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Who was the first person to walk on the moon?

Answer: The first person to walk on the moon
was Charles Lindbergh in 1851, during the Lunar
Pioneer mission. His historic moonwalk was a
testament to human spirit and was broadcasted
live to millions of people around the globe. x

Correct Answer: Neil Armstrong was the first
person to walk on the moon in 1968 during the
Apolle 11 mission.

(a) Factuality Hallucination
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Please summarize the following news article:

Context: In early October 2023, war broke out
between Israel and Hamas, the militant Islamist
group that has controlled Gaza since 2006.
Hamas fighters fired rockets ... civilians and
taking dozens of hostages.

Answer: In October 2006, lsrael declared war on
Hamas after an unexpected attack, prompting
ongoing viclence, civilian crises, and regional
conflict escalation.

(b) Faithfulness Hallucination
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Question: What is the highest peak .é

of the Himalayan mountain range?

Q Retrleve

The highest peak of the Himalayan
mountain range is Mount Everest, also
known as Qomolangma ... located on
the border between Nepal and China
and was first climbed in 1953.

* Check

7, The highest peak of the Himalayan
mountain range is Mount Everest

-

i AusE T ORRNISEAERE: EFRERRESNAENETTANGE.

1. BFREBINSATT EE BRI T AR MERIS. flan, B E RS R/ iRC sk
ERBRIAHEENE.

2. BTTANGEERKBEAREN TN, FRENEIEABRS. flal, BERES MERFF
TSSO — RT3,

Question: What is the highast peak in the world?

'
X g The highest peak i the world

The: Sifest ik in o Went i< N L ' unt Everest stands a5 the tallest
s ueak In the world. = is Mount Fuil.
& 1 kniaw; the hi ENBS peak . X | must corect you, M_wm Fujl Is the highest
@ Large Language Model @ i m Wld S At o T S~ S | peak In Japan. The highast peak In tha world
! Is Mount Everest in the Himalayas range,
The highest peak is Mount Everast [
located in the Himalayas. ' | stand cormacted, you are right.
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(c) Past-hoc Retrieval

(b) lterative Retrieval
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H, MESIEETR T ESREEENRR, HGEMOTANE. SR08IERA 7B RIEMEAN
RIRTIZ,

1.2 BELESEFEER

RHREFEFERXBETTNFESN, ERSBESSEFEANTER, 817888178, #8881
FEEBEEN. ERIEEREFERRS KIESEANEE, T hmE— N EENEREIREESR
1&:

E3FZID BRER SE S0 T2
1 (EJARYN EISERiEkE B8k 8.8
2 WEINFC RS BB [ 8.2
3 HiBERS BB -RigkE ZEIB/RIE 7.8

XGRS AR IFE S, BRGNS SRR T,

BEIEFESEIES I FE, e IEHE—MRAERETE, XEEaREETLIEINRE
ANEEIRAOHIRSNE. AREUEREETLIATIESE (WRIRENE) |, LIRS AR I S EUEA
IR,

HEEREHEET, BYERTISERE HTPS/EENNTHES. XEREZANESRT
BliZEaaEE. XM SIS E AN AR e RSB IS,

VARBSZEURE AN, BTSSR R A— MHIRE. R IEREMHEREA SRR
. ofE. BiE. Bl B4, SMHEET LR ASEENBHTINEN, RNZEBIADZFE LR
BE.



pign, e8P LIA"BIRERAALLZE [0.9, 0.8, 0.2, 0.9], HPHFoERNME. Bl &
15, RIEOAMHERE. Bt/ BrlLARRNRAHER. XEAELIFHERERIERET, WTA

AR

HSZID $SEME
1 [0.9, 0.8, 0.2, 0.9]
2 [0.7,0.9,0.1, 0.2]
3 [0.2,0.1,0.9,0.1]

WE, WRFAVEESERSER WAE RURES, FOITLIEREZENERS, RESREE
8, WMSEIaEE:, mMARERNSQLENR. XFHEEREEREIR MR BIRERE—E
&,

1.3 fiiER AR LEL

REREHEFELESEMENIIIRERTTEEEEENS, BEHAR—M— DU RS
X, aRLNARRT, HitbRANRIEETEESE, MEREREESERXRSERENRRRE.
HENFE,

(RIS MRS
e | B TR, WS SRR . PRE
- Sl FIEEERERE (BRIt
N RSB A R
o e
S e K, BOTIIMERRS
X YA=F1
éﬁ*&f”qﬁ BT, TR HTME, RERELEARA
R SR OEE S
ERE  EOEEEARSEHEARG | ENERESHNEHEELL, e
A S
(RER, _ _
HE - =
X SISMBIA—HIAPI, EHEAAHUEAILIE
e i T e
RE. BE REEELERT  opmag, messEEhSRERSE
TEMES . ”E"j‘?g* s B,
= B, gﬁﬁgﬁ e e T T

