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ABSTRACT Recognizing the importance of privacy management as a business process and a business support process, this 
paper proposes the use of service level agreements SLA’s)  around privacy features, including qualitative and quantitative 
ones. Privacy metrics are defined by both parties with boundary values on each qualitative or qualitative feature . Their 
distribution is relying on stress distributions used in this field .The use of service level agreements also casts privacy 
management into a business perspective with benefits and costs to either party in a process. This approach is especially 
relevant for communications operators as brokers between content owners (individuals, businesses) and enterprise 
applications ; in this context, the privacy SLA management would be carried out by the operator, while the terms and 
conditions of the SLA negociation reside with the two external parties .This work was carried out as part of the large EU 
project PRIME www.prime.project.eu.org . on privacy enhancing technologies . 
 
1. INTRODUCTION 
 
 
The economic and business considerations around privacy ,and of privacy of information in particular , have naturally different levels 
of analysis and enforcement : 

-1:Level of the individual: who perceives privacy from the psychological ,and sometimes legal points of view 

-2:Level of the economic individual : who exercises his privacy rights ,especially privacy of information , at the economic and social 
levels , within an economic framework (meaning eventually but not necessarily for revenue) 

-3:Level of an economic agent (company, administration) : who interacts with the economic individual  whenever he needs a service 
or product involving that economic agent ; the extent of the interaction however depends on the decisions and perceptions of this 
economic agent ,as well as on legal aspects 

-4:Level of an economy made of several economic agents interacting occasionally in economic , social and business terms ,but the 
nature of whose interactions ultimately depend upon the individual privacy perceptions of the persons affected  

In this paper a framework is proposed linking these levels , with an emphasis on the first three . However , due to the focus of this 
workshop an additional level will be defined ,and allow for  discussion : 

-5: Level of a business process :involving several economic agents and/or economic individuals transacting regularily with each other 
consciously as part of a business process,  and wishing collectively privacy to be upheld vis-a-vis third  parties  

As economic and business considerations by definition require economic and business value to be defined and transacted upon,it is 
necessary in this framework to : 

-define a process whereby the privacy of the individual or of the business process is reflected by value definitions at the level of the 
economic individual   or business process : the proposal here is to use privacy metrics [10] 

http://www.prime.project.eu.org/


-define another process whereby this value can be used in  economic or business privacy dependent transactions between  the 
economic individual (or a given business process) and any single economic agent:the proposal here is to use service level agreements 
(SLA’s) between those two which rely in part upon the privacy metrics  

-allow for this last process to be so defined that it can be extended for transactions in an economy between several economic agents 
:the proposal here is to incorporate into the service level agreements added features which are needed for traceability and busines 
process management ;this condition  applies as well for all parties to a given business process wishing Level 5 privacy , as well as for 
the agreements between any party to that process and third parties . 

It should also be stressed that legal aspects are essential,but not addressed here as they may determine the nature of some privacy 
features (as used for the metrics calculation) as well as limits . Legal aspects obviously also apply to the fulfillment of the transactions 
between the economic individual and economic agents , directly or indirectly . 

 

Because the understanding of the use of service level agreements in an economy requires some transactions to be defined, a case is 
has been developped , linking all five levels with an emphasis on he first three levels ,and a reference on issues linked to the fourth 
level ;for lack of space it is reported in [10] , with both the individual’s qualitative perception , the quantitative metrics ,and issues 
around the handling of the agreement by the economic agent 
 
2. FRAMEWORK AND IMPLEMENTATION OF SLA MANAGEMENT FOR PRIVACY 
 
2.1 Framework 
 

This paper proposes the use of formal SLA’s to cover the operational dynamic agreements between a privacy protector on one hand, 
and an information collector on the other hand, as they apply to the provisioning of privacy enhancement technologies PET (or other 
methods) through which all information exchange between the two parties must take place. At a framework level, a legal framework 
agreement may exist applicable to all the SLA’s between the two parties. What  is also essential is that , through its attributes and 
structure , the SLA’s will also include economic and business provisions matching the extent , configuration and efficiency  of the 
PET’s ,. The SLA’s may also have to include attributes  (such as identification of parties, traceability, cost elements) to allow a 
sequence of SLA’s between a chain of parties to operate with suitable decision and reporting points inside a business process. 

