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In this article, a manpower allocation and cell loading problem is studied, where demand is
stochastic. The inter-cell and intra-cell movements are considered and attention is focused on
assigning operators with different skill levels to operations, because cell performance in addition
to load cell is dependent on manpower. The purpose of this article is manpower allocation in
cellular manufacturing with consideration to learning and training policies. The manpower skill
levels are determined in order to enhance production rate. The main contribution of this ap-
proach is the scenarios of training and learning in addition to the combination of training and
learning being simulated. By using these three scenarios, the skill level of workers increase
which reduces the processing time. In this regard cell layout is static where processing times
and customer demand follow a normal distribution. As one of the significant costs of industrial
unit is related to production cost, this study has attempted to reduce these costs by increasing
the skill level of operator which causes to reduce the processing time. Scenarios are evaluated
by using a simulation method that finally attained results indicate this simulation provides better
manpower assignments.

© 2017 Growing Science Ltd. All rights reserved.

1. Introduction

Cellular manufacturing (CM) is a new method for establishing industrial units and it has attracted some
attention during the recent decades. CM developed as an impressive response to the increasing product
diversity as a result of rapidly changing customer desire and global competition (Egilmez et al., 2014).
Cellular manufacturing derived from group technology (GT). GT is focused on the principle of group-
ing parts into families based on similarities in design or manufacturing (Balakrishnan & Cheng, 2007).
In cellular manufacturing systems products are classified based on physical similarity or process simi-
larity to smaller units called cells. Lower work-in-process inventory, lead times, waiting times and
queue sizes for a diversity of products with low to medium volume of yearly demand has been perceived
as the most effective layout in cellular manufacturing (Wemmerlov & Johnson, 1997). CMS has some
cons. Machine utilization may be lower because of dedication (Balakrishnan & Cheng, 2007). The need
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to focus on both technical issues and human issues is significant for the effective implementation of
cellular manufacturing (Norman et al., 2002); because ignoring human issues can decrease cell manu-
facturing advantages noticeably (Bidanda et al., 2005). Manufacturing cells are separated into machine-
intensive cells and labor-intensive cells. Operator participation is restricted in machine-intensive cells
as most of the processing is completed by automated machines. The operator’s role is limited to loading
and unloading the machines. In labor-intensive cells, operators play a main role in the performance of
the cell and affects the output of the cell (Stier & Tummaluri, 2008). Skill levels of the workers progress
through learning or training. Operator skill level increases when he works on a single operation unin-
terruptedly for a definite amount of time. The progress or decline in skill levels rely on the operators’
current skill levels (Tompkins et al., 1996; Siier & Tummaluri, 2008). In addition to the allocation of
operators, inter-cell movement and intra-cell movement are considered in this research. Inter-cell
movement refers to the transfer of operators between cells, whereas intra-cell movement relates to op-
erator transfers between machines within a cell (Cesani & Steudel, 2005). In this study, the cell for-
mation problem has been considered under static conditions and a fixed layout in which the problem
data of cells is constant for a single time period. The majority of studies examine the deterministic cell
manufacturing system design, where the manpower allocation problem is addressed, and operation
times and customer demand are uncertain. Finally, to increase operator performance three scenarios of:
training (training courses increase the skill level of the workers and this in turn requires a certain cost
and time), learning (the skill level of workers gradually increases with the passing of time), and hybrid
(combination of training and learning) are examined. Consequently, the problem can be summarized:

1) Determine the optimal cell layout
2) Assign products to cells (cell loading)
3) Determine operator assignments to operations for each product

Simulation of the three scenarios of training, learning and hybrid (combination of training and learn-
ing)

