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ROLE DESIGN IN LLM-BASED ARCHITECTURE

MetaGPT

MetaGPT Agents Collaboration with Developing SOP
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Figure I: The software development S0Ps between MetaGPT and real-world human teams.
In software engineering, SOPs promote collaboration among various roles. MetaGPT showcases
its ability to decompose complex tasks into specific actionable procedures assigned to various roles
(e.g., Product Manager, Architect, Engineer, etc.).
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COOPERATION OPTIMIZATION STRATEGIES

K AE=HAA|

Decentralized approaches
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CHALLENGES

SOLUTION |

o
PROBLEM ] Extensible Role Instantiation Mechanism
heavily depend on expert insight and HES RUSH| SE A YE S+ U= FE
manually-designed policies - CHFeh EHH0IA = self-organization & coordination 7+s

(rigid and predefined role space)

‘ SOLUTION 2
PROBLEM 2 Prompt Engineering Module

AREXI2| EC(query)E X522 refinementst3] multi-agent
. L collaboration2| 2241} S apA SFAH
users' lack expertise in prompt engineering




HALO'S OBJECTIVE

HALO

2IAEZE22 ElM(workflow search)S £l
CI= of|0| T E A|AE|C] £|X reasoning ZE2E 3= 25|
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HALO Framework e HGH MID LOW

Prompt PLANNING ROLE-DESIGN INFERENCE

Refinement AGENT AGENTS AGENT
module

é User Query “To tackle this complex clinical question, I formulated the first subtask: evaluate the defining ;"-f‘a fail K = Step 1
: _ il : characteristics of the syndrome and determine which of the given options accurately reflects its {1 . !
: Which of the following is true about Cushing's Syndrome? o - : ; |
: ; s . clinical profile. ) ¢
. A.TIt is due to a deficiency of cortisol hormone 2k continue.
g g:l.;::ngedme:;r-;m;:ﬁ _::TET:MMI? mi o This subtask requires a blend of literature-based inquiry, statistical insight, and domain-specific Io | o w |:| @
: D- P I;:;ce. nlznd btk Bk drschandeteriatit ot A medical expertise. Consequently, I have decomposed the objective accordingly and prepared it for 21 Ly :
i P i i delegation. The task will now be handed of f to the next layer of specialized agents, each selected i m = = - SCOrei0.64 SCore:0.75 score;0.85
............................................................................................ for their ability to contribute domain-relevant perspectives.” :
Q) extract ] p i —3 Step 2
i § 1 ] e ' Ll T
5 Prompt Refinement Agent g B~ e e e e e e e e e e e e A Y
i : (= Agent Role: Medical Researcher il @
i Task Type: Knowledge Assessment ' High-level I : '
] | . : question ¢ _ Planning Agent : Target: Conduct a comprehensive review of current |yi—-——-—-—-=-=-=-=-=-- 5 l
. Key Details: _The‘quasﬂnn relates to Cushing's Syndrome with g | biomedical literature on Cushing's Syndrome to extract evidence * q e : ' From Step 1, the top-scoring |
| options provided: A. ... B. ... C..... D. .. i | regarding its pathophysiclogy ... /| ' agent at the node continues | q d qih K
: - o et @ i Final Prompt: As a Medical Researcher, your objective is to 1 E ' to the next step. I _ — _ rrn
/ refine v , ' conduct an evidence-based investigation into the characteristics ... 1 R -l L » WNCGES NUWON  MenERdy:

! I
|
! . Step 3

! I ; -
i Task Type: Knowledge Assessment I . i g : : : : — |
: _ @ , Target: Apply domain-specific medical expertise to : R B P
5 ' - m = s el i interpret the clinical relevance of each option and determine # .8 P 1K o v
. Key Details: The question relates to Cushing’s Syndrome wit : ] ! which statement best aligns with ... 15
. options provided: A....,B. ..., C..., D. .. . o ':"“.'m R"l: | Final Prompt: As an Endocrinclogy Expert, your responsibility is 1B e FI
. Final Prompt: Evaluate the clinical knowledge question belowand s, | to evaluate the diagnostic accuracy of the provided statements .. 1 H ... o W,
5 select the correct answer by choosing the corresponding letter: i o L e S s — | l*' The highest-scoring agent “*l v &
| Question: ] R | T e ——— I:nnfinuu. iterating until h:lskl . @. = q R
| =% : 2 completion or depth limit. 3

I&E Agent Rele: Clinical Data Analyst

¥
' ' |
i 'Which of the following is true about Cushing's Syndrome? : :
) Target: Analyze symptom prevalence, patient data ! . e =,
| )| mh e
l :
I I
| I

patterns, and epidemiological studies to determine which of the #
four options most accurately reflects clinical trends ...