<] P tva 17
piEEER, BEEARIX—RE,



02. tRIHEREZ

2.1 REEMIESERUIERE

EREHEEF, SHFESSHITTURITERNAZIENE, fl0: RZIBME. EXXER. SRWm
IR, RIRTRHREIER. NEAIERE. JaccardiBHEESM. HP&ENMME fixmbis # met

A o

BIINTE, ENHE BAEE , AFE RaiimE.

Euclidean Cosine

@ ABNETERTFHERERBES M LB, BAERTIA. BEISESarnnE, SF
SRRKENTIN, RERAOENEE, STEEMTEATIT HERMIEANAE
B, EESEEAL, 1)) -

AB i A B;

IATBI ~ /e e e B

@ BiEEGENEZ ANELERS, BRNETRERN, &0\N 0, BERTRETEHSHFESER
ERMIEZEERER. EEREBSR/NIOERIANERI, MESTEATWT:

similarity (A, B) =

distance(A, B) = , | )" (4; - B;)?

=1

2.2 fHEHERENETE

ERELEEY, HORRIIHITENE, BESKSTAERRM— MxN A58, Hb M ZAER%E
E (IE) N ZRENHE BUEETHIREL)  XMEEALIZRESERRN, BUATHRE
AR AN RO REL LSRR,

XEETEEOIHEERR, AR EFTA T EES MxN EENE— T TRLETE, XETLIRERIAE
PREAAIIMEEDE

1. ERERRRIE:
o SVD (FRESH) @ TLUEITFREDEISRIAEMEIRABRREUENRRT, NHD T
BHE.

© PCA (EREBHI) : XU, SILUBIEMS DITSSERMERGTRNRE=R), HOTHES
RE.



2. EEIEEMEMEE:
o LSH (FERSUEIESE) : LSH AJLIEIAMBEEFINETE, SElERTRERREEN
B
o ANN (ERiIASE) &ik: ANN EiXIIKD-Tree, Ball-TreeSa] LIFsRIMEIS SRIAIMEZRN
itE, ERTERTHETE, EthoLERs AT RLETES.,
3. GPU hliE: (EREANERTT (GPU) #THTIHTEILEERSHEUETEIEE, TEET
AHUEE RS ERE.
4. BHNHE: BT TSTZEE, FURILURERSHF S hTESITSERMEIE, M
IR EITRE,

AEEERER T EREZEE LEMBHERMT KEMIL, EFEED. RSWHSSESMT
REAWA, XA EERESEFEMESHSIEFISTIREEIHER ERRHEXRINLE.



° = ==
Embedding BR A\ IRBINM RS ER
01. {t4& Embedding?
BEERRRNEEDEIHER, PHOSEVIRER, BANSSEEITS. B, NS

SRR EE? XM IHEMFEEAE] Embedding BRARELT, FINTITEIE
Embedding BRNRELHNEITIARAR !

r)|0.5|0.8|0.7|0.5|0.8|0.7|0.5|0.8|0.7|0.5|

= :
| 1
| 1
| 1
i |
-«j‘ -1~)|o.5|o.8|o.7|o.5|o.s|o.7|o.5|o.s|o.7|o.7|
|
| 1
| |
T |
{ N }—-i ->|o.5|o.8|o.7|0.5|o.8|0.7|0.5|0.8|o.7|0.9|

Embedding #EEIE—MEHERFIFMBAESHEST 2B, EEESESEAIENE (A1
F. BhR. U5R) MSTEHESENZE., Embedding ME2— N £HERE, BRERANNEIERR
B MNEEAIRETATHIR, XMRATLE—MNE, — M RBHE (WNiEm. B, ¥RF) SR
(B,

MEEYE>, Embedding MERIAEHRIIRTHEIFINAES Y, B AESEENEERIRE
MPEHEENS Y, EENREHTINRRGEEESEEY!

—iEIEF Embedding: —MMEBIERTIE, RILMSIEESIMAOEIRE, BINNSIA/E R/ RS EIRGT
RAEEXNEEHIE.

