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Coding agents

Modifies
repositories

modify multiple files

Writes code

single completion
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Models that write code
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Writing code from a prompt EE: A AP RS
i RIISLAES RBP4t

I MAMSIRARHES T

Language Editing Reasoning

syntax - APIs - idioms condition on both sides specification — behavior
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Training a coding model

Pre-training Mid-training
large corpora including code code mixtures - longer contexts
I ZREmAS A

PMAFEIEX - I CMU BEFIEA - IFEHI7IRC - RISREEE cmu-agents.com

RL post-training

reasoning - execution rewards
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Pre-training: learning from code and text

= Mix sources: web text, technical prose, mathematics, source code, and documentation.

m Preserve structure: indentation, file boundaries, APls, and text-code relationships.

= Evaluate during training: held-out loss by domain + functional coding tasks.

Lim = _EmNDmiX Zt 10gp9($t ’ 33<t)

Groeneveld et al., 2024 - OLMo, §2 ~
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f)ll4s: NRIBSXAHZES

BAKIR: WIMA, ANE., #F. RCEHIE.
(RERZENE: . MMHHAR. APl, LIRNASHRABZERXE.
YIZRHBIENTAS . ROk o RIBE HEEERK + TIReE RIS,
LLM = —E {x~Dmix} > tlog p O(x t | x {<t})

Groeneveld &, 2024 -OLMo, 27
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Pre'training: Choosing and Cleaning data RIBSTIRIRTIE: BRENEMRIEIREME. RIANRSTIERNMEEERS.
EE: RKiEox. HNEE. TFEERNGE, LIRSFIRIES.
= Filter by language and source: remove generated dumps, broken encodings, and low- IERIRIRICS: ICSITANE. RFERME, BHIEK, LURSUREUIRETIFE.
value repetition. PrlEEE R AR CERRBEERL D, M ESETR.
= Deduplicate: forks, vendored libraries, near-identical files, and copied solutions. StarCoder - #iEIEE. TESESHR ~

= Control provenance: record licenses, source dates, opt-outs, and sensitive-data

filtering.

= Prevent leakage: split by repository or problem family; decontaminate evaluation tasks.

StarCoder - data selection, filtering, and decontamination
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Pre-training: splitting code into tokens
REZTH: T8, HRFFIRITHEAEIERNFHEAS.

m Learn code-aware subwords: byte-level BPE on code + prose; identifiers can span tokens. [FaaRIEZRE: B=EAEH AT, MARENTS&E S B—MEsT.

= Preserve whitespace: spaces, tabs, and newlines carry syntax and literal content. IRCHS: ifrready:<--return-value«

= Compress frequent runs: merge whitespace into tokens instead of spending one token per 1w7T: if|ready|:| < | -return | -value | ¢
wpace SERR StarCoder2 153 - " FRaEtg, "o" FNMT, " BNATHR

StarCoder, 55 537 ~ - Chen &, 2021 - FEi&EL AT ~ - StarCoder2
Source if-ready:«-:--return-valuee« RTTHOHTEE ~
Tokens if | -ready | : | «--+ | -return | -value | «
Actual StarCoder2 split - “-” = space, “«'” = newline, “|” = token boundary
StarCoder §5.3 7 Chen et al,, 2021 - whitespace-run tokens # _ StarCodler2 tokenizer .

% BB S 8ETT
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Pre-training on a large code corpus

StarCoderBase

15.5B parameters
1T tokens - 80+ languages

Source, issues, commits,
notebooks

Most languages improve with
more tokens.

200 300 400 500 600 700 800 900 1000

Horizontal: training tokens (billions) - Vertical: pass@1 - Each curve: one language

Lietal., 2023 - StarCoder ~

EREABIER L T

Zx

PMAFEIEX - I CMU BEFIEA - IFEHI7IRC - RISREEE cmu-agents.com

10

JRPDF510/82 1

ZH / 3GEX - 5 1/1 8B

EABISIER LTI 145

StarCoderBase: 155 {21281, 1T ™MaJt - 80 ZMES,; #UEGIERAE. 9
A, IBIRICR. FiEA,

REHESSEERTTHERIIMmHEL.

B BAIERATTEL (H2) | M pass@1; BRHLE—IPES. &
BZUEE: 200, 300, 400, 500, 600. 700. 800, 900. 1000; HHZIE:
0.05. 0.10, 0.15, 0.20. 0.25, 0.30,

EFiESIRE: ts. cpp. py. js. scala, java, lua, php. rs. cs. go. jl. rb,
pl. swift, sh, d. r. rkt,

Li £, 2023 - StarCoder ~
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Mid-training: adding more code

= Continue language-model training: increase code exposure while retaining text and Code Llama: Llama 2 — 75 7B / 13B / 34B #&=EZEH5M)lI4x 500B MATT,
math. MEE B LT : (EREENMERD, ERXHNERES L),
= Choose the mixture empirically: compare code gains with general-capability retention. Roziere &, 2023 - Code Llama, 27 ~

m Code Llama: Llama 2 — 500B additional tokens for 7B / 13B / 34B models.

= Then extend context: train on related files and longer sequences with suitable

positions.

Roziére et al., 2023 - Code Llama, §2

11
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Mixing code, text, and math

Code / text / math Common code
100/0/0 49.8
70/20/10 48.3

Hui et al., 2024 - Qwen2.5-Coder, Table 3 (selected columns)

BaflB. XASHZF

PMAFEIEX - I CMU BEFIEA - IFEHI7IRC - RISREEE cmu-agents.com

MATH

10.3

33.2

MMLU

23.8

62.9

12
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BeB. XAEHE

R85 / XA / #ZF | ERAHE | MATH | MMLU
100/0/0]49.8|10.3|23.8
70/20/10|48.3]33.2]62.9

Hui &, 2024 - Qwen2.5-Coder, & 3 (&5 ~
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SRERISR: QCIEERAYEIA

il I R . . types.py: Result.value 7J8E9 None — worker.py: {£i% Result — caller.py:
Mid-training: handling longer inputs RSO
ERFS: BRI, BREFIEE SRR,
types.py - worker.py N caller.py
- < FEF - _ \\ - t’_s\ N . 4
Result.value can be None propagates Result complete the null check fUESES + KE: Qwen2.5-Coder EIJIIENKES 8K — 32K; YaRN 32f 128K,
UE: BB, HZ, LIRS ETXEENRE.
= Coherent sequences: related files, paths, and cross-file dependencies. Qwen2.5-Coder, &5 3.2.2%%: BI&E 3 i

= Positions + length: Qwen2.5-Coder trains at 8K — 32K; YaRN enables 128K.

= Validate: cross-file completion, infilling, and short-context retention.

Qwen2.5-Coder - §3.2.2; see also Lecture 3 1

SRER)|
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M
Infilling: using code before and after a gap FERERRLERE: defls_positive(aing ->__¢/retum x> 0
FNEBAATIREBENFER: defis_positive(x: int) -> bool: / return x > 0
RO R A,

B bool {244 TIEE.

Fried % - InCoder, % 2 1555 4 15 - TAURBFHH ~

Fill the return-type annotation Use both sides to propose the span
def is_positive(x: int) -> def is_positive(x: int) -> bool:
return x > © return x > 0
The body is to the right of the hole. The suffix supplies evidence for bool .

Fried et al. - InCoder, § 2 and §4 - illustrative example / 1
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Infilling: marking and predicting gaps
Original prefix span suffix
Training prefix [MO] suffix [MO] span [END]

Inference prefix [MO] suffix [MO] - generate span

= One or more holes: distinct sentinels associate each span with its location.

m Zero-shot edits: complete code, infer types, generate comments, rename variables.

Fried et al. - InCoder (2022 preprint; ICLR 2023), §2 and §4 ~
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= FRCHTERC

i
H;

JR3Z: prefix span suffix

k. prefix [MO] suffix [MO] span [END]

HEIR: prefix [MO] suffix [MO] — 45 span

— P ESNRO: FARNBERCSEENT FRSEMEXRBREE,
TREAE: 2D, HEEERE. SRR, EndEE.

