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A knowledge-enhanced method for complex task decomposition of agent

JIN Zong-han"2, WU Li-kang"*, LIU Yu-xiang®, HE Ming*, ZHAO Hong-ke':*

(1. College of Management and Economics, Tianjin University, Tianjin 300072, China; 2. Laboratory of
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Abstract: LLM-based agents demonstrate impressive capabilities in language understanding and reasoning but often
falter when facing complex tasks involving domain-specific rules. This limitation primarily stems from the lack of
explicit modeling of expert knowledge and dependency constraints, leading to illogical subtask sequences, planning
hallucinations, and structural deficiencies in domain knowledge. To address this, we propose the knowledge-enhanced
task decomposition (KTD) framework, which integrates knowledge graphs with chain-of-thought reasoning. By
constructing dual graphs that encode both domain constraints and expert knowledge, the KTD provides structured
guidance for complex task decomposition, enabling the generation of semantically complete, logically coherent, and
executable subtask sequences. Experiments on three multi-hop QA datasets (2WikiMultiHopQA, HotpotQA, and
MuSiQue) demonstrate that the KTD consistently outperforms mainstream prompting methods across various Qwen2.5
model sizes. Notably, in the low-resource 1.5B setting, the KTD achieves up to a 13.86% accuracy improvement,
confirming its effectiveness in mitigating planning hallucinations and addressing structural knowledge deficiencies.

Keywords: large language models; Agent; knowledge enhancement; task decomposition; planning hallucination;

multi-hop reasoning
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Extracting Prompt

Your task is to identify entities and relations from the provided text, as
requested in the user prompt, to support the construction of a knowledge
graph for multi-hop reasoning.

You must generate the output in a JSON format containing a list of JSON
objects with the following keys: “head”, “head type”, “
and “tail_type” . The “head” key must contain the text of an extracted
entity with one of the types from the provided entity types list in the user
prompt, the “head type” key must contain the type of the head entity which
must be one of the types from the provided list, the “relation” key must
contain the type of relation from the provided relation_types list, the “tail”
key must represent the text of an extracted entity which is the tail of the
relation, and the “tail type” key must contain the type of the tail entity.
Attempt to extract as many entities and relations as possible to enable multi-
hop reasoning across the text.

S
relation” , “tail ,

Based on the following example, extract entities and relations from the
provided text.

Output
“head” : “Animal Cell” ,
“head_type” : “Concept” ,

“relation” : “hasPart” ,

”

“tail” : “Mitochondrion” ,

|«

“tail_type” : “Concept”

AR AR e BRI HERFR L.

FE3R 43t Prompt JXZ ) LLM 2B 45 R 5, A
SORAF RN S 5 IR R R B R R FIR I
W = e AL R AR R IEE, LA ItL
=TT AAFE TSR A SRR 2 RAE B,
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=2 SEURRRSGT

SR & SRR (Semantic TRT)
Person https://schema.org/Person
Place https://schema.org/Place
Organization https://schema.org/Organization
Event https://schema.org/Event
Time https://schema.org/DateTime
Concept https://schema.org/Thing
Work https://schema.org/CreativeWork
R_3 LSRRG
ZIRPH 5 SUbRIR (Semantic TRT)
hasPart https://schema.org/hasPart
isPartOf https://schema.org/isPartOf
before http://www.w3.0rg/2006/time#before
meets http://www.w3.0rg/2006/time#meets
generated http://www.w3.org/ns/prov#generated
sameAs http://www.w3.0rg/2002/07/owl#sameAs
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Head Head Type Relation Tail Tail Type
James Watson  Person  CollaboratedWith Francis Crick Person
University of
James Watson ~ Person WorkedAt n1vers¥ yo Organization
Cambridge
James Watson ~ Person Bornln Chicago Place
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I FE AT — P sz R 05 FE 1K) LR, AT RIE N

