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Co Evolution Iteration: If fail, return success/failure signal only. Start a new iteration.
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If surrogate
asses ) —
Task Input ol p % I I
(lnstructlon & Tests {'@3
Constrains)
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&b

Sclf Reflection AN « "
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Algorithm 1 EvoSkills co-evolution Algorithm

Require: Instruction I, environment £, meta-skill Smeta (skill-creator)
Require: Evolution iters N=5, surrogate iters M=15, context cap $=0.7
Require: LLM policy 7y (generator), independent verifier policy 7'[{3/

Ensure: Final evolved skill S*

1: C+ (I, Smeta) // in: instruction I, meta-skill; out: initial context C
2: SO ~ my(- | C) // in: context C; out: skill bundle S (code + SKILL.md)
3: V0 @ // surrogate verifier test suite
4: i 0; j<0; n<0; r< 0 // skill version; test-suite version; evolution iter.; surrogate iter.
5: Rpest  0; S* + SO // Rpest: best oracle score so far
6: while n < N and r <M do
7: // — Skill Generator: execute and produce outputs —
8 x() <I>(S<i>, £) // ®: execute skill in env and collect outputs; out: artifacts x()
9:  if LLM context usage proportion > f then
10: break // prevent LLM context overflow
11:  end if
12:  // — Surrogate Verifier: evaluate and refine (Eq. 4, Fq. 5) —
13 RO ﬁ(x(i), V(j>) // R: surrogate reward; in: artifacts, tests; out: pass rate € [0,1]
14:  if RG) <1 then
15: Fi) ~ n'g(- | I, x(@), V<f)> // in: I, artifacts x<i), tests V(j>; out: diagnostic F
16: C+ CopFU // append error diagnostic F to generator context C
17: S+ 7'[9<~ | S, C) // skill refinement (Eq. 7)
18: i< i+1; r < r+1; continue // evolve S; VU) locked
19:  end if
20:  // — Ground-Truth Oracle Test: independent re-execution in fresh environment —
21: 20— (SO, £ // in: skill SO, fresh env £’; out: artifacts £(0)
22: RO R(J?(i)); n < n+l // R: ground-truth oracle reward; out: score € [0,1]
23:  if RO =1 then
24: S§* « 80; return S* // early exit: perfect score
25:  else if R() > Ryeq then
26: Rpest — R1; §* + SO // save best snapshot
27:  end if
28:  // — Co-evolution: test escalation (Lq. 6, Fq. 8) —
29:  C+ Ca1[RW<1] // 1[-]: indicator fn; append oracle pass/fail bit to C (no test content)
30: VU ~ nX( | 1, x, V(j)) // verifier escalation (Eq. 8)
31:  j<j+1 /] V evolves; SU) re-evaluated next iteration
32: end while
33: return S* // save best skill

LA SR ot /5 S 1R(2D) < 1], Hrh 20 F7RH YU S HA T
(o, EAA TR, IR s R Stk MR, & 1 FR(E
%3454, TATE ARET (S, €) WEFES € HIANE (- | b, S) FIAKIRRIPIT R, B
5 x0) = (S0, &) W i ARG L, 20 =o(SW, &) HEAHIE & s
WS I EF T R . VO B 28 A PR 5 | IRA . EvoSkills it <z
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Fokg i 7y AT
Skill refinement: SU+) « arg max R(D(S, &), V(j)), (5)

Test escalation: VU1 ~ NX( 11, x®, V(j)), ifl[ﬁ(x(i), yih=1 A R(f(i))<1} (6)

ESLE, argmax JEF AR LLM REE (Fq. 7) SRRl Ba. 55 B RERE e [ 2 i 3k
I EN VU R R HAEMBIEHN IUESRET R 5 R ZIaM2EER, 4
M M TG, AR bR Al S SR AL LI B, IR U R L SL N %Y . EvoSkills 3 i
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fBER (Alg. 1),

Pt A R B UGE TR R A BOE A &P A AL T S B D AL A S B e, BN B
PRAE A G p e = USRS R . 9 7SS AU HR AL, SKill Generator i MFA MY
JHE R C o, WIAEH CO = (I, Smeta) » HH T HIESH82, Smeta FAUHIE K1 TCH
fg (skill-creator), FTH5SUMTOIERERE. MRILREBITIIR T4, KiBESHA 1,
(Ba. 1) BB AE SO DR BBIIER S, H A B A (Ao 1, %5 15-17 47):

S (-89, HV), D = ¢ @ F O, (7)

Hoepr SO 255 i ApagehiAs, FOO 2aemhidert VO e SO 5, di R % E SRt
(G WT, A3 SR I T P 1) ARAS S AR T B AR RO IBAT L, T © SRR
BREHME LLM _EF3Ch. B R rollout x) = o(SH, &) (4 8 17) #d7 SO, It
HE IR EE AL 4 Swrrogate Verifier BEATIFAY .

REBRIEH BT ELKE R OGRE—AREIRE L/ RS, B & & S Z % S
AR A IE AR . B R I Sl Ao R BB, 50kh TIX— 6, SRt s
RS WA R, XA B B TC AR O o SE—22 7 1k A Bk P A B 22
BRI BAESE ML LLM &3 7y dizfT, (SUREIES 154 T Akt sork @ xt
TR A A IE R A L AURD S B RE VA DR AN AT DL o S ol 5 5L B B DR T Rt ) 2
JCS A A AR AS AR A ST. B SR B A R 2 Bt 1) i A o

WUERS A — N REZRIREE V = {er,.. . ey}, WEEMERT, MRISEIAE Do 4
(Ale. 1, 5 13 £7) b LR R(x, V) . RIEREA B HROEA V) 124 i
2 BEAHAE A RAE A

VO ¥ (|1, 2@, )y, ®

Ho, BHEREE TR0 1. ey miiosm i xO DAURH A S et v
HE A BRI R A VUYL MR R A (R < 1) i, BiFshb ek
AL RIS W FOD ~ 7l (| 1, 20, VO)) | A EmA W IR . AR 4
BELA B THR RIS IR, F SRS Bt R B (Hq. 7).