2. Literature review

Due to changes in demand for low cost, manufacturing systems must now respond at a quicker pace.
Cell manufacturing is one of the solutions used in manufacturing enterprises to attain high productivity
in an unsteady environment (Car & Mikac, 2006). Reduction work in processing inventories costs,
setup times and improvement of manpower relations and operator skill are proses of cellular manufac-
turing (Reene & Sadowski, 1984). In the literature, cell loading has been considered extensively.
Greene and Sadowski (1983) examined the variables influencing cellular manufacturing system where
cell loading compromised the cell control function. Cell formation (CF) can conduct cell layout, and is
the earliest problem of facility layout (Al- Mubarak et al. 2003). Chang, et al. (2009), Ahi, et al. (2009)
and Mahdavia et al. (2008) considered the formation of family and equipment units, and offered inte-
grated arithmetic of cell formation and cellular layout concurrently under various objectives. One of
the fundamental focuses in CM is the consideration of human issues since disregarding this factor can
extensively decrease profits of the cellular manufacturing (Mahdavi et al., 2010). Norman et al. (2002)
proposed a mixed-integer programming model for allocating laborers to manufacturing cells with a
specific aim to increase the benefit. Bidanda et al. (2005) presented assessment of the different scope
of human issues included in CM. The model permits various diverse staffing choices (i.e., hiring and
firing) due to minimize workforce-related and production costs (Wirojanagud et al., 2007). An avari-
cious heuristic approach methodology focused around individual learning rate for the enhancement of
productivity in through focused on labor allocation was described by Nembhard, (2001). Wirojanagud
et al. (2007) presented a workforce arranging model that includes individual laborer differences in abil-
ity to learn new skills and perform assignments. Different analysts have analyzed the effect and profit
of training. Askin and Huang (1997) propose integer programming for allocating laborers in cells due
to define a training program for workers. Hedge et al. (1994) recommend that the selection and training
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processes be connected within an organization and affirm that growing the skill levels of workers by
training them creates the same impact as increasing the total skill levels of the work force through
hiring. Training is performed to raise and/or maintain the essential skill in these laborers and as a result,
enhance the possibility of job success and greater productivity. Huq, (1992) showed that the sort and
scope of training required regularly relies on the nature of the production process, the size of the plant,
and the prior methods of production. In the studies discussed, CMS layout and labor allocation are
addressed but the impact on training and learning approaches to production costs, including inter-cell
cost and intra-cell cost are not explained.
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3. Problem description

This study works with labor-intensive manufacturing cells. The machines and equipment are small and
inexpensive in labor-intensive manufacturing cells. Operation time and customer demand are assumed
to follow a normal distribution (Egilmez et al., 2014) because most real-world data are normally dis-
tributed by nature or have the ability to transform into a normal distribution and the majority of func-
tions can be converted to a normal distribution (Javadi et al., 2013). Firstly, an implementation of cell
manufacturing is explained. Then, the optimal layout is determined by considering the cycle time. The
initial skill levels of operators are determined and according to the needs of each operation, the operator
is assigned. Time and cost of courses in the training policy is elected and the policy is then implemented
and the total cost of cellular manufacturing system, which includes the cost of production , inter-cell a
cost , intra-cell cost and training cost, is evaluated. The skill level of each operator who participates in
the training course increases and this in turn leads to a gradual reduction in the processing. Similarly,
the steps mentioned in the training policy will be implemented in the learning policy. Finally, the hybrid
scenario (combination of training and learning) is simulated and the costs of the three scenarios are
compared with each other in order to choose the most effective scenario.

3.1. Design of cellular manufacturing system: a case study

In this project, the case study is a medium scale labor-intensive lamp manufacturing industry. The plant
consists of 13 machines, and each machine performs a special type of operation (Chan & Abhary,
1996). To increase the scale of the problem defined in order to better see the impact of three scenarios
described, the number of products in the industry has shifted from one product to two products and the
processing time has been changed from a uniform distribution to a normal distribution. Full plant ca-
pacity is designed for producing two lamps with 19 loading and unloading workers. Machine (M1)
performs two different operations with one type of raw material, and produces the shells. Machines
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(M2_1), (M2 _1) perform cutting operation and produces two different tubes (10mm and 3mm diame-
ter) and the exhaust. The remainder of the machines performs simple assembly operations, so the ser-
vice module is used for all the machines. Operation and products flow is shown in Fig. 1.

Fig. 1. Operation and products flow chart
3.2. Optimal cellular manufacturing system

In this study processing time follows a normal distribution. Processing time for each operation is de-
fined by its own mean and standard deviation. The standard deviations of processing time are assumed
as the 10% of the means (Egilmez et al., 2012) because detailed information from the standard deviation
is not available. The production data necessary for the system, that is as shown in Table 2, is the number
of workers to perform various tasks and operation data.

