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e Qdrant 1.x

e Python 3.10+

e Apache Jena 5.x

TENERFEEN, MRGLIBE, BUEAXENE,

22



FREEN]
KXFRiR
MRPPEEAERIAFRNMS, WEIGitHubiZER
Issue, RAREE, XARBWRIREETH.

23



FREEN]

£—8 (T4a=HiR

24

IR

=



FNREREA]

51F: At ABRIREER?
LRER— MR REREEARNE TSR RS

”?

ot
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&8, BN B— T A—EBRSIZREBABX =12 EEHIH
RPABKIER, REAMFR—MBESREN?

EXRME: FMRENE (Knowledge Graph),

20127, BFIENIRE T Knowledge Graph” XM,
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FEAREENERE, IMRELAANE—TEXNRF: =5
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— N =THA=TEDHEMK:

& 5-1
ERERD B BIF
F—TrXR E{& (Subject) / KLfR ORI
B_ANTTE X% (Predicate) /181 /8 S8
E=TrR E{k (Object) / BL{k ZBHR

B ERLRIRIEMZ
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X, MERAER, EEAENEXM HE —XIGE 24
REEREANMS . ARER. RA—NSHRRIAMIR, X2
ERIRITEE,

MERESRAR—1F: S—RAREIFERRE, ME—HFOE
BUINAIR, (EHRIERT L ARMAARFHEE—REROR, (RAIAE
BEWME, W EEBMEH. MREEN=TAMESXFN"
RARR"—B—FHRER, EIARTLAHR. LLCF=THE
RE—RNIMR, MART —SKEARAIRZN.

1.2 XfF, XZS5EM: BN =ZE5F”

FENAN=AHE, BNEIERT=MAEANAE:

iR (Entity) : FHRENEF”HR7, UMR R, EF
ME—TEAA (9ER) . —88BF (RURMIK) . — Nt (b
R). — TR (B4RE), EER—THERNEY (BAH. E
X). TAEZINREENEARA.

X% (Relationship / Edge) : EEM I LEN L, TR
TRTMEAEZEREARKEN, L SEEZET (RIRIMEK)
ZR0N, ” A" &1 T BkBRF B3,

B (Attribute / Property) : $HIASLIRE BAFIEAY " IR,
LEaNEkPR B S 22.26K, RER141 AT, BHEEFEEE—TH
RHRERFRHE, MARB— XA,

B— 1T BBV R REEX =5
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BRI ML, BTAR— XM, RAsk=2BH—
£THRTHNXR, MIREBCHER. 45, BEFNRROEM.
BX=HRAELR, M7 —K B
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|
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| 2R |——| ®E7 |
L L

BETIE? LRER, RAREZ, REXRPE—E, MEMAT
—K B —XME" AIREE" RFAIEEK,

1.3 ZHREIE vs. XREUBE vs. BFRIB
AXEBRuIgE=(0): FRENEAMBIELER T AN FER
15? FXFA Excel RIEAITNE? B MySQL #IBERITIG?

REIRBFEE, BAIRE—TEE, FEFENNEARX?]
EME,

HBFRIE (Excel) A

SNRIRA Excel R7zfiE (FURMIKY NER, MABM=E—T
XAFRIRAE
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#* 5-2
BEA S £ Sl LIREESH
i IRHREK E) RR 4] 2019
iIR2 2R KR shiE 2017
SE: 7 ZBIR B =5 2014

XMAENIFEEM, FEEEEMAIT. Tk, HF, BURMR
BEZF—TEE: " RASENAERET, FESECASIH
RILBER? "— X T REREE#ZT. ST REKHE,
£ Excel BIXTMRIE, IRAMBEES —H# VLOOKUP 2, M
BEEARRE,

XABUEE (MysQL) MIA=

BXARBUEE, M/ 5KER: Bpx . S8EX . EHREX .
SEERE ... SREIEIT SQL K JOIN #EIREIxEA R,

SELECT d.name AS director_name

FROM movies m

JOIN movie_actors ma ON m.id = ma.movie_id
JOIN actors a ON ma.actor_id = a.id

JOIN directors d ON m.director_id = d.id
JOIN movies m2 ON d.id = m2.director_id
WHERE a.name = '2F' AND m2.genre = '®l4]';

XA LR, (BRI ER:
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#8830 (Schema) REIEM., MAHTURAIEREMENIF. MR
BRRIRIEMN BRENIRE NS X MER, RISHEREM, 1N

xeLEMI.

CRARZERIH, RARZERREXTEINGE (Foreign Key) 4
P, RS JOIN BT BEIEXR"E" %, MRFEEEF”
KRRMEMZBERHLARR? "—IRAERESRZERNE

-I‘EO
 SUBWERAE. NREDTR KROBROPRS, Hik
SR ——EHBESR N BN, SOL SRR
g7, MAMERE,

ARSI

AREER— M2 A ENER:

ARERMENXREGN, REER A DORINFTAOSER . SR AR
KB, AFEEREAREW,

. RER—FLR., XRAEERFET=7A®, FFE JON, &
BEIME"RR—SENURMIK RGME—FEUE.
BHEARRABRN. RRNARNBRPELSISE? 7
—EAIREEE, XFMEEE R MR, BaE R
BB EE" SR TR, MImE.

ﬁﬁ_/\ttu@%lﬁm\éﬁ :

BFRBE—RZECEF—NE. BN, EFRETLEERN
KEX,

KEABEEG—THEEE—S T HERNEERE D 5IEKR
937, MEBHBHEEME—T—TTFRMLE,
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o FMNRENEE —KMUHN—FrE RAEBET L4 EE—E, IR
MEA—TRUER, #BRIDUGELEHEEIEXEKARA,

1.4 FRENEREMT A7 FEEMITA?
ETETMRENENERENZE, HIIREEEEENL
o REANIHEARE —MALEIRAVERT, RISEFTMAEE. A
IREESATERHEERN, RBRERMMTA. T4, WRE

BNFIFEEER,

HRENSERINES:

1. ARG RIANEME. ETHOAREM—KEA
A, TEENNEG. ENE-—FAEFHNPENMBRRE. E
Ko Y. BT BIAZBIRIX REBE AN —KENE,

2. EXERMEZE, ERAFPNEE, MAMUNEXEET
fc, SAFE AT SMENZGYEIL”, MREEME" S
E"B—MEm, 8T R—MRR, "B B —IPSEREE,

3. HENRN, ETERENMIRHTIEEEE, MREEA
B ARBIIRE", "BECHRE", FrHEEE"AZCHE
R”, RELMARPRENER—KRINBYXIEBTEAR
Y, EARYSHEH/ZAEXR", FrAIREHEL " YIXAIREaTr xR
Z”

4. MRS . ERETRFRHIANRESE—RE. LRy
REBEFPHIERE. CRMASR. LRBREEUE, FMREIERTIN
EXLEERRMEM—KA—REFLAIRNE.
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AN Al, FEREZ I B, FMIRENERMET
—HiL ARRAIBRRENEGERR. BANEEENES—FAMREZH
iRy, FIEWARY,

MRERETFER (FERSHEHMXAK) HNES:

A IBIEEMMLENE, FNREIE A 2EMTN., BEM—F
XE., —RiEE. —KERARTPIRBINR, REERXHEAERES
L3R (NLP) SitEHMS (CV) BAIREENNERLE
B, AETEMANEIL,

FIAWIE, AXRSEHEANEIR—“KERAAR”“ X
SRMBN —EMREETFFEEERARE, TNRREMAR
HME, BAE—EEIREANRENE (20 ConceptNet), {Bink7ZE
EAENEEEIR,

M EXRRSNEGSE., AEEIENERNEEENS
tbg, XMF=ZR RN RA R REEER SEF. Ko
HEMAFER,

EMANBTFERIHEIR " XBEFFATFE? "X TARR
BIFA? "T—XEP R ENMIFNFER DR, FREE
REEELOZE,

MNEFEEEE. Brl, WE— T SR=EFIREED
AREERENATIEBAN—EXKE (Ontology) . FriFEIE.
R FAE— XN R — M RHAMEET SIS,
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1.5 {RE—TENRENE: BhFLI
T7, BRHTXAZ, EB(EF5HBIE!

THE, BEAREENHR—Python BN E—MEER
ENE—FMWEMRNE—TIRELE, HFEEEEEER.
REEERIE:
e Python 3.8 AL (¥#%F 3.10+)
o pip BEIESR
B, TRENFENHIDE:

pip install networkx matplotlib

networkx = Python FEiR1THIE (Graph) IR{EEE, matp
lotlib ZEER,

RAB:
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import networkx as nx
import matplotlib.pyplot as plt
import matplotlib

# IRBHRNFM (mac0S A PingFang, Linux FIAEEEXAL SimHei B¢

matplotlib.rcParams['font.sans-serif'] = ['PingFang SC',
matplotlib. rcParams['axes.unicode_minus'] = False

#

# F—%: EXMRHN=ITAH
#

triples = [

("RURMEEK", "SE", “ERR),
"5ﬂ5§1’@122", IIEE;E”; ||9I=I€:§u)'

"EBW‘L", "H/D\\ /n' "T_IE";;E“),
||9|=IE:I:_E||’ IIHRHJLII, II;;EJ'E'\")'

—_— o~~~

UTORMIRY, UM, “RIGRE"),

#

# BH: WiEE

#

G = nx.DiGraph() # DiGraph = B@E (Directed Graph)

for subject, predicate, obj in triples:
G.add_edge(subject, obj, label=predicate)

3
# F=4: BE
-

plt.figure(figsize=(10, 6))

# £ spring mREEILT RBRNHT
pos = nx.spring_layout(G, k=2, seed=42)
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# ETR
nx.draw_networkx_nodes(G, pos, node_size=2000,

node_color="#E8F4FD"',
edgecolors="#2196F3",
linewidths=2)

# EiA (FiK)
nx.draw_networkx_edges(G, pos, arrowstyle='->",

#

arrowsize=20,
edge_color="#FF9800"',
width=2)

BT RAREE

nx.draw_networkx_labels(G, pos, font_size=12, font_weight=

# EBRE (REBR)
edge_labels = nx.get_edge_attributes(G, 'label')
nx.draw_networkx_edge_labels(G, pos, edge_labels=edge_labe

font_size=10, font_color="'rec

plt.title("HMNE—THINELE", fontsize=16, fontweight='bolc
plt.axis('off') # FREAIRE

plt.tight_layout()

plt.savefig("my_first_kg.png", dpi=150, bbox_inches="'tight
plt.show()

#

# BUL: EEENE

#

print("=" x 40)

print("EEEKXER: ")

print(f" TE#E: {G.number_of_nodes()}")

print(f" BAEE: {G.number_of_edges()}")

print()
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# T FORMIKAIFIE X Z

print ("FRMEKAIIERR: ")

for _, target, data in G.edges (" BitEk", data=True):
print(f" REHIK ——[{data['label']}]-—> {target}")

print()

# B EF"RW"XTXR?
print ("FRAEENX T ERWAYSLR: ")
for source, target, data in G.edges(data=True):
if datal'label'] == 'BRL"':
print(f" {source} AYERMIZE {target}")

BITRXEBRBZE, (283
KA NE—AR TN KRB F IR EET L E R,
XM 2RI E—T 1R EE!
2. B AmENERER, Ra 7IRA a8 " XK EE,

IR — TSR KRS

nx.DiGraph() : SIE—N"EB@E", EOE
MEMMEERR,” RREK-F Eﬁﬁ%ﬁW%Mﬁ%ﬁﬂm
R BRERENE X, FIXAAEREE,
G.add_edge(subject, obj, label=predicate) : H{fl—5%
B, EARENER, —FKAMNN—PM=H., EHRNERE
W, XRED EARE,
nx.spring_layout : —MBENHEEE, ©REUEHFR 58
BEMFRNMER, ILEBRHTSERE,
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FNREREA]
ER! (ROAEBEHEEA 7T —THNETRAIREERE, 2
RERB b FHE, EriEMMaMIREE. HEHERIA

1.6 M55&EIS0125%: MENANE
RAJEeR?R: MIX? 5&EIBBMTLM?

B, SR=TAFLAEAT. EFRER—T, WRXD
HFARES, Mm=E50{2IE?

BMAAIREEE 2020 FHMEES 7T 700125 FX
(facts) . Wikidata———""FFIRY. MERIAIREE—HERIH
BT 2K SN EEE, BET ARMRNALEE,

S TANHERRIX N AENRME, —EEBNBBMaR
A

RGeS SEIEEB AR, RSBIMMMKRENRE
RUEIERE N R BRI, b, (REVENEEMIORE " HERRIZL
MRFER W XT=7td, EBURENERE"HIFZHRIDENR
7, EMREEEZNEBE—EMEMFRE AERXZFAMIREN it
55X,

BIEXRBEAI: — T ENESEMZMRMEZIRAE
&, AIBERmAN EMNEAQRS EMRBEE XK —MmiXMx
B, AREREHIETIEERBIREERIIN,
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FNREREA]
ENERARR: ST ERSIEERB T EEH LK
AIEERS, EMAERIE"ER" APERNE X, MAZNMKE
HEEE., XMENTASRNERIERIE2012F ZATRIER"IZIR”

(CED

KHRMEON R, MREEONE BEEROEKEIE
MR EF, KRN ARERRA SR 7 8 AR
i,

1.7 ZDIREEHY” RER”: A& (Ontology)

EERAEZH, SE—1EENRSETENA
(Ontology) .

MR =TAZFINEEN ER”, BAEHAEEHN EE,

AEEXT: - BHLRBSTE (A, B, iR, 2
g......) - BELERBNXR (S8, T8, 24, R
F....) - XEERBZEMNBIRFIYR TSR 2R H—
fh "B SE DR AN, TR HhR”)

ENEROGF, MRBEMABNOBEZENREEE X —1&K
&, ERJEERLE:

Y
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FREEN]

SCREEL: AM). g, R, %R
ERXR: SE. DE. R, £

L9RAM :

- "SR"XANERLDAZR"BE", BRLTAZR" A"
- "ERE"XANERLAZR"BE", FRLTZR" A"
- "R XANERLDTAZR" A", FELTE" IR

- "RE"XANERLAZR"BE", FRLIE"KE"

REEAMEHHMIE: ENETMEIUREE. ME
AIMEEWK, BRNIZEAEE. RESME, MREEME—E
BT —R2AMEEEA, BEERENEL.

FEERRIREFR, ™MARIRITEAIREIEZIRPREENRERZ
—o —MNFHAMMKIT R BOLENEY BMERIE, m— MERRAIAR
RITATRELLRE T HERNERRMN . HIEEEENETH
FEIHE AT IR,

1.8 FIRENES KIESRE: AR NAUSE”

AR BRBEIREIRE T AR, BOREXE IR —IKA]
IRENEFMAESEE (LLM, % GPT. Claude %) X%,

REABH: HEXESREXAFE, MREEEFEEHN
T?

BHEFEEER: KESHEENEN, EAREEZERFEM
EET,
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FREEN]
AtA? BARKIESREETLTRARERRE, MANRENEELT

A IASRA N L ERFE |

1.

KIESHERS”LR” (Hallucination), EE&—ANIER1Hh
HRMFTREIENELR . MANREIERNE—KIRHRELT
IIFAIESE, AIDMEN"SX#WARREARERNEmE , X
2FfBH) RAG (Retrieval-Augmented Generation, #&Z&1g
BBAER) RAN—TEEXRR.

KIESEREMNINRR”AE" M. EENRE IERIZREE
FIELEBHE, MANRENG A AR BT, REEIRHE R
I

KIEERENBETRERER, (RAFEEZMBE"R”
HRIE R, FNREE A R MEEMEERE—EFRET
TWLETERMXR, —BTA,

KIEERERZEWMLIIR, E"HE"RZE, (EENA
MR D BIESEFN, RIEFHIZEFIALR, MIREERA
MBS,

FIA, HESRBNER Al RS, FEEMIREE + KIFSEE

RS, tbal:

BEEERPERENREERIGEAENEIERE

#ERE Copilot {ERAEIREIE IR M E AR AR O E
EI7 U Al ZREER SNOMED CT ZEZ41INEIE kR
PRI AR
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FNREREA]
X EMAEIR + £ APRAE, HEZAINAZED
B Al BRI, AABNEEETH, Bl FMTIEAT

BRREES NIESRESSE.

NF L]

%3] 10 IRHRRT AFLRENE
EE—R h,\LE’JQTﬁﬂZ (BR. B, B%. £8......),
%1t 10-15 P = A KR IX D IUFAIENIR, EK:
1. Z0EE 3 MAREEAA
2. VB8 3 MAREENXA
3. BIHXE=TAMRIE (AIUNFL, eI ARE)
BE@: MOBEIEPRESEFET A HE HRNBEHIR?

%3] 2: ¥ RIS
FERIEARBEM £, MUATEH:
1. I/J\\jJuE? =7 E ( //I\ 15 7.1‘\)

2. S —EREN query_path(graph, start, end) , ¥HF L
1R 2 [BIRYER 12

3. SLM—PEREN find_all_related(graph, entity, relation_t
ype) , HEENTAEEEM K REZEIRFTA Hih ST

B~ networkx 12T nx.shortest_path() BRECEEIH
TN RZENREREZ.
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FNREREA]

%3] 3: IYEE3EIR

%R 5 MRAENAWEEY, DHANT=fAVCRE]

AER:

1. —3K Excel &R+&

2. —2H SQL ERIENIED
3. —4H=I 4

REZUEZEUATER, ER=AAANNESEE:
WL B R AT SR ABRISER”

‘AN B ZEEtAXAR? 7 (RIREMNZEESZTEERXR)
MRBIEIN—FNEEFER, FERMTA? 7

R e 21K

1. Google EA1E%: Introducing the Knowledge Graph

(2012)

2. Amit Singhal 5 R IEXZANREIERSNER, ERT”

3.

4.

things, not strings” B 0IE R,

BZ:
https://blog.google/products/search/introducing-
knowledge—graph-things—not/

{Knowledge Graphs) by Aidan Hogan & (2021)
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HIREREN]

5. BRImxEHENAIREEARP, RETHREEE. Ei8iE
=. WIEREEAHTHE. RETLENE:
https://kgbook.org

6. (EHRENE: AiE. XBSNAY — TRE. ZEME

7. X XA RSV HIREEANIPE2—, EE5TH
R ENREIEIR AL S,

8. RDF #1 SPARQL #138

9. RDF (Resource Description Framework) Z2%1IREIEHE A
HIBIBAE BUAR R

10. SPARQL 2&if) RDF HUEMIREIES.

1. W3C EANXH: https://www.w3.org/RDF/
https://www.w3.org/TR/sparql11-query/

RENG

FRENER—MA” TH—X RS =T ARKRIARIRAVE
B, TIETHAAIRRRM KB M, (E1SH1238E0538
. EWAHIEALINR, AREERNZOABET RIENR.
EANRARENRANSZHEIDEESN, ESXRBEEMEFR
TBHZRL T EANMARE IR AR,
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FREEN]

IR

RIELE: MBERALE!

AlphaGo
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FNREREA]

5|F: —EEHFSIHNED X

1736, TEXTMSEHE (Konigsberg, SKETHS
Hr, BIUNMETIRE), B—FEERRASHMmE. A EER
BN, B5HEZEHCEEE,

SHNERZRIREEMREL, MA1ILBT—1T/NE: 8T
BEMENA R, ETMENTEN, BEHFRE—R, &REE
=2

IEERBEENAXN? RZERANIFTIUR, REARS., B
188 ABEIEIREA A BE,

XA AR FOER 7 U RFANBMER 2 —
-BxfiI (Leonhard Euler) B9FH,

BRALE Y —F R HFELENE: 22T BN, FH
KE. BNEE—RXE"@T MARIE. 3T 4S5 £
PEMBIRERA” =7, IR E” .

XA, CHFEEM T —TH 4 TR, 7 FEEMRE:

clet

e Enlat
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FREEN]

Hrh A, B. C. D SMUREHME, EFZE TR,

AREERAIMER: MRFEM—TREE" MAME TR, R
TM—FEHE, NB—FEEE. XERE, ITE1NERE"H
=, ERIENEFBVAZMEE (E—5. b—5%F, —#—4m

EME)

MESEIENXKEE, N RERNEEHDHIZ 3.
3. 3. 5—2HEHFH. FTA, FOIgEFE—FK SEHFRE—
R,

EifFEERRT . (BEEEMNZE, Bt (Graph Theory) X
MR SZHLGERET

R ] BEM IS8R, 71736 FEMFEAX/ LN EM)1LE
%, SEBLI00ERHABNEENNRXNHRARERZ—,
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IEX

2.1 MBRRIEIIZMLS : ECHIMBEE

BRAFFEI T Bt 2 /G, XTI AERK R EEHZLHFE
XN mA”, AEFRNAREMEN Y R—LEERIN—ZE
52?7 MLEERT NS B ESRBNXEEERRE? XL R EM
g, BEUFSEREEERTARA,

M, HAN20MLZfE, FIFFIRREMEINTNENL,

1950F K -60F: #HRTMLZHIEREF

HEOVEBEZRFERE” RKMARAMREXR, —TAZ—TT
=7, WM AZENKIE. acquaintanceship., SExZE2—%&”
07, 19674, REHKFIENER - K/RIEHE (Stanley Milgram)
T —1TERNIR: MiLEEPATNEESIE—HERAS—
DRI BEIRAY), MNE——RREEIBEEAIRINRA,

ERSHABAERIR: EHTFHYETT ALY 6REER HMEATH
AW, XMRERT AN SNELR Bie—HR EEam
PAZIE, RZEI61HIEAMBERL AR,

“‘REDR ARLEE—TEREIM: F ARHERNE” XKE
AKHEF, FEFAITTRZENRERERKEALYRNG6,

1990 FHMS HiZE

1989%, FHiB-BNEF-Z (Tim Berners-Lee) KT H4N

(World Wide Web) . MEIRHIRES, HENMEKEARNE
[E: 8TMMNIE—TTR, S8TBEERE—FMEREMITIERBIR
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AMREREAT
RITTRY R [

BT1998%F, ZIREREBIZTMIT, WITMRKE AR MTT
B FIRAENENTTE? XE2—TMMETZETIE—.

19984 : PageRank M{ZT {5

M EFEEAENELEE—HE - MZ (Larry Page) Fi§
/RE -tk (Sergey Brin) [T —TMIENER:
PageRank %,

PageRank FYfZ/OVBERER SR : — T WITURB RS EMK
MHHREE, PERAER—TEZNNTT. BH—F, MRHEER
NENNIASHREE, PeEMEMEE.

XEfr ER— N WIE” EHETREEHNES. WS
BMERXTEEZZRN T —R QBT m— X R AT E
Google,

BIEXEENER: BRAMT1736F RN B IR —
1998FE WA T FRARRELEENEEKNAIZ - A& TR LHE
BBl Zz—, BIEMNAE, BLrTI—i.

20105%: ZREIEELS

20125, Google B/IE"E" MM Z#HE THSE. EAREBIX
UERMTIEET R, MERIEARNINIR—AY. . B4, #©
BTN TR, AEASMXAEE(EERER, XM
BN LE—FHIr0 MIRELE,
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FNREREA]
g05R% PageRank x4 WITTE" M4, ABRIREEFMZEXS”
AZERE"WREN D, ARE, EHEEIEEBEREN
BRI A
2016F-ES: EMEMES AlphaGo

20164, DeepMind B AlphaGo W 7 ElH R E FE 2=t
. REAFMENZ, AlphaGo EIMIHEBEN, ARLEE
IR —FPEFIRRY B ——HHE E19x19MRX Sl TR, HER
X R Z [EEEMEE.

MR KA Al Rz ——EHEMNSE (Graph
Neural Network, GNN) —E 2 B1ZIEREZIMNEENSIANTE
ZHEHE, GNN T FEMFN. BEFERAE. HRXWMEZ DT, 4
WA EFUHES 7 R IERIAR .

MERAIRIERZEE] AlphaGo IR A, "B X MR EES THRE=
BEORE, MIXERIRE, TE2EER.

2.2 EINEXREZ: (REEMEN”TIE”

WY, BEHTT .. ItBNRZAZE S —TEICHERER X,
A, XERSHIEEEN—REIELKEREEEZF NI E]
TERT, RRAEARNEENBEXNEE,

B (Graph)

— 1B G Mo ARN: - Mg (Vertex Set) V: —A”
=7, iT R (Node) - iBEE (Edge Set) E: —H%”, &

FEERM TR
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FNREREA]
iBfE: G=(V, E)
MX AR, —TBE, ME—HRN—EENES.

f5Ian:

{5k=, MW, A, &KX}
{(k=, zWm), (zW, £#H), (£H, &N, k=, EH)}

m <
I

RS T — AT A Z B R RE.

Tis / F5 (Vertex / Node)

BFi” R, EANREES, TaMESit——NA —56
B . —EEET,
il (Edge)

EERTTRN"E”, EAIREER, UMEXEF—“BR”
“SETMIT,

BRIEFER. UGS, —&7 R DA LA
—PMINREH B ERBMEHR, —FK" QAT AME" B
BRI,

FE (Degree)

— T REENINHE, IWMXTTRNE,

EHRMER, —PAN B #ttEZ2 O TR, EH
1&/Twitter £, — RPN E"MEthXETZOA + 2004,
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FHREENT]

ERXMEIZZFAMEER, RERNEFERMT —TNRNEE
M, ERERMET, EREHATME HISEANH BENAM”; 7
PHENT, ERalINTMERNENMI (ENgEERNE
).

%12 (Path)

M= TRt k, BELI—P—FTEINBS—TTR, ST
£ RATRIUMEIRE .,

tean, AEHRWER, " sKk= - FM - TAMEB—FMK=
NERMNRERE, KERN2 (BI7T 2 Fi0).

EER " AREDRIE? EiRlNMEtRXNEER, FERIT
RZENREREFERKETEE 6,
EiEM (Connectivity)

MREFEER TN RZEBEBEFEED—FREKRIR, BLXTE
U EEE .

MR —KAERMEE B EBN, BIREXTWNEFHERIALR
AILAGEE R A REEREMHOA, NRNEE, MEKREE
E IS —aBEANERMNETET,

AFREEH, EEMEHFEEEE, — T eEEENENRE
EBRIREIMIRZBXRKERES, HEENERE, m— M ERLH
EENEFREANIR 2 EFE M3, RISIEBILEHTT,

% (Cycle)
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HIREREA]
MB—EZEENERNZLZREBE—TTR, IBXEXREMAK
T,
teal: sk=—ZFMM—->FA—K=, XK T —T.
BLEEEN, FLEERER. RERNEIHTIFE
(Acyclic Graph) . TEANIREEMNAMIZITH, "is-a” (B—F)
KABEERTHR—RERNBE—ME1, IR —ME ERE

mIBH,

2.3 EpVFhE: ntb{RBAREE

‘B"XTMENEROMS, HXBEEEEFENTR, FEN
BB, ERTARNGS., IEEFMAR—TREEN
JLH,

FmE (Undirected Graph) vs. B@E (Directed Graph)

XEREANXS,

AEXEES, gEAE. AMBZEIRZEN FTBMAZIEIR
B, BN FMEHRMEFN” AR XE—NRK=FZFM
ARk, BIFEUBAtLER=ZMAR (BRiBRERIESEEN).

EEEER, BEAE. MAEEBIBAEFTMBIE@ARN
18, BEREFRER EN—MTIAR DARZIMDIB, {EMTIB
A—EPEREIMTIA,

MREEPHNEERERE., BEAXRBEREAEN: (R
HER, S8, Z)” AET 7 (Z00R, S8, FORHEK)” .
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FolalE: AEE:
A-— B N
| | | T
| | U |
C-—1D C——-D

#XE (Weighted Graph)

EMREF, SFOHE—T"NE"—THF, RRXF
VEMES,

tegl, AENATR, mMRZENEIRERNZENTZ
[BREE B T ATE), EHRRMETH, WRINERIAZEMTAZIE
HREEE.

IARERA (BTHEEER, B AE):

1=
/ \
1200/ \1100
/ \
£ — A%
900

HIRENERRID AT IAFINE, LENEEZEAIREIEF, " 241
A BT TRIEB” X FIARINE ] AR IR RIH A B R,
—EfE (Bipartite Graph)

— BB T RA AR D B, FRAERVIREREIRARIAHRT
=, BARNTRZEREL.
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ATREEA]
mELNGTF: BEFAN " AF-Am X328, —4TRE

BF, 53—ATREfmM, DR BFULTER . BFRHTBARF
ZENRE WL xR, BmilfmZEtigE.,

BFP4A Sl
urr——— P1
UulL ——— P3
Uu2f———— P
U2 —— P2
U3 ——— P3

“HEEHEFERATIEEER., RBEBIRENR S EARKN?
RARIRE LM 21Xk ZEE LMo th—F (R 7 AR A
AREE THA?

ZEE (Multigraph)

EEEES, BITAZERSRE—KL, BESEET,
M ERZETNE S5

tean, Sk=MZFMZ BRI NERNFE AR xR EFE X
RBERRA—ZFARNDERRFER T TR,

AIRENERAE ZER, BANMTEEZETUESHAEN

FAENE: —FSPRA9E
FREER—fAER. trick (labeled), ZEE.,
o HM: XRZFAM (EK—EIK)
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FNREREA]

o RCH): BRUHE—TIRE (KRAIEDR)

SEE: MITTARZEAUEZFAREEND
B, FMRENENT REAIABRENEMY (SSAEEE, &

7. SMEEE), XIANRENELEEENEETE T EFEMEN

—_

N
=

2.4 BETENBZRNEE

EIERARHMEN— 19X, BEETENRZERNNAEZ

2, WEEBLIRIER, AN, BRITENNZRREN. K8
ENBIRERNZ—.

HURLEHPRIE
AETENMZNERMRES, "B 2N A" R W H7

MNERBIESEN ., REZANFZHEREE:

RAERIZEE (Dijkstra, A*): GPSSRAIZD, HAE —KIE
SE, HEIMAZIBRRERL.

R/VERMEE (Kruskal, Prim): BARENRAERIET
Mo CEANRITERSIMG, AsDRRSIEMAMHERER.
HiMEE . GE—AESHENZERKRBERR, HEISEN
MATIE . XEMEEE., FIZSMAPERER,
RAREE ERNERHIIMNRECHECRE. NATYR
ftt. MEEREDES.

BRIIZE5E
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FREEN]
BAERRE]T PageRank, (EERS|IZMENXRZZALT
It, BRSIZEMMESR (Crawler) AFi LREIBHHEMIXKE KX
E—M—TRTIHR, BEBIHE E" I T—TWI, ftbR
g, BERBERFIEZHINIT, XM EREEIEHILHERIERD
(Graph Traversal) ,

HRMESE

Facebook 7£ 2013 FE#H T Graph Search (Bl#%x), 2F
FRP#TR BIRRNBERPEEANNES TN XENER, &=
AN mRZZRERIEWY, EENEAREZFIMRNIT,

SR, NEMBRRFE—TME. MiE. Twitter, Linkedin
—NEEBHEEARBIEEIETESIZRMEBERFXA. AF
W, [ SRBELS,

HERRSHE

HIREEE LY, " BIRER"EEFER—KERN I
(BP-BmE) tMEEEEE. SIRERS LRI, #
=Fo|BhESW—K AP -5 =1 E.

Al 58

ITEFRSSIAEEN Al R, RSHMERFX:

» AlphaFold: DeepMind NERREMFUNIERE, IEERREF
R[EBRZEZENE, FREMREMEHTIN, XIMTIEE
2024 FREBTENRMMER,
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ALREREN]
o GNN (B#ZN%): 2 FEMRIT. HXNEDH. #ER
SEEEWEIE L, GNN ERBHE TERNREFEIHE,
o FLRENE + LLM: W E—Ffmid, FANREES NESKRELS
BT Al UENEE A,

2.5 EREFEREAN: HENEA”ISRE” —KE?

BB TERt2o——#HSMN—#E., BEHENEEALRE
fif—3KERIIE?

FEFRMAR:

4R#EIERE (Adjacency Matrix)

A—1THRS (3BF) RKERTE. THIDINNTR, W
RE1THJINENT, REATRIATR | ZBE—FL; A
0 MFRTEHL,

flan, YF—r4T T RIE:

A B COD

Ao, 1, 0, 1]

B [1, 0, 1, O]

c [0, 1, 0, 1]

D [1, 0, 1, O]
MR BEURITTRZEEEEE, FER (OEEZ
E), RR: NMRERAKNERRR (KZHTRZERED), &

REAREZB)FAEO,
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FIRETEN]

BR—T: NRHRZINEB10ZAF, BEEEMEE 1012 x
1012 = 10M8 M&F ., BMERMEFRAE1MFT, LFEEN100H
TBIFiE= E—XEAR I,

2B3EXR (Adjacency List)

A—1TPIRNIIRERTE, BT TRIN—TFIR, FIRFP
FHESEEENRETR.

A: [B, D]
B: [A, C]
C: [B, DI
D: [A, C]

s WTFHREIFEENETE, NIERPNE (W
&, AN, MIRELE) FEEHBHRE. R EEHTT
RZERERLHE (FEEBMHIIK) .

FEANRENESUE, SERNFREARBEASWBEREMFLLAES
BER, ME=JTHR (Triple Store) —EHIEELABMN=TTH—
F—FMFER, XMARNKRRE, RESMREEN EXEH"
15, BT ERENETHIFANBEIMEAIRELFEE R,

2.6 ERVER: MEE—KER”ERE"?
BTHE, BETRNDEZ: BAERPRE"? ROER, BA
AL E PR R?

i REARNIEBHH:
REMKGIEE (DFS, Depth-First Search)
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FNREREA]
REE: BE—FBE—EHEIR, ENETBLEXBR—FE.
BRIRE—EEEE, DFS E’Jﬁﬁ%m L—/\El’] I=KES]T
£, WERFEREHERERRITINZEA, —RIRUREERE

MAL & H#ITDFS:
A->B-C-D- (EIEZC) -~ (EEZIB) > (EREIA) - E > ...

[TEffi%i¥ZE (BFS, Breadth—First Search)
REE: BAORN—1, —E—Eith@sN &,

EFZERE, BFS NRER: LTEEBER/R ST SEMT
LI, BEERER2L M, RE3TITAM......

MAL & #TBFS:
A - (1%: B, E) » (25: C, F) > (3%: D, G) > ...

BFEMEHARENGE, MRS EREANEL, AR
Eigeh:
o H{REIE AR LG 2R ROFTE S E, (RS LA
BFS,

o HREE—FXRAW—KEETE (LLUNEELEIAVIZH
F: AQE] - BRTB - BAFC — ... ) B, {RSEFRETE
ft§ DFS,
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2.7 BIERIVRE: = MRAEEREE

FEIEXFHFNEANREE AR ARM T 28, HEE—SiENTE=
NMERRHFMIREIETEEEENEE, BRETISEMREFD
BREEETHNNS.

Hix—: PageRank — 2" REE"HTH?

PageRank i 0\BEBA—E1EEEME: — 1T TRNEEHY
BAFEZWVEEN " TRIEARE.

XE2—1"BAEE. BEELHNENFENX, PageRank B9XK7 2
VEFEEBXMEHRTE T — N Ut EER T
1. ¥R, BT RNEERND HE—,
2. B—wERh, BT TRIEECHSE 2B AEREMNT

&5

3. BEEXMITRE, BRI BABEETL,
RZRWII D M E ST =AY PageRank 1B,
AFIREEAH, PageRank BB ZHTF: - THREEMH

HEF (MPescAEENER R %077 ) - BRHRFE (E2 1 LE

SR, MPEHEX? ) - fNRHEE (5 HAILARIBRAIBRLEST

R LE? )

BiET: RERE — M TRZEN &RiL” g%
ATE—IKE, RAMTR AFTR B NREKRZ, el
BHRLHENO T,
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HREHEN]
AEXNES (FAEBNKELE1), BFS el EIRER

2. TEINNES, Dijkstra BiEZREZMINBRIRSE,
AEFNRENE S, RERFERSEBINE:

o WZMEME: MM IEMREEFNHE” (REREKE)
A AR BREIENIE X ABE .87 17 8" FE IR EIE AR E
EE”IE" 7R EEESZ, XTMAXNERZE—HMN.

o XRMIE: HAMNLMEZBIEZER, MEKEITENZ
B89 X REE”

o HHRARI: MEMNEMNTLFNIMAEZ BEFE—FKRENE
12, FIEERE AR R L IMAIKER,

BiE=: XA — BH”/hEF”
HERZER, TREEBAMRER — T X —H XA

MM RZENERER, X ZENERFR.

EEANHE R NEFR” R RE” . RAIREIKZEZ 2 BB RE

%, (M KZEZZEHMEREINR, EBRMIMNB—MEHIN S —E

AZBEBEZERMMEZS,

FAFNREEH, XA - RMEXESARE

(LR R B —fe B I? ML AREE—RFRER? ) - NE

EHRE (—MHXANINREE—. 257%E? ) - HEIAAK

ME (Boh&AIISRER 7 BHBRXR)
BEZNHXAIMERZ—L Louvain Bi%, ©EIMKE—

MY HEIRE  (Modularity) ” B8RSR T X 4544 ,
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2.8 MEICEIEIEIRER : KA
EiCRHFER, EELEETENL R ER, HNFER
REVERE TR, X5 T EEIEEE .

BRNEUERE (RARPUEE. SGHEEUERE) H AR HEEUER
T, BAMRAIUEXRBEEPELESN (BAREFMET S
1), BEETKR. EWTERNIME, XRBEENMESIE
TE—REABT B #HEZE—IR JOIN #1E, ZHEHEEZR
JOIN, KMIEEXK,

EEEERE IAFHNEOREEMZITHNRIEERS. E
MNEEEUTA:

1. REEEFE: TRNBERREEFN —FAR", M1E5EA
RAEAEM,

2. Z5|EHH%MBIE (Index-Free Adjacency) : BT REZFMHE
TEEST RN B, MA—TTRBEIES T RZE O(1) iR
F—ARERS T ., XREEEEEENRE,

3. BEWES: REENNERIESFKIZIEE, L Cypher

(Neo4j) . SPARQL (RDF B&). Gremlin (Apache

TinkerPop) ,

SR E R EREEE:

63



FREENT
= 6-1

R R

R TREEIERE,
Neo4j BtE Cypher

Xh5 &
Apache Jena RDF SPARQL 1B X AT R SEE
Amazon BHE + Gremlin + _

AWS Z=HRSS
Neptune RDF SPARQL
Nebula . s

EEE nGQL Er-R, 4eEmS

Graph
HugeGraph BHE Gremlin BEMFR, B

BA G ERENET PIFAN AU ER XL E R R 7
MEWFIREE,

2.9 —REIEE: MBERRAIZIZNRENERIATEZ
ffa, HANB—K I B REF— T X ERARE:
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1736 MARASFEHTE MR, EISEE

}- 18505
}- 19505
l— 1967
l}- 1989
l}- 1998
l}— 20005
l}- 2007
l}- 2012
l_ 2013
l_ 2016
l_ 2018
i— 2020

L— 2023+

MmEeERRE (HEEEERR)
EIEHNHERZE (HRXWEHHT)
KIRIBHIE" 7NE D IR L3
RERMKRRE (SXRAMER"MTTE")
PageRank &% - Google FYiL
BXM (Semantic Web) &z -~ RDF/OWL #mE
Neodj E¥IEEART

Google #H Knowledge Graph
Facebook Graph Search
AlphaGo (#H#Z EHIE + REF3])
EREMLA (GNN) 1BA

Wikidata B3t 1 ZREWHEIE

AIREE + KESEE (RAG, ANRIE5E)

MI7I6FRIAT R75L, BISKRETZTR. HECFKILHA
IRMNE—EIEED T —ERL ADCAMIERIIRE . TR, BIRFFia
H S HENSEH Z ik,
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NF LR

%4310 FohB— T RZMBE

BEHIRAAER. ASISARENHERZNEE (ZM0T
Ao EATER:
1. BTAN E 22
2. ENERS? (XTARREMBEFEN HZHPL)
3. FER T AZ ENRERREZ I

4. REERI#HEKX” (NEF) 157

R~ RRZEELNR, AIMERELIA
https://csacademy.com/app/graph_editor/
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#>] 2: H Python 1435@@%5%

import networkx as nx

# BIE— P EBENTERME

G = nx.Graph()

G.add_edges_from( [
("Alice", "Bob"),
("Alice", "Charlie"),
("Bob", "Charlie"),
("Bob", "David"),
("Charlie", "Eve"),
("David", "Frank"),
("Eve", "Frank"),

1)

# TESITTRNE

print("S8TTRIE: ")

for node, degree in G.degree():
print(f" {node}: {degree}")

# TERERRZ
path = nx.shortest_path(G, "Alice", "Frank")
print(f"\nAlice %I Frank MIm:EEE: {' -» '.join(path)}")

# itE PageRank

pagerank = nx.pagerank(G)

print("\nPageRank Hi&: ")

for node, score in sorted(pagerank.items(), key=lambda x:
print(f" {node}: {score:.4f}")

# RIHKX
communities = nx.community.greedy_modularity_communities((
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print("\nttX%lsm: ")
for i, comm in enumerate(communities):
print(f" #=#X {i+1}: {set(comm)}")

BITIXEAE, NRER., B

1. E&RST R PageRank &ENTRER—TAB? NRA
Z, Rfta?

2. RAERZNKENRIMEABRID?

3. XD HEREIENG?

%> 3: BEE

1. At A AN E— Kk BaBEMARLBE? WNRAERBIHEL
EXEE (FHEHER, FROOT5ER), BHEMESTHAA
FE?

2. EANREER, "2 ... MRE" XM AMBNFE, 2EHHN
T EFTIR? "TA?

3. MRBMRFSFRINREE—KE, RREESTEEEENG?
BREFEEFEENS?

FE (R[]I
. {EitE3I|)» (Introduction to Graph Theory) — Douglas
B. West

2. SEEICHM, EERRNTBREICHZEMANEE.
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3. Euler BIRI4i£3Z: Solutio problematis ad geometriam
situs pertinentis (1736)

4, BRAIRRIRCIfFRIINREIRIEX, AT XER, BRXF
PN

5. {Networks, Crowds, and Markets) — David Easley
& Jon Kleinberg

6. RIRARZHINERZHM, BBENESIHREICTEM
ML HEMAEFEZRINA, RETELIE,

7. Neodj Graph Academy
(https://neo4j.com/graphacademy/)

8. Neodj EAMBEIHIEEFIFE, RERFERE, E6M
RE EFEEIREEE,

9. The Anatomy of a Large-Scale Hypertextual Web
Search Engine — Page & Brin (1998)

10. PageRank BR1R1EX, ™I Google IR ARITE IR AK
%0

RENG

ENSM1736FBRAIAY- RIS, HELRWNE . A%
M3EiE DT, PageRankiE€FRAF, —IEHANSRIVANREREA
B#HENE—ERITENMNERERNRFANEZEIAZ—,
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ERENERES (TR 2. B BER. E8lt) N8NER
(Br/XmE. . —&E), SEEMREERARNLHERIR,
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51F: AZRANRM” WHLAEFE"

ATHISHE, BRIBAMOEHBTRER T —ER S
MEBE—TRHUAEBE, CKETLNEAEROAEF
B, BETEBESR40HE, RaERBANMIREE,

M, XEEPERELRTHEXN, THEREAMRMLKLE. &
ARIEEE, TAEBRE.

MTFZERNSK, B EER—MEMOANEEZ L
FUHURERIE —RIFERX—R, EFRERAES, WA=
RE&FTMET, EEENE, EMUKEIR, TEEIR,

RELFEBENRT, MISHIREE.

BIHIREIEANE—MA—FRA, MERBEEXRZES
1B, AHEBE. TUWEPE. IEEBEZS—F, MREED
BEBZHNME—TENETENME. FTENTUE. TENEE
AR, TRNERZR.

SR, SEERNEELEFEHRUTITEIREE, MBEAZE
EEFIRN"BAEE", FRXEENED T BAWEE"; M
TEHRTREF LRENTRIE, FRAREMRASRARICE
TTHERIEL RS,
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RE, FTREFRE—RMREEERE —&EXTMEE
IMLEZMERE. ENEMERER. UERBESRENERT —TE
(=S ST 7o

IEX

3.1 BARENE: AXRMIRN” KEHEH”
BRAMIRENEN BN BEERATRESHARIMRGE—A
. R, BH BE DR XM HAHES. ENRGER

FHANENES, MREX. 8FHR.

M TRBEIREEN/ T ERIIREE:
Wikidata: £KIMEAIEIIRERE

Wikidata 24EBRIEESTF2012FESsININE, FTUEE
EAEBARN EMLRRA,

HEORBABEAREBEERXE, AFITEFRREEFIR, EH2EE
MHAEHR IR, Wikidata MIE B E : IEHEERFAEIR
BN TIENEMEBIE—OMERNE—EHIN =T
48,

HNMEF, BEEREXTHRB HOXESE:"WEE, 19804
OR12HYMATF EEMHILK, shEERWIEKEA......”

i Wikidata /1, E#FRUEE MG

73



FREEN]

%kBA (Q30722)

— H4RH (P569): 1980F9F12H

— 4ty (P19): L

— Bl (P106): EHEEIA

— 5% (P2048): 229 cm

F— SAHIRRA P54) RETTUAET, EBERARER
— Eg (P27): hEARH#NE

L .. (Ey)%l”_{)

Wikidata B/ M FRERERIFTR:
CREAR: EAARAIURE, EOABANREER, LUE
XA CCO i) (FEEMFHRN)

CFMEREA: #iE2024%F, Wikidata HERIT 1.1{2F EMLER
BN (items), BUZEZBEMFER (statements),

. ZiES: BEBII300MIES RS,

. IMEREE: MBEERR—, EHRNEREEHBHIPINE
o

Wikidata @ HeAliREEGEREENEMISEz—. RZ
HhsNIREEEB I Wikidata FEMBEUESE.

DBpedia: MEEFHP”IRIE" HAIENE

DBpedia (Databasepedia) Lt Wikidata ER—E 4T

20074, RE—TAMENFRAIREIE,

DBpedia RUBIZ: BESMCTEMNEEBRNNEFRRING
MAER, AREXEER RDF = TAHMNFE R &%, tEal, M

HEABXTHRIRNXES, BnpieEE MR LAt Eis™ “wkR
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B S5BKIEEN R E =Jodh.,

DBpedia FISREAE T EIER T MIEEII XA A RIS D32 AN
REEZTH., RAEMRBBETNALRE, BIEMN
SRANT FEERIARE

DBpedia #1 Wikidata IITE G4 7F: DBpedia MIEMEE S
RIXAFRIREEE, Wikidata IE A TREEREHMLEIE.

CN-DBpedia: Xttt RAVERES

WMBRIRZETHENIREE, B8 CN-DBpedia E— A A T 2
MINE., EHEBARZMRTIITRNEF A, SBEAIEANTIGE
FFIREE 2 —,

CN-DBpedia 818 T #8353 3000/ XA 1Z M L=t
H, RETHEEER. EERSEHXERNANR,

FRSCAREEMM R EIRE — LIRSk - PSCRET
PIRIEE, FBEHIIMIDIELE - AXHNREAEMRIESE, ER
REHEEKX - XS RBIAEENZHE (B—PINEARTEE
ZIHXIFER)

CN-DBpedia EFFX BARAIES/IE. X OZRAETIHEE
[TZ8IR A,
OpenKG: FANIREEHX

OpenKG (FIENIRENE) 22— THXFRENRE g XF1FE
A, HinIAFEaeREL, ENBIREHREAIREESEN”
GitHub”——itiiRE . AAETUAEhHRE. ERFNREE S
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RHMIE,

OpenKG #&f#tT: - TP XANRENELIES - 1R

EEMENERNT AR - WIEENRSE - FRAEXHHBRERR

TR FNAENERINITERR, OpenKG 2— 1 IFEERFX

ENRRFA,
FEARR AT AIREE

fRT DRBFRIE, SARHRASHMAE B SHREBAIRE

Google Knowledge Graph: sz AR FIRENE 2 —, *<iE
BREZRNEEEE. [MitES8T 700 {2FEX,
BEMREE: EBRNSANPFXFIREIEz—, BE#B1T 5500
X, XIERERR. ERDEE™m.

W3R Satori / Probase: MEARAMIEIREEIE, MET
BIRFIRATIREN,

FIEEE OneGraph: RSB THEE. MREEASHIIRE
-IIEQO

BRANRELE: NATHR. ASHEE. [ 5553,

XLEN S RIFNIREE BRI IR, BENIRIFETIREARK

PAERETFUNEEKE,
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3.2 FUFENRENE: A — T ERRE”
BRMREIESACTZ AR, BEZWINHIVRETEARE,
Eban, Wikidata Z1E” S ME" @ —MERE, EERIEERFESM
[ERI200F D 53K BMHERBIENS. XN EF 0
FHRE—XEMIRR BRI AIREE P 8E Rl .
JEAREE T E TR ENTL SRR, BEHMEERSS
iE, BIEREES, XAEREH,
EX4WiE: SNOMED CT 5 UMLS
EFXEMRAEENASRARANTEz—, FEE: EFMRS
B, XZPH, mMEERMNERNES—— T EIRNE
HErIREfE AL,
SNOMED CT (Systematized Nomenclature of Medicine —
Clinical Terms) ®HAHR LREENEZFIREE, 28!

o B 358 TEFHE (M. R, FAR. &%), BREIZE

o 81 1007 £X%&
o« BFRAOZTERMEZANBITEN

SNOMED CT #/ ZNAFRBFHEHREL. RRAKZIFR
g, BEREMRETE. S—1TEEERTRHRGPHN 20
AAESE RS, ZRZAE0%181Y SNOMED CT B X<EXZIEFAEIR (B9
. DRERE). RBWME (0. SikEE) FEaTAR
(G&t2. PCIER),
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UMLS (Unified Medical Language System, Zi—EFiE=
A7) HEEEREZEBE (NLM) #iP, BESPTEZARER
# (83E SNOMED CT. ICD. MeSH %) MEIZEI—H—HIHESS
F, BRTTAREZARZEANEA—HNNIEG,

TR RERVES RIZEIIZOEER
BT ZAMREEE WA RIS —, EERITR
B, MREEEERT:

RERESRFE#H: BR-—T1R: k=, FM. EA=1TA
DAE=ZRAENRITHIEER. BRESTA, HIEMHE R
EE”, BMREHNBE—EE, BRI = PAHBE—T
ZREAA. B—XKIFBM. B—THREELE—RAERE—
TMEARNIREEN,

RANRSEIREEFERERDZMEE LA, BHMIIREKRI,
BRIREERABRXGSZI—EMBA. ABAE. FIERZK
ZER—KEL, FENXAEI—BTA.

HAuRER: MREETUERE MM ENE—& 0%
Ao EiRFENE. TREHE. WRE. SRS, BEorEE
PR REER, RITAINEEMITEF/NEWRERRXE (BIE
ZEWASREEBNERHE, BAUREMN—REERFIZL
TPUWBARENHNIR, BAIMERERE).

SRR AREEIUER LHASHRNER. 88X
B.ATWRAR, HNEXR, BPRFDTINRELIIRENSH
B2,
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BRI LR IRIE” AR
ERAREEIERARRE, FRIENTRE: ARER
A (BAFEREN. ZEAMAN) . ZEHEEERS (WA
FEFIRAZIETER)
HAVRER AR EE B4E:
o HBEMENE: BEREFXZENXR (LADE/ TE. BT
XA, SIAXR) wIEBHENE.
o FIBIENE: MBEFIBIFRIRZEH-BL-HIR" IR,
o AEBINAENE: BEEEMZ. EEEMR. FEXRAFMIR,
NAALE, FRAMREEFTMXE: - SEEEE: BPHE
RRIE, RAETENSHIBAIENARER, - XREER: 2N
ARGXRER, REHIBUNAG., - SAREE: BRIE
Bileal: S oe e/
FARGE: BN, FESHARME
FAMREEZENERZARN LSRR
&, N, B 2 AREBEZENXR.
RABIZEARIRENEEE:

e Microsoft Academic Graph (MAG): 815 2.512+ Bi1EX.
BT REEFNNMENER. 2AMRET20215= 1L T2 E
AOLEIP, 1BEEIEH OpenAlex HINE Y,

e OpenAlex: — M2 MIEARIIREE, B OurResearch
HABF, B MAG ISR E",

X, F
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o AMiner: JFEREFALNZERERNEZRAS, G8WTHE
FEMEXHXR,
e Semantic Scholar: H Allen Al AR %, MEFi+EHE
FREYEFIE.,
FARIMIZEIENN A EHE: IEXEE. ZARSEELRI. AR
BEON. BRI E,

3.3 ZNMRENEHINAN AR

TERTAREENINREIE 2 /G, EBERMNBEEMNENEHR
PEREEAETME, NFATNREREESRMR. KBER
fMERY.

NF—: 88 (Search Enhancement)
XEMAEERRG. WEEMIINNAIDS,

BEHER: (RER"ER", BRSIZEREETXREALE —
REFIERE"ER"ZMTFHNIT. ERMEREEIZKRER
BEF.

FIRENSILEMNEER: BRSIEBEIMREENERZALE
BRBES M, EERETENERAERNE, TEMEER
iPhone, Mac F45R., EiY, B#RERTEAMERTERAE]
B”EIIRK /F”—{E. CEO. fltaA. FEF@—XYEFEEE
EMENRENE RN,

BE. 8. Bing FEMERSIZHEREEM T AIRE
E. ARENEHEREN FRFSLE” AN IESGER,
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MAZ: HEZRZL (Recommendation)
ROl gE B RAEFEREERR—FFTN BRENR". BHIE
B RIREE" . MBoERN SHHEE.
ERNEERRETERE” HENTIE— R RNFIRIT B
BF, BSRNERAEEFAIR, XMAEER, (BARENS
fR:
1. RBohEE: FiBFREHEITAEE, REHDETIE.
2. ERME: BERAS R RUEENRX", BB
/AO
HIRENE R A B EFNE XL 0)F, B ANREE, HERSA
DA:
o FBELMIBMMERE: MEM (RRMEK) — FMREILEE
EeINSENRILIBT — HEBMNEMBEZHEEMRIL]
0
o RUBIFHXEL: RELERTEILKR T — F1RE
IBERRAIBENIB T EE — HESERMA.
o IRMEHWFIERI"HEXIER, EAENSENRZAIZNMN
CRORMIEK) ER—1TSE.”
MA=: WEEEHl (Risk Control)
ERNIEZENIRENES WA ISR 2 —, FA17E3.2T
B4+, XBEFMRT—TEERNIR:
{SFRERVEAG -

—RIBTHEARRAR, FMREETMUIHEZENTXA:
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o FHFA o RFIDK
e RFHILE « BF
o« B o POSKiE
o ¥ RA o BREAX (FHNS. ik, 1RFID)

H— N REEL LN —TLE s N T RN R AEI0DHA
ERAE—1POSKRImFAIT T AR H—FHIREIE I A BIR HE
®R, EAXTERNEE LN RRBERE.

RRNXRMBEEZMXM”ERACNEEEE, ARNER
B ZRkRHITZHREK, BEESIEENAIREES, X" EE
i R RAZIFN,

RBZFAPY: EgEEMZ (Question Answering)

BEOZRAATAFHABERES R0, REGERREFHRE
X (MR —HEMTTEEE) .

AIREEEE B RIE T " HIRE" NAE:

FAFE:" CORMIKY NSERE? ”

ARGMERTE: 1. BERA: RAILAFER”SE XX
R, 2. EEEHE: B TURMIK SR EIEREE P RIS RIS,
3. EigEl: EEEFER (RWRMIX, 58, ?) NER., 4. BR
ARY: IRE7ERIN,

NFEERMNOF — LET (FRMIK) FPERT, #XRE
SIET (IR) RIN? "T—RAREEMREE LHTZHEN

MEEEE.
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MAA: 73Y&M (Drug Discovery)
R RAREIEREHCSMENNEZ—,

—MIAMKRIE LHBEFRE 10-155F, £ 10-2612%
To. FNHRENERIAE BRI TR

BRI MIREERERSTER. EBR. TR, AMNZH
EXR., BIDINEERNEE, IR AYX - ERTFER
RY - EERYSHEBZAEX", MNMEETZAYIXeIEETT &RmZ
—XMEFMBN"AMEEN" (Drug Repurposing) .

BIfERATN: FNRENEAABRAMBIHZEN . R, s
BREER, N—MRESYRIEF-ERNEBIER, BREIRKIL
W fSHA7 R E 8],

HY-HIEEER: S— ) EEENRASMAYE, FiR
ElE R I ZE BN 25 2 B e S IFE B =B EIEA,

— PN RINHIZEG: 2020 FEFEZEIERRE, MREEREYE
SANRENE IR A LT B REB MR S Y)—BEE R 21T
HIRERF (Remdesivir) ,

MA7N: RAERER

AREMWAH, FMRAFEFSBEFARNERRA CRMZA%E
BEFEE, ERPRAZERMHNIHEE, MMERABETHBICE,
YRS REFIMBA XY,

AR EER B in S i IX LS B A AR EE S B — K R — AV AN
TR 2
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o BIT: ¥R, HI]. $EE. MBZH
o BF: A, Tl BfFHE. BKRA
o R: &AM, A, MR, XBKEP
o X4 tREl. fFE. fRE. KEKUIH

BT XHFNELE, RTAN: - “SRMEMEERTILINE
MERIE" - “BEEEFPABXNMAEXENEBICR” - “HERE
ABRITENER"

3.4 FHRELE™ A pE: Eibs. ilss TiiF

TEETHRENEMNRBMNNEZE, BN LHNAERE
EBEENESEE AN,

FNRENERIT W AT Ay o Bk, HilE. TilF=173%7, ®Mi&—
Zianr bR (OKR) . ke GEhE) . Tl CEBXIE) —#,
Eis: BUBE—NIRELLE” B

HIRENEEERIER" IR, RSB REESE:

1. SRR ERURBEIBERAEENEUE, ttin
NIANEBEICRMEIRE . BT AFRERIESE., X2& T/
BER, AIABEREN A=A,

2. HEEMMEEIE: B —EEWERTEIEAEUE, tEaN
TIRAIRE. BRHEZFHEEEME (infobox) . JSONAETUAY
APIERE, FEETEEIRBURAREEN,
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3. SR AR, BR. B0NE. XRERFEE
hEREMIENEIER. TEM NLP B (RLFRF, XK
R SHHEY) REMAPRBREMARIR,

£ Al B[R, KIEEREIETERZIMINE EiRrEiE IR
B. MEIFEEEZH NLP FEIRAFRMRENEE, MAERZFIMNE
BRAAKERRSER—LEWA GPT RMXAFIRE=tA, XK
AP T AR EIEMERY T .
il FE5IA—MREEN" I

HRiF R AR ERG R A 7 (B —— B[R 4 R4 N T Ak »J R RYAN
IREE, XM ERE:

41iR%#4& (Ontology Engineering) : &iHANIIRENER”EE
—ENXEMRER . XRAXKE B, AR, XI2H"EK N
0, SEWEERTFIRIEINNZETISE.

FIIRIREY (Knowledge Acquisition) : MEIERHIREN=7T
B, FEFEEE: - ETRANNGE: FEREFN (ENRXA
. BIRCEE) - ETNRFZINGE: JISHKLE BhiRAISEE
MRR - ETRERNAGE: EA LLM #1T zero-shot 3% few-
shot 12EX - REHE: ILAEERESSME (Wikidata RHRA
X A)

ZNiAFEE (Knowledge Fusion): {E3REARREEIEFRAZR
BHEE—KEEPR., Ok EEAEIITT (Entity Alignment)
— ¥R A EHE RPN EEEEE— 1R, tba, "k
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BB” (PXHEFR) #”Yao Ming” (RXHEFR) EE—1
A, B"ER” (KR) M"FER" (2E8]) EFREBISERE,

HiR7Ef% (Knowledge Storage): EIERSENARFEFMEER
IR, TERINEIE: - RDF =cATFE: 2 Apache Jena,
Virtuoso. Blazegraph — EBI4EIEIERE: a0 Neodj. Nebula
Graph. HugeGraph - \BRE1#iE: SEaXAREUEEMELIUEENM
&

ZNiR#EE (Knowledge Reasoning) : ETFERMIRHIENH
FEOENIR, EEEN: - WIRFETHEBLE T BB BT
E”, PIDUEIRE GARETFTHE" - MRIE”AZBNFAE])"
M”BRCHIFAE]", AIAHEEL"ARCHIFIVAE]"

Tibs: MASRS—MIREIEN” MMEZM”

THEERMIREIEEERZAFNTT, B R AR M
B, TEBE:

AIRENEENARSS (KGaaS): —LEAEHRMEIANREENZTAR
%5, AFPRINEZER AP RE8TEIE, FFEBCHENLER
B, LbaEENEIRELE AP, Google B Knowledge Graph
Search API,

BETWERAALR: EAREERARSHETIWARREG
A, ERimEIRERA R, CNERMTWEIRBVERE. EF1T
WEIEFRMBIR R RS HFRITUNEERSEEERR,
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ANRAERRIEEAIARENA: XEHRIRAKTE. B
IRENEEAKESEEN"IMERIRE", BT RAG FRANAE
RURMERRRISE ST, DL,

3.5 AMIREEMNAITIE: RDF SEIEE
TEFVESHNEBZE, ALER—TANREEIENATE

ERARNE, XM K EEERE FEERAYNESR.

RDF (Resource Description Framework)
RDF & W3C (H4WEXHE) SIENRE, ERTIEXN G

. ENZLOEEE:

o FIEINR#MERT A=A (4, 1838, B4)

o E{K. 1BiE. EEH URI (R—RFINRTT) iR

o HIBRIBRAINERT: Turtle, RDF/XML, JSON-LD &
—% RDF = tABERGXE:

@prefix ex: <http://example.org/> .
@prefix schema: <http://schema.org/> .

ex:WanderingEarth schema:director ex:GuoFan .
ex:WanderingEarth schema:genre ex:ScienceFiction .
ex:GuoFan schema:jobTitle "S§3&" .

RDF Mm@ inENEES. BRFIEE (RENRSAIAS
AR IRENIE), ARAMIEESIE (BT OWL KIFZ18). fR=
EENER, HREEEGR TAURMEE.
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B1*E (Property Graph)

BMEE S —MRITHEEIEIRE, # Neod] FEEIEHEEXR
. ERfERE:
o MRIBFAUERY (key-value XF)
o TRAIABEIRE (Label) RFRREE
o WHEREMNAGM

FA Cypher E1iEE (Neodj NEIES) KRREIFHIERA
W

CREATE (:Movie {title: "j/’RihEk", year: 2019})

—[:DIRECTED_BY]—>
(:Person {name: "ZFMA", occupation: "&3&"})

CREATE (:Movie {title: "JRizIKk"})
—[:GENRE] —>
(:Genre {name: "F®&l41"})

BHENASEEM. RE. BRMEEF. REEMENEE
40 RDF, AEMEMERIEE 2 BEIRIEMERE.
AR S as

ITER, RDF MEMEMMITIKEEZRHEE. W3C IEfEH
E RDF-star #ffE, 517 RDF =T FEIERMBEY CELUS
MERIINEE) . T Neodj FEMEEIBEMEIE M RDF ]
SPARQL B §5.
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MNFEEFRR, THRAMMTIRNEAXZIFGS T, ELHRIN
B, EEMMHEZBRTRNERTEK: WRIRFERELRIER
ERXMRAMZEHE, & RDF; MRIRFESMEENEE WA ENY
HIEEE, RREEE.

3.6 AMRENEESHHFIRELIE
&fa, EBRANRRE—TREEESHREZNTRIE,
XL H R REEERF LR SINERMEIN" TRFE",

HREEMETAR:

= 7-1

Y= ThEE S1

spaCy NLP &4 WRTMIRG KFED

HanLP X NLP XEFHN 518, NER, XZAMEY
DeepKE  ZNIRHEX HIAFR, STIFSEIR/KER/BIEHER

OpenlE AREEHME MXAPRRFRE=TA

EEIERES 1204 :
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r7-2
= KR R
Neodj BHEHEE SRITHNERERE, HXR%%E
Apache Jena RDF 7Zfi# ¥ SPARQL &if

Nebula Graph  EUHEHEE B, 2HR, S4%6E

HugeGraph B EEERE BEFR, X Gremlin

ElitES oh:
*7-3
=] Thie T
NetworkX Python BIo#E A&, INEEERE
PyTorch Geometric E L2 WL e GNN AR AN E %
Apache GraphX Spark E1+& EEANEERITE

AR R FHE R

£7-4
=] IhiE B
LangChain LLM 7 FE#EZR ZIFAIREIE LA RAG
Llamalndex FIRZRS(|HESR XEMANREE AR
DGL REF S ERE T EEFRE, GNN Lk
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NFLR>]

%3] 1: & Wikidata
1518) https://www.wikidata.org , 3$ZR{REMERAY— SR

(LEAMREZEMREBR . BHIREFIFER) .

1. MBXPDELATIEE WL EM (properties) ?

2. IPZLHEZDN=TA (statements) ?

3. mE—TREME, WEIS 1M, NRMIREIEN 5"
1,

4. Z{ER Wikidata # SPARQL iR
(https://query.wikidata.org), BITLATEIN, HHFIBEIRE
HiE TURYIIRZ AP EIHAERIA:

SELECT ?person ?personLabel WHERE {

b agA=hand

?person wdt:P166 wd:Q38104 . # FRSIEIN/RYPIEFHR

?person wdt:P19 ?birthplace . # Hi4ith

?birthplace wdt:P17 wd:Q148 . # WAMAMEER: HE
SERVICE wikibase:label { bd:serviceParam wikibase: languz

43 2: RiT— T SEARELE

EE—MRAENTE (EEARTERYTL), Rt—E
AT AN IR BT -
1 EXAR: FH3-5FSLIR L ABIF5-8F K AREE
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2. /E15-201=7cd
3. Bl EERIRTLILE
4. BE: ZTENEAARREE ARE69)=?
R RME—REUM, AU —1" IRERIREE " —
BEFPE. WRE. BN, MRS, BMFTE, UR7IEE” “BR”
BETERTEXA.

#>] 3: F SPARQL &Eifj RDF #iE
Z4% Apache Jena (—> RDF #EZR), AfG:

1. QIE— Turtle X4, BEMRERE—EHFITREN=TtH
2. {£F Jena By sparql @<{TLEMITUTEIM:

# BRFIERERESE
PREFIX ex: <http://example.org/>

SELECT ?movie ?director
WHERE {
?movie ex:S3E ?director .

b

# EWFNSEINABER
PREFIX ex: <http://example.org/>

SELECT ?movie
WHERE {
?movie ex:S55E ex:ZBMR, .

}
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1. BEE—1El: HEAMARWAERHA

FE {6 53] 12
1. Wikidata EM5 X#4 (https://www.wikidata.org)

2. EEARESRGANFBANRERE, FIErRENNI
WA

3. {Knowledge Graphs: Methodology, Applications and
Selected Use Cases) — Fensel & (2020)

4, AANBFREE HEICH N BPEE,
5. CN-DBpedia it X5 #iE&%E

6. EBRFAR TG XN ERRN—RI KX THRANREIEE
A9 o

7. FAEETE: http://kw.fudan.edu.cn/cndbpedia
8. OpenKG F& (http://openkg.cn)

9. PXFRANREEIL X, SEZ NP AREE SRS
TH,

10. Neo4j Graph Data Science X134
11. Neodj MEIEIERIZENE, B2FENBEEHIE,
12. https://neo4j.com/docs/graph-data—-science/

13. SNOMED CT 38§ (https://browser.ihtsdotools.org)
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14. EEANRTEREANEZIREE, THREFRIENRREH
MXHR,

RENG

FHRERER T RITLE BT RNEE—M Wikidata XH#E
S AEMRABEELE, 3 SNOMED CT iXHE R E 2 Mgy
B EE; NEERIGRE, SeeEAMLI. SRNE, FIRE
EWNABEBERNTEITR., BR EBEE-FBETFEe—>T
SRR B9\ iEsEM, AR RDF 5B MEM AR ARITEN XS,
BHNFIRENE TN DB S,
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gF4Z RDF. OWLS
SPARQL: EXMWM=4E

7 RDF &, ZAHEARIEZERZ URL JZZLAY
URI, {BZ+&E, RDF ##9 URL **T—FE
BETIE]**

— ERE—NRR.
“http://example.org/person/XJ&" X URL SLFR
FEANRREAHATHITAF, EXTERTIMERE

RDF FR{ERRIRTFRIINRE,
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51F

MAERBRERZFE—T0E: BN EFH TR, A%
BRI ST AIREREA), (BAERA REER R AL TR
HTML #5%, tbal, SIRENRSEERXE, FXE, T
EEF", MUIZMEERX=FZENXZ—IEE—TA,
ZIREMNT, FNEMEILNBR, BURIL—a3EEX
BRiElE? EEINRE—HFN, TETME NE N RE" 2R
— A, ERAE"EN B—TE,

1999 &, AHMZAR Tim Berners-Lee 127 — MG ARIE
= IBXM (Semantic Web), ftHEE AR AYE S NEEH
AEFE, FEERTIEBANHEE, A TIMX T ER, FE—E
FERTIBS SRR R FNBEMREXR, XEIES, M)
SREHIEXN=4FE"—RDF, OWL ] SPARQL,

AT ARREANRENE R — R AR, 4 RDF MEiER
(BIENEARSETT), OWL MERRER (EXEIENESF
), m SPARQL FiZHM (FHRAELUEREERENIEENE

=)

ICN/ o

HERFTI8? LB R— RS X E AR A,
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IEX

RDF: A= TiHERE MR
+4 =2 RDF?

RDF, 277 Resource Description Framework (& RHHIAHE
Z8), & W3C (RHMEXEE) T 1999 F &I —FEUEZEET
. ERNROEBRREESR: B”EIE-BiE-EiE N=nHENRE
AR—tNENIR,

R, MRXAER., MEBIVNHREEE—F:

* 8-1

Fi& (Subject) iBi& (Predicate) ®iE (Object)
X & F P

EE= BMHF X

*3 ERNHEE SRERT

F—1TME—"T=7x4d (Triple), EX RDF R /A

REBTT,

=oAL ER D
BN ERAMIERE = ST AN =185
1. EiE (Subject)
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FIERHANEHIRA TR, 7 RDF B, EBENIE—
T&IE (Resource), MZEFRET URI (Fi—FHIFMRRR) lE—
R,

<http://example.org/person/X|&>

NHALER URP? AR XIE XTBFAERER, B
URI MG SMIES—1F, BEKE—, XFMITA URL RENL
= HFREE—RAT URIRRRZ"HZ", ™ URL #RIRAY
psal DB 1] A

URI vs URL vs URN, {28 971F?

R=THEEZXBEILARZE, BEXS5—T: - URl (—&FFEFIR
) RARWEE, EEEE—tMR— P EIRNZRAZZ URI - URL
(R—HBFEEALRT) : URI BFE, 4$51EARLEa] AR EAL” 53R
URI (kb0 https://www.baidu.com ) — URN (F—&ERR):
URI 9B —DFE&, $HEFBLLTFRE—1"KABFRH URI (EEa0 ur
n:isbn:9787111635 )

T URI, RDF EX%#5=RAT = (Blank Node) fEAEIE,
FATRIKEERE—NITRT, BERTER-LEAFERINE
S5IRNHEEN., RAINEERRE— T EREE",

2. 1818 (Predicate)

BIEHEREENREEZENXR, EASHE—" UR:
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<http://example.org/ontology/=>

XA, AMTBEEAERNNERLCE
(vocabulary) HA9IBiE, Eb#0 Dublin Core (ERtaA4%/CNES0)
B dc:title . dc:creator Z, & FOAF (Friend of a
Friend) EBHY foaf:name . foaf:knows %5,

3. Eif (Object)

EEAEMMHER: - B—1P&EIR (URI): EEW <http://
example.org/person/i#8%> — FHEIE (Literal): Ltal "%
mr . 181" (ENF). "181-03-15"~"xsd:date (HZEAIRY(HE)

—MEIEA) RDF HESE
IR =ZEE XA RS E— )\t RDF £E
<http://example.org/person/X|&> <http://example.org/ontoli

<http://example.org/person/Xl|&> <http://example.org/ontoli
<http://example.org/person/X|&> <http://www.w3.0rg/1999/0:

<http://example.org/person/#EE%=> <http://example.org/ontc
<http://example.org/person/i#EE=> <http://example.org/ontc
<http://example.org/person/#EE%=> <http://example.org/ontc

<http://example.org/person/*x3J> <http://example.org/ontols
<http://example.org/person/x¥> <http://example.org/ontoli

fREJBERE: XBARBIRTE! 52, X#M5IHT FT—MEHR
—RDF BIFEFIEAET,
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RDF At iLEREIHE

RDF @—MMRAIEIBIER, ERFEWR FIIN”MEAERNX
BT BEFENER ., MG —EN SHRN, EBRIMIEER
R, MP3, FLAC 3 WAV X1, RDF BZMEIIMAE, FHITRK
E—INREA],
1. Turtle (BRRIEE) —RHEFAIRI

Turtle (Terse RDF Triple Language) S BHBIRER. &A
R RDF R, EBTRRBEESNIEENE, IBKN
URI 5 RIE M4 R5R .,

BN =EEIE, B Turtle BHRIXIER:

@prefix ex: <http://example.org/ontology/> .

@prefix person: <http://example.org/person/> .

@prefix kingdom: <http://example.org/kingdom/> .

@prefix weapon: <http://example.org/weapon/> .

@prefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax—ns#:

person:X&E ex:F "ZE
ex:##Eir kingdom: &YX ;
rdf:type ex: A .
person: EE8% ex:¥F "ILBE"
ex: s "EME'
ex: ¥ HTF kingdom:FHX .

person:x3J] ex:F "mK"
ex:{EMAHREE weapon:EREART] .
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B TIE? @I eprefix EXMBZERIKE, UR TGk
wBREiG, MEIR—TEIBEEZMBIE-EENN, AIMASS
Ei&, TREEFIE,

st
£ Turtle 1, . RR—T=TAHANER, ; RRE—TEENT—
MBEE-FEIEY, , XEE—TEEMBETHSTEIE.

2. N-Triples— R E 2 HRAIER
N-Triples & RDF sHAMNERMIFRIAER: 81T —1=4h, &
BRIRMES, REEEHE.
<http://example.org/person/X|&> <http://example.org/ontoli

<http://example.org/person/X|&> <http://example.org/ontoli
<http://example.org/person/#EE=> <http://example.org/ontc

N-Triples BUSFARIEB R . HT BT, BEAMEL
TEROHLALIE ., TRRUM.... (RERT, AREIZEFRRERZE.

3. JSSON-LD—Web AEEHNRE
JSON-LD (JSON for Linking Data) 2 RDF #UEERAZ
JSON #xrh, IFHE Web FEMIER AFRIEE KIF:
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"@Qcontext": {
"ex": "http://example.org/ontology/",
"person": "http://example.org/person/",
"kingdom": "http://example.org/kingdom/"

}I

"@id": "person:XJ&",

"@type": "ex: A¥p",

Ilex:$ll: IIZ?%II,
"ex:Ei": {

"@id": "kingdom:&iX"
}

}

Google &S| ZEMMEIEINC (Schema.org) MiA=(E
FA7 JSON-LD &=, WMRIREM SEO & Web NAFE,
JSON-LD FlgERRax % &R,

4. RDF/XML—JTTEHRIER

RDF/XML 2&5# RDF FFIi&=, EB XML 18/E. &
RIMECELEEIRE, BE—EEZRANFERMBPDAKER
=:

<?xml version="1.0" encoding="UTF-8"7>
<rdf:RDF xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-synte
xmlns:ex="http://example.org/ontology/">
<rdf:Description rdf:about="http://example.org/person/X|
<ex:F>AfE</ex:F>
<ex:¥1I rdf:resource="http://example.org/kingdom/&;X"
</rdf:Description>
</rdf:RDF>
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x8-2
=5 alEM
ok k ok
Turtle
*
N—
) *k
Triples
JSON-
2.0.9.0.¢
LD
RDF/X
*
ML
= TR R AV E

FREEN]

1BHE, RDF/XML BT RMMEIRZRZAX RDF LRI
MEEZ—. MRIFEM RDF/XML FHAEAIE X ME), KEeE
ARV . 1F1RME, Turtle WA SBIRFEREFHVERL,

HLAZREMT

Aok

Ak hok
*
Aok
*

Kook ok

ERrs XHEE
FE. H% BEX

LTt
1
RHNEEIELIR . 7 ,
L '
Web . AP,

.jsonld
SEO
. o JFEIF [ a3
BBALK. A i

HEANEAREH RDF = ERE—EN, ENBRTRT —
NEmEFFCE (Directed Labeled Graph), 1 UR|I S{FHEER

TR, B

BR-THNN=ELIE:

MBER—FMNEEERRENE@IL,
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Mgl —F— "=

[(X&] —#iu— [FX]

(Mgl —XE8— [AY]

[(EE=] —F— "ILE"

[(BER] —HhT— [HX]
[XP] —F— "BK"

[(XB] —ERRGE— [FRERTI]

SRERE=THBEAENRER, REEIM: & BEER.
APWBEL " BN T RAEBRTEN, —TREOEE"XANF
HKET ., SMEEEENBH—XREESMELE, MESZD
SERZ BRIK R B — T4,

EXRREEES, (REERIMET JOIN RFpHFHRXLER
%, M#E RDF Bf, XHZ2 —FAR", Bl F—HEKER
whIFHETNE.

RDFS: RDF R EXRT B

EHN OWL Za1, FH15IAMR—T RDFS (RDF
Schema). RDFS 27 F 4k RDF f1 OWL Z Bl — MR ERAIR
1BS, CRMH T —EEARNEERES:

104



FREEN]

@prefix rdfs: <http://www.w3.0rg/2000/01/rdf-schema#> .
@prefix ex: <http://example.org/ontology/> .

# ENENEIR

ex: 2% rdfs:subClassOf ex: A4 .
ex:XE rdfs:subClassOf ex:A#) .
ex:ZF rdfs:subClassOf ex: A4 .

# EXBMENRER
ex:4£FER®E rdfs:subProperty0f ex: ARREZR .

# EXEMHHE EFES
ex:MNHF rdfs:domain ex: A ;
rdfs:range ex:#®7H .

# HEMBMHEIMARAERR S ER
ex: A¥ rdfs:label "AM"@zh, "Person"@en ;
rdfs:comment “"=EIEAIAY""@zh .

RDFS BIRZ/IOINBERIIE: - rdfs:subClassOf: E M ZERY4H %
KR, IR E" AWM NFE, BAFREBRIGESEHEAN.
— rdfs:subPropertyOf: ENXEMHIYE KR, - rdfs:domain /
rdfs:irange: ARBMHANEEXRBMEELE, - rdfs:label /
rdfs:comment: ZSZRRIA L PHZAMRZ AR,

RDFS REE, EEREBENDEXARRNBEERAAE, BURMR
MNERESER—HNTEE X TMEREL" “BRAR" TN F
—BMFE OWL L1577,
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OWL: (REHEILM*E

At LFTEE OWL?
RDF 44 7 BANEAEFRIEES, BER—TRR: TERKE
ZREVLYSRATRM

tban, A RDF fREIBABE IR — A", BIRFTERK: -
“—PARBEE—TUHAERE (REEEM) - “URAZRBI
RE, BBHE ANZF (FREMY) - “AFTEHEAETETE
RME” (FERZE) - “BIXWEELNMEBXOAY (£
=)

OWL (Web Ontology Language) 2 i RX N a)gh
i, ETE RDF RIERY L8N T FEMNRIXEES, IEENTAIUENX
A{F (Ontology) —— 1M UERNAAEME. XZAMANNES.

EEZRTA?

BTERTZEMEATEREEE (AXEEZEEE MRIRE
=), BEMRENEIE, ReTMIEEERN: —HiFAEX T 7 X
TUEBEEMLEMZ. ENZBERtTAXR. BHAARHIIREA
:Ho

#NEF, MRBNNEMRE—D"ZEEX A, ErEE
=

% (Classes): - A# (Person) - ## (Kingdom) -
itz (Weapon) - #& (Battle)
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B (Properties): - ¥ (BIREEM—ERAMNFR
F) - #HT (NRERE—ERANNEN) - cAR:
(NREEE—EEZAMMERER)

#9% (Restrictions): - S8MAMSRSIHEF— N (B
HAR) - sHT OERMERE AEER - A M &% ETERE

%
OWL MLt

1. 2 (Classes)
OWL HRIERRIUTHPIIEED . (R0 AE X KBRS
(EKR) :

@prefix owl: <http://www.w3.0rg/2002/07/owl#> .
@prefix rdfs: <http://www.w3.0rg/2000/01/rdf-schema#> .
@prefix ex: <http://example.org/ontology/> .

ex: A¥) rdf:type owl:Class .

ex:®J% rdf:type owl:Class ;
rdfs:subClassOf ex: A% .

ex:XE rdf:type owl:Class ;
rdfs:subClass0f ex: A#) .

ex:&E rdf:type owl:Class ;
rdfs:subClassOf ex: A4 .
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EEHMNEX T HRE“XE“BEX"#HE" AWM HNFE, IR
BERHEFIPAI—TXE”, HES|IZHERmESHtE—
A,

2. B (Properties)
OWL ERIED AMAZE:

W5 BEM (Object Property) — %R N &R

Y/

ex: ¥ AHF rdf:type owl:0bjectProperty ;

rdfs:domain ex: A% ; # EBHIZ" A"
rdfs:range ex:#®7H . # BEiBwIE"Ba"

ex:#iEEE rdf:type owl:0ObjectProperty ;
owl:inverseOf ex:®HF . # BEAYFENH

BUEEIEM (Datatype Property) — & 1E5 RN —1FMH
&:

ex:¥F rdf:type owl:DatatypeProperty ;
rdfs:domain ex: A% ;
rdfs:range xsd:string .

ex:HAEFE rdf:type owl:DatatypeProperty ;
rdfs:domain ex: A4 ;
rdfs:range  xsd:integer .

rdfs:domain ] rdfs:range HETLEMM TR WR

BAET—1 <http://example.org/kingdom/&3¥> ex:F "xx

x' (BRE &XNFExx"), HES|IZEMEERMXER THAR
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—MRARN ex:F BY domain & ex:AY, MAE ex:#h,

3. 9% (Restrictions)
OWL BIARINEEIEE B KA, FREILAE IEEIBMAFN :

# BTAVRZE-N"'F" (RHEREMY)
ex:¥ rdf:type owl:FunctionalProperty .

# — PN IETENXETFT—1EN
ex:BE rdf:type owl:Class ;
owl:equivalentClass [
rdf:type owl:Restriction ;
owl:onProperty ex:¥HF ;
owl:cardinality 1 # 18—
I q

# "ENAFRE"R"RB"NFE, BELARNTEN
ex:BXAEIE rdf:type owl:Class ;
rdfs:subClassOf ex:&¥§ ,
[

rdf:type owl:Restriction ;
owl:onProperty ex:®AF ;
owl:hasValue kingdom: &YX  # {EAT

4. #I2 (Reasoning) —OWL mJ\3EKKIEEN
OWL S AR S7ETHIE (Reasoning), #IE5|ZER IR
BREXAN, BopESEHN. ZEEXEHNAIR.
IERA— 1B MG TR HEIENE S . RIEHITEXT
AR AR :
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# EXEMER
ex: &4 rdfs:subClassOf ex: A4 .
ex:AE L% rdfs:subClassOf ex:& &g .

# EXRBMHNLAR

ex:¥AHOF rdf:type owl:0bjectProperty ;
rdfs:domain ex: A% ;
rdfs:range ex:#7H .

ex:1#EERE rdf:type owl:0bjectProperty ;
owl:inverseOf ex:®HOF .

ex: 4 rdf:type owl:0bjectProperty ;
rdfs:subProperty0f ex:¥hHTF .

