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CHAPTER 1-INTRODUCTION

M er ge-in-trangit operationswork asfollows. carriers(e.g., trucks) pick up
separ ate loads from two or mor e sour ces (e.g., ports, factories, or distribution
centers) and transport the loadsto a location near ther final destination wherea
“merge’ operation isperformed. At thesmplest, the merge operation comprises
consolidating the loads in a cross-docking operation. In more complex systems, the
mer ge oper ation includes a value-added step such asassembly. A key advantage of
mer ge-in-transt networks over traditional distribution networksisthat merge points
can often be opened or closed quickly and cheaply, depending on the type of merge
operation being performed. In general, customer service will beimproved by having
mer ge pointsthat are closer than existing warehouses. Merge-in-transit is
especially useful to companies expanding into new geogr aphical regionsthat are not
well served by their existing digtribution network

Thisresearch hastwo objectives. One, to extend existing production models
to account for the merge-in-transit environment. Two, to develop a user-friendly
GI S (geographic infor mation system) based decision support system for designing
mer ge-in-transit networks.

The modeling portion of thisresearch involves developing a simple
mathematical model for designing distribution networ ksthat enables consideration

of merge-in-transt costs smultaneoudy with production, war ehousing, and



inventory costs. Outputs of the model include number, location and type of merge
points, selection of transportation channels, allocation of customer S/retailersto
mer ge points,

and disposition of inventories. Thismode isa straightforward extension of existing
mathematical models

The user interface portion of thisresearch involves prototyping the mode in
a user-friendly Microsoft Windows [ -based PC environment so that the modd will
be accessibleto industry practitioners. The prototype decision support system
enablesrapid “what-if” analyses.

Theresearch isuseful to both carriersand shippers. Carriers(and third
party logistics providers) can usethe model to rapidly design their own merge-in-
transt networks and to show potential customer sthe benefits of partnering.
Shipperscan usethe model to consder alternativesto their traditional distribution

networks.



CHAPTER 2-LITERATURE REVIEW

This chapter reviews selected literaturerelated to merge-in-trandt distribution.
The objectiveisto detail selected recent and significant material, not to provide an
exhaustivereview. Section 2.1 detailsrelevant logistics network models. Section

2.2 coversdecision support systems (DSS) for logistics network design.

2.1. Logistics Network Models

Williams (1990) and Fourer, et al (1993) provide good overviews of basic
production and distribution models. Vidal and Goetschalckx (1997) describe more
recent logistics network models. Cole (1995) provides extensive cover age on an
integrated logistics model that smultaneoudy consider sinventory, transportation,
and facility costs.

Glover and Klingman (1977) and Glover et al (1978) are seminal paperson the
practical application of generalized networks. Generalized networ ks differ from
pure networksin that they permit commodity transformations on arcsand at nodes.

For instance, a group of commaodities might be transformed into a different
commodity at a node r epresenting an assembly point. A merge-in-transit network is
an example of a generalized network.

Garg and Tang (1997) and Lee and Tang (1997) discuss the use of delayed
product differentiation to provide relatively inexpensive serviceto marketsthat
demand high levels of product variety. Ther analysis concentrates on inventory
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levelsin a multi-level production process. One of their key findingsisthat delayed
product differentiation can lead to reduced buffer inventories. For further research
they suggest developing modelsfor studying the relationship between the benefits
of delayed product differentiation and the costs of distribution.

Van Hoek and Commandeur (1998) describe case study resear ch on the use of
postponement strategiesthat enable “ mass customization” of products. They study
anumber of European and American companies. They conclude that postponement
strategies are an important means of improving customer service, but that the
anticipated benefits can be hard to obtain. Achieving the benefits requiresthat
management have a firm vison of the future and be committed to process
reengineering. Asasupplement to their case study resear ch, they recommend
development of “ calculation models’ for cost benefit analysis.