Table 2
Production data
Machines Processing time(minute)
(operations) Number of workers Mean Standard Deviation
Moulding (M1) 1 0.58 0.058
Cutting(M2_1) 1 0.15 0.015
Cutting (M2 2) 1 0.15 0.015
Flaring (M3) 1 0.48 0.048
Stemming (M4) 4 0.46 0.046
Supporting wire mounting (M5) 1 0.44 0.044
Filament mounting (M6) 1 0.50 0.050
Sealing (M7) 3 0.54 0.054
Vacuuming (M8) 1 0.42 0.042
Ageing (M9) 1 0.60 0.060
Capping (M10) 1 0.59 0.059
Soldering (M11) 2 0.47 0.047
Packing (M12) 1 1.60 0.16

If the cycle time and the number of cells is not clear, in this case it is assumed that the cycle time is
equal to the maximum time of and design (Tomkins et al., 1996). This approach is used for determining
the optimal number of cells. Due to the uncertain nature of the processing time and following a normal
distribution, pu+3o are calculated for each operation. The cycle time is equal to the maximum p+3c and
the optimal number of cells in this cellular manufacturing system will be determined based on the cycle
time. These calculations are shown in Table 3.
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Table 3
The result of cycle time calculations
Machines put+3c Machines pu+3c
1 0.754 7 0.702
21 0.195 8 0.564
22 0.195 9 0.78
3 0.624 10 0.767
4 0.598 11 0.611
5 0.572 12 2.08
6 0.65

After determining the optimal number of cells, according to the diagram production, the machines are
allocated to the corresponding cell. The results of the allocation of the machines are given in table 4
and optimal layout diagram in Fig. 2 is shown.

Table 4
Optimal CMF
cells Machines
1 M1,M2-1,M2-2,M3
2 M4,M5,M6
3 M7,M8,M9
4 M10,M11
5 MI12
Celll Cell2
Cell4 Cell3
Cell5

Fig. 2. Optimal layout diagram

The system produces two lamps, and each of them has its own demand. Due to the different needs of
customers, the demand for these lamps is stochastic and follows a normal distribution. The demand
data necessary for the system is shown in Tables 5.

Table 5
Demand data
Productions Demand —
Mean Standard Deviation
Lamp 1 (10mm tube) 87500 1000
Lamp 2 (3mm tube) 86500 900

In this study, four skill levels are planned for operators. For instance the skill level of the operator can
increase from skill level one to skill level two through two policies learning and training and enhance
the performance of their cells. Inter-cell and intra-cell movements are considered in this article. The
distances between and within cells are calculated by using Euclidean distance. The cost of transporting
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per unit is determined. To calculate the intra-cell cost and inter-cell cost, these distances must be mul-
tiplied by the cost of inter-cell flow and intra-cell flow. (The necessary information for calculating
inter-cell cost and intra cell cost is shown in appendix A). In this study three scenarios have been in-
vestigated: First learning, second training, and third a combination of the two methods of training and
learning. Necessary data for the three policies are shown in the Tables 6 and Table 7.

Table 6
Necessary Data for training courses
skill levels Cost of training course($) Time of training course(day)
1-2 10000 10
2-3 14000 15
3-4 20000 20
Table 7
Necessary Data for learning
skill levels Time of learning
1-2 30
2-3 20
3-4 15

3.3. Assumptions

Family arrangements of parts can be based on design-orientation (Safaei et al., 2008) or can be based
on production-orientation (Balakrishnan & Cheng, 2007). Layout cells are divided into the two catego-
ries of discrete and continuous. In discrete mode, cells are arranged in blocks that have the same area
and size that are pre-specified and in continuous mode, the dimensions of the cells depends on the size
and type of machines in each cell (Javadi et al. 2013).

® [n this project family arrangement of parts is based on production-orientation and the layout cells
are considered to be discrete.

® Routing flexibility, which means that each operation can be done on one or more machine type with
different times (Rafiei & Koushan, 2012), is not allowed because it makes the complexity of the
simulation.
Manufacturing cells can be defined as either machine-intensive or labor-intensive. In machine-inten-
sive cells, the operator involvement is limited and the operation is mostly influenced by the machine
performance. In labor- intensive manufacturing cells, operations are mainly carried out by the operators
and the processing time of an operation can vary significantly from one unit of the job to the next unit
depending on the operator and even for the same operator (Eglimez et al., 2012) .The labor and skill
level of workers have an effect on labor-intensive cells, which in turn affects the production rate
(Eglimez et al., 2014).

® The main focus of this project is the issue of the allocation of manpower and operators play a major
role, while labor-intensive cells have been investigated.

