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ABSTRACT 
 
                                                                                                                         

AN AGENT-BASED ORDER REVIEW AND RELEASE SCHEME 
IN MAKE-TO-ORDER PRODUCTION 

 
 

Aktu�, Onur 
M. Sc., Department of Industrial Engineering 
Supervisor: Assoc. Prof. Dr. Levent Kandiller 

 
December 2004 

 

Workload control (WLC) systems constitute a framework mainly for the input-

output control systems which regulate both jobs’ queues into the workshop and the 

flow of finished goods out of the workshop. This study is concerned with the job 

entry and release level of WLC which maintains a pool of unreleased jobs for the 

controlled release of jobs. While most of the studies in WLC concepts deal with the 

centralized workload control, our study decentralizes the job entry and release 

control and makes workstations more powerful in schedule decision making. Job’s 

information is sent to the workstations by mediator which is the supervisor of the 

workstation. Both mediator and work stations are represented by agents in a 

distributed system. Jobs’ routing information is assumed to be known in advance. 

The developed system is verified and validated by means of test runs. Results are 

analyzed as well. 

 

Keywords: Workload Control (WLC), Order Review and Release (ORR), 

Distributed Manufacturing Systems, Agent Based Manufacturing, Make to Order 

Production 
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ÖZ 
 
 
S�PAR�� TABANLI ÜRET�MDE ETMEN TABANLI S�PAR�� �NCELEME 

VE SALIVERME S�STEM�  
 

Aktu�, Onur 
Yüksek Lisans, Endüstri Mühendisli�i Bölümü 

Tez Yöneticisi: Doç. Dr. Levent Kandiller 
 

Aralık 2004 
 

�� yükü kontrol sistemleri temel olarak, i� istasyonuna girecek i�lerin ve i� 

istasyonundan ayrılan i�lenmi� ürünlerin sıralarını denetleyen girdi-çıktı kontrol 

sistemlerinin çatısını olu�turur. Bu çalı�ma,  i� istasyonuna i�lerin kontrollü olarak 

salınabilmesi için salınmamı� i� havuzunu tutan i� yükü kontrolünün i� giri�i ve 

salıverilmesi düzeyleri ile ilgilidir. Ço�u i� yükü  kontrol sistemlerinde merkezi i� 

yükü kontrolü incelense de, bizim çalı�mamız i� giri� ve salıverilme a�amalarını 

merkezi olmayan bir yapıyla gerçekle�tirmi� ve i� istasyonlarının çizelgeleme 

kararında güçlendirilmesi sa�lanmı�tır. �� bilgileri i� istasyonlarına denetçi olan 

arabulucu tarafından gönderilmektedir. Hem arabulucu hem de i� istasyonları 

da�ıtık bir sistemde etmenler tarafından temsil edilmektedir. �� sırasının bilindi�i 

varsayılmı�tır. Geli�tirilen sistem test ko�turmaları ile do�rulanmı� ve 

geçerlilenmi�tir. Ayrıca test sonuçları da analiz edilmi�tir. 

 

Anahtar kelimeler: �� Yükü Kontrolü, Sipari� �nceleme ve Salıverme, Da�ıtık 

�malat Sistemleri, Etmen Tabanlı �malat, Sipari� Bazlı Üretim 
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CHAPTER 1 
 

 
INTRODUCTION 

 
 

Manufacturing companies differ in the way they meet their demand. Some 

deliver products to their clients from finished goods inventories as their 

production anticipates customers’ orders; others, however, manufacture only in 

response to customers’ orders. Orders for the products tend to be on a make-to-

order (MTO), make-to-print or engineer-to-order basis, often being specific to a 

particular customer with intermittent or no repetition of demands for the same 

product. The typical company in the produce-to-order manufacturing sector has to 

supply a wide variety of products, usually in small quantities, ranging from 

standard to customized products. 

The diverse and unpredictable nature of modern manufacturing puts a pressure 

on MTO companies to adopt many aspects of new production planning and 

control concepts such as just in time (JIT), theory of constraints (TOC), supply 

chain management and new information system trends like enterprise resource 

planning (ERP). Furthermore, MTO companies do not have dedicated facilities 

setup in simplified line layouts. They cannot rely on situational management on 

the shop floor leading to a reduced importance of high level production planning. 

Since MTO companies continue to operate as job shops, the higher level of 

control of shop floor is offered by Workload Control (WLC) as in particular Order 

Review Release (ORR) system. 

The aim of WLC concepts is to improve several performance measures 

including decreasing manufacturing lead times, since it is the price and delivery 

lead time quoted that are the crucial order winning factors. This is a particularly 

important objective in MTO companies because they are often in a position of 

having to quote lead times to their customers before production commences; 

therefore, the length of the manufacturing lead time is visible to the customer.  
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There is a gap in WLC literature about the effects of the comprehensive WLC 

concepts indicating the need for further research. In particular, further studies that 

consider the interaction between job entry level and job release level could be 

conducted. More realistic simulation experiments than studying hypothetical job 

shops can be studied. Controlling the release of materials into the shop floor using 

ORR concepts may offer a solution. We consider ORR procedures as the link 

between production planning and control as well as between manufacturing 

strategy and day-by-day shop floor management. 

In recent years, the widespread use of Electronic Commerce (EC) in many 

areas has made many new systems and paradigms. Many MTO companies have to 

adequately correspond to this change, and to this end they need new systems and 

paradigms to earn a competitive power. Different from traditional mass 

production, order-based manufacturing companies are characterized by small- 

quantity-batch-production. 

Currently, there is a strong trend in industry away from hierarchical and 

centralized production structures towards autonomous and co-operative units. 

Latest developments in data network technologies have created new challenges 

for enhancing the cooperation in production networks. During the past decade 

considerable effort has been made to optimize business processes within 

companies which are supported by information systems like ERP. Nowadays, the 

focus is increasingly being shifted to the interaction between multiple sites of 

enterprises, customers, and suppliers. This character needs an ability to respond 

more quickly and dynamically to customers’ requirements and to the changes of 

corporate environment.  

For transaction automation of an MTO manufacturer, we have used the agent 

technology. Agent technology has come to light as a new paradigm that can have 

competitive power and can flexibly and promptly cope with customer’s orders in 

small-quantity-batch-production industry, thus responding to the environmental 

change by electronic commerce through all of the order-based manufacturers 

including smaller enterprises that are relatively scant of capital, manpower and 

technology. Moreover, agent technology can offer real-time information that is 
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needed for negotiation, and also it has an organic structure, which is suitable in 

changing environment. 

Furthermore, agent technology has an ability that can take the place of current 

experts in business. In this research, an Order Review and Release (ORR) system 

for order taking automation of order-based manufacturers has been suggested. 

This system can utilize incoming job information and create scheduling data in a 

distributed environment. The system is composed of a Mediator Agent and Work 

Station Agents which fulfill firm’s requirements. The Mediator plays the role of 

pursuing the negotiation activity.  

The agents in our proposed ORR system are created utilizing ZEUS Agent 

Building Toolkit. The application is developed in java programming language in 

order to get rid of platform dependency. 

2880 complete case studies to show the steps of our ORR Application from 

job release to job completion are done. The simulation for the real shop floor 

environment with one mediator and five work stations are performed in each case. 

Various performance criteria are used to measure the effectiveness of our ORR 

tool. Test run results are analyzed to set the appropriate control parameters. 

The organization of the manuscript is as follows. We review the relevant WLC 

and ORR literature in chapter 2 including our critique. Chapter 3 introduces agent 

based systems and applications in shop floor management. We present our agent 

based ORR system in chapter 4. Chapter 5 is related with the application of our 

ORR tool in a workshop. Finally conclusions are drawn and further research 

directions are addressed in chapter 6. 
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CHAPTER 2 
 
 

LITERATURE SURVEY  

 
 

In this chapter, following discussions of the features of MTO companies, we 

summarize the surveys in literature about the policies and other features in job 

shop operation. Then we present the relevant WLC concept. Together with the 

detailed discussion of ORR concepts, we present the associated literature survey. 

Moreover, we present a literature summary for due date assignment procedures. 

Finally, we elaborate on the gaps we found in the literature. 

 

2.1 MTO Companies 

 

MTO companies differ in the degree of product customization, covering pure 

customization, tailored customization, standard customization and non-

customization, and the amount of product variety. Some companies offer standard 

products that are expensive to produce to meet intermittent low demands. So in 

such cases they would not be kept in stock but only produced to order. As there is 

repetitive production, albeit on an intermittent basis, the products are likely to be 

manufactured on a single production line or on assembly lines. In these lines, the 

products move in one direction only, with a single operation at each workstation 

[1]. 

MTO firms do not have a standard product range but maintain a competitive 

advantage by selling their engineering capabilities. They supply a wide variety of 

products, usually in small quantities, ranging from a range of standard products to 

all orders requiring a customized product. As has been argued in detail elsewhere 

([7], [52]), the diverse and unpredictable nature of their production is such that it 

is inappropriate for these companies to adopt many aspects of other new 

production planning and control concepts such as JIT and TOC. In particular, they 

do not have the type of repetitive manufacturing that enables dedicated facilities 
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to be set up in a simplified shop floor layout. Thus, they cannot rely on the more 

visible 'situational management' on the shop floor, leading to a decrease in the 

importance of higher level planning in many firms. Instead, they continue to 

operate as job shops, and the higher level control of shop floor queues, as offered 

by WLC, remains the most crucial part of their production planning and control 

systems. 

There are a few empirical studies describing the policies that MTO job shops 

can employ. These studies outline the competitive environment, the process by 

which information is used, the decision-making policies, and other features of the 

operating job shop.  

Green and Appel (1981) survey 14 industrial engineers, and 23 shop foremen 

and production control supervisors in a large manufacturing firm [20]. They use a 

paired comparison process to compare eight dispatch rules. The shop foremen 

preferred the program-in-greatest-trouble rule, followed by the earliest due date 

rule (EDD), and the earliest operation due date rule (ODD); industrial engineers 

preferred the ODD followed by EDD. The `programe in greatest trouble’ rule is to 

give priority to jobs identified as being in trouble, which are those jobs furthest 

behind schedule or late. None of the interviewees chose the shortest processing 

time rule (SPT).  

Tobin et al. (1988) study 24 small, make-to-order subcontractors in the UK 

[46]. Their study highlights how job shops operate to secure bids in a competitive 

environment. These firms were mainly of two types: 12 component manufacturers 

not tied to a single customer, and 10 MTO manufacturers of capital equipment. 

The subcontractor firms competed for a large number (median 1250) of small 

contracts, and had many, often unknown, competitors. The capital goods firms 

competed for a small (median 350) number of large contracts, with a few well-

known competitors. The capital goods firms haggled a lot more than did the 

subcontractors. Subcontract firms used Gantt charts while the capital goods firms 

used computerized production control.  

Tobin et al. [46] note that several companies were using computers to generate 

first, feasible and second, satisfactory due dates for production. “The companies 

concerned had a strike rate, which is a percentage of successful bid quotations, 
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which varied from 3% to 100%, with a median of 15% for subcontractors and 

30% for capital goods firms.” Pricing appeared haphazard, and was usually based 

on an arbitrary mark-up on estimated costs. “Only one firm varied its mark-up for 

different types of products. Many firms would cut prices if in a desperate under-

capacity situation, but this was not determined by logic.” A lot of firms 

considered it meaningless to lower mark-ups or dangerous to raise them. 

Subcontractors responded to haggling from the customer on qualitative grounds. 

In general, companies quoted first a price and due date, then haggled. 

McKay et al. (1988) survey 40 job shop schedulers, and then validate their 

results with 400 schedulers in seminars. They state that 30 years of research had 

led to little difference in job shop practices. They conclude that existing 

theoretical formulations were irrelevant. “Schedulers have conflicting goals to 

achieve and are often supplied with incomplete, ambiguous, biased, outdated and 

erroneous information” [30]. Shops are seldom stable for more than half an hour. 

Schedulers can cope with such changes by altering the physical make-up of the 

plant, altering processing logic, and other actions on either a short term or long 

term basis. Schedulers spend most of their time trying to get accurate information, 

normally by being physically present on the shop floor. Problems can vary with 

the time, date, mood, climate, and so forth. Schedulers work on very short time 

frames because they know long term detailed schedules are useless due to future 

changes in inputs. McKay et al. describe an extreme job shop where every piece 

of data had extreme variation. The same set-up on the same machine for the same 

part can take from two days to six weeks. Processing time can vary by up to 

100%. Due dates are quoted and accepted with no consultation with the shop 

floor. Consequently, all jobs are tardy. Raw material arrival is not forecastable. 

The shop was short of skilled labor for backlogs. The shop works almost continual 

overtime and most weekends. Consequently, operator productivity slacks off on 

Thursday and Friday to ensure weekend working. Machine yields depended on the 

climate, as the parts dimensions varied with humidity and temperature. They 

conclude that what actually goes on in a job shop has not been studied extensively 

nor has a theoretical model of job shop scheduling been derived. McKay et al. 



 

 

 

7

believe that research using realistic models would ultimately benefit the real-

world scheduler [30].  

Halsall et al. (1994) conduct a survey of 28 UK companies. “Most (78%) have 

over 50% of their orders being MTO. EDD is the most used dispatch rule (68%), 

followed by scheduled start date (42%), and forward scheduling (25%)” [21]. Set-

up and processing times are not always known in advance. Customers often 

change requirements. Most of the firms report that customers often changed due 

dates after the order placing. “Renegotiation of the delivery date is common. 

Forty-two percent of firms reschedule weekly, and 25% daily. All but one firm 

uses a computer somewhere in the scheduling process. Most firms think that good 

scheduling helped the firm gain a competitive advantage by saving costs and 

enhancing the company image” [21]. Halsal et al. compare the shops’ 

requirements with published articles and find a large discrepancy in their 

respective scheduling objectives [21]. Wisner and Siferd (1995) survey 902 

readers of Modern Machine Shop, who are mainly managers and owners of job 

shops, and receive 132 usable replies from a wide range of industries [51].  

Wisner and Siferd address four topic areas, two of which are of interest for 

this study: shop floor control policies, and shop performance. “Half of the shops 

have fewer than ten operators, operate less than 20 machines, and produce less 

than 100 different products.” [16]. A majority of these shops have a processing 

requirement of five machining operations or less per job. “Eighty percent state 

that they have no explicit late penalties on jobs. Median lead times are 20 days. 

However, 9.5% of the shops have average lead times of less than a day and 32% 

have less than five days. Almost 32% deliver finished goods immediately, while 

another 32% deliver goods within five days of finishing.” [16]. “Machine 

operators in these firms are busy 83% of the time. Thirty-three percent use a 

computer to estimate jobs and 23% use one to determine release dates. Sixty-three 

percent state that the customer specifies the due date.” [16] However, Wisner and 

Siferd do not ask the 1000 D. R. Moodie and P. M. Bobrowski correspondents if 

they negotiate the customer specified due date during the bidding process. 

“Almost 58% of the companies involved release jobs immediately to the shop 

floor when raw material is available. Finite loading release rules are used 
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sparingly. Earliest due date is the most popular dispatch rule, followed by most 

important customer. Quality is the most important shop performance 

characteristic, closely followed by on-time deliveries. The surveyed firms deliver 

about 15% of jobs late and about 27% early” [16]. 

 

2.2 WLC Literature 

 

Workload Control, has been described by Zapfel and Missbauer (1993a) [52] 

as one of the new production planning and control concepts for the shop floor. 

Workload control is a natural extension of the input-output model that is a 

commonly accepted way of looking at production and operations [27]. The main 

principle has been defined by Land and Gaalman (1994) [28] as the control of the 

length of the queues in front of the workstations on the shop floor. Keeping these 

queue lengths short, provides waiting times and therefore overall manufacturing 

lead times to be controlled. There are three levels at which this control of queues 

can be attempted: 

• Priority dispatching level: the day-to-day shop floor control level; 

• Job release level: the short term production planning level; 

• Job entry level: the medium term production planning level. 

Priority dispatching level is a relatively weak mechanism for the control of 

queues if used alone although most of the research interest devoted to it. Thus, 

WLC concepts use a stronger instrument that of controlled job release by 

maintaining a 'pool' of unreleased jobs. Jobs in the job pool are only released if it 

would not cause the planned queues to exceed some predetermined norms. This 

approach also reduces the work-in-process (WIP) inventory. On the other hand, in 

order to make better use of job pool, the queue of jobs should also be controlled. 

Otherwise, jobs may remain in the pool for too long causing total lead time to 

produce a job to increase and hence missing their promised due dates (DD) which 

cannot be acceptable [27]. For example, Melnyk and Ragatz (1989) show that 

some releasing rules can result in increased lead times when compared to an 

environment where all jobs are just released as soon as their materials are 

available. They suggest that the reason for this poor performance is that many of 
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the rules studied only control input into the factory; they do not simultaneously 

control output in terms of capacity. Thus, comprehensive WLC concepts include a 

job entry stage at which the pool and the shop floor queues are both controlled.  

Melnyk et al. (1991) show that the effectiveness of the job release planning 

level is improved by the presence of a higher level planning stage which smoothes 

the total workload by keeping it between predetermined minimum and maximum 

values. The higher level system and the job release stage were found to 

complement each other, such that the former reduces flow times while the latter 

reduces WIP. They also conclude that using control at both levels leads to a lesser 

need for complex priority dispatching rules. However, their results suggest that 

while mean tardiness is reduced by using both the job entry and the job release 

planning levels, the percentage of tardy jobs is lowest if a job entry level alone is 

used. These results are confirmed by Zapfel and Missbauer (1993b) [52]. The 

planning rules they studied are fairly simple and are applied to a hypothetical 

bottleneck job shop. Thus, their results need to be confirmed for other job shop 

environments. As in Salegna and Park (1996), most of the research described 

above has concentrated on fairly simple decision rules at the job release and job 

entry levels using simulation experiments that model a hypothetical job shop. 

There has been very little research into the effectiveness of more comprehensive 

decision rules. Studies focusing on the job entry stage in isolation or at both the 

job release level and the job entry level are much more scarce but include research 

by Zapfel and Missbauer (1993b) [52], Hendry and Wong (1994), Salegna and 

Park (1996) and Park et al. (1999). The conclusions from these studies are that the 

job entry stage can improve shop performance such as due date adherence. 

Simulation experiments of the Lancaster methodology have been presented in 

Hendry et al. [27], which showed that control at the job entry level, could lead to 

lower lead times even in circumstances in which the total workload was the same. 

However, this paper did not explore which particular characteristics of the 

Lancaster approach were important in achieving this control. 

In summary, there is scope for much further research into the effect of the 

more comprehensive WLC concepts. In particular, further studies that consider 

the job entry level are needed to establish its independent effect and the 
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interaction between this level of planning and the job release level [27]. The 

method of research should preferably use more realistic simulation experiments 

than the hypothetical job shops studied in most of the research to date, so that 

more of the features of the concepts can be studied. 

 

2.3 ORR Literature 

 

Controlling the release of materials into the plant using ORR may offer a 

solution. The concept of regulating the flow of incoming orders was first 

popularized in the practitioner literature by Wight (1970). He suggested that only 

through the controlled release of materials, a shop can expect to control in-process 

inventories and hence manufacturing lead times [34]. ORR activities determine 

which jobs have to be selectively dispatched to the shop floor and when job 

release is to take place, so as to improve job shop management and performances. 

The process of ORR involves the following steps. As an order arrives to the shop, 

it is immediately placed in the pre-shop buffer. The ORR policy controls the 

release of the order into the shop. Upon entering the shop, the order becomes 

work-in process inventory as the materials necessary for its production would be 

released. Two basic ORR approaches have been used to control the release of 

work into the shop. In Philipoom and Fry 1992 [34], these two approaches are 

defined as real-time and a priori methodologies. In a real-time methodology, jobs 

are released based on the current shop congestion. Additional orders are released 

when the amount of work in the shop falls below a predefined level. Numerous 

authors have used this approach Nicholson and Pullen (1971); Bechte (1982); 

Bertrand (1983); Baker (1984); Fry and Smith (1987); Kanet (1988); Ragatz and 

Mabert (1988); Fry (1990). A priori methodologies release jobs based on a pre-

determined release time. These release times are determined via backward or 

forward loading, based on shop conditions at the time the release date is set. A 

priori methodologies have been studied by Ackerman (1963), Irastorza and Deane 

(1974), Shimoyashiro et al. (1984), Ragatz and Mabert (1988), and Park and 

Bobrowski (1989). Baker (1984) states that ORR reduces the effectiveness of 

shop scheduling and further suggests that the choice of a good dispatching rule is 
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more important to shop performance than the controlled release of jobs. Baker 

argues, ORR limits the number of jobs available to the scheduling system thereby 

limiting the number of scheduling alternatives available. Nicholson and Pullen 

(1971) and Ragatz and Mabert (1988) suggest that reducing the number of jobs on 

the factory floor allows the manager to release only those jobs that need to be 

released in the first place. They look at ORR as a means to enforce management 

preferences by allowing workers to select only those jobs which management 

wishes to be processed. Thus, the controlled release of work into the plant may 

prove beneficial to overall shop performance by reducing the impact of any 

dysfunctional behavior on the part of the operators. 

Although many different ORR techniques have been proposed and evaluated 

in the specialized literature in recent years, an overall comparative analysis of the 

different approaches proposed has not been published to date, except for the work 

of Wisner (1995) [51]. Wisner’s paper mainly deals with the specific 

characteristics of the simulation environment used to implement and test each 

considered technique, and focuses on the ability of order review and release 

techniques to achieve better shop effectiveness by delaying the release of jobs to 

the shop floor. 

Further discussion of the related ORR literature goes along with ORR 

concepts discussed below. 

The role of the ORR methodologies within the general framework of a shop 

floor scheduling and control system is presented in Figure 2.1. ORR manages the 

transition of production orders from the planning system to the execution phase. 

Production orders that may be generated from a requirements planning system or 

directly originated from customers orders arrive. Orders are stored in a backlog 

file, named “pre shop pool” (PSP), which actually decouples the planning system 

from the shop floor. In this sense, ORR procedures can be considered as the link 

between production planning and production control as well as the link between 

manufacturing strategy and day-by-day management. 
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Figure 2.1 ORR in shop floor scheduling 

 

 

A subset of the production orders currently contained in the pool is released 

each time the “order release” (OR) phase is activated. At this time, ORR scans all 

production orders stored in the backlog file and determine which ones are allowed 

to be released to the shop floor, when and under what conditions they are to be 

released. The major concerns of ORR are the control of WIP level and the 

workload balance both among machine centers and over time. In turn, this 

achievement can ensure both good shop utilization and improvements of the 
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delivery performances. In its most general form a complete ORR system consists 

of three major parts (Bechte 1988) [6], described in the following subsections.  

