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1.

NMnaH

BeeneHune B Process Mining

1.

Tunbl 3a4a4 KOTOPbIe MOXHO pewunTb Npu noMowwm Process Mining vs Data
Mining

[aHHble, Heobxoanmble ansa Process Mining

MpUHUKMMBI NONy4YeHUs Mogenien NpoueccoB U3 nora cobbITumn

HoTaumn gna onmncaHusa n snsyanusaumnm npoueccos (DFG, BPMN, Petri
nets u ap.)

PaboTa c moaensto rnpouecca.

1. T[eHepauuns BapuaHTOB UCMOJIHEHUSA NpoLecca COrylacHO 3a4aHHOMN
moaenu(play-out)/cnmynaums,

2. [lony4yeHne Moaenu npouecca no nMmerwmnmcs coboituam (play-
in/process discovery),

3. HanoxeHue 3anncenm o cobbITUSX Ha MoAeNb, BbisiBNieHUe
HEeCOOTBETCTBMIM peasibHbIX AaHHbIX MOAENU, aHann3
npoussoanTenbHocTn (replay/log alignment/conformance

checking/performance analysis).
MEDIA-TEL

by devoteam



“"I9kocucrema” Process Mining
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STanbl npuMeHeHuna Process Mining
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Bonpocbl HaA KOTOpPble MOXXeT NOMO4Yb OTBeTUTb Process Mining

KakoMy npoueccy Ha caMOM gene cneayroT fioan, No CpaBHEHUIO C npeanosiaraeMbiM
npoueccom?

roe Y3KME MECTA B BbIMOJIHAKLWNXCA npou,eccax?

B Kakux Toukax npoLecca noan Unn apyrme yyacTHUKN B3aMMOAENCTBUSA OTKITIOHSAIOTCS
OT npeaonpeaenéHHoro npouecca?

Kak BbIrS4AT caMble YacTble NyTU MPOX0XAEHUS NpoLecca - raBHbIA CLueHapum
BblnonHeHusa (happy path)?

Kakune CbaKTOpr B/INAKOT HAa BOSHUKHOBEHWME Y3KOIro MeCTa Nnpwv BbIMOJIHEHUN rlpou,ecca?

MO>XHO N1 NpeackasaTtb Npobnembl (3a4epXKy, OTKNOHEHME, PUCKK) A8 NpoLEeCcCcoB A0
MX 3aBepLlieHna?

MO>XHO N1 NPEANIOXKNTb Mepbl MO NPeAoTBpaLLEHNIO Npobnem?
Kak nyuyuwe npeobpa3oBaTb NpoLIECChl B OpraHn3aumm?
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NaHHble, HeobxoaumMmblie ana Process Mining

/
0‘0

Mony4yeHne Mmoaenmn npouecca BO3MOXHO M3 N0b6bIX AaHHbIX, YNOPSAAOYEHHbLIX BO
BpeMeHun, obpasytowmnxcsa B pesynbtate paboTbl 1 B3aUMOAENCTBUSA NOAEN, MALLWH,
nporpaMMHoro obecneyeHns, ecnm U3 AaHHbIX MOXHO NOMYYUTb cneayrouwme
nepeMeHHble:

nata/BpeMsa cobbiTusa (timestamp) - ob6a3aTesnibHbIN
aencreme/aktnBHocTb (activity_id) - o6sa3aTenbHbIN

NAEHTUDUKATOP KOHKPETHOM LLeNOYKN COBbITUI B paMKaxX O4HOro aK3eMmnispa
npouecca (case_id) - oba3aTeNbHbIN

nHankaTop xusHeHHoro uukna (lifecycle_id) nencrens/akTMBHOCTU - YCNIOBHO
onuMoHanbHbIN (MOXeT bbITb CPOPMMPOBAH UCKYCCTBEHHO ANS1 NPOCTbIX C/y4YaeB)

naeHTudukaTop sklemnnsapa aktueHocTn (activity_instance_id) - ycnosHO
OMNMUMOHAsTbHbIN

pecypc (resource_id), ncrnonbsyembin Npu BbINOSIHEHUUN AENCTBUA/aKTUBHOCTU -
OMNUMOHANbHbIN

