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Business Case: Timely & Effective Responses to Negative Social Media Post

Initial responses werpositiveX 06 dzi (0 KSY O NP
propagatednegative sentimentst deliberate misinformation

Responding to misinformation witimely and effective messagings
Imperative to saving the campaigihand maybe even therand itself

Could we leverag&enerative Alo respondimmediately and effectivel
to existingnegative posts, as well as amgw ones that appear?




Generative Al: Its Promise and Its Limitations

Gen Al LGQa T2 "
simulates finding the best g ,
human next tokenin the L™
conversation conversation ‘
It can even

But despite all
appearancesit
does notreasotl

explain the stegi3s
It ook to return
Iits answer




What Generative Ahctually Does: A (Very) Primitive Metaphor

Consider this ‘

sentence: /

Potential

tokens:

Which token should be placawext?

A typical database table consists of

DSy IsdleQ 3
purpose:Find

the best next
token, now!

Token: Irows columnsi data tuples varied many and
Probability: | 0.32 0.32 | 0.17 0.10 0.04 0.03 0.01

Potential §
tokens:

Now which token should be placatext?

A typical database table consists of IoWVss
Token: and filled defined unordered columns rows
Probability: 0.55 0.18 0.17 0.07 0.02 0.01




Building Generative Al Solutions
Within 23al Database



Implementing RAG Within Oracle 23al Database
RAG Pipeline

Index
(Database)

Documents Embedding

Taken directly
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Oradie
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Simple, right?

Top K Results Response to User
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Implementing RAG Within Oracle 23al Database

==

Gathers
corpus

Corpus Documents

Locatesclosest

Generative Al
Application -
) Similarity
) Search
g Issues a
J QUERY() query

VECTOR_DISTANCE()
VECTOR_EMBEDDING()

Divides corpus,
Ayiaz ad
and retain

matching Reviews
embeddings \ Returns response for
\ requested hallucinations

UTL_TO_CHUNKS

response
Generates Builds
. | embeddings & responseas
) Krelzy—1>R ¢ s
) P % stores them as requested
VECTORS
UTL_TO_EMBEDDING 23ai Database

Human VECTOR FunctionsDBMS_VECTOR DBMS_VECTOR_CHAIN




Steps for Implementing a 23al Generative Al Solution

EXtract
appropriate
ONNX model(s

Invoke3“-party
LLMsfor extra
features

LoadONNX
model(s) into
database

Buildsummary
of returned
search results

therand
load relevant

COrPUS
decuments

Perform
Stmilarity.

searches
against corpu

o/ K doorpus
documents &
addembeddings

AddVECIOR
Indexes




Downloading ONNX Models (1)

# Should return Python 3.12.1: You can use the installed
export PATH=$ORACLE_HOME/python/bin:$PATH Python code base that comes
python -V with Oracle 23.4 as your

t e K2y aK2

# Install necessary Python packages:

mkdir - p /nome/examples/rag/ onnx

cd - p /home/examples/rag/ onnx

python - m pip install - I requirements.txt
python - m pip install omlutils -0.12.0 -cp312 - cp312 - linux_x86_64.whl




Downloading ONNX Models (1)

# Should return Python 3.12.1:

export PATH=$ORACLE_HOME/python/bin:$PATH
python -V

# Install necessary Python packages:
mkdir - p /nome/examples/rag/ onnx
cd - p /home/examples/rag/ onnx

X YR UGKSY AY:
Python library objects to gathel
ONNX models vi@ML4PY

python - m pip install - I requirements.txt

python - m pip install omlutils -0.12.0 -cp312 - cp312 - linux_x86_64.whl




Downloading ONNX Models (1)

# Show what model(s) are available:
$ python3

Python 3.12.1 (main, Feb 6 2024, 12:09:55) [GCC 8.5.0 20210514 (Red Hat 8.5.0 - 18.0.6)] on linux
Type "help”, "copyright”, "credits" or "license" for more information.