In information systems , SLA metrics are often performance-related, and cover system availability or transaction response time.  SLA 
metrics are here assumed to include higher-level service aspects such as privacy attributes, responsiveness, etc.   

A set theoretic approach to the determination of privacy is described in [10],focussing on quantitative and qualitative information 
exchange attributes and derived impact on the SLA parties . Using furthermore the theory of extremes as used e.g. in stress theory , a 
non-parametric distribution is used, which allows alltogether for a calculation of an equilibrium between a PrivacyProtector and an 
InformationGatherer ,as well as for the determination and visualization of the acceptable privacy  of either party . .Some are 
wondering why both parties have a privacy boundary ; the PrivacyProtector has an obvious privacy boundary driven by his perceptual 
and social views, and sometimes established by privacy law; the InformationGatherer also has a privacy boundary vis a vis first each 
economic individual he is transacting with ,and a total privacy boundary as well in his transactions with other economic agents, often 
to protect his information and knowledge assets. As a result , privacy metrics with specific features apply also between any economic 
agents.    

It should be stressed first that even if the individual does not intend, for a specific type of privacy , to engage into economic 
agreements , the privacy metrics [10] are still very useful to give an analytical framework to his rational and irrational decisions .In 
other words , this framework , while useable in economic and business contexts, may not be applicable in some application fields 
which fundamentally appeal most to perceptual or social issues .  
 
 
2.2 Implementation  
 
Quality of Service in relation to Business is becoming a major concern for enterprises world-wide,and  a number of international 
professional organizations are looking at the area with the intent of defining implementation standards for it. Notably, these include 
The Open Group and the TeleManagement Forum. These two organizations have combined to prepare an SLA Management 



Handbook  [8, 9]. The SLA implementations done on the basis of the concepts of the previous Sections complement and extend the 
concepts discussed in the handbook [8], particularly with regard to privacy management, automated monitoring and reporting.   
 
3. PRIVACY AND FLEXIBILITY 

This Section discusses the management and flexibility of privacy SLA’s as formalized and implemented as stated in Section 3 above . 
It starts with the privacy management concepts , to explain the flexibility definitions and results  

3.1 Common reactive Privacy Management Approach 
The conventional way of managing service is to measure QoS/Privacy and determine whether the requirements were met. This means 
that a problem (if any) is detected and reacted to after the event. 
This approach presents problems for everybody, for instance : 

• For a Customer (Information gatherer): Deterioration of service cannot be prevented. Problems must happen, to trigger a 
corrective action. In the worst cases, on-going conduct of business may suffer. 

• For a Supplier (Privacy protector): Penalties (frequently specified in modern SLAs) cannot be avoided. In the worst cases, 
business continuation becomes problematic. 

3.2 Suggested Predictive Approach 
By contrast, in this paper we propose to rely on predicting the result of QoS/Privacy compliance in advance. It should then 
becomepossible to take a corrective action before a problem actually occurs, thus eliminating it or, at least, minimizing its impact. 
This approach avoids the problems associated with the reactive approach: 

• For a Customer (Information gatherer): Deterioration of service may be prevented and business conduct optimized. 
• For a Supplier (Privacy protector): SLA Penalties may be avoided and prospects for the business continuation improved. 

For any Privacy Objective that has been defined over a specified service period, the value of the current privacy metric can be 
calculated for any elapsed sub-interval of the service period.  Conversely the required value of the privacy metric for the remainder of 
the service period can also be calculated, such that the overall privacy metric for the full service period meets the privacy objective.  
These two facts provide a basis for issuing predictive alerts that can be presented in a GUI interface. 
 