Final Prempt: As a Clinical Data Analyst, your task is to examine
Cushing's Syndrome through the lens of real-werld clinical data ...

! Options:

SCOre:.Q3 score;o.m  score:0.86

i A... : B.. : C. : D.

\_ Adapative Prompt Refinement A _ Hierarchical Reasoning Stack A Workflow Search Engine J




ADAPTIVE PROMPT REFINEMENT

' Which of the following is true about Cushing's Syndrome?
. A It is due to a deficiency of cortisol hormone

. B. Enlarged extremities are commonly seen

| €. Osteoporosis is not a feature

e — AGENT P2 BAGENT P3 § AGENT P4

'@ Prompt Refinement Agent Prompt Template Prompt Optimization Prompt Generator
Task Type: Knowledge Assessment Am !lel|l Agent

Key Details: The question relates to Cushing's Syndrome with
: options provided: A. ....B. ... C. .. D. ..

.............................|.....|...-............................_._______..__.-"Il
G~ F=P(Q) =(T.I,D) Qp = P2(Q,F)
@ Final Prompt o '
O e oy e | F - aCGlobalsemantic Qo :task description slow thinking Sythesizes the
- Key Detals: The questionrelates 1o Cushing's sndromewith | context throughout the i, clear prompting strategies, ~ optimized structure

. Final Prompt: Evaluate the clinical knowledge question below and

select the correct answer by choosing the corresponding letter: entire reasoning ﬂow reasoning Objectives' tOOI ca"ing

- Question . | 1) task type T bounded input instructions,
: :u"E"{\lcn of the following is true about Cushing's Syndrome? . o o
2) core intent | conditions. explicit optimized prompt

,.a N | 3) key details D output format
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INFERENCE ~“-WORKFLOW SEARCH ENGINE

MCTS Paradigm

¢ ™Selection ZZZ
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» SELECTION

== UCT="8317} F7LL, OF%| B0| A|XSHK] 2 . E"E SUF = MESk= 202|F !

o7 HAZH(VK : the score value of agent)
;. XIZNX[2| 24| 2 FS -> B&(exploitation)




INFERENCE ~“-WORKFLOW SEARCH ENGINE

MCTS Paradigm

¢ ™Selection ZZZ
1

g HE HEE =EE = = = -y

» SELECTION

=» UCT="d317} AL, OFX B0| A|LOHX| 252 . E"E SUH = MESH= 202|F !

log A S Sl

Sixl = Kol U2 Sl
¢ .o =0 YE A7} HESFF 40| HH > Ef(exploration)
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MCTS Paradigm

Expansion |
- .

n ~ EXPANSION

| a('H—l)

ag) k

selected agent child agent
role-specific agent
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MCTS Paradigm

SIMULATION

AlE2|0| M2 2I8ll expansion?t agent Zt2te| AlH|7| Ofl 7}At agentS DHSO0{A]
=7t MEE(intermediate output) ykE = CS,
FHe| 22 ojjo|MEo| 2JsH W71 (judging agent & scoring agent)




INFERENCE ~“-WORKFLOW SEARCH ENGINE

MCTS Paradigm

SIMULATION

1. 7t&t OO FE ‘44

u(EIE)"7}HEL OOJHESS AH7} Okl 7HAk(simulated) OJlOJHEO|H,

HALO?7} B} 0] WSO 2 TISHSITIH OftH 47} LIS B EA817| SloH ALRSH= 2

~(i+2) ~(i+3)
a‘k 9 ak I
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MCTS Paradigm

SIMULATION

2. ZEE Y

2t ALE01M OJO|HE a~k() 81 2421 Tk, HRIE TEIE Qv, 1o 7Z51E 2l BH FE
Qleio = wio} B2+ M (intermediate output) & 44

