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ABSTRACT

Multistage multilocation multiperiod production systems are very common in
manufacturing and business arena. Production allocation for multistage
muliilocation mitiperiod system is of great importance to the academics,
researchers and managers. The task of production allocation for multistage system
15 a highly complex job becmuse of the requirement of incorporaung various
aspects of overall mﬂnufactl.ﬁing and business scemario and inventory oricnted
factors. This task becomes uphill especially, for assembling oriented enterprises.
To get a realistic solution of production allocation, the search for effective
qmdﬁﬁve lechniques 15 an essential one. Mathematical modelling is an afﬁcient:

gpproach to these cases.

In this researeh work aitempt has been made to develop mathematical models
relatmg to various situations, -starting from very simple cases to the complex
assembling onented systems. All the developed models were tested with daia and
found to provide optimum solutions. The linear programming methodology was

employed for selving the problems assuming the associated costs finear.
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The output analysis of the model was found to be a helpful guideline for the
management m terms of decision upon mventory policy making, resource

allocation, marketing strategy, possible piant expansion and capital 5udgetmg,

Beside the analytical ability and conceptual maturity of the designer, the success of
this modelling approach stems from its nature of incorporaling updated and correct
daté. Models relied highly on modemn information techmology. The presence of
management information system (MIS) in the enterprise was felt to be very

essential,
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1.1  General Introduction :
Production allocation and inventory management are interwoven inextricably.
The objectives of production-atlocation and inventory management are to
contribute to the overall corporaic net profit and retum on mvesiment b:‘,f
establishing and achieving customer service, inventory investment and plam
utilization objectives consistent with corporate objectives To reach the
destred point, it Tequires en organized set of processes that provides
information to managers to support the operations and decision making
within the organization. In quest for an organized sel of processes,
management looks for comprehensive managerial tools and efficient database
management system., In any manufacturing organization, organizational
growth revolves around sound production planning and controi. Converting
plans mto reality requires systems and procedures for executon. Control
;.:lus;:s the ioop by measuring actual resuits, comparing them with planned
resulls i:md deciding if ubjecﬁvles, dectsion processes, or methods of

execution should be revised,

While it is easier 1o exercise planning and controlling in any simple

production-inventory system, in case of a complex production-inventory
1




system such as a multistage one, it becomes quite an uphill task. Complexity
mounis enormously should it become desirabie to model multifacility
features of a system-a multistage production inventory system with
assembling operalions — when facilities are to be operated on different
slchedules and at different locations. This type of modeling involves a series
of separale stages of decision making, all linked together by some couplmg

relationships such as the inventory balance one.

The success of the design & il;lp!ementatinn of a complex production —
mventory system calls for sufficient attention and knowledge vis-a-vis mainly
two ;:najnr aspects-the overall manufacturmg and business scenario and
inventory management. These aspects will now be addressed briefly in the
following two sections before presenting the problem descriptin-n and

Di}jectives of the present research work.

1.2 Overall Scenario of Manufacturing & Business :

A.  Strategic aspects:

[hue to free market economy, there exists a fierce competition of survival for
thé manufacturer and the marketer alike. Business both domestic as well as
international has changed tremendously over the last few decades. This has

calminated to the recent globalizauon of production of goods and services. In

7
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these times of intense global competition, the beginning of any business
plﬁming exercise should start from defining the company’s vision & mission.
This should then be followed by on-going strategic planning. Strategic plan is
all about plans to bridge the gap from the current scenario to whgre the
organization intends to be in future. The current times have seen big
cﬁmp&njes merge together and try to get the birds’ eye view from global
perspective.  Multinational companies collect and collate  information
regarding market opportunity, cheap and skifled fabor, raw material COST,
suitablé infrastructure & government regulation, commumication system,
environmental concern etc. Apart from being concemned about fts global
market share and full employment, the corporate management eyes a long-
term prowth of the corporation by carrying an intense customer focus. T;)
ensﬁre this, besides other factors, one important factor is optimum production
allocation to satisfy the customer’s demand keeping inventory at a minimum

_ possible Jevel.

B.  Production planning aspects:

Nﬂw-a-dqys it is very rare that a firm that starts with raw materials and
manufactures a finished consumer product at a single Jocation has its sales
outlets at the factory gate. As an example, a plant may be considered m which

an automobile is assembled rather than fabricated. Hundreds of vendors

i



supply various components. Sometimes semi-finished products are procured
or produced by purchasing raw materials. This calls for an efficient process
planning, implementing and contrelling cost-effective flow and storage of

raw materials, m-process mventory & finished goods.

C.  Diversity aspects:

Not only many organizations are large, they are also diverse in respect of the
variety of products they offer, the number of subsidiary plants they maintain
and theé number of firms they deal with. In many cases, company operations
are scattered gmé;raphica]ly. It is not unlikely that parts needed in one plant
of a company may be stored unused on shelves of another plant, just
iﬁcreasing s inventory cosl. Most manufacturing orgamization has a
multitude of finished products & hundreds of raw material items to make the
finished products. It takes time to manufacture these products and also to
order the raw materials from the suppliers. If the raw materials are received
earty or in more quantity than ordered for, there would be excess inventory.
Conversely, if they are received late, the quantity is short, or the materials are
not of the right specification or the right quality, there would be shortage of
raw materials & customer’s order would remain unfulfilled or get delayed. As
thé organization gets more diverse & confronied with stiff competition, so
does the challenge in synchronizing the timing of manufacture of finished

4



products with the receipt of the raw materials. And here lies the imponance
of an effective database management, which would be capable of managing

huge data refating to inventory of products/parts among the plants.

D..  Information aspects:

The availability of information about “in-house” mventory among the
company personnel is of paramount importance. The information on the
specifications, price, availability, shipping time and rehiability of the
componerts becomes sometimes more critical and more difficult to maintain
than that of om “in-house” inventorics. Information regarding markel
opportunity, growth, potential rivals, technological updating, allemnative
resources is sine qua non for successful planning and coniroliing of the
organization. In this business world of present times, every orgenization is
faced with the stark reality of making & markering products of right quatity,
al the right nme, at the right price, a1 the night place with right
communication & promotion. This warrants the necessity of coordinating the
multifarious activities of the system which, il supported by mformation
technology (IT), would go a Jong way in meeting the above. As Oliver Wight
has noted that ‘when the computer came along, the production & inventory
manager was suddenly in a position to do some of the things he had never
been sble to do before’!'! But for the development of management

%



information system (MIS) in an organization, all the patient work of its
planning would go awry & the targeis amiss. Hence the all important need of

cost effective information flow among various tiers of the organization.

1.3 Inventory Management;

1.3.1 lInventory as a concept:

Inventories are materials that a company carries on hand and that usually
represent a sizable portion of the company’s total assets. The sales
department frequently sees inventory as an unlimited resource, and feels that
the production control department has failed if any item is not available in
case of necessity. The financial people look inventory as a necessary evil that
ties up capital useable elsewhere. Financial people usually want to be bogged
down with the question of tied up capital. Factory people have difficulty in
understanding the cost associated with carrying invemtories amd they
frequently look upon the effects of inventory control with displeasure because
of the apparent incfficiency forced on the plant by increased setups. From
overall corporate viewpoint, inventories in a business serve much as the
suspénsion system of an automobile. Obviously the problem lies in the

. differences in perspective, .



A frequenily heard cliche in business is “You can’t scll from an empty
waé,on”. In busmess, people want to sell 10 make profit. There is every
possibility that someone biased for high profit could make “ the wagon too
heavy to pull”. Yes! In business therc is a need to have the capacity to pull
the wagon having something inside to setl for making profit. And here comes
the question of reaching rational inventory decisions. As sales volume may
fluctuate from time fo time, these fluctuating sales need to be absorbed by the
resilient inventory system to surmount the probtem of shortages. Sometimes
manufacturing operations may be halted due to shortages of components on
“'Ehieh fnal assembly is dependent. Lot size inventories make it possible

fewer machine setups and higher machine utilization.

};{1'.2 Types of inventories:

Inventories comprnise the following five peneral categories of materials in

industries-

A Production inventorics: Items that go imto the final products, raw
matenals, and bought out components;

B.  Maintenance repair and operating inventories: Iterns that do not form a
parl of final product but are consumed in the production process, spare

parts, consumable items eic;



C. . In process inventories: Semi finished products at various stages of
production;
D.  Fimshed goods inventories: Completed products ready for dispatch;
E.  Miscellaneous inventories: Which arise out of the above four types of
~_mventories, scrap, surplus and obsolete items which are not supposed

to be disposed off.

1.3.3 Costs af inventory:
ﬁ: costs that are affected by each specific decision must be determined
when deciding how many inventories to carry. The problem before the

meanagement 15 to balance the following opposing inventory related costs:

I Slno | Cost 1o have inventory Cost not 10 have inventory |
I Retumn on investrnent Stock out cost
: Handling costs Loss of customers
3. (Labor & industry) Handling | Down time cost |
' | equipment |
4. Obsolescence Idle time &idle production
5. Spoilage & shelf life Capacity &other cost.

Every business enterprisc must have faced the problem of either being out of
stock or a large amount of money tied up in the form of inventories. When
the company operations are scaftered geographically, due to lack of efficient

database management systemn the tied up capital may tise further.



1.4  Problem description snd objectives:

Multistage multilocation production system is a reality in today’s
manufacturing & business environment. The current business scenario & the
;ﬁventury management, as discussed above, call for closer interdependence
among stages of a multisiage system. This mterdependence is especiatly true
when the facilities can be operated on different schedules, with coerdination
required only because some facilities obain parts or semifinished products
from one or more other facilities. By allowing flexibility in scheduling,
reduced production costs may be realized; however, this usually is at the
éxﬁense of additional inventory holding costs resulting from ncreased
inventories between stages. The between-stage inventories act as a buffer to
~@bsorb the effect of imbalances between the production rates of successive
| stages. The larger the inventory, the more the independence berween (he
stages. But it is always desirable to keep the inventory low in production
systems, which in turn asks for more imterdependence and close coordination,
Ultimately the mathematical models for multistage system requires close

representation of these imterdependence among the siages.

The keys to modeiling a multistage system are the decisions about what
groupings of production operations constitute the stages m the system,

q



whether or not each stage is to have multiple facilites operating in parallel,

and how many inventory points between stages are to be defined.

When a stage consists of parallel sequences of production centers, where each
| selqut:nce produces the prodct of thal stage, it requires to model the stage as
parallel facilities and define separate decision variables for each faciiity. This
would nearly always be true in cases where a stage involves multiple plants.
Due to the perplex situation it is difficult to derermine production schedule

for multistage system,

In multistage prodnction system, usually the demand of finished prodnct
occurs al the Jast stage. Each finished product requires single or a set of sub
assemblies. Thus in the assembling plant the dernand of the components or
sub assemblies occurs in multiple of demanded finished product. Same
component of same identification/specification may be required for
assemhling of multiple finished products. So it is very likely for the
management to search for quantiwative technique that enables to ascertain the
necessity of the number of components to satisfy the entire manufacturing
de:lnand‘ The development of reatistic model depends on appropriate attention
o various costs. These costs are production/procurement costs gt various

stages of production/procurement, shipping costs due to shipment among the

I



plants & holding costs at various warehouses. Besides costs, the necessity to
. nddress various resictions also demands equal attention. Resource
constraints or capacity constramts, production capacities, assembling
capacities, storage limitations and transportation limitarions are among the

prominent restrictions to be taken care of by the developed model.

This project work is directed to the mathematical modeling of the systemn

under various situations & restrictions. The main thrust of this project u;'m*l-;

was to model an assembling oriented multistage multilocation multiple

. product mamufacturing system, With this view in mind, the objectives of this

project work have been set as follows:

A, To formulate a mathematical model for mulistagc multilocation
multipeniod production allocation system;

B.  To test and venfy the model through application in a real-life setting
with a case problem;

C.  Tostudy the ou tput and analyze the results,

D.  To perform a sensitivity analysis on the different parameters of the

model.
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Chapter-2
Background study

2.1 Introduction:

As mentioned mm the proceeding chapter, the main thrust of the present
research work 1s to formulate mathematical models related to multistage
multilocation multiperiod production system under different environments.
This chapter first addresses extensively the various aspects of the modelling
of ths system followed by some relevant conceptual thoughts on operational
planning, procurement & production atlocation. Fmally 1t fllustrates various

solution methodologies that are in use in industries & found in the literature.

22 Modelling aspects of multistage, multiperiod production system:

Muliistage multi location production system is a reality m to-day's
manufacturmg & business environment. Due to this reality, mathemancal
‘modeis far mulastage system is of great importance 1o the academics and
rescarchers. Inventory situation exists at various stages of production
allocanon system. The raw materials are found awaiting processing. The semi
finished items initiate queue in between production stages. Finished poods
are stored al the factory dispalich sections, I tramsil, in warehouse

distributng points and in sales outlets. Therc are many industries where it s

17



notable that raw material cost fluctuates over periods. Government import
regulations could sometimes play vital roles in this regard. Labor availability,
| power availability etc. are also important factors to be constdered. Under this
type of situation, it becomes a challenge to the management 1o provide a
unique set of decisions. Mathematical modelling ailows the complexities and
@wﬂainties associated with decision problem to be put into a logical
framework amenable to anﬂly;tic mamipulation and solution. Today most
| consumer and industrial fmished goods are distributed through muhi stage
hwlentary system of one sort or another. Computers, automobiles, spare parts,
arcrafl manufacturing (Boeing) industry and military hardware are
commonly provided through multi stage system. Any cnterprise with
‘geographically dispersed demand, economies of scale in production and/or
transportation, and market driven service requirements typically relies on
-multistage inventory sysiem to remain competitive. Multi stage mventory
systems are also common i production contexts, particularly in multi plant
‘operations where the mventories act to decouple one facility from Ennrther_
Over the past decades there has been much progress in developing an
mventory theory for these multi stage systems. For deterministic demand,
there are very eflective procedures for selting reorder intervals for a wide
range of systems " *|. For serial systems with stochastic demand, there exist
approaches for finding optimal order policies for both the periodic review
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#.5 and continuous review case . Different types of situations may

case
anse during mathematical modelling of multi stage models. Different authors
highlighted many cases. When modelling for multi stage system, case thm
l;sually arises - mulh slage serial production — inventory system deciding
upon regular tme or over time production quantities at each stage. Hence
mansgement should decide whether it would go for overtime production in
additi-un to regular time production ¢apacity or not. As an alternative to _Ihis
case, models can be formulated considering different sources of productiou at
each stage. i.e. choosing the best source of product at each stage, assuming

separale production variables for each stage. Alternative production routings

for products within a plant in any siage is also a prominent case to be

analyzed. In practice i is somctimes recommended that a multi stage system.

can be scheduled effectively by modelling Ithe most Important stages as a
single stages system, sequentially scheduling operatious at the other stages.
often using more elementary planning models. Whether a large multi stage
model, which simultaneously considers decisions a1 cach stape. or a set of
‘sm.aller single-stage models, which plan stages in sequence, should be used is
a matter of relevant economics. Modelling of production systems may ot may
not incorporate backlogging case depending on demand pattern and capacity
scenano, In case of mulii stage mu]ﬁ product invemory system, management

may be encountered by product mix decisions. The sales potential of different

14
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products is supposed to be different. Taking mto account the maximum and
minimum possible sales of a particular product, in particular periods and
possible revenue eamnings against a particular product for those periods,
models can be developed to find the most profitable production program over

the planming horizon.

Again mult stage mulli location production distribution models can be
developed for sinple semi finished product and single finished product
considering no backlogging. This model can be modified for additional
;sonsidaratians; as for example, sale or purchase of semi finished product at
any stage. Overtime and work force level decision problems at each piant,
multiple rouings within the plant, production rate change costs, limitation of
the size of shipments between plants. Inventory maximum and minimums at
each. stage and backlogging of finished goods demand could also add new

features to the model.

Since the above discussion was made for single semi finished and finished
product, this modet however can be implemented for multiple semi finished
product and multiple finished product. In this case, each of the finished
products uses one or more of the multiple semi finished product produced Iby

plants at previous stage. All the cases as discussed above were based on

15



_linear cost components, But there are exceptions those in which, models can
be formulated with nonlinear cost components if appropnate; however, such
miodels are sometimes difficult to solve especially when the probiem tends to

be larpe.

There are different approaches to this type of problems such as network
structure of mulu stage models. For network model, a common approach is
first considering a network-based algml-ithm for solving a single product
planning problem for a serial system with concave costs, and subsequently

move peneral network structures with linear costs.

Multistage production system has been analyzed by hundreds of authors. Fig-
1 (@) illustrates a single product produced in a series of steps, where no
capacity constraints exist. Zangwill”? and Love™ used a concave cost
structure (which allows e, g for setup cost and linear holding cost) and
present relatively efficient solution techniques. Fig- i(b) represents a product
made by a complex assembly process. Lot-sizing decision in such a systern
has been studied by many authors, including Wagner”' and Crownston,
Wagner and Williams"'®. The complexity added by multiple prodﬁm has
been adequately analyzed. Multistage mufti ocation production allocation

has also beer studied by Lynwood A. Johnson and Doughlas C.

[



i

 Montgomery' " considering single semi finished product and smgle finished

product using linear programming techniques,

] | o O o - |
Raw material Finished product

Figure-1(a). Mulitisiage serial production system for single product.

I T — ] —

Raw matenial Finished product

Figure-1(b): Multistage system for assembling finished product.

Modet formulation is largely an art, and requires considerable knowledge of
the system under study. Successful modelling requircs sound understanding
regarding the interaction between the model and the sysiem. The road to

reach a correct decision becomes smooth by considerable enrichment of

17
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knowledge regarding operational planning, procurement concepts, MRP,
MRP II, and production allocation concepts as described in the following
pages. Searching of appropriate tools for appropriate cases is also important

to defuse the complexity.

