8RAIMO RASKAUTOMATING ESTIMATION OF SOFTWARE SIZE DURING THE REQUIREMENTSSPECIFICATION PHASE - Application of Albrecht’s Function Point Analysis within structuredmethodsJoensuu 1992

9Automating estimation of software size during the requirements specification phase: applicationof Albrecht’s Function Point Analysis within structured methods. - Joensuu: University ofJoensuu, 1992. 128 p. (Joensuun yliopiston luonnontieteellisi� julkaisuja 28 = University ofJoensuu. Publications in Sciences, 28. ISSN 0781-0342).ISBN 951-708-099-9KEYWORDS: CASE, Function point analysis, JSD, product metrics, SA, software engineer-ing, software metrics, software size estimation, structured methods, transformation.The purpose of this thesis is to demonstrate how to measure software size reliably as early aspossible. The size estimates provide a basis for estimation of software costs. Algorithms aredeveloped for calculating an unadjusted value of Albrecht’s Function Point Analysis (FPA) fromdescriptions of Structured Analysis (SA) and Jackson’s System Development (JSD). Anothergoal of this study is to develop a method-independent environment for software development byspecifying transformation rules between different description techniques. In this study theexamination is restricted to SA dataflow diagrams and JSD specification diagrams. Rules aregiven for transformation between these description techniques. The algorithms used are validatedby carrying out a set of experiments. First, the FPA algorithms are verified in relation to SAspecifications. Next, the FPA algorithms are verified in relation to JSD specifications. Last, it isshown that the algorithmic transformation from JSD to SA preserves the unadjusted functionpoint value of FPA. The experiments use case material from the literature, random SAspecifications, and test material produced by computer science students. Based on the validation,it is argued that FPA algorithms can be developed to SA and JSD specifications. It is also possi-ble to transform one system description into another and then apply FPA to the resultingtransformation.Raimo Rask, Department of Computer Science, University of Joensuu, P.O. Box 111, SF-80101 Joensuu, Finland. E-mail: rask@cs.joensuu.fi.

10PREFACEThis thesis is the result of research carried out during 1988-1992 as a teacher and researcher atthe Department of Computer Science, University of Joensuu. The research was partly funded bythe University of Joensuu and the Finnish Cultural Foundation, Regional Foundation of NorthKarelia.My interest in software metrics goes back to an issue of IEEE Transaction on SoftwareEngineering (SE-5(2), March 1979), which was a commemorative issue in honor of Dr. MauriceH. Halstead. The copy of this issue was part of the material I received from Professor AarniPerko (University of Jyv�skyl�) when I started my licentiate studies. The papers in that issuestarted me collecting and reading software metrics systematically. At the end of 1985 I finishedmy licentiate thesis on the topic "Measurement of internal and external complexity of a softwaremodule".In 1986 I started as a senior lecturer (in systems development) at the University of Joensuu. Thisobliged me to shift my interest into systems level descriptions and metrics and to think moredeeply about the process of software development. Discussions with Professor Kalle Lyytinenin late 1987 strengthened my opinion of the necessity to focus on the early phases of softwaredevelopment in metrics development. Dr. Rade Adamov’s (University of Z�rich) visit also had apositive impact on my starting doctoral studies at the end of 1988. The final inspiration,however, came from Associate professor Jorma Sajaniemi.I have been aided in my work by many teachers, researchers, and students, to whom I owe mythanks. First, I am greatly indebted to Kalle Lyytinen and Jorma Sajaniemi for their advice andencouragement during this research. I also thank Martti Penttonen, and the referees Jon Turner(New York University) and Reijo Sulonen (Helsinki University of Technology) for evaluatingmy research.The work of several students who helped to implement my ideas has been important. Inparticular, I thank Petteri Laamanen for his excellent programming skills, which were needed toimplement a CASE tool that we have named JoUCASE, Joensuu University CASE. This systemhas been the basis for various measurements and data analysis reported in this thesis.Finally, to my wife Liisa, our children Hermanni and Tiuku, and our dog Tiltu I would like toexpress my respect and appreciation for their patience and friendship during these years.

11TABLE OF CONTENTS:List of Abbreviations8List of Algorithms8List of Equations8List of Figures9List of Tables101.INTRODUCTION111.1.Software Measurement and Metrics 11 1.2. Albrecht’s Function Point Analysis12 1.2.1. Finding and Weighting of FPA Functions13 1.2.2. Minimum Structures for Calculating TUFPV16 1.3. Approach Taken18 1.3.1. General Problem Formulation18 1.3.2. Thesis Outline192.APPLICATION OF ALBRECHT’S FPA TO SA SPECIFICATIONS21 2.1. Components of Dataflow and Entity-Relationship Diagrams21 2.2. Identification and Weighting of User Functions25 2.2.1. External Input and Output Types26 2.2.2. External Inquiry Types31 2.2.3. Logical Internal File Types34 2.2.4. External Interface File Types37 2.3. Summary443.APPLICATION OF ALBRECHT’S FPA TO JSD SPECIFICATIONS46 3.1. Components of the JSD Specification Diagram46 3.2. Identification and Weighting of User Functions49 3.2.1. External Input and Output Types49 3.2.2. External Inquiry Types54 3.2.3. Logical Internal File Types57 3.2.4. External Interface File Types60 3.3. Summary 674.METHODICAL EQUIVALENCE69 4.1. Transformation between JSD and SA69 4.1.1. Transformation from JSD to SA70 4.1.2. Transformation from SA to JSD75 4.2. Summary76

125.VALIDATION OF THE FPA ALGORITHMS AND THE TRANSFORMATIONRULES77 5.1. Validation of FPA Algorithms for SA Descriptions78 5.1.1. A Preliminary Test Using a Well-known Test Material78 5.1.2. An Extended Test Using Random SA Test Material83 5.1.2.1. Comparison of Algorithms 2.1-2.5 with Function Bang76 5.1.2.2. Comparison of Algorithms 2.1-2.5 with Mark II83 5.2. Validation of FPA Algorithms for JSD Descriptions95 5.2.1. Application of Algorithms 3.1-3.4 to JSD after Transformationfrom SA95 5.2.2. Application of Algorithms 3.1-3.4 to JSD before Transformationto SA96 5.3. Properties of Algorithmic Transformation 101 5.4. Summary of the Results 1026.SUMMARY AND CONCLUSIONS 104REFERENCES 106APPENDICESA- Model for Measuring and Controlling Software Productivity110B- FPA Detail and Summary Sheets113C - Software System 115D- Example of a Dataflow Diagram116E- Example of FPA Data Gathering from SA117F- Example of a JSD Specification Diagram119G- Example of FPA Data Gathering from JSD120H- Notation for the Algorithms122I - DeMarco’s Function Bang Metric124J - Mark II Function Points125K- Summary of Potential Size Metrics127L- Example of an ER-diagram128

13LIST OF ABBREVIATIONS:CASE= Computer-Assisted Software (System) EngineeringCFP= Corrected count of Functional PrimitivesDFD= Dataflow DiagramERD= Entity-Relationship DiagramFFPV= Final Function Point ValueFP= Function PointFPI= Function Point IndexFPA= Function Point AnalysisJSD = Jackson System DevelopmentLOC= Lines Of CodeSA= Structured AnalysisTCA= Technical Complexity AdjustmentTUFPV= Total Unadjusted Function Point ValueUFP= Unadjusted Function PointsLIST OF ALGORITHMS:Algorithm 2.1. Finding and weighting of inputs in SA28Algorithm 2.2. Finding and weighting of outputs in SA30Algorithm 2.3. Finding and weighting of inquiries in SA33Algorithm 2.4. Finding and weighting of logical internal files in SA35Algorithm 3.5. Finding and weighting of external interface files in SA40Algorithm 3.1. Finding and weighting of inputs in JSD51Algorithm 3.2. Finding and weighting of outputs in JSD53Algorithm 3.3. Finding and weighting of inquiries in JSD56Algorithm 3.4. Finding and weighting of logical internal files in JSD59Algorithm 3.5. Finding and weighting of external interface files in JSD63Algorithm 4.1. Transformation from JSD to SA74LIST OF EQUATIONS:(1.1)y = f(x1,x2,...,xn)12(1.2)TUFPV = � Fi * wi 15(1.3)FFPV = TUFPV * (0.65 + TDI/100)16(5.1)Z = -2lnU1 cos(2pU2)86(A.1)Productivity = Outputs produced by the processInputs consumed by the process110(A.2)C = K + M * P 112(A.3)C = K + M * PE112(A.4)m(t) = 2 * C * a * t * exp(-a * t2)112(A.5)a = 1/2td2 112(I.1)CFP = � wi * CFPIi 124(I.2)CFPIi = (TCi * log2 (TCi))/2124(J.1)UFP = NIWI + NEWE + NOWO125(J.2)UFP1 = 0.44NI + 1.67NE + 0.38NO125(J.3)UFP2 = 0.58NI + 1.66NE + 0.26NO125(J.4) TCA = 0.65 + C * TDI126(J.5)FPI = UFP * TCA126

14LIST OF FIGURES:Figure 1.1. Connections between applications15Figure 1.2. Minimal structures for weighting inputs, outputs, inquiries, and files17Figure 1.3. Minimal structures for weighting external interface files 17Figure 1.4. Structure of the thesis19Figure 2.1. Basic symbols of the dataflow diagram22Figure 2.2. Composite input dataflow22Figure 2.3. Composite output dataflow23Figure 2.4. A context diagram23Figure 2.5. Components of an ERD24Figure 2.6. Data dictionary notation24Figure 2.7. Two user transactions25Figure 2.8. Counting diverging input dataflows27Figure 2.9. Input and output transactions31Figure 2.10. A typical inquiry as part of an update32Figure 2.11. Logical internal files and their relationships 37Figure 2.12. Principles of an interface file type37Figure 2.13. Components for counting unadjusted function points from SA 44Figure 3.1. Basic symbols of a JSD specification diagram46Figure 3.2. Example of the JSD specification diagram47Figure 3.3. Example of a merged dataflow47Figure 3.4. Example of a JSD structure diagram48Figure 3.5. Example of JSD inputs and outputs50Figure 3.6. Inquiry and interactive functions55Figure 3.7. Proposal for an inquiry symbol55Figure 3.8. Logical internal files in a specification diagram60Figure 3.9. Principles of interfaces61Figure 3.10. Components for counting unadjusted function points in JSD68Figure 4.1. Example of a dataflow diagram after transformation69Figure 4.2. Transformation of a JSD specification to an SA dataflow diagram70Figure 4.3.Basic structures of external input/output transformationsfor a model process71Figure 4.4. Transformation of model processes connected with one dataflow71Figure 4.5. Feedback between model processes72Figure 4.6. Connection of a function process to a model process 72Figure 4.7. Merging the dataflows73Figure 4.8. Generalization of Figure 4.173Figure 4.9. Example of a dataflow diagram75Figure 4.10. Two interpretations of the dataflow diagram in Figure 4.975Figure 5.1. Data tokens around a process80Figure 5.2. Transactions in counting Mark II81Figure 5.3. Data generation and measurement process84Figure 5.4. Two examples of test dataflow diagrams85Figure A.1. Estimation of the software size, cost and productivity 111Figure A.2. Principles of a control and estimation system112Figure C.1. Model for a software system115

15LIST OF TABLES:Table 1.1. Summary of Function Point Distribution 13Table 2.1. Procedures, complexity, and calling structure of Algorithm 2.127Table 2.2. Procedures, complexity, and calling structure of Algorithm 2.229Table 2.3. Procedures, complexity, and calling structure of Algorithm 2.333Table 2.4. Procedures, complexity, and calling structure of Algorithm 2.435Table 2.5. Procedures, complexity, and calling structure of Algorithm 2.540Table 3.1. Procedures, complexity, and calling structure of Algorithm 3.151Table 3.2. Procedures, complexity, and calling structure of Algorithm 3.253Table 3.3. Procedures, complexity, and calling structure of Algorithm 3.356Table 3.4. Procedures, complexity, and calling structure of Algorithm 3.458Table 3.5. Procedures, complexity, and calling structure of Algorithm 3.563Table 5.1. Properties of the object subsystems79Table 5.2. Summary of SA measurements for a case taken from the literature80Table 5.3. Correlation between the metrics82Table 5.4. Internal and external complexity indicated by Mark II 83Table 5.5. Properties of the dataflow diagrams86Table 5.6. Mean correlations per diagram type: TUFPV(SA) vs. Function Bang87Table 5.7. Total correlations per distribution: TUFPV(SA) vs. Function Bang88Table 5.8. Results of Regression Analysis: TUFPV(SA) vs. Function Bang89Table 5.9. Mean correlations per diagram type: TUFPV(SA) vs. unweightedMark II (UFP)91Table 5.10. Total correlations per distribution: TUFPV(SA) vs. unweightedMark II (UFP)91Table 5.11. Results of Regression Analysis: TUFPV(SA) vs. unweightedMark II (UFP)92Table 5.12. Internal complexity indicated by Mark II93Table 5.13. Mean correlations per diagram type: TUFPV(SA) vs. Mark IIwith weights93Table 5.14. Total correlations per distribution: TUFPV(SA) vs. Mark IIwith weights93Table 5.15. Results of regression analysis: TUFPV(SA) vs. UFP1 94Table 5.15. Results of regression analysis: TUFPV(SA) vs. UFP2 94Table 5.17. Summary of JSD measurements96Table 5.18. FPA values from JSD laboratory exercises: TUFPV(JSD-1)98Table 5.19. FPA values from JSD laboratory exercises: TUFPV(JSD-2) &TUFPV(JSD-3) 99Table 5.20. Values from SA exercises: TUFPV(SA)99Table 5.21. Correlation between TUFPV(SA) and TUFPV(JSD): independentdescriptions 100Table 5.22. Values from JSD to SA transformations: TUFPV(SA)102Table 5.23. Correlation between TUFPV(SA) and TUFPV(JSD): directtransformation 102Table K.1. Summary of potential code-level size metrics127Table K.2. Summary of potential design-level size metrics127Table K.3. Summary of potential specification-level size metrics127

161. INTRODUCTIONAs a part of computer-based information systems, software has become important to or-ganizations and will become more so in the future. Software is obtained either by develop-ing it from the very beginning or by purchasing a package. In either case, in order to iden-tify requirements, and to configure, test and document the application software, a devel-opment project needs to be formed.The development of application software is made easier, or more productive, by usingspecial methods and tools, and by taking into account organizational and human factors.1From the project management point of view, it must be possible to control theproductivity. To do this we need software metrics for the process of development as wellas the product of development. Of these metrics, one of the most important is thecomplexity or size of particular software because this affects the resources that must beallocated to the project, the establishment of a realistic schedule, and replanning of theproject based on the progress achieved.21.1. Software Measurement and MetricsMetrics can be defined as scales or units in which a quantitative attribute can be measured(Hunter 1990). A software metric is a measure of the extent or degree to which a softwareproduct or process possesses and exhibits a given attribute. Thus, metrics can be dividedinto two functional categories (Conte et al. 1986, IEEE Standard 982.2 1988, Hunter1990, Kitchenham 1990a): process metrics and product metrics.Process metrics quantify attributes of the development process and of the developmentenvironment. They are often concerned with resources. Product metrics are measures ofthe software product. They can be based on requirements, design, documentation, orsource code. It may, however, be difficult to classify certain metrics as either process- orproduct-related.A model for the software development process from the view of measurement may berepresented by the general form (Conte et al. 1986):1 A good framework for the study of software productivity is given by Nunamaker & Chen (1989).2 This thesis concentrates on size measurement, but in Appendix A is given a wider model for measuringand controlling productivity.

17(1.1)y = f(x1,x2, ... , xn),where the dependent variable y is the process metric of interest, such as the total effort ordevelopment cost. This is a function of the independent variables x1, x2, ... , xn, whichcan be either product- or process-related.The metrics used must be validated and automated. The application of software metrics re-quires a carefully planned model or framework for controlling the software development.We must know why and what we measure and how we measure it. We must also knowwhen the measure is applied1.This study concentrates on Albrecht’s (1979) estimation method - Function Point Analysis- which sizes an application by counting and weighting all end-user business functions forcost estimation purposes.2 Software costs, correspondingly, are understood as the effortrequired to implement the software product.1.2 Albrecht’s Function Point AnalysisAlbrecht (1979) has developed a measurement method called Function Point Analysis(FPA). FPA sizes an application from the perspective of an end-user. A function point isdefined as one end-user business function. The counting process contains the followingphases:-identification and classification of user functions,-defining the complexity of each function,-calculating an unadjusted function point value,-specifying the general application characteristics, and-counting the final function point value.To calculate an unadjusted value for the function points, the user functions are first identi-fied, classified and weighted. The functions are organized into the following five groups(Albrecht & Gaffney 1983, Development Centre Productivity Measurement Guide 1984,Dreger 1989): external input types, external output types, external inquiry types, logicalinternal file types and external interface file types.1 Appendix A contains a short description of the measurement process applicable to all life-cycle phases.2 Appendix K summarizes potential "size" metrics for all life-cycle phases.

18Table 1.1 contains the Function Point distribution of 13 applications. This distribution maybe used as a general guideline when counting function point values.Table 1.1. Summary of Function Point Distribution (Dreger 1989).----------------------------------------------------------------------------------------------------------------------------------Per Cent Contribution -------------------------------------------------------------------FunctionApplicationPointsOutput Inquiries Input Files Interfaces----------------------------------------------------------------------------------------------------------------------------------Meat Processing 654 30 7 2835 0Share Purchase 166 18 8 3728 9Corporate Accounting 2047 18 4 3445 0Job Costing 485 18 2 2652 2Utility Rates 1777 28 6 3730 0Work in Process 528 34 0 2632 9Purchased Material 108 27 0 262919Retail Parts 662 17 22 2140 0Wholesale Distribution 714 23 20 1839 0Message Switching 129 13 22 4916 0Teller System 604 28 12 3921 0Money Transfer 105 55 0 18 720Library Issue 186 48 0 3121 0WEIGHTED AVERAGE 628 24 8 3136 1----------------------------------------------------------------------------------------------------------------------------------1.2.1. Finding and weighting of FPA functionsAn external input is a unique user data or control input that enters the application boundaryand also updates (adds to, changes, or deletes from) a logical internal file (Dreger 1989).An external input may also trigger an output which is not a part of an external inquiry eventhough the input does not update any logical internal file. An input is considered unique ifit has a different format or has the same format as another input but requires different pro-cessing logic. For example, transactions such as add, delete, or change may have exactlythe same screen format, but they should be counted as unique inputs if they require differ-ent processing logic (Albrecht 1979). The complexity classification of input functions de-pends on two things: the number of files referenced and the number of data items refer-enced.An external output is a unique user data or a control output which is procedurallygenerated and leaves the application boundary. An output is considered unique if it has adifferent format or has the same format as another output but requires a differentprocessing logic. According to Dreger (1989), each report format, total level, detail level,and different processing period needs to be counted separately. The complexityclassification of output functions depends on the same things as the classification of inputtypes: the number of files referenced and the number of data items referenced.

19External inquiries include each unique input/output combination where the on-line inputcauses and generates an immediate on-line output from a data base or a master file (Dreger1989). The inquiry performs no updates1; data is not entered, except for control purposes,and therefore only transaction logs are altered (Albrecht 1979). An inquiry is consideredunique if it has a format different from other inquiries either in its input or in its output orif it has the same format, both in input and in output, as another inquiry but requires a dif-ferent processing logic in either. Both parts are classified separately, and the complexity ofan inquiry function is the greatest of the complexities of its input and output parts (Dreger1989).2A logical internal file refers to a major logical group of user data or control informationmaintained within the application boundary (Albrecht 1979, Dreger 1989). According toDreger (1989), each key or data base view is counted as one logical internal file. For ex-ample, a customer file requiring a separate index file because of the access method wouldbe considered one logical file, not two. An alphabetical index file to aid in establishingcustomer identity, however, would be counted as a separate file (Albrecht 1979). Thecomplexity classification of each file depends on two things: the number of data items ac-tually required by the application and either the number of record formats within the file orthe number of logical relationships this file participates in to meet application requirements.External interface files consist of major logical files or similar logical groups of user-ap-proved data or control information within the application boundary that is sent to, sharedwith, or received from another application (Albrecht & Gaffney 1983, Dreger 1989). Eachinterface file must also be a logical internal file of the application itself, to some of its ex-ternal applications, or both - or it must be a transaction file. Complexity classificationprinciples for the external interfaces are the same as for logical internal files, although atransaction file is not a file per se.Figure 1.1 summarizes the possible connections between two applications X and Y(Dreger 1989). Interfaces can represent any of the following three situations:31 Albrecht and Gaffney (1983) say that an external inquiry type is entered only to direct the search, and noupdate of logical internal file types should occur.2 Inquiry weights reported by Albrecht and Gaffney (1983) and the IBM Development Centre ProductivityMeasurement Guide (1984) are not quite equal to those reported by Dreger (1989). In this thesis Dreger’sapproach has been selected.3 In the following chapters the terms passed files and shared files are used.

201.Data or control information is passed from file X to file Y. X would receive both fileand interface credit, and Y would receive interface credit only. Y is not updated.2.Data or control information is passed from file Y to file X. Y would receive both fileand interface credit, and X would receive interface credit only. X is not updated.3.Data or control information is shared with file X and file Y. X and Y would eachreceive both file and interface credit.

InterfaceShared InterfaceInterfaceInputOutputInquiryX filesY filesTransactionsTransactionsApplication XApplication Y

Figure 1.1. Connections between applications.If applications are exchanging information by means of transactions, they will obtain in-put, output, and/or inquiry points - and possibly also interface points. A transaction filewhich is shared with another application may indicate an interface, depending on whetheror not a conversion is required to match the record or file layout of the receiving applica-tion. If a transaction file is received from application Y, we would count one input forapplication X if no data conversion is required. Correspondingly, we would count oneoutput if a transaction file is sent to application Y and no conversion is required. If a con-version is required within application X, we would count both input and interface, or out-put and interface for application X.The total unadjusted function point value (TUFPV) is counted by totalling all the functionsweighted by the corresponding complexity factors or weights:(1.2)TUFPV = � Fi * wi.The functions are grouped as shown in Appendix B. Fi in formula (1.2) is the number offunctions in the ith group and wi is the weight of the group.The implementation of a logical system may vary depending on objectives and availablehardware/software environment. Because of this, there are 14 environmental adjusting fac-

21tors (Albrecht & Gaffney 1983) to count the final function point value (FFPV). This isderived using the following formula:(1.3)FFPV = TUFPV * (0.65 + TDI/100)where TDI depicts total degree of influence determined by the sum of the adjusting factorsof the hardware/software platform.1.2.2. Minimum Structures for Calculating TUFPVWhen we want to apply FPA to system descriptions, we have to understand the meaningof transaction1. This understanding is needed when we weight the external data sets(inputs, outputs, inquiries). In doing so we have to find those internal data sets (files)which are referenced by a specific transaction. This means that the description mustinclude "facilities" which can bound the components inside the transaction, i.e. find thescope of a transaction. The most important of these facilities is the ability to bound bydirection. This enables us to find the exact progress of an external event within a systemdescription. If we had undirected edges in a specification, we could not bound thetransactions, because we could not find the exact directed process paths which form theskeleton of a transaction.The minimal structure satisfying the requirements to find the internal data sets referencedby external events can be seen as a dynamic entity model. This means that we have to findall the data sets inside the transaction, i.e. the data requirements in a form of access pathswithin a transaction. Figure 1.2 (a) shows the basic components needed to weight inputs,outputs, and inquiries using directed access paths to/from files d1, d2, and d3. The accesspaths correspond to the searching chains in dataflow and JSD specification diagrams.21 We define the transactions within SA and JSD in chapters 2 and 3, corresponingly. See also Appendix C.2 See Algorithms 2.1, 2.2, 3.1, and 3.2 in chapters 2 and 3.

22 d1d2d3InputsInquiriesOutputsd2d1d3d1d2d3

(a) Data structure for external data sets (b) Data structure for internal filesFigure 1.2. Minimal structures for weighting inputs, outputs, inquiries, and files.The logical internal files of FPA all lie inside the system boundary. To weight the internaldata sets, each logical file has to be identified and the relationships (undirected connec-tions) have to be identified from one file to the other files. Thus the static entity modelgives the minimal information for counting unadjusted function points for the logical inter-nal files. Figure 1.2 (b) shows the data structure (with three files d1, d2, and d3) that mustbe described for FPA purposes. The static entity model may also contain passed files thatare sent to or received from an external application (see also Figure 1.3).d1d2d3ExternalApplicationObjectApplication d4 d3Figure 1.3. Minimal structures for weighting external interface files.The external interface file can be a shared one, a passed file, or a transaction file. Figure1.3 shows what possibilities exist between applications. File d2 is a shared file, file d3 isan exported passed file, and d4 describes an imported transaction file. To count the unad-justed function points for external interfaces, the directed external connections betweenapplications and undirected connections between data sets of a static entity model (forshared and passed files) have to be identified. Because the transaction files are either in-puts, outputs, or inquiries, the structures presented in Figure 1.2(a) are also needed.

