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Summary

The aim of this work is to perform a literature i, using Citation Network Analysis and
the related software package Citation Network Apaty(CNA), on the concepts of robustness
and resilience defined according to the complexvaets theory and applied to Supply Chain
Design. There are several contributions that caendide concepts of robustness and resilience
in the Supply Chain Design (SCDit{p://www.husdal.com/2008/04/28/robustness-flditibi

and-resilience-in- the supply-chain-but few of them attempt to quantify these comsesing

existing measures from the theory of Complex Nek&dCN). The methodology employed in
this work was as follows: first we have identifilte relevant keywords, then, using CNA

(http://www.lecy.info/resources/CNA%200verview.pdive have investigated Google Scholar

database through search strings (derived from gngugeywords) to find the documents
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containing these keywords in the abstract or inttheé and thus relevant for our purposes.
Using CNA we have built a citation network and,afly, the generated network has been
studied applying citation network analysis. Althbuge subject of this literature review can be
of limited interest to a broad audience, we belithat the methodology employed is of general
applicability. Any researcher, who wishes to stutyapply concepts from other disciplines,
needs skills in different fields. The proposed metilogy is convenient, fast and objective, in
supporting research and literatre review in différelisciplines, albeit it presents some

limitations primarily related to the consideratioithe citations only.

1. Introduction

The representation of a field of research as aorétand its analysis using citation-based
approaches is not new. For example Thelwall ef28I06) applied citation network analysis to
water resource management performing a bibliogaptgearch on Google. Kajikawa et al.
(2007). Nakamura et al. (2010) and Colicchia amdz2t (2012) investigated the development
of sustainability science, supply chain researdh supply chain risk management respectively
analysing citation data collected from the databasmmpiled by the Institute for Scientific
Information (ISI) through the Web of Science, whisithe Web-based user interface for ISI's
citation databases. Histcite and Pajek were useddadtigchia and Strozzi (2012) as bibliometric
analysis tools. After a citation network is buils@tistical analysis is necessary. Thewall et al.(
2006) measured the frequency of occurrence of noussntences, Kajikawa et al. ( 2007) and
Nakamura et al., (2010) analyzed the clusters vese@olicchia and Strozzi (2012) studied the
Main Path (Hummon and Doreian, 1989) using thdioitaveight associated to the link.

In this work, we have used Google Scholar as abdataand the software CNA together
with Pajek (Batagelj and Mrvar 2003), for bibliometanalysis. All the software tools applied
in this work are free or open source. The citatietwork analysis has been performed
identifying clusters of papers in two ways: plagtithe network using the energy based method
of Fruchterman-Reingold (Fruchterman and Reingdll91) and applying the clustering
method, based on a random walk, developed by Rahkatapy (2005).

The purpose of this methodology is not to subgtituiman experience and careful reading
of the existing articles, but, based on simpleticites, to quickly identify clusters of connected
works in which similar concepts are applied. Initidd, it provides the non-expert on the field
with a good starting point for a deeper and moreused literature review as well as an

overview of the main areas in which research iadpdeveloped.
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2. Citation network analysis

In recent decades there has been an exponentisthgod the number of publications in all
fields. This is due, in part, to the developmenthaf Web that allowed more frequent contacts
between researchers. The increase in the numbsord® has created the need of classifying
and quantifying the findings in various fields aedtablishing the productivity of various
authors and journals.

A citation network is a network whose nodes aréclag connected by links indicating
citations among them. The links are representearitpws from cited to citing articles, showing
the flow of knowledge from the cited articles timatve allowed the development of the citing
works.

The citation network approach is typically comptliased and operates on the assumption
that citing and cited papers have similar resetoplts. By analyzing the citation network, we
can comprehend the structure of a research dontarhvs often constituted by a huge number
of papers that preclude an exhaustive readingd of #hem (Kajikawa, 2007).

In theory, articles can cite only articles that egmed earlier in time, and then the citation
network should be acyclic. Arcs never point baclolaer articles. However, there are usually
some exceptions: articles that cite one another @eticles appearing at about the same time
and written by same authors), new editions of aldKs, etc. It is possible to eliminate these
exceptions by removing arrows that are going againe time (Nooy et al., 2000).

Methods based on citations can be useful to ewaluhe importance of scientific
contributions, i.e that contributed most to theotlyebuilding and thus were most cited, and to
unveil the underlying structure of a research field

Different citations databases exist (WoS, SCOPUSIRES, Google Scholar, etc.) and
some of them are free (Google Scholar, SCIRUS).

Google Scholar is the scholarly search tool ofviloeld’s largest and more powerful search
engine Google (Noruzi, 2005). Google Scholar allorgsearchers to find more current
information than they would through commercial dates. It is not restricted to articles but
also preprints, technical reports, theses, digsamta and conference proceedings are also
indexed. A detailed comparison between Google Schahd Web of Science together with

advantages and disadvantages has been discushieduzy (2005).

2.1. Keywords selection

As explained above, the goal of this work is tolarethe existing literature on the concepts

of robustness and resilience defined accordindnéocomplex networks theory and applied to
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Supply Chain Design. To this aim the selected kegywanserted in CNA have been the
following:

(“complexity theory” OR “Social Network Analysis’/AND (“supply chain design” OR
“supply chain management”) AND (“robustness ORifieisce” OR “vulnerability”).

The reasons for this selection are the following

- (“complexity theory” OR “Social Network Analysis”

Many measures typical of Social Network Analysia ba applied to other complex systems
such as supply chains. The network theory meadorpsrtant aspects of complex systems.
Depending on the skills, some authors prefer talspdout Social Network Analysis or, more
in general, about Complexity Theory but they diéreao tools of complex networks.

