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Program-structured Tree-based Mathematical Reasoning Framework with
Multi-agent Collaboration
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Abstract : Mathematical reasoning is a crucial task in artificial intelligence, aiming to replicate human cognitive pro-
cesses. Existing approaches that translate mathematical reasoning into program-based reasoning have shown promising results
in few-shot learning scenarios. However, these methods still face challenges such as limited generalization and various types
of reasoning errors. To enhance the comprehensive reasoning capabilities of LLMs, this paper proposes the Program-structured
Tree-based Mathematical Reasoning Framwork with Multi-agent Collaboration (PS-GPT). This framework effectively ad-
dresses various types of errors, improving the accuracy, reliability, and generalization of LLMs in mathematical reasoning tasks.
PS-GPT consists of two stages: the reasoning stage and the refinement stage, involving collaboration among three types of
agents. In the reasoning stage, the program is generated through four procedures in reasoning stage, each associated with spe-
cific skills that enhance PS-GPT based on procedure features. Multiple programs are generated using prompts related to proce-
dure-specific skills. In the refinement stage, reflection and refinement of the procedure is conducted iteratively according feed-
back from execution, and the final answer is selected by majority voting from values outputted through refined programs exe-
cution. Experimental results show that PS-GPT achieves improvements of 2.1% and 0.5% on the GSM8K and MultiArith da-
tasets, respectively, while exhibiting an overall enhancement of 1.2% in comprehensive abilities across different difficulty levels
of mathematical reasoning datasets.
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[— (a)Suzie bought 4 packs of gum the last time she was at the store. She got 2 packs of strawberry. She paid $2 for a pack of grape gum. she paid half as
u
= much for a small pack of green apple gum. If she paid $7 in all, how many dollars did each pack of strawberry gum cost?
#subQ1 how many dollars did grape gum?...
5 5 price_grape = 2
rice_grape = i
P . -srap . #subQ2 how many dollars did green apple gum cost? ... SubQ Decomposition at procedure 3
Output price_strawberry = (7-price_grape) / . |
price_green_apple = 0.5* price_grape_gum
packs_strawberry X v
# Final subQ how many dollars did each pack of strawberry gum cost?...
cost_strawberry = (7 - price_grape - price_green_apple)/packs_strawberry
T (b)Danny collects bottle caps and wrappers. He found 11 bottle caps and 28 wrappers at the park. Now he has 68 bottle caps and 51 wrappers in his
collection. How many more wrappers than bottle caps did danny find at the park?
# How many more wrappers than bottle caps did danny find at the park? Danny collects
Output difference = (total_wrappers + wrappers_at_park) bottle caps and wrappers. He found 11 bottle caps and 28 wrappers at the park. Now he
- (total_bottle_caps + bottle_caps_at_park) 3¢ has 68 bottle caps and 51 wrappers in his collection: Echo at procedure 3
difference_bottle_caps = total_bottle_caps - bottle_caps_at_park v
gt (c)Emily was planting vegetables in her garden. She started with 41 seeds and planted 29 of them in the big garden and in each of her small gardens put
4 seeds each. How many small gardens did Emily have?
seeds_total_planted =29 Direct Reasoning at at procedure 3
seeds_total_planted = seeds_big_garden + X »
Output # According the context,Store the result value as a 'answer' variable:
seeds_small_garden _ . )
answer = (total_seeds - big_garden) / small_garden
seeds_left = seeds_begin - seeds_total_planted 4
small_gardens _had = seeds_left / seeds_small garden v
Input [ (d)If Raj was one-third as old as Rahim 5 years back and Raj is 17 years old now, How old is Rahim now?
#Define semantic variates with values and the implicit variate by sympy in Python Code:
# Let's use the following equation to solve the raj_.age = Symbol(‘rajAge.') o
Output i rahim_age = Symbol('rahimAge') Unknown Variables at procedure 1
equation . x years_back =35 v
#(1/3) * (Rahim - §) =17 Following Stage prompt:
equation = Eq(raj_age - years_back, (1/3)*(rahim_age - years_back))
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_______________

R R 2 1) TAE 45 & 1R s BRIk AR AL T
PR AT LLMs BB RS, SRIE T AR/
K e R A M. 1212 0L A& TR RE
261, flan, Yao 25 NUSHEH React 745 &%
Z T H AR HURTR 35 B 8 5 A IR 85 R R Y
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| procete =t . ) i