231.3. Approach TakenThe assumption of this thesis is, that Computer-Assisted Software Engineering (CASE)tools are needed in the software development process. It is also assumed that CASE-toolsmust support structured methods like Yourdon’s (1989) Structured Analysis andJackson’s (1983) System Development method. Further, to automate the softwaremeasurement process, CASE-tools have to be expanded to contain the required measure-ment components. With this in mind, the goals and the outline of thesis are describedbelow.1.3.1. General Problem FormulationThe first step of this study is to show that it is possible to estimate software size automati-cally based on functional and static specifications of Yourdon’s (1989) Structured Analysis(SA).1 Here the concentration is on business applications, and technical and scientific ap-plications are excluded. The measurement method used to measure SA descriptions isAlbrecht’s (1979) FPA2.The selection of FPA in this thesis is based on its popularity. For example, by analyzingdata from a large survey of Dutch organizations, Heemstra and Kusters (1991) found thatFPA was the most popular model used in cost estimation. FPA is also considered to be amore consistent a priori measure of software size than lines of code (Low & Jeffery 1990).The second step is to show that the measurement and estimation can be independent of thedevelopment method. In addition to SA, the application of Albrecht’s FPA will be ex-tended to the specifications of Jackson’s (1983) Systems Development (JSD).3 To validatethe methodical independence, transformation rules between the two development methodsare also considered.Until now, there have not been commonly accepted solutions for interpreting the functionsof FPA for calculating TUFPV from a functional model of a system. The approach here isto seek a usable solution to this problem.41 A short description of SA is given in section 2.1.2 FPA has also been extended to scientific and real-time systems (Reiffer 1990), but these features areexcluded in this study.3 A short description of JSD is given in section 3.1.4 FPA is normally based on design specifications, e.g. a system flowchart and screen and form designs,but in this thesis FPA is used on the level of requirements specification. A CASE-tool, JoUCASE, has

24Figure 1.4 shows the overall structure of this study. The final goal of this thesis is toprove the correctness of this structure. In Figure 1.4 the starting point is the SA and JSDspecifications. Then FPA is applied to these specifications. This is indicated bymeasurement methods FPA(SA) and FPA(JSD). The metric value, TUFPV(SA) orTUFPV(JSD), from the measurement process corresponds to TUFPV of FPA. Anadditional aim is to show that there is a bi-directional function f which maps a JSD specifi-cation diagram, including process structure diagrams, to an SA dataflow diagram, and viceversa.JSD specification SA specificationfFPA(JSD)FPA(SA)TUFPV(SA) » TUFPV » TUFPV(JSD) Figure 1.4. Structure of the thesis.1.3.2. Thesis OutlineIn Chapter 2 algorithms are developed to compute TUFPV(SA) automatically from SAspecifications. When it is assumed that the specification is produced by a CASE-tool, theTUFPV(SA) computing can be done by giving the specification directly to the measure-ment component of the CASE-tool. These assumptions are also valid for JSD specifica-tions in Chapter 3 where algorithms are developed to compute TUFPV(JSD) automaticallyfrom JSD specifications.In Chapter 4 the equivalence between JSD and SA specifications will be derived. The pur-pose of the equivalence is to increase the credibility of the FPA algorithms in Chapters 2and 3. Another, more general, purpose of the equivalence is to demonstrate the possibilityof a method-independent software development environment by specifying transformationrules between different description techniques.been developed to count TUFPV from SA specifications (Laamanen &Rask 1991). There are also othermodified FPA automation approaches. LATURI-Tool performs a modified FPA size calculation from anassociation matrix (Nevalainen & M�ki 1992). The IEF CASE-tool is also reported to aspire to FPAautomation (Mazzucco 1991).

25Chapter 5 reports empirical studies conducted to test the validity of TUFPV computingfrom SA and JSD specifications. To test the validity of TUFPV(SA), two other well-known specification metrics are also used: DeMarco’s (1982) Function Bang andSymons’s (1988; 1991) Mark II metric1. The scope of the empirical studies consists of aliterary case study, student projects, and experiments based on randomized material.In Chapter 6 the major findings and restrictions of this thesis are considered and conclu-sions are drawn from the results.2. APPLICATION OF ALBRECHT’S FPA TO SA SPECIFICATIONS1 Short descriptions of Function Bang and Mark II metrics are given in Appendices I and J.

26To measure the complexity (size) of a system, one must trace the logical transactionstriggered by events in the system environment1. This means that a model must be usedfrom which each transaction and the measurable components of these transactions may bereliably traced and extracted. During formulation of the model, the level of abstraction fordescribing an object system must be chosen. Two basic ways to build the model are a top-down (from whole to parts) approach and a bottom-up (from parts to whole) approach. Anintermediate form of these approaches is sometimes called a middle-out approach.Currently, with CASE-tools, the system is often described at the specification level func-tionally by dataflow diagrams of Sructured Analysis method. Traditionally, the use ofdataflow diagrams has involved the top-down approach (e.g. DeMarco 1978), butYourdon (1989) has also proposed the middle-out approach. The static data model of asystem is made by using an entity-relationship diagram. In this chapter algorithms for cal-culating the value of Albrecht’s unadjusted function points2 based on descriptions ofStructured Analysis will be given. The skeleton of the measurement is the dataflow dia-gram but the entity-relationship diagram is also needed. The notation of dataflow and en-tity-relationship diagram techniques will be considered in the next section.2.1. Components of Dataflow and Entity-Relationship DiagramsWithin Structured Analysis (SA) developed by DeMarco (1978) the system is described bya dataflow diagram (DFD) which consists of dataflows, processes, data stores and termi-nators. The set of symbols used by DeMarco is shown in Figure 2.1. Later on, this basicset has been revised and supplemented with continuous dataflows, control transforma-tions, control flows and event stores (Ward & Mellor 1985; 1986, Woodman 1988,Yourdon 1989). These extensions, however, are not within the scope of this thesis.A process in a DFD uses one or more incoming dataflows and produces one or more newoutgoing dataflows as a result. Process descriptions contain texts which specify how thedata is transformed. It is possible to indicate whether all incoming dataflows are alwaysrequired, or all outgoing dataflows are always produced. This is done using an asterisk, *,for ’AND’, and a plus sign inside a circle, ¯, for ’OR’ between two dataflows.1 See also Appendix C.2 This is called TUFPV(SA) in Figure 1.4. 27 dataflowprocessterminator(source or sink)data store (file)Figure 2.1. Basic symbols of the dataflow diagram.Terminators are the origin (source) of the input dataflows or the destination (sink) of theoutput dataflows. They are located in the environment of the software system. Conse-quently, their behaviour is not modelled (Woodman 1988).The data store, or file, is used to model a named collection of data packets. Data may notflow directly from a terminator to a file or from a file to a terminator. In both cases a pro-cess must transform the data. A file can be either retrieved or updated. When a file is up-dated, its data contents are either added, modified, or deleted.1The input and output dataflow between a terminator and a process as well as the internaldataflows between process pairs are always named. A dataflow from/to a file is notnamed, however, if it represents the whole content of a file. We must remember that it isthe data that are being modelled and not a physical file. It is also possible that a dataflow iscomposite (DeMarco 1979, Woodman 1988).

PQPQAAzypp(a) A is used by both P and Q (b) z and y are components of AFigure 2.2. Composite input dataflow.2Figure 2.2(a) shows dataflow A going to two transformations - P and Q. Figure 2.2(b)shows dataflow A diverging: this implies that A is composed of y and z. Figure 2.3(a) im-1 Yourdon (1989) allows external data stores between a terminator and a context diagram. This principle isapplied in Section 2.2.4.2 Point p is here called a divergence point.

28plies that y and z are part of the composite dataflow B. Figure 2.3(b) shows two transfor-mations - P and Q - both of which produce dataflow B, but not at a same time.

PQPQBByz(a) y and z are components of B (b) P and Q are mutually exclusiveFigure 2.3. Composite output dataflow.The DFD depicts a functional description of a system, not a procedural one. The DFD,therefore, implies no ordering of processes except that a process which produces adataflow for another must occur before the one that depends on it. The system is dividedinto parts by a functional decomposition refining and expanding each process into a DFDin a top-down way. DeMarco (1979) says that diagrams partitioned into approximatelyseven pieces are usually workable. Yourdon (1989) gives a middle-out method where theuser transactions are first described each in turn and then the subdiagrams are connected -after possible refinement - into one DFD.

SourceSinkXABF

Figure 2.4. A context diagram.Functional decomposition begins at the boundary between the software system and its en-vironment. The diagram that depicts this division is called a context diagram and it consti-tutes the root of the hierarchy of DFDs representing a hierarchy of functions. A context di-agram is a DFD which contains a single process that represents the entire system and themajor sources of data and destinations for data in the environment. Figure 2.4 gives an ex-ample of a context diagram for system X with two input dataflows (A and B) and one out-put dataflow (F).A process which is at the bottom of the refinement hierarchy is described as functionallyprimitive. The specifications of these primitive processes are often called mini-specifica-tions.

29An entity-relationship diagram (ER-diagram, ERD) is a graphical notation for modellingdata. For ERDs there are no standard notations. When the notations of Yourdon (1989) areused, the following components may be found for ERDs: object types, relationships, as-sociative object type indicators, and supertype/subtype indicators. Figure 2.5 illustratesthese components.

Super-typeSub-typeSub-typeRelation- shipObjectObjectAssociativeobjectFigure 2.5. Components of an ERD.The requirements of the data are recorded in a data dictionary which represents the struc-ture of data within the system. The notations of Yourdon (1989) for a data dictionary arepresented in Figure 2.6.=is composed of+and( )optional (may be present or absent)[ ]select one of several alternative choices**comment@identifier (key data item) for a data store1|separates alternative choices in the [ ] constructFigure 2.6. Data dictionary notation.The data flowing within a DFD must be valid for the system being modelled. A data dic-tionary with DFDs and ERDs is used to check the internal correctness of the specification.Cowan (1990) considers the consistency and completeness checks of DFDs and gives 171 Based on Cowan (1990), keys used by processes to access data stores can be recorded as data items ofdataflows and shown on the DFD. This principle is also followed here.

30rules for this purpose. Yourdon (1989) also gives a list of balancing rules between andwithin Structured Analysis descriptions.12.2. Identification and Weighting of User FunctionsIn a DFD a transaction consists of elementary functions or primitive processes which aredirectly chained to each other via dataflows. Moreover, it contains all data stores and ter-minators that are connected to the functions defining a transaction (Shoval 1988, Shoval &Manor 1990). A user transaction is identified by an input dataflow or by an outputdataflow. A dataflow from an external terminator to a process signifies an event by whicha user triggers an input transaction. A dataflow to a terminator signifies an event by whicha user triggers an output transaction2. One of the primitive processes that constitute atransaction is the trigger, i.e. a function connected to the terminator that is the cause of anevent.Figure 2.7 represents two user transactions. In the transaction triggered by T, the triggerP1 is the starting function and the chain effect goes forward from P1 to P2. In the othertransaction triggered by S, the trigger function P4 is the last function on its chain and can-not be executed before P3 is executed.

abcdefP1P2P3P4 T SD1Figure 2.7. Two user transactions (Shoval 1988).In the following it is shown how to compute TUFPV from SA descriptions by using thelowest level of the logical DFD system. To weight logical internal files and external inter-face files, an ER-diagram of SA is also needed. Each of the function types will be consid-1 The JoUCASE system that implements the algorithms of Section 2.2 supports most of these rules and anumber of extra rules (Laamanen & Rask 1991).2 See also Section 2.2.1.

31ered one after another. It will also be shown how functions can be identified in thedataflow diagram and how properties needed in the complexity classification can be identi-fied1. One simple example of each function type will be given to illustrate the countingprocess. The rules without algorithms are given by Rask (1991a). The preliminary al-gorithms have also been published (Rask 1991b).2 2.2.1. External Input and Output TypesThe inputs of a DFD originate from terminators (input dataflows) and the outputs flow toterminators (output dataflows). The input data items of the input dataflow structure can betaken from a data dictionary. The files referenced by an input transaction are the logical in-ternal files corresponding to data stores of the dataflow diagram within the transaction. Areferenced logical file is identified by the combination of a data store name and a key of adataflow referencing the data store. The notation <d,key(f)> is used for logical files,where d is the name of the data store, and f is the name of the dataflow. If the dataflow isnot named, the primary key of the data store is used to form a logical file3.At this stage the user interface is not usually designed4. Hence some data items may bemissing. It is essential, however, that all input functions be identified in order to countcorrectly the value of the total unadjusted function points. The number of alternatives in aninput dataflow also affects the number of unadjusted function points. It is not the same tohave one input dataflow with three alternatives (for example f = [a|b|c]) as to have threeseparate input dataflows. Design decisions must recognize these situations to make thecost estimates reliable. By common consent the alternatives have to either be decomposeduniformly or be described with one dataflow.In the case of composite input dataflows the system boundary should be placed as inFigure 2.8. In Figure 2.8(a) there are two inputs because two processes are needed totransform the composite input dataflow. In Figure 2.8(b) there is only one input (althoughthere are two terminators) because only one process is needed to transform the compositeinput dataflow.1 The classification factors and weights for the functions are tabulated in Appendix B.2 The pseudocode notation of the algorithms is partly based on personal communication with ProfessorMartti Penttonen. The notation for the algorithms is summarized in Appendix H.3 See also Section 2.2.3.4 Appendix C contains a short discussion of user interface and application parts of a software system. 32

T1PRPT1T2 a) Two external inputs b) One external inputFigure 2.8. Counting composite input dataflows.The above described principles for finding and weighting of external inputs from DFDsare formalized in Algorithm 2.1, which can be used to automate the counting process. Thisalgorithm consists of two main procedures. One of these (weights_of_inputs_SA) weightseach input and the other (find_logical_files_of_inputs) finds the logical files referenced bythe inputs.The complexity of the procedure weights_of_inputs_SA is O(m) and the complexity of theprocedure find_logical_files_of_inputs is O(n), where the number of input dataflows is mand the number of dataflows in the processed dataflow diagram is n. The for-loop of theprocedure weights_of_inputs is performed m times and in the worst case the procedurefind_logical_ files_of_inputs inspects all dataflows per each input dataflow. Thus, thecomplexity of Algorithm 2.1 is O(mn).Table 2.1 lists the procedures used in Algorithm 2.1, the complexity of each procedure(excluding work done in called procedures), and the calling structure of these procedures.The parameters and local variables are explained within each procedure of Algorithm 2.1.Local functions and procedures, and special notations are explained in Appendix H.Table 2.1. Procedures, complexity, and calling structure of Algorithm 2.1.-----------------------------------------------------------------------------------------------------------------------------------ProcedureComplexityCalls-----------------------------------------------------------------------------------------------------------------------------------weights_of_inputs_SAO(m)find_logical_files_of_inputsfind_logical_files_of_inputsO(n)-----------------------------------------------------------------------------------------------------------------------------------m = number of input dataflowsn = number of all dataflows-----------------------------------------------------------------------------------------------------------------------------------Algorithm 2.1. Finding and weighting of inputs in SA.1procedure weights_of_inputs_SA (input_set, input_weight_set):1 Algorithm 2.1 is a part of TUFPV(SA) in Figure 1.4.

33-- parameter input_set imports the input dataflows -- parameter input_weight_set exports the weights of the input dataflows-- local variable m counts the number of input dataflows in input_set-- local variable f denotes the input dataflow to be weighted-- local variable t denotes the starting point (terminator) for f-- local variable p denotes the ending point (primitive process) for f-- local variable logical_file_set contains all logical internal files referenced by f-- local variable n counts the number of logical internal files referenced by f-- local variable s counts the number of data items of f-- local variable w counts the weight of f-- remark: at the beginning all dataflows are unmarked-- remark: input_weight_set is initialized in the main programm := |input_set|;for all m input dataflows f=(t,p) with terminator t and primitive process p in input_set dological_file_set : = fl;find_logical_files_of_inputs (p, logical_file_set);n : = |logical_file_set|;s : = number_of_data_items(f);w : = input_weight(n, s);input_weight_set : = input_weight_set ¨ w.procedure find_logical_files_of_inputs (v, logical_file_set):-- parameter v imports the address of a primitive process or a divergence point within the transaction-- parameter logical_file_set exports the logical internal files for the input dataflow selected in procedure weights_of_inputs-- local variable f denotes a dataflow within the transaction-- local variable v’ denotes a primitive process, a data store, or a divergence point-- local variable d denotes a data storefor all dataflows f=(v,v’) and f=(v’,v) doif f=(v,v’) and v’ is a divergence point and f is unmarked thenmark(f);find_logical_files_of_inputs(v’,logical_file_set)elsif f=(v,v’) and v’ is a primitive process and f is unmarked thenmark (f);find_logical_files_of_inputs (v’, logical_file_set);elsif v’ is a data store d thenif f is named thenif <d,key(f)> ˇ logical_file_set thenlogical_file_set := logical_file_set �¨ <d,key(f)>;elsif <d,key(d)> ˇ logical_file_set thenlogical_file_set := logical_file_set ¨ <d,key(d)>.The classification principles for outputs are similar to those for inputs. The required ouputdata items in the output dataflow structure can be found from the data dictionary. The filesreferenced by an output transaction are then the logical internal files of the data storeswithin the transaction. The referenced data stores are now found by traversing backwardsalong the process chain which forms the skeleton of the transaction. For composite outputdataflows the system boundary has to be understood as presented for external inputs inFigure 2.8.

34In most cases an output should also correspond to some input in a dataflow diagram.Only temporal events (Yourdon 1989) can be initiated without an input dataflow. Anexample of this situation was shown in Figure 2.7. In FPA the input is a part of the ap-plication as a user function and we must count each of these functions. This recommen-dation is also included in the counting principles of Symons’s (1991) Mark II FunctionPoint metric1.The possibility of missing data items before precise output design, the number of alterna-tives in an output dataflow, and the principles for composite output dataflows hold for ex-ternal outputs as presented in connection with external inputs. For example, if all differenterror messages are counted as separate data elements, the complexity of the correspondingoutput may increase.Algorithm 2.2 can be used to find and weight outputs from DFDs. The algorithm is simi-lar to Algorithm 2.1 except for the direction of dataflows. In Algorithm 2.2 we go back-wards through the dataflows, which connect the processes within the transaction, to findthe logical files referenced by each output. The complexity of Algorithm 2.2 is also O(mn)where the number of output dataflows is m and the number of all dataflows in the pro-cessed dataflow diagram is n.Table 2.2 lists the procedures used in Algorithm 2.2, the complexity of each procedure(excluding work done in called procedures), and the calling structure of these procedures.The parameters and local variables are explained within each procedure of Algorithm 2.2.Local functions and procedures, and special notations are explained in Appendix H.Table 2.2. Procedures, complexity, and calling structure of Algorithm 2.2.--------------------------------------------------------------------------------------------------------------------------------------ProcedureComplexityCalls--------------------------------------------------------------------------------------------------------------------------------------weights_of_outputs_SAO(m)find_logical_files_of_outputsfind_logical_files_of_outputsO(n)--------------------------------------------------------------------------------------------------------------------------------------m = number of output dataflowsn = number of all dataflows--------------------------------------------------------------------------------------------------------------------------------------Algorithm 2.2. Finding and weighting of outputs in SA.2procedure weights_of_outputs_SA (ouput_set, output_weight_set):1 Based on Symons (1991), a system is a collection of logical transactions, with each transactionconsisting of an input, process, and output component. The transaction is triggered by a unique event ofinterest to the user, or a need to retrieve information.2 Algorithm 2.2 is a part of TUFPV(SA) in Figure 1.4.

35-- parameter output_set imports the output dataflows -- parameter output_weight_set exports the weights of the output dataflows-- local variable m counts the number of output dataflows in output_set-- local variable f denotes the output dataflow to be weighted-- local variable p denotes the starting point (primitive process) for f-- local variable t denotes the ending point (terminator) for f-- local variable logical_file_set contains all logical internal files referenced by f-- local variable n counts the number of internal logical files referenced by f-- local variable s counts the number of data items of f-- local variable w counts the weight of f-- remark: at the beginning all dataflows are unmarked-- remark: output_weight_set is initialized in the main programm := |output_set|;for all m output dataflows f=(p,t) with primitive process p and terminator t in output_set dological_file_set : = fl;find_logical_files_of_outputs (p, logical_file_set);n : = |logical_file_set|;s : = number_of_data_items(f);w : = output_weight(n, s);output_weight_set : = output_weight_set ¨ w.procedure find_logical_files_of_outputs (v, logical_file_set):-- parameter v imports the address of a primitive process or a divergence point of the transaction-- parameter logical_file_set exports the internal logical files for the output dataflow selected in procedure weights_of_outputs-- local variable f denotes a dataflow within the transaction-- local variable v’ denotes a primitive process, a data store, or a divergence point-- local variable d denotes a data storefor all dataflows f=(v’,v) and f=(v,v’) doif f=(v’,v) and v’ is a divergence point and f is unmarked thenmark(f);find_logical_files_of_outputs(v’,logical_file_set)elsif f=(v’,v) and v’ is a primitive process and f is unmarked thenmark (f);find_logical_files_of_outputs (v’, logical_file_set)elsif v’ is a data store d thenif f is named thenif <d,key(f)> ˇ logical_file_set thenlogical_file_set := logical_file_set �¨ <d,key(f)>elsif <d,key(d)> ˇ logical_file_set thenlogical_file_set := logical_file_set �¨ <d,key(d)>.Figure 2.9 gives an example of unique inputs and outputs in the context of two differenttransactions. Daily and weekly reports and the detail and total parts of the reports areseparated1. The first transaction consists of one input (d from R), two outputs (d-detailsand d-totals to S), one process (P1), and one data store (D1). The data store is also con-tained in the second transaction.In Figure 2.9 at least six unadjusted function points can be found for external inputs: thereare two inputs (d, w) and the weight of an input is at least three. Similarly, there are atleast 16 unadjusted function points for external outputs: there are four outputs and the1 According to Dreger (1989) IFPUG (International Function Point Users Group) disagrees with theseparation between the totals and the detail level.

36weight of an output is at least four. The exact value of the unadjusted function points de-pends on the number of data items referenced, and this information can be obtained fromthe data dictionary. The complexity values derived above are the minimum values.

RRSSTTP1P2 D1

d-detailsd-totals w-details w-totalsP1 : daily reportP2 : weekly reportd : daily report requestw : weekly report request dw

Figure 2.9. Input and output transactions.2.2.2. External Inquiry TypesAn inquiry includes both an input and an output dataflow. An inquiry input enters the ap-plication boundary and an inquiry output leaves the application boundary. Both parts of aninquiry (input and output) are associated with the same terminator at the topmost level ofthe dataflow diagram.To identify an inquiry from a dataflow (context) diagram, an inquiry dataflow should berepresented by a double-directed edge (an arrowhead at both ends of the dataflow).1 If aninquiry is depicted by two directed edges, it is difficult to make a distinction between in-quiries and input and output types.An inquiry can be decomposed into subinquiries and after the decomposition the input andoutput dataflows of the decomposed inquiry may be related to separate processes. It must,however, be possible to associate these separate dataflows to the upper level inquiry. Aseparate input or a separate output dataflow of an inquiry cannot be further divided intoseparate input or output dataflows. Although the inquiry cannot perform updates2, it isoften part of an update, as described in Figure 2.10.1 Although Yourdon (1989) also uses this double-directed edge, its meaning is different, because his theorydoes not separate the input, output and inquiry types from one another.2 See Section 1.2. 37 inquiry outputinquiry inputupdate dataD1P1P2TT

Figure 2.10. A typical inquiry as part of an update.The weighting of an inquiry input and output is done in the same way as in the case of ex-ternal inputs and outputs. As a result the worst (input or output) part has to be chosen forfunction point counting (Dreger 1989).1The above described principles for finding and weighting of external inquiries from DFDsare formalized in Algorithm 2.3, which can be used to automate the counting process. Theprocedure weights_of_inquiries weights both an input part and an output part of an inquiryand then selects the most complex one. Because an inquiry consists of an input part and anoutput part, it is possible that the procedure weights_of inquiries_SA in Algorithm 2.3applies the procedures find_logical_files_of_inputs and find_logical_files_of_outputs ofAlgorithms 2.1 and 2.2 to count the weights for input and output parts of an inquirydataflow. Thus, the complexity of Algorithm 2.3 is O(2mn) = O(mn) where the number ofdataflows in the processed dataflow diagram is n and the number of inquiry dataflows ism.Table 2.3 lists the procedures used in Algorithm 2.3, the complexity of each procedure(excluding work done in called procedures), and the calling structure of these procedures.The parameters and local variables are explained within each procedure of Algorithm 2.3.Local functions and procedures as well as special notations are explained in Appendix H.Table 2.3. Procedures, complexity, and calling structure of Algorithm 2.3.-------------------------------------------------------------------------------------------------------------------------------------------ProcedureComplexityCalls-------------------------------------------------------------------------------------------------------------------------------------------weights_of_inquiries_SAO(m)find_logical_files_of_inputs21 When Dreger’s (1989) approach is used, the possible weights for an inquiry are 3, 4, 5, 6, and 7 based oninput and output weights. When original IBM’ s approach (Development Centre Productivity MeasurementGuide 1984) is used, the complexity of an inquiry is based on the complexities of input and output parts,but the possible weights are 3,4, and 6 based on input weights. Here Dreger’s (1989) inquiry classificationprinciples have been followed. In Rask et al. (1992b) the original weights were used, and results consistentwith the results reported in this thesis were obtained.2 See Algorithm 2.1.

