YVIMIDITTPIERRVICEITZLLM AX— RO X MEIFZIR

e —
ML RS> A7 o TS
52761030@wakayama-u.ac. jp

25

W, KREBSEEE TV (LLM: Large Language
Model) \ZHASHENE (NLP) XRA2Z KR5S, V7
b 27T (SE) BAZTHALTEHIATW S,
AR APIFIHa X bR EE o TW0W5S., ZOiE
WCHILE 3728, EFNAN—T 4 ¥ ZFEIIETEH X
NTW3., EFAL—F 4 7, B—0O LLMIZ%
TORAZ B XEZDTIERL, XAZIGLE TR
WRHMETLVOMEEZHEIRL, HHhEEKT 579
DFETH 5.

ZDETFIWIIL—T 4 ¥ ZD—FE LT, LLMH A7 —
K [1]HH 3. LLM H R — RiE, &ffizeFrss
w27 =V 2B, S5 R5E D AEEREE T4
F#ETHZ e TCaxMHRERZFETHS. LrLEE
BFEHIZRIE L A YD NLP R A2 %R LTED, SE
R AT TOMPNETITHRE S LTV IR,

AWFFE T, SE B R TH 3 HumanEval [2],
MBPP+ [3] ¥, NLP XA 2 T#®% MMLU [4], HEAD-
LINES [5] D 4 DDONYF~<v—27%HWT, GPT-5-
nano, GPT-5-mini, GPT-5D SWE@H 5722 LLM 7
AT —REMEL, LLMH A7 —RKDa R +HIRERHR
% FEERNCHREE U 7z, #5538, HumanEval T 71.26 %,
MBPP+T 57.96 % ® 2 A MlJEZEER L, MEEIZEZ
R 27T GPT-5 Bifk% ERlo7=. F7=, Wilcozon I¥5
JER RS & b MERE E B B2 MG ER L /2
(HumanEval: p < 0.01, MBPP+: p <0.01) .

AIFFLIC LD, SERXRZAZIZBWTSH LLM Ao —
ROEMTH 2 Z e BFEIES NIz, SRII XD B
SEZRZRR, B3 EFLOMAEDEN 2R HIT -
HREIC G R 28 BRE T 2 Z e B L 12 5.

RV HEffE
FIRILKS: > R 7 B T

masao@wakayama-u.ac. jp

1. IILC®»IC
1.1. LLM ® X bRSRE

AR, REIBEFEE 7L (LLM: Large Language
Model) [ ZHASFEIUE (NLP) 2227 DARLT, V7
Y = 7EARDBEORM L2 X A7 IZBWTHEAHICE N
LTWwWa. L2L, EEREZREA LLM & APTFIH 2 2
FERICR D Z DRI TWAS. FlZiX, GPT-5
¥ GPT-5-nano Ofifg 1% 25 512 B X, EHET
REDZ TV ERWETE7 V5 —>a TEHIARMNE
TRV, BRHEIEKE DS, ZOKE,
FEDPBR LN TV BEKICBOTRESHEDETLE S
HINCERHAT % 2 21X, NGBS & N#
BERY R 2 55035 5 [6] [7).

1.2. EFNMIL—FT4 T LLM hRT7—R

= PEREZR A LLM ORI 2 R b8 % 3 2 Fik
LT, EFML—F 1 ¥ [1] 6] [§] BEHEATY
L. ETNANL—T 4 U7X, ATV OEHMEIN
UCTHRBRET NV ZEIINGERS 2{HATH D, >R
FARROMRER T L X FIHEF 2 2 bR KIEICHZ S
N EDPBRRKDFETH 5.
FDOETFIWIIL—T 4 7 D—FEY LT, LLM A A7 —
R[] 25 5. LLM »R7— Rk, #EO LLM OHT
&L ZMTH 2 PERENAENET L (Ka X FEFIL)
MOIEICZ =) BB X Y, ZORIEBLT32GED
&, EMEREETL (BaXMETN) 17T &k [
BOBAEREITS. 2Tk, HREIELooax
FEHIRT E 2 Z 2 A R F v — 2 B VTR
FITRENTW S [6] [1].

—75, BEFWFZE [6] [1] 1& NLP X 2 7 OFHliicE % -



TED, Y7 ve7 T (SE) XX 7 TOMPIET
WWHEEEhTwiw, F£72, SE X R 273 ERRa—Fo
MSE L X RD 5N LKL, 7AMr—RI2 L5
D DO BB IRMREED AIRE T % AT NLP X 27 &K
E{RRD. KoT, a—FEFEBRICETTIZITK
2 PE AR 72 ERRHIE DS ATRET & 2 KithA, LLM A R
r— RFOMBICEY SHET 20 M TV,
Z TR TR, SE Z 227 DT DA E %
He 53— FERX R 7 I1ICMER%Z 4T, HunanEval [2]
BXUMBPP+ 3] ZRHEX X2 LTLLM A A7 —
F21TS5. a— FERZZZ71E LLM OIEH 25 b 155
SEAXRZTHD, FRAMr—RAZ X 3B IFE
HENFRETH D Z e h 5, LLM H 27— FOREE
TFEMNCTHET 2 DIIE L TWa. 22z, NLP
X 227 T¥%% MMLU [4], HEADLINES [5] % fi\ % Z
ET, SEXRZIZBEWVWTH, LLM ARTFr—FRiZk3
a 2 MHIR & HEREMERF DN ASATRE T & % 22 % LLEGEEA
T 5.

