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Motivation

Let's say you are tasked to build a chatbot for |lIT Delhi students using LLMs.

The goal is to add a conversational interface for the supports
1. Institute rules/policy related queries

2. searching/adding/dropping courses

3. queryacademic calendar

4. payfees

How would you build such a chatbot?
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What is Function Calling?

User

Model

$&

Application
Prompt # Prompt and Function declaration
Function identifier and parameters
!v Request
L et
Function call API
e,
| Response
Response from API
Response Response

Image credit: https://cloud.google.com/vertex-ai/generative-ai/docs/multimodal/function-calling
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What is Function Calling?

Tools User query 1. User specifies tools

. Payment status
U ser y—) What'’s the status of

my payment?
My transaction ID is

I Payment date ' T1001.

def retrieve_payment_status(df: data, transaction_id: str) —>
if transaction_id in df.transaction_id.values:

return json.dumps({'status': df[df.transaction_i
transaction_id].payment_status.item()})
return json.dumps({'error': 'transaction id not found.'})

tool_calls:

Generate
Model Function Payment status
| Arguments transaction_id = T1001

"type'": "function",
"function": {

“name": "'retrieve_payment_status",
. "description: "Get payment status of a transaction",
Payment status ' Execute "paramEterS“: {
n ) "type": "object",
User L Function "properties": {

“Paid” "transaction_id": {
“type": "string",
"description": "The transaction id.",

T
" Generate According to the information . . -
Model : . L TGO T "required": [“transaction_id"],
Final with ID T1001 has been paid.
Is there anything else | can } ’
Answer assist you with?

Image credit: https://docs.mistral.ai/capabilities/function_calling/
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What is Function Calling?

T 2. Modelidentifies the function and its arguments
ools User query

I Payment status
U ser y—) What'’s the status of

my payment?
My transaction ID is

Payment date ' T1001.

tool calls=[ FunctionCall (name='payment status’',

Generate tool_calls: argumel’]t S={ " transaction_id" : "T1001" } ) ]

MOdEl Function Payment status
- Arguments

transaction_id = T1001

.Payment status ' Execute

User I Function

According to the information
. Generate available, your transaction
MOdel Final with ID T1001 has been paid.
Is there anything else | can
Answer assist you with?

Image credit: https://docs.mistral.ai/capabilities/function_calling/
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What is Function Calling?

T 3. User executes the function to obtain tool results
ools User query

I Payment status
U ser y—) What'’s the status of

my payment?
My transaction ID is

. Payment date T1001.
—Pomertne ) ‘ Function Call Output:

' Generate tool_calls: { "status": "Paid" }
Model Function Payment status .
Arguments transaction_id = T1001

.Payment status ' Execute

User I Function

. According to the information
. Generate available, your transaction
MOdel Final with ID T1001 has been paid.
Is there anything else | can
Answer assist you with?

Image credit: https://docs.mistral.ai/capabilities/function_calling/
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What is Function Calling?

T 4. Model uses the results to generate the final answer
ools User query

I Payment status
U ser y—) What'’s the status of

my payment?
My transaction ID is

. Payment date T1001.
—Pomertne ) ‘ Function Call Output:

Generate o L {"status": "Paid"}
Model - Function Payment status :

Arguments transaction_id = T1001

.Payment status ' Execute

User I Function

The status of your transaction with ID T1001 is "Paid". Is there
anything else | can assist you with?

. According to the information
. Generate available, your transaction
Model Final with 1D T1001 has been paid.
Is there anything else | can
Answer assist you with?

Image credit: https://docs.mistral.ai/capabilities/function_calling/
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What is Function Calling?

Tools User query

I Payment status
U ser y—) What'’s the status of

my payment?
My transaction ID is

. Payment date ’ T1001.
1. User specifies tools and enters a query

tool_calls:

' Generate
MOdel Function Payment status
Arguments transaction_id = T1001

oo 3. User executes the function to obtain tool results

2. Modelidentifies the function and its arguments

."=_==) Execute 4. Model uses the results to generate the final answer
User 3; Function

According to the information
available, your transaction

© Generate

MOdel Final with ID T1001 has been paid.
Is there anything else | can
Answer assist you with?

Image credit: https://docs.mistral.ai/capabilities/function_calling/
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What data do we need?

m;; status of my transaction T10017?