38find_logical_files_of_outputs1find_logical_files_of_inputsO(n)find_logical_files_of_outputsO(n)-------------------------------------------------------------------------------------------------------------------------------------------m = number of inquiry dataflowsn = number of all dataflows-------------------------------------------------------------------------------------------------------------------------------------------Algorithm 2.3. Finding and weighting of inquiries in SA.2procedure weights_of_inquiries_SA (inquiry_set, inquiry_weight_set):-- parameter inquiry_set imports the inquiry dataflows-- parameter inquiry_weight_set exports the weights of the inquiry dataflows-- local variable m counts the number of inquiry dataflows in inquiry_set-- local variable f denotes the inquiry dataflow to be weighted-- local variable fI denotes the input part of f-- local variable fo denotes the output part of f-- local variable t denotes a terminator-- local variable p denotes a primitive process-- local variable logical_file_set contains all logical files referenced-- local variable w counts the weight of f-- local variable nI counts the number of internal logical files of fI-- local variable sI counts the number of data items of fI-- local variable wI counts the weight of fI-- local variable no counts the number of internal logical files of fo-- local variable so counts the number of data items of fo-- local variable wo counts the weight of fo-- remark: inquiry_weight_set is initialized in the main programm := |inquiry_set|;for all m inquiry dataflows f = [fI,fo] in inquiry_set doselect input part fI = (t,p) from inquiry dataflow f;logical_file_set : = fl;find_logical_files_of_inputs (p, logical_file_set);nI : = |logical_file_set|;sI : = number_of_data_items(fI);wI : = input_weight(nI, sI);select output part fo = (p,t) from inquiry dataflow f;logical_file_set : = fl;find_logical_files_of_outputs (p, logical_file_set);no : = |logical_file_set|;so : = number_of_data_items(fo);wo : = output_weight(no, so);w : = max(wI, wo);inquiry_weight_set : = inquiry_weight_set ¨ w.As an example, Figure 2.10 describes two transactions: one for an inquiry and one for anupdate. The complexity value for the inquiry is at least four, since the weight of theinquiry input is at least three and the weight of the inquiry output is at least four. Thus, the1 See Algorithm 2.2.2 Algorithm 2.3 is a part of TUFPV(SA) in Figure 1.4.

39worst case complexity is at least four. For the input of the update the complexity value is atleast three.2.2.3. Logical Internal File TypesIn a DFD each data store corresponds to one or more logical internal files. Each data storecontains a primary key, but it can also be referenced by other keys depending on thedataflow definitions referencing the data store. The number of different keys used (includ-ing the primary key) corresponds to the number of logical internal files of each data store.It is reasonable to assume that each dataflow contains only one key (or a combined key).If a dataflow is unnamed, we can infer that all the data items of the data store are refer-enced and the key of the dataflow is the primary key of the data store. For a logical internalfile, the notation <d,key(f)> is used, where d means a data store and f means a dataflowreferencing data store d.If a data store contains different record formats, the referenced (named) dataflow shouldcontain the name of one of these records. Thus, the number of logical record formats of alogical file is defined by the number of differently named dataflows referencing it. For alogical record, notation <d,f,key(f)> is used, where d means a data store and f is adataflow referencing data store d. For each logical file the number of referenced data itemscan be found by examining dataflows (containing the same key) around the correspondingdata store.The relationships in which a data store (a logical internal file) participates may alsoincrease the value of unadjusted function points. To identify the relationships between datastores, the entity model (ER-diagram) of the application must be available. This modeldirects the derivation of the DFD. This idea is also supported by the requirement (Yourdon1989) that every store on the DFD must correspond to an object type, or a relationship, oran associative object type of an ERD. Thus, for purposes of function point counting thenumber of relationships between data stores can be found directly from the entity model.In most cases the logical internal files defined by the different keys of a data store have thesame relationships as the original data store. For example, if the data store BOOKS isaccessed by the ISBN of a book or by the name of a book, the relationships of theselogical files corresponds to the relationships of the entity BOOK in an ERD.The above described principles for finding and weighting of logical internal files based ona DFD and an ERD are formalized in Algorithm 2.4, which can be used to automate thecounting process. The complexity of Algorithm 2.4 in the worst case is O(p((p-1)+ q+q2))

40= O(pq2) where the number of internal data stores1 in the processed dataflow diagram is pand the number of processes2 is q. In the worst case each data store is connected to eachprocess and there is a relationship between each pair of data stores. As it is reasonable toassume that q>p, we can say that the complexity in the worst case is O(pq2).Table 2.4 lists the procedures used in Algorithm 2.4, the complexity of each procedure(excluding work done in called procedures), and the calling structure of these procedures.The parameters and local variables are explained within each procedure of Algorithm 2.4.Local functions and procedures as well as special notations are explained in Appendix H.Table 2.4. Procedures, complexity, and calling structure of Algorithm 2.4.-------------------------------------------------------------------------------------------------------------------------------------ProcedureComplexityCalls-------------------------------------------------------------------------------------------------------------------------------------weights_of_logical_files_SAO(pq2+p2-p)find_logical_records_and_filesfind_logical_records_and_filesO(q)-------------------------------------------------------------------------------------------------------------------------------------p = number of data storesq = number of processes-------------------------------------------------------------------------------------------------------------------------------------Algorithm 2.4. Finding and weighting of logical internal files in SA.3procedure weights_of_logical_files_SA (internal_data_store_set, file_weight_set):-- parameter internal_data_store_set imports the data stores inside the system boundary-- parameter file_weight_set exports the weights of the internal logical files-- local variable p counts the number of data stores in internal_data_store_set-- local variable d denotes the data store to be divided into logical files-- local variable r counts the number of relationships for d-- local variable logical_record_set contains all logical records of d-- local variable logical_file_set contains all logical internal files of d-- local variable l counts the number of logical record formats for <d,k>-- local variable unique_data_item_set contains the unique data items collected from <d,c,k> of <d,k>-- local variable n counts the maximum of r and l-- local variable s counts the number of data items of <d,k>-- local variable w counts the weight of <d,k>-- remark: file_weight_set is initialized in the main programp := |internal_data_store_set|;for all p data stores d in internal_data_store_set dor : = number_of_relationships(d);logical_record_set : = fl;logical_file_set := fl;1 Passed files, which are weighted in Algorithm 2.5, are excluded from internal data stores.2 Shared file connections to external applications are excluded. Based on Dreger (1989), only those dataitems actually required by the application need be taken into account.3 Algorithm 2.4 is a part of TUFPV(SA) in Figure 1.4.

41find_logical_records_and_files (d, logical_record_set, logical_file_set);for all logical files <d,k> in logical_file_set dol := 0;unique_data_item_set := fl;for all logical record formats <d,c,k> in logical_record_set doif <d,c,k> is a logical record format of logical file <d,k> thenl := l+1;unique_data_item_set := unique_data_item_set ¨data_items(<d,c,k>);n : = max(r,l);s : = |unique_data_item_set|;w : = file_weight(n, s);file_weight_set : = file_weight_set ¨ w.procedure find_logical_records_and_files (d, logical_record_set, logical_file_set):-- parameter d imports the data store to be processed-- parameter logical_record_set exports the logical records of d-- parameter logical_file_set exports the logical internal files of d-- local variable f denotes a dataflow connected to dfor all dataflows f connected to d, excluding shared file connections to external applications do1if f is named thenif <d,f,key(f)> ˇ logical_record_set thenlogical_record_set := logical_record_set ¨ <d,f,key(f)>;if <d,key(f)> ˇ logical_file_set thenlogical_file_set := logical_file_set ¨ <d,key(f)>elseif <d,d,key(d)> ˇ logical_record_set thenlogical_record_set := logical_record_set ¨ <d,d,key(d)>;if <d,key(d)> ˇ logical_file_set thenlogical_file_set := logical_file_set ¨ <d,key(d)>.The more normalized2the data stores are, the more realistic the total number of unadjustedfunction points is. Accordingly, Gane and Sarson (1979) propose that the data baseschema should be formed by dividing each data store in a DFD using normalization rules.As an example, Figure 2.11(a) contains three transactions. If we know the correspondingentity model of Figure 2.11(b), we can conclude that there is a relationship between datastores D1 and D2, D1 and D3, and D2 and D3. If each data store has one key and thenumber of data items referenced is at most 19, the weight for each file is seven as each filehas only two logical relationships.1 See also section 2.2.4.2 Normalization is discussed in any good database design book. 42

RSTUP1P2P3P4D1D2D3

D1D2D3(a) Dataflow diagram(b) Entity diagram

Figure 2.11. Logical internal files and their relationships.2.2.4. External Interface File TypesTo distinguish an external application from other terminators of a DFD, the type1 of eachterminator could be specified on a repository only. For clarity, however, a special graphi-cal symbol should be given for external applications. Therefore an external application willbe described explicitly by using double rectangles. Accordingly, the interface files in aDFD are represented as in Figure 2.12.Application XYD2D1D3Application XYP1P2

P3D1

P1

P2 (a) Interfaces with transactions(b) Interfaces with master filesFigure 2.12. Principles of an interface file type.1 The type of a terminator is either "normal" or "external application".

43Figure 2.12(a) describes transaction files that update logical internal files of application X(input) or transfer update information to application Y (output and inquiry). Transactionfiles are described by dataflows, not by data stores. It is not possible to describe explicitlythe possible conversion of transaction files in a dataflow diagram. It is, however, possibleto compare incoming and outgoing dataflows of a transaction process to determine theconversion. If the incoming dataflow of the process which writes the transaction filediffers from the output dataflow, then it may be assumed that a conversion is made andone interface type may be counted in addition to one output type1. Correspondingly, if theoutgoing dataflow of the process which reads the transaction file differs from the inputdataflow, it may be assumed that a conversion is made and one interface type may becounted in addition to one input type. For inquiry transactions (input and output parts) theprinciples explained for input and output transactions are applied.To record all the transaction types the number of types in a dataflow must be obtained.Different transaction types are described by a selection of alternatives, for example, t=[r|s]where r and s are transaction types. When the number of unadjusted function points is cal-culated, the number of relationships to other files is not counted, but the number of logicalrecord formats of the transaction file is measured. Here there are two possibilities: eachtransaction type may be interpreted as a record format or each transaction type may be in-terpreted as a separate transaction. Of course, the interpretation influences the number offunction points. If each transaction type is interpreted as a separate transaction2, the trans-action dataflow has to be divided into separate dataflows by decomposing the originaltransaction process into separate processes corresponding to the transaction types3;otherwise it is not possible to count the unadjusted function points. Accordingly, a trans-action type may then contain different record formats, for example r=[c|d|e].In Figure 2.12(b) the different interpretations for master files have been described. Datastores D2 and D3 are passed files4. Data store D3 is produced by application Y and usedby application X. Data store D2 is produced by application X and used by application Y.Here D3 receives interface rank only and D2 receives both file and interface rank, althoughD2 is a passed file. It is, however, created by application X, and according to Dreger(1989), it should also receive a file rank. If the same passed file appears more than once in1 There is a difference between the dataflows if the incoming and outgoing dataflows have different namesor the names of the decomposed outgoing dataflows do not match the names of the components of theincoming (composed) dataflow.2 This is recommended by Dreger (1989).3 This decomposition may also improve the quality and reliability of the system because each subtrans-action has to be specified separately. When the counting process is automated the completeness of thespecification can be tested.4 Yourdon (1989) uses the term "external store".

44the context diagram, it should be counted only once as a file and as an interface1. Eachpassed file is understood to be one logical file and contains one record format.Data store D1 in Figure 2.12(b) is a shared file. It is shared between applications X and Y.Both applications use and maintain D1 as though it were their internal file. To indicate anexternal shared file interface between the shared data store of the object system and theterminator that describes the external application, a direct dataflow connection is needed. Inthis situation the external application is interpreted as a process.The number of external interface files depends on the number of different key data itemsreferencing the shared data store. Correspondingly, each shared external interface file maycontain different record formats. The relationships to other entities are defined from theER-diagram, as with the logical internal files.2The above described principles for finding and weighting of external interface files basedon a DFD and an ERD are formalized in Algorithm 2.5, which can be used to automate thecounting process. The main procedure is named weights_of_interface_SA. It calls the sub-procedures that find and weight the interface inputs, interface outputs, interface inquiries,interface passed files, and interface shared files. The subprocedures also use the proce-dures of the previous algorithms to find logical files.The complexity of Algorithm 2.5 in the worst case is O(m1n+m2n+2m3n+p1(p-1)+p2(p-1+m4+m42)) = O(n(m1+m2+m3)+(p1+p2)(p-1)+p2(m4+m42)) where the number of datastores in the DFD is p, the number of all dataflows is n, the number of interface inputdataflows is m1, the number of interface output dataflows is m2, the number of interfaceinquiry dataflows is m3, the number of external data stores is p1, the number of shared fileconnections to external applications is m4, and the number of shared data stores is p2.Table 2.5 lists the procedures used in Algorithm 2.5, the complexity of each procedure(excluding work done in called procedures), and the calling structure of these procedures.The parameters and local variables are explained within each procedure of Algorithm 2.5.Local functions and procedures, and special notations are explained in Appendix H.1 This is also recommended in the IBM Development Centre Productivity Measurement Guide (1984).2 See also Section 2.2.3.

45Table 2.5. Procedures, complexity, and calling structure of Algorithm 2.5.----------------------------------------------------------------------------------------------------------------------------------------ProcedureComplexity Calls----------------------------------------------------------------------------------------------------------------------------------------weights_of_interfaces_SAO(5)weights_of_interface_inputsweights_of_interface_outputs weights_of_interface_inquiriesweights_of_interface_passed_filesweights_of_interface_shared_filesweights_of_interface_inputsO(m1) find_logical_files_of_inputs1weights_of_interface_outputsO(m2) find_logical_files_of_outputs2weights_of_interface_inquiriesO(m3) find_logical_files_of_inputs1find_logical_files_of_outputs2weights_of_interface_passed_filesO(p1(p-1))weights_of_interface_shared_filesO(p2(p-1+m42))find_logical_records_and_filesfind_logical_files_of_inputsO(n)find_logical_files_of_outputsO(n)find_logical_records_and_filesO(m4)----------------------------------------------------------------------------------------------------------------------------------------m1= number of interface input dataflowsm2= number of interface output dataflowsm3= number of interface inquiry dataflowsm4= number of shared file connections to external applicationsn= number of all dataflowsp = number of data storesp1= number of passed files (external data stores)p2= number of shared data store connections----------------------------------------------------------------------------------------------------------------------------------------Algorithm 2.5. Finding and weighting of external interface files in SA.3procedure weights_of_interfaces_SA(interface_input_set, interface_output_set, interface_inquiry_set,passed_file_set, shared_file_set, input_weight_set, output_weight_set, inquiry_weight_set,interface_file_weight_set, file_weight_set):-- parameter interface_input_set imports the interface input dataflows-- parameter interface_output_set imports the interface output dataflows-- parameter interface_inquiry_set imports the interface inquiry dataflows-- parameter passed_file_set imports the interface passed files (external data stores)-- parameter shared_file_set imports the interface shared data store connections-- parameter input_weight_set exports the weights of the interface input dataflows-- parameter output_weight_set exports the weights of the interface output dataflows-- parameter inquiry_weight_set exports the weights of the interface inquiry dataflows-- parameter interface_file_weight_set exports the weights of the external interface files-- parameter file_weight_set exports the weights of the logical internal filesweights_of_interface_inputs(interface_input_set, input_weight_set, interface_file_weight_set);weights_of_interface_outputs(interface_output_set, output_weight_set, interface_file_weight_set);weights_of_interface_inquiries(interface_inquiry_set, inquiry_weight_set, interface_file_weight_set);weights_of_interface_passed_files(passed_file_set, interface_file_weight_set, file_weight_set);weights_of_interface_shared_files(shared_file_set, interface_file_weight_set).1 See Algorithm 2.1.2 See Algorithm 2.2.3 Algorithm 2.5 is a part of TUFPV(SA) in Figure 1.4.

46procedure weights_of_interface_inputs (interface_input_set, input_weight_set,interface_file_weight_set):-- parameter interface_input_set imports the interface input dataflows-- parameter input_weight_set exports the weights of the interface input dataflows-- parameter interface_file_weight_set exports the weights of the interface files-- local variable m1 counts the number of interface input dataflows in interface_input_set-- local variable f denotes the interface input dataflow in interface_input_set-- local variable e denotes an external application-- local variable p denotes a primitive process-- local variable logical_file_set contains all logical files referenced by f-- local variable n counts the number of internal logical files referenced by f-- local variable s counts the number of data items of f-- local variable w counts the weight of f-- remark: input_weight_set is initialized in the main program-- remark: interface_file_weight_set is initialized in the main programm1 := |interface_input_set|;for all m1 interface input dataflows f=(e,p) with external application e and process p ininterface_input_set dological_file_set : = fl;find_logical_files_of_inputs(p,logical_file_set);n : = |logical_file_set|;s : = number_of_data_items(f);w : = input_weight(n,s);input_weight_set : = input_weight_set ¨ w;if f is converted thenn : = number_of_logical_record_formats(f);w : = interface_file_weight(n,s);interface_file_weight_set : = interface_file_weight_set ¨ w.procedure weights_of_interface_outputs(interface_output_set, output_weight_set,interface_file_weight_set):-- parameter interface_output_set imports the interface output dataflows-- parameter output_weight_set exports the weights of the interface output dataflows-- parameter interface_file_weight_set exports the weights of the interface files-- local variable m2 counts the number of interface output dataflows in interface_output_set-- local variable f denotes the interface output dataflow in interface_output_set-- local variable e denotes an external application-- local variable p denotes a primitive process-- local variable logical_file_set contains all logical files referenced by f-- local variable n counts the number of internal logical files or the number of logical record formats of f-- local variable s counts the number of data items of f-- local variable w counts the weight of f-- remark: output_weight_set is initialized in the main program-- remark: interface_file_weight_set is initialized in the main programm2 := |interface_output_set|for all m2 interface output dataflows f=(p,e) with process p and external application e ininterface_output_set dological_file_set : = fl;find_logical_files_of_outputs(p,logical_file_set);n : = |logical_file_set|; s : = number_of_data_items(f);w : = output_weight(n,s);output_weight_set : = output_weight_set ¨ w;if f is converted thenn : = number_of_logical_record_formats(f);w : = interface_file_weight(n,s);interface_file_weight_set : = interface_file_weight_set ¨ w.procedure weights_of_interface_inquiries(interface_inquiry_set, inquiry_weight_set,

47interface_file_weight_set):-- parameter interface_inquiry_set imports the inquiry dataflows-- parameter inquiry_weight_set exports the weights of the inquiry dataflows-- parameter interface_file_weight_set exports the weights of the interface files-- local variable m3 counts the number of interface inquiry dataflows in interface_inquiry_set-- local variable f denotes the interface inquiry dataflow in interface_inquiry_set-- local variable fI denotes the input part of f-- local variable fo denotes the output part of f-- local variable e denotes an external application-- local variable p denotes a primitive process-- local variable logical_file_set contains all logical files referenced-- local variable nI counts the number of internal logical files for fI-- local variable sI counts the number of data items of fI-- local variable wI counts the weight of fI-- local variable w counts the interface file weight of fI or fo-- local variable n counts the number of internal logical files or the number of logical record formats of f-- local variable no counts the number of internal logical files for fo-- local variable so counts the number of data items of fo-- local variable wo counts the weight of fo-- remark: interface_file_weight_set is initialized in the main program-- remark: inquiry_weight_set is initialized in the main programm3 := |interface_inquiry_set|;for all m3 interface inquiry dataflows f = [fI,fo] in interface_inquiry_set doselect input part fI = (e,p) from inquiry dataflow f;logical_file_set : = fl;find_logical_files_of_inputs(p, logical_file_set);nI : = |logical_file_set|;sI : = number_of_data_items(fI);wI : = input_weight(nI, sI);if fI is converted thenn : = number_of_logical_record_formats(fI);w : = interface_file_weight(n,sI);interface_file_weight_set : = interface_file_weight_set ¨ w;select output part fo = (p,e) from inquiry dataflow f;logical_file_set : = fl;find_logical_files_of_outputs (p, logical_file_set);no : = |logical_file_set|;so : = number_data_items(fo);wo : = output_weight(no, so);w : = max(wI, wo);inquiry_weight_set : = inquiry_weight_set ¨ w;if fo is converted thenn : = number_of_logical_record_formats(fo);w : = interface_file_weight(n,so);interface_file_weight_set : = interface_file_weight_set ¨ w.procedure weights_of_interface_passed_files(passed_file_set, file_weight_set,interface_file_weight_set):-- parameter passed_file_set imports the interface passed files (external data stores)-- parameter interface_file_weight_set exports the weights of the interface files-- parameter file_weight_set exports the weights of the internal logical files-- local variable p1 counts the number of passed files in passed_file_set-- local variable d denotes the passed file in passed_file_set-- local variable r counts the number of relationships for d-- local variable s counts the number of data items of d-- local variable w counts the weight of d-- remark: interface_file_weight_set is initialized in the main program-- remark: file_weight_set is initialized in the main programp1 := |passed_file_set|;

48for all p1 passed files d in passed_file_set dor : = number_of_relationships(d);s : = number_of_data_items(d);w : = interface_file_weight(r, s);interface_file_weight_set : = interface_file_weight_set ¨ w;if d is sent to external application e thenw : = file_weight(r,s);file_weight_set : = file_weight_set ¨ w.procedure weights_of_interface_shared_files(shared_file_set, interface_file_weight_set):-- parameter shared_file_set imports the interface shared files-- parameter interface_file_weight_set exports the weights of the interface files-- local variable p2 counts the number of shared files in shared_file_set-- local variable d denotes the shared file-- local variable logical_record_set contains all logical records of d-- local variable logical_file_set contains all logical files of d-- local variable r counts the number of relationships for d-- local variable l counts the number of logical record formats for <d,k>-- local variable unique_data_item_set contains the unique data items collected from <d,c,k> of <d,k>-- local variable n counts the maximum of r and l-- local variable s counts the number of data items of d-- local variable w counts the weight of <d,k>-- remark: interface_file_weight_set is initialized in the main programp2 := |shared_file_set|;for all p2 shared files d in shared_file_set dor : = number_of_relationships(d);logical_record_set : = fl;logical_file_set := fl;find_logical_records_and_files (d, logical_record_set, logical_file_set);for all logical files <d,k> in logical_file_set dol := 0;unique_data_item_set := fl;for all logical record formats <d,c,k> in logical_record_set doif <d,c,k> is a logical record format of logical file <d,k> thenl := l+1;unique_data_item_set := unique_data_item_set ¨ data_items(<d,c,k>);n : = max(r,l);s : = |unique_data_item_set|;w : = interface_file_weight(n, s);interface_file_weight_set : = interface_file_weight_set ¨ w.procedure find_logical_records_and_files (d, logical_record_set, logical_file_set):-- parameter d imports the data store to be processed-- parameter logical_record_set exports the logical records of d-- parameter logical_file_set exports the logical internal files of d-- local variable f denotes a shared file connection-- local variable e denotes an external applicationfor all dataflows f=(e,d) or f=(d,e) where e is an external application and d is a shared file doif f is named thenif <d,f,key(f)> ˇ logical_record_set thenlogical_record_set := logical_record_set ¨ <d,f,key(f)>;if <d,key(f)> ˇ logical_file_set thenlogical_file_set := logical_file_set ¨ <d,key(f)>elseif <d,d,key(d)> ˇ logical_record_set thenlogical_record_set := logical_record_set ¨ <d,d,key(d)>;if <d,key(d)> ˇ logical_file_set thenlogical_file_set := logical_file_set ¨ <d,key(d)>.

49As an example, consider Figure 2.12. If a conversion is required in Figure 2.12(a) witheach transaction file, there is one output, one input, one inquiry, and three interfaces;therefore, the number of unadjusted function points is at least 26. If there are no conver-sions, the number of unadjusted function points is at least 11. In Figure 2.12(b) we havean example of four master file connections. Two of them are shared file connections andtwo are passed files. Now the number of unadjusted function points for interfaces is atleast 20, provided that the shared file connections reference different logical groups of userdata. In addition, both D1 and D2 produces at least seven points as a file.2.3. SummaryAccording to the principles presented in Section 2.2, TUFPV(SA) can be evaluated fromSA specifications. This is the first, hence earliest possible, stage of software developmentprocess when SA is being used. Moreover, the presented method has been automated(Laamanen & Rask 1991) and can therefore be implemented in CASE-tools. Figure 2.13summarizes the components needed to count TUFPV(SA).1DataflowdiagramEntity-relationshipdiagramDatadictionaryFPA(SA)TUFPV(SA)

Figure 2.13. Components for counting unadjusted function points from SA.Although the use of unadjusted function points in estimating product size has been criti-cized as being too complex (e.g. Banker et al. 1990b), the requirement to simplify the FPAmethod is not fully acceptable. There is no reason to simplify the method if one can auto-1 See also Figure 1.4.