U <ea7 Ty eb>7

d=0

€, € By, e, € Ne,). (3)
Hr: B, Y MR AZ NSRS, Ne,) Ntk
e, AR EE SRR LA (e, 7€) ARG 1 =0
W, MW EY BURE D, W UCPEE L ES ES
TR SORE DA, R G R
A NS s B AR BT BE I, |
AT ERIGFTAE 55 s, 008 B (R RN VR G 5 SCRY,

Subgraph(el, D) =

i
Knowledge, = |J Subgraph(e;, D). (4)
k=1

TZ IR ST AT AR S 46 74T 5% (R A5 kb 7 A3 S
YRe, 78 55 HL T R 2SI BN SCEA ATE 2R K
WIR A B AR R TR, R a8 T
% s, B AR B 58 SOR, R A B g B SR
R BRI E L RS HR, N TR S N A DL
AT Z AT 8 SCE AR R IR, AMUAEE Xk
WHRFAFAE S AT B, B R TR S RIEFF AP
H AR FZY 3, 38 G0 i 2 R AT 2% B AR 38 5¢ 3 AT It
PR R, EH AR FALSIT, 5] 5458 535 AR A
T RIS R B A A — B I AT 5 Rk LIRS
LIRSS PAT B8 AL, 40T P
S’ = Re(S, {Knowledge!"_,}) = {s7, 85, ...,5,},
(5)

(b) AR5l Lttt

A IREENFES SRR FRIERTZ

HoA Re(-) it 45 A BT AR 32 A 1) 45 34 P ARS8
T4 6] BRI JG 9% 3R 20 5K DA B 03 PR (1) e £ S i S
SEH AT 45 4 (A5 1 RHE . 3@ ik iX Al iy v, (1%
(Y PHAT N 45 A B AT 25 ) 1) S IR B RN £ SR 2% A 3
1T, BT 55 ik B4 12 48 — S f AT
ATATE.
2.3 R BT IZ AR

AT AN A WAL JE AL S 7 5 R
SANPEA e o B HE R B AR, B OR BT A 1) S S
TEZ 48 25 M ANHEEE 24CR _E 3 B v S A
2.3.1  ARJE B RRREX

4 (CoT)P 4818 & JAF &5 SR 7% o,
I AT 55 B e 48 R &8 1 10328 i 4 3 B A7, 18
W — R Y EAAE SCE T HERAT AT RS
) F8. FE I RG) 322 1) AR 8 5 AT 55 0 R HE SR v, RO A %
HH 28 2.2 A AL JE AL 55 7 SR R, o B
N

S ={s\, s, ...,8}, (6)
HABFAFAESS s, BN 1E B 1 R o (B 290
IR 2 PR R AR R IR ) 1 T AR i T SO
ERAE AT PAT A B D B, 1X 281 AF 55 17 41 3L [F] 4 %
fif R — A2 B AT 55 1 e B R R AT

TE 2 Bt 2 R A AT 20, AN Sk % DL R 4E
FEVE N LA 5 A AT IR SR S, MRT 4k
B (ToT) 5 JHER] (GoT) 55 2 73 3L Bl EPRHERE S5 44,
A AR 1 SE A HL A% B v ) 5 R AT A I AT T AT
.

SIRATSS T IR Bl IR HE P AR e Al 1 2
PRATIR R INRHE, (H2 5 S BUE R B AR AE 7 3038
i 2 4 55 1) R, AR TR SR UE SRR AR 26 1 5K
AR E B EPEAL. 2R, RS TAL 575 ik,
FLAE i AR A 75 SR AT R 2 HE LA R TSR Y R
SRR 2 )i 1) 7R, 3 T e A HE BB 1) o & AUk,
AR SCHE A — BT OO0 5 A I B T = VT A AR
28, i it 5] N\ B YEBE 17 % 45 Evaluator (), S0 (B
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EHERE AR 1) 2 4 B . H A A O, Feon — AN 1 0 08 23 36 10E 1) = o B S 4

