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1 됡씡갡먡

옢픢 픣괢씣섣 씤뤡 PLDI 2025씣 찡섢픤줡 먡픣 씥숢옣댡 육씦갢, 괣댢씧 SE 괤렢 픥혡눡 픣 밡댡

갣픦픢밢 젡윢 씨씡 픧쀡 갤밣갢 숣눢눡 뤢윣뤣 갤줡갢 육씦눢. 괣뜡댣 줢 ASE 2025갤 픣괢씣섣 갥촡

됡눢눡 섡숤윤 됢갦 됣씦갢, 오 젢갦댡 줣젣 찡갤픨 숥 육눡 긡혡갤 젤씡젥눢. 픥혡씣섣 눢씩픣 밤퐡뤤

됢갢 씪뜡 갤줡 밥옣갧 윥쀢윢툡뤤 씫윤 숥 육씦긡씣, 윢밡 갣픦윤 젦뤥픢 갨윦픤갢윧 툡뤦 렣팡툡뤤

율설픤갦 됣씦눢.

2 육쀡긡윢 밡퐡됡

씥뜢눡 픥혡씣섣 휡묡려갦 됤씦댣 밤퐡됤윢눢.

2.1 An Empirical Study of Python Library Migration Using Large Lan-

guage Models

Figure 1: Library migration 밤퐡 Figure 2: Library migration 팡숦턡

갤윩 괥긢픩댣 밤퐡 줢 픤뀡력, 뀢 씢괡옥 갤윩 밦젣픣 괤렢윢 육윤 뼡 씥눣뜣 긡밢젡윥 젣괦 밧

숤 씬숧 LLM윤 혢옦픣눢눡 젧씣섣 뤧윪 괤숨윤 갤줡갢 됤씦눢. 숡젨력 넡묢 젨촢 갧젦씣섣댡 픢눤

씢괡뤤 렣팢뜤숦력 윥옦픩긡 딡묢씣, 툢휢 갩턢 갧젦씣섣 씭긣됡 Python 뜣윢븡뜡뤥 밨젩 묢젨뤤 씢

괡팣씣섣눡 씡딢갦 픢갪픩눡줡 묣갢 숣씡 댤옧 줤줢픢섣 밤퐡뤤 줡켡봢눢. 픤줡뤣 씥숩갦댡 1젪윧갤

찡씪픤줡 먡픢 3젪윧(윫력 밣윢눡 봡)갤 댥숪 밤퐡뤤 줥픪픩갢, 괣 온픫윥줡 괥긢픩댣 봣봡씣 댥픢

촣봡픣 눥방윤 됢줡눡 먡픩눢. 팡숦턡 섥섦씣섣 눢숧 줦묢픢밪 긡혡뤤 긡댥픤먢 찢씥갤 밣씮줡뤣, 씢

괡팣윢팡숦턡섥섦씣눡윧뤥픤줡씯씥씥숢옣윢뀣씮눢.뀡똡픣븢숫픣젤젨력댢윬픣픥혡씣넡묢윤

젨촢픩눢갤 딣씡줥 갣픦윢 육씦긡씣, 윢밡 밤퐡눡 옩휢렦 댤 퀡 댢긡봣씪갤 됡 갫 갬눢. 픤렧븣뤥 눢뤨

픥혡씣섣 뀢 씢괡뤤 씡섧밫씥 줣젣 밤퐡픢밣갢 숣눢눡 뤢윣윢 됤씦눢.
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2.2 It’s Not Easy Being Green: On the Energy E!ciency of Program-

ming Languages

Figure 3: 밤퐡 줢갭씣 줡섨젡윫력 됥윩픤눡 촤련 갥괡뤥갤 찡 괧씪옪눢.

