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1 Introduction to RKLLM

1.1 Introduction to RKLLM Toolchain

1.1.1 Introduction to RKLLM-Toolkit

RKLLM-Toolkit is a development kit that provides users with the ability to quantify and convert large
language models on the PC. Through the Python interface provided by the tool, the following functions
can be conveniently accomplished:

1) Model Conversion: It supports the conversion of Large Language Model (LLM) in Hugging Face
format to RKLLM model, and the supported models include LLaMA, Qwen, Qwen2, Phi-2, Phi-3,
ChatGLM3, Gemma, InternLM2 and MiniCPM. ChatGLM3, Gemma, InternLM2 and MiniCPM. The
converted RKLLM models can be loaded and used on Rockchip NPU platform.

2) Quantization Function: Supports quantization of floating-point models into fixed-point models.

Currently supported quantization types include w4al6 and w8as8.

1.1.2 Introduction to RKLLM Runtime

The RKLLM Runtime is primarily responsible for loading the RKLLM models obtained from the
RKLLM-Toolkit conversion and executing inference via the Rockchip NPU drivers embedded in the
RK3576/RK3588 series. Throughout the RKLLM model inference process, users retain the autonomy to
specify inference parameter configurations, define various text generation methodologies, and seamlessly

retrieve inference results from the model via pre-defined callback functions.

1.2 Introduction to the RKLLM Development Process

The overall development process of RKLLM primarily comprises two phases: model conversion in
PC and deployment and execution in board-side:
1) Model Conversion in PC:
During this phase, the provided Hugging Face formatted LLM is converted into RKLLM format

for efficient inference on the Rockchip NPU platform. This step includes:
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a. Model Acquisition: Obtain the large language model in Hugging Face format, either directly
from the Hugging Face platform or one trained independently, ensuring consistency in model structure
preservation.

b. Model Loading: Load the original model using the rkllm.load huggingface() function.

€. Model Quantization Configuration: Utilize the rkllm.build() function to construct the RKLLM
model, with the option to perform model quantization for enhanced hardware deployment
performance. Additionally, choose different optimization levels and quantization types during the
construction process.

d. Model Export: Export the RKLLM model as a .rkllm format file using the rkllm.export_rkllm()
function for subsequent deployment.

2) Deployment and Execution in Board-side:

This phase encompasses the actual deployment and execution of the model, typically involving
the following steps:

a. Model Initialization: Load the RKLLM model onto the Rockchip NPU platform, configure
model parameters accordingly to define the desired text generation methods, and pre-define callback
functions to receive real-time inference results, preparing for inference.

b. Model Inference: Execute the inference operation by passing input data to the model and
running model inference. Users can continuously retrieve inference results through pre-defined
callback functions.

€. Model Release: After completing the inference process, release the model resources to allow
other tasks to utilize the computational resources of the NPU.

These two steps constitute the complete RKLLM development process, ensuring successful

conversion, debugging, and ultimately efficient deployment of the LLMs on the Rockchip NPU.

1.3 Applicable Hardware Platforms

The hardware platforms to which this document applies mainly include: RK3576, RK3588
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2 Development Environment Preparation

The RKLLM toolchain zip file contains the whl installer for the RKLLM-Toolkit, the associated files

of the RKLLM Runtime library and reference sample code. The specific folder structure is shown below:

doc

L——Rockchip RKLLM SDK CN.pdf # RKLLM SDK Documentation (Chinese)
L——Rockchip RKLLM SDK CN.pdf # RKLLM SDK Documentation (English)
rkllm-runtime

I—examples
| L—— rkllm api demo # Board-side Inference Example
| L— rkllm server demo # RKLLM-Server Deployment Example
F——runtime
L—— Android
L—— 1ibrkllm api

L——arm64-v8a
L —— librkllmrt.so # RKLLM Runtime Library
L——include

L—— Tinux

L—— 1ibrkllm api

I

I

I

I

I

| L—— rkllm.h # Header File
I

I

| | I
|

I

I

aarcho4

L —— librkllmrt.so # RKLLM Runtime Library
L——include

L—— rkxllm.h # Header File

rkllm-toolkit

I—examples

| — huggingface
| L— test.py

I—packages

| L—— md5sum. txt

| —_ rkllm toolkit-x.x.x-cp38-cp38-linux x86 64.whl
rknpu-driver
L——rknpu driver 0.9.6 20240322.tar.bz2

This chapter provides detailed instructions for installing the RKLLM-Toolkit and RKLLM Runtime.

For specific usage instructions, please refer to the instructions in Chapter 3.

2.1 Installation of RKLLM-Toolkit

This section mainly describes how to install the RKLLM-Toolkit with pip install command. Users can

refer to the following detailed instructions to complete the installation of the RKLLM-Toolkit toolchain.



Rackchip '
BT www.rock-chips.com

2.1.1 Installation via Pip

2.1.1.1 Installation of Miniforge3

To avoid the need for multiple versions of Python environments, it is recommended to use miniforge3
to manage your Python environments.
Check if miniforge3 is installed and the version information of conda. If it is already installed, you

can skip this section.

conda -V

# If "conda: command not found" is displayed, it indicates that conda
is not installed.

# For example, version information could be displayed as conda 23.9.0

Download the miniforge3 installation package.

wget -c https://mirrors.bfsu.edu.cn/github-release/conda-
forge/miniforge/LatestRelease/Miniforge3-Linux-x86 64.sh

Install miniforge3.

chmod 777 Miniforge3-Linux-x86 64.sh
bash Miniforge3-Linux-x86 64.sh

2.1.1.2 Create RKLLM-Toolkit Conda Environment

Activate the Conda base environment.

source ~/miniforge3/bin/activate # directory of miniforge3
# (base) xxx@xxx-pc:~$

Create a Conda environment named RKLLM-Toolkit with Python version 3.8 (recommended).

conda create -n RKLLM-Toolkit python=3.8

Activate the RKLLM-Toolkit Conda environment.

conda activate RKLLM-Toolkit
# (RKLLM-Toolkit) =xxx@xxx-pc:~$

2.1.1.3 Installing RKLLM-Toolkit

In the RKLLM-Toolkit Conda environment, use the pip command to install the provided
toolchain .whl package directly. During the installation process, the installer will automatically download

the necessary dependencies for the RKLLM-Toolkit tools.
pip3 install rkllm toolkit-x.x.x-cp38-cp38-linux x86 64.whl
If executing the following command does not result in any errors, the installation is successful.

python
from rkllm.api import RKLLM
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2.2 Introduction for RKLLM Runtime Usage

Within the RKLLM toolchain files provided, the following components are included for the RKLLM
runtime:

1) lib/librkllmrt.so: RKLLM Runtime library suitable for RK3576/RK3588 series.

