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SYSTENS ENGINEERING Outline

Baseline: CORADMO Expedited Software Development Model
— RAD: Rapid Application Development
— Expedited Schedule Drivers
— Relation to RAD Opportunity Tree
Nominal Systems Engineering effort and schedule obtained from

COSYSMO effort estimation model, square-root effort-schedule
relationship

RAD Opportunity Tree elements reorganized around product-
process-project-people-risk factors determined in SERC
Expediting SE study

Model calibrated to 12 agile project data points

Case Study: From Plan-Driven to Agile

Current Model Status
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RAD Opportunity Tree
Also in SERC RT-20 Systems 2020 Report, Appendix B

Business process reengineering
Reusing assets
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Elim inating Tasks Applications generation

}—Design-to-schedule

Reducing time per task ’—Tcols and autom ation
Work Stream lining (80-20)
Increasing parallelism

Reducing risks of
single-point failures ’—Reducmgfallures
— Reducing their effects

Reducing backtracking — Early error elimination

t— Process anchor points
—Improving process m aturity
f— Collaboration technology

Activity network — Minimizing task dependencies
streamlining — Avoiding high fan-in, fan-out

— Reducing task variance

— Removing tasks from critical path

Increasing effective

workweek — 24x7 development
Nightly builds, testing
W eekend warriors

Better people and incentives

Transition to learning organization

32-20-2012

Basic Expedited SE Model Form

e Estimate SE effort using COSYSMO
* Estimate nominal SE schedule as square root (SE effort)
— Agile software schedule = square root (effort)

Estimate deviations from nominal schedule using multipliers for
product, process, project, people, and risk acceptance factors

— Very Low, Low factor ratings slow down schedule

— High, Very High and Extra High factor ratings speed up schedule
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COSYSMO Operational Concept

| # Requirements |

| # Interfaces I sjze

| # Scenarios | ;

| #Algorithms 1 Drivers ‘
Reuse Factor I

Volatility Factor | Effort

Multipliers '

COSYSMO
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1- Application factors :
1 -8 factors I
I- Team factors |
I _6factors I

1

: - Schedule driver
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Calibration

- Effort
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COSYSMO Cost Drivers - Application

TOC COSYSMO Application Factor Selection

See Embedded Comments for
Descriptions and Selection Criteria

COSYSMO Application | c:::‘a’m 'S"i‘]’ﬁm" ow | Low | NOM
3 . (8 (8] N

HIGH | VHIGH | HIGH | Rating
| o) | (aH) | Selected

sulting
uitiplier

Application Factor Rating Selection
Comments

Factor Description Rang Range
Requirements

Understanding ROMT 1.7)4 173 140 \1% 1.00

090 | 081 | == N

[

Archneclu.re ARCH I/LG 1.66 128 | 1.14 \Q
Complexity

088 | 0.77 | == N

Level of Service (KPP)
Requirements

LSVC /Z.Sl] 250 0.66 [ 083 | 1.00 \1% 165 | == N

Migration Complexity | MIGR 1350 150 | === 100

125 NA&0 | == N

mé\

No. and Diversity of

InstallationsPlatiorms | ™o /| 130 150 1.00

125 | 150 == N

|

1.50 1.0 082 | 091 | 1.00

No. uf REEI.I[SIV.E Levels REC]
in the Design

112 | 123 | == N

1.00

Decumentation to
3| Match Lifecycle Needs D[?/CU 0.67 067 082 | 091 | 1.00

112 | 123 | == N

1.00

Technology Maturity %MT 2.50 2.50 175 | 137 | 1.00

085 | 070 | == N

S

Select the Rating from the pullc

the Highest Number /

Degree of Influence” of
this parameter on SE
effort as currently

Productivity Range (PR) is | |The "Suggested” column has no immediate impact in the COSYSMO SE Costing Mode.
However, for the COSYSMO SE Data Collection Mode, it serves as a means of collecting your
Lowest Number and is an | |inputs as to what you think the "Relative Degree of Influence” of this parameter should be
indication of the "Relative | |based upon your overall experience (not specific to the past program being characterized).
If you agree with the "Current” number, do nothing. If you disagree, simply overwrite the
current number with a new number n (n>1.0) in the appropriate cell.

