Cycle Time Forecasting
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We estimated every
task for project x anc

have determined it Oh, over 3

months, so
G6SQf f
Project Y

will take 213.5 days

a

Perfect information Is
rarely sought or needed
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Estimate or MoEstimate&

n

Team Exi~*-
Prioritized —

e 70% Chance
you need to

Forecast

(You just performed a probabilistic forecast! Slpfens

3.5 cases out of 5) -  Dat
orecast vate,

Economi .
CONOTIS e? Manage Risks

Prioritization
Used?

Foggy Value / Foggy Estimats
Cost of Delay” GUESS! )




Economic Prioritizatiorg same time, different value

: A G¢CAYSE

a+l f dzSe¢ Rem. Build Complete

eg Cost of Not Doingrime/Effort Order?
Product 1 3
Product 2 2
Product 3 1

0



Economic Prioritizatiorg same value different time

: A Ga¢AYSE

a+l f dzS¢ Rem. Build Complete

eg Cost of Not Doingrime/Effort Order?
Product 1 1
Product 2 2
Product 3 3
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Suggested Economic Prioritization

Cost of Delay

i/, |
Learn thishere

W.S.J.F. =

Prioritization Heuristic You are

to optimize cashflow

452 | A3IKSaG CA here to
learn this

Duration or Time Delayed
(often, the remaining time

to complete)
@
X
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Conference Special:
Download the session slides,
o free copy of our simulation

software and a copY of this
book in PDF format from
hﬁp:;’fbit‘.y/og\\esim

Focused Obijective

software risk solutions

FocusedOb'\edwc.com
ffiiiAgi\eSimu\oﬁon

Troy Magennis

1r,oy.mdgennis@focusedobiective.com

phone: 4725 223 8097 skype: froy.magennis
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There Is NO single
forecast result

Uncertainty In = Uncertainty Out

Therewill alwaysbe many
possible results, sommore likelyand this is the
key to proper forecasting
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Probabilistic Forecasting combines maawcertain
Inputs to find many possible outcomesnd what
outcomes are mordikely than others

\ 4

Likelihood

Time to Complete Backlog

10 Commercial in confidence



Probabilistic Forecasting combines maawcertain




Results

Permutations

Likelihood Date

Workdays Cost Cost of Delay Days of Delay Latest Start Date

10000 % |20-Apr-2014 | 443 5000 |$2116,666.67 (125 26-5ep-2012
99.90 %._ | 02-Apr-2014 [425 $1,833,332.33 (110 14-Oct-2012
0990% |0 431 $1,033,332.33 116 08-Oct-2012
09,90 % : $2.016,666.67 | 122 02-Oct-2012
99,80 % How certain =y $1,725,806.45 | 104 20-Oct-2012
99,30 % bas::d on model zy $1,629,032.26 |98 26-Oct-2012
99,00 % Orecast $1,532,258.06 92 01-Nov-2012
06280 %  |09-Mar-2014 $1,287,096.77 07-Nov-2012
8670% |25-Feb-2014 $1,214,285.71 19-Nov-2012
64.40%  |12-Feb-2014 [ 376 $0.00 |[$1,035714.29 61 02-Dec-2012
5050%  |06-Feb-2014 [ 370 5000 [$9283™wea |55 08-Dec-2012
1840%  |31-Jan-2014 | 364 $0.00 [$790322.58 _2012
2680%  |25-Jan-2014 [ 353 $0.00 |[$692,548.20 012
17.10%  [19-Jan-2014 {352 $0.00 |$596,774.10 [e=UCVIEYI[ela SR (ol 1 >
1130%  [13-Jan-2014 | 346 $0.00 |$500,000.00 IERUELCECIElaleloil{elg | 3
610%  |07-Jan-2014 |340 $0.00 |$403,225.81 tradeoffs N13
200%  |01-Jan-2014 [334 $0.00 [$306451.61 |19 13-Jan-2013
“060%  |26-Dec-2013 |328 S000° [S20867742 |13 19-Jan-2013




Decision Induced Planned / Due Date

Uncertainty \ 4 V

I Actual Date

E E I| ‘ ‘ ‘ |
28 3
" > y—
b o
8 I II
o
@
_l In._
—— 1 | I 1 |
July August September October November  December
Forecast Completion Date
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How | PresenCycle Time Forecasts

When will my feature ship?

