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Software Development Cost Drivers
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CEBoOK-S: Lesson 3: Cost Drivers

Cost drivers should be evaluated for use as explanatory variables in creating
either an analogy (e.g., effort per size measure) or parametric, regression-
based relationship where effort is estimated as a function of one or more
explanatory variables (e.g., size, productivity)

Software Size! Productivity3

Size of the development effort Represents the speed at which
software can be developed, ...

An important cost driver often output size /input effort

Key measures of size: Productivity factors often based
Physical size on:
Functional, and non-functional size ( Software complexity A
Relative effort size Development team capability
Others (requirements, RICEFW?) Schedu!e (duration
L constraints) D

—
.

Software size is the subject of separate Lesson X

2. RICEFW is Reports, Interfaces, Conversions, Extensions, Forms and Workflows, which are objects used to size
procured software (see Lesson 6)

3. Productivity is the topic of separate Lesson Y

cobec Quality Plus Technologies, Inc. ¢
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ConOps to ROM in 6 Easy Steps
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_ e 3 Estimate # of e 5 Historical
* 1. Identify data groups (*7 Data (analogy)
ConOps Software SFP) * 6 Estimate
(or high- Boz“'l";ary_fc'es) 4 Estimate # of Cost &
[}
level req) : e_ntl Yl elementary Duration
unctiona processes (* 4.6 using CER
requirements SFP) SER '
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* 1. [dentify

Conops e Concept of Operations (ConOps),,

level req) * 2 ldentify

* ConOps is a conceptual description of the
operational part of the system solution.
The operational part of the system solution Concept of
is that part of the solution which is intended Operations
to meet the requirements on the system (ConOps)

. for Program
which serve an end-use purpose.

Source: https://www.ppi-int.com/resources/systems-engineering-faq/what-is-the-
difference-between-an-ocd-conops/

XXX
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* 1. [dentify

(R ) Concept of Operations (ConOps)

requirements

* A ConOps document contains high-level software requirements
e Suitable for generating a ROM estimate for size, effort, cost,

schedule
' .-
[ [
! : |—
. 2 AN . [ Software Development Sustainment
3 s \
I ::- = s -\h"— I =

0% = Extrapolation
% 06% P & \
I : . /i"' I Parametric . _ From Actual
. 0k . I ° Engineering e

1T T I Analcigy ®
i Requerementy Tere ®
I hifal ® Comgplate fode e I ] ] p N
oo ¥ PR D g Higher Uncertainty Lower Uncertainty
| aie. L. e '
\ . ) - \ [T
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* 1. [dentify

(R ) Step 1: Identify Software Boundary(ies)

External

Conceptual line between

the software under — —
analySIS and its USErS, _ Data sent out Reference data stored
th rough which data ) external to the software

passes into and out of the

application(s) Data sentin Data sent out
Most crucial step in the I

sizing process & ) e~

ConOps could contain @W{ L B stored

MULTIPLE pieces of =5 AT

software > separate sizes aoﬁmm

Print Result

_cobec Quality Plus Technologies, Inc. "



T - < Stepr2ridentify Functional(YUser)
(or high- | Boundaryfies)

level req) S L [tk

Requirements (FUR

A sub-set of the user requirements; requirements that

describe What the software shall do, in terms of
tasks and services.

|dentify logical groups of data and processes that describe:
Data to be referenced or stored

nnnnnnn

Reports to be produced (

Displays of data D

Send of data to other systems (interface or output) ) j ¢
Data entry Qj}ﬁ | f‘bf/

Exclude non-functional (e.g., performance, quality), and "

technical requirements*

* Non-functional requirements can be estimated using FPUG Software Non-Functional Assessment Points (SNAP) or

other approaches

cobec Quality Plus Technologies, Inc.
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SFP)
4 Estimate # of

" sementany” Functional User Requirements

SFP)

;;;t;;;;;;{s? -icean g poretiomPo intsmea surethrersize of

“User Requirements”
~&1-L-l 1. Functional (User) Software
-| - =~ Requirements (WHAT: FP) +—— .
; Requirements
. — >
2. Non-Functional
Requirements (HOW GOOD) {=—
SEEEEEEEEEEEEEEEEEEEEEEEEEEEER® Note:Eﬁort’ Cost’&
3. Technical Requirements Schedule are a
/ (HOW. TO BUILD) function of all types
’ “Developer Construction
Requirements”

cobec Quality Plus Technologies, Inc.
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jjjjf;i}jj; History of Function Points (FP)

Mid-1970’s: Function Points (FP) developed at IBM as a
an alterative to Source Lines of Code (SLOC) \‘o

1984-1986: Formation of the International Function B
Point Users Group (IFPUG) and publication of IFPUG FP
Counting Practices Manual v1.0

1998: ISO/IEC 20926 (IFPUG FP) and other ISO
standards for Functional Size

2010: IFPUG 4.3.1 - current version. Assigns FP to 5
function types and 3 complexities (low, avg, high)
based on detailed software requirements

2021: IFPUG Simple FP (SFP) v2.1 — Assigns SFP to 2
function types (one complexity)

cobec Quality Plus Technologies, Inc. 14
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j;jié;g;:j; IFPUG SFP: Simple Function Points

IFPUG SFP v2.1 (2021) is a simplified (and
standardized) approach compatible with IFPUG

v4.3.1
Size is based on two functional components
(single complexity):
Logical files (Data Groups) =2 7 SFP each
Elementary Processes 4.6 SFP each

Especially suitable for early software sizing when
details of FUR are not yet known

cobec Quality Plus Technologies, Inc. 15
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IFPUG FP v4.3.1 versus IFPUG SFP v2.1

processes (* 4.6
SFP)

Vv IFPUGSimpleFPV2.1 |

External External External
Inputs Outputs Inquiry

Application Boundary

To “estimate” IFPUG SFP - Identify Logical Files & Elementary Processes
- Translate # FP

cobec Quality Plus Technologies, Inc. 16



SFP)

A Extimate i of Grou E! :2
processes (* 4.6 I

SFP)

;;;t;;;;;;;{s? e ICEAA 2023 ProGpiy-Bermfigtiimrgtetogical-Files(Pata

Logical file (LF)
functionality provided to the user to meet internal and
external data storage requirements <Data group> |
user recognizable group of logically related data or control
information maintained and/or referred within the
boundary of the application being measured.”
The term file here does not mean physical file or table. In
this case, file refers to a logically related group of data and
not the physical implementation of those groups of data.

Each LF =7 SFP

cobec Quality Plus Technologies, Inc. 17



elementary

Groups

:;;tg,-:;;;;s;, icEas 2023 Proprmye3ermfstimatestogical-Files:¢Pata
SFP)

processes (*46 —
SFP)

Does not matter if
internal (maintained) or
external (referenced)

ldentify|Logical Files
(data groupings)

Estimate # of Logical Files
(* 7 SFP)

External

5
&\

X

—

|

-

-

Fl
[

Data sent out

—

Boundary

— )

Reference data stored
external to the software

Internia | A
Data sent in Data sent out
=

-

& 1

Dt

ata stor -

by the sof ware "
Print Result
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elementary
processes (* 4.6
SFP)

jijff;%i; Step 4: Estimate Elementary Processes ,

Elementary process (EP) —
smallest unit of activity, which is meaningful to the user, that
constitutes a complete transaction, it is self-contained and
leaves the business of the application being measured in a
consistent state

Examples are :
CRUD (Create, Read, Update, Delete) =4 Elementary Processes
Report =1 elementary process
Display data =1 elementary process

Each EP = 4.6 SFP

cobec Quality Plus Technologies, Inc. 19



elementary
processes (* 4.6
SFP)

- Preser e ICEAA 2023 Professional Development & Training Workshop - www.iceaaonline.com/sat2023
data groups (*7 . .
Step 4: Estimate Elementary Processes

All types of transactional
functions (inputs,

outputs, queries) have
Puts, queries)
same SFP value —

ldenti ~ T
(asn)
elementary processes> —
\3@))} ME !%a stored

Estimate # of Elementary of e
processes (* 4.6 SFP) @Ewndaw

N | E—

External

— =

Reference data stored
external to the software

.?'

