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Abstract

We describe a generic database structure of a-peiitbd two-stage stochastic optimization based
decision support system. The model is an extensifoearlier work (Dutta & Fourer; 2004). The

model could be used with no or little knowledge @R/MS. The model maximizes expected
contribution subject to material balance, facildgpacity, facility input, facility output, storage

inventory balance, storage area constraints. Thadehmlso considers non-anticipativity constraints

for first stage decision variables.




1. Introduction and M ctivation

This research is motivated from Fourer (1997), icl fundamental principles of relational database
construction were derived to represent a lineaggamming (LP) formulation as a database, and the
earlier work by Dutta et al. (2000, 2004, and 200@)ich extend the work in context with an steel,
and pharmaceutical company. An optimization basstistbn support system (DSS) was developed
using the database structure. The DSS was custdrfozentegrated steel plant in North-America.

The work resulted in 16-17% potential increaséhmtiottom line of the company.

In this research, a two stage stochastic lineargrara (SLP), hence forth called SLP, is
conceptualized and represented in the form of atioglal database structure. In our model, the
fundamental principles of relational database econtbn established by Fourer are being followed.
We state the difficulties of reporting a multi-dinstonal data values, and how have we addressed
them. We discuss the files and fields of the daepanalogous to the sets and parameters of the LP
respectively. The one to one correspondence gbane@meters of the LP with the fields of the files i

presented.

Representing an LP into relational database form éballenging task. It requires the knowledge of
MS/OR (Management Science/Operations Researchjderstand the modelers’ representation of an
LP; knowledge of database management systems rtesesgi the same LP in the form of a relational
database; and computer programming to understashdi@merate the computer readable forms of an
LP, and to read and report the computer generatgaibback to the database. A developer needs to
look for possible user friendly features for encerusf the DSS such as easier system of data
reporting, solution reporting, and updating. Heoatgeds to look at ease, flexibility to use, aner us

friendliness. We address such issues in this papistail.

The organization of the paper is as followed. $ecti introduces the paper and the motivation for
this research. Review of literature on databasemigdtion interface, stochastic optimization, and

implementation in industries are presented is gec®. Database design issues and SLP model are



discussed in section 3. In this section, we algsgmt one-to-one correspondence of parameters and
variables of LP with the fields of the relationata model. In section 4, we discuss the principle
steps of optimization, and the established diagmestes for data loading, reporting and update. In
this section we also describe generation of vagghdonstraints, coefficients, and MPS text filmgs

a matrix generator program. We explain how a repoiter program read and write the optimal
solution to the database and display it to the.usesection 5, we describe the issues relatecta d
storage, retrieval, loading, and update. We show hamulti-dimensional data value of the optimal
solution is reported. We also present a uniqueufeabf 4" Dimension, included layouts. We
conclude the paper with future directions on tkiseiarch, and list of references. Appendix dessribe

the mathematical formulation of the SLP.

2. Literature Review

An LP can be represented in several ways as pandée of the user and the system. Fourer (1983)
discussed, ways of representing the LP. Murphyl.ef1892) summarized common methods of LP
representation schemes in practice (Table 1). @iffemethods of LP representation schemes were
discussed in literature. Geoffrion (1987, 1989)spreed the concept of Structured Modeling, A
concept of graph-grammar approach is developedobgs] (1990, 1991, and 1992), Glover et al.
(1992) described the Netform, and Block Schematagiam approach is due to Welch (1987). The
matrix generator form of LP representation, whishai translation form, is attempted by several
authors. The common matrix generator programs dpeel in the past includes DATAFORM by
Ketron Inc. (1975), UIMP by Mitra et al. (1982),(eMODELER by Greenberg (1990). Each of the
LP representation scheme has its own merits andtsleRourer (1983, 1990) recognizes that it is
difficult to develop an LP representation form whican be commonly understood by modelers,

computers and practitioners.

The review of literature recognizes that attempésmaade to represent an LP in almost all formedist
above. Attempts to represent an LP in modelers imsimg modeling languages, graph-based systems,

and block schematic languages were many. Comparstisdy of Murphy (1992), states that some of



the LP representation schemes such as matrix dgerseralgebraic languages, and block-schematic
languages have been implemented in commercial agftaystems. Other approaches are still at the
prototype stage of development. A small number oflating systems are reported in the literature

which uses a relational database representatian bP.

Table 1. Categories of L P Representation Schemes (Murphy et al. 1992)

Categories of L P Representation Schemes

Class of Representation Schemes Underlying M etaphor
Symbolic
Matrix Generators MPS Problem Statement

Nonprocedural Languages

Algebraic Language Algebraic Statements
Database-oriented L anguages Database of Data Tables
Graphic
Structured Modeling Structured of Algebra/Data
Block-Schematic Languages Nonzero Block of Resource Flows

Network Representations:

Activity-Constraint Graphs Activity/Constraint Network
Netforms Netform of Recourse Flows
Iconic Languages Analogues of Real World Objects

Fourer (1997) studied the relational database®imext with the LP formulation. He visualized the
subset of Cartesian product of sets of the LP ratation in mathematical sense. He asserts thiat, it
not surprising that data indexed over pairs orldgpfrom Cartesian products has a natural
representation in relational database construction.

Realizing the broader applicability of representngnathematical model in the form of a database, we
depict, using our stochastic mathematical model Aa&SLP model can be represented in the form of
a database structure. The fields of the databasédvirave a direct one to one correspondence with

the parameters and the variables of the matherhatimdel.



Displaying the LP data values and optimal soluiemot straight in multi-periods, multi-materials,
multi-facilities, multi-activities, multi-storagesnd multiple scenarios stochastic optimization ehod
The display has three dimensions, the list of dp&gific to an activity; time; and a scenario. Taéa

and optimal reporting can be done in several wdye. have made an attempt to address the
difficulties in reporting data and optimal solutidie also demonstrate the ease with which we report

them and how these difficulties can be eliminated.

This paper also introduces a stochastic optiminatimsed DSS with multi period, multi facility, mult
activity, multi storage, multiple times with mulkgpscenario optimizations planning model. We aver
that operating this DSS and generating reportstfategic planning purposes using this database doe
not require any background of MS/OR or any optititatechnique. Users of the DSS require a
moderate amount of computer training and knowleafgese of database management systems. The
DSS and the mathematical formulation of stochastizdel would be addressed in detail in

forthcoming paper.

3. Database Representation of LP

In the process of translation an LP model can Ipeesented as a database. Murphy et al. (1992)
realizes two requirements for such representatiemst, there is a need to record information about
the structure of the model. Second, it is necessapyovide for the storage and manipulation of the
data and the results that are obtained from thiengg@r. From database viewpoint, the structurerof a
LP can be represented by two sets of entitiesyitei and constraints, together with a many to ynan

relationship that records which activities are asged with which constraint.

The model schema records mapping between the fiefdselational database tables and the
parameters and variables of model. The key (unidemtifies for tuples in the relation) is the sét o
indices that describe the array position of theadatefficient in the LP matrix. This is all the
information needed to generate the algebraic fofhRo To represent non-linear model, stochastic

models, and other type of models, the model schearma be expanded. The relation for the



coefficients stores only the nonzero elements & dlray representation. Thus, the representation

conforms closely to the MPS format used for inpuitriost of the optimizers.

Fourer (1997) constructed fundamental principleglatbbase construction for the specific case of
large scale mathematical programming. His reseangbhasized how the development of a database
structure with a direct relation to the variableslahe constraints of a large scale mathematical
programming can lead to a user friendly DSS. Iredes of publication Dutta et al. (2000, 2004,
2006) reported database representation of LP arapjtlications using a user friendly DSS. We will

discuss our model with respect to the principlesvdd by Fourer (1997) in a separate section.

3.1 Database Design Issuesfor Scenario Based Stochastic Optimization M odels

The SLP model has, as previously noted, six fundéahelements:

Times are the periods of planning horizon, representedifcrete numbers (1, 2, 3 ...). The duration
of planning periods can be as short as weeks. lystie# durations of the planning periods are
considered as months, quarters or years for opasdtand strategic planning.

