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Variance in Calibrations

Much larger than reported [Baker 2007]:
For 93 NASA records

Causing Estimation using Standard methods (LC) to have a high
Magnitude of Relative Error (MRE = abs(predicted - actual) /actual)

NASAS3 : COCOMO Calibration Coefficients MRE1: from LC
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Can we avoid calibration?

Model estimates depedent on modelCalibration when...

=stimate = moeeneae * [TIOA €1 Calibration

But we assume that

Estimate = p rOj e Ct D eta i I S * modelCalibration

Accurate Calibration vs. Data Drought: We need to avoid data dependency

Monte Carlo [Metropolis 1953] sampling over
the space of possible calibrations

the project options
Apply Al search to select

Project options that most improve the estimate

But do not try to control the calibrations (variation in project details assumed
larger)
Models used: COCOMO Il (effort), COQUALMO (defects), Schedule and 5
Threat models [Boehm 2000]



T h e M od e Is defect removal

COCOMO II Eff()r}j — A% (Cf‘f)(SfZé,’)EX*'mm’m
et ol e 17
PM = a* (KSLOCUJ—I—U.U]*E;. |}“Lr')) i (HEM})
j=1

COQUALMO

(defects introduced)*(defects reduction ratio)
{requirements, design, coding}

Months (Schedule)

SCED
F=d+0.2x(0.01x(X;_,SF)) 1
¥
TDEV = [¢% (PMys)¥] *SCED% +100
5

Threat

Total threat =

(Schedule threat + Product_threat + Personnel threat +
Process_threat + Platform_threat + Reuse threat)/3.73

feature | low  high feature) high
aa 1 6 || [time 5 6
peer 1 6 || stor 3 6
ett 1 6 || |pvol 2 5
“prec 1 6 || acap 1 5
flex | 6 || pcap | 5
resl 1 6 || pcon | 5
team 1 6 || apex 1 5
. pmat 1 6 || plex 1 5]
rely 1 5 Itex | 3
cplx | 6 || tool | 5]
data 2 5 sced | 5
docu 1 5 || site 1 6
ruse 2 6 || Ksloc 1 980
Default ranges for attributes in
the USC models. VL =1, XH = 6.
R Also used for "ALL" Project
85
100
130 rely= | rely= rely= rely= | rely=
160 \l.:i;::f low nominal | high ;,i;
sced= very low 0 0 0 1 2
sced= low 0 0 0 0 1
sced= nominal 0 0 0 0 0
sced= high 0 0 0 0 0

sced= very high

0

0

0

0

0

Sample threat table




What is the space of project options?

ranges values _ ‘ ranges _ ‘ values .
project Eatire low high | feature  setting project feature low  high | feature  setting
prec 1 2 | data 3 P"efﬁ 3 5 ﬂe?q 3
OSP: ok 2 5 pvol 2 OSP2 pmat 4 5 resl 4
Orbital | res] ! 3 | rely 5 oo . & 3
space team 2 3 | pcap 3 sced 5 5 e 3
e | B - KSLOC 75 125 | data 4
;use 2 4 L pvol 3
docu 2 4 1_“;"3 ‘;
acap 2 3 flf:'?'p H
peon ) 3 “Values” = fixed pcap 3
apex 2 3 . 3
Itex 2 4 pcon 2
tool 2 3 clllaex p
sced 1 3 plex
cplx 5 6 tool 5
KSLOC 75 125 ‘;El: ‘;
rely 3 5 | tool 2 ‘
) o rely 1 4 | tool 2
;i'; Et Sp'; g 2 Beed = JPL | data 2 3 | sced 3
software | time 3 4 grpund c:.plx ] 4
stor 3 4 software | time 3 4
:IC'l]J 3 5 stor 3 4
dises 3 5 acap 3 5
plsap 3 5 apex 2 5
plex I 4 pcap 3 &
Itex 1 4 plex 1 4
pmat 2 3 ltex ] 4
‘ pmat 2 X
Sl i = KSLOC 11 392 !

