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Abstract

This paper presents an Integer Linear Programming model for a multi-pro-
duct lot-sizing problem. The problem considers demands, inventory poli-
ªıØ±╇やÆ̶ªø©°ŁØ°やª©±²±や̶ -Łや²æØや±Ø̶°ªæや©Œや̶ -やØUªıØ-²や³±Øや©Œや°Ø±©³°ªØ±や〉ß̶ªæı-Ø±や
and workers). The real-world case used to illustrate the model is from a Co-
lombian company, which produces raw material for the bakery industry. 
The short term planning for the company under study is critical, because 
²æØ°Øや ı±や ̶やß³œ²ıま¬°©Ł³ª²や Ø-µı°©-ßØ-²や¹æı²や ±æ̶°ØŁや °Ø±©³°ªØ±や Æ½や ŁıTØ°Ø-²や
¬°©Ł³ª²±や̶-Łや¬°©ªØ±±Ø±╆や5æØやª©ß¬³²̶²ı©-̶œやØ¼¬Ø°ıßØ-²±や±æ©¹や²æØやØTØª²ıµØ-
ness of the proposed model.

Resumen

Este artículo presenta un modelo de programación entera para un problema de ta-
maño de lote con múltiples productos. El problema considera demandas, políticas de 
ı-µØ-²̶°ı©╇やª©±²©±やŁØや¬ØŁıŁ©や½やœ̶やÆ1±®³ØŁ̶やŁØœや³±©やØRªıØ-²ØやŁØや°Øª³°±©±や〉ßÀ®³ı-̶±や½や
trabajadores). El caso real que se utilizó para ilustrar el modelo es de una compañía 
colombiana, la cual produce materias primas para la industria de la panadería. La 
planeación a corto plazo para la compañía bajo estudio es crítica, debido a que existe 
un ambiente de multiproductos con  recursos compartidos por diferentes productos 
y procesos. Los experimentos computacionales muestran la efectividad del modelo 
propuesto.
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Introduction

The manufacturing operations planning in the short 
²Ø°ßやRØœŁやı±や̶や¹ıŁØœ½や±²³ŁıØŁや̶°Ø̶╆や5æØ°Øや̶°Øやß̶-½やª̶-
±Ø±や©Œや°Ø±Ø̶°ªæや¬°©łØª²±やÆ½やª©-±ıŁØ°ı-ºや²æØや±¬ØªıRªやªæ̶-
racteristics of a particular manufacturing system. These 
±²³ŁıØ±や²°½や²©や°Ø¬°Ø±Ø-²や°Ø̶œま¹©°œŁやª̶±Ø±や©TØ°ı-ºや±³¬-
¬©°²やŒ©°やŒ³²³°ØやŁØªı±ı©-まß̶øı-ºや¬°©ªØ±±Ø±╆や5æØやŁØR-ı-
²ı©-や©Œやœ©²ま±ı¾ı-ºや¬°©ÆœØßや〉-41《やª©-±ıŁØ°±やŒØ̶²³°Ø±や̶-Łや
decision variables from the production and inventory 
control area, and their impact on the service level. 
6±³̶œœ½╇や²æØや©ÆłØª²ıµØやŒ³-ª²ı©-やŒ©°や²æØや-41やı±や²©やßı-ıßı-
ze the sum of the total holding costs, of the stock-out 
ª©±²±╇や̶-Łや©Œや²æØや©²æØ°やª©±²±や¹æıªæや̶TØª²や²æØや©¬Ø°̶²ı©-や
©ŒやØ̶ªæや±½±²Øßや〉Robinson et al., 2009; Jans and Degrae-
ve, 2007).

