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LMs are powerful for text generation tasks.

But ...
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Tools benefit language models a lot

e ToolFormer

The New England Journal of Medicine is a registered
trademark of [QA(“Who is the publisher of The New
England Journal of Medicine?”) — Massachusetts
Medical Society] the MMS.

Out of 1400 participants, 400 (or [Calculator(400 / 1400)
— 0.29] 29%) passed the test.

The name derives from “la tortuga”, the Spanish word for
[MT(“tortuga”) — turtle] turtle.

The Brown Act is California’s law

g ;.| that requires legislative bodies, like
city councils, to hold their meetings open to the public.
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What Is A Tool Anyway?

e Tool Basics: definition & functionality

e Scenarios: what tools, what tasks, what methods

e Evaluation, empirical benefit, future directions
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Tool Basics: Definition P ’

[1] Animal tool: the external employment of ﬂ
an unattached or manipulable attached [ PI'O gram J —
environmental object to alter more efficiently
the form, position, or condition of another V \

[ External J [ Functional J

An LM-used tool is a function interface to a computer program that runs

external to the LM, where the LM generates the function calls and input
arguments in order to use the tool.

[1] Shumaker et al. Animal tool behavior: the use and manufacture of tools by animals. JHU Press, 2011.



Tool Basics: Functionality @‘> m

¢«») Perception: collect data from the env

¢ Action: exert actions, change env sta%e—} Tools

Computation: general acts of
computmg

Agents: anything that can be viewed as perceiving its environment through
sensors and acting upon that environment through actuators!'.

[1] Russell, Stuart J., and Peter Norvig. Artificial intelligence: a modern approach. Pearson, 2016.



What Is A Tool Anyway?

e Tool Basics: definition & functionality

e Scenarios: what methods, what tasks, what tools

e Evaluation, empirical benefit, future directions




The Basic Tool Use Paradigm

Tool Use: switching between

e text-generation mode
e tool-execution mode

Tool Learning;:

e inference-time prompting
e learning by training

R i How is the weather today?J

S »:It is check weather() >

call "e"wte o / replace w8 @
Ol [It is sunny today]7
¥ 0

T ———

weather
server

return API
output

Figure 2: The basic tool use paradigm.

LM calls check weather tool by gen-
erating text tokens. This call triggers
the server to execute the call and re-
turn the output sunny , using which

the LM replaces the API call tokens in
the response to the user.



Scenarios of LM Tool Using

Category

Example Tools

Knowledge access

sql_executor(query: str) -> answer: any
search_engine(query: str) -> document: str
retriever(query: str) -> document: str

th Computation activities

ula: str) -> value: int | float
er(program: str) -> result: any
_row(row: list, index: int) -> None

&) Interaction w/ the world

ame: str) -> weather: str

: str) -> location: str

(date: str) -> events: list
str) -> result: bool

fH Non-textual modalities

e_id: str) -> None
: str) -> None
r, image: Image) -> answer: str

(¥ Special-skilled LMs

QA(question: str) -> answer: str
translation(text: str, language: str) -> text: str

Table 1: Exemplar tools for each category.



What if tools are unavailable?
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Input: . Output: 0. - calc_rate_of_change(...) ->
Streaming Data / A Toolbox
—
9 # get the row for each time stamp
| @ y o 2015 oo e - 2015
Output: < calc_rate_of_change(df,
Example #1 Code LM All golutions p > “vear, 2015, 2016)
£ / O S O i reroofanange

= rate = (value_2016 - value_2015) / 2



How do TroVE make tools?

Pipeline

' CREATE |

" IMPORT |

SKIP




How can TroVE help?

Accuracy 1 Complexity | Verification 1

Method | MATHaigebra TabMWP GQA TABLEQA VISUAL
acct #libl | accT  #lbl jaccT #Ib! ,reqlg  precal | TDMWP WTQ HiTab | GQA

w/ additional supervision A Ti

LATM | 030 - 0.09 ] 029 Method ccuracy 1 ime (s) |

CRAFT | 068 282 0.88 181 | 045 avg std | avg  std

w/ additional rectification & iteration V) 0 I

Creator | 065 875 | 081 4595 | 034 10% more 8;; g'(l)gz 3(5)3 31-43%

w/o supervision, rectification, or iteration %E\C}'l{:ate 0.87/ 0.057 17.5 faster

TROVE | 072 16 | 092 38 | 044 ' '

) . o ) Table 5. Human accuracy and time in verifying model-produced
Table 3. Comparing with existing methods using GPT-4. We i ¢ 1.+ions with three methods experimented.

the baseline results as reported in Yuan et al. (2023). We du uut - oo iu ix v

report the complexity metric since none of these methods report it

(our results in Table 2).

1 MATH, TABLEQA, and VISUAL tasks.



What Is A Tool Anyway?

e Tool Basics: definition & functionality

e Scenarios: what tools, what tasks, what methods

e Evaluation, empirical benefit, future directions




How to evaluate tool use?

o |

(

Benchmark | Tool Source Example Curation Domain (§4.1)  Executable

ToolBench existing dataset ~ adopted, human annotated (), € v

ToolBench; Rapid API model synthesized t, & v

ToolQA existing dataset  model synthesized @, v

ToolAlB-acgr PublicAPIs model synthesized EA, dh, @, imi] X

API-Ban PublicAPIs human annotated th, v

MetaTool OpenAl Plugins model synthesized o, B8 X

Gorillz HE, Torch, TF model synthesized O:‘( X
HuggjggGIﬂ] HF human annotated E x*

Task Benc | HE PublicAPIs  model synthesized ¢80 X ools

m Naturalness
m Executability

|

O
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Safe usage



What tasks benefit the most from tools?

c 30 math @
S
o 20 cloze
g @ ? temporal
T 10 e :
question
£ tio
S answering
= 0
g_’ multilingual
-10 | % I I
0 50 100 150
Computation Cost (M x B)

Figure 5: Compute & perfor-
mance gain with ToolFormer.

Trade-offs in tool usage: Computation Cost &

What methods are efficient in tooling?

30 — =

Math Table

20 X

TroVE CRAFT &

™ CREATOR
0 =

0 5 10
Computation Cost (M x B)

Figure 6: Comparing different
tool-making methods.
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In Summary

e Tool Basics: definition & functionality

e Scenarios: what tools, what tasks, what methods

e Evaluation, empirical benefit, future directions

Questions?




