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Objective: To understand the critical role of size metrics
In software estimation by discussing the following:

« What we mean by software size and why it matters
« The SEER-SEM concept of an “effective effort unit”

- Software size metrics:
= Function points
= Lines of code
= Objects
= Story points
= Other metrics and how they can be implemented in SEER-SEM

- COITS integration “sizing”

« Parameters dealing with size

« Redesign, reimplementation, and retest of existing code
« Methods to estimate software size




Review: Estimation Process

We Are Here

1. Establish
Estimate Scope

Technical >
Baseline, Ground
Rules, Assumptions

5. Prepare
Baseline Estimates

*

3. Collect Data - Vc;lidafe Software =

8. Generate a
Project Plan

Through Development
and Update Estimates
as Needed

E.siimate and
Lessons Learned

a.nd Perform Risk ==
Analysis

. and Validate
Estimate




Size DOES Matterl!

« Size Is the most critical driver of cost and schedule on a software
project

» All other things equal, the larger the size, the greater the effort
and cost and the longer the schedule

Same design, same
construction, but the first is
twice the square feet —
which house will cost more
to build?




Size - Effort
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Why Estimate Size<¢

» Size is an essential component of
stfructured repeatable estimation
process

» Size can be measured objectively and
estimated via a repeatable process

 Size can be used as a basis for
comparison with completed

development projects , I
. . Butd me a
* Size can help track production
attributes against estimate 5,000 how
= Not just resource consumption (i.e. hours) éoa&e/

AAAAAAAA



Tracking Actuals

e

Actuals 90%

« How “done” is this projecte

Effort

 Effort measurement gives the idea

that the project is almost complete.
 Size measurement indicates that | H

there is much more work to be done.

Size

Month 1 Month 2 Month 3 Month 4 Completion

Schedule

You don’t want to find out too late in the game that you
are going to overrun project cost and schedule

AAAAAAAA



Size metric definition matters as well

* Do size estimates need 1o be consistent across the entire
application development life cyclee

* |s there a need for an industry standard size measure for
benchmarking or productivity meftricse

« Does the size measurement methodology need to be fully
documented and repeatable?

« What size measure best fits the application technology or
programming language®?

- How else can the size measure be used?




Software Sizing Measures

Wide range of different measures used across industry
No single common standard
Measures can be either physical or logical in nature

SEER-SEM offers various ways of measuring and entering size:
= [FPUG unadjusted function points

= Source lines of code
= Specialized COTS size measures
= Alfernative metrics, in which inputs are converted to lines or function points via custom Size Metrics

- Cosmic function points

- Story Points

- Use Case points

- RICE objects

- Other user-defined Size Metrics

 Different size measures may be combined within an estimate and even within a single
work element

@
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SEER-SEM: Software Size = Effective Effort Units

* Function Points
« SLOC

» Story Points | - _ 'y |
. Object Points 42 A ASGRLER" I oy

) / ) > Redesign
® ETC _ « Recoding

. " : = _ , Retesting
I AL Effective Effort Units

 This enables flexibility in what size
measures can be modeled in SEER




» Total software size reflects » Effective Software Size is

the total functionality of . more directly related to the
the program ’ Total Size amount of ez:for’r required to
= Newly developed functionality Versus develop the software,
= Existing functionality . . considering

(integrated) EffeCTlve Slze = Redesign, reimplementation
=  COITS functionality (recoding) and/or retesting of

existing code
= Use of existing design or concept

= Use of code generators, GUI
Builders, etc.

* Many programs include a combination of new and existing software

= New code needs to be designed, coded, tested, integrated

= Existing code
— May require some degree of design change, recoding, retesting, reintegration
— May also require “reverse engineering” to discover how it works

11




Effective Size Math

) NEW CODE

SEER-SEM assumes all life cycle activities
will be performed at 100%

) EXISTING CODE

SEER-SEM calculates “effective size"” based on
user-provided rework percentages. Results in
a “reuse benefit” that reduces the overall
effort and schedule estimates

SEER-SEM
ESLOC Calculator

New Code

Design 40%
Implementation 25%
Test 35%
Calculated Values

PERT Mean Weight

New ESLOC

Existing Code

Redesign 40%
Reimplementation 25%
Retest 35%
Calculated Values

PERT Mean Weight
Existing ESLOC

Total ESLOC

Least

1,000
100%
100%
100%
1,000

1

9,000
7.00%
2.00%
5.00%

455
1

Blue = User Controlled Values
Red = Model Controlled Values
Black = Model Calculated Values

Likely

2,000
100%
100%
100%
2,000

4
2,000

10,000
19.00%
7.00%
16.00%
1,495

4

1,498

3,498

Most

3,000
100% |
100% |
100%
3,000

11,000
34.00%
9.00%
21.00%
2,552

1

@
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Effective Versus Total Size Measures

» Available in Quick Estimate, Basic Estimate, & Software Metrics reports

 Effective functions/lines
= Equivalent new size that could be built for the effort described
= Representation of the effort involved in developing the software

* Total functions/lines

= Size that will be delivered (new and reused)

= Representation of the functionality of the software

Metric Functions Effort Units

Effective Size 137 2,055

» Y“Reuse Benefit” indicates productivity gains — [eeise o b
Reuse Benefit 31% 30%

1 - (effective/total) Effectve Defect Densty 006 425

Total Defect Density 0.04 2.97

13
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Size Growth in Software Estimates

« History demonstrates that software size typically
increases from initial estimates

= Growth in new software (likely)
= Growth in reused software (unlikely, but possible)

« Reasons for size expansion e
= Optimistic estimates :u

. . Set Project

= Misunderstood requirements b

= Customer clarifications
= Scope creep

« SEER-SEM includes size expansion (growth) factors as a
parameter input (found under Options Menu |

= Note that this input parameter applies only to SLOC size
inputs — function point scope expansion is handled by
Software Phase at Estimate input parameter

Project Parameters

O Line Numbering (@) Outline Numbering
Project Outline Start Number | 1
Fiscal Year Starting Month 1

Cost Escalation Factor 3.25%

Productive Hours Per Month

Hours Per Month 152.00

Apply Productive Hours To:
OEffortHours (@ Effort Months

Schedule Options
Use Extended Schedule Adjustment

Assume Minimum Average Staff
[[JEnable Schedule Dependendes

Function Based Sizing Estima!