In particular, our problem considers several cha-
racteristics increasing the complexity of the traditional 
-41╆や In this work, the proposed integer lineal pro-
º°̶ßßı-ºや ß©ŁØœや 〉*-1《や ª©-±ıŁØ°±や ̶や ºıµØ-や ¬œ̶--ı-ºや
time horizon, number of levels, number of products, 
±ØµØ°̶œや¬̶mØ°-±や©ŒやŁØß̶-Ł╇やæ©œŁı-ºやı-µØ-²©°½╇やÆ̶ªøま
orders, and setups structures. Karimi et al╆や〉ｲｰｰｳ《 pro-
¬©±Øや̶やºØ-Ø°̶œやªœ̶±±ıRª̶²ı©-や̶Æ©³²や ²æØやß©±²や Œ°Ø®³Ø-²や
ı±±³Ø±や ²©や ª©-±ıŁØ°や ı-や ̶や œ©²ま±ı¾ı-ºや ¬°©ÆœØß╆や %ıTØ°Ø-²や
models by including one item for incapacitated and 
ª̶¬̶ªı²̶²ØŁやµØ°±ı©-±や©Œや²æØや-41やæ̶µØやÆØØ-や¬°©¬©±ØŁやı-や
Brahimi et al╆や〉ｲｰｰｶ《╆や*-や¬̶°²ıª³œ̶°╇や²æØ±Øやß©ŁØœ±やª©-±ı-
der one product, few production stages, and known 
demands.

Aksen et al╆や 〉ｲｰｰｳ《や ı-²°©Ł³ªØや²æØやª©-ªØ¬²や©Œや ıßßØ-
diate lost sales by considering inventory policies for a 
single product; while Absi and Kedad 〉ｲｰｰｸ《やconsider 
inventory policies for a multi-item capacitated model 
by adding setup times. Robinson et al╆や〉ｲｰｰｹ《╉や+̶-±や̶-Łや
%Øº°̶ØµØや 〉ｲｰｰｷ《, introduce three important concepts 
about inventory management: stock out, back-orders 
and holding costs. All of these approaches consider a 
dynamic demand environment.

Capacity constraints and relaxed demand constra-
ı-²±や¹ı²æや̶や¬Ø-̶œ²½や̶°Øやª©-±ıŁØ°ØŁやı-や"ø±Ø-や〉ｲｰｰｷ《╆や5æı±や
relaxation includes variables to represent back-orders 
̶-Łや ı-µØ-²©°½や œØµØœ±や ̶ß©-ºや ŁıTØ°Ø-²や ¬Ø°ı©Ł±╆や 0²æØ°や
ß̶²æØß̶²ıª̶œや̶¬¬°©̶ªæØ±やª̶-やÆØやŒ©³-Łやı-や"Æ̶Łや〉ｲｰｰｰ《╆や
Toro et al╆や〉ｲｰｰｹ《や̶-Łや,©µ̶ª±やet al╆や〉ｲｰｰｹ《や¬°©¬©±Øや±Ø²や©Œや
constraints and variables to represent the multiple sta-
ºØやª©-Łı²ı©-やŒ©°や²æØや-41╆や*-や²æØ±Øや¹©°ø±╇や̶や-Ø¹やª©-ªØ¬²や
ı±やı-²°©Ł³ªØŁ╈や±ªæØŁ³œı-ºや¹ı²æや±Ø®³Ø-ªØまŁØ¬Ø-ŁØ-²や±Ø-
tups. All conditions previously presented increase 
computational complexity with a major computational 
ØT©°²╆や)Ø³°ı±²ıªや̶¬¬°©̶ªæØ±や Œ©°や ²æØや-41や̶°Øや¬°©¬©±ØŁや
by Xie and Dong 〉ｲｰｰｲ《や̶-Łや.ı--Ø°や〉ｲｰｰｹ《╆

A production program in a multi-product environ-
ment must consider three fundamental aspects: 

i)  the type of products to schedule, 
ii)  the amount of products to produce, 
iii)  the time to make the products.

5æØやR°±²や̶±¬Øª²やı±やºØ-Ø°̶œœ½や±©œµØŁやÆ½やºıµı-ºや¬°ı©°ı²½や²©や
an item close to stock out or to reorder point. The other 
two aspects are closely related, if small batches are 
scheduled. The way of scheduling lots, their sizes, and 
²æØı°やŒ°Ø®³Ø-ªıØ±╇や̶°Øや²æØやß̶ı-やª̶³±Ø±や©Œや²æØやR-̶œや¬Ø°-
Œ©°ß̶-ªØやŒ©°や²æØや©ÆłØª²ıµØやŒ³-ª²ı©-╆や4Ømı-ºやœ̶°ºØ°やœ©²±や
ıß¬œ½や̶やº°Ø̶²Ø°やØUªıØ-ª½╇やÆ³²や̶œ±©やıß¬œ½やß©°Øや±ªæØŁ³-
ling time for a single product at a given time. This deci-
±ı©-やª©³œŁや̶TØª²や²æØや°Ø±¬©-±ıµØ-Ø±±や©Œや²æØや±½±²Øß╆