Print Result
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* 5 Historical O
Data (analogy)
* 6 Estimate S I I I l a e
Cost &
Duration
using CER, r________________________________________________________________________________________________________________________________________________________________
SER

Estimated software size Size
(sum) )

SFP logical files |

SFP elementary processes

_ yP Effort
Estimated effort )

Estimated cost

Estimated schedule
(duration)

Schedule

ﬂ)bec Quality Plus Technologies, Inc. ’1
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£ Step 5: Historical data (analogy)

Find similar projects in historical data
Similar size

Similar productivity factors:

Complexity Z :
Developer capability : )||-'-a"f'i :
Schedule compression (if applicable) . S Wk |
. i _"‘x_’.,' h __'.I':.‘._"'_.- - -\_':_:\-_:5. II‘..-‘.“'
May need to adjust for scope S Wil

Industry data sources:
SRDR (US DoD)

International Software Benchmark Standards Group

(ISBGS) Application Development & Enhancement
repository (www.isbsg.org)

Commercial tool datasets

cobec Quality Plus Technologies, Inc.
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Match / adjust scope of activities

* 6 Estimate
Cost &
Duration
using CER,
SER

Stake- SW Arch. | SW SwW SW SW Qual. | System |System |System [ System
holder . Detail Construc | Integrati | Testing [ Integrati | Qualifica | Installati | Accepta
Reg. Design tion on on tion on nce

| | &
Design, Code, Test, Integration I
(DCTI) [

SW Development “end to end”

System Development “end to end”

—>

ﬂ)bec Quality Plus Technologies, Inc. >3
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E Repository

* 5 Historical
Data (analogy)
* 6 Estimate
Cost &
Duration
using CER,
SER

In lieu of historical data, can use the ISBSG Development &
Enhancement (D&E) Repository (2020)!

Typical database filters for selecting analogous projects

Data Quality Rating > Aor B
Size (range close to your SFP estimate)

Year of Project

Industry Sector and Organization Type

Application Group and Application Type.

Development Type. New development or enhancement.
Count approach.~> IFPUG 4.0 and above

1.1SBSG Development and Enhancement (D&E) Repository, Corporate Release 2020
R1, August 2020, with 9,592 completed projects

cobec Quality Plus Technologies, Inc.
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Step 6: ROM Estimate using Analogy

ldentify any applicable CERs/SERs (linear analogy):

Estimated effort (hours) = SFP Size * ISBSG analogy effort
(hours)/ ISBSG analogy size

Cost = Estimated effort (hours) * labor rate per hour
Duration (months) = Estimated effort (hours) / (hours/PM
* team size)
Cross check using COCOMO Il or commercial tool or
other estimating methods

Typically, acceptable variance range between
estimates should be between 10 — 20% (maximum)

cobec Quality Plus Technologies, Inc. 2
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ConOps Case Stu
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W Concept of Operations (ConOps)

Adapted from CEBoK-S Lesson X (Software Size)

High level use case list & diagram for Course
Registration System — without details

Software will provide functions needed to maintain
professor, student, and course information as well as
class registration functions

Note: used only high-level diagram and description

(CEBOK-S case study is more detailed - Different
estimated size)

cobec Quality Plus Technologies, Inc. 2



e - Steprdstdentify Software-Boundary(ies)

{((:)cr] l’;]?gps _ B oicrnltit:r;r(?e s) . °
e req) ) 2y with Use Case Diagram

i In same A 4 Boundary A
s/w
Boundary ,_»—’VC}
2| A==

4 " ———— 3

%ﬂ_ -'I_—_"___‘_‘__—F_ S o= ouerw e e T mmes

- ‘\w...., "“'-hrc:j

mgm&h -‘_'-‘l::;."rw'nm-r IS s
\T T — I%‘Mail System
Imify s
Course Registration -
/

System Use Case -.%
Diagram @
= N e

e
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Software
Boundary(ies)

* 2 |dentify

ConOps
(or high-

level req) Functional

SR - <= 20Stepr2eldentify Functional-(User)

Requirements (FUR

# Use case for Course Registration System
1. Logon (by all users)
2. Maintain professor information (by the registrar)
3. Select courses to teach (by professors)
4. Maintain student information (by the registrar)
5. Register for course(s) (by students)
o . e
6. Close registration (by the registrar) f /w 2
7. Submit grades (by professors) f_%»“,\w“*x;..g; -
8. View report card (by students) e
-
Course Registration S ‘/,Q\"‘“ o
S, vee e o en

_cobec Quality Plus Technologies, Inc. 2’




* 3 Estirnave #o?
data groups (*7
SFP)

4 Estimate # of
elementary rO u S
processes (* 4.6

SFP)

ceas Stepdro-fstimate bogical-Hles{Data

# Use case for Course Registration System
User logical file
1. Logon (by all users) &
2. Maintain professor information (by the registrar) LProfessor logical file
3. Select courses to teach (by professors) Course catalog
4, Maintain student information (by the registrar) Student information
5. Register for course(s) (by students) Course
6. Close registration (by the registrar) ref.;lstratlon/ register
includes grades
7. Submit grades (by professors)
8. View report card (by students)
Estimated 5 Logical

Files = 35 SFP

ﬂ)bec Quality Plus Technologies, Inc. 30



* 3 Estirnave & oi
data groups (*7
SFP)

4 Estimate # of
elementary
processes (* 4.6
SFP)

ICEAA 2023 Professional Development & Training Workshop - www.iceaaonline.com/sat2023

Step 4: Estimate Elementary Processes

# Use case for Course Registration System
1. Logon (by all users) Logon = 1 EP
2. Maintain professor information (by the registrar) CRUD =4 EP
3. Select courses to teach (by professors) Select="1EP
4. Maintain student information (by the registrar) CRUD =4 EP
5. Register for course(s) (by students) Register=1EP
6. Close registration (by the registrar) Close = 1EP
7. Submit grades (by professors) Submit =1 EP
8. View report card (by students) Report card
\iﬂput =1EP
<l Estimated 14 EP = 64.4 SFP —~
cobec

I CONSULTING
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.ﬂ ROM Software Estimate

Estimated size = 100 SFP

SFP logical files = 35 SFP

SFP elementary processes
= 64.4 SFP

Estimated effort
Estimated cost

Estimated schedule
(duration)

ﬂ)bec Quality Plus Technologies, Inc.

Size

\.

Effort

.

Schedule

J
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* 5 Historical
Data (analogy)
* 6 Estimate
Cost &
Duration
using CER,
SER

the ICEAA 2023 Professiona@tve)pe@z:TraHgi gt]@clﬁ i @@.Ice@afl?am/ sat2023

Scope of actjvities

Stake- . | SW Arch. | SW SwW SW SW Qual. | System |System |System [ System
holder . Design Detail Construc | Integrati | Testing [ Integrati | Qualifica | Installati | Accepta
Reg. Design tion on on tion on nce

o Teod negeatsn (o

SW Development “end to end”

System Development “end to end”

ﬂ)bec Quality Plus Technologies, Inc. 23
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* 5 Historical ° .
e Step 5: Historical data
Duc;;ttion
using CER, -
SER

Use organizational data if available otherwise, obtain
industry data from other sources

Key to successful Analogous estimating is to find
project as similar to the project being estimated and
adjust for any factors that may result in different cost
& schedule

If multiple projects exist may want to develop a
composite for the analogous estimate.

cobec Quality Plus Technologies, Inc. Y
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* 5 Historical .
Data (analogy)
ISBSG D&E Repository
Cost &
Duration
using CER,
SER

In lieu of historical data, can use the ISBSG Development &
Enhancement (D&E) Repository (2020)!

