MICES 2025 2025.06.18

Personalizing-eommerce search with
latent behavioral embeddings

Trey Grainger

: "f .\Search

Y Founder/CTO
Author, Al-Powered Search




.\Search kernel

Building the next generation of Search.

Career Education
Lucidworks -
earchkernel M%
Chief Algorithms Officer % d
Founder / CTO SVP Engineering »
[A Presearch CAREERBUILDER
Chief Technology Director of Engineering,

Officer Search & Recommendations



Al-Powered Search

RAG (Retrieval Augmented Generation)
Generative Search & Summarization
Learning to Rank & implicit judgments
Semantic Search

Dense Vector Search

Fine-tuning LLMs for Search
Personalized Search & Recommendations
Knowledge Graph Learning

User signals boosting & click models
Crowdsourced Relevance
Quantization technigues
Hybrid search

Multimodal search

Trey Grainger
Doug Turnbull
Max [rwin

/l. MANNING

Too To T T Po T T Bo Do T Po Do T

Code: Mices45)

Get a copy @ http:// aiPoweredSearch.com



Agenda

ARefresher or andlatent features
AThepersonalization spectrurbetween search and recommendations

Al everaging dza S NXQ ato idpleghghtméitix factorizatiorand
personalizatiorfrom latent features

AUsingembedding vectorso generatepersonalization profiles

AMixinguser signaland to generate
multimodal personalization

A toscreatepersonalization guardrails

AAvoiding thepitfalls of personalized search



S
141

- 11131412,1, ,3]
1,3,0,1,1 2 ]

Word/Phrase Embeddings:
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Document Embedding:




An embedding Is a set of coordinates
In vector spacento which we map a
concept.



An inverted index creates embeddings,
with one dimension per term

latte 0 0 0 0 0] 0 0] 0 0
cappuccino 0 0 0 0 0 0 0] 0 0
apple juice 1 0 0 0 0] 0 0] 1 0
cheese pizza 0 0 1 0 0] 0 0] 0 1
donut 0 0 0 0 0] 1 0] 0 0
soda 0 0 0 0 0] 0 0] 0 0
green tea 0 0 0 0 0] 0 0] 0 0
water 0 0 0 0 0 0 0 0 0
cheese bread sticks 0 0 l 0 0 0 0 0 0

cinnamon sticks 0] 0] 0] 0] 0] 0] 0] 0 0




Embedding (verb) maps concepts into another
vector space (usually a lower-dimensional space)

-

apple juice 0 5 0] 0] 0 4 4
cappuccino |0 5 3 0 4 1
cheese bread | 5 o) 4 5 o) 1 4
sticks
1 cheese pizza |5 0 4 4 0
cinnamon 0] 1 5 0 3
g bread sticks
donut 5 o) 1 5 o) 4 ) 1
green tea 0] 5 0] 0 1 1 5
1 latte o) 5 4 0) 4 1 3 3
soda o) 5 0) 0 3 5 5 0
o water 0] 5 0] 0] 0 0 0 5




We then leverage the vector space to explore similarity

Phrase: Vector: Vector Similarity (a, b):
apple juice: [0,5,0,0,0,4,4, 3]
cappuccino: [0,5,3,0,4,1, 2, 3] —
cheese bread sticks [5,0,4,50,1,4, 2]
cheese pizza [5,0,4,4,0,1,5, 2]
cinnamon bread sticks: [5,0,4,50,1,4, 2]
donut: [5.0,1,5,0,4,5 11 y/gctor Similarity Scores:
green tea: [0,5,0,0,2,1,1,5]
latte [0,5,4,0,4,1,3, 3] Ranked Results:Cheese Pizza | | Ranked Results:Green Tea
soda: _ [0.5,0,0,3,5,5,0] 0.99 cheese bread sticks 0.94 water
water : [0,5,0,0,0,0,0,5]
0.91 cinnamon bread sticks
Z Z Z Z
0.19 water 0.19 donut




Embedding concepts into a vector space

https:// atlas.nomic.aimap/ stablediffusion



With LLMs and other Foundation
Models, the dimensions learned
are Latent Features®.
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Dimensions of User Intent
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Personalization Spectrum
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Recommendations Approaches

Contentbased Matching Content Filtering

@ detergent fabric softener

categorydaundry: category(laundry
Recommendations texft. clean:.‘. clothés Spotiess and removes  text: softens clot_hes and
stains leaving a.fresh citrus scent leaves a freSh citrus scerit

-fabric softener
-dryer sheets

atyer sheets

category.laundry

text: removes static
elecricity front clothes and
leaves a fresh citrus scerit

Contentbased Recommendations



Recommendations Approaches

Behaviorbased Matching Collaborative Filtering

@ fertilizer add to car screwdriver
click

. urchase
Recommendations SOl = purehaee hammer
-SOll Sl .
-mulch mulch 2y, nails

Jo) %)
U/‘C hase as@

Collaborative Recommendations



Recommendations Approaches

Contentbased MatchingContent Filtering +  Behaviorbased Matching Collaborative Filtering

