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Models and Modeling in Business Intelligence

There are many different models used in Bl
- Examples you know:

- Model Definition: Models represent some part of the business
process and allow precise formulation of interesting questions
(Analytical Goals)

- How can we realize the representation? (representation
function)

- How should we formulate the representation? (“model
language”)
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Models and Modeling in Business Intelligence

Representation function of models
» Models of phenomena

» Phenomena: Features of the business process interesting from an
analytical point of view

» Models define a picture of the phenomena (caricatures)
* Idealized models, e.g., control flow of the business
® process, a treatment process, a course design

* Analogical models: Overtake ideas from other sciences, e.g., gravity
model for relations between persons in dependence of distance

Phenomenological models: Statistics, e.q. regression




Models and Modeling in Business Intelligence

Models of data

* We have no precise idea about the models, but only a number of
candidate models for the empirical data

| * The task is to learn the most appropriate model (Machine Learning,
Data Mining)
* Simple example: Churn management:
* Which variables influence the churn behavior of a customer, e.q.,
age, sex, marital status, income?
* How should we define the relation between churn behavior and
theses variables?




Models and Modeling in Business Intelligence

Models of Theories

* Each application domain of Bl has specific domain knowledge, usually
defined by concepts and relation (logical relations) between the
concepts

* Concepts and logical relations define a formal system (ontology)

* Understanding this formal system as a theory data instances are
models of this theory

— Database models




»

Languages for Models

Models and Modeling in Business Intelligence

Corresponding to the multitude of models there are different
formulations (languages) used, for example:

UMLorER-modelingfordata

BPMNformodelingthecontrolflow
Statisticsincaseofmodelingcustomer behavior
Connectedness(reachability)inagraph



Models and Modeling in Business Intelligence

Formulation of models

» Each language has its own semantic allowing definition of certain
model elements a formulation of generic questions

“ » Queries in a database

»  Simultaneous occurrence of two events in a business process
»  Strength of association between two variables

»  Graph models for social networks




Models and Modeling in Business Intelligence

»  Formulation of models (ctd.)

» Generic questions can be formulated in different languages

» Example: Relations between attributes

| * Formulate a query in a data model and represent the result as a
table

* Define a regression model and formulate the relation as an
equation

Use a graphical language and visualize the relation in a scatterplot




Models and Modeling in Business Intelligence

»

Putting all these things together leads to the concept of a model
structure composed of:
» Model Language:
* Syntax defines basic elements and the rules how to compose
model elements
* Semantic defines the meaning of the elements in the language,
independent from any domain
Notation for communication of the expressions in the language




Models and Modeling in Business Intelligence

Model Elements: Certain expressions in the model language, useful for
describing facts about the business process

* Generic questions: Questions formulated in the semantic of the model
language about properties of model elements
* Generic questions can be answered by specific analysis
techniques




Models and Modeling in Business Intelligence

» A mapping of some part of the domain semantic of a business process
into a certain model structure (“Conceptual Modeling”)
» Examples for domain concepts and relations:

» Health Care Use Case:

» Higher Education Use Case:

» CRM Use Case:




Models and Modeling in Business Intelligence

»  Definition of a model configuration: admissible expression in a model
structure which allows formulation of the analytical goal in questions
about the model configuration

| » Connection of model configuration with observations: data about the
| instances of the business process have to fit to the model configuration,
l.e., views and perspectives

»  Definition of model variability: Usually data are blurred due to noise or
statistical variability




Models and Modeling in Business Intelligence

» Quality criteria for business process models
* Correctness: model is syntactical correct and mapping of domain
®* semantic and model semantic is appropriate
| * Relevance: model complies with intended function, i.e., explain past
observations and predict future observations
* Economic efficiency: trade-off between complexity and costs
(Occams razor)
* Clarity: model can be understood by users
* Comparability: model fits in the overall analysis framework of the
business process




Models and Modeling in Business Intelligence

Quiality criteria for empirical models
* Objectivity: Results are independent of the person using the model
° Reliability: results of the model can be reproduced

