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— + Risk Management Context
e Cost Model Usage Overview
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— Expert COCOMO example

* Risk Analysis
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Risk Overview

» Risk 1s the possibility of an undesirable
outcome

— exceed budget
— schedule overrun

— deliver unsuitable product

* Risk impact = (probability of undesirable
outcome) * (cost of undesirable outcome)
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Risk Overview (cont.)

* Risk management involves several
activities:
— Risk assessment
* Risk identification
 Risk analysis
* Risk prioritization
— Risk control
* Risk management planning

e Risk resolution

* Risk monitoring



University of Southern California

Center for Software Engineering

COST XPERT GROUP

I NCORUPORATETPD

Software Risk Management

Risk

Management

Risk
Identification

— Checklists

Decision driver analysis
— Assumption analysis
— Decomposition

— Performance models

Risk Risk B
Assessment Analysis Cost models

Network analysis

| Decision analysis

Risk Quality factor analysis
Prioritization — Risk exposure

‘: Risk leverage

Compound risk reduction
Risk mamt Buying information
Plann'r? E Risk avoidance
Ing Risk transfer

Risk reduction

 Risk element planning

] Risk plan integration
Risk | Risk Prototypes
Contro Resolution Simulations
Benchmarks
Analyses
Risk — Staffing _
Monitoring |— Milestone tracking

— Top-10 tracking

— Risk reassessment
— Corrective action

Most direct applications for
cost models are shown in red
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Cost Estimation and
Risk Management Alliance

e Cost estimates are used to evaluate risk and
perform risk tradeoffs.

* Risk analysis methods such as Monte Carlo
simulation can be applied to cost models.

* The likelihood of meeting cost estimates
depends on risk management.
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peciﬁc Uses of Cost Models

« Use cost models as risk 1dentification checklists
— cost factors serve as checklist of risk items that
correlate to cost/schedule overruns
* Support cost and schedule risk analyses
— calculate risk consequence component of risk exposure
— quantitative analysis of potential overruns
— help 1n risk prioritization

— decision option evaluation
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Spemﬁc Uses of Cost Models (cont.)

* Analyze uncertainties in cost or schedule estimate
(uncertainty = risk)
— determine confidence level of meeting plans and targets
» Support risk management planning
— analyze cost/schedule 1impact of risk mitigation options

* Component of risk monitoring and control
feedback loop during project execution
— reassess risks continuously
— support replanning efforts

10



Risk Assessment Role in Each
Life-Cycle Phase

Objectives Alternatives
Cost ] _
Schedule Physical Architecture
Function Logical Architecture
Operation COTS Software
Support Reused Software
Reuse Special Software
¥ ¥
Evaluate Alternatives W.R.T Objectives
. . . _ » Revised
ID Potential High-Risk Areas Objectives
Risk > * No Alternatives Satisfy Objectives » Subset of
Management ] . . . Alternatives
Plan 3Mp » Major Satisfaction Uncertainty
n Prioritized
Analyze Risk Iltems Risk Items
Prioritize Risk Items
Risk ID Models,
Checklist, Analysis Aids
11
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Cost Model Project Feedback

System objectives:

Y

functionality,

performance, quality |_>

Project parameters:
personnel, team, platform

Corporate parameters:
tools, processes, reuse

* Adapted from Software Cost Estimation with COCOMO II

Rescope
No Execute
Cost, project
| S| Schedule, to next Revise
Software  |Risks Yes | Milestone Milestones,
Cost Model : Plans,
/ '\R""eslt:’”e Resources
| Milestone plans, esults
resources No
: _ > <€
Milestone expectations Revised
Yes Expectations
Done?
No
Yes
End
12
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Expert COCOMO Introduction

* An automated, heuristic technique to identify
project risks in conjunction with cost estimation.

— risks are further categorized, quantified and prioritized

 Risk situations are characterized by combinations
of cost driver values indicating increased effort
with a potential for more problems.

It also detects cost estimate input anomalies 1n
addition to conventional COCOMO cost/schedule
calculations.

14
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Knowledge Engineering

 COCOMO cost factor combinations used as
abstractions for formulating risk heuristics

e [terative elicitation of knowledge from
domain experts and written sources

* Devised knowledge representation scheme
and risk quantification algorithm

* Statistical testing performed

15
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Risk Rule Example

IF ((required development schedule < nominal)
AND (applications experience < nominal))

THEN there is a project risk

16
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Rule Base

* Includes 94 rules / over 600 risk conditions.