IS What are my staffing options?
> Jul 29 Jul Feature 1 Project Staffing | Dev | Test | All Features
25 Jul 16 Aug Feature 2 Options Staff | Staff | Complete > 85% G

3Aug 9 Sep Feature 3 Full time 8-Mar-2014
9Sep 40ct Feature 4 staff

2 Oct |2 Nov Feature 5 Current 8 3 8Jan2014
10 Nov 7 Jan Feature 6 et

8Jan 8 Mar Feature 7
+ 1 Tester 8 4 10-Dec2013
+2Devs 10 4 26-0Oct2013

+ 1Tester 10 5 150ct2013
14 @

N




MODELING AND CYCLE TIME

0



A model Is a tool used to
mimic a real world process

Modelsare tools for low-cost
experimentation

0



Success Hinges on Being Wrong Earl

A Initial Goal
I To enable decision® staffsize, cost and date for
prioritization
I Accuracy: Eventual duratiomithin the forecastset
A Next Goal
i¢2 YAYAO UKS NBIf aeauasy
perform reliable experiments (sensitivity testing)

I To give the earliest warning of actual versus plan diff
A Early action have bigger impact

I Accuracy: Getting better all the time (matching actual)

@
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Depth of Forecasting models

Linear Projection A %

Simple

System Cycle Time
Partitioned Cycle Time
=
Simulated process

O
=
0
@
-
o
o
@




Simple Cycle Time Model

Amount of
Work
(# stories)

o Parallel
Random Chance i ¢ Work in Proc.

@,



CycleTime =
5F0S &/ 2L SG8E

If you have a captured start and complete
date you can calculate cycle time.

Note: Cycle time sometimes referred to as Lead Time but not going to discuss this no



= 1. Historical Cycle Time

Monte Carlo Analysis =
6. Phases Process to Combine
' ' Multiple Uncertain
- . Megsurements /
P EE e E AR e “ Estimates
) 2. Planned Resources/ Effort

-
o

4. Historical Scope ~ S: The Work (Backlog)

Creep Rate Backlog

028
028
026
026
ea ure *
_ 02
£ o
£ o
012
012
008
008
00
00
o
T 7 B @ % s 7o s s 16 10 1o

T e Feature 3 o : T
(optional) 5. Historical Defect Rate and Cycle Tir
(optional)
21 Commercial in confidence @
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0.28

0.244

0.2

0164

0.124

0.08

0.04

0

Historical Story Lead Time Trend
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X

70 80 90 100 110 120

25
11
29
43
34
26
31
45
22
27

Sum: 29

Basic Cycle Time Forecast Monte Carlo Process

1. Gather historical story leatmes
2. Build a set of random numbers based on pattery:

3. Sum a random number for each remaining stor

to build apotential outcome

4. Repeat many times to find the likelihood (odds)

to build a pattern of likelihood outcomes

"Y€ O'Q@xBw i

YO a"YO € |

WYwE QE a

0"QQ¢ |

0

200

Sum Random Numbers

31
43
65
45
8
7
34
2 XOPOD
54
48

5 410

Histogram

Days To Complete
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I¥] J
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§ I I
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1614 2098 2882 3066 355 4034 4518 5002 5485 597
Up 0 and including values for Intzrvals {Monte Carla)
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Sample Count:

Count

180
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120

B0+

23
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Results

Permutations

Likelihood Date

Workdays Cost Cost of Delay Days of Delay Latest Start Date

100.00% |20-Apr-2014 |443 $0.00 |$2,116666.67 128 26-Sep-2012
99.90%  |02-Apr-2014 425 $0.00 [$1,83333233|110 14-Oct-2012
99.90% |08-Apr-2014 [431 $0.00 [$1,93333233|116 08-Oct-2012
99.90%  |14-Apr-2014 |437 $0.00 |$2,016666.67 122 02-Oct-2012
99.80%  |27-Mar-2014|419 $0.00 [$1725506.45 104 20-Oct-2012
99.30%  |21-Mar-2014|413 5000 |$1,629032.26 |98 26-Oct-2012
99.00%  |15-Mar-2014|407 $0.00 |$1,532,258.06 |92 01-Now-2012
96.80% |09-Mar-2014 $1,387,096.77 07-Now-2012
8670% |25-Feb-2014 $1,214,285.71 19-Now-2012
6440% |12-Feb-2014 |376 $0.00 |$1,035714.29 67 02-Dec-2012
5050%  |06-Feb-2014 |370 $0.00 |$92857143 |55 08-Dec-2012
3840%  [31-Jan-2014 364 $0.00 |$790322.58 |49 14-Dec-2012
2600%  |25-Jan-2014 358 $0.00 |$693,54839 |43 20-Dec-2012
1710%  |19-Jan-2014 352 $0.00 |$506774.19 |37 26-Dec-2012
1130%  |13-Jan-2014 |346 $0.00 |$500,000.00 |31 01-Jan-2013
610%  |07-lan-2014 |340 $0.00 |$403,225.81 |25 07-Jan-2013
290%  |01-Jan-2014 |334 $0.00 |$306451.61 |19 13-Jan-2013
"060%  |26-Dec-2013 |328 S000° [S20867742 |13 19-Jan-2013




FORECASTING STRATEGIES

0



When you have historical data

1. Model Baseline 2. Test Model
using historically  against historically
known truths known truths

3. Forecast




Compare ModelsActual Often

120
100
80
60

40
0 h

Start Monthl Month2 Month3 Month4 Month 5

Number of Completed-eatures (Model/s Actual)

m Model m Actual @%



Forecast Trend Report Card
I

Cycle Time Trend

versus Model g (_; (Q CQ (} 9 (Q CQ

ACTIVE WIP

ActualvsModel g (0. (} CQ (} CQ 9 (Q

Story Counflrend

versus Model g (} (} (} CQ (Q (Q (Q

Arrow LegendGreen: Heading in beneficial directi®ed: Heading in damaging direction

C2 NJ & % thel\WIR @nd story count trends need to be analyzed. They are 1:1 ratio
compensating importance, and may offset each other.

28 Commercial in confidence @
AN



When you have no historical data

@%



Simple Cycle Time Model

(range
guess or
samples)

Amount of
Work

(# stories, scope
creep, defects)

Parallel
Work In Proc

(WIP on board)
@
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If we understand how cycle time Is
statistically distributed, then an
Initial guess of maximum allows an
Inference to be made

Alternatives-

AL 2NNR2 g | AAYAf | NJ LINZ
ABorrow industry data
ACIF 1S AlG dzyGAt @&2dz Yl
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Probability Density Function

32 Note: Histogram from actual da
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Exponentlal Distribution \(Veibull shape = 1)
The person who gets the work can complete the work
Teams with no externa@lependencies

Teams doing repetitive work EQevOps Database teams,
Frobability Density Function

14
n.g—f
n.a—f
n.?—f
n.a—f
= |:|.5—f
n.d,—f
|:|.3—f
n.z—f
n.*l—f
0

— Weibull (1;1) @%



Welbull Distribution (shape = 1.5)
Typicaldevteam ranges between 1.2 and 1.8

FProbability Density Function

EI.?E-E
D.Ei-fl--s
EI.EE-E
El.atEl-E

EI.HE-E
EI.E-'-L-E
EI.‘1E-E
EI.EIE-E

EIIIIIEI.IEIII‘iIII‘I.IEIIIEIIIIE.IEIIIII

X

= Waibull M6 13

€



Rayleigh Distribution\(Veibull shape = 2)
Teams with MANY external dependencies

Teams that have many delays anewerk. E.g. Test teams
Frobability Density Function