Fried & - InCoder (2022 SFfIENA; ICLR 2023) , £ 2 55415 /
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Infilling: the value of right context

Completed functions passing tests (%)

Inference method Suffix used for Single-line
Left-to-right - 1 candidate Not used 48.2%
Left-to-right - 10 candidates Reranking only 54.9%
Causal-masked infilling Generation 69.0%

Fried et al. - InCoder, §4.1 - HumanEval-derived infilling tasks ~

55 A EFAUME

PMAFEIEX - I CMU BEFIEA - IFEHI7IRC - RISREEE cmu-agents.com

Multi-line

24.9%

28.2%

38.6%

16
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1HE: A ETMRNE

EE MR E5EREREL (%)

HEIEE | ARSI | BT | 217

MWEEIA - 1 MEE | AR | 48.2% | 24.9%
NEERIA - 10 MERiE | NFTFEHE| 54.9% | 28.2%
ER#EREIET | £RrTEEA | 69.0% | 38.6%

Fried & - InCoder, 2 4.1 75 - F HumanEval F9iEZ{ESS ~
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Infilling: preserving code completion

Pass@1 - matched 52B-token training budget

Training objective HumanEval
Left-to-right language modeling 6.0%
Causal masking 8.0%

Fried etal. - InCoder, §5 - objective ablation # Related scaling study: Bavarian et al., 2022

07 (REBCRSHNERE

PMAFEIEX - I CMU BEFIEA - IFEHI7IRC - RISREEE cmu-agents.com

MBPP

8.9%

10.9%

17
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15D RIS ERE

pass@1 - ICEZ 52B METThHY)I4TRE
i)llZxB%x | HumanEval | MBPP
MNEEIGHIESEE | 6.0% | 8.9%
FEISEHETS | 8.0% | 10.9%

JR PDF 517 /82

Fried & - InCoder, 28 5 75 - BtrRECERL ~ - 1B B3 Bavarian £,

2022 ~
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HEHEDT: NMUBHEINEZ I
1 1 RRES:. BME + IBR — X5 / E£F (diff
Beyond infilling: more ways to learn from code AR IR + IR BRR / 25 (difD
ISR BRFERYAS + 818 — 1BE
Wia: B + WIAER — R
PATHIE: BRF — ERTAIRET + K&
Muennighoff Z&, 2023 - OctoPack ~ - Yasunaga 5 Liang, 2020 - DrRepair

Commit diffs Diagnostics
before + message — after / diff broken code + error — repair
_Yas_un_aga_&Llang,2020I_)rR_ep_aw_/' _____________________________________ S Le g, 2022 ° COdeRL S LiU %, 2023 ° COdeEXGCUtOr /

Muennighoff et al.,, 2023 - OctoPack ~

Execution traces

Tests
program + test outcomes — reward program — executed lines + states
Liuetal,2023 - Codebxecutor ~

Leetal,2022 - CodeRL ~»

18
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Evaluating Generated Code
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SSEMEFITLR

fSHACES: ERRIKIBEEENSERE?

BLEU-4: &&iA7T n sTENESE, FHIINEREEED.
B x: BREHTG?

KB | 1754

SERE | return x > 0 | HIF&iHAE

Comparing with a reference solution

= Exact match: does generated code reproduce the reference?

m BLEU-4: measure token n-gram overlap, with a brevity penalty.

Integer x: is it positive? Code Behavior INIESZAIEHT | return x >= 0 | £ x = 0 FHEIR
Reference return x > 0 Specification AEFRIXL | return not (x <= 0) | JWIEEMSHFM
Small textual change return x >= @ Wrong atx =0 Yin 5 Neubig, ACL 2017, 38 5.1 ~ -Ren %, 2020 - CodeBLEU ~
Different expression return not (x <= 0) Equivalent for integers

Yin & Neubig, ACL 2017 - §5.1 #/ Renetal., 2020 - CodeBLEU / 20
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FEaRAABEEH

H M 28EME~M5: public static int Sign(double d) { return ((int)(d ==0)?0:(d
Comparlng COde structure n | <0)?-1:1);}; AISZE%E: public static short Sign(double d) { return

'd', 16, " LT 7 == ? N ?-1- M
Machine translation: o Eg;i -zgg:ggzg %3} E}))] (Short)((d O) ° O ° (d < O) . 1 . 1)/ }
Machine translation: é _='_ ;) Machine translation: _
public static int Sign ( double d ) : public static int Sign ( \ b[M;y N Egﬂﬁﬁa

P : doub)
{ CORE {
— | T S

retym ((t) (4,22 0)7 0:(d.<0)))? ) e return ((int) ((d == 0)2 0:(d<0)))? 'Ln,%]:lﬂ%igffﬁj (AST) Uil

1311 : : - : SERE
T T T | | B AR

10: 16 o7} 0.5: Referen.q'eghuman)@fa : . .
Referel::'tce(h?man) trai;nslation: transml;n Reference (human) translati{l: CodeBLEU = a- N Tﬁgﬁplﬁa (BLEU) + B . }][]W N JcHPTED + A igﬁ'f AST [T
?ub\lcitaticsﬁ:or[&gn (::doubled) ] ?ubcstaticshortSign(double&\ EE + 6 . iﬂé)‘{éﬁ}&;ﬁ@@a

s ass Ry e LT e FEERAE MR SBESATSEZANBRER,: ANERREE
) } d 5 c NEUERXER.

Weighted N-Gram Match Syntactic AST Match Semantic Data-flow Match

Ren £, 2020 - CodeBLEU - [RiEHESEE ~

CodeBLEU =a - N — Gram Match (BLEU) + f - Weighted N-Gram Match + ¥ - Syntactic AST Match + & - Semantic Data-flow Match

Renetal., 2020 - CodeBLEU - original overview figure ~ -

FERAIBEEH
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Comparing learned code representations

0.8
math .
0.7
[ |
' 0.6
rt -0.4 ]
( .. [ 0.3
. . - 0.2
X

-0.1 |

-0.0

N |

PRSI B RIRHM IR

PMAFEIEX - I CMU BEFIEA - IFEHI7IRC - RISREEE cmu-agents.com

CodeBERTScore

Encode prompt + each code
snippet

Compare contextual token
vectors

Best matches — precision /

recall = F-score

22
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PR B RIRIRIEERT

JRPDF 522 /82 1

CodeBERTScore: XRmaflEZEACE RERD IS, LR E IR E,; &
£ITEE — BIRE / BEE — F 931

BIERE]: YAEEsT math, .

EeaZzIE 0.0 = 0.8,

Zhou &, EMNLP 2023 - CodeBERTScore - [RIAHBILIENE ~

sq. rt. (. x. ); T&MENATT X,

_**\ _0\ N 5;
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Checking behavior by running code

Candidate

is_positive(x):
return x >=0
S Run code

Isolated runtime

Test cases

Inputs: -1, 0, 1 —
Expected: F, F, T

Chen et al., 2021 - functional evaluation - classroom example /

BT T UEeE T

ANETE - I CMU B5EA - EBBISTIRE - FSE#SRE cmu-agents.com

' Time + memory limits

Compare outputs

Input Actual Expected

1 F F
0 T F
1 T T

Fail: zero is not positive

ZH / P3GEX - 5 1/1 85

BSE TR E T

1&ECRS . is_positive(x): return x >= 0
WEHAGI: AN -1, 0. 1; FRHRZEESR: FL F. T,
BT REEITIMNE, IESAERE.
Pt . BN | SRR | FRER

-1|F|F

[

O|T|F

1|T|T

K BRI

Chen &, 2021 - Ihgeid - RESRMG] ~
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HTFIREHITA 5B
Benefits and limits of execution checks SR | ®Re1/ FRIR
SRR | SRR TSR
B FOIRE NS | BETER. KBRS
Benefit Disadvantage / limit 5MEREIR0iT/A1EMNE | EE RTINS

. THALMNE 1 . MIRE 74N
Accepts different correct Chen £, 2021 - THEeiE(4 ~ - Liu Z, 2023 - EvalPlus / U7t ~

. . Finite tests can miss incorrect behavior
implementations

Detects semantic errors through Needs trusted tests, dependencies, and isolated
execution execution
Matches observed behavior Requires time and a stable execution environment

Chen et al., 2021 - functional evaluation 7 Liu etal., 2023 - EvalPlus | test adequacy 7. 24
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IR SRR

Evaluating funCtionS and fu u programs HumankEval: 164 4~ Python BREl; MIEFRrE4NMERRE; FRREEIERTL.
CodeContests: R"EME - &8 Codeforces; NREEMTERR; WiE + U
it.