An example of a predictive function within the context of an SLA metric of privacy is the compliance with boundaries, also called 
privacy envelope ([10]). The purpose of an objective function is to calculate the remainder SLA metric value that is required in order 
to meet the SLA objective by the end of the service period. The remainder SLA metric value can be the surface between the actual 
privacy feature values outer surface, and the surface made of the thresholds. 
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                                    Figure 1 :Three asynchronous loops for privacy information 
 



3.3 Results and user reaction 
 
 
It is a fact ,as highlighted in the PRIME project, that the issue of privacy or not overshadows others .If privacy is accepted, and then if  
the context and supporting tools (such as privacy metrics, privacy SLA’s,and privacy enhancing technologies) are accepted also , then 
only flexibility in these tools and concepts becomes an issue.  For example, if no privacy SLAs are signed ,the  resulting business 
processes (B2B and B2C)  may appear leaner of contractual obligations, but  the legal risks are also vastly enhanced each time the 
process involves information sharing . The target users - organizations and individuals mature enough and large enough to be 
interested in privacy are likely to have complex environments, with many suppliers and/or customers, variety of software and 
hardware platforms, applications and SLAs. In order to cater to all these requirements, utmost flexibility is necessary. 
From the point of view of the regulators and information protection bodies , the absence of transparent privacy SLA’s (or privacy 
agreements ) raises the likelihood for any customer (or customer association) to complain about privacy disruption. In PRIME it has 
been shown through the deployment cases , that signing an SLA provides more privacy to consumers but does not renders the 
business process so inflexible that even these consumers may not want the resulting service ;the fundamental reason of this moderate 
acception , is that the privacy negociation process provides an unique opportunity for a business and a consumer to interact , and to 
learn or explain . Even if the consumer just signs a standard privacy SLA or privacy agreement, this very act enhances his trust in the 
business acting responsibly ,even if he knows enforcement will inflexible and cumbersome. 

 
 

Figure 2 : Privacy Management process 

 
3.4 Implementations in the communications industry  
 
It results from the above analysis that whereas the communications industry sofar has viewed privacy regulations and the compliance 
processes as cost items, they can eventually be turned into revenue items if the privacy SLA management is carried out by the 
operators on behalf of private or enterprise users when they exchange private information . This new attitude in turn will benefit 
society at large as there will be a motivation by operators to pefom in this space ! Whereas operators where this research has had 
impact cannot all be disclosed, Deutsche Telekom has published reports about the privacy management platform T-Identity protector 
their own enteprise division T-Systems Enterprise Services Gmbh , has developped for use by the fixed access, mobile access and 
Internet access divisions [14]. 
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CONCLUSION, CRITICISM , APPLICATIONS  AND ECONOMIC IMPACT 
 

Regarding prototype development ,two types can be suggested from the analysis above .The first would be for privacy metrics in 
specific user contexts ,especially to elicit context dependencies and common elements ;the author has already done work on privacy 
and business models in location based systems , complinat with the OMA private usage profiles , which should be expanded into 
other areas . The second type should be SLA implementations in UML (with code generation) in some commercial domains ,where a 
linkage with the PRIME developped privacy enhancing technologies will be of special interest . 

Finally , this paper recognizes that privacy SLA’s business value does not extend to all domains, while conversely there are 
application domains where their introduction would be a major incentive scheme to unleash controlled information and business 
interactions . To difficult areas belong health privacy ,and some security information. To the realistic areas belong 
telecommunications and mobile services, transport , information services , and logistics ; some calculation cases and even 
implementations are underway in some of these last areas .  

