
A Soft and Hard Systems Approach to Business Process Management 

R. Siriram  

 

School of Mechanical, Industrial and Aeronautical Engineering, University of the Witwatersrand, 

Private Bag 3, Wits 2050, Johannesburg, South Africa 

Raj.siriram@mea.dimensiondata.com 

 

ABSTRACT 
 

Globalization is placing pressure on firms to gain competitive advantages.  As products become 

commoditized firms try to improve business process.  As firms become agile it is important they 

become agile quicker than other firms.  More sooner have firms improved processes and gained 

efficiencies so have other firms.  Firms are in a continual race to be better or are at risk of 

becoming less competitive.  Many firms have embarked on business process management (BPM) 

initiatives to gain efficiencies and competitive advantages.  BPM initiatives have received much 

attention, however little work has been done in attempting to make the BPM initiatives 

themselves efficient.  Firm‟s investment in resources (people, time, money, and newer 

technologies), in most cases BPM initiatives take too long to realize benefits.  In this paper a 

hybrid soft and hard systems approach is proposed to allow early extraction of critical business 

process, which when improved will lead to quicker benefits.  

 

 

 

 

 

 

 

 

 

INTRODUCTION 
As we move towards an era of convergence and collaboration, firms are continually being forced 

to become more lean, some firms opt for improvement in business processes as the products they 

make or buy become more commoditized.  However being able to choose the right process to 

improve, which will lead to competitive advantages is becoming topical as managers battle for 



limited resources.  Carr (2003) proposes improvement in processes, which have the greatest 

impact on the firms strategies and goals. Many researchers have postulated improvements in 

business process to gain competitive advantages however few, have proposed a systematic 

approach for the early extraction of critical business processes for improvement, (Checkland 

(1999), Salhieh, (2007)).    

Given this backdrop, and the rapid pace of technological change, the central question posed; are 

we able develop a systematic methodology that will assist managers in selecting those business 

processes for improvement, which will give quicker gains. 

LITERATURE SURVEY  
Improving business processes is paramount for firms to stay competitive.  Over the last 20 years 

firms are continually trying to improve their business processes because customers are demanding 

better products and services. Many firms begin business process improvement with a continuous 

improvement model.  This is evident from the number of research articles recently published to 

mention but a few Bhaskar et al (1994), Camp, (1995), Davenport and Short (1990), Gladwin and 

Tumay (1994), and Hammer (1990). This continuous improvement approach attempts to 

understand and measure current business processes, and make performance improvements 

accordingly.  The method is effective for obtaining gradual, incremental improvement.  However 

over the last few decades several factors have accelerated the need to improve business 

processes.  The most obvious is technology. New technologies like the internet are rapidly 

bringing new capabilities to firms, thereby raising the competitive bar and the need to improve 

business processes dramatically. The influence of new technology has resulted in more focus on 

radical out of the box thinking in terms of business processes management.  Firms are expected 

to become learning organizations where people continually expand their capacity to create the 

results they desire, where new patterns of thinking are natured, Senge (1990).  Adopting this 

approach to BPM requires a paradigm shift, Figure 1, Siriram (2007). 

 

 

 

 

 

 

 

 

 

Figure 1: Results now thinking Vs new paradigm thinking 

From Figure 1, we see a shift in thinking from a results now thinking to a new paradigm thinking.  

Many researchers have made a contribution to knowledge in terms of business process 

management however gaps exist in terms of developing a systematic approach to selecting those 

 



processes which will yield the best gains.  In addition little work has been done in terms of 

systemic thinking and a new paradigm in terms of BPM.  Traditional firms have looked at project 

management models like the waterfall model and Vee model to manage business process 

initiatives.  Other like Goldrattt (  ) have proposed the theory of constraints.  From a TQM 

perspective a number of guidelines have been suggested by quality leaders like Deming, 

Feigenbaum, Juran, Crosby, Taguchi and many others.  Business process management requires a 

balanced view, it requires more than simple restructuring. Business processes connect the 

organization, it therefore entails matching and balancing resources like people processes and 

systems on an organization-wide basis.  Therefore methods like the Waterfall, Vee, TOC and TQM 

are limited in understanding systems of this type of complexity. More recently others like Botha 

and Van Rensburg (2010) have attempted to link BPM to customer satisfaction.  However these 

attempts also do not allow an early extraction of critical business process for evaluation, which 

will give quick returns. Bertalanffy (1968) explains that, viewing an organization from a systems 

perspective, shows organizations are a group of interconnected entities, that interact together to 

supply products and services.  Therefore others like Checkland (1999) have developed a more soft 

systems approach to solving problems of this complexity. These views have been taken further by 

others like Senge and Sterman (1992), and Van Ackere et al (1993), where a more systematic 

thinking has been applied to organizational learning activities and business process initiatives 

respectively.    