Al in Activity Start Month (O Prorated

X
Maintenance ] :
[[]sem 8.1 (or earlier) Compatibility
Cancel
Activity Names
(SEER-SEM Standard) Help
Role (Labor Category) Names
(SEER-SEM Standard)
Size
[ Enable Size Growth Factors
Program Defaults
Volume Inputs
OLines O Functions (®Both
FBS Method
@sem (@) ;.1
Ay
| OK
Cancel
Prev
Next
KBase

G AL O R ATH



15

Size Growth Factor

* If enabled, linear size growth factor parameters are visible for all size

iINnput categories

r@ Inputs

= LINES (Classic)

[ Parameters | Function Based Sizing | Project Monitor & Cortrol Snapshots [ Labor Category Alocation
PROGRAM: Mission Simulator Least Likely Most Note
------ New Lines of Code 12,000 24,000 48,000
------ :Size Growth Factor 0.50 1.00 2.00
=I- Pre-exists, not designed for reuse 690 3,850 19,260
------- Pre-existing lines of code 16,000 20,000 24,000
------- Size Growth Factor 0.75 1.00 1.50
------- Lines to be deleted in pre-exstg 0 0 0
------- Redesign required 5.00% 10.00% 40.00%
------- Reimplementation required 1.00% 5.00% 10.00%
------- Retest required 10.00% 40.00% 100.00% |
+|- Pre-exists, designed for reuse 0 0 0 |

@
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SLOC Definition

« SLOC is probably the oldest and most widely used sizihg method.

» Two major types of SLOC measures: physical SLOC and logical SLOC.

= Specific definitions vary, but the most common definition of physical SLOC is a
count of "non-blank, non-comment lines" in the text of the program's source code.

= Logical SLOC attempts to measure the number of "statements”, but specific
definitions are tied to specific computer languages.

Logical SLOC Includes

» Executable source lines

« Control (DO WHILE, REPEAT UNTIL, ...)

* Mathematical (i.:=a**b/c;)

« Conditional (IF, THEN, ELSE)

» Input/output & formatting

» Data declarations (including data typing &
equivalence)

» Deliverable script

Logical SLOC Does NOT Include

« Comments & blanks (part of documentation)
» BEGIN statements from BEGIN-END pairs (pair

counts as one)

« Continuation separate physical lines for

convenience

* Machine/library generated statements (lines

instantiated)

* Non-final test code or debug statements (part

of testing)




SLOC: Language

* The programming language used to develop a program will impact

program size and effort

= Different languages require different SLOC to achieve the same functionality
= Different programming styles will result in different program sizes which do the same

thing
Target Language

Source Language Gen 3GLs* 4GLs Ada Assembly PL-1/Pascal
General 3GLs -65% +22% +435% +19%
AGLs +185% +248% +1424% +238%
Ada -18% -71% +338% -3%
Assembly -81% -93% -17% -78%
PL-1/Pascal -16% -70% +3% +351%

* General 3GL includes Algol, Basic, FORTRAN, LISP, LOGO, C, C++, COBOL, JOVIAL,
MODULA-2, PROLOG and other mixed languages.

A L ORATH
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Size in Different Languages

 In general, SEER will assume your SLOC
estimate takes into account the
programming language being used in
development

= This means that the Function Implementation
Mechanism input parameter does not impact
the estimate output if SLOC is used

= However, if you decide to change the Function
Implementation Mechanism setting, SEER will
suggest a conversion factor to revise the SLOC
estimate

- If your SLOC estimate already takes the different
programming language into account, then reject the
suggested size adjustment

- If you have not already made the conversion, go ahead
and select Change to enable the size adjustment

Function Implementation Change
‘You have changed the Function Implementation Mechanism.
Would you like size adjustments to be made to Lines of Code inputs ?
Calculated Size Adjustment
Change From: | COBOL
Function Iny Apply Adjustments To
This parameter is New Lines of Code r screen
generator, that v Pre-Existing Lines of Code Not Designed For Reuse
See Also: Pre-Existing Lines of Code Designed For Reuse
o nve
o | (e ] [ Chonge ] [ o ]

@
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SLOC: Strengths and Weaknesses

4

Strengths

v' Easy to estimate

v Relatively easy to measure
the actual size, either by
physically counting code
or through an automated
code counter

v There is usually plenty of
historical data available in
the form of legacy
applications

v' Most estimating tools
accept SLOC as a sizing
input for estimating
purposes

Weaknesses

¥ No industry standards defining SLOC;
counting methodologies can differ
significantly between — and even within
— organizations

X Measuring code volume provides no
incentive for developers to reduce the
number of SLOC in a product

X Irrelevant to today's GUI, COTS, object-
oriented, and code-generated
development

X SLOC measures components, not
completed products

x Studies have concluded that code
volume is not an accurate predictor of
effort




SLOC: Productivity Paradox

Same software project, 3 different languages

A B c
SLOC Productivity 556 350 333
$ per SLOC et N P30 $47 $50
metrics
Language Assembly Ada 83 C++
| Total SLOC 10,000 3,500  2,500]

Total Effort (staff-monthgf 18.0 10.0 7.5
Total Cost Mot \U$300K / $166K  $125K
and cost

21




SLOC: Examples

* Programming language: COBOL * Programming language: C
000100 IDENTIFICATION DIVISION. . . o
000200 PROGRANM-ID. HELLOWORLD. Tinclude <stdio.h>
000300
000400* int main(void)
000500 ENVIRONMENT DIVISION.
000600 CONFIGURATION SECTION. printf ("Hello World"™):
000700 SOURCE-COMPUTER. RM-COBOL. ¥

000800 OBJECT-COMPUTER. RM-COBOL.
000900 4 SLOC
001000 DATA DIVISION.

001100 FILE SECTION.

001200

100000 PROCEDURE DIVISION.

100100

100200 MAIN-LOGIC SECTION.

100300 BEGIN.

100400 DISPLAY ™ " LINE 1 POSITION 1 ERASE EQS.
100500 DISPLAY "Hello world!" LIME 15 POSITION 10.
100600 STOP RUM.

100700 MAIN-LOGIC-EXIT.

100800 EXIT. 17 SLOC

@
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Function Points: Definition

