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Present the new, extended, combined COCOMO Model:
COINCOMO (Incremental Development)

e COCOTS for COTS software with applications
e COSECMO for software systems with security

Show how RUP/MBASE and COINCOMO fit with the
Incremental Commitment Model for systems
development
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Outline

COCOMO + COPSEMO (COINCOMO Base) Models
COTS and (some) Open Source Models

COSECMO with COCOTS and COINCOMO
= the New [or Extended] COINCOMO

Incremental Commitment Models (ICMs)

ICM for Software with Extended COINCOMO
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RUP/MBASE Application Development Model
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Building on the COCOMO II (Cll) Base

COPSEMO (COngruent Phase Schedule and Effort MOdel)
[nee COnstructive Phase Schedule and Effort MOdel]

Er% = Xp% of Ecjipase

Sp% = Yp% of Scjpase

e Extrapolation of Effort (E) and Schedule (S) from Cll's
—E% & 5% of Cll to Inception E and S
—E1% & St% of Cll to Transition E and S

¢ Interpolation of Effort (E) and Schedule (S) from Cll's
—E% & Sg% of Cll to Elaboration E and S
—100-E% & 100-S% (the rest) of CllI's to Construction

NOTE: Percentages currently all based on experience

Recalculate Persons needed per phase: P=PM/M
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MBASE/RUP Concurrent Activities

L L || C I
C C | C O
O AlD C

Disciplines [Im:apﬁun N Transition
e e e e e e e ;-L\‘VQ-‘L s e
Business Modeling : : :
X L .
= S > X : o
Requirements . %\ S mﬁmm )
Analysis & Design = = \Mmu R
Implementation R s e m——
Test ; =
Deployment

Conflguration
& Change Mgmt

Project Management

Envira nmgut/

= B 1§ enooonses 1 snsaennonnn £ Ror = i 5 =g
cocomoll~ | [EeriEs e {
Estimaton Covers Iterations

© 2007 A W Brown BES/MSEE & USC CSE MOD-4 Brown Paper COINCOMO.doc — 6 of 33 v1.0 - 05/08/07



Presenteg at the 2007 ISPA/SCEA Joint Annual International Conference and Workshop - www.iceaaonline.com
DC |:| S DE |:| University of Southern California COCOTS |ntegration Cha”enges

Center for Software Engineering

COCOMO Il with COPSEMO (for IECT)

[ usc-cocomo 11.2000.3 - Untitled — O] x|

File Edit Miew Parameters Calibrate Phase Maintenance Help

Ol & # =25 2

Project Name: [Buildl=Core Scale Factor: 1614 | Schedule |

Project Notes Derelopment Model: IPust Architecture j

Core Buildl : O.00) 1.63] Non-Specified] 227 _ 01175, 1

Estimated Effort Sched PEROD COST INST Staff ERISK
Total Lines| 779995 Optimistic 1340_1] 34.3| 171.6 000 ag.a] 38.8
of Code:
Hours FPM: 15Z._00 Most Likely |1675.1 37.3| 137.3 o_oo o.o 44 _39 1.4
Pessimiztic |EZ053.3 40.01 103.8 o_oo o.o Ez_4
Project Is Saved To File : CAWCOCOMOIIL 2000, 3 MulkiBuildExamplel 3Builds=2004+ 150+ 100K Build 1 Build 1 -200k,, sk v
COFPSEMOD @ Copyright 1995-2004 USC Center for Software Engineering.
Step HOTE: BOLD implies a required value. Rafic implies an optional value
10.......... Currently implemented only for projects (not modules)
Get COCOMOD 11,2000 data and adjustmerts
20 Project: Buildi-Core TotalSize= 229,999 PM_C- 16751 M _C= 37.28
(automatically from COCOMO_charts xls) SCED_R= 'H SCEDinc: 1]“.-1: SCEDV= rI.l]l] P_C= 4443

Work hours per months (non-overhead or "hillakble"; COCOMO-NL2000 default=1521= 152
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COCOTS Integration Challenges

COPSEMO: Phased Schedule and Effort Dist.
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1.0 I
DI:I ﬁ l T T @ T T & T
0.0 2.0 4.0 B.0 a.0 10.0 12.0
Months (M)
—m— |nception —s+—Elabhoration —a—Construction — < -E+CP ——P C —&—Transition —— Ave
Detfault values: italic
Inception Elaboration Construction Transition Total E&C Tatal
Effort %| 6.0 6.0 = 240 | 240 = 76.0 | 760 12 120 = 100.0 1180
Fy F Fy
Schedule %| 125 | 12.5 - 375 35 - B25 | 625 125 | 125 - 1000 1250
PiyelP 0.48 064 1.22 0.96 1.00 Does not apply
PM f M = P P M = P P M = P PM f M = P Ph ! M = P PM f M = P-ave
PSE Distributed | 104 7 052 = 159 | 414 7 156 = 266 [1312 7 260 = 505 | 207 7 052 = 399 | 17.3 ! 415 = 415 || 204 7 519 = 392