 

2.3.1. The order entry phase 

 
The “order entry” (OE) phase is the upstream interface of ORR with the 

planning system or directly with customers. In a broad sense, this phase deals with 

production order preparation and insertion in the pre shop pool. Engineering 

activities are performed if it is necessary and all the material and tooling 

availability checks are completed. In more detail: 

• job routing is retrieved or defined and the availability of the required 

tooling, fixtures and CNC programs is checked; 

• a picking list of all the required materials is generated and the 

availability of the items listed is checked; 

• if due-dates are set endogenously within the production planning and 

control system, a delivery date is assigned to each production order.  

Since the availability of all the information, materials, tools, fixtures and all 

other resources required by the shop floor personnel to process the considered 

order has been ensured, a job can be released to the following phases by inserting 

it in the PSP. A common assumption of the published literature about ORR that 

matches the behavior of most manufacturers is that all orders received by the shop 

in the order entry phase will be accepted, regardless of shop conditions. In 

Philipoom and Fry (1992), however, this assumption is removed and therefore the 

OE phase is also in charge of deciding which orders should be refused, based on 

the current shop conditions. 

 

2.3.2. The PSP management phase 

 
The PSP is a storage area, usually a database that consists of all the production 

orders already processed by the OE phase, but not released yet to the shop. This 

pool consists of either physical raw materials for orders or just the associated 

paperwork. None of the production orders processed by the OE phase can reach 

the shop floor without having to pass through the PSP. 
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Orders arriving from the OE phase are queued at this gateway in some 

predetermined manner. Despite some exceptions worth noticing, such as the “first 

come first served” (FCFS) strategy used by Baker (Baker 1974, 1984), the 

majority of authors prefer to sequence orders in the PSP according to their 

priority. Some of the priority rules widely employed in the literature are listed 

below: 

• Earliest due date (EDD) (Ragatz and Mabert 1988) 

• Earliest release date (ERD) (Bechte 1988, Portioli 1991, Perona and 

Portioli 1996) 

• Critical ratio (CR) (Bobrowski 1989) 

• Capacity slack based rule (Philipoom et al. 1993) 

 

2.3.3. The order release phase 

 
The key to the successful use of an ORR strategy is the availability of a good 

technique to select orders from the PSP that should be released to the factory 

floor. The set of criteria used to determine which orders are released each time the 

pool is inspected is usually named “triggering mechanism” or “input control 

mechanism” employing three types of information: 

• Current pre-shop pool status, that is, how many orders and which 

orders are currently inserted in the PSP 

• Current shop status, that is which orders have already been released to 

the production system, at which machine centre they are currently 

queued and current shop capacity 

• Planned shop performances, in terms of “manufacturing lead times” 

(MLT) and delivery timeliness 

By analyzing the characteristics of the orders in the pre-shop pool and the 

amount of workload on the shop floor as well as its current location, the OR 

procedure determines if and at what time the release of each production order in 

the PSP can take place, in order to match the planned shop performances. 
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2.4 Due Date Prediction 

 
There have been numerous studies, beginning with Conway et al. (1967), 

which develop methods to estimate flow times for predicting due dates.  

Vig and Dooley (1991), in a more recent study, consider various heuristics for 

due date assignment. These heuristics use the total work content (TWK), the 

number of operations (NOP), and the number of jobs in the queues for the 

required operations (JIQ) to assign due dates. Their research findings show that 

both job characteristics and job status information are useful in setting due dates 

based on expected flow times. Two model aspects, due date delivery feedback and 

negotiation, appear separately in previous research.  

Glaser and Hottenstein (1982) simulate a job shop using feedback from 

delivery performance to in fluency potential customers asking for quotations. 

They base a probability of acceptance of a quotation on the due date the firm 

quoted. However, their model incorporates neither negotiation nor rebidding. 

Glaser and Hottenstein conclude that the more job routings a shop has the less 

slack time it needs.  

Wein and Chevalier (1992) model the negotiation of due dates [50]. Their 

work has the objective of minimizing mean lead-time subject to a percentage 

tardy limit. These researchers model the due date quotation, the order release 

mechanism, and the work centre sequencing rule choice as separate decisions. 

Furthermore, Wein and Chevalier state that a due date setting method that 

considers shop floor status, job backlog, job type, sequencing, and release rules is 

superior to a method that does not [50]. They, however, do not consider profit or 

customer due date requirements in their model at all.  

 

2.5 Critique 

 

Demand management is a process that overlaps the areas of marketing and 

operations. Vollmann et al. (1997) define demand management as a management 

process that includes the functions of forecasting, order entry, order delivery date 

promising, customer order service, physical distribution, and customer contact 

related activities. These functions are before, during and after the traditional 
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operations planning and execution functions of the job shop. Demand 

management lacks enough attention of from the researchers partly because of this 

overlap. 

Only the scheduling literature pays some attention to the promising process of 

order delivery dates. However, the earlier research about scheduling considers 

order promising indirectly as the ability to set and meet due dates. The models that 

past researchers have employed focus on two mutually exclusive due date 

situations. The first situation is where the external customers set the due dates 

alone. The second situation is an internal focus where the firm sets the due dates 

exclusively without customer input. Jobs with externally set dates enter the 

manufacturing as a stream with a due date attached independently of any shop 

conditions. For those jobs the available research suggests heuristics to optimize 

shop performance variables such as tardy or average tardiness. These performance 

variables are substitutes used to assess customer satisfaction. In either situation, 

the prior research does not describe a demand management environment where 

both the customer and the firm participate in setting the conditions for order 

delivery.  

When considering the application of the models in literature in the demand 

management environment initially described, two shortcomings emerge. The first 

shortcoming is that accepting jobs with already attached due dates ignores demand 

management as part of either marketing or operations. The second and more 

important shortcoming is the assumption that the firm’s past customer service 

performance will not affect the future demand. This assumption is naive at best.  

These two shortcomings reveal two phenomena that actual job shops exhibit 

but researchers have not attacked yet, to the best of our knowledge. The first 

phenomenon is that due dates are often set as a result of a negotiation between the 

customer and the firm, with a trade-off between price and promised delivery date. 

Despite the increased amount in buyer supplier partnerships, there are many 

occasions where negotiations over price and delivery time take place at the order 

placement instance. This may be because the buyer needs only occasional 

products (for example MTO or spare parts) from the supplier, or else the buyer 

does not intend to develop supply partnerships. Often in these cases, the supplier 
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has no advance knowledge about which customers will ask for bids, for what 

products, and when. Unlike buyer supplier relationships about which much 

research has been done, very little work has examined such purchases. Empirical 

research such as that of Tobin et al. (1988) shows that existing quotation practices 

in MTO firms are not determined and probably not at the optimum.  

The second phenomenon is that future business depends on the firm’s 

reputation which is a function of a number of factors. These factors include 

technical, financial and production elements. Given then that establishing a due 

date is a result of negotiation and that poor delivery performance detracts from the 

firm’s reputation, a strategy of accepting all orders may not serve a firm’s long 

term profitability well. Industrial practitioners support the policy by pointing out 

that refusing an order does not necessarily mean losing a customer. Merit states 

that it is better to tell customers up front that you cannot meet a delivery date than 

disappointing them, by giving the date they expect [31]. 

Most of the existing models do not have feedback loops where the shop 

performance affects the rate of potential job arrival. In addition, existing models 

do not cover the quotation and negotiation process. Such a realistic model should 

include the mechanism to deal with the phenomenon of future bid offers being 

connected to the firm’s reputation on due date satisfaction. 

Reputation comes from adhesion to the promised delivery due date. The 

following query aims to answer several questions to help illuminate the nature of 

the decision making in the demand management area. The questions to be asked 

are as follows: 

• What dimensions shape the market scenario of interest? 

• What negotiation strategy(ies) performs best in the market scenarios of 

interest? 

• Which due date estimation method performs best? 

• Over what parts of the quotation should the firm bargain? 

• When should the firm use a priority classification of jobs? 
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CHAPTER 3 
 
 

AGENT BASED SYSTEMS  
 

 

There is an emerging consensus among agent researchers of the need to 

develop methodologies and toolkits for building distributed agent systems [22]. 

As the libraries of programming languages tend not to include the high-level 

constructs and concepts needed for agent applications, many tool-kits and 

frameworks of varying degrees of sophistication have recently been created to aid 

agent development. We review agent technology applications in shop floor 

management as well. 

 

3.1 Zeus Agent Building Tool-kit 

 

The philosophy of moving away from point solutions to general frameworks, 

architectures and methodologies was the motivation for developing the ZEUS 

agent building tool-kit. The intention has been to facilitate the engineering of 

future agent applications by providing a library of agent level components, 

together with an agent development methodology that describes how agents can 

be built using the low-level components from the library. 

There are, however, many different types of agent. The ZEUS tool-kit was 

developed to assist the creation of collaborative agent systems - systems 

comprising a community of agents that work together to achieve shared objectives 

[22].  

 

3.1.1 Collaborative Agents 

 
A typical example of a collaborative agent application is agent-based 

telecommunications network service provisioning. In such a scenario, each agent 

might be responsible for a small portion of a nation-wide network. For example, 
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where a customer requests a high-fidelity connection between two nodes some 

distance apart on the network, agents need to co-operate, as there is no possible 

route within the jurisdiction of a single agent. Hence the agents along potential 

routes must negotiate among themselves, allocating bandwidth and evaluating 

what quality of service. Ideally developers should spend less time worrying about 

the intricacies of a particular technology, and more time implementing solutions 

to their problems. So as new technologies mature, generic application-independent 

solution libraries tend to be developed to aid the users of the technology — note, 

for example, the proliferation of class libraries of user-customizable components 

that are now available for users of the Java programming language. With the 

provision of well-engineered and relatively standardized class libraries, the 

development times for new systems that exploit such libraries tend to fall. 

There are many different types of agent of which information retrieval 

‘softbots’ [22] and personal assistants [22] are perhaps the best known. 

Collaborative agents, which the ZEUS tool-kit builds, are typically large, coarse-

grained agents that emphasize autonomy and cooperation with other agents. They 

generally work in open, time-constrained environments. They co-operate because 

each agent possesses limited competencies, information or resources, and thus, by 

pooling together their abilities, they are able to solve problems beyond the 

capability of any one single agent [22] is possible. This will lead to the formation 

of commitments, where agents agree to provide their local service at a certain time 

for a certain cost. Should an agent later withdraw from a commitment (say, 

through technical problems), the society will need to re-plan and form an 

alternative arrangement using a different route. This example illustrates some of 

the essential features of a collaborative agent namely that: 

• They must be able to communicate — this is actually a challenging 

problem to solve, requiring not only a common transport protocol (like 

TCP/IP), but also a common inter-agent communication language and 

a shared ontology that represents the domain concepts being 

communicated 

• They must be able to reason — when control of a resource (like a 

service or a sum of money) is delegated to an agent, it needs sufficient 
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intelligence to decide when to release the resource to potential users, or 

utilize the resource in pursuit of a goal; collaborative agents therefore 

need a means of determining how best to achieve their goals given 

their limited resources, 

• They must be able to co-operate — because a single agent possesses 

limited competencies, resources or information, it will typically be 

capable of solving just a small portion of a larger problem, and so a 

collaborative agent faced with a problem it cannot solve alone must 

find other agents who do possess the requisite ability, negotiate with 

them, and ultimately delegate the task to them; this implies a means of 

coordinating the behavior of different agents so that they act together 

in a coherent manner.  

Since these requirements relate to the functionality of collaborative agents 

rather than any particular application, they are referred to as ‘agent-level’ issues, 

and they are not easy to satisfy [22]. Consequently, collaborative agents tend to be 

large, complex and difficult to implement. This high development overhead was 

one of the motivations behind the creation of the ZEUS agent building tool-kit. 

 

3.1.2 The ZEUS tool-kit 

 
The classes of the ZEUS tool-kit can be categorized into three functional 

groups — an agent component library, an agent building tool and an agent 

visualization tool. The main components of which are shown in Figure 3.1.  

The ZEUS tool-kit was motivated by the need to provide a generic, 

customizable, and scalable industrial strength collaborative agent building tool-

kit. The tool-kit itself is a package of classes implemented in the Java 

programming language, allowing it to run on a variety of hardware platforms. 

Java is an ideal language for developing multi-agent applications because it is 

object oriented and multi-threaded, and each agent consists of many objects and 

several threads. Java also has the advantage of being portable across operating 

systems, as well as providing a rich set of class libraries that include excellent 

network communications facilities. 
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Figure 3.1 Zeus Tool-kit Visual Components 

 

 

The agent component library 

The agent component library is a package of Java classes that form the 

“building blocks” of individual agents. Together these classes implement the 

“agent-level” functionality required for a collaborative agent. Thus for 

communication the tool-kit provides: 

• A performative-based inter-agent communication language, 

• Knowledge representation and storage using ontologies, 

• An asynchronous socket-based message-passing system. 

In order to maximize future compatibility, the components of the ZEUS tool-

kit utilize ‘standardized’ technology whenever possible; for instance, 

communication takes place through TCP/IP sockets using a language based on the 

Knowledge Query Management Language (KQML). In this spirit, it is planned 

that the Agent Communication Language that has recently been specified by the 

Foundation for Intelligent Physical Agents (FIPA) be adopted. 

Next, to provide the agents with reasoning facilities, the tool-kit provides: 

• A generic planning and scheduling system, 
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• An event model along with an application programming interface 

(API) that allows application programmers to monitor changes in the 

internal state of an agent, and externally control its behavior.  

To enable inter-agent co-operation, the tool-kit offers: 

• A co-ordination engine that controls the behavior of an agent — the 

functioning of the engine is influenced by the agent’s knowledge 

context, e.g. the organizational relationships with other agents, 

available resources and competencies, available co-operation 

strategies. For an agent to participate in goal-driven interactions with 

other agents its co-ordination engine needs one or more behavioral 

strategies and some idea of what relationships the agent has with each 

of its peers; hence the tool-kit also provides: 

• A library of predefined co-ordination protocols, 

• A library of predefined organizational relationships. 

Together the components of the agent component library enable the 

construction of a generic application independent ZEUS agent that can be 

customized for specific applications by imbuing it with problem-specific 

resources, competencies, information, organizational relationships and co-

ordination protocols. 

The component parts of such a generic agent, and the means by which it can 

be specialized for particular applications, are now described. Logically, each 

ZEUS agent is composed of three layers — a definition layer, an organizational 

layer and a coordination layer. The definition layer comprises the agent’s 

reasoning abilities, its goals, resources, skills, beliefs, preferences, etc. The 

organization layer describes the agent’s relationships with other agents, e.g. the 

agencies to which it belongs, what abilities it believes other agents possess, and 

what authority relationships exist between it and these other agents. At the co-

ordination layer each agent is modeled as a social entity, i.e. in terms of the 

coordination and negotiation techniques it possesses. Built on top of the co-

ordination layer are the protocols that implement inter-agent communication, 

while beneath the definition layer is the API that enables the agent to be linked to 

the external programs that provide it with resources and/or implement its skills. 
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Figure 3.2 shows how this logical agent model is realized using the classes of the 

ZEUS agent component library. The generic agent includes the following 

components. 

• Mailbox: This handles communications between the agent and other 

external agents. It is a complex entity consisting of several other 

threads such as the server, which accepts and stores incoming 

messages. 

• Message handler: This processes incoming messages from the 

mailbox, dispatching them to other components within the agent. 

• Co-ordination engine: This makes decisions concerning the agent’s 

goals, e.g. how they should be pursued, or when to abandon them. It is 

also responsible for coordinating the agent’s overall activities with 

other agents using its known coordination strategies. This not only 

enables tasks to be contracted and delegated, but also ensures that 

agents jointly working towards a shared goal all behave in a coherent 

manner. 

• Acquaintance model: This describes the agent’s relationships with 

other agents in the society, and its beliefs about the capabilities of 

those agents. 

• Planner and scheduler: This plans the agent’s tasks based on decisions 

taken by the co-ordination engine and the resources and task 

definitions available to the agent. 
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Figure 3.2 The flow of information between the components of a ZEUS agent. 
 

 

• Resource database: This maintains a list of resources (facts) that are 

owned and available to the agent. 

• Ontology database: This stores the logical definition of each fact type - 

its legal attributes the range of legal values for each attribute, any 

constraints between attribute values, and any relationships between the 
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attributes of the fact and other facts. Agents must use the same 

ontological information if they are to understand each other. 

• Task/plan database: This provides logical descriptions of planning 

operators (or tasks) known to the agent. It also stores a set of scripts 

that the agent uses to behave reactively to events. 

• Execution monitor: This starts, stops and monitors external systems 

that have been scheduled for execution or termination by the planner 

and scheduler. It also informs the coordination engine of successful 

and exceptional terminating conditions of the tasks it is monitoring. 

These generic components act together to provide the necessary agent 

functionality. For instance, communication is facilitated by the 

mailbox and the ontology database; the former provides agents with 

the ability to transmit messages in a universally recognized format, 

while the latter enables each agent to understand what its 

correspondent is communicating. Once agents can communicate, 

interaction becomes possible, raising the prospect of sophisticated 

behavior like tendering and negotiation. Such behavior requires some 

degree of intelligence, and is provided in ZEUS agents by the planner 

and scheduler, and coordination engine components. 

The agent library components are also used to implement standard ‘utility’ 

agents that are an important part of the ZEUS tool-kit. The utility agents fulfill a 

support role in their society and can be used in any application without 

modification. Firstly, the agent name server provides a ‘white pages’ service, 

matching agent names to network addresses just like the domain name servers of 

the Internet. Another utility agent, the facilitator, provides a ‘yellow pages’ 

service similar to the ‘Yahoo!’ index; it is used by agents looking for others who 

are capable of performing a particular task or service. The third type of utility 

agent, the visualize, will be discussed later.  

 

The agent building software 

The design philosophy of the ZEUS tool-kit was to delineate the sort of agent-

level functionality from domain-level problem-specific issues. In other words, the 
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intention is to provide classes that implement communication, reasoning and co-

operation, leaving developers to concentrate on defining the agents necessary for 

their application, and to provide the code that implements their agents’ particular 

domain-specific abilities. Because so many aspects of conventional agent system 

development are handled by the ZEUS tool-kit, developers need a means of 

understanding what is expected of them. Consequently the ZEUS tool-kit was 

developed in parallel with an agent development methodology.  

 

The ZEUS agent development methodology 

A methodology is a system of methods and principles that drive the conduct 

and products of some process. Methodologies are generally prescriptive in nature, 

not only facilitating the thinking and acting needed to perform the process, but 

also recommending methods and techniques that should be employed to achieve 

the process. The ZEUS agent design methodology is intended to hide most of the 

intricacies of multi-agent systems from developers, allowing them to concentrate 

on solving the problem in question.  

The six stages of the ZEUS development methodology are shown in Figure 

3.3. The stages are shown in the order they are attempted, with the developer 

moving down the activities concerned until all are completed (where stages are 

shown beside each other they can be attempted concurrently).  
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Figure 3.3 The stages of the Zeus agent development methodology 

 

 

• The initial stage is domain study and agent identification, during which 

the developer analyses the problem domain to identify the potential 

agents. But what is an agent? This largely depends on the granularity 

at which the domain is modeled, but the best candidates will be those 

entities that are autonomous, i.e. mainly capable of functioning 

independently of human interaction, and those that are social, i.e. 

capable of interacting intelligently and constructively with other agents 

or humans. Entities that are responsive or proactive are also worth 
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considering, as are those that are responsible for controlling a 

particular resource or service. 

• Once the candidate agents are identified the agent definition phase can 

begin. This involves the developer identifying the significant attributes 

of each agent. One metaphor for an agent used at this stage of the 

methodology is that of factory manager who controls several 

production lines. Each agent begins life with a limited set of resources 

(called facts) and the ability to perform a number of different tasks 

simultaneously. The production of an item lasts for a finite period of 

time and consumes some amount of the agent’s resources. Hence this 

stage involves the identification of the initial set of resources owned by 

the agent (and the definitions of each type), as well as the tasks the 

agent can perform. 

• The agent definition phase continues until all agents have been 

considered, and their initial resources and tasks have been identified. 

The next stage is agent organization where the developer identifies the 

acquaintances of each agent. To acquaint an agent A with another 

agent B, the resources that agent A believes agent B can produce are 

specified, along with the relationship agent A believes it shares with 

agent B. Agents that are defined as superior to other subordinate agents 

can delegate tasks to their subordinates. Agents can also belong to the 

same static “community” and be co-workers who prefer to interact 

with one another. The default relationship is peer, which imposes no 

restrictions on interaction. 

• As the organization stage requires information about agents’ abilities, 

it can be performed in conjunction with the task definition phase. 

During this stage, tasks that were identified during the agent definition 

phase are defined in terms of their costs, duration, preconditions, 

products and constraints. Tasks can be primitive (performed directly 

by executing a domain function), or summary (i.e. a complex task 

specified as a network of other tasks). 
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• When all tasks and acquaintances are specified, the agent co-ordination 

phase can begin. This involves identifying the appropriate co-

ordination protocols each agent is likely to require for social 

interaction with other agents when performing its designated duties. 

Examples of such co-ordination protocols include master/slave for 

delegating tasks to subordinates, contract net for contracting tasks out 

to peer agents, and various auction protocols for buying and/or selling 

resources. As the mechanics of these protocols have already been 

defined and included in the ZEUS tool-kit, the developer need only 

decide which is most applicable given the societal status and role of 

each agent. 

• As the agent design methodology is supported by the agent generator 

software, the final stage of the methodology is code generation and 

task implementation. By this time the generator tool will have all the 

information necessary to automatically generate Java source code 

implementations for each agent. The generator also generates stub 

code for all external actions, of which task body implementations and 

database accesses are the best examples. As the individual agent source 

programs can be compiled into executable agents, the developer’s sole 

task is to provide implementations for each task stub. 

It is worth stating that the above description is only an outline of this agent 

creation methodology, which is the subject of a sizeable document in its own 

right. For instance, the initial domain study phase consists of several prescriptive 

sub-steps that are analogous to the analysis phase of the object-oriented 

programming methodology. 

The ZEUS agent generator software The ZEUS agent generator is a suite of 

integrated editors that support the ZEUS agent development methodology. To 

facilitate ease of use, the editors have been designed. The current suite of editors 

includes: 

• ontology — for defining the ontology items in a domain, i.e. the 

templates of legal facts, the legal attributes of these facts, the legal 
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values for each attribute and any constraints between the fact’s 

attributes, 

• fact/variable — for describing specific instances of facts and variables, 

using the templates already created using the ontology editor, 

• task description — for entering the attributes of tasks, and also 

enabling the composition of summary tasks, which consist of various 

sub-tasks ordered in some fashion, 

• constraint — invoked by the task editor not only to define the 

restrictions (constraints) between the preconditions and effects of 

tasks, but it can also constrain the effects of a preceding task and the 

preconditions of a succeeding task in a summary task description (a 

typical constraint is along the lines of ‘attempt to satisfy precondition 

A in parallel with C, but before B’), 

• organization — for defining the organizational relationships between 

agents, 

• agent definition — for describing agents logically, which involves 

naming each agent’s tasks and specifying their initial resources, 

• coordination — for selecting the set of co-ordination protocols with 

which each agent will be equipped. In order to generate the code for a 

specific application system, the generator tool inherits code from the 

agent component library, and integrates it with the data from the 

various visual editors. The resulting Java program code is then 

compiled and executed normally. We linked our system to the agents 

using the API of the (generic ZEUS-defined) wrapper class that wraps 

up the inherited code and the user-supplied data.  

