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FEO KRB SEE T X, 77 7#EOHEED
At Thh, WAHNBRHAESZ 7 7P 5260 TH
HWRZEZGELD D, TORENEEEFICX - T
bExE3 YT LV, EHBOHERT 7 70
FEHTF-ROMEIZX, RER7/T7—>araR
N3 B, T, FATEMAER L ZHE S 2
eI I7MEDT -2ty VAWK R MR
FEHFEZRETS. ERER» S, BEFHETH
— 27y TOEMBINEZ A7 BTtk s 57
Hfgge hom LTtz 887y TH
fRAJEER T 2R OB L HAEIc oW TiEmT 5.

1 FC®HIC

REBEEEEET L (LLM) DSFIERICE D W THERR
ZITHOBITRD 5N BEE001F, B 2 EBERIC
CELRWV., MREBRIHGHN 777 LTERS
NasZedbdb, EMELHRDOIDIZEINE T
WHETZ2REBNH . ZTT7781%, WR%E
KIH (V—=F) &, ZhooMFRERTH (=y
V) oL T—XEETH Y, BFREZHARY
WRIHTZ 5. M%7 7 (Knowledge Graph, KG)
FZzo—fET, \Y, i #MESkhrozr 74
T4/ —FeLT, ZA50BBREERMNZOD
Iy TRLEDDTHS. HlZE, K1Dk>5I
KG 1252 < QA #2727 (Knowledge Graph Question
Answering, KGQA) [1,2,3,4,5]Tl&, =>7 474
MOBRZW-> TEZ B DENDH L. £z, 7
7 7 LOFEAREIERRE, REOUEHERE Vo
TSR E R, B Ee 7 LT ) X LB
% MEEE [6,7,8,9] £ LTHHEWCHNS., 2D
X512, LLM 2377 7% A1 LTk, ZoiidE
WHEDOWTHGR T 2RENIZEETH 5.

LA LBRD LIM X, 77 7 #E 0B 15 =
TIERWVI6,7]. /— Ry Y DRAANRIERI
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\ Masayuki

Suo
written_by
 nguagd] Shall We IELW#E
Dance? ?
/ { o 1996
n-language LLM DR
what year was the 2015 x
film [Shall We L
. Dance?] released @
a2—H— LLM

E1 KGQA ®ffl. LLMZ2'F 7 &MU BFET & .

XEY LTUHETERE LT, BT v 7DH
BT B P TV, X512, Hificzy
CERHGAWMBEITOE—R T v FOEGRME D+
W 2w, AT, MMk KGH5x6h
TVWAKRNTH, FELBEVEARERMTELTLE -
720523282353 [10]. ZOMRE L, LLM D
T—FTI7FYDORE[IL, 121, LIM &7 F 7
—a2—F)%vy b7 —2 (GNN) [13,14,15] & D
ETILEMET S TY T 7H#HEGREES & 6l 5 W
KPEDLNTE. ZhBIIEMTHE—T, Z
N5DOFEEZHWTLLM OWRERZE L 5l &k
F57012iF, REOEEHHT -2 BREIZRS Z
EMZWV, FRIIHLT, o7 7MEEELTF R
=2 KRHIBICHERL LSe35, 7—4IX
BB 75— arDaXbpEml, BFL
HEHTE S LIEE S,

Z TR T, EMHADKGrH6EE T -4
TR T 2D TIE R L, RUANTAER L KG ZH
WT, LLM BE D7 7HRRE 2B X (BB X
HRRARMNREFFEZRREST 5. BRI,
BLLKG 24K L, T ETO T 7#ECE T 251
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(1) BRUKGER (2)Fine tuning Q)i
=308 84
FVELERTT7 -
_ Q. List all the nodes connected
z /Z’A%EE to JCN in alphabetical order.
IV/TATA
.« JCN Q. Is there a path from node _
« 2000 Rosales Inc to node2000?
*  Michael ) Suo
« Rosales Inc Q. What is the degree of node ]
+ 1945 Michael? Beyond | written_by feleased_year
. . Outrage
+  Smith - Shall We
. Andersonfurt @ in_language| pance?
iiHHKG CoT ¥R b
restructured in FUTL— D L{anguage