>>> from omlutils import EmbeddingModel , EmbeddingModelConfig

em = EmbeddingModel ( model_name ="sentence - transformers/all - MiniLM - L6- v2")
emc = EmbeddingModelConfig ()

emc.show_preconfigured §)

exit()

Display all available
ONNX models




Downloading ONNX Models (1)

# Show what model(s) are available:

$ python3
Python 3.12.1 (main, Feb 6 2024, 12:09:55) [GCC 8.5.0 20210514 (Red Hat 8.5.0 - 18.0.6)] on linux
Type "help”, "copyright”, "credits" or "license" far mara infarmatinn

['sentence - transformers/all - mpnet - base - v2',
>>> from omlutils import Embedc ' Sentence e-transformersfalk /a | |- MiniLMv-L6-v2',
em = EmbeddingModel ( model name= ‘Sentencece-transformersimultinu | ©7--ga-MinikMv-L6--cos:--v1',

emc = EmbeddingModelConfig () ' ProsusAl /finbert
emc.show_preconfigured 0 ' medicalai / ClinicalBERT ',
exit() - 'sentence - transformers/distiluse - base - multilingual - cased - v2',

'sentence c e--transformersfall /2 | 1-MiniLMv--L12-v2',
'‘BAAl/bge -small -en-v1.5,
'‘BAAl/bge - base -en-v1.5,

' taylorAl  /bge - micro - v2',

"intfloat  /e5 - small -v2, 2 §0Of f g Ofendof the

Display all available "intfloat  /e5 - base - v2, _
ONNX models rajjwall/  bert - tiny’, dozen or so ONNgompatible
' thenlper / gte - base’, models for loading
' thenlper / gte - small',
e " TaylorAl [/ gte - tiny',

"infgrad /stella - base - en-v2]

S,
BN WA
’Qiism\“




Downloading ONNX Models (2)

# export_onnx_models.py: Multiple ONNX models can
S | be downloaded abitcode
Import—-om T2NJ A YLR NI
from oml.utils import EmbeddingModel , EmbeddingModelConfig
em = EmbeddingModel ( model_name =" sentence - transformers/all - MiniLM - L6-v2")
em. export2file ("all - MiniLM - L6- v2",output_dir="/home/oracle/examples/rag/ onnx_models /")
em = EmbeddingModel ( model_name =" sentence - transformers/multi - ga- MiniLM - L6- cos - v1")
em.export2file("multi - gqa- MiniLM - L6- cos - v1",output_dir="/home/oracle/examples/rag/ onnx_models /")
em = EmbeddingModel ( model_name =" sentence - transformers/all - MiniLM - L12-v2")
em.export2file("all - MiniLM - L12 - v2",output dir="/home/oracle/examples/rag/ onnx_models /")
exit()

$> Il * onnx

- rwxrwxr - X. 1 oracle oinstall 133322334 Jun 19 20:03 all - MiniLM - L12- v2.onnx

- rwxrwxr - X. 1 oracle oinstall 90621438 Jun 19 19:51 all - MiniLM - L6- v2.onnx

- 'WXrwxr - X. 1 oracle oinstall 90621438 Jun 19 20:03 multi_- ga- MiniLM - L6- cos - vl.onnx




Deploying ONNX Models Within 23ai Database (1)

CREATE OR REPLACE DIRECTORYonnx_models AS '/home/oracle/examples/rag/ onnx_models /'
GRANT READ, WRITE ON DIRECTORY onnx_models TO hol23; a
BEGIN
DBMS_VECTOR.DROP_ONNX_MODEL( Load theall-MiniL M-L6v2 pre-
for:'czdi—ggs‘é)_n sallal 2 Han trained ONNX model into a
DBMS_VECTOR.LOAD ONNX_MODEL( 23al database, assigning its
directory => 'ONNX MODEL alias asVliniLML6V2X
, file_name => |all - MiniLM -L6-v2.0nnx '
, model name =>|'" MiniLML6V2 '
, metadata =>
JSON({" function":"embedding 0
," embeddingOutput " : " embeddi n g€

X | yR 0K &dactha l
END; how relevant content will be
/ provided to the model for
embedding

, "input": {"input":




Deploying ONNX Models Within 23ai Database (2)

e Worksheet Query Builder
= SELECT

model name
, mining function

, algorithn| Verify that the ONNX model was
, algorithm_type loaded into the 23ai database vig

, model _size
FROM all_mining_models; ALLLMINING "MODEXS

e, W

> Query Result *
A 5 @ 3§ soL | Al Rows Fetched: 1 in 0.043 seconds
{} MODEL_NAME _|{} MINING_FUNCTION |{} ALGORITHM | ALGORITHM_TYPE |{} MODEL_SIZE |

