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Background
 Another step

 As COCOMO II evolves, it will have a more extensive
schedule estimation model, reflecting the different
classes of process model a project can use; the effects
of reusable and COTS software; and the effects of
applications composition capabilities.

 COCOMO II Schedule

• Reflects a waterfall process model

• Duration calculation unreasonable for small projects

• Model does not address RAD strategies

 COCOMO-II  Staged Schedule & Effort Model and
Constructive RAD Schedule Estimation Model
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Need to Improve Classic Schedule Model
 Need stronger capability to reason about RAD Opportunity
Tree strategies/tradeoffs

• Reuse, Very High Level Languages (VHLL) (RVHL)

• Development Process Reengineering (DPRS)

• Collaboration Technology (CLAB)

• Architecture, Risk Resolution (RESL)

• Prepositioning Assets (PPOS)

 COCOMO II Duration Calculation

 
     Months ~ 3 Person-Months3
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RAD Opportunity Tree

Better People and Incentives - constraint
Transition to Learning Organization - O

Reducing Time Per Task
Tools and automation - O
Work streamlining (80-20) - O
Increasing parallelism - RESL

Reducing Single-Point Failure Risks Reducing failures - RESL
Reducing their effects - RESL

Reducing Backtracking

Early error elimination - RESL
Process anchor points - RESL
Improving process maturity - O
Collaboration efficiency - CLAB

Minimizing task dependencies - DPRSActivity Network Streamlining
Avoiding high fan-in, fan-out - DPRS
Reducing task variance - DPRS
Removing tasks from critical path - DPRS

Increasing Effective Workweek Prepositioning resources - PPOS
Nightly builds, testing - PPOS
Weekend warriors, 24x7 development - PPOS

O: covered by classic cube root model

Eliminating Tasks

Development process reengineering - DPRS
Reusing assets - RVHL
Applications generation - RVHL
Design-to-schedule - O

Business process reengineering - O
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Process Model

 Iterations

preliminary
iteration(s)

iter.
#1

iter.
#2

iter.
#n

iter.
#n+1

iter.
#n+2

iter.
#m

Iter.
#m+1

Supporting Activities

Requirements Capture

Analysis & Design

Implementation
Test

Management
Environment
Deployment

Process Activities

Activities &
Representative
Amounts

Time

LCA IOCLCO
Elaboration Construction TransitionInceptionStages
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Process Model Details
COCOMO II
Submodel

Usage
Early Design    Post-Architecture

Maintenance

LCO LCA IOC
Activities \

Stage
Inception Elaboration Construction Transition

Requirements
Capture

Some
usually

Most, peaks
here

Minor None

Analysis &
Design

A little Majority,
mostly

constant effort

Some Some, for
repair during

ODT&E
Implementation Practically

none
Some, usually

for risk
reduction

Bulk; mostly constant
effort

Some, for
repair during

ODT&E
Test None Some, for

prototypes
Most for unit test,

integration test and
qualification test.

Some, for
repaired

code.
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Model Overview

 COSSEMO

 COCOMO-II  Staged Schedule & Effort Model

 CORADMO

 Constructive RAD Schedule Estimation Model

 Implementation Models

• Logical

• Physical

• Spreadsheet
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Logical COCOMO II RAD Extension

COCOMO II
cost drivers

(except SCED)

Language
Level,

experience,...

COCOMO II

Stage
Distributions

RAD
Extension

Baseline
effort,

schedule

Effort,

schedule
by stage

RAD effort,
schedule
by stage

  RVHL

       DPRS

          CLAB

             RESL

                PPOS
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Physical COCOMO II RAD Extension
 

(COSSEMO Extension)

Language
Level,

experience,...

COCOMO II.98
via COCOMO.xls

Stage
Distributions

RAD
Extension

(CoRADMo.xls)

RAD effort,
schedule
by stage

COCOMO II
cost drivers

  RVHL

       DPRS

          CLAB

             RESL

                PPOS
RESL;  Baseline

effort,schedule

Effort, schedule

by stage;
No SCED

Schedule calculated; SCED removed;
PM & M distributed per stage

Baseline Effort & Sched.
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COSSEMO Duration Calculation
 Months = F(PM) 
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 CORADMO

© 1998 USC Center for Software Engineering AWBonSEnRAD_Model–13 v1.1 10/31/98

University of Southern California
Center for Software Engineering

USC

C S E

Driver Issues
 RVHL:  Reuse and VHLLs

• Different schedule impacts in different stages
−  Construction:  no impact beyond COCOMO II 3GL reuse
−  Inception & Elaboration:  prototyping and option exploration