® FEach operator works 8 hours a day.
4. Methodology and results

The proposed methodology consists of simulation CFM and defining the three scenarios to improve
cell performance. The simulation software that is used in this study is AnyLogic because it has many
useful features. AnyLogic is the market leader in simulation and modeling technology due to its flexi-
bility and distinctive multi-method modeling capabilities. From supply chain and logistics to manufac-
turing and market analysis, all business areas are utilizing AnyLogic simulation software for better
decision making throughout the entire business lifecycle. Three major methodologies used to build
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dynamic business simulation models: System Dynamics (SD), Process-centric (“Discrete Event”, DE)
modeling, and Agent Based modeling (AB); and AnyLogic is able to simulate all of these methodolo-
gies. Another feature of this software is that it can be used directly in Java code.

The proposed simulation consists of three phases:

1-Cell formation and cell loading
2-Manpower allocation
3- Implementation of the three scenarios of training, learning and hybrid.

4.1. Phase 1: Cell formation and cell loading

With respect to the optimal number of cells and the sequence of operations, the scope of each cell is
determined by the software. Then, each cell can be loaded according to the requirements. The following
sections will describe cell loading in detail. In cell 1 according to operation and products flow chart
diagram machine 1, machine 2 1, machine 2 2 and machine 3 exist. Since each machine performs a
specific operation, the service module is used to illustrate the operation. The raw materials enter the
cell and after passing out of machine 1, are separated by the type of tube. To illustrate the separation of
raw materials the select output modules is used. After cutting operations, other operations are similar
for two lamps. Queue and hold modules are used to control the rate of entry of each product and act as
a warehouse.

M21 batch queuel2 hold13 K1
queve M quesel sekcOupt MO ) ) Mi12 selectOutputl e r_‘D;UJi:lr_‘ r_‘D o - -
sg}m@—ag]]]ﬁ@_;:@_@?ﬁgmg]ﬂﬁw4< ]?@ ' EJ == @ _ba‘g‘l‘_‘ e j\o[d; N sm®k2
C ]%95_ o B lo-s—a I = o= =X
operators_S
— —_—
Fig. 3. Layout designed for cell 1 Fig. 4. Layout designed for cell 5

Due to the long processing time of operation 12, only machine 12 exists in cell 5 and this operation is
the bottleneck. Then, depending on the type of lamp production and product labeling, lamps exit the
system in batches of 100.

4.2. Phase 2: Manpower allocation

Firstly, initial manpower skill levels for these five cells are determined. Then an operator is allocated
according to the needs of each cell. The source module is used to indicate manpower allocation in
batches of 100 lamps that exit from the system.

Table 8

Initial skill of operators
Cells 1 2 3 4 5
Skill level 1 2 2 2 3

4.3. Phase 3: Implementation three scenarios training, learning and hybrid

To enhance worker performance, the three scenarios of learning (the skill level of the worker gradually
increases with the passing of time), training (training courses increase the skill level of the workers and
this in turn requires certain cost and time) and hybrid (combination of training and learning) are exam-
ined. In learning mode, when an operator works on a single operation continuously for a certain amount
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of time, his skill level improves. Similarly, his skill level decreases when he doesn’t perform an oper-
ation for a number of weeks (Siier & Tummaluri, 2008). In the learning scenario, the mean of pro-
cessing time gradually decreases. In other words, this decline can be attributed to a downward curve.
To simulate the learning policy, the decision variable that determines the type of policy in addition to
the parameters of time associated with learning must be defined. If the code is written in the AnyLogic
software, the decision variable (policy) is equal to 1, and the learning scenario will be occurring. The
results of training scenario are shown in Table 9.

Table 9
The results of learning scenario

Policy=1 (learning)

Inter-cell cost 1108984.75

Average cost of 4 runs Intra-ce;ll cost 2987228.25
Production cost 3235617.262

Total cost 7,341,830.26

In training mode, firstly the skill levels are defined and in order to increase the skill level to a higher
level, a different cost and time are required (Norman et al. 2002). Training can reduce the mean of
processing time at the end of the training course. For example, if the mean of processing time is 2
minutes, by increasing the skill level of the operator in the training course it will be reduced to 1.75
minutes, and this reduction occurs at the end of a training course. To simulate the training policy, the
decision variable that determines the type of policy and the parameters of the cost and time associated
with training courses need to be defined. If the code is written in the AnyLogic software, the decision
variable (policy) is equal to 2, and the training scenario will be occurring. The results of training sce-
nario are shown in Table 10.

