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Weigh-Dispensing Technology

This article 
presents a 
novel way for 
determining 
the number 
of weigh-
dispense rooms 
required to 
meet the target 
throughput 
by employing 
Formal Concept 
Analysis 
(FCA) and 
Discrete Event 
Simulation (DES) 
techniques.

Determining Minimum Number 
of Weigh Rooms to Meet Target 
Throughput 

by Niranjan Kulkarni

Introduction

As part of tablet manufacturing, the 
weigh-dispense process is the first 
process wherein the required raw ma-
terials are weighed and transferred to 

clean containers to be processed further. These 
weigh-dispense rooms, also referred to as cen-
tral weigh, pharmacy, dispensary, dispensing, 
fractionation, and subdivision, are common to 
pharmaceutical manufacturing plants.1 Studies 
exist detailing design and safety requirements 
for weigh-dispense rooms. From an operations 
perspective, layouts, error reductions during 
weighing, moving from manual to automated 
operations, etc., have been considered. 
 However, the issue of determining the num-
ber of weigh-dispense rooms required to meet 
target throughput has not been addressed. It is 
very important to address this issue, especially 
from an operations perspective when design-
ing new facilities or renovating existing ones, 
as inadequate weigh dispensing can starve 
downstream processes and reduce the overall 
facility throughput. This article provides a 
methodology that can be adapted to decide on 
the weigh-dispense room requirements to meet 
a target throughput. 

 The proposed approach is a two-step process, 
and makes use of Formal Concept Analysis 
(FCA) and Discrete Event Simulation (DES) 
techniques. One of the major reasons for us-
ing FCA as a grouping technique is its unique 
ability to create clusters based on attribute 
sharing rather than attribute distance, which 
is a commonly used method in other clustering 
approaches. DES are then performed to deter-
mine the sufficiency of the preliminary number 
of weigh-dispense rooms to meet the target 
throughput. It should be noted that although 
the proposed methodology is used to determine 
weigh-dispense room requirements, this method 
is applicable for any problem involving grouping 
of attributes and throughput analysis.
  

Overview of 
Formal Concept Analysis 

In order to increase the grouping efficiency, it is 
important to understand the underlying rela-
tion between objects and their attributes. This 
relationship, known as the incidence relation-
ship, is represented in a tabular format and is 
binary in nature. The products can be thought 
of as objects and the relevant raw material they 
use as attributes. “X” in a cell indicates that an 
object has that particular attribute, i.e., a prod-

uct requires a particular 
raw material as seen in 
Table A. The example in 
Table A indicates that 
Product 1 requires Raw 
Materials 1, 2, and 5.
 This object-attribute re-
lationship can be modeled 
using the concept analysis 
technique. According to 
the traditional logic ap-

Objects →
Product 1 Product 2 Product 3

Attributes ↓
raw Material 1 X X

raw Material 2 X X

raw Material 3 X

raw Material 4 X

raw Material 5 X X X

raw Material 6 X

Table A. Product – raw 
material incidence 
relationship.
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proach, a concept includes an extent 
(objects covered by a concept) and in-
tent (attributes covered by a concept). 
Furthermore, concepts can be arranged 
according to their hierarchical relation 
in form of a structured lattice. 
 In order to extract these concepts 
from the original relational dataset, 
Formal Concept Analysis (FCA) is 
employed. Classical FCA focuses on 
binary relations of the objects and 
their attributes representing them in 
the form of a concept lattice. The nodes 
of the lattice are essentially contexts, 
clusters of object(s), and attribute(s). 
The lattice, thus formed, displays all the 
interesting clusters (groups) in the data 
arranged in a hierarchical ordering. 
This feature distinguishes FCA from 
other methods for finding groups in 
data (clustering methods) which are, by 
and large, based on attribute distance 
rather than attribute sharing.2 FCA 
is also a popular tool used for finding 
patterns and dependencies within data 
tables. These patterns in the data are 
referred to as formal concepts.3 The 
mathematics behind extracting formal 
concept is out of scope of this article. It 
is sufficient to say that a formal concept 
is a maximal rectangle in the table. 
Interested readers are encouraged to 
check the article by Ganter and Wille4 
for mathematical and computational 
foundations of FCA.

