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Abstract

il 1A 4E (CoT) MR AL &
B (LLMs) A T A R0 it LA
PRAE Sy SR, BRAT R HEFI A B0 1 2 M
EOR R A EEPR. JATRL T—
ATy RO, I A AR AT R B E
P AR i R CoT B gdRgE. S8t
A 5N TARE B S A ) LLM 2
Ji, CoT [ BB A T ¥R AR, AT
(877 5 AR AT B BT B ik 1) 32 45
PR, AN A 2RI CoT HERL.
TEAS U HEPLEE i sE gk ], 3K
T8 75 ¥R RERS A RO LLMs FEA [ £ 55
HhHL S AR HEEERE Sy . MEAh, T ERBT
FUEUE T FA T 7 v BB 2R B BE VR 1Y
HERLRCH, ol A e R E R A
J3E S5 O R AN B ) B AR I B !

1 515

REGEF AL (LLMs) 764 Fh A 4 i 4 RIAT:
F PRI T K ERE . XTI KB
JERTESURYE (CoT) %k, &l s il A4
A 4% (Chung et al., 2024; Ho et al., 2022;
Magister et al., 2022; Li et al., 2023) 22 Hij 4= i
) 2D BR R 58 LLMs., CoT e &
LLMs 13z A6 R J A a] iRt T 2 9k B4R
AR, ORI &S oA
RS (Ye et al., 2025; Muennighoff et al., 2025;
Team, 2025; Chang et al., 2025) .

RGBSR T ), B RBUS B & 1
CoT A A3 o8 i M B4 PR ABIAY (1) — KBk ik
A1 CoT Bim S w it pAh 7 kb . &
e N TAREER CoT 754 (Chung et al., 2024;
Cobbe et al., 2021) FE{H 5] i & H A A TS
T, AHRBUSASS EAF Y . Hik, 2

IRy %5 MO I B B R (Magis-

ter et al., 2022; Muennighoff et al., 2025) 4= il
F12 CoT %ffs. #R1M, X LEE i i A A
AR R . A — B = Bl (Zheng

R T AIECHE IT#E https://github. com/luka-group/
Execution-Grounded-Reasoning FREX
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et al., 2024a; Lyu et al., 2023; Chen et al., 2025)
o JRUEIXEE T AR IS RE A5 R 2 TH AT CoT %k
P TSR AN o4 € (Zelikman et al., 2022; Light-
man et al., 2023; Luo et al., 2024; Li et al., 2025)
, B 2 PAPRIE P R HER AR BRI TERA M, MK
T 1) 58 B = iy m]

TEXI LA, AT H T4 feny
¥, AFAERTRARR CoT K, AR AL
AT E IR LLM Rt 2. 0010
bW, 4 A n] AR A AL T 0T
AR, BRI T (Akerblom et al.,
2014) $AE T 5AE 55— 20w A A R E A
B REEHLBERAL T —Fhal Ik H oA R r
%, FrEM LLM A 5y CoTs, 7] AYE
R AT R

HARRYE, FM1E %65 IFIE Python F2/%
HE ISR AT EAT, DAREEE AT
Bk, T EAS R . ATHRIT I AR T
RN W T AR R G AT LR S = H AR
HEMERREEA , FRATR A LLMs 5 a8
IFPE A B NS T e, R B AR
CoT ¥, FROBESG T HATIIERTERIE S
LLMs RIREE 7. AR AL T —Fhmy
PRER) . TR FRKZ, B4R e
P P A 2

SER R, AT EIIGR LLM R
THAE, SERLHEMI, EhRiD. B
AHERRAT: 55 S T AR R . VR 5T 2k
— BN T AT R E R TR
ﬂﬁg%%,%ETﬁﬁﬁiﬁﬁ¢T%%ﬁ
K.

2 Jjik
2.1 [l

FATAY A i VERf HL A 3R CoT 4
THAL 30 W B Sl BB LLM O HEBREE . B
b, HE-ANMATFI ¢ = [21,...,2m] , —
A~ LLM pg 1t — 50 PR Y SRR 3 s =
[s1,...,s1] EB— T y = [y1,- .., yn]
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Code Executor
+ Debugger

Input
‘ s = "Race a car" ‘\
Solution Code  /~ ﬁ

def isPalindrome( : str) -> bool:

.........