- ("supply chain design” OR “supply chain managetijen

Supply chain design can be considered a part oplguphain Management and some
authors prefer to refer to Supply Chain Managenaxein when they are considering Supply
Chain Design

- (“robustness OR “resilience” OR “vulnerability”).

In particular we are interested to see how the eptscof robustness (sometimes called
resilience or vulnerability) as they are defineddamplex network theory, have been applied in
the literature of supply chain design/managemehné definition of these concepts is not clear

and uniform in the literature of supply chain magragnt and some authors interchange them.

2.2. Data collection and basic statistics

Citation network analyzer (CNA) is a software tool for bibliometric analysis and
information  visualization. Developed as an R-paekagby Prof. J. Lecy

(http://www.lecy.info/resources/CNA%200verview.pdf CNA allows to search for the

citations in Google Scholar, conversely to Hist¢ltecio-Arias andLeydesdorff, 2008) which
does the same using ISI Web of Science (Wo0S) wisictcessible only by subscription and
with limitations on some journals. Moreover Nor(2005) showed that the same work can be
cited more frequently if we consider the citati@pgpearing on Google Scholar instead of WoS.
With CNA we can enter keywords, start the searcillithe documents that are available on
the web and then create files containing the omatinetwork in different formats which can
then be analyzed by the same CNA, R, Pajek (De Ngogl., 2005) or other software for
analysis of citation networks.After entering theykerds in the CNA, we have selected seed
articles (the default number is ten ) which aresidered documents at zero level from which
the citations research starts. The citation netvibnrikk by CNA is the network of the articles

that cite seeds (first level) or that cite workisngy seeds (second level) and so on. Three levels
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of citations is the default but it is possible pesify more or less. We can decide the percentage
of the total citations found by Google Scholar (tegault value is 10%).

_io)

Step 3: Set Data Collection Parameter

Seed Articles: |4ssessing the vulnerability of supply chains using graph theory, Wagner, S5.M. and Neshat, N., 2010, 2

Iapplication of network methods in intelligent supply chain management, Srinivasan, RS, 2007, 3

Measures of tipping points, robustness, and path dependence, Bramson, A.L., 2008, 2

Supply chains and social network analysis, Mueller, R.A.E. and Buergelt, D. and Seidel-Lass, L., 2007, 4

I4ssessment and management vulnerability of supply networks structure based on social networks analysis, Yang, H. and Zigang, Z. and Xubo, Z., NA, 0
Development of supply chain network robustness index, Dong, M., 2008, 10

The logic of logistics: theory, algorithms, and applications for logistics and supply chain management, Simchi-Levi, D. and Bramel, J. and Chen, X., 2005, 68
Logistical network design with robustness and complexity considerations, Meepetchdee, Y. and Shah, M., 2007, 28

|4n analytical methodological framework for the optimal design of resilient supply chains, Iakovou, E. and Vlachos, D. and Xanthopoulos, A., 2007, 6
Structural Investigation of Supply Networks:; A Social Network Analysis Approach, Kim, ¥. and Choi, T.Y. and Yan, T. and Dooley, K., 2010, 0

When to stop: Maximum level of |3
Sampling rate: = Percent per level 110
€ Custom J
1000
Maximum number of sub-articles | |
0
Limit the searchto: | Cited at Least Min # of Times [_L |
i~ Published Between Years |1995‘ ~|2010

Figure 1. Selection of seeds article using CNA

ID name Title Type Author  Journal  Year Cited|Publisher Searc
1 wagner2010assessing Assessing the vulnerability of supply chains using graph theory article Wagner, S. Internatior 2010 2 Elsevier 0
2 srinivasan2007application Application of network methods in intelligent supply chain management article Srinivasan, Internatior 2007 3 Inderscien 0
3 bramson2008measures Measures of tipping points, robustness, and path dependence article Bramson, s Arxiv prepi 2008 2 NA 0
4 mueller2007supply Supply chains and social network analysis conference  Mueller, R NA 2007 4 NA 0
5 yang2010assessment Assessment and management vulnerability of supply networks structure basec conference  Yang,H. NA NA 0 NA 0
6 dong2006development Development of supply chain network robustness index article Dong, M. Internatior 2006 10 Inderscien 0
7 simchi2005logic The logic of logistics: theory, algorithms, and applications for logistics and sup| book Simchi-Lev NA 2005 68 SpringerVe 0
8 meepetchdee2007logistical  Logistical network design with robustness and complexity considerations article Meepetchi Internatior 2007 28 EmeraldG 0
9 iakovou2007analytical An analytical methodological framework for the optimal design of resilient suj article lakovou, E Internatior 2007 6 Inderscien 0

10 kim2010structural Structural Investigation of Supply Networks:; A Social Network Analysis Appro: article Kim, Y. Journal of 2010 0 Elsevier 0

Table 1. Seed papers and their references.

With the keywords selected and the 10 seeds, sped-iL, CNA built the citation network
with three levels and found 345 articles listedAppendix 1. The circular plot of the citation
network with separated components, obtained usapekPis shown in Figure 2.
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Figure 2. Circular plot of the citation network twgeparate component, using Pajek

With the commandsopCited andtopJournals of CNA it is possible to generate the dotchart
of the most highly cited articles of the sample ahthe most frequently appearing journals in

the Network (see Figure 3).