 

In further support Stephen (2007) says systems thinking is a holistic yet elegantly simplistic way 

of thinking, it gives a complete view of complex relationships.  Adopting systems concepts into 

BPM may yield better.  Understanding complexity stems from anticipating a feasible or niche 

solution. The feasible region needs to be economically sound, politically feasible, socially 

acceptable and administratively sound.  Figure 2, shows the niche region or sweet spot that has 

to be targeted for best gains.  The feasible region also needs to balance the requirements of the 

wider system as well as being environmentally friendly at the same time.  Therefore a soft 

systems approach in identifying the feasible region in BPM initiatives is proposed. 

 

 

 

 

 

 

 

 

Figure 2: Feasible region 

Looking at BPM from a systems perspective requires an understanding of systems theory.  In 

general systems may be classified in two extremes, soft systems and hard systems.  Soft systems 

 



are fuzzy unstructured with purposeful behavior to such that the system is capable of setting its 

own objectives. The system makes use of feedback to facilitate its goal seeking behavior 

(Blanchard and Fabrycky, 2006).  More importantly it brings the human intenvention early on in 

the analysis.  Hard systems on the other hand are hand are inter alia based on certain underlying 

assumptions, a) the problem is well defined, Simon (1962), b) the problem can be represented 

using a quantitative model, c) the system containing the problem may be regarded as purposeful 

and d) the system containing the problem is nearly-decomposable, (Simon (1977).   BPM 

initiatives are often vague and unstructured therefore the hard systems approach may be 

inappropriate.   

BPM initiatives require the identification of a niche area to focus on those processes that are 

critical to the firm‟s strategies and goals, which when improved will give quick gains.  However 

using either soft or hard systems in isolation may also not yield the required benefits.  More so 

Blanchard and Fabrycky (2000) cite Flood and Carson (1993) they argue to solve soft or hard 

systems problems one has to use the correct methodology, they describe soft problems as that 

which is more usefully described as problematic situations in which the same problems may be 

perceived differently by other people, (this is typical in BPM initiatives).  These problems are less 

structured, fuzzy or messy.  Hard problems on the other hand although difficult to understand 

and deal with, are definable.   The idea of taking a holistic view of a problem and then trying to 

model it using systems concepts have been explored by at least the following researchers, 

Bertalanffy (1968), Ackoff (1971), Checkland (1981), Senge (1990), O‟ Connor (1977), and 

Sterman (2001).  In support of this there is a wide variety of applications which support systems 

thinking, Pourdehand (2002) on redesigning the academy of focal arts, Sowden (2007) on decision 

making, and Brown (2008) on design thinking. Therefore given the complexity in BPM in this paper 

a hybrid soft and hard systems approach to BPM is proposed. Some researchers like Crawford and 

Pollack (2004) argue that a hybrid of soft and hard systems approach will give the best solution 

since most problem solutions have both the technical and human activity dimension.   

In view of the different areas that have to considered in identifying the feasible region from a 

BPM perspective systems theory is an approach which may be better suited to understanding BPM 

various complex relationships between systems and subsystems.  The holistic perspective brought 

about by systems thinking helps indentify real causes in BPM.  Systems thinking offers a powerful 

perspective to see events and patterns though a holistic lens.  The soft systems methodology 

(SSM) ensures that the human dimension is incorporated at an early stage in the process, hence it 

is qualitative.  The main aim is the emphasis is on “what” as well as “How”.  The SSM emphasizes 

the use of rich pictures which give a holistic perspective and contextualization of the problem 

situation, this together with more qualitative tools like root definitions helps bring together a 

better understanding and hence better problem resolution. 

