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Figure 10. Distribution of Cockroft-Latham damage value at punch deviation of (a) 0.4 and (b) 0.8 mm, and (c) variation of damage value on

fracture locus.

5. CONCLUSIONS

In this paper, cold forging and fracture of DIN 1.5535 M5x40 bolts were investigated experimentally and numerically. Thermo-
mechanical simulations of forging operations were prepared in SIMUFACT FORMING finite element software, and reasons of
fracture initiation in forging operation were revealed by examining mechanical variables like stress triaxiality and distribution of
Cockroft-Latham damage values. According to numerical and experimental findings, following conclusions were drawn;

- Numerical models of forging operation showed that fracture evolution was related to raw material defect or improper forging
operation.

- Analysis of bolts having straight fracture showed that bolts have sliver defect on their surface. Sliver defect was seen to lead
crack opening and straight propagation of the fracture.

- Numerical analysis proved that punch deviation during forging in 3rd station caused inclined fracture evolution on the bolt.

- For better prediction of fracture in metal forging and better understanding of failure mechanism, damage model results should
be coupled with stress triaxiality.
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ABSTRACT

The holder of a software requirement often insists that his requirement is urgent and should be done as soon as
possible. Software development departments are frequently faced with this issue that is very problematic. Limited
software development resources push the software companies to prioritize and plan these requirements. This paper
presents systematic studies that are realized in order to prioritize software requirements delivered from different
departments and customers in Norm Group IT Department which has of 2,200 workers and 370 white-collar users.
All software development companies can adapt the experiences proposed in this paper regardless of the software
infrastructure they used.

Keywords: Software requirement prioritization; AHP; software development.

OZET

iletilen her yaziim talebinin ileten kisi tarafindan acil olarak nitelendirilmesi ve hizlica ¢oziminin istenmesi, yazilim
gelistirme yapan her firmanin karsilastigl standart bir sorundur. Sinirh yazihm gelistirme kaynaklari, firmalari yazilim
taleplerinin 6nceliklerini belirlemeye ve buna gtre planlamaya itmektedir. Bildiride, 2,200 iscisi ve 370 beyaz yakali
kullanicist bulunan Norm Grup Bilgi islem Departmanina farkli is birimlerinden ve miisterilerden iletilen taleplerin
analiz edilmesi ve onceliklendiriimesi amaciyla yirdtilen sistematik calismalar bir vaka degerlendirilmesi olarak
sunulmustur. Yazihm gelistirme yapan tim firmalar, kullandiklari yazilim altyapisi ne olursa olsun, bu bildirideki
deneyimleri kendilerine adapte edebilirler.

Anahtar Kelimeler: Yazilim talep 6nceliklendirme; AHP; yazilim gelistirme.
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1. INTRODUCTION

Main goal of software development is to reduce the costs with respect to time and cash, which facilitates the workload of end
user and increases satisfaction of all stakeholders. During the software development process, requirement and fault requests
in a wide variety, which are sent by existing stakeholders are collected. A requirement request can be defined as a formatted
document which includes all relevant stakeholders’ needs and descriptive details [1]. When the limited human and other resources
are considered, the fulfillment of all received software requirements is almost impossible. Therefore selection of the requests
having high business value and high priority, is essential in order to maintain successful IT operations and stakeholder satisfaction.

[2].

Requirement prioritization is one of the most complicated subjects in software engineering field proposing several methods to
solve and manage this situation. Some of the currently popular approaches can be listed as follows: i) MoScoW, ii) 1005 Distribution,
ii) Analytical Hierarchy Process (AHP) [3], iv) Moisiadis Framework [4], and v) Numerical value assignment and sorting [5]. In order
to implement any of prioritization methods, the specific criteria for prioritization process are needed to be defined. A request
including a “regulatory constraint” should have a high priority under normal circumstances. Another criterion can be “increase in
efficiency” within business units and a requirement having high efficiency gain should have a higher priority. “Difficulty degree”,
“man day cost”, “competitive advantage”, “maturity of the request” can be other criteria for a requirement prioritization process.
In this paper, a case study including a systematical work that implements a requirement prioritization process within NORM
Group [5] Company, which has over 2200 employees and 370 white collar end-users is presented. In first, prioritization methods
are reviewed in literature and the criteria for the requirements are defined. Then, weight points of selected criteria by using AHP
method are given. Finally, an integrated software to realize proposed approach is presented.

