
 Abstract - A mixed integer linear programming (MILP) 
model for production planning in garment industry is 
developed. The model considers capacity and financial 
planning decisions for mixed make-to-order (MTO)/make-
to-stock (MTS) environment when demand exhibits 
predictable fluctuations. In the literature, existing models 
present little focus for capacity distribution between MTO 
and MTS products along with the effect of the cash 
availability on the production decisions. The developed 
model is applied to a real-life case study in Egypt, and the 
sensitivity of the results are analyzed. The model was very 
sensitive to the increases in the fabric prices and 
subcontracting costs while the overall net profits were not 
significantly affected by the changes in the inventory holding 
costs. The amount of MTS production increases with cash 
availability; while partitioning the capacity to 60% and 40% 
for MTO and MTS products respectively proved to be the 
best option and found to have a significant contribution on 
the revenues and in maintaining financial stability. 
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I.  INTRODUCTION 
 

 The readymade garment (RMG) industry is 
considered as one of the very competitive industries in the 
world [1]. Planning for the ready-made garment 
production is a very challenging task, especially for mixed 
MTS/MTO demand types. Seasonality of the demand in 
ready-made garment industry enforces having short-term 
production plans that satisfy the need for eminent 
production decisions. At the same time, managerial 
decisions must be expeditious in response to the 
accelerated market. Manufacturers are always trying to 
meet new fashion trends and therefore the planning 
horizon is often short. There are important decisions that 
have to be taken cautiously as they have direct impact on 
the costs and revenues. Such decisions include the timing 
for production and production quantities to meet due 
dates. 
 Fabric prices constitute a major element of the 
production costs. Rises in the fabric prices have 
drawbacks on the cash flow that may disable smooth 
production to keep up with the upstream orders. The 
shorter the planning, the less risky the management will 
be subjected to the fluctuating fabric prices. This work is 
motivated by the drawbacks in the net profits experienced 
by some of the ready-made garment factories in Egypt 

due to a recent currency floatation. Some factories were 
affected by several and sequential financial strikes, 
resulting from continuous payment delays along with 
pressuring periodical operational costs. All have led to 
unpredictable financial disturbances. The main challenge 
is in the complexity of managing both MTS and MTS 
production types within a short planning horizon with 
limited production and financial resources. 
 Several research papers covered the topic of 
production planning in the apparel industry. Often the 
production planning reported in literature is devoted to 
make-to-stock (MTS) production systems. The decision-
making problems for make-to-order (MTO) production 
systems differ from that of MTS. In MTO, delivery dates 
are crucial, although the demands are uncertain in 
quantities and times; hence, it requires smart detailed 
production plans that enable full control of the production 
inflow and outflow. A decision guidance was provided by 
[2] on when to use made to order or made to stock 
approaches in centralized and decentralized supply chains.  
Production planning of a multi-site hybrid made-to-stock/ 
made-to-order manufacturing firm was addressed in [3]. 
A mathematical model was developed that seeks 
maximizing manufacturing firm's profits.  
 A mixed integer non-linear programming model was 
proposed in [4] that aimed at solving the multi-level 
inventory matching problem. It focused on order planning 
for a hybrid MTO and MTS production planning 
strategies, as applied to the steel production environment.  
A Markov Decision process model was developed in [5] 
in order to examine the advantages of hybrid planning 
approaches for both MTO and MTS. The system 
determines when to manufacture MTO and when to 
produce MTS products, while considering positive lead 
time for MTO products. 
 Two scheduling strategies (first in first out and cyclic 
service) were used in [6] to decide which scheduling 
policy to use for MTO versus MTS products in a single 
facility. The decision for both policies was based on the 
total cost, inventory and order delay cost.  
 A mixed integer linear programming model was 
developed in  [7],to decide order partitioning, and to 
determine order penetration point location for a hybrid 
MTO/MTS delivery strategy. 
 A successful integration method of the combined 
MTO and MTS with a  focus on the food industry was 
proposed in [8], while in [9] the combined MTO/MTS 
situations was tackled by identifying possible analytical 
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decisions for short-term batch-scheduling using heuristics. 
The updated approach was adopted when the researchers 
found the hierarchical frame work suggested in [8] was 
generic and lacked analytical decision aids.  
 A multi-production inventory policy analysis for 
MTO versus MTS was analyzed in [10].The analysis was 
based on a queuing model where the optimality condition 
was based on which product is made-to-order and which 
is to stock. They computed the optimal base-stock level.  
A hybrid approach to decide which item will be made- to-
order and which to stock was presented in  [11], using a 
strategic method strengths and weaknesses, and the 
opportunities and threats (SWOT) analysis and a fuzzy 
analytical hierarchy process (FAHP). Combining both 
methods reached a decision for orders partitioning by 
producing quantitative values for the SWOT factors. 
However, the novel approach did not consider important 
constraints such as the firm’s capacity and due date.  
 Two different scheduling rules for combined MTO 
and MTS manufacturing system were used in [12]. MTS 
policy went under FIFO scheduling whilst MTO was 
considered of low volume and went under priority rule 
policy. Optimum solutions for each system were 
developed analytically and numerically.  
 A robust model for hybrid MTO/MTS multi-product 
firm was developed in [13]. suppliers, processes and 
customers were incorporated in the presented model so as 
to examine their uncertainties, and to validate the 
proposed model by applying it to an industrial case. A 
hierarchal frame work, for production planning for a 
hybrid MTO and MTS production in the textile industry, 
was proposed at the tactical level [14]. 
 The model proposed in this paper is an MILP model 
with the objective of maximizing the achieved net profits 
from subtracting potential cost elements from sales 
revenues.  