In this paper we link soft and hard system methodology to drive a BPM initiative in a large global 

IT organization. Hard quantitative techniques like numerical evaluation and the analytical 

hierarchy process (AHP) are used in conjunction with SSM.  These techniques when used in a 

holistic manner may lead to better benefits in terms of BPM.  The research methodology is next 

discussed.   

METHODOLOLOGICAL FRAMEWORK 
From a SSM we build on the approaches followed by Checkland (1999), Yeo (2002), Crawford and 

Pollack (2004, and Salhieh (2007).  A BPM model using soft and hard systems is developed, Figure 

3.   



The first phase; strategic planning: opening up the problem (S1) involves setting up problem 

framework i.e. identifying the problem owners, obtaining the unstructured problematique, 

selecting the correct people both at executive management, senior management, the problem 

owners and involving all the necessary stakeholders at the outset, Siriram (2007).  Once the 

project framework was established the next step involved opening up the problem.  Using the 

model we firstly constructed a naive picture of the situation, obtaining all symptoms and all 

views, collecting all hard data and performing the necessary data analysis giving way to a more 

realistic rich picture of the problematique.  The rich picture allowed members of the team to 

become involved in obtaining a better understanding of the problem situation, the human 

element is hence included early in the analysis.     

The second phase, structuring the problematique was next analysed.  Thereafter root definitions 

(CAPETOWN models, adapted from CATWOE models developed by Checkland) were constructed to 

work towards a more structured problematique.  The CAPETWOWN models are a structured 

approach to understanding the systems dynamics. This resulted in identifying a realistic rich 

picture of the BPM problematique, which had to be evaluated and selected for the BPM initiative 

in order to obtain a more structured problematique.  The CAPETOWN models then were used to 

look at the problematique in a systemic manner.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure 3: Triple-S Framework for business process management adapted from [4] 

Hard systems techniques like the analytical hierarchical process (AHP) was used to align the key 

business process to the firm‟s economic objectives.  The AHP method (Saaty, 1977, 1980) is used 

to face complex decision making process.  Fundamentally, AHP works by developing priorities for 

goals in evaluate different alternatives. The AHP method has become very popular among 

operations researchers (Dyer and Forman, 1992, Eom and Min, 1999, Doumpos and Zopundnidis, 

2002).  There are many other processes that could have been utilized like the qualify function 

deployment, however the AHP process was chosen for the following reasons: (1) weighting 

criterion/goals and alternatives and (2) analyzing judgment consistency.  A description of the 

AHP adapted from Banuls and Salmeron (2008) process is shown in the appendix 9. 

The third phase; evaluation involved evaluating the key processes from the AHP against the 

organizations strategies and goals and then obtaining a more realistic problematique.  The output 

being a list of processes targeted for improvement either incremental or radical, which would 

yield the most gains.  These processes were then reviewed to make sure they aligned to the 

firm‟s strategies and goals.  These processes were then evaluated in terms of critical success 

factors against which the processes were to be evaluated at some later stage.      

CASE STUDY 
In this section, the application of the author‟s proposal to a South African firm operating in the 

information technology service industry is analyzed.  A similar model has been used previously by 

the author in four other case studies, (Siriram 2007), however this is the first time the author has 

published the workings of the methodology.  The model has been used to drive the effectiveness 

of business process management within the South African region of this global organization.  The 

case study is based on extensive analysis and evaluation of data gathered through structured 

workshops involving cross functional teams (involving Marketing, sales, logistics, IT) A total of 15 

workshops were conducted over a 7 month period, the duration of each workshop ranged from 

two to three hours each.  Review meetings between management and the project team were 

held on a regular basis to recognize further issues for analysis.  Moreover corporate 

documentation analysis was done to validate the information gathered, the documentation 

analysis included analyses of transactional records, process instructions and other working 

papers. 

BACKGROUND 
Persistent innovation and rapid technological change are attributes of IT industry, many eg. Carr 

(2003) regard IT as commodity therefore it is important for IT firms to continually differentiate 

themselves from others firms.  In this case study business process management is seen as one of 

the attributes that could assist the firm in gaining competitive advantages.   Brem and Voight 

(2009) argue firms operating in the IT industry have to integrate functionality and support which 

is the only outcome of customer‟s needs, and is independent of emerging technologies.  BPM may 

be considered a subset of innovation management and as with other innovation management 

initiatives integrating functionality and support in service industries have proved to be difficult, 

(Mc Dermott, et. Al. 2001). 



