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m Original Reasoning Problem m Vary Relevant Conditions Reasoning Accuracy of LLMs

Vary Problem Contexts Add Distracting Conditions

0.72
Abstraction Learning (Abstral):
0.68
in0=12, in1=2
\ 0.64
Symbolic Tools out0 =14
| t: Liis 12.J / \ 0.6
nput: Liis 12. Jung . . )
is 2 years older. Abstraction: Output: Jung is 0.56

) ” in0+in1=out0 14 years old.
How old is Jung? LLMs Without AbstralL ~ With AbstralL

Figure 2: FATHIMG %~ (Abstral ) J7 A b i 1 KA B AR AR I, I
SEAE TR KA AR AR AEACAN T AR T IS . AR THEA [ ) GSM-Plus [IT7]
A FRTA MR KBRS R e %, A3 GSMSK AR (SRR ) |
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X': Zhou is 15 years old. Wu is 5 years
(a) Robustifying older than Zhou. How old is Wu?

by Instantiation X" —_— Y

————————> Y":Wuis 15 + 5 = 20 years old.

Synthetic Data Augmentation ﬁ

i

. . Input Output
(Hidden) Abstraction
X: Liis 12 years old. Jung is 2 years Y:Jungis 12 + 2 = 14 years old.
A: in0+in1=out0 older than Li. How old is Jung? out0=14
Abstract Thinking ﬂ
(b) Robustifying (b1) ——— C: in0=12 in1=2 ———— > (b4)
by Abstraction
A - A. . P
(Our Abstral) X Liis [in0] years old. Jung is [in1] Y Jung is <<in0+in1 —» A in0+in1=out0

years older than Li. How old is Jung? =out0>> years old.
(b2) (b3)

Figure 3: =7 ) SN DAY Rl BEAR (N, B XS0 A 2 AL A TGS o () JELaed 65 B 20 (R HE B 51
BIRIG I Bl i . (b) B2 ST BT R AMEPERREN R . 35 (bD) Z&FH00, (62) #l
SAERL, (3) FMRKLRTN (b4) FFSHET

X: Zhalng is twice as old as Li. Liis 12 years old. Y (Socratic CoT): How old is Zhang? ** Zhang is 2 * 12 years old = 24 years old.
Zhang's brother Jung s 2 years older than Zhang. How old is Jung? ** Jung is 2 years + 24 years = 26 years old. The answer is 26.
How old is Jung?
Symbolic Derivation

ﬂ Condition Recognition Oracle LLM ﬂ
C————) outl?=26

X#: Zhang is [in0] times as old as Li. Li is [in1] |:> Y# (Granularly-d posed Abstract R i ‘HO in1 0 e:
years old. Zhang's brother Jung is [in2] years List of sub-questions: How old is Zhang? How old is Jung? Inoin1>ou i .0=2
older than Zhang. How old is Jung? 9 < 9 outO+in2=out1 ::1 12

How old is Zhang? Li is [in1] years old, Zhang is [in0] times as in2=2
c: old as Li, so Zhang is <<in0*in1=out0>> years old. ine=
::?ffz . How old is Jung? Zhang is [out0] years old, Jung is [in2] years Abstraction o
in2;2 Instance Rewriting older than Zhang, so Jung is <<outO+in2=out1>> years old. Retrieval Answer Verification

The final answer is [out1].
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X : Zhang is [in0] times as old as Li. Li is [in1] years old. Zhang's brother Jung is [in2] years older than Zhang. How old is Jung?

g EditDistance(A, A) = 2 Yy

: - ... Zhang is <<in0*in1=0ut0>> years old.
... Zhang is <<in0*in1=0ut0>> years old. ~ 9 Y
Junggisl<<out0*in0=out1>>);/ears old. m;\x(Len(Jl), Len (c/l)) =10 ... Jung is <<outO+in2=out1>> years old.

The final answer is out1 (26).

The final answer is out1.
|:> Tsymbotic = 1.5 * (1-2/10)
A (tokenized): © in02 A (tokenized):
[in0, *, in1, =, out0, <space>, c: ::1 :12 IF out1 = 26 ELSE [in0, *, in1, =, out0, <space>,
out0, *, in0, =, out1] Model in2=2 Tanswer = 2.5 Tanswer =0 out0, +, in2, =, out1] Gold

Generation
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WU, DAL X ool 40 C HFBIBHMAR X4 . JET I, FoAT 175 — > oracle LLM
B IHERIREE (CoT) B Y FEHMBMIIFIMEERE VA . MG E X By A
oracle LLM, DAKR I IR # 5L 8 I 0 AV BEGINRATS . B BRI B %8 D, Jkfl]
RIGHATIIS A R ARG 25 BT 0 A o o, TS HES AR, DRIt A5 C
SEREIF L Y PR IER R AR FATH IR 2 R IR 5 L.
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o PR S RS T S SO S T IR AT 28 SR O A B — B S, IE kAT Y
BAE $8 R, L, FROTEE SFT AR - aF riRiba:>) (RL), PAESHE LLMs #y 7
HEHIZ e

B FATTE ST R A A A A AR A T A Granul AR % A | fiiBh
55 1 PR SR o A 2 SR T i T A AT T VA A A AR R R LLM s
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HARESHZ PGB XME CR, ARG MR EMNEAERE (Fnh Ans ) . WIRE,
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(f0in0 ), T2 RIEHARITE SGRIERF (0 =) 835 R B THAHS (I < space >),
WE 8 FrR. FEMEREE, AR ANF SRS Hd, rnee RRBCRENESE,
EditDistance (A, A) FRtmic AR Z 1811951 2R s [(16] , AfI A, Len() HIT15H5
TR, DLRF SRR IE BOALTEALE] 0 3] 1 MFEIE Y. © sl A g (S A, )
R 2 RAT 00 o (A5 B B ), O RTALR AL T AR Y T S, AR E S Bl
IR Z M2, 18] B R T RO SRR — S BIR0. EE, AR IR
AN TFETNGRA R, (U S SARERTIRE. © ATHEAM RIS 25 5 GRPO
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4 HUCE

Abstral HESURSCH  Fo 0100530 BFI0 Abstral. 7 THCEAEMAT S | KR A o3
PR HE BT (BT 9 K [0, 02, 07

Feole, FATRIE T — 2 DHEATRFIRE 7R Llama-3.3-70B-Instruct [12] B 5E B — A6 1F
POIEEE. A 8 fron, % LLM BES5 Rr i A 8 X PR BE i <07 feid, &
JEHWUF A A PRICI R HOIRATS . K5 “in0 7. “inl ” 4, DABIERIS I A4
o VEEL, XTI T M MR SERGEEUE, KOS R LLM KRB RIS IS
91007 F1“2 7, DMEXSECF ARSI . [, 2R LLM i 1] 7 Bl sk se s
B, eg , “in0=27, PABIEZEMAC.

NG, FATAERE ) GranulAR %04 ($80 ) EAR$EFLATAY SFT F1 RL 7% (§82) i
B LLM, PAPRATAZ DA R R 2B B8 FRATT XAy LLM 4% Llama3 41 531 [12]
(Llama-3.2-1B-Instruct, Llama-3.2-3B-Instruct 1 Llama-3.1-8B-Instruct) . Qwen2.5 L% &%
[BR] (Qwen2.5-0.5B-Instruct, Qwen?2.5-1.5B-Instruct, Qwen2.5-3B-Instruct, Qwen2.5-7B-Instruct
T HHE £ A Qwen2.5-Math-7B-Instruct) i Mathstral-7B 8 , g LLM #5 1% 2153k
fi17 Granul AR YN ZREAE HA U R G 1RAE M A8 5, T < out0 . “outl ”” ZJE,
HAER DR BCEAE TP XA SR B BRIl “<<in0 xinl = out0 > >, LLM ift [
A2 il — 8 E 1574) “The final answer is [ outN 1”7, AR F R A REA B RN Z R, 178
HEFRPT B, LLM fif I e 28 A i R B 52

TERMBRA R A TR, FRATR B — > I 0 2 2k 5 DE T I AR SR S B PR AE XU FER -5 N Y
PR T:, R S S TR AU U 3 VA (BZEFRAT] ) Granul AR Hfl ¥4 2 iy
VA) . BEAHUREECEE SRS A (A ). ZEXHG R 1T
FeAT RL Jr i A S EE R 5 ) I, FRARIC AR RS — DN RRFRIC “<space>” TEHZ,
WE B PR A THITRANF SIS, OE A (80A) P B ECEE S C v
ASMFE R — A RR4L, i AE] SymPy B RsRiES, DIESHHRAEE.

%1 GranulAR 1| x50 M 8, FR A48 ] Llama-3.3-70B-Instruct {E A oracle o Zl{E = 4L
A, I DR AR R T ES A AR PR EE RS . FRATME A R B OpenAl 11y
GSMBK [B] Yl 21 A& H A E M B S A2, 605 7473 /N2 gls e,
HEEEGMES, RARE T 6386 N HEH T,

WATEHRSE  FRATAER M GSMSK A A PR BUW B 4 PP FRAT 3%, e
GSM-Symbolic [20] A1 GSM-Plus [I[7] .

