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Theory

Data
Science

Data
Data Mining

Analysis
Traditional
Research Modeling Pattern

Recognition

Data Science Field/Term Diagram: Source: Ryan Urbanowicz, PhD
University of Pennsylvania, Philadelphia PA, 19104
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Process

If you can't describe what you are doing as a process, you don't know
what you’re doing

W. Edwards Deming

a set of inter-related events, activities and decisions
...Involving a number of actors (resources) and (data) objects,
....triggered by a need

and leading to an outcome that is of value to a customer.

{1}
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Business Process Manag. Lifecycle

ST i AN fj
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Process
identification

Process architecture

Process As-is process
discovery model

Conformance and
performance insights

Fundamentals of

Business Process [monﬁiﬁfs?;and] proges: ]

analysis

M t controlling
g Executable Insights on
u : process weaknesses and
ETT model their impact

Process Process
&) Springer implementation | To-be process redesign
model
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Process Mining
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The 1dea of process mining 1s to discover, monitor and improve
“real processes” (not assumed processes) by extracting
knowledge from “event-logs” readily available 1n todays
(information) systems.

\
Wil van der Aalst
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Al Driven BPM

When should | adapt my processes &
how? Where can | add most value to a
process?

Explainable Process Recommenders
Conversational Process Optimizers
Adaptive Self-Driving Processes

Augmented
BPM

What can | do to improve my
processes? When should | trigger an
intervention? Which process changes
should | implement?

Prescriptive
BPM

Prescriptive Process Monitoring
Automated Process Improvement

How would my process (instances)
look like in future, if | leave it as-is, or
if | make a change? What’s the
impact of automation or change?

Predictive Process Monitoring
Process Forecasting
What-If Digital Process Twins

Predictive
Process Mining

What are the causal factors of
bottlenecks, wastes, conformance
violations, negative deviance, and
what’s their impact on performance?

Diagnostic
Process Mining

Process Flow Diagnostics
Causal Process Mining

Automated Process Discovery
Conformance Checking
Process Performance Mining
Variant Analysis

How do my processes look like?
Where are the bottlenecks, wastes,
conformance violations, positive &
negative deviance?

Descriptive
Process Mining

B SNV
S
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Al Driven BPM
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When should | adapt to unforeseen changes & how?

Augmented

Adaptive Zero-Touch Processes
Proactive Process Optimization

\

4

Process
\_ Optimization
When should | intervene to optimize my KPIs? -
How can | improve the performance of my Prescriptive
process? Process Optimization

How will my process look like in future,
if | leave it as-is, or if | change it? Predictive

What's the impact of automation or Process Optimization
change?

How do my processes look like?
Where are the bottlenecks, wastes,
compliance violations, positive &
negative deviance?

(Descriptive) Process Mining

alibozorgi@ut.ac.ir

Prescriptive Process Execution
Assisted Process Improvement

Predictive Process Monitoring
What-If Digital Process Twins

Automated Process Discovery
Conformance Checking
Performance Mining
Comparative Variant Analysis
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Process Mining is the beginning of a journey...

How do my processes look like?
Where are the bottlenecks, wastes,
compliance violations, positive &
negative deviance?

Automated Process Discovery
Conformance Checking
Performance Mining
Comparative Variant Analysis

(Descriptive) Process Mining

alibozorgi@ut.ac.ir
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Event Log of Process: Order to Cash