Scenarios are the possible outline of a hypothesized chaevents. Scenarios are represented with a
name attached with a probability of occurrence. Jine of probabilities for all the scenarios should
add to one.

Materials are the physical items that figure in any of thedoction stage. Any material can be an
input, intermediate, or finished product. Some sraay material can be one or more than one of the
mentioned type.

Facilities are the collection of machines that produces soraterial from the other. For example a
Hot Mill that produces sheets from slabs is a il

Activities are the productive transformation of the materilach facility houses one or more
activities, which uses one or more input and predumaterials in certain proportions. Production of
hot metal, production of billets, pickling, andgmhizing are examples of steelmaking activities.

Storage-Areas are the laces where raw materials, intermediatédiaished goods can be stored.



Fourer (1997) describes the algebraic formulatibthe single period deterministic model and the
corresponding database structure. In further exienButta and Fourer (2004) presents the multi
period deterministic model and the correspondinglesse structure. We here formulate a two stage

SLP, and develop a corresponding database stru¢Apeendix 1)

3.2 Important Characteristics of Fields and Files

For consistency reasons the data type of the kegsy file, corresponding to the sets of the LP viz
MatID, FaclID, ActID, StorelD, ScenelD, TimelD; akept as long integer type in general. If user
doesn't specify, the unique number is automatiogdigerated by the system. We create another field
named Unique ldentification Number (UID) as a camaltion of the above six fields. The number of
fields used in UID varies file to file. The eliminan of duplicity of the records in the file is emed
using UID. The UID is created whenever a file regsiitwo or more fields in combination as a
primary key. The data type of the UID is alpha ndma all the files, where ever it appears. Each

file is facilitated to index using the six key figl, and some other required fields specific tdiths.

33 TheRelational Structure of the Data M odel

This database structure mainly contains two sulbdetes. The first one (Figure 2) represents the LP
in terms of related objects like materials, fai@bt activities, and storages. It stores the rdlate
parameters in the database files. It also storesphimal solution provided by the optimizer. The
primary files of this database are [Materials], difides], [Activities], [Storages], [Scenarios|nd
[Times]. These files are based on six fundamemeahents of the model. These are scenario and time
independent files. For homogeneity and clarity oeaswve have followed an order in writing the basic
files. This order remains same while using themvioiting subscripts in the parameters and the
variables of the SLP model. The followed orderifatexes is materials, facilities, activities, sges,
scenarios, and times. The unique key of scenaddiare dependent files is made of combination of

unique keys of the main files for six fundamentahgents.



The other database (Figure 1) is for representmimpstance of a LP in terms of list of variablesda

constraints. It contains all coefficients assodat&h the constraint-variable combination.

“ariables Constraints
WarNumber 2 € — |ConstNumber 2
D1 - MPSType -]
D2 - ID1 -]
ID3 -] D2 -
ID4 A Coeflicients ID3 ~
Type T A ID4 A
LoBound na ConstNumber | 2 |— Constrainttlame
el 02 —— varMumber 2 EhlS 02
ObjCoef 0o Value 0 ConstDUAL 0>
YarQPT 02
VarReducedCOST | 02

Figure 1. Variables, Constraints and Coefficients Files of the Reational Database

Structure
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Figure 2: Relational Database Structure of Stochastic Optimization Modd for Strategic

Production Planning



34 Times and Scenarios Files

There are two files related to fundamental elemehthe model (Figure 3). The [Times] file contains
the detail of all planning horizons. The [Timedgfstores identification number of the time period,
name of the period, and interest rates. The caorepg fields are [Times]TimelD,
[Times]TimeName, and [Times]IntRate respectivelymitarly the file [Scenarios] contains all
information related to identification number, nara@d the associated probability of the scenarios.
The corresponding fields are [Scenarios]ScenelD, cef@rios]SceneName, and
[Scenarios[SceneProbability respectively. The umideys in [Times] and [Scenarios] files are

[Times]TimelD, and [Scenarios]ScenelD respectively.

|
Time
2 |TimelD 24
TimeMame | A |
IntRate 0? [#|[  seenario B
] 3 ScenelD &
SceneName P

SceneProbability | 02
| |

Figure 3: Scenarios and Times Database Files Sub-Structure

35 Materials Related Files

The setMaterials related files are [Materials], [MatTimeScene], f@ersions], and [Compositions]
(Figure 4). These files are related with [Matefidife in Many-To-One relationship. The linking
fields are MatID, TimelD, and ScenelD. The one e aorrespondence of the parameters of the SLP
with the fields of the [Materials] file, [MatTime®ne] file, is shown in Table 2. In this paper we do

not discuss the conversions and compositions.



[ MatTimeScene
uiD A
MatiD 23
Sceneld | 22
TimelD ot
Bluyhdin 0?
Bluyhax 02
BuyPrice | 07
BuyOPT | 03
SeliMin 02
SellMax | 02
SellPrice | 02
SelloPT | 02
Intdin 02
ITGER 0?
InyCCost | 02
InvOPT 02
MatDUAL | 02
Castin 0?
Costout | 02

| Caonversions

uID P
_I — |MatiD 24
| | ScenelD 23
TimelD 24
‘ | Materials i ComvTo 23
MatD 23 Convvield | 02
MatName | /& ConvCost | 02
MatlInit Fe ComnvOPT | 02

MatType I

MatlnwFera | 02

| Composition

Ui P
MatiD s
ScenelD o
TimelD 22
CompMame | A
Comphin 0?
Comphia 02

Figure4: Materials Related Database Files Sub-Structure

351 MaterialsFile

The material identification number field [MaterifatID is a unique number. Materials files is

indexed with the two fields [Materials]MatID and gerials]MatName, on which the file can be
indexed. The other fields in the materials fileg @iMaterials]MatUnit, [Materials]MatType, and

[Materials]MatinvZero. [Materials]MatinvZero fieldtores the initial inventory of the respective
materials. Following the rules of normalization rgaeter is independent of time and scenario)
[Materials]MatinvZero is kept in materials file tead of [MatTimeScene] file. The indexed fields of
[Materials] file are indexed [Materials]MatID, arilaterials]MatName. Data for these fields is

entered using an input layout (Figure 5). List citemials with their attributes is displayed using a

output layout (Figure 6).
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Figure5: Materials I nput Layout
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Figure 6: Materials Output L ayout



3.5.2 MaterialsTime Scenario File

The unique key in this file is made of the comhbimat of the three fields namely
[MatTimeScene]MatID, [MatTimeScene]ScenelD, and {MaeScene]TimelD. The parameters
BuyMin, BuyMax, BuyPrice, SellMin, SellMax, Sellled, InvMin, InvMax, InvCCost are the time
and scenario dependent fields in the [MatTimeSchiee]The data vaues for these fields is displayed
in output layout (Figure 7). The optimal valuedta program are left in the fields BuyOPT, SellOPT,
InvOPT of [MatTimeScene] file. To accommodate fraichl data of reasonably high range, we take
REAL as the data type for all the fields for paréenge and the optimal value in all the files.
[MatTimeScene] file is linked with the files [Matals], [Scenarios] and [Times] through their unique
fields [Materials]MatID, [Scenarios]ScenelD, andfie]TimelD respectively. The indexed fields of
the [MatTimeScene] file are [MatTimeScene]MatlD, dMimeScene]ScenelD, and

[MatTimeScene]TimelD.