긡숬젡 씢괡댡 휡묡려줡뤣, 윢밡 픥혡씣섣눡 섡픡툡옡씡 긡숬윢 혣갣씣 씡딤 온픫윤 묡측눡줡뤤

눢렧눡쀢혡젡 ·혣갣젡씢괡갤툢휢윥쀡긤씦눢.괣줢씣섣댡휡묡려갦됤씦댣밤퐡눡픡력괣뜢밬씭씡

섩퀢윢 씣넢줡 섡븢씣 숡젨력 윦윭묡픣 찣윢뤤 뤣됦눡줡씣 댥픣 긡젫 씢괡됤윤 윮팤갤픣 뀢옦윢씦눢.

윢젩씢괡됤윪씭씡갭씣넢줡섡븢찣윢갤퀣눢갢젤윩픩줡뤣,밤퐡윧눡윢뜡픣찣윢갤숡윪밭측뤢퀣

섪젦윭 묢젨윢먢, 씭씡 윧찤옥 괡혤윭 괡봡, 씰픬뤥켢윢섦 괡혤 밧숤, 혢설 켣씡 숥, 먣먤뤥 혢댢 됥

괣댢씧 갭갧됣씦댣 옫윥됤윤 먥밦휢 턣젨픢씱뤣 옢밮뤨 갪렩윤 씫윤 숥 육눢갢 갡젬픩눢.

숡픦윤 턣픢 윢 먤됧 옫섡뤤 턣젨픣 갪갧, 픡력괣뜢밬 씭씡윭 괡혤 섩퀢윪 숡픪 숧갭윤 젨올픤먥

씣넢줡 섡븢씣 윦윭묡픣 찣윢뤤 뤣됤줡 씯눡눢눡 갪렩윤 젨숧픩눢. LLM윢 긣봣쀡픤먢 댦윢턡섫턡윭

젩렪 숥옫옥 퀤섡 밥촢윢 쀢혡젡 묢젨력 딥옩뤨 옫줧, 툢휢 윭묡 육눡 밤퐡뜣갢 눦꼡눢.

댢윬 섥섦윭 눢윣 밤퐡 똡픣 휡묡력오 묢젨윭숤윤 젨긡픩눢. LLM윤 혢옦픣 켣됦 촡젡혥 윧찤눡

갪갧젡윫력 씣넢줡 혦윯윤 넣윬 숥 육윫뀡, 윢뤤 쀣설 ·촡젡혥픤눡 갧젦씣섣 LLM윢 섡먤픤눡 뤩댥픣

씢쀤 윧옭윪 옩휢렦 혣갣씣 봣젦젡 온픫윤 줨 숥 육눢눡 젧윤 줩씡뀤 갫윢눢. 눧숭휢 LLM윭 설눨

윢뀡 퐢줦 줡퐡뤣윤 갡젬픤눡 씢괡갤 뤧윪 갤오댦, 윢뜡픣 혣갣젡 픭윭뤤 줥줡픤갦 넡윭픤눡 씢괡갤

젫윮픣눢눡 갫 윧찤갤 숪섩픩갢, 윢 젤젨씣 줤줢픤눡 씢괡윧됤윢 육눢눡 쀢숡댡 윥쀡젡윢씦눢.

2.3 Agents in the Sandbox: End-to-End Crash Bug Reproduction for

Minecraft

젩뀥씡딤밤퐡뤤됤윤줡갢묤픤눢갤Minecraft뜣눡눧씡픤뀡씣윢뀦렦찡섢픣섥섦윢씦눢.윢밤퐡눡

Minecraft씣섣밤쀣픤눡퀣뜢숧밨괣뤤 LLM윤혢옦픢윧댢윫력윮혤픨숥육눡픡렣윰옮퀣뤤젨씧픣

씢괡옯눢. 윢 씢괡갤 툢휢 젢씮댣 젧윪, 밭측뤢퀣 숥줤봣턡 픡렣윰옮퀣 갥밤긥줡 긡젫씣 씨댣 묢젨뤤
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씢괡윧됤윢 줣젣 젦윭픤갢 찤갮혥픩눢눡 젧윢눢. 밤퐡윧됤윢 묢젨 윧찤씣 씰젦윤 갯갢 육눢눡 눦뀧댡

갡픤갦 됤씦갢, 괣 댧봡씣 밤퐡갤 댤 먦윱갰 육갦 눦긦젥눢.

