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CHAPTER FIVE
IMPLEMENTATIONS OF DYNAMIC NETWORK


CPM/PERT are major tools for project management. They are networks that show precedence relations of activities of a project with the activity times. They are used to find project completion time, which is the longest path in the network. In this section, will considered the new technique (Dynamic Network) Petri net, which is used for design and control of advanced systems and project management. Some applications of Petri net for project scheduling as shown in the following case studies:


Case Study 1: Construction of a New Factory Building for ABC
Manufacturing company

The following table 5.1-a, shows the project activities, precedence relationships, and time estimates [6].

Table 5.1-a: Activities description and precedence relationships

	Activity
	Description
	Immediate Predecessor(s)
	Duration


	1
	Problem definition
	----
	3

	2
	Preliminary study of costs and constraints
	1
	3

	3
	Analysis of problem in existing building
	1
	3

	4
	Incorporation of requirements in new building
	3
	5

	5
	Detailed drawings of new building
	2,3
	6

	6
	Contractor building a prototype
	4,5
	9

	7
	Cost analysis
	5
	5

	8
	Engineers reviewing feasibility
	7
	3

	9
	Contractor building factory
	6,7
	5

	10
	Building inspection
	8,9
	6

	11
	Final plant layout
	10
	4
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Figure 5.1-a: PERT Diagram for Case Study 1

There are two critical paths as following: 1 – 2 – 5 - 6 – 9 – 10 – 11 and 1 – 3 – 5 – 6 – 9 -10 – 11 with 36 units time duration.

Table 5.1-b: Events and conditions description for dynamic network elements (PN)

	Event
	Description
	Duration
	Condition
	Description

	P1
	Problem definition ( PD )
	3
	t1
	Start of PD & FPL Completed

	P2
	Preliminary study of costs and constraints ( PSCC )
	3
	t2
	Completed of PD & PSCCStarted

	P3
	Analysis of problem in existing building ( APIEB )
	3
	t3
	Completed of PD & APIEBStarted

	P4
	Incorporation of requirements in new building ( IRINB )
	5
	t4
	Completed of PSCC&DDNB
Started

	P5
	Detailed drawings of new building ( DDNB )
	6
	t5
	Completed of APIEB & DDNBStarted

	P6
	Contractor building a prototype ( CBP )
	9
	t6
	Completed of APIEB &IRINBStarted

	P7
	Cost analysis ( CA )
	5
	t7
	Completed of DDN & CAStarted

	P8
	Engineers reviewing feasibility ( ERF )
	3
	t8
	Completed of DDNB & CBPStarted

	P9
	Contractor building factory
( CBF )
	5
	t9
	Completed of IRINB & CBPStarted

	P10
	Building inspection ( BI )
	6
	t10
	Completed of CBP&CBF Started

	P11
	Final plant layout ( FPL )
	4
	t11
	Completed of CA & ERFStarted

	
	
	
	t12
	Completed of CA & CBF
Started

	
	
	
	t13
	Completed of ERF&BI
Started

	
	
	
	t14
	Completed of CBF & BIStarted

	
	
	
	t15
	Completed of BI & FPLStarted




Table5.1-c: Precedence relationships between events and conditions for dynamic network (PN)

	Event
	Precondition
	Postcodition

	P1
	t1
	t2, t3

	P2
	t2
	t4

	P3
	t3
	t5, t6

	P4
	t6
	t9

	P5
	t4, t5
	t7, t8

	P6
	t8, t9
	t10

	P7
	t7
	t11, t12

	P8
	t11
	t13

	P9
	t10, t12
	t14

	P10
	t13, t14
	t15

	P11
	t15
	t1
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Figure 5.1-b: Dynamic Net for Case Study 1

  Applying Petri software for market graph rules (R1 and R2) and also to fine the loops for the dynamic network (PN). The run of the software as following:
A – Generation of the new dynamic network ( PN ) after applying two rules ( R1& R2 )
Multiple inputs to p1 will go through t16   R1
Input from t2 through p12
Input from t3 through p13
Multiple inputs to p3 will go through t17    R1
Input from t5 through p14
Input from t6 through p15-
Multiple inputs to p5 will go through t18     R1
Input from t7 through p16
Input from t8 through p17
Multiple outputs from p5 will go through t19   R2
Output to t4 through p18
Output to t5 through p19
Multiple outputs from p6 will go through t20    R2
Output to t8 through p20
Output to t9 through p21
Multiple inputs to p7 will go through t21           R1
Input from t11 through p22
Input from t12 through p23
Multiple outputs from p9 will go through t22     R2
Output to t10 through p24
Output to t12 through p25
Multiple outputs from p10 will go through t23     R2
Output to t13 through p26
Output to t14 through p27



