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Abstract. Electronic record management systems (including archives and libraries) 

should meet a large set of requirements, which can be described by tangible and 

intangible criteria. If digital data storage is needed for a library/archive, its configuration 

should be clearly defined at preliminary development stages. Tangible criteria can be 

represented quantitatively, by specific values of certain parameters. Intangible ones 

(reflecting, for instance, non-functional requirements) should be described by expert 

estimates, since there are usually no quantitative values to describe them. The paper 

suggests an approach to data storage configuration selection using multi-criteria decision 

making (MCDM) support methods, based on MoReq requirements and hierarchical 

storage management concept. MCDM support technology used allows selecting optimal 

data storage configuration, meeting both tangible and intangible requirements, in every 

specific case. 

Keywords: data storage, configuration, decision-making, alternative, criterion, expert 

estimation. 

 

1. Introduction 
Electronic record management system (EDMS) development envisions 6 stages 

(pre-development stage, featuring pre-project research, analytical stage, when 

the requirements are formulated, project stage, when technical design is built, 

development stage (when the software is actually created), testing stage and 

implementation stage). At the pre-development research and analytical stages, 

when the terms of reference are formulated, it is extremely important to ensure 

their maximal compliance with the customer’s requirements. 

The task of formulating the terms of reference is placed on the project 

workgroup, which should include analysts representing the customer and 

analysts, representing the executor. Together they are to work out the terms of 

reference, ensuring long and sustainable functioning of the EDMS in future. 

Typical requirements to electronic record management systems (ERMS) (a more 

general category) and electronic document management systems (EDMS)   are 

specified in the Model Requirements (MoReq, 2001). Most requirements 
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described in this document are functional ones, which can be described by ether 

Boolean (for instance, “The ERMS system must provide facilities to manage 

input queues”) or quantitatively expressible (such as, for instance, maximal 

number of metadata attributes supported by the system) parameters. 

These parameters (factors or criteria) are often called “tangible” ones (Saaty, 

Jiao/Tseng etc). 

In order to describe non-functional requirements (presented, mostly, in section 

11 of MoReq standard) it is necessary to formulate intangible factors or criteria. 

Digital libraries and, particularly, archives (also representing types of EDMS) 

have long life spans, so these non-functional requirements have vital importance 

for EDMS of these types, sometimes they can be considered even more critical 

than functional ones. In order to evaluate the extent of future EDMS compliance 

with non-functional requirements experts should be involved in this EDMS 

development stage. The more adequately the terms of reference (considering 

both functional and non-functional requirements) are formulated, and the closer 

they are to the customer’s needs, the less time and money will be spent on re-

constructing the future EDMS during succeeding development stages, and 

during its implementation. 

 

2. Description of expert technology-based approach to EDMS terms 

of reference development process 
It is suggested that the possible variants of future EDMS configuration (to 

choose from) are to be formulated and evaluated by analysts from both 

customer’s and executor’s sides – members of the project group. They will act 

as experts in this context (according to our terminology). 

Again, usage of expert technology can facilitate prevention of future EDMS 

mismatches with the customer’s needs, since experts are most competent 

specialists in the given field and they are most likely to be capable of predicting 

these future possible mismatches and considering them while formulating the 

requirements. 

As it has already been noted, requirements to the future EDMS include 

functional and non-functional ones. Examples of functional requirements 

include security-related requirements, access-related requirements, requirements 

to data retention and disposal, searching, retrieval, rendering etc.  

According to MoReq “…non-functional requirements often are difficult to 

define and measure objectively, it is nevertheless valuable to identify them so 

that they can be considered, at least at a high level”. Examples of non-functional 

requirements are: ease of use, performance, system availability, ability of the 

system to adapt to media degradation, hardware and format obsolescence. 

Particular attention should be given to non-functional requirements reflecting 

hierarchical storage management concept (the more often the data are addressed, 

the higher the hierarchy level they are stored at – in each specific case these 

issues are to be defined by experts). Examples given here are general and each 

of them can and should be decomposed into a set of more specific ones.  

