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There has been a lot of hype about the promise of autonomous agent-based LLM workflows. By now, all major
LLMs are capable of interacting with external tools and functions, letting the LLM perform sequences of tasks
automatically.

But reality is proving more challenging than anticipated.

The WebArena leaderboard, which benchmarks LLMs agents against real-world tasks, shows that even the best:

performing models have a success rate of only 35.8%.

Challenges in Practice
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The emergence of Large Language Models (LLMs), has revolutionized artific
intelligence across industries. These models, powered by billions of paramete
are the engines behind groundbreaking applications like Generative Al, Natu
Language Processing (NLP), and intelligent automation. However, as
businesses race to adopt LLM agents to automate complex tasks, a key
challenge emerges—balancing the trilemma of efficiency, speed, and

performance. In the context of LLM agents, achieving all three at once is aki
balancing a three-legged stool. Each factor plays a critical role in scaling Al-
driven solutions, but optimizing for one can often lead to trade-offs with the
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Short-term memory

Long-term memory

In-context memory
Induces long context

—— JT e

Tool execution
brings uncertainty

—» Reflection

Agent |—> Planning 1| Self-critics

A A
l
Calendar() |*— [LLM latency Memory |- - - - - - - -
Calculator () (< T :
| v
CodelInterpreter () ::I—— Tools <—i
Search () :
|
!
. ...more ¢ @ | TTT"

Autoregressive planning
accumulates latency

v Observation/Feedback

—» Chain of thoughts

—» Subgoal decomposition

Complex prompting
iInduces long generation

- V= P —

;uld you help me >

e s

-

\ Human impatience




- ‘

How to Decrease Latency

I Memory Selectionl

Short-term memory

Long-term memory

Context compression

A

I LLM Efficiencﬂ

______

Calendar () |<—
Calculator()
Codelnterpreter()
Search ()
Agent task | e I
scheduling !4
based on tool |
resource

e

Earallelized planning

e e e s e

Agentic planning

level scheduling

S — —— —

e e e

Autoregressive
Acceleration

—»| Reflection

Planning '——» Self-critics

—» Chain of thoughts

—» Subgoal decomposition
>| Long2short reasoning I

Could you help me >

P

e

Human collaboration

or intervention

e s e e e -




Calendar () |<—

- ‘

() ::I—— Tools <—i
|

How to Decrease Latency

Short-term memory

Long-term memory

A

l

I LLM Efficiencﬂ

Memory

I Memory Selectionl
IContext compressionl

|

|
A

|

Action

Calculator ()
Codelnterpreter
Search ()
Agent task bl
scheduling
based on tool

resource

Reflection

gent |—0 Planning

Self-critics

e ————

e e S e e e e -

[Earallelized planning

Observation/Feedback

e e -

A

level scheduling

gentic planning]

Autoregressive
Acceleration

=

Chain of thoughts

Subgoal decomposition

>| Long2short reasoning I

;uld you help me ...?

. Human collaboration
\ or intervention



RQ: How to accelerate agent planning?

> How to accelerate agent planning by system design?

normal agent planning
Use speculative planning to

accelerate the autoregressive

verify A’s Venmo planning process
time taken

Target —> j
split money

> How to enable active user interaction and leverage users to further accelerate agent

planning?
for step
@ R~
_ »| A:step 1 ] T: step 1 »| Tstep 2 Allow active user interaction:
Ul interface § g § : : :
ol | Atep2 | Interactive Speculative Planning




Main Algorithm for Efficiency: Speculative Planning
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Speculative Planning Algorithm Broken-down

an efficient but less capable

L @ Approximation —» split money
approximation agent }

oo —
........... K

a slower but more powerful @ '

target agent farget | ;

split money

verify A's Venmo

The approximation agent operates in a step-by-step manner, as shown by the sequential blue blocks,
where each block represents the time taken to generate a step.

The target agent operates asynchronously: for each part of the plan generated by the approximation agent,
the target agent calculates the next step in order to confirm whether steps generated by the approximation
agent are correct, which processes are all in parallel as shown by the horizontally-overlapping pink blocks.

Then, for each action in the plans generated by both agents, we check if they match to determine if the
approximation agent is working correctly.



How time is saved in Speculative Planning?

speculative planning

Approximation —» }split money

} | request money from A |—~

split money >(

; ‘ verify A’'s Venmo I—

normal agent planning

Target —> j
split money

verify A’'s Venmo

time taken

This image illustrates how time can be saved through speculative planning. With speculative planning, we
do not need to wait for the target agent to complete each step before starting the next; instead, we only

wait for the approximation agent to finish the step. Therefore, if the approximation agent computes some
steps the same as the target agent, time can be saved.