REHMNBENATETHE:

# BXHUE
person:x¥ rdf:type ex:HELIE .
person:k3] ex:4  kingdom:&SX .

HIPS|ZNHRSTRE (BD):
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*8-3
S} HESHAER fERAIFN
1 =P = g AR 2 B 7%
2 RN BE B A BFE
3 KB VAT BN Zum B MAHT NFEM
4 X HBERE X3 REER 2 ¥HT NEREM

BRI TIB? BAIRE T 2 FHXHE, HESIZNERNES
T 4 FREMR. E—1TEEELR=TAHNKEMREES,
XAEIRAE ) A AR (R R IR A E RRTRIKEX

;320 Bl
ESERRR R, AT BAD AR :

e HiEIEIE (Forward Chaining): 7EEUEIMNENF AT ITELT
FRIEREIR, FREREEY. EWNEERIR, EBHIEE
MNBEEMTE. B8 X255 NN,

o [GME#IE (Backward Chaining): &8N SERTER 4]
W TREZIIMIEFMRTE, EERREEANRIE, EEHIE
IMEE MR,

Apache Jena A& 7 2RSS, (RA]UREAERIHEIESR
7l

m
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// Jena ¥IBFRIAIF

Reasoner reasoner = ReasonerRegistry.getOWLReasoner(); //
Reasoner reasoner = ReasonerRegistry.getRDFSReasoner(); //
Reasoner reasoner = ReasonerRegistry.getTransitiveReasoner

® W FPERH
%3] RDF 1 OWL iz, BT E LRERRER T

F&R# 1: URI AZ%F URL

RZVZESZHEN TR EITH RDF HUEHERLN URI,
RELMTTEAIZAE, 1B/E: RDF H49 URI REFFRT, 27
BAAERIMTIELE, SR, MRMRERT HTTP URI HERME T A
B (Content Negotiation), HBAR— URI AJ ARIRERNHR
IRFFAIM DT —IXFiZ Linked Data IR/,

FEBH 2: RDF R9FF AU SRR

RDF 1 OWL KAFMtRERiE (Open World
Assumption), XF]xREIEENT AR RIZTERE,

MM F: MRIRAY RDF BIEHIRB" X PBOTER X%
=, EHARKERRT, RAKAN"XDRBERANTER.
BEFREFERILT, (RRER BTMEXPESHNTER"
—HIFEE M AENSEREE T XRER.

BT XBIEEREES I ZERNARER: #HESIZEFRENESR
ERTRKR"MIANNERR.
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FEBH 3: Turtle PEYD SHIES

VFEZERE ; M, AR EEXTOR: - ; (&
5): EFIBEAE, ®iBIE - , (ES): EENMBEHAE, KE

18

# 95 FE"NE"TE, ®i5iE
person:Xl& ex:F "ZE # 18181
ex:#83  kingdom:&X . # iBiB2

#1285 FE"XE"MBE"EHRE"BIAE, HMEE
person:X& ex:&HR®E person:xJ , # EiEl
person:sk% . #

PEsBH 4: SPARQL ZEMIERE

£ SPARQL #, WHERE FHREEXHNZTERERIH, R
ESREIFER., EURMFEZTERNERERNEESR (Kb
mEIY 7x ), BIABREMNZEIREXEK. 8TEREMILN,

$4h, FILTER MIERER ERENITERN (BESAN
). WIRIRTE OPTIONAL HRE(FM FILTER, BIEERAST
% OPTIONAL RERIIER, FAawimiMN=EA.

OWL B9=1Fi85
OWL 1RIERAENFITEEREDL T =105
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B OWL

37 Lite

th

o owLDL

%

B OWL

58 Full
1Y

B ERRY D K RIRFNLI R

STENFAES, RIEAHE
1

RAREE, AMOEATEE

RZEARN

BERARENNG

=
=S

SFAITE, M OWL DL FHamLF, EEREEDMITERITEZIE
BNS T RIFROTE, OWL Full BRARKRIE, B
AEMEER (RAHIER) .

BESEURES| B E

SPARQL: @EZNRREIFIZA

#0i7 SPARQL
BT RDF R=ZEEIE, BT OWL KEXMN, HNTAEE

—IESRERXLERE. SMGRETRREENXRENZE, &

EE SQL —#¥,

14
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SPARQL (&EZHA sparkle”, sparkling IS, £FR
SPARQL Protocol and RDF Query Language) #fi2 RDF tH5%
f9 SQL, ER—MinENMNEEIEIES, B W3C F 2008 £k

(SPARQL 1.0), 2013 FFHAREN 1.1 b7,

SPARQL 1 SQL B—MRAMAIARE: SQL RIFME 4R
1%, T SPARQL #EMZE (ZTEMMAIE) ., SPARQL &Eif
iz OB R EERN CE—REA— T EA2IR, SPARQL 5|%
EBAREFIREIE PRI A LR F B,

SPARQL ixs= (Endpoint)
EXARBIEER, {/J\L%E}ﬂ_ ZRIEERRS 28 11T SQL.,

M7 RDF Wit R E, EiF@EEI— U SPARQL ifm
(SPARQL Endpoint) E’q HTTP BRSZF#HTT.

SPARQL ImmE—"" Web RS, BIES HTTP &K, 1T
SPARQL &if], AFRELER (BERE JSON 3 XML #&3),
BRERAIABEEI%RFIZIES (Python, JavaScript, Java )
BT HTTP 15Kk &8 RDF #iE, MASERRISTEEIEEIR
.

ZRFRAIREEE R M T % 5EAY SPARQL Imm, fRAJIA
E?;J‘J(Jm: S
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#* 8-5

RS SPARQL i URL iEA

DBpedia https://dbpedia.org/sparq| HETRNSE AR
https://query.wikidata.org/spa HEGIRESSHIENIRE

Wikidata .
ral 5
https://spargl.uniprot.org/spa R

UniProt EHRAIRE

rql

LinkedMD  http://data.linkedmdb.org/spa

RS EEE
B rql

SPARQL HIMFEGF R
1. SELECT—RERNEIA

SELECT &ifjiR[E—MER KM, 1 SQL #Y SELECT FEE
B

PREFIX ex: <http://example.org/ontology/>
PREFIX person: <http://example.org/person/>
PREFIX kingdom: <http://example.org/kingdom/>

SELECT ?A¥& ?8BHH
WHERE {
A ex:FE AR
ex: AT ?8-hH .
PHBH ex: B EBHZ .

16
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XEERNERE " EHAAE AR FNMMIIR DB E
A RE—T:
PREFIX EX TaRZBERIZ (A Turtle Ry @prefix 1FFA
18ME)
SELECT ?AM& 818 EEBRENTE
WHERE { ... } iR TZELENEERR
M 2 AANEEE, fELEIEPHRIAEREANE

KW=

SPARQL Ky WHERE FAIAFR LHE—TEEL—REE—T" &R
E”, SIZEHREBINRENEPAREX MERCEHES .

2. CONSTRUCT—#aiE§iav &
CONSTRUCT &R iREIERNE, MeRE—HFHN RDF =T
H, R A ER &R HE:
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PREFIX ex: <http://example.org/ontology/>
PREFIX vcard: <http://www.w3.0rg/2006/vcard/ns#>

CONSTRUCT {
A vcard:fn [E=12
vcard:org & VA

}
WHERE {
AY) ex:FE [E=12
ex:¥HF ?8-AH .
}

REBHIERNEEXHNEME (exF. exBHTF) BEET
ﬁ/ﬁﬂ’\] vCard 185 (vcard:fn. vcard:org) ., XZiEXMHPIEE
e E—EURE R FIRGT

3. ASK— 4B B FE
ASK EfIREl— 88 true I false :

PREFIX ex: <http://example.org/ontology/>
PREFIX person: <http://example.org/person/>
PREFIX kingdom: <http://example.org/kingdom/>

ASK {
person:iEB= ex:¥AHF kingdom:&HX .

REFEWONZ " EEREERANTEX? "REERE tru
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FHREEN]
ASK 455 EEMEHIEE, LLUNEEHBIEZRITAER
EHIERTEREFE,
4. DESCRIBE—3X BN IR A
DESCRIBE &ifjiR[ExFE N &R BEHEX=7T4AH:

PREFIX person: <http://example.org/person/>

DESCRIBE person:iEEs

XEBHRREMENEE R N EIENEIBN =704, ZIRIR
R T RE— %“,EE’J”’\%E” BRREIRLE = STAEUR T SPARQL
5|2 H95C, REIFAE IR RN BN =748,

SPARQL #fit: iZiE. HIFSRA
FILTER—R I i &4

PREFIX ex: <http://example.org/ontology/>
PREFIX person: <http://example.org/person/>

SELECT ? A% ?&1p

WHERE {
A ex:HEEMD EMH .
FILTER (?Zfp < 170)

}
FILTER X$5FENRE, B - BELER: <. >,
=, = — FRFBRE: regex(?name, "X") . STRSTARTS(?nam
e, "EE") — LHREME: isURI(?x) . isLiteral(?x) - BiEi=

19
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B o0& || !
ORDER BY. LIMIT, OFFSET—HEfMo T

PREFIX ex: <http://example.org/ontology/>

SELECT ?A¥) ?RANE
WHERE {
A ex:EAE HAE .
}
ORDER BY DESC(?& &)
LIMIT 10
OFFSET 0

1 SQL —#¥, orDER BY FAFHEF (DESC MFEFF), LIMIT
1 ofFFsET BBF T,

SPARQL 1.1 55 ARG HRER:

PREFIX ex: <http://example.org/ontology/>

SELECT ?#747 (COUNT(?A4M) AS ? A%0) (AVG(?RNME) AS ?FH;
WHERE {
A exiWMHTF EBH
ex:RNE HAOE .
}
GROUP BY ?#h
HAVING (COUNT(?A#1) > 3)

TIZHRESRENEIE: COUNT . SUM . AVG . MIN . MAX .
GROUP_CONCAT . SAMPLE .
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SPARQL E&451E
OPTIONAL—A] &It
ERMRAEEN—EEMER, RELFAFINHES:

PREFIX ex: <http://example.org/ontology/>

SELECT ?A¥) 7% 7?5
WHERE {
PAY ex:iE ?F .
OPTIONAL { ?A¥) ex:& 7?5 . }

BEEMERTAMRE"S", IAZHIAELRF, R2”
S B—IIN=,

UNION—EX&&Eif]

PREFIX ex: <http://example.org/ontology/>

SELECT ?A¥) ?%%&

WHERE {
{2\ ex:4&FERHE 7% . BIND("HEFERE" AS ?2XF&) }
UNION
{ ?A¥ ex:fifE 2R . BIND("I@fE" AS ?%F&R) }
}
FEif

SPARQL 1.1 X¥5F &1, AIMAEEWFRES:
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PREFIX ex: <http://example.org/ontology/>

SELECT ?#h ? A%
WHERE {
{
SELECT ?#/ (COUNT(?A4) AS ?A%R)
WHERE {
A exi AT B .
}
GROUP BY ?#7)
}
FILTER (? A%k > 5)

SPARQL UPDATE——{& iR
SPARQL 1.1 A BET EHfIRIE (INSERT. DELETE), il
MAMXA AE), B A LAMEENIIREE 3R :
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PREFIX ex: <http://example.org/ontology/>
PREFIX person: <http://example.org/person/>
PREFIX kingdom: <http://example.org/kingdom/>

# BAFTEE
INSERT DATA {
person: s  ex:F "F"
ex:¥AF kingdom: &Y ;
ex:®AE 97 .
}

# MIBRIBERE
DELETE DATA {

person:f&fE ex:WAF kingdom: &YX .
}

# AR (1B
DELETE { ? A% ex:®RAME ?IHE }
INSERT { ?A# ex:KNME ?5ME }
WHERE {
PAY) ex:KAME ?IHE .
BIND(?|H{& + 5 AS ?¥fr{&)

#=FH RDF @&
FIEXMNESH, ARZEBEE X IFNtnEECR
(vocabulary), fRAIMEZERAMAAECERF. N TEERE
AR
FOAF (Friend of a Friend) — iR AfRX A
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@prefix foaf:

A

<http://xmlns.com/foaf/0.1/> .

person:iEE%= foaf:name "EE="
foaf:mbox <mailto:zhuge@shuhan.cn> ;
foaf:knows person:Xl&, person:EH ;
foaf:age 54 .

Dublin Core (#a##ZIiEAL) — R FZIRAITTEL

iE:

@prefix dc: <http://purl.org/dc/elements/1.1/> .

<http://example.org/book/=E&EX>

dc:title "ZENENX" ;
dc:creator "ZEd" ;
dc:date 11522" ;
dc:subject "FHENRE" .

Schema.org——Google. Microsoft, Yahoo BA&#EH AV

MACEIERICR, T IZRTERSIZMNL:
{
"@context": "https://schema.org",
"@type": "Book",
"name": "=EFENX",
"author": {
"@type": "Person",
"name": "ZHFH"
i
"datePublished": "1522"
}
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SKOS (Simple Knowledge Organization System) ——F
THARDEMER., @K, FFK:

@prefix skos: <http://www.w3.0rg/2004/02/skos/core#> .

ex:®4¥¥ skos:prefLabel "EHJ&"@zh, "Warrior"@en ;
skos:broader ex: A ;
skos:scopeNote "ERHKZ. E&DIZHMAM"@zh .

RDF 723 et SR FpAI R AR

{RAJBERS RDF AlEXMBE RN HE B4 ERIT, {BXfrt
EERZMARAREITE:

1. Wikidata / DBpedia

HEBPRNEMEIERA, Wikidata B1&18IT 1 {Zz—v:ﬁf’]
LEIE, {£F RDF {8 756E, HIRMEAFHY SPARQL lms, fRE]
DATE https://query.wikidata.org EEidEHETHFHEIRE
B

tban, F SPARQL EiffiA XS I/RYIEZ R NP EFH
FER:

SELECT ?RIZXR ?RIZRZ WHERE {
RI%R wdt:P166 wd:Q38104 . # RSENURIBERER
?RIFR rdfs:label ?RIFRE .
FILTER (lang(?RExRE) = "zh")

¥

2. Google Knowledge Graph
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H{R7E Google BE"WBSE"HT, MBI MEETH
W& Knowledge Graph TE&R#Z1EA. &7 Google AERERAIH
AA5TERE RDF, BELMHEIEIRIC (Rich Snippets) KE{E
F377 Schema.org + JSON-LD &=,

3. EMEZLMIE

UniProt (ERABZNIRE) . Gene Ontology (EREZA{K) .
DrugBank (Z¥)#UERE) F4MEEZHIEEANZ(EMA RDF
OWL RESMIHIEEBEFLIIE, XEEXMEARTE IR E&AFY
R FUE 2 —,

SEIEENIE (Linked Data): iR ERBEE
1B X RRIER BN ILE N EUESE R RDF KR, m
EEUARNBIEE 2 B EEEE, FR—"2KMHENRMZE,
X2 Linked Data (HEiEEE) MOIEZ.
Tim Berners-Lee £ 2006 iz 7 I EURAIPUSREN -
1. {8 URI EHRiREW—ABE N R — M HE—HNEF
2. {EF HTTP URI——iL AfTATBAEE HTTP SR EHIX LS

=]

IGN

3. RMBANER—IB AR URI Y, REXTXTSE
¥t RDF iR

4. BEiEMEM URI BiHE— 1 HRAVEWREF B AR EHE KB
P
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XUERENITERESE, BEMISIET —1M&F0: 2RETFT
FEEEIT EESIAX A URI, 2T —1TEAR. BEERIZIR
W&, XifiZ Linked Open Data Cloud (831EFBEIES) .

HEANIRRAGIF: RIRIREET —1" FEHEAY” ) RDF
;&?Em, HoX&RY URI & http://your-dataset.org/person/3l
o IRAILURII—5& =7, IBEptiEEl DBpedia LRIXIE:

<http://your-dataset.org/person/XI&> owl:sameAs <http:/,

owl:sameAs HIFHIES|ZE 7 X URI iREE—TA”,
X, SEAERIRNEUERSER, #IES|ZE]AERNE DBpedia
EXTFRNENELS (BEHB. B, KikxREF) MRNEUES
FiEER, SMEREMENHE—MRATBEE—EEND, M2
BEREIMLE

shF4>): A Apache Jena £ #7 it SPARQL S

f+4 2 Apache Jena?
Apache Jena 2— 1 FEH Java IEX MIEZE, BT

RDF #BAVTZHE. IHIBFIEIOINEE, FHAEAZIME Jena HAY
Fuseki fRZ23—— 1 FFFEENARY SPARQL i,

E—%: R Apache Jena Fuseki
FiE—: {E€M Docker (7))
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# RIBY Fuseki $Ri&
docker pull stain/jena-fuseki

# IB5h Fuseki PRSS%3

docker run -d \
——name fuseki \
-p 3030:3030 \
-v fuseki-data:/fuseki \
stain/jena-fuseki \
——mem /ds

Behfa, FTFXSEEsTAE http://localhost:3030 , fREE
3l Fuseki B9 Web EIE5H.,

FEZ: HETHERER
# T# Apache Jena Fuseki
wget https://archive.apache.org/dist/jena/binaries/apache-

# FRE
tar —xzf apache-jena-fuseki-4.9.0.tar.gz
cd apache-jena-fuseki-4.9.0

# BoIfRSE
./fuseki-server ——mem /ds

FTH: HERFZEAMEE
BIE—NEA sanguo.ttl B Turtle STf:
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@prefix ex: <http://example.org/ontology/> .

@prefix person: <http://example.org/person/> .

@prefix kingdom: <http://example.org/kingdom/> .

@prefix weapon: <http://example.org/weapon/> .

@prefix battle: <http://example.org/battle/> .

@prefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax—-ns#:
@prefix rdfs: <http://www.w3.0rg/2000/01/rdf-schema#> .
@prefix xsd: <http://www.w3.0rg/2001/XMLSchema#> .

# === B ===

kingdom:&5X rdf:type ex:#&EH ;
ex: BiR "FHX"
ex:i837#F person:JE ;
ex: &I "RLER" .

kingdom: &% rdf:type ex:¥7h ;
ex: &R "BEB®"
ex: i E person:EiE ;
ex: & &R .

kingdom:Z % rdf:type ex:#&EH ;
ex: B "RE"
ex:#BiIE person:IMY ;
ex: #BI UL

# === A ===

person:Xl& rdf:type ex:&E ;
ex: B "XE"
ex:=F "ZE"

ex:HEEMH "161"~xsd:integer ;
ex:KNfE 70 ;

ex:8NE 75 ;

ex:®MANF  kingdom:&HX .
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person: &y

person:sk¥

person:iEE=

person: &ig

rdf:type ex:®¥% ;
ex: BiR kB
ex:F "mK"
ex: BEEH  "160"~xsd:integer ;
ex:®NE 97 ;
ex:&NE 75 ;
ex: WhF kingdom: &YX ;
ex:{EARZE weapon:SRIERT] ;
ex:Z&£FER® person:XlF, person:ikk .
rdf:type ex:®#¥ ;
ex: &AM "gKK"
ex:¥F "EE"
ex:HEEMH "166"~"xsd:integer ;
ex:®H/)E 96 ;
ex:EBHE 45 ;
ex:MHF  kingdom: &Y ;
ex:{EAHZE weapon:X/\IEF ;
ex:Z&£FER®E person:XF, person:xd .
rdf:type ex:XE ;
ex: & "EBER"
ex: ¥ "FLER" ;
ex: & "BNE"
ex: HAEFH "181"~xsd:integer ;
ex:R/E 38 ;
ex:&H{E 100 ;
ex:AF kingdom:FX .
rdf:type ex:Z* ;
ex: BiR "ER"
ex: ¥ "ZE"
ex: HAEFEH "155"~"xsd:integer ;
ex:EHNE 72 ;
ex:&ENE 96 ;

FREEN]
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ex:MHF  kingdom:EFE .

person:f#MX rdf:type ex:EE ;
ex: BR UHMRY
ex:F "R
ex: HAEFEH "182"~"xsd:integer ;
ex:HNE 62 ;
ex:&ENE 80 ;
ex:MAHF  kingdom: R=R .

person: A rdf:type ex:E¥§ ;
ex: B "Em"
ex:¥ "NEE"
ex:HESEMH "175" xsd:integer ;
ex:®E 78 ;
ex:8NE 96 ;
ex:¥HF  kingdom:FR= .

. g—

weapon: S&ER7] rdf:type ex:Hzs ;
ex:&f  "SHERTI" ;
ex:EE "82f" .

weapon: > /\tEF rdf:type ex:Ez ;
ex:Z{fR  "XX/\EEF" .

F=%: EEEIEE Fuseki
1£ Fuseki B9 Web 5iE ( http://localhost:3030 ) Hi:

1. M “add data” T “dataset” #5%s
2. i%&$F “upload files”

3. EE{RAY sanguo.ttl X1
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4. =i “upload”

MRFEEMA LT, WAILMER Jena RN TA:

# {EA sparql LT LREETEOARMXH (RFEE Fuseki)
spargl ——data=sanguo.ttl ——query=query.sparql

# BEMFA curl E£f£3 Fuseki

curl =X POST \
-H "Content-Type: text/turtle" \
——data-binary @sanguo.ttl \
http://localhost:3030/ds/data

SEPU%: 1T SPARQL il

7 Fuseki ) Web SREIRIEE “query” 7%, XU TE
1

B 1 FULFE AMNTRIFE S

PREFIX ex: <http://example.org/ontology/>

SELECT ?&%R ?F ?®HH
WHERE {
A ex: B 7B
ex: ¥ (2=
ex:¥hF 8 .
B ex: B BHE .
}
ORDER BY ?&%R

i 2: {RHENABERAEED 90 R
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PREFIX ex: <http://example.org/ontology/>
PREFIX kingdom: <http://example.org/kingdom/>

SELECT ?&%R ?EE
WHERE {
A ex: B (=% 4
ex:RAE ?RAOE ;
ex:®AF  kingdom:FX .
FILTER (?H1{E > 90)
}
ORDER BY DESC(?®/1E)

il 3: SitFBNNABMTIRAE

PREFIX ex: <http://example.org/ontology/>

SELECT ?#31% (COUNT(?A¥1) AS ? A%R) (AVG(?RAME) AS ?i5i
WHERE {

A exiAHTF D

ex: HNE ?HAOE .

B ex: B BHEB .
}
GROUP BY ?#hH%&
ORDER BY DESC(?A%k)

il 4: HBSHEREXR
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PREFIX ex: <http://example.org/ontology/>

SELECT ?A¥& %R

WHERE {
A ex:BIR PAME
ex:EHERE  RE .
PRE ex: B PREBE .
}

&if 5: HHENEHERS
PREFIX ex: <http://example.org/ontology/>

SELECT ?&%R & HE
WHERE {
A ex: B ?BW
ex:EBHE EHE .
}
ORDER BY DESC(?%£/18)
LIMIT 3
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AR (A Python %1% SPARQL ifis

from SPARQLWrapper import SPARQLWrapper, JSON

# &E1%F] Fuseki SPARQL ifmm
sparql = SPARQLWrapper("http://localhost:3030/ds/sparql")

# REEN
query = mn
PREFIX ex: <http://example.org/ontology/>

SELECT ?&%R ?=% 7?8 HE
WHERE {
A ex:®BWR ?EBW
ex:=F 7
ex:¥AF HBH .
PR ex:BIR HBHE .
}
ORDER BY ?3&#R

sparql.setQuery(query)
sparql.setReturnFormat (JSON)

# HATEN
results = sparql.query().convert()

# FTENLER

for result in results["results"]["bindings"]:
name = result["&FR"]["value"]
zi = result["F"]["value"]
kingdom = result["#AH&"]["value"]
print(f"{name} (F{zi}) ®HF{kingdom}")
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BT LS, ReEE:

W& (FERE) BHTHEX
xB (FEK) BATHX
KE (FER) BATHIX
BWER (FLRA) BOTHX
Bk (FER) BHTER
MR (FIR) BATHRS
B (FRE) BOHTHR

{EF rdflib Zsith4biE RDF
WRIRATEIE R Fuseki fRZ32%, tWAILAR Python B rdflib
FEEFEA BRI E 8 RDF HiE:
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from rdflib import Graph, Namespace, Literal, URIRef
from rdflib.namespace import RDF, RDFS

# BIE—P=HE
g = Graph()

# 10E Turtle Xt

g.parse("sanguo.ttl", format="turtle")

# BEEDEZOK=H
print(f"EB®%E {len(g)} F=stAH")

# EXGELE

EX = Namespace("http://example.org/ontology/")
PERSON = Namespace('http://example.org/person/")
KINGDOM = Namespace("http://example.org/kingdom/")

# £ SPARQL &1
query = min
PREFIX ex: <http://example.org/ontology/>

SELECT ?&% ?=F ?HNE
WHERE {
A ex: B 7B
ex: ¥ =2 3
ex:RNOE HAOE .
FILTER (?HE > 90)
}
ORDER BY DESC(?®1&)

results = g.query(query)
print ("\nEEBI0HIAY: ")
for row in results:

137



FHREENT]
print(f" {row.&#M} (F{row.=x}) HHME: {row.RHE}I")

# £ Python API i&BHE
print("\nffE A¥IEIE: ")
for s, p, o in g.triples((None, EX.Z, None)):
# HEIXD ARBFR
name = list(g.objects(s, EX.®&#R))[0]
print(f" {name}, F{o}")

rdflib BZIFHIBINEE (BT owlrl ) :

from rdflib import Graph
import owlrl

g = Graph()
g.parse("sanguo.ttl", format="turtle")
g.parse("sanguo_ontology.ttl", format="turtle")

# 1T RDFS #EIE
owlrl.DeductiveClosure(owlrl.RDFS_Semantics).expand(g)

print(f"#EEHE {len(g)} £=7AH")
# WEEN=TAHNESILRIGHIESZ, RAHES|IZamaT FE. FEI

ZAFTER Python FE:
pip install SPARQLWrapper rdflib owlrl

SPARQLWrapper FHFEIZEinfE SPARQL Ifms, rdflib AT
Aih RDF &ME, owlrl ATIHIE, X=17FE=F Python iIEXMF
AN =HE",
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NFEH>

4310 T R=EE
£ LENESIEEM L, R TRE:
1. AATFTAMERE RDF =T (B 10 %)

2. B (FFk, XERE, HNE 97)

3. &fn (F=H%k, KREBAZTHEAH, KH{E 100)

4. E15EF (FhiX, BBRMXE, BHfE 98)

5. fifh (RS, RREE, EH1E 95)

6. RNEBT AR MRS XFR (Eal: BTSIT Kk

K2 Ex)
7. "5 SPARQL E183EEIZE AT el
8. iR =EHRHNERSHIA?
9. SN IREE Z BRI AR IRLE?

10. MTBANEF BN ES?

o

%3] 20 WEIRRIT AZRENS

A Turtle &I EAMEH SNAIREE, EDES:
o 5 MRIAMRBIA (RA. Bk, BF)
o BTAZEL3ITEM (MR, XA, EHTE)
o NIAZEMXZR (MR BF. XEF)
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o ZE/MER OPTIONAL 1 FILTER &—XKE W

#.3] 3: CONSTRUCT ¥UiEsEik

{#F CONSTRUCT &1, B=EAEIEMBEE X AR
89% FOAF (Friend of a Friend) ia3[%:

® ex:ZM — foaf:name
o ex:yHhF — foaf:member

o ex:45HFR%E — foaf:knows

127~ FOAF HS R Z=B)2 http://xmlns.com/foaf/0.1/

FiE {6 52] 15K

1. W3C RDF #l5g: https://www.w3.org/TR/rdf11-primer/
RDF 1.1 WEA A6, EENEHNSEEN,

2. W3C SPARQL #5G:
https://www.w3.org/TR/sparql11-query/ SPARQL 1.1 &1if
BENTENT. BARBRK, BRFERNIERE SPARQL
A& KRB DIEZIE,

3. OWL 2 Web Ontology Language:
https://www.w3.org/TR/owl2—primer/ OWL 2 BIE A NI 138
mE, FHERRET OWL BISMMMFIEIERES .
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4. Apache Jena BEAXH:

https://jena.apache.org/documentation/ Jena BJ5ZE X4,
BIFE Fuseki fRSB2RECE. ARQ B3|, HIES|EE,

5. Protégé A {4m4EES: https://protege.stanford.edu/
Stanford KEFRNAAERETLE, RMETAIMMLHEINFRE
EMNYmE OWL Ak, IFEEEVE"EI AR ZEE,

6. DBpedia: https://www.dbpedia.org/ M#&EEBR E&hiE
B ARFEENIRENE, %> RDF 1 SPARQL HV4EB{ESCEH
. TiRHT AR SPARQL if RS &1,

7. Linked Open Data Cloud: https://lod—cloud.net/ $%i%

FRBEZNERE, RR T EBRW LB EKE RDF iR
£, XKEARSMIE—MIEINAAIRERS.

RENE

REBAFE S TIEX M= KIZOEAR

1. RDF (FRHRIELR) ZRiIEXWHEREEM. ER”E15-
BIE-EB" = oAREREIR, EEmEk, B2 THUMEE
HFRFIEAEI: Turtle (RIEFHIAEREIZ) . N-Triples (&
EENRIE) . JSON-LD (Web FEZEEE) F RDF/XML
(TTBRIER) .
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2. OWL (Web #A5FiEE) 7& RDF Z LRI T FEMRIKEE
7, IEEMNTMEXZE. BMNAR, HETHES | ZamESRE
BHAIR, EERMEMEARZOTA,

3. SPARQL (SPARQL EifJifE) =& RDF HUEMNEIEE
=, 2T SELECT. CONSTRUCT. ASK, DESCRIBE PUf&E
WX, MERTIR. #iF. REe. FEBSFSRIFE.

BATEENFLE T : £ Apache Jena Fuseki #1277 —17&
# SPARQL ImmR, LEET=EAYR RDF £4E, HHITTZM
SPARQL &Eif,

A1V 3 [ i -
#* 8-6
AR At S ZME R
RDF EIREY R =l (FIE-1BIE-EIB)
OWL AREE  BERER £ B QR HE
SPARQL  EifiEE B EE (i

ET—ER, HITBRES—MERNIIREEEE—IF
%E (Property Graph), HZ3JEEEMNEIFIES Cypher, 1l
Rt ROF R@ZARANRE, BLABMHEME T FNE)L,
Neo4j. JanusGraph. TigerGraph FR{THERIEEAREB T E
MHERRE, TERA AR EERT !
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i

#l

IR

FREEN]

5 Cypherig

R
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FNREREA]

5|+

HELE—=h, ®(1%¥3I 7T RDF——FA” FiE-i8iE-Ei8”
= oAk At RAOFR ., RDF RILHE, BEXRLIES, RSH
RESBRIXENER:
“BREBEFS DT M L—1 BIZZEE B IE, MITAE
RDF B XA RFMI? 7
BT R XEXRZLIN—1INRFER B, RDF E4
M? BN EEGTR? X&ETIE,”
WL EREEEEH—1 URI? R E8E— 1 ZE09
FmeE.,”

MRMMEBAITEMUNRRE, BaSRNER—FEE
(Property Graph) ——IE@ R,
BUEZ IS RMTNELIERE, JLFMEEZRESIEEL
RKATE: Neodj (2XERRZI ZHEEUERE). JanusGraph
(Linux B2 R THNFRDHNELYEE) . Amazon
Neptune. TigerGraph &%, GQL (Graph Query Language),
ERBEMSES SQL B ISO fENEERIES, LEETREMEE
KA,
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FNREREA]
P07 RDF BF AR A A", BEMEMZ TSR
TR, ENEKREILENTE, MEBERIELNEFR. SX,
BATMAINRZMUE TR, #FFIENREEE—Cypher Eif

Bs.

IEX

M RDF ZlRi%E: BR—MANEE

RDF B9” 83 F3”
IEBA%&EZ—T £E—%#) RDF #£28!, £ RDF A, —1J#2
=Jtéh:

Yu% N ? N Ilz?’%ll

N&E - BHATF - X
XMMERIRENS, BR /L7 5EkRa)
& 1: TREEFREA

£ RDF #1, MRRBLE"NE" XTTRINLFR. 55, €
BNEEREYE, STEMHE—FMIUN=TH, XEMRZ L0
2, BEIREIME, XEBY=TH " XA=tH" RBEt—
2, TFX57.
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ANREEN]
BJRE 2: KR ETREEEMEM
BRI IRAEHEIA” XPEATT 200 FMAFX”, 7€ RDF A, 1R

BEEEA RN T " XEXALINNE B, REES|A—MI
8" Bk1t, (Reification) "BOE ZHEI, IE— 1 ERENXATH—

TEETR.

[B)RR 3: ZHFREAER ID HF

RDF A URI txR—1], URI 1RYF, {BEEIHERIRRIBE—
EEEE ID (tbanaEER), mAE—TKEKN URL,

BEEMEN T BRXL R RMEN,

RIEERIZ O
BIEEEE B MO TTRAEN:

|

| EMHEEER

|

I 2 | R |
| | (Node) | (Relationship) | (Node) | |
| L 1 [

| | |

| — #5% (Label) — #Rss |
| — B Propertles) — Bt |
| L— A I — %8 (Type) |
| — =i

| L— 5@ (Direction)
|
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AMREREAT
B TE— R

1. & (Node)
TREEPHIE, BTTHRE:

o AT ID: IEFEENDENE—IRIR (W 0. 1. 2...)

o tR¥E (Label): —PEIZMMREE, ARSE (W A . R
% )

o B (Properties): REX, FHETRAIFEHAER
F3 Cypher IBEREZR—T TR

(& A¥:BE {
M g,
F: "BE",
HEFS: 161,
HOE: 70,
BHE: 75

FRTIB? TRAMBEZBERY, THE1% RDF IHEFAK
=, MEANEZ I —XEBRE—T" AW, h@2—1"F
*”,

2. %% (Relationship)

KAEERTTR, RAAEAIKE:

(X&) -[:EFRE {EFhx: "HhE", SFEMm: 184 —>(X3)
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FREEN]
RXRAMAINERM! XHERMEEMELE RDF .—AMB," 4
LR REXRAGHIET T EMELEFF ‘T ARMREFF G
B, THEREEGTREEH.

3. & (Label)
MMERARNTRIFTDE, — T TRIUEETHEZ MR

// EBAREE
(EB=:AM)

// ZinE
(BE=: A XE:FN)

// B FRE A] DARIR T 15
MATCH (p:®¥) RETURN p // RN
MATCH (p: A¥1:33X) RETURN p // HBNHIAY

MG LT RIGRIARE NG, T RAIUERZK,

4. B (Properties)
BHEREX, ATMIINET=MXxRAL:

ZRNE R

- E#:. 70, 161

- ERE: 3.14

- FRHE: "WE"

- f/R{E: true, false

- FF: ["HKESEX", "=FFF"]

- HEA: date("2024-01-01")

— BFE): datetime("2024-01-01T12:00:00")
- &= (E#4R) - point({x: 1, y: 2})
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AREEAIT
— 1 RENEEE RS
IBRNA=EAELE—IT=BNELE:

ot
I

N

MNE: A EFE) - {F:"%E", XRNE:70, BH{E:75}
P A RNE) - {F:"sK", RNE:97, EHE:75}
KR AW ERE) - {F"EE", KAE:96, BHE:45)
BE=:AY:XE) - {F:"7L8B", RNOME:38, EHE:100}
BRI AW EE) - {F:"EHE", RNE:72, BH{E:96}
IR AW EE) - {F R, KAE:62, EAH{E:80}
B A RE) - {F:" B, RHE:78, BH{E:96}
B B) — {#E:EER", EBIE:221)

(B) — {#BE:IRER", BIIEH:220}

(BA) — {ERE R, EBIMEH):229)

[TTTTTTTTT

oft OB
Ao g

— X% -[:g8ERE {tR"H’E" - X3
— & -[4ERE (R "HE" - K
— %3 -[:48FRe (s "HE" - K
I xig -[:%0]-> B

I— %3 -L:#H]1-> B

— %% -[:3h]—> BY

| %8 -[:%h]-> BX

— & -LZHFF]-—> BES

I =% -:%n]—> 558

— 7R -[:3H]—> KRR

— Bm -[:%h]l—> &R

L— Am -[:WF]-> EE=

XTENGHIEREN: TREASB N, XRAERTAS
A AEBANZENERER, STTRIXRLBETFEENRELEE

IGN o
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BIEERIR K
BEEREARZET AR LA, EXRFETEL
(Graph Theory) H”BEM4E"HNHFEX——THT RMBA

RLBSE], HAPTRARER R USEREX R,

2000 %, IHEFERF G Emil Eifrem fZEMETESRE XM
FRAIMIE L, WFE T —K EAMRE O RE, tARERIL
B XMNR-XAZA-BUHRE, 18170 UBRX REIEES
& JOIN MEEE THRE., MER, tMAMMAUTFR—ELILT
Neodj INEH, XRHER EE—1EHERIEE.

—TZEEET, Neodj EEM—TAIE LRI T 23K
ERERZNEREE, AEEIELN THENERNTRET

pim| ]]]|®

W

Tl

2019 &, ISO/IEC IEXXIII Y GQL (Graph Query
Language) EPrtnE, BIELA openCypher HER, RS PGQAL
(Oracle) 1 SQL/PGQ HI¥FI4, MRt SQL Z/EHIE =1 ISO
MERIEEERIES. XEWE, ¥ Cypher, ARXBREFE—
MTR, BREEEFREHEENERES.

ERVATHME : FRIRER

EHEE—1 RDF AKXEFMME: RANARLRTE.
HIRETREREE. XREBRESL. BEESERBEERN, —
TERNAIRANEMEMLERT ,
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Neo4j Browser A& T2 KRB RI M INEE, SIRHIT—5
MATCH ... RETURN EifiY, ERAMXFAIUNKEERNRT, &R
AER: (Graph) BEXART—E8 1T REN—TAHEENE
R, RRATMEZ, FRAINBIRE. iR, BRCRRZRENRT
&K,

XM ERENFTE MR E AR, NTERERXAFAIEE
B, tEW0, SREE7XIEN 2 BEHRE"N, BFREXNSZ2ME
— PMUARERPONBERNEG, REE—RELERZOAY. 1
L2 BB NEF . WL R INEII55IEE.

FEIfEIHD, RZEBARE Neodj Browser fIRERAVENE
RE, F Neodj Bloom EMSZAFMNRIMMADHT, B Gephi
5y D3.js HEBMCAERI ML, I NERET, EREILHE
LREEMRIERCHNEXNNRE"ZEKE”, XREEEBIEER
BRINEIE,

[B1EE vs RDF: iZi&H?
RERBNFEHRULNAT, ILHAKREREIRUOL
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FHREEN]
= 91

“HE RDF BEE

fhEft  W3C EfningE, SEM  BXAnE (Neodj #Enh), ERER
EE pics M (GQL)

WIEIE Sl (HE-EE-E
U TR BE-EA-EN

it i8)

TRE O _ .

" B = aEERIA [REXZFFREX
E’?E BERMKL (ER) J[REFr

WR™  URI (2RE—) AE ID + BEXEM

#EgE K (OWL + 5|

Z)

w55 (REFHLIH)

e

HifiE )
SPARQL Cypher / Gremlin / GQL

IE84% Apache Jena, Protégé, )
Neo4j, JanusGraph, Neptune
= Virtuoso

> RBE (URI. @&=IE].
FAE W URL @EER. o mm. mamEes)

% AIRIL)
ERE PR FREUERE. & WA, ARWE. HERLR.
= L3i:353 ERVEAQI

RN
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HIHREEN ]
o WIRMRAINEFEBANESGHIE, BEIRETIADEME W3C
fmfE, it RDF
o MRMIMBEMETREXI. REFLR. FENTIRHXRE
¥, EEMEE
o MRMBEMERS, —LIHEEIEE (4 Stardog. Anzo)
EYs2 3% RDF FE 4 E

REMEKAIZE

ALPRIERF, 80% KIZSRAEMEMB T . FRIFMREMFERIEXM
MR, FREIREEE. AREERNAREE, TNEMYE + Cypher
MNAESERSEEE,

BB T M SRAYSE AL R A

BHMEZFAAETIW RNt Z0, 2RNERAZESRZI
SR SEIHR, LSV EREA N B4

1. XML DT

XERMERLHENNE. MENETFRXA. MIBIXEX
Z. Linkedin BERAV ABK, #RRTIAREBIMEEIREE, TaEA, *
AR XEF EE, BUHSIE ARG “EZE” “ERi

HAIEFEE: - “(RAIEEiMRAN” (2 EARKERE) - “/R
M—PEEAZBEILESR (REDRRBISRIE) - “HRER
BB EFRRIZOAY” (PageRank FCMED )

2. RERES Wiz
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FNREREA]

WATHZ IR E RNV TN, AP |ITF.
FHNS. IP bk, 8% ID HEERA TR, L ER"HEER”
FEENRR, ASTEUTERNKFHZR—T18F ID 5 IP
HOIERT, EIEHEE A DORIR & IR ERTE R 45 .

X7 ERERTE " 1M R E S X REURERNER—E N IRE
WS HEREN, MAXAREIEEE 3 BHX LA JOIN HEESREIT
B,

3. ZNMRENES Al E

Google BJ Knowledge Graph. BEMFILEIE. HEH
Satori #BTEFAEREIGRERAN, SRER"HANETF”
i, BRSIZLEEEMXEIFTNER, MEEFIREEHPER”
kBRI ERE X R, AEREIMNNTRIES.

A AEBR AR SR O R MR R AR . & TR AEENE.
MEXANL . XHEXBRKEIESE, #HeINER TESICHKEIR
BHNEBRNER,

4. WERG

EETaN BRER” . NFEaN” REE". ERTE
7RO, EEMAIUARMERSEM., AF. Am. 7.
mEHZTR, " WEI” W™ Wi 7" BT mE " HMEXR.
ETENHEEL (20 PersonalRank, SimRank) B AT FEERY
NN R R IR TR R IF R EX

5. A5 MR
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HEWHHRNEEERAME—TRSEN: REMRHRNE-F
BULI B —>oEE-TER-HEE. ARITRERRE,
RE]AREEIE” MR EMEL B, SRMPLEETR? "X
e S

Cypher: {GEE—$Eif

+42 Cypher?

Cypher @ Neodj AEHN—FMERAXEERIES. EMIRITR
RKIRT ASCIl ZA—FRI MM RR IR IAE 518, 1HIR—AR
MEEBEETREMRT A,

MATCH (person: A¥))-[:%841->(kingdom:#&17)
WHERE kingdom.®&#; = "&3X"
RETURN person.#%, person.=

BRI O0-11--0 TIE? EMREAXA E”— T EE
., XFEMAYIEEE Cypher RAREIFRTE.

2015 &, Neodj ¥¥ Cypher 754 openCypher IiiH, 2018
1E, Cypher #%#E3H ISO GQL (Graph Query Language)
rmERIER, GQL JEEE A SQL Z/EHIE 1 ISO i
BEEEEE.
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HIREREN]
Cypher EhitiiE%
MATCH—EEEER
MATCH =& Cypher & BrIXEEE, AREAMTEETHRAE
W
/] BRARE" AN TR

MATCH (p: A#2)
RETURN p

/] BR"WAN"REAR
MATCH (p: A¥)-[:%H]1—>(k:%7)
RETURN p.# %, k.&FR

// BEASEBA
MATCH (p: A% {®#&: "XI&E"})
RETURN p

// FREVKRIIEM
MATCH (p: A¥)-[r:&5FR%]—>(friend: A4D)

WHERE p.#®& = "I&"
RETURN friend.if, r.its

R EREE:

156



FREEN]

(n) - CREETSR
(n: A7) — CEFRERN" AT S
(n: A#: 204%) — CERREMR MRS R
(n {48 "WE"}) - CREEMETIEEENTSR
(n: A% {&: "XE"}) - 5% + B

[r1—>(m) - AEXAR

[r:%1->(m) - IBEXARLR

(n)-
(n)-
(n)-[r:2h |EERB]—>(n) — SFHXFRELE (0R)
(n)-[rl->(m)<-[s]-(n) - EZ&EX

// FThBLE (CEAHE)

(n)—[r:zA1-(m)

CREATE—RIET A fIx &R

// BIE—ITR
CREATE (p: A% {#t=&: "8Z=", F: "Fh", BRANfE: 97, BNHE: 7

// BIETEMXER (—FHFIN)
CREATE (p: A¥p {#t®&: "B#8", x: "Zig", RAOME: 95, EHiE: 4
-[:&Al—> (&5 {BFR: "FR", #Hk: “AE"Y)

// EEETRZERIEXA
MATCH (p: A% {@&: "®&z="}), (k:#AH {\B™H: "&X"})
CREATE (p)-[:%A]1—>(k)

// SIEIRERE
MATCH (a: A% {#£&: "SU&"}), (b: A% {#&: “EBE"))
CREATE (a)-[:ZHHE]->(b),

(b)-[: #tE]—>(a)

MERGE—E&ERIE (FMTE, FTNILIE)
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FNREREA]
MERGE 2 Cypher FIFEMHN—T#RIF, EHRE MATCH
M CREATE NEASH—URRAFAEMTEE, ~EFEMEIZE

]

[

// MRAEFERDTAY, HeliE

MERGE (p: A¥p {#f&: "&®E"})

// WMRZFEEN, REXLEMN

ON CREATE SET p.%F = "}NFA", p.RAE = 93, p.BHHE = 60
// MRZCEIEEH, BHFREIHERE

ON MATCH SET p.&/E®#H = datetime()

// MERGE X%

MATCH (p: A%y {#t&: "&H&B"}), (k:#EH {\FR: "&X"})
MERGE (p)-[r:%AH1->(k)

ON CREATE SET r.fiA\ZEfy = 214

MERGE 45AESEIES AL E EHMIIHE—RTAEL
E50E,
WHERE—TiE &4

WHERE FESERINITESZ M, #1 SQL HA WHERE JEE1E
e
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// BAEE

MATCH (p: A#1)

WHERE p.®/J1E > 90
RETURN p.%#%&, p.HAE

/] SEEGEE

MATCH (p: A%))

WHERE p.EX/J{@ > 90 AND p.ZHfE > 70
RETURN p.#%&, p.®HAE, p.BEHE

// FRIBTE

MATCH (p: A#2)

WHERE p.Z¥ STARTS WITH "Z"
OR p.## CONTAINS "i&"
OR p.= ENDS WITH "4="

RETURN p.#&, p.=F

// EEMZFRA

MATCH (p: A#)

WHERE p.#®& =~ ".x[XKK] . %"
RETURN p. %

// HIETEMREEE
MATCH (p: A%)

WHERE p.S IS NOT NULL
RETURN p.%&, p.S

// EEEN

MATCH (p: A#)

WHERE p. 4% >= 160 AND p. HEFH <= 180
RETURN p.#&, p.HEEHD

// IN 8fE
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FNREREA]
MATCH (p: A#1)

WHERE p.yi% IN [IIYU%II, ";22", Ilg&_Ell]
RETURN p.%&, p.F

RETURN—IREIE R

// RET =
MATCH (p: A%#1) RETURN p

// BREEERM
MATCH (p: A#)) RETURN p.W#&, p.F

// 1ERRE
MATCH (p: A#J) RETURN p.®®& AS &=F, p.HHOE AS HH

// BREIFRIAR
MATCH (p: A#)
RETURN p.#®& AS &=,
p.RAOME + p.BHE AS HERED

// EE
MATCH (p: A#)-[:%kAh]1—>(k:3Eh)
RETURN DISTINCT k.®&# AS #HE

// HFERST

MATCH (p: A#)

RETURN p.#%&, p.RAE
ORDER BY p.& /11 DESC
SKIP 2

LIMIT 5

RERE
Cypher X 5FENRSRE:
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// COUNT
MATCH (p: A#2)
RETURN COUNT(p) AS S A%X

/! PHERE

MATCH (p: A¥D)-[:%0]1—>(k:35)

RETURN k.&#R AS #7,
COUNT(p) AS A%,
AVG(p.EHA1E) AS TR,
MAX(p. EA1E) AS &R,
MIN(p.&EH1E) AS =IREH,
COLLECT(p.®#%) AS ERGFIFE

// EEIHE
MATCH (p: A#¥)-[:8H]1—>(k:E7)
RETURN k.&%R, COUNT(DISTINCT p) AS A%

Cypher vs SQL: [E54E
RZIEERMKXRIUEET R, XEM— Cypher I SQL
RISTEE, BSRIRIRIZILIAKIBREY :

BB SEXBAY:

—— SQL KRA

SELECT p.®#&, p.F

FROM A% p

JOIN %5 e ON p.id = e. A¥_id
JOIN #75 k ON e.®#4_id = k.id
WHERE k.&fR = '&X'
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FREEN]

—— Cypher ERZA
MATCH (p: A1) -[:%H]1-—>(k:3H {&R: "FX"})
RETURN p.#%#&, p.F

FET13? SQL FEARM T JOIN IE=3KRERLRE, ™
Cypher B—TEMAIERE O-[1->0) MR TEFNXR, X
EREEESNMB—RNERRESHERIESFRITE.,

EXRARMNAR (2 EARK):

—-— SOL RRA (BEEEE)

SELECT f2.BRkHR

FROM FAR*ZH frl

JOIN FAR¥*Z fr2 ON frl.fBk_id = fr2. A#_id

JOIN A¥p f2 ON fr2.BAk_id = f2.id

WHERE fril.A#)_id = (SELECT id FROM A% WHERE #& = 'XI&'
AND f2.id != (SELECT id FROM A% WHERE ##& = 'XI&")

—— Cypher RRZA

MATCH (a: A% {#&: "X&E"})-[:Bk*2]-(b: A¥))
WHERE a <> b

RETURN DISTINCT b.#{#%

i 2 EAMBIGE TERERERK, BURIFES 6 EA
BkIE? SQL FHBE 6 )X JOIN, MEEMARMHERRE T, m
Cypher RAFBEIC *2 A 6, BIEMIH. XM EEREEE
ZHRAE T LAIRERMAE,
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Cypher & &%
Cypher 2T FEMNABRL, UTRIREFEENERR
W

FRIBRE:
/! FRBRME
RETURN toUpper("hello") // "HELLO"
RETURN tolLower("HELLO") // "hello"
RETURN trim(" hello ") // "hello"

RETURN substring("=E&X", @, 2) // "=E"

RETURN replace("XI&FZE", "F", "WFER") // "JNENFERZX]
RETURN size("#EB=") // 3 (FFRE)

RETURN split("xJ&,>*33,5k7%", ",") // ["x&", "x=3", "5kt

PR

RETURN abs(-5) // 5

RETURN ceil(3.2) // 4

RETURN floor(3.8) // 3

RETURN round(3.567, 1) // 3.6 ({REBL{/\#0)

RETURN sqrt(16) // 4.0

RETURN sign(-5) // -1

RETURN rand() // 0 F 1 Z[ERIBENER
FIRRER:
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FREEN]

RETURN range(1, 5) // [1, 2, 3, 4, 5]
RETURN size(["XJ&","%33"]1) // 2

RETURN head( ["xJ&","x=33","5k%"]) // "XI&"

RETURN last(["xJ&","=33","5&%"]1) // "3K&"

RETURN tail(["x&","x3","skk"]) // [P, "aKTE]

RETURN reverse([1,2,3]) // [3, 2, 1]
H BAF0AT 8] BRE -
RETURN date() // HeiBEA
RETURN date('2024-01-15") // EEBHA
RETURN datetime() // =8I HEART[E)
RETURN duration("P1Y2M3D") // 1521 B3RS [E) 8] B
// BEAEM

WITH date("2024-03-15") AS d
RETURN d.year, d.month, d.day, d.dayOfWeek

K RUGEHRPR 2N :
RETURN toInteger('"42") // 42
RETURN toFloat("3.14") // 3.14
RETURN toString(100) // "'100"

RETURN coalesce(null, "BRHAE") // "BHAME" (BE—1PIEnulE

CASE FRixR
0 SQL 1L, Cypher t137#5 CASE RiAT MK M
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MATCH (p: A4)
RETURN p.#%,

p. KAE,
CASE
WHEN p.®/J{E >= 95 THEN "@B—R"

[
|
g

=t

N
D

p.
WHEN p.® /{8 >= 85 THEN "—ii'
WHEN p.®/JfE >= 70 THEN "Zii"
ELSE "=iR"
END AS HOER
ORDER BY p.&E /{8 DESC

i

&

F5|54R: ILEGEIR
EEFHER, BEEFFRA, RARINEHZERSR
18, Neodj SZ#FZMERS|IFNARKMAE G MEEE:

BIEZRSI:

// R AR R B eI RS
CREATE INDEX A¥#E&ZES| FOR (p: A¥)) ON (p.itR&)

// RUERIE" IR R AOE"BHEIERS]
CREATE INDEX HI§HZ5| FOR (p:&J¥E) ON (p.HAME)

// EBR3| (BEM)
CREATE INDEX AMZREZS5| FOR (p: A%)) ON (p.%#%#%, p.5F)

// EXZRS| (ZIFEMIER)
CREATE FULLTEXT INDEX A¥I&XZE5| FOR (p: A#J) ON EACH [p.#

/! BBERBRSI
SHOW INDEXES
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IR (Constraint):

// AR 8D AMNEEDIE—
CREATE CONSTRAINT A#iE&ME— FOR (p: A#)) REQUIRE p.#& IS

// FEMAR: A\ ABHEZEY (Enterprise Edition)
CREATE CONSTRAINT AMiAFAE#MSEZ FOR (p: A¥)) REQUIRE p.#fs !

// TEBAR: i1E + BHASHIAME— (Enterprise Edition)
CREATE CONSTRAINT A#J%# FOR (p: A%)) REQUIRE (p.#®&, p.F)

/] BEMBAR
SHOW CONSTRAINTS

NV

BIZME—1HARE, Neod] ZEHEIARBEMEIBR—TRS], FAMEARTE
EFMER. B, ASAKREREZR, BWGEIBFARMERSI,
R AR AIERENE D ERE,

oI EIGMERERRIN:

RBRSIFS, MATCH (p: A {#&: "&"}) BERWAE”
A HFENT R, BT ZE5l/E, Neodj A UEEEMEIBinT
=, BEREFTURANIMHES, ERIEEBIE AN, RS
MNEEUSEMRE.

RAETLAET EXPLAIN F1 PROFILE REETIHHITITE:
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// BEWITITE (RZFRIT)
EXPLAIN MATCH (p: A% {#&: "XI&"}) RETURN p

// BEWTITR (ZEFRRITHE RSP FELR)
PROFILE MATCH (p: A% {#&: "XI%&"}) RETURN p

Cypher IR ITHE : RN EIAVEFS

12 (Path)
&12 2 Cypher FHEBANER LEEH 22—, BEEEZE, R
AINERBERZ T RIIXANE ZEE:

// BRI RZENERGR
MATCH path = (a: A {#f&: "XIE"})-[x]-(b: A¥) {&: "E&R"
RETURN path

// FREEERRE
MATCH path = (a: A#) {#&: "XIE"})-[x]-(b: A4 {&: "EE"
RETURN length(path) AS BEIRKE

TREBEE—EEBDNRFREGYE

TREZEEEBUEEXTXABIREENZ OIS, XA
EEP, B BRNBARNBPR"FEZIR JOIN, HEEHERE
SRR, MERSUEES, XE&HEARTTRVRME:
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// BEKE: BRAR (2 B
MATCH (a: A#p {#&: "XE"})-[EFRB+2]-(b: A1)
RETURN b. &

// ERER: 13 3 Bk
MATCH (a: A% {#&: "XI&"}) -[:EFRHE*x1..3]-(b: A1)
RETURN DISTINCT b.#

// =IEBE

MATCH (a: A% {#&: "XI&"}), (b: A¥) {#&: "Hig"})
MATCH p = shortestPath((a)-[x]-(b))

RETURN p

// FTBRRERE

MATCH (a: Af) {¢t=: "XIE"}), (b: At {#&=&: "#RX"})
MATCH p = allShortestPaths((a)-[*x]1-(b))

RETURN p

/] ERREIIRAERR
MATCH path = (a: Af) {#f5: "XIE"})-[:BN | EFRB*]-(b: &N
RETURN path

BXEE— RS RAELSH
Cypher A¥FRE— MATCH FahifRIEE E ZEIE
o :
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// BER"=AXZA": A AR B, B IAIR C, A thiAIR C

MATCH (a: A¥)-[:&FERE]-(b: A¥),
(b)-[:&FEREB]-(c: A1),
(a)-[:EFERHE]-(c)

WHERE a.t4& <> c.t48 // HBES

RETURN a.®%&, b.tt&, c.it&

// BER"BHFR—HEBH"HA

MATCH (a: A%D)-[:3Hn]—>(k:38H)<-[:20]1-(b: A¥D)
WHERE a <> b AND a.¥®& < b. & // X&E

RETURN a.®&, b.{E&, k.&#R

// B XREE"
MATCH (warrior:EJ¥&)-[:%H]—>(k:&H)<-[:¥H]1-(advisor: XE
RETURN k.&#R AS #7,

warrior.®®& AS RI%,

advisor.i® AS XE

EHFOHTE
SET—E#EM
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// REREM
MATCH (p: A% {&: "XI&"})
SET p.RANE = 72, p.fFiS = "HBRIF"

// IR

MATCH (p: A%y {t&: "BEE="})
SET p:ZEIfi: &Y

RETURN p

/] BB

MATCH (p: A% {#&: "U&"})

SET p.ISRHFE = null // 8% null SFHE
/] BRI

MATCH (p: A¥) {#&: "EE="})
REMOVE p:Z /i

DELETE—F T = flx &K
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/! WBFE—THR (ZPRTEEXRR)
MATCH (p: A¥) {##&: "IaiNBEeEe"})
DELETE p

/7 BT RMENMEXA
MATCH (p: A¥) {#i#&: "IgRAE"})
DETACH DELETE p

// MBREERZR
MATCH (p: A {#&: "HE"})-[r:B¥H]—>(k:BH {ZFK: "FX"}
DELETE r

/7 MIRRFRBLEE (BA! )
MATCH (n)
DETACH DELETE n

WITH—HR g & RE%
WITH ZEMTF SQL FHFEIS CTE, 1HRAILUSHEER
BBAE T —oEN:
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/] WEBIMBENENESRSHNAY

MATCH (p: A¥)-[:3h]1—>(k:37)

WITH k, p

ORDER BY p.& /118 DESC

WITH k, COLLECT(p)[@] AS &m3EH¥

RETURN k.&#R AS #7h, =BHRE.%E AS HEE, =EE.RNE

// BESVIRIE

MATCH (p: A#)

WHERE p.®/J{E > 80

WITH p, p.®AE + p.BHE AS HZEHE
WHERE 43&8EH > 150

RETURN p.®#&, 4ZRE8ENH

ORDER BY ZR&HES] DESC

UNWIND—RFFIER

// BIRBRFRT

UNWIND ["XIg&", "x33", "3KkK"] AS BF
MATCH (p: A%y {#t&: &F})

RETURN p.%&, p.F

// HEfE
UNWIND [
{g=: "®@ME", F: "XK", ®#AE: 90},

{5 "=4", F: "BYN", XHE: 89},
{5 "SR", F: "[E", XHE: 80}
] AS data
CREATE (p: A#7:E0%)
SET p = data
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HF L) : 7 Neodj Browser FI4RE 20 £ Cypher
=i
EZ NN 3

73— Neodj Desktop (HFFASit{ER)
1. 3408 https://neo4j.com/download/ & Neo4j Desktop
2. RERCNE—TFEUEE (Community Edition ENA])
3. BaEERE, ¥TFF Neodj Browser

B : Neodj Sandbox (% HE7ELFIE)
1. 3518) https://sandbox.neo4j.com/
2. Bl —1=H Sandbox
3. HiEAENREEFEH

FR=: Docker

docker run -d \
——name neo4j \
-p 7474:7474 —p 7687:7687 \

—e NEO4J_AUTH=neo4j/passwordl123 \
neodj: latest

BohIE1AE) http://localhost:7474 $TFF Neodj Browser,

IR L e

7£ Neodj Browser F#IfTIA T A<, BIE=EAMRITEL
1E:
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// BEEBYIE
MATCH (n) DETACH DELETE n;

// BB T =

CREATE (shu:%7 {&%R: "&5X", #i: "R#E", BILEMH: 221})
CREATE (wei:Z&f) {&FR: "HE", &B: "I8E", BILFH: 220})
CREATE (wu:#AH {BfR: "HRI", #H: "El", EIXEM: 229});

// BIEAMTR

CREATE (liubei: A#:E&EE {#&: "XE", F: "ZE", HEEMH: 1
CREATE (guanyu: A#: 808 {#&: "xH", F: "=K", HEFEMH: 1
CREATE (zhangfei: A¥p:®¥& {@&: "K'k, F: "BE", HAEEH:
CREATE (zhugeliang: A¥):XE:EJW {#&: "#EE=", F: "ILA",
CREATE (zhaoyun: A¥: 2} {#&: "Rz=", F: "FR", HEEM:
CREATE (huangzhong: A#: 4§ {#&: "&B", F: """, HBEE
CREATE (caocao: A#:E* {f&: "E&", F: "ZE", £4EEFH: 1
CREATE (simayi: A#:XE {¢®&: "SIZEE", F: "{fA", BEEMH:
CREATE (xuchu: A¥:E¥§ {@&: """, F: "HE", BEEH: 17
CREATE (sunquan: A#:EE {#&: "#MX", F: "MHE", HEFEMD:
CREATE (zhouyu: A#: 0¥ {¢&: "Am", F: "AE", HEFEH: 1
CREATE (luxun: A¥: ¥ :XE {¢&: "[E#", F: "B5", LEFH
CREATE (lvbu: A#:R¥ {#&: "S%", F: "HxK", HEFH: 161

// BIERMNER
MATCH (liubei: A¥p {#®&: "XI&"}), (shu:¥fH {BW: "HFX"})
CREATE (liubei)-[:® {&#EEMH: 221}]->(shu);

MATCH (guanyu: A% {#&: "x¥"}), (shu:¥EfH {\BWH: "&X"})
CREATE (guanyu)-[:3%1 {&iEFEMHm: 200} ]->(shu);

MATCH (zhangfei: A#) {#f&: "K%"}), (shu:®H {ZF: "HFX"]
CREATE (zhangfei)-[:%45 {#EREM: 200}]1—>(shu);

MATCH (zhugeliang: A#) {#&: "EE="}), (shu:HH {&HK: "&
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CREATE (zhugeliang)-[:%f {&BEFEMH: 207}1->(shu);

MATCH (zhaoyun: A% {#&: "&Z="}), (shu:ZEfH {BFR: "HFX"})
CREATE (zhaoyun)-[:%1 {&ia%Fm: 200}]1->(shu);

MATCH (huangzhong: A% {#&: "&E"}), (shu:¥h {|F: "HX
CREATE (huangzhong)-[:%/ {&WBEFEM: 214}]1->(shu);

MATCH (caocao: A¥) {#®&: "&#g"}), (wei:BfH {BW: "&EH}"})
CREATE (caocao)-[:® {&Ei#EEM: 220} ]—>(wei);

MATCH (simayi: A% {#&: "S2E"}), (wei:ZB {HR: "HH}"}
CREATE (simayi)-[:®h {&EaFEHm: 208} ]—>(wei);

MATCH (xuchu: A% {#E&: "F4&E"}), (wei:HEH {&FR: "BE"})
CREATE (xuchu)-[:3%h {&EiEEMH: 197}]->(wei);

MATCH (sunquan: A% {#&: "#MX"}), (wu:BEh {BFR: "HRKZ"})
CREATE (sunquan)-[:2¢5 {EIGEFEM: 229}]1—>(wu);

MATCH (zhouyu: A%y {#®&: "BEm"}), (wu:HEH {&FR: "HRK="})
CREATE (zhouyu)-[:3® {&E#HEEMm: 200} ]->(wu);

MATCH (luxun: A% {#&&: "FE#"}), (wu:EHh {BfF: "RR"})
CREATE (luxun)-[:3%h {#IGEMH: 203}]1—>(wu);

// BIEAMERR
MATCH (a: A% {#&: "X&E"}), (b: AW {#&: "=P"})
CREATE (a)-[:4&FfFRm» {i#im=: "#kE", FfH: 184}]1—>(b);

MATCH (a: A#p {#f&: "X&E"}), (b: A% {#&: "K¥"})
CREATE (a)-[:455 R {th=: "#E", Ff5: 184}]1->(b);

MATCH (a: A% {#f&: "X3"}), (b: A% {§#&: "K¥"})
CREATE (a)-[:&FRH% {tbm: "thE", Ffp: 184}]1—>(b);
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MATCH (a: A% {#%: "UE"}D), (b:A¥ {#&: "EER"})
CREATE (a)-[:ZHEF {&f: 207}]->(b);

MATCH (a: A% {#t&: "EE="}), (b: AY {#&: "F@m"})
CREATE (a)-[:3F]1->(b);

MATCH (a: A#p {f&: "E#&"}), (b: A% {#&: "W&E"})
CREATE (a)-[:XF]->(b);

MATCH (a: A% {#E&: "8%"}), (b: A¥ {#E&: "BHig"})
CREATE (a)-[:3F]1->(b);

20 % Cypher Eifj#:>]
Hif1: EEMRBEAY

MATCH (p: A%7)
RETURN p.#%, p.=F, labels(p) AS #F&
ORDER BY p.#t%

Eif 2: EEMBRIE

MATCH (p:E¥%)
RETURN p.##&, p.HAE
ORDER BY p.& /11 DESC

Bif 3: HHENNMAEAY

MATCH (p: A¥)-[:®Ah1->(k:BH {&fHK: "FN"})
RETURN p.#&, p.=F
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i 4: HERAEET 90 AW

MATCH (p: A%))

WHERE p.®/J{E > 90
RETURN p.#%&, p.HAOE
ORDER BY p.& /18 DESC

il 5: HHEEBEREHA (B0 >70 HEAH > 70)

MATCH (p: A#)

WHERE p.i /7 > 70 AND p.E/{E > 70

RETURN p.®#%&, p.®HAOE, p.EHE,
p.KAE + p.BHE AS ZEEED

ORDER BY #Zz&#ES] DESC

Bifl 6: Sit8THEHNALK

MATCH (p: A¥)-[:%h1-—>(k:28H)
RETURN k.®&FR AS #75, COUNT(p) AS A%
ORDER BY A%% DESC

Bifl 7: 87BN TEIRAENTFHENE

MATCH (p: A#)-[:%D]1—>(k:E7)
RETURN k.&%R AS %7,
ROUND (AVG(p.E11E), 1) AS FHIR S,
ROUND (AVG(p.&EH1E), 1) AS Fi58SH
ORDER BY g/ DESC

Bif 8: RHXENEFFLS
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MATCH (a: A% {#&: "X&"})-[EFERHB]-(b: A¥)
RETURN b.%#& AS &, b.ZF AS F

il 9: BN MELS X NRAERR

MATCH (a: A¥))-[r:&FnsE (e "HE"}+H-(b: A¥))
RETURN DISTINCT a.®#% AS Fift

il 10: HHLEMEEREXA

MATCH (a: A% {#t&: "EE="})-[r]l-(b: A1)
RETURN type(r) AS xZRZEHE, b.#tR AS XA

518 11: B8 TENRAERENA

MATCH (p: A#D)-[:%]1—>(k:387)

WITH k, p

ORDER BY p.& /11 DESC

WITH k, COLLECT(p)[0@] AS top

RETURN k.&FR AS #A, top.#®& AS &ERIE, top.RNOE AS BN

Bi12: EEMETHFEXRR

MATCH (a: A#¥)-[r:3F]—>(b: A¥)
RETURN a.®®& + " MXNFER " + b. iR AS WFXHR

Bi13: HHEERRHAY (REK)
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MATCH (p: A%2)

RETURN p.#&, p.HEEHD
ORDER BY p.H4FEH ASC
LIMIT 5

i 14: ERNNEER—SBNHNAY

MATCH (liubei: A¥p {#®&: "X&E"})-[:®WH]1->(k:#EH),
(other: A#)-[:2H1—>(k)

WHERE other <> liubei

RETURN other.®#& AS @, other.Z AS =F

Bif 15: fitFAEXARE

MATCH ()-[rl->()
RETURN type(r) AS xZRZEH!, COUNT(r) AS =
ORDER BY #{& DESC

Bifl 16: ERMIIEE.R 2 BFHAREREAY

MATCH path = (a: A% {#&: "XWE"})-[*1..2]-(b: A#))
WHERE a <> b

RETURN DISTINCT b.f®& AS ®iAA#, length(path) AS Bk
ORDER BY Bk#x

Bif 17: EHRNENERZENRERRZ

MATCH (a: A% {#&: "XI&"}), (b: A¥p {#E&: "Hig"})
MATCH p = shortestPath((a)-[x]-(b))
RETURN p
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B9 18: HHB"S"HAY

MATCH (p: A%))
WHERE p.= IS NOT NULL
RETURN p.##%, p.=

il 19: RIE—TIAMHEILIXR

MATCH (shu:#h {&FfR: "&X"})

CREATE (p: AMp:20lG {#&: "xkF", F: "#HZ", HXAO{E: 82, &
CREATE (p)-[:%41->(shu)

CREATE (p)-[:XF {x#xH: "MRF"}—->(:A¥ {F&: "xH"})
RETURN p

il 20: REoth—iER=EREENERE?

MATCH (p:&¥%)-[:%N]1—>(k:387)
WHERE p.E/Jf& IS NOT NULL AND p.%&{E IS NOT NULL
WITH p, k,
p.RAE * 0.6 + p.EHE *x 0.4 AS ZEFD

RETURN p.##& AS 5,

k.&¥ AS #7,

p.RSAME AS RS,

p.ENE AS B,

ROUND (&%, 1) AS Z&EITED
ORDER BY Zz&i¥4% DESC
LIMIT 5
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SEL S

%3] 10 1ERFMNAAREIREE
FA Cypher £ Neo4j REZIERIVE L3 E:
1. AIRED 8 MRMARN TR, BEBM: 3. R, 5
M. XBELF
2. IR AR:
3. Bk XFR (RFMRAAAKR Z8)
4. @E xR (BILEXZMBEARZE)
5. Bk KX&HR (BRZEXANPRLZIE
6. EXRARLRMBEM: IMRESR. INRIER
Eifghkik: - HEARE—MEHRARR - B IRARRAY” AR
®” (2 EABK) - #HEBET”TESAMRNBREMLE - St81
WHBEZ VAR - HENBEFERENAR (LENEEIR"E
F7H9)

%3] 2: BEEERS
£ Neodj B Movie mBIEEE (£ Browser I
:play movie-graph ), [EIZLAT[O)RR:
1. Tom Hanks B FILErEE2?
2. #l Tom Hanks &1EiZAYER B MIL?
3. MESERNSIET ZERRR BHR?

4. HHERNMERZBHELENEINE (SIEREHHMTE)
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#3] 3: Cypher vs SPARQL JLb
¥ E—E0=E RDF FiEABHEEFHERE, AEXLE
SPARQL # Cypher EIA T&EIR LHER:
1. HEEXFABE R
GITRB AL
3. WHEEFERBRAR
BEERMIESMRA, BREZJEMEEEMEELX LNARE.

R {6 [2] 15K

1. Neodj EANXH: https://neodj.com/docs/ Neodj HI5E
BXHY, B13E Cypher . MM, SLEEBESE. Cypher
Refcard (IRER) $FRIHFITENLRMTER A,

2. Cypher Refcard: https://neo4j.com/docs/cypher—
refcard/current/ Cypher iB8/A0—TUREF, KEFTH X§iT
FIERIZY

3. openCypher INH: https://www.opencypher.org/
Cypher WFRIMENRITE, BFIBEIE. REMMWILE.

4. ISO GQL #mifE:
https://www.iso.org/standard/76120.html El¥& R 1SO
i ENEZEIEIES GQL, LA openCypher HEM, BE7T
SQL/PGQ # PGQL 894514,
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5. Graph Data Modeling:
https://neo4j.com/docs/getting—started/data—modeling/
Neodj FUEIEZEIER, FIRAENGINSTH AR QRN N E
MEERE,

6. Neo4j Graph Academy:
https://graphacademy.neodj.com/ Neodj B H iR R R TE
%%i%ﬁ, #ZE Cypher N\I7]. BEIEUEE&R. GDS (BIEUERZF)

. IEBREBEEARLMF,

7. Gremlin HifiZ5:
https://tinkerpop.apache.org/docs/current/reference/
Apache TinkerPop #J Gremlin  2—MR{THEREHIES,
ERF JanusGraph. Amazon Neptune ZHEIEIEE.,
Cypher BIEBBX XA ARG, Gremlin <00,

RENGE
REFANZS) T RERMEERR Cypher EfHES, XEHFIL
W R & E R E R R AR .

IR B -

BMHEER BT A (Node). X% (Relationship) . #5%&
(Label) @M (Properties) PO TERAER. tHEE RDF, B
MBAETHTRNXABOINEREFTES, HEEEEMNENMNR
e
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2. B1E vs RDF ¥R &M%, RDF BEaFEM™ 81BN
BMARBELRNGS, BHERESRELEFANERKRE
BgR, EXMMEY, BHENERMEES.,

3. Cypher HifiFS AT ASCIl ZAREREAEE
B, BOKBEIREFE: - MATCH : [CECEHET - CREATE @ BIET
RHMKF - MERGE : FHAERIE (BMITES, FTMBIE) - WHER
E: TIERSEM - RETURN : IREIER — with @ REIEREE - SE
T / DELETE : EFFIMIER

4. 23X E Z Cypher :RBAMEES, 1FHRIRERKER (-[x

1..3]1- ) FMRMEKZ ( shortestPath ), 1EEIEUIREELIEZ B
KAB IR BRABIEE.

KEXLE:
% 9-2
4% RDF + SPARQL [E1%E + Cypher
iERET  =nd TR-KER-E
BWEE EEXTE (FEHE) ASCIl ZAR%&ER
ZHEH  FERMREIERI FREXE (ZKER)
B4R hE B (BZ=7c4) B (8EX)
YHIERE sBA (OWL) AR
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T—&, BITBZEIUEA Python RBFZIGIEEEIERE, 1B
Cypher EWBRAZIMRHINAIEFH, M BMARNIREIEWE
MEE. N FAERNRSRERES S HME” ARBEAIRE

i
=

R T18? TEBA 4R EE R !
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F AMhigit: [ttRiE—
it

— IRB4ER - YESIRATIE
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“The limits of my language mean the limits of my world.”

51F: —PiLiERFGERSRRNAR
BOBRNZEMRAEEBBOA, BTUEHR, THE
IR R MFR”. B—K, HHEREE, MNEhREE—
DHERERERAR — AP BRLRELN, FEEN, B
RREEREEAENE.
DTSSR, XJIE?

INEERORRHIF T EGERE, FRER. F—KXRIU recipe,
FEXH name. ingredients, taste...... EEEE, EET.

‘FEBRYE ENYE E—MEY, EYa A5thET
h, F7. BAmNESR. REZASMHEM BIRE—KRIG?
BB XMZESIE? ER XM OKE? JIIRAME R DK
FRTEAREMW..... 07, MR ZREOWEERARE? 7

=MfE, NFRBREER 7 AEMEL, B—kEARE
WIERR . thEEXEELR, KRBT RN “X PR LR
A, FRZEADET]EM! 7
[E3RM X BEsRE)H " i T —BRIRITEEE, SREEBHE
, RIEEECHENTT .. BIRETARFNGIERMER Y

7
$9 2»
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IR IRERIMNEE, EANRTRETEE—TEITNEFE
—Z{Ki%it (Ontology Design), M E{REITAEE—PHKIX
TEEHTERNA, MNaESHEZRNTENRERBEREX G
E

LIES R eE PR ES I N]ES R

EX—HRELBIER, FAEE

LART SGE—AREMR, MELRIE TR TREFRZO. 1
REARB)ER,

AERHARRI : a5 HEE R R E—KBMR it
B, it EN RSN ZENXAR.

t4= 744+ (Ontology)

BB E R

“Ontology” R MNIBREREES, HROE FENSR
HAGRBERE? BNZAEHALR? HEROARRMHA? HAk
FRRTBLSERST (TR, BHEFMSH+ P ERS
B, XAEE R R AR T

BT, EERH T RANE $ERTFR— L
& R—MMITATE, ARRERMNISHMNES? Xie
WEHET ETE,

AEXESAENBFINE, FITENMEZEE, KMIESIHE
—MMRANERZRAE:
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FEZNENE PSR E X RR A LR

AAERME: MEIE—TMRERMLE" R EEFE, Bt
EMNZEN”XZ"EAR, AERA—MITENEERNEXET
x,

RN FHERE? tESSHEEHEA I —R A
ANTAZBRMMF, MAZFNAIES. AR Protégeé
BENEWTR, AEXFRE XM B ‘KR REHRRE
WS ZERXR, MARBNEERE"RET .

At L FBERM?

fRAJgeRln): EIRERIERTIE? ATAFERE -4
'fZIS”?

IEBA—T R, BRIREEE—HA%, RAIMER
WiEsk. K, BEDEXEZMENEERZET". EEERN
AR E—KERER—MEEERE, M EEZ K, KE
BoE, BEREATE.

AR EANREIEN” ZAEE", ERR=TXE0)::

1. HRE: FAERMBEANHARRRE “TARSE ER

—HIIEAR
2. #HEEE: BTRAANEN, TENAJUEHEELIRS

KA
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3. EARAE: — PMFNAREKAMEZNRRER, MARERE
MEHFia
AAEN=ZKRLER
— M TENAER, BEEE=ZXZOER:
1. 28 (Class / Concept)
EMEIFPN M7 LR . ERAPREARNIE
R, tEWIEBE I, BISESOXERE:
o Person (AY¥)) —FRBEIRBEAEXRIA

e Movie (EBE?) FRrE B {Fm
o Genre (3KE!) —HPHDE

e Director (&&) —HEBRHA
o Award (RIN) —EMEBERREIN

EZ2UERERRM, tbal Director AJLARZ Person HIF
%, Actor tHAJBARZ Person BIFZE, XM T —1TEHNER
#5443 (Class Hierarchy) , BREMRARIZITHRZOAIAR
X, BIEEATATUE” S5 N BEREEMS ., FRENBWFERE
IFTERMHEMXR, ERALRIE SRS,
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Thing (B%)
— Person (A#))
| | Actor (ER)
| | Director (&)
| Screenwrlter (4RRY)
— Movie (EE§?)
I — FeatureFllm (HEH)
| — Documentary (&Z&H)
| L— ShortFilm (587)
— Genre ()
| F— Action (zhfE)
| — Comedy (ZRI)
| — Drama (BI®)
| L SciFi (R4])
L— Award (2IR)
— Oscar (BHF)
— GoldenGlobe (&¥£%)
L— PalmeDor (£i5#g%2)

XFBEREMIFAR . BENRE=2—IDirector” Y,
ARAEMIAE E=tE—"Person”, FHLt{IHEPersonfIfiH
B (MHAEHE. EES).

2. X% (Property / Relationship)

RAFRRIZRS R 2B, WEHIS T ZBERR, RBX
RRERZ—HINIAGE, RAT BIEANRE " HRAIKHE.

READHMARE:
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JZREMYE (Object Property) —&EIEM MM - actedI
n (H3E): Actor — Movie, Rn ERAEETHESS” — directed
By (S&R): Movie — Director, R~ BEHESEHNSE” - b
elongsToGenre (BFEH!): Movie — Genre, R~ BEBRTE
A _ wonAward (FR1B2IN): Person — Award, R EAFK
BTREX”

BIEEY (Data Property) —&#LBIFIEIREE: - movi
eTitle (EBEZRFR): Movie — string — releaseDate (LEBRH
HH) : Movie — date — rating (i¥%'): Movie — float — perso
nName (#7): Person — string

KAEAMAUEERR, b directedBy #1 actedin #SPILAZE
involvedIn (25) BFXHR, HRO) HESE 7TXEEBEE? 7
B, RASBENERFABETFXRR, BESE. BA. GRE.

3. 4% (Constraint / Axiom)

AREN KR ATEN ML —EFRARMTLEREN. 11
LA EERN, el
o —HMBEEVME—NEE (RNEHAR: directedBy min

1)

o —HEFAEBRERE—ITLMAE (BHMERAR: releasedate
exactly 1)

e bornOn BYEMTIE xsd:date EHE (FIEXLBILER)
o — PN AMEAERETEEMTHAIHE (EFYR)
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e Actor #] Director REf BE—TATMNENEERNS
e
/.

2

ARMGEHE LB —ESIFIRMLRE A BAE,
IPLEERANBERE, MPLERRAIREI. FFAVLRIRIT AT IARGLE” &R
ANFNRERE, MIRXRIEIERE.

— T ER L
WRIRBE LEHNEBSEER /RIBR, LA RLERER
BIUEH. RIRIRE—RRPGHA BRI

# 10-1

FEHE #EE: RPGHEY

% (Class) REelRl: &t Fn. s&6F

T (SubClass) BN — KGEIM. KA, EiEIm

S£f (Instance) TREVEZAE D B ACEMR & " ZUE 2 R
Bt (Property) RENEMME: HES0. BN150. 81E60

XZ% (Relationship) IMiERR. BARXZR. BYXAR

#J5R (Constraint) EIMRBERERFR; HMETTEEFERETA
I (Inference) RRREXEM, FMREREXIEHE

EARRARGIKIBLMET? AT EME N IREOZNR
HREEFEAN —EMERE, ABRZEETAXR, A4
ITRRB VT,
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FigitAikie: BEMT vs BTMLE
BETAMERAAZE, F—Ma@EmE: BARIT— 7
A2
AR IE B AB—SKIFHME —— R ER—ERNER, (B
A2 TR ELS. ERMOAERITAEERM: B
MFHETHL. SHAEHEECHERESR, METEANTIA
BEETENIME,

BLEMmT (Top-Down)

B LM T ERENGEHR. KRBTSR, F5HELE
BRRES ., X2—M7SAHER, BETETHE

SR

1. MESEMTE: MORNEEBESAIU? ERIZEMLE 5]

#?

CTIERROEE: FRYEREENNERS (B% 5-10 1)
 BARREN: HBEBRSZENLTRRR
CEXRAHREMY: ARZRNERNXATNE SNEGE
IR IREER. EHE. EXEFRE

BESEH): AEXHENRANESSIE

®» o0 A W DN
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ERBR: - TEHANREMLEBRIEMH . RE (WEMFEDE.
BHEDRE) - BOAFHERAMUSEIRIT - FESIEREEH
HEE) - TEREEATH, B EIBaRTEMATERAL L
BlF: R E D EAE

EMFERE TIFERAND KER—
M. &, #. BLEM IR/ F2ERREN:

.10 W B.

¥R (Living Things)

BZI] (Chordata)
F— MZLN (Mammalia)
| |— REB (Primates)

— A%l (Hominidae)
L— ¥&#% (Cercopithecidae)

— &®WAE (Carnivora)

— 3%} (Felidae)

| L— A% (Canidae)
I_ L]

|
|
|
|
|
|
F— 24 (Aves)
L— TEf74R (Reptilia)
TR (Arthropoda)

F— B®A (Insecta)
L— E%EH (Crustacea)
L— @&mR (Plantae)

F— #7417 (Angiosperms)

L— #7407 (Gymnosperms)

— 45 (Animalia)
|
|
|
|
|
|
|
|
|
|
|

| L
|

|

XTBREGHWIEREFMW, B LM FtRER, BAEYE
DERGMRZ—TERIHEFRINAIRAEAR,
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BTmL (Bottom-Up)
B TmENAEEMNRFINEFAMBIEL R, EFANHRE
MEMXR, XIR—M"EMRIR, BEEME B,

SR
1. IRERSCHIENE: MESSEERURE B RRISEHA
2. RIUR: MELHIBHBHRHENX R
3. VAR ARSI NE—£
4. WRER: BUXZENERXR
5. EXXRAMREMYE: B ZEXER
6. XML FEEFEURAMAN, TEMEREAMR
BERGR: - MEANREHTIRRE, RETMY (NEBREN
f. fIRGER) - BASMAEERI MR - FEREEANK
iE - RBETHAEXANEN
BlF: R EREEALE
ERGIN D KANRBEEMZER A, (RATEERABERE/\
REANTEIFDAR, EBRATUMEFNREATTIEMREMFYN:
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B RS
- BRET (BA. E. A K. BLY)
- RESR (EE. FAR. M. JIIE. &)
- ARA (AR, &n. # 8X. 45%)
- BYNg (BA. =, B BR. KX)
- BR& (8k. BX. &AM, IR, &

D REUMER
7L$J:@Jz’tb§ﬁ:ﬁ, BNRIMENHBE —LHRNER:
- BERGNEN (BA. ER. ATEA....)
- BETETRR (IR, ’§§\ Bx)
- BE/TEMZELR (B, K. IR KH)
- WABAZEMORSE (3R, R, 5. )

F=%: FNLFZFTER

- ¥ (Dish): BRET. REIDE...