Non-functional requirements represent a weakly-structured subject domain (i.e., 

it is problematic to define their interconnection and quantitatively describe 
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them). So, one of the most convenient way to describe it in the most thorough 

manner would be to use a hierarchical approach, i.e., formulate a hierarchy of 

requirements (Saaty, 2008), including both functional (tangible) and non-

functional (intangible) requirements. 

Part of the requirements can be taken straight from MoReq and included into the 

hierarchy once and for all, since, it is a standard for all kinds of EDMS and 

these requirements will constitute a universal part of the hierarchy. 

It should also be noted that requirements set forth in MoReq are closely 

connected with each other (there are a lot of cross-references within the standard 

text) and, consequently, allow easy interpretation in the form of hierarchy graph. 

But, at the same time, MoReq allows adding new requirements for specific 

EDMS configurations. And it is to perform this task of adding new 

configuration-specific requirements to (or deleting them from) the hierarchy the 

experts should be addressed. 

The project group would, naturally, include specialists from different sub-

domains (subject domain experts, business-users, IT specialists, developers, 

analysts, testers, management representatives etc). So, each group of criteria 

(requirements), belonging to the sub-domains, is to be formulated by adequate 

specialists from the project group. Also, these very specialists are to evaluate the 

compliance of future EDMS configuration to the customer’s requirements, 

related to their respective sub-domains.   After the hierarchy formulation is 

completed, all requirements (criteria) from the hierarchy are to be weighted by 

the experts. After that all possible EDMS configuration variants are to be 

evaluated according to all criteria, and aggregate estimates (which can be also 

called relative efficiencies, or ratings) of configuration variants as to their 

compliance with the customer’s needs are to be calculated. 

 

3. Software description and a hypothetical example 
The complex target-oriented expert evaluation technology, briefly described 

above, is implemented in “Solon” decision-making support software family, 

developed by the Laboratory of Decision-making systems (DSS) in the Institute 

for Information Recording of the National Academy of Sciences of Ukraine 

(http://www.dss-lab.org.ua/Main.html). It should be stressed that “Solon” DSS 

family is targeted at facilitating expert decision-making support in any weakly-

structured domains. Multi-criteria expert choice of the most suitable EDMS 

configuration variant is just one of the suggested applications of the DSS. 

“Solon” DSS allows facilitating all the above-mentioned decision-making 

process stages with its user-friendly interface.  Let us consider the DSS 

functioning on a hypothetical example where five alternative EDMS 

configuration variants are evaluated. 

In this example the hierarchy of requirements was built by the paper authors 

(based on MoReq and general EDMS development concepts) but in reality it is 

assumed to be built by respective experts. 

The EDMS whose alternative configurations are evaluated in this case is 

targeted at managing the hydro-meteorological information archive. The archive 

itself is meant to facilitate collection and storage of hydro-meteorological 
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information as well as informational support of research tasks. Volumes and 

types of data to be managed in the archive are: 

- 50 000 digital magnetic tapes with data on environmental conditions for  

several decades’ period, 1500 Tb of satellite data on magnetic optic mediums, 

1000 Tb of other informational materials. 

- 200 millions of various paper documents in A0-A4 formats, 400 millions of 

photos, including documents on photo mediums, books and manuscripts. 

The total archive volume is 6 Pb. Annual volume growth rate is approximately 

10 Tb, including 1 Tb of ground-level hydro-meteorological measurements and 

8 Tb of satellite data. 

The key tasks of archive creation are: digitalization of paper mediums; data 

migration to modern storage devices; providing access to different data types; 

facilitation of web-technologies’ implementation and multi-level (hierarchical) 

data storage. 

Based on these tasks the following configuration variants were formulated: 

Configuration 1: 1 magnetic tape library IBM TS3500 (http://www-

03.ibm.com/systems/storage/tape/ts3500/), and disc data storage system IBM 

DS8300, management server based on IBM system z9 BC managed by OS z / 

vm and zLinux, archive data management software IBM DB2 Content Manager 

OnDemand and IBM Tivoli Storage Manager (http://www-

01.ibm.com/software/tivoli/products/storage-mgr/productline/compare.html). 