Function point methodology developed by Allan Albrecht
at IBM in the late 70s to address shortcomings in line of
code metrics

™

Function points are a standardized metric that describes @ v Function point standards

unit of work product suitable for quantifying software that are established and
Is based on what the end-user requests and receives managed by _
In’rgmcﬁloncll Function

Function points are a logical size measure, versus a F;?F')fbfgsefs Group
physical size measure like SLOC or Objects { .] _

v" Function points are
Function points are comprised of inputs, outputs, inquiries, accepted GSS Slfscgz?lgg
. . SIZE€ measure by
internal data, and external interface data 20926:2009)
Technology, platform, and language independent v The Certified Function

Point Specialist (CFPS)
professional certification
program recognizes
tfrained experts




FPA provides a consistent,

Function Points: Methodology documentable, repeatable

[1

Gather available
documentation

2

boundaries, & functional

Identify scope,

user requirements

[3

Measure functions
& their complexity

4
[ Calculate functional size

[5

Document & report
function point count

|
|
|

} 1.

. ldentify scope, boundaries, & functional user requirements: The business purpose will

measurement methodology

Gather available documentation: Collect all documentation and resources available at

the time of measurement. Documentation should describe the functionality delivered by

the software included in the scope of the count. Counting resources may vary depending
on the phase in the lifecycle phase at which the analysis is being performed.

determine what requirements should be included in the FPA and will determine the logical
boundaries between application(s) and the end users.

. Measure functions & their complexity: The functional size is based on the measurement of

two function types and their complexity:

- Data functions: Provide functionality to the user to meet internal and external data
requirements; Internal Logical Files (ILF) & External Interface Files (EIF)

- Transactional functions: Provide functionality to the user to process data by an
application; External Inputs (El), External Outputs (EO), & External Inquiries (EQ)

. Calculate functional size: The total functional size is calculated based on different formulas

depending on the purpose and scope of the function point count.

. Document & report function point count: A fully documented FPA will facilitate traceability,

usability and maintainability.

@
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Standard Function Points Matrix

« [FPUG’s matrix identifies how many function points each function type receives
based on complexity

 This matrix is the foundation of the repeatable, documentable methodology

Low | Awerage High
Internal Logical File / 10 15
External Interface File 5 / 10
External Input 3 4 6
External Output 4 5 7
External Inquiry 3 4 6
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Function Points: Methodology

Application Being

Measured
: Internal Logical Files .
, Inquiries
End User :
: Outouts
Inputs

Outputs B S—

1
1
[]
1
]
]
. Input:s
i
:
Inquiries <> '
]

External Interface Files

Other Application Systems

Function points look at the
logical size of the application
from the customer’s perspective

Function Point Counting
Resources

Trained analysts measure function
oints based on functionality derived

ser/analyst interviews
Requirements documents

@
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Strengths

v Standards are established and managed by
International Function Point Users Group (IFPUG)

v Function points accepted as a standard size
measure by the International Organization for
Standardization (ISO 20926:2003)

v" Certified Function Point Specialist (CPFS) professional
certification program recognizes trained experts

v" Available from early requirements stage and
applicable for full life-cycle analysis

v" Technology, platform, language independent
v Fuly documentable and repeatable

v Assists with requirements management; functional
size traceable throughout entire life cycle

v Generates logical, straightforward metrics, as
illustrated on the next slide

Function Points: Strengths and Weaknesses

Weaknesses

X Accurate counting

requires in-depth
knowledge of
stfandards

Counting is primarily
a manual process

Some variations exist
that aren’t
standardized (Mark
1, 3D, full, feature
points, object
points, etc.)

@
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Function Points: Productivity Paradox Corrected

Same software project, 3 different languages

A B c
FP Productivity 2.78 5.00 6.67
$ per FP $6,000  $3,320 |
Language Assembly Ada83 C++
Total Function Points 50 50 50

otal Effort (staff-months) 18.0
$300K

otal Cost

10.0
$166K

Lowest
effort
and cost
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Function Points Through the Development Life Cycle

« Applying FP range estimation techniques to early estimates will provide a quantifiable foundation
and will establish a consistent estimation methodology across the entire project lifecycle

Pre-Inception

Small
Under 100 FPs

Medium
100-400 FPs

Large
401-1000FPs

FP Estimate

Targeted Analogies or
Pairwise Comparison

Exira Large
1000-2000 FPs

Low: 643

Mid: 731
High:816

Budget

Informed FP
Estimate

Quick Size Techniques
or Updated Analogies

Low: 725
Mid: 806

High: 887

Elaboration
Updated Definitive

Updated FP
Count

FP Count

Detailed Function Updated Function
Point Analysis Point Analysis

1 L | | L
Requirements Updated
User Stories Requirements,

FP Count: 813
+£5% FP Count: 845
(772 low, 853 high)

« Using a consistent sizing metric throughout the project lifecycle is an industry best practice; it provides
traceability as the estimate is updated as more complete information and requirements become available

« Because it is linked directly to requirements (or the lack thereof), applying this consistent methodology

throughout the life cycle enables improved communication with the business customer as to what has

changed and why

@
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Function Points Example #1

report

Requirement Fu_Pycgleon Complexity | Quantity Fggicr:l(cs)n
The syst_em shall store employee In_terna_tl Average 1 10
information logical file
The system shall permit the user
to add, change, and delete Input Low 3 9
employee data
The system shall permit the user Inquiry Low 1 3
to search for an employee
The system shall produce a
monthly employee summary Output Average 1 5
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Function Points Example #2

1 Activity Control Information

Activity Info

Address

Cantrols

Sruc uc Activity Hame
Code

TYCOM

FC Ship Hull
Degntr  Type Humber

(0]

F frees fiss sTour IJDG_ lss_
Activity Type: Acty RI: I_
1st Prior FY: IW 2nd Prior FY: IW
Reporting Officer: W Signing Authority: I
High Money Value: I $100,000.00 Hext Local Stock Humber: FL-432-
[T ShipinILO
-
!I
. Function . .
Function Complexity | Quantity FPs
Type
Activity control Info ILF Low 1 7
Enter activity control info El Ave 1 4
Retrieve activity control info EQ Ave 1 4
Modify activity control info El Ave 1 4

SITE-ACTIVITY CONTROL 5> 0WN ACTIVITY>ACTIVITY CONTROL

INFO

On the Activity Info tah

L.

