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The essence of things cannot be understood through human cognition.
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How can we better and more accurately understand the essence of the things?
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A cat has two ears, two eyes, and so on.
This is what makes a cat.
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A concept can be defined perfectly?
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What kind of person is your ideal type as a romantic partner?
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Important truth
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Constant comparison is the key method to approach the essence of a concept.
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ARTIFICIAL
INTELLIGENCE

Early artificial intelligence
stirs excitement.

I I I
1950's  1960's 1970's

!
1980's

MACHI

NE

LEARNING

Machine learning begins

to floursh.

M@M

I
1990's

I
2000's

I
2010's

Artificial Intelligence
Any technique which enables computers
to mimic human behavior.

Machine Learning
Subset of Al techniques which use

statistical methods to enable machines
to improve with experiences.

Deep Learning
Subset of ML which make the

computation of multi-layer neural
networks feasible.

¢

Artificial Intelligence

@

Machine Learning




«U+ AlphaGo

IBM Watson -
DeapQA ‘U Google DeepMind
won on Google DeepMind,

jeopardy ['11] AlphaGo ['12, 15]

SA/ZEH 7| sts =k

1970~1380 1990~2000 2000~2010 Cognitive
Boom Winter Deep Learning Computing

J.McCarthy Expert systems Neural Networks Intelligent Agents
Dartmouth Symbolic Al Fuzzy Systems Machine Learning

Conference

& BM "Deep Blue” Deep Architecture
beats human chess  breakthrough
champion ['97] [Hinton, '06]

IBM TrueNorth ['14]



- Labeled date
- Direct feedback
- Predict outcome/future

Supervised

Unsupervised

- No labels
- No feedback
- "Find hidden structure”

Reinforcement

- Decision process
- Reward system
- Learn series of actions

Image
Meaningful Structure Classification

Compression Discovery

Customer Retention

Big data I Feature
Dimensionality Elicitation - Diagnostics

Visualistaion Reduction Classification

Idenity Fraud

Detection

Recommender Advertising Popularity

Unsupervised Supervised

Systems

’ Learning Learning Weather

' - _ Forecasting
Targetted Clustering M a Ch I ne Regression

Marketing X Market

F )
el Learning S-S ofiiesss

Segmentation Growth imating

Prediction ife expectancy

Real-time decisions Game Al
Reinforcement
Learning
Robot Navigation Skill Acquisition
Learning Tasks
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Xi w1=0.5 w2=0.5 theta=0.7 » 0 1
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“No one on earth had found a viable way to train*”

input layer
hidden layer 1 hidden layer 2

*Marvin Minsky, 1969
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CIFAR

® Canadian Institute for Advanced Research (CIFAR)

® CIFAR encourages basic research without direct application, was what
motivated Hinton to move to Canada in 1987, and funded his work

CIFAR

CANADIAN INSTITUTE
for ADVANCED RESEARCH
http://www.andreykurenkov.com/writing/a-brief-history-of-neural-nets-and-deep-learning-part-4/
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® Traditional CV @ Deep Learning
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Discover
Dashboards
Content
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Connectors

Web Crawlers

Build

Playground

Search applications
Behavioral Analytics
Relevance

Inference Endpoints
Enterprise Search
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Other tools -
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Graph
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m Query

system Welcome! Ask a question to get started.
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Al

Unable to retrieve documents based on the provided question
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Learn more.
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Market Performance

2020 2021 2022 2023
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Indexer

Document 1

o

The bright blue
butterfly hangs )
on the breeze. Stopword list
—
a
Document 2 and
around
every
for
it's best to from
forget the great in
Sy —
retire from
every wind. not
on
one
Document 3 :ge
\ under
Under blue e
sky, in bright
sunlight, one
need not

search around.

. | —

Inverted index
ID Term Document
1 best 2
2 blue 1.3
3 bright 1.3
4 butterfly 1
5 breeze 1
6 forget 2
7 great 2
8 hangs 1
9 need 3
10 retire 2
n search 3
12 sky 2,3
13 wind 2
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I'm the real Shady.

D2: All you other
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D3: So won't 1hé
raal Slim Shady
please stand up.

D4: Flease stand
up, please stand
up?

stopwords A et

all are because i'm
just other pleasa so
the up won't yes you

Toxenize

‘ Namalize )

Remave
Stapwords

(e )7

Inverted Index:

imitate 1:1
real 0:1 21
shady 0:2 1:1 2:1
slim O:1 1:1 2:1
stand 2:1 3:2
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Normalize

Remove
Sioowards

Results:
D1 D3 D2

Match
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Search
Evaluation

relevant elements

false negatives

selected elements

How many selected
items are relevant?

Precision =

true negatives

How many relevant
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Recall = —
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Elastic Overview

» As any good story begins, “Once upon a time...”