4 ath Damension - [Custom] . = =]
(M e E% Use Prmay Secondsy webe She He =l®=
o S 5 G iy
o : MatiD: | GeenelD TimelD: BuyMin: BuyMax: | BuyPrice: BuyOPT: SelMin:  SelMas:  SellPrce: | SelDPT:  DnwMin: —
101-1-1 101 1 1 0 S0a95go 457 1] o 1] 457 L1} ' Tl
101-1-2 1 1 2 0 9999539 457 o o 1} 457 L1} o
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106-1-1 106G 1 1 n n o [1] m SRO0 om 1] n
106-1-2 10 1 2 o o 950 [1] o Se00 9T L1} o
106-1-3 106 1 3 o a 841 1] o 4500 o941 L1} o
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202-1-2 202 1 2 o a9gag G o o aogagq G0 L1} o
H2-1-3 202 1 3 n 200 GO0 [1] o 00 (E111] 1] o
401-1-1 401 1 1 o o P o o o e 1] L1} o
401-1-2 401 1 2 n 1] 230 1] o n 230 L1} o
A01-1-3 #01 1 E o 1] 230 [1] o 150000 230 [ ] o
402-1-1 H02 1 1 o 200010 121 o o 200000 171 L1} o
402-1-2 0z 1 2 n|Foonan 173 (1] o Foonan 173 1] n
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Figure7: Materials Time Scenario Output Layout
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Figure 8: Materials Time Scenario Update L ayout

Table 2: One To One Correspondence of the Fields of the Materials Related Files with the

Parameters and Variables of the SLP

Sr. No. | Parameter/Variables of the Fields of the Tables of the Relational
SLP Database
1 inv [Materials]MatinvZero
VjIO

2 ubuy [MatTimeScene]BuyMax
it

3 buy [MatTimeScene]BuyPrice
it

4 | sdll [MatTimeScene]SellMin
it

5 use*l [MatTimeScene]SellMax
it

6 Csdl [MatTimeScene]SellPrice
it

7 | inv [MatTimeScene]lnvMin
it

8 uinv [MatTimeScene]lnvMax
it

9 inv [MatTimeScene]lnvCCOST
it

10 Xbuy [MatTimeScene]BuyOPT
it

11 sl [MatTimeScene]SellOPT
it

12 Xinv [MatTimeScene]lnvOPT
it




3.6 Facilities Related Files

The files related to the set Facilities are [F#esi, [FacTimeScene], [Input], and [OutPut] (Fig®).
The structure of the scenario and time dependewrinpeters of the sétacilities is analogous to the
setMaterials. We list the one to one correspondence of tharpeters of SLP with the fields of the
[FacTimeScene], [Input], and [OutPut] (Table 3)eTrhain file related to facilities is [Facilities[he
unique field of this file is [Facilities]FaclD. Theother fields are [Facilities]|FacName,
[Facilities]FacType, [Facilities]CapUnit. The ind=k fields of the [Facilities] file are
[Facilities]FaclD and [Facilities]FacName. The athides that contain the scenario and time

dependent parameters related to facilities arel[iraeScene], [Input], and [Output] files.

1
owPmt
Ui X
FacTimeScene MatiD 24
uID F-" Facilities I_I_I_ FaclD 2
FaclD 2 3 |FaclD 2 | ! l ScenelD | 28 |4
ScenelD 2 —I—I— FacHame | A& |— ’T TimelD 24 !
TimelD 2 —I-I— FacTyoe | A |— & [ |Outin 02
Caphin 03 |_|_ CapUnit | A |_ [=np > Outiax | 03
Caphiax 03 FaclD > OUtDRT | 03
CERCPY 02 ScenelD | 23
FacDUAL 03 Timeld | 22
Ivestrment 03 ki 0
Depreciation 03 et 0
Yendoting_Cost | 09 i S

Figure 9: Facilities Related Database Files Sub-Structure
3.6.1 Facility-Material Input and Facility-M aterial Output Files
The unique key in files [Input] and [Output] are aeaof the combination of the fields MatID, FaclD,
ScenelD, and TimelD. The combination is again namasdunique identification (UID) with
alphanumeric data type. The parameters storedeirfltiput] file are the minimum, maximum, and
optimum units of input material must be fed inte flacility in consideration. These parameters are
corresponding to the fields [Input]inMin, [Inputidax, and [Input]InOPT respectively. Similarly the
parameters stored in [OutPut] file are the minimamaximum, and optimum units of output material

must be produced from the facility in consideratibhese parameters are corresponding to the fields



[OutPut]InMin, [OutPut]inMax, and [OutPut]InOPT. &Hiles ([Input] and [OutPut]) are related with
[Materials], [Facilities], [Scenarios] and [Timelles in a Many-To-One relationship (Figure 2). The

linking fields are MatID, FacID, ScenelD and Timel&spectively.

3.6.2 Facility Time Scenario File

The parameters related to the facilities capaaity siructured in [FacTimeScene] file. The fields
[FacTimeScene]CapMin, [FacTimeScene]CapMax, andTkaeScene]CapOPT, corresponds to the
minimum, maximum, and optimum capacity must be usedthe facility into consideration
respectively. The field [FacTimeScene]Vendoring tGe$or cost of outsourcing an additional unit of
capacity of the facility under consideration in atpular scenario and time. The other fields @& th
file are [FacTimeScene]FacDUAL, [FacTimeScene]lrsterent, and [FacTimeScene]Depreciation.
The file [FacTimeScene] is related with [FacilifigsScenarios], and [Times] files in a Many-To-One
relationship. The linking fields are FacID, Scenegdidd TimelD respectively.

Table 3: One To One Coarrespondence of the Fields of the Facilities Related Files with the

Parameters and Variables of the SLP

Sr. No. | Parameter/Variables of the Fields of the Tables of the Relational
SLP Database
1 | cap [FacTimeScene]CapMin
ilt
2 ucap [FacTimeScene]CapMax
it
3 pr [FacTimeScene]Vendoring_Cost
ilt
4 | in [Input]inMin
ijit
5 in [Input]inMax
Uijlt
6 | out [OutPut]OutMin
ijit
7 out [OutPut]OutMax
Uijlt
8 Xcap [FacTimeScene]CapOPT
ilt
9 in Input]InOPT
X [Input]
10 Xout [OutPut]OutOPT
ijl




3.7 Activities Related Files

There are four files related to activities namegtjLists], [Activities], [ActinPut], and [ActOutPt}
(Figure 10). The main file is the [ActiList] thabiotains the exhaustive list of all activities ohthke
facilities. The unique field in this file is [Actikt]ActID. The indexed fields of the file [ActiLiktare
[ActiList]ActID, and [ActiList]ActName. An [ActiLid] file may have similar names of the activities
such as PRODUCTION OF BILLET, but the ActID ensutbe uniqueness of the characteristics

associated with the activities.

[
Activities [ actilist
uID A 3 |ActiD i
- FaclD 25 ActMame | &
ActiD 24
e (ScenelD 24
— |TimelD 2% ’W
ActOutPut Actuhit ,ﬂ; D A
uip - Acthtin 0 MatiD >
— [MatiD i Atz 02 E—— >
— |FaclD 28 ACtCOST 02 p— >
ActiD 24 ACtOPT 03 Scened | 23
— |ScenelD 23 ActCapUsed | 02 s >
— [TimelD 21 ActinRate | 09
ActOutRate | 03

Figure 10: Activities Related Database Files Sub-Structure

3.7.1 Facility-Activity-Materials Input and Facility-Activity-M aterials Output Files

The files [ActinPut] and [ActOutPut] store the raikinput and output of a material on an activity,
facility, scenario, and time combination. The uddey in this file is made of the combination o th

five fields MatID, FaclD, ActlD, ScenelD, and Tinizl The indexed fields of the files [ActinPut] and
[ActOutPut] are the above mentioned five ID’s ahd UID. The files [ActinPut], and [ActOutPut]

are related with [Materials], [Facilities], [Actives], [Scenarios], and [Times] files in Many-To-©n

relationship. The linking fields are the respectivéque fields of these five files.



