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Desire Lines in Big Data
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What Happens in an Internet Minute?

20 47,000 61,141

New victims of App downloads

Hours of music

identity theft
20 million
it 3,000
20‘." million $83,000 Photo views Photo uploads
Emails sent / In sales
dota transferred 7 320+ 100,000
g\obo\ “) ; New Twitter accounts New tweets

Apps ¥
amazon

100+ /™

New Linkedin
accounts

New mobile users

Botnet infections

6

New Wikipedia 277,000 | 6 million O
articles published Logins Facebook views
2+ million 7 %

Search queries \Q
And Future Growth is Staggering || 1miter A
-

uploaded Video views

Today, the to view all

By 2015, the 2 In 2015, . ;
number of — number of = 'x it would take \ vnﬁ’eze;:;::i:g
networked devices the global networked devices the global you 5 years / o coch second
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Big Data: Even Dilbert and the "pointy-

haired boss" know about it...

CONSULTANTS SAY
THREE QUINTILLION
BYTES OF DATA ARE
)| CREATED EVERY DAY, |

IT COMES FROM
EVERYLWHERE. IT
KNOLWS ALL.

W

ACCORDIMG TO THE
BOOK OF WIKIPEDIA,
ITS NAME 1S "BIG

BIG DATA LIVES
IN THE CLOUD. IT
KWJJED%HI&T WJE

\

IM THE PAST. OUR
COMPANY DID MANY
EVIL THINGS.

ISIT TOO
LATE TO SHHHH! |
SIDE WITH N IT HEARS |
EVILY YOU,

BUT IF WE ACCEPT
BIG DATA IN QUR m
SERVERS, WJE WILL

BE SAVED FROM,
BAMNKRUPTCY.

http://dilbert.com/strips/comic/2012-07-29/




Hilbert and Lopez. The World's Technological Capacity to Store, Communicate,
and Compute Information. Science, 332(6025):60-65, 2011.

THE WORLD'S CAPACITY TO STORE INFORMATION

This chart shows the world's growth in storage capacity for both
analog data (books, newspapers, videotapes, etc.) and digital
(CDs, DVDs, computer hard drives, smartphone drives, etc.)

In gigabytes or estimated equivalent

2000
1886 1993
ANALCG :
2.62 billion
ANALOG STORAGE 2 DIGITAL
DIGITAL
0.02 billion
COMPUTING POWER
In 1986, pocket calculators accounted for much
of the world's data-processing power.
Percentage of available processing power by device:
Personal Video game Servers,
Pocket calculators computers consoles mainframes
I

1986 A41% 33% 9% 17%
2007 66% 25% 3 6

|
Mobile phones,  Supercomputers
PDAs 0.3%

2007
ANALOG

18.86 billion gigabytes

Paper, film, audiotape and vinyl: 6.2%

Analog videotapes: 93.8% ANAALOG

Other digital media: 0.8%* DIGTTAL

Portable media players, flash drives: 2%
Portable hard disks: 2.4%

CDs and minidisks: 6.8%

Computer servers and
mainframe hard disks: 8.9%

Digital tape: 11.8%

DVD/Blu-ray: 22.8%

PC hard disks: 44.5%
123 billion gigabytes

*=0ther includes chip cards. memory cards,
floppy disks, mobile phones/PDAs,
cameras/camcorders, video games

2007
DIGITAL

276.12 billion gigabytes
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http://www.olifantenpaadjes.nl/wp-content/uploads/2011/06/Koen-Olsthoorn.jpg

On the different roles of
(process) models ...



v

process model event log
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Play-Out (Classical use of models)
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Example Process Discovery

(Vestia, Dutch housing agency, 208 cases, 5987 events)

117315 110 Bepalen leegstandsogps

117315 120 Plannen eindinspecti
117315 13015 het opleveringsfor
117315 150 1s er sprake van ZAV 7
117315 170 Aanpassen plattegron|
117315 180 Aanpassen woningwa
117315 190 Actualiseren huurprijg
117315 200 Toewijzen woning/be
117315 210 Registreren voorl. huy
117315 220 Is contract getekend e
117315 240 Definitief maken Huu
117315 250 Aanpassen factureera
117315 260 After sales