Enter o modifyy the mandatory fields:
arve Code, Actreity Mame, TYCOM, FC Degrtr, Ship Type, Hull

Numbet, Activity Type, Acty BL, Reporting Officer, Sigrung Avthonty,

High Motey Value.

Check Ship in ILO, if ship is undergoing an Integrated Logistics
Crrerhanl. (This option 15 not yet avalable)

Additional options display for selection.

On the Address tab

L.

Enter or modify the mandatory flelds:
Address, City, Btate, Zip.

On the Conirols tab

L.

Enter or modify mandatory fields:
Fiscal Vear, Transfer Tape, Supply Status.

The next Transmuttal Mumber for the current fiscal year 1z filled by
defanlt.

The [LO Gequence Numbers 15 used to matntain shap/TLO tape
gedaetice munbets.

aelect required Interfaces.

The Force Invertory Drawdown allows you to enter a Secuence
Number anndthe Last Date Uplined imformation.

To complete the process

L.

Click Apply.

2. Click Close Window.

@
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Object Points: Definition

* Object-oriented (OO) design and development
methodologies lend themselves 1o object-oriented size
measurement

 Methodology typically involves counting the number of
classes and methods (services) and determining the
complexity of each identified object

= Complexity might be driven by number of attributes, descendant
classes, classes referenced, etc.

= Weighted object points assigned based on complexity




Strengths

v Suitable for estimating size
of OO systems

v Closely related to the
artifacts produced by
developers, which can be
counted directly to
compare estimates to
actuals

v’ Less experience required
than counting function
points

Object Points: Strengths and Weaknesses

Weaknesses

¥ No single industry standard
to drive estimation process
repeatability

X Estimation technigues can
easily vary across projects
and even within projects

X Variation can cause size
measures to become very
complex to estimate and
track

% Not all estimation tools
accept object points as an

\nput



Object Points Example #]1

Enrollmeant

Student ! enrolled g Marks Received d n } Seminar

Mame Get Average To Date Marme
Address Get Final Mark Seminar Numbar
Phone Mumber 4 4. FIFO Fees
Email Address ‘D_._{ur B ) on waifing list 0"
Student Mumber Add Student
Average Mark 0.." |Drop Student
Is Eligible To Enroll
et Seminars Taken Professor

Mame instructs

Addrass 0.1

Phone Mumber -

Email Addrass

Salary

» Class enrollment application
= 4 low complexity internal classes (7 points each)

= 2 low complexity input methods (3 points each)
= 2 low complexity output methods (4 points each)

= 2 low complexity inquiry methods (3 points each)

36




Object Points Example #2

« Using well defined object definitions, project teams use

historical project or organizational data to build effort
eS-I-ImO-I-eS Avergge Development LOE for Javg Objects
Eﬁ:DD . L 24L9 | ! | |
2000 4 1943 | 19|E” |
, | 16000
L 1250 ' 1171
10.00 + 310 855
S NREEEERARE
.00 % % % % % "éla .‘% ,,.e% .,x% I.-"'% L
Ty R B e T N e R G
%ﬁb% %, % % % . % gf?’% %ﬁ"% %“’@
R ‘{ﬂ?}m ‘{'i]% T,
%’% T %
B #vrg Houdy LOE
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Story Points: Definition

» The first rule about story points...is that there is no standard definition of a story point
« Estimation techniques on Agile software development projects vary widely, but one
of the most common methods is story point estimation
User Story Backlog

[

| | - . . Derive estimate
l Initial story Discussion and

} , —— o —— based on
point estimates reconciliation ,
velocity

« User stories are short descriptions of a desired function or feature written from an
end-user perspective
= Typically expressed as “As a user of this system, | want X feature so that | can accomplish Y"
= Serves as the basis (requirements) for what software will be built




Story Points: Methodology

« Story points help teams assess the relative difficulty of the work they
need to accomplish

= Typically starts with a “reference” story that serves as the basis of comparison to all
other stories

= No “standards” for story points and they are determined on a tfeam-by-team basis

* Planning poker provides opportunity for everyone on the product
team to have input to size estimates based on their roles, perspectives,

. A0
and experiences %Q o
= Teams often apply Fibonacci or other numerical sequences o a0 20 13
= Discussion and iteration helps the team consider potential risk areas and develop a ,\@"Q
collective agreement about what stories to include in a sprint »,s? ok 13
« Estimating story points and applying velocity meftrics can reduce \ -
biases and natural tendencies that typically occur when estimating T S—

level of effort in hours




Strengths

v Experienced teams can use story
points very effectively

v The immediacy of feedback of
data from the previous sprint
during retrospectives provides
the opportunity for lessons
learned to be applied right away

v The relative nature of story points

allows teams to tailor and
calibrate the size unit to their
own situation

v Collaboration and iteration with
all stakeholders, including the
customer/product owner
encourages communication and
expectation management

Story Points: Strengths and Weaknesses

Weaknesses

X Zero standards or consistency
ACross organizations or even
within organizations

X Impossible to generate
estimates to establish inifial
project budgets

X New scrum teams take some
time to dial in story point
estimates

X Impossible to perform
organizational portfolio
management with consistent
metrics across projects

X Very difficult fo communicate
sizing assumptions to
stakeholders




et

.
-
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Custom Size Metrics

« SEER-SEM provides the ability to create custom sizing metrics that can be defined by
any organization

= Allow the users in the organization to count what they know
= Provides a consistent, standardized conversion info metrics (SLOC or UPF) which are understood by SEER-

SEM
Can be used in place of or in addition to standard SEER size metrics (SLOC and FP)

 Size Metrics are basically conversion tables:

Converted to source lines, unadjusted Function Points or Hours

« Example: Choose Size Metric Description...OO-Detailed Object Sizing

Enter size inputs in number of:
- Input Services

- Output Services

- Inquiry Services

- External Classes

- Internal Classes

Object specifications are expressed as Unadjusted Function Points, and added to any other size entered
elsewhere