Ave(P) refers ta the average number of persons on the project; it iz the same az PM_BSM_BS for the entire project,
and each stage's PRaveP) is the same a2 stage's Effort%rSchedule®.
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COCOMO Models Represented in UML

COCOMO.II.2003 (the software package)
COINCOMO.2006 version of COCOMO.II.2003

e Has concept of stored alternatives for
— Components (AKA Project) [shown]
— EAF and SF Driver sets [not shown]
— Sub-Components (AKA Modules) [not shown]

e Has four SLOC sources:
— SLOC or FP converted to SLOC: New & New Open Source
— Adaptation Only: New Reused & Previous Build Reused

COINCOMO version of COCOMO.I1.2003 with COPSEMO
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COCOMO.I1.2003 in UML

Project Skrating
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COINCOMO's COCO in
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COINCOMQ's COCOMO + COPSEMO in UML

This generates the [ Component EstimateAlternative EffortDistribution
oo sehedued | [Biame Sinceptions
and Construchion SEquivalent Size ggiabc{rag{ Qn“ﬁgf
for a component onstruction 7o
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COTS and Open Source Software

Today's Realities:
e Many, many systems have COTS components

e Many systems use Open Source components which are
treated like COTS (AKA pseudo-COTYS):

— Might put wrappers around it
— Don't look at internals
— Let the Open Source developers control its evolution

COCOTS calculates effort and schedule
for systems with COTS (or pseudo-COTS)

e Activity based estimates for Assessment and Tailoring
e Special "Glue Code" model for COTS to rest of system
e NOTE: COTS volatility effects not calculated!
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COCOTS Integration Challenges

COCOTS: coTs with Assessment, Tailoring and Glue Code
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COCOTS + COCOMO + COPSEMO
Issues:

e How to determine relative anchor point dates?

— Apply maximum calculated LCA date
(adjust COPSEMO S&E percentages to fit)

— Reality Is that they are probably politically based
o But don't do LCO or LCA too early;
o If "scheduled" IOC before calculated IOC, adjust Sched!

e How to allocate Assessment to phases?
— Initial Assessment (or screening) to Inception?
— Detailed Assessment and selection in Elaboration?
e How to allocate Tailoring to phases?
— All to Elaboration: COTS selection required(?) for LCA?

— Need another percentage factor, derived from experience,
to allocate parts to Elaboration and Construction.
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COSECMO Extension to COCOMO

COSECMO, the COCOMO SECurity MOdel, Focus:
Cost & Schedule Estimates (C&SE)

e COCOMO covers Elaboration (E) & Construction (C)
e COSECMO covers the increased costs and schedule
for security, spread over
o Inception (I)
o Elaboration (E)
o Construction (C)
o Transition (T)

COSECMO to help government and industry,
using modern practices (e.g., the Common Criteria),
predict cost of developing or acquiring secure systems.

COSECMO model still evolving,
implementation based on COINCOMO available
to Affiliates since the fall of 2005
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COSECMO

COSECMO Conceptual Model

COCOMO Base Expansion for “GlueCode” to Kernel

Security Risk COCOMO Base
Analysis; o
Security Certification
e Activities

Protection ;
Profile Security Kernel

: Elaboration with : i
Inception : . Construction Transition
Evolution Requirements
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COSECMO Impacts on Schedule
COPSEMO ranges of percentages:

MBASE
Phase (endpoints) Effort%o Schedule%o
Inception (IRR to LCO) 6 (2-15) 12.5 (2-30)
Elaboration (LCO to LCA) 24 (20-28) 37.5 (33-42)
Construction (LCA to 10C) 76 (72-80) 62.5 (58-67)
Transition (I0C to RRR) 12 (0-20) 12.5 (0-20)
Totals: 118 125

COSECMO increases in schedule depend on EAL —
suggestions for initial selections (no experience)

e EALs 1 and 2. use normal
e EALs 3 and 4. use high end of ranges

e EALs 5, 6 and 7: beyond the ranges shown above

2 from Table A.5 of
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COSECMO increases in schedule for security

S$,% of Cll with COSECMO (for Inception)

e EAL 3 and 4: 5% = 25. Higher because of Security Risk
Analysis, Security Target Definition and Protection Profile

Se% of Cll with COSECMO (for Elaboration)

e EAL 3 and 4. Sg% = 28+. Higher because of need for
architecture completeness with evaluation of security.