Pl |

Suzie loves to chew fruit-flavored gum. She bought four packs of gum the last time she was at the store. She got two packs of her
favorite flavor, strawberry. She paid $2 for a pack of grape gum that she also liked. She wanted to try something new, so she paid half
as much for a small pack of green apple gum. if she paid $7 in all, how many dollars did each pack of strawberry gum cost?

e ——————

GPT 3.5 Program Agent
N
d b

i (c) Reasoning i

procedure 1 skill:No Need to Import:Do Nothing
procedure 2 skill: Constant Assignment

) &

Question J€

Code:

PromptAgent :# According to the Problem, we can
assign the values to semantic variates in Python

‘ ReflectionAgent:# Read the context,solve it completely in Python ‘
Code:

ProgramAgent:

Program Agent

--------------
PO

packs_total =4
packs_strawberry = 2
price_grape =2

cost_strawberry = (7 - price_grape -answer)/packs_strawberry

ProgramAgent:

ReflectionAgent:# Read the context,solve it completely in Python |
Code:

ProgramAgent:

procedure 3 skill:SubQ Decomposition

”»

@

completely in Python Code:

PromptAgent:# sub Q1 How much did Suzie pay for
the green apple gum? Read the contextsolve it

ReflectionAgent:# According the context,Store the result value as a
answer’ variable:

ProgramAgent:

Fail

answer = const_strawberry

ProgramAgent :

Reflection Agent  Done!

price_green_apple = 0.5*price_grape

Here,we assume procedure 3 break off , let
reflection agent help to correct error

_______________ ! oot >
update ! procedure 4 skill: Uniform Answer
—_— rompt 1
PromptAgent code prom trigger " v
Reflection Agent - - PromptAgent:# According the context,Store the
& result value as a 'answer' variable:

N

trigger

ProgramAgent :
answer = price_green apple

procedure 3 skill:SubQ Decomposition

PromptAgent: #sub Q1 How much did Suzie pay for the green apple

gum? Read the context,solve it completely in Python Code:
ProgramAgent: price_green_apple = 0.5*price_grape

PromptAgent: # sub Q2 How many dollars did each pack of strawberry
gum cost? Read the context,solve it completely in Python Code:

ProgramAgent:cost_strawberry = (7 - price_grape-

price_green_apple)/packs_strawberry

2: PS-GPT 1t =A% R A LE HE BR AR AL B 1) AR 72
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RIE R, PATRIEAA R Fa. [1FILHES

AR LDy 2N, FORMERL. FEPIT.

ZIRAT R N Q A B AR B 44 I AR B TR K R
() E AR TR F R AT i R S B R IA
X ¢ EARMHEAELSE § )5, WA code; 1
JuHEEE D R, HE PR 45 RS B8 oA HE B D IR
[code;, 1%, , HEHILIRLL ¢ NHFUE, DLHIRE R
o TE NG . hmEd @ O, Ky i NMEHED
BIERN ETFXCyy ZHAMER Mp, BT F
FEAR IR prompt, - 1% code;, %0 1S B FE P
Ji % Code HJREFE WA (D) FT7R:

P(codelQ,c) = anLM (code;|Q, C;, prompt,) (1)
i=1

RIS FAE S5 e R AT — BB, R —A
FAES5 T LAY 18] I3 52 FAE 45 T B8 A3 0 0%
Cei = [(prompty, codey)]jZy, BRAEREE TAE 55
IR prompt; F1ICi¥6'F T HE K code: 1ENER i AN HE
HUPBR, [ code: ¥ F—AN i L AT fR UL ) iE B
BAE = AR G g P R A i R . 3R
AE R B AT Code, iR I8l J5 —* code, H
o PUTHER a 1ENE R,

2.2 BikiESR

A SO RE IS R 9 4 B AL AL P B
Bto MEEMBAE A TIEME: T HIEAH(Tool Us-
age). A% & 5F M (Variable Definition). % %5 3
(Logic Reasoning). % % iR [l (Answer Return).
FEAST IS RRAE 55 30 0 S s B e AR MR PP & e A4 by
F5eR, FFRCE T 2 A& i A LU AT e % ]
AE PR HEBR AT %, 1 o ASE A AR PP HE R
BATERET, FR®aRRIEA R R st
N, PP e AR AR HEFE R SORI$ 7R AR e (A
RS R B o WA I R R R R s VR AR
2, AERAREAE R BB R TR T R S
R o X b A — 2% MR T R 30 it 4 P HE P

2, BB REAR AR DR P AR R 45 AT AR L R 2 e
Ji S, B HCT A R B E AP BU iR, 2
Fr 8 RE AR AR A B B RE R 3 11t (0 B2 7= 2 UK L 1)
TRERERACRD, KA BRR A 4 s S e A
HRRE 7 AT TE 7 A5 B B 1A B i K B AL
HEEARR . Foa, A AREBEENZ AT RB
FEFP AT Z R Pl o I A B