In contrast, with normal agent planning, we must wait for the target agent to finish each step before
proceeding to the next.
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Speculative Planning Algorithm Broken-down
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Speculative Planning Algorithm Broken-down
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Speculative Planning Algorithm Broken-down
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Speculative Planning Algorithm Broken-down
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Speculative Planning Algorithm Broken-down
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Speculative Planning Algorithm Broken-down
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Sheculative Planning Algorithm Broken-down
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Speculative Planning Algorithm Broken-down
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Speculative Planning Algorithm Broken-down
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Speculative Planning Algorithm Broken-down
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Speculative Planning Algorithm Broken-down
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Speculative Planning Algorithm Broken-down
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agent planning time

Simulation Experiment Result for Efficiency
Choice of approximation agent
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Figure (a): Faster approximation and more accurate approximation agent saves more time.

Figure (b): Speculative planning requires more tokens to be generated during the whole agent planning process. Assuming that
approximation agent with different speed generates the same number of tokens: faster agent requires more tokens to be generated;
more accurate agent requries fewer tokens to be generated.



Main Experiment Result

Setting 1: The approximation agent uses direct-generation-based planning with a GPT-4-turbo
backbone, and the target agent uses ReAct-based planning with a GPT-4-turbo backbone.

Setting 2: The approximation agent uses direct-generation-based planning with a GPT-4-turbo

backbone, and the target agent uses chain-of-thought (CoT)-based planning with a GPT-4-turbo
backbone.

Setting 3: The approximation agent uses CoT-based planning with a GPT-4-turbo backbone, and the
target agent uses Multi-agent discussion planning with a GPT-4-turbo backbone.

Setting 4: The approximation agent uses direct-generation-based planning with a GPT-3.5-turbo
backbone, and the target agent uses direct-generation-based planning with a GPT-4-turbo backbone.



Main Experiment Result

Metrics Settings
Setting 1 ReAct Setting 2 CoT Setting 3 MAD Setting 4 DG
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Main Experiment Result on OpenAGI benchmark

On average, ~ 40% time cut



Main Experiment Result

Metrics Settings
Setting 1 ReAct Setting 2 CoT Setting 3 MAD Setting4 DG
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Main Experiment Result on TravelPlanner benchmark

On average, ~ 30% time cut
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Interactive Speculative Planning: How to enable User Interaction?

Question 1:
How to present system result to the UI?

Ul interface

[t is important to note that immediately
printing the outputs of the approximation
agent and the target agent upon

mismatches shown to the user at all

approximation - § § g | .
: |}__,_\ ; ; FR ; actions that generation can be very confusing for two
| : ; x : : should not .
: | } ' : . . : be printed reasons:
| ! : } : L : : misordered
! : ! : = : printed actions
: : I ok | actonsteptnat | (1) Issue 1: some outputs of the
- - - -y 7| 3 :;:gf;’:g';f‘m approximation agent should not be

target —>

(2) Issue 2: the outputs of the target agent
will not be sequential.




Ul interface

target

>

Interactive Speculative Planning:
How to present agent system running process to users?

> T:step 3

‘| Aistep 5

______

- T:step 4

§:> T: step 1

actions that
should not

be printed
misordered
printed actions

action step that
approximation
and target
mismatches

[ssue 1: The approximation agent's output
on the second step of the plan mismatches
with the target agent's output, and thus all
results generated by the approximation agent
based on the mistaken "step 2" will ultimately
be discarded. However, the immediate output
of the agent's generation will print out the
approximation's step 3, 4, 5,” which are
generated based on the wrong prefix,
corresponding to the first issue.

[ssue 2: As all target agent calls are
asynchronous, the time each step is
generated will not follow any sequential
order of the plan, and thus the immediate
printing out of the generated output will
not be sequential either.



Immediate Presentation of Output is Problematic

Ul interface
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Immediate Presentation of Output is Problematic
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Interactive Speculative Planning: How to enable User Interaction?

Question 1:
How to present system result to the UI?

steps from the approximation agent have been
confirmed to be consistent with the target agent,
ensuring that no consecutive unconfirmed

v ! steps are presented.

Ul interface
approximation —»- : | % Reschedule Mechanism:
T i
: : Ty The main idea is that for the approximation
N : ol agent's output, the presents the i-th step from the
SRR e approximation agent only after all preceding

target —>»




Interactive Speculative Planning: How to enable User Interaction?

Question 2:
When do we expect user to interrupt?

Perceived latency for step

Since the Ul interface presentation for the i-th
step of the plan can indicate the latency between
the presentation of the approximation output A_i

approximation —» | and the target output T_i, users can choose to
E v

Ul interface

interrupt during the observed latency and input
their own value.

target —>
Therefore, user interaction here can again
accelerate the whole system’s speed.




Interactive Speculative Planning:
How to handle user interruption?

user input
for step

Ul interface

approximation —» | E

target —» .
. original time
taken for the
process but

interrupted by
the user




Interactive Speculative Planning Summary

> How to accelerate agent planning by system design? Speculative Planning

» A fast approximation agent + an accurate/slow target agent

> How to enable active user interaction and leverage users to further accelerate agent

planning? Latency-specific interaction: Interactive Speculative Planning

» Speculative planning system + latency-specific user interaction

v

A tri-agent acceleration system: approximation agent, a target agent, a human “agent”




Thank you!



