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“Automation of Information” —

Prof. Dr. Ing. Iping Supriana
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What is Artificial Intelligence?

* S. Rusel and P. Norvig, Artificial Intelligence in
Modern Approach

Thinking Humanly

“The exciting new effort to make comput-
ers think ... machines with minds, in the
full and literal sense.” (Haugeland, 1985)

“[The automation of]| activities that we
assoclate with human thinking, activities
such as decision-making, problem solv-
ing, learning ..." (Bellman, 1978)

Thinking Rationally

“The study of mental faculties through the

use of computational models.”
(Charmiak and McDermott, 1985)

“The study of the computations that make
it possible to perceive, reason, and act.”
(Winston, 1992)

Acting Humanly

“The art of creating machines that per-
form functions that require intelligence
when performed by people.” (Kurzweil,
1990)

“The study of how to make computers do

things at which, at the moment, people are
better.” (Rich and Knight, 1991)

Acting Rationally

“Computational Intelligence i1s the study
of the design of intelligent agents.” (Poole

et al., 1998)

“Al ...1s concerned with intelligent be-
havior in artifacts.” (Nilsson, 1998)
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e Computer would need to possess the
following capabilities :
— Natural Language Processing
— Knowledge Representation
— Automated Reasoning
— Machine Learning

* Turing test :
— Computer vision : perceive objects
— Robotics : manipulate objects and move



* We need to get inside the actual workings of
human minds :

— Introspection, trying to catch our own thoughts as
they go by

— Psychological experiments, observing a person in
action

— Brain imaging, observing the brain in action



* By 1965, programs existed that could, in principle,
solve any solvable problem described in logical

notation. (Although if no solution exists, the program
might loop forever.)

* Logicist tradition within artificial intelligence hopes to
build on such programs to create intelligent systems.

* There are two main obstacles to this approach :

— First, it is not easy to take informal knowledge and state it
in the formal terms required by logical notation,
particularly when the knowledge is less than 100% certain.

— Second, there is a big difference between solving a
problem “in principle” and solving it in practice.



* An agent is just something that acts

* Computer agents are expected to do more:

— operate autonomously

— perceive their environment

— persist over a prolonged time period

— adapt to change, and create and pursue goals.

* Making correct inferences is sometimes part of
being a rational agent, On the other hand, correct
inference is not all of rationality; in some
situations, there is no provably correct thing to
do, but something must still be done.
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 Philosophy
— Can formal rules be used to draw valid conclusions?
— How does the mind arise from a physical brain
— Where does knowledge come from?
— How does knowledge lead to action?

e Mathematics

— What are the formal rules to draw valid conclusions?
— What can be computed?
— How do we reason with uncertain information?

e Economics

— How should we make decisions so as to max payoff?
— How should we do this when others may not go along
— How should we do this when the payoff may be far in the future?

* Neuroscience
— How do brains process information?

e Psychology

— How do humans and animals think and act?
* Computer engineering

— How can we build an efficient computer?
* Linguistics

— How does language relate to thougt?
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* Searching for solution

* Knowledge Base and Planning
* Reasoning
* Learning



Searching for solution

 Uninformed search strategies :
— Breadth-first search
— Deep-first search
— Depth-limited search
— |terative Deepening depth-first search
— Bidirectional search

* |Informed (Heuristic) search strategies :

— Greedy best-first search
— A* search (minimizing the total estimated solution cost)
— Memory-bounded heuristic search

* Local Search Algorithms and Optimization Problems
* Local Search in Continuous Spaces

* Searching with Non-deteministic Actions

* Searching with Partial Observation

* Online search agents and unknown environments

* Adversarial search (Mathematical Game Theory)

* Constraint Satisfaction Problems

blibli™
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Knowledge base and planning

* Planners that are are used in the real world for
planning and scheduling the oper- ations of
spacecraft, factories, and military campaigns
are more complex.

