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ABSTRACT 

Simulation tools for understanding logistics and create explanations for logistics operations 
are often developed under a state of stability, equilibrium and linearity whereas logistics 
are considered non-linear and complex. Agent based modelling provides the opportunity to 
build rigorous computer simulations of non-equilibrium systems and unlike other 
simulation methods, no agent has full knowledge about the system it operates in and the 
agents act on heuristics rather than on rationality, much like customers and firms in the real 
world. In the last twenty years the development in knitting technology has made it possible 
to produce entire garments in one piece with no need for time-consuming cutting and 
sewing processes afterwards. This gives new opportunities to produce knitted garments 
closer to the customer and hence being able to respond faster to shifts in demand for 
knitwear. Agent Based Modelling will provide an excellent opportunity to simulate a 
demand chain of the kind where the customer designs the garment and the garment is 
produced instantly. The aim is to create and present an agent-based model for the logistics 
operations in the Knit On Demand research project. The simulation will not only help to 
gain insight about the dynamics and emergent behaviours in a textile demand chain but 
also in demand chain management as a whole, as well as providing a base to test 
theoretical frameworks.  
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1. Introduction 
Today’s society is becoming more and more complex due to the rise in interactions between 
people, which results in higher complexity. As society becomes more and more complex, so 
does the environment in which the businesses operate, hence business professionals will find 
it harder and harder to predict the future. As well as in many other business areas complexity 
increases in fashion as well, people gather more and more impressions from more and more 
sources such as different cultures and the Internet (Anderson, 2006). Complexity rises when 
companies try to respond to customer demand by adding more models or colours to their 
product line. It includes not only design issues but also the way the organisation is structured 
(Christopher, 2000).  At some point, the complexity will grow to large, will be hard to 
comprehend and companies will need simulation tools in order to support them in decision 
making. Existing simulation tools are often deterministic, linear and equation-based but 
reality is not. Reality consists of a number of autonomous entities with their own set of rules, 
goals, policies and constraints (Nilsson & Darley, 2006), which are difficult to translate into 
equations. Not only is it hard to predict the future in already existing business concepts, it 
becomes worse when there is a completely new concept will enter the market. Today we 
know a lot of things about consumer behaviour in fashion and the apparel market but mostly 
on existing models, sizing and colours. In this article we will introduce a fairly new business 
concept were the customer is involved in the design of a garment. Customizing a garment is 
nothing new, on Saville Row in London and other fashionable streets you can have your 
tailored suit and shirt but you also have to pay the price. Today technology and modern 
production technique has made it possible to sell customized garments to affordable prices, 
also known as mass-customisation. In this fairly new and untested business concept these 
techniques will be facilitated. Complete Garment technology is a new knitting technology that 
dramatically decreases time-to-market and allows companies to produce “on demand”, one of 
the most extreme forms of agility were the garments are produced after the point of sales 
according to customer demand. This article will present a model for testing the logistics 
oprerations in the Knit On Demand business concept.  

1.1. Fashion market of today 
Today’s fashion market is characterized by fast changes in fashion, short lead times and short 
life cycles. A result of the rapid changes is that fashion companies are having difficulties in 
forecasting demand for new styles and colours as well as predicting what is going to happen 
next in the value chain. Time to market is an important factor in many business areas and is 
defined as lead-time from the point in time the company recognizes a market opportunity, 
translates it into a product or service, and to brings it to the market (Harrison & van Hoek, 
2001). The fashion business is often used in comparison with other businesses due to changes 
in trends and buying behaviour that results in uncertainties in demand. Characteristic for the 
fashion industry is that there is an “over-supply” of fashion and consequently retailers are 
forced to sell garments to a reduced price. A commonly used measure for this is “sell-through 
factor”, a factor that describes how many percent of the products that are sold to full price. 
Many companies have a sell through factor of between 60 to 70 percent, meaning that 30 to 
40 percent of the products are not sold to full price. One dynamic of the sell through factor is 
long lead-times in the value chain, a result of the last decades move towards sourcing the lion 
part of fashion product from Far-east countries, especially China instead of near by producers 
in Europe. Sourcing from a far away situated area increases the risk of products being 
obsolete and out of fashion when they arrive in Europe (Peterson, 200X).  
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Consequently, an efficient way of handling the issues with unsold goods is to decrease the 
lead times in the supply chain. Time based initiatives are a commonly used approach to 
enhance processes in many business areas and close behind follows a number of opportunities 
(Harrison & van Hoek, 2001): 
 

• Increased responsiveness to customer needs 
• Increased variety 
• Increased product innovation 
• Improved return on new products 
• Reduction of risk by relying on forecasts 

One way of doing this is to facilitate complete-garment flat-knitting technology, which allows 
the producer to knit garments in one piece with out timely after treatment. 