Tools
\
tool calls=[ FunctionCall (name='payment status',
arguments={"transaction id": "T1001"}) ]

(@% LLMs: Introduction and Recent Advances _ L !' Dinesh Raghu



https://www.lcs2.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
https://home.iitd.ac.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/

What data do we need?

What's the status of my transaction T10017? Tools

tool calls=[ FunctionCall (name='payment status',
arguments={"transaction id": "T1001"}) ]

What's the status of my transaction T10017? Tool Output

The status of your transaction with ID T1001 is "Paid". Is there anything
else | can assist you with?
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What data do we need?

What's the status of my transaction T10017? Tools
tool calls=[ FunctionCall (name='payment status',
arguments={"transaction_id": "T1001"}) ]

What's the status of my transaction T1001? Tool Output

The status of your transaction with ID T1001 is "Paid". Is there anything
else | can assist you with?

LLMs: Introduction and Recent Advances

What's the status of my transaction? Tools

|

tool calls=[ FunctionCall (name='payment status',
arguments=ﬁransaction_id" s 9y

) |

Hi there! | can help with that. Can you please provide your transaction ID?
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Outline

1. Gorilla
2. ToolAlpaca
3. ToolLLM

4. APIGen
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Gorilla: Large Language Model Connected with Massive APls

1. Synthesized a dataset named APIBench

* Using model cards in HuggingFace Model Hub, Torch hub, and
Tensorflow Hub

2. Finetuned LLaMA-7B model with APTBench to createtheGorilla model

*Gorilla: Large Language Model Connected with Massive APls, Patil et. al., Nov 2023
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Gorilla: Large Language Model Connected with Massive APls

### User: Our customer is a zoo and we want to help them detect movement of different
animals. Write a python program in 1 to 2 lines to call API in TensorFlowHub.

## Assistant:

<domain>: image-object-detection,

<api_call>: detector = hub.load(’ https //tfthub.dev/google/openimages_v4/ssd_mobilenet_v2/1’ )
<api_provider>: TensorFiow Hub,
<explanation>: This API call loads the pre-trained Single Shot Detector (SSD) MobileNet
V2 model from TensorFlow Hub, which has been trained on the Open Images v4 dataset.
This model is used for object detection in images. Once loaded, you can pass an image (and
an optional score threshold for detection confidence) to the detector to get back the detected
objects along with their bounding boxes, class labels, and associated confidence scores.
<code>: import tensorflow as tf; import tensorflow_hub as hub; # Load the SSD MobileNet V2
model; detector = hub.load(’https://tfhub.dev/google/openimages_v4/ssd_mobilenet_v2/1’);
# Use the model to detect objects in an image (assuming ’image’ is a TensorFlow tensor
representing your image); result = detector(image, score_threshold=0.5)

*Gorilla: Large Language Model Connected with Massive APls, Patil et. al., Nov 2023
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Gorilla: Large Language Model Connected with Massive APls

©

PYTORCH

HUB

Dataset curation: 1,645 API calls. 94 from Torch
Hub (exhaustive), 626 from TensorFlow Hub v2

(exhaustive) and 925 from HuggingFace (Top 20

in each domain).

i

Self-instruct with in-context
examples to generate
16,450 {instruction,API} pairs

WA

GORILLA

This is then used to

train Gorilla-7B J

®

—

/;Pﬁ);abase

:API:turch.hub.Ioad(...) LIJ—LIJ

API:StableDiffusionPipelin
e.from pretrained(stabilit
yai/stable-diffusion-2-1)

t

nput:

“I want to see
some cats dancing
in celebration!”

##t#Task: Generate image

#it#Reference API:

4

StableDiffusionPipeline.from_ GORILLA

Information from text
Retriever
pretrained {...)
Zero-shot

*Gorilla: Large Language Model Connected with Massive APls, Patil et. al., Nov 2023

LLMs: Introduction and Recent Advances

Execution
Results!

