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Abstract 

More and more, companies have as one of their main objectives the achievement of optimization and 

maximum efficiency in their processes and activities so that they can be carried out with the least 

possible waste, be it time, energy, raw materials, and human resources, among others. Therefore, the 

logistics’ area, and more specifically the area of hospital logistics, does not escape the rule and 

assumes its position in the incessant search for increasingly efficient processes. 

It was also in the sense of optimizing its processes and activities that Luz Saude group, one of the 

largest health care groups operating in Portugal, inaugurated in 2015 a central warehouse located in 

Venda do Pinheiro, with the aim of partially supplying all the units of the group. Therefore, the 

warehouse management topic gained an even more central role within the group's operations, and the 

optimization of this new central warehouse would also result in a consequent increase in the efficiency 

of the group's operations. Thus, this project arises with the aim of studying the operations of the new 

warehouse so that the best measures can be identified for greater efficiency of processes in this 

warehouse, namely in the order-picking operation. 

Through this study it was concluded that one of the main measures to optimize the warehouse 

processes is the adoption of a correct arrangement of the SKUs by warehouse locations, as 50% of the 

picking time is spent on the itineraries. The solution to this problem, called SLAP - Storage Location 

Allocation Problem, results in a reduction of times and distances in the picking operation. The problem 

described was solved in this dissertation through the formulation of a mathematical programming model 

and the detailed treatment of the data of the problem so that they can be applied in the model. 

The application of the obtained optimal solution's result is an instantaneous decrease of 22% in total 

picking time for the total demand of the period under study. In addition to SLAP’s solution, other 

recommendations are also given to the company with the aim of further minimizing the picking operation 

times.  

 

Keywords: Optimization; Health Sector Logistics; Luz Saude; Warehouse Management; Storage 
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1. Introduction 

Since 2000, Luz Saude group has been one of 

the largest national references in the provision 

of health care. It already holds 27 health units: 

11 hospitals, 14 clinics and 2 senior residences. 

In order to facilitate the processes of supplying 

products and materials to health units, a central 

warehouse was opened in 2015, located at 

Venda do Pinheiro. The warehouse started 

partially supplying all the health units in the 

group, which changed the group's logistics 

network. The health units stopped ordering 

100% of their products directly from the 

suppliers, and started ordering from both the 

suppliers and the central warehouse. The 

warehouse currently holds 729 SKUs and has 

four full-time employees to perform the 

receiving, storage, picking and shipping 

operations. 

Gu et al. (2007, 2010) mention three mains 

aspects as being the most important in 

warehouse management: 

1. Warehouse design, composed by overall 

structure, department layout, operations 

strategy, equipment selection and sizing 

and dimensioning. The main focus here 

were the operations strategy, namely the 

picking strategy; 

2. Warehouse operations, in which the main 

focus was the order-picking operation ; 

3. Performance evaluation, which was 

executing by comparing the current 

performance of the warehouse with the 

hypothetical performance achieved by 

applying the optimal solution. 

Regarding warehouse operations, like Gu et al. 

(2007) and Rouwenhorst et al. (2000) several 

other authors, such as Lambert et al. (1998) 

and De Koster et al. (2007) also divide 

warehouse operations into four main 

processes: receiving, storage, order picking 

and shipping. 

As said above, picking is the most important 

operation in the scope of this project. Picking or 

order picking consists of collecting the required 

quantities of specific products to meet customer 

orders (Lambert et al., 1998). There are several 

ways to pick products depending on the 

strategy and characteristics of each 

warehouse, such as the level of technology 

available, the number of employees, the 

number and type of SKUs, the number and type 

of orders, among other possible features.  

In what comes to the optimization of order 

picking, the goal is often to minimize the total 

time of operation (Wäscher, 2004). De Koster 

et al. (1999) and Henn et al. (2012) divide the 

total time of collection of an order into 

preparation time, travel time, product search 

time, product collection time, and others. 

Tompkins et al. (2003) present in figure 1, on 

average, the weight of each of the above 

components in the total picking time. 

