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Zijiang Yang 
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Modem cornputers have become inueasingly indispensable in ali sorts of 

industries. However, the increasing software cos md delivery delay encouage Information 

System Department to attempt to install objective measurement programs for their software 

projects. The traditionai methods used for diis purpose have a number of problems md 

limitations and therefore, there is a continuhg need to explore new methods to measure the 

efficienv of the software projea production process. The multidirnensionality of softwve 

development makes Data Envelopment Andysis an attractive solution. The objective of this 

work is to validate the hypothesis that DEA is a superior technique for measuring software 

project efficiency in an actud production environment relative to commonly used 

techniques. Two DEA models are developed for this purpose. The results compareci 

favorably to the results of several popular ratio maiyses. The key- factors that affect 

performance are investigated using DEA redts. In addition, the projects are segrnented to 

three categories and cany out more analysis. 



Acknowledgements 

I speciaby th& Professor Joseph C. Paradi for his motivation, supervision, 

teaching and Lisights. His endless support made my research possible. He dways found tirne 

to discuss rny research issue and offer suggestions. 

1 further want to express my gratitude to Paul, John, Allison, S m ,  Oven iuid dl 

the 0th members of CMTE for their suggestions. They gave me a lot of help throughout 

this work. 

Finally, 1 would like to thank my parents and my sister for their encouragement and 

support. 

iii 



Table of Contents 

1.1 Background ................................................................................................................. 
1.2 Y K  Problem ...................... .. ........ ... ............................................................................ 
1.3 Problern Definition ....................................................................................................... 
1.4 List of Contributions ..................................................................................................... 
1.5 Thesis Suucnue ....................................... , .......................... 

Chapter 2 Literature Review ..................................................................... œ ~ o o ~ ~ o o ~ a a o o a ~ o o o ~ o o o o o o 9  

2.1 Traditional Soha re  Measurment Techniques ............................................................. 10 

2.1.1 Comparative E fficiency A d y a s  ........................................................................... 10 

2.1.2 Ratio Analysis ........................................................................................................ 10 

2.1.3 Parameuic Methods ............................................................................................... 12 

2.2 Data Envdopment Analyss (DEA) .............................................................................. 15 

1.2.1 DEA Theory ............. ... ................................................................................... 16 

............................................................................................... 2.2.2 Advantages of DEA 18 

................................................................................................. 2.2.3 Applications Areas 19 

....................................................................... 2.2.4 Applicauoas to Software Production 20 

............................................... 2.2.4.1 Software Measurement Ushg DEA in B& 21 

...................................................................................................................... 2.3 Summary 21 

Chapter 3 Data Envelopment Anaiysis o~oa.mooooeomoaaooooeo**oooo.o*ao**o*oo* .oo** *ooaaamo.o*aomoa*oaoaooooamoaoooo22 

77 3.1 DEA Terminology ........................................................................................................ -- 
3.1.1 Productive E ffkency and Sc& E ffiiuency .............................................................. 23 

................................................................................ 3.1.2 Empi.rical Production Frontier 24 

3.1.3 Techniques for Effiaency Meamernent ................................................................ 26 

3.2 Data Envelopment Analysis .......................................................................................... 26 

3.3 Scale and Translation lava&nce ................................................................................. 31 

3.4 Mathematical Treatment ............................................................................................... 32 

3.4.1 Input Oriented VRS Mode1 ................................................................................... 33 

3.4.2 OutputOriented VRS M d  .......................................................................... 3 7  

3.4.3 TheCRS mode1 ..................................................................................................... 39 

3.4.4 Extensions to DEA Models ........... ...... ..... ..... ......~.................~~..............~................ $0 

3 A4.1 Categorical Variables ............. .. .............................................................. 4 0  



......................................................................... 3.4.4.2 Nondisaetionary Variables 42 

..................................................................................................................... 3.5 summary 44 

Chapter 4 Sohware Production Measurement DEA Models in the Literatwe .~...~~..~...~..... A5 

Chapter 5 Data Acquisition and DEA Models .m~mm.~~.m.m....me~..................~........................ mmmme51 

................................................................................................... 5.1 Application Selection 51  

............................................................................. 5.2 Data Collection and Transformation 52 

..............*.......... ......*..*..*.....*.................*....*................*..*.*..**..-.. 5.3 The DEA Modds .. 54 

5.4 Summary ...............................................................*.....................................*........**..... 57 
Chapter 6 Results and Discussions emmmma*moommm*mo-m*o.*+m*me-mmmeommmmmmmememmmmmmmoommmo.momo.oomomeoeomommm*ommoo~*58 

............................................................................... 6.1 Andysis Ushg Performance Ratios 58 

................................................... 6.2 Results and Discussions from DEA Models .............. .. 63 

............................................................................................... 6.2.1 Correlation Andysis 63 

.............................................................................................. 6.2.2 Technical Efficiency 65 

................................................... 6.2.2.1 First Two Levels E s h t e d  Mode1 Resuits 65 

.................................... .............. 6.2.2.2 First Two Levels A d  Modd Results ,.., 71 

.......*.......... ............................. 6.2.2.3 Whole Projea ENmated Model Redts ... 77 

........................................................................................................ 6.2.3 Stage Andysis 81 

6.2.4 R e m s  to Scale ..................................................................................................... 85 

....................................................................................... 6.2.5 Peers and Traget Andpis 86 

6.2.6 Cornparisons between Estimated Data and Acnid Data ......................................... 89 

....................................................................... 6.2.7 Management Usage of DEA Results 90 

................................................................................. 6.3 Cornparisons with Ratio Analysls 9 2  

.......................................................... .........**........ ........ 6.4 Rehed DEA Results .- ..... 96 

............................................................. 6.4.1 Refined First Two Levels Estimted Mode1 97 

6.4.2 Refined First Two Levels Amal Model ................................................................ 99 

.................... ...................*...*................ 6.4.3 Refined Whole Project E h t e d  Mod el .. 100 

6.5 Summuy ..................................................................................................................... 100 

.................................................................. Chapter 7 Conclusions and Recommendrtioas 101 

.................................................................................................................. 7.1 Conclusions 101 

7.2 Considerations .............................................................................................................. 103 

7.3 Future Work ................................................................................................................. 104 



List of Figures 

Figure 3-1 

Figure 3-2 

Figure 3-3 

Figure 3-4 

Figure3 -5 

Figure 3-6 

Figure 3-7 

Figure 3-8 

Figure 5-1 

Figure 5-2 

Figure 6-1 

Figure 6-2 

Figure 6-3 

Figure 6-4 

Figure 6-5 

Production Frontier ............................................................................. 24 

. . 
Theoretical and Ernprncal Frontier ....................................................... 2 5  

DEA Components .............................................................................. -27 

Results form DEA ............................................................................... 28 

CRS and VRS Frontiers ........................................................................ 29 

Input-Oriented VRS Mode1 Translation Invariance ............................... 32 

............................................................. Input-Oriented BCC Example -36 

........................................................... OutputQriented BCC Example -38 

DEA Mode1 1 ................................................,................ ............. 5 5  

DEA Mode1 II ..................................................................................... 56 

Results Ushg Ration Anaiysis (Estimated) ............................................ 60 

Redts Ushg Ration AnGsis (Amal) ................................................. 61 

Resdts Using Ration Analysis (for the Whole Project) ........................ 62 

Number of Uniu in Each Category (Estimated Model) ........................ 69 

Number of Units in Each Category (dfter peeling off the fiontier and based 

................................................................................................ on the estimateci data) 71 



- .. - 

Figure 6-6 Number of Units in Each Catego~  (Actual model) ................................ 76 

Figure 6-7 Numberof theunits in EachCategory(forthewho1eproject) ............... 81 

Figure 6-8 The Frontier Cornparisons Before and After the ln~duct ion  of Categorical 

Variables .................................................................................................................... -98 



List of Tables 

Table 4.1 

Table 5.1 

Table 6.1 

Table 6.2 

Table 6.3 

Table 6.4 

Table 6.5 

Table 6.6 

Table 6.7 

Table 6.8 

Table 6.9 

............................ Review of Software Production Mode1 Ushg DEA 47 

Data Elements and Source ................................................................ -53 

... Correlation Coefficients of Estimated Data for the Fint Two Levels 64 

Correlation Coefficients of Acnial Data for the Fim Two Levels ......... 64 

....... Correlation Coefficients of Estimated Data for the Whole Project 65 

Summary Statistics of Outputs and Inputs for the Firn Two Levels 

. EstiriLlted Mode1 Using DEA Mode1 L ........................................... -66 

...... DEA Results Using DEA Mode1 1 (be fore pe&g off the hontier) 67 

................. DEA Redts Using Mode1 1 tafier peeling off the frontier) 70 

Surnrnary Staastics of Outputs and Inputs for the Fint Two Levels Actual 

. Mode1 Using DEA Model I .......................................................... 72 

DEA Results Using DEA Mode1 1 ....................................... J 

Sumxnary Statistics of Outputs and Inputs b r  the whole Project 

Estimateci Levd Using DEA Mode1 1 ....................... .. .................. -78 



Table 6.10 

Table 6.11 

Table 6.12 

Table 6.13 

Table 6.14 

Table 6.15 

................................................... DEA Results Using DEA Mode1 II 79 

Stage Analysis ................................................................................... 82 

Scde E fficiency ............................................................................... -86 

Peer Aadysis Result ....................................................................... -87 

................ Correlation Coefficients of Estimated and Actual Variables 90 

... The Cornparisons Between DEA Resdts and Ratio Andysis Results 94 



List of Appendix 

AppendLr A Performance Ratios ................................................................................. 114 

Appendix B DEA Re& ................... ... .................................................................... 125 

Appendk C Cornparisons between EsUmated and Acnial Data. ...................... .. ...... 1 5 9  

Appenciix D rehed DEA Redts ........................................................................... 162  

Appendk Raw Data of Software projects ..................................................................... 195 



CHAPTER 1 Introduction 

CHAPTER 1 Introduction 

1.1 Background 

The modem cornputer has become an indispensable tool in alI sorts of industries. 

Software is playing an increasiugly uitical role in successful, modern organizatîons. It has 

the potential to enable an enterprise to gain and maintain a cornpetitive advantage over its 

peen. Managers, thinking mtegically, continuaüy increase their expectations of the 

conmbution software makes to th& businesses. Howwer, such expectations are o h  not 

met due to the fact that software dwdopment coas are rapidly increasing and delivery 

delays are encoutered in all sorts of software projects. 

As a r d t ,  Information System Depanments are facing an increasing need to 

simultaneously focus on decreasing their costs wbile increasing th& productivity. At the 

b e w g  of thk decade, Maglitta [MAGL91] reported: "while 82 percent of the 

respondents said cwfent economic conditions are affecthg their business, only 26 percent 

have reduced their spending on hardware, sohare or communications. Staff reductions 



and del+ capital imrestments were the favord cost-cutting measures". The strategy of 

staff reductions and delayed capital investments wili adv+ affect current and hinue 

sohare productiviity. Forward looking managers dl expect th& information technology 

to be as productive as before and to be as helpfd in achieving an advantage over th& 

competitors. 

Accordhg to Boehm @3oeh87], over $800 Billion US will be spent on software 

production world-wide in the year 2000. Therefore, any signifiant increase in software 

dwelopment productivity will be worth billions of dollars and deseme serious attention. 

Given management expectations and the large nims of money spent on software 

development, it is imperative to find a method to identify factors that affect software 

prductivity in either a positive or a negative way. With this information in h d ,  pject 

managers should be able to improve the situation by reinforcing the factors that have a 

positive impact, whde e h h ~ g  those factors that wdl adver+ affect productbiry. 

Mer both individuah and organizations become aware of such a need, they 

attempt to install objective measurement and anal+ of th& projects. They want to know 

how effective 3iqr are to compare to th& peers and competitors and how to improve their 

operations to be more efficient. 
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1.2. Y2K Problem 

As t h e  approaches to year 2000, software problerns a m c t  more management 

attention. Fixing Y& is a challenge wirhout precedent. This problem involves 

the c e n w  in dates, which represents year bv a twdigit  nurnber Li 

cornputer program. There has never been, until recently, a need to explicidy state the 

cennuy. Therefore, in an effort to conserve vduable memory md norage space in evly 

computer designs dl dates were designated with 6 di gits... DD/MM/YY. The year 1998 

would therefore only be nored as 98', the s m e  way we ofien wrice die date Li shorrhand. 

The software would then cake the two-digit year vaiw and add 1900 so that 98'  wodd rad 

as 1998. This memt thac dl caldations concerning the year were made on just mo digits, 

chis works only so long as the result of calculation fails widiin the 1900's. 

The ~o -d ig i t  date is a defect lnherenc in dmoa every sobare system in the 

world Fixing and teaing the code will be extremely expensive. However, it provides a 

good o p p o ~ t y  to rneasure sobare pro ject performance. 

The Y2K problem is hindunentally different [rom other s o h u e  development 

efforts. The entire issue has consurned a vexy substantiai ponion of a h ' s  programming 

resources for the p s t  two years. Management had to adjust to the specid nature of the 

Y2K problem by recognizing the foUowing: 
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The 

The 

The 

deadline for cornpleting this project is set ;ind c m  not be changed; 

pro blem is weii defied and hindamentdy easy to fiu; 

activity is essentidy a maintenance process: 

can be 

not be 

made reiauvely accunrely; 

M y  tested und dl effom are complete; 

P.- . . .*a . I r .  

%ne and cos estmates 

In effect, the r ed t s  cm 

Regardless of die company's own ettom, outsider wffl play a major role in the 

h m ' s  own success; 

There is an essentidy complete u h t i o n  of al1 programmîng resources, so 

adding more staff is not ;i r d  option; 

The success of this effort is necessay to stay in business - there are no 

ait ernatives. 

There are very few, if my, new lines of code produced. 

Of course, rhese ciifferences will Iikely show in the research as rhe resulü may noc 

correlate with hose of 0 t h  researches. This also offers fume oppominity to examine 

muiy of the issues about different prognmmlig languages, automaced cools and 

techniques used in IT industry. 

1.3. Problem Definition 

The objective of diis work is to address the need to measure performance by 

analyling the a d  productivicy of s o h e  teams working in Year 2000 prognm 

appiicatîons. The collaboraring bank is a large Canadian bank which provided the data for 

4 
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this work Furthemore, the hypothesis that Data Envelopment Analysis (DEA) c m  be 

used in a real production environment to rneasure software tevn produaivity needs to be 

validared and to an+ the difference between effciency caldateci Lom "eaimated" data 

widi efficiency calnilated from the ''actual" data. 

The methodology adopted in this research, DEA, has several advantages 

associated with its use. It is non-pameuic and provides a mdtidimensional measure of 

project performance. DEA has the abilicy to handle multiple inputs and multiple outputs 

without preassigned weights on their relative importance md reduce these multiple 

mesures into a. single efficiency score. Furthemore, DEA ensures that the applications 

being utamined will only be compared to the ben-obsenred performers from a set of 

slnilar units. Herne, it c m  objectively establish each proiect's efficiency relative to dl 

others. Findy, DEA offers a set of redistic tragers that managers can urSize to kprove 

performance. 

In order to achieve die objective DEA based production models ;ire developed to 

genente efficiency scores for each application. These models ÿLn at precisely capniring the 

factors that influence s o h e  project performance. The resdts are compared to those 

obtained from ratio analysis. Efficiency scores for these applications are calculated by using 

"acnidn data for the moa part and augment this with estimates when required Some 

application areas of DEA are outlined and the overdl power of DEA is dso examineci. 

Note diat, the software p r o j m  measured are focused on converthg existing application 

code, and have the unique characreristic of behg dmoa a maintenance activity. h c e ,  the 
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way 1 used to present DEA redts in this reseuch will be a little different bom the 

traditional ways. 

1.4. List of Contributions 

The contributions of this research are: 

The deveiopment of appropnate software efficiency measurernent models. 

The models developed capture the multidimensional nature of the software development 

process. 

The renilu of the analysis show the use of DEA as a good tool to measure 

software project performance since the results are favorable compared with the results of 

the performance ratio approach, which is widely used in the software indu-, and in moa 

cases outperform it. 

The cornparison bemeen "estimated" data and "d" data 8;ves some 

indication of the accuracy of the estimates. 

+ The method of presentation suggests that the DEA redts cm becorne 

genuine building blocks of a firm's management saategy for controiling its s o h  costs 

and it provides insight into the o p t i o n s  of their orpU;.tion. 



4 The ana ip is  of the DEA results offers guidance as to where and when 

management action is needed to improve performance. 

1.5. Thesis Structure 

This thesis is s~uctured as follows: 

@ Chapter 2 gives a review of the Literature related to the performance an+ 

of sofeware projects. The shortcomings of the existing methods are oudiaed, as well as the 

benefits of the DEA approach shown. 

+ C h a p  3 gives a comprehensive description of DEA, outhhg the reiated 

terminology and mathematical treaunent. The attributes that make DEA appropriate for 

the anatysis are also highlighted. 

Chapter 4 discusses the different DEA models dedopeci and used in the 

anaiysis to rneasure sohare  project performance. 

+ Chapter 5 d s  the data acquisition procea and transformations 

reS;red for the DEA analyses. The DEA modeis used in this work are ais0 inIfOduced. 

4 Chapter 6 presents the results and the discussion of the ûndbgs. 



Chapter 7 condudes the work and offers recommendations for hitue w o k  



CHA PTER 2 Literatwe Review 

Sofrwve production has become a focus of major economic activities ail over the 

world However, this actiMfy is hard to m e m e  in a conventional sense because 

participants in the industry a n  not agree on what is to be memed,  how and what 

standards rnay be set for any of these efforts. As time goes on, not ody indMduals but also 

the organizations thqr work for become aware of a distressing ignorance of how th& 

effectiveness compares to that of theu peers and cornpetitors. This section reviews the 

relevant literature on software effkiency measurement and outllies the traditional 

approaches to it. At the same tirne, the limitations of these approaches are addressed and 

the reasons why the DEA approach is moa suitable are given. 



2.1. Traditional Software Measurement Technioues 

When the effiaent standards are not available, organizations, especially s e ~ c e  

orpkations, turn to comparative efficiency analysis (CEA) to meanve th& puforniance. 

CEA compares the m e n t  performance with historical data, other o ~ t i o n s  and 

opinions to determine if the unit is producing efficiendy. The inherent problem of this 

method lies in the benchmarks used. If the bendimark used for a comparison is flawed, the 

problems identified by the anaiysis will not be an organizational problem, but a benchmark 

related problem. While a comparison between the current data and the historical data does 

provide some insights on past performance, it does not indiute whether the unit is efficient 

[SHER88]. 

2.1.2. Ratio Analysis 

Effiaency rneasuzements natwdy woke the concept of ratios of outputs to inputs. 

If efficiency standards were available, the ratio of the standard to a d  results would 

represent an efficiency ratio. Where standards are not avabble, ntios are often used to 

gauge openring performance. Usually many different ratios are calculateci to focus on 

differrnt aspects of the operations. In addition, such ratios are genedy used to compare 



various dimensions of performance among comparable units as wd as w i t h  a single unit 

over s e v d  t h e  periods. The popularity of these ratios pdally lies in th& simpliaty. 

Banker CBANI(86bI categorized these direct m e m e s  of effiuency into tbree 

groups. The £kt consists of partial productivity memes.  ï'hey are baseci on simple ratios 

of output quantity divided by a single input quantity. To compensate for the inability of one 

ratio to capture the output miu differences and to segregate the types of inefficiencies, the 

second group recognizes the multiple input nature of most production processes, and 

therefore, ernplays a vector of partial productivity measures. This vector provides insights 

into the componenu that may require attention to improve productMty. The thid 

approach derives a single aggregated productivity measure as the weighted sum of the paxtid 

productivities for different inputs, where the weights are based on the cost shares of 

individual inputs. 

At first &ce, ratio andysis seems e u y  to carry out and use. Alttiough it can be 

helpful to obtWi qualitative efficiemy memes  and classifications, this method is subject to 

severd limituions: [SHER88] 

Interpreting the information, in the contait of the entire achhy, provided by 

e a d  ratio is a very difficult and a iarpely subjective ta&. 



4 Even when the weightllig scheme is weil defined, problems still e x i ~  For 

example, the choice of weights may be very subjective, or even arbitmy. 

+ Direct cornparison of each ratio does not account for mdeoffs bmeen different 

inputs and outpuu. 

Fiady, qualitative dassifications and measures of productive efficienq provide 

ody  a weak iink berneen such measurements and the appropriate manageriai action 

indicated. 

In spite of these limitations, ratio analysis is d very helpful in many instances and 

its use in combination wnh other techniques can resdt in very powerful actionable insights. 

Now, m;ury h c e  industries rely heavdy on such ratios. 

2.1.3. Parametric Methods 

In the software productivity literanire of parametric methods, there are ten primliy 

models POEHIl]: 

SDC Modcl - SDC modei is based on the extensive analysis of 104 amibutes of 169 

s o h  projects studied by System Development Corporation (SDC) in the mid-1960's. 



T&e best possible linear estimation model was produced by aatisticai techniques. It provided 

a valuable base of information and insight for cos  estimation and future models. 

Wohmton Model - The ben use of Wolverton Model indudes breakhg the softwve into 

componenu and estimaring th& coa individuaiy. In addition, the model provides a good 

breakdown of project efforr by phase and activity. 

SLIM Model - The SLIM Model is a comrner~ally available software product based on 

Putnam's analysis for the software life-cyde in terms of the Rayleigh distribution of project 

personnel lwei vernis time. 

Doty Mode1 - The Doty Model is the r e d t  of an extensive data analysis activity, includhg 

many of the data points from the SDC sarnple. 

The RCA PRICE S Model - PRICE S Model is a commercially avdable maao cost- 

estimation model dweioped primarily for aerospace applications. It has improved steaddy 

with experierice; eulier versions with a widely varying subjective complemty factor have been 

replacecl by versions in which a number of cornputer, personnel, and project attributes are 

used. 

The IBM-FSD Model - Ody parts of the IBM FSD model have been describeci in the 

Iiterattlrtt. II is b a d  on the extensive, well-defined data base of IBM-FSD projem. The 



main diffidty with this model is in separawig out how much of the ith productivity change 

is due to the effects of other correlated factors, or in double counthg by using four factors 

to account for the use of modem programring practices. However, the information on cos 

driver amibutes, and related redts on estimation of schedule, cornputer cons, and 

documentation have been hi& valuable. 

The 1977 Boeing Model - The 1977 Boeing mode1 produces a nominal man-month 

esrimate as a functioa of s k e  and divides up the nominal man-month esDrmte by phase. 

Furthmore, it applies the effort multiplien to the nominal effort estimates for each phase 

to produce an adjusted effort estimate for each phase. 

The 1979 GRC Model - The 1979 GRC rnodel has a number of good features, inducihg a 

thorough definition of the quantities being estimateci and a set of reiationship for estirnating 

such quantities as training and instaliation cons and labor-grade distributions. Some 

k b a c k s ,  howwer, indude the use of number of output formats as the basic size 

parameter. 

The Baiicy-Basili Meta-Mode1 - The Bailey-Bas& Meta-Mode1 involves a rigorous 

statistical process. This modd dweloped composite ratings for totai methodology, 

cumulalace, and cumulative eXpenence. 



COCOMO Model - Boehm dweloped the COCOMO Model, based on his analysis of 65 

software projeas [BOEHSI]. This non-proprietuy mode1 predicts the effort and duration 

of a projeet based on inputs relating to the size of the redting ystems and 15 different cost 

cirivers* 

Kemerer [KEMESi] cross-referenced these models and narrowed this list to 

COCOMO, SLIM and PRICE. He also located another two models which are non-SLOC 

based (source lines of code): Function Points and ESTIMACS. 

Most of the above models focus on cost estimation and determination of factors 

affecthg coa and p d ~ a ~ t y .  Since the purpose of these models is not to meanve 

efficiency, the detds wiU not be provided in chis thesis. The reader is refmed to [REES931 

for further information. 

2.2. Data Envelopment Analysis (DEA) 

DEA, a relaWely new quantitarive technique that is a comemone of the semice 

productivity management prognm, is used to eaablish a best praaice group of uniu and to 

determine WU units are inefficient cornpared to the best pradce groups (the efficient 

units) and the rnagriitude of inefficiencies present. Now the DEA theory, benefits aad its 

applications will be reviewed. 



2.2.1. DEA Theow 

DEA was first introduced by Chames, Cooper and Rhodes [CHAW8] in the 

formulation of the constant r e m s  to scde (m) ratio form in 1978. The CCR (a) 

modei, named after the three authors, is an extension of Farrel's [FARR57] idea of linkiag 

the estimation of tedinical effiaency and production frontiers to multiple input-output 

combinations. In this model, both technical and sale inefficiencies were encompassed by 

using the optimal values of the ratio fom. This ratio is obtained diredy from the data 

without using preassigned weights and/or expliat deiinearion of assumed functional f o m  

of relationships between inputs and ourputs. It allows for the cdculation of the relative 

technical efficiency of s idat  khkz-Mukking Lhmc (DMUs) in the analysis on a CRS bais. 

B a d  o n  the classical definition of efficiency, they use the weighted sum of outputs of a 

DMU to iiu weighted sum of inputs to indicate the efficiency. 

Since 1978, the study on DEA has been growing dramaticaUy and rapidy. The 

second major milestone in DEA development wu the introduction of the VRS modei by 

Bamker, Charnes and Cooper in 1984 [BANK84]. Compared to the CRS mou,  the VRS 

model relaxes the convexity conmaint, which allows for the rneasurement of DMU 

efficiency on a variable retum scde (VRS) bais. Furthemore, the VRS moQl dows the 

sepanrion of the effiaency scores into technical and sale efficiencies. The scde effuency 

m e m e s  whether a DMU is openting at the most efficient scale size, wMe technid 



effiaency gives a measure of how well the DMU is docating its resowes to m a x h h  its 

oufputs. 

Two M e r  notable developments of DEA theoiy are the introduction of the 

Muitiplicative model and the Additive modd The former provides n piecewüe Cobb 

Douglas interpretation of the production process while the latter relates the effiaenq results 

to the economic concept of Pareto optimdiy [ALI93], [CHAR94a], [CHAR94b] and 

[LOVE93]. Furthemore, there are numerous models and approaches to the sdection of an 

appropriate model dependhg on the nature of the production-technology. In general, these 

models differ in their orientation Qput-orientation, output-orientation), disposability, 

diversification and reninis to scale, etc. 

DEA hu the ability to handle exogeneously fixeci or nondiscretionary inputs and 

outputs. Banker and Morey [BAMCS6a] illusvate the impact of nondiscretionary inputs. 

Thqr also did resevch on the use of categorical variables in the DEA context [BANK86b]. 

In recent yean, some researdiers explored ways to incorporate judgement into DEA. The 

most remvkable effort involves Ilniting the flexibility of the LI? in assigning dues  to input- 

output weights. Wights are the nade-offs between different variables. Goiany and Roll 

[GOLA941 brought forward the idea of extendhg indusaial engineering concepts by 

associating them with a methodology that cm be applied in multipIe-output-muhiple-inp 

contexts. 



DEA is a vûy powerful OR technique particularfy usable by suvice £itm 

management The essentid strength of DEA Lies in iu fallness It directly incorporates 

multiple inputs uid outputs, whidi means that the resdts will be explicitiy sensitive to the 

complexity and mix of outpits. In addition, DEA dearly and objectively indicates which 

uaiu should be able to Lnprove effiuency and shows the amount of input resource savings 

or output augmentation measures that these inefficient units mua achieve to meet the lwel 

of the effiuency of the ben practice units. In sumrnary, DEA is a n  excelient techniqye that 

cm objectively locate real productivity improvement possibilities without the need for any 

predefined standards and that it identifies best practice and inefficient units by comparing 

th& a d  operating results [SHERSS]. 

As a new way to organize and malyze data, DEA results in new manageriai and 

theoretical insights. Chames et al [CHAR%] describes this new way like this: 

' + Focus on individuai observations in convan to population averages; 

+ Produce a single aggregate mesure for each DMU in t e m  of its utilkation of 

input factors (independent variables) to produce desired outputs (dependent 

variables); 

+ Gn simdtaneously utilize multiple outputs and multiple inputs with each king 

stated in different units of measurement; 



+ Cui adjust for exogenous variables; 

+ Gn incorponte categoncal (dumnry) variables; 

+ Are value free and do not require specification or knowledge of a prion weights 

or prices for the inputs or outputs; 

+ Place no restriction on the funaional form of the production relationship; 

4 Can accommodate judgement when desùed; 

+ Produce specific estimates for desired changes in inputs and /or outputs for 

projehg DMUs below the efficient frontier onto the efficient frontier, 

4 Are Pareto optimal (Pareto optimality refers to the points in an ecoxomic system 

at which there is no possible for a transaction that c m  benefit one entity wirhout 

harming another); 

4 Focus on the rweaied best-practice Lontier rather than on central tendency 

propdes of the frontieq and 

Satisfy strict equity criteria in the relative evaluation of each DMU." 

Since the introduction of Data Enveiopment Analys~s, it has been applied to 

respects in over 50 industries, nidi as hedth care, education (schwls, univmities), b a h ,  



maaufactwing, benchmark management evaiuation, fast food restaurants, and retail 

stores, just to lis a few. 

2.2.4. Mications to Software Production 

Current economic conditions, exacerbated by year 2000 problem, are forcing 

i n f o d o n  system depanments to simultaneoush/ focus on deueasing costs while 

hcreasing software productivity. For rnmy organizations, however, meaniring software 

productivity has been a difficult task. B d e r  and Kemerer [BANKS91 investigated 

econornies of scale present in software development. Elam [ELAMSOI outluies how DEA 

can be used to enhance existing software measurement pnaices by applying the data to 

identify best practices. There has been some research uivolving software productivity 

measurements using DEA, indiidlig [BOEHSl], [KEMES 71, [FENT911 and others. In 

these papers, they set up different DEA models focused on cost estimation. Mahmood 

-911 ! jwmmd rhese different DEA models to measure s o h e  perfomiance 

and hu shown that DEA teduiology could be successfully used to idenafy efficient and 

ineffiaent s o h e  projects. Furchermore, within the ineffiaent group, DEA can dso 

iden* factors that affect soha re  productivity in a positive or negative m e r ,  ailowing 

managers to take corrective actions. 



2.2.4.1. Sofiwure Meusurement Usim DEA in Banks 

P e r f o m c e  ratios are widely used to meawe the success of software projects in 

banks. However, each of these ratios just gives a one dimensional, incomplete p i m e  of the 

projects' heath. Tbis shortcoming of ratio analysis has led to alternative approaches. The 

multidimensional nature of DEA makes it an attractive option. Now DEA has become a 

well-establisheà operationai research tool that supplements d t i o n d  approaches and 

provides further comprehensive insights. Paradi et 4. @?ARA971 

d e s  conducted in two large Canadian Banks to measure the 

software production process. 

2.3. summary 

in this chapter, the different tediniques that have been 

presents two empiricai 

efficiency of the new 

used in literature were 

discussed with th& advantages and disadvantages. Moreover, why DEA is the technique 

suitable for this research was justified. 
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CHAPTER 3 Data Envelopment Analysis 

This chapter discusses the Data Envelopment Anaiysis (DEA) methodology, as an 

approach to meanue software project creation performance. First, the related terminology 

used in DEA is inuduced, then the mathematical models used are highlighted. Fin*, this 

chapter provides the DEA attributes that this thesis takes advantage of. 