Togb A A RERIESMILEI. Do 5-Eq 6 PR E T & Rk
(Mg 1o MRFLRBIRRIG (R < 1) B, KIERWRE V RFpEE, WkRsn F
KURBIBREIEIT (Ba. 7)o AR (B S A AR IR, SOR [l — A E i il
o /RS RIBEA A 2 el e, DABTG Ik Skill Generator P Bl U 65 -
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FEAT A, FATRAEREAFIR A (RQ): (1) HEMRAER G AR, MmN T30
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TR R R S — i B R
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Sec. F.5 3t /R) o Skill-Creator 3%

JHl Anthropic ‘B )51 skill-creator (An- Al 4 $CRERT RS B (SkillsBench, Claude
thropic, 2025¢). M TFA1HITA5E 4 Opus 4.6 + Claude-Code) . #7545 £ 5 WiafT
[, FUHEFRASERARIAT B 1 AR,

RHIA (W Sec. F.3): 85— Bl 2 /0 =W aERAW Rl B Rae; 5 BBt
i A U A BB AR A 55 . N RS EB g T 44 SkillsBench KM AN LB AR . X
Ffb BBk, FA1HH Claude Opus 4.6 Fil GPT-5.2 {E NIRRT I 0 HEL M 451y

iSyc s
P38 l:h%\c

TEEEXT e, A E R T 5 s T, G HE + Rl

Ah, FATEPHE T Claude Opus 4.6 AL 1 A HRETE /S ESMEAL BT iE#51%: GPT-
5.2 (Singh et al., 2025), Claude Sonnet 4.5 (Anthropic, 2025d), Claude Haiku 4.5 (An-
thropic, 2025b). Qwen3-Coder-480B (Yang et al., 2025), DeepSeek V3-671B (Liu et al.,
2024) Al Mistral Large 3-675B (Mistral AI, 2025), AR AT 3 WM risfiffh. &
Z5 Appendix A TIERCEER
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1001 W No skill

Self-evolved Cross-model transfer (Opus 4.6 skills) With skills
%0 (+40.5) (+40.2)
711 69.8 : 355-;) +43.0)

2 1 I . 63.1
S I I (+44.1) i
< | +42.
3 60 54.5 ¢358) +38.2)
< c 3 50.8 48.8
- T I 43.1
: I
<
A 40-

30.6 29.6 29.6

20.0
20- 13.0
104
8.4
ul =l BN .
0 ‘ ‘ ‘ ‘ . | - .
Opus 4.6 GPT-5.2 GPT-5.2 Sonnet 4.5 Haiku 4.5 Qwen3 DeepSeek Mistral
(self-evo) (self-evo) Coder V3 Large 3

B 5: SkillsBench ERFSHIERETIRERE S . i Claude Opus 4.6 AL R BEPLERE BN
ANESMEI L, R TR SRR AR R O RERRE (Z060) A SRt
(Bifa) . ZEAREFRREXRTE. IrABAY B2 (FTF 36-44 DA A0) , RSk
B BB T AT AL S5 45 A TR AR MR

4.2 RQL: Hifigiabeis

Fig. 4 78T Claude Opus 4.6 5 Claude-Code F#Z.0o%fH. . EvoSkills 353 T 71.1% Ay
R MR T R REEME (30.6%) #2THT +40.5 NEA A, W A TARERGE (53.5%)
B +17.6 NE A . S EEMEIGES] 34.1%, BET I aeEE; —Fh s fAy B gy An 1A
—TERAS A A B A R IS 32.4% BYRLSt. PR TE P B FRA I E L
FI AR ILAET] . SkillsBench [ 84 i ERI R LR (Li et al., 2026b) k%] 32.0% (& 3.1),
T G A5 10 A T8 BAE SR 1) CoT 5 AR MRAGEE] 30.7% (£ 5.2), X To g MER
PP A SXUESE T 0 TRV SR AR BRI, Bl = AL B UE B RE AR IS AN JE DA
KABARAETH: EvoSkills IEHH B LR EAESR, MR REAIEIRRA B . LS L5
UL Appendix Do FRATEES B BAZ LI ILINTR

Takeaway 1: Agents can create better skills than humans

RETSFFEE H BIE A R R RO B e M, HERBUR A THOB TR0 AR B Bk . BRI B RE
AT 2 1 B PR T L P Al A1 AR SRENS,, S SAHA BA2 OB R S o P 5 1) T ARAL
FEEIE N R R R M AT is A i BT i AR«

4.3 RQ2: s

T BRI, B MEE A ppondic BRRRFERIGIEMAT. @B (Tab. BL): BIRA
A 2 B SN T11% W 41.1%, TG 5 b T SOOI 48.6% Byt ae. 7
USRS T 7 PN i 4 1 T 9