— risk situations

« multiple categories of risk
— 1Input anomalies/consistency checks
— risk mitigation advice

— project attribute rating

17
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Rule Taxonomy

Overall Project Risk

e ——a S —

Schedule risk Product risk Platform risk Personnel risk Process risk Reuse risk

SCED RELY TIME ACAP TOOL RUSE
sced _cplx rely_acap sced_time acap_risk sced_tool ruse_rely
sced_rely rely_pcap time pcap cplx_acap tool acap ruse_aexp
sced time rely pmat time_acap cplx_acap pcap tool pcap ruse_ltex
sced pvol sced rely cplx_time sced pmat_acap cplx_tool ruse_acap
sced tool rely data_sced time_stor_sced rely _acap time_tool ruse_time
sced acap rely stor sced time_pvol sced rely_acap pcap tool pmat ruse_stor
sced aexp rely acap_pcap ruse_time ruse_acap pcon_tool ruse_docu
sced pcap prec_rely time_tool sced acap site_tool prec_ruse
sced_vexp resl rely prec_time stor_acap resl tool resl ruse
sced ltex ruse_rely flex time time_acap SITE
sced pmat DATA resl time tool acap site_docu
sced docu rely data sced STOR pcon_acap site_tool
sced pcon SIZE stor_acap prec_acap pcon_site
sced site size_pcap stor_pcap resl acap sced_site
sced_prec CPLX ruse_stor AEXP prec_site
sced flex cplx_acap cplx_stor sced ltex_aexp sced team_site
sced resl cplx_acap pcap time stor sced ruse_aexp PREC
sced team cplx_pcap prec_stor sced aexp prec_flex
rely data sced cplx_stor sced flex_store pcon_aexp prec_rely
rely stor sced cplx_time sced resl stor resl aexp prec_cplx
cplx_time sced cplx_tool PVOL team_aexp prec_ruse
cplx stor sced prec cplx sced pvol LTEX prec docu

18
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Typical Assignment of Risk Levels

very low extra high
very low
yery high
ATTRIBUTE 2
very high
discretized
into
ATTRIBUTE 1
VERY LOW LOW NOMINAL HIGH VERY HIGH EXTRA HIGH
VERY LOW IMODERATE [HIGH VERY HIGH
LOW MODERATE [HIGH
ATTRIBUTE 2 NOMINAL IMODERATE

HIGH
VERY HIGH

ATTRIBUTE 1

19
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Risk Weighting

#categories #category risks

project risk = Z Zrisk levell-, j * effort multiplier productl-, j
j=1 i=1
where risk level = 1 moderate
2 high
4 very high

effort multiplier product=
(driver #1 effort multiplier) * (driver #2 effort multiplier) ... * (driver #n effort multiplier).

If the risk involves a schedule constraint (SCED), then

effort multiplier product=
(SCED effort multiplier)/(relative schedule) * (driver #2 effort multiplier)... * (driver #n effort

multiplier).

In the cases where a risk involves a scale driver, then the effective effort multiplier for the scale
driver is of the form:

scale driver multiplier = SIZE*""V/SIZE"" 20
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a USC Expert COCOMO 1l - Microsoft Internet Explorer

J.-’-'-.gldress I@ hitp: A #surzet uze. edudresearch/COCOMOI fexpert_cocomosexpert_cocomao2000. ht "I o Go |J File **

COCOMO I with Heuristic Risk Assessment

Model: Fost-atchitecture
Calihration: COCCROIL 2000

Churrent rule hase implementation

Size
Aszessment
% 05 software familiar
SLOC  Design pi'coc Integration , A% . Understanding o
Modified Required 0% - 8%) (0% - 50%0)
NEWISDDDD

Reusedlznnm ID II:| |4D |_4
Modifieg 10000 [20 |35 |70 B 23 ’

Rate each cost deiver below from Very Low (VL) to Extra High (EH). For HELP on each cost deiver, select its name.

