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Evolutionary Software Development

! Techn0|Ogica| COﬂStraintS /Shorter Time_to_Market

" !Resource Constraints

‘/Easier to Maintain ‘/Earlier Customer Feedback
5 .

! Budget Constraints

Set of Features

‘/Better Resource Allocation . I
1 ' Stakeholder Value H

‘/flexible approach - better product = better customer satisfaction
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Software Release Planning Problem

= Strategic Level - “sort of” Knapsack Problem

= Operational Level - “sort of” Project Planning
Problem (= resource allocation / scheduling)

NP-hard problems!

= GGG _>\_’ Release n ‘
(F [F [F)

Release 2

Release 1

i J
T 1

Fixed Schedule
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Operational Release Planning Problem

Consider this 7-tuple <F, T, FT, D, E, P, Dep>:

F  —set of release-specific features f [1, ..., K]
T  —setoftasktypest [1,...,m]
FT - set of feature/task type-combinations (= tasks) ft [1, ..., km]
D - setof developers d [1,...,n]
E - set of estimated efforts eff per task [1, ..., km]
P —set of estimated (relative) productivities prod

pertask [1, ..., nm]
Dep - dependency relationships dep between subseque[nt task typ]es
1,...,m-1

Goal:
assign developers d € D to tasks ft € FT such that

£ ft, ft, ftys
1 ] | | [

B max;-; {end-time(ft,,)} > min

one-to-one mapping of d, to ft;)
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ft,, fly Moy (and additional restrictions hold, i.e.,

Example with Start-Start Dependency

Features (F) - F.IF, F.
o Estimated workload (effort) T 12 |3 5
per task type [e.g., Person- !
Weeks (PW)]
Task Types (T): design, Tn |3 |7 ¢
implementation, test, etc.
o dependency '
Developers (D) . D, |D, D.
o (relative) productivity per task
type [0 ... 2] T, |1 [05]..
o onetask at atime
o no task change once assigned T l05[15]. 1
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Operational Release

Example with Start-Start Dependency

Feat. Effort per Period (Weelk)
Task (FW)

Planning Problem
= Feature/Task Schedule
= Developer Allocation

Example Case:
= 8 Features

= 3 Task Types
= 6 Developers
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[NgRO5] Ngo-The, A and Ruhe, G (2005) Optimized Resource
Allocation for Incremental Software Development (submitted to
Transactions on SE).
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Operational Release Planning (ORP)

Exam ple . Allocate developers to tasks such that:

max;_, g{end-time(task; ;)} = min

. Productivity
m Effort Estimates Estimates

erson-week . . i
[p ] dimensionless

1 k Features ====p-|F1|F2(F3|F4|F5|F6|F7|F8|D1|D2|D3| D4JD5|D6

T1: Design 3(8(6]3]5]|7|10|6|151|2)0])05|2

Task )
Type |72 ImplementatlonlO sl6|5|B) 8|25 1]2]us|1
T3: Test 56436101201.521

o End-start dependency between subsequent tasks
o 1-to-1 mapping between developers and tasks
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So why simulation-based ORP ?

Example:
Assignment of developers to feature/task-combinations:

F1T1

- F1,T2

e F1T3 | i EEEVVEERR N
F2,T1

el 2,72

- F2,T3 -
o REPSIM-2
F3T3 -1 Is about

F4T1
F4T2
F4T3
F5,T1
F5,T2
5,73
F6,T1
F6,T2
F6,T3
F7.TL
7,72
F7,T3
F8,T1
F8,T2
F8,T3

5-10% worse
1 than
| OPTIMIZEg,;0rp

o
N
o

15 225 30
Time (Week)
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Simulation-Based ORP

> Why?
> More flexibility with regards to
» dynamic re-planning,
» stability analyses, and
» problem refinement
as compared to (static) optimization algorithms

> How?

» Using either discrete-event or continuous process
simulation models (have both)

> What?
» (Planning and) Re-planning
» Stability Analysis
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‘ Planning — Simulation Model DynaReP

Technigue: &=

Discrete- kR
Event e
Tool: _'_' &
EXTEND® o
= - & -‘if..’_.*“:. _ 2@ EE: -
=T"aErac-a-ac-a-a "B ="
= =-
- ok
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‘ Planning — Model Parameters

Task Tas\k‘l |
Dependency
eff < [0%, 100%] e prod
10.6,6 Task3

D6-D6 D6 D6 /.2

D5-D5 D5 4_.15

Perlod(weeks)l 2 3 4 5 6 7 8 9 10 11 12 ‘\.2

/

Release r

I i
r 1

Schedule

(010303

(020409
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Planning — Heuristic

= Assign the next available developer with the highest
task-specific productivity to the next waiting feature
with the largest effort (for a specific task).

