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Abstract: Unique solutions for unique requirements ighousands of product aspects that are subject to change
typical for Engineer-to-Order companies. This entail@nd such changes ultimately risk the financial success of
variance in products and processes which is oftetie project [5], [6].

mitigated by efforts in standardization, modularization Control of the product and project variance is needed
or platform design, etc. Such portfolio strategies deperid order to minimize the uncertainty and risk of
on coherent system definitions like well defined solutiotonducting ETO projects. Popular strategies to mitigate
spaces, common definitions and shared nomenclaturesttds  product and process variance include
method is proposed to systematically uncover, reveal asthndardization, modularization, platform-based design
visualize variation in system definitions andand mass-customization solutions like configuration
decompositions to support such strategies. The methodsistems. The aim is typically to reduce the variance
tested with an industrial case company and thremternally (i.e. streamlining and re-using solution within
projects are subject to analyses. From this applicatiorthe company) whilst maintaining external variety (i.e.

three sources of system variation are identified. still being able to delivery variety to the customer) [6]-
Key Words: Systems Engineering, Variation Analysis, [13]. Focus is often on cost reductions, lead time
Project-Based Development, Portfolio Management reductions, product commonality, design re-use and
managing customization actively instead of reactively

[6]-[13].
1 INTRODUCTION Most portfolio management initiatives focus on the

: o .__product and how this can be split up, re-used, optimized,
Engineer-to-Order (ETO) products are Charaaem%—designed, etc. What is often neglected is the

by high levels of variety and low production volumesé osvsten  of brocesses around the bproduct. The

The products are typically created in a prOjem_baseiéiroc)iluction of ap roduct platform is more tF;]an 'uét the

organization where every project focuses on controlle product p !
} ared product-base, it is also the shared processes across

customization of a known solution space or previoy e organization, the platform knowledge base, internal
designs to fit a set of specific customer requirements, 9 ' P 9 !

. . . . T nd external collaboration, management strategies and so
Ultimately it results in a changing organization thaf*

creates one-of-a-kind products and does so with projegtrj‘ The efiorts t‘?"‘e” to optmyze must concern all
pects of the firms strategy” [14], [15]. It can be

specific processes to support the high levels Gopects :
customization needed [1][4]. Beneficial and sometimes necessary to go beyond the

The variance of customer requirements, produ&ompany and include more of the supply chain (e.g.

. . liers and customers) in such strategies [16]. It must
solutions and processes makes ETO projects mo?%%p include the syste)m in_which ?hat [de]sign i

uniqgue and risky compared to Make-To-Stock of' . . . .
Configure-To-Order manufacturing which operates wit mbedded: The tasks around i, the behavior it entails,
ti e interactivity with other system elements, etc. All of

more static solution spaces. The uniqueness originatest aspects needs to be accounted for. in order to get a
the diverse customer requirements and the businegg P ' 9

concept of designing to specific needs. The riSkUSt evaluation. "The reality of failing to take a systems

originates from the uncertainties of contracting comple§ppr_0‘.’leh is all too f)ften evidenced as a_fallure orasan
inefficient process.” [10]. The proper integration of

product engineering based on preliminary rough designs, . ) .
. . : .~ Y systems when performing portfolio management is one

cost estimates and functional expectations. Signing & :
: of the most often missed parts of such efforts. Systems

order for a product that will take years of development to

complete entails a lot of uncertainty, uncertainty Olfntegratlon is crucial in ensuring that benefits endure and

solution details, performance levels and cost. There are



hard earned improvements do not diminish due to olflection 5 interprets the case results and disctissdey

work habits [17], [18]. benefits and limitations of the method. Lastly, the
Portfolio changes need to be linked to the systém method, application and results are concluded ati@e

the product, the processes, the organization aed té.

business structure. The system needs to be fuflpete

in itself to avoid confusion and errors. Uncleastey,m 2. BACKGROUND

decomposition (e.g. how products are broken dowm in

sub_-g(_)lutmns _and the split betwee_n processes_aagvelopment and the proposed method of this paper.
act|V|t|es_) . might  cause confusion Con(_:err_"n%ystems Engineering a topic that covers the definition
responsibility and hand-overs between organ|zat|0n8f systems and the approach of engineering based on
units. Any handover is prone to mistakes if thejsthof o gtems  thinking. It covers theories and methods
the handover is not consistent, e.g. one departonssg developed for managing and analyzing engineering
one set of names an_d labels and a_nqt.her departraent systems and definitions and approaches for defiam
their own set. Changing system definitions alongemt o mhosing systems. The state-of-the-art knowledge

lifecycles also de-links the project aspects. ifiahand which form the foundation for this paper are présern
final system definitions do not match, then any klvorthe following summaries.