HumanEval ~ - CodeContests / AlphaCode ~

HumanEval CodeContests
164 Python functions competitive problems - includes Codeforces
docstring — completion statement — full program

hidden unit tests compile + test

HumanEval 7 CodeContests / AlphaCode 7 25

SRS
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Success across multiple attempts

Codex and Codex-S Performance

0.8

0.6

0.4

Pass rate

0.2

0.0 +

GPT-3 pass@1

Codex pass@1

Codex-S pass@1

Codex-S mean logp reranking
Codex-S oracle reranking

10°

llllI T T lllllll T T lllllll T T lllllll T T lllllll
10° 107 108 10° 101
Non-embedding parameters

pass@k: probability that at least one of k sampled programs passes all tests

Chen et al., 2021 - HumanEval ~

ZIRINFHIAIIR

MAFEIFEN - IF (MU BEGIFEA - FERIZIFC

- JRUARERE cmu-agents.com

26
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ZIR= BRI IDER
Codex 5 Codex-S B9FEMN

JR PDF 55 26/82 1

EZR: MBS, oA SE, ZIE 105, 10° 107, 108, 10°, 10%,
HiZ%: GPT-3 pass@1. Codex pass@1. Codex-S pass@1, Codex-S 15

logp EHE. Codex-S oracle EHE,

pass@k: TERAEHD k MEFH, EOE—MERET LB,

Chen &, 2021 - HumanEval ~
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Non-functional requirements

Code LM
—> Edit the code

Existing program

“Make this code faster”

How is the requested improvement checked?

Revised program

> Same outputs; less time

v v

Runtime efficiency Latency / resource use

Run tests + time execution
Score: speedup

Compare reference edits
Score: DiffBLEU

Singhal et al., 2024 - NoFunEval - 397 code-editing tasks /

TEEHEER

ANETE - I CMU B5EA - EBBISTIRE - FSE#SRE cmu-agents.com

v

Maintainability / security

Static checks + edit match
CodeQL x DiffBLEU

27
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ST TR

MBERERF: "LXERRIEER" — Code LM: #RERE — BXENER: @
HHE; FERTED,

AT E R EESRAISG?

BT BT + T, ¥ InEEL.

SER / |WIREA: LERSFEM, 53 DIffBLEU,

AP / et BSNE + fRIBICEC; CodeQl x DIffBLEU,
Singhal £, 2024 - NoFunEval - 397 MXTBYRIE(ES ~
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MNNHERPZFS

Lea rnin from test results SKHEEEIZ: B — R + RERE — il FYTERERR, NifEE / &
g W — & — EFEE: (LSRR ERIEIE E e HIL.

(FREMEAMRBEIRRE.
Luo £, 2025 - DeepCoder - ETFHITRFIAI RL

Sample responses Run tests Update model
Problem — reasoning —)p Execute final code —p PUELCRENEo[Te
+ final code Pass / fail — reward responses more likely

T Sample again with the updated model

Luo et al., 2025 - DeepCoder - execution-reward RL / 28
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RIS AR
Reasoning toward a solution WE 1+ +n, HbRO<n<102

BIUER: ENENEEL; sum(range(n + 1)); 2 n EXRETKIE.
Eoxdimm: SN, 8 n=0. 1; n*(n+1)//2; IEFHBEEX,

Compute 1+ ... +n, for0=n=<10" . o "
BIZAas0: BRARDE, n*(n-1)//2; &£n="1HMET,

\/ \/ v
Iterate Pair endpoints Recall a formula
Add every integer Derive formula; check 0, 1 Mistranscribe the expression
sum(range(n + 1)) n*(n+1)//2 n*(n-1)//2
v v v
Too slow at large n Correct and efficient Wrong already at n =1

29

LSRR

AAEIEY - I CMU EFIEA - FBEHCTIRE - FUSIRASRE cmu-agents.com A O || LB e


https://www.cmu-agents.com/slides/lecture-06-coding-agents.pdf#page=29

CMU Al AGENTS / ShZExdfBZ Sk
5 6 i - HRmESTETT ARV BEIR

EN / R EHSRR - (RIFREF

Coding accuracy after reinforcement learning

64K Inference

o o o
L2 w ol
L (=] (o]

LiveCodeBench Score
B
N

— = 16K - 32K
32K - 64K
03-mini

* DeepCoder-14B

0 200 400 600 800 1000
Training Steps

16K — 32K: response-token limit during RL (K= 1,000 tokens).
% [ 64K: more tokens at evaluation, no further RL. Orange dashed line: 03-mini.

Luo et al., 2025 - DeepCoder - LiveCodeBench coding tasks 7 20

B R R

PMAFEIEX - I CMU BEFIEA - IFEHI7IRC - RISREEE cmu-agents.com

JR PDF530/82 &

ZH / 3GEX - 5 1/1 8B

B ERD ETE

LiveCodeBench 184 ; #&tH: &5, HMih: LiveCodeBench 8%, Ef:
16K — 32K; 32K — 64K; 03-mini; DeepCoder-14B,

16K — 32K: RL BfigyEEEc LR (K = 1,000 M™MEIT) .
* / 64K: HERIEREZET, AAB44E RL, B&ELZ: 03-mini,
Luo &, 2025 - DeepCoder - LiveCodeBench 4#i3{E55 ~
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BRI UIRD

Agentic coding

31
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From single-step to agentic coding

Sinele-step codin Self-contained - Reasoning
& P & prompt +code
Asentic codin Issue + R Search — edit
& & existing files — run tests v

MR IRISE R B R RS

PMAFEIEX - I CMU BEFIEA - IFEHI7IRC - RISREEE cmu-agents.com

Evaluate
the answer

Patch +
evidence

32

JRPDF532/82 1]
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MRS IRISE R E RIS
LS. BESEXE — #E + A - IHEEE,
BREAIURD: AR + MEXH - BR — 8 — 15Tl O — #NT + iHE.
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The localize-edit-verify loop

Repository Localize Edit
i —p» Where does zero —»  Default only when
cil-py become the default? the value is None.
config.py
test_config.py Verify

Zero + default cases
+ caller regressions

Failure — revise the hypothesis

Interaction-loop concepts: SWE-agent - original teaching diagram ~

EN—ImE—IIE AR A

ANETE - I CMU B5EA - EBBISTIRE - FSE#SRE cmu-agents.com

33
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EN—IRIE—IRIEEIR

RIGBEE: clipy. config.py. test config.py.
N FEEMREITREIAE?

JRie: (NX{EH None RI{FERHENAE.

WUk FE + ANMERR + EFSEE.

K — ZIERIR.

REBIMES: SWE-agent - FASF~EE /

JRPDF533/82 1
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Localize: find the cause

Localize the implementation

$ rg 'retries’' buggy config.py
return config.get("retries") or 3

Zero is falsy: inspect the defaulting rule.

EA: HHIRE

Reproduce the behavior

$ RETRY_MODULE=buggy config python3 \

-m unittest test config.RetryTests.test zero
AssertionError: 3 =0
FAILED (failures=1)

Now repair the condition, not the test.

34

PMAFEIEX - I CMU BEFIEA - IFEHI7IRC - RISREEE cmu-agents.com

ZH / 3GEX - 5 1/1 8B

ENL: HHFREE

JRPDF534/82 1

EASEHL: $ rg 'retries’ buggy config.py; return config.get("retries") or 3

EW1T8: $ RETRY MODULE=buggy config python3 -m unittest
test_config.RetryTests.test zero; AssertionError: 3 !=0; FAILED
(failures=1)

TEE falsy: HEBAE,

IS

%, AR,
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R A
Edit: change the defaulting rule AR AU COmg e weies ) o &
Fr& falsy (E&f=iEFAZNAE.

1&ME: value = config.get("retries"); return 3 if value is None else value

EARENFEINESHBIRE.

Before After

return config.get("retries”) or 3 value = config.get( 'retries”)
return 3 if value is None else value

All falsy values select the default.
An explicit zero now survives.

