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Abstract

There is a growing interest in research on Intelligent Virtual Agent (IVA) that can interact like a real person by loading L

arge Language Model (LLM) that understand the user's language based on natural language and provide human-like convers
ational functions onto a virtual avatar with a human appearance. This study analyzes a method of building an integrated de
velopment environment using Unity-based LLM to implement IVA as three-dimensional interactive virtual avatars. The prima
ry objective of this study is to compare and analyze the methods of utilizing the Inference Engine, a machine learning deve
lopment tool that uses LLMs released as open-source, and the OpenAl API, which provides access to OpenAl's models. Th
erefore, we aim to organize the process of building a Unity-based LLM development environment using the Inference Engin
e and the OpenAl API, then analyze the characteristics and differences between the two development environments through

the process of creating a conversational virtual avatar. Based on the results of executing conversational content that responds
to users' questions in an experimental environment consisting of a conversational virtual avatar and a user interface (UI) usi
ng the Phi-3.5 model and the GPT-40 model, we compare the development process, response generation time, and functions
of the Inference Engine and the OpenAl API to suggest directions that can be utilized in the development of various intera

ctive virtual avatars.
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—————— | using Unity. InferenceEngine; |————-—,

( Y
Load a neural network model file
€ ONNX

. ! J
( B

Create input for the model

[array] or Texture2D T i
. ! P,
4 R

new Yorker{runtimeModel, BackendType.GPUCompute );

L 2

Run the model with the input
to compute a result (inference)

worker . Schedule( inputTensor );

¥

Get the result

I

1

1

1

1

}

1

1

1

}

I

1

1

1

}

1

} . .
| Create an inference engine
}

1

|

1

1

1

1

1

|

}

1

|

1

}

1

! sor<float> outputTensor = worker.PeekOutput() as Tensor<float>;
1
|

Figure 1. Inference Engine workflow.
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t}. Figure 32 Inference Engine2 3 LLM 7|3 374
F5% §UE ZaAs HUS e,

_| €«— Unity.InferenceEngine namespace

Systen.Col lect ions. Gener i c;
Ueing Systen.Col lectione:

35+ NonoBehaviou

public bool che
private strin

s auestion friendly.tn-Your reply consist of 2 sentences.”;

nt> Ineutiensor, attentlonhuskTensor, positionideTansor:
Logit

r Load a model

o nahssatarath, I35
nghssetsPath, “Phids/uo
e atrasninghasersrath, “Pni38/seneras

I

OynanicTensorsh 3
Clogits, 2, false); I
I
I

| vorker_uodel = nex uni
orkerdecoding = new Unity. in

nayee suomBute:
SuckendType. GPUCONpUte ); 1
A 'ﬁmﬁ'

er(n ty.In
orker(sreedyhode!
o

Create Input for the model & |
Create an Inference Engine

w() {32007, 32001, 32000 };

eosTokens = ne
)

public void Update()

if (tcheck_runing €& Input.GetkeyUp(KeyCode.Return) && !string. IsNul 10rUniteSpace( inputField.text))
i

Generate(inputField. text, systePrompt);

0id Generate(string userPrompt, string systenProwpt)

.0ebug.Loa( “Conplete prowpt : * + conpletePronpt);

r EncodeTolds(conpletePronpt ). ToArray( )i

“User*);
inputField.text)”;

00 ect(inputField. ganeodect );

Figure 2. Example code demonstrating the Inference Engine

workflow.

Figure 3. Example of an LLM development environment using
Inference Engine in Unity.
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Table 1. Type of Endpoints for OpenAl APIL.

. i List and describe the various models
ModelsEndpoint ', oiiable in the AP
RealtimeEndpoint | Build low-latency, multi-modal
| conversational experiences.
. . | Build assistants that can call models and
AssistantsEndpoint | use tools to perform tasks.

. i Given a chat conversation, the model will
Chatfindpoint | return a chat completion response.
AudioEndpoint " Converts audio into text.