Used together, the agent component library and the agent building software 

facilitate the engineering of intelligent collaborative agent systems. The developer 

describes the intended agents with the agent creation tools, which generates the 

source code using classes from the component library. Once their tasks have been 

implemented the agents can be executed, and observed using the visualization 

tools provided by the tool-kit. 
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3.2 Manufacturing Applications: An Overview 

 

The studies of agent based intelligent manufacturing systems are well 

reviewed in the study of Intelligent Systems Group from University of Calgary 

[41]. The agents that have various architecture and capacity were reviewed in 

Shen`s study [41]. In these studies, possible methods were suggested which could 

integrate scheduled activities and the fluctuations on the real spot that couldn't be 

predicted in advance. It means that these methods suggest how to deal with the 

change of circumstances within the time limits when previously decided schedules 

were invalidated. 

Besides those studies, the representative studies that use the agent technology 

to develop the intellectual producing system are AARIA (Autonomous Agents for 

Rock Island Arsenal) project (Baker et al., 1997) by Intelligent Automation [2], 

ABCDE (Agent Based Concurrent Design Environment) by KSI (Knowledge 

Science Institute) in University of Calgary (Balasubramanian & Norrie, 1995). 

Particularly, most studies include the concept of “Virtual Manufacturing” that 

before the actual manufacturing simulates first to see how it goes. These 

researches take advantage of agent technology and develop intelligent system that 

is necessary for productivity. However, they did not extend virtual manufacturing 

to negotiation with traders. There is no research to integrate the automation of 

manufacturing and automation of negotiation for trade in order based 

manufacturing environment.  

 

3.3 Multi-agent structure 

 
Recent agent technology has come into the spotlight as a new method for 

developing a manufacturing system. Particularly, multi-agent that has achieved 

the goal through cooperation among the agents became a new paradigm in 

production system area. This is to cope with changes from static manufacturing 

circumstances to dynamic circumstances. 

There are many studies about the multi-agent for manufacturing system. 

Multi-agent architectures are classified into Facilitator Architecture, Mediator 

Architecture, and Autonomous Agent Architecture, as shown in Figure 3.4 [41]. 
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Figure 3.4 Multi-Agent Architectures 

 

 

3.3.1 Facilitator Architecture 

 
Facilitator Architecture called federation of multi-agent architecture is 

proposed in the project of SHADE (McGuire et al., 1993), and emphasized in the 

project of PACT [24]. 

Facilitator architecture is, as given in Figure 3.4, composed of various agents 

that have their own knowledge and tools for doing certain functionality. They 

communicate with other agents through the facilitator. 

Facilitator is a particular agent. It is responsible for providing an intermedium 

between local agents and remote agents, usually by providing three main services:  

• Routing outgoing messages to the appropriate destinations;  

• Providing the trustworthy network interface;  

• Simple control and coordinating facilities [41].  
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In the facilitator architecture, each facilitator does not support direct 

communication among agents but supports communication between facilitator and 

agents or among facilitators. 

 

3.3.2 Mediator Architecture 

 
Mediator architecture is a special form of federation organization, derived 

from Blackboard System, Contract-Net [43], Non-explicitly Coordinated Systems, 

and Supervisor System [26]. Although similar to facilitator architecture, it is 

higher dimensional structure that each agent is connected with mediator. 

However, as illustrated in Figure 3.5, communication between agents and 

mediator, between mediators, and between agents is possible through brokering 

and recruiting mechanism unlike facilitator architecture. Moreover, besides the 

role of passing message, mediator plays a mediating role to enhance cooperation 

among agents and role of learning each agent’s behaviour (Shen & Norrie, 1997).  

 

 

 
 

Figure 3.5 Communication Mechanism of Mediator 

 
 

In our study the Mediator is a mechanism for supporting decentralized 

decision-making among independent work stations while preserving their 

autonomy. The role of the Mediator is to help the work stations to take into 

account interdependencies between their decisions. It provides a shared 
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mechanism for communication and decision-support. The Mediator is neither 

aimed at replacing its user’s own decision-making nor does it necessitate the 

centralization of the decision- making process. The Mediator-based approach to 

production planning, scheduling and monitoring is different from those 

approaches that require higher degree of centralized decision-making. 

 
 
3.3.3 Autonomous Agent Architecture 

 
Unlike facilitator architecture and mediator architecture, Autonomous Agent 

Architecture has an independent structure. Facilitator architecture and mediator 

architecture are cooperative; in other words, accomplish a purpose by being 

subordinate to each other. However, autonomous agent architecture accomplishes 

a purpose independent of each other. Autonomous agent’s features are as follows. 

• Not controlled by any other agent or people 

• Direct communication with any other inside and outside agent is 

possible 

• Have knowledge of other agents and environment 

• Each agent has its own purpose and is combined with each other by 

certain motive DDIE project [41] and AARIA project [3] have used 

autonomous agent architecture for constructing intelligent 

manufacturing system. 

The system developed in this research is a Hybrid Architecture that mixed 

mediator architecture and autonomous agent architecture. If looking at the whole 

structure, it’s mediator architecture. However, if looking at each interior agent 

functioning independently, it can be autonomous agent architecture. The structure 

of this system will be explained in details in Chapter 4. 

 

3.4 Decentralized decision-making mechanisms 

 
The Mediator provides mechanisms for decentralized negotiation, scheduling, 

and monitoring. These decision-making mechanisms are customizable with a 

predefined set of rules. They are also based on underlying communication models. 

The mechanisms of the Mediator are designed to work together. The negotiation 
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mechanism provides a messaging language and a protocol that make 

communication between task and resource owners possible, while the scheduling 

mechanism provides algorithms for supporting scheduling decisions. The 

negotiation mechanism is a group level tool complemented with the local level 

scheduling mechanism. In addition to planning-oriented negotiation and 

scheduling mechanisms the Mediator provides services for monitoring and 

integrates them into the planning process. A basic monitoring mechanism is based 

on the request-and-reply type of communication that relies on the activity of the 

monitoring party. A more advanced mechanism is based on the publish-and-

subscribe type of communication that permits activities of both the monitoring 

and monitored party. 

 

3.5 Communication Models 

 
In a production network, the autonomous units form a wide and distributed 

decision making system and cooperate in order to improve its global 

manufacturing performance. The definition of a communication system that 

supports the co-operation and data exchange between autonomous units is an 

essential key factor to the success of the whole distributed system. The data 

exchange is mainly relates to business, product and project information. The main 

problem related to the manipulation of this data is how the target decision-making 

unit understands specific company data. The solution to this is to use a generic 

language that permits communication between decision-making units. 

In the definition of the communication needs, it is necessary to consider, the 

following points first: mode of communication, which can be point-to-point or 

broadcast, and the type of message (according with the nature of the message), 

such as questions, answers, subscriptions and events.  

In the presented approach the general mode of communication is broadcast, 

where one unit uses the Mediator to distribute the message to the adequate units. 

Other components that should be considered in the definition of the 

communication needs and concepts of between Mediator and the decision-making 

units are: 
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• The protocol, i.e., the communication scheme between decision-

making units for each sub process models. 

• The vocabulary, which requires the definition of standard contents for 

the communication between decision-making units in a distributed 

environment (basic terms and a precise specification of what those 

terms mean). 

• The language syntax, i.e. the definition of the language supporting the 

exchange of data.  

The communication models developed in the project present an approach to 

the human communication needs in the business process, defined for the 

distributed decision-making environment, describing the communication between 

human decision-makers and not communication between software systems. Each 

autonomous local decision-making agent is an actor in a specific role, which 

depends of the environment and the characteristics of the task [36]. 

 

3.6 Negotiation Concept 

 
The negotiation mechanism supports collaborative decision-making in a 

decentralized environment. The mechanism applies to production planning, 

scheduling and monitoring functionality. The mechanism provides a protocol and 

a message language for communication during the decision-making processes 

[36].  

 

3.6.1 Negotiation protocol 

 
The negotiation protocol is based on the so-called Contract Net approach [43]. 

This protocol has been applied to similar tasks in several research projects since 

late 80's [33]. In our approach, the negotiation protocol has been extended and 

combined with a scheduling mechanism. Furthermore, the protocol is 

implemented within the Mediator architecture. The Contract Net is based on the 

concept of auction. A task owner makes a task announcement to the resource 

owners that may reply with bids. Finally, the task owner selects the most suitable 

bid. Both the power and weakness of the Contract Net lies in its simplicity. The 
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three phase protocol is easy to implement, but cannot reflect the complexity of 

real negotiation processes. Besides, while the Contract Net is able to support 

negotiations, it alone cannot provide enough information for making decisions 

during the negotiation. 

 

3.6.2 Iterative negotiations 

 
In order to be able to support negotiations in supply chains and multi-site 

manufacturing, the negotiation protocol and language ought to be more flexible 

than those of the Contract Net. In the presented approach iterative negotiations are 

allowed [36]. The resource owners may make counter proposals in their bids (e.g. 

if they cannot or do not want to carry out the entire task specified by the task 

owner, but a part of it). In general the resource owners can adjust the content, time 

and cost of the announced task. The limits to these adjustments are specified by 

the task owner in his task announcement. 

 

3.6.3 Role of the Mediator in negotiation 

 
The role of the Mediator as a shared communication and co-operation tool 

permits the required extensions to the negotiation mechanism (see Figure 3.6).  

 

 

 
Figure 3.6 Mediator supported negotiation protocol. 
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The described negotiation mechanism can be implemented within the 

Mediator and be combined with its other decision-making mechanisms, thus 

forming a more comprehensive and more powerful decision-support service 

without extensively increasing requirements of the system.  

The negotiation protocol is run between the local modules of the Mediator 

with the help of the information stored in the root module. In the task 

announcement phase, the Mediator can select appropriate bidders on the basis of 

the registration information in the root module. Decision-making rules and 

schedulers in the bidder's local modules are then used to form bids. After this the 

bids are collected and evaluated by the Mediator. Finally, the Mediator takes care 

of submitting award and rejection messages. In addition, the Mediator can handle 

timeouts and error situations. The Mediator combines the negotiation protocol 

with scheduling and monitoring mechanisms. The scheduling mechanisms may be 

used for making negotiation decisions both for task and resource owners. The 

monitoring mechanisms are used to initiate re-negotiations when needed. For this 

purpose the Mediator may store information about task dependencies. Another 

role of the monitoring mechanisms is to provide additional network-wide 

information about the production state (e.g. lead time) for bid creation and 

evaluation [36]. 

 

3.7 Concept of Decentralized Scheduling 

 
The co-operation of decentralized decision-making units is supported by 

mechanisms for local scheduling and re-scheduling [36]. The stability of a local 

schedule is changing over time. The possibility of disturbances and the 

uncertainty of local information require a constant co-ordination of the distributed 

information sources to keep them consistent. 

Several approaches to overcome isolated local scheduling have been 

presented. Thus, the aim of the presented scheduling concept is not the 

development of an independent, monolithic solution for decentralized scheduling, 

but rather an integration of existing local order planning and control systems. 

Currently these systems are acting independently. The purpose of the Mediator is 

to integrate work stations’ decision-making units and their scheduling 
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functionality. Therefore, at each work station a scheduling module is available to 

extend existing planning and control systems and to allow for an integration of 

these systems. 

 

3.7.1 Scheduling mechanisms  

 
Numerous algorithms for the job shop scheduling problem have been 

proposed in [4]. Some of them are implemented in production-planning and 

control systems.  

For a prototype implementation priority rules are selected and extended to 

meet the requirements for decentralized scheduling. Due to their simplicity 

priority rules are commonly used in the industrial branch for solving the resource 

allocation problem. This problem is NP complete, so mostly no real time 

application exists for determining an exact solution [36]. In addition, 

approximation applications are difficult to implement and often suitable for 

special cases only. 

Apart from conventional time based priority rules (like earliest due date, least 

slack or shortest processing time) cost based rules and rules that consider the 

importance of an order are also used. With the help of cost-based rules costs that 

are directly related to the order as well as resource related costs for machines and 

personnel can be considered. 

 

3.8 MetaMorph II PROJECT 

 
The MetaMorph II project started at the beginning of 1997. It is based on 

MetaMorph I. The objective is to integrate design, planning, scheduling, 

simulation, execution, material supply, and marketing services into a distributed 

intelligent open environment. For this purpose, a hybrid architecture combining 

the main features of the existing different architectures is proposed [38]. In this 

hybrid architecture, the system is primarily organized through several mediators. 

Each subsystem is connected (integrated) to the system through a special 

mediator. Each subsystem itself can be an agent-based system (e.g., agent-based 

manufacturing scheduling system), or any other type of system like feature-based 
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design system, knowledge-based material management system, and so on. Agents 

in a subsystem may also be autonomous agents at the subsystem level. 

Manufacturing resource agents are coordinated by dynamically hierarchical 

mediators. For example, a shop floor Resource Mediator coordinates Machine 

Mediators, Tool Mediators, Worker Mediators, Transportation Mediators, and so 

on. A machine agent can also communicate and negotiate directly with other 

mediators and other types of agents. 

 

3.8.1 Dynamic Scheduling 

 
The cooperative negotiation among resource agents in MetaMorph II is 

realized by combining the mediation mechanism based on hierarchical mediators 

and the bidding mechanism based on the Contract Net protocol for generating and 

maintaining dynamically production schedules. Such cooperative negotiation may 

be achieved through two scheduling mechanisms according to manufacturing 

enterprise conditions: Machine-Centered Scheduling and Worker-Centered 

Scheduling. In this type of system, the Resource Mediator sends a request 

message to Machine Mediator at first. It is the machine agents that take the 

responsibility to negotiate with worker agents, and tools agents. When the 

Machine Mediator receives a task request from the Resource Mediator, it sends 

out multicast announce messages to concerned machine agents according to its 

knowledge about the machine agents registered to it. After receiving announce 

messages, a machine agent calculates the processing time and cost, verifies its 

reservation plan, and negotiates with worker agents through the Worker Mediator 

and tool agents through the Tool Mediator (described in the following 

paragraphs). After receiving the propositions (bids) from the Worker Mediator 

and the Tool Mediator, the machine agent sends a bid with the information about 

the processing time and cost, proposed start time and end time, other free time 

slots, and the information about the associated worker agent and tool agent to the 

Machine Mediator. Waiting for a predefined period after sending out the 

announce messages to machine agents, the Machine Mediator analyses the 

propositions (bids) from different machine agents, and select one machine agent 

and its associated worker agent and tool agent(s) to perform the task according its 
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selection criteria based on the cost model. As soon as the decision is made, the 

Machine Mediator sends an award message (notice type) to the selected machine 

agent which then locks a time slot and reserves it for the requested production 

task. 

At the same time, the Machine Mediator sends an inform message with the 

information about the selected resources and the alternative resources directly to 

the part agent (not through the Resource Mediator). After receiving the award 

message, the winning machine agent should also send an award message to the 

winning worker agent and the winning tool agent(s). 

The bidding and mediation processes at the Worker Mediator level are 

basically similar to these at the Machine Mediator level. But the Worker Mediator 

does not send out an award message to the selected worker agent for reservation 

until it receives an award message from the machine agent who sent the request 

message early and it is noticed that this machine agent has been selected as the 

winning agent. Otherwise, it does not make an award to any worker agent. 

The bidding and mediation processes at the Tool Mediator level are similar to 

these at the Worker Mediator level. The main difference is that at the Worker 

Mediator level, only one worker agent can be awarded, but at the Tool Mediator 

level, several tool agents may be awarded for a requested task. 

As we intend to develop an agent-based manufacturing scheduling system for 

a real manufacturing enterprise, the system should respond dynamically to 

emergent production orders and unforeseen situations. Several mechanisms have 

been developed for responding to some special possible emergent situations 

(cases): 

• Rescheduling for new emergent orders 

• Rescheduling after cancellation of orders 

• Rescheduling for the optimization of the current schedule 

• Rescheduling after machine breakdown with the product destroyed 

• Rescheduling after machine breakdown without destroying the product 

• Rescheduling after tardiness of a task 
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CHAPTER 4 
 
 

AN ORR APPLICATON  
 
 

The ORR system developed for this study is mostly interested in the release 

stage of the WLC concept. An agent based system developed to represent the shop 

floor actors. There are two types of agents in the system:  

• Mediator agent: the coordinator agent that controls the work flow and 

decides capacity issues.  

• Work station agents: the worker agents that build the scheduling table 

by utilizing the job information, control work flow and report to the 

mediator agent. Each work station has a distinct agent which 

coordinates its processes. 

The mediator architecture is customized for the system. Mediator architecture 

is a special form of federation organization, derived from Blackboard System, 

Contract-Net [27], Non-explicitly Coordinated Systems, and Supervisor System 

[1]. Although similar to facilitator architecture, it is higher dimensional structure 

that each agent is connected with mediator. However, unlike facilitator 

architecture, communication between agents and mediator, between mediators, 

and between agents is possible through brokering and recruiting mechanism. 

Moreover, besides the role of passing message, mediator plays a mediating role to 

enhance cooperation among agents and role of learning each agent’s behavior. 

Since one of our main focuses is to distribute the control mechanism and 

empower the work stations the recruiting mechanism is chosen. In turn, all the 

agents could be able to communicate with each other without a restriction.  

The agents are created using ZEUS Agent Building Toolkit. The application is 

developed in java programming language in order to get rid of platform 

dependency. 
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4.1 ZEUS Agent Building Toolkit Utilization 

 
The agent realisation process consists of several stages, (some of which have 

been derived from the levels of abstraction that exist within a ZEUS agent as 

shown in Figure 4.1, see Collis et al. [22] for details).  The stages and the order in 

which they should be attempted for ORR implementation are discussed below:  

 

 
Figure 4.1 The Conceptual Structure of a ZEUS Agent  

 

 

Stage 1: ORR Ontology Creation  

The application ontology, the declarative knowledge that represents the 

significant concepts within the application domain, must be defined before 

implementing any agents in Zeus Concept. The Zeus Ontology Editor tool is used 

to enter this information. The ORR ontology developed for the study contains two 

Zeus facts, “orderEntered” and “orderContent” (see Figure 4.2). These facts are 

used in ORR rule based task for communication purposes.     

Interface Layer 

Definition Layer 

Organisation Layer 

Co-ordination Layer 

Communication Layer 
Messages to / from 

other agents 

Sensors Effectors 
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Figure 4.2 The ORR Ontology 

 
Stage 2: Agent Creation in ORR with ZEUS Toolkit 

During this stage the generic ZEUS agent is configured to fulfil ORR specific 

responsibilities, returning in a task agent.  This process involves the ZEUS Agent 

Editor to complete three sub-stages; these are: 
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• Agent Definition - where its tasks, initial resources and planning abilities are 

specified. There are 1 mediator and 3 work station agents in the ORR 

application. There are also nameserver and faciliatator agents in the ORR 

application. The nameserver agent provides the agents addresses from their 

names while the facilitator provides the agents’ capabilities library. The 

number of work station agents can be increased according to the number of 

work stations in the firm. Each work station must have a distinct work station 

agent which will represent it. 

• Task Description - where the applicability and attributes of agent activities are 

specified. The ORR application contains a single task whose mission is to 

provide communication.  

• Agent Co-ordination - where each agent is equipped with the social abilities 

for interaction. The FIPA Contract Net Protocol is utilized for coordination 

[55]. 

 

Stage 3: Task Agent Configuration 

The runtime parameters of the task agents are specified by configuring the 

task of ORR application. Configuration involves supplying information such as 

the host machines the agents will run on, and the resources and programs to which 

the agents will be linked. The ORR application developed for the study contains a 

single rule based task for communication purposes of the agents. When the 

information need to be sent to other agents the rule based task is called and the 

data is sent with the necessary parameters included. This rule based task is 

assigned to all ORR agents (mediator and work station agents). Thus they can 

communicate with a single Zeus task. 

 

Stage 4: Agent Implementation 

The ZEUS Code Generator is invoked and agent source code framework 

automatically generated.  Thus the study is left with the job of providing the 

application-specific implementations of the tasks, external resources, programs 

(such as agent user interfaces) and interaction strategies.  
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4.2 ORR Terminology 

 
To support the sharing and reuse of formally represented knowledge among 

agent systems, it is useful to define the common vocabulary in which shared 

knowledge is represented. A specification of a representational vocabulary for a 

shared domain of discourse definitions of messaging system is grouped in our 

system as ontology. 

 OCDij: Operation completion date (unit: day): The last date that job i’s 

jth stage will be completed. 

 ERDi: Earliest release date (unit: day): The earliest date that job i will 

be released to the workstations. 

 Stage: A whole part of a job which will be completed in a certain work 

station. (Jobs may have several stages (routing information)) 

 Mediator: The coordinator agent that guides to work station agents 

 Work Station Agents (WSAgent): Agents for the work stations which 

make schedule for the arriving jobs, updates job status and job 

completion info. 

 Agent Job Summary Table (agentdb.jobsummary_wsagentX): The 

table that keeps all incoming jobs’ information of work station agent 

X. 

 Agent Scheduling Table (agentdb.agentschdet_wsagentX): The table 

of work station X which is formed by the information sent from 

mediator. This table will not be updated unless a new job arrives. The 

job information is kept in this table. 

 Job Progress Table (agentdb.jobprogress_wsagentX): The table of 

work station agent X which is formed by the job progress information. 

When a new job arrives first this table is same as the agent scheduling 

table. When the mediator sends the “make job progress” message 

(Msg-10, see Table 4.2 for message formats) the agents prepare job 

completion info according to the performance of the work station in 

completing that day’s schedule. (Assumption: the slacks are large 

enough so that the jobs may not be late).  This table is then used for the 
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situations when the work station agents need more rooms to 

accommodate the jobs (when the schedule has a conflict with the 

OCD’s and needs more room) or when another agent asks for early 

release.  

 Mediator Scheduling Detail Table (agentdb.medschdet): The table that 

keeps the jobs’ scheduling information which are created by work 

station agents. 

 

4.3 Work Flow of ORR Application 

 
Our study focuses on MTO firms, which manufacture different products for 

different customers. The main decision levels of WLC concepts in MTO firms are 

the job entry level and the job release level. At the job entry level, customer 

enquiries are processed, and delivery dates (DDs) and prices are quoted to 

customers.  