The significance of this work comes from the 
importance of engaging financial aspects, such as the cash 
flow, with the production planning of a mixed MTO-MTS 
manufacturing system. Isolating finances from production 
planning is not a practical solution to sustain a business 
nowadays. 
 
 
II. PROBLEM DEFINITION AND PROPOSED MODEL 
 

 A factory which originally depended only on MTO 
production suffered from financial deficits as a result of 
increasing fabric prices. This lead to planning to have 
optimized decisions for a mix of MTO-MTS RMG 
products along with tracking cash availability throughout 
the planning horizon. The objective of this work is to help 
the management team in the factory to gain practical 
insights on the decisions to take based on the costs versus 
the expected revenues for arriving orders (MTO) versus 
planned production (MTS) for a season.  
 The following are the assumptions used in the 
developed mixed integer linear programming (MILP) 
model. 

 Fabrics arrive on time. 
 The cost of other materials/subassemblies 

required for producing the garment (threads, 
buttons, zippers…) are included in the fabric 
cost. 

 MTO are confirmed orders at the beginning of 
the season. 

 Overtime is allowed for MTO and MTS 
production. 

 Initial inventory for material is zero for both 
products in categories. 

 The production capacity is known and fixed. 
 Subcontracting is allowed for MTO products 

only.  
 The planning horizon is 1 season, equivalent to 

12 weeks. 
 Production cost includes labor cost and 

maintenance cost. 
 Once an order is delivered its cash is received. 
 No down-payment for MTO items. 
 Safety stock is not considered for neither MTO 

fabrics nor MTS products. 
 There is no minimum batch size required for 

subcontracted products.   

 In the developed MILP model, we consider a 
planning horizon consisting of a set T of time periods 
(weeks), a set M of MTO products, a set J of MTS 
products and a set F of fabric types. The following is a list 
of the input parameters to the model. 
 

 Inventory holding cost of fabric f during period t 
(EGP/m2/week) 

 Inventory holding cost per unit of MTO product 
m during period t (EGP/unit/week). 

 Inventory holding cost per unit of MTS product 
during period t (EGP/unit/week). 