2.3 BF4HmKge

AR 7 45 W AEHEBE Y B L T UASF
S, ol THIFH. Tae L. BHEEE
A ZIR A]. Hod T H AR A I 5 75 0 e ) 7
BT B R R A EE L R
AR ORI Ee O AR & PR
TR, T O AR BB D HEREAS 2] jn) 7
HE; BRREFEBEBERTEAR N

x 1 BNTIBRRERBEE skills

procedure skill

1.Tool Usage No Need to Import

Scientific Tool

No Need to Define Variables
Unknown Variables

Constant Assignment

2.Variable Definition

3.Logic Reasoning Echo
SubQ Decomposition
Code Reasoning

Direct Reasoning

4.Answer Return Uniform Answer

N T RIEHEEAR S5 0 T AR AT, AR E
T IUE LHIERE skills, W03 1 PoR. R A
Mk i, ARCERE TR, A
R} T H.(Scientific Tool). 757 § A (No Need to
Import), AR T HPAT Fid 8 T & X E
AL U itertools, math; fEAF & E T idFE,
WHE U, 2l E LB (No Need
to Define Variables), & %17% & & X (Unknown
Variables), 7 & I\ {H (Constant Assignment). ¥
A T HOA 6 & HE R 2% 00, KA EE X
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PFRER L T A HEUE B AR B dh R % F: 12
WA e T 2R (Echo) ¥ 17 & 73 fif
(SubQ Decomposition) + 1% #% #E P (Code Reas-
noing ) A K B #% #E # (Direct Reasoning), H 14X
B4 B AT D DR IE 32 58 2 1 0 R A 55 FH AR 52 1
R 0 8o fif DA S BB HE R 4y 0 R e R4
B, KPS P RNER. TURMER
IR N . Hh SRR AR, Sl E
4 5 i (Compound)~ 1] 4] { & (Question First ).
] /8 15 6 &2 & (Simple) LA & H & (Repetition)!;
EHERREFEERE 7% R % —(Uniform An-
swer) I HGfE, BEHZRTELENER, 4
WU E R4

2.4 RREREK

PR B e AR A T K L RE A AR T AR R A R
PHEn . RIEHAT IR, R sk
E—HIRRIF A REARIRF A4 ) 5 ATl
AR SRR R, 91 S22 eI D 4 P AG
PR TR RN AAFERIE S A R A
Ay RN, BARRS ARSI, RMT
WS K, ATHEZ NS RERY, § &
FEORARE T AR H LA R A R B E . AEIRIIE
5 TR BT RTRT, RAE R RE v Hrp
— A EPRAE I E RN N A

XTEARR, RoREAENE 2 hrdiE
HH A LR RS B0 oK Z 8 — AN lR T 7R
SRS, WX Q)PTR:

prompt; = Map(skill}) (2)

skilli 72 25 | DA% pi FE3R 2 FO0F B 1 [ A
HoRe, MR X — H Ak AR 30 A 5RO &
prompt;, HH 1=i=4,

N TN R R LR HE A R, AR S
WE TR RSy, Rl HAh R R R Y
SRHEFAE ). BLAh, BT TTIA R DR Y R iR
N T4 LLMs HAth 7 1 B 6e 77, AT H
AN F A R R R TR R — . B, B
PEAE R e AP I T R AR AU R — AT
RSN, BERERREAEERTE. KN
AT RN T AR PIE S AR & SR
YRR T 10 RR Oy fifk BRI AR R 7 58 B3 iR

RS, ARSI R, WG hs:
prompt; = LLM(Q, skill}") + Map(skill}) (3)
Map Fos Ui FidfE pi £E3R 2 Frih B 1) 457 g

$&7rprompt;, LLM FR/RFIH LLMs 3 T3 58+,

Reskilly F1 O A Rl BLAR n) B G B AT 9 fg 47w

. B, 7K 2(c) procedure 3 At 3R A2 45

M kAR, SRR Re AR A ORI ST N I #AH 5%

)10 R, AR R AR A 5 5 AR HE 4 A 1) X

iR P

R 2 BRBFRN B R R Map

procedure 1 skill: Scientific Tool

Use 'import' to help you used complex math tool such as it-

ertools,math in Python Code:

procedure 2 skill: Constant Assignment

According to the Problem, we can assign the values to se-

mantic variates in Python Code:

procedure 3 skill: Code Completion

Read the context,solve it completely in Python Code:

procedure 4 skill: Uniform Result

According the context, Store the result value as a answer

variable:

HRYE $27m ¥t I AR B AN e e, s B B
BT R A I (D PR -
prompt;; = PromptAgent(Q,skillij) (4)
NS ) Q LA R — L TE XL Re skills,
M 1 s, EEE R 2 A R DL 5
Tehg. fEHERIP B, $Ron B AR il o M1 it
2 pi PRI A skill; 35 skill; o83 skillf 5y
o) 3 I AR B A B AR B AR AR prompty;, o 150
<4, BARRELE 227

2.5 EFEEES

2 PP 2 RE AR AR 415 7 2 1) £ B 42 7R AR AL B
B S s AR AR . B 1 B, fEHERE
B, Cre R T AR DL A T B Re 2 1R
Fe G5 K BN S HERDIRES, R P R e AR
P A HEBDIRZS B B SCRA KRR BEi 3 e it
MR, AR TR A . G s
code;; = ProgramAgent(Q, prompt;;, contextnode)(S)

FEFF B R 2R Ja, oy bE—T7it
FERI T KL node 1177 SOOF# e BT R BT
T RURIE node J¢ FAH e mi iR S0 £ R X
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BT P 5 M 1) 22 20 RE A W () 0 4 ELATE 42 7

contextpode~ HE7NPEE prompt; UL S N 1)@ Q B
TR HERAE S, A codey. #A)iE
U, TEAERL codey B, i FIiIHE pipis AR
ARG AE 9 2400 A2 pi 0 B R 3C. ES—A
TS, HTME R roor %A EF, Fitk
contextyode = Noneo KUk, A AR AE A8 17 s
REANERAE N R 30, B RAE A
W, MRS . Bl i R R A g ik
D3R BUAE 2% AR TS s 3 739 S BR AR, 15312
MTT .
i1 BRrEmmaaRm

Bk 1 RBRFEam .

i N : Q,skills

fith: Codes T2 7 S5 /M LI PTA 77 %

LAEH— SR, DR E T AL

2.Tree < InitialTree(skills)

3BT AT UAF IR AT LS, AT FIRE p

4for all i=0— 4 do

5. MTIUE I skills R B TR pi W EIIELRE skilly

. for all skilly in skill; do

6
7 prompt;j < PromptAgent(Q, skillij)

8. M E=DFEFE pu B 5 node b30 EHTT R
9 for all node in piy do

10. WML node L\ JE A M RUINAREY contextnode
11. codeij < ProgramAgent(Q, promptij, contextnode)
12. AR codey AF D9 5 i S AE B o

13. prompty {EZESZHT = A node 138

14. updateTree(i,j, node) < codeij, promptij

15. end for

16. end for

17.end for

18. — KRR R AL & i — A 5E#E 1 Code
19.Codes < DFS(Tree)
20.return Codes

2.6 RIEBEREK

S Re AR A 5T AT FR F AL AT A )
. REFRAEPAT TR, ETHBERNPAT
S5 AN 7 s S B AR A R . AT LI &5 R
WAENREE R, BRREN, KR 2 WEERE
AMERNR G ST R, TR R AR AR
PIRR A, ER AT TS, WE 4 5L
2 R

TAFETF J7 % Code #IRFR T A5 MM L — 26

R B R B B R, BT
s R, B PR R AT R, BT
2 5 2 S B R Re AR AR P R me AR b [F) AR, sk
(6)~(T) 7 :
prompt’ = ReflectionAgent(Code, log)  (6)
Code = Code + ProgramAgent(Q, prompt’, Code)(7)

JER B AR T AR RE AR AN g s RS B log
B R R prompt’ . FEF R RS AR AR I PR R
A7 I #2453 B BB /5 1 Code .

T U R RE AR A B R, EE 2(c)
, ABCBCHE R B BUAEPIAT 58 = T R A 55 I ot
W 7T, ERPPATEIRNELT,
SO BEAR IR IR R SR 0 S W AE BT SR,
H B E SRR #E 77 ‘Read the context,solve it
completely in Python Code:” M3 #5 # ¥ it
FEIFIaRAG . P27 B RE AR L T 1X — -8 Code
BB O, 1532 AR T I AR
WALARRS o SR J5 % 24 1 7 3 #2040 )5 19 ARG 0
Code 1 HUHT I T7 R i REER PUAT . B PIIX
AT 15 2UAH [F) 1) B R BT B, B T
HRERRHAE S SR, FEAT T — DT
AR, AR R b i X — I vE ] B
MR 7 s S B sl A R 7 AR A e AR,
Kl 2(d) TR -

ik 2 REAREE
Bk 2 REMAE.
i\ : Code,log,maxTimes¥x KiEAC IR EL

i s answer

1.prompt,answer < ReflectionAgent(Code,log)
2.while maxTimes >0 and answer == None do