 

 

 
 

Figure 4.3 New Job Activity diagram 
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At the job release level, decisions are made regarding which jobs should be 

released to the shop floor so that processing can commence. The ORR application 

is mainly concerned with job release level. It is hard to decide to keep jobs in the 

job pool for some time and wait for another job which may be better suit to the 

schedule in MTO firms. Our study concerns both the first-come first-serve (FCFS) 

and earliest due date (EDD) dispatching rules for the incoming jobs. When a new 

job arrives to the job pool its feasibility is investigated by the work station agents 

(see Figure 4.3), and the due dates are figured out by the mediator. The due date 

bidding with the customer is out of the scope of this study. 

 

4.3.1 Time Flow  

 
First of all, the mediator configures the agent environment. It sends the plan 

length of the current period and the regular working hours of a day to the work 

station agents. The work station agents make all the calculations according to 

these parameters. 

When a new job arrives, its routing information is decided by the shop floor 

managers. The earliest release date and routing information are assumed to be 

known before the job is sent to the mediator to commence (see Appendix A for 

incoming job information).  

Before the jobs are commenced, mediator gets the job, computes the jobs 

operation completion dates (OCD) for each stage and passes this information to 

work station agents. The OCD dates are estimated by mediator according to the 

due date factor. 

In a distributed environment our ORR system basically performs scheduling 

and monitoring job progress activation in the given period. The jobs’ arrival times 

are assumed to be distributed exponentially. For illustration purposes a sample test 

case is generated in Appendix A. 

The data format of the test case in Appendix A is explained in Table 4.1.  
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Table 4.1 Data and Data Format 

Format of the job ERD-WS No, Hours; 
In regular expression format ERD-([1-m],[l-k];)+ 
Explicitly ERD-WS No-Hours;WS No-Hours;WS No-

Hours… 
Example 1-1,4;2,13;3,2;2,7 
Format of the job progress 
activity 

JOBPROGRESS-n 

Example JOBPROGRESS-3 
ERD Earliest release date that a job can be released to 

the shop floor 
WS No Work station agent no 
Hours The duration of a jobs’ phase. In our ORR 

application each phase (in the format a phase is 
a pair of “WS No-Hours”) is called the stage of 
the inspected job 

M Maximum number of work station agents 
L Minimum number of hours for a stage’s 

duration 
K Maximum number of hours for a stage’s 

duration 
N The day (offset from the beginning of the 

period) which passed 
 
 
 

The jobs are assumed to arrive to job pool according to the sequence and 

arrival time (day given implicitly with the job progress day information). For 

example in Appendix A the fourth row is : 4-3,3;1,5;2,3;1,5;3,5. The information 

that can be extracted from this row is, 

• The job has arrived to the shop floor at the end of day 2 (indeed job 

may have arrived to shop floor during day 2), since before fourth row 

(row 3 in Appendix A) it is seen that JOBPROGRESS-2 is performed 

indicating that day 2 is passed.  

• The job can be released in day 4 (4-3,3;1,5;2,3;1,5;3,5) 

• The job’s route first starts with the work station 3 (4-

3,3;1,5;2,3;1,5;3,5) with 3 hours of job duration (4-3,3;1,5;2,3;1,5;3,5), 

then the job is sent to WS 1 (4-3,3;1,5;2,3;1,5;3,5) with 5 hour of job 

duration (4-3,3;1,5;2,3;1,5;3,5), then the job is sent to WS 2 with the 

job duration of 3 hours and so on. 
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Figure 4.4 Job Scheduling Activity diagram 

 

 
After the fourth row in the sample test case processed another job in the fifth 

row (5-1,4;4,5;2,2;3,3;4,5;1,3) is seen. This job is also arrived to shop floor at the 

end of the day 2. This job is processed just after the previous job if the dispatching 

rule is FCFS. However if the dispatching rule is EDD, the processing orders of the 

jobs are done according to the due date sequence. The sixth row 

(JOBPROGRESS-3) shows that the day 3 is passed and the job progress message 

(see section 4.3.3.e) is sent to the work station agents. 
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4.3.2 Mediator’s Role  

 
Mediator starts the ORR application. It first reads the test case from the 

beginning. When it reads a row of job information it parses the row and extracts 

the ERD and routing information. Then it sends this information (Msg-1) to all 

work station agents. Meanwhile according to the extracted job information the 

OCDs (operation completion date) for each stage are computed according to the 

due date factor. After computing each stage’s OCD dates all OCD dates are 

packed in a message (Msg-2) and sent to all work station agents so that work 

station agents know the due dates for each stage (see Figure 4.4). 

 
 
4.3.3 Work Station Agents’ Role  

 
The work station agents’ role is described step by step below: 

a) When the work station agents get the job information (Msg-1) sent by 

the mediator, they (all work station agents) start to parse the job 

information. Firstly, all agents insert the job information into the job 

summary table. Then the work station which is the first one in the 

routing (first stage, in Appendix A for example, first row 3-

4,4;2,3;4,4;5,4;4,2;1,4;3,4;4,4 says that the first work station agent is 

agent 4) starts to schedule the current job. The first agent in the routing 

schedules the current stage with the given job duration (in Appendix-A 

for example first row 3-4,4;2,3;4,4;5,4;4,2;1,4;3,4;4,4 says that the job 

duration for the first stage is 4 hours). However the job duration is not 

taken as it is, a slack parameter for the work station is multiplied with 

the job duration and the result is used for preparing scheduling (schedule 

is prepared according to the rules given in 4.3.3.d). 

b) While preparing scheduling work station agents use also the OCD dates 

information (Msg-2) sent by the mediator. If for the current stage the 

scheduling time exceeds the date given in OCD message (Msg-2) then 

further scheduling arrangement is needed (given in steps 4.3.3.d-ii to 

4.3.3.d.-viii).  
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c) If for the current stage the scheduling time does not exceed the date 

given in OCD message (Msg-2) then the current agent sends the 

scheduling information (Msg-3) to all work station agents. When the 

work stations get the scheduling message (Msg-3) the process given in 

step 4.3.3.a) starts for the next stage.  

d) Scheduling process: When the work station agents get job start (Msg-1) 

or prepared schedule (Msg-3) messages, they parse the jobs (for Msg-1) 

or parse the schedules (Msg-3). Then they insert the jobs (Msg-1) or 

schedules (Msg-3) into the related tables. For the current stage the 

process given in 4.3.3.a) is started. The work station agent which is 

about to prepare schedule according to the routing information starts 

preparing schedule according to the job information sent by the mediator 

(Msg-1). The job duration is computed by multiplying current stage’s 

job duration and the slack parameter. Then the agent seeks for the first 

possible time slot which is large enough to complete the current stage’s 

job duration (the one computed by multiplying job duration sent by 

mediator and the slack parameter). The time slot’s start time can not be 

earlier than the ERD date (for Msg-1) and can not be earlier than the 

previous stage’s job completion time (for Msg-3). The time slot chosen 

for the current job considers the previous jobs and previous stages which 

are read from job summary and agent scheduling tables.  

i) If the job completion time does not exceed the OCD dates 

provided by mediator (Msg-2) then the scheduling 

information is written into agent scheduling table and the 

scheduling process continues with the step 4.3.3.a). 

ii) If the job completion time exceeds the OCD dates provided 

by mediator (Msg-2) then the work station agent (the one 

which prepares schedule for the current stage) seeks the job 

progress table for an earlier time slot (the details are given in 

step 4.3.3.e). If there exists a time slot enough for completing 

the job before given OCD date in job progress table, then the 

schedule is prepared according to this time slot and written in 
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agent scheduling table, the prepared scheduling message is 

again sent to all work station agents (Msg-3) and the process 

continues as in step 4.3.3.a). 

iii) If after performing the step 4.3.3.d.ii) there is not a suitable 

time slot in job progress table, then the work station agent 

(the one which prepares schedule for the current stage) asks 

the work station agent which is the one prepared the 

scheduling information in the previous stage for an earlier 

release of the job (Msg-4). This means that the current 

stage’s agent cannot find a time slot to place the job neither 

using agent scheduling table nor the job progress table, so it 

asks the previous agent in the routing to release the job 

earlier so that the current stage’s job can be placed in a time 

slot that will not exceed the OCD. 

iv) When an agent gets the message for earlier release of the job 

(Msg-4) it seeks the job progress table and tries to place the 

job of previous stage in an earlier time slot. If it can find an 

earlier time slot to place the previous stage’s job it 

immediately places the job and sends the scheduling 

information (Msg-5) as in step 4.3.3.d.i).  

v) If the asking agent (the one sends the message Msg-4) gets 

the scheduling message (Msg-5) from the previous agent then 

it again tries to place the current stage’s job to a time slot 

which will not exceed the OCD with the updated starting 

time extracted from the Msg-5. If it succeeds to place the job 

which will not exceed OCD date then the process continues 

with step 4.3.3.a). 

vi) Finally if performing step 4.3.3.d.v) there is no time slot to 

place the job then the agent for the current stage computes 

the overtime needed to complete the current stage’s job and 

send a request message (Msg-6) to mediator for overtime. 
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vii) When the mediator gets the overtime message (Msg-6) it 

searches the mediator scheduling table of its own (the table 

which keeps the accepted job’s information such as planned 

start and completion times of each stage, responsible work 

station agents for each stage). If the work station agent that 

asks for overtime (which prepared Msg-6) has not used 

overtime more than some determined parameter (i.e. %15, 

the ratio of overtimes over total job durations for all jobs) 

then it lets the work station agent to use overtime to complete 

the current job and informs the agent (Msg-7). 

viii) When the agent who asks for overtime usage (the one sent 

Msg-6) gets the permission from mediator it places the 

current job with overtime usage and process continues with 

step 4.3.3.a). If the permission is not given then the current 

(entire) job is rejected by the current work station agent by 

sending a message (Msg-8) to mediator. Mediator then 

informs all the work station agents to reject and thus delete 

the job information (Msg-9). 

 

 
Figure 4.5 Job Progress Activity diagram 
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e) Job Progress process: Each work station agent keeps a scheduling 

table, which holds the job process information. When the job 

information send to work station agents each work station agent decides 

for the schedule (if it is included in the route), prepares the schedule and 

compares the schedule with the OCD dates sent from mediator. The 

scheduling is done utilizing the current accepted jobs’ information. The 

slacks are used to place the jobs with a safety time for emergency. The 

lateness of the jobs is prevented with these safety time blocks. The 

slacks are chosen so that the maximum lateness, which may cause next 

jobs to be delayed, can be handled.  

At the end of each day, mediator sends a message (Msg-10) to all 

work station agents to perform job progress process. Job progress 

message sequence is determined by the test case (in Appendix A the 

third row JOBPROGRESS-2 says that day 2 has passed and mediator 

should make requests from each work station agent). When the work 

station agents get the job progress message, they evaluate that day’s jobs 

and prepare a report. The evaluation of the jobs means that for the stated 

day the progress (completion) of the jobs is determined (see Figure 4.5). 

For this reason each work station agent checks the agent scheduling 

tables for that day’s jobs. If there are scheduled job(s) for the given day 

then for each job of given day the completion percentages (just for that 

day) are computed. Our assumption is that the lateness is not permitted 

in the system. This assumption is fulfilled with large enough slack 

parameters in work stations. Since the slack parameters are determined 

as large, it is assumed that the jobs are either completed before planned 

job completion times (usual case) or at most at the end of job completion 

times (indeed this is the case when the jobs are late).  

Usually the jobs are completed before planned times hence there is 

some free time slots for given days. If there occurs some free time 

periods for the given day and the same job continues next day (in fact 

the job’s same stage work continues next day) then it is reasonable to 

continue to perform the same job’s work so that utilizing the free time 
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slots. By this way current day is utilized which means there will be free 

time slots at the end of the completion time of the current stage’s job 

(free time slots are postponed to the end of the current stage’s job 

completion time). The importance of job progress arises in these 

circumstances. Having free time slots for the future times provides 

possible tardy jobs of future to be placed in these free time slots so that 

tardiness is prevented (as in steps 4.3.3.d.ii to 4.3.3.d.viii). The job 

progress is computed according to the realization factor, which 

determines the extra job done for the given day (this means that for 

given day not only the work is done that is planned to be performed but 

also there performed extra jobs whose duration is “total duration of 

given day” * realization factor .The extra job done cut downs the 

completion time of the current stage’s job, and the completion time of 

this job became earlier than the one planned in the agent scheduling 

table. After performing job progress process the new schedule 

information is updated in the job progress tables of each agent.   

 

 

Table 4.2 Messages 

 
Message 

No 

Origin Destination Content 

Msg-1 Mediator WS Agents Job information (i.e ERD and routing 

information) 

Msg-2 Mediator WS Agents OCD dates of each stage 

Msg-3 WS Agent WS Agents Scheduling information of the current 

stage 

Msg-4 WS Agent WS Agent Early release request of the previous 

stage’s job 

Msg-5 WS Agent WS Agent Schedule information, response to early 

release request 

Msg-6 WS Agent Mediator Overtime request 
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Msg-7 Mediator WS Agent Overtime usage permission 

Msg-8 WS Agent Mediator Job rejection request 

Msg-9 Mediator WS Agents Reject job  

Msg-10 Mediator WS Agents Job progress process request 

Msg-11 WS Agent Mediator Job acceptance request 

Msg-12 Mediator WS Agents Accept job 

 
 
 
f) Job Acceptance/Rejections: The work station agents perform 

scheduling processes as the stages progress (as described above). When 

the last stage is reached, the work station responsible to accomplish 

scheduling process performs the same operations. If the schedule is done 

without exceeding the OCD date then this work station agent informs 

(Msg-11) mediator that the schedule table is created successfully and the 

job can be accepted. It should be noted that scheduling last stage without 

exceeding the OCD date implicitly means that all the previous stages 

scheduled without exceeding their OCD’s, since in order to pass to the 

next stage an agent needs to schedule that job meeting the OCD date 

requirement. When mediator agent gets the acceptance message it sends 

a message (Msg-12) to all work station agents to confirm acceptance. 

Rejections of the job may occur in the steps 4.3.3.d.ii, 4.3.3.d.iii, 

4.3.3.d.v and 4.3.3.d.viii. Rejections occur at stages when it is not 

possible to schedule a job that meets OCD date requirements of that 

stage. Work station agents try to schedule a job in different ways but if 

none of them become successful then the work station agent that can not 

schedule the job in that stage sends a message (Msg-8) to the mediator to 

reject the job. When the mediator gets the rejection message it sends 

immediately a message (Msg-9) to all work station agents to confirm 

rejection of the job. After getting the rejection message (Msg-9) the 

work station agents clear all the information related to this job waits for 

a new job to arrive. The mediator also clears the information of the 

rejected job from its database. 
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CHAPTER 5 
 
 

EXPERIMENTATION 
 
 

This chapter covers 2880 complete case studies. The experimentation for the 

real shop floor environment with one mediator and five work stations are 

performed. The reason to choose five work stations is to recognize our ORR 

system effects precisely, since there already exists some well known methods or 

heuristics for lower number of work stations, such as 3-machine-scheduling.  In 

our system, mediator plays the director’s role. It gets the job information from the 

job information file (see Appendix A), and then performs the necessary 

calculations as described in Chapter 4.  

 

 

Table 5.1 ORR Application Test Factors 

 
Values 

Abbreviation Values Factor 

0 1 2 

Rescheduling Exists No Yes  

Num.Ops/Num.WS 1.5 2.0  

Arrival Rate 
325
20  

325
40   

Job Times [ ]6,2 hours   

Dispatching Rule FCFS EDD  

Due Date 15+jAT  hours 20+jAT  hours 30+jAT  hours 

Realization Time 
�
�

�
�
�

�

4
5

,
4
3 tt hours �

�

�
�
�

�

2
3

,
2

tt hours 
 

Slack 0% 20% 40% 
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We grouped system factors in two subclasses. These are test case generation 

and application specific control parameters. In test case generation level the 

factors are related to sample test cases while in application level the factors affect 

the operation of the proposed system. For instance the first factor, Rescheduling, 

distinguishes our ORR system from the classical job shop environment by using 

the rescheduling mechanism. Test results compare our system with the classical 

job shop system. The factor levels and values are depicted in Table 5.1. 

 

5.1 Problem Generation  

 
There are four factors for the test case generation phase. These are: 

 Number of Operations/Number of Work Stations Rate: This parameter 

shows the ratio of number of operations for a job (number of stages) to 

number of work station agents. Our system utilized two levels of 

“Number of Operations/Number of Work Stations” ratio.  

 Arrival Rate of the jobs: This parameter shows the arrival rate of the 

incoming jobs to the job pool. Arrivals of the jobs are assumed to be 

distributed exponentially. In our system we generated test cases with 

two arrival rate levels.  

 Expected Job Times: Fixes the expected time to complete a stage of a 

job. Job times are distributed uniformly in [ ]6,2  with mean 4=µ . The 

real processing times are distributed from this expected value (t) using 

low variance and high variance uniform distributed as �
�

�
�
�

�

4
5

,
4
3 tt  and 

�
�

�
�
�

�

2
3

,
2

tt . 

 Realization: This factor is used to calculate the realization of the job 

progress. The jobs are scheduled according to expected completion 

time of the stages. But in reality the jobs’ completion times may 

deviate from the expected completion times. In order to simulate this 

situation we proposed two levels of realization factor, the low and high 

levels. For the low level of deviation we chose the interval �
�

�
�
�

�

4
5

,
4
3 tt , and 
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for the high level �
�

�
�
�

�

2
3

,
2

tt . This provides us to examine the 

rescheduling process for the jobs, since the realization of the jobs 

cause some free time slots to place the incoming job with the due date 

obligation.  

The number of work stations is distributed in left triangular discrete 

distribution. The minimum number of work stations is assumed to be 1 and the 

maximum number of work stations is 5 for the chosen test environment which has 

five work stations. The left triangular discrete distribution is chosen in order to 

have higher work station incidence levels. This leads to higher number of 

operations and hence higher job makespans. Higher job duration times provides 

our system to resolve more conflicts by rescheduling and show its performance in 

a congested environment. The expected value of the number of work stations 

considering the left triangular distribution is: 
3

11
15

5

1

=
=
� i

i

i  

The importance of the job incidence ratio, Number of Operations/Number of 

Work Stations, lies in the total job duration times. As this level decrease, the total 

processing time of a job will decrease and the system will become rarely utilized. 

On the other hand, if this ratio is set to a high level then the system will be 

overloaded with higher utilizations. But this will lead to higher rejection level of 

incoming jobs and we will not be able to test the proposed system performance 

from this point of view. 

The time horizon for each job is assumed to be 50 days and for each working 

day the total effective working hours is assumed to be 6.5 hours. Therefore, for 

each test case the planning horizon is set as 3255.650 =x hours. There are two 

levels for the job arrivals with mean 
325
20

1 =µ  and 
325
40

2 =µ  respectively. 

 

5.2 Application Operation Phase Factors  

 

These factors affect directly the system management and operation. There are 

three main factors at this phase. These are: 
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 Dispatching Rule: Dispatching rule determines the job release 

sequence from the job pool to the shop floor. There are two 

dispatching rules, FCFS and EDD, employed in the system. The effect 

of the dispatching rule shows the importance of the job release 

sequence. While with FCFS dispatching rule the jobs are released 

according to the sequence of their arrival, with EDD the jobs are 

released according to the due dates of the jobs.  

 Due Date: Due dates of the jobs are considered both while creating 

schedules and for job release. When the release of the jobs is done 

according to the EDD rule, the due dates for each job is calculated and 

the release of the jobs done with respect to these due dates. The due 

date calculation is also done to emerge the OCD dates of the each stage 

of the jobs.  

The due date calculation is done according to formula given below: 

[ ]JobLoadxEPTATDueDate jj +=           (1) 

Where, 

[ ] 37.2
325

430
2

25.1
3

11

≅
�
	



�
�

 +

=
xxx

JobLoadE       (2) 

jAT : Arrival time of the job j 

jPT : Processing time of job j 

[ ]JobLoadE : Average job load of the system within 1 hour of duration 

For the maximum processing time of a job (i.e jPT =6 hours) the due date 

is calculated as: 

1537.26 +≅+= jj ATxATDueDate      (3) 

In our ORR application we choose the 15+jAT as the minimum and define 

two more level as 20+jAT and 30+jAT in order to test the effects of the due 

date largeness. 

 Slack: This factor is used to reserve slack time for the jobs’ 

completions in work station agents. In realization of the scheduling 

there may occur some emergency situations such as machine 

breakdowns. The slack ratio provides us to reserve some extra time 
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slots to compensate these unwanted situations. In the application we 

provide three levels of slack times as 0%, 20% and 40%. 

 

5.3 Experimental Design 

 

We compare various versions of our approach to the classical rule based 

(FCFS and EDD) scheduling heuristics in terms of different problem settings. We 

design a full factorial system where we analyze the effects of rescheduling (exist 

or not), scheduling rule (FCFS or EDD) and planned slackness (0%, 20%, 40%) 

for operation times; in different processing time variances (low or high), different 

due dates (loose-30 hours or moderate-20 hours or tight-15 hours), different 

arrival rates (20/325 or 40/325), and different operation incidences (dense or 

sparse (number of operations/number of workstations=1.5 or 2.0)). We run 10 

replications for each combination of the above design and problem generation 

factors. Hence our design is composed of 2x2x3x2x3x2x2x10=2880 runs (Table 

5.1). 

 

 

 
Figure 5.1 Mediator Configuration User Interface 
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5.4 Test Runs  

 
Before the test runs the software of the system fully traced for each case and 

each messages to verify the proposed system. Tracing with different test case 

samples, extreme data with every combinations are performed successfully. 

The simulation tests are started by the mediator. Before test runs, mediator 

first makes the environment configuration. The environment configuration 

includes plan length for the current period and the working hours of a regular day 

shift (see Figure 5.1). The configuration is sent to the work station agents to adjust 

their parameters. The calculations are performed considering these parameters as 

described in section 4.3. 

After the configuration setting the ORR procedure is ready for runs. The jobs 

are read by mediator form the job simulation file and the process commences. 

Mediator keeps the process log in its user interface (see Figure 5.2) in order to 

make investigation of progress easier. The process flow is seen in the Figure 5.2. 

When the mediator tries to send job information it first finds the work station 

agents’ addresses from the nameserver.  After the address information is acquired 

from the nameserver agent the job information is sent to the work station agents. 

 

 
Figure 5.2 Mediator Order Entry User Interface 
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The workstation agents also keep the process logs in their user interfaces 

(Figure 5.3). It is seen that the job information receives to the work station agents. 

All the messages are sent in encrypted format. After the messages arrive they are 

decrypted and parsed according to the message type. The messages format is as 

follow: 

MESSAGE_TYPE msg.* (messages are parsed as regular expressions, see 

Table 4.2 for details) 

All of simulation runs are performed with 2880 test cases including total of 

96400 jobs. The details of the simulation runs are described in the next sections.  

