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Verification and discussion on accuracy and efficiency of code generation using generative Al
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Abstract  This study investigates the effectiveness of generative Al in enhancing code generation accuracy and development efficiency of software
programs. We examine the performance of leading large language models (LLMs), such as GPT-40, Claude 3.5 Sonnet, and Gemini 1.5 Pro, on coding
tasks using the HumanEval problem solving dataset provided by OpenAl. Our findings revealed that while individual LLMs achieved accuracy
rates between 83.5 and 91.5%, combining these multiple models with ensemble techniques improved performance to 96.3%. We also explored prompt
engineering techniques and its best practices to create high-quality prompts that optimize model's outputs and reduce hallucinations. Additionally,
we evaluate the potential of the Sketch2code technology for front-end development by comparing the visual similarity of wireframes to generated
HTML using metrics such as SSIM and PSNR. Our results indicated that Gemini 1.5 Pro performed the best outcome in this specific task, though all
models showed comparable capabilities. Finally, we explored that the emergence of Al agents and their potential impact on software engineering
field, referencing a new benchmark called SWE-bench (Software Engineering Benchmark). Agent-assisted models do not require human's instruc-
tions and significantly outperform traditional LLMs. We showed a case study using the Amazon Q Developer Agent to demonstrate efficiently

creating a prototype of web application with the Al’s capability.
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D Gemini 2ZF b5, 2024 F£F PBL D38/l PT ik T
b, F—LAVANR—BLEHD3O0HF—LREHHALT, V7
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75T\ %, HumanEval & (X, OpenAl #1728 2021 4 D §fi 3 [4]
THEL b DT, 2 — FEKDOHEREFHTE % 1T 5 72 ® . Python
D=y P TFRMIEDI4D TR 7S IV FRIEI LS T
— X2y FTHY, TOF—ZEvy FiciE, BX, Y—F. @
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n, LLM BERL7za—FRa=y b TR MCEET 0L
I BEHET B,

HumanEval ® X 27 (X, Claude 3.5 Sonnet & 92.0%[2].
GPT-40 % 90.2%[5]. Gemini 1.5 Pro (¥ 84.1%[3] & FFR I N T
T, Claude 3.5 Sonnet 23 b &>, Claude 3.5 Sonnet I3,
LAFiDoE 7 CTd % Claude 3 Opus D 84.9%72> b KiIgIC 2 2 7
BTy 7Lz WE LT B]2],

HumanEval ® Y — & —F— F B L T34 4 b[6]ic X
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SRR 2 SR L 2BR D E TV Codex DA 2T 82%4 b, &
D 3EMTRE SRR ELTW3 2 &b d %, Codex 1.
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— 2L LT, GPT3 % Fa—=v /LTINS — FAERK
CRHLLZ2E 7 A C, ZOEiAda—T 4 v 73R — v X
GitHub Copilot IC/EHA &N T3 [4], 7272 L. 2 — FERDEE
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Code Generation on HumanEval

Leaderboard Community Model Dataset

Jan'23 w23 sep'23 Jan'2

Other models -~ Models with highest Pass@1

X 1 HumanEval ® ) — & —R—F (2024 & 10 A 8 B %)

HumanEval 125 W T& LLM H»FRIEfET: > 7-FIRED LL 8

HumanEval ® 7’0 7'Z 3 v 7T (164 ) @ 9 5, % LLM
BEALREEE T 2o 72D %R %, HumanEval ®©
T—Xty bEXyvu—FLT, FILO PC ClErDTHD
ELHLIM T1RIOUEZ Lz &oRa7 (EME) 11,
GPT-40 25 91.5%. Claude 3.5 Sonnet %% 89.6%. Gemini 1.5 Pro
2 83.5%77 o 77,

rnFntiionkINTnwis a7 H~3%L, Claude
3.5 Sonnet ZSAKME X Y (K223, GPT-40 & Gemini 1.5 Pro
i, 13IE—®] LT3, LLM ot —E<Tlde ., EEb
LI2ZLT 2720, AKfEE OFHIZ, LLM D7 X2 — 23
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EDENCH VIV EICXE D EEZ 5N %, HumanEval
D GitHub J K + U [7] Tl ¥ v 74803 200 ICERE I T
Wa 23, SN, & LLM OMRETIE A <, RNIEfRORE%
BT 2 ERENDED . F Y I T A EITLTW 3,
RIEfRETE o 7-RIEIER 1 IR T LB, GPT-4o 2% 14 [,
Claude 3.5 Sonnet 7% 17 [f], Gemini 1.5 Pro 23 27 [{|CT&® 3,