alibozorgi@ut.ac.ir

Case ID Activity Resource Timestamp product prod-price quantity address
6350 place order Aiden 2018/02/13 14:29:45.000 APPLE iPhone 6 16 GB 639,00 € 5 NL-7751DG-21 . eve nt
6283 pay Lily 2018/02/13 14:39:25.000 SAMSUNG Galaxy S6 32 GB 543.99 3 NL-7828AM-11a
6253 | prepare delivery Sophia 2018/02/13 15:01:33.000 APPLE iPhone 6 16 GB 639,00 € 3 NL-7887AC-13
6257 | prepare delivery Aiden 2018/02/13 15:03:43.000 SAMSUNG Galaxy S6 32 GB 543.99 1 NL-9521KJ-34
6185 | confirm payment Emily 2018/02/13 15:05:36.000 SAMSUNG Galaxy S4 329,00 € 1 NL-9521GC-32
6218 | confirm payment Emily 2018/02/13 15:08:11.000 | APPLE iPhone 6s Plus 64 GB 969,00 € 2 NL-7948BX-10
6245 make delivery Michael 2018/02/13 15:14:04.000 APPLE iPhone 6 16 GB 639,00 € 3 NL-7905AX-38
6272 pay Emily 2018/02/13 15:20:36.000 APPLE iPhone 6 16 GB 639,00 € 1 NL-7821AC-3
6269 pay Charlotte 2018/02/13 15:25:21.000 SAMSUNG Galaxy S4 329,00 € 1 NL-7907EJ-42
6212 | prepare delivery Sophia 2018/02/13 15:43:39.000 HUAWEI P8 Lite 234,00 € 1 NL-7905AX-38
6323 send invoice Alexander 2018/02/13 15:46:08.000 APPLE iPhone 6 16 GB 639,00 € 1 NL-7833HT-15
6246 | confirm payment Jack 2018/02/13 15:56:03.000 SAMSUNG Galaxy S4 329,00 € 3 NL-7833HT-15
6347 send invoice Jack 2018/02/13 15:57:42.000 SAMSUNG Galaxy S4 329,00 € 3 NL-7905AX-38
6351 place order Zoe 2018/02/13 16:17:37.000 APPLE iPhone 55 16 GB 449,00 € 3 NL-9521GC-32
6204 | prepare delivery Sophia 2018/02/13 16:31:28.000 | SAMSUNG Core Prime G361 135,00 € 1 NL-7828AM-11a 7 1 0 43 even ts
6204 make delivery Kaylee 2018/02/13 16:51:54.000 SAMSUNG Core Prime G361 135,00 € 1 NL-7828AM-11a ’
6265 | confirm payment Lily 2018/02/13 16:55:55.000 SAMSUNG Galaxy S4 329,00 € 4 NL-9521GC-32 1 2’666 cases
6250 | confirm payment Jack 2018/02/13 17:03:26.000 MOTOROLA Moto G 199,00 € 4 NL-7942GT-2 !
6328 send invoice Lily 2018/02/13 17:30:16.000 APPLE iPhone 65 64 GB 858,00 € 4 NL-9514BV-16 7 activities
6352 place order Aiden 2018/02/13 17:53:22.000 APPLE iPhone 6 16 GB 639,00 € 2 NL-9514BV-16
6317 send invoice Jack 2018/02/13 18:45:30.000 APPLE iPhone 6s 64 GB 858,00 € 5 NL-7907EJ-42
6353 place order Sophia 2018/02/13 20:16:20.000 APPLE iPhone 5s 16 GB 449,00 € 4 NL-7751AR-19
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Enhanced
process model

Automated Process el T G
Discovery discovered

] process model

Performance ‘ . . '
Pa— —p| Variants Analysis >
Mining N =
. =
event log 1
event log’

Conformance = \//X

Checking

l

input process model

Arvie

Difference
diagnostics
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13219(Enter Loan Application 2007-11-09 T 11:20:10
13219|Retrieve Applicant Data 2007-11-09 T 11:22:15
13220|Enter Loan Application 2007-11-09 T 11:22:40
13219/Compute Instaliments 2007-11-09 T 11:22:45
13219iNatify Eligibifity 2007-11-09 T 11:23:00
13219} PProve Simple 2007-11-09 T 11:24:30
Application
13220|Compute Installements 2007-11-09 T 11:24:35

S S

Automated Process Discovery

Process Map
(directly follows graph)

BPMN process model

Retrieve
Applicant
Data

% Compute |
Installments

=

Enter Loan
Application

alibozorgi@ut.ac.ir

J N_oti!y

-2 Notify
Eligibdity
C—

Rejection

<&

U

Approve
| Simple }—O
Application

[ anorove: )
Approve

Complex

Application ]L_O



Enhanced
process
model

Automated '_,;,x- }‘_ v

discovery Igml
Discovered
model

Variant
analysis

1
v /%

Difference
diagnostics

I

input
model
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Conformance Checking

Given a process model and an event log, find, describe,
and/or measure the differences between them