TRiE: (ZEOAEN
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Verify: check the fix and regressions

Run the existing tests Use failures to guide the next step

$ python3 -m unittest -v test config

missing - 3 PASS
None - 3 PASS
zero - 0 PASS
positive - 2 PASS

Ran 4 tests: OK

Ik mEEESEIE

PMAFEIEX - I CMU BEFIEA - IFEHI7IRC - RISREEE cmu-agents.com

Zero still becomes three?

Localize where the value changes.

A default case breaks?
Edit the rule, then verify again.

36

ZH / P3GEX - 5 1/1 85

ik mEEESEIT

ETIEN: $ python3 -m unittest -v test_config

A N

missing — 3: &@¥; None — 3: &d; zero — 0: &, positive — 2: B

; B1TT 4 T 2ERE.

N,

JR PDF536/82 1

N\,

ERXBERIES T3 a3 3?7 EEEMEAET(L,

MANBEZRLE? WEMN, ASEFIIE.
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ﬂlﬁx .IEI{"EUMJ
An alternative: a fixed workflow TRAEERMG): Issue——Lambdify EEEARREFIAT IR lambdify B

’

...... ; Project Codebase,
_— — e — ﬁﬁ%@}'ﬁﬁ@n—?@: views/, _init__.py. csrf.py. static.py. generic/detail.py.
. | | _Lg'- S . edit.py. listpy .
(opoject | | [Repostructure | poto | it |Localze o [o7 i, | opalizeto &\ (e S D deiEEm e ZRYAGIFE . 3 Db gemkan N AN
O Cotenase iy o) GRS = ] 1 MABRSAAECE, 2 BIaSABERSGRE, 3 EMAFESERIRY N N
6.» T e —>_——>— ;. HISAEEIAE static.py. generic/detail.py. csrf.py,

: 3 . :
;;ﬁ:rz:?v B def _matrixify o def_}izad_mdmewam o
generic/detail.py,
vl P class ExtHandler:
—init__.py

rrrrrrrr

pes b e e e B ENZEIESERE: RegexValidator, Handler, Truncator; =I5 5E4E
i _call_ . eq . load middleware, truncate chars,
G t
@lssue: R:greorg.e Clssue: N %“Z_]C’t'on PN — . o — = ,—
it Al M b ENEIREBAIE: edit_matrix(); REIERZEIE 120-230 17,

[0)
o
Q
E

filiré’ie L |vaorion 6 ERFNT; LIANT . B R ERIIBRAR T ENLS

lines: 120-230
ilter&Rank

- 0 Fieraic = o - fff;jgf”i:::f;imware LLM 5 e — ) ) e Py
Subritted | h L 22 J g Efmgddmg 7 £REINL: test.py RS def test(): assert ...; 8 HATMINFFimISEIRLE
9 e FHEFANT ;) 10 323k T,

Efl: EL; 125 #NTIIE, LLM; 8RA.

F—AE: BELER Xia Z - Agentless - [RIaEGE ~
=t/ ERXEES T

[REIFRIRBIEAIER SR F R EIRSElT, FXRETIUHPARS, REHNEEIREED.

Using lambdify on an ... a -

[Patch.i2 20 wums [Patch.iz 20 suun
i JiL <
A

Xia et al. - Agentless, original overview figure 37
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Coding toolsets

38
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{ERINE shell BT EEH1T4RAZ
Coding with a shell-only toolset SR T RETE R = orEn = el iR
SEEY / 82 rg. cat. find,
fREEE: sed. Python, patch,
HATIRE: pytest. HWEGHS,

One shell interface

Read / search rg, cat, find B + BHIRES + #8H.
sl Edit files sed, Python, patch mini-SWE-agent - ¥ shell #FOS5HITRE ~
Choose a command
Execute checks pytest, build commands
T Output + exit status + timeout

mini-SWE-agent - shell-only interface and execution model ~ %

{EREXE shell T EEHITHRG
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{£F3 shell ap<4miE

settings.new; mv settings.new settings.py

Replace text with sed One shell, many editing methods PLECiZiT, BHER, REEE3UYt.
sed 's/~RETRIES = 3$/RETRIES = 5/' \ sed [ awk —~ shell, ZfYgiETTA: sed / awk——X AR SIRITIEL.
settings.py > settings.new
mv settings.new settings.py Text patterns and line-based changes

Python fiA—EXHITEEIRNA.

Fi/lleCh the line, write the result, replace the Python scripts

Compute replacements across files

40

&£ shell ian$YREE
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SSEEY{4 - settings.py: RETRIES = 5; TIMEOUT = 30,

Whole files and text replacements RN, ELESARTHEINRES.

Pi write - OpenCode write - OpenHands create

Whole file - settings. Search / replace - send old and new ey )
&SPy  rep R/ B - RXIBASTFHNE: settings.py; <<<<<<< SEARCH /
RETRIES = 5 settings.py RETRIES =3/ =======/RETRIES =5/ >>>>>>> REPLACE
TIMEOUT = 30 <<<<<<< SEARCH
RETRIES = 3 £i%E; BEELENAIILERE.

Simple to apply; repeats unchanged code. =======

Pi write - OpenCode write - OpenHands create RETRIES =5 OpenHands - Pi - OpenCode edit
>>>>>>> REPLACE

Aider - &=, ~ - OpenHands ~ - Pi » - OpenCode ~
Compact; needs an unambiguous match.

OpenHands - Pi - OpenCode edit

Aider - formats # OpenHands # Pi/” OpenCode 41

o XSRS
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EFSHNT L
: Z—E=% (unified diff) : --- a/settings.py; +++ b/settings.py; @@ -1,2
Diffs and patch commands
p +1,2 @@; -RETRIES = 3; +RETRIES =5; TIMEOUT = 30,
Unified diff File-operation patch - Codex syntax NEREIV: 175 + BT
- a/settings.py **#* Begin Patch Aider: -’é‘ﬂ]g hunk {[j_-.,g_o
+++ b/settings.py *¥** Update File: settings.py
@@ -1,2 +1,2 @@ 0@ HEE4NT - Codex 1Bi%: *** Begin Patch; *** Update File: settings.py;
RETRIES =3 RETRIES = @@; -RETRIES = 3; +RETRIES = 5; TIMEOUT = 30; *** End Patch,
+RETRIES = 5 +RETRIES =
TIMEOUT = 30 TIMEOUT = 30 = . J—sp
e - STPHRIE + LS AT
Standard: line positions + context. . N vl
Aider: omit hunk line numbers. File operations + context; no line counts. Ceete psnCeet J Qgsilkies (Sl
Codex - OpenCode / OpenHands (preset-dependent) Aider - i—£5 ~ - Codex - fi##fr28 ~ - OpenCode - %X ~ - OpenHands -
GPT-5 i ~
Aider - unified diffs 7 Codex - parser 7 OpenCode : selection 7  OpenHands - GPT-5 preset /7. 42
ERSNT
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ERB AR EERINER
Diff format can make a big difference RERBRRIGE — BEITERE — REEEFHRENE.
Aider EEfgEE: 89 /4 Python {53,
Method inside N Move to a Check syntax GPT-4 Turbo (gpt-4-1106-preview) - EifERKIIER

. — .
a large class top-level function and code preservation
SEARCH / REPLACE: 20%

BtFGE—=E=R: 61%

Aider refactoring benchmark: 89 Python tasks

GPT-4 Turbo (gpt-4-1106-preview) - benchmark success rate
ider - Zi—EBEsrIsE s
SEARCH / REPLACE ] 20% Aider - F—EFRLWSBIIEE

simplified unified diff [ 61%

Aider - unified-diff experiment and refactoring benchmark # .

ERBAREEEINGE
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BHAERAEE

MIERFFEA: rg 'retries’ .
&, DIEESFIE BN seEi= L.,

Finding relevant code

ith th F h R sy | i
start with the symptom olowthe value BEENR: EEOA—DESSERSEIET KABSE—SEE
rg ‘retries’ . Configuration input B3Ry 37

A ﬂa%,I a loader, and a retry loop may all Where is zero first read?

matc

Defaulting logic
Where does zero become three?

44
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Navigating code with dependency graphs

cli.py client.py
configure_client Retry loop

y calls
/vuses result
Issue config.py

Zero becomes three retry_count(config) y@

- |
Retrieve the relevant neighborhood,
then check it with execution.