Top Highly Cited Articles Top Journals in the Network
AKYILDIZ, |F. 2002) . MANAGEMENT SCIENCE .
DEMBO. A (2002} - EUROPEAN JOURNAL OF OPERATIONAL RESEARCH -
CHUNG, =R K- {1207) - MANUFACTURING \8 SERVICE OPERATICNS MANAGEMENT -
VAZIRANI, VV. {2001 . GOMPUTERS 18 INDUSTRIAL ENGINEERING .
GAY, D. (2003) . PROCEEDINGS OF THE IEEE .
BAKRE, A {1935) . OPERATIONS RESEARCH .
(2002) . OMEGA .
GEM, M. {2000) - KOBILE NETWORKS AND APPLICATIONS -
CACHON G F (2003) . INTERNATIONAL JOURNAL OF PRODUCTICN ECONOMICS | &
BANCYOPADHYAY, 5. {2003} | @ IEEE TRANSACTIONS ON MOBILE COMPUTING .
T T T T T T T T T T T
1000 2000 3000 4000 5000 &000 & 8 0 2 12
Citation Count Frequency Count

Figure 3. “TopCited” articles in Google Scholar dtmpJournals” in the citation network

2.3 Cluster analysis

2.3.1. Fruchterman-Reingold Algorithm and Community Detection

The generic representation of the network as aileranetwork does not help to identify

clusters in the largest connected component.
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There are many different networks layout strategfies help to better visualize networks
and, between them, the forced-based layout methuatlify an initial vertex placement by
continuously moving the vertices itself accordimga system of forces based on physical
metaphors related to systems of springs or molecwtghanics.

The Fruchterman-Reingold Algorithm (Fruchterman &wingold, 1991) is one of the best
known force-based algorithms to represent compktwarks. The algorithm considers each
vertex of the graph as an electrically charged efgnfrepulsive force) and each edge as a
spring that connects the two charges (attractiveeho In this situation, the force exerted on a
node is the vector sum of repulsion forces dudl totlaer nodes and the sum of attractive due to
the vertices connected to the vertex itself.

The application of the Fruchterman-Reingold Aldurit (Fruchterman and Reingold, 1991)
to the citation network layout is shown graphicalling Pajek in Figure 4. The ten seeds are
shown in violet.

Our hypothesis was that the representation of ttaian network using this algorithm
would allow the detection of clusters. Close wdrkghe plot are separated by shorter paths and
thus it can be assumed they are more strictlyeglat

The clusters identified with Fruchterman and Relddayout are highlighted in Figure 4.
There are seven connected components (A, B, C, B, 8) with more than one node. The two
isolated nodes are not relevant for our analysisesihey are not cited and they do not cite other
works in the network. The B connected componentthis largest and, thanks to this
representation, it is possible to identify its siisters (B1-B8).
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Figure 4. Citation network representation usingchtearman-Reingold Algorithm. See
Appendix 1 for the correspondence between numbmetseferences. The seeds are higthlighed
in violet.

A detailed analysis of the clusters provides tiilwing results:

Cluster A: Complexity of the Supply Chain Network (SCN) design

In all these works the Complexity of the SCN desgyaddressed. This complexity is due to
the fact that the design of SCN involves a serfestrategic decisions on the number, capacity,
location and characteristics of production-disttid facilities. This implies a careful analysis
of demands, services, flows, costs and revenuégniypfor the present, but also for the future.
The seeds of this cluster are the articles numiaerdes.

In 6, “Development of supply chain network robuswmeéndex”, (Dong et al., 2006) the
authors present a system-wide approach to quargifyobustness index of supply chain
networks. This approach considers network strutturd functional robustness.

In 8, “Logistical Network design with robustnesssimlerations” (Meepetchdee, 2007), the
authors define the robustness in a supply chatheaability to satisfy the demand even if some
nodes fail. They developed a mathematical modeltiich the robustness is a constraint and
they found the optimal design. Moreover they arediythe relationship between robustness and
complexity and redundancy of the supply chain.

The goal of 6 and 8 was the quantification of rabess to introduce it in a mathematical
model. The leitmotiv of the other works of cluséers the application of soft computing such as
GA (e.g. 42, 314, 43, ), memetic algorithms (e3), Bimulating Annealing (e.g. 24) and fuzzy
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logic (e.g. 29) to solve a multi-objective supphat design problem minimizing costs such as
the distribution flow costs (43) or total flow tin{é2), or even maximizing the robustness and
resilience simulating possible failures (8,25,1%@0uncertainty (15).

Cluster B:

There is only one seed: article number 7, “Thedogfi logistic: theory, algorithms and
applications for logistic management”, (Simchi t2905), that is a book recollecting a set of
logistic problems and their mathematical formulasioThe authors described existing models
of inventory, design and coordination, facility &ion and Vehicle routing and for this reason
in the cluster B it represents the “connection fiodetween different clusters related to
complete different subjects. Another connectionen@dthe node number 17, “Low energy tags
for objects”, (Gorlatova et al., 2009). For thiagen we have divided cluster B in the following
sub-clusters.

B1: The CNA programdid not find references (see Appendix 1)

B2: Data Warehouse and Data mining for business decision making (20, 39,306).

B3: In 22, 41, 307 the authors studied the complex problem of Interplanetary logistic

B5: Cross-Dock scheduling (31, 56, 55) and the impact of RFID technology (16, 32, 57)

B4: centralization game (19) and newsvendor problem (38)

B7: Energy saving monitoring technologies. Communication with cubic-millimeter computer
(34)

B8: Wireless network protocol (35).

B6: Combinatorial problemin logistics and their solution in polynomial time

In 36, 37 Jerrum et al. proposed an efficient allgor to approximate the permanent of a
matrix (useful mathematical object in the schedyjmoblems). In 18 another polynomial time
algorithm is proposed for an inventory control peob.

Cluster C: Robustness definition and Complex Adaptive Systems (CAS)

Two works of Bramson (3 and 13) analyzed the didimiof robustness and the related
concepts of stability, resilience, reliability asdstainability, in the framework of Complex
Adaptive Systems (CAS) and its application to ddfe systems: engineered systems,
ecologies, political regimes, computer algorithraspnomies, homeostatic organisms, and
decision procedures.