The second part of the paper explains several prioritization methods in the literature and technigues utilized in this research. In the
third section we present a detailed structure of our prioritization approach and implemented software application. The last section
of the paper includes the results of evaluation and discusses the future works.

2. PRIORITIZATION METHODS

There are a variety of methods for requirements prioritization in the literature, some of which are MoSCoW, Moisiadis Framework,
Simple Sorting, Numeric Value Assigning, Binary Search Trees, $100 Distribution, AHP, Hierarchical AHP and Planning Game [4, 7,
8,9].

MoSCoW method is proposed by Oracle engineers in 90's and has been used by the industry over the years. The requirements are
prioritized under categories of Must, Should, Could and Won't. Priorities are calculated with the help of those categories rather
than numerical values [10,11]. MoScoW method can be used for pre-filtering the requirements and is inadeguate for systems with
high number of requests.

$100 Distribution method is based on the idea of giving constant amount of resources to stakeholders and let them split their
share among the requirements list. Then the requirement which collects the most of the money is taken into the development
plan and implemented [12].

Binary Search Tree method organizes requirements in a hierarchical parent children format like a binary tree. The purpose is not
prioritize requirements but only to sort in an order [7].

AHP method proved to be sufficient with multi criteria decision making problems and is used in business applications pretty often.
The criteria paired and compared against each other to determine weight values. Evaluation of loan applications, debt scaling, and
process of selecting a supplier or employment are example application tasks. The steps of AHP method are as follows:
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- Definition of goals and criteria,

- Pairwise comparison of criteria for importance

- Construction of normalized twofold comparison matrix
- Building priority vector

- Definition of weight values for each criteria

- Testing consistency

- Calculation of AHP scores

The values used for criterion comparison and explanations are defined in Table 1.

Table 1. Criterion superiority comparison.

Value Explanation
1 The two criteria has equal weight.
3 1st criterion is more important than 2nd criterion
5 1st criterion 1s much more important than 2nd criterion
7 1st criterion is significantly more important than 2nd criterion
9 1st criterion 1s definitely much more important than 2nd criterion
2,4,6,8 Middle values

3. SYSTEM AND DEPLOYMENT PROCESS

a. Selected Prioritization Criteria

Considering the literature review and the corporate objectives of Norm Group, 12 different prioritization criteria are selected. The
selected criteria and short definitions are shown at Table 2.
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Table 2. Prioritization criteria.

# Criteria Definition Values
Difficulty The d_egl'ee of requueq knowledge, Min- 1
1 D experience and authority to fulfill the i
egree o Max: 5
requirement.
Man/Day Estimated Man/Day Cost needed to fulfill Numeric
2 -
Cost the requirement Value
3 Urgenc Urgency of the request Min: 1
gency gency quest. Max- 5
4 Regulatory Is there a regulatory obligation to fulfill the | Min: 1
Constraint requirement? Max: 5
5 Standards Is there a standards obligation to fulfill the Min: 1
) Constraint requirement? (e.g. ISO 27001) Max: 5
6 Corporate Is there a corporate necessity to fulfill the Min: 1
Constraint requirement? Max: 5
Man/Hour . o .
7 | Gain How much Man/Hour gain per year willbe | Numeric
achieved when the request is fulfilled? Value
Per Year
Customer Is the requirement stems from a customer )
8 Oorl
Request request?
Error . . .
9 Prevention What is the potential to prevent future errors | Min: 1
Value when the requirement is fulfilled? Max: 5
10 Compefitive Does fulfillment of the requirement Min: 1
Advantage contribute to competitive advantages? Max: 5
. Is the requirement clear enough to be Min: 1
1| Matunity fulfilled? Max: 5
# Criteria Definition Values
12 Backbone Is the requirement consistent with current Min: 1
Consistency ERP systems? Max: 5

The criteria for prioritization can vary in different companies or establishments. For criterion “Error Prevention Value” the value

definitions are given in Table 3.

Table 3. Error Prevention Value criteria points.

Criterion Points

Definition

5-Very Often

Prevents very high frequency errors or very high impact
errors such as loss of reputation or loss of cash.

4-Often

Prevents high frequency (more than once per month) errors
or high impact errors (Man-Hour losses).

3-Recurrent

Prevents medium frequency (once in three months) errors
or medium impact errors.