Slats, et al, (1995) cautionsthat logistics network analysisthat startswith the
mathematical model can beinadequate. Instead, they suggest starting the analysis
with aview to data availability. They also stressthe need to be able to rapidly
develop new models and extend old ones when working with real-world logistics

systems.

2.2. Decision Support Systems for Logistics Network Design



Goeschalckx, et al, (1994) discuss the development of a graphical-based computer
system for designing logistics networks. They developed their own smple GIS
(geographic information system) and used aflat file database. ESRI provides
MapObjects], a simple geographic infor mation system that can be easily
integrated in a user-defined Microsoft Visual Basicll program. GIS programssuch
asthisare significant in that they enable researchersto develop quality prototypes
rapidly and inexpensively.

Fourer, et al (1993) describe AMPL, an algebraic mathematical modeling
language. AMPL enablesthe rapid development and debugging of modesthat can
be easily hooked to commercial database programs. Such capabilitiesare very
important since the design of decision support system isan ongoing process subject

torevisionsdictated by users.



CHAPTER 3—-MATHEMATICAL MODEL

This chapter details a mathematical mode for designing optimal mer ge-in-
trangt digtribution networks. Section 3.1 lists some basic assumptions. Section 3.2
cover sthe mathematical notation. Section 3.3 presentsthe mathematical

formulation in traditional form. Section 3.4 discusses computation issues.

3.1. Assumptions

Themodd isan uncapacitated multicommodity generalized network. Thereare
two classes of products: inputsand outputs. The nodesrepresent three types of
nodes: sour ces, customers, and merge points. The set of potential sour ces,
potential merge points, and customersisknown. Sources supply input products.
Mer ge points assemble input productsinto output products. Customers consume

output products.

3.2. Notation

Setsand Indexes

C —set of customers

I,J, K —setsof nodes (e.g., ports, factories, war ehouses, customers)
M — set of potential merge points

S—set of sources

IP—set of input products



OP — st of output products

Parameters

Tob - units of input product p required to produce one unit of output product p

Ao . cost to produce one unit of output product p at node]

Ci. cost to trangport one unit of product p from nodei to nodej (pUIP O OP)

Do, _ demand for output product p at cusomer ¢

SJ'P—supply of input product p at nodej (jIS)

OloenCOStj—cost to open facility j (ST M)

CloseCost, —cost to closefacility j jISTO M)

Independent (Decision) Variables
Xijp - unitsof product p shipped fromitoj (pUIP O OP)
z - 1if facility j isopen, Oif closed jLIS T M)

Dependent Variables
Wip _ units of input product p consumed at nodej (jJLCIM)
Yie_ units of output product p assembled at nodej (jLIM)

3.3. Mathematical Formulation

Minimize
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Equation 1 isthe objective function which comprises transportation costs,

assembly costs, and facility (opening and closing) costs. Thetransportation cost on

a channd isdetermined by multiplying the total weight shipped by a cost factor.

There are no quantity discounts. The assembly cost at a merge point is determined
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by multiplying the unit assembly cost by the amount of output product assembled.
Thefixed facility cost comprisestwo elements: cost to close an existing open facility
and cost to open a new (closed) facility. Notethat the previousfacility state
(opened or closed) isnot embedded in the modd; it must be accounted for in the
particular data on a case by case basis. For instance, if a particular merge point is
currently closed, its closing cost would probably be set to zero.

Equation 2 determines the amount of each output product assembled at a
mer ge point by subtracting the amount that entersa node from the amount that
leaves the node. |f merge pointswer e allowed to consume or supply (rather than
assemble) output products then this constraint would need to be modified. If the
assembly process gener ates substantial scrap, then therelated assembly cost in the
objective function would need to be modified.

Equation 3 determines the amount of each input product consumed at a
mer ge point by subtracting the amount leaving the node from the amount entering
the node.

Equation 4 regulates assembly flow conservation. According to this constraint, the
amount of input products consumed at a mer ge point limitsthe amount of output
products assembled.