3.1. DEA Terminoloa 

Production process can be defined as a process that can tum a set of resources into 

desirable outcomes by fïms or production units. During this process, effiuency is used to 

measwe how well a 

derived outcomes. 

production unit is perfomiiag in utilizing its resources to generate the 
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3.1.1. Productive Efficiencv and Scale Efficiencv 

Overd productive effiuency meanires how weil the production unit is optimizhg 

its output generation process using the wailable resources. Efficiency cm be decomposed 

into rwo cornponents: technical efficiency and allocative effiuency. Technical efficiency 

refers to the ability of a unit to ~roduce as much output as input usage dows, or 

co the ability to use as linle input as is required by output 

of the cwo. Hence, it deals solely with the "operational 

production, or some combination 

performancen of the unit and is 

independent of the behavioral gods of the producer. A unit is technicdy efficient if an 

increase in any output requires an increase in at Ieast one input or the reduction of at lem 

one other output, and if a reduction in any input requires the Licrease of any other input or 

the decrease of at lem one output. Allocative efficiency refers to the iibility of the unit to 

combine inputs and 

the producer. These 

other objectives the 

outputs in o p M  proportions that satisfy the behavioral objectives of 

1 

objectives indude cost minimizcition, revenue or profit maxirmzation or 

producer pursues. As allocative eficiency gives a measure of whether 

the Decision-Making Units (DMUs) are using the nght proportion of input and output mk 

to achieve the behavioral goals of the producers, it can be cded a measure of effectiveness 

from the perspective of satisfjmg the dehed objectives of the production units. 

Scale efficiency addresses the optimal production volume level. Production of more 

or fewer goods or semices than the optimal level results in added costs solely due to v01ume 

and size. 
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3.1.2. Ern~h-ica.1 Production Frontier 

The relationship between the resources consumed by the production process and 

the redting outpuu is f0rmal.l~ described as the production function. It connitutes a 

frontier for the production possibility set. It cm be illustrated by the followlig one input one 

output two-dimensional example (figure S. 1). The curve shows the theoretical production 

possibility set, as it indicates the maximum amount of the output that cm be generated from 

a certain input level and the minimum input required to obtain a desired output. However, 

this is typically not known and in most cases, especially in service organizations, c m  not be 

established accurately. 

Firmre3.1 Production Frontier 

Theoretical Frontier 

Production 
Possi bility Set 
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Effiaency computations cm be made relative to this frontier if this frontier is 

known. Howwer, in practice, ody a set of observations corresponding to achieved output 

ievels for given input ievels is available. The observed data c m  only identify the empiricd 

production frontier, or endopment surface, usually below the theoreticai frontier (figure 

3.2). 

F&re 3.2 Theoretical and Ern~irical Frontier 

Theoretical Frontier 

O 

There are w o  types of effiaencies related to the production frontier: total 

efficiency and relative effiaency. Total efficiency mesures the acnid performance relative to 

the ben possible performance or standard. It is the measure of the distance from the 

theoreticai frontier. Relative effiaency is the actual performance relative to the empirically 

observeci peer performance derived from the other real production data of sLniLr 
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production units. Hence, relative effiàency is the meanire of the distance from the anpirical 

3.1.3. Techniques for Efficiency Measurement 

Basically, there are ~o approaches to productive effiaency measurement: the 

econometric approach and mathematicd programmlig approach, which is referred to as 

DEA. The w o  approaches differ in many ways and each has its own advantages and 

disadvantages. Generaily speaking, the economeuic iipproach is stochastic and attempts to 

distinguish the effects of noise from the effeas of producrion inefficiency. In addition, it is 

pararnetric and thus, compounds the effeas of misspecification of hinaionai fom with 

ineffciency. The mathematical p r o g r h g  approach is non-stochastic, dthough ~tochastic 

DEA does exia, and non-parametric. It unially lumps noise and inefficiency together and 

calls the combination ineffiaency. Furthemore, it is less prone to specification error. 

3.2. Data Envelo~ment Analvsis 

Considerable research effort has been expended Li the development of evaluating 

the efficiency of a unit in relation to the other units in its group. The breakthrough came 

when DEA was fim introduced by Chunes, Cooper and Rhodes in 1978 [CHAR78]. They 

generalize the singlesutput/input technical-efficiency measure of Fanel et al. [FARRSa to 



the multiple-output/mdtipie-input case. In short, DEA can be explaineci as a way to 

measure efficiency as the ratio of weighted surn of outputs to weighted sum of inputs subject 

to constraiats that the efficiency of all  the units is less than or equal to unity. 

In order to employ DEA for analpis purposes, three components I re  needed: the 

inputs, outputs and a set of DMUs they belong to. (Figure 3.3). 

Fimire 3.3 DEA Comwnents 

Each of the various DEA models seeks to determine which of the n decision- 

making units determine an envelopment surface that represents the bea pnctice, referred to 

as the empiricai production funaion or the effiaent fiontier. Units that lie on the d a c e  are 

deemed efficient in DEA while those units that do not, are t m e d  inefficient. DEA 

provicies a comprehensive analysis of relative effiaenaes for multiple input-multiple output 

situations by evaluating each DMü and measuring in performance relative to an 
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envelopment d a c e  composed of other DMUs. Those DMUs form the efficiency reference 

set, known as the peer group, for the inefficient units. As the inefficient units are projected 

onto the envelopment surface, the efficient units dosest ro the projection and whose linear 

combination comprises this Wnid unit f o m  the peer group for that particular DMU. The 

targets defhed by the efficient projections give an indication of how this DMU can improve 

to be efficient. The results of DEA are s h o w  by the following two-dimensionai example 

(figure 3.4). 

Fime 3.4 Results from DEA 

\ 
Empirical Frontier 

Best Practice DMUs: A, B, C, and D 
Peer groups for DMU E: 

Input Minimization- (A, B) 
Output Maximbtion- (C, D) 

E fficiency of DMU E: 
Input Minimization: Xo/Xp 
Output Maxbbtion: Yo/Yp 

T q e t s  for DMUE are the two 
projections ont0 the efficient fiontier 

Xo XP 
I ~ u t  N 

There are two basic types of DEA models based on the enveiopment d c e  used, 

referred to as constant renints-to-scaie (CRS) and variable retums-to-scale (VRS) surfaces. 
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Figure 3.5 shows these two types of envelopment surfaces. As the names indicate, an 

impliat assumption concerning rems-to-scale is associated with each type of surface. The 

UG model, also known as CCR model, assumes that regardless of the scaie of operation, 

propodonal increases in inputs r e d t  in proportional increases in outputs. The VRS model, 

or BCC model, and the additive models relax the constant r e m s  to scale assumption, 

indicating that the scale of operations affect the input-output relationship. Both of these 

envelopment technologies result in piecewise linear envelopment surfaces. However, other 

piecewise envelopment surfaces are possible. For example, one cm utilize multiplicative 

combinations of the inputs and outputs. The resulting envelopments are piecewise log h e a r  

or piecewise Co b b-Douglas with multiplicative mesures O t relative e fficiency [CHAR82], 

[CHAR83 J. 

Fime 3.5 CRS and VRS Frontiers 

Input (XI 

The precedkig discussion of proportional reductiodaugmentation is in the 

framework of the VRS and CRS envelopments. In oriented models (on the basis of the 
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projection path to the envelopment d a c e  for the inefficient DMUs), the envelopment 

surface remains the same, either VRS or CRS. However, one set of variables (iiputs or 

outputs) preemprs the 0th- in that proportionai movement toward the frontier is lim 

achieved in that space. For a radial input oriented model, one is seeking murimal movement 

towards the frontier through proportional reduaion of inputs such that the unit is sUll 

capable of producing at least as much output as before. In this case, the projection to the 

efficient fiontier is shown by the projection between DMU:, and DMUB (figure3.4). For a 

radiai output oriented model, one is seeking m ~ d  movement to the Lontier via 

propomond augmentation of outputs such that the same amount of inputs will be used as 

before while inueasing outputs. In this case, the projection to the efficient frontier is s h o w  

by the projection between DMUc and DM& (figure 3.1). 

Innead of cons ide~g  the mount of proportiond increase or decrease, one codd 

equivalendy characterize input and output orientation in terms of the redtant proportion of 

the input or output vector after the increase or decrease has been affected. This is the 

additive model. In this chapter, only the input and output oriented VRS and CRS modeis 

will be dealt with in any detail. For the characteristics of the additive model, the reader is 

refmed to [CHAR%]. 
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3.3. Scale and Translation Invariance 

Invariance is an important issue when either the input or the output data have 

negative values. There are two types of invariance: scale invariance and translation 

invariance. Scale invariance means that if one or more inputs or outputs of the DMUs are 

scaled by a cenain amount, the efficiency scores of the DMUs will not be affected. 

Translation invariance means that the efficiency scores will be invariant to the translation of 

inputs and outputs by a scalar. The VRS model is both sale and uanslation invariant due to 

its variable r e m  to scde property, while the CRS model is only scde invariant. 

The input onented VRS model is translation invariant in the outputs. This means 

that the efficiency of a particular DMU will not be affected if one or more of the outputs of 

all DMUs are translated by a scdar qumtity. With the same reasoning, the output oriented 

VRS model is transiation invariant in the input. Refer ro figure 3.6 for a graphical 

interpretation of the translation invariance. 



Fimre 3.6 Input Onented VRS Modd Translation Invariance 

Production Frontier Jfrer Output Translation 

Producrion Frontia before Output Tmslation 

Effiuency of DIMU!: 

hher Tnnslrion: X, * / .Y, 

Before Translation: .Y, * / .Y, 

The VRS models, induâing both the input and output oriented models, are dso 

scde invariant. For example, the effiuency of DMUI on the above figure is xl*/rl. A 

scaiing of this input by A will result in an efficiency of Axl'F/Axl, which has no effect on it. 

In addition, both input and output-oriented CRS models dso have such a propeny. 

3.4. Mathematical Treatment 

In the discussion to foilow, we assume that there are n ckision-making units 

( D M U s )  to be evaluated. Each DMU has similar inputs and outputs and consumes vaxyhg 
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amounts of m different inputs to produce s different outputs. Specificaily, DMUi (j -1 A... ,n) 

consumes amounts X, ={x,} of inputs (i- 1,2, ... ,m )and produces amounts Yi = 6,) of 

outputs (r= 1, ... ,s ). We assume yi > O and y, > O. The s " n matrix of output meanires is 

denoted by Y, and the m "n rnatrix of input m e m e s  is denoted by X. 

Essenti*, the various rnodels for DEA each seek to establish which subsets of n 

DMUs determine paits of an envelopment surface. As will be seen, the input and output 

oriented VRS rnodels and CRS rnodels will be presented in the following session. 

3.4.1. Inmt Oriented VRS (BCC) Mode1 

The input onented VRS model focuses on m a d  movement toward the frontier 

through propomod reducrion of inputs. 

The linear programs for the VRS model with an input orientation are given below. 

[E quation 3.11 

s.t. Y h  - s '  = y, 
ex, - n - s -  = O  - 

l h l l  

h,st,s- 20 
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The above [XI] is caiied the envelopment form, or prima form. The multiplier 

form or dud form is given as: 

sl. v'x,, = 1 

u ,, free 

Performing a DEA malysis actually requises the solution of n lineu programming 

problems of the above form, one for each decision-making unit. The (scalar) variable 0 is the 

proportional reduction applied to a l l  inputs of DMUo (the DMU king evduated) to improve 

efficiency. This reduction is applied simultaneously to dl inputs and results in a radial 

movement towvd the envelopment surface. The presence of the non-Archimedean E in the 

prima objective function effectiveiy allows the rninimization over @ to preempt rhe 

optunization involving the slacks. Thus, the optimization c m  be computed in a two-stage 

process with maximai reduction of inputs being achieved hst, via the opMial 0'; then, in 

the second stage, movement ont0 the efficient frontier is achieved via the slack variables (s' 

and s-). The positive elements of the vector A indicate the contribution of the efficient 

DMUs to the peer group that forms the reference set for the DMU under evaiuation. Their 

magnitude indicates the degree to which the charaaeristics of the efficient DMUs are used 

to con~trrict the Wnid DMü on the fiontier to which the inefficient one is projected. 
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The dual problern yields an aitemarive geomerric interpretation. In the duai form, 

v and p are the vectors of input and output weights. Efficiency is measured as a function of 

these weights. Eadi DMU is then ailowed to choose weights that ma-.rimiZe its efficiency, 

provided that the set of weights yield efficiency scores that do not exceed unity, for di 

DMUs. The variable u is the measure of xde effiuency, where zr >O indicates decreasing 

r e m s  to d e ,  ri< O indicates increasing retums to scde md tr =O indiclites constant r e m s  

to scale. 

The optimal value, q" (= wJ, yields m efficiency rating that measures the distance 

diat a particulv DMU being rated lies frorn the frontier. A DMU is technicaüy efficient if 

and oniy if WC = 5" = 1. In other words, if a DMU is efficient, the following two 

conditions must be satisfied: 

1. The optimal value O* - 1; 
2. All slack variables are zero. 

The objective hc t ion  vaiues obtained partition the set of DMUs into rwo sets: 

m DMUs for whidi ~ * = w ~ " = l  are efficient and determine the envelopment 

surface 



CHAPTWU Dutu Envelopment Anulysis 

DMUs for which z$ < 1 are inefficient and are enveloped by the surface. 

A two dimensional example is given in figure 3.7. Using an input-oriented VRS 

model, DMU-1,2,3, and 4 are efficient and determine the envelopment surface. For DMU- 

5 to become efficient, propomonal input reduction is needed. Note that in rhis example, 

DMU-3 is the O* peer for DMU-5 because both produce the same output but DMU-3 

uses less input. In addition, hi = 1 to show that it is the only peer. But for DMU-6, it 

requires not only a propomonai reduction in input but Jlso an increase in output by an 

equivalent amount to the output slack (O!-Oo), which resulted Erom the nonzero slack 

variable. 

Fimre 3.7 In~ut-Oriented VRS Examde 
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The essentid difference between the previous input-onented VRS model and the 

. . 
output-orienteci VRS model is that in output orientation the focus is to rniurunize the 

proportional increase in the output vector while rernnining withli the enveloprrient space. 

The output-oriented VRS model is stxed below. 

Output -0riented VRS model Primai 

Output-Oriented VRS mode1 Dual 

[Equation 3.41 
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The hear program mavLnizes on cp to achieve proportionai output augmentation. 

The interpretation is similar to that applied in the previous section. If cp > 1 then the DMU 

is inefficient and requires a proporcionai increase of cp in Jll its outputs followed by a furthes 

shifi towards the frontier by the sla& to become efficient. Now 1 tum to interpreting the 

way inefficient DMUs are projected to the frontier under the outputsriented VRS m d  by 

a two dimensiond example (figure 3.8). 

&re 3.8 Out~ut-Oriented M(S Exarn~le 

DMU- l,&3 and 4 are efficient units again and form the envelopment surface. For 

DMü-5, the proportional output augmentation by cp (Od00) is sufficent to achiwe 

effiuency. For DMU-6, additional movement of the envelopment d a c e  is necessary and is 

accomplished via positive input anâ/or output sladc vaiues. In other words, for DMU6 the 
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efficient projection to frontier requkes both an output augmentation portion and the input 

slack reduction. 

3.4.3. The CRS &CR) Mode1 

The CRS model of Charnes, Cooper, and Rhodes also admits both input and 

output orientation, and the formulation is simdar to that for the VRS model. However, the 

envelopment surface for the CRS model is different, which is demonsuated by figure 3.5. 

Compared to the input oriented M I S  model, neither the convexity constm.int 

(ih = 1) nor the variable u, appean in the formulation of the input oriented CRS model. 

The absence of the convexity constraÿit enlarges the feasible region. The resuit is the 

reduction in the number of efficient DMUs. The non-appexance of &es away the scaie 

efficiency measurement capabilify of the model and assumes that all DMUs are openting at 

constant retums to scaie. Under the CES input oriented model, the values of 0 are generdy 

smaiier and the values of <p are generaly larger than under VRS model. 

Similady the output oriented CRS model cm be obtained by removing the 

convexity consuaint TL = 1 fiom the primai f o m  and the variable v2 from the dual form of 

the VRS output oriented model. Further information c m  be found in [CXAR94]. 



.. 
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In addition to the models dismssed above, known as the basic DEA models, there 

are still other models, such as the Multiplicative model, the Additive model and so on. For 

further details, refer to [CHAR94]. 

3.4.4. Extensions to DEA Models 

A number of extensions to basic DEA modeis have been Litroduced in the 

literanire. These extensions are vaiuable additions to the rnethodology of DEA. We briefly 

examine three of the more important extensions, which are viewed as modifications of the 

reference set, the variable set and the possible range for muitipliers, respectively. 

3.4.4.1. Catenorical Variables 

Frequently, an input or output variable may have a naturai representation AS 

discrete levels or may reflect the presence or absence of a parcicular capability. Banker and 

Morey [BANK86b] discuss the problems associated with attempting to estimate the 

resources that n bank branch should require to adiieve a given level of deposits, given a 

population base of 100,000 with specific demographic characteristics. DEA will compare the 

DMU under examination with a combination of efficient DMUs, some of which might have 

î population base considernbly larges than the DMU king examlied. Thus it would be Iess 

connoversial if the cornparison group of DMUs, consisted ody  of brandies with a 

population of 100,000 or less. Similar considemions would hold if some branches of a bank 



have a drive-in capability while o k s  do not. In such situation, one may wish to ensure that 

a brandi is compareci with branches that are in the same category or possibly with those 

o p e r a ~ g  in an even more diffidt or unfavorable situation. The use of caregorical variables 

allows the incorporation of such discrete or binary factors md can improve the construction 

of an efficient reference set. 

Suppose that an input variable that may take on one of the values 1,2, ... ,M. These 

M values effectively partition the sec of DMüs into categories. Specificdy, the set of 

decision-making units D = {1,2 ,... ,n} = {D, u Dl W... u 3, ) where D, = {i 1 i E D md 

input vaiue is a} and D, r\ D, = cp, a z b. The following mode1 specificition allows the 

evaluation of a decision-making unit L with respect to the envelopment 

for the units comprishg its and al l  preceding categories. 
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nt 

min -&sr+ +CS,-) 
, , - ,=I i=t 

[Equation 3.51 

The above specification provides an euplmation of how the impiied hierarchy of 

evaiuauon in the categocy cm be addressed via DEA. A decision-making unit L E DK, KE 

(1, ... ,M) may be evaiuated with respect to the units in uE=, D, . Although the presentation 

is for the Additive model, it should be obvious the caregoricd variables can be easily 

incorporated in this marner into any DEA modei. 

3.4.4.2. Nondiscretionan, Variables 

Nondiscretionary variables are variables over whidi a DMU hûs no connol. The 

key to the proper mathematical treamient of a nondiscretionary variable lies in the 
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observation that information about the extent to which a nondiscretionary input variable 

may be reduced is not meaningfd for the DMU manager. 

In the case of input orientation, it is not reievmt to maximize the proportional 

decrease in the entire input vector. Su& maximization should be determined only with 

respect to the subvector that is composed of discretionary inputs. For an output orientation, 

the necessary modificarions to incorporate nondixretionvy variables are similu. 

3.4.4.3. Constrained Multidiers 

Ln the particulûr 

additional resuictions on 

applications, it may be desinble to perform iui analysis with 

the variables C( and v. Such restrictions c m  incre~se the 

discriminating power and flevibility of DEA and thus yield sharper efficiency estimates by 

incorporating mcillary manageriai information into the maiysis. Licorporating inequiility 

constraints of the following kind in the multiplier form problem can enforce additional 

resuictions: 

pal +va; s 0, 

where a: is the s-vector of coefficients for the output mulupliers, p, and cri is the m-rrector 

of coefficients for the input multiplien, v. 
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Such cons&ts may be indudeci in any of the DEA models. The detded 

expianations are given in [ALI94]. 

This chapter has diswsed the solution approach in details. Brief theoretical and 

mathematicai treatments of DEA were provided. To enhance its usehilness, several 

extensions to DEA models have dso been presented. 
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CHAPTER 4 Softlware Production Measurement 

DEA Models in the Literatwe 

This section reviews the relevant applications of DEA to software production 

reported in the iiteranue. 

Banker and Kemerer [BANK891 apply DEA models to estimate the Most 

Productive Scale Size (MPSS)  for different data sets. They use single-input (Effort) single- 

output (Source Liaes of the Code) production hinaions which allow for both increasing and 

decreasing retums to scale. It is proposed that the knowledge of MPSS may enable managers 

to estimate the MPSS for the organization and to understand the coas of deviating from this 

point. Later, Banka, Dater and Kemerer [BANK9lb] use single-input Fffort) two-output 

(Function Points (FI?) and Source Lines of Code) to study the effects of project 
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characteristics on different phases of the sobare maintenance process. Some 

environmental varialdes are also included in this model. 

In Elam's [ELAMSOI model, a qualif~ amibute of the software as an output was 

considered. In addition, Elam outlines how DEA can be used to augment existing software 

measurernent practices by app&g the data to idenufy "best practice". The following inputs 

and outputs are tiduded in his model: 

Inputs 

0 Labour (Salary/Employee) 

m Expenses (Expenses other than Salary/Empioyee) 

outputs 

m Productivity (Funaion PointsNOork Month) 

Quality (Employee Hom Spent Correcting DefectdFP) 

This rnodel is more extensive, but most of its measures were normalized: labour 

cost per empioyee; FPs per work-month; and quality was measured by the total rework 

hours per FP. This may r e d t  in some undesirabie properties. The moa signifiant is the 

inability to anaiyze scde effiaencies. 
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In IREES931 and [pARA97] a model with one input and three outputs was 

presented. The single input, project cost, measures the effort and refleas the project cost 

induclhg labour, overhead, cornputer charges and other costs. The three outputs are size 

(Function Points), quality (Defects) and duaaon (Days). 

The production models mentioned above are summarized in table 4.1. 

Table 4.1 Review of Software Production Models Using DEA 

Inputs 

Labour 
(hrs or O) Expenses Points T-= 

I 

Banker, Datar and x x 
Kemerer, 199 1 

Banker and 
Kemerer, 1989 

Reese, 1993 
Paradi, Reese and 
Rosen, 1997 

x 

Reese, 1996 

Elam, 1991 x x 

outputs 

x New Code x x / MoLfiedCodc 

SLOC 1 Qudy 
Lines of Code 1 

Notice that al the models use effort, measured by Iabor hours or costs, as the main 

input. The main output for the models is the size of the code delivered. Basic*, there are 

~o kinds of measures for this amibute. One is the nurnber of source lines of code (SLOC) 

approach, the 0th is the FPs approach. A number of researchers, led by Albrecht 

Project 
Duration 
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[ALBR79], beliwed that the Function Points method should be used in measuring software 

productivity. Albrecht and Gaffney [ALBR83], Behrens[BEHRS3], Low and Jeffey 

[LOWC90], and Kemerer [KEME93] provided evidence in favor of using this method. 

Howwer, the FPs method has been criticized for being labor intensive since it requires 

rigorous data gathering and does not easily lend itself to automation, uniike source lines of 

code. In addition, h i s  method has questionable reiiability since cornpuration is based on the 

subjective judgement of the person doing the counting nther than objective data. In 

connasr, other researchers believed that SLOC is the most appropriate measure of software 

productivity. Boehm provided the moa complete and rhoroughiy docurnented model, using 

SLOC for measuring software productivity. This approach has dso been cfiticized 

conceming the d e s  for counting SLOC since a number of reseuchers have included 

cornments in their counts, while othen have not. Also SLOC has been critiwed for not 

addressing the issue of language difficuity when cornparhg the producrivis. of s o h a r e  

projeas written in different languages, as wd as the terse (APL) or verbose (COBOL) 

characteristics of different languages. 

As mentioned above, Banker [BANK89], Banker, Datiir and Kemerer [BANK911 

used both the FPs and SLOC approaches simultmeously for estimating sofnvare 

productivify of the same project. SLOC was used for gauging the size of the project and the 

FPs method was used to measure the complexity of the project. 
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This research uses SLOC as a surrogate software productivity meawe for a 

number of reasons. 

+ Software project data induded in this work are coUected by the Bank's Year 

2000 Program They use this meanire for their own needs. 

+ Boehm stated that "delivered source instructions ... is a more practical 

productivity rnetric than the currendy available alternatives" 

+ SLOC is the moa widely used measure of productivity in the sohare 

Project c o s  is the moa commody used measure of the sofeware project 

development effort. This research uses this rneasure as an input variable. In the basic DEA 

rnodel, there are cwo inputs and two outputs. 

Inputs f outputs 'i 
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This model introduces the duration as one of the inputs, which results frorn 

Pumam and Meyen's [PUTN92] hdings that there are inteactions between h e  and 

other project mesures, such as size and cos. 

Obviously, a number of other factors, in addition to those already mentioned, may 

dso affect the productivity of a software project. For example, Elam ELAM911 suggested 

the indusion of the quality amibute. Paradi and Reese [REES961 recomrnended that the 

environment sire should be taken into consideration. Unfominately, due to the unavailability 

of the data, these factors wiil not be considered. If data were available, these variables would 

easily be integrated into the above model. In addition, programming langage, degree of 

"inter-operation" and other factors d l  aiso exert influence on project efficiency. In a later 

chapter, the cornparison of a few efficient vs. inefficient projeas will give some indication of 

these factors. 
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CHAPTER 5 Data Acqtlisition and the DEA 

Models 

The correct conclusion cornes hom not oniy the right methodology but also good 

qualif~ data. Data acquisition is a cniQai part of diis work, especialy made d i f f id t  by the 

fact that some of the applications under study have not been completed yet. ki this chapter, 

the process of application seleaion, data collection and manipulation wiil be discussed. 

5.1. Application Selection 

The data used in this work were collected by the Bank's year 2000 achvities 

accounting program In the database, there are 292 applications in 4. Each application has 

three classification levels. This work chooses the first rwo levels of the application as a 

Deusion-Making Unit (DMU), since h o s t  al l  applications' third level have not been 

completed yet. The raw data on these applications are separated into two groups: one group 

is the 'estimateci" data for the applications, the other is "actual" data. Therefore, this work 
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will measure not ody the "actud" efficiency but dso efficiency using "estirnatedm data and 

d e  a cornpaation between the "amal" efficiency and "estimated" efficiency in order to 

provide some indication on how effective the software project estimation process is. 

Furthemore, this work dso uses the whole application as the DMU. However, this 

is restricted to those applications chat have complete information on di three levels. Due to 

the iimited data, this work measmes the e s h t e d  efficiency for the whole application. 

Nevertheless, some condusions on which level of the application causes most of the 

inefficiuicy of the whole application after the whole efficiency is computed to rhose at 

di fferent levels. 

5.2. Data Collection and Transformation 

AU of the raw data are obtained from the B d ' s  Yeu 2000 Program. Table 5.1 

gives the data elements and their sources. 
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Table 5.1 Data EIements and Source 

Data Source 

Resowce Plan 

/ Source LLies of code (SLOC) 
-- / Main rable 

- 

Project Start Date And End Date 1 Application Plan 

Data are extracted and imported into a Microsoft Excel Spreadsheet. The nw data 

are not hiyr comparible with the information required for my models. In order to gather 

required data to be consistent and complete some extrapolation and transformations are 

required. 

In the database, dthough the programmer effort, measured in fuii rime equivdence 

(FTE), is assigned by year, it is possible that more than one level of the application is in 

progress in the same year. Substantial effort was made to b d  the amount of FTE utilized 

for each level of the applications, yet some error mua still euia. 

Moreover, for some applications the FTE assigned to the application is zero, but 

the source h e s  of codes (SLOC) is positive. To ensure that the data are clan, such 

applications had to be dropped from the mdy at this time. 
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To measure the project cost, a consistent data-item is required for aU applications. 

In th is  study, FTE in Canadian Dollars is used. For this purpose, data from the Bank's Year 

2000 Program appiicaaon database are used. Normal planning for development used a rate 

of $54O/day (development programmer) and 17.25 workdays per month for costing. An 

equivalent FTE dollar value wodd be one FTE/year " $540/day * 17.25 daydmonth :> 12 

months = $1 11,78O/year. This value is used to compute the FTE in doiian. The duration 

for each project is dso needed for the model. In the database, I jun have the infornation 

about the stm date and end date. The standard of 17.25 daydmonth to calculate project 

duration is used. 

With the above-mentioned ennpolations and uansformations, the database is 

complete for this shidy. Now there are 52 applications for estimated efficiency study, 37 

applications for actual efficienq snidy and 88 applications for the whole project estimated 

efficiiency study. 

5.3. The DEA Models 

The following is the list of the inputs and outputs of the DEA model (Mode1 1) 

used to measure the efficiency as of first two levels of the applications. This model will be 

used twice in this work On the one hand, this model will measure estimated efficiency by 

budget pian data; on the other hand, it will measure actuai efficiency by a m d  performance 

data The diagram for the DEA model is dso provided. 
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a F d  rime equivalence in dollars 

Project dwation 

Source lines of code 

Figure S. 1. DEA Model 1 

tf 

Inputs 

-'. 
outputs 

Another list of the inputs and outputs and the diagram of the mode1 (Model II) to 

measure the efficiency of the whole application are &O given. 

Full Ume equivdence in dollars 

Project duration 

Source lines of code 

r Certification lwel(0,1,2,3) 

'O' indicates that no cedication lwel has been achieved 
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'1' indicates that the application have been tested using m e n t  dates to ensure that 

they have no negative impact on current processing and, if appropriate, 

tnplementation into production 

'2' indicates that the application has been rested successfuy. in a simuiated year 

2000 environmenc 

'3' indicates that the application has been tested in a Year ZOOO "'Orne machinen 

environment 

Figure 5.2. DEA Mode1 II 

Inputs 

Full t h e  4 [T] ___, Source lines of code (SLOC) 
e q d e n c e  in 
dollars 

/" 
catification ievd (0,1,2,3) 

Project duration 
Li days 

Input orientation is selected for the DEA rnodels in this work for two reasons. O n  

the one hand, the output level, especiaiky SLOC, is to a great extent detemiined by the 

application. Many times no new SLOC is created. O n  the other hanci, an assumption is made 

that the management is more interested in rninimizing the consumption of input to a certain 

output level, which in this case usu* means "getting the job done" rather than some goal 

measured in SLOC or FPs. Both types of envelopment surfaces, VRS and CRS, are used and 

their resuits are compared. 
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This chapter has docurnented how 1 obtained dl the useful information requked 

for this study. The detailed description of the models developed for this study is dso 

presented. The inputs and output are explaineci. 
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CHAPTER 6 Results and Discussions 

This chapter presents the results of this maiysis using the two DEA modeis 

outlined in Chapter 5 and compares the red ts  Lom the performance ratio approach 

described in Chapter 2 with the r ed t s  obtained Lorn the DEA mdysis. Furthemore, this 

chapter discusses the correlations between different variables in the DEA models. I dso 

separated the projects into size groups and e~amined the redts. 

6.1. Analysis Using Performance Ratios 

Partiai production ratios are widdy used measures for ;issessing the performance 

of software projects. In this midy, the software projects are confined to the process of 

k g  and testing application sobare code when fixing Y W  problem. In the umal case, 

the sofcwve indudes dwelopment, testkg, implementation, operation, maimenance and 

enhancement. Here, m o  panicular ratios were used to compare to the DEA renilu and 

help validate the condusions: 

RI- Project Cost/SLOC 
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R2- Project Duration/SLOC 

We then combiie the two ratios in order to dassify the projeas. The ratios were 

cdculated for the fint two levels (certification level one and two) of each available project, 

using "estimated" data (plan data) and "acniai" data (actud performance data) sepantek. I 

also performed ratio analyses for the whole project using available "estimated" data. The 

basic dard and the two ratios are given Li Appendiv A wih one qualitative classification. 