2. B3R

2.1. FrugalGPT

FrugalGPT [6] I3 HAZFEZ T VIGE X R 7 ZRR
2, LLM Z 27 — OB EEIFEL-FIETH 3.
FrugalGPT (& 7'm > 7 M #ElG, LLM i, LLM 5 A
rF—FRoD 3 O0IEEHAGDETED, PR3
LLM A A7 —FTlX, ARRa7) vy 7EBIck->T
HEOFHEEZFML, MEZEZHEIEZDREE
FRAL, A58 &) EHERETAANTET
%. FEEROFEE, HEADLINES [5], OVERRULING [9],
CoQA [10] 72 DX R 7 THAK 98 %D 3 R b HIjEE i#
L7z,

FrugalGPT T, 7V 2 AERIN2EIEDRT %A
HEeLTEZEZTFHT 3 2a7) Y Z7EFALERHWTE
AR a7 RHENL, BHEOHWFEEr LTS, 20
7 7u—F1%, HEADLINES [5]  OVERRULING [9]
DEIICEZOEEDPREZINE XA T, a7V
VT ETFAPIEEARR = BEH LT VOB
BET 2. —F, a— FERRAZREY T, 2—FDIE
MIEITRAMNEEITTEETHEELRVWD, RAa7 Y
T KZHERTTHIEAENCHEETH . 72720,
TA M= ZADHHARRETHIUK, RaT7 VY TETIV

ENSTEEZET A N EFITTEHD, XD IRERNLE
BHIWIETRETH 5. WU EOHER S, AWISLORHIE
ER T, FrugalGPT @ LLM # 247 — ROREERRA L,
FFEFHEDARR ATV Y TETMI X BEHEER—Z
DFEPST A M — ADFBA GICHE XHZ 3.

2.2. RouteLLM

RouteLLM [8] & LLM A X5 — KL Z®E7b, /T
U ANTRNCEGE# R E TNV EEINT 2 HAV—T 4 ¥ OF
ETH 3. 175150fF° BERT &L E2HWT s =
VOMBERAHEEL, BaX MEFTADBRENE S %
HANHWTT 2 22T, INEREEHER LR SFHa
A M zHIET 5.

LrL, SEZXRZTIE, a— FOEL XIZXEIL H»F)
DIZNPDMETH D, MIANTIE LW — FTHamkl
B> TWARIEEDRD 2720, FEEICT A N 2FETT
2FTCIELEDHEETERN., £/, 7 VDRZELE
DHEGE Y AR XN DS a— FOIEL X233 L HAHE
MHBOIFTIERVWED, a— FEREX X728V TIE
HANCZ ) 29 L CETIVEBEIRY 2 FE TR RE
WA IIGE DD 5. Y EOMER S, AT
¥ RouteLLM @ X 5 REHL—T 4 ¥ FFIETIIRL,
AR ORREEICEES K LLM # 27— FFRERRAT 3.

2.3. BIEHHEDORER

WETFIFZE Tl SE X 2 27 BIRRINCE D > TE S T,
SE X R 7 ~NODHMEDOKRAEN TR LTV, T/, B
WKSE X227 & NLP & R 7 %[ —® LL#ilh T o471 L 72
. ARge i, A ZHEIC X % LLM 7 &
F— FOMELHK T2k, BMEMEDOX vy
T 5.

3. AIRENEUY—FIIRFar

3.1. BN

AR DEHNE, SE X R ZI1ZBITS LLM X7 —F
DOEMEEEIFCHEES 2 22 ThH 5. BRI,
SE X 227203 % a X MR O E R, HEEEAND
B OFH, X A7REOIARENETOND. Fiz,
BEETEDZ S M NLP R A7 ZHRICLTWVWS 2 W
RMh OBIRZHE 2T, SE XA ZIXBIT BIKRM7ET



filix EANZa 2 MrdEbofadt 2Rttt 2 2 %2 H
85, ZhuckDh, PRORELNHFEMEMIICBNTD,
EERER LLM ZEFINCIEH T & 2 afREE iR 5.
AT LLM 27— RIZEH LB, JefTmss
T» 5 FrugalGPT [6] 23 NLP Z A 7 1BV THA 98 %
DaR MHRSIREER L2 21CHB. LLM A AT —
R, $BESHBFEET 3 R A7 2B TR % Fi#
T3, a— FERX A2, EHER BT 5 E
M7 7Y XA ETNLP 2227 ¢ Rtk OHES 51
PEET 5728, LLM h 27— FOEANAZFTE 3.
X B2, SEXRZTIET A My —AD@EBAIE L WD
BB EREDFHIRETH D, FrugalGPT OfE
SN — 2 DOHIWT X D SRR BB BIHGFTE 5. 2
NODEHN S, FFEDa— RERR 27 ADHEHIZ
AT - RBEMICERDI D2 B 2.

