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Software release and deployment at Exact:
A case study report

ABSTRACT

For vendors of product software it is becoming more and more difficult to manage and control
the software configurations of all their users at the customer's site. It is labour intensive and
error-prone to (semi)automatically register detailed lists of the software artefacts in use by each
customer. To alleviate this problem the Deliver project proposes an Intelligent Software
Knowledge Base that contains all facts about all artefacts together with their relevant attributes,
relations and constraints. In this way, high-quality software configurations can be calculated
automatically from a small set of key parameters. It also becomes possible to pose what-if
questions about necessary or future upgrades of a customer's configuration. This document
describes a case study performed at Exact Software into the processes of release and
deployment. The results of the case study are presented, existing of process descriptions of the
development, release and deployment processes at Exact Software, a comparison to the
Intelligent Software Knowledge Base, and an analysis of the results.

1998 ACM Computing Classification System: d.2.2

Keywords and Phrases: software configuration management; product data management; customer relationship
management;

Note: work was carried out under project SEN1 - Deliver - Exact Software Case Study






Software Release and Deployment at Exact
A Case Sudy Report

Version 1.2

Drs. Remy Jansen
Dr. Gerco Ballintijn
Prof. Dr. Sjaak Brinkkemper

Centrum voor Wiskunde en Informatica

Kruislaan 413

NL-1098 SJ Amsterdam
http://www.cwi.nl/htbin/senl/twiki/bin/view/Deliver
deliver-list@cwi.nl

o —— |
]

Deliver

SHE




Software Release and deployment at ExakiGase Sudy Report 2

1 NG 1510 L O I 1 ] N T 3
1.1 D] I Y= PR 3
1.2 Yo IS T = VYN 2= 3
1.3 [ 112 T N 5
1.4 =1 =YY 2 L1 = (€0 )Y S 7
1.5 IMAIN CONTRIBUTIONS. 1.ttt tttetteettietteeettesteestessttestes st ssaseta st eaaest e et eetestesaestesasesnsesneesnessnresns 7
1.6 REPORTOVERVIEW ..ctuiittiite ettt et e et e te et e e e e s sae s et e et e e s e et e e b e et e et e st e st e sa e sanssansetnssbaseaneetaenen 7

2 RESEARCH AP P RO A CH ... ettt et e et e et e et e et e e st e et s et e et s et e snesaneeansas 9
2.1 DEFINITIONS AND CONCEPTUALIMODEL. ....uituittiiiniiie it e et e e et esaeeanesaaeeaaeeanesansetnssanseansarneees 9
2.2 D] I AV =1 1Y, [ ) = N 9
2.3 INTELLIGENT SOFTWARE KNOWLEDGEBASE. ... ...ttt et e e e it e e ans 10
24 RESEARCHQUESTIONS. ...ttt e e e e e ae et eeeettateta s s e s e e e e aaaaaaeaeeeeeetebasa s e e e e e aaeaeeeeeeesbnbnn i na s e e e eaaaaaas 11
2.5 RESEARCHIMETHODS. ...euiittiit ettt e e ettt e e e et e e e e et e e e et e e b e et e e b e ea s et s eb s et s st s sanssanseanestnerenss 11

3 EXACT SORTWARE ... e et e e e e e e e e e e e e e et e e et e e eaa e s st eeeans 13
3.1 ORGANISATIONAL STRUCTURE .11 ttuiittitttettettettaeetettasetestesanesatesnestaessneesestreseetaeraeraneeraeenns 13
3.2 PRODUCT STRUCTURE. ...t cttttitt ettt et ettt et et e et eeae e et e e et e aae st s et e e e s sa e eaneeanssnseanaateeanaeteren 13
3.3 10 1 XN 18
3.4 Y N1 =1 2T PP 19
3.5 GLOBAL VWORKFLOW ..tuiittiitettett et ettt et s et e st e st s st sean s sa e s e s s essa e e s e et e saneeanestasssnsasneraneetensnaes 22
3.6 DEVELOPMENTWVORKFLOW. .. cttitititietietietieteeteeteetestestestessnsssesaeeaeeaerae s tatasrasrasrasratessrssesnsansens 23
3.7 RELEASE VNV ORKFLOW ..t itittttiet s e e e e e e e e e et et s ea e e st e s e s e s e s e s s s s an s s s anssnssnsaneetnssnssnssnnen 24
3.8 DEPLOYMENT WV ORKFLOW. .. cttettittetetetetetetetnsanssassnssaesse et stas s ssassassnssnssnsanssnsensensrnssnessasnnsnnns 25

4 F N TN I 5] 1 N 29.
4.1 R IR0 T 0] [N ST 29
4.2 POINTS FORIMPROVEMENT ... ittiittiititii ettt et et e e et eeaeeat e e aa e e s e saa e ean e st e ean e et eeansetesteennsesnnns 31

5 SUGGESTED IMPROVEMENTS ...ttt e e e e e e s e e et e e e s e e s e e saa e eeaneeees 34
5.1 T ARGET DEPENDENCIES . .. it uitttitetteetttetteetteetttetteestssaeraan st ea e et etasetesteraaestertassstsransesnessneen 34
5.2 DEPLOYMENTIMANAGER ....ittittiit ettt ettt e te et e ae et e s e e s e s e et e et e e e et e st e sa s et esnessnseranaerneranns 35
5.3 (@Y L] = = = U 35
54 AUTOMATIC PULL MECHANISM ... ituitiiiieiieite et et et et et e se et s e st e s st e st e s s ssasesaessnseaneeanessnrenas 35
55 (O I X 01 36
5.6 (0= = == 5]\ 36
5.7 GENERAL IMPROVEMENTS. ¢ttt ettt it et e et e et ettt e et s et e e eeaassaa e e e et ta e e s e e taesanseanssbnsean et rnneartennes 36

6 CON C LU SIONS .ottt et et et et e et et b st e s b e e e e st e ean e et e san s et s st easersenan 37

Lt o N O s N 38

8 A e = A1 0 [ s 40
8.1 Y= 2 L[ PSP 40
8.2 INTERVIEWEES. .. ctuittiitt it et et e et et ettt ettt e et eea e e et e s st e e s e et e s e e s e et eeaa e et e et s eaasaetesasstesnaasneannns 41

8.3 EXACT SOFTWARE PRODUCT LISTING ....utttiiiiiiie it eeeit e tee et et ee e e e s ea e st e st s et e sb s et s et esaeeneennes 42



Software Release and deployment at ExakiGase Sudy Report 3

Abstract

For vendors of product software it is becoming manel more difficult to manage and control the safev
configurations of all their users at the customesite. It is labour intensive and error-prone to
(semi)automatically register detailed lists of #uwftware artefacts in use by each customer. Twiatke this
problem the Deliver project proposes an Intellignftware Knowledge Base that contains all factsualall
artefacts together with their relevant attributeddations and constraints. In this way, high-qyabbftware
configurations can be calculated automatically fraremall set of key parameters. It also becomesitgesto
pose what-if questions about necessary or futurgrages of a customer's configuration. This document
describes a case study performed at Exact Softwardhe processes of release and deployment. dhéts of
the case study are presented, existing of processrigtions of the development, release and demoym
processes at Exact Software, a comparison to tiedigent Software Knowledge Base, and an analytithe
results.

1 Introduction

In this first chapter of the case study report scdption is given of the Deliver project, followdyy a general
description of Exact Software. A detailed descoiptis given of the e-Synergy product. This desmnpis
followed by the research goal, the main contritngiand this chapter finishes with an overview repor

1.1 Deliver

The Deliver project studies the delivery, deploytreemd maintenance phases of software productsrédearch
project is funded by NWO Jacquard and is basedheatCentrum voor Wiskunde en Informatica (CWI). The
focus of the project is as follows [1]:

“For vendors of product software it is becoming enand more difficult to manage and control thevgaife
configurations of all their users at the customeite. It is labour-intensive and error-prone tenfs)
automatically register detailed lists of the softsvartefacts in use by each customer. To allefateproblem
the Deliver group proposes dntelligent Software Knowledge Base (ISKB) that contains all facts about all
artefacts together with their relevant attributedations, and constraints. In this way, high-gqyatioftware
configurations can be calculated automatically fraremall set of key parameters. It also becomesilgesto
posewhat-if questions about necessary or desired upgradesust@amer's configuration.

Managing software configurations is, however, opbrt of the story. They still have to be delivered

customers. To facilitate this delivery, the Deliyamoject studies how the computed difference betwae

existing configuration and a desired configuraticem be used for th&Veb-based Delivery of upgrades,
furthermore, delivery protocols and implementatiare studied. The results of the project are sdienti
publications, case studies and, in collaboratiah widustry, prototype tools.”

The main aim of Deliver is to ease software releasg deployment effort by managing software knogted
explicitly. The main areas of research for the #liproject are configuration management, softvwmaoelucts,
and software deployment. The main focus of the@elgroup lies on large component based produtivace,
such as ERP (Enterprise Resource Planning) sysemsianage this kind of software effectively, ieissential

to carefully administrate the specific combinatminstandard components, tailored components, astbeer
specific components. The Deliver group offers ateeral assessment of release and deployment pescess
within the Software industry. These case studigplyuthe Deliver research project with knowledgewithe
problems in the industrial fields of release anglogment of software.

1.2 Exact Software

Exact Software is a manufacturer of software faroaoting, human resource management (HRM), customer
relationship management (CRM), e-business, andrmige resource planning (ERP), based in Delft, the
Netherlands (see the list of products in Appendi¥).8Since its establishment in 1984, Exact Softwaas
developed into one of the world’s premier compamiebvering business software solutions to mediizees
organizations. Software created by Exact Softwaneow used in 126 countries and available in 2§Uages.
Exact Software Holding N.V. is listed on the Eursndmsterdam Stock Exchange since June 1999. Exact
Software serves over 160,000 customers in 126 dearand is based in 25 countries.
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In 2003 the number of employees at Exact Softwaas about 2025. Of these 2025 people 20% (see Table
are active in the development of software. Thed® di@velopers were spread out over the 31 Exactwauodt
locations. International Development was the largest with 180 employees in Kuala Lumpur working o
Globe, and 20 employees in Delft, working on e-3gpe The other employees are divided among differen
departments, such as Exact Software Custom So#tiexact Software Client Server, Exact Softwaret&ro
Beer, or Exact Software Client Server. 60% Of Ex@aftware income is from service and support catgrand
only 40% from software sale.

Exact Software is relevant to the Deliver group donumber of reasons. To begin with, Exact Softwara
successful company in the area of business applisatsuch as enterprise resource planning softamdenffice
automation software. Secondly, Exact Software preduifferent software products in different looat and is
coping with a customer base of over 160,000 custenténally, Exact Software claims to have coveadid
problem areas of the processes of release andytepht with the use of their proprietary tools.

Table 1 Employees per Division (percentage of 202erage)

2001 | 2002 | 2003
Support 29% 28% 27%
Services 14% 14% 13%
Research and Development 19% 19% 20%
Sales and Marketing 18% 21% 22%
Finance and Administration 7% 7% 7%
Staff 9% 7% 7%
General and Management 4% 4% 4%
Total 100%

This table shows the division of personnel in Ex&oftware in percentages. The total workforce ia ylear
2003 was 2,025. Exact is mainly focussed on twodpets, e-Synergy and Globe. Some statistics about
development, quality assurance can be found inelabl

Table 2 Quality Assurance, Development, and Releasead Deployment personnel in fte’s (2004)

Exact
e-Synergy | Software
Quality Assurance 4 96
Development 22 249
Release and Deployment 3 15

Table 2 shows the amount of full time personnelvacin different development departments. Releas# a
deployment activities are only the activities rethto development and do not include logistics.
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Figure 1 Revenue Generated by Departments from 1938 2002
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Finally, Figure 1 shows the development of reveouer the years 1998 to 2002. The graph in Figusbdws
that revenue out of software is quite stabilisesiad 50 million euros. Maintenance, however, rasgilfrom
support contracts, has grown considerably from #0%998 to 56% in 2002 and to approximately 6092003.

The increase in maintenance revenue can be expldigethe fact that most customers keep using Exact
Software products after the first license expined aeed to buy new licenses.
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1.3 e-Synergy

e-Synergy is a software product developed and neakdey Exact Software. e-Synergy supports the @bss
approach, where all business processes are haglélgtdonically. e-Synergy is based on the One-Xitecture
(see [7] and Section 3.4.2) where all businessinétion is entered only once and globally integtatéth all
related information. All information is stored andhintained in a central database that can be gudmnieugh a
web interface. The statistics for the e-Synergydpod can be found in Table 3. More information twe t
e-Synergy product can be found in Section 3.4.