We have 2007 version of ISBSG D&E (for DEMO)

Typical database filters for selecting analogous projects
Data Quality Rating=A or B
Size =75-200 FP
Industry Sector and Organization Type
Application Group and Application Type.
Development Type. New development.
Count approach. Select IFPUG 4.0 and higher

1.1SBSG Development and Enhancement (D&E) Repository, Corporate Release 2020
R1, August 2020, with 9,592 completed projects

_cobec Quality Plus Technologies, Inc.
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) ISBSG D&E Repository

Cost &
Duration
using CER,
SER

Filter the ISBSG D&E records

m Student Registration Mapping Required / Criteria for Inclusion

Data Quality AorB Include data points that have all or a majority of fields provided for
the project — that is data quality = A or B only

Size 75-200 FP Limited by ISBSG database version... >2000

Industry Sector, Any sector and type Not used as an initial filter, unless we need to further refine our

Organization Type dataset

Application Group and Not particular Include only data points that map to the Application Group:

Application Type Business Application, and Application Type: Application software or
Financial

Development Type New Development Include only data points that are new development

FP Counting approach IFPUG 4+ Include only data points that have sizing units of measure IFPUG 4.0

or newer (compatible with current IFPUG 4.3.1)

ﬂ)bec Quality Plus Technologies, Inc. 36
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et ISBSG D&E Repository

using CER,
SER

After filtering based on our criteria, then normalizing (as necessary) the activities and effort, our dataset now has
6 potentially analogous records that match

saling SEZHTT Effort o aLrclngg Scfreoule

Data Qual] Count | Functional | Normalise | Summarn Mormali | Proje | Project Activity Scope | Develop Organis:

Size d “Work sed ct

Effort FPDR |Elaps
(ufp) |[ed
il - ol - - - | Time - ~ r
A, IFPLG 149 193 74 I 2 SpechicationBuild Testimg Mew Dev Public Ad
E IFFLUG 106 230 3820 : 2 Flanning.Specfication:Buillc Mesw Des Public Ad)
M E FrPO= To0 509 509 24 S Planning. Specticanon. SUIC M ew ey Mariatact |

A, IFPUS G 45/ 4354 30N 1 Specihicaton.Buld. T est img New Liew Publhc Sdi
i) A IFPUS 103 1807 1626 175 4 Specficaton:Build. Test Img Nessw Dev Public Sl
E IFFLIG 1256 304 170 B Flanning:Build; Merwr D Public A

We want to further refine the selection to find the most analogous project. We selected and highlighted two projects (see 1
and 2) as our potential best-fit analogous projects. (#2 would need to normalize for planning)

Note: an alternate approach would be to use these 6 records as the basis for a parametric CER. See CEBoK-S lesson 4 for
details.

ﬂ)bec Quality Plus Technologies, Inc. 37
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Step 6: ROM Estimate using Analogy

ldentify any applicable CERs/SERs (linear analogy):

Est Effort (hours) = SFP Size * ISBSG analogy effort (hours) /
ISBSG analogy size

Est Effort (hours) = 100 SFP * 4599 hours / 188 FP = 2446 hours

At 152 hour/PM = 16 PM

Cost = Estimated effort (hours) * labor rate per hour
Assumed labor rate = $60 USD / hour
Cost = $146,760

Duration (months) = Estimated effort (hours) / (hours/PM
* team size)

Duration (months) = 2446 hours / (152 hours/PM *2 people) = 8
months

ISBSG project elapsed time =9 months (see previous page)

cobec Quality Plus Technologies, Inc. a8
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Step 6: ROM Estimate using Analogy

Can include data for Effort per SFP, SPF/Mo, S/SFP

Based on the adjustments made to the historical
data, CERs, and SERs, the estimate can be developed.

Cross check using COCOMO Il or commercial tool or
other estimating methods

Typically, acceptable variance range between
estimates should be between 10 — 20% (maximum)

cobec Quality Plus Technologies, Inc. 30
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* 5 Historical
Data (analogy)
* 6 Estimate
Cost &
Duration
using CER,
SER

Cross-checking the ROM Estimate

Preliminary cross check using COCOMO II™ web tool
http://softwarecost.org/tools/COCOMO/
Created by Ray Madachy at the Naval Postgraduate School. Email: rjmadach@nps.edu.

COCOMO Il - Constructive Cost Model

Software Size Sizing Method | Function Points v |
Unadjusted Software Size Probability Distribution Distribution Type | Normal ~
Function Language| Java v | u :
Paints # lterations # Iterations 1000

(=]
(=]
o

[¢]

o

0

0-0 | 0-0 00 | 0-0 00 | 00
Software Equivalent Size (KSLOC)

Software Scale Drivers

Precedentedness Architecture / Risk Resolution Process Maturity
Development Flexibility Team Cohesion
.
Software Cost Drivers ASS u m pt I O n S *
Product Personnel Platform
g ° | d
Required Software Reliability Analyst Capability Time Canstraint 1 00 F P (Se eCte J ava )
Data Base Size Programmer Capability Storage Constraint ° L b -_— $9 1 2 O/P M
Product Complexity Personnel Continuity Platform Volatility a O r ra te -
Developed fér Reusabi\ity- Nom?na\ ~ | Application Experience Project ( 1 5 2 h O u r.S/P M k
Documentation Match to Lifecycle Needs Platform Experience Use of Software Tools
Language and Toolset Experience Multisite Development S60/ h O u r)
Required Development Schedule
Maintenance Off v e All nominal settings

Software Labor Rates

Cost per Person-Month (Dollars) 9120

| Calculate ‘

_cobec Quality Plus Technologies, Inc. %
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Deta (anslog) . .
oz Cross-checking the ROM Estimate
using CER,
SER
Results
/Software Development (Elaboration and Constructiorb 8taffing Profile

Effort = 18.4 Person-months
Schedule = 9.3 Months 2
Cost = $167814
Total Equivalent Size = 5300 SLOC
KEf’fort Adjustment Factor (EAF) = 1.00 J
Peopl
Acquisition Phase Distribution e 1
Effart
months) Results:
Inception 1.1 1.2 1.0 |$10069 ° .
+
Elaboration 4.4 358 1.3 |$40275 Est EffOI’t (EIaborat|on
140 | 58 | 24 [$127539 0 Construction) = 18.4 PM

Cons1_rgctlon 12345678910

Transition 22 12 19 [$20138 Month *152 hOUFS/PM = 2798
Software Effort Distribution for RUP/MBASE (Person-Months) hou rs

Phase/Activity  |Inception|Elaboration|Construction|Transition

Management 02 05 14 03 * EstCost= $167,814
Envirqwment-’CM 0.1 04 0.7 01 e Est Schedule =9.3
Requirements 04 0.8 11 01

Design 02 16 22 0.1 months

Implementation 01 06 48 0.4

Assessment 01 0.4 34 05

Deployment 0.0 01 04 07
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ROM Estimate Cross-check
* Proof of concept (process)

ROM (based on Est b1 eelee) [ [oN[N * Historical data and CER/SER
Size = 100 SFP) Estimate Cross available:
Check * DHS CAD (Dr. Wilson
Estimated Effort (hours) 2446 hours 2798 hours Rosa, Sara Jardine)
(PM) 16 PM 18.4 PM * |ISBSG D&E repository
Estimated Cost ($) $147 KUSD $167 K USD 2022 (much larger
Estimated Schedule 9 months 9.3 months database)

e Commercial tools
* Simple Function Points (SFP)
is compatible with IFPUG FP

(months)
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ConOps to ROM in 6 Easy Steps

A viable approach

_ e 3 Estimate # of e 5 Historical
* 1. Identify data groups (*7 Data (analogy)
ConOps Software SFP) * 6 Estimate
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[}
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unctiona processes (* 4.6 using CER
requirements SFP) SER '
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Conclusions

IFPUG function point methodology is a tried-and-true, ISO/IEC
standardized method for software sizing

Early size estimates are possible from ConOps and high-level
requirements using IFPUG Simple function points (SFP)

SFP provide a simpler way to size FURs (with reasonable
accuracy) especially on high-level ConOps or EPICS or user
stories when cost analysts are not trained/certified

Start collecting <good> historical data:
Actual IFPUG FP counts (delivered software)
Actual software development effort, cost and schedule
Ensure you record Productivity Factors and Contextual data
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Resources

International Cost Estimating and Analysis Association (ICEAA)
https://www.iceaaonline.com/ -

CEBoK-S Lesson X: Software Size includes authoritative software sizing (and full
case study using multiple functional sizing methods)

Extensive techniques for estimating software programs (including hybrid)

International Function Point User Group (IFPUG) http://ifpug.org/
IFPUG Function Point Analysis v4.3.1
IFPUG Simple Function Points (SFP) v2.1

International Software Benchmarking Standards Group (ISBSG)
http://www.isbsg.org D&E and Maintenance repositories

The global and independent source
of data and analysis for the IT industry

Lol FruE  miseso

International Function Point
ssssssssss
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CEBoK-5-Case Study-—See.Lesson:X:

SCEBoK - Functional Size Estimation Case Study:
Course Registration System —
lllustrating high-level, early estimating methods for COSMIC,
IFPUG, Nesma, SiFP and Use Case Points
by Carol Dekkers, PMP, CFPS (Fellow), P.Eng.