2) include/rkllm_api.h: Corresponding header file to librkllmrt.so, containing descriptions of related
structures and function definitions.

When constructing deployment inference code for RK3576/RK3588 series using the RKLLM
toolchain, it is critical to ensure proper linkage to the above header file and function library to ensure
compilation correctness. During the actual runtime of the code on RK3576/RK3588 boards, it is equally
important to ensure successful transfer of the above function library files to the board and complete library

declaration through the following environment variable settings:

export LD LIBRARY PATH=/path/to/your/lib

2.3 Compilation Requirements for RKLLM Runtime

When utilizing RKLLM Runtime, it's essential to pay attention to the version of the gcc compilation

tool. We recommend the cross-compilation tool gec-arm-10.2-2020.11-x86_64-aarch64-none-linux-gnu.

Please note that cross-compilation tools often have backward compatibility but not upward compatibility,
so refrain from using versions below 10.2.

If you choose to use the Android platform, and you need to compile Android executable files, we
recommend using the Android NDK tool for cross-compilation. You can download it from the following

link: Android NDK Cross-Compilation Tool Download Link. We recommend using version r21e.

You can also refer to the specific compilation methods in the compilation scripts located in the

rkllm/rkllm-runtime/examples/rkllm_api_demo directory.

2.4 Kernel Update

Due to the requirement of a higher version of the NPU kernel for the provided RKLLM, users need
to verify that the NPU kernel on the board is version v0.9.6 before using RKLLM Runtime for model

inference. The specific query command is as follows:

9
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# Execute the following command to query the NPU kernel version.
cat /sys/kernel/debug/rknpu/version

# Confirm that the command output is as follows:
# RKNPU driver: v0.9.6

If the queried NPU kernel version is lower than v0.9.6, please proceed to the official firmware address
to download the latest firmware for updating.

For users using non-official firmware, it's necessary to update the kernel. The RKNPU driver package
supports two main kernel versions: kernel-5.10 and kernel-6.1. For kernel-5.10, it is recommended to use

a specific version at GitHub-rockchip-linux/kernelatdevelop-5.10. For kernel 6.1, it is recommended to use

a specific version such as 6.1.57. Users can confirm the specific version number in the Makefile in the
kernel's root directory. The specific steps to upgrade the kernel are as follows:

1) Download the rknpu driver 0.9.6 20240322.tar.bz2.

2) Unzip the compressed file and overwrite the RKNPU driver code into the current kernel code
directory.
3) Recompile the kernel.

4) Flash the newly compiled kernel to the device.

10
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3 RKLLM Instruction Guide

3.1 Model Conversion

RKLLM-Toolkit provides model conversion and quantization functionalities. As one of the core
features of RKLLM-Toolkit, it allows users to convert LLMs in Hugging Face format into RKLLM models,
enabling the deployment and execution of RKLLM models on Rockchip NPU. This section will focus on
the specific implementation of model conversion by RKLLM-Toolkit for LLMs, serving as a reference for

users.

3.1.1 RKLLM Initialization

In this section, users need to initialize the RKLLM object, which is the first step in the entire workflow.

In the example code, use the RKLLM() constructor function to initialize the RKLLM object.
rkllm = RKLLM()

3.1.2 Loading Models

After initializing RKLLM, users need to call the rkllm.load huggingface() function to pass the
specific path of the model. RKLLM-Toolkit will then successfully load the large language model in
Hugging Face format based on the corresponding path, enabling subsequent conversion and quantization

operations. The specific function definition is as follows:

Table 3-1 Interface Specification for the load_huggingface Function

Fuctiom load_huggingface
Introduction Used to load open-source LLMs in Hugging Face format.
Parameters model: The path where the LLM files are stored, used for loading the model for

subsequent conversion and quantization.

Returns 0 indicates successful model loading;

-1 indicates model loading failure.

The example code is as follows:

11
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ret = rkllm.load huggingface (model = './huggingface model dir"')
if ret != 0:
print ('Load model failed!')

3.1.3 Quantization Construction for RKLLM Model

After loading the original model through the rkllm.load huggingface() function, the next step is to
build the RKLLM model using the rkllm.build() function. During model conversation, users can choose
whether to perform quantization, which helps reduce the model size and improve inference performance

on Rockchip NPU. The specific definition of the rkllm.build() function is as follows:

Table 3-2 Interface Specification for the build Function

Fuctiom build

Introduction Used to construct the RKLLM model and define specific quantization operations

during the conversion process.

Parameters do_quantization: This parameter controls whether to perform quantization operations
on the model, and it is recommended to set it to True.

optimization_level: This parameter is used to set whether to perform quantization
precision optimization. The available settings are {0, 1}, where 0 means no
optimization and 1 means precision optimization. Precision optimization may cause
a decrease in model inference performance.

quantized_dtype: This parameter is used to set the specific type of quantization.

Currently supported quantization types include

Returns 0 indicates successful model conversion and quantization;

-1 indicates model conversion failure.

The example code is as follows:

ret = rkllm.build/(
do_quantization=True,
optimization level=1l,
quantized dtype='w8a8',
target platform='rk3588")
if ret != 0:
print ('Build model failed!')

12
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3.1.4 Exporting RKLLM Model

After constructing the RKLLM model using the rkllm.build() function, users can save the RKNN
model as a .rkllm file for subsequent model deployment using the rkllm.export rkllm() function. The

specific parameter definition of the rkllm.export_rkllm() function is as follows:

Table 3-3 Interface Specification for the export_rkllm Function

Fuctiom export_rkllm

Introduction Used to save the converted and quantized RKLLM model for subsequent inference
calls.

Parameters export_path: The file path for saving the exported RKLLM model file.

Returns 0 indicates successful export and saving of the model;
-1 indicates model export failure.

The example code is as follows:

ret = rkllm.export rkllm(export path = './model.rkllm')
if ret != 0:
print ('Export model failed!')

The above operations cover all steps of model conversion and quantization in the RKLLM-Toolkit.
Depending on different requirements and application scenarios, users can choose different configuration

options and quantization methods for customised settings, which facilitates subsequent deployment.