VervLow Low Nominal High VeryHigh Exira High
(L) @ ™ & H  (EH

Scale Drivers

21
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Expert COCOMO Input Screen (2/2)

VeryLow Low DMNominal High Very High Exira High 2]
(VI) @ ™ @ (VH (D

Scale Drivers

Precedentedness VYL L TN *“H {VH  xH
Development Flexihility Cy, L N CH CVH  xH
Architeciure/Risk Resolution Cy, L N CH CVH  xH
Team Cohesion VL =1, TN i H i VH O xH
Process hMaturity VL =1, TN i H i VH O xH
Product Attributes

Required Reliahility Cwv L N TH *VH

Database Size L &N CH CvVvH

Produci Complexity Cy €L N H &#YH CEH
Required Reuse L Ny TH CVH " EH
Documeniation VL L N “H CVH
Platform Attributes

Execution Time Consiraint N *H VH o
Main Storage Constraint N CH VH (EH o 22

Plaiform Volatility L N &g CvH

1 == - a2 44 =mm F
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a http:/fsunzet._uzc_edufcgi-binfexpert_cocomo2000 - Microsoft Internet E xplorer
J Address I@ hittp: /#sunzet, uzc. edulcgi-binexpert_cocomo2000 vI P Go |J File *

Outputs

Top-level Estimate for Elahoration and Construction
|Effurt | 1273.5 Person-months ‘

Schedule | 24.3 Months

MBASE Phase Distribution

Effort
(Person-
months)

764 |
Elaboration | 3056 |
|Consm1t:tic:-n| 9552 |

| 1528 |

wcheduls
(hlonths)

|In|: eption

152
3

3.0
81
0

|Transition

MBASE Activities {effort in person-months)

|In|: epticn |Elab oration |Constmn:tion |Transiti0n |Total

107 | 367 || 955 || 214 |[1643
Emvironment/ChM| 76 | 245 | 478 | 76 |875

| | . [ =y [4 70

|Management

|\ = [

23
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Expert COCOMO Output Screen (2/2)

Risk Assessment Summary (0-100)

::I S:EI 1 E:IEI
Total Project Risk - 22 5
Schedule Risk — 559
Product Risk - 16.8
Platform Risk 5 70
Personnel Risk - 19.6
Process Risk - 13.6
Reuse Risk 0.0

#%% This project is a high risk. Try to mitigate the top individual risk items. ***

Individual Risk Items (non-normalized)

sced cplx risk= 3 83
sced rely nsk= 360 24
sced time risk=1.59
| sced pvol risk= 164




T s
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Emergmg COCOMO Extensions for
Heuristic Risk Assessment

« COQUALMO (COnstructive QUALi1ty Model)
 COCOTS (COnstructive COTS model)

25
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Tradeoff Analyses

* Cost drivers can be used to analyze their
effects on effort and schedule

* Enables tradeoff analysis between different
scenarios

— e.g. evaluate impact of software packages,
different tools, personnel decisions, etc.

27
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Example Tradeotif Analysis

* Team A: low hourly rates, low personnel
capability and experience

VS.

« Team B: high hourly rates, high personnel
capability and experience

* Use cost model to analyze cost, effort and
schedule tradeoffs

28
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Tradeoft Parameters

Size = 30 KSLOC

Team A |Team B
Analyst Capability |Low High

Applications Low High
Experience
Programmer Low High
Capability

Hourly Labor Rate | $80 $200

29
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Tradeott Results

Costs

$1,700,000
$1,600,000
$1,500,000
1,400,000
$1,300,000
$1,200,000
$1,100,000
$1,000,000
300,000 4
500,000 4
$700,000 |
$500,000 |
$500,000 |
$400,000 |
$300,000 4
$200,000 |
$100,000 |

online banking
Ssnapshot Cost

$o -

Snapshots

online banking
Snapshot Schedule

o online banking
- snapshot Effort

Perzon-month=

Snapshaots

=napshots

Which team would you choose? 30
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Performing a Sensitivity Analysis

* Sensitivity analysis involves adjusting
model mput values to determine the impact
on the cost estimate from varying the
project factors.

* You attempt to 1dentify factors with a high
uncertainty and a high impact. These
aspects can be quantified to help calculate
the range of your estimates.

31
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Performing a Sensitivity Analysis (cont.)

» Factors where changes reduce cost or
schedule are candidates for organizational
changes by management. Cost models
allow a quantitative cost/benefit analysis to
be made to find high leverage opportunities.

* Significant factors that are outside of your
control constitute project risk.