3.7.2 Adctivities Time Scenario File

Another important file is [Activities] file, whichcontains the fields [Activities]ActMin,
[Activities]ActMax, [Activities]ActOPT, and [Activiies]ActCOST. These fields are corresponding to
the parameters minimum, maximum, and optimal wfitsctivity that must be operated, and per unit
cost of operating the activity on associated fgciliThe field [Activities]ActCapUsed stores the
activity facility ratio for capacity conversion. &hindexed fields of the file [Activities] are
[Activities]FaclD, [Activities]ActID, [Activities]SenelD, and [Activities]TimelD. The combination of
these fields makes a unique field named [Activiti® with alphanumeric data type. The file is
related with [Facilities], [Activities], [Scenarihsand [Times] file in Many-To-One relationship. &h
linking fields are FacID, ActlD, ScenelD, and TirBerespectively. We confirm the one to one
correspondence of the fields of the tables [Adesi, [ActinPut], and [ActOutPut] with the

parameters of the SLP (Table 4).

Table 4: One To One Correspondence of the Fieds of the Activities Related Files with the

Parameters and Variables of the SLP

Sr. No. | Parameter/Variablesof the SLP Fidds of the Tables of the Relational Database
1 I act [Activities]ActMin
ikt
2 act [Activities]ActMax
Uiklt
3 act [Activities]ActCOST
Cikit
4 r act [Activities]ActCapUsed
ikt
5 in [ActInPut]ActinRate
aijklt
6 out [ActOutP ut]ActOutRate
aijklt
7 act [Activities]ActOPT
Xikl




3.8 Storage Related Files
There are three files related to storage areas Igd@trages], [StorageArea], and [StoreMatList]
(Figure 11). The main file [Storage] is indexed rotfee fields StorelD, and StoreName. The unique

key in this files is [Storage]StorelD. This filais the names of all the storage in the system.

| |
[ StoreMatList Storage
uID e = |StorelD 28 |« Storagefrea
e 2 StoreMame | A D A
StorelD 23 e |StorelD 25
— |ScenelD 23 | ScenelD 23
— |TimelD 23 TimelD P
StoreMathtin | 03 Storelnit | A
StoreMatiax | 02 Caphin 0>
StorematoPT | D2 Caphlax 03
StoreDUAL | 09

Figure 11: Storages Related Database Files Sub-Structure

3.81 StorageAreasFile

One of the file related to storage is [StorageAredjich is indexed over StorelD, ScenelD, TimelD
and UID. The unique key is UID with alphanumerid¢adgype, and is made of the combination of the
[StorageArea]StorelD, [StorageArea]ScenelD, andrggieArea]TimelD. The file is related with the
[Storages], [Scenarios], and [Times] files in a Mdam-One relationship. The linking fields are
StorelD, ScenelD, and TimelD respectively. The puwters stored in the fields
[StorageArea]CapMin, and [StorageArea]CapMax atal tminimum and maximum capacity of the
storage areas available. The one to one correspoads the parameters of the SLP and the fields of
the files [Storages], [StorageArea], and [StoreNtiLare shown in the Table 5. The field
[StorageArea]StoreUnit, contains the unit of meament of the materials to be stored in the storage

areas.



3.82 StorageMaterialsFile

Another file related to storage is [StoreMatListhich is indexed over MatID, StorelD, ScenelD,
TimelD, and UID. The unique key of this file is neadf the combination of the fields
[StoeMatList]MatID, [StoreMatList]StorelD, [StoreNldst]ScenelD, and [StoreMatList]TimelD.
The file is related with [Materials], [StoragesEdenarios], and [Times] files in a Many-To-One
relationship. The linking fields are MatID, StorglBcenelD, and TimelD respectively. Also, the file
[StoreMatList] is indexed with these linking fieldShe parameters saved in this file are minimum,
maximum, and optimal unit of material must be darethe storage areas. The fields corresponding
to these parameters are [StoreMatList]StoreMatMifStoreMatList]StoreMatMax, and

[StoreMatList]StoreMatOPT.

Table 5: One To One Correspondence of the Fields of the Storages Related Files with the

Parameters and Variables of the SLP

Sr. No. Parameter/Variablesof the | Fieldsof the Tables of the Relational Database

SLP

1 | stor [StorageArea]CapMin

gt

2 stor [StorageArea]CapMax
Us

3 stor [StoreMatList]StoreMatOPT
stn

4, Optimization

In this section we describe the important stepspifimization, generation of variables, constraints
and coefficients files, generation of algorithmigpresentation of LP using a matrix generator
program, optimal solution loading and display usiggort writer program, and notion of soft

capacities. This section also discusses diagnhostes established for data loading, reporting, and

updating.



4.1 Optimization Steps
A subsequent process of optimization is describesl step by step procedure. The principle steps are
as follows (Figure 12):

1. Data Coallection and Loading: The set of data describing the production openadt different
time periods and potential scenarios is collected stored at appropriate places in the
database.

2. Constraints Generation: The constraints of the SLP are generated in [Cain$s] file. The
constant terms of the constraint equations, orualkies, LoORHS and HiIRHS (Ranges), are
extracted from the database and stored in the f€onts] file. This step also writes the MPS
symbolic notation of constraint type, for exampe for objective function, ‘L’ for less than
type of constraints.

3. Variables Generation: The variables of the associated LP are determiaed named in the
[Variables] file. The data values for lower bounthper bound and objective coefficient
associated with the decision variables is extrafttad the database and stored in [Variables]
file.

4. Coefficients Generation: The unique nonzero data values (Technologicalffiéents) of
each variable and constraint pair is determinedextichcted from the database. This data is
stored in [Coefficients] file with a paired combiiwe of variable and constraint identification
number.

5. MPS Text File Generation: The [Constraints] and [Coefficients] files areasoed for
algorithmic form of LP generation. All the essehirdormation about the LP is written in an
ordinary text file using a matrix generator progrdare file is used an input to the optimizer.

6. Solving the LP: The optimizer reads the LP from input text fikn optimal solution is
generated and the output of the optimizer is writteanother ordinary text file.

7. Optimal Solution Reporting: the output text file is read by a report writeogram. The
optimal values are written at appropriate field¢ha database tables. This report writer also
enables to display the optimal solution and optisainmary of cash flows using output

layouts.
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Figure 12: Object Oriented Conceptual Frame Work of the Stochastic Optimization Based DSS

4.2 Diagnostics Rule

We have established and implemented some diagrragti in the database to ensure that the SLP is
complete and free from errors. These rules wouldiienthe feasibility of the problem solution. The
rules have been implemented in the DSS with thp bélprogramming code written behind the
screen. The few generic diagnostic rules are:

1. Rulel: The upper bound of any variable should neverebs than the lower bound of it. The
check should be performed immediately before a @atad be saved in the data table.

2. Rule2: For any variable and any constraint combinattmeré should not be more than one
non-zero value. This non-zero value, the coeffic@nthe variable, exists at the intersection
of the corresponding row and column. The check kshioel performed immediately before the
generation of variables, constraints, and coefiisidile.

3. Rule3: The Sum of probabilities attached with all scesgtead to one. The sum is required
to be assessed immediately before user saved obalglity for a new scenario entry. If the
sum of probability is become more then one duedtiti@an of the new scenario, it is not

possible to add more scenarios.



Rule 4: The optimal decisions resulted from the optimieould not differ in numeric values
for first time period. The reason is that the decis associated with first period are first stage
implement-able decisions, and must be identicak @&ksessment of this rule is necessary
immediately before the RW write the optimal solatio the database tables. This also helps
in verification of optimal solution.

Rule5: For every constraint the lower right hand sideRHS) should not be more than the
higher right hand side (HiIRHS). The check shouldpbbgormed immediately before a data
would be saved in the data table.

Rule6: It is necessary to ensure that the number ofrdscm some files other than the basic
six files should be equal to the product of the bemof records in the linked files. For
example, the records in the [MatTimeScene] fileusthtve equal to the product of the records
in [Materials], [Scenario] and [Time] file. Similgr the total number of records in the
[StorageArea] file should be equal to the prodddhe records in [Storage], [Scenario], and
[Time] files.

Rule 7: The total number of records in any file otherrthihe basic six files for fundamental
elements should not be more than the product aftlaérecords in the linked files.