1IMINILMLEVZ EMBEDDING  ONNX NATIVE 90621438




Deploying ONNX Models Within 23ai Database (2)

e Worksheet Query Builder
= SELECT

model name

* Eigtﬁ?;n”“l“” Verify that the ONNX model was
, algorithm_type loaded into the 23ai database via

, model size

FROM all_mining_models; ALLLMINING "MODEXS

e, W

[ Query Result x
s 5 @) Bk soL | All Rows Fetched: 1 in 0.0.Worksheet  Query Builder

{} MODEL_NAME _|{} MINING_FUNCTION |{} SELECT = . A
|MINILML6VZ EMBEDDING O | nodel rame X |y Rspé&tifics aeach model loaded
—— attribute_name viaALL MINING 'MOBEL sATTRIBUTH

attribute_type

data length
vector info

FROM all_mining model attributes;

- - ~ -

aw
[ Query Result *

| 3 ,E w a SOL | All Rows Fetched: 2 in 0.021 seconds
i MODEL_NAME |{} ATTRIBUTE_NAME it ATTRIBUTE_TYPE i} DATA_LENGTH |{} VECTOR_INFO

MINILMLBEVZ ORASONNXTARGET VECTOR 1593 VECTOR(384,FLOAT32)
2AMINILMLGEVZ DATA TEXT 32767 (null)

'_I




Gathering Meaningful Corpus Documents

om : . .
<« e e * e m o 23 theguardian.com/business/2024/feb/26/electric-cars-air-pollution-problem-brakes-tyres
E= 4n official website of the United States government Here's how you know v

o 1 United States
' Environmental Protection Search EPA.gov Q
\’ Agency

Environmental Topics v Laws & Regulations Report a Violation v About EPA

EV mythbusters © This article is more than 4 months old

Green Vehicle Guide CONTACT U Automotive industry . . .
Do electric cars have an air pollution
cenencecuserone Electric Vehicle Myths problem?

| Learn About Green Vehicles

[<]o] PN TATIVE & e X | y‘ Rre | I‘ﬁb\m WS In part seven of our series exploring myths surrounding

EVs, we look at claims friction on brakes and tyres will affect

Organ i Zatio nas HTI\/I L’ the n 23 theguardian.com/business/ZOZd/mar/25/are-e!ectricvcarsvtoo-heavy~forvbmish—roads-brtdgesvandvca-parks - 2024 For F-150
Global EV converted to PDFs SR Lightning® Truck

-
Outlook 2024

lave enough range to handle daily travel demands.

EV mythbusters © This article is more than 3 months old

Automotive industry R
Are electric cars too heavy for roads,
bridges and car parks?

Moving towards increased affordability

as safe as comparable gasoline vehicles.

International
Energy Agency

b

N

: Documents were captured as
, Q -+ PDFs fromofficial government
'*%. = _1 = and scientific sourceX

» | ‘. [

Jasper Jolly

< Share




Storing Corpus Documents and Preparing for Embeddings

DROP TABLE IF EXISTS corpus_documents PURGE;

( Create a table that will

CREATE TABLE IF NOT EXISTS corpus_documents ., = .,
containa O K dzgf the ¢

cd_id NUMBER(8,0)
. cd status CHAR(12) corpus documents and
, Lcd _data BLOB their embeddingsX

)i
DROP TABLE IF EXISTS corpus_chunks PURGE;

CREATE TABLE IF NOT EXISTS corpus_chunks (

cd_id NUMBER(8,0)
cdc_id NUMBER(8,0)
cdc_data VARCHAR?2(4000)

cdc embedded VECTOR

)




Storing Corpus Documents and Preparing for Embeddings

e CREATE OR REPLACE DIRECTORYcorpus_sources AS ''home/oracle/examples/rag/corpus/';
GRANT READ, WRITE ON DIRECTORY corpus_sources  TO hol23;

[ copy source documents into that directory |

INSERT INTO corpus_documents (cd_id , cd _status , cd_data )
VALUES(001, 'VALID', TO_BLOB(BFILENAME('CORPUS_SOURCES', 'USEPA_Condensed.pdf)));

INSERT INTO corpus_documents (cd_id , cd status , cd_data )
VALUES(002, 'VALID', TO_BLOB(BFILENAME('CORPUS_SOURCES)', 'GlobalEVOutlook2023.pdf"));