Raw Execution Trace

me in line 4 —

7 | return s s[::-1]
ue from isPalindrome: False

Question

Given a string s, return true if
it is a palindrome, or else false

Translator

‘

Translated Execution Trace
1. First, leave the characters that are alphanumeric.

in s if e.isalnum())

5. compare the string "raceacar" to its reverse:
- They are not the same.

Therefore, the final answer is: **false**,

Figure 1: FA T IARIMNE . Lot e AT ERE DA RAT B, (A% LM AT HE R Y ]

S FLUERR AR -
o FEMRA G RERE SO -

l
po(ylz) = po(yls,z) [ [ po(sils<t, ),
t=1

, HAA e A @ RIZ TP IR s« I5%
PR ARE—MERE TR s . BEEET 28N
TERLBE s FI IR A « LA B R Y .

e Y CoT Xidla Xy T 5L 3 LLMs  (Light-

man et al., 2023) H 58 Y HE B BE 2 K L
R T RIS CoT 04, A HER A
- EE R e LLMs R4 CoTs, #A )5
T PEPARTT R o A5 RGN U8 A A
WS y R ESUAE (Xiong et al., 2025)
VCRD, fHIX 7] REL dnfeilieede 1t = A I 2 58
A IRIER . SRR R DR T N FAR, K2
BV R R, (HX T4 ETAY LLMs 3k
VAR E A PRIRME (Zheng et al., 2024a) .
X LA, SRR T —MARA AN [H] 1
Tt MRS SAT I AL CoT $idhs, x4k
AT ). KB, SR AR
A PRR IR, AT R AN AT g kR
B B RE . TR T ORI h, AT IA
T ATk B R CoT i, SRS 181 Bt
e LM BEA TGl
2.2 PATHRELIRIN
AT ERGREO] R HAHERf Y CoTs, FATHH
FE B R E e, 3 SEEE DA ) - e T 52
RAGX T AR LR . X SEX] R FRATIAE W]
PATAR T Hh BE HEPR I, X SRR Sk T 1E
W AR . BRI, 45— Mk
TEARBRE cHl—PA z = [zg2] , H
a2 HANES AR, o 2 BRI
A (B0, FeE AR s E R A ), FRATE
PATER B T HIAT ¢ ARBUR R 2558 y
TR B"Jﬁff—}ﬂﬁ&% Strace -

Y, Strace = Code_Executor(c, x;).

FAMEH T —Fh 444 Snoop [#) Python i T.
H (Hall, 2024) fE R $ATIREE T H, Bid®7T
TEA BT PATIE 5, A HE R EE AR (A

AT R AR AT DA S SR Y =y B8 #E{EL. Snoop
FE R AT R R I E Figure 1 ik, 2 45
%éﬁ%ﬁ%iﬂﬂg Dirpee = (337 Strace y) s ;H\:EP@»/E?
ﬂgﬁﬁﬁ@?/ﬁﬁﬁ?ﬂﬁﬂﬁﬁfﬁ Strace W\&ﬁ/l\iﬁﬂ E/‘J
B Aty , XSRS T — AT B IE)
AT -

2.3 PUATEERFAR

RAEPITPIL Strace FHIEE] T AIEIER . B
R e e, (EHAR S B REF Y CoT
WEHMARKESR. FH, HEEXEN S
AT O RE R Witz AL, A AT RE SR
Xof HA HE AT 55 10 ROMEVE S . A T S A
BRSS9 3 RIE S HEBEX5F, A6
Translator XfJRIGHIE sqace F5 M HRE T
E/‘J CoT Snl_trace = (Sla ) Sm) :

Snl_trace = Translator(x, Syace)-

BB R R I o OB B U SRR 2 i
P BRI HARE S KRBT PR,
(7 Fof 200 5 o e AR A 7 i e R S R i
FZH . XHOR T % B OB P AT N IS
PRGBSI — ADAT M AR, HABRM. A
WY BTy 2O FA . AR
Dnl_trace = (5137 Snl_trace y) %EéﬁTE/Euﬁf%ﬁERE
HE LS5 LLM % — 2y ik CoT #
B, AR A AT O

