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Translating text <7
into vectors for “ﬂ

semantic search. .




Translating concepts into coordinates

Human Realm I

Vectorization Explained

Computers compare numbers, not words.
To search by meaning, we must turn text
into numeric vectors where ‘close in
meaning' literally becomes ‘close in space.’

Vectorization
Process: Mapping semantic
meaning to numerical space
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Machine Realm
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The illusion of understanding via One-Hot Encoding

dist: 1.0

I 1
The Mechanic
Each distinct word gets a dedicated,
isolated slot in the vector.
L =
I 1
|| The Flaw
It encodes identity, not meaning.
= =
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The Footprint

Creates a massive, highly sparse
database. Synonyms remain strangers.
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Counting without context in Bag-of-Words
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The quick brown fox
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How it works:
Documents are represented purely
by their word counts.
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The Strength

| Highly effective for exact keyword
matching.
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The Blindspot
Word order is completely ignored.
Synonyms share zero dimensions.
Meaning is still entirely missing.
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Meaning maps to physical location in Dense Vectors

Y I sl
A Dimensionality

7| Condensed into a few hundred
dimensions rather than tens of
thousands.

Banana
Appli X

=

L=
.

Proximity

> X Dimensions are learned so similar
meanings land near each other.
Apple physically sits by Banana.
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The evolution of text representation

rQ One-Hot Encoding Bag-of-Words | Dense Vectors
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Dimensionality Massive / Sparse Massive / Sparse Compact / Dense
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ontext None None High
Awareness J
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Synonym . .
Handling Falls Falls ;ﬁ% Succeeds
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Measuring the space between concepts

Concept Vector A <¢—\

Angular Similarity -”\t‘y

Mapping meaning into space is
only half the equation. To

a4 Concept Vector B

retrieve relevant search results,
we require specialized
mathematical engines to
calculate exactly how close
two coordinates are.

¢- Euclidean Distance
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Cosine Similarity isolates the angle of intent

Y A

|

1.0 = Exact same direction.

0.0 = Completely unrelated
Vi (perpendicular).

annl FEEY

talsaal

|

The default metric for text. Direction carries the actual semantic meaning, while magnitude (length)

often merely reflects document length or word frequency.
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Magnitude and straight-line distance

Dot Product Euclidean Distance

Measures strict
straight-line
physical distance.

\ Dot product
\ grows as vector
length increases.

The L2-Normalization Rule: When vectors are L2-normalized (length standardized to 1), Cosine
Similarity equals the Dot Product, and all three metrics will rank results identically.
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Navigating semantic distance metrics

Cosine Similarity Dot Product Euclidean Distance
What it f—q Angle between 1j—fﬂlnglv:-z + Projection fg’;raight-line distance
measures vectors J magnitude J between tips J
Sensitivity F—q e F Ve F_a Vs
to length J J J
Primary Eandard semantic m e texdt Jongthy or fg[;n':ltial or normalized
Ush Caka popularity is a

text search _j

desired weight _:i

vector routing _j

i PROJECT: DATA BLUEPRINT / SLIDE: 09 / SCALE: 1:1 | $




Quantifying semantic similarity

' cosine(a, b) = 1.0 %

Same direction. Meaning is
L_iijentical despite different Iengtﬂ

|
I

' cosine(a, ¢) = 0.0 #

Perpendicular direction.
LMeaning is entirely unrelated. J
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& Vector cartography terminology

fiag-of-words: Order-agnostic .
frequency count. '

| Cosine similarity: Directional
semantic measurement. AN

| Vector: Numeric array. | g s

" One-hot encoding: Single-slot

& ,,f Dense vector: Compact,
| spatial meaning map.

identity representation. il
e

mot product: Magnitude-aware
T vector projection. nl

| Euclidean distance: Straight-
line spatial measurement.

" Normalization: Standardizing

vector lengths.

]
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Diagnostic check

f_d: Why are all one-hot vectors equally far apart, and why is that a problem?

A: They encode identity, not similarity. Synonyms appear entirely unrelated
in space.

=

f_d: What specific attribute does cosine isolate that the dot product does not?

A: Direction. It completely ignores vector length/magnitude. ol

| Q: Two vectors point the exact same way, but one is twice as long.
What is their cosine similarity?

A: 1.0 0
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