 

 

 
Figure 5.3 Work Station Agents User Interface 

 

 
5.5 Performance Measures 

 
Various performance measures are used to asses the effectiveness of our ORR 

system. We have collected eight performance measures: due date earliness 

(A_DD_E: average, S_DD_E: standard deviation), job time earliness (A_JT_E: 

average, S_JT_E: standard deviation), lead time tightness (A_LTT: average, 
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S_LTT: standard deviation), number of rejected jobs (NR) and total extra capacity 

usage (TECU). These are defined as: 

• Average Earliness in Due Dates: Avg[�(OCDi-DDi)] for all i. This 

performance measure computes the average of differences between the 

OCD dates calculated by mediator and the due dates realized by the 

system. 

• Standard Deviation of Due Date Earliness: Std. Dev([OCDi-DDi]), for 

all i. 

• Average Earliness in Total Job Time: Avg[�(RPTi-TPTi)] for all i. 

This performance measure calculates the average of the differences 

between the realized total processing times and the expected total 

processing times of the jobs. 

• Standard Deviation of Total Job Time Earliness: Std. Dev([RPTi-

TPTi]), for all i. 

• Average Lead Time Tightness: Avg(RPTi/TPTi). Average lead time 

tightness measure is used for calculating the averages of realized total 

processing times to expected processing time of the jobs ratio. 

• Standard Deviation of LT Tightness: Std. Dev(LTi), for all i. 

• Total Extra Capacity Usage: �(ex. cap. Usage)i, for all i. This measure 

calculates the total extra capacity (overtime) usage of the system. 

• Acceptance/Rejection rate  

 

5.6 Statistical Analysis  

 
We have used Minitab’s General Linear Model for statistical analyses where 

we set the risk value as 0.95. To model the factors, we treat the 12 algorithmic 

factors as qualitative models by using binary indicator variables Resch (one if 

rescheduling is used) EDD (one if EDD is used and zero if FCFS is used), and S2 

(one if 20% slackness is used) and S3 (one if 40% slackness is used). Thus we set 

the basis as the standard FCFS without rescheduling. For the problem generation 

related factors, we treat due date (DD), operation density (Seq) and arrival rate 
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(ArR) as continuous variables whereas we let processing time variance factor 

(PT_var) as another qualitative factor. In terms of two way effects, we analyze 

only the algorithmic factors since all other two way and three way effects 

contributed less to our regression models. We did not try quadratic or other 

nonlinear regression models. We check the normality assumption, but not 

independence and heteroscadasticity. That is, we did not try stabilizing 

transformations and reported only the plain regression results. To sum up, the 

underlying regression model used for each performance measure is 

 
Performance = Beta_0 - Beta_1 * Resch + Beta_2 * EDD + Beta_3 * S2 + Beta_4 

* S3 + Beta_5 * DD + Beta_6 * PT_var + Beta_7 * Seq + Beta_8 * 
ArR + Beta_9 * Resch * EDD + Beta_10 * Resch * S2 + Beta_11 
* Resch*S3 + Beta_12 * EDD * S2 + Beta_13 * EDD * S3 + 
ERROR.       (4) 

 
 

The models are listed in Figures 5.4-5.11. 
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The regression equation is 
A_DD_E = 2,28-0,0321 Resch + 0,0864 EDD - 0,453 S2 - 0,867 S3 + 0,0538 DD 
      + 0,0346 PT_var + 0,855 Seq - 0,0399 ArR - 0,0657 Resch_EDD 
      + 0,0045 Resch_S2 - 0,0222 Resch_S3 - 0,0188 EDD_S2 + 0,0296 EDD_S3 
 
Predictor        Coef     SE Coef          T        P 
Constant       2,2771      0,1198      19,01    0,000 
Resch        -0,03209     0,05322      -0,60    0,547 
EDD           0,08638     0,05322       1,62    0,105 
S2           -0,45298     0,05645      -8,02    0,000 
S3           -0,86680     0,05645     -15,36    0,000 
DD           0,053831    0,002134      25,23    0,000 
PT_var        0,03464     0,02661       1,30    0,193 
Seq           0,85493     0,05322      16,06    0,000 
ArR         -0,039934    0,001331     -30,01    0,000 
Resch_ED     -0,06566     0,05322      -1,23    0,217 
Resch_S2      0,00449     0,06518       0,07    0,945 
Resch_S3     -0,02224     0,06518      -0,34    0,733 
EDD_S2       -0,01885     0,06518      -0,29    0,772 
EDD_S3        0,02957     0,06518       0,45    0,650 
 
S = 0,7140      R-Sq = 46,7%     R-Sq(adj) = 46,5% 
 
Analysis of Variance 
Source            DF          SS          MS         F        P 
Regression        13    1281,500      98,577    193,34    0,000 
Residual Error  2866    1461,270       0,510 
Total           2879    2742,770 

 
Figure 5.4 Regression Analysis for A_DD_E 

 
 
The regression equation is 
S_DD_E = 1,25-0,131 Resch + 0,0270 EDD - 0,164 S2 - 0,330 S3 + 0,0324 DD 
       + 0,0120 PT_var + 0,271 Seq - 0,00241 ArR - 0,0920 Resch_EDD 
       - 0,0022 Resch_S2 + 0,112 Resch_S3 + 0,0740 EDD_S2 + 0,0620 EDD_S3 
 
Predictor        Coef     SE Coef          T        P 
Constant      1,25251     0,08339      15,02    0,000 
Resch        -0,13083     0,03705      -3,53    0,000 
EDD           0,02697     0,03705       0,73    0,467 
S2           -0,16426     0,03933      -4,18    0,000 
S3           -0,33018     0,03930      -8,40    0,000 
DD           0,032369    0,001486      21,79    0,000 
PT_var        0,01195     0,01853       0,64    0,519 
Seq           0,27135     0,03706       7,32    0,000 
ArR        -0,0024110   0,0009264      -2,60    0,009 
Resch_ED     -0,09203     0,03706      -2,48    0,013 
Resch_S2     -0,00223     0,04539      -0,05    0,961 
Resch_S3      0,11164     0,04538       2,46    0,014 
EDD_S2        0,07398     0,04539       1,63    0,103 
EDD_S3        0,06203     0,04538       1,37    0,172 
 
S = 0,4971      R-Sq = 20,3%     R-Sq(adj) = 19,9% 
 
Analysis of Variance 
Source            DF          SS          MS         F        P 
Regression        13     179,829      13,833     55,99    0,000 
Residual Error  2865     707,882       0,247 
Total           2878     887,711 

 
Figure 5.5 Regression Analysis for S_DD_E 
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The regression equation is 
A_JT_E = 1,70+1,40 Resch - 0,0056 EDD - 4,52 S2 - 8,36 S3 - 0,00210 DD 
       + 0,456 PT_var - 1,07 Seq + 0,00327 ArR + 0,0126 Resch_EDD 
       + 0,139 Resch_S2 + 0,318 Resch_S3 + 0,0245 EDD_S2 + 0,148 EDD_S3 
 
Predictor        Coef     SE Coef          T        P 
Constant       1,6974      0,1581      10,73    0,000 
Resch         1,39579     0,07026      19,87    0,000 
EDD          -0,00556     0,07026      -0,08    0,937 
S2           -4,52283     0,07452     -60,69    0,000 
S3           -8,35602     0,07452    -112,13    0,000 
DD          -0,002104    0,002817      -0,75    0,455 
PT_var        0,45624     0,03513      12,99    0,000 
Seq          -1,07150     0,07026     -15,25    0,000 
ArR          0,003267    0,001756       1,86    0,063 
Resch_ED      0,01264     0,07026       0,18    0,857 
Resch_S2      0,13905     0,08605       1,62    0,106 
Resch_S3      0,31828     0,08605       3,70    0,000 
EDD_S2        0,02447     0,08605       0,28    0,776 
EDD_S3        0,14808     0,08605       1,72    0,085 
 
S = 0,9426      R-Sq = 93,0%     R-Sq(adj) = 93,0% 
 
Analysis of Variance 
Source            DF          SS          MS         F        P 
Regression        13     33876,1      2605,9   2932,86    0,000 
Residual Error  2866      2546,5         0,9 
Total           2879     36422,6 

 
Figure 5.6 Regression Analysis for A_JT_E 

 
 
The regression equation is 
S_JT_E = - 0,939+0,654 Resch - 0,0412 EDD+1,67 S2 + 3,14 S3 - 0,00174 DD 
       + 0,0578 PT_var + 1,06 Seq - 0,00420 ArR + 0,0296 Resch_EDD 
       - 1,27 Resch_S2 - 1,57 Resch_S3 - 0,0378 EDD_S2 + 0,0656 EDD_S3 
 
Predictor        Coef     SE Coef          T        P 
Constant      -0,9385      0,1660      -5,65    0,000 
Resch         0,65430     0,07376       8,87    0,000 
EDD          -0,04121     0,07376      -0,56    0,576 
S2            1,67132     0,07830      21,35    0,000 
S3            3,14050     0,07823      40,14    0,000 
DD          -0,001744    0,002958      -0,59    0,556 
PT_var        0,05778     0,03689       1,57    0,117 
Seq           1,05770     0,07377      14,34    0,000 
ArR         -0,004199    0,001844      -2,28    0,023 
Resch_ED      0,02958     0,07377       0,40    0,688 
Resch_S2     -1,27291     0,09036     -14,09    0,000 
Resch_S3     -1,56908     0,09034     -17,37    0,000 
EDD_S2       -0,03784     0,09036      -0,42    0,675 
EDD_S3        0,06565     0,09034       0,73    0,467 
 
S = 0,9896      R-Sq = 54,5%     R-Sq(adj) = 54,3% 
 
Analysis of Variance 
Source            DF          SS          MS         F        P 
Regression        13     3359,56      258,43    263,89    0,000 
Residual Error  2865     2805,69        0,98 
Total           2878     6165,25 

 
Figure 5.7 Regression Analysis for S_JT_E 
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The regression equation is 
A_LTT = 1,03-0,0604 Resch-0,00086 EDD + 0,204 S2 + 0,385 S3 -0,000017 DD 
           - 0,0183 PT_var - 0,0160 Seq +0,000212 ArR + 0,00045 Resch_EDD 
           - 0,00680 Resch_S2 - 0,0226 Resch_S3 + 0,00389 EDD_S2 
           - 0,00038 EDD_S3 
 
Predictor        Coef     SE Coef          T        P 
Constant      1,03213     0,00523     197,21    0,000 
Resch       -0,060376    0,002325     -25,96    0,000 
EDD         -0,000863    0,002325      -0,37    0,711 
S2           0,203513    0,002466      82,51    0,000 
S3           0,384894    0,002466     156,06    0,000 
DD        -0,00001737  0,00009322      -0,19    0,852 
PT_var      -0,018332    0,001163     -15,77    0,000 
Seq         -0,016049    0,002325      -6,90    0,000 
ArR        0,00021240  0,00005813       3,65    0,000 
Resch_ED     0,000447    0,002325       0,19    0,847 
Resch_S2    -0,006800    0,002848      -2,39    0,017 
Resch_S3    -0,022583    0,002848      -7,93    0,000 
EDD_S2       0,003895    0,002848       1,37    0,172 
EDD_S3      -0,000384    0,002848      -0,13    0,893 
 
S = 0,03120     R-Sq = 96,2%     R-Sq(adj) = 96,2% 
 
Analysis of Variance 
Source            DF          SS          MS         F        P 
Regression        13     70,9631      5,4587   5608,50    0,000 
Residual Error  2866      2,7895      0,0010 
Total           2879     73,7526 

 
Figure 5.8 Regression Analysis for A_LTT 

 
The regression equation is 
S_LTT = 0,0366 + 0,0126 Resch - 0,00307 EDD + 0,0177 S2 + 0,0255 S3 
           -0,000085 DD + 0,00989 PT_var + 0,00873 Seq -0,000466 ArR 
           + 0,00372 Resch_EDD - 0,00157 Resch_S2 + 0,00152 Resch_S3 
           - 0,00225 EDD_S2 + 0,00037 EDD_S3 
 
Predictor        Coef     SE Coef          T        P 
Constant      0,03660     0,01413       2,59    0,010 
Resch        0,012629    0,006276       2,01    0,044 
EDD         -0,003074    0,006276      -0,49    0,624 
S2           0,017697    0,006662       2,66    0,008 
S3           0,025507    0,006657       3,83    0,000 
DD         -0,0000849   0,0002517      -0,34    0,736 
PT_var       0,009892    0,003139       3,15    0,002 
Seq          0,008727    0,006277       1,39    0,165 
ArR        -0,0004656   0,0001569      -2,97    0,003 
Resch_ED     0,003724    0,006277       0,59    0,553 
Resch_S2    -0,001570    0,007689      -0,20    0,838 
Resch_S3     0,001516    0,007687       0,20    0,844 
EDD_S2      -0,002246    0,007689      -0,29    0,770 
EDD_S3       0,000373    0,007687       0,05    0,961 
 
S = 0,08420     R-Sq = 3,1%      R-Sq(adj) = 2,6% 
 
Analysis of Variance 
Source            DF          SS          MS         F        P 
Regression        13    0,645295    0,049638      7,00    0,000 
Residual Error  2865   20,313861    0,007090 
Total           2878   20,959156 

 
Figure 5.9 Regression Analysis for S_LTT 
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The regression equation is 
NR = - 23,6 - 0,933 Resch + 0,301 EDD + 0,072 S2 + 0,460 S3 - 0,0936 DD 
       + 0,055 PT_var + 6,66 Seq + 0,846 ArR - 0,880 Resch_EDD 
       + 0,065 Resch_S2 - 0,046 Resch_S3 - 0,060 EDD_S2 + 0,196 EDD_S3 
 
Predictor        Coef     SE Coef          T        P 
Constant     -23,6136      0,9499     -24,86    0,000 
Resch         -0,9327      0,4221      -2,21    0,027 
EDD            0,3007      0,4221       0,71    0,476 
S2             0,0719      0,4477       0,16    0,872 
S3             0,4604      0,4477       1,03    0,304 
DD           -0,09362     0,01692      -5,53    0,000 
PT_var         0,0546      0,2110       0,26    0,796 
Seq            6,6583      0,4221      15,78    0,000 
ArR           0,84590     0,01055      80,17    0,000 
Resch_ED      -0,8805      0,4221      -2,09    0,037 
Resch_S2       0,0646      0,5169       0,12    0,901 
Resch_S3      -0,0457      0,5169      -0,09    0,930 
EDD_S2        -0,0604      0,5169      -0,12    0,907 
EDD_S3         0,1957      0,5169       0,38    0,705 
 
S = 5,663       R-Sq = 70,2%     R-Sq(adj) = 70,1% 
 
Analysis of Variance 
Source            DF          SS          MS         F        P 
Regression        13      216705       16670    519,86    0,000 
Residual Error  2866       91900          32 
Total           2879      308605 

 
Figure 5.10 Regression Analysis for NR 

 
The regression equation is 
TECU = 0,273 - 0,0615 Resch - 0,0740 EDD + 0,0771 S2 + 0,0162 S3 - 
0,00516 DD 
      - 0,0087 PT_var - 0,144 Seq + 0,00536 ArR + 0,119 Resch_EDD 
      - 0,0146 Resch_S2 + 0,0635 Resch_S3 - 0,0688 EDD_S2 + 0,0490 EDD_S3 
 
Predictor        Coef     SE Coef          T        P 
Constant       0,2728      0,1026       2,66    0,008 
Resch        -0,06145     0,04559      -1,35    0,178 
EDD          -0,07395     0,04559      -1,62    0,105 
S2            0,07708     0,04836       1,59    0,111 
S3            0,01615     0,04836       0,33    0,738 
DD          -0,005156    0,001828      -2,82    0,005 
PT_var       -0,00873     0,02280      -0,38    0,702 
Seq          -0,14374     0,04559      -3,15    0,002 
ArR          0,005365    0,001140       4,71    0,000 
Resch_ED      0,11874     0,04559       2,60    0,009 
Resch_S2     -0,01458     0,05584      -0,26    0,794 
Resch_S3      0,06352     0,05584       1,14    0,255 
EDD_S2       -0,06875     0,05584      -1,23    0,218 
EDD_S3        0,04898     0,05584       0,88    0,381 
 
S = 0,6117      R-Sq = 2,1%      R-Sq(adj) = 1,7% 
 
Analysis of Variance 
Source            DF          SS          MS         F        P 
Regression        13     23,0703      1,7746      4,74    0,000 
Residual Error  2866   1072,3602      0,3742 
Total           2879   1095,4305 

 
Figure 5.11 Regression Analysis for TECU 
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Although each model passed the validity (F-Test) tests, the R-square values 

for the performance measures are  47.7%, 20.3%, 93.0%, 54.5%, 96.2%, 3.1%, 

70.2%, 2.1 % for A_DD_E, S_DD_E, A_JT_E, S_JT_E, A_LTT, S_LTT, NR and 

TECU, respectively. It seems that the regression models are not capable of 

explaining the variability in standard deviation related measures and TECU.  
 

Using the stable models for A_DD_E, A_JT_E, A_LTT and NR, we have 

conducted pair wise mean comparison (Tukey) tests for the algorithmic factor 

levels as reported in Appendix B. For A_DD_E, the groups in which there is no 

statistically significant difference in means are defined with respect to slack 

percentages. For A_JT_E, and A_LTT, the groups are defined by the rescheduling 

and slack combinations such that we have 6 groups each of which is composed of 

EDD and FCFS. For NR, we may say that EDD without rescheduling with slack 

percentages 0% and 20 % form a group, the other algorithms with rescheduling 

form the second group, and finally all algorithms without rescheduling constitute 

the third group of significant similarity. 

The mean performances of the twelve algorithms are illustrated in Figures 

5.12-5.19.  

The column notation is given in Table 5.2. 

 

 

Table 5.2 Mean Plots’ Columns Definitions 

 
Column Factor Levels 
NE00 No Rescheduling, EDD rule, 0% Slack 
NE20 No Rescheduling, EDD rule, 20% Slack 
NE40 No Rescheduling, EDD rule, 40% Slack 
NF00 No Rescheduling, FCFS rule, 0% Slack 
NF20 No Rescheduling, FCFS rule, 20% Slack 
NF40 No Rescheduling, FCFS rule, 40% Slack 
RE00 With Rescheduling, EDD rule, 0% Slack 
RE20 With Rescheduling, EDD rule, 20% Slack 
RE40 With Rescheduling, EDD rule, 40% Slack 
RF00 With Rescheduling, FCFS rule, 0% Slack 
RF20 With Rescheduling, FCFS rule, 20% Slack 
RF40 With Rescheduling, FCFS rule, 40% Slack 
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The main effects plots show the test case factors’ effects in different levels. 

The comparisons are made with different dispatching rules, slack times with the 

inclusion of rescheduling effect. Rescheduling effect is included to show the 

effectiveness of our system comparing to classical job shop environment which 

has no rescheduling. 
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Figure 5.12 Mean Plot for Number of Rejected Jobs 
 

 

In Figure 5.12 it is seen that the number of rejections drop drastically when 

rescheduling is performed. Normally there is no place to schedule the incoming 

job with no rescheduling approach. But with rescheduling the new jobs can be 

scheduled in time slots that are freed in rescheduling process. A similar pattern is 

seen in the plot for slack time variation. As the slack times are getting greater the 

rejection rate increases, hence the acceptance rate decreases. Surprisingly, it is 

also seen that with no rescheduling the FCFS performance is slightly better than 



 

 

 

73 

the EDD in acceptance rate. On the contrary, with rescheduling the EDD rule 

gives better rejection rate than FCFS as expected. The reason behind this situation 

is the earlier placement of the jobs with sooner due dates. Therefore the possibility 

to accept those jobs becomes higher. 
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Figure 5.13 Mean Plot for Average Lead Time Tightness 
 

 

Average lead time tightness is one of the most important performance 

measures. It shows how accurate and how effective the scheduling plan is 

produced. Mean Plot for Average Lead Time Tightness (Figure 5.13) shows that 

as the slack times are getting greater the lead time tightness values get greater. 

Lead time tightness values give the proportion of realization of the job timings to 

expected timing values. The values close to 1 show a fine planning activity and 

indicate that the realization is done as desired. The rescheduling performance is 

slightly better than the tests with no rescheduling activity. In this situation it 

seems that the dispatching rules have no effect on the lead time tightness values. 
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This outcome is not confusing since the lead time tightness values do not concern 

the earliness of the job but the realization of the job timings. 
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Figure 5.14 Mean Plot for Standard Deviation of Lead Time Tightness 
 

 

Mean Plot for Standard Deviation Lead Time Tightness (Figure 5.14) shows 

that the standard deviation of the lead time tightness values get greater when 

rescheduling is used. Without rescheduling rule the jobs’ realization follows 

similar pattern, since the jobs that can be scheduled are realized as expected. The 

number of the jobs accepted without rescheduling rule is less comparing the tests 

that use rescheduling mechanism. The standard deviation is getting higher as the 

slack times getting greater for every case.    
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Figure 5.15 Mean Plot for Average Job Time Earliness 
 

 

Realization of the accepted jobs whose total durations are less than the 

expected durations in the planning and scheduling activity are shown in The Mean 

Plot for Average Job Time Earliness (Figure 5.15). The jobs are scheduled with 

the expected total duration, but in the realization phase there occur some 

variations depending on the realization factor. The figure shows that the 

rescheduling mechanism improves the average job time earliness. On the contrary 

the dispatching rule has no significant effect on the job time earliness values. But 

it is seen there exists a slightly better performance in the EDD rule with using 

rescheduling mechanism. The reason lies behind the realization. The job time 

earliness is getting smaller as the slack values increase. This is an expected result 

since reserving more room for a job, as the slack values are getting bigger, makes 

job duration raise leading job time earliness to decrease.   
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Figure 5.16 Mean Plot for Standard Deviation of Job Time Earliness 
 

 

The Mean Plot for Standard Deviation of Job Time Earliness (Figure 5.16) 

shows that the standard deviation of the total job time earliness values are getting 

smaller when rescheduling mechanism is used. There is no significant relation 

with the dispatching rule. The slacks’ effect to the system is similar with the 

previous results. As the slack values getting higher the standard deviation 

becomes larger.  
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Figure 5.17 Mean Plot for Average Due Date Earliness 
 
 
 

The Mean Plot for Average Due Date Earliness (Figure 5.17) shows the due 

date earliness results of the test runs. Due date earliness values are the earlier 

completions of the accepted jobs than expected due dates. The usage of 

rescheduling mechanism performs a slightly better performance than not using it. 

There is no significant relation of dispatching rule and average due date earliness 

values. We can only say that with EDD rule, there exists a slight improvement in 

the average due date earliness performance. Indeed this result is surprising, since 

we expect better results with EDD rule. However the similar patterns show that 

the length of the planning period can be increased to see the effects more clearly. 

As the slack values are getting higher the average due date earliness values 

decrease as expected. Since as the slack times getting larger the completion times 

get closer to the due dates.  