117315 270 Archiveren nieuwe ve
117315 300 Is eindinspectie uitgey
117315 340 Zijn er nieuwe of niet
117315 400 Beoordelen/wijzigen |

117315 410 Is opleveringsformulig
117315 430 Aanmaken werkopdral
117315 440 Worden er bonussen/
117315 460 Opstellen eindnota

117315 470 Archiveren huuropzeg
115763 010 Registreren huuropze
119763 030 Vastleggen toekomstif
115763 050 Inplannen afspraak 1e
1195763 060 Aanmaken bevestigin
119763 070 Is 1e inspectie uitgevd
115763 100 Gereedmelden 1e ins
119763 110 Bepalen leegstandsod
115763 120 Plannen eindinSpectq

119763 130 Is het opleveringsfor
119763 150 Is er sprake van ZAV 7

16.05.2007 14:06:23
16.05.2007 143601
23.05.2007 09:41:40

3.05.2007 09:41:51

23.0 157118
23.05.2007 09:42:37

23.05.2007 09:48:23
23.05.2007 09:48:29
10.09.2007 16:24:36
11.09.2007 14:56:18
31.03.2008 16:17:12
05.09.2008 15:39:59
09.09.2008 16:51:24
.09.2008 07:52:08
07.06.2007 14:47:04
14:4T7:06
07.06.2007 18:51:16
07.06.2007 14:51>

11.06.2007 09:21:39
11.06.2007 09:21:49
BE.08.2007 16:18:26
09\0B8.2007 14:42:23
09.05.2007 11:19:14
09.05.2007 12:25:01
09.05.2087 11:59:52
09.05.200\12:31:57
16.05.2007 13;04:26

300 Is eindinspkctie uitgevoerd ?
(complete)

34

0,971
34

340 Zijn er nieuwe of nfet herstelde gebreken ?|
(complete)
34

0,068
34

400 Beoordelen/wijZigen leegstandsoort
(complete)
34

0,969
34

410 Is opleveringsformulier ondertekend ?
(complete)
34

0,964

16.05.2007 13:43:39
16.05.2007 13:43:¢3
16.05.2007 13:42:58
16.05.2007 13:34:49
16.05.2007 13:34:56

34

430 Aanmaken werkopdracht
0,929 (complete)
123 34




Example Process Discovery
(ASML, test process lithography systems, 154966 events)
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extended model
showing times,
frequencies, etc.
diagnostics
predictions
recommendations

[
[
[
event log process model \_
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Replay can detect problems

ACD

Problem!
token Ieftji'nd©<: B

o @ » T

start \(
p2 ‘

Problem!
A missing token

end
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Replay can extract timing information
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Performance Analysis Using Replay
(WOZ objections Dutch municipality, 745 objections, 9583 event, f= 0.988)

={Process information:

Total number selected:

745 cases

NHumber fitting:
628 cases

Arrival rate:

2,85 cases per day

i | Throughput time (days)
Performang3vd 177,99 hsitions:
OF 12 Hertaneren min 3,78 4____!-—'
o e =4 Frequency: 44 ., 2599 |
stdev  [52,87
avg  Jrast25.|98,98
min
slow 2. [230,76 Waiting time:
max  Inorma.. 191,11 '
stdev - High
[ast 25.00% Change Export . Medium
Percentages Time-Metrics Bl Lo
Settings
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Process Mining



Advances in Process Mining

« Many process discovery and conformance checking algorithms
and tools are available (cf. the various ProM packages).

« Also commercial software based on these ideas:
Disco (Fluxicon), Reflect (Futura/Percentive), BPMOne (Pallas
Athena/Perceptive), ARIS Process Performance Manager (Software AG), Futura
Reflect (Futura Technology), Interstage Automated Process Discovery (Fujitsu),
QPR ProcessAnalyzer/Analysis (QPR Software), flow (fourspark), Discovery
Analyst (StereoLOGIC), etc.

* We applied process mining in over 100 organizations.

More than 75 people

der Aist

i1l Process Mining
Manifesto

involving more than 50

organizations created the | Pr.OC.eSS
s Process Mining Manifesto in M|n|ng
;Z’::F: | thecontext of the IEEE Task
;’7’;:5;:% === =" & [Forceon Process Mining.