=1 £ LLM A RIERRSS - 7-fERE (RIEfZIX 1, IEfRIE 0)
ENTIE 2 DU ED LLM ARIER, KFIE 3 20D LLM A RIERR

Bl B, GPT- Claude Gemini
#H5 " 40 35 1.5 Pro
Sonnet
9 rolling_max 0 0 1
10 make_palindrome 0 0 1
26 remove_duplicates 0 0 1
32 find_zero 0 1 1
41 car_race_collision 1 0 0
65 circular_shift 1 1 0
68 pluck 0 0 1
72 will_it_fly 0 1 0
75 is_multiply_prime 1 1 0
77 iscube 0 0 1
83 starts_one_ends 1 0 1
84 solve 0 0 1
86 anti_shuffle 0 1 0
93 encode 1 0 0
102 choose_num 0 1 0
106 f 0 1 0
109 move_one_ball 0 1 0
115 max_fill 1 1 1
119 match_parens 0 1 1
120 maximum 0 0 1
121 solution 0 0 1
125 split_words 1 1 1
126 is_sorted 0 0 1
127 intersection 1 1 0
129 minPath 1 0 1
130 tri 0 0 1
132 is_nested 1 1 1
133 sum_squares 0 0 1
134 check_if_last_char is_a_letter 1 1 1
137 compare_one 0 0 1
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138 is_equal_to_sum_even 0 1 0
139 special_factorial 0 0 1
140 fix_spaces 1 0 0
142 sum_squares 0 0 1
145 order_by_points 1 1 1
149 sorted_list_sum 0 0 1
160 do_algebra 1 1 1
161 solve 0 0 1
163 generate_integers 0 0 1
&af 14 17 27
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def check_if_last_char_is_a_letter(txt):

S LT DStk Z 7= 38 A 12 True

XFOIN—T L LET

check_if_last_char_is_a_letter(""apple pie"") — Fals

check_if_last_char_is_a_letter(""apple pi e"") — Tru

check_if_last_char_is_a_letter(""apple pi e "") — Fa
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lse
check_if_last_char_is_a_letter("""") — False

Bl RD L BY TH D,

def check_if_last_char_is_a_letter(txt):
check = txt.split(' ")[-1]
return True if len(check) == 1 and
(97 <= ord(check.lower()) <= 122) else False

L2L. LLM OREIZECld, LTFTD XS IcEX T3, i
13 GPT-40 D HI% 7275, Claude 3.5Sonnet b [ U & 512, &%f)
CAEMOZEEAHIBRLTCLE > CTwa 720, IFELWHENRTE
ml7moTn3,

def check_if_last_char_is_a_letter(txt):

# Strip any trailing whitespace from the string

txt = txt.rstrip()

# Check if the string is empty after stripping

if not txt:

return False

# Check if the last character is an alphabetical char

acter

if txt[-1].isalpha():
# Split the string by spaces to get the words
words = txt.split()
# Check if the last character is a single charact
er word

if words and words[-1] == txt[-1]:
return True

return False

—fH 7 2 — FOERLETIE, KEROZEHLFERHIRL TH 5,
XFHNEHET 27 —AB% LB b LEZ LN, LLM 2[FAk
Da—Fx2FEL T3 720, MERMICEZE LTS L&
na,

Zofth, Ta ZBEFH. b 2HEFH] KT 2R E—MRINT
FRWERENASINTE Y, MEORTE D L  HET 2 48R
B L EERARIERT o 720 TR VWEREDEA, XE%
HiRE3 2 00 LWHNICHZ LA LNLD,

EROETNVTER - FIERHEIN 2 HEOMER

3ODEFAD S L, Gemini 1.5 Pro 258 b BhE W% 2o
7225, LT o (65fH) <i, #IC Gemini 1.5 Pro 721}
DIEfRT - 72,

lar_shift(x, shift):