+
£

1% 0t 1% 2% Prompt L2 5 /b & /& i & FF A
T, (515 KIE SR A& SRS 5 T XA
YRR HES R AT LR A A Re 7). HAZ O H AR 2
P25 58 A ANAT S5 T ik 4RSS O e T2 A 1
IR A, USRS 58 A AT Z2 400 5%,
NI )R 12 JBAEBE 2 15y e o HE LR A2, )

Score = Evaluator(T',C, A, A*). (7)

HARIE, 1L 4318105 — &% T Prompt KITEAG
AR, WK 5 PR, SR EH 88 B m BT RS WA
PERNEE R —8ME 3 N TH: B, K R YR T
A 55 18] 52 753 1) J I BT PR BE, 8 S 41 2 v I 3002 4 Bk
B SR, VRS G N 22 15 Re 8 78 0 78 i SR AR AT 55 1
T SCELR, ORI AR B A S5 b 1 5 A
e, W R AR AR B R A SR ER R A
FRREACARE B2, S 7 FLAE 2R A ) R 5 775 0L H A, M
T 4 TR VA3t 1 34 JEL A P 2880 R ] .

=5

Evaluating Prompt

BYEERETAIRE

Evaluate the CANDIDATE CHAIN-OF-THOUGHT (C) in the context of
the INPUT TASK (T'), its GENERATED ANSWER (A), and the
REFERENCE ANSWER (A*).

Provide a single numerical score from 0 to 10 (decimals allowed).

Output only: SCORE: z:/10
Evaluation Criteria:

1) Logical Integrity: assess whether the reasoning steps in C' form a
coherent and self-consistent logical chain without contradictions, omissions,
or circular reasoning.

2) Task Relevance: evaluate whether the reasoning process in C' fully aligns
with the semantic intent of 7" and appropriately covers all key aspects
required to solve it.

3) Answer Consistency: assess whether the final answer A derived from C'
is semantically and factually consistent with the reference answer A*,
reflecting correct reasoning outcomes.

4) Clarity & Executability: determine whether the steps in C' are expressed
clearly, can be operationally executed by an intelligent agent, and lead
feasibly from 7" to A.

Higher scores = better alignment, completeness, and reasoning quality.

232 B4EEREEER

207 1915 2 (A BB 4R SE K i R A SR A

H, Myl Bz )z . R L, AL PR U
M={C,,C,,...,C,}, (8)
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B, BEWS A A RIA H AT A5 IO B AR X Al i
YEEAMUATIE NS BREAH T RE SN E T
$8 58 3O ] R TR A A B AT 45 e ) B B A
HER .

B R AT S50, i — B T
2 IR R AR S B SCH R A S, AR SOk
JR B YEREEAT £ R BRI, RGUKRIFHIE L
LB V5456 LLM B ECTh &8, a4k B 4EsE
IIEC— AN B NE S RR A, MR 5 F Ak 1)
FRZRAR R, A DY R AK 1 i B LT R
(g, T A% SCR R ARG 4544,

W 4 Ffis: 78 SehrdfE it fE v, 4 R iR ek
B —ANFE AT SN, RS E S AT 55t
FPAE oA, RSB 2 G, TR B4
i 2 1% N 5 A E 1 Top-k 26400 5 B 4k
B, XA R 45 K AR S RN LLM KI5
BRI, SR AT A K HE R R AR A A, T 1Y
58 24 BT 55 ROME BRI FE A A

ok S A 12 PR 2 SR AL I R
KTD HEZLREMS (L BF 56 5 AT 55 K fif v, Zh A Hefit s
JR R HERE 22 B 4%, A PR TR B AR 18— B
P AT 4538 M
3 2 B
3.1 SEIRIE

N EGAIE AT 4R H SR B A 5 4T 55 o0 R T VR
1 80, AR SCIEEL 3 A AT AR M K 22 Bk 10 25 24
B HEAT LI Al 2WikiMultiHopQA"™ ", HotpotQA™
A1 MuSiQue”, X B $ 5 4 1 LA & 5 HfE B A I 0Bk
0%, BRI SO (S B B SR RIS B
PSR LR 5 B ). A UK FHHER 2 (Accuracy) 1E N
T BV TR bR, DU A A A R SR MR RN
UG