— More precisely: in 1999, Doug Cutting created an open-source
project called Lucene

* Lucene is:

— a search engine library entirely written in Java

lUUEﬂE — a top-level Apache project, as of 2005
— great for full-text search

* But, Lucene is also:
— alibrary (you have to incorporate it into your application)
— challenging to use

— not originally designed for scaling




Elastic Overview

» In 2004, Shay Banon developed a product called Compass

— Built on top of Lucene, Shay’s goal was to have search
integrated into Java applications as simply as possible

» The need for scalability became a top priority

* In 2010, Shay completely rewrote Compass with two main _
objectives: The Birth of

1. distributed from the ground up in its design FlasticSearch

2. easily used by any other programming language
* He called it Elasticsearch

— ...and we all lived happily ever after!

» Today Elasticsearch is the most popular enterprise search
engine




Elastic Overview

gistributed
Processing

* Elasticsearch is distributed and scales horizontally:

@ 1 node cluster

00

A node is an instance
of Elasticsearch

A clusteris a
collection of
Elasticsearch nodes

@ 10 node cluster

00 _
Master Nodes

100
Ingest Node

Your cluster can grow as your needs

100+ node
cluster

Master Nodes

~ DataNodes—Hot

Data Modes — Warm




Elastic Overview

Rrestful APIs
[ Easily used by other languages ]

Client T~ | @

Java, .NET, PHP,

HTTP Response

Ruby, Python, Perl,
or whatever you
want!




Elastic Overview

Categories
All

Shop by _
y category

’ the hudsucker pro|

the hudsucker proxy dvd

the hudsucker proxy

It’s a Match!

Elasticsearch is at the core
of Tinder's framework

DVERWATCH

WORLD

- WARCRAFT

e

/

Blizzard Entertainment
uses Elasticsearch to

analyze gamer and
server events

More than Search

Slack uses Elasticsearch to

_smonitor malicious activity




Elastic Overview

« Use GET to retrieve an indexed document
— notice we specify the index, the type and an ID

— response code is 200 if the document is found, 404 if not

7

“l am looking for

»”
{
b,og 1. “_index " . nmy—blogs n :
ll—type " : ll.—.d0c n -
ll-idll : n l n .
" version" : 3
GET my blogs/_doc/1 "Found® = true,
" _source" : {
"title": "Elasticsearch 5.0.0-betal released",

y "category”: "Releases",
Hetrleyal "date": "September 26, 2016"
"author": ({
"first name": "Clinton",
Documents e
"company"”": "Elastic"
}
} The original document is
returned in the _source field

}




Elastic Overview

Aggregations

+ We have been focusing on search, but Elasticsearch has
another powerful capability known as aggregations

- Aggregations are a way to perform analytics on your
indexed data

What
is the average ticket price
of a movie in the U.S?

A That
B ( isanaggregation...
N 4

What movies have “star” in
the title?

That
is a search

query...
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Elastic Stack

Application Site Enterprise
hp ki Logging
Search : Search . : - i
. Future Solutions
Business Security : :
Metrics ; ) :
Analytics Analytics

Visualize & Manage

Elastic
Stack
Layers

Elastic Elasticsearch Store, Search, & Analyze

.. Logstash Ingest

Saas Self Managed

el sti Deployment
; Elastic Cloud s Clastic IIEIr:lud @ETandalt}nE ploy
Enterprise




Elastic Stack

Logstash
“ \r my_cluster )
o logstash T~ &
v /
) _— N
A 4
SQL database .
with a table elasticsearch
named “blogs”
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Beats

my_cluster

/ b;eats \\ —

elasticsearch
web log files
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CRUD Operation

Documents musts be JSON Object

: _..Is stored in Elasticsearch as
{ A JSON object... 3 document

"title": "Solving the Small but...",
"category": "Culture",

"date": "December 22, 2017", 7 S,

"author": {
"first name": "Daniel",
"last_name": "Cecil"”,
llcompanyll : “Elastic"
}
}




CRUD Operation

Documents are Indexed into an Index

we index a document
. into my._blogs

my_cluster

my_blogs is an index

y
il
-wr

o S




CRUD Operation

* An index in Elasticsearch is a logical way of grouping data
— an index has a mapping that defines the fields in the index

— an index is a logical namespace that maps to where its contents

are stored in the cluster

« There are two different concepts in this definition:
— an index has some type of data schema mechanism

— an index has some type of mechanism to distribute data across

a cluster

production_logging

node1
B

-)

s

node2

N

Inaex



CRUD Operation

 Elasticsearch is a distributed document store
* A shard is a single piece of an Elasticsearch index

