
Journal of Mechanical Engineering Research and Developments 

ISSN: 1024-1752 

CODEN: JERDFO 

Vol. 44, No. 9, pp. 341-352 

Published Year 2021 

 

341 

 

Performance Assessment of Assigned Tool Management 

Philosophy with Black and Colored Petri Net 

Zuhaib Ali Khan, Muhammad Zeeshan Zahir*, Shaukat Ali Shah, Arsalan Muhammad 

Ahmad, Naveed Ullah, Ashfaq Khan 

Department of Mechanical Engineering, University of Engineering and Technology, Peshawar, Peshawar 

25120, Pakistan. 

*Corresponding author email: zeeshan.zahir@uetpeshawar.edu.pk 

ABSTRACT 

The implementation of a flexible manufacturing system (FMS) in the industries is a difficult task due to the 

underutilization of the resources. To fully utilize FMS resources; planning and analysis are required before 

implementing it. The most critical component is the tool which contributes to a significant amount in the overall 

cost of production. Little research is done in implementing tool management philosophies in Flexible 

Manufacturing. Tool inventory accounts for 25% of FMS's operating expenses, lowering the tool inventory 

lowers the operating expenses dramatically. In this paper assigned tool management philosophy is integrated 

using the black and colored Petri Net (PN) technique, intending to reduce the number of tools required for the 

assigned plan. A generic Petri Net model is proposed for the assigned tool philosophy. The structural design of 

the model is derived from the process plan. Integrated Net Analyzer (INA) is used to find the total number of 

elementary circuits according to the process plan and optimization of the model is done with the help of LINGO 

software. An Excel sheet is developed to find all the performance parameters of the proposed model. In this 

research it is assumed that the routing and the process plan will not vary; furthermore, there is no blocking of 

parts during the operation and the raw materials are in excess. The black and colored PN models were compared 

for assigned tool philosophy and it was observed that the number of tools required was 62 and 47 for black and 

colored PN model respectively, further the colored PN significantly reduced the total number of invariants from 

99 to 16 while keeping work in progress (WIP) same. By reducing the total number of invariants colored PN 

reduced the complexity of the flexible manufacturing system. 
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INTRODUCTION 

Market trend changes with each coming day; it is customer-driven but customer priorities also change with time. 

Initially, they were concerned about the price of the product but with the time they also looked for its quality 

and nowadays with these two traits the product delivery time is also important. So to compete in this 

environment, innovation, and modification in the existing Flexible manufacturing system (FMS) are required. 

Due to resources deployment issues in FMS, their effect is usually underutilized. The most important facility in 

FMS which affects all other resources of FMS is the tool inventory. Therefore for complete utilization of these 

resources tool management should be integrated more thoroughly in the planning and control of FMS. The 

inability to get tools can have a significant impact on the productivity of any industrial system. They proposed a 

tool-tracking system to monitor tool movements on a manufacturing floor to minimize tool loss and assembly 

tool hoarding [1]. To solve tool inventory problems, researchers employ a variety of techniques in the literature, 

for example, Simulation Software, Linear Programming, Fuzzy and Logics, and Petri net [2–10].  

A Petri net is a mathematical tool for describing the characteristics of FMSs, such as modeling, analyzing, and 

controlling. The Petri net model for flexible manufacturing systems may be analyzed in two ways: structural 

analysis and reachability graph analysis. The complete or partial calculations of reachable marks are required for 
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reachability graph analysis [11]. Petri net characteristics vary depending on the system; a Flexible 

Manufacturing System (FMS) necessitates production activities in which raw materials, energy, labor, and 

equipment are integrated with the modification process to produce high-quality items [12]. The Petri net tool 

was used by Pravin et al. [13] to increase machine utilization in job shop manufacturing environments.  

Significant research has been undertaken on the investigation of part and tool arrangement and loading [14,15]. 

Yedukondalu et al. [15] used a discrete-event simulation technique for part scheduling in an FMS environment. 

Amoako and Meredith [16] demonstrated that three heuristic approaches can be employed for tool allocation in 

FMS. Sarin and Chen [17] devised 0-1 linear programming for tool allocation and machine loading as well. 