 
References 
 
[1] J.Kumagai, S.Cherry, “The sensor nation”, IEEE Spectrum, July 2004, 18-44 
[2] -Wall Street Journal ,Internet Privacy Rules Could Cost Business As Much as $36 Billion , Wall Street Journal , p. B.5, May 8, 
2001;  or: http://gateway.proquest.com/openurl?url_ver=Z39.88-
2004&res_dat=xri:pqd&rft_val_fmt=info:ofi/fmt:kev:mtx:journal&genre=article&rft_dat=xri:pqd:did=000000072539284&svc_dat=x
ri:pqil:fmt=text&req_dat=xri:pqil:pq_clntid=5072
[3] Rust, Roland T; Kannan, P K; Peng, Na, The customer economics of Internet privacy 
 Academy of Marketing Science. Journal, Vol. 30 (2002), no 4 ,p. 455; or 
:http://proquest.umi.com/pqdweb?index=2&did=000000184803381&SrchMode=1&sid=6&Fmt=6&VInst=PROD&VType=PQD&R
QT=309&VName=PQD&TS=1088081507&clientId=5072 
[4] Gould, John P, Privacy and The Economics of Information, Journal of Legal Studies, Vol. 4 (December 1980), 827-842 
; or http://www.journals.uchicago.edu/JLS/journal/ 
[5]  Murphy, Richard S., Property Rights in Personal Information: An Economic Defense of Privacy, Georgetown Law Journal 7 (July 
1996), 2381-2417 
[6] Coleman, James S,  An Introduction to Privacy in Economics and Politics ,  Journal of Legal Studies , Vol. 4 (December 1980), 
645-648.; or http://www.journals.uchicago.edu/JLS/journal/ but server was down 06-09-2004 
[7] Posner, Richard A., The Economics of Privacy, The American economic review , Vol. 71 ,no 2(May),1981 
[8] The SLA Handbook, Open Group andTeleManagement Forum , 2004  (restricted members only distribution) 
[9] Jon Saperia, “How SLAs Are Used”, Network Computing, March 21, 2003, pp. 71-75. 
[10] L-F Pau, Privacy metrics and boundaries: a first approach, Rotterdam School of management, July 2004, and EU IST Project 
“PRIME” URL:  www.prime-project.eu.org 
[11] Mike Tsykin & James Bouhana, “On Automated Monitoring of SLAs”, CMG Journal of Capacity Management, summer, 2002 
[12] Proc. E-Contract conference, Consumer policy center, Brussels, 18-19 October 2001 
[13] Il-Horn Hann, Kai-Lung Hui, Tom S. Lee, and I.P.L. Png, "The Value of Online Information Privacy: An Empirical 
Investigation", AEI-Brookings Joint Center for Regulatory Studies, Related Publication 03-25, October 2003. 
[14] T.Wagner , T-Identity protecor , W3C workshop on Languages for privacy policy negotiation , Ispra , October 17-18,2006 
www.w3.org  

http://gateway.proquest.com/openurl?url_ver=Z39.88-2004&res_dat=xri:pqd&rft_val_fmt=info:ofi/fmt:kev:mtx:journal&genre=article&rft_dat=xri:pqd:did=000000072539284&svc_dat=xri:pqil:fmt=text&req_dat=xri:pqil:pq_clntid=5072
http://gateway.proquest.com/openurl?url_ver=Z39.88-2004&res_dat=xri:pqd&rft_val_fmt=info:ofi/fmt:kev:mtx:journal&genre=article&rft_dat=xri:pqd:did=000000072539284&svc_dat=xri:pqil:fmt=text&req_dat=xri:pqil:pq_clntid=5072
http://gateway.proquest.com/openurl?url_ver=Z39.88-2004&res_dat=xri:pqd&rft_val_fmt=info:ofi/fmt:kev:mtx:journal&genre=article&rft_dat=xri:pqd:did=000000072539284&svc_dat=xri:pqil:fmt=text&req_dat=xri:pqil:pq_clntid=5072
http://www.w3.org/


Publications in the Report Series Research∗ in Management 
 
ERIM Research Program: “Business Processes, Logistics and Information Systems” 
 
2006 
 
Smart Business Networks Design and Business Genetics 
L-F Pau 
ERS-2006-002-LIS 
http://hdl.handle.net/1765/7319
 
Designing and Evaluating Sustainable Logistics Networks 
J. Quariguasi Frota Neto, J.M. Bloemhof-Ruwaard, J.A.E.E. van Nunen and H.W.G.M. van Heck 
ERS-2006-003-LIS 
http://hdl.handle.net/1765/7320
 
Design and Control of Warehouse Order Picking: a literature review 
René de Koster, Tho Le-Duc and Kees Jan Roodbergen 
ERS-2006-005-LIS 
http://hdl.handle.net/1765/7322
 
A Theoretical Analysis of Cooperative Behavior in Multi-Agent Q-learning 
Ludo Waltman and Uzay Kaymak 
ERS-2006-006-LIS 
http://hdl.handle.net/1765/7323
 
Supply-Chain Culture Clashes in Europe. Pitfalls in Japanese Service Operations 
M.B.M. de Koster and M. Shinohara 
ERS-2006-007-LIS 
http://hdl.handle.net/1765/7330
 
From Discrete-Time Models to Continuous-Time, Asynchronous Models of Financial Markets 
Katalin Boer, Uzay Kaymak and Jaap Spiering 
ERS-2006-009-LIS 
http://hdl.handle.net/1765/7546
 