2.3 Operational planning: The starting point in any organizational pian 15
lo determine how much the organization can sell from period 1o period. For
| any manufacturing firm, sales forecasting is a critical process that is ofien
nglglected and often done in isolation as ritual by the sales department and
there Is no accountability for accurate sales forecasting. Actual sales are often
way out compared to forecast. As a resul, other department kike production, |
procurement and fmance often do not-rely on this forecasts but make their
own on¢. The net result js that there is a high level of mventory or
obsolescence. In case of operational planning, management should evaluate
decisions conceming workforce size and stability, overtime, inventory
rﬂuctuaﬁnnﬂ, and cash flow over given uperaﬁng renges of demand and
capacity. Material management function should properly focus on priority of
item wise demand for the finished product at different operating warehouses.
Some times, there are conflicting arguments on safety stock versus safety
time strategy. Buzacott. J.A. and Shanthikumer J.G. '?! have shown that
safety time is usually only preferable to safety stock, when it is possible to
‘make accurate forecasts of future required shipments over the lead tirﬁe,
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otherwise safety stock is more robust in coping with changes in customer
requirements in the lead time or with fluctuations in forecasts of lead time
demand. During operational planning, multitude of problems may arise
before management, and no single technique will necessarily meet all the
needs of any one company. Many organizations, consequently, use a

combination of differem operational planning techniques.

2.4 New concept of procurement: The role of procurement department
begins al the end of materials planning exercise. The role of purchasing
department in any world class company is crucial since savings can be
| bnluught about through efficient purchasing practices. Latest purchasing is all
about developing partnership concepts with suppliers thereby ensuring lean
or Just-im-time inventories, vendors managed invemlories, quality at the

source, vendors scheduling and such other techniques.

2.5 Production allocation concepts:

f’“roduction allocation s the acuvity of reching a future goal regarding
production decision for future time period. The objective of production
| allocation manageraent is to have mventory in the right place, at right time, at
reasonable cost, so that the corporate management can achieve a desired level
"of ‘customer service at or below a specified cost meeting anticipated
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production requirements through optimal use of resources. The various factor
that act as inputs in production allocation includes, among others, current
inventory level & backlog position, current work in process inventory,
current work force levels, capacities of each production center, material
availability, production standards, cost standards & sctting price ctc. Since
allocation decisions affect manifold activities, eg. Tfacilities, inventory
management,  stock-oul frequeqcy, manufacturing,  transportation,
communication & data processing, allocation strategies and policics should
be part of an overall mtegrated organizational strategy encompassing all these
ﬁmctiouaj areas. Decision made by marketing, finance, manufacturing

shipping & logistics and engineering are to be linked systematically as well,

2.6 | MRP, MRP T and Advent of mew technology: To determine
production schedule/allocation in multi stage manufacuming system, material
requirement planning (MRP) is used throughout the industry. The basic idea
(Orticky™! ar McClain and Thomas'”) is that a production schedule of 2

Arushed item translates into known quantity and timing needs.

MRP is a sysiemn that uses bill of matenials, inventory and open order data,
and master production schedule information to calculate requirements for

materials. Fortunately today there is computer to help make our task easier.
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Cver the years computer packages have been developed that can aid marerial
plannimg. There are other terms to be mentioned such as ERP (Enterprisc

resources planning).

MRP I is a set of integrated business processes or methodologies supported
bly compuier systems to plan and control the resources of an organization
mostl effectively. These integrated businesses processes have already hl‘:l.;.ﬂ
told earlier such as strategic planning, demand management, sales and
operations planning, materials requirement planning an supplier scheduling.
All these are key processes from an MRP 11 point of view that need to be
fully integrated to derive maximum business benefits. The strength of MRP 11
| philosophy lies in integrating business with computer systems and in its
emphasis on sound people management and total quatity and continuous

Improvement process.

2.7  Solution algorithms employed to solve inventory and production
planning problems-

Dynan;ic programming modcl

Network model

Heuristic (silver meal) model.

Linear programming model.
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2.7.1 Dypnamic programming model:

Dynamic programming (DP) is a mathematical technique dealing with the
" optimization of multistage decision probiems. The technique was originated
in 1952 by Richard Bellman and G.B Dantzig, and was initially referred to as
the stochastic linear programming. The name dynamic programming was
evolved because of its use with time. Though the originator of the technique,
" Richard Bellman, himself, has said, ‘we have coined the term dynamic
programming’ to emphasize that there are problems in which time plays an
essential role”, yet, in many dynamic programming probleins time is not a

1elevant variahle.

Dynamic programming may also be called multistage programming since the
procedure typically determines the solution stages. The main unifying theory
in DP is the principle of optimality. Tt basically dictates how a properly
decomposed problem may be solved in stages (rather than as one entity)
'I througil the use of recursive computations, The computations are carried out
-in stages by breaking down the problem into subproblems (stages). To recuce
the volume and complexity of computation each sub-problem is then
considered sépa:alel}r. Since there cxists an mterdependence between the sub-
problems, a procedure is required to link the computations that guarantecs a

s



feasible éolution for each stage. This procedure is based on understanding of
stage, siate and the life funcnon “recursive equation™ The state of the system
1S ﬁerhaps most important concept in a dynamic programming model. It
represents “link™ between (successive) stages In DP, the cornputations are
actually recursive. Computarion at each stage is based on computations of
previous stage. This dynamic programming approach however becomes
tedious and firesome as the number of state variable increases. Due to this
]inﬂtaticq, it is very difficult to use this approach. While dealing with large
number of vanables, forrmulation of recursive equation also becomes a

perplex job as the number of variable increases.

2.7.2 Network model:

Production planning problems can be conceptualized as network models.
Network models perform efficiently in case of production planning problems
employing single product. Several network atgorithms for the cases of linear,
convex, concave and piecewise concave costs has been studied. This
particular modelling approach was pioneered mainly by Zangwill, Zangwill
ga;.rc a theorem of backward algorithm for solving the backward case, which
states “In a minimum cost network flow problem where the objective
function 1 a coneave function of the arc flows and the network has a single
source, there is an optimal solution having the properly that each node has an

3



inward flow from at most one arc”. In case of no backlogging case,
Zemgwill's backward  algorithm can be wused with  minor

mo&ﬁcationfassumptim

Floriah and Robillard have constructed a branch-and-bound algorithm for

solving the concave cost network flow problem with capacity constraints.

Multistage production planning problems can also be handled by network
concept by considening first a network - based — algorithm for solving a
single product planning probiemn for a serial sysiem with concave costs, and
then more general nerwork structures with Imear costs. Multistage
multiperiod network flow model has been analyzed by Zangwill with the
objective function of minimizing iotal pl"IDdI.ICIiDn and mventory cost over the

planning horizon.

2.7.3 Heuristic (sitver meai) model:

The heuristic model is an approximation of the dynamic programming model
provided that the unit production/purchasing costs are identical and constant
for all periods. This represents a shight restriction over the DP model where
EIIII_Y Iconcave cost funciion is allowable. In the heuristic, however it is
permissible to have different setup and holding costs for the different periods.
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With this restriction, the variable production is ignored and the heuristic is
designed to balance the setup and inventory holding costs only. The decision
variable in the heuristic is defined as the number of successive penods whose
demand can be “humped” in to a single production and or purchasing lot for

the purpose of balancing the set up cost against the mventory holding cost.

1,7.4 Linear programming:

Since the introduction of OR technique in the late 1940s, linear programming
has proven to be one of the most efficient management science tools. [is
success stems from its flexibility in describing multitude of real life situation

N varions areas.

The general form of a linear programming problem is a set of linear
relationships defining the trade-off for each resource which is to be allocated
and a single objective function which gives the contribution of each decision

variable.

Linear programming model has a simple form that can be easily understood
snd, more importantly, is often realistic descriplion of the real world
production planning problems can be solved easily by employing linear
programming lechmique. If the relevant costs can be assumed to be linear
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functions of the variables defining the production problem, the planning
problem can be formulated as a linear prograrnming, provided any constraints

are also linear,

Linear programming models can easily incorporate resource constraints at
each slaé;es and translate required quantities of production in a rather.
Spontaneous fashion, The planning for a multistage multilocation multiperiod
system using multiple plants in any stage for multiple products relies more on

linear programming technique than other techriques discussed in this section.

The availability of powerful algorithms for solving the general LP problem
means that the large-scale production planning problems then can be

analyzed mathematically.

In this project linear programming was employed as the solution technigue.
The obvious reason for concentrating on linear programming models is the
availability of methods for solving very large linear programming problems.
Dynamic multistage models tends to be large scale, since generally, numnber
of consiraints and variables is proportional to number of stages, as well as to

the number of time periods. Dynamic programming and heuristic models

7

"g



could proved to be tedious, tiresome and perplex approach for solving

problems this magnitude.
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Chapter -3

Mathematical Modelling

3.1 Introduction: The essence of production planning lies in the use of
mathematical model to describc a decision problem and to determine an
optimal decision or policy by analysis or solution of that model. The
development of multistage models will be addressed in the following sections
of this chapter. In this research work, attempts were taken to characterize
various multistage multi Jocation and multi period production allocation
systems. The nature and feature of the model gradually shifted to incorporaic
various production and manufacturing scenario. Application of the model has
also been changed from very simple cases to complex manufacturing
systems. The feature and application of all the models are shown m the charn

3.1

Chart 3.1:  Feahwe and application of al} the models to be discussed.

| FEATURE APPLICATION

Model-1 | This model was constructed for single | This model can be
semifinished and single finished product where | applied to the case of
the output of the first stage was treated as { milk pasteurization
necessary input for the second stage. The demand | and distribution

of fimshed product at the finished product ware " Enterprises

house (Distribution Point) was considered known |
with certainty.
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3.1.1 Subscript Mcanings:

¥

ir Location (identity) of semifinished product producing/purchasing plant
at first stage; i ranges fmm Tton

i Location (identity) of finished product producing plant at second stage;
j ranges from I to m.

k: Location (identity) of finished product warehouses at third stage; x
ranges from 1 to /.

. Time perod; t ranges from | to 7.

{II Identity of semifinished product ‘@’ ranges from a to &

p: Identity of semifinished product; ‘p' ranges from liwor

. Subscript °j” in model-5 refers to the identity / type of finished product

3.2 Assumptions made as in the models:

e _ Thereis no wastage, or spillage in different production stages.

* . Holding cost includes holding cost, handling cost and storage cost,

. Shipping cost includes handling cost, shipping cost and ransporiation cost.

- Plants were assumed to be geographically separated.
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Model-1

3.3.1.1 Introduction:
In order to get a glimpse of this model, let us first consider the case of fig-2
as illustraied, where the demand of finished product at the finished product

ware house and the other factors may change with time,

Plant A Plant A1
K
| Flgnt B Plant B1 "
Stage-1: Stage-2: Stage-3:
| Production & storage of Storage of semy finished product Finished product
Semu finished product Coming from st stuge & production warchoiuse
Of fintshed product,

Fig-2: Maerial flow for algorithm developed in model-1.
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Flonnulation of model 1 is applicable to processing industry such as
pasteurization of milk, where raw milk is collected from different collecting
| points and then brought to the pasteurization plant. Afer pasteurtzing the
milk, packed liquid milks are then fransporied to different sales warehouses,
This model is also applicable to foundry and casting industry. For this model
‘_i’ ranges from 1 to 2, ‘§’ ranges from 1 10 2, ‘k’ ranges from 1 1o 2, ¢ ranges

from .1 to 6.

Considering the case in fig-2 |, it is found that a single semi Finished product
ts produced at plant A and plant B. Each of this semi finished product
producing plant maintains its own inventory of semtl fnished product at

storage facilities associated with the plants {w).

At the second stage, there are finished product producing plants namely plant
Al and plaat B, Prior to finishing operation, each plant maintains iis own

itventory of semi finished product coming from stage 1.

Finally, there are finished product warehouscs to offer storage & distribution
Facility. A single finished product produced by two plants. plant Al and plant
Ei, arc immediately distributed to warehouses of third stage, wherc it is

stored.
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All customer demand is satisfied from these locations. Each of the four planis
. and two regional warehouses is located at different geographical locations.
Production cost varies among plants. Shipping costs are function of source

and destunation and function of mode of transportation.
3312 Cost coefficients of objective function

The costs associated in the model are the following:

1. Production or procurement cost of semifinished product, at first slage.

2. Holding cost of semifinished product at first stage.

3. Shipping cost of semifinished product between first stape and second
stage.

4. Holding cost of semifinished product at secood stage.

5. Production cost of finished product and shipping cost 1o the third slage

. 6. Holding cost of finished product at third stage.

Egu.;,h of these terms are discussed in the following paragraph.

1. Production or procurement cost of semifinished product, at first stage:
Semifinished products can be produced/procured ar different plants of first
: stagedlocated a different locations. This cost term in objective fimction for

each period can be wriiten as

1



Z {C.X.)

i=1,2
t=1,2,3,4.5,6
where,
'Cm = Cost to produce/procure a unit of semi finished product at plant t of
stage 1 in period t,

Xy= Number of units of semi finished product produced at plant i of stage 1

in pertod t,

2. Holding cost of semifinished product at first stage:
After produchtion/purchasing of semifinished product it can be stored in the

- associated warehouses. This cost term in objective function for each period

can be writien as
r
> (A
ijaf
1=12
, 1=1,2,3,4,35 6
where,

'Liy= Semi finished product inventory at plant i of stage 1 at the end of
Period t.

iy, = Unit inventory carrying costs at stage-1 in period t.

14



3 Shipping cost of semifinished product between first stage and second
stage.

Costs incurred due shipping of semifinished product from warehouse of first

 stage to warehouse of second stage. This cost term in objective function for

eaéhpcﬁodcanhe
2 2
Z Z -
=l y=!
(=1,2
1=1,2
t=1,2,34,56
where,

g~ Cost to ship a unit of semi finished product from plant i of stage 1 to
storage factity at plant j @ stage 2 in period 1.
Vii= Number of units of semi finished product shipped from plant i of slape

1 to plant j at stage 2 in period t.

4. Holding cost of semifinished product at second stage:
Cost incurred due to inventory holding at sccond stage. Before fimishing
operation there is a provision of material siorage in the second stage, if it

requires. This term in objective function for each period can be written as

2
Z ’rhx"ﬁr "Irz_uaJF
F=!
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where,
I2;= Semi finished product inventory al piant j, stage 2 at the end of period t.

hgj =Unit inventory carrying costs a1 stage-2 in period t,

5 Production cost of finished product and shipping cost to the third
stage:

Cost incurred due to finishing operation in the second stage and the
rransportation cost of finished product between second stage to third slage.
Here provision has been made such that the finished products can be shipped
dir_ecﬂy to third stage after finishing operation. This cost term in objective

function for each period can be written as

2 2

2,2 (Cop )Y

TEE ke

1,2
1,2
2,

]
k
t=1,

il L

34,5 06
where,

C2—Cost to produce a unit of finished product at plant j of stage 2 in period 1.
g’Jh=IICnst to ship a unit of .ﬁnjshed product from plant j of stage 2 to
| regional warehouse k in period ©

YJLI; Number of units of finished product produced al plant j of stage 2, and

shipped to warchouse k of final stage.



‘6. Holding cost of finished product at 3 stage.
Cost to hold finished product at the warchiouse or distribution centers of third

stage. This cost term in objective function for each period can be written as

K
Y (Ml
k=i

where,
I3,= Finished product inventory at warehouse k at the end of period t.

hz =Unit inventory carrying costs a stage-3 in period 1.
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3.3.13 Constraints:
1. Inventory balance at first stage:

At any period, there should be a balance of semifinished product inventory at

the warehouses of first stage.
Quantity of semifiished X
product produced
Quantify of leaving
Entering/Initial inventory inventory
» >
Liia [

Quantity shipped to i Yo

ERN

second stage
\d
This may be expressed mathematically
2 =12
Ju=h, 1+ X, - ¥ L
e ; W }r = 12,3456

“where,

II. y= Semi finished product inventory at plant i of stage 1 at the end of

Period t.

- Xj= Number of units of semi finished product produced at plant i of stage 1
in period t.

IV;J-‘:= Number of units of semi finished product shipped from plant i of stage

1 to plant j at stage 2 in period t.
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2.  Material balance:
Total quantity of products shipped from first stage to second stage shouid be
equal to the quantity of finished products shipped from second stage to third

- slage. This may be stated as:

2 2 =
j=12
V. = Y
Z w ; F L: i23456

(L7}

where,
. Y= Number of units of finished product produced af plant j of stage 2, and

shipped to warehouse k of final stage.
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3. Inventory balance at second stage (semifinished):

. Atany period there should be a balance of semifinished product inventory at

the warehouses of second stage.

Quantity shipped from

stage

b1

-
L]
-

Entering/Initial inventory

I

Quantity shipped to

third stage

This may be expressed mathematically

2

Y

2
‘r:ﬁ="2;-—1+z i~ At

fuf [E T
-where,

/

Iz= Semi finished product inventory at plant j, stage 2 at the end of period ¢

an

=123456

Quantrty of leaving
mmvenlory
—
IgjL
2
2 Ya
k=



4. Inveniory balance at third stage:
Atany period, there should be a halance of finished product inventory a1 each

. warehouse of distribution center of third stage.

 Quantity of finished product produced 3 %
and shipped to be third stage

(Quaniriy of leaving
Entering/Initial inventory inventory
. —
I 3. I g
Cuantity of satisfied demnand a1 the Dy
warchouses

This may be expressed mathematically

IlJ-: ;.2

F4
L=l +), YD
e = Loucs 2 Yo = Dy =123456

where,
- b= Finished product inventory at warehouse k at the end of period 1.

Dy, = Given demand of finished product at warehouse k in period t.
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3. Capacity constraint (samifinished product):

| production of number of units of semifinished product should be always less

than the production capacity of each plant at each period. This can be stated
as:

X, <=1, =12
where,

P1i = Maximum production capacity at plant i of slage-1

6. Capacity constraint (finished product):
Production of number of units of finished product should always be less than
the production capacity of each plant a1 each period. This can be stated as.

i ¥, <=F J=1id
o ¢ =123436

=]
where,

Py = Maximum production capacily at plant j of stage-2

Non negarrvity of variables:

=0
IU = )
A,>=0
Vi, =)
Ymhﬂ

Ij'h' }=ﬂ
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. 3.3.54 Complete model:

" The model in its complete form can now be defined as:

Minimize,

2 (CoXy bl )+ S Z oV +Z sl e
Z=E fwi fuf =l
TS Y (Gt g M+ S,

F=f kwd k=i

Subject to

Inventory balance at first siage:

2 =12
g, =f +X — F
=y "JZ_J:N L}.Ei-f.‘iﬁ
material balance
! 2 ly =42
7=,
V, = Y
; W ,,Z,: - f:=;,z.3,4.5.6

fnvenm:}! balance at second stage (semifinished):

z =i2
-?JIZ IJII+ZV _Z Yoo t/zf}:‘ijﬁ

imf k=t

Inventory balance at third stage:

2
F=5Z
=l t) Y. -D J
E] Fh-! ; = M f}j—f,}rﬁ

| Capaciw cansiraint (samifinished product):

A, <=1, |:=f,2
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Capacity constraint (finished product):

> Yu<=P j=ls
o W=123456

Non negatrﬁty of variables:

{,>=0
i L,

X,>=40
Vy >=0
}’“f =0

>z )

'{.Th' }=ﬂ

Z= Total production and shipping cost durtng Lhe entire planning horizon



Model-2

3.3.2.1 Introduction:

This model is applicable to foundry & casting industry for manufacturing
spare parls, machine tools etc. A hypothetical case has been considered here
as illustrated in fig-2. For this model ‘i” ranges from } 10 2, *j’ ranges from 1
. 10 2, 'k’ ranges from 1 10 2, ‘a’ ranges from 110 2 and ‘¢’ ranges from 1 to 6.