1.2. Agility and Demand Chain Management 
An agile organisation is characterised by flexibility and the ability to respond quickly to 
customer demand. An agile demand chain possesses the tools and methods needed to read and 
interpret true demand and is demand-driven instead of forecast-driven. It is important not to 
confuse agility with lean although the focus of the two concepts is the same: Fulfilling 
customer needs.  
A problem in many demand chains is visibility of true demand, the solution to this is often to 
build inventory between the different entities in the value chain, a costly and often risky 
venture. The point at which true demand is visible in the demand chain is called the de-
coupling point. The aim of the agile demand-demand chain should be to hold inventory in its 
most basic form as long as possible and configure products as close to the customer order 
point as possible, after the de-coupling point (Christopher, 2000). 

1.3. Complexity 
The world is one large complex adaptive system; it consists of billions of different entities, all 
communicating in different ways with each other. The actors in this complex adaptive system 
live in competition or in symbiosis with each other for different reasons and have different 
targets, rules, constraints and behaviours, individually or as a group (Gell-Mann, 1994). An 
example of this is the Swedish elk that have become cowards. When there were a lot of 
wolves in the Swedish forests the elk where braver and didn’t hesitate to battle with the 
wolves (an elk has greater chances winning over a wolf if it battles is instead of running 
away). Consequently, the brave elk survived and the cowards were killed. Later, during the 
last decades of the 19th century when the wolves were almost extinguished by hunters it was 
no longer the brave elk that survived (an elk has little chance against a bullet) but the coward 
elks who fled away as soon as they heard a noise, resulting in that the Swedish elk now are 
cowards. Unfortunately for the elk the wolves are now returning so they cannot any longer be 
cowards. They have to adapt and start to grow bigger again. A complex adaptive system like 
this will never reach equilibrium but if it does, it will crash (Gell-Mann, 1994). 

2. Agent Based Modelling 
Logistic operations as well as customer behaviour is often regarded as complex, unstable and 
non-linear. Simulation software on the other hand, is often developed under a state of 
equilibrium and stability and does not consider the complex nature of logistic systems. 
Consequently traditional simulation tools do not act in the same way as the value chain that is 
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simulated does, that might result in that the target with the simulation is missed. Agent Based 
Modelling, or ABM is based on bottom-up assumptions and the focus is on the agents and 
their interactions with each other or other entities in the system. (Parunak, 1998). In supply 
chain context an agent might represent a truck, a shop assistant, a machine or an order 
handling process. None of the agents has full knowledge about the system as a whole, they act 
heuristically rather than on rationality and what is best for the system and they have their own 
policies and rules, much like people do (Nilsson, 2006).  

2.1. Emergent Phenomena 
In order to fully appreciate the power of agent-based modelling one has to understand the 
concept of “emergent phenomena”. A good way to describe this is a traffic jam. Traffic jams 
occur every day and although they seem relatively simple they are complicated and 
counterintuitive in their behaviour. A traffic jam is the result of individuals following or 
breaking a set of rules, social, personal or legal, trying to dissolve the gridlock.  The gridlock 
emerges from the behaviour of the individuals and sometimes the gridlock can travel 
backwards through the line without any obvious reason even if the cars are moving forward, 
making it counter intuitive. Emergent phenomena are not something the academic world has 
invented, it is apparent in many other cases, e.g. why collapsible scooters generate a 
tremendous buzz without any marketing while other products with multi million euro 
marketing campaigns flop.  