<Author notes (Carol Dekkers)>
1. This case study was originally published in The IT Measurement Compendium:

Bench ‘king and Estimating Success with Functional Size Measurement by Manfied Bundschuh
and Carol Dekkers, 2008, Springer Publications, Germany, chapter 18 as a comparison of FP
counts.

2. For the SCEBoK, this case study is corrected updated, abridged and adapted to include a
demonstration of how to ESTIMATE the functional size, using high-level early-estimating
methods, rather than using the original, detailed full methods:

IFPUG 4.3.1 — high-level and indicative FPA

COSMIC v5.0 — COSMIC- Equal Size Bands

Nesma v2.3 — high-level FPA

Simple Function Points (SiFP) v1.01

Use Case Points (UCP)

3. Case Study results were reviewed by Functional Size Measurement experts:

e [FPUG 4.3.1 high-level and indicative FPA: Dan French

COSMIC v5.0 — COSMIC Equal Size Bands: Frank Vogelzang

Nesma v2.3 — high-level FPA: Hans Bernink

Simple Function Points (SiFP) v1.01: Carol Dekkers

Use Case Points (UCP): Dr Alistair Cockburn

Because this case study is used to illustrate the steps and various decisions for doing a particular
ESTIMATE, we are not focused on the style of the use case narrative. Note that experts for the various
software functional size measurement methods from COSMIC, IFPUG, and Nesma reviewed the FP
estimates for each of their high-level methods, and Dr. Alistair Cockburn (originator of the initial
use cases used in this case study) reviewed the section on estimated Use Case Points.

4. While an updated, but similar, case study still exists on the COSMIC website, the details and
functions have been revised and, therefore, the estimated FP commensurately do not match those
presented here. Note that this case study illustrates using the high-level, estimating versions of
IFPUG v4.3.1, Nesma v2.3, and COSMIC v5.0 and provides estimates of functional size, not
measured counts. There is not enough information to be able to count the functional size because
we do not have the information about data entities, or how the data are manipulated via
transactions or elementary processes.

cobec Quality Plus Technologies, Inc. a7
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SCEBoK - Functional Size Estimation Case Study: 
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Illustrating high-level, early estimating methods for COSMIC, IFPUG, Nesma, SiFP and Use Case Points
by Carol Dekkers, PMP, CFPS (Fellow), P.Eng.

<Author notes (Carol Dekkers)> 

1. This case study was originally published in The IT Measurement Compendium: Benchmarking and Estimating Success with Functional Size Measurement by Manfred Bundschuh and Carol Dekkers, 2008, Springer Publications, Germany, chapter 18 as a comparison of FP counts.  

2. For the SCEBoK, this case study is corrected updated, abridged and adapted to include a demonstration of how to ESTIMATE the functional size, using high-level early-estimating methods, rather than using the original, detailed full methods:   

· IFPUG 4.3.1 – high-level and indicative FPA

· COSMIC v5.0 – COSMIC- Equal Size Bands

· Nesma v2.3 – high-level FPA

· Simple Function Points (SiFP) v1.01
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3. Case Study results were reviewed by Functional Size Measurement experts:

· IFPUG 4.3.1 high-level and indicative FPA:  Dan French

· COSMIC v5.0 – COSMIC Equal Size Bands:  Frank Vogelzang

· Nesma v2.3 – high-level FPA: Hans Bernink

· Simple Function Points (SiFP) v1.01: Carol Dekkers

· Use Case Points (UCP): Dr Alistair Cockburn



Because this case study is used to illustrate the steps and various decisions for doing a particular ESTIMATE, we are not focused on the style of the use case narrative. Note that experts for the various software functional size measurement methods from COSMIC, IFPUG, and Nesma reviewed the FP estimates for each of their high-level methods, and Dr. Alistair Cockburn (originator of the initial use cases used in this case study) reviewed the section on estimated Use Case Points.



4. While an updated, but similar, case study still exists on the COSMIC website, the details and functions have been revised and, therefore, the estimated FP  commensurately do not match those presented here. Note that this case study illustrates using the high-level, estimating versions of IFPUG v4.3.1, Nesma v2.3, and COSMIC v5.0 and provides estimates of functional size, not measured counts.  There is not enough information to be able to count the functional size because we do not have the information about data entities, or how the data are manipulated via transactions or elementary processes.   
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[bookmark: _Toc75516818]1.0	Case Study description: Course Registration System

The functional requirements below describe a project to develop software to replace the front-end of the existing course registration system with a new system. The new course registration system will allow students and professors to access the system through personal computers (PC’s). The current registration system, is a legacy system used for the past 20 years, but it lacks the capacity to handle the current and future student and course load projections. In addition, the current system is outdated mainframe technology, and only supports access through Registration Office clerks. The new system will enable all professors and students to access the system through portals connected to the college computer network, and through any personal computer connected to the Internet. The new system will bring the college to the leading edge in course registration systems and improve the image of the college, attract more students, and streamline administrative functions.

Table 1 identifies the main use cases for the functions required by the user stakeholders for the course registration system. The use case descriptions follow in the next section.



		Use case #

		Use case for Course Registration System



		1.

		Logon (by all users)



		2.

		Maintain professor information (by the registrar)



		3.

		Select courses to teach (by professors)



		4.

		Maintain student information (by the registrar)



		5.

		Register for course(s) (by students)



		6.

		Close registration (by the registrar)



		7.

		Submit grades (by professors)



		8.

		View report card (by students)



		Table 1: Use case requirements for the new Course Registration System





[bookmark: _Toc75516819]1.1 Use case 1:  Logon

Brief Description: 

This use case describes how a user logs into the Course Registration System. The actors starting this use case are Student, Professor, and Registrar.

Flow of Events: 

The use case begins when the actor types his/her name and password on the Logon form.

Basic Flow – Logon:	

The system validates the actor’s password and logs him/her into the system. The system displays the Main Form and the use case ends.

Alternate Flows – a. Invalid Name / Password: 

If in the basic flow the system cannot find the name or the password is invalid, an error message is displayed. The actor can type in a new name or password or choose to cancel the operation, at which point the use case ends.

[bookmark: _Toc75516820]1.2 Use case 2:  Maintain Professor Information

Brief Description: 

This use case allows the Registrar to maintain professor information in the registration system. This includes adding, modifying, and deleting professors from the system. The actor of this use case is the Registrar.

Flow of Events: 

The use case begins when the Registrar selects the "maintain professor" activity from the Main Form. 

Basic Flow – Add a Professor: 

1. The Registrar selects "add a professor." 

2. The system displays a blank professor form. 

3. The Registrar enters the following information for the professor: name, date of birth, social, security number, status, and department. The system validates the data to insure the proper data format and searches for an existing professor with the specified name. If the data is valid the system creates a new professor and assigns a unique system-generated id number. 

4. This number is displayed, so it can be used for subsequent uses of the system. 

Steps 2-4 are repeated for each professor added to the system. When the Registrar is finished adding professors to the system the use case ends.