For the first two levels (certification level one and two), there are dtogether fifty- 

cwo projects available to calculate ratios using "estimated" data. Twehe projects were found 

to be relatively efficient ("bestn) because both the Projea Cosc/SLOC and the Project 

Duration/SLOC ratios are low. Another thirreen projeas were judged to be the rnost 

inefficient ("worst") due co relatively high values of the two ratios. The remaining projects 

were considered intermediate. For euample, project C'/A Bdk Filmg was considered 

intermediate primardy due to its hi& Project CosdSLOC ratio. SLnilarb Project Chqe 

I b q p g  was considered intermediate due to a high Project Duration/SLOC ratio. Figure 6.1 

shows the results of the ratio analysis. 
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Figure 6.1 Results Using Raeo Analysis (Estimated Data) 

kst Project Inremdiate Worst Project 
Projcct 

Then 1 nim to the acnial ratios of the firn two levels of the projects. Due to the 

unavailability of the amd performance data, there are ody thuty-seven projects to wodt 

with in th is  andysis. Seven projects are considered relatively efficient, eleven projeas are 

found moa inefficient and the rest are intermediate. Figure 6.2 gives the results of the ratio 
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Figure 6.2 Resdts Using Ratio AnayUs (Actuai Data) 

1 

I Best Pm jea 1ntemedi;ite Worst Pro jea 
1 

Pro jea ; 
I -- 

Fin* the projects are analyzed as a whole (based on plan data). Arnong eighty- 

eight projects founeen projects are judged to be relatively efficient, nineteen projects u e  

most inefficient and the rernaining are intermediate. Figure 6.3 shows the ratio andysis 

results on the bais of the whole project. 
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Figure 6.3 Results Using Ratio Andysis (for the Whde Project) 

Best Project Intermediate Worst Project ' 

Project 

It is important to point out chat different people give different classifications based 

on the same ratios. Thus, the combined ratios just give a "fi@' efficiency measure. This 

hinher demonstrates the subjective nature of the ntio mdysis and the difficulties 

associated with such parriai performance measures. 

In sumrnary, this section gives ratio anaiysis renilü. For the ha two levels based 

on budget plan data, twelve projects out of fifry-two projects were judged relativeiy 

efficient, thirteen were moa inefficient and the rest twenty-seven were intermediate. For 

the fLst two lwels based on a d  performance data, seven out of rhircy-seven projects 

were considered relativeiy efficient, eieven were rnost inefficient and the other nineteen 

were intermediate. For the whole project, fourteen projects out of eighty-eight projects 
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were relatively efficient, nineteen were most inefficient and the other fifty-five were 

intermediate. 

6.2. Resdts and Discussions from DEA Models 

6.2.1. Correlation Analvsis 

In order to c o n h  and an* the impact of the variables on efficiency rhe 

cordations between each pair of variables in the models are cdculated. Ver- high 

correlations berween a pair of variables imply that the two variables represent the sarne 

production mechanism. In such a case, one of these viables could be evcluded from the 

model. On the other hand, if a variable has very low correlation with the other variables, it 

may tnply rhar this variable does not fit the model. 

We did not h d  any variable with a very low or a very high correlation with other 

variables in three models. The following tables give the correlation coefficients of each pair 

of variables. 
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Table 6.1. Correlation Coefficients of E k t e d  Data for the Fust Two Lwds 

Correlation Coefficients 

Project Coa vs. SLOC 

Project Coa vs. Projecc Duration 

SLOC vs. Project Duration 1 0.360 
I 

Table 6.2. Cordation Coefficients of Amal Data for the First Two Levels 

Correlation Coefficients 

1 Project Coa vs. SLOC 

Project Coa vs. Project Duration 

SLOC vs. Project Dumion 
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Table 6.3. Correlation Coefficients of Estimated Data for the whole Projea 

Grrelation coefficients 

/ Pmjea Cost vr. Certification Lwel 

1 Project COS vr. SLOC 

Project Cost vs. Project Duntion 

1 Certification Level vs. Project Duration 

0.553 

Certification Levd vs. SLOC 

SLOC vs. Project Duntion 
l 

0.257 1 

6.2.2. Technical Efficiencv 

Since input oriented DEA rnodels are used, technicd efficiency scores cm be 

interpreted as the proportion of inputs that codd produce the DMü's output vector if the 

DMU was operating on die frontier. Moreover, the mount and type of resource saving 

that cm be achieved by making each inefficient unit as efficient as the most efficient ones 

are identified and directions for management to achieve these savings are highlighted. 

6.2.2.1. First Two Leseh Estimated Mode1 Results Ushg - Mode1 I 

The o v e ~ e w  of the variables used in this mode1 is given in table 6.4. 



Table 6.4. Summary Statistics of Outputs and Inputs for First Two Levels Estimated Model 

- Using DEA Model 1 

FTE ( i i  dollars) 

Projea Duration(days) 

S L o c  1 1 ,245,57 1 2 16,26 1 2,277,377 1,000 

The technicd efficiency results based on the estimated data (plan data) for the fk 

two levels (certification levd one and two) of die applications ;ire shown in Appendiv B. 

The average tedinicd efficiency scores under constant returns to scde and variable 

r e m s  to scde are 0.233 and 0.470 respectively. Efficiency scores are grexer under variable 

r e m s  to scde than under constant r e m s  to scde becrruse the Gontier consmcted under 

variable r e m s  to sale envelopes the data more tighdy. 

The foliowlig table surnmarizes the DEA resdts under CRS anci VRS 
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Table 6.5. DEA resuits - Ushg DEA Mode1 1 

Tkhiid* 

Average Score 

M k w n  Score 

Minimum Score 

Number of Efficient DMUs 

Rettm to scalé 

Number of efficient DMUs exhibithg IRS 

Nurnber of efficient DMUs exhibiting DRS 

Number of efficient DMUs exhibiting CRS 

We split these projeas into four groups (based on VRS score)~ICH91]: 

The robustiy effiaent units will appear in many reference sets and are likely 

to remain efficient unless there were major shifts in th& fortunes. In the m i s i s ,  5 

projects, induding h p t  Br& 6%. 11 Cçrnrd, NUM N RESOUKES, GMA C 

and Aopu CIBC Wml Gmfy Seo+ op?.&, are ro bus* efficient units. 

The weaiùy efficient units will spically appear in only one or two reference 

sets and would be Lely to &op below 1.0 if there w u  even a small drop in the value of an 

output variable (or a smd increase in the value of an input variable). In this anaiysis, Pr+ 
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~~ is the only weakly efficient unit. Note that wea& efficient units will not be outliers 

(or self evaiuating units) because the outlien do not appear in any reference set. 

The marginally inefficient units. These will have an efficiency nting in excess 

of O9(but less than 1) and could raise their score rowards 1.0 with a relatively srnall amount 

of improvement in their o p t i n g  redts. There is no SU& unit in dis anaiysis. 

The units with an efficiency score of less than 0.9 would have diffiicuty in 

making themselves efficient in the short tem. However, if the efficiency score of a unit is 

less than 0.6, then this unit would likely remah inefficient unless there was a major change 

in their operating circumaances. Therefore, theses units with scores of less than 0.6 are 

classified as distinctiy ineffiaent units. In this maiysis, 35 projects belong to this caregoy 

Figure 6.4 shows the nurnber of units in each category ushg this model. 
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Figure 6.4. Number of Units in Each Category (Estinirited Model) 

Robustly Weakly Mlirginlilly D istinctly ' 
1 

Efficient Efficient in et fi ci en^ Inefficient 

U airs U nits U nits Uni ts  ; 

Carehil analysis of the above result suggests that the rhirry-five distinctly 

inefficient units are too many for a real-life situation. Yet the six efficient units appear to be 

OK. To investigare this issue, it is m o a  likeiy that the efficient units r n J y  have something 

unusual about one or more of th& inputs or outputs. Thus, setting targets may be 

unrealistic for other projects to reach because the distances between the ineffuent wits 

and the frontier are unusuaby large. To examine this, the six efficient projects and one 

outlier on the frontier were removed from the analysis - this is called "peeling off the 

frontierm- and the DEA modd was run agah to see what effect this has in the thirty-five 

distinctively inefficient DMUs. In tbis analysis, there are dtogether forty-five projects. Table 

6.6. summarizes the new redts. 
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Table 6.6. DEA redts Using Mode1 1 

Average Score 0.536 

Maximum Score 1 

Minimum Score 

h b e r  of Efficient DMUs 

Retrm to Xillé 

Number of efficient DMUs exhibiting IRS 3 

Number of efficient DMUs euhibithg DRS O 

Number of efficient DMUs evhibiting CRS 4 

-- 

CRS 

Aber 1 peeled off the fronuer, the efficiency scores of the remallung projects 

inaeased some. The average efficiency score increases from 0.470 to 0.536 (VRS model). 

Moreover, there are cwenty-nine distinctively inefficient w t s  based on seven efficient units. 

This suggests that the original frontier rnight objeaively reflect the performance of the 

orgdnization since the resuits ;ifter peehg off the frontier are dose to the original resdts. 

Based on the new DEA redts,  the projects are separated into groups. The results ;ire 

shown in Figure 6.5. 
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Figure 6.5. Number of Units in Each Category 

f 

l 
l 

Efficient Units Efficient Unitr Inefficient Uniü hefficienc Units j 

In sumrnary, this section presents the technical efficiency of the available fifsr-two 

projeas for the b s t  two levels estimated model. Five were found robustly efficient, one 

was weakiy efficient and thirty-five distinctly inefficient. peeling off the frontier, f o v  

five projeas were left. Among them, seven were considered robustly efficient, one was 

marginally inefficient and twenty-nine were dininaively inefficient. 

6.2.2.2. First Tmo Levels Actual Model Restrlts us in^ Model I 

The input oriented model L used to mesure the actud efficiency of the s o h e  

projects. Summary statistics of the inputs and outputs used in this mode1 are induded in 

Table 6.7. 
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Table 6.7. Summary Statistics of Outputs and Inputs for First Two Levels Amal Model - 

Ushg DEA Model 1 

- d h r p m  Totd A w q  iMnx Mvl 

Inpn 

FTE (in dollars) 

Project Duration (days) 

SLOC 5,486,603 148,287 1,550,000 $60 

The technicai efficiency results based on the a m a l  data (actud performance) for 

the firn rwo levels are shown in Appendk B. The average technical efficiencies under 

constant r e m s  to scde and variable r e m s  to scale are 0.161 and 0.535 respectively after 

one projea is âropped due ro its extremeiy low efficienq score. This projea was found to 

need major rewrite and fundamental changes from its originai version, hence is not really 

comparable to the rest of die data. 

The results indicate that the potentiai improvement of the actual performance of 

these software projects is very hi&. The bûnk could use far less input obtaining the sarne 

level of outpurs if they were to adopt "bea practice" technology. The bea practice unit 

represents the collective views of service providers about the moa efficient way to provide 
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this service. Here the bea prahce units are those DMUs on the Lontier. For the same 

reason as 1 referred to in Section 6.2.2.1, the frontier was peeled off and the DEA model 

was run again. Table 6.8 compares the results of before and ûfter peeling off the frontier 

under both CRS and VRS assumptions. 

Table 6.8. DEA r e d s  Using DEA Mode1 I 

Technical 

E ffiuency 

Average Score 

Maximum Score 

Minllnum Score 

Number of 

Efficient DMUs 

Returns to Scale 

Number of 

efficient DMUs 

evhibiting IRS 

Number of 

efficient DMUs 

euhibithg DRS 

Nwnber of 

efficient D M U s  

exhibithg CRS 

Before peeling 

off the fiontier 

After peeling 

off the frontier 

CRS 

Before peeling 

off the frontier 

After peeling 

off the frontier 
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The 'actual" efficienaes reveal the r d  performance of the organization. To 

provide insights to management for improvements, the most immediate and most 

straightforward method is to prepare a List of units in descendhg order of relative 

effiaency. Those with a relative efficiency score of 1.0 are differentiated by cornputhg the 

nurnber of Urnes they appear in the reference sets. Therefore, 1 split the La into fiw groups 

(using the DEA results after peeling off the Lontier): 

The super efficient units. These units have effiaency scores of 1.0 before 1 

peeled off the frontier, Therefore, after the frontier was peeled off, these units appeared 

above the new Lontier, which is the reason why thqr are named super efficient units. In this 

analysis, kp t  B r d  IMS COLT, Ikat  hdzids $stem, S o k  A- Systan, 

Woai Gmdy Roprd Ga@m and proird F d  M d  S y m  are super efficient units. 

The robusdy efficient units. Accordhg to the defktion in Section 6.2.2.1, 

P v o ~  EFT, GMAC and piopn F k  belong to rhis category. Units in this group represent 

"best practice" units. They are managing th& resources very well in the environment in 

which they operate. 

The weakiy efficient units jus appear in a few reference sets. Thus, they 

wodd be easy to become inefficient wen though there were smd changes in th& 

fortunes. There is no such unit in this anayUs. 
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The macginally inefficient units. Gaigqdkd Dis&& and plqia Ut& 

BiUs belong to this group. Although the efficiency score of these projects are less than 1.0, 

their efficiency ratings are in excess of 0.9, which are 0.989 and 0.914 respectively. Hence, 

they could soon raise th& score towards 1.0. From management perspective, the 

marginaily inefficient units are more rneaningful than the oudiers are. 

The d i s t i d y  inefficient units. As mentioned in Section 6.2.2.1, these 

projects with efficiency score of less than 0.6 would not reach the frontier u n d  there was a 

major change in circumstance. My anaiysis suggests that twdve projects are the distinctly 

inefficient units. The projects in this group are obviousiy not succeeding and the reason for 

this shouid be investigated by management. However, it should be remembered that these 

results are ody at level 2 of the projects and therefore, these units may become more 

efficient when measured at level3. This c m  happen if very few resources will be used at 

level 3, perhaps because more were used at level 1 and 2. Thae couid be mde-off here. 

Furthemore, 1 have no wa/ of establishg how well estimates were made, by whom or by 

what methods. Hence, 1 cm not d e  vdue judgement or prediction as to how units d l  

show effiuency changes after the level3 data are available. 

I also c k e d  out the sarne andysis for the DEA resdts before peeling off the 

frontier. AU the results are shown in Figure 6.6. 
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Before peeling off the frontier, proPD IMS COLT, A&& Syston, 

Wold Gzm+ R q d  Gqbm and p q x t  F d  M d  Syrtsn are robusdy efficient units. 

Pr* B r i  Clemoqp and proied Ikmt Mdcl~ Svstm belong to the weakly efficient 

N o  marginaily inefficient unit exists in this andysis. 

Twenty-two units belong to distinctively efficient units. 

Figure 6.6. Number of Units in Each Category (Acmai Model) 

C3 Beiorc peeling ; 

off chr frontirr i . 

hfrtr peeling i 

off the froncierr : 
- 

Ro bustly Wedcly Margindly Discinctly 
Efficient Units Efficient Units Inrfficienr Inefficient 

Units Unics 
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From this figure, 1 cm condude that the r e d s  after peeling off the frontier may 

provide more insight to management because the efficiency scores inueased sharpiy. 

Therefore, it is feasible for them to be the pers for the 0 t h  inefficient units. 

This section has discussed the rechnical efficiency for the first two levels actuai 

model. Two out of thirty seven projects were robustly efficient, two were weady efficient 

and twenty-two were distincrively inefficient. After peeling off the frontier, three were 

robusdy efficient, two were miugti* inefficient and tweive were disrinctivdy inefficient. 

6.2.2.3. W e  Proiecf Estimated Model Results Usinp DEA Model II 

Sumrnary naristics for the inputs and outpurs in this model are reponed in mble 
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Table 6.9 Summaiy Statistics of Outputs and Inputs for the Whole Project Estimted 

Mode1 - Using DEA Modd II 

ûapa~mrdrnpm T O ~  Aww MLZX l ~ i n  

rnpa 

FTE[m doilan) 

Project Duration(days) 

SLOC 26,206,896 297,806 2,30 1,000 99 

Certification Level N/A N/A 3 - 7 

The technicd effiuency results based on the estimated data (pian data) for the 

whole projea are shown in Appendix B. The average technicai efficiency scores under 

conaant retums to scaie and variable returns to scale are 0.145 and 0.515 respectively. 

Furthemore, there are fourteen efficient units under variable r e m s  to scale and ten under 

conaant r e m s  to scaie. These show diat the results are pretty reasonable. To further 

examine the above resulu, 1 peeled off the Lontier and carried out another analysis ushg 

the same model. 

The summary of the DEA results before peeling off the frontier and after peeling 

off the fiontier u&g DEA model II under CRS and VRS are shown by Table 6.10. 
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Table 6.10. DEA Results Using DEA Mode1 II 

Maximum Score 

M . u m  Score 

Nwnber of 

Efficient DbWs 

1 exhibithg IRS 

Number of 

efficient DMUs 

evhibiring DRS 

Nurnber of 

efficient DMUs 

exhibithg CRS 

Before peeling 

off the frontier 

After peeling 

off the frontier 

0.556 

CRS 

Before peeling 

off the fioatier 

After peellig 

off the frontier 

These results suggest that the DMU performances before peeling off the Lontier 

are realistic because the r d t s  after peeling off the frontier are quite sirnilar to them. This 

M e r  means that the efficient units on the original frontier are praaicai targets for the 

0th ineffiaent units. 
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We use the results before peeiing off the frontier to carry out the following 

analysis. 

h+tt Gaaerd Ckmg, Cage II Ccmrd, COINS - Op Cribi, HUMA N RESOURCES, 

InJS Systen (ReplacPd by 283), W B S  Sanhg ~~ by 284), T r i  SFT-CaIfrh, 

KBS (1- Cbnphme Bank@ System), F k d  LM& $stm and pyxt C a b -  

Rop.y A&& are robusdy efficient units. 

Roy& IBTSS, ECIF, and pm,kt Md are the weakiy efficient units. 

h n t q  are the margLially inefficient unit. 

Fifty-seven projects belong to the distinctly inefficient units in chis mdysis. 

To make a comparison, the same analysis was done for the r d t s  after peeling off 

the frontier. Figure 6.7 shows the summary of al1 the results. 
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Figure 6.7. Number of Units in Each Category (for the WhoIe Project) 

0 Before peeling , !  
off the frontier [ 

After peeling 1 
off the frontier j 

i 

Roburrly Efficient W d l y  Efficient Slarginally lnctficirnr DimnnIy Inefficient 

I Uniu Unitr Lnns Ciiin 

This section gives the DEA redts of the whole project estirnated model. Among 

eightysight projects, eleven were robudy efficient, rhree were weakiy efficient, four were 

margindly inefficient, and fifry-seven were dininctively inefficient. Aher peeling off the 

frontier, eleven were robudy efficient, four were weakiy efficient, one was marglidy 

inefficient, and forty-five were distinCavely inefficient. 

Due to the unavailability of the actuai performance data, the stage andysis is 

co&ed to estimted data. Table 6.1 1 gives the cornparison of fia two level performance 
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and the whole performance. This analysis is based on the results before peeltig off the 

Table 6.1 1. Stage Adysis 

1 First Two Levels 1 The Whole Project 

1 Score I 1 Score 1 
Project Narne 

GL Data Collect 

E fficiency 

Inter Brandi B a n h g  

, 1 
I - l C C . .  . . 1 a - - A  1 1.. . . 

Classification E ficiency 

0.883 

1 Inefficient Unit 

Auto 412 

Classification 

0.308 

1 Inefficient Unit 1 0.204 1 U i W a i ~ q  1 0.218 1 Uistknveiy 

Inefficient Unit Inefficient Unit 

------- 
Distinctiveiy 

0.768 

1 Inefficient Unit 

------ 

0.434 

DACS/GL 

V lSA Front knd 1 0.142 1 Uts~ncuvely 1 0.309 

Distinctively 

Distinctively 

Inefficient Unit 

0,335 

Uisunmveiy 

Inefficient Unit 

Unir 1 / Inefficient Unit 

0.377 

1 

0.483 1 Distinctively Cheque Imaging 

Distinctively 

Inefficient Unit 

0.3 13 / Disrinciively 

Customer Profitabilify 

Porcfolio Info Facility 
I 

0.292 

Distinctively 0.347 

Business and Fam Loans 

Inefficient Unit 

Diswictively 

Life Innirance System 

Geographicd Distributh 

0.420 

0.229 

Distinctively 

0.335 

1 

Inefficient Unit 

Distinctiveiy 

Inefficient Unit 

DistincWely 

Inefficient Unit 

Outlies 

0.232 

Inefficient Unit 

Distinctively 

0.978 

Inefficient Unit 

Ma@* 
Inefficient Unit 
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RRSP 

Historicd Results 

1 Efficient Unit 

0.133 

0.776 

------ 
1 

Cage II Convoi 

/ Inefficient Unit 

Distinctively 

Inefficient Unit 
------ 

ECIF 0.895 

1 

/ Inefficient Unir 

Robunly 

HüMAN RESOURCES 

1 Inefficient Unit 

1 

L 1 

Distincrively 

Deposit Account (Sm) 

Unclaimed Balances 

I 
0.225 D istinctively 

0.638 

-----a hvest Products System 

CDIC Prem Reduct 

1 Management I 1 Inefficient Unit 

------- 
0.824 

Inventoty Asset 

0.279 

1 Inefficient Unit 

Disthctively 

Inefficient Unit 

0.18 1 

Grporate Credit Processing 

/ & Tmsfer Systern (MOTE) 1 

Distinctively 

1 Inefficient Unit 

0. 17 1 Distinctiveiy 

1 Inefficient Unit 

Statement Reprint System 

Efficient Unit 

Inefficient Unit 

1 

Distinctively 

0.5 

Inefficient Unit 

Distinctiv* 

Efficient Unit 

Ro budy 

Efficient Unit 

Inefficient Unit 

Ro budy 

Efficient Unit 

Distinctively 

Inefficient Unit 

Inefficient Unit 

Dis tinctively 

Inefficient Unit 

Inefficient Unit 

Inefficient Unit 

Inefficient Unit 
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1 Inefficient unit / 1 Inefficient Unit 

Kithg Detection System 

Integrated Profitability 

Management Synem (EFIP) 

0.477 1 Distinctively 1 0.368 Distinctively 

National Tmst Back Office 0.268 

WINFAST (Replacing 

Lending Advisor) 

1 Inefficient Unit 1 

Distinctiveiy 

Inefficient Unit 

GST Input Collection & 

/ Inefficient Unit 

0. 108 

0.280 

0.328 

I 1 Inefficient Unit 1 1 Inefficient Unit 

Distuictively 

Inefficient Unit 

Distinctively 

Inefficient Unit 

ClBC Online (SCC-MVS) 

Distinctively 

Feplacing Part of 26) 1 1 Inefficient Unit 1 1 Inefficient Unit 

0.130 

0.229 

Deposit Acceleratbn 

Distinctively 

Inefficient Unit 

0.206 

of 26) 1 1 Inefficient Unit 1 1 Inefficient Unit 

Distinctively 

D istinctively 

0.307 

415 Statistïcs (Replacing Part 

I 

0.228 / Distinctively 

Distinctively 

0.324 

i 

(Repiacing Part of 26) 

(Previously Part of PIF) 1 1 Inefficient Unit 1 1 Inefficient Unit 

0.545 

Distinctiveiy 

Distinctively Statement on COM 

1 Inefficient Unit 1 1 Inefficient Unit 

Credit Data Warehouse 

This table shows that certification level 3 everts important influence on the 

Distinctively 

0.3 12 

project. Nomdy, t h i s  lwel d l  increase the project efficiency scores. 

0.56 1 

0.570 

0.182 

Clearly, Y2K projects are not typical of the unid software dwelopment process as 

far as bugs created and found. Since Y2K work couid be considered as maintenance 

Distinctively 

Distinctively 

1 1 

Distinctively 1 0.226 1 Distinctively 
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activity, aikit, a special type, it should not mate bugs in the same way as new software 

projects. Hence, the expected c o n d  chart by bugs reported and fixed over time does not 

apply. This aiso means that level 3 certification will go further than ~cpected and that 

should resuit in higher efficiency levels. 

This section shows the cornparison of first w o  levd performance and the whole 

performance for the availa ble t e - f i v e  pro jects. 

6.2.4. Retums to Scale 

According to the d e f ~ t i o n  given in Chapter 3, scde effciency c m  be cdda ted  as 

the ratio of the CRS and VRS scores ( O C P ~ / ~ \ W ) .  If the frontiers of CRS and VRS m&s 

are very dose, one can condude rhat the indumy generaily operates at a constant returns to 

scale. I again consider combining or in this case comparing the rwo situations. A11 the 

available projects (before peeling off the frontier) are used to cany out this anaiysis because 

the scale efficiency is related to alI the projem. The average sale  efficiencies of the three 

DEA rnodels are summanzed in Table 6.12, 
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Table 6.12. Scde Effiuenq 

DEA modds Average Scale Effiuency Score 

First Two Levds Estirnated Modei 0.496 

First Two levels Amal Mode1 0.488 

Whole Projea Estimated Mode1 0.869 

This r e d t  suggests that variable r e m s  to scde are exhibited in the projects 

examinai because the average scale efficienues are not close or quai to one, which wouid 

be required for constant r e m s  to scale. This inefficiency results from the projects' size. 

Additional indication that the b a h  exhibits variable r e m s  to scde is that the nurnber of 

efficient units on the CRS frontier and VRS frontier are quite different. 

6.2.5. Peers and Target analvsis 

Target projections provide insights hto  potential performance improvements and 

associated swings for each inefficient DMU. The peers for each inefficient DMU indicate 

the efficient units to which the cornparison is made. Ushg some linear combinations of the 

peers' inputs and outputs, a target projection is determlied. Considering input oriented 

DEA models are used, the difference between acmd and target values indicate the potentid 

savtigs through input redunion. 
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In this analysis, the VRS model before peeling off the frontier is used. As 

mentioned earlier, there are units that are not used as peers for any of the inefficient units. 

Those units are aiways considered to be outliers or self evaluating units. Table 6.13 provides 

a summaiy on the peen of the three models. 

Table 6.13. Peer Andysis Result 

Mode1 Mode1 Model 

(level 1&2, esrimated) (level 1&2,acniaI) (whole projea) 

Efficient DMUs 7 6 14 

Reference Set Peers 6 6 14 

Significant peen are identified as those belonging to a reference set having a h 

value greater than 0.1. This constraint is arbiuarily imposed Li order to focus on the 

dominant units in the reference sets. 

In the fLst two leveis esrimated model ( T h s  mode1 uses the plan data and 

cornbined certification level one and two), the average t h e s  a significant peer appears for 

each inefficient DMU is 1.7. This number irnpiies that the average input of the projected 

inefficient unit is a h e u  combination of less than two reference units. Moreover, al1 the 

efficient units (i~~cluding h < 0.1) appear as peers one hundred and thLty times altogether, 

and two of them (w B r d  ClPmmg and pqkt UBC W d  Gundy Ses* O p p h )  
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appear as significmt peer &-four times. This suggests that these two projects may be 

outliers which have performance characteristic that other projects c m  not adopt. Thmfore, 

these two units were removed and 1 ran DEA model again. This redted in seven efficient 

units, five of which have an efficienq score of 1.0 in the previous maiysis. This resdt 

hrther shows that project Brandi Clearing and pq& C '  Word G t d y  Sen* Operatioris 

are realistic peers and the previous discussion is valid because the red ts  before and after 

peeling off these two units are vexy dose. 

For the fint two levels actual model (h s  mode1 uses the actual performance data 

and combined certification lwel one and IWO), on average, each efficient unit appevs 14.3 

Mies in the reference sets although two of the six efficient units (Pq$x~ BrmmS c+ and 

Impst Wlcts Systsn) jus appear in one or cwo reference sets, induclhg its own. This 

suggests that hpxt Br& abmg and Rqprr lmest Prdlcts Sysrtm are weakly efficient units 

while other four units are robudy efficient units. This conclusion agrees with the previous 

resuits in Section 6.2.2.2. Each inefficient unit has 1.5 significant peers. 

Of the fourteen units that form the efficient frontier in the whole project model 

('Rus model uses the plan data and measures the project on the whole), no one is 

considered as self evaiuating unit since ai l  the units whose efficiency scores are equal to 1 

appear in reference sets. Therefore, the reference set of the seventy-four inefficient units are 

composed of fourteen efficient units. On average, each efficient unit appears in the 
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reference sets 17.8 tirnes. The average number of peers for each inefficient unit, for which A. 

> O. 1, is 1 .77. (Sorne of peers for the inefficient units have ?, I 0.1) 

6.2.6. Com~arisons between Estirnated Data and Amal Data 

In this work, there are 27 software projeas chat have both estimated and acnial 

information. The raw data and input-oriented VRS resuits of these projects are shown in 

AppendLc C. 

Four projects have the exactiy same estimated and actual data aithough th& 

estimated and actuai efficiencies are different. This cornes Lom the fan that changes to the 

other projects' data affect these as wd. 

Nine projects used more F E  (in dollars) than anticipated induding P q x t  Brmd~ 

Chmg Pmpat N i  Meh &mk Ina3fm Çystart @ep/na&g 71 & 270) and Px@ Ckpqhd 

Di~&ltiooz, which consumed ZOO%, 168% and 100% more FTE (in dollars), respectively. 

These nine projects consumed 73.8% more FTE on average, that is, $292,863. Eleven 

projects used less FTE than expected. They consumed 33.7% less FTE thm predicted, that 

is $728,804. For these projects, the estimation is quite simiiar to the actual pedormancce 

except Project &pst Aao~Iérutim ~~ Plnt of26), h j z t  41 5 S W ~  (?&phmg P d  cf 

26), ~Plqlat~tatenemanCZlM(RPp'annpPmt~26) andpqktIMSCOLT. 
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As to project duration, the ciifference between estirnateci data and amial  data are 

not very large except for hpt  Traczig and +t Clge II M. In the case of S L O ç  the 

actuai data are essentially a h a y s  the same as the estimated data because the projects 

measured in this work are focused on converthg eYisting applications for Y2K problem. 

Table 

variables. 

6.14 gives the correlation coefficients of each pair of estimated and actual 

Table 6. M. Correlation Coefficients of Estimated and Acmal Variables 

Correlation Coefficient 

Project Coa (Estimated vs. Amal) 

Pro ject Duration (Estimated vs. Actuai) 

SLOC (Estimated vs. Actual) 

From the table, I can see that the estimation is pretty dose to the realiy. 

6.2.7. Management Usaee of DEA Results 

DEA highlighted the reasons for the favorable anci poor aspects of the unit's 

performance - factors that contributeci to or detracted fiom its efficienq rating. The 

results in Appendix B indicate the amount of resource savings that these inefficient units 
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must achieve to meet the highest levd of efficiency exhibited in the firm. To make the 

messages that emerge from a DEA analysis more acceptable to managers, a detded analysis 

for those units that belong to the 'distLictly inefficient' group offer the best opportunity, 

one which should prove to be an extremely useful exercise. 

Nevertheless, one of the most powehl pieces of information thar is obtained by 

the DEA is the set of target values for 

reference set provides strong indicarions of what 

. . . . . - C I .  r Cm . 

those units assessed as inefficient. The 

type and amount of inputs and outputs 

are needed to make the mettiaent units eftiuent. Shce input oriented DEA models are 

used in the analysis, there will be target input values that the inefficient units could use to 

achieve an effiuency score of 1.0. 

The above are the vaditionai ways to make use of DEA results. Since the projects 

measured in this work are unique (the Y X  problem), the target input vdues c m  not 

provide much insight to management. However, what the stage mdysis and programming 

hguage analysis can offer leads to hiture improvements. The nage analysis shows that 

certification level3 can change project efficiency sharply. Therefore, in reaiify, management 

should pay attention to the assigned FTE to the Iatest stage of software development. Since 

the programrning language of most projects is COBOL, die projects on the frontier cm be 

practicai targets for the other projects. The collabotating bank should cany out an anaiysis 

on the projecc teams involved based on DEA d t s ,  because the leadership, skin level and 
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the position of the tearn are important factors to project efficiency and vduable lessons may 

be learned from this work. 

Hence, DEA is a techique that provides management with the background 

idormation upon which to base deùsions. Once DEA is adopted as a standard method of 

analysis, furcher work c m  be undertaken ro derive additionai insights into the operations of 

the DMUs Base performance can be established and hence periodic anaiysis carried out to 

show progress and help all DMUs to improve with respect to their part performance. 

6.3. Com~arisons with Ratio Analvsis 

The following are the cornparisons of the DEA results and ratio mdysis redts .  

At bst glance, performance ratios seem easy to caicdate and hence, ro use. 

However, interpreting the partial information provided by each ratio is difficult and highly 

subjective. Moreover, the ratio malysis just gives qualitative classifications of the projects. 

Consequently, this measure provides ody a weak link between meanirement and action. 