3.2. RQ1: X MHIRSIRIZE DIZED

BAIOVY—F 7T 2AFa>e LT, LLM h A7 —
FEEH L= 5E&eEaX P EFLVEEREHH LTS
BERHKL, LLM A 27— 275 L Y ofREDa
A MO AIRETH 2 0 ZMEET 5. ZZTVWH AR+
X, APIFIHEDNE T Z v b 7 4 — LA\ S £8%
Hazx bz e®iEs. £/, BEFEZEE LT, NLP X
A7 TN a A MHEIEENRDY S > 72 Frugal GPT [6] & [F
BEDORIRMN SE XX 7 THHNZDPICOVWTHESE
BTTWVW3.

3.3. RQ2: Rl DIZEZELT BDH

RQ2 T, @aAMETLVEEEZER LGS T
LT, LLM #2757 — FOWRER Y OREZ(T 2D
DPEMEES 5. R TERHT 2HEX =X LTI,
Ka X M ETADRKRLGEICRENICE A MET
AINFZEXINE 20, LLM I A7 — ROMEELE a2
M EFOVERE RO S Z 2 IXEECRN. Lo T
ARQUIF MEaX FETALADIERICE > T DORE
PEREICELD D 25, T2 OEEIIH) 2SI
THRIENEHMNTH 3.

AR TIEEZ A7 OWEIZIE U T2, BE2HER
WRERITS. NLP X227 T, HorUoHABRIARLIE
T — X2 =T NADERLEZAIZ L B—H L TWE0T
FRRHEZRTITS (Exact Match) . SE X 227 T, a—
F OFEITAIRENE & AR 22 S M 2 GRS 2 72, AR E

NEENEFCERINZE2TDOT A N r — A% @il
TELI0EI0E2HEDOHMEYL T2 (Pass@l) .

3.4. RQ3: BEEBICH T B EER L ZEHZRIIE DIEED

RQ3 TlX, 7V %I T 2 EEIEMICE-> TET
NERLE L7z LLM A A7 — ROEREREIZOWT, €7
N DIEBERB X UOBET AN BEIN-HEEE
B - oS 5.

LLM # 27— FOERMBEZ RS 281%, 918
PHIMKIZANETADPODPICEZL DI Y ZEIR b
ETNANATBETIWHETE 20 WS FUICENIRS.
Rz, 551 FEEICHLE L2 Ka 2 b =T LDORIIELE
IKEERMERF L TV 272513, BFERTEERYHES 5,
ERDETFAAND R R 7 DFFEPR/DRICHHI T
2 BRERL, #HELY LTLLM & 27— FORFEN
RBEZPIDVEZTEZ 2 RBLTWS.

F72, MARMETAANTEIN-FER L ZDIEE
BEIMTHILT, KaX bEFALPHIRMETFL
TR TER Do MENE IR N ETILTE OREEMR
RENZDEHLPICTES. XoT, LLM A A7 —
F OREER#OE D EUNHEEL TW 22, H 5\ LLM
A A — R ORERCE RIESREDNH 2 % W3 2168t
HIFHN5.

4. BERERTE
4.1. LLM AT —RF&%

A THRAT 2 LLM h 27— FOEARZ 7 LT
VA% 1 BIOX2I1TRT.

K7 =77 F v IMHEmpE e EHARX VB ELS 3
BT VETHEEINS. % 1FEED GPT-5-nano
TIEE Apear ZHEK  BEEL, Apear I LTHART 2
MEE 70t A2 FEITT 5. MEEOHER, D55 UDOKIE
SNTINFEE R 72 L7 HEIE, Apear B HRAEHT
ELUTHRAHL, BREHELGEEE 28D GPT-
5-mini NEFEL, FRRICHEEEZITS. 52 BT H R
L7358 R O GPT-5 "NERi# T 5. RiKEREIC
B BWAENE T L2 T, LLM A 27— FO2T.
BT T 5. b, morkFEEIZH VT B MGEE TR A
MR SR o TIGE, YA A ZIIFIERE LT
T 5.