Figure 5.1-c: Dynamic network after applying R1 and R2 Rules for Case Study 1
B- Generation the loops after applying the Petri software:
1. p01*,t01;p11 ,t15;p10 ,t23;p26 ,t13;p08 ,t11;p22 ,t21;p07 ,t07;p16 ,t18;p05 ,t19;p18 ,t04;p02 ,t02;p12 ,t16;
2. p01*,t01;p11 ,t15;p10 ,t23;p26 ,t13;p08 ,t11;p22 ,t21;p07 ,t07;p16 ,t18;p05 ,t19;p19 ,t05;p14 ,t17;p03 ,t03;p13 ,t16;
3. p01*,t01;p11 ,t15;p10 ,t23;p27 ,t14;p09 ,t22;p24 ,t10;p06 ,t20;p20 ,t08;p17 ,t18;p05 ,t19;p18 ,t04;p02 ,t02;p12 ,t16;
4. p01*,t01;p11 ,t15;p10 ,t23;p27 ,t14;p09 ,t22;p24 ,t10;p06 ,t20;p20 ,t08;p17 ,t18;p05 ,t19;p19 ,t05;p14 ,t17;p03 ,t03;p13 ,t16;
5. p01*,t01;p11 ,t15;p10 ,t23;p27 ,t14;p09 ,t22;p24 ,t10;p06 ,t20;p21 ,t09;p04 ,t06;p15 ,t17;p03 ,t03;p13 ,t16;
6. p01*,t01;p11 ,t15;p10 ,t23;p27 ,t14;p09 ,t22;p25 ,t12;p23 ,t21;p07 ,t07;p16 ,t18;p05 ,t19;p18 ,t04;p02 ,t02;p12 ,t16;
7. p01*,t01;p11 ,t15;p10 ,t23;p27 ,t14;p09 ,t22;p25 ,t12;p23 ,t21;p07 ,t07;p16 ,t18;p05 ,t19;p19 ,t05;p14 ,t17;p03 ,t03;p13 ,t16;
P -  invariants (U) = ( 7,3,4,1,6,3,4,2,5,7,7,3,4,3,1,4,2,3,3,2,1,2,2,3,2,2,5 )





Then the system is live (deadlock-free)



Then  is reached from 0
  Each loop has one token and a marked graph PN in which each place is an input for exactly one transition and an output for exactly one transition, this means that the system is safeness.





Where   p12 = p13 = … = p26 = p27 = 0 time duration

1. p01*,p11 ,p10 ,p26 ,p08 ,p22 ,p07 ,p16 ,p05 ,p18 ,p02 ,p12 ,= 3 + 4 + 6 + 0 + 3 + 0 + 5 + 0 + 6 + 0 + 3 + 0  = 27
2. p01*,p11 ,p10 ,p26 ,p08 ,p22 ,p07 ,p16 ,p05 ,p19 ,p14 ,p03 ,p13 ,,= 3 + 4 + 6 + 0 + 3 + 0 + 3 + 0 + 5 + 0 + 6 + 0 + 0 + 3 + 0 = 32
3. p01*,p11 ,p10 ,p27 ,p09 ,p24 ,p06 ,p20 ,p17 ,p05 ,p18 ,p02 ,p12 , ,= 3 + 4 + 6 + 0 + 5 + 0 + 9 + 0 + 0 + 6 + 0 + 3 + 0 = 36
4. p01*,p11 ,p10 ,p27 ,p09 ,p24 ,p06 ,p20 ,p17 ,p05 ,p19 ,p14 ,p03 ,p13 = 3 + 4 + 6 + 0 + 5 + 0 + 9 + 0 + 0 + 6 + 0 + 0 + 3 + 0 = 36
5. p01*,p11 ,p10 ,p27 ,p09 ,p24 ,p06 ,p21 ,p04 ,p15 ,p03 ,p13 ,,= 3 + 4 + 6 + 0 + 5 + 0 + 9 + 0 + 5 + 0 + 3 + 0 = 35
6. p01*,p11 ,p10 ,p27 ,p09 ,p25 ,p23 ,p07 ,p16 ,p05 ,p18 ,p02 ,;p12 ,= 3 + 4 + 6 + 0 + 5 + 0 + 0 + 0 + 5 + 0 + 6 + 0 + 3 + 0 = 32
7. p01*,p11 ,p10 ,p27 ,p09 ,p25 ,p23 ,p07 ,p16 ,p05 ,p19 ,p14 ,p03 ,p13 , = 3 + 4 + 6 + 0 + 5 + 0 + 0 + 5 + 0 + 6 + 0 + 3 + 0 = 32
They are two crirical paths as following: 