related to the first will not match the latter.
Complex one-of-a-kind production needs to be varied 2.1. The Power of Thinking in Systems

to meet the customers’ requirements, but the systemd

the systems definitions what guide development rieed

be” gonst[stent. They r}eedt to ll))'?t cansste(;; f(Hart of this system is often known as tReoduct
coflaboration purposes, Tor traceability, 1o av Architecture which forms the blueprint of the overall

reduce re-work and to optimize the workflow of th.estructure of the product and how those productdaiie

organlztﬁu?r,}_.rhSyjt?.ms q an? | modr(]al—lbas;ad_ engér;enﬂ%m standard solutions with common interfacese lik
prove tha € defined ontology NeIps 1o incre modules or likewise. The architecture defines the

traC(_eabiIity during _the system d?velopment and kesab boundaries of the solution and construction of ey,
the. Impact anaIyS|§ of changes” [19]. Sepqrgteesyst in which design choices can be made to fully shhpee
Qef|n|t|pns, changing system .de_c.omposmons angroduct that matches the requirements [20], [2LL]s |
|nbc_<|)_nS|stent nomencla:]ure cr?n S|gn|f|cantl3(/j redgu:e imperative to have (or develop) an architecture tfox
ability to trage cost throug prOJec_tlsdor 0 fp”rctfo intended solution before the work on the actualitsoh
comparison between projects. Detailed cost OOV Ucommences. The system structure is very similaly on
analysis and portfolio management becomes diffitault that it covers the entire system including processed
conduct. L . organization around the product [22].

Any mlsallgnments_betyveen th_e work OT different Early decisions are forming the basis for manyhef t
departments or systemic mistakes in the des'g.”t s later decisions in product development processescel
mended before project closure, adding excessivetoos the early decision making carries a high influenttaen
the final project phases. 20% of the product has been developed, 80% ofdbke c

1.1. Contribution has already been allocated or committed [22]. Any
. . . . changes or fixes to mistakes is consequently afigct

A long list of methOdS exists for managing portbsh Iargeg portions of the already-defined %rodu)c(t.aﬁenc
and the complexity and variance of t.he portfoliheie there is a strong incitement to get the systent iigihe
is even a surplus of toolboxes to define produstesys place, since these early conceptual decisiares
and do systems-based _deve_zlopment. However, é@presenting a lot of value. Errors or misalignreeint
authors were not able to identify tools or methtiust

: : . the initial definition of systems can propagateotigh
enable analysis of the variance of the underlyygesn o oroiect lifecycle and cause a lot of harm imte of

definitions and decompositions for ETO products. re-work, changes and errors, an event knowSlhange
This paper presents a method for mapping thlsropagéltion[ZO] [22]-[25] '

variation of systems across a suite Qf €NgiNeernng Tpege system definitions and decompositions will
projects. The method is tested W'th. an mdustraad;gc shape the overall structure of the product and the
study where three customer ETO projects were sutgec realization process. They draw boundaries of
anqus_es. The method_ |§.|ntended to aid in sy_s.ieaim responsibility, they link customer requirements to
retrieving system definitions and decomp93|t|ortsrﬁr. functional specifications and they translate one
available project and product documentation, aligui departments design choices into another department’

the comparison of system structures and identiGioao requirements. Product details or functionalities dze

_key misalignments. T.h's can be used to pinpoint ke efined by their role in the system. If then thetey
improvement potentials from streamlining an

S 2 . efinitions are altered, it might blur the obviotsue of
coordinating system definitions across projectsdpcts, those details. Consequently, they might need to be
departments and project lifecycles.

replaced or redone. Changing a system or any of its
The paper proceeds as follows. Relevant statedf-thyefiniions, ultimately changes the game for anyone

art research, methods and tools are reviewed iticBeZ playing. [26], [27]
followed by a presentation of the method in Sec8om In a report on modularization, the consultancy firm

Section 4! the_ application of the me_thod in an stdal Roland Bergerfound that the problem of modularizing
case setting is presented along with produced tsesul