________

X 2. NLP 2 2 7128125 LLM 5 27— KD
&

4.2. T=2EYy FEETI

AFLTHNGR L 425 SE XAV BIXUNLP XX 7%
£ 1IRT.

HumanEval [2] {& Open AT #2324 L Tu 242 164 [
D Python D70 7T IV IRy Fv—7ThHD, NE
VIAEHER] 72 Python BEUICOWTOMETH 3. ZMHE
WIS 7% F %, FF¥FaXy b, TRAMr—A0E
FhTWV3.

MBPP [11] i& Google 232t L T\ % Python ® 7'
77 IV IHED SR EINTVWARYF =T ThH 5.
AWZETIZ, MBPP ®HT% EvalPlus [3] 2383 %
MBPP+%{#H ¥ %. MBPP+I37CD MBPP 7% 5 BERE
RRES AR EM T A N — 2 %BRI L 25 378 B
MEEEAY 72y b ThHD, X O EEEDEWEHGiA AT
RETH 5. FEEIIZRZAZHH, a— FEZE, 72Xk
TF=ADVEENTVS.

MMLU [4] & 15,000 fILA_E D Z BOER TR X
N KB FRR R R > F~— 2 TH 5. MMLU

K 1. Ml R 2 X 7 —%

& 27 QR 22T NE R 2 RI8R | STl
HumanEval | SE #2727 (a— FARKRRY) 164 Pass@1
MBPP+ SEXRZ (a— FARRY) 378 Pass@1
MMLU NLP %R 27 (—fE0GH%R ) 500 Exact Match
HEADLINES | NLP X 22 (S:RlAI% R ) 500 Exact Match

BUE, BESR, R, R YR 5T OB 2R
B AMENEENTE D, IEMRERED & 72 2 HE,
B OBfE, SREERIHERRRE Ik b 5.
HEADLINES (& FrugalGPT [6] T % i Xz
F<—2THY, JLHKIZ Sinha 5 [5] 1T & - TR - 5
KB DE =2 —ROMELINT 27D
RKIFFLICBWT, HumanEval ¥ MBPP+37 X b
br— 2 DEBAI S & E T DEE O EMHEDFE Y
T3, 4B, FRHEED FTHMEOMREM T
HAPERTETWE22H2bDTHD, a— RKDH]
TR W lza— FEVBEEFHES 2 Z I3 T
20, a— FEEOFMEIANED HINTH % € 7 /LI
D a R MERELEBO#RANTH 5728, KRR TIZZOD
PRI SR & LR,

¥/, AT, EFROETAIREMEE a X bR %
EEL, 87—ty bV IV EFRELT. Hu-
manEval IZ29WTIE4 164 [, MBPP+IZ DWW T
AFEADE 38 ME T 5. NLP 2 227120\ TS,
T =Xty bEEPBUTHERBIC RN D, EFROE
fTrJREtEZE R L, 500 %4> 7V > 27 LTk
W3z L7 %7, API A2 b 0 & ik
Fomi—xHNE LT, 2ETLOHEN =7V
EBRIF 2048 b =2 VICRE L. Z DEKELX bigeode-
evaluation-harness DAR FF 2 X > b+ [12] ITBWVT,
HumanEval 8 XU MBPP %X 2 712l 512 +—2 ~
TR ThrelBRONTED, RFETIZZHE LE
B2ZEPORYUBFETHD LYWL,

5. FHMIsE
51. k=2 R—=X|2& 3R MEHEEE

AT TIIIATHIZE T H % Frugal GPT & [EIREIC, API
FAIZ N (FAR—R) ORERIHKTZZTax
FHIERR 2B T 5. BKRNCIE, GPT-5 Bk fl ks

DEARPER—ZAF54 2L, LLM A X% — FEH
BEoaz iR 5. a X MEIRREUToORTE



K2 HHET LV E
R ETNA AJ1aZ b Hhaz
K22 b | GPT-5-nano | $0.0005/10,000token | $0.004/10,000t0ken
HFa 2 b | GPT-5-mini | $0.0025/10,000token | $0.02/10,000token
Eaz b GPT-5 $0.0125/10,000t0ken | $0.1/10,000token

KI5,

\ LLM # 25— Ffga X b
QX MHIER =1 — !
NGRS R—ZA5 4 VFax b @)

HETNLDO APIFAIHIRA MIR2ITRTHEDTDH 5.

5.2. SE # X 7ICH T B 4REFEIE

AL TIE SE X A7 OFHAifEIE ¥ LT PassQ1 % F
W3, Pass@Ql 3 MEICHLT1Ha— REERL, &
TOT AN —R %l U758 DAIEMR & A7% 3161
ThY, 12U EDT AN r —2ABKRM LGS, 5
WL T 7 —RFATR T 7 — 354 L 25 B3 R IEf#
*LTHbND. £/ HimanEval OB RIEICIZ Y 7
~12 f#l, MBPP+IZIFZ¥3 3~5 DT A + & — ANE
FNTVWE. ZOHEMEIZED, FHoCELWa—RT
72 K, BORIbER R SERH 2 TEIERTRE R o — FD A
DIEfRY L CRHiixh 2.