TmagesEndpoint 3 Given a prompt and/or an input image, the
1 model will generate a new image.
. . ' Files are used to upload documents that
FilesEndpoint | can be used with features like Fine-tuning.
. . . ! Manage fine-tuning jobs to tailor a model
FineTuningEndpoint | to your specific training data.
BatchesEndpoint | Create large batches of API requests for
1 asynchronous processing.
' Get a vector representation of a given
EmbeddingsEndpoint | input that can be easily consumed by
i machine learning models and algorithms.
" Given a input text, outputs if the model
ModerationsEndpoint | classifies it as violating OpenAl's content
I policy.

using
using
using
using
using
Fm————— us@ns
using
using
using
using
using

Openal
Openal
Openal
Openal
Openal

Openal
Opendl
Openal
Openal
Openal

.Models;
.Realtime;
.Assistants:
.Chat:
JAudios
Openal.
.Files;
.FineTuning:
.Batch:
.Embeddings:
.Moderations;

Images; b e - - - - —-

Accessing the OpenAl API
using the OpenAl client

openAl = new OpenslClient{configuration)

J

R 2

purpose

Using the appropriate
endpoints for the

(send input data to the
server & get the results
generated by the model)

openal . ModelsEndpoint ‘\
openAl . RealtimeEndpaint
openl . AssistantsEndpoint
openil.ChatEndpoint
openAl . AudioEndpoint

opendl. ImagesEndPoint

openil .FilesEndpoint
open4l.FineTuningEndpoint
openAl . BatchEndpaint

open4| .EmbeddingsEndpoint

open4l .Moderat ionsEndpoi Ht)

lusing Openal.Realt ine;
1

| nanespace Openal .Sanples.chat |
=+ a

public class ChatBehaviour : MonoBehaviour
{

private OpenilConfi
private THP_Input
private RectTr
private ScrollRect scrollView;

Id inputField:
form contentarea;

guration configuration;

I €«— OpenAl namespace

private string systemPrompt = "You are a helpful assistant.”;

private OpenilClient openAl;

private readonly Conversation conversation = new();

private void Onvalidate()
{
inputField.validate();

contenthrea.validate();
}

private void Awake()
{

E I TS .

1 openAl = new OpenilClient(configuration) |
{

I Enableebug = enabledebus

1)

)

private void SubmitChat(string .) => SubmitChat();

private static bool isChatPending;

private async void SubmitChat()
{

I «— Create an OpenAl client
I

ApUFi ETdTorSubmi £ ATLTS (EneT( Submi tThat );

if (isChatPending Il string.lsNullOrUhiteSpace( inputField.text)) { return; }

isChatPending = true;

inputField.ReleaseSelection();
inputField. interactable = false;
conversation. Appendiessage(new
var userfessageContent = AddNes

e.User, inputField.text));

Content(Role.User);

o
userMessageContent .text = $"User: (inputField.text)";
inputField.text = string.Enpty;
var assistantMessageContent = AddNewTextMessageContent(Role.Assistant);
assistantMessageContent .text = “Assistant(GPT-do): *;

| var request = new ChatRe:
1 var response = await ope

1!

(conversation.Messages, tools: assistantTools);
hatEndpoint .StreanConpletionAsync(request, resultHandler: deltaResponse => I

assistant geContent . text += delt

if (deltaResponse?.FirstChoice?.Delta == null) { return; }

.FirstChoice.Delta.Tostring();

1
1 scroll¥iew.verticalNornalizedPosition = Of;
I

}, cancellationToken: destroyCancellationToken);

catch (E c

switch (e) ]

finally
{

if (destroyCancellationToken is { IsCancellationRequested: false })

inputField. interactable = true;
EventSysten.current.SetSelectedGaneObject( inputField.ganeObject );

//subnitButton. interactable =

isChatPending = false;

)
}
}

Figure 5. Example code

workflow.
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A5k, OpenAl Zeto]1E9]  ChatEndpointE  ©]--3f

OpenAl 2221l GPT- 40[40]_‘2]- tjs}eitt. o, Inference Engine
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A A= Inference Engine2 ©]-&3to] &3+ 7 A4y 2
Al AA3sA ) Figure 6= OpenAl APIE ARE-3lo] LLM 7

743 §UE z2AE sEe Jehin.