1. p01*,p11 ,p10 ,p27 ,p09 ,p24 ,p06 ,p20 ,p17 ,p05 ,p18 ,p02 ,p12 , ,= 3 + 4 + 6 + 0 + 5 + 0 + 9 + 0 + 0 + 6 + 0 + 3 + 0 = 36
2. p01*,p11 ,p10 ,p27 ,p09 ,p24 ,p06 ,p20 ,p17 ,p05 ,p19 ,p14 ,p03 ,p13 = 3 + 4 + 6 + 0 + 5 + 0 + 9 + 0 + 0 + 6 + 0 + 0 + 3 + 0 = 36

   Then the rsults of dynamic network ( PN ) as the same result of PERT network.









Case Study 2: Replacing an Existing Boiler with an Energy
Efficient Boiler [6]

The following table 5.2-a, shows the project activities, precedence relationships, and time estimates.

Table 5.2-a: Activities description and precedence relationships
	Activity
	ID
	Description
	Duration in days
	Predecessor(s)

	A
	1
	Prepare technical specification
	10
	None

	B
	2
	Tender processing
	25
	A

	C
	3
	Release of work orders
	3
	B

	D
	4
	Supply of Boiler equipment
	60
	C

	E
	5
	Supply of Auxiliaries
	21
	C

	F
	6
	Supply of Pipes & Pipe fittings
	10
	C

	G
	7
	Civil work
	15
	C

	H
	8
	Installation of Auxiliary equipment and pipin
	5
	E,F,G

	I
	9
	Installation of Boiler
	10
	D,H

	J
	10
	Testing and Commissions
	2
	I
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Figure 5.2-a: PERT Diagram for Case Study 2

The critical path as following: A – B – C –D – I – J with 110days duration.
Table 5.2-b: Events and conditions description for dynamic network elements (PN)
	Events
	Description
	Time
	Condition
	Description

	P1
	Prepare Technical Specifications ( PTS )
	10
	t1
	Start of PTS & TC completed

	P2
	Tender Processing ( TP )
	25
	t2
	Start of TP & Completed of PTS 

	P3
	Release of Work Order 
( RWO )
	3
	t3
	Start of RWO & Completed of TP

	P4
	Supply of Boiler Equipment 
( SPE )
	60
	t4
	Start of SPE & Completed of RWO

	P5
	Supply of Auxiliaries ( SA )
	20
	t5
	Start of SA & Completed of RWO

	P6
	Supply of Pipes & Pipe Fittings ( SPPF )
	10
	t6
	Start of SPPF & Completed of RWO

	P7
	Civil Works ( CW )
	15
	t7
	Start of CW & Completed of RWO

	P8
	Installation of Auxiliary Equipment & Piping ( IAEP )
	5
	t8
	Start of IAEP & Completed of SA


	P9
	Installation of Boiler ( IB )
	10
	t9
	Start of IAEP & Completed of SPPE

	P10
	Testing and Commissioning 
( TC )
	2
	t10
	Start of IAEP & Completed of CW

	
	
	
	t11
	Start of IB & Completed of  SPE

	
	
	
	t12
	Start of IB & Completed of  IAEP

	
	
	
	t13
	Start of TC & Completed of  IB




Table5.2-c: Precedence relationships between events and conditions for dynamic Network PN
	Events
	Preconditions
	Postconditions

	P1
	t1
	t2

	P2
	t2
	t3

	P3
	t3
	t4, t5, t6 ,t7

	P4
	t4
	t11

	P5
	t5
	t8

	P6
	t6
	t9

	P7
	t7
	t10

	P8
	t8, t9, t10
	t12

	P9
	t11
	t13

	P10
	t13
	t1
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Figure 5.2-b: Dynamic Net for Case Study 2
Applying Petri software for market graph rules (R1 and R2) and also to fine the loops for the dynamic network (PN). The run of the software as following:
A – Generation of the new dynamic network (PN) after applying two rules (R1& R2)
Multiple inputs to p3 will go through t14
  Input from t4 through p11
  Input from t5 through p12
  Input from t6 through p13
  Input from t7 through p14
Multiple outputs from p8 will go through t15
  Output to t8 through p15
  Output to t9 through p16
  Output to t10 through p17
Multiple outputs from p9 will go through t16
  Output to t11 through p18
  Output to t12 through p19
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Figure 5.2-c: Dynamic network after applying R1 and R2 Rules for Case Study 2