SEXZZDF A+ — A0 FRRHEIZ, NLP
RAZZBT 2 XFHN—BHIE L LT, W20
KRS 2o, B2, TR Mr—RI3ETAEE
ALK T H 272, HEDORBIED D TE. FR X
N7z a— FORGLERELETEDRLZ->TVWTH, RDHE
WM R L TWAIRIERB e HIE XS h 3. BT,
BEROT AN r —RCX2ZANBRBEECE D, FED
AR L TOAEET 2 BRDIEREHFRTZ 5. 28
=T, ETRRT S —oMic & b, ESXHNTIZIE L WA
FATARARER 2 — RERIEM L L GRIITE 2. b
DOFMICE D, SEZZAZITBIT3 LLM A 27— FOH|
EXD=ALZE, EWEEEEZFRf > TR A7 DREDE
BERETELLEZLNS.

HHEZ 2N LTERUTREZHWS.

GPT-5 [E&#

RE = TR (2)

R—2ZAF A

N

_ BARAPETFLOEBFRDER

— KMEE
LLM H 247 — FHRE = T N

5.3. NLP # X 7ICH 1T B 4REFGIE

NLP Z 271281} 2 1IEFHIELX, Exact Match % H
W3, Exact Match 1%, R I NEE L HiIcHE
INTIERT — R BT 2 2 TIERHIERITS. 72
721, BT TId e <, AR E A
LTv—27 XY Vals DRRASEEH 7 & O FiLE 2
TV, RCF/INCFEHE— - Z2EBRE - AR HIBR O IEH
{LRRICIEfRT — X L b§ 5. #Hlz1Z, TParis) paris]
MParis. ] X T NTH—DEIZYr LTHKkbh 5. EHLE
DT XA MEHEBL, ER2I—HLZSEICER L HE
3 5.

MREZHI 55 LTIE, SE & X7 eFRkICK (2), &
(3) 2T 5.

5.4. LLM AXT—RICEIT3EEBOIESH & F=EH

LLM 1 27— F D& FEE DB » Bk ils L,
LLM 5 A% — K OBWERE R o813 5. BRI, 2
FBEOEELZ ST VIO OVWTEET 3.

FIC, FSETVOEZHTHS. KaAMET LD
EBEBNZNZEY, Ea X T TV FSEEANH] X
N, 2R0a X MEIEZHRPKEL K3,

HBUZ, FaRFEFABIOEIR P ETFAANEE
SNMERTDH 2. BEEDVZVGE, BTOREDE
TOATIENEREEREENZ N L 2R S 5.

X5, BEINEEE 2 2 7R 2 v kigs
BT, RAZEMANLLM H 27— FORRICE %
LB EALPICTE L. FHlZIX, NLP X 227 DJFhH
SE X227 kD dEaRMETNDIEEFBDZL - 1285
&, NLP 2227 DM LLM # A7 — FIZHEL TV &
it ens. Zoatnckh, EHCBOTED X
IBRERAVIZLIM A AT — REFEHITREPL VI E
BEDIEH 2Rt TX 3.

AWETIE, BEFTAICBIT 3 EER L ZHE®
F—REy FTRIWCHIEL, XAZRMICX 2B VRS
W52, ZAuckb, HIBETHRELZ RQ3IIXT 3
RS E2E2 2 2HIET



% 3. BFIRICBY % 2 X MR ORI R

RA7 % N=2ZAF4Bazxb | LLM AR5 —FEazx b | ax HEE
HumanEval $1.2879 $0.3702 71.26 %
MBPP+ $2.5853 $1.0869 57.96 %
MMLU $1.8753 $0.4063 78.33 %
HEADLINES $0.5446 $0.2974 45.39 %
6. RERIER

6.1. OAX MHIESIRIZE DIEED

BRAZIZBWT GPT-5 DA EMHH LGS Y, LLM
HAT — REIToGED FILR—ZATORIA B X
Ca R MHERREZ R 3 1ITRT.