• Same effect on effort; staff level not changed

 RESL:  Architecture / Risk Resolution beyond COCOMO II

• Construction:  enables effective parallel development

• Inception & Elaboration:  no impact

• Same effect on effort; staff level not changed

 PPOS:  Prepositioning Assets

• Different impacts on effort and schedule in different stages
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COCOMO II RAD Extension Implementation
 Baseline Stage Distribution Model:
Early Design & Post Architecture

LCO             LCA              IOC

Inception Elaboration Construction Total E&C
Effort % 14.00 28.00 72.00 100.00

Schedule % 40.00 40.00 60.00 100.00
P / Ave(P) 0.35 0.70 1.20 1.00
PM / M=P

32K 16.8/4.8
= 3.5

33.6/4.8
= 7

86.4/7.2
= 12

120/12
= 10

512K 361/13.7
= 26

722/13.7
= 53

1858/20.6
= 90

2580/34.3
= 75
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Reuse and VHLLs (RVHL)
 Standard 3GL module reuse: no adjustment

 Schedule compression in Inception and Elaboration stages
due to faster prototyping, option exploration

• effect depends on level of capability and experience in
doing this (similar to Rapid Prototyping experience)

• same effect on effort; staff level held constant
Schedule and

Effort Multipliers
Rapid Prototyping Experience Level

VL L N H VH

Inception

Elaboration

Construction

1.04

1.02

1.0

1.0

1.0

1.0

.98

.99

1.0

.94

.97

1.0

.90

.95

1.0
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Development Process Reengineering
and Streamlining (DPRS)

 Detailed rating scale provided

 Gains depend on current level of bureaucracy
• Same effect on effort; staff level held constant

Schedule and Effort Multipliers Inception Elaboration Construction

VL - Heavily Bureaucratic

L - Bureaucratic

N - Basic good business practices

H - Partly streamlined

VH - Fully streamlined

1.20

1.08

1.0

.96

.90

1.15

1.06

1.0

.98

.95

1.15

1.06

1.0

.98

.95
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DPRS Rating Scale

Number of
approvals required

per task

Time taken
per approval

Reduced task
dependencies,

critical path tasks

Followup to expedite
task completion

Process
measurement &

streamlining

VL L N H VH

Excessive

Excessive

None

None

None

Occasionally
Reduced

Occasionally
Reduced

Little

Little

Little

Mature

Mature
Tech.

Adopted

Mature

Mature
Tech.

Adopted

Encouraged

Actively
Reduced

Actively
Reduced

Advanced
Tech.

Adopted

Advanced
Tech.

Adopted

Emphasized

Actively
Minimized

Actively
Minimized

Pioneering

Pioneering

Strongly
Emphasized
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Collaboration Efficiency (CLAB)
 Detailed rating scale provided

• Judgement-based average of COCOMO II ratings:
SITE, TEAM & PREX

• SITE ratings also include
−  collaboration tool maturity, experience
−  scope effects: domain, negotiation, option-analysis tool support

 Same effect on effort; staff level held constant
Schedule & Effort

Multipliers
VL L N H VH EH

Inception 1.21 1.10 1.00 0.93 0.86 0.80
Elaboration 1.15 1.07 1.00 0.95 0.90 0.86
Construction 1.10 1.05 1.00 0.98 0.95 0.93
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CLAB Rating Scale
 Judgement-based average of COCOMO II SITE, TEAM,
PREX factors

 
VL L N H VH EH

SITE <==   COCOMO II Post-Arch. Ratings   ==> plus negotiation/tradeoff
tools

basic advanced

TEAM <===   <===   <===   COCOMO II Scale Factor Ratings   ===>   ===>   ===>

PREX (EL & VL)  <===   <===   <===   COCOMO II Early Design Ratings   ===>   ===>   ===>
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Architecture / Risk Resolution (RESL)
 Same as COCOMO II RESL rating scale

 Enables parallel construction

• Assumes higher level of staffing available and used
(case b & c on next page)

• Otherwise no schedule compression (case a on next page)

Schedule
Multipliers

(Effort Unchanged)
VL L N H VH EH

Inception 1.0 1.0 1.0 1.0 1.0 1.0

Elaboration 1.0 1.0 1.0 1.0 1.0 1.0

Construction 1.0 1.0 1.0 .91 .83 .75
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Architecture / Risk Resolution (RESL) (cont.)