“Ranges”= Loose (select within these ranges)
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Search-based Software Engineering

Using search algorithms to tackle SE issues [Harman
2007, Clark 2003]

Project planning and cost estimation [Aguilar-Ruiz
2001, Antoniol 2005]

Software Testing [Briand 2005, Li 2007]
Automated maintenance [Mitchell 2006, O'Keeffe 20006]

Standard search algorithms used include Genetic
Algorithms [Holland 1992] and Simulated annealing
[Kirkpatrick 1983]

Other Algorithms used that go beyond Harman
[Harman 2007] algorithms (e.g. Seesaw [Menzies
2009], XOMO and Tar3 [Menzies 2005])



What is STAR?

SAMPLE: Using an Al search algorithm
DISCRETIZE: remove continuous variables

CLASSIFY: into 2 classes, best and rest
(BORE) [Clark 20095]

RANK: Support based bayesian ranking

PRUNE: or back select applying policies by
rank

REPORT: returning the best set of policies

10



SAMPLE: Simulated Annealing

[Kirkpatrick 1983]

function sa(kmax)

s :=s0; e := E(s) /I Initial state, energy.
_ : sb:=s;eb:=e /I Initial "best" solution
Best = anything k:=0 /| Energy evaluation count.
while k < kmax and e > emax // Loop
« o « o sh := neighbour(s) /I Pick some neighbour.
Run from “hot” to “cool en := E(sn) /[ Compute its energy.
Find something in the if en < eb then /I 1s this a new best?
: sb :=sn; eb:=en I/l Yes, save it.
nelghborhOOd of best if random() < P(e, en, temp(k/kmax))
If better, then new best thens:=sn;e:=en // Maybe jump
k:=k+1 /[ One more evaluation
Else done
When “hot” maybe jump to return sb // Return best
worst
When “cooler”, don’t be so 0.1
stupid ;
3
As we cool, SA converges to S 001l
greedy hill-climbing = =
Accumulate the total energy
seen for each setting 0.001

11

k (number of simulations)



Ranking and the Fithess

Function

like(x|best |

P(best|E) +5 ‘1 best E) = : -
PESHIE T HIUPPOTTA BRI like(x|best ) + like | x rest)

Bayes rule + support

(V/(Ef0p+(Dex (B+RD))*+(Thsy)+(Moxd)?)

E >
\/ 02+ (B+RD)2 4+ +82

Median = 50% percentile
Spread = (75-50)% percentile
Small spread means stable

across space of possible
calibrations

“Policy point” : smallest i with
lowest E (Energy). Note that
O<E<1
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Analysis Types

strategic? | tactical?
scale prec: have we done this before? v
factors flex: development flexibility v
{exponentially resl: any risk resolution activities? v
decrease team: team cohesion
effort) pmat: process maturity v
upper acap: analyst capability v
(linearly pcap: programmer capability v
decrease pcon: programmer continuity v
effort) apex: analyst experience v
plex: programmer experience v
ltex: language and tool experience v
tool: tool use v v
site: multiple site development v v
sced: length of schedule v
lower rely: required reliability
(linearly data: secondary memory storage requirements
increase cplx: program complexity v v
effort) ruse: software reuse v v
docu: documentation requirements v v
time: runtime pressure
SLor: main memory requirements
pvol: platform volatility v
hline COQUALMO aa: automated analysis v v
defect removal ett: execution-based testing tools v v
methods peer: peer reviews v v

Strategic: High level institutional change, longer term
Tactical: within project timeline, shorter term

All/default: Use all the attributes, its all fair game (not realistic) -
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Sanity Check

