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Machine Learning (ML)

Key Concepts 

• Considered a subset of AI unlike traditional programming
o  ML algorithms learn by analyzing data patterns

> Data can be numbers, text, images, & audio

• ML Models are mathematical representations 
o Of real-world processes 

> When exposed to more data,

>  Can refine predictions 

> Make further decision making

More on Machine Learning

GENERATIVE AI & GANs

https://www.geeksforgeeks.org/ml-machine-learning/
https://pub.towardsai.net/generative-ai-gans-105b0014cb40


What are Vectors

Vectors are building blocks representing & manipulating data in ML models

Need to understand Vector Search 
• It’s a technique used in information retrieval for machine learning 

• Looks at items in large datasets 

• Stores & groups items based on their vector representation – called vector embeddings 

Vector embeddings are strings of numbers
•  That correspond to the many attributes of an item 

o Can be a document, image, audio, or video file

• Vector embeddings are arrays of real numbers 
o Can be 100s or 1000s of dimensions

• The process for generating a vector for a data object is vectorization

Vector Search = Similarity Search = Nearest Neighbor Search
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Where are Vectors Stored & Accessed

Vectors are stored in databases that support vectors: vector databases
• Optimized for similarity searches

• Designed to contain many dimensions with millions or billions of vectors
o  Which are the result of embedded process & machine learning models

• Oracle stores vector embeddings as a VECTOR data type

Vector databases use advance indexing techniques 
• Inverted File Index (IVF), Hierarchical Navigable Small World (HNSW), Locality-Sensitive Hashing (LSH), Tree-

based indexes (like ANNOY), Product Quantization (PQ), & Hash-based indexes
o Each type offers different trade-offs

> Search speed vs. accuracy depending on the application & data

Oracle recently added, new Hybrid Vector Index
• Combination of Oracle Text index & Vector index  on your unstructured data
                CREATE HYBRID VECTOR INDEX moviev_hybrid_idx on moviev(summary)

                PARAMETERS ('model ALL_MINILM_L12_V2 vector_idxtype HNSW’);

• hybrid-vector-index-the-combination-of-full-text-and-semantic-vector-search

https://blogs.oracle.com/coretec/post/hybrid-vector-index-the-combination-of-full-text-and-semantic-vector-search#create


Large Language Models (LLMs)

LLMs are designed to understand & generate human language
• Trained on large amounts of Text data 

• Consists of million/billions of parameters learned from training data

• The underlying transformer is a set of neural networks (What's a Neural Network)
> That consist of an encoder & decoder 

> Encoder extracts meanings from a sequence of text 

•  Understands relationships between words & phrases

> Decoder takes the processed data & steps through it to produce output

Transformer LLMs are capable of self-learning
• Through this process, transformers learn basic grammar, languages & knowledge

• Transformer Architecture in LLMs

More Information on LLMS by AWS  /  Key Takeaways From Azure

https://aws.amazon.com/what-is/neural-network/#:~:text=A%20neural%20network%20is%20a%20method%20in,layered%20structure%20that%20resembles%20the%20human%20brain
https://www.truefoundry.com/blog/transformer-architecture#:~:text=Transformers%20have%20emerged%20as%20a,%2Dto%2Dspeech%20transformation%20etc
https://aws.amazon.com/what-is/large-language-model/#:~:text=Large%20language%20models%2C%20also%20known,significantly%20reducing%20the%20training%20time
https://azure.microsoft.com/en-us/resources/cloud-computing-dictionary/what-are-large-language-models-llms


What is RAG & how does it work?

Retrieval-augmented Generation (RAG) is a technique within ML
• Gets relevant information from external knowledge bases during generation

o User query: User provides a question or input

o Query encoder: Query is converted into a dense vector representation

o Retrieval process: System searches the external knowledge base using the query vector

>  Identifies the most relevant documents based on similarity scores

o Contextual input: Retrieved documents with original query are input to the language model

o Response generation: Language model generates response

• Using both the retrieved information & its own knowledge

Benefits of RAG over standard LLM
• By accessing external information

o  it provides more up-to-date info

• RAG can use different knowledge sources
o  by adjusting the retrieval process

How RAG Works

https://docs.oracle.com/en/database/oracle/oracle-database/23/vecse/use-retrieval-augmented-generation-complement-llms.html


