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Summary
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Ppl을 낮추는 API call 기반의 corpus augmentation을 통해모델파인튜닝함

기본적인성능도개선되고, 디코딩중간마다 API를 부를지말지결정해서 API를 통해외부로부터결과값을디코딩중에삽입함

In context learning에 의존한데이터 augmentation 기법이라범용성은있지만모델에의존성이크고

여기서사용한 API는 크게 5종류로앞으로어떤 API까지적용이가능할지는상상해봐야함

API로 augmentation한 문서를merge하는과정이추가로요구됨, 이부분은공수가좀더들어갈듯

1 input -> 1 API call



Abstract

LLM이잘하긴하지만역설적이게도간단한연산은못함

They also, paradoxically, struggle with basic functionality, such as arithmetic or factual lookup, where much 
simpler and smaller models excel.

External tools via simple APIs을 사용해서모델성능개선

Toolformer는 언제 APIs를 호출할지, 어떤종류를호출할지, 어떤 arguments를 넣을지등을
결정해서 furue token prediction을 개선

We introduce Toolformer, a model trained to decide which APIs to call, when to call them, what arguments to 
pass, and how to best incorporate the results into future token prediction.

논문에서다루는 APIs는 5가지

계산기, Q&A 시스템, 검색엔진, 번역시스템, 캘린더
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Introduction

LLM의문제점

LLMs은 크기가커야됨, 최신정보업데이트가어렵다

hallucinate 문제가따라다닌다

Low-resource 언어이해잘못함

수학잘못함

시간에대한개념부족

이러한이슈를극복하기위해선 external tools을
사용해볼수있음

Toolformer 제안

GPT-J model (Wang and Komatsuzaki, 2021) with 6.7B parameters

use a self-supervised loss to determine which of these API calls actually 
help the model in predicting future tokens 4

02



Approach

주어진텍스트에 API Calls을 넣기위해선 Special 
tokens 사용!

[] (여기선편의상 <API>로 표기
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Approach

3단계

In-context learning 을 사용해서
potential API calls을 샘플링

Given just a handful of human-written 
examples of how an API can be used, we 
let a LM annotate a huge language 
modeling dataset with potential API calls.

API calls을 실행하고 predicting 
future tokens에 도움이되는
답변들인지체크

필터링후에서로다른툴에서나온 API 
calls을 병합후 augmented dataset 
C*으로저장하고여기에대해서
finetuning 진행
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Approach

Sampling API Calls

그림과같이정답이있는지문에대해서
prompt를 사람이생성하고, 이걸
학습시켜서 api 맵핑및호출시키는것

확률기반으로 api 콜링을할만한 k개의
후보포지션을샘플링하고(API 
스페셜토큰생성확률이높은!) -> 각
포지션마다 api 종류중에확률이높은
m개를또샘플링

</API>를 eos 토큰으로썼기때문에
이거없는샘플은버림
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Approach

Executing API Calls

API 후보들을실행

API 실행은 API 종류에따라다양

파이썬스크립트

검색엔진

번역기등등
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Filtering API Calls

API 호출시 loss를 threshold이상으로
loss를 줄여주는 API call만 살아남음

Q) Prefix로 쓴다는게무슨말일까?



Approach

Model Finetuning

필터링후결과병합해서
original input에다가끼워넣음

In context learning으로
각각만들었기때문에 API 
call도 각각부르게
되어있음

Augmented Corpus로
파인튜닝

Standard LM objective 활용
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Approach

Inference

Regular decoding 을 진행하되모델이 -> token을 생성하면 디코딩멈췄다가 API 호출!

결과나오면다시디코딩진행
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Tools

5가지툴

QA system: LM, retrieval-augmented LM, Atlas

Wikipedia search engine
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Caculator

Calendar

Machine translation system: LM



Experiments

Dataset Generation

use a subset of CCNet as our language modeling dataset C

GPT- J (Wang and Komatsuzaki, 2021) as our language model M

To reduce the computational cost of annotating C with API calls, we define heuristics

Dataset Generation

finetune M on C∗ using a batch size of 128 and a learning rate of 1 · 10−5 with linear warmup 
for the first 10% of training.
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Experiments

Downstream Tasks

For k = 1, this corresponds to regular greedy 
decoding; we instead use k = 10 to increase 
the disposition of our model to make use of 
the APIs that it has access to. (top k 안에가
생성되도호출?!)

At the same time, we only at most one API call 
per input to make sure the model does not get 
stuck in a loop where it constantly calls APIs 
without producing any actual output

API 결과들때문에디코딩느려지지않게하나의 API call만
수행
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Experiments

Downstream Tasks

모델크키가커야 Toolformer도 잘된다
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Experiments

Analysis

K가높을수록퍼포먼스가높다

LM loss차이가클수록 useful한편이다
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Limitations & Conclusion

Limitations

Chain으로동작하진않음 ( A api input -> B api input (X))

Sample-inefficient

수백만개의문서를처리해도계산기API에 적절한샘플은천개만생성됨

Toolformer가 API 부를지말지결정할때 tool의
computational cost등을고려하지않음
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Conclusion

Future token의 ppl을 감소시키는 api calls로 만든샘플로모델
파인튜닝함

6.7B GPT-J 기준제로샷퍼포먼스크게개선됨



Thank You!
Do you have any questions?

L U K E
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