INSERT INTO corpus_documents (cd_id , cd _status , cd_data )
VALUES(003, 'VALID', TO_BLOB(BFILENAME('CORPUS_SOURCES)', 'GlobalEVOutlook2024.pdf"));

INSERT INTO corpus_documents (cd_id , cd _status , cd_data )
VALUES(011, 'VALID', TO_BLOB(BFILENAME('CORPUS_SOURCES',
'RecurrentAuto_StudyWinterAndColdWeatherEVRangeLossIn10000PlusCars.pdf")));

COMMIT;




Creating Embeddings WithBMS VECTOR

INSERT INTO corpus_chunks

SELECT
CD.cd_id doc_id
, ET.embed_id cdc id

, ET.embed_data cdc_data

, TO_VECTORET.embed_vector
FROM

corpus documents

) cdc_embedded

CD

_CHAIN.UTL_TO_CHUNKS

¢CKOXKdzy {1 a¢ Sl Q 2 N1.Jdz
document per the parameters
for UTIL TOOCEIENMSKas well as

creating the embeddings via

OK

DBMS_WEEG:?F@FCI-@HAINIUTLTOIDGHMM(S
DBMS WECTORICHAINIUTLTIOrMEXTD.cd_data )

. UTL TTOEEMBEDDINGS
/ Since the output will be in
/ JSON format, this refers to

each returned value for

COMMIT;

, JSON('{"by":"words", "overlap":"0",[s INSERTIinigto
"l anguage": 6Americano6, "Wgromal i ze' CORPUS “THUMNKS Y,
) S
, JSSON({" provider":"database ", "model " :" MINItMLG6V 0)
, JSON_TABLE(.column_value -
'$[*]' COLUMNS ( embed_id NUMBER PATH '$. embed_id '

, embed_data VARCHAR2(4000) PATH '$. embed_data '
, embed_vector CLOB PATH '$. embed_vector ') ) ET;



Chunking Methods Determine How Answers Returned

Myth #1: Electric vehicles are worse for the climate than gasoline cars because of

BY : words, power plant emissions.
MAX 40, : : : i '
OVERLAP : 0. FACT: Electric vehicles typically have a smaller carbon footprint than gasoline cars,

SPLITnone, even when accounting for the electricity used for charging. Electric vehicles (EVS) h

RGN ERRE= ) CIERE 1o tailpipe emissions. Generating the electricity used to charge EVs, however, may
NORMALIZE : all create carbon pollution. The amount varies widely based on how local power is

generated, e.g., using coal or natural gas, which emit carbon pollution, versus rene\

The chunking
method selected
can dramatically

SHEeepeeicl  FERewablelenergy sourceslikewindiandSatarused to generate electricity, the total

documents are GHGs associated with EVs could be even lower.

OKdzy1{ SR
Chunk #1  Chunk #2 -




Chunking Methods Determine How Answers Returned

Myth #1: Electric vehicles are worse for the climate than gasoline cars because offf

BY : words, power plant emissions.

MAX :100,
OVERLAP : 0, FACT: Electric vehicles typically have a smaller carbon footprint than gasoline carks:

SPLITsentence even when accounting for the electricity used for chargilptficveniclesEVSIFaY e

ZANCERSIEINEIEUN eNEiIpIPEIemISSIon S enerating the electricity used to charge EVs, however, may 2Y

MO S CCh create carbon pollution. The amount varies widely based on how local power is
gfnerated, e.g., using coal or natural gas, which emit carbon pollution, versus rengh
X BKAOK «’e:s0urces like wind or solar, which do not. Even accounting for these electricity
CUCHRUEEGLIEIWAY emissions, research shows that an EV is typically responsible for lower levels of
SREESCRUECHUCRY  reenhouse gases (GHGSs) than an average new gasoline car. To the extent that

when chunks are : . .
renewable energy sources like wind and solar are used to generate electricity, thetko

selected for output , _
during vectorized GHGs associated with EVs could be even lower.

searches!
Chunk #1  Chunk #2 -




Text Chunking Parameters

Default

BY How tosplit documents CHARACTER | WORDS | VOCABULARY BYWORDS
MAX Maximumsizeof each chunk 100
SPLIT [BY] Where tosplit input text when it approaches MAX size RECURSIVELY
OVERLAP How much of theorecedingtext the current chunk should contain 0