= Available in 13 languages

Springer
PAGE 26



http://www.win.tue.nl/ieeetfpm/lib/exe/fetch.php?media=shared:process_mining_manifesto-small.pdf
http://www.springer.com/computer/database+management+%26+information+retrieval/book/978-3-642-19344-6

Missing link

process model analysis
(simulation, verification, etc.)

process

mining

performance-oriented questions,
problems and solutions
SuoI1N|0s pue swa|go.d

‘suolnysanb pajualio-aouel|dwod

data-oriented analysis (data mining,
machine learning, business intelligence)

PAGE 27
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Process Discovery (small selection)

_ distributed genetic mining
automata-based learning

. . language-based regions
heuristic mining

genetic mining state-based regions

: LTL minin
stochastic task graphs J

neural networks
fuzzy mining

o hidden Markov models
mining block structures

a algorithm _ o conformal process graph
multi-phase mining _ .
partial-order based mining

ILP mining

e algortim e
PAGE 29
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http://www.sxc.hu/browse.phtml?f=download&id=45559

Petri net view:

Just discover the places ...

“able to replay event log” “Occam’s razor”
fithess simplicity
process
discovery
generalization precision
“not overfitting the log” “not underfitting the log”

Adding a place limits behavior:
« overfitting = adding too many places
« underfitting = adding too few places

PAGE 30

A:{al,az, am} B:{bl,bz, bn}




Replaying trace “abeg”

examine
thoroughly

pay
compensation

C

examine
casually

start register
request

end

d

check ticket

reject
request

reinitiate
request

| 1
fitness(o,N) = = (1 — i) + —(1-2)=083333
2 2 6

PAGE 31




Alignments are essential!
conformance checking to diagnose deviations

squeezing reality into the model to do model-based
analysis

not just control-flow (also data, resources, time, ...) !
also at run-time (predictions and recommendations) !




Example Philips Healthcare
(work of JC Bose)

http://www.win.tue.nl/~jcbose/



Data Collection Process

N
]

Data
warehouse

~

~2500 CV
Systems

PAGE 34




What is Being Logged?

Errors

Warnings
Information
User commands
Run information


http://www.olifantenpaadjes.nl/wp-content/uploads/2011/06/Koen-Olsthoorn.jpg

Challenges

Event Granularity

-  Fine grained and too detailed
-  Often differs from the granularity at which an end-user/analyst is interested in
- Lack of any standard/guideline on logging specifications

Case Heterogeneity

-  Heterogeneous mix of usage scenarios
- Wide range of functionality and flexibility in usage

Voluminous Data

- Hundreds of events can be triggered within a short span of time (even within a second)
-  Challenges the availability and scalability of analysis techniques

. Unrellable Timestamps
Ordering of events is not always reliable
- An outcome of the current logging mechanism
- Local clocks and local buffers
-  Clocks are not synchronized
[

- Single log file captures everything related to a particular system on a single day
- Appropriate scoping is essential based on the perspective of analysis

PAGE 36




Test Automation Framework:

Testing CV systems under realistic circumstances

Start Fluorascopy [l Microsoft Bxcel

B te ok ton it fome Tos pe el 6

Philips Healthcare

D RIRIZI ST B e 20 -i[Blz u =] I8 % o .3
& (1) | =3 = 2l |
PositianTableTop SIS - f ForalvalaberluoFlsvuChamels
[T A E i [ E =
in] @] i
This for fp repests for each possive Fiuo Flavour FiuoFsvauiams

(Channel found in the EPX datebase except

— LOWLOAD" It allcates the found Fluo Flavour
hoveTable Langitudinal Aee (Channelto a variable names
"TAF_CunentFluaChennelName".

| 2 Skip|Step 1 2 3 i

[For bieiane metie 2 foops of fua/eposre

- ForAllAvailableP hannels
PositionTableTop Cor_CMD,_ChangeVar I (%]