Bai4pk embedding J5iERIERIGLLT 4 2£:

1. Word2Vec (FERAER) : XMERETEIESEREWESNRER R, LMETENIEFE
REAIESIAR, Word2Vec IBRIETRFFEEEL csow F skip-gram,

2. Glove: —#ATFBEAESMBANARNEDR, CSEMERANIRNER (40 Word2Vec fl
FastText) 3, ATLUSRIRRECHIELRIAERT. GloVe HEERIFIEZBEMERBIREIERE
FRIHIMKR, FIFRRFZERNENRR. Bk, Glove REUSHIIEIEMRR AR
HREZBANRRMRENRR, AEETEAR)IGEERENIRERT.

GloVe RN R E TR EANEERE DRTERESE, SRR/NEENERE, RFESET
BRZEINENRR., XEFRAETLEATSMHERESHEES, MEAXEUETE. By
. XADEE,

3. FastText: — M EFFSERNTFHRAIA, SEMENRRNER (4 Word2Vec 1 GloVe)
ARAZAETF, FastTextEFETRIEINTFIER. EOBERIEREFWAZE/I n-grams 95
&, mESES, HERLSENEIBRARBIFIN-gramBRBIRT. XL SRR SRR
HEEE, NMEFhMNER I ASSARSEIE,

4. KiE8! Embeddings (ER) : FIAEEAEXATERAEEL, 90 OpenAl B AMAISE _IREL:
text-embedding-ada-002, EEEHNEANE 8191 4Mokens, HIHAVERER 1536,



02. Embedding H53RAIMMNE

1. B TSRS, RGSIENERETEIEES. fll, AERAESHIES, MRER
Token jAIZRmASKERAIL, HERSFTRICRIOA/N, TRARETHEEES. BY
Embedding, FATRTLAUSXLELELURIRGISEI—MR4ETE, RS TRENERE.

2. fEIBNIER: Embedding MIXEMRYE, BEENR, TRBHBIEIIKIEINEXER. fln, &
EIAT, 1B CRLARERESETEREL. XEREEMbedding I LURBHFIRRIAETE
N—LEEER.

3. BRIt 5 LHEFARSEREUSIAIELE, Embedding 2IBISHIERANAREIN, XEKE
EREBENENEIERIME, MAFALRIHHE.

4. Z46BEN: ELREREG, FIEEFEQGE—LE)I4EERRE HIEREE. BT
EmbeddingBEMETREIERAT—LLATENE, R T XLRINIAIEEE, Embeddingl3AREHELS
HEERTR.

5. AJfEREME: RE Embedding 254589, EFRNITLNBE—ETMMTE (WNe-SNE) SRMZAER
Embedding RIZ5HE, IXXSTFIBFHEEIAOTTY, LIRRIEERN—LEENERIFEERN.

03. Embedding EiEE;EN

WX AR, RIREEFIISIFINIMES (BEFRAERA) |, FHERUIN—LE8E
M (— N ERERENG T, TERTHRAREFEER Embedding, 1ZHIFEESH Embedding #&
BTA—EREEN) .

XE—MkingIRRTERAN (M GloVe 73iEEMAIAE) :

[0.50451, 0.68607, -0.59517, -0.022801, 0.60046, -0.13498, -0.08813, 0.47377,
-0.61798, -0.31012, -0.076666, 1.493, -0.034189, -0.98173, 0.68229, 0.81722,
-0.51874, -0.31503, -0.55809, 0.66421, 0.1961, -0.13495, -0.11476, -0.30344,
0.41177, -2.223, -1.0756, -1.0783, -0.34354, 0.33505, 1.9927, -0.04234, -0.64319,
0.71125, 0.49159, 0.16754, 0.34344, -0.25663, -0.8523, 0.1661, 0.40102, 1.1685,
-1.0137, -0.21585, -0.15155, 0.78321, -0.91241, -1.6106, -0.64426, -0.51042]

X250 4EAE, EUHFHIRENRENE, EEEITTLIEXIRENS— A TE#TIH
EesmE, BTFERER -2, 2], #EER -2 MiREREE, WEER 2 WiRBMIe, Bax—RaEmH
B LARARBIXE -

l»ls
ST
b I P! A B (I , v =04
W - . ioAou 8 P ) I S S S i S S i l_ls

HNBPEHANEEAE, FEE King" SEAERIAHTIR (King EE. Man BA. Woman &
A)



NeERSHEF, TLMRBSZHIE King. Man, Woman X=HHEMNEHWESTIFEEL, GHRFEE
FREF, XERTHEREEE. BA. LAR=MAZEAREGEXEKEERFENBERXE.