ol ]l

A »[Ml{ 4 Parameters T /5. Parameters I/ 6a, Staffing Table /4 6b. Staffing Chart { 7. Labor Distribution 4 Local SE Data Repositor:

that best the Rating
program being estimated in the
Mode or in the SE Data Collectic
Rating that best characterizes t
program for which you are proy

8a. Application Factors / 8t [ «|  FEEr|
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S RN Outline

e Baseline: CORADMO Expedited Software Development Model
— RAD: Rapid Application Development
— Expedited Schedule Drivers
— Relation to RAD Opportunity Tree

* Nominal Systems Engineering effort and schedule obtained

from COSYSMO effort estimation model, square-root effort-
schedule relationship

9 RAD Opportunity Tree elements reorganized around product-
process-project-people-risk factors determined in SERC
Expediting SE study

* Model calibrated to 12 agile project data points
e Case Study: From Plan-Driven to Agile
* Current Model Status
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4 Potential Critical Success Factors
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Final Database

Over 30 Interviews with Gov't/ Industry Rapid Development
Organizations

Over 23,500 words from interview notes

Product, Process, People ... all in a Project Context
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e — Product Factor Elements

* Product simplicity (of interfaces, legacy migration, -ilities)
— Very Low: Extremely complex; Extra High: Extremely simple
* Ability to reuse product elements
— Very Low: None; Extra High: 90%
e Ability to defer low-impact aspects
— Very Low: Never; Extra High: Anytime
» System definition via models vs. documents
— Very low: None; Extra High: 90%
¢ Technology maturity of key capabilities
— Very Low: >0 Level 1-2 or >1 Level 3; Extra High: All >Level 7

12-20-2012 9

SV TENS ENGINEENG Process Factor Elements

¢ Concurrency of OpCon, Rqts., Architecture, V&V
— Very Low: Highly sequential; Extra High: Fully concurrent

* Process streamlining
— Very Low: Heavily Bureaucratic; Extra High: Fully streamlined

¢ General SE tool support (coverage, integration, maturity: CIM)
— Very Low: Simple tools, weak CIM; Extra High: Very strong CIM
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Project Factor Elements

e Collaboration support

— Very Low: Globally distributed; weak communications, data
sharing

— Extra High: Largely collocated; very strong communications, data
sharing

¢ Single-domain models, methods, processes, tools (MMPTs)
— Very Low: Simple MMPTs, weak CIM; Extra High: Extensive CIM

¢ Multi-domain models, methods, processes, tools (MMPTs)
— Very Low: Simple MMPTs, weak CIM; Extra High: Extensive CIM

12-20-2012 11

L — People Factor Elements

General-SE Knowledge, Skills, and Agility (KSA)
— Very Low: Very weak KSA; Extra High: Very strong KSA

Single-domain Knowledge, Skills, and Agility (KSA)
— Very Low: Very weak KSA; Extra High: Very strong KSA

Multi-domain Knowledge, Skills, and Agility (KSA)
— Very Low: Very weak KSA; Extra High: Very strong KSA

¢ Team compatibility
— Very Low: Very difficult interactions
— Extra High: Seamless interactions
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Risk Acceptance Factor

woreh Cantor

* Risk Acceptance
— Very Low: Highly risk-averse;
— Extra High: Strongly risk-accepting