3. Code «— Code + ProgramAgent(Q, prompt, Code)
4. prompt,answer «— ReflectionAgent(Code,log)

5. maxTimes «<—maxTimes — I

6.end while

7.return answer

2.7 SBEEFHE

ARILHT React A MGIAHERL ., 4TS AU ST
FEo ANFIRISE, ARSCAE A [F) 8 R A 73l AT 3
BT B MR i F 1 o B3RO0 %2, B
TXAER . BAh, A SCRHERL D RE S 7 09 B AR
RS, BEMES T AT AT,



8 PXEEFER

EE

R SE TR, B T TR
WA, e TS PAT R . B
ki, EHEBEN BRSNS, R Gk
FERRETR T T it es, BRI T 3R
TR ARG Bt B3R A il 84 s i AR AR
N RCER R R, AR R AR TR
J7 45 K ) s M ik R 75 3l W 2(e) s .
FEARAGHT B, IR RRAR RO R 77 & R A K AT 1Y
TTEAE SR RS, R S 15 3 4 s Bl
AR ARIS B AR IX — T R, ik Sy — AN R
EEER) . EARATIX— IR, B2 AT
Hh 45 SR BB B R IR . PRIk, R R R AR
IR 7~ 8 B A4 Wl 7] 70 A B B B AT 55 4 S AR I 46
FIRE B X B b B SR BR AR L) T % Code, H
B BRAR AT A B E, AR AT 25 R 15
answer BUE WIT 7~ 5 1R 7R AR 1) [7] 578 B i
AR AATE S5

FRETR T N 2 8 Re A& W [F] A 2 A R P &5 A R
R SR AT R AT BT R R ME— H A TR
JESCUAT AR, B i i ARk TR
1 PR SE A skill, I Reskill;, HE 1~i-1 A
173 52 3 R R N 5% 1 4 R A A skl o
M, HERE R SR AEskill 5 S R B A Ak P [ 3k
A7 F i BB R RN AR AR AT 55 J5 TV s 1) v T 3
45 context = [(prompty, codep)]ily - 5 EF
B RE R S EE T Wskill N B2 SRR
AT IR R AF, 3B F 1 skill;,
Ub, HEHE BN SCAEON [context|=TTLZ, |skilly| -
77 Z8 BB HE BB B AR A 1 0T AR skill B 98 R AT
%o~ N|Codes| = TIX, |skill;]. HFKER 7T
A%, AR RS, R4 v
FOREE N AR S — B, HAERMAH Bl
I 5 S B E NPT I — I R R R AR AR
PR, BRIksE SCAE 2.1 5 FF R HE D IR AN 4L
k=Ko )5, REILFEMN Codes HIHATEE R
%65 I B I 2 BB AR D TIN5 56

3 Stug

AT AEE R AR, KR BE . X

! https://chat.openai.com

Eb 795 DA S S it 8 R, e S 06 45 SR AT 0 T
3.1 BiEE

2% Liu AP TAE, ASCGER T AR
B K 1 B4R 45, Bl 2 AQuA . GSMSK .
SVAMP. MultiArith @158 3. HAF# Data £IREL
WEMBAK, # Step KR EMIEESE, *
Foon BT B0 R SO TR R TR RIS A5 7

® 3 LRBIER
Dataset # Data # Steps
GSMSK [28 1319 3.25
SVAMPI 1000 1.24
AQuADBY 254 >= 3%
MultiArith(3"] 600 2
3.2 XWIRE

AR Python F2 7 4F 4 BEAD BRI v 8] 32
R, I HEREZRPAT IR AL S . Sympy &
RO T AL BEIX L E B R DR . AR SURT L T
GPT-3.5' LI T 0 i i S mg sk &5 e N T
AP, EfER LLMs B, A E T 2501
I JEAH Temperature 50, KFE % sample 4 1.
HEWE Ace BAE NG IRER WX @®) . H
TQ 7 TN 2 28 F bR 25 25 S AH S5 1 In) @ 40 52,
DN 7 5040 52 1) n) R 2

TQ
- 0,
Ace = 5% 100% (8)