0.881
08

0721
0.64
0.56-

. 048]
= pa4-
0.32-
0.24
016
0.08

0-

= Weibull (Z; 1) @%



Weibull =i
I Shapeg How Fat the

o [E175 distribution. 1.5 is a

5 31.965 good starting point.
0.24 \

Scalec How Wide in
02] Locationc The Range. Related to the
Lower Bound Upper Bound. *Rough

—~
ke
=

0.6 Guess: (High Low) / 4

0.121

0.081 \

0.04+

0 10 20 30 40 50 60 70 80 90 100 110 120
X

|0 Histogram — Weibull

38 Commercial in confidence (@
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What Distribution To Use...

A No Data at All, or Less than < 11 Sampies11?)
I Uniform Range with Boundaries Guessed (safest)
I WelibullRange with Boundarigsuessedlikely)

A 11 to30 Samples
i Uniform Range with Boundaries &t &nd 95" CI
i WeibullRange with Boundaries at"mnd 95" ClI
A More than30 Samples

I Use historicatlataas bootstrap reference
I CurveFitting software

0



vdzSalA2yax
A Downloadthe slides (soonind software at
http:// bit.ly/agilesim
A Contact me

I Email:troy.Magennis@focusedobjective.com
I Twitter: @_Magennis
A Read:

Click 1o LOOK.INSIDE! Click ta LOOK INE'EEI

11

HOW TO
MEASURE
ANYTHING

: : cerrAn A The iy ,”
e s R //
F THE g - g (Principles of
o L.A?V | Product
AVERAGES Development

FLOW

Lean Product Development "

DIN VALL

A JIBLES® IN BUSINESY
=

r 5

€


http://bit.ly/agilesim
mailto:troy.Magennis@focusedobjective.com

CURRENT FORECASTING PRACTI
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Development Time
5 Days (~ 15%)

Blocked and Waiting
Time 9 Days

iz
99292297,

Testing Time 2 Days

Waiting Time 3 Days

Defect Rework 2 Days

K

19959922
]
]
]
]
]
]
]
]
]
19959922
KELIEEEPY,

Waiting Time
8 Days

Release / DevOps
Time 1 Day

€



SR
5055055
o
o
o
o
o
o
o
o
o
o
o
195955555,
[ o

Development Time
5 Days (~ 15%)

Blocked and Waiting
Time 9 Days

Testing Time 2 Days
Waiting Time 3 Days
Defect Rework 2 Days
Waiting Time

8 Days

Release / DevOps
Time 1 Day

€



Story / Feature Inception
5 Days

Waiting in Backlog
25 days

AANAAAAAAAAANNNNY
AANAAAAAAAAANNNNY
AANAAAAAAAAANNNNY
AANAAAAAAAAANNNNY
AANAAAAAAAAANNNNY
R NR RN
ARAAAARARRRRRRRRNNY

OGAYS 5SS
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ESTIMATING DISTRIBUTIONS USIN
HISTORIC DATA

@,



What Distribution To Use...

A No Data at All, or Less than < 11 Sampieg11?)
I Uniform Range with Boundaries Guessed (safest)
I WelibullRange with Boundarigsuessedlikely)
A 11 to 50 Samples
i Uniform Range with Boundaries df &nd 93" CI
I WeibullRange with Boundaries at"mnd 95" ClI
I BootstappingRandom Sampling with Replacement)

A More than 100 Samples
I Use historicatlata at random without replacement
I Curve Fitting

@,



Tools

A EasyFifrom http://mathwave.com $499
A Rhttp:// cran.rproject.orgFree

A Statistics feature oKanbanSim
http://focusedobjective.comFree

A Excebf course
A Monte Carlo features dfanbanSin$495995

A Google for Monte Carlo Simulation Tools

I Oracle, Palisad¢jubbardResearc{he may be
here, so a big recommendation!)