 
Figure 1 - Relative weight of each component in 

total picking time (adapted from Tompkins et al., 

2003) 

As it can be seen in figure 1, although there are 

several factors contributing to the total picking 

time, the traveling time represent the most 

significant part of the total time. This result 

reinforces the importance of an adequate 

storage of the materials in stock, since the 

location of the SKUs represents a determining 

factor in these travels. Therefore, it is 

imperative that SKUs are stored in locations 

that minimize time waste as much as possible 

(de Koster et al., 1999; Dekker et al., 2004). 

This problem is usually called SLAP – Storage 

Location Allocation Problem. 

After an analysis of the operations and 

processes of the warehouse, as well as its 

layout and physical configuration, it was 

concluded that picking is the operation that 

consumes the most time in the warehouse. The 

objective of this master's dissertation is to 

propose improvements in the storage process 

that allows to reduce the picking times, in order 

to reduce the total time of preparation of each 

order. The problem of locating each SKU in the 

warehouse thus becomes central in order to 

achieve such reductions in picking times. In this 
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dissertation, therefore, the best locations for 

each SKU will be studied, as well as the best 

storage system to use, in order to reduce the 

total time of preparation of each order. 

The most used method to solve the SLAP are 

the exact methods, namely through branch-

and-bound (Winston, 1993; Nemhauser and 

Wolsey, 1999), although there seems to be a 

gap in the literature regarding the solution of 

SLAP in health sector warehouses. 

3 – Used methods 

3.1 – Problem solving methodology 

explanation 

The outcomes of this thesis are grounded on a 

credible methodology. This methodology is 

especially useful in a warehouse like this, which 

is still in expansion and where conditions are 

still changing, because it allows the user to 

achieve new optimal solutions with new data at 

any moment. 

This thesis’ methodology is divided as shown 

below: 

1. Problem modelling 

2. Application to the studied case 

I. Data processing 

 Data collecting 

 Demand and stock forecast 

 SKU segmentation 

 Picking times’ calculation 

II. Result analysis 

 Optimal solution analysis 

 Performance evaluation: current 

case vs. optimal solution 

 Sensitivity analysis 

3. Main conclusions and recommendations 

3.2 – Problem modelling 

It is intended for the model to be as simple as 

possible. The main advantage of formulating a 

very generic model is that it can be used with a 

greater variety of data, which makes sense in 

this specific case since the central warehouse 

of Luz Saude is still in a stage of growth and 

change. In this sense, some assumptions had 

to be made in the formulation of the model in 

order to simplify the problem.  

Model assumptions: 

1. Due to the fact that this model does not 

contemplate temporal instants and 

therefore it is not possible to verify a mass 

balance between demand and stock over 

time, it is necessary to relate the demand 

and the stock through the ratio that will be 

presented in the objective function. 

The fact that the ratio between demand and 

stock of each SKU is included in the 

objective function is also very useful in 

cases where a proportionality between 

these two elements is not verified. For 

example, it could be the case that there is 

an SKU with high stock but with a reduced 

demand. If the objective function 

contemplated only the stock, this SKU 

would be erroneously placed near the 

packing area because of its high stock. 

Thus, the ratio of demand to stock will allow 

SKUs placed in the locations closest to the 

packing area to be the ones which present 

the biggest demand, regardless of their 

stock; 

2. Each storage location can only host one 

SKU, regardless of the number of boxes; 

3. All the itineraries traveled by the employees 

are carried out between a packing area and 

a shelf, i.e there are no routes between two 

different shelves. Thus, the total itinerary 

for the collection of each item consists of 

four routes: the first one begins in the 

desired shelf, where the forklift picks up the 

pallet and transports it to the packing area; 

after arriving at the packing area the 

employee removes the desired box, then 

returns with the pallet to the original shelf. 

Finally, the empty stacker returns to the 

packing area to pick up another box. 

3.3 – Model formulation 

Indexes and sets: 

 s – set of SKUs; 𝑠 ∈ 𝑆 = (𝑠1, 𝑠2, … , 𝑠𝑛) 

 l – set of storage locations; 

 𝑙 ∈ 𝐿 = (𝑙1, 𝑙2, … , 𝑙𝑛) 

 z  – set of packing areas; 𝑧 ∈ 𝑍 =

(𝑧1, 𝑧2, … , 𝑧𝑛) 

Parameters: 

 demands – demand for SKU s 

 stocks – average stock of SKU s 
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 timel,z – time spent between the storage 

location l and the packing area z 

 capacitys,l – number of boxes of SKU s that 

storage location l can hold 

Variables: 