Equation 5 ensures supply capacity isnot exceeded and that supplies come

only from open sources. Equation 6 ensuresthat customer demand is satisfied.

12



Equation 7 statesthat only open mer ge points can ship to customers.
Equation 8 prevents negative flows. Equation 9 prevents disassembly.

Equation 10 preventsrever se consumption.

3.4. Computation

Thetimerequired to solve an uncapacitated problem is often directly related
totheproblem size. If welet each set name stand for the cardinality of that set,
then the problem sizeis approximately:

Number of variables. number of channe-product combinations

Number of congtraints; OP* (M +C) +IP* (2M +S).

Several test cases wererun in which the model was programmed using the AMPL
modeling language and solved via XL SOL. Appendix B gives a representation of
the mode in the AMPL modding language. Appendix C shows a sample AM PL
datafile. In general, solution timeswere lessthan a few minutes. For capacitated
problems, solution times can be expected to be longer and much morevariable.

Thisisan area for futureresearchersto examine.

13



CHAPTER 4 -DECISION SUPPORT SYSTEM

Figure 1 shows the conceptual framework for the DSS (decision support
system). Theuser interactswith the GI'S (geogr aphic infor mation system) which
functionsasa graphical user interface. Inthe prototype softwarethe GISisESRI

MapObjects], an add-on to Microsoft Visual Basicll. The GIS providesan
interface to the database, in this case Microsoft Accessl]. When the data are
organized, the Gl Sinterfacesto the math model, in theform of AMPLO. AMPLO

in turn callsthe solver, XLSOL [ in the prototype.

Figure 1. Conceptual Framework for Decison Support System

4.1. Geographic Information System
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The GIS program isbased on moView, a sample application program that is
included free with ESRI MapObjects. Figure 2 showsthe main screen. Theuser is
ableto click on a city (or pair of citiesfor channels) to input or edit data.

Communication with AMPL is effected via the menu.

. moView Application
Fie Edit Yiew Help

8| #u|=|8) ala]|nele|n

o

Scale 110 X:-B9506067 I~ MapTips hd T 1:37PM

Figure2. GISMain Screen

Figure 3 showsthe dialog box that pops up when the user clickson acity. The
dialog box enablesthe user to query the database and edit the database with
respect to the node-related data tables. Similar dialog boxes are used to edit the

channel and product related data tables.
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Location:
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1S LATE MAME = Arkansag...; .
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CAPITAL =Y
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CITY_NAME = Little Rock
STATE_FIFS =05

TYPE = city
STATE_CITY = 0541000
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Fayettevile Litle Flock 1 Spriockets 1 Uile Fiock Dallas

Fayeltevile Litle Rock 2 Widgets 3 Litle Rock  Dalas

Forsmith _Little Flock 2 gadgets 2 Litle Fiock  Dallss

Ll | 2+l
Theme: Cities [FROM |10 [agFroductiD] Froductan] ningGuantiy]

Shape Type: Point

Source ‘ et

Merge | Customer Show form

Scale 10 X-91.27 713688 [ MapTips hd | 1:3FPM

Figure 3. Node Dialog Box

4.2. Database

The database should be structured in the following tables. Node, Product, Merge
Formula, Channd, Node-Product, and Channe-Product. In general, each tableis
keyed to one or more names. For instance, the Node tableis keyed to unique node
names and the Channe-Product tableis keyed to unique channel names and unique
product names.

Table 1liststhefields of the Node data table. The Statusisthe only output field;

the other fildsareinputs. Thefieldsfor Fixed Cost have no meaning for customer
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nodes.

Table 1. Node Data Table
Name
Type (sour ce, merge point,
customer)
L ocation (zip code)
Fixed Cogt if Open
Fixed Cost if Closed
Status (open or closed)
Table 2 liststhe fields of the Product datatable. The part weight isused to

calculate transportation costs. All of thefieldsareinputs.