As the number of people, especially in the cities grow the interconnections between people 
increases and hence, the probability of emergent phenomena grows. Not only does people 
become more and more connected, businesses follows the same path and they need to 
understand and predict emergent phenomena. Traditional tools like spreadsheets and 
regression analysis cannot predict emergent behaviour since they are built top-down and do 
not take the behaviour of the individuals in the system into account. In the example with the 
traffic jam, the individual behaviour of the drivers resulted in a gridlock due to the interaction 
between the drivers on the road. Hence, actions taken on a micro level creates an event on the 
macro level and should therefore be simulated in the same way. Yet another example of 
emergent behaviour is known as Braess’ Paradox. It concerns the paradox that adding new 
lanes to a highway during rush hour only makes the traffic jam worse. Braess was a German 
operations research engineer that in 1968 discovered this phenomenon. Of course there is a 
simple explanation for this, when there is more lanes people tend to change lanes more often, 
thus slowing the other drivers down. In retrospective, it is very obvious what the adding of 
another lane resulted in but of course, the road company would have liked to do this 
convenient post-rationalization before they added another lane (Bonabeau, 2002).  

2.2. A CAS approach to logistics 
In this paper we propose an approach to demand chain management based on the theory of 
complex adaptive systems, CAS. Central to CAS and to real life activities is assumptions of 
nonlinearity, heterogeneity, subjective and bounded rationality, emergence, subjectivism and 
self-organization etc. The assumptions of linearity, reductionism, rationality and determinism 
are still useful but they are limited when it comes to demand chain operations that are 
considered complex.  
Today’s market place is becoming more interconnected through information and 
communications technology providing the customers with a forever-increasing stream of 
products and services to choose from. With more products to choose from, the customers are 
basing their purchasing decisions on a wider range of conditions that create a more complex 
environment for logistic management to interpret. Due to this increased complexity the 
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difficulties to interpret and predict the system’s next move increases and even though the 
supply-chain manager is neither the observer nor the designer of it, the manager is still 
supposed to plan and control the flows of information, material and resources.  

However, there has to be a plan for the different events taking place in the system, no matter 
if they are predicted or unpredicted. In order to understand the paradox of control and self-
organization the CAS-approach provides a bottom-up perspective that could provide insight 
and understanding to how the system works under real-life circumstances. There are several 
reasons why the CAS approach is suitable to demand-chain operations: 
First: The complex reality shows properties and states that cannot be explained with existing 
models and theories that are based on deterministic and mechanic assumptions. Emergent 
phenomenon that appears in real-life systems is not treated in these models and it is 
impossible for managers to plan and control them using over-simplified tools.  
Secondly: Existing models do not take into consideration the unstable nature of a supply chain 
that constantly changes behaviour due to accidents, late trucks, computer breakdowns. 
Simulation models often has a top-down perspective that forgets, or does not have the power 
to consider the micro-level of a system. 
Thirdly: As long as a logistic system consists of people and processes the people will make 
mistakes and errors causing delays and system breakdowns. Hence the individual level of the 
system is very important to the outcome of the model but is rarely considered even though it 
is on that level most of the decisions are made and actions are taking place (Nilsson, 2005). 
Figure 1 shows the differences between top-down and bottom-up modelled simulations. 

 

 
Figure 2.2 Comparison between traditional modelling and bottom-up approaches (Nilsson & 
Darley, 2006) 

2.3. Agents and Objects 
An agent is an autonomous entity in a complex adaptive system with its own set of policies, 
behaviours, states and constraints (Nilsson, 2006), it could be described as a software entity 
with its own thread of control and with the ability to execute operations (Parunak, 1999). 
Autonomous agents act on themselves, without any interaction of humans and area capable of 
flexible actions in order to meet the design objectives. Flexibility in this case means 
(Jennings, et al. 1998): 
 

• Responsive – agents perceive their environment and responds to the changes in it. 
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• Pro-active – Agents should not only act in response to their surroundings but also be 
opportunistic, goal directed and taking initiatives. 

• Social – The agents should when appropriate interact with other agents in order to 
achieve the stated purpose of the simulation.  

