
20-21 September 2018, BULGARIA 1 

Proceedings of the International Conference on 

Information Technologies (InfoTech-2018) 

20-21 September 2018, Bulgaria 

SIMULATED COMPARISON OF PUSH/PULL 

PRODUCTION WITH COMMITTED AND NON-

COMMITTED AUTOMATED GUIDED VEHICLES. 

Georgios Christoforidis1, Vangelis A. Stykas2, Thomas Kassos3 

1PhD Student at TU-Sofia, 2Software engineer at duglemmerdetaldrig.dk, 3Junior 

support analyst at gxconsultancy 

e-mails: gtg_cerint@hotmail.com,vangelis@stykas.gr, thomaskassos@hotmail.com 

Bulgaria/Greece  

Abstract: The purpose of this paper is to show the value of modelling and simulating a 

production line. This will allow for better configuration of production lines in the real 

world and produce improved output. In order to cover a realistic number of 

configurations, the simulation is applied to push and pull production setups of the same 

line. Additionally it covers the scenarios of committed and non-committed automated 

guided vehicles (AGVs).   
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1. INTRODUCTION 

 

With the increased dependence of any modern society on efficient production, it 

is only logical to consider the best way of optimally implementing a production line 

based on the end product. Creating a production line in real life only to find out that it 

is inefficient, is costly and extremely difficult to change [1]. Fortunately, the increasing 

power of computers and the new advancements in software development tools and 

languages allow us to model a production line and generate simulation facsimiles. 

Unfortunately, any production ready tools for simulation are expensive and to top the 

lot the approach is proprietary. As a result small to medium size companies and 

production lines are unable to take advantage of simulation techniques. The goal of this 

paper is to show a practical approach to the problem. By identifying the key elements 

of a production line, and following the steps from block diagrams, to Petri Nets, to a 

fully functioning application we are a step closer to providing an easy way for the 

creating of bespoke simulations.  The simulations can then be tweaked in order to 
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produce an optimal output. In the next sections, an approach to modeling a sample 

production line will be proposed as well as a description and an implementation of a 

simulation software tailored to this production line under two production methods with 

two additional variations.   

 

 

2. SUPPLY CHAIN MANAGEMENT (SCM) 

 

The need for quality goods and services at low prices in today's global economy 

is far from negligible. Developments in technology have provided tools to optimize 

production lines. All industries used similar production methods [4]. Thus a method 

that would improve production in an industry or even a product type would be able to 

improve it in other industries. We can see this interconnection of SCM in the cost 

improvements that innovative companies like Protect & Gamble, Kmart and Nabisco 

Inc managed to achieve [12].  

For our purposes, the pull and push production methods will be investigated. 

Being the most popular at the moment, it makes sense to cover those first [14].  

Pull Model: In this model, production follows the actual order and demand of the 

customer. That is, the order comes first and then the line is mobilized. This does not 

require anticipation of the future workload, but there is an overall delay. It should be 

noted that “Customer order” may refer to an order for the end product or a request 

between two internal parts of the line. For example, machine B orders parts from 

Machine A.  

Push Model: Unlike the previous model, a Push production is based on long-term 

forecasting models. This can lead to a quick response from the producer to his 

customer. On the other hand, the system is based on predictability. These estimates, if 

inaccurate, can cause failures in deliverables, either by not having enough to cover the 

orders or by creating extra stock that needs to be stored for future use, both eventualities 

costing more resources than optimal. 

 

 

3. INTELLIGENT AGENTS AND PETRI NETS 

 

In order to effectively model the production line, we borrow elements from the 

research on intelligent agents and the diagramming tool called Petri nets.  