Alternate Flows – a. Modify a Professor: 

1. The Registrar selects "Modify a professor." 

2. The system displays a blank professor form. 

3. The Registrar types in the professor id number he/she wishes to modify. 

4. The system retrieves the professor information and displays it in the form. 

5. The Registrar modifies one or more of the professor information fields: name, date of birth, social security number, status, and department. 

6. When changes are complete, the Registrar selects "save." 

7. The system updates the professor information. 

Steps 2-7 are repeated for each professor the Registrar wants to modify. When edits are complete, the use case ends.

Alternate Flows – b. Delete a Professor: 

1. The Registrar selects "delete a Professor." 

2. The system displays a blank professor form. 

3. The Registrar types in the professor id number for the professor that’s being deleted. 

4. The system retrieves the professor and displays the professor information in the form. 

5. The Registrar selects "delete." 

6. The system displays a delete verification dialog confirming the deletion. 

7. The Registrar selects "yes." 

8. The professor is deleted from the system. 

Steps 2-8 are repeated for each professor the Registrar wants to modify. When the Registrar has finished deleting professors from the system, the use case ends.

Alternate Flows – c. Professor Already Exists: 

If in the "Add a Professor" basic-flow, a professor already exists with the specified name, an error message, "Professor Already Exists", is displayed. The Registrar can either change the name, choose to create another professor with the same name, or cancel the operation at which point the use case ends.

Alternate Flows – d. Professor Not Found: 

If in the "Modify a Professor" sub-flow or "Delete a Professor" sub-flow, a professor with the specified id number does not exist, the system displays an error message, "Professor not found". Then the Registrar can type in a different id number or cancel the operation at which point the use case ends

[bookmark: _Toc75516821]1.3 Use Case 3: Select Courses to Teach

Brief Description: 

This use case allows a professor to select the course offerings (date- and time- specific courses will be given) from the course catalog for the courses that he/she is eligible for and wishes to teach in the upcoming semester. The actor starting this use case is the Professor. The Course Catalog System is an actor within the use case.

Flow of Events: 

The use case begins when the professor selects the "select courses to teach" activity from the Main Form.

Basic Flow – Select Courses to Teach: 

1. The system retrieves and displays the list of course offerings the professor is eligible to teach for the current [upcoming] semester. 

2. The system also retrieves and displays [the list of courses the professor has previously selected to teach.] 

3. The professor selects and/or de-selects the course offerings that he/she wishes to teach for the upcoming semester. 

4. The system removes the professor from teaching the de-selected course offerings. 

5. The system verifies that the selected offerings do not conflict (i.e., have the same dates and times) with each other or any offerings the professor has previously signed up to teach. 

6. If there is no conflict, the system updates the course offering information for each offering the professor selects.

Alternate Flows – a. No Courses Available: 

1. If in the basic flow the professor is not eligible to teach any courses in the upcoming semester the system will display an error message. 

2. The professor acknowledges the message and the use case ends.

Alternate Flows – b. Schedule Conflict: 

1. If the system finds a schedule conflict when trying to establish the course offerings the Professor should take, the system will display an error message indicating that a schedule conflict has occurred. The system will also indicate which the conflicting courses are. 

2. The professor can either resolve the schedule conflict (i.e., by canceling his selection to teach one of the course offerings) or cancel the operation, in which case any selections will be lost and the use case ends.

Alternate Flows – c. Course Registration Closed: 

1. If, when the Professor selects "select courses to teach", registration for the current semester has been closed, a message is displayed to the Professor and the use case terminates. 

2. Professors cannot change the course offerings they teach after registration for the current semester has been closed. If a professor change is needed after registration has been closed, it is handled outside the scope of this system. 

[bookmark: _Toc75516822]1.4 Use case 4: Maintain Student Information

Brief Description: 

This use case allows the Registrar to maintain student information in the registration system. This includes adding, modifying, and deleting students from the system. The actor for this use case is the Registrar.

Flow of Events: 

The use case begins when the Registrar selects the "maintain student" activity from the Main Form.

Basic Flow – Add Student:

1. The Registrar selects "add student."

2. The system displays a blank student form. 

3. The Registrar enters the following information for the student: name, date of birth, social security number, status, and graduation date. 

4. The system validates the data to insure the proper format and searches for an existing student with the specified name. 

5. If the data is valid the system creates a new student and assigns a unique system-generated id number. 

Steps 2-5 are repeated for each student added to the system. When the Registrar is finished adding students to the system the use case ends.

Alternative Flows – a. Modify a Student: 

1. The Registrar selects "modify student." 

2. The system displays a blank student form. 

3. The Registrar types in the student id number he/she wishes to modify.

4.  The system retrieves the student information and displays it on the screen. 

5. The Registrar modifies one or more of the student information fields: name, date of birth, social security number, student id number, status, and graduation date. 

6. When changes are complete, the Registrar selects "save."

7. The system updates the student information. 

Steps 2-7 are repeated for each student the Registrar wants to modify. When edits are complete, the use case ends.

Alternate Flows – b. Delete a Student: 

1. The Registrar selects "delete student." 

2. The system displays a blank student form. 

3. The Registrar types in the student id number for the student that’s being deleted.

4. The system retrieves the student and displays the student information in the form. 

5. The Registrar selects "delete." 

6. The system displays a delete verification dialog confirming the deletion. 

7. The Registrar selects "yes."

8. The student is deleted from the system. 

Steps 2-8 are repeated for each student deleted from the system. When the Registrar is finished deleting students to the system the use case ends.

Alternate Flow – c. Student Already Exists: 

1. If in the "Add a Student" sub-flow the system finds an existing student with the same name, an error message is displayed "Student Already Exists". 

2. The Registrar can change the name, create a new student with the same name, or cancel the operation at which point the use case ends.

Alternate Flow – d. Student Not Found: 

If in the "Modify a Student" or "Delete a Student" sub-flows the student name is not located, the system displays an error message, "Student Not Found". The Registrar can then type in a different id number or cancel the operation at which point the use case ends.

[bookmark: _Toc75516823]1.5. Use case 5: Register for Course(s)

Brief Description: 

This use case allows a Student to register for course offerings in the current semester. The Student can also modify or delete course selections if changes are made within the add/drop period at the beginning of the semester. The Course Catalog System provides a list of all the course offerings for the current semester. The main actor of this use case is the Student. The Course Catalog System is an actor within the use case.

Flow of Events The use case begins when the Student selects the "maintain schedule" activity from the Main Form.

Basic Flow – Create a Schedule: 

1. The Student selects "create schedule." 

2. The system displays a blank schedule form. 

3. The system retrieves a list of available course offerings from the Course Catalog System. 

4. The Student selects 4 primary course offerings and 2 alternate course offerings from the list of available offerings. 

5. Once the selections are complete the Student selects "submit." 

6. The "Add Course Offering" sub-flow is performed at this step for each selected course offering. 

7. The system saves the schedule.

Alternate Flows – a. Modify a Schedule: 

1. The Student selects "modify schedule." 

2. The system retrieves and displays the Student’s current schedule (e.g., the schedule for the current semester). 

3. The system retrieves a list of all the course offerings available for the current semester from the Course Catalog System. 

4. The system displays the list to the Student. 

5. The Student can then modify the course selections by deleting and adding new courses. 

6. The Student selects the courses to add from the list of available courses. The Student also selects any course offerings to delete from the existing schedule. 

7. Once the edits are complete the Student selects "submit". 

8. The "Add Course Offering" sub-flow is performed at this step for each selected course offering. 

9. The system saves the schedule.

Alternate Flows – b. Delete a Schedule: 

1. The Student selects the "delete schedule" activity. 

2. The system retrieves and displays the Student current schedule. 

3. The Student selects "delete." 

4. The system prompts the Student to verify the deletion. 

5. The Student verifies the deletion.

6. The system deletes the schedule.

Alternate Flows – c. Save a Schedule: 

[At any point], the Student may choose to save a schedule without submitting it by selecting "save". The current schedule is saved, but the student is not added to any of the selected course offerings. The course offerings are marked as "selected" in the schedule. 