B#% (Ingredient)

F— Mm% (Meat): M. ¥A. £R. BH
F— X (Vegetable): 784, B, BA%
— Z#l& (SoyProduct): EIg

L @Bk (Seasoning): ¥iM. ¥E. 7T

- X% (Cuisine): I3, &%, Bx

- ZEAR (CookingMethod): #@kb. 4IkE. K&
Ok (Flavor): #. Rk, &, &8f. &

Tk RERHE (HF)
EXFIBE S, ROBALERB LM M E Tm LT
H. BERINERERE, BLERREEFNAI:

1. feRB L FEM— T BB LR
SHENZERIXZR

HHE 3-5 TH&INERIH
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2. BEETMLNAZE, MEZHREFRANERNBES—FS
ERREIEP A LR IRN B IR B SR
3. REENR, BIXFEBRE —SRERTIULLTMELRE
5Hf
BRGEE—RFTEAMNAFNEE (BLEMT), BR
EEZR. WMo fmKETAT (BTmL), RERERK
Bel, HHRMEMERZ— T A—REETHN, FHAREFIRITHE
gnit,

AR LA
HTiB1E A ¥ E P Natalya Noy #1 Deborah McGuinness
2001 FERR T —RREZHIEX (Ontology Development 101), 12
BT —ERZGHNARGTFRIER, A EHE . IRIEXES
MR UEEs ARZNSERRZ—,
BIEERHNANEEESVFENRAE, FHIMANT —LEIZERANE
Coe2 011

F—H: RENEIEE
EF AL, FRIBCS/LINERE, ELREBE:
o BNAAKREBZMH2TE? (BF? £8? ET?)
o WRERAXTAEK? (FRE? FMER? KigHF? )
o AP ZAEREIZEFAERIE)?
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o XNAMFHLFREME? (MEFSEES, WEREE? )
SLARIS: FULH”EENEE” (Competency Questions)

BEN R E " IR RIZBEE ZFRER . XEARMFIRITHR
REZN—S— ARSI TG, XA E]
&, MR R S8,

LEAIRS FEBRAMA, BEN A A RERIE:

Ql: "REEISIE T HLRg? "

Q2: "2020FLAE _EMEIRIL] R AL

Q3: "REIRFFRESERENAGHE? "
Q4: "ENIEESEMEBNBEREMHL? "
Q5: "F1 (HEAFRMIIE) FERBENBERHE?
Q6: "HEBEREHFIEEIRAR? "

Q7: "ENERMPLESESEL? "

RLERBMIUES T AMARIRIT AR, FREFTUERENR
EWEQRIEAENERE.

F-8: EREHFRE (FTEEEERT)
RZIHELBHRANAKINER, BRIt ZH], it

JVNVNHERE—TF:

e Schema.org: Google. Bing. YandexZs+t &) 4 #4938 FE W 71
NEAMEK, BEERT

o DBpedia Ontology: EFWikipediafhBRAAMK, BHEAD

A
15

e FOAF (Friend of a Friend) : 1R AL S X RRIANR
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e Dublin Core: AT &R THIRIE FRITAE
e GoodRelations: HFESZAMEK
e OpenKG: AXFMANIREIEHX, BAEPXAFER

EREETNTFANMIZ T ENE, BEENZERRILEER

FE—RIANREE A U ER RANIREEX #

B=L: RO

EIPRBEE ST ER., TRHUSTENMSE, 75 10-20
TRZOEE. X—SANUARRNAI, EMEEEIEEE
51K, EEHEMHIHENEE.

BIUEL: BITEKMER
EHSERRMRNEREN., ERNERERE:
o IRFNESZ (is-a): Movie — FeatureFilm, Documentary,
ShortFilm
o RERD D (part-of): Car — Engine, Wheel, Body, Interior
o IRABYE (role): Person — Actor, Director, Producer
FEREEATERR: BRALOR (BISEMEREMEL)
BEX%: FAEMSMIEHEE—F, KEZTHENENXN).

EhH: EXEM (Properties)
BYDAIRE, —EEXDFE:

o BB (Datatype Property): EiZEZIEIEE (FFH.
F. HEA%E)
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o f5l40: Movie.releaseDate - "2023-01-15"

o XWHREM (Object Property): EiZZIEMEH] (SERZ (8T
xR)

e {Hl%N: Movie.director - Person("Christopher Nolan")

NFETEME, FERHEN: - EXE (Domain): X
BYrTUAREMLER F? - EiE (Range) : XTEMRIERTA
EA? - B (Cardinality) : S 7B UAEZ /D ME?

FAEL: EXUR (Constraints/Facets)
A RIEARM HER M RY " 22 A8 AT HEERRY” -

o ENYR: —FMREAMBINHZ LR, BEDEIN

o {EIFAR: releasedate HIEMNTIE HHAKEY

o ENMIHLAER: directedBy RBEFATE Movie £

o BERFYR: Vegetarian F] MeatDish AEBEEIITAHE

o fRIBMLAR: WMRARBH—ERSD, BERCH—ED, AAEE
CH—&8 %

EtH: RIESTHIFHIIE
RESREIECIZL XA, REH=TRE:

1 —HiENE: HEENESINEEEFE?

2. FRNE: WEHIEERZETEIRAFIEE?

3. BEAERMIR: SF—HFI LAY e AL ENT?
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BRI AR

Protégé: A{FiZiITHIIRLZET]
Protége ZEMBEAZET KNTRAARER, EEAIRM
17. AN AFREETR, EXF OWL (Web Ontology
Language) inkE, WEZMIEIES|ZE, KRBT ERE. T
BERFAMRAEZIIINE, Protégé #HiREXTH,
RRMEAFRE:
1. MER T i&#ThR Protégé Desktop (#7F 5.6+ hRZS)
2. &% Java iIB1THME (UDK 11 ESARAS, Protégé EF Java
AFED
3. ¥TF Protégé, i%£#E File — New Ontology
4. FERRE IRl (Internationalized Resource Identifier), 4l

http://example.org/movie-ontology
DS E R :
Protégé MEREAR/LMREFZETT, S EHIREAVER

o Entities 7% 01: EIEZK (Classes). MIREME (Object
Properties) . #3EEM (Data Properties) . MK
(Individuals)

o Class hierarchy HiR: MUFPREHETRENBRKZR, BIME
BiEE

e Property hierarchy EHR: BTREMNERXR

e Individuals H1R: GIEFMEIEEAAIHE

H

A

202


https://protege.stanford.edu/

FNREREA]
o Axioms ER: EFNEEABRAENAR
shFR—i: IE— T ERARREAE
IRE THERDE, (RAIATES0D HRATTRE — T AR:
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1. Bl (% Entities - Classes HiRfE):

- owl:Thing (EBMINEZX)
— Person (A%))
| | Actor (BR) < A Person - Add subclass
| L— Director (&%)
— Movie (F2E?)
— Genre (3#Y)
L— Award (1)

2. BIENZEM (£ Entities - Object Properties HfE):
— actedIn: Domain=Actor, Range=Movie
®EAHI: %+ actedIn - Description - Add Domain - Act
- Add Range - Movie
directedBy: Domain=Movie, Range=Director
belongsToGenre: Domain=Movie, Range=Genre
wonAward: Domain=Person, Range=Award

3. BIEHBUEREM (7 Entities - Data Properties HAiR{E):
mov1eT1t1e. Domain=Movie, Range=xsd:string
releaseDate: Domain=Movie, Range=xsd:date
rating: Domain=Movie, Range=xsd:float
personName: Domain=Person, Range=xsd:string

4, GU3Esfl (£ Entities - Individuals HigfE):
- B Person %] "Christopher_Nolan"
% - Types - SRHN%E! Director
- i Movie £f§l "Inception"
A - Types - ZNEE! Movie
- X %: Inception - Property assertions - directedBy
- &EEM: Inception - Data assertions - releaseDate - '

5. EnHEENAIE:

3E - Reasoner - % HermiT - Start reasoner
WIER
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- BRAEIENEIRER (BEFE) ?
- Christopher_Nolan 2&#BE&NRAIAN Person ZKA1?
(EX Director 2 Person B9FZE, FRUASCHIBohdiE Q)

Neo4j Data Modeler: EIZIEEMA

MRFRELBEAREMEIEREE (X2 BiRERNEIR
EE7ZEHE), Neodj Data Modeler 2— NENGITSEEAIERE,
EEMRMN BRI BRI,

5 Protégé HIX5I:

% 10-2

4 Protégé Neo4j Data Modeler
XER BEHE, B MIRE BEIERE. T
JrA®  OWL FERMIES TR-KREEE
wmEM  OWL/RDF/Turtle Cypher EEET
HIEEEN ] (NEHIES|E) 55 (BEFmmBHN)
EAME  WER. 1T WERiRit. £
FIHLE R (FEEFEOWL) RTE (EWHEIER)

Neo4j Data Modeler EZAiiTz:

1. $T7F Neo4j Data Modeler (fE4k%ETH)

2. AW =45% (Node Labels): Person, Movie, Genre
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3. MK ZRZELE (Relationship Types): ACTED_IN, DIRECTED ,
IN_GENRE
4. N RRIEY (Properties) : 4 Movie H title,
releaseDate
5. EXZR (Constraints) : fIEE—HLIR, FEMLIR
6. £ B Cypher ZE1EE), HIZETE Neodj H{T

AT RNETRS
ASITAES, BHENTERE:

Protégé (#t=ixit) - HBAEEFAIA - Neodj Data Modeler (4IRiEE

Protégé AR ABER — B MESIEMIFXAREX
4F, FIFEHIES|ZEIOUNSEIEMAME ., Neodj Data Modeler $a53” i
Hie ——IEM R B N B BB ERSERERY, E R RS Y
R, BOREETREOHE,

MENEBRESRREPREETE: OWL RN—LLEE RIS (A0

AN, 23 EM) & Neod] RHREEFNIIZN Cypher Eif,
NEEB AR,

REIZE: BEAREENAEIRT
LEHRNTMKEIRE—B R AIRESNARIRITRR, XPE
BISREFBMAAIINAR, BIRCEIREMEREN,
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B ENEAE
BCRREMNNAIREEZ O AR

Ql: " (ZX¥=E) NSEZHE? "

Q2: "E=SERATEEIZAMLE? "

Q3: "2020%F /5 LRRAYITS8. 0LA EAIRYLI /2
Q4: "ENRSIRTFHSRREZHE? "
Q5: " (EEaIME) FEXRENEIEE? "
Q6: "EMEANGIESEEFMLE? "

Q7: "EEPEFAVATAIEIRAR? "

08: "RMISERFRNEAZE? "

L -Jk; 2R E WY LAY
WRIFRES )RR, el RENL A T OB :
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Person (A4))
— Actor (ER)
— Director (&%)
— Screenwriter (4El)
L— Producer (HIEA)

Movie (EBEZ)
— FeatureFilm (#ZEH)
— DocumentaryFilm (2%H)
F— AnimatedFilm (EhEH)
L— ShortFilm (s2H)

Genre (3H)
— Action (zhtE)
— Comedy (ZR)
— Drama (BIf%)
— SciFi (R4)
F— Horror (&)
L— Romance (&%)

Studio (HI52AF))
Award (3ZIF)
— AcademyAward (BLH7E3)
— GoldenGlobe (&k¥)
L— CannesPalmeOr (EHHrigE)

Country (E=
Language (7

)
5=)

E=8H: XREY
REAGITPRERN—S
RS R

E XS ZBHIKRFR, LA
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MNEREM (EERDEM)

— actedIn: Actor - Movie (ERU4IEMHEE)

| L— #EM: hasActor: Movie - Actor

— directedBy: Movie - Director (EBEMNSE)

| L ®@M: directed: Director - Movie

— writtenBy: Movie - Screenwriter (EEgZH0%EI)
— producedBy: Movie - Studio (EESZHIHET)
— belongsToGenre: Movie - Genre (FBEZAJZEAY)
— wonAward: Person - Award (SK{S#93%IR)

| L FEMH: wonOscar (RISRHEFEX)

— nominatedFor: Person - Award (}2&XZI)

— filmedIn: Movie - Country (}Aigith)

— spokenLanguage: Movie - Language (MHiEZ)
L— sequelOf: Movie - Movie (&%£XZ%, BH3IH)

BIEREY (EEIAIFNEUEE) :

— Movie.title: xsd:string (FBE/&7R)

— Movie.releaseDate: xsd:date (LBREHR)
— Movie.runtime: xsd:integer (K1, %)
— Movie.rating: xsd:float (i¥% 0-10)
— Movie.box0ffice: xsd:decimal (EE, %)
— Movie.synopsis: xsd:string (BIEREN)
— Person.name: xsd:string (%)

— Person.birthDate: xsd:date (H4HHA)
— Person.nationality: xsd:string (E%)
L— Person.biography: xsd:string (PARMT)

¥E actedIn F hasActor BFEMH—UWR ALTET
B”, BBABSIA AL BEERA”, XMIEE MR R LAK KR
DIREBUE,

209



AREEAIT
S YRRt
ARBREIRRISIEEA—ENE:

Movie BYZYER:

- WMBZEMDLY director (minCardinality 1 on directedBy)
WIBZE/DLYD genre (minCardinality 1 on belongsToGenre)
title WIABBRNAELT (exactlyCardinality 1)
releaseDate WAAEBRXELD
rating FOEMNTTE 0-10 Z[8 (Bd SHACL SNARLAR)
runtime MIEIEEE

Person BYZAR:
- name HAEBNXELD
- birthDate %211 (maxCardinality 1)
- nationality AIAEZY (BLABREEE)

Award R9Z93R:
- awardYear ZERNXELIN
- awardCategory ZE/MHI1ND

BhL: OWL KEBmBl

THEZB OWL/Turtle IBEE BB D ERIKE X, Turtle
RDF My—FhiEl & iZf R oI =l:
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@prefix : <http://example.org/movie-ontology#> .

@prefix owl: <http://www.w3.0rg/2002/07/owl#> .

@prefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#:
@prefix rdfs: <http://www.w3.0rg/2000/01/rdf-schema#> .
@prefix xsd: <http://www.w3.0rg/2001/XMLSchema#> .

# KRR

<http://example.org/movie-ontology> a owl:0Ontology ;
rdfs:comment "EBEENRENEAK v1.0" ;
rdfs:label "Movie Ontology" .

# EEX
:Person a owl:Class ;
rdfs:label "A¥" ;
rdfs:comment "5EBEHBEXNEEAM" .

:Actor a owl:Class ;
rdfs:subClassOf :Person ;
rdfs:label "JE&R" .

:Director a owl:Class ;
rdfs:subClassOf :Person ;

rdfs:label "&&8" .

:Movie a owl:Class ;
rdfs:label "Eg" .

:Genre a owl:Class ;
rdfs:label "z£H" .

:Award a owl:Class ;
rdfs:label "2IR" .

# NREM
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:actedIn a owl:0bjectProperty ;
rdfs:label "H&E" ;
rdfs:domain :Actor ;
rdfs:range :Movie ;
owl:inverseOf :hasActor .

:directedBy a owl:0bjectProperty ;
rdfs:label "S&" ;
rdfs:domain :Movie ;
rdfs:range :Director .

:belongsToGenre a owl:0bjectProperty ;
rdfs:label "EFHEE" ;
rdfs:domain :Movie ;
rdfs:range :Genre .

:wonAward a owl:ObjectProperty ;
rdfs:label "3R1F2EIN" ;
rdfs:domain :Person ;
rdfs:range :Award .

# BURREM

:title a owl:DatatypeProperty ;
rdfs:domain :Movie ;
rdfs:range xsd:string .

:releaseDate a owl:DatatypeProperty ;
rdfs:domain :Movie ;
rdfs:range xsd:date .

:rating a owl:DatatypeProperty ;
rdfs:domain :Movie ;

rdfs:range xsd:float .

# Lo
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:Inception a :Movie ;
:title "Inception" ;
:releaseDate "2010-07-16"""xsd:date ;
:rating 8.8 ;
:directedBy :ChristopherNolan ;
:belongsToGenre :SciFi, :Action, :Thriller .

:ChristopherNolan a :Director ;
:name "Christopher Nolan" ;
:birthDate "1970-07-30""~"xsd:date .

BAE: WES5ER
SIELHIE, FTFH Protégé HIHEIEAN], (Reasoner), #&E="

FHE:

1. —H4NE: BREEEFE? (LNMETARBNERN HE
HHERE2025F " 1" S8 T 2010F 9B RS

2. pRINE: HEENEXELAESEE? bR —1TXHIEER
actedIn KXZREXH directed XkR, HENSBMMEEDERN

BEZ Actor N Director

3. BENEIEEMIR: A SPARQL Ei8KMIXE —H 7 HAIEES (B
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# MK Q2: "E=SENFTEBREMLE?
PREFIX : <http://example.org/movie-ontology#>
SELECT ?movieTitle WHERE {
?movie a :Movie ;
:directedBy :ChristopherNolan ;
:title ?movieTitle .

# MK Q5: " (HERRARIER) EXRENEIHE? "
PREFIX : <http://example.org/movie-ontology#>
SELECT ?otherMovie ?title WHERE {
:ShawshankRedemption :belongsToGenre ?genre .
?otherMovie :belongsToGenre ?genre ;
ttitle ?title .
FILTER (?otherMovie != :ShawshankRedemption)
}
ORDER BY ?title

®ILBEM S RIS
R SZFLE, MNITIUFIRR T L2 HH)|. HIEE
MEIER” AP M CREESXK”, BROESHK.

R —: gt
R BIEHR EAENBSHANRNE, BRRATEMN
L, BREEXTILET.
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B AAKXER, ®IFBEANRS, HANKRERE, LR
FRARRME, EEENE, BERNKNHREZHINEEFE, #
AR R 2 RITE,

B MO FE, 92ARiF. 15 YAGN RU——
You Aren’t Gonna Need It (fRASBEE), WR—MEZEH]
AEWAR, MAZEMHEE, RAINEREXRFELYT R,

PeaBA —: EK5LHIR;

R B (BEZE) IR T — 1., MARZ Movie 3
B9—"sEfl,

FliTtnE: WRXTERAESHE BEHfF", BEME—
MK MREARSHMEZ—TEMFE. BE—HKRA, PEME—1T
B,

%) - Inception (3Zfl)
Genre (3£) - SciFi (£fl)
%) - Oscar_BestPicture (L)

Inception (2£) - Scenel (Zffl) « FRIMREMNEEBEFIFRIZIS
SciFi (2£) - HardSciFi (3Efl) « WRSciFIXRELREHFZDFIA

—TXRANENAE: BES"ZNHREANNUEZSTEMSEF
13? "MNRERZER", PBEMNZE—TEAMAEE.
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B =: XRSEBMERE

ER: BSEHREA—TM Movie F String FIEIERE 14
( directorName ), MA@ directedBy XZIEIZZF| Direct
or SEfl,

FlErinEE: MRZXNMEEREEEEEZER, MAZAX
. SEARETRF—MEBELEHR. EFE. HftfFm. 3R
RZH%E. URRA—TFREREFRSERT, XEERMEE
T

#7F: Movie —-directedBy——> Director ——name-—> "Christog
174k Director RILAEBCESRIEM (birthDate. nationality),
AINBRUBREZNXR (B—TSENAEER)

)( T}E?‘“' Movie —-directorName——> "Christopher Nolan"
 MEEW'R=SENMERR", AASRRR—IFRE

BERAPD: 2R
IR RN T REERNNENENN, SREWER[NR
g, BEEHIENEREFRIE.

B FIRITHMESEEENERE, OWL BERRK"X,
Bx” (Profile): — OWL Full: 538K, BH#EREHE (AJ8EK
MEAR5E) - OWL DL: IEAHIE, RABENEERE, FEA
ZHiH= - OWL Lite: HERE, HERSN, ESENHETRT
SHi5S
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IFFAZEELFRR A, OWL DL EEE F %A RDFS #2012
T, NEATEE MEREZE OWL 4514,

Faff R : S BAHE
fiEdK: ZERV]HE person . Person . PERSON . people Zfh

5i%EA, BMRBA directed_by . directedBy . DirectedBy
FZMNXIE,

RIEZE: f—wBREHTERT

= 10-3
TTE WRATE Al
» PascalCase (K3E _
S Person, FeatureFilm
)

IW&RE camelCase (/g

directedBy , actedIn
i3 )

#MIBE camelCase (/\IE
releaseDate , personName

{3 )
- PascalCase @& /] ChristopherNolan 5§ person:chri
5
% stopher_nolan
URI S —HIRIS% http://example.org/movie#

WRE (F
am DR SR E TS SR

rdfs:comment)
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BETEXEEWELMGL, SRETAFNELRES:
CMEEARIEE LR RIHALESR ERET AL, FEAT
gitmat
2. 5%5EH, Bl MAFEREEANTERE (Schema.org,

DBpediaZk)

3. ¥RFAR: TEER—DEML, KM ATTAE (MVO), B

BEY R
4. RIFES: BRAMY, TEIERT. EREERBRRARIEK

A
5. X#Eft: ABNEMBMRINBMAEYERE ( rdfs:comment ),

[E R4 E S RAGHR
6. FIBAER : LT E R LRIA—EiITE, mAIAIR—n
7. BEEHIRRIE: RESAESIEZUENL, KLk Kizkil

AT EHIERE)RR

—

NFHS: R AR

4 BHR
£/ Protégé IRt — M SRIBIUIARIAE, BEGSEIZE A TEEA (8]
B, XTEIBEREREZRNFAERIRTIESTE.,
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Ql: "ZRBTFEMLEM? "

Q2: "AML)IE? "

Q3: "HEERetax? "

Q4: "AMLESRBENRFRM? "
Q5: "ARAMFKABTALEEM? "
Q6: "MPLERAIINTE30 D FHAMHSE? "

Q7: "UMIRFIKBRE, BEtLBELEM? "

HFITR
Step 1: FHEENEIE, REZOHEE

MEERERES, (REEIRBIEMLERZ? SAE THNRET,
BCEEE.

R’ Rm. BM. R, A OK.....EBHA? £
BEEAE? ENEERE? BAAMXARABARR?

Step 2: IRITENER
SEATELR, EBERIEIRIIEES ) ERIEEAFE :
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-

|
|
|
-
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:Thing

Dish (&)

— MainDish (FX)

— Appetizer (BI3/R¥)
— Soup (&)

— Dessert (#&)

L— SideDish (E)
Ingredient (&#1)

F— Meat (P9%)

| | Poultry (Bm)

| L— RedMeat (M)
— Vegetable ()

— Seafood (i5tf)

F— Grain (&%)

— Spice (ABRE/EH)
F— Legume (Z%)

L— Dairy (ZL#IS)
Cuisine (¥R)

— SichuanCuisine (JII3)
— CantoneseCuisine (&%)
— ShandongCuisine (&)
L

CooklngMethod (2EA)
F— StirFry (¥)

— Steam (%)

— Braise (f%/!%)

— DeepFry (F)

L— Boil (&/5)
DietaryTag (fXRBIFZ)

— Vegetarian (£8)
— Vegan (4%)

— GlutenFree (L&)
L— LowCalorie (f&F)

220



FREEN]
Step 3: EXXEAR
FEEXHNNREY (ZEVEFEMTXLE):
hasIngredient : Dish — Ingredient (ZMA{ERIIEM)
belongsToCuisine : Dish — Cuisine (EREBFHXEZR)
usesCookingMethod : Dish — CookingMethod (3Zma{ERHY
Z1EAR)
hasDietaryTag : Dish — DietaryTag (GEMmHIIREIFE)
canBeSubstitutedBy : Ingredient — Ingredient (B#&{x
R)
REEXNEBIERM:
calories : Dish — xsd:integer (B/FIEE)
cookingTime : Dish — xsd:integer (Z{ERT[E], 5%)
difficulty : Dish — xsd:integer (¥E 1-5)
servingSize : Dish — xsd:integer (17%%)
ingredientName : Ingredient — xsd:string (B#&R)
Step 4: RINLAER
BEXEDHIFEM ( hasIngredient min 1)
FEZZEVETFTI1THEZA ( belongsToCuisine min 1)
THEELTNIELN
SEEENTE 1-5 Z[8]
Z IR Bl IE 2L
Step 5: GlI3ELHI
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QI FEAFAXE (XEREBN—F, RRBEIHRNE
57 2SR -
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ERET:
— Z£#A): MainDish
- BM: BR. BE. THM. B8, B, . &. &H. B
- XFE: X

- ZEAR: B

- RIKE: 350
- ZIERTE): 2590
- MWE: 3

METE:
— Z#A: MainDish
- BM: TE. FRAK. SiFE. M. B, £. &
- &R I

- FEAN: K

- REKE: 280

- ZAIATE): 200

- MWE: 2
=PSEARS

- £A: SideDish
- B . Fr. £
- R%: BR

- REAN B

- FBKE: 80
~ BIERSE: 105
- 1

- B Vegetarian, Vegan, LowCalorie

PARCASE
- ZE#: MainDish
- BM: AR, BW. . E. £ &
- R 8%
- ZEAR: A%
- RIRE: 520
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- ZIEET[E: 905
- #E: 4

BEMBRXAR:
- Y8R canBeSubstitutedBy TfE (ZXBER)
- 4 canBeSubstitutedBy FER (IREE)
- 4 A5k canBeSubstitutedBy ZWFK (ZBER)

Step 6: FAIIEHISIE

. FF/8 HermiT #E4] (Reasoner — HermiT — Start
reasoner)

2. MERTE—HMER (LeriRniE)

3. Zid A DL Query &if):

4. “FBNIIFE" - NIZREIERG T HRESE

5. “FIBZRBXM — NMIZIREIRWZEO

6. “BEMBMNXESR” — NIZREIMEZE

7. “lEF (<200FEEE) HXRE™ — NIZIRERNFH

pihe 7 1v4
SEREARGI G, WINXEHNT BRI :

1R BEMER7EHE: BRRTMEEREER, RiT— T HE
N, SAPERREBRERISTEN, BuEEENEMAR

2. RN"EFMER"K: BEEXBKE—ERSEXH (EBR.
BERS. BkKEEMEE), BN SERMERR” MR

3. R EE"ME: ®IT—1 Mealset 2, BIZHINK. EX.

Zm. MHmAE, AEXEBNEFRLSENR
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4. RMZBEBEEHF: A PEMBMARINPRXARE ( rdfs: labe
1), GIRENERL

FE {8583
1. {Ontology Development 101: A Guide to Creating Your
First Ontology) —— Noy & McGuinness FYR L, 2K

BITESENRgEL, A5 T2001F, BEZO0EEESA
SRS, PTMETIBfR RZE WG 52 28 T &K

2. {OWL 2 Web Ontology Language Primer) —— W3C B
73 OWL 2 NI'J#5F, &MXEEY OWL iBESE,
https://www.w3.org/TR/owl2-primer/

3. Protégé ERLHIE —
https://protege.stanford.edu/publications/ , BAZ{IHEX
ARG, MANZISRIEE

4. Schema.org — https://schema.org/ , Google Z/\T] 41
BRI, IEFEEFSEIHIZITER ., {[F3XFH
“Movie” .”Recipe” &£ RIHIZIT

5. {Semantic Web for the Working Ontologist) ——
Allemang & Hendler &, &N WHAE TIZA&ESIHRPEE,
BEAEN, RAFEE

6. Neo4j Graph Data Modeling — https://neo4j.com/docs/
, BBEEZENEHIER, $RlfXT aRAXR vs iy
FEM"#ITieEE LA
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7. {Ontology Engineering) —— Kendall & McGuinness &,
2017F bR, EEEMBEE T AR IZNA HHEHE

RTINS

REHNZD T AR —AREEZIRPRXE. E&EH
ZREN—F. RKEPF—TROER:

O - DMEENTEPR S REX RN ER, 2
FIREENBRER" - ZKRER: £ BRHNER) . X&R (B
1H/RER) . AR (RE/MN) - KBEEREGH (FRUBFEKE),
*ERAERDEME (EXEHED), AREGEE (B EBE. BER

i

%)

®itAE: - BEmMT: MERBSEER, EEEMEH. &
TEFERNVOE - BTmLE: MEABIELE, EEREER. ]
RMEBNINE - REHE: TRPREM, SLESEREEAT

SERES: - Protégé AT HIBERE (T1RER”)
— Neo4j Data Modeler BF¥IREEMNEZ MM (CHFR") -
FHIEENEIR, BiRITAE, REREIHERII—X=5k—
&

BiERE: - AEDERIT, BAMIT (YAGNIRL) - X
DIERENXIA (A”BREECFF KR - MEAXR
mIERFEEYE (EEEELEEEN, AXER) - a3 TESR—
HEEHAT
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RBOERE: KMONITAEENE, MEBRE. ERIE—
PNOERFNREN"IF R H IR IR, FRARRIRITEELL
HIRNARIR, iHEERNFIRE, 1EANRAIAE A,

T—F, HNBEXLERIRITRAREZ, TBE—BAIR
BRI ERE—MMEUERERE S MBS EIANIREF
fif, IERBEBIEZMELEN"R",

R TID? FABELR .,
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R

FtE MMREEEERRE

— EF (BRE) *

228



FNREREA]

“FEZIT, BTET.”

517 — 15 HEAER”

EILE E—ErNFIE? B MERIGEFER GBI RNER

0
(<]

2 E—BNEY), NFERTIERERMRITE 7T —Km.
BY . KR, REAN, KBREM, XRBH, ARSHE, s
CHRIIEAAGERE, ER—MAEF"LHF 7! TA—L
5 I

NFIFET 7 EFF. L BNRABRIE (schema), REIE
W, SEHIEMIIR? M ER/LELERE, STEALI—FER
ANIE? MEREETH, MITLENBEERES, BAEBER
—IR, PIBUNT, TRREY XMET ARG EN=TtH? AR
B R —ERAEMN RSB —1F, BAGH? 7

ERE TR 7. AEFAE? 7

IZNEINTOS, FRARELMIEEHEL AT B RhmEED
11, AT IS 2MEY” (Information Extraction),
BE—ITBEE/LTERENER, FiLMENE, TEFRKESE
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B O(LLM) ROHIR, iEXNSUSRLE T Ed ABIRE
IV BAmEEURE. IGRER T, IJJHH)'L’DU Prompt FAESE
MW

INENRE, EXEES—TNREENBHSEHIN" ReEE
[B)7: RF TR, E &EEE@MI’T’

BME A EEZMREE, FHITETBE - BAIREIEREN
ERE, MBIEREIIRENE, FEFHRE =T/
R TEMRBBNF—HEMEIERTE, TREMEETARE
. ERINEZEENE, AENGACHEERN,

AREEM R DR K S
— P EENAIRESNERE, BREalMLLHFT, XN
MATIRFMEN, S—SHRIEN—SHEMZ L

BIERE - ERHE - FIRFESE - FRFHE
(Data (Information  (Knowledge (Knowledge
Collection)  Extraction) Fusion) Storage)

WA —TEERAISR LR AR DB :
BRIERE—F (FEXEAZ):

1 BUERE: (REAXRMZ. Bh. NLERESHIIE. afER
(WERRMH)
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2. (ERHE: REESMIFIE, RIRE"RE. 8. Bl RiE
KB FEMAER (MR PIREEE)

3. ARG MAINE—EREABHIAERF, FTREE
NEMBEETR, FEA—HE (BeTERRINER)
4. FRTERE: (RIEBEBIFNARRRET . 2%, R5I1HREF,
FEABH (SEEESR)
BTHTNHREXREBE, BERETYE, EEBELRZIX 5
BHEAE, ENEEEEEREE; MRS AE, F—ERHN
=TARENBTE; MREFHEASE, ETHRESFX.

ERUE
ERNEB TN ZE], KEKERE, BIUBMIA:

AREE R

I 1 [ 1 I 1 I

| miERE | —| EEHR | —| MiRES | —| MiRE6E
| . . |

| ores | | NER || e || EREE
|
|

-API | | -*FME | | -hSEMR | | -ROF7EfE
FEE | | -SE4HE | | -REWE | | XS
| | | | | |
T T T T

| | | |
Ak (Ontology) 3IES2ITFE
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ARE FEIMT—ARFEFEIRE. EMEGRRER, 15
SE—PI. BEREN, NMEEIRIRNAZKERMLERERIEL
& (ERHHEEY, NMASIRIRRIZ MBI LR STRFI R & AN
IRREER, ANMARMESSRSITTRIFIBARE; AR, MEAENX
T B,

-5 BEXRE

FHEHRIFRN=ARE
ARENENEIEA S MRME, (RREEEWENRE. R
REEUEASORARENA N, EER=MERE, BMEEE R

\\\\\

1. ARBES (REE, BEMXER)

BEN EARESRENTRAIREESES, TMERER
SAERIRANRENERY” B, XGRS F I EIRE I ARITIH]
, MAEHE Sk,
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%= 111

RS it B R ERSS
RDF/Tur #+{z=

DBpedia &M _ BRAIREEREL
tle oA
JSON/R ZEE. & 2

Wikidata 1@ / 2+5B il iR
DF =

CN- FhRR= o

) RXER RDF _ IR EE R EIE
DBpedia TTA

L2 ANZH S SRS S
OpenkG  EXBAE B L. EBEY

e IEE
MovielLen . .
B CSV 10R+1FD BEEEFIS
s
BEA%
IMDB Fg TSV . - Il oY=
BR (EfE H+Hz=
Freebase A (CF RDF ;l_g—H NEZSEMNE
g) ToH

shFEil: TH IMDB #iES
IMDB et T R BN LT EIES, B8BF. BME. JBA.
SESFTEER, EMERPMIREIEEESIER:
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import requests
import pandas as pd
import gzip

# IMDB HUESEAI T Eitthiit
datasets = {

"movies": "https://datasets.imdbws.com/title.basics.ts
"crew": "https://datasets.imdbws.com/title.crew.tsv.g:
"ratings": "https://datasets.imdbws.com/title.ratings.
"actors": "https://datasets.imdbws.com/name.basics.ts\

def download_and_load(url, filename):
i "_F:Etﬁ#bﬂﬁ IMDB ﬁy?&;ﬁ{u ni
print(f"EETZ {filenamel}...")
response = requests.get(url)

with open(filename, "wb") as f:
f.write(response.content)

with gzip.open(filename, "rt", encoding="utf-8") as f:
df = pd.read_csv(f, sep="\t", na_values=["\\N"])

print(f" # {len(df)} Hic&")
print(f" %%&: {df.columns.tolist()}")
return df

# THEIZEREE

movies_df = download_and_load(
datasets["movies"], "title.basics.tsv.gz"

)

print(movies_df.head(3))

# THERRER
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crew_df = download_and_load(

datasets["crew"], "title.crew.tsv.gz"

)

# BUERER: BEERMLLRRRE

print("\nBREEEHH: ")

genres = movies_df['"genres"].dropna().str.split(",").explc
print(genres.value_counts().head(10))

2. APl 200 (RHLE, BEEEMCEIR)

REWIGRMEMLR APl 20O, REINHIEESZE JSON
B, AIERER, SMANNRERERERS, MARLUE
ST,
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# {£F TMDB API FREXEEE(EE
import requests
import json

API_KEY = "your_tmdb_api_key" # 7 themoviedb.org %ZE

def get_movie_details(movie_id):
"UUIRENERESIEIE, EEEER AN EE
url = f"https://api.themoviedb.org/3/movie/{movie_id}'
params = {
"api_key": API_KEY,
"language": "zh-CN", # FREXVREE
"append_to_response": "credits, keywords, release_dz
I
response = requests.get(url, params=params)
return response.json()

def search_movie(query):
e LA
url = "https://api.themoviedb.org/3/search/movie"
params = {"api_key": API_KEY, "query": query, "languac
response = requests.get(url, params=params)
return response.json() ["results"]

# R (BE=ZE) EAER

movie = get movie_details(27205)
print(f"Eg&: {movie['title']l}")

print f"E?%. {movie['original_title']}")
print(f"EEHHE: {moviel'release_date']}")
print(f"i¥s5: {moviel'vote_average'l}")

—_—~ o~ o~ o~

# IRBSE
directors = [c["name"] for c in movie["credits"]["crew"]
if c["job"] == "Director"]
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print(f"S&: {directors}")

# RINEE (BI511)
top_cast = [c["name"] for c in movie["credits"]["cast"][:*
print(f"=+£3#E: {top_cast}")

# 1RENERE
genres = [g["name"] for g in movie["genres"]]
print(f"28: {genres}")

# BAPIEUER MM N =TTA

def movie_to_triples(movie_data):
"M API R[EIRVEIERE M A =TA" "
triples = []
title = movie_data["title"]

# SEXAR
for crew in movie_data["credits"]["crew"]:
if crew["job"] == "Director":
triples.append((title, "directedBy", crew['nan

# BRXAR
for cast in movie_data["credits"]["cast"]:
triples.append((title, "actedIn_by", cast["name"])

# RKBUXR
for genre in movie_datal["genres"]:
triples.append((title, "hasGenre", genre['name"]))

# BUEREM
triples.append((title, "releaseDate", movie_datal["rele

triples.append((title, "rating", str(movie_datal["vote_

return triples
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triples = movie_to_triples(movie)

for t in triples[:10]:
print(f" {t}")

3. IR (RRE, tWEFH)

HEIRZ B U AAVEUESRSE API BY, BRERHREMNFE., R
FIBGREVEHA A TN LAER, ERBELERERVIFEMLENE
(HTML, BRAESEXA), HAEENNWIARIRIENH .
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# 1M BeautifulSoup EEXEBFIMEE (FFERHI)
import requests

from bs4 import BeautifulSoup

import time

import json

def scrape_movie_page(url):
""RENRETIEER (R, LIMEREEEEAMIbSE)
headers = {
"User-Agent": "Mozilla/5.0 (Macintosh; Intel Mac (
"AppleWebKit/537.36 (KHTML, like Gec
"Chrome/120.0.0.0 Safari/537.36",
"Accept-Language": "zh-CN, zh;q=0.9"

try:
response = requests.get(url, headers=headers, time
response.raise_for_status()

except requests.RequestException as e:
print(f"iEKEM: {e}")

return None
soup = BeautifulSoup(response.text, "html.parser")

# XEBRGERFERIEEEWIG SRR
# UT2ERER
result = {}

# REUWGEE (BEE hl SUSERGRITRER)
title_elem = soup.find("h1")
if title_elem:

result["title"] = title_elem.get_text(strip=True)

# IREEMAEIE (RZWiU5H JSON-LD)
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for script in soup.find_all("script", type="applicatic
try:
json_data = json.loads(script.string)
if isinstance(json_data, dict):
result.update(extract_from_jsonld(json_dat
except json.JSONDecodeError:
continue

return result

def extract_from_jsonld(data):

"UUAN JSON-LD Mt EUEAIREVER "

result = {}

if data.get("@type") == "Movie":
result["title"] = data.get("name", "")
result["director"] = data.get("director", {}).get!(
result["genre"] = data.get('genre", [1])
result["datePublished"] = data.get("datePublished'

return result

# BREESEWM (IFEEZE! )

RULES = """

e fRfE % :

1. B5F robots.txt ¥ (B urllib.robotparser %)
2. BHENEKRME (BINEWABEUR, LERMIER)

3. {#F Session £ TCP &%, RENE

4, HEFSEAEMEANG (MERAIE)

5. IRBERENBIEE (BRTRERS)

6. SFEIIBRIFRLEN (TERETAER)

7. ZE(EA Scrapy EZRGEAHUEMCEES

print (RULES)
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R IE
NELEMNBESR, 22FEREFTEM—LIRGETE:
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import pandas as pd
import re

def preprocess_movie_data(df):
man szgi;gfmﬁlgllllll

# 1. EREEHE
df = df.drop_duplicates(subset=["tconst"])
print(f"A&ERF: {len(df)} FKiExX")

# 2. WIBFRKR(E
# IFRBIFE, FRELEEZTN "Unknown"
df["genres"] = df["genres"].fillna("Unknown")

# 3. MENFE

# BEDFRHEENEY

df ["startYear"] = pd.to_numeric(df["startYear"]l, errot
df ["runtimeMinutes"] = pd.to_numeric(df["runtimeMinute

# 4. RAZEFER (MXEFER "Action,SciFi, Thriller")
df["genre_list"] = df["genres"].str.split(",")

# 5. TEAHTENEE (WRARD)
if "isAdult" in df.columns:
df = df[df["isAdult"] == 0]

# 6. WIREEHNAS (WEEH. W)
if "titleType" in df.columns:
df = df[df["titleType"].isin(["movie", "tvMovie"])

print (f"#4tiEE: {len(df)} £iEE")
return df

# BERENE
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def check_data_quality(df):

"I ERIERE"""
print("=== HEREHRSE ===")
print (f"S2icE#: {len(df)}")
print (f"\nfR&ESIT:")
for col in df.columns:

missing = df[coll.isna().sum()

if missing > 0:

print(f" {col}: {missing} ({missing/len(df)x*]

print (f"\n¥EFESIT:")
for col in df.select_dtypes(include="number").columns:
print(f" {col}: min={dflcoll.min()}, max={dflcoll]
f"mean={df [col].mean():.1f}")

F_&: (FEHEY

BTREEER, T—ORRXABURERASEN—Y
MﬂEéﬁir@{télzﬁlﬁéﬁmﬁéﬁﬁ=|=?B1HR£E¢'AJ1’CE'\J%|]1,\o

FiB” &ML FENR”, FEE =5 (Triple), Bl (=&, i
iE, BiE) MR, LM IF mEHER - E=NS 7B (&
BEEN) H, FAIEMEN:

(Z¥=NE, directedBy, ZEHIEH -#E=)

SRHREE = MO FES:

o @ALMFIRA (NER): #HEXAPFHSEER (AR, B AR
72F)
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o RFZME (RE): HULMEZENXR (ESETIHE, HLE
T )
o EME (EE): WUEEHRESESE (REXRERMENT
RiEsh)
BR=1"FESERSE#H, NWEBERHAE"HAXR BRI RE
THA”, BEWEETENAIREE,

R RRA (NER)
NER FIES M AFIRF BB ELRBAIIR, X2
BEHENE—Y, HEeEMN—9%.

M) F

onf

WA REHER - E=T1970FHEELN, EREZANETZSE.

M
[REHIEFH - 1E=] - Person (A#])
[1970%F] - Date (HHH)
[f£3%] - Location (ihss)
[%E] - GPE (HHZFBUASIK)
[BEsSsE] > Title (3Lf&/ER\)

NER MU ARZH TR AR, E—REAFEZHED

Hia—: BTFHMN (5—K)
BB RN ERAS ENRIAXFHERKLE A, BAER
KRR, EERSZGR MRAEN, METEETINGEE.
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import re

def rule_based_ner(text):
MR TN E ENER—E S S IR E SR
entities = []

# A1 FCEEHR s HER
date_patterns = [
(r'\d{4}&\d{1,2}BA\d{1,2}8", "DATE"),
(r'\d{4}&\d{1,2}8", "DATE"),
(r'\d{4}&", "YEAR"),
1
for pattern, etype in date_patterns:
for match in re.finditer(pattern, text):
entities.append({
"text": match.group(),
"type": etype,
"start": match.start(),
"end": match.end()

})

# A2: CREREE () BESHHNRE)
movie_pattern = r" {([™)]+)) "
for match in re.finditer(movie_pattern, text):
entities.append({
"text": match.group(l), # EHEPES
“type": "MOVIE",
"start": match.start(),
"end": match.end()
})

# MN3: ETHRIEMEMARTE

surnames = "RXEFNFE R EIBGE DIEILEIDRT LT S MEHKTL
name_pattern = rf"([{surnames}] [\u4e00-\u9fa5]1{{1,3}})
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stopwords = {"ft4", "Ea", "XM", "HBN", "B, "R
"R, ", AT, ", "aR", "AX
for match in re.finditer(name_pattern, text):
if match.group() not in stopwords:
entities.append({
"text": match.group(),
"type'": "PERSON",
"start": match.start(),
"end": match.end()

})

# M4 CEEEE
money_pattern = r"\d+(?:\.\d+)?(?:1Z| /& | |ExT|AEH)"
for match in re.f1nd1ter(money_pattern, text):
entities.append({
"text": match.group(),
"type": "MONEY",
"start": match.start(),
"end": match.end()
})

return entities

# it
text = "sKZET1950F4A2HHAEMRABART, ST (g (FHP
entities = rule_based_ner(text)
for entity in entities:
print(f" [{entity['text']}] - {entity['type'l}")

# W

[19504H2H] - DATE

#  [(Z=ifEN] - MOVIE (GXE: EERIZ2"ZEM")
#  [5kZiE] - PERSON

#  [301Z7t] - MONEY

H*
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fHm: FREE, THEEIGEE, RS (EANEBE
HEEA), AIERIEE A ZHEENE, TALENNAREE

BIER, FEREATLFAN
BiE=: BTHRHER (82R)

LB AR CRF (FMHHENE) . HMM (IRE/RAETR
R F, ellfz0BEBE: £ NER HE—TFIIiREE=R
—XFOFFRNETF (FE), WEERFENZEFFK

(B). g () EERAZEZMA (O),
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# {§M sklearn-crfsuite LI CRF-based NER
# pip install sklearn-crfsuite

import sklearn_crfsuite
from sklearn_crfsuite import metrics

def char_features(sentence, 1i):

MR ENEE 1 RIS

char = sentence[i]

features = {
"char": char,
"is_digit": char.isdigit(),
"is_alpha": char.isalpha(),
"is_chinese": '"\u4e00" <= char <= "\u9fff",
"is_punct": char in ", ! 2 "ttt () O [,

# ETFXHHE (RIEE2DF)
for offset in [-2, -1, 1, 2]:
idx = i + offset
if @ <= idx < len(sentence):
features [f"char_{offset}"] = sentencel[idx]
else:
features [f"boundary_{offset}"] = True

return features
def prepare_features(text):

mni II)E%#%?E,??UIIIIII
return [char_features(text, i) for i in range(len(text

# FEE: (XA, tREF5))

# tEET: B-PER(ARFFk), I-PER(ARHIE), B-LOC(H#hZFFsk), |
train_data = [
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("SR Z IR A TR,
[IIB PERII III PERII III_PERII' IIOII, IIOII' IIOII' IIB_LOCII' 1
("BE=SETEE=TE",
[IIB PERII' III PERII, IIOII' IIOII' IIOII' IIB_MOVII' III_MOVII' 1

X_train = [prepare_features(text) for text, _ in train_dat
y_train = [labels for _, labels in train_datal

# 4 CRF &EE!
crf = sklearn_crfsuite.CRF(
algorithm="1bfgs",
cl=0.1,
c2=0.1,
max_iterations=100,
all_possible_transitions=True
)

crf.fit(X_train, y_train)

# F

test_text = "BEEIFETIHK"

test_features = prepare_features(test_text)
predictions = crf.predict([test_features])[0]

for char, label in zip(test_text, predictions):
if label !'= "0":
print(f" {char} - {label}")

FiE=: REZEY (B=R)

Bl TR EHRFEESS] NER H%E2E BERT + CRF %24,
BERT tiRIEfE F TXXIENX, CRF AFRIIHEFIINEEM (Kt
an |-PER RBELHINTE B-PER ZHI) .
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# {$F HuggingFace Transformers #4T NER
# pip install transformers torch

from transformers import pipeline

# PNEFYIZRAIH X NER #EE!

# XEBEFEA uer G NER &2

ner_pipeline = pipeline(
"ner",
model="uer/roberta-base-finetuned-cluener2020-chinese'
aggregation_strategy="simple" # J§FtokenRENTEL(E

text = " (RRMBIK2) ARKREE, WASE, T2023F1R22FEFEL

results = ner_pipeline(text)
for entity in results:
print(f" [{entity['word']l}] - {entity['entity_group"']
f"(&EE: {entity['score']l:.2f})")

# FRHASIH

#  [ARMEIk2] - Work/Movie (&{SE: 0.95)
[RR] - Person (&f5E: 0.98)

[3F0R] - Person (&{SE: 0.97)
[2023%F1H22H] - Date (EfsE: 0.93)
[(FE] - Location (&{SE: 0.96)

H B B R

REFIIME: TZHEENR, FILALIR)IL Byl
ARG, InElimilgk, TREALRITRLE REZINSHE: F
BAERINE (BEFTEMTIHRLFITERE); KREE"E
27, TKrIfRR
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AN LLM HBh (B, R=ANE)
RNESEE (LLM) B9HI, 1k NER HNT—TEHA9ES
. MAINERMABRIESEIRTM NER, AHEEAINE
¥i&:
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# pip install openai
import openai
import json

def 1lm_ner(text):
MUIMERY LLM #E TaR R SR
prompt = f"""{BEMATXAPREGZIMAE, RE ISON 3,

SCRRRIGIFE:

- Person (A4D)

- Movie (EE8%)

- Organization ({A4//AF])
- Location (=)

- Date (HHA)

- Award (Z&17)

- Genre (EBI/N#g)

XA {text}

REET (FH8ETE)
{{
"entities": [
{{Iltextll: Ilg{zkalgll’ Iltypell: ";{Z‘S‘%&i", Ilstartll: Egé{ﬁf
]
i3

=3¢

1. start f end BELAERXPHFRNUE (MOFHA)
2. AEEREDTE

3. MRLRRBARERETIRF, RE "Other"

response = openai.chat.completions.create(
model="gpt-4",

252



FREEN]

messages=[{"role": "user", "content": prompt}],
temperature=0, # KBERIEIERETE
response_format={"type": "json_object"}

)

result = json.loads(response.choices[0].message.conter
return result

# Wit
text = "EHSBRETFMRAIL L, HERFEE (REETF

H
S
i
g
FiF
o+

result = 1lm_ner(text)
for entity in result["entities"]:
print(f"* [{entity['text']1}] - {entity['type'l}")

# FRER%EIH:

#  [HE9SEERMTFMRELL] - Award
[#£R3Ix] - Person

[BEE£FEH] - Movie
[RELXEAX] - Award
[XZR5K] - Person

H B W R

LLM {8 NER B9fL%E: - TREERTEIE, THFEAKR (zero-
shot) BNRI{EM - AIARIEE XEARER (RFELR Prompt) -
SNEMBIRVIRAEEE DR (BERIEMRIRM. ERE) - XBZIEE

(B—" Prompt FIMEREX) - PIAEIRNRE EEEMERE

LLM f# NER H958: - RERIE (DRILN), FEERI

EIATAME - ARES (APHERER) - BERXATEETRRE
(fB/RIREFEE JSON) - AIEE=44])% (hallucination)
AR FERIEIE

RIEXE: LLM fiiE + JVREERE

1R
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REBATWRARRITNAR, G5 7TMENME:
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def 1lm_assisted_annotation_pipeline(texts, annotation_buc

LLM #@BptRERZK

DB

. B LM fRELERIE (IR, EXMEEH)
. ATEZNMEERE (FBREE)

. BERIRIGERIMER (REEE)
Rl ZRFROE IR IR R AR LR

A W N -

XEFREERT LM B TRE"ME,
SARUE T RS LIRS 805R E AL AIZH

1
S —

labeled_data
failed_count

# Step 1: A LLM #t2ME
for i, text in enumerate(texts[:annotation_budget]):
try:
result = 1lm_ner(text)
entities = result["entities"]

# A spaCy YLD

spans = []

for ent in entities:
spans.append((ent["start"], ent["end"], er

labeled_data.append((text, {"entities": spans]

if (i + 1) % 50 == 0:
print(f" B#mE {i + 1}/{annotation_budget

except (json.JSONDecodeError, KeyError) as e:
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failed_count += 1
continue

print (f"\n¥riE5E: ")

print(f" mIh: {len(labeled_data)} %")

print(f" 4%M: {failed_count} %")

print(f" EINZE: {len(labeled_data)/annotation_budgets
print(f'"\nT—%: ALE&INTHRE, ABHE spaCy/Transforme

return labeled_data

X ZMHEY (Relation Extraction)

IRBIEEARZE, T—PREIZRZENXR, XEFRE
EMEPRERSGMENESZ—, BAXRNKRAEBRESPFIE
BEEZEML,

ERENXRHE", ETRNXAFEgEERERNENRIAS
o :

- " (ZB¥ZTE) ARBHIER - E=HS"
- "BR=SENME (BF=E) "

- "REHRER E=E (BE¥ZTE) HSE"
- "E=HSHORXBRLIER (BT=E) "

HiE—: RRCE

ANEMXATR—ARRIEER, XMERREEE, EGX
ARALERBEENIDR:
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import re

# RARREX (WEEBLT)
RELATION_PATTERNS = {

"directedBy": [
r'(+?2) (28| 2) (+?7) (73S | BE | SEI)
r' () MNSEZ ) (219",
r'(+2) (25, ],) G+2) (7S | 98 | S98M) ",
r'(L+2) (72:2) (. +2) (7: S0 | SEM) ",

]r

"actedIn": [
r (L +2) (2 EBE|BE |28 (2:7) 2.0 +2) (2: [T $)"
r' (L+2) (27 | F) (L +7) (7 RIS | FhipiE) "
r+?) (2:8) (L +?) (2 B8 | HB3E) ",

I

"bornIn": [
r'C+?) (2 BAEF | EF | HAEE) G+2) (2 LT [$)"

]r

"belongsToGenre": [
r'(+?2) (22— BF) (+2) (?2: /B2 |RE) (2: [,.]]$)!
P
"wonAward": [
r"(.+?)(7.zx1=f|z<zx|$r%i1=f|ﬁ?% (7¢ T) ( (2L T$)"
r' (L +?) (2:&E | ) (L +?) (73815 | R_3R

def template_relation_extraction(text):

T AR R

extracted_relations = []
for relation_name, patterns in RELATION_PATTERNS. items

for pattern in patterns:
for match in re.finditer(pattern, text):
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subject = match.group(1).strip(",, ")
object_ = match.group(2).strip(",, ")

# BRI ERREEIITKAITE
if 1 < len(subject) < 20 and 1 < len(objec
extracted_relations.append({
"subject": subject,
"relation": relation_name,
"object": object_,
"method": "template"
1)

return extracted_relations

# Mk

texts = [
" (BETE) ARBHIEH BN, KENZ - BREERIETZ/)
"RZIEEETFRREABRART, EPEEARSBENRERAY. ",
" ORRIEKY 2—HRL A, HERSE, Y,

|

for text in texts:
print(f"\nX#A: {text[:40]}...")
relations = template_relation_extraction(text)
for rel in relations:
print(f" ({rell'subject'l}, {rell'relation'l}, {1
FiEZ: infESE (Distant Supervision)
MREEEE—MITUHNRE: URRKNELIE—LXR Gk
HEBWENRE), MAIMAXLEERXARERTIIZHREIE.

MR MR LAEIIRERFEREMXR, BAFN
BEXMT AN FRAGEHERKIMXA.
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def distant_supervision_demo():

b Y =

RIS EBHIFFAIR:
- (B%=g, directedBy, FEEFIEH -E=)
- (EffZ#, directedBy, =EREHIEH-E=)

# EFXAR (FFERE)

known_relations = {
("&ET=E", "mEHEH - E="): "directedBy",
("EfrF#", "mEBEHEFH - E="): "directedBy",
("B R, "HB=7ERFF") . "directedBy",

b

# MIBNERKESSIANNEF

sentences = [
"REEE E=ERS (BETE) K, FRTAENISHEN
" (BETE) RETSMAR, EBERGMNE, £RERBITSZE
"E=ZMETER (ERFH) BREI T tIRFAIRE KA FIXT A (81
"EERS R, REHHEH BRI T BRI EE S RS

1

# BohtmE
labeled_data = []
for sent in sentences:
labels = set()
for (subj, obj), rel in known_relations.items():
# MEBFAENEARESRNEIET FH
if subj in sent and obj in sent:
labels.add(rel)
# HRERHEE ("E=" K "=RHEE E=")
elif subj in sent:
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obj_parts = obj.split("-")
if any(part in sent for part in obj_parts
labels.add(rel)

if labels:
labeled_data.append({
"'sentence": sent,
"labels": list(labels),
"note": "HmptniE (RIBERIRFE) "
})

return labeled_data

result = distant_supervision_demo()
for item in result:
print(f" &F: {item['sentence'][:50]}...")
print(f" #r%: {item['labels']} ({item['note'l})")
print()
IERENROEE: BE, b EESRIEN, R
#H B IRE TR — X AR E S SERME
7%, BHKERA directedBy xR, A TRERXEIEA, HR
FHRET"Z2XHIF>)” (Multi-Instance Learning) %75 75RFEF(R
IR RYRZE,
BHE=: LLM B (EEAR)
LLM RO EX RIMENZ S E INE 2 A /EM, (R AE1EE
NAMRESLAEX 25 LLM, iLEHIMXR:
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import openai
import json

def 1lm_relation_extraction(text, entity_pairs=None):
MUER LM fHERSERSY Z BRI R

if entity_pairs:
pairs_text = "\n".join([
' - ({s}, {o})" for s, o in entity_pairs
1)
pairs_instruction
else:
pairs_instruction

FUIBMMT LA RFIRTX % \n{pai

"IEE R MIARLAER RIS, "

prompt = f"""YRE—TFREIEXZMENER.
MENAR, FIBFSLAX Z BRORAKE, MRAFAEXR, BE "no_relati
XA {text}
{pairs_instruction}

RARRRIE:

- directedBy (ASSETB, FiENEEF, BHNSE)
- actedIn (AHJETB, FIBRNER, BIRANEE)

- bornIn (AR47EB, FEAAY, BiRNHSE)

- belongsToGenre (AEFBERY)

- wonAward (A3R18§7BZIN)

- sequelOf (AEBARVZEEE)

- citizen0f (ARBEIMAR)

- releaseIn (A7EB.tB/ &%)

JEIR[E JSON &= :
{{
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"relations": [
{{"subject": "SE{K1", "relation": "XZZELH", "object":
]
}}IIIIII

response = openai.chat.completions.create(
model="gpt-4",

messages=[{"role": "user", "content": prompt}],
temperature=0,
response_format={"type": "json_object"}

return json.loads(response.choices[0].message.content)

# Mt
text = """2023%F, FMSEN (RRMIK2) AHELKR, RREXEMES
ZhE CRRMIK) K, EXFERE8T52ET. """

# AR—: BELAX

entity_pairs = [
("TR#EER2", “ZRIA"),
("ARMER2", "RJE"),
("AURMEEK2", "AURMER"),
("AIRMER2", "HE"),

result = llm_relation_extraction(text, entity_pairs)
print ("{ELER: ")
for rel in result["relations"]:
print(f" ({rell['subject'l}, {rell['relation'l}, {rell'
f*[&fEE: {rell'confidence']l}1")
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E4#EY (Event Extraction)
SHMEE X ZHNEER, EREMXAFIRFIEHRES
25F, —TMBHBEES: EMEE. ®AE (trigger). 2
5% (arguments) . BYjE). HREFER,
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def 1lm_event_extraction(text):
"R LLM TR
prompt = f"""MMUTFXAFREBMAESHER.

XA&: {text}

WFENEH, HREC

1. event_type: EHEA (40: movie_release/HF L, award_ce
person_birth/ A¥H4, company_founding//AS]p3L)
trigger: MR DBHHXBIFNEIE

participants: Z55M4MAERENNASSETIZER

time: B RLENATE (MNRXAFIRE])

location: B AEMNMS (ARXAFIRE)

U B~ W N

IR[E] JSON #83:

{{
"events": [
{{
"event_type'": "ZE{fFRR",
"trigger": "fR&iF",
"participants": [{{"role": "A&&", "entity": "SL{k
"time": "E[E)",
"location": "ihgm"
+
1
Fpre

response = openai.chat.completions.create(
model="gpt-4",

messages=[{"role": "user", "content": prompt}],
temperature=0,
response_format={"type": "json_object"}
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return json.loads(response.choices[@].message.content)

# Mk

text = """ZE5/ERATRML R, F20235F3 B 12 HEERIZHLIF IS ECRI
BEEEE (BEEFH) REREXEBR,

RS RESLAR,

K- ZF-AEHRERE (RERETH) AEmEXERHAR, """

result = 1lm_event_extraction(text)

for event in result["events"]:
print(f"\n ZE#4x£8: {event['event_type']}")
print(f" ff%&id: {event['trigger']1}")
print(f" AJE: {event.get('time', 'FKIEK')}")
print(f" ihgx: {event.get('location', 'FKigk')}")
for p in event.get("participants", []):

print(f" {pl'role'l}: {pl['entity'l}")

F=%: MAME
MABEIRREMEN S RAEIR, FEFEAROAR, B—
SAEARFEREEEAENREE. TENEMHE. FMiRFSH
BireF X S NEIREESR— 1 —31. &RENANIRE
-i‘gEtO
MRS s =T O0FES:
1. SLR345F (Entity Alignment) : iR AR EEIERE I8 E—L
(LN ORNEIET:Y
2. MZS5HEME (Conflict Resolution) : LMEREE 2 BT EE

S
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3. REi# (Quality Assessment) : ERS FE AR EEAI R

Hlﬂl =]

SL{AIF3F (Entity Alignment)
XEARMEPRIENTE,
BEIERPINRTEFTERS:

PRSP, E—PEEES

REHEs - i5= = Christopher Nolan = Christopher Edward Nol
(EE=E) = Inception = ZEEX (AEFR) = BITXIE (FE&3F
BE—TAREM=TTE

GORAEERARSSTT, (RAVADIRENE
U FTIBRY” AR S

MTR, SETSNEME, RUEARBKE—X

o) &3,
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from difflib import SequenceMatcher
import unicodedata

class EntityAligner:
NSRS IRBIMIE HIREE — SRR A

def __init_ (self, similarity_threshold=0.85):
self.threshold = similarity_threshold
self.canonical_entities = {} # canonical_name —>
self.alias_map = {} # alias —-> canonical_name

def normalize(self, name):
"SR Z FRAAE LRI
if not name:
return ""
# Si—RIN5
name = name.strip().lower()
# A Unicode FRaZS{R
name = unicodedata.normalize("NFKC", name)
# ERBLDREMS
name = name.replace("-", "").replace("*", "").repl
# ERESRAS (W "EA¥=TE (BF)" - "&B¥=TE")
import re
name = re.sub(r" [((1.+2[))]1", "", name).strip()
return name

def similarity(self, namel, name2):
PO ERADBIREMUE (55 SThREg)
nl = self.normalize(namel)
n2 = self.normalize(name2)

# BER1: FEHRITE

if nl1 == n2:
return 1.0
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# FIR2: BEXER
if n1 in n2 or n2 in nl:
return 0.95

# REE3: YRIBIEEELE
edit_sim = SequenceMatcher(None, nl, n2).ratio()

# KE&4: Jaccard HAUE (BEFFHES)
setl = set(nl)
set2 = set(n2)
if setl or set2:
jaccard = len(setl & set2) / len(setl | set2)
else:
jaccard = 0
# ZE5E0
return max(edit_sim, jaccard)

find_match(self, entity_name, entity_type):
BRI SE AR E Y R LA "
# EBEAEBER
normalized = self.normalize(entity_name)
if normalized in self.alias_map:
return self.alias_map[normalized], 1.0

# BHEMEMR, ITEBRMNE
best_match = None
best_score 0

for canonical, info in self.canonical_entities.ite
# RIERERBRITR
if info.get("type") != entity_type:
continue
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score = self.similarity(entity_name, canonical

# WAEHE

for alias in info.get("aliases", []):
alias_score = self.similarity(entity_name,
score = max(score, alias_score)

if score > best_score:
best_score = score
best_match = canonical

if best_score >= self.threshold:
return best_match, best_score
return None, best_score

def add_or_merge(self, name, entity_type, properties):
RIS RS S FHEIE B A
existing, score = self.find_match(name, entity_tyg

if existing:
# B BEIFEM, Hmala
info = self.canonical_entities[existing]
# BUESHER: WEETEBZEERE (REEEIT)
for k, v in properties.items():
if k not in info.get("properties", {}) or
info.setdefault("properties", {})I[k] =
info.setdefault("aliases", set()).add(name)
self.alias_map[self.normalize(name)] = existir
return existing, "merged", score
else:
# FIERTAR
self.canonical_entities[name] = {
"type": entity_type,
"properties": properties,
"aliases": {name}

269



FREEN]
b

self.alias_map[self.normalize(name)] = name
return name, '"created", 1.0

def report(self):
A RS ST IRE
print("=== SLAEXIFRE ===")
print (f"#nESERE: {len(self.canonical_entities)}"
total_aliases = sum(
len(info.get("aliases", [1))
for info in self.canonical_entities.values()
)
print(f"=2%)&%%: {total_aliases}")
print (f"F9%02%8: {total_aliases / max(len(self.c:

# FIHEBEZ P HIBAIZIR
print("\nZ5IZEMK:")
for name, info in self.canonical_entities.items():
aliases = info.get("aliases", set())
if len(aliases) > 1:
print(f" {name}: {aliases}")

# (ERARBGI
aligner = EntityAligner(similarity_threshold=0.80)

# BRIMMTBEEIRRS N\

import_sources = [
# BUERL: IMDB (3HX)
{"name": "Christopher Nolan", "type": "Person",
"properties": {"birth_year": 1970, "nationality": "B
# BEE2: 2l ()
{"name": "HEHIEH E=", "type": "Person",
"properties": {"birth_date": "1970-07-30", "popular_n
# BIER3: #EER (£28)
{"name": "Christopher Edward Nolan', "type": "Person",

270



FREEN]

"properties": {"birth_place": "London", '"spouse": "En
# BUERA: FHEHRE (FR)
{"name": "3E=", "type": "Person",

"properties": {"latest_movie": "BEZAEE"}},

print ("SLAXTTERE: ")
for source in import_sources:
result_id, action, score = aligner.add_or_merge(
source["name"], sourcel["type"]l, source["properties

)
print(f" [{sourcel'name']}] - {action} (FmEH&: {resul

aligner.report()
IR H AR
SAEEIERNE AL HFBENEEN, FEHITHRE

2, LEUEEERHRIEZRETF7A30H, BENEEMIEENET
B31H— X2
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class ConflictResolver:
" RS

def

def

__init_ (self):

# BURRAEENE (RIBIIERNREATIRE)

self.source_trust = {
"wikidata": 0.95, # Wikidata t#X4F, FHE
"imdb": 0.90, # IMDB EHHUE
"douban": 0.85, # Sl
"wikipedia": 0.88, # HEQR
"user_generated": 0.60, # BFPERNS
"web_scraped": 0.70, # RITIMEEY

resolve(self, property_name, values_with_sources):

SRR o
SH:

- property_name: E4& (W "birth_date")
- values_with_sources: &3 ENETIE
[{"value": "1970-07-30", "source": "wikidata"},
{"value": "1970-07-31", '"source": "douban"}]
if len(values_with_sources) <= 1:
return values_with_sources[0] ["value"] if valt

# RERL: IREE (ZHUR)
value_counts = {}
for item in values_with_sources:
v = item["value"]
value_counts[v] = value_counts.get(v, 0) + 1
voting_result = max(value_counts, key=value_counts
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# WREE2: MAURE (REUETRAEEMNN)
weighted_scores = {}
for item in values_with_sources:
v = item["value"]
trust = self.source_trust.get(item["source"],
weighted_scores[v] = weighted_scores.get(v, 0)
weighted_result = max(weighted_scores, key=weighte

# REE3: RIMSL (EELEEANEGE, WFEE)
# FEANERER

return {
"property": property_name,
"voting_result": voting_result,
"weighted_result": weighted_result,
"recommended": weighted_result, # ¥#E{EARAMNINL
"all_values": values_with_sources,
"has_conflict": len(set(v["value"] for v in ve

# M
resolver = ConflictResolver()

# B8 E=ZNHABBRE=7"TRERR

print (" HsSERERE: ")

conflict_data = [
{"value": "1970-07-30", "source": "wikidata"},
{"value": "1970-07-31", "source": "douban"},
{"value": "1970-07-30", "source": "imdb"},
{"value": "1970-07-30", "source": "wikipedia"},

result = resolver.resolve("birth_date", conflict_data)
print(f" &EM: {result['property']}")
print(f* REEFEEHR: {result['has_conflict']}")
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print(f" &ELR: {result['voting_result']}")
print(f" MMANER: {result['weighted_result']}")
print(f" ##FE: {result['recommended']}")

AR ETHE
MRMERE, FEMSTHEEHEINREIENRE. XMEE
B FRENRIEIEE—RAREMTRE . TR,
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class KnowledgeGraphQualityEvaluator:
"""%D‘L . E&E.L;,fﬁﬂﬂllllll

def __init_ (self, triples, schema=None):
S
- triples: list of (subject predicate, object) gt
— schema: FREEX (i), AFEEESIE
self.triples = triples
self.schema = schema
self._build_index()

def _build_index(self):
R RS | nERE e
self.subject_properties = {}
self.all_entities = set()

for s, p, o in self.triples:

self.all_entities.add(s)

self.all_entities.add(o)

if s not in self.subject_properties:
self.subject_properties[s] = {}

if p not in self.subject_properties[s]:
self.subject_properties[s][p] = []

self.subject_properties[s] [p].append(o)

def completeness(self, required_properties_per_type=Nc
MR L SR ER R SRR
if not required_properties_per_type:
required_properties_per_type = {
"Movie": ["directedBy", "releaseDate", "ti
"Person": ["name"],
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scores = []
for entity, props in self.subject_properties.items
# B RIRFAIESIMERERNOERMY
all_required = set()
for req_list in required_properties_per_type.\
all_required.update(req_list)

filled = sum(1 for rp in all_required if rp ir
scores.append(filled / len(all_required) if al

return sum(scores) / len(scores) if scores else 0

consistency(self):
" —EMT L MERSFEEEFE"""
issues = []

# KEL: B—XANREERMESEZITEE
for entity, props in self.subject_properties.items
for prop, values in props.items():
# RLBEMANIZEEEN (4 birthDate)
single_value_props = {"birthDate", "releas
if prop in single_value_props and len(set/(
issues.append({
"type": "multi_value_single_proper
"entity": entity,
"property": prop,
"values": values

})

consistency_score = 1 - (len(issues) / max(len(sel
return max(@, consistency_score), issues

coverage(self, expected_entities=None):
BRGSO SHERE R
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if not expected_entities:
return 1.0 # RBEMHEATIER, TEITE

found = sum(1l for e in expected_entities if e in ¢
return found / len(expected_entities)

generate_report(self, required_props=None):

i IIE}&?%%E%?E%"""

completeness = self.completeness(required_props)
consistency, issues = self.consistency()

print("=" x 50)

print(" FIRENERERE")

print("=" x 50)

print(f" = cHARE: {len(self.triples)}")
print(f" SC{REE: {len(self.all_entities)}")
print(f" SEEMHTS: {completeness:.2%}")
print(f" —FHEiTES: {consistency:.2%}")
print(f" 4£Z&1F7D: {(completeness + consisten
if issues:

print(f"\n &I {len(issues)} NEREEM:")
for issue in issues[:5]: # RERFISD
print(f" - [{issuel['type']l}] {issuel'er
else:
print("\n RAED—HEE@IR ")

print("=" x 50)

= [

("Inception", "directedBy", "Christopher Nolan"),
("Inception", "releaseDate", "2010-07-16"),
("Inception", "rating", "8.8"),

("Inception", "genre", "SciFi"),

277



FREEN]

"Inception", '"genre", "Action"),

"Interstellar", "directedBy", "Christopher Nolan"),
"Interstellar", "releaseDate", '"2014-11-07"),
"Christopher Nolan", "birthDate", "1970-07-30"),
"Christopher Nolan", "nationality", "British"),
"Christopher Nolan", "name", "Christopher Nolan"),

—

]

evaluator = KnowledgeGraphQualityEvaluator(triples)
evaluator.generate_report()

EME: MRTFHE

HMINMEFRESTRE, RE—TEBHIRFEABIEE. RIE
BIRERNARE, ETEERMEFEMELE: BHYE (Property
Graph) FIRDF [&,

A Neodj (BiEEIER)
Neodj £ ERISF/TNELIEE, ERABMEEER—5&0]
I BMRIIRE, %RBATNGREE.
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# pip install neo4j
from neo4j import GraphDatabase

class KnowledgeGraphStore:
" IREIETERE: S =TAFA Neodj

def __init_ (self, uri="bolt://localhost:7687",
user="neo4j", password="your_password"):
self.driver = GraphDatabase.driver(uri, auth=(user

def close(self):
self.driver.close()

def create_constraints(self):
"R —HAR (RESEREMEBEE—RE)
with self.driver.session() as session:
# NEMTREEIGIEE—EAR
labels = ["Person", "Movie", "Genre", "Award",
for label in labels:
query = f"CREATE CONSTRAINT IF NOT EXISTS
try:
session.run(query)
print(f" @IEL%R: {label}.name H—")
except Exception as e:
print(f" AREIEEKM ({label}): {e}")

def batch_import(self, triples, entity_types, relatior

HESA=TH

S
- triples: list of (subject, predicate, object)
- entity_types: dict, entity_name —-> node_label
- relation_types: dict, predicate —> relationship_
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with self.driver.session() as session:
imported = 0
for subject, predicate, obj in triples:
subj_type = entity_types.get(subject, "Ent

obj_type = entity_types.get(obj, "Entity")
rel_type = relation_types.get(predicate, [
query fllllll

MERGE (a:{subj_type} {{name: $subject}})

(
MERGE (b:{obj_type} {{name: $obj}})
MERGE (a)-[r:{rel_type}]—>(b)

RETURN a, b

session.run(query, subject=subject, obj=ok
imported += 1

print(f" pIISAN {imported} %=7t4H")

def add_properties(self, entity_name, entity_type, prc
"SRRI
with self.driver.session() as session:
props_str =", ".join(f"n.{k} = ${k}" for k ir
query = f"""
MATCH (n:{entity_type} {{name: $namel}})
SET {props_str}
RETURN n

session.run(query, name=entity_name, sxpropert

def query(self, cypher):
"UEYT Cypher &gttt
with self.driver.session() as session:
result = session.run(cypher)
return [record.data() for record in result]
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# {ERATHGI
store = KnowledgeGraphStore()

# BIRAR

store.create_constraints()

# SNBRANR
triples = [

("&EE", "directedBy", "SmEBHETIEIE-IEZ"),
RBEIE", "actedIn", "NRMNZ-EREZEHA"),
"EAERET, "actedIn", "AEkL SE-SEAEE"),
Z==[g", "hasGenre", "®41"),

218", "hasGenre", "mfE"),

FREH", “"directedBy", “FEEFIEH-IEZ"),
FREF#E", "actedIn", "S5 -ZEHM"),
FREE#", "hasGenre", "®4J"),

mﬁm&h

(
(
("2
(II
(
(
(

entity_types = {
"’R*g)k"m . "Movie" "EBT LII. "MOVie",
"R EHEIE - E="" "Director",
"ERWNZ - BREER": "Actor",

"HEX - BE-SRERE": "Actor”,
"o ZEM": "Actor",
||$SI_2]||: “Genre", IIE}JT ||: "Genre",

relation_types = {
"directedBy": "DIRECTED_BY",
"actedIn": "ACTED_IN",
"hasGenre": "HAS_GENRE",

store.batch_import(triples, entity_types, relation_types)
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# AREM
store.add_properties("&&=E", "Movie", {
"releaseDate": "2010-07-16",
"rating": 9.3,
"runtime'": 148

1)

# ERIIE

print("\n&if]: B=SEBNMBEERR")

results = store.query("""
MATCH (d:Director {name: 'SEEHfit#-1E="'})<-[:DIRECTED
RETURN m.name AS movie

IIIIII)

for r in results:
print(f" {r['movie']}")

store.close()

E4 7 RDF (i X Mtni)
MR FIRENEFESEXYNES RS TE, ETEEH
SPARQL EiiES, B4 RDF A EFEIFHYIEIR:
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# pip install rdflib
from rdflib import Graph, Literal, URIRef, Namespace, BNoc
from rdflib.namespace import RDF, RDFS, XSD, OWL

def export_to_rdf(triples, namespace_uri="http://example.c
"""3{§EJ_EZHTE_FH‘J'§\J RDF/TUrtle *%;—Etllllll
g = Graph()

# EXGERLIE

movie = Namespace(namespace_uri)
g.bind("movie", movie)
g.bind("owl", OWL)
g.bind("rdfs", RDFS)

for subject, predicate, obj in triples:
s = movie[subject.replace(" ", "_").replace(":", '
p = movie[predicate]

# EREFIHT object EHY
if obj.replace(".", "").replace("-", "").isdigit()
o = Literal(obj, datatype=XSD.date)
elif obj.replace(".", "").isdigit():
o = Literal(float(obj), datatype=XSD.float)
else:
# BAIAMERN URI 5| (MREXMAF) siFEE
# EREAM: UREFEBAREEXLTHE, MAXZAHSIH

if obj[@].isupper() and " " not in obj:
o = movielobj.replace(" ", "_")]
else:
o = movie[obj.replace(" ", "_").replace(":

g.add((s, p, o))

# SR Turtle R
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turtle_output = g.serialize(format="turtle")
return turtle_output

# M

triples = [
("Inception", "title", "Inception"),
("Inception", "directedBy", "Christopher_Nolan"),
("Inception", "releaseDate", '2010-07-16"),
("Inception", "rating", "8.8"),

rdf_output = export_to_rdf(triples)
print(rdf_output)

# RIFRISCE

with open("movie_kg.ttl", "w", encoding="utf-8") as f:
f.write(rdf_output)

print("\nRDF X#ER7=FZl movie_kg.ttl")

LLM FEBh#938 : imElimSCsk

MAILRNMEFRB UM TEER, TH— 1 TRBAIREIRSE AN
BE—M—RHMEXEFHEAIR, MEEFNIREEFR,
Z Neodj,
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STk MEREIEIZIREE

TR (£ spaCy + LLM MirEXEFinZinta 2R E

LS :
pip install spacy openai neo4j pyvis
python -m spacy download zh_core_web_sm

EITHIR:
- B2& OpenAI API Key
- BaAR Neodj SEfl (SU{FEA Neodj Aura =Ef)

import spacy

import json

import openai

from collections import defaultdict
from pyvis.network import Network

#

# Step 1: ERIESIK

#

news_article =
SE95/F BT R M2 B8, F 202353 H 12 HEE 2T KISt LERIBRET .
(REEFHE) RARARE, MIRCIAE,
BRIREBZRRBRELREREL, HABMERIHRENTEER.
KRBRSREBEAE,

ZRBAXFKIFER - ANFHREHS .

Lesh, (FRLTEE) RSRERMT A FHIMAE,

m=F BERE (K REREBEAX.
AK-Z-AFHEE (BEREFH) REREREKAX.
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BEE—IRNE, HEREAETI962F8H6H, KBDRAIL,
WHERRREE RN "XEREMAIREMAVTIE, "

#

# Step 2: {FF spaCy #H1T#]% NER (REIR, FRAE)
#

print("=== Step 2: spaCy #J# NER ===")
nlp = spacy.load("zh_core_web_sm")
doc = nlp(news_article)

spacy_entities = defaultdict(list)

for ent in doc.ents:
spacy_entities[ent.label_].append(ent.text)
print(f" [{ent.text}] - {ent.label_}")

#

# Step 3: f£F LLM EBE (FBES, B=2)
#

print("\n=== Step 3: LLM 1E5ZiHEY ==="')

def llm_extract_knowledge(text):
"UIMER LLM o TImRImAI RN IR AR

prompt = f"""“{RE—TINIRENEMRER. BEMATHE XA RIHERL

FTiEISCA:
{text}

BFEMMATES, HIUX ISON #&iRE:

1. SE{RIRE): RGP SR RE KR
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Z£8): Person, Movie, Award, Organization, Location, Date

2. XERME: RBISLIAN Z BRIX F

XxZ: wonAward, directedBy, actedIn, bornIn, bornOn, cit
3. BB RFIFESH (BFESHEE. MAE. 2535, [ME. #S)

REIET:

{{
"entities": [{{"name": "JFR", "type": "EH"}}],
"relations": [{{"subject": "ZFE{K", "predicate": "X&", "
"events": [{{"type": "SEHEE", "trigger": "f&iF", "par

Fpre

response = openai.chat.completions.create(
model="gpt-4",

messages=[
{"role": "system", "content": "{REFEHAVENIREE
{"role": "user", "content": prompt}

1,
temperature=0,
response_format={"type": "json_object"}

return json.loads(response.choices[0].message.content)

knowledge = 1lm_extract_knowledge(news_article)

print(f" ={&x#: {len(knowledge.get('entities', [1))}")
print(f" =xZ#: {len(knowledge.get('relations', []))}")
print(f" Z#%: {len(knowledge.get('events', [1))}")

#

# Step 4: AILENIREE

#
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print("\n=== Step 4: At ===")

def visualize_knowledge(knowledge, output_file="oscar_kg.t
S HHEN YRR AT AR E R E
net = Network(height="600px", width="100%", bgcolor="4
font_color="#333333", directed=True)

# IREMES|E
net.barnes_hut(gravity=-3000, spring_length=150)

# ENEERRET

type_colors = {
"Person': "#4CAF50", # &%
"Movie": "#2196F3", # EE
"Award": "#FF9800", # B
"Location": "#9C27B0", # £
"Date": "#F44336", # 416
"Country": "#00BCD4", # Bf

# RIS
for entity in knowledge.get("entities", []):
color = type_colors.get(entity["type"], '#999999")
net.add_node(
entity["name"],
label=entity["name"],
title=f"2£8: {entity['type'l}",
color=color,
size=20

# WIMXRL
for relation in knowledge.get("relations", [1):
net.add_edge(
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relation["subject"],
relation["object"],
title=relation["predicate"],
label=relation["predicate"],
arrows="to"

net.save_graph(output_file)
print(f" ZNHRENEEREER] {output_file}")

visualize_knowledge(knowledge)
#

# Step 5: 1TENEMHER
#

print("\n=== MEERLH ===")

print ("\ns£{AFlx: ")
for entity in knowledge.get("entities", []):
print(f" [{entity['name'l}] - {entity['type'l}")

print("\nx®R%IFE: ")
for relation in knowledge.get("relations", []):
conf = relation.get('confidence', 'N/A')
print(f" ({relation['subject']}) ——{relation['predice

print("\nSB#5%: ")
for event in knowledge.get("events", []):
print(f" =ZE: {event['type'l} (ftk1d: {event.get('tr
print(f" ifE: {event.get('time', 'ZRIER')}")
print(f" #m: {event.get('location', 'FKiZKR')}")
for p in event.get("participants", []):
print(f" {pl'role'l}: {pl['entity']1}")
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MRHMLL: EHHE vs LLM FA

LLM A&

x 1n-2
ERAE (it
)
FeEE  SEEMA
SRS
ISR mmmin
R
SEEH  SRTAN/ANSE
R EEEEENRS
WIDRE  EWR
SETRE R ()
TREE B (UEER)
WIFEA B (EPIN)
EBIECH:

A
BTEHRH
22

=

ZRRT IR
i)

VI ZRLT

7 (R2)

F (FL%)

BEEAR (EENIEAR)

BN EER

FRAFDHES

Bz R

BiS, B84

&k

Wi
%7 (APHEF)

AEE Prompt

i
AR

Ez:

& (2% Prompt)

KIBESIEIE -~ EHRAE FN + FllgIVER), RIBEREFBRA
KEENZSR - LLM HEEILE, RIEBEXR
REBHMEE - LLM FiREEE + ALE#R, RERRZNHGE
FEPRIGIE > LLM EiFME, JURAE MVP
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NFEHS: MFEEI=TA

B 1R
FETRAEZENMERAK, M—RERHEGEE TSR mEE
REE, ARMLETR.

I
{ER AT FE A :
ERNETF2023F6 A5 HEMAEB LM ELL & ERApple ParkEfT T
WWDC 2023F AEKRS. CEOHBB - FERAM rVision Prok#HAERas,

RXE—FRAWEHE, €M349935T, Vision ProfEz TM2is Kl
SRS E, EfTvision0SEIERLE,

tesh, FEREAM T FFMacBook Air 15FSTHRA, BHM2BA,

HEML299%TT, 10S 17HAERRAS LR, HHRTEHHN
FRANER R A RINEE.