First to use retriever augmented
training for APls

* Leadsto better generalization

* (Can adaptto change in APl specs
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Gorilla: Large Language Model Connected with Massive APls

torch.hub.load (’'pytorch/vision:v0.10.0",
‘densenetl2l’, pretrained=True) }r{

[ utils N hub J Tensor
torch I |

model_zoo
repo: repo: huggingface/
pytorch/vision pytorch-transformers
N iy

ytorCh/VISlon /7'\
| model: model: model;
[ densenet121 ] densenetl6l densenetl21 densenet201
I ———

pretrained = True pretrained: True pretrained: False

AST Sub-Tree Matching For Evaluation

*Gorilla: Large Language Model Connected with Massive APls, Patil et. al., Nov 2023

LLMs: Introduction and Recent Advances || Dinesh Raghu



https://www.lcs2.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
https://home.iitd.ac.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/

Gorilla: Large Language Model Connected with Massive APls

GPT-4 Claude Gorilla
<domain>: Speech-to-Text <domain>: Audio-Translation <domain>: Speech-to-Text
<api_provider>: TorchHub <api_provider>: Pytorch <api_provider>: TorchHub
<code>: <code>: <code>:
asr_model = import torchaudio asr_model =

torch.hub.load( translation = torch.hub.load(
'snakers4/silero-models', Torchaudio.pipelines, 'snakersd4/silero-models’,
gasr' D WAV2VEC2—XSK_PTPELINE ( 'silero_sst’)
rce='local') "audio.wav") result =
result = asr model. transcribe (
asr_model.transcribe ( audIo _path)
audio_path)

° Hallucinate! ° Wrong library! 0 Good to go!

Prompt: Help me find an API to convert the spoken language in a recorded audio to text using Torch Hub.

Error Types in Function Calling

*Gorilla: Large Language Model Connected with Massive APls, Patil et. al., Nov 2023
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Gorilla: Large Language Model Connected with Massive APls

LLM (retriever) TorchHub HuggingFace TensorFlow Hub
overall 1 hallu | err | | overall 1 hallu | err | | overall T hallu | err |
LLAMA 14.51 . 9.67 10.18 75.66 14.20 15.62 77.66 6.71
GPT-3.5 (GPF-Inde 6021 61 8.17 29.08 7.85 44.80 65.59 3.79 30.50
GPT-4 (GPT-Index) 59.13 1.07 39.78 44.58 11.18  44.25 43.94 3153  24.52
Claude (GPT-Index) 60.21 3.76 36.02 41.37 18.81 39.82 55.62 1620  28.17
orilla (GPT-Index) 61.82 0 38.17 47.46 8.19 44.36 64.96 2.33 32.70
LLAMA (Oracle) 16.12 79.03 4.83 17.70 77.10 5.20 12.55 87.00 0.43
GPT-3.5 (Oracle) 66.31 1.60 32.08 89.71 6.64 3.65 95.03 ).29 4.67
GPT-4 (Oracle) 66.12 053 3333 85.07 % 4.31 5501 (3795 6.13
Claude (Oracle) 63.44 3.76 32.79 77.21 ; 3.21 74.74 60 3.64
Gorilla (Oracle) 67.20 0 32.79 91.26 7.08 1.66 94.16 1.89 3.94

*Gorilla: Large Language Model Connected with Massive APls, Patil et. al., Nov 2023
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BFCL: Berkeley Function-Calling Leaderboard

BFCL Leaderboard

The Berkeley Function Calling Leaderboard V3 (also called Berkeley Tool Calling Leaderboard V3) evaluates the LLM's ability to call functions (aka tools) accurately. This leaderboard
consists of real-world data and will be updated periodically. For more information on the evaluation dataset and methodology, please refer to our blogs: BFCL-v1 introducing AST as an
evaluation metric, BFCL-v2 introducing enterprise and OSS-contributed functions, and BFCL-v3 introducing multi-turn interactions. Checkottesdeand data.

—_— —
Last Updated: 2024-09-20 [Change Log]
Single Turn Multi Turn
Latency (s) P Non-live (AST) P Non-live (Exec) P Live (AST) P> Multi turn P
Rank 3 Overall Acc Model Cost (5) Mean AST Summary Exec Summary Overall Acc Overall Acc
GPT-4-
1 59.49 turbo-2024-04-09 34.98 82.65 83.8 73.39 21.62
(FC)
GPT-40-2024-08-06
2 59.29 (FQ) 8.37 85.52 82.96 7179 21.25
3 59.13 XLAM-8x22b-r (FC) N/A 89.75 89.32 72.81 15.62
GPT-40-
4 58.45 mini-2024-07-18 0.56 82.83 81.8 67.53 255
(FC)
5 57.94 XLAM-8x7b-r (FC) N/A 88.44 85.89 71.97 585

image credits: screenshot of https://gorilla.cs.berkeley.edu/leaderboard.html
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Summary