Alternate Flows – d. Add Course Offering: 

1. The system [verifies that the Student has the necessary prerequisites] and that the course offering is open. 

2. The course offering is marked as "enrolled in" in the schedule.

Alternate Flows – e. Unfulfilled Prerequisites or Course Full: 

If in the "Add Course" sub-flow the system determines that the Student has not satisfied the necessary prerequisites or that the selected course offering is full, an error message is displayed. The Student can either select a different course offering or cancel the operation, at which point the use case is restarted.

Alternate Flows – f. No Schedule Found: 

If in the "Modify a Schedule" or "Delete a Schedule" sub-flows the system is unable to retrieve the Student’s schedule, an error message is displayed. The Student acknowledges the error and the use case is restarted.

Alternate Flows – g. Course Catalog System Unavailable:

 If, the system is unable to communicate with the Course Catalog System after a specified number of tries, the system will display an error message to the Student. The Student acknowledges the error message and the use case terminates.

Alternate Flows – h. Course Registration Closed: 

If, when the student selects "maintain schedule", registration for the current semester has been closed, a message is displayed to the Student and the use case terminates. Students cannot register for courses after registration for the current semester has been closed.

[bookmark: _Toc75516824]Potential use case  Monitor for Course Full

[The system shall ensure] that no course is filled beyond the limit of 10 students.  This is not a standalone requirement nor one that is initiated by an actor, therefore, this requirement is a part of the extension to the use case outlined in 1.5 above.  

This is not assessed as a use case because the functionality is an extension within the use case 5 above, and the system is not considered to be an actor.

[bookmark: _Toc75516825]1.6 Use case 6: Close Registration

Brief Description: 

This use case allows a Registrar to close the registration process. Course offerings that do not have enough students are cancelled. Course offerings must have a minimum of three students in them. The billing system is notified for each student in each course offering that is not cancelled, so the student can be billed for the course offering. The main actor of this use case is the Registrar. The Billing System is an actor involved within this use case.

Flow of Events: 

The use case begins when the Registrar selects the "close registration" activity from the Main Form.

Basic Flow – Successful Close Registration: 

1. [The system checks to see if a Registration is in progress]. If it is, then a message is displayed to the Registrar and the use case terminates. 

2. The Close Registration processing cannot be performed if registration is in progress. 

3. For each open course offering, the system [checks if three students have registered] and a Professor has signed up to teach the course offering. If so, the system closes the course offering and sends a transaction to the billing system for each student enrolled in the course offering.

Alternate Flows – a. Less Than Three Students in the Course Offering: 

If in the basic flow less than three students signed up for the course offering, the system will cancel the course offering. The Cancel Course Offering sub-flow is executed at this point. 

Alternate Flows – b. Cancel Course Offering: 

1. The system cancels the course offering. 

2. For each student enrolled in the cancelled course offering, the system will modify the student’s schedule. 

3. The first available alternate course selection will be substituted for the cancelled course offering. If no alternates are available, then no substitution will be made. 

4. Control returns to the Main flow to process the next course offering for the semester. 

5. Once all schedules have been processed for the current semester, the system will notify all students, by mail, of any changes to their schedule (e.g., cancellation or substitution).

Alternate Flows – c. No Professor for the Course Offering: 

If in the basic flow there is no professor signed up to teach the course offering, the system will cancel the course offering. The Cancel Course Offering sub-flow is executed at this point.

Alternate Flows – d. Billing System Unavailable: 

If the system is unable to communicate with the Billing System, the system will attempt to resend the request after a specified period. The system will continue to attempt to re-send until the Billing System becomes available.

[bookmark: _Toc75516826]1.7 Use case 7: Submit Grades

Brief Description: 

This use case allows a Professor to submit student grades for one or more classes completed in the previous semester. The actor in this use case is the Professor.

Flow of Events: 

The use case begins when the Professor selects the "submit grades" activity from the Main Form.

Basic Flow – Submit Grades: 

1. The system displays a list of course offerings the Professor taught in the previous semester. 

2. The Professor selects a course offering. 

3. The system retrieves a list of all students who were registered for the course offering. 

4. The system also retrieves the grade information for each student in the offering. The system displays each student and any grade that was previously assigned for the offering. For each student on the list, the Professor enters a grade: A, B, C, D, F, or I. 

5. The system records the student’s grade for the course offering. If the Professor wishes to skip a particular student, the grade information can be left blank and filled in at a later time. The Professor may also change the grade for a student by entering a new grade.

Alternative Flows – a. No Courses Taught: 

If in the basic flow, the Professor did not teach any course offerings in the previous semester the system displays an error message and the use case ends.

Alternate Flows – b. Course Cancelled: 

If too many students withdrew from the course during the add/drop period and the course was cancelled after the beginning of the semester, the system displays an error message. If the Professor chooses to cancel the operation the use case terminates, otherwise is restarted at step 2 of the basic flow.

[bookmark: _Toc75516827]1.8 Use case 8: View Report Card

Brief Description: 

This use case allows a Student to view his/her report card for the previously completed semester. The Student is the actor of this use case.

Flow of Events: 

The use case begins when the Student selects the "view report card" activity from the Main Form.

Basic Flow – View Report Card: 

1. The system retrieves the grade information for each of the courses the Student completed during the previous semester. 

2. The system prepares, formats, and displays the grade information. 

3. When Student is finished viewing the grade information the Student selects "close."

Alternative Flows – a. No Grade Information Available:

If in the basic flow the system cannot find any grade information from the previous semester for the Student, a message is displayed. Once the Student acknowledges the message the use case terminates.

[bookmark: _Toc75516828]2 Use Case Diagram

See figure 1 for the use case diagram.

[image: ]

Figure 1: Use Case Diagram for the Course Registration System.  


[bookmark: _Toc75516835]4 IFPUG v4.3.1 High-level and Indicative Estimate of Course Registration system

Two estimating methods from the IFPUG 4.3.1 uTIP 003[footnoteRef:1]: [1:  https://www.ifpug.org/utip-3-early-fpa-and-consistent-cost-estimating-is-published/ ] 




· IFPUG v.4.3.1 High-level estimated FP:

· All ILF and EIF are estimated to be low complexity, all transactional functions EI, EO, EQ are estimated to be average complexity

· IFPUG v4.3.1 High-level FP = (# ILF *7) + (# EIF *5) + (# EI * 4) + (# EO * 5) + (# EQ * 4) 



· IFPUG v4.3.1 Indicative estimated FP

· Indicative FP = (# ILF * 35) + (# EIF * 15)



Table 6 summarizes the IFPUG function point estimating process.  This is the same process as IFPUG v4.3.1 without the details of process steps 3 and 4 having to determine the complexity of each function as Low, Average or High, because we are using the default levels outlined above.



		IFPUG Step

		Procedure



		1

		Determine the type of function point estimate (development or enhancement) project



		2

		Identify the software scope and application boundary.



		3

		Identify the data functions ILF and EIF –and estimate using Low Complexity values for each (7 FP for ILF, 5 FP for EIF)



		4

		Identify all transactional functions EI, EO, EQ– and estimate each as Average complexity (EI=4 FP, EO=5 FP, EQ= 4 FP)



		5

		Sum up the various components to get the High-level FP estimate



		Table 6: IFPUG High-level estimated FP  





[bookmark: _Toc75516836]4.1 IFPUG step 1: Determine the type of function point estimate

This function point estimate is for the new development project to replace the original Course Registration System.

[bookmark: _Toc75516837]4.2 IFPUG step 2: Identify the scope and application boundary

The scope includes functional user requirements of the new Course Registration as outlined in the Use Cases in section 1. The application boundary is shown in figure 3. 

[image: ]



Figure 3: Application boundary for IFPUG 4.3.1 High-level and Indicative estimates of Course Registration System 

[bookmark: _Toc75516838]4.3 IFPUG step 3: IFPUG High-level FP:  Identify the data functions and estimate all as Low ILF or EIF

According to the IFPUG standard, the following definitions apply: (IFPUG, 2010): 

[bookmark: _Ref397324772][bookmark: ILF][bookmark: _Ref397324757][bookmark: EIF]Internal Logical Files: 

An internal logical file (ILF) is a user identifiable group of logically related data or control information maintained within the boundary of the application. The primary intent of an ILF is to hold data maintained through one or more elementary processes of the application being counted.