 



 

 

 

78 

 

NE00 NE40 NF20 RE00 RE40 RF20

2,0

2,1

2,2

2,3

2,4

Algorithm

S
_D

D
_E

Main Effects Plot - Data Means for S_DD_E

Figure 5.18 Mean Plot for Standard Deviation of Due Date Earliness 
 
 
 

The standard deviation of the due date earliness is seen in The Mean Plot for 

Average Due Date Earliness (Figure 5.17). It is seen that the rescheduling 

mechanism drastically improves the standard deviations of due date earliness. 

Without rescheduling mechanism the due dates vary a lot. The reason is not 

confusing; with the usage of rescheduling mechanism we utilized the empty time 

slots in the scheduling better. The rescheduling mechanism tries to find an empty 

slot which is freed in the progression of the jobs. Without rescheduling 

mechanism the system places the job into the free time slots according to the plan 

made at the beginning. Since the realization of jobs likely to create empty time 

slots especially with the higher slack times, the rescheduling mechanism makes 

use of these free places better. Hence the standard deviation of the due date 

earliness decreases. As the slack values are getting higher the standard deviation 

of the system decreases, because of the congestion of the system. The EDD rule 

revealed better performance comparing to FCFS rule in as expected.  
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Figure 5.19 Mean Plot for Total Extra Capacity Usage 
 
 
 

Total extra capacity usage has no significant statistical meanings (Figure 

5.19). The figure shows that without rescheduling mechanism the FCFS rule 

performs better, while with using rescheduling mechanism the EDD rule has 

better performance. This is only an informative output of the system.  

 
5.7 Summary of the Results  

 

Test runs show that the impacts of rescheduling, dispatching rule and slack 

variations are similar for all test cases generated. We see that the main effect for 

performance progress is the rescheduling mechanism. Utilizing rescheduling 

mechanism we obtained better measures for number of accepted jobs, average job 

time earliness and average due date earliness.  

The results imply that the dispatching rule affects the system performances 

significantly. Implementing EDD rule gives better results than FCFS, for 
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acceptance ratio of the jobs, both for classical job shop environment and for our 

ORR system as expected. It also leads to decrease in due date earliness variations. 

Therefore, EDD rule should be used for dispatching the jobs if applicable. 

The slack factor used in job realization is used to measure the effects of job 

timing variations in the work stations. As the slack factor increases the number of 

accepted jobs decrease, since our proposed system deals with the job entry and job 

release stages. Therefore, decreasing the slack factor does not mean better 

scheduling and better performance, because in the realization phase there may 

occur some problematic situations that lead to extension of job durations . Hence, 

it should be determined carefully with taking care of the firm past performances. 
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CHAPTER 6 

 
 

CONCLUSION AND FUTURE WORK 
 
 

Workload control (WLC) systems constitute a framework for the input-output 

control systems focusing on both jobs’ queues introduced to the workshop and the 

outflow finished goods. It is shown in the literature that WLC can help to reduce 

manufacturing lead times. Its significance lies in the need to maintain producing 

flexible manufacturing environment in make-to-order (MTO) companies 

producing a variety of products for different customers. The main decision levels 

of WLC concepts in MTO firms are at the job entry level and the job release level. 

At the job entry level, customer enquiries are processed and due dates and prices 

are quoted to customers. At the job release level, decisions are made regarding to 

which jobs should be released to the shop floor so that processing can commence. 

This study is concerned with the decisions at the job entry and release level of 

WLC where a pool of unreleased jobs is managed for the controlled release.  

Both mediator and work stations are represented by agents in a distributed 

system. While most of the studies about WLC concepts deal with the centralized 

workload control, our study decentralizes the job entry and release control 

decisions, and makes work stations more powerful in taking scheduling decisions, 

yielding the main advantages of the ORR system we develop: 

• The work stations can alter job schedule immediately in case of 

variations in processing times through rescheduling; 

• Realistic simulation experiments can be conducted rather than studying 

hypothetical job shops analytically which is complex and intractable; 

• Adjustments to the real environments can be modeled easily by 

changing the behavior of the agent model; 

• Increased job acceptance rate with tiny capacity adjustments, by 

permitting overtimes; 
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• Relative ease of dealing with new enquiries comparing to a centralized 

system leads to better system maintenance since it is easy to update; 

• Increased productivity by both controlling input and output 

 To demonstrate the use of the system and to contribute to the general debate 

on the effectiveness of WLC, a total of 2880 simulation experiments have been 

conducted. The results indicate that WLC used at job release level in a distributed 

environment has advantages over centralized systems such as utilizing decision 

making capabilities of the distributed processing units, decreasing the need for 

centralized decision making personnel and on-site expediting for the jobs in work 

stations, and providing an infrastructure for rescheduling in case of an update 

request.   

The experimental results also demonstrated that the system can be improved 

by fine tuning the appropriate control parameters. Changes in OCD tolerance level 

parameters in mediator and slack time tolerance parameters in work station effect 

the schedule and hence improve the OCD appropriateness of the investigated jobs. 

Job rejection rate is higher with large slack times while using tight slack time 

values may cause inconsistencies and inaccuracies in the system. Therefore the 

learning effect of the system is very important to set a level in this tradeoff. The 

results are supported the inferences of Kingsman and Hendry (2002). Another 

point to note is that the work stations performance levels must be frequently 

updated so that the work stations slack tolerance level should be adjusted 

dynamically to propagate the productivity. If the work stations slack tolerance 

parameters would not be updated frequently, the lead time tightness level would 

become higher which cause a decreased productivity level. 

The distributed structure of the model reveals some advantages in both 

reducing the planning personnel work load and accelerating the response to the 

customers’ orders. The distributed environment also makes it easier to adapt to 

firms with any kind and any number of work stations, beside the advantages such 

as retrieving information from work stations faster than the centralized systems 

and fast response times to enquiries. In MTO firms, the quick and correct response 

to the customers is an important issue beating the competitors in the modern 
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market dictated by globalization and customer driven manufacturing 

environments. 

We consider one particular MTO factory with five work stations in the 

simulation model, but the system is easily been set up to model for another 

instance with different sizes. Although the manufacturing system chosen is a 

representative MTO environment, further research is needed to repeat these 

experiments for other manufacturing instances so that the generality of our results 

can be validated.  

Our study uses only FCFS and EDD dispatching rules for job releases. Further 

developments in the model can be performed to include other job release 

dispatching approaches’ analysis. The priority dispatching level may also be 

added in to the comparative analysis.  

Another research direction would be extending our proposed system in a web 

based environment using Simple Object Access Protocol (SOAP) and Web 

Services enabling virtual manufacturing. This will lead to improvement of the 

overall productivity of a set of Small and Medium Enterprises (SME) through the 

whole supply chain. 

This research suggest that the WLC concept is indeed an effective 

management tool for MTO companies who wish to control performance by means 

of manufacturing lead times and lead time tightness. This concept requires greater 

integration between the marketing and operations functions of the MTO firm. It is 

realized when the operations managers play an active role in negotiating lead 

times that capacity can be effectively utilized in the medium term and realistic 

tenders can be offered to customers. Thus, this research underlines the need for 

more functional integration in manufacturing companies and shows that WLC is a 

concept that deserves further research and greater implementation in practice than 

it has been observed in current MTO  companies. 
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APPENDIX A 

 
INCOMING JOB INFORMATION 

 
The job is first investigated by the shop floor managers and the ERD and the 

routing information is figured out as follows. The job information skeleton is: 

ERD-WSAgenti,WH1;WSAgentj,WH2; WSAgentk,WH3…   

JOBPROGRESS-n 

Where  

• i, j and k are the work station number; 

• WH1, WH2 and WH3 are working hours for the stages 1, 2 and 3 

respectively. 

• n stands for number of days passed till the beginning of the planning 

period. 

An example of a job information data is as follows: 

3-4,4;2,3;4,4;5,4;4,2;1,4;3,4;4,4 

JOBPROGRESS-1 

JOBPROGRESS-2 

4-3,3;1,5;2,3;1,5;3,5 

5-1,4;4,5;2,2;3,3;4,5;1,3 

JOBPROGRESS-3 

JOBPROGRESS-4 

7-1,4;3,4;2,2;4,5;3,3;4,3 

JOBPROGRESS-5 

7-3,4;4,2;2,2;4,2;1,3;2,3 

JOBPROGRESS-6 

JOBPROGRESS-7 

JOBPROGRESS-8 

JOBPROGRESS-9 

11-2,4;3,2;1,3;3,5;2,3 

12-1,5;3,2;2,4;3,5;1,3 
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11-1,5;4,5;5,5;2,5;4,2;3,4;5,2;2,4 

11-1,5;5,4;1,4;3,4;4,2;2,2;5,2;3,5 

JOBPROGRESS-10 

11-3,5;5,3;4,2;3,2;1,5;2,2;1,3;2,4 

JOBPROGRESS-11 

JOBPROGRESS-12 

14-3,5;2,3;3,2;1,4;3,2 

14-1,2;2,4;1,2 

JOBPROGRESS-13 

JOBPROGRESS-14 

JOBPROGRESS-15 

JOBPROGRESS-16 

19-1,3;2,3;1,4 

17-1,3 

19-4,2;1,3;4,5;2,5;3,2;1,4 

JOBPROGRESS-17 

18-3,3;1,2;2,2;4,4;2,2;5,4;2,2;1,5 

19-1,3;2,4;1,3 

18-2,4;1,5;4,3;3,3;4,2;1,5 

JOBPROGRESS-18 

JOBPROGRESS-19 

20-4,3;1,5;2,4;4,3;1,3;3,5 

JOBPROGRESS-20 

JOBPROGRESS-21 

24-2,4;5,3;3,2;4,3;5,2;3,2;1,3;4,5 

JOBPROGRESS-22 

JOBPROGRESS-23 

JOBPROGRESS-24 

JOBPROGRESS-25 

JOBPROGRESS-26 

JOBPROGRESS-27 

JOBPROGRESS-28 



 

 

 

92 

JOBPROGRESS-29 

JOBPROGRESS-30 

JOBPROGRESS-31 

JOBPROGRESS-32 

JOBPROGRESS-33 

JOBPROGRESS-34 

JOBPROGRESS-35 

JOBPROGRESS-36 

JOBPROGRESS-37 

JOBPROGRESS-38 

JOBPROGRESS-39 

JOBPROGRESS-40 

JOBPROGRESS-41 

JOBPROGRESS-42 

JOBPROGRESS-43 

JOBPROGRESS-44 

JOBPROGRESS-45 

JOBPROGRESS-46 

JOBPROGRESS-47 

JOBPROGRESS-48 

JOBPROGRESS-49 

JOBPROGRESS-50 

END 
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APPENDIX B 

 
STATISTICAL ANALYSIS 

 
 
Tukey 95.0% Simultaneous Confidence Intervals 
Response Variable A_DD_E   
All Pairwise Comparisons among Levels of ALGO                                   
 
ALGO = NR_EDD_0 subtracted from: 
 
ALGO          Lower    Center     Upper  --------+---------+---------+---
----- 
NR_EDD_20     -0,705    -0,495   -0,2847          (--*--)  
NR_EDD_40     -1,051    -0,841   -0,6313     (--*--)  
NR_FCFS_00    -0,314    -0,104    0,1057                (--*--)  
NR_FCFS_20    -0,771    -0,561   -0,3512         (--*--)  
NR_FCFS_40    -1,177    -0,967   -0,7572   (--*--)  
WR_EDD_00     -0,326    -0,116    0,0943               (--*--)  
WR_EDD_20     -0,770    -0,560   -0,3502         (--*--)  
WR_EDD_40     -1,181    -0,971   -0,7612   (--*--)  
WR_FCFS_00    -0,328    -0,118    0,0914               (--*--)  
WR_FCFS_20    -0,800    -0,590   -0,3799         (--*--)  
WR_FCFS_40    -1,221    -1,011   -0,8015   (--*--)  
                                        --------+---------+---------+----
---- 
                                              -0,70      0,00      0,70 
 
 
ALGO = NR_EDD_2 subtracted from: 
 
ALGO         Lower    Center     Upper  --------+---------+---------+----
---- 
NR_EDD_4   -0,5565   -0,3465   -0,1366            (--*--)  
NR_FCFS_    0,1805    0,3904    0,6003                       (--*--)  
NR_FCFS_   -0,2768   -0,0667    0,1435                (--*--)  
NR_FCFS_   -0,6823   -0,4724   -0,2625          (--*--)  
WR_EDD_0    0,1691    0,3791    0,5890                      (--*--)  
WR_EDD_2   -0,2754   -0,0655    0,1444                (--*--)  
WR_EDD_4   -0,6864   -0,4765   -0,2665          (--*--)  
WR_FCFS_    0,1663    0,3762    0,5861                      (--*--)  
WR_FCFS_   -0,3050   -0,0951    0,1148                (--*--)  
WR_FCFS_   -0,7267   -0,5168   -0,3069          (--*--)  
                                        --------+---------+---------+----
---- 
                                              -0,70      0,00      0,70 
 
 
ALGO = NR_EDD_4 subtracted from: 
 
ALGO         Lower    Center     Upper  --------+---------+---------+----
---- 
NR_FCFS_    0,5271    0,7370   0,94688                            (--*--)  
NR_FCFS_    0,0697    0,2799   0,49001                     (--*--)  
NR_FCFS_   -0,3358   -0,1259   0,08403               (--*--)  
WR_EDD_0    0,5157    0,7256   0,93551                           (--*--)  
WR_EDD_2    0,0712    0,2811   0,49099                     (--*--)  
WR_EDD_4   -0,3398   -0,1299   0,08001               (--*--)  
WR_FCFS_    0,5128    0,7227   0,93264                           (--*--)  
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WR_FCFS_    0,0415    0,2514   0,46133                     (--*--)  
WR_FCFS_   -0,3802   -0,1703   0,03965               (--*--)  
                                        --------+---------+---------+----
---- 
                                              -0,70      0,00      0,70 
 
 
ALGO = NR_FCFS_ subtracted from: 
 
ALGO         Lower    Center     Upper  --------+---------+---------+----
---- 
NR_FCFS_    -0,667   -0,4571   -0,2470          (--*--)  
NR_FCFS_    -1,073   -0,8628   -0,6529     (--*--)  
WR_EDD_0    -0,221   -0,0114    0,1985                 (--*--)  
WR_EDD_2    -0,666   -0,4559   -0,2460          (--*--)  
WR_EDD_4    -1,077   -0,8669   -0,6570     (--*--)  
WR_FCFS_    -0,224   -0,0142    0,1957                 (--*--)  
WR_FCFS_    -0,695   -0,4855   -0,2756          (--*--)  
WR_FCFS_    -1,117   -0,9072   -0,6973    (--*--)  
                                        --------+---------+---------+----
---- 
                                              -0,70      0,00      0,70 
 
 
ALGO = NR_FCFS_ subtracted from: 
 
ALGO         Lower    Center     Upper  --------+---------+---------+----
---- 
NR_FCFS_   -0,6159   -0,4058   -0,1956           (--*--)  
WR_EDD_0    0,2356    0,4457    0,6559                       (--*--)  
WR_EDD_2   -0,2089    0,0012    0,2113                 (--*--)  
WR_EDD_4   -0,6199   -0,4098   -0,1997           (--*--)  
WR_FCFS_    0,2327    0,4428    0,6530                       (--*--)  
WR_FCFS_   -0,2386   -0,0285    0,1817                 (--*--)  
WR_FCFS_   -0,6603   -0,4501   -0,2400           (--*--)  
                                        --------+---------+---------+----
---- 
                                              -0,70      0,00      0,70 
 
 
ALGO = NR_FCFS_ subtracted from: 
 
ALGO         Lower    Center     Upper  --------+---------+---------+----
---- 
WR_EDD_0    0,6416   0,85148    1,0614                             (--*--
)  
WR_EDD_2    0,1970   0,40696    0,6169                       (--*--)  
WR_EDD_4   -0,2139  -0,00403    0,2059                 (--*--)  
WR_FCFS_    0,6387   0,84861    1,0585                             (--*--
)  
WR_FCFS_    0,1674   0,37730    0,5872                      (--*--)  
WR_FCFS_   -0,2543  -0,04438    0,1655                (--*--)  
                                        --------+---------+---------+----
---- 
                                              -0,70      0,00      0,70 
 
 
ALGO = WR_EDD_0 subtracted from: 
 
ALGO         Lower    Center     Upper  --------+---------+---------+----
---- 
WR_EDD_2    -0,654   -0,4445   -0,2346           (--*--)  
WR_EDD_4    -1,065   -0,8555   -0,6456     (--*--)  
WR_FCFS_    -0,213   -0,0029    0,2070                 (--*--)  
WR_FCFS_    -0,684   -0,4742   -0,2643          (--*--)  
WR_FCFS_    -1,106   -0,8959   -0,6860    (--*--)  
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                                        --------+---------+---------+----
---- 
                                              -0,70      0,00      0,70 
 
 
ALGO = WR_EDD_2 subtracted from: 
 
ALGO         Lower    Center     Upper  --------+---------+---------+----
---- 
WR_EDD_4   -0,6209   -0,4110   -0,2011           (--*--)  
WR_FCFS_    0,2317    0,4416    0,6516                       (--*--)  
WR_FCFS_   -0,2396   -0,0297    0,1803                 (--*--)  
WR_FCFS_   -0,6613   -0,4513   -0,2414           (--*--)  
                                        --------+---------+---------+----
---- 
                                              -0,70      0,00      0,70 
 
 
ALGO = WR_EDD_4 subtracted from: 
 
ALGO         Lower    Center     Upper  --------+---------+---------+----
---- 
WR_FCFS_    0,6427   0,85263    1,0625                             (--*--
)  
WR_FCFS_    0,1714   0,38132    0,5912                      (--*--)  
WR_FCFS_   -0,2503  -0,04035    0,1696                (--*--)  
                                        --------+---------+---------+----
---- 
                                              -0,70      0,00      0,70 
 
 
ALGO = WR_FCFS_ subtracted from: 
 
ALGO         Lower    Center     Upper  --------+---------+---------+----
---- 
WR_FCFS_    -0,681   -0,4713   -0,2614          (--*--)  
WR_FCFS_    -1,103   -0,8930   -0,6831    (--*--)  
                                        --------+---------+---------+----
---- 
                                              -0,70      0,00      0,70 
 
 
ALGO = WR_FCFS_ subtracted from: 
 
ALGO         Lower    Center     Upper  --------+---------+---------+----
---- 
WR_FCFS_   -0,6316   -0,4217   -0,2118           (--*--)  
                                        --------+---------+---------+----
---- 
                                              -0,70      0,00      0,70 
 
 
Tukey Simultaneous Tests 
Response Variable A_DD_E   
All Pairwise Comparisons among Levels of ALGO                                   
 
ALGO = NR_EDD_0 subtracted from: 
 
Level        Difference       SE of             Adjusted 
ALGO           of Means  Difference   T-Value    P-Value 
NR_EDD_2         -0,495     0,06426     -7,70     0,0000 
NR_EDD_4         -0,841     0,06426    -13,09     0,0000 
NR_FCFS_         -0,104     0,06426     -1,62     0,9014 
NR_FCFS_         -0,561     0,06432     -8,73     0,0000 
NR_FCFS_         -0,967     0,06426    -15,05     0,0000 
WR_EDD_0         -0,116     0,06426     -1,80     0,8191 
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WR_EDD_2         -0,560     0,06426     -8,72     0,0000 
WR_EDD_4         -0,971     0,06426    -15,11     0,0000 
WR_FCFS_         -0,118     0,06426     -1,84     0,7937 
WR_FCFS_         -0,590     0,06426     -9,18     0,0000 
WR_FCFS_         -1,011     0,06426    -15,74     0,0000 
 
ALGO = NR_EDD_2 subtracted from: 
 
Level        Difference       SE of             Adjusted 
ALGO           of Means  Difference   T-Value    P-Value 
NR_EDD_4        -0,3465     0,06426    -5,393     0,0000 
NR_FCFS_         0,3904     0,06426     6,076     0,0000 
NR_FCFS_        -0,0667     0,06432    -1,036     0,9969 
NR_FCFS_        -0,4724     0,06426    -7,352     0,0000 
WR_EDD_0         0,3791     0,06426     5,899     0,0000 
WR_EDD_2        -0,0655     0,06426    -1,019     0,9973 
WR_EDD_4        -0,4765     0,06426    -7,415     0,0000 
WR_FCFS_         0,3762     0,06426     5,854     0,0000 
WR_FCFS_        -0,0951     0,06426    -1,480     0,9461 
WR_FCFS_        -0,5168     0,06426    -8,043     0,0000 
 
ALGO = NR_EDD_4 subtracted from: 
 
Level        Difference       SE of             Adjusted 
ALGO           of Means  Difference   T-Value    P-Value 
NR_FCFS_         0,7370     0,06426    11,469     0,0000 
NR_FCFS_         0,2799     0,06432     4,351     0,0008 
NR_FCFS_        -0,1259     0,06426    -1,959     0,7214 
WR_EDD_0         0,7256     0,06426    11,292     0,0000 
WR_EDD_2         0,2811     0,06426     4,374     0,0008 
WR_EDD_4        -0,1299     0,06426    -2,022     0,6786 
WR_FCFS_         0,7227     0,06426    11,248     0,0000 
WR_FCFS_         0,2514     0,06426     3,913     0,0052 
WR_FCFS_        -0,1703     0,06426    -2,650     0,2520 
 
ALGO = NR_FCFS_ subtracted from: 
 
Level        Difference       SE of             Adjusted 
ALGO           of Means  Difference   T-Value    P-Value 
NR_FCFS_        -0,4571     0,06432     -7,11     0,0000 
NR_FCFS_        -0,8628     0,06426    -13,43     0,0000 
WR_EDD_0        -0,0114     0,06426     -0,18     1,0000 
WR_EDD_2        -0,4559     0,06426     -7,09     0,0000 
WR_EDD_4        -0,8669     0,06426    -13,49     0,0000 
WR_FCFS_        -0,0142     0,06426     -0,22     1,0000 
WR_FCFS_        -0,4855     0,06426     -7,56     0,0000 
WR_FCFS_        -0,9072     0,06426    -14,12     0,0000 
 
ALGO = NR_FCFS_ subtracted from: 
 
Level        Difference       SE of             Adjusted 
ALGO           of Means  Difference   T-Value    P-Value 
NR_FCFS_        -0,4058     0,06432    -6,308     0,0000 
WR_EDD_0         0,4457     0,06432     6,929     0,0000 
WR_EDD_2         0,0012     0,06432     0,019     1,0000 
WR_EDD_4        -0,4098     0,06432    -6,371     0,0000 
WR_FCFS_         0,4428     0,06432     6,885     0,0000 
WR_FCFS_        -0,0285     0,06432    -0,443     1,0000 
WR_FCFS_        -0,4501     0,06432    -6,998     0,0000 
 
ALGO = NR_FCFS_ subtracted from: 
 