There is a path from
Rosales Inc:
Rosales Inc ->

KR LCOTTFR b

member,
Andersonfurt -> what year was the
1945 in 2000 <;:j film [Shall We
Anders Dance?] released
founded onfurt I > ‘ ] :5
n
I Rosales
Inc LoRATAttentior® % %% 1—H— LLM

B2 RMIKG 7—XICk3%H.
DOHER

AR 10 ED R 27 BT L TEHICHWS
RRA7E, /=Ky D, %5/-—%@0&
MY, ZOF5 7% o TWAHE, BREOTEER

Y, 79 7ZDbDRT T 7 ORGEITHKIT L 7= HEqm
MRERZBHDIZHR>TWS, ZHIZED, LLM 2
RBW RN =V TEIBREEZDOODEHRZ S Z
ExHES. RUKG 2RHT 270, XAZ7F0OHA
AR RIREICR D, E T — ZEICHES 2 X b
ERIECHZ SN,

Llama 3.2 3B, 3.1 8B [16], Qwen 3 8B, 13B [17], B
X T Olmo 3 8B [18] ® 5 I HD LLM % F W TS
FIEZFHME L /2. ZORE, FHL T0RVWIHEHA
DKGQA RR 7 D55, B—X 7 v 7D THE
BTE2MEICBOTEEENKRIFEICHEST S Z
MR L. UL, #BRAT v ToHmdI e
REEICBLWTENREEZREBTE R oz, — 8
T, KGQA Dl 7 — & % F\ T Fine tuning L 7235
B, BER T v 7oMEmPE LRI LT
e oM E L. ZhE, BEFEORRZ
RTeeHIT, BITOLIM 7 —F727F v DEE
TdH, WYIR¥E TSI 7EOHERES ST
XZAREMEE R LTV, £/, RETFEBIU
EHFD KGQA T— Xty FTOERFILEHL B
PIQA [19] *° HellaSwag [20] D X 5 72 —#&1 72 QA X
27 DWRERERDEP o1, O h s, BEfF
D LLM OMREZR MR L2 FBMTLLMIZZ 5 7

(1)
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C BELLKG T— R D4R, (2)

LLM

: B¢l KG X R 7 T Fine tuning. (3) : KGQA T

HERENZNEGT 2N TEZ2EALNS.

2 B KG F—4a%Yg

AFETIE, X T DIHEMEIC KG (BEELKG) %
ERRL, ZASZHWTEMEE 2175, BELKG
FHEIEKARERR 72, 77 IfET — X B KR
ERRT %, IRMEDETH AL D 5.

2.1 BMUKG F—2ER

BELLKG X, K2 (1) &5/ —F (Zv754
T4) rxyvY (BfR) 2ok 2B8MZHEERT I
7TH5. £73, /7 7% Erd6s—Rényi (ER) ET
NRINZHAWTI VXA 724KT 23 (K2
(D) AE). ZhiEZ/ —FEN v IDEMRMESR
pEHWT I VY RLZT I 7 RERT H2ETLTD
5. BEFIETE, BB I I7RERT 5720
W2, /J—FBNBIOZ Y POERER p I Nuin
5 Npax BEL puin D25 pax & 7 ¥ X LITHE
K32, 2%, WUl T 474 BEKT 27
DT, FELIBATERESD ¥ GRS < SUEHIA K
ERHAG DY, AP - - i - B &k B EL
J—F% NEEKRTZ (K2 (1) £L). &&RicE
ML/ —F%Z2/)—FI7~ L LTHREL, Ty
WKIEHO2UDERLEMDOEGREA T2 T &
2ZED YT (K2 (1) ). B, AN»s