Cluster D: Supply chain networks models and their equilibrium

The seed that allows finding this cluster was thenlper 2 (Srinivasan et. al, 2007). The
authors studied supply chain flow as a prerequisiteintelligent supply chain management.
Measures from network theory are proposed for wstdeding and designing supply chain

structures.
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The cluster is composed mainly of papers whoseoasitbelong to the group of Prof. Anna
Nagurney, a mathematician and director of the Mirt€entre of Supernetworks. The
Applications of Supernetworks group include: mutiohal transportation networks, critical
infrastructure, energy and the environment, therivét and electronic commerce, global supply
chain management, international financial netwowksh-based advertising, complex networks
and decision-making, integrated social and econamaigvorks, network games, and network
metrics.

In 27 (Nagurney et al., 2002) the authors developeflamework for the formulation,
analysis, and computation of solutions to supplgirtimetwork problems in the presence of
electronic commerce. They identify the network ctime of the problem and derive the
equilibrium conditions. In 50 (Nagurney, 2003) eovimental criteria are introduced. In 48
(Nagurney et al., 2005) a supply chain network rh@gleresented in which both physical and
electronic transaction are allowed and considemation risk are included. Again the authors
studied network equilibrium. In 49 (Dong 2004) tnghors studied the network equilibrium in
a supply chain with random demand.

In 47 (Nagurney et al., 2005) the authors developetwork equilibrium model for the
management of reverse supply chain of electronistevavhich include recycling. Electronic
waste include, but are not limited to: televisiom®mputers, microwave ovens, vacuum
cleaners, telephones and cellular phones, stefdws.papers 12 (Zhang et al., 2009) and 2
(Srinivasan et al., 2007) are respectively a sumeyCAS theory applied to supply networks
design and the application of measures from netviloglory to design an intelligent supply
chain.

This cluster is, without any doubt, dominated byhArNagurney group and the main themes
seems to develop model of supply chain networkstlamdtudy of their equilibrium .

Cluster E: Innovation networks, policies for innovation networks and innovation cluster

In the seed 9, lakovou et al. (2007), proposedratytical methodological framework for
the optimal design of a resilient supply chain. yigresented a stochastic single period
gquantitative model that can assist in finding tpé&iroal security protection-based configuration
of a supply chain.

In 26 and 46 Cappellin (2009) analyzed the creadioth innovation knowledge in medium-
technology clusters of enterprises i.e. innovatietworks. The authors explained the difference
between innovation policy based only on researath lamowledge and the ones based on

innovation networks.

10
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In 45, Benzler et al. (2010) described how it isgble to pass from agglomeration to
technology- and knowledge-driven clusters. In 9kdleou et al., 2007) the concept of
innovation is related to risk. In 45 and 344 theaautic clusters are analyzed in the same way.

Cluster F: Supply chain and coordination problem in a Digital Fabrication Production
System (DFPS)

A DFPS is a concept describing a set of procesds tand resources that will be able to
custom produce an artifact according to a desigst, fcheap and easy, independently of
location. A DPFS project is a complex assemblyusteam parts that is delivered by a network
of fabrication and assembly processes.

The seed of this cluster is the article number 4@ et al., 2009): “Integrating supply
chain and network science”. This work introduces tioncept of net-chains analysis. A net-
chain is defined as a set of networks comprisedhasfzontal ties between firms within a
particular industry, which are sequentially arrahdmsed on vertical ties between firms in
different layers. In the net-chains it is importamtconsider the coordination mechanism that
depends on the types of interdependencies.

In 14 Papanikolaou and Mitchel (2008) and in 28andmlaou (2008) some performance
measurements of a net-chain, based on networkytheog proposed. These kinds of supply
networks need strong coordination mechanisms tegettith cooperative strategies. The
coordination mechanism is studied in 4 (MuellelQ20

Cluster G: Quantification of supply chain vulnerability and its reduction

The seed of this cluster is the number 1 (Wagnal.et2010). In this work the authors
developed an approach based on graph theory tatiyuand hence mitigate supply chain
vulnerability.

In 11, “Designing a reliable supply chain networkdel under disruption risks”, the authors
(Azad et al., 2010), introduced the probabilitydigruption centers depending on the amount of

investment for opening them.

2.3.2. Community Detection using Pons and L atapy Algorithm

To identify clusters within the citation networkimg CNA it is possible to apply a specific
function: findGroups. The findGroups function is the implementation of the Walktrap
community finding algorithm developed by Pons aatblpy (Pons and Latapy, 2005).

The notion of cluster (or community) is difficulb define formally; however, most recent
approaches have reached a consensus, and corster partition of the vertices of a graph

represents a good community structure if the priigporof edges inside every subsets of the

11
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partitions is high compared to the proportion ojesibetween them (see Fortunato et al. 2004,
Newman, 2004; Newman and Girvan, 2004).

The approach of Pons and Latapy (2005) is basdtefollowing intuition: random walks
on a graph tend to get “trapped” into densely cotew parts corresponding to communities.
The direct comparison of this algorithm with praxdoone showed that this has a clear
advantage in terms of quality of the computed parntiand present the best tradeoff between
quality and running time for large networks, howeNeeeds quite large amounts of memory,
which makes other approaches more suited for exaimpghe case of millions of vertices, but
this is not our case.