* Three Approachment :
— Searching based problem solving
— Hybrid logical agent
— Classical planning using planning graph



Reasoning

* Explain how to build network models to
reason under uncertainty according to the
laws of probability theory.

* Representing knowledge in an uncertain
domain Bayesian or Probabilistic Reasoning.

* Probabilistic Reasoning over time

* Examples : Hidden Markov Models, Kalman
filters, and dynamic Bayesian networks (which
include hidden Markov models and Kalman

filters as special cases)



Learning

 An agentis learning if it improves its performance
on future tasks after making observations about
the world.

* Why would we want an agent to learn?

— The designhers cannot anticipate all possible situations
that the agent might find itself in

— The desighers cannot anticipate all changes over time;
a program designed to predict tomorrow’s stock
market prices must learn to adapt when conditions
change from boom to bust.

— Sometimes human programmers have no idea how to
program a solution themselves
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* Inductive

— Machine Learning

e Deductive

— Expert system

Dedvuctive
eneralization [or Fule) = hpeciiic Examples or Activities

Inductive
Specific Examples or Activities > Generalization |or Rule)

Figuare 1, Deductive and Inductive Learning adapted from
hatpa’fwww sasked.govsk.ca'docspolicy/approach/instrappds il



Machine Learning Definition

‘A computer program is said to learn from
experience E with respect to some class of tasks
T and performance measure P, if its performance
at tasks in T, as measured by P, improves with
experience E.” — Prof. Tom Mitchel



Machine Learning #1

* Supervised

* Unsupervised

* Reinforcement Learning
* Semi-Supervised

* Deep Learning

Deep Learning
Algorithms

Semi-supervised Unsupervised Learning Supervised Learning
Learning Algorithms Algorithms Algorithms
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; . Instance-based
I
Regression Algorithms Algorithms

Regularization

Algorithms
- B
N Bayesian Algorithms Artificial Neural Network Dimensional Reduction
Di:[:;?i?hgsee Algorithms Algorithms

Ensemble Algorithms
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scikit-learn
algorithm cheat-sheet

classification gy

regression

dimensionality
reduction
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CLUSTERING
Categories
. No
K-means Predict future
data points? ANOMALY DETECTION
Yes -q_‘l’ea—‘.q— Yes —
One-class <100K
SVM data points
Predict or >100
categories or -::quhised features?
values? anomaly
Values
REGRESSION
v
-4—‘1’135
Ordinal Data in rank-ordered categories?
regression No
e
Poisson Predict event counts?
regression N
O
I < Distribution
Fast forest Predict single values or a distribution?
quantile

Single values

v

regression

I« Close enough

Linear
regression

Linear approximation
okay?
No

| Prefer E:-:pla:nahle class
If your data points St

are statistically No

Neural network
regression

>

¥ independent, try:

CEVEHEL R EEL
regression

Machine Learning Taxonomy #2
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Machine Learning: Algorithm Cheat Sheet

MULTI-CLASS CLASSIFICATION

Decision forest
regression

If you have overlapping
¥V features, try:

Boosted decision
tree regression

2> No

Two categories or Prefer classifier built
more than two? from >1 two-class
classifiers?
2 Yes
‘ One of the One-v-All

categories rare? multiclass

No Choose a

two-class
classifier

Prefer explainable class
boundaries?

No

’

Multiclass logistic
regression

TWO-CLASS CLASSIFICATION

p‘ Yes —p [

Yes
<100K data points or >100 features

>
Two-class SVM

»

Speed
Prefer speed or accuracy?

!
¢

Ar:r.:ura cy

No

Two-class averaged
perception

Prefer explainable class boundaries?