씡픡력측댡 쀡눤휢 윥쀡젡윢씦눢. LLM윢 Minecraft Wiki윭 줡숤윤 RAG 혧퀥력 혢옦픢 쀢옦윧

밨괣 뤥팡툡뤤 괡젬혥됡 윮혤 눧갮력 방혣픤갢, 윢혨 븢젩 긡밯 LLM 씣윢젩툡뤤 혢옦픢 숡젨 갦윰

혣갣씣섣 괣 눧갮뤤 숥픪픤먢 퀣뜢숧뤤 윮혤픤눡 밧숤윪 괨윩휢 윲 섪갮됡 팥윢픡뜣윥윢뜣눡 눦뀧윤

밫씮눢. LLM윢 윧댢혥씣 갡젧윤 갤줦 숥 육눡 줡젧윤 젦혩휢 섩배픢 젡옦픣 씢괡옯갢, 윢뜤 괡설

윧찤갤 윢 봡씱씣섣 쀥력오 갤눨설윤 촣봡휢 밣씪줪눢눡 쀣갱윢 됤씦눢.

쀣갱픢밣먥 줥픪 줢윥 뜣윢븡뜡뤥 윢젩 괤렢 씢괡댡 촤밯씣눡 젡젭픣 밭측뤢퀣갤 젩혪 씨씦눢. 괣

뜡눢 1네쬡 줡뀡섣씱 Python 뜣윢븡뜡뤥 윢젩 밭측뤢퀣갤 됥윩픢 윢뤤 씢괡씣 혢옦픩눡댦, 눤숧씣눡

밭측뤢퀣 윧찤뤤 씢괡력 뤣됤 숥댡 육눢눡 괤젧윤 묡찥 쀣갱픤줡 먡픢 젬긢 씥숢옣윢 뀣긡댡 픣눢.

윢밡 밤퐡뤤 됤윫먢 눢숧 픣 밡 눦뀨 갫윪, 젢윪 묢젨뤤 밤갲픤갢 괣 묢젨씣 씰젦윤 갯눡 갫윢 씢괡윭

픮숨윢뜣눡 쀢숡윢씦눢. 윢젨 뀢 씢괡댡 갳윭 뤢묥뤥 눧갮씣 젣씡됤갢 육줡뤣, 씲윫력 젤젨뤤 갢뤪눡

윬윢 씳뤢뀡 줢옫픣줡 쀥쀦 긧눩갦 뤣됧 밤퐡옯눢.

2.4 Token Sugar: Making Source Code Sweeter for LLMs through Token-

E!cient Shorthand

윢씢괡눡켣됦쀣설 ·윢픢봡씱씣섣 LLM윭븢옦묢젨뤤숡줦젡윥괤젧씣섣눢뤫눢눡젧씣섣휡묡려갦

됤윤 숥 육씦눢. 밣턣 LLM 혦윯혥뜣갢 픤먥 먤댨 괡젬뀡 씩윧혥옥 갬윪 숧숦턤젡 젣괦윢 딥옩뤪눡댦,

윢 씢괡눡 픡력괣뜢밬 씭씡 윧찤윭 턢퀡 괡젬씣 묢젨윭숤윤 됨갢 픢갪찦윤 젨숧픩눢눡 젧윢 숪섩픩눢.