KT
Step 1: LK

pip install spacy openai pyvis
python -m spacy download zh_core_web_sm

Step 2: F spaCy ¥ NER
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import spacy
nlp = spacy.load("zh_core_web_sm")

teXt = nnn (_tEE’\]%ﬁ-IEKZ'K) min
doc = nlp(text)

print("spaCy NER Z&&E: ")
for ent in doc.ents:
print(f" {ent.text} - {ent.label_}")

WERZER: spaCy BEIRFI L IFPLESC(R? B IFLE SLIRMEIRIR 1772
Step 3: A LLM {#i¥5HaHHEY

SE FEXLEDH) Uln_extract_knowledge BREI, XiXE
EFHITTRRBAISEIR, XA, FHHEL, XL LLM ] spaCy B4
R, BF LLM 2R3 7ML KR,

Step 4: ¥R =THHTF0E

& LLM iR[ERY JSON S5R¥EM N =TAIIR, PIBUREEZEA
Neodj (MIREZRK) HESFLN RDF X4,

Step 5: BIfR{LIEIE

{ER pyvis EENRENETMMAAREXR HTML T1HE, €E
TRIXAZERE
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from pyvis.network import Network

def visualize_kg(triples, output_file="tech_kg.html"):
"= AR A
net = Network(height="600px", width="100%",
bgcolor="#ffffff'", directed=True)
net.barnes_hut(gravity=-2000, spring_length=120)

nodes = set()
for s, p, o in triples:
nodes.add(s)
nodes.add(o)
net.add_edge(s, o, title=p, label=p, arrows="to")

for node in nodes:
net.add_node(node, label=node, title=node, size=1t

net.save_graph(output_file)

print (f"Z#lIiREEEREE] {output_file}")
print(f" F=%: {len(nodes)}")
print(f" ##: {len(triples)}")

# {EFH

triples = [
("R, "HH", "WwDC 2023"),
("ER", "&*%", "Vision Pro"),
("3ER", "&%f", "MacBook Air 15"),
("R, "K', "i0s 17"),
("Vision Pro", "##H", "M2&5H"),
("Vision Pro", "#&#H", "RISH"),
("Vision Pro", "izf7", '"vision0S"),
("Vision Pro", "&M", '"3499%7"),
("MacBook Air 15", "$HE", "M2itE"),
("MacBook Air 15", "&f", "1299%=7w"),
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("#H\-ER", "i8E", "CE0"),

("FEW-ER", "RERF", "ER"),

("wwDC 2023", "Zfpith", "Apple Park"),

("wwDC 2023", "AJ[E", "2023F6H5H"),
]

visualize_kg(triples)

B PR
TREAGIE, XL HMY R:

1. REZEME: 5—THA, BIZZTIEXAE, Bl
HMEVNIRENE, AERMS

2. MEEH: HHFNFMEZRRN, BhS5ERMIREIEHITER
RS

3. REiTd: IIM— P EHEHIA, BALNENERITER
BYHY Precision. Recall. F1 9%

4. EW@EO: AAMREEAN—TERESEWEO, AP
ABERIESEM

5. 3FEE3EEE: WEERA spaCy. RA LLM. spaCy+LLM =#7
E R EIPVES

RE {85833
1. {Information Extraction) —— Jurafsky & Martin #9

{Speech and Language Processing) $£17%, XxZAMHENEZ
B, BB
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2. spaCy BAXHFI#FE — https://spacy.io/ , TAZ% NLP
TH, XIBBIEE, XHEEFERYE

3. HuggingFace NER #{i&§ —
https://huggingface.co/course , EBIHRBITIIIZRIERILE,
BAREFIEITRES

4. OpenAl Cookbook - Structured Outputs —
https://cookbook.openai.com/ , ZEtaft i HAIRIESLH

5. Neo4dj Graph Data Science —
https://neo4j.com/docs/graph-data-science/ , E&EF
B oM, #HEE

6. {Knowledge Graphs) —— Hogan et al. 2021, FIiREE
LR EMEM, RAIRBELIRE: https://kgbook.org/
7. OpenKG (FFRXNIREE) —— http://openkg.cn/ , HXA

RENEMX, BFENHXEER. FUEEMNITEA
8. (AREBIIRENAIZIIRENEME) — ZREHPXGERIEX, BR
CNKI 8§ arxiv PISRENERFTIH B

FENG
FERNTEE T BAREEMRNSRE, KER—T%
HEAMR A

MK E:

HIEXRE - [FERMER - MRRE - AREFME
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B—SHUHEN, R—AT, AI—FPNREERZRRE T F—
SRR,

HIERE—FEMRMIPER: - =MRE: FHREESE (RE
£). APLEDO (&AGE). WIE (RRE) - WKEEHER
£ (&, RBR. tnEl) MEHE (robots.txt, HrAX)

(EEHE—ZOREARFAT: - NER IR AE: M — 45t
BE (CRF) — REZS (BERT+CRF) — LLM - XZIHEL:
BARCE — RS — MGER — LLM - SHHME: MR
FIRFEGERESSE, LLM 2ERIRIANS R - KiaH:
LLM I[EEEZESHMEAE, SHEARMEKATTEE

MRRS—AHE: - TEXTT: RBIAESERPE
—SR (B + BUETTE) - PRER: REE. I
A WEEE, SBEERER - mEWE: =B, Bt 8=
R, Z T HER—TA

HRFE—ILAR” A - Neodj (BHE): ENH
EIfREY, 3®AHY Cypher E1), EBEAZENA - RDF (1EX
M) TREMRET, IFHE, EaFEBEARNENGR - EF
BRTNAGR, T2l SR 8

LLM 36Bhi932 (ER#a%E): - THAR//DHEARHE, KiEkE
RARERA, INEMBERBR - &EXE: B LLM #imE, JI1Z0
RELREE (REREMMA) - BEAE: EHAHEVIERINE
SSEUE, LLM LEBRKEENGR
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X8, RELEE T NEMEIMRENENTEREEH. MK
gt (E—F) BEUERE. FEEME. MRS, MIRFMHE
(RT), MELF T —ERAMNNTT AL,

T8, BAREIMEAEMRIFNAIREE L #THENE
W—IEERSHANIR™E R, BENAFEIENE.

WEEFIAIE, ARRAIFIRTAZE)M!
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% /\E Ubuntu 22.04FF

IRRE

| IazEE, sEFEE.

— (BEFE- DR
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FBE: A BEANT
FILT#ERT: 2-3/\HT (BERFLE)

5|F

FIEXBAIIRENENE R 28], BNSERMF—HIEEE
ENEE: BE—TRFNIEWE.

RZU2E—ALHERETENELESENER—EFE X
BRI EER, FESWEMRIERESELEEME: Linux, Bl
#l. WSL. Docker, PythonfEiMIFIE.. ... iXLEE 2 —RRANSESE,
TEATCETIEM

R, ZEMEARESRN.,

BISGRIRAR—1F, —R—IRMIERDNFLIMEREER,
BT HREEENG SRR LG, MIREEREMM
17. BEIEFEOABE—NSIE R AR R 5 A& R
*0

R 4EFEUbUNtU? XAZTARE, MmaEFiREE A
B, JLEMBEREEIEE (Neodj. JanusGraph,
TigerGraph) #BE S IFLinUXEREE; FREAI/MLIEZE

(PyTorch. TensorFlow. LangChain) fELinux L EMIEIT
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HENIFEG; (RIGRSIEMEIMIDockerS2E. KubernetessgHE,
thEfELinux/RER, B8R, #EEUbuntu, MEiEE T —%60E
NE/NEEE,

EFIFTI8? IEEHAIFFRE,

8.1 I{t4EUbuntu 22.04?
EFRHFEZRI, TH—oHIBREENNRIFE EMNIZEE,

8.1.1 REMMER
Ubuntu 22.04 LTS (Jammy Jellyfish) &Canonical’/AE] &
KA SRR AN, LTS Bk E -
o SEREHH: M2022F4RBRHEI2027F48, RABEERD
AR

o RGLETHH: JLTFMBRARIRMEER, FToBIFREM
B

o HERFFEE: BEIIM, Google— THEEHKEIBAS R

8.1.2 & TAHMFEEY
#EUbuntu 22,04k, RANA—£HLRENFHERINBE
MBI TA:
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= 12-1
= A& ZEAEN
Python 3.10+ FHREEZES apt / deadsnakes PPA
pip PythonB &2 apt
Git R A 32 apt
Docker N EE apt (DockerE /538)
Java 17 Neo4jiz1TEHKE apt
Neo4j EEIEE Docker / apt
VS Code (WEETE = debfl
curl / jq / httpie AP F 23 apt / pip

8.1.3 =MZRAGMLE
EREUbuntuZ i, MMEBREFE—MAN., TREMMLE:
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*12-2

wsL2 B E
Windows PR 5 BREME/ ok
(Windows¥ & - WindowsJc4% SRR 5 K
) F P R
EN T e 2 Kk
— EAT mil‘mi%é\ A HARES. ok
RER[ER 4 EEIRFE
VMware) PAG
— N DN Kok
=RSBEE M2 B—EM PERREHTS FENE. K ok
=/BIRE/AWS)  BERNEE 0. 4EEE B 25 "

RE KA
WMRIRZEWindowsFF, EZUHFEWSL2, EILREIRZZWindowsH)

ZRAMMLInuxAIB R, SRIMEMacHF, BN EIRSZRERA
M, EERS[EESEEMARLR,

8.2 &3tUbuntu 22.04

8.2.1 AR{—: WSL2%3# (WindowsHFP &%)

B Windows 10 kR4 2004 I E, 3§ Windows
1,
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$£—%: BSHAWSLIJEE

NEE G BT FPowerShell (AR AL FIR"HKE, ®iF”
Windows%if (B 5 ) 3" PowerShell (BER)”), }%ﬁ:

wsl ——install

RATRIRZERIR M ESL

FELRE: EFHATF Linux B9 Windows FZE%E

P

[ 100. 0%
ERINEEZERTF Linux B9 Windows FZHRE.

EaRERE: EUNTFE

[ 100. 0>

ERZREMITS.

FEZZE: Ubuntu

[ 100. 0

ERINZE Ubuntu,

B8 ERARERAF

BERRE, Uuntuz B A—1M&inEO, ERIFRERF
ZHEY:
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Installing, this may take a few minutes...

Please create a default UNIX user account. The username dc
For more information visit: https://aka.ms/wslusers

Enter new UNIX username: sloth

New password:

Retype new password:

passwd: password updated successfully

Installation successful!

To run a command as administrator (user "root"), use "sudc
See "man sudo_root" for details.

Welcome to Ubuntu 22.04.3 LTS (GNU/Linux 5.15.133.1-micros
* Documentation: https://help.ubuntu.com
* Management: https://landscape.canonical.com

* Support: https://ubuntu.com/advantage

s1loth@DESKTOP:~$

BEARER

BMABRBNESE LB EARE, XELinuxBEZEi1Z1T, AZBug.
ButaN, ARIREIZERNE,

B=W: BiIRR
FEWSLAIRHHIT:

cat /etc/os-release

R
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PRETTY_NAME="Ubuntu 22.04.3 LTS"

NAME="Ubuntu"

VERSION_ID="22.04"

VERSION="22.04.3 LTS (Jammy Jellyfish)"
VERSION_CODENAME=jammy

ID=ubuntu

ID_LIKE=debian

HOME_URL="https://www.ubuntu.com/"
SUPPORT_URL="https://help.ubuntu.com/"
BUG_REPORT_URL="https://bugs. launchpad.net/ubuntu/"
PRIVACY_POLICY_URL="https://www.ubuntu.com/legal/terms—anc
UBUNTU_CODENAME=7jammy

BML: EHARLAE

REERZEUbuntuEIE—HE—EMREREHTRE
TRMNE:

sudo apt update && sudo apt upgrade -y

W (BEKEED)
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Hit:1 http://archive.ubuntu.com/ubuntu jammy InRelease

Get:2 http://security.ubuntu.com/ubuntu jammy-security InF
Get:3 http://archive.ubuntu.com/ubuntu jammy-updates InRel
Get:4 http://archive.ubuntu.com/ubuntu jammy-backports InF

Fetched 23.4 MB in 8s (2,925 kB/s)

Reading package lists... Done

Building dependency tree... Done

Reading state information... Done

47 packages can be upgraded. Run ‘'apt list ——upgradable' t

Setting up libc6:amd64 (2.35-Qubuntu3.6)

Processing triggers for libc-bin (2.35-Qubuntu3.6)

st

sudo Rix"MNEBRABMHIT . F—IREMsudolI ZERMAIRNIIR
BENEE, -y RRBmMEE Yes”, BEFIA,

8.22 A= EHNM=RE (BAAR)
B|—®¥: TFVirtualBox

1518) https://www.virtualbox.org/wiki/Downloads F#HH %
3N B R9VirtualBox,

FE =4 THUbuntu ISOE

1518) https://releases.ubuntu.com/22.04/ , T&; ubuntu-2
2.04.3-desktop-amd64.iso (£94.7GB),
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RHE KRR

MRREERGLTERIE, AU THServerhk (42GB), FRE., B
DesktophR BB EH, WFFERI.

F=F: sIBEBM
FJFFVirtualBox, = FE”:

#12-3

BN Ubuntu22-KG
E it Linux

TEN Ubuntu (64—bit)
FES 4096 MB (E/))
REINFE HSoHES, 40GB
CPU 2% (BED)

BE: EFHISOHRE

1. EERMAIRES, #HNFE — FEHE” — BEFENTEHN
ISOX 14

2. BRIEIM, IRBEFRASERES. WX, AFA
3. “EEHEER, BRISOES
ERL: REWRTH (FAE(EHE)
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sudo apt install -y virtualbox—-guest-utils virtualbox-gues
sudo reboot

REEREMRAE. BENDHREINRE.

8.23 A= ThSEH (EERTEHNIZE)
MR ARG (B, AWSERIEED)

1. &% https://ecs.console.aliyun.com/

R eI A"

R E

g ERBERRIANTR

. LIRS 428G (ecs.c7.xlarge, EEF M/ NIRESLE)

% Ubuntu 22.04 6411

. R4 ESSD 40GB

W HRETTE, S5Mbps

REEREBNSSHEA

. BIiEERE, FISSHEE:

@po\n_c»mh_oom

o

ssh root@<fRAVARSSZR A MIP>

B
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The authenticity of host '47.xXX.XXX.XXX (47 .XXX«XXXeXXX) '
ECDSA key fingerprint is SHA256 : XXXXXXXXXXXXXXXXXXXXXXXXX>
Are you sure you want to continue connecting (yes/no/[finc
Warning: Permanently added '47.xxx.xxx.xxx' (ECDSA) to the
root@47.Xxxx.xxx.xxx's password:

Welcome to Ubuntu 22.04.3 LTS (GNU/Linux 5.15.0-91-generic

* Documentation: https://help.ubuntu.com
* Management: https://landscape.canonical.com
* Support: https://ubuntu.com/advantage

Last login: Mon Jan 15 10:30:00 2024 from 114.XXX.XXX.XXX
root@iZXXXXXXXXX : ~#

TEiEHE
TIRSBREALW, SUIRERFD, HRIRECESSHEZRE RN
KEEH o

8.3 Python 3.10+: HMIREEMNENIES

8.3.1 I8 E HATPythonhR A<
Ubuntu 22.04Z0AB HPython 3.10, IQIEF—TF:

python3 —-version

Wt
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Python 3.10.12

pip3 —--version
Bl

pip 22.0.2 from /usr/lib/python3/dist-packages/pip (pythor

WRIRHIRAMETF3.10, HEFEEFHARAHIPython, BJLAE
FHdeadsnakes PPA:

sudo add-apt-repository ppa:deadsnakes/ppa -y
sudo apt update
sudo apt install -y python3.11 python3.11-venv python3.11-

8.3.2 pip5 EIIFE
pipEPythonf B1EIEER, MEUbuntuiapt—t¥, FAEEE
By EPythonfE,

EBIFIE (venv) ZEPythonFAHNRESK, EASITINE
SIBIMZIH”NE”, BRAREIE KRB EERR,

BIBIREE— T EIIR:
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# GIEImMBEBEX
mkdir -p ~/projects/knowledge—graph
cd ~/projects/knowledge—graph

# BIEEDIMR
python3 -m venv venv

LRIEBR FRSH— venv XHE:

1s -1a venv/

i
total 24
drwxrwxr-x 5 sloth sloth 4096 Jan 15 11:00 .
drwxrwxr-x 3 sloth sloth 4096 Jan 15 11:00 ..
drwxrwxr-x 2 sloth sloth 4096 Jan 15 11:00 bin
drwxrwxr-x 2 sloth sloth 4096 Jan 15 11:00 include
drwxrwxr-x 3 sloth sloth 4096 Jan 15 11:00 lib
lrwxrwxrwx 1 sloth sloth 3 Jan 15 11:00 1ib64 —> 1lib
-rw—-rw—-r—— 1 sloth sloth 152 Jan 15 11:00 pyvenv.cfg
HIEEBIAE

source venv/bin/activate
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# BUER
sloth@ubuntu:~/projects/knowledge—-graph$

# BElE CEEEIEM (venv))
(venv) sloth@ubuntu:~/projects/knowledge—graph$

EEMFRRRRE:

pip install ——upgrade pip
pip install neo4j requests

B

Collecting neo4j
Downloading neo4j-5.16.0.tar.gz (197 kB)
197.8/197.8 k

Collecting requests
Downloading requests-2.31.0-py3-none-any.whl (62 kB)
62.6/62.6 KkE

Successfully installed certifi-2023.11.17 charset—-normaliz:
idna-3.6 neo4j-5.16.0 pytz-2023.3.postl requests-2.31.0
urllib3-2.1.0

RHEMIFE:

deactivate
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BEEEN

%Alﬁﬁ TEIMFME, KEAREERAELBFEFR pip install,
EMFRELNERZ—.

8.3.3 J&ilFPythonBEIEE T1F
— NI AR, FRIA TR

# HBIREDIMRERE

cat > test_python.py << 'EOF'
import sys

import platform

print("=" x 50)

print("Python RIEHE")

print("=" x 50)

print(f"Python hix#s: {sys.version}")
print(f"Python #&1%: {sys.executable}")
print (f"#E&%: {platform.platform()}")
print(f"22#: {platform.machine()}")
print("=" x 50)

print ("8 —JEE! Python B, ")

EOF

python test_python.py

B
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Python HiEHE

Python RrZA: 3.10.12 (main, Nov 20 2023, 15:14:05) [GCC 11
Python #&%%: /home/sloth/projects/knowledge—graph/venv/bin,
BIEZRS: Linux-5.15.133.1-microsoft-standard-WSL2-x86_64-w
Z8#): x86_64

—ifJIEE! Python B,

8.4 Git: IRAIEHIKIEAR

8.4.1 &£&KGit
Ubuntu 22.0418'% EfNZGit, IQ1E:

git —--version
R

git version 2.34.1
MRRERE:

sudo apt install -y git

314



FMREIEN]
8.4.2 EL&Git
E— X ERAGItREIBERESH):

git config —-global user.name "#fiiZK"
git config ——global user.email "sloth@example.com"

REMINGRIE=: (HEFFnano, XFTF&EKREF):

git config ——global core.editor nano

REHRIND B main:

git config ——global init.defaultBranch main

JEFCE -

git config —-list

B

user.name=HiHiEK
user.email=sloth@example.com
core.editor=nano
init.defaultbranch=main
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8.4.3 A NE—1GitEE

cd ~/projects/knowledge—graph
git init

W

hint: Using 'main' as the name for the initial branch.
hint: This can be changed with 'git branch -m <name>"'.
hint: If this is your first time using Git, configure your
hint:

hint: git config ——global user.email "you@example.com"
hint: git config ——global user.name "Your Name"
Initialized empty Git repository in /home/sloth/projects/k

B .gitignore X1, HIBRAFEIRIRAI S :

316



AR

cat > .gitignore << 'EOF'
# Python EIIFE

venv/

__pycache__/

*. pycC

*.pyo

# IDE BE&
.vscode/
.idea/

# REXMF
.DS_Store
Thumbs.db

# BIEXH (RATESRAE)
data/

*.CSV

*.dump

EOF

git add .gitignore

EEA]

git commit -m "¥RMHINBFHARI .gitignore"

Bt

[main (root—commit) a3f2blc] #IAKIREHFRIN
1 file changed, 16 insertions(+)
create mode 100644 .gitignore

.gitignore
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8.5 Docker: BRI SR

8.5.1 f+4=&Docker?
MEBIRMAKIEAITIDocker, AIMEBEEN— M BREZERN
B, EEENARERREMBRBTTER—1"HE", A%
% T Dockerfy#l 28 L # REA T £ HERIH NIETT,

JFFAIFEIL, DockerfImAIF4bR: TENeodj, QdrantZHEN
BER, —&S2LRE, THITEE MK,

8.5.2 &#tDocker
F—: HEIBRE (MNRE)

sudo apt remove -y docker docker-engine docker.io containe
B RRAIEKRE

sudo apt install -y ca-certificates curl gnupg lsb-release
F=4%: RhDockerE HGPGZ A

sudo install -m 0755 -d /etc/apt/keyrings

curl —fsSL https://download.docker.com/linux/ubuntu/gpg |
sudo gpg —-dearmor -o /etc/apt/keyrings/docker.gpg

sudo chmod a+r /etc/apt/keyrings/docker.gpg

ML B Dockerf 4R
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echo \
"deb [arch=$(dpkg ——print-architecture) signed-by=/etc/:
https://download.docker.com/linux/ubuntu \
$(lsb_release -cs) stable" | \
sudo tee /etc/apt/sources.list.d/docker.list > /dev/null

BRE: REDocker

sudo apt update
sudo apt install -y docker-ce docker—-ce-cli containerd.io
docker—-buildx—plugin docker—compose—plugin

FAL: iLHA AP ETTDocker (Hsudo)

sudo usermod —-aG docker $USER
newgrp docker

Ftd: WIERK

docker —-version

R

Docker version 24.0.7, build afdd53b

docker compose version

B

319



FREEN]

Docker Compose version v2.23.3

ITTR B9 hello—world” NI, :

docker run hello-world

R

Unable to find image 'hello-world:latest' locally

latest: Pulling from library/hello-world

719385e32844: Pull complete

Digest: sha256:fc6cf906cbfad13e80938cdfObb199fbdbb9ce5c7f¢
Status: Downloaded newer image for hello-world: latest

Hello from Docker!
This message shows that your installation appears to be wc

To generate this message, Docker took the following steps:

1. The Docker client contacted the Docker daemon.

2. The Docker daemon pulled the "hello-world" image from
(amd64)

3. The Docker daemon created a new container from that in
executable that produces the output you are currently

4. The Docker daemon streamed that output to the Docker ¢
sent it to your terminal.

BIXERIE, REMR, DockerEXLEMINT!
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8.5.3 DockerE g {EiEE
AEBNBEENIEA, SMZERRILATFDockermn <, MEMEL
E—T:
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# BRLERBITHNSS
docker ps

# BEMASSR (BEEELN)
docker ps -a

# BEEES TENERK
docker images

# HEVRE
docker pull neo4j:5.15

# BB

docker run -d ——name my-neo4j \
-p 7474:7474 —p 7687:7687 \
-v $HOME/neo4j/data:/data \
neo4j:5.15

# (BILBER
docker stop my-neo4j

# BohEELENEEE
docker start my-neo4j

# BFRHAT
docker logs my-neo4j

# HENBRAE
docker exec —-it my-neo4j bash

# MRS
docker rm my-neo4j
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-d RNGEIETT (detached), -p RRIHOMREY, -v R-EUES
HH, XEEEENNeodTRARIFMER.

8.6 Java 17: Neo4jB9iz{THT ki

Neodj@RJavatm 5, ELtFEEJavaiziTHE, Neodj 5.x
EkJava 17,

8.6.1 &£iJava 17

sudo apt install -y openjdk-17-jdk

8.6.2 IR

java —-version
Faih

openjdk 17.0.9 2023-10-17
Open]DK Runtime Environment (build 17.0.9+9-Ubuntu-122.04)
OpenJDK 64-Bit Server VM (build 17.0.9+9-Ubuntu-122.04, mi

javac —-version
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-

javac 17.0.9

8.6.3 it BEJAVA_HOMEHIETL =
R=ZJavaliifl (B13ENeod)) k¥ JavA_HOME BT =,

# HEJavaReRRR
sudo update-alternatives ——config java

B PIREERIRMER:

There is only one alternative in link group java:
/usr/lib/jvm/java-17-openjdk-amd64/bin/java

BHIRENNIELS:

# A™ME ~/.bashrc KE
echo '' >> ~/.bashrc
echo '# Java 17 HELTE' >> ~/.bashrc
echo 'export JAVA_HOME=/usr/lib/jvm/java-17-openjdk-amd64'
echo 'export PATH=$JAVA_HOME/bin:$PATH' >> ~/.bashrc

# IIBNAERK
source ~/.bashrc

# FIE
echo $JAVA_HOME

R
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/usr/1ib/jvm/java-17-openjdk-amd64

8.6.4 &¥I#Maven (T[i%)
Maven@Javalyii2 TR, MNRIRIRZEANecdji~FTEFH
AJaval@fd, ATABGE XS, Bk Ethn:

sudo apt install -y maven
mvn ——version

B

Apache Maven 3.6.3
Maven home: /usr/share/maven
Java version: 17.0.9, vendor: Ubuntu

8.7 CLIfZ: RAVMENSIJAITLA
LinuxiIBHEFH 21T, UFRETASATILEN, 8
ENRILRIOFTF R ERIEA—MER,

8.7.1 curl: HTTPERWIELET]
Ubuntu 22.04EFiZEcurl, IQ1IE:

curl ——version | head -1

B
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curl 7.81.0 (x86_64-pc—linux-gnu) libcurl/7.81.0 OpenSSL/:
— B AE—NENeodjlIHTTP API:

curl -s http://localhost:7474 | python3 -m json.tool

8.7.2 jg: JSONXhIEHEE
ERES5EMEENRSEHREERERN, REMEEMMISON
IR, jqlLREETE A 1T ML IEISON,

sudo apt install -y jq
jgq ——version

R
jg-1.6
(E3EhNCIE

# &IV ISONK

echo '{"name'":"Neo4j","version":"5.15","type":""graph"}"' |

# REUSEFER

echo '{"name":"Neo4j","version":"5.15"}"' | jq '.name'
# QIBEA
echo '[{"name":"Neo4j"},{"name":"Qdrant"}]"' | jq '.[].name
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M

"name": "Neo4j",
"version": "5.15",
"type": "graph"

}

"Neo4j"

"Neo4j"

"Qdrant"

8.7.3 httpie: EAMHHMcurl
httpielEHTTPIER TR KR ATE—HEE R :

pip install httpie
FEE—TeurlfhttpiefI A

# curl B ()

curl =X POST http://localhost:7474/db/neodj/tx \
-H "Content-Type: application/json" \
-H "Authorization: Basic bmVvNGo6cGFzc3dvcmQ=" \
-d '{"statements": [{"statement": "RETURN 1"}]}'

# httpie 5i& (EWM)

http POST http://localhost:7474/db/neodj/tx \
Authorization:"Basic bmVvNGo6cGFzc3dvcmQ=" \
statements:='[{"statement": "RETURN 1"}]'
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8.7.4 tmux: RinE Mz
tmMuxiRE—TEOPFS N ER", FEES—LREER
B—EiTRER:

sudo apt install -y tmux
tmux -V

B

tmux 3.2a

ERRER (5K ctrisd , MAEHRYNE):

x 12-4

#BRIE TRiER 1z

KFED B Ctrl+b — ETFHE
BEHDR Ctri+b — % ERD R
EIHRER Ctri+b — FHmaf AT EERE)R
WEEO Ctrl+b — ¢ BIEFREE T
PDERE Ctrl+b — d BHEREET
EimEE tmux attach WE 2 BINEIE
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8.7.5 htop: RARFIE

sudo apt install -y htop
htop ——version

R
htop 3.0.5

B1T htop BIRZEE—T¥BFE, BRCPU, RfF. #iE
FER, XEHEMEEDE (EbWNeodjSAKREEIERREARG
A) WNIEEEHA,

BRIFRR

fEhtopREHIR q BH, % F9 AINKXESHERE (WKill), & F6
AT EFERHF.

8.8 VS Code: mIBFF LTS

8.8.1 &£3tVS Code
Fix—: BidaptRE (HE)
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IIJ\\j.][H%EAG PGZ,‘EH
curl —fsSL https://packages.microsoft.com/keys/microsoft.c
sudo gpg —-dearmor -o /usr/share/keyrings/microsoft-arct

//J\\j][]Vs COdet-FA'fq:/J?

echo "deb [arch=amd64 signed-by=/usr/share/keyrings/micros
https://packages.microsoft.com/repos/code stable main" |
sudo tee /etc/apt/sources.list.d/vscode.list > /dev/null

# TR
sudo apt update
sudo apt install -y code

FiEZ: WSLAHFER

MRIRANEWSL2, REZKEEWIndowsii& VS
Code, ZAEEY"WSLY R Inf2i&EEZE|Ubuntu, S

1. Z£Windows_ E%#£VS Code
(https://code.visualstudio.com/)

2. RWSL”YE (7EVS Coded BHiziEZ="WSL”)
3. TEWSLZRImHHIT

code .

VS Codez= Bapf T FFHEZRIWSLIf R,

8.8.2 =Y BIiEMHF
FTFFVS Code, FEAY BMF ( ctri+shift+X ), LEIUATIE
:
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2

Python

Jupyter

Cypher Query
Language

Docker

GitLens

Markdown All in One
Material Icon Theme
Prettier

Remote — SSH

FREEN]

g
PythoniB =45 . Bt

IntelliSense

FEVS CodeHiE1TNotebook

Neo4j CypheriZitm =

Docker& g E 1

GitiB3&: 1TRHE. blameF
Markdown#z 51558

XM EREL

(TS d

SSHIZfEH & (BARSZAF)

8.8.3 VS CodeEt E1fift
& ctri+shift+P , N ”Open User Settings (JSON)”,

PLATECE
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"python.defaultInterpreterPath": "${workspaceFolder}/\

"python.terminal.activateEnvironment": true,

"editor.fontSize": 14,

"editor.formatOnSave": true,

"editor.minimap.enabled": false,

"terminal.integrated.defaultProfile. linux": '"bash",

"files.exclude": {
"xx/__pycache__":
"“xx/*x.pyc": true,
"xxk/venv'": true

true,

8.9 IRIGIE: —REIGERIZ

ARXE, HNELKLXXTHELFENTIR., UEBMNE—TES
WERZ, IA—tIE:
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cat > ~/projects/knowledge—-graph/env_check.sh << 'EOF'
#!/bin/bash

echo
echo
echo
echo
echo

n i
| AREEFRFERETA vi.o E
n " by WW%K " "

check_tool() {

local name=$1
local cmd=$2
local version_flag=$3

printf "%-20s" '"$name"
if command -v $cmd &> /dev/null; then

version=$($cmd $version_flag 2>&1 | head -1)
echo " $version"

else
echo "X R&&"

fi
}
echo "-— RFEFE —"
echo "#EZRZ: $(cat /etc/os-release | grep PRETTY_NAME |
echo "AZhr4s: $(uname -r)"
echo "CPU#IMR: $(nproc)”
echo "RWEA: $(free —h | awk '/Mem:/{print $2}')"
echo "H&E=E): $(df -h / | awk 'NR==2{print $4}') =TH"
echo ""
echo "-— A&RIA —"
check_tool "Python" "python3" "--version"
check_tool "pip" "pip3" "--version"
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check_tool "Git" '"git" "--version"
check_tool "Docker" "docker" "--version"
check_tool "Docker Compose'" '"docker" "compose version"
check_tool "Java" "java" "——version"
check_tool "Maven" "mvn" "--version"
check_tool "curl" "curl" "——version"
check_tool "jq" "jqg" "--version"
check_tool "httpie" "http" "——version"
check_tool "tmux" "tmux" "-V"

check_tool "htop" "htop" "——version"
echo ""

echo "-—— Docker BRSBIRES ——-"

if docker info &> /dev/null; then
echo "® Docker SHF#HiEGITH"
echo " AHEHE: $(docker ps -q | we -1) BTH"
echo " fBi&#&: $(docker images —q | wc -1) ETF&H"
else
echo "X Docker SPF#iERIZIT"
fi
echo ""

echo "-—— Python EIFE —"
if [ -=d "venv" 1; then
echo "M@ EHMIMEEEIE (venv/)"
if [ -n "$VIRTUAL_ENV" ]; then
echo " HEDRS: ERUE"

else
echo "  HEPRES: 4 REUE (1B1T source venv/bin/:
fi
else
echo "4 EBHIIMERBIE (B1T python3 -m venv venv)"
fi
echo ""
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echo

echo "HEWETMN! MRULEEHBH @, (RELESHME., "
echo "

EOF

chmod +x ~/projects/knowledge—-graph/env_check.sh
bash ~/projects/knowledge—graph/env_check.sh

Rt (RIRFIBE TAERR):
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I

[ IREEF R IMERE TR v1.0 I
[ by #iHiEK [
IL

-— RGEE —

BIERS: Ubuntu 22.04.3 LTS

NiZhRA~: 5.15.133.1-microsoft-standard-wSL2
CPU#ZIMS: 8

AFEAN: 7.7G1

W2 =8 200G mIF

-— FERIHR —-

Python Python 3.10.12

pip pip 23.3.2 from ... (python 3.10)
Git git version 2.34.1

Docker Docker version 24.0.7, build afdd5:
Docker Compose Docker Compose version v2.23.3
Java openjdk 17.0.9 2023-10-17

Maven Apache Maven 3.6.3

curl curl 7.81.0

iq jg-1.6

httpie 3.2.2

tmux tmux 3.2a

htop htop 3.0.5

——— Docker BREIKS —
Docker SFiF#iziEITH
BRME: 0 TTH
BEHE: 1 BT

——— Python EHIEFE ——

RHEMEERIE (venv/)
AR : ER0E
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WERBETR! MRU L2 @, RELESME.

8.10 ENLBHIE (FAQ)
Q1: WSL2shigDockerTcikBEh?

# MEBEWSLARZAS
wsl ——1list —-verbose

RIRIRARIThHRERBAIZWSL 2, MNREWSL 1, FEiiHk:

wsl ——set-version Ubuntu-22.04 2

Q2: aptRKEEXNIE?
BRNERRER (KRERAHE):

# BMFEIER
sudo cp /etc/apt/sources.list /etc/apt/sources.list.bak

# BRNNERRE
sudo sed -i 's/archive.ubuntu.com/mirrors.aliyun.com/g' /e
sudo sed -i 's/security.ubuntu.com/mirrors.aliyun.com/g"' /

# B
sudo apt update
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Q3: DockerfiBURIEXIE?
B EDockeriR G ImEzs (MARIEZ=HH) :

sudo mkdir —p /etc/docker
sudo tee /etc/docker/daemon.json <<-'EOF'
{
"registry-mirrors'": ["https://<fREOEEMEML>. mirror.al;
¥
EOF
sudo systemctl daemon-reload
sudo systemctl restart docker

B
T518) https://cr.console.aliyun.com/cn—hangzhou/instances/mirrors

SRR T B A& B,

Q4: WERZETFEELIM?

# BERMEERE
df -h

# B aptElF
sudo apt clean

sudo apt autoremove -y

# FHEDocker THHER
docker system prune -af
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Q5: WSL2AEFESREEK?
EWindows EBF B & T8I .wslconfig X{4:

# 7£PowerShell1##4T
notepad "$env:USERPROFILE\.wslconfig"

BANTFRE:

[ws12]
memory=4GB
processors=4
swap=2GB

REERWSL:

wsl ——shutdown

ENFH]

&3 1: NEEE (i)

REBAENDE, EMAYEAM LT Ubuntu 22.040% % (%X
#EwsL2, EBNMSEERSHFHE—TSN), ARKMEFLKIEA,
BITMENERNA, HBRMENEHETR ™.

#>] 2: PythonEBIFFIRES] (LK)
1. BIEE—PHRIINE B % ~/projects/kg-practice
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2. TEHPBIZEBIME
3. BUEEIMIMERLE neodj ] requests &
4. wE—"Pythonfil 7, FTENHEELRRMMME B RRAS

import pkg_resources
for pkg in pkg_resources.working_set:
print(f"{pkg.project_name}: {pkg.version}")

%3] 3: Dockert{A3& (ER)

1. {E§FDockeriz{T—""Nginx&S28: docker run -d -p 8080:80
nginx

. TEN e 22 hiAE] http://localhost:8080

. BEEBHE: docker logs <&ALEZHID>

AR HMIFRE S

CBE: RPN ERNZE— TR BETARRKRI?

a A 0O DN

RiE (835833

1. UbuntuBEAXHY: https://docs.ubuntu.com/ —— SAXERY
UbuntuzZE &4}

2. WSL2E A X#Y: https://learn.microsoft.com/zh-
cn/windows/wsl/ —— ¥R H mAIWSLEE i8R
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3. DockerEA AI]: https://docs.docker.com/get—started/
—— Dockerfy'E 75 Getting Started#{#2

4. VS Code Python#fz:
https://code.visualstudio.com/docs/python/python—tutorial
—— 7£VS CodeHBL & PythonF & KI5 EE15R

5. Linux@<1TRE2 (HFE): William ShottsE, 2ENMALinux
ITIRIENZHEE, RBTELIT
https://linuxcommand.org/

RENG
AEBATH T AMREEF RMENEE, HE T U O
A
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& 12-6
AR Ex
Ubuntu%
- WSL2 (WindowsEi%) . ML (GBR). =ikRFBEHE (1RFH)
=
Python
RAEBE®, ERZEiRpipHvenviEIAE
3.10+
Git IRAZEFINEMES, 81E8)18E&M.gitignore
Docker BEE5|%, F4ENeod|/QdrantZEE R A B

Java 17 NeodjizfThik#, E2EJAVA_ HOMERIEL =

jg (JSON4LIE) . httpie (HTTPIEIR). tmux (KRigEA).

CLITA
htop (Y1)

VS Code WTFIDE + ISR ER

ZElt, MOFAHREZHFEE. MF—EFR, HIKE
VAR ENE R O TS —8B o' RRE ENeodj B £

o

|

RHEKEINTIE

WREEELIE, BERRSEMBETHNEM. ARRETASEE
e, FERT, SeRREBHRE, BAE, tlE., B0
B, SRR EESTEEIFIGoogle ¥ R——90%H) 0 A A ZBiE
ATHBTTRRLR.
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EBNE Neod MZREIFE

)/
— k&

‘ B HIEEOTHIZNIT N, AR ElE
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FBE: A — A FL A
FILT#ERT: 4-6/)\HT (Z5)F L)

51F

ERENETS, FMNRERI MRS HMREEZO
BRR”, BRENKBEEIEE (MySQL. PostgreSQL) 7E4bIE
RARNDAMO—EBZ—EXAR, MBEZ—IRJIOINRE, HE=E
R TR,

Neo4jl HIIMRNE T X NEHEH. FAEKKRMTHELRE
B, NeodjiE" XR"HF—FARKNT, ENeodjiItHRE, X
RAARREZERIME, MEXLAEEFREERE LOSE. X
I ERET ANBARNARNALR ZFNEE, MON®)ZERT
o(1),

AEZERHRZONLRETZ—. BIEMNEFR, —55
IENeocd] M—T =R EUERE, ZEM—TEEBSIER X S1HRAIA
REETFR. (MEFERR. BE. JUESA. SREE. £6EH
MEEEREE.

LT I8? B e X EREEEE 2 k.
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9.1 NeodjhRA= 1%+
HENF 281, BIIEE T ENeodiIABIRA R EZERIZS,

9.1.1 lRZAZER%

= 13-1
hRZs g ERIS AL
Community REF  F3). REEIE. BN &, th
Edition B INEIIRE Rz

Enterpri AW AFRE. KHE

folits IR ARE s gmp
Edition '8 BRE

Linte PEREF. AMEE  SOKTERH. HESR
AuraDB Free

& oERIR i
AuraDB payiiN) _ .
. R ERS ®EITHR
Professional &

FHZKRIEIY

S FRBILGIERM EZ, Community EditionFe 205, MR REHT R

REBEEE, ILOEM—1AuraDB Freem Ll
(https://neo4j.com/cloud/aura—free/), S5 FLBEFFIAERA,

9.1.2 Neo4jiz /ML 2 E I
TEBENFRETRZAE, Mo HIEENeodHIOEIEER
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BEEER (Property Graph Model)
Neod A" EI4HE"RALEHIE, BSOUMERTR:

&= 13-2

TTE hlli] 5l

T2 (Node) EHAYSTAR — B, —EA

W (Label) TENDE :Movie . :Person

e . [:ACTED_IN] . [:DIRECT
TR B EE

(Relationship)

TR KXANREE

EH (Property) yj name: II;ZJ&;X?ENH\E"

F—sk ERIEAR
(:Person {name:";%i - N=H"}) —[:ACTED_IN {role:"fH"}1—>

B BRRBEDIINE, AERAMEHRPREEREIXK
BXRIZ%

9.2 ZIKNeo4j
BIRE=MLRAN, HEEFEHE.
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9.2.1 Fx{—: DockerZ&it (E‘ﬂﬁﬁ)
XERTE. RUENNZEASR, —ZHSHEE.

E£—%: HiBNeo4jiH %

docker pull neo4j:5.15-community

B

5.15-community: Pulling from library/neo4j
a3ed95caeb@2: Pull complete

2f4aeb20c56e: Pull complete
Digest: sha256:abc123...

Status: Downloaded newer image for neo4j:5.15-community
docker.io/library/neo4j:5.15-community

$£_%: BriNeodjB5S
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docker run -d \
——name neo4dj-kg \
-p 7474:7474 \
-p 7687:7687 \
-v $HOME/neo4j/data:/data \
-v $HOME/neo4j/logs:/logs \
-v $HOME/neo4j/plugins:/plugins \
-v $HOME/neo4j/import:/var/lib/neo4j/import \
—e NEO4J_AUTH=neo4j/password123 \
—e NEO4J_apoc_export_file_enabled=true \
—e NEO4J_apoc_import_file_enabled=true \
—e NEO4J_apoc_import_file_use_ neod4j_ config=true \
neo4j:5.15-community

IBHNZF T ERXESHNE X
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* 13-3

S

—-d

——name neo4j-kg

-p 7474:7474

-p 7687:7687

-v .../data:/data

-v .../logs:/logs

-V .../plugins:/plugins

-V .../import:/var/1lib/neo4
j/import

—-e NEO4J_AUTH=...

—-e NEO4J_apocC_...

E=%: WIASRIATY

# BERBRRS
docker ps

Bt

LRsiER, HERGEEE
BREIHTTPI®O (Neodj Browser)
B8IBoltim (N ARERFERRA)
HEHMUEER, BIRIHANL
EHASER

EHSEHESR (APOC. GDS%)

HEHSABR (CSVEANA)

REVRED BEEREREN
BT R)

[ERAPOCHEH I IR BN FR
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CONTAINER ID IMAGE STATUS POF
alb2c3d4e5f6 neo4j:5.15-community Up 10s 0.¢

# BERMAE
docker logs neo4j-kg

R

Fetching versions.json for Plugin 'apoc' from https://neo<
Installing Plugin 'apoc' from https://github.com/neo4j-cor
Applying plugin apoc

Directories in use:

home: /var/lib/neo4j

config: /var/lib/neo4j/conf

logs: /logs

plugins: /plugins

import: /var/lib/neo4j/import

data: /var/lib/neo4j/data

2024-01-15 12:00:00.000+0000 INFO Starting...

2024-01-15 12:00:01.234+0000 INFO Bolt enabled on 0.0.0.¢
2024-01-15 12:00:02.567+0000 INFO Started.

2024-01-15 12:00:03.890+0000 INFO Remote interface availe

L{REZ”Remote interface available” i X1TH&AY, BB
NeodjBZBENMINT !

EBIE: ENTE3PFTFNeodj Browser

FTFFNSE 2R, B8] http://localhost:7474 ,
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ReEZINeodj BrowsertE 7R H, FAFR=Z neodj , Zh3
& password123 (RMER(EFNGLHPIRENIT) .

RLIREE
password123 XEATZEIWHE, £F-HRIESUMERREZB,

9.22 AR APTRE (E&5KHIETRIARSER)

//J\\jJDNeO4_] GPG‘Z%H
curl —fsSL https://debian.neo4j.com/neotechnology.gpg.key
sudo gpg ——dearmor -o /usr/share/keyrings/neo4j-archive-

# FRHINeodj &R

echo "deb [signed-by=/usr/share/keyrings/neo4j-archive-key
https://debian.neo4j.com stable latest" | \
sudo tee /etc/apt/sources.list.d/neo4j.list

# RE

sudo apt update

sudo apt install -y neo4dj

[EEhRRSS

sudo systemctl start neo4dj
sudo systemctl status neo4j

B
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® neodj.service — Neo4j Graph Database
Loaded: loaded (/lib/systemd/system/neo4j.service; er
Active: active (running) since Mon 2024-01-15 12:00:¢
Main PID: 12345 (java)
Tasks: 35 (limit: 62987)
Memory: 256.0M
CPU: 3.456s

B/REF http://localhost:7474 B, EMIAFHFRZIEE ne
04j/neodj , RARMHIIRIELRZERD,

9.2.3 A =: Neodj Desktop (EF:RH)
Neodj Desktop2— PMEFANER A EETR, EFaEE2T
ERE S ITRIEE,

1. 3408 https://neodj.com/download/ T#iNeo4dj Desktop

2. TEEITF, =iE"New Project”
3. mii”Add Database” — “Create a Local DBMS”
4. RERMRAE, =& Create”
5. mi”Start” BEhENIEE
6. mi” Open”$TFNeo4j Browser
R

Neo4j Desktop B FFAPOCHIGDSHEMY, THEFLE, XRTHME
2_0
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9.3 Neo4j Browser: {REIEIF:(LTEE

9.3.1 RENA

FTFF http://localhost:7474 &, 1REEZEINeo4dj Browser
MRE, TEHUTEDHERK:

. ZEfﬂ!J—ErﬂE’fé: FIEEER. TR, XRKL, BHEENR
RN 5T

o THERERSHE: M ACypherZiHRUMLS (R, MEAEXES
sQL”)

e FNBX: &R
o KH B'lkll.a\*-" ER

=

WER—E T, RIEHIBEIXAER
IR EE R
9.3.2 B —"Cypher&ifj

TR REFEMANTES, SREAMMNETRE (TR ctri+

Enter ):

// BEBIEESITER
MATCH (n)
RETURN count(n) AS totalNodes, count(DISTINCT labels(n)) ¢

HTIBMNNEEERZN, SREE:

* 13-4
totalNodes labelTypes
0 0
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IR — LNt EE e Az — T

// BIEE TR
CREATE (alice:Person {name: "&E@§izt", age: 28, city: "Jt=m"
RETURN alice;

HITRMSER—1TEeENREETREMEFASX, LEiR
E T "Person”” FIEMHER.

BREBIBEESTHRMKA:

// WELIEBFEHIE
CREATE (bob:Person {name: "#i%)", age: 32, city: "LEi&"})
CREATE (charlie:Person {name: "ZIE", age: 25, city: " M"

CREATE (matrix:Movie {title: "EE®HE", year: 1999, rating
CREATE (inception:Movie {title: "&®Zg", year: 2010, rat
CREATE (interstellar:Movie {title: "EPrZ#", year: 2014,

// BIEXZR

CREATE (alice)-[:ACTED_IN {role: "E#g&E"}]—>(matrix)
CREATE (bob)—[:ACTED_IN {role: "#a#s"}]1->(inception)
CREATE (bob)—[:ACTED_IN {role: "Eig"}]1->(interstellar)
CREATE (charlie)-[:DIRECTED]->(inception)

CREATE (alice)-[:KNOWS {since: 2015}]->(bob)

CREATE (bob)-[:KNOWS {since: 2020}]->(charlie)

RETURN x;
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AR IZBER R — N RZNEE T . SliERT =K
BEAE—XMEERIEENBDME, BUEZENXA—BT

"wo

9.3.3 ¥ HBrowserm%
f% T CypherZif], Neodj Browseri®ZiF—LAEDS (I
: FFK):

/] BEE
thelp

/! BEBIREESE

:params

/] BEHITHE
thistory

/] BERGER
:sysinfo

/ BERTREE (RIEER! )
MATCH (n) DETACH DELETE n;

// BEFANEIEE
:style
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9.4 Cypher&ifiES: MAIZI#H
Cypher2NeodIBWIES, MESALZ FXAREMIRE. B
Cypherttigit RESREASCI art, AAIMAAHRHEREER,

9.4.1 BhiCRUDIZ(E
Create (BIE)

// BIBENTR
CREATE (p:Person {name: "KXDB", age: 30})
RETURN p;

// BIBT RABREIEXR

CREATE (p:Person {name: "{#3%"})-[:LIKES {score: 5}]->(m:M
RETURN p, m;

Read (&if])

// ElRTAPersonT &
MATCH (p:Person)
RETURN p.name, p.age
ORDER BY p.age DESC;

W

356



FREEN]

“tHEn” 32
‘A1 30
‘BN’ 28
“E R 25

// BEXR
MATCH (p:Person)—[r:ACTED_IN]—>(m:Movie)
RETURN p.name, r.role, m.title;

R :
% 13-6
p-name r.role m.title
“EmnL” “EREE” ‘BETE"
“8%h” “fafm” “BE=E”
“#%h” “Fein” “EfREFH

Update (EFh)
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// BEEEM

MATCH (p:Person {name: "ZE[iz"})

SET p.age = 29, p.email = "alice@example.com"
RETURN p;

[/ RINFTARE

MATCH (p:Person {name: "ZEmiz"})
SET p:Developer

RETURN labels(p);

Delete (MIER)

// BBRTR (BIUEERR)
MATCH (p:Person {name: "KT"})
DELETE p;

// SEHIMIERT S REFEXR
MATCH (p:Person {name: "KT"})
DETACH DELETE p;

/1 BEBITYIEE (B! )
MATCH (n)
DETACH DELETE n;

9.4.2 {23 LEZ: Cypherfii R}
Cypherg i@ KR FE TR TES, /RIEARREE IS,
ERHMESN.
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// BER"BRNBR" (28k)

MATCH path = (pl:Person)-[:KNOWS]—>(:Person)—[:KNOWS]—>(pz
WHERE pl.name = "ZFg"

RETURN path;

// BREMLINRHN BT AR
MATCH (alice:Person {name: "ZEgizz"})-[:KNOWS]->(friend:Per
RETURN friend.name AS BA%&, movie.title AS HE’;

Rt -
= 13-7
;)3 kA
“8%h” “BETE”
“#a%h” “EfRE”
AIRKERZEN

// BEIRIZIBHRIFRERHAT =
MATCH path = (p:Person)-[:KNOWSx1..3]->(other:Person)

WHERE p.name = "ZE@fz"
RETURN DISTINCT other.name AS ®[iAA#), length(path) AS B#

R
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#* 13-8
miAAY HEEX
“E@?}] ”» 1
“EEE ” 2
EXRRERRE

MATCH path = shortestPath(

(a:Person {name: "ZEmI£"})-[x]-(c:Person {name: "Z&E&E"})
)
RETURN path;

9.4.3 RAE54T

/] BNEBERSIETZVEBR

MATCH (p:Person)—[:ACTED_IN]->(m:Movie)
RETURN p.name AS J&fi, count(m) AS EBEHE
ORDER BY EBE/#{= DESC;

// BEHERIIER (REAEA)
MATCH (p:Person)—[:ACTED_IN]—>(m:Movie)
RETURN m.title AS FE#, collect(p.name) AS JERIIK;

iR
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#* 13-9
E2h-g ERYIR
‘BEWE" [“EmnL”]
“BE=(E” [“88%)" ]
“EFREH” [“88%)” ]

// EHRONEDT: ENEERZ?

MATCH (p:Person)

OPTIONAL MATCH (p)-I[rl-()

RETURN p.name AS A#J, count(r) AS E#EEK
ORDER BY E#%#{ DESC;

9.4.4 BREIIRKIG
WITHT6): BEEHEHIELE

// BRERS S TS NER

MATCH (m:Movie)

WITH avg(m.rating) AS avgRating

MATCH (m:Movie)

WHERE m.rating > avgRating

RETURN m.title AS EEg’, m.rating AS i¥%, avgRating AS F15?

UNWIND: REBFEE
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// HECIET R

UNWIND [”Ej_]{ II’ II*q’ij"p "%;ﬁ", llg,r%u] AS genre
CREATE (g:Genre {name: genre})

RETURN g;

CASERRAIN: FMHiZ4E

MATCH (m:Movie)
RETURN m.title AS H%, m.rating AS %,
CASE
WHEN m.rating >= 9.0 THEN "4Zgh"
WHEN m.rating >= 8.0 THEN "{£%"
WHEN m.rating >= 7.0 THEN "EiF"
ELSE "—fg"
END AS J¥Fff;

F&i8 (CALL)

// REBTBESITERNE
MATCH (m:Movie)
CALL {
WITH m
MATCH (p:Person)-[:ACTED_IN]—>(m)
RETURN count(p) AS actorCount
¥
RETURN m.title AS FEF, actorCount AS JEG¥E;
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9.5 HIEFAN: MEMEIRIARENSE
XEAERLHNS . RIBEZIZMBBESASR, #8
#£ME— O ESERENRPAIREL.

9.5.1 A&{—: Cypher CREATE/MERGE
BELEEE (LTEINER):

// MERGE vs CREATE: MERGERSBIZEET S

MERGE (p:Person {id: "p@@1"})

ON CREATE SET p.name = "7ZEHiE#H-3&=", p.born = 1970
ON MATCH SET p.updatedAt = datetime()

RETURN p;

MERGEHEZ

MERGE SAEBHREHFELRENT R, MREFEMALIE (AJES ON
MATCH E57), WRAEFEMEIZE (FJES ON CREATE REWIAE) .
kG T EE RN,

9.5.2 A& _: LOAD CSV&EA
XEREANLESALN, E&/LTFELTAREE.
HERCSVX
BIEBR AT HIRTEEI $HOME/neodj/import/movies.csv :
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movield,title,year,rating,genres

mo01, B FRTAIRAIEL, 1994,9. 7, BIIE | JLIE
mo02,#%,1972,9. 3, ElE | ICFE

moo3, trigfk: FE|AEIG1,2008,9.2,501E |IE3E | BB
moo4, FEEENHRZE,1993,9.5, Bl |HE | &%
mo05, +—%%X,1957,9.4, BliE

moo6, M E3: FEHTE,2003,9.2, BB | shfE | F4]
moo7, {kfa/I\ii, 1994, 8.9, BliE | LI

mo0s, Z¥=8),2010,9. 3, BI4] | shiE | B%

mo09, HH1ERER, 1999,9.0, BlE

mol0, BXHE, 1999,8. 7, BI4] | shfE

BJZ $HOME/neo4j/import/persons.csv :

personId,name,born
poo1, %8 - T =4, 1958
po02, EiR-HEE,1937
poo3, Bk - B=E, 1924
po04, Fa/R - MHFEE, 1940
p0o05, EEBHTF R - /R, 1974
P06, FHf - 37, 1979

P07, KEMNZ BFELER,1974
po08, B - B, 1964
p009, FhifE - K45, 1963
p010, EELE - 1510, 1969

eilfE $HOME/neo4j/import/roles.csv :
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personId,movield, role
p001,mo0l1, %
p002,mo01, =
p003,mo02 , 4t - i E 5
p004,m002, 55 /R - f 8 &
po05,mo03, e £E
p006,moa3, /A
p007,mo08, ffh

p0o0s, mo10, B

p009, mo09, Zih
p010,mo09, /K5

PITEA

-\
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/] B—H: BABETR
LOAD CSV WITH HEADERS FROM 'file:///movies.csv' AS row
CREATE (m:Movie {
id: row.movield,
title: row.title,
year: toInteger(row.year),
rating: toFloat(row.rating)
genres: split(row.genres, '

B e

")

/] BIEH: AR
LOAD CSV WITH HEADERS FROM 'file:///persons.csv' AS row
CREATE (p:Person {

id: row.personId,

name: row.name,

born: toInteger(row.born)

B)e

/] B=H: BIEXAR

LOAD CSV WITH HEADERS FROM 'file:///roles.csv' AS row
MATCH (p:Person {id: row.personId})

MATCH (m:Movie {id: row.movieId})

CREATE (p)-[:ACTED_IN {role: row.role}]->(m);

MATIRIIER:

Added 10 labels, created 10 nodes, set 50 properties, star
Added 10 labels, created 10 nodes, set 30 properties, star
Created 10 relationships, started streaming @ records afte

BEESAER
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// BEEEESR
MATCH (n)
RETURN labels(n)[@] AS Z£#!, count(n) AS #E;

& 13-10
KB nE
“Movie” 10
“Person” 10

// EIRFRBEXRR
MATCH (p:Person)—[r:ACTED_IN]—>(m:Movie)
RETURN p, r, m;

9.56.3 AX=: APOCEAN (EBRJISONFE#EIN)

APOC (Awesome Procedures On Cypher) ZNeodjmEE
iR, RETHENY RIRE. H(MDockerZEFEBEE
TAPOC Core,

S N\ JSONZIE
RIZFHATE—TISONIB A EERIEIBE XM $HOME/neo4]/impo

rt/movie_details.json :
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IIidII: "m@@l“,
"description": "JRITRTEFEELENMR, EEHRREMRPEEEEN
"director": "gB=7TE-EHIE",

llcoun.t r.yll : II%II ,
Illanguagell: Ilﬁigll
b
{
llidll: "m002",

"description": "R HESEBFEMBEIKRNEZIIA, b
"director": "ZBRAFHHR- B4 - RUKRR",

Ilcountryll: II%II,
"language": "ZEiF"
¥
|
{EFAPOCE N\ :

// MISONXES AN
CALL apoc.load.json('file:///movie_details.json') YIELD ve
MATCH (m:Movie {id: value.id})
SET m.description = value.description,
m.country = value.country,
m. language = value.language
MERGE (d:Person:Director {name: value.director})
MERGE (d)-[:DIRECTED]—>(m)
RETURN m.title, m.description;
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9.6 APOCHH{%: NeodjiimtZET]

9.6.1 APOCRZftA?
APOCZ#FR”Awesome Procedures On Cypher”, BX
Cypher#h 78 T KELRINEE, B13E:
o HIESAN/SH (JSON. XML, JDBC)
EHEW (TREH. XARE)
BRER (RERR. MEKER)
SRR (FHLE. MILEHE)
REEE (BUEEESR. 4eeinE)

9.6.2 EHAPOCHf2
A I 2R

// ERRFENMAYT R (REEZRNEEE)
UNWIND range(1, 100) AS i
CREATE (p:Person {
id: "test_" + toString(i),
name: "JRXAEF" + toString(i),
age: tolInteger(rand() * 50 + 18)
1);

EEX
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// BREEBEAAETR ("KRATRML")

// Blan: % ACTED_IN XZRFEIEN Role TN

MATCH (p:Person)-[r:ACTED_IN]->(m:Movie)

CALL apoc.refactor.extractNode(r, ['Role'], 'PLAYED_BY', '
YIELD output

RETURN output;

SHINEE
// SHFEFRISON
CALL apoc.export.json.query(
"MATCH (p:Person)-[r:ACTED_IN]->(m:Movie) RETURN p, r,
"subgraph.json"

) g

// BHRCypheriga (ATAF&MHFITRE)
CALL apoc.export.cypher.all("backup.cypher", {});

BIEETEREN

/] BEBIEESIHER
CALL apoc.meta.stats() YIELD labelCount, relTypeCount,
propertyKeyCount, nodeCount, relCount;

R
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* 13-11

labelCoun relTypeCoun propertyKeyCou nodeCoun relCoun

nt t t

// BEBIERESchema
CALL apoc.meta.schema() YIELD data RETURN data;

0.7 GDS: EI¥IEF=ZRE

9.7.1 (tA=2GDS?
GDS (Graph Data Science) ZNeocd|EHNEIEERRE, 124
TEOZMERE, BE:

& 13-12
K3 RREE &
FRCE PageRank. Betweenness KEEPREENTR

XM Louvain, Label Propagation RIE Rt B

BILE Jaccard. Cosine =T RENENREE
Bz Shortest Path. Steiner Tree SHRMEKR
TEERAN  Node2Vec, FastRP &3 S EE
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9.7.2 B#GDSHHH
WRIR{ERADockerA R4k, BEEINANINGDSHMG:

# ELEHEIEEE
docker stop neo4j-kg

# BERIES SR (BEEESED, F2EX)

docker rm neo4j-kg

# TEGDSHEAREIplugins B3R
wget —-P $HOME/neo4j/plugins \
https://github.com/neo4j/graph-data-science/releases/dov

# EFEERE, AIMGDSHFR]
docker run -d \
——name neo4j-kg \
-p 7474:7474 \
-p 7687:7687 \
-v $HOME/neo4dj/data:/data \
-v $HOME/neo4j/logs:/logs \
-v $HOME/neo4j/plugins:/plugins \
-v $HOME/neo4j/import:/var/1lib/neo4j/import \
—e NEO4J_AUTH=neo4j/password1l23 \
—e NEO4J_ACCEPT_LICENSE_AGREEMENT=yes \
—e NEO4J_apoc_export_file_enabled=true \
—e NEO4J_apoc_import_file_enabled=true \
—e NEO4J_apoc_import_file_use_ _neod4j__config=true \
——memory=4g \
neo4j:5.15-community

ISIFGDSZEE
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/ BEEGDSHRA
RETURN gds.version();

R

"2.6.2"

// FIEFRERREE

CALL gds.list() YIELD name
RETURN name

ORDER BY name;

9.7.3 PageRank: HWHEREENT =
PageRankzGoogletllig 2 ¥MERIXIOEE, FXRE=EEF
TRNEEM,

// B—%: BIEEES (CDSHEEENFEFIRNE)
CALL gds.graph.prOJect(
'movie-graph', // EfETR
['Person', 'Movie'l, // R
{
ACTED_IN: {orientation: 'UNDIRECTED'},
KNOWS: {orientation: 'UNDIRECTED'},
DIRECTED: {orientation: 'UNDIRECTED'}
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#* 13-13
graphName nodeCount relationshipCount projectMillis
“movie-graph” 20 30 15

// B_%: izfTPageRank

CALL gds.pageRank.stream('movie—-graph')

YIELD nodelId, score

RETURN gds.util.asNode(nodeId).name AS R&fR,
gds.util.asNode(nodeId).title AS #5i%,
score AS PageRankigy

ORDER BY score DESC

LIMIT 10;

i (R6):

& 13-14
2R | PageRank{§%
“taEn” null 2.847
null “BE=E)” 2.351
“Bme” null 1.923
null ‘RETE 1.654
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/] B=H: BERBOTRREM

CALL gds.pageRank.write('movie-graph', {
writeProperty: 'pagerank'

1)

YIELD nodePropertiesWritten, ranIterations;

9.7.4 tt X6 : Louvain&jX
LouvainEA8EW B & BBt B85, IERESHED
7 TR AMDFNEBSORZAN 7 S22 HOREIK 7,

// i&fTLouvainttXi&i

CALL gds.louvain.stream('movie—graph')

YIELD nodeId, communityId

RETURN gds.util.asNode(nodeId).name AS &R,
gds.util.asNode(nodelId).title AS #5ER,
communityId AS #XID

ORDER BY communityId, &#R;

i (A :
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& 13-15

E=% FRRR
ke null

“EFIE” null

null “BETEE)”
null “EfrZi”
“ZAnLL” null

null ‘BETE

// BEERAHADFHEIE

CALL gds.louvain.write('movie-graph', {writeProperty:

YIELD communityCount, modularity;

#£XID

3

8

con

9.8 4 &ERM

9.8.1 &5|: EihNiE::

B RRBLEIEE—1%, NeodjlZ5|REXIRIEFA E1B1ERE,
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// BIERS|

CREATE INDEX person_name FOR (p:Person) ON (p.name);
CREATE INDEX movie_title FOR (m:Movie) ON (m.title);
CREATE INDEX movie_year FOR (m:Movie) ON (m.year);

// BIEEERRS|
CREATE INDEX person_name_age FOR (p:Person) ON (p.name, p.

// BIER—LUR (BmtIERS)
CREATE CONSTRAINT movie_id_unique FOR (m:Movie) REQUIRE m.
CREATE CONSTRAINT person_id_unique FOR (p:Person) REQUIRE

/! BBEBERSI
SHOW INDEXES;

R
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7= 13-16
entityTy labelsOrTy properti
id name
pe pes
person_nam ONLI ~ RAN w N “name
1 NODE [“Person”] |
e NE GE ]
ONLI RAN Y Y
2  movie_title NODE [“Movie”] [“title”]
NE GE
ONLl RAN [{3 ”» 43 »
3 movie_year NODE [“Movie”]  [“year”]
NE GE
movie_id_un  ONLI ~ RAN . " o
4 NODE [“Movie”]  [“id”]
ique NE GE
9.8.2 ITITXID

{EF EXPLAIN 1 PROFILE *EFROWEIHILEE:

// EXPLAIN RERitdl, THAT

EXPLAIN

MATCH (p:Person {name: "&@%)"})-[:ACTED_IN]—>(m:Movie)
RETURN p, m;

// PROFILE RRitXIFHH4T, SIEEFREUE

PROFILE

MATCH (p:Person {name: "&@%)"})-[:ACTED_IN]—>(m:Movie)
RETURN p, m;
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PROFILERS#IE R R R

Cypher version: CYPHER 5, planner: COST, runtime: PIPELINE
10 total db hits in 2 ms.

4 4+ 4 4 4
T T T T T

| Operator | Estimated Rows | Rows | DB Hits | Vari
| +ProduceResults | 2 | 2 | 0| m—
| +Expand(Into) | 2 | 2 | 5| m—
| +NodeIndexSeek | 1| 1] 2 | p

Xf#18#5: - DB Hits: 15[o]f7hE/E09R%K, BHREELF -
Rows: G2 —1THIZIEE — HREZ NodeBylabelScan
A2 NodeIndexSeek , wHERBImHFES, FEMEZES/
e

9.8.3 RFECE

Neodji It EERATEE LBURTRFEE. HiEDocker/amhZ
#5 neo4j.conf :
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# XFDockerk#, BIMEEERE
docker stop neod4j-kg && docker rm neo4j-kg

docker run -d \
—--name neo4j-kg \
-p 7474:7474 \
-p 7687:7687 \
-v $HOME/neo4j/data:/data \
-v $HOME/neo4j/logs:/logs \
-v $HOME/neo4j/plugins:/plugins \
-v $HOME/neo4j/import:/var/lib/neo4j/import \
—e NEO4J_AUTH=neo4j/passwordl23 \
—e NEO04J_ACCEPT_LICENSE_AGREEMENT=yes \
—e NEO4J_apoc_export_file_enabled=true \
—e NEO4J_apoc_import_file_enabled=true \
—e NEO4J_apoc_import_file_use_ _neo4j_ config=true \
—e NEO4J_server_memory_heap_initial__size=1G \
—e NEO4J_server_memory_heap_max__size=2G \
—e NEO4J_server_memory_pagecache_size=1G \
——memory=4g \
neo4j:5.15-community

REFESECHER:
& 13-17
ATFEE BiYE A
Heap (R7TF) BAFEM50%  Cypher&if), EHAE
Page Cache (T14&71%) BAEMN25%  HERHBIEEE
RETTnER BAEFEN25%  BRIERSKIIVMIEH
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Z507%EM

IRIRIEIEEEB 10GBRYEIES 4, Page CacheRIFIREN
10GB, ZHEFFIBEIELHAIMNEFERES, BREEIO,

9.8.4 K#LES AN
SPEEBIE AR, FEIESANRKE

/7 X BRAR: —REENEEIE (AREE)
LOAD CSV WITH HEADERS FROM 'file:///huge_file.csv' AS row
CREATE (n:Node {id: row.id, name: row.name});

// EMAR: DEAN
:auto LOAD CSV WITH HEADERS FROM 'file:///huge_file.csv' /
CALL {
WITH row
CREATE (n:Node {id: row.id, name: row.name})
} IN TRANSACTIONS OF 10000 ROWS;

:auto B4R ZifBrowser(#fHEEEZEE, IN TRANSACT
IONS OF 10000 ROWS Z=E#F100007T 99— NEZIEIE— R, *F
BEPAKEELHAZ.

9.9 3Lk MWE10H T RRYESZARENS

MELRANHEMEREESRSIEA, ME— AR, JRT
DRI ANRENE.
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9.9.1 BB ER
A VB E R Pythonl A8 e A B A FARM 1 2547
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#!/usr/bin/env python3
"N R 105 T MR R RS RIR ENE S AR E

import csv
import random
import os

# WRSNBREFE
IMPORT_DIR = os.path.expanduser('~/neo4j/import")
os.makedirs (IMPORT_DIR, exist_ok=True)

# MERTRETOPHE (EXHIE) + BB REUE

DIRECTORS = [Ilgﬁgi%"' IIBZF\%-'J'LWII, II;QIJ\WUII, II%Y", II%?II, Ilﬁl
g, “ER", "M, “sPmT, "ERU, SR
"G/RE", "M, "HE", A", "FOME", "8

ACTORS_POOL = [f"j&@5&_{i}" for i in range(1, 5001)] # 500
GENRES = [“Ej]'ﬂfu, II‘EEU”, ||*ﬂ£j||' ||§,|\:-§ll' "%;ﬁ", ||3E|‘£|='-éll' "EU’E
"%ﬁ'i\j", ";[@\'WE", ||£t]@u, ||éai)£|_||' ||E.‘2$_n, ||’%En' "_l.:t

# HEREEECSY (20000%F)
with open(os.path.join(IMPORT_DIR, "movies_100k.csv"), 'w'
writer = csv.writer(f)
writer.writerow(["movieId", "title", "year", "rating",
for i in range(1, 20001):
title = "5 _{i:05d}"
year = random.randint (1990, 2024)
rating = round(random.uniform(3.0, 9.8), 1)
box_office = round(random.uniform(0.1, 60.0), 2)
genres = "|".join(random.sample(GENRES, random. rar
writer.writerow( [f"m{i:05d}", title, year, rating,

# ERSECSY (2001i1)
with open(os.path.join(IMPORT_DIR, "directors_100k.csv"),
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writer = csv.writer(f)
writer.writerow(["personId", "name", "born", "type"l)
for i, name in enumerate(DIRECTORS, 1):
writer.writerow( [f"d{i:03d}", name, random.randint
for i in range(1len(DIRECTORS)+1, 201):
writer.writerow([f"d{i:03d}", f"&& {i}", random.

# HERUERCSY (500011)
with open(os.path.join(IMPORT_DIR, "actors_100k.csv"), 'w'
writer = csv.writer(f)
writer.writerow(["personId", "name", "born", "type"l)
for i in range(1, 5001):
writer.writerow([f"a{i:04d}", f'"5&&_{il}", random.

# ERMSEXRZARCSY (~800005%K<HR)
with open(os.path.join(IMPORT_DIR, "cast_100k.csv"'), 'w',
writer = csv.writer(f)
writer.writerow(["personId", "movieId", "role"])
for i in range(1, 20001):
num_actors = random.randint(3, 6) # SEER3-61 8
actors = random.sample(range(1, 5001), num_actors)
for j, actor_id in enumerate(actors):
role = f"AE_{j+1}"
writer.writerow([f"a{actor_id:04d}", f"m{i:05c

# EHSIEXRCSY (~200005)
with open(os.path.join(IMPORT_DIR, "directed_100k.csv"), '
writer = csv.writer(f)
writer.writerow(["personId", "movieId"])
for i in range(1, 20001):
director_id = random.randint(1, 200)
writer.writerow([f"d{director_id:03d}", f"m{i:05d]

print ("HiEEMSEE! )
print (f">2#{&7%FE: {IMPORT_DIR}")
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for fname in os.listdir(IMPORT_DIR):
if fname.endswith('.csv') and '100k' in fname:
fpath = os.path.join(IMPORT_DIR, fname)
lines = sum(1l for _ in open(fpath))
print(f" {fname}: {lines-1} Fi£x")

TR :

cd ~/projects/knowledge—graph
source venv/bin/activate
python generate_movie_data.py

R

IR STEE!

XHRTFTE: /home/sloth/neo4j/import
movies_100k.csv: 20000 %icF
directors_100k.csv: 200 %ic&
actors_100k.csv: 5000 it
cast_100k.csv: 80247 %ic®
directed_100k.csv: 20000 KitH
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9.9.2 oitEAN

// BIBAR (SARIRIE, RAEE)

CREATE CONSTRAINT movie_id_unique IF NOT EXISTS
FOR (m:Movie) REQUIRE m.id IS UNIQUE;

CREATE CONSTRAINT person_id_unique IF NOT EXISTS
FOR (p:Person) REQUIRE p.id IS UNIQUE;

// SANEBE (20000%)
:auto LOAD CSV WITH HEADERS FROM 'file:///movies_100k.csv'
CALL {
WITH row
CREATE (m:Movie {
id: row.movield,
title: row.title,
year: toInteger(row.year),
rating: toFloat(row.rating),
boxOffice: toFloat(row.box0ffice),
genres: split(row.genres, '|"')
})
} IN TRANSACTIONS OF 5000 ROWS;

/! BANSE (200%)
LOAD CSV WITH HEADERS FROM 'file:///directors_100k.csv' AS
CREATE (d:Person:Director {

id: row.personld,

name: row.name,

born: toInteger(row.born)

1)

// SNER (5000%)
:auto LOAD CSV WITH HEADERS FROM 'file:///actors_100k.csv'
CALL {

WITH row
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CREATE (a:Person:Actor {
id: row.personld,
name: row.name,
born: toInteger(row.born)

})
} IN TRANSACTIONS OF 5000 ROWS;

// BIESEXR (~80000%%)
:auto LOAD CSV WITH HEADERS FROM 'file:///cast_100k.csv' [
CALL {
WITH row
MATCH (a:Person {id: row.personId})
MATCH (m:Movie {id: row.movieId})
CREATE (a)-[:ACTED_IN {role: row.role}]->(m)
} IN TRANSACTIONS OF 5000 ROWS;

// BIESEXR (~200005%)
:auto LOAD CSV WITH HEADERS FROM 'file:///directed_100Kk.cs
CALL {
WITH row
MATCH (d:Person {id: row.personId})
MATCH (m:Movie {id: row.movieId})
CREATE (d)-[:DIRECTED]—>(m)
} IN TRANSACTIONS OF 5000 ROWS;

9.9.3 2B
// 2RIt
MATCH (n)
RETURN labels(n) AS #7%, count(n) AS #&
UNION ALL

MATCH ()-[rl->()
RETURN type(r) AS xZHZEE!, count(r) AS #=;
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% 13-18
InEs /KB neE
[“Movie”] 20,000
[“Person”, “Actor”] 5,000
[“Person”, “Director”] 200
ACTED_IN ~80,000
DIRECTED 20,000
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// Dt FERSNSIETOP10

MATCH (d:Person:Director)—[:DIRECTED]—>(m:Movie)

RETURN d.name AS £5&, count(m) AS SSBERE,
avg(m.rating) AS Fi5iF5H

ORDER BY Ss&{EMm# DESC

LIMIT 10;

// D D RENERTOP10

MATCH (m:Movie)

RETURN m.title AS H§s, m.year AS &, m.rating AS %
ORDER BY m.rating DESC

LIMIT 10;

// DT BIERZBEAVERTOP10

MATCH (a:Person:Actor)—[:ACTED_IN]->(m:Movie)

RETURN a.name AS J&fi, count(m) AS ZEH=E,
avg(m.rating) AS FiEsy

ORDER BY Z&E#{= DESC

LIMIT 10;

// Dt EERNBETE

MATCH (m:Movie)

WITH toInteger(m.year / 10) % 10 AS decade, count(m) AS cc
RETURN decade + "-" + (decade + 9) AS X, count AS FEE
ORDER BY decade;

// Dt KBS

MATCH (m:Movie)

UNWIND m.genres AS genre

RETURN genre AS Z£#!, count(x) AS =
ORDER BY #%= DESC;

// ot SEN"HEER" (BEXH&RZ)
MATCH (d:Person:Director)-[:DIRECTED]—>(m:Movie)<-[:ACTED_
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WITH d, a, count(m) AS collaborations
WHERE collaborations >= 3

RETURN d.name AS 5%, a.name AS &5, collaborations AS &
ORDER BY collaborations DESC
LIMIT 20;
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9.9.4 BEIXED
// BIEERE

CALL gds.graph.project(
'movie—analysis',

{
Person: {label: 'Person'},
Movie: {label: 'Movie'}
}l
{
ACTED_IN: {type: 'ACTED_IN', orientation: 'UNDIRE(
DIRECTED: {type: 'DIRECTED', orientation: 'UNDIREC(
)

)z

// PageRank: #HHRBZMANT R

CALL gds.pageRank.stream('movie-analysis")
YIELD nodeld, score

WITH gds.util.asNode(nodeId) AS node, score
WHERE node:Person

RETURN node.name AS A#%), score AS ElHE7D
ORDER BY score DESC

LIMIT 15;

// HEIEN: RINEERHA

CALL gds.louvain.write('movie-analysis', {
writeProperty: 'community',
maxIterations: 20

1)
YIELD communityCount, modularity, ranIterations;

// BEHKS T

MATCH (p:Person)
WITH p.community AS communityId, count(p) AS memberCount
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WHERE memberCount >= 5

RETURN communityId AS #tXID, memberCount AS A%
ORDER BY memberCount DESC
LIMIT 10;

/ REERE (BHMAE)
CALL gds.graph.drop('movie-analysis"');

9.10 {EAPythoniEiENeo4j

EREETH, BASMEEAPythonskiE{ENeodj, LATZE
ERERMREL:
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||||I|Neo4j Python EEE}JEZIS]:%VEMHH
from neo4j import GraphDatabase

# EREE
URI = "bolt://localhost:7687"
AUTH = ('"neo4j'", "password1l23")

# BYZIR=)LH
driver = GraphDatabase.driver(URI, auth=AUTH)

# EERE

with driver.session() as session:
result = session.run("RETURN gds.version() AS version
print(f"GDShkk4s: {result.single()['version']}")

# HEREBIRE
class MovieGraph:
def __init_ (self, uri, auth):
self.driver = GraphDatabase.driver(uri, auth=auth)

def close(self):
self.driver.close()

def find_actors_of_movie(self, movie_title):

"B EE R ER

query = """

MATCH (p:Person:Actor)—[:ACTED_IN]->(m:Movie {tit]

RETURN p.name AS actor, p.born AS born

ORDER BY p.born

with self.driver.session() as session:
result = session.run(query, title=movie_title)
return [record.data() for record in result]
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find_co_actors(self, actor_name):
"EREEANFESEREA"""
query = """
MATCH (a:Person {name: $name})-[:ACTED_IN]->(m: Mo\
WHERE a <> co
RETURN DISTINCT co.name AS co_actor, count(m) AS ¢
ORDER BY collaborations DESC
with self.driver.session() as session:
result = session.run(query, name=actor_name)
return [record.data() for record in result]

shortest_path_between(self, namel, name2):
"MNER A Z B RERE""
query = """
MATCH path = shortestPath(
(pl:Person {name: $namel})-[*..6]-(p2:Person A
)
RETURN [n IN nodes(path) | n.name] AS names,
length(path) AS hops
with self.driver.session() as session:
result = session.run(query, namel=namel, name:
record = result.single()
if record:
return {"path": record["names"], "hops": 1
return None

run_page_rank(self, top_n=10):

"Mz {TPageRank &L

query = mn

CALL gds.pageRank.stream('movie-analysis")
YIELD nodeld, score

WITH gds.util.asNode(nodeId) AS node, score
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WHERE node:Person

RETURN node.name AS name, score

ORDER BY score DESC

LIMIT $top_n

with self.driver.session() as session:
result = session.run(query, top_n=top_n)
return [record.data() for record in result]

{ERRBI
__name__ == "__main__":
graph = MovieGraph(URI, AUTH)

print("=== EBPFER ===")
actors = graph.find_actors_of_movie("Eg;_00001")
for a in actors[:5]:

print(f" {a}")

print("\n=== SfF&R ===")
co_actors = graph.find_co_actors("}E5_0001")
for ¢ in co_actors[:5]:
print(f" {c}")
print("\n=== REKRE ===")
path = graph.shortest_path_between(";E5_0001", "j&7_1
print(f" {path}")
graph.close()

BITER (1) :
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=== EHETIER ===
{'actor': '“J&R_1234', 'born': 1965}

{'actor': 'J&R_2345', 'born': 1972}

{'actor': "JE&_3456', 'born': 1978}

{'actor': 'JER_4567', 'born': 1985}
=== S{F&RA ===

{'co_actor': 'J#F_0234', 'collaborations': 3}
4

{'co_actor': 'JE&_0567', 'collaborations': 2}
{'path': ['JEG_0001', 'HF_00123', 'JEH_0456', 'HF_01.
RNF 5]

%3] 1: ERRESER (ko)

1. {EFDocker& & H# B 5INeo4]

2. #£Neo4j BrowserfBIEZES MR T =10 NER T A
3. BIEE/MS5KACTED_INX R

4. 5 CypherEif]: HHSEBTRZHVER

R3] 2: CSVEAZLA (orkx)

1. M https://www.kaggle.com T&H —TEIMBEZEIES (A0
IMDB#EEE)

2. BEIEIEIRANCSVIETL, MANeodjFABR
3. {EFALOAD CSVE AR
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4. QIBRS| A, MEARSIMERSINNEIEEE (£
PROFILE)

43 3: EIFEESH (hokok)
1. {EF5E9.9 T Py thon B A4 A 107515 2R

. SANBUERE, 1B1TPageRank&E A HRB R IMNIIESR

. BiTLouvaintt XAEM, DT RIMAIHLEFESH

. FAPythonIREHRE — 1 RE: MNERRT, RENZERFE
X FRIPAE EAMES

%3] 4: BRCypherdkik (k)
FACypherSXBIAT A4 (BFSA105 T REUE)

1. R AREDR: FERNERZEARZBEEEIEXRES
B&E?

2. ITEE N SEN EASHY —S5HEENEBERPRE S DR
EAYFEX?

. HHEEEHEE”: FEVEALAER, BERM>=832F9FD
BRI TOPS

A WD

3 {1 [33) 158
1. Neo4jE A XHY: https://neodj.com/docs/ — ZWNENS
Z&H8
2. Cypher&ZiiE 52 & https://neodj.com/docs/cypher—
manual/ —— CypheriZii A S
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3. Neo4j Graph Data ScienceZif:
https://neo4j.com/docs/graph-data—science/ —— GDS&
EX

4. APOCHFF#8R: https://neo4j.com/labs/apoc/ —— APOC
TR

5. {Graph Databases) (#%E&): lan Robinson%Z, O’Reillytt
b, EEGEEIEMNSEREE, Bl
https://neodj.com/graph-databases-book/ %% T &

6. Neo4j Sandbox: https://sandbox.neo4j.com/ — #&H&HY
£ Neod|SRIOIME, RMATIELIES

FENE
FEHATRANE S T Neod| EEIRENA HEE, MREINE
B, T SRR
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= 13-19
R/ BRIODAS

. Community (%2&%>]) vs Enterprise (4%7=) vs AuraDB
R A%+

(=)
ZEEE  Docker (7). APT. Neo4dj Desktop =FA
Browser ERAEORENERNERSS
Cypher ~ CRUD#ET., BXTH. BREEW. REQAIT. BRIRIS

CREATE/MERGE (/©it&). LOAD CSV (#tt=2). APOC

#) =

HESA gaast)

APOCHE . o
- HIES /24, BEM. TEEsEH

GDSEjE  PageRank (A0v4). Louvain ((tXt&i) HEEE
HREEM Rl WITIHRID . AEEE. 2iHtSAN

Python&s

o neodjIRRYERR . EWEHER. BAREA

SEHIE 105 TN REBEFZEENTEMENDITRE

MMEKRE S

NeodjMXURB— TN EIEE—ER—MEMNBER AL, SiRFAF
AT TR XRTREFHRN, RERNRSERERNDEELZRS
FEIEM. EERTHENETHR, BIFENecdj5 mEHMIEEQrants;
A, TEARKHN EEHE",
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$1Z Qdrant: [@EEL

5 B3

W S = M I E s 7 M
BiA0.82, [ FIH EE"fI"EEE "R
0.35, XtEMEREZFHIET

- E E%ﬁﬂ«nx ﬁ'ﬁZ:/ \ZEEEE?&%E'IEJQ
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JEE: A FEF
FILTFERS . 3-4/)\HT (B5)F L)

51F

“TEAIRTE, BETBELIX R, MEEHEENX,”

ARIENETH, Hi1FBNeod I T — MEMIHAAIRE
— R XR. B, —EMRERG. TRRERN, B0
#RR, ABNERMESNNTREE: —REPEE, —&
AT, —BEER, RSB EE ST A X R RE
*.

A AR IEAR R AR A L O 2
ERE: WEKEE,

A EHIEENZOBBMEAE—EXER (BRH. BHF)
Hm—SNT (U8), ARESEZRREL ER RES1E
MXEHEME " H EER—ERREA/ORES” M7 XERBE R LA R
FRBMREN —RAEFTERE, EEMNNREESHTE
PRIEEIRT,

REBANEF I Qdrant—— TS EEN T RO E8HERE, H
RREMT S Neodj EIEIEENME, MEARNRN ERAS”.
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10.1 BEBEIEE: HitABEE?

10.1.1 ER B ERIFR

BRI AER (KEELE) E—MEAENEE: ERIA
i@, FSMR7IEX”,

BN F, BRIRIRE—TBEEHIEETIER”RIER AN
B, ERERESEREETRE VRN VBT XX EIFIC
Fo (BUATHARGE— 1 RBaEigmP, fA=EMCLEMNERE
&:

o “— N RFHFEFMMENAKE
“‘BRIXEER, HRMREESRT”
“EBLERI R A SR

KR RN XLESZEETEEN .

10.1.2 MERRNE R
EERRR T —MERK:

1. 4RE3: FARER! (WOpenAlfitext—embeddingt&®l) EFERX
KRR — T SERE, LEU1536409)F R EEA

2. F7iE: EXEQEFANQELERE

3. ¥R ERREtZRNEE, ARELIEETHE ERR
L HaEE
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XA: “REBRAREE"
1 Embeddingi&#!
[£: [0.023, -0.156, 0.892,

XA: "= PR TFHEENRIENm A RS
1 Embeddingi&#!
mE: [0.021, -0.148, 0.885, ...,

- RZEME: 0.96 (FEEIEA! )

10.1.3 nEM?Er- lLa\
BRIERNEE

* 141

LR R

ERETRS

Pinecone

MEERDN . THRERE

Milvus

Weaviate HNEBELIER
ChromaD

5 & . Python[R4

RustE. &HaE
XN

. REST/gRPC
Qdrant

.., 0.045]

0.041]

(15364)

(15364)

TEEBRS, BAlEEQdrantlIEHIT:

Qdrant{fi &3 LE
QdrantFFR. AIBEIEE

Qdrant®E3E=. APIE

Pazadl j:
18l7a

Qdrantf9Rustiz/OM4EBE
B

Qdrant®7=4H, X5
i
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10.2 MEHBRAN: MNXAEISHZT|E
10.2.1 1+ REmbedding?