>>> circular_shift(12, 1)
nyqn
>>> circular_shift(12, 2)
L

Gemini 1.5Pro Tl3. U TF D 2 — FIZaa$@ Y . shift 25475
IO REWHEDAMNEIC LTWT, ELTWw3,
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def circular_shift(x, shift):
x = str(x)

if shift > len(x):
return x[::-1]
return x[-shift:] + x[:-shift]

GPT-40 T, shift 22K & R LHAE S HNMEIC LT3 728,
RIEfRIC 7 5T 3,

def circular_shift(x, shift):
x_str = str(x)
num_digits = len(x_str)

if shift >= num_digits:
return x_str[::-1]

shift = shift % num_digits
return x_str[-shift:] + x_str[:-shift]

Claude 3.5 Sonnet Tb . shift 25474 & [F U5& S WEIC L
TWwW37e®, AEMICR->Tn5,

def circular_shift(x, shift):

# Convert the integer to a string

x_str = str(x)

# Get the length of the number

length = len(x_str)

# If shift is greater than length, just reverse the s
tring

if shift >= length:

return x_str[::-1]

# Calculate the effective shift (in case shift > leng
th)

effective_shift = shift % length

# Perform the circular shift

shifted = x_str[-effective_shift:] + x_str[:-effectiv
e_shift]

return shifted
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3 EEEsR Do 0 FE - Hiffr
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FoME 2N T 2L ERAR NI EZIRNICIERT 32 &
T, LLM 28 IEHE 7 [B1% % A A3 2 ATREMEDME L 7 5, il %
. TAEARWES, -3 ARB0d 2522 RMET 201C
T RIERP R EGEIR. i Thbrbhwn] /-3 Tkb
o] EEoTLEIV] ok ay T 2ED 5T
LTh 5,

2.LLM it 2 22 %5 2 3ic, BN %IRRT BHiic
HEAFHP T — 2 2EEHE b2 A7 2 HEEE 2 5,
Bz iE, 2227 %2ET2HIC, 70 v 7 MCED R
PEEHREEFIHEE LA R 2RI E S LT,
LIM 2N DT — X 2HERAL BB XAV ICEFT 5,
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BR70>7 F%BAWVWT, HumanEval TLLM AIEEfETE L
o REEBERT

FRoFE - BEfizEHL AR ey I 2RRE L,
HumanEval 125 W TH LLM 2513 T % 2220 o - BE O FE
fTaAT o 7oo FATICH W 2 S 13 115, 125, 132, 134,
145, 160 TH 3, K LLM 25 ORIED Fff % BT 75 2 -
7B 7a vy 7R IEUTTH B,

You are a skilled programmer. Complete the following code snip

WRLAEZTey 7 MIUTTH DL, T2, HRAITICHAHL 72
EFNIE GPT-40 Z V72,

You are a world-class problem solver and expert of Pytho
n language tasked with generating high-quality, efficien
t, and accurate code. Your goal is to implement actual f
unction described in the given problem statement using a
function template. Follow these guidelines:

1. Read the problem statement carefully, including any g
iven examples and constraints.

2. Think through the problem step-by-step before writing
any code.

3. Implement the function exactly as specified, includin
g the function name and parameters.

4. Use appropriate data structures and algorithms to ens
ure efficiency.

5. Include clear and concise comments to explain your lo
gic.

6. Handle edge cases and potential errors carefully.

7. Ensure your code adheres to PEP 8 style guidelines in
terms of Python coding.

8. After understanding a problem and implement your code
, try to repeatedly verify if the implemented code can a
ctually be an answer for the given problem until you mak
e sure your implementation is correct.