GSM-Symbolic F-zl M 100 4~ GSM8K iz A i A4 g ) U A, I F X SR A 1) 85 1)
B, b R R 4% BRI AR R R R ARG ME, 4 13K A Vary Num., Vary
Name Fll Vary Both, FEf]4% 8 GSM-Symbolic #£47 50 #1P4k, A58 WA MR AN 1 A~H
B (A BEAE X 100 AN ) AT ) . TR 50 BT R, e, HUREERITYY
E CaefEmz), HEEHZE 55 100 (Origin 100) GSMSK i 8 1) K BUAH VLEL .

GSM-Plus @] |4 GSMBK AR A AL 1, Ferp i A (R AR & BT gy 1319 4>
GSMBK M /8. Xt T PR AS (A, A ISR M E 1 AN RREA, A (g il
PRIEFT—RAEAl . FoATI7E GSM-Plus A8 * () TAR Pl FRM 1 M 7 ¥5, 3EHFY e (Digit
Ex.), RERCFHIRMEZAAL (e.g. . A 16 5 1600 ), FER-/NE->$feHe (Int-Dec-Fra)
BB R (eg , M 2% 2.5 ), By i (Num. Sub.), BT 5 — AN [ (S8 4k
TR (eg . M 163 20), FARMSPAS A F/SFE (Rephrase) , PARIE AL TR X
IR A1 (Distract), ISR 5 GSMBK MRS b APEREREST HLEL -

BTk AR Abstral 5 JURMEEAAERE A 0E AT HRR

CoT-8S il J§ GSM-Symbolic [20] $2IL {7~ AR A T GSM8K PP A i) A 8-shot £}
LLMs #7478, PAME B A S X 1) CoT # 45 ffn— My CHWTE “RAEER" 2
J5) PHEHCHRAE S

5 https://huggingface.co/mistralai/Mathstral-7B-vO0.1
6 https://github.com/sympy/sympy

TS M4 1Y) GSM-Plus I GSM-Symbolic 8 (A, BIUAR A I A AR A etk , Wl
BRAESN TR T RATHT TR -
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https://huggingface.co/mistralai/Mathstral-7B-v0.1
https://github.com/sympy/sympy

Table 1: GSM-Symbolic [ 455 . A F/R 5 Origin 100 [PEREA L, £ Vary Both _F[#)4H
XFFEIE o BRI AEE R DARLA R, Horp A BUHEr . 2RI RAObRIEZ (std)
RSN R, Hrp AR A std 2 underlined .

Model Method Vary Num. Vary Name Vary Both Origin 100 A (%)
CoT-8S  0.3864 (0.030) 0.4250 (0.026) 0.3890 (0.038)  0.4800 18.96
Llama-3.2-1B-Instruct CoT-RL 0.4788 (0.031) 0.5342 (0.024) 0.4488 (0.038)  0.5700  21.26
: CoA 0.4534 (0.020)  0.4372 (0.026)  0.4242 (0.030)  0.4600 778
Abstral  0.5912 (0.016) 0.5838 (0.023)  0.5804 (0.027)  0.6000 3.27
CoT-8S  0.8440 (0.026) 0.8746 (0.021) 0.8236(0.032)  0.8700 5.33
CoT-RL  0.7784 (0.029) 0.8710 (0.014) 0.7540 (0.026)  0.8300 9.16
Llama-3.1-8B-Instruct CoA 07240 (0.019) 0.7086(0.019) 0.6944(0.025) 07200 3.6
Abstral  0.8686 (0.013) 0.8672 (0.018)  0.8620 (0.023)  0.8700 0.92
CoT-8S  0.3394 (0.039) 0.3724 (0.024) 0.3398 (0.033)  0.3800 10.58
Qwen2.5-0.5BInstruct CoT-RL  0.3192(0.025) 0.3948 (0.032) 0.3228 (0.032)  0.3500 777
= CoA 0.2866 (0.025)  0.3060 (0.026)  0.2872 (0.026)  0.2900 0.97
Abstral  0.4396 (0.015) 0.4416 (0.026)  0.4456 (0.025)  0.4400 127
CoT-8S  0.8956 (0.021) 0.9108 (0.018) 0.8766 (0.023)  0.9500 773
CoT-RL  0.8942 (0.022) 0.9154 (0.012) 0.8812(0.021)  0.9600 8.21
Qwen2.5-Math-7B-Instruct 0.7122 (0.028) 0.6976 (0.031) 0.6970 (0.033)  0.7100 1.83
Abstral  0.9066 (0.015)  0.9014 (0.013)  0.9022 (0.016)  0.9100 0.86

CoT-RL 7EJEE 51 GSMSK I8t (X, ) L% LLMs (socratic CoT g4 ® | 415 7473
AFEA) ST EARRENY SFT F RL % (GRPO [¥] ) . T CoT-RL A7EEH
AR NS, AR RL A (U B AT B R IEBPE R ranswer  ($B2) VERZEIfES,
PARE AR AR B CoT W HUN I AR (e — M EF) & SnEE L.

CoA [I0] &7 —FPi G HERL I 5, BIRFER R AGE SR TN, DA RIS A7 51
TEPLEE, IF5 SymPy JrRORFAR S O DAME S I A B 58, SR, 5 Abstral A2, CoA
HEE T LA R S S R, PR AL (XA RC), PARMA
NIk BE AR HEFREE  (GranulAR ), H CoA W23 VLT SFT, WAL AE LM RL, 5
FATHY Granul AR YI|ZREdi @A, CoA $x— i Y LLM FF A 1Y) CoT Bt 5 N
g, H BT RIS, RIEE M R SK R B e 2 E AR A 1Y) IR 1
RT IR, FRATTAE AR AE A LLM (Llama-3.3-70B-Instruct) Fifh-7 44 (GSMSK
YIRS CoT fiiAs) Skt CoA YIZR%HE .

5 SERER

# 0 2R 7TFATTHE GSM-Symbolic Hi 5 LA R ETER PG SE R . FeA 134l THETRAT]
i Llama3 1 Qwen2.5 Z 512 F fe /N e s AR L R M, T LA ASE 70 g 258 SR SR 7 B % 22
Hro FATAEL Abstral AR @ T RTA KL 0.5B 31| 8B HUELRHERIEEYE , X T XU fEA
ARREAEAE ([F22), JER T AR Az AL RE Ty . FUATT S, SHEE0 AT, B
A Abstral PURITE[RASHEAR EPAS T —Bmig () MERR, FEA NG U AR
HEZRAK. BEAh, M Origin 100 5453 [Rl 48}, HA Abstral fURAIPERE FRER/N (A ), 47
A T AN AT SRR RS CoT Fik. (HARHERERE, 7K%Y Llama (8B) Al Qwen
(7B) Biftl |-, 45 Abstral 7£ Origin 100 F Vary Name | [iF4 & T 8-shot 75 (CoT-8S),
‘EAE Vary Num. FI[FAERSIFEA_ B TR IR, X RY], (4] Abstral 27> il GE 2842
LLMs 7EFYIN 2B B o FIBE BT s e SECT A M A S (B80) . (19, BS]
M2, CoT-RL (JoihZHfErl) F1 CoA (FEFKATH) GranulAR i b A 5 g A 414 A1
RL) 3@ # R RERGE MR B, X R WIFRATEET RL ) ZIL LAl G A BAE A 6 LLMs TR
TE HIIE B S B T A A

Ft DR T HATME GSM-Plus Biindle ERICRMEITASE R (SEREAR LR 22 ), %%
PEAERRE S GSMBK INAAEREAT T3 F & M4 Eh M. RAUT7E GSM-Symbolic (A5 L&
FAATR) ERYSER, Abstral JLP5E A T il FRABCTAZNL (B0, 8-/ M-y
FOBer ) reBuae I, 7 HAE BN SCB (W) JrmifRey 75 A0 A 24
M E . AR, Abstral BRI RN TYAACE (CTH0) misgm, T
2R, SR ELHERT AR B M IR AL 2 TP 91520 SRR 9. Abstral 76 T35

SEATEIEAT T — UK AT, A AR LRI DS AR I 25 LLMs, U5 T 244 .
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Table 2: GSM-Plus fPFAEEE R . A MR B AR HTHLIA 2R

Model Method  Digit Ex. Int-Dec-Fra Num. Sub. Rephrase Distract Original
CoT-8S 03601  0.2866 03958 04359 02267 04238

Owen2.5-0.5B-Instruct CoT-RL 03336 02373 03571 04079 01524 03798
>-0. CoA 02745 0.2267 02782 03161 01266 03033
Abstral. 04670  0.4663 04670 04625 03654 04670

CoT8S 08552 08218 08453 09052 07627 09181

CoT-RL 08757 08522 08506 09037 08150  0.9340

Qwen2.5-Math-7B-Instruct &\ 07460  0.6907 07180 07642 05709  0.7809
Abstral. 08916 0.8886 08916 08992 08226  0.8916

T B2 T 20 T HXT AL - R A TR B (Granul AR ) ity >] (FEFRATTIPAT
RO 2 B0E) , X EAFRESE AR T AR R A LR IR, I AEA SR PR
HOHTH IEA AT