In this paper, the considered real-world case has a 
batch system for the production of a bakery industry. 
$³°°Ø-²œ½╇や ŁıTØ°Ø-²や Ł°½や ¬°©Ł³ª²±や 〉Ł©³ºæや ıß¬°©µØ°±╇や
premixes, and sugar among others), and a wide range 
©Œやœı®³ıŁやØ±±Ø-ªØ±や̶°Øや¬°©Ł³ªØŁ╆や*-やºØ-Ø°̶œ╇や²æØ±Øや¬°©-
Ł³ª²±や°Ø¬°Ø±Ø-²や̶Æ©³²や±ØµØ-²½やŁıTØ°Ø-²や°ØŒØ°Ø-ªØ±や¹ı²æや
approximately two thousand tons annually. In addi-
tion, a two-stage multi-product environment with de-
terministic demands allowing back-orders and holding 
inventory is considered. Due to similarity inside each 
family of products, setups are considered as constants 
¹ı²æや̶-やı-ŁØ¬Ø-ŁØ-²や±Ø®³Ø-ªØ╆

Mathematical model

Let us introduce the following notation for the propo-
sed ILP model:

Ugvu

̋ set of products indexed by i, where i = 1,..., I
̋ set of shifts indexed by j, where j = 1, ..., J
̋ set of days indexed by k, where k = 1, ..., K
̋ set of machines indexed by m, where m = 1, ..., M 

Uwdugvu

̋ subset of production machines indexed by m, where 
m 樺"ぼ 稀 M

̋ subset of packing machines indexed by m, where m 樺"ぽ 稀 M
̋ subset of products with a production stage indexed 

by i, where i 樺"μ 稀 I
̋ subset of products with production and packing 

stage indexed by i, where i 樺"ゃや稀 I



415

Gómez-Herrera Juan Alejandro, Escobar
 
John Willmer and Figueroa-Cabrera Álvaro

Ingeniería Investigación y Tecnología, volumen XIV (número3), julio-septiembre 2013: 413-419 ISSN 1405-7743 FI-UNAM

Rctcogvgtu

Him╈や °Ø®³ı°ØŁや ²ıßØや ²©や ¬°©Ł³ªØや ©-Øや øıœ©º°̶ßや ©Œや Ø̶ªæや
¬°©Ł³ª²やıや̶²やß̶ªæı-Øやßや〉æ°のøº《

Pm╈やや æ̶°Łま¹©°øやŒ©°ªØや°Ø®³ı°ØŁや¬Ø°や±æıŒ²や̶²やß̶ªæı-Øやßや
〉-³ßÆØ°や©Œや¬Ø°±©-±《

MO: total persons available
RPi╈や ß̶¼ıß³ßや°Ø®³ı°ØßØ-²や©Œや¬°©Ł³ª²やıや〉øº《
ISi╈や ı-ı²ı̶œや±²©ªøや©Œや¬°©Ł³ª²やıや〉øº《
RDik╈やŁ̶ıœ½や°Ø®³ı°ØßØ-²や©Œや¬°©Ł³ª²やıや̶²やŁ̶½やøや〉øºのŁ̶½《
CIi╈や æ©œŁı-ºやª©±²や©Œや¬°©Ł³ª²やıや〉┵のøºまŁ̶½《
CBi╈や Æ̶ªø©°ŁØ°やª©±²や©Œや¬°©Ł³ª²やıや〉┵のøºまŁ̶½《
CHm╈や©µØ°²ıßØやª©±²や̶²やß̶ªæı-Øやßや〉┵のæ°《
HM╈やß̶¼ıß³ßや©µØ°²ıßØや〉æ°《
HT╈や ²ıßØや̶µ̶ıœ̶ÆœØや¬Ø°や±æıŒ²や〉æ°の±æıŒ²《
A╈や ±Ø²³¬や²ıßØや〉æ©³°±の±Ø²³¬《
TMLi╈やßı-ıß³ßやœ©²ま±ı¾Øや©Œや¬°©Ł³ª²やıや〉øº《