Chen et al., 2025 - LocAgent /

{ER R E SRS

ANETE - I CMU B5EA - EBBISTIRE - FSE#SRE cmu-agents.com

test_config.py
Zero / None / missing

J= PDF 55 45 /82 @

ZH / P3GEX - 5 1/1 85

{E R E S A TS
[ FETR T 3.

cli.py: configure client #8F3 config.py: retry count(config); client.py: E&iz
BEIMERIREIZESR; test config.py: Mif Zero / None / missing,

FeraFEAIRE, ARPTHTIZIE.
Chen &, 2025 - LocAgent
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RIS E RERITTE 51145

Coding agent evaluation and
training

RIS E R RITHE SR
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Evaluating issue resolution

SWE-Bench Task

- ~ 3 Evaluation
) Codebase p | l .
. esults
Astropy/Astropy . Patch
\ < diff --git a/astropy/utils/.. *® Harness =/ Results
f A Lang. Model --- a/astropy/utils/meta.py
\ Problem P & +++ b/astropy/utils/meta.py 3 * Apply Patch > Repo table/tests/test_ops.py
SWE-Llama @@ -73,7 +73,7 @@ def... ¢ Apply Tests - Repo test_join_struct_col
Title: vsta;:k'ing o »-r-etum S « Run Test SCI’iptS test_(\;stacl;(_struct_coll
structured array tables - 3 5 . test_dstack_struct_co
fails with casting error 1input 2 Generates | & retum arrdtype.str if arr. Log Results
\. J dtype.names is None else ...
4 i ) . J
Tests
table/tests/test_ops.py 3
« test_join_struct_col
« test_vstack_struct_col
« test_dstack_struct_col
\ J
Fail = pass requested repair Pass — pass preserved behavior

Jimenez et al. - SWE-bench evaluation pipeline, original source figure /

PMAFEIEX - I CMU BEFIEA - IFEHI7IRC - RISREEE cmu-agents.com
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ITHEEREE

SWE-Bench {£5%: {Xi3/E Astropy/Astropy; [aJfR P: #r&t “vstacking
structured array tables fails with casting error” ; Uiz :

table/tests/test ops.py. test join struct col, test vstack struct col.
test_dstack struct col,

T8N ACREE + [@@8 + i — 2 ZEpk: 1S5RS SWE-Llama — %] — 3 1F
fti: HFUTHEZR (harness) B4NT ARG GE. MAWK. ETUEMEZA, ic
FHE — 4 58 table/tests/test ops.py. test join struct col,

test vstack struct col. test dstack struct col,

*NT 7~ BIERRT astropy/utils/metadata.py B9 diff, €&3F1 return
arr.dtype.str 805 return arr.dtype.str if arr.dtype.str is not None else ...,

S — @Y IRERTERIEE.
B — @ (REEETAA.
Jimenez Z - SWE-bench &R - RISKEE ~
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MRS TR IIEMESS

mE TS BERE—3 + i + Wikas<.
[T BT + EMTE.

WE: IZSRIERENNNRY; EERREHTA.

Runnable task RIS ENITRT, SEIRIERER,
Starting state Files + dependencies + test command

Building runnable training tasks

SWE-Gym - ETHU TSRS ~

Issue Requested behavior + reproduction

Checks Bug fails before; repair restores behavior

Validate the environment before collecting training trajectories.

SWE-Gym - executable training environments / 18

RN TRIIEESS
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RL for multi-step code repairs

Assistant actions: training targets

Search Edit

Find config.py > Preserve zero

Files found Patch applied
Context only

Test / finish

Check regressions

>

Test output

Terminal reward: repaired or not

A late failure does not identify which earlier decision was wrong.

maxg B, [R(7)]

Jain et al., 2025 - R2E-Gym /

HNSSBEEHTREEES

PMAFEIEX - I CMU BEFIEA - IFEHI7IRC - RISREEE cmu-agents.com
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S ABREER TEEES
assistant ZH{E: )& Bix

1BZR: #E config.py — HEIXMH, wiE: RETE — N T EMNA; M / 7e6k
gEET — Wik,

AELTX

LI RRIEE.

MG IR TT A8 R R AIIBR MR RS 1 .
max_6 E_{t~1t_B}[R(1)]

Jain &, 2025 - R2E-Gym
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IGEESHETRE

RE (%) .

HEIRAUR . ISR, HEENEY R, B ASEANITRESE, i
79 SWE-Bench Verified fBRF (%) ; EMfflt=0. t=0.5,

Training scale Inference scale: learned-verifier selection N
_ , Pan £, 2024 - SWE-Gym - 32B #&#I ~

9 Training Time Scaling S Inference Time Scaling

; o 32 X t=0 ]

220 > E 30 @ t=05 .Jr"..

2 2 el

218 g g e

:“—3_’ 16 2 E 26 - o”’

5 5] e’

i) » 22 e

S 2 22 T

w L §

2 100 200 300 400 500 o 1 2 4 8 16

Number of Training Trajectories Number of Agent Rollouts

Pan et al., 2024 - SWE-Gym - 32B model /

il
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B EARERIZIEEES

Creating repairtaSkS by injecting bugs BELFEGREE: RS src/. WAL tests/. README.rst. setup.py; ERITIRL
tests/test_api.py. tests/test auth.py. tests/test client.py.

tests/test utils.py,

£ Real Repositories & Environment Creation & Task Gen. Strategies 5 New Task Instances
S - < - MBI : SWE-agent RINLEABSEFATIN, FAERIE SWE-agent
8 src/ [ README.rst e SWE-agent g Procedural & Environmentmage I{’Fff):' 'E_; Dockerfile
B tests/ D setup.py' Attemp;s to install the repo ?* Modification (© Synthetic Tasks M= °
and execute tests
EJ Unit Tests 0 7 > (1 LM Generated ) - 2 Generated Issue 1%%9552%% ﬂ*iftﬂgaﬁs .LEE*E;—_:EEE}EE\ gﬂéfﬁklz’él\ PR %%{%o
tests/test_api.py s ~ oot N . . . . ——
tests/test_auth.py a Developer (4 combine Bugs ) {1BuggedPatch "y FESLH: MRRER. SES. ERRIEIRE. BHRERI«NT . BB,
i N Wessgantwork (O PRMirroring ) B} verified Tests 3 OB +20, -12 TAE, WIEURIHEER <2, v9.
tests/test_utils.py \ J
R AHUTEZ. B8 B, NMESCUN, (REE: AL,
Prepare executable baseline  Mutate code,nottests  Keep new test failures Yang &, 2025 - SWE-smith - [RIGiRIZE ~

Yang et al., 2025 - SWE-smith, original pipeline figure /

B ENRIECIEEE(E

X
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Injecting and checking a bug

Working baseline Mutate the condition

value = config.get( 'retries”) value = config.get( 'retries”)

return 3 if value is None else value return 3 if not value else value

All four existing tests pass.

Before 4 pass Mutated 3 pass - 1 fail Restored 4 pass

SWE-smith - procedural mutation and execution validation /

ENFHEE TR

PMAFEIEX - I CMU BEFIEA - IFEHI7IRC - RISREEE cmu-agents.com

Zero now becomes three; its test fails.

52

JR PDF552/82 1
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ENFHOE R
IEEELZ: value
1&g value
MBI EERE.

FEMEZA 3; HERCUHRY.

{&eml: 4 U@ — IFABPES: 3 TUEY - 1 TR — kE5: 4 TuEd.

SWE-smith - F2FRCTERFEEN SHITIGUE ~

config.get("retries"); return 3 if value is None else value,

config.get("retries"); return 3 if not value else value,
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Working across programming languages

Python TypeScript Rust
pyproject.toml package.json Cargo.toml
src/ src/ src/
tests/ tests/ tests/

pytest npm test cargo test

Read the project configuration before choosing build and test commands.