Table 10
The results of training scenario

Policy=2 (training)

Training cost 166000
Inter-cell cost 1089490.75

Average of cost of 4 runs Intra-cell cost 2972045
Production cost 3262743.02
Total cost 7490278.771

In hybrid mode, a combination of the two methods of training and learning is used in order to achieve
better performance for the cell. In the hybrid policy, 5 binary decision variables (Celll hybrid 23,
Celll _hybrid 34, Cell2 hybrid 34, Cell3 hybrid 34 and Cell5 hybrid 34) exist. If the code is written
in the AnyLogic software, the decision variable (policy) is equal to 3, and the hybrid scenario will be
occurring. The decision in the hybrid scenario by the decision variables is as follows:

Skill level from in-
Celll_hybrid 23 If Celll_hybrid=— (1) g o g féiﬁ
Celll_hybrid 23 If Celll_hybrid=— (1) g t0 j gi};
Celll_hybrid 23 If Celll_hybrid— (1) ; o j g‘;ﬁ
Celll_hybrid 23 If Celll_hybrid— (1) g ° j fgglrlrll
Celll_hybrid 23 If Celll_hybrid— (1) g t° j fgglrlrll

Timetable for the implementation of the hybrid scenario is as follows:
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Table 11
Timetable of hybrid policy
Policy=3 (hybrid) Done in 30 minutes  Done in 50 minutest  Done in 65 minutes
. . 1-2 2-3 3-4
Increase skill level in Celll 2.3 3.4
Increase skill level Cell2 g:i -
Increase skill level Cell3 g:i sl
Increase skill level Cell4 3-4
2-3 3-4

In hybrid mode, there are 32 choices because 5 binary variable decisions with 2 modes exist and each
choice runs four times due to the stochastic processing time. Five of the best results obtained after
128 runs are shown in Table 12.

Table 12
Result of hybrid scenario
Cell5(3-4) 0 0 0 1 1
Cell3(3-4) 0 0 0 0 1
Cell2(3-4) 1 1 0 0 1
Celll1(3-4) 1 0 1 0 1
Celll1(2-3) 0 0 1 1 1
rank 1 2 3 4 5

Average of Total cost 7324088.151 7324386.255 7329888.436 7333322.192 7342266.801

By evaluating the results of the three scenarios, the hybrid scenario has a better performance and the
reduced cost is greater. The results show that if skill level is increased from level 2 to level 3 by learning
and from level 3 to 4 by training in cell 1 and from level 3 to 4 by training in cell 2 and from level 3 to
4 by learning in cell 5, the lowest cost will be produced. An important point is that operators in their
initial skill level will need 90 day to satisfy customer demand. With the implementation of the three
scenarios, the number of working days reduced from 90 days to 75 days to meet the demand. It is also
observed with the use of the three scenarios, inter-cell cost and intra-cell cost have significantly re-
duced. The results of the simulation of CMS without any policies are shown in Table 13.

Table 13
Result of simulation of CMS without any policy
No Policy
Inter-cell cost 1255298.75
Average of cost of 4 runs Intra—c§ll cost 3160052.25
Production cost 3848473.2
Total cost 7,058,044 .31

5. Conclusion and future research

In this research, manpower allocation in cellular manufacturing system has been investigated. In order
to show the effects of the skill levels of the operator in the CMS performance, two approaches have
been simulated. The first approach consists of two phases; cell formation and cellular layout problems
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are simulated simultaneously. Then, by considering operation and the product’s flow chart, the cells
are loaded. In the second approach, manpower allocation is simulated. The appropriate allocation of
operators in terms of skill levels and needs of each operation have been presented. Then, the three
scenarios of learning, training and hybrid are simulated in order to increase the skill level of the worker.
The obtained results show that considering manpower allocation in CMS can affect both cell perfor-
mance and cell costs. With the implementation of these three scenarios, the number of working days to
meet the demand has increased. With enhancing the skill level of the operator, costs of inter-cell and
intra-cell as well as the processing time are reduced. For example in this system, the lowest cost can be
achieved when the skill level is increased from level 2 to level 3 by learning and from level 3 to 4 by
training in cell 1 and from level 3 to 4 by training in cell 2 and from level 3 to 4 by learning in cell
5.Lastly, in future work, more experimentation with more skill levels, more operators and more opera-
tions can be simulated in order to see the effect in various scenarios better. To enhance the operators’
skills, the implementation of encouraging policies (increasing salary) as well as punishment policies
(decreasing salary) can increase the incentive for operators to provide better performance. In order to
have better performance and reduced workdays, one can identify the bottleneck and allocate skilled
workers who have finished his duties to that operation.
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Appendix A: Inter-cell cost and Intra-cell cost
Necessary information to calculate the intra-cell costs is shown from Table A.1 to Table A.4