(a)

Good RESL
conventional

staffing

(c)

Poor RESL
higher staffing

(b)

Good RESL
higher staffing

M=2.5(PM)1/3

same effort

M<2.5(PM)1/3

more effort
(via RESL rating)

M=2.5(PM′)1/3

PM′ due to poor RESL
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Prepositioning Assets (PPOS)
 Degree to which assets are pre-tailored to project
and furnished to project for use on demand
• People skills and teambuilding
• Processes and tools
• Architecture and componentry

 Requires product-line approach
or added (3, 6, 10%) pre-LCO (e.g. Inception) effort investment
 

PM/M=P Multipliers N H VH EH
Rating Basic project

legacy, no
tailoring

Some
prepositioning

& tailoring

Key items
prepositioned

& tailored

All items
prepositioned

& tailored
Inception 1.0/1.0=1.0 1.03/.93=1.11 1.06/.86=1.23 1.1/.80=1.37

Elaboration 1.0/1.0=1.0 1.03/.93=1.11 1.06/.86=1.23 1.1/.80=1.37
Construction 1.0/1.0=1.0 1.03/.93=1.11 1.06/.86=1.23 1.1/.80=1.37
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People Factors
 People Capabilities as Constraint

• Use Early Design Personnel Capability Rating
(merge ACAP, PCAP & PCON) as constraint

• RAD driver ratings can’t be higher than personnel
capability rating

 COCOMO people factors cover the primary range of
people capabilities (15-90%)

15 35 55 75 90
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People Factors (cont.)
Range of capabilities much wider outside 15-90% range

Too difficult to calibrate models outside 15-90% range

• Wide range of effects

• Few data points

• Hard to create organization-independent rating scale

 For RAD, the situation is the same

• Really big schedule compressions achievable with
outstanding people

• However, additional effect needs to be assessed outside
the model



 CORADMO

© 1998 USC Center for Software Engineering AWBonSEnRAD_Model–26 v1.1 10/31/98

University of Southern California
Center for Software Engineering

USC

C S E

Outline

Background

Model Overview

Schedule Drivers, Rating Scales

Examples of Use



 CORADMO

© 1998 USC Center for Software Engineering AWBonSEnRAD_Model–27 v1.1 10/31/98

University of Southern California
Center for Software Engineering

USC

C S E

Application Development Example - 1
 Use best possible schedule compression ratings.

 
Inception Elaboration Construction

Multipliers PM / M = P PM / M = P PM / M = P
RVHL 0.90 / 0.90 = 1.00 0.95 / 0.95 = 1.00 1.00 / 1.00 = 1.00
DPRS 0.90 / 0.90 = 1.00 0.95 / 0.95 = 1.00 0.95 / 0.95 = 1.00
CLAB 0.80 / 0.80 = 1.00 0.86 / 0.86 = 1.00 0.93 / 0.93 = 1.00
RESL 1.00 / 1.00 = 1.00 1.00 / 1.00 = 1.00 1.00 / 0.75 = 1.33
PPOS 1.10 / 0.80 = 1.38 1.10 / 0.80 = 1.38 1.10 / 0.80 = 1.38

Π 0.71 / 0.52 = 1.38 0.85 / 0.62 = 1.38 0.97 / 0.53 = 1.83
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Application Development Example - 2
 32 KSLOC Project (PM / M = P)

Inception Elaboration Construction Total for E&C
PM / M = P PM / M = P PM / M = P PM / M = P

Baseline 16.8 / 9.8 = 1.7 33.6 / 4.8 = 7.0 86.4 / 7.2 = 12.0 120.0 / 12.0 = 10.0
P 0.71 / 0.52 =1.38 0.85 / 0.62 =1.38 0.97 / 0.53 = 1.83
RAD 12.0 / 5.1 = 2.4 28.7 / 3.0 = 9.6 84.0 / 3.8 = 22.0 112.7 / 6.8 = 16.6

Total for I&E&C 124.63 / 6.80 =18.34

 512 KSLOC Project (PM / M = P)

Inception Elaboration Construction Total for E&C
PM / M = P PM / M = P PM / M = P PM / M = P

Baseline361.0 / 13.7 =26.4 722.0 / 13.7 =52.7 1868.0 / 20.6 = 90.7 2580.0 / 34.3 = 75.2
P 0.71 / 0.52 =1.38 0.85 / 0.62 =1.38 0.97 / 0.53 = 1.83
RAD 257.3 / 7.1 =36.2 616.4 / 8.5 =72.5 1815.4 / 10.9 =166.2 2689.2 / 26.5 =101.4

Total for I&E&C 2932.0 / 28.2 =104.0
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Spreadsheet Implementation
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Spreadsheet Implementation (cont.)

Very Lst Lineformat is Tiny