50mate the original method in an efficient way. This automation has been done by the previ-ous algorithms.In Chapter 5 the reliability of our method will be examined by means of empirical studieswhich compare it with other metrics and with results obtained by applying the methods ofChapters 3 and 4. In Chapter 3 algorithms will be formed to count unadjusted functionpoints from JSD descriptions. By doing this an attempt will be made to try to show thegenerality of the FPA method. In Chapter 4 transformations between JSD and SA method-ologies will be investigated. By doing this an attempt will be made to increase the credibil-ity of the FPA algorithms developed in Chapters 2 and 3. In addition, a step is taken for-ward developing a method-independent environment for software development.3. APPLICATION OF ALBRECHT’S FPA TO JSD SPECIFICATIONS

51One alternative to the Structured Analysis (SA) method is the Jackson System Develop-ment (JSD) method. While SA starts with a functional description, JSD starts with entities,entity structures and communication between these entities. Afterwards the system issupplemented by functions. The result is a specification which consists of an upper-levelnetwork and lower-level tree descriptions of processes in the network.To calculate function points all user functions must be found from the specification dia-gram. The exact automation of a TUFPV calculation from the JSD specification has notearlier been reported1. Before the algorithms are given which will enable this automation,the notation of JSD will be examined in Section 3.1.3.1. Components of the JSD Specification DiagramA JSD specification diagram (Cameron 1989, Jackson 1983) contains processes of a sys-tem and connections between processes and from processes to the real world. The pro-cesses may be connected to each other either by dataflows or by state vector connections.Figure 3.1 shows the basic symbols used.

processdataflowstate vectorconnectiondirection of data transmissionFigure 3.1. Basic symbols of the JSD specification diagram.A dataflow is written by one process and it is read by another in the same order. A statevector connection means that one process reads some or all attributes of the state vector ofanother process. We assume that a function process does not contain a separate state vec-1 There is another approach for applying FPA within a JSD environment (Ratcliff & Rollo 1990). Thatapproach, however, is a simplification of FPA. In particular, the concept of a logical internal file and thecomplexity classification principles are different from the approach used here.

52tor.1 We assume also that each dataflow and state vector connection is named. The statevector of a process may be interpreted as a data store of the process. In general, the realworld entities are connected to the model processes by dataflows. The model processesare also connected to each other. The function processses, which produce outputs of asystem, are often connected to the model processes by state vectors. Figure 3.2 showstwo model processes (P and Q) and one function process (R); there is also a typical feed-back (dataflow E) from function process R to model process Q.

ABCDKPQRxyE

Figure 3.2. Example of a JSD specification diagram.As with a SA dataflow diagram, it is possible to merge two or more input dataflows(Figure 3.3). Here dataflows D and E from real world entities P and Q are merged as aninput to the model process R.

PQDERFigure 3.3. Example of a merged dataflow (Jackson 1983).When a specification diagram is drawn, the structure of each model process is known as astructure diagram which consists of three component types: sequence, selection and itera-1 Alhough a function process could include a state vector, the data items of the state vector are eitherwritten to the output dataflow, or to a model process. If the receiver is a model process, the data items areincluded into its state vector.

53tion.1 The structure diagram of a model process P orders the actions Pi corresponding tothe actions carried out by a real world entity. Actions Pi receive input records from the realworld entity. The input records can be described by one input dataflow or by separatedataflows. The structure components (corresponding to the actions of a model process) ofa function process show the structure of the output information. If, for example, process Pin Figure 3.2 means a customer of a bank, its structure with actions INVEST, PAY_IN,WITHDRAW and TERMINATE, could be modelled as shown in Figure 3.4.CUSTOMERINV-TERM GROUPINVESTINV-TERMBODYTERMINATEMOVEMENTPAY_IN o*WITHDRAWo*Figure 3.4. Example of a JSD structure diagram (Jackson 1983).Because of the structure diagrams, a JSD specification diagram can also be said to depict aprocedural description. However, JSD cannot reasonably be called either a top-downmethod or a bottom-up method (Cameron 1986). The network is not built by successiveexplosions of a process into a subnetwork of processes. It proceeds "middle-out" from aninitial set of model processes.The two-level structure of JSD descriptions makes possible two different interpretationsfor communication between processes. At the network level the processes communicatewith each other. At the process level the actions of the separate processes communicatewith each other. At the network level one can say that process P writes dataflow f to pro-cess Q. At the process level this means that the actions Pi of P write the records fj of f tothe actions Qj of process Q. Correspondingly, the state vectors are inspected by actions of1 A selection type is denoted by "o" and an iteration type by "*"; otherwise it is a sequence type.

54the inspecting processes. For example, action Pi of P can inspect the state vector QSV ofmodel process Q via state vector connection t.13.2. Identification and Weighting of User FunctionsA transaction in a specification diagram consists of a set of model processes and functionprocesses which are directly chained to one another and to the real world via dataflows,and model processes which are connected to the chain via state vector connection.Accordingly, the state vector is read by one of the chained processes. A transaction is acti-vated by an input dataflow.2In Figure 3.2 there were two transactions. The first contains processes P and Q anddataflows A, B, and C. The other transaction contains all the processes, dataflows C, D, Eand K, and state vector connections x and y.In the following FPA counting rules will be applied to JSD specification diagrams.3 To dothis, the principles of the algorithms presented in Chapter 2 for SA descriptions will be uti-lized.4 The transaction definition above is needed to find the referenced files for externalinputs, outputs, and inquiries.53.2.1. External Input and Output TypesAn input in a JSD specification is directed to a model process or to a function process6 inthe form of one or more dataflow records. Attributes of the corresponding input dataflowrecords are interpreted as referenced data items. To find the referenced files, the possibledataflow chains must be traversed forward within the transaction. The state vectors of thereferenced model processes inside the transaction are the basis for referenced files.Logical internal files of a referenced model process are determined by the keys referencingthe model processes. Each incoming dataflow fj=(Pi,Qj) received by an action Qj of a1 The JSD discussion is continued in Chapter 4.2 This definition is derived from the corresponding transaction definition for DFDs in Section 2.2.3 Assume that the structure diagrams and the communication between actions at the process level areknown.4 The pseudocode notation of the algorithms is summarized in Appendix H.5 All the complexity classification factors and weights for function types are tabulated in Appendix B.6 The function process in this case does not immediately provide a response to the user. Instead, it isscheduled to produce a report based on input data.

55model process Q from an action Pi of a process P or from the real world is assumed tocontain a key. The notation <Q,key(fj)> is used for a referenced logical internal file. Otherreferenced logical internal files referenced by an input dataflow are those incoming statevector connections used by the chained processes of the input transaction. Each statevector connection contains a key. The notation <V,key(t)> is used for a referenced logicalinternal file when the inspected model process is V and the state vector connection is t.1In Figure 3.5, for instance, inputs A (five data items) and K (one data item) both reference"files" CUSTOMER and ACCOUNT. If dataflow B did not connect the processes CUS-TOMER and ACCOUNT, input A would reference only a "file" CUSTOMER. Accord-ingly, the total number of unadjusted function points for these two inputs is seven.2

ABCDK- Account number- Action type- Action amount- Customer name- Customer address- Account number- Action type- Action amount-Account number- Account number- Customer name- Actions of one month - Date - Type - Amount- BalanceCUSTOMERACCOUNTREPORT- FN stFigure 3.5. Example of JSD inputs and outputs.The above described principles for finding and weighting of external inputs from JSDspecification diagrams are formalized in Algorithm 3.1, which can be used to automate thecounting process. The complexity of procedure weights_of_inputs_JSD is O(m) and thecomplexity of procedure find_logical_files_of_inputs is O(n) where the number of inputdataflow records is m and the total number of dataflows and state vector connections in theprocessed specification diagram is n. The for-loops of the procedure weights_of_inputs_JSD go through all input records and in the worst case the procedure find_logical_files_of_inputs inspects all other dataflows and state vector connections per each input dataflow.Thus, the complexity of Algorithm 3.1 is O(mn).1 See also Section 3.2.3.2 Here it is assumed that both of the input dataflows contain only one record. In practice, however, inputdataflow A should contain four different records or it should be divided into four subdataflows correspondingto the actions in Figure 3.4. To find the exact number of logical internal files would require moreinformation about process and dataflow structures.

56Table 3.1 lists the procedures used in Algorithm 3.1, the complexity of each procedure(excluding work done in called procedures), and the calling structure of these procedures.The parameters and local variables are explained within each procedure of Algorithm 3.1.Local functions and procedures, and special notations are explained in Appendix H.Table 3.1. Procedures, complexity, and calling structure of Algorithm 3.1.-----------------------------------------------------------------------------------------------------------------------------------ProcedureComplexityCalls-----------------------------------------------------------------------------------------------------------------------------------weights_of_inputs_JSDO(m)find_logical_files_of_inputsfind_logical_files_of_inputsO(n) -----------------------------------------------------------------------------------------------------------------------------------m = number of input dataflow recordsn = number of all dataflows and state vector connections-----------------------------------------------------------------------------------------------------------------------------------Algorithm 3.1. Finding and weighting of inputs in JSD.1procedure weights_of_inputs_JSD (input_set, input_weight_set):-- parameter input_set imports the input dataflows-- parameter input_weight_set exports the weights of the input dataflows-- local variable k counts the number of input dataflows in input_set-- local variable f denotes the input dataflow to be weighted-- local variable e denotes the starting point (external entity) for f-- local variable p denotes the ending point (process) for f-- local variable fi denotes a record of f-- local variable pi denotes an action of p-- local variable logical_file_set contains all logical internal files referenced by fi-- local variable n counts the number of internal logical files referenced by fi-- local variable s counts the number of data items of fi-- local variable w counts the weight of fi-- remark: at the beginning all dataflows are unmarked-- remark: input_weight_set is initialized in the main programk:= |input_set|;for all k input dataflows f=(e,p) with external entity e and process p in input_set dofor all separate input records fi =(e,pi) dological_file_set : = fl;if f is connected to a model process p thenif <p,key(fi)> ˇ logical_file_set thenlogical_file_set : = logical_file_set ¨ <p,key(fi)>;find_logical_files_of_inputs (pi, logical_file_set);n : = |logical_file_set|;s : = number_of_data_items(fi);w : = input_weight(n, s);input_weight_set : = input_weight_set ¨ w.1 Algorithm 3.1 is a part of TUFPV(JSD) in Figure 1.4.

57procedure find_logical_files_of_inputs (pi, logical_file_set):-- parameter pi imports the address of each process action of the transaction-- parameter logical_file_set exports the internal logical files for the input dataflow-- local variable fj denotes a dataflow within the transaction-- local variable qj denotes a model or a function process action-- local variable pi denotes a model or a function process action-- local variable t denotes a state vector connection-- local variable v denotes a model process in a state vector connection t-- local variable p denotes the process with actions pi-- local variable q denotes the process with actions qjfor all incoming state vector connections t=(v,pi) doif v is a model process and t is unmarked thenmark(t);if <v, key(t)> ˇ logical_file_set thenlogical_file_set : = logical_file_set ¨ <v,key(t)>;for all outgoing dataflows fj=(pi, qj) doif q is a model process and fj is unmarked thenmark(fj);if <q, key(fj)> ˇ logical_file_set thenlogical_file_set : = logical_file_set ¨ <q, key(fj)>;find_logical_files_of_inputs (qj, logical_file_set)elsif q is a function process and fj is unmarked thenmark(fj);find_logical_files_of_inputs (qj, logical_file_set).With JSD each dataflow (record) leaving the application boundary should be counted as anoutput. The output dataflow is written either by a model process which contains an internalfunction or, in general, by a distinct function process. For example, the model processACCOUNT in Figure 3.5 contains an internal function which produces accountinformation into dataflow C. Often the function process is connected by incoming statevector connections to one or more model processes as shown by the function processREPORT-FN with incoming state vector connections s and t in Figure 3.5.Attributes of the output dataflows (records) are interpreted as referenced data items. Thestate vectors of the referenced model processes are interpreted as referenced files. Thekeys which determine the logical internal files are found as presented in connection withthe input types. But now we must traverse backwards along the process chains boundedby the output transaction. The key for a logical internal file <Q,key(fj)> is found from theincoming dataflow fj=(Pi,Qj) produced by an action Pi of process P and used by an actionQj of process Q.Algorithm 3.2 can be used to find and weight outputs from JSD specification diagrams.The algorithm is almost the same as Algorithm 3.1. The only exception is that inAlgorithm 3.2 we must go backwards through the dataflows, i.e. go through incomingdataflows to the chained processes. Correspondingly, the complexity of Algorithm 3.2 is

58also O(mn) where the number of output dataflow records is m and the total number ofdataflows and state vector connections in the processed specification diagram is n.Table 3.2 lists the procedures used in Algorithm 3.2, the complexity of each procedure(excluding work done in called procedures), and the calling structure of these procedures.The parameters and local variables are explained within each procedure of Algorithm 3.2.Local functions and procedures as well as special notations are explained in Appendix H.Table 3.2. Procedures, complexity, and calling structure of Algorithm 3.2.--------------------------------------------------------------------------------------------------------------------------------------ProcedureComplexityCalls--------------------------------------------------------------------------------------------------------------------------------------weights_of_outputs_JSDO(m) find_logical_files_of_outputsfind_logical_files_of_outputsO(n) --------------------------------------------------------------------------------------------------------------------------------------m = number of output dataflow recordsn = number of all dataflows and state vector connections--------------------------------------------------------------------------------------------------------------------------------------Algorithm 3.2. Finding and weighting of outputs in JSD.1procedure weights_of_outputs_JSD (output_set, output_weight_set):-- parameter output_set imports the output dataflows-- parameter output_weight_set exports the weights of the output dataflows-- local variable k counts the number of output dataflows in output_set-- local variable f denotes the output dataflow to be weighted-- local variable q denotes a starting (process) point for f-- local variable qj denotes an action of a model or a function process q-- local variable e denotes the ending point (external entity) for f-- local variable logical_file_set contains all logical files referenced by f-- local variable n counts the number of internal logical files referenced by f-- local variable s counts the number of data items of f-- local variable w counts the weight of f-- remark: at the beginning all dataflows are unmarked-- remark: output_weight_set is initialized in the main programk:= |output_set|;for all k output dataflows f=(q,e) with process q and external entity e in output_set dofor all separate output records fj =(qj,e) dological_file_set : = fl;find_logical_files_of_outputs (qj, logical_file_set);n : = |logical_file_set|;s : = number_of_data_items(fj);w : = output_weight(n, s);output_weight_set : = output_weight_set ¨ w.procedure find_logical_files_of_outputs (qj, logical_file_set):1 Algorithm 3.2 is a part of TUFPV(JSD) in Figure 1.4.

59-- parameter qj imports the address of each process action of the transaction-- parameter logical_file_list exports the internal logical files for the output dataflow-- local variable fj denotes a dataflow between two actions within the transaction-- local variable pi denotes a model or a function process action in a dataflow connection fj-- local variable q denotes a process with actions qj-- local variable qj denotes a model or a function process action in a dataflow connection fj-- local variable t denotes a state vector connection-- local variable v denotes a model process in a state vector connection tfor all incoming state vector connections t=(v,qj) doif v is a model process and t is unmarked thenmark(t);if <v, key(t)> ˇ logical_file_set thenlogical_file_set : = logical_file_set ¨ <v,key(t)>;for all incoming dataflows fj=(pi,qj) doif q is a model process and fj is unmarked thenmark(fj);if <q, key(fj)> ˇ logical_file_set thenlogical_file_set : = logical_file_set ¨ <q, key(fj)>;find_logical_files_of_outputs (pi, logical_file_set);elsif q is a function process and fj is unmarked thenmark(fj);find_logical_files_of_outputs (pi, logical_file_set).As an example, in Figure 3.5 there are two external outputs which both reference toCUSTOMER and ACCOUNT "files". The number of data items in output dataflow C isthree and the number of data items in output dataflow D is six. According to Dreger(1989), the balance of output dataflow D should be counted as a unique output, because itrequires different processing logic.1 This has been taken into account by counting separateoutput dataflow records. On this basis there are three unique outputs. Assuming that thenumber of logical internal files for both of the model processes is one, the number ofunadjusted function points for outputs will be 12.As with Structured Analysis, some data items can be missing, due to the later design of theuser interface, but it is essential that all input and output functions can be found whilecalculating the value of unadjusted function points for purposes of estimating project cost.3.2.2. External Inquiry TypesWhen function points are counted from a JSD specification diagram, an inquiry functioncannot contain a feedback dataflow to a model process. Such a situation would be inter-preted as an update2, not an inquiry. If needed, however, it is possible to connect separate1 See also footnote 2 on page 30.2 Uppdating is possible for the input type in FPA. See Section 3.2.1.

60function processes by a dataflow because it is assumed that a function process does notcontain a separate state vector.Figure 3.6(a) presents a typical JSD inquiry function (R) with state vector connection (s)to a model process (P). In Figure 3.6(b) we have an "interactive" function (R) with anadditional feedback dataflow connection (B) to a model process (P).

AKCAKCBPPRR(a) Inquiry function(b) Interactive function ssFigure 3.6. Inquiry and interactive functions.As with SA, an inquiry dataflow must be presented by an inquiry symbol (Figure 3.7). Ifan inquiry consists of two different (input and output) dataflows as in Figure 3.6(a), it isdifficult to differentiate inquiry types from input and output types.

KCInquiry inputInquiry outputRFigure 3.7. Proposal for an inquiry symbol.To find the file references and the number of data items referenced, the inquiry dataflow isdivided into separate input and output parts, which are then weighted as presented with in-put and output types, with two restrictions. An inquiry transaction cannot update a statevector of a model process; and based on the idea of inquiry functions, it is reasonable toallow only one inquiry input record and one inquiry output record per inquiry transaction.The above described principles for finding and weighting of external inquiries from JSDspecification diagrams are formalized in Algorithm 3.3, which can be used to automate thecounting process. The complexity of Algorithm 3.3 is O(2mn) = O(mn) where the total

61number of dataflows and state vector connections in the processed specification diagram isn, and the number of inquiry dataflows is m.Table 3.3 lists the procedures used in Algorithm 3.3, the complexity of each procedure(excluding work done in called procedures), and the calling structure of these procedures.The parameters and local variables are explained within each procedure of Algorithm 3.3.Local functions and procedures as well as special notations are explained in Appendix H.Table 3.3. Procedures, complexity, and calling structure of Algorithm 3.3.-------------------------------------------------------------------------------------------------------------------------------------------ProcedureComplexityCalls-------------------------------------------------------------------------------------------------------------------------------------------weights_of_inquiries_JSDO(m)find_logical_files_of_inputs1find_logical_files_of_outputs2find_logical_files_of_inputsO(n)find_logical_files_of_outputsO(n)-------------------------------------------------------------------------------------------------------------------------------------------m = number of inquiry dataflowsn = number of all dataflows and state vector connections-------------------------------------------------------------------------------------------------------------------------------------------Algorithm 3.3. Finding and weighting of inquiries in JSD.3procedure weights_of_inquiries_JSD (inquiry_set, inquiry_weight_set):-- parameter inquiry_set imports the inquiry dataflows-- parameter inquiry_weight_set exports the weights of the inquiry dataflows-- local variable logical_file_set contains all logical files referenced-- local variable m counts the number of inquiry dataflows in inquiry_set-- local variable f denotes the inquiry dataflow to be weighted-- local variable fI denotes the input part of f-- local variable fo denotes the output part of f-- local variable e denotes an external entity-- local variable p denotes a process-- local variable w counts the weight of f-- local variable nI counts the number of internal logical files for fI-- local variable sI counts the number of data items of fI-- local variable wI counts the weight of fI-- local variable no counts the number of internal logical files for fo-- local variable so counts the number of data items of fo-- local variable wo counts the weight of fo-- remark: inquiry_weight_set is initialized in the main programm := |inquiry_set|;for all m inquiry dataflows f = [fI,fo] in inquiry_set do1 See Algorithm 3.1.2 See Algorithm 3.2.3 Algorithm 3.3 is a part of TUFPV(JSD) in Figure 1.4. See also footnote 2 on page 32.

62select input part fI = (e,p) from inquiry dataflow f with external entity e and process p;logical_file_set : = fl;find_logical_files_of_inputs (p, logical_file_set)nI : = |logical_file_set|;sI : = number_of_data_items(fI);wI : = input_weight(nI, sI);select output part fo = (p,e) from inquiry dataflow f with process p and external entity e;logical_file_set : = fl;find_logical_files_of_outputs (p, logical_file_set)no : = |logical_file_set|;so : = number_of_data_items(fo);wo : = output_weight(no, so);w : = max(wI, wo);inquiry_weight_set : = inquiry_weight_set ¨ w.As an example, the number of unadjusted function points for the inquiry in Figure 3.6(a)is at least four when the weights recommended by Dreger (1989) are used.3.2.3. Logical Internal File TypesAn internal file type is represented in a JSD specification diagram by the state vector of amodel process. A state vector is normally updated by the incoming dataflows and used bythe outgoing state vector connections to other function or model processes. Keys by whichthe data of a model process are accessed must be contained in these dataflows and statevector connections. Accordingly, the number of keys used is equal to the number of logi-cal internal files included in each model process.For a logical internal file the notation <P,key(x)> is used, where P is a model process andx is either a dataflow, a state vector of process P, or an outgoing state vector connectionfor P1. Each logical internal file contains one or more logical record formats. These are de-termined by the name and key of incoming dataflows or outgoing state vector connections.For the logical record formats the notation <P,x,key(x)> is used, where P and x are de-fined as above.In FPA the relationships between files affect the number of unadjusted function points offile types. Thus, as discussed in Section 2.2.3, the entity model of the application must beknown. This model should direct the naming of JSD entities, i.e. model processes, be-cause thereby the relationships can be found with ease in the entity model.1 Shared file connections to external applications are excluded. Based on Dreger (1989), only those data itemsactually required by the application have to be taken into account. See also Section 2.2.3.

63Cameron (1988) gives an alternative interpretation for the relationships by claiming that aJSD model contains entities and attributes explicitly, and relationships implicitly. InCameron’s approach, each foreign key is reinterpreted as a relationship. A foreign key isan attribute of one entity which can act as an identifier for another entity. A JSD model,therefore, contains a simple and well-structured data model.The number of referenced data items can be found for each logical internal file as a unionof the data items for the corresponding logical records.The above described principles for finding and weighting of logical internal files from JSDspecification diagrams and corresponding ER-diagrams are formalized in Algorithm 3.4,which can be used to automate the counting process. Part of the information it uses is froman ER-diagram. The complexity of Algorithm 3.4 in the worst case is O(z1((z1-1)+z2+(z2)2)) = O(z1(z2)2), where the number of "internal" model processes1 in the specificationdiagram is z1 and the number of actions is z2. In the worst case all actions of the specifica-tion per model process are processed and there is a relationship between each model pro-cess pair. As it is reasonable to assume that z2 >z1, the complexity can be said to be in theworst case O(z1(z2)2).Table 3.4 lists the procedures used in Algorithm 3.4, the complexity of each procedure(excluding work done in called procedures), and the calling structure of these procedures.The parameters and local variables are explained within each procedure of Algorithm 3.4.Local functions and procedures as well as special notations are explained in Appendix H.Table 3.4. Procedures, complexity, and calling structure of Algorithm 3.4.------------------------------------------------------------------------------------------------------------------------------ProcedureComplexityCalls------------------------------------------------------------------------------------------------------------------------------weights_of_logical_files_JSDO(z1(z2)2+(z1)2-z1))find_logical_records_and_filesfind_logical_records_and_filesO(z2)------------------------------------------------------------------------------------------------------------------------------z1 = number of model processesz2 = number of all actions------------------------------------------------------------------------------------------------------------------------------Algorithm 3.4. Finding and weighting of logical internal files in JSD.21 The passed file model processes are excluded here. They are explained in Section 3.2.4 and weighted byAlgorithm 3.5.2 Algorithm 3.4 is a part of TUFPV(JSD) in Figure 1.4.

64procedure weights_of_logical_files_JSD(model_process_set, file_weight_set):-- parameter model_process_set imports the model processes excluding "passed files" (see Section 3.2.4)-- parameter file_weight_set exports the weights of the internal logical files-- local variable z1 counts the number of model processes in model_process_set-- local variable q denotes the model process to be divided into logical files-- local variable r counts the number of relationships for q-- local variable logical_record_set contains all logical records of q-- local variable logical_file_set contains all logical internal files of q-- local variable l counts the number of logical record formats for a logical file <q,k>-- local variable unique_data_item_set contains the unique data items collected from <q,c,k> of <q,k>-- local variable n counts the maximum of r and l-- local variable s counts the number of data items of a logical file <q,k>-- local variable w counts the weight of a logical file <q,k>-- remark: file_weight_set is initialized in the main programz1 := |model_process_set|;for all z1 "internal" model processes q in model_process_set dor : = number_of_relationships(q);logical_record_set : = fl;logical_file_set : = fl;find_logical_records_and_files(q, logical_record_set, logical_file_set);for all logical files <q,k> in logical_file_set dol : = 0;unique_data_item_set := fl;for all logical record formats <q,c,k> in logical_record_set doif <q,c,k> is a logical record format of logical file <q,k> thenl := l+1;unique_data_item_set := unique_data_item_set ¨ data_items(<q,c,k>);n : = max(r,l);s : = |unique_data_item_set|;w : = file_weight(n, s);file_weight_set : = file_weight_set ¨ w.procedure find_logical_records_and_files(q, logical_record_set, logical_file_set):-- parameter q imports the address of the model process in the specification diagram-- parameter logical_record_set exports the logical records for q-- parameter logical_file_set exports the logical files for q-- local variable fj denotes a dataflow from action pi to action qj-- local variable pi denotes an action of p-- local variable qj denotes an action of q-- local variable vk denotes an action of process v-- local variable t denotes a state vector connection from q-- local variable e denotes an external applicationfor all incoming dataflows fj=(pi,qj), excluding the shared file connections to external applications doif <q,fj,key(fj)> ˇ logical_record_set thenlogical_record_set : = logical_record_set ¨ <q,fj,key(fj)>;if <q,key(fj)> ˇ logical_file_set thenlogical_file_set : = logical_file_set ¨ <q,key(fj)>;for all outgoing state vector connections t=(q,vk), excluding the shared file connections to externalapplications doif <q,t,key(t)> ˇ logical_record_set thenlogical_record_set : = logical_record_set ¨ <q,t,key(t)>;if <q,key(t)> ˇ logical_file_set thenlogical_file_set : = logical_file_set ¨ <q,key(t)>.As an example, in Figure 3.8 three logical (internal) files are connected to the model pro-cess P. Each file has a different key. The model process Q operates only on one logical

65internal file. Thus, there are four different logical internal files for these two model pro-cesses.