Z DGR, [HI#E 125 split_words ICBWTIEfFE 2 b, 7'm
vIZhZ YT )ik 3 ey T FOoRBICL o T—
TEDMBERT L Bbhr o7,

4 Sketch2code IZBH ¥ % i &

PBLIEENCEH TS Y 7 b7 = THIR TR, WIEED A v S —
ELTEMLTWS T ehb, BRI ARK Al % v Ch%
EEMBL T3, £ AL OFIF ¢l 3 ChatGPT % Github
Copilot 7% EDOXFERLY — V2RI L 7225, = FE -2
HELTWwWEY —AT7uexsro7uy by FHEEO X
sV —vvay b ANELZa—FBEREDEMLZ,
S5 L7HEDS,. LLM %A 7z Sketch2code 237 v v f = v
FOBIFICERNTH 2 hIc oW TREREE 21T 5 ICE - 72,

Sketch2code 17 4 ¥ — 7L —L%fw/a2—F (HIML)
DHEERTFETHY, FHERY -V TERLEZRT vy T %
Fioy—2a—Fu4ERT2eRnTEL, KETEY Y I
DF—X+t v b+ %HAWT Sketch2code DIIEE% g L 7=,
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Sketch2code TO MRS ICEAT 5 AR

Sketch2code T® = — FAEK OMWREFHIIC D\ Tld, 1EiHEL
BoTWbF—Zky bRRVIELL, F—EH ATV RS
7 v b7+ —2LTH 5 Kaggle ® sketch2Code 7 —X & v I %
FHWTHREE L 72[12], A7 — %% ¥ b Sketch2code IZFIFH T
ELMAREO T A Y — 7 L — A0 E L TE Y | Kaggle
BT =R ALV ZAOHMBNLR T 7y b 74 —LTHLRD
FE L 72,

Sketch2code T4ER L7=HTML a—FOHAhE74¥—-7L
— LOELUEICET 3 B

PEREHIRIC oW TiE, FEE BRI YA vy —71L—4
BRACTER Al ZHWCa— FEREZTW, I niza—F
ZREicva vtz FOlEEZRRL, 74V =71 =420
HOELAM 72, 7y 7 ELTRI Y IARDDE, BB
LEiERB D00 Fdk - FiioEE2SZICLZd0
ZRRALT, BEED - oEERIZFIAL 2\ X 5 icfgrz Lz,
. VI Tr v T

HTML % {Epk L C SV, 7272 L HTML PNIC ]

X

A=

LA T YR
W, EIfR ]

#F 4 CSS TIiF7R<, <style># ZNITH

. RRDEERY A A TH LA T U b

LLM i OpenAl @ ChatGPT. Anthropic © Claude. Google
® Gemini ZfEfH L. FHEifilicow<Cld, 74¥—71L -4tk
A Enza—FEECLAEZ7e v b v FHEEOR#MED
ko 7zo, LUT ofHlifeiE % F v 7=,
o SSIM: E{RDOREER B %2 5 L. AR ORI
JECE D O MR O TVE AR AR WE,

e PSNR:MSE % bl & 13 {55 04EE LT, Wik &%
B % T v~V HANT G R,

e Hash Difference: [Hif§ D &A1) 7 15 & 1 B 8 oo $E U
I L. Ny v 2 HO S D b EHR OFELUE % HIE,
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Gemini

£ 2 TAY—7L—L%EICE LLM TER L 72 HTML

PUTNETAVT P EERLEEREREE LLM OFFEIC
21T
SEOKIFTIE 3 2D T4 ¥ —7 L —LikWRica— P&
ATV el U 7z 3 48R % LI B & 51l L 7=,
ZZTRM2 ZRRIC, & LLM QA% HIHE L 7248
REFMT 2, f5Er 088 EE K, 74 ¥—71L—20
Sketch2code ICHERATH 3 &# 2 b3 LLM & Gemini & 7&
> 7z
e SSIM: Geminil.5Pro 23Rl (0.788) T. JLOMRIC
RbIEVEFME NG,
e PSNR:Geminil.5Pro 28 fifi (38.41dB) T, / 4 XL
DR D K,
e  Hash Difference: Geminil.5Pro 25&/IME (15) T, &k
) 7 SRR i D L L T %,

*2 & LLM TER L 7= HTML OBLUE LR R
Gemini Claude3.5
1.5Pro Sonnet
SSIM 0.774 0.788 0.782
PSNR 34.618 38.409 38.194
Hash 16 15 26
Difference

o200 74Y—7 L —LbREICHIKLEZEZ A, &
FHTH B LEZHNS LLM 1 Gemini, Claude, GPT DJiE
Lo,