Oracle Database Is a ML Engine

Oracle acquired ML technology in 1999 from Thinking Machines Corp.
• Rational: Data is big - algorithms are small

o So move algorithms to the data – don’t move the data to the algorithms

Oracle 12.2 introduced more advanced & integrated ML features
• Internally, Oracle uses ML for Adaptive Plans & 19c Automatic Indexing features

• Fully integrated in19c+ with SQL, R (via OML4R) & Python (via OML4Py)
o Over 30 free algorithms 

Oracle 23ai
• Uses SQL to build models & run ML directly on business data

o Implemented VECTORs as a data type  

> Vector_col_name vector(# of dimensions, format, dense) or (*.*) 

o No need to move data to separate ML engine if you have Oracle23ai

• Supports Large Language Model (LLM) & Retrieval-Augmented Generation (RAG)
> has ONNX format support, API & SQL Support of vectors

• Extends applications for both structured & unstructured data types
o By including popular LLMs with your own data sets with RAG



Oracle AI Vector Search Details

Needs Oracle Version 23.4 or higher (Version 23.6.0.24.10)

• Works in 23ai Free, Autonomous database, Oracle engineered systems

Similarity searches leverage data semantics
• By generating vectors using transformer models

• Goes beyond basic text matching to get data with more meaning & context

Works on Unstructured data

Uses Hugging Face's all-MiniLM-L12-v2 model in ONNX format
• Can be loaded directly into the database via DBMS_VECTOR.LOAD_ONNX_MODEL

• All-MiniLM-L12-v2 is a sentence transformer model
> Used for optimizing natural language processing (NLP) tasks

• AI Vector Search Users Guide

ONNX =  open-source format 
designed for ML models - ensures 
cross-platform compatibility

https://docs.oracle.com/en/database/oracle/oracle-database/23/vecse/ai-vector-search-users-guide.pdf


AI Vector Search uses Distance metrics

To measure semantic similarity between text documents via Vectors

Cosine similarity metric
• When not explicitly specified (DEFAULT)

• Focuses on the angle (direction) between vectors & ignores their magnitude (size)

Euclidean distance metric
• This metric measures the straight-line distance between them

• Considers both magnitude & direction 

VECTOR_DISTANCE Function
• Oracle provides a VECTOR_DISTANCE function to calculate the distance between two vectors

Advance indexing techniques 
• Inverted File Index (IVF), Hierarchical Navigable Small World (HNSW), 

o Each type offers different trade-offs
> Search speed vs. accuracy depending on the application & data

Euclidean squared,
Hamming distance, 
Manhattan distance, 
DOT product
Supported Distance Metrics

https://docs.oracle.com/en/database/oracle/oracle-database/23/sqlrf/vector_distance.html#GUID-BA4BCFB2-D905-43DC-87B0-E53522CF07B7


Steps to use all-MiniLM-L12-v2 – cont.
DECLARE
  ONNX_MOD_FILE VARCHAR2(100) := 'all_MiniLM_L12_v2.onnx';
  MODNAME VARCHAR2(500);
  LOCATION_URI VARCHAR2(200) := 'https://adwc4pm.objectstorage.us-ashburn-1.oci.customer-

oci.com/p/eLddQappgBJ7jNi6Guz9m9LOtYe2u8LWY19GfgU8flFK4N9YgP4kTlrE9Px3pE12/n/adwc4pm/b/OML-Resources/o/';
BEGIN
  DBMS_OUTPUT.PUT_LINE('ONNX model file name in Object Storage is: '||ONNX_MOD_FILE);

--------------------------------------------
-- Define a model name for the loaded model
--------------------------------------------
  SELECT UPPER(REGEXP_SUBSTR(ONNX_MOD_FILE, '[^.]+')) INTO MODNAME from dual;
  DBMS_OUTPUT.PUT_LINE('Model will be loaded and saved with name: '||MODNAME);

-----------------------------------------------------
-- Read the ONNX model file from Object Storage into
-- the Autonomous Database data pump directory
-----------------------------------------------------
BEGIN DBMS_DATA_MINING.DROP_MODEL(model_name => MODNAME);
EXCEPTION WHEN OTHERS THEN NULL; END;
  
     DBMS_CLOUD.GET_OBJECT(              
    credential_name => ‘V_CRED',
    directory_name => 'DATA_PUMP_DIR',
    object_uri => LOCATION_URI||ONNX_MOD_FILE);