1.3.1 E-Synergy Product Description

The e-Synergy suite is made up of seven (theotigtioptional) modules. The seven modules are

* e-Documents
e-Documents is the document management systemllf@-3ynergy users. The e-Documents module
enables version control, search functionality, mibfunctionality, etc.

e e-CRM
The e-CRM module enables customer relationship gemant. The e-CRM module links customers to
contracts, service calls, commercial activities, et

e e-Logistics

e-Logistics is the product data management modtile-8ynergy. The e-Logistics module enables an
organisation to design a product, generate billmaterials, assemble products, and specify théaekhips
among product components. More information on eidtags can be found in Section 3.2.

« e-Project
e-Project is an extension to e-Workflow that supparorkflow as parts of projects. It can also handbst
information for e-Financials.

e e-HRM
e-HRM is the human resources management module-®fnergy. The e-HRM module registers all
information on employees, their security levelgjtinancial relations to the company, etc.

e e-Financials
The e-Financials module supports all financial repdt is possible to constantly overview the finel
information from e-Financials. This enables realdifinancial reporting.

* e-Workflow
e-Workflow is the workflow and service call moddite e-Synergy. It keeps track of all service reqsiend
other workflow items for employees of the company.

Each module supports a number of specific busipessesses. It is therefore possible for custonemsrder
only some of the modules that are applicable tpegific customer. Most customers, however, ordéeast the
e-Workflow module, since it is central to the e-8sgy architecture (see Figure 2), and the e-Doctsnen
module. Furthermore, each module can be purchasddinplemented to work with other Exact Software
modules. The e-Synergy application runs on a webes€llS) and a database server (MS SQL Serverg T
application is programmed mostly in ASP and VidBasic with some additional C++ code. The full e-&gy
product consists of about 600.000 lines.
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Figure 2 Exact e-Synergy Product Structure

Figure 2 shows the e-Synergy product structurer Biferent parties can access the applicationctisgomers,
the employees, the resellers, and the suppliersh geoup gets their own view of the applicationcsireach
group wishes to perform different operations. Thenbined modules in the centre of the picture cosepthe
seven modules and the underlying data model.

An obvious strength of the e-Synergy product isféw that all information is linked in the databdkrough the
One-X architecture. The fact that all informatiaandbe found by clicking through the system makessistem
intuitive to work with. As an example, it is podsilto look up a person. From that point on, itasgible to see
when she is available, what documents she hasmeeshrecently, what workflow she is responsible foe

status of that workflow, what projects she is resiole for, what customer she is dealing with, ardht her

e-mail address is. A main feature of e-Synergyésreporting function. It is possible to generateort of any
data through e-Synergy. This report facility makesossible to create real time financial repontsany other
report on information stored into the database. Tihking of data, allowing users to access inforigmat
arbitrarily is called arbitrary data access. Thenterpart of arbitrary data access is central datess which
assumes one starting point for each different dlgedata.

1.3.2 The usage of e-Synergy within Exact Software

Exact Software uses e-Synergy to support theimegsi process. Each employee accesses e-Syneesgy titesr

workflow and uses e-Synergy as a store for thegqudeents. Exact Software experiences the use ofupted
developed internally as a success factor for ttaditguof their products. As an example, the Exaxft\8are POS

(point of sale) software is used in the office taxfi@, all employees use e-Synergy, and Exact Glelised at
their financial departments.

e-Synergy is also used by the development depatéméhe e-Logistics module functions as a repogitor all

the software developed within Exact Software. Albworkflow is handled through e-Synergy, witkeithown
customised workflow templates, such as bug reports functionality requests. Workflow is also grodpeto

projects, stored in the e-Project module. Thisrmakuse of the e-Logistics module for developnesults in
the fact that the source code for e-Synergy iisettored in the e-Synergy product. More explamagibout the
e-Synergy product can be found in Section 3.2.1.

e-Synergy is used for the spread of informatioough different portals by Exact Software. Exactt®afe uses
an employee portal, a customer portal, a suppbetap a reseller portal and a publicly accessitbsite. These
portals are all used to keep associates up toadatet developments within Exact Software.
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All products in Exact Software are managed by alpcb manager. The product manager is responsiblthéo
product and manages all senior developers. A satgweloper stands at the head of a team of thresxto
developers. Senior developers are usually resplenfsibone or two modules of a complete producthegroup

of developers is supported by a quality assurangeeer, although normally this is not one spegfcson.

Approximately twenty people, five groups of 3 talévelopers, are working on e-Synergy in Delft. Eguiup
of developers is responsible for one or two ofrtfeules that belong to the product as describdd3ri. Their
main tasks are to process bug reports and funditipmaquests (addition of functionality). Thesevd®per
groups also provide information to support and @ustation departments.

1.4 Research Goal

The primary research goal of this case study waxémine a (partial) real-life solution to the piesh areas of
the Deliver project, to explore and describe thesletions and to propose possible process impromtsrie
Exact Software. The case study took place in the fof interviews, software study, document studyd direct
observations. During this case study, a project begnfrom Deliver has worked at the Exact Softwate is
Delft to conduct interviews with members of theys& gy product support and development group.

Exact Software has implemented their release, gemat, and delivery problems through the use ofregyy.
The Deliver group is therefore interested in theapels between e-Synergy and the Intelligent Safev
Knoweldge Base as described in Section 2.3.

Exact Software is an appealing subject for a casgyssince e-Synergy implements features of an 1%sB
proposed by the Deliver project. It is interestiogthe Deliver group what problem areas, as oulimethe
Deliver project proposal [1], are addressed at E$adtware through the use of the Exact Softwa&yeergy
product. Some of these areas the Deliver groupaspe explore at Exact Software are:

«  Web delivery of products and updates
« Consistency checking of upgrades

e Workflow support

»  Configuration management

This case study report is of value to Exact Sofénamd to Deliver since it will be used for futunebpications,
research, and development. The results of this stagly are presentations for industrial groups acatlemic
groups. The interest by the Deliver group was thtsethe simplicity with which Exact Software clarto have
solved its release and deployment problems.

1.5 Main Contributions

This report describes the observations done byBeliluring a case study at Exact Software. The sasty
report describes the processes of release andytegid. Some of the development processes of Exdtiv&e
are described, when related to the processes eéaseland deployment. Finally, the tools supporthey
processes of release and deployment are descrittedompared against the features of the Intelligaftware
Knowledge Base.

The case study report lists improvements comingnftbe comparison of the Intelligent Software Knadge
Base features and Deliver processes, to the Exdtw&e tools and processes. The final conclusfahe case
study report is that e-Synergy is not an instaiotiabf the Intelligent Software Knowledge Base hesathe
knowledge stored by e-Synergy does not resemblarti@unt or form of information stored in the Inigdint
Software Knowledge Base. However, many of the charestics found in e-Synergy can also be founthi
Deliver picture of an ISKB.

1.6 Report Overview

The rest of this case study report is built up @ks. The second chapter deals with the researethods,
questions and approach of the case study. The ¢hiadter describes the observations and processutass

of Exact Software. The fourth chapter describesatiaysis of all observations. The fifth chaptesatibes the
suggested improvements for the Exact Software depwetnt, release and deployment processes. The final
chapter describes the conclusions and contributtbtisis case study.
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2 Research Approach

This chapter describes the research approach éocake study at Exact Software. The goal of thie caudy
was to compare the concepts of the ISKB to thetdajay use of e-Synergy. This chapter describesdheepts
of the ISKB and its structure, the research questand finally the research methods.

2.1 Definitions and Conceptual Model

The main focus of this case study is comparingctireepts of the Intelligent Software Knowledge BAS&B)
and the implementation of some of these conceptheace-Synergy product by Exact Software. To méde t
comparison, the concepts associated with the ISK® the research must first be defined. The releask
deployment processes have been studied within E3afttvare. This chapter gives definitions of thésee
processes.

* Release
Hoek et al. [4] defines software release as "tokpge and make a software system available to a
customer." Looking at this definition, the process releasing is not only the finishing step of
development, but also packaging customer speciiallations.

e Deployment
According to Hall et al. [5], the deployment prosesntains the “delivery, assembly, and maintenance
of a particular software system at a site.” Thavaey process description consists of the delivadry
software to the customer, and the delivery methodsymunication mechanisms to the vendor of the
software and the instantiation of the deploymentpss.

The processes described above have been used tandatirect the research because these processésear
prime focus of Deliver. Since all these processespart of the software life cycle, the life cydias been
studied as well.

2.2 Delivery Model

The Deliver team has a vision of what Softwareaséeand deployment should look like. Figure 3 shthes
general architecture the Deliver group proposesdftware delivery. The software vendor developsponents
in all shapes and sizes, which in turn will be dgptl at different customer sites in different cgafations. Two
main characteristics of this architecture imprdwe delivery process:

e The use of thdntelligent Software Knowledge Base(ISKB) that contains exhaustive information
about all software artefacts and their constraints.

« A Web Based Delivery Proces$o deploy, upgrade, and replace software compsneased on the
information in the ISKB.

Web Based Deployment
| Local SKB

Customer 1

Vendor

oftware

ssssss

\ Customer N

Central Software Knowledge Base

Figure 3 The Deliver view of software delivery

Figure 3 displays the Deliver view of software detly. In the past, software was delivered to thet@mer on
some media (CD, floppy, etc) and then deployechatdustomer site. The software vendor did not fawe
knowledge about the customers’ installed situatiDaliver sees the process of software deliveryedsiftly.
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Figure 3 shows the customer and vendor sharing latlge about software artefacts by keeping a veaddra
customer knowledge base. This knowledge base hafdsmation about components, deployment restnigjo
configuration details, etc. This knowledge can Iseduby the customer to deploy software, to ask Awhat
questions, and to keep up to date with the mosintecersions of software.

2.3 Intelligent Software Knowledge Base

The Intelligent Software Knowledge Base [1[ISKB) is a concept introduced in the Deliver pregb[1]. It
stores exhaustive information on software artefastd assists the software vendor in many ways durin
development and deployment. The focus of the Deliy®up, however, lies in the areas of release and
deployment. The ISKB implements features from podiata management, software products, and software
configuration management. In this chapter soméeféatures implemented in our ISKB that are relet@this
case study are explained.

2.3.1 Structure

The ISKB supports and improves the processes efasel and deployment. Each of these processes poses
different challenges for the system. Support fermtlease process with the ISKB is founded ondka that the
artefacts of every software system are stored mes&ind of repository for development. The ISKB istss
developers performing operations like product cositpmn and other development tasks. These opegtion
require knowledge about components the relatiosslmong them [12]. This knowledge is stored in a
versioned database and is accessible to all deweloppersonnel.

The knowledge stored in this development sectiothefISKB can be published once a release is peddr
This knowledge is publicly available for the ISK8assist the process of delivery and deploymerg. deiivery
process contains processes such as media creaébrdelivery, “what-if” query handling, and all ethtasks to
do with the task of getting the software to thetoogr. The ISKB runs a service in a specific lomatfor
customers to connect to and query.

Finally, to assist and support the deployment dfwsoe at a customer site, a customer side knoveldufgse
holds all the information on deployed software.sTpart of the ISKB assists the customer in findiog what
the customer needs, and what components are rddoirget functionality not yet deployed on the ousérs’
computer.

2.3.2 Usage

The following list summarizes some features ancc@sees that are improved by implementing an ISKB as
proposed by Deliver that are also applicable te thise study.

e  Configuration Management System (CMS)

The Deliver project is not planning to implement gaother CMS; however, Deliver assumes that prsduc
are stored in some kind of repository. This repogitypically stores different versions of sourcale that

can be extracted at will. Relevant to the Delivesup is whether dependencies are administered batwe
different versions of sources in a CMS. This mak@®ssible to deliver a component or software paek
with compatible sources, even if they are fromeatiht released software versions. The same hotds fo
inter-component dependencies. The ISKB uses a feeBescription Language that describes dependencies
among components.

e Build Systems

The knowledge stored in the ISKB can be used ttharoducts as well. When a product is designeis, it
useful to use the dependency relationships betweerce files to assure consistency and completembss
ISKB is able to feed dependency information to dsiystems and implements its own build system.

e Customer Configuration and “What if” questions

The ISKB implements mechanisms to generate anllizisten for a customer depending on the components
the customer has installed. This means that sontediquerying mechanism is needed to generat éoli
tree) of what components need to be installedettistomer site to provide functionalities a cugtohms
requested, or a list must be generated statingahficting components.

e Customer Installation
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When the software is delivered to the customer sitol that deploys, configures and possiblydsuthe
software is needed. Rollback functionality is atdiea that is required for configurability. One dktmain
features Deliver wishes to see in the ISKB is supfos web delivery. The ISKB should support alhferes
mentioned here through some kind of web interface.