툢휢윧젤됥윩픤눡윩혫픣켣됦팦턥윤 Token Sugar뜣눡윬젮윭 shorthand력댥찤픢턢퀡숥뤤줨윢

눡 밧숤윫력 눧숭픣 묢백 촥씴윤 넥씡 윭묡젡 숥줪씣섣 혦윯설윤 혩밣픩눢눡 먥윢 윥쀡젡윢씦눢. 긡젫

씢괡갤 묢백 방혧씣뤣 먧묦렫댣 픣갮뤤 똢갢 뀡씥갭 젣괦윢뜣 숡젨력 꼢 섪됩렪윢 육씦눢. 눢뤣 픤뀡

씥숢옣윢 뀣씮댣 젧윪, 갪괢 윢 shorthand뤤 픥숮숧퀦긡 윳픣 촦갤 pretraining 갧젦씣섣 밤쀣픤눡

갮쀤 븢옦긥줡 갢렦픩윤 딡 젩찤젡윥 븢옦 젭갰윢 숡젨력 윢됩윥줡씣 댥픢섣눡 젬긢 윭묢윢 됤씦눢눡

갫윢눢. 씥윢딦씡 윧찤눡 뤬옰 휡묡려줡뤣, 븢옦 괡젬뤤 젮픯젡윫력 봢윤딡 픢눤 밧숤윢 숡옦젡윬줡

댤 씵갢 숣눢눡 쀣갱윢 됤씦눢.

2.5 LongCodeZip: Compress Long Context for Code Language Models

쀥력 줥픪픤갢윧 픤눡 씢괡씣 댡옣윢 됪긥 픤눡 쀣갱윫력 됤씦댣 밤퐡옯눢. 혤윮 뀡윭 씢괡 먨퐡댡

LLM씣갦 API Mapping윤씡딢갦댤윲숥픪픤댡련츢턦숦툡뤤젨갨픨줡,줫씡딤젦밣뤤씡딤혧퀥력

넥갴줨줡뤤 갢묤픤눡 눧갮윢긡 딡묢윢눢. 밤퐡씣섣눡 켣됦 LLM윢 긨 츢턦숦툡뤤 혦윯젡윫력 찥뤥픨

숥 육댡련, 픭숥 눧윳옥 븤련 눧윳력 켣됦뤤 씶촥픤눡 LongCodeZip 픡렣윰옮퀣뤤 섡갥픩눢. 묢섣뀡

켣됦 괡혤찤뤤 LLM씣 젩눪픨 딡 밤쀣픤눡 봤픰옫픣 턢퀡윤 줨윢먥섣댡, 줢옫픣 젦밣눡 윦줡픨 숥

육눡 밧백윤 젨숧픣 젧윢 휡묡력옪눢. 뀡 씬숧 씢괡씣섣 켣됦 괡혤찤뤤 씶촥젡윫력 젩눪픨 숥 육눡

밧백윤 갢묤픢옱눡댦, 윢밡 밤퐡뤤 밣먥섣 눧숭휢 윬봣 켣됦뤤 젨갳픤갳뀡 옫씴픤눡 갫뼡뤣 씥눣뜣,

줢옫댡뤤 긡밯윫력 괡젬혥픤갢 섩퀢픤눡 밧숤윢 숡줦젡윫력 퀡 혦갧뤤 뀩 숥 육눢눡 젧윤 밥옪눢.

밤퐡 뀢옦윤 턣픢, 씲윫력 뀢 씢괡씣섣댡 츢턦숦툡뤤 혦윯젡윫력 괤뤥픤먥섣 LLM 설눨윤 촡댥혥픨

숥 육눡 씥윢딦씡뤤 씫윤 숥 육윤 갫 갬눢눡 쀣갱윢 됤씦눢.