[ SaaA2y(

LANGUAGE Language of theput data NLS LANGUAG

How topre-processor post-processssues encountered with text

NORMALIZE (e.g.multiple consecutive spaces) None
EXTENDED Allows output limit to beextendedto (32K¢ 1) bytes 4000
° See theVECTOR CHUNKS documentafama complete discussion of how

these parameters affect chunking



https://docs.oracle.com/en/database/oracle/oracle-database/23/sqlrf/vector_chunks.html#SQLRF-GUID-5927E2FA-6419-4744-A7CB-3E62DBB027AD

Chunking Effects

SELECT
VECTOR_DISTANCE(
cdc_embedded
, VECTOR_EMBEDDING(
MINILML6V?2
USING
'Everybody knows that EVs pollute more than gas powered cars!
AS DATA), COSINE) AS rating
, cd_id
, cdc_id
, SUBSTR( cdc_data , 1, 60) brief _data
FROMcorpus_chunks
ORDER BY rating ASC
FETCH NEXT 10 ROWS ONLY;

This query will return very

RAFTFSNBY I




Chunking Effects

B> Query Result x

# 5 [ B soL | Al Rows Fetched: 10 In 0.16 seconds

JSON({" normalize":"all Ty

{t RATING {: CO_ID |} CDC_ID {: BRIEF_DATA

10.27612072229385376
2 0.30973511934280396
30.3129057288169861
40,32510173320770264
5 0.3337820768356323
6 0.33555418252944946
70.34132808446884155
80.34371501207351685
% 0.3488852381706238
10 ©,357869505B8822632

ORDER BY rating ASC

1

1
1
E
7
9
7
1
8
B

55ome studies have shown that making a typical EV can create
1Myth #1:Electric vehicles are worse for the climate than g
Zpollution, versus renewable resources like wind or solar, wh
35ome people believe that the shift to electric cars could re
6EVs do not burn fossil fuels directly - and would not releas
100 electric cars really produce fewer carbon emissions than
10been peer-reviewed by scientists, and the industry disputes
6For example, researchers at Argonne Natlional Laboratory esti
6There are millions of electric cars on roads around the worl
1Do electric cars have an air pollution problem? | Automotive

FETCH NEXT 10 ROWS ONLY;

X RSLISYRA

how the corpus
documents have
beenchunkedX



Chunking Effects

B> Query Result * JSON({" normalize":"all "1) ‘
o 5 seconds
X 0 S T 2 BRI |
10. . 55ome studies have shown that making a typical EV can create e
20. embeddlngsare 1Myth #1:Electric vehicles are worse for the climate than g
30. created! Z2pollution, versus renewable resources like wind or solar, wh
40, 35Some people believe that the shift to electric cars could re > A 2 .
50. 6EVs do not burn fossil fuels directly - and would not releas X RS LIS )/ RA
60. 9 1Do electric cars really produce fewer carbon emissions than how the cCorpus
70.34132 7 10been peer-reviewed by scientists, and the industry disputes
80,.34371 /351685 1 BFor example, researchers at Argonne National Laboratory esti documents have
5[, i1 706238 8 6There are millions of electric cars on roads around the worl beenchunkedX
100, BB22632 7 1Do electric cars have an air pollution problem? | Automotive

FETCRNEXT 10 ROWS ONLY;

JSON({" by":"words ",

"overlap":"0",
" split":"sentence
"language™:"  american ",

"normalize™:"all"}"))




Chunking Effects

B> query Resut JSON({" normalize":"all "1)

seconds

X 0 S BN <0 |0 {: BRIEF_DATA |

10. . 55ome studies have shown that making a typical EV can create

20. embeddlngsare 1Myth #1:Electric vehicles are worse for the climate than g

30. created! Z2pollution, versus renewable resources like wind or solar, wh

40, 35Some people believe that the shift to electric cars could re > A 2 .
50. 6EVs do not burn fossil fuels directly - and would not releas X RS LIS )/ RA
50, 1Do electric cars really produce fewer carbon emissions than how the corpus
70. 10been peer-reviewed by scientists, and the industry disputes documents have
80,.34371 /351685 BFor example, researchers at Argonne National Laboratory esti

5[, i1 706238 6There are millions of electric cars on roads around the worl beenchunkedX