Search vs. Standard Methods

At the “policy point”, STAR'’s random
solutions are surprisingly close to LC

LC : learn impact[i] via regression (JPL data)
STAR: no tuning, randomly pick impact[i]
Median & = (estimate(STAR) — estimate(ic))

cast study control method 0 %

OSP strategic 21.78 I
ground tactical 22.17 I
All strategic 2295 N
All tactical 23.14 I
ground strategic 23.38 I
flight tactical 25 IS
OSP2 strategic 26.6 I
OSP tactical 27.71 I
flight strategic 28.47 N
OSP2 tactical 32.07 I

STAR Estimates Close to those produced by the

Note: no
calibration

1000 F
100 ¢

1000 E
100 F
10 ¢

1

star

reference models S e —
Model STAR Median | STAR Spread | Refrence Model | Differece | Difference %
COCOMO I 677.83 159.75 840.3 -162.47 -19.33
COQUALMO 540.39 313.22 417.25 +123.14 +29.51
Months 23.97 2.52 24.2 -0.23 -0.95
Threat 0 0 0 0 0

1000 F
100
10 E

0.1 L
0.01 ¢

1000 F
100 ¢
10 ¢

0.1 ¢t

T AT AT T |
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“Sociology beats Technology”?

ICSE 2007 panel

. . id| features relative weight
T| m L|Ster (CO'aUthor Of Personnel/team capability 3.55 I
Peopleware” [De Marco Product complexity 2.33 IS
198 ]) Time constraint 1.63 NN
Required software reliability 1.54 IR
Multi-site development 1.53 I
Doc. match to life cycle 1.52 I
Focus less on new ASE tools Personnel continuity 1.51 .
L Applications experience 1.51
and more on management / Use of software tools 150
Soc|o|og ical factors Platform volatility 1.49
1| Storage constraint 1.46 NN

b e e s e = e —lheflee -0 o Lh e La b —

Process maturity 1.43 I
. Language & tools experience 1.43 I
E.g. More important than Required dev. schedule 1.43 NI
‘ Softwa re tOOIS" Data base size 1.42 I
Platform experience 1.40 NN
Arch. & risk resolution 1.39 I
Any one Of 1 ’2’3’4’5’6’7’8 Precedentedness 1.33
Any two Of 10,1 1 ,12,_ ,22 Developed for reuse 1.31
200 Team cohesion 1.29 N
21| Development mode 1.32 .
Advanced ASE tools are ag = 22| Development flexibility 1.26 N
S0andeli=50 Thessaie | Mt onsestoertftor
not [ .
denoted by AA Boehm e.tal. 2000 17




JPL Flight systems: Tactical
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Figure 4.7: Tactical analysis: flight results.



OSP2: Tactical
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Figure 4.16: Tactical analysis: OSP2 results.



ASE tools and general effects

ASE more important for more constrained projects, but
important for the vast majority.

ASE needs to be applied with high levels, in conjunction
with social factors (Technology and People work together)

Reductions much larger for less constrained projects
(exploiting uncertainty)

Best policies a small percentage of overall space

This result is also seen in our ASE 07 papers.

project ALL OSP OSP2 flight ground

policies a s t a s t a s t a s t a s t

models percentage of original value

effort || [S121124] [| 54 68 63 || 789383 [[[OI1926 || [[3]4136
defects 1 4 10J2]2] | [zsTi4] || (3moue 1 || [Z]126/0]
threat 0 080 || 6910870 0 00 0 0O 0 0O

months 325754 || 70 86 79 || 929494 || 405759 || 447367

20
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Analysing Future SE Trends

Studying future trends based on
the COCOMO model

ICSE '08 panel: Barry Boehm,
Vic Basili, Ray Madachy,
Thomas Ostrand, Deiter
Romback, Rick Selby and Elaine
Weyeuker

Facilitators: Bojan Cukic, Tim
Menzies, David Raffo

Projects assumed Nasa like,
Mission critical, contractor built
with long lifetime (5 to 10 years)

Trends of Attributes: Bump, Rick,
Up, Down




Analysing Future SE Trends

Trend unresolved for PREC, STOR, and TIME => 8 distinct
projects

ASE tools (technology) use a trend that is recommended for
the future (more important for large)