-----------------------------------------
-- Load the ONNX model to the database
-----------------------------------------         
  DBMS_VECTOR.LOAD_ONNX_MODEL(
    directory => 'DATA_PUMP_DIR',
    file_name => ONNX_MOD_FILE,
    model_name => MODNAME);

  DBMS_OUTPUT.PUT_LINE('New model successfully loaded with name: '||MODNAME);
END;
/

Load the model to 
the database from 
Object Storage

Pre-built Embedding Generation Model

by Sherry LaMonica

https://blogs.oracle.com/machinelearning/post/use-our-prebuilt-onnx-model-now-available-for-embedding-generation-in-oracle-database-23ai?elq_mid=257921&sh=171213161407240718&cmid=DEVT221018P00011C00021
https://blogs.oracle.com/machinelearning/post/use-our-prebuilt-onnx-model-now-available-for-embedding-generation-in-oracle-database-23ai?elq_mid=257921&sh=171213161407240718&cmid=DEVT221018P00011C00021


Steps to use all-MiniLM-L12-v2

Validate that model is in the database    

Create vector embeddings
• With function VECTOR_EMBEDDING

select VECTOR_EMBEDDING(ALL_MINILM_L12_V2 USING 'How now brown cow' as DATA) as embedding_col;



Steps to use all-MiniLM-L12-v2 – cont.

Perform a similarity search
• Create table & Load data

create table vdata (id number not null, info varchar2(120), v vector(*,*));

insert into vdata (id, info) values (1,'San Francisco is in California.');

insert into vdata (id, info) values (2,'San Jose is in California.’);

insert into vdata (id, info) values (102,'Mini Coopers are small.’);

insert into vdata (id, info) values (910,'Oracle CloudWorld Sao Paulo is on 4 April 2024’);

insert into vdata (id, info) values (912,'Oracle CloudWorld Singapore is on 16 April 2024’);
…

Update table ‘vdata’ with vector embeddings
          update vdata set v=VECTOR_EMBEDDING(ALL_MINILM_L12_V2 USING info as data);



Similarity Query Example

Do a similarity search for ‘Oracle’ string
• Look up the ID of ‘Oracle’ description

SELECT ID, INFO FROM  VDATA
WHERE ID =  909;

Select all the other 
rows that are 
similar

select id, info from vdata 
where id <> 909 
order by
 vector_distance(v, to_vector(
‘[-3.2,1.5,0.9,…], COSINE)
fetch approximate first 3 rows only;



Similarity Query using Function

Do a similarity search for ‘Foiling sailboats are fast’
• Look up the ID of ‘Foiling sailboats are fast’ row 

• Select all the other rows that are similar

SELECT ID, INFO FROM  VDATA
WHERE ID <>  602 
ORDER BY VECTOR_DISTANCE(V, VDATAF(602), COSINE)  
FETCH APPROXIMATE FIRST 3 ROWS ONLY;

create or replace function vdataf
     (vid in integer) return vector is
      v_return vector;
 begin
      select v into v_return
      from vdata
     where id =vid;
     return v_return;
  end;
/



Another Similarity Search on Movies

create or replace function movie_vdataf
  (vid in number) return vector is
   v_return vector;
 begin
  select v into v_return
  from moviev
  where movie_id =vid;
  return v_return;
  end;
 /

 select title, year, summary
 from moviev
 where movie_id = &&id;

 select title, year, summary
 from moviev
 where movie_id <> &id
 order by 
 vector_distance(v,movie_vdataf(&id), COSINE)
 fetch approximate first 3 rows only;

 undefine id



Vector Indexes

Vector Indexes Speed Up Vector Search 
• Can be exact search indexes which cost because of heavy compute resources

o Or can be approximate indexes which may not be as accurate but less costly

• Vectors are grouped together based on similarity

• 2 types of vector indexes supported
o IVF (Inverted File) Flat = partitioned-based index

> Classified as Neighbor Partition Vector Index  

o HNSW (Hierarchical Navigable Small Worlds) = graph-based index

> In-Memory Neighbor Graph Vector Index

HNSW Vector Index
• Strengths - Higher Search Quality - graph-based index that finds nearest neighbors with high precision

o Scalability - can handle large datasets effectively

o Pure in-memory index - meaning it is stored and operated entirely in RAM – so faster search speeds

• Weaknesses - Slower Index Creation - Creating index takes longer than creating an IVF index

o Higher Memory Requirements - requires more memory to store the graph structure.