1) https://fakerjs.dev/
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HEZANDBERTHIUL lives in =P travels to 72 ¥
Wz, X Appendix B 2 SR X 417200,

22 JSITBRIRY

AR LR KGIZNL, BBFFEDOLLM O 7 5 7
MEHMEENZHEST 220D T AT —&ty
b [71 2S5BS T 7RGSO E T 10 D
X2 ZFEH L, BIERICHW: (K2 (2) 1).
BERAVIIELIKG 226 HENEKTZ 5. BX R
D BRI 723X Appendix A IZECE L TW 5.

2.3 ENFER

JBIN2EE 121 LoRA [22] 2 FW, Attention J& D &
2P L (K2 2) B). 77 7#@wT, /-
R 2B % D X IGAT F REE R v S b7z 2 R
ROBEPEE L 2 5. KK TIE, ZhHNER
Attention FERE DB 2 ITHTF S % & X, Attention J&
DAENRINHEIC ST 2REEHRH L7

2.4 Chain-of-Thought

LIM 2372 7 DREZFE LR T 570, #
¥ 5 — & Z1Z Chain-of-Thought (CoT) [23] Z{+5T
X2K51CLk (K2 2) ). Zhickd, 7
7 7B ICH S HERTIEZ Db O DEE 2 IEE T
5. BARENCIX, 222712250 T, U KG ET
D ERER T NE o Hh [ A 2 B B 9 12 ok U 7= HE ot
BE2EBMLEZZEZE S -2 LTEZS. ZbHiEX
AV FRIRRICT T 7REBEITIRTE L TEKTE 3729,
CoT D7 — XEFUTIBID 3 A MIDH 5720,

3 RERERTE

F=42ty bk FHliF — X2 MetaQA [2] & F W
7z. MetaQA Tl 1-hop 2* 5 3-hop £ T hop B Z ¥
121000 2 Z ¥ X GE IR LW, Z 2T hop
YiX, BMICEZ27-DICKG LT EDH %
BAROBEE£T. B2 1-hop I H—DBEFRD &
fRETZZRETH D, 2-hop, 3-hop IFEEDBER
P2 ZEAMEREERT S, £, 77 7HEMERESN
DAt G203 — & 72 B REAERRRE S 2 R D IR0 H ikRR
35728, PIQA [19] 3 X Of HellaSwag [20] % FHfiic
A7, Zhuc kb, BBEFENSZ 7BEE X7
OWHEEM by, JEZ T 7 & 27 OMEREMER 2 WL T
X 2D MEET 5. BIIFEEICHW 25 KG 7 —
2%, §22 TR 10ED 7S 72 X7 %
NZIUTDONT 1000 3 D4R L, &5t 10000 D
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Rl EBHEE KFRBEFLATHEDBEENED
b DEIRT.

Meta QA Hella
PIQA
1-hop 2-hop 3-hop Q Swag
Llama 3.2 3B
FEHG 0.008 0.129 0.003 0.763 0.558

+CoT | 0462 0261 0074 - -
MetaQA 100 0.624 0404 0.122 0.763 0.558
MetaQA 10000 | 0.781 0.789 0.453 0.763 0.558
BRLLKG 2% | 0.698 0.075 0.012 0770 0.555
"Llama3.18B |
FE G 0.052  0.002 0.003 0.792 0.607

+CoT | 0.491 0.303 0.066 - -
MetaQA 100 0.728 0.573 0219 0.792 0.607
MetaQA 10000 | 0.795 0.827 0.528 0.792 0.607
BRI KG %% | 0774 0.066 0.009 0.793 0.613

Qwen 3 8B
G 0.448 0410 0.092 0.764 0.571

+CoT | 0.703 0.596 0.208 - -
MetaQA 100 0.682 0473 0.159 0.770 0.571
MetaQA 10000 | 0.828 0.813 0.497 0.774 0.571
BELLKG %5 | 0735 0.083 0.013 0.775 0.566