IFf0 Inventory of fabric f at period t=0 (m2) 
 Inventory of MTS product j at period t=0 
 Regular time production cost per unit of MTO 

product m (EGP/unit) 
 Regular time production cost per unit of MTS 

product j (EGP/unit) 
 Over- time production cost per unit of MTO 

product m (EGP/unit) 
 Over- time production cost per unit of MTS 

product j (EGP/unit) 
 Subcontracting cost for MTO product i during 

time period t (EGP/unit)  
 Amount of fabric  f used to make one unit of 

MTO product m (m2). 
 Amount of fabric f  used to make one unit of 

MTS product j (m2). 
 labor hours required to process one unit of MTO 

product m (hr/unit). 
 labor hours needed to produce one unit of MTS 

product j. (hr/unit) 
Hmax Maximum available regular production hours. 
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G max Maximum allowed overtime production hours. 
wf Warehouse space needed per square meter of 

fabric f  (m2/ m2of fabric) 
Wmax Maximum fabric warehouse capacity for fabrics 

(m2) 
 Storage space requirements per unit of finished 

MTO product m (m2/unit) 
 Storage space requirements per unit of finished 

MTS product j (m2/unit) 
Vmax Maximum storage capacity for MTO and MTS 

final products (m2) 
Dmt Demand based on confirmed orders at the 

beginning of the planning horizon  
Fjt Forecasted demand for MTS product j during 

period t 
 Selling price of one unit of MTO product m 

(EGP/unit) 
 Selling price for one unit of MTS product j 

(EGP/unit) 
rfk Purchase price r of fabric f at level k, where 

k=1,2, indicating the two pricing levels (EGP/ 
m2). 

qf Minimum meters of fabric so that the discount is 
offered/ can purchase from a wholesaler (m2) 

 Minimum batch size for production of MTO 
product m 

 Minimum batch size for production of MTS 
product j  

C0 Initial cash available at the beginning of the 
planning horizon (EGP). 

CT Minimum final cash targeted at the end of the 
planning horizon (EGP). 

L A Large positive number  
 

 
The decision variables are defined as follows. 
 
FQfkt Area of fabric f ordered at price level k during 

period t (m2). 
IFft Area of fabric f kept in inventory by the end of 

period t (m2). 
CHt Cash available by the end of period t (EGP) 

 WIP Inventory level of MTO product m by the 
end of period t  

 WIP Inventory level of MTS product j by the end 
of period t  

 Regular time production quantity of MTO 
product m during period t  

 

 
Regular time production quantity of MTS product 
j during period t  

 overtime production quantity of MTO product m 
during period t  

 overtime production quantity of MTS product j 
during period t 

bft =1 if fabric f is purchased for price level k=2, in 
time period t and = 0 otherwise. 

Smt Subcontracting amount of product m at time 
period t 

 =1; if MTO product m is produced during period 
t, and = 0 otherwise. 

 
 
Accordingly, the developed MILP model is formulated  
as follows. 
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 The objective function (1) aims at maximizing the 
firm’s total profits P which is the net value achieved from 
subtracting potential cost elements from sales revenues. 
Initial fabric inventory is indicated by constraint (2) while 
constraint (3) represents the material balance constraints 
for MTO and MTS products. Initial inventory for MTS 
production is represented by equation (4). Equation (5) 
indicates inventory balance equation for meeting MTS 
forecast. Constraint (6) indicates MTO demand 
satisfaction constraint and that is for products ordered for 
the domestic or foreign market. Equations (7) and (8) are 
for the capacity constraints for regular and overtime 
products respectively. Fabrics storage capacity constraint 
is denoted by equation (9). The storage capacity for MTO 
and MTS final products is illustrated by equation (10). 
Equations (11) and (12) are developed for the quantity 
discount on fabric purchase. where k represents the two 
price levels, k =1 means that no discount is offered for a 
quantity less than qf, as illustrated by equation (13), while 
k=2 means that the amount purchased is greater than qf 

and therefore the discount is offered, equation (14). 
Equation (15) represents the initial cash at the beginning 
of the planning horizon. The cash balance for the first four 
periods of the planning horizon is presented by equation 
(16). Equation (17) indicates the cash balance from period 
5 to the end of the planning horizon, where the MTS sales 
take place with the MTO sales. The final cash at the end 
of the planning horizon should be greater than or equal an 
amount CT, as denoted by equation (18). Equations (19) 
and (20) satisfy the minimum batch production for MTO 
production. MTS minimum batch production is presented 
by equations (21) and (22) is for non-negativity 
constraints. 
 