3.2 Inference Implementation in Board-side

This chapter introduces the usage of the general API interface functions. Users can refer to the content
of this chapter to construct C++ code and implement inference of RKLLLM models on the board to obtain
inference results. The RKLLM board-side inference implementation is as follows:

1) Define the callback function callback().

2) Define the RKLLM model parameter structure RKLLMParam.

3) Initialize the RKLLM model with rkllm_init().

4) Perform model inference with rkllm_run().

5) Process the real-time inference results returned by the callback function callback().

13
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6) Destroy the RKLLM model and release resources with rkllm_destroy().
In the subsequent parts of this chapter, the document will provide detailed explanations of each step

in the process and provide detailed explanations of the functions involved.

3.2.1 Define Callback Function

The callback function is used to receive real-time output results from the RKLLM model. It is bound
during the initialization of RKLLM and continuously outputs results to the callback function during the
RKLLM model inference process, returning only one token each time.

Here is an example code snippet where the callback function prints the output results in real-time to

the terminal:

void callback (RKLLMResult* result, void* userdata, LLMCallState state)
{
if (state == LLM RUN NORMAL) {
printf ("$s", result->text);
for (int 1i=0; i<reuslt->num; i++) {
printf ("token id: %d logprob: 3%f", result->tokens[i].id,
result->tokens[i] .logprob) ;
}
}

if (state == LLM RUN FINISH) {
printf ("finish\n") ;
} else if (state == LLM RUN ERROR) {

printf ("\run error\n") ;

}

1) LLMCallState is a status flag, and its specific definition is as follows:

Table 3-4 Explanation of LLMCallState Status Flags

Variable Name | LLMCallState

Introduction Used to indicate the current running state of RKLLM.

Parameters 0, LLM_RUN_NORMAL, indicates that the RKLLM model is currently inferencing;
1, LLM_RUN_FINISH, indicates that the RKLLM model has completed inference;

2, LLM_RUN_ERROR, indicates that an error has occurred during inference;

Returns None

During the design process of the callback function, users can set different post-processing

14
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behaviors based on the different states of LLMCallState.

2) RKLLMResult is a return value structure, and its specific definition is as follows:

Table 3-5 Explanation of RKLLMResult Structure

Variable Name | RKLLMResult

Introduction Used to return the current inference-generated result.

Parameters 0, text, indicates the text content generated by the current inference;
1, tokens, indicates the top tokens with the highest probability at the current token
position, where each token includes two attributes: id and logprob;

2, num, indicates the number of tokens in the result;

Returns None

During the design process of the callback function, users can set different post-processing

behaviors based on the values in RKLLMResult.

3.2.2 Define RKLLMParam

The RKLLMParam structure is used to describe and define the detailed information of RKLLM. The

specific definition is as follows:

Table 3-6 Explanation of RKLLMParam Structure

Variable Name | RKLLMParam

Introduction Used to define the detailed parameters of the RKLLM model.

Parameters const char* model_path: the path to the RKLLM model file;

int32_t num_npu_core: the number of NPU cores used during model inference; The
"rk3576" platform has configurable range [1, 2]; while the "rk3588" is [1, 3];

bool use_gpu: whether to use GPU for prefill acceleration, default option is false;
int32 _t max_context len: the context size of the prompt;

int32_t max_new_tokens: the maximum number of generated tokens in inferencing;

15
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int32 _t top k: top-k sampling is a text generation method that selects the next token
only from the top-k tokens with the highest probabilities predicted by the model. This
method helps reduce the risk of generating low-probability or meaningless tokens. A
higher top-k value (e.g., 100) will consider more token choices, resulting in more
diverse text generation, while a lower value (e.g., 10) will focus on the most probable
tokens, generating more conservative text. The default value is 40;

float top_p: top-p sampling, also known as nucleus sampling, is another text
generation method that selects the next token from a group of tokens with cumulative
probabilities of at least p. This method balances diversity and quality by considering
the probabilities of tokens and the number of sampled tokens. A higher top-p value
(e.g., 0.95) results in more diverse text generation, while a lower value (e.g., 0.5)
generates more focused and conservative text. The default value is 0.9;

float temperature: a hyperparameter that controls the randomness of generated text
by adjusting the probability distribution of output tokens. A higher temperature (e.g.,
1.5) makes the output more random and creative. When the temperature is high, the
model considers more options with lower probabilities when selecting the next token,
resulting in more diverse and unexpected outputs. A lower temperature (e.g., 0.5)
makes the output more focused and conservative. Lower temperatures mean that the
model is more likely to choose high-probability tokens, resulting in more consistent
and predictable outputs. In the extreme case of a temperature of 0, the model always
chooses the most probable next token, resulting in identical outputs every time. To
balance randomness and determinism and ensure that the output is neither overly
uniform and predictable nor overly random and chaotic, the default value is 0.8;
float repeat_penalty: controls the occurrence of token sequence repetitions in the

generated text, helping to prevent the model from generating repetitive or

16
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monotonous text. A higher value (e.g., 1.5) imposes a stronger penalty on repetitions,
while a lower value (e.g., 0.9) is more lenient. The default value is 1.1;

float frequency_penalty: a factor for penalizing word/phrase repetition, reducing the
probability of using words/phrases with higher frequencies overall and increasing the
likelihood of using those with lower frequencies. This may lead to more diversified
generated text, but could also result in text that is difficult to understand or not as
expected. The range is [-2.0, 2.0], with a default value of 0;

int32_t mirostat: an algorithm actively maintaining the quality of generated text
within the expected range during the text generation process. It aims to find a balance
between coherence and diversity, avoiding low-quality output caused by excessive
repetition (boredom trap) or incoherence (confusion trap). The values space is {0, 1,
2}, where 0 indicates not activating the algorithm, 1 indicates using the mirostat
algorithm, and 2 indicates using the mirostat 2.0 algorithm;

float mirostat_tau: an option setting the target entropy for mirostat, representing the
expected perplexity value of the generated text. Adjusting the target entropy allows
to control the balance between coherence and diversity in the generated text. Lower
values will result in more concentrated and coherent text, while higher values will
lead to more diversified text, possibly with lower coherence. The default value is 5.0;
float mirostat_eta: an option setting the learning rate for mirostat, which influences
the algorithm's responsiveness to feedback on generated text. A lower learning rate
will result in slower adjustment, while a higher learning rate will make the algorithm
more sensitive. The default value is 0.1;

bool logprobs: an option setting whether to return the log probability values and
token_ids of output tokens;

int32_t top_logporbs: an option setting the number of tokens with the highest

probabilities to return, with each token accompanied by its corresponding log

17
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probability and token_id. When using this parameter, logprobs must be set to True.