LN 2R WATCHER.pr -

Size Metric
Generator
fion ang

File WBS

Parameters Tools Reports Charts Export & Import Options

jﬂ- @ @ D Clear Scenario Query Settingy

Calibration ent Manage Parameter QSaPaumetefEmﬁesastai
Scenario Query

finition Calculation Mode Scenarios

Viewing Size Metric Definitions

« Access this screen through Advanced | Size Metric Definitions

« Shows how the selected size metric is converted into SLOC, Unadjusted Function Points
or Hours

Size Metric Definition x|

Available Definitions Size Metric Definition

) ) Close
Select from the list or dick New to create. Size Metric | 0O - Detalled Object Sizing
Basic Application Components -m 1 1 1
Cosmic FP Data Mavements File name | Object.prx _ Defl n e O SS U m pTI O ns fo r S Ize
Cosmic Function Points .
DO-175C Parameter Deta Trems _ . _ Metrics converted to hours
DW BI Components Entry Name Value Units Metric Assumptions *
Early & Quick FPs (IFPUG BFCs)
Early & Quick FPs (UBFC) Input Methods 4 - LR E
Fast Function Points E
Function Based Sizing Output Methods 5 FP 53 FP |
Mark II Function Point Analysis Inquiry Methods 4 FP 4 Fp E =
none
Bxternal Classes 7 FP 7FP L - ]
00 Metric - Child Classes
0O Metric - Parent Classes Internal Classes 10 FP 10 FP [ ]
RICEF Objects
Source Lines of Code FP E
Story Points
Triggers & Procedures FP E
Unadjusted Function Points Ep :]
Use Case Points
IUse Case Points Summary EP :]
Use Cases
Web Site Construction == :]

4 3

[ Mew ] [ Edit ] [ Delete Save Cancel

@
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Editing Size Meftric Definitions

« For Size Metrics based on Function Points or SLOC, simply click on the Edit button and
make the adjustments

« Don’t forget to click Save when done

b

Size Metric Definiti

Available Definitions
Select from the list or dick New to create.

Basic Application Components
Cosmic FP Data Movements
Cosmic Function Points
DO-178C Parameter Data Items

Size Metric Definition
Size Metric OO - Detailed Object Sizing

Filename Object.prx

DW/BI Components Entry Name Value Units Metric Assumptions “
Early & Quick FPs (IFPUG BFCs)
Early & Quick FPs (UBFC) Input Methods 4 - 4FP [—
Fast Function Points [I]
Function Based Sizing Output Methods [j " 257 :
Mark II Function Point Analysis Inquiry Methods 4 FP 4 FP [I] -
none

External Classes 7|FP 7FP Z]
OO0 Metric - Child Classes
00 Metric - Parent Classes Internal Classes 10 FP 10 FP :] L3
RICEF Objects
Source Lines of Code FP E
Story Points
Triggers & Procedures FP [I]
Unadjusted Function Points FP E
Use Case Points
Use Case Points Summary FP E
Use Cases
Web Site Construction FP [z

< )

New Edit Delete [ Save ] [ Cancel ]

@
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Editing Effort-Based Size Metrics

Enter the expected
hours for each item

' Eze Metric Definitions

Available Definitions

Select from the list or dick New to create.

Basic Application Components
Cosmic FP Data Movements
Cosmic Function Points
DO-178C Parameter Data Items
DW/BI Components

Early & Quick FPs (IFPLUG BFCs)
Early & Quick FPs (UBFC)

Fast Function Points

Function Based Sizing

Mark II Function Paint Analysis
none

00 - Detailed Object Sizing
00 Metric - Child Classes

00 Metric - Parent Classes
RICEF Objects

Source Lines of Code

Story Points

Triggers & Procedures
Unadjusted Function Points
Use Case Points

Use Case Points Summary

Use Cases

Size Metric Definition

LT BTl b Site Construction

File name  WEBSITE.PRX

Define the assumptions
(see next slide)

Entry Name

Avg page - low comphbdy

Avg page - avg complhdy

Avg page - high complxy

First pages - low complxy

First pages - avg complxty

First pages - high comphbdy
Follow-on pages - low complxty

Follow-on pages - avg comphdy

Follow-on pages - high compl...

Assumptions =

SEER will automatically calculate the FPs or
SLOC required to produce the specified hours

@
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Assumptions for Effort-Based Size Metrics

'Estjmatinq Assumptions
Select Size Metric Items to Change Knowledge Base Selections
=1 ] Web Site Construction “| patfom ‘Business Msson Cribcal -
-[¥] Avg page - low complixty
. . ] Avg page - avg compixty Appication Business Inteigence - Select the
S?leCT the SIZ.e Metric : ::tmh&cmtzy et e = Know|edge Bases
items fgr wh|c_:h the U] Frstpages - avg campty Develpmentetiod  [aaiend = for the calculation
assumptions will apply -] First pages - high compixty
-{"] Follow-on pages - low complxty Development Standard {Gotmmeroalhﬁ'l ']
-{] Follow - avg complxty H
- — (iNo Knowledge z) Select the Function

Implementation
_— Mechanism

Function Implementation Mechanism | 3rd Generation Languages

imum Time vs. Optimal Effort [th m Time ——— Minimum fime vs

Yol

SLOC vs. LFP [vee Optimal effort switch
=== Typical Project Outcome
© Use Effort \
Specify Typical i T SLOC or

Q Use Duration i i
(EPfrfOJe,r)CT OUTCOPG-‘ e ks Function Points
orT) assumprtions

Average Staff 0

.  HoursIndude [V]Requirements [V]Systems Integration & Test

Lo JJ[ conce |

Press OK to
calculate
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Editing Effort-Based Size Metrics

« One “First page — Avg Complexity” item takes 66 hours to build

« Based on the assumptions specified, one “First page — Avg Complexity” is equivalent to
1.43 Function Points

Available Definitions
Select from the list or dick New to create.