FEASE AL 3 B 07 T, AR SCR F AN TR 2 O 11
Qwen2.5 R KIEFHEMIE N B, 45 1.5B.
7B A 14B 3t 3 BlRIEL, DL 2 G0 Hh o) AT A5 R R AR X
F 55 4 ff RHE B PE BE I 2 . R — B R THIR AN 1)
ZWLAE, A2 5] N Qwen2.5-72B 1 g BB ) A=

5590 i I
g

R SO SR KRRl

El4 RRBYEECIZEFHMERIRE
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xR E41%

B S IR o AT VR A, AR OR X R R i P R i HE
HiH 5.
3.2 XTHsER

RIS UE BT B 5V B S, AR SO 3 il
AR NE 1 % 45 HE BEIE LR Oy kB AT X L, 3
COT"" ReAct™ FI Reflexion””. COT i i &t = 4=
e ] A 3 2 U5 3 i HE L — 350 PE ; ReAct &5 A 3
530 5 1 SRR W AT 45 38 B Reflexion 5] A & /8
HL, ST WILG 5 H AT E 3RS IE, AT ST 2 v
.

# 6K KTIDJ % f£ 2WikiMultiHopQA.
HotpotQA 1 MuSiQue =™ 2 Bk v & Fll & J A 55 %k
P e LB AR R I, IF 5 M AT 3 ) Prompting TR
B (COT. ReAct. Reflexion) 347 % Lt.

H% 6 AW, £ 1.5B /MBS B KTD 7£ 3 4~

6  ITLICIE
it

AR Tk — - FHE
2Wiki HotPotQA MuSiQue

COT 0270 0370 0.135 0.258

ReAct 0.300  0.403 0.139 0.281
Qwen2.5-1.5B-instruct .

Reflexion 0.303 0.410 0.138 0.284

KTD 0345  0.426 0.152 0.308

COT 0.404  0.610 0.232 0.415

. ReAct 0.460  0.641 0.274 0.458
Qwen2.5-7B-instruct .

Reflexion 0.473 0.643 0.290 0.469

KTD 0.498  0.654 0.298 0.483

COT 0.456  0.664 0.270 0.463

ReAct 0.561 0.665 0.339 0.522

Qwen2.5-14B-instruct
Reflexion 0.566  0.686 0.345 0.532
KTD 0.580 0.715 0.357 0.551
COT CASE

R4 ErHIE BT 0.345. 0.426 A1 0.152. M4 T
B % 2k 77 1 Reflexion (0.303. 0.410. 0.138), KTD
S HIERTET 13.86%. 3.90% 1 10.14%. X F£ ] KTD
TEAR Z B T ATD SR RE % A R0 B B 4T 25 45 1.
BE RS K A 7B, KTD 7E 3 MR Fi#E
e — 2 2 TF & 0.498. 0.654 Al 0.298, #H % T
Reflexion (0.473 0.643. 0.290) 27+ T 5.29%. 1.71%
F12.76%. 25 TR, KTD Ref% 5 78 7 Hu I FH o 2540
BORVE 5 AR R IE Re 77, 513 Halb A7 B s 2k 1
T 45 R AHEH $004T. 7E 14B f KA AL | KTD 1
2Wiki. HotpotQA 1 MuSiQue _F 43 5 B 53 T 0.580.
0.715 F1 0.357 B4, AT T Reflexion (0.566+
0.686+ 0.345), FHXT & T+ T 2.47%- 4.23% F1 3.48%,
H A 7E HotpotQA F #5343 &+ T 2.9%, &7
KTD 5 5 BB K5 5 BB 25 6 J5 72 28 1 3 Bl [R) 2%