Effort reductions larger in Strategic
Defect reductions larger in Tactical (use of ASE tools)

small medium large small medium large
8 8 8 Flex=5 3 3 3 Acap=5
g g g 3681:52 55 3 8 8 8 Apex=4.5
use=2, 2.5, oy
8 8 8 Sced=1, 1.5, 2 g g z gmdt__:';’; small: KLOC =25to0 75
8 7 8 | Stor=3.3.5.4 iy medium: KLOC = 250 to 750
P 8 8 8 Site=4.5
8 8 8 Tool=5 g " 6 Pcon:ﬁ large: KLOC = 2500 to 7500
8 8 7 Cplx=3,3.5,4 0 3 3 K=t
7 7 8 Aa=0 0 2 3 Ett=6
6 6 8 Eit=6 _ 1 1 3 Peer=6
5 7 7 Peer=6
Figure 5.16: Strategic strategy 23

Figure 5.17: Tactical strategy
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Drastic vs. Conservative control

Conflict analysis with S-Cost [Boehm 1999]

Override project parameters to resolve requirement

conflicts

Can have detremental effects on project

Conservative change defined as change within project
limits => recommendations from STAR

Drastic change

Possible undesirable impact

| Improve personnel

Firmg and re-hinng personnel leading to wide-spread
union unrest.,

2 Improve tools, techniques, or development
platform

Changing operating systems, IDEs, coding languages

3 Improve precedentness /
development flexibility
4 Increase architectural
analysis / risk resolution
5 Relax schedule

Changing the goals of the project and the development
method.
Far more elaborate early life eycle analysis.

Delivering the system later.

O Improve process maturity

May be expensive in the short term.

T Reduce functionality
& Improve the team

Delivering less than expected.
Requires effort on team building.

9 Reduce quality

Less user approval, smaller market.

25



Drastic vs. Conservative control

Conservative change is better overall

ranking higher than drastic in most cases
Drastic Change does better in some cases
Bad side effects (Reduce quality: quick but

problematic)
Drastic change not that great

Flight

Rank Change Defects
1 STAR ¢ :
2 Arch/risk resolution " '
1] Reduce functionality  F*— !
4 Improve prec/flex 1— '
5 Improve pmat H——*—— |
5 [mprove team ——
5 Relax schedule — '
0 Improve pcap " '
6 Improve tool/tech/plat ’ . "
7 Reduce quality *— go

50%
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Better, Faster, Cheaper

Pushed by Dan Goldin at NASA

All three can be achieved

Implementation of BFC was closer to FC [IFPTE
2003]

Conventionally, it's more like Better, Faster,
Cheaper: pick any two (ie. BF, FC or BC)

Applied by changing the weighting of models

(V/(EF0)2-+ Dex (B+RD))>+ (T + (Mox)?

E= \/02+(B+RD)2+y2+82
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Better, Faster, Cheaper

BFC “jack of all trades,
master of none’, I.e.
trying to fix everything
yeilds compromises

FC bad for defects, but
pushes projects out
quicker (especially for
more constrained)

BC Drives defects down,
but development time is
worst

OSP

Rank  Change Effort
1 fc ==
2 bfe %
3 bf —d
4 be H——e—
50%
OSP
Rank  Change Time

1 fc
bf
bfc
bc

N SR '

OSP
Rank  Change

50%

Defects

1 bc
2 bfc
3 bf
4 fc
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Conclusions

No calibration data = Not a road block

If data present, use it
Else can still work with space of tunings
Uncertainty exploited to our advantage

Search based tools can evaluate practices

Technology vs. People: work together
Technology use is recommended for the future
Drastic Change not that great

Trying to fix everything yeilds compromises

31



Method being further developed

different search engines [Menzies 2009, Green
2009]

different fitness functions [Green 2009]
to evaluate different practices [Orrego 2009]

Fix/Remove Threat Model

32
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