Systems are fundamental for ETO product

Products and processes of complex nature need to be
founded in a well-defined system. The product-gentr



products properly was not entirely product-centradher essentially agreeing that "a system is a purposeifidle
the challenges include: Baking it fully into thethat consists of interacting parts” [22].
organization with an organization-wide product t&gy; Everything within this system, being functions,
Proper management alignment and  supportomponents, etc. can be viewedQ@sjectswhich is an
Standardization of processes [15]. A frequent pifte  instance of something with associated informati®®y].[
portfolio rationalization activities is neglectingo This object can be viewed from multipfespects e.g.
properly incorporate them into the systems of pgses Function: “Intended or accomplished purpose or "task
— making the benefits they bring easily diministigd], Component: “Product used as a constituent in an
[18]. assembled product, system or plant” Location: ‘tdid

The American National Aeronautics and Spacer accomplished space”. They also define the araif
Administration  (NASA) works diligently and the product (e.g. assembly, construction, etc.) amygl
systematically with systems to ensure consistentkwointeracting operations that transform, transportstare
and a common understanding of responsibility acatiss information, materials and energyRcesses[29]
stakeholders. Their formulated definitions, defined Decomposition of such a system can then refer to a
system structures and common nomenclature aseparation of the system’s constituent elements and
fundamental for their ability to work consistentiynd mapping their interaction [31]. Systems can also be
precise [28]. decomposed into different perspectives of objeBis.

- objects carrying information can be looked at défely,

2.2. Defining Systems delpending yong what information is needed. y[29].
Specifying, designing and engineering complekikewise, the before mentiondtoduct Architectures a
products can be a mammoth task. Not only by sizk asystem definition and can be decomposed and viémwed
effort, but also structuring, planning and orgamigihe different aspects, e.g. operational, functional and
processes it takes to realize it. Especially thtechnical perspectives [20]. A functional system
dependencies between requirements, functionalitiedecomposition is a great tool for supporting proper
design choices, operational criteria, etc. Thistigre the integration of modules, components and sub-sysiams
school ofSystems Engineerirgecomes valuable. It is an product development processes when dealing with

umbrella term that encapsulates nomenclature, ,tooodularization or standardization efforts [18].

methods and skills that are beneficial, and sonmetim  Ultimately, thinking in systems and rigorously

necessary, to employ when systematic system cretio defining proper systems and accompanying defirstion

needed [20], [22], [26]. early on in product development can expedite
By definition, the termSystemhas an abundance of development, mitigate change propagation and regkice

meanings. Generally it refers to a collection ofdiions, work. These systems can advantageously be decothpose

components, control measures, people or even dhleof into different system aspects and perspectives dhat

mentioned. A system is comprised of system elementben drive system integration efforts and efficient

which in turn can be systems themselves, withroduct processes.

subsequent system elements. Parts can be withis grar

functions can be within functionSystemsn Systems 3. METHODOLOGY

Engineeringare no definitive thing. It refers to the goal According to the reviewed literature and the case
of systematically making sure that all aspects l# t, ok yndertaken by the authors, the formation of
product is accounted for, and that dependencies aQ;‘?stems is important for ETO product development.
interactions across systems and system elements & \ariation analyses of such systems must belezha
resolved [22], [26], [29]. Thenternational Council on ¢, njtigate the variance of such systems. This pape
Systems Engineering(INCOSE) describe Systems proposes a method do enable exactly this.

Engineeringas “(...) a transdisciplinary and integrative’ The method is designed to reveal inconsistencids an
approach to enable_the successful realiza’_[ion, asd, misalignments of systems in projects and produsss.
retirement of engineered systems, using SyStel@§mparing these systems and highlighting the ptesen
principles and concepts, and scientific, techn@algi \ariance in decomposition and nomenclature, thet mos
and management methods.” [30]. ¥pical and fundamental deviations can be identiied

. . t
In accordance with the described fundamentals Qlysqinly rectified. The method consists of foueral
Systems Engineeringrhe International Electrotechnical steps that are described in detail in the sectetmw.
Commission (IEC) and The International Organization

for Standardization (ISO) jointly published the 1. Framework.

international standard 81346 [29]. Here they define Establish the framework for analysis.

Technical Systenas “a group of components working 2. Documentation.

together for a specific purpose”. Structure the available information and
) documentation according to the framework.

2.3. Decomposing Systems 3. Systems.

There are many Options on the decomposition of Retrieve and visualize system definitions and
systems, however '[hey abide by the same princ'[pj]es decompositions from available documentation.
division and definition. D.H. Meadows writes thaa ” 4. Analyss.
system must consist of three kinds of things: eleme Analyze the variance of system decompositions
interconnections, and a function or purpose.” [26] within and across projects to identify systematic

variance and potential improvements.



