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Gradient-Based Connections for
Optimizing Multi-Agent Systems



A final failure often hides where the But optimization needs: which agent,  Without attribution, prompt updates
failure actually started. step, or token caused the error? become broad and noisy.



o Can we treat a multi-agent workflow as a computational graph, then estimate how each predecessor output influences
downstream generation?



Forward

Attribution

L= RS W

1. Forward 2. Attribution

Run

the agent graph and Compute connection

produce the output. weights.

3. Backward

Propagate the loss through
the attribution graph.

& Rewrite prompt , Target

-------- > oo

—

Rewrite the target prompts
with an optimizer LLM.




Method

Gradient-based connections quantify influence

.g.
LLM Output

)
LLM Output LLM Output
o

v

.B.
LLM Output
(o]

O Example
u
The hotel named EESGHIR has

been . Reference number
is . Please inform the
user of the information.

O

u

(Input sequence length x 1)

Aggregation over
dimension of hidden size
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VT, coP(W | Embed(O))

(Input sequence length x hidden size)
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Max(-)



Implementation
Prefix trick makes optimization loop practical . ot

’ W/o prefix trick ‘

Prompt Input —>—> Output

W/ prefix trick ‘

Prompt
(no grad required) > _> KV Cache _|.>
)
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Gradient-Based Connections for automated

Output
multi-agent system optimization.
Input f
(grad required)
Handy visualization of Gradient-Based

Prompt tokens are treated as a fixed prefix. Connections.

Gradients are only stored for input tokens.

— Connected to W&B to easily monitor the
Autograd activation memory: O(n-d-L) > O((n-k)-d-L) . Y
optimization process.

AgentChord, a practical, lightweight framework is built around this prefix trick.



MultiwOZ 2.4

Task-oriented dialogue. Interactive multi-step tool-use with a user simulator.
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Metrics Steps Metrics Steps

Inform, Success, JGA, and Slot metrics Update every 3 samples Action, Output, and Overall Reward Update after each complete conversation



JGA Slot F1

99.0 97.7
95.0 94.0 91.4 92.5
88.0 88.5 85.5
80.0 79.3 80.9
69.4
28.9-54.4 79.3—-91.4
54.4
444
40.0

99.0 94.0

28.9

] Inform Success

Inform Success JGA Slot F1 Slot Recall Slot Precision

Best score 2nd best score
Metric

[ Single agent [ MAS before optimization | GBC optimized (mean L1)

» Qwen-3-32B multi-agent system before optimization had high Inform/Success but weaker state tracking; GBC fixes the bottleneck.

o The optimized MAS surpasses the Qwen-3-32B single-agent baseline on Inform, Success, JGA, and Slot metrics.



Inform Rate

Result

Optimization dynamics: most metrics improve steadily

Inform Rate over Optimization Steps
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upward.

slofts.

CONVAI

JGA rises and continues trending

Slot precision and slot F1 improve,
indicating fewer over-predicted

Success is more variable,

the metric.

reflecting higher requirement of

L1-norm-based connection
weights yield the strongest

performance.



13.9

Action Reward

[ Single agent

13

Output Reward Overall Reward

Metric

! MAS before optimization | GBC optimized (max L1)

*Output Reward shown with axis break.

Retail

Task Domain

Availability of training data

13.9 — 28.7313.0 — 24.3

Action Reward Overall Reward

Best score Best score

e GBC enables the Qwen multi-agent system to surpass the
strong single-agent baseline.

e The gain mainly comes from improved interactive tool-use
capability.



Analysis
Diagnostics: GBC shows what still fails and why oV

Cross-domain errors, information omission, Retrieval and identification failure, tool misuse,
and over-prediction dominate. and premature escalation or stalling dominate.
Error Type Comparison —e— max_[1_norm Error Type Comparison —e— max_|1_norm
Cross-domain max_product_input ) max_product_input
errors —e— mean_|1_norm Toclinisuses 10 —e— mean_|l1_norm
a0 —e— mean_product_input —e— mean_product_input
8
8
R:z‘;?i::e Tool misuse

Incorrect
success or
explanation

Retrieval and
identification
failure

Information
omission

Booking/Completion
errors

Occurrences
Occurrences

Premature Manager
M escalation or unclear
agagen _ stalling instruction
unclear Over-prediction

instructions
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