Objects are defined as entities that encapsulate some state, are able to perform actions and to 
communicate by passing messages.  There are obvious similarities between agents and objects 
but also differences, for instance the degree of autonomous (Jennings et.al, 1998). One 
difference is that objects are generally passive, they need to receive a message to trigger their 
actions. Agents on the other hand have their own internal mechanisms to trigger their actions 
(Jennings & Bussmann, 2003). Yet another distinction between objects and agents could be: 
“Objects do it for free, agents to it for money”(Jennings et.al. 1998) 

Depending on what the agent’s role in the system is and what the purpose of the simulation is 
the agent acts on different rules and limitations. The agents in this system act on the principles 
of demand chain management, which means that in order to work properly they will need 
basic knowledge about demand-chain management and the ability to interpret the information 
in the system. These are the requirements on the agents (Potnok et.al, 2000): 
 

• The agents must be able to retrieve, interpret and understand the information within 
the system. Typically is that different entities in the system will store and represent 
information in different ways than the others.  

• The agent must be flexible enough to be able to adapt to the system, in this case the 
principles of Demand Chain Management. Some agents might adapt slower to the new 
working methods and some might not adapt at all, e.g. the customer agent that has 
neither the knowledge of that he or she is an actor in a demand chain, nor is he or she 
interested to know about it.  

• The agents must have the ability to use different analysis methods depending on what 
the scenario is. Sometimes they need to make a quick decision and sometimes a 
deeper, more thorough analysis is needed. 

 

In order to make the simulation as realistic as possible the agents and objects are given 
policies, behaviours, states and constraints (Nilsson, 2006), much like people and objects in 
real life has: 
 

• Policies – Course of action adopted by agents. Objects might not have policies. 
• Behaviours – How does the agent react on its environment?  
• States – State of the agents mind, in this model it could be whether the customer is 

willing to purchase or not. A machine can only have two states, on or off. 
• Constraints – Limitations in spend able money, production capacity 

2.4. Structure of the model 
Since the purpose of the model is to simulate a demand chain the simulation takes its starting 
point in what the customer does, of course there will be some initial inventory and the 
production equipment will be in place. Other than that, nothing is done before the customer 
has decided on the first purchase. A model is divided into actions and events and for 
coordination purposes the events and actions of the agents are organized into a skeleton 
(Figure 2) where the connections in the skeleton represent events and the nodes represents 
actions. The nodes in the skeletons correspond to concrete actions taken by agents, these can 
be any type of actions e.g. knitting, making a decision or making a purchase. Events are 
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characterized by the links of the skeleton and are abstract, these correspond to the state of the 
agents mind, and these states can be classified into different groups with certain properties 
(Singh, 2000): 

 
• Flexible - Events that the agent can delay or choose not to do. 
• Inevitable – The agent can only delay this event. 
• Immediate – Events that the agent performs instantly and is neither willing to neither 

omit nor delay. 
• Triggerable – which the agent is willing to perform on request. 

The first three groups are mutually exclusive; each can be performed together with triggerable 
but e.g. inevitable and immediate cannot be performed together (Singh, 2000).  

 

 
Figure 2.4 General event tree of the agent based model 
Actions and events in a complex adaptive system are a responses or a replies to other actions 
and events, Singh (Singh, 2000) describes this as: 

• Response: Action taken on the cause of another action 
• Reply: Action taken on the cause of another action and replies to the source of that 

action. 

3. The Knit On Demand case description 
The starting point of this paper is a business model where the customer takes an active part in 
the design of the fashion product and the garment is produced after the point of sales (POS). 
In this model the risk of unsold goods due to problems with long lead times is reduced by 
producing the garments after the point of sales, similar to Dell’s concept. Manufacturing of 
the garment takes place in the shop or in facilities in close surrounding to the shop, providing 
the customer with the opportunity to bring the garment home the same day. Of course, 
concepts like this where the customer almost instantly after the garment is designed brings the 
garment home demands very tight processes where all waste is removed and the total lead 
time is close to the total value added time. One way of achieving this goal is to facilitate the 
Complete Garment knitting technology. Complete Garment is the latest in flat knitting 
technology and it makes it possible to knit the whole garment, seamless, in one piece. Figure 
3 describes the development from Cut & Sew to Complete Garment. 
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Figure 3 Flat knitting technologies, from Cut & Sew to Complete Garment 
The complete garment technology combined with a demand driven logistic system could be a 
platform for a new concept in the business of knitted garments. In the concepts of logistics 
and Demand Chain Management (DCM) the complete garment technology incorporated in an 
agile, demand chain strategy could open up new business opportunities compared to 
traditional retailing of flat knitted products. The agile approach focus on business with high 
variety and low volume, in environments characterized of low predictability (Christopher, 
2000). Agility in its most extreme form could be a concept where the customer designs its 
own garment, places an order and the manufacturing of that specific garment takes place after 
the POS. Thus, everything that is produced is sold to full price and consequently the sell 
through factor will increase compared to a concept where the garment is produced ahead of 
the POS. The idea with this concept is customization of consumer products and that the 
customer wants to be a part of the developing and design process of the product.  

