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ABSTRACT

This paper presents the applicationredl-time simulation
to assign due dates o logistic-manuactuuring networks.
Information from the manufaduring, tangortation, and
supplie elements was integrated into a simulationodel
of the sysem to help the asgnment of reliable delivey
datesIn addition the sysem was used to generaimultiple
due date options so costers coull pick the delivery
speed and cost option that satisfied their specific needs.

1 INTRODUCTION

This paperpreseits part ¢ an investgation in the use of
information technology (IT) and s$mulation to st order
due dates m logisticimanufacuring networks. The
combination of IT and $mulation for decisionmaking is
often called realitme smulation.The first oljective of the
presented application of real-timamulaion was to
provide amethod ly which due dates can be $etachieve
reliable deliveries fo logistic-manufactuing neworks.
The second objective of the applicatioms to generate
alternative due datewhere eah of these due dabptions
had an associated price (piem pricefor faster delivey).
This is a concept esisively usé by the delivery savice
companies like UPS ad Federal Epress.

Due date/ price options are generatgdsmulaing a
neworder thioughthe logistic-manufactuiing neéwork with
different production priorities antly considerirg different
modes of transportation. Whenasiomer placs an order,
operational data is updatediia tele@mmunicaton
technobgy: operational data otudescurrent status othe
logistic-manufaduring network, i.e. the ével of raw
material inventories, orderseing processd and waiting,
plannedmachire repairs,breakewn peformance, carrier
schedules and other constraiing elements d the network.
After the model data is prdated, theisnulationis run with
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severd prese¢ scenarios in order to establish due date
optionswith differert prices The data required to run and
updae this due date sysetm is awailable in a growing
number d manuacturing organizations, and can be
obtainedthrough interndly networked information systems
(i.e. manufaduring information and inventory systems)and

by extemally networking with suppliers and carriers.

This paper is divided a$ollows. We first present
previous work in the area fosimulation ad realtime
contrd and in the area of due date assigntn Secondve
describe a general dmework tha combines IT with
simulation for real-tne due daé decision-naking in
logistic-manufaduring neworks. Third we describe the
develpment and implementation of a simulation-based
due date gstam to a snall manuacturer of make-to-order
products. Finally we preset a sunmary and propose
additiona work in the area.

2 BACKGROUND

Simulation has been used fdogistic planring and decision
making for more than twenty years (Ballo 1992).
Simulation coninues to gian additional capabilitieand has
a growing role as a tool foreal-time contrd (Harmonosky
199Q Rohrer 1997). Realtime control hrough simulation -
the use of a imulaton model to aid m making an
immediak decision has been proposefdr a nunber of
settings especialy for manufacturingsystems applications
(McConnell and Medeiros 1992, Rogers and Gordon
1993) The use of simulation for realtime controlhas been
made possible largely becausé the introduction of
computers to the factay floor and the adances in
informatica (Mc@nnell and Medeiros 1992).

Information systems have also gained great
importance ard are now an inegral part ofmany logistic
sysems. The globd naure of logstics requies information
systems that resut in enhancedinventory control, order
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and materid tracking, and efficient resource utilization
(Lewis and Talalayesvsky 1997) These ifiormation
sysems need to also tak@to consideration @ material
moves across nathal boundaries, imultiple currenaés,
and tha geting to ts destation ontime is critical to
cusbme satisfaction(Hameri and Paatela 1995). Recent
surveys indicate that the trend tonplement information
sysems like EDI, will continue, & for example, in the
area 6 motor carriers (Murpp and Daley 1996).

The caotinued implementation of sophisticated
information systems provides the foundaton for
applications 6 real-time control through siulation. Real-
time dmulation is based orthe abilty of the sysem to
obtain the real-time data needed to updatestmulation
model. Many manufacturing systems have had this
capability for many years -a primary rea®n for the lage
numbe of realtime control with Smulation applications in
this area. In essence, simulation-lthseal-time control
uses a smulation modelinitialized to the systn’s current
statusand a number of ‘whatif’ scenarios runs d the
model to aid m making an immediate decisioMcConrell
and Medeiros 1992).