~* Validity: model is useful from a practical point of view

" Content validity: model represents phenomenon under
consideration

= Criterion validity: high correlation between model results and
other external properties

Construct validity: new results can be derived from model




Models and Modeling in Business Intelligence

» Patterns describe local behavior whereas models describe global
behavior

» Examples:
* Medical treatment process: a pattern of cooccurrence of certain
medications
* Customer relationship: A pattern of occurrence of certain
combination of variables like outliers




2 Logical and Algebraic Structures

Individual constants (names), e.g., “John Dee”

* Variables: placeholders for constants, e.g., “Student”’,
“Course”

* Functions: operating on constants or variables, e.g.,
“grade (Student) = passed’

* Predicates: define properties for the individual constants, e.g.,
“‘Attends BI”

Quantifiers (“for all (V)”, “exists (3)”)




2 Logical and Algebraic Structures

Definition of terms by individual constants, individual variables,
and functions

* Generate atomic formulas by a predicate symbol followed by a
| number of terms for which the predicate is applicable, e.qg.,
| “AttendsBI [John Dee]l”

* Build well formed formulas using propositional calculus and
guantifiers,

® e.g.,,3(Student) (V(Course) grade (Student, Course)
= passed




2 Logical and Algebraic Structures

Building expressions according to predicate logic
* Assign truth values to the expressions (interpretation)

* If the interpretation results in truth values TRUE for all possible
| assignments of the free variables we call the interpretation a
model

* Generic questions are whether a well-formed formula is true

®* Modeling using logical structures tries to capture domain
knowledge in a logical form

The simplest form are terminology systems like taxonomies




2 Logical and Algebraic Structures

Ontologies: “A specification of a conceptualization” - OWL.:
* T-Box: Vocabulary of a domain as a logical theory
* A-Box: Assertion about the domain, which has to be checked

* Uses the open world assumption, i.e., anything can be entered in
the T-Box unless it violates constraints
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2 Logical and Algebraic Structures

Representation in an object-oriented style

* For each object a number of slots are defined for attributes of the
objects

* Frames use the closed world assumption, i.e., a statement is true
iIf its negation cannot be proven within the system

°*  Example:
* “All birds can fly” (closed world)
* “There exist nonflying birds” (open world)




3 Graph Structures

Model Structure - Language:
- Syntactic elements:

* Nodes (vertices)

* Edges (directed, undirected)

* Labels for edges (e.g., “distance”) or nodes (e.g., “degree”)
1 — Notation:

* Numeric representation (adjacency matrix)
* Visual representation




3 Graph Structures

Model Structure

- Model elements

» Special kinds of graphs, e.g., trees, series parallel networks,
bipartite graphs

» Connected graphs (path)

A > V]

Tree Series-parallel graph Bipartite graph
(directed)
© 2015 Springer-Verlag Berlin Heidelberg




3 Graph Structures

Model Structure
- Generic questions

» Generic questions refer to properties of the graph and can be
answered by well known algorithms like spanning tree, shortest
path, best matching of nodes




3 Graph Structures
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3 Graph Structures

Process Model Represented as Petri Net:
Transition
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4. Analytical Structures

— Language:
- Variables in one or more dimensions

; Mathematical functions f:X - Y,y = f(x) = f(xq,...xp)

— Model elements:

Classical functions (linear functions, logarithm, exponential
functions,...)

Norm of a vector: ||x|| = [P . x?

Distance between two vectors x and z:

p

d@n) = Y (i —2? = lx -zl

i=1
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Calculus (ctd.)

4. Analytical Structures

Model elements (ctd.)
Inner product, given a vector w of coefficients:
fl) =wlhx = wyxg + - + wpx,,
Linear functions in more than one variable (matrices): f(x) = Bx
where B is a k X p matrix

Projections: The orthogonal projection of a vector x onto another

vector w is defined by p,, ) = x' * ﬁ




4. Analytical Structures

Calculus (ctd.)