3.1. Framework D. Hourly budgets link resource allocations to

The aim of this study is to enable analyses of the specific systems or system elements.

variation of system definitions within and across 3.3. Systems
engineering projects. That relies on system infdiona
and definitions to be available for analysis. Tiusture
this work and convey the information, a framewosk i

established. It will form the foundation for theframework cell. The identified systems are viswediZn

subsequent steps of the method. : . .
The definitions and decompositions must béhat particular _cell in the framework. Single

consistent across the different aspects of botldymts documentation [Pleces can span mult|ple c_ells in the
. framework, so it might be possible to identify see
and processes, as well as through the lifecycl¢hef

development. As ETO products are often done ingatej d'ﬁ?éfr?; z)rlgtﬁjrgiti\:‘\ilggl?o? tzgggslzrr?gl;rrg;‘evv\\g?kn br;ﬁt
based development, references to these systems m\%/l}lg%ualizations are shown in that particular framekwo
likewise be consistent throughout the project lifde. P

Hence, the first dimension of the established fraoré gguéiggr(ggernpm mlséeasc?irgguf(jng{i%iglterr;dirirg:‘en
must describe this lifecycle. The columns of th ’ g q

framework, as seen in Figure 1 (Step 1 — Framewo ohmasiniﬁts';ugrﬁgopr?é E)T/Zr:IFIIVr%r'ZSt g?aonds( AI(IPhI:se L
Establishment) separates the project into phases. WorkF;Iow) This piece of docEm(JantatiF())n is s Znnin
The other axis of the framework splits the projatd . : > P S SPs 9
. : . multiple cells within the framework. System infortioa
the possible views or perspectives. These are ddbel .
: : . for each of these cells can be extracted from gimgle
Aspects which represent the different views of

; : C piece of documentation. The extracted system
information, relevance or context. As the defimtiof ' . : . . . :

: ; : information is then visualized in the respective
Aspectsstates that it can essentially be anything, they & amework cells. Hence not evervthing from a docatne
further separated into two main categoriéspduct (i.e. ' ything

what the system is supposed to do, be and compfjse is used in every cell, only the information thateétevant
to the particular cell.

and Process(i.e. what goes into making the product). When visualizing the extracted system information,

Inferring the definitions from IEC and ISO [29] theis important to include the naming of the svstemd a
Product aspect is further divided intoFunction, P 9 y

Componentsand Placement. The Process aspect is Isgcflie;}kzlesmz?ésétlur::ct)sgehotrv‘?\ouri)lgset(rergf Sigﬂgg;ﬁmgh
further divided into Workflow (i.e. the activities and ' y '

processes that are conducted to realize the prpduodt the naming of the constituents might reveal that th
the Resourcesieeded to fulfill them system have been defined and labeled entirelyrdifte

Figure 1 (Step 1 — Framework Establishmentt)ﬂthe two sources, e.g. two departments mighteatirat

presents the framework. It unfolds a matrix ofdifele- € products have two main functions, but if thasenot

. labeled identically it might lead to executional or
aspect pairs. These are referred td-cdmework Cells realization problems. Figure 1 (Step 3 — System

and Wi" .be i_mportant for the subsequent ar‘a“ys'?‘nformation) presents an example of this methodstap
described in this paper. including the following examples:

With an overview of available information, each
piece of documentation can be inspected with tle gb
extracting its system description for the spedifisiding

3.2. Documentation E. A description of the components comprising the

Complex product development includes creation of product in the earliest project phase, broken down
vast amounts of documentation. These can be specifi into a tree-like system decomposition.
pieces of specification, guides for further workojpct F. Four separate decompositions of the product
plans, budgets or task descriptions, technical urgsy components, as described by the four pieces of
etc. The available, and relevant, documentationttier documentation
projects must be gathered and structured. The G. Two separate decompositions describing the
documentation is structured into the established process workflow of the earliest project phase.

framework in step 1. Individual pieces of documé&ata

are annotated into th&ramework Cellsthey supply 3.4. Analysis

information about. If the document supplies infotima A framework including system definitions and
for several cells, this span is marked as welluFdgl decompositions now exist for each project included
(Step 2 — Documentation Overview) presents ththe analysis. The goal in this step is to assess th
framework as described with the following exampdés variance within each of these overviews and finally
available information: between them, as visualized on Figure 1 (Step 4 —

A. Functional requirement specifications might be\/"’lr.""“.‘lce Analysis). TO structure the analysis osten
. ; . variation, four analytical steps are undertaken dach
used early in the project to describe the

functionality. included project.