« Software update and Installer Media Creation

The ISKB should enable some kind of mechanism tapltates, and detect conflicting and inconsistetst s
of components. There should also be some kind tf apdate facility, so the applications based an th
ISKB should support push, automatic pull, and podchanisms. The applications built around the ISKB
should also support some kind of installer creatidhis installation package can then be transported
through some media. It should be possible to ctb&ige installers automatically.

These features emphasize the main functionalitieshiave been studied at Exact Software. Theserésaalso
illustrate how the Intelligent Software Knowledgad® is used for the processes of release and deghby

2.4 Research Questions

The main objective for this case study was to camphe e-Synergy product from Exact Software to the
Intelligent Software Knowledge Base from the Delipeoject. From this main objective the Deliver gpohas
derived the following research questions.

1. What do the release and deployment processesil@bktl Exact Software?

2. How are these process supported by the tools nseégdct Software?

3. How do these processes and techniques relate etiver concepts and techniques?
4. What processes and techniques of Exact Softwarbeamproved or extended?

The first research question represents the Deluarto model the release and deployment procesdesaat
Software. The answers to this question, formulatgatocess descriptions, served as a basis to abe®ther
research questions. With the processes of releagedaployment modelled it was possible to expldre t
processes and compare them to the Deliver viewpoittt define the problem areas, and to look for
improvements in the Exact Software processes.

The second research question is focussed on the sapporting the processes for release and degloym
These tools needed to be mapped and classifiedrtpare the features of these tools to the featofeke
ISKB. This question also enabled Deliver to seeifferént solution to the problem areas of releasd a
deployment.

The third research question shows that Deliveromu$sed on the ISKB and its features. Deliver whmnte
explore the features of the ISKB and compare theseires to other solutions in the same probleid.fid/ith
this question answered it was possible to evaltedéures of the ISKB by (theoretically) applyingeth to
production processes.

The final research question was asked to see wheihdeatures of the ISKB and the concepts of\@elcould
be applied to the Exact Software production envitent. The impact and importance of features weatuated
and compared to the features of the Exact Softimnks and processes. The result of the comparistmeen
the features of the ISKB and the Exact Softwaréstace the improvements in Section 5.

2.5 Research Methods

During the case study facts have been collectethsaver the research questions. The means through e
Deliver group gathered these facts were:

e Interviews
The main research questions have been answereaattinyring the interviews with the people respolesib
for the development and usage of the e-Synergyuyatodhe interviewees are listed in Appendix 8.2.

e Studying the software
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Exact Software has granted an academic licends software. This license has helped the Deliveugito
gather many facts, by examining, using, and expenting with the software.

e Document study
Documentation has been found in e-Synergy. Studedture can be found in chapter 7.

* Direct observations

During the research direct observations have besterand documented to answer the research questions
These direct observations were made mainly throuiglibe stay of the deliver member within the
International Development department of Exact Saffew

« Participant observations

During the case study all work done by the Deliearm has been recorded into the e-Synergy systo, A
all meeting requests and documentation downloadesl stored in e-Synergy. This gave the Deliver team
sufficient opportunity to get some experience wiith e-Synergy way of working.

Because of the fact that interviewing is the priynareans for research the results are largely afiitgtive
nature. This is appropriate since this case stsidy an exploratory nature [3].
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3 Exact Software

This chapter describes Exact Software. First tlgamisational structure is given, explained with theus on
development, quality assurance, and product reléasgection 3.2 the structure of Exact Softwaredpicts is
explained, including a detailed description of hproeducts and product families are built up withinaEt
Software. This is followed by a description of tie®ls used by Exact Software, including e-Synefgwpally,
this chapter describes the global and developkase, and deployment workflows.

3.1 Organisational Structure

Exact Software is organised in a large holding camypwith smaller divisional companies. Each sulasidi
operates independently and is responsible for eifspproduct or service. Each subsidiary is resiole for its
own financial health and existence. This divisioeates clear boundaries between separate problachs a
opportunities in the market for ERP software. Exksmf these subsidiaries are International Devabnt,
Exact Software North America, and Exact SoftwaréalReDevelopment subsidiaries are generally foedssn
one technology or operating system. The reseancthie case study happened mainly within the Irdéomal
Development department of Exact Software.

3.1.1 Development

Exact Software had an average of 2025 employeeastieg/ear 2003. Of these 2025 employees, apprasiyna
400 people were developing software. The largegtqfadhese 400 employees is in International Depeient
with 180 employees in Kuala Lumpur working on thielie application, and 20 employees in Delft, wogkon
e-Synergy. The remaining employees were dividedrgnuifferent departments such as Exact Softwareddus
Solutions, Exact Software Grote Beer, or Exact\gafe Client Server.

Exact Software develops new software products sy ffiuilding a prototype within research and depgient.
Once this prototype reaches a certain level ofil#iali is moved on to a new subsidiary that isrfr then on
responsible for the further development of the poddThis subsidiary has no contact with other &lises,
except for the previous spearhead team from Rdseard Design. The modules of the prototype, whiehew
formerly developed by a small development team dllsguno larger than 8 programmers), are divided up
between teams of programmers who are responsibkdég module. In this group of three to six praxgmers
there is one senior programmer who is responsdri¢hie total module. The other programmers areorsiple
only for the target files assigned to them by theiar programmer. This division in responsibilitioas people

to see who is responsible for a recent change xgrdnd it is also possible to see who knows about
implementational details of certain targets. Howgvaso many responsibilities are in the hands haf t
developer.

3.1.2 Quality Assurance

Quality assurance plays a big part in the softwbreelopment process of Exact Software. Quality rasse
guarantees that a product is working and that eaghaddition to a project has been completed. &ohré¢his
goal, the quality assurance department approvasgelsabug fixes, and functionality requests fromedigpers,
tests new releases before they are promoted tcCthepository (see section 3.7 on Product Releasd],
maintains standards of quality of developed softw&uality assurance personnel check all developihén
Exact Software. Someone from the quality assuréeam must first approve every change that is dewery
feature that is implemented, and each task thavaldper deems finished. If they disapprove thectipers’
work, they must state a reason and report the plisapl back to the developer. If a quality assueateam
member approves a change, bug fix, or functionadiguest the member later on is held responsiblbugs and
erroneous functionality. The second task of thdityjuassurance personnel is to check whether @selean be
promoted (See Section 3.7) to a higher level. Thality assurance team does so by testing this gelea
thoroughly.

3.2 Product Structure

The structure of all Exact Software products igedoin a product data management system. A prodiaket
management system is able to manage attribute @ndhtentary product data, as well as relationshigte/den
them, through a relational database system. Infoomaof similar types can be grouped together imea
classes. More detailed classification is possibleusing 'attributes' to describe the essential axtaristics of
each component in a given class. The use of a ptodiata management system is consistent with Exact
Softwares’ claim that the manufacturing of softwaeno different from any other product. The praddata
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management system used within Exact Software tssumprisingly, part of e-Synergy and is calledagistics.
Products belong to product families. Developer geowre usually active within one product line, edll
assortments within Exact Software.

3.2.1 Product Description

Deliver sees a product family as a set of softwareasive systems sharing a common, managed $eatires.
These features are developed from a common seirdith specific features in a prescribed way. Irogiktics
the equivalent of a product family is called ancaseent. Product families, such as Globe, conthiiteans and
products belonging to that product family. As aample, Globe comprises Globe for Dos, Globe for digims,
Globe 2000, and Globe 2003.

e-Logistics makes use of atomic entities callech#iewhich are grouped into assortments (produes)inAn
item can be any business item, such as a promoétionbrella, a printout of a manual, but also soraees
version of that manual. Items are split up intoup® of which the most relevant groups for thisecstsidy are
sales items, source items, and target items.

e Sales items

Exact Software uses sales items to encapsulabkelfjoods. A sales item can be a service agreement
manual, a piece of software (including a paper mband a CD), or any other good sold by Exact Sarfw
This term is derived from product data managemErmm each sales item a bill of materials can be
generated, stating what items are necessary toletethe product. When a sales item is a softwevdyzt
the bill of materials includes target items, butsoarce items. Sales items are part of the saéeg of Exact
Software products. Products are large sales items.

e Target items (targets)

Target items are deliverables dependent on sotecesj the most concrete example being executables
depending on their source files. However, targeing also include digital manuals, resource filés, e
Target files are depending on source items, evdreif are exact copies of the source item. Tatgetd are
part of the developer view of Exact Software praduc

e Source items (sources)

Source items are source files that are requirexidate a target. Source items are source coderfiesurce
files, etc. Other companies use the source itersote their basic materials and resources witlchttiey
create their products. Source items are part ofiéwveloper view of Exact Software products.

Sales Items Target Items Source ltems

New

Create Create

Create

Inactive

Attach Active
Targets

Attach
Attach Required Sources
Sales Items

Acti

Deactivate

Acti

Deactivate

Reactivate| Reactivat

Inactive Inactive

Figure 4 Item Lifecycle for Sales and Target Items

Figure 4 indicates the lifecycle for an item. Teate a product, a sales item is first created. Sakgs item
cannot be activated (and therefore released) urlessffices certain requirements, such as attactedds
contracts. Target items cannot be activated uritesgs have sources attached to them. Once objeets been
created they can only be removed by their cre&ource items can only be created and have no skitue
their status depends on whether the source itensaarce file for an active target.

Iltems and products are grouped into assortmentsth@litems that belong to a product are also péihe
product family to which this product belongs. Thessms can be shared though, through a parent-child
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relationship with other product families. It doest matter to an item what assortment a productrigisido, even
though items too belong to an assortment. An exaroplthis is the BacoSettings.dll that is part oftbthe
Globe 2003 and the e-Synergy product. Product famitlo not have any relationship with other product
families, except for the fact that product familieght share items.

3.2.2 Developer View

Development teams operate within one assortmenérVéhdevelopment team is working on a product, grey
making changes to the source items and target itdrgat product. When a product requires a taitget from
another assortment, the developers simply inclhdetarget item as part of their product. Thateaan still be
changed by the development team working within dtfeer assortment, thus allowing the other developgme
team to break the product. An example of a develomv of a product is shown in Figure 5. Produttig
made up of three targets. Target y3 belongs toffareint assortment, yet this external target i ptrt of
product 1. A developer working on Product x1 wihesider target y3 immutable, considering that theetbper
cannot change target y3.

Assortment X Assortment Y
Product x1 Product y1
— Target x1 — Target yl
— Target x2 — Target y2
Targety3 Targety3
Product x2 Product y2
— Target y4
— Target x3 — Target y5
— Target x4 — Target y6
— Target x5 — Targety7
Target y8 Targety8
— Target y9
Product x3 - Target y10
— Target x2 — Targetyll
— Target x1
— Target x6
— Target x7

Figure 5 Assortments and Products

An example of a target item “BacoSettings.dll” isplayed with its sources in Figure 6.

] BacoSettings.dll Settings interface for Synergy apps (Farent)

Sources |

BacoSettings.vbp
[ BacoSettings.vbp ()]
[Active)

CachedSetting.cls_BacoSettings
— % CachedSetting.cls (o)
(Active)

Functions.bas_BacoSettings.dll
% Functions.bas (o)
(Active)

% Settings.cls

Settings.cls_BacoSettings.dll
(o)
[Active)

SettingsBlock.cls_BacoSettings
— 1 SettingsBlock.cls ()]
(Active)

Figure 6 BacoSettings.dll and its sources

This figure displays the target BacoSettings.dfle Target is linked to its sources througBoarces relationship,
which means this item depends on these source fmntmiilding, without needing them to be deployedhich
is a standard rule defined in e-Logistics). Thersesi relationship is the only relationship that leggpto the
developer view of a product. Relationships sucliogsional” are part of the requirements specifioatifor a
product and the sales view of a product. Structwlationships between targets are not definedLingstics.
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3.2.3 Source Items and Attachments

Within Exact Software development the term targemni is used to describe all files that are necgstar
complete a software package. Target files are filas are required to make a complete productrattugually
are dll files, asp files, executables, librariespgpam resources, and help files. Targets haveceofiles
associated with them in the e-Synergy data modeésé@ source files are registered as source itentisein
system. A source item always has a set numbetadhahents, one for each release of the produtielcase of
the example in Figure 7 there are five 4.0 attactimelhese five attachments represent the 0, B,@nd A
repositories.