Many of the deficiencies of ratio analysis cm be overcome by DEA particularly 

because it uses al1 inputs and outputs simdtaneousiy. DEA also provides a more consistent 

and systematic method of incorporahg judgernent into performance analysis while 

reduciug these multiple measures to a single efficiency score. 
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Cornparhg the red ts  from the DEA models Fvith the resdts from ratio analysis, 1 

c m  see that there exists some difference between them. The reason for the difference is 

that DEA considers the tradeoffs between different atuibutes and gives each output a 

weight to show its relative importance with respect to the other attributes. In ratio analysis, 

only two measures were considered, narnely: the relationship between the project cost and 

source h e s  of code; and the relationship between project duration and source h e s  of 

code. In fact, there d exkt other tradeoffs including the mdeoff between project cos  and 

duratioa. Furdiemore, no weighting scheme is defined in ratio analysis, dso, it is inkentiy 

a constant r e m s  to scale methodology. 

Note that, most of the efficient applications in the peer groups have a relatively 

low vdue in performance ratios, which means that they are dso relatively efficient ;is shown 

by multiple-ratio measures. Moreover, many projects chat wae classified as the moa 

inefficient fiom ratio analysis also have relatively low DEA efficiency scores. This is not a 

surprishg r e d t  since the DEA model used is relatively simple (two inputs and one or two 

outputs) and DEA is a "ration itself with aii  factors considered at the s m e  t h e .  If the 

outputs (LI two inputs and one output DEA model) are hi&- correlated, the DEA results 

d l  be very dose to ratio analysis redts. As shown in Section 6.2.1, the correlation 

coefficients between two outputs are 0.360 and 0.421, respectively. Under mch 

circumstance, DEA is a better method to provide an objective performance measurement 

because DEA incorporates multiple inputs and outputs. The Merence between ratio 

anaysis and DEA r d t s  can be best explaineci by the multidimension&ty of the data and 
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the sùndtaneous consideration of management judgement regarding multiple producer's 

objectives. Table 6.15. gives the cornparisons between DEA results and ratio anaiysis results 

based on the a d  performance. (We just measure the first two levels of the projea 

because of the unavailability of the data.) 

Table 6.15. The Cornparisons between DEA Redts and Ratio Ana& Redts 

IMS COLT 1 1 1 0.2171 0.027 

Application 
Narne 

Rapidtrans 

Brandi CleaMg 
US Dollar Float 
pACS/GL - 
Cenualized Insu 

1 

EFT 

Geograp hicd 
Distribution 
General Clearing 
RRSP 
Account Info 
Facilitv 

- - - 
I 

- - .- - 

Cage IIControl 1 0.261 1.258 1 0.896 - 
Branch Details 1 0.277'1 8.3041 1,0227 

1 

Portfolio 0.336 2.795 1.227 
Manager 
Deposit Account 0.304 1.361 O. 194 
(STB) 
Invest Produas 1 0.263 0.029 
System 

VRS 

0.232 

1 
0.2 10 

- 0.403 
0.239 

0.699 

0.775 

0.588 
0.152 
0.264 

Programming Language 

Assembler, COBOL, 
Easytrieve 
COBOL, Easytrieve 
COBOL, SAS 
COBOL, Easytrieve 
Assembler, COBOL, 
Easyvieve, GDF 
Assembler, COBOL, 
REXX 
COBOL 

COBOL 
COBOL 
COBOL 

worst 

R l  =Cod 
SLOC 

1.297 

0.202 
1.290 
1,869 
1.1 10 

0.325 

0.658 

3.726 
2,142 
1.892 

Classification 
Based on Ratio5 
intermediate 

best 
intemediate 
intemediate 
intermediate 

best 

intermediate 

worst 
intermediate 
intermediate 

Assembler, COBOL 
Assembler, COBOL 

intermediate 
1 

R2= DuraiUon 
/lOOSLOC 

0.208 

0.166 
0.646 
0.72 1 
0.168 

0.040 

0.538 

3.643 
0.292 
0.289 

ben 
interrnediate 

apper,  COBOL, 
W, Visual Basic, 

COBOL worst 
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Software 
Arnortization 
S y stem 
NEA 
Utilify Bas 

Mutuai Funds 
Order Entry & 
Trmsfer System 
(MOTE) 
Tracing 

GMAC 
RICS FEE 

Float 
New Mellon 

1.84 

0.41 1 
20.25 

1 

0.642 
0.776 

0.1 15 

0.429 

Bank Interface 
s y Stern 
(Replacing 75 & 
270) 

5.589 

O. 4 15 
14.58 

0.873 
0.687 

t 

Wood Gundy 
Rapid Confimis 
Consolidated Bill 

3.966 

1.260 

2.104 

0.907 

Kiting Detedon 
System 
National T m  
Back Office 

ClBC O&e 
(SCC-MVS) 
Deposit 
Accderation 
(Replacing Part 
of 26) 
4 15 Statistics 
(Replacing Put 
of 261 

i 

1.005 

1-19 1 

4,289 
5.589 

0.970 

0.706 

0.40 1 

0.279 

Statement on 
COM @teplaMg 
Part of 26) 

6.53 1 
9.2 

Access 

C, C++, Clipper 

COBOL 

REXX, COBOL, 

COBOL, E asy-trieve 
COBOL 
IBM PC COBOL/& 
FoxPro 
COBOL 

Assembler, COBOL, 
Dialogue System, 
Microfocus WkBent 
COBOL, REXX 
Easyvieve 

COBOL 

COBOL 

Not available 

Assembler, COBOL 

COBOL 

COBOL 

wom 

worst 

intermediate 

intermediate 
worst 
worst 

intermediare 

intermediate 

intermediate 
worst 

intermediate 

best 

intermediate 

intermediate 

worst 
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Gener* speaking, ratio an*& is concemed with m e a s u ~ g  one partidar 

aspect of the operation with respect to another while DEA is an maiyucal tool that 

attempts to assess performance 'on the whole'. It is usefd to use a miunire of techniques to 

hüther extend the range of useful management information. 

6.4. Refined DEA Results 

' ~ i n a a ~ a l  Mode1 
System 
GIS TXN Conf 
Printine 

Upon the examination of the peer groups, 1 believe chat cornpuhg different sized 

projects might not be fair. Furthexmore, it was important for management to arrive at 

targets that were consistent with rheir experience, and setting efficient targets from a 

combination of projects in different categories was not meaningful since the project 

characteristics are quite different. Therefore, 1 separated the projeas into different goups 

and ran the DEA mode1 (I or II) again. 

1 

0.598 

1.118 

4.387 

The resdts of this refined andysis are presented in the following. 

0.472 

3.549 

Miaosoft Visual Bas, 
*al Report Gene 
Not available 

best 

worst 
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6.4.1. Refmed Fira Two Levels Estimated Mode1 

The projects were separated into three categories accordhg to size; projects of 

over IOO,OOO SLOC were in a large size category, those of between 10,000 and 100,000 

SLOC were in a medium size category, and those of under 10,000 were induded in a srnd 

category. The VRS mode1 (mode1 r) was rerun for each category. The results are presented 

in AppendUt D. They suggest the foHowing: 

Arnong the large projects, there are six efficient DMUs. Two of thern were 

efficient wiits in the previous discussion. The other four also had rdativeiy high efficiency 

scores in the previous discussion. Aimost di the projects have a higher efficiency score 

except Aop I i m ~  Pradtlcts Systsîz & neariy keeps the s m e  efficiency score. This result 

is not unforeseen. After the projeas were separated, the basic shape of the new frontier for 

the large sized projects wiU be dose to the original frontier except that the edge d be 

"inwardn. The inward bend results in shorter distances between the frontier and some of 

the inefficient units. Therefore, the efficiency scores will be no less than the original 

efficieq score, but rnay be a bit higher. Figure 6.8 iUusuates such situation. 
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Figure 6.8 The Frontier Cornpansons Before and After rhe Introduction of Segmentation 

Variables 

In the above figure, ABCED is the frontier before the projeas were sepwated. 

Aher 1 sepwated the projects, the new kontier for the large sized projeas is FED because 

the original DMU C does not belong to the large sized projeas. Since the distance between 

inefficient unit G and the new frontier becomes less, its efficiency score will increase a bit. 

However, for D m ,  the distance aays the same, hence, its efficiency score wiU not 

change. 

Among the medium shed projects, in generai, the effuency scores did not 

change dramaticdly, which redted hem the fact that three of the five efficient unirs have 

an efficiency score of 1.0 and the other two also have relatively high scores in the full data 

set model. Consequendy, the new frontier is very dose to the original frontier, hence, the 

efficiency scores wdi not change roo much. 
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Among the smali sized projects, two projects kept the same score and the 

other six became more effiaent for the same reasons mentioned for the large sized 

projects. 

6.4.2. Refined First I w o  Levels Actual Mode1 

Following the same tedinique, I divided the projects and rean the DEA model 

(model 1) three thes. The redts are shown in Appendiv D. 

Among the large and medium sized projects, the efficienq scores of ail the 

projects are no less than the redts from the normal DEA model because of the same 

among the 

large projects and three among medium projects. 

For the srnail sized projects, the reg 

reason that mentioned in Section 6.4.1. Three projects were found efficient 

ults are quite similar to tho se from the 

Ml data set DEA model, which results form the fact that the new frontier is very dose to 

the originai one. 
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6.4.3. Refmed Whole Proiect Estirnated Mode1 

W1th the same classification, 1 d l  divided the projects into the three categories: 

large, medium and small. The results are presented in Appendix D. 

Among the large projects, there is not much ciifference benveen the 

efficiency scores Lom the DEA mode1 before and after size division. 

9 Among the large and smaii projects, the efficiency scores ;ire much higher 

than the scores frorn the full data set DEA mode1 for the same reason that mentioned in 

Section 6.4.1. Moreover, some new efficient units appear. After hinher investigathg these 

units, 1 found that these newiy efficient units are ail on the edge of the konrier. This c m  be 

best explained by the fact that after the projects were divided, the units on the original edge 

of the fiontier are not in this category. Thus, some new efficient units appear on the 

frontier (see figure 6.8). 

In this chapter, the prelimkiary redts and related anaiyses were presented. Saferal  

techniques were used to provide insight to management as well. 1 also separated the 

projeas into groups to provide a more fair and equitabIe cornparison. 
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CHAPTER 7 Cortch&ns and Recommendations 

This chapter nunmarizes the condusions of this work and offen recornmendations 

for future work. 

7.1. Conclusions 

W~th the increased focus on reducing sofrnlare con and increasing producti*, 

objective measurement and anaiysis of software projects are an essentiai research area. 

Performance ratio analysis has been the widely used technique for addressing this need, but 

there are a number of shortcomings assoaated with this method. In this thesis, DEA is 

presented as a solution for softwve project measurement due CO its ability to handle multiple 

inputs and outputs and the lads of the need for relative weight or value. The objective of this 

thesis is to show that DEA is a superior technique that can be used in a r d  &onment to 
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measure software team performance and to examine suggested management actions that can 

be derived from DEA results. 

Two software effiuency measurement DEA models with different types of 

envelopment surfaces (VRS and CRS) were developed for thu purpose. 1 also summarized 

the process of data collection and the related uansfonnations. The choice of input and 

output variables is based on the ratio analysis, which is the benchmark for this research 

results. The r e d t s  of the DEA models are compared with those from the ratio malysis. 

Performance ratio aaalysis is concemed with one particular aspect of the operation 

while DEA is an analytical tool chat attempts to assess overd performance. In other words, 

DEA is dearly superior to ratio anaiysis in its sensitivity to multiple ourputs and inputs. In 

addition, DEA red t s  dso indicated the amount of resource savings that the inefficient units 

rnay achieve to meet the level of effiuency of the best practice units. 

We examlied the technical effiuency scores that resulted from the DEA models, 

and dassified the projects into four groups Lom a management perspective. Feanires and 

management actions for each group were also provided. 

Using the "frontier peeling" technique, the problern of ensuring that outliers are 

not used as efficient peer units was addressed. In the DEA mode1 which measures the whole 

projects based on the estimated data, the r ed t s  before peeling off the frontier just put;+ 
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reflected the performance of software projects. The renilts after peeling off the frontier 

provided more praaicd performance improvement targets for the inefficient units. 

A peer group analysis differentiates the DMUs whose effiuency scores are equal to 

1.0 to peers or outlim, moreover, it gives sorne indication of whether or not the resuits are 

realistic. Dependhg on the average number of times each efficient unit appears as a peer, 1 

cornpared the results by exciuding, one at a time, the DMüs which appear as peers too 

often, to give a sense of how sensitive the results are to one important unit. 

It is important for management to arrive at targets that are consistent with th& 

eupenence. Therefore, the projects were divided Lito three groups. The rebed DEA models 

measure the projects in the same category accordlig to size and provide targets with the 

same characteristics. Results from this analysis c m  be sumrnarized bnefly. In some 

categories, efficiency scores are very dose to the origLid scores; in other categories, the new 

effiueacy scores increase somewhat. The reasons for efficiency score increases were dso 

presented. 

7.2. Considerations 

One objective of the work is to provide DEA results to supplement traditiondy 

used performance indicaton. They, together, provide management with the background 

information upon which to base decisions. DEA rnay supplant some partial performance 
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assessrnent induding ratio analysis, but it wiU remain complementary to others. The question 

as to whidi part of the total p i m e  each technique cm provide has to be addressed so that 

management is not presented with confli&g advice. 

7.3. Future Work 

This research provides a framework for a cornprehensive performance mdysis of 

software projects in a Canadian bah. There still exists significant potentid for further 

research. It may Lidude: 

A quality m e w e  was not 

There is a need to f i d e r  develop a 

included in this research because of the lack of data. 

DEA model, which will Lidude qudty and more 

environmental factors. The development of such a model is the underlying component to 

the success of this method for meauring softwve project production performance; 

Research similar to this andysis could be performed for each level of the 

projects to decide which level of the project contributes more or less to its efficiency rating; 

The impact of inclusion or exclusion of certain variables on the efficiency could 

in order to more precisely capture the nature of the software process; 

Management considers it important to obtain efficiency mesures that account 

for interna1 poliues of the IS depanment. Therefore, manageriai information win be required 

in order to con& the DEA multipliers and tighten efficiency estimates in hinue researdi. 
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The analysis on the influence exerted by programming language. I will 

consider the laquage diffidty issue when comparing the productivify of projects written in 

different laquages. This may be solved by figuring out the ratio between different languages 

whidi d e s  diem e q d e n t  and then mulgplymg these ratios to SLOC and &g DEA 

models again. 
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Actual Data 

Actual Model 

Additive Model 

Allocative Eficiency 

BCC or VRS Model 

C d c a t i o n  Level 

They are taken or extrapolated lrom amais  recorded in the tirne 

recording system of the bdnk 

Model using a d  data 

DEA mode1 that involves a simultaneous reducrion in inputs and 

increase in outputs. 

The abilify to combine inputs and outputs in o p M  proportions 

in the presence of market (or other) vaiues. 

DEA mode1 that dows variable r e m s  to scde. 

This is the application's level of Year ZOO0 certification to date 

(O, 1,2,3) where 

+ 'O' indicates that no certification level ha been achieved 

'1' indicates that level L h;is been achieved (changes have 

been teaed using current dates to ensure that they have no 

negative impact on 

production) 

'2' indicates that 

application has been 

environment) 

current processing and implemented into 

level2 certification h a  been achiwed (die 

tested successfuy. in a sirnulated Year 2000 



CCR or CRS Model 

DEA 

Development 

DMU 

DRS 

Estimated Data 

Estimated Model 

FP 

IRS 

O v d  Efficiency 

Peer Group 

'3' indicates that level 3 certification has been achieved ( the 

application has been tested in a year ZOO0 cornpliant "time 

madiine" environment) 

DEA modd that dows constant returns to scde. 

Non parametic, hea r  programming npproach to the 

consmiction of the production fiontier and the measurement of 

efficiency relative to the construcred fionriers which requires no 

prior specification of the funaional form of the fiontier. 

Evolution or bringing out from a latent or elementary condirion. 

Deusion M h g  Unit. 

Decreasing retums to scale. Proportionate increase in inputs 

results in a propomonately smaller Liaeue in outputs. 

A general form often associated with performing ac t~ t i e s  as well 

as possible. 

Planned projea information. 

Model using estirnated data 

Fundon point: A m e m e  of software size. 

Increasing returns to d e .  Proportionate increases in inputs 

results in a proportionately l q e r  increase in outputs. 

Both technicaüy and docatively efficient. Calculated as the 

product of technical and aiiocative efficiency. 

The set of efficient DMüs againa which inefficient units are 

compareci. 
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Performance Ratio Usudy a ratio of output over input. Impliatly CRS. 

Project A systematic planned undertaking. 

Scale Efficiency The ability to operate on the most productive scde size 

SLOC Source lines of code: a measure of sobare size 

Software The programs and procedures required to enable a cornputer to 

perform a specific task, as opposed to the physical components 

of the system. 

Technical Efficiency The ability to produce as much outputs as input usage dows. 

Trade-off The impact on one or on more inputs or outputs by changing 

one or more other inputs or outputs. 



Appendix A Petjiorrnance Ratios 

The basic data used in ratio analysis and ratios are given here widi one qualitative 

classification. 
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Part A 

1. Ratios for the Fim Two Levels (Estimated Data) 

I I I Input 1 output 1 &O I 
Application Name 

CI 

Branch ClearLig 5589 
Auto 412 65950.2 
US DolIar Float 92777.4 
DACS/GL 32416.2 

r 

VISA Front End 20 1204 
SundryClearing 48065.4 
Cheque Imaging 17884.8 

L 

1 
3 

12 

Intermediate 
Intermediate 
Intermediate 

FTE (in dollars) 
during Level 

In t ennediate 

Source Lines Duration 

GL Data Collect 
Rapidvan~ 
Inter Btanch 

Intemediate 
Tn termediate 

1 

CAMP 78246 185.15 lM400 0.320155483 3 12.3482 
StopHoIds/etc, 
Portfolio Info 2459 1.6 320.275 19525 1259492958 79,39703 

1 1178 
194497.2 

167670 

I 

best 

Classificatior 
RI-CodSLOC 

626.2301 
77.12193 

5.8472 

154.675 
3 11.65 

106.375 

70000 
I50000 

9804 

Facilicy 
35 Business and F m  169905.6 21 1.5 122500 1.38698449 72.09886 

R2-Duration 
/ IOOSLOC 

ben 
Intemiediate 
worst 

0,159685714 
1.296648 

17. 103303 18 

Intemedirite 
I I~oans  Life I I I I I f 

Intermediate 

- ,  m 1 L I 

1 325273.81 517.51 1 80000 1 1.80711( 55.33697 
best 

1 

7489261 335.8) 124000 1 0.6020305471 166.1045 1 best 
r 1 

Cage II Conwl 32416.2 34.5 33640 0.93580254 
Branch Details 67068 165.025 14000 4.790571429 
Portfolio Manager 33534 147.2 12000 2,7945 
HUMAN 223560 361.1 1520000 0.147078947 
.RESOURCES 
[Deposit Account 191 143.8 220.8 203500 2.8468 

Balances 
Invest Products 354342.6 448.5 1550000 0.228608 129 
System 
CûIC Prem 52536.6 120.75 10880 5.82873 16 18 
Reduct 
Invatory Asset 185554.8 310.5 120000 1.54629 
Management 
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1 Input 1 Output 1 Rauo f 1 

105 
115 
145 

173 

196 
209 
217 
242 
213 

245 

248 

255 

272 

(SCC-MVS) 
Deposit 95013 109.25 21000 4.524428571 
Accelmtion 
(Replactig Part of 
26) 
415 Statistics 95013 100.625 7000 13.57328572 
(Replacing Put of 
26) 
Statement on 95013 104.65 8000 11.876625 
Cohl (Replring 
Part of 26) 

AppLcbon Name 

TPSS 
NISA 
Grponte Oedit 
Processing (CCP) 

278 

291 

257.8726 best -k 

Source Lines 

100000 
35000 

Munid Funds 
Order Enuy & 
Transfer Systern 
(MOTE) 
T n ~ g  
Bankcxd 
C/A Bulk Filing 
GMAC 
VISA - AS/400 
ImagePlus 
Sc atement Reprint 
Systern 
Kkhg Deteaion 
Systern 
Integrated 
Profitability 
Management 
system (EFIP) 
National T m  

7.367413 worst l- 

I 

44712 

Back Office 
New Mdon Bank 
Interface S y s t u n  
(Replacing 75 & 
,270) 
WINFAST 
(Rep1ac;ip 
Lending Advisor) 

302,GST Input 

8.4199 worst m 

FTE (LI ~ O U X S )  
during LeveI 1&2 

40240.8 
16767 

aYsifiwGon 

ben 
Intemiediate 

- Duration 

443.9 
148.925 

R1=Coa/SLOC 

0.20 1204 
0.479657143 

148.5 

l 

$5829.8 

527601.6 

27945, 

R2-hinùon 
/1OOSLOC 

497.008 
208.7434 

42000 

14197 
2277377 

5028 1 
1303 

300000 

2600 

13280 

150000 

48049 

148667.4 

22356 
361049.4 

134136 
5589 

718745.4 

11178 

20 120.4 

262683 

55890 

9954 

414 

43.7 
569.25 

127.075 
85.1 

465.175 

413 

13 1.675 

179.4 

241.5 

893.55 

655.5 

336.725, 

3.5397 

1.57469888 
0.158537388 
2.667727372 
4.2893323 1 

2.3958 18 

4.299230769 

1.5 1509036 1 

0.58374 

1.163 187579 

4.49 1862568 

10000 

200000 

49095, 

28.25098 

63.5042 
630.766 

37.48509 
23.3 1365 
4 1.7394 

23.25997 

66.00266 

171,309 1 

2.26248 

Intermediate 

Intermediate 
bat 
Intermediate 
worst 
Intermediate 

worst 

Intermediate 

best 

4.58298 

2.638008 

0.569202566, 

worst 

85.97066 1 Intermediate 

L 1.8 1986 

37.90739 

worst 

Intermediate 

175.6844,lntermediate 
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I Input 
Application Name 

I durine Levd 18d 
LI 

E F P  Infra. - 1 400172.4 

Gundy Semities 

63714.6 
Warehouse 
(Previously Parr of 

Ratio 



APPENDIX A Performance Ratios 

II. Ratios for the Firn Two Lwds ( A d  Data) 

Application 

Centnlized 
Instr 
EFT 

h put Lui0 
FU== Pro ject 

Duratoin/lOOSL.OC 
Classification 

intermediate 
intermediate 

iMS COLT 
G g e  II Conuol 
Branch Detds 
Portfolio 
Manages 
Deposit 
Account (Sm) 
Invest Products 
System 
lCDIC Prem 
Muct  
Software 
Arnoruzrition 
System 
MSA 

1 Utility Bills 
Mutud Fun& 
Order Enuy& 
Transfer 
system ' (MOTE) 
Tracing 
C/A Buk 
F i g  
GMAC 

1 

RlCS FEE 
Kiting 
Detection 
System 

270507.6 
435942 
11625 1.2 
33534 

140842.8 

406879.2 

38005.2 

11178 

1453 1.4 
6706.8 

1665523 

17884.8 
11 1780 

5589 
6706.8 
27945 

335.8 
3 10.5 

143.175 
147.2 

201.25 

456.55 

1 12.125 

36.8 

143.75 
93.15 
422.05 

169.05 
116.15 

85.1 
110.4 
128.8 

1244000 
34640 
14000 
12000 

103500 

1550000 

10880 

2000 

35000 
460 

42000 

14197 
5028 1 

1303 
1200 
13280 

0.2 17449839 
1.158493072 
8,303657143 

2.7345 

1.3608 

0.1625027 1 

3.493 115 

5.589 

0,415 182857 
14.58 

3.965528571 

1.259753104 
2.223 106 143 

42893323 1 
5.589 

2.104292169 

0.026993569 
0.896362587 
1,02678571 
1.726666667 

0.194444441 

0.029454839 

1.030560662 

1.8 4 

0.4 107 14286 
20.75 

1.004880952 

1,1907M523 
023 100 177 

6.53 1032118 
9.2 

0.9698795 18 

best 
intermediate 
worst 
intermediate 

intemiediate 

best 

intermediate 

worst 

intmediae  
wom 
intermediate 

intermediate 
intamediate 

wont 
worst 
intermedisite 



APPENDIX A Pprformance Ratios 

I Input Output Ratio 

1 Application tiCaEËG 

Bank Interface 
System 
(RepIachg 75 
& 270) 
lwood Gwidy 11 17.8 
h p i d  Confms 
Consoiidat ed 17881.8 
BU Payment 
QBC Online 68 185.8 
(SCC-MVS) 
Deposit 33534 

Li Lep'aMg 261 I 
I 

415 Statistics 33534 
(Replacing Pm 
of 26) 
Statement on 33534 
COM 
(Replacing Part 

Mode1 System 
GIS TXN Conf 12295.8 

Duation Source RI-GsdSLûC 
inLwel 1 Luies 

8.9355 wom I 

0,548249889 intermediate 

0.607857143 intermediate 7- 
1.421071429 wom I 

1.2434375 wom -7- 



- 

APPENDIX A Performance Ratios 

III. Ratios for the Whole Project 

Application 1 Input Output 1 Ratio 

- 
RI- Pro ject 
Cost/SLOC 

R2-Pro jea 
Duratoin/ 100 

SLOC 
1 GL Data 16767 

Canada Savings 65950.2 

Proiea Convoi 84952.8 
S ystem 
Inter Branch 143078.4 

intermediate 
L - 
Auto 412 115 133 A 207 2 32000 5.233336 0.940909 
CW\SS 1683407 719.9 3 1759400 0,956807 0.0409 17 
DACS/GL 33534 167.9 2 16743 2.002867 1.002807 

best 
interxnedine 

Centraiized 
Instr 

pro fitiibility 
Portfoiio Info 33534 320.275 2 19525 

F m  Loans 
Lik Insurance 

314101.8 

VISA Front 
End 
P C A / S  avings 
Cheque 
Imaging 
IBTSS 

System 
Foreign 4 13586 6 10.075 3 456000 

Customer I 1900261 242.075 1 2 i 260000 I 0.730869 i 0.093 1061 intermediate 

178848 

690800.4 
22356 

908771.4 

- 
Geognp h i d  11178 143.175 2 17000 
Disuibution 
General 11178 181.125 3 3000 

659.525 

499.675 

458.275 
345 

659.525 

L I 

3.7261 6 ~ 7 5  1 wom 

0.390371 

0.154099 
2.464286 

0.018663 

best 

3 

3 

3 
2 

3 

interniediate 

intermediate 
intermediate 

besr 

226550 

128000 

297390 
14000 

2301000 

best 

1.39725 

2.322877 
1.596857 

0.394946 

intermediate 
best 

Facility 
IMS COLT 

1.386357 

0.452445 
0.024955 

IDT Syscems 
ECIF 

4795362 

0.29 1 1 17 intermediate 

570078 
950130 

556.6 

3 
3 

619.85 
24955 

3 

137000 
1000000 

4.161153 
0,950 13 

1244000 0.385479 0.044743 
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Applicvion 

Name 

L 

Loan 
Accounthg 
system 
Cage II Conml 
Branch Details 
COINS - Op 
Giui 
HUMAN 
RESOURCES 
POS Merchant 
Deposit 
Account (STB) 
ATM Synerns- 
NON- 
TANDEM 
Undaimcd 
Balances 
Invest Produas 
System 
CDIC Prern 
Reduct 
Specid Debcs 
Inventory Asset 
Management 
Base 24-ATM 
Base24 POS 
Online 
Acquisition 
Management 
System 
Chcque 
Processing 
(Upgrading3 
CRlBS DDA 
(Replaced by 
284) 
Info Capture 
System 
(Replaced by 
283) 
CRIBS SaWigs ' 

(Replaced by 
284) 
West Indies 
R e d  System 
(Replaced by 
283) 

I 

Input 

FTE in 
dollars 

614790 

67068 
247033.8 

111780 

760 104 

558900 
3778 16.4 

558900 

16767 

743 337 

79363.8 

90541.8 
18220 1.4 

. 

970250.4 
13 13415 

225795.6 

122958 

447120 

1 1 1780 

2459 16 

402408 

I 

Project 
D d o n  

834.325 

34.5 
165.025 
102,925 

361.1 

858.475 
426.075 

974.05 

117.2 

73 7.725 

120.75 

393.875 
3 10.5 

1104 
1344.925 

3 10.5 

224.25 

172.5 

86.25 

69 

207 

Targa 
Levd 

3 

L 
2 
3 

2 

3 
3 

3 

2 

3 

2 

3 
2 

3 
3 

L 

3 

3 

3 

3 

3 

I I  

Output 

Source 
Lines 

146765 

34640 
14000 

152800 

1520000 

150000 
103500 

215000 

19500 

. 

1550000 

10880 

400000 
120000 

650000 
550000 

130000 

76644 

221706 

20000 

154535 

395000 

I 

Chif icahn 

intemediate 

intermediate 
wom 
best 

best 

intermediate 
intermediate 

intermediate 

intermedisite 

best 

worst 

best 
intemediate 

intermediate 
interrnediate 

, 
intermediare 

intermediate 

intermediate 

intermediate 

intermediate 

intermediate 

: RI-Project 
CosdSLOC 

4.188942 

1.936143 
17,64527 
0.731545 

0.500068 

3.726 
3.6504 

2.599535 

0.859846 

0.479573 

7.294167 

0.226355 
1.518345 

1.492693 
2.388027 

1.736889 

1.604274 

1.016725 

5.589 

1.591329 

1.018754 

I 

Ratio 

RZ-Projea 
Duratoin/ 100 

SLOC 
0.568477 

0.099596 
1.17875 

0.067359 

0.023757 

0.5723 17 
0.4 11667 

0.453047 

0.754872 

0.047595 

1, 109835 

0.098469 
0.25875 

0.169846 
0.244532 

0.38846 

0.292587 

0.077806 

0.43 125 

0.04465 

0.052405 

I 



APPENDIX 

AppIicau'on 
Narne 

West Zndies 
Generai Ledger 
(Replaced by 
287) 
Carponte 
Gedit 
Processing 
(CCP) 
Cenvalized 
Rates 
Returned Item 
System 
M u h  Funds 
Order Enuy & 
Tmsfer 
S ystern 
(MOTE) 
PMDB 
(Portfolio 
Manlgement 
Data Base) 
CSP 
(Cardholder 
Service 
Plat fonn) 
Cl&g 
RICS 
TnQng 
Bankcvd 
U A  Buk 
Filing 
Collection 
(?'Cs Y u  2000 
Uppde) 
Merchant 
System 
Staternent 
Reprint system 
RICS FEE 
Kiting 
Detection 
System 
SFT- 
calculators 
Integrared 
ProfitabJiry 
Management 
System (EFIP) 
Nationai Trust 
Back Office 

A Performance Ratios 

Input 

in 
dollars 

223560 

44712 

48065.4 

55890 

243680.4 

f 159 159 

1 11780 

3 57696 
22356 
22356 

1633 106 
134136 

1542564 

1509030 

22356 

11 178 
53654.4 

33534 

675 1512 

55890 

Projea 
Duration 

86.25 

48.5 

181.7 

480.7 

703.225 

688.275 

8 10.175 

5 19.8 
446.2 
43.7 
621 
186.3 

792.35 

489.325 

4 14 

69 
13 1.675 

246.1 

179.4 

241.5 

Target 
Level 

3 

2 

3 

3 

3 

3 

3 

3 
3 
2 
3 
3 

3 

3 

2 

2 
2 

3 

2 

2 

Output 

Source 
Lines 

127049 

9954 

171853 

72900 

42000 

159000 

225000 

463050 
10000 
14197 

Y77377 
50281 

1000000 

412000 

2600 

1200 
13280 

700000 

350000 

48049 

I 

Classificririon 

intermediate 

wom 

best 

intemediare 

worst 

intermediate 

intermediate 

intermediate 
intemediate 
intermediate 
best 
intermedirite 

intermediate 

intermedirite 

worst 

worst 
intermediate 

best 

intermediate 

intermediate 

RI-Pmject 
CosdSLOC 

1.759636 

4.491863 

0.279689 

0.766667 

5.801914 

7.290306 

0.4968 

0.772478 
2.1356 

1.574699 
0.717099 
2.667727 

1.542564 

3.661694 

8.598462 

93 15 
4.040241 

0.047906 

1.500336 

1.163188 

Ratio 

R2-Pmjecr 
DuntoidIOO 

SLOC 
0.067887 

4.505726 

0.10573 

0.659396 

1.674345 

0.432871 

0.360078 

0.1 12256 
4.462 

0.3078 12 
0.027268 
0.3705 18 

0.079235 

0.1 18768 

15.92308 

5.75 
0.99 1529 

0.035 157 

0.039867 

0.5026 12 
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Application 
Name 

Information 
Warehouse 

Electronic 

PCAnternet 
GST Input 
Collection & 
CaldDecaIc 
UBC Online 
(SCC-MVS) 
Client Mgmt. 