Table 2. Product Data Table
Name
Type (input or

output)
Weight

Table 3 liststhe fields of the M erge Formula data table. For each output
product, thereisarecord for each associated input product. Thefield Number of
Inputstells how many units of the input product are needed to assemble one unit of
the output product. In general, each output product requires several different input

products. All of thefieldsareinputs.
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Table 3. Merge Formula Data Table
Output Product Name

Input Product Name
Number of Inputs per Output

Table4 liststhe fields of the Channel datatable. All of thefieldsareinputs.

Table4. Channel Data Table

Name

Origin node

Destination node

Cost (per weight)

Table5 liststhefieldsin the Node-Product data table. All of the dementsin

thistableareinputs. The Cost and Amount fields require some explanation. For
sour ce nodes, Cost issimply the cost and Amount isthe supply capacity. For

customer nodes, Cost could represent the revenue and Amount isthe demand. For

mer ge nodes, the Cost and Amount fields have no meaning for mer ge nodes.

Table 5. Node-Product Data Table

Node Name

Product Name

Cost ($ per product)
Amount (supply or demand)
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Table6 liststhefieldsin the Channd-Product data table. The Amount isthe

amount of product that flows on the channd; it isan output of the modd.

Table 6. Channd-Product Data Table

Channd Name
Product Name
Amount

An earlier version of the database structureis described an appendix. The

prototype softwar e currently still usesthat obsolete version of the database.

4.3. Solution Package

The solution package used in the prototype comprised AMPL +, a mathematical

modeling language, and XL SOL, a solver.
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CHAPTER 5—-CONCLUSIONS

Thisresearch developed a smple mathematical model and decision support
system for designing mer ge-in-trangt distribution networks. Such networksare
increasingly important in today’ s competitive business environment as companies
invest in effortsto provide good customer servicerather than invest in conventional
war ehouse-dominated distribution networks.

Futur e research should include a full parametric analysis of the modd to
deter mine how sendtive solutions areto the various parameters. Futureresearch
should concentrate on extending the model to account for capacities, additional
costs, and different cost structures (e.g., economies-of-scale). Futureresearch
should also consder modeling the system dynamically usng smulation or multi-
period network models. Researchersare advised to keep their models

par simonious since data collection can be areal challenge.
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APPENDIX A-AMPL MODEL FILE

HABHHHBHHHHIH
# merge-in-transit network design
#

# M ke Col e and Mukundh Part hasarat hy
# June 3, 1998

#

set | _PROD; # input product
set O_PROD; # out put product
set PROD : = | _PROD uni on O_PROD;
set S CITY; # supply points
set M CITY; # merge points
set C CITY; # customer points

set CITY := S CITY union M CITY union C_CITY,;
set LINKS within {CITY cross CITY};

par am openi ng_cost {S _CITY union MCITY} ;
param cl osi ng_cost {S_CITY union M CITY} ;

par am prod_wei ght {PROD} >=0; # product wei ght

param | i nk_cost {LINKS} >=0; # transportation cost / weight
param | i nk_capy {LINKS} >=0; # transport capacity (weight)
param assy_rate {pl in | _PROD, p2 in OPROD} >= 0; # units pl per p2
param assy_cost {M CITY, O _PROD} >=0; # unit assenbly cost
param assy_capy {M CITY, O _PROD} >=0; # assenbly capacity
param supply {S_CITY, PROD} >= O0; # am avail able at supplier

param demand {C_CITY, O PROD} >= 0; # ant demanded at customer
var Open {i in S _CITY union M CITY} binary >= 0;

var Ship {(i,j) in LINKS, p in PROD} >= O;

var Consume {j in MCITY, pin |_PROD} >= 0;

var Assemble {j in MCITY, pin OPROD} >= 0;

m nim ze Total _cost:
sum {(i,j) in LINKS, p in PROD}
link_cost[i,j] * prod_weight[p] * Ship[i,j,p] +
sum{j in MCTY, pin OPROD} assy_cost[j,p] * Assenmble[j, p]
sum{j in S _CITY union MCITY} opening _cost[j] * Open[j] +