Rule 8: Every file should have a unique key field, whigbuld avoid chances of duplication
of records. Also the files which requires a comboraof two or more then two fields as a
primary key, a composite primary key need to bateckfor unique field. We created another
field named unique identification number (UID) widfpha numeric data type. This field is
made of the combination of the fields through whikts file is linked with the basic files.
The value of the unique field is created by conuatieg the linked fields’ immediately after
their selection in the input box. Also, the valeéshe UID would automatically be refreshed
on entering the data in the input boxes of thedihkelds.

Rule9: The input layouts of a file should display thetgial default values of the
parameters in the input text boxes for all posgilaielameters. It is possible that user may not
have a value to enter for some input box. It i® alessible that, the user is intending to enter

the potential default value. In such situationsdb@aults values provided in input boxes ease



the process of entering data. This would enshae the SLP has complete set of the data
required. For example, we display 999, 999, 999a®9® zero numeric values for the upper

and lower bounds of all parameters.

We assume that the SLP is complete with data quoreling to every scenario and every time period.
If any data is not available in the database, #faudt values would be used. As a default value, th
lower limit for all variables is assumed to be zeend the upper limit is assumed to be

99,999,999,999. The default value of yield is 1088d of rolling rate is 1tons per hour.

4.3 Generating Variables, Constraints and Coefficients File

This relational database contains a sub databasehwdtontains three files namely variables,

constraints, and coefficients. These three filestaio all the information, except lower and upper
bounds on the decision variables, to instantiatB.SLhe relational nature of the database facilitate
locating any individual variable, constraints ore thintersecting element in the [Variables],

[Constraints], and [Coefficients] file respectively

431 VariablesFile

This file stores the information related to theurohs of the SLP (Figure 13). The file is indexeerov
the fields [Variables]VarNumber, [Variables]ID1, d&¥ables]ID2, [Variables]ID3, and
[Variables]ID4. The fields ID1, ID2, ID3, and ID4edote the indexes of the symbolic form of the
variables, and parameters. The total number ofcfdtse model is six. The number of indexes for all
parameters, and variables varies within a rangenef to four (Appendix). We recognize a least
interaction of the user with output layout of tregiables file. Following the rules of normalizatioe
restrict the indexing fields to four. This helpsraglucing the size of the database, thereby redhees

storage space requirement.

The field [Variabes]VarNumber with long integer aaype, works as the unique key of this file. The

size of the SLPs increases exponentially in propotbd the number of scenarios. This leads togelar



number of variables and constraints. It is possthk the number of variables and number of
constraints may increase beyond the size of intdgiex type. We make data type of the unique field
of the [variables] file and [constraints] file asnb integer type. The fields that stores data walue
related to decision variables are [Variables]LoBaufiVariables]UpBound, [Variables]ObjCoeff.
They store the lower and upper bound for the vkesabvalue, and the objective coefficient
respectively. The field [Variables]Type containg tinformation regarding type of variable such as
optimal quantity to be sold, optimal quantity to lbb@ught, optimal quantity to be produced, optimal
guantity to be used at facility, optimal quantity be inventoried, optimal units of activity to be
operated, optimal units of capacity to be vendoogitimal unit of material to be stored, and initial

Inventory of material to be kept.

SE
[®] File Edit Use Enter Queriss Report Sperial WebServer Plug-lns Help =18 x|
SR@G s cab|ls08 phvas|gast
Variumber | 101 1Dz D3 D4 Type : LoBound : Upil
229 HOT METAL BLAST FURMACE POOR. JaN-02 Optimal guantity to be produced o <
230 HOT METAL BLAST FURMACE POOR FEB-02 Optimal quantity to be produced o o<
231 HOT METAL BLAST FURMACE POOR. MAR-02 Optirmal guantity to be produced u}
232 SLAG BLAST FURMACE POOR. JAN-02 Optimal guantity to be produced [u}
233|SLAG BLAST FURMACE POOR. MAR-02 Optimal guantity to be produced u}
234 5LAG BLAST FURMACE POOR FEB-02 Optimal quantity to be produced o<
235 BFGAS BLAST FURMACE POOR JAN-02 COptimal guantity to be produced u}
236 BFGAS BLAST FURMACE POOR. FEB-02 Optimal guantity to be produced [u}
237 BFGAS BLAST FURMACE POOR MAR-02 Optimal quantity to be produced [u}
238 COKE COKE OWENS POOR. JAN-02 Optirmal guantity to be produced u}
239 COKE COKE OWVEMS POOR. FEB-02 Optimal guantity to be produced [u}
240 COKE COKE OWVEMNS POOR. MAR-02 Optimal guantity to be produced u}
241 5TEEL FOR CC BASIC CiX'YGEM FURNACE |POOR JaM-02 Optirnal guantity to be produced o
242 STEEL FOR CC BASIC CGEN FURNACE POOR FEB-02 Optimal guantity to be produced o ]
243 STEEL FOR CC BASIC OXYGEM FURNACE |POOR, MAR-02 Optimal guantity to be produced u}
244 CRUDE STEEL BASIC CiX'YGEM FURNACE |POOR JaM-02 Optirnal guantity to be produced o
245 CRUDE STEEL BASIC CGEN FURNACE POOR FEB-02 Optimal guantity to be produced o
246 CRUDE STEEL BASIC OXYGEM FURNACE |POOR, MAR-02 Optimal guantity to be produced [u}
247 CCBILLET CONTINUOUS CASTER  |POOR JAN-02 Optimal guantity to be produced o
248 CC BILLET CONTINUOUS CASTER  |POOR FEB-02 Optirnal guantity to be produced o
249 CC BILLET CONTINUDUS CASTER  |POOR MAR-02 Optimal guantity to be produced [u}
250 BLOOM ROLLING MILL MO 1 POOR. JaN-02 Optimal guantity to be produced u}
251 BLOOM ROLLING MILL NO 1 POOR FEB-02 Optimal quantity to be produced o
252 BLOOM ROLLING MILL MO 1 POOR MAR-02 COptimal guantity to be produced u}
253 MILL SCRAP ROLLING MILL MO 1 POOR. JaN-02 Optimal guantity to be produced [u}
2534 MILL SCRAP ROLLING MILL NO 1 POOR FEB-02 Optimal guantity to be produced o
255 MILL SCRAP ROLLING MILL NO 1 POOR. MAR-02 Optirnal guantity to be produced o
256 WIRE RODS MERCHANT MILL MO, 1 |POOR JAN-02 Optimal guantity to be produced [u}
257 WIRE RODS MERCHANT MILL MO, 1 |POOR FEB-02 Optimal guantity to be produced u}
2538 WIRE RODS MERCHANT MILL MO, 1 |POOR MAR-02 Optirnal guantity to be produced o
259 BILLET S.BE. MILL 1 POOR FEB-02 COptimal guantity to be produced u}
260 BILLET S.BE. MILL 1 POOR. JaN-02 Optimal guantity to be produced [u}
261 BILLET S.B.E. MILL 1 POOR MAR-02 Optimal quantity to be produced [u}
262 HOT METAL BLAST FURMACE RICH JAN-02 Optirmal guantity to be produced o c
263 HOT METAL BLAST FURMACE RICH FEB-02 Optimal guantity to be produced [n] .-
264 HOT METAL BLAST FURMACE RICH MAR-02 Optimal guantity to be produced u}

Figure 13: Output Layout of Variables File



4.3.2 CongtraintsFile

The information related to the rows of the SLP &ntained in this file (Figure 14). The unique diel

of this file is [Constraints]ConstNumber with loitgeger data type. Similarly, the number of indexes
in case of constraints varies between three to (dppendix). The file is indexed with the fields
[Constriants]ConstNumber, [Constraints]ID1, [Coasits]ID2, [Constraints]ID3, [Constraints]IiD4,
and [Constraints]MPSType. The fields ID1, ID2, ID&nd ID4 stores information related to the
indexes of the constraints. The MPS (Mathematicagamming System) input notations for
constraints is stored the field [Constraints]MPSayFew examples of MPS notation is ‘N’ for
objective function, ‘E’ for equivalent, ‘L’ for lesthan, and ‘G’ for greater than type of constsint
The field [Constraints]RHS contains the right haitk values of the constraints. For consistency and
ease of understanding, range type of constraintsclianged in two set of constraints. One set if of
less than type and another is of greater than type.field [Constraints]ConstraintName stores the
name of the constraints such as material balaacdjty inputs, facility outputs, facility capacity
lower bound, facility capacity - upper bound, iaitinventory, storage inventory balance, storage
capacity - lower bound, and storage capacity - uppend. The nomenclature used for the first stage
implementability constraints is First StageName of Variable such as First Stage — Sell, or First

Stage — Buy.