TEFE 5 Brom B S5 s, KTD 558 18 Bl i
ARG SR, B B ERR E 7 A% 0 SR ) 4 R
—— W B AN SR Mg R 2 1) R 2 ANBIEN St
Peter, JJ& T 450 1 iR PR 1% 5% BBk 25 4 3 X 1) 2614 45
KRB IR I AR 55 I R IR, RFEZI R G
Z IS o N R -0 e Ao - ] 5K At [ JR) (]
1) 1% 5 AR i 24 T M A T RE R X T 1929 4 2 H
IDWEEEREXETES S SOP) Wk AR E S

2% 245135 W Hb 2 B, KTD HEZR 65 SR
RIZ) oL, FERAMTIER AR ER e, TSR UE T AR 58
X T4 T+ 5 AT 25 HE S AR 14 A AR AR
3.3 JHRhSEE

itk — 20 B IE KTD AE 22 Hh iR 38 s AL il A&

KTD CASE

When did the location of the basilica which is namede
for the same saint that the Bremen Cathedral is named
for become a country? 2 g

When did the location of the basilica which is named

for the same saint that the Bremen Cathedral is named
for become a country? S 2

Thought Process:

Identify Bremen Cathedral’s Patron Saint: Bremen
Cathedral is dedicated to St. Paul, an important aspostle
in Christian tradition.

Find a Major Basilica Named After St. Paul: x
The most notable one is the Basilica of St. Paul
Outside the Walls in Rome, a historic pilgrimage site
built over St. Paul’s tomb.

Determine When Its Location Became Part of Italy:
The basilica lies in Rome, which became part of the
unified Kingdom of Italy on March 17, 1861, marking
Italy’s official founding.

COT 8%

i

Plan: i i
Step 1: Identify the saint |! i
that the Bremen :% - i
Cathedral is named X ! E
after — Saint Paul H e '
Step 2 ... AR '
P wham || s :

Revised Plan:

Step 1: Identify the saint that the Bremen Cathedral is

named after — Saint Peter

Step 2: Find the basilica named after the name saint as
the Bremen Cathedral — Peter’s Basilica

Step 3: Determine the location — Vatican City «
Step 4: Investigate when this location became a

country — February 11, 1929
TAEFKLIE

Final Answer: The location of the Basilica of St. Paul
Outside the Walls (Italy) became a country on March

17,1861. ———

Answer: The Basilica of Saint Peter in Vatican City is
also named after the name saint. Vatican City, where
the basilica is located, became an independent country
on February 11, 1929, with the signing of the Lateran
Treaty between the Holy See and Italy. i) e

Es5 Z4ISKis: COT Z5IF KTD 4l
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FAT S5 7 ff 25 W T 2 Wh AR BRAT 55 R IR, A SCHE
2Wiki. HotPotQA Al MusiQue = /M #i 4 FilkiT &
205 Hi Y A SIS 43 I PE Qwen2.5 1) 1.5B. 7B Al
14B #5784 Bk AT, ik 7 fos. BARGE R

1) KTD w/o KG: #% [ K iU B 1% (1 K 2% F il 4
AN JF AT 55 SO,

2) KTD w/o TD: B8 FRAT-55 73 ff A7 A% AR,
AN 42 52 0 VR K 5 SCAS AN ) R, AT g 3 o PR
fif .

®"7T HBAE

VH RV — AR — P
2Wiki HotPotQA MuSiQue
KTD w/o KG 0.270  0.370 0.135  0.258
Qwen2.5-1.5B-instruct KTD w/o TD 0.300  0.403 0.139  0.281
KTD(full) 0.345  0.426 0.152  0.308
KTD w/o KG 0.404  0.610 0232 0415
KTD w/o TD 0.460  0.641 0274 0458
KTD(full) 0.498  0.654 0.298  0.483
KTD w/o KG 0.456  0.664 0270  0.463
Qwen2.5-14B-instruct KTD w/o TD 0.561  0.665 0339  0.522
KTD(full) 0.580 0.715 0.357  0.551

He AT

Qwen2.5-7B-instruct

7 AR TR, TR BR AR B SR L) S, AR
TR = A0 285 M A R S RE, WA 4548 S HE A
AT FHEHLRE /) B 2R, 75 1.5B #5i% |, 528 KTD
7t 2Wiki. HotPotQA HI MuSiQue I [ 75 43 43 5l
0.345., 0.426 H1 0.152, 2 & H1 A3 9 J5 [ 2 0.270.