Accelention 
(Replachg Part 

lof 261 
3 15 Statistics 
(Replacing Part 
of 26) 

- 

Staternent on 
COM 
(ReplacLig Part 
of 26) 
RDS 
ICBS 
(International 
Comprehensive 
Banking 

Warehouse 

Classification .-- 
1 best 

Input 
FTE in 
dollars 

55890 

514188 

- 
1 11780 
335340 

67068 

68 185.8 

27945 

19226 16 

12 1780 

84952.8 

97238.6 

87188.4 

45829.8 
726570 

11178 

33534 

78246 

8942+4 

intermediate 

Project 
Duncion 

223.675 

655.5 

8 10.175 
24775 

346.725 

309.35 

241.5 

566.95 

266225 

274.275 

250.125 

254. 15 

492.2 
411.7 

63.825 

404.225 

230.575 

653.2 

intermediate 

Target 
Level 

3 

2 

3 
3 

2 

2 

3 

3 

3 

3 

3 

3 

3 
3 

2 

3 

2 

3 

best 

Output 
Source 
Lines 

300000 

200000 

300000 
40000 

49095 

56425 

63000 

1626000 

10000 

21000 

7000 

8000 

16500 
1635137 

10000 

20000 

10000 

53250 

RI-Project 
CosdSLOC 

0.1863 

2.57094 

0.3726 
8.3835 

1.366086 

L ,208432 

0,443571 

1.182421 

1 1.178 

4.045372 

13.89266 

10.89855 

2.777564 
0.444348 

1.1 178 

1.6767 

7.8246 

0.167932 

wom 

Ratio 
W-Project 

Duratod100 
SLOC 

0,074558 

0.3277: 

O27005E 
0.618125 

0.54825 

0.383333 

0.034868 

2.66225 

1.306071 

3.573214 

3.176875 

2.38303 
0.025 178 

0.63825 

2-02 1 125 

230575 

1.26667 
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Application 
Name 

Collections- 257094 808.45 
Auto-IBP 
Replacement 
T4RIF Printing 22356 51.175 

Printing 
CIBC 55890 325.45 

output 1 Rauo I 1 
Target 
Levd 

3 

Source 
Lines 

7 - 
2 

Classification 
d 

20000 

3 

R1 =Pro jea 
CodSLOC 

982 
2803 

Ri-Project 
Duntoin/100 

12.8547 

99 

22.76578 
7.97574 

SLOC 
4.04225 

564.5455 

worst 

5.21 1303 
3.548876 

wom 
wom 

328.7374 worst 



Appendix B DEA Results 

The DEA results of the three models are presented here. The efficient scores and 

peen are induded. 



Appendix B DEA Results 

1. Part A: VRS Results for the First Two Level Estimated Model 

Application 
Name 

GL Data 
a e c t  

Rapid~ans 
Inter Branch 
B&g 
Branch 
CIeYing 
Auto 412 
US Dollar 
Float 
DACS/GL 
VISA Front 
End 
sudry 
uearing 
&que 
Imaging 
Customer 
Pro fiitîbiliry 
CAMP 
Stop/HoIds/et 
C* 

Portfolio Info 
Faciiity 
Business and 
Farm Loans 
Life Insurance 
System 
Geograp hicd 
Distribution 
Genenl 
Clearing 
RRSP 
&orid 
Resulrs 
IMS COLT 

Cage II 
Contrd 
Branch Details 
P~rtf~l io 
Manager 

FïE in 
lwel land 2 

11 178 

193-3972 
167670 

5589 

659502 
92777.4 

32416.2 
201204 

48065.4 

17884.8 

L88908.2 

78246 

2459 1.6 

169905.6 

5589 

11178 

325279.8 
48065.4 

748926 

32416.2 

67068 
33534 

Dunttion 

154.675 

311.65 
106.375 

189.175 

207 
374.325 

167.9 
M7.925 

276 

345 

242.075 

185.15 

320.275 

741.5 

143.175 

121.9 

5 17.5 
189.75 

335.8 

34.5 

165.025 
147.2 

Source 
Lines 

70000 

150000 
9804 

83000 

22000 
65000 

16743 
128000 

36665 

14000 

260000 

244400 

19525 

122500 

17000 

3000 

180000 
242733 

124400 
O 

34640 

14000 
12000 

Score 

0.883 

0.2 
0.308 

1 

0.204 
O, 186 

0.335 
0.142 

0.257 

0.313 

0.347 

0.55 1 

0.292 

0.229 

1 

0.616 

0.133 
0.776 

0.895 

1 

0.21 
0.329 

8 

Brandi 
Ueafing 

0.6423972 

O 
O 

1 

3.9X-02 
0.168945 

0.1480485 
2.66E-02 

0.2230578 

0.218232 

O 

0. 1229306 

0.24095 1 

O 

0.558011 

2.16E-02 

O 
0.4503347 

O 

O 

O 
9.92E-02 

Cage II 
Gnuol 

O 

0.4183895 
0.2617122 

O 

O 
O 

O 
O 

O 

O 

0,8482792 

O 

O 

0.6485 11 1 

O 

O 

0,4268987 
O 

0.1858135 

1 

6.65E-02 
O 

Efficienr 

' HUMAN 
RESOURC 

ES 

1.07E-02 

8.88E-O2 
O 

7.91E-18 

0.0117094 
3.30E-02 

2.37E-03 
8.Z-02 

l.l4E-02 

O 

O. 15 17208 

0.1536008 

O 

6.56E-02 

O 

O 

0.1083865 
0.1348292 

0.8 141865 

1.51E-18 

7.08E-03 
1.89E-03 

Peers 

Bankard 

O 

O 
O 

O 

O 
O 

O 
O 

O 

O 

O 

O 

O 

O 

O 

O 

O 
O 

O 

O 

O 
O 

GMAC 

O 

O 
O 

O 

O 
O 

O 
O 

O 

0.782 

O 

O 

0.492 

O 

0.442 

0.746 

O 
O 

O 

O 

O 
O 

CIBC 
Wood 
G u n d ~  

Secwities 
Operations 

0.3469 

0.4928 
0.7383 

8.00E-17 

0.9491 
w 

0.798 

0.8496 
0.8912 

0,7655 

O 

O 

0.7235 

0.2835 

0.2859 

O 

0.2319 

0.4647 
0.4148 

O 

2.44E-17 

0.9264 
0.8989 
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FTE in Duration Source 
Lines 

Efficient P e m  Application ' 
Name 1 

HUMAN 
RESOrncES 

Score 

- 

0.22: 

0.631 

- 
0.82d 

0.27: 

- 
O. 18 1 

- 
0.52 
m - 
0.171 

- 
0.11 

Tm - 
1 
- 
3.299 

Products 

Reduct 
Inventory 

Mana ement I* 

Processing 

Mutud Funds 

1 Tram ter 
Order Enva l 

~ynern(EFIP) 
Nationai Trust 
[ ~ a c k  Office 1 
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Efficient Peers Application 
Name 

Source Score Luicrl 

New Mdon 
Bank Interface 
System 
(RepIacing 75 
& 270) 

WINFAST 
Feplacing 
Lending 
Actvisor) 
GST Input 
Sllection & 

LOOOOO 0.108 T 
Bill Pmen t  

lperations 
=redit Data 
Warehouse 
Previously 
'art of Pm 
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I Part B: CRS Results for the First Two Level EsUmated Modd 

Application 
Name 

GL Data 
Coiiea 
Rapidmms 
Inter 
Branch 
Banking 
Branch 
CI&g 
Auto 412 
US Dollar 
FIoat 
DACS/GL 
VISA Front 
End 
sud ry  
Ciearinp; 
Chque 
Imaging 
Customer 
Profitability 
CAMP 
Stoprnolds 
/etc. 
Portfolio 
Info FaciIiy 
Business 
and F m  
Loans Life 
Innuance 
System 
Geogtaphic 
d 
Disuibutio 
n 
G e n d  
cl&g 
RRSP 
Historiai 
Results 
IMS COLT 
Ca%e II 
Convoi 
Brand 
Detds 
Porcfolio ' -  

Manager 

FTE in 
Ievel land 2 

11178 

194497.2 
167670 

5589 

65950.2 
92777.4 

32416.2 
201204 

48065.4 

17881.8 

188908.2 

78246 

2459 1.6 

169905.6 

5589 

11178 

325279.8 
48065.4 

748926 
32416.2 

67068 

f 3534 

Dumion 

154.675 

3 11.65 
106.375 

189.175 

207 
374.325 

167.9 
447.925 

276 

345 

242.075 

185.15 

320.275 

24 1.5 

143.175 

121.9 

5 17.5 
189.75 

335.8 
34.5 

165025 

147.2 

Source Lines 

70000 

150000 
9804 

83000 

22000 
65000 

16743 
128000 

36665 

14000 

260000 

244400 

19525 

122500 

17000 

3000 

180000 
242733 

1244000 
34640 

14000 

12000 

score 

0.63563 

0.114343 
2.19E-02 

1 

0.046163 
9.46E-02 

6172E-02'- 
9.15E-02 

9.74E-O2 

6.98E-02 

0.255 157 

0.447063 

8.23E-02 

0.120504 

0.23773 1 

2.94E-02 

8.26E-02 
0.68413 

0.880083 
0.23853 

2.98~42" 

0,047763 

Efficient 

Branch 
Ciearing 
0.4820478 

O 
O 

1 

2.59E-02 
0.1179 14 

XRE-02 
6.24E-02 

0,1072736 

0.1224868 

O 

O. 145834 3 

0. 128 1493 

O 

0.1770272 

1.70E-02 

O 
0.4257633 

O 
O 

93E-03 

2.47E-02 

Peers 

HUMAN 
RESOURCES 

1.97E-O2 

9.87E-02 
0.00645 

O 

0.0130586 
3.63 E-02 

8.66E-03 
8.08E-02 

L.83E-02 

1.52E-03 

0.1710526 

0.1528262 

5.85E-03 

8.06E-02 

1.52E-03 

1.05E-O3 

O.il84211 
O. 136$438 

0.8184211 
2.28E-02 

8.70E-03 

6.55E-03 
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RESOURC 
ES 
Deposit 
Accounc 
(STB) 
Undaimed 
Balances 
Invest 
Products 
Sy!xem 
CDIC D r a  
Redua 
Inventory 
Assec 

Processing le 
Funds 
O& 
Enuy & 
Tmsfer 
system 
(MOTE) 
Tracing 
Bdcard 
U A  Bulk 

Ima ePlw 
S t atement 

S em 
Kiting 
Detection 

level land 2 

CIearing RESOURCES s 
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Source Lines Efficient Peers score 

HUMAN 
RESOURCE' 

2.63 E-O, 
Trust Back 
Office 

Interface 

(Replacing 
Lending 
Advisor) 
GST Input 
Collection 
& 
Cdc/Decai 
C 

Consolidatt 
d Bill 

1 @ P I ~ ~ . P  
Part of 26) 

Statistics 
(Repluing 

on COM 
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Application 
Name 

Gedit Data 
warehoue 
(Previously 
Part of PIF) 

Efficient Peers Source Lines 

10000 

Branch 
Clearing 

1.52E-02 

FTE in 
Ievd Land2- 

63714.6 

' score 

2.15E-02 

EWMAN 
RESOURCES 

5.75E-03 

Duracion 

230.575 
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II Part A: VRS Results for the FLst Two Level A c d  Mode1 

Applicarion 
Name 

Rapidvans 

Branch 
Uearing 
US DOUX 
Float 
DACS/GL 

Centr&ed 
~nsv 
EFT 

Geograp hica 
1 
Disuibution 
General 
c k u h g  
RRSP 

Accoimt 
Info Faciiity 
MS COLT 
Ca%e II 

FTE in 
level1&2 

1944977 

16767 

53835 

3 1298.4 

251505 

423646.2 

1 1 178 

11178 

385641 

13 1900.4 

270507.6 
43594.2 

Source 
Lines 

150000 

83000 

65000 

16743 

226550 

1301692 

17000 

3000 

180000 

69700 

1244000 
-----, 

34640 
Control 
Bmch 
Detds 
Portfolio 
Manager 
Deposit 
Account 
(STB) 
Invest 
Products 
System 
CDIC Prem 
Redua 
Software 
Amortizatio 
n System 
NISA 

Utility Bi& 

14000 

12000 

103500 

1550000 

10880 

2000 

35000 

460 

11635 1.2 

33534 

140842.8 

406879.2 

380052 

11178 

1453 1.4 

6706.8 

Duation 
Imell& 2 

311.65 

137.425 

419.75 

120.75 

379.5 

524.975 

92.425 

109.25 

525.55 

201.25 

335.8 
3 10.5 

143.175 

147.2 

20 1.25 

456.55 

112.125 

36.8 

143.75 

93.15 

Score 

0.2324 
07 

1 

9.2103 
3 8 

0.4029 
04 

0.2394 
16 

0.6992 
12 

0.7751 
29 

0,5876 
36 

0,15 15 
59 

0.2638 
42 

1 
0.2600 

Efficient Peers 

15 
0.2772 

05 
0.3359 

76 
0.3042 

74 

t 

03472 
71 

1 

0.6422 
93 

0.7761 
77 

Branch 
CleYing 

O 

1 

O 

O 

O 

O 

O 

O 

O 

O 

O 
O 

O 

O 

O 

1 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

IMS 
COLT 

0.1191 
626 

3.53E- 
17 

4.66E- 
02 

5 5 x 5  
03 

0.1807 
97 1 

0.8 114 
64 1 

7.27E- 
03 

O 

0.1433 
172 

5.45E- 
02 

1 
L.7OE- 

0.990338 

O 

0.918277 

O 

0.99285 

1 

O 

0.40634 

O2 
9.66E- 

03 
1.75E- 

03 
8.17E- 

02 

O 

7.15E- 
03 

O 

2.3 1E- 
02 

O 

Invest 
Products 
Synm 

O 

O 

O 

O 

O 

0.18854 

O 

O 

O 

O 

O 
O 

O 

3.64E-02 

O 

O 

O 

O 

0.77881 

0.59366 

O 

0.96186 

O 

O 

O 

O 

0.1981 

O 

Software 
Amorhtion 

Synern 

0.880837 

O 

O 

9.03E-03 

0.819203 

O 

O 

0.541818 

0.856683 

0.945491 

O 
O 

----- 

Wood 
Gundy 
Rûpid 

ConFm 
O 

5.31E-16 

0.55985 

O 

O 

O 

0.43718 

0.45818 

~ - - --- 

O 

O 

O 
0.55088 

Financia 
lModd 
System 

O 

O 

0.39354 

0.98544 

O 

O 

0.55555 

O 

O 

O 

O 
0.42714 
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IF",, 
Enuy & 1 Tranr fer 

C/A Bulk 

GMAC 

RICS FEE t- 
Kiring 
Detection r- 
Trust Back 
Office 

New Mdon  

Interface 

(Replacing 

Gundy 
Rapid 
Confirms 
Consolidatec 
Ba P v e n t  
QBC 
Oniine 
(SCC-MVS) 
Deoosit 

S tatement 
on COM 
(Rep1aP.g 
Pur of 26) 

FTE in 
IeveI l& 2 

166552.2 

17884.8 

11 1780 

5589 

6706.8 

17945 

43594.2 38049 339.25 0.2794 O 3.36E- O O 0.7672 0.19916 
28 02 

8942.4 30280 108.1 0.8718 O L.95E- O O 0.83862 0.14189 
31 02 

122958 10000 893.55 6.93E- O l.06E- O O 0.29195 0.70699 

Source 
Lines 

42000 

11197 

50281 

1303 

1200 

13280 

Dumion 
level 1 & 2 

422.05 

169.05 

116.15 

85.1 

110.4 

128.8 

Score 

0.1148 
36 

0.4287 

0.4169 
02 

0.8725 
7 

0.6870 
75 

0.4007 
64 

Efficient Peers 

Branch 
CleYLig 

O 

O 

O 

O 

O 

O 

IMS 
COLT 

3.06E- 
02 

5.16E- 
03 

3.89E- 
02 

O 

O 

2.93E- 
03 

Invest 
Produas 
Synem 

O 

O 

O 

O 

O 

O 

S o h e  
AmorUZation 

System 

0.727572 

G 

0.961126 

0.37365 

0.346939 

O 

- Wood 
Gundy 
kpid  

Con fimis 
O 

0.48196 

O 

0.62635 

0,65306 

7.33E-02 

Finanua 
1 Mode1 
System 

0.24178 

0.51288 

O 

O 

O 

0.92379 
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Application 
Name 

Finanaai 
Model 
System 
GIS TXN 
Conf 
Printing 

Source 
Lines 

1 0000 

2803 

FTE in 
level1&2 

11 178 

12295.8 

D d o n  
latel 1 &2 

47.15 

99.475 

Score 

1 

0.5982 
97 

Efficient Peers 

Branch 
Clearing 

O 

O 

Software 
Amonkation 

Sysrem 

4.69E-17 

0.620141 

IMS 
COLT 

O 

O 

laves 
Pmducts 
Sysrern 

O 

O 

- Wood 
Gundy 
Rapid 

C o n k  
O 

0.37986 

-Financia 
IModd 
Sysrern 

1 

O 

i 
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11 Part B: CRS Redts for the Fint Two Level Amal Mode1 

Application 
Name 

Rapiduans 

FI'E in 
levd 1& 2 

Source 
Lines 

194497.2 

US Douar Float 
' DACS/GL 
Centralized Insu 

' Duration 
level 1 & 2 

65000 
16743 

226550 

83835 
31298.4 
25 1505 

Geographical 
Distribution 
General Clearirig 
RRSP 
Account Info 
Faciiity 
IMS COLT 
Cage II Control 
Brmch Details 
Portfolio 
Manager 
DepositAccount 
(STB) 
Invest Produas 
Syaern 
CDIC Prem 

Software 
Amortimion 
Systm 
MSA 
Utility Bills 

150000 

I 

11 178 

11178 
385641 

13 1900.4 

270507.6 
43594.2 

11625 1.2 
33534 

140842.8 

406879.2 

380052 

order Encry& 
T d e r  Systern 
(MOTE) 
Tming 
UABulkFiling 
1 

GMAC 
RXCS FEE 
Kiting Deteaion 

Back Office 
Float 8942.4 30280 

Score 

419.75 
120.75 
379.5 

17000- 

3000 
18OOOO 
69700 

1244000 
34640 
14000 
12000 

103500 

1550000 

10880 

11178 

1453 1.4 
6706.8 

System 
Nation J Trust 

Efficient Peers 

Bmch 1 IMSCOLT 

3 11.65 

9 1.425 

10925 
525.55 
20 1.25 

335.8 
3 10.5 

143.175 
1472 

201.25 

456.55 

112.125 

17884.8 
111780 
5589 

6706.8 
27945 

0,1618973 
0.1 13073 1 
O. 1952997 

3.13E-05 

O 
0.1419788 
5.36E-02 

1 
4.04E-03 
1.13E-02 
5.10E-03 

0.0807895 

1.2453807 

6.48E-03 

0.3072827 

5.42E-O2 
0.1013606 
0.1 145488 

1 
0.162978 
1.64E-02 
7.5E-02 

0.159467 

0.9164392 

6.1 1E-O2 

14197 
5028 1 

1303 
1200 

13280 

43594.2 

Bank Interface 

(Replacing 75 & 
270) 

O. 167039 

1 

0.204350 1 

0.036 1446 
4.07E-02 
3.68E-02 

O 
0.35683 15 

O 
6.8 1E-02 

3.61E-O2 

O 

0.03403 16 

ZOO0 

35000 
460 

48049 

I 

0.4382753 
7.94E-02 

0.1126959 

3.80E-O2 

0.48656 16 
0.0138554 

36.8 

143.75 
93.15 

Ciearing 
0.1005678 

230E-02 
8.16E-03 
0.174595 

0.1138689 

7.48E-03 

0.4216867 
5.54E-03 

1. t lE-03 

O 
O 
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Applifwon 
Name 

Wood Gundy 
Rapid Confirms 
Consolidad Bili 
Payment 
UBC O&e 
(SCC-MVS) 
Deposit 
Accderation 
(Replaüng Part 
of 26) 
415 Statistics 
(lieplacing Part 
of 16) 
Statement on 
COM (Replacing 
Pm of 26) 
Financid Mode1 
System 
GIS TXN Conf 
Printinp, 

FTE in 
Ievel1&2 

11 17.8 

17884.8 

68 185.8 

33534 

33534 

33534 

11 178 

12295.8 

S o m  
Lines 

5500 

46120 

56425 

21000 

7000 

8000 

10000 

2803 

I Duration 
Ievd 1 & 2  

96.6 

139.15 

309.35 

127.65 

99.475 

99.475 

47.15 

39.475 

Score 

0.9939754 

0.523 1513 

0.1736554 

0.132-HO5 

0.0445468 

5.09E-02 

0,1883723 

4.6 LE-02 

Efficient Peers 

Branch 
CIearing 

6.63E-02 

0.524668 

0.3346294 

9.77E-02 

2.21E-02 

2.53E-02 

5.38s-02 

3.33E-02 

MSCOLT 

O 

L.07E-03 

2.30E-02 

1.04E-02 

4.15E-03 

4.75E-03 

4,45E-03 

3.19E-05 

l 



A ~ ~ e n d i x  B DEA Results 
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III Part: VRS Results for the Whole Project Estirnated Mode1 

Application 
Name 

GL Data 
Men 
Canada 
Savings 
Bonds 
Projen 
Cantrol 
System 
Inter 
B ranch 
B&g 
BuikFkg  
Auto 412 
CLASS 
DACS/GL 
Cenual;zed 
Instr 
VISA 
Front End 
PCdJSavin 
g s 
Cheque 
Imaging 
IBTSS 
Customer 
ProfitabiIity 
Port folio 
In fo 
F;1cility 
Business 
and Fann 
Loans Life 
Insurance 
System 
Foreign 
Exchange 
Geographic 
a 
Distributio 
n 
Generai 
U&g 
RRSP 
Historid 
Results 
D T  
systems 
ECIF 

FTE 

16767 

65950.2 

84952.8 

143078.4 

156492 
115133.4 
1683406.8 

33534 
314101.8 

178848 

690800.4 

723 56 

908771.4 
190026 

33534 

413586 

413586 

1 Il78 

11178 

479536.2 
109544.4 

570078 

950130 

Targer 
Lwel 

L 

3 

2 

3 

3 
2 
3 
2 
3 

3 

3 

2 

3 
2 

2 

2 

3 

2 

3 

3 
2 

3 

3 

Source 
Lines 

70000 

13660 

110000 

9804 

152840 
22000 

1759400 
16743 
226550 

128000 

297390 

14000 

2301000 
760000 

19525 

122500 

456000 

17000 

3000 

180000 
242733 

137000 

1000000 

Score 

0.7679324 

0.3997782 

0.281881 

0.4336513 

0.3897178 
0.1179247 
0.6281374 
0.3766223 
0.2282502 

0.3086162 

0.2583685 

0.4825806 

1 
0.4197227 

0.3348601 

0.2322797 

0.2790437 

0.9784009 

1 

0.1685348 
0.5291939 

0,1783579 

1 

d d o n  

154.675 

419.75 

255.3 

307.05 

389.275 
207 

719.9 
167.9 

659.525 

499.675 

458.275 

345 

659.525 
242,075 

320.275 

241.5 

610.075 

143.175 

181.125 

806.725 
189.75 

619.85 

249.55 

IBTSS 

O 

O 

O 

O 

O 
O 
O 
O 
O 

O 

O 

O 

1 
O 

O 

O 

O 

O 

O 

O 
O 

O 

O 

Efficient 

GeneraI 
Qearing 

O 

0.8399535 

O 

0.4943625 

0.3462103 
O 
O 
O 

0.1531191 

0.4305587 

O 

O 

O 
O 

O 

O 

O 

O 

1 

0.1233759 
O 

O 

O 

Peers 

ECIF 

O 

O 

O 

O 

O 
O 
O 
O 
O 

O 

O 

O 

O 
O 

O 

O 

O 

O 

O 

O 
O 

O 

1 

CageII 
Conuol 

O 

O 

6S5E-04 

O 

O 
5.87E-02 

O 
O 
O 

O 

O 

O 

O 
0.6998918 

O 

0.9216001 

1.20E-16 

O 

O 

0 
0.6894785 

O 

O 
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Application 
Narne 

Account 
In fo 
Facility 
IMS COLT 
b a n  
Accounting 
Systm 
cage II 
Control 
Brmch 
DetaiIs 
COINS - 
Op Giuf 
HUMAN 
RESOURC 
ES 
POS 
Merchant 
Deposit 
Account 
(Sm) 
ATM 
Systerns- 
NON- 
TANDEM 
Unciaimed 
Balances 
Invest 
Products 
System 
CDIC 
Prem 
Redua 
Specid 
Debts 
Inventory 
Asset 
Manageme 
nt 
Base 24- 
ATM 
Base24 
l'os 
O&e 
Acquisition 
Manageme 
nt System ,. 

fieque ,- 

Processmg 
RJpgrading 

FTE 

3 15219.6 

479536.2 
6 14790 

67068 

247033.8 

Il 1780 

760104 

558900 

3778 16.1 

558900 

16767 

743337 

79363.8 

90541.8 

182201.4 

970250.4 

2313415 

225795.6 

122958 

Target 
Level 

3 

3 
3 

2 

2 

3 

2 

3 

3 

3 

2 

3 

2 

3 

2 

3 

3 

3 

3 

Source 
Lines 

69700 

1244000 
146765 

34630 

14000 

152800 

1520000 

150000 

103500 

215000 

19500 

1550000 

10880 

300000 

120000 

650000 

550000 

130000 

76644 

duntion 

426.075 

556.6 
834.325 

34.5 

165.025 

102.925 

361.1 

858.475 

426.075 

974.05 

137.2 

737.725 

120.75 

393.875 

310.5 

1104 

1344.925 

310.5 

îî4.25 

Score 

0.2742352 

0.6933606 
0.1469842 

1 

0.2237613 

1 

1 

0.1503991 

0.2586045 

0.1442431 

0.6727536 

0.670239 

0.352349 

0.5012569 

0,2230079 

0.1924036 

0.1380912 

0.2221578 

05864956 

-- - 

IBTSS 

O 

0.3347674 
O 

O 

O 

O 

O 

O 

O 

O 

O 

0.5309182 

O 

O 

O 

O 

O 

O 

O 

Efficient 

G e n d  
Clearing 
0.1912751 

O 
h.66E-02 

O 

O 

O 

O 

0.1244479 

4.36E-02 

8.5lE-02 

O 

O 

O 

0.2210413 

O 

O 

O 

O 

03232096 

Peers 

ECIF 

O 

O 
O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

CageII 
Convol 

O 

O 
O 

1 

0.7362813 

O 

O 

O 

O 

O 

O 

O 

0.1254195 

O 

0.3729675 

O 

O 

0.5840346 

O 
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(Replaced 
by 284) 

(Replaced 

Ret ail 
System 
(RepIaced 

Genenl 
Ledger 
(Replaced 

Corporate 
Gedit 
Processing 

centralizd 
Rates 
kturned 
Item 
System 
Mutual 
Funcls 
Order 
Entry & 
Trarisfer 

(Portfolio 
Manageme 
nt Data 

Source duration --t Score Efficient Peers 
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A ~ ~ e n d i x  B DEA Results 

Application FTE Target Source duration 
Name LeveI Lines 

RICS 22356 3 10000 446J 

System 
Statement 22356 2 2600 

synm 
RICS FEE 11178 L 1200 65 

System 
SFT- 33534 3 700000 246.1 

Profitabilicy 
Manageme 
nt System 

Trust Back 
Office 

55890 
Informatio 

t 

GST input 67068 2 49095 346.725 
Collection 

Score Efficient Peers 

IBTSS G e n d  ECIF Cage II 
C l d g  Convol 

0.4955578 O 0.911855 O 



Deposit P 
Part of 26 

S t atistics 

on COM 
(Replxing 

nsive 

Financial 

(Prwiously 

Collections 
-Property 

Collections 
-Auto-IBP 

Source 
Lines 

dwation Score 7- Efficient Pem 

ETSS G e n d  ECIF 
Cle;uing 



- -- 
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Application 

Application 
Name 

T4RIF 
Printing 
GIS TXN 
Conf 
Printing 
CIBC 
workflow 

. - - - - - - 

Efficient Peers 

Gllectio 
ns- 

Property 
Admuiist 

FTE 

22356 

22356 

55890 

COINS - In fo 
Caput? 
Syst em 

(Replaced 
by 283) 

GL Data L 

Target 
Level 

2 

2 

3 

Swings 
(Replaced 
by 284) 

Source 
Lines 

982 

2803 

99 

duntion 

51.175 

99.475 

325.45 

Intemixi Mode1 
ond Synem 

Zorn p rehe 
nsive 

Banking 
ration 

6.77E-02 

Score 

0.918239 

0.600823 

0.5068124 

Savings 

Project 
Convol 

Inter 

DACS/GL 

VISA Front 

Efficient Peers 

IBTSS 

O 

O 

O 

Genenl 
CI&g 

O 

O 

0.829532 

ECF 

O 

O 

O 

G g e I I  
Convol 

O 

O 

O 
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l hccount 

RESOURC 

Merchant 

Account 

Efficient Peers 

COINS - HüMAN Info CRIBS Tracing Banka 
û p  Cntrl RESOU Gpture Snings 

RCES System (Replaced 
(Replaced by 284) 
by 283) 

O 4.35E-02 O O O 

lomprehe 
nsive 

Banking 
System) 

O ( 

ration 

O 

O 

0.13875 

O 



Efficient Peers 

M o  

Capme 
Systern 

Coliectio 
ns- 

Properly 
Administ 

ration 

m s  
Savings 

Yeplaced 
by 284) 

nsive 

Synem) 
O O 0.469082 O Invest 

Produas 
Sysrem 
CDIC Prm 
Redua 
Special 
Debts 
Inventory 
Asset 
Managemen 
t 

Base 24- 
ATM 
Base24 
POS O&< 
Acquisition 
Managemen 
t System 
Cheque 
Processing 

DDA 
(RepIaced 

Savings 
(Repiaced 
by 284) 
West Indies 

srstem 
(lieplaceci 
by 283) 
West indies 
Generiù 
Ledges 
(Replwd 

by287) 
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Funds 
Order 
Enuy Br 
Transfer 
Sysrem 

(Portfolio 
Mmagemen 
t Data 

(Cdolder  
Service 

Collection E 
Reprint 

ISva .m 

Efficient Peers 

COINS - IHmm Info 1 CRIBS 
Capture Savings 
Syscem (Replacec 

Replaced by 284) 
by 283) nsive d o n  

Banking 
System) 

O 0.92105 7.89E-02 
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Applidon 1 Efficient Peers 

1 
1 COINS - 

rnist Back 
3ffice 
YIBC O 
nformation 
Wârehouse 
VINFAST O 
Replacing 
-endhg 
i\dvisor) 

(Replaced 6284)  
by 283) 

Rep1a;ig 
'art of 26) 

Bankcard 1 SFT- I ICBS I Fianaai IColectio 
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(Replacing 

on COM 

(Internation 

Comprehen 

Financiai 

Administrat 

ColIections- 
Auto-IBP 
Replacemen 

Efficient Peers 

COINS - II,TMAN Info m s  
=SOU Gpm Savingr 
RCES System (Replaced 

(Replaced by 284) 
by 283) 
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III Part B: CRS Results for the mole Projea Estimated Mode1 

PCMSavin 690800.4 

Cheque 22356 

bans Life 

413586 

Score Efficient Peers 

Target Source Dutation General ECIF Cage II HUMAN 
Levd Lines C l d g  Convol RESOURCES 

2 70000 154.675 0.6627246 0.289832 O O O 

3 13660 419.75 0.2465455 0.090763 O O O 

2 110000 255.3 0.2702273 O O 1.34E-02 O 

3 9801 307.05 0.2230143 O O O O 

3 152840 389.275 0.2531671 O O 0.136085 O 
2 22000 207 0.2163853 O O 5.87E-O2 O --- 
3 1759400 719.9 O 0.20427 O 1.010718 
2 16743 167.9 0.3750047 O O O O 
3 226550 659.525 0.1720067 O O 0.458347 O 

3 128000 499.675 0.1879418 O O i . n ~ - 0 3  O 

3 297390 458.275 0.2439308 O O 1.18762 O 

2 14000 345 0.35 18462 0.643977 O O O 

2 260000 242.075 0.402093 O O 0.567881 O 

2 19525 320.275 0.29 12 153 0.3 10755 O O O 

2 12500- 241.5- 0.296766 O O 0.898077 O 
- 

3 456000 610.075 0.2707658 O O 0.710573 O 

2 17000 143.175 0.7721304 0.513377 O O O 

3 3000 181.125 1 1 O O O 

3 180000 806.725 0.1232178 O O 0.571511 O 
2 242733 189.75 0.5033512 O O 0.544663 O 

3 137000 619.85 0.1330566 O O 0.946472 O 



Aïmendix B DEA Results 

Application 
Name 

E U .  

