
 

Accepted Manuscript

A suboptimal deadlock control policy for designing non-blocking
supervisors in flexible manufacturing systems

Mi Zhao, Murat Uzam

PII: S0020-0255(17)30098-1
DOI: 10.1016/j.ins.2017.01.021
Reference: INS 12706

To appear in: Information Sciences

Received date: 29 June 2015
Revised date: 24 November 2016
Accepted date: 6 January 2017

Please cite this article as: Mi Zhao, Murat Uzam, A suboptimal deadlock control policy for design-
ing non-blocking supervisors in flexible manufacturing systems, Information Sciences (2017), doi:
10.1016/j.ins.2017.01.021

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service
to our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and
all legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.ins.2017.01.021
http://dx.doi.org/10.1016/j.ins.2017.01.021


ACCEPTED MANUSCRIPT

ACCEPTED M
ANUSCRIP

T

A suboptimal deadlock control policy for designing
non-blocking supervisors in flexible manufacturing systems

Mi Zhao1 and Murat Uzam2

1(corresponding author)
Machinery and Electricity College

Shihezi University
Xinjiang 832003, P. R. China

Email: mi.zhaomi530@gmail.com

2Muhendislik-Mimarlik Fakultesi Elektrik-Elektronik Mühendisliǧi Bölümü
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Abstract1

This work aims to resolve deadlock problems in flexible manufacturing systems. A2

novel deadlock control policy in the frame of Petri nets formalism is presented for a3

class of generalized Petri nets, namely G-systems, which can usually model assembly4

and disassembly operations of multiple resource acquisition. Based on the concept of5

elementary siphons, all strict minimal siphons (SMS) in an uncontrolled net system6

are first divided into elementary siphons and dependent ones. After that, a set of7

linear inequality constraints expressed by state vectors can be formalized for elemen-8

tary siphons. After being modified by utilizing the conjunctive/disjunctive resources9

upstream neighborhood policy, a set of generalized mutual exclusion constraints ex-10

pressed by marking vectors can be obtained. Then, the additional monitors are only11

designed for elementary siphons, whose control depth variables can be obtained by12

solving a linear programming problem. As a result, the controllability of dependent13

ones can be ensured by properly supervising its elementary siphons. Finally, all strict14

minimal siphons are max′-controlled and no insufficiently marked siphon is generated,15

which indicates that the sequential resources are allocated reasonably to guarantee16

the absence of deadlock states. The proposed method can usually lead to a near-17

optimal non-blocking supervisor with simple structure. A G-system example prone to18

deadlocks is used to illustrate the applicability and the effectiveness of the proposed19

method.20

Key Words: Petri net, deadlock control, elementary siphons, resource partial order,21

generalized mutual exclusion constraints.22

1 Introduction23

A flexible manufacturing system (FMS) is a computer-controlled configuration of semi-24

independent work stations and a material handling system designed to efficiently manu-25

facture more than one part type from low to medium volumes. To increase its flexibility,26

it always suffers from the system resources in highly shared such that market changes can27

be responded quickly. In an FMS, raw parts are processed in a predefined sequence to28

compete for a limited number of system resources. The existence of shared resources may29

lead to circular wait conditions, the real cause of deadlocks in which each of a set of two30

or more jobs keeps waiting indefinitely for the other jobs in the set to relinquish resources31

that they hold. In such a system, once deadlocks occur, it can lead to catastrophic results32

in some highly automated manufacturing systems. The efficient handling of deadlocks in33
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