윢밡 픥혡씣섣눡 젩밯젡윫력 LLM윤 혢옦픤눡 씢괡갤 뤧씥 긡댥뤤 뤧윢 픩눡댦, 밤퐡숧갭윢 줬씥

섣 괣뜤줡 괡찤젡윥 씡픡력측뤤 윢픢픤긡씣눡 씡렦옮 딧력 찢씥봥씱뤣 픩눢. 괣뜢댡 팡숦턡 섥섦윢

육씡 괥긢줭윤 픢섡픨 숥 육씦댣 갫 갬눢.
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3 섡옡

밤퐡됤댡 젢씮줡뤣, 갥윥젡윫력눡 숤쀢댡 윥쀡젡윢씦눢. 뤬윬 젧숨윪 댡숧뜥윢 젨갨됣씦눡댦, 툢휢

찧뀥 댡숧뜥씣 뀡옲 숯설혡갤 뤭육씡섣 갤윩 긡씷씣 뀣눡눢. 옳갵댣 갶, 3윬 뀢뀢 댡숧뜥씣 괡오 뤢눫

윢 됥윩픩눡댦, 픭긩 밲윤 먩댣 댢렬 픣 먪윢 “뤬윬 윢렭갦 뤢눫윢 뀡옩먥 픥혡씣섣 섡턣픤긡 휣됤줡

씯윤긥?”뜣먢 괧씪오 갷젦윤 픩댣 윬윢 육씦눢. 픥혡 밳퀧씣섣눡 픣괢젡윥 윣숤윢 눢씩픤갦 뀡옱눡댦,

괣줢 젩밴갧 괩갢괡뤢 젯윢 젦뤮 윬퐢윢씦눢. 뤢줡뤩 뀥씣눡 괪숥눬갧 씢괡숡 쀢뜦됤갧 픭긩 픱윧휤씣

갤섣 숤쀢뤤 픩눡댦, 먤됨 픭긩 줮갳오 숧갭윤 밣뀢먢 픪밴픤갦 뤢묥뤥픨 숥 육씦눢.

Figure 4: 찧 뀥 젧숨 댡숧뜥 Figure 5: 밳퀧 숤쀢 윬봣 Figure 6: 괪숥눬갧 픱윧 숤쀢

뤬윬 쀢눡 섣옴윢줡뤣, 윢밡 픥혡 윩섡씣섣 픣갡윢 밮력 밣옯눢눡 젧 댧봡씣 섣옴윢 쀣갱밣눢 먫줥

댡숧뜣눡 갫윤 쀥쀦 눦뀪 숥 육씦눢. 젧숨윤 먩갢 밮력 쀤찦픤긡댡 젢씮갢, 3윬 뀢뀢 뤯윪 뀥씸 댧봡씣

갤윤 눧퐣윢 묦됧 퐣갣윤 씪윦려갦 줮긪 숥 육씡 댤옧 젢씮눢. 똡 혬턧 1츣씣 윥쀣넦츤윢 갸윧긡 육씡

섣 눢됤 옳씡 넥갵줡뤣, 뀡눡 촦씷 쀦씥 차윧갢 젨씧픩갢 댧봡씣 쀢줥윤 뀣긪 숥 육씦눢. 턡묥눣씨눡

봣퀨씣 휥켤휢 윴픢줪 씢괡숡 댢렬됤씣갦댡 갢뤢옣윤 눦꼡눢.

Figure 7: 츥먣뜣력 차윪 픣갡 Figure 8: 뀫씹윫력 뤣됧 뀡븢
Figure 9: 윥쀣넦츤 눧찤쀢줥
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4 뤡측먡

찥윣윫력 SE 픥혡뤤 갣픦픤먥섣, PL 픥혡옥눡 똡 눢뤨 뤬렪윤 눦뀪 숥 육씡 뤬옰 윭묡 육눡 긡혡

옯눢. 윢뜤 갣픦윤 뤣됤씡젤숪 괪숥눬긩 갰쀢됦뤥먢, 픭긩 줮갳오 숧갭윤 밣뀤 씢괡숡 댢렬됤씣갦댡

갢뤢옣윤 젩픤갢 숣눢. 눢윣씣눡 줣젣 밤퐡윧력 찡씪픨 숥 육눡 픥혡씣 찡섢픤갦 됣긡뤤 밮뜧눢.
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