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Abstract: Kanban systems are the best-known variant of pull systems and a 

cornerstone of lean manufacturing. Kanban systems help to maintain a good 

material availability in relation to the inventory. One of the main adjustments is 

the number of kanban cards in a kanban system. The number of kanban is a 

tradeoff between the cost of inventory, and the cost of a stock-out. Since kanban 

are used for make-to-stock production, a high availability of completed products 

is desired, often measured as the delivery performance (on time in full). At the 

same time excessive inventory is to be avoided to reduce inventory cost and to 

improve throughput. This paper describes a practical approach to estimate the 

impact of a reduction of kanban on the delivery performance, based on an 

analysis of the supermarket inventory.  

Keywords: Kanban, Supermarket, Delivery Performance 

1 Introduction 

Lean manufacturing is one of the significant frameworks for manufacturing 

optimization. It includes a multitude of different methods and philosophies, from 

eliminating waste, fluctuations, and overburden to improving quality. Lean was also 

either the basis or a significant inspiration for other process performance related 

frameworks like six sigma, Agile, and others, and is often related to topics like Industry 

4.0 [1, 2].  

One of these significant philosophies is the idea of flow, with material moving from 

process to process rather than idling in inventories, improving the lead time. As per 

Little’s law [3], the lead time is directly related to the inventory. Subsequently, 

inventory reduction is a key aspect of lean manufacturing [4]. Pull production is one of 

the significant tools to manage an inventory. While there are different definitions of 

pull systems, it is a limit on inventory coupled with a signal to refill this inventory. 

Kanban is the best known version of pull, and an excellent tool for a tradeoff between 

inventory cost and stock outs in make-to-stock production [5]. These stock outs are 

often measured as the delivery performance, i.e. the percentage of deliveries that where 

both on time and delivered in full, sometimes abbreviated as OTIF (On Time In Full). 

A kanban system aims to replenish the target inventory, often known as a supermarket.  

Setting up a kanban system for a good tradeoff requires among other things to determine 

the number of kanban for each product type in the pull system. Different versions of 
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kanban formulas [6, 7] help with determining the number of kanban, but all of these are 

merely an estimation. Depending on the assumptions, the number of kanban may be 

less than ideal for the system. It may be much easier to adjust the number of kanban 

based on the actual performance of the system. While this can be done using trial and 

error exploration of the system, this is impractical for real world systems and usually 

limited to simulations. Different authors propose a dynamic adjustment [8, 9], although 

it may be difficult to adjust kanban dynamically.  

This paper proposes a practical tool for the estimation of a delivery performance for a 

reduction in the number of kanban cards based on the historical supermarket inventory 

data for a given system.  

2 Prediction Model 

The model to predict the reduction in delivery performance for a reduction in the 

number of kanban uses the supermarket histogram. Fig. 1 shows the model using a 

generic histogram of a supermarket. We predict that a reduction in the number of 

kanban shifts the histogram a corresponding number of parts to the left (for our model 

one kanban represents one part, but this may be different for other systems). When 

shifting the histogram to the left, there can never be less than zero parts in the system. 

Hence, any value in the histogram that would go below zero is added to the value in the 

histogram for zero.  

 

Fig. 1. Kanban Reduction Prediction Hypothesis 

This updated histogram value for zero is the predicted likelihood of the supermarket 

being empty, and can be used to predict the delivery performance. This approach is 

mathematically easy enough to be feasible for most manufacturing companies. In 

mathematical terms, the new delivery performance DNew is approximately the 

remainder to 1 of the sum of the individual histogram values hn from zero to the number 

of parts m that are represented by the removed kanban as shown in equation [1].  
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𝐷𝑁𝑒𝑤 ≈ 1 − ∑ ℎ𝑛
𝑚
𝑛=0     [1] 

3 The Simulated System  

The behavior of the inventory in a supermarket depends on many factors. Relevant for 

us are the number of kanban, the replenishment time, and the magnitude of the 

fluctuations. We use simulations to model a simple system producing a single part as 

shown in Fig. 2.  

 

Fig. 2. The Simulated System 

A part can only enter the system if a kanban is available, where one kanban represents 

one part. To model larger systems every part in the system has a fixed delay, where 

multiple parts can be delayed simultaneously. A separate process has a erlang 

distributed processing time. The erlang distribution has a finite lower bound of zero but 

an infinite upper tail, making it well suited to model processes. This process provides 

the fluctuations for the supplying system that fills up the supermarket.  

A customer with an exponentially distributed interarrival time picks up one part from 

the supermarket. If there is no part available, the customer waits. We measure the 

percentage of customers that do not have to wait for a part, which is the delivery 

performance. A part departing the system also gives a signal (the kanban) to release the 

next part in the system from an infinite supply of parts. Overall, this system is a 

simplified version of complex systems, reducing the number of variables while still 

behaving comparable to larger systems. 

The exponentially distributed customer interarrival time was set to 10 time units. The 

exponentially distributed process was given a mean of 9 time units. This gives the 

process a utilization of 90%. The delay was set to 991 time units. Together with the 

mean process time this gives a mean replenishment time of 1000 time units. Dividing 

the average replenishment time by the customer takt of 10 time units gives us in average 

100 kanban. However, to account for fluctuations this would be insufficient, and 100 

kanban will result in a delivery performance of zero if customers wait until they are 

served.  In any case, the number of kanban is the variable we will test.  