— Indexes are partitioned into shards so they can be distributed

across multiple nodes
We will discuss shards in
detail later in the course
»

Shard

production_logging

node1 " node2
1 3 0 2




CRUD Operation

PUT my_blogs/_doc/4
{

"title" : "Elasticsearch released",
"category": "Releases"

-

PUT my_blogs/_doc/4/ create
{

"title" : "Elasticsearch released",
"category": "Releases"

-

Read

GET my_blogs/_doc/4

POST my_blogs/_doc/4/_update
{

"doc" : {

Update
}

-

DELETE my_ blogs/_doc/4

Delete

GET my blogs/_search

POST my blogs/_doc
{

"title" : "Elasticsearch released",
"category": "Releases"

}

"title" : "Elasticsearch 6.2 released"




CRUD Operation

Query string VS Query DSI
* Query string is a simplified approach to search documents

— can be used in the URL
— simple and easy-to-use
— but hard to write complex queries

— unforgiving for small typos (quotes, parentheses, ...)

- Query DSL (Domain Specific Language) allows you to write
queries in a JSON format

— must send a body

— exposes the entire collection of Elasticsearch APls

— very powerful




CRUD Operation

guery string VS guery DSL

GET blogs/_search

{
"query": {
"match": {
"content"”: "ingest nodes” & Query DSL
}
}
}

GET blogs/ search?g=content: (ingest nodes) <—m




CRUD Operation

Resporse

}

}
b

"hits": {
"total": 241, < 241 documents were a match
. 23002305, but only the top 10 documents
? ste will be returned by default

_index": "blogs",
_type": " _doc",
" id": "7ItcB2cBZWSWiUidz dx",

"_score": 9.3005905, < Each hit has a _score
" source": ({

"title": "A New Way To Ingest - Part 2"

_index": "blogs",
_type " : "_doc " :
" id": "2o0tcB2cBZWSWiUi41Pkb",

! : Results are sorted by
ok el Pt & _score (by default)
_source”: {

"title": "Ingest Node: A Client's Perspective”




Elastic’ . -

1 Elastic Overview
2. ELASTIC Stack
3. CRUD Operation
4. Analyzer




Analyzer

GET my index/ mapping ’/,,——-\\\‘

{
"my index": {
"mappings”: {
This particular mapping [l —‘,,lgf, o; ef_t tan™
) has a type named “comment": {
Mﬂﬂﬁlﬂg - "type": "text",
"fields": {
The “properties” section S
contains the fields and L "ignore above": 256
data types in your }
documents }

b
"details": {
"properties”: {
"created at": {
lltypell : "date"
b
"employee": {
"type": "boolean"

b




Analyzer

&G w2

Mapping




Analyzer

r ex [' Use the _analyze API Test the "simple" analyzer on the given "text"
Analyze
GET _analyze
{
"analyzer" : "slimple“'
"text": "How to configure ingest nodes?"
}

how
t

—> configure

"simple"
analyzer

ingest




Analyzer

Analyzer Setting - nori_analyzer

o1zi0| £242| 0]7|8 ALRALTHO| 70| QUZHXHAIS Al
XIBHIQL] A EI0{0} $HCHs ZH0|ct,

UZHHANOUFHZAN SBANY(ZEZAL) O17|(AANBSHZEA
ARZ(YUANBHSAMYIMYT0IAL 2 (R L0 0() (AN O (A=A
A HANONFZZAL RUZHAAN XRUBANB(SHZZEAL HSHSANHOI( 1 Z010))
XIS A RAUSANH|(2Z0101) AFS{FANENSAHETIHYHOIAHOJOH 2 Z0{0]) BHSA}) - CHE(RYATIH00))
Z(SI=HANONSHXIHANCHO 2of0)), (OHH E)

"analysisﬁ : {

¥

"filter” : {
"nori_posfilter”™ : {
"type" : "nori_part_of speech”,

I

h

"stoptags" : [
men,
"IcT,
"n,
"MAG™,
LT
"HNAT,
"NR™,
"sCT,
"SEY,
"SFY,
"sPT,
R
"550",
Sy,
"WAY,
"WCN™,
"WCP™,
WS,
",
WK,
"XPN™,
"XR™,
"HSAY,
"XSN™,
KT,
"NP™

1

"analyzer" : {
"nori_analyzer" : {

¥

h

"filter™ : [

| "nori_posfilter”
1.