B- Generation the loops after applying the Petri software:
1. p001*,t001;p010 ,t013;p009 ,t016;p018 ,t011;p004 ,t004;p011 ,t014;p003 ,t003;p002 ,t002;
2. p001*,t001;p010 ,t013;p009 ,t016;p019 ,t012;p008 ,t015;p015 ,t008;p005 ,t005;p012 ,t014;p003 ,t003;p002 ,t002;
3. p001*,t001;p010 ,t013;p009 ,t016;p019 ,t012;p008 ,t015;p016 ,t009;p006 ,t006;p013 ,t014;p003 ,t003;p002 ,t002;
4. p001*,t001;p010 ,t013;p009 ,t016;p019 ,t012;p008 ,t015;p017 ,t010;p007 ,t007;p014 ,t014;p003 ,t003;p002 ,t002;


P invariants (U) = (4,4,4,1,1,1,1,3,4,4,1,1,1,1,1,1,1,1,3 )




 The system is free deadlock




Then  is reached from 0
  Each loop has one token and a marked graph PN in which each place is an input for exactly one transition and an output for exactly one transition, this means that the system is safeness.
Where   p11 = p12 = … = p18 = p19 = 0 time duration
1. p001*,p010 ,p009 ,p018 ,;p004 ,;p011 ,p003 ,p002 , = 10 + 2 + 10 + 0 + 60 + 0 + 3 + 25 = 110
2. p001*,p010, p009 ,p019 ,p008 ,p015 ,p005 ,p012 ,p003 ,p002 ,= 10 + 2 + 10 + 0 + 5 + 0 + 20 + 0 + 3 + 25 = 75
3. p001*,p010 ,p009 ,p019 ,p008 ,p016 ,p006 ,p013 ,p003 ,p002 , = 10 + 2 + 10 + 0 + 5 + 10 + 0 + 3 + 25 = 65
4. p001*,p010 ,p009 ,p019 ,p008 ,p017 ,p007 ,p014 ,p003 ,p002 , = 10 + 2 + 10 + 0 + 5 + 0 + 15 + 0 + 3 + 25 =70

The crirical path as following:p001*,p010 ,p009 ,p018 ,;p004 ,;p011 ,p003 ,p002 , = 10 + 2 + 10 + 0 + 60 + 0 + 3 + 25 = 110
   Then the rsults of dynamic network ( PN ) as the same result of PERT network.

Case Study 3: Maintenance Scheduling for the Kiln of 
                                  Benghazi Cement Factory 

The following table 5.1-a, shows the maintenance scheduling activities, precedence relationships, and time estimates [7].

Table 5.3-a: Activity precedence for maintenance of the Kiln unit
	Activity
	ID
	Description
	Predecessor(s)
	Duration

	A
	1
	Repair of Fissures in Area D1 “Kiln Outer“ ( RFAKO )
	-------
	5

	B
	2
	Fixing Oil Set of Carrying Chairs in Supporting Rollers ( FOSCCSR )
	A
	3

	C
	3
	Fixing Set of Paver Segment in Oven Outer ( FSPSOO )
	A
	7

	D
	4
	Maintenance of Lubrication System of Operation Gear ( MLSOG )
	A
	3

	E
	5
	Cooling Server of Carrying Chairs Trams Supporting Rollers ( CSCCTSR )
	A
	15

	F
	6
	Checking of Helical Trams Porter 
( CHTP )
	B,C,D,E
	15

	G
	7
	Checking of Maintenance Steps Necessary for Supplying Helicoids Including Changing Rollers of Carrying Chairs ( CMSNSHICRCC )
	B,C,D,E
	30

	H
	8
	Changing Belt of Oven Scale and Some Damaged Rollers ( CBOSSDR )
	F,G
	2

	I
	9
	Check Scale “ Controlling Amount of  Material Flow “ ( CS )
	H
	1

	J
	10
	Changing Damaged Parts of Operation System ( CDPOS _
	H
	25

	K
	11
	Maintenance of Lubrication and Cooling System of Boxes of Gear system of Oven Operation System ( MLCSBGSOOS )
	H
	2

	L
	12
	End of Maintenance
	I,J,K
	0
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Figure 5. 3-a: PERT Diagram for Kiln maintenance

   The critical is 1 – 5 – 7 – 8 – 11 – 12 (A – E – G – H – J – L) with 77 days duration.

