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Task: HotpotQA

Start: (Search, Retrieve)

Search: (Retrieve, Lookup, |.

Retrieve: (Search, Finish, ..

Lookup: (Search, Retrieve, |.
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Who ordered
I | ordgroéogg? : R

< Step 3. Induce Workflows
Environment e P
integrate into | # Workflow Description d
. memory | This workflow aims to find an
action <:J customer order with specified 1D.

# Workflow Trajectory

[action] click(‘order-link-id")

state s
A\

observation

Agent P‘{

LM

|env desc] Order Ild] i-;shown.
Backbone

|reason] Order {id} is found, I will

P2<| now terminate the task.
_ . [action] stop()
Step 1. Obtain Actions (annotate/generate/...)
# 1 need to click the “Orders” link to see all orders. Step 2
click(‘126’) # id of the button o o ; =
) i Trajectory Evaluation i
#1 need to find order 0130 in the current page. ©n
scroll(0, 200
: ) —= Query solved correctly?
# The current page shows order 0130. z
send_msg_to_user("Emma Lopez”)
stop() pass _ ©

[env desc] The current page shows..
[reason] I need to click “Orders” to..

[1] Agent Workflow Memory (2024)

Rule-Based data-flow and control-flow

Robotic
Process Automation
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‘ 1’ Download all papers
XL from arXiv everyday.
Q) And send me the
K mast important one

ControlAgent 'L.
oo R oy |
oY Task-related Knowledge Base N
Workflow Knowledge | ToolBox

: The workflow starts by checking ride
i availubility based on the user's

! details and time. If a ride is available,
: the user is presented options to select,
i If no rides are available initially, the

! user is asked to provide their details

E again. They can choose to try again

; orend the process, where they

i rteceive an apology before closing. i
e e S e M DL

N

Code Format

Flowchart Format

Text Format
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Complex Task Solving

Hey, can I book a ride for 5 people to the concert at the Grand Music
Arena? We need to be picked up at No.645 Crescent Lane at 6:45 pm.

Guide

Observe

-

&

i |Thought: The user expressed the need to book a ride, and I have
collected the parameters for the function searchAvailableRides
Action: Call searchAvailableRides with parameter {'time': '6:45',

i

1

Enrironment: Available rides are || vehicle type":"S-seat SUV",
“service_provider":"Grab","estimated_cost'':"$68.25"},....]

®

+

V@ Thought: I need to present these options to the user for selection.

] Response: We have several options available for you: (1)....... (2)erseene
’ Could we go with the second option? That price works for us. ........... ] -
- al"m
@
. T sassssssessses
Plan&Action Q (Further interaction turns) Yy,

[2] Proé ent: From Robotic Process Automation to Agentic Process Automation (2023)
[3] Fdvidtnch: Revisiting and Benchmarking Workflow-Guided Planning for LLM-based Agents (2024)
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I Motivation

Limited scope of scenarios.

Sole emphasis on linear relationships between subtasks.

(a) Plan: /(- + A E uery: {Q (b) Reason: ,C- + E — ..

o Toq:sls:éor{ﬁQues‘;?ng}isl_'fs . plan question call history thought
Fir?s'r call {Tool Name} fo e'T . ! User's question is {Question}.
Secoid call FTocl N 1_9 * . I have known {Previous Rounds’ Return},
econd, caliiTeol et foiget Before Tool Calls: My thought and goal at current step is
{Current Thought}.

Finally, return ... as the answer.

AT +..-’ Before calling:

: foollist  thought u.serI fool (Reas'on I want to use {Tool Name and Document}.
My goal is {Current Thought} at this step, Refrieve The proper parameters to call the tool is
From the {Tool List}, the useful tool is ( Understand IParameter List).

{Tool Name}. At calling:

(e) Instruct: %l + {\/X_} Y [ Follow instruction (f) Review: .. + @ N (9@

~
After calling: thought tool response  critic

plan

Multi-Round Tool Calls: [ Each Round

(d) Understand:
My goal is {Current Thought} at this step.

document parameter command
The tool's Document is {Document File}; \[ Review I want to know {thought} at this step.