Fgekukqp"xctkcdngu

xijkm: amount of product i scheduled in shift j of day k at 
ß̶ªæı-Øやßや〉øº《

yjkm: 1 if shift j is scheduled in day k at machine m, 0 
otherwise

hejkm╈や©µØ°²ıßØやı-や±æıŒ²やłやı-やŁ̶½やøや̶²やß̶ªæı-Øやßや〉æ°《
fik╈や Æ̶ªø©°ŁØ°や©Œや¬°©Ł³ª²やıやı-やŁ̶½やøや〉øº《
sik╈や ı-µØ-²©°½や©Œや¬°©Ł³ª²やıやı-やŁ̶½やøや〉øº《
wipik╈や¹©°øやı-や¬°©ªØ±±や©Œや¬°©Ł³ª²やıやı-やŁ̶½やøや〉øº《
wijkm: 1 if product i is scheduled in shift j in day k at ma-

chine m, 0 otherwise

Objective function

5æØや¬Ø°Œ©°ß̶-ªØや©Œや²æØや±½±²Øßやı±やŁØR-ØŁやÆ½や²æ°ØØやŁıTØ-
rent sets of costs: holding costs, backorder costs, and 
©µØ°²ıßØやª©±²±╆や5æØやR°±²や±Ø²や〉æ©œŁı-ºやª©±²±《やı±や°Øœ̶²ØŁや²©や
²æØや©¬Ø°̶²ı©-±や °Ø®³ı°ØŁや ²©やª©-²°©œや̶-Łやß̶-̶ºØや ı²Øß±╇や
̶-Łや ²©や ²æØや R-̶-ªı̶œや µ̶œ³Øや ©Œや ı-µØ±²ßØ-²や ı-や ¬°©Ł³ª²±╇や
¹©°øやı-や¬°©ªØ±±や̶ -Łや°̶¹やß̶²Ø°ı̶œ±╆や5æØや±Øª©-Łや±Ø²や〉Æ̶ª-
ø©°ŁØ°やª©±²±《やı±や̶±±©ªı̶²ØŁや²©や²æØやŁØª°Ø̶±ı-ºやµ̶œ³ØやŁØR-
-ØŁやÆ½や²æØやR-̶œやª³±²©ßØ°╆や'ı-̶œœ½╇や²æØや²æı°Łや±Ø²や〉©µØ°²ıßØや
costs) is considered as a linear ratio which represents 
additional time for each machine. The objective function 
ª©°°Ø±¬©-Ł±や²©や²æØやßı-ıßı¾̶²ı©-や©Œや²æØやØ®³̶²ı©-や〉ｱ《╈

〉ｱ《

Constraints

$©-±²°̶ı-²±や 〉ｲ《や Ø-±³°Øや ²æ̶²や ²æØや -³ßÆØ°や ©Œや ¬Ø°±©-±や ı-や
each shift for each machine must not exceed the total 
available hard-work force.

〉ｲ《

$©-±²°̶ı-²±や〉ｳ《やœıßı²や²æØや¬°©Ł³ª²ı©-やª̶¬̶ªı²½╆や5æØやß̶¼ı-
mum capacity is expressed as the sums of the time avai-
œ̶ÆœØやŒ©°やØ̶ªæや±ªæØŁ³œØŁや)5╇や̶ -Łや©Œや²æØや©µØ°²ıßØ╇やßı-³±や
the sum of the setup time employed by each assigned 
product. These constraints are considered as produc-
²ı©-や ØUªıØ-ª½や ıŒや ²æØや ±ı¾Øや©Œや ²æØや¬°©º°̶ßßØŁやÆ̶²ªæや ı±や
larger, and the number of setups is smaller.

〉ｳ《

$©-±²°̶ı-²±や 〉ｴ《や ̶ŁŁや ©µØ°²ıßØや ̶ªª©°Łı-ºや ²©や ²æØや ß̶¼ı-
mum number of possible hours.