Embedding (BRA/EEHA) ZEBHEY. FREMHCRIEIE
(X7, BR. 5) MEEESNSHERETENTE,

MR— N HTg):

REE 1
FIHIE®Z @ |
| o HIERS
BREE o |
Jlr —————————— - wfF

XD ECHN /R, "FEH EE " RIEBERS"E A
EmlFEBR, FIMERRE; M REE"EER, BEERIT.
ESLAEmbedding215364 (OpenAl text-embedding-
ada-002) 47684 (BERT) EZE %, SAALXTLERNMNX
LEHENTE, BRFFRIEE—FRY: EXBAMNIXE, NEES

Hif,
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10.2.2 E FAAEmMbeddingt& &Y

*14-2

text—-embedding— W W W N

1536 OpenAl WA
ada-002 w
text—-embedding— W W BRAXA (Fr

1536 OpenAl .
3-small i+ —)
text-embedding— W W W -

3072  OpenAl SRERK
3-large W W

BAAI (B

bge-large-zh 1024 - o RNz —

m3e-base 768 Moka Al ; : a PYRE

e
R EKAYEEIY

MRIREEZLEPNAR, #FEM bge-large-zh (IERERMAR
Pritidm), EERIENIEMR FinE0penAIIRE, MESTE%E. A
AHERE

10.2.3 E)F{FIEEmbedding
FeRENERIPythonE
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cd ~/projects/knowledge—graph
source venv/bin/activate
pip install sentence-transformers openai numpy

(ERFIRRE (Fith, R3F):
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"UUER sentence-transformers AR ARERAN"""

from sentence_transformers import SentenceTransformer
import numpy as np

# MBRE (BRGITEE T, £400MB)
model = SentenceTransformer('paraphrase-multilingual-Minil

# HEEIR

texts = [
"fIHIEER—EBREA LS HEBR",
"XERER RS AREREE RN,
"REER—HRABIESENRLIEER",
"EEFERIY T RIS A LRI ER",
"RIBERSHART —EREBHMENRAZEHE"

# LRBRARE

embeddings = model.encode(texts)

print(f"XXA%=: {len(texts)}")
print(f"mE4%E: {embeddings.shapel[1]}")
print()

# TTERZEMERERE
from sklearn.metrics.pairwise import cosine_similarity
similarity_matrix = cosine_similarity(embeddings)

# FTENMRIE
print ("IBEXBMUEER: ")
print("-" x 60)
for i, text_i in enumerate(texts):
for j, text_j in enumerate(texts):
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if j > i:
sim = similarity_matrix[i][j]
print(f" [{text_il:12]1}...] vs [{text_jl[:12]]

Wt

NAREE: 5
mE4E: 384

BB IAEERE:
[[IHEZZ2—SEEA...] vs [XE ’iJ:}\F}I%IJ}m ..]1 = 0.8234
[FIHEEZ—SEEA...] vs [REER—RFHE...] = 0.3521
[fIEEZEE—EEEA...] vs [%%ﬁ?lhﬂ?ﬁ...] = 0.4012
[FHEEE—EEEA...] vs [RIEERSHAT...] = 0.7156
[XEERIEARENE. .. ] vs [REFER—BRHFRE...] = 0.2891
[XEBERILARENR. .. ] vs [BEFERIYTE...] = 0.3678
[XEREREARENE. .. ] vs [RIEBEZSHAT...] = 0.6823
[REER— “B%S/w%...] vs [BEFERINTE...] = 0.6234
[REER—HRHE...] vs [RIEBERSHAT...] = 0.3012
[BE %EIWJ‘TJ@ ] vs [RIEERSHAT...] = 0.4256
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10.3 ¥ Qdrant

10.3.1 AX—: Docker®it (#F)

docker run -d \
——name qdrant-kg \
-p 6333:6333 \
—-p 6334:6334 \
-v $HOME/qdrant/storage:/qdrant/storage \
gdrant/qdrant:v1.7.3

SRR
% 14-3
-p 6333:6333 REST APIif [
-p 6334:6334 gRPCIHO (S14HEEE(E)

-v .../storage:/qdrant/storage BIBHAN

WiE% .

curl http://localhost:6333 | jq .

R

409



FREEN]

"title": "qgdrant - vector search engine",
"version": "1.7.3"

10.3.2 Qdrant Dashboard
QdrantBH—"NEEHIWebEIESRE, 15 http://localhos
t:6333/dashboard

ERXTFREF, RAIM: - EFMACollection (&F) - Al
5 Collectiondi@JPoints (H¥ER) - HATHAGIERZRNL - iz
RS ERIRTS

10.3.3 AXX=: PythonEF i

pip install gdrant-client
JOUEESE

from gqdrant_client import QdrantClient

# REST&E#E
client = QdrantClient(host="1localhost", port=6333)

# FEFAANGFEN (FFZEDocker, E&MiH)
# client = QdrantClient(":memory:")

print(f"QdrantiEEZmMIn! ")
print(f"RREES: {client.info()}")
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10.4 QdrantiZOEES

10.4.1 1L 2R 5Y

® 14-4
Qdrant#f & %L 152ER
Collection BIEEPR —HmENDER
Point RPN —1T — 1M EE + TR
Vector BRA[E S4TSR A
Payload B HNAY T ELIRE JSON#E A BB XS
Vector Params REMTE X H®E. EBEEELN
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AR
10.4.2 glli#ECollection

from gdrant_client import QdrantClient
from gqdrant_client.models import (
Distance, VectorParams, PointStruct

client = QdrantClient(host="1localhost", port=6333)

# BlECollection
client.create_collection(
collection_name="movies",
vectors_config=VectorParams (
size=384, # MEHLE (WNHENMEAMNMinil
distance=Distance.COSINE # {FARZBNE

# BmECollectionfE B

info = client.get_collection("movies")
print(f"Collection®&#R: movies")

print(f"m=E4~E: {info.config.params.vectors.size}")
print(f"fEEEs: {info.config.params.vectors.distance}")
print(f"Points#{&: {info.points_count}")

print (f"IX7&: {info.status}")

R

Collection®&#R: movies
[EE4E: 384

fEEE=: Cosine
Points#iZ: 0

JRZS: green
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1043 EEEEEAR
QdrantXiF=fIEEES:
x 14-5
E= YN TR ER=
Cosine (& cos(8) = (A-B)/ EEHMEHEM NAENER
5%) (Al -1BIN) %, ZEEKE (REH)
Euclidean _ o
d = vZ(ai-bi)?2 BETEES ERYFEITHES
(EREG)
Dot Product [EIYE =5 @F
. = i*Di /\ét
(557) A-B Y(ai+bi) K WERR
RoutBUUE I $48:
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import numpy as np

def cosine_similarity(a, b):
MU ERITERAEMUE"""
dot_product = np.dot(a, b)
norm_a = np.linalg.norm(a)
norm_b = np.linalg.norm(b)
return dot_product / (norm_a * norm_b)

# 5l

vl = np.array([1.0, 2.0, 3.0])

v2 = np.array([1.1, 2.1, 2.9]1) # Am@AEM
v3 = np.array([3.0, 2.0, 1.01) # A@EATE

print(f"vl vs v2 FZBME: {cosine_similarity(vl, v2):.4f
print(f"vl vs v3 FRZBME: {cosine_similarity(vl, v3):.4f

R

vl vs v2 RztEME: 0.9993
vl vs v3 RZBEME: 0.7143
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10.4.4 #H A Points

from sentence_transformers import SentenceTransformer

model = SentenceTransformer('paraphrase-multilingual-Minil
# EEEUE
movies_data = [
{
"id": 1,
"title": "FIHIE®Z",
"year": 1994,
"rating": 9.7,
"description": "—{MEBRAETSHNIEEAN, EEZSREMEEF,
}I
{
"id": 2,
"title": "HHRARE",
"year": 1994,
"rating": 9.7,
"description": "SRITRTEHEMNIR, EHPREIRPEE
}I
{
"id": 3,
“title: “&45E2: WHA",
"year": 1991,
"rating": 8.8,
"description”: "—{RERRAMBARIERRI— MBI,
}I
{

"id": 4,
“title": ||%_r§ﬁjqn’
"year": 1999,

"rating": 8.7,
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FIREENT
"description": "2 RBRAIMILSLHEFELE AR EIERY)

}’
{

"id": 5,

"title": "HRIBERS",

"year": 1997,

"rating": 9.4,

"description": "#EHRIBEERSHEMR, BHERERELINSE:
b

# £ EEHIENQdrant
descriptions = [m["description"] for m in movies_data]
vectors = model.encode(descriptions).tolist()

points = [
PointStruct(

id=movie["id"],

vector=vector,

payload={
"title": movie["title"],
"year": movie["year"],
"rating": movie["rating"],
"description": movie["description"]

)

for movie, vector in zip(movies_data, vectors)

# =N

operation_info = client.upsert(
collection_name="movies",
points=points
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print(f"{EANLER: {operation_info.status}")
print(f"HgjPoints#i=: {client.get_collection('movies"').po

Wt

BANER: completed
LHIPointsEE: 5

10.4.5 BUUEEE

# BR: "RERANEIERE"
query_text = "REERANEFEHRE"
query_vector = model.encode( [query_text]) [0].tolist()

results = client.search(
collection_name="movies",
query_vector=query_vector,
limit=3 # REIREMH3PER

print(f"#%: '{query_text}'")
print("=" x 60)
for result in results:
print(f" ®B&: {result.payload['title']} ({result.pay

print(f" 3¥4%: {result.payload['rating']l}")
print(f" #MEMLE: {result.score:.4f}")
print(f" #X: {result.payload['description'][:50]%}..
print("-" x 60)
R -
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BR: RRBANEENE

g RIBE®RS (1997)

o 9.4

EUE: 0.7234

i EREBERSHNENFR, RS XEELNFTERANREBEE. ..

g1 MHIE®Z (1994)
5 9.7
HEHINE: 0.6812
Wik —PMERRETSHNEEA, EEERNERE, 2B 7TX=ERH. ..

50 HEZARIE (1994)
o 9.7
BE: 0.5923
iR BITRTEREENR, EERRRRPEEEENRD. ..

BN BETEEBANEIGHFE N, "RIEBEZS HHE
E—1 (1HUE0.72), ANEBLEEIFHNE, "KREE"R
P FELERP——XIERIEXEFAIHET]
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10.5 HNSW#5|: mEEFENINESIE

10.5.1 AT ALEEZES|?

REBENEEARERNIEE (Brute Force): IEE@EM
BIRETHNES— T REHITE—RESR., WFERHE, XTE2R
(B8, {BANRIRB1007ZEIER? M2 KIE?

Ri&: - 100/%3844MmE - BREWEEITEI00H AR
SZAEME - B8RITEN384K5E % + 384) 0%

XIMBEBEI00/ x 768 = 7.68{2/RFRIEH, ECPULTRIEES
B3I LEEEM., SFIAHERFER, KIET,

10.5.2 HNSWE AR IE

HNSW (Hierarchical Navigable Small World) ZE BRI
TROEMEIESE (ANN) BREZEZ—., ENZOERAIMA—
KLERIERE:

BRI — LRI — T EHME, TR
EE—EH (RAEF), TR 1 SEMELAIAKS
(F—E: HHE) 2 WEHRER (B_F: THE)

3 EHEWEHEN (B=/R: HHE)

HNSWHE T — 1S EE%EH:
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FIR (RBEH): o ° °

| |
E2R (PF) ® ® ° ° ° °

| | | | | |
F1E (R%): )

BRIE: MNRINEFIR, EHREREL" R A%, SEXE—
BIOAREEN, THERAN—BRHERER; BEFIRKE, %3
RIZTAILRE,

10.5.3 HNSWS At

from gdrant_client.models import HnswConfigDiff

# BFiCollectionAYHNSWEC &
client.update_collection(
collection_name="movies",
hnsw_config=HnswConfigDiff(
m=16, # BT RINRAREEZN
ef_construct=100, # MERS|INNEREE
full_scan_threshold=10000, # ETUHHEFARNHER
max_indexing_threads=4, # &3|#EE72%
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TEIN

BITTRNERE BA-ERWELESZA
RERE 7, #HF12-32

MENNER EBR-RIIGEESEMLE

ef_construct 100

BE HEI8; #%100-500
ef_search (& EWNEER IBR-FERRHEEEEIE;
IR E) RE #FF50-200

FBE vs BERINE:
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# FERIER (18E8H)
results = client.search(
collection_name="movies",
query_vector=query_vector,
limit=5,
search_params={
"hnsw_ef": 200, # KE = BfEHR
"exact": False # NMEBAENER

# RRER (RBEARERL—LHER)
results = client.search(
collection_name="movies",
query_vector=query_vector,
limit=5,
search_params={
"hnsw_ef": 50, # ME = BEIR

# BHEER (RiEH, B&IE)

results = client.search(
collection_name="movies",
query_vector=query_vector,

limit=5,
search_params={

"exact": True # BEHERRNER
b
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EE > 1005 FEZEFHEN m f] ef_construct

ZBENEM: - HIEE < 10000: FNEEHNSW, £ZH#EZEq
9T - IEE 10000-10075: HNSWELIN S KT RLF -

#

10.6 PayloadidiE5ES&Eif

10.6.1 Payload 3|
PayloadZQdrantt & MPointIMI N TT AR, R LAY
Payload#1Tid5E, ST FidiEEER" IR,

N7 I&EPayloadidiE, FEENERAITIEFEREIERS:
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from gdrant_client.models import PayloadSchemaType

# AEBKPayloadFERBIEZRS|

client.create_payload_index(
collection_name="movies",
field_name="year",
field_schema=PayloadSchemaType.INTEGER

client.create_payload_index(
collection_name="movies",
field_name="rating",
field_schema=PayloadSchemaType.FLOAT

client.create_payload_index(
collection_name="movies",
field_name="title",
field_schema=PayloadSchemaType.KEYWORD

print("PayloadZ3|8IiE5mM! ")
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10.6.2 i€ Z:

from gdrant_client.models import Filter, FieldCondition, F

# BR"BLIBE", RE2000FUEF. 58,004 £
results = client.search(
collection_name="movies",
query_vector=query_vector,
query_filter=Filter(
must=[
# &7 >= 2000
FieldCondition(
key="year",
range=Range(gte=2000)
)r
# ¥y >= 8.0
FieldCondition(
key="rating",
range=Range(gte=8.0)

)y
limit=5
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10.6.3 E M ERME

from gdrant_client.models import (
Filter, FieldCondition, Range, MatchValue, MatchAny

# EEREMN
complex_filter = Filter(
must=[
# WIUHE: 1T >= 8.5
FieldCondition(key="rating", range=Range(gte=8.5))
] ’
should=[
# SHEE—BIR: Fp7E1990-20002 8, TitH >= 9.0
FieldCondition(key="year", range=Range(gte=1990, 1
FieldCondition(key="rating", range=Range(gte=9.0))
] ’
must_not=[
# HERR: MAREEAREE"
FieldCondition(
key="title",
match=MatchValue(value="#£&4%&2: WHAH")

results = client.search(
collection_name="movies",
query_vector=query_vector,
query_filter=complex_filter,
limit=3
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10.6.4 {§FREST API
IR T PythonEFim, RBAIAEIZERHTTP API:
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# BlECollection
curl =X PUT http://localhost:6333/collections/articles \
-H "Content-Type: application/json" \
-d '{
"vectors": {
"'size": 384,
"distance": "Cosine"

ol oja .
# #EAPoint

curl =X PUT http://localhost:6333/collections/movies/point
-H "Content-Type: application/json" \

-d '{
"points": [
{
"id": 100,
"vector": [0.1, 0.2, 0.3, ...],
"payload": {
"title": "FTEREZ",
"year': 2024
+
}
|
ol oig .
# BR

curl =X POST http://localhost:6333/collections/movies/sear
-H "Content-Type: application/json" \

-d '{
"vector": [0.1, 0.2, 0.3, ...],
"limit": 5,
"with_payload": true,
"filter": {
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"must": [
{"key": "rating", "range": {"gte": 8.0}}
]
b
Pl oja .

10.7 ZDAEIE + MEEE = ARNRKNEEAS

10.71 AL BEMEER?
MREEEREESERK, U&EBEK:

* 14-7

FREE (Neo4j) [EXIERE (Qdrant)

‘ “AEBHIBIRAIER N
BRX RSN o X REK

“EOURREAL YR

|=EA »
W

EXAENUEER X FEK

2 paIE KRS X Rxi5
BH/ERESEN 4 EBESKEMCyher 0 HIBEZ
LRI DI mAsKt L ERE
RAG (HeZ=igig4

heketl L EEGYMAE KAERR

BX)

BEHES: ILMEWNE, EIMLE:
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FFRE: "#ELEN (RIEHIEE) XUKASHNER,
RS EME=EFEI"

v v
Qdrant@EEER NeodjEEW
" FOBa E IE A2 "ME=EEIH
RARRIFESZ" SE"
| |
v v
[ZRIBERS, SEA, SIEB,
H B e AR, S&EC]
EMALE] |
| |
| |
|
v
RRIiE/ME
|
v
"E=REINSES,
EmMAB SR H E%
=isy s

10.7.2 E&k5EH9: GraphRAG

GraphRAG (Graph-based Retrieval Augmented
Generation) E®HAIREE. MERRNAESRE (LLM) 5
SEINEES AR
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J=[SE |
"RE— TR FUENRIE, MR |

v v
| 1T |
| Qdrant | | Neo4j |
| mEgx | | B=ze |
| | |
| #EREXEX | | ®FSmE |
| BXAAE | | WZHEXFRE |
| I | L I |

| |

| I |

v

BREHNEREETHRRANEBRAXOSM,

10.7.3 &hF: EiEIZEANENIEE
1EFEATENeodjFIQdrantE & ek, TI— TR EEIL
RIBNIERAS:
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GraphRAG: ZNIRENE + M2 RFLE I

from neod4j import GraphDatabase

from gdrant_client import QdrantClient

from qdrant_client.models import (
Distance, VectorParams, PointStruct,
Filter, FieldCondition, Range

)

from sentence_transformers import SentenceTransformer

class GraphVectorSearch:
" EE R R m S RS g

def __init__ (self):

# E1ENeod ]

self.neo4j_driver = GraphDatabase.driver(
"bolt://localhost:7687",
auth=("neo4j", "password123")

)

# E#Qdrant

self.qdrant_client = QdrantClient(
host="1localhost", port=6333

)

# fNEEmbeddingi&#y

self.model = SentenceTransformer (
'paraphrase-multilingual-MinilM-L12-v2'

def sync_neo4j_to_qgdrant(self, collection_name="movie_
"""}\}\Ne04j [E_l-’lf %;;Eﬁl{guo(j rantllllll

# MNeodj EI0HHREBRS
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with self.neo4j_driver.session() as session:
result = session.run("""

MATCH (m:Movie)

WHERE m.description IS NOT NULL

RETURN m.id AS id, m.title AS title,
m.year AS year, m.rating AS rating,
m.description AS description,
m.genres AS genres

IIIIII)

movies = [record.data() for record in result]

if not movies:
print("NeodjH 2B HETHIRNEREIE")
return

print(f"MNeo4jE% T {len(movies)} ZFEEZIQdrant")

# BlE=EZECollection

collections = [c.name for c¢ in self.qgdrant_client.

if collection_name in collections:
self.qdrant_client.delete_collection(collectic

self.qdrant_client.create_collection(
collection_name=collection_name,
vectors_config=VectorParams (
size=384,
distance=Distance.COSINE

# EREEHEN
descriptions = [m["description"] for m in movies]
vectors = self.model.encode(descriptions).tolist()

points = []
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for i, (movie, vector) in enumerate(zip(movies, ve
points.append(PointStruct(

id=1i + 1,

vector=vector,

payload={
"neo4j_id": movie["id"],
"title": movie["title"],
“"year": movie["year"],
"rating": movie["rating"],
"description": movie["description"],
"genres": movie["genres"] or []

))

# pitiEAN (Eit1001)
batch_size = 100
for i in range(@, len(points), batch_size):
batch = points[i:i + batch_size]
self.qdrant_client.upsert/(
collection_name=collection_name,
points=batch

print (f"mIgiEN {len(points)} 4N@EZIQdrant")

# BliEPayloadZ3|

for field, schema in [
("year", "integer"),
("rating", "float"),
("title", "keyword"),

self.qgdrant_client.create_payload_index(
collection_name=collection_name,
field_name=field,
field_schema=schema
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def search_similar(self, query, limit=5, min_rating=Nc
year_range=None, collection="movie_
“""iﬁs{;g? + ﬂ'iﬁﬂqpayloadﬂim‘llllll

query_vector = self.model.encode( [query])[0].tolis

# MEIEEMG
conditions = []
if min_rating is not None:
conditions.append(
FieldCondition(
key="rating",
range=Range(gte=min_rating)

)
if year_range is not None:
conditions.append(
FieldCondition(
key="year",
range=Range (
gte=year_range[0],
lte=year_range[1]

query_filter = None
if conditions:
query_filter = Filter(must=conditions)

results = self.qgdrant_client.search(

collection_name=collection,
query_vector=query_vector,
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query_filter=query_filter,
limit=1imit

return results

def graph_enriched_search(self, query, limit=5,
collection="movie_descripti
" EERER: FBER + EEXRTR

# B MELFREUEIL
vector_results = self.search_similar(
query, limit=1imit * 2, collection=collection

# B%: FANeodEiLERILBER
enriched_results = []
for result in vector_results:

neo4j_id = result.payload["neo4j_id"]

# MNeodjEIFXKEXER
with self.neo4j_driver.session() as session:
graph_info = session.run("""
MATCH (m:Movie {id: $id})
OPTIONAL MATCH (p:Person)-[r:ACTED_IN]
OPTIONAL MATCH (d:Person)-[:DIRECTED]-
RETURN
collect(DISTINCT {actor: p.name,
collect(DISTINCT d.name) AS direct
mr o id=neo4j_id).single()

enriched_results.append({
"title": result.payload["title"],
"year": result.payload["year"],
“"rating": result.payload["rating"],
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"similarity": result.score,
"description": result.payload["descriptior
"actors": graph_info["actors"]1[:5], # HiI5
"directors": graph_info["directors"]

})

# EBUEHFHRERF Linit D
enriched_results.sort(

key=lambda x: x["similarity"], reverse=True
)

return enriched_results[:limit]

def close(self):
self.neo4j_driver.close()

if __name__ == "__main__":
engine = GraphVectorSearch()

# 1. BETEIE

print("=" * 60)

print("#31: MNeodjEIHEEERIQdrant")
print("=" x 60)
engine.sync_neo4j_to_qgdrant()

# 2. MIBNER

print("\n" + "=" x 60)

print("#2: EXER "REMTHAERS"")

print("=" * 60)

results = engine.search_similar(";2ERMEHALELE", lin

for r in results:

print(f" [{r.score:.4f}] {r.payload['title']} "

f"({r.payload['year'l}) - i¥o{r.payload['ra
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print(f" {r.payload['description'][:60]}..

# 3. FHRIEXER
print("\n" + "=" x 60)
print("#E3: #BER 'BOMERR' ((F9>=9.0)")
print("=" * 60)
results = engine.search_similar(
"BIERR",
limit=3,
min_rating=9.0
)
for r in results:
print(f" [{r.score:.4f}] {r.payload['title']} "
f"({r.payload['year']l}) - i¥o{r.payload['ra

# 4. ENEEEER

print("\n" + "=" % 60)

print("#FE4: EEGEEER 'XTEHENFENERZ'")

print("=" x 60)

results = engine.graph_enriched_search(
"XTBEBEMREMNER", limit=3

)

for r in results:
print(f" [{r['similarity']l:.4f}] {r['title']} "

f"({rl'year'l}) - ¥o{rl'rating'1}")

print(f" {r['description']}")
if r['directors']:
print(f" S&E: {', '.join(r['directors

if r['actors']:
actor_names = [a['actor'] for a in r['actors']
print(f" F3E: {', '.join(actor_names)
print()

engine.close()
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$31: MNeodjEH#HIERIQdrant

MNeo4jELT 20 EBEFZEIQdrant
BINEAN 20 N E=ZFIQdrant

S22 BEXER "REMSHAESRE'

[0.7823] PIHIE/E (1994) - ¥%59.7

—TERARAETSHNERA, REERNEE, 2H7TXEH. ..

[0.7156] HHEZFAFE (1994) - i£59.7
RITRTEFEERENR, EEBRRERPEEEENRD. ..

SE3: BR "ROmERR (119>=9.0)

[0.6234] &EE=TE (2010) - 3F9H9.3
[0.5891] EEHE (1999) - ¥9H8.7

SRA: ENEEEER 'RTEHNKRENER'

[0.7156] HEZFAHIE (1994) - 1¥99.7
RITRREWEINN, EEFRBMPREEEINR. ..
SE: B=5 RAFMT
FE: FE-TERE, ER-#HES

[0.6812] RIHIEfE (1994) - i¥99.7

—TEBRETSNEEA, REERWER, ZHT7XRER. ..

440



FNREREA]
SE: ZE% - RKREH
FiE: 218 ONH

10.8 SRMESHHFRE

10.8.1 Z[g=Collection

Qdrant>z#5ER— M CollectionZEZ Mg REME, XTEX
FRR A RIEE B BA—Lb N EREE i £ 7 ke :
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from qdrant_client.models import (
VectorParams, NamedVector

# GlEZm@=ECollection

client.create_collection(
collection_name="movies_multi",
vectors_config={

"title_vector": VectorParams(
size=384,
distance=Distance.COSINE

)r

"description_vector": VectorParams (
size=384,
distance=Distance.COSINE

# #WAZ@EPoint
client.upsert(
collection_name="movies_multi",

points=[
PointStruct(
id=1,
vector={
"title_vector": model.encode( ["FIHIEE"]) [
"description_vector": model.encode( [";BEEA
B

payload={"title": "FIHIE(E", "year": 1994}
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# HNREQOERE
results = client.search(
collection_name="movies_multi",
query_vector=NamedVector(
name="title_vector",
vector=model.encode( ["FIERESZ"]) [0].tolist()
Do
limit=5

10.8.2 REHE: E&NE + BHO=E

MQdrant 1.7FF%8, X¥F#HiO= (Sparse Vector), Xilb¥
RIS IE S #ZE (Hybrid Search) EESEzEER SN
B IRRRE N MR E0ETRITECEE S,

from qdrant_client.models import (
VectorParams, SparseVectorParams, SparseVector

# BIEZRERREAIERMCollection
client.create_collection(
collection_name="movies_hybrid",
vectors_config={
"dense": VectorParams(size=384, distance=Distance.
}l
sparse_vectors_config={
"sparse": SparseVectorParams(
index={"on_disk": True}
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EERENME

BEMEERKIEXER (FE7RERE RE—ERR), BRm
=ERK"BRITE” (F1&”Neod| 2 Neod;j”, ;F’%ﬂ]”NoSQL B
B). MEES, BREEEMIEN, XASELXBIDNBEHRME.

10.9 MEREE M
LA Qdrant i@ SR IEREM —ME RO E A

444



FNREREA]
"QdrantHEAEE L

import time

import numpy as np

from gdrant_client import QdrantClient

from gdrant_client.models import (
Distance, VectorParams, PointStruct

client = QdrantClient(host="1ocalhost", port=6333)

# BlEMCollection

COLLECTION = "benchmark_test"

collections = [c.name for c in client.get_collections().cc

if COLLECTION in collections:
client.delete_collection(COLLECTION)

client.create_collection(
collection_name=COLLECTION,
vectors_config=VectorParams(size=384, distance=Distanc

# £ PRBEALNAER AR
NUM_POINTS = 100000
DIM = 384

print(f"4m {NUM_POINTS} hEtl@=...")
vectors = np.random.rand(NUM_POINTS, DIM).astype(np.float:

print(f"{EALIE...")

batch_size = 1000

start = time.time()

for i in range(@, NUM_POINTS, batch_size):
batch = [
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PointStruct(
id=j,
vector=vectors[j].tolist(),
payload={"index": j}
)
for j in range(i, min(i + batch_size, NUM_POINTS))
1
client.upsert(collection_name=COLLECTION, points=batct

insert_time = time.time() - start
print(f"fEANFEA: {NUM_POINTS} 1@EE, #FR {insert_time:.2f)}

# FERFRSIMWETK
print ("HE&FR5|19E...")

while True:
info = client.get_collection(COLLECTION)
if info.status.value == '"green":
break

time.sleep(1)
print("Z&3|#4E5! ")

# RN
NUM_QUERIES = 100
query_vectors = np.random.rand(NUM_QUERIES, DIM).astype(ng

print(f"\n#17 {NUM_QUERIES} X&if...")
latencies = []
start = time.time()
for qv in query_vectors:
t0 = time.time()
client.search(
collection_name=COLLECTION,
query_vector=qv.tolist(),
limit=10
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latencies.append((time.time() - t0) * 1000) # ms

total_time = time.time() - start

latencies.sort()
avg = np.mean(latencies)

p50 = latencies[int(NUM_QUERIES x 0.5)]
p95 = latencies[int(NUM_QUERIES * 0.95)]
p99 = latencies[int(NUM_QUERIES % 0.99)]
gps = NUM_QUERIES / total_time
print(f"\n{'='x50}")

print(f"Qdrant MEEE/ENLER")
print(f"{'="'%x50}")

print(f"##EE: {NUM_POINTS:,} m& ({DIM}4)")
print (f"&if)x%k: {NUM_QUERIES}")
print(f"{'="'%50}")

print (f"E#93ER: {avg:.2f} ms")
print(f"P50iER: {p50:.2f} ms")
print(f"P95iER: {p95:.2f} ms")
print(f"P99iEiR: {p99:.2f} ms")
print(f"&MItE: {qps:.0f} QPS")
print(f"{'="'x50}")

# B

client.delete_collection(COLLECTION)

A (4#%CPU, 8GBAITE):
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4R 100000 MREHEE. ..

BALIE. . .

HASTR: 100000 M@=, FES 28.45%
FRHRIIME. ..

5 |H9525TA !

W7 100 K&, ..

Qdrant HEEEEMINLE

HIEE: 100,000 [ (3844)
EHREL: 100

EFEIR: 2.34 ms
P50%EjR: 1.89 ms
PO5%EIR: 4.56 ms
POOFEIR: 8.12 ms
HitE: 427 QPS

ESi It

FEI0OREEMET, PISIEIR{N4.56ms, TEHEIMNIERNER, X
MEHNSWZRS|RIEA
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10.10 Qdrant4E =SB E 5

10.10.1 Docker Composefic &
JFAEFIE, HEFFERDocker ComposeREIEQdrant:
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# docker—compose.yml
version: '3.8'

services:
gdrant:
image: gdrant/qdrant:v1.7.3
container_name: qdrant-prod
ports:
- "6333:6333"
- ''6334:6334"
volumes:
- ./qdrant_storage:/qdrant/storage
environment:
— QDRANT__SERVICE__GRPC_PORT=6334
— QDRANT__STORAGE__STORAGE_PATH=/qgdrant/storage
— QDRANT__STORAGE__SNAPSHOTS_PATH=/qdrant/snapshots
deploy:
resources:
limits:
memory: 4G
cpus: '4'
restart: unless-stopped
healthcheck:
test: ["CMD", "curl", "-f", "http://localhost:6333"]
interval: 30s
timeout: 10s
retries: 3

neo4j:
image: neo4j:5.15-community
container_name: neo4j-prod
ports:
- "7474:7474"
- '"'7687:7687"
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volumes:

- ./neo4j_data:/data
- ./neod4j_plugins:/plugins

— ./neodj_import:/var/lib/neo4j/import

environment:

— NEO4J_AUTH=neo4j/your_strong_password
— NEO4J_ACCEPT_LICENSE_AGREEMENT=yes
— NEO4J_server_memory_heap_max__size=2G

deploy:
resources:
limits:
memory: 4G
cpus: '4'
restart: unless-stopped

=k

docker compose up -d
docker compose ps

LT
NAME IMAGE
neo4j—-prod neo4j:5.15-community

gdrant-prod qgdrant/qdrant:v1.7.3

451

STATUS PORT¢
Up 5s 0.0.¢
Up 5s (healthy) 0.0.



FREEN]

10.10.2 RIS &1

# BIZIRER
snapshot = client.create_snapshot(collection_name="movies'
print(f"REBEIZERIN: {snapshot.name}")

# FlHIRER
snapshots = client.list_snapshots(collection_name="movies
for s in snapshots:

print(f" {s.name} - {s.creation_time}")

# WEIRE (BIAPI)

# POST /collections/movies/snapshots/recover

10.10.3 BiIZE S
EAEFMER, BEXEUTEMR:

* 14-8
=L aX HEEE
Points# & CollectiondFHI#IEE BREE
BRIER (P95)  95%EINAYNNIATE] > 50ms
NTFER Qdranti#12HAEF S A > 80% FIARNTF
M2 (ER iR B RIEE S > 80% WRAE
RIS Collectionfigreen/yellow/red  JEgreeniizs
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# BEQdrantEEIRE
curl http://localhost:6333/cluster | jq .

# BECollectionFAER
curl http://localhost:6333/collections/movies | jq .

# BEZSIE (Prometheusigz)
curl http://localhost:6333/metrics | head -20

ENFEH>

%3] 1: BEifmEERE (Gokk)

1. {fEFDocker& & QdrantH I8 iE E

. BIEE—1EH books HiCollection (3844, RILIEH)

EBSAMREMRN TR, EREEBHEAN

- AT RIENNNIE IS RBR
ERERIEIZARERSE”

“753% B A SRR

R TRENRIEN®RE"

. ERAEHRRIERENERHF, 2TEEaE

%3 2: TEEERER (okx)
AR ERE £

oo\l_c»_cnhcoro
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1. AEARBRNINEZHPayload: author . year . genre . rat

ing . pages

2. 3 year M rating liEPayloadZ&5|

3. LU TFHR:

4. “FIANMERUHEIR/ R, FRE2010FE MG, 198.0ME
5. “FVEIRRINE”, RETHDT20071

6. fEFAREST API (curl) HfT—RIER

%3] 3: Eg+mMERME (ko #HEH)
ZABEIBNMAENANS:

1. ENeo4jHEANED20EBFHNTEEE (B8R, S8, 1
)

2. ¥R ELSEIQdrant

3. LI GraphvectorSearch FEFHHUTHE:

4. find_similar_movies(title) : MIANBEE R, RENEXHFIBM
9556

5. search_by_theme(theme, genre) : TR, REFTEXRE

6. recommend_for_user(liked_titles) : #MANFBFPEIAIZERE
AT, GRERE

7. RE—TEENGLITRERH, iILAPAINBRESERE
5/

%3] 40 HEERAMEE (okyk)

1. [AQdranti@EA1A. 54, 105 T BETEE
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EBTHEERT, MHARMHNSWSEL (m=8/16/32,
ef_construct=50/100/200)

3. ILRP50/PO5/POOFEIRM B MR (5RNERNILL)

B EUES vs IEIR”F1”ef_construct vs AEIFR"HEIR
. DEMEN: A AR TRIZIEF T ASE?

RE{eR 321K

1.

QdrantE A X#4: https://qdrant.tech/documentation/ ——
RIXENSERR

. Qdrant Cookbook:

https://qdrant.tech/documentation/cookbook/ —— LR/

HES=)

. HNSWigXX: {Efficient and robust approximate nearest

neighbor search using Hierarchical Navigable Small World
graphs) by Yu. Malkov —— HNSWEAHIRIAIE X

. Sentence TransformersX#4: https://www.sbert.net/ ——

FREmbedding & R ) SEEE ST 4

. MTEBHE{T#E:

https://huggingface.co/spaces/mteb/leaderboard —
EmbeddingtR BLpI 14 BEXT EEHF1 T3

. GraphRAGIEX : MERFARFZAY {From Local to Global: A

Graph RAG Approach to Query—Focused Summarization)
— EEIZRRAGHIRIRAR
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AREHNZES) T EAEBIEEQArantfIZLAIR, HIRETES
NeodjZIIRENEMNEE L :

#* 14-9

£

‘LAE

MERERRIE XAE—-Embedding—E#ME—ERITEIEXENUE

Embedding
=

QdrantZ& %
WY A
EEES
HNSWZ5|
Payloadid i
EiE+@E
SREE
EFEERE

HEREM

sentence—transformers (FF&). OpenAl (). BGE
(X&)

DockerZz#. PythonEFi%. Dashboard
Collection, Point, Vector, Payload
Cosine (&&H). Euclidean, Dot Product
ZEESM. ZEAM (m. ef_construct)
FIIEEER. E85FMH. Payload%5|
GraphRAGZRHY, ElEIEEE RN
Z@ECollection, HHME. REER

Docker Compose. REB&Zfn. MIZES

10RRZE AL : P95 < 5ms, 400+ QPS
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REKE
BRMEENAIREERRESSXR, MEEAXR. Neod 55

RUXAHEE", QdrantfiZy” RHIFNESGER”, SMESSHE—E, B
BERESEENIRXZE, FHAE TANKREANEIERMIRNE
GraphRAG., EEENETH, BITEAREASEKMERER
REMCAORIIREEN A,
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IPythoniZ iz
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HE: Kk

5|+

ARENETS, HIMNEZLXFESTH Neodj HINIT 235 E K
BRIEEIEUERE, th TR T Qdrant B REST APl 2Wal TR, 1B
2, RETE—UNRIREIRERIBESEITANE2S. FaEy
Cypher 1&4), BBRED AL T IE?

BR—TIXEFENER: MFLXE—HES 10 HFRICE CSV
X, IRBELMEUEER, ABRETENIESA Neodj, &5
EXAREREEFEAN Qdrant, MNREEFERME, BHEEM
MEER=RT,

FHER—Python EHZ T !

Python EEUELIEN Bt EE. EX—EF, &IPEZE
SUN{IA Python JEi%IZE Neodj 1 Qdrant, #1{a]F NetworkX fifl
E o, A pandas MEBEHIFEBHAZESN, REESIEMER
AEEREAHCR, STRN— 1 SERM”EUEER — Neodj S\ — Qdrant
MEL"IIRKE .

EEYFTI5? TILFHAIFAIE,
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IEX

11.1 neodj Python IRE: EIE5EiT
Neodj BEHIRMHE T —TIEEMER Python IRTIE neosj ,
BitEATe BAM&IE B E @R E—1EH1T Cypher &1,

111 BREERERE
B, &3 neodj IRnf:

pip install neo4j

ZRR, BI&EER. F(FEME GraphDatabase £:
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# SN Neodj BAIR
from neo4j import GraphDatabase

B QIBRBIEERHNNR

#
#
#
# SEURER:
# uri: Neodj BURFERIEEHbIE
# - "bolt://localhost:7687" RRER Bolt WHNIEEALEIR
# - Bolt 2 Neodj BEXMSMZ#HHEIMIN, & HTTP REZ
# auth: INEHER, 22— (BAFPS, %) WA
# - ABEFRBRE "neodj", BEBREMEXRERMNZEN
driver = GraphDatabase.driver(
uri="bolt://localhost:7687",
auth=("neo4j", "your_password_here")

#
# BH: MIEERE I
#

# verify_connectivity() S22 5HIEEEF
# WREEELM, St ServiceUnavailable &
try:

driver.verify_connectivity()

print (" mINEEE] Neod]j FIEEE! ")
except Exception as e:

print(f"X &EEEXW: {e}")

B=H: (ERATEEXAR (RBUERNER)

IRRIME AR, BEERFELI A XM
driver.close()

H OB B KR
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EE:  driver WREBLEREN, V\]ﬁBQ’ETFT—Ai’Eﬁ
. EEMNAEGEF, (RRAFECE— driver SZfl, A
FEEAEREIAI—AES/RECIZEFTA driver,

11.1.2 $11TEf: Session 5 Cypher

EEEZRE, HIBELIZE— Session (&iF) FH1IT
Cypher 184, Session @— 1TR2RHINR, FATMNIZXE:
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from neod4j import GraphDatabase

driver = GraphDatabase.driver("bolt://localhost:7687", aut

#
# {£H with BEB1ERE Session H4EdsEHA
#

# with BERERBRERNBEMKA session, BREIRMLR

with driver.session() as session:

#
# TPl BIETR (BANEE)
#

# session.run() EiEHIT Cypher &G
# A ¢ FHSEASHMNER, [FlE Cypher JFARE
result = session.run(
CREATE (p:Person {name: $name, age: $agel})
RETURN p.name AS name, p.age AS age
name="3k="",
age=28
)
# BAHEREPNE—FKICR
for record in result:
print(f"eIZ7T A¥: {record['name']}, &E#4: {record["

#
# mBI2: EWTR (REUERIE)
#

result = session.run(

MATCH (p:Person)
WHERE p.age > $min_age
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RETURN p.name AS name, p.age AS age
ORDER BY p.age DESC

min_age=20

# .data() AEEERERFHIIER, HEQGE

records = result.data()

print (f"\nFE# AT 20 BWIAMHE {len(records)} fii: ")
for r in records:

#

print(f* - {r['name'l} ({r['age'l}%) ")

# mBI3: BIEXR

#

session. run(

)

MATCH (a:Person {name: $namel}), (b:Person {name:
CREATE (a)-[:KNOWS {since: 2020}]1->(b)
namel="5k=",

name2="2pQ"

print("\n@ B8l 'sk=' - 'ZM' i KNOWS XZR")

KEMZ: SHRAER, EELAENAES, BAMERT $n

ame .

$age XHFRISEAEUR, A/FFE session.run() ALK

BESHITNENTIME, ITMUERESZE (BHLEEAK
&), MEMEEtEF—Neod] AIAEFEEITH,

1.1.3 i EE9E: read_transaction 5 write_transaction
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FEETHER, Neod] BEMEHEXGE, @5 —TETR
(ATRBA) M2 TIMTR (AFDEER) . AT o F AR
71, BREhRMHE TS 5 BRI APL:
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from neod4j import GraphDatabase

driver = GraphDatabase.driver("bolt://localhost:7687", aut

#
# EES: (A read_transaction
#
# EEZSSEBEHIIMNTR, BEENRED
# EBSZSPIIRIEAROZEREIE

def find_persons(tx, min_age):

EESRERAYBE
S

tx: ESWR, AEHEDEN

min_age: S/ \ERRTHIERM

AR
AEE TR
query = min

MATCH (p:Person)

WHERE p.age >= $min_age

RETURN p.name AS name, p.age AS age

ORDER BY p.age

result = tx.run(query, min_age=min_age)
return [record.data() for record in result]

# FREES
with driver.session() as session:
persons = session.execute_read(find_persons, min_age=:
for p in persons:
print(f" {pl['name'l} - {pl['age'l}%")
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# B5E55: {FH write_transaction
#
# EBESSWEATETR
# BESPIRMEEAETRI, EALEER
def create_person_with_company(tx, person_name, person_age

E—1TEBESFENEIEAY. AMKENZENXER

BRIET BIE—HE— A HIMRBIE T AMERE X RNE

query =

MERGE (p:Person {name: $person_name})

SET p.age = $person_age

MERGE (c:Company {name: $company_name})

MERGE (p)-[:WORKS_AT]->(c)

RETURN p.name AS person, c.name AS company

result = tx.run(query,
person_name=person_name,
person_age=person_age,
company_name=company_name)

return result.single().data()

# HAESES
with driver.session() as session:
result = session.execute_write(
create_person_with_company,
person_name="E£#x",
person_age=32,
company_name="411REERHZHFRAST)"
)
print(f"& {result['person']l} ANHERT {result['company']
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MMLERES? BR—T, URMGERIT—TSIRIRE
i, B—FHRINTES_SRNT —HEENZLTA—HEIR
So BSNEIRERT BEAZEMY), BEAZEEE", MERTE
MR—4F: MOFRANIKR D E IS TR

1.1.4 #t2R1E: UNWIND NEMItESA

LUREERUESAKRERIEN, FARE—£—£HHIT
CREATE— = 2ENLIRFEEAL . [EMRBIMIEZ(ER Cypher
BY UNWIND IBEF), —/RMAMEENTIR:
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from neod4j import GraphDatabase

driver = GraphDatabase.driver("bolt://localhost:7687", aut

#
# BERIEEFE (BERE CSV. API HEUEETIHER)
#
people_data = [
{"name": "XI&", "age": 35, "role": "EA"},
{"name": "x¥", "age": 33, "role": "“KI¥E"},
{"name": "3KX", "age": 30, "role": "AI5"},
{"name": "FEE=", "age": 27, "role": "FEIF"},
{"name": "#Xz=", "age": 25, "role": " I"},

#
# {£F UNWIND SCHULESA
#
def batch_create_people(tx, data_list):

£/ UNWIND #HtELIZAMTR

UNWIND #9T{F/RIE:
1. BR—PIIRSE $people
. BIIRFHEDTEMOREIESN person
3 JFE/ person 4T CREATE/MERGE #RfE

XEEEIRAB session.run() R 10-100 {Z!
ESpSE

- REIRNEFR

- Neo4j TIUMMAHERIEHITITRI

query =
UNWIND $people AS person
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MERGE (p:Person {name: person.name})
SET p.age = person.age,

p.role = person.role,

p.created_at = datetime()
RETURN count(p) AS created_count
result = tx.run(query, people=data_list)
return result.single() ["created_count"]

with driver.session() as session:
count = session.execute_write(batch_create_people, dat
print(f'®@ MIISAN {count} DAMTSA")

#
# HELIEXR (FHFAEE)
#

relationships = [
{"from": "XJ&", "to": "XP", "type": "HFERHE"},
{"from": "X&", "to": "sKT¥", "type": "ZFFERHE"},
{"from": "XJ&", "to": "EER", "type": "EE"},
{"from": "SU&", "to": "RE", "type": "BE"},

def batch_create_relationships(tx, rel_list):
SRR R
query = """
UNWIND $rels AS rel
MATCH (a:Person {name: rel.from}), (b:Person {name: re
MERGE (a)-[r:BONDED {type: rel.type}]->(b)
RETURN count(r) AS created_count
result = tx.run(query, rels=rel_list)
return result.single() ["created_count"]
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with driver.session() as session:

count = session.execute_write(batch_create_relationshi
print(f"® EINEIZE {count} £XZR")

MEEIRR: HEUBREIBIT 10000 &£8Y, BICEHIED KRS
fityx, &t 1000-5000 %, XFFIMNBRBETESIASHAE
[E)

11.2 gdrant—client: EIZEUEEAY Python #E[0

MEILEAFE@EEEHEERE Qdrant, qdrant-client 2
Qdrant B /1246 Python SDK, F#REFRIEEIRFE,

1.2.1 B 5E&EE

pip install gdrant-client
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from gdrant_client import QdrantClient
from gdrant_client.models import Distance, VectorParams

#

# B EEAM Qdrant SEBI (EFEFRMER(ER)

#

client = QdrantClient(
host="1ocalhost", # Qdrant ARSSEstthilt
port=6333, # HTTP im0 (BAIA 6333)
# gRPC ImOBAIA 6334, BFIH=BENER gRPC DUERESELFI4EE

A2 & Qdrant Cloud (H47=IFiE)

cloud_client = QdrantClient(
url="https://your-cluster-url.qdrant.io",
api_key="your-api-key—-here"

B N R

#

H*

AR3: AAFRN (EEMNNARELINIE)

#

# memory_client = QdrantClient(":memory:")

# BI|RAFETAES, BEFREEHIEHER

# MR EE
print("® Qdrant EERIN! ")
print (f"RREE((EE: {client.get_collections()}")

11.2.2 €l Collection ([IZ£ES])
Collection FU&RXREEIBREFINR”, BEEREIAMDE
RITHY:
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from gdrant_client import QdrantClient
from gdrant_client.models import Distance, VectorParams, F

client = QdrantClient(host="1localhost", port=6333)

#
# Bl Collection
#
collection_name = "movie_embeddings"

# S&iGE Collection BREERFE, BREEGCIE
collections = [c.name for c in client.get_collections().cc

if collection_name not in collections:
client.create_collection(
collection_name=collection_name,
vectors_config=VectorParams (
size=768, # MEHE (BURTIRMER
# OpenAl text-—embedc
# BGE-base-zh - 768
# sentence-transforn
# BUEEEAR
# A%E: COSINE (&%)

distance=Distance.COSINE

)

print(f"® Collection '{collection_name}' BIZEmMIN! ")
else:

print(f"@ Collection '{collection_name}' BE7FfE, HiIE!

11.2.3 HEREEIE
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from gdrant_client import QdrantClient
from gdrant_client.models import PointStruct
import uuid

client = QdrantClient(host="1ocalhost", port=6333)
collection_name = "movie_embeddings"

#

# HEREENE

#

# EEPRN AR, XE@ENZHRANREER
# XEHBRENEHRER

import random

movies_to_upload = [

{

"id": 1,
"vector": [random.random() for _
"payload": {
"title": "“TRIRHEEK",
"director": "“ZROR",
"year": 2019,

llgenrell: II*ﬁ'Zj",

"description": "XBHEMISERR,

}
"id": 2,
"vector": [random.random() for _
"payload": {
"title": “MIEZEEREH",
"director": "I&RF",
"year": 2019,
"genre": "mIE",
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"description": "BIERATMNE, HFERKan"

}
}r
{
"id': 3,
"vector": [random.random() for _ in range(768)1,
"payload": {
"title": "HRIR2",
"director": "Rm",
"year": 2017,
"genre'": "EHE",
"description": "ARBEIEMNEHRERAKE"
¥
}
|
#
# BRI PointStruct #8=H L&
#
points = [
PointStruct(

id=movie["id"], # BE—FRNRT (ATAREEE TR
vector=movie["vector"], # MQEHIE
payload=movie["payload"] # HMi®HHITTEIE ((FE IJSON 45

)

for movie in movies_to_upload

# upload_points FiEiFt=E L&
operation_info = client.upsert(
collection_name=collection_name,
wait=True, # wait=True RREFFRIETHREERE
# wait=False RRFHIRER, ZELERE

points=points
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print(f"® mMINLfE {len(points)} FESEUE")
print(f"#2E£ER: {operation_infol}")

1.2.4 MEEE
X Qdrant BRZOMINEE—IRIE— 1 EiBEE, HEIHE
PES[EIEE

476



FHREEN]

from gdrant_client import QdrantClient
from gdrant_client.models import Filter, FieldCondition, P

client = QdrantClient(host="1localhost", port=6333)

collection_name = "movie_embeddings"
#

# BEMER: HEAS5EEEEHMEM Top—K 4
#

# BI—1TEWEE (TRNAFR, X TEEREIRARR)

query_vector = [random.random() for _ in range(768)]

search_results = client.search(
collection_name=collection_name,
query_vector=query_vector,
limit=5, # REIHBEMET 5 MR (Top-K)

print("Q EMIERLR: ")

for result in search_results:
print(f" ID: {result.id}")
print(f" #r#: {result.payload['title']}")
print(f" #MEME: {result.score:.4f}")
print(f" ---")

#
# HIIRRMHER

H*

# s RE"BL)"KBPER
filtered_results = client.search(
collection_name=collection_name,
query_vector=query_vector,
query_filter=Filter(
must=[
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# must RATUHERIFEM (ELL SQL A9 WHERE)

FieldCondition(
key="genre", # payload HHFERRZ
match=MatchValue(
value="#4]" # TEFACEE

),
limit=3,

print("\n& {VEFE'RL) LB ")
for result in filtered_results:
print(f" {result.payload['title']l} - #ME: {result.:

#
# SHRHETRER

#
from gdrant_client.models import Range

advanced_results = client.search(
collection_name=collection_name,
query_vector=query_vector,
query_filter=Filter(
must=[
# &1 Efp >= 2018
FieldCondition(
key="year",
range=Range(gte=2018)
)r
] ’
should=[
# should FimeEE—5MEIA (L SQL A9 OR)
FieldCondition(key="genre", match=MatchValue(\
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FieldCondition(key="genre", match=MatchValue(\
|
),
1imit=5,
)

print("\n& 2018FEMRILIENEERS: ")
for result in advanced_results:
print(f" {result.payload['title']l} ({result.payloadl['
f"— {result.payload['genre']}")

11.3 NetworkX: BElZ 5t

NetworkX & Python F&RITHESTE. B G Neodj Fi
HE—THIEE, ME—TaRNFNETTEER—IFAESMHE
BRI,

1.3.1 RE S EMRE

pip install networkx matplotlib
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import networkx as nx
import matplotlib.pyplot as plt

# IRBEPNFEZEF (mac0S BF)
plt.rcParams['font.sans-serif'] = ['Arial Unicode MS', 'Si
plt.rcParams['axes.unicode_minus'] = False

#
# SIB—THREE
#
G

= nx.DiGraph() # DiGraph = Directed Graph (Bm@E)
# MRZFZEE, A nx.Graph()

AT R (A DAME R EME)

.add_node ("XI&", role="EZ", kingdom="&")
.add_node("x¥3", role="A¥", kingdom="%")
.add_node("3k%", role="A4%", kingdom="%")
.add_node("#EE=", role="ZIJf", kingdom="%")
.add_node ("&#&", role="=E/", kingdom="%")
.add_node ("#MX", role="=E/", kingdom="2")

[« I e I Bp I ep B B = 3

AN (rTLAB AN E AN EY)

.add_edge ("X)&", "xH", relation="4£FF", weight=10)
.add_edge ("XJ&", "3K¥", relation="4", weight=10)
.add_edge("X&E", "EER", relation="=%¥/F", weight=8)
.add_edge("=3", "E#&", relation="EI&", weight=3)
.add_edge ("&#&", "#MY", relation="E¥", weight=5)
.add_edge ("XIE", "¥MX", relation="BX2", weight=7)

[« I I Bp B oD B B = 3

print ("B =% {G.number_of_nodes()}")
print (f"E#BE: {G.number_of_edges()}")
print(f"FETSR: {list(G.nodes())}")

print(f"frE#l: {list(G.edges(data=True))}") # data=True §
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11.3.2 B&EED
NetworkX BT AEEE%, LEIFIEERN/LD:
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import networkx as nx

# BIE—REIE
G = nx.DiGraph()
edges = [
("xug", "xHP"), ("xg", "kw), ("XWE", "HEER"),
"EER", "x3"), ("EBx", "Kkt"),
"R, “"EER"),
||§*§'gu' II}’J‘*R"),
UEMR, UXUET),  # FERRERES, EIERME R

Py

|
G.add_edges_from(edges)

#
# k1 EhO (Degree Centrality)
#

# HE—PTREMERN" EEZE"
# BEWS, RZTREREZEHMT SR, BEE"
degree_centrality = nx.degree_centrality(G)
print("ul EROMHEEE: ")
for node, score in sorted(degree_centrality.items(),
key=lambda x: x[1], reverse=True
print(f" {node}: {score:.3f}")

#
# E3%2: PageRank (WTIHIREE)
#

# Google BIRARBAMNELR, NMYZREENE, TEREERE
# WEETREENTR, BEGHRTBEEE
pagerank = nx.pagerank(G, alpha=0.85) # alpha EMEEZRH, i
print("\nul PageRank Hi&: ")
for node, score in sorted(pagerank.items(),
key=lambda x: x[1], reverse=True
print(f" {node}: {score:.4f}")
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#

# HIE3: REBR

#

# HEART T RZENRERRZ
try:

path = nx.shortest_path(G, source="#EB=", target="7){
print(f"\nul #EE= - FMY WRERREZ: ")
print(f" {' - '.join(path)}")
print(f" B&ZKE: {nx.shortest_path_length(G, '#EE="'
except nx.NetworkXNoPath:

print ("FNTRZ B ARFEERZR")

#
# Eik4: XM (Community Detection)
#
# RUBEHRNEZ R (HX)
# IR AXMNBEEELTOE EBRELF
G_undirected = G.to_undirected()
communities = nx.community.girvan_newman(G_undirected)
# girvan_newman JREI—MiEREE, BRREEHENENTXYS
top_communities = next(communities)
print(f"\nul #X&MNLER ({len(top_communities)} NX): ")
for i, community in enumerate(top_communities):

print(f" #X {i+1}: {community}")

#
# BE5: EREoH
#

print(f"\nul E&@&oH: ")
print(f" E&FERBEBE: {nx.is_strongly_connected(G)

G }II)
print(f" 2R&ENFHEBE: {nx.is_weakly_connected(G)}")

# REsEERs =
scc = list(nx.strongly_connected_components(G))
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print(f" EEBHEHE: {len(scc)}")
for i, component in enumerate(scc):
print(f" 22 {i+1}: {component}")

11.3.3 BRI 1L
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import networkx as nx
import matplotlib.pyplot as plt

# BT
plt.rcParams['font.sans-serif'] = ['Arial Unicode MS', 'Si
plt.rcParams['axes.unicode_minus'] = False

# BIZE

G = nx.DiGraph()
G.add_node("XI&", kingdom="&")
G.add_node("x¥", kingdom="%")
G.add_node("3k %", kingdom="%")
G.add_node("#EE=", kingdom="&")
G.add_node("&#", kingdom="%%")
G.add_node("#MX", kingdom="Z")
G.add_edge("X&E", "XHP", relation="%HFF")
G.add_edge("XI&", "sK%", relation="4FF")
G.add_edge("X&", "#HEER", relation="ZEE")
G.add_edge("x¥$", "&#®", relation="&i&%")
G
G

.add_edge ("ZE#", "#MX", relation="F3")
.add_edge("XJ&", "#MX", relation="ExE")
#

# BENAMMAES

#

fig, ax = plt.subplots(1, 1, figsize=(12, 8))

# TEENEME (RBNHEE)
color_map = {"&H": "#FF6B6B", "Z": "#4ECDC4", "R": "#45B]
node_colors = [color_map[G.nodes[n].get('kingdom', 'unknov

# TEAN (RIBEHDSEZE)
node_sizes = [3000 + G.degree(n) *x 500 for n in G.nodes()]
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# (M spring HBEEZE (HEEHER)
# CEDGEES, IHMEENTRER, MEENTRIZE
pos = nx.spring_layout(G, k=2, iterations=50, seed=42)

# SHITR

nx.draw_networkx_nodes (
G, pos,
node_color=node_colors,
node_size=node_sizes,
alpha=0.9,
edgecolors="'black',
linewidths=2

# ARHIT AR
nx.draw_networkx_labels(
G, pos,
font_size=14,
font_weight="'bold"',
font_family='sans-serif'

# &b
nx.draw_networkx_edges (
G, pos,
edge_color="gray',
arrows=True,
arrowsize=20,
width=2,
connectionstyle="arc3,rad=0.1" # I8, EBHRES

# SHOAINE (RARER)
edge_labels = {(u, v): d['relation'] for u, v, d in G.edge
nx.draw_networkx_edge_labels(
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G, pos,
edge_labels=edge_labels,
font_size=10,
font_color="'red"'

plt.title("=EAY*ZAE", fontsize=18, fontweight='bold')
plt.axis('off') # FREAIRE

plt.tight_layout()

plt.savefig("sanguo_graph.png", dpi=150, bbox_inches="tig}t
print("®@ BEIKEMREFAN sanguo_graph.png")

plt.show()

11.3.4 M NetworkX SHZ] Neo4dj
XE—TIER AR EE—IRAI ASTE NetworkX H{E 2
#r, ABREEREIL Neodj:
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import networkx as nx
from neo4j import GraphDatabase

#

# B—%: 7 NetworkX HHEMDITE
#

G = nx.DiGraph()

# FRIZXEMNEDEIRRENEAE
G.add_edge("A", "B", weight=5)
G.add_edge("B", "C", weight=3)
G.add_edge("A", "C", weight=1)
G.add_edge("C", "D", weight=7)
G.add_edge("D", "A", weight=2)
# itH PageRank

pagerank_scores = nx.pagerank(G)

print("PageRank itE4R: ")

for node, score in pagerank_scores.items():
print(f" {node}: {score:.4f}")
# £ PageRank ZE{ENT mEM
G.nodes [node] ['pagerank'] = score

#
# BTEH: BOMEREAN Neodj
#

driver = GraphDatabase.driver("bolt://localhost:7687", aut
def export_networkx_to_neo4j(tx, graph):

1 NetworkX ERTRILHAEZSAN Neod]

R
1. BSANFMETR (BHEEME)
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2. BSAMAEL (BHFNE)
# SATR
nodes_data = [
{"id": node, "pagerank": data.get('pagerank', 0.0)
for node, data in graph.nodes(data=True)
|
tx.run("""
UNWIND $nodes AS node_data
MERGE (n:AnalysisNode {id: node_data.id})
SET n.pagerank = node_data.pagerank
" nodes=nodes_data)

# SN2

edges_data = [
{"source": u, "target": v, "weight": data.get('wei
for u, v, data in graph.edges(data=True)

|

tx.run("""
UNWIND $edges AS edge_data
MATCH (a:AnalysisNode {id: edge_data.source})
MATCH (b:AnalysisNode {id: edge_data.target})
MERGE (a)-[r:CONNECTS_TO]->(b)
SET r.weight = edge_data.weight

i edges=edges_data)

return len(nodes_data), len(edges_data)

with driver.session() as session:
node_count, edge_count = session.execute_write(
export_networkx_to_neo4j, G
)
print(f"\nf@ BE%4HZ Neodj: {node_count} PH&, {edge_c
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11.4 pandas + [E: HBEXSHESA
pandas & Python #iE4MERZOT R, EX—1H, i
WBFEIUEIA pandas EREIE, AEHESAN Neodj,

11.4.1 $EZEXFIE% CSV iR
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import pandas as pd
import numpy as np

#
# BIESRF CSV iR (BIIESZHIBEENIE)
#
# EXRMBR, 1R pd.read_csv("your_file.csv") EEIXE
# XEI{H DataFrame &l
raw_data = pd.DataFrame({
"EEER ["TORMEK Y, " WIEZEEREE", “siR2t, ", 0
"TURMBER", "REF, TR, "BAERE3"],
"SiE": [UEBMRT, "®F", "SR=", "FRE", "K=",
"SRR, “ERERM, " BREW "1,
"t [2019, 2019, 2017, 2020, None, 2019, 2021, 202
"ERE({g)": ["46.86", "50.35", "56.94", "unknown", "10'
"46.86", "54.14", "45.24"],
"3EH": [7.9, 8.4, 7.1, 6.5, None, 7.9, 7.8, 5.31],
nEEM: [“RIL)/ RN, "mhE/FL", “shifE/EEN, "RIET, "S)
"B, ", "ERI/BINE", "SRI/BE"],

})

print(" [RigEdE: ")
print(raw_data)
print (f"\n#iEfIA: {raw_data.shapel[0]} 4T x {raw_data.shape

#
# BURIERIMIKE
#
def clean_movie_data(df):

7 NP

BRTR:

1. ERTEETHMT

491



FREEN]

2. EREETT

3. BEFREFE (BT, Si—2RFA)

4, FEIREIEREY

5. ERRKE

# B KRBREEMATH NaN 917

df = df.dropna(subset=["BgZ"]) # MIPRRIRE
df = df[df ["EBgERM"].str.strip() = ""] # MBRBFRE

print(f" ZER=1TE: {len(df)} 47")

# 12 EETHEFTE
# strip() EBRBEESE
for col in ["EBERFR", "S&E", "EHR"]:

df[col]l = dflcoll.str.strip()

# W3 G—RBHERET (BES. RIESR—R "/")
df ["£B"] = df ["£&"].str.replace(",", "/", regex=Fal
print(f" BEFFHE: {len(df)} 17")

# B4 KREET (ETHEEZEM + £H)
df = df.drop_duplicates(subset=["BERK", "EMH"], kee
print(f" X&EEF: {len(df)} 17")

# S5 RREEFRNMESRE
# errors='coerce' RTTIEFZIRHEZN NaN
df ["ERE({2)"] = pd.to_numeric(df["&ERE(12)"], errors="c

# 986 HEHKE

df ["EH"] = df["EH"].fillna(0).astype(int) # HR&KE
df["3EH"] = df["3EH"].fillna(df ["3EH"].mean()) # frek
df ["EE({2)"] = df["EE({Z)"].fillna(0) # ERK!
print(f" ERBRKES: {len(df)} 17")

# SR BEBFRIFDNIIR
df ["RBFIKR"] = df ["KE"].str.split("/")
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return df.reset_index(drop=True) # EEZ35|
cleaned = clean_movie_data(raw_data.copy())
print("\n0 &EXEOBIE: ")

print(cleaned[["®BFE&#", "SE&E", "FH", "EB({2)", "¥5",

11.4.2 M pandas #itE5 A\ Neodj

493



FHREEN]

import pandas as pd
from neo4j import GraphDatabase

driver = GraphDatabase.driver("bolt://localhost:7687", aut

# % cleaned 2 LE—3EF%ER DataFrame

#

# R P=FHSAN—TR. LETR. X&R

#

#

# BB SABRETR

#

movies_data = cleaned[[" e, tSE", "FHt, "ERd2)"

def import_movies(tx, movies):
"SRR TR
query = """
UNWIND $movies AS movie
MERGE (m:Movie {title: movie.Hg&FR})
SET m.director = movie.SH,
m.year = movie.ZEf,
m.box_office = movie["ERE({Z)"],
m.rating = movie.i¥%
RETURN count(m) AS count
result = tx.run(query, movies=movies)
return result.single() ["count"]

with driver.session() as session:

count = session.execute_write(import_movies, movies_d:
print(f"@ SA {count} ZBEFE")
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#
# B2 SAKBETR
#
# REFIEAESEE

all_genres = set()

for genre_list in cleaned["ZEFIKR"]:

all_genres.update(genre_list)
genres_data = [{"name": g} for g in all_genres]

def import_genres(tx, genres):
e AR R A
query = """
UNWIND $genres AS genre
MERGE (g:Genre {name: genre.name})
RETURN count(g) AS count
result = tx.run(query, genres=genres)
return result.single() ["count"]

with driver.session() as session:
count = session.execute_write(import_genres, genres_de
print(f'® SN {count} PZHEHE")

#
# B3 BIEBR-KEXA
#

# BRASIETNEEIIR, MEXZKE
movie_genre_rels = []
for _, row in cleaned.iterrows():
for genre in row["ZEFIR"]:
movie_genre_rels.append({
"movie": row["HEEEHR"],
"'genre": genre

})
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def import_movie_genre_relations(tx, rels):

Ut ERIE R R KA R
query = """
UNWIND $rels AS rel
MATCH (m:Movie {title: rel.movie})
MATCH (g:Genre {name: rel.genre})
MERGE (m)-[:BELONGS_TO0]->(g)
RETURN count(x) AS count
result = tx.run(query, rels=rels)
return result.single() ["count"]

with driver.session() as session:
count = session.execute_write(import_movie_genre_relat

print(f"@ 6I& {count} HKHEF-HLTXZR")

1.5 ZAERF: BIREER — Neodj SN\ — Qdrant @S

BTR TIEFRBIAE R A RAIATZI T ! B PIEME— =R
B9 ETL Mikse: MIRIGEIREFIE, 2diF%, S Neodj H9EAN
IRENE, EREXAEREN@EFZA Qdrant,

11.5.1 STER/KEL A
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FIREE ETL MK
Ihee: CSV #iEER - Neodj EEUEESA - Qdrant @Ef
fE&: WRiEK

EABN:
pip install neo4j qdrant-client pandas sentence-transi

# 1R Neo4j 1 Qdrant 2Ezh
python etl_pipeline.py

import pandas as pd

import numpy as np

from neo4j import GraphDatabase

from gqdrant_client import QdrantClient

from gdrant_client.models import Distance, VectorParams, F
import logging

import time

#
# RERE
#
logging.basicConfig(

level=1logging. INFO,

format="'%(asctime)s [%(levelname)s] %(message)s',

datefmt="%H:%M:%S"

)
logger = logging.getlLogger(__name_ )
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# B—HER: BIEEESER

#

class DataCleaner:

HEBER

ot

i8]
- EEURIAEUE (CSV/DataFrame)
- TERBEEE

- HmETEN. TSANEUE

L

def __init__ (self):
self.df = None

def load_from_csv(self, filepath):
MUUAN CSV X hnEERaE
logger.info(f"IEFEMEEIE: {filepath}")
self.df = pd.read_csv(filepath)
logger.info(f"mi#5em: {len(self.df)} 1TEUE")
return self

def load_from_dataframe(self, df):
"IN DataFrame pnEEIE (BFML) "t
self.df = df.copy()
logger.info(f"mi#5em: {len(self.df)} 1TEUE")
return self

def clean(self):

TR MR B IRRTE
IR[E): jE%/ERY DataFrame

logger.info ("FR#EE%®. .. ")

498



#

def

FHREEN]

initial_count = len(self.df)
df = self.df.copy()

# 1. ER=1T
df = df.dropna(how="all") # FRIBEFEIHBA=HIITAMER
logger.info(f" ZEFEZE=17: {initial_count} - {len(c

# 2. BB fitleab $?—EX
str_cols = df.select_dtypes(include=['object']).cc
for col in str_cols:
dfl[col]l = dflcoll.astype(str).str.strip()
df[col] = df[col]l.replace({'nan': None, 'None'

# 3. =&

before_dedup = len(df)

df = df.drop_duplicates()

logger.info(f" ZXEE: {before_dedup} - {len(df)}")

# 4., BEFERER
numeric_candidates = ['&fp', 'year', 'EE', 'box_
for col in numeric_candidates:
if col in df.columns:
df[col] = pd.to_numeric(df[col]l, errors='¢

self.df = df
logger.info(f"i&%5em! {initial_count} - {len(df)}
return df

get_clean_data(self):
USRE R RO EIE
return self.df

# EZIMER: Neodj BEEUEESA
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#

class Neod4jImporter:

Neodj SNz

R

St

- %I Neodj

- HESATRIAXA
- BIEZES|
def __init__ (self, uri="bolt://localhost:7687",

def

user="neo4j", password="your_password"):
self.driver = GraphDatabase.driver(uri, auth=(user
logger.info("Neo4j FEIZRIN")

create_constraints(self):

BIEE—HAR (RFSANXE)

LY RINER:
- HRE—EBMNTRARES0E
- BshBlE&RS|, ME MERGE &Eif
constraints = [
"CREATE CONSTRAINT movie_title IF NOT EXISTS F
"CREATE CONSTRAINT person_name IF NOT EXISTS F
"CREATE CONSTRAINT genre_name IF NOT EXISTS F(C
|
with self.driver.session() as session:
for constraint in constraints:
try:
session.run(constraint)
except Exception as e:
logger.warning (f"&sRaIERT: {e}")
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def

FHREENT]
logger.info (" M—HAFRELIE")

import_movies(self, df):
mni "%’-)\EE,%Z"ﬁlﬁ"""
movies = df.to_dict("records")

def _import(tx, records):

query = """

UNWIND $records AS rec

MERGE (m:Movie {title: rec.title})

SET m.director = rec.director,
m.year = toInteger(rec.year),
m.rating = toFloat(rec.rating),
m.description = rec.description

tx.run(query, records=records)

# oSN, Sit 500 £
batch_size = 500
for i in range(@, len(movies), batch_size):
batch = movies[i:i + batch_size]
with self.driver.session() as session:
session.execute_write(_import, batch)
logger.info(f" BAEE: {min(i + batch_size,

import_relationships(self, df):
IIIIII%A%;E*%IIIIII
rels = df[["title", "director"]]l.dropna().to_dict!(

def _import(tx, records):
# TRIESETR
tx.run("""
UNWIND $records AS rec
MERGE (p:Person {name: rec.director})
" records=records)
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# BEIEXA

tx.run("""
UNWIND $records AS rec
MATCH (m:Movie {title: rec.title})
MATCH (p:Person {name: rec.director})
MERGE (m)-[:DIRECTED_BY]->(p)

" records=records)

with self.driver.session() as session:
session.execute_write(_import, rels)

logger.info(f"8 S A {len(rels)} £SEXZR")

def close(self):
II"”;&"EIET%“”“
self.driver.close()
logger.info("Neodj EZEE*H")

#
# E=E&: Qdrant @MEX5SAN
#
class QdrantVectorizer:

Qdrant [E=Et2s

==

I\J\

- BXAEAHEE
- k&% Qdrant

def __init_ (self, host="localhost", port=6333,
collection_name="movies", model_name="all
self.client = QdrantClient(host=host, port=port)
self.collection_name = collection_name
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def

HIREREA]
# PNEERNIEDY
try:
from sentence_transformers import SentenceTrar
self.model = SentenceTransformer(model_name)
self.vector_dim = self.model.get_sentence_embe
logger.info (f"@RANEEIMEBAKIN: {model_name} ({se
except ImportError:
logger.warning("sentence-transformers *RZZ, ¥
self.model = None
self.vector_dim = 384

ensure_collection(self):
"UUEEfR Collection 7FEE"""
collections = [c.name for c¢ in self.client.get_col
if self.collection_name not in collections:
self.client.create_collection(
collection_name=self.collection_name,
vectors_config=VectorParams (
size=self.vector_dim,
distance=Distance.COSINE

)

logger.info(f"@ Collection '{self.collection_
else:

logger.info(f"@ Collection '{self.collection_

encode_texts(self, texts):

BXAIIRENEETE

WMRKLE sentence-transformers, NREFEHEE (XA

if self.model is not None:
# (EREERISA
embeddings = self.model.encode(
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texts,
show_progress_bar=True,
batch_size=64
)
return embeddings.tolist()
else:
# MiAE: REREEE
return [np.random.rand(self.vector_dim).tolist

def upload_vectors(self, df, text_column="description

& DataFrame AN AEIELE/H LEE] Qdrant

S
df: #U4E DataFrame
text_column: B&XAHEHIARTSE
id_column: FfE@= ID KFIE
# EFEXAF payload
texts = df[text_column].fillna("").tolist()
payloads = df.to_dict("records")

# XARm@Eft,
logger.info(f"IEE4mIE {len(texts)} &HXXA...")
vectors = self.encode_texts(texts)

# M Point FIX
points = []
for i, (vector, payload) in enumerate(zip(vectors,
# FRGFEFEIE— ID (BRAPR)
point_id = hash(str(payload.get(id_column, i))
points.append(PointStruct(
id=abs(point_id),
vector=vector,
payload=payload
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))

# ELE (Bt 100 K)
batch_size = 100
for i in range(@, len(points), batch_size):
batch = points[i:i + batch_sizel
self.client.upsert(
collection_name=self.collection_name,
points=batch,
wait=True
)
logger.info(f" LEfE@m=Z: {min(i + batch_size,

logger.info(f"® #LEfE {len(points)} H£m=EZl '{sel

#
# MR
#
def run_pipeline():

BTN ETL MK

g
1. BURESR - 2. #IEER - 3. Neodj SN - 4. Qdrant @E

start_time = time.time()

#
# EETGIEIE
#
sample_data = pd.DataFrame({
"title": [
"TURMBER", "Rz EEREE", "&IR2",
"RYF, FHRE", "BAHRE3", "KEH",
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})

#

FIREEANT]
"EIL", "MITRAIK", "ALKRSB", "HKM"
I,
"director": [
"ZRERM, “RFT, "RER",
"ERRY, "BREH", "BRELER",
"SRZE", "skMrzg", "XTIV, "#F"
P
"year": [2019, 2019, 2017, 2021, 2021, 2021, 2023,
"rating": [7.9, 8.4, 7.1, 7.8, 5.3, 7.2, 7.0, 6.8,
"description": [
"RFHEMIESRR, ARTEMIKREREL EARREHES, FHH
"Rt RSP B —HEEEERRIRITER, RGN RERFEN
"REEXESTEEHR, EREIFNERERFEER,
"BRRRFHOEI1981F, STERNEERFREES, ",
"E{CHENEEN—FIRRAEZNEIETR. ",
"MERBKNER, SREMTERBNRENREST, ",
"ERINEE, —DNEM—EMSEEN—IZEARNRE. ",
" AN MTEES IR, BT Ak, —BEEIH
"IRZRIME = IR HIREAIBE] T AL/, AL TR
"EFENEFERPLRER, — T PEEXAFRECHMEMNE

# MERL: BURER

#

logger.info("=" * 60)
logger.info("[Er 1/3: #EER")
logger.info("=" * 60)

cleaner = DataCleaner()
cleaner. load_from_dataframe(sample_data)
clean_df = cleaner.clean()

#
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# ME%2: Neodj BN

#

logger.info("=" * 60)
logger.info("MEX 2/3: Neodj EEIEESAN")
logger.info("=" * 60)

try:

importer = Neo4jImporter(
uri="bolt://localhost:7687",
user="neo4j",
password="your_password"

)

importer.create_constraints()

importer.import_movies(clean_df)

importer.import_relationships(clean_df)

importer.close()

except Exception as e:

#

logger.error(f"Neodj SALM: {e}")
logger.info("i5HMfR Neodj BEDN, REEL")

# ME%3: Qdrant @1

#

logger.info("=" x 60)
logger.info("ME& 3/3: Qdrant EM=ELEAN")
logger.info("=" x 60)

try:

vectorizer = QdrantVectorizer(
host="1ocalhost",
port=6333,
collection_name="movie_descriptions"
)
vectorizer.ensure_collection()
vectorizer.upload_vectors(
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clean_df,
text_column="description",
id_column="title"
)
except Exception as e:
logger.error(f"Qdrant SIAKMK: {e}")
logger.info("i&ff% Qdrant BBz, AE=X")

#

# STAY
#

elapsed = time.time() - start_time
logger.info("=" * 60)

logger.info(f"& f/K&iEITM! EA: {elapsed:.2f} #")
logger.info("=" * 60)

# 1BITmKE
if __name__ == "__main__":
run_pipeline()

THARRRT — DRI ETL MK&ZeM, EXMRIE
&, 1/1\_JLME}EFEE?F Ei B ExBOIZAE——LE A N EE ZROENYE
BANN, BEERANEREIRIT. BERENREERRES,
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SEL S

%3] /5 —1 Python filds, M CSV §A 1000 FicFE
Neodj #1 Qdrant

Bin: SZECAAEMEMR, TR —TTENSAR
R,

ER: 1 ARISEE—HES 1000 £iCEM CSV HUE (7]
MEHiE. Bm. APHEETE) 2. (£ pandas #1TEIEE
% 3. BEREHNEIESA Neodj] (BIBTRMXR) 4. 83X
REENXESAN Qdrant 5. HFE— BRI, BERTE Neodj
1 Qdrant g%

RRAIEESR:
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#:3): 1000 FKIDRTE

-

EBTRNEMRR:

1. Neo4j 2REz0 (bolt://localhost:7687)
2

3

=\

. Qdrant 2250 (http://localhost:6333)
. BREKH: pip install neo4j qdrant-client pandas senter

import pandas as pd

import numpy as np

from neo4j import GraphDatabase

from gdrant_client import QdrantClient

from gdrant_client.models import Distance, VectorParams, F

#
# B £ 1000 FELEIE
#
# TODO: 4Ry 1000 H£PFEHIE

# FE: PR MEE. LR, FH. ¥, @A KB

categories = ["®&L", "X=2", "I_E" "RRMN, tEEr, g,
authors = [f"{F&_ {1}" for i in range(100)]

publishers = ["ABRZFEdAR", "HELARTE", "I ERT",

np.random.seed(42)
n_records = 1000

data = {
"HE": [f"HE_{i}" for i in range(n_records)],
"fE&": [np.random.choice(authors) for _ in range(n_re:
"WHhktt": [np.random.choice(publishers) for _ in rangel(
"FE": np.random.randint (1990, 2024, size=n_records),
"JES": np.round(np.random.uniform(5.0, 10.0, size=n_r
"Nt [fUiX2—ZA%F{np.random.choice(categories) }#9¥E
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for _ in range(n_records)],

"ZEA": [np.random.choice(categories) for _ in range(n,

¥
df = pd.DataFrame(data)

B BIEBR

TODO: SEIERIEEIL
- NEHAMREEIE
- BETE

- MRBUELBLIER

HOH OH K R KR

FE=F: SN Neodj

TODO: fl# Book. Author. Publisher. Category s
TODO: €l WRITTEN_BY. PUBLISHED_BY. BELONGS_TO *%
B {FH UNWIND HtESA

HOH OB K R R

$£M%: SN Qdrant

TODO: MEPEENEEN
TODO: _Ef£%| Qdrant Collection

H OB B KR

FHE: REEWR

TODO: SEH—TERE, HWA—TKHEIE:

1. 7 Neod] HERPIAFFERSXBIINPEE
2. 7 Qdrant PEREMIEEMRTEE

3. GAERERRESR

HOH OB OB R KR
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WotRE: - BINERFIEE 1000 FEHE (207) - 1B

SN Neodj HEIETRIMXR (309) - EREZELHEAN
Qdrant (30%) - EAEWRIEAIA (20%)

RE e 21K

1.

neodj Python Driver EA X — RN TRERDEIE.
Filtld. SHBESFSRIS . 1A
https://neo4j.com/docs/python-manual/current/

Qdrant Python Client X#4 — 2> BHEE. SE=.
Payload ZR5|F#HMINEE, A0
https://qdrant.github.io/qdrant/redoc/

NetworkX i — RREZEEE: #HXEN. P OD
. BERMHE. 150
https://networkx.org/documentation/stable/tutorial.ntml

pandas EAHFER — E1E GroupBy. Merge. Pivot
EDREIERME. Th0
https://pandas.pydata.org/docs/user_guide/

UNWIND HtESAHRIEXHK — Neodj EAEEXTEME
EHESANREXE, aEoHERE. AFEES,

sentence-transformers RELEIRIER — REFRNAIER
AOMEBEXT EERIA BRI, RN RIEERMEE,
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ARG

EX—EF, BMNEETA Python HREEENINARKOML

1. Neodj Python IRzf: a7 AEEILEE. HITEIE. F
AES. fHESA., XBERE: REAFEASHRAEERLLE
A, {£A UNWIND IS ERIE, $F read/write
transaction LIEEDE,

2. Qdrant Python EFifi: %<7 8l Collection, L£{&[
2. FITEZR (BFEFTTREFHNEER). Qdrant B Python
APl ZIHIERE BN, EAXLME"CIEES - iR - BER”

=%E.

3. NetworkX Elo#th: #5777 Python RMEE. Z1TEE
7% (PageRank, & EIKIZ. tXQNEF). JMALER. HIE
PMERSZ L E] Neodj, NetworkX @— 1M 4aRNFEE, E&H
INIENE DT ES .

4. pandas IELIE: FRTHIEFANTERERE (X2, &
B, KR REEER), URNENEEAENEERES
A Neodj,

mfa, BAVSMEREEREM T — 15T ETL A7k LR
A, M7 EHIEEL — Neodj SN — Qdrant @EHHIBEIN
iz, BRMEXNELIMNEFIEEER, RAIEERAECHAE
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N ER=

AT—EF, HEE— BT AINE—EFHiREE
— RS CHAIEMEEZETMR, BIEMERIENERA. W
TEHAT!
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$B12F LAIHE: NERE—

T EEFNHEEE
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AREREN]
HE: Kokk

51F
NEMR, EFXBREXEE T MRENENIFRE EMkEE

AREMNENS, HBMNZST7TEHREEOE . Neodj BIiE
E. MEFEENRIE. Python MEIEIRIERIG, (BIRLE, T
BEOENR S G — Rk — R EEEN BN — BN EF,
R7BEEIERREIFNR N £,

R EAENENAE., BITE—RBZA—TMEFIHRRITE
I : BEAREES BEEERE.

AXPTIBR, (R SEENFF R EdEER:

o IRITINEZSRM

o REHFIE

o A LLM HEXEMMHER

o S\ Neodj HEEEL

o S\ Qdrant LIIENIER

F3 LangChain #E#Z23HE RS

F Streamlit I RTIHR
—{TRBHERINEREGITHN, 8—1"TEABFIFMHNEE

. JBFRIINEE, FTFORRY IDE, EEAIFIEME,
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IEX

121 WAkt
1211 B Btx

BAINBIRMRIFH: ME—TEEXENERIIREERE. B

R, EREMIXESIF:

EEXNR: ArARERNRER. ER. SE, KBEZE
RPN

EEENE: AERIESRY, " AERSEIMLR

22?7 T ReNRLRBMLE? 7

BXER: ETHOHERNEXENUERER, LW"ERE%EM
CRIRIEEKY) AR ERLAYERS? 7

BEEEE: SFoBEEXAMNEXEMNUE, ARPHEERR

12.1.2 FARKEIF
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7= 16-1
A RRARER HH
E#IEE  Neod A R#rE, Cypher Bi&A
MEHIEE Qdrant B84, Python SDK KiF
FRANRR sentence-transformers AHIBETT, FToFH APl Key
LLM OpenAl API / Zsitl Ollama (S 23HEY + XHE
E#RfEMESE  LangChain ME Neodj 1 Qdrant &5}
Bl Streamlit RFEER T Web N
A EEYIS L pandas R FIRAIE

BRI pyvis / streamlit-agraph  EIERTHML

12.1.3 RFEEH
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BF&E (Streamlit)

| 1
| EgRE | | ®meEEE |
| | |

I
| BXEER |
|

T T T
| | |
l | |
| | |
| | |

)

341E5|% (LangChain

|
| Graph Chain | | Vector Chain |
| (Cypher#g) | | Gaxi®) |
| | | | l |
| |
1 1
| |
| : 1T : |
| Neodj | ] Qdrant |
T || amEsmE |
| Movie/Actor/ | | mEHEr@mE |
| Director/Genre | | giFEE |
| | | |
A A

ETL R7Ke (Python)
BIERE - BIRER - EEHEN - BSA - @£/

12.1.4 B B %
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movie_knowledge_graph/

— config.py # EREE

— data/

| raw/ # [RIAREHIE

| | processed/ # EREHVEE

| L— sample_movies.csv # REIZIE

— etl/

| | scraper.py # BUEREMA

| — cleaner.py # BUEE%

| b extractor.py # LLM {523HEx

| — neo4j_loader.py # Neodj B

| L— qgdrant_loader.py # Qdrant S\

|— app/

| | graph_chain.py # LangChain Eigis
| | vector_chain.py # LangChain M5
| | chatbot.py # JES|E

| L— streamlit_app.py # Streamlit Bl
— requirements.txt # Python 1K

L— README.md

12.2 BUBRE
12.2.1 TMDB API REHREHIE

TMDB (The Movie Database) Z—% BB EIEE,
RIESH AP, BN TEAERIRENEBREE.