3.3 B AZE

T AIE PS-GPT J7i A &, A SCR DA
NITEAE T R 2K

CoTP™: CoT Jjikilid 5l N— R 8] D B%,
gl M PP A R R A SR

EoTR:1% 77 1544 F — 4128 & A 7 72 1 5 B =X
HFRIE H O KRR, EHET
XL SE AL CoT HIFEH T /2, FFAEMRRERS L3
AT THE AT FE SR A

EchoPrompt!!'™:1% 77 ¥4 th 7E BAE AL /R CoT



43 -

BT P 5 M 1) 22 20 RE A W () 0 4 ELATE 42 9

WET, #&7 LLMs M HEEER . WA
B A R DL K A ) — s Ok R E
IR, FRES AR ) AN AR RRE A,
CoT JiEHEBI G B AT L.

SelfCheck): 1% 77 V2 2 i 78 T A AR 3R 16 70
B B RS £ 7 58 o J sk ek 20 A A R R iR A A
HREMA M, LLMs Gef A H SR 7 B4R
VU R, 55 3 AR 7 7 SR AS TR AR R &
RTINS, T2 i 1 S 28 IR TR0 P e

PoT!®): 1% 77 vk & 3 FH A2 /5 4 wp e 23R
NHEHUD IR, ¥ 8RS BT I R AR PR
N HAE PoT H .

BT AR T EREEREARR AR E TR
PR, KK CoT. Echoprompt. SelfCheck 7E
FHF PR BB NS RAE AT L. {H PoT 2 i 1
I s FE DA J BoT A8 &8 SCid F2 A 8t T 40 45 AH
KRl FHAR G H T /IMERIR R E T
i, Wk 4.

3.4 SLIGHER

mE 4 o, R ITIEE GSMSK.
MulriArith E 3328 T 2.1%, 0.5%, BiEAC
(7735 = 7 LLMs 7EA A e B2 807 A 55 B HE
PEEE ). bAN, FEVA MR T R A AR )
EOIREBIEOL T, AR SCHI T VETE AQuA I 1 HEH
RIKENT 50.0%, B 7% BRI AR TR AN [F) 50 2 ]
R A FEH AR Z H RSB, B —E il
HAtE. REEIRHERE EchoPrompt EA—ANFid
TR B A HILTE 70 7 v, HARSCHY ¥ AE
SVAMP Ll Re, BB —cmekt.

B Ja, RSO EAE A SR 48 ESEBL T & s
PR RE VLB A SO AR T AN R v A
BEk, ZREdEE T LLMs EE
CoT. EoT. Echoprompt Z&3)ff H CoT &
T LLMs BIPERE. AFIME, EoT Hikigig T
CoT fif ¢ 75 B K H 2% [ @ 1) 58 /1, Echoprompt
JPESe X 0 AT SR PG CoT #EHE, 358
T 7N 0] R ) ERAR RE DT LA RO Te R AE BB
PEo FHELT CoT J7ik, ASLAE GSMSK.
SVAMP. MultiArith ¥(#54E 73 Rl F+ 7
3.6% 2.7%- 5.9%, IXIGIUE T 1 AL 7 il 4
SERCTH BRSO ke Re . SR, AR
AQuA 45 R CoT ik 1.1%, it bk
I €7 TR S e e SR Sy U O WP i Ok
ZRIEANBCFENESR, FILRE PN R
LT T 7B e X K@ EptEee. EEA
X PREI ISR, 7R AQuA LRIRIBLTT
e T 50.0%% 61.4%2 (8] XLk BoT, AICH
J7E#E GSMS8K. SVAMP. MultiArith F 28
SRR T 15.5%. 13.6% 20.7%, {H7E AQuA
IR LR ZERNEN . X551 R, EoT Jrik
15 H & SCEARAE FRA MR RS, HE—3n
T (1) 338 58 7 v M DAY A B e 2R AR 2 S K ) A
REEHEEE L. Bb4h,  Echoprompt H7E
SVAMP I B3 Fl AR SC 7 i AR W B 1 e, 7
GSM8K. MulriArith F£5 5, PS-GPT 4%l
T 2.9%. 3.0%. 45iH LRB A, AT H 4
WA&: EoT. Echoprompt &5/~ AR 5% 7 74 fg
g3 m LLMs 5 —R8 7], (HASCH rikEd £
HReH BB EGAFIRREAR, BB
LLMs 256K .