In this model multiple semi finished products were considered both in first
and second stages of production. Tt was assumed that each semi finished
product produced/procured in first stage would act as an essential component
for the finished product produced in second stage, keeping the other
assumptions mtact. The material flow was also assumed the same as (hat

" assumed i mode! 1.

Plant A

Plant A1 @

Plart B Plart B1 ”
Stage-1: Stage-2: Stage-3:
Pr oduction dstorageof Storageof se?fgﬁnfshed Finished product
. productcoming fromstage — ]
semifinished producty , )
& productionof finished products warehouses

Fig-3: Matcral flow for algorithm developed in model — 2.
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3.3.2.2 Cost coefficicnts of objective function & constraints:

The notation and subscripts of this model is similar to the previous modcl. In
this model only change was an introduction of subscript ‘a’ which is used to
indicate individual semifinished/finished product, since this model considers

multiple semifinished/finished product.

'3.3.2.3 Complete model:

The model in its complete form can be defined as:

Minimize,
- p 2 2 PR -
Z Z(crmxw VAR d 1 ) ¥ Z ergﬂVm)*' Z thq.rfzqr +
T o nf e bl f={ - F=!
Z=3

2

& & 2z
2. 20 (Cogt Lo W ¥ 2, D Rty

2
a  f=l k=t o k=)

Subjeet to

Inveniory balance:
l: =/2
2
Na =L v XK= Vo, ]: =123456
' a

=)
g “——ﬂ',f-l

ai



Material balance:

2 7 |J' =12
IR I r =123456
im] ) a=a 5
;frrvenfmj.r balance:

z 2 J =142
Do = Tagrei ¥ 2 Ve = 2 Vo =123456
i=! T |
=ah
Irventory balance:
, !r; =]2
Tois =Ly s+ 2 Yo = Do ¢ =123456
s-t o =ab
Capacity limitation (semifinished):
!; =17
X, «=£, o= ab
I =123456
' Capacity limitation (finished):

\ E =12
Y Ya<=F, =71234.56
k=1 o= a,b

Non negativity of variables:

{0 >=0
Iyp=>=0
-Xwn-:{?
Vg >=0
Yoa »=0
{ i ==t}

Z=Total production and shipping cost during the entire planning horizon.
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Model-3

3.3.3.1 Introduction:

" This model was developed with a different approach as compared to previous
, models. The concept of assembling was incorporated in this model A
hypothetical manufacturing system has been considered as lustrated in fig-3
for the formulatim? of this model. For this mode] “i° is cquals to 1, i is
equals to I, ‘K’ is equals to | and ‘t’ ranges from 1 to 6.

As an mitial effort, two differently loca-ted manufacturing plants were
considered, along with a regional warehouse. Matenal flow was studied
between these plants and the warehouse, At brst stage, it produces semi
finished product or components needed 1o assemble finished product at stage
/2. At second stage it assembles the components. The finished products are

directly shipped to the warehouse on demand at the third stage.

Piant A Plant B | Warshouse W
Stage:1 Stage:2 Stage:3
Production'Procurement & Assembimng of Finshed produce
Storage Of semi finished Praduct finished producr &
Or component . Shipment to third stage. Warehouses

Fig4: Material flow diagram for alporithm developed in model -3
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Formulation of modet 111 is applicable to stmple assembling and distribution
system where the enterprise relies on manuf acturng and marketing of single

finished product.
3.3.3.2 Cost coefTicients of objective flunction:

The costs associated in the model are:

I Proaduction/procurement cost of semifinished products or components
at first stage;

Cost incurred due to produchon or procurement of components in the plants

of first stage. This cost term m objective function for each period can be

written as

k]

Y (Cu )

a=]

a=1,273
t=1,2,3,4,56
where,
Ca = Cost to produce/procure a unit of semi finished product “a” a1 plant A
of stage 1 in period 1.
Xu= Number of units of semi finished product of identity “a” produced

./procured al plant A of stage 1 in period t.
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2. Holding cost of components at first siage:
After production of components it can be storéd at the associated warehouses
cost incurred due to holding of these components are hold mng costs. This term

in objective function can be writteu as

k)

2 (Cuty)

o=

a=123
t=1,2,3,456
where,
C1a =Unit inventory carrying costs at stage-1in period t.
Iix= Semi finished product mventory of product “a” at plant A of stage 1 at
the end ol period t.
3 Shipping cost of semifinished product:
Cost incurred due to transportation of components from first siage to the

assembling plant of 3% stage. This cost term in objective functiou for each

period can now be writlen as

); Vaoga)
- a=1,23
t=1,2,3,4,56
where,

Vu= Number of units of semi finished product/component of identity
“g”shipped from plant A of stage 1 to plant B at stage 2 m period t.
Ex— Cost to ship a unit of semi finished product “a” from plant A of swge 1

to plant B at stage 2 in period t.
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4. | Assembling & shipping cost;

. Cost ihcurred due to assembling of finished product and shipment to the third
stage. This cost term in objective function for each period can now be writien
as

(C.+8) Y,
t=1,2,34 5 6

where,
C= Cost to produce/assemble a unit of finished product at plant B of stage 2

1A period t.
S¢= Cost to ship a unit of finished product from plant B of stage 2 to regional
warehouse W in period t.

Y= Number of units of finished product assembled at plant B of stage 2.

3. Holding cost of finished product:

Cost incurred due to holding of assembled product at the third stage

warehouse. This cost term in the objective function can be writlen as
Cavelay

where,

Csy = Unif inventory carrying cost at stage-3 in period t.

Isy= Finished product inventory at warchouse W at the end of period t.
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3.3.3.3 Constraints:
Il Inveniory balance at first stage:
- At any period there should be a balance of semifinished product inventory at

the warchouse of first stage.

(Quantity of component X
‘a’ produced
, Quantty of leaving
Entering/lnitial inventory LvenRtory
> >

[ far-] { fat

Quantity shipped to V.,
second stage

v

This may be expressed mathematically

a=123
L= ¥ X -V,

=72 3456
where,

I,,,{; Semi finished product inventory of product “a” at plant A of stage 1 at
the end of period t,

Xa= Number of unis of semi finished product of idenuty “¢” produced
fprc;cured at plant A of stape 1 m period .

V= Nuntber of units of semi finished product/component of identity “a”

shipped from plant A of stage 1 lo plant B at stage 2 in period 1.
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2 Inventory batance at third stage:
At any period, there should be a balance of finished {assembled) product

inventory ai the warehouse/distribution center of the third stage. This can be

-stated as:

Quantity of Anished Y,

shipped to warehouse of

third stage

Quannty of leaving
Enterinp/Tnitial inventory mventory
> >
L 3y K [ 3

Sansfied demand of finished produced D,
al warchouse of third stage

This may be expressed mathematically

Iil;:IJF—J+YfFD: ;(=f,2,j,4,j.ﬁ

where,
I3,= Finished product inventory ar warehousc W at the end of period &
Y= Number of units of finished product assembled at plant B of stage 2.

De= Given demand of assembled product ar warehouse W in period t,
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3. Capacity limiiation (components):
Production of number of semifinished products/components should be always
less than the production capacjty of the plant a1 each period. This can be
stated as:
 Xa<=Py
t=1,2,3,4,56
where,

P.» = Production capacities at stage-1 in period t.

1. Material balance:
Numnber of production of units of each component should be greater than the
minimum numbers of components heccssary to assemble the finished product
in any pertod (according to product explosion). This can be stated as:
X/m,=>Y,
t=1,2 3,45 6I

where,

M., = Minimum number of component ‘4’ required 1o assemble a fnished

product ‘Y".
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b) Capacity limiation:
Number of units of assembled product should always be less than the
 production capacity of the plant at any period. This can be stated as:
Y, <=P,
t=1,2,3,4,5,6
where

P= Assembling capacity of stage-2 in period t.

3.3.3.4 Complete model:

The model in its complete form can be defined as:

Minimize,

6.1 3
S L= Z[Zr(:"ﬂxw +Coud i+ ZVNSH +C +S8 Y, +C.Tw‘r_i'_u:’

txf] om} a=}

Subject to

Inveniory balance at firsi stage:

=123
f =5 +X_ -V '
I Ihr-} of o rz 1"2.—?14.5.15

Invertory balance at third stage:

I, =1, +¥-D

It r !

w = k=123456
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Capacity limitation {components):

=123
X, <P, i
t=123456
Material balance:
_ a=123
X_/m,>=¥, (= 123456
Jma = ceroor any positive int eger value.
. C&paci!y limitation:
Y, e=P fp=123456

Non negativity of variables:

' fw>=0 @ =2
) Ll =§234356
Fn >0
X, »=0
Y >=0

Z= Total production and shipping cost during the entire planning horizon.
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‘Model-4

3.3.4.1 Introduction:
In this model, relatively complex situation was considered, as compared to
the previous model. 1t is very likely that the subassemblies can be brought to
.assembling plant from different plants localed at a diverse location, using
Imultiple plants at the firsi stage. For this model ‘i’ ranges from 1 to 2, ‘k’
ranges from | to 2, “g’ ranges from 1 to 2 and ‘t’ ranges from 1 to 6. At the
' first stage there are two plants namely, plant A and plant B, which produces
same products/components (semi finished) then holds inventory at the storage
facilities. The components were then shipped to plant C at second stage for
assembling. The components can be smréd at the storage faciliry prior to the
assembling In case of necessity. Al} the components were used to asserﬁble
the finished product. Finished products werc immediately shipped to the

finished product warehouse afler the assembling operation . The finished

product warchouses are x} and k2.
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Plant A

Plant C
Plant B :
I
Stage:1 Stage:2 _ Stage:3
Production/Prociurement Storage of componenits Storage of finished prochuct
& storage of semi finished & assembling of finushed
FProduct. (Components) Product. ar regionad Warehouses.

Fig-5: Matenial flow diagram [or algorithm developed in model —4.

Formulation of model IV is suitable for assembling finished products of any
type. As for example the case of automobile assembling can be considered.
Where subassemblies and components can be manufactured or procured at

different locations, and the fmal shape takes place to an assembling plant.
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where,
I, = Inventory of semifinished product of identity ‘a’ at plant i, of stage-] at
the end of period t.

hyzi = Cost to hold a unit of semifinished product of identity ‘g’ a1 plant i in

pertod t.

3. Holding cost of components at warehouse of second stage:
Cost incurred due 1o holding of components at any period in the warehouses
of second stage. Prior to assembling, components coming from stage-1 can be

. slored al the stage-2 warehouse. This can be stated as:

2
PIRL NS it = 1,234,356
a=/!

where,

o = cost to hold a unit of semi finished product of identity “a” at second

slage in period t.

7Y

I2» = Inventory of semi finished product of identity “a” at stage 2, at the cnd

of period t.

4...  Shipping cost of semifinished produci:
Cosl meurred due .to tramsportation of components from stage-1 to the

assembimg plant of stage-2. This can be stated as:



3 Y Fuga) (= 123456

v;.fhere,

VY = Number of units of semi finished product or component of identity “a”
shipped from piant 1, of siage 1 to storage facility of plant C, at stage 2 .

24 = Cost to ship a unit of semi ﬁnisﬁed_ product of identity “¢” from ith

plant of Iirst stage to the assembling plant al second stage, in period t.

s Assembling and shipping cost to stage-3:
Cost incurred due to assembling of finished product & shipment to stage-3.

Thas can be stated as:

s }
Z (fsu fo+Cy Yu) ;f =123+346

it
wheré,

Isy, = Inventory of assembled (finished) product at the warehouse k, at the end
of period t.

hs, = Cost to hold a unit of finished product in warehouse k at periad 1.

Ci = Cosl to assemble a unit of fmished product al the assembling plant and
ship 10 warehouse k m period t.

Yu = Number of units of finished{assembled) product assembled at

assembling plant and shipped to the warchouse k, m period t.

fi



- 3.3.4.3 Constraints of model:

Constraint of this model acts similar 10 the previcus model.

3.3.4.4 Complete model:

" The model in its complete form can be defined as:

Minimize,
62 2 i 2 2 2 2
Z= 2l 22 CaX ot Liarias) 4 Y Frlia + D3 Vs + 2 iy + Cuo) |
tw)  aw] fx] o= FLTNET) tu}
Subject to
Immventory balance:
la= 12
T =l ¥ X =V =12
' l/ =123456
Imventory balance:
2 2 lt = 123456
I ={ + Voo ¥
1 Pmr-t ; a ma g i ‘ﬂ' — 1’72
Irvemtory balance:

tr=f..?

'fn:-:fjh-;“‘rh"nh _ 723456
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F3E &

Material balance:

i

H
Z ¥, <= X om,
ey it

Capacity limitation:

X = Fi

Capacity limitation:;

Y <P,

Non negativity of variables:

.{szﬂ
P, >=0
Ny >=0
Vm}zlﬂ
fy>=0
Yy =0

Z = Total production and distribution cost for the entire planmng horizon.

LY

la=12
szjjﬁjﬁ

M = Zero oF amy poskive ind eger value

i=12
u=4f2
b=123456

k=12
t=4234508




Model-5

"~ 3.3.5.1 Introduction:
In the previous model, a single finished {assernbled) product was assumed,
In this case multiple finished (assembied) product was considered in the
" second stage in addition to the multiple semi fnished product at stage 1. For
. this model ‘i’ ranges from 1 to 2, ‘j’ ranges from 1 to 4, ‘p’ ranges from 1 to

16, °k’ ranges from 1 to 3 and ‘t’ ranges from 1 to 4.

Plam A : @

Flanmt C o :

FPlamt B :

Stage:1 Stage:2 Stape:}
Production/Procurement Storage of components Storage of finished
& storage of vemn fimished & assembling af finuhed | | products at regional
Product. (Companents) Product Warehouses

Fig-6: Material flow diagram for algorithn developed in mode} —5.



The developed model was tested with real life daa availed from a local

battery manufacturin g company Rahim Alfrooz (Bangladesh ltd.) This model

was developed for enterprises that, relies on manufacturing and marketing of

multiple finished item. The case of automobile, computer hardware and

electronics are the common examples of this model.

3.3.5.2 Cost coeflicients of objective functioo:

The costs associated in the modei are the following:

1.

_ Production/procurement and inventory holding cost of semifinished

products/components at first stage.

Holding cost of semifinished products at second stage.

Shipping cost of semifinished products/components between first and
second stage.

Assembling cost of the finished products at the second stage.

Holdinp cost of the finished producls at second stage.

Shipping cost of {inished product between second stage ana last stage

Holding cost of finished products at the warehouses of third stage.
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Each of these terms are discussed in the following paragraph:

1. Production/procurement and inventory holding cost of semifinished
products/components at first stage.

Cost incurred due to production/procurement of semifinished

products/components at first slage plants located at different locations. This

cost term 1n objective function for each peried can be writen as:

bl

F
’ Z Z ((:ﬂer""’ripuhrﬂ-r

fml p=l

e ey
It

el

d

u'-.o...'l

u-h-

el

o

I
—_—
Ll Ll -

where,

' Coig = énst to produce/procure a unit of semi finished product of identity “p”
. at plant 1, in stage-1 at period 1.

X,,u = Number of umits of semi finished product/compouent of identiry “p”
produced/procured at plant i, of stage-1 in period t.

Lipn = Inventory of semi finished product of identity “p™ at plant i of siage 1 at
the end of penod t.

hyps = Cost to hold a unit of semi finished product of identity “p” | in storage

facility of plant i at peried t.



2. Holding cost of semifinished products at second stage:
Cost incurred due to inventory holding of components coming from first

* stage at the second stage. This cost term in objective function for each period

- can be written as:
16
Z &Eﬂ‘rzpf
P
p=1,2,3,4,. ... 16
t=1,234
where,

by = Cost to hold a unit of semi finished product of identity “p” in the
storage facility of plant C at period 1.
Ly = Inventory of semi finished product or components of identity “p” in the

"slmage facility of plant C of stage 2, at the end of period t.

3. . Shipping cost of semifinished producrs/components between first and
. second stage.
Cost incurred due to transportation of components from first stage to second

‘stage. This cost term of objective function for each period can be written as:

Vs B

1
!

K
- p=

&7



where,

Vo = Number of units of semi f'mished product or component of identity “p”
-shipped from plant 1 of stage 1 to the storage facility of plant C at stage2 in
| peniod L
Epu = cost to ship a unit of semi finished product of identity “p” ﬁm first

stage of plant i, to the siorage facility of second stage in period t.

4. Assembling cost of the finished products at the second stage:
Cost incurred due to assembling of semifinished products at the assembling
. plant of second stage. This cost term of objective function for each period can

be written as:

o

i
uH u_
e uM
ul..»..'l S
B N

where,

C;c = Cost to assemble a unit of finished product of identity “j” in the
" assembling plant at period t

. Y;; = Number of units of finished product of identity ‘j’ assembled at plant C

of stage 2, in period {.



S Holding cost of the finished products at second stage:
- Cost incurred due to mventory holding of finished (assembled) products at
the warehouse of second stage. This cost term of objective function for each

period can be written as;

i
b b
R

i
I
[ —

where?

h; = Cost to hold a unit of finished product (assembled) of identity “j” in the
storage facility of plant C.

Isjp = Inventory of finished (assembied) product of identity “ j” in the storage

facility of plant C (after assembling), of stage 2, at the end of period t.

6 Shipping cost of finished product between second stage and last stage
Cost incurred due to transportation of finished products (assembled) between
warchouses of second and third stape. This cost term of objective fumction for

each period can be written as: .