In Figure 6 the representation of network usingchterman and Reingold algorithm is
superimposed to the information given by the cluatgalysis with Pons and Latapy method.
This method is able to distinguish connected cormptsand to separate the biggest one in 5
clusters, but, for example, it is not able to digtiish the cluster B2, B3 and B5. This fact is due
to the default value of one parametewalks, i.e., the number of random steps to identify a
community. Decreasing such number it is possibliet¢oease the number of communities. The
choice of the optimal value depends on case by lsasis and it may be the subject of a future

work.
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Figure 5.Community detection using Pons and Latapthod.
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3. Complex networ ks methods applied to supply chain design to
measur e robustness

Our goal was to analyze the existing literaturdl@nconcept of robustness, vulnerability or
resilience as they are defined in complex netwdwoty and their application on Supply
Network Design or, more in general, to Supply Chdemagement. We can observe that using
the keywords selected we found even papers thatatrexactly exploring this subject. This can
be due to different reasons:

a) only the seed articles contain the keywords, theepaf higher levels only cited the

seeds and this does not imply necessarily thateh#yody the same keywords

b) sometimes the seeds themselves may not be impdaiaour research because the

concepts of robustness, vulnerability, resiliennd aomplexity can be introduced in
the text in the generic sense to indicate that #ireyonly a possible consequence of the
interconnections of a the system considered .

c) the string "supply chain design" is sometimes césda possible application, but not

analyzed in detail in that paper

The consequences of the point a), b) and c) isrtb&all the clusters (A-G) in the citation
network are relevant for our research in the sehaé an exact definition of vulnerability,
resilience or robustness is not considered alwayapplied to a Supply Chain Design (see
Figure 5)

By analyzing in detail the papers of the variousstdrs we can identify the ones important
for our research:

In cluster D only seed 2 implemented exact measiimes complex networks theory to
better understand the supply chain flows in ordeddsign a more efficient and robust supply
chain.

In paper 12 a supply chain is described as a Comfptiaptive System (CAS) and the
authors tried to quantify the properties of an AtdapSupply Network (ASN) using complex
network theory

The other papers of this cluster are not so relaitddour keywords search.

In Cluster G papers 1 and 11 analyzed supply diiskirand the authors tried to quantify and
mitigate the supply chain vulnerability represegtihe supply chain as a graph. They identified
the vulnerability drivers (e.g. globalization ofettsourcing network, customer or supplier
dependence, supply chain complexity) then they aredsthe interrelationships and aggregate
them in order to develop a supply chain vulnergbitidex.

These works can be useful from our point of viewause they identify vulnerability drivers

even if they did not apply vulnerability measuresti complex networks.

13
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In cluster C the authors of 3 and 13 introducedr@abilistic definition of robustness,
resilience and vulnerability for a complex netwadaking into account the dynamic from one
node to another applying a Markov Chain model baytdid not consider explicitly the case of
a supply chain networks.

In cluster E the seed 9 (lakovu, 2007), introducetl@er stochastic analytical approach to
resilience in supply chain risk management butwbeks citing it (26, 46) deal with innovation
networks and then they are not related anymore auittkeywords.

The papers in the cluster A introduced the defingi of robustness in the optimization
process and then in the definition of the desigma stipply chain. This cluster seems to cover
exactly the problem defined with the keywords seléc

The other clusters are not so relevant from ountpof view. The seed 4 of cluster F
(Mueller, 2007) considers a supply chain as a cerpktworks but does not try to quantify its
vulnerability.

Cluster B, the biggest one, is connected thankhdamode 7 that is a book of Simchi-Levi
(2005) in which a huge number of supply chain medeglanalyzed, and this is the reason for
which is able to connect very different brancheslo$ter B. Analyzing in detail the braches we
saw that their subjects (such as energy saving toramgy technologies or wireless network
protocol, etc.) are not so relevant for our redearc

In our analysis we have excluded the isolated netlee they are not relevant from the
point of view of the citation networks but they aeeds and then they contain exactly the
keywords. Nodes can be isolated for different reas@hey have out degree zero perhaps
because they are recent and then they still arecited by others, they have in degree zero
perhaps because they do not use results from theswothe citation network we built because
their authors belong to different research grouptheir expertize come from different field in
respect to the other authors. Another reason tisdlated nodes can be that the nodes are not
papers but, for example, conferences or presengatio

In our citation network we have two isolated nottesnumbers 5 and 10. The number 5 is a
conference. The number 10 Kim et al. (2010) apptigtkrent measures of Social Network
Analysis to three automotive supply networks. Eacpply networks is analyzed in terms of
both materials flow and contractual relationshiggen if the application of Social Network
Analysis is based on the willingness to compareaamade network to a natural one in order to
find the reasons of the vulnerability of the supgiyain, in this paper there is not a special focus
on the problem of robustness, vulnerability orliesce.

From this analysis we can observe how the keywandsthe citation process can identify or

not papers relevant for our research. The presehkeywords for which no exact definition
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exist such as complexity, robustness and vulnémaleiads to identify papers not relevant from
our point of view. The citation process togethethvthe definition of more than one citation
level brings our research sometime far from our.gbi@e solution to this problem may consist
in considering a huge number of seeds carefullgcsedl trying with different string of

keywords. The decrease of the search level numizkaaifferent choice of seed articles will

be the subject of a future work.
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Figure 6.Main results in the different clusters.

4. Digtilling the networ k

When the citation network is too big any layout daip in the cluster visualization. A
common procedure applied so simplified the netwmiintaining the relevant nodes is the
distillation procedure. It consists in deleting gents, i.e. nodes that have in-degree one and
out-degree zeros, isolates nodes and cycles. Wegerformed this distillation using Pajek and
we have obtained a network of only 37 nodes (sgarés 7 and 8) which references are listed
in Table 2.