Multi-SWE-bench #  SWE-bench Multilingual ~

EmEIa =TT RI(E

PMAFEIEX - I CMU BEFIEA - IFEHI7IRC - RISREEE cmu-agents.com

ZH / P3GEX - 5 1/1 85

ERmEIE=STTRIF

Python: pyproject.toml, src/. tests/; pytest,
TypeScript: package.json. src/. tests/; npm test,
Rust: Cargo.toml, src/. tests/; cargo test,
EFEE SN G<S 2R, STHEmBERE.
Multi-SWE-bench ~ - SWE-bench Multilingual ~
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SHTHEZS)|1Zk
Multi-harness training HUTHEZE (harness) =i27iA + TH + SHYAEIR + E ST,

HE=1ER) . FBENE — OpenHands / OpenCode / Codex Z7={l HUATHEZE (
harness) — {ESHE: T — M3k,

Bk + RJph — BEFMRE,
Example harnesses

— > OpenHands - Nemotron 3 Ultra: 8MESSHREMER 2 > HITHEZE (harness)

Harness = prompts + tools + agent loop + context management

Shared model Task checks Polar: B4 H4THEZE (harness) JEFBILE=ERY API {(RIE,
—> OpenCode — >

Same weights

Patch — test reward

T > Codex \
Trajectories + rewards — update the model

Nemotron 3 Ultra: 22 harnesses per task distribution
Polar: native harnesses call a shared model APl proxy

Nemotron 3 Super ~ - Nemotron 3 Ultra ~ - Polar ~ - #1171EZ85LH) ~

Nemotron 3 Super # Nemotron3 Ultra # Polar #/ Harness implementations /

ZHATIESR)I

Zx
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Frontend development
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Agent-powered frontend development

Verify in the browser

Exercise behavior
Type — click — check saved state

Localize Edit
Find components ¥ Change logic —>
and event handlers and styles Inspect the rendered page

Screenshot — visual understanding

Revise when a check fails

Yang et al., 2024 - SWE-bench Multimodal - browser and screenshot tools for SWE-agent

FER BENIXZIRYRIR T A&

ANETE - I CMU B5EA - EBBISTIRE - FSE#SRE cmu-agents.com
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FE BRI ANAYRIR T A

TN ERAMSMLERS — wiE: ZRZESHI — EXREPRIE: BT
RE—HAN — /i — RECRERS, TEERNE—EE — EERE,

SERMATHITIZ.

Yang £, 2024 - SWE-bench Multimodal - 5 SWE-agent $12{ti528 SEE T
1=
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Browser agents and automation scripts

Browser agent Playwright script
Model chooses each next action Model writes a repeatable check
Observe — choose action 1 Fill Name with spaces fill()
* 2 Click Save contact click()
3 Assert d stat t
Type / click in the browser Ssert saved state expect()
4 Capture an image screenshot()
Adaptive exploration - next class Programmed sequence + assertions

| > < |
Screenshots — visual inspection or approved-baseline comparison

Koh et al., 2024 - VisualWebArena #  Playwright actions #  Assertions /  Screenshot comparisons /

NSEEREREN S B a7

PMAFEIEX - I CMU BEFIEA - IFEHI7IRC - RISREEE cmu-agents.com

J= PDF 55 57 /82 @

ZH / P3GEX - 5 1/1 85

NS ERER S BaLiIA

NS ERER: RELEEE NRSEIE, WE — imFaE, EXRSRTFEA /<
it BENMARR - T—if.

Playwright fiA&: {#2BRE0EERCE. 11ES Name (BFR) FEATHE
—fill(); 2 =ik Save contact ({RFEARA) —click(); 3 MISHRERE
——expect(); 4 EEE{H ——screenshot(),

EF SR + =S,
giE — dtaEsSIRERREEE,

Koh &, 2024 - VisualWebArena ~ - Playwright #{F ~ - b5 ~ - EELR
/[
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IFRImIES

V erifyin ga frontend repair BXE: (RETZICR. BiUa: BR=EE,

#m48 value.length — value.trim().length,

Before: blank record saved After: blank name reiected
Original teaching fixture - original bug Original teaching fixture - repaired ‘/ri-yg : iai%&yg O ; ﬁ&&y&g 1}3E{%§°
Create a contact Create a contact
A name must contain at least one non-space character. A name must contain at least one non-space character. 9 I\ler! : %jéti%j:é/__l_??f N a m e (g %;J_{) %J\j—qﬂmﬂ% iio
Name Name

| | BifTRESRG ~ - Playwright i ~ - R E ~

Enter a non-blank name.

Saved records: 1 Saved records: 0

Edit value.length — value.trim().length

Behavior Appearance
0 records; valid names still save Error visible and readable beside Name
Runnable classroom example /  Playwright assertions /  Visual checks 7 58

il

E a1 R=TI o 5
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ITHMEMEREESE

Eva Iu atin g Visu al issue resolution BRR + Elfg: RIS, FUHES; BnRReE. EiEh T EXEIE2
g,

niTieE: =E — HiR, F=EEHmcR.

ElEeE: B3ME — RF, HalilEd.

Execution checks

Issue + image Blank — error EREAFEEG, HAEREED NG EEGAEIE.
: i No new record
Doserved: blank name Candidate patch SWE-bench Multimodal - [REEH& SETFMREH TiFM ~

Expected: reject it —>
Starting repository

Change validation

Regression checks

Valid name — save
Existing tests pass

An image in the issue does not make image similarity the grading rule.

SWE-bench Multimodal - issue images and test-based patch evaluation / 59
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Bz TR

Broader software development

60
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TR BPRE S — SIER: 58 Wit - T8 £8 + EE - RHR

[ ) ) %o
From requirements to maintenance e
q HEP: Freok - MEZREIRIHTE,
WHBIRE—NLER, FERRMRR.
. RS /A ARSI =S . [OlRaRks

Requirements Implementation loop R ohs /s £FINRES - BIRERER.

User needs > Edit Test > Diff + evidence

Compatibility »> Release decision

A |
Maintain Aftest pass is one step, Deploy / monitor
not the release decision. _ . .
New requests 1 Production signals
Observed failures Rollback path

61
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Where developers spend their time

Other activities: 85% combined

Meetings + email [N 25
Debugging / bug fixing [ ENGTGTNGEGE 14%
1 5(y Running tests [N 8%
0

Code review [ 5%
Requirements + documentation [N 6%

Helping + sync-ups + networking | NEGEGEEN 11%

Coding Learning + admin + various [N 8%
0,
Reading / writing Breaks [INNEG 8%
code and tests 0% 10% 20% 30%

Share of reported workday

Meyer et al., 2019 - Table 2 - 5,928 self-reported Microsoft workdays

FrREER R ERRE

PMAFEIEX - I CMU BEFIEA - IFEHI7IRC - RISREEE cmu-agents.com
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FFARZ BRI EIEERRE
PR 15%. FUEE / fmSACREFmUL.
HfthiEsh: &1t 85%.

REMNTIERREIGEL: S + BB 25%; VEiL / 18ERREE 14%; FBEMBA
+ EEEE + BMIMEXRR 11%; =Tl 8%; F>) + 17 + Hith 8%; 1K
B 8%; Z|EX + MY 6%; LiiEE 5%,

fete: IRETIERRIAEIAEL, ZIE 0%, 10%. 20%. 30%.
Meyer %, 2019 - 5% 2 - 5,928 MYRR T ERTIFH ~
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Comparing software development tasks

Task
Repair

Library
creation

Test generation
Cl repair

Evolution

PEBAR AT & AESS

Artifact

Patch

Implementation

New test

Code or configuration

Accumulated
changes

Environment / verifier

Repository / regression tests

Scaffold / package tests

Buggy + fixed versions /
discrimination

Workflow / required checks

Persistent app / milestone +
regressions

ANETE - I CMU B5EA - EBBISTIRE - FSE#SRE cmu-agents.com

Horizon

Oneissue

Many functions

One behavior

Build run

Dependent
tasks

63

JR PDF 5 63/82 1

ZH / P3GEX - 5 1/1 85

FERAR T RAESS

155 | T | 3445 / 10Ess | REREE

BE | #T [ KREeRE / B | —MNak

Feelz | SCIN | BIFR2R / B | 1 eREL

WRRAERY | FUL | TREERRA + IZEMRAS / Kohial | —FT9
CHES | iBaEcE | TIER / BFRE | —XIRIE T

Ei | RIREE | FEAMMNA / AR + [EFE | BEARERIES

SWE PDF 63 | B 63


https://www.cmu-agents.com/slides/lecture-06-coding-agents.pdf#page=63

CMU Al AGENTS / HZE3J8BZ S kR JE PDF %564 /82 A
2 6 1 - HMmIESITIGH &SRR

EN / R EHSRR - (RIFREF ZH / P3GEX - 5 1/1 85

{E55: RGN
Task: localization HERREE: A + KiBeE — 0E / #BE,
FRSC4: django/.../datetime.py; #&IR: TruncDate; BREX: as_sql.
WH: St TRIRIE; 7E 3 MEESBITE F1,
FrERiEEE AN T A A SRR,

django/.../datetime.py
CodeScout, 2026 ~

Search policy Module: TruncDate Reward

Issue + repository —» F1ateach
Inspect / search Function: as_sq| of 3 levels

Compare with locations in the gold patch; the patch is not policy input.