Discrete Event Simulations
A model is a representation of a system 
or process. A discrete event simulation 
model is a computer representation of 
a system or a process that incorporates 
time and the changes that occur over 
discrete time intervals. The ability to 
model and evaluate stochastic events, 
perform “what-if” analyses, compari-
sons, and analyses are the key rea-
sons for using computer simulation. 
Prediction of system performance, 
identification of system problems 
and their causes are the key results.5 
Furthermore, it is much more cost ef-
fective and significantly less risky to 
make changes to a computer model and 
analyze the performance of the system; 
as opposed to making changes to the 
real world system. 

 The model designed for this pur-
pose should represent the real-world 
scenario as closely as possible. Appro-
priate parameters, such as processing 
or setup times (and their associated 
variability), lead times, planned and 
unplanned downtimes, schedule and 
release patterns, operator/equipment 
requirements, etc., should be collected 
and modeled accordingly. Running 
simulations for the desired length of 
time will help to evaluate the adequacy 
of weigh-dispense rooms. 
 In the event that simulations indi-
cate the number of rooms is adequate, 
there is a possibility that rooms could 
be combined in an attempt to reduce 
the room requirements. This can be 
done by “moving down” the hierarchical 
lattice structure to a more general and 
lower tier concept. On the other hand, 
simulations may reveal that weigh-
dispense process is the bottleneck and 
that throughput cannot be realized 
with the current number of rooms. In 
such instances, it is recommended to 
first look into improving process and 
operational efficiencies (improvement 
opportunities should be explored even 
when simulations show that initial es-
timate of rooms are adequate. This may 
help reduce the room requirements. 
One may argue that we should have 
an improved process to begin with, 
which is perfectly acceptable, and has 
no change on the proposed methodol-
ogy). Any improvement which reduces 
process times and/or variability has a 
positive impact on throughput. Imple-
menting such changes are often less 
expensive than increasing the facility 
square footage. In some cases, adding 
operators (if that is the bottleneck), 
increasing number of hours/shift, or 
increasing number of shifts/day, etc., 
can prove to be more cost effective 
than adding another room. However, 
if the aforementioned options fail to 
meet throughput targets, it becomes 
essential to increase the number of 
weigh-dispense rooms. Under these 
situations, it is recommended that 
the bottleneck room(s) be selected for 
further analysis.
 The number of rooms can be in-
creased by two means, namely, increas-
ing the room capacity or further sub-

 Large degree of variability often 
exists in processes, and the weigh-
dispense process is not an exception. 
Variability in the process may arise 
due to operator dependency, technology, 
raw material quantity to be weighed, 
safety procedures to be followed while 
weighing certain raw materials, and 
cleaning between weighments, to name 
a few. Variability influences cycle times 
of the process, which in turn impacts 
throughput, subsequently influencing 
the required number of weigh rooms. 
Discrete event simulation has proven 
to be a particular useful decision mak-
ing tool when dealing with variability 
inherent to the process.
 There is a growing interest in us-
ing discrete event simulations within 
the pharmaceutical domain to analyze 
different problems including adver-
tisements, promotions and pricing,6 
inventory,7 supply chains, understand-
ing material consumption over time, 
designing staging spaces, etc. Several 
commercially available discrete event 
simulation software programs are 
available. 