WRFE  FRATH IR A R Abstral (R TR R B2 >, 302U
BUAEER T 58 KA TH, Blani T RRAE e . #i$E/R 1) Llama-3.3-70B-Instruct.,
JH TGS Z A 12 W DT IC AR DA S 1 T35 4 /9 SymPy T REsK g 7 IREX — i,
FATHEAT T T RAFFE (/o Tools ) , FEFRATAYHESL i A LLM A& S840 1 3R T 455
TH, NN REEE R RN RN SN ST, £ BOLEREN, KaH
%%E@gﬂhﬁ%&%ﬁ%ﬁ%?%,ﬁ%%ﬁﬁmm@%¢,m%ﬁﬁméﬁ%&ﬁ%
FETIRE

FAT T A L — A HIEHESE (w/o Contexts ) SRAFFFYH ] Abstral A/K & AE LT 3 (ie. -
X — XA S YA 5 A) PR AR SR, E%ESE Y, LLMs i@t SFT FIAHEH RL J7
%ﬁ%%ﬁﬁ%ﬁ%ﬁ%ﬁAﬁ@XAﬁa‘{%XAaAE&m%A,ﬁ%%@ﬁ%
@yA#@ﬁ%%ﬁ%EﬁﬁEOEw%%B%m,#2@@%&%¢@LT1%LM®@
m%ﬁ?imﬁ%ﬁﬂaﬁ%%%bﬁ%%%ﬂE%%ﬁ@ﬁZﬁ%%ﬁﬁ?mi%%%
BYRER, XS RMERE (0] 052

AT =N IH A ITT %28 T RL £E Abstral ok, @it 564K RL (w/oRL ) B{Z
LRSI (W0 Tsymbotic )« TERIRFHENIIMIALE b, 1Kk IHEA RL ) LLMs
1o AR T 2 ad 3R A2 2] 1) LLMs . FEBRD roymboric (P75 A2 UG 5 IERI R ) e A
) EOR, LLMs fvEREth 3 e, MM R R LR (CoT-8S ). XL L %
H, ST SE A S P T B 3 24 1) RL A0 R R R R ah e A anag =), s )i
BEESI e, eg o

e, BATADRL MR RAERE (w/o Granul AR ) 9847 7 IH L, ZHERILAE N Abstral. )
YIZREAS 3. F AT H 7 g USR5 o i AR S 8 V4 Wl ] 9 i e 1 9 o i
fERAES (UIE B Frw ), FEk iR, FRATERER ST LA bR T s %, HAEREA
TERP IR R ARSI, SRR SR A BT YIS T B ah o By
RAUTE FHEAAE Distract Il 15 R PERE™ BT FE, RIENR S 2 2 J0 ] TP 0
RXBGE 1 FATR A AR B AR AT Pe A MO R 2 1 = R AR, o
PR T R BRANEE— 2 Ao AR

6 FHE I

MERRRR G Sl E G S (LLM) HERR )y Th A 0E it A B 7 A 24 K A R R Bk A
(34] , PP RTERT SR E PR AR L, FCANZ A (2] Fikey: (B2, 177, BT, O] $ERE, DA
Lo AUSe PRl R PR RE (30, 02, D3] o FAR A RE SR, KRBT SR D) 52 3
IR A T 3200 R am it i R Pk e 5 2 [26] , 2 wifed TAE [9, DS, 86, 8]
25 R B & B R RY RINGRREAS i B ey ], AT B R Bl A 2e 4k, X
SRIGIN T IT R BUE SRR T FOSAS . (R TAR T, ] B WU B A Tl 5
FBZ SR B R K B S R R AR R, TS S OB T R R A RS

G BLERNTT R g B AR — ORI ) (6] ARGy, o AR [27]
B B AT IR A EE AL SO (3] DEATHEIT, A (AU L2 AR SR A DL S
[0, B6] o filt, TP TR (i) Ao TR RA4E SR (LLM) 222 iR
e, WEAES (AoT) (1] . fhiR4HE (CoA) (0] %F, SR, DAL FTA J5 ¥A7E B
B (SFT) Z Mz — A2 ig2 I L], DARE MRS SRS R R 4. 5
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Table 3: GSM-Symbolic 1 GSM-Plus (4 RBFFT45 5 . Num. Pert. F/R7EX i ABCE AT
B =~ GSM-Plus Jlli4E (Digit Ex., Int-Dec-Fra 1 Num. Sub.) _FHJFH{HE.

Model Method GSM-Symbolic GSM-Plus
Vary Both  Origin 100 A (%) Num. Pert. Rephrase Distract Original
AbstralL 0.4456 0.4400 -1.27 0.4668 0.4625 0.3654 0.4670
- w/o Tools 0.4362 0.4400 0.86 0.4599 04564  0.3556 0.4610
Qwen2.5-0.5B-Instruct - w/o Contexts 0.2306 0.3000 23.13 0.2702 0.2881  0.1653 0.2866
e - w/oRL 0.2956 0.3600 17.89 0.3803 0.3230  0.2828 0.3571

- WO Tsymbolic 0.3760 0.3900 3.59 0.4167 0.3995 0.3131 0.3882
- w/o GranulAR 0.4262 0.4200 -1.48 0.4236 0.4230  0.2358 0.4238

AbstralL 0.9022 0.9100 0.86 0.8906 0.8992  0.8226 0.8916
- w/o Tools 0.8996 0.9100 1.14 0.8860 0.9037 0.8180 0.8893
- w/o Contexts 0.6926 0.7100 2.45 0.6715 0.6936  0.5513  0.7065

Qwen2.5-Math-7B-Instruct () pp 07854  0.8200  4.22 0.8211 07998 07445 0.8226

- W/O Tsymbolic 0.8322 0.8700 4.34 0.8577 0.8234  0.7809 0.8590
- w/o GranulAR 0.8814 0.8900 0.97 0.8835 0.8976  0.6679 0.8855

7T, ML R AR A KHEB R RE (5], AT ORI B R . Y
HRIDTE, EAESE (CoT) (B3] . S4ER (ToT) [B2] AZRAAHLR FIREAMIR [80] , Bi) 12
T TR B DA R, FRA1RG TR % | — R A A T B (BT
RL), FHH 8 & SR J i

siAks#>)  RLJEFESRGL LLMs [29, 3] i % ] T34 s B AE ) i) —FhRATHoR . —7if
AAERIER RL J7 k2 PPO (28], il ¥ i i 51 A28 i A v Tl 2 S A 28 AN
Fpthe#>) (RLHF) [@,00] . gt—0, DPO [24] i b SRS AT Y B4 i 4 e Ak T
PPO {557, #2507 X BN R R I R . FATTR VAR T HAT oA 32 gl i) GRPO
%%gﬁmﬁﬁﬁﬁ%ﬂ,Eﬁ@ﬁﬁ@ﬁﬁ%%,ﬁ*i%%Tﬂ%%%ﬁﬁ%ﬁﬁﬁﬂ
JYNTRo

7 ik

AR T Ak, Abstral , PAMEHERAE S (LLM) Mg 4E. Abstral [
EESE i LLM RUHERIRREYE , BT RORE— A AR ISUN, Bl G S8 4 2 S PP B0 35
TR AR E A . FATRY GG — Y r 2] (RL) HEZRSEH, Hop
TER B2 oA BB A HERE A GranulAR |, 53X SERRHRE AR IR 14 7 51 R 4E 55 350k AL
JESSEAE—k . EXWEREM M B R 3Cfk, WABSKBATS TR G . WATERBT GSM
PUBhEEIE_E Al Abstral | FRIEAROZ AR 1 b L BRI T PR 5 R A PR RE TR P

FEN— A BIEIFRMT TG 27 > AEAS/I RIS AR . OOD B PA S AR A SR 1
HE R AR B . g, B =t (A, X,Y) iR, Hpb X - YV KR
B X S, RERARY , WA RKE BT AR (BAMFERY ) 1 X
AN . FHEIEHE SRS, KATRERY X b F SO SHER g (BN, A RVizg
V' )o RAEAE—NESIIESR (D5 —A2E I BAZ]) ATPAGERA T R AL Y ik HAy ™1
P (1) ¥ A — Y WREAREZRERT X - Y (IR HE S HE U S g 72
57T (i) AR TS SIS A 2423] X — Y RRIS ISR IS 24 A S b F A I
BEPE? (iii) R W] AT B MR R S

FATERINFA T LA A LR BRYE. E0, T IAFRAT 5 IA RS A vl AR ot
AEM A . AT T R ARG, RI/NE8eE, ORI S
A6 AL EL R g 4el, S FLAE TR 2l ity FERORA T A, 1807
TR G T LAY BRI S 2 i a0, B RS SRR AR I (Bk) HEREL, R RRE]
MG HWK, BATHHER SR OUR T BT S BIREIE e fs, X BT — M
B, B Peah A EecELmtihge , B B T . RORM TAERT DURFRA TR 52
RIS, Bl “HEMP, ZHHEANS, 42K M+N) HChH “H @M
%, SWH/INN Y, ZZK?7 (M-N), DA SIS i {2 (S k. eAth, 3kl
F R ARV SE BE i LLMs 3 8 i B AT I, X T8 EA S KA T S e . s s Rl Bt
BT 5, U1 LoRA, ATRAFEARAM TAEFIN . e, FRATSEEH A Td LLMs #fii ]
%??@gigﬁﬁ,ﬁ%%%%l%ﬁﬁ%ﬂ%%ﬂ%%i%ﬁﬁm%ﬁ%%??%ﬁ7
40— B AR .
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FATHW) Abstral HEZLHE H R H GRPO [29] fE8 RL Bk, 7EMMGEIT 5 B4k LLMs (7
MBI R HERE ), BT A SIS ) A AR SR VA .
Xt B A A XA . GRPO MYl (IHHEHE) B mo,, oFREE— 4l 2%
Vi V5, .., 08, B R RALA T BARKAAL (Sfems) R g

z D (min (MRZ,CIIP (M, 1—e,1+ E) Ri) — DKL (TFeHmef)) (D

614 (yAIXA T6o1q (yiA‘XA

Hope Ml B RS RAVGFSH R 7 p BEENOUE B IH (SFT) YIZREEL,
T KL B2 L :