Qwen 3 14B
G 0.619 0.420 0.045 0.803 0.611

+CoT | 0476 0.515 0.229 - -
MetaQA 100 0.747 0511 0.163 0.802 0.609
MetaQA 10000 | 0.858 0.825 0.519 0.802 0.609
BELLKG 2% | 0774 0.191 0.024 0.794 0.604

Olmo2 8B
2EE R 0.000 0.000 0.000 0.779 0.558

+CoT | 0.001 0.000 0.000 - -
MetaQA 100 0.014 0.034 0.004 0.779 0.558
MetaQA 10000 | 0.783 0.747 0.379 0.779 0.558
BRI KG 2% | 0.624 0.064 0.002 0779 0.557

+CoT | 0565 0.112 0.028 0.776 0.563

BT —RBREER L. £, D729, MetaQA
WX L TE MetaQA DFIIFRT — & 225 100 5 X
O 10000 fE 2 W CRI—&MHTH¥E LiREDd HE
L7 Bl7 o 7RO D 7 — FEO &I
Npin =55 Npax =20 %, T v I OERIMERDH
FE prin = 0225 pax = 1.0 2, ZHRENH W .

EFI REFEEHEHT S LLM & LT Llama
3.18B, Llama3.23B [16], Qwen 3 8B, Qwen 3 14B [17],
B X 0lmo 3 8B [18] Z W 7=.

JAay7re AhFuerrricix, J—FEEE
Ty PEREEHIRINICE X /- FE 2T 4
T4D—EL LTHRL, =y IE (head, relation,
tai) O MY e LTHZET . 7 — FIERIE,
Ty JICHBE LWL, — RPEHR DI/ — R
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2 Col HYHT2E L7 Llama 3.1 8B @ KGQA T®D CoT DEMIH7.

=M CoT

e E%

Arizona Dream, The King of Comedy, Funny Bones,
Three on a Couch, The Bellboy, Cinderfella,

what are the genres of the
films directed by
[Jerry Lewis]

The Errand Boy, The Caddy, The Delicate Delinquent,
The Nutty Professor, The Ladies Man, Don’t Give Up
the Ship, The Disorderly Orderly, The Family Jewels,
Hollywood or Bust, Which Way to the Front?, Visit

Drama, Comedy,

Comedy War

to a Small Planet, The Patsy, 3 Ring Circus, and

bd-r are comedies.

what types are the movies
directed by
[Anthony Hickox]

the movies starred by
[Clifford Rose] were
written by who

Clifford Rose starred in Marat/Sade,
so the writers of Marat/Sade are the answer.

Anthony Hickox directed Prince Valiant, Full Eclipse,
Last Run, Blast, and Storm Catcher, so they are
Action, Adventure, Comedy, Crime, and Thriller.

Action, Adventure,
Comedy, Crime,

Action, Comedy,
Adventure, Thriller,

and Thriller Crime

-~ Peter Brook, Peter
Weiss, Adrian
Mitchell, Geoffrey =~ Adrian Mitchell,
Skelton, Patrick Geoffrey Skelton,
Magee, Ian Peter Weiss
Richardson,

Marat/Sade, 1967.

MANDPOERET B 2Dy 5. A
HH7 7 v > 7 MillE Appendix C IR L TW 5.

4 RERER

EKBERER 1IRT. RICBWVWT, %R0
LLM %3 % +CoT & <Think>& 27" % FI\WT CoT %
BHl X EGEORETH D, B KG ¥H Tt
3 2 +CoT ZEELLIFERIC CoT Db Ty F T
B L2 BT, £72, MetaQA 100 ¥ MetaQA
10000 (& # 4L £ 4L MetaQA 7 — X % 100 4 F 72 1%
10000 tFRWTHE L BORBE L R~ T .