32
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A Sensitivity Analysis Method

* Determine the relative impacts by applying the

software effort equation with changed factors:
Effort = A * SIZEB * Effort Adjustment Factor

e (Calculate the effort ratio between cases

— all terms will cancel out except for those being changed

— e.g., the impact of changing a cost driver is the ratio of its effort
multiplier at the different ratings

* Same general method for schedule impact via
the schedule formula

* Effort Adjustment Factor = Product of Effort Multipliers 33



T o o | COST XPERT GROUP
University of Southern California ... @A  NcOoORPORATED
Center for Software Engineering

Sensitivity Analysis Examples

* Risk of size growth (from 100K to 130K)
— 13012/10012 =1.37
— relative effort increase = 37%

* Risk of more complex algorithms (Product

Complexity (CPLX) from High to Very High)
~ 134/1.17=1.15
— relative effort increase = 15%

* Risk of not having good analysts (Analyst

Capability (ACAP) from High to Nominal)
— 1.00/.85=1.18
— relative effort increase = 18%

34



Timeboxing Decision Analysis
Example

 Management wants you to plan a 6 month market-driven project
consisting of 40 use case scenarios (assume equal effort for each).
This project cannot overrun.

— Can all scenarios be completed in the timeframe without schedule compression? If
not, how many can?

 Your initial estimate results*:

— 40 scenarios will take 8.3 months (29 Person-months effort)
— 25 scenarios can be completed in 5.9 months (17.7 Person-months effort)
« After hearing your 1nitial estimate, management says 25 scenarios
won’t constitute a core capability to attain ROI. Nearly all 40 use
cases are crucial (30 minimum) and they are willing to pay extra

for schedule compression. Can this be done?

* estimates using Cost Xpert version 3.2 35



Timeboxing Decision Analysis
Example (cont.)

 Next estimate:

— 6.3 months is the shortest possible schedule (36.1 Person-months of effort)
— you suggest identifying 37 scenarios that will payoff since they can be done in 6

—

months. _ a7
nominal schedule_ =~
e The team defines a 6 e -
t of feat AP

SCLOL USage features Time to s _ » ~75% compressed schedule

that can be developed Market //\{ g

in the timeframe. ¢ +increasing cost

/I/
. /
« The resulting tradespace: ":
30 40

Use Case Scenarios 36
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Estimation Process Risk Considerations

Example: financial services application for fund trading

inadeguate plans: high P(L) _ plan breakage: high P(L)
oversights, delays, rework: high S(L) investment value capture

I - high S(L
&E——  oss due to inadequate delays: high S(L)
plans

RE =
P(L) * S(L)

/ loss due to data delays

for investment decisions

thorough plans: low P(L)
minor problems, few unforeseens:

few plan delays: low P

re, trader
ntage: low S(L)

Time and Effort Spent on Estimation

37



Finding the Estimation Sweet Spot
(How much 1s enough?)

4 REdueto
inadequate
plans

Total RE

RE =
P(L) * S(L)

‘«— RE due to data delays for
Investment decisions

+

Time and Effort Spent on Estimation

38
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Probabilistic Estimation

* A point estimate 1s only one of an infinite number of
possibilities; hence the probability of achievement is zero.
One should evaluate the uncertainty range.

» Risk analysis using probabilistic methods (e.g. Monte
Carlo simulation, PERT) uses input probability
distributions and computes corresponding output
probability distributions.

« Confidence level risk charts are based on the resulting
output distribution.
— Confidence level refers to the probability of not exceeding a given value

(e.g. a conservative 90% confidence level cost means a 10% chance of
exceeding the cost based on the probabilistic inputs)

* A point estimate should be reported with its associated
confidence level. 40



Probability, f(x)
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Probability Density Function and
Cumulative Distribution

f(x)

Area =1

Cumulative Probability, F(x)

F(X) = | f(x)dx

X

0 <F(x) <1 for all x

F(x) is nondecreasing

41



PERT Probability Distribution

« PERT distribution used in several models 1s a
form of a Beta distribution

— arounded version of the triangular distribution that can
be skewed

— specified by three parameters: a minimum value, most
likely and a maximum value

— the minimum and maximum represent 5% and 95%
cumulative probabilities respectively (each value will
be exceeded only 1/20 times at the extreme ends)

42
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« Base estimates on a distribution specified by best
(minimum), most likely and worst (maximum) size values.