1
E C_ﬂr H'iir-r

£
Fe=i k=i

o
.

[}
o B2
Ld

— ?‘-'—-u
I [
-
-ilM \
uLpJ
L



f where,

Cix = Cost to ship a unit of finished product of identity “5” from storage

facility of second stage to warehouse k of final stage in period 1,
Wy '= Number of units of finished product of identity “” shipped to

warehouse k in period £

7. Holding cost of finished products at the warehouses of third stage
.Cost incurred due to mventory holding of finished (assembled) producls at

the warchouse of third stage. This cost term of objective function for each

period can be written as:
i k)
2 2 Pl o
=i k=l
1=1,2,3,4
k=1,273
t=1,2 3.4
whcre,l

:::::

hsa, = Cost to hold a unit of fimshed product of identity
final siage, in period 1.
L = Inventory of finished (assembled) product of identity 5 in the

warehouse k of stage 3 at the end of period 1.
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" 3.3.53 Constraints;

1. Inventory balance at siage-1:

At any period, there should be a balance of semifinished product inventory of

each type, al the warehouses of the stage-1’

Quantity of component Xt
‘p’ produced at each plant

Entering/Initial inventory

Tipit-1

Quantity shpped to V put

‘p= F23 4 .

stage-2
L4
This may be expressed mathematically
fpg =l + X =¥, i=12
L ={,23.4

Ea

Quanaty of leaving
inventory
>
it
16



2. Inventory balance at stage-2 (component):
At any period, there should be a balance of semifinished produet inventory of

the type ‘p’, at the warehouse of the stage-2.

No. of component ‘p’ P

shipped from stage-|

. Quantity of leaving
Entering/Initial inventory inventory
» >
b bopt

No. of component ‘p’ Mg Yy
required for assembiing
Tinished product *j°.

This may be expressed mathematically

b =123+

) +
o = o +Z ¥ ou _Z ™y, if: 123
#=i 4! impj = 0 or any positive integer.

where,

m,; = No. of component “p’ needed for assembling each unit of fnished

product .



3 Imventory balance at stage-2 (assembled product):
At amy period, there should be a balance of assembled product inventory of

| the type °}’, al the warehouse of the stage-2.

No. of finished product Y
assembied al stage-2

(CQuannty of leaving
Entering/Intual inventory inventory
— -
Lsjig I3y,

Neo. of finished product *j’ > W,

shipped to the warchouses
of stage-3

This may be expressed mathcmatically

lj=1234

fon =Tapi 47, ZW i[r=.rz34

4.  Component supply:

The production quantity of component ‘p’ in any period at stage-1 must be
greater than the number of components nceded for assembling finished
produci °j* a1 stage-2. This can be stated as:

4 2 P =123, H
m_Y <= X
IZ_; A ; L i ={234

T



5. Capacity limitation:
The number of units of component ‘p’ produced, should always be less than
the plant capacity at any period. This can be stated as:

i= 12
X = G pP={234 ... {0
t=1234

where,

Qrpt = Maximum production capacity of semifinished product “p” at plant i, in

period t,

6.  Capacity limitation:
The number of units of finished product > assembled, should always be less
 than the plant capacity al any period. This can be siated as:

y=1234

Fa <=4z (= 1234

where,

Q2p = Maximum assembling capacity of finished product ‘§* in plant C, in

perniod t.

7. Storage limitation;

Due to the space limitation in the warchouses, it is not possible to store the
fished product, more than a specified quantity, a1 any period. This can be
Istated as:
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i r <0 b= 1234
a =1234

L

" where,
Q= Maximum quantity of finished product that can avail the storage facility

al the storage facility of assembling plant in pertod t.

8. Inventory balance:
The warchouses of stage-3 should have the capacity 1o satisfy the market

demand of any finished product ‘i*. This can be slated as:

(Quantity of assembled Wi
product ‘3° shipped to
warehouse ‘k’ of stage-3

Quanuty of leaving
Entering/Initial inventory x inventory
> -
Lijia-1 Lijue
. Demand of finished product *j’ Dhy
al the warehouse ‘k’of stage-3
¥

This may be expressed mathematically

lj: 12,34
fog =1+ Wa =Dy ‘;;=;_2,3

p=1234
where,

Dj = Demand of finished product “i” in warehouse k a1 period t.

™



3.3.5.4 Complete model:

ES

‘The model in its complete form can be define as:

7 6
ZZ(C X +‘rfﬂrhfﬂf)+z 2 -?PI+ZZVHEN

Fi
Iwf pu! I=! p=I
Z=2, 4

L §

= +Z(Cﬂrﬂ+ :ﬁ»‘*ZZCﬁrWJ:‘FZZ el s

=1 T T
Subjea to
Imventory balance at stage-1:

lp=2234 16
fhsz_;h’f,ﬂ—ﬂ, r=12

b= 1234
Inveniory balarice at stage-2 (componeni):

, =1234

frm ;+Z V=2 myt, = 1234

tmf i=r . . .
mpi =0 or any positive integer.

Inventory balance at stage-2 {fassembled product):

) T
I,,=1,,,+7, Z W, =123+
e (= 1234

TH



Component supply:

i )
Z mY, <= Z X i
= =

Capaocity limitation:

A pa = Gy

- Capacity fimitation:
Y,<=q, P

Storage limitation.
I

Z 7 =0,

=i
Imvenitory balance:

| {5 >=fia t W, =Dy

Non negativity of variables:

X, =0
Aipa =10
Iiu=10

| Vo >=1

Y, »>=10
{iy>=0

Fop =0

rwﬁkﬂ

Z = Total production and distribution cost for the entire planning horizon.

|p=azlﬁmmmm

r=1{23+4

=12

F=rl234. ...

=1234

‘j = 1234
y=71234

= 1234
[jr' = {234

= 1234
=123
p=1234

7

16

fo
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Chapter-4
Input of the Model

4;1 Introduction: The mathematical models developed in the preceding
chapter have been tested by the realistic daia The hypothetical daa were
used for the first four models. The Jast model was tested with real life data
Icolle;cled from a local battery manuf{acturing company named Rahim Afrooz
(BD) Ltd. This chapter presents first the flow process chart and the various
mput parameters of each model. The parameters were either assumed or

" collected from the real life sitmation.

4.2 Inputof Modtz.l-lz

A hypothetical Milk pasteurization and distribution system was considered
for this model. This system consists of two milk production or collection
centers, two pasteurization plants and two regional warehouses or distribution
centers. In first stage, besides production centers, there arc storage facilities.
In second stage also, there are storage faciiities prior to pasteurizaton. The
raw milk collection a1 the first stage can either be made by producing m the
firrn house or purchasing from local producers. The flow chart ts shown in

figure 4.1. The production cost for raw milk, inventory holding cosL, cost of

TR



pasteurization, cost of shipping, production capacilies, pasteurizaton

capacities are shown respectively in lable-4.1,4.2,4.3, 44,45 and 4. 6.



Stage-1

Stage-2

Stage-3

Milk production
or
collecbion center

Storage facility

Milk production
or
collection center

|

Storage facility

Storage facility

Storage facility

Pasteunzation plant

Pasteurization plant

Reptonal warehouse
or

, Distribution Center

Regional warchouse
or

Distribution Center

Fig. 4.1 Flow chant for modej-1
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Table 4.1: The production cost for raw milk per unit at fAirst stage for

each period:
Period Collection center- ] Collection Center-2 }
in Tk. in Tk. .r
1 12 11 B
2 12 il ;
B 3 12 Fl 7
4 3 12 ;
5 13 12 |
| 6 12 11 j

"lnvenl:nry holding costs a1 all the siages were assumed constant over period

and same cost was assumed in all the locations within a stage.

Tabk 4.2: The inventory holding cost Per unit in Tk for all the stages:

I Stage Storage facility-1 Storage facility-2
1 1 1
2 2 2
3 i I

®1



Table 4,3: Cost of pasteurization at second stage and sbipping to 3™
' stage per uait pack of milk in Tk.:

Pasteurization in plant-1 Pasteurization in plant-2 |
Period Shipped to warehouse Shipped to warehouse |
1 2 } 2 l
| 7 ¢ 8 8
2 7 9 8 8 _]l
3 7 9 8 8
I 4 7 9 8 8
5 7 9 8 8
6 7 9 8. 8

Tablc 4.4: Cost of shipping per unit raw milk from storage facilities of

stapge-1 to storage facifities of stage-2 for all periods in Th

Period From storage From storege From storage From storage
facilicy-] of first | facility-2 of first | facitity-1 of first | facility-2 of first
siage o SOrAge slage to slorage | stage to storage slage (o storege

| facility-1 0f 2™ | facility-1 of 2™ | facility-2 of 24 | facility-2 of 2
stape stage stape stage
1 2 3 3 2
2 2 3 3 2
3 2 3 3 2 ||
4 2 3 3 2
5 2 3 3 2
6 2 3 3 2 ]

"7




Ta-bllc 4.5: Production capacities of raw milk at stage-1 in units.

Production Center-} Producition Center-2

54000 60000

Capacities of raw milk production were assumed constant over tme al the

collection centers of first siage.

Table 4.6: Maximum pasteurization capacities at stage-2 in units.

Plamt-] Plant-2

L 56000 62000

These capacilies were also assumed constant for the entire planning hortzon.

43 Input of Model-2

- The cdncept of multiple products was introduced in this model, assuming the

,manufacturing and distribution scenario similar to the first model. The
application of this model fits well to the case of mannfacturing small parts by
employing foundry and machining processes. This formulation was tested by

assumed data Due to simplification this model was tested assuming two

R3



products only. Two different types of products product A and product B are
ﬁrst produced by casting method at the plants of first stage. These products
can be stored if necessary at the storage facilities associated with the foundry
p%ants_ Al the second stage there are storage facilities to hold products
coming from first stage. The plants at Lhis stage provide machining operation.
The fmished products are then shipped to the warehouse (distribution cenier)
of (he final stage. The flow chart is shown in figure 4.2 and the relevant input

parameters are presented in table 4.7 w0 4.13.
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Plant for producing Plant for producing
semifinished product semtfinished product
 Stage-1 l l
Storage facility Storage factliry
Storage faciliry Storage facility
Stape-2
Plant for producing Plamt for producing
finished product finished product
Regional warehouse Regional warchouse
Stape-3 or or
_ Disiribution Center Distribytion Center

Fig. 4.2 Flow chart for model-2

25



"

Table 4.7: Cost to produce each unit of semifinished product at plants
of stage-1 {These costs were assumed constant over period.)

in Tk:

1 Costs at Plant-1

Costs at Plant-2

Product A

Product B

Product A

Product B

12

14

1

15

Table 4.8: Inventory carrying cost per item at the warchouses of
stage-1. (These costs were assumed constant over time):

‘ Costs associated with the warchouse
of plant-1

Costs assoctated with the warehouse

of plant-2

l Product A

Product B

!e

Product A

Product B

2

2

2

2 '_l
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Table 4.9: Shipping costs of the semifinished product (A) from ferst
stage to second stage per item in Tk (These costs were

assumed constant over time):

Between Between Between Between
warehouse-1 of warchouse-2 of | warehouse-1 of warchouse-2 of
stage-] to stage-1 to slage-1 1o stage-1 10
warehousc-1 of | warehouse-1 of | warehouse-2 of | warehouse-2 of
second siage-2 stage-2 | stage-2 Stage-2 - !
3 4 4 4 ‘

~ Table 4.10: Shipping costs of the semifinished product (B) Ffrom first
stage to second stage per item in Tk (These costs were
assumed constant over time):

L

Between Between Between Between
warchouse-1 of | warehouse-2 of | warchouse-1 of | warehouse-2 of
slage-1 1o stage-1 to siage-1 to stage-1 to
warchouse-1 of | warchouse-1 of | warehouse-2 of | warchouse-2 of
second stage-2 stage-2 stage-2 stage-2

4 5 3 6
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Table 4.11: Cost for finishing operation of a unit of product A and ship
to the final stage in T (These costs were assumed coostant
over time):

]

| Cast of producing

Cost of producing

Cost of producing

Cost of producing |

at plant-1 of at plant-2 of at plant-1 of ¢  af plamt-2 of
stage-2 and stage-2 and stage-2 und stage-2 and
shipping to shipping to shippingto |  shipping to
warchouse-1 of | warehouse-i of | warehouse-2 of { warehouse-2 of
stage-3 stage-3 i stage-3 stage-3
10 11 10 10 ‘

Table 4.12: Cost for finishing operation of a anit of product B, and ship
' to the final stage in Tk {These costs were assumed constant

over time}:

I'Cost of producing | Cost of producing | Cost of praducing | Cost of producing
at plant-1 of at plant-2 of at plant-1 of at plant-2 of
Stape-2 and stape-2 and stage-2 and stage-2 and |
shipping to shipping to shipping to shipping to

warchouse-1 of | warchouse-1 of | warchouse-2 of | warchouse-2 of

[ stage-3 stage-3 [ stage-3 stage-3 i

11 12 12 12
F
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Table 4.13: Inventory carrying cost for each unit of finished product in
the final stage at cach warehouse in Tk (These costs were
assumed constant for the entire planning horizon):

Warehouse-1 Warchouse-2

Product-A Produci-B Product-A Product-B

‘ 3 3 3 3

4.4 I[nput for Model-3

This model was developed to consider the case of assembling small parts or
components. The three components were produced at the first stage and then
transported to the second stage for assembling into a single finished p]’Dd;IC‘L
It was assumed that afier assembling the finished products are shipped to the
warchouse of the final stage directly. The flow process chart with respect to
this model is shown i figure 4.3 and the relevant inpul parameters are

presented mn tables 4.14 to 4.16.
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Stage-1

Stage-2

IS = g-e-:l

Fig

Plant for producing semifinished
product/component

|

Storage facility/warehouse

l

Assembling plant

hstribution center
or
warehouse

. 4.3: Flow chart for model-3



Table 4.14: Costs to produce each unit of semifinished product at stape-1
in Tk (These costs were assumed constant over time):

Production cost for Production cost for Production cost for
components-A components-B i comgonents-B E
40 50 60 ‘

Table 4.15: Unit lnventory holding cost of each component at stage-1.
{These costs were assumed constant over period):

Inventory holding cost | Inventory holding cost | Inventory holding cost |
for component-A in Tk. | for component-B in Tk. | for component-C in Tk.
4 6 8

Table 4.16: Unit shipping cost for each component from Frst stage to
second stage. (These costs were assumed constant over

period);
Shipping cost for Shipping cost for Shipping cost for |
component-A in Tk. component-B in Tk, component-C in Tk, |
2 3 4 |

The cost to assemble a unit of finished product and ship to a warehousc of

ﬁpél stage was assumed Tk. 27. The unit inventory holding cost of finished

product a final stage was assumed 1o be equal to Tk. 10.

o

_Both of these costs were assumed constant for the entire planning horizon.



. 435 -Input of model4

This model is an extension of the previous model. In this model multiple
- plants were considered in the first stage and muitiple distribution centers in
the last stage. To simplify the situation, only two semifinished products and
single finished product were considered. The figure 4.4 presents the flow

process chart and the relevant input parameters are in entered in tables 4.17 to

4.20.

+ Component producing
piant

i

Warehouse

Component producing
plant

l

Warehouse

s —

Warehouse

‘

Assembling plant

‘///\5

Disinbution center

Distribution center

Fig. 4.4: Flow chart for model-4




_Table 4.17: Cost to produce each unit of component at stage-t. (These
cosfs were assumed consfant over periods);

First plant-1 Second plant-2
d Cost for Cost for Cost for Cost for
component A component B component A component B
in Tk, in Tk. in Tk. in Tk,
40 69 42 70

Table 4.18; Inventory holding cost for each unit of component at
: warehouses of stage-1. (These costs were assumed constant

over periods):

Costs at warchouse associated with

Costs at warehouse associated with

plang-1 plant-2
Holding cost for | Holding cost for Hoiding cost for | Holding cost for }
component A component B component A component B
in Tk. in Tk. in Tk in Tk.
6 9 6 9

LTahle 4.19: Cost to assemble a unit of finished product and ship to
warehouse of last siage. (These costs were assnmed constant

over periods):

Shipping cost due to shipment to
distribution center-1 in Tk,

1

Shipping cost due to shipment to
distribution center-2 in Tk,

38

37
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Table 4.20: Unit inventory holding costs at the distribution center of last
stage. {These costs were assumed constant nver periods):

Dustritbution center-1 ! Distribution center-2
m Tk. m Tk.
10 11

4.6 Input of the model-5
This model was tested with real life data as stated earlier from Rahim A frooz
(BD) Ltd. It manufactures several madels oi: automotive baneries. In reality
Rahim A frooz operates two manufacturing plants one at Savar and arother in
T;:jgaun, Dhaka. In addition to manufacturing, it also maimtains several
distribution CEnters at djﬁ"erenI; locations of Banglades.h. For jﬁstifying the
-undtrlying concept of the model, it is assumed tha, the company
manufacturcs subassemblies at Savar and Tejpaon and assembling process is
carried out in another plant before making shipment to distribution centers. In
actual practice production/purchase of the subassemblies and assembling
topemtinn are all carried out n a single plant @ Savar. However, through
personal contact and interview with the relevant personnel, it is leamnt that the
company would go for massive expansion of its existing facihties, In fact the
neceésary assumptions made in the mode! have been incorporated mking their

views into account. The values of costs and other itput parametcrs are also

assumed according to their suggestion. This has been due to fit the model in
Gud



lipe with the proposed future expansion plan of the company.
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The hypothetical flow chart is shown in figure 4.5.

e e
| |
Warehouse Warehouse
Warchouse
l
Assembling plant
(hypothetical)

l
Warehouse

Distribution center
~ Motijheel

Distribution center
Mohakhali

Distribution center
Chittagong

Fig. 4.5: Flow chart for model-5



Among the fifty models manufactured by Rahim Afrooz (Bangladesh 1td.)
four models of automotive batteries were chosen for this case study . The
selected automotive battery models are; NS40Z, NS60, N30, N70. For the
assemblimg of these four models, 6 rypes of components of 16 different
id-entities {specifications) are needed. Each item manufactured in two plants
~ of the first stage. The components are;

A) Contamer.
B} Positive plate,
C). Negative plate.

D) Separator.
.E) Small parts.
F) " Carton.

The relevant input parameters are entered in (ables 4.21 10 4.32.