4.3.3 CoefficientsFile

This is the most important file of the completeadsse structure. It supplies data to the matrix
generator program to generate an MPS input forarabidtimizers. The unique key of the file is UID,
and is made of the combination of the [CoefficipdigsNumber, and [Coefficients]ConstNumber.
The file is  indexed over [Coefficients]UID, [Coeffents]ConstNumber, and
[Coefiicients]VarNumber. The field [Coefficients]\ee contains the coefficients of the variable in
the related constraint of the SLP. The [Coefficg¢file is related with [Constraints] and [Variable
file in a Many-To-One relationship. The linking Iltis are [Coefficients|ConstNumber, and

[Coefficients]VarNumber respectively.



4 4th Dimension - [Constraints: =&l x|

[ Fle Edit Use Enter Queries Report Special WebServer PlugIns Help I =0 3 |
SRE@ 2ns cadh 208 B BAd FE SR
Consthumber | MPSType | ID1 D2 o3 D4 j‘

1E HOT METAL POOR Jan-02

2| E HOT METAL POOR FEB-02

3|E HOT METAL POOR. MAR-02

4| E HOT METAL RICH Jan-02

5|E HOT METAL RICH FEB-02

6|E HOT METAL RICH MAR-02

7E COAL POOR JAN-02

8|E CoAL POOR. FEB-02

9 E coaL POOR. MAR-D2

10| E CoAL RICH Jan-02

11 |E COAL RICH FEB-02

12 E COAL RICH MAR-02

13 |E COKE POOR. JAN-02

14 E COKE POOR. FEB-02

15 |E COKE POOR MAR-D2

16 |E COKE RICH JAN-02

17 E COKE RICH FEB-02

18 |E COKE RICH MAR-02

19 E BLOOM POOR Jan-02

20 E BLOOM POOR FEB-02

21 |E BLOOM POOR. MAR-02

22 E BLOOM RICH JAN-02

23 |E BLOOM RICH FEB-02

24 E BLOOM RICH MAR-D2

25 E BILLET POOR Jan-02

26 E BILLET POOR. FEB-02

27 E BILLET POOR MER-02

28 E BILLET RICH JaN-02

29 E BILLET RICH FEB-02

30 E BILLET RICH MAR-D2

31 E CRUDE STEEL POOR. JAN-02

32 E CRUDE STEEL POOR FEB-02

33 E CRUDE STEEL POOR. MAR-D2

34 E CRUDE STEEL RICH Jan-02

35 E CRUDE STEEL RICH FEB-02

3 E CRUDE STEEL RICH MAR-02 =
LU »IJ

Figure 14: Output L ayout of CongraintsFile

4.4 Writing LP in MPS Representation Using M atrix Generator

A computer programming code which converts the lueta representation form of LP into an

algorithmic form is defined as matrix generator. Wave written a matrix generator (MG) with more

than 2500 line of programming code to generate MefBesentation of the LP. This programming

code is equivalent to more then 10000 line of etedata code. This MG generates a text file named
‘MPS_INPUT_DATA.txt". This text file contains thdgorithmic representation (computer readable)

of LP. The text file is used optimizers as in infrimat to solve the LP.

In this MG program, we have tried addressing sorh¢he drawbacks associated with MGs, as
explained by Fourer (1983). The issues of verifighidocument-ability, simplicity, naming of LP
components, and ordering of coefficients are attethpo address. With verification, we ensure that

the MPS representation of LP is a correct algorithrepresentation of the modelers form. The



demerits such as dependency on the back-end SLRIaotd non-modifiability, are the inherent

drawbacks of MGs, and thus could not be addressed.

45 L oading Optimal Solution Using Report Writer

The program which writes the optimizer generateithmgd solution to the database and report it to the
users is defined as report writer. Reading the caemgenerated output is a tedious task for a aser
well as a report writer. The optimal solution gexted by the optimizer is written in a text file naan
‘OPTIMAL.txt. This file is imported to the databado place the solution values at appropriatedield
Several procedures are written to report the optsohution to the database, and later to the users.
More then 500 lines of programming code is writtehjch is equivalent to more then 2000 line of

executable code. Procedures are written in a waguse them by calling from other methods.

4.6 Soft Capacities

Facilities may be constrained by the capacity umitsilable to them in a period. A situation maygari
when the demand to be met is much higher thanapadity of the plant. In such situation the model
would show infeasibility. It is difficult to locatsuch infeasibilities in the solution. To avoid Buc
possibilities, we introduce a concept of soft capec While solving the model, if optimizer
encounters some infeasibility due to non-availgpitif the sufficient capacity, an extra capacity fo
per unit running of the facility is outsourced omnket price. The [FacTimeScene] file contains the

cap
it

field for [FacTimeScene]CapOPT for optimal unitsfa€ility outsourcedy. . The cost per unit of

facility capacity outsourcinq:ﬁ?p is stored in the field [FacTimeScene]Vendor_Cogte Tost per

unit of facility capacity outsourcing can be setwhigh if the capacity from external source is not

available.

5. Data Storage, Retrieval and DSS-Optimizer Interface
Data retrieval and storages procedures are theatrfeatures of this DSS. The core tasks performed

by the DSS are generation of variables, constraamd coefficients files, and thereby the text ifiie



MPS format; reporting the optimal solution geneddby the optimizer back to the database. The DSS
work in three different modes Data, Update, andir@gdt TheData mode is used for entering and
loading of the data. Thdpdate mode is used to update the parameter values lgitedhe variables,
constraints, and coefficients files. @ptimal mode, a user can see the optimal solution andnapti
summary of the cash flows. We describe the isseleded to data reporting, data loading, and data

update. The optimal summaries and cash flows aceigsed in a separate section.

51 Data Reporting

Parameters of the SLP are entered indéta mode. Indata mode, if any file is opened, an input
screen would be shown. Using this screen one cter #me data. For consistency reasons all the
alphanumeric data gets automatically converted iopjpercase. This task is accomplished
immediately before saving into the database. Thabdse has a systematic sequence of entering the
data. User need to first, enter the data for sid&mental elements. Once the complete set of gata i
filled in these files, users need not to touch tlam further. This data would automatically be hisi

in the other input screens with their identificatibag and included layouts. This (automatic
availability of the data values in other input sk helps eliminating possible occurrence of
inconsistencies in database tables. This also Iefiipsnating errors due to erroneous data entry. We
display an input and output layout of [Activitigde (Figure 15, 16).
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Figure 15: Input Layout of Activities File
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Figure 16: Output Layout of Activities File

5.2 Data L cading

The DSS allow importing of data from a text fil&ata files can be written in a text file using any
text editor. Each table of the database can bertepasing a separate procedure, specifically evritt
for the table. User is facilitated to import aletfiles simultaneously in one procedure also. dituer

of arrangement of the fields in an importing teke imust be analogous to the respective database
table. The data for different fields must be sefgardy either a space or a tab. Similarly, eacbreec

in the text file must be separated using some charave use carriage return to separate the record
To maintain a consistency in the data set and #@s@avoid data entry errors, the imported

alphanumeric data automatically get converted upipercase.

5.3 Update | ssues

It is observed that the time required to generhagevariables, constraints, and coefficients fikes i
much higher in comparison to the solution timembatimizer. This DSS provide a unique facility of
updating the parameters directly to the LP reptediem. This task is accomplishedupdate mode.