2] il LI Gl
o (AA) %8 T ()

2

Dkr, (mol|mrer) =

RAEA MBS RS 2 VA iR BN A, AR LSS, ErER TR
jﬁ]%?’gﬁﬁj Tanswer ﬂ:‘u Tsymbolic Lﬁméﬂjﬂ 'T’EA ﬁjﬂﬁ%ﬁﬁf §E2 EPKEX ﬁ’ﬁ'ﬁ%%ﬁj/\
F C FIBRIEE S Ans , PARMARHETRNY. YA iR B bR A -

R == :tr(ljc(a{i(l{:zl — TG;)G})’ Ty = Tanswer (-Aza Ca AHS) + rsymbolic(Aia -A) (3)

FA BB 7 RS T EATHA LAY LLMs £ GSM-Symbolic #l GSM-Plus £dfz4E L i)
fhgES . Pl LLMs (45— Bk W], Abstral YEHE) B SCOILMIERIL AR, BES A A
FERRA R . XA LM, SN S A SR 2 AT T B 254001 .
SR (B7] , e R B2 T HO A 5 — B eSS LI S MWt p 428 < 0.05
e R (F ).

A etk

£ BRI JER T IRATIAR Y 5 9Ok B K 15 5 B Qwen2.5-Math-7B-Instruct fF GSM-
Symbolic I GSM-Plus 44 14 MBI AS B FR B, F 528 CoT-8S 5 s A]
) AbstraL. . [ XK % 4 E RIS, (] AbstraL () 1 55 B BT OS2 S 3 M R
(3 B), I BAEALEAE AR T Emt, 928l 7o B vh O BeE (32 @), RROTLEAIR
g R B L A T BRI AT

B  AbstraL Zjiadl i

AATERFEFR AT AN SE I Abstral, HEZL (1) 5 L2 4177 .

T Abstral () 55— FHOIP TR, FATTHE R Llama-3.3-70B-Instruct [12] 1‘%@%%)\@%
X BN Oy 5 SRR AT, DGR I A | Wb T — 44
C, MTICsF IO, fEh— RPN TSR, Rk E%ﬁ?ﬂ%ﬂi%&?mﬁ’ﬁé %ﬂflp
FEGI, T T 4 4~ NVIDIA A100-SXM4 (80GB) GPUs 33z 474+ Llama-3.3-70B-Instruct
FIZUR BT, AT Y SRR B AR AR KL FERT 36 /N

FET g 8 A AN B S TR TR CoT M2 Y |, #1344/ Llama-3.3-70B-Instruct
¥ Y EEARATRLEL RS (GranulAR ) A& VA, 22 TI% LLMs 22>
Abstral, HHYIHRERP IR, N Tt ES, OPRH TWAEE. HJL, #R Llama {54
FMS S B Y hRIBUE, R XA PSS A, O8N ES B R
HEHEAIE R AT S . IR A AR AZ AT S “«o>” Fhlk. Hk, BT
B EEHHME, $R Llama BALRERISZ (PAJRHEHIR CoT #4X) #— B 5 Rk
7] GranulAR #%3X, [ﬂﬁﬂ‘%ﬁ@ﬁ*ﬂ’]@?ﬁ?ﬂﬂ%ﬁ%%@& Z BRI M B8R T HTHRE
Wi Granul AR Y ZEPEA0 2 I8 SR/ VBRG], BN ESAES, /T 4 5 NVIDIA
A100-SXM4 (SOGB) GPU kis4T Llama PR, KA 36 Fl 48 /J\B]L/\”Ulﬁﬁ?ﬁﬁﬁwléfr@[
PEREARISE — M — L HE,

TERE— BN S 2 )5, FATES RS0 AR 3 Llama B EH , ie , A
B IE Mk A C AR BUE PR & TE o> PRIHER:, #4%“51!] (HE [FIAE AR 20 B
RIS AR C ) %A SymPy TSRS, DAERIRAER (), MG ShiE

K https://github.com/sympy/sympy
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Table 4: GSM-Symbolic H5E 83 PAE 45 R . A FERTE Vary Both A4 EE S Origin 100 _F f) {4
REAH LI FRE A b BB RS R e, o A (HUIRET . 258 PPAh 45

HIbnERZE (std) FEFESH iR, BRI AR std {54 underlined . HA * iffE (N
M) SR EEMT HANASE LR, BB p EN < 0.05 .,

Model Method Vary Num. Vary Name Vary Both Origin 100 A (%)
CoT-8S 03864 (0.030) 04250 (0.026)  0.3890 (0.038) 04800  18.96
Llama32-1BoInsiruct CoT-RL 04788 (0.031)  0.5342(0.024) 04488 (0.038) 05700 2126
: ‘ CoA 04534 (0.020)  0.4372(0.026) 04242 (0.030) 04600  7.78
Abstral,  0.5912 * (0.016) 0.5838 * (0.023) 0.5804 * (0.027)  0.6000* 327
CoT-8S 07218 (0.027) 07638 (0.027) 07114 (0.031) _ 0.8400" 1531
Llama3 2 3B Instruct CoT-RL 07056 (0.027)  0.7516(0.023)  0.6898 (0.026)  0.8000 1378
: CoA 0.6450 (0.019)  0.6802 (0.021)  0.6760(0.026)  0.6800  0.59
Abstral,  0.7960 * (0.014) 0.7982 * (0.020) 0.7946 * (0.023)  0.8000  0.68
CoT-8S  0.8440 (0.026)  0.8746 (0.021) _ 0.8236 (0.032) 08700 533
Llamad. 1-8B-Instruct CoT-RL 07784 (0.029) 08710 (0.014) 07540 (0.026) 08300  9.16
: CoA 07240 (0.019)  0.7086 (0.019)  0.6944 (0.025) 07200  3.56
Abstral. 0.8686 * (0.013)  0.8672 (0.018)  0.8620 * (0.023)  0.8700 092
CoT-8S 03394 (0.039) 03724 (0.024) 03398 (0.033) 03800 1058
Owen2.5-0.5B-Instruct CoT-RL  03192(0.025) 03948 (0.032) 03228 (0.032) 03500  7.77
>-0. CoA 02866 (0.025)  0.3060 (0.026)  0.2872(0.026)  0.2900 097
Abstral,  0.4396 * (0.015) 0.4416 * (0.026) 04456 * (0.025)  0.4400*  -1.27
CoT-88 05728 (0.032)  0.6416(0.030) 05752 (0.033) 06600  12.85
Owen2.5-1.5B-Instruct CoT-RL 05296 (0.037)  0.5830(0.034) 05126 (0.034) 05600 846
5-1.5B-Ins CoA 04680 (0.027)  0.4942(0.029)  0.4656 (0.027)  0.5100 871
Abstral,  0.6444 * (0.018)  0.6414 (0.028) 0.6416 * (0.025)  0.6500 129
CoT-8S 07222 (0.037) 07820 (0.025) _ 0.7256 (0.027) _ 0.8200" 1151
Owen2.5-3B-Instruct CoT-RL 07150 (0.036)  0.7706 (0.025)  0.6888 (0.038) 07900  12.81
: CoA 0.6424 (0.030)  0.6134(0.030)  0.6234 (0.034)  0.6500 4.0
Abstral, 07842 * (0.014) 07852 (0.024)  0.7834 * (0.024) 07900  0.84
CoT-8S  0.8726(0.026) 09230 (0.016) _ 0.8740 (0.023) _ 0.9200* _ 5.00
Owen2.5.7B-Instruct CoT-RL 07770 (0.033) 08170 (0.024)  0.7928 (0.034) 08500 673
' CoA 07310 (0.023)  0.7408 (0.027)  0.7414(0.029)  0.7600 245
Abstral. 0.9022 * (0.014)  0.9248 (0.017)  0.8834 * (0.019)  0.8900  0.74
CoT-8S  0.8956 (0.021) 09108 (0.018)  0.8766 (0.023) 09500  7.73
CoT-RL 08942 (0.022)  09154(0.012)  08812(0.021) 09600 821
Qwen2.5-Math-7B-Instruct 07122 (0.028)  0.6976 (0.031)  0.6970 (0.033)  0.7100 1.83
Abstral.  0.9066 * (0.015)  0.9014 (0.013) 09022 * (0.016)  0.9100  0.86
CoT-8S 07876 (0.024)  0.8084 (0.018) _ 0.7604 (0.031) _ 0.8000 495
Mathsiral TB0.1 CoT-RL  0.8082(0.018) 07986 (0.021)  0.7688 (0.025)  0.7800 1.44
: CoA 07506 (0.031)  0.7740 (0.028)  0.7402 (0.027) 07500 131
Abstral.  0.8100 * (0.012) 0.8214* (0.017) 0.8228 * (0.019)  0.8100  -1.58