3.1. Design in Shop 
Design in shop is a business concept based on the manufacturing technology of complete 
garment production. The customer will be involved in the design process of the garment and 
could choose between alternatives of style, material, colour, structure sizes and attachments 
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Figure 3.1 Design in shop concept 
In the “Design in Shop” the customer enters the store and is presented to a number of 
opportunities. He or she, mostly she according to a customer survey done in the project, can 
either choose to design his or her own garment or purchase a garment someone else has 
designed in the “Designers Place” section of the store. In the shop there will also be fashion 
magazines, swatches of structures, colour charts and samples of sizes available for the 
customers. If a person wants to design his/her own garment a shop assistant guides them to a 
personal design of the garment. This will not be a free design in the sense that the customer 
can create a new product without limitations of style, colour, structure and size, but more of a 
customization of the garment. The design of the garment will be done in a multiple-choice 
system where the customer in several stages chooses from different options. Choices concern 
style, material, structure, colour, size, and attachments. If the design is accepted it generates 
an order to the production unit of the shop. The garment is then produced in the knitting 
facilities of the store. 

3.2. Agent-based modelling of the agile demand chain 
This paper is limited to identify and present a model of the logistic activities concerning the 
Knit On Demand concept and to show how different agents of the systems interact with each 
other. The developed model could be used for simulations in further research with the aim to 
answer the overall research question about the concept’s performance. This paper takes a 
perspective on the issue of fashion logistics, design and production of knitted fashion products 
and agent based modelling. 

Since the model concerns a demand chain there will be a few different actors such as 
companies, haulers and customers involved (Figure 5). Between these companies there are 
material and information flows that constitutes the production flow. The demand chain 
concept requires high-level information sharing amongst the actors of the value flow.  
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Figure 3.2.1 production flow in the Knit On Demand concept. 
A common way of sharing the information in the value flow companies often use an ERP or 
MRP system that integrates all the parts of a demand chain (Potnok et.al, 2000). An obstacle 
to this method is if the companies in the demand chain are using different systems that do not 
integrate with each other. Although this problem is disappearing due to that the software 
developers are working towards increased compatibility with other software, the lack of 
standardization has to be considered and accounted for. One way is to use information brokers 
or use shared databases of information, otherwise a great deal of programming has to be done. 

In this model three types of agents are identified: 
• Store & Production agents – Agents that sell and produce the garments. Examples of 

agents are technician, production equipment and shop assistant.  
• Supplier agents – Agents that supply yarns and accessories.  
• Customer agents – Customers that has purchased a garment and bring it home 

immediately or wait for the garments to be delivered to their door depending on how 
the order stock during that time period. 

The model presented in this paper treats demand chain management (DCM). In DCM focus is 
on the customer and everything produced in the value chain is produced in response to 
existing customer demand, implicit or explicit. Thus will the model take its starting point in 
what the customer does and the other agents will respond to it. The build up of the model is 
illustrated in figure 6.   

 
Figure 3.2.2 Build up of the Knit On Demand model. 

3.3. Store agent 
The store agent is in this simulation the focal company that has the knitting equipment and 
store facilities. The store agent consists of the technician agent, the shop assistant agent and 
the manufacturing agent. The customer is also included in the store agent because the 
customers only act in the store environment. 
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3.3.1. Production agent 
Figure 7 illustrates the technician’s selection policy. In the “Decision” square the agent makes 
its decision based on its policies, strategies, limitation, states and rules. Figure 7 corresponds 
to circle number 4 in figure 2 and is a diagram over the internal processes taking place in that 
step of the process. Depending on the inputs the agent will produce according to different 
plans. The plans differ depending on when or how the technician wishes to produce the 
garments.  