The pdate mode is required for updating the parameter valueatabase files. In this mode opening



any file would show the current records of the (fégure 8, 17). Any change and update of the data
would be reflected in the updating file as wel[dariables], [Constraints] and the [CoefficientBgf
directly. Due to direct update in [Variables], [Gtraints] and [Coefficients] files, one need not to
generate these files again. It saves a large draaf optimization time and improves the processing

speed of the DSS. Due to direct update to thesg dihe saves on LP generation.
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Figure 17: Update L ayout of Activities File

54 Time-Scenario Dependent Included L ayout

In order of user friendliness and better presemanif data, included layout is most important featu
of this DSS. Included layout is a unique featurd'dDimension, a DBMS, used for the development
of this modeling system. In an included layout, dout of one file can be included in another.file
For an example, the materials main layout also layspthe time and scenario dependent LP
parameters related to materials (Figure 18). Sityjla facility's main layout displays the time and
scenario dependent material-facility input and autd parameters (Figure 19). We provide included
layouts for all sets Materials, Facilities, Acties, Storages. Included layout enables selectiah an
analysis of individual records separately. For ggcueasons, users are not allowed to modify or
update the values using included layouts. Everguayacilitate sorting of records according to the

indexed fields of the files.
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Figure 19: Time Scenario Dependent Included L ayout of Facilities File

55 Reporting Optimal Summaries

Reporting optimal solutions, cash flows and optisahmaries of cost components is a complex task.
The complexity arises due to the multi-dimensidgatif the data such as several cost components,
multiple time periods, and multiple scenarios. Wevjre facility to view cash flow summaries with
four options including grand summary, time-scenaimnmary, time wise summary, and scenario
wise summary (Figure 20). We explain the reportifigoptimal solution and cash flows in next

sections.
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5.5.1 Reporting Optimal Solution

Optimal solution is reported to the usersjpimal mode. The optimal values of the decision variables
are displayed along with their input parametergiffé 21). A separate screen along with the input
parameters layout is provided to show the optinslies of the variables, reduced costs, and dual
values of the constraints. Post optimality analysia also be performed in the optimal mode for
several critical parameters. As a user-friendlyl tlwp strategic planners (to indicate the profit

improvement potentials) the dual prices of constsaare also displayed on the output screens.
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5.5.2 Reporting Cash Flows
We report the cash flows in two forms, nominal cisWvs and discounted cash flows. The cash flows
are calculated separately for each time and saenariwell as in total as a grand summary (Figure

22). Both the schemes of calculating and repoidiegexplained below.
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Grand Summary of Expected Profit and Cost Figures

Total Expected Sales Revenue ! 237746185816.311
Total Expected Cost of Purchase : 23651 7843055.984
Total Expected Cost of Inventory Carrying : 6132358696500

Total Expecbed Cost of Capacity Qutsaurcing @ 1443355 82861

Total Expected Net Profit :

[ clse |

|
|
|
Total Expected Cost of Production : | 16060704, 508975
|
| 1208705513, 12072

Figure 22: Cash Flow Statement L ayout

5.5.2.1 Nominal Cash Flows

Nominal cash flows are defined as the money flovwthout considering the time value of money.
Nominal cash flow results are generated by maximgizhe objective function without applying the
interest rate to the sales and cost componentsprég&ent the model objective function in nominal

form as follows.

Zy = Y>>zt
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sell <Al b bu: inv_inv conv_ conv act act
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Normally a manager would like to know the sales aost components in total as well as time and
scenario wise. We split this equation into the vidlial sales and cost components. Following terms

of sales and costs are function of time and soanari

Revenue generate from sales of the finished goods,R (I, t) = Z CT:lXTil
Y

Cost of purchase of raw materials, Cp (I, )= C?ﬁyxtj)l”ty
iOM

Cost of average inventory carrying, Ci(, ), Cijrl'tvxi;:'
jom

Cost of operating all activities, Caf(l,t) :z C::: Xiclt
(i.k)OF *

Cost of material conversions, Cc(,t)= Z CTRVXTT
(.090M ™

Cost of capacity outsourcing, Cv {(l, t)E Cﬁfp Xﬁ?p

iOF

Once we calculate all the six quantities, we cavrite the net profit as follows:
ZLy=R(,t)-Cp(,t)-Ci(,t)-Caft)-Cc(,t)-Cv (1)
The terms listed above, can now be representedyesna summary or individual time and scenario

wise cash flows.

5.5.2.2 Discounted Cash Flows

The DSS permit maximizing an objective functioncdisnted over future periods. The advantage of
the multi-period model is that we can incorporédte time value of money. In a financial analysis if
time value of money is considered, we call the ltesaidiscounted cash flow. In a discounted cash
flow, the user can choose the interest rate. Indé®e of discounting, the unit of time is very
important. If we are planning for small periodsgritthe effect of discounting on the overall objexti
function would be insignificant. However, if we aising the DSS for long term strategic purposes, it

is essential to take discounting into considerat{Bigure 5.13)
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The summary statement for each time and the gramuingry statement can be converted to the

discounted cash flows and discounted summaries.

5.6 Capital Budgeting | ssues
The model assists in several strategic capital étirgg decisions. It is possible to determine thetkvo
of an investment for capacity expansion. This D&Slelp in following ways:

1. Determining the worth of a capacity expansioregtiment decision. Model can be rerun to
solve the problem with addition of new facility eajity. The difference in value of objective
function gives the net worth of the new investment.

2. Determining the worth of a sales promotion itwent campaign. The expected increase in
demand can be forecasted. Again, the model caretva with extended limits on units of
material to be sold using forecasted demand. THfiereince in the value of objective function
is a clear indication of the worth of this prometicampaign investment.

3. Determining the worth of an outsourced capagcity facility or a storage area. The model
could be rerun with the extended limits on the mweey carrying. The difference in objective
function value is the worth of outsourcing a steragea.

Comparison of the differential cash flow with thepposed investment assists finalizing the decision.

6. Conclusion and Further Directions

This paper attempted to address the issues inroetiag a relational database structure for a LP
formulation. Representing an LP in the translatioren is explored. We followed the established
principles of designing relational database of Eo(t997). The research gains insights for desggnin
relational databases for generic LP models. Webksked some generic diagnostic rules of data

loading, data reporting and database schema. Tles help avoiding the data entry errors, and



eliminate the possibility of infeasibility occurreas due to human errors. It demonstrate that how the

multiple dimensional data can be reported intodimbase as well as to the user.

We recognize that there is ample potential to im@let the relational databases in the industry. It
requires further studies to explore the issueslational database construction in context with non
linear programming model representation. In ourthimoming paper we will describe the

implementation of the DSS, and the stochastic niogleif process industry for strategic planning.



Appendix

Modd Formulation
We first define the data, in six parts: materi&égijlities, activities, and storage-areas, scesaiand
times. The notation for the decision variableshient presented. Finally the objective and conssaint

are described, in both words and formulae.

All quantities of materials are taken to be in $lene units, such as kilograms.