B. Engineering bill-of-materials are used in later, System definitions can vary within a project yall st

project phases, to describe constituent partseof tf?e consistent across prOJe_cts_n‘ only compa_rlr_1g1gles
solution project aspect. The opposite is also a possibiityere

C. Project plans relate system elements specif@;'aer Sﬁ?timciflr't'gg;v 2reencornos'laséfsntl\:/\i"tﬂlr2 al@\c/:?JbUt
activities and/or timeframes. y si9 y Proj - 719 165

the four following analytical steps:



4.1Going through each row of the framework, noting Finally, the aggregated observations and insights
inconsistencies and possible clashes of systerfiem the variance analysis are used for drawing
definitions regarding that particular aspectonclusions on systemic variation and possible
(function, components, etc.) improvement potentials in the way systems are ddfin

4.2Going through each column of the frameworkand used in the projects.
noting variation across a single project phase.

4.3Looking more broadly at the whole framework at 4. CASERESULTS

identifying critical variation across single cells, 1o gescribed method is applied in an industrial

g.g. diﬁer;ance;h betvlveeg ﬂ:he defifnititon' Ofsetting with an ETO case company. For a selection o
omponentsn Fhase land the manulacluning yecent projects, the framework was established,

4 41(3:udgets.irResourcesP:a}'sg 4 . documentation structured and system information
. bomzarlng dsy.ztenl]f elnltlorlls Tllcross ProjeCtSayiracted. Finally the inter- and intra-project teys
ased on individual framework cells. variance analysis was conducted. The followingisast

present the progress and results for each of the
methodical steps.

Framework
Establishment LIFECYCLE

Framework Cell

ASPECTS
|-

@1 WORKFLOW
o
& | rResources
o
Lrecvcie
r“ 00 =)ial
i 5 | m|=[ F |
| =g ST
|®
Documentation Overview System nformation Overview Variation Analysis
Row Column Cell Cross Project
sl Variance &4 Variance & Variance Cell Variance
e
I ? .
I I I . 7
I il | S -3

Fig. 1. Steps of the proposed method. (1) Establishindrémework with project aspects and lifecycle plsase
either axis. (2) Structuring project documentatiand available information according to the framelo(3)
Retrieving and visualizing systems decompositi¢hs.Analyzing variance within and across projecd.1)
Observation of variation within rows. (4.2) Obsetiga of variation within columns. (4.3) Observatiohvariation




4.1. Case Company and Case Proj ects this: Given that the order tender contains muchhef
oduct information in the early phases, it can be
owsed with the sole intent of extracting the tiomal
system decomposition. Looking through the ordedéen
to find descriptions of sold functionality and théme
way this information is structured. This informatican

The company operates on a global market, selIirﬁ
custom processing plants. They are involved irethtire
development process of the order: Selling, desgnin
engineering, procuring, building, installing and

commissioning the plant. The plants are donfhen be used to fill the information in the framekvoell

specifically to the requirements and order of ataier - . .
. - . containing the product-function aspect in the splesse.
customer, often leveraging and customizing previous : "
The extraction of system decompositions was done

builds and past solutions to fit the new challeagkand. for each document listed in the three established

The |_olar_1ts are done_ by project teams W'thm. thferameworks. The result were three large collectiohs
organization, collaboratmg_and working toge_thetm\a information. This information was then listed and
suite of supporting functions e.g. calculation 18AM isualized on three large posters. The posters stil

engineering departments, simulation experts, etc. . contained the established frameworks, but instebd o
Together with the company, a sub-type of processn]%ting documentation, they now contain visual

facility was chosen as subject for this analysdwe# representations of the extracted systems. Significa

recently conducted project; were chosen. Thg thr%‘?forts were put into the visualization of the eyst
plants are comparable in size and type, but located information, to aid the following observations of

different parts of the world. All three involve eegt deal variance
of internal collaboration as well as external partnand '
suppliers. Given the size, timeframe and cost wve) 4.5. Analyzing System Variation
any development mistakes, delays and unforeseen

troubleshooting can are costly for such projects. According to the method depicted in Figure 1, the

system information frameworks were evaluated fa th

4.2. Establishing the Analysis Framework individual projects on row-basis, column-basis aetl-

The proposed analysis framework is set up to mathﬁalsIS and then lastly betvyeen projects.