3 95

Iy TR M T U A i B 75 ELE
WO T ARBEAE ), AT
SR TF LLM 368 7 15 11 5 1 B e
TR, PR T A0SR, e, A
JTR T SR AN e TS5

31 S

%M1 %4 T PyEdu-R, B2 Python-Edu i
HEER A B, M A R B T
PyEdu-R 3T STEM A3 I, H A2 4k
W, B AT 5 R BE D R G i

2 AN H YA T R R B 22 i plt

www.xueshuxiangzi.com



LiveBench

Methods MATH500 BBH  AGIEval GPQA  Avg
Code Math Reasoning

No Training 43.2 59.5 64.2 86.4 75.5 31.6 36.3 56.7

Code 28.5 331 51.7 82.4 69.7 31.2 339 47.2

Raw Trace 8.3 3.1 38.0 84.8 63.5 30.2 27.0 36.4

Codel/O 39.3 627 62.2 86.6 81.3 324 339 56.9

Ours 445 61.0 65.8 86.4 814 324 38.1 58.5

Table 1: Qwen3-4B {SLIGEE IR (VERMR) . MM BFE R G .

BT R AR B SRS, AT T i
WA, ZARASAL S i LLM A= JHS fa) 5t DA % i
AHiHEX], Bl Lietal. (2025) AL F047]
e A _FE T RIS AT L, SR e
F Qwen3-32B KfixX LLH )15 4 Translator
P RE = A TR 15K S0 51

Kty TATRHERATH HE S ILF R L AT
B, X SEIL LR B A A R 5 LLM R
YIS BRI, ME— R GIFE T M JRE R
AT BRI . R E L FE: (1)
Jolgk, HAa vl Al LLM oAt 47—
i (2) AAREARE, Hrp AR R I 254 i
ol B0 ¢, HER xg 5 (3) FRARIN
TR, H B ) R M ¢ Fif A x;
ﬁiﬁi)f?ﬁﬁmﬁ?i—?ﬂﬁ Strace ﬁﬁ?ﬁﬁﬁ?ﬁiﬁ‘%@%
¥ AN (4) 0B T/O (Lietal., 2025) , Hr
*ﬁﬂ?ﬂ?ﬂﬂ?ﬂfﬁﬁ@iﬁi% CoT i—Fﬂi’E Steacher J:
AT, B ook B Es R R . R
Fr—2e, AT HAEIA] Translator Hififi
FH A R A Ay b L2 P A SR

B AT A A H ARBIZY: Qwen3-4B Fil
Qwen3-8B , Xf F AT £k P #E 1T SFT. FK AT
i Qwen3-32B {3 ATT 5 ¥k i 1 B 34
Codel/O H:E VAR BUTHRL . X F X WPy
5, BB enable_thinking=True %%, I
TERE B B4 it , PAIRTSIIER CoT A4
A

VEAR SR AE FRATAE )Tz R 0 HE B AL b
AL IR AT R Oy kR B &, A3 MATHS00
(Lewkowycz et al., 2022) . BBH (Suzgun et al.,
2022) . AGIEval (Zhong et al., 2023) 1 GPQA
(Reinetal., 2024) . tt4h, FATH A T LiveBench
(White et al., 2025) , X P XMNLEE
B, U2 enEs e, RTEET4
o G AIEEZE ], PO FATR B E R
WA R . BAT R, AT
1 2024-11-25 KATHIIRAS , X2 H Al EcB IR
A
SLIG 2R Qwen3-4B 2 FF Table 1 1 £ I
BRT S, FATRITE T AL, IE T

HARNME . AR A RN IR AT B i S A
BHMRIAE. RAEWEEREE T AT R
IR, EEAHE B SAE S RS B
FapE., RHE, (G RGP s A A AL
PTG R REMERIA B F B AR TE = T8
BAEHRRE S, SECERZEIRG, MEE %
R AR AE BRI R AT 55

Codel/O F:LAE B AR A SR T B 5]
BXE ARl A4 2 I 2 T . X ] RE 2
D] Ay 250 T 2R ) L 2 4 = B T S 2 A
Tk, HARSUYZE R R Xa]
RE A2 DA LA ST P e A AR G . A EEZ
T, AV EAE A U AR S T A
Ot