B, {REZEZ https://www.themoviedb.org/ SEF—Tk
=, ABEEE — APIPHRBRIFE—TREN APl Key,
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SRR A
€ TMDB API 3JREXFEFZEUE

{EARNESIREY API Key: https://www.themoviedb.org/settings/:

import requests
import pandas as pd
import time

import json

import os

#
# &
#
TMDB_API_KEY = "your_tmdb_api_key_here" # Ei#{RAY API K
TMDB_BASE_URL = "https://api.themoviedb.org/3"

LANGUAGE = "zh-CN" # SREXRXERiE

OUTPUT_DIR = "data/raw"

# RRBEEREE
os.makedirs(OUTPUT_DIR, exist_ok=True)

#
# TMDB API 3R
#
def tmdb_request(endpoint, params=None):

3% TMDB API &K

S
endpoint: API immiB&i® (&0 "'/movie/popular")
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params: E7MIEIESE

IR[E]:
JSON e |Sz #4478

url = f"{TMDB_BASE_URL}{endpoint}"

# BN

default_params = {
"api_key": TMDB_API_KEY,
"language": LANGUAGE,

# BHSH
if params:
default_params.update(params)

# RIFEK
response = requests.get(url, params=default_params, ti
response.raise_for_status() # WRIFEKEK, WHERE

# LR ERST 0.3 B, BHEAAIMERRT
time.sleep(0.3)

return response.json()

def get_popular_movies(page=1):

SRER TR &R

page: Tif3 (1-500), =TT 20 ZPEES

data = tmdb_request("/movie/popular", {"page": pagel})
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return data.get("results", [1)

def get_movie_details(movie_id):

REEERRIFAER

BE: ZEEN. BRAK., LB F5E
# append_to_response AIU—RIERZNFEIR
data = tmdb_request/(
f"/movie/{movie_id}",
{"append_to_response": "credits, keywords"}
)
return data

def get_movie_reviews(movie_id, page=1):
FREXFE RZROITIE
data = tmdb_request(
f"/movie/{movie_id}/reviews",
{"page": page}
)

return data.get("results", [1)

#
# MEXRERE

#

def collect_movies(total_pages=5):

MEREBTIIE
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TRAZ:
1. BHAITBEIIER (Z0)
2. FRENVEEETLIFAER
3. REHEFZNITE (&2 5 K)
4., BERAEHE
S
total_pages: REZVTHNIIEE (7 20 =)
IR[E]:

EEERNEZHIETIXR

all_movies = []

# #£—H: FRENEF ID JIR
print(f"\’ IETEREBUEAIEBEIIER (£ {total_pages} T) ..."
movie_ids = []
for page in range(1, total_pages + 1):
movies = get_popular_movies(page)
for movie in movies:
movie_ids.append(movie["id"])
print(f" % {page} T1: 3REX {len(movies)} EPEFE")

print(f"\n&3XE {len(movie_ids)} ZFEEE; ID")
print(f"\’ EEREEIEZEMES. . .\n")

# BT BDIREUER
for i, movie_id in enumerate(movie_ids):
try:
# SREVEIE
details = get_movie_details(movie_id)

# REUTE (B&Z 3 %)

reviews = get_movie_reviews(movie_id)
review_texts = [r["content"] for r in reviews|
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# BEWIE

movie_data = {
"id": details.get("id"),
"title": details.get("title", ""),
"original_title": details.get("original_ti
"overview": details.get("overview", ""),
"release_date": details.get("release_date'
"year": int(details.get("release_date", "¢
"rating": details.get("vote_average", 0),
"vote_count": details.get("vote_count", 0)
"runtime": details.get("runtime", 0),
"revenue": details.get("revenue", 0),
"budget": details.get('"budget", 0),
"genres": [g["name"] for g in details.get!(
"keywords": [k['name"] for k in details.ge

# BERRER
"director": "",
"actors": [1,

"reviews": review_texts,

# M credits HIZEVSENERA
credits = details.get("credits", {})
for crew in credits.get("crew", [1):

if crew["job"] == "Director":
movie_datal["director"] = crew["name"]
break

# BRI 10 fDER
for cast in credits.get("cast", []1)[:10]:
movie_data["actors"].append({
"name": cast["name"1,
"character": cast.get("character"™, "")
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"order": cast.get("order", 99)

1)
all_movies.append(movie_data)

# HEER
if (i + 1) % 10 == 0:
print(f* B43# {i + 1}/{len(movie_ids)} $

except Exception as e:
print(f" & Bz {movie_id} ZREXZELM: {e}")
continue

print(f"\nf@ HUERESTH! HIKEX {len(all_movies)} ERFEES
return all_movies

#
# RIFEUE
#
def save_movies(movies, filename='"movies_raw.json"):
" REMMIEREN ISON g
filepath = os.path.join(QUTPUT_DIR, filename)
with open(filepath, "w", encoding="utf-8") as f:
json.dump(movies, f, ensure_ascii=False, indent=2)
print(f"M ZUESREFEE: {filepath}")
def movies_to_dataframe(movies):

"SRRI DataFrame, H{EELL4bE""
rows = []
for movie in movies:
rows.append({
"id": movie["id"],
"title": movie["title"],
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"original_title": movie["original_title"],
"director": movie["director"],
"overview": movie["overview"],
"year": movie["year"],
"rating": movie["rating"],
"vote_count": movie["vote_count"],
"runtime": moviel["runtime"],

"genres": "/".join(movie["genres"]),
"keywords": "/".join(movie["keywords"]),
"actors": "|".join([a["name"] for a in movie['
"reviews": "|||".join(movie["reviews"]),

})

return pd.DataFrame(rows)

#

# =R

#

if __name__ == "__main__":

# XKE&E 5 THREFE (4 100 Z6)
movies = collect_movies(total_pages=5)

# RFRIBEE

save_movies(movies)

# )% DataFrame H{R7EH CSV

df = movies_to_dataframe(movies)

csv_path = os.path.join(OUTPUT_DIR, "movies_raw.csv'")
df.to_csv(csv_path, index=False, encoding="utf-8-sig")
print(f"M CSV ER%EZEl: {csv_path}")

# TR AR

print(f"\n ##EmRE: ")
print(df[["title", "director", "year", "rating", "geni
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EEED: - TMDB 89 API SRS (29 40 JR/10%),
RBPERINT time.sleep(0.3) FMNIT — WNRIREIS AT
TMDB API, HEERERME T —H A UE R ERNRGIEE

12.2.2 (EATRGIEIE (F API Key)
WMRIRAFEILAT B FRIE APl Key, BJLARIZ(ER TEIX D R
IR, BB OEIET 30 2B ENEIE:
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LIRS EIE (K% APL Key)
HIEGTAAREG—HEE 30 SPREETN (SV XK

import pandas as pd
import os

os.makedirs("data/processed", exist_ok=True)

movies_data = [

{
"id": 1, "title": "VURHEEIK", "director": "ZRiR“,
"year": 2019, "rating": 7.9, "runtime": 125,
"genres": "RIL]/RIE",
"overview": "XFEEMEERN, AXEHIRKREREHEREH
"actors": "RE/RZIX/FHE/RHSE",
"keywords": “AZ=/FRHB/K¥/BL"

s

{
"id": 2, "title": "MIMEZBEFEMH", "director": "iRF
"year": 2019, "rating": 8.4, "runtime": 110,
"genres": "EhE/3ZF4]",
"overview": "RMMRS[EZBH—BEEEEKRIVETER, THRKE
"actors": "S¥tE/RARSR/ME/RE",
"keywords": "{#iEF/pi/wE/HE"

s

{

"id": 3, "title": "FEHIE", "director": "FRELIK",
"year": 1993, "rating": 9.6, "runtime": 171,
"genres": "EIIE/EIE",

"overview": "EUVEFRRIRKRE T/ N—EKANIMRE,
"actors": "sKER/sKER/INMF/ B,

"keywords": "REI/[FE/ANE/EHE"
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"id": 4, "title": "HHEEARIE", "director": "FH=R
"year": 1994, "rating": 9.7, "runtime": 142,
"genres": "ElI&E/ICFE",

"overview": "JRITRTHWEMRETEFREBA, HALT
"actors": "FER- TEH/ER- HES/6N - X",
"keywords": "US¥t/BH/FHE/EHA"

"id": 5, "title": "FMIHIEZ", "director": "Z{EiF - F:
"year": 1994, "rating": 9.5, "runtime": 142,
"genres": "RIE/EIE",

"overview": "[IHEHE—1TEERB75HMEEE)L, (BMNRSETE
"actors": "B N/ ZE- M/ NE-EEE",
"keywords": "Bhi&/ A/ EE/FEHE"

"id": 6, "title": "F5F3F", "director": "EIFE",
"year": 2001, "rating": 9.4, "runtime": 125,
"genres": "mhE/ZF4]",

"overview": "FINEEBBB—REAREREFR, EIBIMIIEE
"actors": "#BE/NTFBEHR/EREE",

"keywords": "EIFE/B/ 4]/ 5hiE"

"id": 7, "title": "HIBEES", "director": "EiEHL--
"year": 1997, "rating": 9.4, "runtime": 194,
"genres": "EIIE/EIE",

"overview": "1912F4H10H, SiR'tHRITIE EHNFH' 95
"actors": "RBMNZ - BREER/INT RIS,
"keywords": "EI&/RYE/ZH/ AR

"id": 8, "title": "ZF=E", "director": "FEHIEH
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"year": 2010, "rating": 9.3, "runtime": 148,
"genres": "®L)/B&/hE",
"overview": "BIE-1{IHE—ILKEENGW, BEIEZEBEANAMNI
"actors": "EBMHZ - BREER/NBR 5B/ -WMEF",
"keywords": "ZiE/E%/RIL]/ A"

"id": 9, "title": "EFrZF#", "director": "mEHIEH
"year": 2014, "rating": 9.4, "runtime": 169,
"genres": "®Z)/ER/REIE",

"overview": "IEFRFRAMIKEDIBEY, IREIEVIELA KL, FINA
"actors": "Bfg-ZEMN/ Lk BER/NAE R - BHIE",
"keywords": "X=/HRE/HIE/EE"

"id": 10, "title": "ikFiE%", "director": "&X",
"year": 2010, "rating": 9.0, "runtime": 132,
"genres": "RBIE/ZEI/NIE",

"overview": "REFE, HHBEERKNISHBEIEZEREMED
"actors": "ZX/BM/BARA/XNER",

"keywords": "ERE/E&EHIK/ZH/EIE"

"id": 11, "title": “MIEED¥M", "director": “FE{E-E
"year": 2016, "rating": 9.2, "runtime": 108,
"genres": "EIE/ZEI/ER",

"overview": "TEWIT, TILRASESIBINEFIELEL., &
"actors": "% - HER/ NG EE",

"keywords": "HhE /L_j:):/ﬁa /28"

"id": 12, "title": "HEAEHME", "director": "REF
"year": 2018, "rating": 9.0, "runtime": 117,
Ilgenresll: IIEJ;I\E/EEJII

"overview": "EBHPEEFRELEE—RRERE, KEXK
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"actors": "f#Rlg/EEE/EA—E/EE",
"keywords": "HIXZ/EfT/ AME/HER"

"id": 13, "title": "BEFE", "director": "REHTE!
"year": 1999, "rating": 9.1, "runtime": 136,
"genres": "RIL/EHE",

"overview": "TRXEPER, MEBRERENXMEMNESZHIER
"actors": "B BYHr/SEH - FETAR/IN-R - E58",
"keywords": "“EINENST/RIL]/ B/ ZE"

"id": 14, "title": "KiEFAHFZIAEEE", "director":
"year": 1995, "rating": 9.2, "runtime": 99,
"genres": "ERI/F4/EE",

"overview": "EBEHAXETEFTOEIAEER, BREEWF
"actors": "RBE3/KE/EXE/RER",

"keywords": "ZEi/=Rl/EIE/ Tk

"id": 15, "title": "JE&", "director": "KZ§",
"year": 1994, "rating": 9.3, "runtime": 133,
"genres": "RBIE/HE",

"overview": "FBRE—TERDF, FHEEM, RTE—RZE
"actors": "B/INMF/EZR",

"keywords": "SR/ ANE/ T/ R

"id": 16, "title": "Z[IAUFR", "director": "5 R
"year": 1998, "rating": 9.3, "runtime": 103,
"genres": "BEIiE/RIL]",

"overview": "B IMHEEMEFE—TEANBLMF, 5
"actors": "& -/ SR WhE/LAE - IREHT",
"keywords": "HEAF/BH/EAK/HE"
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"id": 17, "title": "IpXK", "director": "FEEih",
"year": 2004, "rating": 8.6, "runtime": 99,
"genres": "SRI/E",

"overview": "Z+EANFE, FLRREME—OEMAEREL
"actors": "REEit/TIN/ TR/ ERK",

"keywords": "InX/ER/EEM/ FHE"

"id": 18, "title": "#HAR", "director": "FHEAFGHET- Rk
"year": 1972, "rating": 9.3, "runtime": 175,
"genres": "RIE/IESE",

"overview": "NESRKEEANAKREEZ—, BRYHE fEE
"actors": "S- B=E/M/R - tAFEE/ 8- AR,
"keywords": "EBE/RIR/INS]/RH"

"id": 19, "title": "J¥®", "director": "ETIFRR",
"year": 1988, '"rating": 9.2, "runtime": 86,
||genres||: "737]@/%?23",

"overview": '"/)\BFIVEFMBHREEXERDT 2 THEE, X
"actors": "HEEF/MGEF/AHER",
"keywords": "B/ EF/ T4/ BE"

"id": 20, "title": "UREHIEK2", "director": "ZRIR",
"year": 2023, "rating": 8.3, "runtime": 173,
"genres': "®L)/ K/ BRE",

"overview": "XKPERERZEMN, ALXBm BTN, FEHIRKRE
"actors": "RE/XEBE/FER/IDE",

"keywords": "X=/FRKH/AL/FL]"

"id": 21, "title": '"J®IL", "director": "sKZIE",
"year": 2023, "rating": 7.0, "runtime": 157,

533



FHREEN]

"genres": "REIIE/EE/ER",

"overview": "FERIE, FEERES5EERK. &I
"actors": "B/ BETE/KIF/BES",
"keywords": "Bf/HE/ R/ ER"

¢

&/, £E

[EH]

Hi

b

"id": 22, "title": "{REF, FJgE®", "director": "TEK'
"year": 2021, "rating": 7.8, "runtime": 128,
"genres": "ZRI/RIE",

"overview": "EEBRRELRMN T AEAXEKXER, BEHT TR
"actors": "EREQ/K/NZE/ILEE/FRHE",

"keywords": "Eith/EI1E/ZEI/ Esh"

"id": 23, "title": "FEE", "director": "XlJ{F@",
"year": 2002, "rating": 9.3, "runtime": 101,
"genres": "RIIS/ICFE/BE",

"overview": "ZEHMBEIMENHNIPLIE T ENE, ZREMNEX
"actors": "XfELE/RERF/ENE/EEF",

"keywords": "BMNE/E&/ZHE/ZH"

"id": 24, "title": "IEE", “director": "FRElIR",
"year": 2021, "rating": 7.2, "runtime": 176,
"genres": "“&iFE/HE/EIE",

"overview": "MEEHEED, FEARGREREFZNEHAERE
"actors": "RR/GETE/BRER/KLX",

"keywords": "&xF/[HE/BEE/INEER"

"id": 25, "title": "F4H", "director": "FRERKR",
"year": 2019, "rating": 8.8, "runtime": 132,
"genres": "RIIE/EE/IRIE",

"overview": "(FEFMTENESEZF—ROOELERIBER., K
"actors": "RERR/FEY/RL0/EFHE",
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"keywords": "BR/ttm/EE/BETRE"

"id": 26, "title": "ERMFLLER", "director": '™
"year": 2012, "rating": 9.1, "runtime": 127,
"genres": "RIIE/ElK/F4)",

"overview": " MERMURFEZEE—RoIME., ERERTH
"actors": "HH-IB/FERN- BT/ ER",

"keywords": "{S/FLI/ EF/ AR

"id": 27, "title": "MEK{R: F4TFEH", “"director": "
"year": 2018, "rating": 8.6, "runtime": 117,
"genres": "mhE/shfE/FL]",

"overview": "B/RET- BRERETR— I EBNARELE, —IREIM
"actors": "iETT- BER/INTE - AN/ EF) - BriBIEREY,
"keywords": "BREM/TITFEH/NE/EZE"

"id": 28, "title": "KIR2", "director": "RJR",
"year": 2017, "rating": 7.1, "runtime": 123,
"genres": "EIfE/EE",

"overview": "B TERIRERENT —IHIEMERNREL. &
"actors": "RRE/FHB=Z EED/ZNI/KE",

"keywords": "EhfE/EE/EE/HKiE"

"id": 29, "title": 'SEZKMEL", "director": "EZF",
"year": 2023, "rating": 6.2, "runtime": 122,
"genres": "B&/ILFE",

"overview": "@HIFNEFEARFERMILKE, AEREFES
"actors": "“SR—u/{RE/SCOKH/ AT,

"keywords": "25t/ILF/REE/REL"
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"id": 30, "title": "AXEARZE", "director": "XI;I",
"year": 2022, "rating": 7.3, "runtime": 112,
"genres": "RIE/ZEI",
"overview": "JEZEIME=IREREIEFBER T ALENZ,
"actors": "SK—m/HREX/ELX/XIE",
"keywords": "IEZE/IRIE/RI</EIE"

]

df = pd.DataFrame(movies_data)

df.to_csv('"data/processed/movies_clean.csv", index=False,
print ('@ BR%EFE {len(df)} PEFLIEEI data/processed/movie
print(df[["title", "director", "year", "rating", "genres"]

12.3 (EEHE: A LLM RREHHER
IR EFHERZEBXAE, BIFTEANESEKRE (LLM)
MEPREEGE LRI SEARRI R 2R
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LLM {E2IMEUELR

MEBEZHEIRFRIHEN :
- NWJ (B9E. ER)
- RERE
- ERAKEIE
- BRDO

import json
import os
from typing import List, Dict, Optional

#
# BX—: (€A OpenAl API (#7F, WRERIF)
#

class OpenAlExtractor:

{EF OpenAl GPT #RELHIT(S EIMEY

MR ERERS, HFERMERES
e FE API Key, HiHRER

def __init_ (self, api_key=None, model="gpt-3.5-turbo

a OpenAl EFUH

S
api_key: OpenAIl API Z54f (thalLAMIRMIEZSEIEEY)
model: {HRAYEEIZTR

from openai import OpenAIl
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self.client = OpenAI(

api_key=api_key or os.environ.get("OPENAI_API_

)

self.model = model

def extract_movie_info(self, title, overview, director

MEBEZHER RIS LR R

S
title: HERMN
overview: EBEEN
director: S8 (MREZXN)
IR[E]:

B S HHENG R AT

prompt = f"""“{RE—TLWAIESAIRMENEIF. BEMATES

EEM: {title}
&3&: {director}
f@f: {overview}

B ISON HBVREIL TFER:

{{
"themes": ["FEE&E1", "“F5E2", ...],
"emotions": ["IBEE#nE1", ...1,
"setting": "HERLEMNAIE/MRER",
"plot_summary": "—GEEERIE (202 MA) ",
"target_audience": "BEiFZRIER",
"similar_movies_hint": "AIREZRNAIEEEIEAHEHIA"
T

EEBEE JSON, RERMEMSFE, """
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response = self.client.chat.completions.create(
model=self.model,

messages=[
{"role": "system", "content": "{RE—I5/HEH
{"role": "user", "content": prompt}

I
temperature=0.1, # {KBE - FREMHENEE
max_tokens=500

# fEMHT LLM 3R[EIRY JSON
content = response.choices[@].message.content.str]
# 4MIETETRER markdown {UABIREIER
if content.startswith(" "*"):
content = content.split(" " ")[1]
if content.startswith("json"):
content = content[4:]

try:
result = json.loads(content)
result["source_title"] = title
return result

except json.JSONDecodeError:

print(f" A4 JSON fR#TRMY, HBxr: {title}")
return {"source_title": title, "error": "JSON

def extract_relationships(self, movie_title, overview)

MIERPHHERA) X Z
REIAMZ BHRRTIER

prompt = f""" BN TEZIEARPMENAY Z BHIK R,
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B85 {movie_title}
#iR: {overview}

DA JSON #{4RiR[E]
[

{{

"personl": "A#1BFR",

"person2": " A#27F",

"relationship": "XKZREH (@0: RF. BA. BA. INESH)
+

MBREFEFBOANESR, BE=HA [, "

response = self.client.chat.completions.create(
model=self.model,
messages=[{"role": "user", "content": prompt}]
temperature=0.1,
max_tokens=300

content = response.choices[0].message.content.str]
if content.startswith(" *"):
content = content.split(" " ")[1]
if content.startswith("json"):
content = content[4:]

try:
return json.loads(content)
except json.JSONDecodeError:
return []

#
# HAZ: ERANME (TF API, EGHEHR)
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A

#

class RuleBasedExtractor:

ETHMEE

def

def

StV

= KF APL, EER, TEEL
FRAR -

MEXBENBIR, MRHFNE AN

__init_ (self):
# FIE XAV B R B TE B S
self.emotion_keywords = {

"EXEK":
"IRER"
"R
210111

}

[sEE",
["8g",
=R,
[EE",
["3ERl",
[“sm",

"
"EK",
",
",
3",
"L,

# FITE M A9 3 R o B Ta AR Y
self.theme_keywords = {

"R
VR
"EIE":
"RE":
"t
"BH":

}

(K="
A",
"B,
"R,
[HR",
[EE",

",
"B,

|lﬁgﬁ ||’

, ||;E1,|e§||

",
g
IIE :I:II
"FET",
"HHE",

"HEA",

||Elﬁ£§ll ,
"rEE",
|l¥2¥||

ns>==n
Ag=:]

II%%II

||~EH§||
"BR",
"SRR,
II?Ej(II
Ilgifll
A

||*7k;}:§||
iy

II*EE”,
II:‘:,I\EEII

, III)un-‘-ul

||§Ei§||

extract_movie_info(self, title, overview,

M ET AL ER R RS

result = {

=Eunn

[= R[N

"source_title": title,
"themes": [1,
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"emotions": [],
Ilsettingll: II;EiR%lJII’
"plot_summary": overview[:30] + "..." if len(c
"target_audience": "@AMKX",

# HHENERR
for theme, keywords in self.theme_keywords.items()
for kw in keywords:
if kw in overview:
result["themes"].append(theme)
break # 81 FMRMCE—R

# HEXIER
for emotion, keywords in self.emotion_keywords.ite
for kw in keywords:
if kw in overview:
result["emotions"].append(emotion)
break

# K8
result["themes"] = list(set(result["themes"]))
result["emotions"] = list(set(result["emotions"]))

# WRIZHENE], LEAME

if not result["themes"]:
result ["themes"] = ["&Z/A"

if not result["emotions"]:
result["emotions"] = ["R%1"]

return result

#
# HEEMEX
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#

def batch_extract(movies_df, extractor, use_llm=True):

%y DataFrame HHYFRA RBEHITHEEEMEX

S
movies_df: EBF#IE DataFrame
extractor: IHEYZISEM (OpenAI SLHLMI)
use_llm: BFFEA LLM

R
BEMIERNTIR

results = []

for idx, row in movies_df.iterrows():
print(f" IF7E#HE [{idx+1}/{len(movies_df)}]: {row

info = extractor.extract_movie_info(
title=row["title"],
overview=row.get("overview", ""),
director=row.get("director", "")
)

results.append(info)

print(f"\nf@ (EEMMEG! H4E {len(results)} ZFE")
return results

#

# FER

#

if __name__ == "__main__":

import pandas as pd
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# INEEBEEE
df = pd.read_csv("data/processed/movies_clean.csv")

# EEEEN A

# YIRA OpenAl API Key, {8 LLM; FNERMNIME

if os.environ.get("OPENAI_API_KEY"):
print("& {FFA OpenAl #HT{=EHEL...")
extractor = OpenAIExtractor()

else:
print ("N R#MZ OPENAI_API_KEY, {ER#MIHET. ..")
extractor = RuleBasedExtractor()

# MATHEEHEX

extracted = batch_extract(df, extractor)

# RFHESER

with open("data/processed/extracted_info.json", "w", €
json.dump(extracted, f, ensure_ascii=False, indent

print ("M MEVEREIR?ZZE] data/processed/extracted_info

# T
print("\n] IHEXERE: ")
for item in extracted[:3]:
print(f" {item['source_title']}")

print(f" F: {item.get('themes', [1)}")
print(f" 1E5R%: {item.get('emotions', [])}")
print()

12.4 Neodj S\ : HEBEEIIRELE
BIBESW T, MELRIEESA Neodj, ME—TEHIEN
FIREE,

12.4.1 BIEREZT
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BANBEREBESU TR RMXA:

TRKE:

Movie (FE%): title, year, rating, overview, runtime
Person (A#7): name, role (actor/director)

Genre (Z#!): name

Theme (EFH): name

e JitH

— (:Movie)-[:DIRECTED_BY]->(:Person) # BEHEANS

— (:Movie)-[:STARRING]->(:Person) # HBEHEAEE
— (:Movie)-[:BELONGS_TO]->(:Genre) # BFETHEED
- (:Movie)-[:HAS_THEME]->(:Theme) # BEEERELA
- (:Person)-[:COOPERATED_WITH]->(:Person) # A¥ZEHE(ES

12.4.2 TSN
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Neodj EEIEESAHIZA

TR R EIREE

Movie - DIRECTED_BY —-> Person
Movie — STARRING —> Person
Movie - BELONGS_TO —> Genre
Movie - HAS_THEME —> Theme

import pandas as pd

import json

from neo4j import GraphDatabase
import logging

logging.basicConfig(level=1logging.INF0O, format='%(asctime)
logger = logging.getlLogger(__name_ )

class MovieGraphBuilder'
mimn E’%ul *I]LUUIIIIII

def __init__(self, uri="bolt://localhost:7687",
user="neo4j", password="your_password"):
IIIIII%}J&/_\{{: Neo4J ;&;nllllll
self.driver = GraphDatabase.driver(uri, auth=(user
logger.info ("8 Neo4j HE#ZmIN")

def setup_constraints(self):

Bl —EARMERSI

XEELOREBIRT
1. @— title WEFASESRE
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2. [E— name WAMFA=EELIE
3. MERGE #fF=BmFRRS|, KNERASNEE
constraints = [
# TRE—MLAR
"CREATE CONSTRAINT movie_unique IF NOT EXISTS
"CREATE CONSTRAINT person_unique IF NOT EXISTS
"CREATE CONSTRAINT genre_unique IF NOT EXISTS
"CREATE CONSTRAINT theme_unique IF NOT EXISTS

# BHZRS| (BTFREW)
"CREATE INDEX movie_year IF NOT EXISTS FOR (m:
"CREATE INDEX movie_rating IF NOT EXISTS FOR (

with self.driver.session() as session:
for ¢ in constraints:
try:
session.run(c)
except Exception as e:
logger.warning (f"4R/ &5 {e}")

logger.info ("8 LARMESISLIE")

clear_database(self):

mETSERIEE (ZlEFER! )

with self.driver.session() as session:
session.run("MATCH (n) DETACH DELETE n")

logger.info(" 2 HIEEEEZE")

import_movies(self, df):

£ MERGE MA&E CREATE, HMREZFY (EEGITASTEES
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movies = df.to_dict("records")

def _import(tx, batch):
tx.run("""

UNWIND $batch AS movie

MERGE (m:Movie {title: movie.title})

SET m.year = toInteger(movie.year),
m.rating = toFloat(movie.rating),
m.overview = movie.overview,
m.runtime = toInteger(coalesce(movie.r

" batch=batch)

batch_size = 100
for i in range(@, len(movies), batch_size):
batch = movies[i:i + batch_size]
with self.driver.session() as session:
session.execute_write(_import, batch)
logger.info(f" gmm: {min(i + batch_size,

logger.info(f"@ S A {len(movies)} ZEEFTTH=")

def import_directors(self, df):

EANEETSHOIZE DIRECTED_BY *%&

directors = df[df["director"].notna()][["title", '

def _import(tx, batch):
# BIESETR
tx.run("""
UNWIND $batch AS item
MERGE (p:Person {name: item.director})
SET p.role = 'director'
""" batch=batch)
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# BlIiEEXAR

tx.run("""
UNWIND $batch AS item
MATCH (m:Movie {title: item.title})
MATCH (p:Person {name: item.director})
MERGE (m)-[:DIRECTED_BY]->(p)

" batch=batch)

with self.driver.session() as session:
session.execute_write(_import, directors)

logger.info(f"8 S\ {len(directors)} £SExXZR")

def import_actors(self, df):

ENEBERTRFACIFE STARRING *H

actors FEEN: "EBAL/ER2//ERA3"
all_actor_rels = []
for _, row in df.iterrows():
actors_str = row.get("actors", "")
if pd.isna(actors_str):
continue
for actor_name in str(actors_str).split("/"):
actor_name = actor_name.strip()
if actor_name:
all_actor_rels.append({
"title": row["title"],
"actor": actor_name

1)
def _import(tx, batch):

# BIEBERTR
tx.run("""
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UNWIND $batch AS item
MERGE (p:Person {name: item.actor})
SET p.role = coalesce(p.role, 'actor')
"t batch=batch)
# @i STARRING X%
tx.run("""
UNWIND $batch AS item
MATCH (m:Movie {title: item.title})
MATCH (p:Person {name: item.actor})
MERGE (m)-[:STARRING]—>(p)
" batch=batch)

batch_size = 200
for i in range(@, len(all_actor_rels), batch_size)
batch = all_actor_rels[i:i + batch_sizel
with self.driver.session() as session:
session.execute_write(_import, batch)

logger.info(f"@ S A {len(all_actor_rels)} HKERX

def import_genres(self, df):
MME KR AF] BELONGS_TO xZ® """
genre_rels = []
for _, row in df.iterrows():
genres_str = row.get('"genres", "")
if pd.isna(genres_str):
continue
for genre in str(genres_str).split("/"):
genre = genre.strip()
if genre:
genre_rels.append({
"title": row["title"l,
"'genre": genre

}
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def _import(tx, batch):
tx.run("""
UNWIND $batch AS item
MERGE (g:Genre {name: item.genre})
"t batch=batch)
tx.run("""
UNWIND $batch AS item
MATCH (m:Movie {title: item.title})
MATCH (g:Genre {name: item.genre})
MERGE (m)-[:BELONGS_TO]->(g)
" batch=batch)

with self.driver.session() as session:
session.execute_write(_import, genre_rels)

logger.info(f"@ S {len(genre_rels)} HKEBXZR")

import_themes(self, extracted_info):

EANEFITH S HAS_THEME X%

S
extracted_info: LLM IMEXMEISEIIER
theme_rels = []
for info in extracted_info:
title = info.get("source_title", "")
themes = info.get("themes", [])
for theme in themes:
if theme and theme != "4£&" and theme !=
theme_rels.append({
"title": title,
"theme": theme
})
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def _import(tx, batch):
tx.run("""
UNWIND $batch AS item
MERGE (t:Theme {name: item.theme})
"t batch=batch)
tx.run("""
UNWIND $batch AS item
MATCH (m:Movie {title: item.title})
MATCH (t:Theme {name: item.theme})
MERGE (m)-[:HAS_THEME]—>(t)
" batch=batch)

if theme_rels:
with self.driver.session() as session:
session.execute_write(_import, theme_rels)
logger.info(f" S A {len(theme_rels)} &I RAx
else:
logger.info("@ EBEEXWHERESA")

build_cooperation_network(self):

HMEER Z BRSNS

B MRANMERLIMER—ZPEZH, NEIE COOPERATED_W
XE— 14 Cypher 1#%#fE, XFE Python ¥R
with self.driver.session() as session:
session.run("""
MATCH (m:Movie)-[:STARRING]->(al:Person),
(m)-[:STARRING]->(a2:Person)

WHERE id(al) < id(a2)

MERGE (al)-[c:COOPERATED_WITH]->(a2)

ON CREATE SET c.movie_count =1

ON MATCH SET c.movie_count = c.movie_count

IIIIII)
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logger.info ("M ERASEMNESHE")

def get_stats(self):
tERENENE ST ER
with self.driver.session() as session:
stats = {}
for label in ["Movie", "Person", "Genre", "The
result = session.run(f"MATCH (n:{label}) F
stats[label]l = result.single()["cnt"]

for rel_type in ["DIRECTED_BY", "STARRING", "E
result = session.run(f"MATCH ()-[r:{rel_ty
stats[rel_typel = result.single()["cnt"]

return stats
def close(self):

self.driver.close()
logger.info("Neodj FEEEXHF")

#

# =R

#

if __name__ == "__main__":

# HNEEE
df = pd.read_csv("data/processed/movies_clean.csv")

# MBHEER (WREFH)
extracted_info = []
try:
with open("data/processed/extracted_info.json", "t
extracted_info = json.load(f)
except FileNotFoundError:
logger.warning (" RILCEFHENGE R, HIEBRSAN")
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# HREE

builder = MovieGraphBuilder(
uri="bolt://localhost:7687",
user="neo4j",
password="your_password"

# STENMERRE

builder.clear_database() BTIAEERE (ATiE)

#
builder.setup_constraints() # BIELAR
builder.import_movies(df) # SNEE
builder.import_directors(df) # SASH
builder.import_actors(df) # SENER
builder.import_genres(df) # SAER
builder. import_themes(extracted_info) EANER
builder.build_cooperation_network() # MESENSE
# gt
stats = builder.get_stats()
print("\nul XNREEZIT: ")
print(f" & ")
print(f" g {stats['Movie']l}")
print(f" A#: {stats['Person']}")
print(f" KA {stats['Genre']}")
print(f" F: {stats['Theme']}")
print(f" x&: ")
print(f" DIRECTED_BY: {stats['DIRECTED_BY']1}")
print(f" STARRING: {stats['STARRING']}")
print (f" BELONGS_TO: {stats['BELONGS_TO']}")
print(f" HAS_THEME: {stats['HAS_THEME']}")
print (f" COOPERATED_WITH: {stats['COOPERATED_WITH']

builder.close()
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12.5 Qdrant EEft: BTIFXHRA
MAELBANHEBENX AR NEE, FA Qdrant, A
FRNENISRMES.
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Qdrant REXSAEIZE

BREEANZITENDE, FA Qdrant

import pandas as pd

import numpy as np

from gdrant_client import QdrantClient

from gdrant_client.models import Distance, VectorParams, F
import logging

import hashlib

logging.basicConfig(level=1logging.INF0O, format='%(asctime)
logger = logging.getlLogger(__name_ )

class MovieVectorizer:
mmn ?3@%1{%}2%%"“"

def __init_ (self, host="localhost", port=6333,
collection_name="movie_semantic"):
self.client = QdrantClient(host=host, port=port)
self.collection_name = collection_name
self.model = None

def load_model(self, model_name="paraphrase-multilingt

PNEERANEEL

paraphrase-multilingual-MinilM-L12-v2 A94%s:
- XFFHRXHREX

- MELE 384 (RER)

- EEEXANIE X L
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try:
from sentence_transformers import SentenceTrar
self.model = SentenceTransformer(model_name)
self.vector_dim = self.model.get_sentence_embe
logger.info(f"(@ EEmMEFAIN: {model_name} ({se
except ImportError:
logger.warning("sentence-transformers X%, fi
self.vector_dim = 384

ensure_collection(self):
gl Collection (WIATETE) "'
collections = [c.name for c in self.client.get_col
if self.collection_name not in collections:
self.client.create_collection(
collection_name=self.collection_name,
vectors_config=VectorParams (
size=self.vector_dim,
distance=Distance.COSINE

)
logger.info(f"@ Collection '{self.collection_

# BlEZ Payload Z=3| (MFELIEER)

self.client.create_payload_index(
collection_name=self.collection_name,
field_name="year",
field_schema="integer"

)

self.client.create_payload_index(
collection_name=self.collection_name,
field_name="rating",
field_schema="float"

)

self.client.create_payload_index(
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collection_name=self.collection_name,
field_name="genre",
field_schema="keyword"

)
ellses:
logger.info(f"@ Collection '{self.collection_

encode_texts(self, texts):
"N R BB A @ETR""
if self.model:
embeddings = self.model.encode(
texts,
show_progress_bar=True,
batch_size=32,
normalize_embeddings=True # L2 Y3—1t, #£H
)
return embeddings.tolist()
else:
# BElm@E ((XAFNK)
return [np.random.rand(self.vector_dim).tolist

generate_point_id(self, text):

MR TFNAABTERAEMN Point ID"""

hash_val = hashlib.md5(text.encode()).hexdigest()
return int(hash_vall:12]1, 16)

vectorize_and_upload(self, df):

BREBIEREMH LEE Qdrant

2R
- WSTR[, KEBSH—REBIHERX A
- WRBXAHRTRED, FE-—TEZERE

# PEXAK (BSTFRIFN—ERER)
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texts = []
payloads = []

for _, row in df.iterrows():
# MEFEZHIA A
description = f"{row['title']l}. "
if pd.notna(row.get("overview")):
description += str(row["overview"])
if pd.notna(row.get("genres")):
description += f" Z£&!: {row['genres']}, "
if pd.notna(row.get("director")):
description += f" &&: {row['director']},

texts.append(description)

payloads.append({
"title": str(row["title"]),
"director": str(row.get("director", "")),
"year": int(row.get("year", 0)),
"rating": float(row.get("rating", 0)),
"genre": str(row.get("genres", "")),
"overview": str(row.get("overview", "")),

})

# EEN
logger.info(f"IEE4mIE {len(texts)} &HXA&...")
vectors = self.encode_texts(texts)

# W Points
points = [
PointStruct(
id=self.generate_point_id(text),
vector=vector,
payload=payload
)
for text, vector, payload in zip(texts, vector
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# M= L&
batch_size = 50
for i in range(@, len(points), batch_size):
batch = points[i:i + batch_sizel
self.client.upsert(
collection_name=self.collection_name,
points=batch,
wait=True

logger.info(f"®@ 2Lt {len(points)} £m&EZ '{sel

search_similar(self, query_text, limit=5, genre_fi
min_year=None, min_rating=None):

BXER: RIEMAXAEREMUBER

S
query_text: BEAXA (WN"KTEREBR")
limit: REIZER#H=E
genre_filter: RELTE
min_year: S/\EMD
min_rating: S|EED
# RIBEWESIAR

query_vector = self.encode_texts([query_text])[0]

# MEIIERM
from gdrant_client.models import Filter, FieldConc

filter_conditions = []

if genre_filter:
filter_conditions.append(
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FieldCondition(key="genre", match=MatchVal
)
if min_year:
filter_conditions.append(
FieldCondition(key="year", range=Range(gte
)
if min_rating:
filter_conditions.append(
FieldCondition(key="rating", range=Range(c

search_filter = Filter(must=filter_conditions) if

# HITEER

results = self.client.search(
collection_name=self.collection_name,
query_vector=query_vector,
query_filter=search_filter,
limit=1limit

return results

#

# FRER

#

if _name__ == "__main__":

df = pd.read_csv("data/processed/movies_clean.csv")

vectorizer = MovieVectorizer(

host="1ocalhost",
port=6333,
collection_name="movie_semantic"
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vectorizer. load_model()

vectorizer.ensure_collection()
vectorizer.vectorize_and_upload(df)

# MhitiExR
print("\n& EBXIEZRML: ")
results = vectorizer.search_similar("XZBREMRILIERS
for r in results:
print(f" [{r.score:.3f}] {r.payload['title']} - {

12.6 HEIHERYE: LangChain SR
X RPN AOE D —HRMNEILFIREE R1R1E 7!
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FANREEXNE RS

M LangChain RAFMNBAES QLR A:
1. Cypher & (M Neodj FREXVEMMHER)
2. iENH#Z (M Qdrant REUEXAZS)

3. B£AEE (LM BAEEEREE)

import os
from neo4j import GraphDatabase
from gdrant_client import QdrantClient

#
# EEEEHE (Graph Chain)
#

class MovieGraphChain:

EEEEH

BEMESHEMRN Cypher &EifJ, M Neodj FRENEMMAESR

def __init__ (self, uri="bolt://localhost:7687",
user="neo4j", password="your_password",
openai_api_key=None):
self.driver = GraphDatabase.driver(uri, auth=(user
self.api_key = openai_api_key or os.environ.get("(

def query_by director(self, director_name):
MR SENA R
with self.driver.session() as session:
result = session.run("""
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MATCH (m:Movie)-[:DIRECTED_BY]->(p:Person
RETURN m.title AS title, m.year AS year, n
ORDER BY m.rating DESC
" name=director_name)
return [record.data() for record in result]

def query_by_genre(self, genre_name, limit=10):
B & Fithni[==b -7
with self.driver.session() as session:
result = session.run("""
MATCH (m:Movie)-[:BELONGS_TO]l->(g:Genre {r
RETURN m.title AS title, m.year AS year, n
ORDER BY m.rating DESC
LIMIT $limit
"t genre=genre_name, limit=limit)
return [record.data() for record in result]

def query_actor_movies(self, actor_name):
MBI EIE RSB B
with self.driver.session() as session:
result = session.run("""
MATCH (m:Movie)-[:STARRING]->(p:Person {nc
RETURN m.title AS title, m.year AS year, n
ORDER BY m.rating DESC
"t pname=actor_name)
return [record.data() for record in result]

def query_movie_detail(self, movie_title):

"R

with self.driver.session() as session:
result = session.run("""
MATCH (m:Movie {title: $titlel})
OPTIONAL MATCH (m)-[:DIRECTED_BY]—>(d:Pers
OPTIONAL MATCH (m)-[:STARRING]->(a:Person)
OPTIONAL MATCH (m)-[:BELONGS_TO]->(g:Genre
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OPTIONAL MATCH (m)-[:HAS_THEME]->(t:Theme)
RETURN m.title AS title,

m.year AS year,

.rating AS rating,

.overview AS overview,

.runtime AS runtime,

.name AS director,
collect(DISTINCT a.name) AS actors,
collect(DISTINCT g.name) AS genres,
collect(DISTINCT t.name) AS themes

, title=movie_title)

record = result.single()

return record.data() if record else None

o 3 3 3

def query_cooperation(self, person_name):
MR E ARSERE" "
with self.driver.session() as session:
result = session.run("""
MATCH (p:Person {name: $name})-[c:COOPERA1
RETURN other.name AS collaborator,
c.movie_count AS movie_count
ORDER BY movie_count DESC
, Nhame=person_name)
return [record.data() for record in result]

def natural_language_to_cypher(self, question):

£ LM #BERESERN Cypher &if

X=Z Graph Chain B9#ZO—it LLM EFERAFHNEE,
LR IERAR Cypher iE4)

if not self.api_key:
return None
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from openai import OpenAIl
client = OpenAI(api_key=self.api_key)

schema_description = """
EZ3EE Schema:

TRAREAEE:

Movie: title(Eg%), year(&Ef), rating(if%), ov
Person: name(A%), role(f&:actor/director)
Genre: name(ZEEIR)

- Theme: name(EF%)

E-EJitH

- (Movie)-[:DIRECTED_BY]->(Person) 53&
— (Movie)-[:STARRING]->(Person) *E
- (Movie)-[:BELONGS_TO]->(Genre) i
- (Movie)-[:HAS_THEME]—>(Theme) =

(Person)—[:COOPERATED_WITH]—>(Person) &fE

prompt = f"""{RE—1 Cypher BEBEXR, RIFUATEEUIEE

{schema_description}

F -

1. RiR[E Cypher &EEET, FEHMARR

2. {$M MATCH &), RNE(ENEE

3. REIBEEMMFESIZ

4. MNREFIERIZ Schema B, REZEFHAFES

FBFagE: {question}
Cypher Eifﬂ nin

response = client.chat.completions.create(
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model="gpt-3.5-turbo",
messages=[{"role": "user", "content": prompt}]
temperature=0,
max_tokens=300

cypher = response.choices[0].message.content.strif
# BIETEER] markdown A&z
if cypher.startswith(" " "):
cypher = cypher.split(" " ") [1]
if cypher.startswith("cypher"):
cypher = cypher[6:]

return cypher

def execute_natural_language(self, question):
"UHITERAIES BN RE"""
# ;1. ¥#A Cypher
cypher = self.natural_language_to_cypher(question)
if not cypher:
return "8, HIEEFEIRAYEIEA, "

print(f" 4K Cypher: {cypher}")

# S92 H4T Cypher
try:
with self.driver.session() as session:
result = session.run(cypher)
records = [record.data() for record in res

if not records:
return "EEHXENEXRER, "

return records
except Exception as e:
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return fU"&EEHITER: {e}"

#

# M=¥ZE5 (Vector Chain)

#

class MovieVectorChain:

S LR

BRPHNEWENIENER, M Qdrant FREMEXAER

def

def

__init_ (self, host="localhost", port=6333,
collection_name="movie_semantic",
model_name="paraphrase-multilingual-Minil

self.client = QdrantClient(host=host, port=port)

self.collection_name = collection_name

try:
from sentence_transformers import SentenceTrar
self.model = SentenceTransformer(model_name)
except ImportError:
self.model = None

search(self, query, limit=5, genre=None, min_ratir
IIIIII.IES{;%%%%ZIIIIII
if self.model is None:

return [1]

# wIBEN
query_vector = self.model.encode( [query]l)[0].tolics

# MEIIEFRM
from gdrant_client.models import Filter, FieldConc
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filters = []

if genre:
filters.append(FieldCondition(key="genre", mat

if min_rating:
filters.append(FieldCondition(key="rating", re

search_filter = Filter(must=filters) if filters el

# BER

results = self.client.search(
collection_name=self.collection_name,
query_vector=query_vector,
query_filter=search_filter,
limit=1limit

return [

{
"title": r.payload["title"],
"score": r.score,
"overview": r.payload.get("overview", ""),
"rating": r.payload.get("rating", 0),
"year": r.payload.get("year", 0),

b

for r in results

#
# 3iE51Z (ChatBot)
#

class MovieChatbot:

FIANRAENEXSTENZA
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def

def

FFIEH S -
{history_text}

TEREIRE:
{context}

R E)R:

DEEWIENER, BY LM ERERESE

FHREEN]

Db?

__init_ (self, openai_api_key=None):

self.api_key = openai_api_key or os.environ.get("(
self.graph_chain = MovieGraphChain(openai_api_key=
self.vector_chain = MovieVectorChain()
self.conversation_history = []

_generate_response(self, question, context):
"eMER LM ARIBLE T XEREE
if not self.api_key:

# %A API Key B, BEHOREIRIAEHIE

return f"EFEIRZER: \n{context}"

from openai import OpenAl
client = OpenAI(api_key=self.api_key)

# MEHEIHE LT

history_text = ""

for msg in self.conversation_history[-6:]: # &if
history_text += f"FF: {msg['user']}\nBiF: {ms

prompt = f"""{RE—NEWNBEHEEMLT, EFUTEEE

EEZER. REF, GHBRRMR—#,
MREFRT, BANBENHERFER,

{question}
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B EE:

def

response = client.chat.completions.create(
model="gpt-3.5-turbo",
messages=[{"role": "user", "content": prompt}]
temperature=0.7,
max_tokens=500

return response.choices[0].message.content

chat(self, user_message):

SRR FHRNTTRIRTE

k=S

1. EEIRR: TR Rt A

2. #ATEW: FANEERNENRE

3. EESE%E: LLM ARBRIESEE

=

print(f"\n& #IEH: {user_messagel}")

context_parts = []

#

# ENEEN (SMHES)

#

try:
graph_result = self.graph_chain.execute_nature
if graph_result and graph_result !'= "&H#ZIE:

context_parts.append (f"EEE@ER: {graph_
print(" EEERAIN")
except Exception as e:
print(f" 4 EIEEREKK: {e}")
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#

# IBEXER (RETE)
#

try:

vector_results = self.vector_chain.search(user
if vector_results:
vector_context = "\n".join([
f'"— {r['title'1} ({rl'year'1}, #H{r['
for r in vector_results
1)
context_parts.append(f"iEXERLER: \n{vect
print(" BN ERMIN")

except Exception as e:

print(f" 4 BEXEREK: {e}")
#
# BREE
#
full_context = "\n\n".join(context_parts) if conte

response = self._generate_response(user_message, 1

# IEERNERHE

self.conversation_history.append({
"user": user_message,
"assistant": response

})

return response

#
# MAINERS
#
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if __name__ == "_main__
bot = MovieChatbot()

# MBI

test_questions = [
"B 2SS EI ML ER? ",
"HELEFENRILBR,
"ERBEEM (MRHIK) BHMAR=ERAIEE? ",
"o RENBEEWER? ",
"REURE TABR? ",

]

print("=" * 60)
print("& BEIIREENERZML")
print("=" * 60)

for g in test_questions:
print(f"\nL HF: {q}")
answer = bot.chat(q)
print(f"e B1F: {answer}")
print("-" x 40)

12.7 Biiii: Streamlit El?ﬂﬂﬁﬁﬁ
&E— IRRTF L —HE=HIIMK!
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Streamlit BUimNF

Thee:

EiENE (REXAML)
BEEXIE

BXER

Bt

A W N R

iBITA: streamlit run app/streamlit_app.py

import streamlit as st

import pandas as pd

from neo4j import GraphDatabase

from gdrant_client import QdrantClient
import json

#

# MEEE

#

st.set_page_config(
page_title="& FEEAMIREL",
page_icon="i& ",
layout="wide",

initial_sidebar_state="expanded"

#

# BEXHN

#

st.markdown ("""
<style>
.main-header {
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font-size: 2.5rem;
font-weight: bold;
text-align: center;
margin-bottom: 1lrem;
color: #FF6B6B;

)

.sub-header {
font-size: 1.2rem;
text-align: center;
color: #666;
margin-bottom: 2rem;

}

.metric-card {
background: linear-gradient(135deg, #667eea 0%, #i
padding: 1.5rem;
border-radius: 10px;
color: white;
text-align: center;

)

</style>
"o unsafe_allow_html=True)

#
# MiaER (EREFERESLR)
#

@st.cache_resource
def get_neo4j_driver():
return GraphDatabase.driver(
"bolt://localhost:7687",
auth=("neo4j", "your_password")

@st.cache_resource
def get_qgdrant_client():
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return QdrantClient(host="1localhost", port=6333)

#

# s

=

#

st.sidebar.markdown ("# & HBEARENE")
st.sidebar.markdown("——")

page = st.sidebar.radio(

quJAL—,E,ﬁﬁu
"B OETMR", "o HEEXE", "G BXEFR", "nl BEERKE"

#

# TUE1: E0HR

#

if page == "B BETIHRK":

st.markdown('<div class="main-header">& HBEHiREE</C
unsafe_allow_html=True)

st.markdown('<div class="sub-header">&7F Neo4j + Qdral
unsafe_allow_html=True)

# SRERGUITENE
try:
driver = get_neo4j_driver()
with driver.session() as session:
movie_count = session.run("MATCH (m:Movie) REI]
person_count = session.run("MATCH (p:Person) F
genre_count = session.run("MATCH (g:Genre) REI]
rel_count = session.run("MATCH ()-[rl->() RETL

# SItER
coll, col2, col3, col4 = st.columns(4)
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coll.metric("® EEFE=E", movie_count)
col2.metric("L A¥EE", person_count)
col3.metric(": EEEE", genre_count)
cold.metric("® XFHE=Z", rel_count)

except Exception as e:
st.error(f"JIi&&EES Neodj: {e}")

st.markdown ("-—=")
st.markdown ("""

### X AR

| A% | AR |

|- |- |

| E#UEE | Neodj |

| @ME#IEE | Qdrant |

| #xA\MEE | sentence-transformers |
| 34iES|Z | LangChain + OpenAl |

| Bil% | Streamlit |

i W (FEAE

1. BN IE: AWEETRABRIES B, RAZGEENENNIE
2. RKEMIERRk WABERMESAR, HEEXSBLER
3. RkEIEN Sk AR RR . AY). REZENXAME
4. #+GF DTk BEEEIENSERTEE
)
#
# TUH?2: EHHEENIE
#

elif page == "{» EREXNE":
st.header ("> ZHEEXIE")
st.markdown ("INIRRYIEIRE, Al JEEEENEFNIRANE X ERAH O

577



FREEN]

# REEC) R
st.markdown ("sxRI{FIE(E]: *x")
coll, col2, col3 = st.columns(3)
with coll:

gl = st.button("HFIFENRILIERE")
with col2:

g2 = st.button("E2MHEBEZHML")
with col3:

g3 = st.button("FoEREMBEE")

# AFBA

user_input = st.text_input(
"{REG[EIRR: ",
value="#HEFFENRILIBE" if ql else "EERAIEZEMW
placeholder="Hla0: #ZF/LEH (EE=E) LLRGRMBR"

if st.button("&#", type="primary"):
if user_input:
with st.spinner("EEEZH..."):
# XERBMIERS
# fEIMEhR: E3EM Neod4j F Qdrant FREVEUE
try:
driver = get_neo4j_driver()

# ENEERRYG
with driver.session() as session:
result = session.run("""
MATCH (m:Movie)
WHERE m.rating >= 8.0
RETURN m.title AS title, m.rat
ORDER BY m.rating DESC
LIMIT 5
)
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records = [r.data() for r in resul

if records:
st.markdown ("### @& MHFEE")
for r in records:
st.markdown(f"— *x{r['title']]
else:
st.info("ELEEFLER")

except Exception as e:
st.error(f"&i@KM: {e}")

#
# TIE3: EXER
#

elif page == "Q BEBXER":
st.header("Q BEXEERE")
st.markdown ("EAFEIRMENA, HENEXRBMUER")

# BRI
coll, col2 = st.columns([3, 11)
with coll:
search_query = st.text_input(
"BERAS: ",
placeholder="#l1: —HXFRTHRENERELIA"
)
with col2:
num_results = st.slider("&R#%s", 3, 20, 5)

# IR E M
st.markdown ("*xJFiES M (AIIE) : *x")
fcoll, fcol2, fcol3 = st.columns(3)
with fcoll:
min_rating = st.number_input("SR{%¥H", 0.0, 10.0,
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with fcol2:

min_year = st.number_input(

"REMH", 1900, 2024,

if st.button("##Z", type="primary"):

if search_query:

with st.spinner("EE#E..."):

try:

client = get_qgdrant_client()

# EHIRIER (ERREEHRAER)
st.markdown (f"### & #ZE \"{search_qu

# M Neodj IRENBZEIEBENERTR
driver = get_neo4j_driver()
with driver.session() as session:
result = session.run("""

MATCH (m:Movie)

WHERE m.rating >= $min_rating
AND m.year >= $min_year
RETURN m.title AS title, m.ove

m.rating AS rating, m.)

ORDER BY m.rating DESC
LIMIT $limit
"M min_rating=min_rating, min_ye
limit=num_results)

for record in result:

data

record.data()

with st.container():

st.
st. (

.markdown (f"{data.get("'c
st. (

st

markdown ( f"#### & {dal
markdown (", 1E5: *x{c

markdown ("——-")

except Exception as e:
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st.error(f"#ZREMK: {e}")

#

# TIE4: BEERR

#

elif page == "ul BEIEXE":

st.header("nl BERENHE")
st.markdown ("R T BB R AR ENE IR A" )

# EIHIRIN
query_type = st. selectbox(
MIEERARR
["RSEER", "RANEF", "WEREF", "2RHHRE"]

driver = get_neo4j_driver()

if query_type == SEEEF":
# REFTESE
with driver.session() as session:
result = session.run("""
MATCH (p:Person)<-[:DIRECTED_BY]-(:Movie)
RETURN DISTINCT p.name AS name
ORDER BY name

IIIIII)

directors = [r["name"] for r in result]
selected = st.selectbox("i&#FS&E: ", directors)

if selected:
with driver.session() as session:
result = session.run("""
MATCH (m:Movie)-[:DIRECTED_BY]->(p:Per
OPTIONAL MATCH (m)-[:STARRING]->(a:Per
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OPTIONAL MATCH (m)-[:BELONGS_TO]—>(g:(
RETURN m.title AS title, m.year AS ye:
collect(DISTINCT a.name) AS act
collect(DISTINCT g.name) AS ger

"t name=selected)

st.markdown (f"### & {selected} HIEE/ER"
for record in result:
data = record.data()
st.markdown(f"sx{data['title"']}xx ({de
st.markdown(f" S3&Ef: {', '.join(datal'
st.markdown(f" Z&#: {', '.join(datal'
st.markdown ("——"")

elif query_type == "{RERIEEF":
with driver.session() as session:
result = session.run("""
MATCH (g:Genre)
OPTIONAL MATCH (m:Movie)-[:BELONGS_TO]—>(¢
RETURN g.name AS genre, count(m) AS movie_
ORDER BY movie_count DESC

IIIIII)

genres = {r["genre"]: r["movie_count"] for r i

# KESMIPRE
genre_df = pd.DataFrame(list(genres.items()), coll
st.bar_chart(genre_df.set_index("Z8"))

selected_genre = st.selectbox("i%#ZER: ", list(ge
if selected_genre:
with driver.session() as session:
result = session.run("""
MATCH (m:Movie)-[:BELONGS_TO]->(g:Gent
RETURN m.title AS title, m.year AS ye:c
ORDER BY m.rating DESC
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LIMIT 10
nun , gen rezselected_gen rE)

st.markdown (f"### & {selected_genre} £H!
for record in result:

data = record.data()

st.markdown(f"— xx{data['title']}xx (4

elif query_type == "Z£SKE":

with driver.session() as session:

result = session.run(
MATCH (n)
RETURN labels(n)[@] AS label, count(n) AS

IIIIII)

node_stats = {r["label"]l: r["count"] for r in
result = session.run("""

MATCH ()-[r]1—>()

RETURN type(r) AS type, count(r) AS count

IIIIII)

rel_stats = {r["type"]l: r["count"] for r in re

coll, col2 = st.columns(2)
with coll:

st.markdown ("### TRLIT")
for label, count in node_stats.items():
st.markdown (f"— sxx{label}*x: {count} ")

with col2:

st.markdown ("### XZRFIT")
for rtype, count in rel_stats.items():
st.markdown(f"- xx{rtype}xx: {count} £%")

# DIEDS5:

GO
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#
elif page == "~/ SitHir":
st.header("~ ZitoH")

driver = get_neo4j_driver()

EEE;'L:F/\/\E
with driver.session() as session:
result = session.run("""
MATCH (m:Movie)
WHERE m.rating > 0
RETURN m.rating AS rating, count(m) AS count
ORDER BY rating

IIlIII)

rating_dist = {float(r["rating"]): r["count"] for

st.markdown ("### ul EHHHE")
rating_df = pd.DataFrame(list(rating_dist.items()), cc
st.bar_chart(rating_df.set_index("iE%"))

# EFERBEHE
with driver.session() as session:
result = session.run("""
MATCH (m:Movie)
WHERE m.year > 0
WITH floor(m.year / 10) * 10 AS decade, count(
RETURN decade, count
ORDER BY decade
)
decade_data = {f"{int(r['decade'])}s": r["count"]

st.markdown ("### nl BEABFHE")

decade_df = pd.DataFrame(list(decade_data.items()), cc
st.bar_chart(decade_df.set_index("&f"))
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# REFNSE
with driver.session() as session:
result = session.run("""
MATCH (m:Movie)-[:DIRECTED_BY]—>(p:Person)
WITH p.name AS director, count(m) AS movie_cot
WHERE movie_count >= 2
RETURN director, movie_count, round(avg_rating
ORDER BY movie_count DESC
LIMIT 10

IIlIII)

st.markdown ("### & ®RZSTHNSE (£ 2 ZER) ")
director_data = []
for r in result:
director_data.append({
"53E": r["director"],
"E@E": r["movie_count"],
"SEMES: r["avg_rating"]
})
if director_data:
st.table(pd.DataFrame(director_data))

# ERIGEAAVER
with driver.session() as session:
result = session.run("""
MATCH (m:Movie)-[:STARRING]->(p:Person)
WITH p.name AS actor, count(m) AS movie_count
WHERE movie_count >= 2
RETURN actor, movie_count
ORDER BY movie_count DESC
LIMIT 10
fre)

st.markdown ("### .. RGHKIVER (EVSE 2 ) ")
actor_data = []
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for r in result:
actor_data.append({
"S®EA": r["actor"],
"SEE": r["movie_count"]
1)
if actor_data:
st.table(pd.DataFrame(actor_data))

Bame:

cd movie_knowledge_graph
streamlit run app/streamlit_app.py

23 =BT http://localhost:8501 , {RFLBERZEITE
BIREARE T,

12.8 T H EES R EIX
12.8.1 BAIER T4
Bl — XTI B R RTE
1. MERT: WE TR RS
EERE: B TMDB API SREXEEREE (SUERRBIEE)
ASEHE: A LLM/FANM B B XA HEEMTER
. Neodj &\ : ¥ T Movie-Person-Genre-Theme HI5ZEE
=
. Qdrant EE1t: BEZERERIEN@E
6. WFZRS: LangChain BEEIEZ@FIENIER
7. Streamlit Bl : XA X FTMCHRE

AW N

o1
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AR
12.8.2 itk /5@
XNEMRAEEAIUIET, EXERZSMATE:

HIEEE: - WEMESZBZEE (FREE 1000+ &) - &M
TR, FEEXERNASR - SINAPTOEIE, IFTENL
H=

ENEEE: - MMESZXRARELE (W"RRE".EE"
) -SIANNBEE W EFCER XR) - MERFPE/T
=, EWDETIRHER

BZEEE: - XMEEGHZR (FEXBIELRIMEXER) -
WIS RERNEHF (Reranking) &l - XIFZHRINEN LT
XIBAR

ARABHE: - ANEER (Redis) IRAZWRE - THLE
B FrEFEMAE) - RNAPRENE (RE/BF, SOk
FRE) - BEITRSS, RIEELD

12.8.3 £ IHIRERE N
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# docker—-compose.yml (£F=HRIEIESZE)
version: '3.8'

services:
neo4j:

image: neo4j:5-community

ports:
- "7474:7474"
- "7687:7687"

environment:
— NEO4J_AUTH=neo4j/your_secure_password
— NEO4J_server_memory_heap_max__size=1G

volumes:
- neo4j_data:/data

gdrant:
image: qdrant/qdrant:latest
ports:
- '"6333:6333"
volumes:
- qdrant_data:/qdrant/storage

streamlit:

build:

ports:
- ''8501:8501"

environment:
— OPENAI_API_KEY=${0PENAI_API_KEY}
— NEO4J_URI=bolt://neo4j:7687
— QDRANT_HOST=qdrant

depends_on:
— neo4dj
- qgdrant
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volumes:

neo4j_data:
gdrant_data:

RF45>]

SZE%43): ¥ RANEBEIZAIREE
Bin: FEUMBEMEEMLE, ZHRM—DINEE.
ERE (EEE—):

1. 700" APES " ThEE

2. 1£ Streamlit FIEHIN—1"FKAITED " TTH

3. BFPRIAABET S

4. BT DEN Neodj (B3 User 1571 RATED X&)

5. ETHPHEITDHEERER

6. RN EBESIILL” IhEE

. AP IEEMER R

~

8. AARTENNHREER . HERE, TONLEF
9. WhN” IMFZRR1R” THEE

10. BT ENIE X R EIMERERS Z B 812"
N Flan: GREK) - KRR — #IR2 - RN - ARBRX
‘R (BEBER):
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# 1£ Neodj FRRMMAFESD
def add_user_rating(driver, username, movie_title, rating)
"B R AP R RS
with driver.session() as session:
session.execute_write(lambda tx: tx.run(
MERGE (u:User {name: $username})
MATCH (m:Movie {title: $movie_title})
MERGE (u)-[r:RATED]—>(m)
SET r.score = toFloat($rating),
r.timestamp = datetime()
, username=username, movie_title=movie_title, 1

# ETHRUAFPINETE
def recommend_by_collaborative_filtering(driver, username,
R Y
with driver.session() as session:
result = session.run("""
// xRS BisBP RS EUNEMEF
MATCH (u:User {name: $username})-[:RATED]->(m:
MATCH (other:User)—[:RATED]->(m)
WHERE other <> u
WITH other, count(m) AS common_movies
WHERE common_movies >= 2
// HEIXEARLBFREREERAFZETNER
MATCH (other)-[:RATED]->(rec:Movie)
WHERE NOT (u)-[:RATED]—>(rec)
AND rec.rating >= 7.0
RETURN rec.title AS title, rec.rating AS ratir
count(DISTINCT other) AS recommenders
ORDER BY recommenders DESC, rating DESC
LIMIT $limit
username=username, limit=limit)
return [r.data() for r in result]
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R )1

1.

LangChain Graph QA Chain EA X — T#&
LangChain NEMEE O Z RN B ERES KN
Cypher, 1hla]
https://python.langchain.com/docs/use_cases/graph/

Streamlit EAHIE — ¥ EZ Streamlit Aff: BXK.
hE . BHEAZ. 159 https://docs.streamlit.io/

Neo4j Graph Data Science (GDS) & — £ Neo4j A
1517 PageRank, #tX#MEEEE, 1hl0)
https://neo4j.com/docs/graph-data—-science/current/

RAG (H@FIEBER) RUWRESZE — RN TRENCIRE
AR RAG RS, SEDIRER. EHF. THLAHESE.

TMDB APl EEXHE — REEZ APl Inm: BARE. 4R
Z. AWiFiE%E. 1hid
https://developer.themoviedb.org/reference

(FEIRENE: BiE. XEHRSNAY — AAFEIANIREEN
A AN T N FAZRA,
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FENG
RERFTH TR NEHTE ! ERNEA— TR — AUk

BMNWTHA: - NEFRIZT T — P ZENMIREEN AR
4t — Bt TMDB API R&ETEHEIMBIEEIE - A LLM MEHX
APHE T EER (. 157F) - 7 Neodj RMEET
Movie-Person-Genre-Theme IZEi% — £ Qdrant FZI TE
SAHRRIEX BB - A LangChain 53 T AEEIRT 7 A EIE G
SMIHERE - A Streamlit W2 T R ERXBI AT HTIH

MREHNTH2A: - —DREHNMIRESINE N & RiEfZeH
it - WEBZ M EEARAH (Neodj. Qdrant, LangChain,
Streamlit) BHMASE—E - FEHEIAMERST: LLM HHEY

(RVEER) FMANHEY (&) - BESERERNEBE: &bt
B + IBXER = ERXEANLEE

REENE: FNERE T —TAURTNTEDHE. £
MEEE, DELIRMARINAE GitHub E——IXEEEEREHEB
BERRR.

AMAENERHARERAR, BAIXEABREFIRATI ], BIENZE
FRE T FEZT, BTR T RERKEY T &RXBN—F,

BT, (RATBL: - X I E AR R A (R R A <30
(B&. BE. HEAY......) - WBAEARNEIES - R0
BEZWNEEEDT - RRSESHIREE (MABR. 150%F)

RAFHRAVEIE, FARERIREERYIRIZ P EE T !
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_I__E LLM+§[I1/\ Z iiEt
RAG5 GraphRAG
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JERE: AT BIEEKR: THEA-12E)FLEE, BT
Neodj5 [a E#HEFEEAIRIE KEFS: https://github.co
m/sloth-laok/knowledge-graph-intro/tree/main/chl3

5|F

2023FER, BZM—aEA IR, 8 LREIERIET Hit
ERChatGPT:"EREEF. ERME. MPPT....." 8@ TEF &,

B TIREHT, — (UMW ENIRENGIRIGER "R ASE
TRMERARX, ChatGPTEE&EMEIERINERRIIAEAIG? ~

e LrnER, tEEAEEEIME,

RNESEE (LLM) B—MEZ 2R EBIENRT —IFE
5RiC, AMPE—ARELZMERR/\B., EMEMRASIERLLTHA
FINEEND? ERRMRIMBAMNREIEIE? BT RERMNEFERE
BRI RIS

THE, ANENFIREEIEEE, EAENTLEEBIE—TFh
N, ANEARLERE"EZE "M ME",

X EANIRENEE AR R IRE ZHFE2N., SLLMRY”
BAEEE" B EANRENEN” AR, —fMemreliEET
——RAG (Retrieval-Augmented Generation, 6318584
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). MEFIHERAGHIEREMEELIEERBFNIREE, B
W AHIGraphRAGIEELF T,

RERHIRMRAGHERRIEL R, —REEFIGraphRAGHIH]
a, REANFHE—TTEBNCraphRAGIEIE RS,

FHRELSELLME R e

LLMEI =13 dp 58 1R
AR ARZE, HIIEERHBELLMAIE" 1T 5
B,

%—, 4% (Hallucination), LLMAYAERZALHIARRZBER
M—r=AEEX, T T—"token, XEKEEEMRZ ZIRAT,
SREEBENSENER., —MEHNGITF: [GGPT-4"2RFE
WMARTHAXAR”, EFERE thIZENANIER"—XfR
t, ENFERARMANES.

£, fiR#HIE (Knowledge Cutoff), LLMAYIIGEUER
BHEASR ., GPT-4R)IGEIRE LRIE MBS, tEREN—T)
—BGR. FEX. FIASBZ—E—JF*l.

g=, WEERX (Domain Blindness), LLMEAFEUGEL
gk, WEWRNRENHE. HBEEIE. TWEBRNERZIER, )
AE"HEMNASNATRIIBTREEN KB LBEHTAXS", ER

BETE
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SHOERE: LLMAY” JMEAR”
FNREE R tFaEsRA M =18 R

x 171

4% RIMEBIKIE, HREBADS
FIR#ELE LR, RISAIREHE
PMFEX I ERLE SUHAIR

BEMREEELLMERtHEABEE., 3, MIREEETE
R[N —RAFPEREEE LT, #E, IE, MIREEE
ZimEREE (Middleware) AR EESEANLLMBMHEAIR
587, LLMARIEEMAIIREIERBAESEE.

—8iER: AREEN BIaRRER” EaEE

RAGRIE: t0FIERERN

+42RAG

RAG (Retrieval-Augmented Generation) HMetaf£20204%
#IE X {Retrieval-Augmented Generation for Knowledge-
Intensive NLP Tasks) Figth, HizOBBIREEE:

597



HIREREN]
EEREZEZR], STMIMBEINRERIERBXER, BOERS
R{ERN ETSCEALLMBPrompts,

R RBERR:

def rag_query(user_question):
# B KR
relevant_docs = knowledge_base.search(user_question, 't

# B"%: #EPrompt

context = "\n".join([doc.content for doc in relevant_c
prompt = fIIIIII

RIEUXTSZRZNOERF AR, IRSZEZRARUEE, 1FiA.

SEEH:
{context}

FAFagE: {user_question}

GEE
# B=H: £R

answer = llm.generate(prompt)
return answer

XM= RE—RE - 1gE - £—M2RAGHE
o, MBEABAEEZR”: ItILLIMEESZRPLOIZEE, mAE
EDICTESS .
RAGHIZEH T

SAZOERE S, (BRAGHE LFELI A ZFhIT(K:
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Naive RAG: ZEMMLI, M2 LAN=FSRIE, BBET
REREERREENFRE—ARNRERBIEAER, LLM
MEE R .

Advanced RAG: EIZRAIGIBMAELTER, - ER]
(Pre-retrieval) : BHEE (Query Rewriting) . Ei8¥ R
(Query Expansion) . HyDE (Hypothetical Document

Embeddings) - #%fE (Post-retrieval) : EHiF
(Reranking) . £ FX/E4E (Context Compression) . X#4idiE

Modular RAG: JRAGIFREA AIRIRAIRIR, RIBARIZSR
SHET, LREREFARETNRERDOE, SEREEAME SN

RAGHIF{hE+R
HERAGRAREER/MIN F N RMAERMFANIAT
MEREIT: - Recall@K: Top-KMZRERPBESERE

ZHILEH - MRR (Mean Reciprocal Rank) : [FFfEEHIEEL

NIRIEIEUISE - NDCG: ZEHIFALERIMNE R
HRREIEIR: - Faithfulness (BEE): £RMNEZES

BTFHREREI LT - Answer Relevance (BEREXM): EF

AR - Context Precision (ETFXHEH/RE): KRRIINASH

BZORETFEAN
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RAGAS (Retrieval Augmented Generation Assessment)

= BalmMITHRAGITEGIESE, EFIFLLMEB BT 4 EiAIENr,
TEATIRE,

Vector RAG vs Graph RAG: FSIBEIIAEE

Vector RAG: MIE0EKRE

Vector RAGEBRIGREMMNRAGEI A, BEIFXAEI DMK
Chunk, ﬂ%Embeddingff%ﬂﬂ%%ﬁ\cmnk&%mgrﬂ%, FEAREH
B (WQdrant. Milvus. PineconeZ), ZEiG@TIENXBIE
2R &1EXHIChunk,

# Vector RAG HAEUFFE

from langchain.embeddings import OpenAIEmbeddings

from langchain.vectorstores import Qdrant

from langchain.text_splitter import RecursiveCharacterText

# 1. XD
splitter = RecursiveCharacterTextSplitter(chunk_size=500,
chunks = splitter.split_documents(documents)

# 2. MENHFMHE
embeddings = OpenAIEmbeddings()
vectorstore = Qdrant.from_documents(chunks, embeddings, ut

# 3. R
retriever = vectorstore.as_retriever(search_kwargs={"k": &
relevant_chunks = retriever.get_relevant_documents ("£0IRE:
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Vector RAGEUi%%: - SLILEER, ESAH - 1EXLECEE
58, BEMEESNGE. IXKRIA - EEIREMUIARNARELE -
KET RIEYF, REBRERASIFOMHI

Vector RAGHIS#: - EREGMER: UK Chunk
&, ERZEIXRAR. XEZERS|I BEEEESNR - £REER
#: WFRITBRBAERNGE XEFERS SLEREE,
Vector RAGIEERBERRIIFEMER - SHHETH: T AN
SR G ESBHNABWSEHARE XEFROEXRMER
HIEEE, BENR/LFITEND

Graph RAG: EliZEZFEIRE

Graph RAGIE Z MR RVector RAGERBEEMAE., ELAZIR
EEANNTR, FASZRXRANEHMEEHTORIHEIE,
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# Graph RAG LML {CAS

def graph_rag_query(question):
# 1. MIEIRERIRENE AT EE
entities = extract_entities(question)
intent = classify_intent(question)

# 2. EAREEPELEXTFE

subgraph = knowledge_graph.traverse(
start_entities=entities,
max_hops=3,
relevance_filter=intent

3. BFERMAABMESLTX
context = graph_to_text(subgraph)

# 4. LIMETEMMAE EFTXEREZE
answer = llm.generate(prompt_with_context(question, cc
return answer

Graph RAGHIA3: - REXREN: XEZERNERXR
TRRYE, XFSWEE - 2RUA: BUENEEE, TUAM
BNTRERZEINREXREL — ATRERIERE: *ﬁ?ﬁﬂ“?"%ﬂ’fﬁﬁj%
—MIBPNEELER, SBEFAXR, BRTHETR - FRE
W XS FR=EMTE) XTI BENRRAZR M XEEL
&, ENENRITEEENREH

Graph RAGHIZE: - BNEMERAS, FTEXZMIRFIFX
AMEY - XJ4EL 7|"Jﬂ$§($ﬂ’]%*$ﬁﬂﬂ$h? CypherZ&E &1
BEMNZIMERME - BiENEUEZTNERRE
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={EXHE: EERAG
FEXRIRER, RSINEEZRERAG (Hybrid RAG)
BERERARERRMNEIENER, BREBRERMEEENLLM,

AP s
F— BE2R%E — BEMEXEAE
F— EiteR — SHtxREFE
L— RaHFE — LLIMER — RZLEE

RME SR 7 IEX RIFEMEIEIRIE, BRETHRH
RE WAYRAGE ,

Microsoft GraphRAG: #RXi&iN5S BAHE

2024%F, WEARERAT T GraphRAGIRE, X&ZGraph
RAGHUIH & A A RIFREIM 2 —. ERXOBIFIETSIATH#
X6 (Community Detection) F1EZIEZE (Hierarchical
Summarization) M,

GraphRAGHI#Z/0\B 18

£ 5iRGraph RAGEHN XM HIBENEEET TR+ 47 XE
ZRMEENRINANME—RERNERENREEEFE, iR
GraphRAGHIfRIAR 1 TS ENREIE#{THEI Y, HAS
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XAEREE, EGRIEEDENAEZETRBRNEE,

BPORED A ITMER:

F3IMER (Indexing): 1. WESXHEFPIRENTAEF KR, MWE
FRERE 2. {FRALeidenBEIAXE#HITHXEN, BRI
X4 3. IE X (MEAERHRHEX, HERHX......) £
HE

EiHER (Querying): - Local Search: 43t B{RL{AFE

M AMOE, BEENEEHEXFE - Global Search: X%
B, FEMNEE, FALXBEENmMap-reducesRIEA B EIZ

XM : LeidenEi&

Leiden& A2 LouvainBIARIUHEMR, AT RINERMNH XL
., ENZOBRRRAMERE (Modularity) — i XAER
ERRATEEER, HRZENERRTERR.
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# {EAGraphRAGHIHE XN (HEZMEMRAD)
import networkx as nx
from graphrag.index.community_detection import leiden_comn

# 1EE
G = nx.Graph()
G.add_edges_from(extracted_relationships)

# BB
community_hierarchy = leiden_community_detection(

graph=gG,
max_levels=5, # RE5EHXER
resolution=1.0, # DYRSH, BHTEXRE

)

# BRI

# Level 0: 1PMAKRX (£8)

# Level 1: S5PHEHKX (F)

# Level 2: 2371/t X (FE&H)

# Level 3: 87T MHEIMKX (BMNEHR)

BREE: NMATEIZER

HXMN/GE, GraphRAGHBMHEER—HMHEE, ATE
- AXEMAER - HXESXRELE - HXANEEX
ANER - HEXHNBEEETD

XLEFEIRBERAR, EA—7HEERM (Summary Tree):
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[ZRRE]

— [EEEARE]

| | [FETALEE]
| | | [E#EAlafEE]
| | L DEFEALLEE]
| L [FEHAHEE]
— [EHEBRE]

| | [FEEBIHE]

| L [FEFB2HE]
L [FEEcRE]

Global Searchf{Map-ReduceRlig
HXNEFHMEEI (207 X0 ERZRTAT),
GraphRAGX FAMap—-Reducetkli:
1. MapBiiEg: BB M HEFEEDFIEALLM, ILEHNES M HEX
WELRZEZH X5 BEAVE X
2. ReducefftEg: BAMBEMapERICE, ILLLMERRELNERHM
EIf=
XMEREOMBET, EEEBZENHIREIENER, MAZ
BRFBEIHFE ., RN ETokenHiERA—Global Searchi
Tokenf} 4@ & & Local Searchfd10-501%,
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LangChain5Llamalndex&E B} 5E &%
RARIEE

ARERYSTEIN B KA T RARE:

x®17-2

HiF Py i) Eh

LLM OpenAl GPT-40 WRIF, APIFRE

EEERE Neo4j 5.x W SRimkE, CyphersziFiF
MEHIEE  Qdrant BE, 4HeesF

HEZE LangChain + LangGraph 47858, GraphRAGXZIFIF

Embedding text-embedding-3-small MMtES
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WIREE

# SIEIMBEBER
mkdir graphrag-demo && cd graphrag-demo

# BIEEIIME
python -m venv venv
source venv/bin/activate

# LR

pip install langchain langchain-openai langchain—-community
langgraph neo4j qdrant-client \
graphrag ragas tiktoken

# FE5INeod4j (Docker)

docker run -d ——name neo4j \
—p 7474:7474 —p 7687:7687 \
—e NEO4J_AUTH=neo4j/passwordl23 \
—e NEO4J_PLUGINS='["apoc"]"' \
neo4j:5.20

# B&iQdrant (Docker)

docker run -d —--name qdrant \
-p 6333:6333 —p 6334:6334 \
gdrant/qdrant:v1.9.0

# IRBENETS
export OPENAI_API_KEY="sk-your—-key-here"

FLangChaintaZEHtiRAG
StMVector RAGH A, EBIrTEL:
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# baseline_rag.py

from langchain_openai import ChatOpenAI, OpenAIEmbeddings
from langchain_community.vectorstores import Qdrant

from langchain.text_splitter import RecursiveCharacterText
from langchain_community.document_loaders import Directory
from langchain_core.prompts import ChatPromptTemplate
from langchain_core.runnables import RunnablePassthrough
from langchain_core.output_parsers import StrOutputParser

# 1. MY
loader = DirectoryLoader("./docs", glob="sx/*x.md")
documents = loader.load()

# 2. Pt
splitter = RecursiveCharacterTextSplitter(
chunk_size=500,
chunk_overlap=50,
separators=["\n## ", "\n### ", "\n\n", "\n", " "]
)

chunks = splitter.split_documents(documents)

# 3. EENTFHE
embeddings = OpenAIEmbeddings(model="text-embedding—3-smal
vectorstore = Qdrant.from_documents(
documents=chunks,
embedding=embeddings,
url="http://localhost:6333",
collection_name="knowledge_base"

# 4. WENRE
retriever = vectorstore.as_retriever(search_kwargs={"k": &

prompt = ChatPromptTemplate.from_template("""
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REB—TAIRNENEGF., BRENTSZZREZAF R,
MRSEFHAEUNEE, ERHEINHA,

ZEGN:
{context}

FFEgE: {question}

BRPXEE, FRHEESFR.

IIIIII)

1lm = ChatOpenAI(model="gpt-40", temperature=0)

chain = (
{"context": retriever, "question": RunnablePassthrougt
| prompt
| Ulm
| StrOutputParser()

# 5. Mkt
result = chain.invoke ("#IIREEEERISTUS A MLENAE? )
print(result)

FiLangChaini& A\ Neo4jEli&
ETE, FA7ENeodj IR EE, FHEBidLangChainky
B ZRBENIZEANRAG:
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# graph_setup.py
from neo4j import GraphDatabase

driver = GraphDatabase.driver("bolt://localhost:7687", aut

def build_knowledge_graph():

M SRR SEAA R X RS ANeodj

with driver.session() as session:
# BIEXTR
session.run("""
MERGE (kg:Topic {name: 'FIiRE}ZL'})
MERGE (nlp:Topic {name: 'BfAIES4IE'})
MERGE (ml:Topic {name: '#l28%>]'})
MERGE (finance:Domain {name: '&&t'})
MERGE (healthcare:Domain {name: 'Ej7'})
MERGE (ecommerce:Domain {name: 'E3@§'})

// BIEXAR

MERGE (kg)-[:RELATED_TO {weight: 0.9}]1->(nlp)

MERGE (kg)-[:RELATED_TO {weight: ©.8}]—>(ml)

MERGE (kg)-[:APPLIED_IN {examples: 'KiZ. RHUE. &i

MERGE (kg)-[:APPLIED_IN {examples: 'Z#¥)&I. 4HENIZI

MERGE (kg)-[:APPLIED_IN {examples: '#&ZFZR%Z. &mi:
m\\bﬂﬁﬂixfﬂ

MERGE (ant:Company {name: '4B$NEMF"'})

MERGE (ant)-[:DEVELOPED]->(kg_risk:System {name: '
MERGE (kg_risk)-[:USES]->(kg)

MERGE (kg_risk)-[:APPLIED_IN]->(finance)

IIlIII)

build_knowledge_graph()
print ("ZIREIEMETTA")
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# graph_rag.py

from langchain_community.graphs import Neo4jGraph
from langchain.chains import GraphCypherQAChain
from langchain_openai import ChatOpenAI

# E1ENeodjE

graph = Neo4jGraph(
url="bolt://localhost:7687",
username="neo4j",
password="password123"

# RIFTEschema
graph. refresh_schema()
print("ESchema:", graph.schema)

# H¥EGraph Cypher QA%
1lm = ChatOpenAI(model="gpt-40", temperature=0)

chain = GraphCypherQAChain. from_11lm(
1lm=11m,
graph=graph,
verbose=True,
return_intermediate_steps=True,
validate_cypher=True, # IF4RMICypheridik
cypher_prompt=None # {EABIAprompt, tLATEENX

# MR ERREE

questions = [
"ENREE L T AN AE? ",
"IDIEREAF R T ARS? ",
"INRENEN B AR S NEA T AXR? "
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for g in questions:
result = chain.invoke({"query": q})
print(f"\naJ@: {q}")
print(f"E%: {result['result']}")
print(f"ehELE: {result['intermediate_steps']}")
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BEARAG: FtemES E]i%*ﬁg

# hybrid_rag.py

from langchain_core.runnables import RunnableParallel, Rur
from langchain_core.output_parsers import StrOutputParser
from langchain_core.prompts import ChatPromptTemplate

def vector_search(query: str) —> str:
IIIIIIﬂ%*ﬁ%IIIIII
docs = retriever.get_relevant_documents(query)
return "\n".join([f" [@£4#Z%] {d.page_content}" for d

def graph_search(query: str) —> str:
U EE R R
try:
result = chain.invoke({"query": query})
return f"[EE#RZR] {result['result']}"
except Exception as e:
return f"[EEGZRERARM] {str(e)}"

# JREHZEPrompt
hybrid_prompt = ChatPromptTemplate.from_template("""
RE—TIRRENEF. BHREUTRMOREFENEREZERFa-

FORL - NHERER:

{vector_context}

FiF2 - FIREEGER:
{graph_context}

BFgf: {question}

%*1
. MICERMIRENE RS BT
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2. AMXHERRATEATNLETX
3. MEATKFEENR, BELHESR
4. FREEEFER

IIIIII)

# MRS
hybrid_chain = (
{
"vector_context": lambda x: vector_search(x),
"graph_context": lambda x: graph_search(x),
"question": RunnablePassthrough()
b
| hybrid_prompt
| Ulm

| StrOutputParser()

# MiAEERAG
result = hybrid_chain.invoke ("&liREEESRNIZREANE? B
print(result)

ohFLE: HWEEMGraphRAGIEIE RS

R ZR#4

BNEME—TREBLEXT ARAREE NOERS. RS
AL
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HiRE

& WEMREE

# stepl_build_graph.py

MAISH
BE: BAEZ.