BT, FATVRE AT WAL E S R Tk § OpenAl'™ (1) GSMSK [B] Y ZRAE I A% LT
XA . S — B EGMEE, 16 7473 DGR TAE 6503 ASFEAYLIER # 5 )
W, s W ESHIEIE, 78 6503 MIZFEA A 6386 MFAYL IEM 85 H 1 i
ZANFEARIRE

TEFRATHY Abstral HEZRPHHZHMERE LR, LLMs jiliid SFT #1 RL Ik, DAMRIRE S AFhige 1]
XA L% (GranulAR ) 5 VA 1115

ST SFT, i1/ Mg ES 8 , {#/1 4 &~ NVIDIA A100-SXM4 (80GB) GPU (ie. |
A GPU it/ 2 ), 2 B e ¢, WA B = 0.9, B2 = 0.999 Fl
€ = 1e™® ) AdamW [IR] fffb#§. B LLM #EFA1HY GranulAR %dfs - SFT Il T 2 A~
epoch, FIRIAE] 1 /).

XFFaRAF ) (RL), FAPFIEZLR (IEBM) BN Teorrect = 2.5, FFAEFRATIFTFS- 1 B 32l
Tsymbolic(AiaA) Epﬁﬁﬁ%j(%}ﬁj Tmax = 1.5 . GRPO ﬁ%é@ﬁ%ﬁ%ﬁ&ﬁjﬂj :/\904 gL
FH0) Al = 02 (NFH4), GHURREICRAR (Lo, 19407200 X4 1) (U2, VA, .. VA
) Wy G = 16, REEMIIE. top, Al top, S BIBEALFCH 0.0 . L0 A 50 . Felrif
RL Al > 5 ise sty 5e~7 , W T AdamW flifbds, SHCH 81 = 0.9 . B> = 0.99 Fil
e=1e ¥ (T RIGET KPR, WA BA 0.1, YIZ B E 22 08R B AT 45

Ohttps:/ /huggingface.co/datasets/openai/gsm8k/tree/main/socratic
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Table 5: GSM-Plus [)5¢ S IFAE G5 R . AR I RS R MR R R . )~ mdedd Of
k) SR ROCTHX I AEE AR, WA ERIRN p (Hh < 0.05 .

Model Method  Digit Ex. Int-Dec-Fra Num. Sub. Rephrase Distract  Original
CoT-8S 03889 02934 04321 05042 02790 04519

T —— CoT-RL 04064 03063 04572 05299 02646  0.5125
' CoA 03798 03237 03880 04139 02032 04261
Abstral. 05641 *  0.5626* 05641 * 05633 * 04359* 0.5641*

CoT-8S 07142 0.6277 07172 07877 06073  0.7953

Llaima3.2-3BInstruct CoT-RL 06808 05406 07043 07718 05398  0.7763
' CoA 06224 05444 06126 06793 04177  0.6626
Abstral. 07968 *  0.7945* 07968 * 07923  0.6755*  0.7968

CoT-8S 07938 0.7445 07854 08461 07400  0.8567

Llamac3.1-8B-Instruct CoT-RL 07240 05914 07187 08309  0.5466  0.8234
. CoA 07202 06398 07035 07657  0.5344  0.7497
Abstral,  0.8506*  0.8476*  08506* 08514 0.7854*  0.8506

CoT-8S 03601 02866 03958 04359 02267 04238

Owen2.5.0.5B-Instruct CoT-RL 03336 02373 03571 04079 01524  0.3798
5-0. CoA 02745 02267 02782 03161  0.1266  0.3033
Abstral. 04670 *  0.4663* 04670 *  04625* 03654* 04670 *

CoT-8S 0609 05421 06194 06793 04488  0.6702

Owen2.5.1.5B-Instruct CoTRL 05527 04632 05754 06520 03950  0.6202
51 CoA 04602 03700 04511 05186 02631  0.5019
Abstral,  0.6778 *  0.6763*  0.6778*  0.6755 05777* 0.6778

CoT-8S 07726 07074 07430 08218 0.6346  0.8120

Owen2.5-3B- Instruct CoT-RL 07149 06353 07331 07817 05277 07726
: CoA 06232 05497 05980  0.6679 04200  0.6702
Abstral.  0.8158*  0.8128* 08158 08249 07036* 08158

CoT-8S 08400  0.8067 08324 08779 07938  0.8901

Owen2.5.7B-Instruct CoT-RL 07582 06854 07369 08097  0.6331  0.8036
' ‘ CoA 07195 06528 06755 07657 05588  0.7597
Abstral.  0.8825*  0.8795*  0.8825* 08870 07953  0.8825

CoT-8S 08552 08218 08453 09052 07627 09181
CoT-RL 08757 08522 08506 09037 08150 09340 *

Qwen2.5-Math-7B-Instruct 07460 06907 07180 07642 05709  0.7809
Abstral.  0.8916*  0.8886*  0.8916* 08992  0.8226  0.8916

CoT-8S 07544  0.6892 07604 08029  0.6808  0.8074

Mathsiral B0 CoT-RL 07665 07111 07331 08089 05542  0.7953
‘ : CoA 07149 06422 06831 07483  0.5246  0.7619

Abstral.  0.8241 * 0.8211* 0.8241 * 0.8247* 0.7657* 0.8241*

{HHE R 0.1 . AT 8 4~ NVIDIA A100-SXM4 (80GB) GPU 33|44/ LLM ) RL.
X 7B Al 8B {) LLM, AR R s /M E A GPU 2, RS RE N 4, e
Y AH G =168 (2 f{LEmK/NIEPL 8 > GPU) REERF, PWATIRBSHEET R X1 HAhRe
/NELLM, A B KNI BN GPU 8, BREERFUS R E N 1, AR R
FEEHARAE 4 4 G =16 1% (8 f;LEK/INRPA 8 4~ GPU) . A1) LLM i f RL e FK A1
GranulAR %5 B2 T 8 R, X KR4S T 3 5|5 K.

N T HHEEA TR CoA (0] Al ZR%id)s, A TR/ Al Llama-3.3-70B-Instruct f5 34 5 5
BB CoT WALy Y (AR ALSIGRE AR X ), F U/ Y P 8 e B el
MEAT . RO R 7T CoA INEEHRI RIS DHURBI. i CoA Jiik, LLM
AGE T SFT YIIZRDAZ: S BT A X 2 i CoA R %, i AbstraL [y SET AH[R] 1)
BESH MEMAFS TH (ENFERXTCEL &A1 SymPy SKigd:) I THRIBGMR S5
RAEFHT, otk T i iEE S R IR E A HE R S 5
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Table 6: GSM-Symbolic g4 b a5 /R 6. W5 Qwen2.5-Math-7B-Instruct f§ [
CoT-8S 8} Abstral J5 VA4 M. i A 45 [5UAA T (O H Origin 100) K HXF RV AYAE (K (O
H Vary Both), HAFR (S(504) Ak gl el HoAbfE , an B iR . KT Origin
100 [F) /1, CoT-8S Al AbstraL #FSCEL T IEM A=A SRS, Bl H e M b Hh.
SR, 2454745 Vary Both [A] iR}, CoT-8S X M5 (7x39) #47a51R115E, Wit
TR AR S, 200 B IR . M2, Abstrall T AR A AL A2 1l
RI7e AR S KiRR), BREF T IER S,

GSM-Symbolic (Origin 100): places on some trays. Each tray can hold . If he has
and 2 trays, how many won’t he be able to place on the tray?

Gold Response: Jaime will be able to place a total of 24 x 2 = 48 eggs. Therefore,
there are 64 - 48 = 16 eggs that he won’t be able to place on the tray. The answer is 16.

Response with CoT-8S: Let’s think step by step. Each tray can hold 24 eggs, and Jaime has 2 trays,
so the total capacity of the trays is 24 3¢ 2 Z5°F* 48 eggs. Jaime has 64 eggs, but only 48 can fit on the trays.
Therefore, the number of eggs that won’t be able to be placed on the tray is 64-48=16 . The final answer is 16 .

Response with AbstraL.:

(Abstract Question) Jaime places eggs on the tray. Each tray can hold [in0 ] eggs. If he has [in] ] eggs

and [77 1l XMATHX x [ A 1] trays, how many eggs won’t he be able to place on the tray?

(Conditions) i A 0=24 g A 1=64  in2=2

(Abstract Answer) Let’s think about the sub-questions we need to answer.

Q1: How many eggs can Jaime place on the trays?

Q2: How many eggs won’t Jaime be able to place on the tray?

Let’s answer each sub-question one by one.

Q1: How many eggs can Jaime place on the trays? Each tray can hold [in0] eggs. Jaime has [in2] trays.

So, the total number of eggs that can be placed on the trays is < < in0*in2=out0 > > eggs.