  

GENERAL COMPANY INFORMATION 
The researched company was founded in South Africa in the 1980s. Customers are dominant in 

the financial, public, FMCG, health care and retail industry sectors.  The company is the biggest 

IT service provider in South Africa.  The product portfolio includes IT applications (e.g. for ERP 

systems), services (e.g. IT-Support) offered all over five geographic regions (Middle East Africa, 

North America, Australia, Europe, Asia).  In 2010 the company employed more than 11,000 

people, with annual sales of US $ 6Obillion, with the South African contingent employing 5374 

people and a revenue of  R10 billion, i.e. approximately 60% staff compliment and 33% revenue.  

The company is technology driven mainly because of its origins in networking and infrastructure 

solutions.  Owning to its rapid growth the company grew from a multitude of mergers and 

acquisitions and as a result systems and processes are rather disjointed.  In the last few years the 

awareness has grown to make changes within the formal internal organization.  The perception of 

systems and processes has changed to more a customer centric-orientation value added function 

rather than purely a support function primarily due to rapidly changing market conditions.   

FINDINGS CASE STUDY SPECIFIC 
In general the company was already in the process of implementing a business process 

management initiative however there were significant deviations,  between management 

expectations and what had been delivered by the business process management team.  The 

business process team had mapped and documented around 397 business processes but however 

lacked in improving these process.   In addition the processes improvements where rather ad hoc 

and incremental. Senior management were concerned that even though this initiative was seen as 

important the company somehow was unable to gain traction in this area.  The current BPM team 

were also loosely confusing the BPM initiative with processes mapped versus processes 

improvement.  Hence the BPM initiative was rejuvenated.   The rejuvenated BPM initiative was to 

be more structured with clearly defined boundaries between process mapping and process re-

engineering.  The BPM rejuvenation project has initiated using a hybrid soft and hard systemic 

approach as described in Figure 3.        

CASE ANALYSIS  
In order to ensure there was alignment between the project team and executive management, it 

was necessary to establish executive steering groups, which consisted of a cross-functional group 

of executives from the managing director, CFO, financial director, services executive and CIO. 

First of all, participants from several departments are chosen seven people in total.  The 

executive steering group also greatly assisted in driving some of the initiatives through the 

organization.  Figure 4 gives a graphical representation of the steering group structure.  The roles 

of the groups in the steering group are important and a critical part of the systems methodology.  

The project champion initiates the project, he is the person who recognizes, proposes, motivates 

and demonstrates the new idea approach or procedure for management approval, the project 

sponsor is the person responsible for guiding and developing the team, he provides behind the 

scenes support, protection, advocacy and sometimes “bootlegging” of funds.  Thereafter the 

project sponsor and project champion should be responsible to appointing the steering 

committee.  The steering committee is commissioned as a group responsible for ensuring that the 

project is aligned towards the project objectives in terms of specifications, cost and time 

requirements.  Thereafter the project champion and project sponsor should consider the 



appointment of the cross functional team, who are responsible for development of the project 

and execution thereof.  The review group is a peer group used to verify that the solutions 

generated by the cross functional team are realistic and achievable, they act as a feedback loop 

to the project team.  The steering group structure was a useful way to obtain a holistic view of 

the problematique. Over and above the steering group further stakeholder workshops were also 

used.   

The stake-holder workshops have the objective of bringing internal and external experts 

together, special focus lies on the balanced mix of know-how from the different fields, Brem and 

Voight (2009).  The BPM initiative touched some 5000 employees and their corresponding 

departments, it was a challenge to co-ordinate activities given the vast diversity of the audience.   

The stake-holder workshops allowed the BPM team to bring in experts from other areas such as 

industry associates, other internal interested parties included people from quality, corporate 

planning, etc, other external parties included suppliers.  The most important part of the 

stakeholder works was in obtaining the necessary buy-in in terms of focusing the BPM initiative, 

which process where considered the most important in which areas was the company 

experiencing the most pain.  The stakeholder workshops was a structured interactive manner, 

which assisted in focusing the discussions.  This resulted in value inputs that could be utilized 

later on in the hard systems analyzes on pair wise comparisons and the AHP process.  

