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Software Project Management

* Preplanning (as in System Engineering)

p determine objectives and scope 
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Software Project Management

* Preplanning (as in System Engineering)

Compex (argumentative) decision making process

Statistical Decision Tree

SafeHome*

contract buy reuse build

$500 000
$350 000

$400 000
$210 000

$275 000

$450 000
$380 000

no change
(0.6)change

(0.4)
major

change
(0.3)

change
minor
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major
(0.6) minor

(0.4)

$490 000

$310 000complex
(0.8)

simple
(0.2)

simple
(0.3)

complex
(0.7)

expected cost =    (path probability)i x (estimated path cost)i

expected cost (reuse) = 0.4 ($275K) + 0.6 ($310K) + 0.8 ($490K) = $382K
expected cost (buy) = 0.7 ($210K) + 0.3 ($400K) = $267K
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Software Project Management

* Preplanning (as in System Engineering)
p determine constraints

time

cost

people

quality (e.g., adaptable)

technical - sensors and actuators (t<1sec)

* Risk analysis and management

evolutionary prototyping, traceability, impact analysis

What can go wrong and how to cope with it?
p business risks - sellable, knowledge of sales

p technical risks - spec defects, changing environment
uncertainty in requirements makes estimates less precise
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Software Project Management
* Risk analysis and management (cont'd)

p managerial risks - communication/coordination cost increase
more than linearly as more personnel are added

cost

people

+ Identify important risks and prevent them or be reaady

e.g., risk: staff turn-over high
improve working conditions;
require detailed documentation
assign backup people to critical personnel

Estimation of project resource requirements*
people,  quality, cost, time schedule

+ A lot of guesswork:
too many variables (skill levels, project complexity, tool availability, ...)
too many unknowns (wicked problems, changing/conflicting reqs, ...)

Use historical info (i.e., similar projects) if available;
Estimate conservatively

* Task scheduling
* Tracking and Control

It may be your job!!!
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Software Project Estimation

* The mythical man-month [Brooks72]

^ often used to express the unit of efforts in estimating and scheduling

^ Cost varies as the product of the # of men & the # of months;
however progress does NOT.

^ Hence the man-month as a unit for measuring the size of a job is 
a dangerous and deceptive myth.

^ Men and months are interchangeable commodities only when a task can
be partitioned among many workers "with no communication among them"

* How does a software engineer kill time?

50%
Interactions

with
other people

20%
Non-productive

activities

30%
Working alone
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Software Project Estimation

sequential efforts -> more effort has no effect on the schedule

Months

Persons

&

& perfectly partitionable task

Persons

Months

& task with complex interrelationships

Months

Persons



* Steps
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Estimation by Decomposition

^ divide project into more manageable parts

^ sum upward

total effort = 
LOC (FP)

historical programmer productivity (in similar proj)

^

ExpectedValue = 

estimate each part (in LOC/FP)
optimistic + 4 x realistic + pessimistic

6

e.g., (100 + 4 x 300 + 1100)/6 =  400

e.g., total effort = 
1,000,000 LOC
400 LOC/person-month

= 2500 person-month

total cost = LOC (FP) x historical cost in similar projects

e.g., total cost =  1,000,000 LOC x $350/LOC = $350M



?ancestor(Adam, Madonna)
ancestor(x, y) :- ancestor(x,z), ancestor(z, y).
ancestor(x, y) :- mother(x, y).
ancestor(x, y) :- father(x, y).

Lawrence Chung

Estimation by Decomposition

An estimation error of  10..20% is usually considered good$

* Lines of Code
^ fully designed, implemented, debugged and documented source code

^ Why controversial?

PL-dependent (e.g., nonprocedural language?)

no algorithm
no data structure

quality-dependent (e.g., well-designed but shorter programs?)

ancestor(x, y) :- ancestor(x,z), ancestor(z, y).
ancestor(x, y) :- mother(x, y).
ancestor(x, y) :- father(x, y).

^ An early study shows:
total effort =  constant x #_of_instructions

1.5

?ancestor(Adam, Madonna)

ancestor(x, y) :- father(x, z), ancestor(z, y).
ancestor(x, y) :- mother(x, z), ancestor(z, y).