— Generic questions:
- Properties of functions
- Minimization and maximization of a function
> Value of the minimum: z = min f(x)
> Argument of the minimum: x,, = argmin f(x)(f (x,,)) = z
— Matrix factorization: If C is a symmetric positive definite matrix
(covariance matrix) then we can represent this matrix in the form:
C=P=D#*P*t
- Here D is a Diagonal matrix and P is a matrix with orthogonal columns
- This is frequently used for dimensionality reduction




4. Analytical Structures

Probability — Language
— Events, Calculus of events: E

— Probability of events P(E), odds(E) = —2

1-P(E)
— Random variables as model for measurement: X
— Probability Distribution:
Distribution function: F(x) = P(X < x)
Density function and probability function: p(x)
- We interpret the density as likelihood of an observation




4. Analytical Structures

Probability — Language (ctd.)
»  Conditional probability and independence: p(x|y) = p(x, y)/p(y)
» Two variables are independent if p(x,y) =p(x) *p(y)

» Bayes Theorem: p(x|y) = p(y|x)/p(y)

» Interpretation of Bayes Theorem in the discrete case: Compute
column percentages from row percentages




4. Analytical Structures

» Probability — Example

Joint Probabilities Conditional Probabilities given Usage Conditional Probabilities given Age
Usage Age Group marginal Usage Age Group marginal Usage Age Group marginal
Pattern |young | old Pattern |young | old Pattern |young | old
high 0.2 0.1 0.3 high 0.67 0.33 1 high 0.33 0.25 0.3
moderate 0.3 0.2 0.5 moderate 0.6 0.4 1 moderate 0.50 0.50 0.5
inactive 0.1 0.1 0.2 inactive 0.5 0.5 1 inactive 0.17 0.25 0.2
marginal 0.6 0.4 1.0 marginal 0.6 0.4 1.0 marginal 1.00 | 1.00 1.0




4. Analytical Structures

Statistical units (observation units)

»  Population
»  Observable variable

»  Transfer the concepts of probability to observations, e.q.,
“distribution” to “sample distribution” (“empirical distribution™)

»  Model elements and generic questions:
»  Descriptive methods
»  Inferential methods
»  Estimation
»  Testing
»  Confidence regions

»  Modeling methods
» Regression




5 Models and Data

» In Bl we have usually secondary data,i.e.,data which have been
collected for other purposes, e.g.,
» Transactional data
»  Administrative data
» Web data

» An important question for interpretation of results is defining the
population which is represented by the data (e.g., tweets or
evaluations on portals)

Measurement of the data




5 Models and Data

- Time stamps Ti are the basic primitives with a predefined granularity and a well
defined zero.

- Time intervals T = [T'start, Tend] are defined as pairs of time stamps for start and end.
- Time points are zero length intervals.

- Aninterpretation context ¢ is a proposition that can change the interpretation of
- parameters within the scope of a time interval. Interpretation contexts can be nested.

- A context interval <¢, I> defines time intervals for which the interpretation context
holds.

' - An event proposition e represents the occurrence of an external volitional action or
| process and has to be distinguished from a measurable datum.

- - An event interval <e, I> represents the temporal duration of an event e.




Business Analytics

Data warehouse Data Mining

Data Mining Forecasting

Data Analyst Optimization:




Business Analytics

DPéi twong div
liéu

Business Intelligence

XU ly tat ca dir liéu thd ma doanh
nghiép s& hiru tir trrdc dén nay.

Business Analytics

Tap trung vao phan tich cac data da cé
két qua wrng dung trong qua khtr.

Muc dich wrng
dung

Danh gia tinh trang hién tai cia
doanh nghiép, qua dé cé nhirng giai
phap triét dé& dé téi wu cac hoat
ddéng van hanh.

DPoan bét vé xu hwéng cling nhw bdi canh
kinh doanh trong twong lai. Nhivng két
quad nay dwoc sang loc dé dwa ra nhirng
chién lwvoc phat trién cho t chirc.