2-Rare

Prevents rare (once or twice per year) or low impact errors.

1-Ineffective

The requirement is not about error prevention

For criterion “Maturity” the value definitions are given in Table 4.
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Table 4. Maturity criteria points.

Cl‘lff?l‘lﬂ Definition
Point
s_Clear Cut Expectation is obvious or the request is totally
understandable.
4-Explicit A small number of incomplete details are present,

additional contact maybe required as needed.

Request is understood partially, but additional explanation
is required.

The request is understood basically but details are not
known.

1-Unclear Not enough information for evaluation.

3-Incomplete

2-Undefined

The criteria 2 and 7 can take different values than the other criteria. The point calculation for these is done by Normal Distribution
method. For example, if we take the value of Man/Hour gain as 500 hours than we distribute this value normally on to the values
of the same criteria for other requirements that are open. The Normal Distribution gives a number value between 0 and 1. We then
multiply this number with 5 and round the result to reach a point value up to 5. The formula is given below:

CriteriaPoint, = [5 = (CritVal,~N(Maan,,StdDev?))]

b. Definitions of Criteria Weights using AHP

Criteria priorities or weights are defined after the criteria and values for criteria are specified. Different companies may have
particular methods for weight calculation. In this study, we used AHP method which is used for multiple criteria decision problems.
An online AHP tool [12] is also utilized. The method starts by comparing all criteria against each other over their importance
by using number values between 1and 9. We performed 66 importance comparisons for our 12 selected criteria. In figure 1 the
comparison table of “Difficulty Degree” criterion to the other 11 criteria is shown.

A - IMpOFLERGE « od B7 Equal Hive miseh mare?
1 # Difficulty Degree or © Man/Day Cost o1 1030403 70809
2 DifTieulty Degree or ® Urgency 1 @ 3 5 7 @
3 Difficulty Degree or ® Regulatory Constraint 1 3 5 7 ]
4 Difficulty Degree or ® Standards Constraint 1 10318408 7 ]
5 Difficulty Degree or ® Corporate Constraint 1 183 5 7 ]
& Difficulty Degree or ® Man/Hour Gain Per Year ©1 0283 s 7 9
7 DifTiculty Degree or ® Costomer Request 1 304039 7 1
.1 Difficulty Degree or ® Error Prevention Value 1 18 5 7 -]
g DifTiculty Degree or ® Competitive Advantage 1 3 &5 10809
10 ® Difficulty Degree or O Maturity o1 3 5 7 ]
11 DifTiculty Degree or ® Backbone Consistency 1 3 oS 7 [

Figure 1. AHP-Criteria impaortance comparison table
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After performing all comparisons the criteria priorities are calculated and the AHP based values are obtained which are shown in
Figure 2.

Categary Priacity Rank
1 Difficulty Degres 23% 12
2 Man/Day Cost 32% 10
3 Urgeney 43% 9
4 Regpulatory Constraint 11.5% m
5  Standards Constraint 7.6% 7
& Corporate Constraint 44% 8
7 ManHour Gain Per Year 14.4% -
2 Customer Request 16.1% -
9 Error Prevention Value 127% N30
10 Competitive Advantage 10.5% 5
11 Maturity 26% 11
12 Backbone Consistency 100% | &

Figure 2. AHP-Criteria Priorities

The analysis of the results implicates that number 8 “Customer Request” criterion is the most important with priority value of 16.1
% and number 7 “Man/Hour Gain Per Year” criterion is the second with 14.4 % priority value and the third most important criterion
is number 9 “Error Prevention Value” with priority value of 12.7 %. The least important three criteria are “Man/Day Cost”, “Maturity”
and “Difficulty Degree” which lead us to the conclusion that if the requirement has significant man/hour gains or a request of our
customers or brings great error prevention potential, we should strongly consider taking the requirement into the implementation
plan. If the most important criteria are met but “Maturity” is low, meaning that it is not understood well enough, than we should
elaborate more on the subject.

¢. Business Value Calculation

After defining criteria and the weights of criteria, the next task is to calculate business values of each requirement. The following
formula shows the business value calculation. Criteria value is the answer we give evaluating each requirement.

BusinessVal; = L]_o(CritVal;; » CritWeight;;)
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d. Implemented Application Software

Norm Group uses an enterprise resource planning software named Canias ERP [13]. Canias is an open source software and has a
development platform of its own. In 2014, an application named “Hotline” was deployed on Canias and was opened to end-users
in order to manage requirements and errors. In this paper, we implemented and adapted the prioritization system into existing
“Hotline” application and put to use in IT department first.