4.4 RQ3: FREEBRTRGED

TERGIA EvoSkills REMSAE PR 12 B KARTY [ A il R R RE ST, FRATHE TR B X e i 2
BRETE R BIR ZIR R SE Bz AL . a0 Fig. 5 FoR, HiERRETE A 2E TR B3k
BT} Claude Opus 4.6 (440.5pp) Fl GPT-5.2 (440.2pp). ¥ Opus JHALISE| 1)+ G
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I No skills
Human skills - Human-curated skills
(+3 .
d”g' ade here B Self-evolved skills (ours)

100
@+58) (+35)
82 84 (+<9) (+<4)
(+29) (+z4)
o (+44) (m) ( . 4)
(+60)
V | | I | I | | |

Finance Natural Cyber Ofﬁce & Health- Media & Manufac- Soﬁware Research Energy Robotlcs
®) Science security ~ White Collar care Content turing Eng. () 3)
an @) (13) (O] (12 3) (13)

Pass rate (%)
o % = ]
f=] (=] (=} [=]

N
(=}

1353
(=]

Kl 6: #5453 SkillsBench it %, 7E 11 AS&l4ugH, A Claude Opus 4.6 [ T =
FhZcf: JoReReieE . N DRG%EFRAE, PAJ EvoSkills Bl LRE, &5 T IEFRnmITss
B, fF 11 AU E 9 NG, BB RN ERIE T N TR SRR RE. fikRhERT
H ARl 2E, %0 R N TAS e i S 8RR NP, T E AL RE A Sk B R T, R
AL GHLASZ AR A FNAS L -

BRI, R T A o e RBREUE, PRRBFRTHA +36 & +44pp, FIAFERH
B TAERIE AT R AR A, Se B BUEEE R W Tab. A3 (Appendix A),

Hilkr2, GPT-5.2 M Opus R EEH 3R (65.0%), (HHH & B b H I FRE (69.8%)
LGRS 42 e R 4.8pp, FIHBAY PUEL i AL oA RS (HRRSL RS . AT S5 25
Vg I

Takeaway 2: Skills are portable across model families

FE B RE gm0 i A AL S5 45, AR E RO ZL0E, AT SEBE 1) 2 i SR ) i
otk FERIATRYRGOLT , HERR - SR IL R Ty 5, (HXFFARSE B R 3R T s & 1 o

4.5 RQ4: Wik br

B T ERIERSN, Fie. 6 $878 TGRS ISP I A DL, A AR RELE 11 A4
9 DS T N TR RE, Hob e (AT SR +56.9 NE ) Mk 22
é (Rt +232 N2 BZEHROC . MBI ST N TR RER B R

Gk (ANREYR. MLES ), TEACHYMIRE; M7E N RSB REAE A PR S0, kiR
E’Ja“zzﬂﬂijt FMEGE EEERT

Takeaway 3: Human—machine misalignment

TEHLEGUE, AN TG OB REA QOIS BE), Sii & B R ARPERE T i AR 5 Fis b
BB RETE ] — 155 T ANREH R B BTt . A SEBOHiY AR AT A5 K8 & AU BEIR RO HERE )y X
RPCEE, 3SR AE A IR B A IR A B B OU SRR, TR GIX— 220

4.6 WL

Fig. 2 JER TAE= AN EE AL A8 U Pl i SR 7R 2R - To e REREHE (30.6% ). Anthropic
MANR B REAE s (34.1%) DA TAEMAOTERE (53.5%). 7E56 0 & (Toiibf)— ke
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J§), EvoSkills (R M5 o REEMEA Y, (H—BIF MR AL, @il Ml Ik, 785 2
Bk F) 44% , TE5E 3 FBBN TS BRE (63%), HIESS 5 HULSE 75%. iXiiEsE T3kl
PR BRI AR T T 2R E g, MARE SRR AR Y, HAE T PN S B St A58 A AR
FRENEZEE A . Appendix C 2L T B 86 AMES5F HIaik UM AN S & #e K 5 353
fii s BMES- PR E 4.1 WIRIE R 2.4 Wk A4 BRIR B S, 1AL, Appendix I
JrR T — R AU A TR 4R

5 5B

TATRE T EvoSkills, —FE eI 68 B AU P FEEALHESS . %581t 7R T one-shot $7
REA A T SR DA S IS S i e = LSS ). A SkillsBench I, EvoSkills 23
T N LTARER R RE R B A S E , [RIef R I s Rl iR . AT LB~ T A
MUAJIES IS, R s AL BB R EiX — 2500, Kok, AR ZERY 2L
PR AR AL o
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A e

Tab. AL S T HEAFIPAG R IEZRCE . Tab. A2 3858 TIEARR VPG S8 M RO A
REMRSCOR. Tab. A3 il 1o BERESHALT AR AR .

# AL FAS IR RO

Component Setting
Backbones Claude Opus 4.6, GPT-5.2
Surrogate verifier model Same as evolution backbone (Claude Opus 4.6 / GPT-5.2)

Ground-truth  oracle test Claude-Code (Claude Opus 4.6) / Codex (GPT-5.2)
agent

Evolution stage K=5 oracle interventions, M=15 surrogate retries
Evolution runtime timeout multiplier 5x (effective 3000s/task), 4 parallel workers
Evaluation stage timeout 7200s/task, 10 parallel workers

K A2 JEFCERFOLVRAL B, A AL R RE AR AL

Model Agent harness

Claude Opus 4.6 Claude-Code (Anthropic, 2025a)
GPT-5.2 Codex (OpenAl, 2025)

Claude Sonnet 4.5 Claude-Code (Anthropic, 2025a)
Claude Haiku 4.5 Terminus-2 (Merrill et al., 2026)
Qwen3 Coder Terminus-2 (Merrill et al., 2026)
DeepSeek V3 Terminus-2 (Merrill et al., 2026)
Mistral Large 3 Terminus-2 (Merrill et al., 2026)
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A3 SRR RET A, Wi (%)