AT, AVRR T — Ll farss, AT
B AVECH 1 S5 DA S A D D M B A
A s 3 L2 T 1) R

T AR FAT O A B B R R, AT
FEM (1) S B IEREER (2) bR
HIREIERTE. FRATH Qwen3-32B $AEA K
fR T ERMEELER, UWELREEST
EMRE L. N TGP TE, AR
BLEEFE 200 ASFEAS, - F o K A i AR 23
OpenAI-03 e iH LT FE A T B iR

Table 2 7R T AT A Codel/O FE e 4
B 0 o R SRR AL IR MR . FRATAY I
TEX P FEH7_#B L Codel/O 451 T 125 i T Hg
P, BRBLEAE R A R e A BRI
Pro XEH, FRATH =4 T S HER ) 4
B, MM ERR R, B s
FArEER ARSI T

AT VTAS AT N R A B ) A= L
F, FRALE Table 3 FHE THMCKE. FAl
R TSI R AL, IR E ISR
AR AE Qwen3-4B A= L FRICBUR D T 4
20 % , TFE Qwen3-8B HE AR ICEOE > T
2530 % . 3 WA, BAIIERE R T BT
1o i R ol E A A S OB T B e AR PR
HE RO EERE, RO AR
S MERE, WI7E 2? FiR.

Me 5 WAL Qwen3-8B 450
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Method  Output Intermediate
Codel/lO  87.3 73.0
Ours 98.3 91.5

Table 2: 7F LiveBench |- H0 5 5 4 % Hi 1) 1E B v
B SR P (R EUE SR A IR A PE R %

Method Avg Token Max Token Reached
No Training 8804 123
Codel/O 7684 91
Ours 7068 72

Table 3: {#i ff] Qwen3-4B ¥F LiveBench 7l L {555
KEESGt.

R T BRI, RATER THE
Table 9 F Table 10 H P HEHLB B Rl 55
— MR T — %6, H Codel/O fifu
W EREAE PR TR, R T
IERR R Ok, BESE2
FERHAN T “hef” (FHES SR AT
Tr IR SE S T T A R IR . 2 ARl
WA T %G, H Codel/O fiHk 7 211
() A B R 2 i R AR B R, RN AE T IR s
i TAREMRM AR MEZ T, ATV MR
T RAEEAN R A T IEFRTTR, 23
HBERTES.

4 HEIAfE

Reasoning Distillation from Teacher Models —
Tl UL B 7 ¥ A e > 1 O S 2T 2 1 4
PREE AT W B (O R S R HE L RE ) (Ho et al,
2022; Magister et al., 2022; Li et al., 2023) .
T TAER I R 48 2 R P A A
R ICE YE4%E (Meta-CoT; Xiang et al. 2025 ), HJ
TEMF ) 8 W A R R . Fe Ty L
YES R Fer T EIERS, BTEHR M
B[ 1) 12 20 4L RE

Training on Code for Reasoning H. 1] #ff 77 3
B, FEACAS_E YNGR R AL 5 A B E A P 2
BRI, BiEH IR (Madaan et al.,
2022) . [RSRHERE (Liu et al., 2023, 2024) 1%k
22 HEFH (Azerbayev et al., 2023; Shao et al., 2024)
o SRTT, 328 % ML FR THE A AS b7 R & il
WIGRMBRY,  HIFRBWEABFSE A ORI Z54E
W SE AR RE ) . EA AT SR AR PE T
ISR IE R GRS AT 55 _E A HERE, 25 T T e
R, BT AR A B4 Y (Ding et al.,
2024b; Ni et al., 2024; Ding et al., 2024a) . F#H Lt
2R, FRATR AR A 2 e e A A Sk
155 To R iB PR

BRI KB TAF 2 i Li et al. (2025) #E4T
[, ALATRE AT CoT HERHK I ki A~ i F5T0)
55 IR . BRI PR YEAR R CoT it4y
G wa, ARFRATR TR AT UL
ARG, MARATR R AU T oo
IS