APQB

G

CREDSF tuvkey: akey: a+bkey: bforeign key: ckey: bkey: c key: cFigure 3.8. Logical internal files in a specification diagram.In Figure 3.8 there is also one logical relationship between processes P and Q based on thestate vector connections u and v, which form a relationship by means of the foreign key c.This relationship is connected to a part of P having an attribute b as the key. Hence thenumber of unadjusted function points for the logical files is at least 28 when the number ofreferenced data items for the logical files is not known.3.2.4. External Interface File TypesA transaction file is presented in a JSD specification diagram by a dataflow between appli-cations. It is not possible to describe explicitly the conversion of transaction files in aspecification diagram without exact process descriptions. It is, however, possible to han-dle the conversion in the same way as with dataflow diagrams in Section 2.5 bycomparing the input and output dataflows of the transaction process that processes thetransaction dataflow.A shared master file is presented in a JSD specification diagram by a model process withan outgoing state vector connection to the external application and with an incomingdataflow from the external application. Both applications can use and update the sharedmaster file.To find a concept equivalent to the notion of external data store in SA, it is necessary to de-scribe a master file passed from an external application by a combination of a dataflow and

66a special model process that receives the dataflow and serves as a "data store" with its statevector. For a master file passed to the external application we could use a correspondingmodel process and dataflow combination. It is not reasonable in JSD to present an external"data store" explicitly at the level of the specification diagram, because it would require anew symbol and would also be against the philosophy of JSD.Thus, we have four types of dataflows in JSD: "normal" dataflows, transaction dataflows,passed file dataflows, and dataflows that update shared files. The types of dataflows mustbe given in the data dictionary.1For an external application the same symbol, double rectangle, will be applied, as wasproposed for a dataflow diagram in Section 2.2.4. Consequently, the interface file typescan be represented in a specification diagram as illustrated in Figure 3.9.Figure 3.9(a) contains three transaction file connections between application X and the ex-ternal application Y. The external application Y writes dataflow A to the model process P,which in turn writes dataflow B as a transaction file to the external application Y. The thirdtransaction is an inquiry dataflow connection. Application XYApplication XYBAKPC

PFSFA s

Bt PQ

Cu(a) Transaction file interface (b) Shared file (SF) and passed file (PF) interfacesFigure 3.9. Principles of interfaces.1 In JSD it is also possible to inspect and maintain the state vector of an "external" model process. In thisthesis, however, an external application is interpreted more broadly.

67Figure 3.9(b) shows one passed file connection between the external application Y and theobject application X, on the other hand, and one shared file, on the other. The combinationof special model process PF with dataflow A is interpreted as a passed master file. Thestate vector of process PF could contain, for example, account numbers sent by the exter-nal application Y. The process P then uses these account numbers.The shared file SF in Figure 3.9(b) is used by the process Q via a state vector connection uand by the external application Y via a state vector connection t. The shared file SF is alsoupdated by both applications (dataflows B and C).The above described principles for finding and weighting of external interface files fromJSD specification diagrams and corresponding ER-diagrams are formalized in Algorithm3.5, which can be used to automate the counting process. The main procedure is namedweights_of_interface_JSD. It calls subprocedures that find and weight the interface inputs,interface outputs, interface inquiries, interface external files, and interface shared files. Thesubprocedures also use the procedures of the previous algorithms to find logical files.The complexity of Algorithm 3.5 in the worst case is O(m1n+m2n+2m3n+t1(z1-1)+t2(z1-1+m4+m42)) = O(n(m1+m2+m3)+z1(t1+t2)+t2(m4+m42)-t1-t2) where the number of modelprocesses in the specification diagram is z1, the number of all dataflows and state vectorconnections is n, the number of interface inputs is m1, the number of interface outputs ism2, the number of interface inquiries is m3, the number of passed file connections is t1,the number of shared file connections to external applications is m4, and the number ofshared model processes is t2.Table 3.5 lists the procedures used in Algorithm 3.5, the complexity of each procedure(excluding work done in called procedures), and the calling structure of these procedures.The parameters and local variables are explained within each procedure of Algorithm 3.5.Local functions and procedures as well as special notations are explained in Appendix H.Table 3.5. Procedures, complexity, and calling structure of Algorithm 3.5.-------------------------------------------------------------------------------------------------------------------------------------------

68ProcedureComplexityCalls-------------------------------------------------------------------------------------------------------------------------------------------weights_of_interfaces_JSDO(5)weights_of_interface_inputsweights_of_interface_outputs weights_of_interface_inquiriesweights_of_interface_passed_filesweights_of_interface_shared_filesweights_of_interface_inputsO(m1) find_logical_files_of_inputs1weights_of_interface_outputsO(m2) find_logical_files_of_outputs2weights_of_interface_inquiriesO(m3) find_logical_files_of_inputs1find_logical_files_of_outputs2weights_of_interface_passed_filesO(t1(z1-1)) weights_of_interface_shared_filesO(t2(z1-1+(m4)2)) find_logical_records_and_filesfind_logical_files_of_inputsO(n)find_logical_files_of_outputsO(n)find_logical_records_and_filesO(m4)-------------------------------------------------------------------------------------------------------------------------------------------m1= number of interface input dataflow recordsm2= number of interface output dataflow recordsm3= number of interface inquiry dataflowsm4= number of shared file interface connectionsn = number of all dataflows and state vector connectionst1= number of passed model process connectionst2= number of shared model process connectionsz1 = number of model processes-------------------------------------------------------------------------------------------------------------------------------------------Algorithm 3.5. Finding and weighting of external interface files in JSD.3procedure weights_of_interfaces_JSD(interface_input_set, interface_output_set, interface_inquiry_set,external_file_set, shared_file_set, input_weight_set,output_weight_set, inquiry_weight_set,interface_file_weight_set, file_weight_set):-- parameter interface_input_set imports the interface input dataflows-- parameter input_weight_set exports the weights of the interface input dataflows-- parameter interface_output_set imports the interface output dataflows-- parameter output_weight_set exports the weights of the interface output dataflows-- parameter interface_inquiry_set imports the interface inquiry dataflows-- parameter inquiry_weight_set exports the weights of the interface inquiry dataflows-- parameter passed_file_set imports the interface passed file connections-- parameter interface_file_weight_set exports the weights of the interface files-- parameter shared_file_set imports the interface shared file connections-- parameter file_weight_set exports the weights of the internal logical filesweights_of_interface_inputs(interface_input_set, input_weight_set, interface_file_weight_set);weights_of_interface_outputs(interface_output_set, output_weight_set, interface_file_weight_set);weights_of_interface_inquiries(interface_inquiry_set, inquiry_weight_set, interface_file_weight_set);weights_of_interface_passed_files(passed_file_set, file_weight_set, interface_file_weight_set);weights_of_interface_shared_files(shared_file_set, interface_file_weight_set).procedure weights_of_interface_inputs (interface_input_set, input_weight_set,1 See Algorithm 3.1.2 See Algorithm 3.2.3 Algorithm 3.5 is a part of TUFPV(JSD) in Figure 1.4.

69interface_file_weight_set):-- parameter interface_input_set imports the interface input dataflows-- parameter input_weight_set exports the weights of the interface input dataflows-- parameter interface_file_weight_set exports the weights of the transaction files-- local variable k1 counts the number of interface input dataflows in interface_input_set-- local variable f denotes the interface input dataflow in interface_input_set-- local variable e denotes an external application-- local variable p denotes a process-- local variable fi denotes a record of f-- local variable pi denotes an action of p-- local variable logical_file_set contains all logical internal files referenced by fi-- local variable n counts the number of logical internal files referenced by fi-- local variable s counts the number of data items of fi-- local variable w counts the weight of fi-- remark: input_weight_set is initialized in the main program-- remark: interface_file_weight_set is initialized in the main programk1 := |interface_input_set|;for all k1 interface input dataflows f=(e,p) with external application e and process p ininterface_input_set dofor all separate interface input records fi=(e,pi) dological_file_set : = fl;if f is connected to a model process p thenlogical_file_set : = logical_file_set ¨ <p,key(fi)>;find_logical_files_of_inputs (pi, logical_file_set);n : = |logical_file_set|;s : = number_of_data_items(f);w : = input_weight(n, s);input_weight_set : = input_weight_set ¨ w;if fi is converted thenn : = number_of_logical_record_formats(fi);w : = interface_file_weight(n,s);interface_file_weight_set : = interface_file_weight_set ¨ w.procedure weights_of_interface_outputs(interface_output_set, output_weight_set,interface_file_weight_set):-- parameter interface_output_set imports the interface output dataflows-- parameter output_weight_set exports the weights of the interface output dataflows-- parameter interface_file_weight_set exports the weights of the transaction files-- local variable k2 counts the number of interface output dataflows in interface_output_set-- local variable f denotes the interface output dataflow in interface_output_set-- local variable fj denotes a record of f-- local variable e denotes an external application-- local variable q denotes a process-- local variable qj denotes an action of q-- local variable logical_file_set contains all logical files referenced-- local variable n counts the number of internal logical files-- local variable s counts the number of data items of fj-- local variable w counts the weight of fj-- remark: output_weight_set is initialized in the main program-- remark: interface_file_weight_set is initialized in the main programk2 := |interface_output_set|;for all k2 interface output dataflows f=(q,e) with external application e and process q ininterface_output_set dofor all separate output records fj=(qj,e) dological_file_set : = fl;

70find_logical_files_of_outputs (qj, logical_file_set);n : = |logical_file_set|;s : = number_of_data_items(fj);w : = output_weight(n, s);output_weight_set : = output_weight_set ¨ w;if fj is converted thenn : = number_of_logical_record_formats(fj);w : = interface_file_weight(n,s);interface_file_weight_set : = interface_file_weight_set ¨ w.procedure weights_of_interface_inquiries(interface_inquiry_set, inquiry_weight_set,interface_file_weight_set):-- parameter interface_inquiry_set imports the inquiry dataflows-- parameter inquiry_weight_set exports the weights of the inquiry dataflows-- parameter interface_file_weight_set exports the weights of the transaction files-- local variable k3 counts the number of interface inquiry dataflows in interface_inquiry_set-- local variable f denotes the interface inquiry dataflow in interface_inquiry_set-- local variable fI denotes the input part of f-- local variable fo denotes the ouput part of f-- local variable e denotes an external application-- local variable p denotes a process-- local variable logical_file_set contains all logical files referenced-- local variable w counts the weight of f-- local variable nI counts the number of internal logical files for fI-- local variable sI counts the number of data items of fI-- local variable wI counts the weight of fI-- local variable no counts the number of internal logical files for fo-- local variable so counts the number of data items of fo-- local variable wo counts the weight of fo-- remark: inquiry_weight_set is initialized in the main program-- remark: interface_file_weight_set is initialized in the main programk3 := |interface_inquiry_set|;for all k3 interface inquiry dataflows f = [fI,fo] in interface_inquiry_set doselect input part fI = (e,p) from f with external application e and process p;logical_file_set : = fl;find_logical_files_of_inputs (p, logical_file_set);nI : = |logical_file_set|;sI : = number_of_data_items(fI);wI : = input_weight(nI, sI);if fI is converted thenn : = number_of_logical_record_formats(fI);w : = interface_file_weight(n,sI);interface_file_weight_set : = interface_file_weight_set ¨ w;select output part fo = (p,e) from inquiry dataflow f with process p and external application e;logical_file_set : = fl;find_logical_files_of_outputs (p, logical_file_set);no : = |logical_file_set|;so : = number_of_data_items(fo);wo : = output_weight(no, so);w : = max(wI, wo);inquiry_weight_set : = inquiry_weight_set ¨ w;if fo is converted thenn : = number_of_logical_record_formats(fo);w : = interface_file_weight(n,so);interface_file_weight_set : = interface_file_weight_set ¨ w.procedure weights_of_interface_passed_files(passed_file_set, file_weight_set,interface_file_weight_set):

71-- parameter passed_file_set imports the interface passed file connections-- parameter interface_file_weight_set exports the weights of the interface files-- parameter file_weight_set exports the weights of the logical internal files-- local variable t1 counts the number of passed files in passed_file_set-- local variable c denotes the passed file connection-- local variable p denotes a passed file (model process) in c-- local variable e denotes an external application in c-- local variable f denotes a dataflow between p and e in c-- local variable r counts the number of relationships for p-- local variable s counts the number of data items of p-- local variable w counts the weight of p-- remark: interface_file_weight_set is initialized in the main program-- remark: file_weight_set is initialized in the main programt1 := |passed_file_set|;for all t1 passed file connections c=(p,f,e) or c=(e,f,p), where p is a model process corresponding to thepassed file, e is an external application and f is a dataflow between p and e in passed_file_set dor : = number_of_relationships(p);s : = number_of_data_items(p);w : = interface_file_weight(r, s);interface_file_weight_set : = interface_file_weight_set ¨ w;if c=(p,f,e) (i.e. p is sent to external application e) thenw : = file_weight(r,s);file_weight_set : = file_weight_set ¨ w.procedure weights_of_interface_shared_files(shared_file_set, interface_file_weight_set):-- parameter shared_file_set imports the interface shared file connections-- parameter interface_file_weight_set exports the weights of the interface files-- local variable t2 counts the number of shared files in shared_file_set-- local variable q denotes the shared file in c-- local variable r counts the number of relationships for q-- local variable logical_record_set contains all logical records of q-- local variable logical_file_set contains all logical files of q-- local variable l counts the number of logical record formats for the logical file determined by key(c)-- local variable n counts the maximum of r and l-- local variable s counts the number of data items of the shared file q-- local variable w counts the weight of the logical file <q,key(c)>-- remark: interface_file_weight_set is initialized in the main programt2 := |shared_model_process_set|;for all t2 shared model processes q in shared_model_process_set dor : = number_of_relationships(q);logical_record_set : = fl;logical_file_set : = fl;find_logical_records_and_files(q, logical_record_set, logical_file_set);for all logical files <q,k> in logical_file_set dol : = 0;unique_data_item_set := fl;for all logical record formats <q,c,k> in logical_record_set doif <q,c,k> is a logical record format of logical file <q,k> thenl := l+1;unique_data_item_set := unique_data_item_set ¨ data_items(<q,c,k>);n : = max(r,l);s : = |unique_data_item_set|;w : = interface_file_weight(n, s);interface_file_weight_set : = interface_file_weight_set ¨ w.procedure find_logical_records_and_files(q, logical_record_set, logical_file_set):-- parameter q imports the address of the shared model process in the specification diagram

72-- parameter logical_record_set exports the logical records for q-- parameter logical_file_set exports the logical files for q-- local variable e denotes an external application-- local variable qj denotes an action of q-- local variable fj denotes a dataflow from e to qj-- local variable t denotes a state vector connection from q to efor all incoming dataflows fj=(e,qj) from external applications e doif <q,fj,key(fj)> ˇ logical_record_set thenlogical_record_set : = logical_record_set ¨ <q,fj,key(fj)>;if <q,key(fj)> ˇ logical_file_set thenlogical_file_set : = logical_file_set ¨ <q,key(fj)>;for all outgoing state vector connections t=(q,e) to external applications e doif <q,t,key(t)> ˇ logical_record_set thenlogical_record_set : = logical_record_set ¨ <q,t,key(t)>;if <q,key(t)> ˇ logical_file_set thenlogical_file_set : = logical_file_set ¨ <q,key(t)>.As an example, the minimum number of unadjusted function points for the transactionfiles in Figure 3.9(a) is 11 assuming that no conversions are needed. For the passed fileand shared file in Figure 3.9(b) at least 15 unadjusted function points as interfaces can becalculated, provided that B and t reference different logical groups of user data.3.3. SummaryIn this chapter it has been shown that FPA can also be applied to JSD specification dia-grams. The principles are quite similar to SA descriptions when the model processes inJSD are interpreted to correspond to data stores in SA.SpecificationdiagramStructurediagramsDatadictionaryFPA(JSD)TUFPV(JSD)Entity-relationshipdiagram

Figure 3.10. Components for counting unadjusted function points in JSD.

73The interpretation of the interfaces in JSD are not as clear as in SA. In particular, the dif-ference between transaction files and passed master files between applications is not easyto recognize. Figure 3.10 summarizes the components needed to automate the countingprocess.1 The entity-relationship diagram has been used in these algorithms, although, asdiscussed in Section 3.2.3, this is not obligatory. This optionality is shown by a brokenline in Figure 3.10.Although the JSD method is not currently popular in CASE-tools, it is much referenced inthe literature and probably will become more common in the future. This is why JSD wasselected as another object method for FPA in this thesis. The FPA algorithms for JSDhave not yet been implemented but the graphical interface for JSD has been programmed(Hyttinen 1990). This makes the implementation possible in the near future.4. METHODICAL EQUIVALENCE1 See also Figure 1.4.

74During the system analysis phase, a logical system description can be formed by theJackson System Development method (JSD), by Structured Analysis (SA), or by someother method. If two or more of these methods are used, or if it is desirable to move froma method to another, the common features of these methods must be understood. This un-derstanding can provide a basis for transforming descriptions from one method to another(Rask 1990b).Two methods are said to be equivalent if they can be used to describe the same basic func-tions. If the corresponding basic components of one method can be described by usinganother method, it is possible to convert the component descriptions from the first methodto the other. In Section 4.1 the equivalence between JSD and SA is shown. The purposeof showing the equivalence between these two methods is to increase the credibility of theFPA algorithms introduced in Chapters 2 and 3 and to help achieve method-independentenvironments for software development.4.1. Transformation between JSD and SAThere are certain similarities between JSD specification diagrams and dataflow diagrams ifthe component types (sequence, selection and iteration) of JSD structure diagrams and the"conditionality" (* and ¯) of SA dataflows are excluded.1 The state vector of a JSD modelprocess is described by a data store in a dataflow diagram. The dataflows in these twomethods correspond to each other. If the actions in JSD processes are not taken into ac-count, the JSD processes can be interpreted as SA processes.

APPSVBQSVQCR

KDxyE

Figure 4.1. Example of a dataflow diagram after transformation.1 See Sections 2.1 and 3.1.

75Figure 4.1 gives an example of transforming the JSD specification diagram of Figure 3.2into a dataflow diagram. In the following two sections, transformation from JSD to SAand transformation from SA to JSD will be considered.14.1.1. Transformation from JSD to SAAn action of a structure diagram in the JSD method can be transformed to a functionalprimitive in a dataflow diagram of the SA method. After this transformation the dataflowin the resulting dataflow diagram must be divided between the processes corresponding tothe actions in a JSD structure diagram. Figure 4.2 gives an example of interpreting aspecification diagram (which contains a structure diagram) as a dataflow diagram.PABAAAPPPSVBB

P1P2121212

B(a) JSD diagram: one model process (P)(b)SA dataflow diagram: two processes (P1, P2)with two actions (P1 and P2). and one data store corresponding to the JSD state vector.Figure 4.2. Transformation of a JSD specification to an SA dataflow diagram.The JSD diagram in Figure 4.2(a) contains one model process (P), an input dataflow A, anoutput dataflow B, and two actions of P. In the corresponding SA dataflow diagram(Figure 4.2(b)) the input dataflow A has been diverged into two branches A1 and A2, andit is assumed that both P1 and P2 write and read the data store PSV (the original state vec-tor of the model process P). Finally, the decomposed output dataflow has been combinedinto one dataflow B supposing that both SA processes, P1 and P2, write an output record.It is also possible that the dataflow A in Figure 4.2 is not diverged during the transforma-tion, because it can be decomposed into separate records. Thus one incoming dataflow Aiper SA process Pi can be drawn. In practice, some of the JSD actions (SA processes) Pi1 The notations are partly based on personal communication with Associate Professor Jorma Sajaniemi.

76do not write a record (dataflow). Accordingly, the number of incoming dataflows can dif-fer from the number of outgoing dataflows. It is possible to examine which of the pro-cesses Pi should write and which only read the data store PSV. This examination can bebased on the structure text of each model process. In general, each input and outputdataflow of a model process can be interpreted as described in Figure 4.3.

ABAPiPSV

...1AiBB1jP

1i...(a) JSD component (b) SA componentFigure 4.3.Basic structures of external input/output transformations for a modelprocess.When two model processes P and Q are connected to one dataflow B, the process decom-position principle shown in Figure 4.3 can be used. The divided dataflows Bj from pro-cesses Pi must, however, be connected to processes Qk. Figure 4.4 shows the result ofthis transformation. Here it is assumed that a JSD process P has i actions which receive hinput records, and j of the actions produce a record into dataflow B. These j records areconsumed by process Q producing l records into dataflow C.A..PiPSV

...1AhBB1jQQSVkCC1l......

Figure 4.4. Transformation of model processes connected with one dataflow.It is possible that a JSD process P has more than one incoming dataflow or more than oneoutgoing dataflow. For example, when there is a feedback dataflow E from model processQ back to model process P, the previous model in Figure 4.4 acquires the form presentedin Figure 4.5. The feedback dataflow E references the data store PSV of the receiving SAcomponent. An extra process Pi+1 may be needed to manage this new dataflow. If noneof the Qk processes produces the feedback dataflow E, an extra producer Qk+1 is alsoneeded.

77A..Pi+1PSV

...1AhBB1jQQSVk+1CC1l......

EFigure 4.5. Feedback between model processes.If there is a state vector connection between two model processes, i.e. from a model pro-cess P to a model process Q, the state vector is replaced by a dataflow from the data storePSV to an action process that corresponds to the "reading" action in the JSD diagram. Inthis situation no separate connection is established to data store QSV1.Connections between two function processes, and between a function process and a modelprocess, are treated similarly to that depicted for model processes. When needed, a func-tion process can be decomposed into separate actions. A function process should not,however, contain its own state vector2. As can be seen in Figure 4.6, where the connec-tion of a function process to a model process via a state vector connection is generalized,these cases are equivalent. The state vector connection in JSD is replaced by a dataflow inSA, and the external inputs and outputs are equivalent.PPSV

RR(a) JSD component (b) SA componentFigure 4.6. Connection of a function process to a model process.In JSD it is also possible to merge two or more dataflows. This is equivalent to the princi-ples shown in Figures 2.3 and 3.3. Figure 4.7 summarizes the equivalence of the princi-ples, indicating how to merge dataflows A and B into one combined dataflow A&B.1 In Algorithm 3.4 this possibility is also excluded by excluding incoming state vector connections whenthe logical records and files were defined. It is assumed that the state vector of a model process is uppdatedby incoming dataflows.2 See also Section 3.2. 78

ABA&BPPABA&B(a) Merging in JSD(B) Merging in SAFigure 4.7. Merging the dataflows.Now the basic component transformations from JSD to SA have been illustrated. Whenthe component transformations are known, these components can be combined to obtainmore complicated structures. This is illustrated in Figure 4.8 which generalizes Figure4.1.The dataflow diagram that takes into account the structure of processes in a specificationdiagram can be understood as a refinement of a dataflow diagram which corresponds to aspecification diagram without process structures. An example of the top level transforma-tion was depicted in Figure 4.1.A..PiPSV

...1AiBB1jQQSVk+1CC1l......

xKRDyE

Figure 4.8. Generalization of Figure 4.1.Algorithm 4.1 gathers together the principles for transforming a JSD specification into adataflow diagram of SA. The main procedure transform_JSD_to_SA first performs thebasic transformations and then calls for the specific transformation procedures. Clearly,the complexity of Algorithm 4.1 is polynomial. To use the algorithm, the communicationbetween processes at the action level has to be known.

79Algorithm 4.1. Transformation from JSD to SA.1procedure transform_JSD_to_SA(JSD, SA):-- parameter JSD imports the JSD specification diagram including actions-- parameter SA exports tha dataflow diagram of Structured Analysis-- remark: JSD and SA structures are understood to be global for the procedures below-- remark: the meaning of each local variable is implicitly clearfor all external entities E in JSD dointroduce a terminator T in SA;for all processes P in JSD dofor all actions Pi of P in JSD dointroduce a functional primitive, an action process, Pi in SA;if P is a model process thenintroduce a data store PSV in SA;for all pairs (A,P) where P is a process and A is an input dataflow from an external entity in JSD domanage_inputs(A,P);for all pairs (P,B) where P is a process and B is an outgoing dataflow in JSD domanage_outputs(P,B);for all state vector connections S between process P and process R in JSD dosubstitute S by a dataflow from the data store PSV to the required actionprocess Ri of R in SA.procedure manage_inputs(A,P):-- parameter A imports the current input dataflow used by the process P-- parameter P imports the current model or function process using the input dataflow Afor all input records Ai = (E,Pi) in JSD doform an input dataflow Ai = (E,Pi) for the action process Pi in SA;if P is a model process thenif Ai updates PSV thenconnect Pi into the data store PSV.procedure manage_outputs(P,B):-- parameter P imports the current process producing the outgoing dataflow B-- parameter B imports the current outgoing dataflow produced by the process Pfor all actions Pi of P in JSD dofor all output records Bj of Pi in JSD doif the destination of Bj is an external entity E thenform an output dataflow Bj = (Pi,E) in SAelsif the destination of Bj is a model process Q thenform an incoming dataflow Bj = (Pi,Qk) for the action process Qk in SA;if Bj updates QSV thenconnect Qk into the data store QSVelsif the destination of Bj is a function process F thenform an incoming dataflow Bj = (Pi,Fk) for the action process Fk in SA;if Bj uses PSV thenconnect the data store PSV to Pi.4.1.2. Transformation from SA to JSD1 Algorithm 4.1 does not explicitly deal with the features of FPA.