1. APIBench (Gorilla)
* Lowdiversityin APls
* Single turn dialogs

@21=) LLMs: Introduction and Recent Advances 5 L Dinesh Raghu
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ToolAlpaca™

1. Synthesized a dataset 3000 examples
* Using400 real-worlgtools spanning 50 distinct categories

2. Finetuned Vicuna-7B (and 13B) model to create ToolAlpaca-7B (and 13B)

*ToolAlpaca: Generalized Tool Learning for Language Models with 3000 Simulated Cases, Tang et. al., Sep 2023
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ToolAlpaca™
U

ta on national, regional, and religious holidays via API
Dre otrom The Public Holidays APl is a user-friendly interface that provides comprehensive information on national,
regional, and religious holidays around the world.
The API's key features are:
1) Get a list of holidays for a particular country with dates, descriptions, and types.
2) Retrieve detailed information on a specific holiday, including its history, purpose, and traditions.
3) Obtain information on public holidays for a specific year, month, or day.
Function Documentation:
getHolidays: Get a list of holidays for a particular country with dates, descriptions, and types.
Parameters: {"country": "Required. String. The country for which holidays are to be retrieved.", "year": "Integer. The year
for which holidays are to be retrieved."}
Output: A list of holidays with their dates, descriptions, and types for the specified country, year, month, and day.
searchHoliday: Search for holidays based on keywords, country, and date range.
getHolidayDetails: Retrieve detailed information on a specific holiday, including its history, purpose, and traditions.
OpenAPI Specification:
@holidays/{countr@ - GET /holidays/{holidayld}/details - GET /holidays/search

*ToolAlpaca: Generalized Tool Learning for Language Models with 3000 Simulated Cases, Tang et. al., Sep 2023
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ToolAlpaca™

I'm planning a trip to Japan next year, and | want to avoid
any major holidays, so can you tell me the list of holidays in

Japan next year?

&
ﬂ Public Holidays I need to know which year the user is referring to.
ssssnssnas FETTTP TP SETTERLRIETET D SEmssmszszssEEEEe Rressmmmsmesssnes Action: chatWithUser
getHolidays: Get a list of holidays for a particular country with dates, mmmm "Could you please specify the
descriptions, and types. . . " 0
’ ear you are planning your trip for?

Parameters: {"country": "Required. String. The country for which holidays are to yearyou P ing yourtrip } g
be retrieved.", "year": "Integer. The year for which holidays are to be retrieved."}
Output: A list of holidays with their dates, descriptions, and types for the X
specified country, year, month, and day. g The year is 2024.
searchHoliday: Search for holidays based on keywords, country, and date range.
getHolidayDetails: Retrieve detailed information on a specific holiday, including
its history, purpose, and traditions. | need to get the list of holidays in Japan for 2024.

Action: getHolidays

Action Input: {"country™: "Japan", "year": 2024} @

)
. Status Code: 200

Response: {"holidays":[{"name":"New Year's Day",
(#« | "date":"2024-01-01", "type":"National", "description":"..."}, ...]

The list of holidays in Japan for 2024 is New Year's Day
(January 1st), Coming of Age Day (January 8th) ...

@),

¢

*ToolAlpaca: Generalized Tool Learning for Language Models with 3000 Simulated Cases, Tang et. al., Sep 2023
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ToolAlpaca™

Model Simulated Tools Real-world APIs
Procedure Response Overall Human | Procedure Response Overall
GPT-3.5 77.0 85.0 (75.0° ) (719.00D 75.4 80.7 QZSQ
Vicuna-7B 19.0 21.0 Y0~ T16.0 7.9 11.4 7.
ToolAlpaca-7B 63.0 69.0 60.0 73.0 63.2 57.9 55.3
Vicuna-13B 17.0 31.0 16.0 25.0 13.2 ) 12.3
ToolAlpaca-13B 70.0 73.0 C’/U‘% 75.0 66.7 . (61 4 )

Evaluation results on unseen simulated tools and real-world APls

*ToolAlpaca: Generalized Tool Learning for Language Models with 3000 Simulated Cases, Tang et. al., Sep 2023
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Summary