Mean: (best + 4*most likely + worst )
6
Standard deviation (SD): (worst - best)
6 .
e Sample input for a 004 1

software component

Probability

0.01 - best \ / worst
0 10 20 30 40 50 60 70 80 90 100
Size (KSLOC)

43
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Sample Output Distributions

Effort Distribution Confidence Level
0.05 -+ 1 -
2 0.9 -
0.04 - 5 0.8 -
> S 07 -
% 0.03 - © 06 -
© - o5 -
o o
0 0.02 - 2 04 -
o © |
S 0.3
0.01 - £ 0.2 -
S 0.1 -
0 T T T T T T T I T T O 1 1 I I I I I I I 1
150 160 170 180 190 200 210 220 230 240 250 150 160 170 180 190 200 210 220 230 240 250
Effort (Person-months) Effort (Person-months)

44
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Risk Tolerance Control

0.05 +
. . 0.04
« User adj.us.ts risk p.roﬁle . P(x < 210) = .84
by specifying a point § '
on the output distribution 2002~
0.01 -
0 - ‘ I T 1

150 160 170 180 190 200 210 220 230 240 250

Effort (Person-months)

« Example: 84% of possible .
outcomes are less than g 09
+ one standard deviation g 07 -
— or210 PMis the 84% & o
confidence level g o
E 02

3

0.1 - ;
0 I I I I I :\ I I I 1

150 160 170 180 190 200 210 220 230 240 250

Effort (Person-months)

45
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Practical Uses of the Results

* Estimating costs

— You may want to budget contingency funds to cover
a comfortable part of the range. For fixed price jobs
this can be especially important.

« Setting expectations

— Express size/cost/schedule estimates 1n terms of
ranges rather than fixed numbers (point estimates).

— Stakeholders should discuss project in terms of it’s
probability of completion.

— E.g., there 1s an 84% chance that effort will be less
than 210 Person-months.

46
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Common Distributions for Cost Models

Distribution | Shape Typical Applications
uniform * used in the absence of distribution data
- e used to represent equally likely outcomes (e.g.

decision choices)
e software cost drivers

triangle a rough model when the minimum, most likely and
maximum are known but no other distribution
shape data
software cost drivers including size

Normal size, effort, complexity, other project

(or PERT) characteristics

personnel factors representing a normal spread of
capability

e PERT available in many cost modeling tools; can
be used to approximate this and other distributions

47



Common Distributions for Cost
Models (cont.)

Distribution | Shape Typical Applications
lognormal * system size, effort, complexity
e accounts for typical underestimation of scope and

system-wide effects

truncated e to prevent negative values or other inconsistent

lognormal values from a standard lognormal (e.g. when the
mean is close enough to zero that the spread goes
negative)

48
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Monte Carlo Analysis

Monte Carlo analysis 1s a "game of chance" technique
used to solve many types of problems by applying
random sampling methods.

It uses random numbers to sample from known 1nput
probability distributions to determine specific
outcomes.

It estimates the likely range of outcomes from a
random process by simulating the process a large
number of times.

In our context, a software cost model 1s used for the
simulation.
49



Monte Carlo Analysis with
Multiple Input Factors

Input
Distributions

Size Complexity
Output cumulative effort distribution
Distributions
Effort Effort

50
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Monte Carlo Steps

1. For each random variable, take a sample from 1its
probability distribution function and calculate 1its
value.

2. Run a simulation using the random input samples and
compute the corresponding simulation outputs.

3. Repeat the above steps until n simulation runs are
performed.

4. Determine the output probability distributions of
selected dependent variables using the n values from

the runs.
51
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Inverse Transform Technique

 The inverse transform 1s used to generate random
variates for simulation input.