BB22632 1Do electric cars have an air pollution problem? | Automotive

[ Query Result =
o 5 @ Gk soL | Al Rews Fetched: 10 in 0.181 seconds
{t RATING : €D_ID | {} CDC_ID |{; BRIEF_DATA |

FETCRNEXT 10 ROWS ONL

10.28293377161026 1 S5FACT: The greenhouse gas emissions associated with an electr

2 B,29539/74004606060284 7 18@Many of the clalms about EVs causing air pollution reference

30.259731154441833496 1 2The amount varies widely based on how local power is genera
JSON({" by":"words ", 40.31835395097732544 1 1Myth #1:Electric vehicles are worse for the climate than g
"overIap":"O", 50.3192080855369568 1 6Still, over the lifetime of the vehicle, total GHG emission
" it " 60,32561009356880188 7 35ome people belleve that the shift to electric cars could re
Sl gEiEmes 5 70.33014196157455444 8  B8That evidence suggests there is no reason to think that EVs
language": american -, 8 0,33555418252944946 g 1Do electric cars really produce fewer carbon emissions than
"normalize":"all"}')) 9 0.33589881658554077 9 30ur EV mythbusters serieshas looked at some of the most p

10 0, 34426039457321167 8 1725 Mar 2024Do electric cars have an air pollution problem




VECTOR_DISTANCE: How Vectors Are Searched For Meaningfulness

A COSINialue
of 1 means the
embeddings

are identical

A value of)
indicates the
embeddings are
unrelated

cos(a) =1
most similar vectors
distance = 0 (1-1)

/

cos(a) = 0.86
somewhat similar
distance = 014 (1-0.86)

cos(a) =0
unrelated
distance = 1(1-0)

b
.............. a=90 /

cos(a) = -1
opposite
distance = 2 (1-(-1))

From Oracle Al Vector Search User's Guide, Section 7

A small angular
difference (.86)
AYRAOLFGS
somewnat simitar

X | -¥rReans
the embeddings
are complete
Opposites



Vector Indexes: Speeding Retrieval of Embeddings

‘CREATE VECTORINDEX corpus_chunks_hnsw_idx

ON corpus chunks (cdc embedded ) |
ORGANIZATION INMEMORY NEIGHBOR GRAPH
DISTANCE COSINE .

WITH TARGET ACCURACY 95
PARAMETERS ( —
TYPE HNSW
,EFCONSTRUCTION 5
,NEIGHBORS 2);




Vector Indexes: Speeding Retrieval of Embeddings @

EXPLAIN PLAN FOR

SELECT VECTOR_DISTANCE¢dc_embedded , VECTOR_EMBEDDING(MINILML6V2 USING 'Are EV batteries safe?'
AS DATA), COSINE) AS rating

, cd.id , cdc_ id ,SUBSTR( cdc data , 1, 60) brief _data

FROMcorpus_chunks Using the=y.¢.27 clause tells

ORDER BY rating ASC the optimizer to essentially
| FETCH EXACT NEXT 10 ROWS ONLY, perform a keyword search, and

no index will be used
SELECT plan_table output

FROM TABLE(DBMS_XPLAN.DISPLAY(' plan_table',NULL,'all D)k -
Plan hash value: 1902679133 ,”
| Id | Operation | Name | Rows | Bytes | TempSpc| Cost (%CPU)| Time |
| 0| SELECT STATEMENT | | 10| 1540 | | 1478 (1)| 00:00:01 |
|* 1| COUNT STOPKEY | | | | | | |
| 2| VIEW | | 2892 | 434K| | 1478 (1)| 00:00:01 |
|* 3| SORT ORDER BY STOPKEY| | 2892 | 5623K]| 5f92K| 1478 (1)| 00:00:01 |
| 4] TABLE ACCESS FULL | CORPUS _CHUNKS || 2892 | 5623K]| || 272 (0)] 00:00:01 |




Vector Indexes: Speeding Retrieval of Embeddings @

EXPLAIN PLAN FOR
SELECT VECTOR_DISTANCE¢dc_embedded , VECTOR_EMBEDDING(MINILML6V2 USING 'Are EV batteries safe?"
AS DATA), COSINE) AS rating,
cd id , cdc id ,SUBSTR( cdc data , 1, 60) brief _data
FROMcorpus_chunks Note the difference when using the

ORDER BY rating ASC Arpaowatnr s clause, which
FETCH APPROXIMATE NEXT 10 ROWS ONLY leverages the HNSW Vector Index for