No. of instances Log Troces
=) = 10"
1207 ABDEA | - ) oo — 1 =
145 ACDGHFA P ) + "‘" ¥ ” X oot
56 ACGDHFA e Lol v | " [0
23 ACHDFA | T =000 s e '
28 ACDHFA ot s s Do

Fitness, Precision, Generalization and Simplicity

alibozorgi@ut.ac.ir



Conformance Checking

e

Check H
credit
history Credit
application
processed
apgl'lgg::on Chack outright
recelved income = ] —
sources
Receive G Request '
additional information additional information
LaCk Of Lack of
fithess precision

alibozorgi@ut.ac.ir

Event log:
ABCDEH
ACBDEH
ABCDFH
ACBDFH
ABDEH
ABDFH
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Enhanced
process model

Automated Process
Discovery

_@—» Variants Analysis

discovered
process model

Performance
Mining
A
event log
event log’
Conformance — \//x
Checking
o T o i o S S e 32 e = O

input process model

alibozorgi@ut.ac.ir
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~ \ariant Analysis

Simple repairs DB

213 213 Analyze Delect 187

OIIIIIIII’ s

Fopair (Simple)
213

Complex repairs

Resource (Complex)

O' 213 Register 213 187
213

¥ Cerglan

alibozorgi@ut.ac.ir
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7=~ Variant analysis: drivers

Performance

|ldentify and compare variants based on performance measures and their targets
(e.g. slow vs fast cases)

Logical

Identify and compare variants based on case attributes (e.g. product type, customer
segment, geographic area, loan amount, claim outcome)

Temporal

Identify and compare variants based on different log timeframes (e.qg. before and
during COVID)

alibozorgi@ut.ac.ir



Automated Process
Discovery

discovered
process model

~ Performance —| Variants Analysis
Mining

) event log o
Enhanced Difference
process model diagnostics
event log’
Conformance » \//X
Checking
- - - = - - i-Q