1. APIBench (Gorilla)
* Lowdiversityin APls
* Single turn dialogs

2. ToolAlpaca Dataset
* High Diversity (400 real world inspired APIs)
*  Multi turn dialogs with question generation and response generation
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ToolLLM*

1. Synthesized a dataset named ToolBench
* Scraped 16, 464 real-word REST APIs from RapidAPI Hub

\.____——-l\ ~

2. Finetuned LLaMA-7B model with ToolBench to createthe ToolILLaMA model

*ToolLLM: Facilitating Large Language Models to Master 16000+ Real World APlIs, Qin et. al., Oct 2023

LLMs: Introduction and Recent Advances LA % Dinesh AEEIL



https://www.lcs2.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/
https://home.iitd.ac.in/
https://lcs2-iitd.github.io/ELL881-AIL821-2401/

ToolLLM*

f Data Construction & Train & = E
® - omp-

Instruc t“’" 50’"“"" Path | APl Retriever  Retrieved APIs
Collect:on Generat:on Annotation < ,
» e %

Instruction
Instructions & ’ relevant APls [ ] (:.,:)

J—— _.__.
- -
- -~

v % / [Final Answer]
(@ D) @)«
L [ = % 7\ =
API Retriever ToollLLaMA LLaMA 2=¥| ToolEval

~__"

*ToolLLM: Facilitating Large Language Models to Master 16000+ Real World APlIs, Qin et. al., Oct 2023
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ToolLLM*

/

User: | want to give my friend a birthday surprise. | know her
favorite actress is Hailee Steinfeld. Help me please!

Reasoning Chains of Different Methods {

CoT / ReACT DFSDT (ours)
\ Thought: | will first get some information

\
\
N 1<\ I about Hailee Steinfeld.
""""""""" APl Name: get_extra_character_details )
\

Arguments: {“name”: “Hailee Steinfeld”} Y

Observation: {“age”: 28, “recent
.- movies”: [“Spider-Man: Across the N ‘

Spider-Verse”, ...]} or“: Q Rapidari -

-
~

'}
Normal H
X Observation: {“message”: “server J
! ,’{ is not available.”} }
1 [
xN
vt APl Name: Finish with Final Answer
3 Arguments: {“Final Answer”: Hailee Steinfeld

recently voiced Spider-Woman in "Spider-
Man: Across the Spider-Verse”. You could

. or | buy aSpider-Woman mask as a gift, and she
' would probably like it.}

I
E API Call with Normal Response Final Answer
I
E API Call with Error Give Up
\

——— e —— -

%‘ API Name: Finish by Giving Up J

*ToolLLM: Facilitating Large Language Models to Master 16000+ Real World APlIs, Qin et. al., Oct 2023
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ToolLLM*

Method HuggingFace TorchHub TensorHub
Hallu. () AST (1) Hallu. () AST (1) Hallu. () AST (1)

1060 (1675 1570 (51.16) 648 @0359)
2

] 46.90 051 17.20 . 20.58 34.31
Gorilla-RS + BM25¢ 6.42 15.71 591 50.00 2.77 41.90
ToolLLaMA + Oracle 866 (8880 (14.12 @ 744  88.62)
Gorilla-ZS + Oracle 52.88 44.36 39.25 14 12.99 83.21
Gorilla-RS + Oracle 6.97 89.27 6.99 93.01 2.04 94.16

OOD generalization experiments on APIBench

*ToolLLM: Facilitating Large Language Models to Master 16000+ Real World APlIs, Qin et. al., Oct 2023
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Summary

1. APIBench (Gorilla)
* Lowdiversityin APIs
* Single turn dialogs

2. ToolAlpaca Dataset
* High Diversity (400 real world inspired APIs)
e Multi turn dialogs Wation and response generation

——

3. ToolBench (ToolLLM)
* Highdiversity (16K real world APIs from RapidAPI Hub)
e Multi turn dialogs 2
e Has single tool setup’and multi tool setup

LLMs: Introduction and Recent Advances LA % Dinesh AEEIL
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APIGen*

1. Synthesized adatasetnamed xlam-function-calling- 60k)
* Usedonly 3673 real-word REST APIs from RapidAPI Hub (scraped for ToolBench)

2. Finetuned DeepSeek-Coder-1.3B-instruct (and 7B) model with x1am-function-calling-
60k tocreatethe s xLAM-1B (FC) (and 7B) model