3 =ad (Th, Q*, F)
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MCTS Paradigm

SIMULATION
3. 23 oL £ BEX ofo|HE
7t LEEyY~k(j)2 **5 712 B 0f|0| T E (auxiliary agents)**0i| 2|5l H7}

1) Judgeagent ¢ §j = {success, fail, continue}
Sixl 5kl 0| 2I=E|U=KIE LIEHHZ| 216 AEH 2i|0] & (status label) & 504
0| 22 ME(success), Abl(fail), H|< Z1¥(continue) = SH-}
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MCTS Paradigm

SIMULATION
3. 23 oL £ BEX ofo|HE
7t MESy~k(j)2 **5 12| 2= 0|0 E (auxiliary agents)**0f| 2[5} 7t

2) scoring agent ’5;9) c [0,1]
MPEl AEEC| maky (effectiveness) & $XI1XH O 2 W5t | 9i6l
EZE E<=(quality score) 2 A




INFERENCE ~“-WORKFLOW SEARCH ENGINE

MCTS Paradigm

BACKPROPAGATION

/1 reward signal adjustment mechanism based on the judgement outcome

Egcj = {success, fail, continue}
HAF A2 \: judge agento]| 2|8t 2|0 =0
_ : I A2 AlE2{|0[ Axtof| Chet 4 &
ng:) — ]Child(ag))| = IjE| B

: ~f 1
’U}S) -ng) -- )\(E’fj )) +

()% _ a\?) cChild(a\")
e
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MCTS Paradigm

BACKPROPAGATION

/‘] reward signal adjustment mechanism based on the judgement outcome

. ~r -1 P
ARUSE R G R VR4
a9 cChild(a'?)

()% _
'Uk —

ng:) + IChﬂd(a‘g)N : 715 " (weighted average)



EXPERIMENTS - \_

EXPERIMENTAL SETUP HALO SETUP

1. Code generation : HumanEval dataset
(164 Python programming problems and units test),
o7 HX| H- pass@1 metric (code accuracy)

1. LLM: GPT -40
2.random seed : 10

2. General reasoning : MMLU dataset 3. temperature : 0.8

(57 subjects with 15,908 questions in multiple-choice 4. max tokens : 2048

format with four options), 5. same number of few-shot examples
‘B7}X|H - accuracy, 13% sampling 6. code interpreters as tools in the code generation task
3. Arithmetic reasoning: : MATH dataset (12,500

math problems- 7 subareas with 5 diffculty levels)

500 math problems sampling, &7} - accuracy




MAIN RESULT

CIX|A 1S cognitive overload) &

ReAct=SH-I2| |O|HET} A= 8], =&, B (reflection)= SA|0]| +~245HOF SX| 2t
HALO:= 0| 2FE S 1t 24l (task decomposition), & &% (role instantiation),
o12| 21 FZ(subtask inference) 22 22|50 0J|0|FE ZH HE2 2¢t

HALO= ReAct CHH| CkS3} 22 7H4
- HumanEval pass@1: 69.1% -95.2% (+26.1%)
- MMLU BHEL: 57.6% - 81.6% (+24.0%)
- MATH EZt%: 29.2% - 58.9% (+29.7%)

Table 2: Performance comparison of HALO against competitive baselines across three benchmarks.
Metrics include pass@Q1 (%) for HumanEval, accuracy (%) for MMLU as well as MATH, and Awvg.

(%) for the mean performance over three runs. All methods are executed with GPT-4o.

Benchmarks

Baseline Type Method Structure Avg.
HumanEval MMLU MATH

Single-agent ReAct [11] Monolithic Sequential Reasoning Flow 69.1 57.6 292 520
Static MAS CAMEL [12] Feedback Triplet 72.4 64.3 319 56.2
LLM-Debate [43] Fully Connected Bipartite 73.7 66.3 32.6 57.5

DyLAN [21] DAG + Feedback Loop 81.7 70.1 352 623

Dvnamic MAS AgentVerse [33] Hierarchical Tree 75.2 67.5 34.4 59.0
y ADAS [44] Search-Based Dynamic Graph Structure 82.4 72.8 36.9 64.0
HALO (Ours) Hierarchical Structure + MCTS 95.2 81.6 589 78.6