〉ｴ《

$©-±²°̶ı-²±や 〉ｵ《╇や 〉ｶ《や̶-Łや 〉ｷ《やß̶øØや œ©ºıª̶œや °Øœ̶²ı©-±やÆØ²-
ween shift programming and scheduled products du-
°ı-ºや²æØや̶µ̶ıœ̶ÆœØや±æıŒ²±やÆ½やª©-±ıŁØ°ı-ºやœ©²ま±ı¾Øや〉¹æıªæや
is set within the range [TMLi , RPi]), and setup time for 
each product.

〉ｵ《

〉ｶ《

〉ｷ《

$©-±²°̶ı-²±や〉ｸ《やı-ªœ³ŁØやÆ̶ªøま©°ŁØ°±や̶-Łやı-µØ-²©°½やª©--
trol to keep inventory balance among days. The basic 
expression considered here is initial stock + production-
°Ø®³ı°ØŁや¬°©Ł³ª²や└やR-̶œやı-µØ-²©°½╆や5æØやR-̶œやı-µØ-²©°½やı±や
shown as a linear combination of fik and sik. Indeed, only 
one of these set of variables will be activated each time, 
because the cost in the objective function.

〉ｸ《

'ı-̶œœ½╇や ²æØやß³œ²ıま¬Ø°ı©Łや ı±±³Øや ı±や °Ø±²°ıª²ØŁや ı-や 〉ｹ《╆や5æØや
R-̶œやı-µØ-²©°½やŒ©°や̶やºıµØ-や¬Ø°ı©Łやøまｱやı±やª̶œª³œ̶²ØŁ╆

〉ｹ《

&®³̶²ı©-±や〉ｱｰ《や̶-Łや〉ｱｱ《╇や°Ø¬°Ø±Ø-²や²æØやª©-Łı²ı©-やØ¼¬°Ø±-
±ØŁやı-や〉ｹ《やŒ©°や¬°©Ł³ª²±やÆØœ©-ºı-ºや²©や²æØや±³Æ±Ø²やゃ

〉ｱｰ《

    i ik i ik m jkm
i k i k j k m

CI s CB f CH he- -ÂÂ ÂÂ ÂÂÂ

 ,   m jkm
m j

P y MO k~ $ÂÂ

 ,   , ,im ijkm jkm jkm ijkm
i i

H x HTy he Aw j k m~ - / $Â Â

,     , , ,  ijkm jkmw y i j k m~ $

  ,  , ,      jkm jkmhe HMy j k m~ $

 ,   , , ,  ijkm i ijkmx TML w i j k m‡ $
,   , , ,ijkm i ijkmx RPw i j k m~ $

1 1 1 1  ,    i ij m i i i
j m

IS x RD s f i μ
cŒ

- / ? / $ ŒÂÂ

 1  1    ,   ,  1   ijkm i k i k ik ik ik
j m

x s f RD s f i μ k
c / /

Œ
- / / ? / $ Œ @ÂÂ

1 1 1 1   ,    i ij m i i i
j m

IS x RD s f i
d

s
Œ

- / ? / $ ŒÂÂ
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〉ｱｱ《

1°©Ł³ª²±やゃや æ̶µØや ²¹©や ±²̶ºØや¬°©ªØ±±Ø±╇や¹æıªæやß³±²や ÆØや
ª©--Øª²ØŁや²©やØ-±³°Øや¬°©ªØ±±やS©¹や̶-Łや¹©°øやı-や¬°©ªØ±±╆や
$©-±²°̶ı-²±や〉ｱｲ《やŁØ±ª°ıÆØŁや²æØやR°±²や¬Ø°ı©Ł╇や̶-Łやª©-±²°̶-
ı-²±や〉ｱｳ《やŁØ±ª°ıÆØŁや²æØやß³œ²ıま¬Ø°ı©Łや±²̶ºØ╆

