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❖ In	a	text	game	simulating	travel	planning,	one	single	

request	took	me	about	5	minutes	to	finish	when	doing	

experiments

❖ MLE-bench	evaluates	an	agent’s	ability	to	solve	Kaggle	

challenges	involving	the	design,	building,	and	training	of	

machine	learning	models	on	GPUs.	O3-mini	based	agent	

is	given	24	hours	to	develop	a	solution,	scaled	up	to	100	

hours	in	some	experiments.



LLM latency

In-context memory  
induces long context

Complex prompting  
induces long generation

Tool execution  
brings uncertainty

Autoregressive planning  
accumulates latency

Human impatience

Sources	of	Latency
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RQ:	How	to	accelerate	agent	planning?

➢	How	to	accelerate	agent	planning	by	system	design?

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

planning?

Use	speculative	planning	to	
accelerate	the	autoregressive	
planning	process

Allow	active	user	interaction:

Interactive	Speculative	Planning



Main	Algorithm	for	Efficiency:	Speculative	Planning

❖ Expedite agent planning by employing a fast 

and efficient approximation agent to resolve 

the task sequentially, with each step 

representing an action to be executed

❖ Target agent utilizes the result generated by the 

fast approximation agent as a prefix to generate 

the next step, rather than waiting for prefix steps 

from the slower target agent to be completed.

❖ Approximation agent is running 

sequentially while target is running in 

parallel.



Speculative	Planning	Algorithm	Broken-down

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.

 an efficient but less capable 
approximation agent

a slower but more powerful 
target agent

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?

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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Simulation	Experiment	Result	for	Efficiency

Choice	of	approximation	agent

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. 

Approximation agent’s 
accuracy relative to

 target agent’s accuracy



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

On average, ~ 40% time cut

Main Experiment Result on OpenAGI benchmark



Main	Experiment	Result

Main Experiment Result on TravelPlanner benchmark

On average, ~ 30% time cut



Experiment	Result	Broken-down

Sometimes	negative	results	can	be	seen:


1.Concurrent	requests	may	jam	the	
computation	resourec


2.Randomness	in	generation	length	and	thus	
generation	time



Interactive	Speculative	Planning:	How	to	enable	User	Interaction?

It	is	important	to	note	that	immediately	
printing	the	outputs	of	the	approximation	
agent	and	the	target	agent	upon	
generation	can	be	very	confusing	for	two	
reasons:	


(1) Issue	1:	some	outputs	of	the	
approximation	agent	should	not	be	
shown	to	the	user	at	all


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

Question	1:	

How	to	present	system	result	to	the	UI?



Interactive	Speculative	Planning:	

How	to	present	agent	system	running	process	to	users?

Issue	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.

Issue	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.
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Reschedule	Mechanism: 

The	main	idea	is	that	for	the	approximation	
agent's	output,	the	presents	the	i-th	step	from	the	
approximation	agent	only	after	all	preceding	
steps	from	the	approximation	agent	have	been	
confirmed	to	be	consistent	with	the	target	agent,	
ensuring	that	no	consecutive	unconfirmed	
steps	are	presented.

Interactive	Speculative	Planning:	How	to	enable	User	Interaction?

Question	1:	

How	to	present	system	result	to	the	UI?



Since	the	UI	interface	presentation	for	the	i-th	
step	of	the	plan	can	indicate	the	latency	between	
the	presentation	of	the	approximation	output	A_i	
and	the	target	output	T_i,	users	can	choose	to	
interrupt	during	the	observed	latency	and	input	
their	own	value.


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

Perceived latency for step 1

Interactive	Speculative	Planning:	How	to	enable	User	Interaction?

Question	2:	

When	do	we	expect	user	to	interrupt?



Interactive	Speculative	Planning:	

How	to	handle	user	interruption?



Interactive	Speculative	Planning	Summary

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

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

planning? Latency-specific interaction: Interactive Speculative Planning

A fast approximation agent + an accurate/slow target agent

Speculative planning system + latency-specific user interaction

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



Thank you!


