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Abstract

In this paper we introduce a general framework
for the modeling, analysis and costing of logistic
networks including supply chains (SCs).

The employed modeling notation, the so-called
Process Chain paradigm, is specifically developed
for the application field of logistic networks which
includes SCs. We view SCs as discrete event dy-
namic systems (DEDS) and apply corresponding
simulative techniques in order to derive perfor-
mance measures of the Process Chain model un-
der investigation. For this purpose Process Chain
models are automatically transformed into the in-
put language of the simulation tool HIT. Subse-
quently, a cost accounting model using the perfor-
mance measures is applied to obtain costs which
are actually subject of interest.

The usefulness and applicability of the approach is
illustrated by a typical supply chain example. We
investigate the impact of an additional SC chan-
nel between a manufacturer and web-consumers
on the overall supply chain costs.

1 Supply Chain Modeling,
Analysis and Management

The analysis and evaluation of system perfor-
mance has become an important and demanding

*This work is supported by DFG, collaborative research
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field in the last decades. In spite of the existence of
numerous modeling and analysis frameworks, sys-
tem evaluation is still a challenging task, because
systems become increasingly complex and large
and therefore performance is increasingly difficult
to assess. Model-based analysis not only aims at
determining whether or not a system meets cer-
tain objectives like performance and costs, but
also understanding how system performance can
be improved, e.g. by elimination of bottle-necks.

In this contribution we focus on systems describ-
ing supply chains (SCs). The SC management
(SCM) may be considered as a management ap-
proach for designing, implementing and evalua-
ting the flow of materials, products and informa-
tion among multiple participants.
suppliers, manufacturers, wholesalers and retailers
which are all involved in procuring, producing and
delivering products.

These act as

SCs show an increasingly complex behavior re-
flected by trends towards the sale of goods via the
internet and outsourcing. Last but not least com-
petitive pressure, falling profit margins and cus-
tomized demands make business life challenging
and drive enterprises to use information technolo-
gy to support the design, implementation, moni-
toring and controlling of SCs. Executives in the
SCM field are searching for ways to cope with the
complexity of the task and there is a need of a
concept resp. modeling and analysis framework
according to [12].



Paradigms of modern business have changed, en-
terprises do not compete as autonomous entities,
but rather as SC processes [12] including their lo-
gistic networks. One consequence is that thinking
in terms of processes rather than business units
has achieved attention and acceptance in the SCM
field.

Various notations have been developed for model-
ing and analysis of SCs for the purpose of

1. planning, design, implementation, mainte-
nance (operational level) and

2. quantification of certain performance mea-
sures like costs (performance level).

Both areas interdepent and therefore, although we
mainly focus on performance quantification, we
give a comprehensive overview about the opera-
tional level. Here the intended use of models con-
cerns the (re)-design and the (re)-configuration of
(existing) SCs aiming at best practice implemen-
tations. Insofar modeling at this stage helps exec-
utives to make strategic decisions and addresses
Demand Planning DP’ (which product to of-
fer), Supply Network Planning 'SNP’ (where and
how to produce) and Product Planning/Detailed
Scheduling "PP /DS’ (required resources). Graphi-
cal representations of SC models can help execu-
tives to find intuitively best practice implementa-
tions. Supplementary, models can be analyzed in
an automatic fashion by consistency checks and
by optimization techniques based on underlying
integer programming models.

We view the Supply Chain Operations Refe-
rence (SCOR) model [14] as a helpful guidance
in this area, because it provides a standard-
ized way of modeling SCs and a predefined set
of basic business activities associated with all
phases of SC processes. Particular SCs are des-
cribed by user-specified configurations of 26 pre-
defined, so-called core process categories, such
as Source Make-to-Order Product (S2) and
Deliver Make-to-Order Product (D2). Figure
1 shows a typical SC scenario. Arrows indicate
process categories which are labeled with their
short names. Such predefined process categories

Retail-Consumer

4 -~ order flow
— material flow

Figure 1: Configuration level (in accordance to
SCOR terminology) of SC scenario

encompass every effort involved in 1) the receipt
of order, 2) the supply for sub-assemblies and the
treatment of materials via procurement channels
between supplier(s) and manufacturer, 3) produ-
cing, stocking and routing the shipment of pur-
chased products and 4) delivering final products
to the customer to fulfill any requirements of the
contract. Therefore, to set up a SCOR model at
the configuration level, knowledge about how the
SC is configured, i.e., who are the members (sup-
pliers, manufacturer etc) and what are their own
parts of the whole SC process, is required.