Integer variable 

 Xs,l – number boxes of SKU s stored in 

storage location l 

Binary variable 

 Ys,l – 1 if there are boxes of SKU s stored in 

storage location l; 0 if not 

Continuous variable 

 T – total time spent in picking the whole 

existing demand within a certain period of 

time 

Mathematical formulation: 

Objective function 

𝑀𝑖𝑛 𝑇 =  ∑ ∑ ∑ 4 × 𝑡𝑖𝑚𝑒𝑙,𝑧 × 𝑋𝑠,𝑙

𝑧𝑙𝑠

×
 𝑑𝑒𝑚𝑎𝑛𝑑𝑠

𝑠𝑡𝑜𝑐𝑘𝑠

 

(1) 

Subject to: 

𝑋𝑠,𝑙 ≤ 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦𝑠,𝑙 × 𝑌𝑠,𝑙    ∀𝑠 ∈ 𝑆, 𝑙 ∈ 𝐿 

(2) 

∑ 𝑌𝑠,𝑙 ≤ 1

𝑠

  ∀ 𝑙 ∈ 𝐿 

(3) 

∑ 𝑋𝑠,𝑙

𝑙

= 𝑠𝑡𝑜𝑐𝑘𝑠     ∀𝑠 ∈ 𝑆 

(4) 

The model’s objective function (eq. 1) goal is to 

minimize the time spent by pickers in itineraries 

while picking orders. The equation shows that 

the path must be travelled 4 times for each pick, 

as explained in assumption 3. 

Equation (2) assures that the number of boxes 

of each SKU stored in a certain storage location 

does not exceed the maximum capacity for that 

storage location. 

Equation (3) assures that in there can only be 

one SKU stored in each location, independently 

on the quantity. 

The last equation (4) assures that all stock is 

stored in the warehouse. 

3.2 – Data processing 

As mentioned before, the model was 

formulated with the intention of being as simple 

and comprehensive as possible, and then 

carried out at a later stage a more detailed and 

personalized treatment for the case under 

study. Thus, this segment is where all the 

calculations and treatments necessary to 

achieve the inputs required by the model will be 

performed, after being collected all the needed 

data. 

Demand and average stock forecasts 

This stage of the data processing phase is 

divided into two main steps.  The first one is the 

calculation of forecasts for demand’s evolution 

by the end of 2018, using historical data. This 

segment is divided into: 

I. Analysis of historical demand data in order 

to find possible statistical or seasonal 

phenomena 

II. Choice of the best method of projecting 

future demand. Two forecast methods were 

tested, namely linear regression and 

moving averages. After calculating the 

error for each method, using MAPE’s 

equation presented below (5), it was 

concluded that the method showing the 

least amount of error was the moving 

averages method, using 3 month averages 

𝑇𝑜𝑡𝑎𝑙 𝐸𝑟𝑟𝑜𝑟

= 100 × (
1

𝑛
× ∑ (

𝑟𝑒𝑎𝑙 𝑣𝑎𝑙𝑢𝑒𝑚 − 𝑓𝑜𝑟𝑒𝑐𝑎𝑠𝑡𝑒𝑑 𝑣𝑎𝑙𝑢𝑒𝑚

𝑟𝑒𝑎𝑙 𝑣𝑎𝑙𝑢𝑒𝑚

)

𝑚

) 

(5) 

III. Elaboration of projections based on the 

chosen method. 

The second step is the calculation of average 

stock projections for each SKU. This forecast is 

calculated by applying the growth of each SKU 

(between 2017 and 2018) to the values of 2017 

stock provided by the company, i.e. by applying 

demand’s evolution on stock like demonstrated 

in equation 6 below. 
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2018 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑠𝑡𝑜𝑐𝑘𝑠

= (
∑ 2018 𝑓𝑜𝑟𝑒𝑐𝑎𝑠𝑡𝑒𝑑 𝑑𝑒𝑚𝑎𝑛𝑑𝑚𝑚

∑ 𝑝𝑟𝑜𝑐𝑢𝑟𝑎 𝑟𝑒𝑎𝑙 2017𝑚𝑚

× 𝑠𝑡𝑜𝑐𝑘 𝑚é𝑑𝑖𝑜 2017)
𝑠

 

(6) 

SKU segmentation 

Luz Saude's central warehouse holds now a 

total of 729 SKUs, making it very difficult to 

apply each one individually in the model. 