Ventura et al. [18] developed a 0-1 linear integer program in FMS for part-tool grouping problems. The 

formulation reduced interdependencies among the part groupings. Reddy CE [19] investigated the impact of the 

number of tools shared and tool presetting on the machine. To overcome these tool management issues, he 

suggested a temporal Petri Net model. According to the literature, in a hierarchical shop floor system, tools 

cannot be distributed continuously among machines. A dynamic tool-sharing strategy will be employed in the 

current study to tackle tool management. Material handling was presented while building a mixed linear integer 

model for tool allocation and component assignment in one paper in the literature [20]. In FMS, Atan and Pandit 

[21] established a strategy for assigning tools to machines and addressing loading issues. 

Strengthening the tool supply system can significantly reduce the tool cost which accounts for a major portion of 

the overall product cost [22]. Through simulation software, a set of common tools was discovered and then 

handled effectively to minimize the overall tool inventory. Tool sharing principle implementation is a significant 

challenge that needs to be overcome. Maintaining a flexible tool routing system and its placement in the 

magazine is a challenging task. Chen and Chen [23] draw attention to this issue in their study. Imane et al. [24] 

used first-order hybrid Petri nets to simulate and assess the performance of a closed-loop supply chain. The 

study discussed the fundamental concepts of Petri nets, identified flaws, and proposed a simulation model of the 

shipboard aircraft operational support process. The method reduced the modeling and compensated for the 

absence of Petri net time performance analysis.  

A job shop has been developed using a Petri net idea with six machines and eight goods. Buchs et al. [25] 

employed an algebraic Petri net analyzer to test the performance adaptability of complicated models. Thong and 

Ameedeen [26] conducted an assessment of the industry availability of  Petri net tools. This research looked at 

twenty Petri net tools. Sun et al. [27] investigated the translation from a valid design solution to a valid 

integration, which is a method for translating colored Petri nets to abstract B machines. Fronc and Pommereau 

[28] aimed at improving Petri net models. A lightweight compiler was created for this purpose. The applicability 

of the Colored Petri Net (CPN) is restricted because it is a relatively new technique for tackling FMS problems. 

For a non-hierarchical control system, several studies focused on dynamic tool sharing. The same study uses 

object modeling for static relations and Colored Petri Net for dynamic interaction [23]. It was recommended that 

the Object Modeling Technique (OMT) and CPN be integrated into one model. The researchers started by using 

OMT to create the interaction between different objects in FMS and then used CPN to investigate the dynamic 

performance characteristics. Recently Estefanía et al. [29] used colored Petri net for wireless protocol. 

Shaukat et al.[30] suggested a novel approach to the design and development of the tool sharing control system 

based on the Colored Petri Net (CPN) which is designed to support the usage of the correct and minimum 

amount of tools for a production system. To portray FMS by using CPN, assumptions related to processing time, 

part routing, material hoarding, process plan as well as deterministic tool life must be made. All of these 

variables are considered to be constant. The current study is a follow-up to Zuhaib et al. [31] work, which 

examined tool sharing philosophy in depth. To solve the problem of tool inventory, a black and colored Petri 

Net is being used in this current study.  

The current study is unique in the sense that it uses a novel research approach. As a beginning point, the process 

plan is employed. The process plan displays data on tools, equipment, and parts, as well as the processing time 

for each step. The literature study revealed that there is minimal research on the topic of Petri Net tool 

management. The Colored Petri Net technique is also not often employed to handle tool management 

difficulties, according to the research. In this study, both black and colored Petri Nets are utilized to assign tool 



 
Performance Assessment of Assigned Tool Management Philosophy with Black and Colored Petri Net 

 

343 

 

management philosophies. The major goal of this study was to employ Petri Net as a tool for reducing tool 

inventory and work in process in FMS. Through enhancing tool management, you may cut tool inventory and 

expenditures, which account for 25% of overall operating costs. FMS will be created using a colorful Petri net 

model based on tool management philosophy for this aim. 

Assigned Tool  

For producing a complete batch in the machine-tool magazine, the resident/allocated tooling concept offers 

permanent residencies to those tools that are more commonly used for component mix and production demands. 

These tools are only replaced when they break or reach the end of their useful life. This method has the 

advantage of being adaptable to unscheduled activities and delays, but it will not reduce tool inventory. 