Returns None

In actual code construction, RKLLMParam needs to call the rkllm_createDefaultParam() function to
initialize its definition, and set the corresponding model parameters according to requirements. Sample

code is as follows:

RKLLMParam param = rkllm createDefaultParam();
param.model path = "model.rkllm";
param.num npu core = 3;

param.top k = 1;

param.max new tokens = 256;

param.max context len = 512;

3.2.3 Initialize Model

Before initializing the model, it is necessary to define the LLMHandle handle in advance. This handle
is used for the initialization, inference, and resource release processes of the model. It's important to note
that only by unifying the LLMHandle handle object across these three processes can the inference process
of the model be completed correctly.

Prior to model inference, users need to complete the model initialization through the rkllm_init()

function. The specific function definition is as follows:

Table 3-7 Interface Specification for the rkllm_init Function

Fuctiom rkllm_init
Introduction Used to initialize the parameters and related inference settings for RKLLM model.
Parameters LLMHandle* handle: register the model to the corresponding handle for subsequent

inference and release calls;
RKLLMParam param: the parameter structure defined for the model;
LLMResultCallback callback: a callback function used to receive and process real-

time outputs from the model;

Returns 0 indicates that the initialization process is normal;

-1 indicates initialization failure;

18
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The example code is as follows:

LIMHandle llmHandle = nullptr;
rkllm init (&llmHandle, param, callback);

3.2.4 Inference Model

After completing the initialization process of the RKLLLM model, users can perform model inference
using the rkllm_run() function. Real-time inference results can be processed using the callback function

predefined during initialization. The specific function definition of rkllm_run() is as follows:

Table 3-8 Interface Specification for the rkllm_run Function

Fuctiom rkllm_run
Introduction Used to performing result inference using the initialized RKLLM model.
Parameters LLMHandle handle: the target handle registered during model initialization;

const char* prompt: the input prompt for model inference, which is the user's
"question™. Ensure to add the predefined prompt before and after the question to
ensure the correctness of the inference;

void* userdata: the user-defined function pointer, typically set to NULL by default;

Returns 0 indicates that the model inference runs normally;

-1 indicates a failure in calling the model inference;

The example code is as follows:

// Predefined text values for the prompt before and after
#define PROMPT TEXT PREFIX "<|im start|>system You are a helpful
assistant. <|im end|> <|im_ start|>user"

#define PROMPT TEXT POSTFIX "<|im end|><|im start|>assistant"

// Define the input prompt and complete the concatenation

string input str = "X A)TERI PR IS RK3588 e — A mumab e, BEEHE .
RIIFE. @A, FEHIREROSR A

input_str = PROMPT TEXT PREFIX + input str + PROMPT TEXT POSTFIX;

// Call the model inference interface
rkllm run (llmHandle, input str.c str(), NULL);

3.2.5 Interrupt Model Inference

During model inference, users can call the rkllm_abort() function to interrupt the inference process.
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The specific function definition is as follows:

Table 3-9 Interface Specification for the rklim_abort Function

Fuctiom rklim_ abort
Introduction Used to interrupt the RKLLM model inference process.
Parameters LLMHandle handle: the target handle registered during model initialization;
Returns 0 indicates successful interruption of the model;
-1 indicates a failure to interrupt the model.

The example code is as follows:

// llmHandle is the the target handle registered
rkllm abort (1lmHandle) ;

3.2.6 Release Model

After completing all model inference calls, users need to call the rkllm_destroy() function to destroy
the RKLLM model and release the CPU, GPU, and NPU computing resources allocated, for use by other

processes or models. The specific function definition is as follows:

Table 3-10 Interface Specification for the rklim_destory Function

Fuctiom rkllm_ destroy
Introduction Used to destroy the RKLLM model and release all computing resources.
Parameters LLMHandle handle: the target handle registered during model initialization;
Returns 0 indicates successful destruction and release of the RKLLM model,

-1 indicates a failure in releasing the model.

The example code is as follows:
// llmHandle is the the target handle registered
rkllm destroy (llmHandle) ;
3.3 Board-side Inference Example

The directory, rkllm-runtime/examples/rkllm_api_demo, is include the C++ project for the inference

on the board-site, and which is synchronously updated with this documentation. Furthermore, compilation
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scripts are provided for users to facilitate the compilation of the project and the completion of the board-

side inference of the RKLLM model.

3.3.1 Complete Code of Example Project

The complete C++ code example for the inference call is provided below. It is identical to the main.cpp
file in the toolchain's rkllm_api_demo/src directory. The code implements the entire process, including
model initialization, inference, the handling of output with callback functions, and the release of model
resources. Those wishing to implement custom functionalities may find it helpful to refer to the relevant

code.

// Copyright (c) 2024 by Rockchip Electronics Co., Ltd. All Rights
Reserved.

//

// Licensed under the Apache License, Version 2.0 (the "License");

// you may not use this file except in compliance with the License.

// You may obtain a copy of the License at

//

// http://www.apache.org/licenses/LICENSE-2.0

//

// Unless required by applicable law or agreed to in writing, software
// distributed under the License is distributed on an "AS IS" BASIS,
// WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied.