The immediate decisiomf concern in this project is
the assigment d due dates to cumher orders. Assighing
due datesis widely recoguized asvery importent given its
cusbmer service implications (Cheng and Gupta 1989).
Due date assigment is a dificult problem given the
dynamic nature of most nanufaduring and logistic
environments. In mary MRP ewironments, due datesare
basel on the estinated fowtime of an order plus @ame
sladk (Fry, Philipoom, and Markland 1989) Several due
date assigment methods have be@& proposé including
(Chang 1996): Castant Flow (CON): d; = r; + k; Equal
Slack (2K): di =, + p +k; Number d operation{NOP):
d = r + kn; Total Work (TWK): d = r, + kp;; Jobs in
Systam (JIS): d =1 + p + kJ; where ¢ r, p, n, and J
denote the due date, the arrivaihdi the processingime,
the number of operatims, and the number o jobs n the
system of the job’s routng when job i arrives.The value of
k relates to themount of slack ime added to the due date.

3 DYNAMIC DUE DATE ASSIGNEMNT ON
LOGISTIC- MANUFACTURING NETWORKS

In this pape we propose auwk date asghment method
where the infomation from the manufacturingcentes, the
transportatia sevices, andhe aw materid suppliers the
logistic-manufaduring network) is utilized in order to
increae the accuray of the due date forecast. During the
remaining of the paper we will refer to the logist-
manuacturing network beirg modeled ashe sysem.

The infamation about the curremstatusof the sysgem
is used tomaintain the smulation model ‘up-b-dag€’. The
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requiredfunctiondities and operations of theifulation-
Based Due Date Estimator ySem (SDDES are
summarized in Figure 1. Inputand outputs of the SDDES
and its associated external ekns are illustrated in
Figure 2. The process startwhen acusbmer requests a
price and delivery quote for one @ more cusbm made
items and thignformationis entered into the SOES (1).
The SDDES obtains cuamt systeminformation through
intemal networks (i.e. LAN) and extemal networks (i.e.
EDI) to update its records on resourciesentories etc
(2). The SDSS exmites simulationsf the neworder under
several preset scenarios (i.e. rush ordeto generate
price/die dateoptions(3). The price/due date options are
offered to the cusimer (4) and thecusbmer makes a
decision (5). The cusbmer’s decision § forwarded as
routing/shedding/materia flow instructions to the
correspondig logistic-manufactuimg resourcesand to the
information syseéms (6).

Receive Qistomer Requests

v
Obtain Current Status
of the System

A 4

Simulate New Order
under Different Scenarios

A 4
Provide Due Dete/Price
Optionsto Cugomer

\ 4
Accept Customer’s Decision
on Dues Date/fece Ogion

v
Forward Routing/Schedule/
Material Flow Ingructions

basedon Custoner Decision

Figure 1: Required Funatalities and Operation of
SDDES
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Current

ecision (5)  Supplies
2

Customer Suppiers
Supplier
Instructions (6)
Price/ Due Dat
Options (4) Existing
Orders (2
< @ Customer
SDDS (3) » Senice
New
Order (6)
Manufacturing
Instructions (6 Transporation
Instructions (6)
Manufacturing —¢ rent Trangortation
Centers  |Manufacturing  Curment Senices
Status (2) Transporétior
Status (2)

Figure 2: Inputs and Opits d SDDES and itExternal
Elements

3.1 SDDES Data Requiements

The data required by the system includes a list of orders
pendirg and information on all of the ekments of the
logistic-manufaduring network. As in Rogers andGordon
(1993), information is bot ‘static (eg. products,
processes, and resource capabilities) atyhamic’ (e.g.
shop floor status, inventories, carrier scheduleaysrier
space)and must be available for the due dates to be valid.
Status infomation is requiredfrom all the manufaduring
centersrequired by the product ordered, arfdr all the
possible cabinations d transportation services betveen
all the requird manufacturing enters.