To check if this network really contains the reletvanformation of the not distilled one we
have applied again the clustering algorithms. The with FR algorithm again is able to
separate articles of different clusters as in thraglete network. On the other side, the Pons and
Latapy algorithm with the default parameter changmspletely the clusters and identify only

the connected components.
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Table 2.References of the articles in the distiletivork

Table Publications
# | BibtexKey | Type |Title | Author |Journal | Volu [Nun [Pages | Year| Publisher |SearchLevel
- + + + + = S - FR SR +
7 |simchi20( |book  |The logic of logistics: theory |Simchi-Levi, D. | | | | | 2005| Springer Viag |0
8 |meepetct |article  |Logistical network design with | Meepetchdee, Y. |International Journal of Physi| 37 |3 |201--222 | 2007| Emerald G Publishin |0
12 |zhang200 |confere |Complex adaptive supply chain |Zhang, J. | | | |5643--5647 2009 | |1
15 |klibi2010¢ |article  |The design of robust value-cre |l |European Journal of Operationa| 203 |2 |283--293 | 2010]| Elsevier |1
16 |kim2008s |article  |A strategy for third-party log |Kim, C. |Omega | 36 |4 |522--534 | 2008| Elsevier |1
17 |gorlatova |confere |Challenge: ultra-low-power ene | Gorlatova, M. | | | |253--260 | 2009] |1
18 |halman2( |article  |A fully polynomial-time approx |Halman, N. |Mathematics of Operations Rese| 34 |3 |674--685 | 2009| INFORMS |11
19 |chen200¢ |article  |Inventory centralization games |Chen, X. | Operations research | 57 |6  |1394--1406 2009| INFORMS |1
20 |vercellis2 |book  |Business intelligence: data mi | Vercellis, C. | | | | | 2009| Wiley OnliiLibrary |1
22 |taylor20C |article  |A Mathematical Model for Inter |Taylor, C. |Logistics Spectrum | 41 |1 |23--33 | 2007| |1
23 |pishvaee: |article  |A memetic algorithm for bi-obj |Pishvaee, M.S.  |Computers \& Operations Resear| 37 |6  |1100--1112 2010| Elsevier |1
24 |pishvaee: |article  |Reverse logistics network desi |Pishvaee, M.S. | The International Journal of A| 47 |1 |269--281 | 2010| Springer |1
25 |shang200 |article  |Distribution network redesign |Shang, J. |Journal of Marketing | 73 |12 |146--163 | 2009| Am Marke Assoc |1
26 |cappellin: |book  |International knowledge and in | Cappellin, R. | | | | | 2009| Edward El¢ Publishing |1
27 |nagurney |article  |Supply chain networks and elec |Nagurney, A. |Netnomics | 412 |187--220 | 2002| Springer |2
29 |pishvaee: |article  |A possibilistic programming ap | Pishvaee, MS |Fuzzy Sets and Systems | 161 | |2668--2683 2010| Elsevier |2
30 |klibi2009( |book  |The design of effective and ro |l | | | | | 2009| CIRRELT |2
31 |boysen2C |article  |Cross dock scheduling: Classif |Boysen, N. |Omega | 38 |6 |413--422 | 2010| Elsevier |2
32 |cheung2C |confere  |The impact of RFID technology |Cheung, YY | | | |1673--1680 | |2
33 |shen2006 |article  |Toward a framework of innovati ~ |Shen, H. |Systems Research and Behaviora| 26 |2 297--309 | 2009| Wiley Onli Library |2
34 |warneke: |article  [Smart dust: Communicatingwith ~ |Warneke, B. |Computer | 34 |1 |44--51 | 2001| IEEE |2
35 |jones200 |article  |A survey of energy efficient n |Jones, C.E. | Wireless Networks | 714 |343--358 | 2001| Kluwer Actic Publish |2
36 |jerrum19i |article  |Approximating the permanent |Jerrum, M. |SIAM journal on computing | 18 | | | 1989 |2
37 |jerrum20i |article  |A polynomial-time approximatio |Jerrum, M. |Journal of the ACM (JACM) | 51 |4 |671--697 | 2004| ACM |2
38 |petruzzil! |article  |Pricing and the newsvendor pro | Petruzzi, N.C. | Operations Research | 47 |2 |183--194 | 1999| JSTOR |2
39 |apanowic |article  |Data Warehouse Discovery Frame  |Apanowicz, C.  |Database Theory and Applicatio| | |142--154 | 2010]| Springer |2
41 |gralla200 |confere |A Modeling Framework for Inter |Gralla, E. | | | | | 2006 |2
42 |muratal€ |article  |Multi-objective genetic algori |Murata, T. |Computers \& Industrial Engine| 30 |4  |957--968 | 1996]| Elsevier |2
43 |syarif200 |article  |Study on multi-stage logistic |Syarif, A, |Computers \& Industrial Engine| 43 | |299--314 | 2002| Elsevier |2
45 |benzler2 |article  |From agglomerations to technol |Benzler, G. |International Journal of Techn| 50 |3 |318--336 | 2010| Inderscience |2
46 |cappellin: |article  |La governance dell?innovazione | Cappellin, R. |Rivista di Politica Economica | | | | 2009 |2
217 |ambainis; |confere |One-dimensional quantum walks ~ |Ambainis, A. | | | [37--49 | 2001] |3
226 |feigenbat |article  |Secure multiparty computation |Feigenbaum, ).  |Automata, Languages and Progra| | |927--938 | 2001| Springer |3
231 |nayak20C |article  |Quantum walk on the line |Nayak, A. | Arxiv preprint quant-ph/001011| | | | 2000 |3
232 |moore20 |article  |Quantum walks on the hypercube  |Moore, C. |Randomization and Approximatio | | 1952--952 | 2002| Springer |3
314 |altiparma |article  |A genetic algorithm approach f | Altiparmak, F. |Computers \& Industrial Engine] =~ 51 |1  |196--215 | 2006]| Elsevier |3
321 |murata2( |confere |Specification of genetic searc [Murata, T. | | | [82--95 | 2001] |3
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Figure 8.Clusters of distilled network using Pond &atapy algorithm.
5. Results

The goal of this work was to obtain a citation natkvon the measure of robustness and

vulnerability using the theory of complex netwoikgplied to supply chain design. We have

17



Liuc Paper n.249, luglio 2012

made our search on Google Scholar using Citatiomd®& Analyzer (CNA), a toolbox of R,
and we have visualized the citation networks witdjeR (De Nooy et al., 2005). All the
software used in this work is free or open source.