DPéi twong st
dung

ng dung trong nhirng doanh
nghiép c6 quy mo Ién, dang s& hiru
nhu ciu t6i wu cac hoat ddng van
hanh cdng kénh

Trién khai déi v&i tat ca cac dbi twong tb
chirc dang hwéng t&i muc tiéu phat trién
va day manh hiéu suat lam viéc.




BI + BA = BUSINESS SUCCESS



Business Analytics

Péu 1a nhitng md hinh hé théng xir Iy va tan dung dir liéu manh
m&, Business Intelligence va Business Analytics dang dem lai rat
nhiéu loi ich cho doanh nghiép. Vi B, doanh nghiép co thé:

* Phan tich dit liéu va bao cao nhanh chong hon.

« (Cai thién cac hoat dong van hanh trong doanh nghiép.

Pua ra cac quyét dinh kinh doanh chinh xac hon.

« Nang cao hiéu qua lam viéc va mic do gan két ctia nhan vién
véi doanh nghiép.




Business Analytics - Phan biét Business Analysis va
Business Analytics

Analysis: su phan tich, phép phan tich, 1a sy tach roi nhiéu thanh
phan riéng nho tir mét tong the, nghién ctru tirng phan nho va tim
moi lién hé gitra cac phan trong tong thé 16n.

Analytics: mon giai tich, mén phan tich, la giai thich tinh logic
hay nhitng nguyén tic nham tng dung cho phép phan tich o trén
(Analysis)



Business Analytics

“Analysis” va “Analytics” déu duoc str dung dé gan két va ho tro
lan nhau trong vi¢c tim ra cac giai phap cho nhirng van dé cua
doanh nghiép.




Business Analytics

Business Analytics

Business Analysis

Tap trung vao céac quy trinh, k¥ thuat va
chtrc nang.

Tap trung vao dit liéu va phan tich thong
ké.

Puoc sir dung dé giai quyét nhitng van dé
phtrc tap cuia doanh nghiép va mang dén
nhirng thay doi tich cuc

Puoc st dung dé du doan cac trang thai
trong tuong lai va thuc day cac quyét
dinh kinh doanh.

Puoc thuc hién béi Business Analysts,
Systems Analyst, Functional Analyst.

Puoc thuc hién boi1 Data Analyst va Data
Scientist.

Kién thirc vé chirc nang, kinh doanh va
cac linh vyc thi can thiét dé lam cong
viéc Business Analysis.

Théng k&, toan hoc va lap trinh 1a nhiing
kién thirc can thict cho cong viéc
Business Analytics.




2. Software Analytics

» Phan tich phan mém dé cap dén phan tich cu thé cho cic hé
thong phan mém va cac quy trinh phat trién phan meém lién
quan.

| »  Muc dich: md ta, du doan va cai thién viéc phat trién, bao tri va

quan ly cac hé thong phan mém phurc tap.




2. Software Analytics

»

»

Dt liéu dugc Software Analytlcs tham do Va phan tich ton tai
trong vong dol phan mém, bao gdm ma ngudn, dic diém yéu
cau phan mém, bao cdo 10i, truong hop thir nghiém, dau vét /
nhat ky thuc thi va phan hoi cia ngudi ding trong thé gidi
thue,. ..

Thong tin hiru ich do Software Analytics thu dugc 1a thong tin
ma cac nha thue hanh phan mém c6 thé dua ra cac giai phap cu
thé dé hoan thanh nhiém vy muyc tiéu



2. Software Analytics

Phan tich phan mém tip trung vao
» Hé théng phan mém
» Nguodi dung phan mém

» Quy trinh phat trién phan mém




3. Embedded Analytics

» Phan tich nhung 13 cong nghé duoc thiét ké dé gitp
tat ca cac loai rng dung hoac nguo1 dung dé dang
ti€p can phan tich dit liéu va thong tin kinh doanh.