Numerous commercial software for planning SCs is
at hand and we name only few. The market leader
SAP offers the APO (Advanced Planning and Op-
timization) package [3] which consists of compo-
nents for 'DP’, 'SNP’ as well as for '"PP/DS’. e-
SCOR [2], developed by Gensym and based on the
SCOR standard, enables the modeler to simulate
and evaluate alternative SC configurations.

Henceforth we consider the second area, the quan-
titative resp. performance level. In contrast to SC
planning, performance analysis of SCs presumes
the existence of a particular SC-configuration in-
cluding the definition of SC members and their
interconnection pattern. Furthermore a detailed
specification of activities, supplemented by tim-
ing information and assigned resources which are
requested for their execution, is required in ad-
vance. Insofar models and their specification lan-
guages become more formalized at this stage of
description. During the introduction of our pro-



posed modeling language in section 2 we will re-
turn to this point.

As mentioned above various notations have been
developed for modeling and (performance) ana-
lysis, see for example [9] for a recent overview.
Most of them belong to the class of formalism
for discrete event dynamic systems (DEDS) [6].
DEDS consider systems which are characterized
by discrete states and atomic state changes among
states. This is quite natural in a business context,
e.g. in bookkeeping where quantities are discrete
(money, stock of materials) and entries are made
completely or not. We take this point of view as
well and consider SCs as a DEDS in which the
current state of affairs changes due to the occur-
rence of an event like acceptance of an order or
delivery of a product at the customer etc.. There-
fore high-level notations describing DEDS are of
particular interest here. We believe, that modeling
and analysis frameworks well-known in the perfor-
mance analysis of computer and communication
networks can be partly adopted for the purpose
of SC modeling and analysis. In the following we
will discuss this issue.

2 Modeling Supply Chains using
the Process Chain Notation

A modeling language which is especially designed
to the needs of logistic networks including SCs is
the Process Chain notation. Originally it has been
primarily developed for the planning resp. de-
sign of SCs, see [11], and it has been successfully
applied in consulting projects and by this means
proved its value. A subsequently introduced more
formalized definition [8] allows to combine model-
ing and analysis with respect to performance eval-
uation and goes beyond a modeling and analysis
framework for the design of SC. Current work is
dedicated to upgrade modeling and analysis ca-
pabilities in order to allow not only performance
evaluation, but also to quantify models with re-
spect to costs and ecological aspects.

The Process Chain notation is the joint specifi-
cation language in a large, interdisciplinary, and

longterm collaborative research center (SFB 559)
at the university of Dortmund '. The approach
has been implemented in a toolkit which provides
a graphical user interface for model generation
and integrates several analysis engines for qualita-
tive and quantitative assessment of Process Chain
models.

The Process Chain notation follows a classical
point of view obtained in performance analysis:
a workload specification characterizes what tasks
need to be done, a machine specification describes
the resources that can cope with certain tasks, and
finally these two specifications need to be matched
within a single model to clarify which (sub-)task
is performed by which resource. Clearly, pro-
cesses have strong similarities with workload spec-
ifications. A complex business process consists
of many subtasks, some of them may require a
specific order, others may proceed in parallel or
trigger other, additional, and independent pro-
cesses. A successful strategy to cope with large
and complex models is to enforce a hierarchical
structure. For processes it is natural to build a hi-
erarchy based on refinement, such that a complex
task within a process is only referenced and its
detailed description is given in an additional sub-
model. This is defined in a recursive manner to
achieve self-similarity and a homogeneous design:
a process consists of a set of tasks which can be
processes themselves. From the machine/resource
point of view, companies are hierarchically struc-
tured into business units, departments etc. This
type of hierarchy is build on containment, each
unit contains an amount of smaller units and re-
sources as its own and offers a set of services to
other, external units. The Process Chain notation
integrates both types of hierarchies into a single
one: a unit (functional entity) offers a set of ser-
vices described by processes (chains) to its envi-
ronment and owns a set of resources to cope with
the demand for services.

The Process Chain notation provides a variety of
modeling constructs with regard to 1) the work-
load characterization, 2) resources, 3) behavior of

"http://www.sfb559. uni-dortmund.de/eng/ index . htm



individual processes in terms of their sequence of
activities and 4) fork-join mechanisms for paral-
lelism and synchronization between processes.