METHODOLOGY 

A case study for an assigned tool philosophy with two components and three machines was provided using 

black and multicolored Petri Net models. WIP and tool count were assessed for black and colorful PN models in 

this study. 

Five steps were required to solve a PN model. These steps were as follows: 

1. Create a process plan. 

2. Determine the minimum part set required 

3. Model of Petri Nets 

4. Marking of the PN model for the very first time 

5. Analysis through INA, Excel Sheet, and LINGO Software 

Table 1 yields a process plan for the given tool as well as a black and colored PN model. Because this is a 

general model, it is applied to a sample situation involving two pieces that will be processed on three distinct 

machines. Some tools are allocated permanently to the tool magazine in the assigned tool. First, a black Petri 

Net analysis was carried out, followed by a colorful Petri Net solution to the same problem.   An integrated net 

analyzer must be used to find the entire number of qualifying elementary circuits (INA). By importing all 

elementary circuits, the excel sheet is utilized to determine performance parameters such as cycle. 

GENERIC MODEL 

A sample problem with two parts to be processed on three machines with some tools are permanently assigned 

to the tool magazine in order to execute the assigned tool philosophy. The initial solution to this sample problem 

is the black Petri networking model, which identifies the WIP(work in progress and number of machine tools. 

As mentioned in previous research, the same five stages have been followed [31]. 

BLACK PETRI NET MODEL FOR ASSIGNED TOOL  

The process plan is the initial phase. Table 1 shows the process plan for the allocated tool.  

Table 1. Philosophy of the assigned tool. Process Plane for the PN model in black 

Process 

plane 

Machine1 

Time(min) 

Tool 

Machine2 

Time(min) 

Tool 

Machine 3 

Time (min) 

Tool 

Part 1 

t.11 

(5-min) 

TL.111 (assigned) 

(TL.111,TL.112,TL.113,TL.114,TL.115) 

t.12 

(10-min) 

TL.122 (assigned) 

(TL.124,TL.125) 

t.13 

(5-min) 

TL.133 (assigned) 

(TL.131) 

Part 2 

t.21 

(8-min) 

TL.124 (assigned) 

(TL.211) 

t.22 

(6-min) 

( TL.222,TL.223) 

t.23 

(6-min) 

(TL.231) 
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t.ij means processing time for part i on machine j, T.xyz means part x to be processed on machine y with z tool. 

From the modified process plan, a black PN model is formed as shown in figure 1. 

 

Figure 1. Black PN model for Assigned tool 

The proposed PN model is shown in Figure 1. There are 21 different places in the model, as well as six different 

transitions. On machine 1, transition number t11, part P11 was ready to be processed. When a token was present 

at any of the P11 locations, t11 would initiate the procedure. Machine 1 took T111, T111, T112, T113, T114, 

T115, and C11 as inputs. Tool number 1 is always assigned to machine number 1 in this configuration. The 

token at P11 indicated that a part was available, while the tokens at T111, T112, T113, T114, and T115 

indicated that tools were available, and the token at C11 stated that the machine at station 1 was available. Each 

output position, such as P12, T211, T222, T2,223, T124, T125, and C21, was supplied to the corresponding 

token after t11 fired. For the next operation, six tools have been released and distributed over t12, t21, and t22. 

It's worth mentioning that as long as the input criteria are satisfied, t12 and t21 can be fired at the same time.  

For the transfer to the process plane, t12 required tools T122, T124, and T125. T122 is allocated to Machine 2 in 

this tool. T124, T211 i.e. instruments 4 and 1 were needed for transition t21. T124 is allocated to machine 2 in 

this tool. Following the firing, the token was placed in each of the output positions, namely P22, T131, T112, 

T113, T114, T115, C11, and C13, indicating component, tool, and machine availability. For the t13 transition, 

tools must be used. T133 and T131, or tools 3 and 1, will fire subsequent, however, transition t11, which needed 

5 tools but only had 4, would not fire. A suitable token was appended to the associated output position, i.e. T231 

and C23, once t13 was executed. The transition t23 is a necessary tool. Because T231 is the first tool, it fired 

and then added the token T111 to the output place. T111, T112, T113, T114, and T115 were all necessary for 

transition t11, and they were all accessible, therefore it fired and the cycle was repeated. Tools 1,2,3 and 4 are 

permanently allocated to machines 1,2,3 and 1, correspondingly, according to the process plane.  