In the first step, the existing 140 Hotline requests were evaluated and criteria values were entered manually by IT members and
business values were calculated. Afterinitial tests a web application was developed for the end-users in order to receive the criteria
value during Hotline entry. The seminars were given to end-users and prioritization application was taken online. Figure 3 shows
the user interface of evaluation web application.

& NORM

tlve—

NORM Hotline Prioritization - Development Raquest

[¥YMJAyikiama Makinesi ERP Entegrasyon is Paketlerinin Hazwlanmeas:

ERP entegrasyonuo CANIAS ERP dzerinde ayiklama sistemi ile iletigim igin gerekli web senvislerin tarmmlanmasi.o ERP
iletigiminde belirlenmesi ve standart olug! .- ERP Geligtirmelerio Yeni ayiklama siirecinin
prosesere eklenmesi ve Uriin rotalanna danil edilmesi.o Yeni ayiklama is emiferinin Gusturuimasi, saglam, fire, sipheli
durum miktarlannin kayit adiimesi o Ayiklama sisteminin eklendidi her siireg igin Fire Analizi raponi hazirlanmasi.o Ayiklama
sisteminin eklendji her siireg igin SOphei Durum Analizi raporu hazrlanmasi.o Makine bazinda, hol baznda birim bazinda
Fire ve 3upheli Durum Analiz raporlannin hazirlanmasi.o Hadde boliminde kangal hammaddenin kalite bildirimlerinin kayit
edilecedi ekranlann hazirlanmasi.

- . I
S— ?
Standards Constraint « No Yes 2
— = ?
Maw/Hoor GainPer ¥ear |} fanHour Gaia 2
Man/Hour Gain Exp. Man/Hour Gain Explanation

Customer Request < N Yes Customer Code 7

Save My Answers

FProposed by. kivanc.ekici Date: 1.6.2016

Figure 3. Requirements Evaluation user interface

As seen in Figure 3 the end-users are required to answer all 9 criteria values. After the evaluation is completed the hotline is
sent to IT department. The Man/Day Cost, Maturity and Backbone Consistency criteria are evaluated and the business values are
calculated.

The business values which are calculated, are considered and a monthly execution plan is created by IT Manager in order to
implement.
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4. EVALUATION AND CONCLUSION

In consideration of limited IT resources, the prioritization process of all requirements using well defined criteria is needed.
Requirements and error prioritization is a complex subject in the field of software engineering. This paper presents a case study of
a IT requirements prioritization process in Norm Group with 2200 employees and 370 white-collar end-users. The main goal is to
analyze and prioritize the requirements forwarded to IT department in a systematic manner.

The proposed study stars with a literature review by evaluating corporate objectives of Norm group and then 12 criteria are selected.
The priorities of selected criteria are evaluated with multi-criteria based decision method AHP and the values of criteria weight
are defined. The next step in the process is defining a formula for Business Value calculation and computing the business values
of each requirement. The calculation formulas are based on Moisiadis Framework which provides additional methods for future
application. For the last step, an integrated software application is developed in corporate systems which is then taken online
with training end-users.

Companies which considerably need a prioritization process can adapt the process against their requirements by analyzing the
proposed methods described in this paper. The steps in the system design can be slightly different for particular companies. For
example the criteria priorities obtained using AHP method, shows Customer Request being the most important criterion with 16.1
% priority, Man Hour Gain being the second most with 14.4 % priority and Error Prevention Value being the third most with 12.7 %
priority. These results indicate that NORM Group gives customer requirements the first priority putting considerably less emphasis
of costs involved. The other two criteria mentioned before implies that requirements leading to business improvement and solving
root causes of some errors, have strategically high importance.

The steps planned for the future works are as follows:

- In addition to the end-users, inclusion of the hierarchical manager of the claimant in the process, and updating the formula for
business value calculation,

- Defining profiles of the end-users and updating the business value calculation to include claimant profile weight (new user, key
user etc.),

- Defining different criteria and criteria weight profiles and a structure to enable application of a selected profile in order to support
periodical strategic goals of the company.

- Moreover, a monthly corporate meeting including managerial staff in order to reevaluate the prioritized requirements can be
essential.
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