npoyune aTpubyTbl (CTOMMOCTb, MPOU3BOANTENIBHOCTb U T.M.) - OMUMOHANbHO
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ANaHHble, Heobxoaumblie ana Process Mining
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timestamp
2020-02-17 11:00:00
2020-02-17 11:10:00
2020-02-17 10:50:00
2020-02-17 11:05:00
2020-02-17 11:20:00
2020-02-17 11:35:00

timestamp
2020-02-17 10:00:00
2020-02-17 11:00:00
2020-02-17 10:30:00
2020-02-17 11:10:00
2020-02-17 10:10:00
2020-02-17 10:50:00
2020-02-17 10:05:00
2020-02-17 11:05:00
2020-02-17 11:05:00
2020-02-17 11:20:00
2020-02-17 11:15:00
2020-02-17 11:35:00
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Mopaenb AaHHbIX
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NMpuHUMNbI NONIY4YEeHUa Moaesie NpoLeccoB U3 siora cobbiTun -

Process Discovery

case_id activity_id resource_id lifecycle_id activity_instance_id timestamp
1: 1 A R1 complete 1 2020-02-17 11:00:00
2: 1 B R1 complete 2 2020-02-17 11:00:00
3: 2 B R1 complete 3 2020-02-17 11:00:00
4: 2 A R1 complete 4 2020-02-17 11:00:00
5: 1 D R1 complete 5 2020-02-17 12:15:00
6: 1 D R1 complete 6 2020-02-17 12:45:00
7: 2 A R2 complete 7 2020-02-17 13:15:00
8: 3 A R2 complete 8 2020-02-17 12:00:00
9: 3 C R2 complete 9 2020-02-17 12:20:00
10: 3 D R2 complete 10 2020-02-17 12:40:00
11: 3 E R2 complete 11 2020-02-17 12:50:00
12: 3 F R1 complete 12 2020-02-17 12:55:00
. 0 e §
« Alpha miner ~
. . \1- >
« Inductive miner 2
*  Heuristics miner
Fuzzy miner o |
. . " o . 15ﬁins 5 mins ‘S(mi\"s 0 mins 105|ins —oe, 5r:ins
_  Directly-follows miner O
TI’&CGS . . m- i S Disp 20 mins
1: ABDD * Social Network miner @
. . .
2 BAA / EVOlutlonaI'y TI‘ee MlneI'
3 ACDEF «  Split Miner
[ ]
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MpuHUMNbI NONTyYEeHUA MoAesien npoueccoB U3 siora cobbiTun -

Process Discovery

Direct Succession: x>y, eCim, B KaKUX-TO
cny4yasix, 3a aKTUBHOCTbIO X CeayeT Y.
Causality: x->y, ecnu x>y, HO He y>X.
Parallel: x||y, ecnu x>y n y>x.
Unrelated: x#y, ecnun (x>y) n 1(y>Xx)

Traces:

1: ABDD
2: BAA

3: ACDEF
4: ABDD
5: ACDEF
6: ABDD

.

L1 = [<A,B,D,D>"3, <A,C,D,E,F>"2, <B,A,A>]

A>B A||B B->D
B>D BI||A D->D

D>D
B>A
A>A
A>C
C>D
D>E
E>F

A->A
A->C
C->D
D->E
E->F
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HoTauuu onga onucaHua U BU3yasim3aLuvm NpoLLeccoB

“*Deterministic/non-Deterministic Finite State Automata
“*Petri Nets

*YAWL (Yet Another Workflow Language)

“+»BPMN (Business Process Model and Notation)

“C-nets

*Process Trees

o
...

11
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HoTauuu onsa onucaHuUa n Bu3yasim3aLmm NpoLeccos

b a
——
‘ a
(a) DFA.
5]
o o @ ® o

(a) start (b) end (c) concurrency (d) exclusive choice (e) inclusive choice
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(b) Minimal DFA.