// See the License for the specific language governing permissions and
// limitations under the License.

finclude <string.h>
#include <unistd.h>
#include <string>
#include "rkllm.h"
#include <fstream>
#include <iostream>
finclude <csignal>
#include <vector>

#define PROMPT TEXT PREFIX "<|im start|>system You are a helpful
assistant. <|im end|> <|im start|>user"
#define PROMPT TEXT POSTFIX "<|im end|><|im start|>assistant"
using namespace std;
LLMHandle llmHandle = nullptr;
void exit handler (int signal)
{
if (llmHandle != nullptr)
{
{
cout << "FEFRIIBH" << endl;
LIMHandle tmp = llmHandle;

21



Rackchip

BT www.rock-chips.com

}

llmHandle = nullptr;
rkllm destroy( tmp);
}

exit (signal) ;

void callback (RKLLMResult *result, void *userdata, LLMCallState state)

{

int

if (state == LLM RUN FINISH)
{
printf ("\n") ;
}
else if (state == LLM RUN ERROR)

{
printf ("\\run error\n");
}
else{
printf ("$s", result->text);

}

main (int argc, char **argv)

if (argc != 2)

{
printf ("Usage:%s [rkllm model path]\n", argv[0]);
return -1;

}

signal (SIGINT, exit handler);

string rkllm model (argv[1l]);

printf ("rkllm init start\n");

/ 1B BZ B ANE

RKLLMParam param = rkllm createDefaultParam();
param.model path = rkllm model.c str();
param.target platform = "rk3588";
param.num npu core = 3;

param.top k = 1;

param.max new_ tokens = 256;

param.max context len = 512;

param.logprobs = false;

param.top logprobs = 5;
rkllm init (&llmHandle, param, callback);
printf ("rkllm init success\n");

vector<string> pre input;

pre input.push back (" NI SRR E 3C: B 7 HERAI,  BHYGEHUE
TP, WANEZIR, REBCHEE, —RES, T RELbR Wil ERESS, Bm g
WP Ek, R EIERES, &S/ ERTEE, FREm. ") ;

pre input.push back ("PAWktAMHE, #HERE—EHRE, ZERESHEE. BEET
")

pre input.push back (" LEt: LUBETFME") ;

pre_ input.push back ("fEXAIERPERIEL: RK3588 & — N mmbHA, BAS

FA ARTIRE. MR A, EEAEROERA) ;
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COUL << M\mEExxxs e xkxox s T A BA T I R S IR / 5
i@j)\********************\n" <L endl;
for (int i = 0; 1 < (int)pre input.size(); i++)
{
cout << "[" << 1 << "] " << pre input[i] << endl;
t

cout <<"\n*********************************************\n" << endl;

string text;

while (true)

{
std::string input str;
printf ("\n") ;

printf ("user: ");
std::getline(std::cin, input str);
if (input str == "exit")
{
break;
}
for (int i = 0; 1 < (int)pre input.size(); i++)
{
if (input str == to string(i))

{
input str = pre input[i];
cout << input str << endl;

}

string text = PROMPT TEXT PREFIX + input str +
PROMPT TEXT POSTFIX;

printf ("robot: ") ;

rkllm run(llmHandle, text.c str (), NULL);

}
rkllm destroy(llmHandle) ;
return 0;

3.3.2 Instructions for Example Project

Under the directory of rkllm_api_demo, not only does it contain sample code for invoking the
RKLLM model inference, but also includes compilation scripts build-android.sh and build-linux.sh. This
section will provide a brief explanation of how to use the sample code, taking compiling executable files
for Linux systems as an example using the build-linux.sh script:

Firstly, users need to prepare cross-compilation tools on their own, noting that the recommended
version of the compilation tools in section 2.3 is 10.2 or above. Subsequently, before the compilation

process, users should replace the path to the cross-compilation tools in build-linux.sh themselves:
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# Set the path of the cross-compiler
GCC COMPILER PATH=~/gcc-arm-10.2-2020.11-x86 64-aarch64-none-linux-
gnu/bin/aarch64-none-1linux-gnu

Subsequently, users can use build-linux.sh to initiate the compilation process. Upon completion of the
compilation, users will obtain the corresponding Ilm demo program, which will installed in the
build/build _linux_aarch64 Release/llm_demo directory directory. Following this, the executable file,
library folder, and the RKLLM model (previously converted and quantized using the RKLLM-Toolkit tool)

should be pushed to the board-side.

adb push build/build linux aarch64 Release/llm demo /userdata/llm

adb push ../../runtime/Linux/librkllm api/aarch64/librkllmrt.so
/userdata/1llm/1ib

adb push /PC/path/to/your/rkllm/model /board/path/to/your/rkllm/model

After completing the above steps, users can enter the terminal interface of the board using adb, and
navigate to the corresponding /userdata/llm directory. Then, the inference of RKLLM model on the board

can be invoked using the following command:

adb shell

cd /userdata/llm

export LD LIBRARY PATH=./lib

taskset f0 ./l1llm demo /path/to/your/rkllm/model

With the above operations, users can enter the example inference interface, interact with the board-

side model for inference, and obtain real-time inference results from the RKLLM model.

3.4 Implementation of Board-side Server

After using RKLLM-Toolkit to convert the model and obtain the RKLLM model, users can deploy
server-side services on Linux development boards. This involves setting up a server on a Linux device and
exposing network interfaces to everyone in the local area network. Subsequently, the RKLLM model can
be accessed by other users via the specified address, thus facilitating efficient and concise interaction. This
section will introduce two different server deployment implementations.

1) RLM-Server-Flask based on Flask: Users can achieve API access between the client and server
using request requests. In the provided RKLLM-Server-Flask example, the send-receive structure is
specially set to be the same as the OpenAI-API interface, facilitating quick replacement for users on
existing development bases.

2) RKLLM-Server-Gradio based on Gradio: By reference to the provided example, users can rapidly
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construct a web server for visual interaction. Furthermore, the example illustrates the utilisation of the
Gradio API interface, which enables users to undertake secondary development.

Both examples of server implementations mentioned above are located in the rkllm-
runtime/examples/rkllm_server demo directory. This directory contains specific code for both
implementations, one-click deployment scripts, and API interface calling examples. Users can choose

different examples for reference and further development. The directory structure is as follows:

rkllm-runtime/examples/rkllm server demo

I—rkllm_server # Board-side Deployment Required Files

| L— 1ib # RKLLM Runtime

| — fix freq rk3576.sh # Script for RK3576 Fixed Frequency
| — fix freg rk3588.sh # Script for RK3588 Fixed Frequency
| L— flask server.py # RKLLM-Server-Flask Example

| — gradio_ server.py # RKLLM-Server-Gradio Example

I—build_rkllm_server_flask.sh # One-click Deployment Script -Flask
F—mbuild rkllm server gradio.sh# One-click Deployment Script -Gradio
I—chat_api_flask.py # API Interface Example -Flask
I—chat_api_gradio.py # API Interface Example -Gradio
L——Readme.md

3.4.1 Deployment Example of RKLLM-Server-Flask

In the deployment example of RKLLM-Server-Flask, the main focus is on using the Flask framework
to set up the server-side. On the client-side, data is transmitted using the request-response structure to
achieve API access. In both the server and client implementations of RKLLM-Server-Flask, special
consideration is given to the calling method of the OpenAI-API. The example code ensures consistency by
setting up data structures identical to those used in the OpenAl-API. This allows users to seamlessly
migrate their services by simply replacing the access interface after deploying RKLLM-Server-Flask,

leveraging their existing development foundations in OpenAI-API development.