the execution process of the company and the thre C omparing the overview of c.)bs.ervauons of system

included projects. The aspects (rows) are keﬁl riance lead to many rellevant_ insights. For reasmn

methodicaI'Produci is split into Function Components Paper Ie_ng_th, method S|rr_1pI|C|ty and company data

' . . L confidentiality, only a selection of these obseioag are

and Placementwhile Processis split into Workflow and

Resources The columns were chosen to match the 9resented below.

overall phases of project execution in the company: TheLeap from Salesinto Execution

Sales, High Level Design, Detailed Engineering, The collection of insights indicate that there &xs

Procurement, Installation, Commissioning, and Smrvi  significant gap in system definition between théesa

project phase and the subsequent project phases. Th

system hierarchies and nomenclatures seem to cliange
For each of the three plants, available projeatvery case. The system and product descriptions dbn

documentation was noted onto the framework. Frofe point of sales might not be sufficient and ¢gpito

these overviews, a few observations were made; TRSO products it needs further detailing throughthg

focus of the documentation seemed to change alwmg tproject lifecycle. However, the way the producte ar

progression in project phases, with initial emphash detailed in the coming phases and various depattmen

product documentation and later focus on procesge not coherent and identical. It seems the systnm

documentation; Like most real life cases, perfathds detailed differently every time, even though they cut

not available and the available documentation wats nfrom roughly the same starting point. It is ashi rest of

identical in all three case projects. Although soméhe organization does not find the systems useshies

information seems to be missing, the majority ofhea sufficient, so they define their own detailing.

project can still be represented by the available

information; There were numerous occasions, where

several pieces of documentation/information overéap the

]ng tﬁzrgzr::r:esv::rﬁiﬁ?cI)Ir,r:aetrilgr? supplied severatesu ., top-down to bottom-up design. The documentatio
y ' in the sales phases describe the customer requiteme

OveLrJ\lltingageg Jggur:gr?t;icf)?rgﬁwolirgz ;Ocrgﬁ;?ért‘g mitge roduct capabilities and intended product structara
pp op-down perspective. They enforce restrictions and

sufficient bundle of information to continue theabysis. boundaries on the further detailing, ulimatelyalising

4.4. Visualizing System Infor mation the solution space of the product. When the project

. : . execution starts and designers take the lead, ribj
With the three analysis frameworks in place and thﬁ 9 , djeap

: X : erspective switches to bottom-up engineering. The
available documentation structured, the extractain Sproduct is now described almost exclusively from it

system deco_mposmon mformathn could follow. Th.' constituent components and as a collection of ieetai
entailed looking through each piece of documentatio

ith the intent tracting iust th tem inati sub-solutions. This is especially visible in anefable
wi € Inteént on extracting just the system imation gap in system definitions between the initial tepdl
regarding the framework cell in which the documeas

. . systems used in sales, and the absence of systems
listed. An order tender can still be used as amgia for hierarchies when engineering the product components

4.3. Structuring the Documentation Overview

Top-Down ver sus Bottom-Up Engineering
When looking broadly at the lifecycle of the prdgec
re is a shift in the perspective on product megiing,



There is no description of which constituent componentystem information from the identified documentation is
belongs to which of the initially described systems. qualitative and subjective to the individual undertaking
Allocation of Resour ces .the tasl§. Hence the identification and extraction of
Sl;formatlon should preferably be done by experts of the

The system definitions observed in the allocation ; . .
resourceg represent an oraanizational compromise. T eroduct, processes and projects, at least in collaboration
P 9 P : orycorrespondence with such.

only partially match everything else but matches nothing
else perfectly. A possible reason for this can be observed Value-adding and Non-value-adding Variation

in the way the products are described using systems or This method does not cover the subject of
not. Systems are generally used to describe the supplydietermining  value-adding and non-value-adding
the projects — deliveries, components, procurement, et@riation. Given the nature of the products and projects,
However, the functionality of the product and thesome variation is necessary. Having variation between
processes undertaken to realize that functionality asgstems of separate parts of the supply chain can be
missing system contextualization. Hence the systejustified, if necessary. This is value-adding variation.
structure needed to contextualize resource allocation @ther types of variation, however, occur because of
absent and a miss-match between these systems misalignments between departments, unclear system
almost unavoidable. definitions or unstructured work processes. The latter are
examples or non-value-adding variation, which should be