 The results from the stakeholder workshops and executive groups were appropriately recorded 

and transferred into project specific plans.  All trends and ideas were extensively documented for 

further presentation and discussions with other employees and stakeholders.  The success of this 

approach was largely due the integration of the „right‟ people at the „right‟ time.   

 

 

 

 

 

 

 

 

 

 

Figure 4: Steering group structure 

As a result of interactive, structured workshops one of the primary outputs was the systems 

hierarchy or ecosystem followed by a rich picture of the problematique.  Figure 5 and 6 gives a 

graphical representation, of the systems hierarchy and rich picture respectively, this facilitated 

getting the necessary stakeholders agreeing to the BPM context and also allowing them to 

visualize the links to other systems and subsystems and identify the linkages in the process.  Once 

 



the systems hierarchy and rich picture were constructed a more accurate inventory of the critical 

business process could be obtained.  This resulted in a list of 19 processes, a drastic reduction 

from the initial 391 processes initially targeted by the BPM team.   

 

 

 

 

 

 

 

 

 

 

Figure 5: Systems hierarchy 

 

 

 

 

 

 

 

 

 

 

Figure 6: Rich picture 

When the soft systems hierarchies and rich pictures together with the relevant root definitions 

were completed, hard systems analysis was initiated.  The next step involved evaluation of the 

process to select those critical processes, which would have the most impact on business 

strategies and goals.  To this end a pair wise comparison was conducted. For the pair wise 

comparison (numerical evaluation) each process was evaluated against each other process. The 

numerical evaluation technique was used.  The processes where than ranked in order of 

importance.  Figure 7 shows the numerical valuation of the 19 processes. The top eight processes 

 

 



where deemed to be most important, (80/20) rule.  Thereafter the top 8 processes where 

extracted from the 19 processes. 

 

 

 

 

 

 

 

 

 

 

Figure 7: Numerical evaluation 

The next step involved evaluating these 8 processes against the firms strategies and goals, to this 

end another pair wise comparison (numerical evaluation) was conducted for the firms four 

strategies and goals i.e. financial impact, client satisfaction, operational efficiency and employee 

satisfaction.  Figure 8 gives the weights of the pair wise comparison for the firms strategies and 

goals.  

 

Figure 8: Pair wise comparison weightings for organizational goals 

Thereafter the AHP process was used to evaluate the 8 processes against the firms strategies and  

goals.   These weights are then used in the AHP process, Figure 9.  The final results of the AHP 

process is shown in Figure 9.  A more detailed view of the AHP processes showing the build-up is 

given in appendix 9.1.  The final output of the results is the top 8 process which should be 

targeted for improvement, Figure 10. 

 



 

Figure 9: AHP Structure 

 

Figure 10: Outputs from analysis 

FORMALIZING THE SYSTEM 
Structuring the BPM initiative and contextualizing the problem allowed the team to tackle the 

BPM initiative in a more structured manner with defined critical success factors and project 

dead-lines. The soft and hard approach allowed correct alignment with all stake-holders in terms 

of the objectives of the BPM initiative.  Using this approach the team forecasted benefits from 

the BPM initiative over  a two year period encompassing the areas of data quality, cycle time 

reduction, capacity improvement, better resource utilization.  Figure 11, gives a graphical 

representation of the benefit areas identified for BPM initiative.  Using a combination of the soft 

and hard systems approach has resulted in creating more awareness and alignment of all 

stakeholders and hence better productive output is being realized. In addition the team was now 

able to focus on the eight critical business processes instead of the 391 initially identified.  This 

reduced the scope of the problematique and hence brought more focus to all the stakeholders. 

DISCUSSION AND IMPLICATIONS  
By using structured interactive workshops, it is argued that all stakeholders participating have 

achieved a greater understanding of the problem situation and therefore a more holistic 

approach to the BPM initiative could be obtained.  The initial application of the methodology 

revealed a significant number of instances where an understanding of the relationship between 

tacit and explicit knowledge helped move towards a holistic approach in terms of the BPM 

initiative.  Furthermore the forums enhanced the participant‟s ability to make sense of how and 

why BPM is enacted and implemented in a variety of ways.  