80The opposite transformation - from a SA dataflow diagram to a JSD specification diagram- is more informal, demanding more application knowledge. It is not necessarily knownwhich entities are carrying out the actions described in a dataflow diagram; in addition,SA-actions do not always correspond to JSD-actions - they may also be JSD-functions.Therefore, it is possible to draw different JSD specification diagrams from one dataflowdiagram, if not enough is known about the application. An example of this is given inFigures 4.9 and 4.10.PQRYX

ACDB

Figure 4.9. Example of a dataflow diagram.In Figure 4.10 two interpretations of Figure 4.9 are demonstrated. The first interpretationhas two model processes (X and Y) corresponding to the data stores in Figure 4.9. Themodel process X has two actions (P and Q) connected with it, and the model process Yhas one action (R).

XYXYQPQR

ACDBACBDFigure 4.10. Two interpretations of the dataflow diagram in Figure 4.9.The second interpretation in Figure 4.10 also has two model processes (X and Y), but ac-tion Q has been replaced by a function process Q. In this example nothing is known aboutthe application or the meaning of the processes in Figure 4.9. Accordingly, it is impossible

81to say which of the solutions in Figure 4.10 is correct. However, it is possible to do thetransformation, when we have sufficient knowledge of the application.4.2. SummaryIn this chapter it has been shown that a JSD specification can be interpreted as an SAspecification and, with some restrictions, vice versa. The transformation from JSD to SAcan be done algorithmically. The transformation from SA to JSD requires more knowl-edge. With current knowledge engineering technology it is not impossible to formalize allof this knowledge so that the human analyst can be completely freed from intervening inthe transformation process.The purpose of the transformations in this thesis is to increase the credibility of the FPAalgorithms introduced in Chapters 2 and 3. In the following chapter the structure presentedin Figure 1.4 will be further verified.In general, to increase the productivity of software projects, it should be possible to trans-form dynamically from one method to another. This transformation facility should be oneof the functions of a CASE system. Current CASE-tools do not, however, support thisprocess.5. VALIDATION OF THE FPA ALGORITHMS AND THE TRANSFORMATION RULES

82In Chapters 2 and 3 algorithms to calculate the value of Albrecht’s (1979) unadjustedfunction points from SA and JSD descriptions were given. In Chapter 4 an attempt wasmade to improve the credibility of Algorithms 2.1-2.5 and Algorithms 3.1.-3.5 by show-ing the methodical equivalence between SA and JSD. In this chapter the usability of the al-gorithms is further analyzed by reporting on empirical experiments.In Section 5.1 the results given by Algorithms 2.1-2.5 are verified. This is made by ana-lyzing correlations between the results of Algorithms 2.1-2.5 and two other specificationlevel metrics: DeMarco’s (1982) Function Bang metric1 and Symons’s (1988; 1991) MarkII metric2. It is shown that the results of the analysis are in line with our general knowl-edge of the characteristics of the metrics. The experiment is carried out on two differenttest materials.In Section 5.2 Algorithms 3.1-3.5 are verified in two experiments. It is now assumed thatthe results given by Algorithms 2.1-2.5 for SA descriptions in Section 5.1 are correct. TheSA test material is transformed by hand to JSD and Algorithms 3.1-3.5 are applied to theJSD specifications. The experiment is then repeated with another test material, but now theJSD specifications are produced and measured first; after that corresponding SA descrip-tions are produced and measured. The purpose of the analysis is to indicate that there is nosignificant difference between the results given by Algorithms 2.1-2.5 and those by Algo-rithms 3.1-3.5.Section 5.3 shows that the transformation of Algorithm 4.1 preserves TUFPV. It is nowassumed that the results of Algorithms 2.1-2.5 and Algorithms 3.1-3.5 are correct. Firstthe JSD test material produced in the second experiment of Section 5.2 is measured. ThenAlgorithm 4.1 is used to transform the JSD specification into the corresponding SA speci-fication. After the transformation the SA specification is measured. Together with the re-sults of the other experiments, the TUFPV-preserving nature of the transformation givesevidence for the "soundness" of the structure of this study introduced by Figure 1.4 inChapter 1.5.1. Validation of FPA Algorithms for SA DescriptionsIn this section it is shown that the Algorithms 2.1-2.5 are consistent with the Symons’sMark II and DeMarco’s Function Bang metrics. Consistency means that the two metrics1 A short description of Function Bang metric is given in Appendix I.2 A short description of Mark II metric is given in Appendix J.

83correlate with the results of Algorithms 2.1-2.5 in the same way as they would correlatewith TUFPV. To do this, two experiments are carried out. The object system of the firstexperiment is a case study from the literature which contains a small set of SA descrip-tions. The case study provides well-known test material. The object system of the secondexperiment consists of a set of randomized SA descriptions. This provides more versatilematerial compared with the literature case study.5.1.1. A Preliminary Test Using a Well-known Test MaterialThe goal of this experiment is to show that the algorithms of Chapter 2 measure the valueof Albrecht’s unadjusted function points (TUFPV) correctly. This is proved by comparingthe results with the values of Mark II and Function Bang metrics. As the characteristics ofeach metric are known, it is also known how the values of the metrics should correlate.Research designThe object system to be measured is The Yourdon Press Case Study (Yourdon 1989),which contains dataflow diagrams, an entity-relationship diagram, a data dictionary, andprocess descriptions.1By definition, when DeMarco’s Function Bang is calculated, only the dataflow diagram isused. When Albrecht’s Function Point Analysis is carried out by the algorithms of Chapter2 the dataflow diagram and the entity-relationship diagram are used. By definition, theMark II metric uses the entity-relationship diagram, but the dataflow diagram is alsoneeded when he transactions are analyzed. The data items are counted from the data dic-tionary presented in the case study.To compare the metrics the separate eight processes on the top level have been interpretedas separate systems:1. Process Orders,2. Manage Customers,3. Produce Accounting Reports,4. Manage Printers,1 In the Case Study descriptions there are some defects, which can be found by comparing the diagrams andthe process descriptions. An attempt has been made to correct the dataflow and ER-diagrams before mea-surements. For example, the description of Process Orders (process 1.1) has been changed as shown inAppendix D. The corrected ER-diagram is shown in Appendix L.

845. Create New Book Record,6. Interact with Marketing,7. Interact with Warehouses, and8. Interact with Authors.In this study the files on the top level are not interpreted as interfaces, but as internal filesof each process referenced. If the files had been interpreted as interfaces, the number ofunadjusted function points would have increased enormously. For example, file BOOKSinside subsystem 1 (Process Orders) would take part in 19 interfaces with the other sub-systems, and the number of unadjusted function points for these interfaces would be 95.This is unreasonable when compared with the values in Table 1.1. The normal minimalityprinciple in systems development is applied, which aims to minimize the number of inter-faces at each level of abstraction.This experiment can be thought of as a sample of a possible system space. The only prob-lem is the size of the sample, but this is not unusual in computer science experiments (e.g.Symons 1988, Bourque & C�t� 1991). The problem with a small sample may be a testcase that significantly differs from the other test cases and affects the result by decreasingthe correlation.Table 5.1. Properties of the object subsystems.----------------------------------------------------------------------------------------------------------------------------------Sub- Functional Data Input Output Inquiry Processsystem Primitives stores flows flows flows connections----------------------------------------------------------------------------------------------------------------------------------1.7 8 3 7 0 52.9 12 7 8 3 03.8 12 1 8 0 04.4 2 5 7 0 05.1 1 4 3 0 06.4 5 3 3 1 07.6 9 5 7 0 08.3 7 3 4 0 0----------------------------------------------------------------------------------------------------------------------------------Mean5.3 7.0 3.9 5.90.5 0.6----------------------------------------------------------------------------------------------------------------------------------s2.5 3.9 1.7 2.01.0 1.7----------------------------------------------------------------------------------------------------------------------------------Table 5.1 contains some properties of the subsystems: the number of functionalprimitives, the number of data stores, the number of input, output and inquiry dataflows,and the number of process pairs connected with a dataflow. In general, there are more datastores than functional primitives within subsystems. Only the first subsystem containsprocess chains, i.e. process pairs connected with a dataflow.

85Measurement and resultsTUFPV(SA)1 is calculated by Algorithms 2.1-2.42 using the dataflow diagrams, the datadictionary and the entity-relationship diagram. Appendix E contains an example of datagathering from process 1.1 (Process Orders). Column 2 in Table 5.2 shows the calculatedTUFPV(SA) values for all eight subsystems.Table 5.2. Summary of SA measurements for a case taken from the literature.3--------------------------------------------------------------------------------------------------------------------------------Subsystem TUFPV(SA) Function Bang UFP UFP1 UFP2--------------------------------------------------------------------------------------------------------------------------------1.101 926.5 108 101.3 102.92.161 554.3 117 113.3 112.53. 131 789.0 100 84.5 76.74. 57 94.7 43 35.3 35.65. 31 37.5 16 15.5 15.96. 62 191.3 31 30.1 28.97.116 491.5 87 89.5 87.98. 75 298.6 41 39.6 40.0--------------------------------------------------------------------------------------------------------------------------------Total734 3283.4 543 509.1 500.4Mean 91.75 422.93 67.88 63.64 62.55s 40.43 303.10 36.76 35.02 34.48--------------------------------------------------------------------------------------------------------------------------------

BOOKS1.1.1EDIT ORDERDETAILSCUSTOMERSorder-detailsorder-valid-order-details1791777response1 initial-order17Figure 5.1. Data tokens around a process.The number of data items for Function Bang calculations are counted from the dataflow di-agrams and the data dictionary. For example, the number of data items for process 1.1.1(Edit Order Details) is 75; Figure 5.1 shows the number of data items for each dataflow.Column 3 in Table 5.2 contains Function Bang values for the subsystems.1 See Figure 1.4.2 Algorithm 2.5 is not needed, because the case study does not contain any interfaces.3 The values were produced by the JoUCASE system described in Laamanen & Rask (1991). The metricvalues were calculated also manually and the results were found to be in line with the results in Table 5.2.

86Mark II metric is based on an entity model. To find the logical file references for inputsand outputs in a dataflow diagram, the definition of a user transaction given in Section 2.2is used. To count the number of input and output data elements, the corresponding dataelements in the data dictionary are summarized. Each input and output is processed onlyonce. Each inquiry contains one separate input and one separate output.1 The entity refer-ence is calculated each time during one transaction when it is referenced either by an inputor an output. For example, in Figure 5.2 there are 49 entity references, four outputs whichcontain six data items, and three inputs which contain 37 data items.INVENTORYINVOICESORDERSORDER-ITEMSPAYMENTSMONEYBOOKSCUSTOMERS1.1PROCESSORDERS1.3ENROLL CUSTOMER IN AGENCY PLAN

card-number +order-totalcredit-agency-responseorder-detailsorder-responseagency-plan-responsecustomer-ID+agency-plan-choice+initial-order book-code +total-in-stock

initial-order

Figure 5.2. Transactions in counting Mark II.The Mark II values are presented in columns 4-6 of Table 5.2. Column 4 (UFP) is ob-tained without weights by formula (J.1). Columns 5 (UFP1) and 6 (UFP2) are obtainedby formulas (J.2) and (J.3), respectively.2 The Mark II values are near TUFPV(SA). Thelargest size values are obtained by the Function Bang metric.The first line in Table 5.3 shows the correlation coefficients between the results given byAlgorithms 2.1-2.4 (TUFPV(SA)) and the other metrics. The second line contains correla-tions between unweighted Mark II (UFP) and Function Bang. The last two lines showcorrelations between weighted Mark II metrics (UFP1 and UFP2) and Function Bang.1 These interpretations correspond to the transformation rules of Symons (1991).2 See the Mark II formulas in Appendix J.

87Table 5.3. Correlations between the metrics.-------------------------------------------------------------------------------------------------------Function FunctionBang Bang1 UFP UFP1UFP2-------------------------------------------------------------------------------------------------------TUFPV(SA) 0.75 0.90 0.93 0.93 0.91-------------------------------------------------------------------------------------------------------UFP 0.89 0.90-------------------------------------------------------------------------------------------------------UFP10.87 0.86-------------------------------------------------------------------------------------------------------UFP2 0.85 0.82-------------------------------------------------------------------------------------------------------DiscussionAs can be seen in Table 5.3, TUFPV(SA) is closely correlated with Mark II. This is inagreement with the result of Symons (1988)2. In his experiment, Symons calibrated MarkII metric by "pegging" the Mark II scale to Albrecht’s scale. The calibration was possiblebecause the metrics correlated well for the small system sizes in that experiment. As a re-sult, Symons formed the formula (J.2) in Appendix J.The same correlation (0.93) between TUFPV(SA) and UFP, and between TUFPV(SA)and UFP1 can be explained by the high internal complexity of the subsystems, as depictedin Table 5.4 by the quotient F/(I+O). A lower correlation (0.91) between TUFPV(SA) andUFP2 is explained by the variation in the number of input and output data items (externalcomplexity), which together with the different weights of UFP1 and UFP2 has an effecton the results.A better correlation between TUFPV(SA) and Function Bang can be obtained if the sub-system that contains process chains is excluded. This is obvious, because process chainshave a greater effect on the value of Function Bang than on TUFPV.Based on Symons (1988; 1991), Mark II indicates the internal complexity of an applicationbetter than TUFPV does. The correlations in the first column of Table 5.3 show the samething: the correlation between Mark II and Function Bang is greater than the correlation be-tween TUFPV(SA) and Function Bang, when the subsystem with process chains is in-cluded.1 This column is obtained with seven subsystems. Subsystem 1, which contains process chains, has beenexcluded.2 Symons’s (1988) observation cannot be generalized. See also Symons (1991).

88Table 5.4. Internal and external complexity indicated by Mark II.-----------------------------------------------------------------------------------------------------------------------------------------Subsystem 1 2 3 4 5 6 7 8Mean s-----------------------------------------------------------------------------------------------------------------------------------------File references (F)45 52 36 14 7 14 43 1828.63 16.14-----------------------------------------------------------------------------------------------------------------------------------------Inputs+Outputs (I+O)10 18 9 12 7 8 12 710.38 3.43-----------------------------------------------------------------------------------------------------------------------------------------F/(I+O) 4.50 2.89 4.00 1.17 1.00 1.75 3.58 2.57 2.68 1.22-----------------------------------------------------------------------------------------------------------------------------------------Input data items37 29 1 15 6 4 16 13 15.13 11.63 -----------------------------------------------------------------------------------------------------------------------------------------Output data items26 36 63 14 3 13 28 10 24.13 17.83-----------------------------------------------------------------------------------------------------------------------------------------The above discussion supports the claim that the algorithms of Chapter 2 measure theoriginal TUFPV.5.1.2. An Extended Test Using Random SA Test MaterialThe goal of this extended test is to further support the correctness of Algorithms 2.1-2.5.To do this two experiments are carried out. The test material used is more versatile thanthat in the preliminary experiment described in the previous section. The first experimentcompares the results produced by Algorithms 2.1-2.5 with the values of Function Bangmetric. The second compares the results of Algorithms 2.1-2.5 with the values of Mark IImetric.5.1.2.1 Comparison of Algorithms 2.1-2.5 with Function BangResearch designTo implement the Function Point algorithms presented in Chapter 2 and to calculate the val-ue of DeMarco’s Function Bang metric, a prototype CASE system - JoUCASE - was built(Laamanen & Rask 1991). Later on the prototype system was augmented so that it couldalso calculate the Mark II metric. This prototype measurement system gave a possibility toanalyze the relationships among the three metrics.To get a versatile test material, a "simulation" of real systems was carried out by producingSA descriptions with a randomized data dictionary for each DFD to be measured. Thus itbecame possible to form different system classes based on the characters of the metrics.Figure 5.3 shows the phases of the data generation and measurement process.

89Global DataDictionaryDataflowDiagramEditorTarget systemspecificationsRandomized generation oflocal datadictionariesDataflowdiagramsFunction BangcalculationFunction PointcalculationMetricvaluesMark IIcalculation

Figure 5.3. Data generation and measurement process.1The global data dictionary, which is common to all SA specifications, was generated tak-ing into account the distribution of file sizes as presented in FPA2. The upper limit of thesize of each data specification is 69 primitive data items. The global data dictionary con-tains these 69 different primitive data item names and their different combinations.The basic dataflow diagrams in our study contain inputs, outputs, internal files (datastores), and unchained primitive processes (Rask & Laamanen 1991). The number of pro-cesses is from one to seven3 and the number of data stores does not exceed the number ofprocesses4. Each data store is updated by one or more input dataflows, and each data storeis used by one or more input/output dataflow combinations. Within these limits thenumber of dataflows surrounding the data stores and surrounding the processes is1 Algorithms 2.1-2.5 and Mark II metric are compared in Section 5.1.2.2.2 See Appendix B.3 The upper limit for the number of processes is constrained by the adopted distribution of filerelationships in FPA (see Appendix B). The limit seven comes also from DeMarco’s (1978) observationthat a system specification is more manageable if the number of pieces after each decomposition does notexceed seven. A more detailed analysis is given in Rask et al. (1992a; 1992b).4 This restriction corresponds to the author’s experiences of SA descriptions.

90minimized. This restricts the number of possible (equal) system combinations andproduces "minimal" DFDs.For a single process only one minimal DFD can be drawn. Figure 5.4 shows the possiblebasic dataflow diagrams containing two processes. When there are three processes andone data store, it is possible that either two processes update the data store and one processuses it, or one process updates the data store and two processes use it. When all possiblecombinations are formed based on these principles, the total number of Basic diagrams in-creases to 113.Each data store of a target system specification contains 1-69 primitive data items, one ofwhich is a primary key. One data store may contain several logical internal files, depend-ing on the number of separate access keys used; if the dataflow that references a file is notnamed, the access key is supposed to be the same as the primary key of the data store.Each output dataflow contains 1-24 primitive data items and each input dataflow contains1-19 primitive data items. These upper limits are based on the distributions of data itemsreferenced in FPA1. The number of file relationships is produced randomly. The upperlimit here is the number of data stores minus one1.

F1F1F2T1T2T1T2P1P2P1P2Figure 5.4. Two examples of test dataflow diagrams.In addition to calculating metrics from the Basic diagrams, the effect of inquiries, inter-faces, naming of file references, and process chains on metrics is tested. The three firstextensions are based on the principles of Albrecht’s FPA. Process chains are used to de-termine how the growth of the function-strong features, defined by DeMarco (1982), af-fect the correlation between the two metrics.To measure the effect of inquiries, each input/output combination of the Basic diagrams isreplaced by an external inquiry symbol. According to the principles of FPA, an external in-1 According to Yourdon (1989), it is not very common to have parallel relationships between two entitytypes.

91quiry cannot update a data store. Thus, there are 112 External inquiry diagrams. To see theeffect of process chains, the primitive processes of each basic diagram is doubled, whichproduces 113 Process chain diagrams. To explain the effect of interfaces, one instance ofeach interface type (transaction file, shared file, and external file) is added into the Basicdiagrams. This produces 113 External interface diagrams.Table 5.5 summarizes the properties of the generated dataflow diagrams in the form ofmean and standard deviation for each diagram type. Compared with the properties of sub-systems in Table 5.1, the average number of data stores is now lower. Thus the subsys-tems in the preliminary experiment were more data intensive.Table 5.5. Properties of the dataflow diagrams.--------------------------------------------------------------------------------------------------------------------------------------------- Functional Data Input Output Inquiry Process Primitives stores flows flows flows connections---------------------------------------------------------------------------------------------------------------------------------------------Diagram type Mean s Mean s Mean s Mean s Mean s Mean s---------------------------------------------------------------------------------------------------------------------------------------------Basic diagrams 5.7 1.4 3.4 1.8 5.7 1.4 2.9 1.5 0.0 0.0 0.0 0.0---------------------------------------------------------------------------------------------------------------------------------------------Ext. inquiries 5.8 1.3 3.4 1.8 2.9 1.5 0.0 0.0 2.9 1.5 0.0 0.0---------------------------------------------------------------------------------------------------------------------------------------------Process chains 11.4 2.7 3.4 1.8 5.7 1.4 2.9 1.5 0.0 0.0 8.6 2.5---------------------------------------------------------------------------------------------------------------------------------------------Ext. interfaces 7.7 1.4 4.4 1.8 6.7 1.4 2.9 1.5 0.0 0.0 1.0 0.0---------------------------------------------------------------------------------------------------------------------------------------------Naming of file references may affect the number of internal logical files in FPA. To ana-lyze this effect, 0% and 100% limits1 are used for named file references, within all fourdiagram groups. This doubles the number of target system specifications.To form the local (random) data dictionaries, both a uniform and a normal distribution isused. In the first experiment random numbers are produced that are uniformly distributedinto a range [0,1]. In the second experiment a transformation is used:(5.1)Z = -2lnU1 cos(2pU2)to obtain normally N(0,1) distributed random numbers from uniformly distributed randomnumbers. Here U1 and U2 are uniformly distributed into the range [0,1]. The normallyN(0,1) distributed random numbers were then transformed into the range [0,1] using amean of 0.5 and standard deviations of 0.15 and 0.25.21 Either all file references are unnamed or all file references are named.2 These principles (three random distributions) triple the number of diagrams to be analyzed.

92By using normal distribution an attempt is made to reduce the effect of extreme values, forexample, to avoid situations in which a data store contains only one data item. Withvarying standard deviations the shape of the normal distribution can be further affected.With a standard deviation of 0.15 (i.e. normal distribution N(0.5,0.0225)) an attempt wasmade to get all the random numbers into a range [0,1]. With the standard deviation of 0.25(i.e. normal distribution N(0.5,0.0625)) a part of the random numbers have been allowedto remain outside the range [0,1], which causes the number of extreme values to increase,thus nearing uniform distribution.Measurement and resultsThe results of the experiments were analyzed by calculating correlation coefficients and bycarrying out a regression analysis.1 The experiments were repeated 10 times and the corre-lation ri for each repetition i was calculated for each test group. The following is a sum-mary of the results.Table 5.6. Mean correlations per diagram type: TUFPV(SA) vs. Function Bang.----------------------------------------------------------------------------------------------------------------------------------Mean correlation rDiagram Named file ------------------------------------------------------------------------type reference %U[0,1] N(0.5,0.0225) N(0.5,0.0625)----------------------------------------------------------------------------------------------------------------------------------Basic100 % 0.800.930.85diagrams 0 % 0.800.900.85----------------------------------------------------------------------------------------------------------------------------------External100 % 0.800.900.84inquiries 0 % 0.780.880.84----------------------------------------------------------------------------------------------------------------------------------Process100 % 0.710.830.80chains 0% 0.700.800.75----------------------------------------------------------------------------------------------------------------------------------External100 % 0.650.820.72interfaces 0 % 0.710.850.77----------------------------------------------------------------------------------------------------------------------------------Table 5.6 contains the mean correlation r per diagram type for each distribution. Table 5.7contains a summary of the correlations derived from the whole test material. Table 5.8shows the regression equations for N(0.5,0.0225) distribution when the percentage ofnamed file references is 100 (all file references are named).Table 5.7. Total correlations per distribution: TUFPV(SA) vs. Function Bang.-------------------------------------------------------------------------------------------------------------------------------Named filereference %U[0,1] N(0.5,0.0225) N(0.5,0.0625)-------------------------------------------------------------------------------------------------------------------------------1 The statistical methods are discussed, for example, by Conte et al. (1986).

93100 %0.390.380.40 0 %0.510.510.51all together0.290.270.29-------------------------------------------------------------------------------------------------------------------------------DiscussionThe Basic diagrams have the highest correlations. Transformation of external input/outputpairs into external inquiries reduces the correlation slightly. This reduction is caused by thechanges in the TUFPV(SA) values. Moreover, the reduction is greater if new processesare added into the Basic diagrams, because the resulting process chains increase theFunction Bang values but have no effect on the TUFPV(SA) values. This causes thescatter to be more random. The addition of external interfaces into the Basic diagrams alsoreduces the correlation. The addition of transaction files and shared files increases thevalues of the Function Bang metric more than TUFPV(SA) values causing the scatter to bemore random.The naming of file references may increase the correlation in all groups except External in-terfaces. The naming of file references always increases TUFPV(SA), because the numberof logical internal files is also increased. The effect on Function Bang is the opposite, be-cause the unnamed file references have the same number of data items as the referenceddata stores. This is always greater than (or equal to) the number of data items in a namedfile reference. In the present experiment the number of external interfaces remains constantregardless of the size of the dataflow diagram. With small diagrams the interfaces cause agreater variation between TUFPV(SA) and Function Bang values when the data store ref-erences are named. This explains the reduction in the correlation with External interfaces.The correlations with normal N(0.5,0.0225) distribution follow a pattern similar to thatfor correlations with a uniform distribution, but they are constantly higher. This can be ex-plained by the distribution used. When a normal distribution is used, there are not as manyextreme random number values as with uniform distribution.The normal N(0.5,0.0625) distribution with a greater standard deviation slopes a littlemore gently than the normal N(0.5,0.0225) distribution. The effect of this change in theform of the distribution can be seen in the correlations. The correlations forN(0.5,0.0625) distribution are between the correlations of the uniform distribution and theN(0.5,0.0225) distribution. In other respects the correlations of N(0.5,0.0625) distribu-tion follow approximately the direction of the correlations of the other two distributionswithin each group.