=

88| | Aco GMOGHK GreateFluoroscopsRun [TAF CurentChannelName _|FLUG_HOLD TME {
& Com_CMD_Wat FLUD_SLEEP_TIVE 1=
@
o1 “Acq CVDEHK Trmaliiad ETAF CunaniChannelName |EXP_HOLD_ThE
2 Com_CMD_Wat X SLEEP_TIE
hoveTable Langitudinal Aee
Com_CWD.
Com CMD_ChangeVar i [ES]
i =7 [Then
ExitFor
End I
MoweDetectar [Next
[For bilane o 6 imes i
For =0 To
ForAllAvallableFluoFlavourChannels ~TfangTipe o
A3 CMOCHI_CraateFluoroscopyRun 7F_CurentFlugChannaNardFLUO_HOLD_THE
Com_CMD_ Wt FLUD_SLEEP TIVE
Angulate Rotate Beam MD.
Acq CMDCHK ResetFluoBuzzer
Hext
Mot
. Adinitration ) TestCase / 1<l m

PositionTableTop

MoveTable Longitudinal~

PositionTableTop

hoveTabls Longitudinal Ace [ Test Automation Framework v2.17
=

~osnionTableTop

hoveTable Longitudinal Ace

PositionTableTop

Angulate Rotate Beam
[ o e e 2
StopFluoroscopy
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Signature Discovery

Potential Manual

: L——- Systems where this FRU
Inspection
™ had been replaced

Select events/units of
Z5d ' interest in the log
_FRU

‘t" g5 —
$ 1
/ oy | @ Universe of data
= = g = ~ 5 |
/\ —= - b ‘E =) @J@
RADAR .
Narrow the universe

CSDWH
Define what’s important

Job Sheets

Call Open/Close Date

—eso oo —— $SSFF— ——— ST e ——
eoee —o oo [Ftew L= S —Je-e —oo
ecseoe +
eoe

— — e —6 66 —— —eeess—|— 660

Patterns indicating a
fault in the FRU

Smart Analytics
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Building a classification problem

Sy =
— () — " t

Calla
v2.0.0
—‘“ Calle ) other modes
allyy normal oper-
Part v3.1.3 \. - : d
Replacement : 8 8 ation mode
Callyy, LR ] |
v4.3.2 i [ | |
© |
= [ |
8=

date

(St

%

3 days 3 days

before call call after
open close
date date

PAGE 39




Signature Discovery

class label
!

+ <X+ X

ftrace

/—zevent pa,ttern\

:

IF

Event 020027271 Warning from X-Ray Control AND
Event 020028784 Warning from X-Ray Control AND
Event 020028785 Error from X-Ray Control AND
Event 010000014 Warning from X-Ray Generator AND
Event 510032788 Error from Acquisition

OR

Event 020027271 Warning from X-Ray Control AND
Event 020028786 Warning from X-Ray Control AND
Event 020028787 Error from X-Ray Control AND
Event 010000014 Warning from X-Ray Generator AND
Event 510032788 Error from Acquisition



Field Service Engineer Workflow Analysis

NO: Normal Operation
0.0 SU: Startup
Call SDC SD: Shutdown
_, sD SDC: Shutdown Completed
i FS: Field Service
: SDC
Callyy FS&
[ Lv2.0.0
—| System, [ |_” Callyy ) 10} sDC =10 NO
Part v3.1.3
Replacement —J ﬁ SDC L SSDDC =10
Callom, =0 SDC
v4.3.2 FS . 5D
—’[S.YTEI%]_:‘"—’ NO o
s =10 =10 =10
“\ " date

cal cal
(Systemn J=— open

close
date date
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Conformance Checking and Discovering

the Actual Workflow

- Many deviations between instructions and real work
of engineers.

- Event data are not at the right abstraction level.

N
T =1 i

PAGE 42




Using abstractions and time information

Startup,/Shutdown
or Normal operation

Startup/Shutdown
and Normal operation

eeeeeeee

Specific

system functions

......

=

System
information



Conclusion



Conclusion

* Process Mining (PM): connecting
event data and process models

« PM shows how systems are really Wil M. P van der Al

being used. | PrOCQSS

« PM can be used for conformance
checking and discovery.

* There are mature PM tools (e.qg.,
ProM, Disco, Reflect).

* If there is enough high-quality data, Al
PM can also be used for prediction
and recommendation.

* Interested: Contact us!

buruiy ssedolg [HYEEES

M. .
Discovery, Conformance and
Enhancement of Business Processes

WwWw.processmining.org
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