FATFIA T —FHB T %, I IEAAG
P PAT B R AR S T gk L5 T e i B AL
i, PAHGSRRAEF A (LLM) B
AE 1. AT RES & T IFTIIERIES A
SR BECHERAP IR, O LLM e it oo (4
PRIES . EAPPHERAT 55 Ry SEg RN, 3]
WL T 2 A A IR, RO T — 4l Ee
Wt AR TobR i R R B
LLM AL fE

5

BR A SV B AT R SR AL A AR LT S
FEPLES, (HrEA S EAURT W] P i w] Pty
R RBFFEIAAEST . SR, AT TE EEH
FATTAY FHE BE R I HE A% AR Ty 3t 7% 31 H A 5k,
WA HZ AR, BEAh, O T —
MRBGEFEA, Enfe AR, B
AN, FRATIE A PPA R LA A R HE R A
%, e T HRABRA TR

6

TR BRI A TAERIAE ACL THAERE . FRATIA
NI S B AR B O TR AU o
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A FmscBlan i

Al Y%

BA1ME 8 4~ NVIDIA A100-SXM4-40G GPU
1 LLaMA-Factory (Zheng et al., 2024b) [l %k
FrAa, FEFATR e, FRAT A AL
HATESHRA . B SEEN Table 4

TEARPATZHT, FRATad e Fa AR LE el FH Bl AL
A P2 1 i ke 2 AR A A o R ) A S 491
AR DR 2 T RS AT

TEARBS AT, h T R R T
T AT R AT R, FRATT 2 R 5]
RAGPATIER T 5 BPal B0zt T A R e 5L

Hyperparameter Value
Precision BF16
Optimization Flash Attention2
Max Token Length 8192
Batch Size 128
Learning Rate 5x107°
LR Scheduler Linear
Warmup Ratio 0.03
Weight Decay 0.0
Epochs 1.0
DeepSpeed ZeRO-3

Table 4: S o i YIS AE S 4L
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Method Avg Token Max Token Reached
No Training 9030 116
Codel/O 7362 83
Ours 6289 54

Table 5: ZE{i#i ] Qwen3-8B [ LiveBench #E4_E##5
K ES .

FMTELAE 1A SC b A B S A 2 iy 7
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* LiveBench: Apache-2.0
BRI
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* Qwen3-4B : Apache-2.0

— https://huggingface.co/Qwen/
Qwen3-4B

* Qwen3-8B : Apache-2.0

— https://huggingface.co/Qwen/
Qwen3-8B

* Qwen3-32B : Apache-2.0

— https://huggingface.co/Qwen/
Qwen3-32B
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LiveBench

Methods MATH500 BBH AGIEval GPQA  Avg
Code Math Reasoning

No Training 45.8 644 67.1 88.0 74.4 315 36.3 58.2

Code 375 144 50.4 86.6 63.9 321 35.2 45.7

Raw Trace 335 206 22.8 86.0 64.5 31.2 33.7 41.7

Codel/O 371 622 69.8 87.6 77.0 320 39.5 57.8

Ours 582 63.1 69.2 88.8 78.6 31.9 40.8 61.5

Table 6: Qwen3-8B [ SLEn 4%

(HERE) o« IORLAY RN B L RE -

Executable Code

Execution Trace generated by Snoop

import snoop # Import Snoop library

@snoop # Add the decorator to trace the function
def main_solution(num):
if num < @:
return '-'
elif num < 7:
return str(num)
else:
return str(main_solution(num // 7)) + str(
num
main_solution(num=100) # Function call

+ str(main_solution(-num))

>>> Call to main_solution # Function call
...... num = 100 # Input
38 | def main_solution(num):

39 | if num < @: # Executed line of code
41 | elif num < 7:
44 | return str(main_solution(num // 7))

+ str(num
>>> Call to main_solution
num = 14 # Variable value
38 | def main_solution(num):

39 | if num < @:
41 | elif num < 7:
44 | return str(main_solution(num //
7)) + str(num
>>> Call to main_solution
...... num = 2
38 | def main_solution(num):
39 | if num < @:
41 | elif num < 7:
42 | return str(num)
<<< Return value from main_solution: '2'
44 | return str(main_solution(num //

7)) + str(num

<<< Return value from main_solution: '20°'

44 | return str(main_solution(num // 7))
+ str(num
<<< Return value from main_solution: '202' # Return

Table 7: #1444 Snoop 1 Python T HAE B PAT R B3t/ 51
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Execution Trace Translation Template

Given a question, an input to the question, and an execution trace that solves the question, your job is to translate the
execution trace into a step-by-step thinking process. Here are some rules for translation:

- Use the exact values from the execution trace during the thought process to ensure the correctness of the thought process.
- Do not write code in your thinking process.