MEDIA-TEL

by devoteam



HoTtauumun ansa onncaHusa v Busyanmsauumm npoueccoB - Petri Nets

(b)

Fig. 1. (a) A log. (b) Set of two Petri nets describing the log. (¢) Single Petri net
describing the log with the help of silent transitions. (d) Causal net of the same log.

13
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HoTtaumu ansa onncaHvsa v Busyanamsauumm npouyeccoB - Petri

Net, BPMN, DFG

purchase create purchase
order order

e

create purchase
requisition

n
u

apprave nnmhue approve purchase
order

receive order receive order
confirmatian confirmation

U

H

receive goods receiveinvoice [ receive goods ( receive invoice J receive gaods receive invoice )

(a) Petrinet (b) BPMN model (c) OFG

Fig. 1. Three process models discovered for the Purchase-to-Pay (P2P) process considering only the frequent "happy paths". The Petri net model
(a) and the Business Process Model and Notation (BPMN) model (b) specify the same behavior, The Directly-Follows Graph (DFG) (c¢) allows
for traces not allowed in the Petri net and BPMN model (e.g., a loop involving the activities receive goods and receive invoice).

Wil Van der Aalst, RWTH Aachen University: A Practitioner's Guide to Process Mining: Limitations of the Directly-Follows Graph
» MEDIA-TEL
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Pa6ota c moaenbto: Play-out

Start

Traces: ACDD ABACD
ABDD A ABACDD
BAA AA ABACDDE
ACDEF AACD D

ABDEF AACDED ABACDEF
ABD AACDD

BD AACDDEF

BDD AABABDED

BDEF
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Pa6ota c moaenbto: Play-in

Traces:
ABDD
BAA
ACDEF
ABDEF
ABD
BD

16
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Pab6oTta c moaenbio: Replay/conformance checking

Traces:
1: ABDD
2: BAA
3:

Trace: DF

. MEDIA-TEL
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Pa6oTta ¢ moaenbio: Replay/conformance checking +
performance checking

18

Traces:
1: ABDD
2: BAA msrm{sﬂm:oo £:01:28  F:0L:33
3: AC D E F 5 mins (o3 15 mins E 0 mins
/“'—'—’ 15 mins 5 mins 0 mins 10 mins 7
N A
45 mins .
N A00:40 ™o -"""" 20mins
D:01:20
Traces:
1: ABDD
2: BAA - /c:01:oo E:02:35  F:02:40
3: ACDEF ,_---""""'5 mins » 15 E\ins mins 15 mins mins 10 Eﬂns %’ 5r:ins
\ 48.75 mins m’ 5\‘ Q 0/'
45 mins .
@Dﬁ:oo:m o (E—
D:02:00
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Pa6ota c moaenbto: Conformance checking - alignments

Traces:

ABDD
BAA
ACDEF
ABDEF
ABD

BD
ACEF
ACBDEF

1) B Mogenu Het pebpa CB
2) C ecTb B fore, HO HET B MOAENU:
ABDEF A
3) B ecTbB nore, HO HET B MOAENN: A
ACDEF ¢

D - HeT B fnore, HO ecTb B
Moaenu

19
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KauectBo mogenu: metpukn m Conformance Checking

&

L ) 4
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AJ'IFOpVITMbI, ncnosb3dyemble On4d nonyvyeHnsa Mmoaennm n3 JioroB coObITUIN UMeKT HeOoCTaTKn. moaerb
MOXET OoMnuncblBaTtb NnoBegeHmMe, KOTopoe Ha CaMOM AeJie OTCYTCTBYET, a TaKXKe MOXXET UCKINIOYaTb
nosegeHne, KotTopoe Ha caMoM aerne NMeetT MecCTO.

B cBA3u ¢ 3TUM HecoBepLeHCTBOM BO3HUKaET I'IOTpe6HOCTb B OL,eHKe Ka4deCTBa nonyquHon Modernun.
[1ns oueHKM KadecTBa eCTb HECKOSIbKO METOAUK OLLEHKU U METPUK.

MeTtoguka log-conformance checking no3BonsieT cpaBHUTb PaCXOXOEHMEe MexXay NOroM 1 rnonyyYyeHHom
MoaenbHo.