%@ Item - Attachments &=| g
Item Functions.bas BacoSettings.dil Functions.bas
Owner Bart
Assortment e-Synergy
Release File name Size Uploaded Checked out Children
Owner Version Compressed
. 5,632 Sehas
s IRUREETEIRES (261 1,987 05-03-2002 20:50 o
Show Download Copy
8,632 Sebas
i RUREAIEITS (2215 1,987 05-03-2002 20:50 g
Show Download Copy
. 8,632 Bart
IO ROMEEES, (o2 1,987 15-11-2003 14:15 o
Show Download Copy
) 8,632 Bart
R Functions.bas 1,887 109-11-2003 14:15 z
Show Download Copy
- 8,632 Bart
D Functions.bas 1987 10-11-2003 14:15 Z
Show Download Copy
8,632 Bart
FHIE RUTEAIEITS (2215 1,987 10-11-2003 14:15 g
Show Download Copy
4.0D Functions.bas 8,632 Bart o

1,987 19-11-20032 14:15
Figure 7 Sources, attachments and the developer

In Figure 7 the attachments to the item “Functibas: are shown. The developer, Bart, is the respnewner

for this particular file at present. A developeelfas’ previously owned this file, since he has agéal files in
the past. Each of these files represents a file different repository, as will be explained in @&t 3.7. In
Figure 7 the development release of the Functien.bdited on the 19of November, has been promoted (see
Section 3.7) all the way up to the NULL repositotythe user Bart had made this screenshot, anadplo
commit, and lock button would have been visiblearmrttie file near the 4.0d repository.

3.2.4 Products and Items

As explained before, items are part of assortmét@ss can be tangible parts, item containers dieatribe a
full product, software items, etc. These items ttaan be linked together through item relations. 8ahthe
available item relationships in the two views are:

e Mandatory;

*  More-of;
¢ One-of;
e Optional;

e Targets (meaning the file is required for the paitem)
e Sources (meaning the file is a source file forgheent target);

The relationships defined here are similar to teéationships defined for feature diagrams [12]. The
relationships in the product data management tbédtxact Software are only used to define contractd
license files for customers and not to define thiéwsare structure, since all components and fikgpuired by a
product are defined as “targets” of that produatgéts have no relationships among them).

A product is composed of sales item containersaatatget item container representing the two diffieviews
on a product. The sales item containers contagssadntracts, optional support contracts, licemgeaments,
legal statements, etc. The target item containaetagas all target files that make up a product. réhare no
relationships defined between these targets, tmaiceer simply consists of a pointer list to eaalgét. In
Appendix 8.1 the item counts can be found for #&yeergy product and the Globe 2003 product.
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The sales item container contains the sales itdras represent the product in a commercial contéke
following subsections explain the sales view of &xX@oftware products.

3.2.5 The Sales View

From a sales point of view, it is not relevant wtaagets and sources look like. For the sales viésvrequired
to know what options there are to a product, wivad kf sales agreements are possible, and whatqathysedia
and material makes up a product. The sales vigferdifrom the developer view with respect to vaoiaipoints
mostly. Developers see the product as a complétefgargets making up a product, in which opti@as be
activated and deactivated at runtime. The salew igeoriented on the fact that these variabilitezed to be
bound during the signing of a contract. Anothefedd@nce between the sales view and the developer igi that
the developer view is focussed on source files eowipiled targets, whereas the sales view is focusse
tangible parts making up the product with theiaeltied prices.

- Mandatory

Product X
Sales Items Container Target Item Container
r One-of
C Li Target 1
ompany License ]
i ity Li Source File 1
Ui ity L t !
niversity License o s
— More-of
C t1 Target 2
omponen ]
Component 2 iource E:e i
Component 3 g SOurce F.||e .
Component 4 5 5 ource File
Component 5 i 3
Component 6 o2
Si<
[
2

Manual

Box

SQL Server install CD
SQL Server license

Figure 8 The Sales and Developer View of a Product

Figure 8 shows the two different views of a prodwithin Exact Software. The figure displays tha¢ tiwo
views are different in the fact that the develogew is concerned with targets and sources anddhes view is
concerned with sales items, variation points, amgible items that are part of a product.

When designing a product first an assortment masthosen. A product can then be created in theuosd

assortment. The product currently is empty and ireguarget items with their sources and salesstémnbe

completed. Firstly the creator of the product naddsatargets to the assortment. The creator thess ttie

sources and attaches them to newly created tai@ate the targets are defined, sales items camelaged. A

sales item can be a manual belonging to the pratkfoted with a mandatory relationship, a licenaelgage for

multiple users defined with a one-of relationstipa list of components with a more-of relationsiimce the
product definition is completed it can be sold.sBll a product it must be instantiated. To instata product a
contract must be filled in specifying what prodwaotd binding the variations by making the relatiopsh
concrete, for instance by choosing the componéatsmust be shipped.

A product is bound at two points in the releasesph&Vhen a release is promoted (see Section Bifjediately
a new set of targets becomes available for thaasel. However, when a customer signs a contréiceree file

needs to be generated to activate the componeattshih customer has purchased. The creation otade file
implies the binding of all relationships for a puotl defined as one-of, optional, and more-of. Tleespn

entering the contract into the database binds theladonships manually. It is also possible toateeanother
product, in which these variabilities are alreagyejbound. Variation is thus supported by the eidtizs

system at product design time and at product itistéon time.

Once a contract with a customer is filled out ieigered into the database of e-Logistics. Exafiiv&oe has a
script running on the contracts database lookimgnéw contracts. If a new contract is found, andExacense
File is created for that customer, specifying glions. The Exact License File is then attachetthéocustomers’
record. The customer, who can see her own recardnow download the Exact License File.
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3.2.6 Product Life Cycle

Exact applies a straight forward process, displayeéfigure 9, to develop a product. First a requeats
document is created and approved by upper manage@eoe approved an inactive product is created-in
Logistics. An inactive product cannot be sold, man be worked on. A spearhead team of software
implementers and designers starts working on tleeymt. Once the spearhead team delivers a protdhgoe
product is handed over to a team of developerssd evelopers activate the product once it is réadhe sold.

Inactive Spearhead Spearhead
Requirements team starts team delivers
Sales Item
development prototype

Active Development Develo;l)mem Develop/meD
team takes team r

Sales Item N team maintains
over sellable version
Inactive Development
Sales Item team stops
maintaining

Figure 9 Exact Software Product Lifecycle

The development team will keep on releasing newasas, according to the promotion scheme expldmed
Section 3.7, until the product is no longer sold anpported. The development team, doing mainl{wsoé
maintenance work until then, deactivates the prbdlbe targets of that product can still be usedbtimer
products.

3.3 Tools

Three tools support development and deploymer8ynergy the Exact Software Product Updaterand the
Source Manager The Exact Software Product Updater can downlodullasersion of a product or update a
current installation. The Source Manager tool iseduso download specific targets, specific souraesall
sources and targets. e-Synergy is the tool thasesl by all employees of Exact Software to haniildhair day
to day business. e-Synergy is explained further in

3.3.1 Source Manager

The Source Manager tool is used to download sjgetEfigets, specific sources, or all sources argetsr The
tool can upload multiple files (if the developerrasponsible for each target he/she uploads), dmgnthe
sources that belong to different repositories €&t & hotfix, for instance), lock files, and uplaavly created
targets. The source manager was created for desrsldp enable the upload of larger batches of.fildw
e-Logistics module offers the same functionality isunot as easy to use for larger numbers of.filesget files
have internal version numbers that are increased apch upload. These internal version numberkateeused
to compare an installed set to an available relaadeupgrade to the latest version of the software.

3.3.2 Product Updater

The Product Updater provides the mechanisms favetelg packages and updates to the customer. TdduBt
Updater also deploys the packages and updates atustomer. When run at the customer site, the uetod
Updater needs to be provided with an installatmration (CD-ROM or the Web), a license file, aniopal
local installation, and the users’ username andwasl. The Product Updater will then download adisfiles
and their internal version numbers from the inatah location. The internal version numbers regmes
commits during the lifetime of the files and areelated to batch numbers. This list is then compaocethe
local installation list, which is empty in the casfea new installation. Once decided which files aewer these
files are downloaded to a temporary location. Dmadkd files are ASP files, binary files, help filgsaphics,
SQL scripts, etc. The installation files are dovaded through a secure HTTP [10] connection. Theskates
are not checked for integrity once they are dowdah It is also possible to get the update withegisign [9]
signature. Since the Product Updater needs toastedtmanually, the Product Updater only servea asl
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mechanism. Once the download is finished, the Riodipdater sends the batch number of this uploatheo
Exact Software e-Synergy CRM module in Delft, sat txact Software employees can check what versam
downloaded last by the customer. This batch nurdbes not include any information about the sucoéske

update. The Product Updater is configurable suahdhanguage can be selected, the name for thetarpchn
be changed, the icons, and of course the softwaegibn. This makes it possible to create a Prodpdater for
each software package that is produced within ERaftivare.

The Product Updater provides the deployment meshanifor all Exact Software packages. The Product
Updater performs a number of custom checks beforentbading, for instance in the case of the e-Syper
server application, the Product Updater first clseskether MS SQL server is installed, 1S web smwiare
available, and whether there is enough disk sp@cee all the files have been downloaded to a teargor
directory, the available SQL scripts are run on da¢abase. SQL scripts are named as follows [fratchb
number]to[to batch number].sql, as an example JHsql. These SQL scripts can alter the tables by
performing data conversion, table addition or realptable alteration, and data deletion and addlitidnce all
these SQL scripts have been executed successhdlyiles copied in the temporary directory areiedpo the
installation directory, overwriting when necessafjie batch number, which is mainly the version nemfor

the database, is set to the batch number of tbagselthat is installed after the SQL scripts arcctipying were
successful. The Product Updater does not give ahgrofeedback to Exact Software besides the latest
downloaded batch number from the customer. It igassible to perform updates at runtime with thedpobd
updater. Exact Software claims that their prodacisnot need runtime updating because their offsegdices
only need to be available at working hours. Rolksaare also impossible because the updates aneictest

and not incremental.

3.4 e-Synergy

As mentioned before e-Synergy is used as a toaldwelopers, but also to support release and degoiym
Since e-Synergy is web based and supplies diffgr@néls it is also used to spread informatiorh® dssociates
of Exact Software. e-Synergy is used for develognien three main functions, being; a repository fbe
releases, a workflow tool, and a knowledge shatow. The uses of e-Synergy as a support tool fier t
processes of release and deployment are summegrep h

e Development

0 e-Synergy can, through e-Documents, supply devetopeith informational pages to
knowledge about developmentExtensive examples are the SDK development pageghe
development team pages. The same system is useddretievelopers to share documents,
work on concepts together, and to review designs.

0 e-Synergy is also used by development to managewoekflow . Workflow usually comes in
the shape of tasks, bug reports, and functionedifpests. Each processed task, bug report, or
functionality request is reviewed by quality asswwe personnel and this process is also
managed through the workflow module. Larger prgect done through e-Project, generating
more workflow.

0 e-Synergy’s most influential function to developmisthe e-Logistics module, serving as a
repository for all development personnel. The e-Logistics mieds used to support the
promotional scheme for releases and to commit, ¢ty upload, and lock targets.

0 e-Synergy is used to generate customer and disddback Exact Software employees can
then produce bug reports and functionality requesitsg this feedback.

* Release

0 Besides development, other processes, sughagiict data managementare also supported
by e-Synergy. The e-Logistics module, as describedSection 3.2, supports product
composition and product family and product design.

0 e-Synergy is used taform customers about new releases.

e Delivery

0 e-Synergy is used to deliver tReact Software License Fileo the customer.

0 e-Synergy is used to store the latest releaselasdhiteProduct Updater can connect to the
update server and download the most recent veodisaftware.

* Deployment

0 The Exact Software License File, generated and/eleld through e-Synergy, specifies what

modules arectivated for a product.

Table 3 e-Synergy Lines Of Code count
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LOC| Comments
ASP 325,917 16,209
VB 263,193 42,170
C++ 73,021 6,263
Total 662,131 64,642

This table shows the lines of code count for tHeymergy product. The product mainly consists of A3
visual basic code. There are also some C++ modudedhandle the access routines to the database.

Clients Running
internet Explorer

Internet or
Intranet

Load Ballancer

Application Servers
running e-Synergy
on IIS

Database Server
Running MS SQL
Server

Figure 10 The e-Synergy infrastructure

e-Synergy is a three-tier web application runnings SQL server together with 1IS and some Exadtv&oe
specific services (See Figure 10). It providesoatfoffice application with all the modules mengonabove.

3.4.1 Software Architecture

This section describes the software implementagiosh architecture for the e-Synergy product. The/re&)y
product works on a centralised database, with miffeclients accessing it through a web browseo(thh a
wide area network). The e-Synergy server requirasiaing web server and a MS SQL server databgsen U
the database a database layer has been built,nmaptang the database accessing routines. Thesaeasure
called from ASP files (views), generating HTML 8Blen the server side. The ASP files need to beeaapérst
in Internet Explorer. In Figure 11 a simplified siem of the software implementation of e-Synergy te
found. Each layer in the architecture is suppobted technology used by Exact Software.
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Figure 11 The e-Synergy architecture
The e-Synergy architecture, as seen in Figure Hdws what layers in the software architecture amedlred by

what technology. The tables are stored in the M%& 8&tabase, the COM component model [18] is used to
achieve business integration, and a user interégoeovided through ASP [17] web pages.