0.370 F1 0.135, 735l % T 21.7%- 13.1% #1 11.2%.
BPfsi7E 14B KA b, LBz S PERETIR T 1%
T 43% ~ 7.3%, 3B R0 U0 T4 0 R S0
SN AR B H A R AR, MR G N R 4
B8 BRAT 55 0 fif AP 2 IE AL B, #5828 B AR R T
HRE N, H 2 R R = HEFE PR AR FIR, MR SR eg A T
K, HEFR AR N E. 7E 7B B |, KTD MHE T8
f£55 3 i A (KTD w/o TD), 1E 3 N ¥4 4 5
FETHT 0.038. 0.013 1 0.024, X N =2 T+ 8 FEE 43 551l
8.3% 2.0% H1 8.8%, K M55 73 MWL v A 2 5] 5
TR AR B2 AT 55, BRARAR 1R 2R, $R AR S8 il i &2

AR Rl S8 M U B IE T A AR R g b T
T % T~ - WL OB S 3RS 40 8 = 0 A, 7 LR S
5 3.4 1 S HUBUR A S5
34 SEERMELE: FEREMEAERE

DR FT RN 5 SRS AN o R 4 e R X A Y
PERE [ S M B, AT 70 2 40 Hh 43 #r AR B 9
TRIE DAL 4R 85 50 K 2 80U . il 6
Fiiow, Brdg i KTD HEZLAE 3 ANl 4L LEF AR S
K C AT A T b REPEA.

6 S KK LY HUREE DM 1 FF 4R I,
BBV B R THE S IR, S5 BUR R 2
5 BF, 1 BRI A5 H I Rk . X — IR AT A AT
YRR By R —— BEE Y EUE R
hn, B BT R BRI SR B R B AR EON K, TS

600 800 400
14B
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5001 . 3001 0
Q Q 600} 7B Q / 7B
s s < I
=5 400 5 / 5 200
3 1 S 500 3 1.5B
< < < —_—
300 1.5B o
400t et e
200 L . 300 . . 0 . .
1 3 5 7 1 5 7 1 3 5 7
D D D
(a) D on2Wiki (b) D onHotPotQA (¢) DonMuSiQue
600 800 400
148 )_\(%
700 4B 300! ;
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2 g 6007 7B 3 7
=] 5 e e 3 200f
S S 500} S
< 400t ._7—-]3——-"‘ < < . 15B
— 100 |
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(d) Kon2Wiki

(e) KonHotPotQA

(f) KonMuSiQue

Elo i HUREMBLYERE



1368 = % 5

*

R £41%

USRS AR B G . A e RERCR R |
SE B WoR M K = AN AR BRI AR, Bk
S A, PR HOR R R A B R Y A AE R
Pe B DX T, FC AR N 25 5 2% 18 B AR AT 55 1 52 2% AN
LRSS o

4 & #

SEEG 4 R, BT KTD AE ZE7E A [R) B2 A

R 22 2RI 53 Z5 AT 55 v 35 e B0 e e A8 T 7 e ek A

FasE . MHELT COT. ReAct %5 A28 7715, KTD

I 1N R R 55 23 A U R O, 2 D

SR R (R TG RO AR RN A A 5 A T A

L2 T ) Reflexion Hilig, KTD 3 — B2 TF 1Ak

S5 IR R e PEFNERA M, R 3 L A 1) AR 5% 57

JIRIHEFE 2%, KTD BIAZ% 0 A £ T SE3 1 AR

S5 55 R B0 HLRR S, B A AT R

RI7 A FE T FIRLE], RV T TR RE AR IR TR

SURRAT AR SRARALRE 7. AR TAE T LAY J % B

) ZAEE B AP RE ), L RE Rl S L OE . 155

S UEHE, A PIRTH R R T R SRR
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