Table 5.3-b: Elements of dynamic network (PN) Events and Conditions.
	Event
	Time
	Description
	Condition
	Description

	p1
	5
	Repair of Fissures in Area D1 “Kiln Outer“ ( RFAKO )
	t1
	Start of RFAKO & EM Completed

	p2
	3
	Fixing Oil Set of Carrying Chairs in Supporting Rollers 
( FOSCCSR )
	t2
	Start of FOSCCSR & RFAKO Completed

	p3
	7
	Fixing Set of Paver Segment in Oven Outer ( FSPSOO )
	t3
	Start of FSPSOO & RFAKO Completed

	p4
	3
	Maintenance of Lubrication System of Operation Gear ( MLSOG )
	t4
	Start of MLSOG & RFAKO Completed

	p5
	15
	Cooling Server of Carrying Chairs Trams Supporting Rollers ( CSCCTSR )
	t5
	Start of CSCCTSR & RFAKO Completed

	p6
	15
	Checking of Helical Trams Porter 
( CHTP )
	t6
	Start of CHTP & FOSCCSR Completed

	p7
	30
	Checking of Maintenance Steps Necessary for Supplying Helicoids Including Changing Rollers of Carrying Chairs (CMSNSHICRCC)
	t7
	Start of CMSNSHICRCC & FOSCCSR Completed

	p8
	2
	Changing Belt of Oven Scale and Some Damaged Rollers
 ( CBOSSDR )
	t8
	Start of CHTP & FSPSOO Completed

	p9
	1
	Check Scale “ Controlling Amount of  Material Flow “ ( CS )
	t9
	Start of CMSNSHICRCC & FSPSOO Completed

	p10
	25
	Changing Damaged Parts of Operation System ( CDPOS )
	t10
	Start of CHTP & MLSOG Completed

	p11
	2
	Maintenance of Lubrication and Cooling System of Boxes of Gear system of Oven Operation System 
( MLCSBGSOOS )
	t11
	Start of CMSNSHICRCC & MLSOG Completed

	p12
	0
	End of Maintenance ( EM )
	t12
	Start of CHTP & CSCCTSR Completed

	
	
	
	t13
	Start of CMSNSHICRCC & CSCCTSR Completed

	
	
	
	t14
	Start of CBOSSDR & CHTP Completed

	
	
	
	t15
	Start of CBOSSDR & CMSNSHICRCC Completed

	
	
	
	t16
	Start of CS & CBOSSDR Completed

	
	
	
	t17
	Start of CDPOS & CBOSSDR Completed

	
	
	
	t18
	Start of MLCSBGSOOS & CBOSSDR Completed

	
	
	
	t19
	Start of EM & CS Completed

	
	
	
	t20
	Start of EM & CDPOS Completed

	
	
	
	t21
	Start of EM & MLCSBGSOOS Completed




Table5.3-c: Precedence relationships between events and conditions for dynamic network PN
	Events
	Preconditions
	Postconditions

	p1
	t1
	t2, t3, t4, t5

	p2
	t2
	t6, t7

	p3
	t3
	t8, t9

	p4
	t4
	t10, t11

	p5
	t5
	t12, t13

	p6
	t6, t8, t10, t12
	t14

	p7
	t7, t9, t11, t13
	t15

	p8
	t14, t15
	t16, t17, t18

	p9
	t16
	t19

	p10
	t17
	t20

	p11
	t18
	t21

	p12
	t19, t21
	t1
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Figure 5.3-b: Dynamic Net for Case Study 3

Applying Petri software for market graph rules ( R1 and R2 ) and also to fine the loops for the dynamic network ( PN ). The run of the software as following:

A – Generation of the new dynamic network ( PN ) after applying two rules ( R1& R2 )
Multiple inputs to p1 will go through t22
Input from t2 through p13
Input from t3 through p14
Input from t4 through p15
Input from t5 through p16
Multiple inputs to p2 will go through t23
Input from t6 through p17
Input from t7 through p18
Multiple inputs to p3 will go through t24
Input from t8 through p19
Input from t9 through p20
Multiple inputs to p4 will go through t25
Input from t10 through p21
Input from t11 through p22
Multiple inputs to p5 will go through t26
Input from t12 through p23
Input from t13 through p24
Multiple outputs from p6 will go through t27
Output to t6 through p25
Output to t8 through p26
Output to t10 through p27
Output to t12 through p28
Multiple outputs from p7 will go through t28
Output to t7 through p29
Output to t9 through p30
Output to t11 through p31
Output to t13 through p32
Multiple inputs to p8 will go through t29
Input from t16 through p33
Input from t17 through p34
Input from t18 through p35
Multiple outputs from p8 will go through t30
Output to t14 through p36
Output to t15 through p37
Multiple outputs from p12 will go through t31
Output to t19 through p38
Output to t20 through p39
Output to t21 through p40
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Figure 5.3-c: Dynamic network after applying R1 and R2 Rules for Case Study 3