Therefore, as indicated in previous sub-

chapters, segmentation becomes essential for 

the application of the model as it allows to group 

the SKUs in a small number of different sets, 

with identical characteristics. 

In this sense, the SKUs were segmented in 

order to obtain a total of 9 SKU classes, divided 

according to two characteristics: their demand 

and their size. For modeling purposes, it was 

assumed that there are only 9 SKUs, 

corresponding to the 9 classes described. The 

first segmentation to be made was according to 

the demand, using the method of division ABC. 

It was only later that the second segmentation 

was carried out, dividing each of the 3 groups 

already formed (A, B and C) into 3 new 

subgroups according to the size of the SKUs, 

thus making up the total of 9 classes. The main 

goal of the division according to sizes was to 

calculate how many boxes of each SKU could 

be allocated in each storage location.  

The 9 SKU classes used in the model are 

presented in figure 2.  

Picking times’ calculation 

The purpose of the model performed is to 

minimize the picking times. In this sense one of 

the inputs required to the model is the time 

spent in the course of each of the storage 

locations to each of the two packing areas. 

However the individual measurement of all 

these times would be too exhausting work due 

to the large amount of storage locations in the 

warehouse. Thus, only a few of the times were 

measured, and from this sample the remaining 

times needed for the model was calculated. 

Data assumptions summary 

Throughout the data processing stage, several 

assumptions were made to obtain the final data 

that will serve as input for the model. The 

following list presents the main assumptions 

taken in order to obtain the necessary data for 

the model: 

1. Only 9 SKUs are considered in the 

application of the model, each representing 

a larger number of real SKUs that were 

grouped according to their size and 

demand characteristics; 

2. Each storage location corresponds to a 

complete shelf, that is, it agglomerates the 

2 or 3 storage locations that each shelf has 

in the central warehouse of the Luz Saude. 

Figure 2 - Summary of the 9 SKU classes' characteristics 

Total Demand 
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All stands have only 4 shelves, therefore 

indexing the subdivisions on the lower shelf 

of corridors D and E to the bottom shelf of 

each stand; 

3. It will only be considered one packing area 

and not two as it happens in the real case. 

Since it is only considered one packing 

area, the considered traveling time for the 

new packing area is calculated as the 

average of the times between each of the 

real packing areas and each of the storage 

locations. 

4 – Results and discussion 

4.1 – Problem’s solution analysis 

After collecting the results from the application 

of real data to the model, one can verify that the 

total time of collecting the whole demand of 

2018 was 9489905.8 seconds. 

On the other hand, the main output of the model 

is the determination of the optimal location of 

each SKU in the existing storage locations, as 

well as the quantity allocated in each location. 

However, because of their large size, the table 

containing the optimal SKU location and 

respective capacities are presented in detail in 

Annex VII of this thesis main document. Despite 

that, other analysis were performed to the 

results. Figure 3, presented below, shows one 

of them. 

 

Figure 3 - Average time (s) between the boxes of 
each SKU class and the packing area 

As it can be seen from the figure above, the 

classes with smaller SKUs (S3, S6 and S9) 

were stored closer to the packing area. This 

result is consistent with what was expected: the 

smaller the SKU’s dimension -> the larger the 

number of boxes that can be stored in that 

location -> the greater the number of trips that 

have to be made during the picking process -> 

the more advantage is taken away from the fact 

that this location is near the packing area. For 

this reason it is also noted that, on average, 

category A SKUs are those which are stored at 

a lowest time distance to the packing area, 

followed by category B, then category C. This is 

due to the fact that this category is the one 

where SKUs have greater demand, thus 

requiring a greater number of trips to satisfy it. 

It should also be noted that the average time 

difference between class B and C is very low 

(15,92s in average in category B and 15,94s in 

category C), and there is even a dimension 

class that has a shorter time in category C than 

in B (S8 has an average time shorter than S5). 

This is due to the fact that, although category B 

has a much higher demand, category C has 

substantially smaller dimensions for each class, 

as can be seen in figure 2. 

