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[Abstract]

Multi-agent systems (MAS) are effective for complex problem solving; however, they often exhibit high failure rates because
of design-stage complexity and uncertainty. Existing implementation-oriented frameworks provide limited support for systematically
structuring key design decisions. This paper proposes a multi-agent design-centric methodology (MADM) to address the lack of
systematic agent design methodologies in multi-agent systems development. The proposed methodology comprises environmental
analysis, artificial intelligence (AI) agent design, and multi-agent systems (MAS) implementation, while incorporating the
RACID(Responsible, Accountable, Consulted, Informed, and Dynamic Coordinator) role model to define hierarchical
responsibilities. MADM is evaluated at a proof-of-concept level by using a meal recommendation system with complex constraints
under controlled implementation conditions. The results indicate improvement trends in output quality, particularly in safety- and

medical-constrained scenarios, indicating the effectiveness of design artifact-based systematization in MAS development.
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Table 1. Importance and feasibility matrix

Importance / Feasibility High Feasibility Low Feasibility

High Importance

Low Importance
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Table 2. RACID role definition

Role Name Definition

Performs the assigned task and generates
outputs by invoking tools or processing data.
Multiple R roles may work sequentially or in
parallel.

R | Responsible

Holds final authority and ensures task quality.
Reviews R outputs and may request revisions.
Only one A per task, typically a top-—level
orchestrator.

Accountable

Provides domain expertise or information to
support decisions. Does not execute tasks
directly but assists through knowledge
retrieval or APIs.

Consulted

Receives progress and result updates without
direct task involvement. Mainly monitors,
logs, or interfaces with users.

Informed

Manages task reassignment and workflow
changes during exceptions, ensuring
adaptability and system resilience. Usually a
Level O orchestrator.

Dynamic
Coordinator
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Table 4. Al agent list

Agent ID Agent name
A001 System Orchestrator
A101 Menu Planner & Mediator
A201 User Preference & Health Analyzer
A202 Budget & Market Analyzer
A301 Korean Chef(Health—Aware)
A302 Japanese Chef(Health—Aware)
A303 Chinese Chef(Health-Aware)
A311 Korean Chef (Budget-Aware)
A312 Japanese Chef (Budget—-Aware)
A313 Chinese Chef (Budget-Aware)
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Table 5. Experimental scenarios and constraint settings

Scenario ID Scenario Name Constraints Conflict Type Failure Risk
Budget—Constrained Single Protein = 60 g/day + Budget < 35,000 G )
S Household KRW/week Nutrition—Budget Medium
S2 Elderlly W|th.D|abetes Gl = 55 + Preference for Chinese cuisine Health—Preference High
Preferring Chinese Food
S3 Multiple Food Allergies Exclusion of She”ﬂSh(’:Si:itﬁ’e buckwheat + Korean Safety—Preference High
< i > i
S4 Gestational Diabetes Gl = 55 + Calcium = 1‘000. mg/day + Exclusion Health—Nutrition High
of large fish
) . . Sodium = 2,000 mg/day + Taste prioritized + Health—Preference— .
S5 Hypertension with Low Sodium Budget < 9,000 KRW Budget High
. . - — I -
s6 Diabetes, Hypertgnsmn, and | Gl < 55 + ACE inhibitor gse + High—potassium Health—-Medication Very High
Medication food avoidance
S7 Picky Eating Child Vegetable refusa.l +.H|gh protein/calcium + No Preference—Nutrition Medium
liquid fructose
Six-Member Multigenerational | Dysphagia + Regular diet + Meat preference + . )
S8 Family Budget < 50,000 KRW Multiple Demands High
> 709 i i ibili
S9 Marathon Runner (D-3) Carbohydrates = 7Oir/:it;ti|—<llr?h digestioility + Low Nutrition—Preference Medium
S10 Elderly on Warfarin Strict vitamin K restriction + Dysphagia Medication—Form Very High
T2)7F =Y P A 3 Exe] WEkE feshe A atlon, AAA &8 ks AR vire] < Agh
& PAshe v B0 ek, & RE ool B oldeh. AEA S 7}
oo AES] 7%l 2 21933
6. A 27 7|F
Table 6. Failure classification criteria 4) =T 9@ 222gQog: 222 99aE CoTS 4
Category | Critical Failure Major Failure Lalgon A 7FA %3] 2 Joukas AR X232 Y
Constraint | Medical violation Missing constraints RAGS} EA1S 93] MCPZ A5t}

Nutrition < 50% of target achieved | < 80% of target achieved
Budget > 200% of budget > 150% of budget