 
 
 

III. COMPUTATIONAL RESULTS AND ANALYSIS 
 

 The model was executed on the optimization solver 
IBM® ILOG® CPLEX® Optimization Studio V12.8. The 
model was validated and tested using small data instances. 
Then it was extended to include tens of MTO and MTS 
products. The base case was for a capacity distribution of 
70-30% MTO-MTS for a planning horizon is 12 periods. 
The proposed model was applied, using real data, 
obtained from a RMG factory located in Cairo, Egypt. 
According to the factory records from 2012- 2016, there 
are 10 main MTO products and 15 frequent MTS 
products. Time series model was used to forecast the 
demand Fjt. Five main types of fabrics were considered 
with different qf values (30, 40, 100, 100, 50). The factory 
operates 5 days per period, 8 regular hrs and 2 overtime 
hrs a day; resulting in a regular capacity (Hmax) of 260 
hrs/period and an overtime capacity (Gmax) of 
10hrs/period. The fabric storage capacity (Wmax) =40 m2, 
and the storage capacity available for the final product 
(Vmax) = 50 m2. Given the actual data, it was found that the 
historical pattern for the MTO demands falls primarily in 
periods 2, 3,4,6,7 and 12 while MTS was particularly 
desired to be produced in the first quarter of the planning 
horizon. The holding cost for the products ranged from 
0.11 to 0.3 EGP/unit/week, while the fabric holding cost 
ranged from 0.07 to 0.15 EGP/unit/week. Initial cash C0= 
EGP 200,000. 
 Increasing the percent of capacity allocated for MTS, 
showed to have an increasing trend for the net profit as 
represented in Fig. 1. Fig. 2 shows that for all MTS 
percentages, MTS has contributed significantly in the 
cash availability for all periods. However, MTS cannot be 
the only reliable production type as it is highly subjective 
to forecast and enough liquidity that can cover its 
production costs. Fig. 3. Represents the total costs for 
different capacity distribution for MTO-MTS. The least 
costs appeared for the (60-40) MTO-MTS. The inventory 
costs were not that significant, one reason for that would 
be due to the short planning horizon and storage capacity 
availability, while the fabric costs constitute a relatively 
significant portion of the costs for different capacity 
distribution. 
 Fabric price is a substantial parameter of the model. 
Thus measuring its implications on the net profits was 
vital. The profits were very sensitive to the fabric price 
increase as shown in Fig. 4; it showed a decreasing 
pattern for every percent increase in the fabric price. 
 
 

IV. CONCLUSION 
 

 An MILP model for production and inventory 
planning of mixed MTO/MTS system for a readymade 
garment industry, is proposed. The developed model 
showed the successful approach of having an MTS 
production along with the MTO production stream, as a 
new way for overcoming financial drawbacks and the 
repercussions of depending solely on the MTO demands. 
Partitioning the capacity as 60%-40% for MTO-MTS was 
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the best option for a RMG manufacturer, provided there is 
enough liquidity that sustains the production decisions. 
Hence, Cash availability contributed significantly in 
taking the right production decisions. Also, Fabric price 
was a significant factor for the model developed. Future 
research plan may consider adding procurement decisions 
for the fabrics purchased the effect of adding interest rate 
to the cash available and there might be a need for a 
heuristic approach for large instances. 

 
 

REFERENCES 

[1] Z. X. Guo, W. K. Wong, S. Y. S. Leung, J. T. Fan, and S. 
F. Chan, “Mathematical model and genetic optimization 
for the job shop scheduling problem in a mixed- and 
multi-product assembly environment: A case study based 
on the apparel industry,” Comput. Ind. Eng., vol. 50, no. 3, 
pp. 202–219, 2006. 