Sc% of Cll with COSECMO (for Construction)
e EAL 3 and 4: 100-Sg% = 72- (72 or lower)
S1% of Cll with COSECMO (for Transition)

e EAL 3 and 4. S:% = 20+. Higher because of certification
time (on top of increase related to higher cost).
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COSECMO with COPSEMO distributions

App. Base
App. Base Security GlueCode
' Cert.
Risk Gslecéntj Act
Anal+ u_e ode Security Kernel '
Security Kernel
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COINCOMO=COSECMO+COPSEMO+COCOTS

COTS Glue Code

COTS Tailoring App Base COTS
EOTS’[ COTS Aszessment App
Sﬁpfggm'_an Base
PP App. Base -
Base : Security GlueCode
' Cert.
Risk Gslecéntg Act
Anal+ u_e ode Security Kernel '
Security Kernel
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Incremental Commitment Models

The Incremental Commitment Models (ICMs)
for Life Cycle Processes

e For Systems (Human, Hardware and Software)
e |CM for Software Intensive Systems (ubiquitous hardware)

¢ |CM for Software (only) Systems

ICMs solve Spiral Model problems
e Use spiral principles vs. diagram
e Relate to stakeholder commitments and values
e Make concurrency explicit
e Use risk to explicitly show go-backs and skips

e Provide view for handling mini-spirals
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ICM LC Processes For Systems [of Systems]

Exploration Valuation Architecture Development Operations Operations
Commitment Commitment Commitment Commitment Commitment Commitment
Review Review Review Review Review; Review,
DoD, _(I;eneraI/DoD (o e {rd Serid OCR1/C1 OCR2/C2
Milestones cD DCR2/Bp DCR3/B3
Operationsg Operationsy
. ) ) . Development;
Exploration Valuation Architecting Architecti Developmenty Developments
rcnitectin
Activities 92 Architectings Architectingg
Concurrent Risk_—and- Initial Scoping Dce?ir:i:t?c?r: System Increment 1 Increment 1
Opportunity-Driven | t ,t Architecting Development Operations
Growth of System nxeslmt_en
. nalysis
Understa_m_d_lng and y Increment 2 Increment 2
Definition Architecting Development
Rebaseline
Increment 3
Architecting
Rebaseline

Evaluation of Evidence
of Feasibility to
Proceed

Feasibility Rationales

Stakeholder Review
and Commitment

High, M
Addressabl

High, ﬁ
Addressable

Too High, Too High, Too High, Too High,| Too High,|
Unaddressable Unaddressable Unaddressable Unaddressable Unaddressable

Adjust Scope, Priorities, or Discontinue
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ICM Showing Software in Systems

Exploration Valuation Architecture Development Operations Operations
Commitment Commitment Commitment Commitment Commitment Commitment
Review Review Review Review Review, Review>
DoDI\,A_Claer:eraI/DoD ECR VCR/ ACRI/A DCR/B RIS, SORZER
lestones CcD DCRy/B DCR3/B3
Phases Development; Operationsg Operationsy
EVADO) Exploration Valuation Architecting Architecti Development; Development
rcnitectin
Activities 92 Architectingz Architectingg
Concurren? Risk'-and- Initial Scoping Dciecf)ir:ﬁt?c?rg System Increment 1 Increment 1
Opportunity-Driven | ¢ lt Architecting Development Operations
Growth of System n'g\/eslm_en
; nalysis
Understanding and y Increment 2 R
Definition Architecting Development
Rebaseline
Increment 3
Architecting
Rebaseline
Evaluation of Evidence
of Feasibility to Feasibility Rationales
Proceed
. Acd
) High, but High, bu
Stakeholder Review Addressable Addressabl .
and Commitment i
Too High,| Too High, Too High, Too High, Too High,
Unaddressable| Unaddressable Unaddressable Unaddressable Unaddressable

Adjust Scope, Priorities, or Discontinue
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Overlaps Across Software Builds

Evolve During Transition [After Sw I0C]

Inception| Elaboration |Construction|Transition

A\ 4

Inception| Elaboration [Construction|Transition

Evolve After Architecture Complete

Inception|Elaboration with Evol. Req.| Construction [Transition

A\ 4

Incept.| Elaboration [Construction|Transition

A\ 4

[. |Elab. |Construction|Transition
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ICM for Software