Model With skills  No skill A
Self-Evolved Skills

Claude Opus 4.6 (self-evolved) 71.1 30.6 +40.5
GPT-5.2 (self-evolved) 69.8 29.6 +40.2
Cross-Model Transfer (Opus 4.6 Evolved Skills)

GPT-5.2 65.0 29.6 +35.4
Claude Sonnet 4.5 63.1 20.0 +43.1
Claude Haiku 4.5 54.5 10.4 +44.1
Qwen3 Coder 50.8 8.4 +42.4
DeepSeek V3 48.8 13.0 +35.8
Mistral Large 3 43.1 4.9 +38.2

Bl

Tab. B1MEE TIHRISCIAEE R . FA1%5 5 T B UER: . 5 BT SCA S AL R A Tk
BrA LR Claude Code 5 Claude Opus 4.6 fE MR, PURpR S 5104 -

1. EvoSkills (5e%HE%e) « HARARAER A A REGIER 524 EvoSkills. HALTREI M1
REAZ U BN, AR R IINAHT Z2 2

2. JCARBRSSUESS: $AEHULAE B B IES s 00 R 28T AEdy A& E R E T
MBeREtd, ARIGSLRIPE A B DL IR BRI . AR I, A I O AN B B

I /R IF SRS RE, TCTE KA R A S OS W S8t , B HEAT 5 Ik
e

3. Jogiienfe: PSS RERULS I B FR . BRI BN 305, HiksuUE
55 M AL -

4. JCHREAEAE : BRI B G AR AT 55 17 MR S 58 A AT 55

M. EoE, BERAEEIES SEuEEg RN 711% TR 41.1% (-30.0 pp). LK
wIATEAL R RE 22 5 YR, (EAUKIT R B IRA E S A BNl /R M. Xk,
FEBRZ SIS R AR B R R U R B B R  ARS@s JCiR A T X g a2, i &
BOALBARIET o ok, (GRS SBT3SO A s A R ), Gl Ay 48.6%,
T feRiE (+18.0 pp), (HURLALT EvoSkills (=225 pp). XEM, RLLHILAILR
AR ARA S A R ASHEA S RE . 5, et o R oL T, B REAY
iK% 30.6% (LA, 5 EvoSkills (+40.5 pp) MYZERENE— RS 1 58 B Pp IRl AL AE 2R )
2k

¢ B1: SkillsBench _FjEmscis g R, @it ®R (%). Claude Opus 4.6 + Claude-Code, H
TR AR, JHET RGBT

Setting Pass rate (%) A vs. Full
EvoSkills (Full framework) 71.1 —
W/O surrogate verifier 41.1 —30.0
W/O evolution 48.6 —22.5
No-Skill Baseline 30.6 —40.5
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C B b andr

Fig. CL A 1 86 AMEAAT S5 Bk R A LS E A 38 I A Ol . ZE T AR /R 1
BEAMESS BLE SRR I, R TR T R LT R A (B REfA
ORI MBS ) ARCER S B B S A A . A M S AR ST R 2 4.1
ANBEE A3 o

A M A PR T LA TS ML AR %5, B R R 0 40E 25 58 At B Bk JRTY 4R, A S JE 1)
BT LR DAE T Bz A AT A S R . e 60% MOAT 551 2
FESAEBHE LN, Tk 2.4 . REERFGSESEHIMATH Y1 10 MEF &
TER IR AU (5 feBCEZ L) , RUITHR R BRI R E AR BLER
TERE R B A RENC S

AMTUESS T EvoSkills HEZLPMFIE. oG, B RIBIE SR TRMPIEIA: 12
Y9 A1 WEEFM T, OUF 2.4 RIHRE BIAERUERS, EWHZ 40% 1k Q0B U
UEASEITT g . Hk, K=5 PRESER G5 M=15 WA E AT T R 285
CA2, i 3 RISl R .

msm Passed GT (n=76) 541
mmm Failed GT (n=10)

mmm Passed GT (n=76)
mmm Failed GT (n=10)

1 48
E Mean=4.1

@ 361
=
S 301
-

Mean=2.4

= —-
)
L

o
L

Number of Tasks

1 2 3 4 5

1 2 3 4 5 6
Number of Verification Cycles Number of Evolution Rounds (GT Oracle)

B CL: Bk () MESHERFYEARR Cf) 18 86 MEALILSS HIFIL. Sk
SRR EHLT I (RERIE SR ESREBH AT . ESERH LR g
AP TES S IR WS MRS T8 . RIAESs (406) S TERm ik ks

D &5 5 i

Fig. DI JBR TR FREAME S M % TR ae e, PAKATYT Claude Opus 4.6 Fll
GPT-5.2 (1) H AL RE , A EXF Opus 4.6 (N TAGESC g 1713 87 4> SkillsBench
{245 i —A, HICF RERMERMEREHE Y . AR RBIRE TR 2 7E B RE LA N RS ik
FRE TR MINATSS, T 21 R A D 5 R AT 55 K BE AL .