The main structuring elements are Functional En-
tities (FEs), that encapsulate one or more Chains.
A chain can be viewed as a structured and mea-
sured set of activities starting with Sources for
process creations (demand), denoted by a circle
with midpoint (), followed by a chronological se-
quence of Process Chain Flements (PCEs) describ-
ing activities, denoted by arrow-like hexagons, and
the chain is accomplished by a sink, denoted by
). Figure 2 depicts a PCE and its labeling and
figure 7 shows an entire model. Graphical ele-
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Figure 2: Labeling of Process Chain Elements

ments are ordered from left to right. The hori-
zontal connections between PCEs indicate a se-
quential behavioral pattern of processes. Branches
into and merges from alternative sub-chains are
allowed and represented by vertical bars. As men-
tioned above, Process Chains are hierarchically
structured. PCEs may invoke sub-chains from
so-called subordinated FFs. Subordinated FEs
and sub-chains are described in the same man-
ner as their super-ordinated FEs and chains (self-
similarity). Actually, two types of subordinated
FE are distinguished: user-defined FEs and sim-
ple, predefined FEs of type Server or Counter.
Servers capture timing aspects and model active,
possibly shared resources, i.e. machines, assem-
bly lines, workers. In principle, servers correspond
to single stations in queueing networks. Counters
model space and describe passive resources, i.e.
stores and waiting areas of usually restricted ca-
pacity. Figure 2 shows a PCE and its labeling.

Performance analysis requires to incorporate tim-
ing information into the model. All inter-arrival
times of customer orders, as well as all delays due

to processing and transportation are described by
random variables. For example in figure 2 the pro-
cessing time is specified by a random variable with
a negative exponential distribution.
distinguish between two types of time delays aris-
ing in SCs. On the one hand there are delays of
predictable nature like periods stipulated for de-
livery. In certain circumstances such delays are
depending on states captured by the model, i.e.
load situations, or such delays are influenced by
some stochastics. However, delays are known in
advance and may be viewed as fixed model input
parameters. On the other hand, there are also de-
lays of unpredictable nature due to congestion at
shared resources, e.g. caused by servers or if other
required resources are not readily available, and
their quantification requires performance analysis.

In fact we

3 Model Translation, Simulative
Analysis and Costing

The formal modeling paradigm described above
offers the opportunity to analyze process chain
models with respect to performance. Because of
formalization, the semantics is made explicit and
thus the calculation of performance figures can in
principal be done automatically. A drawback of
any such newly introduced modeling formalism
is that it does not automatically participate in
state-of-the-art performance analysis techniques
like broadly used simulation or analytical meth-
ods for which several tools are available, see [5]
for an overview.

We bridge the gap between the domain-specific
Process Chain modeling notation and analysis ca-
pabilities by providing automatic model transla-
tions into the input language of the discrete event
simulator HIT [4]. Many systems are too com-
plex or do not fulfill restrictions imposed by an-
alytical solutions.
at least submodels are analytically tractable and
by this means analytical methods are not gener-
ally excluded and can be used to compute aggre-
gates representing those submodels in exact or ap-
proximated fashion. However, for this reasons we

But in certain circumstances,



mention the existence of translations from well-
defined subclasses of Process Chain models also
into queueing networks or Petri nets [13], see also
figure 3. But in this contribution we only employ
the transformation giving a simulation model for

HIT.
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Figure 3: Steps towards performance attributes
and cost key figures.

Performance analysis gives results on technical
properties like throughput or utilization. As sug-
gested in [7], these technical measures can be used
to derive cost key figures supporting several cost-
ing models.

For example, if we assume that A(r,a) gives the
throughput at a service center resp. resource la-
beled as r invoked by activity @ and PC%(r) gives
the costs incurred by using this resource, hence
the product A(r,a) - PC*(r) gives the expenses
per time unit. Similarly, lead times ¢(r,a) and
populations n(r) can be used to compute costs.
By this means costs are calculated ex-post from
performance results. In the following example we
measure costs in Euro? (€).

For a particular resource r we distinguish between
3 types of costs which are considered to be (input)
parameters of the costing model: 1) fixed costs

2The Euro (€) is the official currency of the European
Monetary Union since January 1999 and the changeover
will be on January 2002. For comparison only: €1=1168
Won=110 Yen.