Gemini & Claude TAEK I N-HIFERIZ, FEIT 2 K%
VRT YR —BETA Y —T7 L — LB BRECHEINLTEY
WMEOWL 237 Th 228, EWEMN GG CEEZRT 3 &
Gemini DEBWIZ EH B EICHFEEINTED, FET S5
B HAEFREL o TLE o7, HBHER OBUE D Hash Differ-
ence ZFRITIE, FLLM TREALER AW Lrbd, EFDE
FAH—EDKEZROTVWEEEZLND,

SEELHNO-HDFiE - ZFifoREESEICLE-7AY
7 b TCOBRE

v InnTa v 7 oL WiKkE T 0, mEE
Aoz oFk - FEfiioEEzsE L7y 7 TD
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MEF b EM L 72, 22Tk, vy I ray 7 CHEFL 72
Bz b K EE S B> o 72, Geminil.5Pro CHEHREE L 72 %
RELEHT 2,

%3 Gemini1.5 Pro THOBRIEHR
VTN
v v 7 F
SSIM 0.788 0.773 -0.014
PSNR 38.409 37.945 -0.464
Hash 15 20 +5
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e SSIM D SSIM 284 0.014 J84 L. Ry 2 FH{LLEE
BHOTPIET LTS,
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HEWREOELUEIMET LTWw 5,
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KBWTlE, Y IAn7uy 7 CoREEE kLT,
BROIWEMENICD ROfERAENIT 2 e BT, it
LT, Geminil.5 Pro iC2oWTIZREAR 51T, GPT-40 &
Claude3.5 Sonnet IZ DWW TIFHRE VR b7z, BERICDOWTIT,
ARREEDETE TIZRIHTE e d o 7245, LLM OFiEZ Mk L
b7 ue v I EERT A ENEETH DS ERFTE L,

7Y Iy FREARICEITS LLM 0FRYE

JFRATE LT 74 ¥ —7 1L —2L%3HIC L7 Sketch2code I3
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WESDIA4 75V %L 72 M Ay y 73 AAE N
ey by FICREARAERLDOTHEILEEZLNSE, — /T
Tt Ay S Eofiigi ey v VREETHR
12, Sketch2code Z# FIWTRAICBHRENTEZ 2 L) HTENR
TwieEIbN5,

5 V7 by 2 THERFICEILZHL WL
NV F v — 7 T O

V7 by = TRETOERN L 2 — FAERREN ZRHGIT
7-%. SWE-bench (Software Engineering Benchmark) &9
LRy F~v—7 DEAPRE SN TV 5[13], SWE-bench
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2024 4 9 HBED SWE-bench ® U — X —+/— F[13]ic L v
K3k BY, 20%FHETCRAATHALLTWE Z LR
bbb, EioeTFricid, V7 V2T OEIE, 7Ny 7
B KT Y — VR BERIICEEST 2 Al=—Y = v P25
Fo Alz—Yz v b, Ao WIETRA R TH, WET
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DB, TV R VRERFFE L 72 SWE-agent[15] % fif 5
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Leaderboard

Lite Verified Full

Model %Resolved Date Logs Trajs Site

¥ Honeycomb 2206
¥ Amazon Q Developer Agent (v20240719-dev) 1975
¥ Droid 1927 2024-06-17
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% [ RAG + Claude 2 196
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X3 SWE-bench ® U =& —FR—F (2024 & 10 A 11 BEHE)

AlIT—Y v b EERALa—FER
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N Amazon Q v1.24.0
Amazon Web Services # ama com D 362,692 % % % % ¥ (12)
Amazon Q is your generative Al-powered assistant across the software development lifecycle.

WAETS  PUAVAL-L | AT S

4 Visual Studio Code D #i3EH#AE Amazon Q

B2, FOR ORI & KK &2 #~d % web 7 7Y % react T
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Tokyo Time and Weather
Current time in Tokyo: 9/8/2024, 5:57:56 PM

Current Weather in Tokyo

Temperature: 30.02°C

Condition: scattered clouds
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