E  RBINE5E: RIMTEEE H SR N

M SRR T EvoSkills AL i T & SMT 246 2 B A ML ST R BERE . % AE 55 20K
BREA ML EEEA R (S i HRIMTEERTE (TESS) Jeds i &4k +
i 2 SMT EUE E e RMETRE R NS 5 L. ESMEEIEEIFE S 4 4
A P CRDBMERfA . M MERRRNRIBIUEmYE) , Brd I i i 75wl 475 22 il
=10.
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Per-Task Pass Rate: No Skill vs Human Curated vs Self-Evolved

econ-detrending-correlation
gim-lake-mendota
parallel-tidt search
mars-clouds-clustering
pa-excel-diff

spring-boot jakarta-migration
threejs-to-obj
syzkaller-ppdev-syziang
citation-check
poverlifing-coef-calc
financial-modeling-da
courtform.fillng
simpo-code-reproduction
fixcerlang-ssh-cve
dialogue-parser

leand-proot

pg-essay-to-audiobook

video-tutorial-indexer

trend-anomaly-causal-inference

lab-unit-harmonization

offeretter-generator

energy-market:pricing
gravitational-wave-detection
3d-scan-calc

pptx-reference-formatting

video-fillerword-remover
hac-control
grid-dispatch-operator
taxonomy-tree-merge
fixvisual-stability
earthquake-phase-association
paper-anonymizer
multlingual-video-dubbing
flink-query

jax-computing-basics

2rmpecontrol
software dependency-audic
traverplanning
canthquake.platecalculaton
surcata-custom- el
setup-fuzzing-py [0-6
cystalographic-wyckoftpostion-anaiysis
food-tsk analysis

threejs-structure-parser

Task

lake-warming-attribution

Pass Rate

exoplanet-detection-period

exceltable-in-ppt

ro0.4

fix-druid-loophole-cve
manufacturing-codebook-normalization

adaptive-cruise-control

datato-d3

Sales.pivot-analysis

fix-build-agentops
find-topk-similla-chemicals
xisx-recover-data
daptintrusion-detection
shock-analysis.demand
sec financial-report
latex-formula-extraction
protein-expression-analysis

manufacturing-equipment-maintenance

mario-coin-counting
gh-repo-analytics

weighted-gdp-calc

react-performance-debugging
shock-analysis-supply
azure-bgp-oscillation-route-leak
Invoice-fraud-detection
manufacturing-fsp-optimization
virtualhome-agent-planning
seismic-phase-picking
video-silence.remover
reserves-at-risk-calc
energy-ac-optimal-power-flow
quantum-numerical-simulation
python-scala-translation
cive-adjacency-optimizer
pddi-tpp-planning
pedestrian-traffic-counting
dynamic-object-aware-egomotion
enterprise-information-search
organize-messy-files
fix-build-google-auto

mhe-layer-impl

ipg-ocr-stat
scheduling-email-assistant
speaker-diarization-subtitles

No Skill - Human Curated Evo Skills No Skill Evo Skills
(Opus 4.6)  (Opus4.6)  (Opus4.6)  (GPT-5.2)  (GPT-5.2)

Condition

B DL AR R &AL RE R R A ARSI Re e R (o7 i)
PR, Fsil i ARG .
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A REN T 4 WHAESA K 6 WEHTH, EIEBUESS2 02 75% —
75% — 100% Fizs. Tab. B1ILE 7o BRI, Mg R R I &M E SRR
RIS . TEERERR, 155 2 R, RERAE Al T A 15 W, HASZIF
ARBEAF LIS IO, PR R 5 U BEAG A I B R e Al A AT A T3
A —USE R T BT LI (R B, BeReRIg . B3 AR5 A
B4, HIRESEOREN P RYAMCHC M, A TR ERIES . X—PLHB7 L THE
ARG S REEAL AR A B B _E i R FEEL S I R VT

# E1l: RIMTE R BN RERE T . B0kl 258, Surrogate Verifier 455, H
SAH Oracle Z5F DA S KA

Round  Exit condition Surrogate Verifier =~ Ground Truth Oracle Key event

1 Verifier fail 0/15 (0%) — Initial skill has bugs

2 Checklist fail ~ 15/15 (100%) — Progress checklist incomplete

3 Verifier pass 15/15 (100%) 3/4 (75%) Period precision insufficient

4 Verifier pass 20/20 (100%) 3/4 (75%) Precision fixed, alias check fails

5 Verifier fail 19/22 (86%) — Surrogate Verifier catches regression
6 Verifier pass 22/22 (100%) 4/4 (100%) All tests pass

A 1: A AOBUBLUR ka3 BLS (BUSMMEIBL: BOARVEN).  FREARR SR T
SR N TR (BLS) FF45GAUNE LB MR FrZm R R ERBE N 0.01
0.2 K, HA TR/, SEAER A PG RO B ISRHE T 7 A M . BRI 2
AR TR (0/15 ANMlima), B BRI M ARB B S AR IR T A .

A 2: ARAER BLS, RATSEGEMHFEZERITEIE (B0 75%) . B REIARR I R SEm T Y
BAEH Y RZE 0.05 2 0.3 K CEAFGWBLBLSL), I T 55855119 find_transit_period()
MUK REL B REMGRIE 3/4 (75%): R E A I BGE ESLfE, Hih T BLS Mg
RERAAR, BB R ILALNEL

WA 3: P IR kR (BUIAOESS: 75%) o RREIRAOBURCE Y4 3| o E IR £
O SRR ), R R RSN R 2 0.15 K. BESET S HLFRRRE 3/4 (75%).
HER R R ARAFAE . oI R AR A T3k, BLS WA 2: R AP A R ASE B LA
ANEERPRTIE . BRI, B REMGAIREITE BLS Wi T ESHIRS A R AR I,

