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O
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u
Processes

u
T

he Softw
are C

risis

u
T

he C
apability M

aturity M
odel (C

M
M

)

u
D
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M
M

u
C
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W
hat M

akes Y
ou B

etter?

u
W

hy are you a better program
m

er than a first-
year student?
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Som
e A

nsw
ers...

u
M

ore training
•

K
now

 how
 to use tools

•
H

ave seen som
e problem

s before

•
K

now
 how

 things fit together

u
Fam

iliar w
ith language

•
O

bject, sem
aphore, recursion, etc

u
B

etter process!
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E
xam

ples of B
etter Processes

u
Increm

ental coding
•

C
ode a little, test a little

•
C

om
pare to w

riting entire program
 and testing

u
E

rror prevention versus debugging
•

C
heaper and easier to prevent than to find bugs
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W
hat M

akes O
rganizations B

etter?

u
W

hy are som
e organizations better than others?

•
D

eliver softw
are on tim

e

•
D

eliver w
ith high quality and few

 defects

u
D

o som
e of the sam

e things for a personal level scale
up to organizations?

u
A

ssum
e tw

o groups are doing sam
e project, w

hy
w

ould one be better than another?
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Som
e A

nsw
ers...

u
G

reat people

u
Sm

art m
anagem

ent

u
B

etter tools

u
G

ood processes, standards and policies that all
team

 m
em

bers know
 and follow
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W
hat is the Point of Processes?

u
B

asically, so w
e don’t reinvent the w

heel!

u
L

earn from
 m

istakes
•

N
ever m

ake the sam
e m

istake tw
ice!

u
Incorporate best practices
•

Som
ething w

orks better than another

u
R

outinization of standard tasks
•

D
o it right once and then reuse it

u
P

redictability
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T
he Softw

are C
risis

u
Softw

are is late, over budget, and low
 quality

u
“Softw

are E
ngineering” w

as coined in 1960s to apply
engineering practices to softw

are

u
T

hird generation of hardw
are m

ore pow
erful, led to

larger system
s

u
N

eed new
 techniques and m

ethods to control
com

plexity
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Som
e C

urrent Statistics

u
Program

m
ers tend to underestim

ate their tasks by 20 to
30%

 (van G
enuchten 1991)

u
T

he average sm
all-project estim

ate is off by m
ore than

100 %
 (Standish G

roup 1994)

u
T

he average large project is a year late (Jones 1994)

u
L

ess than 14%
 of projects larger than  [~12,500,000

L
O

C
 in C

] delivered on tim
e (Jones)
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M
ore C

urrent Statistics

%
L

ate
%

C
ancelled

S
m

all
14%

28%
L

arge
24%

48%
R

eally L
arge

21%
65%

From
 E

d Y
ourdon
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G
oals of SE

u
Im

prove the productivity of the developm
ent process

u
Im

prove the com
prehension of the developed softw

are
system

s
u

Im
prove the quality of the softw

are product at all levels
•

R
eliability

•
E

fficiency (Speed, resource usage)
•

U
ser-friendly (user acceptance)

•
M

aintainability (com
prehensive design and docum

entation)

u
G

eneral goal: to produce quality softw
are w

hich is
econom

ic and useful and safe for people.
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C
oncerns of SE

u
Products

•
Softw

are products, test drivers (internal and external)
•

Paper docum
ents (internal and external)

u
Processes

•
H

ow
 softw

are is created (plan, tools, techniques)
•

H
ow

 the quality is evaluated and ensured

u
T

ools
•

C
A

SE
 tools, editors, project m

anagem
ent tools, etc.

u
People

•
T

echnical, social, and m
anagerial skills

u
Principles

•
Providing repeatability, guidelines and m

aturity in the softw
are

developm
ent process
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SE
I-C

M
M

u
Softw

are E
ngineering Institute C

apability M
aturity

M
odel (SE

I-C
M

M
, or C

M
M

)
u

C
M

M
 w

as developed by SE
I at the request of the D

oD
in 1987

u
B

ased on
•

Statistical quality control (D
em

ing’s T
Q

M
, Juran)