CodeScout, 2026 / 64

155 RRBEM
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Task: app creation and modification

Requirements

Product / feature
description

Zero-to-One

Build a new application

Vibe-on-Ref

Extend a reference MVP

Vibe-on-Vibe
Extend the agent’s earlier MVP

Each result is checked using human-authored browser test plans.

ViBench - collection and evaluator definitions checked 2026-09-07 /

155 NRRIESIEN
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45 apps

45 apps
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15 MAtIESEN

=K U / TIREHA.

MEE|—: HEFHNA; 15 M.

Vibe-on-Ref: #'E&% MVP; 45 P hA.,
Vibe-on-Vibe: ¥ FREREKRRITEIERI MVP,; 45 MM,
BNEREERA TRSAINSEEUHITIH T E,
ViBench - iEESHARRENX BT 2026-09-07 %33 ~
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{55 s

TaSk: Iibra im Iementation Commit0: FERIFZE—parse(...) — [FREEEUA]; evaluate(...) — [FREEEHEL
ry I) K], 325 + M.

—iesL: FeRkIIREHIETTERA B,

Commit0 ProgramBench ProgramBench: SEEHITERF— BRI — TEEH,

Library scaffold Reference executable N ey e s .
o searer ) S DURAINIENT; IRESESIATINE: ARIASREHATAEN.
parse(...) — [missing body] Probe inputs — observe outputs
evaluate(...) — [missing body] Commit0 ~ - ProgramBench
Documentation + tests ¢
¢ New implementation

Match observable behavior

Implement together Check against the reference

Run integrated package tests Different internal designs can work

Commit0 7 ProgramBench 7/ 66
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Task: software maintenance

a. Independent Task Evaluation b. Continuous Task Evaluation (SWE-Milestone)

(e.g., SWE-bench)

Task Stream

(iii)

Task Dependency Task List Task Dependency TaskLict
Task List ks 1 EIsrs1
(i) | Eisrs1 (i) | E)srs2 Fsks2
Fsks2 Bisrs3 Z)sks 3
1 M Fetch Next Task I
h% V.
Finished Task M1&M2; inishe:
-wl Agent Loop g e Check the new tasks. g tre as|
« Codebase i - :
® ®
Base Snapshot 0 Tag M1 Tag-M2 Tag-M3 [E
= = JL
& & &)
In state (i), M1 and M2 were M
unlocked, while M3 remained @ @ @
Eg Result locked. & §:: & %3 & é? Ea
o (fail/pass) In State (i), Unlock M3 when 1-,;‘ Te;t Te;t Result
“M1, M2 done” Evaluation Evaluation aluation (fail/pass)

SWE-Milestone, 2026

155 B4R
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a. JRIZ(ESSIRAE (4N SWE—bench) D IElER — FBRER o (IS CEERER — 2T
— WialiHs — SR (KW / E8Y) .

b. EEES TS (SWE-Milestone) : E557. ESHKIKER. E555U5% (SRS 1,
SRS 2, SRS 3) ; ErEMMERSNIBERIESIFEER

BrER (): M1 5 M2 BZepk; EHMES. MR (i): FREF—MES, "M1.
M2 E5epk" BIfFSE M3, BB (iii): M3 mEJZ; FrEESIETHK.

KIBEE: BERfiAg — Tag-M1 — Tag-M2 — Tag-M3; 3 BIEIXESRES L Tl
Hih; WMEER (KW / BEd) .

R (1): M1, M2 Efgid, M3 B8E. R (i): 5 "M1, M2 5Ep" [afFd
M3,

SWE-Milestone, 2026
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E55: WidERk

Bl) .
4Ok : isValid("name\n") == False; isValid("name") == True;
isValid("name") == False,

PRAEI/PRJE: KW — BY, @Y — @, KW — KW,

Task inputs Generated Tests ) prrePR ) Post PR
Mindler &, 2024 - SWT-Bench ~
isValid currently allows isvValid("name\n") == False Fail Pass
@ trailing newlines but only oo @
alphanumeric characters CI:DD . i .
should be accepted. isValid("name") == True Pass Pass
O Codebase (Pre PR) isValid("name") == False Fail Fail

Miindler et al., 2024 - SWT-Bench ~

68
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155 2= d

Tasko CI repair MEZRZEAFIERLY . 1z17HT Node 16; 4B EK Node >=18; npm Ci:
’ EBADENGINE,

EISRBXIANER . # setup-node configuration; with:; node-version: '20',
MERHE SIS TR,

BEifaiTRE. WEML.

LCA ClI Builds Repair - #UHEEIEITIR ebf12dad ~

Observed build failure Causally relevant change

Runtime: Node 16

Package requires: Node >=18 with:
npm ci: EBADENGINE node-version: '20
Inspect the package’s supported runtime. Rerun install, build, and tests.

LCA CI Builds Repair - dataset revision ebfl2dad ~ .
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Learning skills for new tasks

Find relevant code Held-out tasks

Search / dependencies
New repositories
Repair an issue

Build a library

Detect a new bug
Equal inference budget

Train policy
e mma SFTorRL

Implement functions

Specification — code

Write bug tests

Issue — executable check

70
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SIS FIRRE

BIHAEXRAE: R/ KEEXR.
SCHNEREL: AR — 8.
RERPE: B — FTHYTRE.
JIZRERRE: SFT 8¢ RL,

BHES: FBECE; B8EM,;

VAfESE=,

FMFTERPE

JRPDF570/82 1
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Generating projects for coding practice

(1) % Project Proposal

g Come up with coding projects of computer system
simulation which can be implemented in Python...

Here are the proposed projects: @
Project Name: filesystem-simulator

Programming Language: Python
Content: Create a file system simulator
supporting ext4-like features including
inodes, directory structures, ...

Problem Solving via API Calling

2 Bug Fixing and Issue Resolution

Test Design and Issue Reproduction

{ ]
[ )
[ }
[ )

]@ Library Generation from Scratch

(6) Q Capability-Specific Adaption

Zhu, Gandhi & Neubig - SWE-Playground ~

R AT R SIRIE

(2) ) Task Proposal

[

Project: filesystem-simulator

J

— ——

Task 1.2.1

Task1.1.1  Task 1.1.2

TestBlockDeviceCreation
Edge Case: Attempt to create a device
with zero size or block size, or exceeding
maximum size (should fail with error).
Assert that writing to one block does
not affect data in other blocks.

._]J Read Test Code and Scripts
{

:f@ Implement Functionality Code
s

F@ Verify with Provided Test Suites
i

Q Revise Code Implementation

(5) Functionality Implementation

ANETE - I CMU B5EA - EBBISTIRE - FSE#SRE cmu-agents.com

(3) El Repository Setup
iﬂ Code Structure

= sre/ [ tests/

</> Function Stubs

class BlockDevice:
def __init__(self, file_pa

README.md th: str, total_size: int, block
_size: int = 4096):
tasks.md """Default Initialization
of a block device."""
@ pyproject.toml raise Notimplemented
) Error("Block Device.__init
&> Dockerfile __not implemented")

2 files changed, 367 insertions(+), 0 deletions(-)
create mode 100644 tests/test_1_1_1.py
create mode 100644 tests/test_1_1_1.sh

root@f8d0:/workspace# bash tests/test_1_1_1.sh
collected 21 items
tests/test_1_1_1.py::TestBlockDeviceCreation::test_
default_parameters FAILED

E NotlmplementedError: BlockDevice.__init__ not
implemented

Some tests for Task 1.1.1 FAILED

(4) @ Unit Test Generation

71
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SRR T RS4RI

(1) IMBRZE: RHATLUA Python SLHIAYITEA R SIEIUREBINE ., 1=E=21:
B4 filesystem-simulator; ZRFEIES Python; WE: CIESIFE( extd I
BERIS G R iEES, BIE inode, BREWE,

(2) {E5512%: 1A filesystem-simulator; {£5% 1.1.1, 1.1.2. 1.2.1 %F; Wik
TestBlockDeviceCreation, JAFRIER: =iXeIESZA/N. ANATIHBITRA
KMUIRE (NIREE) » S BA— TRASEInEMRPRIEHE.