 

 

 

 

 

 

 

 

 

 

 

 

Figure 11: Projected areas for improvement 

The debates and discussions in the stake-holder workshops were fruitful in resolving issues that 

impacted the BPM initiative. These included paradigm shifts in results now thinking versus new 

paradigm thinking.  Initially the firm was largely technology centric and were actively investing in 

the latest available technologies from technologies in video conferring, mobile computing, ERP 

enhancements, CRM systems all off which required that business process be continually be 

updated to incorporate the benefits from the latest technologies. What transpires is a unified and 

widespread approach to technology investment and a fragmented approach to BPM.  This 

approach had far reaching effects on other aspects of business harmonization such as information 

systems, business process, supply chain management, etc.  In addition the domain in which BPM 

was practiced through the organization was fragmented and therefore the support for the 

initiative was often questioned.  Consequently as a result of the soft and hard systems 

methodology followed in the BPM imitative the importance of the initiative was realized and this 

resulted in a centre of competence being developed within the firm to support this initiative 

company wide. 

The application of the interactive approach allowed a framework supporting knowledge sharing 

and the building of knowledge networks which supported the BM initiative.  In many respects, the 

knowledge of the participants was enhanced in terms of understanding different viewpoints about 

BPM and its relationship with broader contextual factors.  Ultimately the participant‟s ongoing 

support and participation illustrate the usefulness of this approach.  Such support and 

participation will only be achieved if its application is meaningful, interesting, continuously 

creating debates, tangible and value adding. 

LIMITATIONS AND FURTHER RESEARCH  
The research methodology has been followed previously in four other cases studies, Siriram 

(2007).  What is treated here is a more holistic view surrounding the workings of the 
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methodology. What is required is a repository of knowledge comparing soft and hard systems 

approaches and the integration thereof.  The integrated soft and hard systems approach used in 

this case study is rather sophisticated and it remains to be seen if the benefits are sustainable 

more so is the soft and hard systems methodology going to be used in other situations.  Since the 

research is based on limited cases, conclusions must be seen against this background, Siggelkow 

(2007).  By conducting multiple-case-research, more similarities could be identified for further 

generalization.  On a workshop level, further research is needed to get a deeper insight into the 

right mix of internal and external experts in the stakeholder workshops.  Finally the results are 

limited to the IT industry, further research in other industries are suggested.   

CONCLUSION  
This paper proposes an integrated „soft‟ and „hard‟ approach to a business process management 

project.  The practical application of the soft and hard approach provided a structure for 

contextualization, influence, analysis and focus.  The framework proposed recognizes the 

complexity involved in projects of this nature proposes a combined soft and hard systematic 

approach to organizations.  The approach allowed early human intervention the proposed goal 

seeking behavior allowed the identification of a rich picture and a more focused structured 

problematiqure of 8 critical business processes instead of 391.  In this way the team could focus 

on those processes which were critical to the firm and aligned to the firms strategies and goals.  

In terms of the central question posed: are we able to develop a systemic methodology that will 

assist managers in selecting those business processes for improvement, which will give quicker 

returns?  Evidence from this paper and others Siriram (2007) indicate using a hybrid soft and hard 

systems approach leads to better benefits.    
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APPENDICES  

AHP Process 
The AHP method determines the relevance of each goal G  in terms of contribution to the main 

goal by the relative measurement mode.  The judgments about the relative relevance of a goal G  

over G  are modeled by means of pairwise comparisons on a verbal scale which is mapped onto 

numerical value a  . The pairwise comparisons about a goal define the decision matrix A. If the 

goals G , G ,……G  are structured under the same higher level goal, the matrix A is defined by the 

overall set of comparisons a   between those goals (1): 

A =  (a  ),          (I, j = 1,2,…..,n); 

 (a  , a    . . . a       a   

 (a  , a2   . . . a       a   

 . .  . .  .  . (1) 

A = . .  . .  . 

 . .  . .  . 

 (a(n-1)1 a       . . . a            a       



 (an1 an   . . . a       ann 

The weight elicitation is based on the consistency of the decision matrix.  Assuming that all 

comparisons are consistent, the vector of weights w = (w1, w2, …., Wn) can be estimated through 

the solution of expression (2): 

Aw = nw,         (2) 

Nevertheless, decision makers could be inconsistent.  The origin of this inconsistency is the 

intransitivity in expert judgments.  An intransitive response implies that an entrance of A does 

not verify expression (3): 

aijajk = aik (I,j,k = 1,2, …n).       (3) 



 

Pair wise comparison 



 