Configuration 2: 40 archival optical storage devices ELAR NSAM 7000-BD 

(http://ncm.ru/nsm_bd.shtm), disc data storage system IBM DS8300, control 

server on the basis of  IBM system z10 EC managed by OS z / vm and zLinux, 

document archiving and management software Saperion.  

Configuration 3: Data storage system architecture EMC Centera, representing    

redundant array of independent nodes (RAIN) Storages and servers. Access and 

storage nodes, included into the architecture, represent servers of Intel platform 

with ATA discs. Servers are connected with each other through internal LAN, 

and they also have Ethernet for external connection. All nodes are working 

under control of Linux OS modification. Search within the EMC Centrea is 

conducted by Centra Seek and Chargeback Reporter 

(http://www.emc.com/products/detail/hardware/centera.htm).  

Configuration 4: 10 magnetic tape libraries Quantum Scalar i2000 

(http://www.quantum.com/ServiceandSupport/SoftwareandDocumentationDow

nloads/S2K/Index.aspx), storage system based on magnet discs COPAN 400M 

Native MAID 

(http://www.sgi.com/products/storage/maid/400M/specifications.html) 

by SGI company, control server based on IBM system z9 BC managed by OS z 

/ vm and zLinux, QStar HSM software. 

Configuration 5: 70 libraries based on UDO or magnetic optic mediums 

Plasmon G638 (http://www.dataarchivecorp.com/udo-plasmon_g-638.htm). 

Storage systems on magnetic discs COPAN 400M Native MAID (one cabinet) 

by SGI company. Control server based on IBM system z9 BC managed by ОС z 

/ vm і zLinux. Software of document archiving and management system 

Saperion. 
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A hypothetical hierarchy of criteria according to which alternative configuration 

variants are estimated is built as follows. The top (zero) level of the hierarchy 

includes only its main goal – “building an effective archival data storage 

system”. The first hierarchy level includes its immediate sub-goals (or sub-

criteria) – “fulfilling the requirements to data storage system”, “low cost of 

system creation”, “approval by higher management”, “time required for data 

storage system creation”. These goals are further decomposed; fourth and fifth 

levels of the hierarchy are comprised by criteria, reflecting MoReq requirements 

(including non-functional ones). In general, the hierarchy includes about 90 

criteria, interconnected with links. The hierarchy structure is shown on Figure 1. 

 

 
Figure 1. Criteria Hierarchy Structure 

 

Relative influence of each criterion upon its “ancestor” in the hierarchy graph is 

estimated by experts. When all the influences are estimated, relative efficiencies 

(ratings) of alternative configuration variants are calculated. 

Complete list of criteria (requirements) included into the hierarchy, and their 

respective numbers, can be found in Table 1. 
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Table 1. List of criteria (sub-goals, or requirements) 

 

The relative weights (ratings) of five configuration variants mentioned above 

(and included into the hierarchy at the lowest level as projects with numbers 87-

91) are shown in Table 2. 

 
Configuration number 1 2 3 4 5 

Relative weight  0.2153 0.2361 0.1875 0.1667 0.1944 

Configuration rank 2 1 4 5 3 

 

Table 2 Ratings (relative weights) of alternative configuration variants 

 

As we can see, Configuration 2 is the best one according to the specified 

criteria. 

 

4. Conclusions 
An expert decision-making support technology for evaluating EDMS 

configuration variants at pre-development stage is suggested. It proves to be 

particularly effective while evaluating EDMS configuration variants as to their 

compliance with non-functional requirements. 
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The technology allows capturing and considering mutual influences and 

interconnection of different requirements (represented by Boolean, quantitative 

and qualitative criteria). 

The relative ratings of alternative configuration variants can be calculated using 

an algorithmically built estimate aggregation function, incorporating Boolean 

values, quantitative values and (in case feedback is present in the hierarchy 

graph) – iterative calculation of ratings. 
One of the possible directions of future research is extension of the described 

approach to other EDMS development standards, beside MoReq. 
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