* APIGen: Automated Plpeline for Generating Verifiable and Diverse Function-Calling Dataset, Liu et. al., Jun 2024
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APIGen*

E QJI Diverse Prompt Library LLM
l Sample l
API Library AP Sampler
T Prompt Query-Answer
___— Template Generator
Seed QA == - Seed QA Data
Datasets == Sampler
Queries Function Call
A Answers
Multi-Stage Data Verification
v | 4
, Semantic Execution Format
Verified QAData «— — —
Checker Checker Checker
S3 x S2 S1
LLM API| Execution Engine

* APIGen: Automated Plpeline for Generating Verifiable and Diverse Function-Calling Dataset, Liu et. al., Jun 2024

LLMs: Introduction and Recent Advances
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o /

A P I G e n * Multi-Stage Data Verification
\ 4 | 4

Semantic Execution Format
+— 4+
Checker Checker Checker
S3 I S2 S1
LLM AP| Execution Engine
APls Function Call Generator Output
{ {
"name": "api_name", [ "query": "The generated query.",
"description": "API description", { ) "answers": [
"parameters": { ::name": "aEl_namen, {
"param name": { alrl‘guments =“{ ., . "name": "api name",
"type": "data type", “arg_nameln: "valuelu, "arguments": {
"description": ", arg_name2": "value2", "arg name": "value",
"default": "", ... (more arguments) ... (more arguments)
"required": true or false } } }
1 }
. (more parameters) e (more API calls) ... (more API calls)
} ]
} }

* APIGen: Automated Plpeline for Generating Verifiable and Diverse Function-Calling Dataset, Liu et. al., Jun 2024

LLMs: Introduction and Recent Advances .S&  Dinesh Raghu
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”
A P I G e n * Multi-Stage Data Verification /

v 1 3
Semantic Execution Format
Checker Checker Checker
. S3 S2 S1
Execution Checker I T
1. Functions are executed using the appropriate LLM API Execution Engine

backend
* Python functions are directly imported and
executed in a separate subprocess

e REST APIs are called to obtain results and
status codes).

2. Unsuccessful executions are filtered out

* APIGen: Automated Plpeline for Generating Verifiable and Diverse Function-Calling Dataset, Liu et. al., Jun 2024
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”
A P I G e n * Multi-Stage Data Verification /
\ 4 | 4

Semantic Execution Format
Checker Checker Checker
. S3 S2 S1
Semantic Checker I T
* Does the final answer semantically align with the LLM API Execution Engine

guery’s objective?
* Query-answer pairs that execute successfully
can produce meaningless results due to
1. infeasible queries
2. incorrect arguments

* APIGen: Automated Plpeline for Generating Verifiable and Diverse Function-Calling Dataset, Liu et. al., Jun 2024
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APIGen*

Model Verified Data \ Fail Format Fail Execution Fail Semantic Pass Rate
( DeepSeek-Coder-33B-Inst 13,769 L4,311 15,496 6,424 34.42%

Mixtral-8x7B-Inst 15,385 3,311 12,341 7,963 38.46%

Mixtral-8x22B-Inst 26,384 1,680 5,073 6,863 65.96%
KDeepSeek-VZChat (236B) 33,659 817 3,359 2,16 84.15%

Filtering statistics for the generated datasets using different base LLMs.

* APIGen: Automated Plpeline for Generating Verifiable and Diverse Function-Calling Dataset, Liu et. al., Jun 2024
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APIGen*

BFCL Leaderboard

The Berkeley Function Calling Leaderboard V3 (also called Berkeley Tool Calling Leaderboard V3) evaluates the LLM's ability to call functions (aka tools) accurately. This leaderboard
consists of real-world data and will be updated periodically. For more information on the evaluation dataset and methodology, please refer to our blogs: BFCL-v1 introducing AST as an
evaluation metric, BFCL-v2 introducing enterprise and 0SS-contributed functions, and BFCL-v3 introducing multi-turn interactions. Checkout code and data.