According to the OpenAI-API usage documentation, users send specific data structures to the server

during the API call process. The main contents are as follows:
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{
"model": "No models available",
"messages": [
{"role": "system",
"content": "You are a helpful assistant."
bo
{
"role": "user",
"content": "Hello!"

}
1,

"stream": false,

Among them, "model" and "stream" specify the specific model to be called and whether to initiate

streaming inference transmission, while the "content" data in "messages" is the crucial user input.

As for the data returned by the server, the structure of the data output by the OpenAl-API varies

depending on whether streaming inference transmission is selected. The data content returned under non-

streaming inference settings is as follows:

{
"id": "chatcmpl-123",
"object": "chat.completion",
"created": 1677652288,
"model": "gpt-3.5-turbo-0125",
"system fingerprint": "fp 44709d6fcb",

"choices": [{
"index": O,
"message": {
"role": "assistant",
"content": "\n\nHello there, how may I assist you today?",

by
"logprobs": null,

"finish reason": "stop"
b
"usage": {
"prompt tokens": 9,
"completion tokens": 12,

"total tokens": 21
}

When streaming inference transmission is not selected, the most important part is the "messages"

content under the "choices" section, which represents the inference results provided by the model.

In contrast, when streaming inference transmission is enabled, the server returns a Response object,

which includes the output results of the model at different points in time during the streaming inference

process. The data content at each moment is as follows:
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{
"id": "chatcmpl-123",
"object": "chat.completion.chunk",
"created": 1677652288,
"model": "gpt-3.5-turbo-0125",
"system fingerprint": "fp 44709d6fcb",

"choices": [{
"index": O,
"delta": {
"role": "assistant",
"content": "\n\nHello there, how may I assist you today?",},
"logprobs": null,
"finish reason": "stop"

}]

After receiving the data from streaming transmission, users need to focus on the "delta" data section
within the "choices" part. Additionally, when "finish reason" is empty (None), it indicates that the model
is still in the inference state, and the data has not been fully generated yet. It's only when "finish_reason"
returns "stop" that the streaming inference is considered finished.

In the provided deployment example code and API access examples for RKLLM-Server-Flask, you
can see identical definitions of the transmission data structure, ensuring the generality of the deployed
RKLLM-Server-Flask. This facilitates quick replacement for users who have previously used OpenAI-APIL
In the subsequent sections of this chapter, we will separately introduce the one-click deployment script for
the server, important settings for server deployment implementation, and the script design for client-side

API access.

3.4.1.1 Server-side: One-click Deployment Script for RKLLM-Server-Flask

The one-click deployment script for RKLLM-Server-Flask is named build rkllm server flask.sh and
is located in the rkllm_server demo directory. This script helps users quickly set up the RKLLM-Server-
Flask server on a Linux development board. Before using this script, users should note the following:

1) Ensure that the development board is connected to the network via an Ethernet cable. Use the
"ifconfig" command in the adb shell to determine the specific IP address of the development board. The
RKLLM-Server-Flask will then set up the server with this IP address within the local area network and
accept client access.

2) Users should have successfully converted the RKLLM model beforehand. Before executing the
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one-click deployment script, ensure that the RKLLM model has been pushed to the Linux board.
Users can directly invoke the build rkllm_server flask.sh script from their PC (not the development
board) using the following command to quickly deploy the RKLLLM-Server-Flask server on the Linux

development board:

# build rkllm server flask.sh [target platform: rk3588/rk3576]
[working directory] [path of the RKLLM model on the board]

build rkllm server flask.sh rk3588 /path/to/workshop /path/to/model

After executing the above command, the one-click deployment script will perform the following steps:
1) Check the Linux environment on the board.

2) Automatically install the Flask library if not already installed.

3) Push the necessary files under rkllm_server demo/rkllm_server to the board.

4) Index the RKLLM model in the preset working directory for RKLLM-Server-Flask.

Once you see the message "RKLLM initialization successful!" in the terminal, it indicates that the

RKLLM-Server-Flask example has been successfully launched.

RELLMAT % £ RE T !

* Serving Flask app 'flask_server'
* Debug mode: off

* Running on all addresses (@.0.0.8)
* Running on http://127.0.0.1:8080

* Running on http://172.16.10.178:8080
Press CTRL+C to quit

Figure 3-1 Successful deployment of RKLLM-Server-Flask in terminal
By referring to the specific code logic in build rkllm_server flask.sh, users can understand the
detailed deployment process of the RKLLM-Server-Flask example. This enables users to customize the
deployment implementation of their server more flexibly. It is important to emphasize that in step 3 of the
one-click deployment script, the script automatically synchronizes the current version of RKLLM Runtime
to rkllm_server/lib/librkllmrt.so. This ensures that flask server.py calls the current version of librkllmrt.so

during runtime.
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3.4.1.2 Server-side: Introductions for RKLLM-Server-Flask Example

In this section, we will outline and introduce the implementation approach of the deployment example
for RKLLM-Server-Flask, helping users understand the construction logic of the example code for potential
secondary development.

The deployment example of RKLLM-Server-Flask primarily relies on the Flask library to achieve the
basic implementation of the server. Additionally, for RKLLLM model inference, the ctypes library in Python
is chosen to directly call the RKLLM Runtime library.

In the overall implementation of rkllm_server/flask server.py, in order to call librkllmrt.so via ctypes,
it's necessary to define relevant structures in Python based on the header file rkllm.h corresponding to
librkllmrt.so beforehand. After the Flask server receives the struct data sent by users, it calls relevant
functions to perform inference with the RKLLM model. This section will provide explanations and
introductions to the main code segments.