 

3.1. Managing Automated Guided Vehicles (AGVs) as intelligent agents 

 

The most important aspect of intelligent agents that is needed in this scenario is 

the many-to-many negotiation protocols [2]. Most automated order systems split 

negotiations into auctions between just two parts, an Agent buying and an Agent 

selling. This limits the flexibility of the system. A system with flexibility is proposed 

by Iyad Rahwan & Ryszard Kowaiczyk & Ha Hai Pham [3]. A system with great 
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flexibility has an IA to negotiate with those Agents available to offer materials to 

negotiate. Each Agent negotiating with others, reports its results to the central 

Coordinating Agent for evaluation of results and new instructions. For each seller, the 

primary Agent creates a Negotiating Agent and analyzes the data returned by the 

remaining Agents as shown in figure 1. 

 
Fig. 1: Single coordinating agent. 

An improvement on the above model is the fully bidirectional approach seen 

below in figure 2. 

 
Fig. 2: Fully bidirectional agent model. 

This model will serve as the base for generating the code that will manage the 

AGVs in the non-committed scenarios, where machine will have to compete for the 

time of an AGV. 
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3.2 Petri Nets (PNs) 

 

In order to model the production line and especially the events and changes that 

happen, the modelling tool of Petri nets will be used.  Petri networks are collection of 

modelling & organizing techniques, where the regulated flow, especially the 

information flow, plays a leading role. This language of the Petri networks began with 

the intention of designing a conceptual and theoretical basis "to describe in a uniform 

and accurate manner as many phenomena as possible about the transmission of 

information and the transformation of information". We will confine ourselves to the 

applications of this theory in the field of design, modelling and its use under simulated 

industrial production systems [8,10]. 

A number of short examples of PNs are presented, only for reference, in fugures 

3 to 7. 

 
Fig. 3.Linear production 

 
Fig. 4.Linear paths to same result 

 
Fig. 5.Dedicated machine model 
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Fig. 6.Multi function machine model 

 
Fig. 7.Extended AGV model 

 

 

4. THE PRODUCTION LINE 

 

For the purpose of this modelling a simulation, the deagostini modular robot toy, 

has been chosen. All parts have been catalogued. Then the item was assembled 

manually and times were kept for each operation. This served as the basis for a 

proposed production line. To make it clear, these times where only used as a virtual 

baseline. As it will be seen in the code, timings can easily change to fit any production 

scenario.  

After gathering tasks and times, the following block diagrams, shown in figures 8 

and 9, were generated.  
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Fig. 8: Block diagram of modelled production. 

 
Fig. 9: Block diagram of modelled production. 

Subsequently the PN diagrams, figures 10 and 11, where generate [19]: 
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Fig. 10: PN diagram of modelled production. 

 
Fig. 11: PN diagram of modelled production. 

 

 

5. THE SOFTWARE AND RESULTS 

 

Based on the above models 4 projects where generated [16].  

• pull committed agv 

• pull non-committed agv 

• push committed agv 

• push non-committed agv 

 

Buy SmartDraw!- purchased copies print this 

document without a watermark .

Visit www.smartdraw.com or call 1-800-768-3729.

 

Buy SmartDraw!- purchased copies print this 

document without a watermark .

Visit www.smartdraw.com or call 1-800-768-3729.



PROCEEDINGS of the International Conference InfoTech-2018 8 

 
Fig. 12 Active machine time in %. 

 
Fig. 13 Active machine time in %.. 

 
Fig. 14 generated stock in %. 
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Fig. 15 Generated stock in %. 

 

6. CONCLUSION 

 

As we can see from the simulation results, it is extremely important to model and 

simulate a production line before implementing it in real life. In this particular case the 

wasted/stock material produced in the Push production line from the first machine is 

staggering due to the speed of that task. If we modeled the production line after this 

scenario we would have to account for massive overload of a part that would possibly 

never be used to its full capacity. [20] This simple approach with the accompanying 

ability to simulate different scenarios at no cost can show us what production scenario 

to use, whether AGVs are committed or not and how many we need, as well as buffer 

sizes where those apply.  

The code and documentation for all 4 simulations as well as the parts, tasks and 

timings tables, including the spreadsheets with the data from the simulated run, are 

available, but far too large to include here. Please contact me at 

gtg_cerint@hotmail.com if you need a copy.  
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