Q2: How many eggs won’t Jaime be able to place on the tray? Jaime has [in1] eggs. The total number of eggs
that can be placed on the trays is [outO] eggs. So, the number of eggs that won’t be able to be placed on the tray
is<<inl-t 0= | >> eggs. The final answer is out! .

(Abstraction)  in0*in2=out0  #ij A 1-%i il 0= %l 1

(Derived Final Answer) out0=48  outl=16

GSM-Symbolic (Vary Both): places on some trays. Each tray can hold . If he has
and 7 trays, how many won’t he be able to place on the tray?

Gold Response: Arash will be able to place a total of 39 x 7 = 273 crackers. Therefore,
there are 302 - 273 =29 crackers that he won’t be able to place on the tray. The answer is 29.

Response with CoT-8S: First, we need to determine how many crackers Arash can place on the 7 trays.
Since each tray can hold 39 crackers, the total number of crackers that can be placed on 7 trays is (7 x 39).
Calculating (7 x 39): [7 #PA39= 7x(40-1)=7x40-7x1=280-7=280].

So, Arash can place 280 crackers on the 7 trays. He has 302 crackers in total. To find out how many crackers
he won’t be able to place, we subtract the number of crackers he can place from the total number of
crackers: [302 - 280 =22 ]. The final answer is 22 . Arash won’t be able to place 22 crackers on the trays.

Response with AbstraL.:

(Abstract Question) Arash places crackers on some trays. Each tray can hold [/ 0 ] crackers.

If he has [in] ] crackers and [in2 ] trays, how many crackers won’t he be able to place on the tray?
(Conditions)  in0=39  inl=302  #j A 2=7

(Abstract Answer) Let’s think about the sub-questions we need to answer.

Q1: How many crackers can Arash place on the trays?

Q2: How many crackers won’t Arash be able to place on the tray?

Let’s answer each sub-question one by one.

Q1: How many crackers can Arash place on the trays? Each tray can hold [inO] crackers. Arash has [in2] trays.
So, the total number of crackers that can be placed on the trays is < < in0 Z¢1’/ in2 %% J- out0 > > crackers.
Q2: How many crackers won’t Arash be able to place on the tray? Arash has [in1] crackers. The total number of
crackers that can be placed on the trays is [out0]. So, the number of crackers that won’t be able to be placed

on the tray is < < i A 1 4t 0= % i1l 1 > > crackers. The final answer is out! .
(Abstraction)  in0*in2=out) [N 1} 0=} 1
(Derived Final Answer) out0=273  outl=29
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Table 7: GSM-Plus ##E4E F B CEHEFR RG], Y B Qwen2.5-Math-7B-Instruct i 77 CoT-8S
o Abstral FEA M. S ABEE RGOk A Original ) M HX W AR R (Ok H
Distract) , HA— AT A G H, W L@ AR, XF R RS, CoT-8S
FI Abstral. #EEENS 15 2 (LA EAHE SRR, 5 e @ fRid. A, 4563
Distract [F] @}, CoT-8S 2R MARAVIEM S, Hh T RIS AT 25 SR
o, A1 2T 6 RIPF R . RIEZ R, Abstral fE— SN TITEL (Q2) AR T E4FF, LM
eSS O e bRic) ATIRIEME RS (1 F50 bRid) . XKW, FAI7E GranulAR
I ZR B 2 A ol 174 17 A it e 1) 3 R R T BB 05 A5 205 b 2 g T PIC T ) 52 M), DAL T 8 5 %
Pt R P e

GSM-Plus (Original): In a race with 240 Asians, 80 were Japanese, and the rest were Chinese. If the number of boys on the Chinese
team was 60, how many girls were on the Chinese team?

Gold Response: If there were 80 Japanese, the number of Chinese was 240-80=160. Since there were 60 boys in the Chinese team,
there were 160-60=100 girls in the Chinese team. The answer is 100.

Response with CoT-8S: Let’s think step by step. First, we need to determine the number of Chinese participants in the race. We know
there are 240 Asians in total and 80 of them are Japanese. Therefore, the number of Chinese participants is: [240-80=160 ]. Next, we
know that out of these 160 Chinese participants, 60 are boys. To find the number of girls, we subtract the number of boys from the total
number of Chinese participants: [160-60=100 ]. So, the number of girls on the Chinese team is 100. The final answer is 100 .

Response with Abstral:

(Abstract Question) In a race with [in0 ] Asians, [{° | ] were Japanese, and the rest were Chinese. If the number of boys on the Chinese
team was [in2 ], how many girls were on the Chinese team?

(Conditions)  in0=240  inl=80  in2=60

(Abstract Answer) Let’s think about the sub-questions we need to answer. Q1: How many Chinese were there?

Q2: How many girls were on the Chinese team? Let’s answer each sub-question one by one.

Q1: How many Chinese were there? The total number of Asians in the race is [in0]. There were [in1] Japanese among them. So, the
number of Chinese was < < in0 Jii /- inl “ 1 out) >>.

Q2: How many girls were on the Chinese team? The total number of Chinese in the race is [out0]. The number of boys on the Chinese

team was [in2]. So, the number of girls on the Chinese team was < < i [} 0-#j A 2= %I} | >>. The final answer is out!| .
(Abstraction)  in0 4115 inl 440 out0  outO-in2=outl
(Derived Final Answer) out0=160  outl=100

GSM-Plus (Distract): In a race with 240 Asians, 80 were Japanese, and the rest were Chinese. 7£ H A& A\, 45 30 N4
F150 44 % #%.  If the number of boys on the Chinese team was 60, how many girls were on the Chinese team?

Gold Response: If there were 80 Japanese, the number of Chinese was 240-80=160. Since there were 60 boys in the Chinese team,
there were 160-60=100 girls in the Chinese team. The answer is 100.

Response with CoT-8S: Let’s break this down step by step. 1.**Total number of Asians in the race™*: 240. 2.**Number of Japanese
in the race**: 80. 3.**Number of Chinese in the race**: [240-80=160 ]. 4.**Number of boys among the Japanese**: 50. 5.**Number
of girls among the Japanese®*: 30. 6.**Number of boys on the Chinese team**: 60. 7.**Number of girls on the Chinese team™*:
Since the total number of Chinese participants is 160, and we know the number of boys (60) and girls (30) among the Japanese,
FATRT AT I A B 2 AR BA AR 9 55 4R G S A BSCRERARE) op E BA P  e

& AL First, calculate the total number of girls among the Japanese: [30 (girls among Japanese) + 0 (girls among Chinese,

since we don’t have this information yet) = 30]. Now, calculate the total number of boys among the Japanese and Chinese [50 (boys
among Japanese) + 60 (boys among Chinese) = 110]. A i A2 H 55 5 440 7400 N BT

i3 [160-110=50]. Therefore, the number of girls on the Chinese team is 50. The final answer is 50 .

Response with Abstral:

(Abstract Question) In a race with [ 0 ] Asians, [in] ] were Japanese, and the rest were Chinese. Among the Japanese, there are [ =] "]
girls and [/ 3 ] boys. If the number of boys on the Chinese team was [in4 ], how many girls were on the Chinese team?

(Conditions)  in0=240  inl=80 in2=30  in3=50  in4=60

(Abstract Answer) Let’s think about the sub-questions we need to answer. Q1: How many Chinese were there? Q2: How many boys
were there among the Chinese? Q3: How many girls were there among the Chinese? Let’s answer each sub-question one by one.

Q1: How many Chinese were there? There were [in0] Asians in total. [in1] of them were Japanese.

So, the number of Chinese is < < in0-inl=out) >>.

Q2: How many boys were there among the Chinese? The total number of boys among the Japanese is [in2] + [in3] =

< < in2+in3=outl >>. The total number of boys among the Chinese is [in4]. So, the total number of boys among the Chinese is [in4].
Q3: How many girls were there among the Chinese? The total number of Chinese is [outO]. The total number of boys among the

Chinese is [in4]. So, the total number of girls among the Chinese is < < out0-in4=out2 >>. The final answer is out2 .
(Abstraction)  in0-%j A 1=4i141 0 in2+in3=outl  out0-in4=out2
(Derived Final Answer) outO=160  outl=80 it 2=100
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Table 8: 7£ Abstral H ] THER 2R BI85 2 A1 w6l

You are given a math word problem. Please replace the numerical values in the problem with abstract symbols,
and enclose the abstract symbols in square brackets. Do not change any other words or add any other contents
to the problem. Please also write equations to clarify which numerical value each abstract symbol is assigned to.

Example 1:

Input problem: Natalia sold clips to 48 of her friends in April, and then she sold half as many clips in May.
How many clips did Natalia sell altogether in April and May?

Output problem: Natalia sold clips to [inO] of her friends in April, and then she sold [in1] as many clips in May.
How many clips did Natalia sell altogether in April and May?

Equations: in0=48 inl=1/2

Example 2:

Input problem: The flowers cost $ 9, the clay pot costs $ 20 more than the flower, and the bag of soil costs

$ 2 less than the flower. How much does it cost to plant the flowers?

Output problem: The flowers cost $ [in0], the clay pot costs $ [in1] more than the flower, and the bag of soil costs
$ [in2] less than the flower. How much does it cost to plant the flowers?