Proposed Methodology
The methodology begins by developing 
the incidence relationship between 
objects (product) and attributes (raw 
material). This relationship is a binary 
relationship and indicates which raw 
materials are required to make a given 
product. Using the concept-forming 
operators (not covered in this article), 
all the concepts will be extracted. The 
most general formal concepts will rep-
resent the number of weigh-dispense 
rooms required.
 These general concepts can be 
further grouped based on certain 
constraints such as product/raw ma-
terial segregation, layout constraints, 
requirements for specific equipment, 
etc., using domain (product) knowledge. 
Subject Matter Experts (SMEs) can be 
consulted for this purpose. This step is 
referred to as “Human Intervention/
Intelligence.” Thus, the output obtained 
will provide the initial number of weigh 
rooms. To check whether the number 
of weigh rooms are adequate to realize 
the throughput targets, discrete event 
simulations can be performed. 
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dividing the products that are weighed 
in that room. This is referred to as the 
“split/increase” decision. Increasing ca-
pacity refers to the addition of another 
(similar) room, while splitting refers to 

ments. The proposed methodology is 
shown in Figure 1.

Case Study 
In a real life application, this methodol-
ogy was applied to determine the num-
ber of weigh rooms required to meet the 
target throughput at an OSD facility. 
As per the proposed methodology, it 
is required to develop the incidence 
relationship between products and 
raw materials. The study comprised 
24 product types, consuming almost 
50 different raw materials (in different 
quantities). The incidence relationship 
is shown in Figure 2. The products are 
represented by upper case P (P1 – P24) 
and raw materials (A) are given in the 
first column (A1 – A48).
 Formal concepts were extracted as 
the next step. The hierarchical concept 
lattice shown in Figure 3 is discussed 
in this article; the procedure to derive 
concepts and draw the lattice is not part 
of this article. The lattice nodes are con-
texts – product(s) and raw material(s). 
Higher up a product is placed in the 
lattice, greater is the requirement for 
raw materials; compared to a product 
placed at a lower hierarchy in the same 
cluster, e.g., P24 requires more raw 
material than product P1. The node 
at the top of the lattice (blue colored) 
indicates that none of the products use 
all the raw materials, and the node at 
the bottom of the lattice indicates the 
same thing from the raw material per-
spective. Essentially, these two nodes 
can be represented as {P, Φ} and {Φ, A} 
respectively. The concept lattice helps 
the user visually represent/understand 
clusters obtained, raw materials which 
are unique to certain products, and raw 
materials shared across other product 
clusters.
 Several raw materials are shared 
across different product clusters, as 
seen in the lattice, e.g., raw materi-
als A24 is required to make products 
P10 and P12. A4 is another such raw 
material that is required for products 
P10, P12 (along with A24), and is also 
required for products P1, P13, P17, 
P19, P23, and P24. Consequently, the 
concept involving A4 is considered a 
more “general” concept and is placed 
hierarchically below A24. 

the selection of specific concepts in the 
lattice. Increasing the number of rooms 
is an iterative procedure and will end 
once the number of weigh-dispense 
rooms satisfies the throughput require-

Figure 1. Proposed methodology.
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Figure 3. Hierarchical lattice structure.

 In instances when raw materials 
are shared by two or more products, 

Figure 2. Incidence relationship – products and raw materials.

SMEs have to decide the product clus-
tering that makes the most sense. For 

example, Product P12 could have been 
grouped in the same cluster with P10, 
as both products require raw mate-
rial A24, but P3, P14, and P12 share 
the same granulation equipment. So, 
despite using different raw materials, 
these products were clustered into a 
common weigh room without causing 
unnecessary delays between cam-
paigns. 
 Thus, using FCA and human in-
telligence/intervention, five product 
clusters are formed – highlighted in 
Figure 3. Each cluster represents a 
set of products with their required 
set of raw materials. This is the first 
estimate for (initial) number of weigh 
rooms. According to this estimate, five 
weigh rooms are required:

•	 Weigh-Dispense	Room	#	1	–	Products	
1, 10, 13, 17, 19, 23, 24

•	 Weigh-Dispense	Room	#	2	–	Products	
3, 12, 14

•	 Weigh-Dispense	Room	#	3	–	Products	
8, 11, 20, 21, 22

•	 Weigh-Dispense	Room	#	4	–	Products	
2, 4, 5

•	 Weigh-Dispense	Room	#	5	–	Products	
6, 7, 9, 16, 18

The rearranged incidence relationship 
table which show the aforementioned 
five weigh-dispense rooms and their 
product/raw material dedication is 
depicted in Figure 4. The shared raw 
material rows are repeated in this re-
arranged table, thus, the count of row 
will be more than 48 (initial number 
of raw material rows in the incidence 
relationship table).
 Discrete event simulations were per-
formed as the next step to check if this 
initial estimate for the number of rooms 
could meet the demand requirement. 
Detailed description of the modeling 
exercise is out of scope for this article; 
however, a brief overview of the key 
components of this study is provided:
 