3.2 SDDES Implementation Issues

Rogers and Gordo (1993) and Hamonosky (1990)
describe the basics eahents required for a suessful
applicatian of real-ime simulation to schedule and control
manufaturing sysems. Most of theseissues @l apply
when the concept is expanded to logistiesmfacturing
networks. Two implementation issues d specialrelevance
to the due date assigent and maregement proces are the
(1) the size of sk&k time ) to be included in the d@uwate
assigment equatin and (2) the nmber d replications to
be run under eachagario. In relationa the first question,
evenwhen tight due dags are desired, st slack time
needs to be included fowd reasonsThe first reasonis
that most complex sysems face uexpectel disruptions
ard variation, and ©me slack se/es as a ‘protectie
buffer. The second is thawithout some slak, the systm
has no féxibility that allows new orders to be expedited
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throughthe systm. If dl due dates are we tight, then
adding a sh ordermay make ane a more d the orders
alread in the systm late.The due date foanorde isthen
described . d = + E(G) + k, where E(Q is the
expected the requiredor completing that order (job).

The detemination of E(G) goes back to #hsecond
question, bw many replications to run. Several
replications are required in order to accofor sysem
variability, thus obtaiing a better eBhate ofthe expected
completion time. The number d runs will depend on the
time available to gnerate price/due date optioew long
cusbmers are willing to wait on the plone for a
price/delivey quote, and th systerhs inheren variability.
We believe that as the sgst is validateda fixed number
of replicatims should be preset which provide a
reasonable tradeoff hve¢en the timea estimae E(G) and
the confidencéantenal of this value. Fuher information
on analyzing simulation results can be found in Law and
Kelton (1991).

3.3 SDDES Scenarios

One d the most important beefits d the SDDES:is its
ability to generate price/da dat options through
experimentation with pre-set senarios. The numbe of
scenarios to be testedill again depend onthe ime
cusbmers are willing to wait for the quote, previous
experiene with cusbmers preferencesand the flexibility
of the system First, each smario will add time to the run
time of the ®DES, second,@ne scenarigmay exig (i.e.
transportiry concree slabs via air freght) which will never
make senseard third, the sysm may haveonly a few
options that canémodified (i.e. singlesupplier).

The pre-set scenadwill consist of variations ¢ the
routing and priority assigned to the ordefhe change of
routing andpriority resuls in changes to the price and due
date & the order.An order that is expediethroughthe
systemwill cog more dgven the additioal resources
required (i.e. additiodamachire set-up) and/or external
costs (i.e. diffeence betveen rail ard air freight). Some
examples of pre-st scenarios are:

- High priority on al manufacturing enters.

- Regular priority on dl manufaduring enters.

- Fast transportatiomodes in dimaterid flows.
- Slow transportatia modes in dlmaterial fows.
- Selectdn of high cogshort leadime supplier.
- Selectdn of low costhigh lead itme supplier.

Eachof these senarios results in a price and due date
based on the statuf the systemand on the new ordefs
specificatons. For eample, if theneworder is expedited
throudh all the manufaturing centes (high priorty) and
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uses all the fag modes of tansportation, its due damay
be in one week from orderirg point and at an additional
price d 10%. F theneworder is pocessed in the standard
plan (manufaduring and transportation), #n the due date
may be two and a half weeks from the ordenng date ad at
the regular price. Additiohaoptiors indude expeditng
only at te factowy floor, but using the regilar modes of
transportation.

4 APPLICATION OF THE SDDES

An SDDES protoype was implemented on a local
manuacurer of make-to-order séety glass. The canpany

was started oyl ayear ago andds grown in one yea from

a garage operation to one hirimgpre than100 employees
and 3 millionin sles. This gowth is expectedto continue
as they hold sveral patenton impad (bullet proof) and

fire resisant glass of uriue characteristicSThe @mpany

is divided n four locations,three manufacturing plants,

and onre office location. All faciliti es are within a 50-nile

radius.

