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AC Asymmetric Choice

AMS Automated Manufacturing System

DEM Discrete Event Models

DES Discrete Event Systems

DFZ Deadlock-Free Zone

DZ Deadlock Zone

FBM First-Met Bad Markings

FC Free Choice

GMEC Generalized Mutual Exclusion Constraints

GS°PR Generalized System of Simple Sequential Processes with
Resources

ILP Integer Linear Programming

IMNM Implementation of Maximal Number of MTSIs

LESC Liveness Enforcing Supervisory Control

LZ Live Zone

MCPP Minimal number of Control Places Problem

MFPP Maximal Number of Forbidden Markings

MG Marked Graph

MPP Minimal Number of P-Semiflows Problem

MST Marked Siphon Trap

MTSI Marking/Transition Separation Instances

OSDTR Optimal Supervisor Design by the Theory of Regions

PC?R Processes Competing for Conservative Resources

Pl P-Invariant

PLC Programmable Logic Controller

PN Petri Nets

PTM Propositional Transitions Model

RAS Resource Allocation Systems

S°PR System of Simple Sequential Processes with Resources

SCT Supervisory Control Theory

SFC Sequential Function Chart

SM State Machine

SPQR Systems of Processes Quarrelling over Resources

ST Siphon Trap

TI T-Invariant

UML Unified Modelling language

WS*PR Weighted System of Simple Sequential Processes with

Resources
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! Resource Allocation Systems
2 Concurrent Processes

® Discrete Event Systems

* Finite

® Events

®Packet
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! Automated Manufacturing System
2 Liveness

* Boundedness

* Reversibility

% Deadlock Prevention

® Deadlock Avoidance

” Supervisory Control

¥ Closed-Loop Control System
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! Complex Systems

? State Evolution

* Overflow

* Analysis

® Modular

® State Space Explosion

” Synthesis Operators

® Petri Nets

® Modular Supervisory Control

19 Distributed Supervisory Control



sRlongm LSl alS ln 1) (ohg) (rizen 8000 4 | (JSUS el Sutel (Al
wdlom ) 0l nan 3L 3,50 (IS sbaglse ) sl sisle laws alS ) eolial b
O L)l ause g 6lle s 5 sl anje als 4 e Hnlspge LSl alS sl

NOIRVATE LS ROFS I ORI SS 1 [ er e

T o ol 9 Lo il Y-

DS Sfaans clb glad il g mle jarass gbhpies S5 slo S
omed 4[] siluce (Sesl 1) SIS S slats, 5l ool b bagiaees ol LS55

Y . . .

- Sy 2l gz ;o Vb ©ja8 Gl 5 698 Ll slalnl b Jloyd Jaw SO bl

& Gl S8 Joe S e (Sl il colll sezg il Cuenl Bl Ly piw sl
2 iy oo Ly |y (2hb by Gl pbicus 5 led oo s LSl a9 880 04
5 Ok sl Vb g SLdl, 5 ST I Glem oy gleasd prdle g @l
ol Sl Pl sla s K3 5l 055 o 8 oolinal 950 i ol T lalss i el
boue 5 [F] o)1l comn oS @ o0 aSis e Joe S5 oot hleolS Sl o 5dle

el [5,0] LT

! Reduction of Structure
2 Supervisor

% Monitors

4 Contol Places

® Discrete State Space

® Automatic Control

" Formal Methodes

8 \Verification

% Specifications
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! Well-Behavedness

2 Behavioral Properties

¥ Structural Properties

* Supervisory Control Theory
> Computational Complexity
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! Divide and Conquer

2 Composition

¥ Merge Operators

* Composition Operators
® Refinement Operators
® Enable Operator

" Choice Operator

® Interleave Operator
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! Place-Merging Operator

2 Siphon

® Transition Merging Operator
* Modules

> Maximally Permissive

® Minimal Structure
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! Observable
2 Controllable
*Noise
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! Mutual Exclusion
’No Preemption

¥ Synchronization
* Decomposition
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! Performance

2 Fair Resource Allocation
SFault

* Plant

% Failure Event

® Unrecognized Events
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! Reachability Graph
2 Bottleneck
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! Supervisory Control Policies
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! Place

2 Simultanous Execution
% Bypass Operator

* Action-prefix Operator
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! Distributed Supervisory Contrl
? Centralized Supervisory Control
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(p,v)if t € T, and Aty € Ty, (P, tix) € F
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.
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5' MOI = Mo. (2‘14)
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Abstract:

This monograph deals with the issue of safe allocation of resources in discrete
event systems. Most of computer systems around us is a DES or can be abstracted as it.
Employing parallel processes and shared resources, these systems are highly complex.
Therefore, safe resource allocation of shared resources to parallel processes is a critical
task to avoid deadlock and buffer overflow. For this reason, formal models, e.g. Petri
nets, have been used for control and monitoring of resource allocation systems. These

models can both simulate system and provide verification methods for modeled system.

There are three important criteria to assess supervisory control policies: optimality
of behavio, structural efficiency, and computational efficiency. Several researches, e.g.
Language-based approaches, reachability graph-based approaches, Psiphon-based and
similarity-based approaches have been completed to improve some or all of these three
criteria. These algorithems face with high time and space complexity in large-scale
systems. Reduction of number of controlled Psiphons, introducing concepts of over
state and vector covering include the work done dealing with this problem. This
monograph provides Petri nets-based Supervisory Control in two related approaches. In
the first approach, investigate and prove the feasibility of the calculation of modular
supervision using synthesis operators of Petri nets. Utilization of modular design in
calculation of a maximum supervisory control reduces the computational complexity of
supervisor calculations. The furetheremore, utilizing place-merging operators reduce the
number of uncotrolled siphones that must be handeled In addition, we prove liveness
preservation of transition-merging operator in certain well-specified conditions. This
approach can independently be used to prove the liveness preservation in synthesis
operators. The second approach solves Supervisory Control problem by introducing a
linear programming methods. The use of specification/ generalization vectors leads to a
maximally permissive supervisory control with minimal structure and low
computational time. The second approach can be used modularly to further reduce the

computational time of supervisor calculation in large-scale systems.

Keywords: Discrete Event Dynamic Systems, Resource Allocation Systems,
Supervisory Control, Formal Modeling, Petri Nets.
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