B KG 7 — X THEM¥EE Z1To 72 LLM &, #
FHTD LLM & L L T MetaQA @ 1-hop I2BIT %
FENKECH ELZ. LaL, 2-hop B XU 3-hop
TE—HD LLM D A $ HITHEED A £ 5 DA
T, FHZ Qwen3 ¥V — X TIXHFEEFNIZIEL L fi#
BETETCWEMEIHRET L5 1Tko 7.

—77 T, MetaQA DFIFT — X ZEHZEH N THYE
LGB, BEAT Yy 7 TH-o THFEHFD
LLM 7 S8 %2 KR B U7, RrC, 100 R T2
BLEGE, $XTOLLM IZBWT 1-hop Tl EE
PLKG #EH DT DREED I 2 S DD, 2-hop £ 7213
3-hop TIHIF L AL DL ETELIKG EE XD bFE
EREW. D ehs, ST 7B IEH—2
T v TOHEGRTHRE TE 2% 1-hop D KGQA DH:RE
METZ2d00, BERAT v 7OHEmICMAmTE L
THEDRDH L e Bbhol.

F 72, PIQA B X U HellaSwag (2B W TR = 1 4rE
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EKTBELNBRNED, KGIZOWTO¥EEIFIES
77BN B L EFITR DL EALNS.

5 CoT X9 3EMSR

CoT ® b T%3% L /- Llama 3.1 8B 73, MetaQA @
2-hop MIETAR L BEDFIZL 21T L. 1
DHDPFITIX, 1-hop TEETZ 2 /EMIFFNZETX
TWVW2HDD, 2-hop HTOHMHICKK L THRIEM
W7o TW5., RANZ, M-METIEL {#iHmT=
TW3 2 BIHTIX 1-hop, 2-hop Di 5 TIE L < HE&E
TELZETEMRLTWS. 3oHDHITIE, B
HEFIZIE L WS DD, Marat/Sade DEE /TR AL,
TARTOTy IVERELTWS. 2k, BERICHE
HI 2227 TH¥ELTELY, BRICEIW#E
Brltbiaholel e NREETHI EZLND.

6 &HDHIC

AR TIE, LLM O 27 F 7 Hf#Ese )12\ L X1
52Z¢xHRE LT, SUKG &7 7 7SI T
%10 DX R 7 EZRHWKa R biBINYEE Fik
PIREL:. EBER»S, HETFHREHE T v
T OHEFRTHRZE TE % 1-hop D KGQA DHERE % K
LA LT &R, HBRT vy FoHfHiRTIEIERER
EnfEoniroiz. ERD—Dr LT, UK
7 OHIZBERICIEE T2 X X730z, EHEBA
T v THERR DRI BIRICFE D W G D3HE L o 2
YEZONS. SHRIEIXAZDBMPEHEICLDE
BT v TOHERITHENTIECHEBIETWL.
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F3 FELIKGHEETHVWARHEX AT DERK.

R

TEHR

Cycle check | 52 67227 F 7 ICEAEDIFEES 208 5
Edge existence | 52 67z / — K 2 DiF v O TEEEN > TWVWEH
Node count | 52 HN7227'F ZIHFET 5/ — FldwLo»
Node degree | 52 54172/ — FIET v IV L DB 5 TV EH
Edge count | 52X 67277 ZIFET 2Ty D30V o
Connected Nodes | 52 54172/ — F B> TWVWEL2£TD ./ — FEid
Disconnected Nodes | 52 b7z / — REBD 5 TWRWETOD / — FEilid
Reachability | 52 57z / — R 2 ODBR > TWE Y 5 H
Shortest path | 52 &7z / — F 2 02 BIOBRIEDO R Y T h
Triangle counting | 52 N7 7 7HIZ=A7 5 7130w L 0h