12-20-2012 13

ssmsexancense CORADMO-SE Rating Scales, Schedule Multipliers

Research Center

Accelerators/Ratings Very Low Low Nominal High Very High Extra High
Product Factors .09 1.05 1.0 0.96 0.92 0.87
o ier Extremely Highly 3 N Moderately . . Extremely
Simplicity e e Mod. complex B Highly simple e
. . o " Moderate Considerate Extensive
Element Reuse None (0%) Minimal (15%) Some (30%) oo oo ©050
i Dot i Never Rarely Sometimes Often Usually Anytime
= — = S Consi 3
Models vs Documents. None (0%) Minimal (15%) Some (30%) Cov oo 05
Key Technology SOTRL 1.20r | ITRL3or=1 | 1 TRLAor>2 12 TRL 5 or
Maturity =1 TRL 3 TRL 4 TRL 5 =2 TRL 6 1-2 TRL 6 All = TRL 7
Process Factors 1.09 1.05 1.0 0.96 0.92 0.87
Concurrent -
Operational Concept, Highly Mostly 2 arti 3 artifacts All artifacts
mostly mostly mostly
Requirements, sequential sequential Y ¢ oYt oY concurrent
Architecture, V&V i i | |
Procoss Stroamlining Heavily Largely Conservative Moderate Mostly Fully
bureaucratic bureaucratic streamline s
General SE tool B
support CIM simple tools, Considerable
weak Minimal CIM Some CIM Moderate CIM Extensive CIM
(Coverage, P cM
Integration, Maturity) integration
Project Factors 1.08 1.04 1.0 0.96 0.93 0.9
Project size (peak # of Over 300 Over 100 Over 30 Over 10 Over 3 =3
personnel) L ) 1 i -
Clobally Nationally Regionally Metro-area Simple Largely
. distributed Yat fetr collocated,
Collaboration support di u distributed, cam
weak comm. , . e moderate prieiviy e e Very strong
data sharin; some sharing sharing goo i e e sharin
Single-domain Simple
MMPTs (Models, MMPTs, . Considerable ;
Methods Procctees. ek Minimal CIM Some CIM Moderate CIM P Extensive CIM
Tools) i
Multi-domain Simple; weak o Some CIM or s Considerable o
MBS B Y Minimal CIM o mceded Moderate CIM p Extensive CIM
People Factors 3 1.06 1.0 0.94 0.89 0.84
Ceneral SE KSAS Moderate Very stron,
(Knowledge, Skills, Weak KSAs Some KSAs © Good KSAs Strong KSAs ery e
KSAs KSAs
Agility)
Single-Domain KSAs Weak Some Moderate Good Strong Very strong
Multi-Domain KSAs Weak Some Moderate or Good Strong Very strong.
not needed
o N Basically - o e
Team Compatibility Very difficult Some difficult conmeratiye Largely Highly _Scamless
interactions. interactions cooperative cooperative interactions
Risk A Factor 113 1.06 1.0 0.94 0.89 0.84
Highly risk- Partly risk- risk C, risk-
averse averse aversion, sk risk pting
acceptance
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RS CORADMO-SE Calibration Data

Mostly Commercial; Some DoD

Application Type Technologies lr;:;:;]:s g\';;anttl]?; D/lli;;([m Product | Process | Project | People | Risk B:Eltrl Erﬂ;‘or
Insurance agency system | HTML/VB 3494 382 065 VH VH XH VH N | 068 5%
Scientific/engineering | C++ 18.66 32 086 L VH VH VH | N | 080 | -T%
Compliance - expert HTML/VB 17.89 336 | 079 VH VH XH VH | N | 068 | -15%
Barter exchange SQL/VB/HTML | 112.58 9541 090 VH H H VH | N | 075 | -16%
Options exchange site | HTML/SQL 13.94 2611 0712 VH VH XH VH | N | 068 | -5%
Commercial HMI C+ 20527 1381 096 L N N VH | N | 093 | 3%
Options exchange site | HTML 4241 448 | 069 VH VH XH VH | N | 068 | -1%
Time and billing C+/VB 2687 4801 093 L VH VH VH | N | 080 | -14%
Hybrid Web/client-server | VB/HTML 7093 862 102 L N VH VH | N | 087 | -I5%
ASP HTML/VB/SQL 9.19 139 044 VH VH XH VH | N | 068 | 53%
On-line billing/tracking | VB/HTML 1720 270|065 VH VH XH VH | N | 068 4%
Palm email client CHTML 453 145|068 N VH VH VH | N | 076 | 12%
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Baseline: CORADMO Expedited Software Development Model
— RAD: Rapid Application Development

— Expedited Schedule Drivers

— Relation to RAD Opportunity Tree

* Nominal Systems Engineering effort and schedule obtained
from COSYSMO effort estimation model, square-root effort-
schedule relationship