Yes

A4
-Select one;

Two-class decision forest
Two-class decision jungle

Y _If you have overlapping features, try:

Two-class boosted
decision tree

>

Two-class logistic regression

If you prefer performance over

training time, and all features
are numerical, try:

Two-class neural network

elect one:
Multiclass decision forest
Muilticlass decision jungle

If you prefer performance
over training time, and all
features are numerical, try:

>

Multiclass neural
network

If the accuracy is good but
ou want it faster, try:

Locally Deep SVM

If your data points are
statistically independant,

you can try:
ilwu-ciass Bayes point

machine




Machine Learning Application in Business
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Artificial Intelligence in Industry

* Fraud Detection System

* Dynamic Recommendation System and User
Profiling

* Traveling Salesman Problem and Binpacking
Problem for better warehouse management

e Chatbot

* Social Media Analysis
— Vocal users

— Preprocessing for another approachment (add more
features)

* Company condition forecasting
* Governance simulation
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The Complexity #2 bl'bl'm

Data Explosion

Available Data

Big Data

Data Volume

Your ability to do
something with data

Gap /
\'f

Time



The Complexity #3

* Big data : volume, variety, velocity, and veracity.
(You might consider a fifth V, value.)

 Knowledge representation or the architecture of
the model

* Unimplemented methods/algorithms in any
libraries

e Stack of methods
 Data mostly unlabeled data

* Features Engineering (especially from
unstructured data)

* Machines (Hardware)
* High Performance Computing



Big Data

* Data retrieving: Big Query

* Stream analytics: software that can filter,
aggregate, enrich, and analyze a high throughput
of data from multiple disparate live data sources
and in any data format.

* Data Sources: operational and functional systems,
machine logs and sensors, Web and social and
many other sources

* Data Platforms, Warehouses and Discovery
Platforms: that enable the capture and
management of data, and then — critically — its

conversion into customer insights and, ultimately,
action



Stack of Methods

* More complex methods and models
* Methods characteristic

* Methods behavior

* Methods customization

* Ex. Semi-supervised, Deep learning, features
engineering

 Sample cases : our research in FDS and
dynamic recommendation system
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Scale-Up

Scale-Out

https://hadoop4usa.wordpress.com/2012/04/13/scale-out-up/



High Performance Computing #2 bl'bl'm

* In-memory data fabric: provides low-latency access
and processing of large quantities of data by
distributing data across the dynamic random access
memory (DRAM), Flash, or SSD of a distributed

computer system.
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* Cluster machine
* GPU machines (OpenCL and nvidia CUDA)
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Stack of Technologies
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Stack of Technologies #2

< O |&

Microsoft Azure Home o e
ga ®

WV

« Binary Classification: Direct marketing ndeft Properties >
u ,D 4 Two-Class Boosted Decision Tree
@ = Saved D Create trainer mode
, Saved Datasets Roadar
E_) \eade Single Parameter !
-’ Data Format Conversions I — n—
- dXimum number oF leav...
Data Input and Qutput — | 20
Metadata Eqitor v
AN .
ﬁ -;Em Data Transformation Minimum number of sam...
[ 10
."' ﬁ*) Feature Selection I
B orqiec Coalumns ~ Learning rate
& | Machine Learnin ‘*- R S 1D
a 3 ) - remove columns that are part I 0.2
E!J OpenCV Librazy Modules eV Number of trees construct..
l%{. Python Language Modules I I L
et Random number seed
CR' R Language Modules .f_Em Split | -
0
Em Statistical Functions
¥ Allow unknown categ...
;-E Text Analytics E Two-Class Eﬂi'“\: Decision T @ Two-Class Support Vector Ma
1
Web Service 7'//»
a Deprecated - -
= &
SER o° SHn !
Sweep Parameters _!,1__ Sweep Parameters

@ Score Mode! @ Score Moge!
Quick Help ""

[ Creates a binary classifier using a boosted
‘\ decision tree algorithm

{more help...)
i ol o
O 0 @ mxe @

I
]

te Model
= LS

(4T}

Wi q_JI




% blibli™

BIG CHOICES BIG DEALS

Stack of Technologies #3
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