3. Embedded Analytics

»

»

»

»

»

»

Tools

Actuate

Dundas Data Visualization
GoodData

IBM

icCube

Logi Analytics

»

»

»

»

»

»

Pentaho
Qlik
SAP
SAS
Tableau
TIBCO
Sisense




4. Learning Analytics

»

St dung cac dir liéu théng minh, dir liéu do nguoi hoc tao ra va
cac mo hinh phan tich dé tim ra duoc thong tin va moi quan hé
de du doan va dua ra 161 khuyén.

Mot linh vue da nganh lién quan dén hoc may, tri tué nhan tao,
truy xuat thong tin, thong ké va truc quan hoa.

Do ludng, thu thap, phan tich va bao cdo dit liéu vé “ngudi
hoc” va bo1 canh cua ho, nham muc dich hi€u va t61 wu hda
viec “hoc” cling nhu mo1 truong ma nd dién ra.




4. Learning Analytics

»  Educational Data Mining |a phat trién, nghién ctru va tmg dung
cac phuong phap may tinh hoa dé phat hi¢n cac dir li¢u can
thiet trong khoi dit 1iéu khong 10.




4. Learning Analytics

»  Muc tiéu cua LA va EDM:
» Du doan dugc hanh vi trong tuong lai.
| » Nang cap cé4c dit liéu vé viéc “hoc” thong qua cac md hinh.
| » Cung cap cac phan hoi va diéu chinh cac khuyén nghi sao
cho phu hop véi hanh vi.




Educational data mining focuses on developing new
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3 EDUCATIONAL DATA MINING CAN m
ANSWER QUESTIONS LIKE: LEARNING m,mum
What sequence of topics is most N Iumwmlmw ;
i : honedtopc?
W P —
- tudent actions are associated When is a student at risk for not
with better learning and higher grades? T a ,

Which actions indicate satisfaction and L~ \What grade is a student likely to receive
engagement? : without intervention?

d a student be referred to a
counselor for help?

What features of an online learning
environment lead to better learning?




5. Predictive Analytics

» Phdn tich di dodn bao gom nhiéu k¥ thuat thong ké khac nhau
tur khai thac dir liéu, m6 hinh du doan va hoc may phan tich cac
dit kién lich sir va hién tai dé dua ra du doan vé cac su kién
trong tuong lai hoac cac su kién chua biét.

»  Phdn tich dw dodn cho biét diéu gi ¢ kha ning xay ra. No su
dung két qua phan tich mé ta va chuan doan dé phat hién xu
hudng trong tuong lai. Do 0, phan tich du doan tro thanh

cong cu dé du bao.




5. Predictive Analytics

Phan tich du doan cho phép chuyén dbi dit liéu thanh kién thirc
cé gia tri v€ twong lai va du doan cac ket qua cé the xay ra.
» LAy dit liéu tir cac su kién hién tai va qua khtr ¢é phan tich
nham dua ra du doan vé két qua trong tuong lai thong qua cac
mau va xu huong.
» NO1 mot cach toan hoc, phan tich du doan sur dung théng ké va
hoc may dé€ dua ra cac du doan dinh luong vé tuong lai dudi
dang gia tri cu thé hodc xac suat udc tinh.




5. Predictive Analytics

Cac doanh nghiép ¢ thé khai thac sirc manh ctia phan tich du doan theo
mot sO cach:

v" Tao khach hang tiém ning

v Céc nd lyc tiép thi nang cao, nham muc tiéu dén cac khach hang cu thé
v' Xac dinh cac xu huéng trong twong lai

v' Xac dinh céc co hoi ting trudng

v" Giam thiéu c4c phan héi x4u tir khach hang

v" Tiép thi va phan phdi ndi dung dugc cai thién



6. Prescriptive Analytics

»

»

»

Phdn tich dé xudt 1a mot dang cua phan tich dir li€u, str dung
cong nghé dé gitip cac doanh nghiép dua ra quyét dinh tot hon
thong qua phan tich dir li€u tho.