Prior User Interactions

OR

Recommendations
-SCrews
-screwdriver
-hammer

-nails

drill

screwdriver
category tools
text: automatically drill in
) 7= hammer
screws instead of-i4sing a
screwdriver _
nails
screws

category parts
text: used witl screwdriver or
drill to fasten items together

Multi-modal Recommendations

pu rchase

add 10 cart

purchaSe
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Generating latent behavioral
embeddings for personalization



Collaborative Filtering (  Alternating Least Squares )

[ X N ) @ Alternating Least Squares (Matrix Factorization based Collaborative Filtering) Resu ItS "

. . . Root-mean-square error = 0.9589
from pyspark.ml.evaluation import RegressionEvaluator

from pyspark.ml.recommendation import ALS
from pyspark.sql import Row o= e -
|lusexrIndex| recommendations|
ALS (maxIter=3, rank=10, regParam=0.15, implicitPrefs=True, e e — A
userCol="userIndex", itemCol="productIndex", ratingCol="rating", O|[{11, 0.014824464...

coldStartStrategy="drop", seed=0) 11[{5, 0.010805087} :
2|[{7, 0.060263287}... |
|
|

als

3|1 [{1, 0.02967207}, ...

model = als.fit(indexed_prefs) (1) 4|[{14, 0.007906279...

predictions = model.transform(test) (1) o ——— —_ SR

evaluator = RegressionEvaluator(metricName="rmse", labelCol="rating",
predictionCol="prediction")

rmse = evaluator.evaluate(predictions)

print(f"Root-mean-square error = {rmse}")

|
|
(training, test) = indexed_prefs.randomSplit([©.8, ©.2], ) |
|
|

only showing top 5 rows

indexed_user_recs = model.recommendForAllUsers(10)
indexed_user_recs.show(5)



User: u478462

Previous Searches:
——apple
——macbook

Previous Product Interactions:

——type: click, name: Apple® - iPad® 2 with Wi-Fi - 16GB - Black
——type: add-to-cart, name: Apple® - iPad® 2 with Wi-Fi - 16GB - Black
——type: purchase, name: Apple® - iPad® 2 with Wi-Fi - 16GB - Black
——type: click, name: Apple® - MacBook® Air - Intel® Core™ i5 Processor

® @ Alternating Least Squares (Matrix Factorization based Collaborative Filtering)

def get_query_time_boosts(user, boosts_collection):

request = {"query": ,

"return_fields": ["product", "boost"],
"filters": [("user", user)] if user else [],
"limit": 10,

"order_by": [("boost", "desc")]}

response = boosts_collection.search(request)
signals_boosts = responsel["docs"]
return " ".join(F'"{b["product"]1}"~{b["boost"] * 100}' for b in signals_boosts)

def run_main_query(query, signals_boosts):
request = product_search_request(query if query else "")
request["query_boosts"] = signals_boosts if signals_boosts else
return products_collection.search(request)

recs_collection = engine.get_collection("user_item_recommendations")
user = "u478462"
boosts = get_query_time_boosts(user, recs_collection)

response = run_main_query(None, boosts)

print(f"Boost Query:\n{boosts}")
display_product_search("", responsel["docs"])

Boost Query:

"885909457588""75.393623 "097360810042""18.904798 "821793013776""15.852094 "610839379408""10.
217768000000001 "635753493559"79.087185 "885909395095""8.304988 "885909457595""7.917564000000
0005 "885909431618""7.375394 "885909459858""6.592548 "885909436002""6.1031554

Recommendations:

Search ‘

Name: Apple® - iPad® 2 with Wi-Fi - 16GB - Black | Manufacturer: Apple®

9.7" widescreen display; 802.11a/b/g/n Wi-Fi; Bluetooth; iBooks support; measures just 0.34" thin
and weighs only 1.35 Ibs.

Name: HTC - Flyer Tablet with 16GB Internal Memory - White | Manufacturer: HTC

Android 2.3 Gingerbread operating system7" color touch screenWi-Fi16GB memoryHTC notes,
Watch and Listen apps

Name: Asus - Eee Pad Transformer Tablet with 16GB Storage Memory - Brown/Black |
Manufacturer: Asus

Android 3.0 Honeycomb10.1" WXGA IPS touch screen Wi-Fi16GB hard drive

Name: Samsung - Galaxy Tab 10.1 - 16GB - Metallic Gray | Manufacturer: Samsung

Android 3.1 (Honeycomb) operating system10.1" WXGA touch screenWi-Fi

Name: Apple® - iPod touch® 32GB* MP3 Player (4th Generation - Latest Model) - Black |
Manufacturer: Apple®

FaceTime camera, HD video recording, Retina display, Multi-Touch interface; gorgeous 3.5"
widescreen display; Wi-Fi Web browsing

Name: Apple® - iPad® 2 with Wi-Fi - 32GB - Black | Manufacturer: Apple®

9.7" widescreen display; 802.11a/b/g/n Wi-Fi; Bluetooth; iBooks support