MAIN RESULT

_ HALO= ADAS CHH| Ct21 ZH2 7HM
HEYUOIHE S&nt B 7|2t I3 2= - TR As: HALO 78.6% vs. ADAS 64.0% ( +14.6% )
&% MAS(0l: DyLAN, AgentVerse, ADAS):= - HumanEval: 82.4% - 95.2% (+12.8%)

MIZsH -2t BE(fine-grained alignment)0| £% - MMLU: 72.8% - 81.6% (+8.8%)

HHH HALO= MCTS 7|¢t EfH(Monte Carlo Tree Search)S Edii

AA|ZH D =tto]| w2} A HES SEOZ MMstn Als AZE HHEX{ O = J|M

- MATH: 36.9% - 58.9% (+22.0%)

Table 2: Performance comparison of HALO against competitive baselines across three benchmarks.
Metrics include pass@1 (%) for HumanEval, accuracy (%) for MMLU as well as MATH, and Avg.
(%) for the mean performance over three runs. All methods are executed with GPT-4o.

Baseline Type Method Structure DenCImArks Avg.
HumanEval MMLU MATH

Single-agent ReAct [11] Monolithic Sequential Reasoning Flow 69.1 57.6 29.2 52.0
Static MAS CAMEL [12] Feedback Triplet 72.4 64.3 31.9 56.2
LLM-Debate [43] Fully Connected Bipartite 3.7 66.3 32.6 57.5

DyLAN [21] DAG + Feedback Loop 81.7 70.1 352 623

Dvnamic MAS AgentVerse [33] Hierarchical Tree 192 67.5 34.4 59.0
y ADAS [44] Search-Based Dynamic Graph Structure 82.4 72.8 36.9 64.0
HALO (Ours) Hierarchical Structure + MCTS 95.2 81.6 589 78.6




MAIN RESULT

MMLUZS]| abstract subjects®} MATH2| 11:-Hx M| HY(subareas)2 H| et Z o}
- MMLU(Z=AH 312): HALO 70.8% vs. ADAS 56.4% - +14.4% &t
- MATH(ZLHE E2): HALO 43.9% vs. ADAS 24.4% - +19.5% Skt

Table 3: Performance comparison on five abstract subjects selected from the MMLU dataset. Metrics HALD {Ours) — .4
are reported as accuracy (%) averaged over three runs. . "
ADAS L
Baseline Type ~ Method Subjects AgentVerse
Abstract Algebra  College Physics Formal Logic  High School Mathematics  Moral Scenarios DyLAN
Single-agent ReAct [11] 44.2 46.5 40.3 44.7 37.6
SuicMAs  CAMEL[12] 50.4 54.7 49.8 51.9 44.2 LLM-Debate
LLM-Debate [43] 51.1 54.6 48.3 52.8 45.1
CAMEL o Geometry
DyLAN [21][__I 52,9 60.4 51.2 58.8 49.6 ~ Algebra
. AgentVerse [33 53.6 59.4 50.3 57.1 48.7 ReAct mmm Precalcul
Dynamic MAS DS [44] 55.7 62.4 52.6 60.0 51.3 | | , | recalcu’us
HALO (Ours) 69.7 713 66.8 75.5 64.6 0 10 20 30 40 50

Score (%)




ABLATION STUDY

100
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Performance (%)

501

40+
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701
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90.3

B3.8

HumanEval

HALO (full)
w/o Adaptive Prompt Refinement module
w/o task decomposition layer

81.6
T8.6

75.4
713.5 13.3

67.3

58.9
54.1

447

MMLU MATH Avg.

Figure 4: Ablation study of removing the Adap-
tive Prompt Refinement module and the high-
level planning agent on GPT-40 across three
benchmarks.

(1) Adaptive Prompt Refinement

performance drops by 5.3% on average, with MMLU suffering the most (81.6%
->75.4%).

-> This result highlights the importance of structured prompt construction in

enhancing task understanding and aligning reasoning trajectories with user intent.

(2) High-level planning agent
- this leads to an average performance drop of 11.3% across all benchmarks.
- Notable drop on HumanEval (95.2% >83.8%) and MATH (58.9% >44.7%)

demonstrate that removing task
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