Phdn tich dé xudt stt dung thong tin vé cac tinh hudng c6 thé
x4y ra, cac tai nguyén c6 sin, hiéu suat trong qua khir va hiéu
suat hién tai, va dé xuat mot chién luoc hodc qua trinh hanh
dong.

Phén tich dé xudt c6 thé duoc st dung dé dua ra quyét dinh cho
ca quyét dinh trudc mat va quyet dinh trong 1au dai.



6. Prescriptive Analytics

»  Phdn tich dé xuat str dung cac udc tinh ctia phan tich du doan
vé nhiing gi c6 thé xay ra dé dé xuat nhimg hanh dong nén thuc
hién.

»  Phdn tich dé xuat 1a mot bude tién xa hon phan tich mé ta va

phan tich du doan khi dua ra dé xuat hanh dong thich hop va

du doan nhirng két qua co thé xay ra. N6 tra 10i cho cau hoi:

“Diéu gi nén xay ra?”’




6. Prescriptive Analytics

» CAac phan tich dé xudt dua trén cac ki thuét tri tué nhan tao -
kha ning ciia chuong trinh may tinh, ma khoéng can thém cac
yéu td dau tir con nguoi, dé c6 thé hiéu dit liéu ma né thu duoc,

song song voi viéc khong ngirg thich nghi va tién bo.




7. Social Media Analytics

Social media analytics l1a qua trinh thu thap, phan tich va ap dung
dir liéu, thong tin va bao cdo lién quan dén ndi dung duogc chia sé
trén social profiles cua ban va social profiles ciia moi nguoi




7. Social Media Analytics

Vi social media analytics, ban c6 thé:

*  Hiéu cac chi s6 quan trong nhat d6i voi nhom va doanh nghiép

| cua ban, chang han nhu muc d6 tuong tac, luot dang lai, luot

| share, luot click, luot hién thi.

*  Xaéc dinh cac cach hi¢u qua dé nang cao nhan thirc va pham vi
ti€p can thuong hiéu cua nguoi dung.

Gay an tugng doi voi khach hang.




7. Social Media Analytics

* Tang lugng truy cap vao content va trang web khac cua ban.

*  Tiang lugng sir dung san pham/dich vu cta khach hang.

° Nang cao long trung thanh cua khach hang.




8. Behavioral Analytics

»

Phan tich hanh vi 1a mot linh vuc ctua phéan tich dir liéu tap
trung vao viéc cung cap hiéu biét sdu vé hanh déng cua moi
nguoi, thuong lién quan dén mua hang truc tuyén.

Phan tich hanh vi dugc str dung trong thwong mai dién tir,
nganh cong nghiép game, phuong tién truyén thong xa hoi va
cac linh vue khac dé ti wu hda céc co hoi dé dat duoc cac két
qua va muc tiéu kinh doanh cuy thé.




8. Behavioral Analytics

» Phan tich hanh vi 1a mét Iinh vuc cua phan tich dir li€u tap trung
vao viéc cung cap hiéu bi€t sau vé hanh dong ciia moi nguoi,
thuong lién quan dén mua hang truc tuyén.

» Phan tich hanh vi duoc st dung trong thuong mai dién tir, nganh
cong nghi¢p game, phuong ti¢n truyén thong xa hoi va cac linh vuc
khac dé t61 uu hoa cac co hoi dé dat dugce cac két qua va muc ti€u
kinh doanh cu thé.

» Phan tich hanh vi sir dung khoi luong dit liéu tho tir nguoi dung khi

ho 1én céic trang mang xa hoi, cac ing dung game, marketing, trang

web ban 1¢.




8. Behavioral Analytics

Phan tich hanh vi stir dung khoi lwong dit liéu tho tir ngudi dung khi
ho 1én cac trang mang xa hoi, cac rng dung game, marketing, trang
web ban 1¢.

» Phan tich hanh vi thuong duoc sir dung cho muc dich tang doanh
s0, thong qua viéc dat quang cdo hoac dé xuat cac san pham.
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