* RAD Opportunity Tree elements reorganized around product-
process-project-people-risk factors determined in RT-34

* Model calibrated to 12 agile project data points
=3 Case Study: From Plan-Driven to Agile
e Current Model Status
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Case Study: From Plan-Driven to Agile

Accelerators/Ratings

VH

Product Factors

-
e

0.96

0.92

0.87

Simplicity

Element Reuse

Low-Priority Deferrals

Models vs Documents

Key Technology
Maturity

Process Factors

1.09

1.05

0.96

0.92

0.87

Concurrent Operational
Concept, Requirements,
Architecture, V&V

Process Streamlining

General SE tool support
CIM (Coverage,
Integration, Maturity)

Project Factors

1.08

1.04

0.93

Project size (peak # of
personnel)

Collaboration support

Single-domain MMPTs
(Models, Methods,
Processes, Tools)

Multi-domain MMPTs

People Factors

0.94

0.89

0.84

General SE KSAs
(Knowledge, Skills,
Agility)

Single-Domain KSAs

Multi-Domain KSAs

Team Compatibilit

Risk Acceptance Factor

1.06

0.94

0.89

0.84
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Case Study: From Plan-Driven to Agile

Initial Project: Focus on Concurrent SE

Accelerators/Ratings

VI

~N

VH

XH

Product Factors

1.09

1.0 0.96

0.92

0.87

Simplicity

X

Element Reuse

Low-Priority Deferrals

XX

Models vs Documents

Kecy Technology
Maturit

Process Factors

Concurrent Operational
Concept, Requirements,
Architecture, V&V

Process Streamlining

0.87

General SE tool support
CIM (Coverage.
Integration, Maturity)

Project Factors

1.08

Project size (peak # of
personnel)

Collaboration support

Single-domain MMPTs
(Models. Mecthods,
Processes. Tools)

Multi-domain MMPTs

Pcople Factors

1.13

General SE KSAs
(Knowledge, Skills,
Agility)

Single-Domain KSAs

0.84

Multi-Domain KSAs

Team Compatibility

Risk Acceptance Factor

1.06

0.89

0.84

Expected schedule reduction of 1.09/0.96 = 0.88 (green arrow)

Actual schedule delay of 15% due to side effects (red arrows)

Model prediction: 0.88*1.09*1.04*1.06*1.06 = 1.13

12-20-2012
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Case Study: From Plan-Driven to Agile

SYSTEMS ENGINEERING

Research Center Next Project: Fix Side Effects; Reduce Bureaucracy
A ators/Rating: VL. | 9) ~N H VH XH
Product Factors 1.09 1.05 1.0 0.96 0.92 0.87

Simplicity <
FElement Reuse x
Low-Priority Deferrals x
Models vs Documents, x !
Key Technology |:> <
Maturit;
Process Factors 1.09 1.05 92 0.87
Concurrent Operational ] ]
Concept, Requirements, » B
Architecture, V&V

General SE tool support
CIM (Coverage,
Integration, Maturity)

Project Factors 1.08 1.04 1.0 | v.96 | 0.93 0.9
Project size (peak # of
personnel)
Collaboration support x
Single-domain MMPTs
(Models, Methods. x
Processes. Tools)
Multi-domain MMPTs =

People Factors 1.13 1.06 1.0 | 094 | 0.89 | 0.84
General SE KSAs

Process Streamlining ﬁ N

(Knowledge, Skills. |:>
Agility)
Single-Domain KSAs | 1
Multi-Domain KSAs <
Team Compatibilit 1 :>

Risk Acceptance Factor 1.13 | 1.06

o4 0.89 0.84

L x 1

Model estimate: 0.88*(0.92/0.96)*(0.96/1.05) = 0.77 speedup

Project results: 0.8 speedup

Model tracks project status; identifies further speedup potential
19
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Current Model Status

* Considerable interest, experimantal use
— Large aerospace companies, DoD Services

* Also considered useful for planning
* Preparing, iterating data collection insrument
e Applying to agile software projects

— Mostly knowledge work
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