SELECT plan_table_output faster retrieval
FROM TABLE(DBMS_XPLAN.DISPLAY (' plan_table',NULL,all ; >

Plan hash value: 992403219

| Id | Operation | Name | Rows | Bytes | Cost (%CPU)| Time |

| 0| SELECT STATEMENT | | 10| 1540| 2 (50)| 00:00:01 |

|* 1| COUNT STOPKEY | | | | | |

| 2| VIEW | | 10| 1540| 2 (50)| 00:00:01 |

|* 3| SORT ORDER BY STOPKEY | | 10]19910| 2 (50)| 00:00;01 |

| 4] TABLE ACCESS BY INDEX ROWID| CORPUS_CHUNKS | 10]19910| 1 (0)| 00100:01 |

| 5] VECTOR INDEX HNSW SCAN | CORPUS _CHUNKS HNSW _IDX| 10|19910| 1 |(0)]00:00:01 |




aSladaNAy3a | +SO02NJ LYRSEQE ! OOdzNJ O

BEGIN

SET SERVEROUTPUT ON FORqQVIN curvectors
SET LONG 100000
LOOP
DECLARE report :=
report VARCHAR2(128); DBMS WECTOR. INDEXAACGURACYU QUERY
query_vector VECTOR,; owner name =>' HOL23
CURSORcurVectors IS , index_name =>' CORPUYSCEHUNKSNENSWXIDX
SELECT ,qv=> qv.cdc_embedded
cd_id , top_ K => 10
, cdc_id , target_accuracy => 90);
, SUBSTR( cdc_data , 1, 20) AS text
, cdc_embedded DBMS_OUTPUT.PUT_LINE(
FROMcorpus:chunkS 'Chunk # || gv.cd_id ||| qv.cdc_id ||
\(/)VRHIEEFECSN_(ISd y 1 e i Il qv.text || ") accuracy: ' || report
— ’ — ),
FunctionINDEX ACCURACY_QUIEBRY
packageDBMS_VECTQRovides ars: -z END_END HOO

rztire for a suppliedVECTORalue based on
the specified: ccurziy thinessool. ..

/
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BEGIN

SET SERVEROUTPUT ON FOR gv IN curVectors
SET LONG 100000 LOOP
DECLARE report :=
report VARCHAR2(128); DBMS WECTOR.INDEXAACCURACYU QUERY
query_vector  VECTOR,; owner_ name =>' HOL23 -
CURSORcurVectors IS . index_name =>' CORRUSCEHUNKSNENSWXIDX
SELECT ,Qv=>  gv.cdc_embedded
Cd_ld , top K => 10
[Chunk #1.1 (Myth #1: Electric v) accuracy: Accuracy achieved (30%) is 60% lower than the Target Accuracy requested (90%) |

Chunk #1.2 (The amount varies w) accuracy: Accuracy achieved (40%) is 50% lower than the Target Accuracy requested (90%)
Chunk #1.3 ((In 2020, renewables) accuracy: Accuracy achieved (30%) is 60% lower than the Target Accuracy requested (90%)
Chunk #1.4 (EPA and Department o) accuracy: Accuracy achieved (40%) is 50% lower than the Target Accuracy requested (90%)
Chunk #1.5 (FACT: The greenhouse) accuracy: Accuracy achieved (30%) is 60% lower than the Target Accuracy requested (90%)

Chunk #1.6 (Still, over the lif ) accuracy: Accuracy achieved (40%) is 50% lower than the Target Accuracy requested (90%)
Chunk #1.7 (In their estimates, ) accuracy: Accuracy achieved (50%) is 40% lower than the Target Accuracy requested (90%)
Chunk #1.8 (Myth #3: The increas ) accuracy: Accuracy achieved (80%) is 10% lower than the Target Accuracy requested (90%)

Chunk #1.9 (Yet, how that impact) accuracy: Accuracy achieved (50%) is 40% lower than the Target Accuracy requested (90%)
Chunk #1.10 (And further down the) accuracy: Accuracy achieved (80%) is 10% lower than the Target Accuracy requested (90%)
Chunk #1.11 (A E\onsuh accugacynAgcuracy achieved (80%) is 10% lower than the Target Accuracy requested (90%)

|Chunk #1.12 (A Long term, higher) accur ac yis10% bigher thandhg Taaget iiceracierequestadqoD%))

Chunk #1.13 (The Department of En) accuracy: Accuracy achieved (80%) is 10% lower than the Target Accuracy requested (90%)
Chunk #1.14 (Visit DOE's Bipartis ) accuracy: Accuracy achieved (100%) is 10% higher than the Target Accuracy requested (90%)
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Answering Prompts With DBMS VECTOR.UTL TO GENERATE_ TEXT

SET SERVEROUTPUT ON .