Equations: in0=9 inl=20 in2=2

Example 3:

Input problem: From March to August, Sam made $ 460 doing 23 hours of yard work. However, from September

to February, Sam was only able to work for 8 hours. If Sam is saving up to buy a video game console that

costs $ 600 and has already spent $ 340 to fix his car, how many more hours does he need to work before

he can buy the video game console?

Output problem: From March to August, Sam made $ [in0] doing [in1] hours of yard work. However, from September
to February, Sam was only able to work for [in2] hours. If Sam is saving up to buy a video game console that

costs $ [in3] and has already spent $ [in4] to fix his car, how many more hours does he need to work before

he can buy the video game console?

Equations: in0=460 inl1=23 in2=8 in3=600 in4=340

Example 4:

Input problem: Zhang is twice as old as Li. Li is 12 years old. Zhang’s brother Jung is 2 years

older than Zhang. How old is Jung?

Output problem: Zhang is [in0] times as old as Li. Li is [in1] years old. Zhang’s brother Jung is [in2] years
older than Zhang. How old is Jung?

Equations: in0=2 inl=12 in2=2

Example 5:

Input problem: Of the 90 people on William’s bus, 3/5 were Dutch. Of the 1/2 of the Dutch who were also
American, 1/3 got window seats. What’s the number of Dutch Americans who sat at the windows?

Output problem: Of the [in0] people on William’s bus, [in1] were Dutch. Of the [in2] of the Dutch who were also
American, [in3] got window seats. What’s the number of Dutch Americans who sat at the windows?

Equations: in0=90 inl=3/5 in2=1/2 in3=1/3
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Table 9: i F-2#>] Abstral H (il G4l P Granul AR Il 2R cdha ) 8 i) 25 — 25 i B S A 35t
AN BR Bl

You are given a math word problem with input conditions and solution. Please rewrite the solution by replacing the numerical values
in angle brackets with abstract symbols. If the numerical values are given in the conditions, replace them with the abstract symbols
assigned to them in the square brackets, otherwise replace them with new abstract symbols. Please also remove the redundant
calculations around the angle brackets. Do not add any other contents to the solution.

Example 1:

Problem: Natalia sold clips to [in0] of her friends in April, and then she sold [in1] as many clips in May.

How many clips did Natalia sell altogether in April and May?

Conditions: in0=48  inl=1/2

Solution: How many clips did Natalia sell in May? ** Natalia sold 48/2 = < < 48/2=24 > >24 clips in May.

How many clips did Natalia sell altogether in April and May? ** Natalia sold 48+24 = < < 48+24=72 > >72 clips
altogether in April and May. The answer is 72.

Rewrite solution: How many clips did Natalia sell in May? ** Natalia sold < < in0*inl=out0 > > clips in May.
How many clips did Natalia sell altogether in April and May? ** Natalia sold < < inO+outO=outl > > clips
altogether in April and May. The answer is outl.

Example 2:

Problem: The flowers cost $ [in0], the clay pot costs $ [in1] more than the flower, and the bag of soil costs

$ [in2] less than the flower. How much does it cost to plant the flowers?

Conditions: in0=9  in1=20 in2=2

Solution: How much does the clay pot cost? ** The clay pot costs $ 20 + $ 9 = $ < < 20+9=29 > >29.

How much does the bag of soil cost? ** The bag of soil costs $9 - $2=$ << 9-2=7>>7.

How much does it cost to plant the flowers? ** The cost to plant the flowersis $ 9 + $29 + $ 7 = $ < < 9+29+7=45 > >45.
The answer is 45.

Rewrite solution: How much does the clay pot cost? ** The clay pot costs $ < < inl+inO=out0 > >.

How much does the bag of soil cost? ** The bag of soil costs $ < < in0-in2=outl > >.

How much does it cost to plant the flowers? ** The cost to plant the flowers is $ < < in0+outO+outl=out2 > >.
The answer is out2.

Example 3:

Problem: From March to August, Sam made $ [in0] doing [in1] hours of yard work. However, from September

to February, Sam was only able to work for [in2] hours. If Sam is saving up to buy a video game console that

costs $ [in3] and has already spent $ [in4] to fix his car, how many more hours does he need to work before

he can buy the video game console?

Conditions: in0=460 in1=23 in2=8 in3=600 in4=340

Solution: How much does Sam make per hour? ** Sam makes $ 460 /23 hrs = $ < < 460/23=20 > >20/hr. How much did

Sam make from September to February? ** From September to February, Sam made 8hrs x $ 20/hr = $ < < 8#20=160 > >160.

How much did Sam make from March to February? ** From March to February, Sam made a total of $ 460 + $ 160 = $ 620.

How much money did Sam have after fixing his car? ** After fixing his car, he was left with $ 620 - $ 340 = $ < < 620-340=280 > >280.
How much money does Sam need to buy the video game console? ** Sam needs another $ 600 - $ 280 = $ < < 600-280=320 > >320.
How many more hours does Sam need to work? ** Sam needs to work another $ 320/ $ 20/hr = < < 320/20=16 > >16 hours.

The answer is 16.

Rewrite solution: How much does Sam make per hour? ** Sam makes $ < < in0/inl=out0 > >/hr. How much did

Sam make from September to February? ** From September to February, Sam made $ < < in2*outO=out1 > >.

How much did Sam make from March to February? ** From March to February, Sam made a total of $ < < in0+outl=out2 > >.

How much money did Sam have after fixing his car? ** After fixing his car, he was left with $ < < out2-in4=out3 > >.

How much money does Sam need to buy the video game console? ** Sam needs another $ < < in3-out3=out4 > >.

How many more hours does Sam need to work? ** Sam needs to work another < < out4/outO=out5 > > hours.

The answer is out5.

Example 4:

Problem: Zhang is [in0] times as old as Li. Li is [in1] years old. Zhang’s brother Jung is [in2] years
older than Zhang. How old is Jung?

Conditions: in0=2  inl=12  in2=2

Solution: How old is Zhang? ** Zhang is 2 * 12 years old = < < 2¥12=24 > >24 years old.

How old is Jung? ** Jung is 2 years + 24 years = < < 2+24=26 > >26 years old.

The answer is 26.

Rewrite solution: How old is Zhang? ** Zhang is < < in0*inl=out0 > > years old.

How old is Jung? ** Jung is < < in2+out0=outl > > years old.

The answer is outl.

Example 5:

Problem: Of the [in0] people on William’s bus, [in1] were Dutch. Of the [in2] of the Dutch who were also

American, [in3] got window seats. What’s the number of Dutch Americans who sat at the windows?

Conditions: in0=90 inl=3/5 in2=1/2 in3=1/3

Solution: How many Dutch people were on the bus? ** On the bus, the number of Dutch people was 3/5 of the total number,
a total of 3/5%90 = < < 3/5*90=54 > >54 people.

How many Dutch Americans were on the bus? ** Out of the 54 people who were Dutch, 1/2 were Dutch Americans,

a total of 1/2%54 = < < 1/2*54=27 > >27 people.

How many Dutch Americans sat at the windows? ** If 1/3 of the passengers on the bus identifying as Dutch Americans

sat at the windows, their number is 1/3%27 = < < 1/3%27=9 > >9

The answer is 9.

Rewrite solution: How many Dutch people were on the bus? ** On the bus, the number of Dutch people was [in1] of the total number,
a total of < < in1*in0=out0 > > people.

How many Dutch Americans were on the bus? ** Out of the [out0] people who were Dutch, [in2] were Dutch Americans,

a total of < < in2*outO=out1 > > people.

How many Dutch Americans sat at the windows? ** If [in3] of the passengers on the bus identifying as Dutch Americans
sat at the windows, their number is < < in3*outl=out2 > >

The answer is out2.
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You are given a math word problem with solution. The numerical values in the problem are replaced with abstract symbols and enclosed
in square brackets. The calculations in the solution are also composed of abstract symbols and enclosed in double angle brackets.

Please rewrite the solution by first listing all sub-questions, and then answering each sub-question one by one. Please list the

relevant conditions before answering each sub-question. Please clarify the final answer at the end of the solution.

Example 1:

Problem: Natalia sold clips to [inO] of her friends in April, and then she sold [in1] as many clips in May.

How many clips did Natalia sell altogether in April and May?

Solution: How many clips did Natalia sell in May? ** Natalia sold < < in0*in1=out0 > > clips in May.

How many clips did Natalia sell altogether in April and May? ** Natalia sold < < in0+outO=out1 > > clips
altogether in April and May. The answer is outl.

Rewrite solution: Let’s think about the sub-questions we need to answer.

Q1: How many clips did Natalia sell in May?

Q2: How many clips did Natalia sell altogether in April and May?

Let’s answer each sub-question one by one.

Q1: How many clips did Natalia sell in May? Natalia sold [inO] clips in April. She sold [in1] as many clips in May
as she did in April. So she sold < < in0*inl1=out0 > > clips in May.

Q2: How many clips did Natalia sell altogether in April and May? Natalia sold [in0] clips in April. She sold [outO]
clips in May. So she sold < < in0+outO=outl > > clips altogether in April and May.

The final answer is outl.