Figure 3.3.1 selection policy for the technician agent 

3.3.2. Customer Agent 
It is hard to simulate customer behaviour because it is very complex and it differs a lot from 
customer to customer. The customer agents act without any knowledge about the demand 
chain, nor does he or she care about what is going on upstream and therefore they do not base 
their decisions on what is best for the value flow.  Customers purchasing behaviour is a 
complex system with multiple choices and numerous interactions between different actors in 
the system. A customer is formed by a number of different inputs that he or she receives from 
its environment. This can be personal factors like demographics and economic. Social factors 
like family, group and culture or psychological factors like motives, perception and attitude 
(Omar, 1999). Howard and Sheth developed an explanatory model (Howard & Sheth, 1969) 
that explains the interactions taking place when a customer decides upon a purchase. The 
customer base its purchase on what he or she believes that the product can do for them and 
there are three components: 
 

• Significant – the physical aspects of the product or service (A sweater keeps you 
warm) 

• Symbolic – Supplier created images or attitudes (e.g. advertising: Buy this garment 
and be like David Beckham) 

• Social – Ideas attached to the garment by society (e.g. Gucci or Prada garments) 
 

Howard’s decision model was originally created for the financial sector but was simplified 
and adapted to the retail sector. The model consists of a number of components (Figure 8) and 
the three central components, brand recognition, attitude towards the brand and confidence in 
judging the brand makes up the buyer’s brand image of the brand (Kent & Omar, 2003). In 
the Knit On Demand concept the garments will be brandless, hence might the brand 
recognition not be as a sufficient factor as in other cases.  
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Figure 3.3.2 Customer Decision Model (CDM) (Howard, 1994) 
When applying this model it is very important that “Information” is defined carefully. A 
customer base its purchase on one or more of the five senses that is seeing, hearing, touching, 
smelling and tasting, either voluntarily or involuntarily (Kent & Omar, 2003).  
There will always be difficulties in putting numbers on customer behaviour, in this model the 
likelihood of a purchase is calculated by using different probability distributions. 
When a customer enters the store there is certain likelihood that he or she will make a 
purchase of a garment. In order to calculate this probability of a purchase different 
distribution curves are used, one for each influencing factor of the customer’s choice.  

In this model the customer base its purchase on three normal distributions  
There are four factors influencing a customer’s choice: “the four P” (Kotler, 2004) which can 
be normally distributed. The reason this method is chosen is that the concept of letting a 
customer design and alters the garment he or she is about to buy is a relatively new and 
untested business. There is little research on how the customer reacts when confronted with 
the possibility to customize their garments, therefore these assumptions has been made.  

 
• Product – Customers base their purchases firstly on colour, secondly on style and last 

on fabric.  Hence is the most important sense in this case sight, followed by touch 
according to Watson (Watson, 2007). This distribution relates back to Howard’s CDM 
model. 

• Promotion – In what way the concept of designing a garment affects a customer and 
makes the customer willing or not to customize and purchase a garment in the store. 

• Place – The store is placed in an area known for factory outlet boutiques, how will that 
influence the customers willingness to spend money on own designed garments?  

• Price – As earlier mentioned, the store is placed in an outlet area and customers expect 
to find relatively cheap outlet clothes from mostly Swedish designer brands. So even if 
the people travelling to the outlet area are wealthy they go there because they want to 
buy cheap garments.  

 
In the model the probability of a purchase is very simply calculated. Kotler’s four P has been 
used and been translated into a more suitable language for the simulation. It is possible to use 
normal distributions to calculate the probability of a purchase and in this article the normal 
distributions over product, promotion, price and place has been used but has been simplified 
(See figure 3.3.2.1). 
The model randomly picks a number from the simplified normal distributions over purchasing 
power, promotion and product and multiplies them with each other to get a value of the 
willingness to make a purchase. This number is then divided with 256, which is the largest 
product if the highest numbers in each simplified normal distributions are multiplied. In figure 
3.3.2.1 an example of a calculation is illustrated.  



13 

 
Figure 3.3.2.1 Calculation of customer’s willingness to make a purchase and the probabilty 
of a purchase. 