DECLARE This prompt can accept any text
user_question  CLOB; typically supplied to ari\l chatbof,
params CLOB; including directives on what to use
output CLOB; as anauthoritative sourceso

BEGIN answer the question

-- Accept user question:
user_question =

'‘Generate a response to the following question : o6 | |

0Do EVs pollute more than gas vehicles? ' | |

'using the following text as an authoritative source |

"FACT: Electric vehicles typically have a smaller <car

[several lines of additional authoritative source redacted |

0still | ower than those for the gasoline cal

(@]




Answering Prompts With DBMS VECTOR.UTL TO GENERATE_ TEXT

SET SERVEROUTPUT ON
DECLARE

user_question
params CLOB,;
output CLOB;

CLOB;

SNBQ& |y SEI YLX
gpt-40 chatbot to answer the
qguestion, including settings for
temperature and other levers that
control the generated response

[several lines of additional auth

Osti |l | | ower tF

This prompt can accept any text
typically supplied to arh|l chatbot,

including directives on what to use
as anauthoentative sourcedo

Set up parameters for cailing OpenAi gpt - 40 model:

panamss = '{

‘provider": "
' credential_name
“url ": "https://api.openai.com/v1l/chat/completions”,
"model": "
"temperature": 1.0,

"' max_tokens ": 256,
“top_p " 1.0,

" frequency_penalty
“presence penalty " : 0. 0 }

openai ",
OPENAI_CRED,

gptc-40°”,

" 0.0,

(@)

ar



Answering Prompts With DBMS VECTOR.UTL TO GENERATE_ TEXT

SET SERVEROUTPUT ON :

DECLARE This _
user_question CLOB; typice The returned output will be
params CLOB; incluc identical to what theOpenAl chat
output CLOB; as assistant APreturns, provided the

same parameters were used

SNBEQa +y SEI YL --  Set up parameters for cailing Ope
gpt-40 chatbot to answer the S
question, including setting Ju.

temperature and other levergi® Send prompt string to OpenAl for processing:

output =
SULCIRUERCENEEECRER | peMS WECTORIUTLI IO GENERATE TEXEer_question , JSON(params));

Electric vehicles (EVs) generally have a smaller carbon footprint compared to

gasoline cars. While it's true that there are greenhouse gas (GHG) emissions

associated with the production and eventual disposal of electric vehicles,

including the electricity used for charging, research shows that the overall GHG

levels from EVs are typically lower than those from new gasoline cars. Despite

the higher emissions from the manufacturing and end - of - life stages, the total
greenhouse gas emissions for EVs remain lower compared to those of gasoline

vehicles. Therefore, EVs are responsible for fewer GHG emissions and are less

polluting overall.




Answering Prompts With DBMS VECTOR.UTL TO GENERATE_ TEXT

SET SERVEROUTPUT ON
DECLARE

This
typice The returned output will be

incluc identical to what theOpenAl chat
gl fa agsisfayt RPreturns, provided the
same parameters were used

Output can then be routed to any
F LILIXE AOF 0A2Y GA0K

except for the call to the external Al Jss
A RaEaalaiae lezl oo A, - Setup parameters for cailing Ope
@racle-23al. database -

Send prompt string to OpenAl for processing:

temperature and other .
control the generated |

output =
DBMS WECTORIUTLITO: GENERATE_TEXiSer_question , JISON(params));

Electric vehicles (EVs) generally have a smaller carbon footprint compared to

gasoline cars. While it's true that there are greenhouse gas (GHG) emissions

associated with the production and eventual disposal of electric vehicles,

including the electricity used for charging, research shows that the overall GHG

levels from EVs are typically lower than those from new gasoline cars. Despite

the higher emissions from the manufacturing and end - of - life stages, the total
greenhouse gas emissions for EVs remain lower compared to those of gasoline

vehicles. Therefore, EVs are responsible for fewer GHG emissions and are less

polluting overall.
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