23



sum{j in S _CITY union MCITY} closing cost[j] * (1-Open[j])

subject to Supply_capacity {i in S _CITY, p in PROD}:
sum {(i,j) in LINKS} Ship[i,j,p] <= supply[i,p] * Open[i];

subj ect to Amount _assenbled {j in MCITY, p in O_PROD}:
Assenbl e[j,p] = (sum{(j,Kk) in LINKS}
Ship[j,k,pl) - (sum{(i,j) in LINKS} Ship[i,j,p]);

subj ect to Amount _consuned {j in MCTY, pin |_PROD}:
Consune[j,p] = (sum{(i,j) in LINKS} Ship[i,j,p]) -
(sum {(j,k) in LINKS} Ship[j,k,p]);

subject to Assenbly flow conservation {j in MCITY, pl in |_PROD}:
Consune[j, pl] >=
sum {p2 in O PROD} (assy_rate[pl,p2] * Assenble[j, p2]);

subj ect to Demand_satisfaction {k in CCITY, pin OPROD}:
sum {(j, k) in LINKS} ship[j,k,p] = demand[k, p];

subj ect to Ship_fromopen_nerge_points

{j in MCTY, kinCUCTY, pin OPRID: (j,k) in LINKS}:
Ship[j,k,p] <= demand[k, p] * Open[j];

24



APPENDIX B -SAMPLE AMPL DATA FILE

HitH R R R R R R R R AR R R AR AR

# merge in transit data file

## M ke Col e and Mukundh Part hasar at hy
# June 3, 1998

set I _PROD :=1i_1, i_2;

set O PROD := o_1;

set SCTY := PITT ;

set MCITY := NE SE ;

set C CITY := BOS EWVR BW ATL MCO ;
set LINKS : =

(PITT, NE) (PITT, SE)
(NE, BOS) (NE, EWR) (NE, BW)
(SE, EWR) (SE, BW) (SE, ATL) (SE, MCO);

par am openi ng_cost cl osi ng_cost =
PITT 1000 200
SE 300 300
NE 1000 100 ;
par am prod_wei ght : =
i1 1
i_2 1
o_1 1;
par am i nk_cost link_capy :=
PITT NE 1.5 250
PITT SE 3.5 250
NE BOS 1.7 100
NE EWR 0.7 100
NE BW 1.3 100
SE EVR 1.3 100
SE BW 0.8 100
SE ATL 0.2 100
SE MCO 2.1 100 ;
param assy_r at e: o1 :=
i1 2
i 2 1;
par am assy_cost assy_capy : =
NE o_1 2 1000
SE o_1 3 1000

25



par am suppl y:

1

PITT 12000

par am denmand:

BOS
EVR
BW

ATL

26



APPENDIX C -PROTOYPEDATABASE TABLES

Therecommended (revised) database structure was detailed in Chapter 3.
Theactual prototype database consists of (the now obsolete) tables described

in Tables 7 through 12.

Table 7. Product Data Table (Prototype)

| D Number
Name
Weight

Table 8. Source Data Table (Prototype)

ID Number

Name

Outgoing Product ID

Outgoing Product Quantity (Supply)
Outgoing Channd 1D

Table 9. Customer Data Table (Prototype)

ID Number

Name

Incoming Product 1D

I ncoming Product Quantity (Demand)
Incoming Channd ID

Table 10. Channel Data Table (Prototype)

D Number
Origin
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Destination
Cost

Table 11. Merge Point Data Table (Prototype)

ID Number

Name

Status (Open/Closed)
Incoming Product 1D
Incoming Product Quantity
Incoming Channd ID
Outgoing Product 1D
Outgoing Product Quantity
Outgoing Channd ID

Table 12. Merge Formula Data Table (Prototype)

Finished Product ID

Raw Material Product 1D
Units of Raw Material Product
Required
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