MeTtoanka model-conformance checking no3Bonser cpaBHUTbL NOMYYEHHYIO MOAENb C 3TaroHHOM
MOZErIbIo, eCIM Takas MeeTcs. Takke MOXHO CpaBHUBATb MOAENM, NOsTy4YeHHbIe Ha pasHbIX forax
COBbITUI, NOMYYEHHbIX U3 TON Xe CUCTEMBI.
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Process Discovery: Kputepun kayecrsa Mmoaenu

\/
0’0
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KauyecTBeHHbIE XapaKTeEPUCTUKN.

Soundness (4OBPOTHOCTL) - MOAENb AOSMKHA YOOBNETBOPATb HECKOMBbKUM KPUTEPUAM (O HUX YyTb
nosxe).

Fitness/recall (rogHOCTb) - XapakTepucTuka, oTpaxkatoLas cTeneHb, C KOTOPOW NoslydeHHas Mogernb
COOTBETCBYET NOBeAEHNI0, HabnogaeMmomy B fiore cobbITUN.

Precision (TOYHOCTb) - XapakTepuCcTuKa, oTpaxatoLas CTeneHb, C KOTOPOW for cobbITui,
reHepupyemblin CornacHoO Modenu npoLecca He AonycKaeT noBeaeHne, KOTOPOe He BCTpPeYaeTcs B
peanbHOM nore CoobITUN.

Generalization (06o06LieHne) - oueHMBaET CTeNeHb, C KOTOPOM MOAENb CMOXET BOCNPON3BECTU
Oyayuiee, ewé He HabnogasLleecs NnoBeaeHMe.

Simplicity (npocToTa) - HaCKOSbKO NpocTast Moerb.

Rediscoverability - xapakTepucTuKka, oTpaxatowasi CTeneHb, C KOTOPOK NnoryyYeHHasa n3 foros
Mo[erib COOTBETCTBYET UCXOAHOW MOAENN CUCTEMBI (KPpUTEPUIA KayecTBa anropnutmMa nosiy4eHuns
MoZenmn).

MEDIA-TEL
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Kputepuu kauecrtsa moaenm - oobpotHoctb (soundness)

Mogenb asnsieTca 4obpoTHom (sound), TONBKO eCnu BbINOMHATCS cnegyoLwmne YeTblpe CBOUCTBA (B
TepMmuHax Petri net):

1. “MecTa gormkHbl 6bITb 6e3onacHbIMK”. MakcumMymM oguH “TOKEH” AOSMKEH ObITb B KaKOM-1NM60o
“‘“mecTe” B Ntobor MOMEHT BpPEMEHM.

2. [omkHo ObITb KOPPEKTHOE 3aBepLUeHne, TO eCTb, Kak TONbKO TOKEH NonagaeT B KOHEYHOEe
“MecTO”, BCce ocTalnbHble “MecTa’ fOMKHbl ObITb MYyCTbIMM.

3. [orkHa BbITb BO3MOXHOCTb 3aBepLUeHUst. YTo Obl Mbl HM Aenanu, Mbl BCeraa AOMMKHblI UMETb
BO3MOXHOCTb JOCTUIHYTb COCTOAHUS C €AUHCTBEHHbLIM “TOKEHOM” B 3aBepLUaloLLEM “MecTe”.

4, He pomkHo 6bITb “MEPTBLIX” YacTen. Bce wacTu moaenu npouecca AormKHbl ObITb
NoTEeHUNanbHO akTusupyemble. [JormkHbl OblTb CLLEHAPUK, NPU KOTOPbIX BCE YaCTu UrpatoT porsib.

s MED/A-TEL
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Kputepnmn kauecrtBa Mmoaenm - npuMepbl

23

The Flower Model
b (o]
a d
N\
@——> start end ~>©
\\\
e = o
f g

OYeHb NpocTas MoAdenb

OTNMYHbIN fithess - Nodon BO3MOXXHbIN
trace MOXXHO BOCMPOU3BECTH
OTNMYHbIN generalization - moaenb
No3BONSET Nobdoe noBeaeHne