FCi(r) [€ per hour], 2) operational costs OCy(r)
[€ per item and hour] and 3) performance costs
PCZ(r) [€ per call] resp. PCi(r) [€ per time
(hour)]. All parameters are labeled by an asterisk
*in order to guard against misunderstandings and
to distinguish between given input parameters of
the costing model (FC;, OC;, PC%, PC}) and com-
puted costs (no asterisk). Additionally, costs are
subscripted by ; and . to clarify the measuring
unit. In the current implementation, cost parame-
ters cannot depend on their origins (activities and
processes).

Similar to the parameters listed above, computed
costs are divided into: 1) fixed costs FCy(r), 2)
operational costs OCy(r) and 3) performance costs
PC,/¢(r,a) for a particular resource r called resp.
consumed by activity a. For fixed costs and ope-
rational costs origins cannot be determined and
therefore costs are not tracked to a certain activi-
ties a.

Indirect costs increased in the last decades [1]
and therefore costing systems like activity based’
(ABC) or ’process chain costing’ in general that
capture costs at lower levels (activities) and there-
fore allow to allocate indirect costs fairly, at-
tracted attention in the last years. Hence, costs
can be factored out and assigned to processes or
even to certain activities involved in a particu-
lar process. ABC is very related to what we re-
fer to as performance costs. ABC can roughly
subdivided into two models, see figure 4. These
models define logical and quantifiable relation-
ships between resources, activities that consume
resources and cost objects that consume in turn
activities.
model, see figure 4, assigns resources to activi-
ties. In our graphical notation its counterpart is
given by boxes attached below the PCEs. The
so-called activity cost driver model describes
how activities are consumed by costs objects and
which expenses are incurred. Because of we face
dynamic models, quantified measures of how cost
objects consume activities in terms of lead times
and frequencies are not known in advance. There-
fore results of performance analysis must be ex-
ploited. In particular we need performance mea-

The so-called resource cost driver
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Figure 4: Activity based costing and its relation-
ship to key cost figures derived from Process Chain
notation.

sures with respect to certain activities, or more
loosely speaking with respect to origins. The per-
formance evaluation tool HIT offers this possibil-
ity by defining paths in the calling hierarchy of
used and provided resources.
sures can then be assigned to processes having
followed the specified path. E.g. for the model
in figures 7 and 8 HIT is able to determine the
throughput at process RetailOrder in the sub-
ordinated FE Manufacturer for for all processes
belonging the process class RetailChan, i.e.,
invoked from process RetailChan. Because we ac-
tually strive for costs, performance results must be
supplemented by costs information, for example
costs per invoking an activity resp. resource and
costs related to time-intervals elapsed until a cost
object passed a particular activity. This approach
has been automated [10] so that the data is avail-
able to fill the above mentioned costing systems.
Automatically generated HTML-reports support
information spreading and impressive and easy-to-
understand visualization of performance and cost
values. Figure 5 gives a flavor of how visualized
performance attributes appear in HI'ML reports.

Performance mea-

are

Finally, important relationships between the in-
put parameters of the costing model and techni-
cal performance attributes on one hand and de-
rived cost figures on the other hand are listed in
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Figure 5: Performance attributes and their visu-
alization used for bottle-neck detection.

the following equations. Notice, fixed cost FCy(r)
are load independent and therefore they do not
depend on technical performance attributes and
equal to their corresponding costing model param-
eters, see equation 4.

Ce(rya) = PCI(r) + PC(r) -2(r) (1)
PCt( a) = PC.lr,a)-A(r,a) (2)
0Ci(r) = OC(r)-n(r) (3)
FCi(r) = FCi(r) (4)

Aggregated performance costs associated with
complete SCs are of primary interest. For this
reason we introduce the notations PC(WebChan)
and PC(RetailChan) describing the overall per-
formance costs incurred by all order processing
activities. These costs are calculated as the sum
of costs of particular activities involved in the SC
under consideration.

In the following we will present performance re-
sults and ex-post derived costs for our running

example.



4 Example

The objective of model-based quantitative analy-
sis is to capture certain attributes of involved SC
processes including their performance and costs.