94Table 5.7 shows the total correlation when the percentage of named file references is 100(all file references are named), the total correlation when the percentage of named file ref-erences is 0 (all file references are unnamed), and the total correlation calculated for all thetest material used. The total correlations do not mean that the correlation betweenTUFPV(SA) and Function Bang values, in general, is about 0.28 (an average of the totalcorrelations in the last row of Table 5.7). Instead, the correlation depends on the type ofsystem. This argument is based on the poor total correlations and the high correlationswithin system types. The naming of file references emphasizes differences between thesystem types decreasing the total correlation.Table 5.8 shows the regression equations for N(0.5,0.0225) distribution when all filereferences are named. The correlation and regression coefficient for External inquiriescorrespond closely to the correlation and regression coefficient of the Basic diagrams,although the intercept of the regression lines on the BANG axis varies slightly. Also theregression coefficient for External interfaces is near to the regression coeffiecient of theBasic diagrams. For Process chains, however, the relationship to Basic diagrams is not soclear. In all, the regression equations explain the poor total correlation in Table 5.7.Table 5.8. Results of Regression Analysis: TUFPV(SA) vs. Function Bang.------------------------------------------------------------------------------------------------------------------------------------------Diagram TypenrRegression equationse1------------------------------------------------------------------------------------------------------------------------------------------Basic diagrams11300.93BANG = 46.73 + 7.06 * TUFPV(SA) 90.82External inquiries112020.90BANG = 67.61 + 7.72 * TUFPV(SA)108.79Process chains11300.83BANG = 712.56 + 18.45 * TUFPV(SA)392.46External interfaces11300.82BANG = 366.46 + 7.00 * TUFPV(SA)165.79------------------------------------------------------------------------------------------------------------------------------------------The standard deviations se (Baxter 1976) for the errors ei in BANG terms have also beencalculated. According to these values, the deviations from the regression line are greatestwith Process chains, whereas the standard deviations for Basic diagrams and External in-quiries are smaller and not far from each other. The External interfaces are between theseextremes. No special DFD structure has been found within the diagram types that couldspecifically cause the deviations.The different extensions have been used to find out how different properties of dataflowdiagrams affect the correlation between the metrics. With respect to all the extension types,an attempt has been made to identify the most obvious changes in order to show the effect1 Standard deviation se = sBANG( 1 - r2).2 For inquiries a DFD with only one process cannot be drawn.

95of each extension. It is clear, however, that the magnitude of each extension affects the in-tercept point and regression coefficient of a regression line. If, for example, the number ofprocesses is doubled, the values of TUFPV(SA) do not change, but the Function Bangvalues almost triple when the data store references are named. In Table 5.8 the corre-sponding changes in regression coefficient and the intercept point of the regressionequation can be observed.The results of this experiment are consistent with the results in Section 5.1.1. The correla-tions of Process chains correspond to the correlation 0.75 in Table 5.3. When the subsys-tem containing process chains in the preliminary experiment were excluded, the correlationwas 0.90. This clearly corresponds to the correlations for N(0.5,0225) distribution inTable 5.6, excluding Process chains and External interfaces.15.1.2.2. Comparison of Algorithms 2.1-2.5 with Mark IIResearch designIn this experiment the testing environment was the same that was described in the previoussection when Algorithms 2.1-2.5 were compared with DeMarco’s Function Bang metric.The test material containing SA specifications with process chains was, however, excludedbecause process chains do not affect the metric values of Algorithms 2.1-2.5 and Mark II.Depending on their direction, the external interfaces of FPA are interpreted as inputs oroutputs2. For example, the interfaces with transactions in Figure 2.12(a) contain twoinputs and two outputs, and the interfaces in Figure 2.12(b) contain two inputs and twooutputs.In the following, TUFPV(SA) and unweighted Mark II metric UFP are considered first.Then the same consideration is carried out for TUFPV(SA) and the weighted Mark IImetrics UFP1 and UFP2.3Measurement and results: TUFPV(SA) vs. unweighted Mark II1 The experiment was repeated using the limits 8-14 and 15-21 for the number of processes in Basicdiagrams (Rask et al. 1992b). The generation of dataflow diagrams in these extended experiments wasautomated and a random sample of 113 target system specifications was taken. The results from theseexperiments were in line with the results reported here.2 This interpretation corresponds to the transformation rules of Symons (1991).3 See formulas (J.1)-(J.3) in Appendix J.

96As in the previous section, the experiments were repeated 10 times and the correlation riwas calculated for each repetition per test group. Table 5.9 contains the mean correlation rper diagram type for each distribution. Table 5.10 contains the summary of the correlationsbased on the whole test material. Table 5.11 contains the regression equations forN(0.5,0.0225) distribution when all file references are named.Table 5.9. Mean correlations per diagram type: TUFPV(SA) vs.unweighted Mark II (UFP).------------------------------------------------------------------------------------------------------------------------Mean correlation rDiagram Named file -------------------------------------------------------------------------type reference %U[0,1] N(0.5,0.0225) N(0.5,0.0625)------------------------------------------------------------------------------------------------------------------------Basic100 % 0.660.680.66diagrams 0 % 0.600.640.61------------------------------------------------------------------------------------------------------------------------External100 % 0.560.610.59inquiries 0 % 0.470.520.50------------------------------------------------------------------------------------------------------------------------External100 % 0.400.530.47interfaces 0 % 0.380.520.44------------------------------------------------------------------------------------------------------------------------Table 5.10. Total correlations per distribution: TUFPV(SA) vs.unweighted Mark II (UFP).------------------------------------------------------------------------------------------------------------Named filereference %U[0,1] N(0.5,0.0225) N(0.5,0.0625)------------------------------------------------------------------------------------------------------------100 %0.670.730.72 0 %0.670.740.71all together0.600.650.64------------------------------------------------------------------------------------------------------------Discussion: TUFPV(SA) vs. unweighted Mark IIThe correlations in Table 5.9 are clearly lower than those in Table 5.6. This was expectedbecause the number of input and output elements greatly affects the value of UFP. Thevariation in the number of input and output elements easily causes an opposite deviationcompared with the corresponding TUFPV(SA) value. The correlations between the threedistributions follow approximately the pattern of the correlations in Table 5.6: the best cor-relations are with the normal N(0.5,0.0225) distribution and the worst correlations arewith the uniform distribution.The correlation for External inquiries is much lower than that for Basic diagrams becausewith UFP an inquiry means one input and one output; with FPA we have either one input

97or one output. The interfaces inrease, in particular, the value of UFP because they are in-terpreted as inputs and outputs. Thus, interfaces reduce the correlation.The naming of file references increases the correlation in all groups. This can be explainedby the fact that the naming of file references has no effect on UFP values. The naming,however, always increases the value of TUFPV(SA), because the number of logical inter-nal files is also increased. Thus, TUFPV(SA) gets closer to UFP values.Table 5.10 shows the total correlations. When they are compared with the results in Table5.7, they are seen to be much higher. The effect of the diagram types is not as strong aswith TUFPV(SA) and Function Bang. The diagram type independence can also be seenfrom the regression equations of Table 5.11 which shows regression equations forN(0.5,0.0225) distribution when all file references are named. For all the equations the re-gression coefficients are about the same.Table 5.11.Results of Regression Analysis: TUFPV(SA) vs. unweightedMark II (UFP).----------------------------------------------------------------------------------------------------------------------------------Diagram Typen r Regression equation se1----------------------------------------------------------------------------------------------------------------------------------Basic diagrams1130 0.68 UFP = 41.68 + 0.69 * TUFPV(SA) 23.90External inquiries11202 0.61 UFP = 51.41 + 0.65 * TUFPV(SA) 24.68External interfaces1130 0.53 UFP = 130.40 + 0.69 * TUFPV(SA) 37.92----------------------------------------------------------------------------------------------------------------------------------According to the standard deviations se for the errors ei in UFP values, the deviationsfrom the regression line are greatest with External interfaces, whereas the standard devia-tions for Basic diagrams and External inquiries are smaller and near to each other. The ef-fect of the input and output sizes can also be seen from the intercept of the regression lineson the UFP axis. The External interfaces have the greatest intercept point.The results in Table 5.9 are also lower than those in the preliminary experiment shown inTable 5.3. This is explained by the lower internal complexity of the randomized descrip-tions, which is indicated by the quotient F/(I+O) in Table 5.12 compared with Table 5.4 inSection 5.1.1. The randomized descriptions are not as data intensive as the subsystems inthe preliminary experiment.Table 5.12. Internal complexity indicated by Mark II.1 Standard deviation se = sUFP( 1 - r2).2 For inquiries a DFD with only one process cannot be drawn.

98---------------------------------------------------------------------------------------------------------------------------------------- File references (F) Inputs+Outputs (I+O) F/(I+O)----------------------------------------------------------------------------------------------------------------------------------------Diagram typeMean s Mean s Mean s----------------------------------------------------------------------------------------------------------------------------------------Basic diagrams 12.55 4.29 8.57 2.46 1.48 0.41----------------------------------------------------------------------------------------------------------------------------------------External inquiries 12.63 4.20 8.61 2.39 1.49 0.41----------------------------------------------------------------------------------------------------------------------------------------External interfaces 15.63 4.28 11.57 2.46 1.36 0.29----------------------------------------------------------------------------------------------------------------------------------------Measurement and results: TUFPV(SA) vs. weighted Mark IIWhen the weighted Mark II metrics UFP1 and UFP2 suggested by Symons (1988; 1991)using the formulas (J.2) and (J.3) in Appendix J are used, the following two correlationtables 5.13 and 5.14 are obtained. Tables 5.15 and 5.16 show the regression equations forN(0.5,0.0225) distribution when all file references are named.Table 5.13. Mean correlations per diagram type: TUFPV(SA) vs. Mark II with weights.----------------------------------------------------------------------------------------------------------------------------------------------Mean correlation r -----------------------------------------------------------------------------------------------Diagram Named file U[0,1] N(0.5,0.0225) N(0.5,0.0625)type reference % UFP1 UFP2 UFP1 UFP2 UFP1 UFP2----------------------------------------------------------------------------------------------------------------------------------------------Basic100 % 0.80 0.80 0.83 0.84 0.81 0.82diagrams 0 % 0.76 0.75 0.79 0.79 0.76 0.76----------------------------------------------------------------------------------------------------------------------------------------------External100 % 0.72 0.74 0.77 0.80 0.76 0.77inquiries 0 % 0.66 0.66 0.70 0.72 0.68 0.69----------------------------------------------------------------------------------------------------------------------------------------------External100 % 0.52 0.46 0.68 0.63 0.60 0.54interfaces 0 % 0.51 0.44 0.66 0.62 0.58 0.52----------------------------------------------------------------------------------------------------------------------------------------------Table 5.14. Total correlations per distribution: TUFPV(SA) vs. Mark II with weights.-------------------------------------------------------------------------------------------------------------------------------------------Named file U[0,1] N(0.5,0.0225) N(0.5,0.0625)reference %UFP1 UFP2 UFP1 UFP2 UFP1 UFP2-------------------------------------------------------------------------------------------------------------------------------------------100 %0.75 0.72 0.82 0.81 0.80 0.78 0 %0.75 0.72 0.81 0.80 0.78 0.77all together0.68 0.66 0.73 0.72 0.71 0.70-------------------------------------------------------------------------------------------------------------------------------------------Discussion: TUFPV(SA) vs. weighted Mark IIThe results show that the correlations are improved by reducing the effect of inputs andoutputs and by increasing the effect of file references. The effect of the weights is greatestwith the uniform distribution. The changes with the normal distributions are the same.

99From Tables 5.13 and 5.14 it can also be seen that there is no significant difference be-tween the weighted Mark II metrics UFP1 and UFP2. The slight difference is explainedby the different weights of UFP1 and UFP2 and the diagram types which cause variationin input and output numbers.The correlation between the results produced by Algorithms 2.1-2.5 and Mark II in thepreliminary experiment in Section 5.1.1 was slightly higher than the results in this section.This is explained by the data intensiveness mentioned in connection with the results ofunweighted Mark II.The regression equations shown in Tables 5.15 and 5.16 are more gently sloping than theregression equations for unweighted Mark II in Table 5.11. This is caused by the weightsof UFP1 and UFP2, which diminish the difference between TUFPV and Mark II value.Table 5.15. Results of Regression Analysis: TUFPV(SA) vs. UFP1--------------------------------------------------------------------------------------------------------------------------------------Diagram Typen r Regression equation se1--------------------------------------------------------------------------------------------------------------------------------------Basic diagrams1130 0.83 UFP1 = 18.39 + 0.45 * TUFPV(SA) 9.71External inquiries11202 0.77 UFP1 = 22.97 + 0.45 * TUFPV(SA) 10.86External interfaces1130 0.68 UFP1 = 55.01 + 0.44 * TUFPV(SA) 15.95--------------------------------------------------------------------------------------------------------------------------------------Table 5.16. Results of Regression Analysis: TUFPV(SA) vs. UFP2-------------------------------------------------------------------------------------------------------------------------------------Diagram Typen rRegression equation se3-------------------------------------------------------------------------------------------------------------------------------------Basic diagrams1130 0.84UFP2 = 21.26 + 0.46 * TUFPV(SA) 9.48External inquiries11202 0.80UFP2 = 25.31 + 0.46 * TUFPV(SA) 10.14External interfaces1130 0.63UFP2 = 57.92 + 0.44 * TUFPV(SA) 18.50-------------------------------------------------------------------------------------------------------------------------------------In summary, the results of this section together with those of Section 5.1.2.1 show thatthe behaviour of TUFPV(SA), as computed by Algorithms 2.1-2.5, comes up to ex-pectations.5.2. Validation of FPA Algorithms for JSD Descriptions1 Standard deviation se = sUFP1( 1 - r2).2 For inquiries a DFD cannot be drawn with only one process.3 Standard deviation se = sUFP2( 1 - r2).

100This section shows the correctness of the FPA algorithms in Chapter 3. To do this two ex-periments are carried out and the results (TUFPV(SA) and TUFPV(JSD)) computed fromSA and JSD specifications are compared by using manual transformations between themethods. Assuming that Algorithms 2.1-2.5 are correct, it can be concluded that the algo-rithms of Chapter 3 are correct. In the experiments it is shown that the values produced byAlgorithms 2.1-2.4 and Algorithms 3.1-3.41 from the corresponding SA and JSD de-scriptions correlate well. To compensate for possible human errors, the transformationswere carried out in two directions: from SA to JSD and from JSD to SA.5.2.1. Application of Algorithms 3.1-3.4 to JSD after Transformation from SAThe goal of this experiment is to show that, after converting an SA description into acorresponding JSD description, measurement of the JSD descriptions corresponds to theresults obtained from the initial SA descriptions. This implies that Algorithms 3.1-3.4produce correct results.Research designThe object system of the first experiment is The Yourdon Press Case Study (Yourdon1989) described in Section 5.1.1. But now the SA description is first transformed manu-ally into a JSD description. An example of the transformation is given in Appedix F,which shows the transformed form of the dataflow diagram in Appendix D. Here someprocesses of the dataflow diagram have been grouped under three model processes.Measurement and resultsAlgorithms 3.1-3.4 were applied manually to the JSD specification obtained from the cor-responding SA specification. Appendix G contains the FPA data sheets corresponding tothe JSD specification in Appendix F.Table 5.17. Summary of JSD measurements.---------------------------------------------------------------------------Subsystem TUFPV(JSD)2 ---------------------------------------------------------------------------1.1072.1571 Algorithm 3.5 is not needed because the case study does not contain any interfaces.2 See Figure 1.4.

1013. 1314. 575. 316. 627.1198. 75 ---------------------------------------------------------------------------Total739---------------------------------------------------------------------------Table 5.17 contains the results given by Algorithms 3.1-3.4 for all eight processes. Thereis only a small difference between the SA description (Table 5.2) and the JSD specificationin TUFPV values. Only the sizes of three subsystems (1, 3 and 7) differ slightly.The value of the correlation coefficient between TUFPV(SA) computed from SA descrip-tion (Table 5.2) and TUFPV(JSD) computed from the JSD specification (Table 5.17) is0.998.DiscussionThe high correlation between the results computed from SA and JSD specificationsdemonstrates that the algorithms in Chapter 3 yield the correct TUFPV.5.2.2.Application of Algorithms 3.1-3.4 to JSD before Transformation to SAThe goal of this experiment is to show that after converting a JSD description manuallyinto a corresponding SA description the measurement of the JSD description correspondsto results obtained from the initial SA description. This gives further evidence for the cor-rectness of Algorithms 3.1-3.41.Research designThe object system of this experiment consists of systems made as laboratory assignmentsby computer science students with the JSD method. First the TUFPV(JSD) values werecalculated from these JSD descriptions by the algorithms in Chapter 3. Then the studentstransformed the JSD descriptions, manually and independently of the algorithms ofChapter 4, into SA descriptions, which were then measured by the FPA algorithms of1Algorithm 3.5 is not needed because the case study does not contain any interfaces.

102Chapter 2. Finally, the correlation between the TUFPVs of JSD and SA descriptions wassolved.The case material of the laboratory exercises are not "real" systems. The sizes of the objectsystems shown in Table 5.18 are rather small compared with the sizes in Table 1.1. Thestudents received a short one page task description (one assignment per student), whichwas then clarified during conversations with the instructor. The subjects of the laboratoryexercises were:11. Photo shop2. Raw material purchases3. Advance invoices4. Course arrangements5. Patient prescriptions6. Offer calculations7. Raw material purchases8. Car rental9. Spare part salesThese laboratory exercises were solved with the JSD method. The descriptions containedno external interfaces and only a few inquiries.After the JSD laboratory exercises were finished, the corresponding SA descriptions basedon Yourdon’s method were made by the same students. SA descriptions were made with-out knowledge of the transformation principles described in Chapter 4.Measurement and resultsThere are three possible interpretations of the JSD descriptions, which are here called JSD-1, JSD-2, and JSD-3. The interpretations are based on the idea of Jackson (1983) to sepa-rate the attributes of each action of each process into separate groups or records. It is thenpossible to interpret these attribute subgroups as separate dataflows as discussed inChapters 3 and 4. In the interpretation of JSD-1 the attribute subgroups are not separatedinto different dataflows. Table 5.18 shows the JSD-1 results from JSD descriptions usedin systems design laboratory exercises.21 The task descriptions for exercises 2 and 7 were the same.2 Interpretation JSD-1 simplifies Algorithms 3.1-3.5 and 4.1.

103In interpretation JSD-2 attribute subgroups are separated into different dataflows; files ref-erenced by each subdataflow are the same as in the original JSD-1 dataflow. The complex-ity of an input or an output subdataflow may be lower than the complexity of the originaldataflow because each subdataflow contains fewer data items, but the sum of the com-plexities of the subdataflows may be greater than the complexity of a single (parent)dataflow. In interpretation JSD-3 the real file references of each subdataflow were sought.Thus the number of unadjusted function points in interpretation JSD-3 may be lower thanin interpretation JSD-2.1Table 5.18. Values from JSD laboratory exercises: TUFPV(JSD-1).-----------------------------------------------------------------------------------------------------------OP = OutputsIP = InputsIQ = InquiriesFI = FilesIF = Interfaces-----------------------------------------------------------------------------------------------------------Work Number OP IP IQ FI IF Total-----------------------------------------------------------------------------------------------------------1. 2021 0210622. 1727 0490933. 4216 14280 1004. 1025 0350705. 2028 0350836. 1932 0350867. 2737 0350998. 2017 4280699. 2122 428075----------------------------------------------------------------------------------------------------------- Total 196 225 22 2940 737 Mean 81.9s13.8-----------------------------------------------------------------------------------------------------------Table 5.19 contains the number of unadjusted function points (inputs and total) in interpre-tations JSD-2 and JSD-3.2 Comparison with the results shown in Table 5.18 reveals thatthe change (increase) is greatest in experiment JSD-2. The standard deviation is, however,greatest with interpretation JSD-3.Table 5.19. Values from JSD laboratory exercises: TUFPV(JSD-2) & TUFPV(JSD-3).--------------------------------------------------------------------------------------------------------------------------------------------- TUFPV(JSD-2) TUFPV(JSD-3)---------------------------------------------------------------------------------------------------------------------------------------------Work Number IP Total IP Total---------------------------------------------------------------------------------------------------------------------------------------------1. 6510649 902. 60126511173. 64148621464. 6110646 915. 80135641196. 78132681227. 84146711338. 43 9537 891 Interpretations JSD-2 and JSD-3 were applied in Algorithms 3.1-3.5 and 4.1.2 Only the changed input points (IP) and the total number of unadjusted function points are shown.

1049. 40 9331 84--------------------------------------------------------------------------------------------------------------------------------------------- Total 575 1087 479991 Mean 120.8 110.1 s 21.2 22.3---------------------------------------------------------------------------------------------------------------------------------------------After the students had solved their assignment using JSD, they also used Yourdon’sStructured Method to describe the same system. The FPA values were calculated fromthese SA descriptions by Algorithms 2.1-2.4. These results are shown in Table 5.20, andthe resulting correlations are shown in Table 5.21.Table 5.20. Values from SA exercises: TUFPV(SA).---------------------------------------------------------------------------------------------------------WorkNumberOP IPIQ FI IF Total---------------------------------------------------------------------------------------------------------1. 2158 0350 1142. 1730 0280 753. 4216 14280 1004. 1020 0280 585. 2015 0350 706. 1935 0350 897. 2735 0350 978. 2017 4280 699. 1922 4280 73-------------------------------------------------------------------------------------------------------- Total 195 248 22 280 0 745Mean 82.8s 18.2--------------------------------------------------------------------------------------------------------DiscussionThe first row in Table 5.21 shows the correlation coefficients of TUFPVs between JSDdescriptions and SA results. The values are rather small compared with the result inSection 5.2.1. There is one major reason for this difference: the number of inputdataflows. If in some cases separate processes are described in a dataflow diagram for theactions of JSD model processes and in some projects they are not, the changes in thecounted FPA values will not follow in the same direction.In the experiments, JSD laboratory assignment number one and the corresponding SA ex-ercise differ from the others in this respect.1 If this difference is not taken into account, i.e.laboratory exercise number 1 is excluded, the standard deviation of the SA exercises de-creases from 18.2 in Table 5.20 to 14.8. The second row in Table 5.21 shows a clear im-1 The accuracy of the diverged laboratory assignment was better than the accuracy of the the other eightcases.

105provement in correlations when the sample size is eight laboratory exercises. ExperimentJSD-1 now has the best correlation, 0.86. This is caused by the decrease in standard de-viations of both SA and JSD descriptions. The standard deviation of JSD-1 descriptionsdecreases from 13.8 in Table 5.18 to 12.4. On the other hand, the standard deviations ofJSD-2 and JSD-3 descriptions increase, JSD-2 from 21.2 to 21.9 and JSD-3 from 22.3 to22.4. This variation explains the lower correlations compared with JSD-1.Table 5.21. Correlation between TUFPV(SA) and TUFPV(JSD):independent descriptions.----------------------------------------------------------------------------------------------------------- TUFPV(JSD-1) TUFPV(JSD-2)TUFPV(JSD-3)-----------------------------------------------------------------------------------------------------------TUFPV(SA9) 0.20 0.39 0.38TUFPV(SA8)10.86 0.76 0.84-----------------------------------------------------------------------------------------------------------As mentioned above, the SA descriptions were made by the students without knowledgeof the transformation rules described in Chapter 4. This also caused other differences inthe students’ assignments, in addition to the number of input dataflows. These differencesmay also have caused differences in unadjusted function point values. The possible defectfactors are the following:-Dataflow connections in a JSD specification diagram may cause differences in thenumber of file references. Sometimes it can be better to use state vector con-nections instead of dataflow connections.-There may be more data stores in a dataflow diagram than model processes in theJSD specification diagram. Students may have normalized the SA descriptionsmore than the JSD description.-It is easier to take into account updating (changing and deleting) in JSD analysis than in SA analysis. This may cause differences in the number of input dataflows.-If two model processes in a JSD specification are connected with a dataflowconnection and these model processes have a common input dataflow, at least oneinput may be lost. This input is, however, more complex than the correspondingSA inputs, because it has more data items.In this section the applicability of Function Point Analysis with several SA and JSD de-scriptions has been considered. We have seen that the descriptions must be examined care-1 Does not contain laboratory exercise number 1.