Mobile Payments in the Netherlands: Adoption Bottlenecks and Opportunities, or… Throw Out Your Wallets 
Farhat Shaista Waris, Fatma Maqsoom Mubarik and L-F Pau 
ERS-2006-012-LIS 
http://hdl.handle.net/1765/7593
 
Hybrid Meta-Heuristics for Robust Scheduling 
M. Surico, U. Kaymak, D. Naso and R. Dekker 
ERS-2006-018-LIS 
http://hdl.handle.net/1765/7644
 
VOS: A New Method for Visualizing Similarities between Objects 
Nees Jan van Eck and Ludo Waltman 
ERS-2006-020-LIS 
http://hdl.handle.net/1765/7654
 
On Noncooperative Games, Minimax Theorems and Equilibrium Problems 
J.B.G. Frenk and G. Kassay 
ERS-2006-022-LIS 
http://hdl.handle.net/1765/7809
 
 
 
 

http://hdl.handle.net/1765/7319
http://hdl.handle.net/1765/7320
http://hdl.handle.net/1765/7322
http://hdl.handle.net/1765/7323
http://hdl.handle.net/1765/7330
http://hdl.handle.net/1765/7546
http://hdl.handle.net/1765/7593
http://hdl.handle.net/1765/7644
http://hdl.handle.net/1765/7654
http://hdl.handle.net/1765/7809


An Integrated Approach to Single-Leg Airline Revenue Management: The Role of Robust Optimization 
S. Ilker Birbil, J.B.G. Frenk, Joaquim A.S. Gromicho and Shuzhong Zhang 
ERS-2006-023-LIS 
http://hdl.handle.net/1765/7808
 
Optimal Storage Rack Design for a 3D Compact AS/RS with Full Turnover-Based Storage 
Yu Yugang and M.B.M. de Koster 
ERS-2006-026-LIS 
http://hdl.handle.net/1765/7831
 
Optimal Storage Rack Design for a 3-dimensional Compact AS/RS 
Tho Le-Duc, M.B.M. de Koster and Yu Yugang 
ERS-2006-027-LIS 
http://hdl.handle.net/1765/7839
 
E-Fulfillment and Multi-Channel Distribution – A Review 
Niels Agatz, Moritz Fleischmann and Jo van Nunen 
ERS-2006-042-LIS 
http://hdl.handle.net/1765/7901
 
Leveraging Offshore IT Outsoutcing by SMEs through Online Marketplaces 
Uladzimir Radkevitch, Eric van Heck and Otto Koppius 
ERS-2006-045-LIS 
http://hdl.handle.net/1765/7902
 
Buyer Commitment and Opportunism in the Online Market for IT Services 
Uladzimir Radkevitch, Eric van Heck and Otto Koppius 
ERS-2006-046-LIS 
http://hdl.handle.net/1765/7903
 
Managing Supplier Involvement in New Product Development: A Multiple-Case Study 
Ferrie E.A. van Echtelt, Finn Wynstra, Arjan J. van Weele and Geert Duysters 
ERS-2006-047-LIS 
http://hdl.handle.net/1765/7949
 
The Multi-Location Transshipment Problem with Positive Replenishment Lead Times 
Yeming Gong and Enver Yucesan 
ERS-2006-048-LIS 
http://hdl.handle.net/1765/7947
 
Solving Lotsizing Problems on Parallel Identical Machines Using Symmetry Breaking Constraints 
Raf Jans 
ERS-2006-051-LIS 
http://hdl.handle.net/1765/7985
 
Urban Distribution: The Impacts of Different Governmental Time-Window Schemes 
H.J. Quak and M.B.M. de Koster 
ERS-2006-053-LIS 
http://hdl.handle.net/1765/8020
 
Leader-follower Game in VMI System with Limited Production Capacity Considering Wholesale and Retail Prices 
Yu Yugang, Liang Liang, and George Q. Huang 
ERS-2006-054-LIS 
http://hdl.handle.net/1765/8194  
 