•
Q

uality m
anagem

ent (C
rosby)

•
Feedback from

 industry and governm
ent projects
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W
hy C

M
M

?

u
G

overnm
ent needs predictability

•
tim

e, cost, quality

u
Prem

ises
•

T
he process of constructing softw

are can be defined, m
anaged,

m
easured, and progressively im

proved

•
In a m

ature and adaptable process, people, m
ethods, techniques, and

technology are coupled to consistently produce quality softw
are
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W
hy C

M
M

?
u

M
ature process

u
D

isciplined

u
Predictable

u
Proven m

ethods

u
M

anaged

u
M

etrics for
•

Q
uality

•
Schedule

•
C

ost

•
Functionality

u
Im

m
ature process

u
A

d hoc

u
U

npredictable

u
Im

provised efforts

u
R

eactionary

u
Few

 or no m
etrics
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C
M

M
 O

rganization

u
E

volutionary path to increase softw
are process

m
aturity

•
G

uide organizations in selecting im
provem

ent strategies

•
Sm

all but continuous im
provem

ents

u
D

escriptive, not prescriptive
•

D
escribes goals but not how

 to achieve them

u
M

aturity characterized in five levels
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C
M

M
 C

om
ponents

u
M

aturity levels

u
Process capabilities

u
K

ey process areas

u
G

oals and com
m

on features

u
K

ey practices
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C
M

M

C
om

ponents
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C
M

M

M
aturity

L
evels
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L
evel 1 - Initial

u
Process is ad hoc, occasionally chaotic

u
Few

 and inform
ally defined processes

u
N

o m
echanism

 to ensure they are used consistently

u
Ineffective planning

u
R

eaction-driven m
anagem

ent

u
U

npredictable

u
Success due to heroic efforts

u
~80%

 of softw
are organizations w

orldw
ide



©
Joey Paquet 2000, 2002

 Slide  22

L
evel 2 - R

epeatable

u
B

asic m
anagem

ent processes, quality assurance
and configuration control procedures in place

u
C

an repeat earlier successes

u
R

ealistic project com
m

itm
ents based on results of

previous projects

u
Still has frequent quality problem

s

u
Stable planning and tracking

u
~15%

 of softw
are organizations w

orldw
ide
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L
evel 3 - D

efined

u
D

ocum
ented, standardized, and integrated m

anagem
ent

and engineering processes

u
Procedures are in place to insure they are follow

ed

u
Projects tailor organization’s standard to develop ow

n
process

u
Softw

are E
ngineering Process G

roup (SE
PG

)

u
Stable foundation for softw

are engineering and
m

anagem
ent

u
~5%

 of softw
are organizations w

orldw
ide
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L
evel 4 - M

anaged

u
Q

uality and perform
ance is m

easured using m
etrics

and can be predicted
u

Q
uality and productivity quantitative goals are

established
u

E
xceptional cases are identified and addressed

u
C

hallenge of new
 dom

ains can be m
anaged

u
P

rocess is m
easured and operates w

ithin lim
its

u
< 1%

 of softw
are organizations w

orldw
ide
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L
evel 5 - O

ptim
izing

u
O

rganization focuses on continuous process
im

provem
ent

u
G

oal is to address and prevent problem
s by analyzing

their cause in the process

u
Process im

provem
ent is budgeted, planned, and part of

the organization’s process

u
Identify and quickly transfer best practices

u
O

nly a handful of organizations w
orldw

ide
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W
hy Five L

evels?