〉ｱｲ《

〉ｱｳ《

$©-±²°̶ı-²±や〉ｱｴ《や̶°Øや²æØや-©-ま-Øº̶²ıµı²½やª©-±²°̶ı-²±╆

〉ｱｴ《

Computational results

Uegpctkqu

5æ°ØØやŁıTØ°Ø-²やı-±²̶-ªØ±や¹Ø°Øや±ØœØª²ØŁや²©や°Ø¬°Ø±Ø-²や²æØや
behavior of the system and the relations between varia-
bles, constraints and parameters in the proposed mo-
ŁØœ╆や 5æØ±Øや ±ªØ-̶°ı©±や æ̶µØや ŁıTØ°Ø-²や ŁØß̶-Ł±╇や ı-ı²ı̶œや
±²©ªø±や̶-Łや¬°©Ł³ª²ı©-や°Ø®³ı°ØßØ-²±╆や5̶ÆœØやｱや±æ©¹±や²æØや
information of the initial stock, the overall demand, 
̶-Łや²æØや¬°©Ł³ª²ı©-や°Ø®³ı°ØßØ-²や³±ØŁやÆ½やı-±²̶-ªØ±╆

Vcdng"30"Kpuvcpegu"hgcvwtgu"*mi+

Instance
Initial            
4²©ªø

0µØ°̶œœやややややや
Demand

Production 
3Ø®³ı°ØßØ-²

Month A ｱｳｹｹｴｴ ｳｷｴｴｰｰ ｲｳｴｴｵｶ

Month B ｱｵｹｸｸｸ ｳｶｶｶｰｰ ｲｰｶｷｱｲ

Month C ｱｱｳｰｲｹ ｳｵｲｲｰｰ ｲｳｹｱｷｱ

&̶ªæや±ªØ-̶°ı©やæ̶±やŁıTØ°Ø-²やªæ̶°̶ª²Ø°ı±²ıª±や̶-ŁやŁıTØ°Ø-²や
¬°©Ł³ª²ı©-や °Ø®³ı°ØßØ-²±╆や $©-±Ø®³Ø-²œ½╇や ²æØや ª©ß¬³-
²ı-ºや²ıßØや̶-Łや²æØやŒ³-ª²ı©-や©ÆłØª²ıµØやµ̶œ³Øや¹ıœœやÆØやŁıTØ-
rent.

Global results

5æØや²Ø±²±や¹Ø°Øやª̶°°ıØŁや©³²やÆ½や³±ı-ºや$1-&9やｱｲ╆ｳや©-や̶-や
*-²Øœや$©°Øやıｵやｲ╆ｳや()¾や¬°©ªØ±±©°や¹ı²æやｴや(#や©ŒやßØß©°½╆や*-や
the used real-world case, the computing time of the pro-
posed model is relevant, in order to be considered as 
support decisions tool for a short period term. Indeed, 
ª©ß¬³²ı-ºや²ıßØやß³±²やÆØやØUªıØ-²や̶ªª©°Łı-ºや²©や²æØや¬œ̶--
-ı-ºやæ©°ı¾©-╆や'ıº³°Øやｱや±æ©¹±や²æØや°Ø±³œ²±や©Œや²æØや³±ØŁやª©ß-
¬³²ı-ºや ²ıßØや²©やR-Łや²æØや©¬²ıß̶œや±©œ³²ı©-╆や5æØやÆØæ̶µı©°や
for months A and C are similar respect to the computing 
time. It can be inferred by the fact of the relations with 
the total number of kilograms used by the company. In 
the case of month B, the computing time is smaller be-
cause the amount is only almost by thirty tons.
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The proposed instances consider seventy products, 
RµØや¹©°øや±²̶²ı©-±╇や²æ°ØØや±æıŒ²±╇や̶-Łや̶や¬œ̶--ı-ºやæ©°ı¾©-や
of twenty four days.

Performance of the objective function

Table 2 details the costs obtained for each instance. We 
æ̶µØやª©ß¬̶°ØŁや²æØやR-̶œや°Ø±³œ²±や¹ı²æや²æØや²°̶Łı²ı©-̶œや¬œ̶--
ning method used by the company. It is worth to note 
that the proposed model outperforms the currently plan-
ning method respect to the overall cost. Indeed, the main 
reductions of the costs occur in backorder cost and in-
ventory cost.