The company produces several types s#kty glass,
eachwith relatively similar processes. Variationsme in
the way of raw materials and the mober d layers All
ordess are macke to size - not in large sheets and theut to
required size as expectedThe process is highllabor
intensive and ha arevolving flow whetre stages are visited
two or more times diring the process. Gen the marual
processegroduction imes ae fairly variable. In addition,
the yield for the processes alfuctuates and depends on
several fact@ including raw materials, and the weather
(temperature and huidity).

A basic descriptionof the production processis

Cut glassto gedfied $ze

L

Clean, inspect, and prepae
side to receive additional
layer

L

Add resin and layer of 'film’

L

Curing

Anocther
layer?

Conduct find inspection and
pack glasses

Figure 3: Fow of the simulated process.

the perceived load on theystemby the sales persaoel.
This due dake methal was effective in most cags - about
95% on-time deliviy. The effectieness of tb methal was
attributed to the relataty smal size of the operatio and
the high lead thes given to cusbmers. Hbwever, the
increag of demand and associatedoroplexity of the
operatian were making it harder to detenine dwe dates that
would be acceptable to custeers and could & met on
time.

The due date assig®ent proces was complicated by
the possibilty of order splittingfor large orders and by
costs associatiewith late ordersLarge ordes were often

presented in Figure 3. Once an order has been released télividedinto multiple partial orders, eactith its own due

the floor, glass isut to the specified sizeand cleaned.
Eachpiece of ghss is tlen prepared to hold layer of resin
or glue, and ten film or glass is attdned like a ‘sandwich’.
The glass themoes to a curing stagor eight & more
hours. Afte curing,the glass goes back to preparation, and
then to receive anotheamyler o glue and film. This process
is repeated seral times depeding on the type d glass
ard cusbmer specifications.The glass is continuously
inspectedfor lint, particles, and bubbleg\fter the last
layer is added and curingompleted, the products
inspected cleanel and packed.The packaged gbses are
shipped througtseveral carriers to cushers acros the
United Stags.

4.1 Due Date Assigment Process
Due dates fo cusbmer orders (quantities that rangedrifr

less thanen to thousands ofpieces of glasg were s based
on a qualitdve match béween cusimer requiemerts and
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date This was done as way to balance th load of the
production system. Late orderdiad ahigh badorder costs
becaus most of the ompany's clents are in the
constrution busiress, an industy where penaties for not
completing a task (delivering aterials) at a specified time
often results in daly fines.

4.2 Modeled Elements

The SDDES protgpe for this mmpary was developed
with Boreland's Delphi 3 application devgefoent tool.
The model ircludes tle manufacturing and logistifactors
that resulted ira valid representatio of the network. The
validity of the modd was estedby utilizing realinput data
and omparing tte model's output to the histeriresults.
The manufacturing factors included inthe modd were
processig lead times and variaton, yield, sé-up imes,
and capacit (labor, machines, storage).The logistic
factors ircluded inthe model were the inventay levd and
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scheduld delivery for the four primay raw materials, and
the pickup schdule for the utilized shippingervices.

4.3 Systen Operation and Scenarios

The input datafiles were updated once perydgiven it
required reading files sent through e-mails (the facilities
arenot in anetwork). This is an @ample d a compromise
over the ideal configuratiofor the SDDES presentd in
Sectian 3. Asthe system data is nbupdated duringhe day
(current),newordes were only considered for release after
the current dy.

Whena cusbmer called to get a quote on meworder,
a member of the saks growp enter@ the new order data
into the SDDES protgpe. The infamation for the order
included the type of glas (including the #&yers and
materials), the ses (H x W'), and the gantity for each
size ard type Once thiswas entered, the SIES read four
input data files: raw material inventoriesand delivery
dates shipping pickp scheduls, ordersnot releasedand
orders inWP. The files hadup-to-date infemation on
inventory levels, transportation optionsand shedules,
orderswaiting to be processed, &work-in-procesglass.