3.4.2 The One-X Data Model

Ledger

Historical Invoices
Orders
Invoices

Payment and
Receipts data

Transactions

Figure 12 Simplified One-X Data Model

The One-X data model [7] is displayed in Figure TBe One-X means that every piece of informatioadseto
be entered into the database once and from thés available to every other part of the system. @lambase
architecture for all Exact Software products, dato business processes, is largely based oneFiftirThe
intuitive notion that all information about differebusiness processes can be found through onéacgemakes
it a powerful model for information retrieval. Siall the information is stored into one databdls@farmation
can be accessed by one application. As an examwplen looking at a document, it is possible to gahte
creators’ human resource information to see whetiecreator is reachable today. It is also posgibkee what
that person is working on at present and when befgmt into e-Synergy last. With the right pernussi it
would even be possible to see the salary of thisqme

Since the database model is similar for all Exaftv@are products, the database can be accesseifféremnt
products as well. An example of this is the ExacftWare database, which can be accessed by theeGlob
Application, the e-Synergy application, and the &xXaoftware Web server. An example scenario: a mhecu
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can be published by someone in e-Synergy, whichbeawiewed on the website of Exact Software, while
someone in Globe is registering this document sedes item for a product.

All the software Exact Software builds can be asct#ss uniform data model and perform the tasks the
application was built for, making the software fldg. Since all the information is stored into os&tabase,
different applications can access the same shafedmation, giving customers the opportunities rqprove
integration of front-, head-, and back office aiti@®s opening the ‘medium to large sized compangrket.
Since each application built around the One-X a&eciire can make use of the currency and language
information in the database, applications are pas#de internationally available thereby also opgmninore
markets for Exact Software. The One-X architectsi@so built for expandability, so that Exact Safte and its
customers can create custom solutions to extenfiittetionalities of products.

3.5 Global Workflow

Exact Software generates income through the sélid®n software and through the services and studpxact
Software delivers to customers. The Research arsigDalepartment develops this software first, foigna
spearhead team that is specialised in the new ptoisi development techniques, and the prototyyey tare
developing. Once a product has reached the stata ohature prototype, the spearhead team writes
documentation for the prototype and the prototypm/es on to a team of the development departmerd. Th
development department together with the qualisuesice personnel is responsible for turning tludopype

into a sellable product.

Once a product reaches the state of a sellable iteémreleased by entering the product as a legkds item.
This sales item is then part of a larger productsan independent product. Once released, vadlable for
pilot customers who can put the product to the itegtroduction environments. If Exact Software cae the
product internally, they typically first test it thin their own production environment.

After release, the product has to be transportetthéocustomers. The product will from then on bévdesd
through Exact Softwares usual means of delivetiieeby CD or by the Product Updater.
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Figure 13 Global Workflow

The delivery process within Exact Software is alspicted in Figure 13. This figure also displays stream of
feedback to the development process and part ofeflease process. The rest of this subsectionlisugpas
follows; first the development workflow is descrihehen the release workflow and the repositofésally, the
deployment workflow describes the delivery and dgplent of Exact Software products.

3.6 Development Workflow

Development of software within Exact Software iggily based on two main facts, being that Exactvog
operates in a well-defined problem area, and tbetFeat the first design by the spearhead ReseardiDesign
team is a stable prototype. Once the Research asdyDteam delivers a prototype, the responsibititythe
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prototype is taken over by members of the developrream. Each member of the development team bexome
responsible for a part of the system. Since itssumed that the design of the prototype is goodrentarge
architectural changes will be made, the respoiis#sican easily be divided. The product is definech number

of target files, files that will be delivered toetltustomer, for which designated development te@mlimers are
responsible.

Get New Requirements

Download From D
repository

Perform Changes and Get More
Compile Requirements
Get Change Approval Get Change Rejection
from Quality Submit Owned Items from Quality
Assurance Assurance

Figure 14 The maintenance and development process

Figure 14 displays the workflow of developers asytdevelop and maintain an Exact Software prodLice
developers are mostly driven by their own workflollese are incoming tasks and requests that cdiudpe
reports, functionality requests, or any other fapecified within the e-Synergy system. These taskslly
require the developer to change some of the tdilgsthe/she is responsible for. When a requestugr report
has been processed, the workflow is passed onqueabity assurance representative who can then app
reject the change or bug report. This workflow [desg clear traceability because it is possiblee® what kind
of workflow has recently been performed on a tardéis does not ensure that the last upload isifspety
linked to a task, so a developer can still uploedhier files without having to specify why this apt is taking
place.

A product item manager is responsible for the cetepsoftware product. The product item managesisily

an experienced manager with extensive experientk thie product since this person is held personally
responsible for the quality of the complete prodiitte product item manager within Exact Softwarassally
also the manager for the development team of tladyet. Product items are usually subdivided int@léer
items, called modules. The responsibility for theselules, for instance one of the seven modulesSgnergy,
lies in the hands of senior developers who managet3developers. These developers are then eapbneible

for a set of targets. All these sets make up alltéingets for that module.

Every target has a target owner: the software eegiresponsible for the target. The software emrginealizes
the targets for the product. When finished, thgets, including the sources, are uploaded in e1gyndhis is
all part of the source management system. Formeiléy release/patch manager is responsible forgielgdahe
targets. However, since this is usually the manafer development team, this responsibility is @ggted to
the developer and the quality assurance team mefidper

The targets are stored in the D repository (setéd@e8.7). Because Exact Software wishes to cotigtaave an
up-to-date compiled version in the e-Synergy repogi the developer locally compiles the sourcebe T
developer then uploads both the source code andtalgets. The consequences of this developer side
compilation are that there is no need for a buddver, and hypothetically, the repository alwaystams the
latest compiled version. The downside is that dgyels are themselves responsible for correct caiiyil,

with the right target dependencies and compilegsflaAnother downside is when a large number ofetargre
depending on each other; these targets have tploaded at the same time to keep a correct sebddjpig
around the same time solves this inconsistency.
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3.7 Release Workflow

Development Release
Quiality Assurance
Internal Piloting
External Pilots
Commercial Release

Figure 15 Exact Software Promotion Scheme

Exact Software uses a promotion scheme [20] to taiaithe quality of their developed software. Thare five
stages, realised by repositories. The repositaies promotion scheme are modelled in Figure 15. firke
repository is the development release on which ldpees do all the changes. From then on, periolgical
repositories are copied manually to new releasesigpies, to finally reach the repository avaitalb
customers. Each repository contains all the sofileg help files, binary files, executables, res@s, and SQL
scripts, for one product (such as e-Synergy or §loBach time a copy is made from the D repositorthe C
repository, the batch number attached to the relemsitained in the D repository, currently at 32r f
e-Synergy, is increased. At all times, dependindhensecurity level of the person downloading, ¢hare five
repositories from which releases can be downloadratiodically, depending on certain criteria forclea
repository, the full repository is manually promebi{gopied) upward from one repository to another.

Table 4 Promotion Criteria

Repository Available to: Promotion Criteria Approval Required From: Promotion Period

D Development, QA None 1 week

C All changes Approved by QA QA Management 2 weeks

B Exact Internal Use Product Approved by QA QA Mgmt, Product Manager 8 weeks

A Pilot customers Product Approved by all QA Mgmt, Product Manager, Upper Management 3+ weeks after B
NULL release does not NULL release does

NULL Customers promote NULL release does not promote not promote

The D repository is the development repository.t@ndevelopment repository all changes caused byfikes
and functionality requests are performed. A devedam@an upload his/her files to the development sipry at

all times. A developer can use the updater to @ptitathe latest version stored in the D repositorgiownload

all the most recent changes and additions fronmné&isdeveloping colleagues. Periodically a repogiftiris used

to be weekly) is copied from the D to the C repwsit This happens when all uploaded bug fixes and
programmers have tested new functionalities. thésresponsibility of the programmer to upload neversions
some time before the next promotion from reposiDny repository C.

Once every two weeks, the current C repositorgrdfeing approved by quality assurance persorsmebpied
to the B repository. The release stored in the@sdory is used internally by all Exact Softwaergpnnel and
is therefore tested as a whole. This generatesdpagts and functionality requests again. Exactviaok claims
that by the time a release is promoted to the Asipry 80% of bugs have been filtered out andciigomers
report only 20% of the bugs. Furthermore, of thd8a2 customers report 16% using the release fromAthe
repository and 4% is reported by customers usiagatease stored in the NULL repository.

When the release stored in the B repository is @éelestable enough (decided by primary business gsetsas
the director of Exact Software Finance and Admiaisin) it is copied to the A repository. The raeatored in
the A repository is then supplied to pilot custosnerho report their experiences back to their pit@nager
within Exact Software. A pilot manager is usuallynember of a support department and knows to rertinet
support questions to development instead of stangiapport personnel. This again supplies the dewedmt
team with feedback. The release stored in the Agiggpry is then given to piloting customers who ailing to
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test the software before that release is promatethe NULL repository. These customers profit froinis
because they get to use the software before odoeithey can have some limited influence on fumgtiby, and
they do not have to pay the full service costs. i@ NULL release becomes available after the seletored
in the A repository has been used for three weekaare. From then onward the new NULL release iméd
onto CD's and the new release stored in the NUIposiory is made available on-line, by overwritithg old
release stored in the NULL repository.

On the occasions when a high impact bug is diseavtirat has been moved through to the versionsdstorthe
B, A, or NULL repositories, a hotfix procedure targed. This hotfix procedure implies that a fixcreated for
each repository containing the bug that is not ttube overwritten. An example: a bug is discoveredhe

release stored in the B repository that will beiedgo the A repository tomorrow. A hotfix procedus started
and fixes are made for the releases in the D, € Barepositories. The release stored in the NULpos#ory is

unaffected, even if the bug is also present inethsince it was not reported before it was founthanrelease
from the B repository.

A fundamental characteristic is that releases at@ntionally ‘lost’ because some releases propagaieker
than others. As an example, if a release storederC repository is planned to promote in two weeksl the
newer release stored in the D repository promotegek earlier it is copied over the release staonethe C
repository. In practice the promotion scheme i/fapplied to Exact Softwares’ two largest produGkobe and
e-Synergy. Other products and product builder departs, custom solutions for instance, use a priomot
scheme with only two repositories since their aggtlons cannot be piloted internally or externaiiyd only
management can test and approve the custom solution

Customers are notified of new NULL releases throtlgh Exact Software e-Synergy customer portal. Exac
Software customers can go to the customer portaétmformed about the status of their contradisir tservice
calls, the product updates, and new products dlaifeom Exact Software. If a new release of adgogpduct is
available to customers they might also hear abbig through commercial channels, such as television
commercials. If a customer runs the Product Updatgularly, the customer will always have the neéwession

of a product and also its added functionality. Tduilitional functionality in some cases must fivetactivated
through the license file for the customer to adyuase this new functionality.

3.8 Deployment Workflow

Resellers

Service Center
Normal

Exact internal

i

Repositories Custom Solutions Customers
Release 0 | op roloase A,/' CS Development \m
Repository

S -

i

Web release Current
Repository

Legend

—— Software

------- » Customers

Figure 16 Deployment Workflow



Software Release and deployment at ExakiGase Sudy Report 25

Once the software is available to the customeesstiies items that are available to a customebearbtained
in two ways. The first one is through the Exactt®afe Product Updater, which can download an update
even a full set of installation files if there is mstallation present yet. The second way to olitae software is
by ordering a CD from which the deliverable fileancbe installed. When a release has been promottut
NULL-Repository, a copy of the software can be otad from the CD or the Web repository.

The delivery process within Exact Software is alspicted in Figure 13. This figure also displays stream of
feedback to the development process and a smalbptre release process.

Exact Software customers buy products through E3aftivare directly but more often through a reseléhen

a customer has purchased a product she will ggtostuthrough Exact Software. When a customer enessim
bug, the support department reports it to the dgraknt team. Some of the resellers have reachestahes of
“Service Centre” which means that they themselviee gupport. These resellers then handle most ef th
guestions coming in, and report bugs and functipnaéquests to the Exact Software support departsne
themselves. When selling a product to a new custothe software is delivered through a resellesgevice
centre, or the internal Exact Software Sales depart. Exact Software releases new versions of egyrand
Globe every three months. A bug therefore hasetirtie of approximately 4%2 months. The softwaresigally
sent on a CD to the customer. It is possible, h@wetw use the Product Updater instead for onlofensire
delivery.

e-Synergy uses item relationships to define vasiaft a product. These inter-product dependenciesn(i
relationships) are specified or updated duringdéeelopment phases. Item relationships are usgdrterate a
valid ‘sales release” of the product and theseticglahips ensure, that a delivered product inclualéghe

necessary modules. A new release is advertisedtbrdugh the e-Synergy customer portal since custemse
this Exact Software customer portal regularly.