Note:

= If only developers with very low productivity are currently idle,
this mapping rule can result in assigning a developer with low
productivity to a large feature - will become a bottleneck!

= To avoid such a worst case situation, threshold variables are
defined which exclude developers with a productivity that is
too low.

= Finding a good set of threshold values can be automized
(using a built-in optimization functionality)
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‘ Plamaritig Re-Planning
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Dynamic Re-Planning (Example 1)

Developer
D4 becomes
unavailable
after end of
the 7th week
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Dynamic Re-Planning (Example 2)
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Re-Planning — Other Possible Analyses

Drop in/out of developers
Addition/deletion of features
Overestimated or underestimated efforts

Overestimated or underestimated
productivities

Varying task type dependencies
All the above:

In any combination

At any point in time (repeatedly)
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Re-Planning — Additional Analyses after
Model Enhancement

In addition or complimentary to the previous:
Productivities defined per feature (not task
type)

Feature dependencies

Other aspects:
Learning effects during development
Time pressure effects
... and many others

[ simula ., research laboratory | "
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Stability Analysis — Why?

Problem:

= Planning parameters are estimates
o Based on empirical data
o Based on expert knowledge

= It makes sense to assume distributions that define a
“probable range” for actual parameter values

Triangular Distribution{s) 0 “"“""“Zj“""‘”"’"’”““’”"
;%rqfaru'neter o ™ | i

S

O
N\

ERpeits

min peak meax

I Y
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Stability Analysis

Main question in the following:

How sensitive does the initial operational plan react
to changes in any of the planning parameters, i.e.

o Effort estimates

o Productivity estimates

o Task type dependencies

Two classes of analyses currently possible:

Developer allocations to tasks are
o Fixed - Analyze effect on work-backlog
o Flexible > Analyze effect on duration and plan structure

[ simula.research laboratory | 23

Stability Analysis

Main Question:
How sensitive does the initial operational plan react
to changes in any of the planning parameters, i.e.
o Effort estimates
o Productivity estimates
o Task type dependencies

Two classes of analyses currently possible:

Developer allocations to tasks are
o Fixed - Analyze effect on work-backlog
o Flexible - Analyze effect on duration and plan structure
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Stability Analysis — REPSIM-1

Technique:
System

Dynamics

Tool:
Vensim®

new-Baselne000

“F-T-outflow"[Feature. Task]

3 6 9 1
Time (Week)

Task-Dependency

actual-Eff-F-T

Eff-Variation \

Eff-F-T

th laboratory |

actual-Prod-F-T-D

actual-Prod-T-D

Prod-Variation

<Alloc-F-T-D>

Prod-T-D

Stability Analysis — Example 1

Gantt charts showing active tasks for varying
task dependencies (Baseline = Task Type
Dependency 0%)
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new-Baseline000 Baseline100
“F-T-outflow"[Feature, Task] “F-T-outflow"[Feature, Task] 0 “F-T-outflow"[Feature, Task] 0
o 0% ||cr 50% | c.r. 100%
F1,T2 I F1,T2 I F1,T2 I
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F2,71 F2,71 F2,71 [
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F3,73 I F3,T3 I F3,T3
F4.T1 - F4.T1 - F4,T1 -
F4.T2 —_— F4.T2 _— F4,T2 _—
F4.T3 I F4.T3 I F4,T3 -
F5.T1 I F5,T1 I F5T1 I
F5.T2 _— F5.T2 L] F5T2 L
F5.73 I F5.T3 ] F5T3
F6,T1 I F6,T1 I F6,T1 I
F6.T2 r—| F6,T2 r—| F6,T2 |
F6.T3 ] F6,T3 ] F6,T3
F7.T1 | I F7.T1 —_— I F7,T1 —_— I
F7.T2 - I F7.T2 r—| F7.T2 |
F7.T3 - —_— F7,T3 | F7,T3
Fa,T1 [ F8,T1 [ F8,T1 [
Fg,72 [ F8,T2 I F8,T2 -
F8.T3 F8,T3 _— F8,T3
[ 6 12 [ 6 12 0 6 12
Time (W eek) Time (W eek) Time (W eek)
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Stability Analysis — Example 1

Eff-T-gap-relative
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Stability Analysis — Example 1

Task type-specific work backlog (cumulated
over features) for varying task dependencies

Workload of Unfinished Tasks (relative)
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30 e o
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10 - =
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S

A % -
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Task Completion Dependency (uniform)

Estimated Task Volume Backlog
[% of Total Estimated Task Volume]

[ ol —— Eff-T-gap-relative[T1] —=— Eff-T-gap-relative[T2] - -& - Eff-T-gap-relative[T3] ‘
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Stability Analysis — Example 2

Task type-specific work backlog (cumulated
over features) for varying effort estimates

Workload of Unfinished Tasks (relative)
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29

Stability Analysis — Example 3

Task type-specific work backlog (cumulated
over features) for varying productivity estim.