Table A.1.
The distance between machines in cell 1(meter)
Celll Ml M
Ml
M2 1
M2 2
M3

[\

1 M

\S)
N
=<
W

|V, \O B \S i)
W= O N
wo»—l\)l
S W W W

Table A.2.
The distance between machines in cell 2(meter)

Cell2 M4 M5 M6

M4

M5

M6

B N O
N O N
SN B
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Table A.3.
The distance between machines in cell 3(meter)

Cell3 M7 M8 M9
M7 0 3 4
M8 3 0 1
M9 4 1 0
Table A 4.
The distance between machines in cell 4(meter)
Cell4 M10 Ml11
M10 2
Ml11 2 0

Necessary Information to calculate the inter-cell costs is shown in Table A.S

Table A.5.
The distance between cells (meter)
Celll Cell2 Cell3 Cell4 Cell5

Celll 0 1 2 4 5
Cell2 1 0 1 3 4
Cell3 2 1 0 2 3
Cell4 4 3 2 0 1
Cell5 5 4 3 1 0

The intra-cell flow cost and inter-cell flow cost are shown from Table A.6 to Table A.10

Table A.6.
Inter-cell flow cost

$ Celll Cell2 Cell3 Cell4 Cell5

Celll 0 3 5 7
Cell2
Cell3
Cell4
Cell5

S N

5
4
0
4

0 N WD W
AN L WO
Dn O W

Table A.7.
Intra-cell 1 flow cost

Celll

<

M1

M2 1

M2 2
M3

wwwoz
N O — NN
Ol\)l\)wz

Table A.8.
Intra-cell 2 flow cost

Cell2 M4 M5 M6

M4
M5
M6

w — O
N O =
S N W
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Table A.9.
Intra-cell 3 flow cost

Cell3 M7 M8 M
M7 0 2 3
M8 2 0 1
M9 3 1 0
Table A.10.
Intra-cell 4 flow cost
Cell4 M10
M10 0 2
M11 2

Appendix B: Production cost
Necessary data for production cost is shown from Table B.1. to Table B.2

Table B.1.
Production cost for each lamp

machines Cost of production($)

Ml
M2 1
M2 1
M3
M4
M5
M6
M7
M8
M9
M10
M11
MI12

DWWk, WSOUESB~W

Table B.2.
Cost of production

machines Cost of production($)

Ml
M2 1
M2 1
M3
M4
M5
M6
M7
M8
M9
M10
M11
MI12

N WWhkh N, WA WA SAW
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Appendix C: Layout designed

In cell 2 according to operation and products flow chart diagram machine 4, machine 5, and machine
6 are excited. In this cell stemming and supporting wire mounting and filament mounting are per-
formed.

queue3 M4 queued holdS M5 queue5 M6
hold4 hold6

—EE]H]EH+H9]%D-HEI[HEH+B—@%%~}HE]ﬂﬁH+H%%~}@—

A

ratofs_2

| S—

Fig. C.1. Layout designed for cell 2
On both lamps in cell 3 sealing, vacuuming and ageing operations are done. By putting the queue before

the machine can be prevented from entering addition product after passing the specified volume of each
lamp.

queueb M7 queue? queued M9
hold7 hold8 hold®

]]]}EH—O-HD%—HEI[[EH—O—H :&D—HDDDEIE—E—O-H DﬁD—E—

ratoys_3

Fig. C.2. Layout designed for cell 3

In cell 4 according to operation and products flow chart diagram machine 10 and machine 11 are ex-
cited.

queueS M10 queuel0 M11 queuell
hold10 hold11 hold12

—@EDJ}QH+H9J%D—HE]]DEH+H%%D—HE]]]}QE—@+@—

eratprs_4

Fig. C.3. Layout designed for cell 4

© 2017 by the authors; licensee Growing Science, Canada. This is an open access ar-
@ ticle distributed under the terms and conditions of the Creative Commons Attribution

(CC-BY) license (http://creativecommons.org/licenses/by/4.0/).





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