[2] P. Kaminsky and O. Kaya, “Combined make-to-
order/make-to-stock supply chains,” IIE Trans. (Institute 
Ind. Eng., vol. 41, no. 2, pp. 103–119, 2009. 

[3] H. Rafiei, M. Rabbani, and R. Kokabi, “Multi-site 
production planning in hybrid make-to-stock/make-to-
order production environment,” J. Ind. Eng. Int., vol. 10, 
no. 3, 2014. 

[4] T. Zhang, Q. P. Zheng, Y. Fang, and Y. Zhang, 
“Computers & Industrial Engineering Multi-level 
inventory matching and order planning under the hybrid 
Make-To-Order / Make-To-Stock production environment 
for steel plants via Particle Swarm Optimization q,” 
Comput. Ind. Eng., vol. 87, pp. 238–249, 2015. 

[5] B. Beemsterboer, M. Land, and R. Teunter, “Hybrid 
MTO-MTS production planning: An explorative study,” 
Eur. J. Oper. Res., vol. 248, no. 2, pp. 453–461, 2016. 

[6] Y. Günalay, “Efficient management of production-
inventory system in a multi-item manufacturing facility: 
MTS vs. MTO,” Int. J. Adv. Manuf. Technol., vol. 54, no. 
9–12, pp. 1179–1186, Jun. 2011. 

[7] H. Rafiei and M. Rabbani, “Order partitioning and Order 
Penetration Point location in hybrid Make-To-
Stock/Make-To-Order production contexts,” Comput. Ind. 
Eng., vol. 61, no. 3, pp. 550–560, 2011. 

[8] C. A. Soman, D. Pieter van Donk, and G. Gaalman, 
“Comparison of dynamic scheduling policies for hybrid 
make-to-order and make-to-stock production systems with 
stochastic demand,” Int. J. Prod. Econ., vol. 104, no. 2, 
pp. 441–453, 2006. 

[9] C. A. Soman, D. P. van Donk, and G. J. C. Gaalman, 
“Capacitated planning and scheduling for combined make-
to-order and make-to-stock production in the food 
industry: An illustrative case study,” Int. J. Prod. Econ., 
vol. 108, no. 1–2, pp. 191–199, 2007. 

[10] H. Ohta, T. Hirota, and A. Rahim, “Optimal production-
inventory policy for make-to-order versus make-to-stock 
based on the M/Er/1 queuing model,” Int. J. Adv. Manuf. 
Technol., vol. 33, no. 1–2, pp. 36–41, 2007. 

[11] N. Zaerpour, M. Rabbani, A. H. Gharehgozli, and R. 
Tavakkoli-Moghaddam, “Make-to-order or make-to-stock 
decision by a novel hybrid approach,” Adv. Eng. 
Informatics, vol. 22, no. 2, pp. 186–201, 2008. 

[12] K. H. Youssef, C. Van Delft, and Y. Dallery, “Efficient 
Scheduling Rules in a Combined Make-to-Stock and 
Make-to-Order Manufacturing System,” Ann. Oper. Res., 
vol. 126, pp. 103–134, 2004. 

[13] M. Khakdaman, K. Y. Wong, B. Zohoori, M. K. Tiwari, 
and R. Merkert, “Tactical production planning in a hybrid 
Make-to-Stock-Make-to-Order environment under supply, 
process and demand uncertainties: A robust optimisation 
model,” Int. J. Prod. Res., vol. 53, no. 5, pp. 1358–1386, 
2015. 

[14] K. W. Eltawil. A, “A Hierarchical Production Planning 
Framework for the Textile Industry with Make to Order 
and Make to Stock Considerations.,” in Proceedings of the 
22nd International Conference on Conference on 
Computer- aided Production Engineering. Edinburgh, UK 
., 2011. 

 
Fig. 1. Percent of capacity consumed by MTO-MTS vs. net profits 

and revenues 
 

 
Fig. 2. Cash flow for different MTO-MTS capacity distribution 
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Fig. 3. : MTO-MTS capacity distribution vs. costs 

 
 

 
Fig.  4. Fabric price percentage increase vs. net profits 
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