Account 
Info Facility 
IMS COLT 
h m  
Accounting 
system 
%e II 
Control 
0 ranch 
Details 
CONS - 
Op Cnul 
HSJMAN 
RESOURC 
ES 
POS 
Merchant 
Deposit 
Account 
(STB) 
ATM 
Syaems- 
NON- 
TANDEM 
Undaimed 
Bduices 
Invest 
Products 
System 
CDIC Prem 
Reduct 
Specid 
Debts 
Inventory 
Asset 
Managemen 
t 
Base 24- 
ATM 
Base24 
POS O&e 
Acquisition 
Managemen 
t System 
fieque 
Processing 
(LTp&radind 

950 130 

3 15219.6 

479536.2 
6 14790 

67068 

237033.8 

11 1780 

760104 

558900 

3778 16.4 

558900 

16767 

743337 

79363.8 

90541.8 

18220 1.4 

970250.4 

13 13415 

225795.6 

122958 

Target 
Level 

3 

3 

3 
3 

2 

2 

3 

2 

3 

3 

3 

2 

3 

2 

3 

2 

3 

3 

2 

3 

Score 

1 

0.1689201 

0.6677133 
0.106128 

1 

0237613 

0.7992487 

I 

0.106358 

0.1789788 

0.1106786 

0.6000857 

0.6092637 

0.352349 

0.4185712 

0.2138722 

0.1301338 

O. 1355856 

0,2128519 

03449935 

Source 
Lines 
1000000 

69700 

1244000 
146765 

34640 

14000 

152800 

1520000 

L50000 

103500 

215000 

19500 

1550000 

10880 

400000 

120000 

650000 

550000 

130000 

76644 

-- 

Ducauon 

249.55 

426.075 

556.6 
834.325 

34.5 

165.025 

102,925 

361.1 

858.475 

426.075 

974.05 

147.2 

737,725 

120.75 

393.875 

310.5 

1 101 

1344.925 

310.5 

2 2 4 3  

General 
CleaNig 

O 

O 

O 
O 

O 

O 

O 

O 

O 

O 

O 

0.154736 

O 

O 

O 

O 

O 

O 

O 

O 

- 

Efficient 

ECIF 

1 

O 

O 
O 

O 

O 

G 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

Peers 

Cage II 
Convol 

O 

0.440889 

O 
0.70926 

1 

0.736281 

1.748122 

O 

0.579475 

0.762371 

0.633482 

O 

O 

0.125419 

9.76E-02 

0.371529 

0.515221 

0.700793 

0.574902 

0.198732 

- 

HUMAN 
RESOURCES 

O 

O 

0.379 169 
O 

1 

O 

O 

O 

1 

O 

O 

O 

O 

0.5509 11 

O 

O 

O 

I 

O 

O 

O 

O 



Appendix B DEA Resdts 

Applicatior Ii;;;; 

Swings 
(Replaced 

West hdies 

System 
(Replaced 
by 283) 
West Indies 
G e n d  
Lcdger 
(Replaced 
by 287) 
Corponte 
Gedit 

Enuy & 
Trans fer 

(l?ortfolio 
Managemen 
t Data 

I 1 score 
r q e t  Source Dunrion 
L d  Lines 

Efficient Peers 1 
General ECIF 
aeuing 

O 

O 

O 



Amendix B DEA Results 

AppIication 
Name 

C/A Bulk 
F h g  
CoUection 
VCS Year 
2000 
Upgrade) 
Merchant 
sysrem 
Statement 
RepNit 
sysrem 
RICS FEE 
Kiting 
Detection 
S yst em 
SFT- 
Caldators 
Integrated 
Pro fitability 
Managemen 
t System 

1 
Nationai 
Trust Ba& 
Office 
CIBC 
Information 
Warehouse 
WiNFAST 
(Replacing 
Lending 
Advisor) 
GASPER4 
Electronic 
B&g 
PCAnteme 
t 

GST Input 
Collection 
& 
C a l J D e d  
C 

CiBC 
O&e 
(SCC-MVS) 
Client 
M p t .  
System 
BASE24 
Rernote 
B&g 

Target 
Level 

3 

3 

3 

- 9 

- 9 

2 

3 

2 

2 

3 

Z 

3 
3 

2 

2 

3 

3 

FTE 

134136 

1542564 

1509030 

22356 

1 1178 
53654.4 

33534 

675 15 1.2 

55890 

55890 

514188 

11 1780 
335340 

67068 

68 185.8 

27945 

19226 16 

Source 
Lines 

50281 

1000000 

412000 

2600 

1200 
13280 

700000 

450000 

48049 

300000 

ZOO000 

300000 
40000 

39095 

56425 

63000 

1626000 

Dumion 

186.3 

792.35 

489.325 

414 

69 
131.675 

246.1 

179.4 

241.5 

223.675 

655.5 

8 10.175 
24725 

346.725 

30935 

241.5 

566.95 

Score 

0.3659168 

0.3323991 

0256575L 

0.3299739 

0.9784173 
0.3678359 

I 

0.6695466 

02737599 

0.6226736 

0.L250992 

0.207240 1 
0.2290909 

03013324 

0.2219444 

0.5729527 

0.6921336 

I 

' 

Generai 
CieaNig 

O 

O 

O 

0.633072 

4.32E-02 
O 

O 

O 

O 

O 

O 

0.109106 
O 

O 

O 

0.364618 

O 

Effiaent 
ECIF 

O 

O 

9.45E-02 

O 

O 
O 

O 

0.4078 

O 

O 

O 

O 
O 

O 

O 

O 

0.51094 

- 

Peers 

CageII 
-Convol 

0,34775 

0.745454 

O 

O 

O 
O 

O 

O 

O 

2.83E-02 

0.656628 

O 
0.968182 

O 

O 

O 

O 

HUMAN 
RESOURCES 

C 

0.3 52758 

0.125302 

C 

O 
O 

O 

1.55E-03 

O 

O 

O 

O 
O 

O 

O 

O 

0.733594 



Application t-iE 
Deposit P 
(Replacing 

S t atistics 
(Replacing 

on COM 
(Replacing 
Part of 261 

ion 
CoUections- 
Auto-IBP 
Replacemen 
t 

T4RIF 
Printing 
GIS TXN 
Cod 

F E  

11 1780 

84952.8 

97248.6 

87188.4 

45829.8 

726570 

11 178 

33534 

78246 

8942.4 

257094 

22356 

Targer 
L d  

3 

3 

3 

3 

3 

3 

~ 

2 

3 

L 

3 

3 

- 3 

Source 
Lines 

10000 

21000 

7000 

8000 

16500 

1635137 

10000 

20000 

10000 

53250 

20000 

982 

2803 

99 

Dwation 

266.225 

274375 

250.125 

254.15 

491.2 

411.7 

- 6 3 . 8 2 5 -  

404.225 

230.575 

653.2 

808.45 

51.175 

99.475 

325.45 

22356 

55890 

2 

3 

Score 

0.2693727 

0.2965178 

0.296 146 

0,3062937 

0.2993503 

1 

- -- 

1 

0.3926396 

0.2260062 

1 

9.94E-02 

0.918239 

0.600823 

0.298391 

Generat 
Cleving 

O 

O 

O 

O 

0.58251 

O 

, . .- 

O 

0.703006 

O 

O 

O 

O 

O 

1.6lE-02 

Efficient 
ECIF 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

Peers 

GgeII 
Control 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

HUMAN 
RESOURCES 

O 

O 

O 

O 

O 

h.25E- 17 

O 

O 

O 

O 

O 

1 

O 

O 

O 



GL Data 

Canada Savings 

CLASS 
DACS/GL 
h & e d  
Instr 
VISA Front 
End 
PWSavings 

Business and 
Farm Loms 

Foreign P=--- 

Efficient Peers 

CRlBS 
Savings 

(Replaced by 
284) 

O 

1 

ECIF 
Account lnfo 
Facitity 
IMS COLT 

T m ~ g  

O 

S R -  
Gkdaors 

9.27E-O2 

ban 
Accounting 
System 
Cage II Conml 

% 

O 
O 

O 

ICBS 
(Internuionai 

Cornprehensive 
Banhg System) 

O 

O 

O 

Finanad 
Modei 
System 

0.426249 

I 

0.545486 

O 

Coilections- 
Property 

Acinhkraùon 

O 

O 
0,972052 

O 

O 
O 

O 

O 
0.058039 

0.953805 

1 

0.163503 

1.59E-18 

O 
O 

O 

O 
O 

O 
O 

O 

O 

O 

O 

O 



Appendix B DEA Resdts 

Application 
Niune 

Branch Details 
r 

COINS - Op 
cntrl 
HUMAN 
RESOURCES 
POS Merchant 
Deposit 
Account (STB) 
ATM Sy~rems- 
NON- 
TANDEM 
Undaimeci 
Bdi-inces 
Invest Produas 
Systern 
CDIC Prem 
Rcdua 
Speciai Debts 
Inventor- Asset 
Management 
Base 24-ATM 
Base24 POS 
Oniine 
Acquisition 
Management 
System 
Cheque 
Processing 
(Uppding) 
CiUBS DDA 
(Replaced by 
284) 
Info Capture 
S j m m  
(Replaced by 
283) 
QUBS Savvings 
(Replsced by 
284) 
West Indies 
R e d  System 
(Replaced by 
283) 
West Indies 
General Ledger 
(RepIaced by 

12s') I 

CRlBS 
SaWigs 

(Replaced by 
284) 

O 
O 

O 

O 
O 

O 

O 

O 

O 

O 
O 

O 
O 

O 

O 

0.4593 14 

O 

1 

O 

0.371342 

SFT- 
Caicdarors 

O 
0,156164 

7.68E-17 

0.172178 
0.098257 

0,266322 

1.83E-02 

1.018021 

O 

0,555041 
0.144639 

0.471959 
0.369448 

0.153307 

7.56E-02 

O 

O 

O 

O 

O 

I 

T d g  

0.263719 
2.76E-02 

O 

0.662258 
0.590395 

0.467034 

O 

O 

0.874581 

0.569831 
0.411422 

O 
O 

0.195137 

1.187921 

O 

0.592105 

O 

O 

O 

I l  

Coiieaions- 
Pro~erty 

AQiinisvauSvauon 

O 
O 

O 

O 
O 

O 

O 

O 

O 

O 
O 

O 
O 

O 

O 

O 

O 

O 

C 

C 

Efficient Peers 

ICBS 
(Intemational 

Comprehensive 
Banking System) 

O 
O 

O 

O 
3 

O 

O 

O 

O 

O 
O 

O. 18456 
0.163357 

O 

O 

- .  

O 

O 

O 

9.89E-02 

O 

I 

Financiai 
Mode1 
System 

O 
O 

O 

O 
O 

O 

0.590399 

O 

O 

O 
O 

O 
O 

O 

O 

O 

O 

O 

O 

O 

I 



Appendix B 

Application 
Name 

1 

Corpome 
Gedit 
Processing 
(CCP) 
Centralized 
Rates 
R m e d  Item 
System 

Mutd Fun& 
Order Entry & 
Transfer 
System 
(MOTE) 
PMDB 
(Port folio 
Management 
Data Base) 
CSP 
(Cardholder 
Service 
Platform) 
î l e h g  
RICS 
Tracing 
Blinkcard 
U A  Bulk 
F h g  
Collection 
(Ta Yey 2000 
Upgrade) 
Merchant 

DEA Results 

Efficient Peers 

CRIBS 
Savings 

@pl=d by 
284) 

O 

O 

O 

O 

O 

O 

O 
O 
O 
O 
O 

O 

0.821944 
S yst em 
Scatexnent 
Reprint System 
RICS FEE 

Kiting 
Detection 
System 
S R -  
Cdcularors 
Integrated 
Pmfitability 
Management 
s y s r = m m  

Tracing 

O 

0.830826 

O 

0.969101 

O 

O 

O 
O 
1 
O 

1.103901 

O 

-- 

O 

O 

O 
9.83E-05 

Z 

O 

O 

O 
O 

O 

0.257836 

SFT- 
Glcuiaton 

5.93E-03 

0.223892 

0.090815 

3.35E-02 

3.67E-02 

0.308918 

0.458921 
3.97E-03 
1.90E-19 

O 
3.E-02 

O 

O 

O 

O 
O 

O 

O 

O 

O 
0.765465 

O 

O 

ICBS 
(International 

Comprehensive 
B&g Spem) 

O 

O 

O 

O 

5.26E-02 

O 

7.18E-02 
O 
O 
O 
O 

0.2678 58 

O 

O 

0.935252 
0234387 

O 

O 

356E-02 

O 
O 

O 

O 

Fiancial 
M d  
System 

0.477793 

0.333336 

0.825249 

0.480682 

O 

0.835496 

O 
O 
O 
O 
O 

O 

O 

Collections- 

P ~ p e q *  
Admirustr;ruon 

O 

O 

O 

O 

O 

O 

O 
8.42E-02 

O 
O 
O 

O 

O 



Appendix B DEA Restrlts 

Application 

Information 
Warehouse 

Lendine: 

GST Input 
CoIlection & 
Cal JDecalc 
CIBC Oniine 
(SCC-MVS) 

Remo te 

COINS - Corn 

~ccderation 
, (Replacing Pm 
o f  26) 
415 Statistics 
(Replacing Pur 
of 26) 
Statement on 
COM 
(RepIacing Pm 
of 26) 
ms 

(Intemationai 
Comprehemive 

Efficient Peers 

SFT- 
Calculators 

Finanaal Collections- '= Comprehensive System Administration 

Banking Sysrem) 

O 0.631201 



Appendix B DEA Results 

Application IN_j 
Gedit Data 
Warehouse t 
(Previously Pan 
lof Pw 
Collections- 

Efficient Peers 

Savings Calculators 
(Replaced by 

ICBS Financial Collections- 
(International M d  pro~erty 

Cornprehensive Systern Administration 



Appendix C Cornparisons between Estimated and Acttral 

Data 

The cornparison between the estimated and a m a l  data on the ha two levels of the 

projects is given here. The VRS redts are also shown here. 



Appendix C Compatisons between Estimated Data and Actual Dutu 

1 Application Name 1 Estimated 1 A d  1 EnLnated JEstimafedl Estimated[Actud FTE 1 Amial [ A d  
I 

- - 1 VRS score 1 VRS 1 FïE ('im 1 Source 1 Duntion 1 (in dollars) 1 Source 1 Duntion 

Rapidvans 
Brandi CIearLig 

I US Dollar Float 
, DACS/GL 
I 

Geopphid 
Disuibution 
G e n d  C1e;uing 
RRSP 
IMS COLT 
Cage II Control 
Branch Details 
Portfolio Manager 
Deposit Account 
(STB) 
Invest Produas 
system 
CDIC Prem 
Reduct 
NISA 
Mutud Funds 
Or& Enuy & 
Tnnder System 
(MOTE) 
Tl-acing 
U A  Buk Fihg 
GMAC 
Kiting Detection 
System 
National Trust 
B3ck Office 
NewMeiionBank 
Interface Sysrem 
(Replacing 75 & 
270) 
Conso1id;ired Bi11 
Paiyment 
C I E  O&e 
(SCC-Mvs> 
Deposit 
Accderation 
(Replacing P u t  of 
26) 
415 Statistics 
(Repla~g Part of 

0.20015 
1 

0,185876 
0.334842 

1 

0.6 15948 
0.133005 
0.89462 

031017 
0.32875 
0.221823 

0.8235 11 

0.279128 

0.59349 
0.1 10052 

0.77288 
0.298557 

1 
0.476643 

0,268489 

0.121951 

0.791426 

029466 

0307253 

0324077 

score 

0.232407 
1 

0.210338 
0.402904 
0.775129 

0.587636 
0.151559 

1 
10.260015 
0.277205 
0335976 
0.304274 

1 

0.347271 

0.642293 
0.1 14836 

0.4287 
0.416902 
0.87257 
0.400764 

0.279428 

0.0693 

0.669869 

0.253223 

0.39708 

0382043 

dollars) in 
Level lu 
194497.2 

5589 
92777.4 
32416.2 
5589 

11178 
325279.8 
748926 
32416.2 
67068 
33534 

19 1143.8 

354342.6 

52536.6 

16767 
148667.4 

22356 
13 4136 
5589 

20 120.3 

55890 

45829.8 

17884.8 

68 185.8 

95013 

95013 

Lines 

150000 
83000 
65000 
16743 
17000 

3000 
180000 
1244000 
34640 
14000 
12000 
103500 

1550000 

10880 

35000 
42000 

14197 
5028 1 
1303 
13280 

48019 

10000 

46 120 

56425 

21000' 

7000 

Level 
18~2 
3 11.65 
189,175 
374.325 
167.9 

143.175 

121.9 
5 17.5 
335.8 
34.5 

165.025 
147.2 
220.8 

448.5 

120.75 

148.925 
414 

43.7 
' 127.075 

85.1 
13 1.675 

241.5 

893.55 

87.4 

309.35 

10925 

100.625 

in LeveI- 
1&2 
1944972 
16767 
83835 

3 1298.4 
11178 

11178 
385641 

270507.6 
43594.2 
1 1625 1.2 
33534 

140842.8 

4068792 

38005.2 

14531.4 
166551.2 

27884.8 
1 1 1780 

5589 
27945 

43594.2 

122958 

17884.8 

68 185.8 

33534 

33534 

Lines 

150000 
83000 
65000 
16743 
17000 

3000 
180000 
1244000 
34640 
14000 
IZOGO 
103500 

1550000 

Ievel 1 & 2 

311.65 
137.425 
419.75 
120.75 
91.425 

109.25 
525.55 
335.8 
3 10.5 

143.175 
1472 

201.25 

456.55 

10880 

35000 
42000 

14197 
5028 1 
1303 
13280 

48049 

10000 

46120 

56425 

21000 

7000 

112.125 

143.75 
422.05 

169.05 
116.15 
85.1 
128.8 

339.25 

893.55 

139.15 

30935 

127.65 

99.475 



Amendix C Com~arisons between Estimated Data and Actual Data 

Application Name ( Estimateci - - 
VRS score 

COM (Eteplacing 
Part of 26) 

A c d E T E  
(indoUrus) 
in Level 
18r2 

33534 

Acmd 
Source 
b e s  

8000 

' Amal 
Dumion 

level 1 & 2 

99,475 



Appendk D Refined DEA Results 

After size division, we got the refined DEA renilts. Thqr are presented here. 



Amen& D Refined DEA Results 

1. Refhed DEA redts for the first two l d  (estimateci data) 

a. VRS results of smd project 

Application 
Name 

Inter 

Processing 
(CCP) 

Statement 
Reprint 
Eystem 
115 
ScritisUcs 
P e p l a ~ g  
Pm of 26) 
Statement 
Dn COM 

FTE in Duration iy- Source Score Efficient Peers 

Starement 
on COM 

@teplachg 
Parc of 26) 

UBC 
Wood 
Gundy 

Securities 
Opentions 
8.78E-16 



-- -- 

Appendix D Refined DEA ResuZts 

b. CES results of the small projecu 

Inter 
B m c h  
B&g 
G e n d  
Q&g 
Corpome 
credit 
Processing 

katement 
Reprint 

hatistics 
8epl.U.g 
Parr of 26) 
katernent 
2n COM 
peplacing 

Wood 
Sundy 

FTE in 
Ievel land 2 

167670 

11178 

447 12 

5589 
1 1178 

95013 

950 13 

11178 

Dwation 

106 

133 

449 

85 
4 14 

101 

105 

32 

Source 
Lines 

9804 

3000 

9954 

1303 
2600 

7000 

8000 

1000 

Score 

1 

1 

0.8835879 

0,8686667 
0,8666667 

0.899944 

1 

0.7605634 

Effiaent Peers 

Statement on 
COM (Replacing 

Parc of 26) 
O 

O 

3.7 1E-01 

O 
O 

0.8 183076 

I 

7.32E-02 

inter 
Branch 
Banking 

1 

O 

O 

O 
O 

4.63E-03 

O 

O 

G e n d  
Qearing 

O 

1 

3.2190963 

0.4343333 
0.8666667 

O 

6.61E-17 

0.1380282 

- 



Appendk D Refined DEA Results 

c. VRS results of the medium projects 

L 

GL Data 
Coilea 
Branch 
UearLig 
Auto 412 
US Dollar 
Float 
DACS/GL 

Distributio 

ControI 

Detds 
Portfolio 

Enuy & 
lTmsfer 

FIE in Source Dunti Score Efficient Peers 
leveliand2 Lines on 

Bnnch Geognphicai CgeII Tncing Consolidueci 
Clearing Distribution Control BilI P q a t  

11178 70000 155 0.97816 0.676895 O 0.0944167 O 0.2286875 
4 

5589 83000 189 1 1 O 8.67E-19 O C 

65950.2 22000 207 0.30154 O 8.4OE-02 0.00E+00 0.678902 O.23705U 
92777.4 65000 374 0.35158 0.627791 O 0.3722084 O C 

6 
32416.2 16743 168 0.49177 O 0.36997 O 0.582760 4.73E-02 

8 
48065.4 36665 276 0.33526 O 0.1889939 O 0.123782 0.6872239 

1 
17884.8 14000 345 0.39089 O 0.9163834 O 8.36E-O2 O 

24591.6 19525 320 0.38199 O 0.746037 O O. 152567 0. 1013958 
7 - 

5589 17000 143 1 O 1 O O O 

32416.2 34640 
I I 3 5 ~  

l 
I 

O 
1 

1 6.48E-17 ?NE-17 
I I 



AppendUF D Refied DEA Results 

Efficient Peers FTE in 
level land 7 

Source 
Lines 

Score 

Geograp hical 
Distribution 

Tracing 

O 

8.02E-O2 

Cage II 
Cuntrol 
2.70E-0 1 

Consolidated 
Bill Payment 

0.593551t 

f 

Nationai 
Trust Back 
Office 

l 

- 

- 

h 

New 
Mdon 
Bank 
Interface 
System 
(Rdacing 

Cansolidate 
d Bill 

;sec-MVS) 
Deposit 
Accelentio 
1 

Warehouse 
Previously 
?an of Pm 



Appendix D Refied DEA Results 

d. CRS results of the medium projects 

CIearing ~ o n t r o l  
GL Data Collecc 11178 70000 155 0.9726523 0.75793-11 0.204719 
Branch Ciearing 5589 83000 189 1 1 3.46E-16 
Auto 412 65950.2 22000 207 0.17189 O. 1283455 0.3275786 

Application 
Name 

 US Dollar Float 
I 

92777.41 650001 

FTE inlwd 
land2 

i 

Munid Funds 148667.4 42000 4 14 
Order Enuy & 
Transfer Syscem 

Manager 
Undairned 

V A  BA Fihg ' 134136 50281 127 
Kiting Detection 20 120.4 13280 132 

Source 
Lines 

I~ack Office I 1 I I I I I 

11178 

Duration 

19500 

New Mellon 
Bank Interface 
system 
(Replacing 75 & 
270) 
GST Input 
Collection & 
C;J&ecfc 
Consoiidami Biil 
P;iyment 
CIBC O&e 
(SCC-MVS) 
Deposit 
Accdention 

Score 

45829.8 

27945 

17884.8 

68185.8 

95013 

(RepIaàng Part 
of 26) 

Efficient Peers 

Branch 1 CageiI 

147 

L 

0.28332.1.1 0.2092204 6.16E-02 
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Application 
Narne 

Gedit Data 
Warehouse 
(Previously Part 
of PIF) 

1 Source 
Lines 

10000 

Duration 

23 1 

Score 

7.33E-02 

Efficient Peers 

Branch 
Clearing 
6.5 lE-02 

Cage II 
Convol 

0.1327628 



Appendix D Refied DEA Results 
.. 

e. VRS results of the large projects 

Application 
Name 

Rapidtrans 
VISA Front 
End 
Custorner 
Profitability 
CAMP 
S top/Holds/ 
etc, 
Business and 
F m  Loans 
Life 
Insurance 
System 
RRSP 
Historid 
ResuIts 

FTE in 
level land 2 

194497.2 
201204 

188908.2 

78246 

169905.6 

325279.8 
48065.4 

MS COLT 

HUMAN 
RESOURCE 
S 
Deposit 
Accounr 
(STB) 
lnvest 
Produas 
System 
Invenrory 
Asset 
Management 
TPSS 
Bankcard 

VISA - 
AS/400 
ImagePlus - -  

Integrated 
Profitability 
Management 
system 

Source 
L e s  

150000 
138000 

260000 

244400 

1250Q 

180000 
242733 

748926 

223560 

191143.8 

354342.6 

185554.8 

40240.8 
361049.4 

718745.4 

262683 

0.93577 

1 

0.827263 

0.823511 

0.593 103 

1 
1 

0.385661 

1 

O 

O 

O 

O 

O 

S.LIE-17 
O 

O 

O 

1 

O 

O 

0.5668972 

O 

0.8275452 

O 
0.00E+00 

O 

O 

Duration 

3 12 
8 

242 

185 

242 

5 18 
190 

1 

124400 
O 

152000 
O 

103500 

155000 
O 

120000 

ZOO000 
227737 

7 
300000 

450000 

0.742Q561 

1 

O 

0.9603896 

O 

O 
9.97E-17 

0.00E+00 

O 

; 

1 

336 

36 1 

221 

449 

3 11 

444 
569 

465 

179 

Score 

0.590435 
0.413013 

0.7565 17 

1 

0.760096 

0.355525 
I 

O 

O 

O 

O 

O 

1 
O 

0.00E+00 

O 

Efficient Peers 

O 

O 

O 

3.96E-02 

O 

O 
1 

O 

O 

CAMP 
Stop/Hol 

&/etc. 

0.8016014 
0.9736832 

6.49E-0 1 

1.00E+00 

0.7240328 

0.797226 1 
Q.21E-17 

0.257943' 

0.433102I 

( 

0.172454E 

C 
C 

1 

1 

Hisrorid 
Resuits 

O 
O 

O 

O 

O 

O 
1 

HUMAN 
RESOUR 

CES 

O 
O 

O 

O 

O 

O 
O 

TPSS 

O 
0.00E100 

O 

O 

O 

O 
O 

Buikcyd 

O 
O 

O 

O 

O 

O 
O 

Lrteped 
Profitabilit 

Y 
Manageme 
nt System 

1 
0.1983986 
2.63E-02 

0.3506149 

O 

02759672 

02027739 
O 



Amendix D Refined DEA Results 

Application FTE in Source Durarion 
Name level land 2 Lines 

- 
Efficient Peers 

(Replacing 
Lenduig 
Advisor) 

CES 

O C 



Appendix D Refined DEA Resdts 

f. CRS results of the large projects 

Application 
Narne 

Rapidvan~ 
VISA Front End 
Cmomer 
Profitability 
cAMP 
Stop/Holds/etc. 
Business and 
F m  Loans Life 
Insumce System 
RRSP 
Historicai Resuits 
IMS COLT 
HUMAN 

L 1 1 

TPSS 1 40240.81 LOOOOO( 443.9 

FTE in lwel 
land 2 

RESOURCES 
Deposit Account 
(STB) 
Invest Products 
Syscem 
lnventory Asset 
Manaeement 

1944972 
201204 

188908.2 

78246 

169905.6 

325279.8 
48065.4 
748926 
223560 

19 1 143.8 

354342.6 

185554.8 

Bankard 
VISA - AS/400 

Source 
Lines 

150000 
128000 
L6G000 

244400 

122500 

180000 
242733 

1244000 
1520000 

ImagePlus 
Int e p e d  
Profitability 
Management 
System (EFIP) 
WINFAST 

Score - Dumion 

103500 

1550000 

120000 

36 1049.4 
718745.4 

Efiuenr Peers 

HUMAN 

3 11.65 
447.925 
242.075 

185.15 

24 1.5 

5 17.5 
189.75 
335.8 
361.1 

220.8 

448.5 

3 10.5 

262683 

527601.6 

2277377 
300000 

0.1143426 
9.36E-02 

0.255 1569 

0.4593985 

0.1205044 

8.26E-02 
0.712757 

0.8800829 
1 

450000 

ZOO000 

RESOURCES 
9.87E-O2 
8.42.E-02 

0.1710526 

O. 1607895 

8.06E-02 

0.1184211 
0.1596928 
0.818421 1 

1 

569.25 
465.175 

179.4 

655.5 

0.9504205 
1.53E-O1 

. . 