Basic Application Components
Cosmic FP Data Movements
Cosmic Function Points
DO-178C Parameter Data Items
DW/BI Components

Early & Quick FPs (IFPUG BFCs)
Early & Quick FPs (UBFC)

Fast Function Points

Function Based Sizing

Mark II Function Point Analysis
none

QO - Detailed Object Sizing
OO Metric - Child Classes

OO Metric - Parent Classes
RICEF Objects

Source Lines of Code

Story Points

Triggers & Procedures
Unadjusted Function Points
Use Case Points

Use Case Points Summary

Use Cases

Size Metric Definition
Size Metric Web Site Construction

File name  WEBSITE.PRX

Entry Name
Avg page - low complxty
Avg page - avg complxty
Avg page - high complxty

First pages - avg complxty

Eirst pages - low compbdy 43 Hours

Value Units
22 Hours

46 Hours
68 Hours

Assumptions *
e
e 7

66 Hours

First pages - high complxty
Follow-on pages - low complxty
Follow-on pages - avg complxty

Follow-on pages - high compl...

82 Hours
12 Hours
18 Hours
30 Hours
FP

@
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Key Components Of A Software Project That Uses COTS

« Developmental Software:

= Functionality developed
specifically for the project at
hand

= May include customization of
COTS

o “"Glue” Code:

= Code written to bind COTS to
developmental software

= Development effort must be
captured

Developmental
Software

“COTS Cognition”

« COTS Software:

= Purchased functionality
= Direct Cost component of COTS integration

« COTS Cognition:

= Required functionality within the COTS software that
must be understood

= Effort component of COTS integration




COITS Cognition: Graphics Server

UNINVOLVED

51

Not necessary to know
COGNITION (does not contribute to size)

Architectural and
implementation details,
not necessarily invoked,

but knowledge is

needed
Graphics
Server
Library

INSTANTIATED
Graphics Server
calls used
by SEER-SEM
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Scope Estimates for COTS Cognition

Create/Modify WBS Element

Guide me using Project Assistant

Description | 0TS Components

« COTS Cognition does not have “size" in the same sense that
developmental sofftware does

« SEER-SEM offers three methods of scoping integration effort

The analyst who is
estimating this project.
Volume Inputs

(Project only) Select one or
more sizing metrics

FBS Method
(Project only) For Function
Based Sizing, select a b

Created 2/24/20109:31:27 AM  Modified 2/24/2010 9:31:27 AM

SEER For e [

Element Type Indenture

" = —
2B wlen el (E|E
Rollup Program Component COTS Unit Level 3

This dizlog box\ets you Knowledge Base Selections
ﬂ?;grl{:\:;;n?f S Platform :Ground-Based Mission Critical V:
S;:“':E;I; EEE":{";?;: & Application :Command)’Control vj
Assistant to create 3 new - :
project or work element. Component Type | Components v
Description ' r )
Enter text to uniquely Test Rigor |IEEE FULL M|
identfy the item Sizing Method
Notes
Enter work element notes. (%) Features O Quick Size O Object Sizing
Analyst

oK ] [ Cancel

@
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Scoping COTS Cognition Using Quick Size

« Application Type
= Commercial application or application type being integrated

= |f specific application is not listed, choose one that is similar in size/functionality to the
application being integrated

- Percentage Required

= Portion of COTS component functionality that the integrating developers are required to
learn

= Reflects effort to acquire a working knowledge of this functional portion




Scoping COTS Cognition Using Features and Objects

* Sizing with Features is closely related to the traditional function point method

« Measures have been translated so that they are closely related to features
found in COTS components
= Unigue Functions (Inputs, Outputs, Queries, etc.)
= Data Tables Referenced
= Data Tables Configured

« Use Objects if COTS components are implemented as objects

« Object sizing metric is completely compatible with IFPUG-standard function
points and object counting guidelines
= |nput Services
= Qutput Services
= |[nquiry Services
= External Classes
= |Internal Classes

54
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SEER-SEM Size Characterizations

New (Lines, Functions, Size Metrics)

= Developed completely within the current project
Pre-existing

= |Inherited from prior projects or prior builds in same project
= May or may not be designed for reuse (more on this later)

Deleted

= Functionality/size to be deleted from pre-existing software
Redesign, Reimplementation, and Retest

= Effort required to modify pre-existing software

= Expressed as a percentage of effort relative to new code
Size Growth Factor

= Enable in Project Parameter selection
= Apply historical growth experience




SEER Parameters Infended for Function Point Inputs

« Function Implementation Mechanism
= For Line-based size measures, will suggest a conversion factor from one language to another

- Number of lines will change depending on selected language

= For Function-based size measures, language, code generator, screen generator impacts effort
required

= Unlike SLOC, the number of function points will not change based on language, but...
= Effort per function point is highly dependent on language used to implement

« Software Phase at Estimate

= Effort required to achieve given functionality is determined by the phase in the software
development life cycle when the function point count is conducted
= Early estimates allow for more functionality growth

- Function point methodology quantifies “scope creep” -- additional functionality not specified in original requirements, but
becomes identified as scope is being clarified and functions are defined




Programs Included in Size Example

« Reference : One program, 500 KSLOC (mischaracterized as a single program
element)
= Long schedule
= Large team, low productivity, high cost
= Estimate: Ten programs included in size, totaling 500 KSLOC

B Charts

Quick Estimate [ Basic Estimate Inputs with Notes Inputs vs. Refer > X Sla" avallvs Paferancs
Program: Mega Program  Program: Mega Program
Estimate Reference  Diff.
Mega Program
Development Schedule Months 30.58 76.81 -60% e .
Development Effort Hours 752,902 1,193,270 -37% o
Defect Prediction 686 789 -13%
Total Lines Only 500,000 500,000 0%
Effective Lines Only 500,000 500,000 0%
Constraints MIN TIME MIN TIME
Peak Staff 256.72 16198 S8%
Productivity Lines/Person Month 145 91 58%
Effort Probability 50.00 50.00 0%
Schedule Probability 50.00 50.00 0%
< >

« When more detail is available, all ten programs should be represented as
separate program work elements, each with its own size estimate

@
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Software Designed For Reuse...or Not

« Designed forreuse
= Reusability requirements specified during original development

= Significant extra coding and documentation effort during original development to insure
reusability

= Minor to moderate effort (mostly retest) required when reused

* Not designed for reuse
= Developed without specific extra effort to ensure reusability
= Sources include any legacy code not specifically designed for reuse

- Other projects & programs
- Prior builds of the current program
= Moderate to major effort required
- Redesign
- Reimplementation
- Retest
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Test

Effort on Existing Code

Implementation

In general, software development can be divided into three basic activities:
= Design

= |Implementation (coding)

= Test

In adapting or integrating existing software, some or all (or possibly more than all) of
these activities must be revisited or repeated

Percentages of effort (redesign, reimplementation, retest) are applied to the total size of
an existing program to derive the effective size which will be used to estimate effort,
schedule, etc.