Privacy Management Service Contracts as a New Business Opportunity for Operators 
L-F Pau 
ERS-2006-060-LIS 
http://hdl.handle.net/1765/8110

http://hdl.handle.net/1765/7808
http://hdl.handle.net/1765/7831
http://hdl.handle.net/1765/7839
http://hdl.handle.net/1765/7901
http://hdl.handle.net/1765/7902
http://hdl.handle.net/1765/7903
http://hdl.handle.net/1765/7949
http://hdl.handle.net/1765/7947
http://hdl.handle.net/1765/7985
http://hdl.handle.net/1765/8020
http://hdl.handle.net/1765/8194
http://hdl.handle.net/1765/8110


Performance Evaluation of Real-time Scheduling Approaches in Vehicle-based Internal Transport Systems 
Tuan Le-Anh, M.B.M de Koster and Yu Yugang 
ERS-2006-063-LIS 
http://hdl.handle.net/1765/8129
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                 
∗  A complete overview of the ERIM Report Series Research in Management: 

https://ep.eur.nl/handle/1765/1
 
 ERIM Research Programs: 
 LIS Business Processes, Logistics and Information Systems 
 ORG Organizing for Performance 
 MKT Marketing 
 F&A Finance and Accounting 
 STR Strategy and Entrepreneurship  

http://hdl.handle.net/1765/8129
https://ep.eur.nl/handle/1765/1

	 
	1. INTRODUCTION 
	 
	2. FRAMEWORK AND IMPLEMENTATION OF SLA MANAGEMENT FOR PRIVACY 
	3. PRIVACY AND FLEXIBILITY 
	This Section discusses the management and flexibility of privacy SLA’s as formalized and implemented as stated in Section 3 above . It starts with the privacy management concepts , to explain the flexibility definitions and results  
	3.1 Common reactive Privacy Management Approach 
	3.2 Suggested Predictive Approach 
	References 

	Titelblad ERS 2006 060-LIS.pdf
	 
	ERIM Report Series reference number
	Publication 
	November 2006
	Number of pages
	5
	Persistent paper URL
	Email address corresponding author
	lpau@rsm.nl
	Address
	RSM Erasmus University / Erasmus School of Economics  
	Phone:  + 31 10 408 1182   
	Fax: + 31 10 408 9640 
	 Abstract and Keywords
	Abstract
	Free Keywords
	Availability
	Classifications


	overzicht LIS 2006.pdf
	ERIM Research Program: “Business Processes, Logistics and Information Systems” 

	Titelblad ERS 2006 060-LIS.pdf
	 
	ERIM Report Series reference number
	Publication 
	November 2006
	Number of pages
	5
	Persistent paper URL
	Email address corresponding author
	lpau@rsm.nl
	Address
	RSM Erasmus University / Erasmus School of Economics  
	Phone:  + 31 10 408 1182   
	Fax: + 31 10 408 9640 
	 Abstract and Keywords
	Abstract
	Free Keywords
	Availability
	Classifications


	Titelblad ERS 2006 060 LIS.pdf
	 
	ERIM Report Series reference number
	Publication 
	November 2006
	Number of pages
	5
	Persistent paper URL
	http://hdl.handle.net/1765/8110
	Email address corresponding author
	lpau@rsm.nl
	Address
	 RSM Erasmus University / Erasmus School of Economics  
	Phone:  + 31 10 408 1182   
	Fax: + 31 10 408 9640 
	 Abstract and Keywords
	Abstract
	Free Keywords
	Availability
	Classifications


	overzicht LIS 2006.pdf
	ERIM Research Program: “Business Processes, Logistics and Information Systems” 

	overzicht LIS 2006.pdf
	ERIM Research Program: “Business Processes, Logistics and Information Systems” 

	Titelblad ERS 2006 060 LIS.pdf
	 
	ERIM Report Series reference number
	Publication 
	November 2006
	Number of pages
	5
	Persistent paper URL
	http://hdl.handle.net/1765/8110
	Email address corresponding author
	lpau@rsm.nl
	Address
	 RSM Erasmus University / Erasmus School of Economics  
	Phone:  + 31 10 408 1182   
	Fax: + 31 10 408 9640 
	 Abstract and Keywords
	Abstract
	Free Keywords
	Availability
	Classifications


	overzicht LIS 2006.pdf
	ERIM Research Program: “Business Processes, Logistics and Information Systems” 