Workingin Silos . :
. . . ayvoided when possible. The assessment of the value of
The main project phases are headed by d'ffereogriation typesipsleft for further research.

organizational units and they use different hierarchies for
top-level systems. Although many of the systems are Framework asa Strategic Tool

recognizable, they differ slightly in the order of The proposed framework and analytical method can
appearance, the nomenclature used and the hierarchimalused for streamlining and coordinating improvement
relationship between system elements. However, efforts and process development in a project-based
seems that within a single project phase they are quitempany. Using this framework to map company

aligned and coherent. The discrepancies are mosthitiatives to phases and project aspects, could expose
visible between phases. potential overlaps, gaps or possible symbioses

. possibilities that could be exploited to further improve
Proj ect-Based Development company operations.

As described, ETO businesses typically operate I
project-based manner. This is observable in the way the 5.2. The Case Application

projects are increasingly detailed throughout the project The proposed method was tested with three case

lifecycle. The product is not entirely defined (maybe not :
. . 2 ompany projects. The produced results were presented
even entirely known) at the point of sales, and it is up 0 . . :
. . in Section 5, and some of the observations of this process
the design teams to work out a solution. However, this =~
. . ' are discussed below.
subsequent work is not guided by fixed system
definitions and hence they alter between projects and the The Inherent Variation of ETO Products
resulting work differs slightly in definitions and  Since ETO products are inherently varied to suit
nomenclature. The further away from the point of saladifferent customer specifications, the product structure,
they get, the more they have moved away from thenctionality, cost, etc. will vary. This means that a strict
common starting point and the more the systems diffesystem that is kept identical between projects is almost
There seem to be no common set of definitions that théypossible. However, the varied systems can follow the
all abide by. same system definition and overall structure — meaning
that there should be no doubt where new system

5. DISCUSSION elements or added functionality belong. Essentially

The method has been developed to fit project-baséocating system elements in advance. Everything
product development like ETO business praxis. It hay'ould have their dedicated location in the system
been applied on three case projects of an ETO megﬁscrlptlons _and these locations must be identical
engineering company which produced, amongst Othé}?tween projects that share the same system elements.

the described system variance observations and insigtty, d0ing this, comparison becomes possible across
The method and its application is discussed below. ~ Projects and linkage of product/process aspects within
projects becomes stronger. Like mass producers building

5.1. The Method generations of products on an architecture, ETO products

The proposed method is intended to be applicable fRust follow a system architecture.

various product development projects where system CaseBreadth

definitions need coherency. Hence the underlying If the method was tested on a single product
framework can be modified to fit the context. development project, it would be possible to analyze the
system variation within this project, but not between this
and others. It could be either well-defined or ill-defined,
fxg'thout revealing if it was the norm or a mere
goincidence. To add analysis perspective, a second
Bfoject has to be included. A third projects adds
perspective to the results of the first two projects. If two

Qualitative Retrieval of System Information and
Analysis of System Variation

The presented method is a structured approach
systematizing the gathering of information and th
subsequent analysis of this. However, the extraction



out of three projects are concise and consistent in the To govern the use of systems, a review process or a
ways of defining and using systems, it indicates that thgovernance unit could be established. Reviewing the
third project is out of order. Furthermore, adding moreystem hierarchies and nomenclatures throughout the
product development projects to the analysis also allovesoject execution would ensure that the parties of the
the assessment of typical variation and inconsistencies.project are aligned in their use and naming of the

Data Availability and Quality systems. An organizational unit with focus on systems

The execution of portiolio management has engineering could be responsible for these cross-project

T Iy roiews of project processes and documentation, tasked

common complication: To collect and access sufficient. .

) . . . with the upholding of system coherency.

information in a proper format in order to do satisfactory

analysis. In other words, data is typically inadequate and 5.3. The Value of Consistent Systems

of too low quality to perform t_he necessary gnaly5|s and The value of consistent system definitions and

draw the necessary conclusions. This is important toOherent decompositions across the oraanization is

consider when performing these types of analyses... P 9
fficult to determine. It allows other valuable process

However, the analytical method described in this pap((g)'lptimization or cost reduction initiatives to progress

can still be conducted with an imperfect data-landscap ore easily and tie into the systems of the organization.