u
R

easonably represents historical phases in actual
softw

are organizations

u
R

easonable m
easure of im

provem
ent from

previous level

u
Suggests interim

 goals and m
easures

u
Prioritize im

provem
ents
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K
ey Process A

reas (K
PA

)

u
Issues to address to reach each m

aturity level

u
R

elated activities for achieving goals
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K
ey Process A

reas—
R

epeatable(2)

u
R

equirem
ents m

anagem
ent

u
Softw

are project planning

u
Softw

are project tracking and oversight

u
Softw

are quality assurance

u
Softw

are configuration m
anagem

ent

u
Softw

are subcontract m
anagem

ent
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K
ey Process A

reas—
D

efined (3)

u
O

rganization process focus

u
O

rganization process definition

u
T

raining program

u
Integrated softw

are m
anagem

ent

u
Softw

are product engineering

u
Intergroup coordination

u
Peer review

s



©
Joey Paquet 2000, 2002

 Slide  31

K
ey Process A

reas—
M

anaged (4)

u
Q

uantitative process m
anagem

ent

u
Softw

are quality m
anagem

ent
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K
ey Process A

reas—
O

ptim
ized(5)

u
D

efect prevention

u
T

echnology change m
anagem

ent

u
Process change m

anagem
ent
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C
M

M
 outcom

es

u
Few

er project overruns

u
B

etter cost prediction (dollars, tim
e)

u
Predicted perform

ance im
provem

ents
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V
isibility

1
N

o process internals regularly visible

2
Process allow

s a few
 visible check points

3
Process allow

s m
any regular visible check points

4
Process is quantitatively m

easured at m
any check

points

5
Processes replaced by better processes
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C
M

M
 in practice

u
O

nly 2 D
oD

 contractors and one governm
ent organization

have released data docum
enting their return on investm

ent
for softw

are process im
provem

ent

“A
lthough m

uch is w
ritten about the topic in qualitative

term
s, little quantitative inform

ation is available. In m
any

w
ays, the engineering process is an inform

ational ‘black
hole’ -- it draw

s in m
oney and resources like a m

agnet
but little data em

erges.” (H
ow

ard R
ubin)
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C
M

M
 in practice

u
R

aytheon
•

7.7:1 return on investm
ent, savings of $4.48M

•
E

lim
ination of $15.8M

 in rew
ork costs

•
T

w
ofold increase in productivity

u
H

ughes A
ircraft

•
Initially L

evel 2, progressed to L
evel 3

•
~$45K

 for assessm
ent, ~$400K

 to im
prove

•
5:1 ratio of R

O
I

•
A

nnual savings of approxim
ately $2M

•
D

ecreased risk of m
issing cost and schedule estim

ates
•

Im
proved quality of w

ork life (less overtim
e)

u
T

inker A
ir Force B

ase
•

6:1 ratio of R
O

I
•

Savings of $3.8M
 for $0.64M

 investm
ent
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V
alidity of Published D

ata

u
W

hat’s the baseline?

u
Is the observed process im

provem
ent attributable

to the C
M

M
?

u
W

as the data obtained by com
paring “A

pples and
O

ranges”?
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Savings at R
aytheon
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Savings at R
aytheon

u
C

ost increases and decreases
•

Fixing defects during design: 2.5 tim
es increase

•
Fixing defects during coding: 1.75 tim

es increase

•
Integration cost: decrease by 80%

•
R

etesting cost: decrease by 50%
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R
aytheon Productivity D

ata

u
M

easure: equivalent delivered source instructions
per m

an-m
onth

u
M

odified and reused L
O

C
 are w

eighted
according to the relative effort of m

odification or
reuse com

pared to new
 code

u
N

ot scientifically accurate because of variations
am

ong the projects
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R
aytheon Productivity D

ata
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D
ata from

 a w
ider range of U

S
Industry

u
D

ata from
 35 com

panies and governm
ent

agencies

u
various levels of m

aturity
•

m
ostly L

evel 1-3, all organizations at L
evel 4 and 5 participated

u
various geographical locations
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C
ost of Process Im