Table 4.21: Relevant cost for the subassemblies of NS40Z, at plant —1;

SINo. | Nameofthe | Production® | Invemiory | Transporato loventory | Contribution to |

compomieT. magemem | bolding cost | ncom fram | holding com the fintshed

cost InTk | a1 1™stagetn| 1"sageto | 2™ ange | product. Jn Nos.
Tk

2™ sage. | in Tk
InTk,

I Container 110 i¢ 1.00 7 !
2 Positive plate 12 i 12 Q.10 1 30
3 Negative plate m 12 LY 1 36
4 Separater 080 008 00 01 i)
5 Small parts 18.2 1. R2 0.0% } J
6 Carton 23 0.50 0.20 0.5 1
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Table 4.22: Relevant costs for subassemblies of NS60 at plant-1:

SI.No Nameofthe | Production | lovemtory | Transportatio] Inventecy | Comtribation |
COTIpOReTL. moarement | holding cost | noost from | bolding cont Lo the
cost, InTk | at I"stagein| 1“aagew | ar2™ gage finighed
Tk. 2 stage. in Tk, product. Tn

Tk Nos
i Comainer 122 il 12 8 i f
2 Pasitive plate 12 i2 O 10 i 35 |

3 Negative plate 18] 1.2 010 1 42
4 Separator 0,80 008 0.01 00 72 |
5 Smsll parys 182 1E2 .05 I i ] |
& Carton 24 050 020 0,50 ] ;

Table 4.23: Relevant costs for subassemblies of N50 at plant-i;

SiNo.

Mame of the | Production/ i Inventery | Trangportaii | lnvemory | Contribunn
componert. | Procuramen | holding coat | on comt from | holding cost n o the ‘
teost InTk | a1 19 wage 1"rageta | a2 gage finighed
in Tk. Metage | inTk product In ‘
InTk. Maos, |
i Container 174 153 i$ i i !
2 Pasitive 15 L5 0.5 t 24 '
plate |
3 Negative 14 1.5 015 ] 30 )
Plate [
4 Separsior 1.0 010 001 01 43 |
5 Small parts 24,2 1.80 0.15 ! ] |
] Carton ris) 0.50 | 0.20 | 03 1 t
Table 4.24: Relevant costs for subassemblies of N70 at plant-1:
_ SINq, Neme of the | Produchon/ Invemory | Transportats Invertory | Contnbuna
conmponem. | Procuremen | holding cost | an cost from | holding cost n1a the
teost Tk | at 1%siage | 1™stagets | m?%sage | finished
m Tk 7™ stage. in Tk. product In
InTk Mos. |
1 Comainer 185 20 15 15 I ]
T2 Positive t5 15 .15 1 36 |
plrte
3 Negative 14 1.5 D15 ] 42 !
plate ]
i 4 Separator L0 010 pol 0.1 72
5 Small pans 242 180 015 ] ]
& Carton | 30 | Q.50 j 020 0.5 I
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Table 4.25: Relevant costs for subassemblies of NS407. a¢ plant-2:

S No, Neme ofthe | Production/ | Inventory | Transportati | Invemory | Contritwgio |
compopent | Proamemen | kolding 0ost | on cost from | bolding cost atothe |
icom In Tk at i" slage 1* stage to at 2 Wage frushed |
in Tk 2™ stage in Tk, produd In i
InTk Nos |
! Lontainer 108 10 : 1.5 7 t |
2. Pasitive i3 1.5 030 i 30 i
plate |
3 Negative 1 1.4 0Z0 ] 36
plate
4 Separztor_| 1 0.1 | o0t 019 6 |
5 Small parts 18 § 1.8 | 006 1 I
6 Carton 72 060 | 030 0,50 1

Table 4.26: Relevant costs for subassemblies of NS60 at plant-2;

Sl No.

| Name of the | Production’ | mvemtory | Transportan | Investory | Commibatio |
componeni. | Procuremen | holding cosr | on cost from | holding cost niothe |
tecost. InTh | &1 slage | 1™stageto | st 2% stage | finished
in Tk. 2™ stage in Tk, product, In
mTk. Nos
1 Comainer 125 1 2 5 1

z Positive 13 ts .30 ! 36
piate ;
3 Negative il 14 024 i 42 I
plate i
4 Separator 1 01 0,01 010 72 |
5 Small parts 18.5 18 006 1 1 |
3 ] __Carton 25 | (&0 0.30 0 50 1 |

Table 4.27: Relevant costs for subassemblies of N50 at plant-2:

S No. Name of the | Praducnon/ Inventery | Transportati | Invemtory | Commibune
componeml. | Proaremen | holding cost | on cost from | holding cost n to the
| tcom In Tk | m1®mage | 1" sageto | w2 siage finished
in Tk, 2™ stage in Tk product in
InTk Mos
[ Container 180 ] p 10 |
2 Positive 14 1.4 .20 o 24
| plare
3 Megative | 13 15 0.30 [ 30
plate
4 Sepamator 0 Q10 0.0 10 48
5 Small parts pi] 17 015 1 [ 1
& Carton 1 27 060 030 | 050 I 1




- Table 4.28: Relevant cosis for subassemblies of N70 at plant-2:

S1.No Name of the | Productionf lovemtory | Trunsportati | Invemtory | Contributic !
componen. | Proouwremen | holding cost | on cost from | holding cost nwthe |
tcom In Tk | a 1™ eage | Pstageto | at 2 stage finished |
o Tk 2™ stage in Tk product, In |
InTE, Mors !
i Conteiner 184 21 Is 15 I '
p Positive 14 1.4 G 20 i 36
plate |
3 Negative 13 1.5 030 | [ ! 42 t
plate F
4 Separator 0.90 019 | 00 0.10 72
5 Smatl parts 24 1.7 015 1 !
6 Carton 28 060 030 0 50 1]

Table 4.29: Relevant costs for the assembied product NS40Z:

Name of the | Assembling cost | Inventory Transportason Holdmg costatthe |
Assembled {In Tk.) Heoldinp cost ar cost Warehouse of the la |
Proshucd Stage 2, (In Tk ) From stage 2 (o Siage (Io Tk) !
Lhe:
Warehouse in ‘:
stage 3, '
{(In Tk }
| 1"z 1 3 1 ]2 3 3 |
NZ40Z 10 i 1 4 4 1 In 3 ‘N

Table 4.30;: Relevant costs for the assembled product NS60:

MName of the | Assenbling cost Inventary Transponsnon cost Holding cost a1 the
Assemblad (o Tk} Halding com o From stage 2 10 the Warchouse of the lasi
Produc i Stage 2. (In Warehouse 1n ftage 3, Stage (m Tk )
Tk.} {In Tk }
! 2, 3 i 2 | 3
NS60 10 i | 4. 4 [10] 3 (32




Table 431: Relevant costs for the assembled product N50:

Name of the

Assembling cost lrvemtory | Trmspartation cost Holding cost atthe |
Assembled (nTk) Roldmg cosl a1 From slage ? to the Warehouse of the last |
Product Swpe 2 (In Warchouse in glage 3 | Stage (in Tk ) |
| Tk } {nTk) i __ ;
N50 i5 | I i 4 4 | 19 4 i 4 i 3!
Table 432; Relevant costs for the assembled product N70:
| Name ofthe | Assembling cost Invertory | Transportationcost | Holding cost af the
Assembled {In T} Holling ool ml From slage 2 1o the Warehouse of the ks
Product Suage 2 ({In Warshouse in s1age 3, Stage (in Tk, [
Tk) {In Tk.)
1§ 2 3 1 2 3
N70 15 i 4 [ 4 10 | 4 | 3
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Chapter-5

Results and Discussion

5.1 Introduction: The models formulated in chapter-3 for mulistage
multilocation multiperiod production system were run on an IBM computer
.using LINDO program developed by Linns Schrage Graduate School of
Busimess, University of Chicago. All the models gave feasible solutions. This
chapter presents the output of all the modeils — in which the values of the
decision variables and the objective [unctious are mentioned. However, for
the model m which real-hife data were used from Rahim Afrooz (BD) Lid.,

the output was [ollowed by the discussion and sensitivity analysis,

5.2 The Output of Model-1

Number of variables 102
Number of rows 77
Number of iterations 49

The objective value is Tk. 13527900.00
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Table 5.2.1: Number of uruts of raw mulk to be procured/produced at stage-i

| Period | Xit |
At collection center-1 i At collection center-2 l
1 X11=47600 | X21 = 60000 |-
2 X12 = 48000 | X22 = 54000
3 X13=151000 I X23 = 60000 |
4 X 14 = 54000 I X24 = 60000 i
5 X15 = 46000 !l X25 = 60000
6 X16 = 54000 I X26 = 58000 |

Table 5.2.2: Number of units of raw milk to be shipped to second stage from

first stage.
Period | Vijt
From From i From From
warchouse-1 of | warehouse-2 of | warehouse-1 ! warehouse-2
first stage to first stage to | of first stage | of first stage to |
warehouse-1 of | warehouse-1 of to warchouse-2 |
P stage-2 . slage-2 warehouse-2 | of stage-2 |
i of stage-2 !
Lo VITE=47700 | V211=2200 | VI21=0 |V221=57900 |
-2 V112 = 48000 | V212=10 VI122=0 | V222 =354000
l
3 V113 =51000 V213=90 V123=0 | V223 =60000
4 V114 =54000 | V214 =2000 i VIZ4=10 V224 = 58000
| 5 V115 =46000 V215=0 VI25=0 | V223 =60000
b V1i6=354000 [ V211 6=2000 | VI26=0 | V226= 56000

13
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Table 5.2.3: Number of units of milk pasteurized and shipped to warehouses

of third stage are:
Period Yjkt
From plant-1 | From plant-2 of | From plant-1 | From plant-2 of |
of stage-2 to stage-2 to of stage-2 to stage-2 to
warchouse-1 | warehouse-1 of | warehouse-2 of | warchouse-2 of
of stage-3 stage-3 stage-3 stage-3
! Y111= 49800 Y211=0 ] YiZl=0D P Y221= 57900
2 Y 112= 48000 Y212=10 Y122=0 Y222= 54000
3 | YII3=51000] Y2i3=0 Y123=0 Y223= 60000 |
4 Y I 14= 56000 Y214= () Y124=0 Y 224= 58000
5 Y [15= 46000 Y215=8000 Yi25=0 Y225= 52000
i 1
6 Y116= 56000 ¥Y216=90 Yi26=9 Y 226= 36000
:
53  Outpat of Model-2
Number of variables 140
Number of Rows .
Number of iterations 76

‘The value of the objective fumction Tk. 268035.00

T



Tabte 5.3.1: Number of units of semifinished product to be produced at first

slage are

Period Xait |1.
At plant-1 | At plant-2 ]:
Product-A Product-B Product-A Product-B f
1 XAll =564 i XB11=850 | XAZ21=650 | XB2l =505 1
2 XAIZ=530 | XBI12=850 | XA22 =770 | XB32=530 ]

3 XAI3=3800 | XB13=850 | XA23=380 | XB23 =250
4 XA =760 | XB14 =850 | XA24 =550 | XB24=150 |
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Table 5.3.2: Number of unils of semifinished product to be shipped from

slape-2 o stage-3.

Period Vaijt !
| From From | From From
warehouse-1 of | warehouse-2 of | warehouse-1 of | warehouse-2 of
stage-i to stage-1 to stage —| to stage-1 to
warchouse-1 of | warehouse-1 of | warchouse-2 of | warehouse-2 of 5
stage-2 stage-2 ! stage-2 stage-2 |
| Product-A

1 VAIIl=574 | VA2I1=0. VAI21 =0 VA221 =670
L |
2 VAI12 =530 VAZ212=120 VAI22 =0 VA222 =650 .‘

-3 VALL3 =800 VAZ1I=100 | VAI23 =0 YA223 =280

]
4 VAll4 =700 VAZ214=1] VAIZ4=10 VAZ24 =550
Period Product-B
1., | VBII1 =140 | VB21! = 545 !I VB121 =730 VB221 =0 ;
|
2 VB112=150 VB212 =530 VB122 =700 VB222=0 |
' )
3 VEBI13 =250 VYB213 =250 VB123 =600 V8223 =0
4 VBII4=0 VB214 =150 | VBI124 = 850 VB224=0 |
4 L
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Table 5.3.3: Number of units of finished product t0 be shipped to the

* warchouses of third stage after finishing operation are:

Period Yajkt |
From plant-1 From plant-2 | From plant-] | From plant-2 of
of stage-2 to of stage-2 to of slage-2 to stage-2 to

warehouse-} of ; warehouse-1 of | warechouse-2 of | warehouse-? of
stage-3 stage-3 stage-3 , stage-3
For Product-A
i YAlll =574 YA211 =90 YA 121 =10 YA221 =670 |
2 YAL112 =650 YA2I2=0 YA 122=0 YAZ2D =650
}
3 YA113 =580 YA213=0 | YA 1213=320| YA223 =280
4 YAlld =700 YA214=90 YA 124=0 YAZ24 =550 ]
)
Period For Product-B
1 YB111 = 685 YB211 =0 YBI121=0 | YB221=730
2 ¥B112 = 680 YB212=0 YB 122=0 YB222 =700 J
|
3 YB3 =500 YB213=90 E YB 123 =0 YB223 = 600
4 YB1id=150 | YB2114=450 YB124=0 Y8224 = 400
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'S4 Output of Model-3

Number of variables

Number of Rows

Number of rterations

70

62

47

The vatue of the objective function Tk. 694351.00

Table 5.4.1: Number of units of components to be produced at stage-1 are;

Period | Xat |
Product-A Product-B ; Product-C E

1 XA1 =900 XB1 = 600 i XC1 =600 !
2 | XA2=0900 XB2 = 600 | XC2 =600 ‘

3 XA3=500 | XB3-600 X = 0 T

4 TXAa=§% | XBE=38 i XC4=586 |

5 XAS = 900 XBS = 600 E XC5 = 600 J:

6 XA6 =900 XB6=600 | XC6=600 |

i "
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Table 5.4.2: Number of units of products to be shipped to second stage from

first stage are:

Period Vat ’
Product-A |  Product-B Product-C |

1 VA1 =900 VB1 =600 VC1 =600
.2 VA2 =900 VB2 = 600 VC2 = 600 —
3 VA3 =900 VB3 =600 VC3 =600 |
B 4 VA4 =879 VB4 = 586 V(4 =586 f
5 VA5 =900 VB3 = 600 VC5 = 600 i
6 VA6 =900 VB6 = 600 VC6 = 600 T]l

‘Table 5.4.3: Number of finished product to be assembled and shipped to the

third stage are:

Period

Yt

Number of assembled & shipped units

Y1=300

Y2 =300

Y3 =300

Y4 =293

Y5 =300

Yo =300

HW;




3.5 The output of Model4

Number of variai:ules

Numbet of Rows

Number of iterations

116
99

83

The value of the objective function Tk, 1662107.00

Table 5.5.1: Number of units of semifinished preducts to be produced at the

first stage are;
. Period Xait
Plant-1 | Plant-2

Product-A Product-B Product-A Product-B |

I XAIT=1500 | XB1I=640 | XA21 =810 | XB21=900 |

2 XA12=1500 § XB12 =680 | XA22=870 | XB22=900 |

3 XA13= 1500 | XB13 = 720 | XA23 =930 | XB23 =900 !

i 4 XA14=1500 | XB14=700 [ XA24 =900 | XB24 = 900 |
! 5 XAI5=1500] XB15=684 | XA25=876 | XB25 =900 Il
{ 6 XA16=1500 | XB16=684 | XAZ6 =876 | XB36 =900 |
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Table 5.5.2: Number of units of finished product to be produced and shipped

to warehouses are:

Peniod
] Warchouse.1 Warehouse-2 | |
1 Y11 =360 Y21 =410
2 Y12 =350 ¥22 = 400 E
3 Y13 =400 Y23 = 410
4 Y14 =370 Y24 =430
5 Y15 =390 Y25 =430 "
a 6 Y16 = 387 Y26 = 405 |

Table 5.5.3: Number of units of semifinished product 10 be shipped 1o second
“stage from first siage are:

Period Vait |
| From Plant-{ of first stage From Plant-2 of first stage [I
Product-A | Produc-B Product-A | Product-B |
1 I VA1 =1500 | VB11=640 | VAZI =810 | VB2! =900
2 VAI2=1500 | VB12=680 | VAZ2 =870 | VB22=900
3 VAI3=1500 | VBI3=720 | VA23=930 | VB23 =900 |
4 VALI4=1500 | VB14=700 | VA24 =900 | VB24 =900
5 VAI5=1500 | VBI5=740 | VA25=960 | VB25 =900
6 | VAI6=1500 | VBI6 =684 | VAZ6=876 | VB26=2500
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5.6 The Output of Mode}-5

The model contains the following number of rows and variables.

Rows: AR5
. Variables: 541

‘ Iterations: 519

The output of the model includes:

Dectsion variables Interpretation |I
Xpit | Number of units of semi finished products to be |
Where, produced/procured in plants of stage —1 ar different |i
p=1,2,3,4 .16 | periods. |
1=1,2 |
t=1,2 3,1
Total, 128 variables
Yit Number of units of finished products to be |
"Where, agsembled mn assembling plant of stage-2 at 1|
1=1,2,3 4 different periods. |I
=1,2,3.4 !
Total, 16 vanables | E
Wikt ¢ Number of units of finished products to be i
Where, shipped 10 the warehouses of the final stage at I|
i=1.2,3,4 | | l'
k=123 | different periods. |
t=1,2, 3,4 ,‘
Tolal, 48 variables ! !
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- » Total manufacruring and distribution cost for future planning horizon.

5.6.1 Number of units of semi finished product needed to be
produced/procured in plants of stage-1:
- The assembling operation of finished products ar the assembiing plant is
dependent on the supply of semi fimshed products from preceding stage. In
this nodel it was assumed thar, the semi finished products can either be
produced or procured depending on the reguirements. There were total 16
components manufactured/procured at two different plants. The quantitics of
semi finished products needed to be produced p.mcured 10 keep the
production of finishcd product unhindered ar the assembling plant are shown

bellow m the eharts.
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Chari-1:  Number of units of Casings produced/procured at plant 1 of
' stage-1

“In chart-1, it shows that two types of casings are produced at the plant-1 of
stage-1 at different periods. These are Ns60 & N50 casings. The quantitics of
Ns60 casings are 101,115,120 and 135 in consecutive four penods. The

quantities of N30 casings are 23,39,50 and 35 in conseative four periods,
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.Chart-2: Number of units of casimgs produced at piant 2 of stage -1

In chart-2, 1t shows that, two types of casings are produced ai the plant-2 of

stage-1 a1 different periods. These are Ns40Z & N70 casings. The quantities

.of Ns40Z casings are 52,80,105 and 90 in consecutive four periods. The

quantities of N70 casmgs are 38,69,70 and 85 in consecutive four periods.
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Chert-3: Number of units of positive plates & Negative plates produced at
plant 1 of stage 1.