I want to call it with {Parameter List}. After Tool Calls: The tool returns {tool response}.
To call the tool successfully, the right [ The return [succeeds / fails] to provide
command is {Call Command}. enough information.

~ /’«
;f-,{/é(;fﬁ T-Eval: Evaluating the Tool Utilization Capability of Large Language Models Step by Step, ACL 2024
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Evaluations heavily rely on GPT-3.5/4

Scenarios Results
TG DU RS AM PL IR FT A %
000 ] - ' \ 2 I A i At
| o= @) £ &2 & £ 5 |
="nlll] & (= \ é ’ > 4 K
Please help me display “ / Scoring Reason: Missing
five threads from the ‘mu’ c?:’s') = keywords. i
board in 4chan. i ,° % Evaluation Score: 0 "~
7 A Y
‘ . .
Is there a publication titled ,' \l Sconng Reason: It is all
“Art History: Guide” in : 1 Capabilities right! .
the database? ' i Evaluation Score: 1 ™
\ L4
Could you provide me @ b o’ Sgoring Reason: Planning
with a list of all the without summary. :
contests in the platform? Evaluation Score: 0.5 =
Queries Evaluation
. Format Intent Behavior Tool Answer
: Alignment Comprehension  Planning Selection Organization
Tool Library Dimensions

ToolEyes: Fine-Grained Evaluation for Tool Learning Capabilities of Large Language Models in Real-world Scenarios, 2024



I WorfBench

----------------

""""""""""" ﬁ Sector 1: Benchmark Construction

.

Task Description
"How to pack a carry on bag full of fun for a
long plane ride?” (Open-Grounded)

"Put a clean soap bar in toilet.” (Embodied)
“Who is the present food minister of the state

where Kankumbi is located?” (Problem-5olving)

“What is the precipitation forecast for the next

7 days in Seattle?” (Function Call)

i Action List

GPT-4

y 5 Node'Cham
ﬁ @O-@

NN NN IR NN N RN NI RN RN ERRRRER,

Maximum Commeon *

Subgraph Matching
‘f Longest Increasing
; Subsequence Matching

55660 3%07) :

' Sector 2: Quality Control

%‘ O~O] o'o
1EII- : :letnev: : o :- >
— Action List j : Topological Sort

. 5 @-o]

Gold

o o™ discara @@
------------ m Sector 4: A Detailed Case in WorFBench ===sreseseseeny,
Input 9%
L, Task
Check if the emails admin@site.com and manager@site.com are disposable and

get their MX records.

B, The action list you can select from:

T gl
. L
1= fE

{name: check_for_disposable_emails, description: ..., parameters: ...}
{name: validate_email, description: ..., parameters: ...}

{name: get_the_mx_records, description: ..., parameters: ...}

{name: normalize, description: ..., parameters: ...}

Output

Node

1: Check if the email admin@site.com is disposable. @

2: Check if the email manager@site.com is disposable.

3: Get the MX records for the email admin@site.com. &)

4: Get the MX records for the email manager@site.com. @)

Edge
(START,1) (START,2) (1,3) (2,4) (3,END) (4,END)

----------------------------------------------------------------------------------- *

Sorted + (small number first) :

*
snanames®

» Multi-faceted scenarios.

» Complex workflow
structures.

» Strict quality control
and data filtering.

» Accurate quantitative
evaluation (WorfEval).



I WorfBench

Train

26.T7%

26.77%

Total 18679

[ Function Call
Problem Solving

1221% 22.79%
Total 2146
I Embodied I Held-out
Open Grounded

Test

Data Point Num

400 1

300 4

2001

100 14—

Average: 4.17

8

10
Steps

12

14

16

18 20




I Dataset Construction

Query
A4

Thought 1

A4

Tool 1

VY

Return 1

Node Chain

®

Tool 2

Return 2

Y

Node 1

Y

Node 2




I Dataset Construction

"query": "l am conducting a research project on basketball statistics and | require the player season stats
for Jayson Tatum, the top 20 players with the most assists in the 2023 season, and the top scorers in the
2011 playoffs. Can you assist me by providing this information?",

"node_step": 1,

"node_task": "Search player season stats for Jayson Tatum."