Function Points@
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Estimation by Decomposition

1. measurement parameters:
# of user inputs 

# of files (each logical master file)

# of external interfaces
(data files on tape/disk which

transmits data to other systems)

(reports, screens, error messages)

(distinct from queries)
# of user outputs

(on-line input)# of user enquiries

est. count

3

2

2

1

4

User

Sensor

User

Monitoring &
Response
SubsystemSystem configuration data

password

zone inquery

sensor inquery

panic button

activate/deactivate

test sensor

zone setting

messages

sensor status

activate/deactivate

alarm alertpassword, sensors, ...

SafeHome
User

Interaction
Function



simple = 3; average = 4; complex = 6
2. weighting factor (empirical):

Function Points@

1. measurement parameters: weighting factor

# of user inputs 

# of files (each logical master file)

# of external interfaces
(data files on tape/disk which

transmits data to other systems)

10 4 (avg.) 40

(reports, screens, error messages)

(distinct from queries)
# of user outputs 15 3 (simple)

(on-line input)# of user enquiries 25 6 (complex)

45

150

count-total

est. count
(est. count=  (opt + 4 x likely + pess)/6)

350

3. complexity adjustment factors:
0-5 for each of 14 different questions

e.g., questions

1. does the system require reliable backup and recovery?
Fi
3
24. Is system performance critical?

9. Are the inputs, outputs, files, or inquiries complex? 5
11. Is the code designed to be reusable? 1
...

SUM (Fi) 35
FP = count-total x (0.65 + 0.01 x SUM (Fi))

350 x (0.65 + 0.01 x 35) = 350
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Estimation by Decomposition



simple = 3; average = 4; complex = 6
2. weighting factor (empirical):

Function Points@

1. measurement parameters:
# of user inputs 

# of files (each logical master file)

# of external interfaces
(data files on tape/disk which

transmits data to other systems)

(reports, screens, error messages)

(distinct from queries)
# of user outputs

(on-line input)# of user enquiries

count-total 350

3. complexity adjustment factors:
0-5 for each of 14 different questions

e.g., questions

1. does the system require reliable backup and recovery?
Fi
3
24. Is system performance critical?

9. Are the inputs, outputs, files, or inquiries complex? 5
11. Is the code designed to be reusable? 1
...

SUM (Fi) 35
FP = count-total x (0.65 + 0.01 x SUM (Fi))

350 x (0.65 + 0.01 x 35) = 350
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Estimation by Decomposition

- FPs have no direct physical meaning

- subjective complexity factors

+ PL-independent

+ easier to compute early in a project
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Estimation by Decomposition
@Function Points (cont'd)

\ Software estimating rules of thumb
[IEEE Computer, March 1996, Capers Jones]

4. FP ** 1.2 ~ test cases

3. Creeping requirements (due to new & changing reqs) grows at an
avg. rate of 1%/month over the entire development schedule

1. 1 FP = 100 logical source code (e.g., C/Cobol/Fortran/Pascal)
1 FP > 300 assembly lang statements
1 FP < 20 OO lang statements

2. FP**1.15 ~ page counts for all types of documents
page counts * 400 ~# of English words

8. FP/150 ~ # of personnel

5. FP** 1.25 ~ defect potential for new software projects
FP** 1.27 ~ defect potential for enhancement software projects (base product defect)

6. Each sw review/inspection/test step will remove 30% of the bugs present
70 -> 49 -> 34.3 -> 

7. FP** 0.4 ~ schedule in months
military > commercial

9. FP/500 ~ # maintenance personnel
FP ** 0.25 ~ life time

10. schedule in month * # of personnel ~ # person-months
(e.g., (1000**0.4) * (1000/150) ~ 106)



\ e.g., how large should the system be so that at the end of the 
project schedule the initial requirements double in size?
[IEEE Computer, August 1996, Ted Lewis]

Creeping requirements: R = FP*(1.01) ** (FP**0.4)
Answer: Let R = 2*FP, i.e., building the system twice
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Estimation by Decomposition
@Function Points (cont'd)
\ Software estimating rules of thumb

[IEEE Computer, March 1996, Capers Jones]

3. Creeping requirements (due to new & changing reqs) grows at an
avg. rate of 1%/month over the entire development schedule

7. FP** 0.4 ~ schedule in months

Months

Creeping
reqs.