Though attention must be paid to the fact, that t ssentially it is boosting the benefits and potentials of
produced results might not be the entire picture of ti} y 9 P

situation in case of missing information due ta ose initiatives. Even without these other efforts, it
incomplete or erroneous data, might reduce errors between departments, reduce the
amount of work to be re-done, improve cross-
Consequences of the Analysis Findings organizational communication and ultimately more
When the description of the product changes (e.gptimized work because the frame of reference stays
changing systems and nomenclature) it becomesnstant. Hence the direct value of the consistent systems
increasingly difficult to describe the targets of thas difficult to document, as most of the value appear as
development. Estimated spending of resourcedgrivative effects. Research of these effects and their
achievable product performance indicators, activity anealue is much welcomed by the authors.
project planning become increasingly difficult to
accomplish when the underlying systems are not static. 5.4. Further Work
Without rigid systems definitions, the interactions The method was devised and tested with a single case
between the parts of the solution becomes difficult toompany, yet across several case projects within this
oversee and manage. And when the interactions betwesympany. The method proved useful for this case.
the systems of a solution are unmanaged, the real efféfdwever, using and testing it with multiple cases would
of the work and possible re-work due to changesllow the method to be further developed and prove its
becomes untraceable. Proper system control is powerfigefulness in varied product creation companies. The
for foreseeing change-propagation, risky project workuthors invites all interested parties to use the method
and forecasting performance issues. Lack of rigiend test it by publishing more case applications.
systems control work the opposite way. Extending the method with assessment of value-
adding and non-value-adding variation would strengthen
éhe overall variance analysis. The authors invite the

One of the key sources of system definition varianc:r earch community to extend the method where
appears to be the lack of a commonly decided set g%?table Y

system guidelines. Such a guideline could dictate the top-
level system hierarchies and nomenclatures. That would
still allow further detailing and customization in the 6. CONCLUSION
individual departments and organizational units, but it System definitions are essential for complex
would ensure coherency between project phases a@igineering as they supply a broad set of boundaries and
across project aspects regarding the overall systatafinitions from which the product solution can be
structure. created. The importance &ystems Engineeringnd
There was a noticeable gap between the top-levprtfolio Managementis widely described, and the
systems defined at the point of sales, and the subsequegnerity of making changes to these fundamental
detailing of components and solution parts in projectefinitions during product development is also
execution. There were no description of the constituedpcumented. However, identifying variation of these
elements of the systems as the documentation skipp@aderlying systems and translating that variation into
directly from top-level systems in sales to detailed sutmprovements potentials has not been investigated to the
solution descriptions in design. A stage could bsame extent.
introduced in-between, to break down the product into its To elaborate on the identification of system variance,
main systems and define what belongs where. This codulis paper proposes the following; A systematic approach
be on a project-basis, but a set of general systdm reveal variance (i.e. differences) in definitions and
structures to be used in every project would be furthelecompositions of systems in Engineer-To-Order (ETO)
beneficial. These could be part of the before mentionguiojects. The proposed method (1) Establishes an
project system guidelines. This definition could also banalysis framework based on the project aspects in ETO
the foundation for resource allocation to further increaggroject-based product development; (2) Structures the
system coherency. available project information according to this

I mprovement Potentials



framework; (3) Extracts and visualizes system
information and lastly; (4) Undertakes a structured
analysis of the present system variation.

The undertaken case application resulted in a lot of
interesting insight into system variance. The most
prominent sources of variance was observed to be: (&)
The project-based development workflow where the
products are described on higher levels at first and then
gradually detailed as the projects progress. This causes
the projects to follow slightly different paths of detailing[7]
resulting in varied use and definition of systems. (b) A
noticeable gap between the top-level systems described
in the first project phases and the subsequent detailing of
sub-solutions and product parts in the later proje¢8]
phases. Without a description of the systems and what
system elements belong where, the systems are open for
interpretation by the execution teams and that reveals
itself in varied system hierarchies. (c) A systematic
variance of system nomenclature and a general
incoherence between systems in different project phasgsj,
possibly due to a lack of a set of shared system
guidelines and a governance of a common system
definition.

Ultimately the insights produced by this analysis can
be exploited directly for improvements to the projecfl0]
management methods, introducing system governance
and prioritizing system consistency in execution. This
will not only ensure coherency in project execution, bytl1]
supply a more easily manageable set of systems when
dealing with resource allocation and possibly portfolio
management. Having everybody describe their work by
the same set of system definitions consequently makes it
more manageable to oversee project portfolios, analyqé2]
project execution and compare projects and product
ventures.
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