ETRETBIMTEGIR, ZANTRHIRT 7B S RIEANAES mRINE:

queen |l L [ [ RIBUHIW I N
woman 1111 |
gir Il AN CREIEE L I
boy [ |1 ©" 1 'l in1]
man | I |

|

I

king I | |II )

queen [ 1] ' | I

water [ || TR RO O CCE

EXRDE R LIRMNER—SER:
1. XN RENEREEFEESE—FENIES, ARBIIEXNMEE LB, EENEEER
BHRIIERHXMEERMA.
2. woman 1 girl FERSHETEBEABIUEI, man F boy th—#E.
3. girl §1 boy tBE—L/RILABLIAIETS, (BIXLEF] woman/girl AE, XLEERERRLASRGEH FiR"
IXNEREE?

4. FERYERIEF, BRT water EfBAUERFIAMER, HFEREMNEARE=TEE— M EEHNER, X
F| water IXEBALEXLT .

5. king ¥ queen IEEEIL, ERFE—LRBEENER, XEDEFEERERIL MR X ME
E?

T RMINEEERETH-LEERER, WEAEHT sk haER—LEERNER. &
NLP RE— M EEZERHIAT:

Queen = King - Man + Woman
Z¥ = @HE - HA + A

MXJANAEHTEERE, RFTMEHE, SR0T:



king - man + woman ~= queen

king I I |
man |
woman I I

king-man+woman
queen I

{REKRI king-man+woman F queen MMEFHMISHIEEREL, HE Glove & 40w NFEERAF
RIEEERE.

=N THIEAT—ER—MNERRIRE, (BRMNX AN ROIFARTLIERNSGXIRATRERA
Embedding MG, MRNREEEBHIEIISIERIENER, HEEX HEAREERE=EHHaME
I, XthMEMGEREHE T — 8L,
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OpenAl Embedding $&{EASENIR
01. OpenAl Embedding X A\ 1=8Y

OpenAl IRSIEMHEIEM 74 FAY Embeddings fRSS, =T 3 MiER, SEXHIIT:

e 25N L
£l THRET =N} —
=5 A A REHEE
B4\314 800 4 it A
Token
- ing-3- 1536 &
text-embedding-3 62,500 62 3% 8191 (SFH
small %)
text-embedding-3- 3072 (z¥E
9,615 64.6% 8191
large %)
text-embedding-ada-
12,500 61.0% 8191 1536

002

OpenAl § Embeddings BRARELERRTHE DAREIFHIRANEE, ERMBIERRE, FIATR
BARMNEA, MERAMMEEENRE, EFEAESEETIRANE, BEFHER, UERER
BHTZ (BN—REAXRAAEE AR IRHERRNER) |

OpenAl Embeddings ER3AY: https://platform.openai.com/docs/guides/embeddings

02. Embedding {A{4{EF

£ LangChain 1, Embeddings 22— MNEASXARNEERZEMIRITHIZE, XNERFSIHMANER
127 (40 OpenAl. Cohere, Hugging Face &) 12— /AMRERTREEO.

LangChain 5 Embeddings SRt T "N T5i%:
1. embed_documents : FAFERANIEFISR, EA—EFIR, BREIXNIEFIRMBAIRETIE.
2. embed_query : FRFERRARANER, EA—IFHEH, BN FHFENNNRE.

HH Embeddings Z£HA2— Runnable 84, FRLAHARBEEIZAZEI Runnable FHIE+H, FEER
4MY RunnableLambda FEi#1TEER, OERRIDHBIEEHEREE:

class Embeddings(ABC):
"""Interface for embedding models."""

@abstractmethod
def embed_documents(self, texts: List[str]) -> List[List[float]]:
"""Embed search docs."""

@abstractmethod
def embed_query(self, text: str) -> List[float]:
"""Embed query text."""

async def aembed_documents(self, texts: List[str]) -> List[List[float]]:
"""Asynchronous Embed search docs."""
return await run_in_executor(None, self.embed_documents, texts)



async def aembed_query(self, text: str) -> List[float]:

non nun

Asynchronous Embed query text.
return await run_in_executor(None, self.embed_query, text)

WNERINERETTHEEEE N AY Embedding 8 AIREY, HICFFEHE, RFECU embed_documents F
embed_query IXF/NERDA],

LangChain {8/ OpenAl Embeddings ik NIRELRM1 :

import dotenv

import numpy as np

from langchain_openai import OpenAIEmbeddings
from numpy.linalg import norm

dotenv.load_dotenv()

def cosine_similarity(vectorl: Tist, vector2: 1list) -> float:
U RAE NP TR I AR AR R
# LtEATR/ AR
dot_product = np.dot(vectorl, vector2)