X 4 BETEMLHER

Method (%) GSMSK SVAMP AQuA MultiArith Avg.
CoT! 75.7 80.5 51.1 93.4 75.2
EoTl2 63.8 69.6 46.7 78.6 64.7
EchoPrompt!'l 76.4 83.5 50.8 96.3 76.8
SelfCheck!?™! 74.4

PoT(1 77.2 79.5 49.2 98.8 76.2
PS-GPT 79.3 83.2 50.0 99.3 78.0




10 PXEEFER

EE

PoT F SelfCheck 7 127 Al 1R 4502 HE B 1n] LT
BT HAT K mAETE 5 A RIE PRS2 . PoT
15 FH i 850 fife 1) 38 9 R i) R o AP R O
SelfCheck A MEZANTTHR, FETBEL M50 Bt
BERREMTEE R, 4845 PoT. SelfCheck 1E
GSMSK LHI&4E ] LA B, SelfCheck )43 B B
Tor A5 DL SR A% 52 27 R B L 35 AN R /R kb B AE A
IR T EG . RUMER/NEEARSER T B PoT J7
LML, AR T EE T EREARRRNARE
GSMSK. SVAMP. AQuA. MultiArith %44 b
Eb PoT & 1 2.1%- 3.7%-+ 0.8%-+ 0.5%. Xi{H
PR B R AR 2 PR R BOR B 4 R [ A SRR A
JEHRR, ¥ CoT 1 PoT LssR k% —, I
122 F R AR FALH T R4 T1ER .

3.5 jHRESCIS

KRR FIERE . 2 H R DL AR B ik
BRA MM, #AT TSR . B E R A
GPT-3.5 WIRLA, A3 HTERAEE4E LR
FKRET 100 %095

K5 HEERER
Method GSM8K | SVAMP | AQuA | MultiAr-
(%) ith

PS-GPT 80.0 82.0 61.0 99.0
w/o skills 62.0 59.0 33.0 96.0
w/o procedure | 37.0 52.0 42.0 61.0
w/o

41.0 70.0 55.0 99.0
Refinement

TH R SE G S5 AR 5 FTaR . "w/o skills" R
Mk T 2 A HRe i E, HIRE 1A RN
M HRE: "w/o procedure" s MM BR T T FE %
BRI EERRA, JR8H B R A — k42
NAERMGEFEH; "w/o Refinement" 3% 7~ it i 140
BB, DUASF I R 45 R JE B 4 AR P AT 45
R
3.5.1 Z HRe A At

N T AR A I SR A A [F e A R,
AT TR Z A Hi e B R RS . fEIX
ASSLEe R, RSk AR R AR [ A R R ) R £

BE, EETHIFM FIREERRERZ A, A
Pl , ST 3RAFRIAR S 7 1R A R B s I T
%, LRI, AR E L@ a7 i 72
I3 S B R IREARN BN 20 30 7. SRR
SRER, MR T AR REERE, FTIEE
GSMS8K. SVAMP 1 AQuA ¥4 445 L3R
%7 18.0% . 23.0% A 28.0% ; My 7£ faj B i) i 4/
AT 55 MultiArith - AREFFXT F2 2 K F

KICHFEFER S N ZA TR, HEREN
FEFRERES, N TR —8HRfER, A3
HAT TR FE R E 5. KRB EE L.
SR, F IR R B X S Rl R AR AR
JPAE R BT RS, BB NI ECRFEA R 6
MR, RUESG T RECR 42, SHRLERE
B, MBs T it FE i B o M E A PS-GPT 7E 144
Hiage LR, £ GSMS8K. SVAMP. AQuA
A1 MultiArith DY SE B0 F R T 43.0% .
30.0%. 19.0% A1 38.0% .

3.5.3  MRALEY B IIAE A

R P BB YA T L #E, PS-GPT #] BATS
BB RIMRRTT Z, R BT REAR TR PR fe A
P lE) 5 O B L R AAT 45, BEiE— Bt m vk
TERJ i - I HEERRE 1. N T SRR AL B BT
BRME, AOKMERZ EHATHS RE SRS .
AHATRACHIE OL T, (R R AR
H AR GSMSK b, JiEMITERE TRE T 39.0%,
H7E SVAMP. AQuA L#BH /NIERER) . X
VLML Bl i TS R, U H AR E 2
HARBHEATS LRETHEEEH.