- Pretend you are not given the execution trace and you are solving the question by tracing the code by yourself. So, you
should not mention that you are following the execution trace even when you are thinking.

*#*Question™*

{ question }

= [nput*

{ input }

**Execution Trace**

13

{ trace }

%3

Codel/O Solution Generation Template

You are given a question that requires some input and output variables as follows:
{ question }

You are also given a solution code that solves the question:

{ code }

Given the following input:

{ input }
Predict the output of the question by tracing the given solution code step by step to reach the final output.

User Prompt Template for Raw Execution Trace Baseline

You are given a question that requires some input and output variables as follows:

{ question }

Here is the solution code that solves the question:

““{ code } “*

Given the following input:

{ input }

Generate a step-by-step execution trace of by tracing the given solution code step by step to reach the final output.

User Prompt Template for Code Generation Baseline

You are given a question that requires some input and output variables as follows:
{ question }

Generate a solution code that solves the question.

User Prompt Template for Codel/O and Our Method

You are given a question that requires some input and output variables as follows:

{ question }

You are also given a solution code that solves the question:

{ code }

Given the following input:

{ input }

Predict the output of the question by tracing the given solution code step by step to reach the final output.

Table 8: S i ) B/ i
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Problem : Given a string consisting of lowercase letters, what are all the possible unique permu-
tations of the string?

Our Solution Codel/O Solution

To solve the problem of generating all unique The input string is 'hrf', which consists of three
permutations of the input string ~'hrf'~, we distinct lowercase letters. The solution code
follow these steps: generates all possible permutations of these

characters. Here's the step-by-step breakdown:
1. xxConvert the string to a list of charactersxx:

The input string ~'hrf'"® is split into individual 1. xxConvert the input string to a list of
characters: “['h', 'r', 'f']1°. This allows charactersx*x:
us to rearrange the characters char_list = ['h', 'r', 'f']
systematically.
2. xxGenerate permutations#*x*:
2. xxGenerate all permutations#*x: Using itertools.permutations, the code calculates
Using a permutation algorithm or library function all possible orderings of the three unique
, we compute all possible orderings of the characters. Since there are no duplicates,
characters. For a 3-character string with the total permutations are $3! = 6%
unique elements, there are $3! = 6%
permutations. The permutations are: - (C'h', 'rt, YD)
- ('h', 'r', 'FY) - ('h', F, ')
- ('h', f, ") - (C'r', ht, YD)
- ('r', 'h', "f") - ('r', "f', 'hY)
- ('r', "f, hY) - ('f', 'ht, ')
- ('f', 'h', 'r") - ('f', 'r', 'h")
- ('f', 'r', 'hY)
3. xxConvert tuples to strings#x*:
3. *xConvert permutations to strings#x*: Each permutation tuple is joined into a string:
Each permutation tuple is joined into a string: - 'hrf'
- (C'h', 'r', "f') => 'hrf' - 'hfr'
- ('h', 'f', 'r') -> 'hfr' - ’rhn’ » 4% 'rhf’
- (C'r', 'h', "f') -> 'rhf' - 'rfh'
- (C'r', '"f', "h') -> 'rfh' - '"fhr'
- ('f', 'h', 'r') -> 'fhr' - 'frh'
- ('f', 'r', 'h') -> 'frh'
4. x*xFinal outputx*x:
4. *xReturn the final listx*x*: The list of unique permutations is returned as:
The resulting list of unique permutations is:
“L'hrf', '"hfr', 'rhf', 'rfh', 'fhr', 'frh']1". python
['hrf', 'hfr', 'rhf', 'rfh', 'fhr', 'frh']

This approach ensures all permutations are generated
efficiently, leveraging the uniqueness of the
input characters to avoid duplicates. **x Answer : %

The output is a list containing all 6 unique
permutations of the input string 'hrf', as
shown above.