@,


http://mathwave.com/
http://cran.r-project.org/
http://focusedobjective.com/

Sampling at Random Strategies

Alf you pick what samples to use, you bias the
LINBERAOQOUAZ2Y X

A Strategies for proper random sampligg
I Use something you know Is random (dice, darts)

I Pick two groups using your chosen technique and
compute your prediction separately and compare

i52YVQFALININI 62 NBY2DS a
iI52y Q0 az2Nl GKS RFEOFZ A
possible

@,



Statistics | Cumulative Flow (Single Run) | Intervals (Single Run)

30—

: Estimating Concurrent Effort from
25+ Cumulative Flow Chart

I Concurrent WIP Sample : Find the smallest and the biggest or

= take at least 11 samples to be 90% sure of range

5 10 15 20 25 30 35 4] 4L

Currently Selected Interval: 39

B (0 cards) M Input Queue (3 cards) M Dezign (2 cards) B Develop (1 cards)
M Test (0 cards) B DevOps (1 cards) B Complete (9 cards)



20%

40%

60%

80%

©



Statistics | Cumulative Flow (Single Run)

80—

70—

60 -

50

40

30

20

M EBacklog (0 cards) M Input Queue (0 cards) M Design (0 cards)
M Develop (1 cards) B Test (0 cards) B DevOps (0 cards) M Complete (80 cards)

Intervals (Single Run)

Scope Creep Over Time

Look at the rate new scope is added over time

15 25 35 4L 55
Currently Selected Interval: 133

65 75 a5 95




PREDICTION INTERVALS

0



Q. What is the chance of the'dsample
being between the range seen after the

_ first three samples?
Actual Maximum (no duplicates, uniform distribution, picked at random)

Actual Minimum

0



Q. What is the chance of the'dsample
being between the range seen after the

_ first three samples?
Actual Maximum (no duplicates, uniform distribution, picked at random)

Highest sample

Lowest sample

Actual Minimum

0



Q. What is the chance of the'dsample
being between the range seen after the

first three samples?

Actual Maximum (no duplicates, uniform distribution, picked at random)

Highest sample 259 chance higher

a than highest seen

25% lower than highest
and higher than second highest

25% higher than lowest and
lower than second lowest

25% lower than
Lowest sample |owest seen A. 50%

Actual Minimum 0 = (1_ (1 Inc 1)) * 1@
NS



Q. What is the chance of the ¥2sample
being between the range seen after the

_ first three samples?
Actual Maximum (no duplicates, uniform distribution, picked at random)

Highest sample 5% chance higher than
highest seen

5% lower than
Lowest sample |owest seen A. 90%

Actual Minimum %=(1:(1/ngl)* 1@
v



# Prior Samples | PredictionNext Sample Within Prior SampRange

3

© 00 NO O1 &~

10
11
12
13
15
17
20

50%
67%
715%
80%
83%
86%
88%
89%
90%
91%
92%
93%
94%
95%

0



THE SHAPE OF CYCLE TIME

0



Probability Density Function

32 Note: Histogram from actual da
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[ Histogram — Gamma (3P) — Lognormal — Rayleigh = Weibull

63 Commercial in confidence
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Probability Density Function

).321

.28 \

).244

).16+

).12+

).08- \
).04- \
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-10 0 10 20 30 40 50 60 70 80 90 100 110 120

[ Histogram — Weibull
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Sample Count: 1000 Min: 58 Awvg:

oth %a: &1 25th%: 63 75th%: 65 95th%: &7

i_ount

200

175

Histogram

;255
;uné
?5%
EDE

Exact result values for Intervals (Monte Carla)

64,185 Median: &4 Max: 70 Standard Dev: 194

Normal, or it will
be after a few

thousand more
simulations

68 83 70

€



Sample Count: 5000 Min: 38 Awg: 67544 Median: 55 Max: &2 5Standard Dewv: 3.747
oth %: &2 25th%: 63 75th%: 7.2 95th%: 73

Histogram

1000 -

i
i I I I
_II - llll Im__
E1.75

£9.25 6175 e 25 66.75 &§9.25 717 7225 T6.75 7825

Base + 1 Delay

Count
1 1 1

605 a3 655 B 705 FE 755 7B &D5 83

Up to and including values for Intervals [Monte Carlo)