R

‘Web-Consumer
==\

Customer

Warehouse /
Retailer

»\

-~

Suppliers

Outbound
Logistics

Inbound  Manufacturer incl.
Logistics ~ Subassembly Inventories

Figure 6: SC scenario under consideration

We consider two interacting SCs labeled as
RetailChan and WebChan, see figures 6 and 1.
The Web-Consumer SC is assumed to gain im-
portance from the erosion of sales from the
Retail-Consumer SC, i.e., successful EC appli-
cations impose a drain of demand from Retail-
Consumer towards Web-Consumers. Latter pro-
duce a larger number of smaller orders, we as-
sume that Retail-orders have five-fold size. We
consider several scenarios (SCEN) and vary the
arrival rates Ay [Agr] of Web-Consumers [Retail-
Consumer]. So we vary the percentage of order
volumes PERC of Web-Consumers, see table 1.
The overall demand remains unchanged. All order
interarrival times are assumed to be exponential,
i.e., we model Poisson arrival streams [5].

| Scen | Aw | Agr | PERC |

1 0.50 | 1.00 | 9.01
2 1.25 | 0.85 | 22.73
3 2.00 |1 0.70 | 36.4

Table 1: Load imposed
Retail-Consumers

by Web-Consumers and

However, both chains have a similar configuration
and differ only from how the customer contact is
organized and how resource consumptions resp.
allocations are quantified. Both SCs consist of the
same two suppliers labeled as A’ and 'B’, a sin-

gle original equipment manufacturer which offers
a particular product and logistic service providers
which realize the out-bound transport, see fig-
ures 1 and 6. To simplify matters we assume,
that the manufacturer offers exactly one product
"AB’ which is assembled from two sub-assemblies
of type A’ and ’B’. Retail-Consumer and Web-
Consumers order product AB’ with a certain,
consumer-specific purchase order quantity and fre-
quency. We incorporate a simple warehousing po-
licy for sub-assemblies. The manufacturer pro-
cures sub-assemblies from the suppliers with a cer-
tain quantity M if and only if the stock of inven-
tory has been decreased by M. The value of M ex-
ceeds the mean customer purchase order quantity
and therefore procurement is not required upon
each receipt of customer orders.

The the
modeled consideration

activities inside manufacturer are

under of predefined
execution processes from the SCOR model.
Figure 1 indicates the processes we use: Source
Make-to-Order Product (S2), Make-to-Order
(M2) and Deliver Make-to-Order Product
(D2). After some pre-manufacturing steps (52),
sub-assemblies which are available on stock are
taken and assembled (M2). Finally, finished
products are delivered to the consumer. In accor-
dance with the ordinary situation it is assumed
that the time of procurement is guaranteed by
contracts with a certain degree of variability.
Sub-assemblies received from the suppliers are
stored separately until they are used for process-
ing. Storage capacities are limited due to a given,
finite amount of space.

Figures 7 and 8 show the corresponding Process
Chain model. As shown in figure 7, the top level
FE contains two sources and thus it appears that
two chains are used to model retail customers and
web customers. It is obvious, that both chains
appear similar except for the first PCEs modeling
At first each chain forks
into two subchains with a probabilistic selection to
decide whether a customer inquiry yields an order
or not. In the latter case the chain requires no fur-
ther consideration and reaches a sink-node. The
web customer channel does not provide technical

the customer contact.
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Figure 7: Top-Level FE including 2 SCs

advice or room to negotiate, only an automatic
order processing system supporting a predefined
set of customer information inquiries (D2_1) is in-
stalled. In contrast, the retail channel necessitates
a further refinement of customer types whose in-
quiries yielding an order, because either of them
claims for technical advice or negotiation, see PCE
(D2_1a).

In any case, inquiries which result in an order are
more interesting and contain the different activi-
ties performed by the SC. The depiction of under-
lying activities is encoded according to the SCOR
terminology, for example all activities concerning
the receive of orders are coded by D2_2. The re-
maining SCOR notations for activities are given
in table 2.

Beside process chain patterns the model contains
several (subordinated) FEs of type server, counter,
store and one user-defined FE Manufacturer.
Execution of activities usually enforces the use
resp. consumption of resources and PCEs specify

recuest

recuest
{amount:REAL) {amount:REAL)

in detail how resources are used. For example fi-
gure 2 depicts the labeling of a particular PCE:
activity D2_1 is performed by a resource labeled
as OrderProc. In this hypothetical case the pro-
cessing of activity D2_1 takes an amount of time
described by a random variable with negative ex-
ponential distribution and mean value of 1/90
units of time. However, a process which contains
this element may experience a delay which is pro-
longed by additional waiting time due to conges-
tion on a possibly shared resource OrderProc.