WMBASE/RLIP
. o 1 Jc
Milestones A A A A %% M H W
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Fhases Pre- Inception Elaboration CRnstuictond G Transtionz Transttions
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O3 Architectinga Architectinos
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Understanding and Analysis [Transition +]
Definition Increment 2 Incremnent 2 Operations
Architecting Caonstruction
Rebaszeline Increment 2
Increment 3 Caonstruction
Architecting Increment 3
Rebaseline Architecting
Rebaseline
Evaluation of Evidence
af Feasihility to Feasibility}Rationales Feasibilify Rationales
Proceed
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Stakeholder Review fddressable
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¥

Y

L

Adjust Scope, Priorities, ar Discontinue
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Multi-Build COCOMO i
COINCOMO Sums Across Builds

Build x Build x+1 Build x+2
New Carried MOdify h
Build x Build x : —
Carried MOdIfy
 New New § Build x+1 o
, alrrie
Reused and | Build x+1 > etc.
COTS - New
B — New Build x+2 )
Reused and _
COTS New,
— Reused and
Box size notional for effort.  COTS
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COINCOMO = Multi-Build COCOMO I
Guidance about how to "carry" forward

Table 2 Modified Code Adaptation Parameters

Modified REVL % % Code % Software Assessment Programmer
Component % Design Modified | Integration Under- and Unfamiliarity
Modified {CM) Required standing Assimil- {UNFM)
(DM) (In) {sU) ation (AA) {0-1)
(%) 0-1 *{(10%)
1. default 15 |20 40 100 30 4 4
2. Carried Build 15 10 20 50 20 0 1

assumed designed
for reuse (CEB) 1st

time

3. CB2nd fime 10 5 10 40 10 0 0
4. CB 3rd or more 5 5 5 30 5 0 0
times
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COINCOMO = Multi-Build COCOMO I
Guidance about how to "carry" forward (cont.)

Table 3 Reused Code Adaptation Parameters

Reused Component Type REYL % Integration Required (IM) Assessment
&
(%) Assimilation
(AA)
0-10 * {10%)
1. COTS 0 100-25-10 4
based on mission criticality
2. COTS from previous build ire-test only) 0 25 _10-=-5 0
based on mission criticality
3. Wyhich has been (ReiDesigned for reuse, based on new 15 100 6
{or modified) code by vendor.
4 st Carry from Frevious build of code (ReiDesigned for 15 100 2
reuse, based on new [or modified) code by vendor.
5. 2nd Carry from Frevious build of code (Re)Designed for 10 100 1
reuse, based on new [or modified) code by vendor.
6. 3rd _.nth Carry from FPrevious build of code (Re)Designed | § 100 05
for reuse, based on new {or modified) code by vendor.
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Background

WinWin Spiral Model (WWSM)
WWSM: CSCI577 Unrolled with Repeated Cycles
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Background and Definitions (cont.)
WinWin Spiral Model

e Risk Driven Selection, Execution and Validitaion of
Activities and Products

e Feasibility "demonstration" needed to proceed
e Stakeholder concurrence to proceed at major milestones

e Life Cycle Process(s) Model Generator:
Select and document/plan for next "rounds"
a specific "Development Process Model".
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Stylized WinWin Spiral with Activities Mapped to Original Spiral
[radial dimension (cost) not to scale]

/PProgress Through Steps
1b. Stakeholders

Identify System 2a. Evaluate
Objectives, Constrains, Alternatives
& Priorities (OC&Ps) with respect to
Alternatives Solutions OC&Ps
Elements
1 3
la. ldentify 2Db.

AsSsess,

Success-Critical
Stakeholders !! Address
, Risks
Stakeholders | g.ﬁﬁ‘ 7 4
| — \—
Commitmen --- "a'

8
! Stakeholders

Review

6

3. Elaborate
Product and
Process

4. Verify and Validate Definition
Product and Process

Definitions
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Uels{E(]

University of Southern California
Center for Software Engineering

WWSM: CSCI577 Unrolled With Repeated Cycles

ummer
Of Fall Semester Semester S t
Semester Break End emester
nas Ends
| Time Line >
R T R
L Ll L C R R
C C @)
0O C C D C R R
v A ‘ A
\\\\\\\\ Inc. Elaboration Construction Transition
/\ /N IEEK
EOCD Fall Elab. Cycle Const. Cycle Prelim. Trans.
Inc. Cycle Enhancement Cycle?

Key: IRR - Inception Readiness Review CCD- Core Capability Demo.
LCO - Life Cycle Objective

LCA - Life Cycle Architecture

RLCA- Rebaselined LCA
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|OC- Initial Operational Capability
TRR- Transition Readiness Review
PRR - Product Release Review
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