1.4982743 
L97E-0 1 

0.5959008 

7.25E-02 

0.2960526 

0.13 15789 
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II Rehed DEA results for the fint two leveis (actual data) 

a. VRS results of the small projects 

Software 
Arnortizaric 

+ 

GMAC 
RICS FEE 
Wood 
Gundy 
Rapid 
Codm 

(Replxing 
Pm of 26) 
S t at ment 
on COM 

I 

GIS TXN 
Con f 
P ~ t i n g  

FTE in 
levd 18c 2 

Source 1 Duration 1 Score 1 Efficient Peers 
Lines ievel 1 & 2 

Sobare 1 Wood Gundy Statement on 
COM 
(Replacing Pm 
of 26) 

O 



AppendUc D Refined DEA Resdts 

b. CRS results of the srnall projects 

'Application 
Narne 

G e n d  
Clearing 
Software 
Amorrizatio 
n Sysrem 
Utility Bus 
GMAC 
RICS FEE 
Wood 
Gundy 
Rapid 
COnfvms 
4 15 
Sratistics 
(Replacing 
Part of 26) 
Sttitement 
on COM 
(Replacing 
Piut of 26) 
GIS TXN 
Conf 
Pfinting 

FE in 
level1&2 

11 178 

11 178 

6706.8 
5589 

6706.8 
11 17.8 

33534 

33534 

12295.8 

Source 
Lines 

3000 

ZOO0 

460 
1303 
1200 
5500 

7000 

8000 

2803 

Duntion 
Ievel 1 & L  

109.25 

36.8 

93.15 
85.1 

110.4 
96.6 

99.475 

99.475 

99.475 

Score 

0.432558 1 

6.97E-01 

8.06E-02 
0.25 16698 
0.1797101 

1 

8.75E-01 

LOOE+Oû 

4.33E-0 1 

Efficient Peers 

Wood Gundy Rapid 
Confirms 

0.3528366 

2.72.E-02 

6.33E-O2 
0.18186 12 
0.174356 1 

1 

O 

9.68E-17 

0.2926906 

Staternent on 
COM (Repiacing 

Part of 26) 
0.1324248 

0.23 13032 

1.4OE-O2 
3.58E-02 
3 .O 1 E-02 
7.59E- 19 

0.875 

1 

O. 1.19 1502 



- 

Appendk D Refied DEA Results 

c. VRS resulu of the medium projects 

Facility 
Cage II Convol 13594.2 
Branch Detds 1162512 
Portfolio 33534 
Manager 
CDIC Prern 38005.2 
Reduct 
NISA 1453 1.4 

Or& Emry & 
Transfer 

1 ~ a c k  Office 
FIoat 8942.4 
New Mdon 122958 
Bank Interface 
System 
(Replaang 75 

=!=-Lm Deposit 
~c~eleration 
(Replaâng Part 
of261 1 
Financiai 11 178 
Mode1 Svstem 

r 

Score Efficient Peers 



Appendik D Refined DWL Resirlts 

d. CRS results of the medium projects 

Brandi Clearine 16767 

Source DuraLion Score Efficient Peers 
Lines level 1 & 2 

I Branch Cl&g 
I 

83000 137.425 1 1 
65000 419.75 03563954 0.783 1325 

L 2 1 I 

Cage II Conml 43594.2 34640 310.5 0.1847158 0.4173494 
Branch Details 11625 1.2 14000 143.175 0.16 19006 O. 1686747 

~ianbution 
Account Info 
Facilitv 

Mana er e ' ~edun  
MSA 1453 1.4 
Mutual Fun& 166552.2 
Order Entry & 
Transfer Synem 
@m"E) 
T n ~ g  17884.8 
U A  Buk Fihg 1 11780 
Kiting Detection 27945 

13 1900.4 

sysrern 
Nationai Trust 43594.2 

Bank Interface 

69700 

System 1 meplacing 75 Q 
270) 

- 

Consolidad Bill 

201.25 

Payrnent 
CIBC Online 
(SCC-MVS) 
Deposit 

0.5734355 

Acceleration 
( R e p i a ~ g  Pan 
of 26) 
Financiai Modd 
System 

0.839759 



-- 

Appendir D Refied DEA Reswlts 

e. VRS results of the large projects 

Application 
Name 

Rapidvans 

I IMS COLT 1 170507.61 12440001 
1 I 1 1 1 

335.8 1 II i l  7.91~-181 a 

Dunuon 
levd 1 & 2 

'(2e&aLked 
Insu 
EFT 
RRSP 

FTE in 
levell& 2 

194497.2 

Source 
Lines 

Score 

251505 

423646.2 
385641 

150000 

1 1 

(STB) 
Invest 
Products 
Svstem 

Efficient Peers 

103500 Deposit 
Account 

IMS COLT 

3 11.65 
226550' 379.5 

140842.8 

406879.2 

0.5727257 

0.6830 148 
0.4001048 

1301692 
180000 

201.25 

Deposit 
Account 

0.7303564 

524.975 
525.55 

I550000 

hvest 
Products 

0.1078913 

0.8 114641 
6.71E-02 

I 

).OSE-02 

456.55 

0.8921087 

0.00E+00 
0.9329242 

O 

(STB) 
0.9592284 

C 

1.89E-O1 
O.OOE+Oa 

1 

Synern 
C 

1 O 

0.00E+00 O l.OOE+Oa 
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f. CRS redts of the large projects 

' Application 
Name 

Rapidtrans 

Centralized hm 

EFT 
RRSP 
IMS COLT 
Deposir Account 

(Sm) 
Invest Products 
Svstem 

' FTE in levd 
1& 2 

194497.2 

251505 

4236462 
385641 

170507.6 
140842.8 

406879.2 

Source 
Lines 

150000 

226550 

1301692 
180000 
1244000 
103500 

1550000 

Duration 
level 1 & 2 

3 11.65 

379.5 

524.975 
525.55 
335.8 
201.25 

456.55 

Score 

0.129922 
5 

0.16 1143 

Efficient Peers 

IMS COLT 
0.1205788 

O. 1821 141 
4 

0.6693 14 
9.25E-02 

1 
O. 138824 

1 
0.9 16439 

2 

1.0463762 
O. 1446945 

t 
8.32.E-02 

1.1459807 
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III Refined DEA redts for the whole project 

a. VRS renihs of the s d  projects 

Processing 

Srarement 
Reprint 

RICS FEE 

S t atistics 1 @eplaCi% 
Part of 26) 
S t atement 
on COM 
(Replacing 
Part of 26) 

FTE Source 
Lines 

Durauon Score 

f 
Efficient Peers 

Inter Generd Corporate RICS Sraremen 
Branch CieJring Gedir FEE ton 
3& Process in COM 

(Replacin 
g Part of 

O 1.62E-16 



Appendix D Refied DEA Results 
- - 

b. CRS results of the smdl projects 

Application FTE 

FT 
Inter 143078 
Bnnch 
Banking 
G e n d  11 178 
C I A g  
Corponte 44711 
Gedit 

Sysrem 
RICSFEE 11178 
1 

4 15 97249 
Statistics 
(ReplaPng 
Part of 26) 
Statement 87188 
on COM 
(Replacing 

Score Efficient Peers 

inter [GenuallCbrponrel RIcs 1 Sratement 
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c. VRS results of the medium projeas 

GL Data 70000 154.67i 

65950.2 3 13660 419.71 
Savings 
Bonds 
Auto 412 115 133.4 2 22000 20; 

DACS/GL 33534 2 16743 167' 
Uheque . . 22356 2 14000 34' 
.magmg 
?on folio 33534 2 19525 320.27: 
:nfo 
'acility 
Seographic 11178 2 17000 143.17: 
LI 

Score Efficient Peers 

GL Data CageII Chque Info Capture Renrmed 
Collect Conuol Processing System Item 



Amendix D Relhed DEA Results 

Source Duration Score L J l -  Efficient Peers 

Cage II Cheque Info Capture 
Convol Processing System 

Renuned 
Item 

s y s t a  

IC/A Bulk 1 1341361 31 
I 

lp+Z# Det ection 

System 
National 
Trust Back 
Office 
EIectronic 335340 3 

synem 
COINS - 111780 3 

L 

Deposit 84952.8 3 
Acceleratio 

Parr of 26 I l  
Fin;uicial 
M d  
System 
Secret 
Code 
Seieaors 

' 11178 

33534 

2 

3 
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Gedit Data 
Warehouse 
(Previously 

Collections- 
Properry 
Adminiarat 

Coliections- 
Auto-IBP 

FTE Score rarget 
Level 

2 

3 

3 

Efficient P e m  

GL Data 
CoIlea 

Source 
Lines 

10000 

53250 

20000 

Cage II Cheque Info Capture Returned 
Gnuol Processing System Item 

Durati3. 

230.57 

653. 

808.4 

Application 
Name 

GL Data CoUea 
k a d a  Savings 
Bonds 
Auto 412 

Cheque haghg 
Portfolio Info 

Efficient Peers 

FaciIity 
Geograp hical 
Distribution 
Account Info 
Facilicy 
Cage II Convol 

Tncing 

O 
O 

0.7635 1 1 

O 
O 

O 

O 

2.06E-16 

Qient 
M p t .  
System 

O 
0.9076115 

O 

O 
O 

Brdnch DetaiIs 
Undahed 
Balances 

O 

O 

O 

Finmual 
Model 
System 

O 
O 

O 

0.8258065 
0.8235617 

CDIC P r m  1 0.87458 11 01 0 i 0 i 

0.263719 
O 

Collections-Property 
Admfnistntion 

O 
O 

O 

O. 1741935 
6.34E-02 

0.8477041 

O 

O 

O. 1276271 

O 

O 
O 
O 

O 
0.8283119 

O 
4.78E-02 
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Application 
Name 

Info Capture 
System (Replaced 
by 283) 
Returned Item 
System 
Munial Funds 
Order Enuy Q 
Transfer System 
(MOTE) 
RICS 

Tncing 
C/A Bulk Filing 
Kiting Detecrion 
, Syst ern 
National Trust 
Back Office 
Elecvonic 
B&g 
PC/Intemet 
GST Input 
Collection & 
CaldDecaic 
CBC Online 
(SCC-MVS) 
Client Mgmt. 
system 

COINS - Corn 
Facil 
Deposic 
Acceleration 
(Replaàng Pm 
of 26) 
RDS 
Financiai Mode1 
Sysrem 
Secret Code 
Selectors 
Gedit Dva 
Warehouse 
(Previously Part 
of PIF) 
Couections- 
Properry 
Admiaisrmion 
sections-Auto- 
*IBP Replwmmt 

Refied DEA Resdts 

Tracing 

O 

O 

O 

O 
1 
O 

0.766897 

0.320237 

O 

0.34073 

0.133365 

O 

O 

O 

O 
O 

O 

0.582043 

O 

O 

I Client 
Mgmt . 
Syscem 

1.44E-16 

4.38E-17 

0.5950128 

0.6001745 
O 

0.0197342 
O 

1.62E-17 

O 

1.05E- 16 

O 

1 

0.5070879 

0.6448175 

0.9048009 
O 

0.851186 

O 

O 

0.6332438 

Efficient Peers 

Financiai 
Model 
System 

O 

O 

fl.10E-16 

4.05E-16 
O 
O 

0.2320806 

G 

O 

O 

O 

O 

O 

4.37E-16 

9.D-16 
1 

O 

0.4179567 

O 

3.89E-16 

Collections-Propq 
Adminimtion 

O 

O 

O 

0.3998255 
O 
O 
O 

O 

O 

O 

O 

O 

O 

O 

0.095 199 1 
O 

0.1488 14 

O 

1 

0 

O 
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d. CRS resulu of the medium projeas 

Application 
Name 

GL Data 
C d e a  
Gnada 
Savings 
Bonds 
Auto 412 

DACS/GL 

Cheque 
Irnaging 
Portfolio 
Info Fauliry 
Geographical 
Disuibution 
Account Info 
Facility 

Cage rI 
CUnuol 
Bruich 
Detds 
UndYmed 
Balances 
CDIC Prem 
Reduct 
Cheque 
Processing 
(Upg~ding) 
Info Capture 
Systern 
(Replaced by 
283) 
Returned 
Item System 
Mumal 
Fun& Order 
Entry & 
Transfer 
Svstem 
(MOTE) 
RICS 

Trachg 
C/A Bulk 
Filing 

FTE 

16767 

65950.2 

115133.4 

33534 

22356 

33534 

11 178 

315219.6 

67068 

247033.8 

16767 

79363.8 

1x958 

1 1 1780 

55890 

243680.4 

22356 

22356 
134136 

Target 
Level 

2 

3 

2 

2 

2 

2 

2 

3 

2 

1 

2 

2 

3 

3 

3 

3 

3 

2 
3 

Source 
Lines 

70000 

13660 

22000 

16743 

14000 

19525 

17000 

69700 

34640 

11000 

19500 

10880 

76644 

20000 

72900 

42000 

10000 

14197 
50281 

Dumion 

154.675 

419.75 

207 

167.9 

345 

320,275 

143.175 

426.075 

34.5 

165.025 

147.2 

120.75 

224.25 

86.25 

480.7 

703.225 

446.2 

43.7 
186.3 

Score 

1 

0.25209 
23 

Z.49E- 
01 

0.41 170 
56 

0.44391 
69 

0.33914 
5 1 

0.93662 
93 

LS5E- 
O1 

1.00E+ 
00 

0,22376 
13 

0,68807 
28 

3.52E- 
0 1 

0,58450 
84 

0.663 15 
79 

0.39404 
82 

1.46E- 
0 1 

0.63282 
57 
1 

4.73E- 
O1 

1 

GL Data 
Collea 

1 

O 

839E-02 

9.94E-02 

O 

0.119990 
2 

4.05E-02 

0.460265 
9 

L.37E- 17 

0 

0.128886 
3 
0 

0.64434 

0 

0.957328 
7 

0.33943 8 
4 

O 

O 
0.262056 

3 

Cage Il 
Convol 

1.36E-16 

O 

6.152539 

O 

O 

O 

O 

1.082026 
1 
1 

0.736281 
3 
O 

0.125419 
5 

0.910513 
8 

0.907894 
7 

O 

8.62E-02 

O 

4.91E-17 
0.702537 

3 

Efficient 

Tracing 

O 

O 

0.7635 11 
3 

0.18541 

O 

O 

O 

O 

2.56E-16 

0.263718 
7 
O 

0.874580 
5 
O 

0.592105 
3 

O 

1.074330 
6 

O 

1 
0.535406 

3 

Peers 

Financial 
M d  
System 

O 

1,4728818 

O 

0.7151761 

0.7596439 

0.7888102 

0.7802956 

O 

O 

O 

0.8018266 

O 

O 

O 

0.5246212 

O 

0,9978245 

O 
O 

Collections- 
ProperV 

Administr;ition 
O 

1.8 1E-02 

O 

O 

O. 160374 

6.08E-02 

O. 119464 

O 

O 

O 

0.046 1914 

O 

O 

O 

l.2OE-02 

O 

0.3347837 

O 
O 
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Application rL7 

Client Mgmt. P 

Acceleration 
(Replacùig 

Financial 

S em 
Secret Code 

Target 
Level 

2 

2 

3 

2 

2 

3 

3 

3 

3 

2 

3 

2 

3 

3 

Source 
h e s  

13280 

18049 

40000 

49095 

56425 

63000 

10000 

21000 

16500 

10000 

20000 

10000 

53250 

20000 

Duration 

131.675 

241.5 

247.25 

346.725 

309.35 

241.5 

266.225 

274.275 

492.2 

53.825 

404.225 

230.575 

653.2 

808.45 

Score 

0.36821 
01 

0.43589 
06 

2.29E- 
O 1 

0,31850 
8 5 

0.38478 
0 1 

0.74969 
42 

0.26937 
27 

0.30519 
67 

0.34340 
81 
1 

0.46 191 
85 

226E- 
0 1 

1 

1.01E- 
O 1 

Efficient Peers 

GL Dam 
CoUect 

1.02E-03 

0.564355 
3 

0 

0.605784 
3 

0.693195 
4 

0.783877 
4 
O 

4.42E-02 

O 

O 

O 

O 

7.69E-17 

2.ME-02 

Cage II 
Control 

O 

0.115407 
7 

0.968181 
8 

5.35E-02 

Tncing 

0.766897 
- 7 

0.320737 

0.531815 
- 7 

0.340729 
7 

Financial 
M d  
Sy-stem 

0.2320806 

O 

O 

O 

0.173439 

Collections- 
Pro~err~  

Administration 

C 

C 

C 

O 

O 

0.6781871 

0.306273 1 

0.6583936 

1,3027994 

1 

1255 1903 

0.4179567 

3.66E-17 

0.6663347 

1 
O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

2.53E-02 

O 

O 

0.13 1467 

O 

0.1632065 

O 

1 

O 

5 
O 

1.193726 
9 

0.797383 
3 

O 

O 

O 

0.582043 
3 

O 

0.8 13216 
4 



Appendix D Refined DEA Resdts 

e. VRS results of the large projects 

Application 
Name 

Pro ject 
Control 
System 
Bulk Filing 

1 

U S  
Centriùized 
Insu 
VISA Front 
End 
W S a v i n  
g s 
IBTSS 
Customer 
Profitabiïty 
Business 
and F m  
Loans Life 
Insuance 
system 
Foreign 
Exchange 
RRSP 
Historiai 
Results 
IDT 
Systems 
ECIF 
IMS COLT 
Loan 
Accounting 
System 
COINS - 
Op Cnul 
HUMAN 
RESOURC 
ES 
POS 
Merchant 
Deposit 
Account 
(STB) 
ATM 
Systems- 
NON- 
TANDEM 

FTE 

84952.8 

156492 
1683407 
314101.8 

178848 

690800.4 

908771.4 
190026 

4 13586 

413586 

479536.2 
109544.4 

570078 

950130 
479536.2 
6 14790 

11 1780 

7601û4 

558900 

3778 16.4 

558900 

Target 
Level 

2 

3 
3 
3 

3 

3 

3 
2 

2 

3 

3 
2 

3 

3 
3 
3 

3 

2 

3 

3 

3 

Source 
Lines 

110000 

152840 
1759400 
226550 

128000 

297390 

2301000 
260000 

122500 

356000 

180000 
242733 

137000 

1000000 
1244000 
146765 

152800 

1520000 

150000 

103500 

215000 

I 

Duration 

255.3 

389.275 
719.9 

659.525 

499.675 

458.275 

659.525 
242.075 

241.5 

6 10.075 

806.725 
189.75 

619.85 

249.55 
556.6 

834.325 

102.925 

361.1 

858.475 

426.075 

974.05 

Score 

0.6691769 

0.4137686 
0.628 1374 
0.2353926 

0.3345276 

2.58E-01 

1 
0.5354479 

3.79E-O1 

0.2790437 

0.1734624 
0.7637242 

0.1820266 

1 
0.6933606 
0.1512303 

1 

1 

0.1556175 

0.2699592 

0.1476616 

IBTSS 

O 

O 
O 
O 

O 

O 

1 
O 

O 

0.00E+00 

O 
O 

O 

O 
0.3347674 

O 

O 

O 

O 

O 

O 

E ffiaent Peers 

ECIF 

O 

O 
0.00E+00 

O 

O 

O 

O 
O 

O 

O 

O 
O 

O 

1 
O 

0.00E+00 

O 

O 

0.00E+00 

O 

O 

COINS- 
Op Cnu-1 
0.1378499 

0.2618879 
O 

0.1332429 

0.1846389 

8.76E-02 

0.00E+00 
0.7647948 

0.6645438 

9.74E-02 

5S9E-01 
0.5941805 

0.8742727 

O 
O 

0.7048533 

1 

O 

0.6106796 

0.8464249 

0,564165 



Aùàendix D Refined DEA Results 

Efficient Peers Source 
Lines 

Score 

IBTSS ( ECIF ( CONS - 

Invest 
Produas 
synan 
Speual 
Debts 
Inventory 
Asset 
Managerne] 
t 

Base 24- 
ATM 
Base24 
POS Onlin 
Acquisition 
Managema 
t Synm 
CRTBS 
DDA 
(Replaced 
by 281) 
m s  1 

6.43 E-O 1 

Savings 
(Replaced 
by 284) 
West Indie! 
Retail 
System 
('Replaced 
by 283) 
West Indie! 
Gened 
Ledger 
(Replwed 
by 287) 
Centralized 
Rates 
PMüB 
(Poftfolio 
Mluirrgemer 
t Data 
Basel 

(Cardho!de 
Service 
Piatfom) 
Q-g 
Bank& 
Collection 
(Ta Year 
2000 

uwpde) 



Appendix D Refined DEA Resdts 

Pro fitability 

(Internation 
al 
Comprehen 

Source dumion Score s Efficient Peers I 
IBTSS 1 ECF 1 COINS - 



Appendix D Refined DEA Results 

Continueci 

Application 
Name 

1 

Projea Conml 
Systern 
Buk F h g  
cU!SS 
Cenvaiized 
Instr 
VISA Front 
End 
PGVSaWigs 
IBTSS 
Cusrorner 
Pro fitab'ity 
Business and 
F m  bans 
Life Insurance 
System 
Foreign 
Exchange 
RRSP 
Hisrorid 
Results 
IDT Systems 
ECIF 
IMS COLT 
Loan 
Accounring 
System 
COINS - Op 
cnui 
HUMAN 
RESOURCFS 
POS Merchant 

Efficient Peers 

HUMAN 
RESOURCES 

O 

O 
O 
O 

O 

O 
O 
O 

O 

O 

O 
O 

O 
O 
O 
O 

O 

1 

O 0.1535751 O O O 
Account (STB) 
ATM Sysrems- 
NON- 
TANDEM 
Invest 
Products 
System 
Special Debts 
Inventory 
Asset 
Management 
Base 24ATM 

CRIBS Savings 
(Replacedby 

284) 
O 

O 
O 
O 

O 

0.6501995 
O 

3.94E-02 

0.3354562 

0.3496259 

O 
O 

O 
O 
O 
O 

7.47E-17 

O 

O 

O 

O 
O 

1.40E-17 

Cenvalized 
Rves 

0.8621501 

0.7381121 
O 

0.4475638 

0.8153611 

O 
O 
O 

O 

O 

0.405132 
0.2501793 

0.1257273 
O 
O 

0.2951467 

O 

O 

O 

O 

O 
O 

0.3084525 

Bankcard 

O 

O 
0.1934837 

O 

O 

O 
O 
O 

O 

O 

O 
O 

O 
O 
O 
O 

O 

O 

0.3337876 

O 

0.4862438 
0.4673796 

O 

S R -  
Caldators 

O 

O 
O 

0.1191933 

O 

0.2621745 
3.7lE-17 

0.1957814 

O 

0.552985 

3.56E-02 
0.1556402 

O 
O 

0.6566377 
O 

O 

2.37E-19 

ICBS (International 
Gmprehensive 
Banking Sysrem) 

O 

O 
0.8065 163 

O 

O 

O 
O 
O 

O 

O 

O 
O 

O 
O 

8.59E-O3 
O 

O 

5. 15E- 17 

P 

O 

O 

O 

O 
O 

O 

0.1020474 

0.4690818 

0,4348238 
O 

0.5650954 

O 

O 

O 
O 

O. 1264521 



Appendir 

Application 
N ~ n e  

Base24 POS 
Online 

Acquisition 
Management 
System 
CRIl3S DDA 
(Replaced by 
284) 
CRlBS Savings 
(Replaced by 
284) 
West Indies 
R a d  System 
(Repiaced by 
283) 
West hdies 
G e n d  Lcdger 
(Replmd by 
287) 
Centralized 
Rrites 
PMDB 
(Portfolio 
Management 
Data Base) 
CSP 
(Cardholder 
Service 
Plat fom) 
Ciearing 
Bankcard 
Coiiection 
(Ta Year 
2ûûû Upgade) 
Merchant 
Systern 
SFT- 
Gicuiators 
Intepted 
Profitribility 
Management 
system (EFIP) 
CIBC 
In formation 
Warehouse 

D Refned DEA Results 

HüMAN 
RESOURCES 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 
4.38E- 16 
6.23E-17 

O 

5.68E-17 

O 

O 

Efficient 

Cen&ed 
Rares 

O 

0.3052315 

O 

O 

O 

O 

1 

O 

1.80E-02 

O 
O 
O 

O 

O 

O 

0.6973548 

CIUBS Savings 
(Replaced by 

284) 
0.4200301 

O 

0.8957751 

1 

0.7319882 

0.6979866 

O 

0.3389778 

O 

0.3750399 
O 

0.4224083 

0.7657206 

O 

0.6505296 

O 

ICBS (international 
Comprehensive 
Banking System) 

8.46E-02 

O 

0.0110358 

O 

0.1008 129 

O 

C 

O 

O 

O 
O 

0.5671992 

9.35 E-02 

O 

O 

O 

Peers 

Bankcard 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 
1 
O 

O 

O 

O 

O 

SFT- 
Caiculators 

0.4953709 

O 

9.3LE-O2 

O 

0.1671989 

O 

O 

1.03E-02 

0.9820442 

0.5657882 
O 

1.04E-02 

O 

1 

O 

0.2447246 



Appendix D Refined DEA Reszdts 

Application 
Name 

[CBS 
(International 
Comprehensiv 
e Banking 
System) 

Efficient Peers 

HUMAN 
RESOURCES 

URIBS Savings Centralized Bankcard SFT- 
@eplaced by Rates GlcuIators 

284) 

O 0.1228768 O 8.20E-02 

ICBS (International 
Compre hensive 
Banking Sysrem) 



- - - 

AppendtX D Refined DEA Results 

f. CRS results of the large projects 

Efficient Peers 

Prohability 79 
1 Business 413586 2 122500 242 2.66E- 

Insurance 

Foreign 

Redts 72 
IDT 570078 3 137000 620 0.18202 
Systems 66 
ECIF 950130 3 100000 250 1.00E+ 

O O0 
IMS COLT 479536 3 12400 557 0.66771 

O 33 
b a n  614790 3 146765 834 0.15 123 
Accounting 03 
system 
COINS - 111780 3 152800 103 1 1 

- 
ECIF 

O 

Op C n d  RESOUR Savings d Rates Glculators (Internation 
CES (Replaced a1 

by 284) Comprehen 



Appendix D Rejined DEA Results 

Account 

system 
Special 
Debts 
Invencory 
Asset 
Manageme 
nt 
Base 24- 
ATM 
Base24 
POS 

DDA 1 (Replacecl 

swings 1 (Rephed 

Ret ail 

(RepIaced 

(Replaced 

Centraiized 

FTE 

~ 
558900 

377816 

558900 

743337 

90541.8 

182201 

970250 

13 13415 

Tyget 
Level 

3 

3 

3 

3 

3 

2 

3 

3 

Source 
Lhes 

150000 

103500 

215000 

155000 
O 

300000 

120000 

650000 

550000 

130000 

221706 

154535 

395000 

127049 

171853 

Score 

0.15561 
75 

0.26995 
92 

0.14766 
16 

0.60926 
37 

0.51662 
27 

0.30307 
47 

0.19240 
36 

0.13809 
12 

0.27629 
72 

0.51759 
86 

1 

6.43E- 
O1 

0.91879 
19 

1 

l Duration 

858 

426 

974 

738 

394 

31 1 

1 103 

1345 

3 11 

I f 3  

69 

207 

863 

182 

225796 2 

447120 

245916 

402408 

223560 

48065.4 

ECIF 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

3 

3 

3 

3 

3 

COINS - 
Op Cnd 

0.61068 

0.836425 

0.564165 

O 

7.89E-O2 

0.366263 

O 

O 

- - - - - - .  
0.486904 

O 

O 

O 

0.302013 

O 

HUMAN 
RESOUR 

CES 

O 

O 

O 

0.550911 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

Efficient Peers 

CEüi3S 
Savings 

(Replaced 
by 284) 

O 

O 

O 

O 

O 

O 

0.308353 

0.42003 

O 

0.895775 

1 

0.731988 

0.697987 

O 

Centralize 
d Rares 

0.38932 

0.153575 

0.333788 

O 

0.486244 

0.276907 

O 

O 

0,132979 

O 

O 

O 

O 

1 

SFT- 
Calnilators 

O 

O 

0.102047 

1.018021 

0.434824 

2.35E-02 

0.565095 

0.435371 

$,68E-02 

0.093 189 

O 

0.167199 

O 

O 

' ICBS 
(inferna 
tional 

Cornpre 
hensive 
Banking 
Synern) 

O 

O 

O 

O 

O 

O 

0.12645 
2 

8.46E- 
02 

O 

1.lOE- 
02 

O 

0.10081 
3 

O 

O 
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Av~endix D Refined DEA Resulrs 

Appiicaùon Target Source ' : 
Name Levei Luies 

PMDB 1159159 3 159000 
(Portfolio 
Manageme 
nt Data 

(Cardholde 
Ir Servicc 1 
Platfonn) 
Clearing 357696 3 463050 

(Intemation 7 
a 
Gmprehen 
sive 

Score Efficient Peers 

E U F  COINS- HUMAN CRIBS 
Op Gd RESOUR Savhgs 

CES (Replaced 
by 284) 

O 0.650767 O 0.338978 

tional 
Compre 
hensive 



APPENDIX E Raw Data of Software Projects 

The original data of the software projects are presented here. The subset used in 

our andysis is shown, dong with the information that was used to conduct to the DEA 



Appendix E Ruw Dutu of Sojiware Projects 

2 Canada Savings 
Bonds 

3 Rapidtrans 
4 Plan Data 

Anaiysis 
Project Convoi 
Sy!xem 

Leners of Credit 
(Replaced by 28 1) 
EDIINETPAY 
G e n d  Andysis 

ID 

Position of 
Account 

1 GL Data C o k t  70000 0.05 0.05 O O 

Source 
~LJncs 

+ ApplicPion 
Nine 

Account Recon 
AutoRIL: Ret of 
Irr Liabilities 
Inter Bmch 
Banking 
BrYidiClearhg 
Bulk Filing 
Fk Assets & 
Prtyment 
Processing 

Auto 412 
GIM: 
U A S S  
US Dollar FIoat 
Cash Flow Mgmr 

VISA Front End 
sundryCle;uing 

FTEPlâmdTo 
Date1996 

DDA 
wsizv ings  

FTEPIaunedTo 
Date 1998 

FTE PiannedTo 
Date 1997 

Cheque haging 

FIE PlannedTo 
Date 1999 

32 Customer 
Pro~tiabitity 

33 CAMD 
s t op/Holds/rrc. 

34 Portfolio M o  
Fadity 



AppendM E Raw Data of Soware Projects 

Application 
Name 

Business and 
F m  Loans Life 
Insurance System 

Foreign 
Exchange 
Geograp hicai 
Disuibution 
Autom Branch 
GL 
General Clearing 

GST Reporthg 
W P  
COINS - Host 
Facilities 
PEGA 
Investigations 
Historical R e d t s  
IDT Sysrems 
Lending Advisor 
(Replaced by 29 1) 

HMIS (306) 
ECIF 
Account In fo 
Flcility 
Tor Expense 
Anal 

Source FTE Planneci To FTE PIanned To FL'E Manned To FTE Planned To 
Lines Date 1996 Date 1997 Date 1998 Date 1999 
122500 O O 1.52 O 

56 Tor Geogr Distr 
57 Lock Box - 

Xerox 
IMS COLT 
Tor Branch Ciev 
Loan Accounting 
Systern 

Audit Req Sysrem 
Cage II Conml 
Branch Details 
Medianid 
Equipment 
Mortgage Lmns 
(Replaced by 277) 
MarknLig Info 
Facil 
Portfolio 
Manager 

69 Audit M o  
systm 



Appendix E Raw Data of Sofware Projects 

ID Application 
Name 

70 Perf Binder 

Source FTE Planned To FTE Planned To FTE Planned To FTE PIanned To 
b e s  Dare 1996 Date 1997 Date 1998 Date 1999 
45000 O O O O 

Rieptg 
COINS - Op 
Giul 
Pre-Auth 
Cheques 
HUMAN 
RESOURCES 
POS Merchant 
Securities 
Safekeeping/SM 
AC (Replaced by 
278) 

Deposit Account 

(Sm) 
ATM Systems- 
NON-TANDEM 
Undaimed 
Balances 

Unissuable Notes 
Vector 10 
Invest Produas 
Sysem 
CDIC Prem 
Reduct 
Code Conml 
System 
FACTS 
MIF Info FaciIicy 

Spccid Debts 
Plannkig & 
Forecm 

91 Software 
Amortimion 
srstem 

92 NQS 

93 Base 24-ATM 
94 Base24 POS 

Online 
96 h t e p e d  

Cardholder 
AuthoriZaurizauon 
File 



Appendix E Raw Dutu of SoF.,ure Projects 

ID Application 
Name 

97 COINS-ICF 
98 GtatySt 
99 Badnip & 

Restore 
100 Desktop Innd 

Source FTE P l a ~ e d  To FTE Planned To FTE Planned To FTE Pluuied To 
Lines Date 1996 Date 1997 Date 1998 Date 1999 
500000 O 0.4 O O 
1000 O O O O 
2000 O O O O 

Brandi Platfonn 
Vu"orkstarion 
Desktop 
File Copy Ut;lity 
Commcash II 
CBEC Convoller 
(Being Replaced) 

TPSS 
InfomdCompu 
terland Link 
CIBC Instd 
Program 
Auto Safety 
Deposic Box 
RIO Commission 
MSA 
VOSTRO 
Account Analysis 
S yst em 
Sales 
Management 
System 