Following the initial marking, the following step was to identify all of the potential invariants. It was feasible to 

determine it manually for a simple system, but it was difficult in a big model, thus INA software was used to 

find the total number of invariants. A notepad file was created from the first PN model, which was then used as 

an INA input file. The INA software was then run for computing the total number of elementary circuits from 

the input file. The generated file had 99 basic circuits and 27 locations. The matrix spanned 99 and 27, 

displaying only 0s and 1s. A value of 0s indicates that the associated location was not included in the circuit, 

whereas a value of 1s indicates that it was. The machine's ideal number was computed for the yearly production 

of 1400000 components after all potential circuits were identified, each of which included a minimum of one 

token. Table 2 shows the total quantity of required machines. 
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Table 2. Total number of machines required 

Process Plan Station 1 Station 2 Station 3 

Part – 1 5 – min 10 - min 5 - min 

Part – 2 8 – min 6 - min 6 - min 

Total Time 13 – min 16 - min 11 - min 

No of Machine 6 7 5 

 

Table 2 was used to determine the quantity of tokens/machines, i.e. 

C-11= 6 

C-12= 7 

C-13= 5 

The number of the token upon first marking was set to the following number to keep the system alive. 

P11=1 

P21=1 

TL=5 

The INA output file was imported into an excel sheet to compute the cycle time of each circuit. The overall 

cycle time, total number of tokens, and processing time of each elementary circuit were all calculated using an 

excel spreadsheet. Each cycle's processing time was determined, and the results were compared to the mix 

circuits' processing time. Mix circuits have been found to take longer than sequential circuits in several 

circumstances. As a result, the sequence circuit was ruled out as the controlling circuit. 

The sequence circuit is required to be the critical circuit to manufacture 140000 components (the one having 

maximum cycle time). 

When the processing time of the entire combination was compared to the processing time of the component 

circuit, one of the sequence circuits was designated as a key circuit. The system capacity was determined by 

keeping the token quantity constant at Cxy. However, as the quantity of tokens increased, the amount of work in 

progress (WIP) increased as well. As a result, it was critical to increase the quantity of tokens while keeping the 

WIP to a minimum. 

The objection function was created for an assigned tool idea with possible constraints, and it was addressed 

using LINGO software using linear programming to keep the smallest WIP, tokens, and sequence circuit as the 

critical circuit. 

The function's purpose was to decrease the quantity of ongoing labor and the number of tools employed. The 

limits were to make the machines consistent, and certain tools were shared by several machines. At positions 13, 

14, 15, and 16, tool numbers 1, 2, 3, and 4 were allocated, correspondingly.The objective function was disclosed 

in the LINGO output file (Figure 2), with W.I.P = 18, Tool = 62, and Pij being the best token. 
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.  

Figure 2. LINGO Output File 

From the ideal solution utilizing the Black PN model for the assigned tool, the total number of tools required 

was determined to be 62. The data was imported into an excel sheet after establishing the optimal number of 

tokens at Pxy, and the cycle time for each invariant was determined using that number. The cycle time of the 

mix and part circuits was determined as smaller than that of the sequential circuit after calculations. This meant 

that the most efficient cycle time for producing 1400000 components per year was available. The black PN 

model's ideal performance measurement parameters were then estimated, and the results are displayed in table 3. 

Table 3. Black PN model performance parameters 

S.No Performance Measure Resultant Value 

  
Assigned Tools Black PN 

1 Work In Process 

WIP.Total = 18 

WIP.Part 1  = 9 

WIP.Part 2  =9 

2 No of Tools 

TL.111=6,TL.124=6,TL.122=7,TL.133=5, 

TL.112=5,TL.113=7,TL.124=7,TL.125=7, TL.131=12 

Total = 62 

3 Critical Cycle Time { C(γc) } 2.29 - min 

4 
Production Rate { No of Parts / 

C(γc) } 
52 - parts/hour 

5 Lead Time{ C(γc) x WIP } 
LT.part1 = 22.5 min 

LT.part2 = 22.5 min 

6 No of Servers at each Station 

Station - 1 = 6 

Station - 2 = 7 

Station - 3 = 5 

7 
Machine Utilization { C(γs) / 

C(γc) } 

Station - 1 = 94.7% 

Station - 2 = 100% 

Station - 3 = 96% 

8 Total Number Of Invarients 99 
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Table 3 demonstrates that when using the black PN model for Assigned Tool philosophy, there are 99 

invariants/elementary circuits altogether, and 62 tools are needed to process two components on three machines. 