In chart-3, it shows the quantities of positive plate and negative plates
produced al the plant-1 of stage-1 ar differemt periods. These are posItive
plate’ for Ns40Z & Ns60 models and negative plates for Ns407 & ‘Ns60
models. The quantities of Ns40Z & Ns60 positive plaies arc 3196,6540,7470
and 7560 in consecutive four peniods. The quantities of Ns40Z & Nsé0

negative plates are 6114,7710,8820 and 8910 in consecutive four periods.
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In chart4, it shows the quantities of positive plate and negative plates
produced at the plant-2 of stage-1 ar differcnt periods. These are positive
plate for N30 & N70 models and ncgative plates for N50 & N70 models. The
quantities of N50 & N70 positive plates are 1920,3420,3720 and 3900 in
consecutive four periods. The quantities of NSO & N70 negative plates are

2286,3420,3720 and 3900 in consecutive four periods.
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Char-4: Number of units of Positive plaes end Negalive pilates

produced/procured at piant 2 of stage-1.
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In chart-5, it shows the quantities of separators produced at the plant-1 of
stage-1 a different periods. These are separators used for Ns40Z and Ns60)
models. The quantities of scparators arc 10392,13080,14940 and [5120 in

consecutive four periods.
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Chert-5: Number of units of Separators produced/procured at plant 1 of stage-
1.
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In chart-6, it shows the quantities of scparators produced ar the plani-2 of

stage-1 at different periods. Thesc are separators used for N5Q and N70

models. The quantities of scparators arc 3840,68407440 and 7800 in

_ consecutive four periods.
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Chart-6: Number of units of Separators produced/procured at plant 2 of stage-
1.
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In chart-7, it shows the quantities of smal! parts pack for models of Ns40Z &
Ns60, carton for model Ns60 and carton for model N30 procured at the plant-
1 of s1age-1 at different periods. The quantities of small parts pack for Ns40Z
& Nsb60 procured are 153,195,225 and 225 in consecutive four periods. The

quantities of carton for model Ns60 are 101,115,120 and 135 and the

quantities of carton for N50 are 23,39,50 and 35 in consecutive four periods.
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Chart-7: Small parts and Cartons procured al piant 1 of stagi.
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In chart-8, it shows the quantities of small parts pack for models of NS0 &
.I;Q?D, carion for modet Ns40Z and carlon for model N70 procured at the
plant-2 of stage-1 at different periods. The quantities of small paris pack for
N30 & N70 procured are 61,108,120 and 120 in consecutive four periods.
The quantities of carton for model Ns40Z are 52.80,105 and 90 and the

quantities of carton for N70 are 38,69,70 and 85 in consecutive four pertods.

¢ [ &ral parts for NEAGZ &
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| —B— Soal parts for NEO & WFQ|
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. | —¥— Carlon for NS8U
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Chani-8: Small parts and Cantons produced/procured at ptant 2 of stage-1.
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5.6.2 Number of units of finished product produced to be assembled at
' assembling plant of stage -2:
Four models of automotive batteries were assembied at the assembling plant
at each period. Total planning horizon was divided into four periods. The
quantities of the batteries of different models assembled in different peniods

for satisfying the demand has shown in the chart bellow:

’I | [Te— B0z
2 |—8— NS 60
g_ j—a——Hﬁu
g t | ——N70 |

Chart-9: Number of unils finished products assembled in the Assembling

plant {Considering imitial inventory).
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Chart-9 shows the number of units of finished products of different types
. assembled a1 different period The quantities of assembled Ns40Z hanerics
are 52,80,103 and 90 in consecutive four periods. The quantities of assembled
Ns60 batteries are 101,115,120 and 135. The quantities of assembled N30
batteries are 23,39,50 and 35. The quantities of assembled N70 batteries are

38,69,70 and 85.
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Chart-10: Number of units finished producis Assembled in the Assembling

plant (Considering initial inventory equa! to zero).



Chart-10 shows the number of units of finished products of different ypes
assembled at different periods. The guantities of assembled Ns4QZ batteries
. are 85,80,105 and 90 in consecutive four periods, The quantities of assembled
Ns60 batteries are 130,115,120 and 135, The guantities of assembled N30
batteries are 50,40,50 and 35. The quantities of assembled N70 battcries are
70,70,70 and 85. In this case mitial mventory of the entire finished product at

 different storage facilities were considered zero,

5.63 Number of units of finisked products to be shipped from
assembling plant to the finished product warchouses:

Since the ultimale demand of finished product occurs at the warehouses, the

assembled finished products were shipped to the warehouses ar Motijheel,

Mohakhali and Chiftagong. On the basis of demand, managcinent ships

automotive batteries of different rype to these sales outlets. This shipment

.quantity provides necessary mformation to develop requisite logisuc

planning. The shipment quantities were shown in the chart bellow
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Chart-11:  Number of units of finished product (Nsd0Z) shipped 10
different warechouses.

Chart-11 shows the quantities of shipment of finished product Nsd0Z ar
different warehouses at different periods. The guantities of shipment of
Ns40Z battery to Motijheel warehouse are 45.65,80 and 55 in consecutive
-fom peniods. The quantities of shipment of Ns40Z battery to Mohakhai
warchouse are 11,15,15 and 15 in consecutive four periods. The quantities of
shipment of Ns40Z battery to Chittagong warehouse are 16,0.10 and 20 in

consecutive four periods.
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Chart-12:  Number of units of finished product {Ns60) shipped to Different
warehouses.

Chart-12 shows the quantities of shipment of finished product Ns60 at
different warchouses at different periods. The guantities of shipment of Ns6(
battery to Motijheel warchouse arc 57,7590 and 75 in consecutive four
periods. The guantities of shipment of Ns60 batiery to Mohakhali warchouse
are 16,20,20 and 40in consecutive four perieds. The quantities of shipment of

Ns60 battery to Chittagong warehouse are 46,20.10 and 20 in consecutive

four penipds.
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Chart-13: Number of units of finished product (N50) shipped to DifTerent

warehouses.

. Chart-13 shows the quantities of shipment of finished product NS5O at
different warehouses a1 different periods. The quantities of shipment of N50
hzittery to Motijheel warchouse are 14,2535 and 20 in consecutive four
periods. The quantities of shipment of N30 battery to Mohakhal'i warehouse
are 0,4,5 and § in consecutive four periods. The quantities of shjpmeﬁt of
NSG battery to Chittagong warchouse are 19,10,10 and 10 in consecutive four

periods.

177



M
, 40 :

I —e— Motiheal !
, —il— Mohakhalk
; —ir— Chetagang

{.

Mo, of Units Shipped --->

Chart-14:  Number of units of finished product (N70} shipped to Different
warehouses

Chant-14 shows the quantities of shipment of finished product N7Q at
differelnt warchouses at different periods. The quantities of shipment of N70
‘bartery to Motijheel warehouse are 29,4545 and 55 in consecutive four
periods. The quantities of shipment of N70 battery to Mohakhali warehouse
are 04,5 and 0 in consecutive four penods. The quantities of shipment of
N70 beartery to Chitregong warehouse are 24,20,20 and 30 in consecutive four

periods.
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3.6.4 Total manufacturing and distribution cost for Future planniog
hortzon;

~ Total cost for the entire planning horizon 'was found Tk. 1343088.00. This

ﬁgﬁre will mvariably help the management to decide upon future budget and

investment planning. This figure is of great importance to the financial people

of the eompany.

5.7  Discussion: Analysis of the result could be a heipful guideline for
management. This model grves the optimum values of variables and in
addition it provides the sensitivity anatysis of the report. The sensitiviry
analysis may be of great importance to the management. It gives the modet a
&}marnic characteristic that aliows the analyst to study the behavior of the
optimal solution as a result of possible changes in the values of the mode!

parameters.
To analyzc the sensitivity of production and shipping cost this model was

tested with an assumed gross inerease (gross increase} in production and

shipping costs. The cost curves has been shown in chant 15, 16,

179



rd

L]
|
5 I
E i
& | ' - ' L y
;1 . | ! | _; . . K | —8— producoan cost ,
£ ] ! I ; ! . ' © i shippng cost
S apoooo ' : j
g f i |
.E . ' |
5 000000 ! ! ! :
3 | | ‘
= i |
400000 ¢ - ! '
| S
200000 : : i L_
L '~ | ' :
ol : j ! .[ : .' :
0 5 10 15 20 25 30 35

Percem of gross nerease n cost —>

Chart-]15: Total cost Vs rate of increese in production and shipping cost,
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Chart-16: Rate of increase in tolal cost vs rare of gross increase in production

cost & shipping cost.

The curves show that the total production and distribution cost for the entire
piannmg horizon increases as the production cost and shipping mcreases.
From the percent of increasc in total cost it is found that the production cosrs
-are moderaiely sensitive over the shipping cost. The curve in chan 16 shows
that at the beginning stage the percent of increase in total cost rises as the
_percent of mcrease in production/shipping cost rises. At the later stage the

curve declines. Since only production & shipping costs are subjected to



increase, this declining nature of the curve seems natural as other components

of the total costs are not affecied by the percent increase.
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Chart-17: Total cost Vs rate of increase in market demand.

The model was also studied assuming increased market demand. [t was tested
with an assumed mcrease {gross) in market demand. The curve in char 17
shows that the total cost for the entire planning horizon will mcrease if the

enterpnise wants to satisfy higher market demand.
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Chart-18: Total cost Vs percent of increase in market demand.

The curve in chart 18 show that at the beginning stage the percent of merease
- 1n total cost rises as the percent of demand rises. In later siage the percent of
growth m total cost declines with the rise in markei dernand. This phenomena

has already been discussed in case of chart 16,

From the analysis 1t is found that the company has abundant produciion
capacities. 1t can withstand the pressure of larper growth rate of market
demand and gives feasible solutions. The mode! is also [exible enough (o

cope with a sudden demand a1 any pertod in any distribution center,
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Table 5.5.4: Range Report (or semifinished product (partial)

' Remges in which the basis is unchanged.

Vartable Current Allowable Allowabie
- coetfficient increase decrease
XA1! 110 Infinity j 1.000
~XB1l1 122 38 1.000
XCii 179 1.5 9998
XD11 185 Infinity ‘ 1.000
XA21 108 1.5 1.000 j!
XB2i 125 | 0.199 ! 38 :
X(C21 180 Infinity . | 1.5 f[
XD11 184 1.000 | 1.000 %
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Table 5.5.5: Ranges Report for finished product {partial)

Variabte | Current Allowable |  Allowable |
i coefficient increase decrease |

Yil 10 Infinity 1.000 |

i

Y21 10 Infinity 1.000 i

|

Y31 15 infinity | 9998 ;

r l

Y4} 15 Infinity 1.000 ]I

1 i

Y12 10 1.000 i £ 000 |

| ,!

Y22 10 1.000 ! 1.060 f

| | | J

Y32 15 0.998 1.000 ;

|

Y42 15 1.00¢ 1.000 ;

From the range report it is found that there are scopes to reduce cost of
production of semifinished product slightly for any individual item Also
;there are scopes to reduce inventory holding costs of particular items at any

perticular period.

During modeling it was found that the information regarding the mitiai
inventory of fmished product at the sales outlets or at any mventory holding
.stations, is very important. If the initial inventory exists in abundance, the

model will try to allocate demanded Snished product as much as possible
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from the initial mventory with out gomng for production. The phenomena
extubited by the modcl of aliocating demanded product from unrestricted
mijtial inventory without going for production seems logical. However the
model, 1s flexible enough 1o cope with situation of dealing with zero or
nonzera inventory. In this project hoth the above mentioned cases were tested
and (he result was found satisTactory. The results has been shown in chart 9

;. and chart 10,
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Chapter-6

Conclusions & Recommendations

In this project work, auempts have been made to Charactcrize various
multistage multi location production planning systems- starting from singlc
finished product to multiple finished products, Necessary features werc
considered from simple processing line to critical assembling line of production

SYSIems.

The mathemarical models developed were all tested with data and found 1o
provide optimum results, |t amply demonsirales that n is possible, through
mathematical modeiling, to cxamine various production planning situations of
mu}tiélagc multitocation  muhiperiod assembliug operations, INCOTPOTAIE
different constraints and arrive at the optimum (or at least feasible) solutions.
These solutions may not always meet all practical limitations. but these would
defmitcly help the practitioner make more objective analysis of the system and
thereby 1ake various realistic management decisions. As for example, from the
output of the case study of Rahim Afrooz(BD), muanagement may consider few

alternatives which are:
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(I)  to increase the market demand of existing set of automotive battery
models by aggressive advertising, focusing on other sales promotion
activitics and explore new market demand abroad:

(1) 10 expand the existing product line by introducing automotive batleries of
new model,

(IlI) to use the underutilized capacity by new product developmenl, innovating

the new product and adding it to the product mix.

In all the models deveioped m this study, associated costs were considered
linear. In many situations this may not be a realistic assurrrption, In fuiure work.
this assumption may be relaxed and non linear functions of the cost may be
mcorporated into the models. The other aspects that may be included m the
future work are the consideration of multiple piants at the assembling stape.
multiple routing within the plant and backiogging of finished goods demand etc.
The output of the models indicates that the values of the decision variables are
tegers. But in cases where the produetion capaeities are critical, the Inear
programming models may peneratc non integer values for (he decision
variables. In such cases, the approach of nteger linear programming may be

called for.



Lastly to conclude, management must be exposed to modern information
technology. In order to make a realistic production plan, especially in a
complex situation hike multistage multilocation muitiperiod production system,
proper recordmg and timely wpdating of various data relatmg to m-house stock
of materials, procurement procedure for raw materials, components or
subassemblies, production capacity, costs demand forecast etc must be ensured.
Thlis calls for an efficient computerized dalabase management system, without

which the real benefit of modelling can hardly be expected.
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Data Input of the Model

{Only for Model-5)



APPENDIX

Interpretation of the variables as used during compatation

IEF.]_

X il Vou Lipa

i=L2 i=1,2 i=1,2 t=1,2,34

1=1,2,3,4 t=1,2,3,4 1t=1,23 4
P=1 X Vi Liait Lar
P=12 Xgn Ve (53 Lape
P=3 XCn ¥eou Ticy [2c
P=4 Xt Yo Lo L
P=5 XEu Veu [iEa {51
P=6 Xri VEu HFe T2,
P=7 Xt Vi [1Gu IPIe
P=2Z X Y e [T Lame
P=9 Xsit Vi L1 Tan
P=10 XMia Vi Liku P18
P=11 X Vi LiLu Iope
P=12 X Vi B Lapa
P=13 Xnin Via ine Fan
P=14 Xou Vou Lioa Izox
P=15 Xpi Voy Lipy Lk
P=16 Kips Yo i L




MIN 110 ALl + 122 XB11 + 179 XC11 + 185 XD11 + 108 XA21 + 125 XB21
+ 180 XC21 + 184 XD21 + 12 XE11 + 15 XF11 + 13 XE21 + 14 XF21
- + 10 XO11 + 14 XH11 + 11 X621 + 13 XH21 + .8 XJ11 + XK11 + XJ21
+ .9 XK21 + 182 XL11 + 24.2 XM11 + 18,5 XL21 + 24 XM21 + 23 XNI11
C o+ 24 X011 + 26 XP11 + 30 XQ11 + 22 XN21 + 25 X021 + 27 XP21 + 28 MOzl
+ 110 XAIZ + 122 XB12 + 179 XC12 + 185 XD12 + 108 XA22 + 125 XB22
+ IR0 X272 + 184 XD22 + 12 XE12 + 15 XF12 + 13 XL[22 + 14 XFz2
+ 10 XG12 + 14 XH12 + 11 XG22 + 13 XH22 + 8 XJ12 + XK12 + XJ22
+ BXE?2 + JB2 XL12 + 242 XMI12Z + 1R 5 X122 + 24 Wh22 + 23 KN12
+ 24 XO12 + 26 XP12 + 30 XQ12 » 22 XNZ2 + 25 M022 + 27 XP22 + 28 K22
+ 110 XA13 + 122 XP13 + 179 XC13 + 185 XD17 + 108 XAZ3 + 125 XB23
. 180 XO23 + 184 XD23 + 12 XE13 + 13 XFi3 + 13 XE23 + 14 XFI3
A 10XC13 + 14 XH13 + 11 XG23 + 173 XH23 « 8 XJ12 » XKi13 + X123
O NE2I + 182 X113 + 242 XM13 + 185 X123 + 24 XM23 + 23 XN13
24 X013 + 26 XP13 + 30 XOI3 + 22 XN23 + 25 X023 + 27 XP23 + 28 XQ23
110 XAL4 + 122 XBid + 179 XC14 + 185 XD14 + 108 XA24 + 125 XD24
180 XC24 + 184 XD24 + 12 XE14 + 15 XF14 + 13 XE24 + 14 XFi4
10 X014 + 14 XH14 + 11 XG24 + 13 XH24 + 8 XJ14 + KK14 + XJ24
O NK24 + 182 X114 + 242 XM14 + 185 X124 + 24 XM24 + 23 XN14
24 NO14 + 26 XPl4 +» 30 X514 + 22 XN24 + 23 K024 + 27 WP24 + 25 X024
10 T1ALD + 11 T1IB1D + 155 11CIC + 20 11D10 + 10 T1A20 + 10 11B20
A + 16 11020 + 21 13D20 + 1.2 TIELD + L5 I1T10 + 1.5 T1E20 + 1.4 11F20
+ 1.2 11G10 + 1,5 TIHI10 + 1.4 11620 + 1.5 TiH20 + 08 11310 + 1 11K10
.1 ILRO + ] TUK20 + 1.82 T1ILI0 + 1 & [1k410 + 1R T1IL20 + 17 T1M20
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S5 IINID + .5 11010 + .5 11P10 « .5 T1QL0 + .6 TIN20 + .6 11020
6 I1P20 + 6 10020 + 10 T1A11 + 11 11B11 + 155 T1C)E + 20 [1D1}
10 T1AZ1 + 10 11B21 + 16 11021 + 21 11021 + 1.2 [1E11 + 1.5 I1F11
1.5 11E21 + 1.4 11F21 + 1.2 [1G1t + 1.5 I1H11 + 1.4 11G21
1.5 I1H21 + 08 11711 + .1 11K11 + .1 11J21 + .1 I1K21 + 1.82 11L11
1.8 IIMI11 + 1.8 11121 + 1.7 I1M21 4 .5 11Nl + .5 110013 + .5 T1PLL
5 11Q11 + .6 TIN21 + .6 11021 + .6 T1P21 + 6 [1Q21 + 10 [1A12
11 11812 + 15.5 11C12 + 20 11D12 + 10 11A22 + 10 11B22 + 16 [1C22
21 11022 + 1.2 I1E12 + 1.5 11F12 + 1.5 T1E22 + 1.4 [1F22 + 1.2 11312
1.5 11H12 + 14 T1G22 + 1.5 T1H22 + .08 11712 + 1 11K 12 + .1 11J22
A TIK22 + 182 11112 + 1.8 11IM12 + 1.8 [1L22 + 1.7 I1M22 + 5 11INi2
S 11012 + 5 11P12 + 5 T1QIL2+ 6 IIN22 + .6 11022 + 6 11P22
611022 + 10 IAL3 + 11 T1H13 + 15.5 11213 + 20 11D13 + 10 11A23
10 11823 + 16 11C23 4+ 21 11D22 + 1.2 T1T13 + 1.5 I1F13 + 1.5 11E23
1.4 11F22 + 1.2 11G13 + 1.5 TIH13 + 1.4 11G23 + 1.5 11H22
08 11713 + .1 TIK13 + .1 11723 + .1 T1XK2% + 1.§2 T11L13 + 1.8 T1M13
LB TIL23 + 1.7 J1M23 + .5 11IN13 + .5 11013 + 5 T1P13 + .53 [1Q1L3
S TIN23 + 611023 + 6 11P23 + 6 11Q23 + 10 11414 + 11 11B14
15.5 11C14 + 20 T1D14 + 10 11424 + 10 T1H24 + 16 [1C24 + 21 11024
1.2 IE14 + 1.5 11F14 + 1.5 11EF24 + 1 4 [1F24 + 1.2 [1G14
————t5 I1H14 + 1 4 [1024 + 1.5 11HZ4 + 08 11114 + 1§ T1K14 + .1 J1124
+ 1 T1K24 + 1.82 T1L14 + 1.8 T1M14 + 18 TIL24 + 1.7 11M24 + .5 TIN14
+ 511014 + 5 11P14 + .5 [1Q14 + .6 [1IN24 + 6 11024 + .6 11F24
+ 611024 + 7 I12A0 + 8 [2B0 + 10 12C0 + 13 12D0 + 12E0 + 12FQ0 + 12G0
—bMorg-- - —_
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+ I2HO + 1 [200 « 1 IZKEO + 1210 + 1280 + 53 I2NO + 5 1200 + .5 12P0
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300)
301
302)
ELEN
304)
303
306)
307
308}
209}
31
311}
--More--