[':ﬂ.l

Estimated Task Volume Backlog
[% of Total Est. Task Volume]

20.00 3
18.00 -
16.00

Workload of Unfinished Tasks (relative)

14.00

12.00

10.00 A
8.00

6.00 -
4.00
2.00

0.00
0.80

T
0.90

+

1.00 1.10

Estimated Developer Productivity Variation (uniform)
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Stability Analysis — Example 1+2

Workload of Unfinished Tasks (@bsolute) ) with
eeeeeeeeeeeeee =00 (uniform)

Task type-specific
work backlog
(cumulated over
features) for varying i
task dependencies -
and varying effort —
estimates .
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Stability Analysis

Main Question:
How sensitive does the initial operational plan react
to changes in any of the planning parameters, i.e.
o Effort estimates
o Productivity estimates
o Task type dependencies

Two classes of analyses currently possible:

Developer allocations to tasks are
o Fixed - Analyze effect on work-backlog
o Flexible - Analyze effect on duration and plan structure
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Stability Analysis — REPSIM-2

Technique:

Dynamics Task-Deperderey
Tool:
Vensim® Pl
actual-Eff-F-T actual-Prod-F-T-D
Eff-Variation
A — Eff-F-T actual-Prod-T-D <Alloc-F-T-D>
Y e
"
— v
Rn — rod-Variation Prod-T-D
— —
—_—
it
—
=
—
—_—
—
Fos —— !
¢ Time (Week) ? 33

Stability Analysis — REPSIM-2

TeC h n | g ue. “Assigned-D-Pool"[Developer]

release-D
System <TIVE STEPs
Dynamics
Tool:
Vensim®

Threshold

o loc-F-1-0

” - <
assign-task remove-from-task

30

Time (Week)

<F-T>

Effort Estimates [Person-Week] Productivity Estimates
[Dimensionless]
F1| F2| F3| F4| F5| F6| F7| F8| D1| D2| D3| D4| D5| Dé

Task | T1:Design 3 8 & 3| 5| 7|10 s&(15 1| 2| 0[|05] 2
T2: Implementation | 6| 3| 10| 3| 6| 5| 5| 8 2|15 1| 2|15 1
[ = T3: Test 6 2| 3| 6 4| 3 6 10f I Z| O[15 2| 1
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Stability Analysis — Research Goal

Research Question:
Analyze impact of effort and productivity

E1T1

over/under-estimation on | TNCERSE )

F1,T2

o Duration o BT

a1 F2,T2

a Structure of Operational
Relea?ﬁi/lﬂﬁcasevn.s-f;f;agg:-lnn%'- Duration

dumtion

Deveny=== Allacctionm ra -
tasks,,
Differe —_ |
K 20 Fo;T —
times ¢ A
10 F7,T3
F8,T1
F8,T2
0 o 75 15 225 30 F8.T3
‘Tine (Week)
" 0 75 15 225
[ simula.research laboratory | Tirme (Week)
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Stability Analysis — Hypotheses

Decrease (increase) of
productivity and
increase (decrease) of

effort results in ...

o H1: significant increase (decrease) of release
duration.

o H2: significant instability in the assignment of
developers to tasks.

o H3: significant instability in the start and end
times of tasks.
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Stability Analysis — Experiments

Baseline Case Simulations
Table 1a. Feature/Task-specific efforts Table 2. ProSim/ORP risk factor variation
eff(i, j) [person-week] Case [}ajl;];:;:; Min Max
(1) [ £2) [£3) | £4) | £5) | £(6) | &7 | £ Case 1 | Effort -10% 20%
N - | 5 Case 2 | Effort -20% 20%
386|357 |10)6 Case3 | Effort 20% 10%
Task | ¢(2) ] 6 |3 |10 3|6 [5]|5|8 Case 4 | Effort -40% 40%
S Case 3 Productivity -20% 10%
)62 )5]6]4]3]6]10 Case 6 | Productivity | -20% 20%
Case 7 Productivity -40% 20%
Table 1b. Developer-specific productivities Case 8 | Productivity _40% 40%
p(k, j) [no unit] Case 9 Mixed Case 1 + Case 5
Case 10 | Mixed Case 2 + Case 6
d(1) | d(2) | d(3) | d(4) | d(5) | d(6) Case 11 | Mixed Case 3+ Case 7
i | 15 1 b 0 05 2 Case 12 | Mixed Case 4+ Case 8
Task| ) | 2 |15 1| 2 |15 1
t(3) 1 2 0 15 2 1
[ simula.research laboratory | .