(3) RIGBERE: RFB4H src/. tests/. README.md, tasks.md,
pyproject.toml, Dockerfile, ERE{FHR: class BlockDevice: def init_(self,
file_path: str, total size: int, block_size: int = 4096):; BRIAYIRICIRIRES;
raise NotImplementedError("Block Device. init_ not implemented"),

(4) BTl ARk : TR 2 N, g 367 17 (+) , MR 047 (-) ; GUE
tests/test 1 1 1.py #0 tests/test 1 1 1.sh, 47 bash tests/test 1 1 1.sh: Y
&% 21 IR; test block device creation:test default parameters 5K ;
NotlmplementedError: BlockDevice. init  not implemented; {£55 1.1.1 &9

il SE

(5) TORESEIR : SRR CRSFNRI A — SCENThREMAS — ERRMRINIAEMIGIE
— {EBUCAESEER.

(6) BENETUERS: BT APl A TIRECKAR, (ZERMESAREE, Witikit
Sa@Em, NEFHREME.

Zhu, Gandhi 5 Neubig - SWE-Playground ~
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Transferring training to new development tasks

SWE-bench Verified
Repair

SWT-Bench Verified
Test generation

Commit0 Lite
Library building

Success (%)
Defined separately per task

Hybrid-Gym, 2026 - selected 32B results

i)

TR BIFHIT & AESS

@ Base 32B @ Hybrid-Gym 32B

.
I, 2.4

I .0
I 16.56

N 3.34
I 13.45

0 10 20 30

PMAFEIEX - I CMU BEFIEA - IFEHI7IRC - RISREEE cmu-agents.com

40
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BRI EFR A RES

Ef | {53 | Base 32B | Hybrid-Gym 32B

SWE-bench Verified | {8 |7 | 32.4

SWT-Bench Verified | fWlizt4=5k | 9.01 | 16.86

CommitO Lite | ZE¥g%E | 8.34 | 13.45

BRINER (%) , BIESOAIEN, #EmZIE 0. 10, 20, 30, 40,
Hybrid-Gym, 2026 - 32B 1&EIER4ER
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FRACHRT T /IRUAREY

Models that predict code
behavior

73
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e EATELR N

Choosing actions and predicting their eﬁects [AsE h: E*ﬁéﬁ’\J{%ﬁgs IE\-%% - %H}% Ti(a | h) &?%ii"};ﬂﬂiito

PSRl ENTER L.
ELSURSE: HUTIE IUEINTE S,
Real environment HEREE p(o | h, a): FRIMUTASER; FOURTAEHE.

—Pp»  Execute the test
Observed: assertion fails

History h Policy mr(a | h)

Inspected code s Al Choose: run test
Tool results
World model p(o | h, a)

—  Predict the test result

e L e L P Prediction can be wrong
History also conditions the prediction

e EF TN E S
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Predicting execution: shared references

Predict the next state True execution
items = [1] items = [1, 2]
alias = items alias = [1, 2]
alias.append(2) result = 2

result = len(items)

Wrong prediction: treating alias as a copy.

What are items and result?

TlRAT: HE£=51H

PMAFEIEX - I CMU BEFIEA - IFEHI7IRC - RISREEE cmu-agents.com
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FRAT: H=51H

TN T™—IRZ: items = [1]; alias = items; alias.append(2); result =
len(items); [AJ&X: items #0 result B EE(HA?

ESCH{T: items = [1, 2]; alias = [1, 2]; result = 2,

E2F0 ;38 alias H{ERIA,
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IR B ESREIA
When predictions help an agent PTERSR: AERNT: BRI
TR RN A SKH; BEUN B 2B,
AR WEB EFA.
EA—pERmA.

Predict test outcomes BITRMEELE, 1SEREAIHINT,

Two repairs Model says A fails Wrong decision - -

: SIRTEV AR THERFNSIER / 157T5% AR
A CorreCt patCh Mode| Says B passes Choose B, dlSCGI’d A HHj-tbiX{Ijj&Isz*nlu LLE. / 1ETE§& / IE\'ﬂ%é&o
B: wrong patch lllustrative mistake

p  Run both candidates to check the model’s judgment.

Compare task success AND total latency / tokens / tool calls.

76
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Learning from program execution

PRE-TRAINING POST-TRAINING
General Code World Modeling Supervised Fine-tuning Joint Reinforcement Learning
Pre-trainin Mid-trainin, Instruction and Reasonin, entic and Reasonin
g g —_— g Ag g
8T tokens 5T tokens 100B tokens 172B tokens
8k context 131k context 32k context 131k context
§/ CWM pretrained N/ CWMsft  CWM

FAIR CodeGen Team et al., 2025 - CWM ~

MEFFHITHES]

PMAFEIEX - I CMU BEFIEA - IFEHI7IRC - RISREEE cmu-agents.com
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MEFHRITHES

FllZ: @RT)I4——_8T MalyT, 8k LRI — {UAStH &R 14k
—5T Majg, 131k E X,

Ellgk: WERHEA—ISSSHEE, 100B ™Mait, 32k E X — EX&GEEES
— EREKSHEE, 172B NaT, 131k £,

ERfEEM: CWM F)llZk. CWM SFT, CWM,
FAIR CodeGen FRA\EE, 2025 - CWM ~
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HEFHE R RS

MIMBERRIAIT + IMEAES I + KIESRE — R GIF-MCTS £
— (REAADHFER (7=41: class Environment: def _init_ (self):
self.cart_position = ...) ,

Building and using simulators

IGUHCROtH FARE — FIRTTNERIER? 2. SERMBEHAREHTHN, &:
PIRIERTUIR R IR, FERTERNAES.

Dainese &, 2024 - Code World Models / GIF-MCTS ~

| Validate Code
| world Model

(@

Trajectories collected
from the environment

T (S;lf): Can predict
— . self.cart_position = correctly? Bl =)
‘ Planning with the
Environment and task Code generation Candidate Code World Model
description with GIF-MCTS Code World Model

P
H) Feedback on
wrong predictions

Large Language Model

Dainese et al., 2024 - Code World Models / GIF-MCTS ~ 78
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TS T/9RIFF BRIRRR

° ° ° ° ks 5 =18 JMNNELZES :I:I:‘I:l_ AZ =t %2
Open questlons about predlctlng Code beha\"or BIFaIASR? TR R ENEFER SIES IR,
BERIRAS? 1BHEIR., 1R eI ESSIME AR
= Better decisions? Measure prediction errors and task success on the same problems. SEAGIOED ERLIRES AR TTAERES
= Lower cost? Include latency, tokens, and real environment calls. [ARHT? M EESE, HENEGEENSTS.

= New settings? Hold out programs, dependencies, and environments.

= When to execute? Vary the fallback threshold and measure failures as well as

savings.

79
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=¥

1N,

Conclusion

80
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Designing a coding agent

= Code models: pre-training, mid-training, and RL from execution rewards.

= Agentic coding: localize, edit, and verify with the right tools.

= Agent training: runnable tasks, repair rewards, and diverse harnesses.

= Frontend development: browser interaction and visual verification.

= Broader development: localization, apps, libraries, maintenance, tests, and Cl.

= Code-behavior prediction: learned models that support execution and planning.

81
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R miE Rex

RSHREY: Tm)ll4k. EBIZ, LARETHATRRERT RL,
BReARIURED: ERGIANTESEM. RIESWIL.

BReRillgs: mNa TS, ZSRMAMSERY FUTHESR (harness)
RUim A : N SERE s E S MIIIE,

B ZRYRE A AIBEAL. NMA. B, 4HP. Wi Cl,
RIBTATEN: AT SFRFHTHIR R SR,
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T s 2—EZREERER (GUI Agents)

Questions
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