£3Xh, BTORXRAZIZBWT GPT-5 DA% HH
L2558 &0d, LLM AR — REFHLTWS )
PR R FAHIRE N B Z e hgh B, SE XA 7T,
HumanEval 371.26 % ($1.2879—$0.3702), MBPP+
2357.96 % ($2.5853 = $1.0869) D x +EIRE AL
L7-. NLP % 22 TiZ, MMLU #378.33 % ($1.8753
—$0.4063) , HEADLINES 7% 45.39 % ($0.5446 —
$0.2974) DHEE L 725 7=,

CheORERIE, BREIRXAMEFALTHS GPT-H
PHEHETEd, a2 XA M ETFTALTH S GPT-5-nano
% GPT-5-mini TIEL { LHEIT X 2 @R Z S FIEL,
GPT-5 OfFFHE % KIEICHIRTE 2 Z 2 2/RL TV 5.
%7z, [T SE X X7 TdH->TH HumanEval 1 71.26 %,
MBPP+1Z 57.96 %, NLP Z 27128\ TH MMLU 1
78.33 %, HEADLINES 13 45.39 % ¥, X7 DHNEIZ
XoTaX MHIBRIIKES ERZ 2R THNS.

6.2. fEEICE(ED BB DHh

BT =Rty MBI 2REOIEERER 412, TEEE
R 5ITRT.
HREDMEEICB W T, X AZTLLM A AT —
RFiER—2F 4 v% LM 2 HEE%2/RL7=. HumanEval
T+3.65 %, MBPP+T+5.56 %, MMLU T+3.00 %,
HEADLINES T+0.60 % DA LA HEGR X . HERER
FOBERIZOWTIEIH 7 BICTEREITS

6.3. BEEICH T B EZTB L REBBUI L DIEED

LLM AR = FIZBIF2& I A MNETILVOIEER %
K62, FARMNETAANRBINMERERTIC

% 4. BFHEITBT 5 X R 7 EER

RRAT % N—R 74 VB | LLM AR 7 —F
HumanEval(164 i) 143 149 (46)
MBPP+(378 [H]) 281 302 (+21)
MMLU (500 &) 455 470 (+15)
HEADLINES(500 ) 380 383 (+3)

£ 5. BRXATITBIT DR

RATH N—R 74 VHK | LLM AR 7 —F | thiEoZfk
HumanEval(164 [4) 87.20 % 90.85 % +3.65 %
MBPP-+(378 fi]) 74.34 % 79.89 % +5.56 %
MMLU(500 ) 91.00 % 94.00 % +3.00 %
HEADLINES(500 i) 76.00 % 76.60 % +0.60 %

#£6. B TMEFNLDIELEH

RRAD %4 GPT-5-nano | GPT-5-mini | GPT-5
HumanEval(164 i) 111 38 0
MBPP+(378 [if) 233 68 1
MMLU(500 ) 410 55 5
HEADLINES (500 ) 374 5 4

7. HBAX N ETNICEEIN-BERK

B2 GPT-5-nano | GPT-5-mini | GPT-5
HumanEval(164 i) 164 53 15
MBPP+ (378 [i]) 378 145 T
MMLU (500 fif) 500 90 35
HEADLINES(500 ) 500 126 121

R

BE'TILDOIEZERIZ, HumanEval Tl 111 [, MMLU
TlZ 410 f25 GPT-5-nano DA TUHESE T LTED,
aZ MHIBOERE# N o/, —FF, GPT-5I1C&
X N-MEOIEERE HumanEval T 0 f, MBPP+
T 1/, MMLU T 5%, HEADLINES T 4 [ & #isb T
KD 7=

7. ER
7.1. SE 2 A VIDER

KEERP S, SE XX ZIZBWTH LLM h R 7 —
RIZETH 3 Z e RSN 2A, a R MEERIR
RRA7DREIC K - TRRZ Z b o Tz,

A LT, BECFEOHEX DBVAEZ HND.
HumanEval Tl&, B8 72 F ¥y AHABIDEHRE
TW37DKa R NEFATHIEMICIIETE S, —F
MBPP+IZHASERHOATH D, EF AP
2 F v BT 2RERD B, ZOAOBKRXICK -



def has_close_elements(numbers: List[float], threshold: float) -> bool:
""" Check if in given list of numbers, are any two numbers closer to each other than
given threshold.
>>> has_close_elements([1.0, 2.0, 3.0], 0.5)
False
>>> has_close_elements([1.0, 2.8, 3.0, 4.0, 5.0, 2.0], 0.3)
True

3. HumanEval ® & X 27 O—4

%7avIk
"Write a function to find squares of individual elements in a list."

%R Fr—2
assert square_nums([1,2,3,4,5,6,7,8,9,10])==[1,4,9,16,25,36,49,64,81,100]
assert square_nums([10,20,30])==([100,400,900])

assert square_nums([12,15])==([144,225])

X 4. MBPP+® & X 7 O—f

T, Ra X METNVORBRDIE R TZEBN L RE L
rEz 3. BiRRY7 HumanEval ¥ MBPP+o® 7’1
T IEK 3, X 41TRT

3I1TRE NS HumanEval TlX, B 715 % (B
B, 518, 51808 RO EDR) MIHRINCERR
INTED, docstring PITIZEIER D EMEFIEA & EAKTY
BRAHNBIBEERTWS. D X S5 IR
ICHHEL XN T WS 729, ET VIR 2E8ERIE
MR L ECa— FEERTE 3.