Assigned Tool Colored Petri Net (Cpn) Model 

The identical problem was solved using the Colored Petri Net (CPN) model in this section. The same five stages 

would be used to solve a CPN model as they would for a black PN model. First, utilizing the colored PN model 

for the allocated tool philosophy, a thorough process plan for the recommended system was created. In the 

colorful PN model, the following notations were used 

Where 'x' stands for part number, 'y' for machine number, and 'z' for tool number. 

 

 

 

 

 

 

Figure 3. Assigned tool Colored PN model 

Colors were allocated to tools, machinery, and parts in this model (Figure 3). The number of loops was reduced 

by combining tools and machines in one location, reducing the number of elementary circuits. There were 11 

sites and 3 transitions according to the proposed PN model. The system was alive because each input location 

contained one token, which was required to process part one; additional tokens were required at tool locations 

and transitions. The tokens were sent to the output area after firing to complete the second operation. INA 

program discovered the total number of basic circuits. The total number of elementary circuits was estimated 

using the INA program after processing the input file. Table 4 illustrates the output file, which has 16 

elementary circuits and 14 locations. There were just 0s and 1s in the matrix, which spanned 16 and 14. 0s 

meant that the associated location was not in the circuit, while 1s indicated that the location was. The INA 

program was used to estimate the total number of basic circuits once the input file was processed. Table 4 shows 

the final file, which has 16 elementary circuits and 14 locations. The 0s and 1s made up the complete matrix, 

which stretched between 16 and 14. The connected place was not in the circuit if the 0s were present, but the site 

was present if the 1s were present. 

 

 

 

P.x  Place for part 

T.y Process transition time 

C.xy    Machine 

T.z  Place for tool 
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Table 4. INA output file for Colored PN Model 

 

Subsequently finding the total number of viable circuits containing at least one token, Because the black PN 

model had already estimated the total number of machines required to process the requisite number of 

components, the CPN model used the same number of machines to process the component. To turn on the 

system, the token numbers were set to P1=1 and TL=5. The INA output file was pasted into an excel sheet to 

compute the cycle time of each circuit. Each primary circuit's total cycle time, a total number of tokens, and 

processing time were calculated using an excel sheet. The cycle time study was carried out on a designated sheet 

(excel sheet) by using the desired parameters and the required cycle time. The overall cycle duration and a total 

number of tokens were calculated since they give critical information about the quantity of tools and parts 

required. The essential circuit was finally found. In the excel file, the cycle and processing time for each of the 

ten circuits are listed (Table 5). 

Table 5. Designated Sheet for Colored PN Model 

 

The letters TM denote transition time, TRAN denotes transition, TOK denotes an initial marking token, PLAC 

denotes locations, and the nr column denotes the overall number of elementary circuits, which in this case is 16. 

M(g) represents the elementary circuits token numerals, t(g) represents the processing time of an elementary 

circuit, c(g) represents the circuit cycle time, and TYP represents the circuit type, which could be tool, sequence, 

or par. When the cycle durations for each circuit were calculated, it was observed that similar to the black PN 

model, some of the mix circuits took longer to process than the sequence circuits. The LINGO software was 

used once again to improve the system. The goal of the function was to reduce the amount of work in progress 

and the number of tools used. The limitations were put in place to make the machine consistent, and some of the 

tools were assigned to separate machines permanently. 
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Figure 4 illustrates the results of using the target function to execute the input and LINGO output files, i.e. WIP 

was 18 and 47, respectively. The best tokens belonged to Tool and Pij. 

 

Figure 4. LINGO output File for Colored PN Model 

The C.P.N model's ideal solution required 47 tools, which was fewer than the Black PN model's ideal solution. 