External Interface Files: 

An external interface file (EIF) is a user identifiable group of logically related data or control information referenced by the application, but maintained within the boundary of another application. The primary intent of an EIF is to hold data referenced through one or more elementary processes within the boundary of the application estimated. This means an EIF estimated for an application must be in an ILF in another application.

There is no entity-relationship diagram, data model, or object model from which to be sure of the data relationships and entities. However, the data analysis used in the COSMIC determination of standalone data stores follows sound analysis principles, and the data groupings are therefore, also used here. 

Table 7 shows the results of step 3: Estimate the data functions



		Entity /Data Group

		Description

		Primary 

Intent

		Type



		Course

		A standard series of lectures, etc. on a specific subject from the College Course Catalog

		Reference data from an ILF in another application

		EIF



		Course-offering

		A Course that is available for students to enroll during a particular Semester. 

		Reference data from an ILF in another application

		EIF



		Professor

		A person who may register to deliver a Course-offering in the current Semester, for a Course which he is eligible to teach.

		Data Maintained by Course Reg. System

		ILF



		Student  + schedule item(s)+ schedule item history 

		A person who can register to attend a Course-offering

		Data Maintained by Course Reg. System

		ILF



		User

		Any person (Registrar, Professor or Student) that is authorized to use the Course Registration system

		Data Maintained external to Course Reg. System (assumed by other system)

		EIF



		

		

		Total

		2 ILF



		

		

		Total

		3 EIF



		Table 7: Data function results for IFPUG High-level FP Estimate Course Registration System.





[bookmark: _Toc75516839]4.4 IFPUG High-level FP: step 4 Identify the transactional functions and estimate all as Average complexity

According to the IFPUG v4.3.1 FP counting practices manual (CPM), the following definitions apply (IFPUG, 2010):

[bookmark: _Ref431191332][bookmark: _Ref431191369]External Input: 

[bookmark: eiembedded]An external input (EI) is an elementary process that processes data or control information that comes from outside the application boundary. The primary intent of an EI is to maintain one or more ILFs and/or to alter the behavior of the system.

[bookmark: _Ref431191385]External Output: 

An external output (EO) is an elementary process that sends data or control information outside the application boundary. The primary intent of an EO is to present information to a user through processing logic other than, or in addition to, the retrieval of data or control information. The processing logic must contain at least one mathematical formula or calculation, create derived data maintain one or more ILFs or alter the behavior of the system.

External Inquiry: 

An external inquiry (EQ) is an elementary process that sends data or control information outside the application boundary. The primary intent of an EQ is to present information to a user through the retrieval of data or control information from an ILF of EIF. The processing logic contains no mathematical formulas or calculations, and creates no derived data. No ILF is maintained during the processing, nor is the behavior of the system altered.

Table 8 summarizes the list of use cases as originally presented in section 1. The results of applying IFPUG functional size measurement to the Course Registration’s functional user requirements is shown in table 8.

		Use case

		Use case name for Course Registration System



		1

		Logon (by all users)



		2

		Maintain professor information (by the registrar)



		3

		Select courses to teach (by professors)



		4

		Maintain student information (by the registrar)



		5

		Register for courses (by students)



		6

		Close registration (by the registrar)



		7

		Submit grades (by professors)



		8

		View report card (by students)



		Table 8: Course Registration use cases







		Description

		Primary 

Intent

		Type



		USE CASE 1: LOGON

		

		



		Logon (validate userid and password)

		Present data retrieved to users

		EQ



		USE CASE 2:  MAINTAIN PROFESSOR INFORMATION

		

		



		Registrar: add professor

		Maintain ILF

		EI



		Registrar: retrieve and display professor information (implied query)

		Present data retrieved to registrar

		EQ



		Registrar: modify professor (includes save)

		Maintain ILF

		EI



		Registrar: delete professor (includes confirming delete)

		Maintain ILF

		EI



		USE CASE 3: SELECT COURSES TO TEACH

		

		



		Professor: Display course offerings available for this professor for this semester, plus those already selected 

		Present
retrieved data to professor

		EQ



		Professor: Select /de-select courses and save (update) course offerings. Note: conflicting pairs display is part of this function, not a standalone process.  selections sent to other system to update course offering

		Maintain ILF

		EI



		USE CASE 4:  MAINTAIN STUDENT INFORMATION

		

		



		Registrar: add student

		Maintain ILF

		EI



		Registrar: display student information (implied query)

		Present retrieved data to registrar

		EQ



		Registrar: update student

		Maintain ILF

		EI



		Registrar: delete student

		Maintain ILF

		EI



		USE CASE 5: REGISTER FOR COURSE(S)

		

		



		Student:  Display available course offerings (different logic from professor display of course offerings)

		Present retrieved data to Student

		EQ



		Student: Maintain schedule (4 courses + 2 alternates) if pre-requisites are met)  selections sent to other system to update course offering – all update student records

		Maintain ILF

		EI



		Student: Display schedule (implied query)

		Present retrieved data to student

		EQ



		System sets business rule for max. attendees per course offering = 10. (Checks course offerings to verify level). No explicit trigger (time or anything else) and no data crosses boundary (either in or out) to any user.

		Internal process

		N/A



		USE CASE 6: CLOSE REGISTRATION

		

		



		Registrar: Close Registration (includes cancellation & student schedule update)  update sent to other system to update course offering

		Send updates to other application to close/cancel course offering, update student ILF

		EO



		System: Send billing system notice of courses closed but not cancelled (with student info for billing)

		Present retrieved data to user (assumed no calc)

		EQ



		System: Notify all students by mail of any changes to their schedule

		Present retrieved data to user 

		EQ



		USE CASE 7: SUBMIT GRADES

		

		



		Professor: List of course offerings taught in previous semester

		Present retrieved data to user

		EQ



		Professor: List of all students registered for selected course offering and grades for each

		Present retrieved data to user

		EQ



		Professor: Enter/update student grades (one process that updates record that already exists)

		Maintain ILF

		EI





		USE CASE 8: VIEW REPORT CARD

		

		



		Student: View Report Card: for previous semester

		Present retrieved data to user

		EQ



		Table 9: IFPUG FP transactional function type summary for Course Registration System Project





[bookmark: _Toc75516840]4.5 IFPUG High-level Estimate Summary Course Registration System

Table 10 shows the result of the unadjusted FP Estimate for the Course Registration System.

		Function
Type

		Functional 
Complexity

		Complexity
Totals

		Function Type Totals (unadjusted FP)



		ILF

		2

		Low

		X 7 =

		14

		



		EIF

		3

		Low

		X 5 =

		15

		



		

		

		

		

		

		29



		EI

		9

		Average

		X 4 =

		36

		



		EO

		1

		Average

		X 5 =

		5

		



		EQ

		11

		Average

		X 4 =

		44

		



		

		

		

		

		

		85



		Unadjusted Function Point Estimate (uFP)

		114



		Table 10: IFPUG 4.3.1 High-level Estimated FP







[bookmark: _Toc75516841]4.6 IFPUG Indicative Estimate Course Registration System



Indicative FP = (# ILF * 35) + (# EIF * 15)

		= (2 * 35) + (3 * 15)

		= 115 FP






6. [bookmark: _Toc75516846]Simple FP (SiFP) v1.01 Estimate of Course Registration System



The Simple Function Point (SiFP) v1.01 is based on a simplification of IFPUG 4.3.1, however, the method does not discern between types of functionality except to categorize them as generic data or transactional functions.  Therefore, the analysis of what constitutes an elementary process (data or transactional) is still done the same as in the IFPUG method, and then simplified into the following equation:



Functional Size (in SiFP) = Sum of data functions * 7 + Sum of Transactional Functions * 4.6



[bookmark: _Toc75516847]6.1 SiFP Estimate of Data Functions

Using the same analysis as in the IFPUG section, we find that there are 5 distinct data groups.