•	 Data	Collection

 - Product and personnel flow 
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observation – to understand the 
flow paths taken by each product 
group and required number of 
operators at every process step.

 - Time/motion studies and data 
from SAP system – in case where 
time (cycle time; setup time; re-
pair time; cleaning or changeover 
time; time required by forklift 
or operators to travel certain 
distance; etc.) is not recorded 
automatically, time and motion 
studies were performed. All other 
time stamps were retrieved from 
the SAP system.

 - Line tours and observations.

•	 Data	 Fitting	 –	 collected	 data	 was	
fitted to appropriate statistical 
distributions in order to capture the 
stochastic nature of the processes.

•	 Model	Building	–	FlexSim,	a	com-
mercially available DES software 
was used for this purpose. A snap-
shot of the model is shown in Figure 
5.

•	 Model	Analysis	–	after	determining	
the warm-up length (required to 
ensure steady state conditions are 
reached), and running the model 
for a predetermined run length, 
the essential performance indicator, 
especially the upstream throughput, 
was recorded.

The simulation results revealed that 
the throughput target was not achieved 
with just five weigh-dispense rooms. 
Significant delays and queue buildup 
was observed in front of weigh-dispense 
room 1 (bottleneck). Simulating for 
scenarios with reduced cycle times, 
reduced variability, increased opera-
tors, increased shift durations, etc., did 
not help meet the target throughput. 
Consequently, room inadequacy was 
determined to be the issue. The model 
showed that even though Products 1, 
10, 13, 17, 19, 23, and 24 share many 
of the same ingredients, two separate 
rooms would be required. It was decided 
to increase the capacity of room 1 by 
adding a second room. The products 

Figure 4. Weigh rooms required per formal concept analysis and human intelligence.

Figure 5. Snapshot of the simulation model.

requiring more raw material – P13, 
P17, and P24 would be weighed and 
dispensed in one room, while the re-
maining products from the original 

product cluster would be weighed and 
dispensed in the other room.
	 Based	 on	 this	 analysis,	 it	 was	
concluded that six (dedicated) weigh 
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“Though the proposed methodology is applied to determine the number of weigh rooms 
required in an OSD facility, this method is equally applicable in cases that require product 

grouping and capacity analysis.”

rooms should be used. The final product 
clusters (rooms) are shown in Figure 
6. These six dedicated weigh rooms 
were:

•	 Weigh-Dispense	Room	#	1	–	Products	
1, 10, 19, 23

•	 Weigh-Dispense	Room	#	2	–	Products	
13, 17, 24

•	 Weigh-Dispense	Room	#	3	–	Products	
3, 12, 14

•	 Weigh-Dispense	Room	#	4	–	Products	
8, 11, 20, 21, 22

•	 Weigh-Dispense	Room	#	5	–	Products	
2, 4, 5

•	 Weigh-Dispense	Room	#	6	–	Products	
6, 7, 9, 16, 18

Conclusions and 
Discussions

In this article, a novel methodology for 
creating room clusters and confirm-
ing their sufficiency to meet a target 
throughput is presented. Clusters are 
formed using Formal Concept Analysis 
– a technique popular in data mining 
and pattern recognition communities. 
FCA forms clusters based on the object-
attribute relationship, as opposed to 