—7%, K 41TREN 5 MBPP+TIZ, HASHEICLS
MDA G 2 54, B 72 F v 3t i
V. RS, 518, IR, RO EORIITRTE
TP H SHEH T 2 H0ERH D, Z OFRDOEER X MK
AR METATORMBREZIBEZRPTVEEZIONS.

7.2. HREM EDER

ERFER X D, GPT-5-nano ¥ GPT-5-mini D IEZ#
DAY, GPT-5 BRDIEEEE LAl 2 7 — ZAH3HERR
X7z, #2132 HumanEval Tl, GPT-5 B3 143 [
EfETH2D01zxt L, GPT-5-nano ¥ GPT-5-mini D&
i 149 BETH o 7=

BAKINZIZE 8 ITRT 6 DD X R A GPT-5 AT
EARERTH 57255, LLM A A4 — K TlE GPT-5-mini
WEkoTEfRrzo7-. IEEROHEDIS, KaX e
TOLDIMFEIRT & T GPT-5 MR T E R OEDSFET
5T ENS.

FLQIRLZ6DDRAZIZOWT, GPT-5 D
b= Y HE G LIRERER 9IRS

# 8. GPT-5 A CTAHIEM, LLM 2 A7 — FTIE
Ryl ol=R2AD

KA 1D & IEfigE T
HumanEval/47 RRED T GPT-5-mini
HumanEval /76 NEFHE GPT-5-mini

HumanEval/129 7'V v FEFE SR GPT-5-mini

HumanEval/130 | BH#EZEZEANE 2 HE | GPT-5-mini
HumanEval/132 F A b U759 E GPT-5-mini
HumanEval/147 BEEB L Ao/ GPT-5-mini

# 9. GPT-5 IR TARIEMr Ie o722 27 DHH
F—2Z VO

K22 1D Wb —2 8| BEOHE JA
HumanEval/47 2048 7L _RRFI5E
HumanEval/76 2048 7L RREE

HumanEval/129 2048 %L _BRF5E
HumanEval /130 2048 %L _BRF5E
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HumanEval/147 1438 HY nYyr7rs—
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HABDH Y, d—27 v FRIGELTHIBEFTITHY)
SNTFER, RESha—Rehh T A MIEKRLEE
Ezohd. —J, GPT-5-mini IXfEREEZAERL
72728, MCXAZTHIEFICa— REH N TE .

743, HumanEval/147 TIZH b —27 V83 BRRIC
ELTOWARWIZH2DDO T RIEfRE RoTe. ZOXR
71%, B8l ali) =ixi—i+1 DERENPS, 3DDEERD
233 DfEE L B B HAGHOEDEERD AETH 5.

X 5 12RES, X612 GPT-5 0%, X712 GPT-5-
mini DEEERT. WEFTALEBRLETLITY XL (3
THEH>7=RDICE 2 MAGDLERHE) ZRALT
W3 A, FEOME,ARL S, GPT-5 3R ARELME L
Tn < 3DHHIIC 0 ZIRL, NEBEIEL comb3 ZEF L
THAEDEERHELTWS. —J7, GPT-5-mini (35
BRI T, f ICKBEHFEEIT> TV,
Br LT, GPT-5-mini DEEDANT X b T —A%E
WLz, ZoHEHNE, SHEETAPBTLIETOX
AT TEMEIER ST, BEZAXANDBWHIERICH
BIYHIERLTVS.



def get_max_triples(n):

You are given a positive integer n. You have to create an integer array a of length
n.
Foreachi(l1<i<n), thevalueofali]=i*i-i+1.
Return the number of triples (a[i], a[j], a[k]) of a wherei<j <k,
and a[i] + a[j] + a[k] is a multiple of 3.

Example :
Input:n=5
Output: 1
Explanation:
a=[1,3,7,13,21]
The only valid triple is (1, 7, 13).

Efga—F
if n <= 2: return False

one_cnt=1+(n-2)//3*2+(n-2)%3

zero_cnt = n - one_cnt

return one_cnt * (one_cnt - 1) * (one_cnt - 2) // 6 + zero_cnt * (zero_cnt - 1) *
(zero_cnt-2)// 6

X 5. HumanEval /147 O R

ifn<3:
return 0
q, r =divmod(n, 3)
c0=q+(lifr>=2else0) #countof iwithi%3==2=>a[i]%3==0
cl=n-c0 # countofiwithi% 3in{0,1}=>ali]%3==1

def comb3(m):
return (m* (m-1)* (m-2))//6ifm>=3else 0

return comb3(c0) + comb3(c1)

¥ 6. HumanEval/147 1203 % GPT-5 O[H% (R
Ef#)

KRR DOWHERD S, Ka X MET LD GPT-5
FOENHERERLUZERE LTUREZ LN 5.
B, HHoBBXOEVWRETONS. XIITRL
7=& 512, GPT-5 3ARRRAEIE2ER LT =2V 1
FRICET 2EHADDH 5 DIZxt L, GPT-5-mini TIX R
REEEERT 2720, MILXRAITHEFICa—F%
WhTE.