When a product is released to customers, it catoleloaded through the Product Updater or ordered GD.
For both ways of deployment, the Product Updateused to complement the installed set, with thelyew
released set. The product can only be used oncExhet Software license file (ELC) has been dowézh
which states that the product is accessible toctieomer and to what extend. To complete the psooés
deployment, an ELC must be composed and deliverguoket customer by Exact Software. This ELC is gateer
once an Exact Software Invoice is approved.

Once the product is deployed at the customer iiig possible to customize the product. The custooan set
the language and the currency. The customer can(i@gconfigure the views and add or remove dateiwis
available from the database, such as the creatite af records. The customer can also, througtstipplied
SDK, build personal extensions to all Exact Sofewvgroducts. Exact Software also strives to enable
communication to other applications through BizT§1i6]

3.8.1 Custom Solutions

When the e-Synergy product does not suffice fousirness process, it is possible to get extensindscastom
solutions from the Custom Solutions department fiexact Software. Custom Solutions has existed al@a®es
long as Exact Software itself, because there argyrdidferent business processes which are impassibunify
in some general process description. Custom Sokiticeates hew custom solutions for companies spideific
needs.

An Exact Software consultant usually installs thesstom solutions. It is possible to install or afgda custom
solution through the Product Updater. Since the lsgs in with their personal account for an updake
Product Updater can check whether this customerchiatom solutions. In that case, some files are not
overwritten and the custom solution repositoryuerigd for updates. Usually custom solutions arteupdated
regularly because only one customer uses this gustdution.

Custom Solutions over the years also has creatsetias of standard building blocks, for instance réntal
companies. Extensions have been implemented imtei8ynergy product through a simple event mesgagin
system. This event system, which is an integra piathe e-Synergy product, ignores certain mességbere
are no custom solutions available responding teetmessages.

The implementation of a custom solution has sonfecefon release and deployment. To start off, gusto
solutions are (planned to be) unaffected by updageause of the messaging mechanism. Custom swwdi@
usually delivered on CD and deployed by an Exadtw&me consultant. If the customers’ deploymentdset®
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be reinstalled, the customer first needs to insit@llcustom solution CD, and then run the Prodyndtdter to get
the most recent version. Updates on custom sokitime only done on request, in which case a netalliaigon
CD is created by the Custom Solutions departmedgtta@ new version of the custom solution is starethe
custom solution database.

3.8.2 Exact Software Invoice

When a sales department from Exact Software resaveigned contract, they upload the contract tinéar
CRM module. When this contract is uploaded, thbtragptions for the products must be selected. Thekted
products must first comprise a complete set bedor&LC can be generated. When the contract cresatgring
to save a contract with an incomplete product, raorés generated, by applying the item relatiopshistating
what options still need to be included or chosen.

A contract is deemed valid once all options andati@mns must have been chosen (one-of, more-of, \@tben a
signed contract is valid and saved, an ELC (Exaftw&re License File) is generated automaticalyough a
script that periodically runs. This ELC is from then available to the customer on the Exact So&v@urstomer
portal. In theory, it is even possible for the omsér to download the product and install it throlyd Exact
Software Product Updater immediately. In practiogvéver, the customer generally waits for the Clddme in
or for an Exact Software consultant to come by teetbey install.

3.8.3 Exact Software License File and License Checking

Currently, all targets from a product are instal#dhe customer side, even if the customer haghioonly a
subset of that product. For example, if a custobgrs only two of the seven e-Synergy modules, fal t
modules are installed. When the e-Synergy produstarted, the Exact Software License File (EL@hiscked
to see what modules must be activated. This codedde file can be changed only by Exact Softwaik ia
overwritten, but not checked, each time an updapeiformed.

Exact Software does not see software piracy asreatthTheir mechanisms to prevent software piragy a
through software aging [11] and through the codszhke file. Also, Exact Software claims that iha worth it

to pirate any software from Exact Software, becahseproducts they deliver require strong ties vittact
Software, e.g. consultancy.

3.8.4 Internationalisation

e-Synergy has been specifically built for an inégiomal customer base. The result of this requirgnie an
internationalisation and language mechanism. Tha a@dels for Globe and e-Synergy both include $sertn
term is a syntactic unit that is used to write Userdback in ASP pages and Visual Basic applicati@mce the
application is run, each term is replaced by thedwbat term represents in the language the usechasen.
This mechanism enables for the developer to deuvtlerode in a different language than the langsagsvn
to the customer. This terms structure is quite Brmgnd sometimes causes trouble because of théhlefig
translations, which can be longer than the presdriength for the layout. Also, the context in whi term is
used in language A, can be completely differentftiie context of language B, creating inconsis&sici

Another powerful feature of the system is the supfay different currencies. Different currencieancbe saved
into the system, making it possible for a userviiich all the monetary values to a different custoumrency.
This enables the creation of financial reports iffiecent currencies with much ease, creating aufeathat
enables Exact Software to operate on a global marke

3.8.5 Customisations & Extensions

After installation of the e-Synergy product it must customised to fit the customers need. The e8yn
product can be used as aumt-of-the-box application, but it is designed not to. When th8yaergy product is
started the first time, a default language andenay must be chosen.

Usually companies like to create new types of womkf types of documents, types of assets, and tgbes
resources. The e-Synergy product can be configireshow different layouts for department news pagyes
front pages. Finally, all users of the system ninesentered with their personal security levels, &mmesource
management links, etc.

It is possible through the SDK (studio developé) #eveloped specifically for Globe to build cusemspecific
extensions and functionality. This SDK, as seehRigure 17, is also available to customers so theynselves
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can develop e-Synergy customisations and extenslategration with other business tools is alsosfie
through the BizTalk XML standard, developed by M&oft [16]. The SDK has been built in such a waat the
SDK dispatcher can direct signals to the Globeiagfbn layer. This application layer has beenthudl in such
a way that it can handle custom signals.

SOL database

System layer

Malntenanc haintenane Input Froces Standard alidate Walidate
| standard Standard standard standard Fanars Standard Standard
Settings i aster data entries data P i aster data antries
lL Custorm %buﬁons J
M:ér;ti;r;r;fe Additional Ad:;ttl:nal ler;:rr;‘ance Input Proces ler;:rr;‘ancs Custom
WMaster data input entries Srdesding Master data customn data custom data Eettings reports

Figure 17 The e-Synergy and Globe SDK Architecturémplementation

Figure 17 shows the SDK interface to the complefensre architecture of e-Synergy and Globe. Is ficture
the channels for communication between the SDK @ugrface, and Dispatcher and the applications are
displayed.
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4 Analysis

This chapter describes the resulting analysis ftbencase study at Exact Software. The analysihefchse
study is a result of the research question whetimer how e-Synergy and the ISKB are related. Fitst,
processes within Exact Software are analysed, ttietools supporting these processes. Finallyathentages
and disadvantages of the Exact Software technignegprocesses are described.

The four research questions were answered bynfiostelling the release and deployment processeswétact
Software. Once there was a clear understandingeoptocesses of development, release and deploythent
focus went to the other three questions. The seceselrch question, “How are the processes ofselaad
deployment supported by e-Synergy”, was answer@tyube modelled processes. The relationship ofcExa
Softwares’ e-Synergy product to the ISKB was evadance there was a clear picture of the featoféke
ISKB and the features of the e-Synergy softwarelpcad The final question was answered using thiufea of
the ISKB and checking where they could improvedk@ynergy product and the software developmentegsc
within Exact Software.

To model the release and deployment processesnwitkact Software, interviews contributed mainlythe
correctness and shape of our model. Documents thame-Synergy repository gave the finer detaildhef
design of these processes. After this, intervievesewtaken to check for consistency errors and gapke
model. By working near the members of Internatiddalelopment some direct observations were madi whi
watching the developers work on the software. Stheeworkflow for the Deliver project member hadke
stored in e-Synergy as well, some participant olzgems were done and used to model the release and
deployment processes. This section describes ffexatdices and similarities for the developmenteasé and
deployment processes between Exact Software andeDelhe development and release processes vEbaot
Software form a basis for the delivery and deploynhpocesses. Many decisions made in these earbepses
have a significant impact to the processes of dgfiand deployment.

To study how the tools e-Synergy, the Product Ugidaind the Source Manager support the processeteate
and deployment, there was mainly software study dgomiment study. Some interviews were also donk wit
members of the logistics department, the customtisol department, and some other developers taroowiur
hypotheses. The studying of documents ([7], [8]ptdbuted greatly to this question because of e that
there is much material available in e-Synergy alibet use of e-Synergy for the processes of relaase
deployment.

The fourth research question, whether there weyeimprovements possible to the Exact Software weas
answered mainly through document study and intessjigiving some of the interviewees some feedbackia
functionalities in the tools supporting developmantl asking them whether an improvement could baenby
replacing functionality with a similar functionaliof the ISKB with all its options. From these camigons,
improvements and disadvantages were derived. Tdieadvantages, as stated here, and improvemerdtatad
in Chapter 5, were presented to Exact Software.

The case study at Exact Software has had somend&ion the concepts defined by Deliver. The wayhith
Exact Software builds their software is throughtoarous software maintenance. This strategy issogfitective
for the problem domain, yet not so relevant towdglibecause the products are not volatile and ulgest to
significant changes. One striking characteristichaf Exact Software approach is the One-X architectThe
linking of all information systems to the informati system storing the software knowledge is neRdbver
and will be taken into account in the future.

4.1 Strong Points

Exact Software has been a profitable company dweiddst 15 years and therefore their approach ftovae
development and sales can be considered successfel.software produced by Exact is easy to use and
effectively supports business processes for over0D® customers. When looking at Exact Softwaeait be
seen thasimplification is used as a typical strategy for dealing witheptl problems. Exact Software is
focussed on the sale of complex business softwesea result of these complexities in the problermdm,
Exact Software has attempted to simplify the actwdiware structure and its development, givingeligyers
more time to focus on customer needs. Simplificatan also be found in the architecture of thewsoi and

the Exact Software product families. Since all sodtware is based oone data model all the software can
access this data model enabling multiple layenssefs and therefore more customers. A striking blag taken
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place in Exact Software over the last five yearsva#i, since the profit has shifted mainly to thgport of
software (60% in 2003, against 40% profit from wafte sales).

This Section lists all the strong points that wienend during the analysis of our observations. $theng points
are divided into a processes subsection, a toblsestion and a development approach subsection.

4.1.1 Processes

¢ Full deployment eases delivery

e Customisation and extensibility improve productliya

« Integration of knowledge eases release and deplayme

» Subsidiaries enable Exact Software to quickly adjus

» Simplifying processes enables serving a large ocustdase
e One data model for all products

Exact Software delivers the full content of a saftevinstallation, including components and optiartsstomer
might never pay for or use. Exact Software has nmaagons to deploy a complete application instégasbthe
requested functionalities. To begin with, muchhaf tlata model and the source code are shared ammhges
within one product. The main advantage of minimgpldyment sets, being the fact that less data neebs
transferred to the customer, is cancelled out leyféet that bandwidth and storage space are cheapdays.
Another clear advantage of delivering all the saftsvto a customer is that only the Exact Softwieenke file
needs to be updated if a customer has bought aa sddule, whictsimplifies the task of delivery Exact
Software does force itself to enable only runtiméabilities.

Customisation and extensibility are two main characteristics of the software pceduby Exact Software,
through their SDK and customisation departmentsichviyives Exact an advantage on the market. Deliver
proposes the same features for customisation atehskility for all software products and resembths
processes of Exact Software in this area.

The knowledge about workflow was never an integratt of the approach for Deliver even though it is
knowledge about the software. Another advantadériing” all information about all processes istlfact that
documents can be attached to targets, sourcesyahdlow. These documents, design documents faaite,
can be used to explain and share knowledge abeudrdducts. The developasse this knowledge extensively
to ensure continuity. Should a developer become unavailable due tal@inge, department change, etc, then
the knowledge about the software is only partly. Iésiother advantage of this “linking” of informati is the
fact that e-Synergy stores information about theppe working on e-Synergy. It is therefore possitie
determine with only two ‘clicks’, whether a devedogs present and whether the developer can becteot at
present. Finally, the e-CRM (customer relationsiipnagement) and e-HRM (human relationship module)
modules allow developers to see the source of bpgrts and functionality requests. Another reasby the
integration of knowledge is of advantage to Exaaft\#are is that the processes of release and dewolyare
alleviated. Knowledge about customers is integrated specific license files are always available: Fmore
examples see Section 3.4.