‘4 HELIKG OBfRT > 7L —
Head Tail BfR7T > 7L —1
A% A% s friends with, collaborates with
A% £t works at, founded
A% HI%  lives in, travels to
A% Bl  was born in, graduated in
2=ft A% employs, appointed
=ttt &tt  partners with, acquired
=ft H1% s headquartered in, expands to
£t BE founded in, launched in
¥ A% hosts, honored
Hif 2 welcomes, supports
4 Hi4 s twinned with, trades with
Hi%,  $UHE  was established in, expanded in
Bl A% s the birth year of
ByE At is the founding year of
e % s the establishment year of
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In an undirected graph, (i, r, j) means that node i and node j are connected,
with relation r. G describes a graph among nodes 1914, 1927, 1945, 2000,
Andersonfurt, Barbarafurt, DKZH, Hernandez-Martin, JBB, JCN, Jonathan
Smith, Michael Mcguire, Michael Thomas, North Bethburgh, Ray-Weber, and
Rosales Inc. The edges in G are: (DKZH, is a member of, Rosales Inc)
(JBB, is a member of, Jonathan Smith) (DKZH, works at, Jonathan Smith)
(Hernandez-Martin, works at, Jonathan Smith) (Jonathan Smith, mentors,
Michael Thomas) (Barbarafurt, grew up in, Jonathan Smith) (Jonathan Smith,
leads, Ray-Weber) (1945, was established in, Andersonfurt) (Andersonfurt,
honored, Michael Mcguire) (Andersonfurt, partners with, JBB) (Andersonfurt,
supports, JCN) (1914, expanded in, Andersonfurt) (Andersonfurt, supports,
Hernandez-Martin) (Andersonfurt, honored, Michael Thomas) (Andersonfurt,
supports, Ray-Weber) (1945, is the establishment year of, JBB) (1945, is the
expansion year of, JCN) (1914, connects to, 1945) (1945, is the establishment
year of, DKZH) (1927, connects to, 1945) (1945, is the restructuring year
of, Ray-Weber) (JCN, collaborates with, Michael Mcguire) (1914, was born
in, Michael Mcguire) (DKZH, founded, Michael Mcguire) (Michael Mcguire,
lives in, North Bethburgh) (Hernandez-Martin, works at, Michael Mcguire)
(JBB, partners with, JCN) (1914, was established in, JBB) (2000, hosted
events in, JBB) (DKZH, partners with, JBB) (JBB, supports, North Beth-
burgh) (Hernandez-Martin, supports, JBB) (JBB, supports, Michael Thomas)
(Hernandez-Martin, partners with, JCN) (JCN, supports, Michael Thomas)
(JCN, partners with, Ray-Weber) (1914, connects to, 2000) (1914, is the ex-
pansion year of, DKZH) (1914, is the starting year of, Michael Thomas) (1914,
is the expansion year of, Barbarafurt) (2000, is the founding year of, Hernandez-
Martin) (2000, is the graduation year of, Michael Thomas) (1927, connects
to, 2000) (2000, is the expansion year of, Ray-Weber) (DKZH, is based in,
North Bethburgh) (DKZH, partners with, Hernandez-Martin) (DKZH, is led
by, Michael Thomas) (Barbarafurt, hosts events in, DKZH) (1927, expanded
in, DKZH) (1927, grew by, North Bethburgh) (Hernandez-Martin, appointed,
Michael Thomas) (Barbarafurt, studies in, Michael Thomas) (1927, started
working in, Michael Thomas) (Michael Thomas, leads, Ray-Weber) (1927,
was established in, Barbarafurt) (Barbarafurt, supports, Ray-Weber) (1927, is
the founding year of, Ray-Weber).

Q: List all the nodes connected to DKZH in alphabetical order.

A: 1914, 1927, 1945, Barbarafurt, Hernandez-Martin, JBB, JCN, Jonathan
Smith, Michael Mcguire, Michael Thomas, North Bethburgh, Rosales Inc.
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