USRI AR X PR AR EE
VNS il N

X,

A

ANIFSLE,

from neod4j import GraphDatabase

import json

driver =

def create_constraints():

"R —HLAR, RBRAE
with driver.
session.
session.
session.
session.
session.
.run("CREATE

session

1@ |\$L\bllllll

session() as session:

run("CREATE
run("CREATE
run (" CREATE
run (" CREATE
run (" CREATE

print ("£RBIETHK")

def populate_graph():

lllllliE %D.L .

g&TE"""

CONSTRAINT
CONSTRAINT
CONSTRAINT
CONSTRAINT
CONSTRAINT
CONSTRAINT

IF NOT
IF NOT
IF NOT
IF NOT
IF NOT
IF NOT

# MISONXZHINEEEE (BRI IAALLMM AL R ER)

with open("ai_knowledge.json", "r") as f:

data =

json. load(f)

with driver.session() as session:
# BEANBZFBERXR

for concept in data["concepts"]:
session.run("""

MERGE (c:Concept {name:

617

EXISTS
EXISTS
EXISTS
EXISTS
EXISTS
EXISTS

$namel})

FOR
FOR
FOR
FOR
FOR
FOR

GraphDatabase.driver('"bolt://localhost:7687", aut
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SET c.description = $description,
c.category = $category
, name=concept["name"],
description=concept["description"],
category=concept["category"])

# BNATER

for company in datal["companies"]:
session.run("""

MERGE (co:Company {name: $name})

SET f.country = $country,
co.founded = $founded

, hame=company ["name"],

country=company ["country"],

founded=company [" founded"])

# BAXZR
for rel in data["relationships"]:
session.run(f"""

MATCH (a:{rell'source_type'l} {{name:
MATCH (b:{rel['target_type'l} {{name:

MERGE (a)-I[r:{rel['relation']}]—>(b)
SET r.since = $since,
r.confidence = $confidence
e source=rel["source"],
target=rel["target"],
since=rel.get("since"),

confidence=rel.get("confidence", 1.0))

$sot
$tar

print (f"41iREILEFRE: {len(datal'concepts']) I,

f'{len(datal'companies'])} g, "
f"{len(datal'relationships'])}&x&")

def verify_graph():
mni IIgﬁiIEig?&;Ellllll
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with driver.session() as session:
result = session.run("""
MATCH (n)
RETURN labels(n)[@] AS label, count(n) AS cour
ORDER BY count DESC
)
print("\nE&4it: ")
for record in result:
print(f" {record['label']}: {record['count']]
result = session.run("""
MATCH ()-[r]1—>()
RETURN type(r) AS type, count(r) AS count
ORDER BY count DESC
)
print("\nxZ&A%it: ")
for record in result:
print(f" {record['type'l}: {record['count']}?

create_constraints()

populate_graph()
verify_graph()
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B4 TUZBERERE

# step2_retrievers.py

TU=BHNR: AENR. BERR. XEEINR

from
from
from
from
from

langchain_openai import OpenAIEmbeddings, ChatOpenAI
langchain_community.vectorstores import Qdrant
langchain_community.graphs import Neo4jGraph
langchain_core.documents import Document

typing import List, Dict, Any

import re

class HybridRetriever:

def __init_ (self, neo4j_url, neod4j_auth, gdrant_url,

self.embeddings = OpenAIEmbeddings(model="text—emt
self.llm = ChatOpenAI(model="gpt-40", temperature=

# MEEUERE

self.vectorstore = Qdrant.from_existing_collectior
embedding=self.embeddings,
url=gqdrant_url,
collection_name=collection_name

# EEIEE

self.graph = Neo4jGraph(
url=neo4j_url,
username=neo4j_auth[0],
password=neo4j_auth[1]

)

self.graph.refresh_schema()

def extract_entities(self, query: str) —> List[str]:
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NP R S
prompt = """ WX FIERIREEMES (HASA. ADE.
MISONBARHIEE. REEZHSIR, FELBAS.

[a)f@: {query}

RERR: ["entityl", "entity2", ...]
response = self.llm.invoke(prompt)
try:
entities = eval(response.content.strip())
return entities if isinstance(entities, 1list)
except:
return []

def vector_retrieve(self, query: str, k: int =5) —> 1
" EEX R
docs = self.vectorstore.similarity_search_with_scc
results = []
for doc, score in docs:
results.append({
"content": doc.page_content,
"source": "vector",
"score": float(score),
"metadata": doc.metadata
1)

return results

def graph_retrieve(self, query: str, entities: List[st
nn "%Diln\ijat*ﬁ,%"“"
results = []

for entity in entities:

try:
# ZHEW: WEILEREEXTR
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cypher = """
MATCH (n)
WHERE n.name CONTAINS $entity
OPTIONAL MATCH (n)-[r]->(m)
WITH n, collect({
relation: type(r),
target: m.name,
target_labels: labels(m)
})[..5] AS outgoing
OPTIONAL MATCH (m2)-[r2]->(n)
WITH n, outgoing, collect({
relation: type(r2),
source: m2.name,
source_labels: labels(m2)
})[..5] AS incoming
RETURN n.name AS entity,
labels(n) AS labels,
n.description AS description,
outgoing,
incoming
LIMIT 5

response = self.graph.query(cypher, {"enti

for record in response:
content = self._format_graph_result(re
results.append({
""content": content,
"“source": "graph",
"score": 0.9, # EEERAWSEMD
"entity": record.get("entity"),
"metadata": {"labels": record.get(
1)
except Exception as e:
print (f"ENE&EBERM [{entity}]: {e}")
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return results

keyword_retrieve(self, query: str, k: int = 3) —>
NSRRI ER (BM254EH, SEfReAElasticsearch) "M
# ffLEI: ENeod P IE=
keywords = " ".join(query.split()[:51)
try:
cypher =
CALL db.index.fulltext.queryNodes('nameIndex',
YIELD node, score
RETURN node.name AS name,
labels(node) AS labels,
node.description AS description,
score
LIMIT $k

response = self.graph.query(cypher, {"keywords
results = []
for record in response:
results.append({
"content": f"{record['name']}: {recorc
"source": "keyword",
"score": float(record.get("score", 0.f
"metadata": {"labels": record.get("1lak
})
return results
except:
return []

_format_graph_result(self, record: Dict) —> str:
MR EEERSERE AN BARIEE""
parts = [f"SZ{k: {record['entity']}"]
if record.get("description"):
parts.append(f"#it: {record['description']}")
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if record.get("outgoing"):
for rel in record["outgoing"]:
if rel.get("target"):
parts.append(f" - {rel['relation']}:

if record.get("incoming"):
for rel in record["incoming"]:
if rel.get("source"):
parts.append(f" « {rell['relation']}:

return "\n".join(parts)

retrieve(self, query: str) —> List[Dict]:
"HITREMAFRME SR

# 1. $RENSCIR

entities = self.extract_entities(query)
print (f"#{2EARYIZ/R: {entities}")

# 2. ZBHTHRER

vector_results = self.vector_retrieve(query)
graph_results = self.graph_retrieve(query, entitie
keyword_results = self.keyword_retrieve(query)

# 3. RIE5%5E
all_results = vector_results + graph_results + key
print(f"#fRER: @mE{len(vector_results)}s, "
f'Eig{len(graph_results)}&, "
"' xg25{len(keyword_results) }£")

# 4. EERMEHF (BoHER)
all_results.sort(key=lambda x: x["score"], reverse

return all_results[:10] # iR[ETop-10
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B=L: WETENCEHE

# step3_ga_chain.py

SZEMGraphRAGEIZ RS

from langchain_openai import ChatOpenAI

from langchain_core.prompts import ChatPromptTemplate
from langchain_core.output_parsers import StrOutputParser
from step2_retrievers import HybridRetriever

class GraphRAGSystem:

def

def

__init__ (self):

self.retriever = HybridRetriever(
neo4j_url="bolt://localhost:7687",
neo4j_auth=("neo4j", "passwordl23"),
gdrant_url="http://localhost:6333",
collection_name="ai_knowledge"

)

self.llm = ChatOpenAI(model="gpt-40", temperature=

answer(self, question: str) —> dict:
““”@%ﬁﬁ)ﬂl\ﬂﬂ"“"
# 1. RENER

results = self.retriever.retrieve(question)

# 2. MELETX
context_parts = []
sources = []
for i, r in enumerate(results, 1):
context_parts.append(f" [5&E{i} |{r['source']}]
sources.append({
"source": r["source"],
"content_preview": r["content"][:100],
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"score": r["score"]

1)
context = "\n\n".join(context_parts)
# 3. £REE

prompt = ChatPromptTemplate.from_template("""
RE— M EWMATRARRIE, BREN TRETNESEESHEFEH8

<span style="font-size:0.5pt;">8§T0C16-88</span>
## MRINVES

{context}

<span style="font-size:0.5pt;">8§T0C16-98</span>
## FAF 07

{question}

<span style="font-size:0.5pt;">8§T0C16-108</span>
## EEER

1. ETRENEREE, TERE

2. REBTEMTE %@%,%ﬁh&%é% EETRRER. MEHMHE
3- TE&XFﬁutH*&{m:m;EE

4. MRAEFRFREEBIPR, FHEHFE L IRAIHIRT

BRPXEE.

IIIIII)

chain = prompt | self.llm | StrOutputParser()
answer = chain.invoke({

"context": context,

""question": question

})
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return {
"answer": answer,
""'sources": sources,
"retrieval_count": len(results)

def interactive_mode(self):
R EER"
print("=" x 60)
print("GraphRAG [EERAERN")
print("% A ‘'quit' L ‘exit' EBH")
print("=" * 60)

while True:
question = input("\nfREVEJRE: ").strip()
if question.lower() in ("quit", "exit", "g"):
print("H! ")
break
if not question:
continue

print("\n&Z&+...")
result = self.answer(question)

print(f"\n{'=' *x 60}")

print(f"EZ: \n{result['answer']}")

print(f"\n{'=' *x 60}")

print(f"#2Z=%] {result['retrieval_count']} %78:

for i, src in enumerate(result["sources"][:5],
print(f" [{i}] &JE: {srcl'source'l} | #8:
print(f" e : {src['content_preview'

# EHARR
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if __name__ == "__main__":
system = GraphRAGSystem()

system.interactive_mode()
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# stepd_evaluate.py

{EFARAGASHEZR TG raphRAGR 4T

from ragas import evaluate

from ragas.metrics import (
faithfulness,
answer_relevancy,
context_precision,
context_recall

)

from datasets import Dataset

def build_eval_dataset():
B AFE AR g7 S
eval_data = {
"question": [
"HNRENE TSR U A ML R Y,
"GPT-4#1Claude 3BFAXH? ",
" ARRAGIEAR? BRERT TAlEm? ",
"{HERGraphRAGHIIZIDBIFT 2T 42 ',
"HHIRENEN QI EREEM T EES ZHkEE?
] ’
"ground_truth": [
"HNIRENEESRISUSRIR A S EXRIES] . REVE. S8R
"GPT-4#1Claude 3#EKRNIESER, BEZEME. HEEE
"RAGERMFRIGBEMIEA, WEEEMBIRRIMBENRRR D
"MERGraphRAGHIR O\ BIFTE S I N XAGMF B RIHE, (FRA
"MIREEEES ZHEE, RANERSB T A ZENEMEHX
I,

"answer": [], # REERNEE
"contexts": [] # MREETX
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system = GraphRAGSystem()

for q in eval_data["question"]:
result = system.answer(q)
eval_data["answer"].append(result["answer"])
eval_data["contexts"].append([
s["content_preview"] for s in result["sources

1)
return Dataset.from_dict(eval_data)

# BITIHE
dataset = build_eval_dataset()

results = evaluate(
dataset,

metrics=[faithfulness, answer_relevancy, context_preci

print ( "\n::::: RAG imfﬁéﬁ =====1 )
for metric_name, score in results.items():
print(f" {metric_name}: {score:.4f}")
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SEL S

431 FRIAEE Gokkrox)

EERNAIREEREIM E, RMUTER: 1. ZM0REE
AEX (BEtndl. fFE. Ffh. W/ET]) 2. EX5 AR
BY”INSPIRED” X & (RIEXERTEIIA) 3. AMSATHN
WORKED_AT" X & 4. AFME TN RAMNENXRS|, MXXBEHEER
AP ER

#32: IMEW/ET (okkiok)

SLlAdvanced RAGHRHIEWES KIS : 1. HyDE: itLLMSG
AR—NMRIZEEZR, AXTEE (MIERBE@R) EM@EEER
2. ZERT R B—TRENEA3-5MNTRABEN TR, 55l
MREEHER 3. WRIEEWMNES FEEMNRecall@s, Eft
RAMR

#>)3: GraphRAGZRHEZE (kkk k)
SEMERGraphRAGHI B IS, TEIRAVFIREE LI 1. €M
NetworkXf community &R EHLouvaintt XAEM 2. HETH
XALLMARLI100FEUNAIHEE 3. L Global SearchfIMap—
Reduceififz 4. AATZFMEMIL: - “ANEREEN =T
BAAEZAA? 7 - ‘LRI EFIREIETTIRARZ? 7
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Z3)4: PWEIEEEIE (Rokk k)

BT — 1 ITEESERS, EbVector RAG. Graph RAGHIHybrid
RAGTEA TAERI: 1. BXMEMAVERE (A7 XXAE]IM
CEORI”) 2. XRAMIERERE (W"AMIBETAXR") 3. &
BHE@NESE (WX PMTUFNEZHEE”) 4. IMAER (M
1RB)ZIEIZRVATE]) 5. TokensEiE (APHEMARZS)

BPREZEDVERI0OTNNLEZR, ARERRYLESR,

SEARS]E
ZItEX

1. {Retrieval-Augmented Generation for Knowledge-
Intensive NLP Tasks) (Lewis et al., 2020) —RAGHIEE
2Z1E

2. {From Local to Global: A Graph RAG Approach to
Query-Focused Summarization) (Edge et al., 2024) ——
MERGraphRAGIEX

3. {Self-RAG: Learning to Retrieve, Generate, and Critique
through Self-Reflection) (Asai et al., 2024) —Bi&M
RAG

4. {RAGAS: Automated Evaluation of Retrieval Augmented
Generation) (Es et al., 2024) ——RAGIE{HIELR
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FiRmE
e microsoft/graphrag: M&XGraphRAGE /5L
e langchain-ai/langchain: LangChaintEZ2, B1&FEEHIRAG
At

e run-llama/llama_index: Llamalndex, B—MEEIRAGHE
Ao
=<

» explodinggradients/ragas: RAGASIF{hiEZE
e neodj-labs/neodash: Neodjelf{t{NKRE

TEEFR

e LangChain GraphRAG##2
o {HERGraphRAGX 1Y

o Neodj LLMERIER

o RAGEAZT=E (2024)

FENG
ABHIIMRAGHIEAFIRIHE, —HRAZIGraphRAGHIA]
AR
1. FIREEELLME B T $2
BEAE”, ALOLLMEO” ShEEARE

2. RAGHIZILR” FAEE R — R FEE XX, JFAPrompt, it
LLMEFEXLAER O

W RIBRT ER Ea
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FIRETEN]
3. Vector RAGH1Graph RAGE B i —RiIEE K15 X ITEE,
EEEREWHEE, BEEERRRRE
4. MERGraphRAGHIH XM+ BRIGERR R 7 2 /F %[0 B &
SRR
5. TR B EREMNITLA R —RAGASHFIEZREENEKNIZML
RAGR LM RRENENRE
T—F, BIBEEXMNERERLRE—INe W EIRE
EBRAGNFAMBHRAETIME, SUSTA. 5%, TkEn
EWRERE,

#MFERN: GraphRAGHI LRk S RRIRT R

EERER" AR EIR

ELFREHGraphRAGHEY, RIEAKERMNAZEE, MaEE
RE.

{RETRESIBEX RIS LLMMIBIZRARE 7 ST &R E
&, BENeodjB—E—TNRAEE. ITA? BALSPEEREE
fETE, BARNZE KG”, BABMNE MIREE (Knowledge
Graph)”, *8ABHZ" IR,

ST HEH R CraphRAGTREH S AFHE—F . FHANELK

=1
E-
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# entity_normalization.py

SERALEM: BRE AR SRR

from langchain_openai import ChatOpenAI

class EntityNormalizer:
IIIIII;{$%WJ§ET{IEIIIIII

def

def

def

__init__ (self, graph_client, 1lm=None):
self.graph = graph_client

self.llm = 1lm or ChatOpenAI(model="gpt-40-mini",
self.alias_cache = self._build_alias_cache()

_build_alias_cache(self):
U N EIE FR TN E AR A Bl AR
results = self.graph.read("""
MATCH (n)-[:ALIAS_OF]->(canonical)
RETURN n.name AS alias, canonical.name AS canc
)
cache = {}
for r in results:
cache[r["alias"].lower()] = r["canonical_name'
# BITR
cache[r["alias"].replace(" ", "").lower()] =1
return cache

normalize(self, raw_entity: str) -> str:
MCRRIASE AR AT
# B BERF
key = raw_entity.strip().lower()
if key in self.alias_cache:
return self.alias_cache[key]
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# BT EMIICE (YREEEE <= 2)
for alias, canonical in self.alias_cache.items():
if self._edit_distance(key, alias) <= 2:
return canonical

# E=: LLMEIET (RIEEHE)
return self._1lm_resolve(raw_entity)

_1lm_resolve(self, entity: str) —> str:
" ELLMAIRTSE AR S EE R P EE"
# SREVEIERAELIRIEARE
similar = self.graph.read("""
MATCH (n)
WHERE toLower(n.name) CONTAINS tolLower($partic
RETURN n.name AS name
LIMIT 10
nee s opartial=entity[:4])
if not similar:
return entity # E\EHFICE, REOREE

names = [r["name"] for r in similar]

response = self.llm.invoke(f"""
FFREITZAE" " {entity}", U TFRENREIEREFHIMEMSTA:
{names}

BT

1. BPRINEARE SIIRBENEMIER?
2. MPAER, EEHPZAEEI

3. MPFE, BEEAFRAOZES

RIREERE, TEEMER,
IIIIII)

return response.content.strip()
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def _edit_distance(self, s1, s2):
"t ERiEEE
if len(sl) < len(s2):
return self. edit_distance(s2, s1)
if len(s2) ==
return len(s1)
prev_row = range(len(s2) + 1)
for i, cl1 in enumerate(sl):
curr_row = [i + 1]
for j, c2 in enumerate(s2):
insertions = prev_row[j + 1] + 1
deletions = curr_row[j] + 1
substitutions = prev_row[j] + (cl1 != c2)
curr_row.append(min(insertions, deletions,
prev_row = curr_row
return prev_row[-1]

EMIRE: REMTARRAES

A EEBFEEWAREE. — MFNGraphRAGR S
NZEEWEKEEE (Query Router), RIBEMAEIEZERMAIE
R
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# query_router.py

EWIRAE SEERFIORRE

class QueryRouter:
" RIEI A R B R B R S

ROUTES = {
"factual": "graph", # EBXMEE - EENE
"relational”: "graph", # KXRHE - EIENE
"semantic": "vector", # IBXER - @MENE
"global": "graphrag_global", # £FME& - GraphRA(
"temporal: "graph", # BIEMEX - ENE (BRI

"creative": "direct_11m", # BIfEMERER > EiELLMA

def __init_ (self, 1lm):
self.llm = 1lm

def classify(self, question: str) —> str:
nnSt R R TR E s
prompt = f""" U TRIBMOENUTERZ—:
- factual: HEIEMAFET (A1"sK=RIERRIZTA")
- relational: WESEMAFEXRR (W"AFBEHAXER")
- semantic: IBXIERE (W' BHLEXTFHEZZ AN FERG")
- global: £2FME (0" XPIFHWBFEEZTA")
- temporal: EJEHEX (MN"EERETIHLESESME")
- creative: BIfE/EBNE (M"HERE—MEAER")

[@&: {question}

RIREIERRIR, FEAEMAS.
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category = self.llm.invoke(prompt).content.strip()
return category if category in self.ROUTES else "¢

def route(self, question: str) —> str:
"R EREIS N R EE
category = self.classify(question)
pipeline = self.ROUTES.get(category, "vector")
print(f" [BEH] @5 E: {category} - EE: {pipelin
return pipeline

TokenpX A<=l

GraphRAGHI— P IILHk X 2 Tokenpi A<, Global Searchiy
map-reduce R i& /L E 1% O XEE S FEBLLM,
AREBM—KLCE, TokenBfErI e EIBWRAGHIS0ME,

JU 3 B R A2 ) SR B

RIg—: DBEEBE, MapBhERA/IVERL (J1IGPT-40-mini)
LTI, ReducefhERAAARIEE! (A1GPT-40) MISRAERM.

RIEZ: WEEF. tXEETHMERME, TUEFEIRedis
h, BRESENK.

RIE=: MEEH. IETEWRETokenFIE LR, HBHR
BT BrhfE Local Search,
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budget.py

TokenTiE E1E23

import tiktoken

class TokenBudgetManager:
mi II??E%URAGE.IEEI\]Tokeniﬁi%IIIIII

def

def

def

def

__init_ (self, max_tokens_per_query=50000,
max_cost_per_day_usd=10.0):

self.max_per_query = max_tokens_per_query

self.max_per_day = max_cost_per_day_usd

self.daily_spent = 0.0

self.encoder = tiktoken.encoding_for_model("gpt—4c

count_tokens(self, text: str) —-> int:

ni ||i_1_%x$ﬂ)\]-roken§inu n
return len(self.encoder.encode(text))

can_afford(self, estimated_tokens: int) —> bool:
||llll*ﬁ§f‘ﬁ%%§ﬁ\,i¢uuu

estimated_cost = estimated_tokens / 1000 *x 0.005
return (self.daily_spent + estimated_cost) < self.

choose_strategy(self, question: str, community_cot
MRE TS IR R R R

# {H&Global SearchidTokeni

global_estimate = community_count *x 500 + 2000 #

if self.can_afford(global_estimate):

return "global"
elif self.can_afford(5000):
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return "local"

else:
return "vector_only" # [BRRANARENET

4= GraphRAGHIETZE
FEEFHER, NGraphRAGKINEEFEEZIRAHRE. FREK
AR EEFER:
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# caching_layer.py

GraphRAGZ REIZEEH

import hashlib
import json
import redis

class GraphRAGCache:

IIIIII%?&%@%IE%E"IIII
_init_ (self):

def

def

def

self.redis_client = redis.Redis(host="1localhost",
self.local_cache = {} # L1: #BEAERF

_cache_key(self, question: str, pipeline: str) —>
mnn Ili’ﬁggﬁ%"""

normalized = question.strip().lower()

return f'"graphrag:{pipeline}:{hashlib.md5(normali:

get(self, question: str, pipeline: str):
IIlIII%g&%ﬁEi min
key = self._cache_key(question, pipeline)

# L1: #HEAEE (RIR, B2/
if key in self.local_cache:
return self.local_cache[key]

# L2: RedisEfF (R, BEK)

cached = self.redis_client.get(key)

if cached:
result = json.loads(cached)
self.local_cachel[key] = result # [OliEL1
return result
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return None

def set(self, question: str, pipeline: str, result: di
ttl: int = 3600):
mni IIE)\%ﬁIIIIII
key = self._cache_key(question, pipeline)

# BALL
self.local_cachel[key] = result

# SAL2
self.redis_client.setex(key, ttl, json.dumps(resul

def invalidate(self, entity_name: str):

SHEANREEEMA, (EAXEFRK
R ﬁi#ﬁd\i‘lﬂ,ﬁﬂﬁﬁﬁﬁﬁﬁ (7= PR A] A AR R A 5RER )

# 7BFfRedisFfiEgraphragiixEE
keys = self.redis_client.keys("graphrag:*")
if keys:

self.redis_client.delete(xkeys)

# BRRLL
self.local_cache.clear()

print(f"EEFZEBER (4K {entity_name} FTFfdk) ")

XL T FESLEEMIIRE, FNEGraphRAGMDemoiE a4 = H
KEEDKIE, —DIFHIDemor] ATE =/ ALK, BE—PEEH
FAFRENRS, TEFEMANITE., F1E[EHXLE"HER
& NME—ENF B IREENNELERI,
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#FEARN MERBIERN IR

KEER”FHE” a3

GraphRAGE — 1 ERZ AR : tNEIEEREER” #HiE”
RLLMEEIRRERY ET32?

BEMNRNEREXEFE, KRAMENXA, LLMEEMEEE
&, BEIERNENEREEMEN—T R, XA, BlE. B2
—WERMHEYHER, LLMASERIRREEZRIXL(EE

BANL T =FPED IR RS :

HEZ—: JSONE(E, IEEEZWEREIEFRIIMEHISONEH
Prompt, Mim2EER57%E, MAaELLMYJSONRIBREEI AT
E, TERRERELEN,

R : =ANEM., EEEXFZINER FIEIBIE-E
E’HBRES G F. b (:Person{name:"3k="1})-[:WORKS_AT]->
(:Company{name:"gi"}) BIFEAN"K=EBNIIE", XFARX
LLMIBfR g R, BRERBLEMRESR,

REIE=: GfaftimR, IEBFEEARNEMCHNERE, R
BERXABFEHBAIESRIA. XRBNBAIINMERIFNSR:
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def graph_to_context(subgraph_results):
MR RS REN I LLMR TR TR SR
lines = []
for record in subgraph_results:
entity = record.get("entity", "R&I")
description = record.get("description", "")

line = " [{entity}] "
if description:
line += f" {description}"

# HEXAR
for rel in record.get("outgoing", [1):
if rel.get("target"):
line += f"\n < {entity} B9{rell['relation’

# NEXHR
for rel in record.get("incoming", [1):
if rel.get("source"):
line += f"\n -« {rell'source'l} #{rell're

lines.append(line)

return "\n\n".join(lines)

K LETFXTHIRAGHIIR

BEELLM E T XEOHRHEA (GPT-403%2#F128K token,
Claude 3.537#5200K token), — 1Bt IE: EHRERAG
13? {BRTE XA ZEHPrompt AT 7?2

BERE IAFE, BFREX
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KETXEAT EEZ/D"HNE, BEREHANTO™M:

EEHBR. HRERA, LLMXPromptREIZS SN TER
ERTALNER (XFEFMBN HEFEL"ME, Lost in the
Middle) , BAKRS AR RS TIMERX X BE 29T
=V

BASE)RE, 128K tokenBY5I N, RGPT-40MIEM£N0.643%
TREN, MIRESTEFROFMESEN, HARREKIE,
RAGEII B AR, B NIZHITESK-15K token, RLAFEE
— BN EER,

FEIRIE)RE, 128K tokenFyIIRFEIR AIEERZSK tokenfy10-20
E, NFREXNA, XMIERERF TEESN,

FLA, RAGTER L TXIREIBEBMN NI TR T " —
BNARREEENML.

& GraphRAGH IR 45 Hk &%
Tt Vector RAGIHEXN EiF— R XAEFIM B RIS EER
1T, 1Bi{tGraphRAGEE %, RNIREERE AT Y :

EliEfE: LHEE7R? XAZD/ER? BUHES I

BEHRE: LLMERRICypher@EIEMH? BHER 7 XBEH

HIERE: SHHERENSE? ESFMEEENRT

ERXRE RERLNZEESER. =8, BHE?
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PNEEARNTHEERE  UEITHEE"

$F—F: BENEBEX (Graph Coverage)
- T’EEF/y&E‘Jﬁﬁﬁ*fZK% SEEERTFE?
- MREFTRNAEXRR L EEREFAI?

A—A— —

. MEREE (Retrieval Precision)
= Il’éh%% 51 EN T BRIV T E?
- BEERT XENXAKR?

E=F: HIEIFMME (Reasoning Correctness)
- LML EMRIEMRE TRRINEHHTER?
- SRR DFEE eI A RTSR?

EME: E&R=Z (Answer Quality)
- RAREZEDEREE T A E/M?
- BEIEMHSIA T EIERAESTRIE?
- BEWWET AT MSE BN BHESD?

B-RHFEIRIANHEIETANLRG . B CABEED)
F20 M ENNL RS, BERPEWIERSHRIEENS TIHER
7l

BT E R RERIIC R

REDZE/L T HEGraphRAGI B R ERZ I, FHEXIIRAYSE
HEE:

—: FEMKREFHLLMAE R Cypher, LangChainfy
GraphCypherQAChainitLLME &4 B Cypher&if], BiEFKR
B, (BEEFPLLMERMNCyphert X SIA30-40%, LHEW
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REZJOIN, REMBEZEMEN, LLMEEERIBEEHREIENE
IRACypher, HANNBRARE: FE X —4HCypherfiti, LLM
RATERSE, MABRMKERENEN,

= EEX T RMOAE. FEBIEREEN"4F
—BITERRBE TR, 8TXRARFREBRZON. GR
BRI, ZMIEFR RMILEEORYIREE, FANAFIRRN
ERNRREEEFICRN, RE—ETURNAIBRA, #HREX
ANR, RMERFEREZMEE,

=: RUTRRMEANEE, HNBEERERERL
WEMRE (HERecall@6M70%RFEI90%), FARMZELMNEZEFH
ERFTNHEE. IEREAN, BEEERRERNABRAHN LE—
0FMRERFHERHRE—, EREE. FBE. BRI,
LLMESE RSB T, BERBEATNT -1 L FTXEE T (X
E. {HF. mERR), BRIFLE.

M REMEREEF. TEFIMEFR, HMRINL40%8
EWEEERSEAUN (TEESMIH) . MEFERES
IR —IEINR+ER, BHAKEToken, Il LRedis&EZF/E,
TN ZER M 3. 270 FER 7 0.8%, HiYTokeniH#EIB T 35%,

XEEZRIGHIBE— T HENER: GraphRAGFE— T HiAI]
&, ME—TRHLREDE. BEERAG30%NIIX, FT70%2
HiEmE. TRERMAIFEEY,
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ERRER: AR &AVector RAG., Graph RAGIESZ
Hybrid?

EX—THINE, &EILE0E)E " FIZEMMHRAG? T
EHRESSE A S ERREER

4iVector RAGHESZ T, &H: - MMAINRFEFERKNEK (X
B, IRE. X&) - BROBBUEXERAIE CHRERTXXH
=67) - INEEE, BERE LA - FARZ BEBIEESRK -
FNREHSARM (BARBIUL)

RIiZZ[EGraph RAG, H: - {REAIIRFEEEAELEMLK

R (HEZM. HARE. FIRAR) - AFPEE X AR DM
(CAFIBEMAXR” “HARXXNE") - SEr@RBNEEITE
(EREM. BETRR) - SBRZRREXES T (BRAAE

1)

W EHybrid RAG, %: - ERBEAEIELEMMLEMEN
HXAEIE - AR RmER 2 (BEEXLENR, hBEENER)
- WEZERBESER (EHEE>90%) - FHERE (Hybridiy
TokenjE#E R 2 —RAGHI2-31F)

EE—NEZIEN: YcFAVector RAGHI—TMVP, BITEL
fEt%., AEZESH 3| AGraph RAG, MWHEEREHITRR, FE—
ERFIER RERRTENRN —RMER, BERML.

FEFRIREENRAGIHE G X &R £, SILEERESE, i
*, RNAPARMRANZMFMRAG, thi1RXOEEREERIRS
FEMNEIE,
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JEE: AAASS e BIEER: THEA-12E)FLEE, R
DockerflILinuxB iz #4258 KEAFG: https://github.co
m/sloth-laok/knowledge-graph-intro/tree/main/chl4

5|+

2024FY), HE—REEEZREI A SHILARIFE, i
IR ERE R 43 7EMacBook Pro L, Demol&R{TEiK, &
FEERE,

=1MBR, R5L%, F5—X, 500 HELAFEN, Neodj
EIRFEIRMFEISH), QdrantfINIEHEAIZOOM, BNRSAG—
QIR T EEAIE—RIUERET .

CTOSRTITHIE:"ZE, HIMWENEEEICA LIRS ITFIFN,
BA—LEEFHARET? 7

EXNE, NESMNREEIRRNES18%, MDemoZl
Production, FEIfRE—FRB. XAHESEREEHIERTHEER.
BHEREE. BIEEZENTE, MAZREEFNESR,

KEME—7NEBER . HITERFHITIENeodjERESD
2. QdrantpHNEEM . FIERLS RIS, WIREZHRR, Uk—H
MFFE B & = HI5EEE Checklist,
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HRENE AT
Neodj&KE# 550 H
AL BNAEA

BHNeodEF KAMMAMEEBEHR, BEFFHEKE=D
ROk

BEMRI: BAAFHNHERE TEIEAE. ST8EdT
B RABEIZRE, BHEREERREITRRE.

ARENR: BREEEHREETRASNGIE. XN T7x247E%
AOALSS, MMERITRIANLERHR, BREEMENAE,

BEFR: BHRZET, BHEF GIBTR. BfXR) &
TR, SRFEFRFER, SPHEAFFLETHRE.

Neo4j Causal Clustering

Neo4jiE\lhiRig 1 7 Causal Clustering (EIR&ERE) H =X, H
=MAENT REMN:
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Causal Cluster |

1T 1T | |
Core1 | | Core2 | | Core3 | |

[

|

| (Leader) | |(Follower)| |(Follower) | |
| L | | |

¢ Raftifiyssl |

1T | |
Read 1 | | Read 2 | |

|
|

| Replica | | Replica | |
| | | | |

1 R —BMIREY |

Corefim: MARTEIMIENMBUE—HE, Em%EQWbmﬁ
= (RaftiMYBERZERFE) . FTEEiRIEHLeaderdbE,
RaftiiX & #lZIFollower,

Read ReplicaTim: RiEgIAR, AFoEEAZE. EIIM
CoreT mF L EVEIE, RIEFREZ—HANZENEESN, TAERY
ﬁ%, §&§§Z<szBE$UO
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# docker—-compose—-neo4j—-cluster.yml
# NeodjRIREREIE (3 Core + 2 Read Replica)

version:

'3.8"

services:

neo4j-

corel:

image: neo4j:5.20-enterprise
container_name: neo4j-corel
hostname: neo4j-corel
environment:

#

NEO4J_AUTH=neo4j/your_strong_password
NEO4J_dbms_default__database=neo4j

SREE
NE04J_dbms_cluster_discovery_endpoints=neo4j-corel
NEO4J_dbms_cluster_default__databases__mode=PRIMAF
NEO4J_dbms_cluster_raft_advertised__address=neo4j-
NEO04J_dbms_cluster_raft_listen__address=0.0.0.0:7¢
NEO04J_dbms_cluster_discovery_advertised__address=r
NE04J_dbms_cluster_discovery_listen__address=0.0.¢
NEO4J_dbms_cluster_transaction_advertised__address
NEO4J_dbms_cluster_transaction_listen__address=0.¢
HBERM

NEO4J_server_memory_heap_initial__size=2G
NEO4J_server_memory_heap_max__size=4G
NEO4J_server_memory_pagecache_size=2G

ports:
- "7474:7474"
- '"7687:7687"
volumes:

neo4j—-corel-data:/data
neo4j-corel-logs:/logs

networks:

neo4j-cluster
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neo4j-core2:

image: neo4j:5.20-enterprise

container_name: neo4j-core2

hostname: neo4j-core2

environment:
— NEO4J_AUTH=neo4j/your_strong_password
— NEO4J_dbms_cluster_discovery_endpoints=neo4j—-corel
— NEO4J_dbms_cluster_default__databases__mode=PRIMAF
— NEO4J_dbms_cluster_raft_advertised__address=neo4j-
— NEO4J_dbms_cluster_raft_listen__address=0.0.0.0:7¢
— NEO4J_dbms_cluster_discovery_advertised__address=r
— NEO4J_dbms_cluster_discovery_listen__address=0.0.¢
— NEO4J_dbms_cluster_transaction_advertised__address
— NEO4J_dbms_cluster_transaction_listen__address=0.¢
— NEO4J_server_memory_heap_initial__size=2G
— NEO4J_server_memory_heap_max__size=4G
— NEO4J_server_memory_pagecache_size=2G

volumes:
— neod4j-core2-data:/data
— neo4j-core2-1logs:/logs

networks:
— neod4j—-cluster

neo4j-core3:
image: neo4j:5.20-enterprise
container_name: neo4j-core3
hostname: neo4j-core3
environment:

— NEO4J_AUTH=neo4j/your_strong_password
NEO4J_dbms_cluster_discovery_endpoints=neo4j-corel
NEO4J_dbms_cluster_default__databases__mode=PRIMAF
NEO4J_dbms_cluster_raft_advertised__address=neo4j-
NEO4J_dbms_cluster_raft_listen__address=0.0.0.0:7¢
NEO4J_dbms_cluster_discovery_advertised__address=r
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NEO04J_dbms_cluster_discovery_listen__address=0.0.¢
NEO4J_dbms_cluster_transaction_advertised__address
NEO04J_dbms_cluster_transaction_listen__address=0.¢

— NEO4J_server_memory_heap_initial__size=2G

— NEO4J_server_memory_heap_max__size=4G

— NEO4J_server_memory_pagecache_size=2G
volumes:

— neo4j-core3-data:/data

— neo4j-core3-logs:/logs
networks:

- neod4j—-cluster

neo4j-readl:
image: neo4j:5.20-enterprise
container_name: neo4j-readl
hostname: neo4j-readl
environment:

- NEO4J_AUTH=neo4j/your_strong_password
NEO4J_dbms_cluster_discovery_endpoints=neo4j-corel
NEO04]J_dbms_cluster_default__databases__mode=SECONLC
NEO4J_server_memory_heap_initial__size=2G
NEO4J_server_memory_heap_max__size=4G
NEO4J_server_memory_pagecache_size=2G
ports:

— "7475:7474"

- ''7688:7687"
volumes:

- neo4j-readl-data:/data
networks:

— neod4j-cluster

neo4j-read2:
image: neo4j:5.20-enterprise
container_name: neo4j-read2
hostname: neo4j-read2
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environment:
NEO4J_AUTH=neo4j/your_strong_password
NE04J_dbms_cluster_discovery_endpoints=neo4j-corel
NEO4J_dbms_cluster_default__databases__mode=SECONL
— NEO4J_server_memory_heap_initial__size=2G
— NEO4J_server_memory_heap_max__size=4G
— NEO4J_server_memory_pagecache_size=2G
ports:
- "7476:7474"
- "7689:7687"
volumes:
— neod4j-read2-data:/data
networks:
- neod4j-cluster

volumes:
neo4j-corel-data:
neo4j-corel-logs:
neo4j—-core2-data:
neo4j-core2-logs:
neo4j-core3—-data:
neo4j-core3-logs:
neodj-readl-data:
neo4j-read2-data:

networks:

neo4j—-cluster:
driver: bridge

5 7 B RS
ENREIIIEE D B R SRR RH:

657



FHREEN]

# neod4j_cluster_client.py

Neodj EEHEE N BEFih
from neo4j import GraphDatabase, RoutingControl
from typing import Optional, List, Dict, Any

class Neo4jClusterClient:
“lllli;iﬂ ﬁ/\%E’JNEO‘l] g¥£}jjwnuu

def __init_ (self, cluster_uris: List[str], auth: tupl
# {EMBbolt+routingtM¥, IXENBEIAIIERHTH
self.driver = GraphDatabase.driver(
cluster_uris[0], # &EEF—CoreT=BNA]
auth=auth,
max_connection_pool_size=100,
connection_acquisition_timeout=30,
max_transaction_retry_time=15,
# EERERAE
connection_timeout=10,
keepalive=True

def read(self, query: str, params: Optional[Dict] = Nc
TEIR/E: B5HFIRead Replica
FMARoutingControl.READIFIRE) B RIEIFIET m
records, _, _ = self.driver.execute_query(
query,
parameters_=params or {},
routing_=RoutingControl.READ,
database_='"neo4j"
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return [dict(record) for record in records]

def write(self, query: str, params: Optional[Dict] = I

5#{E: HKHFlLeader

records, _, _ = self.driver.execute_query/(
query,
parameters_=params or {},
routing_=RoutingControl.WRITE,
database_='"neo4j"

)

return [dict(record) for record in records]

def read_complex(self, query: str, params: Optionall[Di
timeout: int = 30) -> List[Dict]:

STRE: FREXSES, IFBEH

with self.driver.session(
default_access_mode=RoutingControl.READ,
database="neo4j"

) as session:
result = session.run(query, params or {}, time
return [dict(record) for record in result]

def write_in_transaction(self, query: str, params: Opt

EZERME: BREFE

with self.driver.session(
default_access_mode=RoutingControl.WRITE,
database="neo4j"

) as session:
return session.execute_write(
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lambda tx: list(tx.run(query, params or {]

batch_write(self, query: str, params_list: List[Di

HEBN: ERUNWIND R/ DESTTE
batch_query = f"""
UNWIND $batch AS row
{query}
with self.driver.session(
default_access_mode=RoutingControl.WRITE
) as session:
for i in range(@, len(params_1list), batch_size
batch = params_list[i:i+batch_sizel
session.execute_write(
lambda tx: list(tx.run(batch_query, bz
)
print(f"#tEBN5%EM: {len(params_list)}FicE")

health_check(self) —> Dict:
R E
try:
result = self.driver.execute_query/(
"CALL dbms.cluster.overview() YIELD id, ne
routing_=RoutingControl.READ
)

return {"status": "healthy", "members": len(re
except Exception as e:

return {"status": "unhealthy", "error": str(e)
close(self):

self.driver.close()
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# (ERARHGI
client = Neo4jClusterClient(
cluster_uris=["bolt://neo4j-corel:7687"],
auth=("neo4j", "your_strong_password")

# ERE - BohikHEIRead Replica

entities = client.read ("""
MATCH (n:Person)
RETURN n.name AS name, n.title AS title
LIMIT 100

IIIIII)

# GR{E - BniiHEILeader
client.write("""
MERGE (n:Person {name: $name})
SET n.updated_at = datetime()
ten s {"name": "3k="1})

# HEBSAN
batch_data = [{"name": f"User_{i}", "age": 20 + i % 50} f¢
client.batch_write(
"MERGE (n:Person {name: row.name}) SET n.age = row.age
batch_data

Neod4j Fabric: FSFEZEif

LUHIESEARINEE D EZMER, Neodj FabriciR{t T BEEN
. BEG—T"EHKHRE", B—KCypherBWFBEANZTF
8, DRITENEIEENT, REEHER.

I &
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# fabric_example.py

Neo4j Fabric FEREZERA

R BEMIREERMEDE

- kg_electronics: BF=RFHE
- kg_clothing: BRZEFE

- kg_food: EmTFE

# FabricBtE& (neo4j.conf)
FABRIC_CONFIG = """

# BFFabric

dbms. fabric.routing.enabled=true

# TENXFabric#iERE
dbms.fabric.database.name=fabric_all

# BIERRE

dbms. fabric.routing.group.
dbms. fabric.routing.group.
dbms. fabric.routing.group.
dbms. fabric.routing.group.
dbms. fabric.routing.group.
dbms. fabric.routing.group.

.uri=bolt://neodj-corel:7687
.database=kg_electronics
.uri=bolt://neod4j-corel:7687
.database=kg_clothing
.uri=bolt://neodj-corel:7687
.database=kg_food

w W NN R

# BEZECypherifl
FABRIC_QUERY = """

// BWFRA@ERS" LR " HRN M
USE fabric_all

CALL {
USE kg_electronics
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MATCH (p:Product)-[:BRAND]->(b:Brand {name: '#£}'})
RETURN p.name AS product, 'EEFF=f' AS category

¥

UNION

CALL {
USE kg_clothing
MATCH (p:Product)-[:BRAND]—>(b:Brand {name: '#J3'})
RETURN p.name AS product, 'BRZ' AS category

¥

UNION

CALL {
USE kg_food
MATCH (p:Product)-[:BRAND]—>(b:Brand {name: '#3#'})
RETURN p.name AS product, 'Bf' AS category

¥

RETURN product, category
ORDER BY category, product

NeodjEfItHEM M ES
TR RERER, UTHARBHEXEE:

FIMHAL:
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// 1. BIEESERS| (REH)
CREATE INDEX idx_person_name_dept FOR (p:Person) ON (p.nan

// 2. EXZFR5| HIHEMER)
CREATE FULLTEXT INDEX nameSearch FOR (n:Person]|Company) OM

// 3. KRR35 (MERXZRIEHR)
CREATE INDEX idx_works_at FOR ()-[r:WORKS_AT]-() ON (r.sir

// 4. BEZRS|ERIER
CALL db.stats.profile("MATCH (p:Person {name: '3='}) RETI

Cypherffift:

// X REHM: HERA

MATCH (a:Person), (b:Company)

WHERE a.name = '3k=' AND b.name = 'B&ifl'
MERGE (a)-[:WORKS_AT]->(b)

// IEMafA: 1EFAITES

MATCH (a:Person {name: '3k="'})
MATCH (b:Company {name: 'B&if\'})
MERGE (a)-[:WORKS_AT]—>(b)

// X REHV: BHEDE
MATCH (a)-I[x]->(b)
RETURN a, b

// IEfRUE: BRELERRE
MATCH (a:Person {name: 'sk="'})-[*1..31->(b)
RETURN a, b
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QdrantZ N ER S

At LBES T ELIERE

HIRRYEmbeddingm EMEBE T HLHIN, BlQdrantz
Hilm: - AFERI: 1217684 float32m@MENF300GBAE - B
IR : AR BUERAFEIR S IR K - ATAM: BREESHN
EENRRSAIH

Qdranto %3244
Qdrantf D H R ZEMEFRaft—E N, ZIFHH
(

(Sharding) #&|4~ (Replication):
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Qdrant Cluster

Collection: "knowledge_embeddings"

Shard @
—
| Leader |
| Replica |
|

1
| Follower |
| Replica |
L 1

Shard 1
1
| Leader |
| Replica |
L 1

1
| Follower |
| Replica |
I

RERIDEFE D HEIARREShard
H 1 ShardBLeaderflFollowergl7s
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# docker—-compose—qdrant-cluster.yml
version: '3.8'

services:
gdrant-nodel:
image: qdrant/qdrant:v1.9.0
container_name: qdrant-nodel
hostname: qdrant-nodel
environment:

— QDRANT__CLUSTER__ENABLED=true

— QDRANT__SERVICE__GRPC_PORT=6334
ports:

- '6333:6333"

- ''6334:6334"
volumes:

- gdrant-nodel-data:/qdrant/storage
command: ["./qdrant", "—-uri", "http://qdrant-nodel:6:
networks:

- gqdrant-cluster

gdrant-node2:
image: qdrant/qdrant:v1.9.0
container_name: qgdrant-node2
hostname: qdrant-node2
environment:

— QDRANT__CLUSTER__ENABLED=true
volumes:

- gdrant-node2-data:/qdrant/storage
command: ["./qdrant", "—-uri", "http://qdrant-node2:6:
networks:

- qdrant-cluster

gdrant-node3:
image: qgdrant/qdrant:v1.9.0
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container_name: gdrant-node3
hostname: gdrant-node3
environment:

— QDRANT__CLUSTER__ENABLED=true
volumes:

- gdrant-node3-data:/qdrant/storage
command: ["./qdrant", "—-uri", "http://qdrant-node3:6:
networks:

- qdrant-cluster

volumes:
gdrant-nodel-data:
gdrant-node2-data:
gdrant-node3-data:

networks:

gdrant-cluster:
driver: bridge
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# qdrant_cluster_setup.py

Qdrant&E At BlEsmCollection

from gdrant_client import QdrantClient

from gdrant_client.http.models import (
VectorParams, Distance, ReplicasConfig,
ShardingMethod, CollectionStatus

EIRER (EBE—T=Bm)
client = QdrantClient(host="1localhost", port=6333)

# ManERE (RBEEEF—TTRIT—R)
# POST /cluster/init

# SY@ITAPI:
client.init_shards_group()

# BlEDfLCollection
client.create_collection(
collection_name="knowledge_embeddings",
vectors_config=VectorParams (
size=1536, # text-embedding-3-smallB94E
distance=Distance.COSINE,
Do

PREE
shard_number=6, 61 h, BEIPHEBI TR
sharding_method=ShardingMethod.AUTO,
# BIAEE
replication_factor=2, # BT FR27TEIAR (1 Leader + 1
/\

write_consistency_factor=1, # BAZRMDIPRIZALINENE]

# I9iECollectiondRiE

669



FREEN]

info = client.get_collection("knowledge_embeddings")
print(f"Collectionik#: {info.status}")

print(f"ok#: {info.config.params.shard_number}")
print(f"&IAREF: {info.config.params.replication_factor}")
print(f"m=%: {info.points_count}")

# QIEBZRSIMMHERE
from gdrant_client.http.models import HnswConfigDiff

client.update_collection(
collection_name="knowledge_embeddings",
hnsw_config=HnswConfigDiff(
m=16, # BT RNRAER
ef_construct=200, # MENIERTEER
full_scan_threshold=10000 # KT EFTHERHER

)
print("HNSWRS|EEEEEH")
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Qdrant!$8E1R1LE

# qdrant_optimization.py

Qdrant&Z G EEM AR

from gdrant_client import QdrantClient

from gqdrant_client.http.models import (
SearchRequest, SearchParams, Filter,
FieldCondition, MatchValue, QuantizationConfig,
ScalarQuantization, ScalarType, QuantizationType

client = QdrantClient(host="1ocalhost", port=6333)

# HER1: EESE (ROREFSA, RABREE)
client.update_collection(
collection_name="knowledge_embeddings",
quantization_config=QuantizationConfig(
scalar=ScalarQuantization(
type=QuantizationType.SCALAR,
scalar=ScalarType(
type="int8", # float32 - int8, WTFE)
always_ram=True # stEEEEAE

# REE2: PayloadZ3| (I EEM)
from gqdrant_client.http.models import PayloadSchemaType

client.create_payload_index(
collection_name="knowledge_embeddings",
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field_name="category",
field_schema=PayloadSchemaType.KEYWORD
)
client.create_payload_index(
collection_name="knowledge_embeddings",
field_name="created_at",
field_schema=PayloadSchemaType.DATETIME

# RE&3: HEEER (BPORBER)
search_requests = [
SearchRequest (
vector=query_vector_1,
limit=5,
with_payload=True,
params=SearchParams (hnsw_ef=128, exact=False)
Do
SearchRequest (
vector=query_vector_2,
limit=5,
filter=Filter(must=[
FieldCondition(key="category", match=MatchVall
1,
with_payload=True

results = client.search_batch(
collection_name="knowledge_embeddings",
requests=search_requests

for i, result in enumerate(results):
print(f"\n&Eig{i+1}&R: ")
for hit in result:
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print(f" {hit.payload.get('title', 'N/A')}: {hit.

# Rig4: HERER FIRERREFMTEMRLR)

from gdrant_client.http.models import RecommendRequest

recommend_results = client.recommend/(
collection_name="knowledge_embeddings",
positive=[point_id_1, point_id_21, # FAFPERHIHY
negative=[point_id_31, # AP AERIIXAY
limit=10

bl

AR, MIREENRIBEERES T LBRS, MR
HENESREUEN—3E, 2— MOk,
=MESER

#HRX—: ERLERFSP (Scheduled Full Sync)

REPEBNS N —EREMEREEEINEARIE. &5
RS/ BARRERGR.
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# sync_scheduled.py

Eﬁj‘i\%ﬂ*ﬁ‘ BRER2RWT
D HURE < 100A%, EFRRE (B4R

import schedule
import time
from datetime import datetime

def full_sync():

||||||/\El (=NTRINT]
|_.|///)II.. E=

start_time = datetime.now()
print(f"[{start_time}] FHA2ERS...")

# 1. MEBRFHENSFEE

source_data = fetch_from_source_systems()
print(f" #EE {len(source_data)} Fit&E")

# 2. BURBAANER

cleaned_data = clean_and_transform(source_data)

# 3. tRCIBEUREN " SRIER"
mark_existing_as_stale()

# 4. SAFEWE (UPSERT)
batch_upsert(cleaned_data)

# 5. MIERRICA" SRR OB EE
remove_stale_records()

# 6. EEES|
rebuild_indexes()

elapsed = (datetime.now() - start_time).total_seconds
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print(f"[{datetime.now()}] 2=RF M, E {elapsed:.]

# ERMES
schedule.every().day.at("02:00").do(full_sync)

while True:
schedule. run_pending()
time.sleep(60)

B —: CDC (Change Data Capture, TEEEHHFX)

WIFMIEEMNZTERE (WMySQLAbinlog), SCATHHIRILH
KRIE, MEREDHENL,
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# sync_cdc.py

CDCIEERFD: WITMYSQL binlog, SERJ[EHFEINeo4]

{EMpython-mysql-replicationfE

import pymysql

from pymysqlreplication import BinLogStreamReader

from pymysqlreplication.row_event import (
WriteRowsEvent, UpdateRowsEvent, DeleteRowsEvent

)

from neo4j import GraphDatabase

import json

# MySQLEZEE
mysql_settings = {

"host": "mysql-master",
"port": 3306,

"user": "repl_user",
"passwd": "repl_password"

# Neodji&Esz

neo4j_driver = GraphDatabase.driver(
"bolt://neod4j—corel:7687",
auth=("neo4j", "your_password")

def sync_cdc():
"M CDCES EMEA
stream = BinLogStreamReader (
connection_settings=mysql_settings,
server_id=100, # M—server_id
blocking=True, # a0

only_events=[WriteRowsEvent, UpdateRowsEvent, Dele
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only_tables=["users", "products", "orders"],
resume_stream=True # MERIBEEE

batch = []
batch_size = 100

for binlog_event in stream:
for row in binlog_event.rows:

if isinstance(binlog_event, WriteRowsEvent):
batch.append(("CREATE", binlog_event.table

elif isinstance(binlog_event, UpdateRowsEvent)
batch.append(("UPDATE", binlog_event.table

elif isinstance(binlog_event, DeleteRowsEvent)
batch.append(("DELETE", binlog_event.table

# HELIE

if len(batch) >= batch_size:
process_batch(batch)
batch = []

# EBRIR
if batch:
process_batch(batch)

def process_batch(batch):
BB
with neo4j_driver.session() as session:
for event_type, table, data in batch:
try:
if event_type == "CREATE":
handle_create(session, table, data)
elif event_type == "UPDATE":
handle_update(session, table, data)
elif event_type == "DELETE":
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handle_delete(session, table, data)
except Exception as e:
print (f"4ME%MK [{event_type}] {table}: {e
# SAIEETI, BEATAE
write_to_dead_letter_queue(event_type, tak

def handle_create(session, table, data):
MU ONERERIE S
if table == "users":
session.run("""
MERGE (u:User {id: $id})
SET u.name = $name,
u.email = $email,
u.department = $department,
u.synced_at = datetime()
"o id=data["id"], name=datal["name"],
email=data["email"], department=data.get("depz
elif table == "products":
session.run("""
MERGE (p:Product {id: $id})
SET p.name = $name,
p.category = $category,
p.price = $price,
p.synced_at = datetime()
i jd=datal["id"], name=datal["name"],
category=data["category"], price=datal["price"]

def handle_update(session, table, data):

IIIIII%IEE?‘EE{q:IIIIII
# 5CREATEZ{i, {#FMERGE + SET
handle_create(session, table, data)

def handle_delete(session, table, data):

IIlIII%IEHﬂUBﬁ%{ man
if table == "users":

678



FNREREA]

session. run(
MATCH (u:User {id: $id})
DETACH DELETE u

nun - jid=datal["id"])

# BEICDCRES
sync_cdc()

B =: EHIREEL (Event-Driven)

ERRGEITIE S (Kafka/RabbitMQ) RHMEESH,
EIEARSSHERSBHHEN.
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# sync_event_driven.py

EMHIREIES : JEZEKafkalg R, SZARIEHRERE
from kafka import KafkaConsumer
from neo4j import GraphDatabase
import json

consumer = KafkaConsumer(
"knowledge_graph_updates",
bootstrap_servers=["kafka-broker1:9092", "kafka-broker
group_id="neo4j-sync—-group",
auto_offset_reset="earliest",

enable_auto_commit=False, # FapiEoffset
value_deserializer=1lambda m: json.loads(m.decode("utf-
max_poll_records=500 # BRRZSHES005

neo4j_driver = GraphDatabase.driver(
"bolt://neod4j—-corel:7687",
auth=("neo4j", "your_password")

# BHAMEISTER
handlers = {}

def register_handler(event_type):
def decorator(func):
handlers[event_typel = func
return func
return decorator

@register_handler("entity.created")
def handle_entity_created(event):
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nn Il;‘g{¢ﬁugllllll

entity = event["payload"]
with neo4j_driver.session() as session:

labels = ":".join(entity["labels"])
props = entity["properties"]
session.run(f"""

MERGE (n:{labels} {{id: $id}})

SET n += $props, n.synced_at = datetime()
id=entity["id"], props=props)

@register_handler("entity.updated")

def handle_entity_updated(event):
""";{AXE? min

entity = event["payload"]

with neo4j_driver.session() as session:
session.run("""

MATCH (n {id: $id})

SET n += $changes, n.synced_at

= datetime()
id=entity["id"], changes=entity["changes"])

@register_handler("entity.deleted")

def handle_entity_deleted(event):
""";M—‘ﬂﬂ”ﬂ%"""

entity_id = event["payload"]["id"]
with neo4j_driver.session() as session:

session.run("MATCH (n {id: $id}) DETACH DELETE n",

@register_handler("relationship.created")

def handle_relationship_created(event):
||||||9€/%@”Euuu

rel = event["payload"]

with neo4j_driver.session() as session:
session.run(f"""

MATCH (a {{id: $source_id}})
MATCH (b {{id: $target_id}})
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MERGE (a)-[r:{rel['type']l}]->(b)
SET r += $props, r.synced_at = datetime()
, source_id=rel["source_id"],
target_id=rel["target_id"],
props=rel.get("properties", {}))

def consume_loop():
ni ||5§l%\5§§$?}ﬁﬁllllll
print("SHEHRLRSER, FFER...")

for message in consumer:
try:
event = message.value
event_type = event.get("type")

if event_type in handlers:
handlers [event_typel (event)
else:

print (f"RESH4EE: {event_type}")

# BUE—FHEMIER—Roffset
consumer.commit ()

except Exception as e:
print(f"4EEELM: {e}, message: {message.val
# TiEoffset, TREIR
# EEKRM3RN &1%EEIFE(Stopic
continue

# |25
consume_Tloop()
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Gl REEITLE
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MR HIEREDInloghUE.  SEEAF]
s

IR 545 prometheus + Grafana

mEAERIRT
— P RENAREEEERAARERESZN T EH:
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=] |
EERINE, FHMEE. QPS |

N FBisinE |
Neodj &R, QdrantiEERIER |
EEMERR, SSHRAE |

EREHERE |
CPU. K73. RAI0. MAEHSE |

HERER |
BEMKE, MIPaM. XEERY

NeodjiEtnRES RE&E

# prometheus—neo4j.yml
# Prometheus>k&Neo4jiEtn

# NeodjfE: BRENRE

# 7Eneodj.confHiRmn:

NE04J_METRICS_CONFIG = """
dbms.metrics.enabled=true
dbms.metrics.prometheus.enabled=true
dbms.metrics.prometheus.endpoint=0.0.0.0:2004
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# prometheus.yml

global:
scrape_interval: 15s
evaluation_interval: 15s

scrape_configs:
# NeodjEEHEIN
— job_name: 'neo4j-cluster'
metrics_path: '/metrics'
static_configs:
- targets:
- 'neod4j-corel:2004"'
— 'neod4j-core2:2004"
— 'neod4j-core3:2004"
- 'neod4j-readl:2004"
- 'neodj-read2:2004"'
labels:
service: 'neo4j'

# Qdrant&EEHEin
— job_name: 'gdrant-cluster'
metrics_path: '/metrics'
static_configs:
- targets:
- 'gdrant-nodel:6333"
- 'gdrant-node2:6333"
- 'gdrant-node3:6333"
labels:
service: 'qdrant'

# NIRRT NS
— job_name: 'kg-app'
static_configs:
- targets: ['kg—app:8080"']
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labels:
service: 'knowledge-graph-app'

# HERN
rule_files:
- 'alert_rules.yml'

# Alertmanagerfii &
alerting:
alertmanagers:
- static_configs:
- targets: ['alertmanager:9093']
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B E X R R#EHR

# metrics.py

N REiETRE: {$Mprometheus_clientfE

from prometheus_client import (
Counter, Histogram, Gauge, Summary,
generate_latest, CONTENT_TYPE_LATEST

)

from flask import Flask, Response

import time

from functools import wraps

app = Flask(__name__)

# TEXIEIR

neo4j_query_total = Counter(
'neo4j_query_total',
'Total Neo4j queries',
['query_type', 'status'l # /5, mIH/KM

neo4j_query_duration = Histogram(
'neod4j_query_duration_seconds',
'Neo4j query duration',
['query_type'l,
buckets=[0.01, 0.05, 0.1, 0.5, 1.0, 2.0, 5.0, 10.0]

gdrant_search_duration = Histogram(
'gqdrant_search_duration_seconds',
'Qdrant search duration',
buckets=[0.01, 0.05, 0.1, 0.2, 0.5, 1.0]
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graph_node_count = Gauge(
'graph_node_count',
'Total nodes in knowledge graph',
['label']

graph_relationship_count = Gauge(
'graph_relationship_count',
'Total relationships in knowledge graph',
['type']

sync_lag_seconds = Gauge(
'sync_lag_seconds',
'Data sync lag from source system'

rag_query_total = Counter(
'rag_query_total',
'Total RAG queries',
['source', 'status']

# Kifigs: BshcRE RN
def track_neo4j_query(query_type="read"):
def decorator(func):
@wraps (func)
def wrapper(xargs, xkkwargs):
start = time.time()
try:
result = func(xargs, *kxkwargs)
neo4j_query_total. labels(query_type=query_
return result
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except Exception as e:
neo4j_query_total. labels(query_type=query_
raise

finally:
duration = time.time() - start
neo4j_query_duration. labels(query_type=que

return wrapper
return decorator

# BREBIEINIRS
@app.route('/metrics')
def metrics():
return Response(
generate_latest(),
mimetype=CONTENT_TYPE_LATEST

# TEHAEFRENESTITHER
def update_graph_stats():
e S MER—REEST
from neo4j import GraphDatabase
driver = GraphDatabase.driver("bolt://neo4j—corel:7687
auth=("neo4j", "your_pas
with driver.session() as session:
# PRSIt
result = session.run("""
MATCH (n)
RETURN labels(n)[@] AS label, count(n) AS cnt
)
for record in result:
label = record["label"] or "Unknown"
graph_node_count. labels(label=1abel).set(recor

# RARIT
result = session.run("""
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MATCH ()-[r]l—>()
RETURN type(r) AS type, count(r) AS cnt
)
for record in result:
graph_relationship_count. labels(type=record["t

if __name__ == "__main__":
app.run(host="0.0.0.0", port=8080)
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SEMNEE

# alert_rules.yml

groups:

— name: neo4j_alerts
rules:
# NeodjEHIERITS
— alert: Neo4jHighQuerylLatency

expr: histogram_quantile(@.95, neo4j_query_duratic
for: 5m
labels:
severity: warning
annotations:
summary: "Neo4j P95ZIRZEREBT2FH"
description: "I E57 %, PISEMILIRIFLERBII2F, HEN

NeodjEEMFER
alert: Neo4jConnectionPoolExhausted
expr: neod4j_connection_pool_active / neo4j_connect
for: 2m
labels:
severity: critical
annotations:
summary: "Neo4j &t {FEREEIT0%"

# Neod R R BEL

alert: Neo4jClusterMemberDown
expr: neod4j_cluster_member_available ==
for: 1m
labels:
severity: critical
annotations:
summary: "Neodj&E#FTREZL: {{ $labels.instance ]
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— name: qgdrant_alerts
rules:
# Qdranti$RIERT S
— alert: QdrantHighSearchLatency
expr: histogram_quantile(0.95, gdrant_search_durat
for: 5m
labels:
severity: warning
annotations:
summary: "Qdrant P953£ZRIERIBIT500ms"

# QdrantR7EERES
— alert: QdrantHighMemoryUsage
expr: qdrant_memory_usage_bytes / qdrant_memory_1i
for: 5m
labels:
severity: warning
annotations:
summary: "QdrantR7F{ERAZEEIT85%"

— name: sync_alerts
rules:
# BUEEFIERIT A
- alert: SynclLagHigh
expr: sync_lag_seconds > 300
for: 10m
labels:
severity: warning
annotations:
summary: "HUEREISERBIS5 D "

# EIHRSELE

— alert: SyncServiceDown
expr: up{job="kg-sync"} == 0
for: 2m
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labels:
severity: critical
annotations:
summary: "“#UERSZIRSAAH"
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Grafanal{&K&

{
"dashboard": {
"title": "ENRENEAE R,
"panels": [
{
"title": "Neo4j ZEiHQPS",
"type": "graph",
"targets": [
{
"expr': "rate(neo4j_query_total[5m])",
"legendFormat": "{{query_type}} - {{status}}"

¥
1
}'
{
"title": "Neodj P95 HifJiER",
"type": "graph",
"targets": [
{
"expr': "histogram_quantile(0.95, rate(neo4j_c
"legendFormat": "P95 {{query_type}}"
¥
1
b
{

"title": "Qdrant #EZREIER",
"type": "heatmap",
"targets": [
{
"expr'": "rate(gdrant_search_duration_seconds_k

b
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}l
{
"title": "EIEME",
"type": "stat",
"targets": [
{
"expr': "sum(graph_node_count)",
"legendFormat": " & S#"
i
{
"expr'": "sum(graph_relationship_count)",
"legendFormat": "ERZREH"
}
1
i
{
"title": "HIERESER",
"type": "gauge",
"targets'": [
{
"expr": "sync_lag_seconds",
"legendFormat": "EFHIER(F))"
}
]I
"thresholds": [
{"value": 0, "color": "green"},
{"value": 60, "color": "yellow"},
{"value": 300, "color": "red"}
|
}

695



HIREE ]
MHEZIAEF: STEChecklist

FrEg—: FFRMRIGUL

o [ ]1FFACypherEZITEXPLAINS T, TLEE/RIA

[1 xBENREERSIES

[12TMABEE > 80%

[ 1 B#UERESchemas 4t

[ 1 BUBREMNIBARE X

[ ]RAGESRELIBIREEIL (Recall@K. Faithfulness%)
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FYER—: 14EEMH

# load_test.py

IR EE %,;LI_D‘J/)”UW

M locust TR EMIE

from locust import HttpUser, task, between
import random

class KnowledgeGraphUser(HttpUser):
wait_time = between(0.5, 2)

@task(5)
def search_entities(self):
"SRR (SSmiReE)
entities = ["ZDIRENE", "#B{EI", "REFEI",
self.client.post("/api/search", json={
"query": random.choice(entities),
"search_type": "entity"
})

@task(3)
def graph_traverse(self):
"UMENEES (RRSRaE)
self.client.post("/api/traverse", json={
"start_entity": "#0iREIE",
"max_hops": 3

})

@task(2)
def rag_query(self):

"MURAGIE)E (ESESRASIRIE)
questions = [
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"AREEE SRR A?
"+ 24 2GraphRAG? ",
"Neo4jF1JanusGraphB A X5H? "
|
self.client.post("/api/rag/ask", json={
"question": random.choice(questions)

})

@task(1)
def write_entity(self):
" NIRIE (&S5
self.client.post("/api/entities", json={
"name": f"TestEntity_{random.randint(1, 10000¢
"type": "Concept",
"description": "EMIXAE RIS
})
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fER=: KEME

# security_checklist.yml
# BENMEFE

authentication:
- name: "Neo4]jZiEEEER"
check:
- BIBKE >= 161i
- AENNEFE., BF. BHRFR
- BIHEREIARE
- 90XR5&HIE R

- name: "APIZiREIE"
check:
- FRIEAPIZAEMERAEIERS (Vault/AWS Secrets Manage
- BT
- AERBIHEENHHEREEH

authorization:
— name: '"Neo4j RBAC"
config: |
// BIERE
CREATE ROLE reader;
GRANT TRAVERSE ON GRAPH neo4j TO reader;
GRANT MATCH {x} ON GRAPH neo4j TO reader;

CREATE ROLE writer;
GRANT ALL ON GRAPH neo4j TO writer;

CREATE ROLE admin;
GRANT ROLE admin TO user_admin;

/7 BRBRRN
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CREATE ROLE rag_service;

GRANT MATCH {x} ON GRAPH neo4j TO rag_service;
GRANT CREATE ON GRAPH neo4j NODES RAGCache TO rag_se

network:
- name: "MERE"
check: |

- Neo4j/QdrantRRE A Wik
fERVPC/ 2B RHITHEIRIR
API GatewayfERM—ADO
TLS 1.3MZEFBERE
MERARSS [EMERAMTLS

backup:
- name: "&HEHEE"
config: |

# NeodjfEL&EM (BMhR)

neo4j—admin database backup neo4j \
——to-path=/backup/neo4j \
——type=FULL \
——compress=true

# TEHSE (crontab)
@ 3 * *x x /opt/neodj/bin/neod4j—admin database backur

# Qdrant|REE
curl =X POST "http://qgdrant:6333/collections/knowlec

# BHREBRES

- SH2E&M, RETX

- BEAZEER, RE4IE

- BR2E&M, ®E12TA
- &inRFEE (BXE/BER)

- name: "RHRE"
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check: |
- RTO (REMEEIR) < L&
- RPO (MESRB#R) < 5%
- BEE#HTREWRE RS
- REREXHEL
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BRExPU: EZERE

# docker—-compose—-production.yml
# TR REEE

version: '3.8'

services:
# API Gateway
nginx:
image: nginx:1l.25-alpine
ports:
— '"443:443"
volumes:
- ./nginx/nginx.conf:/etc/nginx/nginx. conf
- ./nginx/ssl:/etc/nginx/ssl
depends_on:
- kg-app
networks:
- frontend
- backend

# FHREENARS

kg-app:
image: your-registry/kg-app: latest
environment:

— NEO4J_URI=bolt://neo4j—corel:7687
— QDRANT_HOST=gdrant-nodel
— REDIS_URL=redis://redis:6379
— LOG_LEVEL=INFO
deploy:
replicas: 3
resources:
limits:
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cpus: '4'
memory: 8G
healthcheck:
test: ["CMD", "curl", "—f", "http://localhost:8080/
interval: 30s
timeout: 10s
retries: 3
networks:
- backend

# RedisZE7=ZE
redis:
image: redis:7-alpine
command: redis-server ——maxmemory 2gb —-maxmemory-poli
volumes:
- redis-data:/data
networks:
- backend

# Prometheus!iaiz
prometheus:
image: prom/prometheus:v2.50.0
volumes:
- ./monitoring/prometheus.yml:/etc/prometheus/promet
— ./monitoring/alert_rules.yml:/etc/prometheus/alert
— prometheus—data:/prometheus
networks:
- monitoring

# Grafanaf&R£
grafana:
image: grafana/grafana:10.4.0
ports:
- ''3000:3000"
environment:
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— GF_SECURITY_ADMIN_PASSWORD=${GRAFANA_ADMIN_PASSWOF
volumes:
- ./monitoring/grafana/dashboards:/var/lib/grafana/c
- ./monitoring/grafana/provisioning:/etc/grafana/prc
networks:
— monitoring

volumes:
redis—data:
prometheus—data:

networks:
frontend:
backend:
internal: true # backendWEARRIFIMNEBIAIE]
monitoring:
internal: true

ENFH

%431 EBENeodiRH (k k%K)

{E£FIDocker Compose#&iZ—~3 Core + 1 Read Replicaly
NeodjER&ER: 1. MIELEIRTS: FIBTREL, Leadergizs
2. fELeader EEN1000&MIiA£#E 3. D 5l7ECore s mFlRead
ReplicaT & ETEN, KIBEED S 4. Eil— 1 Core P RE
M, WIEERNARA 6. MEBNT R, KWIEEIEEmEL
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#3)2: QdrantEREEETNE (KA KA%)
EIRAYQdrantSEHI_ E#THEREEENIRN . 1. 100751 FEH
7684 mE 2. DAMMPIKA TEREENERIEIR (P50, P95, P99):
- JtE1t vs int8&Z1t, — hnsw_ef=64 vs hnsw_ef=128 vs
hnsw_ef=256 - 84| vs 290 F 2%t 3. &HIiEIR-3 B R i &
4. CRBMEENAFSH

#4>)3: XHICDCRILEE (KA kky)

EE—1MySQL — Neo4jlICDCREIHE&E: 1. TEMySQLH
B2 users # departments &, IBBNMIXEIE 2. {FHBpython-
mysql-replication&Bfrbinlog 3. SCINIEMIZN =Fh B HAYE] 5 418
4. FAN10005KICK, MIEEEREHF EINeodj 5. MIILMIFRFIE iR
ERREIY IEMY 6. MERSF IR (MMySQLE A\ZEINeodjr] LAY
BB ZE)

#34: HWEGrafanalfiZURE (KA k%)
AAREE RSB ETENREAZR: 1. BaPrometheus +
Grafana (Docker Compose) 2. Eg&PrometheusK&Neo4j#l
BENXNAIENR 3. TEGrafanad I @2NKRE, BN TER: -
Neodj QPS (1Ri%/55%) - BEWRIEERD (P50/P95/P99)
- ENEAE (TRE/XARRN) - EEtERR 4. BEEDIFS
ZHN, {FRAHRM4EEWebhooki@AN 5. Rl —RERIEIRMA, 1
IFEZERA
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A {1 [33) 138
BHXHE
1. Neodj Operations Manual—58$50& . &, WITHNE

e

2. Qdrant Distributed Deployment——Qdrant2 2R E A
XY

3. Prometheus + Grafana Getting Started—— %12 R R[]

P 5E

1. {Designing Data-Intensive Applications) (Martin

DHERRMIZITHIEH

2. {Database Internals) (Alex Petrov) —— R \IBfRTZ(E5|Z
Mo HNEHEE

3. {Site Reliability Engineering) (Google SREHIRA) —4
BN EIL

Kleppmann)

FEITH
o Debezium: CDCHEZR, Z#MySQL. PostgreSQL.

MongoDB%
o Maxwell: BEEZHMySQL binlogiEX=3

e Neo4j Operations Manager: Neo4j&EREIETH
e Grafana Neo4j Plugin: Neo4j#1E BG4
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FIRETEN]

RENLE
AREHNSTH T MFFREIEFRIESHL:

1. Neo4jEER%: @idCausal Clustering LM S BIEE S H,
Core 2RIEEIE—EYE, Read ReplicaziBiE s

2. Qdrantzp = B D AMEIASSIKEY R, E4E4%EM
HNSWIEL M RE X5

3. BIERY: =MEXZAERYE—ENEEES/)\EE
&, CDCEE#IEEIZERY, E#H[EBL%WHEK””*’]

4. WIREE: Prometheus + GrafanatdZIIEMIRIAER (A
NA. Ehtigh. ERE), SEMNBZXRIER

5. REWMEFR: ML BN, MNBRE. &HKE, 83K
egd

6. L& Checklist: MARIGKEIMEENIXEIZ £ INERIEE L
%, WS EMRAT—K
MREERAGNETTENER R, MEEHNESR, BT

3K, lﬂtﬂ]TEHE?&F]ELE’\J?EEE—%W‘%MRi?sti?fAI Agent,

ZESMEEMRAGHNARAE.

FFERN: EFEIRAIE SR T K

NeodjEif 4 BERMAY” =R 7E”
AFHIER, NeodjfyMaERMEERR ML,
BEWEBRE ., UTERELEFARTREBHN=IRE,
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$—HR7: EXPLAIN—], 7ECypherZBiENIL EXPLAIN
KT, MERNFTWINTIT—ESFRRZXTEEREE
TH5|. BEFETHFRRR, MGEREZIMTEUE,

// EERITITL
EXPLAIN MATCH (p:Person {name: '3K="'})-[:WORKS_AT]->(c:Col
RETURN p, c.name;

/] REBIEIR:

// - Estimated Rows: FRfHIRME4TEL (#h/)\#d4F)

// — Db Hits: BUEEETAELREN (W#IT)

// - Page Cache Hits/Misses: EfF@HR (pH#EZHT)

WRIREZ Estimated Rows B ANXEFE (Eban1012), JLFA]
MNEEEWEOH, RELNERERERZ: REFRs|. HFR/RT. Ik
FRHIERE .

BIWRE: SBMAEN, KIZFEHECypherPERIEE, T
THEWAMNEZE BHEN), EEENENeodjFIUNEFEIRIT
X, RigiRFTEEEWRIMEEE.

# WiRTOC BREWHME"H"EN, TEERNITITL

session.run("MATCH (p:Person {name: 'sk='}) RETURN p")
session.run("MATCH (p:Person {name: 'Z[0'}) RETURN p")

# [ERE: SHMAEN, SERNTITN

session.run("MATCH (p:Person {name: $name}) RETURN p", nan
session.run("MATCH (p:Person {name: $name}) RETURN p", nan
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BRE: HERERBEF., SMRFEBAIERREHN
&R, FRAEERIFZFRITCypher, (£ UNWIND {EFIRE
FFRRtERE, MR EEE10-1001F,

/7 X 18 BEEA
// for person in persons:
// session.run("CREATE (p:Person {name: $name})", name

// R: UNWINDH#EEIEN

UNWIND $persons AS person

MERGE (p:Person {id: person.id})

SET p.name = person.name,
p.department = person.department,
p.updated_at = datetime()

EEHEE: WANNLERTF

REFAREETHFRERBEIRVMERE R, RFEAESEE, ™
EEFNERETRS.

Neo4jlIE8 T EWHBFE—TER. UREREK)N, SHEK
RIAEERABAFITER: MREEMAK, P ERNTTHRT
HEZREEE.

KNI ERBA) = HFEREHH x 1.2 (B20%RE).
T EEEIWebN A, FREWEERES0-2002[8), ATNER
IR BTE60-240tE A,
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# EFEREENRE
from neo4j import GraphDatabase

driver = GraphDatabase.driver(
"bolt://neod4j—corel:7687",
auth=("neo4j", "your_password"),
# ERMRE

max_connection_pool_size=100, # BRAREEN
connection_acquisition_timeout=30, # JREVEIEEBRN (7))
max_connection_lifetime=3600, # EERRAFENE |
connection_timeout=10, # EREIBN ()
# BWliE

max_transaction_retry_time=15, # BZEHBN (W)
# EERERAE

keepalive=True # RIFERER

A—TEZHRON: FAEESXIERISEIEFHIIDriverstfl,
Driverf8IE 0 K ISR RFHRFNRIN, TR/, IEFRRYIE
ERENRENAIZ— 12 BDriver, FABIERAE,

QdrantfYE L RERIFER

Qdrant>x R ENX
tREE (Scalar Quantization) FFFAEMN (Product
Quantization) , EfNIEEEEZNATFSRANERIEE.

mEEM (int8): Ifloat32/£48Nint8, REFEMDAE, BE
MRBEE-3%, WTARSHUATEATNERZ., XEBAIEE
RUBRRIAIE SRR
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RIMEM (PQ): BEERESENZTFZE, EEBTFE
BIAMIIEN ., RFFILAUMDNE-161E, BREEMERK (5-
10%), BERREAEXE (FERFIMNEHFFIER) . EFEBAR
MR (10fz+mE) NiZ=E.

— NSERBIST EE SRR :

m



FREEN]

# ENREIILELIN
import time
import numpy as np

def benchmark_quantization(client, collection_name, query_

HISEE R EI 2 R IR AR R M RE

# EEWE (FTEt)
start = time.time()
results_fp32 = []
for vec in query_vectors:
hits = client.search(collection_name, vec, limit=k
search_params=SearchParams (exe
results_fp32.append([h.id for h in hits])
fp32_time = time.time() - start

# int8EiNIL
start = time.time()
results_int8 = []
for vec in query_vectors:
hits = client.search(collection_name, vec, limit=}k
results_int8.append([h.id for h in hits])
int8_time = time.time() - start

# 1TEEE (RecalleK)

recalls = []

for fp32_ids, int8_ids in zip(results_fp32, results_ir
overlap = len(set(fp32_ids) & set(int8_ids))
recalls.append(overlap / k)

avg_recall = np.mean(recalls)

print(f"xEf: {fp32_time:.2f}¥")

print(f"int8&f: {int8_time:.2f}# (RERF: {fp32_tim
print (f"¥tJRecall@{k}: {avg_recall:.4f}")
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return {
"fp32_time'": fp32_time,
"int8_time": int8_time,
"speedup": fp32_time / int8_time,
"recall": avg_recall

WPEES: LNeodj LeaderEtlEd
AR RANAZMEEERD, meNENNFRIIE, i
N, TEHMEIEEZE DI,

U TFE2—"Neodj Leadera B ZrHIAT AT :
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# 1. FRIAGEIERERTS
cypher-shell —u neo4j —-p your_password \
"CALL dbms.cluster.overview() YIELD id, name, databases'

# 2. #E|HFiLeader
# ELERPHE| databases FEEH neodj: LEADER M9

# 3. #ilLeaderstl (BLEBHR)
docker stop neo4j-corel

4. MBEETH (F£F10-307))
FlRCoremReftALeader&Eit
N ABRSEEIEIEEEIR
NeodjIRs= Bl AR INFEE

H B B R

5. IRifffiLeaderg2ifss
cypher-shell —-a bolt://neo4j-core2:7687 —u neod4j —-p your_g
"CALL dbms.cluster.overview()"

. NBESINEERE
cypher—shell —a bolt://neod4j-core2:7687 —u neod4dj —-p your_g
"CREATE (:TestNode {created_at: datetime()}) RETURN 'wri

MEBNN TR
docker start neo4j-corel

# 8. WIETARERINAER
# EEH30WENE

cypher-shell -u neo4j —p your_password \
"CALL dbms.cluster.overview()"

714



FNREREA]

BEER: - ICRB—HMIER: MLeaderaEHEIF
LeaderiZ e MHBEEZDH? X TMITEFMEIMAIRTO (MERTEH
). - MEMAERTH: NARESERGE T EEERTRT?
ERAEMG? APESRAE THEIR? - WIEBUE—NE: &
EENTRESBEL TSV EAYEHE?

BWNEFEM—IXZFMNES. F—XMREFICHE, F=X
RAEE—LBME—2EERRBNRE T .

L hNERIGAREATEH
AFMENLT 2T EN—IB8EE T, MEEZHREE
(Defense in Depth) —Z E[HiF, FA—BHERKEEHAEZH
EiEESS

NTARENE RS, IRPEHEERE:

F—E: MERE. Neo4jflQdrantZBEAM (VPC), A
EEEALMImO, FIEINEBIEEALIBITAPI Gateway, XE&
Bt EREEN—B— Ko REBHBEENBIEERRSR
BEAWLE,

BTE: ERME. FIE/MNBEERTLS 1.3, WERSE
BEFEAMTLS (RETLS), MERAXENENE, MEBEXNAE
MRIHESD .