input process model

alibozorgi@ut.ac.ir



Performance Mining

Process map with duration overlay

14,21 mins — 10 mins

Process performance dashboards

Resource (Repair process) = Activity
a—
Cases Over Time = et
|
. X I
\
Testers
Lt
o Repalt proc

~~~~~~~
Sevterl Tewierd

alibozorgi@ut.ac.ir
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Next step: predict the future

How will my process look like in future, _— —
if | leave it as-is, or if | change it? Predictive Predictive Process M'omton-ng
What's the impact of automation or Process Management Data-Driven Process Simulation
change?

Automated Process Discovery
Conformance Checking
Performance Mining
Comparative Variant Analysis

How do my processes look like?
Where are the bottlenecks, wastes,
compliance violations, positive &
negative deviance?

Process Mining

alibozorgi@ut.ac.ir
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Data-Driven Process Simulation

| Process Constraints /

QIO

Change
Specification

== @
> 7~, W
AATNAE
S.Choln?.e Predicted
imulation :
o 09@ o Performance Profile
@ ° ® Model Simulation Model
o ° | Discovery (Digital Process Twin)
000

alibozorgi@ut.ac.ir



Predictive Process Monitoring

Current state

anszizi H et H grases H
Running case: B S A T B
Losvesd Lusews! IR |

Time f
Completion time

Predict Process Predict Process Predict Future
Outcome Performance Events

s this loan offer going to Will this claim take more What activity is likely to
be rejected? than S days to be be executed next?
handled? And after that?

* Cost/Benefit

* Time Duration

* Anomaly Detection

* Customer Satisfaction
* Case Outcome

* Compliance

* Next Activity Prediction
* Variants Prediction

34 alibozorgi@ut.ac.ir



Predictive Process Monitoring

(

!

Database

Enterprise
System

>

=

. 9 BN
'.’" ',3 ,’!’ >
m) T m)
AL 2
‘f.‘”.o'

Predictive
l
models

alibozorgi@ut.ac.ir

Aggregate predictive dashboards

i ot it + i
P
~ - o P
EEDan - iy =
4 = m _—q"-
» - —
= —

Detailed predictive dashboard

188 499

Alarm-based prescriptive dashboard
Metric Prediction




Even Attributes Outcome prediction
© 0
n
=
©
= 74>
Classifier / Performance measure
Regressor prediction
Attributes p—
Even
— § — - - i oy
- - -
Structured =
predictor N
\ | Next activity /

Future path prediction

alibozorgi@ut.ac.ir
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Pitfalls of predictive process optimization

B
H N .
Organizational Pitfalls Technical Pitfalls
Lack of buy-in from operations Insufficient data availability & quality
Lack of trust in predictions Lack of uncertainty modeling
Prescriptions not linked with actions Drifts and out-of-distribution predictions
Lack of processes to validate, monitor, and maintain Correlation # Causation

prescriptive models

alibozorgi@ut.ac.ir
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Predicting is useful, preempting is better!

When should | intervene to optimize my KPIs? Prescriptive Process Execution

How can | improve the performance of my Prescriptive Al-Assisted Process Improvement
process? Process Management

How will my process look like in future, e o
if | leave it as-is, or if | change it? Predictive Predictive Process Monitoring
What's the impact of automation or Process Management Data-Driven Process Simulation
change?

Automated Process Discovery
Conformance Checking
Performance Mining
Variant Analysis

How do my processes look like?
Where are the bottlenecks, wastes,
compliance violations, positive &
negative deviance?

Process Mining

alibozorgi@ut.ac.ir



Prescriptive / Suggestive Process Monitoring

ol
AT o e L. S
{ AL W e
§iar ), A st o A 7

o . 7 |
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AX XS

a{]={
B
Y

tud=
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] ’
‘
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==

Cost-reward

Event log history
(completed traces)

B~ -/iﬁkfg P(X) Zg%gl Zl

Ongoing case Prediction
— Recommendation
Prescriptive

Predictive modell(s) System

Control flow-Decision-Resource-Task:
* Dynamic Resource Allocation

* Workload Balancing

* Workflow Suggestions

* Error Handling and Recovery

* Resource Skill Matching

* Decision Support
39 alibozorgi@ut.ac.ir



Credit Credit
application : application
received Officer Notify Racelve %, P
) %
rejection feedback E,,, polnt

Officer Clerk

decision review requested
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Automated Process Improvement: Types of
Changes

Control-flow

» Task elimination/addition
* Merging/separation
» Re-ordering, parallelization

Decision (data)

« Adding/deleting decision points
» Refining/enhancing decision rules

Resource

» Re-allocating resources
« Refining, enhancing allocation policies

Task

+ (Partially) automating individual tasks or groups of tasks

41 alibozorgi@ut.ac.ir
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Automated Process Improvement

Optimized resource
allocation policies

Robotic Process
Mining
(Task Automation)

Resource
Optimization

|
O

|

event log

A
—&

Executable routine
specifications

Flow Optimization

Decision Rule

Optimization

T Optimized process