"node_step": 2,

"node _task": "Find the top 20 players with the most assists in the 2023 season."
"node_step": 3,

"node_task": "Retrieve the top scorers in the 2011 playoffs."



I Dataset Construction

node chain list quality control

Query

A4

Thought 1 ~

A 4 match

Tool 1 < Tool List

A4

Return 1 1\ :
retrieve

> Node 1




I Dataset Construction

[ node task list J { task graph ]

Node:

: Combine the brine ingredients.

: Brine the chicken wings for 1 hour.

. Rinse and dry the wings.

: Preheat the grill for indirect heat.

. Toss the wings in oil.

: Sprinkle with lemon pepper seasoning.
: Cook for 45 to 60 minutes.

© N O o A~ W N =

. Serve immediately.
Edge: (START,1) (1,2) (2,3) (3,4) (3,5) (4,7) (5,6) (6,7) (7,8) (8,END)



I Dataset Construction

graph quality control
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I WorfEval

list score

3

Max-weighted Bipartite

Matching Algorithm

Longest Increasing Subsequence

graph score

Maximum Common Induced Subgraph

13



I Experiments

Model ‘ il Function Call | / Problem-Solving | S°Embodied | +-%=0pen-Grounded | Average

‘ flchain f]-gra.ph | f]-cha.in f]-graph | flchain flgra.ph | flchain flgraph | f]-chain flgraph

Closed-Sourced
Claude-3.5 66.44 5506 | 67.28 55.50 7174 5671 | 61.33 42.88 66.70  52.53 : : :
GPT-3.5 7336 6032 | 69.86 54.50 64.57  49.17 | 47.67 28.10 63.86  48.02 @ Which is more Cha”engmg
GPT-4 7487 6211 | 67.18 55.24 7094  56.17 | 56.30 36.36 6732 5247 i
O1-preview 70.68  57.11 | 172.76 59.25 6990  54.19 | 53.47 35.97 66.70  51.63 for LLM agents, linear
Open-Sourced planning or graph planning?

GLM-4-9B 5927 3634 | 5891 40.15 5317  36.15 | 44.04 22.56 53.85  33.80
Phi-3-small 5766 4071 | 55.76 39.75 5477 3752 | 44.65 22.66 5321 3516 . .
Llama-3.1-8B 6330 4362 | 6449  46.79 5623 3640 | 44.58 25.48 5715 38.08 @2 How is Scalmg Law
Mistral-7B 6730  51.67 | 61.27 45.35 64.59  48.83 | 40.97 21.48 58.53  41.83 . .
Qwen-2-7B 7079 5550 | 68.65 5213 | 6283 4625 | 3929 2089 | 6039  43.69 manifested in workflow
InternLM-2.5-7B | 6843 5299 | 72.92 57.80 6577  48.09 | 40.84 21,27 6199  45.03 tion?
Llama-2-13B 5332 3433 | 53.74 38.69 4427 3055 | 37.17 23.14 47.12  31.68 generation:
WizardLM-13B | 5578  36.94 | 65.42 49.71 5541 3734 | 37.23 21.66 5346  36.41
Vicuna-13B 5375 3766 | 6458 50.25 5799 4261 | 3893 23.11 53.81 384l
Qwen-1.5-14B 6573  46.86 | 58.80 43.89 60.55  44.14 | 41.73 21.44 56.70  39.08
Phi-3-medium 6771 47.26 | 7115 54.85 6511  49.99 | 42.73 23.77 61.68  43.97
WizardLM-70B | 6347 4546 | 63.92 47.93 59.15  42.87 | 4527 26.89 57.95  40.79
Mixtral-8 x 7B 66.13  48.83 | 71.89 57.58 7208 5494 | 42.96 23.21 6326  46.14
Llama-3.1-70B 6441 5272 | 7037 57.05 6998 5552 | 53.64 33.06 64.60  49.59
Qwen-2-72B 71.67 5231 | 70.63 58.13 7324 5849 | 5343 32.89 6724  50.46