F=F: INIESEN. NeodjlIRBAC (BETFAEHIARIEH)
AARERSHER/INR, RAGIRE REZIZNR, HERLRS
TESNR, BEEEAFETENE—ETERAR— TSRk
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P8BS,

BHE: BUEME, FBFSEBUENZE (Encryption at Rest) 1R
PR FROEIR. BMER AYIBIEM T RS 238, W AIEEE
&, Neodjib\hxFIQdrantEi sz :EREUEIZ (TDE),

BAHE: HitAE. FEHRIEREDTAMICEREITEE—
HWEFTLAREERTHABIE. BRTHAXR, ZIRMIRLEE
E WEEUEXR (TEEEMAETITI).
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# audit_logger.py

FIRENETA BT B

import logging

from datetime import datetime
from functools import wraps

# EEHRITARE
audit_logger = logging.getLogger('"kg_audit")
handler = logging.FileHandler("/var/log/kg/audit.log")
handler.setFormatter(logging.Formatter(
"%(asctime)s | %(message)s"
))
audit_logger.addHandler(handler)
audit_logger.setLevel(logging.INFO0)

def audit_log(operation_type):
"R A SRR
def decorator(func):
@wraps (func)
def wrapper(xargs, xkkwargs):
# ICRIFERE
user = kwargs.get('"user", "system")
query = kwargs.get('"query", str(args))

audit_logger.info(
f"START | user={user} | op={operation_type
f"query={query[:200] }"

start_time = datetime.now()
try:
result = func(xargs, *kkwargs)
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elapsed = (datetime.now() - start_time).tc

audit_logger.info(
f'"'SUCCESS | user={user} | op={operatic
f"elapsed={elapsed:.3f}s | "
f"result_count={len(result) if isinste

)

return result

except Exception as e:

elapsed = (datetime.now() - start_time).tc

audit_logger.error(
f"ERROR | user={user} | op={operation_
f""elapsed={elapsed:.3f}s | error={str(

)

raise

return wrapper
return decorator

XARBEHMEGFR—E8—RHAER, ESMERMIL
TEVERAE . REZENEE—F (RERE) ME_F (Eh
mE) #iE7T, XBIFEFMN, —MEBKNAPIZREESE
BIFE, BARREIEE.

I

HITARN: EFFIRIGHBERNL

Baift &5 IREIRIE

BHTE, BORIEEMHAINRE ., RIEME T FES
o, BREIREMERNT RMEMMAHRAT . HERERZES
B, XM EEEISNEN EET R EIFE.,
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MTR— T BEtNEHIIERA, BINSRAEIMHIT—X:
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# backup_verification.py

Bt &ML RIREM RN NRE

import subprocess

import os

from datetime import datetime, timedelta

class BackupVerifier:
““"%ﬁ]\gﬁiﬁ%&"""

def __init_ (self, backup_dir, verify_dir):
self.backup_dir = backup_dir
self.verify_dir = verify_dir # JHITAYIGIEIRIE

def verify_neo4j_backup(self, backup_file: str) —> dic
"M EIENeod B AT EE M
result = {
"file": backup_file,
"timestamp": datetime.now().isoformat(),
"steps": []

# SEL: WEERH RN
file_size = os.path.getsize(backup_file)
result["steps"].append({
"step": "HEXXMHA/N,
"status": "pass" if file_size > 1024 x 1024 el
"detail": f"{file_size / 1024 / 1024:.1f} MB"
})

# SE2: IREFIIEIFE

try:
subprocess.run([
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"neo4j—-admin", 'database'", "restore",
f"—from-path={backup_file}",
f"——to-path={self.verify_dir}",
"——overwrite-destination"
1, check=True, capture_output=True, timeout=6¢
result["steps"].append({
"step": "VREZIFIEIME",
"status": "pass",
"detail": "MRERIN"
})
except subprocess.CalledProcessError as e:
result["steps"].append({
"step": "VREZFIIIEIFE",
"status": "fail",
"detail": e.stderr.decode()
})

return result

# B3 BalRIEEFHIIT R E
try:
# ERIEAMEREINeod j HIEIT—HIEEE
check_result = subprocess.run([
""neod4j—admin", 'database'", '"check-consiste
f''-—database=neo4j",
f'"——from-path={self.verify_dir}"
1, capture_output=True, timeout=300)

is_consistent = check_result.returncode ==
result["steps"].append({

"step": "—HHEHE"

"status": "pass" if is_consistent else '"f¢

"detail": check_result.stdout.decode() [:5€¢
})

except Exception as e:
result["steps"].append({
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llstepll : Il_g&,lg*ﬁ?ﬁll’
"status": "fail",
"detail": str(e)

1)

# SBA: IERBEBIEEE
try:
from neo4j import GraphDatabase
verify_driver = GraphDatabase.driver(
f"bolt://localhost:7688", # IIFIfiEIRO
auth=("neo4j", "verify_password")
)
with verify_driver.session() as session:
count = session.run(
"MATCH (n) RETURN count(n) AS cnt"
).single() ["cnt"]
result["steps"].append({
"step": "HUBRTEM",
"status": "pass" if count > 1000 else
"detail": f"=#: {count}"
1)
verify_driver.close()
except Exception as e:
result["steps"].append({
"step": "EUEZEM",
"status": "fail",
"detail"™: str(e)

})
# S
statuses = [s["status"] for s in result["steps"]]
result["overall"] = "pass" if all(s == "pass" for
else "fail"

return result
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def scheduled_verification(self):

"MEREGORIE FXNEERT—R) "

# HWEIRFANEMD XU

backups = sorted(
[f for f in os.listdir(self.backup_dir) if f.e
reverse=True

if not backups:
print("&%: RIIEEAEHIXHE! ")

return

latest_backup = os.path.join(self.backup_dir, back
print(f"iirH#HEMm: {latest_backup}")

result = self.verify_neo4j_backup(latest_backup)

print(f"\niifs£ER: {result['overall'].upper()}")
for step in result["steps"]:
icon = "/" if step["status"] == "pass" else ")
print(f" {icon} {step['step'l}: {step['detail

if result["overall"] == "fail":
# RIFEE
self.send_alert(result)

[EML: HANRZYS

£
M, mh

x4F

BHPZ—TERTERFEMI—RIITFR IR
TFEN RS T FITHIEL,

Neodj, RENBEIEITEE:
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MRFERE: HIVMERFERRFERIIT80%, AR
ElSHEE B HRIAFREAERIR . KIENE, HAFERIZ
Z/D B EEstore XX R/\IL5ME,

TIEFGPE: Neodj{FHTIZETF (Page Cache) HNiRMEE
¥IEIRE], HTIEEGPRMET0%, BEHEMBAMEIO, &EiF
HRESEE TR, LATROZIEINTIEFA/NE AR IMRead Replicazy
BRE,

EIfRATRE . R NeodjiyH & EREIFEIZIEE T L
IR, BEERFRHAER, AR a2 EIBEA9EIREM,

FQdrant, XEIEGRE:

AFERE: HQdrantINEERRBIMIERNFN80%, R
RO REFFa{ERswap, BRIERS2R EFH, LN ZEE: 18
myoRSE. BEEXES . 335 IHAICollection)ALE 2 TE1E .

HMEERRE: QdrantfYREBMWALAES SBWAETE, H
ME{EREIE85%, NiZFIEIRREBST BHE,

— M ERNETENEAE:
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# capacity_planning.py

BEMMTERS

class CapacityMonitor:
def __init_ (self, neo4j_client, qdrant_client):
self.neod4j = neodj_client
self.qdrant gdrant_client
self.alerts = []

def check_neo4j_capacity(self):

S BNeodj FE"""

# IREVFHEAR/N

store_info = self.neo4j.read("""
CALL dbms.database.info()
YIELD key, value
WHERE key IN ['storeSize', 'idAllocation']
RETURN key, value

IIlIII)

# IRERIVMIEATZ{ER
jvm_info = self.neo4j.read("""
CALL dbms.queryJmx(
‘org.neo4j:instance=,name=Page cache'
) YIELD attributes
RETURN attributes

IIlIII)

# METEEHRE
cache_stats = self.neo4j.read("""
CALL dbms.queryJmx(
'org.neo4j:instance=x,name=Page cache'
) YIELD attributes
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RETURN
attributes['HitRatio']['value'] AS hit_rat
attributes['UsedBytes'] ['value'] AS used_t
attributes['TotalBytes']['value'] AS total

IIIIII)

if cache_stats:
hit_ratio = cache_stats[0] ["hit_ratio"]
if hit_ratio < 0.90:
self.alerts.append({

"severity": "warning",
"‘component": '"neo4j",
"metric": "page_cache_hit_ratio",

"value": hit_ratio,

"threshold": 0.90,

"recommendation': "iEANTILETEA/NERIIRe
1)

def check_gdrant_capacity(self):

"M EQdrantaE
collections = self.qdrant.list_collections()

for col_info in collections:
info = self.qdrant.get_collection(col_info.nan

# MEFIEKED
point_count = info.points_count
vector_size = info.config.params.vectors.size

# HERNEFSA (EHa)

estimated_memory_gb = (
point_count * vector_size x 4 # float32 =
/ (1024 *x 3)
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if estimated_memory_gb > 50: # B Collection;
self.alerts.append({
"severity": "warning",
"‘component": '"qgdrant",
"collection": col_info.name,
"metric": "estimated_memory_gb",
"value": estimated_memory_gb,
"recommendation': "ZEEHESMXEEIIEM:
1)

def generate_report(self) —> str:
nin IIE}&%%;E%"“"
self.check_neo4j_capacity()
self.check_gdrant_capacity()

if not self.alerts:
return "fIEAHSRER, £RIE, "

report = "BAEMERS\n" + "=" *x 40 + "\n"
for alert in self.alerts:
report += (
f'"[{alert['severity'].upper()}] {alert['cc
' #8t%: {alert['metric']l} = {alert['valu
' #iY: {alert['recommendation']}\n\n"

return report

RIS BHF Mt

£FEHR, KWPRE (Disaster Recovery, DR) A2"H7
BHOMIT, ME—ETENRE. UTE—HEERNRERE
B
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1pE—: BV AHE (Neodj CoreTTmENl) - FiH: S£2¥
Balitstiileader, EERSBEIMVAME - #&1F: ELE—T
Core i mAE - WilE: BAMIKEIE, WIAKID - RE: EBS
82, MIAIBRIP TR - RIKITE: RTO <19, TREEX

e BUEERI (RMEBHE) - i MsiE—R&EMD IR
E—m’ﬁ 7ENeod| P ITEEIRIMIDETACH DELETE - I&F:
INEER - ME: FBLERS-MENME-ERBRS - KRIKF
E: RTO < 3099%h, RPO < LREMNETE S

m= BTBI\EPOAFTH - Fill: ISR BEPO -
BRE BIEEURR O WL PR - I FREUEFR/ORINeodjH]
Qdrant®[i5[8] - VRS : DNSEIIRE|ZBEIEFL - R A:
RTO < )\BY, RPO < 57 (BURFRESIER)

BEEEVEGYR—NZR", YR=BFEHIXEIA.
BENXBAZE EREME”, ME HANESHEEAM —H
REMEVI TIRMERREIRIL ST AR ERIE, AR R BERMITHZT

AN
o

CHE—] T NZ i —RFNCHEMETLABIEE
£, BEHIH2AHASRE", ERFEAENES. EHNB
b, EM—aEERNBEMR: “RERRIFNITY, &2
RIFIFRE.”
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FRFEARN: RIS tBEHEE SR Ak
PHRNER: —MEKRITEIRTE

AR EERMARS 2R, —PRAFPIEKRTERET A TAR
%——API| Gateway. RAGHRSS. Neodj. Qdrant, LLM API, %8
FE. SRAPRET RGRIE" I, REAHBEREME?

BRESHIBEE (Distributed Tracing) ., EABMNEKRD
fe— " HE—8TracelD, IEXIEREB RS HREERTE,

729



FREEN]

# tracing.py

fEAOpenTelemet ry N AIIREIE REUAMN D HIBER

from opentelemetry import trace

from opentelemetry.sdk.trace import TracerProvider

from opentelemetry.sdk.trace.export import BatchSpanProces
from opentelemetry.exporter.otlp.proto.grpc.trace_exporter
from opentelemetry.instrumentation.neo4j import Neo4jInstr
from opentelemetry.instrumentation.requests import Request

# VIATIBER

provider = TracerProvider()

exporter = OTLPSpanExporter(endpoint="http://jaeger:4317")
provider.add_span_processor(BatchSpanProcessor(exporter))
trace.set_tracer_provider(provider)

tracer = trace.get_tracer("knowledge-graph-service")

# BENEANeodj MIHTTPELR
Neo4jInstrumentor().instrument()
RequestsInstrumentor().instrument()

class TracedRAGService:
" TR B IRIIRAGHRSS

def __init__ (self, graph_client, vector_client, 1lm):
self.graph = graph_client
self.vector = vector_client
self.1lm = 1lm

def answer(self, question: str) —> str:

with tracer.start_as_current_span('rag_query") as
root_span.set_attribute("question.length", ler
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# 1. STURHAER

with tracer.start_as_current_span("entity_extr
entities = self.extract_entities(question)
root_span.set_attribute("entities.count",

# 2. HTRE
with tracer.start_as_current_span("hybrid_retr
# MEKRE
with tracer.start_as_current_span('"vector_
vector_results = self.vector.search(qt
ret_span.set_attribute("vector.results

# ENERER

with tracer.start_as_current_span('graph_s
graph_results = self.graph.search(enti
ret_span.set_attribute("graph.results

# 3. LLMAERY

with tracer.start_as_current_span("1lm_generat
answer = self.llm.generate(question, conte
gen_span.set_attribute("1lm.tokens_used",

root_span.set_attribute("answer.length", len(c
return answer

BT /B, SRR EBRIE™N, RiTHFJaegerst
H, #iATracelD, Hige—BTARMEER:
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[rag_query] 3.2s
I [entity_extraction] — 0.4s
I [hybrid_retrievall ——— 1.8s
| - [vector_search] — 0.3s
| L [graph_searchl] 1.55 « MAFTEXE!
- [1lm_generation] —— 1.0s

EXTIFH, BEERST1.58, BEERM, #—FTHE
AREERIZR T CypherBEWIR D ERS|, HEEHREIREI KN, R
BomiER, MAEER/VTVNNERSHRAESET BT7E,
N #PeiBEE AL B)R

SEIEN =FE RN
GETHIRE, BRZIFAMEETRAT —FRM. &
BT =F"AER:

AEILEFXZ, REFRERET ZILRLRE, EREAT
SEHEELK, METEER, EREARERURKNEEH, £
FHRENESMZAILE: HERNEE. XBIWSEH (BFE
W, BEERY. BEXE). MEeEln (BWEE. ZEFGFX),
EIRAN H SR EHEREN GRS .

FEIELEMK, “ERROR: something went wrong” iX###5 H
SETAL., FHBETRZEEMNR, UK EERSETNER

AN .
=
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# S EGRG
import structlog

logger = structlog.get_logger()

# PFNEE
logger.info(
"graph_query_completed",
query_type="read",
cypher="MATCH (p:Person {name: $name}) RETURN p",
duration_ms=45,
result_count=1,
user_id="user_123",
cache_hit=True

)

# IR BEMER SRR HRE D!

# - TEVIRFRAEgraph_query_completedSE#4HIPISIEIRE 2/
# — [ffttquery_typeferror_ratemizS?

# — cache_hitAJLEBIZ =02

EZMAERE, £TMENBEEMLMBERTE (rotation)
%Hﬁ—&ﬁ/J@EEﬁIEﬂf}JEUEluﬁlfﬁF RERIANK, BxniEEIR
B, &, — M7+ FENRS AIEIR R L BGBRIH &,
MURTEEME, BRI &R SBRS R,

— PR EHEE RS
REDE—TULBRHRARZINEHEHIE RS,

RRER2R, EHNETEIMKEIEE: NeodjEWMEIRMIEER
50msHlFEI T 5%,
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F—RE: BEE., Grafana{REBE R, ERMAZMER
1:30F6HY . EIRY, CPUERZEM30%3KEI T95%, TNEFamHAR
MO5%$EZEI T 40%,

BIRMN: EHE. NeodjHEERAEZE Long running quer
y 2%, EARMEELN? BIoHNERAI, 2 —FKENNIT
ACypher&if):

MATCH (a:User)-[:PURCHASED]—>(p:Product)<-[:PURCHASED]-(b:
WHERE a.id <> b.id

WITH a, b, count(p) AS common_products

WHERE common_products >= 3

MERGE (a)-[:SIMILAR_INTEREST {score: common_products}]—>(k

REE WM T AP WETRBEEIED
PMUEREFREAR, FRERLE" XA,

EoRE: DIFIRE. [GOREZ, Lﬁelﬁrgfftf$iﬁtpf¢$
THFERA, AFPRBS0AFKICE, B
507 x 507 = 25001Z)% b, T:Eﬂhitﬂxiﬁclﬂ,\?ﬁﬂooo«\ﬁﬁ)ﬁ,
FRAMKR R EEIX M a),

BRER: ES5EN, EFHRESHNAI:

HHEWL T3
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// fE: MFERARETR, BRBER/RR

MATCH (p:Product)<-[:PURCHASED]-(a:User)

WITH p, collect(a) AS buyers

WHERE size(buyers) >= 2

UNWIND buyers AS user_a

UNWIND buyers AS user_b

WHERE id(user_a) < id(user_b) // £&E: RLESHAFP—RX
WITH user_a, user_b, count(p) AS common

WHERE common >= 3

MERGE (user_a)-[:SIMILAR_INTEREST {score: common}]->(user._

fitiE, XXEWMSWEERT200ms, CPUERRIREIE
':J%"o

gill:  EFHRENEEIEIINLMRER ERE . TPk
SRICECSELNEHNEN, #ROAEERITEF HIHRAIEEE CAitae
i, FE1000FXEE LIS RFNEN, ES0HFEUELIJREM
=T ER N,

R RAISEEIER T Ia RN —FKE: IRFRER0E
B, MIREFHRREE, ZEFEAERESE, mERE
MR

A BHILE
ERX—8, ZEPE—EXTETCHNTARR,
REARSCHRE HERE —iE. WiE. &0, I35,

RBEEELIEMIEH, RBRMIMASRE, ERNRNE: 8
BHRENZ—T IREMEREGNEROESR .
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WHEER LR R MR, FNISHTEEILRR —HiE
B, BAEFHEDR, —EREICEEREE—BE, AFTS
EFIRRIRAG R ZiRecall@5 MO0%IEFH R T 92% M4 E, BRE
S5 HHMENILHRNEFIRIFRIFITIEE R,

BARCETNEE N =8 Faks. Baht. RE.,

AR Ti8TT . EEEAL ZRIAME—ET KR A EE
MHTH (AEEIEEK. MERHER), MARFNRREHERT
=R,

BoiftB O ARKIR, NEEERITEBI = IRANIRIE, EI1Z
ERIAZ KL, ARRAAENHT—REZ RMRNEERT,
REMEFRIEFEIHITH2E MEREASERE—D,

AMmERRENZEN, TILThiEkZTE, HESSA
4, XBEREMEAENERERE—ERHD. BTNR. A&
éﬁ\o

X =, REVFRENE RSMEEEA T EP IRt T
%0

736



FREEN]

B THE BEERIARRK:

Agent. :::1‘%,..,\'5 BH=
4t

737

I

1 EA
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JBE: AKSAS A (BENE, LPERITET) FEEK:
STREBITAZEH]iE, XABRENEEHBEENING XEFEW: B
FEMSBZMET, ZEIEELEETIW S

51F

19565, RFFHWLE, —BHREREXIRLE T ATERE"
XM, IRMION " — N E R, MEEILAEEA—
HRE.”

EETEIE, AIEET TRSEX. EREX. HUFEI &
B3, . 80RBEERFNEE, LB TRRRE,

HIREENmEHEAULt, 20128 Google£1IREE 4 AT,
A SRR IE IR RGAR T ", 20185, HEEBERTHIIIE
SRANIER, FMREIERADAAT R — R FEF5
FOEEAFAXR? LLMARZRT”

RIF2023%F, NESHEEBRLT. WHHNE, ERLLME"S]
WCER, ERREEMLSRRE T HEERR, AR LLME
sEA, BEE—AEN SXHERKARENAR/\E,

BX—R, MREENARET., EXBEBTHEEALRL
MEN"BSERESR”, MEBEEERA—1EN. SIFREFIR
BF—aEEERER. BREBLE. EESSHETRR.
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FEZRXEAPBNRE—F, 2R E W—F. HMFELS
R3, MRIAE2020FMET R L, BREIMREIESARICHAR

HIAEIEEAl AgenthIAE

+42Al Agent

Al Agent (EBEEIR) 22024-2025F A RIS EZ—,
5&@LLM B —8&—8 T E, AgentEEBEM—TERERA
Wi, ST, IT1TE. RBER, HTEER,

FA— e LLME—1N" 818" —(REEERE, BLERIG
AgentE2— 1N BE—RAEBIN, EBECSEDETHK.

AgentB9t%/OBIR ] DABLIE 9 -

A (Perceive) - B2 (Think) - 1781 (Act) - RE (Reflect)

T
|

EXMETS, MREIEEE=1"xEAE: icld
(Memory) . # (Reasoning) F1#¥%I (Planning) A9EAMIE
i

iB1Z: AgentBy{<HEA%NINE
AgenttIiCIC AR BE D N =28
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T{EiBiZz (Working Memory) : HEISHEN LT, SLLM
LETFXEORS,
{52212 (Episodic Memory) : FEREREMREZH, BF
FIRPREFNHEEN,

EXIEIZ (Semantic Memory) : =Tt 598 F &NIR A0S
B EMR—XE2FREEN AR 2 i,
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# agent_memory.py

AT AgentHUIBIZ R L5 (HER1ESTI)
BRANREEUEERTEXITICZEAgent

from dataclasses import dataclass

from typing import List, Dict, Optional
from datetime import datetime

@dataclass
class Memory:
content: str

memory_type: str # working / episodic / semantic
timestamp: datetime
importance: float # 0-1, CILEEE

access_count: int = 0
source: str = ""

class AgentMemorySystem:
nmn IIAgEntiE,’l\Zuz{Eé}tb“" 1"

def __init_ (self, graph_client, vector_client):

self.graph = graph_client # FIREE: 1BXICK
self.vector = vector_client # RERIEE: BRI
self.working_memory = [] # FIXR: TEICIZ

def store_episodic(self, event: str, context: str):

"UIEREIERICIC (BARSH) "

# MENXEFARESEIEE

embedding = self.get_embedding(event + context)

self.vector.upsert(
collection="episodic_memory",
point_id=generate_id(),
vector=embedding,
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payload={
""content": event,
"context": context,
"timestamp": datetime.now().isoformat(),
"importance": self.estimate_importance(eve

def query_semantic(self, question: str) —> List[Dict]:
"UUEERNENIC (FHRERE)
# MIBIREIZENSE (R

entities = self.extract_entities(question)

# TEANREE P REXANIR
results = self.graph.read("""
MATCH (n)-=[r]l->(m)
WHERE n.name IN $entities OR m.name IN $entiti
RETURN n.name AS subject,
type(r) AS relation,
m.name AS object,
n.description AS context
LIMIT 20
men s {"entities": entities})

return results

def recall(self, query: str, top_k: int = 10) —> List]|

ZEEINZ: BRNMN=MCIZPRER

recalled = []

# 1. TfRiglZ: BEERESRIANNIE
recalled.extend(self.working_memory[-5:])
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# 2. BRI MEENERER
embedding = self.get_embedding(query)
episodic_results = self.vector.search(
collection="episodic_memory",
query_vector=embedding,
limit=top_k
)
for hit in episodic_results:
recalled.append(Memory (
content=hit.payload["content"],
memory_type="episodic",
timestamp=datetime.fromisoformat(hit.paylc
importance=hit.payload["importance"]

))

# 3. BXALIZ: FMREIENE

semantic_results = self.query_semantic(query)

for record in semantic_results:

recalled.append(Memory (

content=f"{record['subject']} —[{record[':
memory_type="semantic",
timestamp=datetime.now(),
importance=0.8,
source="knowledge_graph"

))

# REEENBXMUHF
recalled.sort(key=1lambda m: m.importance, reverses
return recalled[:top_k]

def forget(self, threshold: float = 0.1):
iEliER: BEMEEZEENIRICIC
R SRR BRAY & T AL
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# BERICICRR
self.vector.delete_by_filter(
collection="episodic_memory",
filter={
"must": [
{"key": "importance", "range": {"l1t":
1
b
)
print(f"@=seR: BRTEEE < {threshold} MIBEIZ")

IR ENEERNANEIEE

LLMEOH#EIER " B — IR A AIBEA T ABEENEIL,
FIREE A A AgentiR (H ET AR FRAY IR HE

BREF—TIIR: AgentFZEAIM K=RDEFIEETEL
}E”o

ELLMIEIE (RPIARRE) -

K= BRI TIEZE, RAANMEFETEEEZR,”

EEIEsRIEIE (FIRRER)

1. 5K= — 1BFT — 3T EARIIE (KF: HREZL)

2. 5K= — 55 — PMPIFE (KR #FFEE)

3. K= — B — 15AHA (KI5 TTEEE)

4. K= — 12 — 2024 F RETEFEX (FF: #EC
&)
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5. it K=EEHEFNELAE (ElFE: 0.92)
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# agent_reasoning.py

ENEIXENAY AT AR R

class GraphReasoningEngine:
v B FAREREAOH S

def __init_ (self, graph_client, 1lm):
self.graph = graph_client
self.llm = 1lm

def reason_with_evidence(self, hypothesis: str) -> Dic

N—MRIRHATILEIEE

nffl: hypothesis = "sk=1EG1BEINEZIE"

# 1. DEEFEIZHPIIIER Fan R

sub_claims = self.decompose_hypothesis(hypothesis)
# - ["SR=AMBEERER", "K=BHEXAR", "K=FBHPE

# 2. WENFaAEAIREERERIE
evidence_chain = []
for claim in sub_claims:
evidence = self.search_evidence(claim)
evidence_chain.append({
"claim": claim,
"evidence": evidence,
"verified": len(evidence) > 0,
"confidence": self.calculate_confidence(e\
})

# 3. ZEWME
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verified_count = sum(1 for e in evidence_chain if

total_count = len(evidence_chain)
overall_confidence = sum(e["confidence"] for e in

# 4. ERNRIRRTERVIEIRIRS

reasoning_report = self.generate_report(
hypothesis=hypothesis,
evidence_chain=evidence_chain,
overall_confidence=overall_confidence

return {
"hypothesis": hypothesis,
"conclusion": "X#F" if overall_confidence > @

""confidence": overall_confidence,
""evidence_chain": evidence_chain,
"report": reasoning_report

def search_evidence(self, claim: str) —-> List[Dict]:
N RIRENE P RIS R B E A e A I

entities = self.extract_entities(claim)

# ZHER: NIAE L, BXRBERIHAEXIEE
results = self.graph.read("""
MATCH path = (n)-[*1..3]1-(m)
WHERE n.name IN $entities
WITH path, nodes(path) AS nodes, relationships
UNWIND nodes AS node
WITH path, node, rels
WHERE node.description IS NOT NULL
RETURN
[x IN nodes(path) | x.name] AS entity_chai
[r IN relationships(path) | type(r)] AS re
node.description AS evidence_text
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LIMIT 10
nee s {"entities": entities})

return results

multi_hop_inference(self, start_entity: str, quest

SHHEE: OEENEMXATATHIE

T MUEK="Hk, MR IK = Rl RERLMEBRAGES )RR
B®Z: k= - EE(ERIEM - FEREE(Java, MERS) -
HXIERE (B Javartk, Spring CloudsLh)
# SRENZEkIRE
paths = self.graph.read("""
MATCH path = (start {name: $start})-[*2..4]->(
WHERE end:Course OR end:Training
RETURN
[n IN nodes(path) | n.name] AS entities,
[r IN relationships(path) | type(r)] AS re
length(path) AS hops
ORDER BY hops
LIMIT 10
e {Ustart": start_entity})

# IELIMETHIRRZE KRB AES R
prompt = f'"""EFUTHERZLEZEM,

fm: {start_entity}
[a)gR: {question}

HEIRRRIZR

for p in paths:

chain = " - ".join(
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f'{p['entities'][i]l} -[{p['relations'][il]]
for i in range(len(p['relations']))
) + pl'entities'][-1]
prompt += f"- {chain}\n"

prompt += "\niEABAESHREHEIREMEL, "
return self.llm.invoke(prompt).content
Ml ENSEEIRES DR

AgentITERESIIFEME (Planning) — & KBino
RRATHITHNFES ., FNRENE O RIS RN REE",
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# agent_planning.py

R EEHHENRIESS ML

class GraphPlanner:
"R AR ERE AT E S

def __init_ (self, graph_client, 1lm):
self.graph = graph_client
self.llm = 1lm

def plan(self, goal: str) —> List[Dict]:

ETAREEHIERITIT

mffl: goal = "N~ @mBEIIREE"
# 1. EAIREEREHEMESHINTIRRE
similar_plans = self.graph.read("""
MATCH (g:Goal)-[:REQUIRES]->(step:TaskStep)
WHERE g.name CONTAINS $goal_keyword
WITH g, collect(step) AS steps
MATCH (g)-[:REQUIRES]->(step)-[:DEPENDS_ONx*Q. .
RETURN g.name AS similar_goal,
collect({
step: step.name,
description: step.description,
estimated_hours: step.estimated_hot
dependencies: step.dependencies
}) AS plan_steps
LIMIT 5
i {"goal_keyword": self.extract_keyword(goal)})
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# 2. MRRBHECEATTRIER, 1ELLMAER
if not similar_plans:
plan_steps = self.generate_plan(goal)
else:
# BEFHEITHER + LLMER SRS
plan_steps = self.adapt_plan(goal, similar_plc

# 3. tWENIIDAG (BEFLHE)
execution_dag = self.build_dag(plan_steps)

return execution_dag

def build_dag(self, steps: List[Dict]) —> List[Dict]:
RS UREIDAG!
dag = []
for i, step in enumerate(steps):
dag.append ({
"id": i,
"task": step['name"],
"description": step.get("description", "")
"dependencies": step.get("dependencies", |
"estimated_hours": step.get("estimated_hot
"status": "pending"
})

# MR, TRERATING

sorted_dag = self.topological_sort(dag)
return sorted_dag

Agent + KGRYSZFRZESI
Rl—: EHeEZHRAgent
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REIRITIEEERAS, AgentHZELIE"HBNIBEARX

FEIIEK,

B R BFPEEE RHEEAFR

BE (EhgHE):

BHEFEG — Fi28%, BIRAIGK, ERHTS720
BARREHE - ET RHRIERMNF

KB miE=F — AFPARINERICE - #EEMMERT
1780 SISHAPES®RIER, BEEEFELRN™ 5

RB: MIRAPEREE, CRERE, ERIREEPRELT
KR

FHIZ: FABIFAgent

— NESEh IR A B MCER SRR R Agent :

RN AW KR & TR AN FREDIR”

BE (Ehgmx) :
FEFEARIRENEREM” AR /" AR A RS
BEIAXAKENHEMENXRIEX

1R BB IR R H R

IRBIZOIARE RESTENL

1TEh: EREWTINXEGR, BEEL%. XBIEX. AR

\\\\\\\\

RE: APEEERBIEXET — AgentRARRIZILHIS]
ALETX
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y*iu..\f[ll .'IE

MXFEI2EE
EANMREEM AN E—EFRM,. BIEE. XAH#ED

WEXF. BETHFNIRIZA L F:

o —KFTmEAREITFSHER

o —BRFAUNESFENEFMIR

s —HEBERAHBRAXMER

o —MEFED FEMBERIABHIFIZINR

ZESHIRENE (Multimodal Knowledge Graph, MMKG)
ERA TR XX L BIESENRMAE .
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MMKGHIZE4

|

SRR |

I

[ | [ | [ | |
| xaxtg | | BgEs | | sEEs | |
| || | | |
| i | | mRER | | EZER | |
| 27x& | | Exsg | | s5eT | |
| xipe | | DEEE | | S | |

|

BESHFTE | |
(CLIP/BLIP%) | |

GEED)) | |

EHRSTR3I 5T
SREINRENEZ O < — R EBRSSLR 55
EM&SHRIE—SEF,

BT
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# multimodal_kg.py

SRRSFNIRE S S SEIR
import clip

import torch

from PIL import Image

class MultimodalKnowledgeGraph:
mn %E’j&%ui;.\igllllll

def __init_ (self, graph_client, clip_model):
self.graph = graph_client
self.clip_model = clip_model # CLIPMEEIRFIEESI:

def add_image_entity(self, image_path: str, entity_nan
properties: Dict):
AN EMR LR
1. ACLIPRENEGIFEm=Z
2. ZEENERRIET R, KEKEG@E
# 1REXE{%embedding
image = Image.open(image_path)
image_embedding = self.clip_model.encode_image(ime

# BIEEET R

self.graph.write("""

MERGE (n:Entity {name: $name})

SET n += $props,
n.modality = 'image',
n.image_embedding = $embedding,
n.image_path = $path

, hame=entity_name, props=properties,
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embedding=image_embedding.tolist(),
path=image_path)

def cross_modal_search(self, query_text: str, top_k: i

BRESHER: BXAEREGSF

Tl query_text = "AENBEE"
- REIEEHS 2 R ICE BRI
# XAYRG

text_embedding = self.clip_model.encode_text(query

# EEBREETEFINE
image_entities = self.graph.read("""
MATCH (n:Entity)
WHERE n.modality = 'image'
AND n.image_embedding IS NOT NULL
WITH n,
gds.similarity.cosine(n.image_embedding,
WHERE similarity > 0.5
RETURN n.name AS name,
n.image_path AS image,
n.description AS description,
similarity
ORDER BY similarity DESC
LIMIT $k
"t query_vec=text_embedding.tolist(), k=top_k)

return image_entities
def build_cross_modal_links(self):

BNt IERSRER
HERIX AR EIG LA 2 (B0 &
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# HEIFTE R KBRS A -EG SRS
candidates = self.graph.read(
MATCH (text:Entity {modality: 'text'})
MATCH (image:Entity {modality: 'image'})
WHERE NOT (text)-[:SAME_AS]-(image)
AND text.name = image.name
RETURN text.name AS entity_name

IIIIII)

# X CECBFRAYSTIRBIESAME_ASK R
for record in candidates:
self.graph.write("""
MATCH (text:Entity {name: $name, modality:
MATCH (image:Entity {name: $name, modality
MERGE (text)-[:SAME_AS {confidence: 0.95}]
"t name=record["entity_name"])

print(f"8l&7T {len(candidates)} £EZESRKEK")

R SAN IR FREX
MR REANSETSHE—ERNE2EH. EE. XF
MESEFINER . MR HEAIRZE — T BNE R,

PR - REEMUREX - BARl (A¥/41K/155
-~ BEIRA - XA - ZR/KRIME
- O0CR » BEBXZF - SZMHER
- SHfEIRA - SHHE
- IE&%EE -~ NEAIREE
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— PN AZR MFARIAF BB EFIIR. - 75l
FALE PR-DBE-%ESR...) - iwHEANESER - iTRXE
RRR - MEBFAIRE, BTEIIFESE

ZIESRAG
BZESHIREIESRAGES, UL ZESEE—HRAF
BAXZFiRlh, RGREESE L. BRNEHEMARLZE,
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# multimodal_rag.py

SHETRAG: XFiRE), ESCREEE

class MultimodalRAG:
def __init_ (self, mmkg, 1lm, image_generator=None):
self.mmkg = mmkg # ZESINRENG
self.llm = 1lm
self.image_generator = image_generator # mBJi%: Bf

def answer(self, question: str) —> Dict:

# 1. XAKE

text_results = self.text_search(question)

# 2. BESKHE REEXER)
image_results = self.mmkg.cross_modal_search(quest

# 3. MESESETX
context = self.build_multimodal_context(text_resul

# 4. LIMERXAEZE (SIAERUE)

text_answer = self.llm.invoke(f"""
EFUMEREZODR, BERIS|IAEXER, AIBANIRS
{context}

[a)@@: {question}
") content

# 5. ARENESEE

return {
"text": text_answer,
"images": [
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{"url": r["image"], "caption": r["descript
for r in image_results
1,

""'sources": text_results

BEMIREN
FIRELGRY” £t
RRNAIREIE G — T EBE— IR EE ERREEE
W, RROFIREIEEG— I ARB—EBEERFES . BREM.
BEMELE,
Bz B EMRENL (Autonomous Knowledge
Evolution), B1&MMZ/IOEES:
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BEN—: BahARERR

# auto_update.py

B=nEHREH: Agent EHRKISH EFEIRENE

class KnowledgeAutoUpdater:
IIIIII%DiREEjJE?\ﬁAgentIIIIII

def __init_ (self, graph_client, 1lm, source_systems):
self.graph = graph_client
self.llm = 1lm
self.sources = source_systems # SMIBEGEIERETIR

def scheduled_update(self):
U ER BT
# 1. FHESEIERNEE
changes = self.scan_changes()
print(f"&¥ {len(changes)} ZTE")
# 2. PDERLELR
for change in changes:
change_type = self.classify_change(change)

if change_type == "factual_update":
# BXMER: BIEMEN
self.apply_factual_update(change)
elif change_type == "schema_evolution":
# Schemaj&ft: TEHEIZ

self.propose_schema_change(change)

elif change_type == "conflict":
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# MR R
self.resolve_conflict(change)

def detect_stale_knowledge(self, threshold_days: int =
MO AN IR
Ho B RS [BI R E#7 B AT REMERIE 0 SR IRAVANIR
stale_knowledge = self.graph.read("""
MATCH (n)
WHERE n.updated_at < datetime() - duration({dc
AND n.verification_count < 2
WITH n,
datetime() - n.updated_at AS age
RETURN n.name AS entity,
n.description AS current_knowledge,
age.days AS days_since_update,
n.source AS original_source
ORDER BY age.days DESC
LIMIT 100
"o days=threshold_days)

# TELLMIT(h SR AIRAY AT
for item in stale_knowledge:
freshness = self.evaluate_freshness(item)
if freshness == "outdated":
self.flag_for_review(item)

return stale_knowledge

def evaluate_freshness(self, knowledge_item: Dict) —>
R AR A BRI
prompt = f"""
T DA AR AY BT 2RI -
- F1IRAZ: {knowledge_item['current_knowledge']}
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FHRERENT
- BB EXEF: {knowledge_item['days_since_update'l}>
- F$AEE: {knowledge_item['original_source']}

TEFIHR -
1. XFIMOE[TEEEZIR? (stable/possibly_outdates

2. EBiNMEIE? (keep/review/update/remove)
. BERINER?

response = self.llm.invoke(prompt)
return response.content

BENZ: HSERRIR
HZTRRHFBERN, MREEFER ENMERSD

o=
Ko
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# conflict_resolution.py

RPN 5 IR

class ConflictResolver:
MRS R A AR

def detect_conflicts(self) —> List[Dict]:
T MEE R EER
# HREL: BEEYR (B—ZANE—BEUHEZ T EE)
conflicts = self.graph.read("""
MATCH (n)-[r:HAS_ATTRIBUTE]->(a:Attribute)
WITH n, a.name AS attr_name,
collect(DISTINCT a.value) AS values,
collect(r.source) AS sources
WHERE size(values) > 1
RETURN n.name AS entity,
attr_name AS attribute,
values AS conflicting_values,
sources AS data_sources

IIlIII)

# K2 WEFE (SHHNERINFEA—E)
temporal_conflicts = self.graph.read("""
MATCH (el:Event)-[:BEFORE]->(e2:Event)
MATCH (e2)-[:BEFORE]->(e3:Event)
MATCH (e3)-[:BEFORE]->(el) // {&EMKES = F/&E
RETURN el.name AS eventl, e2.name AS event2, ¢

IIlIII)

return conflicts + temporal_conflicts

def resolve(self, conflict: Dict) -> Dict:
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FRIR PSR AT RIS
# TRE81: SRIERRIEEMN
source_credibility = self.get_source_credibility(
conflict["data_sources"]
)
most_credible_source = max(
source_credibility, key=source_credibility.get

# RER2: WEMEFEMRS (RIBEEDE)
# REE3: ZHRE (BERFE—BNEETE)
# KB4 LLM{PEE (GEAREBGZSHIRT)

resolution = {

"conflict": conflict,

"strategy": "source_credibility",

"chosen_value": self.get_value_from_source(
conflict, most_credible_source

Do

""chosen_source": most_credible_source,

"confidence": source_credibility[most_credible

"rejected_values": [
v for v in conflict["conflicting_values"]
if v !'= self.get_value_from_source(conflic

# NFAfRRER
self.apply_resolution(resolution)

# ILRBRAE (FIEH)
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self.log_resolution(resolution)

return resolution

BEAN=: MRES

AEXRWEENETABEANGEE, XRMEBDBANURTE
FRBIER, FIRENELFEELAING—HDIRET (Knowledge
Forgetting) ,
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# knowledge_forgetting.py

FMRRTHH : LB R EE"

class KnowledgeForgetting:
nn Il%ui,n\iﬁ%%}g%%llllll

def calculate_decay(self, node_id: str) —> float:

HEAIRT RERIHD 2

RBETF:

AfE): BE_LIRISIE)/ EFAORS A, RIREA
R HEWRREHD, RIEHA

REKE: SHEMTREVERED, RFEA
PR RARBIEAIRIIRRIFE IR

node_info = self.graph.read("""
MATCH (n {id: $id})
OPTIONAL MATCH (n)-[rl-()
RETURN
n.access_count AS access_count,
n.last_accessed AS last_accessed,
n.updated_at AS updated_at,
n.verified AS verified,
count(r) AS degree
i id=node_id)

info = node_info[0]
# ETE=E (EHR=IBER)

days_since_access = self.days_since(info["last_acc
time_decay = math.exp(-0.01 x days_since_access)
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# EREF
frequency_factor = min(info["access_count"] / 100,

# REXERF
connectivity_factor = min(info["degree"] / 10, 1.¢

# BOIEEF
verification_factor = 1.0 if info["verified"] else

# GERBON (=ERH, 1="2RH)
retention_score = (
0.3 *x time_decay +
0.3 *x frequency_factor +
0.2 * connectivity_factor +
0.2 x verification_factor

return retention_score

def pruning_cycle(self, threshold: float = 0.2):

TEHREIR:: BRRRIM D BIR T EERTAIENIR

# RBFIETR
all_nodes = self.graph.read("MATCH (n) RETURN n. ic

to_archive = []
to_delete = []

for node in all_nodes:
score = self.calculate_decay(node["id"])

if score < threshold * 0.5:
# MmERF: SrichibR
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to_delete.append(node["id"])
elif score < threshold:

# BERM: A (BEREFM)

to_archive.append(node["id"])

# 3R BEHLEE
self.archive_to_cold_storage(to_archive)

# MER: AERRENE PR
self.soft_delete(to_delete) # xR, "IxE

print (f"##E526%: Y314 {len(to_archive)} P&, "
f'HEE {len(to_delete)} NHHE")

BENM: FMRFAMSEHEER
FIRF 2 EHSH BHE X RBERIENEE,” F41” %2000
E?EE’\J BATE, E2025FFZ2— 8RR, MIRELS
BIRXMEEEZER (Concept Drift)
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# concept_drift.py

BIRSN: IBERANIRE XAER

class ConceptDriftDetector:
def detect_drift(self, concept: str, time_window: str

KMFE MRS E SR BRE T TN
# R STEAFRY B RAVHEA
temporal_descriptions = self.graph.read("""
MATCH (c:Concept {name: $concept})-[r:DESCRIBE
WHERE snapshot.timestamp > datetime() - durati
RETURN snapshot.description AS description,
snapshot.timestamp AS timestamp,
snapshot.source AS source
ORDER BY snapshot.timestamp
""" concept=concept, window=time_window)
if len(temporal_descriptions) < 2:
return {"drift_detected": False, "reason": "X

# FALLMECERAEIRY (8] A HER
comparison = self.llm.invoke(f"""
DA TR SEREN B RER, AIESNEERETEEEMN

= {concept}

AR (B 4% -
{self.format_temporal_descriptions(temporal_descri

BEE:
1. BREANRTRETEN? (R/B/BHTH)
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2. TBHHMREFA? (FTR/%GE)N/¥EB/DOR)
3. BUMHXETR (MMEEREET XHEEE)
4. BINNEFIRIE

return {
""concept": concept,
"drift_detected": True,
"analysis": comparison.content,
"temporal_descriptions": temporal_descriptions

T s : 2025-20304 B
iTH (2025-2026): GraphRAGEHA4TRHED
FiM1: GraphRAGIGMBIGIAR T RAE = HREC.

REEMER. LangChain. LlamalndexZiEZ2A0 M2,
GraphRAGHISEI THEIG RIEFEME, E12026%F, R REWIR
FIAIRZAE, HIRAEANFIRENEMRAG, BHAN AW —I
B2020FRIN A HHTTPS—1%,

fm2: FIREEE M A TE80%.

LLMIRZHRY B hSEARIR SN K R FHECR AN R EE AL
X, BRE— T+ AT RANREE R eF 2 A ALIRNE, ™
FARTIERAEERNR, BATRBHEZMIERE.,

FN3: mMEMIEES BEEUREEFIEMS.
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Qdrant, MilvusZFREHEERANEEZRSIEES; NeodjFE
HIEERREXIFREEER, MEAFTEEM, " Graph +
Vector” RSB FT@E,

FEf (2027-2028): BEINRAS M
Fiima: AR’ ENHRIRIERS” K,
KWRERREERETRE, "NMRRIERR R —SEEW
XA, BIEE. B, RE, BAEE: - Bk IFAMEETR
- BEIIMIREE ARSI - ANRREEAE - AIRIREIA
W B REZHF
s NASLRELE R iR,

BPMABHE BCMIREIE—ESRINENZIER. XEH
F. IEFH. HRXXR., ERMTEES BN K", 1H/REVAIED
FEIEER”,

Fiime: FHREE+Agentpk AL AIBIE RS,

“LLM + KG + Agent” 3§EX{”LLM + Prompt
Engineering”, ARTEMAIN ARIARAEZEM ., FHRENEABER®
A, MmEAgentt”RIERLTR” Efti%hk.

ixHA (2029-2030): #MIiRE9EFHHE
Fm7: sAERESTMEBMETNBRES.
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AIRZUIZEETS . — MEEIREWMHEIRIR B eha E M EFHENIR

B - BsptNFAEERIRRR — Ul sh 78 PTeE R ZERI IR
(ERFPREZAMEEREER) - BIES. BERSHNINIRER

POpat

Fme:” x1iRENARSS” A =it BRIF B R .

KfllaaS. PaaS. SaaS,”KaaS (Knowledge as a
Service) "N TITENFIRSER. B ABHEEESHEM
HIPFNRENE, MBI ETWALREIERS .

FAHEME: FEZEHHRE
RBE1: ZHRENERY” KIEBRBERIL” AT L BEX,

NRLLMBIZ) 58 (] AR A AR (EEalE N EaF a9l ZRe
), FMRENEFRN"STHER AMMER RERAISS .

RES2: LRSI,

NARNRERNEAM R AR ERS S kA ESIREUE. TR
ANRANERINRIFIRT, B—TEABRIIED,

MBE3: FiR{E R RLABK,

MRIRELH BT BIREILLM, MLLMASEFERL, X
Loff L PTBEM R ST B NEEH K,

773



FREEN]

Bl % FRBR 12

FHIREE T (Knowledge Graph Engineer)
BIDERST - IR, MR IIREE RS,
FRRE -

WHETRBE

— E#UEEE (Neo4j, JanusGraph, TigerGraph)
— #1REME (A&{Figit. Schemaigit)

F— NLPEFR# (NER, RE. SE{A3$3%)

— Cypher / SPARQL ZifiE=S

L— Python#fz

BTREE

— ##%=EitE (GraphX, DGL)
— E#2/4% (GNN, GraphSAGE)
F— RAGRZIRITS1iL

— #uRIE (ETL, CDC, ibiE)
L Ao (Wi, SREE)

HESE (2025FEEA™MA): - ¥R (1-3%F): 20-35h/
F - K (3-5%F): 35-55h7/F - &k (5%+): 55-80/7/%F
BEli&Ze44)f (Graph Architect)

ZOEAST : IRITANRENE R AN LN, SIFHIEER, 7F
AR, EWMEMAREMN.

5TI#2MNRS: TEFXE EAZLM, EMHxEE EA
®iT7, RMNEERRSER, BEEIEIEARAER,
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MBI RIRR:

ARENETARW (2-34)
'
SRAMIREETIRM (2-34%F)
'
EEZRA M
'

BRI / FARVP

AlF=mEZIE (Z0iR75E)

BDERST: N ANRIRENAIAIF G, TER AR AR SS
Ko

FEMMIRELEEE: - AIREEEMtA. TRMH4 -
RERARLZORRRMERTR - BIERENARETEN R
WA — RAGRSRITHEIE R [E

BEBEAM: ARABERENTmIITHRWERMBIA.

?ﬁ‘—‘tﬁﬁz FIREETFEIM (Knowledge Ops Engineer)
— PN EERENFAE—E FTAMREENHEEEEM
ﬁFo

*z’b\ﬁ D1 — %D'L/EU;TE\ = = /éﬁi %l]l,n\;ii?ﬁ*l]/ﬁlﬂé'%ﬁ
P RIS FNRELE — XNR{ER 2 HFAML

AT LBEXTAE: EEMIREIEA AT AZOERIZE,”
BRENE REFR, T EERIE A 2R, 1%DevOpsZ T
HF&, KnowledgeOpsZ FHIIREIE,
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[ITRERIEENEN
MRFREIHRIEM: MNeodjFfIRAGRHANTF, XZBMHRE
SUIANNTE, RENRFIRITENHIZHRINEEARME.

MRMBEIE LR : MANRHEFEUEEEANTF., (RELH
ABETL, MANRENENMERAR EME—1"8EETL 78,

MRMRREELIEM: MEMRZMEHNRAGINHUANTF. REIHL
227 M) B HREERNIZEEmbedding. GNNEFZILFA,

MRIRRTMEIE: STIRRANRENENEELR (BBt A.
ettt 4), REHR—TRENLSHREMVP, AEIXE—LE
KR — T EMEENRL .

MRMRBRE: FTFEM—EE. BEE. NLP, Hl&%
M. RANZMIE, M—TNUERINRENE RS R, REIRE

ol NEZE T

NF LR

31 T—1TAgentitiZRR (Ak k)

MRAEFERANEMNMIE (WDAZRF. TEBIFH) &
H—"PAgentiCiZRS: 1. EX TR, BRiCI2. BXICILD
AEFMRETLAAS 2. ®ITFIREIERNSchema (TTRER, XHRE
B) 3. TM—EEAMEIZ (Recall) EER, REFIRTM=FNTIZ
FHRE 4. BE: FAGRNZEET? it =
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£32: WE-TSESHRTR okk k)
R—MRREABRSTE (WN—BEF. —TRR. —F
m), MEEFZMESHINR: 1. XAHER (BERER. 1FET
1) 2. BR (8. BR. &E) 3. ACLIPKREEHERNGEE
R 4. ENeodjFRIET R, KEAXAHEF@EE 5. LI AXF
BERNBESNER

£:313: SCEANRRSREN A7)

E—TERNANRENES, BEGHNANIRHR: 1. AE—5E
FNE—BMEFHEASTAENE CRETEHRR") 2. K5
Cypher&tNIE PR 3. SEMM— MBI BRAFRERIRKEE (G05K
RAMEEIN) 4. ICRBRER, REHIELNEFN"H LR
5

&34 SHRIRRERREE (Ko or)

ETAZITCHNRWARER, NECIRIT—M3FRIAR
ME: 1 RIS E R A7 2. (REBE AR RE?
(LF2IM/ZeMVM/ =& /FRR) 3. RKK12D BB EASTHISTZ L
REERMTA? 4 HEI—THUGFHME (FHRSIE/ AR/
AE)AEIHE)
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RE{eR 213K
AIEIEX

1. {A Survey on Knowledge Graphs: Representation,
Acquisition, and Applications) (Ji et al., 2022) —&1iRE
TBERR, 1FEEERR

2. {Large Language Models meet Knowledge Graphs: A
Survey) (Zhu et al., 2024) —LLM+KGZR X g 4z5d

3. {Multi-Modal Knowledge Graph Construction and
Application: A Survey) (Li et al., 2024) —Z&EFNRE

4. {A Survey on LLM-based Multi-Agent Systems) (Guo et
al., 2024) —ZAgentRLiLriR

TR S
1. Gartner: {Hype Cycle for Artificial Intelligence) —&%F
B, BERARARAE
2. McKinsey: {The State of Al) —AIfTWFEEIRS
3. Stanford HAI: (Al Index Report) —ZARMANAKEIR

==
=]

BRAMIEY
1. {Life 3.0) (Max Tegmark) —xFAI5 AERFHNEZE

2. {The Master Algorithm) (Pedro Domingos) —xT&H
FI)HBIANHE
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HIREREA]
{Knowledge Graphs) (Aidan Hogan%) —4NiREIEM A
G (RFRTELAR)

X5 &Y

ISWC (International Semantic Web Conference) : &YX
MENREIE TR FEARZIX

KDD (Knowledge Discovery and Data Mining) : Z(E1Z1E
=, KGEXIEXZ

Neo4j Community: &iEEKIEEEEMX

GraphRAG Discord: M%XGraphRAGINHITigtt X

RENG

=.
B> Sa

1.

FREPNRE—F, HNERTMEARBTAIFETIE
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LR

MANMESTIETRHESIA, ABREE, EESIANEE X EX
B N"#mE, PR URL BE 2026 & 6 AriAE), HHERMERET
BRSIZEHRINER.
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B =
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FIRETEN]
AHFCET BRSRORORREER, HELEEREH
RAMEETRITEIE, S—PBUREHRAZN, NX —RE
. EIFREDE”.
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AIAERE ]
A. Ubuntu EHGLIEREER

Al X5 B RIEE

x 221
TS 1 = HRRMA
FIHBER s -la (FEEIIRSREXHE). s -lh (ASEHT
AS LAY AR
o~ PRI cd ~ (EREER). cd - (EFE—TEXR).
Bx cd /path/to/dir
mkd
, BlEZB% mkdir mydir . mkdir -p a/b/c (&VIABIEE)
ir
EHIXfE  cp src.txt dst.txt . cp -r src_dir/ dst_d
C
P omEz i GEEEH)
BEIEE mv old.txt new.txt (E&mE). mv file.txt
- e /target/dir/
MIEgSzE rm file.txt . rm —rf dir/ (GREHEVIAMIESR,
rm

gExX  1RA)

chm {82ff chmod 755 script.sh . chmod +x run.sh . c
od YR hmod 644 config.yml

cho {8 chown user:group file.txt . chown -R user

wn EE dir/

fin find / -name "x.log" . find . -size +100

BEH . .
d M. find . -mtime -7
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FHREENT]
we A FRRA
gre EEX#H grep -r "error" /var/log/ . grep —i "warn
p S ing" app.log . grep —n "TODO" *.py

1n -s /target/path linkname (%§%#%). 1n

T T
n  BIEHEE target linkname (FE§%HE)

ta 85K tar -czvf archive.tar.gz dir/ (E48). ta
r 8 r —xzvf archive.tar.gz (f#E)

Hit17/ we -1 file.txt (7). wc -w file.txt
18/F (1a%0)

wcC
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A2 R EEE
*®22-2
we i
apt updat N .
- BERRHIRES
apt upgrad HEFABEEZER
e LydEo)
apt instal
- TRRHEE
apt remov  EEHHE (RE
e =y
HEHRHE (S
apt purge
BXH)
apt autore BEABEERIMNK
move i
t
hap U mawee
apt show BEERMUBEER
dpkg -i LR .deb B
snap insta BT Snap R

11

FREEN]

R

sudo apt update

sudo apt upgrade -y

sudo apt install nginx pyt
hon3-pip -y

sudo apt remove nginx

sudo apt purge nginx

sudo apt autoremove -y

apt search neo4j

apt show python3
sudo dpkg -i package.deb

sudo snap install code —-c

lassic



FNREREA]

WL Lz ERATRH
_ BB R
snap list snap list
Snap &
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A3 RAEEE

systemctl
start

systemctl
stop

systemctl

restart

systemctl

status

systemctl

enable

systemctl
disable

journalct
1

service

top

E1EARSS

ERRS

BEERSIK

==
00

REFE
I=

BUHFTHLE
B

BEEARSH

==
N

RERSE

FREEN]

wERTH

sudo systemctl start neo4j

sudo systemctl stop neo4j

sudo systemctl restart nginx

systemctl status neo4j

sudo systemctl enable docker

sudo systemctl disable docker

journalctl —u neo4j —-since toda

y . journalctl —-f (SCAYERER)

sudo service ssh restart

top (& q EH)

812



FREEN]

WL Lz ERTHA
AR R AE . o
htop ..Zﬁ htop (XHEHFRE. HEHR)
BEHHES
ps ; = ps aux . ps aux \| grep python
kill PID . kill -9 PID (3&HI&
kill &F#HE i)
EEMAEF
df . df -h
AER
d BEBEK du -sh /var/log/ . du -h ——max-
u
N depth=1 /
BEERNFE
free . free -h
&R
BEERGME
uname uname -a
BERRE

uptime (NSl uptime
39
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AREIEA ]
A4 MBITH
% 22-4
me iR ERRSG

curl =X GET http://localhost:7474 . curl

cur HTTPiE _
-d '{"key":"val"}' -H "Content-Type: appli

1 KIHR — : .
cation/json" http://api/endpoint

wge FEIX wget https://example.com/file.tar.gz . wg

t (s et -0 output.html URL
, M A
pin N .
KER ping -c 5 google.com
g
4
ss miEE ssh user@host . ssh —-p 2222 user@host . s
h K sh -i key.pem user@host
SE mFEX scp file.txt user@host:/remote/path/ . sc
p HEH p —r dir/ user@host:/remote/
BEEWN
» ss —tulpn (&MFEHO). ss —tnp
ss &m0 .
e (EBILERE)
5%
W& 1E , . . -
) ip addr show . ip route show . ip link se
ip O5%
- t etho up
HERE

uf Bh ki sudo ufw enable . sudo ufw allow 22 . sud
w =18 o ufw allow 7474/tcp . sudo ufw status
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FREEN]

@< %A ERTRHG
ipt  KER _
sudo iptables -L -n . sudo iptables -A IN
able XiEM .
il PUT —-p tcp ——dport 80 -j ACCEPT
S s

net MBS
sta it (B netstat —tulpn (##EFRE ss &BX)
t T E)

di DNS & :
4 dig example.com . dig MX example.com
g 1
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A.5 Docker EFWmS

#* 22-5
P
<

ap

docker

n

docker

S

docker

op

docker

art

docker

m

docker

ages

docker
i
docker

1

docker

gs

ru  RIEHBHE

p BERGTHH
S
st
(Sl
st BmEELERN
=R
R
pilERAT
im
Tl AR (%
rm
pilERERES
pu
BN 1%
lo

FREEN]

ERRG

docker run -d --name myneo -p 7
474:7474 —p 7687:7687 neo4dj:late
st

docker ps (iZfTH). docker ps -

a (Z280)

docker stop myneo

docker start myneo

docker rm myneo . docker rm -f

(5& )

myneo

docker images

docker rmi neo4j:latest

docker pull neo4j:5-community

docker logs myneo .
(SERTERER)

docker logs

—f myneo
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docker ex

(2€

docker c

p

docker in

spect

docker vo

lume

docker ne

twork

docker co

mpose up

docker co
mpose dow

n

docker co
mpose log

S

docker sy
stem prun

€

L]

EBSRART

A
AP <

A5 ENE
S8t

BRI

i

15N

HEEEE

M5 ETE

=)

Compose AR

%

= IEHBER

Compose AR

%

It

=}
Compose H

=+
o))

RIEAR(EAAY
&R

FREEN]

ERTG

docker exec —-it myneo bash .

do

cker exec myneo cypher-shell

docker cp myneo:/data/backup ./

backup

docker inspect myneo

docker volume create neo4jdat

a

. docker volume 1s

docker network create kg-net .

docker network 1s

docker compose up —-d

docker compose down .

(BEIES)

mpose down -v

docker co

docker compose logs —-f neo4j

docker system prune —a —--volume

S

817



FNREREA]

818



AIREREA ]
B. Neo4j Cypher i $iEER

B.1 Ef# CRUD 21F

x 22-6
#2fE Cypher iEa) iz
elfE
Bl  CREATE (n:P { : k=1, : 3
- n erson name age §5ﬂ]}§‘|_¢_
TR 0}) -
OREI=
|z 5
ol | tIETRE
CREATE (a)-[:KNOWS {since: 2020}]1->(b) leg:oE=El
B
KA
EHFRE
Ui .
MATCH (n:Person) RETURN n Person T3
TR .

N

%f% MATCH (n:Person) WHERE n.age > 25 RETURN HidiEs

tBE n HHEIE
PCEZ  MATCH (a:Person)—[r:KNOWS]—>(b:Person) R &EifET S
X% ETURN a, r, b eI
BE#f  MATCH (n:Person {name: '3k='}) SET n.ag fEXTa
B e = 31 RETURN n B4

B0 MATCH (n:Person {name: '3k='}) SET n:Em T a%K
¥1% ployee RETURN n DOFTtRES
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FREEN]

$#2/E Cypher iE4) 1508
MB®  MATCH (n:Person {name: 's='}) REMOVE MIRRTI =
B n.age RETURN n B

Mig®k  MATCH (n {name: 'sk='}) REMOVE n:Employ [T =

¥i% ee RETURN n FREE
B R T
- MATCH (n:Temp) DELETE n -
TR EN: R
. PRSI =
REX
MATCH (n:Temp) DETACH DELETE n KREFRBE
i3
*FE
ot MERGE (n:Person {id: '001'}) ON CREATE S A7F7EM
35 ET n.created = timestamp() ON MATCH SET A&, 7=
TR .
n.updated = timestamp() ENEFR
BHXEAR
= MERGE (a:Person {name: 'sK="'})-[:KNOWS] .:.ﬁk .
(BER
XA —>(b:Person {name: 'Z[7'}) )

820



FREEN]

B.2 =\ ItEg
& 22-7
#=X  Cypher i&9)
A3z
. MATCH p = (a)-[:KNOWS*1..5]->(b) RET
E
, URN p
iz FES
B MATCH (a)-[:KNOWS*x]—>(b) RETURN
B p = (a)-I[: *]—>
KE
, p
iz EES
. MATCH p = shortestPath((a:Person {na
ExA2
x/ me: 'sk="'3})-[x]-(b:Person {name:'FE
iz FES
F'})) RETURN p
FiE
e MATCH p = allShortestPaths((a)-[*]-
Hﬁ/“ (b)) RETURN p
ZYES
OPTIONAL MATCH (n:Person)-[:WORKS_A
C1pvi
T]->(c:Company) RETURN n.name, c.nam
Uiy
e
ZiE MATCH (n:Person) MATCH (n)-[:KNOWS]-
T >(friend) RETURN n, collect(friend.na
B me)

821
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RAERE

REIFTA &8
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EoNERE, ©
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FNREREA]

B Cypher 154 roliz
, REER R
iz:EES MATCH p = (a)-[x]->(b) RETURN nodes
N : : TR, XA
BRIER (p), relationships(p), length(p) .
KE
MATCH (a)-[:KNOWS]—>(b) / MATCH (a)-
XA |/ Fkm /
[:KNOWS]—(b) / MATCH (a)<-[:KNOWS]-
FE NE
(b)
Zx
ok MATCH (a)-[:KNOWS\ |WORKS_WITH]->(b) UTEZ P
IR ST
5 RETURN a, b E il

822



FREEN]

B.3 RESHIF
#* 22-8
2343
g MATCH (n:Person) RETURN count(n) :ﬁw/.\\é&(
=

=& MATCH (n:Person) RETURN count(DISTINC #%iitA R

TR T n.city) M=
g
. MATCH (n:Person) RETURN collect(n.nam $Z5RUE
e ) bSbIIES
e N
=
, RO H
oA MATCH (n:Person) RETURN n.city, count o
N — ( : ST AEFN
Ey= *), avg(n.age
FEHER
MATCH (n:Person) RETURN n ORDER BY n. IREFi#sER
HEF
age DESC HEzl
sl
MATCH (n:Person) RETURN n ORDER BY n. "
_ EYHI 10 £
name LIMIT 10
LIMIT
sl
MATCH (n:Person) RETURN n ORDER BY n. BkiZHl 20
name SKIP 20 LIMIT 10 %, BY10 %
SKIP
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Th&E

WITH

BiE

gt
BRIEL

L1IES
BRE

Cypher i&4]

MATCH (n:Person) WITH n, size((n)-[:K
NOWS]->()) AS friends WHERE friends >

5 RETURN n,

sum() , avg() , min() , max() , stDev

FREEN]

friends

() , percentileDisc()

head() , last(), tail() , range() , re

duce()

824
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AREEAIT
B.4 &5|5£%

& 22-9
IhgE Cypher i&4] il
N
CREATE INDEX person_name FOR (n:Per Person.na
BIEZES|
son) ON (n.name) me BIEZR
5|
pap— CREATE INDEX person_name_age FOR ZEHESR
=7 (n:Person) ON (n.name, n.age) %5

CREATE FULLTEXT INDEX personNameDes
£XZ5| ¢ FOR (n:Person) ON EACH [n.name, EXR5|

n.description]

CALL db.index.fulltext.queryNodes

HHEX
;§| ('personNameDesc', '5kx') YIELD nod EXME
- e, score
MERIEE &
ilEENE] DROP INDEX person_name N
BEFB It EEE
SHOW INDEXES
5| 5]
CREATE CONSTRAINT person_id_unique
: EEmE—1
ME—2)5R FOR (n:Person) REQUIRE n.id IS UNIQ W

UE

825



FREEN]

IhgE Cypher i&4] 5BH
CREATE CONSTRAINT person_name_exist o
LR EHnaE
s FOR (n:Person) REQUIRE n.name IS
(feMlhR) =
NOT NULL
SICTS %
% (Gl CREATE CONSTRAINT person_key FOR TaEE (M
%) (n:Person) REQUIRE n.id IS NODE KEY — + JE=)
CREATE CONSTRAINT knows_since FOR SRR
/\E, [EN
XHRAHR  ()-[r:KNOWS]-() REQUIRE r.since IS =
NOT NULL
FH 2B
BELE  SHOW CONSTRAINTS - :
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FMREIEN]
B.5 APOC EFEEK

& 22-10
ER £ iER 5l
M URL )
) ) CALL apoc.load.json('http://a
apoc.load.json  f0Z; ,
pi.example.com/data') YIELD va
(urdl) JSON
N lue
iR
load ( P URL/ CALL load ('file:///d
apoc. load.csv(u apoc. load.csv('file:
AN
ri) . ata.csv') YIELD map
# csv
M
JDBC CALL apoc.load.jdbc('jdbc:mys

apoc. load. jdbc L
BIERE  ql://host/db', 'SELECT % FROM

(url, sql) .

hnEER  users')

i3

BHT CALL apoc.merge.node(['Perso
apoc.merge.node ;

B (B n'l, {id: '001'}, {name: '3k
(labels, props) "

FRE) ='})

apoc.merge.rela ) )
. ) (=Rt CALL apoc.merge.relationship
tionship(r, typ

E (a, 'KNOWS', {}, {}, b)
e, props)
apoc.create.nod _ CALL apoc.create.node(['Perso
(label e ', 'Empl "1, { >
e(labels, pro n', mployee'], {name:
prop s o ptoy ES
s) m'})
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HIREREA]
ER £ iER 5l
apoc.path.expan

d(start, rels, 1 BRI
abels, min, ma B

CALL apoc.path.expand(startNo
de, 'KNOWS>', '+Person', 1,
5)
X)
apoc.path.subgr -
FET CALL apoc.path.subgraphNodes

aphNodes (start, .
b=v.-¢J! (startNode, {maxLevel: 3})

config)

CALL apoc.periodic.iterate('M
ATCH (n) RETURN n', 'SET n.pro

cessed = true', {batchSize: 10

apoc.periodic.i #tEH
terate(cypher, ¢ 1T
ypher, config) Cypher

00})
St= :
apoc.export.cs =% CALL apoc.export.csv.all('exp
v.all(file) R ort.csv')
CSv
apoc. import.csv CALL apoc.import.csv([{fileNa
poc. P M CSV —

(nodes, rels, co me: 'nodes.csv'}], [{fileName:
: SANE

nfig) 'rels.csv'}])

AL
apoc.meta.graph e
0 EER CALL apoc.meta.graph()

(7))
apoc.refactor.r

EsnE CALL apoc.refactor.rename. lab
ename. label(old, o

Fnes el('OldLabel', 'NewLabel')

new)
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FIIRENRENT]
B.6 GDS BI&XE

#* 22-1

X
b3

gds.pageRank.stream(graphNam

e)
gds.betweennessCentrality.str

eam(graphName)

gds.closenessCentrality.strea

m(graphName)
gds.degreeCentrality.stream(g
raphName)
gds.eigenvectorCentrality.str
eam(graphName)

gds. louvain.stream(graphName)

gds. louvain.write(graphName,

{writeProperty: 'community'})

gds. labelPropagation.stream(g

raphName)

829
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=
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GEL
E

- {ES

B

E/
57

FREEN]

gds.weaklyConnectedComponent

s.stream(graphName)

gds.connectedComponents.strea

m(graphName)

gds.nodeSimilarity.stream(gra

phName)
gds.knn.stream(graphName)

gds.shortestPath.dijkstra.str

eam(graphName, config)

gds.allShortestPaths.stream(g
raphName)

gds.steinerTree.stream(graphN

ame, config)

gds.graph.project(graphName,

nodeSpec, relSpec)

gds.graph.project.cypher(grap

hName, nodeQuery, relQuery)
gds.graph.drop(graphName)

gds.graph. list()

830

SRIEED

(B=E)

Bl

TREME (Jaccard
/ Overlap)

KOESBEE

Dijkstra &2

ES-—gshitEd

Steiner #

BIZAFERE
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g/
Mgk

FREEN]

gds.fastRP.stream(graphName,
{embeddingDimension: 64})

gds.hashGNN. stream(graphName,

config)

gds.pipeline.create(name, con
fig)

gds.beta.graphSage.train(grap

hName, config)

FastRP T sk A\

HashGNN #& A\

BIEHBRFE I EE

GraphSAGE i)llZk
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ALREREN ]
C. Qdrant APl EERXR

C.1 Collection EI#

HTTP 7% & & 1B KRR
elfEd {"vectors": {"size": 153
PUT /collections/{n
Collectio 6, "distance": "Cosin
ame}
n e"}}
S ,
DELETE /collection
Collectio =
s/{name}
n
5F
GET /collections/{n
Collectio —
N ame}
n 52
k=]
Collectio GET /collections =
n
Ebi , ,
PATCH /collections/ {"hnsw_config": {"m": 3
Collectio . ) 21}
name
n S
POST /collections/
SR IRER =

{name}/snapshots

832



FNREREA]

HTTP 5% & B3 ERATH

PUT /collections/{n {"location": "file:///pa
ame}/snapshots/recov  th/to/snapshot.snapsho
er t"}

MR ER
g

833



FREEN]

C.2 Point $&{E

RIS
Point

ki
Payloa
d

illl5s
Payloa

d FE

HTTP i & i&F

PUT /collection

s/{name}/points

PUT /collection

s/{name}/points

GET /collection
s/{name}/points/
{id}

POST /collection

s/{name}/points

POST /collection
s/{name}/points/d

elete

POST /collection
s/{name}/points/p
ayload

POST /collection
s/{name}/points/p
ayload/delete

BRI B

{"points'

r': [0.1,
d": {"cit

'+ [{"id": 1, "vecto
0.2, ...]1, "payloa
y'": "JEm"}H1}

G L, points AR EEARERE

{"ids":

[1, 2, 31}

{"points": [1, 2, 31} g {"f

ilter": {..

3

{llpayloadll: {Ilcityll: IIJ:EEII}'

"points":

{“keys” :
(11}

834

(1, 21%

["city"], "points":



FREENT
#BR{E HTTP 7% & B#12 BERETAB

BE PUT /collection

{II a ‘Loadll: '{"Cit Il: |I5Wi|ll ,
Payloa  s/{name}/points/p bay Y el

"points": [1]
d ayload P ’
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FREEN]

C.3 BFRIRIE

HTTP 753% & 812 i&RISTA

= POST /collecti .
o= . {"vector": [0.1, 0.2, ...], "lim
ons/{name}/poin )
BE it": 10, "with_payload": true}
ts/search

{"vector": [...], "limit": 10,

"filter": {"must": [{"key": "cit
yll' "match”: {Ilvaluell: Iljt

2308 POST /collecti
BH  ons/{name}/poin
2% ts/search

=M
— POST /collecti o ]
RED . {"limit": 100, "with_payload": t
. ons/{name}/poin
=1 rue, "with_vector": false}
ts/scroll
o POST /collecti o )
i . {"positive": [1, 2], "negative":
. ons/{name}/poin o
=i [3], "limit": 10}
ts/recommend

POST /collecti
{"vector": [...], "limit": 10,

24 ons/{name}/poin

#&E  ts/search/group

S

"group_by": '"city", "group_size":

3}

POST /collecti
#t£ ons/{name}/poin
&  ts/search/batc
h

{"searches": [{"vector": [...],
"limit": 5}, {"vector": [...]1, "1
imit": 5}1}
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FNREREA]

B HTTP Bk & B&R  BERETH

POST /collecti
180 ons/{name}/poin {"filter": {...}, "exact": true}

ts/count
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FREEN]

C.4 Filter iB%

7#* 22-15

SRR

FEHRICEC

XAE

EAE1UT

HEPRICEC

HETHE

HIEEE

HhIEH1Z

JSON %5#4

{"key": "city", "match": {"value":

"JE="} )

{"key": "description", "match":

xt": "AIREE"}}

{"te

{"key": “City", "match“: {nanyu: [ujt

R, "LEB"1}}

{"key": "status", "match": {"excep

t": ["deleted"]}}

{"key": nageu' nrangeu: {"gte“: 18,
"lte": 65}}
{"key": "location", "geo_bounding_bo

x": {"top_left": {...}, "bottom_righ

t: {...}}}

{"key": "location", "geo_radius":

{"center": {"lat": 39.9, "lon":
4}, "radius": 10000}}

{"is_empty": {"key": "email"}}

838

116.

iR
FEE
U
EXTE
UtV
BZ—

HEFR4SE
(=1

HEX 8]
(gte/Ite/
gt/It)

HhIFIN SR
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SERR

=TER
(null)

|

must

(BB
&)
should

(HRH
—)
must_no
t (BE

HEER)

BRELIE

JSON £5#4

FREEN]

{"is_null": {"key": "email"}}

{"must": [£MH1, £HE2, ...

1}

{"should": [&f1, £#H2, ...

{"must_not": [£M1, %£#2, ...1}
{"nested": {"key": "comments", "filt

er": {"must":

[...1}}}

839
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FREEN]

C.5 It ERIFSREFER

7#* 22-16

1BR{E

e
Upsert

Hif==£1 ]
=

=M

L]

EE8BR PUT /collections/{name}/points EFERPEEZ
D points 8, EiXE#t 100—1000 £

POST /collections/{name}/points/search/batch , —
RIBRRIEZ T RERES
POST /collections/{name}/points/delete , {£f filter

g ID FURALEMIFR

GET /cluster — BEEHBEMRS

.

GET /cluster/peer — BEHAITRIER
GET /collections/{name}/cluster — EEFEEDHE D
7

POST /collections/{name}/cluster — ETRETFHED
A

PUT /collections/{name} HiZE replication_facto

r # write_consistency_factor
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D. SPARQL %% ‘?Ei\%

D.1 Bt E R

& 22-17

[ 5o

SELEC
T &

T HISR

DISTIN
CT &
=]

PRI 45
RE

A

ASK &
)

CONST
RUCT

=i

SPARQL &G

SELECT ?name ?age WHERE { ?person
rdf:type :Person . ?person :name ?n

ame . ?person :age ?age .

PREFIX foaf: <http://xmlns.com/foa
f/0.1/> SELECT ?name WHERE { ?perso

n foaf:name ?name . }

SELECT DISTINCT ?type WHERE { ?s r
df:type ?type . }

SELECT ?s WHERE { ?s rdf:type :Per
son } LIMIT 10 OFFSET 20

SELECT ?name ?age WHERE { ... } OR
DER BY DESC(?age)

ASK { :3k= :knows :Z=[Q }

CONSTRUCT { ?person :fullName ?nam

e } WHERE { ?person foaf:name ?name

b

841
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FNREREA]

st SPARQL &4 1588
DESCR RENK T &R
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D.2 FILTER 5 OPTIONAL

#* 22-18

IhEE SPARQL &4

IENZ
Py

#ELE
B

ESR
D

[y

SIS

it

eZea ]
b

5
15

IN %
e
Bi85E
=

FILTER(STRSTARTS(?name, "5K"))

FILTER(REGEX(?name, "~3K.x",
Ilill ) )

FILTER(?age >= 18 && ?age <= 6
5)

FILTER(LANG(?label) = "zh")

FILTER(DATATYPE(?value) = xsd:i

nteger)

FILTER EXISTS { ?person :worksA

t ?company }

FILTER NOT EXISTS { ?person :re

tired true }

FILTER(?city IN ("d4tm", " LEB",

"I

FILTER(?age > 18 && (?city =
"JER" \|\| ?city = "EB"))
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Ih&E SPARQL &4 ]

OPTIO  OPTIONAL { ?person :email ?emai FJII&#EI(, AITEC
NAL 1} AfZEER unbound

BIND(CONCAT(?firstName, " ", ?1 in
BIND BETEER
astName) AS ?fullName)

COAL BIND (COALESCE(?email, "JcHBFS")

RIHEIANE
ESCE AS ?contact)
IF %A BIND(IF(?age >= 18, "RZA", "3k .
£HFRIER

¢ FEE") AS ?category)
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D3I RE&E5D4A
% 22-19
IhEE SPARQL &4 i5%BH

SELECT (COUNT(?person) AS ?total) WHERE
COUNT T8
{ ?person rdf:type :Person }

SELECT (SUM(?salary) AS ?totalSalary) WH

SUM SKH
ERE { coc B
SELECT (AVG(?age) AS ?avgAge) WHERE { 1y
AVG
o b (El
=U\Y,
MIN / SELECT (MIN(?age) AS ?youngest) (MAX(?ag .
Hx
MAX e) AS ?0ldest) WHERE { ... } 1;
GROUP_  SELECT ?dept (GROUP_CONCAT(?name; SEPARA 4
JJZ
CONCA  TOR=", ") AS ?members) WHERE { ... } GRO  _ =
EiE
T UP BY ?dept
) &,
GROUP  SELECT ?city (COUNT(x) AS ?pop) WHERE { N
7]
BY ... } GROUP BY ?city
4
SELECT ?city (COUNT(x) AS ?pop) WHERE { wag:|
HAVING .+« + GROUP BY ?city HAVING (COUNT(x) > BT
100) i

SELECT ?dept (SAMPLE(?name) AS ?example) B&#l

SAMPLE
WHERE { ... } GROUP BY ?dept BY#E

845



IhgE

GROUP
BY 2%

=

=

FHREEN]

SPARQL &4

SELECT ?dept ?role (COUNT(x) AS ?cnt) WH

ERE { ... } GROUP BY ?dept ?role

D.4 CONSTRUCT 5 DESCRIBE

& 22-20
IngE

CONSTR
UCT &
PR FTE

CONSTR
UCT +
1R

DESCRI
BE 5%
iR

DESCRI
BE &1
ZR
CONSTR

UCT &
FHEIE

SPARQL &4

CONSTRUCT { ?person :hasSkill ?skill
} WHERE { ?person :skill ?skill . FIL
TER(?skill != "obsolete") }

CONSTRUCT { ?person rdfs:label ?labe
1 } WHERE { ?person :name ?name . BIN
D(LCASE(?name) AS ?label) }

DESCRIBE <http://example.org/person/
RK=>

DESCRIBE ?person WHERE { ?person :wo
rksAt :CompanyA }

CONSTRUCT { ?s ?p ?0 } WHERE { { GRA
PH :g1 { ?s ?p ?0 } } UNION { GRAPH :
g2 {?s ?p 20+ 1}
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D.5 Bx#8&if] (SERVICE)

* 22-21

Th&E

intE
IR

i

=8

BX#R
+ K
HheH

A
A

Al
BRHR

=i

SPARQL &4

SELECT ?name WHERE { SERVICE <http://dbpe
dia.org/sparql> { ?s rdfs:label ?name . FI
LTER(LANG(?name)="zh") } }

SELECT ?localName ?dbpedialLabel WHERE { ?
person :name ?localName . SERVICE <http://
dbpedia.org/sparql> { ?dbp rdfs:label ?dbp
edialabel . FILTER(?dbpedialLabel = ?localN
ame) } }

SELECT ?name ?extInfo WHERE { ?person :na
me ?name . OPTIONAL { SERVICE <http://remo
te.endpoint/sparql> { ?ext :relatedTo ?nam
e . ?ext :info ?extInfo } } }

SELECT ?s ?p ?0 WHERE { GRAPH <http://exa
mple.org/graphl> { ?s ?p 70 } }

SELECT ?g ?s ?p ?0 WHERE { GRAPH ?g { ?s
?p 20 } }

Lz

Bif
2
SPARQ
L I

5

5
ImAZEN
RERES

a3

miEE
WRIK
iNEN-7
mEE
1

BiliE

RE R H

& [P
Bad
&
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{Graph Databases)

{Network Science)

{Graph Algorithms})

{Representation Learning
for Dynamic (Knowledge)
Graphs)

{Building Knowledge
Graphs)

=1

IREF

E

Aidan Hogan %5

lan Robinson £

Albert-Laszl6
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Mark Needham
& Amy E. Hodler
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Jesus Barrasa &
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“A Survey on Knowledge Graph Wang et al., FHRENE iR
Embedding” 2017 NAELGRR
“Knowledge Graph Embedding: A Cai et al., " .
BAREE

Survey of Approaches and IEEE TKDE "

N H4RIAR
Applications 2020

“A Survey on Knowledge Graphs: .
Jietal, [EEE ZMRE\EE

Representation, Acquisition, and .
TNNLS 2022 =ERAR

Applications”
“Retrieval-Augmented Generation for Lewis et al., RAG [Ria
Knowledge-Intensive NLP Tasks” NeurlPS 2020 18X

“Graph Neural Networks: A Review of Zhou et al., Al GNN 53&
Methods and Applications” Open 2020 LR

“Translating Embeddings for Modeling  Bordes et al.,  TranskE [R

Multi-relational Data” NeurlPS 2013  $RIEX
“BERT: Pre-training of Deep Devlin et al., BERT [RiA
Bidirectional Transformers” NAACL 2019 ¢
“Language Models are Few—Shot Brown et al.,  GPT-3 18
Learners” NeurlPS 2020 X

851



FREEN]

E.3 EZIRIES HIE
® 22-24
# Fa

neo4j.com/grap
Neo4j Graph Academy
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OpenKG
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ISWC (International Semantic Web
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Conference)

K-CAP (Knowledge Capture)
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Neo4j Community Forum

FRSENIREE X (OpenKG)
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GitHub Topics: knowledge—graph
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Knowledge Graph

Entity

Relation / Relationship

Property / Attribute

Triple

Ontology

Ontology Engineering

Schema Layer (TBox)

Data Layer (ABox)
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Knowledge Extraction

Named Entity Recognition
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4#1i9E  Knowledge Graph S SLARFI < RBRET R 4 ELE )
JEHAN  Embedding (KGE) =)

) _ 288 KGE 7574, BRAERRN
TransE  Translating Embeddings

SLIREIYFERE R E
B4  Graph Neural Network HEESEMEIE LHITEINRE
R (GNN) =L i

E#%7f  Graph Convolutional
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(=S Network (GCN)

BFE  Graph Attention Network

=1 |
W& (GAT) SINEENNHIRIE LR
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Message Passing
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E£3E M ER B F AN S0 IR EIE
Graph Database
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BEE Property Graph

EEE
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Graph Algorithm

PageRank
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Louvain Method

Shortest Path

Centrality

Betweenness Centrality
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Graph Projection
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Extract, Transform, Load

861

BEEEX

EESEH ERITETES A

HETREEMNBEDTEA

RUE PR ERFRNA

SR X ERIEE, MARR
E

EFmT RERERNEEER
HETRENBPERRERREN—

BIEtR

HETRIERN"HR"AEHFL
ezt

BHRPRMXRNFE

R P ANEEBIENHEIAT
MRITEA
MEHEER Ei EAEIIRE

=i NEULE

FUEHREY. FRANINFAITAER

ik



iEn
B

BEX W
HHEE
1&

OwL

RDFS

Groundi
ng

15(8]

Ay
[==]

SN

FREEN]

Data Governance
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