 of tokens=(1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0 )T

Incidence Matrix
-1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
 0-1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
 0 0-1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
 0 0 0-1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0
 0 0 0 0-1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0-1 0 0 0 0
 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0-1 0 0 0
 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1-1 0
 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-1 0 0 1 0 0 0 0 0 0 0 0 0 0 0
 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-1 0 0 1 0 0 0 0 0 0 0 0 0 0
 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-1
 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-1 0 0 0 0 0 0 0 0 0
 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-1 0 0 0 0 0 0 0 0 0
 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-1 0 0 0 0 0 0 0 0 0
 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-1 0 0 0 0 0 0 0 0 0
 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-1 0 0 0 0 0 0 0 0
 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-1 0 0 0 0 0 0 0 0
 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-1 0 0 0 0 0 0 0
 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0-1 0 0 0 0 0 0 0
 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0-1 0 0 0 0 0 0
 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0-1 0 0 0 0 0 0
 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0-1 0 0 0 0 0
 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0-1 0 0 0 0 0
 0 0 0 0 0-1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
 0 0 0 0 0 0 0-1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
 0 0 0 0 0 0 0 0 0-1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
 0 0 0 0 0 0 0 0 0 0 0-1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
 0 0 0 0 0 0-1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
 0 0 0 0 0 0 0 0-1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
 0 0 0 0 0 0 0 0 0 0-1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
 0 0 0 0 0 0 0 0 0 0 0 0-1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0-1 0 0
 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0-1 0 0
 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0-1 0 0
 0 0 0 0 0 0 0 0 0 0 0 0 0-1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
 0 0 0 0 0 0 0 0 0 0 0 0 0 0-1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-1 0 0 0 0 0 0 0 0 0 0 0 1
 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-1 0 0 0 0 0 0 0 0 0 0 1
 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0-1 0 0 0 0 0 0 0 0 0 1







B- Generation the loops after applying the Petri software: 

1. p001*;p012 ;p038 ;p009 ;p033 ;p008 ;p036 ;p006 ;p025 ;p017 ;p002 ;p013 ;
2. p001*;p012 ;p038 ;p009 ;p033 ;p008 ;p036 ;p006 ;p026 ;p019 ;p003 ;p014 ;
3. p001*;p012 ;p038 ;p009 ;p033 ;p008 ;p036 ;p006 ;p027 ;p021 ;p004 ;p015 ;
4. p001*;p012 ;p038 ;p009 ;p033 ;p008 ;p036 ;p006 ;p028 ;p023 ;p005 ;p016 ;
5. p001*;p012 ;p038 ;p009 ;p033 ;p008 ;p037 ;p007 ;p029 ;p018 ;p002 ;p013 ;
6. p001*;p012 ;p038 ;p009 ;p033 ;p008 ;p037 ;p007 ;p030 ;p020 ;p003 ;p014 ;
7. p001*;p012 ;p038 ;p009 ;p033 ;p008 ;p037 ;p007 ;p031 ;p022 ;p004 ;p015 ;
8. p001*;p012 ;p038 ;p009 ;p033 ;p008 ;p037 ;p007 ;p032 ;p024 ;p005 ;p016 ;
9. p001*;p012 ;p039 ;p010 ;p034 ;p008 ;p036 ;p006 ;p025 ;p017 ;p002 ;p013 ;
10. p001*;p012 ;p039 ;p010 ;p034 ;p008 ;p036 ;p006 ;p026 ;p019 ;p003 ;p014 ;
11. p001*;p012 ;p039 ;p010 ;p034 ;p008 ;p036 ;p006 ;p027 ;p021 ;p004 ;p015 ;
12. p001*;p012 ;p039 ;p010 ;p034 ;p008 ;p036 ;p006 ;p028 ;p023 ;p005 ;p016 ;
13. p001*;p012 ;p039 ;p010 ;p034 ;p008 ;p037 ;p007 ;p029 ;p018 ;p002 ;p013 ;
14. p001*;p012 ;p039 ;p010 ;p034 ;p008 ;p037 ;p007 ;p030 ;p020 ;p003 ;p014 ;
15. p001*;p012 ;p039 ;p010 ;p034 ;p008 ;p037 ;p007 ;p031 ;p022 ;p004 ;p015 ;
16. p001*;p012 ;p039 ;p010 ;p034 ;p008 ;p037 ;p007 ;p032 ;p024 ;p005 ;p016 ;
17. p001*;p012 ;p040 ;p011 ;p035 ;p008 ;p036 ;p006 ;p025 ;p017 ;p002 ;p013 ;
18. p001*;p012 ;p040 ;p011 ;p035 ;p008 ;p036 ;p006 ;p026 ;p019 ;p003 ;p014 ;
19. p001*;p012 ;p040 ;p011 ;p035 ;p008 ;p036 ;p006 ;p027 ;p021 ;p004 ;p015 ;
20. p001*;p012 ;p040 ;p011 ;p035 ;p008 ;p036 ;p006 ;p028 ;p023 ;p005 ;p016 ;
21. p001*;p012 ;p040 ;p011 ;p035 ;p008 ;p037 ;p007 ;p029 ;p018 ;p002 ;p013 ;
22. p001*;p012 ;p040 ;p011 ;p035 ;p008 ;p037 ;p007 ;p030 ;p020 ;p003 ;p014 ;
23. p001*;p012 ;p040 ;p011 ;p035 ;p008 ;p037 ;p007 ;p031 ;p022 ;p004 ;p015 ;
24. p001*;p012 ;p040 ;p011 ;p035 ;p008 ;p037 ;p007 ;p032 ;p024 ;p005 ;p016 ;