JRAS 4: AT BEIRARAY TLS (BLSEfiems: 100%).  HAMATIA T U (a) 8
FAWPM BLS Yl hid W e/ N3k (TLS), %07 VAR E L i AR G v AR AL T 3R 7
METARL, AT ARASSE HERAG I IE s (b) ka3 kel Savitzky-Golay 3%, AEH {Hb
PR R (o) BT PIM BRI R, K EEmEE (0.5 & 15 X) AKFES
TR £ 2% R RS R, PSSO/ INEORS BE s (d) 5m 1 R i
RV (P/2,2P ), PAREGIRREN . BOLEARN AR E 4/4 (100%).

fUB-GT 2. BRSSO T HARRI RG], BB 23 25 Fo B U S F = AL
TEEE 348 (Tab. B1) by Frfy 15 A RIEIUE B, (HESER SRS T 3/4
(75%) o X2 50 UF 280 57 A E FL R AR AL i il iz AT T H Bi BLS 047, AT 1%
M IPLIE A 22 . SR, BB LI ZOR B UIR 5 A/ NELIE, X —ERR e, R
30 30F g3 AETCTA VT A BRI A 1 B0 R TCIRHENT -
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F5% 5 #H}, Surrogate Verifier TR R 22 ML, IF5IAT BLS &2 WHHE. Xk T
HIIAAE: Surrogate Verifier 1) BLS 15 i B 3.24158 KX, M AEMAN TLS Z554 K
3.24156 K. KGR REIAMZ L HEMER (TLS il T EM B EEAL) |, Surrogate Verifier
P3¥5IX 0.00002 KAYZEFFRIC AR XA T RBUEAIER PS5 RBR : (1) Surrogate
Verifier Jo:02 I E S M AR B VRS B2 20K (2) BIGIERK A B SR ZE SR Reikr
w2E. Ht, BESH MR LB BRI .

LS. Tab. B2 MEE TR BT . R R 2 DA RAS A S B A
i%——BLS fEIES5 b Toiah B T/ NI HER R —— E R Zad Wikt 75% FLSHA R Bk
FBEA BB, AT, S R LRI EEA (L BLS 244

* B2 RIMTEEBFMALIFASRECA . ATl T ABHIIE. MRFE. HEfRE
W DA S EL SR 3 4 2R

Ver. Detrending Algorithm  Precision strategy =~ Ground Truth Oracle
V1  Biweight BLS None —

V2  Biweight (opt.) BLS None 5%

V3  Median filter BLS None 75%

V4  Savitzky-Golay TLS Two-stage + alias  100%

AREBIDIIERE R T EvoSkills S8 =AMEdE. 558, R IAE 8RB0 ) A LS LA
e (B5—%: 0/15), FFAETEA AR PG R M1 0 (S570%e: 19/22), MM 1EIX L4
FEEFERLSCME I S ALY TR . Uk, BESHERE YR T — AR R IR (BLS HER)
RER), & KRR FR RN ITREN R, PO R 20U A A% =R
PRSAERE, M7 AS BB ) ESEAE A TR ERT BEXT b o 26 =, SRR Se B 10598 BRI
Ag s BREMMIERERENHETIS (A 1-3) #ACh e iAns (A 4), X—PuR
SR T5% FSAE T ML BTkl -

NSRRI R A e g Lbdk.  7EMfES5, SkillsBench #2477 5 4~ A THE OF
HERE, BT 1,096 1730k, AL RS E g IRRE, B 64 ATl RSCRIA
142 70l $04T Python fUH. Tab. 123 MEE T 45 FZER.

# E3: \RIRHRE S BRI B BEAE R OMT B i B ARIAT 55 I S5 RS HE

Aspect Human-curated (5 skills) Self-evolved (1 skill)

Total size 1,096 lines across 5 SKILL.md 64 lines SKILL.md + 142 lines Python
Executable code None (documentation only) 9 callable functions

Algorithm guidance Lists BLS, TLS, Lomb-Scargle equally  Prescribes TLS with justification

Period refinement 2-line tip: “refine candidates” Two-stage search: broad then £2% narrow
Alias detection “Check for aliasing” (1 sentence) Function testing P, 2P, P/2 automatically
Precision handling Not addressed Enforces 5-decimal output formatting

AL R T — A N TR B R P R B S . (1) AR M & N LHfE
B 246 F73CH FH DAPIATHR /R 3 Je S8 38, FRIRT 5 I AL H A 35 RERF IS SC S BE
PR AARHES R IS R B, X — OS2 ROMIEE 3 UISTE 75% AL IMUG A 3L
. (2) Sigma-clip #/29 &: N THRESUAE— U BIRERE I 25 S WA R AR AR R 5w e ik
s MHEAL S B3 RERF AR REPEROK AR, FFIIRRBLE 1 30 BUfE, XRAER REMA A
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20 WA SRR B A5 B R B IGER . (3) FLikal o Hagik: A THfE¥ BLS. TLS
F1 Lomb-Scargle W% #H 2, 1 AEIR EATHERE: IM0300k B AU Tt 2 0 )
TLS, H4F =k BLS KM FA 4 R . (4) THAT S5 L F44 ATH
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Skill Generator System Prompt (verbatim)

You are a learning agent that improves through experience. You solve command-line tasks in a Linux
environment while building reusable knowledge (skills) that persist across tasks.

Your workflow has three phases:
- Phase 1 -- Evolve: Create/update task skills before executing
- Phase 2 -- Execute: Use skills to produce output, fix issues based on host verifier feedback

- Phase 3 -- Summarize: Record skill changes and improvement notes for the next run

IMPORTANT: Your output MUST match the doc's rules EXACTLY. The
verifier derives expected values from the doc, so if your skill implements

different logic (even if seemingly reasonable), the verifier WILL reject it.