With the keywords selected we have chosen a lidDddeeds, i.e. articles of zero level (see
Table 1). Starting from them, with CNA we have btfle citation network i.e. the articles
which have cited seeds (first level) or cited sonewho cited seed (second level) and so on
until third level. In this way, starting from 10exis i.e. the articles containing the keywords, we
have obtained a set of 345 works (see Appendixid)tiaeir links representing their citations.

The citation network is a direct network whereaiificle A cites articles B, there is an arrow
from B to A which means that the work A was possithlanks to the work of B and the arrow
represents a flow of knowledge from B to A.

The citation network was analyzed using cluster lyaig First we have applied
Fruchterman-Reingold algorithm, an energy basedhodketto represent the network and
identify empirically the clusters after we have gared the results with the clusters obtained
using the random walk algorithm of Pons and Lai@mnns and Latapy, 2005).

What information we can extract from the analysadmof the citation network? Why this
representation may be useful?

Analyzing the topology of the citation network afjfire 4 with 345 nodes we can observe
different structures:

o “Star clusters” i.e. clusters with center nodes avahy rays (clusters B4, B7, B8).
The centers are often literature reviews (node 8& ireview on newsvendor
problem) or surveys (node 35 is a survey on eneffigient network protocols) and
then of course they are able to connect differes¢arch line tend to receive higher
number of citations.

» “Connection nodes” such as 17 or 7 which are ndldigisconnect different clusters
and they can be, for example, books such as notEhé:logic of logistics: theory,
algorithms, and applications for logistics Managethevhich is a book on supply
chain modeling and contains the description offedlstandard modeling techniques.

» Clusters representing research groups such asiteMCenter of Super-networks
directed by Prof. Anna Nagurney (cluster D). Theyalop mathematical models of
networks and study their stability (between othaivdies). They may have one or
more centers and not so many rays as “star clisters

e Clusters with more centers: they represent clustérpapers applying similar
techniques to the solution of similar problems:dgample the leitmotiv of cluster A

is the development of mathematical models of suppigin solved using soft
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computing techniques (Genetic algorithms, fuzzydpgtc.), which also denotes the
computer skills of the authors.

“Chains” where the authors analyze narrowly definkelds such as the
interplanetary logistic problem in the case of wud3. In this case the works are
not so many and often follow one from another. Happen for example if they are

of the same authors.

Of course the former classification is possibleklng not only to the network by even

reading the abstracts and possibly the full texthef papers. Anyway, placing the papers in a

network helps in identifying and justifying the&lationships.

The representation of literature review as a neétwand the application of clustering

algorithms reflect the general need to put ordethenincreasing amount of works in all the

fields during the last years. To go a step furtimethe direction of simplification we have

distilled the citation network (Figures 7, 8), j.eie have eliminated the pendants nodes (with

in-degree one and out-degree zero) and the isotetdds that are not relevant for our analysis

since they are not cited and do not cite others.

The representation of the distilled network usingchterman-Reingold algorithm
(see Figure 7) allows identifying the backbone loé tclusters of the original
complete network (see Figure 4). It doesn’t happgnusing Pons and Latapy
algorithm (see Figure 8).

The stars are reduced to their centers

The connection nodes still appear

The distilled network representation allows sefegt low number of articles that are more

central in the network, but in this way we have k@ne information. For example, it is more

difficult to identify the literature reviews fronhé topology.

6. Conclusions

We applied free or open source software (R, Pajakl, CNA) and open access databases

(Google Scholar) to build, visualize and analyze ¢hation network obtained when searching

on the concepts of robustness and resilience ofplexmetworks theory applied to Supply

Chain Design. This procedure can be consideredraingt point in the literature review that has

to be followed by the careful reading of the alitgand then the full texts of seminal papers.

The representation of the literature as a citatietwork and a clear definition of the personal

interests and goals lead to a fast approach to haslear idea of the main subject, research

areas, influential groups and journals.
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This tool is important as an entry point in relativew fields for any researcher, but cannot
replace a careful analysis and evaluation, noretkgerience acquired with time of active
researchers in the field of interest.

Which information we cannot extract from the citatinetworks? The drawback of citation
network based on seed articles is the followingvdfconsider the network of 345 nodes it can
be seen that contains only 10 seeds, i.e., onlgrii€les should contain the keywords selected
and they are not necessarily connected to each. ofiherefore it is difficult to study, for
example, the evolution of the concepts of robustraasl resilience in the network. To do this
one should build a network with hundreds of seedsanly one level beyond that of the seeds
has to be considered. A fortiori this is true ie thistilled network with 37 nodes which contains

only 2 seeds.
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Appendix

Table A1.345 articles of the citation networks afe¢d using CNA and the selected keywords.