the distance. For smaller datasets, 
the concepts can be extracted without 
using any software. 
 It should be noted that the FCA 
technique clusters only according to the 
binary relationship between the objects 
and their attributes. So other con-
straints, namely, raw material quanti-
ties consumed by a product, technology 
constraints, etc., are not considered. 
Such considerations should be included 
by SMEs while determining the initial 
number of clusters (rooms).
 Once the initial number of rooms is 
obtained, discrete event simulations 
are used to determine adequacy. The 
major indicator of adequacy is the 
ability to meet the target throughput 
within given time frame. If these tar-
gets are not met, the capacity of the 
bottleneck room(s) should be increased 
or it may be required to split the product 
cluster, i.e., choose the next hierarchical 
concept. 
 Though the proposed methodology 
is applied to determine the number of 
weigh rooms required in an OSD facil-
ity, this method is equally applicable 
in cases that require product grouping 
and capacity analysis. Such analysis 
should be undertaken when designing 
new facilities or renovating existing fa-
cilities and designing new or evaluating 
existing processes. Furthermore, this 
method can be employed not only in 
case of designing new facilities, it also 
can be applied to an existing facility to 
account for future product additions. In 
the later case, new product(s) and raw 
materials will be added to the incidence 
relationship table and the process de-
scribed in Figure 1 will be repeated. 
Additionally, the methodology can be 
applied to several other areas, such 
as quality, supply chain, maintenance, 
etc. 

Keywords
•	 Formal	Concept	Analysis	(FCA)

Figure 6. Weigh rooms required per discrete event simulation modeling.
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•	 Discrete	Event	Simulation	(DES)

•	 Product	Grouping

•	 Weigh-Dispense	Rooms

References
1. Phillips, N., “Weighing and Dis-

pensing: Do it Right,” Pharma-
ceutical Manufacturing, http://
www.pharmamanufacturing.com/
articles/2007/099.html?page=print, 
2007.

2.	 Everitt,	B.	S.,	et	al.,	Cluster Analysis, 
Hodder Arnold Publication, 4th ed., 
2001.

3.	 Belohlavek,	 R.,	 Sklenar,	 V.,	 and	
Zacpal, J., “Formal Concept Analysis 
with Hierarchically Ordered At-
tributes,” International Journal of 
General Systems, Vol. 33, No 4, pp. 
383-394, 2004.

4.	 Ganter,	 B.,	 and	 Wille,	 R.,	 Formal 
Concept Analysis, Mathematical 
Foundations, Springer, 1999.

5. Law, A. M., and Kelton, W. D., Simu-
lation Modeling and Analysis, 3rd 
Edition, McGraw-Hill, NY, 2003.

6. Pasdirtz, G. W., “Controlling Direct-
to-Consumer Advertising, Profes-
sional Promotion and the Price of 
Pharmaceutical Drugs,” Proceed-
ings of the 2009 Winter Simulation 
Conference, TX, 2009, pp. 2096-
2106.

7. Vila-Parrish, A. R., Ivy, J. S., and 
King,	 R.	 E.,	 “A	 Simulation-Based	
Approach for Inventory Modeling 
of Perishable Pharmaceuticals,” 
Proceedings of the 2008 Winter 
Simulation Conference, FL, 2008, 
pp. 1532-1538.

About the Author
Niranjan Kulkarni, 
PhD is an industrial 
and systems engineer-
ing graduate from 
Binghamton	Universi-
ty, NY. He is a certified 
Lean	Six	Sigma	Black	
Belt	 and	 is	 currently	

working as Operations Specialist at 
CRB	 Consulting	 Engineers.	 His	 job	
responsibilities include helping cli-
ents operate their facilities smarter 
with lower costs, greater throughputs, 
higher quality, greener facility, and 
other innovative engineering solutions. 
Kulkarni has worked with pharma-
ceutical, chemical, semiconductor/
electronics assembly and packaging, 
manufacturing and financial indus-
tries. He has numerous publications 
and has also co-authored a book chap-
ter. He can be contacted by telephone: 
+1-617-475-3050 or by email: niranjan.
kulkarni@crbusa.com.
	 CRB	 Consulting	 Engineers,	 One	
Kendall	Sq.,	Suite	B2202,	Cambridge,	
Massachusetts 02139, USA.