106fully to get a reliable size estimate for the software system. If there are different workingpractices in separate projects, a common productivity model cannot be used to predict thecost of the systems. But if both the development method and the size estimation methodare combined and understood, the results improve considerably. When the interpretationalternatives between SA and JSD are considered, it can be supposed that the greatest dif-ferences originate in inputs and files. It must, however, be remembered that these differ-ences emerge mainly when the correspondences between JSD and SA are not known wellenough.5.3. Properties of Algorithmic TransformationThe goal of this last experiment is to show that Algorithm 4.1 preserves TUFPV complex-ity when a JSD description is transformed into the corresponding SA description.Research designIn this experiment the tranformation principles given in Chapter 4 for the systems designlaboratory assignments discussed in the previous section will be used and the number ofunadjusted function points of JSD and SA descriptions will be compared.Measurement and resultsTable 5.22 summarizes TUFPV(SA) counted from the results of the algorithmic transfor-mation from JSD to SA for the students’ laboratory assignments. These results were ob-tained by the algorithms developed in Chapter 2.The correlations between the results in Table 5.22 and the interpretations JSD-1, JSD-2,and JSD-3 in Tables 5.18 and 5.19 are summarized in Table 5.23.Table 5.22. Values from JSD to SA transformations: TUFPV(SA).--------------------------------------------------------------------------------------------------------------WorkNumberOP IP IQ FI IFTotal--------------------------------------------------------------------------------------------------------------1.2049 0210 902.1751 04201103.4262 142801464.1046 0350 915.2064 03501196. 1968 0350122

1077.2771 03501338.2037 4280 899.1931 4280 82--------------------------------------------------------------------------------------------------------------Total 194 479 22 2870982Mean109.1s 22.4--------------------------------------------------------------------------------------------------------------DiscussionCompared with Table 5.18, the total values in Table 5.22 are higher and, in general, nearto the values of interpretation JSD-3 in Table 5.19.In Table 5.23 the correspondence between the sizes of JSD and SA descriptions is verygood even with the interpretation JSD-1. The highest correlation is with JSD-3, which isconsistent with the high correlation between SA and JSD sizes derived in Section 5.2.1.Table 5.23. Correlation between TUFPV(SA) and TUFPV(JSD):direct transformation.------------------------------------------------------------------------------------------------------------------------------TUFPV(JSD-1) TUFPV(JSD-2) TUFPV(JSD-3)------------------------------------------------------------------------------------------------------------------------------TUFPV(SA) 0.89 0.98 0.99------------------------------------------------------------------------------------------------------------------------------The results of this experiment show that Algorithm 4.1 preserves TUFPV. Together withthe results of the other experiments this points out the "soundness" of the structure for thisstudy introduced in Chapter 1.5.4. Summary of the ResultsWith the experiments reported in this chapter an attempt was made to show that it is possi-ble to calculate TUFPV from the SA descriptions and from the JSD specification asproposed in Figure 1.4 in Section 1.3.1.The experiments in Sections 5.1.1 and 5.1.2 confirmed that TUFPV(SA), produced byAlgorithms 2.1-2.5, measures TUFPV. The conclusion was based on knowledge of thebehaviour of TUFPV and two other well-known metrics, Function Bang and Mark II. Theexperiments used well-known SA material from the literature and more versatile randomSA material.

108The experiments in Sections 5.2.1 and 5.2.2 confirmed that TUFPV(JSD), produced byAlgorithms 3.1-3.41, measures TUFPV. This was based on the assumption thatAlgorithms 2.1-2.5 are correct. Two experiments were carried out. The first of these com-puted TUFPV(JSD) from the case material in the literature used in Section 5.1.1, aftertransforming the SA descriptions into JSD. The second computed TUFPV(JSD) from stu-dents’ JSD laboratory assignments and TUFPV(SA) from the corresponding SA descrip-tions after transformation2.Finally, the experiment in Section 5.3 confirmed that Algorithm 4.1 preserves TUFPV,provided that Algorithms 2.1-2.5 and Algorithms 3.1-3.5 are correct. Here Algorithm 4.1was used to transform students’ JSD laboratory assignments into SA before computingTUFPV(SA).6. SUMMARY AND CONCLUSIONSThis thesis has concentrated on measurement of software size. In this study the size mea-surement of business applications has been shifted into the requirements specificationlevel. Another aspect of the study has been the application of metrics to differentstructured specifications produced by CASE-tools, i.e. automation of the sizemeasurement in CASE environments that support structured methods. Within this aspecttransformations between the development methods have also been examined. The majorapplied method of measurement is Albrecht’s (1979) Function Point Analysis (FPA). Thedevelopment methods used have been Yourdon’s (1989) Structured Analysis (SA), andJackson’s (1983) System Development (JSD) method.In Chapter 2 algorithms were developed for calculating Albrecht’s unadjusted functionpoints from SA descriptions. These algorithms have also been implemented (Laamanen &Rask 1991) and thus the applicability of the algorithms as a part of a CASE-tool has beenproved. The reasons for selecting Albrecht’s FPA and Yourdon’s SA were the following:1 Our test material did not contain external interfaces to be measured by Algorithm 3.5.2 Transformation here means respecification, not an algorithmic transformation.

109both are well-known and generally used methods, but up to now there has not been awell-developed FPA algorithm for SA.In Chapter 3 FPA algorithms were developed that can be applied in connection withJackson’s JSD method. This adaptation pointed out the generality of Albrecht’s FPA. Itcan be applied with different methods, provided that the capacity of the developmentmethod is sufficient to describe all user functions as defined in FPA. Thus, FPA could bepart of development practice at the requirements specification level independently of thedevelopment method used.In Chapter 4 the concept of methodical equivalence between SA and JSD was explored.The transformation of the basic components in JSD to those in SA, and vice versa, wasinvestigated. It was shown that a JSD description (specification diagram with model pro-cess structures) can be transformed automatically into an SA description (dataflow dia-gram). Because the JSD method permits two-level descriptions (network and processlevels) two-level SA dataflow diagrams can also be formed. The transformation in the op-posite direction, from SA to JSD, demands expert knowledge. Here the main difficultylies in grouping of the primitive processes of SA into JSD actions in structure diagrams.To verify the results above, in Chapter 5 empirical experiments were carried out using awell-known case study, students’ laboratory assignments, and randomly generated datasimulating real data. The randomly generated test material contained versatile data for test-ing all types of FPA functions. In the experiments it was found that (1) the FPA algo-rithms of Chapters 3 and 4 produce statistically1 correct results and the same results withindifferent system descriptions (SA and JSD) if the descriptions are prepared accuratelyenough; and (2) after the transformation from SA specification to JSD specification andvice versa, the measurement produces statistically the same result as before the transfor-mation. These results prove the "soundness" of the structure of this thesis as defined bythe problem formulation in Section 1.3.1.In all, the use of Albrecht’s FPA has been made easier, earlier and more general duringsoftware development. The process of measuring product size has been totally automated,and it has been made possible to compute FPA from two equivalent descriptions of theanalysis phase. The results, together with the implemented testing environment, providemany possibilities for future research. It is now possible to develop and study local cost1 As statistical methods, correlations and regression analysis were applied.

110estimation environments, to generalize FPA further by building it into new methods, andto explore the possibilities for more general methodical equivalence and measures.1REFERENCES:Adamov R. & Bauman P. 1987. Literature Review on Software Metrics. Institut f�rInformatik der Universit�t Z�rich, Nr. 87.03, October.Adamov R. & Richter L. 1990. A Proposal for Measuring the Structural Complexity ofPrograms. Journal of Systems Software, 12, 55-70.Albrecht A. J. 1979. Measuring application development productivity. Proceedings, JointSHARE/GUIDE/IBM Application development symposium, October, 83-92.Albrecht A. J. & Gaffney J. E. 1983. Source Lines of Code, and Development EffortPrediction: A Software Science Validation, IEEE Transactions on Software Engineering,SE-9(6), November, 639-648.Banker R. D., Kauffman R. J., and Kumar R. 1990a. Managing DevelopmentProductivity of the Computer Aided Software Engineering (CASE) Process with DynamicLife Cycle Trajectory Metrics. Center for Research on Information Systems, New YorkUniversity, Information Systems Department, Leonard N. Stern School of Business.1 First step is taken in Hakkarainen et al. (1993).

111Banker R., Kauffman R. J., and Kumar R. 1990b. Output Measurement Metrics in anObject-Oriented Computer Aided Software Engineering (CASE) Environment: Critique,Evaluation and Proposal. Center for Research on Information Systems, New YorkUniversity, Information Systems Department, Leonard N. Stern School of Business.Basili V. R. 1981. Resource Models. Programming Productivity: Issues for The Eighties,Jones C. (Ed.), 110-115, IEEE.Baxter R. S. 1976. Computer and Statistical Techniques for Planners. Methuen & Co Ltd.Behrens C. A. 1983. Measuring the Productivity of Computer Systems DevelopmentActivities with Function Points. IEEE Transactions on Software Engineering, SE-9(6),November, 648-652.Boehm B. W. 1987. Improving Software Productivity. Computer, September, 43-57.Bourque P. & C�t� V. 1991. An Experiment in Software Sizing with Structured AnalysisMetrics. Journal of Systems Software, 15, 159-172.Cameron J. R. 1986. An Overview of JSD, IEEE Transactions on Software Engineering,SE-12(2), February, 222-240.Cameron J. R. 1988. The modelling phase of JSD, Information and SoftwareTechnology, 30(6), July/August, 373-383.Cameron J. R. 1989. JSP & JSD: the Jackson Approach to Software Development, IEEEComputer Society Press.Conte S. D., Dunsmore H. E., and Shen V. Y. 1986. Software Engineering Metrics andModels, The Benjamin/ Cummings Publishing Company, Inc.Cowan J. B. 1990. Quality assurance potential of analyst/designer workbenches,Information and software technology, 32(1), January/February, 46-52.Curtis B., Sheppard S. B., Milliman P., Borst M. A., and Love T. 1979. Measuring thePsychological Complexity of Software maintenance Tasks with the Halstead and McCabeMetrics, IEEE Transactions on Software Engineering, SE-5(2), March, 96-104.DeMarco T. 1978. Structured analysis and system specification. Yourdon Press.DeMarco T. 1982. Controlling Software Projects. Yourdon Press.Development Centre Productivity Measurement Guide 1984. IBM.Dreger J. B. 1989. Function Point Analysis. Prentice-Hall.Gane C. P. & Sarson T. 1979. Structured systems analysis: tools and techniques,Prentice-Hall.Hakkarainen J., Laamanen P., and Rask R. 1993. Neural Networks in Specification LevelSoftware Size Estimation. To be published.Halstead M. H. 1977. Elements of Software Science, Elsevier.Harrison W. 1990a. Insights on Improving the Maintenance Process Through SoftwareMeasurement. Department of Computer Science, Portland State University School ofEngineering and Applied Sciences, TR 90-4, March.

112Harrison W. 1990b. Using Metrics to Allocate Testing Resources in a ResourceConstrained Environment. Department of Computer Science, Portland State UniversitySchool of Engineering and Applied Sciences, TR 90-5, April.Heemstra F. J. & Kusters R. J. 1991. Function point analysis: evaluation of a softwarecost estimation model. Eur. J. Inf. Systs., 1(4), 229-237.Henry S. & Kafura D. 1981. Software Structure Metrics Based on Information Flow.IEEE Transactions on Software Engineering, SE-7(5), September, 510-518.Hunter R. 1990. Lecture 1: Software Measurement. Software Tools 1990: The PracticalUse of Software Metrics. Wembley Conference Centre, London, 12-14 June, BlenheimOnline.Hyttinen T. 1990. Verkkojenk�sittelyohjelman graafinen k�ytt�liittym�. Erikoislabo-ratorioty�, Joensuun yliopisto, Tietojenk�sittelyopin laitos.IEEE Standard 982.2 1988. Standard Dictionary of Measures to Produce ReliableSoftware. Software Engineering Standards. Third edition. IEEE.Jackson M. 1983. Systems Development, Prentice-Hall.Jones C. 1986. Programming Productivity. McGraw-Hill, New York.Kitchenham B. 1990a. Measuring Software Development. Software Reliability Handbook(Ed. P. Rook). Elsevier Science Publishers Ltd.Kitchenham B. 1990b. Session 4: Software Project Cost Estimation. Software Tools1990: The Practical Use of Software Metrics. Wembley Conference Centre, London, 12-14 June, Blenheim Online.Laamanen P. 1991. Tietovirtakaavion piirto- ja analysointiohjelma. Erikois-laboratorioty�,Joensuun yliopisto, Tietojenk�sittelyopin laitos.Laamanen P. & Rask R. 1991. A Prototype System for Automating the Analysis of SADescriptions. Report A-1991-2. University of Joensuu, Department of Computer Science.Londeix B. 1987. Cost Estimation for Software Development. Addison-Wesley.Low C. G. & Jeffery D. R. 1990. Function Points in the Estimation and Evaluation of theSoftware Process, IEEE Transactions on Software Engineering, 16(1), January, 64-71.McCabe T. J. 1976. A complexity measure. IEEE Transactions on Software Engineering,SE-2(4), 308-320.McCabe T. J. & Butler C. W. 1989. Design Complexity Measurement and Testing,Communications of the ACM, 32(12), December, 1415-1425.Mazzucco F. 1991. IEF - Automatic Function Point Count. International Function PointUsers Group Conference Proceedings, Spring 1991, 168-181.Nevalainen R. & M�ki H. 1992. An Empirical Software Cost Estimating Tool (LATURI-Tool). J. Leponiemi (ed.): NordDATA’92 Proceedings, 819-324.Nunamaker J. F. & Chen M. 1989. Software Productivity: A Framework of Study and anApproach to Reusable Components. B. D. Shriver (ed.): Proceedings of the 22nd AnnualHawaii International Conference on System Science, vol. II, 959-968.

113Pfleeger S. L. 1991. Model of Software Effort and Productivity. Information andSoftware Technology, 33(3), 224-231.Poel van der K. G. & Schach S. R. 1983. A Software Metric for Cost Estimation andEfficiency Measurement in Data Processing Systems Development, The Journal ofSystems Software, 3, 187-191.Rask R. 1985. Ohjelmamoduulin sis�isen ja ulkoisen monimutkaisuuden mittaus.Lisensiaatinty�, Jyv�skyl�n yliopisto.Rask R. 1990a. The management and evaluation of systems development, Abstracts of theSeminar on Design Automation of Computer Hardware and Software (Ed. Iiro Hartimo),Helsinki University of Technology, Faculty of Electrical Engineering, Laboratory ofSignal Processing and Computer Technology.Rask R. 1990b. One view of the transformation of JSD to SA, Fourth InternationalWorkshop on Computer-Aided Software Engineering, Advance Working Papers, (Ed. R.J. Norman & R. Van Ghent), 248-249, Irvine, California, 5-8 December.Rask R. 1991a. Counting Function Points from SA Descriptions. The Papers of The ThirdAnnual Oregon Workshop on Software Metrics (Ed. W. Harrison), Silverton, Oregon,March 17-19.Rask R. 1991b. Algorithms for counting unadjsuted Function Points from dataflow dia-grams. Report A-1991-1. University of Joensuu, Department of Computer Science.Rask R., Laamanen P., and Lyytinen K. 1992a. A Comparison of Albrecht’s FunctionPoint and Symons’s Mark II Metrics. To be published.Rask R., Laamanen P., and Lyytinen K. 1992b. Simulation and Comparison ofAlbrecht’s Function Point and DeMarco’s Function Bang Metrics in a CASE Environment.To be published.Ratcliff B. and Rollo A. L. 1990. Adapting Function Point Analysis to Jackson SystemDevelopment. Software Engineering Journal, January, 79-84.Reiffer D. J. 1990. Asset-R: A Function Point Sizing Tool for Scientific and Real-TimeSystems. J. Systems Software, 11, 159-171.Shepperd M. 1988. An evaluation of software product metrics. Information and softwaretechnology, 30(3), 177-188.Shepperd M. & Ince D. 1989. Metrics, outlier analysis and the software design process.Information and Software Technology, 31(2), March, 91-98.Shoval P. 1988. ADISSA: Architectual design of information systems based on structuredanalysis, Information Systems, 13(2), 193-210.Shoval P. & Manor O. 1990. Software engineering tools supporting ADISSA methodol-ogy for systems analysis and design, Information and Software Technology, 32(5), 357-369.Symons C. R. 1988. Function point analysis: difficulties and improvements. IEEETransactions on software engineering, 14(1), 2-11.Symons C. R. 1991. Software Sizing and Estimating, Mk II FPA (Function PointAnalysis). John Wiley & Sons.

114Ward P. T. & Mellor S. J. 1985. Structured Development for Real-Time Systems,Volumes 1&2. Yourdon Press.Ward P. T. & Mellor S. J. 1986. Structured Development for Real-Time Systems,Volume 3. Yourdon Press.Woodman M. 1988. Yourdon dataflow diagrams: a tool for disciplined requirements anal-ysis, Information and software technology, 30(9), November, 515-534.Yourdon E. 1989. Modern Structured Analysis. Prentice-Hall.Yu W. D., Smith P, and Huang S. T. 1990. Software Productivity Measurements. AT&TTechnical Journal, May/June, 110-120.APPENDIX A - A Model for Measuring and Controlling Software Productivity.Productivity is generally defined as (Boehm 1987, Yu et al. 1990, Pfleeger 1991):(A.1)Productivity = Outputs produced by the processInputs consumed by the processThe inputs can represent the amount of work effort required to produce the final product, whilethe outputs represent the work product itself. Productivity improvement can be stated as areduction in unit cost or as an increase in output per unit cost (Behrens 1983).Productivity analysis is useful only if the software metrics are good, especially with regard tosoftware size. The use of size metrics is possible only if they are examined in a large envi-ronment. Consequently, a model is needed to describe the process of measuring and analyzingsoftware development.

115The measurement object is a software system. Measurement must be possible in differentdevelopment phases (DeMarco 1982, Banker et al. 1990a). As the system descriptions arerefined, the metric values must be improved. In Figure A.1 the development phases - analysis,design, and implementation - are represented by the layered description. On each layer the sametype of structure is applied, but different product metrics.This thesis concentrates on measuring the analysis phase product, the foremost level in FigureA.1. The other levels are hidden, but they contain the same estimation phases (indicated byrectangles) and data sets (indicated by ovals). Only the descriptions of work products and sizemetrics used are different. The potential metrics for each development phase are summarized inAppendix K.To estimate the size of a software system, a suitable product metric is applied to systemsdescriptions, i.e. to the work product. The purpose of the estimation of software size is toprovide a basis for the estimation of software cost, i.e. the required work effort. The costestimation function is a process metric. To obtain a reliable result, both estimates, product metricand process metric, need application knowledge in a suitable form.The broken lines in Figure A.1 imply feedback in the process of productivity analysis.1 Byusing historical size and work effort data, the cost equation can be changed when necessary.1 Kitchenham (1990b) regards feedback as the most important concept in cost estimation.

116 SizeestimateApplicationknowledgeHistoricalknowledgeCostestimationCostestimateProductivityanalysis

WorkeffortData modelDataflowdiagramJSDspecificationdiagramOtherdescriptionsProductmetricsSize estimation

Work product

Means forproductivityimprovement

Processmetrics

ANALYSISDESIGNIMPLEMENTATIONManpowerestimation

Manpowerestimate

Figure A.1. Estimation of software size, cost and productivity.IBM’s Development Centre Productivity Measurement Guide (1984) regards the work effortreporting system as the most important and difficult aspect in the analysis of productivity. If thehistorical data of work effort and work product are not accurate and complete, the productivitycalculations can be difficult to execute and the estimates may be unreliable. Otherwise, theestimation results can be analyzed to select and apply the best method and tool to decrease thecosts in future projects. Figure A.2 simplifies the feedback connections of Figure A.1. 117

HistoryEstimateWork effort

Figure A.2. Principles of a control and estimation system.When there is an accepted size metric P, the software development costs C can be estimated inperson-months by local linear or non-linear equations as suggested by DeMarco (1982), Conte etal. (1986), and Londeix (1987) as follows:(A.2)C = K + M * P(A.3)C = K + M * PEwhere E, K and M are environment-dependent constants.From the cost estimate the manpower of the project tasks can be further specified and the tasksscheduled. The manpower estimation of a project could be based on the Rayleigh’s distributionas a function of time t (Basili 1981, Londeix 1987):(A.4)m(t) = 2 * C * a * t * exp(-a * t2)where C denotes costs in man-months throughout the life of the software, including itsmaintenance (DeMarco 1982), and a is a design parameter which affects the form of the resultingdistribution. This shape parameter a depends upon the point in time, i.e. the development timetd, at which m(t) reaches its maximum as defined by the function:(A.5)a = 1/2td2.APPENDIX B - FPA Detail and Summary Sheets.Detail Sheet: Outputs-----------------------------------------------------------------------------------------------------------------------------1-5 data items6-19 data items20 or more data itemsreferencedreferencedreferenced-----------------------------------------------------------------------------------------------------------------------------0 or 1 file(s) referencedSimple (4)Simple (4)Average (5)2 or 3 files referencedSimple (4)Average (5)Complex (7)4 or more files referencedAverage (5)Complex (7)Complex (7)-----------------------------------------------------------------------------------------------------------------------------Detail Sheet: Inputs-----------------------------------------------------------------------------------------------------------------------------

1181-4 data items5-15 data items16 or more data itemsreferencedreferencedreferenced-----------------------------------------------------------------------------------------------------------------------------0 or 1 file(s) referencedSimple (3)Simple (3)Average (4)2 files referencedSimple (3)Average (4)Complex (6)3 or more files referencedAverage (4)Complex (6)Complex (6)-----------------------------------------------------------------------------------------------------------------------------Detail Sheet: Inquiries-----------------------------------------------------------------------------------------------------------------------------Output Part: 1-5 data items6-19 data items20 or more data itemsreferencedreferencedreferenced-----------------------------------------------------------------------------------------------------------------------------0 or 1 file(s) referencedSimple (4)Simple (4)Average (5)2 or 3 files referencedSimple (4)Average (5)Complex (7)4 or more files referencedAverage (5)Complex (7)Complex (7)===========================================================================Input Part: 1-4 data items5-15 data items16 or more data itemsreferencedreferencedreferenced-----------------------------------------------------------------------------------------------------------------------------0 or 1 file(s) referencedSimple (3)Simple (3)Average (4)2 files referencedSimple (3)Average (4)Complex (6)3 or more files referencedAverage (4)Complex (6)Complex (6)-----------------------------------------------------------------------------------------------------------------------------Detail Sheet: Files----------------------------------------------------------------------------------------------------------------------------- 1-19 data items20-50 data items 51 or more data itemsreferencedreferencedreferenced-----------------------------------------------------------------------------------------------------------------------------1 logical record format/relationshipSimple (7)Simple (7)Average (10)2-5 logical record formats/relationships Simple (7)Average (10)Complex (15)6 or more logical record formats/relationships Average (10)Complex (15)Complex (15)-----------------------------------------------------------------------------------------------------------------------------Detail Sheet: Interfaces----------------------------------------------------------------------------------------------------------------------------- 1-19 data items20-50 data items 51 or more data items referencedreferencedreferenced-----------------------------------------------------------------------------------------------------------------------------1 logical record format/relationshipSimple (5)Simple (5)Average (7)2-5 logical record formats/relationships Simple (5)Average (7)Complex (10)6 or more logical record formats/relationships Average (7)Complex (10)Complex (10)-----------------------------------------------------------------------------------------------------------------------------Summary Sheet---------------------------------------------------------------------------------------------------------------------BusinessComplexity Number of Complexity Factor, orFunctionClass Functions (Fi) weight (wi) ---------------------------------------------------------------------------------------------------------------------OUTPUTSSimpleF1*4AverageF2*5ComplexF3*7---------------------------------------------------------------------------------------------------------------------INQUIRIESSimpleF4*4AverageF5*5

119ComplexF6*6ComplexF7*7---------------------------------------------------------------------------------------------------------------------INPUTSSimpleF8*3AverageF9*4ComplexF10*6---------------------------------------------------------------------------------------------------------------------FILESSimpleF11*7AverageF12*10ComplexF13*15---------------------------------------------------------------------------------------------------------------------INTERFACESSimpleF14*5AverageF15*7ComplexF16*10---------------------------------------------------------------------------------------------------------------------TUFPV = S Fi * wi--------------------------------------------------------------------------------------------------------------------- APPENDIX C - Software System.A software system serves a certain domain in the real world by implementing desired userfunctions via a user interface. Figure C.1 illustrates the software system containing anapplication part, a user interface layer, and input-output channels between the software systemand the real world.The application part contains the automated user procedures which are in-stances of the real world transactions. A transaction in the software system is initiated by someevent in the environment. The application part thus consists of the descriptions of a transactionset to implement the functions required by users. For example, in an invoicing system the usermay request a dunning letter concerning the unpaid invoices. This triggers a transaction withinthe application part to find the unpaid invoice data and to produce the dunning letters. Toimplement this and other transactions, the software development phases are gone through and therequired descriptions are produced.

120Application User interfaceEvent

InputOutput Real worldFigure C.1. Model for a software system.The user interface part of the software system caters for human factors, ergonomics, and checks.For example, there may be pulldown menus, pop-up menus, and special input and inquiryscreens to provide the services needed by the users. To ascertain of the validity of the data,different checking rules have to be designed and programmed. The implementation of all thesecomponents requires us to take into account human factors, i.e. mental and physical ergonomics.The implementation of an ergonomic user interface thus requires an additional effort.APPENDIX D - Example of a Dataflow Diagram 121

1.1.1BOOKSEDIT ORDERDETAILSCUSTOMERS1.1.2CHECK BOOKIN STOCKINVENTORY-ITEMS1.1.3CHECK CREDITAUTHORIZA-TION1.1.5CHECK INV-ENTORY FOR REPRINT1.1.4ENTERORDERPAYMENTSMONEYORDERSINVOICESORDER-ITEMSARCHIVESCUSTOMERSorder-responsevalid-order-details+warehouse-ID+total-pricecredit-agency-responsecredit-inquirylow-inventory-messagevalid-order-details+warehouse-IDvalid-order-details+warehouse-IDvalid-order-detailsorder-responseorder-responseorder-details initial-order