Input percentages of detailed rework activities are user adjustable

Underlying weights are fixed

= Redesign = 40% of total effort

= Reimplementation = 25% of total effort
= Retest = 35% of total effort
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Rework Percentage Worksh

ce

@ SEER

estimate « analyze « plan « control

SEER-SEM Rework Percentage Calculation

Compute redesign, reimplementation and retest percentages based on detailed rework factors.

Step 1: Set Redesign Factors
Redesign Breakdown
Formula
Result Redesign Percentage
Weight Redesign Component
0.22 |Architectural Design Change
0.78 |Detailed Design Change
0.5 |Reverse Engineering Required
0.225 |Redocumentation Required
0.075 |Revalidation Required

0.22*A+0.78*B+0.5*C+0.3%(1-(0.22*A+0.78*B))*(3*D+E)/4
0.00%  0.00%  0.00%

Least Likely Most Percentage of the existing software that...

0% 0% 0% ... requires architectural design change

0% 0% 0% ... requires detailed design change

0% 0% 0% .. requires reverse engineering

0% 0% 0% ... requires redocumentation

0% 0% 0% .. requires revalidation with the new design

Step 2: Set Reimplementation Factors

Reimplementation Breakdown
Formula
Result Reimplementation Percentage
Weight Inputs
0.37 |Recoding Required
0.11 [Code Review Required
0.52 |Unit Testing Required

Step 3: Set Retest Factors
Retest Breakdown
Formula
Result Retest Percentage
Weight Inputs
0.1 [Test Plans Required
0.04 |Test Procedures Required
0.13 |Test Reports Required
0.25 [Test Drivers Required
0.36 [Integration Testing
0.12 |Formal Testing

37% A+ . 11*B +.52*C
0.00% 0.00% 0.00%

Least Likely Most Percentage of the existing software that...

0% 0% 0% ... requires actual code changes
0% 0% 0% ... requires code reviews
0% 0% 0% ... requires unit testing

.10*A + .04*B + .13*C + .25*D + .36*E + .12*F
0.00% 0.00% 0.00%

Least Likely Most Percentage of the existing software that...

0% 0% 0% .. requires test plans to be rewritten

0% 0% 0% .. requires test procedures to be identified and written
0% 0% 0% .. requires documented test reports

0% 0% 0% .. requires test drivers and simulators to be rewritten
0% 0% 0% .. requires integration testing

0% 0% 0% .. requires formal demonstration testing

Step 4: Copy Data Into SEER-SEM
A) Depending on the size category, select the cells below in the red border and copy to the clipboard
B) Returnto SEER-SEM
C) When in SEER-SEM, Select Tools / Run Commands From Clipboard or Paste in the Parameters view

 Located in Tools folder where SEER
is installed

« Detailed activity breakouts for
each area

« Use this to tailor rework estimates to
override K-Base defaults

+ Allows you to dial-in estimated
rework on existing software

A
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STUCTURED CASE STUDY #2

Sizing Study
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Four Step Sizing Process

1. Choose reference items

for comparison

2

2. Identify ltems to size

Contemt Seloction
| o=
arguage Cee o
(Emon] S B
oty
: T Lo
o o Unadyated Furcion Foets (X ]
WeRE S | e
=l | compurens
| ey Boms st 0okl (0 Sorqorgn Comuied

n 3. Perform various expert

judgment comparisons

Size By Comparison

. )

Hew 'fork sea faclties
ard networks.

Chick on grid to
REvigate COMpAanLons.

Compare
Bigger  Than .
%
Newut comparizon
[l Compatizon made
[ Mot Sure
INEEN D“
INEEENI .

Consistency | [_Hode comparisongnd_|

2

4. View / Use results

Mj o J LA
& 00/ "j,:”jé” i’;f b
& G‘\a" &

SHARE OF TOTAL SIZE

e

.

- [ T [ LN
_5 8K

o DT G et
E
LI Ew-
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What do you want to doe

SEER Estimate by Comparison

Add Reference ltem
Add Estimated ltem
Add from Repository

Edit ltem

Delete ltem

Change Variables

Compare

Wizard

Specify Reference and E stimated items, and then make comparisons.

Reference Items | Estimated Items |

Name

Size Origin

Language

Description

Current Selection

Choose a first action

&3
Configure for software sizing ,J\

Add a reference (known) item

Add an estimated (unknown) item

Load a preexisting project

(

| J
[ J
[ Select variables being estimated |
[ J
[ J

No thanks, I'll select an initial action myself

ems

Configure

Compare

SEER Estimate by Comparison

Items Sized: 0 out of 0

Sizing Origin: NfA .:

@
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Step 1: Choose Reference ltems

- SEER Estimate by Comparison
File ~Edt Variables View Reports Charts Configure  Help

Specify Reference and E stimated items, and then make comparisons.
Add Reference ltem

Add Estimated ltern \

Reference Items | E stimated Items

BEE
5

ame Size Origin

Add from Repository

Edit ltem \

Delete ltem

Change Varnables

Compare

Click here to add reference itemg

Language

Description

Wizard

Current Selection

Reference items are
known values from
which comparisons are
made

Reference ltems may
J be:

Added manually
Selected from a repository of
completed projects

| Compare |

SEER Estimate by Comparison

Items Sized: 0 out of 0 Sizing Origin: .

@
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Step 2: ldentity Items To Estimate

- SEER Estimate by Comparison
File ~Edt Variables View Reports Charts Configure  Help

Specify Reference and E stimated items, and then make comparisons.
Add Reference ltem

Reference Items | Estimated Items
Add Estimated ltern [ : :

Name Size Origin Language

U Item B 0 (UFP) I”General - both ne...

Add from Repository Description

First item to be estim...

Seconditemtobee...