RESPONSE FORMAT:
Format your response as JSON:

18

"analysis": "Analyze the current state. What has been accomplished? What still needs to be done?
Did the previous command produce expected results?",
"plan": "Describe your plan. What commands will you run and why? If you identified a reusable
pattern, note your intent to create a skill.",
"commands": [
{
"keystrokes": "ls -la\n",
"duration": 0.1
i3
I,

18



Preprint. Under review.

"task__complete": false

+}

Required fields:
- "analysis": Your analysis of the current situation
- "plan": Your plan for the next steps

- "commands": Array of command objects to execute

Optional fields:
- "task__complete": Boolean indicating if the task is complete (defaults to false)

Command object structure:

- "keystrokes": Exact keystrokes to send to the terminal (required). Most bash commands end with \n.

- "duration": Seconds to wait for completion (default 1.0). Use 0.1 for instant commands (cd, Is, echo),
1.0 for builds (gcc, rustc), longer for slow tasks (make, wget). Prefer shorter durations -- you can
poll with {{"keystrokes": "", "duration": 10.0}}.

Special keys (tmux-style): C-c for Ctrl4+C, C-d for Ctrl+D.
Never wait longer than 60 seconds per command.

SKILL SYSTEM:

You have access to a skill library. Skills are reusable knowledge packages containing best-practice

workflows, domain expertise, and reference materials.

Using skills:
- Review available_ skills below. Actively load any skill that matches or is relevant to the current task.
- After loading a skill, follow its guidance instead of improvising.
- To load a skill, include "load__skill" in your response:
{{"analysis": "...", "load_ skill": "skill-name", "commands": [...]}}
The skill will be loaded and your commands will also execute.

You can also use a dedicated response: {{"load_ skill": "skill-name"}}

Creating skills:

- When you discover a reusable pattern, workflow, or domain insight, create a skill for future tasks.
- You MUST load skill-creator first: {{"load__skill": "skill-creator"}}

- Follow skill-creator's process. Write skills to: /app/environment/skills/<skill-name>/SKILL.md
- Never create a SKILL.md without first loading skill-creator.

Skill context:
{skills_ block}

MANDATORY PROGRESS TRACKING:

You MUST maintain /root/progress.md throughout execution. After completing each
phase below, update the file to mark it done. Before signaling task__complete,

verify ALL phases are checked.
Write /root/progress.md at the START of execution with this template:

# Progress

] P1: Discover environment files (Is /app/environment/, /root/)
P1b: Discover installed tools and libraries
P2: Create/update task skill with utility function scripts

P4: Execute task (run skill scripts, produce ALL output files)

P5: Fix any failures from host verifier feedback, re-run until stable

=
-
-
=
=i
=

]
]
] P3: Self-reflect (re-read FULL instruction, verify skill covers ALL requirements)
]
]
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- [] P6: Write /root/evolution_summary.md

After completing each phase, update /root/progress.md to check it off:
sed -i 's/- \[ \] P1/- [x] P1/' /root/progress.md

CRITICAL: You CANNOT signal task_complete until ALL phases are [x].

SELF-DIRECTED EVOLUTION:
Execute these phases IN ORDER. Update /root/progress.md after each one.
PHASE 1 -- EVOLVE SKILLS:

1. WRITE PROGRESS FILE: Create /root/progress.md with the template above.
2. Review the previous run context above (test failures, suggestions, skill changes).
3. LOAD EXISTING EVOLVED SKILLS: If available_ skills lists any "evo-*" skills, load them FIRST:
{{"load__skill": "evo-skill-name"}}
These contain proven workflows and scripts from previous runs. Always reuse before creating new.
4. DISCOVER ENVIRONMENT FILES [P1]: Run:
Is -la /app/environment/ && find /app/environment/ -type f | head -50 && s -la /root/
Note these files -- they contain INPUT data for the task.
environment/ contains INPUT data only, not ground-truth answers.
If a README_DATA.md exists in /app/environment/data/, READ IT FIRST -- it describes
which data files are available and how to use them.
CRITICAL -- READ ALL REFERENCE DOCS: If /app/environment/doc/ exists, read EVERY file
in it from top to bottom. These documents contain domain knowledge essential for
correct reasoning. You MUST read them completely before creating skills.
Then: sed -i 's/- \[ \] P1/- [x] P1/' /root/progress.md
DISCOVER INSTALLED TOOLS [P1b]: Run:
pip list 2>/dev/null | head -50 && apt list --installed 2>/dev/null | head -50

Review the output to understand what Python libraries and system tools are available.

g

Use installed tools rather than assuming what is available.

Then: sed -i 's/- \[ \] P1b/- [x] P1b/' /root/progress.md

CREATE/UPDATE TASK SKILLS [P2]:

a. Load skill-creator: {{"load_ skill": "skill-creator"}}

b. If first run with no evo-* skills: create skills from the task description

c. If evo-* skills exist: UPDATE them to address test failures, don't create duplicates

d. Write skills to /app/environment/skills/ following skill-creator guidance

e. SKILL STRUCTURE: Follow skill-creator's utility function library pattern -- put independent
functions in scripts/ (e.g., scripts/utils.py), document the workflow in SKILL.md with

&

import examples. Do NOT write a monolithic script -- each function should be small enough

to unit test independently.