14



I Experiments

@ How far are existing LLM agents from being real workflow
planning experts?

il :::: ::2 | Held-in Tasks | Held-out Tasks
: Model
60 - —— f1_chain € | Average ‘ 24 Seal-Tools | flnterCodeSQL
—— f1_graph
-g. | f chain f graph | f chain f graph | f chain f graph
m .
£ GPT-3.5 6386 4802 | 9591 76.63 | 6530  53.07
- 40 GPT-4 67.32 5247 | 96.58 80.25 | 66.35 54.36
:; Qwen-2-7B 60.39 4369 | 92.68 74.75 | 54.20 39.72
c 30 InternLM-2.5-7B 6199 4503 | 93.07 7443 | 55.06 42.20
© Phi-3-medium 61.68 4397 | 94.11 7945 | 5845 46.62
=
O 20 Llama-3.1-70B 64.60 4959 | 9440 80.11 | 63.49 53.66
: o Qwen-2-72B 67.24 5046 | 9447 7890 | 63.86 52.47
iy Qwen-2-7B+FT 79.35 70.38 | 96.49 82.82 | 62.37 48.72
InternLM-2.5-7B+FT | 78.98 69.33 | 9583 83.72 | 63.78 50.97
D .

2 3 4 5 6 7 8 9 10 11 12
Node & Edge Num



I Experiments

@ What shall we do to enhance the workflow generation
capability of LLM agents?

® Granularity pertains to a deficiency in prior
knowledge of the environment.

® Explicitness reflects a lack of understanding of the
environmental task, resulting in insufficiently
specific subtasks.

® Graph issues arise from a lack of comprehension
0000000000 regarding the dependencies of environmental

Bl granularity E explicitness actionS
Bl graph Il format B others

World Knowledge & World Model

16
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I The Role of Workflow for Agent Planning

Enhance End-to-end Performance

» Workflow as Structured Prior » Workflow as CoT Augmentation.

Knowledge. b cat

Model | ALFWond | WebShop

[ seen unseen |

GPT-4 27.14 28.36 55.62

GPT-4+W 40.71 113.57 47.01 118.65 | 56.49 10.87

Llama-3.1-8B 1.49 5.00 51.03

Llama-3.1-8B+W 8.21 16.72 12.14 17.14 | 52.28 11.25

Qwen-2-72B 53.57 56.72 58.95

Qwen-2-72B+W 56.43 12.86  62.29 15.57 | 60.55 11.60

~—@— GPT-4 —@— Qwen-2-72B —@— ToolLlama —@— Qwen-2-TB+W



I The Role of Workflow for Agent Planning
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Reduce End-to-end Inference-time

> Parallel Planning Steps.

» Shorten Planning Steps.

Model | ALFWorld | ‘WebShop
\ seen unseen |
GPT-4 17.19 17.43 5.80
GPT-44+W 15.64 155 15.851.58 | 5.72 10.08
Llama-3.1-8B 19.81 19.43 7.08
Llama-3.1-8B+W | 19.09 |0.72 18.38 |1.05 | 6.77 |0.31
Qwen-2-72B 14.39 14.67 3.88
Qwen-2-72B4+W | 14.05 034 13.94 [0.73 | 3.73 10.15

¥ ToollLlama ToolLlama+W
50
40 - I = b Eﬂs.zey
——— ’ [ T
— : 35.49% 132475 36.09
v 30- | !
— r—
"E’ "2;3; 6.85
— 20—
10—
0 T T ' T
12 Cat. 12 Inst. 13 Inst

¥ ARl
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I Conlusion & Limitations

» WorFBench: multi-faceted, complex workflow structure, accurate quantitative evaluation (WorfEval)

» We conduct comprehensive evaluation on various closed-sourced and open-sourced models with
different scales. We further exploit the generated workflows to facilitate downstream tasks and
achieve superior and efficient performance.

Limitations
» Code workflow (PDDL)

» lterative generation

» Node uncertainty

¥ ARl

19
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