In summary the storage locations closest to the 

packing zone are usually those that host 

classes of SKUs with higher demand and 

smaller dimensions. Using the same logic, one 

can also verify that SKUs with lower demand 

and larger sizes are stored in warehouse areas 

that are more time consuming to access. 

In terms of vertical levels, one can verify that 

the bottom shelves (level 01) of each stand are 

those in which SKUs take less time to de 

collected during the picking process, so it is 

logical to deduce that the most sought-after 

SKUs should be allocated to the lower shelves, 

which is in agreement with the distribution 

provided by the model. Results show that the 

lower vertical level is the one that hosts more 

boxes, with the total number of boxes hosted 

per vertical level decreasing as the vertical level 

increases. Thus, the fourth vertical level is the 

one that hosts fewer boxes, followed by the 

third, then the second, and finally the first. 

Another relevant result is related to the storage 

of SKUs of different dimensions. Since smaller 

SKUs are the ones with the largest stock, it is 

only natural that many of them are stored on 

lower shelves. According to the solutions, the 

smaller SKU classes (S3, S6 and S9) occupy 

the vast majority of lower shelves, losing share 

as the vertical level increases. 



7 
 

4.2 – Performance evaluation: current case 

vs. optimal solution 

After analyzing the optimal solution provided by 

the formulated model, it is necessary to study 

the level of improvements that the implantation 

of this new solution can bring to the warehouse, 

as far as the performance of the picking 

operation is concerned. Thus, the current 

performance of Luz Saude’s central warehouse 

is evaluated by comparison with the optimal 

solution provided by the developed model. 

In order to obtain the current warehouse 

performance results, a document with the 

current layout of all SKUs’ units in stock at a 

given time was provided by GLSMED TRADE. 

As the stock and display of the units are 

constantly changing (as there is no well-defined 

storage criteria), the document provided does 

not correspond to the current display, but to the 

display at the time of the visit to the warehouse. 

In order to obtain results of the current 

performance that are comparable to those 

obtained by the model, it is necessary to 

assume the same assumptions in both cases. 

Thus, the data provided by GLSMED regarding 

the display of the SKUs in the warehouse also 

required prior treatment. The assumptions are 

as follows: 

1. Since the information provided corresponds 

to a specific moment of the warehouse, it is 

natural that the stock of each SKU at that time 

is different from the average stock projected in 

the data processing stage, which was later 

applied to the model. Thus, first, it is necessary 

to ensure that the average stock of each SKU 

that has been applied in the model is equal to 

the stock that will be evaluated in the present 

case. So, the SKU display provided by 

GLSMED will remain intact, but the stock 

quantities of each SKU at each location will be 

adjusted as shown in the equation below (being 

s each SKU and l each storage location):  

𝑓𝑖𝑛𝑎𝑙 𝑠𝑡𝑜𝑐𝑘 𝑠,𝑙 =
𝑟𝑒𝑎𝑙 𝑠𝑡𝑜𝑐𝑘𝑠,𝑙

𝑟𝑒𝑎𝑙 𝑡𝑜𝑡𝑎𝑙 𝑠𝑡𝑜𝑐𝑘𝑠

× 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑓𝑜𝑟𝑒𝑐𝑎𝑠𝑡𝑒𝑑 𝑠𝑡𝑜𝑐𝑘𝑠 

(7) 

The final stock for each SKU at each 

location to be used in the calculations is 

obtained by the ratio of the actual stock of 

each SKU in each location, provided by 

GLSMED, and the actual total stock in the 

warehouse, also supplied by GLSMED, this 

ratio being then applied to the average 

stock calculated in the data processing. In 

this way it is guaranteed that, for the same 

SKU, the total stock to be used in the 

calculation of the current case is equal to 

the stock that was used in the model, 

varying only the locations where this stock 

is displayed. 

2. Regarding warehouse storage locations, 

the same assumptions were taken as in the 

data processing stage, ie it was assumed 

that each shelf corresponded to one 

location, with all stands having only four 

shelves. It was also assumed that there 

was only one packing area. Thus, it is 

possible to use the same times estimated 

in the data processing stage to calculate 

the current case’s total time. 