In the following we do not describe each PCE in
detail and highlight only important observations:
1) Both chains interact due to shared resources.
2) Most of resources are shared, only OrdProcW
and OrdProcR are made available for exclusive
All resources are listed in table 3. 3) The
WebChan process chain comprises an order com-

use.

bination connector which is depicted as vertical
bar. We assume, that due to its size an shipping
of individual web orders is too costly, and there-



fore five orders are combined for one shipment
operated by the out-bound logistic provider. 4)
PCEs ManufacW and ManufacR invoke sub-chains
WebOrder and RetailOrder, see figure 8, which
are hierarchically defined below in the subordi-
nated FE Manufacturer. Figure 8 shows the sub-
chain RetailOrder which branches after synchro-
nization into 3 sub-chains representing the man-
ufacture process and two procurement processes.
Furthermore the figure shows - separated by a
dashed line - two passive resources modeling the
inventories of supplied sub-assemblies. Capacities
of inventories are assumed to be restricted by the
quantity 12 and the initial value is equal to 2. The
second subchain WebOrder has the same topology
and differs only slightly from the first (different pa-
rameterizations). The access to passive resources
may induce blocking and synchronization effects
if no resources are available.

Schied. Prod. Activ.
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Figure 8: Subchain RetailOrder from the subor-
dinated FE Manufacturer

| Res. IDENT. | DESCRIPTION ‘
OrdProclW Web-order processing system
OrdProcR Retail-order processing system
InventA Store sub-assemblies A
InventB Store sub-assemblies B
Prod_QC Manufact. + quality control
Package Packaging operation
TempHold Store + stage finished product
PostProd Release product to deliver
LogiProv Out-bound logistic provider

Table 3: Resources and their notations

responding cost parameters.

| Activ. | DESCRIPTION ‘
S2.1|2|3 Receive + verify sub-assemblies
S2.4 Store sub-assemblies (inventory)
D21 Respond to customer inquiries
D22 Process order
D238 Pick product from stage
D229 Ship product to cust. (outb. log.)
D2_10|11 | Receive, test and install product
M2_1 Preproc. steps
M2_2 Issue sub-assemblies from store
M2.3 Produce and test
M2.4 Package product
M2.5 Stage product
M2.6 Release product to deliver

Table 2: Predefined activities in SCOR and their
encoding

So far we have identified all activities that con-
The
costing model necessitates to develop a quantifi-
able relationship between the utilization of re-
sources and the performance of activities on one
hand and to assess related costs on the other hand.
In the following we discuss the running example
with regard to cost origins and quantify their cor-

sume resources and therefore incur costs.

r=0rdProclW: Customer inquiries (without any or-
der) solicit quotations and request for catalogues
and price-lists etc with mean costs (incurred by
e-mail or postal shipping) of € 2 per request
(D2_1) and hence PC%(r) = 2. Received orders
are processed and maintained (D22) automati-
cally, therefore the corresponding costs can be ne-
glected.

r=0rdProcR: Customer inquiries and orders are
received by telephone or postal mail and subse-
quently processed by sales people. Incurred labor
costs are € 25 per hour, i.e., FCi(r) = 25. We
distinguish between customer contacts resulting in
orders (D2_1a) and customer contacts resulting in
shipments of informative literature (D2_1b). Re-



ceived orders are processed and maintained auto-
matically (negligible costs), but the sales person
receives a commission of € 3, hence PCI(r)
3. The shipment of informative literature causes
costs of € 3, so that holds PC’(r) = 3.
r=InventA: Each storage operation (S2.4) as well
as each release operation (M2_2) costs € 1 and
hence PC%(r) = 1.

r=InventB: To simplify matters we assume that
all formulas given for InventA are likewise valid
for InventB.