model

© M anunl Tuconw | Loan Siee  Grauke

t

ve - ey - - 4
| Annual Incowe | Loan Siee | Grade |

A In Linn [ 7] 1--m| | VG
i 256,79 Jhonns Soon| H
{ : 11 ip--t | 1Y) |Au,|.| ]
D | | ML N | "

Decision rules

alibozorgi@ut.ac.ir

4’ A o 1| (LM 0 |
" | Er M| | oo
1500 {0 S
[ 20002500 | {0, X |

Optimized decision
rules
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S Challenges

Robotic Process Mining

e |dentifying patterns in unstructured and noisy Ul logs
e |dentifying complex data transformations in the presence of noise
e |dentifying conditional data transformations (only apply in some cases)

Automated Process Improvement

e The process model, decision rules, and resource allocation policies may not be
known, may be incomplete or imprecise

e The set of possible process changes may be too large for exhaustive exploration
e Process changes may have non-linear effects (e.g. on waiting time)
e The effects of process changes are not additive

alibozorgi@ut.ac.ir
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#=“~ Al-Driven Process Optimization

Adaptive Zero-Touch Processes

Augmented Proactive Process Optimization
Process

Optimization

When should | adapt to unforeseen changes & how?

When should | intervene to optimize my KPIs? o Prescriptive Process Execution
How can | improve the performance of my Prescriptive Assisted Process Improvement
process? Process Optimization

How will my process look like in future,
if | leave it as-is, or if | change it?

What's the impact of automation or Process Optimization
change?

Predictive Predictive Process Monitoring
What-If Digital Process Twins

Automated Process Discovery
Conformance Checking
Performance Mining
Comparative Variant Analysis

How do my processes look like?
Where are the bottlenecks, wastes,
compliance violations, positive &
negative deviance?

(Descriptive) Process Mining

alibozorgi@ut.ac.ir
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Conversational Process Optimization

| Enterprise Sﬂystem'

¢
02%%,

o O o

00006

Business Process
Knowledge Base

Conversational Ul

Data-Driven
Process Optimizer

alibozorgi@ut.ac.ir




Augmented BPM system
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Properties of an ABPMS

Framed-Autonomous  Acts independently and proactively within a frame;

Conversationally Sieiilelarz10][=0 * Seamlessly interacts with agents whenever necessary

Adaptive * Reacts to changes in its environment

» Observes the effect of its actions and adjusts future actions to seek

Self-improving optimal achievement of its goals

Explainable * Able to explain its actions to human agents.

alibozorgi@ut.ac.ir



Climbing the Al-Driven Process Optimization Pyramid

* Lay the foundations, start climbing, keep climbing, don't hold off

» Getting data for process mining is often a challenge. But there are both short-
term benefits (bottom of the pyramid) and long-term ones (top)

* Don't skip the layers
» The lower layers of the pyramid provide a foundation to draw business value
from the upper layers.

* Align strategically and build governance incrementally
» Apply these capabilities first and foremost to processes that matter.
» Adopt these capabilities incrementally, one process at a time.
» Build success stories internally, ensure each layer of the pyramid yields value.

A
I 9
A=

alibozorgi@ut.ac.ir
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1- Process Science Dep.

2- Data Science and Business Intelligence Dep.

3- Industry 4.0 and Al Dep.

4- Operations Management Dep.

5- Human Resource process Optimization Dep.
6- Strategic Planning and Performance Management Dep.

7- Productivity and Quality Dep.

8- Risk, Resiliency and Crisis Dep.

9- Knowledge Management Dep.

alibozorgi@ut.ac.ir



Pl sl ol

Sl (ST e 5

LYY 940 OYFD :_ywlod o ylodd

alibozorgi@ut.ac.ir : K9 g1 g 30T
zil.ink/dr.alibozorgiamiri : bl sl < g la

alibozorgi@ut.ac.ir



Wla

LA

=G ey




	Slide 1
	Slide 2
	Slide 3
	Slide 4: نکته!
	Slide 5: فهرست مطالب
	Slide 6: چشم انداز هوش مصنوعی در ایران
	Slide 7: اهداف کلان هوش مصنوعی کشور
	Slide 8: نهادهای مهم درگیر در توسعه ملی هوش مصنوعی در کشور
	Slide 9: راهبردهای توسعه هوش مصنوعی درکشور
	Slide 10: حوزه‌های کاربرد پروژه های هوش مصنوعی
	Slide 11
	Slide 12: هوش مصنوعی چیست؟
	Slide 13: هوش مصنوعی برای چیست؟
	Slide 14: مرزبندی حوزه های دانشی 
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28: Variant Analysis
	Slide 29
	Slide 30
	Slide 31: Performance Mining
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 44
	Slide 45
	Slide 46
	Slide 47: Augmented BPM system
	Slide 48
	Slide 49
	Slide 50
	Slide 51: فرایندهای پیدایش، اجرا و نظارت پروژه­های هوش مصنوعی
	Slide 52: نقشه راه توسعه کاربردهای هوش مصنوعی در سازمان ها
	Slide 53: نسخه عملیاتی برنامه اقدام در حوزه هوش مصنوعی و علم‌داده
	Slide 54: خدمات دانشگاه تهران در حوزه هوش مصنوعی و علم‌داده
	Slide 55: سرفصل دوره توانمندسازی مدیران
	Slide 56: سرفصل دوره توانمندسازی کارکنان منتخب
	Slide 57: نقشه راه توانمندسازی کارکنان منتخب برگزیده
	Slide 58: دپارتمان های مرکز مطالعات مهندسی فرایند و مدیریت منابع دانشگاه تهران
	Slide 59: راه های ارتباطی 
	Slide 60