provem
ent

C
ategory

M
easurem

ent
M

easured C
ost Increases

D
ollars

S
W

 and H
W

 costs
5%

 increase
data collection cost

increased to 5-10%
 of

effort
cost of fixing design

defects
increased from

 0.75%
 to

2%
 of project cost

cost of fixing code
defects

increased from
 2.5%

 to
4%

cost of first-tim
e

testing
increased to 9-10%

 of
effort

E
fforts

inspection overhead
increased to 2%

 of
developm

ent tim
e
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D
raw

backs of C
M

M

u
C

M
M

 is not a “Silver B
ullet”

u
W

hat do you think som
e draw

backs are?
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D
raw

backs of C
M

M

u
L

ack of innovation?
•

C
M

M
 says w

hat you need, not how
 to do it

•
U

sually because processes done w
rong

•
Processes are supposed to routinize m

undane aspects of w
ork so you

can focus on interesting aspects

•
D

o it right, and do it right once

•
E

ven M
icrosoft has w

ell defined processes, estim
ates itself to be at

L
evel 3
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D
raw

backs of C
M

M
 (cont.)

u
T

w
o com

m
on com

plaints about C
M

M
•

D
oes not focus on good design

•
D

oes not focus on good people

•
H

ow
ever, these are not the goals of C

M
M

!

u
O

ther m
odels have been developed

•
P-C

M
M

 (People C
apability M

aturity M
odel)

•
T

eam
 C

apability M
aturity M

odel

•
PSP - Personal Softw

are Process
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D
raw

backs of C
M

M
 (cont.)

u
D

escribes w
hat an organization should have, does not

say how
 to get there

u
C

learly defined process != good process

u
Favors narrow

 m
aintenance processes over innovative

ones

u
Process A

ssessm
ent flaw

s
•

Statistical problem
s, sparse coverage, process risk
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D
raw

backs of C
M

M
 (cont.)

u
G

overnm
ent m

ay require at least L
evel 3 com

pliance
for contractors
•

Private industry likely to follow
 suit

•
M

ay lead to political problem
s

u
M

ay lead to ossification of softw
are processes
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D
raw

backs of C
M

M
 (cont.)

u
A

ssem
bly-line process and control concepts are

applicable to softw
are

•
In m

anufacturing, m
ajority of costs and risks are in replication

•
In softw

are, m
ajority of costs and risks are in design

•
A

lm
ost exact opposites!

u
E

ven though in use, still unproven
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ISO
 9000

u
International Standard O

rganization (ISO
) – ISO

 9000
(1987, 1991)

u
A

 series of 5 related standards that are applicable to a
w

ide variety of industrial activities.
u

U
sed for a w

ide range of industrial applications.
(therefore not certainly a softw

are standard)
u

ISO
 9001 Standard for quality system

 (closest related to
softw

are engineering).
u

L
ike the C

M
M

 the ISO
 9000 em

phasizes m
easurem

ent.
B

oth m
odels stress on docum

enting the process in w
ord

and pictures.
u

It has been reported that at least tw
o level 1 organization

have been certified as com
pliant w

ith ISO
 9000.
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SPIC
E

u
Spice is intended to extend and im

prove the
C

M
M

 and ISO
 9000 m

odels.

u
D

ifferences include that Spice provides a
fram

ew
ork for assessm

ent m
ethods, but does not

lay dow
n a specific m

ethod.

u
Spice provides a separate assessm

ent of each
com

ponent of the overall process (analysis,
specification, configuration m

anagem
ent, etc…

)
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C
onclusions

u
G

ood processes are essential

u
W

e are still learning about good processes for softw
are

developm
ent

u
C

M
M

 w
as developed to assess and to give

organizations a fram
ew

ork to im
prove

u
D

espite som
e flaw

s, C
M

M
 is a significant contribution

to the softw
are industry

u
C

M
M

v2 in progress at http://w
w

w
.sei.cm

u.edu/