* First a random number » is chosen that is uniformly
distributed between 0 and 1. It 1s set equal to the
cumulative distribution to solve for x:

Fx)=r
* A particular value r, gives a value x,, which 1s a
particular sample value of X. It can be expressed as

Xy = F(ry)

52
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0.9 - ]"2:.86

r 1:.42

Cumulative Probability
o
(@)]

0 10 20 30 40 5 60 70 8 90 100

Size

53
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Monte Carlo Sampling for 16
COCOMO Runs

Iteration [Random Size
Number (0-1)|(KSLOC)
1 0.321 454
2 0.550 51.3
3 0.091 36.6
4 0.807 58.7
5 0.427 48.1
6 0.667 54.3
7 0.451 48.8
8 0.003 22.7
9 0.727 56.0
10 0.360 46.4
11 0.954 66.8
12 0.371 46.7
13 0.224 424
14 0.704 554
15 0.787 579
16 0.202 41.7

Cumulative Probability

0.9

0.8

0.7 1

0.6

0.5

0.4

0.3

0.2

0.1

40 &0 60 70 80 90 100

Size (KSLOC)

54
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Monte Carlo Model Runs

Iteration |Effort
(Person-months) B 116 personne Personnel Staffing Profiles
1 217.7 1: 5.00
2 252.2
3 168.6
4 296.5
5 234.0
6 2704
7 237.5 1:
8 94.9
9 280.7
10 2239
11 346.7
12 225.6
13 200.9 k 150.00 200.00
14 276.6 10:26 AM Tue, Mar 13, 2001
15 292.2
16 196.6

55
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Monte Carlo Output Summary

90-130

130-170

170-210 210-250 250-290

Effort (Person-Months)

290-340

340-350

100 -
90 -
80 -
70 -
60 -
50 -
40 -
30 -

Confidence Level (%)

20 -
10 ~

90-130

130-170 170-210 210-250 250-290 290-340 340-350
Effort (person-months)
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COCOMO II Output Ranges

COCOMO II provides one standard deviation
optimistic and pessimistic estimates.

Reflect sources of input uncertainties per funnel
chart.

Apply to effort or schedule for all of the stage
models.

Represent 80% confidence limits: below
optimistic or pessimistic estimates 10% of the

tlme . Stage Optimistic Pessimistic
Estimate Estimate
1 0.50 E 20E
2 0.67E 15E

3 0.80E 1.25E 58
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Software Estimation Accuracy

4x o Relevant
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L omposition Estimation
uncert.alntles Early  Models
over time 2x Design
Post-Architecture
Relative
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Initial
Operational Life Cycle Life Cycle Operating
0.25x Concept Objectives  Architecture  Capability
Feasibility Plans/Rqts. Design Develop
and Test
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USC COCOMO Outputs

D\cocomolbooklars detailed est - COCOMOII.1998.0

File “iew Edit Parameters Calibrate Fhase Maintenance Help

i =0 = el T A

Project Name Scale Factor Schedul e

B:3ELlL
5:351
s5:17z21

1.08 7.5 8.1] Z13.5 0.0o0 0.0 0.5 5.1

1.E26 53.6 75.0| 1828 0. 00 0.0 4.3 5.5

1.E8 Z3.4 Z9_E5| 12E.%8 0. o0 0.0 1.7 E.E

uncertainty range
depends on estimation
model

1.50 53.0 FI.5| L5358 0. o0 0.0 4.6 5.1

1.50 1Z.4 15. 5| 153, 5 0.0o0 0.0 1.1 5.1

1.02 E&. 9 Pzl El2E 0. 00 0.0 4.1 .l

1.08 41.0 44 7)1 7135 o_on0 oo Z_5 5.1

S:9437
5:7370

1.08 3.0 S3d.5] Z13.5 0. o0 0.0 .0 5.1

1.33 57.4 TEUE|l 1733 0. 00 0.0 4.4 4.3

S:13z200
s:1l01s

1.32 4.4 E.3] 172,32 0. 00 0.0 0.2 4.3

173.3 o.00 o.o 0.3 4.3
1.9 0.o0 o.o 7.E 9.3
15 9 0.o0 o.o 0.6 S.SJ
PROD COsT INST FESWP EISK
Total SLOC: Optimistic YlE.Z 0.o0 o.o za.3
Effort (PH): Most Likely 17.4 73.0 0.o0 o.o 4.5 83.4‘
Productivity: - szimistic - 1z8._4 o._on oo 399 I60
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Cost Xpert PERT Inputs

GC Cost ¥pert 3.2 Perzonal Edition M=l
FEille Edt Reportz Mantain ‘Wizardzs Tools Help

DA % & it B o

Project olume |Enviru:-nment | Constraints | Results |

& Plewy " Reused & COTS Mean SLOC: 55167

Mocule Mame Best Expected IWl:nrst Ir-.dean St Dew. =
database interface 30,000 37,500 40,000 | 36666.67| 1,686.57
transaction processing 14,000 13,000 JEEERINE  1s500] 183333