Level        Difference       SE of             Adjusted 
ALGO           of Means  Difference   T-Value    P-Value 
WR_EDD_0        0,85148     0,06426   13,2515     0,0000 
WR_EDD_2        0,40696     0,06426    6,3334     0,0000 
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WR_EDD_4       -0,00403     0,06426   -0,0627     1,0000 
WR_FCFS_        0,84861     0,06426   13,2067     0,0000 
WR_FCFS_        0,37730     0,06426    5,8718     0,0000 
WR_FCFS_       -0,04438     0,06426   -0,6907     0,9999 
 
ALGO = WR_EDD_0 subtracted from: 
 
Level        Difference       SE of             Adjusted 
ALGO           of Means  Difference   T-Value    P-Value 
WR_EDD_2        -0,4445     0,06426     -6,92     0,0000 
WR_EDD_4        -0,8555     0,06426    -13,31     0,0000 
WR_FCFS_        -0,0029     0,06426     -0,04     1,0000 
WR_FCFS_        -0,4742     0,06426     -7,38     0,0000 
WR_FCFS_        -0,8959     0,06426    -13,94     0,0000 
 
ALGO = WR_EDD_2 subtracted from: 
 
Level        Difference       SE of             Adjusted 
ALGO           of Means  Difference   T-Value    P-Value 
WR_EDD_4        -0,4110     0,06426    -6,396     0,0000 
WR_FCFS_         0,4416     0,06426     6,873     0,0000 
WR_FCFS_        -0,0297     0,06426    -0,462     1,0000 
WR_FCFS_        -0,4513     0,06426    -7,024     0,0000 
 
ALGO = WR_EDD_4 subtracted from: 
 
Level        Difference       SE of             Adjusted 
ALGO           of Means  Difference   T-Value    P-Value 
WR_FCFS_        0,85263     0,06426   13,2694     0,0000 
WR_FCFS_        0,38132     0,06426    5,9345     0,0000 
WR_FCFS_       -0,04035     0,06426   -0,6280     1,0000 
 
ALGO = WR_FCFS_ subtracted from: 
 
Level        Difference       SE of             Adjusted 
ALGO           of Means  Difference   T-Value    P-Value 
WR_FCFS_        -0,4713     0,06426     -7,33     0,0000 
WR_FCFS_        -0,8930     0,06426    -13,90     0,0000 
 
ALGO = WR_FCFS_ subtracted from: 
 
Level        Difference       SE of             Adjusted 
ALGO           of Means  Difference   T-Value    P-Value 
WR_FCFS_        -0,4217     0,06426    -6,563     0,0000 
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Tukey 95.0% Simultaneous Confidence Intervals 
Response Variable A_JT_E   
All Pairwise Comparisons among Levels of ALGO                                   
 
ALGO = NR_EDD_0 subtracted from: 
 
ALGO         Lower    Center     Upper  -----+---------+---------+-------
--+- 
NR_EDD_2    -4,813    -4,540    -4,267         *)  
NR_EDD_4    -8,532    -8,259    -7,986   *)  
NR_FCFS_    -0,329    -0,056     0,217                (*  
NR_FCFS_    -4,861    -4,588    -4,314         *)  
NR_FCFS_    -8,634    -8,361    -8,088   *)  
WR_EDD_0     1,073     1,347     1,620                   *)  
WR_EDD_2    -3,244    -2,971    -2,698            *)  
WR_EDD_4    -6,765    -6,492    -6,219      *)  
WR_FCFS_     1,128     1,401     1,674                   *)  
WR_FCFS_    -3,297    -3,024    -2,751            * 
WR_FCFS_    -6,961    -6,688    -6,414     (*  
                                        -----+---------+---------+-------
--+- 
                                           -6,0       0,0       6,0      
12,0 
 
 
ALGO = NR_EDD_2 subtracted from: 
 
ALGO         Lower    Center     Upper  -----+---------+---------+-------
--+- 
NR_EDD_4    -3,992    -3,719    -3,446          (*  
NR_FCFS_     4,211     4,484     4,757                        *)  
NR_FCFS_    -0,321    -0,047     0,226                (*  
NR_FCFS_    -4,094    -3,821    -3,548          (*  
WR_EDD_0     5,613     5,887     6,160                          (*  
WR_EDD_2     1,296     1,569     1,842                   (*  
WR_EDD_4    -2,225    -1,952    -1,679             (*  
WR_FCFS_     5,668     5,941     6,215                          (*  
WR_FCFS_     1,243     1,516     1,789                   (*  
WR_FCFS_    -2,421    -2,148    -1,874             *)  
                                        -----+---------+---------+-------
--+- 
                                           -6,0       0,0       6,0      
12,0 
 
 
ALGO = NR_EDD_4 subtracted from: 
 
ALGO         Lower    Center     Upper  -----+---------+---------+-------
--+- 
NR_FCFS_    7,9297    8,2028    8,4760                              (*  
NR_FCFS_    3,3982    3,6716    3,9450                       *)  
NR_FCFS_   -0,3752   -0,1020    0,1711                (*  
WR_EDD_0    9,3325    9,6057    9,8788                                 * 
WR_EDD_2    5,0149    5,2880    5,5612                         (*  
WR_EDD_4    1,4940    1,7672    2,0403                   (*  
WR_FCFS_    9,3874    9,6605    9,9336                                 *)  
WR_FCFS_    4,9619    5,2350    5,5082                         (*  
WR_FCFS_    1,2984    1,5716    1,8447                   (*  
                                        -----+---------+---------+-------
--+- 
                                           -6,0       0,0       6,0      
12,0 
 
 
ALGO = NR_FCFS_ subtracted from: 
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ALGO         Lower    Center     Upper  -----+---------+---------+-------
--+- 
NR_FCFS_    -4,805    -4,531    -4,258         *)  
NR_FCFS_    -8,578    -8,305    -8,032   *)  
WR_EDD_0     1,130     1,403     1,676                   *)  
WR_EDD_2    -3,188    -2,915    -2,642            *)  
WR_EDD_4    -6,709    -6,436    -6,162      *)  
WR_FCFS_     1,185     1,458     1,731                   *)  
WR_FCFS_    -3,241    -2,968    -2,695            *)  
WR_FCFS_    -6,904    -6,631    -6,358     (*  
                                        -----+---------+---------+-------
--+- 
                                           -6,0       0,0       6,0      
12,0 
 
 
ALGO = NR_FCFS_ subtracted from: 
 
ALGO         Lower    Center     Upper  -----+---------+---------+-------
--+- 
NR_FCFS_    -4,047    -3,774    -3,500          (*  
WR_EDD_0     5,661     5,934     6,207                          (*  
WR_EDD_2     1,343     1,616     1,890                   (*  
WR_EDD_4    -2,178    -1,904    -1,631             (*  
WR_FCFS_     5,715     5,989     6,262                           * 
WR_FCFS_     1,290     1,563     1,837                   (*  
WR_FCFS_    -2,373    -2,100    -1,827             *)  
                                        -----+---------+---------+-------
--+- 
                                           -6,0       0,0       6,0      
12,0 
 
 
ALGO = NR_FCFS_ subtracted from: 
 
ALGO         Lower    Center     Upper  -----+---------+---------+-------
--+- 
WR_EDD_0     9,435     9,708     9,981                                 *)  
WR_EDD_2     5,117     5,390     5,663                          * 
WR_EDD_4     1,596     1,869     2,142                    *)  
WR_FCFS_     9,489     9,763    10,036                                 *)  
WR_FCFS_     5,064     5,337     5,610                         (*  
WR_FCFS_     1,400     1,674     1,947                   (*  
                                        -----+---------+---------+-------
--+- 
                                           -6,0       0,0       6,0      
12,0 
 
 
ALGO = WR_EDD_0 subtracted from: 
 
ALGO         Lower    Center     Upper  -----+---------+---------+-------
--+- 
WR_EDD_2    -4,591    -4,318    -4,044         (*  
WR_EDD_4    -8,112    -7,838    -7,565   (*  
WR_FCFS_    -0,218     0,055     0,328                 *)  
WR_FCFS_    -4,644    -4,371    -4,097         (*  
WR_FCFS_    -8,307    -8,034    -7,761   (*  
                                        -----+---------+---------+-------
--+- 
                                           -6,0       0,0       6,0      
12,0 
 
 
ALGO = WR_EDD_2 subtracted from: 
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ALGO         Lower    Center     Upper  -----+---------+---------+-------
--+- 
WR_EDD_4    -3,794    -3,521    -3,248           *)  
WR_FCFS_     4,099     4,372     4,646                        *)  
WR_FCFS_    -0,326    -0,053     0,220                (*  
WR_FCFS_    -3,990    -3,716    -3,443          (*  
                                        -----+---------+---------+-------
--+- 
                                           -6,0       0,0       6,0      
12,0 
 
 
ALGO = WR_EDD_4 subtracted from: 
 
ALGO         Lower    Center     Upper  -----+---------+---------+-------
--+- 
WR_FCFS_    7,6202    7,8933   8,16646                              *)  
WR_FCFS_    3,1947    3,4679   3,74101                      (*  
WR_FCFS_   -0,4687   -0,1956   0,07756                (*  
                                        -----+---------+---------+-------
--+- 
                                           -6,0       0,0       6,0      
12,0 
 
 
ALGO = WR_FCFS_ subtracted from: 
 
ALGO         Lower    Center     Upper  -----+---------+---------+-------
--+- 
WR_FCFS_    -4,699    -4,425    -4,152         (*  
WR_FCFS_    -8,362    -8,089    -7,816   (*  
                                        -----+---------+---------+-------
--+- 
                                           -6,0       0,0       6,0      
12,0 
 
 
ALGO = WR_FCFS_ subtracted from: 
 
ALGO         Lower    Center     Upper  -----+---------+---------+-------
--+- 
WR_FCFS_    -3,937    -3,663    -3,390          (*  
                                        -----+---------+---------+-------
--+- 
                                           -6,0       0,0       6,0      
12,0 
 
 
Tukey Simultaneous Tests 
Response Variable A_JT_E   
All Pairwise Comparisons among Levels of ALGO                                   
 
ALGO = NR_EDD_0 subtracted from: 
 
Level        Difference       SE of             Adjusted 
ALGO           of Means  Difference   T-Value    P-Value 
NR_EDD_2         -4,540     0,08361     -54,3     0,0000 
NR_EDD_4         -8,259     0,08361     -98,8     0,0000 
NR_FCFS_         -0,056     0,08361      -0,7     0,9999 
NR_FCFS_         -4,588     0,08370     -54,8     0,0000 
NR_FCFS_         -8,361     0,08361    -100,0     0,0000 
WR_EDD_0          1,347     0,08361      16,1     0,0000 
WR_EDD_2         -2,971     0,08361     -35,5     0,0000 
WR_EDD_4         -6,492     0,08361     -77,6     0,0000 
WR_FCFS_          1,401     0,08361      16,8     0,0000 
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WR_FCFS_         -3,024     0,08361     -36,2     0,0000 
WR_FCFS_         -6,688     0,08361     -80,0     0,0000 
 
ALGO = NR_EDD_2 subtracted from: 
 
Level        Difference       SE of             Adjusted 
ALGO           of Means  Difference   T-Value    P-Value 
NR_EDD_4         -3,719     0,08361    -44,48     0,0000 
NR_FCFS_          4,484     0,08361     53,63     0,0000 
NR_FCFS_         -0,047     0,08370     -0,57     1,0000 
NR_FCFS_         -3,821     0,08361    -45,70     0,0000 
WR_EDD_0          5,887     0,08361     70,40     0,0000 
WR_EDD_2          1,569     0,08361     18,76     0,0000 
WR_EDD_4         -1,952     0,08361    -23,35     0,0000 
WR_FCFS_          5,941     0,08361     71,06     0,0000 
WR_FCFS_          1,516     0,08361     18,13     0,0000 
WR_FCFS_         -2,148     0,08361    -25,68     0,0000 
 
ALGO = NR_EDD_4 subtracted from: 
 
Level        Difference       SE of             Adjusted 
ALGO           of Means  Difference   T-Value    P-Value 
NR_FCFS_         8,2028     0,08361    98,107     0,0000 
NR_FCFS_         3,6716     0,08370    43,867     0,0000 
NR_FCFS_        -0,1020     0,08361    -1,220     0,9875 
WR_EDD_0         9,6057     0,08361   114,885     0,0000 
WR_EDD_2         5,2880     0,08361    63,246     0,0000 
WR_EDD_4         1,7672     0,08361    21,136     0,0000 
WR_FCFS_         9,6605     0,08361   115,541     0,0000 
WR_FCFS_         5,2350     0,08361    62,612     0,0000 
WR_FCFS_         1,5716     0,08361    18,796     0,0000 
 
ALGO = NR_FCFS_ subtracted from: 
 
Level        Difference       SE of             Adjusted 
ALGO           of Means  Difference   T-Value    P-Value 
NR_FCFS_         -4,531     0,08370    -54,14     0,0000 
NR_FCFS_         -8,305     0,08361    -99,33     0,0000 
WR_EDD_0          1,403     0,08361     16,78     0,0000 
WR_EDD_2         -2,915     0,08361    -34,86     0,0000 
WR_EDD_4         -6,436     0,08361    -76,97     0,0000 
WR_FCFS_          1,458     0,08361     17,43     0,0000 
WR_FCFS_         -2,968     0,08361    -35,50     0,0000 
WR_FCFS_         -6,631     0,08361    -79,31     0,0000 
 
ALGO = NR_FCFS_ subtracted from: 
 
Level        Difference       SE of             Adjusted 
ALGO           of Means  Difference   T-Value    P-Value 
NR_FCFS_         -3,774     0,08370    -45,09     0,0000 
WR_EDD_0          5,934     0,08370     70,90     0,0000 
WR_EDD_2          1,616     0,08370     19,31     0,0000 
WR_EDD_4         -1,904     0,08370    -22,75     0,0000 
WR_FCFS_          5,989     0,08370     71,55     0,0000 
WR_FCFS_          1,563     0,08370     18,68     0,0000 
WR_FCFS_         -2,100     0,08370    -25,09     0,0000 
 
ALGO = NR_FCFS_ subtracted from: 
 
Level        Difference       SE of             Adjusted 
ALGO           of Means  Difference   T-Value    P-Value 
WR_EDD_0          9,708     0,08361    116,11     0,0000 
WR_EDD_2          5,390     0,08361     64,47     0,0000 
WR_EDD_4          1,869     0,08361     22,36     0,0000 
WR_FCFS_          9,763     0,08361    116,76     0,0000 
WR_FCFS_          5,337     0,08361     63,83     0,0000 
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WR_FCFS_          1,674     0,08361     20,02     0,0000 
 
ALGO = WR_EDD_0 subtracted from: 
 
Level        Difference       SE of             Adjusted 
ALGO           of Means  Difference   T-Value    P-Value 
WR_EDD_2         -4,318     0,08361    -51,64     0,0000 
WR_EDD_4         -7,838     0,08361    -93,75     0,0000 
WR_FCFS_          0,055     0,08361      0,66     1,0000 
WR_FCFS_         -4,371     0,08361    -52,27     0,0000 
WR_FCFS_         -8,034     0,08361    -96,09     0,0000 
 
ALGO = WR_EDD_2 subtracted from: 
 
Level        Difference       SE of             Adjusted 
ALGO           of Means  Difference   T-Value    P-Value 
WR_EDD_4         -3,521     0,08361    -42,11     0,0000 
WR_FCFS_          4,372     0,08361     52,30     0,0000 
WR_FCFS_         -0,053     0,08361     -0,63     1,0000 
WR_FCFS_         -3,716     0,08361    -44,45     0,0000 
 
ALGO = WR_EDD_4 subtracted from: 
 
Level        Difference       SE of             Adjusted 
ALGO           of Means  Difference   T-Value    P-Value 
WR_FCFS_         7,8933     0,08361    94,406     0,0000 
WR_FCFS_         3,4679     0,08361    41,476     0,0000 
WR_FCFS_        -0,1956     0,08361    -2,339     0,4483 
 
ALGO = WR_FCFS_ subtracted from: 
 
Level        Difference       SE of             Adjusted 
ALGO           of Means  Difference   T-Value    P-Value 
WR_FCFS_         -4,425     0,08361    -52,93     0,0000 
WR_FCFS_         -8,089     0,08361    -96,74     0,0000 
 
ALGO = WR_FCFS_ subtracted from: 
 
Level        Difference       SE of             Adjusted 
ALGO           of Means  Difference   T-Value    P-Value 
WR_FCFS_         -3,663     0,08361    -43,82     0,0000 
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Tukey 95.0% Simultaneous Confidence Intervals 
Response Variable A_LTT    
All Pairwise Comparisons among Levels of ALGO                                   
 
ALGO = NR_EDD_0 subtracted from: 
 
ALGO         Lower    Center     Upper  ---------+---------+---------+---
---- 
NR_EDD_2   0,19897   0,20801   0,21706                             *)  
NR_EDD_4   0,37645   0,38550   0,39455                                    
*)  
NR_FCFS_  -0,00712   0,00193   0,01098                     * 
NR_FCFS_   0,19742   0,20647   0,21553                             *)  
NR_FCFS_   0,37678   0,38583   0,39488                                    
*)  
WR_EDD_0  -0,06791  -0,05887  -0,04982                  (*  
WR_EDD_2   0,13209   0,14113   0,15018                          (*  
WR_EDD_4   0,29302   0,30207   0,31112                                 * 
WR_FCFS_  -0,06856  -0,05951  -0,05047                  (*  
WR_FCFS_   0,12876   0,13781   0,14685                          (*  
WR_FCFS_   0,29474   0,30379   0,31283                                 *)  
                                        ---------+---------+---------+---
---- 
                                               -0,25      0,00      0,25 
 
 
ALGO = NR_EDD_2 subtracted from: 
 
ALGO         Lower    Center     Upper  ---------+---------+---------+---
---- 
NR_EDD_4    0,1684    0,1775    0,1865                            * 
NR_FCFS_   -0,2151   -0,2061   -0,1970            (*  
NR_FCFS_   -0,0106   -0,0015    0,0075                     * 
NR_FCFS_    0,1688    0,1778    0,1869                            * 
WR_EDD_0   -0,2759   -0,2669   -0,2578          *)  
WR_EDD_2   -0,0759   -0,0669   -0,0578                  *)  
WR_EDD_4    0,0850    0,0941    0,1031                        (*  
WR_FCFS_   -0,2766   -0,2675   -0,2585          *)  
WR_FCFS_   -0,0793   -0,0702   -0,0612                  *)  
WR_FCFS_    0,0867    0,0958    0,1048                        (*  
                                        ---------+---------+---------+---
---- 
                                               -0,25      0,00      0,25 
 
 
ALGO = NR_EDD_4 subtracted from: 
 
ALGO         Lower    Center     Upper  ---------+---------+---------+---
---- 
NR_FCFS_   -0,3926   -0,3836   -0,3745     (*  
NR_FCFS_   -0,1881   -0,1790   -0,1700             (*  
NR_FCFS_   -0,0087    0,0003    0,0094                     * 
WR_EDD_0   -0,4534   -0,4444   -0,4353   *)  
WR_EDD_2   -0,2534   -0,2444   -0,2353           *)  
WR_EDD_4   -0,0925   -0,0834   -0,0744                 (*  
WR_FCFS_   -0,4541   -0,4450   -0,4360   *)  
WR_FCFS_   -0,2567   -0,2477   -0,2386           * 
WR_FCFS_   -0,0908   -0,0817   -0,0727                 (*  
                                        ---------+---------+---------+---
---- 
                                               -0,25      0,00      0,25 
 
 
ALGO = NR_FCFS_ subtracted from: 
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ALGO         Lower    Center     Upper  ---------+---------+---------+---
---- 
NR_FCFS_   0,19549   0,20455   0,21360                             *)  
NR_FCFS_   0,37486   0,38391   0,39295                                    
*)  
WR_EDD_0  -0,06984  -0,06079  -0,05174                  (*  
WR_EDD_2   0,13016   0,13921   0,14826                          (*  
WR_EDD_4   0,29110   0,30015   0,30919                                 * 
WR_FCFS_  -0,07049  -0,06144  -0,05239                  (*  
WR_FCFS_   0,12683   0,13588   0,14493                          *)  
WR_FCFS_   0,29281   0,30186   0,31091                                 * 
                                        ---------+---------+---------+---
---- 
                                               -0,25      0,00      0,25 
 
 
ALGO = NR_FCFS_ subtracted from: 
 
ALGO         Lower    Center     Upper  ---------+---------+---------+---
---- 
NR_FCFS_    0,1703    0,1794    0,1884                            *)  
WR_EDD_0   -0,2744   -0,2653   -0,2563          *)  
WR_EDD_2   -0,0744   -0,0653   -0,0563                  *)  
WR_EDD_4    0,0865    0,0956    0,1047                        (*  
WR_FCFS_   -0,2750   -0,2660   -0,2569          *)  
WR_FCFS_   -0,0777   -0,0687   -0,0596                  *)  
WR_FCFS_    0,0883    0,0973    0,1064                         * 
                                        ---------+---------+---------+---
---- 
                                               -0,25      0,00      0,25 
 
 
ALGO = NR_FCFS_ subtracted from: 
 
ALGO         Lower    Center     Upper  ---------+---------+---------+---
---- 
WR_EDD_0   -0,4537   -0,4447   -0,4356   *)  
WR_EDD_2   -0,2537   -0,2447   -0,2356           *)  
WR_EDD_4   -0,0928   -0,0838   -0,0747                 (*  
WR_FCFS_   -0,4544   -0,4453   -0,4363   *)  
WR_FCFS_   -0,2571   -0,2480   -0,2390           * 
WR_FCFS_   -0,0911   -0,0820   -0,0730                 (*  
                                        ---------+---------+---------+---
---- 
                                               -0,25      0,00      0,25 
 
 
ALGO = WR_EDD_0 subtracted from: 
 
ALGO         Lower    Center     Upper  ---------+---------+---------+---
---- 
WR_EDD_2  0,190952  0,200000  0,209048                             * 
WR_EDD_4  0,351890  0,360938  0,369987                                   
*)  
WR_FCFS_ -0,009696 -0,000648  0,008400                     * 
WR_FCFS_  0,187624  0,196672  0,205720                             * 
WR_FCFS_  0,353603  0,362651  0,371699                                   
(*  
                                        ---------+---------+---------+---
---- 
                                               -0,25      0,00      0,25 
 
 
ALGO = WR_EDD_2 subtracted from: 
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ALGO         Lower    Center     Upper  ---------+---------+---------+---
---- 
WR_EDD_4    0,1519    0,1609    0,1700                           *)  
WR_FCFS_   -0,2097   -0,2006   -0,1916             * 
WR_FCFS_   -0,0124   -0,0033    0,0057                     * 
WR_FCFS_    0,1536    0,1627    0,1717                           (*  
                                        ---------+---------+---------+---
---- 
                                               -0,25      0,00      0,25 
 