		Entity /Data Group

		Description

		SiFP



		Course

		A standard series of lectures, etc. on a specific subject from the College Course Catalog

		7



		Course-offering (see note 1 immediately following table 3)

		A Course that is available for students to enroll during a particular Semester. 

		7



		Professor

		A person who may register to deliver a Course-offering in the current Semester, for a Course which he is eligible to teach.

		7



		Student  + schedule item(s)+ schedule item history (see note 2 in section 3)

		A person who can register to attend a Course-offering

		7



		User

		Any person (Registrar, Professor or Student) that is authorized to use the Course Registration system

		7



		

		Total Generic data group SiFP

		35



		Table 14:  Simple FP (data functions) 





[bookmark: _Toc75516848]6.2 SiFP Estimate of Transactional Functions



Using the same transactional analysis of the IFPUG method gives us a total of 21 transactional functions:

		Description

		SiFP



		Use Case 1: Logon

		



		Logon (validate userid and password)

		4.6



		Use Case 2: Maintain professor

		



		Registrar: add professor

		4.6



		Registrar: retrieve and display professor information (implied query)

		4.6



		Registrar: modify professor (includes save)

		4.6



		Registrar: delete professor (includes confirming delete)

		4.6



		Use Case 3: Select courses to teach

		



		Professor: Display course offerings available for this professor for this semester, plus those already selected 

		4.6



		Professor: Select /de-select courses and save (update) course offerings. Note: conflicting pairs display is part of this function, not a standalone process.  selections sent to other system to update course offering

		4.6



		Use Case 4: Maintain student information

		



		Registrar: add student

		4.6



		Registrar: display student information (implied query)

		4.6



		Registrar: update student

		4.6



		Registrar: delete student

		4.6



		Use Case 5: Register for courses

		



		Student:  Display available course offerings (different logic from professor display of course offerings)

		4.6



		Student: Maintain schedule (4 courses + 2 alternates) if pre-requisites are met)  selections sent to other system to update course offering – all update student records

		4.6



		Student: Display schedule (implied query)

		4.6



		System sets business rule for max. attendees per course offering = 10. (Checks course offerings to verify level). No explicit trigger (time or anything else) and no data crosses boundary (either in or out) to any user.

		Not a use case



		Use Case 6: Close registration

		



		Registrar: Close Registration (includes cancellation & student schedule update)  update sent to other system to update course offering

		4.6



		System: Send billing system notice of courses closed but not cancelled (with student info for billing)

		4.6



		System: Notify all students by mail of any changes to their schedule

		4.6



		Use Case 7: Submit grades

		



		Professor: List of course offerings taught in previous semester

		4.6



		Professor: List of all students registered for selected course offering and grades for each

		4.6



		Professor: Enter/update student grades (one process that updates record that already exists)

		4.6



		Use Case 8: View report card

		



		Student: View Report Card: for previous semester

		4.6



		Total generic transactional SiFP

		96.6



		Table 15:  SiFP (transactions)







[bookmark: _Toc75516849]6.3 SiFP Estimated Summary Functional Size

Estimated Functional Size = Sum of (total Data SiFP + total Transactional SiFP )
                          = 35 + 96.6 = 131.6 SiFP  





[bookmark: _Toc75516854]8	Comparison of results of Functional sizing methods

Table 16 shows the results of the various Estimated FP using the various high-level or light methods. All results are in unadjusted units of measure. 

		

		FSM 







Data Entity

		IFPUG v4.3.1 High-level 

(FP)

		IFPUG v4.3.1 Indicative FP  

		Simple FP v1.01 (SiFP)



		

		Internal Entity: 
Professor

		7

		35 (indicative)

		7



		

		Internal Entity: Student

		7

		35 (indicative)

		7



		

		External Entity: User

		5

		15 (indicative)

		7



		

		External Entity: Course Catalog

		5

		15 (indicative)

		7



		

		External Entity: Course Offering

		5

		15 (indicative)

		7



		UC #

		Description

		

		

		



		1

		Logon 

		4

		

		4.6



		2

		Maintain Professor

		16

		

		18.4



		3

		Select courses to teach

		8

		

		9.2



		4

		Maintain student 
information

		16

		

		18.4



		5

		Maintain schedule

		12

		

		13.8



		6

		Close course

		13

		

		13.8



		7

		Maintain grades

		12

		

		13.8



		8

		View report card

		4

		

		4.6



		

		ACTOR WEIGHT

		

		

		



		

		Total estimated size (units specific to FSMM)

		114 estimated IFPUG FP

		115  estimated IFPUG FP

		131.6 SiFP
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Presented at the ICEAA 2023 Professional Development & Training Workshop - www.iceaaonline.com/sat2023

History of Simple Function Points

2009: Dr. Roberto Meli of DPO introduces the Early & Quick

Function Points (E&Q FP) based on the IFPUG method. New
concepts:

Generic Functions

Typical Process (TP) (CRUD)
Generic Process (GP)
Macro Process (MP)

2010: Meli refined E&Q FP into Simple Function Points
(SiFP) with 2 generic function types:

Elementary Process (EP)
Logical File (LF)

2019: IFPUG acquired the SiFP method

2021: IFPUG releases IFPUG Simple Function Point (SFP)
manual v.2.1

cobec Quality Plus Technologies, Inc.
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Presented at the ICEAA 2023 Professional Development & Training Workshop ; www.iceaaonline.com/sat2023

FPUG FP vs Simple FP

International Function Point Users Group (IFPUG) SFP v2.1 (2021)
Originally developed by Dr. Roberto Meli/ltalian researchers v1.1 (2010))
Simplifies functional sizing into two types of functions:

Generic elementary processes (transactional functions)

Generic logical files (data groups)

Simple Function Point SFP  Weighting

External Inputs 3 4 6 components Factor
External Outputs 4 > / Elementary Processes EP

External Inquiries 3 4 6 (Transactional Functions) 4.6 SFP
Internal Logical Files 7 10 15

External Interface Files 5 7 10 Logical Files LF 7 GFp

(Data Functions)

_cobec Quality Plus Technologies, Inc. "
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IFPUG FP & SFP Measurement Process

. measure i
data
determine counting functions
gather scope and calculate document
avalable 1 boundanes and functiona — and
documentation dentify functiona size report
USEr requrements
| | measure i
transactiona
functions

_cobec Quality Plus Technologies, Inc. o
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Backup: IFPUG FP vs IFPUG SFP

1 of 2)

Gather available documentation

2. Purpose/scope/boundary, identify
FUR

3a. Measure data functions

3b. Measure transactional functions
4. Calculate functional size

5. Document and report

Concept IFPUG FP IFPUG SFP
IFPUG standardized glossary Yes Yes, same
Intent to measure functional size Yes Yes, same
based on FUR

Method owned by IFPUG Yes Yes

IFPUG FP measurement steps: 1. Yes, but steps 3a and 3b involve Yes

additional sub-steps: subclassification

into 3 types of transactional functions
and 2 types of data functions, and a
complexity classification (into Low,
Average, or High) to get FP values

Base functional components (BFC):
transactional functions and data
functions

Yes: Transactional functions are
subdivided into El, EO, EQ, and Data
functions are subdivided into ILF, EIF

Yes: Transactional functions
are called “Elementary
Processes” and Data Functions
are called “Logical Files”

cobec

Quality Plus Technologies, Inc. 51
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Backup: IFPUG FP vs IFPUG SFP (2 of 2)

Number of different FP values allocated across 3 FP values allocated as Low, Average or High across | 2 SFP values allocated, one each to two
function types 5 function types (total of 8 different values) function types
Range of FP values by category Transactional functions are worth between 3 and 7 | All transactional functions are

FP depending on type and complexity. Logical files considered to be EP and assigned 4.6
are worth 7 to 15 FP depending on type and relative | SFP. All data functions are considered

complexity to be logical files and assigned 7 SFP
Unit of measure Function Points (FP) Simple Function Points (SFP)
Convertibility 1FP=1SFP 1SFP=1FP

cobec Quality Plus Technologies, Inc. 52
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