3. With regard to the picking process of all 

the demand for 2018, as was done in the 

objective function of the model, it is also 

assumed that the collection of each SKU 

involves 4 trips due to the fact that the 

picker always returns to the packing area 

between each collections. Through the 

current display provided by GLSMED, the 

stock quantity at each location calculated 

above, the total stock and demand values 

for each SKU in 2018 calculated in the data 

processing, and the picking times 

previously calculated and used in the 

model, is it is possible to calculate the total 

time spent in the warehouse movements 

during the picking process throughout the 

year 2018. Taking the same assumptions 

as the model, the total time was calculated 

through equation below (being s each SKU 

and l each storage location): 

∑ ∑ 4 × 𝑡𝑖𝑚𝑒𝑙,𝑧 × 𝑓𝑖𝑛𝑎𝑙 𝑠𝑡𝑜𝑐𝑘 𝑠,𝑙

𝑙𝑠

×
 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑓𝑜𝑟𝑒𝑐𝑎𝑠𝑡𝑒𝑑 𝑑𝑒𝑚𝑎𝑛𝑑𝑠

𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑓𝑜𝑟𝑒𝑐𝑎𝑠𝑡𝑒𝑑 𝑠𝑡𝑜𝑐𝑘 𝑠

 

(8) 



8 
 

The table below summarizes the main results of 

the comparison made: 

Table 1 - Results of the comparison of the optimal 

case with the present case 

 

As can be seen in the table above, after 

calculating the time for collecting all the 

demand one can verify that the final result for 

the current case is 11604809 seconds (3223 h, 

33 mins and 29 secs), which contrasts with 

9489906 seconds (2636 h, 05 mins and 06 

secs) verified in the optimal solution obtained 

through the mathematical programming model. 

Thus, the optimal solution is approximately 22% 

faster than the currently employed solution, 

which demonstrates this warehouse’s potential 

for improvement. 

4.3 – Sensitivity Analysis 

In order to assess how sensitive the previously 

presented results are to changes in SKU’s 

demand, a sensitivity analysis was performed. 

For this purpose the demand for each SKU was 

varied by -20%, -10%, 10% and 20%. 

The figure below shows the total time of 

collecting all demand for the year 2018, 

obtained for each of the variances imposed on 

demand. Through this figure it is also possible 

to visualize in a more comprehensive way the 

evolution of the results achieved. 

 

Figure 4 - Evolution of the results obtained for 

different stocks 

As expected, taking into account the linear 

nature of the objective function, the results of 

applying the new data in the model show that 

the variation of the total picking time as a 

function of the existing demand can be 

approximated to a linear function, although it is 

also visible a slight logarithmic trend, with a 

slowdown in total time as demand increases. 

Since the total time of the current case evolves 

linearly, it can be seen that the improvements 

resulting from the application of the optimal 

solution will always happen regardless of the 

level of demand. 

As for the allocation of each SKU to the 

warehouse locations, there are no significant 

changes in the optimal solution in any of the 

sensitivities studied, since the demand for all 

SKUs is increased in the same proportion. 

5 – Conclusions and recommendations 

The main output of the model is the allocation 

map of each SKU class to each of the 

warehouse shelves. This output is the solution 

to the Storage Location Allocation Problem, the 

main problem that was proposed to solve in this 

dissertation. By analyzing this optimal solution, 

and also analyzing the current case in order to 

make a comparison, it is concluded that the 

optimal display of SKUs presented in this 

dissertation, if correctly applied, will lead the 

company to a reduction of about 22 % in the 

total order picking time for the year 2018. The 

sensitivity analysis carried out also indicates 

that the improvements resulting from solving 

this problem will always occur and will always 

be significant for any level of total demand. 

The purpose of the present work is to optimize 

the picking operation at Luz Saude's central 

warehouse, focusing specifically on the 

reduction of total picking times. Since the time 

spent on the trips is the one that most impacts 

the total time of picking, one can conclude that 

the disposition of the stock by the warehouse 

locations is the main influencing factor of these 

times, being therefore also the main influencing 

factor of the total picking time. It is for this 

reason that this dissertation presents an 

alternative proposal for the allocation of the 

various existing SKUs through the various 

existing warehouse locations, through the 

development and application of a programming 

model that allows to determine the optimal 

solution for these locations. However, although 

the optimum disposal of SKUs by the 

Current Case 11604809 s

Optimal Case 9489906 s

Total Time Savings 2114903 s

Featured Improvement 22%
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warehouse is the main recommendation, there 

are also a number of other measures that must 

be implemented or maintained in order to 

minimize the total time for this operation. 