U, ETLVEOREDEW,AEZ HND. BB
ETIIERR 2 HBEEEZETE D, FEDME (2 —
VKT R EE - MEELERR RN D 5. 72751,
LLM OHNIHERNTH 5728, A—DRAZITHL
THEEBRZIT- 55, GPT-5 08 —2 >~ ERICE
BIIEMT 2AREEDFET 5. kB, EBREROHE
Pz DOWTIE, %R 7.3 Hil2 T 50 FlD#E DR LikfT
W& BHERIRE R FEM L T\ b 720, MEER LB R
PRI TS, £oT, ARIRZRZ LV TOH
B DM EE DS SR ORETH 5.

—77, MEREM LR EMICE ¥ E o R LTI,
GPT-5 O HHEHME (F—2 > FRR - EE2 &4 1) 12

rem=n%3
base=n//3
# indices with i % 3 == 2 produce a[i] % 3 ==0
c0 = base + (1 if rem >= 2 else 0)
# the rest produce a[i] % 3 ==1
cl=n-c0
result =0
if c0>=3:
result +=c0 * (c0-1) *(c0-2)// 6
ifcl>=3:
result+=cl*(c1-1)*(c1-2)//6
return result

7. HumanEval/147 (Z25%3 % GPT-5-mini O[]
% (IEf#)

2 10. KRatAIBE DR
2R SEIERERE | PRE | pf#
+4.795% | +4.880% | < 0.01
+5.164% | +5.030% | < 0.01

HumanEval
MBPP+

A3 3 BRI THZEZbNS. XoTLLM
HAT — FOHRERETE 2 X5 Ry — A elED—
e =Y, WEBICERBHIELZDDEEZONS.

7.3. HEHIREIC KL B BRI DD

PEREIA] EAMBIRIC K 2 D TR RV L B
MRFES % 72, HumanEval 3 & f MBPP+IZDW\W T,
GPT-5 Hifk¥ LLM # 24 — F OMREZ % 50 BIDRFT
TEHHIL, Wilcoxon FFENEAME % Fhi L 7=.

MEDRER (£10), LLM AR 7 — RlgR—ZX54
R L TAERIZEWHEREZRL (o =0.01,p < 0.01).

F 72 50 BT 21T - 724EE, HumanEval TiEFS
PREZE 4+4.795% (HFYfE 4+4.880%) , MBPP+TIi:F
HIMERERE +5.164% (FRME +5.030%) Z/RL7=.

X512, 250 HORTICBVTHEENETH- 7=
b, LLM A A7 — Koo —H L -HH
HERLTVS.

PlEED, LLM # 27— FIiZ & 2 e B
WHETHD, MR X 2R TIERVATREES &,

74. BARXMETIAZEBIN-REDST

GPT-5 IZZFE I N MBI T 2 IEERER 111K
9. GPT-5 XZES N MO IEERIIRES TS 14.29
% 2D T, LLM B 247 — FDOREE % o 3
RTIEENEND 2 D TIE R L, HREM B —ER
EORANGFET R EZ NS, HAF—REFHL



F11. LM A X% — RIi2BIF 3 GPT-5 DIFEER

RRY PR | (BB | IEBXR
HumanEval(164 ) 15 0 0%
MBPP+ (378 i) 77 1| 1.30%
MMLU(500 ) 35 5 | 14.20%
HEADLINES(500 f) | 121 4| 331%

7ea— FHBAERZ R 72 8T, RERNC R M@
WKIRARICE B L B 2 — 2 MisENCET 2728, Hlo
TITA—FPRETH D EDREEINS.

7.5. ZUMADER

7.5.1 AMZHM

AiFZEIE HumanEval £ MBPP+® Python 22— R4
JRERY DHERRE LTED, NTEIERT A ML
W 7D SE & 2 7 ADEHATREEIEF TS 5. X5
12, AT GPT-5 >V —XDAZHHLTLLM &
A —RERERLTED, 2425 LLM (Claude, Gemini
%) ZHAGDEGEICFEROINEDE SN Z 0138
FEL TV,

7.5.2 SHIZHM

AIFFE T L 72 HumanEval ®° MBPP I3 AZH#E(L &
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&2 HDTIE RN L BFREHINCHER X .

& 2 7RO OWTIE, HumanEval ¥ MBPP+
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72 a— FAERMETIE LLM & 27 — R3ERNT
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BB D AT OWVWTIX, GPT-5-nano &R A7 T
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