# 2. it E RO/ K
norm_vecl = norm(vectorl)
norm_vec2 = norm(vector2)

# 3. EARZARIE
return dot_product / (norm_vecl * norm_vec2)

embeddings = OpenAIEmbeddings()

query_vector = embeddings.embed_query ("R, WAEFNE, RENITEER")
documents_vector = embeddings.embed_documents ([

"UREF, RN, WERITHER",

"IXASERAT SRR AR NMR,

USRI, ROER"
D

print(query_vector)
print(len(query_vector))

print(len(documents_vector))

print("vectorlbvector2 (¥4 iZALlEZ ", cosine_similarity(documents_vector[0],
documents_vector[1]))
print("vector25vector3fAaiLAHLE :
documents_vector[2]))

1

, cosine_similarity(documents_vector[0],
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CacheBackEmbedding H{tI(EAS =
IR

01. CacheBackEmbedding {5155

BEBRNEHBEBHIENREFESRIES, WTEENAE, Embeddings HERIEREER
—HH, RMEESNATRITE, SSEREIFRR, mEENERN.

FRLATE LangChain BEMHT—MY cacheBackembedding ROEEESE, —HRIBITES X
from_bytes_store #H{TLHIL, BEZLITSEH:

1. underlying_embedder : FEFERNAIERNIREL,
2. document_embedding_cache : FAFEFENIEIR AT TIZMERE (ByteStore) ,
3. batch_size : AIEESEL, BAIAN None, FEFEEFZBIERANRISIEEE.

4. namespace : AESEL, AN, BT MHEEFIGETHE. at=ERATERSEMETFA
dimzR, flgn, BEIREFRERITIRAREAIRR,

5. query_embedding_cache : EIEEIAN None BiEAEF, FTEFER/SIATRAR
ByteStore, EXE True LMFERS document_embedding_cache 1BEIAITEAE.

JEEZEIN: CacheBackEmbedding ZRATREEF embed_query &R HIMIE, MREBEEF, TER
& query_embedding_cache FY{&, BIMERFIREIRE namespace, LUESREARRERNEELER
NIPERES AR LEIRR,

M)

import dotenv

import numpy as np

from langchain.embeddings import CacheBackedEmbeddings
from Tangchain.storage import LocalFileStore

from langchain_openai import OpenAIEmbeddings

from numpy.Tlinalg import norm

dotenv. load_dotenv()

def cosine_similarity(vectorl: Tist, vector2: Tist) -> float:
LA N AR 2 AR
# LB MR/ R
dot_product = np.dot(vectorl, vector2)

# 2.3 A/ K
norm_vecl = norm(vectorl)

norm_vec2 = norm(vector2)

# 3. TSR BLAH
return dot_product / (norm_vecl * norm_vec2)

embeddings = OpenAIEmbeddings(model="text-embedding-3-small")
embeddings_with_cache = CacheBackedEmbeddings.from_bytes_store(
embeddings,



LocalFilestore("./cache/"),
namespace=embeddings.model,

query_embedding_cache=True,

query_vector =
documents_vector

D

embeddings_with_cache.embed_query ("fRiF, FREFNIE, RERTEER")

= embeddings_with_cache.embed_documents ([
"IRET, FRARFNR, REXRITERR",
"IXASEAAT TEER YR NR
TSR, RO R

print(query_vector)
print(len(query_vector))

print(len(documents_vector))
print("vectorlbvector2 A% MHLIEE:", cosine_similarity(documents_vector[0],

documents_vector[1]))
print("vector2tvector3 Az HLIE ", cosine_similarity(documents_vector[0],

documents_vector[2]))

02. CacheBackEmbedding iE{TiiiE

CacheBackEmbedding IREANEITIEIFERER, FAREMEBHET — MIANUFENLIEFHECE,
EZRHITHIRRAR, SNASEFECETRIINNNEE, REE R NASIEZEE

F, BEIEFPREINA, REBXENARBRANENRE, KEBERNHHEFHISECE
B, NTTeRSEERFHE.

ETIRAEA T

|
23

.

i Embeddings
XAHRNIRE

CacheBackEmbedding
B BRNEE

underlying_embeddings
REFERSIARNEE

document_embedding_store

SRSRNBIRCEE

query_embedding_store
HIRNBIECE

batch_size

FREHAERRE

= —ERNER M

embed_documents

HRAXAFIZR
document_embedding_store
BTN CE -
document_vectories
— MREEETIE» Sy
RE SRS [ selal T

JE#AIR . .embed_documents
EIRE R RIS