The scenariomareger had three ‘snple’ scenarios:
placing the orde at the end of the list d high priority
orders; at the endf ¢he list d normal priority items, ard at
the end of the amplete order list ¢w priority). The
simulation run ten replicatons of eah senario in order to
estmate the ompletion time of allthe iemson the order,
ard then gave the user three price/due dates tthaere
based on the invegated priorities.The system utilized a
slack time which depended on éorder s priority but that
could be modified by the user. The SDDES protgpe
contained a prie model that detemined row much each
glass should cost under eaclkrsrio. Finaly, if unde any
of the senarios thenew order made me d the existing
orders late, that price/due date opties not offeredo the
cusbmer. Large orderswere dten divided (agrement of
guantities bateen thecusbmer and salegnd a se of due
date optionsvas detemined for each partial order.

44 Unresolved Issues

One important issue that is currenty unresdved by the
current protoype d the SDDESsystan is detemining
release dates in a@&s where the cusbmer has a
predetemined due dak in mind. This case, oéin called
badkwards scheuling, requires fguring out whenthe order
mug be started (releasanrte) given a specified finish time
(the selected due date) -versus deteing when it will be
finished given a specified start timeOne alternative is to
finish the ordewell in adwance and eher shipit before its
due date or store it in-house uiitits due dateThe first
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optionis unacceptatd to many cusbmers, as tby will be

incurring in additiond cods (i.e. storage)The second
option resuls in higher holdng, storage, and #ndling

costs for tle manufacturer.The solution is tbn to use
simuldion to detemine the release dat¢hat albws

productionand shpment to be copleted béore the due
date but with little deviaton from it. Recem work in the

area ly Watson et al. (1997) that evaluates lveaid

scheduling fo Make-To-Orde systemswill help the future

addition of ths fedure to the ®DES.

45 Systen Performance

Usess have provided very favorablefeedback about the
effectiveness of the protoype and want its exension into
order tracking and resource opization. The current
prototype has helped the ompany reduce the avege
guotedlead times while sill maintaining Hgh levds of
delivery performance.

5 CONCLUSIONS

This pape presented the application of real-time
simuldion into the arena ofogistic-manufacturing and
cusbmer servie (duedate assignent). This paper sbwed
that by combining the IT capabilities of logist-
manuacuring networks with a smulation model, a tool
can be developedhich cansimultaneusly:

e assgn tight due dates,

¢ maintain or increase thevel of on-time deliveries,

e generate options on due dates based
routings/priorty and transportation seice options.

on

Major implementation problems can limit the succesf
real-ime s$mulation. The first is the feasibility of linking
production, inventory, transportatio, and other
information systms to the simdation model. Production
information is internal, therefore accessbl -not
necessanl automatically-, but extend information (e.g.
transportation carriers status)aynbe harde to obtain,
integrate andof questionable reliabtly. Another problem
area is the effectof expeditig some orders as the
simulaion model may show that doingthis will delay some
current orders h@nd their due date.f Ithe simulation
model slows tha expediting anewordermakes an existing
order late, should the alternative be presentedthe
cusbmer?

We believe thathe implementationof the simuléion-
basel due date assigment methodology in logistic-
manufaturing networks will result in two mgor benefits.
First, the delivery performance will i mprove dramatically
as due dates are basedacrompletion forecas tha derives
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from real-time infomation aboti resources queues,
schedulesand the sysems variabilty. Second, in ases
where delivery perfamane is not a prokdm, the
simulaion-basedapproab will provide due date options
(e.g. prioriyy orders at a praium price) Future work on
the project includes addressitige backvard scheluling
isste and the extension of the protoype to other control
and management areas sch as order tracking, resrce
maregement, and navork optimization.
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