P-invariants(U)= (24,6,6,6,6,12,12,24,8,8,8,24,6,6,6,6,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,8,8,8,12,12,8,8,8 )
U by incidence = U * D = (0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0 )

Then the system is live (Free Deadlock)
U by tokens = 24;
Then  is reached from 0
  Each loop has one token and a marked graph PN in which each place is an input for exactly one transition and an output for exactly one transition, this means that the system is safeness.

Where              P013=P014=P015= … = P039=P040= 0

1. p001*;p012 ;p038 ;p009 ;p033 ;p008 ;p036 ;p006 ;p025 ;p017 ;p002 ;p013 = 5 + 0 + 0 + 1 + 0 + 2 + 0 + 15 + 0 + 0 + 3 + 0 = 26
2. p001*;p012 ;p038 ;p009 ;p033 ;p008 ;p036 ;p006 ;p026 ;p019 ;p003 ;p014 ;= 5 + 0 + 0 + 1 + 0 + 2 + 0 + 15 + 0 + 0 + 7 + 0 = 30
3. p001*;p012 ;p038 ;p009 ;p033 ;p008 ;p036 ;p006 ;p027 ;p021 ;p004 ;p015 ;= 5 + 0 + 0 + 1 + 0 + 2 + 0 + 15 + 0 + 0 + 3 + 0 = 26
4. p001*;p012 ;p038 ;p009 ;p033 ;p008 ;p036 ;p006 ;p028 ;p023 ;p005 ;p016;= 5 + 0 + 0 + 1 + 0 + 2 + 0 + 15 + 0 + 0 + 15 + 0 = 38
5. p001*;p012 ;p038 ;p009 ;p033 ;p008 ;p037 ;p007 ;p029 ;p018 ;p002 ;p013;= 5 + 0 + 0 + 1 + 0 + 2 + 0 + 30 + 0 + 0 + 3 + 0 = 41
6. p001*;p012 ;p038 ;p009 ;p033 ;p008 ;p037 ;p007 ;p030 ;p020 ;p003 ;p014;= 5 + 0 + 0 + 1 + 0 + 2 + 0 + 30 + 0 + 0 + 7 + 0 = 45
7. p001*;p012 ;p038 ;p009 ;p033 ;p008 ;p037 ;p007 ;p031 ;p022 ;p004 ;p015;= 5 + 0 + 0 + 1 + 0 + 2 + 0 + 30 + 0 + 0 + 3 + 0 = 41
8. p001*;p012 ;p038 ;p009 ;p033 ;p008 ;p037 ;p007 ;p032 ;p024 ;p005 ;p016;= 5 + 0 + 0 + 1 + 0 + 2 + 0 + 30 + 0 + 0 + 15 + 0 = 53
9. p001*;p012 ;p039 ;p010 ;p034 ;p008 ;p036 ;p006 ;p025 ;p017 ;p002 ;p013;= 5 + 0 + 0 + 25 + 0 + 2 + 0 + 15 + 0 + 0 + 3 + 0 = 50
10. p001*;p012 ;p039 ;p010 ;p034 ;p008 ;p036 ;p006 ;p026 ;p019 ;p003 ;p014;= 5 + 0 + 0 + 25 + 0 + 2 + 0 + 15 + 0 + 0 + 7 + 0 = 54
11. p001*;p012 ;p039 ;p010 ;p034 ;p008 ;p036 ;p006 ;p027 ;p021 ;p004 ;p015;= 5 + 0 + 0 + 25 + 0 + 2 + 0 + 15 + 0 + 0 + 3 + 0 = 50