"type" : "custom”,

"tokenizer"™ : "korean_nori_tokenizer"

"tokenizer™ : {
“korean_nori tokenizer™ : {
"type" : "nori_tokenizer",

}

b

"user_dictionary" :
"decompound_mode" :

"user_dictionary.txt™,
“none"



Analyzer

Morpheme Analyzer - Mecab VS Nori

Indexing throughput

Seunjeon Seunjeon Arirang Nori
(compress=false) (compress=true)
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1. Elastic Cloud &4 =

2. NAF AJM] HE import

3. GjOJE] A|Zs}



https://www.gpters.org/wealth/post/apartment-investment-now-can-LHgjSwrP5hBQBBm
https://www.gpters.org/wealth/post/apartment-investment-now-can-PWenzHd3Gwegxjb
https://www.gpters.org/wealth/post/apateu-tuja-ije-nado-jeonmungaceoreom-handa-part-3-Va9Ts7UhCPkzW2V
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0§D \Vector DB = Elasticsearch

R0l U= WEE HELS wl0| 2= N2 NBUE
gHE2IS Ol ® A SHo3HLR? BHECIE OB BIOKSILLR?

0.95 | AR
0.95 | 4= Ok
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0§D \Vector DB = Elasticsearch

What is the max 401k ]
contribution for 2023? How @ L ® o Answer
much does my company
match? J ~J
_ @ Create Answer in
Translate into QUEW na[ura| |anguage
u ® and/or extract
Y document summary
Internal
Index (e a . &
Knowledge Base, ® (&)
PDE Dngc Wiki - .,‘;JEEIStIC "@ Documents on 401k
1 ] ] E'Ctﬂr ) ) )
etc Database/Store Similarity Search
@ 1
LLM
e ®
Index
Embedding

[0.03678234,..,0.047704935]




Embedding Model = Wikipedia by OpenAl

Download the dataset

We will use this Simple English Wikipedia dataset hosted by OpenAl (~700MB zipped, 1.7GB CSV file) that includes vector embeddings.

These are the columns of interest, where content_vector is a vector embedding with 1536 elements (dimensions), generated using

OpenAl's text-embedding-ada-002 model:

id url title text content_vector

1 https://simple.wikipedia.arg/wiki/April  April ~ "April is the fourth month of the year..." [-0.011034, -0.013401, ..., -0.009095]

If you haven't already, make sure to download the dataset and unzip the file. You should end up with
vector database wikipedia_articles embedded.csv in your working directory. The records are mostly (but not strictly) sorted by
title.

Download Wikipedia dataset ZIP

https://weaviate.io/developers/weaviate/tutorials/wikipedia



https://weaviate.io/developers/weaviate/tutorials/wikipedia

® 25241 Demo

Streamlitdt LangChain (with Python)

W & LangChain
j LLM
Document fosel |
File upload e
Charactsr
: Tex+
| Wy Streamlit Gfle-l'-l-er(\
.
|

AsK a Question

Openhl
£ W
CI'H' OWMA «
Lrom._documents()
LLM ; |
generate Retricval Q.
Answer £rom_chain_type()




® 25241 Demo

Streamlitdt LangChain (with Python)

Locally/Cloud GitHub Qg{gt“g“*"
Gt [ Cront /W
Create vsh Lok Liak GitRub
- g C,‘,’{fﬁji —» S*mwﬁff
Lapp €ile all repo Cll
Scl:c'l'
5 ey Fila
%o depl
D
Skl
it




A2 9|7|T|C|o} 0| 23 o

o= & THHGl= Al

B : Semantic search and Retrieval augmented
generation using Elasticsearch and OpenAl

-

A = L
Ol EMEEE?

| Submit ‘

AMsHE 9171 M List

ID: 22421 Title: Yi | Url: hitps://simple.wikipedia.org /wiki/Yi%20] Score: 0.9028312

ID: 40687 Title: 1415 Url: hitps://simple.wikipedia.org/wiki/1415 Score: 0.8957019

ID: 39133 Title: 1551 Url: hitps://simple.wikipedia.org/wiki/1551 Score: 0.8900757

ID: 15081 Title: 1232 Url: hitps://simple.wikipedia.org/wiki/1232 Score: 0.8894432

ID: 20088 Title: 509 Url: https://simple.wikipedia.org/wiki/509 Score: 0.88554895

ID: 4678 Title: Kim Jong-il Url: https://simple.wikipedia.org/wiki/Kim%20Jong-il Score: 0.8349724

ID: 46365 Title: Yun Poson Url: hitps://simple.wikipedia.org /wiki/Yun%20Poson Score: 0.88478947

ID: 46358 Title: Kim Young-sam Url: hitps://simple.wikipedia.org/wiki/Kim%20Young-sam Score:
0.8843397

https://wiki-ai-search.streamlit.app/
https.//colab.research.google.com/drive/12bxT-pnxKkfPEut4SDLIvCvthOMEomW7?usp=sharing



https://wiki-ai-search.streamlit.app/
https://colab.research.google.com/drive/12bxT-pnxKkfPEut4SDLJvCvfh0MEomW7?usp=sharing
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