Stability Analysis — Results

Effect on Duration Distribution Fitting
Table 3a. Summary statistics of ORP VE: 5‘:?,’;:.:?::5 h:f::lv;f:)m
performance parameter Dur_run 12
. Run-specific duration
. Easelll.ue Dur_run [weeks] © |
Case Duration = J—
[weeks] Mean Smﬂ":i”d s
Case 1 22 71875 23811 1611 g . T
Case 2 2271875 23.146 1.608 E
Case 3 22 71875 24755 2210 B
Case 4 2271875 23.526 2428 -
Case 5 2271875 23780 1.012 2
Case 6 22 71875 23075 1.250
Case ? 22 718?5 24849 2054 ° 205 21.0 215 220 225 230 235 240 245 250 255 26.0 265 27.0 275 28.0 285
Case 8 2271875 23.508 2.141
Cased | 2271875 | 24341 1434 > N(24.54, 1.43)
Case 10 | 2271875 23.038 2.080
Case 11 | 2271875 26.367 2.495
Case 12 22 71875 23 950 3331
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Stability Analysis — Results

Effect on Duration

Single Sample T-Test

Deviation of| Deviation of | Deviation of Table 5. Results from the single sample t-tests
Case Effort |Productivity| Duration comparing the distribution of the average
(50 runs| Mean from | Mean from | Mean from durations in each case with the duration in the
each) Baseline Baseline Baseline baseline case
Effort Productivity | Duration Case | Baseline | Duration | Duration R
Case 1 3:4% 0% 4.8% (n=50) |Duration| Mean |Std. Dev. p-Value
Case 2 0% 0% 1.9% Case 1 [22.71875] 23811 | 1611 | 0.000
Cae3 | 65% % 90% S | Case 2 |22.71875] 23146 | 1608 | 0.066
- o = on Case 3 [22.71875] 24.755 | 2210 | o.000
Cas 4 0;,_ 2 — 60,_ T [Caca |2 71575 25506 | 2428 | 0023
Case 9 0% 33% 4.7% R Case 5 |2271875] 23780 | 1012 | 0.000
Case 6 0% 0% 1.6% "1 coccs [2271875] 23005 | 1250 | 0049
Case 7 0% -6.7% 9.4% Case 7 [22.71875] 24849 | 2.034 | 0,000
Case 8 0% 0% 35% wmaP | Case 8 [22.71875] 23.508 | 2.141 | 0012
Case0 | 34% 3 7% s.0% Case 9 [22.71875] 24541 | 1434 | 0.000
— o e 19, weep [ Case 1012271875 23.038 | 2080 | 0284
-~ - - Case 11]22.71875] 26367 | 2495 | 0.000
Case11] 6.9% 1.5% 01% | [Case2]3271875] 23050 | 3331 | 002
Case 12 0% 0.1% 54% =
alpha = 0.05
[ simula.research laboratory | »
Stability Analysis — Results
Effect on Duration (with Effect Sizes)
Case Duration | Duration Doration  Duration Duration
(n=50) |Baseline Mean Std. Dev. Difference Effect Size
Case 1 2271875 23811 1611 1.092 0678
Case 2 2271875 23146 1.605 0427 0.266
Case 3 2271875 24785 2.2 2036 0.921
Case 4 2271875 23526 2428 0.807 0332
Case & 2271875 2378 1.012 1.061 1.045
Case b 2271875 23.075 1.25 0.356 0.285
Case 7 2271875 24849 2.034 2130 1.047
Case 8 2271875 23808 2141 0789 0369
Caze d 2271875 2454 1.434 1.822 1.271
Caze 10 | 2271875 23.038 208 0319 0.153
Caze 11 | 2271875 26367 2,405 3B48 1.452
Case 12 | 2271875 2395 3.331 1.231 0.370
[ simula ., research laboratory | “
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Stability Analysis — Results

Effect on Developer
Allocation

Table 3b. Summary statistics of ORP
performance parameter Alloc_diff

Difference in developer allocation
Case Alloc_diff [no umnit]