Acquisition 
Management 
system 
Issues & 
Oppodties  
Tracking System 

125 Chque 
Processing 
V p g n ~ d  

126 CRIBS DDA 
(Replaced by 284) 

127 Info Capture 
Sysran @eplaad 
by233) 

128 Interface 
@eplaced by 284) 



Appendur E Raw Data of So@ure Pmjects 

ID Application 
Name 

Source FTE Manned To FTE Manned To FTE Planned To FTE Planned To 
Lines Date 1996 Date 1997 Date 1998 Date 1999 

129 Plastic Card 
130 CRlBS Savings 

(Replaced by 284) 

13 1 West Indies 
Retail System 
(Replaced by 283) 

132 West Indes 
General Ledger 
(Replaced by 287) 

133 Schedule Exec 
Lib 

134 Inspection (Misc.) 

135 SIN Data 
G p m e  

136 Com~uter Based 
L 

Tnining 
PAC2/TRSm 
NGS 
Payroll - 
Corncheq 
(Replaced by 279) 
BUNDL 
Te1 ephone 
B&g IVR 
Corporate Credit 
Processing (CCP) 

EFF 
I n f n s t r u m  - 
Bridges 

CIBC Securities 
Moce/Discount 
Brokerage IVR 

Cusun Deivry 
Platforni (EDS) 
Disbursernent 
Services 
AIS 
Systern W 
Applications 
CIFPrivate 
b&g 



Appcndix E Raw Data of Sohare Projects 

ID Appliation 
Name 

158 PAXUS-Prop & 
UV 

159 Preaous Metals 

Source FTE Manned To FfE Planned To FTE Phnned To FTE PIanned To 
Lines Date 1996 Date 1997 Date 1998 Date 1999 
3000000 O O O O 

Branch 
Productivity 
Autom 
Reminance 
Process 

Gifts 
PAXUS - Life 
Countxy Limits 
Renuned Item 
system 
Payroii (Core) 
Payroil rnput PTI 
LITS 
Utility Bills 

173 Mutual Fun& 
Order Entry & 
Transfer System 
(MOTE) 

174 Downline Load 
17s PMDB panfolio 

Managrnent 
Data Base) 

176 Auto B&g 
177 Branch LAN 
179 Email 
180 Telmhone 

sYiI;Lig -Bat& 
CSP (Cardholder 
Service Platfonn) 

PMR 
IBIS 4 12 
MICS JO b 
Accounting- 
ReP0-g 
Safety Deposit 
Box 

uearing 
RICS 
Tracing 
Gnsigned 

Commstar 



Appendix E Raw Data of Sofiwure Projects 

Application 
Name 

Bankm 
Acceptance (see 
Gmmnar) 
CIBCTnLst- 
u s  
T U  
Bankcard 
Stock Cheque 
Hot Cards 
(Replaced by 209) 

Source FTE: Planned To FE Planned To FTE Planned To FTE Pianned To 
Lines Date 1996 Date 1997 Date 1998 Dare 1999 

O O O O O 

Performance 
Binder 
U A  Bulk Filing 
Historical Results 

Bank Plan Loans 
Dealer Plan 
Loans 
Floor Plan 
L m e  Financing 

239 CIBCTnrst- 
TRAC - Finance 

240 Life - Creditor 
241 Fast - Life 
242 GMAC 
243 VISA - AU400 

ImageP1Lls 
244 Merchant System 

HRMS 
DAS Reporting 
AIS 
Collection (TCS 
Yey 2000 

U~gfStd4 
PMS-Month End 
& On Request 
Reporting 
AXIS - Life 
WiM - Life 

Resourcing 
Profde 
CTBCTnist- 
BRS 
CIBCTrust- 
MGR 



Appendix E Raw Data of SoF.,are Projects 

ID AppIication 
Name 

245 Statexnent 
Reprint System 

247 RICS FEE 
248 Kiring Deceaion 

System 
249 SFT-Cdculaors 

250 CIBC Tnzst - 

Souce FTE Manned To FIT PIanned To FTE Planned To ETE Planned To 
Lines Date 1996 Date 1997 Date 1998 Date 1999 

2600 O 0.1 O O 

Trust Operaùons 
systems (TOPS) 

VISA Cworner 
Services nïR (PC 
Board) 
VISA 
Authorization 
IVR (Pc Board) 
SAM - Life 
REIOSP 
Int egrated 
Profitabilicy 
Managemm 
syscm VI 
DEC - Nabnaset 
CI? - Telephone 
B&g 

ACD Accept 
260 SACS and TLS 

SPMS 
Falcon 
Consoiidated 
St atements 
Telep hone 
Barikkig Agent 
Desktop 
SS/SMAC - MIC 
Processing 
(Replaced by 278) 
Safety Deposit 
Box (New) 

Nationd T m  
Brick Offce 
CIBC 
Information 
Warehouse 
Hoat 
CMISBC- 
Reference Systan 



Appendix E Raw Data of Sofware Projects 

Application 
Name 

New Mortgages 
EXCAXBUR 
@epia&g 65) 

New Mellon 
Bank Interface 
system 
(Replaàng 75 & 
270) 

New 
DayrolI/Comrnch 
eq (RepIacing 
139) 

Trade 
Innovations 
Petters of Credit) 
(RepIacing 6) 
O M S  Systern 
@ e p h ~ g  Pm of 
26) 
PS Teller 
(repiacing 
13 1,127) 
Ent '1 
Comprehensive 
Banking System 
(Replacing 
126,128,130) 

Source FTE Planned To FTE Planned To FTE Plmed  To FTE Planned To 
Lines Date 1996 Date 1997 Daw 1998 Date 1999 
10000 O O O O 

285 M0M)EX 
286 EIS - Executive 

Information 
Syscern 

287 D&B 
Srnmstrams 
(Replacing 132) 
ADAM 
CREAM 
CPM 
WINFAST 
(Replacing 
Lending Advisor) 
Inspection 
Sysrem 
Internet Sire 
Wood Gundy 
Rapid Con£irms 
GASPER4 
Electronic 
Banking 
PChternet 



Appcndix E Raw Duta of Sojkvare Projects 

ID Application Source ETE Planned To FTE Planned To FïE Planned To FIT Planned To 
Name Luies Date 1996 Date 1997 Date 1998 Date 1999 

297 Thin Client O 
298 EFIP Infra. 124636 1 

GLM 
299 EFIP Infm CCXS 1023000 

300EFPTechnicd 1580000 
Architeme & 
Smartsvearn 

301 GST CddDecdc 

302 GST Input 
Couection & 
CaIdDecalc 

303 Consolidateci Bill 
Payment 

304 CIBC Online 
(SCC-MVS) 
TeleBank 
Predictive Dider 
Client Mgmt. 
S F e m  
CAMRA 
Hpmon 
Enterprise 
ORACLE 
Financial 
Applications 
BASE24 Remote 1626000 
Banking 
PMS-Group Bill 267800 
PMS- 267800 
Telerniuketing 
PMS-OntLie, 267800 
Ddy&Weeldy 
PMS-Motor 267800 
Vehicle Records 

MICS Job 
Accounting- 
Vendor Appl. 
SFT - Product 30000 
Book 
Client Notes/ 13000 
Contact Hisrory 



-- - - 

Appendix E Raw Data of So*are Projects 

ID Application 
Name 

319 SFT - 
Relationship 
AQiin, (Being 
Rep1.fed) 

Source FTE Plaaned To FTE Planned To FTE Plaruied To FTE Planned To 
Lines Date 1996 Date 1997 Date 1998 Date 1999 
10000 O O O O 

320 COINS - Corn 
Facil 
Deposir 
Acceleraùon 
(Replachg Pm of 
26) 

415 Staustics 
(Replacing Part of 
26) 
Starcrnent on 
COM (RepIacing 
Part of 26) 
EIecvonic 
BYikLig Data 
Warehouse 

RDS 
ICBS 
(Intemaionai 
Gmprehensive 
B&g Syrrem) 

Mondex Card 
Management 
System 

Mondex iVR 
Finuicial Model 
System 

330 Direct Banking 
Telephone A g a  
Desktop 

331 Quai;cy 
Monitoring 

332 Workforcc 
Management - 
TCS 

333 CTBCTnxst-SIT 
- Deposit 

334 Direct Bank IVR 

335 HP Data Mart 
336 Direa Bank 

Worktlow 
337 Direa Bank 

Coasolidated 



Appendix E Raw Data of Sofiware Projects 

D Application 
Name 

338 GMAC - 
Demand Note 

339 EFF Infra - 
Techaical 
Architemue 

340 PS/2 Gateway 
341 ClBC Wood 

Gundy SecUnties 
Operations 

342 Inter Member 
Network Shared 
Cash Dispenser 

343 Secret Code 
Sdeaors 

3 4  Gedit Data 
Warehouse 
(Previously Part 
of PIF) 

345 Collections- 
Property 
Adminidon 

3 J6 CoUections-Auto- 
[BP Replacement 

347 Collections- 
Recovery 
Management 
System 

348 T4RIF Printing 
349 GIS TXN Conf 

Printing 
350 POS - $2TM - 

MIS Reporthg 
35 1 POS Cardholder 

Source F T E  Planned To FTE Planneci To FTE Planned To FTE Pluuied To 
Lines Date 1996 Date 1997 Date 1998 Date 1999 

10000 O O O O 

352 Qimt Access 
(Repiacing 340) 

353 CIBC worknow 



2 Gnada Savings 
Bonds 

3 Rapidvans 
4 Plan Data 

Analysis 
5 Project Control 

6 Leners of Gedit 
(Replaced by 
28 1) 

7 EDI/NETPAY 
8 G a d  Anakysis 

ID 

i 

9 Position of 
Account 

10 Account Recon 
1 1 AutoRIL: Ret of 

Irr Liabitities 
12 Inter Branch 

Banking 
13 Bmch Cieuhg 
14 B J k  F i i g  
15 Fix Assets & 

Piynent 
Processing 

16 Auto 412 
17 GINI 
18 UASS 
19 US Dollar norit 
20 Cash FIow 

&Pt  

21 DACS/GL 
22 Centralized Insrr 

1 GL D w  Collecc 2 01-Aug-96 16-Apr-97 02-Apr-97 16-Apr-97 

-Appli~pr*ao 
Name 

24 VISA Front End 
25 Sundryclearing 
26 DDA 
27 W S a v i n g s  
29 Cheque Irnaging 

30 IBTSS 
31 EFT 
32 Customer 

Profitabiiity 
33 CAMP 

Stop/Holds/etc. 

Tar@ 
'Level 

ProjectStpit 
- D;itebd 
l(estimîted) 

Pmject End 
Datehd 
l(estimated) 

Pmject S t v t  
DateLevel 
Z(estim;ited) 

Project End 
Datekel 
3(&ated) 

ProjéctEnd 
Datekel 
Z(eStimatec9 

Pmject Srvr 
Datekel 
3(esttruted) 



Appendix E Raw Data of S o e a r e  Projects 

ID Application Target Project Stazt Project End Projea Start Projea End Projea Start Projea End 
Narne Lwel Date Latel Date Levd Date Levei Date Level Date Levei Date Level 

34 Portfolio Info 
Facility 

35 Business and 
Farm b a n s  Life 
Insvance 
system 

36 Foreign 
Exchange 

39 Geographical 
Distribution 

$3 GST Reponing 
44 RRSP 
45 COINS - HOS 

Faciliues 
46 PEGA 

Investigations 
48 Historid 

Results 
49 IDT Systerns 
50 Lending Advisor 

5 1 HMIS (306) 
51 ECIF 
53 Account Info 

Faciliry 
54 Tor Expense 

Anal 
56 Tor Geogr Disr 
57 Lock Box - 

xerox 
58 IMS COLT 
59 Tor Branch 

Clear 

60 b a n  
Accounting 
Syst- 

62 Cage II Conmi 
63 ~ r & c h  Details 
64 Mechanid 

Equipment 



Appendix E Raw Data of Sofiware Projects 

ID Application T~gct Project Stvc Project End Project Srart Pmject End Projen Srvr Project End 
Name Level Date Level Date Levd Date L e d  Date Level Date Level Date Levd 

66 MYketLig Info 
Faul 

67 Portfolio 
Manager 

69 Audit Info 
System 

70 Perf Binder 
Rem 

71 COINS - Op 
Giui 

72 Pre-Auth 
Cheques 

73 EIUMAN 
RESOURCES 

74 POS Merchant 
75 SeCutities 

76 Dcposit 
Account (STB) 

78 ATM Systems- 
NON- 
TANDEM 

79 Unclaimd 
Balances 

80 Unissuable 
Notes 

81 Vector 10 
82 Invest Products 

S F ~  
83 CDiC Prem 

Reduct 
84 Gxie Conml 

System 
85 FACCS 
86 MIF Info 

F d t y  
87 Specid Debts 
88 Planning & 

Forecast 
89 inventoxy Asset 

Management 



-- 

AppendUr E Raw Data of Software Projects 

ED Application Target Project Start Project End Projec* Scm Project End Projecr Start Project End 
Name Level Date Level Date Level Date Level Date Level Date LeveI Date Levd 

91 Software 
Amortizauon 
system 

92 NQS 

93 Base 24-ATM 
94 Base24 POS 

Online 
96 Integmed 

GrdhoIder 
Authorkt ion 
File 

102 File 6 p y  Utility 
103 Commc;ish II 
104 CBEC 

Convoler 
(Being Replaced) 

113 Auto Safety 
Deposit Box 

114 RIO 
Commission 

115 NISA 
117 VOSTRO 

Account 
Analysis System 

118 Sales 
Management 
systm 



- -  - 

Appendix E Raw Data of Softzoare Projects 

ID Application Tyger 

119 Acquisition 
Management 
S F ~  

120 Issues & 

125 Cheque 
Processing 
(Ue?Pk)  

126 CRIBS DDA 
(Replaced by 
284) 

127 Info Capture 
System 
(Replaced by 
283) 

128 Interface 
(Replaced by 
281) 

129 Plastic Grd 
130 CRIBS Savings 

(Replaced by 
284) 

131 Wesc Indies 
R e d  System 
Replaced by 
283) 

132 West Indies 
General Ledger 
(Replaced by 
287) 

133 Schedule Exec 
Lib 

134 inspection 
w4 

135 SIN Data 
Capture 

136 Cornputer Based 
Training 

138 PAC2/TRS/WI 
NGS 

Level 

2 

3 

3 

3 

3 

3 

Project Start 
Date L d  
1 (estimated) 

01-Feb-98 

Project End 
Date Levd 
1 (estimared) 

3 1-Dec-98 

Projea S t v t  Project End Project Start 
Date Level Date Levd Date Level 
t (estimared) Z(enLnated) 3 (esrimîted) 

Project End 
Date Le& 

3 (estimated) 



Appendix E Raw Duta of Sofiware Projects 

ID Application Target Project Start Pmjm End Project S t v r  Project End Project Srart Project End 
Name L d  Date L d  Date Level Date L d  Date k e l  Date Levei Dace Level 

140 BUNDL 
141 Teiephone 

Banking IVR 
145 Curporate C r d t  

Processing 
(cm) 

147 mIP 
Infrasuucnire - 
Bridges 

150 Prod Mgmt 
m / c o r p  
Delvry 

152 Centralized 
Rates 

153 Cusun Delwy 
Platform (EDS) 

154 Disbursement 
Services 

155 AIS 
156 System W 

Applications 

158 PAXUS-Prop & 
a s r  

159 Preaous Metds 

162 Autom 
Remitt mce 
Process 

165 PAXUS - Life 
166 Countty Limits 
167 Returned Item 

System 
168 Payrol (Core) 
170 P a p d  Input 

MT 
172 U&ty Bills 



Appendix E Raw Data of Sofiure Projects 

ID Application Target Project Start Projm End Project Styr Project End Project Stan Projecr End 
Name Levd Date Level Date Lw$ Date Level Date Level Date Level Dace Level 

175 PMDB 
(Portfolio 
Management 
Data Base) 

176 Auto B i h g  
180 Telephone 

Banking -Batch 
18 1 CSP (Cardholder 

Service 
Plat form) 

187 PMR 
189 IBIS 412 
191 MICS Job 

AccounUng- 
kporting 

193 S a f q  Deposit 
Box 

194 Clearing 
195 RICS 
196 T k g  
702 Consigned 

Cheques 
203 Commsrar 
204 B d e r s  

Acceptace (see 
Commstar) 

206 CIBC Tnist - 
MLMS 

208 TAL 
209 Bank& 
211 StockCheque 
214 Hot Cards 

(Replaced by 
209) 

216 Performance 
Binder 

2 17 U A  Bulk F h g  
219 monc;ii 

R=wQw 
220 Bank PI= Loans 



Appendiv E Raw Data of S o w r e  Projects 

ID Application Target Project Stan Project End Proiecr Stvt Projea End Project Start Project End 
Name Level Date Levd Dare Levd Dace Level Date Level Date Level Date Level 

221 Dder Plan 
bans 

222 FIoor Plan 
223 Lease FinancLig 

224 HRMS 
225 DAS Reporthg 
228 AIS 
229 Collection 

Year 2000 
U p d d  

230 PMS-Month 
End & On 
Requen 
Reporting 

232 M i s  - Life 
234 WIM - Life 
235 G r o d  Savings 
236 Branch 

Resourcing 
Profüe 

237 CIBC Tnist. - 
BRS 

238 CIBCTIUX- 
IMGR 

239 CIBCTrust- 
TRAC - Finance 

240 Life - Creditor 
241 Fast - Life 
242 GMAC 
243 VISA - AS/400 

ImagePlus 
144 Merchant 

Systm 
245 Starnent 

Reprint System 
247 RICS FEE 
248 Kiting Dereaion 

system 
249 SF'ï-Cddarors 



-- - 

Appendix E Raw Data of Sofiwme Projects 

ID Application Target Project Start Project End Project Stm Project End Project Stm Project End 
Name Level Date Level Date Level Date Level Date L d  Date Lwel Date L d  

f (estimated) l(eshmed) Z(&ated) 2(estimated) 3 (estimated) 3 (enimated) 

25 1 VISA Customer 
Services IVR 
(PC B o 4  

252 VISA 
Aurhorization 
IVR (PC Board) 

253 SAM - Life 
254 RHOP 
255 integrated 

Profitability 
Management 
System (EFIP) 

256 DEC - 
Nabnasset CïI - 
Telephone 
Banking 

259 ACD Accept 
260 SACS and TLS 
261 SPMS 
262 FaIcon 
263 Consolidated 

Statments 
269 Telephone 

B&g Agent 
Deskcop 

270 SS/SMAC - 
MIC Processing 
(Replaced by 
278) 

271 Safety Deposit 
Box (New) 

272 National Trust 
Back Office 

273 CrSC 
Information 
Warehouse 

274 Float 
275 CMISBC- 

Reference 
Swem 

277 New Mort gages 
EXCAIBUR 



-- - - - 

Appenùix E Raw Data of Sof wure Pmjects 

ID Application Target Project Sun Projm End Project Stan Project End Project Stvt Project End 
Name Lwel Date Level Date Levd Date Level Date Level Dae Levd Date LweI 

278 New Mdon 
Bank Inrerface 
system 

279 New 
P~ryroll/Commc 
heg (Replakg 
239) 

280 
281 T d e  

Innovations 
(Leners of 
Gedit) 
(Replacing 6) 

284 Int'l 
Comprehensive 
Banking Systern 
(Replacing 
126,128,130) 

285 MONDWfi 
286 EIS - Exenicive 

Information 
sysrem 

287 D M  
Smmstreams 
(Replacing 132) 

288 ADAM 
289 CREAM 
290 CPM 
291 WINFAST 

(Rep Ia~g  
Lending 
Advisor) 

292 Inspecrion 
System 

293 Internet Site 
294 Wood Gunciy 

%id Confimis 



AppendUr E Raw Data of Sofbare Projects 

ID Application T~ger Project Start Project End Projea Srvr Project End Projecr Sran Projea End 
Narne LeveI Date Level Date Levei Date Level Date Level Date Levei Daw Level 

295 GASPER4 
296 Electronic 

B&g 
PC/Inteniet 

297 Thin Client 
298 EFIP Infsa. 

GLM 
259 EFP Infra. 

C C I S  
300 EFP Techicai 

Architecture & 
Smansvearn 

301 GST 
G l J D e c a l c  

302 GST Input 
Collection & 
CddDecdc 

303 Consolidated 
Bili P;zyment 

304 CIBC Onhe 
(SCC-Mm) 

305 Te leBd 
Predictive Dider 

306 Client Mgmt. 
System 

307 CAMRA 
308 m o n  

Enterprise 
309 ORACLE 

Finuicial 
Applications 

3 10 BASE24 
Remote BYiking 

3 11 PMS-Group Bill 
3 12 PMS- 

Telemarketing 
3 13 PMS-Online, 

Daily & WeeMy 
3 14 PMS-Motor 

Vehide Records 

3 15 Predictive Dider 



Appendix E Raw Data of Software Projects 

ID Application Target Projm Stan Project End Projen S t v t  Projecr End Project Stan Project End 
Name Levd Date Level Date LeveI Date Level Date L d  Date Levd Date L d  

316 MICS Job 
Accounting- 
Vendor Appl. 

3 17 SFT - Produa 
Book 

3 18 Client Notes/ 
Ginracr Histoty 

319 SFT - 
Relations hip 
Admin. (8eing 
Replaced) 

320 COINS - Corn 
Facil 

321 Deposit 
Accderation 
(Replachg Pm 
of 26) 

323 Statement on 
COM (Replacing 
Part of 26) 

325 RDS 
326 ICBS 

(Internarional 
Comprehensive 
B&g System) 

327 Mondex C d  
Mtuiagement 
system 

328 Mondex IVR 
329 Fuiancial Mode1 

S F ~  
330 Direct Banking 

Telephone 
Agent Desktop 

331 Quai;ty 
Monitoring 

332 Workforce 
Management - 
TCS 



Appendix E Raw Duta of S o w e  Projects 

ID AppIication Target Project Stur Project End Project Start Project End Project Srart Projm End 
Name Level Date Level Date Level Date Levd Dare Levd Date LeveI Date L e d  

333 CIBC TnlsK - 
SIT - Deposit 

334 Direct Bank IVR 

335 HP Data Man 
336 Direct Bank 

woridlow 
337 Direct Bank 

Consolidated 
Sr arement 

338 GMAC - 
Demand Note 

339 EFF Infra. - 
Technical 
Architeme 

340 PS/2 Gateway 
341 CIBC Wood 

Gundy Senirities 
Operations 

342 Inter Memkr 
Nenwork Shared 
Cash Dispenser 

343 Secret Code 
Seiectors 

344 Gedit Data 
W d o u s e  
(Previousiy Pm 
of PIF) 

345 Collections- 
Property 
Administration 

346 Cdections- 
Auto-ISP 
Replacement 

347 Collections- 
Recovery 
Management 
SF- 

348 T4RIF Pfinting 
349 GIS TXN Conf 

PrinMg 
350 POS - $2TM - 

MIS Reporthg 
3 5 1 POS Cardholder 

1 (estimated) 1 (eaïmued) Z(estimîted) Z(enimated) 3 (estimated) 3 (enimated) 

3 01-Dec-96 01-Jan-98 

3 01-Nov-96 30-Mx-98 01-Apr-98 31-Ocr-98 01-Jul-98 27-Feb-99 

3 0 1-Sep-97 0 1-Aug-98 0 1-Nov-98 27-Feb-99 3 1-Oct-98 
3 01-Nov-96 31-Mar-98 01-Apr-98 31-Oct-98 01-Apr-98 27-Feb-99 

3 01-Nov-96 3 1-Mar-98 O 1-Apr-98 30-Oa-9 8 01-Apr-98 27-Feb-99 



Appendiu E Raw Data of SoF.,are Projects 

ID Application Target Projecr Stur Pmjen End Pmject Srart Project End Project S t v r  Projea End 
Name Lwel Date Level Date Lwei Dse  Level Date Level Date Level Date Level 

i(estUnafed) I(&ated) Z(enLiiateci) 2 (estimateci) 3 (estimatecl) 3 (esrLnated) 
352 Client Access 3 08-May-98 

(Replaang 340) 
353 CIBC Workfiow 3 0 1-/un-98 3 1-0ct-98 0 1-Jun-98 3 1-0ct-9 8 0 1-Jun-98 27-Feb-99 



Appendix E Raw Duta of Sojbure Projeers 

2 Canada Savings 
Bonds 

3 Rapidtrans 
4 Plan Data 

An+k 

7 EDI/NETDA 
Y 

8 General 
Andysis 

9 Position of 
Account 

1 GL Data O 1-Nov-96 16-Apr-97 16-Apr-97 

ProjmStart 
Date 

(Arrua)Level2 

ProjectEhd 
Date(Acd) 

Ml 

ID 

10 Account Recon 

11 AutoRIL: Ret 
of Irr Liabilities 

ProjeuEnd 
Date (&tual) 

Levd2 

- App1ic;ûion 
N~ne 

12 Inter Branch 
BYikLig 

1 PmjeuStart 
Date(~awi) 

Levd 1 

13 Branch 
Cleuhg 

14 Bulk Filing 
15 Fiu Assets & 

Payrnenc 
Processing 

Projea Srart 
D a t e 0  

Levd 3 

16 Auto 412 
17 G I N  
18 CLASS 
19 US Dollar 

Hoat 
20 Cash Flow 

Msrnt 
21 DACS/GL 
22 Chvalized 

Insu 
23 VISA Front 

End 

Pmject End 
Date (Amu) 

k e l 3  

24 Sun* 
CIeiving 

25 DDA 



Appendix E Raw Duta of Sofiare Projects 

ID Application 
Name 

27 Cheque 
Imaging 

28 IBTSS 
29 EFT 
30 Custorner 

Profirabiliry 
31 CAMP 

Stop/Holds/er 

32 Portfolio Info 
Facility 

33 Business and 
Farm Loans 
Life Insurance 
Synem 

34 Foreign 
Exchange 

36 Geognphical 
Distribution 

37 Autom Brand 
GL 

38 Genenl 
CleaNig 

39 GST Reporthg 
40 RRSP 
41 COINS - Host 

Facilities 

42 PEGA 
1 nvestigations 

45 IDT Systems 

48 ECIF 
49 Account Info 

FaciIiy 
52 Lock Box - 

Xerox 
53 IMS COLT 
54 Tor Branch 

Uear 

55 h a n  
Accounting 
system 

ProjectStart Projea End Project Start Projea End Project Stm Project End 
Date (Actual) Due ( A d )  Dxe Date ( A d )  Date ( A d )  Date (Actual) 



- - 

Appendk E Raw Data of Sohare  Projects 

ID Application 
Name 

56 Audit Req 
System 

57 Cage II 
Convol 

58 Bruich Details 
61 Marketing Info 

Facd 
62 Portfolio 

Manager 
65 COINS - Op 

Giul 
66 Pre-Auth 

Cheques 
67 HUMAN 

RESOURCES 

68 POS Merchant 
70 Depasit 

Account (STB) 

71 ATM Systems- 
NON- 
TANDEM 

72 Unciaimec! 
Balances 

77 Code Conuol 
s ~ e m  

78 FACI'S 
79 M F  Info 

Facility 

84 Software 
Amortization 

85 WS 
86 Base 24-ATM 

Projea Start Project End Projea Start Project End Projecr Start Project End 
Date (Amal) Date ( A d )  Dace Date (Amal) Date ( A c d )  Date (Actd) 

Level 1 Levd 1 (Acnial)Levell 



Appcndix E Raw Data of Sofiware Projects 

ID Application Project S t v t  Project End Project Srair Project End Project Stan Project End 
Narne Date (ACLUI) Date (Aud)  Date Date (Actuai) Date (Acrual) Date (Acnid) 

89 COINS-ECF 
96 CBEC 

ControUer 

Replaced) 

97 TPSS 
102 NISA 
108 Cheque 

Processing 
(Up??ading) 

121 P~yroll- 
Camcheq 
(Replaced by 
279) 

124 C o p r a t e  
îredit 
Processing 
( C a  

128 Centralized 
Rates 

141 Renuned Item 
System 

145 Utility Bas 
146 Mumd Funk 

Order E n q  & 
Trans fer 
System 
(MOTE) 

148 PMDB 
(Portfolio 
Management 
Data Base) 

149 Auto Billing 
153 CSP 

(Cardhoider 
Service 
Platfom) 

158 Clearhg 
159 RICS 
160 Trachg 
166 Bankcard 
170 C/A Buk 

Filing 
179 Gdection 

(y3 Year 
2000 Uppde) 

190 GMAC 

Levd 3 LeveI 3 



Appendix E RUW Dutu of Sojiware Projects 

ID Application 
Name 

192 Merchant 
System 

193 Statement 
Reprint System 

194 RICS FEE 
195 Kiring 

Detection 
System 

196 SFT- 
Calculators 

198 VISA 
Customer 
Services IVR 
(PC B o 4  

199 VISA 
Authorktion 
r n ( P C  
Board) 

203 DEC - 
Nabnasset CTI 
- Telephone 
Banking 

2 i 1 Safecy Deposit 
Box (New) 

212 Nationai Trust 
B d  Office 

213 QBC 
Information 
W;vehouse 

214 Fioat 
217 NewMellon 

Bank Interface 
S F ~  
@eplacuig 75 
& 270) 

Projecc Sran Projea End Project Start Project End Proiecc Start Projecc End 
Date ( A d )  Dace ( A d )  Date Dare (Amai) Dace (Acnul) Dare (Amal) 

Levd2 Level3 Level3 



Appendix E Raw Duta of SoFu,ure Projects 

ID ApplicaUon Project Start Pmject End Project Stvr Project End Project Start Project End 
Name Date ( A d )  Date (Accuai) Date Due ( A d )  Date (Actual) Date (Actual) 

Level 1 Level 1 (Ama1)LevelL Levd 2 Level3 Levd3 
220 T d e  

Innovations 
(Lenen of 
Gedit) 
(Replachg 6) 

221 O M S  sy!xem 
(Replacing Part 
of 26) 

222 PS Tder 
(replacing 
13 1,127) 

223 Int? 
Comprehensiv 
e Banking 
System 
(Reeplacing 
126,128,130) 

224 MONDEX 
226 D&B 

S m m s ~ e a m s  
(Replacing 132) 

230 WINFAST 
(Replacing 
Lending 
Advisor) 

232 Internet Site 
233 Wood Guncfy 

Rapid 
C o n f m  

234 GASPER4 
236 Thin Client 
237 EFIP Infn. 

GLM 
240 GST 

Ca JDecdc 

241 GST hput 
Collection & 
CrilJDecdc 

256 SFT - Product 
Book 

257 Client Notes/ 
Contact 
=tory 



Appendix E Raw Data of Sojbare Projects 
- 

D Application Project Start Projm End Projea Stm Project End Project Stm Projecl End 
Name Date (Amal) Date (Amial) Date Date ( A d )  Date (Amal) Date ( A d )  

Levell Level 1 (ActuaI)LeveI 2 Levd 2 Levd3 LeveI 3 
260 Deposit 

Accderation 
( R e p l a ~ g  Part 
of 26) 

261 415 Statistics 
(RepIacing Part 
of 26) 

262 Statement on 
COM 
(ReplacLig Part 
of 26) 

264 RDS 
266 Mondex Card 

Management 
Syst em 

268 Financial 
Modei Sysrem 

278 GMAC - 
Demand Note 

28 1 CIBC Wood 
Gundy 
Securities 
Operations 

283 Inter Mernber 
Network 
Shared Cash 
Dispenser 

284 Secret Code 
SeIectors 

285 Gedit Data 
W d o u s e  
(P reviously 
P m  of PIF) 

287 ColIections- 
Auto-IBP 
Replacement 

289 Collections- 
Recovexy 
Management 
system 

290 T'RIF Printing 
291 GIS TXN 

Conf P ~ t i o g  



Appendk E Raw Dutu of Software Projects 

Application Project Stvr Projm End Projm Start Projen End Project Start Pmjen End 
Name Date (Amal) Date ( A d )  Dace Date (Acnul) Date ( A d )  Date ( A d )  

Level 1 b e l  1 (Ad)Levei 2 Level2 Level3 Level3 
294 POS 01-Nov-96 10-Mar-98 0 1-Apr-97 01-Jan-98 

CardhoIder 