12. p001*;p012 ;p039 ;p010;p034;p008 ;p036 ;p006 ;p028 ;p023 ;p005 ;p016;= 5 + 0 + 0 + 25 + 0 + 2 + 0 + 15 + 0 + 0 + 15 + 0 = 62
13. p001*;p012 ;p039 ;p010 ;p034 ;p008 ;p037 ;p007 ;p029 ;p018 ;p002 ;p013;= 5 + 0 + 0 + 25 + 0 + 2 + 0 + 30 + 0 + 0 + 2 + 0 = 64
14. p001*;p012 ;p039 ;p010 ;p034 ;p008 ;p037 ;p007 ;p030 ;p020 ;p003 ;p014;= 5 + 0 + 0 + 25 + 0 + 2 + 0 + 30 + 0 + 0 + 7 + 0 = 69
15. p001*;p012 ;p039 ;p010 ;p034 ;p008 ;p037 ;p007 ;p031 ;p022 ;p004 ;p015;= 5 + 0 + 0 + 25+ 0 + 2 + 0 + 30 + 0 + 0 + 3 + 0 = 65
16. p001*;p012 ;p039;p010 ;p034 ;p008;p037 ;p007 ;p032 ;p024 ;p005 ;p016; = 5 + 0 + 0 + 25 + 0 + 2 + 0 + 30 + 0 + 0 + 15 + 0 =77
17. p001*;p012 ;p040 ;p011 ;p035 ;p008 ;p036 ;p006 ;p025 ;p017 ;p002 ;p013;= 5 + 0 + 0 + 2 + 0 + 2 + 0 + 15 + 0 + 0 + 3 + 0 = 27
18. p001*;p012 ;p040 ;p011 ;p035 ;p008 ;p036 ;p006 ;p026 ;p019 ;p003 ;p014;= 5 + 0 + 0 + 2 + 0 + 2 + 0 + 15 + 0 + 0 + 7 + 0 = 31
19. p001*;p012 ;p040 ;p011 ;p035 ;p008 ;p036 ;p006 ;p027 ;p021 ;p004 ;p015;= 5 + 0 + 0 + 2 + 0 + 2 + 0 + 15 + 0 + 0 + 3 + 0 = 27
20. p001*;p012 ;p040 ;p011 ;p035 ;p008 ;p036 ;p006 ;p028 ;p023 ;p005 ;p016;= 5 + 0 + 0 + 2 + 0 + 2 + 0 + 15 + 0 + 0 + 15 + 0 = 39
21. p001*;p012 ;p040 ;p011 ;p035 ;p008 ;p037 ;p007 ;p029 ;p018 ;p002 ;p013;= 5 + 0 + 0 + 2 + 0 + 2 + 0 + 30 + 0 + 0 + 3 + 0 = 42
22. p001*;p012 ;p040 ;p011 ;p035 ;p008 ;p037 ;p007 ;p030 ;p020 ;p003 ;p014;= 5 + 0 + 0 + 2 + 0 + 2 + 0 + 30 + 0 + 0 + 7 + 0 = 46
23. p001*;p012 ;p040 ;p011 ;p035 ;p008 ;p037 ;p007 ;p031 ;p022 ;p004 ;p015;= 5 + 0 + 0 + 2 + 0 + 2 + 0 + 30 + 0 + 0 + 3 + 0 = 42
24. p001*;p012 ;p040 ;p011 ;p035 ;p008 ;p037 ;p007 ;p032 ;p024 ;p005 ;p016;= 5 + 0 + 0 + 2 + 0 + 2 + 0 + 30 + 0 + 0 + 15 + 0 = 54

The crirical path as following: 
p001*;p012 ;p039;p010 ;p034 ;p008;p037 ;p007 ;p032 ;p024 ;p005 ;p016; = 5 + 0 + 0 + 25 + 0 + 2 + 0 + 30 + 0 + 0 + 15 + 0 =77
   Then the rsults of dynamic network ( PN ) as the same result of PERT network.
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