3.3.3. Shop assistant agent 
The shop assistant reacts to input from customers, from management and on capacity 
information and is limited by constraints in design possibilities, inventory and production 
capacity. The shop assistant helps the customer to customise the garments using a multiple-
choice system in which the design opportunities are presented. The assistant’s selection policy 
is illustrated in figure 9. 

 
Figure 3.7 Shop assistant agent selection policy 

3.3.4. Production equipment objects 
Objects do not usually have a mayor impact on the simulations but in this model the 
production equipment’s behaviour has significant impact on the outcome of the simulation 
and also in the conceptual store when it becomes realised. The figures in table 1 are extracted 
from a simulation modelling the production facilities in the knit on demand concept.  
Table 3.3.4, Production lead times in the Knit On Demand concept store 

Time/Process Designing Knitting Washing  Drying Steaming Sewing Embroidery 

Total 
process 
time  

   Cotton Wool     Cotton Wool 

Preparation - 5 1  1 1 1 2,5 11,5  

Process time 30 55* 36 14 30 4 5 16 176 154 

Total lead 
time 30 60 37 15 31 5 6 18,5 187,5 165,5 

3.4. Supplier agents 
The supplier agents will have different policies depending on what the value flow looks like 
at the moment. In this example the yarn supplier it has 800 SKU in stock with which they 
supply the concept store with. The yarn supplier’s policy concerning the yarns kept in stock is 
to deliver according to point of sales data but if there is a special order of yarn they might act 
in a different way. Suppliers are constrained by the number of SKU’s possible to keep in 
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stock and their ability to deliver. Figure 10 illustrates the selection policy of the suppliers and 
depending on the inputs the supplier makes decisions.  

 
Figure 3.4, Suppliers selection policy 
Through different ERP and MRP systems all the suppliers have full access to information 
about current inventory, order stock and point of sales data. From this information the 
suppliers choose how much to send with each delivery. There are a few different suppliers in 
the system, there are suppliers of cotton- and wool yarns, transporting agents and suppliers of 
accessories.   

4. Output 
The concept of Knit On Demand is aimed at responding faster to customer demand, i.e. 
supplying the customer with exactly what the customer wants in a timely manner and to make 
the flow of the demand chain faster and less costly. In order to make the simulation useful the 
output has to reflect the aims of the simulation. Suggested measures are: 

 
• Inventory turns – The number of times per year the stock at hand is sold 
• Sales – Number of sold garments 
• Lost sales – The percentages of times a customer finds none of hers or his SKU 

preferences. 
• Sell-trough – The proportion of season’s merchandise that is sold to full price (Mattila, 

2000). 
• Service level – The portion of the original assortment that is available throughout the 

season 
• Lead-Time – Time from order to delivery 
• Revenue – Total revenues from the store.  
• Costs – Costs of material, transports, inventory, production equipment, people, store 

space and material handling. 
• Margins – Gross Margin, Net Margin, Gross Margin Return On Inventory  

The outputs from different processes are used as input to the different agents in the system so 
they are able to make decisions and also as visualisation of the models and the concept stores 
performance.  

5. Concluding Discussions and future work 
In this article we propose an architecture for modelling and testing the logistic operations in 
the Knit On Demand business concept. Since this is a proposed modell to an agent-based 
simulation it is hard to make any conclusions about the model’s performance or the 
correctness of the assumptions made in the modell because it has not yet been tested. For 
instance, it is at this state very hard to verify whether the assumptions made on customer 
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behavior are true or not. What can be said is that agent-based modelling provides a good 
opportunity to test new business concepts and new working methods. Management can be 
guided using the agent-based model and gain from the heterogenity with real-life phenomenas 
and behaviors that agent-based modeling provides. The heterogenity and bounded rationality 
as well as the bottom-up perspective that agent-based modelling provides is also the mayor 
benefit compared to equation-based simulation methods. For example, in an equation-based 
model demand is determend on before hand but in an agent-based model the demand is 
created by the models. Moreover, agent-based modelling does not only provide output in KPI-
form but also indicates how different enteties in a demand chain interact with eachother, 
hence allowing management to react to before the new working method goes live. Future 
work is to build the model of the fashion demand chain and test the concept in real-life 
simualtions. Once the concept store is in place new ways of working and expansion plans can 
be tested.  
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