It is also important to note that all the 

recommendations made in this subchapter are 

compatible with each other, and some of them 

may even draw beneficial synergies from their 

mutual application. 

Recommendation 1 

The application of the optimal display of the 

existing stock by the warehouse is the main 

recommendation within the scope of this thesis. 

However, it should be borne in mind that, as 

mentioned earlier, the warehouse is constantly 

changing, both in the demand and in the 

quantity of stock at any given moment (which 

varies several times on the same day), or in 

what concerns structural changes such as the 

inclusion of new SKUs in the warehouse or new 

storage locations (which happens less 

frequently). Therefore, the recommendation is 

not just for the literal application of the optimal 

solution presented, but for the application of the 

methodology proposed in this dissertation to 

obtain this solution. This methodology consists 

not only in the use of the mathematical 

programming model developed, but also in the 

use of the data processing presented in this 

dissertation. 

Recommendation 2 

There are also some measures that can be 

taken or maintained that will allow an even 

greater reduction of the picking times, although 

they are not contemplated in the optimization 

model proposed in the present dissertation. 

One of the particularities that GLSMED already 

applies in its picking operation is that, when 

picking up each order, the picker moves on foot 

and makes a full round where he picks and 

places in the aisles only SKUs located at 

ground level. When finished, he returns to the 

beginning and collects with a forklift the SKUs 

that were previously put in the aisle and also 

those that are located in the upper levels. This 

allows them to avoid wasting time by allowing 

the picker to start collecting one order on foot 

while another picker is still using the forklift to 

complete the previous order. As earlier noted, 

the proposed optimal SKU allocation solution 

determines that the lower level is composed 

mostly by the smaller SKUs, which will further 

assist in decreasing the overall time. This is 

because, after the first on-foot picking round, 

just an empty pallet and a forklift will be enough 

to collect all (or nearly all) SKUs that have been 

previously placed on the aisles. Thus, it is 

recommended that this measure is maintained. 

Recommendation 3 

Although only one packing area has been 

assumed when solving the problem, the central 

warehouse has in fact two packing areas. The 

choice of assuming only one packing area was 

essentially due to the fact that the picker does 

not know which packing area minimizes the 

total time of collection, having to choose the 

packing area before start making the collection 

based on the availability of each packing area 

or based on chance. In that sense, it would be 

advisable to enter the values of the travel times 

between each packing area and each storage 

location, as well as the times between each 

storage location, in the Warehouse 

Management System used by the company. 

This way the system could calculate, before the 

picking of each order, which is the optimal 

packing area for that order and therefore 

reduce the time of travel even more. It should 

be noted that because the two packing areas 

are very close to each other, the potential 

improvements resulting from the application of 

this recommendation would be smaller. 

Recommendation 4 

Another recommended measure is the 

separation of SKUs with high stock by different 

zones of the warehouse. The model used 

provides only the optimum location for each of 

the 9 classes of SKUs, so it is up to the 

warehouse staff to decide how to distribute the 

real SKUs that make up each of the 9 classes. 

Thus, by storing units of the same SKU class in 

distant locations, the WMS is more likely to 

minimize the picking route for each order, also 

benefiting from the fact that there are two 

packing zones. 

Recommendation 5 

Finally, it would be advantageous for the 

company to also make a re-evaluation of the 
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average stock required for each SKU based on 

its demand. In fact, during the execution of this 

thesis it was found that, although the vast 

majority of the 729 SKUs have an average 

stock consistent with their demand, there are 

cases of SKUs that have an average stock 

below or above what would be necessary. 

Therefore, this analysis would have to be done 

individually for each SKU, also taking into 

account the fact that since this is a warehouse 

that provides hospitals, there can be no risk of 

stock breaks for some SKUs - a stock break 

could jeopardize the health of several patients, 

and there are not always substitute products to 

circumvent these breakdowns. This measure of 

re-evaluation of the average stocks would lead 

to a better utilization of the storage locations, 

which could also mean a reduction of the total 

times of picking. However, this re-evaluation is 

not part of the scope of this dissertation. 
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