Mean Standard dev.
Case 1 72 3.289
Case 2 9.04 3.194
Case 3 9.765 2.688
Case 4 10.14 2298
Cage 3 11.38 3.562
Cage 6 12.26 2.776
Cage 7 133 2.644
Cage 8 14.06 3.191
Case 9 11.96 3.201
Case 10 12.16 2.78
Case 11 13.08 2.806
Case 12 133 2.652

o

)

IS

~

o

Total number of
allocations=8x3 =24

With 6 developers:

Box & Whisker Plot

O Median

[ 25%-75%
Casel  Case3  Case5  Casp7  Case9  Casell T Min-Max
Case2  Case4  Case6 | Case8 Casel0  Casel2

[ simula . research laboratory Median: 29% change Median: 58% change

Stability Analysis — Results

Effect on Task

Scheduling
Formulas:
_ d,+d,,
Dv_diff, =——————— with
W da':l _di.l +(1-’F_:3
[ 24 . .
dyy = |3 (ST —ST*™)* .
| j=1

| 24
i bazeline + 2
d,, = |S(ET] - ET}=™)?
J=1

4

| -
d,; = ‘q'lz' (overlap’)” .
=l
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Data:

Table 3c. Summary statistics of ORP perfor-
mance parameters ST _diff, ET_di j

ST diff | ET diff Dv_diff
Case Std. Std. Std.
Mean Dev. Mean Dev. Mean Dev.

Case 1 |19.26|11.34|2544| 11.980.42140.1503

Case 2 |27.67|16.67]35.28|17.790.5026|0.1533

Case 3 |32.72|17.02]42.93|17.7¢40.5345| 0.136

Case 4 |40.76| 17.8 |52.43[19.580.6002|0.1299

Case 5 |28.15| 17.8 |33.71|17.8440.4958 |0.1465

Case 6 |34.28|17.55]| 40.8 [174810.5536(0.1344

Case 7 |46.01/20.96]54.09|21.30.6096|0.1306

Case 8 |47.95]20.49]57.06(21.530.6368 | 0.112

Case 9 |38.29)18.62|47.41(19.1940.5742 0.123

Case 10 [41.05(16.03]49.71 (16.2¢4 0.61 |0.0987

Case 11 |6034(2213]75.17(26.190.6902 | 0.0817

Case 12]62.53132.56]75.81|30.1§/0.7052|0.0717

Dv_diff e [0, 1]

42
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Stability Analysis — Results

Details of Case 10

Histogram of Alloc_diff, ST_diff, ET_diff, Dv_diff
Normal
Alloc_diff ST_diff Alloc_diff
164 Mean 12.16
81 StDev  2.780
124
64 N 50
ST_diff
81 4 Mean 41.05
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Stability Analysis — Summary

H1: Variation Impact on Duration - ?

o Asymmetric Variation: duration is always significantly
different

o Symmetric Variation: Cases 2 and 10 (and almost 8) have
no significantly difference in duration (and effect size < 0.5,
i.e., no “practical significance” according to Cohen)

H2: Variation Impact on Developer Allocation - yes

o Average change of developer allocation is in the range of
29-58% of all allocations

H3: Variation Impact on Task Scheduling - yes

o Average change of feature/task scheduling is in the range
of 0.42-0.71 (where 1 is equivalent to zero overlap).

Note:

o These results have been corroborated in simulations with
much larger releases (>60 features; up to 13 developers).
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Additional Stability Analyses

= Feature inclusion (a: 3 weeks / b: 6 weeks)
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» Software Release Planning Problem

» Simulation-Based Operational Release
Planning

Planning and Dynamic Re-Planning
Stability Analysis

Y

A\

Work-in-Progress and Future Work

Conclusion
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Work in Progress

Model Enhancements

o Facilitate more types of analyses

e.g., feature-dependency, (partly) fixed
developer allocations in re-planning

o Relax assumptions

e.g., 1-to-1 relationships between task types,
1-to-1 assignment of developers to tasks

Complement with Empirical Studies

[ simula.research laboratory | -

Conclusion

Simulation-based planning/re-planning of
releases on operational level may support
decision makers in dynamic environments

Simulation-based stability (or uncertainty)
analysis could be an input to risk
management

Limitations:

o Initial plans are not optimal (about 5-10%)

o Experimental basis still small

o “Risk-drivers” (internal properties) of ORPs not
yet fully clear
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Future Work

= Analyze properties of ORPs to better
understand when duration is significantly
effected by estimate uncertainty

= Improve heuristics or find way to integrate
with (static) optimization algorithms »|

= Integrate with strategic product management
(multi-release perspective)

[ simula.research laboratory ] o
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Stability Analysis — Sim. Model B-2
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