Table 9: jX /2 —> Codel/O B, HHr rp(alD BN IE G (H I 2% 2 IEB . NIRRT 275 T
FHRE AT ME, XA A S A58 A Y ) 2 3R

www.xueshuxiangzi.com



Problem : In a historical game of elimination, a group of people stand in a circle. Starting from
a given person, every k-th person is eliminated until only one person remains. Given the number
of people in the circle and the step count, which position in the circle will be the last remaining

person? The inputis { 'n’: 17,’k’: 3}

Our Solution

Codel/O Solution

To solve the Josephus problem for “n = 17" and "k =
37, we simulate the elimination process step by
step. Here's the reasoning process:

1. *xInitial Setupx*x:

The people are arranged in a circle with

positions “[1, 2, 3, ..., 17] . The
elimination starts at position 1, and every
3rd person is removed.
2. **Recursive Elimination=*:
The Josephus problem uses the formula:
$$

J(n, k) = (J(n-1, k) + k) \mod n

$$

where $ J(1, k) =0 $ (0-based
index). Since the problem uses 1-based
indexing, the final result is $ J(n,
k) + 1%

3. xxStep-by-Step Calculationxx:

Compute $ J(n, 3) $ for $
n=1% to $ 17 %

- $ J(1) =0 $

- $ J(2) = (@ + 3) \mod 2 =1 $

- $ J(3) = (1 + 3) \mod 3 =1 $

- $ J(4) = (1 + 3) \mod 4 =0 $

- $ J(5) = (@0 + 3) \mod 5 =3 %

- $ J(6) = (3 + 3) \mod 6 =0 $

- $ J(7) = (@ + 3) \mod 7 = 3 §$

- $ J(8) = (3 + 3) \mod 8 =6 $

- $ J(9) = (6 + 3) \mod 9 =0 $

- $ J(10) = (0 + 3) \mod 10 = 3 §$

- $ J(11) = (3 + 3) \mod 11 =6 $

- $ J(12) = (6 + 3) \mod 12 = 9 §$

- $ J(13) = (9 + 3) \mod 13 =12 $

- $ J(14) = (12 + 3) \mod 14 =1 $

- $ J(15) = (1 + 3) \mod 15 = 4 §

- $ J(16) = (4 + 3) \mod 16 = 7 $

- $ J(17) = (7 + 3) \mod 17 = 10 $

Adjusting to 1-based indexing: $ 10 + 1 =

1 °$

4. xxFinal Resultxx:
After all eliminations, the last remaining person
is at position **171xx.

*k AnSwer x*:

The last remaining person is in position “11°.

To solve the Josephus problem for “n = 17° and "k =
37, we simulate the recursive elimination
process as implemented in the provided code.
The goal is to determine the position of the
last remaining person in a circle of 17
individuals, where every 3rd person is
eliminated in a clockwise fashion.

### *xUnderstanding the Code Logicxx

The recursive function
index)"

“josephus_problem(array, k,
works as follows:

- %*%*Base Case:**x When only one person remains ("~ len(
array) == 17), return that person's position.
- **Recursive Step:**

- Calculate the index of the next person to be
eliminated using "~ (index + k)

- Remove the person at that index.

- Call the function recursively with the updated
array and the new index (which is the index
of the next person after the eliminated one).

In the “main_solution(n, k) function:

- An array is initialized with positions from “1° to
-

- The recursive function is called with

adjust for zero-based indexing.

"k - 17 to

### *xStep-by-Step Simulation=x
We simulate the recursive calls manually for “n =
177, "k = 37, and track the eliminations:

1. Start with array: “[1, 2, 3, 4, 5, 6, 7, 8, 9,
10, 11, 12, 13, 14, 15, 16, index = 0, k
= 2.

2. Eliminate

3. Eliminate

index
index

(0 + 2)
2+ 2)
16. Eliminate index
17. Eliminate index

T3+ 2)
“(0 + 2)
At this point,

only ~13° remains.

### xxFinal Answerx*x
The last remaining person is at position #*x13xx

Table 10: —~ Codel/O )1, HoH e HfEHgl %,
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