Last Updated: 2024-09-20 [Change Log]

Single Turn Multi Turn
Latency (s) P Non-live (AST) P Non-live (Exec) P Live (AST) P Multi turn P>
Rank 3 Overall Acc Model Cost ($) Mean AST Summary Exec Summary Overall Acc Overall Acc

GPT-4-
1 59.49 turbo-2024-04-09 34.98 82.65 83.8 73.39 21.62
(FC)

GPT-40-2024-08-06
2 59.29 o 8.37 - 85.52 82.96 71.79 2125
3 59.13 XLAM-8x22b-r (FC) N/A 89.75 89.32 72.81 15.62
GP1-30-
4 58.45 mini-2024-07-18 0.56 82.83 81.8 67.53 2575
(FC)
5 57.94 XLAM-8x7b-r (FC) N/A - 88.44 85.89 71.97 15.75

image credits: screenshot of https://gorilla.cs.berkeley.edu/leaderboard.html
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Summary

1. APIBench (Gorilla)
* Lowdiversityin APIs
* Single turn dialogs

2. ToolAlpaca Dataset
* High Diversity (400 real world inspired APIs)
*  Multi turn dialogs with question generation and response generation

3. ToolBench (ToolLLM)
* High diversity (16K real world APIs from RapidAPI Hub)
e Multi turn dialogs
* Has single tool setup and multi tool setup

—_—

4. xlam-function-calling-60k (APIGen)
* High diversity (3K high quality real world APIs from RapidAPI Hub)
* high quality multi turn dialogs —thanks to the 3 stage filtering
* Has single tool setup and multi tool setup along with its parallel variants

LLMs: Introduction and Recent Advances LA % Dinesh AEEIL
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Granite-Function-Calling-Model*

Issues with existing open models:

1. Openness: The best performing models are proprietary and the ones that have open licenses (e.g., Gorilla)
are trained using data generated from OpenAl models

2. Generalizability: Even though the datasets are generated using diverse sets of APIs (e.g., RapidAPls),
Basu et al. (2024) has shown that models trained on these datasets have difficulty generalizing to out-of-
domain datasets

3. Granular tasks: Function calling encompasses multiple granular sub-tasks such as function-name
detection, slot filling, and detecting the ordered sequence of functions needed to be called. Existing
models trained to perform function calling lack the ability to handle these granular tasks independently

*Granite-Function Calling Model: Introducing Function Calling Abilities via Multi-task Learning of Granular Tasks, Abdelaziz et. Al., Jun 2024

LLMs: Introduction and Recent Advances , @ Dinesh Raghu
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Granite-Function-Calling-Model*

1. Openness: synthesize training data using models with provide open license

2. Generalizability: repurposed existing datasets with permissible license and added new synthesized
datasets to get better generalization

3. Granular tasks: enabled support for granular tasks

*Granite-Function Calling Model: Introducing Function Calling Abilities via Multi-task Learning of Granular Tasks, Abdelaziz et. Al., Jun 2024

LLMs: Introduction and Recent Advances !'  Dinesh Raghu
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Granite-Function-Calling-Model*

:[ SeqsGD | [ SeqTopvz | ' N
:[ SeqSNIPS | [ SeqMultiWOZ | ‘e, JSON Format @J» -
! : Unification : GraniteCode-
i| SeqATIS | Glaive-v2 | ! Function Prompts Instruct
S ) Library
Datasets Jl M
__________________________________________________________________________ Training Mixture ; 1 : . ’
Generation Flne-Tunlng
Nested Function Calling Function Chaining Next-Best Function ll
Parallel Function Name Parameter-Value Response @
Functions Detection Pair Detection Generation Granite-20B-FunctionCalling
"""""""""""""""""""" Tasks

*Granite-Function Calling Model: Introducing Function Calling Abilities via Multi-task Learning of Granular Tasks, Abdelaziz et. Al., Jun 2024
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S U mm a ry 5. Granite-Function-Calling-Model %

* High diversity

1. APIBench (Gorilla) * Has single tool, & multiple tool setup
« Lowdiversityin APIs * Has multi turn dialogs
*  Single turn dialogs * Open-sourced data and model with

permissible license

2. ToolAlpaca Dataset
* High Diversity (400 real world inspired APIs)
*  Multi turn dialogs with question generation and response generation

3. ToolBench (ToolLLM)
* High diversity (16K real world APIs from RapidAPI Hub)
e Multi turn dialogs
* Has single tool setup and multi tool setup

4Mnction-calling-60k (APIGen
* High diversity (3K high quality real world APIs from RapidAPI Hub)

* high quality multi turn dialogs —thanks to the 3 stage filtering
* Has single tool setup and multi tool setup along with its parallel variants

LLMs: Introduction and Recent Advances )& Dinesh Raghu
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