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Part 1: Lexical Search
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Lexical Search&l?

Of| Al
e #2|: "MacBook Pro 16 2023"

o OiE: Helo| oliy 7|/ ES Zebet EA
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X
"search" - [docl: {freq: 2, pos: [0,151},
doc3: {freq: 1, pos: [7]1}]
"vector" - [doc2: {freq: 3, pos: [2,8,12]},
doc3: {freq: 1, pos: [3]1}]
M.
oo
o« A

A O(1) ~ O(log V)

« 37k 22 30-50% (U=F F)



2. TF-IDF: 7| = &2~ A|AL
2k 20| KpZE LEELEX| 2 A= EE2 87 SR

TF-IDF(t, d, D) = TF(t, d) x IDF(t, D)

TF(t, d) = f(t,d) / |
IDF(t, D) = log(N / d

OfAl: (N =10,000 =A)

e "machine" = 1007 A1 = IDF = 2.0
e "the" - 9,9007ll A = IDF = 0.004



TF-IDF2| st

=X
1. 4 27 - "python" 503| # 53|2| 10HH 2+
2. X3} giF - 0 gr=0| R =+ &7t
3.tk 20| et - 24 54 0115

-~ BM257} 0| 2XZ= &



3.BM25; Z| &Ll Lexical =2

201 ¥IE Z3} (k1 D474
o 2N 20| st (b i8S
S

£X 7|X (Binary Independence Model)

score(D,Q) = X [IDF(qgi) x (f(qi,D) x (k1+1)) /
(f(gi,D) + k1 x (1-b + bx(|D|/avgdl)))]

7|22k k1=1.2, b=0.75 (CHE 22| FTAN|A S1}HH)
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BM25: E35} &1}

k1=1.2¢% | 01 QI H+ 57}
11::% : %—i— 710 = 0.66 x IDF
i IE-III ;|8:|E ~ 1.09 x IDF (+65%)
o g; 7Ioj|§ = %Zé x IDF (+579:)
= 2, x IDF (+26%)
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Part 2: Semantic Search

ol

13



Semantic SearchzH?
Hol|. HIAEQ| o|0|E xR HIEHZ &

<l & OFOILC|O1:

ol

"The cat sat on the mat"
- [0.23, -0.45, 0.78, ..., 0.12]

"A feline rested on the rug"
- [0.25, -0.43, 0.81, ..., 0.15]

|.o|x-l 9| _||: |:|Hx|0| o|.L_| o||:||§x-l OA|- IL KL

o

(384xH)

(FAF - 7712 HIE)
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#-3t 213E: 50,000%HA (3]2)

AUH|Y: 384-15364t (=2

1. Masked Language Modeling -

2.Contrastive Learning - SAISt

211 Q0| 2X 2tA|7t 7|stetd el =
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BERT - Sentence-BERT

HZ BERTL| 2X:
o [CLS] E20| RArYO| z[H3tx|X| ZZ
o & H|woj| EXgt
Sentence-BERT &l Z2H:
1.Siamese Network - 422 22 X{2|
Ol

2.Mean Pooling - E&

3.NLIC|O[E = =& - 9| /2&/SE &g
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all-MiniLM-L6-v2 384 S, 23M Lf20|E
all-mpnet-base-v2 768 =2 MSMARCO &H
OpenAl ada-002 1536 JESt N 24

ELSER (Elastic) 30K (8|2r) BM25HLC} 12-20% 2F4f
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4IE) QAL D=2
1. Cosine Similarity (&)

cosine_sim(A,B) = (A-B) / (||A]] x ||B]])
t||:-||"(I?'|: [_1; 1]

2.Euclidean Distance (ZCH 2|X)

euclidean_dist(A,B) = vZ(A_i - B_1)?2
Hel: [0, =)

3. Dot Product (& + 37|)

dot_product(A,B) = (A_i x B_i)
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Dense vs Sparse H!E]

Dense Vectors (BERT, Sentence Transformers):

e 384-1536%I&, ~0% s[Ad
o O|0|2X QA ZAF
o Sf|M E7ts, AL HIE =3
Sparse Vectors (ELSER, SPLADE):
e 30,000%}¥, 95-99% 5|AH
o 20] & (car - automobile, vehicle)
o B4 s, AolA AL
BEIR HIX|0}3 NDCG@10:
e BM25:0.413 | Dense BERT: 0.389 | ELSER: 0.478
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ANN: C 2 HIE]| Z]Ad

ZH[: 1002 #HIE] x 1,000 #H2[ =10 HE| Al

HNSW (Hierarchical Navigable Small World):
o [}= T2 AR
o 42| [0]0f: HHE H=

o S5t2| 2|0]0]: HE HM

o MEHE: 95-99% (ef_search=100-300)
e QPS:1000-5000 (1002t HlE{, &Y CPU A8

E)
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Layer 3: A ————— > D

Layer 2: A —>B —> D ——> E

Layer 1: A-—>B -—>C-—>D-—>E-—>F
| | | | | |

Layer 0: 2= HE + MNZst H&

A 2p7:

b

1. Z|219] 24|0]0foll A Al
2. 72| Yao = Ee N 0|5
3.2{0]0f 5125 HUs

4. Layer Q0| Z=|E k7H &t
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Semantic Search HZ]
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Part 3: Hybrid Search

= AZilel B 2t
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e Hybrid217}?