Lot size

5æØやœ©²や±ı¾Øやı±や̶や±ıº-ıRª̶-²やı±±³Øや°Øœ̶²ØŁや²©や²æØやØUªıØ-ª½や
and the cost of the production program. In a multi-pro-
duct environment, a big lot size for a given product can 
delay the production of the other products. This situa-
²ı©-やı±やª©-±Ø®³Ø-ªØや©Œや²æØや±æ̶°ØŁや°Ø±©³°ªØ±や〉ß̶ªæı-Ø±や
and hard-work force). In the previously traditional 
planning method, the considered lots had an average of 
two thousand kilograms. The proposed ILP model is 
̶ÆœØや²©やR-Łや̶ やß©°ØやØ®³ı²̶ÆœØや°Ø¬œØ-ı±æßØ-²や©Œや²æØやŁıTØ-
°Ø-²や¬°©Ł³ª²±╆や4ß̶œœØ°やœ©²±や̶°ØやŒ©³-Łや̶±やŁØ±ª°ıÆØŁや5̶ÆœØや
ｳ╆や*-や²æı±や²̶ÆœØ╇や²æØやŒ©œœ©¹ı-ºや-©²̶²ı©-やı±や³±ØŁ╈や"µØ°̶ºØや
ı±や²æØや̶ µØ°̶ºØや±ı¾Øや©Œや²æØやœ©²±╇や45%やı±や²æØや±²̶-Ł̶°ŁやŁØµı̶-
²ı©-やŒ©°や±ªæØŁ³œØŁやœ©²±╇や2ｱやı±や ²æØやR°±²や®³̶°²ıœØや〉œ©¹Ø±²や
ｲｵゾや ©Œや œ©²±《╇や 2ｲや ı±や ²æØや ±Øª©-Łや ®³̶°²ıœØや 〉Ł̶²̶や ±Ø²や ı-や
æ̶œŒ《╇̶-Łや2ｳやı±や²æØや²æı°Łや®³̶°²ıœØ╇やœ©¹Ø±²やｷｵゾ╆

The obtained lot sizes consider less than 1700 kg. In-
deed, this lot size permits to produce many products 

Œ°Ø®³Ø-²œ½やøØØ¬ı-ºやæØ̶œ²æ½や±²©ªø±やœØµØœ±╇や̶-Łや̶µ©ıŁı-ºや
stock-outs.

Efficiency analysis

We have added some new variables and constraints 
to the proposed ILP model. These variables and cons-
traints allow estimating other performance measu-
res. The variables at represent the scheduled time 
and variables st represent the total time spent during 
setups.

〉ｱｵ《

〉ｱｶ《

〉ｱｷ《

5̶ÆœØやｴや¬°Ø±Ø-²±や²æØや°Ø±³œ²±や©Æ²̶ı-ØŁやÆ½や²æØやØUªıØ-ª½や©Œや
²æØや *-1やß©ŁØœや Œ©°や ²æØや ²æ°ØØやß©-²æ±╆や *-ŁØØŁ╇や 5̶ÆœØや ｴや
±æ©¹±や±ªæØŁ³œØŁや²ıßØ╇や±Ø²³¬や²ıßØ╇や̶-ŁやØUªıØ-ª½╆や

The results of the proposed ILP model are slightly 
ÆØmØ°や²æ̶-や²æ©±Øや¬°©¬©±ØŁやÆ½や²æØや²°̶Łı²ı©-̶œや¬œ̶--ı-ºや
method. In the traditional planning method bigger lots 
̶°Øやªæ©±Ø-╇や±©や²æØやØUªıØ-ª½やı±やı-ª°Ø̶±ØŁ╆や/ØµØ°²æØœØ±±╇や
matching the demands of many products for a given 
ß©-²æやß³±²やÆØやªæ̶-ºØŁやŁØª°Ø̶±ı-ºや²æØやØUªıØ-ª½や©Œや²æØや
system.