Following the computation of the optimal amount of tokens at Pxy, the data was entered into the LP row of the 

designated sheet (excel sheet), and the cycle time for each invariant was computed using the optimal number of 

tokens. Table 6 shows the optimized cycle time as C (g) _LP. The cycle times of all the elementary circuits were 

now faster than the sequence circuit. As a result, the best cycle time for generating 1400000 components each 

year was right now. 

Table 6. Designated Sheet for Colored PN Model with LINGO Program (LP) row 

 



 
Performance Assessment of Assigned Tool Management Philosophy with Black and Colored Petri Net 

 

350 

 

RESULTS COMPARISON OF BLACK AND COLORED PN FOR ASSIGNED TOOL  

Table 7 shows the contrast between black and CPN models. The WIP for both PN models was found to be the 

same, meaning that the component's processing time was unaffected. When compared to the colored PN model, 

it is clear that the colorful PN model is more efficient. When the identical issue is handled on a black and 

colored PN model, the colored PN model displays fewer elementary circuits than the black PN model, making 

system analysis easier and simpler. Because the colored PN model is a good depiction of tools, parts, and 

machines, the results show that changing the number of tools required to process the same number of parts 

changes the number of tools required. The black and colored PN models featured 62 and 47 tools, respectively, 

implying that the CPN model was an efficient description of the system and that the colored approach's number 

of tools may fluctuate. The total number of invariants in black was 99, while there were only 16 in CPN, with no 

influence on other performance aspects, making colored model analysis quite simple. 

Table 7. Comparison of performance parameters 

S.N

o 
Performance Measure Resultant Value Resultant Value 

  
Assigned Tools Black PN 

Assigned Tools Colored 

PN 

1 Work In Process 

WIP.Total = 18 WIP.Total = 18 

WIP.Part 1  = 9 WIP.Part 1  = 9 

WIP.Part 2  =9 WIP.Part 2  =9 

2 No of Tools 

TL.111=6,TL.124=6,TL.122=7,

TL.133=5,TL.112=5,TL.113=7,

TL.124=7,TL.125=7,TL.131=1

2 

TL.1=14,TL.2=9,TL.3=

9,TL.4=10,TL.5=5,TL.6

=4 

Total = 62 Total = 47 

3 Critical Cycle Time { C(γc) } 2.29 – min Same 

4 
Production Rate { No of Parts / C(γc) 

} 
52 - parts/hour Same 

5 Lead Time{ C(γc) x WIP } 
LTpart1 = 22.5 – min Same 

LTpart2 = 22.5 – min Same 

6 No of Servers at each Station 

Station - 1 = 6 

Same Station - 2 = 7 

Station - 3 = 5 

7 Machine Utilization { C(γs) / C(γc) } 

Station - 1 = 94.7% 

Same Station - 2 = 100% 

Station - 3 = 96% 

8 Total Number Of Invarients 99 16 

CONCLUSION 

The examination of the black and colored PN models for assigned tool management philosophy, as well as the 

analysis of performance parameters based on these models, were the major goals of this work. According to the 

findings, the colored PN model has a considerable impact on the overall number of elementary 

circuits/invariants, making system analysis a breeze. It also demonstrates that the remainder of the specifications 

is identical to the black PN Model. The colored PN model had a substantial influence on the number of 

elementary circuits for assigned tool management philosophy, as shown in table 7. The study also found that the 

number of tools utilized to process the same components is affected by complex tool management philosophy, 

i.e. allocated tool. The use of tool-sharing principles reduces tool inventories dramatically. In the designated tool 

62, there is a tool inventory. Because the tool accounts for 25% of FMS's operating expenses, lowering the tool 

inventory lowers the operating expenses dramatically. To model and assess tool management philosophy, a new 

design tool called CPN is employed. The investigation of the black and colored PN model for assigned tool 

philosophy, as well as the analysis of performance characteristics based on the suggested model, were the major 

goals of this work. According to the findings, the colored PN model had a substantial impact on the overall 
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number of elementary circuits/invariants, making system analysis a breeze. It also revealed that the remaining 

parameters were identical to those of the black PN Model. 
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