€



Sample Count: 3000 Min: 58 Awg: 70376 Median: 26 Max: 9% Standard Dewv: 7.836
5th %: &2 25th%: 64 75th%: 77 95th%: &7

Histogram

| Base + 2 Delays
s Jem II-II|I-_-II-_

59.85 6355 6725 7095 F285 7835 E2.05 8575 E9.45 9315

Count

1.7 654 89.1 728 765 &0.2 LEA) &74 913 - L

Up to and including values for Intervals (Monte Carlo]

@,



Sample Count: 000 Min: 3% Awg: 73421 Median: 7> Max: 108 Standard Dev: 9.582

oth %: &2 25th%: 65 75th%: 78 95th%: 91

Histogram

1000 —

Base + 3 Delays

?5:1-:

5C':|—5

:53—_ I
5145

6635 712 7615 E1.05 8595 20.85 95.75 100.65 105.55

Count

6359 GB.& FEN fBA &35 &B4 933 9B.2 105.1 108

Up to and including values for Intervals (Monte Carlo)

€



Sample Count: 3000 Min: 59 Awg: 76941 Median: 77 Max: 118 Standard Dev: 10766
Sth %: &2 25th%: 66 75th%: 86 95th%: 93

Histogram

1000

750 -
E i
]
2 500 -

250 - I

. o I I — B l -
§1.85  §7.85  T73F5 7985 EEEE 914 37.35 10325 10315 11505
54.9 70.8 76.7 526 EB.S 34 4 1003 1062 1121 118

€

Up to and including values for Intervals [Monte Carlo)



Sample Count: 3000 Min: 538 Awg: 79931 Median: 78 Max: 131 S5tandard Dev: 12247

Sth %: 53 25th%: 74 75th%: &89 95th%: 103

Count

Histogram
§165 6855 7625 8355 9085  SB15 10545 11275 12005 12735

653 726 -5 g72 245 1018 1091 1164 1237 151

Up to and including values for Intervals (Monte Carlo)

@,



ASSESSING AND COMMUNICATIN(
RISK

@,



Speaking Risk To Executives

A. dzé& UKSY | 02Lk 27T acCf
A Show them you are tracking & managing risk
A Do

ia2S | NB o¢ps OSNIUIFAY 2T K

G2 A0K m 6SS1 2F lylfeéeaara

i 42S ARSYGATASR NRA&A] EX @&
A52y Qi

I Give them a date without likelihood
Aad CS o NHH NB®o#

I Give them a date without risk factors considered
Aa¢c2 R2 GKS oFO(lf23az2 R aMmelEl d:

@
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**Major risk events have the predominate role
in deudmg where deliver actually OCCurs **

We spend all ou
time estlmatlng here I

Plan Performance External Vendol
Issues Delay

®© 06 60 .




Risk likelihood changes constantly

g5
Confidence
Interval

V!

@



Risk likelihood changes constantly

g5th
Confidence
Interval

aA]




Risk likelihood changes constantly

g5t
Confidence
Interval

o 4“3‘

@



Risk likelihood changes constantly

g5t
nfidence
terval

0



Models Start with Assumptions

A Cycle Time
I Guessed
I Last releases performance
I Another teams performance

A Amount of Work
I # Stories guessed
I Scope creep guessed
I Similar sizing distribution to last release assumed

A Concurrent WIP
I Guessed
I Measured from last release
I Similar process to last release assumed

0



Cost to Develop Planned / Due Date
Actual Date Avb\ctual Date BActual Date C

{ Staff A : $$5$$$$$ v v v

Staff B : $$|
( \
Option B
Staff
Option C
\l oAl Il

Staff
Staff

111
=il

July August September October November December

Forecast Completion Date

81 Commercial in confidence @

Staff C: $ |
Option A
Ll |l.._4




yQU L @2dzad dzas

Sample Count: 1000 Min: 409 Awg: 679.057 Median: 575 Max: %44 Standard Dew:
Forecast
91701 5th%: 535 25th%: 619 75th%: 737 95th%: E31.1
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