Another effect of the simplification mindset is theeation ofsubsidiaries with their own responsibilities
Each subsidiary, which is part of Exact Holding,résponsible for its products and financial heakact
Software can quickly adjust the organisationalcitiee, through the creation and abolishment of igidres, to
economic and technological changes.

The simplifications of the release and deploymentess have given Exact Software to opportunitguickly
expand their customer base The full content delivery, Exact License Filesistomer knowledge bases,
customer portals and many process simplificatiorabke Exact Software to continuously communicaté and
serve large amounts of customers.

The use of one data model for different productsallows Exact to sell more products to supportedéht
business processes with the same information shz®adeen these products. The fact that these prodan
therefore be integrated, such as back- and frdigeo&pplications, and sold separately, gives Egadtware an
economic advantage.

4.1.2 Tools

¢ Product Data Management tool to create products
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« Integration of knowledge eases processes
» Exact Software uses web delivery and update feédbac

The Source Manager application which provides derfiace to do batch uploads, batch downloads, and
facilitates the locking of files, provides all thenctionalities a developer needs from the e-Synesegository.

One reason why this case study has been initiatdteifact that the software within Exact Softwiaretored in
the e-Logisticsproduct data management toal The e-Logistics module supports product varigtiprmoduct
release, product instantiation, etc. These featareshot all used by Exact Software though. Progaggations
are never implemented within Exact Software siniteaagets are delivered to a customer. Supporttifier
feature of minimal delivery sets is available ihagistics, however, Exact Software does not usge fibture
because they do not divide the targets among diffesomponents.

The fact thagll data in e-Synergy is “linked” makes it possible to connect workflow informattorthe targets
and source files. This knowledge is used frequantidevelopment and quality assurance. This prggedves
to be fruitful to the development departments butlso used extensively by other departments.

An example of this “linking” is thaivhen a customer downloads an updatef the software, éeedbackentry
is made into the customer relationship databasmgtihe batch number of the downloaded versiore batch
number is later used during support questions #mer ¢ustomer related issues.

Exact Software profits greatly from theireb delivery mechanisms. The web delivery system that uses the
Product Updater enables Exact Software to sendtepda their customers without any cost exceptwbb
server.

4.1.3 The Software Development Approach

« Software development is seen as maintenance

« Exact Software reduces complexity and therefore-hwamns

« Integration of knowledge about software saves time

« Integration of knowledge about software improvesdpict quality

« Building software is propagated to developers, witdtservers required

When looking at the development departments of Esaftware we see that their basic tasks are mostly
software maintenance tasksThis can be explained by the way in which Exacftare works with these
“spearhead” research and development teams whaléx®lop a product to a fairly mature state armgh thand it
over to the development departments. This simplificy has the advantage that the software strudeelieered

by the spearhead team is relatively stable.

Exact Software attempts to keep their software ded architecture as simple as possible. Exactwaoé
claims that this simplification is required to lu#oftware in such a complex problem area. A sinspleware
architecture does have many advantages, such d®r& Isarning curve and easily changeable software.
According to [14], in a complex problem area, seafitevdevelopment gets even more complex. Exact Sodtis
thus reducing man-hours An example reduction is theemoval of build servers from the development
process. The developers now locally compile théwsok in a uniform build environment and upload the
compiled software into the repository.

Exact Software uses the e-Synergy system to sheresaftware system artefacts and all knowledge tatiau
software. Time is saved by e-Synergyecause employees can always look up developeoshakie done
development work on some part of a software systieat is of concern to that employee. The fact that
information about the software is accessible todaNelopers results in more continuity in the depetent
process if, for example, an employee needs todake activities from another employee. More cornitinin the
development process results ibgtter product quality and quicker development.

4.2 Points for Improvement

The research into the Exact Software release atidede processes and comparisons to state of the ar
technologies have resulted into points for improgatrfor Exact Software. The points for improvemarg a
direct result from the comparison between the ISH# the processes, tools, and development appusachby
Exact Software. In Chapter 5 propositions are niadmprove the points described here.
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This section is divided into a processes subsectidools subsection and a development approacestibn.

4.2.1 Processes

* No sharing of problem area knowledge between deyeets
« Software piracy not addressed as a problem, evininfrequent releases (four times per year)
« Software structure not explicitly defined in protdata management tool

The processes of development, delivery, and depoyras implemented in Exact Software have downsides
well. These downsides are mainly the result of §ifinption and the Exact Software business approach

The main point for improvement, as seen by Delii@that thesoftware structure is not explicitly storedin

the product data management system, even thougbgistics is well capable of storing and using such
knowledge. Simplification has lead to all targednlg stored in one container item. This contaitemicontains

a list of all targets. These targets do not haweralationships among them.

Exact Software feels strongly thedftware piracy is not a problemsince they use software aging, which is
regular release of updates so that old versione less functionalities. This point is cancelled, dwtwever, by
the fact that Exact Software does not force clitémtgpdate and the fact that much of the softwanelbped by
Exact is quite stable in its development. As anm@Xa, e-Synergy is only released four times a year.

Finally, the company structure of subsidiaries migisure a financial insightful company, howevieeré idess
sharing of knowledge between departmentsven though they are often working in a similaslgpem domain
but with different technologies. An example is tBafict Software CS (a Unix based accounting pajkegjees
the same problems as are solved in e-Synergy wistaring this information. Exact Software doespraimote
any knowledge sharing between subsidiaries.

4.2.2 Tools

¢ No support for versioning or branching

« Exact Software only enables pull mechanism
e Deploys destructive updates

* No rollback functionality

As stated in the Deliver proposal [1], each sofewdevelopment project should be stored in some kind
repository. Exact Software is no different in thimit the nature of the repository is influential e other
processes. The Exact Software repository is qufterent from what Deliver builds their ISKB extéas on. A
clear difference is the fact that the e-Synergyosépry does not support versioning or development
branches The Deliver intention is to enable maximal flaktlp and maximal variability at all stages of se#ire
development. Deliver therefore feels that the rgposs in e-Synergy are quite limited in their &pgtion
domain. Simplification in this case leads to a dsMmle because it limits the flexibility of the sofive
development process.

Another difference is the fashion in which updadss delivered to the customer. Deliver would ligecompare
a deployed installation to a newly available idata@dn through the use of feature descriptions [IR2}act
Software compares file and database version nuntberalculate the update sets. Finally, the medmasifor
delivery of updates and software at Exact Softveiifer from the techniques Deliver proposes. Deliwéshes
to enable all types of update scenarios, such s, @utomatic pull, and pull. Currently Exact Saftes only
enables th@ull mechanism The process of deployment looks different witBxact Software from the way in
which Deliver sees it too. Deliver wishes to seat thpdates are gradual, non destructive transitoradling
rollback and atomic state transitions. Exact Safewhoweverdeploys destructive upgrades

The Product Updater supports the delivery and gepdmt process. The Product Updater supports, with
simplified mechanisms, the delivery of software apdates. The Product Updater also supports theytepnt

of the software and updates at the customer siteenAboking at Deliver the Product Updater providdsnited

set of functionalities. Two commonalities betwebe Product Updater and Deliver are the fact thatRtfoduct
Updater checks some dependencies and disk spatehamnto the Product Updater the download location
updates and software is abstract (can be a repgsétdard disk location, or a CD). Some strikinffedences
are the fact that the product updadees destructive updatesdoes not enable rollbacksand uses only simple
reporting functions. The Deliver approach for updats different because features like rollback &hdie
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implemented. Also, the Deliver solution supportsars back to the software vendor whether the @pdagts
successful.

4.2.3 Software Development Approach

« Developers are responsible for correctly buildimg product

* Hotfixes could introduce more errors, branches wdd safer

« Simplification leads to software architecture neinlg stored explicitly
* No integration testing

* No versioning system for development department

There are some downsides to the software develdpapgmoach of Exact Software. Reducing complexig ¢
have negative effects when it results in less ffigiky. An example of how reducing complexity hasad to less
flexibility is the fact that without build serverthe developers themselves are responsible for the coote
compilation of products which introduces risks to softwareliquaA third disadvantage is when a hotfix for all
releases (see Section 3.7) is made with an ereohdtfix requires an extra hotfix. This procedure therefore
involves frequent risks.

Simplification in the development process has le&a@ process in whickhe software architecture is not
stored into the product data management systenaxplicitly. Not making the structure of softwargpécit
reduces software quality and ease of adaptation.

Another difference in the viewpoints of Deliver ttte development and release processes of Exast&@efis
the fact that there iso integration testing of componentghat are reused in different packages. The Deliver
team wishes to encourage integrity checking to rengroduct quality.

Finally, simplification has resulted in a one dirsiemal version system, where development can odityome
version. Having one version of software has theaathge that merging is not required and compleisity
reduced. Downsides are that developers casit#step the developmenprocessfor prototyping and for
holding back functionality when near to a reledbas forcing the developer to work in small increnae steps
of development.
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5 Suggested Improvements

After studying the ISKB and the e-Synergy prodmeany functionalities that are part of the Delivétpre of
the ISKB, could improve e-Synergy if implementedhisT chapter describes the proposed improvemergs, th
expected impact and development time, and a déseripf the reasons why e-Synergy does not implémen
these at present. These improvements are considalgdf they increase the product quality, redtice total
workforce, or create possibilities to access otharkets.

Table 5 All proposed improvements and their effects

Estimated [Product Time Market |Main Reason
Effort in Quality Reductionpotential
man months
Target Dependenciegs 12 ++ ++ + Simplifies prodachgosition,
branching, and deployment
Product Composition2 ++ ++ + Guarantee consistency of created
(with TD) products
Deployment Manage? -- - - Deploy less (MB) with same options
Change Sets 8 + -- Minimize risks through develepm
branching
Automatic Pull 2 ++ ++ + Optimize update process
Rollback 8 ++ + + Guarantee more stability of prctsu
Updater Feedback | 2 ++ + + Guarantee higher levelipport

Table 5 summarizes all proposed improvements agid éxpected effort and impact. The plusses andisais
indicate the impact on Exact Softwares processes smale from large positive impact “++”, to no mep*”, to
large negative impact “--“.

5.1 Target Dependencies

One improvement of the system would be the autain#&iecking of dependencies among source files and
project these relationships to their targets. Thigendencies can be used to calculate closedfsbisaries
and to determine impact on targets of changessmuece file. In an ISKB this knowledge is useful fimpact
analysis, deployment management, and product catiggos

Currently the e-Logistics product data managemgstesn already supports the feature of dependericies
items. These dependencies can easily be used ddysfhee dependencies among sources and targetge v,
the main reason why this feature is not being usdebcause the real problem is to keep these depeisd
up-to-date. Automating this functionality would e some kind of source file interpretation. Taplement
source file interpretation, a product that is bes¢d to customers who do not need the functionalitsource
code interpretation must be changed. Consideriig féature will not be used by any of the other ,060
customers, adding the feature of code interpretatiould not be useful.

This improvement could help Exact Software with elepment, product composition, and completeness
checking of delivered products. The developmentgse would improve because this improvement enaisles
analysis for developers. Currently, when a develoyants to change a library she first checks witbxa search
tool where the library is used. This would no lonpe necessary if the dependencies were availabtbei
system. This would save the developers time. Ptashraposition would benefit from this improvemeastveell,
because when the dependencies have been madetekpiiceasier to see what components and libsadre
required for functionality. Currently, to put toget a product, targets are collected and groupeérua sales
item. No guarantees can be made, however, aboutidbares of dependency relations. This means ¢van
though it is quite easy to put together a prodootguarantees can be made about whether this asnplete
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product or whether it is missing some targets. Thdculation of complete sets using the dependency
relationships is already supported manually by gittics. The dependency relationships would greatfyrove
product quality. Also, it would become possible mne simultaneous development of different comptsen
depending on the same components. Currently whesmgoonent belonging to one product family is change
the component is only tested within that produchifg. With explicit knowledge about dependencidse t
developers would know whether the component isghased within other product families as well, imgng
overall product quality.

5.2 Deployment Manager

Currently e-Synergy deploys complete sets of bésarand through runtime variabilities the right med are
activated. This enables hackers to edit the EL&téilobtain more modules than they have paid fothé ISKB

it is a definite requirement that partial sets beldyed at the customer side because the Delivempgt model

of a software product is, that one software proctant have many shapes and sizes, because of piatfor
dependability, product subset instantiations, arghynother factors. The implementation of a deplayme
manager for Exact Software products is (again) deget on the availability of dependencies of biesrso that
complete sets can be guaranteed. Implementing auchange within Exact Software would also mean
fundamentally changing the structure of the Produptiater and the product itself. The e-Logisticé i
e-Synergy does support the delivery of minimal.deiact Software never implemented their produttcstire
into e-Logistics to enable the delivery of mininsats.