Example 2:

Problem: The flowers cost $ [in0], the clay pot costs $ [in1] more than the flower, and the bag of soil costs

$ [in2] less than the flower. How much does it cost to plant the flowers?

Solution: How much does the clay pot cost? ** The clay pot costs $ < < inl+in0=out0 > >.

How much does the bag of soil cost? ** The bag of soil costs $ < < in0-in2=outl > >.

How much does it cost to plant the flowers? ** The cost to plant the flowers is $ < < inO+outO+outl=out2 > >.
The answer is out2.

Rewrite solution: Let’s think about the sub-questions we need to answer.

Q1: How much does the clay pot cost?

Q2: How much does the bag of soil cost?

Q3: How much does it cost to plant the flowers?

Let’s answer each sub-question one by one.

Q1: How much does the clay pot cost? The flowers cost $ [in0]. The clay pot costs $ [in1] more than the flower.
So the clay pot costs $ < < in0+inl=out0 > >.

Q2: How much does the bag of soil cost? The flowers cost $ [in0]. The bag of soil costs $ [in2] less than the flower.
So the bag of soil costs $ < < in0-in2=outl > >.

Q3: How much does it cost to plant the flowers? The flowers cost $ [in0]. The clay pot costs $ [out0].

The bag of soil costs $ [outl]. So the cost to plant the flowers is $ < < in0+outO+outl=out2 > >.

The final answer is out2.

Example 3:

Problem: From March to August, Sam made $ [in0] doing [in1] hours of yard work. However, from September

to February, Sam was only able to work for [in2] hours. If Sam is saving up to buy a video game console that

costs $ [in3] and has already spent $ [in4] to fix his car, how many more hours does he need to work before

he can buy the video game console?

Solution: How much does Sam make per hour? ** Sam makes $ < < in0/inl=out0 > >/hr. How much did

Sam make from September to February? ** From September to February, Sam made $ < < in2*outO=outl > >.

How much did Sam make from March to February? ** From March to February, Sam made a total of $ < < in0+outl=out2 > >.
How much money did Sam have after fixing his car? ** After fixing his car, he was left with $ < < out2-ind=out3 > >.
How much money does Sam need to buy the video game console? ** Sam needs another $ < < in3-out3=out4 > >.
How many more hours does Sam need to work? ** Sam needs to work another < < out4/outO=out5 > > hours.

The answer is out5.

Rewrite solution: Let’s think about the sub-questions we need to answer.

QI: How much does Sam make per hour?

Q2: How much did Sam make from September to February?

Q3: How much did Sam make from March to February?

Q4: How much money did Sam have after fixing his car?

Q5: How much money does Sam need to buy the video game console?

Q6: How many more hours does Sam need to work?

Let’s answer each sub-question one by one.

QI: How much does Sam make per hour? Sam made $ [in0] doing [in1] hours of yard work.

So he makes $ < < in0/in1=out0 > > per hour.

Q2: How much did Sam make from September to February? From September to February, Sam worked for [in2] hours.
He makes $ [outO] per hour. So from September to February, he made $ < < in2*outO=outl > >.

Q3: How much did Sam make from March to February? From March to August, Sam made $ [in0]. From September to February,
he made $ [outl]. So from March to February, he made a total of $ < < inO+outl=out2 > >.

Q4: How much money did Sam have after fixing his car? Sam made a total of $ [out2]. He spent $ [in4] to fix his car.
So after fixing his car, he was left with $ < < out2-in4=out3 > >.

Q5: How much money does Sam need to buy the video game console? Sam was left with $ [out3]. The video game console costs $ [in3].
So he needs another $ < < in3-out3=out4 > >.

Q6: How many more hours does Sam need to work? Sam makes $ [outO] per hour. He needs another $ [out4].

So he needs to work another < < out4/outO=out5 > > hours.

The final answer is out5.
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You are given a math word problem and solution. Please rewrite the solution by replacing the output values
in angle brackets with abstract symbols. Please also remove the redundant calculations around the angle brackets.
Do not add any other contents to the solution.

Example 1:

Problem: Natalia sold clips to 48 of her friends in April, and then she sold half as many clips in May.

How many clips did Natalia sell altogether in April and May?

Solution: How many clips did Natalia sell in May? ** Natalia sold 48/2 = < < 48/2=24 > >24 clips in May.

How many clips did Natalia sell altogether in April and May? ** Natalia sold 48+24 = < < 48+24=72 > >72 clips
altogether in April and May. The answer is 72.

Rewrite solution: How many clips did Natalia sell in May? ** Natalia sold < < 48/2=out0 > > clips in May.

How many clips did Natalia sell altogether in April and May? ** Natalia sold < < 48+outO=outl > > clips
altogether in April and May. The answer is outl.

Example 2:

Problem: The flowers cost $ 9, the clay pot costs $ 20 more than the flower, and the bag of soil costs

$ 2 less than the flower. How much does it cost to plant the flowers?

Solution: How much does the clay pot cost? ** The clay pot costs $ 20 + $ 9 = $ < < 20+9=29 > >29.

How much does the bag of soil cost? ** The bag of soil costs $9-$2=$ << 9-2=7 > >7.

How much does it cost to plant the flowers? ** The cost to plant the flowers is $ 9 + $29 + $ 7 = § < < 9+29+7=45 > >45.
The answer is 45.

Rewrite solution: How much does the clay pot cost? ** The clay pot costs $ < < 20+9=out0 > >.

How much does the bag of soil cost? ** The bag of soil costs $ < < 9-2=outl > >.

How much does it cost to plant the flowers? ** The cost to plant the flowers is $ < < 20+outO+outl=out2 > >.
The answer is out2.

Example 3:

Problem: From March to August, Sam made $ 460 doing 23 hours of yard work. However, from September

to February, Sam was only able to work for 8 hours. If Sam is saving up to buy a video game console that

costs $ 600 and has already spent $ 340 to fix his car, how many more hours does he need to work before

he can buy the video game console?

Solution: How much does Sam make per hour? ** Sam makes $ 460 /23 hrs = $ < < 460/23=20 > >20/hr. How much did

Sam make from September to February? ** From September to February, Sam made 8hrs x $ 20/hr = $ < < 8*20=160 > >160.

How much did Sam make from March to February? ** From March to February, Sam made a total of $ 460 + $ 160 = $ 620.

How much money did Sam have after fixing his car? ** After fixing his car, he was left with $ 620 - $ 340 = $ < < 620-340=280 > >280.
How much money does Sam need to buy the video game console? ** Sam needs another $ 600 - $ 280 = $ < < 600-280=320 > >320.
How many more hours does Sam need to work? ** Sam needs to work another $ 320/ $ 20/hr = < < 320/20=16 > >16 hours.

The answer is 16.

Rewrite solution: How much does Sam make per hour? ** Sam makes $ < < 460/23=out0 > >/hr. How much did

Sam make from September to February? ** From September to February, Sam made $ < < 8*outO=outl > >.

How much did Sam make from March to February? ** From March to February, Sam made a total of $ < < 460+outl=out2 > >.
How much money did Sam have after fixing his car? ** After fixing his car, he was left with $ < < out2-340=out3 > >.

How much money does Sam need to buy the video game console? ** Sam needs another $ < < 600-out3=out4 > >.

How many more hours does Sam need to work? ** Sam needs to work another < < out4/outO=out5 > > hours.

The answer is out5.

Example 4:

Problem: Zhang is twice as old as Li. Li is 12 years old. Zhang’s brother Jung is 2 years
older than Zhang. How old is Jung?

Solution: How old is Zhang? ** Zhang is 2 * 12 years old = < < 2*12=24 > >24 years old.
How old is Jung? ** Jung is 2 years + 24 years = < < 2+24=26 > >26 years old.

The answer is 26.

Rewrite solution: How old is Zhang? ** Zhang is < < 2*12=out0 > > years old.

How old is Jung? ** Jung is < < 2+outO=outl > > years old.

The answer is outl.

Example 5:

Problem: Of the 90 people on William’s bus, 3/5 were Dutch. Of the 1/2 of the Dutch who were also

American, 1/3 got window seats. What’s the number of Dutch Americans who sat at the windows?

Solution: How many Dutch people were on the bus? ** On the bus, the number of Dutch people was 3/5 of the total number,
a total of 3/5%90 = < < 3/5*%90=54 > >54 people.

How many Dutch Americans were on the bus? ** Out of the 54 people who were Dutch, 1/2 were Dutch Americans,

atotal of 1/2*54 = < < 1/2*54=27 > >27 people.

How many Dutch Americans sat at the windows? ** If 1/3 of the passengers on the bus identifying as Dutch Americans

sat at the windows, their number is 1/3%27 = < < 1/3%27=9 > >9

The answer is 9.

Rewrite solution: How many Dutch people were on the bus? ** On the bus, the number of Dutch people was 3/5 of the total number,
a total of < < 3/5%90=out0 > > people.

How many Dutch Americans were on the bus? ** Out of the out0 people who were Dutch, 1/2 were Dutch Americans,

a total of < < 1/2*outO=outl > > people.

How many Dutch Americans sat at the windows? ** If 1/3 of the passengers on the bus identifying as Dutch Americans

sat at the windows, their number is < < 1/3*outl=out2 > >

The answer is out2.
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