The simulation had a warm up period of 100 000 time units and a run time of 5 000 000 

time units, producing around 500 000 parts per simulation. We measure the delivery 

performance and the histogram of the supermarket inventory. An example supermarket 

histogram for an excessive number of 200 kanban is shown in Fig. 3. The mean is 

around 100 as expected from the division of the mean replenishment time by the mean 

customer takt. The delivery performance is 100%, as the system never ran out of 

inventory.  
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Fig. 3. Supermarket Histogram for 200 Kanban 

If we reduce the number of kanban, this histogram will shift to the left. Fig. 4 shows 

the histogram for 120 kanban. The delivery performance is now only 80.61%. The 

supermarket is empty for 19.79% of the time, marked with a black dot in Fig. 4 for 

better visibility. The rest of the histogram is almost identical with Fig. 3 but shifted 70 

parts to the left (note the different percentage scale). 

 

 

Fig. 4. Supermarket Histogram for 130 Kanban 

The percentage of the time the supermarket was not empty corresponds almost perfectly 

to the delivery performance. The supermarket was empty 19.79% of the time, and 

19.39% of the customers had to wait for a part. The difference of 0.4%  represents the 

few cases where the supermarket was empty, but filled up again before a customer 

arrived. For all practical purposes, the percentage the of supermarket being empty is a 

good estimator of the delivery performance.  

4 Model Verification 

We used this simulation model to establish the delivery performance for different 

number of kanbans. We measured the delivery performance after a warm up time of 

100 000 time units for an additional simulation duration of 1000 000 time units. Each 

simulation was repeated 30 times to determine the mean and the 95% confidence 

interval. Fig. 5 shows the behavior of the delivery performance. The confidence 

intervals are not shown, as they would graphically overlap almost completely with the 

mean delivery performance.  
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Fig. 5. Delivery Performance of Simulation System for different Number of Kanban 

The delivery performance was consistently 100% for over 190 kanban. This rapidly 

dropped to zero for 100 kanban. 100 kanban would be the average replenishment time 

of 1000 time units divided by the customer takt of 10 time units. Due to the customers 

waiting, the system is unable to recover with 100 kanban or less, and the subsequent 

delivery performance is zero.  

We predicted the delivery performance based on selected supermarket histograms at 

200, 150, 130, 120, and 110 kanban. The result is shown in Fig. 6, where the solid line 

is the  true delivery performance and the dotted lines are the predictions. To make the 

graph easier to read, the number of kanban used to generate the supermarket histogram 

and hence the start of the prediction model is highlighted with a back dot.  

 

Fig. 6. Prediction quality for different Number of Kanban 

The prediction model is spot on for delivery performances over 70% with an average 

error of less than one percentage point, and still very good for delivery performances 

above 50% with an average error of less than 10 percentage points. For delivery 

performance below 50% however, the model no longer takes the cumulative effect into 

account of more and more customers waiting for their products.  

For practical purposes, however, this is a very good prediction, as most companies 

strive to achieve higher delivery performances above 50%. Few companies would 

reduce the number of kanban to reduce inventory if the delivery performance is already 

below 50%. 

Hence, this method is suitable for use in real world manufacturing systems. Two issues, 

however, can reduce the accuracy. First, an accurate supermarket histogram is needed, 
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which may not always be available. Secondly, the system should not change over the 

duration for which the histogram was taken. However, especially if there is a risk of a 

stock out, extraordinary measures are often taken and firefighting tries to prevent a 

stock out. Therefore, in reality the frequency of stock-outs may be less than in this 

theoretical model as emergency measures are taken to prevent such a stock out, whereas 

this theoretical model lets the system simply run its course.  

5 Discussion and Summary 

Overall, a supermarket histogram is an accurate tool to predict the delivery performance 

for a reduction of kanban for delivery performances in the range between 50 and 100%. 

The prediction accuracy worsens significantly for delivery performances below 50%, 

although a reduction in kanban is rarely desired for such inadequate delivery 

performances.  

While kanban in general and pull in particular are not the only methods to manage 

make-to-stock production, it is usually the preferred approach in industry due to its 

reliability and ease of use. Other methods like push control requires much more 

management attention, which is often difficult due to the large number of different 

products produced in parallel in many factories. Hence, push often has an inferior 

performance to pull.  

Overall, such a prediction can significantly help practitioners to fine-tune their kanban 

systems. A kanban system aims to have a trade-off between the availability of finished 

goods and the inventory needed to achieve this availability. Determining a suitable 

number of kanban is difficult. It is usually recommended to start with a sufficient or 

slightly excessive number of kanban, and reduce over time while observing the running 

system. This paper presents a tool to estimate the impact of the reduction of the number 

of kanban on the material availability, reducing the uncertainty in the management 

decision of this reduction.  

Further research will look into increases in the number of kanban to improve the 

delivery performance as well as analyze systems where the customers are not waiting 

until they are served but will leave the system.  
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