WebOrder and RetailOrder (processes):  The
supplier claims full payment of delivered sub-
assemblies. Delivery prices are contractually guar-
anteed. We assume a basic charge of € 9 plus
€ 20 for one subassembly of type A resp. B and.
Costs are assigned to their supply chains processes
WebOrder and RetailOrder

r=Prod_QC: Machinery engaged for production
and test causes fixed costs for leasing, i.e.,
FCi(r) = 20. Costs for the consumption of elec-
tricity and asset depreciation are assumed to be
dependent of the mean processing time ¢(r, M2_3)
and given by the parameter PCy(r) = 25.

r=Package: Costs for the consumption of elec-
tricity and asset depreciation are assumed to be
dependent of the mean processing time ¢(r, M2.4)
and given by the parameter PCy(r) = 15.
r=TempHold: Quick access to stored products re-
quires to re-sort the inventory hourly. Expenses
incurred by re-sort operations depend on the the
mean number of stored products p(r) and the costs
of € 2 per stored product and hence we obtain
OCj(r) = 2. Each storage operation (M2.5) as
well as each release operation (D2.8) costs € 1
and hence we obtain PCX(r) = 1.

r=PostProd: Activities associated with post-
production documentation, certification etc. cost
& 3 per hour, additionally employee carry an
activity-related wage of € 5 per requested work-
ing hour. Hence we obtain PCj(r) = 8.
r=LogiProv: Overall fixed costs for truck insur-
ances and drivers personnel costs are equal to €
25 per hour, i.e., FCi(r) = 25. The estimated
consumption of gas per truck and hour is equal to
€ 10. Therefore operational costs for trucks are

10

given by the parameter setting OCy(r) = 10. In
addition we charge time dependent performance
costs of PC} (r) = 30 per requested working hour
for several cost drivers which should not specified
here.

In the remaining part of this section results of per-
formance and costs analysis are represented. It
should be noticed, that our costing approach pro-
vides a huge account of costs, because the model
consists of 9 functional entities (resources) and
29 process chain elements (activities) using a re-
source. For each resource we obtain operational,
fixed and performance costs. Furthermore perfor-
mance costs with regard to all activities are at
hand. Due to space limitations we restrict our-
selves and present only important aggregated cost
measures derived from detailed results and we en-
courage the reader to visit a detailed representa-
tion of cost measures available via the WWW?3,
Table 4 shows values of selected performance

measures. FEach column corresponds to a cer-
| PERF. ATTRIBUTE | 1 2 3]
Tw 14.3 8.9 7.4
Tr 4.3 4.5 4.68
p(0rdProch) 4.7 11.9 19.0
p(0rdProcR) 20.3 17.7 146
p(Inventh) 9.0 9.0 9.0
p(InventB) 93 93 93
p(Prod_QC) 52.8 57.0 615
p(Package) 31.7 343 36.9
p(TempHold) 33.1 339 347
p(PostProd) 31.7 343 36.9
p(LogiProv) 235 28.9 34.2

Table 4: Technical performance results: Tw[Tr]=
mean time of deliveries for Web-orders [Retail-
orders], p(r) = utilization of resource r

tain scenario as given in table 1. Surprisingly,
the mean delivery time Tw for web-orders de-
creases although the rate (load) of web orders
increases, see first row. Each shipment requires
exact b finished products and therefore the de-
livery of finished products is delayed until the

*url: http://ls4-www.informatik.uni-dortmund.de/
home/fischer/SCM/main.html



freight hold is filled up.
tions range between 4.7 percent and 61.5 percent.
With the exception of resource OrdProcR, the drift
of Retail-Consumers towards Web-Consumers
(SCEN 1 to 3) affects a higher utilization of re-
sources, because a smaller number of larger orders
is processed more effliciently compared to a larger
number of smaller orders.

All resource utiliza-

Table 5 shows values of selected aggregated cost
measures. Increased performance costs (scenario 2
resp. 3) mainly result from increased utilizations
resp. lead times. Similarly, increased operational
costs are mainly affected by an increased utiliza-
tion of the out-bound logistic provider LogiProv.
As expected, fixed costs remain unchanged, be-
cause they are performance-independent. The
performance costs of orders are € 44.8 resp. €
190.6 and remain also unchanged.

| CosT ATTRIBUTE | 1 2 3]
PC; 190.0 194.1 198.6
0C; 51.5 53.9 56.7
FC; 70.0 70.0 70.0
PC.(WebChan) 44.8 44.8 44.8
PC.(RetailChan) | 190.6 190.6 190.6
Table 5: PCi=overall perf. costs, OC;=

overall operational costs, FC;= overall fixed
costs, PC.(WebChan) perf. costs per Web-order,
PC.(RetailChan) perf. costs per Retail-order

5 Conclusion

The employed framework has been emerged as
suitable and practicable approach for the mo-
deling, analysis and costing of SCs. Current and
ongoing work is dedicated to integrate in parallel
existing software implementations for modeling
(graphical user interface), analysis and costing
into a user-friendly software package.
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