 
ALGO = WR_EDD_4 subtracted from: 
 
ALGO         Lower    Center     Upper  ---------+---------+---------+---
---- 
WR_FCFS_   -0,3706   -0,3616   -0,3525      (*  
WR_FCFS_   -0,1733   -0,1643   -0,1552              *)  
WR_FCFS_   -0,0073    0,0017    0,0108                     * 
                                        ---------+---------+---------+---
---- 
                                               -0,25      0,00      0,25 
 
 
ALGO = WR_FCFS_ subtracted from: 
 
ALGO         Lower    Center     Upper  ---------+---------+---------+---
---- 
WR_FCFS_    0,1883    0,1973    0,2064                             * 
WR_FCFS_    0,3543    0,3633    0,3723                                   
(*  
                                        ---------+---------+---------+---
---- 
                                               -0,25      0,00      0,25 
 
 
ALGO = WR_FCFS_ subtracted from: 
 
ALGO         Lower    Center     Upper  ---------+---------+---------+---
---- 
WR_FCFS_    0,1569    0,1660    0,1750                           (*  
                                        ---------+---------+---------+---
---- 
                                               -0,25      0,00      0,25 
 
 
Tukey Simultaneous Tests 
Response Variable A_LTT    
All Pairwise Comparisons among Levels of ALGO                                   
 
ALGO = NR_EDD_0 subtracted from: 
 
Level        Difference       SE of             Adjusted 
ALGO           of Means  Difference   T-Value    P-Value 
NR_EDD_2        0,20801    0,002770     75,10     0,0000 
NR_EDD_4        0,38550    0,002770    139,18     0,0000 
NR_FCFS_        0,00193    0,002770      0,70     0,9999 
NR_FCFS_        0,20647    0,002773     74,47     0,0000 
NR_FCFS_        0,38583    0,002770    139,30     0,0000 
WR_EDD_0       -0,05887    0,002770    -21,25     0,0000 
WR_EDD_2        0,14113    0,002770     50,96     0,0000 
WR_EDD_4        0,30207    0,002770    109,06     0,0000 
WR_FCFS_       -0,05951    0,002770    -21,49     0,0000 
WR_FCFS_        0,13781    0,002770     49,76     0,0000 
WR_FCFS_        0,30379    0,002770    109,68     0,0000 
 
ALGO = NR_EDD_2 subtracted from: 
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Level        Difference       SE of             Adjusted 
ALGO           of Means  Difference   T-Value    P-Value 
NR_EDD_4         0,1775    0,002770     64,08     0,0000 
NR_FCFS_        -0,2061    0,002770    -74,41     0,0000 
NR_FCFS_        -0,0015    0,002773     -0,56     1,0000 
NR_FCFS_         0,1778    0,002770     64,20     0,0000 
WR_EDD_0        -0,2669    0,002770    -96,36     0,0000 
WR_EDD_2        -0,0669    0,002770    -24,15     0,0000 
WR_EDD_4         0,0941    0,002770     33,96     0,0000 
WR_FCFS_        -0,2675    0,002770    -96,59     0,0000 
WR_FCFS_        -0,0702    0,002770    -25,35     0,0000 
WR_FCFS_         0,0958    0,002770     34,58     0,0000 
 
ALGO = NR_EDD_4 subtracted from: 
 
Level        Difference       SE of             Adjusted 
ALGO           of Means  Difference   T-Value    P-Value 
NR_FCFS_        -0,3836    0,002770    -138,5     0,0000 
NR_FCFS_        -0,1790    0,002773     -64,6     0,0000 
NR_FCFS_         0,0003    0,002770       0,1     1,0000 
WR_EDD_0        -0,4444    0,002770    -160,4     0,0000 
WR_EDD_2        -0,2444    0,002770     -88,2     0,0000 
WR_EDD_4        -0,0834    0,002770     -30,1     0,0000 
WR_FCFS_        -0,4450    0,002770    -160,7     0,0000 
WR_FCFS_        -0,2477    0,002770     -89,4     0,0000 
WR_FCFS_        -0,0817    0,002770     -29,5     0,0000 
 
ALGO = NR_FCFS_ subtracted from: 
 
Level        Difference       SE of             Adjusted 
ALGO           of Means  Difference   T-Value    P-Value 
NR_FCFS_        0,20455    0,002773     73,77     0,0000 
NR_FCFS_        0,38391    0,002770    138,61     0,0000 
WR_EDD_0       -0,06079    0,002770    -21,95     0,0000 
WR_EDD_2        0,13921    0,002770     50,26     0,0000 
WR_EDD_4        0,30015    0,002770    108,37     0,0000 
WR_FCFS_       -0,06144    0,002770    -22,18     0,0000 
WR_FCFS_        0,13588    0,002770     49,06     0,0000 
WR_FCFS_        0,30186    0,002770    108,99     0,0000 
 
ALGO = NR_FCFS_ subtracted from: 
 
Level        Difference       SE of             Adjusted 
ALGO           of Means  Difference   T-Value    P-Value 
NR_FCFS_         0,1794    0,002773     64,69     0,0000 
WR_EDD_0        -0,2653    0,002773    -95,70     0,0000 
WR_EDD_2        -0,0653    0,002773    -23,57     0,0000 
WR_EDD_4         0,0956    0,002773     34,48     0,0000 
WR_FCFS_        -0,2660    0,002773    -95,93     0,0000 
WR_FCFS_        -0,0687    0,002773    -24,77     0,0000 
WR_FCFS_         0,0973    0,002773     35,10     0,0000 
 
ALGO = NR_FCFS_ subtracted from: 
 
Level        Difference       SE of             Adjusted 
ALGO           of Means  Difference   T-Value    P-Value 
WR_EDD_0        -0,4447    0,002770    -160,6     0,0000 
WR_EDD_2        -0,2447    0,002770     -88,3     0,0000 
WR_EDD_4        -0,0838    0,002770     -30,2     0,0000 
WR_FCFS_        -0,4453    0,002770    -160,8     0,0000 
WR_FCFS_        -0,2480    0,002770     -89,5     0,0000 
WR_FCFS_        -0,0820    0,002770     -29,6     0,0000 
 
ALGO = WR_EDD_0 subtracted from: 
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Level        Difference       SE of             Adjusted 
ALGO           of Means  Difference   T-Value    P-Value 
WR_EDD_2       0,200000    0,002770    72,210     0,0000 
WR_EDD_4       0,360938    0,002770   130,317     0,0000 
WR_FCFS_      -0,000648    0,002770    -0,234     1,0000 
WR_FCFS_       0,196672    0,002770    71,008     0,0000 
WR_FCFS_       0,362651    0,002770   130,935     0,0000 
 
ALGO = WR_EDD_2 subtracted from: 
 
Level        Difference       SE of             Adjusted 
ALGO           of Means  Difference   T-Value    P-Value 
WR_EDD_4         0,1609    0,002770     58,11     0,0000 
WR_FCFS_        -0,2006    0,002770    -72,44     0,0000 
WR_FCFS_        -0,0033    0,002770     -1,20     0,9890 
WR_FCFS_         0,1627    0,002770     58,73     0,0000 
 
ALGO = WR_EDD_4 subtracted from: 
 
Level        Difference       SE of             Adjusted 
ALGO           of Means  Difference   T-Value    P-Value 
WR_FCFS_        -0,3616    0,002770    -130,6     0,0000 
WR_FCFS_        -0,1643    0,002770     -59,3     0,0000 
WR_FCFS_         0,0017    0,002770       0,6     1,0000 
 
ALGO = WR_FCFS_ subtracted from: 
 
Level        Difference       SE of             Adjusted 
ALGO           of Means  Difference   T-Value    P-Value 
WR_FCFS_         0,1973    0,002770     71,24     0,0000 
WR_FCFS_         0,3633    0,002770    131,17     0,0000 
 
ALGO = WR_FCFS_ subtracted from: 
 
Level        Difference       SE of             Adjusted 
ALGO           of Means  Difference   T-Value    P-Value 
WR_FCFS_         0,1660    0,002770     59,93     0,0000 
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Tukey 95.0% Simultaneous Confidence Intervals 
Response Variable NR       
All Pairwise Comparisons among Levels of ALGO                                   
 
ALGO = NR_EDD_0 subtracted from: 
 
ALGO         Lower    Center     Upper  -+---------+---------+---------+-
---- 
NR_EDD_2    -1,646     0,042    1,7296               (-------*--------)  
NR_EDD_4    -1,055     0,633    2,3210                  (-------*--------
)  
NR_FCFS_    -1,984    -0,296    1,3921             (--------*-------)  
NR_FCFS_    -2,002    -0,312    1,3777             (-------*--------)  
NR_FCFS_    -1,500     0,187    1,8755               (--------*-------)  
WR_EDD_0    -3,496    -1,808   -0,1204      (-------*-------)  
WR_EDD_2    -3,450    -1,763   -0,0745      (-------*--------)  
WR_EDD_4    -2,863    -1,175    0,5130         (-------*--------)  
WR_FCFS_    -2,921    -1,233    0,4546        (--------*-------)  
WR_FCFS_    -2,755    -1,067    0,6213         (--------*-------)  
WR_FCFS_    -2,530    -0,842    0,8463          (--------*-------)  
                                        -+---------+---------+---------+-
---- 
                                       -4,0      -2,0       0,0       2,0 
 
 
ALGO = NR_EDD_2 subtracted from: 
 
ALGO         Lower    Center     Upper  -+---------+---------+---------+-
---- 
NR_EDD_4    -1,097     0,591    2,2794                  (-------*-------)  
NR_FCFS_    -2,025    -0,338    1,3505             (-------*--------)  
NR_FCFS_    -2,043    -0,354    1,3360             (-------*--------)  
NR_FCFS_    -1,542     0,146    1,8338               (--------*-------)  
WR_EDD_0    -3,538    -1,850   -0,1620     (--------*-------)  
WR_EDD_2    -3,492    -1,804   -0,1162      (-------*-------)  
WR_EDD_4    -2,905    -1,217    0,4713        (--------*-------)  
WR_FCFS_    -2,963    -1,275    0,4130        (--------*-------)  
WR_FCFS_    -2,796    -1,108    0,5796         (-------*--------)  
WR_FCFS_    -2,571    -0,883    0,8046          (--------*-------)  
                                        -+---------+---------+---------+-
---- 
                                       -4,0      -2,0       0,0       2,0 
 
 
ALGO = NR_EDD_4 subtracted from: 
 
ALGO         Lower    Center     Upper  -+---------+---------+---------+-
---- 
NR_FCFS_    -2,617    -0,929    0,7591          (-------*--------)  
NR_FCFS_    -2,635    -0,945    0,7446          (-------*--------)  
NR_FCFS_    -2,134    -0,446    1,2424            (--------*-------)  
WR_EDD_0    -4,129    -2,441   -0,7534  (--------*-------)  
WR_EDD_2    -4,084    -2,396   -0,7076   (-------*-------)  
WR_EDD_4    -3,496    -1,808   -0,1201      (-------*-------)  
WR_FCFS_    -3,554    -1,866   -0,1784     (--------*-------)  
WR_FCFS_    -3,388    -1,700   -0,0118      (--------*-------)  
WR_FCFS_    -3,163    -1,475    0,2132       (--------*-------)  
                                        -+---------+---------+---------+-
---- 
                                       -4,0      -2,0       0,0       2,0 
 
 
ALGO = NR_FCFS_ subtracted from: 
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ALGO         Lower    Center     Upper  -+---------+---------+---------+-
---- 
NR_FCFS_    -1,706    -0,016    1,6735              (--------*-------)  
NR_FCFS_    -1,205     0,483    2,1713                 (-------*--------)  
WR_EDD_0    -3,200    -1,513    0,1755       (-------*--------)  
WR_EDD_2    -3,155    -1,467    0,2213       (--------*-------)  
WR_EDD_4    -2,567    -0,879    0,8088          (--------*-------)  
WR_FCFS_    -2,625    -0,938    0,7505          (-------*--------)  
WR_FCFS_    -2,459    -0,771    0,9171           (-------*--------)  
WR_FCFS_    -2,234    -0,546    1,1421            (-------*--------)  
                                        -+---------+---------+---------+-
---- 
                                       -4,0      -2,0       0,0       2,0 
 
 
ALGO = NR_FCFS_ subtracted from: 
 
ALGO         Lower    Center     Upper  -+---------+---------+---------+-
---- 
NR_FCFS_    -1,190     0,500    2,1893                 (-------*--------)  
WR_EDD_0    -3,186    -1,496    0,1934       (--------*-------)  
WR_EDD_2    -3,140    -1,450    0,2393       (--------*-------)  
WR_EDD_4    -2,553    -0,863    0,8268          (--------*-------)  
WR_FCFS_    -2,611    -0,921    0,7684          (-------*--------)  
WR_FCFS_    -2,444    -0,755    0,9351           (-------*--------)  
WR_FCFS_    -2,219    -0,530    1,1601            (-------*--------)  
                                        -+---------+---------+---------+-
---- 
                                       -4,0      -2,0       0,0       2,0 
 
 
ALGO = NR_FCFS_ subtracted from: 
 
ALGO         Lower    Center     Upper  -+---------+---------+---------+-
---- 
WR_EDD_0    -3,684    -1,996   -0,3079     (-------*-------)  
WR_EDD_2    -3,638    -1,950   -0,2620     (-------*--------)  
WR_EDD_4    -3,050    -1,362    0,3255        (-------*--------)  
WR_FCFS_    -3,109    -1,421    0,2671       (--------*-------)  
WR_FCFS_    -2,942    -1,254    0,4338        (--------*-------)  
WR_FCFS_    -2,717    -1,029    0,6588         (--------*-------)  
                                        -+---------+---------+---------+-
---- 
                                       -4,0      -2,0       0,0       2,0 
 
 
ALGO = WR_EDD_0 subtracted from: 
 
ALGO         Lower    Center     Upper  -+---------+---------+---------+-
---- 
WR_EDD_2    -1,642   0,04583     1,734               (-------*--------)  
WR_EDD_4    -1,055   0,63333     2,321                  (-------*--------
)  
WR_FCFS_    -1,113   0,57500     2,263                 (--------*-------)  
WR_FCFS_    -0,946   0,74167     2,430                  (--------*-------
)  
WR_FCFS_    -0,721   0,96667     2,655                   (--------*------
-)  
                                        -+---------+---------+---------+-
---- 
                                       -4,0      -2,0       0,0       2,0 
 
 
ALGO = WR_EDD_2 subtracted from: 
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ALGO         Lower    Center     Upper  -+---------+---------+---------+-
---- 
WR_EDD_4    -1,100    0,5875     2,275                 (--------*-------)  
WR_FCFS_    -1,159    0,5292     2,217                 (--------*-------)  
WR_FCFS_    -0,992    0,6958     2,384                  (-------*--------
)  
WR_FCFS_    -0,767    0,9208     2,609                   (--------*------
-)  
                                        -+---------+---------+---------+-
---- 
                                       -4,0      -2,0       0,0       2,0 
 
 
ALGO = WR_EDD_4 subtracted from: 
 
ALGO         Lower    Center     Upper  -+---------+---------+---------+-
---- 
WR_FCFS_    -1,746  -0,05833     1,630              (--------*-------)  
WR_FCFS_    -1,580   0,10833     1,796               (--------*-------)  
WR_FCFS_    -1,355   0,33333     2,021                (--------*-------)  
                                        -+---------+---------+---------+-
---- 
                                       -4,0      -2,0       0,0       2,0 
 
 
ALGO = WR_FCFS_ subtracted from: 
 
ALGO         Lower    Center     Upper  -+---------+---------+---------+-
---- 
WR_FCFS_    -1,521    0,1667     1,855               (--------*-------)  
WR_FCFS_    -1,296    0,3917     2,080                 (-------*-------)  
                                        -+---------+---------+---------+-
---- 
                                       -4,0      -2,0       0,0       2,0 
 
 
ALGO = WR_FCFS_ subtracted from: 
 
ALGO         Lower    Center     Upper  -+---------+---------+---------+-
---- 
WR_FCFS_    -1,463    0,2250     1,913                (-------*--------)  
                                        -+---------+---------+---------+-
---- 
                                       -4,0      -2,0       0,0       2,0 
 
 
Tukey Simultaneous Tests 
Response Variable NR       
All Pairwise Comparisons among Levels of ALGO                                   
 
ALGO = NR_EDD_0 subtracted from: 
 
Level        Difference       SE of             Adjusted 
ALGO           of Means  Difference   T-Value    P-Value 
NR_EDD_2          0,042      0,5167     0,081     1,0000 
NR_EDD_4          0,633      0,5167     1,225     0,9871 
NR_FCFS_         -0,296      0,5167    -0,573     1,0000 
NR_FCFS_         -0,312      0,5172    -0,603     1,0000 
NR_FCFS_          0,187      0,5167     0,363     1,0000 
WR_EDD_0         -1,808      0,5167    -3,500     0,0236 
WR_EDD_2         -1,763      0,5167    -3,411     0,0317 
WR_EDD_4         -1,175      0,5167    -2,274     0,4953 
WR_FCFS_         -1,233      0,5167    -2,387     0,4149 
WR_FCFS_         -1,067      0,5167    -2,064     0,6485 
WR_FCFS_         -0,842      0,5167    -1,629     0,8987 
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ALGO = NR_EDD_2 subtracted from: 
 
Level        Difference       SE of             Adjusted 
ALGO           of Means  Difference   T-Value    P-Value 
NR_EDD_4          0,591      0,5167     1,145     0,9926 
NR_FCFS_         -0,338      0,5167    -0,653     1,0000 
NR_FCFS_         -0,354      0,5172    -0,684     0,9999 
NR_FCFS_          0,146      0,5167     0,282     1,0000 
WR_EDD_0         -1,850      0,5167    -3,580     0,0179 
WR_EDD_2         -1,804      0,5167    -3,492     0,0243 
WR_EDD_4         -1,217      0,5167    -2,355     0,4374 
WR_FCFS_         -1,275      0,5167    -2,468     0,3606 
WR_FCFS_         -1,108      0,5167    -2,145     0,5900 
WR_FCFS_         -0,883      0,5167    -1,710     0,8643 
 
ALGO = NR_EDD_4 subtracted from: 
 
Level        Difference       SE of             Adjusted 
ALGO           of Means  Difference   T-Value    P-Value 
NR_FCFS_         -0,929      0,5167    -1,798     0,8197 
NR_FCFS_         -0,945      0,5172    -1,827     0,8033 
NR_FCFS_         -0,446      0,5167    -0,862     0,9994 
WR_EDD_0         -2,441      0,5167    -4,725     0,0002 
WR_EDD_2         -2,396      0,5167    -4,636     0,0002 
WR_EDD_4         -1,808      0,5167    -3,499     0,0236 
WR_FCFS_         -1,866      0,5167    -3,612     0,0160 
WR_FCFS_         -1,700      0,5167    -3,290     0,0468 
WR_FCFS_         -1,475      0,5167    -2,854     0,1577 
 
ALGO = NR_FCFS_ subtracted from: 
 
Level        Difference       SE of             Adjusted 
ALGO           of Means  Difference   T-Value    P-Value 
NR_FCFS_         -0,016      0,5172    -0,031     1,0000 
NR_FCFS_          0,483      0,5167     0,935     0,9988 
WR_EDD_0         -1,513      0,5167    -2,927     0,1313 
WR_EDD_2         -1,467      0,5167    -2,839     0,1639 
WR_EDD_4         -0,879      0,5167    -1,701     0,8680 
WR_FCFS_         -0,938      0,5167    -1,814     0,8105 
WR_FCFS_         -0,771      0,5167    -1,492     0,9432 
WR_FCFS_         -0,546      0,5167    -1,056     0,9963 
 
ALGO = NR_FCFS_ subtracted from: 
 
Level        Difference       SE of             Adjusted 
ALGO           of Means  Difference   T-Value    P-Value 
NR_FCFS_          0,500      0,5172     0,966     0,9983 
WR_EDD_0         -1,496      0,5172    -2,893     0,1433 
WR_EDD_2         -1,450      0,5172    -2,804     0,1780 
WR_EDD_4         -0,863      0,5172    -1,668     0,8827 
WR_FCFS_         -0,921      0,5172    -1,781     0,8286 
WR_FCFS_         -0,755      0,5172    -1,459     0,9514 
WR_FCFS_         -0,530      0,5172    -1,024     0,9972 
 
ALGO = NR_FCFS_ subtracted from: 
 
Level        Difference       SE of             Adjusted 
ALGO           of Means  Difference   T-Value    P-Value 
WR_EDD_0         -1,996      0,5167    -3,863     0,0063 
WR_EDD_2         -1,950      0,5167    -3,774     0,0089 
WR_EDD_4         -1,362      0,5167    -2,637     0,2589 
WR_FCFS_         -1,421      0,5167    -2,750     0,2021 
WR_FCFS_         -1,254      0,5167    -2,427     0,3873 
WR_FCFS_         -1,029      0,5167    -1,992     0,6993 
 
ALGO = WR_EDD_0 subtracted from: 
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Level        Difference       SE of             Adjusted 
ALGO           of Means  Difference   T-Value    P-Value 
WR_EDD_2        0,04583      0,5167   0,08870     1,0000 
WR_EDD_4        0,63333      0,5167   1,22572     0,9870 
WR_FCFS_        0,57500      0,5167   1,11283     0,9942 
WR_FCFS_        0,74167      0,5167   1,43539     0,9567 
WR_FCFS_        0,96667      0,5167   1,87084     0,7776 
 
ALGO = WR_EDD_2 subtracted from: 
 
Level        Difference       SE of             Adjusted 
ALGO           of Means  Difference   T-Value    P-Value 
WR_EDD_4         0,5875      0,5167     1,137     0,9930 
WR_FCFS_         0,5292      0,5167     1,024     0,9972 
WR_FCFS_         0,6958      0,5167     1,347     0,9729 
WR_FCFS_         0,9208      0,5167     1,782     0,8281 
 
ALGO = WR_EDD_4 subtracted from: 
 
Level        Difference       SE of             Adjusted 
ALGO           of Means  Difference   T-Value    P-Value 
WR_FCFS_       -0,05833      0,5167   -0,1129      1,000 
WR_FCFS_        0,10833      0,5167    0,2097      1,000 
WR_FCFS_        0,33333      0,5167    0,6451      1,000 
 
ALGO = WR_FCFS_ subtracted from: 
 
Level        Difference       SE of             Adjusted 
ALGO           of Means  Difference   T-Value    P-Value 
WR_FCFS_         0,1667      0,5167    0,3226     1,0000 
WR_FCFS_         0,3917      0,5167    0,7580     0,9998 
 
ALGO = WR_FCFS_ subtracted from: 
 
Level        Difference       SE of             Adjusted 
ALGO           of Means  Difference   T-Value    P-Value 
WR_FCFS_         0,2250      0,5167    0,4355      1,000 
 