Feasibility | Infeasible execution Incomplete execution
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Table 7. Group B: RACID matrix
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AO0O01
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Autonomy
Agent!  \ame | Lv|R|A|c|1]|D
ID Level | Rationale
Oversees the O 5. 05 A: CES O[O E A|AH! 2 2=
System _ overall Fig. 5. Group A: MAS relationship model
A0t Orchestrator 0 O ee L4 workflow and 9 P P
arbitration
Menu Generates 3) MAS 74
AO1 | Planer& | 1 | @] - | @ O|O| L3 andrxaelrl%ates A AANA Aelgt iz 284, 7]e4 210s Fdst
Mediator combinations 7‘” ;gl%é‘]—(/)iq’ OﬂO‘IF‘(jE X]—%Aé% 7;”%]:5 ‘O/]A]—gxé _?‘—\—j— ;_IL
. E— =2 TS A0L(LA)E 9] ool dEe] AnE H7}
poot | Preference | 5 | @| 0| - |@| 13 | fealth o sha e A AR AN, Ak 23 FE WA A A
Analyzer risk detection fHow FAS &L A101, A201, A202(L3)= 2
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e wg 919eks ol 2Aulold T2E S Abage) Ay
_ S o L= AL jE) st ~ ~
A301 | Korean Chet| 3 | @] —| @ = | = | Lo | health afvvare S AXekESE AAIsI Y WhH, A301~A303/A311 A§13
fecibes flom o) ofjo] A E(LD) ¥ A FI J]hoR o] BT
emplates
— 71 AAlE) A AR Ee) ) 2 SRS A
A3p | Japanese | o | gl | gl | _| |, |health-aware 3Tt L EAIS 98] MCPE #8319l om, A|~E 97
Chef recipes from e WAl o = = snER=lod
templates 2Edo]A 2 0 2= CPDEE A3t 8].
Generates
Chinese _ o health—aware 4-4 B}
A303 Chef s|e L L2 recipes from
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1) AA A% vl
8. OF B: M| 22| o}7|& X 5070¢] ZHIES 7} aFel f49e 23 MADM B
Table 8. Group B: Memory architecture 29 223 Group BE Group A(Baseline) the] HH A4
M?%Zry Stored Content | Access Rights Lifecycle 2k Success Hl &M A o2 F& g BAATh
- Group B9 4 A4+ Group AXT} 10.244 =4 e}
ST | conversation | Feadadlebyall | Deleted atsession o, 7 715 FHeks E(Success)el B4 WE
history A B A5 FEEE 523 Major Failure B2 6.0%p
Temporary ; ; TVAF o)lH. x O oA Al Aok =A olute] AMA
ST™M | menu candidate Read/Write by | Deleted at session Hashe], AR Alue]eolA] 4] Ak 22 $iite] g4
list A001, A101 end
Full access by HF9. 1= M| MAsd|n
) . Permanently —HEE UMl oo
LTM User profile A001t,)yR:gg<Wnte retained Table 9. Overall performance comparison by group
) Group A Group B
Full access by Metric . Improvement
LTM Prﬁ{:trgnce A0, Read/Write Perg?;rqggtly (Baseline) (MADM)
v by A201 Average Score 56.24 66.48 +10.24 (+18.2%)
Full access by Standard
LT™ Budget pattern | AO0O1, Read/Write Pergtﬁ::;]ggtly Deviation 16.24 21.22 +5.0
by A202 Success Rate 18.0% 56.0% +38.0%
Reci Readable by all (=71pts) (9/50) (28/50) 07D
LT™M ecipe agents, Write by Permgnently . .
database admin retained Major Failure 20.0% 14.0% —6.0%
(<40pts) (10/50) (7/50) O7P
oy - o Average
AAIBE 2E MASS] tholoj 13 o531} ). Response Time 24.65 28.07 +3.42
(sec)
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Table 10. Detailed scores by evaluation dimension

Group A
14.46

Group B
16.62

Improvement
+2.16

Dimension

Constraint Compliance (25pts)

Nutrition Goal Achievement
(25pts)

Budget Compliance (25pts)

14.48 18.26 +3.78

12.50
14.80

17.90
13.70

+5.40
-1.10

Execution Feasibility (25pts)

3) AU A5 4
10719] HIZ=E Alv] e
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Table 11. Performance and improvement rate by scenario

Scenario | Failure Risk Group A Group B Improvement
St Medium 60.4 84.4 +24.0
S2 High 59.6 62.8 +3.2
S3 High 33.0 67.4 +34.4
S4 High 58.8 80.2 +21.4
S5 High 65.6 79.0 +13.4
S6 Very High 44.2 80.4 +36.2
S7 Medium 56.0 41.6 -14.4
S8 High 57.0 49.2 -7.8
S9 Medium 69.6 37.6 -32.0
S10 Very High 58.2 82.2 +24.0
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Table 12. Response time comparison

Metric Group A Group B Difference
Average (sec) 24.65 28.07 +3.42 (+13.9%)
Std Dev (sec) 5.51 416 -1.35

Min (sec) 16.4 15.6 -0.8
Max (sec) 39.9 37.8 2.1
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