Vcdng"40"Eqorctkuqp"qh"vjg"rgthqtocpeg"hqt"gcej"kpitgfkgpv"qh"vjg"qdlgevkxg"hwpevkqp"*vjqwucpf"&+"

 Traditional planning method Proposed integer lineal model

Instance Inventory Backorder 0µØ°²ıßØ 0µØ°̶œœや
cost

Inventory Backorder 0µØ°²ıßØ 0µØ°̶œœや
cost

Month A ｲｶｱｶ ｳｷｱｳ ｲｸｴ ｶｶｱｲ ｱｷｸｸ 22 ｱｵｶ ｱｹｶｶ

Month B ｱｹｰｴ ｴｸｳｳ ｳｳ ｶｷｷｰ ｱｶｵｸ 19 ｴ ｱｶｸｱ
Month C ｲｵｸｷ ｴｴｹｶ 209 7292 ｱｳｴｷ ｱｸ 21 ｱｳｸｵ

Vcdng"50"Nqv"uk¦g"*mi+

Instance Average STD Q1 Q2 Q3

Month A ｱｳｱｱ ｹｸｲ ｶｳｰ ｹｹｶ ｱｷｱｴ
Month B 1091 ｷｷｶ ｶｰｰ ｷｶｸ 1222

Month C ｱｱｷｸ 792 ｶｰｰ ｸｱｰ ｱｵｰｰ

jkm
m j k
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Concluding remarks

8Øやæ̶µØや¬°©¬©±ØŁや ̶-や ØTØª²ıµØや *-1や Œ©°ß³œ̶²ı©-や Œ©°や ̶や
multi-product lot-sizing problem. The results show 
that ILP model outperforms the traditional planning 
method used by the real-world company. The objective 
function considers holding costs, backorder costs, and 
overtime costs. This approximation allows establishing 
°Ø®³ı°ØßØ-²±や¹ı²æ©³²や̶ŁŁı²ı©-̶œや ª©±²±╆や5æØやßı-ıß³ßや
œ©²や±ı¾Øや̶-Łや²æØや±ıß³œ²̶-Øı²½や©Œや²æØや°Ø®³ı°ØßØ-²±やŒ©°やŁı-
TØ°Ø-²や¬°©Ł³ª²±や̶°Øや²æØやß̶ı-やª©-Łı²ı©-±や²©や±²©ªøや̶やªØ°-
tain amount of inventory.

The total computing time of the proposed ILP mo-
del is considerably high because the number of varia-
bles and constraints. Moreover, since the multi-product 
lot-sizing problem is a monthly planning problem, the 
ß©ŁØœやı±や-©²や±©œµØŁやŒ°Ø®³Ø-²œ½╆や5æØ°ØŒ©°Ø╇や²æØやª©ß¬³-
ting time remains in an acceptable range for a tactical 
decision like multi-product lot-sizing problem. Addi-
²ı©-̶œœ½╇や°Ø±³œ²±や¹ı²æや̶やｱｰゾやº̶¬や°Ø±¬Øª²や²©や²æØや©¬²ıß̶œや
solution can be obtained, within short computing ti-
mes. These values could be used as an approximation 
method for production planning by the real-world 
company. 

In a multi-product environment, the size of each ba-
²ªæや̶ TØª²±や²æØやœØµØœや©Œやı-µØ-²©°½やŒ©°や̶ やºıµØ-や¬°©Ł³ª²や̶ -Łや
²æØや °ØŒØ°Ø-ªØ±や¹æıªæや³±Øや ²æØや±̶ßØや°Ø±©³°ªØ±や 〉¬Ø°±©-±や
and machines). In particular, a common aspect is to 
±ªæØŁ³œØや±ß̶œœやÆ̶²ªæØ±や〉µ̶œ³Ø±や°̶-ºØやŒ°©ßや̶やßı-ıß³ßや
Æ̶²ªæや©¬Ø°̶²ı©-や̶-Łやｱｸｰｰやøıœ©º°̶ß±《╆
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 Traditional planning method Proposed integer lineal model

Instance
Scheduled 

time(hr)

Setup            

time(hr)
&UªıØ-ª½や〉ゾ《 Scheduled 

time(hr)

Setup            

time(hr)
&UªıØ-ª½や〉ゾ《

Month A ｹｸｰ ｸｴ 91 ｹｷｶ ｶｸ╆ｵ ｹｳ
Month B 1000 ｸｲ 91 ｹｰｴ ｷｰ╆ｳ 92
Month C ｹｶｰ 92 90 ｱｰｱｶ ｷｷ╆ｳ 92
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