Edit ltern

Java

Delete ltem

Change Variables Item Information

C Name
ompare _ ‘
™ | Unknown Item C [ Add Next
Wizard - -
Variables

*“*S oftware Sizing™

Description
Third item to be estimated

Current Selection

Unknown ltem &

Metric - Unadj Function Points

o oo

SEER Estimate by Comparison Items Sized: 0 out of 2 Sizing Origin: Unsized .:

@
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Ready For Comparisons

- SEER Estimate by Comparison
File Edit Variables Yiew Reports Charts

Add Reference ltem

Add Estimated ltemn

Configure  Help

Specify Reference and Estimated items, and then make comparisons.

Reference Items | Estimated Items

Add from Repository Ene Size Origin Language
= SEER-H 7.0 36 . SEER Estimate by Comparison
dit ltem =
SEER-SEM Client fo... 360 Fle Edt Variables View Report chatel Cocine
Delets ltem SEER-AccuScope 20 3974
: SEER-SEM 7.2 1444 Specify Reference and Estimated items, and then make comparisons.
Change Variables - . Add Reference Item - &
| Reference Items | Estimated Items
Compare Add Estimated Item :
Add from Repository Pane Language Descnptxon
— e e ey
Bty UnknownltemB 0 (UFP) IGeneral - bothne...  Java Seconditem tobe e...
Delete Item Unknown Item C 0(UFP) 1“General - bothne... VBA Third item to be esti...
Change Variables
Compare
Current Selection Wizard
SEER-H 7.0
SEER-Software scoped usif
Source Lines of Code
Current Selection
SEER Estimate by Comparison Unknown Item &
Metic - Unadj Function Points 0 E .
Compare
V
SEER Estimate by Comparison Items Sized: 4 out of 7

Sizing Origin: Unsized .:

G AL O R ATH



Step 3a: Compare Items

Multiple Comparisons @
Properties  Current Yariable Comparison Notes
Your own judgment -, e
establishe-js thge SO S e
relative size between |l,| SEER-H7.0 |[is Bigger Than | Unknown ltem A
reference and —
vunknown items

—U
Use slider _
to exercise Lbovos L et
136652 SLOC
JU d gme nt SEER-H provides A Slide bar to make comparisons First item to be
Lifecycle Cost estimated
(LCC) for any scale Press 'Next comparison’ to continue

hardware project,
from individual

1 of 15 comparisons
14 remaining

[ Help ] [ Show Consistency ] [ Show Comparison Grid ] [ Done ] [ Cancel ]




Step 3b: Check for Consistency & Completeness

Multiple Comparisons @

Properties  Current Yariable Comparison Notes

**Software Sizing**

SEER-SEM Client for
Microsoft Project 1.4

S Equal To| Unknown Item B

y

Inconsistent
comparisons \\ [ Previous J [ New |
36060 SLOC
The SE . Second item to be
for MS Project lets estimated
you rapidly develop
comprehensive
I ncom p I et sgflwgre_prqiect v
e Worl\ [ Inconsistent
Click on grid to i [ Comparison Made
navigate comparisons. 2] Not sure
° Double-click to float .
CIlC k Don & When ( R ey [ No comparison made
p arid) :
B 2utomatically calculated

are complete

all comparisons
[ Help ][ Hide Consistency ][m Done ] [ Cancel ] @
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Step 4: View Results

- SEER Estimate by Comparisor

Fle Edt Varisbles !iewcufiwe Help

Specify Reference and Estimated items, and then make comparisons.

Add Reference ltem ; - &

Reference Items | Estimated ltems
Add Estimated ltermn [ : :
Add o R epaeTae Name Size Origin Language Description

83145 (SLOC) |“General - both ne... |C++ Fiest item to be estim...
Edititem UnknownltemB  48163(SLOC) I*General - both ne...  Java Second item to be ...
Delete ltem Unknown Item C 46794 (SLOC) I*General - both ne...  VBA Third item to be esti...
Change Variables
Compare
Wizard

Unknown Item &

Metric - Source Lines of Code 733380 83145 96104 - .

Compare
SEER Estimate by Comparison Items Sized: 7 out of 7 Sizing Origin: Comparison .:

@

G AL O R ATH



Reports & Charts

/3

I Main Report |

Least Likely Most Language L
Software Sizing™ (Source Lines of Code) 144 405 144 405 144 405 C++
SEER-SEM Client for N

Least Likely Most Language
“Software Sizing™ (Source Lines of Code) 36,060 36,060 36 060 C++
Unknown ltem A

Least Likely Most Language
Software Sizing™ (Source Lines of Code) F3,3590 83,145 96,104 C++

BAR CHART]
Unknown Iltem B
**Software Sizing™ (Source Lines of Code)
Least Likely Most
41,462 48,169 85 177

*Software Sizing™ (Source Lines of Code)

w G A L

Estimate By Comj

I Unkncwn Item ©
M Unknown Item B
B Unknown ltem A

**Software Sizing™ (Source Lines
of Codel

&*“:;‘:Y *w\g\‘;‘b &g.g(f

A

L
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Exporting ltems

74

Reference and
Estimated items
can be copied
from SEER Sizing
and pasted into
SEER-SEM as
Programs,
Components, or
size parameter
entries

SLIR [stimate by Comparisen

Fle | Edt | Varisbles View Reports  Charts  Corfigre  Meb
Currert Rem
terva . ardd Pen ma e COMOINOra
Add Add e ‘
A Delete Ttom "
" Oy Qrec Sae Owpn Larpuspe Descrpton
Paste Criey
ke Paste Soecd 695L0C) I"Garess -bohne . Jav Second temlote e .
D‘k’ Al 2~ ol Aol oo MR TMMth
Rl Export Rees to Software . AL 3 Nvw Brogy am
Chan Dport Reess to My dware » As & New Component
Coen Export Rems to Marad achurng » As Par ameter(s) 2o HPhPted Bement
Dxport Reess to 1T »

Wiz
1 Export to Lst

Cumert Selecton
Urbrown Rem A

Metnc - Source Lines of Code

SUER Estmate by Comparson

%0 e X104

Rems Sood: 7ot of 7

Compuwe

Sang Ongn: Comparson

@
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Save for Future Reference

in: | ) SEER_Compare

) Samples
Exercise S.ebc

My Recent
Documents

My Documents

File name: |

Y|

My Network Save as type: VSEEH E stimate By Comparison files (*.ebc)

=

@
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GUIDED EXERCISE #6

SEER Sizing By Comparison