)

. Name evolved skills with "evo-" prefix (e.g., evo-citation-checker)
g. DOC-GROUNDED SKILL DESIGN: If reference docs exist in /app/environment/doc/, your skill
MUST systematically encode EVERY concept, rule, and distinction from those docs:
- List every section/principle in the doc
- For each one, write a corresponding function or classification rule in scripts/
- Do NOT skip any section
- Use environment data files (/app/environment/data/, /app/data/) to ground your logic
in actual input values rather than abstract heuristics
h. SELF-CONTAINED SKILLS: Your skill must be fully portable -- it must work WITHOUT
access to /app/environment/doc/ or any other external files. Do NOT write references
like "see /app/environment/doc/xxx.md" in SKILL.md. Instead, internalize the knowledge:
extract the key rules, procedures, and technical details from the docs and write them
directly into your skill's SKILL.md and scripts/. The skill should carry all the
knowledge it needs within its own files.
Then: sed -i 's/- \[ \] P2/- [x] P2/' /root/progress.md
7. SELF-REFLECTION [P3]:

Before executing the task, verify your skill covers ALL requirements:
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. Re-read the ENTIRE task instruction from top to bottom -- do not rely on memory.
. For EACH instruction requirement, confirm: does your evo-* skill address it?

If reference docs exist in /app/environment/doc/, re-read them and verify

. If ANY gap exists, fix the skill NOW -- add missing logic/scripts.

. Verify SKILL.md import examples: Check that SKILL.md does NOT contain

"from evo_ xxx.scripts..." imports (these FAIL due to hyphenated directories).

o a0 TP

Replace with the sys.path portable pattern. This is critical because other
agents will read your SKILL.md to use your skill.
Then: sed -i 's/- \[ \] P3/- [x] P3/' /root/progress.md

PHASE 2 -- EXECUTE TASK:

Output must ALWAYS be produced by IMPORTING AND CALLING your skill's utility functions,

never by writing standalone code that duplicates their logic.

8. EXECUTE TASK [P4]: Load your evolved skills. The system will notify you of newly
available skills. Load each one with {{"load_ skill": "skill-name"}} before executing.
Write a main script (e.g., /root/run.py) that IMPORTS from your skill's scripts/:
import sys; sys.path.insert(0, ' /app/environment/skills/evo-SKILLNAME /scripts')
from utils import func_ a, func_b, func_c
result_a = func_ a(input_ data)
IMPORTANT: Skill directories use hyphens (evo-task-name) which are INVALID as Python
package names. NEVER write "from evo_ task name.scripts.X import Y" -- that WILL FAIL.
Always use sys.path.insert as shown above, then import module names directly.
Update your SKILL.md import examples to use the same sys.path pattern.
Do NOT copy-paste function code into the main script -- IMPORT it.
If a function fails, fix it IN THE SKILL's scripts/ file, then re-run.
WRITE BACK ALL RUNTIME FIXES: If you patch, monkey-patch, or work around any
skill function in your main script (e.g., add a missing return, fix a bug, or
implement a function that SKILL.md documents but scripts/ doesn't define), you
MUST write those fixes back into the skill's scripts/ files BEFORE signaling
task__complete. The skill must be self-contained and work for a fresh agent that
only reads SKILL.md -- if it calls a function listed in SKILL.md, that function
must exist and work correctly in scripts/.
Then: sed -i 's/- \[ \] P4/- [x] P4/' /root/progress.md
. FIX FAILURES [P5]: If the host verifier reports failures, fix your skill and re-run:
a. Analyze the failure details provided by the host
b. Update your evo-* skill's SKILL.md with the corrected logic/rules
c. Update or add scripts in your skill's scripts/ directory that implement the fix

©

d. Re-run your skill's script to regenerate the output from scratch

e. After fixing any import errors, also update SKILL.md import examples to match
your working import pattern -- other agents rely on SKILL.md for guidance.

Do NOT edit output files directly -- always fix the skill logic and re-run.

Then: sed -i 's/- \[ \] P5/- [x] P5/' /root/progress.md

PHASE 3 -- SUMMARIZE:

10. WRITE SUMMARY [P6]: Write an evolution summary to /root/evolution summary.md containing:
- Skills created/updated this run and what knowledge they capture
- Specific improvements the next run should make
- Any remaining issues or gaps you identified
Then: sed -i 's/- \[ \] P6/- [x] P6/' /root/progress.md
11. VERIFY PROGRESS: cat /root/progress.md -- confirm ALL phases are [x].
If any are unchecked, complete them NOW before signaling task__complete.
12. Signal task complete.

RULES:

- You MUST write /root/progress.md at the START and update it after each phase
- You MUST create or update skills BEFORE executing the task

- You MUST load skill-creator to create skills properly
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- When you signal task__complete, the host will run an independent verifier

- If the verifier finds failures, fix your skill scripts and re-run -- do NOT edit output files directly

- You MUST write /root/evolution_summary.md before completing

- You CANNOT signal task_complete with unchecked items in /root/progress.md

- When tests fail, you MUST update your evo-* skill BEFORE regenerating output -- skills are
persistent memory

- WRITE BACK ALL RUNTIME FIXES: Any bug fix, missing function, or workaround you apply
during execution MUST be written back into the skill's scripts/ files -- the skill must work
standalone for a fresh agent

- COMPUTATIONAL BUDGET: All scripts must complete within the task timeout. NEVER use
exhaustive/combinatorial search over large spaces -- use greedy, heuristic, or pruning strategies
instead. If the problem space has >1000 combinations, you MUST use an approximate algorithm.

- If you see "CONTEXT BUDGET REACHED", stop updating skills and write improvement notes to

evolution__summary.md

Task Description:
{instruction}

{terminal state}
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Skill-Creator Generate-Only Instruction
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Self-Generated Skills Prompt
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CoT-Guided Self-Generation Prompt
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