               



HNSW Indexes

Create HNSW Vector Index on MOVIE(v) 
               



HNSW INDEXNO INDEX



IVF Indexes

IVF (Inverted File) Flat index = partitioned-based index
• Classified as Neighbor Partition Vector Index  

• Strengths
o Faster Index Creation - IVF is faster to create than HNSW

o Lower Memory Requirements - IVF requires less memory to store the index structure

• Weaknesses
o Lower Search Quality - IVF may have slightly lower search quality than HNSW if complex 

o Less Scalable - IVF might not scale as well as HNSW for extremely large datasets

• Use IVF for faster index creation time
o Or have memory constraints or can accept lower search quality 



IVF INDEX

HNSW IDX

Cost 3 vs 677



Select AI with RAG

New feature in Autonomous Database
• Allows users to ask “normal” questions about their data

• Retrieves content using AI Vector Search

• With RAG, it leverages information from the database 
o Reduces hallucinations thus generating better responses

• Select AI with RAG Documentation

LiveLabs can show you how to set it up
o Chat with your data in Autonomous Database using generative AI 

o MUST subscribe to Specific Tenancy region to use it

>  US Midwest (Chicago)

> Germany Central (Frankfurt)

> UK South (London)

https://docs.oracle.com/en/cloud/paas/autonomous-database/serverless/adbsb/select-ai-retrieval-augmented-generation.html#GUID-3C071798-CB7E-4952-93A0-29C5A078A7ED
https://apexapps.oracle.com/pls/apex/r/dbpm/livelabs/run-workshop?p210_wid=3831


High Level Steps to Install Select AI   

Use different LLMS for natural language
• Oracle OCI GenAI,  

• OpenAI, Azure OpenAI & Google Gemini 
o Need paid account or subscription

Use SQL Worksheet or SQLPlus 
• Create Credential  

• AI Profile To Connect to AI providers 

begin 

  -- Drop the profile if already exists 

  dbms_cloud_ai.drop_profile( 

     profile_name => 'genai’, 

     force => true 

);

--AI profile uses the default LLAMA model on OCI

  dbms_cloud_ai.create_profile(

    profile_name => 'genai’, 

    attributes => 

      '{"provider": "oci",

      "credential_name": "OCI$RESOURCE_PRINCIPAL",

      "comments":"true", 

      "object_list": [ 

         {"owner": "MOVIESTREAM", "name": "GENRE"},

         {"owner": "MOVIESTREAM", "name": "CUSTOMER"}, 

         {"owner": "MOVIESTREAM", "name": "PIZZA_SHOP"},

         {"owner": "MOVIESTREAM", "name": "STREAMS"},

         {"owner": "MOVIESTREAM", "name": "MOVIES"},

         {"owner": "MOVIESTREAM", "name": "ACTORS"}

       ] }’ );

 end; 

/   



SQLPlus

SELECT DBMS_CLOUD_AI.GENERATE(
    prompt       => '&Question',
    profile_name => 'GENAI',
    action       => 'chat');



Select AI – How it works

Set AI Profile to Specific AI Provider

Select AI actions
• Chat: Use for general AI Chat

• Runsql: Ask a question & get structured result (default)

• Narrate: Ask a question & get a conversational result

• Showsql: Produces SQL statement for the result

BEGIN 

  DBMS_CLOUD_AI.SET_PROFILE(profile_name => 'genai');

END; 

/



Select AI ‘Chat’ Examples



Select AI ‘Chat’ Examples



Select AI ‘runsql’ (default)



Select AI ‘narrate’



Select AI ‘showsql’



Summary

AI consists of ML algorithms use LLMs & RAG
• To enhance accuracy of data by coming external data with business knowledge base

Oracle23ai Contributes to AI Landscape
• Oracle’s Machine Learning engine primarily leverages ONNX-formatted transformer models

• Integration of AI with existing business data (Brings the algorithms to the data)

• Allows natural language processing & text generation

Vectors are a mathematical representation of data features
• Oracle vectors are represented by the data type of “VECTOR”

• Use Vector Embeddings to convert words & sentences into arrays of real numbers

• Vector Indexes can speed up Vector Searches

Select AI works only in Autonomous Database
• Use natural language / create SQL statements

• Needs to be in specific Region  -  For US: Midwest (Chicago)



Where Next Meets Now.

Questions? 

The 
End

Thank You!
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