Timedata

T={1... T} is the set of time periods in the planning horizondexed by t

pi is the interest rate per period in each of theae |, taken as zero if there is no discounting

M aterialsdata

M is the set of all materials

| Tﬁy = lower limit on purchases of mateljafor eachjIM, I00L, andtOT
u?luty = upper limit on purchases of matejidlor eachjIM, I0L, andtOT
C:.Jluty = cost per unit of materigpurchased, for eaghlM, ICIL, andtdT

| Tﬁ” = lower limit on sales of materiglfor eachjOM, I00L, andtOT

uﬁ' = upper limit on sales of materjalfor eachjOM, I0OL, andtOT

Cﬁl = revenue per unit of materjalfor eachjOM, I0L, andtOT

| i;tv = lower limit on inventory of materigl for eacjiIM, I0L, andtOT

inv

U, =upper limit on inventory of materiglfor eachjCIM, IC0L, andtOIT



Vj(;/ = initial inventory of materigj, for eachjCzIM
Cuw =~ holding cost per unit of materjaffor eachjOM, ICL, andtOT

M Vo {jOM, j'OM : j #]j'} is the set of conversions:
KiNOM “™ means that materiglcan be converted to materjal

a?ﬂv = number of units of materiglthat result from converting one unit of mateyjal

conv

for eachj,(j")O |\/| 0L, tOT

conv

C,n = costper unit of materipbf the conversion fromtoj', for eachj(j)0 V] o

, 0L, tO0T

Facilities data

F is the set of facilities

| i'fp = the minimum amount of the capacity of fagilithat must be used, for eadhF, IC0L, and
taT

uﬁfp = the capacity of facility, for eachiOF, IOL, andtOT

Cﬁfp = the cost of vendoring (outsourcing) a unitapacity at facility, for eachiOF,

I0OL, andtOT
F " O FxMis the set of facilitynputs:

)iy = " means that materiglis used as an input at facility

in

| it the minimum amount of materjahat must be used as input to facilityor

each ()0 ", I0L, tOT

in

Uj = the maximum amount of materjahat must be used as input to facilityor



eachi(j)0 E", 10L, tOT
F * O FxMis the set of facility outputs:
(N0 F *! means that materigis produced as an output at facility

| jluf = the minimum amount of materjathat must be produced as output at facility

out

for eachi,(j)O F 10OL, tOT

out

Ujp = the maximum amount of materjghat must be produced as output at facility

for each (j)O Fom,IDL, toT

Activities data
FaCt O{(i, k) : i00F} is the set of activities:

KO F * means thak is an activity available at facility

act

| . = the minimum number of units of activkyhat may be run at facility for each

(WO F™ .10 T

Uij = the maximum number of units of activikyhat may be run at facility for each
(WO F*™, 0L 0T

Ci:: = the cost per unit of running activkyat facilityi, for eachi(, k)OI Fam, 0L, tOT

rlaki = the number of units of activity that candmeommodated in one unit of
capacity of facility for eachi, KO | oL, T

A" 0{G ikt ()0 E"G, K0 E™, tOT}is the set of activity inputs:

i j, k t)O Ammeans that input materipis used by activitk at facilityi during

time periotl



Qi = units of input materiglrequired by one unit of activityat facilityi in time
period, in scenario I, for eaclilL, and (, j, k, t)O Am
out - Lo out ,. act . .. .
A O{Gjkt: ()0 F G, kWO F ™, tOT}is the set of activity outputs:

i(j, k t)d Aom means that output materijak produced by activiti at facilityi

during time periad

am = units of output materi@lproduced by one unit of activikyat facilityi in time

out

period, scenario |, for each [IL , and {, J, k, t)O A

Storage-areas data

Sis the set of storage areas

| :fr = lower limit on total material in storage agdor each(sSS I00L, tOT

u:fr = upper limit on total material in storage asefor eachSS, I0IL, tOT

Variables

buy
let

= units of materigl bought, for eacfIM, IOL, tOT
let = units of materigl sold, for eachOM, I00L, tOT

ngtr = units of materiglin storage ares, for eachjOM, 1S, I0IL, tO0T

Xijrlf = total units of materiglin inventory (storage), for eaghiM, I00L, tO0T
XijnoV = initial inventory of materiaj, for eachjOOM

ij,nv = units of materigl converted to materigl, for each i j')O \J VoL, toT

Xiji = units of materiglused as input by facility for eachi( j)0 = " , 0L, tOT



XST; = units of materig} produced as output by facilityfor eachi( )0 F ™" , I0L, tOT
Xij = units of activitk operated at facility, for each i, k)0 |~ o , 0L, tOT

Xﬁ?p = units of capacity vendored at facilifyfor each [i0F, ICIL, tOT

First Stage Variables

X]_tj’uy = units of materiaj bought, for eacfi1M, in first period

sell

XL,

units of materiaj sold, for eachdM, in first period

stor
)d.] S

units of materiaj in storage ares for eachjIM, €1S in first period

total units of materiglin inventory (storage), for eaghiM, in first period

S B
1l 1l

initial inventory of materigj, for eacjlCIM

units of materiaj converted to materidl, for eachj( j')0O \/] ™ in first period

X
<
11

units of materiaj used as input by facilitly for eachi(, j)C Fm, in first period

Y

units of materiaj produced as output by facilityfor each i j)0 = o , in first period

[y

units of activityk operated at facility, for eachi( K)O |~ ad, in first period

X

units of capacity outsourced at facilifyfor each [dF, in first period

o

Objective
Maximize the sum over all time periods of revenfresn sales less costs of purchasing, holding

inventories, converting, operating activities aiilfdes and vendoring:

Y e z(t)

1oL taoT

Zy

Where,



_ sel sl buy  buy inv_ inv conv_ conv act act
Z(I ' t)_ Z Cie Xje - Z Cie Xje - Z CuXje ~ Z Cim Xjne - Z Cine Xt
o™ jom Y (GLioM =™ (i k)OF ™

- D Co Xor

iOF

Constraints
For eachjOM, IOL andtdT, the amount of materigl made available by purchases, production,
conversions and beginning inventory must equalatineunt used for sales, production, conversions

and ending inventory:

2l out conv_conv inv sl in
let + Z ot Xijlt + Z Comcrj’jlt Xj’jlt + let—l - let + Z " Xijlt
(.J)0F (i )M (.J)0F
conv inv
Z ij’lt let

For eachi( j)Od |:in , I0OL andtOT, the amount of inpuj used at facilityi must equal the total
consumption by all the activities at facility
in

in act
Xijlt - Z aijkltxiklt
(ko A"

For eachi( j)d o , I0L andtdT, the amount of outpytproduced at facility must equal the total

production by all the activities at facility

out _ out act
Xijlt - Z aijkItXikIt
(ko A™



For each(lF, I0L andtdT, the capacity used by all activities at facilitynust be within the range

given by the lower limit anthe upper limit plus the amount of capacity vendore

cap
ilt

act , act cap cap
s Z Xiklt/riklt S Uik * X
(i.k)OF *

For eachjIM, the amount of material inventoried in the plantdoefthe first time period is defined to

equal the specified initial inventory:

For eachiOM, I0L andtdT, the total amount of materialinventoried is defined as the sum of the

inventories over all storage areas:

sor  _ inv
Zstn - let
ss

For each §S I0L andtOT, the total of all materials inventoried in storageas must be within the

specified limits:

stor < stor < stor
Isjt - Zstjt - ugt

jOM

| mplementability (Non-Anticipativity) Constraints

buy

let

X]_?”y for each of th¢dM, |ZL andt = 1

sl

let

)d_?e” for each of th¢OOM, 1L andt = 1

stor

stn

Xlior for each of th¢(OM, s[5, 1L andt = 1



let = X]_ijnv for each of the[IM, 2L andt = 1
X?ﬂv = X]_?,nv for each j)ON ©, 1L, andt = 1
X:;t = X]_:Jn for each i )OF" ,17L, andt = 1
X:}u: = )(]_3th for each, j)0 ", I/, andt = 1

for each(i, k)UFad, L, andt=1

Xﬁ?p = Xl.cap for each OF, I L, t=1

All variables must lie within the relevant limitefthed by the data:

|kj’|l:y < tj’luty < utj’luty, for eaghM, I0L andtOT
| T;” T;” < u?i” , for eaghM, I0L andtOT
| i;tv < Xi;tv < ui;tv, for eaffiM, |OL andtOT

< X‘;’,ﬂ”, femchj, DO\ ™", 10L andtOT
0< X, . r ach OF, 10L andtOT
0< Xy r feach &S jOM, I0L andtOT
li < Xi < uj - for eadhjj0 [F'", I0L andtOT
10 <X < Uy for eadhjj0 F ™, IOL andtOT
||a:t < Xlak? < ulak? for eadhjjd] Fam, I0L andtdT
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