Figure 6. Example of an LLM development environment using
OpenAl API in Unity.
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[kl rlo

ol o,
[m
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R
25 LLM 7§ 870l A= Phi-3.5-mini-instruct E’_Eilé o]-&
Slo] GPU W R 2] (BackendType.GPUCompute) S A3 Ao
2 AdAskgirk OpenAl APIE 283 LLM 7 %7301]/‘1
L gpt-40-2024-08-06 ARgsERleH, 7 #4Y &
2+ E5 AMD Ryzen 5 5600X 6-Core Processor 3.70 GHz
9} 16GB RAM, NVIDIA GeForce RTX 306028 FTAH %
A3k PColA A= AUTE. AREAE AH T A LLMO] &
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Table 2. System prompt for Phi-3.5 (Inference Engine) and
GPT-40 (OpenAl API).
System Prompt for Phi-3.5 and GPT-40

You are a helpful assistant in a human-like avatar.
- Reply user's question friendly.
- Your reply consist of 2 sentences.

Table 3. The results measured the time taken from the user's
input of the two models until the model runs and outputs a
response.

LLMs Measured Time

Responding from user’s question:
10,809ms

Encoding user’s input: 10ms
Decoding LLM’s output: 13ms

Inference PC

Engine:
Phi-3.5
(3.82GB)

Responding from user’s question:
13,358ms

Encoding user’s input: 12ms
Decoding LLM’s output: 13ms

Laptop

Responding from user’s question:
PC 913ms
“openai-processing-ms”: 354ms

OpenAl
API:
GPT-40

Responding from user’s question:
990ms
“openai-processing-ms”: 343ms

Laptop
(LAN)

Responding from user’s question:

Laptop | 5 gms

(Wi-Fi)

“openai-processing-ms”: 380ms
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User: Hello!
Assistant(Phi-3.5): Hello therel How can | assist you today?
User: Do you know KCGS?

Assistant(Phi-3.5): Yes, I'm aware of KCGS. It stands for the Kentucky Christian
Gospel Choir, a group known for their soulful performances. Theyve been a
significant part of the gospel music scene in Kentucky.
User: No, it's Korea Computer Graphics Society
Assistant(Phi-3.5): | understand, you're referring to the Korea Computer Graphics
Society. Its a professional organization dedicated to advancing the field of
computer graphics in Korea.
User: They are the best!
Assistant(Phi-3.5): I'm delighted to hear that you appreciate them! What
specifically do you find so great about them?

User: Hello!
Assistant(GPT-40): Hello there! How can | assist you today?
User: Do you know KCGS?

Assistant(GPT-40): KCGS could refer to different things depending on the context. Could you
let me know what specific area or subject you're referring to?

User: Its Korea Computer Graphics Society.

puter Graphics Society (KCGS) is an organi
nd promoton of omputar grapfics n Koron, They are S
ing conferences and research publications.

uo) e L
aphi

thefield of computer gré

Figure 7. Results of conversational content between the user and the LLMs in Unity: Phi-3.5 using Inference Engine (left) and

GPT-40 using OpenAl API (right).
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Table 4. Features of Inference Engine and OpenAl API for
LLM Development Environment in Unity.
Features

- Running locally (Hardware dependency)
- LLM file must included in the project
Inference | - LLM quantization may needed

Engine - Tokenizer required
- Free (using open-source LLMs)
- Using LLM in ONNX format

- Using RESTful API to access OpenAl
server

- Ease of use

- Accessing various OpenAl models and
features (including RealTime API)

- Come with costs

- Unofficial Unity package

OpenAl
API
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