OYEeHb HU3KUI precision - MOAenb
NO3BONAET MHOIO€, Yero He ObIno B
NCXOOHbIX iorax

The Enumerating Model

MOZENb OTpaXaeT TOSbKO TO YTO 6bINo B

norax

xopotuag fitness u precision

NMOSTHOCTbLIO OTCYTCBYET generalization - He
AornyckaeTcsa nosegeHne, KoToporo He

6b1n10 B norax

MOZenNb LOCTaTOYHO crnoxHas (simplicity
HeyaooBneTBopuUTernbHas) MEDIA-TEL
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Kputepun kauecrtsa moaenm - Precision & Fithess

24

Log traces L

Model Traces M

Precision:

IL N M|
|M|

Recall (Fitness):

IL N M|
|L|
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Cno>XHOCTb MOoAeN I U BapuaHTbl YNPOLWEHUSA: Nnpouecc Tuna
“cnarertn”.

- MEDIA-TEL
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Cno>XHOCTb MOAEeNI U BapMaHTbl YNpoLleHUs: npouecc Tuna
“nasaHba”.
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Cno>XHOCTb MOAEeNnn U BapuaHTbl YNPOLEHUSA: NnpoLlecc Tmna
“Tpn MakKapOHMUHDbI".
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Inductive Visual Miner constructs

O

(o]

(a) source (c) exclusive choice

S S

(d) concurrency (e) interleaving (f) inclusive choice
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Directly-Follows Miner constructs

O @

(a) source (b) sink

29

o

(c) exclusive choice
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Bu3syasinsaumnsa OTKJIOHEHUM

3952

(a) Edge and activity.

11 n = 11 D § % -4
— B "

:,‘»OC-...---.---------"'

(b) Model move. (c) Log move.

30
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AHMaUuuAa, TpaccUpoBKa

28-07-2014 14:13:32 30-07-2014 04:56:07

SAG mill

Tails complete complete
,132’/’.’ 17-10-2014 153 18.10-2014 11:20:20

SAG mill

complete complete

17-10-2014 15:24:24 18-10-2014 11:44:44
SAG mill

complete

17-01-2005 14:17:00:056 25-01-200:¢ :18:28:035 21-02-2005 15:51:13:053

05013ES.. a d

complete complete complete complete
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MHTepnpeTauns OTKJIOHEHUN

Trace: t = (b, ) *  CornacHo mogenu, cobbiTve a AOMKHO GbIfo BbITb BbINOMHEHO,
M = sequence OOHAaKO B Tpence Takoro cobbiTns He 6bIno HangeHo. KpacHas
AN [lyra oTpa)kaeT 3TO OTKIOHEHMe.
a XOor
A\ ®  CornacHo Tpeucy, cobbiTve b OMmMKHO BbINO NPOMU3ONTH, HO
bc MoZernb He NoaaepKMBaET Takoro CobbITUA B aHHOM MecTe. OTO
coBbITME CcYATAETCA USMULLHUM C TOYKWU 3pEeHUs MOOENM U
trace | b - ¢ oToGparkaeTca NeTném.
model ] - a ¢

MEDIA-TEL
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Heo4HO3HAYHOCTb OTKJ/IOHEHUMU

He Bcerga MOXXHO OJHO3HAYHO MHTEPNPETUPOBATb OTK/IOHEHUS, HECMOTPS Ha
WHTYUTUBHO MOHATHYIO BM3yanusauuto. HanpuMep, cnepyouwlee “BbipaBHMBaHne”
Tpenca n Mogenn, UMeeT Takoe Xe KOJIMYEeCTBO OTKJSIOHEHUN:

trace ‘— b ¢
model ‘ a b

B aToM “BblpaBHMBaHUK, COrnacHO Tpency, cobbiTne ¢ JOMMKHO ObINo NPON3onTN BMECTO b.

Takum 06pa3om, HECKOSBbKO pasHbIX “BblpaBHUBAHUI™ MOTYT CHMTATLCA ONTUMAsbHbIMU U 3TOT PAKT HY>KHO
y4nTbIBaTh NpU MHTEPNpPETaLMN OTKITOHEHWUM.

MEDIA-TEL
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