1) Set the library path and link the RKLLM Runtime library librkllmrt.so through ctypes.
1llm 1lib = ctypes.CDLL('lib/librkllmrt.so"')

2) Define the structures in the librkllmrt.so library and establish the linkage between Python and the

C++ function library.

class Token (ctypes.Structure) :
_fields = [
("logprob", ctypes.c float),
("id", ctypes.c int32)]

class RKLLMResult (ctypes.Structure) :
_fields = [
("text", ctypes.c char p),
("tokens", ctypes.POINTER(Token)),
("num", ctypes.c int32)]

class RKNNllmParam(ctypes.Structure) :
_fields = [

("model path", ctypes.c char p),
("num npu core", ctypes.c int32),
("max context len", ctypes.c int32),
("max new tokens", ctypes.c int32),
("top_ k", ctypes.c int32),
("top p" ctypes.c float),
("temperature", ctypes.c float),
("repeat penalty", ctypes.c float),
("frequency penalty", ctypes.c float),
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("presence penalty", ctypes.c float),
("mirostat", ctypes.c int32),
("mirostat tau", ctypes.c_ float),
("mirostat eta", ctypes.c float),
("logprobs", ctypes.c bool),

("top_ logprobs", ctypes.c int32),
("use_gpu", ctypes.c bool) ]

3) Define callback functions and establish function linkage with the dynamic library. However, in this
instance, the callback function is required to make calls to three global variables: global text, global state,
and split_byte data. These variables are of critical importance for ensuring synchronisation between the
output of RKLLM inference and the Flask framework for streaming output. Among these variables,
split_byte data has been designed to address the potential issue of encoding interruptions that may arise in

the text returned by the callback function.

# Define global variables to store the output of the callback function
global text = []

global state = -1
split byte data = bytes(b"") # Used to store segmented byte data

def callback (result, userdata, state):
global global text, global state, split byte data
if state ==
# Save the output token text and the RKLLM runtime state
global state = state
# Monitor whether the current byte data is complete
try:
global text.append((split byte data +
result.contents.text) .decode ('utf-8"))
print ((split byte data + result.contents.text).decode('utf-
8'), end="")
split byte data = bytes (b"")
except:
split byte data += result.contents.text
sys.stdout.flush ()

elif state ==
global state = state
print ("\n")
sys.stdout.flush ()
else:

print ("run error")
# Connecting Callback Functions between Python and C++
callback type = ctypes.CFUNCTYPE (None, ctypes.POINTER (RKLLMResult),

ctypes.c void p, ctypes.c int)
c_callback = callback type (callback)

4) Define the RKLLM class in Python, which includes initialization, inference, and release operations
for the RKLLM model in the dynamic library. In this deployment example, the RKLLLM model is directly

defined. Users can modify the specific parameters in the initialization (init) part as needed. Additionally,

30



Rackchip

BT www.rock-chips.com

when implementing a custom server, users can choose a more suitable definition method for replacement.
Just ensure that Python provides matching definitions when referencing header files during function

definitions.

# Define RKLLM Handle t and userdata
RKLLM Handle t = ctypes.c _void p
userdata = ctypes.c void p (None)

# Set up prompt text

PROMPT TEXT PREFIX = "<|im start|>system You are a helpful assistant.
<|im end|> <|im start|>user"
PROMPT TEXT POSTFIX = "<|im end|><|im start|>assistant"

# Define the RKLLM class in the dynamic library
class RKLLM (object) :
def init (self, model path, target platform):
rknnllm param = RKNNlImParam /()
rknnllm param.model path = bytes (model path, 'utf-8')

if target platform == "rk3588":
rknnllm param.num npu core = 3
elif target platform == "rk3576":
rknnllm param.num npu core = 2
rknnllm param.max context len = 320
rknnllm param.max new tokens = 512

rknnllm param.top k = 1

rknnllm param.top p = 0.9

rknnllm param.temperature = 0.8
rknnllm param.repeat penalty = 1.1
rknnllm param.frequency penalty = 0.0
rknnllm param.presence penalty 0.0
rknnllm param.mirostat = 0

rknnllm param.mirostat tau 5,0
rknnllm param.mirostat eta = 0.1
rknnllm param.logprobs = False
rknnllm param.top logprobs = 5
rknnllm param.use gpu = True
self.handle = RKLLM Handle t()

self.rkllm init = rkllm lib.rkllm init

self.rkllm init.argtypes = [ctypes.POINTER(RKLLM Handle t),
ctypes.POINTER (RKNNllmParam), callback type]

self.rkllm init.restype = ctypes.c int

self.rkllm init (ctypes.byref (self.handle), rknnllm param,
c callback)

self.rkllm run = rkllm lib.rkllm run

self.rkllm run.argtypes = [RKLLM Handle t,
ctypes.POINTER (ctypes.c char), ctypes.c void p]

self.rkllm run.restype = ctypes.c int

self.rkllm destroy = rkllm lib.rkllm destroy

self.rkllm destroy.argtypes = [RKLLM Handle t]

self.rkllm destroy.restype = ctypes.c int
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def run(self, prompt) :
prompt = bytes (PROMPT TEXT PREFIX + prompt +
PROMPT TEXT POSTFIX, 'utf-8'")
self.rkllm run(self.handle, prompt, ctypes.byref (userdata))
return

def release (self) :
self.rkllm destroy(self.handle)

5) Initialize the RKLLM model by invoking the defined RKLLM class, and utilize this RKLLM class

for inference and release of the model.

print ("=========init....===========")
sys.stdout.flush ()

target platform = args.target platform

model path = args.rkllm model path

rkllm model = RKLLM(model path, target platform)
print ("RKLLM #JIBILEIH! ™)

print ("===== = =")
sys.stdout.flush ()

6) Using Flask, build RKLLM-Server-Flask to parse and process the input struct sent back from the
client. Utilize the previously designed global variables global text, global_state, and split_byte data to link
the inference output of the RKLLM model to the Flask framework. Finally, wrap the data in a specific
struct and send it to the client. This part includes two designs: non-streaming inference and streaming

inference, to respond to different user access requirements.