XB23 <=

XBi4 <=
X1} <=
KCT12 <=
X113 ==
XiC14 <=
XC2Y <=

(K22 <=

HCZ3 2=

"WC24 ==

i1
xXD1z
X3
x4
XDzl
xD22
®D¥23
xDz4a
XE1l ==
XE1Z ==
XE13% «=
XELd <=
HELL <=
KE2D <=

A A A A A
0ol

M

A
B F 1 mn nn

100000
100000
100000
EO0000
100G
10000
100000
100000
100000
100000
100000
100G00
100200
HELLLY
100000
100000
100000
100000
30000
0000
30000
30000
27600
2TR00



112)
313)
314}
315)
316}
317)
318)
319)
320}
321}
322)
123)
324)
325)
326)

327

128)
3299
330)
351
332)
335
334
335)

==t ore-—

XEZZ <= 27600
ME24 <= 275600
XF11 <= 24800
XF12 <= 24800
XF13 «= 24800
XF14 == 24800
XF21 == 40000
XE22 <= 40000
HNF23 <= A0
XF24 «= 40000
XG11 == 30000
K12 == 30000
X513 <= 20000

X514 <= 30000
XG2) <= 32400
XG22 <= 32400
XGE23 <= 32400
XGE24 <= 32400
XH11 <= 33000
KH12 <= 33000

HXH13 == 33000
XH14 <= 33000
KHZ21 <= 36120
XHZ2 == 36120



336)
337
138
339)
3400
341
342)
343)
344)
345)
346)
3473
348)
349)
ENT))
351
352)
133
354)
55}
i)
357)
358}
150
-~Mare--

‘XHZI -z

KHZ24 <=
XTIl ==
XJi12 <=
HIE3 =
X114 «=
XIL1 ==
RIZE «=
X123 <=

XJ24 <=

XE1l ==
HELR <=
REI13 <=
XKi1d <=
KKl ==
MNEZ2Y e=
WE2T =
AK24 <=
XKLL11 ==
W12 ==
HL13 ==
KL1d <=
XL2] ==
XLZi2 <=

36120
36120
100000
100000
LOGO0O0
100000
100000
100000
100000
100000
100000
L0000
100000
100000
1GO000
100000
100000

150
1800
1RO
1800
1800
1200



a60)
361)
302)
360
364)
E1il))|
I66)
36T
368)
169}
370)
EFRD
3T
aTn
314
375y
376)
Kl
378Y
AT
380}
81
a8
381
~~Morg-—

HL23 =

" XL24 x=

WML <=
K12 <=
XM13 <=
Xh14 <=
KMl <=
KM22 <=
AM2T «=
W24 4=
HM11 «=
KXNIZ ==
N1 =
AMN14 <=
XM2i ==
W22 ==
KN23 ==
HMId 2=
X011 ==
XOLl2 ==
X013 ==
HOla <=
K21 ==
WAL <=

1800
1800
1800
1800
1R00
1800
1800
1800
1800
18040
100000
1000
100CHH)
100000
100000
100060
106000
[LELLLY
100
FO00CH]
IILLELY
100000
100000
100000



384)
385
186)
387)
388)
389)
3909
3913
392}
393)
394
195)
396)
3N
388)
399
400}
401)
402}
403}
404}
403}
406}
4073
-—More--

WNO23 =
X024 <=
XPII <=
XHFP12 ==
XPi3 <=
XP14 =c
NP2l <=
XP22 <=
XP23 <=
P24 <=
HOLL <=
X(12 «=
X013 =
K14 <=
W21 <=
K22 <=
XNQ23 ==
X024 <=
Y11 <=

T12 -

Y13 <=

714 ==

Y21 ==

Y21 <=

100000
100000
100000
100000
103000
100000
100000
100000
100000
100000
100000
EOOO00
100000
100005
100000
100000
THHRIG
10000

324

324

34

324

450

450



408) Y23 <= 450

4091 Y24 «= 4530

4107 Y31 == 150

411y Y32 <= 150

4127 Y3 «= 150

413y Y4 == 130

414) Y41 <= 00

415) Y42 <= 3

416 Y43 <= 300

4177 Yd4 == 300

4187 Y11+ Y21+ Y31 + Y41 == 578

419 Y12 + Y22 + Y32 + Y42 <= 37§

42707 Y13+ Y23 ¢ Y33+ Y43 <= 576

421 Yid4+ Y24+ Y14 + Y44 <= 576

4227 310 == 20

423y, 1320 == 1R

424y 1340 <= 15

4231 14110 ==

426) 14210 <= 3

427 14310 <= &

428) 4410 <= 4
4
4
&

W

4257 14120 <=

4307 14220 <=

431y, E4320 <=
——wlore--



412)
433)
434)
435)
434)
437
4383
&14)
4411
441}
442)
447
444)
4435}
446)
447)
448)
449}
450}
451)
452)
433
4343
455)
~~Motg~~

S W212 + 14211 - 14212

14420 <= 6
4130 <= 4
14230 == 4
[4330 <= 6§
T30 <= 6
[330 <= 10
W1ll + 4110 ~ 14117 »=
Wil + 14120 - 14121 »=
W3l + 74130 - 14131 ==
W112 + 143111 - 14112 ==
W122Z + 14120 - 14122 »=
WI132 + 14131 - 14132 »=
W13 + J4112 - [4113 »=
W123 + 14122 - 14123 »=
W133 + 14132 - 14135 »=
Wild + 14113 - 14114 ==
Wl24 + 14123 - [4124 »=
Wil4 + 14133 - 14134
Wall + 14210 - 14211
W221 « 14220 - 14221
W23l + 14230 - 14231

L

¥

v
LI I T I T

W

W32 + [422] - 14222 »=
W32 + 14231 - 14232 »=

30
13
20
a5
15

B0
15
10
33
15
20
60
20
S0
75
20
20



W213 + 14212 - [4213 ==
WI223 + 14222 - 14227 »=
W33+ [4232 - 14233 »=
Wald + J4213 - 14214 »=
W22d + 14223 ~ 14224 »=
W234 + 14233 - 14234 »=
W3l + 14310 - 4311 ==
W321 + 14220 - J432] »=

W31 + 14330 - 14731 ==
W32 + 14311 - 14312 »=
W322 + 14321 - 14322 ==
W34G2 + 14331 = 14732 »=
W313 + 14312 ~ 143135 >=

W323 + 14322 - 14323 »=
W33 4 [43792 - 14333 ==
W314 + [4313 - 14314 »=
W24 + 14323 - T4324 »=
W34 + (4353 - 14334 ==
W41l + 14410 - 14411 ==
Wd2l + 14420 - [4421 »=
W43l + [4430 - 14431 »=
W4l2 + 14411 - 14412 »=
Wall + 14421 - 14422 »>=

"W432 + 44351 = 14432 »=

90
20
10
T3
4G
20
20

25
25

i0
35

10
20

i0
35

30
43

0



465)
466
467)
488)
469}
47
4711
472)
473)
4743
475y
476
477y
478)
479)

--More——
480)
4513
482)
483}
484)
4585

END

W312 + 14311 - J4312 ==
W322 + 14321 ~ 14322 »=
W332 + 14331 - J4332 ==
W313 + 14317 - 14313 »=
W323 + 14322 - 14323 »=
+ 14332 - T4333 »=

W333
W3ld
W324
W3l4
W41l
W42l
W43l
w412
Wa22
Wa3z

Wa13
Waz
w433
W4l4
Waz4
W44

+ 14313 -
+ 14327 -

14314
14324

+ 14333 - 14334
+ 14410 - 14411
+ 14420 - 14421

+ [4430 -
+ 14411 -
+ 14421 -
+ 14431 -

+ 144172 -
+ 14422 -
+ 14432 -
+ 14413 -
+ [4427 -
+ [4437 -

14431
14412
14422
Jed32

14413
14423
14433
14414
14424
14434

1]

>=

A I TR VY]
| LU LI T I L i

5

10
35

16
20

10
35

30
45

20
45

20
55

an



ORIECTIVE FUNCTION VALUE

1} 1343088.00

YARIABLE VALUE
AAll RLLLLES
XB11 101000000
XC11 23000000
XD11 00000
KAZl 32.000000
XB2Zt 00000
X321 L0000
XDzl 35000000
XE1ll 53196.000000
XF1n RELLLLY
XE?1 0000
XF21 1920, 000000
XG5l 6114.000000
XHI11 000000
HG21 00006
XHz21 2286.G00000
xXIll 10392.000000
XK1l 000000
XJ21 00000

~=hiore——

REDUCED COST
L 500000
000000
000000
1000000
00000
000000
1 500000
000000
000000
300000
AN0OE
00000
000000
500000
500000
000000
000000
000000
200000



WHE21
XL11
M1
=21
M2l
XN11
X1l
KP11
X011
XN21
Xo21
Xpz1
XQ21
HALlZ
XB12
X1z
pAN I
XA22
¥XB22
¥Cz2
KTiZz2
XEi12
xF1z
XE22
-~ ore--

3840.000000
153 Q00000
000000
L0000
6100000
- DDA
101000000
23.000000
L0000
52000000
. OGO
00
38000000
00000
115 D000
39000000
000000
80, 000000
LO0000
JOO00
EARCLVLY
£ 540 DOO0O0
REEL LY
RELLLV

00000
00000
200001

000000
QOO
00001
000000
RLLELEY
L0000
RULLE Y
1.059598
H920409
REE LYY
13000040
LR,
QOCDIO0
IRELLLE
00000
2000000
L. 300000
00000
REELL L
G000
1 200000



XF2l
xG12
XH1Z
XG22
XH22
xJz
XK1z
XJ22
(K22
XL12
XMI12
KL22
XM
XN12
X012
XP12
XQ12
XN22
X012
XP22
XQ22
XAl13
XH13
XC13
—-More--

3420 DODOOD
7710.000000
D000
000000
4068.000000
13080.000000
~.D0DOOD
000000
6840,000000
- 195.000000
DOOCN)
000000
108.000000
000000
115.000000
39 000000
00000
80.000000
000000
00000
69.000000
000000
120.000000
$0.000000

A00000
D00000
RLLELY
BOOC00
00000
00000
L0000
0000
Q0000
000000
RLLLLLY
309999
LO0000C
TO0001
Q0000
G000
1900000
L00000
1.099908
1.095948
0000
00000
AWIOO00
00000



X113
XAZ3
xBz3
XC23
XD23
XE13
XF13
XEz3
XF23
XG13
XHi3
X231
XH23
¥I13
XE13
XJz23
K23
X113
XMilid
XL23
xXM323
XM1d
X013
xP11

cr=—Mpre-=__ .

JOGO00
105.000000
000000
000000
0. 000G
T4770.000000
LO00CGO
LDO0000C
3720.000000
B&20.000000
00000
00000
4440, 000
14940. 000000
TR0
L0000
TAAT.000000
225000000
00000
000K
120, Q00000
DO0000
120000004
30.000000

1000000
RLLLLEY
00000
1. 500000
00000
00000
L9500
1.200000
RLLLVE Y
000000
5495549
-AQO000
000000
000000
OO0
-A00C00
AJOOO00
00000
200001
309593
XX
L0000
00000
RLL Y



X013
EN23
no23
Xp23

X2
XAl4
XBl4
14
AD14
HAZd
XB24

¥za
Alx24
XE14

XFla
ME24

XF24

X514
XHi4
X524
XHz24
X114

XKl4
XI24

--More--

00000
105000000
L0000
Q0000
70.000000
000000
135000000
" 35000000
Q000000
S0.00C00
003000
DOOO00
B35.000000
7560.000000
CRCROO)
00000
3300, 000
2910000000
L0000
000000
4620000000
15120.0000KX)
000000
000000

1900000
Q00
149950y
1.099993
Q00000
REELLLH
L0000
RELLL LY
1. OOO000
RELL L
L0000
L 300000
L0000
Q0000
930000
1.200000
L0000
L0000
349999
LCHOCO00
000000
000000
L0000
200000



I1F20
11315
I1H10
T1G20
ITH20
[1J10
I1K10
1120
ITK20
1114
TIM203
[1L.20
T1M4203
I1N10
11310
11P10
11010
I1Nz20
F1020
I1P20
(10320
I1A11
I1B11]
1111
--More--

- 000000
00000

OO0

L0000
RLL LN
LOOO000

000000

00000
00000
00000

000000

QOG0
A000000

Q00000
D0A00D

BO0000
00000
+3OQC00
RLLLELY
00000
0000
00000
20000
100000
AETO000
950000
350000
.8 30000
200000
200000
200000
LDO00CH)
AOO000
400000
O00G00
2. 100000
3.000000
2 9959409
3.360000



11D11
11A21
11B21
11C21
1np21
IE11
I1Fii
T1EZ1
11F21
11G11
[MHI1L
11G21

I1THZ1 .