3.6 REISHH

Wi s, EAGIAEREREKRFHILT,
JE B R B 1 A IR TE 2 Cat the
park’ . BRI AR, (EZHEHEMHTILRERE
R R BRI AVER, B T ‘Now’ IEPRA
THERGE, ESTHREESR. Ui R
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BT P 5 M 1) 22 20 RE A W () 0 4 ELATE 42 11

R ) 77V e e A R B FH AR HE B ) AR .

wE so)s, EZEMEREFIERET R T
BiRTi)E, wHEdESEERene XML,
I H e R HIX Bef5 BT G SR . YA+
W ARRHEBAE S50 I, TSEREAT T R BA A
AR EE SOX BN E ) TAE, RN T 124
HERE ISR, BRI S 1 OGOk I AR B SRR
e ReAE FH s o

W S5(c)fas, S B Re R A A ACRE 4 B 4
REMIFE7R: ‘Read the context,solve it completely in
Python Code:’, #2&/~H% 7 & RefA g AT 2 B HEHE +
SRR RTERAMES . HESER, WEHESR
G —H e rFER: “According the context, Store
the result value as a answer variable:”, CLHf{RIT
Fu e B, X — W E A U R E TR,
P AT AR BRI

ARSCHR M T TR e S5 A 2 8 B4R P [
Ho) SR B HE Y A B2 A BEAE AR 28 (PS-GPT), it
HEHAR S5 o HE BB BOR AL B BEE G HERR AR
PRI 55 37 B e 1 o s S8 8 e Ak DA SR e
RER T FISE . FEHERERT B, AR5 20 NPT
Feo HTASCR 7R Bik. REAZEE
SCRERE 7 0 B AR R 7 I AR, R R
BRER BT IR, T2 B RE M AE A AR I 3
TANFHER AR, 42 LLMs fEXCAHERAE S5 |
Mg e /1. B OB REA LS & R
a A D R eE S, R B A R, e
25 R BRI o R B RE AR ARG S 7 A AR
BB R T R EFFARRRE T, %
T2 B R FHER A7 ik 5 1 ORI T R
AN FIVE,  REAE AR DR AN [ e P58 R SRS 7 ) o i PR
£5% -

AR HIBTFCRT LAY J 43 e v B U b T REA TR
AT, BLE B 2 SR B e HE AR S5

many more wrappers than bottle caps did danny find at the park?

(a) Danny collects bottle caps and wrappers. He found 11 bottle caps and 28 wrappers at the park. Now he has 68 bottle caps and 51 wrappers in his collection.How

[ N ool Ot with ok l] Foho af mroeodure 3 1

- Model Qutput with skill Echo at procedure 3 _

difference= wrappers_at_park - bottle_caps_at_park

# Given that Danny collects bottle caps and wrappers. He found 11 bottle caps and 28 wrappers at the park. Now he has 68 bottle caps and 51 wrappers in his
collection. How many more wrappers than bottle caps did danny find at the park? Read the Context,solve it completely in Python Code:

—. _ Model Input

__________

How much will it cost to paint the room?

(b) Tony is painting a room with four walls. The north and south walls are 10 x 8 feet. The
east and west walls are 5 x 8 feet. A gallon of paint can cover 20 square feet and cost $12.

(c) In the first half of a soccer match, team A scores 4 goals while

team B scores 2 goals fewer than team A. In the second half, team

import itertools
import math

# Define variables for the dimensions of the walls
north_south_length = 10

north south height=8

cast_west_length=15

cast_west_height =8

Python Code:

# Calculate the total area of the room:

total_area = north wall + south_wall + east_wall + west_wall

# Calculate the number of gallons needed:

num_gallons = math.ceil(total_area / gallon_coverage)

# Calculate the total cost:

total_cost = num_gallons * paint_cost

# According the context,Store the result value as a "answer' variable:
answer = total_cost

# Use 'import’ to help you used complex math tool such as itertools,math in Python Code:

# According to the Problem, we can assign the values to semantic variates in Python Code:

# Given that Tony is painting a room with four walls. The north and south walls are 10 x 8 feet,
while the east and west walls are 5 x 8 feet. Each gallon of paint can cover 20 square feet and
costs $12. How much will it cost to paint the entire room?Read the context,solve it completely in

A scores 1/4 of the number of goals scored by team B, which
scores 4 times the number of goals it scored in the first half. What's

the total number of goals scored in the match?

. Model Output with Refinement
# According the context,Store the result value as a 'answer' variable:
# Calculate the number of goals scored by team B in the second half
answer = goals B * 4

# Read the context,solve it completely in Python Code:

# Calculate the number of goals scored by team A in the second half
goals_A_second_half = answer / 4

# Read the context,solve it completely in Python Code:

# Calculate the total number of goals scored in the match

total_goals = goals_A + goals B + goals A second half + answer

# Read the context,solve it completely in Python Code:

# According the context,Store the result value as a "answer' variable:
answer = total_goals

K5 RZEIorsae. TR, ek BEH
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