ID | Title Type First author | Journal Y ear

1 Assessing the vulnerability of supply chains gginaph theory article Wagner, S.M. Internatiormairdal of Production Economics 2010

2 Application of network methods in intelligent suppghain management article Srinivasan, RS :mg:nmaaﬂ?cnsal ol G SEEes CErIEs 202 2007

3 Measures of tipping points, robustness, and gependence article Bramson, A.L Arxiv preprint igrd811.0633 2008

4 Supply chains and Social Network Analysis conference | Mueller, R.A.EE. | NA 2007

5 ﬁ\:tsvs;sgznntjgsoilsmanagement vulnerability of supgthyarks structure based on social conference vang, H. NA NA

6 Development of supply chain network robustnessxnde article Dong, M. :mg:rr:gi%nsal LJOUTME! @ SEIEEs CEEEiEns 2006

7 ;t;er]g)gg;ﬁqzl‘nltog|st|cs. theory, algorithms, and Bgations for logistics and supply chain book Simchi-Levi, D.| NA 2005

8 Logistical network design with robustness and caxipy considerations article I\\(A.eepetchdee, Tég{gﬁé?&ﬂ;:;é&aég PysEiie] ishlaviian & 2007

9 An analytical methodological framework for theioml design of resilient supply chains article daku, E. gltggr;ﬁtsig{;g:{]ournal of Logistics Economics and 2007

10 Structural Investigation of Supply Networks:; A 8d\etwork Analysis Approach article Kim, Y. Journal of Operations Management 2010

11 Designing a Reliable Supply Chain Network Madtader Disruption Risks article Azad, N. Journahaierican Science 2010

12 Complex adaptive supply chain network: the statiefart conference | Zhang, J. NA 2009

13 Formal Measures of Dynamical Properties: Rolasstiand Sustainability conference Bramson, A.L. NA 2010

14 Attribute process methodology: fgasibi!ity assesam@ Digital Fabrication Prqduction article Papanikolaou, NA 2008
Systems for planar part assemblies using netwaakysis and System Dynamics D.

15 The design of robust value-creating supply chaimorks: A critical review article Klibi, W. Eupean Journal of Operational Research 2010

16 A strategy for third-party logistics systems: A eahalysis using the blue ocean strategy article Kim, C. Omega 2008

17 Challenge: ultra-low-power energy-harvestingvaahetworked tags (EnHANTS) conference Gorlatda, NA 2009

18 @iiﬁlgisgggogﬂ;n&e approximation scheme fongle-item stochastic inventory control article Halman, N. Mathematics of Operations Research 2009

19 Inventory centralization games with price-desmidiemand and quantity discount article Chen, X. per@tions research 2009

20 Business intelligence: data mining and optimizafmmdecision making book Vercellis, C. NA 2009

21 article 2009
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Supply chain networks, electronic commerce, anglsugide and demand side risk

article
article
article
Article
Book
Article

Article

Article
Book
Article
Conference
Article
Article
Article
Article
Article
Article
Article
Article
Conference
Article
ch lartic
Article

PArticle
Article

Article

article

Taylor, C.
shwaee, M.S.

Pishvaee, M.S.
Shang, J.
Cappellin, R.

Nagurney, A.

Papanikolaou,
D.

Pishvaee, MS
Klibi, W.
Boysen, N.
Cheung, YY
Shen,
Warneke, B.
Jones, C.E.
Jerrum, M.
Jerrum, M.

Petruzzi, N.C.
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Murata, T.
Syarif, A.
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Benzler, G.
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Computers & Operations Research

The International Journal of Advanced
Manufacturing Technology

Journal of Marketing
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Netrics
NA

Fuzzy Sets and Systems
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dame
NA
Systems Research and Behavioral Science
Computer
Wirelestworks

SIAM journal on computing
Journal of the ACM (JACM)

Operations Research

Database Theory and Application, Bio-Science g
Bio-Technology
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NA
Computers \& Industrial Engineering
Computers \& Industrial Engineering
NA

International Journal of Teclogy Management

Rivista di Politica Economica

Transportation Research Part E: Logistics and
Transportation Review
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2010
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2009
2009
2002
NA

2010

2009
2010
NA
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2001
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1989
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010
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European Journal of Operational Research
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Lo scopo di questo lavoro é quello di eseguire newisione della letteratura dei concetti di robmstee resilienza nel Supply Chain Design (SCD)
definiti secondo la teoria delle reti complesse. faee cid € stata utilizzata la Citation Networkalysis ed il relativo pacchetto software Citation
Network Analyzer (CNA). Esistono banche dati di tidmuti che considerano i concetti di robustezza resilienza nel SCD
(http://lwww.husdal.com/2008/04/28/robustness-fléiyband-resilience-in- la fornitura-catena), maghi di loro tentano di quantificare questi coricett
utilizzando l'analisi della rete di citazioni oveerppicando misure in vigore dalla teoria delle Glax Network (CN). La metodologia utilizzata in
guesto lavoro € stata la seguente: in primo luofgbiaano individuato le parole chiave pertinenti, ,p@on CNA (200verview.pdf
http://www.lecy.info/resources/CNA%), abbiamo ceéocen Google Scholar utilizzando stringhe, derivaé raggruppamento delle parole chiave, per
trovare i documenti contenenti queste parole chifesummary o nel testo, e quindi rilevanti peostri scopi. Utilizzando il software CNA abbiamo
costruito una rete di citazioni ed, infine, alléergenerata e stata applicata I' analisi tipicdedelti di citazioni che permette di individuarpdper piu
rilevanti ed i cluster in cui si possono raggrugpadiversi articoli. Anche se il soggetto di questvisione della letteratura pud essere di scarso
interesse per un vasto pubblico, riteniamo che ddodologia impiegata sia di applicabilita gener&elalsiasi ricercatore, che vuole studiare o
applicare i concetti di altre discipline, necessit@ompetenze in diversi campi. La metodologigopsta € conveniente, veloce ed obiettiva, anche se

presenta ovviamente i limiti derivanti dalla corskzione del solo processo di citazione.
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