The reasons why a deployment manager should besingrited are software piracy, redundancy, and ptoduc
modifiability. Exact Software claims to have solvbeé software piracy issue with software aging trednature

of their software. They claim that piracy is notiasue because of the fact that companies aremndent on
the software and the updates (4 times a year). Mettiis, Exact Software does not see the redurydiscie
since the full Globe Client installation and theSgnergy installation comprise only around 100 mgted
Product modifiability, however, is not so easilyjéged. A deployment manager would allow for mantiays,

for instance optional components, interchangeghil@gtween components, and light versions. All thgstgons
would make the product less static and thereforeeradaptable to market changes. The possibilifgréwide
separate conflicting options would also become labk. Exact Software does not find that the gaihs
implementing a deployment manager weigh up to isksrand disadvantages, mainly because Exact Seftwa
deliberately avoids variability other than custoemisn in their software.

5.3 Change Sets

Currently, since there is no change tracking sysiewersion history being recorded, there is onsiga being
worked on at the same time within Exact Softwaneettigpment. However, developers do attempt to sigpetite
development process occasionally when they wigbratotype functionality or hold back large changesated
right before a release. Developers then choosedp la local copy that they will then submit aftez telease
promotion. Some developers choose to upload tha kopy as an attachment to a document into efg§yne

The reliability of this system is at question. Audimn to the problem of holding back changes @ 1tlext release
would be if branching were introduced to the e-3ggpesystem. In the implementation of an ISKB, Detiv
requires the system to support branching. Branching-Synergy would enable Exact Software to intaz
more variability and therefore flexibility. Thisefkibility would then enable Exact Software to realifierent

markets, by releasing their products for new platfg for instance. Finally, a branching feature \dqrovide a
mechanism to hold back large changes for a promotias increasing reliability of the product aretkasing
the need for quality assurance personnel.

5.4 Automatic Pull Mechanism

A proposition was made in Exact Software to enalolme kind of automatic pull mechanism for the Pobdu
Updater. In this proposition a reference was madbe automatic pull mechanism for Windows XP [18]an
ISKB there should be support for all kinds of defiv mechanisms, among which (automatic) pull and a
(automatic) push update mechanism so that eaclasces supported.

At present, the Product Updater can only downldedsbftware when the customer starts the Produdatep.
A situation that would improve product availabilityould be if there was a memory resident applicatitat
checks for updates periodically. The update wolkghtbe downloaded without the user noticing, pedfigrat a
quiet time at which no other downloads are takitax®. A different scheme would be if the Productbker
checked for updates every time the computer isarest. The computers that run e-Synergy and otlactE
Software products are generally servers which shpubvide service 24 hours a day, though, so ttlieme
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would only work for computers using Exact Softwalient applications like Globe. This facility wiloon be
implemented in the Product Updater, to move alonith veurrent state-of-the-practice (like Symantec
Live-Update, and Windows XP auto-update.) It witigrove the product quality and usability, becauseraiare
notified every time a new update is available.

5.5 Rollback

At present it is not possible to perform a rollbdukdo) when an installation or update is not sssfie, or the
customer is not ready for features and functioeslitbecause updates are not atomic and no othieadi
functionalities are provided.

Currently this is not built into the Product Updafier a number of reasons. In the first place thféweare vendor
gets less repeated bug reports and functionalifyegts because all customers are running the saost recent
version. Some software developers even require thers to work on the most recent version of alpco
before they grant support to their customers. ESaftware only recommends upgrading to the mostnec
version when blatant errors are encountered ortifumadity requests have been placed. Another reésonot
implementing rollbacks is the fact that updatesiengally accompanied by database changes and itasnplex
process to undo database changes, if possible at al

The impact of this improvement is of a large scatanpared to its profit. Implementing this improvamhwill
require a complete rethinking of the structure a@& Software products. Updates need to be desigsed
incremental development steps for a product (thabdee scripts already are designed as such)dnsteamere
“latest set”. Also, The Product Updater must bepaeld to implement version numbers. This change avoul
benefit product reliability, however, because ifearor occurs during an update, it can be undoniaitigiting a
rollback.

5.6 Updater Feedback

A final improvement would be if the Product Updateovided other feedback than just the “download
complete” message to the Exact Software serveprégent it is possible to see what version a custoetently
downloaded, but not what version the customer #gtisaworking on. Updater feedback could also lsedito
assemble information on how often updates fail, howg the average update takes, and what customases
problems updating. Such mechanisms could greatlgrome quality of support. An ISKB requires such
information if no other knowledge was available aibthe customer. Once again, this is a scenarierergl
deployment environment should support.

Implementing updater feedback can happen at diffdexels. Currently, already, when installing @dating a
product the Product Updater registers what actimagaken during the installation or update. Thepsést way
of implementing Updater feedback is by sending tfiis back to the server after completion. The
communication channels used here could improvacesf the product performed some check aftemifatton

or update and sent the results of the check tesdinger. In this way, even simple warnings generatedew
installations can be analysed without the custoewer having to find out. Updater feedback would riove
product quality and service quality, because Exmftware can use the feedback information for imiated
support and future upgrades.

5.7 General Improvements

The organisational structure of Exact Software @ mlways positively influencing the development
departments. There is not much sharing of inforomatbetween developer subsidiaries even though the
infrastructure for sharing knowledge, e-Synerggres all produced documents open to all develoférs.main
result of this organisational structure is that domknowledge is not being shared, even thoughdexelopers
might be solving the same problems. Also, since tnum/elopment teams use a different programming
environment, code cannot be shared. The domairifigpgblems remain the same though.

This organisational structure is also holding bat&gration testing. When a target is changed oiclwimultiple
products are depending, it is usually only testgthie developer on one product. The fact that agpesk hardly
share knowledge results into limited integratiostitey. Exact Software could counter the effectghid by
organising the knowledge present in each subsidilng organisation of knowledge will lead to an mned
sharing of knowledge, through meetings and intematkshops, of knowledge and solutions. The curren
e-Synergy infrastructure, with for instance SDKtpty, already suggests such sharing should be eaged
These improvements would improve product quality eeduce the workforce because problems are sqhstd
once.
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6 Conclusions

This chapter states the conclusions of the casly stormed by analysis of the case study results.

Exact Software has been a profitable company dweddst 15 years and therefore their approach ftovae
development, support, and sales can be considecedssful. The software produced by Exact is easigé and
effectively supports business processes for over0D® customers. When looking at Exact Softwaieit be
seen that simplification is used as a typical stratfor dealing with potential problems. A cleaapple of this
simplification is the fact that Exact Software @elis all components to customers for a product, latet
activates the actual components purchased by thetbrmer. This simplification reduces complexity toe
delivery of a product and thus simplifies delivéoya large customer base.

In the areas of software release and delivery, ERaftware uses many state of the art techniquasxample
is the use of a product data management tool tagekxact Software products. Another charactemdtiexact
Software products is that they are extendible thhoa supplied SDK, which enlarges the market fasé¢h
products. The fact that all data is stored into data model and accessible to all software proderetated by
Exact Software makes it possible for different laym an organisation to use different and morer@mate
Exact Software products. Finally, Exact Softwarkvees updates over the Internet and uses autorfesitback
from the customers installed product to increaselpct support.

The Exact Software approach is different from thai&r approach to software release and deliverack
Software does not store the structure of theirvsok products explicitly and does not keep track of
dependencies among components. Component depeesleamould improve integration testing and product
composition. Exact Software also uses destructpaates and does not enable rollback functionalifiediver
sees incremental updates as a necessity to retadugi stability. Finally, Exact Software does radlow
branching and does not use versioning besidesettston schemes explained in Section 3.7.

This report describes the observations done byvBelduring a case study at Exact Software. Thel fina
conclusions are that e-Synergy is not an instaotiadf an Intelligent Software Knowledge Base. Hoer
many of the characteristics found in e-Synergy alan be found in the Deliver Intelligent Softwaradwledge
Base.
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8 Appendices

8.1 Metrics
The following report was generated through e-Syyargl lists all the parts of the e-Synergy product.

Table 6 item counts for the e-Synergy and Globe 28(products

e-Synergy Globe

DLL - registered 21 511
Crystal reports (rpt) 1 977
<None> 2645 28
C/C++ header file (h, tlh, tli) 307 1947
VB form resource (frx) 67 1580
C++ source file (cpp) 260 2186
HTML page (htm) 10 56
Executable (exe) 55 605
Active Server Pages (asp) 1507 2
Developer Studio Project (dsp) 41 436
Development tool 4 17
DLL 146 787
Shared C/C++ header file (h, tlh, tli) 2 168
Option 15 269
Term 294 30450
SQL Script (sql) 461 361
VB project file (vbp) 156 1396
Other 270 3235
ActiveX (ocx) 5 114
VB class file (cls) 915 6395
VB module (bas) 268 2546
VB form file (frm) 90 2225
C/C++ library (lib) 16 58
Resource script (rc) 50 431
Database table (definition) 75 282
Images (gif, jpg, bmp, ico) 653 3689
Help files (hlp, chm) 0 1
XML Document (xml) 6 1
Help documents (HTML files + pictures) 0 14073
<None> 0 9136
Selection screens (slc) 0 1195
Layout 0 244
Menu definition (mnu) 0 97
Setting 0 39
Database view (definition) 0 8
Shared C/C++ header file (h, tlh, tli) 0 690
Shared VB module (bas) 0 165

This table shows the item counts generated by tBgnergy product. All the items shown in this lete
predefined items stored in the e-Logistics comptn&ne Globe product is being developed by a te&r86
programmers in Malaysia and e-Synergy is beingldeeel by 20 programmers in Delft. The table shdves &-
Synergy is mainly developed in ASP whereas Globeasly developed in visual basic. <none> are parthe
physical world like e-Synergy service contractslegal documents that come with the product. Optiare
optional product parts and do not include servmetracts and the like.
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8.2 Interviewees

Table 7 Interviewees
Interviewee Mark Hakkenbroek
Function Unit Manager Maatwerk Zuid

Reason for Interview
Main guestion

Custom Solutions & Variability
Do Custom Solutions introduce valibf)

Interviewee
Function
Reason for Interview

Main guestion

Ed van Heeckeren van Brandsenburg

Delivery & Services

Study the final phase of daljv
How is software delivered to the logistics deparitnand how does it get to t
customer?

ne

Interviewee

Function

Reason for Interview
Main question

Paul Kaesler
Developer
Previous SCM solutions
Did e-Synergy inherit anything fromeyious SCM systems?

Interviewee

Function

Reason for Interview
Main guestion

Carolien Verrips
Sales Manager

Software delivery, the ELC oMihedge about customer
What do the processes look like feogales point of view?

Interviewee

Function

Reason for Interview
Main guestion

Emile van Bergen
Assistant Customer Support Manager
Deployment
What does the process of customdpyeent look like?

Interviewee

Function

Reason for Interview
Main question

Nenad Borota
Developer
Product Updater, requiremémntsieployment
What does the deployment processli@elusing the Product Updater?

Interviewee

Function

Reason for Interview
Main question

Leo van Houwelingen
Senior Developer
Development
What does the development processlilk® within Exact Software?

Interviewee
Function
Reason for Interview

Main guestion

Sebastien Toet

Senior Research Staff

Research and Development
What are Exact Software Solutions going to loolelik the future? (How) will th
software development process change?

11

Interviewee

Function

Reason for Interview
Main question

Arco van Nieuwland

Commercial Director e-Business + one effttunders of Exact Software
Exact Software, the big pietur

What does product composition lok& bn all levels?

Interviewee

Function

Reason for Interview
Main question

Raymond ter Riet
Deputy Director Development
Exact Software development
What does software development Idakadn all levels?
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8.3 Exact Software Product Listing

Assortment Alliance/MFG

Bavaria

CUBIC pro

Custom Solutions

DB-Soft fiir Windows

Diamante

Dimoni 6

e-Synergy

Exact Software Compact 2003
Exact Software Enterprise SQL
Exact Software Financials C/S Version 2
Exact Software Generation XL
Exact Software Globe 2003

Exact Software Group Press & Brand
Exact Software Lohn XL/XXL
Exact Software Pro

Exact Software Siigo

Excellent

Grote Beer voor Windows

Internal Products

JobBOSS

Macola Progression 7.x

MAX

Paymate New Generation
Shipping Automation System
Siigo for Windows
Soft-2000-Windows
Soft-Research

Szymaniak ProSoftware Windows
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