]

& 2o = Remaove " Gaue o1 U

Description

=
=
Hirit

Break the project into modules. For each module, estimate the best case, expected, and worst caze number of source | &
lines of code. Source lines of code should include header declarations, job control language, and code lines. Do not
include blank lines, comment lines, or standard headers provided with the compiler or commercial libraries. Do not j

SLOC | 1-Function Points | 2-Internst Points | 3-Domino Points | 4-UML Use-Case Pts | 5-UML Class Method
BMH Il Function Pts | 7-Object Metrics | 6-GUIMetrics |  9-Festure Points | BottomUp | Top Down

online banking |Eff|:|rt 213.8 Pers-hith |S|:hedule: 17.1 Maonths |C|:ust: F3,216819.35 o 61
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Cost Xpert Risk Subtab

GC Cost Xpert 3.2 Perzonal Edition M=l E3
File Edit Reportz Maintan “Wizards Tools Help
'_'
O e8] | [ |55) |
Errvironmert ] Constraints  Resuts l
LI kely rISks Likely Risk Factors Additional Risk Factors
for project type = Agd
[+ Data Corrversion
Iv Harmful compettive actions Remave
Iv Interfaces to Other Systems )
Mot
v Litigation expenze 4| | ] ﬂ Factor
sensitivities
Rizk Tolerance Compatizons Ernvironment Sensitivity Analysis 4""
Sigma| Sub Tatal|  Schedule Factar|C aluel Cost Impau:t| Sch.lmpactH
-3 $1.087511.82 11.0 wieh strateqy M arninal $471,616.239 1.0
Range depends -2 $1.294 524 45 11.8 Analpzt Capability Morminal 407 136,79 nse
on P E RT s ize -1 $1.5032,519.65 124 (| Graphics and multi-media M orminal $321.245.30 0.7
) . ] $1.714 289,96 13.0 Platfarm alatiliby Marminal 321,245 30 07
inputs A $1,926675.88 135 Programmer Capabiity.  Nominal  $321,245.30 07
+2 $2.140,550.94 14.1 Froduct Complesity Mominal $321,245.30 07
+3 $2.306.812.34 14.5 Internationalization Morminal $321.245.30 07 ﬂ
Summaty ] WHES Rlsks| Lakbar ] Maintenance | Deliverables
online banking Effart: 99.9 P Schedule: 13.0 mth Cost: §2 097 339.40
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Handling Uncertainty in Other

Cost Modeling Tools

* Other tools (e.g. SEER) allow PERT
distributions for size and cost driver ranges

« Sample confidence level chart output:
50000 —
40000 +
30000 —+
20000 -

Effort (PM)

10000

4
0 \ \
o o o o o o o o
AN ™ < () © N~ (c0) o

Probability 63

100 —



Universi - ' COST XPERT GROUP
niversity of Southern California INCORPORATESD
Center for Software Engineering

Monte Carlo Tool Example

* Crystal Ball works with spreadsheets to define
parameter distributions and run Monte Carlo.

» This software process analysis used an activity-based
COSt mOdel, 3 Forecast: Net Return (person-hours)

Edit Freferences ¥iew FRun Help

— !
Cell B1: Normal Distribution i 1,000 Trials Frequency Chart 3 Outliers

Assumption Name: !avg SAR effort= 0305 3
i R R e T B R 225
- 2 T
= =
= R R - N R 15 B
= = 7]
= = =
= £
= e o,
008 T === === == === = MR-t e s e oy ------- - 75

L

2 I-Infinity 4 ’+Infini1y E E
0.00 3,750.00 7,500.00 11,250.00 15,000.00
59 |1u.uu 951, |m

0K | Qancell Enter I Gallery Cu[relate...l Help |

1.76 10.58 20.00 2812 35.24

b |-Infinity Certainty [IK0] | % 4 |+Infinity
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Summary and Conclusions

Cost drivers provide a powerful mechanism to identify
risks 1n union with cost estimation.

Models support risk management by analyzing cost and
schedule impacts, tradeoffs and sensitivities.

Risk exposure 1s a convenient framework for software
decision analysis.

It’s prudent to look at the range of possible results from a
cost model rather than use a deterministic point estimate.

Risk assessment 1s a continuous process throughout a
project lifecycle
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