7): 1007-1012+1017.

Shayeghi H, Jalili A, Shayanfar H A. Multi-stage fuzzy load frequency control using PSO. Energy Conversion and
Management. 2008, 49(10): 2570-2580.

Liu Bo, Yang Luming, Lei Gangyue,etal. Intelligentized method of XML query for multiobjective optimization
combined PSO and ACO. Computer Research and Development. 2008, 45(8): 1371-1378.

JIC email for contribution: editor@jic.org.uk