2*FP= FP*(1.01) ** (FP**0.4)
log(2*FP)= log(FP*(1.01) ** (FP**0.4))
log2 + logFP = logFP + FP**0.4 log1.01
log2/log1.01= FP**0.4
(log2/log1.01)**2.5 = FP
40500=FP



@ Function Points (cont'd)
\ Creeping requirements: R = FP*(1.01) ** (FP**0.4)

3. Creeping requirements (due to new & changing reqs) grows at an
avg. rate of 1%/month over the entire development schedule

7. FP** 0.4 ~ schedule in months

e.g., how large should the system be so that at the end of the 
project schedule the initial requirements double in size?

Answer: Let R = 2*FP, i.e., building the system twice
2*FP= FP*(1.01) ** (FP**0.4)
log(2*FP)= log(FP*(1.01) ** (FP**0.4))
log2 + logFP = logFP + FP**0.4 log1.01
log2/log1.01= FP**0.4
(log2/log1.01)**2.5 = FP
40500=FP

(log2/log(1+C))**2.5 = FP

Prog.
Size

in FPs

1%
Creep - % of change in requirements/month

21%5%

max. prog. size (in FPs) vs. monthly rate of change in reqs.

What if the 1%/month creep rate slides?
For C=1% to 20%:

+
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Estimation by Decomposition

+ Observation: a small deviation from 1%, say 5%, radically lowers the
size of a "feasible" software system.
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Estimation by Decomposition

+ Observation: a small deviation from 1%, say 5%, radically lowers the
size of a "feasible" software system.

"Without a strong architectural basis, creep is inevitable.
Without an enduring architectural plan,
creep rates are more likely to be 5% than 1%

- and suddenly it's jungle out there"

Shock Absorber
if the higher the level of abstraction is

if the better the quality is



Empirical Estimation Models
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+ Use statistical techniques to develop models (formulaes)
that relate easily measured sw characteristics to desired sw estimates

+ many modeling assumptions -> careful tailoring needed

+ COCOMO (Constructive Cost Model) is one such technique
[B. Boehm, Software Engineering Economics]

\ Hierarchy of models:

2. Intermediate Model: sw development effort (cost) as function of LOC AND

personnel, use of CASE tools, etc.)
a set of "cost drivers" (required sw reliability, size of appl db, skill level of

3. Advanced Model: all of Intermediate Model characteristics AND
impact of cost drivers at each step of sw development

a set of tight hw, sw, and operational constraints

3. Embedded:

relatively small, simple projects, small teams w. good experience, relatively flexible reqs.

1. Organic:

\ Classification of software:

1. Basic Model: sw development effort (cost) as a function of LOC

2. Semi-detached:
intermediate in size & complexity, teams w. mixed experience level, mix of rigid & flexible reqs.



Empirical Estimation Models

2. Intermediate Model: sw development effort (cost) as function of LOC AND
a set of "cost drivers" (required sw reliability, size of appl db, skill level of

relatively small, simple projects, small teams w. good experience, relatively flexible reqs.

intermediate in size & complexity, teams w. mixed experience level, mix of rigid & flexible reqs.

Hierarchy of models:
1. Basic Model: sw development effort (cost) as a function of LOC

personnel, use of CASE tools, etc.)
3. Advanced Model: all of Intermediate Model characteristics AND

impact of cost drivers at each step of sw development
\ Classification of software:

1. Organic:

2. Semi-detached:

3. Embedded:
a set of tight hw, sw, and operational constraints

@Basic COCOMO models:
Effort = a x KLOC ** b (in person-months)
DevelTime = c x Effort ** d (in months)

The coefficients vary according to the sw class:

Class
Organic
Semi-detached

a b c d
2.4
3.0

\

Embedded 3.6

1.05 2.5 0.38
1.12
1.20

0.35
0.32

2.5
2.5
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@Intermediate COCOMO models:

Effort = a x KLOC ** b (in person-months) x EAF (effort adjustment factor)
The coefficients vary according to the sw class (a diff table)