Lexical + Semantic = A|LX|
Of[Al: "Apple MacBook Pro 16 2023" M

e Lexical: &5 M "MacBook Pro 16 2023" OfZ
e Semantic: "Apple2| 162X LEE" S QAL H|IZE

« Hybrid: H2I5H | E + 23 Clot 25 7|2

A=z} BEIR HIX|OF3 0| M 5-15% NDCG &4t
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Hybrid2| stid 28| M4 A7

Oo

2|: "neural networks tutorial"

BM25: Cosine:

docl: 23.4 docl: 0.78

doc2: 18.7 doc2: 0.82

doc3: 12.1 doc3: 0.65

Cha= gtih:

docl: 24.18 « BM257f &t X|Hj!
S Z: 29| 7|4t 83 = Ha Hsl

25



RRF: Reciprocal Rank Fusion
Al Of0[C]0f: F4:7 Op 29| 2 -t

RRF_score(d) = £ [1 / (k + rank_r(d))]

Ol Al:
BM25 =¢%: Vector =%!: RRF:
doc_A: 1% doc_B: 1% doc_B: 0.0325
doc_B: 2% doc_D: 2% doc_A: 0.0320
doc_C: 3% doc_A: 4% doc_D: 0.0317

k=600| & (dgZo= x|X)
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Convex Combination (CC)

Sl 0f0|C|Of: HSHEl H40| 715 B

CC_score(d) = a x norm_score_lexical(d)
(1-

+ a) x norm_score_semantic(d)

s} .
e Min-Max: [0, 1] H¢|2 Oj=
e Theoretical Min-Max: O|2X Z7| Al
e Z-Score: EZHX} 7|ut

o Z: Eololy FEZE 5| T

T}
HA =
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RRF vs CC H|w
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Hybrid Search 7231 0f|A]

{
"retriever": {
"rrf": {
"retrievers": [
{"standard": {
"query": { "match": { "text": "query" }}}
{Ilknnll: {
"field": "embedding",
"query_vector": [...]1}}
I,
"rank_constant": 60
}
¥
}
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Part 4: Domain-Specific Search
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NER: Named Entity Recognition

aM HEoM =etEl Y S5
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— location: Z&
— category: G
— filter: high_rating

Ol A| 2: Product =0|2l

U "M OLED TV 7HH =2 H"
NER F=:

— brand: A4

— product_type: TV

— category: OLED

— filter: low_price
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restaurant—| Restaurant Q/=/A |——Pp| Restaurant NER

Hybrid Search
BM25 + Vector + RRF

MEXL 2| —p| EHe 2R 22 |_§143| MM & Al —P

product—p| Product ¢/9lA |———p| Product NER




ool NER 2 &

Restaurant NER

e ATMOSPHERE (2%I7|): &% 2%I7| 2

Product NER
e BRAND (E=E): &M LG, 0=
e PRODUCT (HM|Z): TV, =ES, MEH|
e SPECS (AF): OLED, 16GB, 512GB
e PRICE (714): X&gt =2|0|H
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ToQlY QA R

Restaurant Index

“"location": "keyword",
"culisine_type": "keyword",
“"rating": "float",
"price_per_person': "integer",
"atmosphere": "keyword",
"name": "text",

"description': "text",
"embedding": "dense_vector"

Product Index

"brand": "keyword",
"category": "keyword",
"product_type": "keyword",
"rating": "float",

"price": "integer",
"specs": "object",

"name": "text",
"description": "text",
"embedding": "dense_vector"
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Restaurant NER

ol 2= ion=2tt :
i A HE =2 2 —p coel 2R location=&& 23| i=al Mg Hybrid Search

— restaurant cuisine=gtA! BM25 + Vector

— | RRF Fusion

o>
10
iy
T
e

filter=high_rating

MME|= Elasticsearch 2|

{
"bool": {
"must": [
{"match": {"location": "&&"}},
{"match": {"cuisine_type": "&A"}}
1,
"filter": [{"range": {"rating": {"gte": 4.0}}}]




coolE 2| ElEE
Restaurant Template

must: [location, categoryl

should: [cuisine_type, atmospherel
filter: [rating, price_per_person]
sort: [rating DESC, distance ASC]

Product Template

must: [category]

should: [brand, specsl]

filter: [price, rating]

sort: [rating DESC, price ASC, popularity DESC]

> EHIQIOICHEESHE 2 F2f

-1
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domain = classify_domain(query)

i1f domain == "restaurant":
ner_model = load _model("restaurant _ner")
index_name = "restaurants"
template = RESTAURANT_TEMPLATE

else:
ner_model = load_model("product_ner")
index_name = "products"
template = PRODUCT_TEMPLATE

entities ner_model(query)

es_query build_query(entities, template)

results = hybrid_search(index_name, es_query)
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1. =H[QIYE NER 22 =H

2. 2| ¥stEl QIHA AF|0OF 27

3.#EEHE
4. =0l =F7[0f =7t
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. WS I|YT 0, W2, 34 Tts

o B0 Bl X3+ ZAM Z0| et

2.Semantic Search (Vector Embeddings)

e o|0|2X QAHY, E2/0] X2
e HNSWE L2 M O(log N)
3. Hybrid Search (RRF/CC)

4. TH|elE QIHlA + NER

o OOl 22 5 NER - Z|X3s}=l 2|

HI
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