11751
1K1l
11721
K2
11L11
T1k411
11121
| BLS A
i1M11
1011
I1F11
-=More--

L0000
L0000
D0CO00
00000
000000
LOQO0H)
000000

ERLLEEEE

000
000000

00000

000000

00000

L0000

LC0000
00000
Q000
L0000
L00G00
00000
L0000
L0000

5. 0000
3.000000
4 QG000
£.000000
. 000000
Q0000
L. 150000
1. 300000
400000
5.200000
DGO
3.700000
Q0000
ABOOO0
000000
000000
L0000
H20000
3599494
b 1100040
OO
00000
00000
LK)



Vall
vB11
V1l
VD11
Vazl
vB21
VC2]
YD)
VE1l
VE11
VEZ]

~~Meore--

00000
101000000
23.000000
RLLEE LN
52 GO0O00
000000
00000
38 D000
3190000000
00000
L0000

000000
000000
QLLLLY
D000
L0000

3.800003

L0000
REF L LEN
000000

50000

BO00GH




WVEZ]
YG1i

YHIL

VGEzl
YH21
VIl
YK1]
Vi1
VK21
YL11
YM11
VL2l
VMLl

Y1l

VOl
VP11
VYOIl
VN2l
YO21
¥PZl
VL1
VAL
Y¥H12
V12
~=More--

1920.000000
£114.000000
L0000
QOG0
2286000000
10392 000000
G000
L00000
3840000000
153.000000
- 000000
000000
£1.000000
Q3000
1071000300
23.00000H)
00000
32000000
ROV ERE
000000
38.000000
D00000
1135.000000
39.000000

D000
000000
350000
LH00000
UL LY
000000
100000
00000
OG0
000000

310000
000000

200000
L00000

G000

1900000
OO00G0
000000
AGO000
L0000
000000
00000
L0000



¥z
VA2l
VHZZ
Y22
Y22
YE12
YF12
YE22
VF22,
VG122
YHI12
¥YG22
VH2Z
YIiz
YE12
VIZ2
YE22
Y12
Vhil2
VL22
Y22
VW12
Y312
¥FP12
==Mkore——

000000
B0, 000000
Q00000
L0000
63.000000
65 30.000000
D00000
000000
3420000000
" 7710.000000
000000
.0a000n0
4065.000000
12080000000
OO00E0
L0000
£540, 000000
195000000
000000
000000
108 OO0D000
QG0000
11500000
3G 000000

00000
00000
1.500003
00000
00000
000000
L00000
00000
L00000
000000
-2 20000
30A000
L00000
B00000
100000
20000
00000
000000
200001
0000040
AKGO00
200000
SO0
REELVE




vQl2
VN22
V022
VP22

V22
VAL
VB13
VC13
VD13
VAZ3
VB23
V(23
¥D23
VEL3

VF13

VE23

VE23

vGi3
VH13
YG23
VH23
VI3

¥K13
VIz3 -

000000
80.000000
L0000
L0000
69000000
L0000
120.000000
50.000000
000000
105000000
000000
Q0000
70,000000
T470.000000
00000
L0000
AT20 000000
BE20. 000000
000660
00000
4440.000000
143940000000
000000
00000

L0000
00000
NN
00000
RELEE RS
1. 300000
SCR0000
L0G0H00
ADGO000
R0
3800003
000000
L0000
00000
LHOGG00
000
(0000
CI0OG0
00000
STOO000
L0000
00000
L COO00
000000



VK23
VL13
YM13
V123
VM23
VN 13
VOL13
VP13
VL3
VN23
V023
VP23
V(23
VAld
VP14
V14,
VD14
VAZ4
VB24

V24

VD4
YE14
YF14
VEZd
==hlore--

7440, 00000
225000000
000000
JOOO000
120000000
000000
120.000000
50.000000
L0000
105.000000
000000
. 00000
70.000000
000000
135 000000
15,000000
LOO0000
GO .OG0O000
000000
000000
85.000000
7360000000
000000
L0000

Q00000
000000
Q000

00000

000000

800000
00000
000000
Q00000
.DOC000
00000
A00000
00000
1500000
L0000
L00000
00000
Q00000
3.800003
Q00000
00000
L L
L000GG0
000000



YF24
Y514
YHi4
Vi3Za
YVH24
VIl4
YE14
Y24
YEZ4
VL4
vidiid
V.24
V24
YN14
YOl4
VP14
Y14
VHZ4
Yz4
YPz4
Vil4
Y11
Y21
Y3l
=-=Mora-—-

3900000000
010000000
000000
00000
4620.000000
15120, Q00000
LOO0O00
00005
00, GO0
225000000
LOC000
L0000
120.000000
LHI0G00
133.000000
35.000000
LORO0H)
90000000
D0G000
L0000
85000000
32.000000
101.000000
. 23000000

G0000
RELLVEE
4005600
1. 100000
D00000
L0000
BULELEL

DAIE000

LELHE;
000000
L00GA0

09009

00000

SOC000
00000
000000
000000
OOo000
Qo000
L0000
L0000
000000
000000
L0000



Y41 35.000000 LO0G00

Y12 80000000 000000
Y22 115000 OO0
Y32 39000000 000000
Y42 6. 000000 000000
Y13 105.00000K) 000000
Y23 120.000000 00000
Y33 50.060000 000000
Y43 T0.000000 00000
Y14 90.000000 00000
Y24 135.000000 00000
Y34 35.000000 000000
Yaq

85.000000 000000



Wi3d

W24

Wild

Wda3d4
Iai1a
14210
14310
14410
14120
14220
14320
14420
14130
14230
14330
[4430
14111
1421]
Ta311

-—Maore--

uuuuuuu

20.000000
20.000000
10000000
30000000
3.000000
3.000G00
6. 00000
6. 000000
4, 000000
4, 000000
£.000000
6.000000
4.000000
4.000000
6,000000
B D000
SOOI
000000
OGO

Lo Fdmwia ¢ AL

L0000
2000000
000000
000000
Q00000
000000
000000
D00000
000000
L00000
00000
000000
L0000
00000
000000
GOC000
3000000
3000000
3099574



14413
14133
14223
14323
14423
14133
14233
14333
14433
14114
14214
14314
14414

14124 -
14224

14324
14424
14134
[4234
14334
14434

00000
000000
L00000
000000
Q00000
00000

QOO00G

000000
00000
000000
LIN0000
A00000
OO0000
006000
000000
D00

000060

00000
00000

4 QODOON

3 0000

3000000

4.000000
1396.270000

2.000000

2.000000

3 000000

J00GOH
5422 50000
1300, 770000
1037330000
13946.270000
G342, 250000
11007 TOOCH)
1037.330000

A4 0000
Q47 250000
1185, 770000
1042330000
1401. 270000




2)
3
4)
i)
5)

8)

9)
10}
11}
12)
13)
14)
15)
16}
17
18)
19)
20)
21}
22}
23)
24)
25)

~~More--

00000
L0000
RELVLY
L0000
LCHI000
000000
RLLEELY
000000
RLLLLLY
Q00000
000000
DOOGAG
00000
DOOGAC
000000
000000
L0000
00000
L0000
000000
L0000
000000
D000}
000000

6.000000
B, 500000
£, 00000
13, 500000
5, 500000
O B0
8.000000
13.500000
S000G0
1.500000
1 300600
800000
00000
1.200000
1. 400000
00000
LE0000
100000
80000
LOG0000
850000
B30000
1.250000
850000



PRV

~-Muore--

2)
3)
4)
3}
&)
7
a)
3
1%
11}
1I2)
1
iy
15)
16)
17
18}
19}
207
21)
22}
23]
24)
25}
—More--

26)
27}
28)
297
30)
31
32}
33)
34)
35)
36)
37)
38)
39}
40)
41)
4z}
43)
44}
45)
46)
47)
48)
497
== ore—-

50 .
51)
52)
kY
54)
55)
56)
57
58)
59y
A
61)
62)
631

..n_..'!u_.h uLt .:Iunrx_.u.} LitrAl, fl“.l\'vl'fh

00000
00000
SWHO00
00000
000000
000060
000000
00000
OO
000000
L0000

DO0000
QOO000
00000
RLLLEE Y
L0000
000000
000000
000000
00000
00000
L0000GT
00O
00000

000000
000000
L0000
000000
L00000
000a00
OO0
000000
00000
L00000
Q0000
Q00000
O CHOO00
000000
Q00000
000000
000000
000000
LO00000
000000
000000
ADO0000
000000
000000

000000
000000
060000
000000
RELLLLY
REELLLY
000300
OO0
0000
00000
000000
000000
000000

&.000000
B, 300000
6.800000
13, 500000
5500000
9.800003
5.000000
13.500000
S00000
1.500000
1. 500000
.B00GO00
SSO00)
1.200000
1.400000
00000
L8000
FO0000
O80000
000060
950000
850000
1250000
B50000

000060
00000
300000
300000
20000
200000
&00000

=1.500G000
13.000000
14 BOQ000
18, 500000
28.500000
12 500000
15800000
18.000000
28, 50000
1.500000
1850000
1.700000
1300000
=3, 100000
2700000
- 2. 900000
1. 700000

- 020000
20000
180000
100000

1.95000H]

2.050001

1940000

1.8 50000

1. OO0000
SB00000
BO00O00

- GO0000
LTOO000

FLLEE LY



458)
469y
4707
4713
4724
473
474}
475)
476)
47
478}
479}
480
481}
——hlore--
482)
4813}
484}
4857 .

NO. ITTERATIONS=

* OO0000
QOO000
00000

QOOGO0
L0000
000000
000000
Q0000
200000
000000
00000
00000
LD00000
L0

Q00000
LY
000000
D000

519

~1033.330000
-1033.330000
~103%.330000
=-1033.330000
-1033.330000
=1039.330000
-1392.270000
~1358.270000
=1393. 270000
=-1392. 2770000
= 13492 27000
=1396. 270000
=1392. 270000
=1392 270000

- 1398, 270000

~1392. 270000
000000

~-1398.270000

DO RANGE(SENSITIVITY) ANALYSIS?

? .

RANGES IN WHICH THE BASIS I§ UNCHANGED:

VARIABLE

XAl
XBl11
ATl
XDl1
Xall
XBz21
XC21
XDzl
XEL]l
XF11
XE21
XF21
X311
XHil
X3z
XHZ21
XI11
XK1l
i1
-=&ome--

XK21
XLi1
XMl
havA |
XM21
XN11
X011
XP11
XOQ11
XN21
X021
XF21
XQ21
®Kal2
XB12
M1z
®xD2

OBJ COEFFICIENT RANGES

CURRENT
COEF INCREASE
110.000000  INFINITY
122,000000 1.800003
179.00000K) 1.300000
155000000 INFINITY
108.000000 1.500000
125.060000 199997
180000000 INFINITY
184.000000 1.000000
12.000000 A000A0
15000000  INFINITY
13.000000 INFINITY
14000000 300000
10.000000 L0000
14000050 IKFINITY
11000000 INFINITY
13 D000 500000
LBO0D00 200000
1.000000  INFINITY
[RELLLEH INFINITY
900000 00000
18. 200000 10000
24200000 INFINITY
18.500000 550000
24, 000000 200001
23000000  INFINITY
24000000 1.099993
26.000000 £H5999499
30.000000 LE00000
22.000000 700001
25000000  INFINITY
27.000000  INFINITY
28. 000000 1. 700000
110.000000  INFINITY
122000000 L0000
179.000000 999878
185.000000  INFINITY

ALLOWABLE

DECREALE
L. 500000
199997
LRAETE
10002005
1 Q0000
3.800003
1. 300000
1.000000
Q2778
300000
00000
D2TIE
MI23B10
Q0000
500000
023810
013589
Q00000
200000

013289
350000
200001
10000
G90RT7E
00001
1.000000
990878
1.700000
1000000
1.009935
699599
E00000
1 500000
1.200000
1000122
1. Q00000

ALLOWABLE



xXDa22
xXEL2
XF12
XE2Z2
—More--

WNF22
KiG12
xXH1z2
XG22
XH22
anz
HELZ
XIz2
K22
xXL1z
XM12
x122
M2
MN12
Xo1z
NP1z
xXQl1z
M2z
G232
P2
X2
XAald
XB13
xAC13
--More--

D3
XA
XB23
K23
xD23
AEL3
XF13
XEZ3
xI23
xGl3
AH13
X523
XH23
xJi3-
XEI13
XJ23
KEK23
XL13
X3
%123
XMzl
XHN13
X3
xF13
-=More--

X(13
XN23
X023
XP23
Q23
XAld
XB14
XC14
XD 4
WA

184000000
12.000000
15, GO0000G
130000500

14, OG0
10000000
14.000000
11000000
13.000000
-B00000
1.000000
1000000
SO0
18200000
24.200000
158.500000
24000000
23.000000
2.4. 000000
26000000
30000000
22.000000
23000000
272.000000
28000000
110000000
122 000000
179.000000

185.000000
108.000000
125.000000
180.000000
184, 000000
12.00G00040
15000000
13.000000
14, 00000
10 Q00000
14, 00000
11.600000
13.0000030
BO0000
1000000
1.000000
RECLLLY
18, 200000
24200000
18500000
24.000000
23000000
24000000
26000000

30000000
22.000000
23.000000
27.000000
28.000000
110000000
122000000
179.000000
1835 000000
108, Q00000

S oo
1.00000G
027TTR

INFINITY

INFINITY

027778
Q23810
300000

INFINITY
L23E10
013589
INFINITY

220000

000000

309599

599999
INFINITY
200001
INFINITY
1000000

G99878

INFINITY
700001
[NFINITY
INFINITY
1.000000
1500000
1.000000
1.000122

[MFINITY
1000061
2000000

INFINITY
1.0G0000
027778

INFINTITY
INFINITY
027772
G230
TINFINITY
INFINITY
23810
013889
INFINITY
INFINITY
00000
309999
INFINITY
INFINITY
200001

INFINITY
1.GO0000
1.000122

INFINITY
H00000
INFINITY
INFINITY
1.000000
300000
1.000000
1.000000
INFINITY
t (00000

1000000
227778
B S0O0H)
1.200000

02T
0235810
CEa000a
BO0000
(23810
D13889
OO0
RELLY
(113589
1000000
200001
3099499
.5990954
LTA000
1.000000
1.000122
1.900000
1.000061
1 (39955
1.09%%9E
1.000000
1. 500000
1 G000
1.000GG0

1 DO0000
1.G0000
L.800003

1. S0Q000
1. 006000
Q2TTE

930000

1200000
27778
023810

R4g9999

400000
A23810

(3889

A00000

200000
013589
1.000000

200001

309999
1. QOO

000000
1. 0000
1. Q00000

1. 900000
1000000
1.099498
1 09EGRE
1000000
1. 300000
2 (00000
140, 500000
1 D0DO0E
4 CHOO000



JLMH‘
XE1l4
XF14
XE24
XFz4
XG14
XHi4
KGz4
XHi4a
X4
XK14
X124
~~More--

XK24

X114
XM14
XL24
XhI24
XMNig
K014
XP14
XQ14
XN24

Xozq

XPza

XQ24
11A10
[1B1Q
1icC10
Timg
I1A20
I1B20
1120
I11D20
I11E1D
ILF10
I1E20

-=More-~

[1F20
[1G10
TtH10
11G20
[1H20
11110
11K10
11J20
11K20
11110
I1M10
11L20

IiM2a -

IIN10
11010
11FP10
11Q10
1iNZ20
[1G20
11720
11Q20
11411
I1B11
ncun
—=hore—-

HID1
11A21
1121

N

12.000000
15000000
13.000000
14.000000

" 10.000000

14.000000
11.000000
13.000000
B00000
1.0G0000
1.000000

300000
14 200000
24200000
18, 500000
24000000
23.000000
24, 000000
26,000000
30.000000
22000000
25000000
27.000000
25000000
15.000000

11000000
15 300000
203, 000000
10, 000B00
10 Q00080
16.000000
21000000
1.200000
1.500000
1300000

1. 40000
1.200000
1. 50CHH0
1.400000
1. 500000
00000
100000
100000
100000
1.520000
1.80G000
1800000
1700000
S00000
LLLE
00000
SO00G0
B000G00
HOO000
GO0
500000
10.0G0000
11000000
15, 500000

20.000000
10.000000
10.0G0000

Al

027778
INFINITY
INFINITY

027778

023810

INFINITY
00000
023810

(13888
000000
[NFINITY

B13EEY
A06agq
INFINITY
AQ000 1
200001
D00000
1000000
1.000000
INFINITY
00000
INFINITY
INFINITY
1.200000
INFINITY
INFINITY
INFINITY
INFINITY
INFINITY
INFINITY
INFINITY
INFINITY
INFINITY
300000
A0000

INFINITY
INFINITY
INFINITY

500000
INFINTTY
10000
090000
INFINITY

INFINITY
INFINITY
INFINITY
INFINITY
INFINITY

TOO00G

INFINITY

INFINITY

1.70000G

INFINITY
INFINITY

699959

INFINITY
INFINITY
INFINITY
INFINITY

INFINITY
INFINITY
INFINITY

Lo s

8.100000
950000
1.2000(K)
16, 200000
400000
8499499
300000
9.300000
AEO00K)
030000
200000

00000
LA00004H]
JA000G
09995
20, 150000
0000
22200000
24, 2000400
1900000
LG00000
1.099954
1.099998
28, QOO0
A4 QD000
4, 200000
T 000000
B SOC000
4, 500000
196997
000000
7300000
300000
B 3000
B00000

H000O00
300000
300000

600000
B00000
220000
400000
020000
00000
BT0000
S50000
350000
B 50000
200000

-200000

200000
600000

A0C000

AGI000
A00000
2, 10000

3.000000

2.999499

5. 300K06

¥ QOG0
3.000000
4000000



-

irsl
Ti111
1K1l
11J21
11K21
1Ll
TiM11
11121
T1x421
[1N11
11011
T1F11
-=More--

1111
11N21
11021
11P21
11Q21

1412 .

TI1E1Z2
11812
i1piz
11A22
11H22
11C22
11p22
11E12
I1F12
11E22
11F22
11G12
I11H1Z
11Gz22
I1Hz2Z

nz -

11K12
1122
—More--

I1K22
T1L1Z
TiM12
I1L22
T1M22
11N1Z2
11612,
11F12
11012
F1IMN22
P22
T1p22
Q22
11413
I1R13
I11C13
11313
[1A23
I1B23
11023
1123
I1E13
T1F13
I1E23
==k ore--

J1Fz23
11G13
11317

L IUUAS
80000
00000
J0G000
, 100000
1. 520000
1800000
1800000
1. 700000
500000
CS000G0
500000

S00000
BOOO00
L0000
BOO000
LHOODO0
10.0G0000
L 1000000
15300000
20.000000
10.000000
10000000
16.000000
21000000
1. 200000
1.500000
1.500000
1.400000
1.200000
1 500000
1460000
1.500000
OROC0O
100000
06000

L0000
1.820000
L 200000
1.800000
1.700000
500000
SO0000
3000
 SO0000
[BO0000
DO}
QOO0
B00000
10.000000
1 1. 000000
15500000
20.0000H)
10.000000
10.000000
16.000000
21.000000
1.200000
1. 500000
1500000

1.400000
1.200004)
1. 5006000

biv P IIMLL L
INFINITY
A90000
AR0000
L0000
INFINITY
INFINITY
INFIKITY
INFINITY
00000
IMTINITY
L0000

INFINITY
INFINITY
INFINITY
INFINITY
INFINITY
INFINITY
INFINITY
INFINITY
INFINITY
INFINITY
1 .BDO0DO03
INFINITY
INFINITY
INFINITY
INFINITY
INFINITY
INFINTTY
INFINITY
INFINITY
300000
TNFINITY
INFINITY
L90000
INFINITY

JOGOOCH]
INFINITY
INFINITY
INFINITY
INFINITY
700000
L0000
O00I00
L0000
INTINITY
INFINITY
INFINITY
INFINITY
INFINITY
INFINITY
INFINITY
INFINITY
INFINITY
INFINITY
INFINITY
INFINITY
INFINITY
INFINITY
INFINITY

INFINITY
INFINITY
INFINTTY

AR LY
1BOGH)
LOOD0CH)
220000
NSQ000
20000
559999
1.1 100D
0000
200004
000000
2. 30000

1900000
100000
Q0000
CSO0000
S100000
1500000
2000000
3. 500000
5.000000
3, 000000
2 Q0000
& DOH00
&.000000
200000
SOG000
-S00000
-A00000G
.2000600
1.3 5000
80000C
SO0
220000
L0000
40000

LS 000
B20000
1.000001
e

CTOO0H]
1 600000
2. 30000
2. 300000
1900000
LS000MH)
106G
LK)
100000
3, OO0
2 OO0
550000
5.000000
3 QOO0
200000
f.C000G0
£ 0000
2000
L S00000
L S000H

AGD000
L 200000
LS00000
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