# Create function to receive data by users using the request module
@app.route('/rkllm chat', methods=['POST'])
def receive message() :

# Link global variables to retrieve output information

global global text, global state

global is blocking

# Return a specific response if the server is in a blocking state
if is blocking or global state==0:
return jsonify({'status': 'error', 'message': 'RKLLM Server is
busy! Maybe you can try again later.'}), 503

lock.acquire () # Lock

try:
# Set the server to a blocking state
is blocking = True

# Retrieve JSON data from a POST request
data = request.json
if data and 'messages' in data:

# Reset global variables

global text = []

global state = -1
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# Define the structure of the returned struct
rkllm responses = {
"id": "rkllm chat",
"object": "rkllm chat",
"created": None,
"choices": [1],
"usage": {
"prompt tokens": None,
"completion tokens": None,
"total tokens": None}
}
if not "stream" in data.keys () or data["stream"] == False:
# Process the received data
messages = data['messages']
print ("Received messages:", messages)
for index, message in enumerate (messages) :
input prompt = message|'content']
rkllm output = ""
# Create a thread for model inference
model thread =
threading.Thread (target=rkllm model.run, args=(input prompt,))
model thread.start()

# periodically check the model's inference thread
model thread finished = False
while not model thread finished:
while len(global text) > O:
rkllm output += global text.pop (0)
time.sleep (0.005)

model thread.join (timeout=0.005)
model thread finished = not
model thread.is alive()

rkllm responses|["choices"] .append (
{"index": index,
"message": {
"role": "assistant",

"content": rkllm output,
by
"logprobs": None,
"finish reason": "stop"
}
)
return jsonify(rkllm responses), 200
else:
messages = data['messages']
print ("Received messages:", messages)
for index, message in enumerate (messages) :
input prompt = message|'content']
rkllm output = ""

def generate():
model thread =
threading.Thread (target=rkllm model.run, args=(input prompt,))
model thread.start ()

33



Rackchip

BT www.rock-chips.com

model thread finished = False
while not model thread finished:
while len(global text) > 0:
rkllm output = global text.pop (0)

rkllm responses["choices"].append (

{"index": index,
"delta": {
"role": "assistant",

"content": rkllm output,
b
"logprobs": None,
"finish reason": "stop" if global state
== 1 else None,
}

)
yield f"{json.dumps (rkllm responses) }\n\n"

model thread.join (timeout=0.005)
model thread finished = not

model thread.is alive()

return Response (generate (), content type='text/plain')

else:
return jsonify({'status': 'error', 'message': 'Invalid JSON
data!'}), 400
finally:

lock.release ()
# Set the server status to non-blocking
is blocking = False

# Start the Flask application.
app.run (host='0.0.0.0"', port=8080, threaded=True, debug=False)

The above descriptions of each module constitute the main body of rkllm_server/flask server.py,
completing the deployment implementation of the RKLLM-Server-Flask example. Users can modify the
initialization definition of the RKLLM model to implement different custom models. Additionally, users
can also refer to the above RKLLM-Server-Flask deployment example to implement custom server

deployments.

3.4.1.3 Client-side: API Access Example

In rkllm_server demo/chat api flask.py, an API access example for the aforementioned RKLLM-
Server-Flask server is demonstrated. When developing custom functionalities, users only need to refer to
this API access example and utilize corresponding send-receive structures for data wrapping and parsing.
Since the send-receive data structures in this example follow the design of the OpenAl-API, users who

have previously developed using the OpenAI-API only need to replace the corresponding network
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interfaces. This section will provide explanations for the important code segments:
1) Define the network address of RKLLM-Server-Flask. Users need to set the target address based on
the specific IP of the Linux development board, the port number set by the Flask framework, and the

function name for access.

server url = 'http://172.16.10.166:8080/rkllm chat'

2) Define the form of API access, with options for non-streaming transmission and streaming

transmission, defaulting to non-streaming transmission.
is streaming = True

3) Define the session object, using requests.Session() to configure the communication process
between the API access interface and the server. Users can customize modifications according to their

actual development needs.

session = requests.Session ()

session.keep alive = False # Close the connection pool
adapter = requests.adapters.HTTPAdapter (max retries=5)
session.mount ('https://', adapter)

session.mount ('http://"', adapter)

4) Define the structure used to wrap the data sent during API calls. User access to RKLLM-Server-

Flask will be encapsulated within this structure.

# Prepare the data to be sent

# model: the model defined by the user when setting up RKLLM-Server,
which has no effect here

# messages: the questions input by the user; supports adding multiple
questions to messages

# stream: whether to enable streaming dialogue, same as the OpenATl
interface

data = {
"model": 'your model deploy with RKLIM Server',
"messages": [{"role": "user", "content": user messagel}],

"stream": is streaming

}

5) Send a request to the RKLLM-Server-Flask server and retrieve the returned data.

responses = session.post(server url, json=data, headers=headers,
stream=is streaming, verify=False)

6) Define the parsing method for the returned data structure. Since RKLLM-Server-Flask follows the

format of the returned struct from the OpenAI-API, parsing operations are required in actual usage.
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# Parse the response
# Non-streaming transmission
if not is streaming:

if responses.status code == 200:
print ("Q:", data["messages"][-1]["content"])
print ("A:", json.loads (responses.text) ["choices"][-
1] ["message"] ["content"])
else:

print ("Error:", responses.text)

# Streaming transmission

else:
if responses.status code == 200:
print ("Q:", data["messages"][-1]["content"])
print ("A:", end="")
for line in responses.iter lines():
if line:
line = json.loads (line.decode ('utf-8"))
if line["choices"][-1]["finish reason"] != "stop":
print (line["choices"] [-1] ["delta"] ["content"],
end="")
sys.stdout.flush ()
else:

print ('Error:', responses.text)

The overall process from steps 1 to 6 represents the API access method for the RKLLM-Server-Flask
server. Users can develop custom functionalities based on the example code provided above. It is important
for users to verify the specific address of the RKLLM-Server-Flask, namely the IP address, port number,
and the function interface that the server accepts input from. Additionally, when encountering specific
requirements for send-receive structures, users can customize the required data structures on both the server

and client sides to ensure the implementation of custom functionalities.

3.4.2 Deployment Example of RKLLM-Server-Gradio

Gradio is a simple and easy-to-use Python library used for quickly building interactive interfaces for
machine learning models. In this section, we will specifically introduce how to quickly deploy RKLLM-
Server-Gradio on a Linux device using Gradio, and directly access the server within the local network to
perform RKLLM model inference. The following Figure 3-2 shows an example of the web interface after

successfully deploying RKLLM-Server-Gradio:
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Chat with RKLLM
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Figure 3-2 External access page for RKLLM-Server deployment example
In the current rkllm_server demo directory, the specific implementation code for the RKLLM-Server-
Gradio deployment example shown in Figure 3-2 is included. Users can also directly use the one-click
deployment script build_rkllm_server gradio.sh to quickly set up RKLLM-Server-Gradio. After successful
deployment, users can choose to access the RKLLM model for inference either through the web interface

or via API access.

3.4.2.1 Server-side: Introductions for RKLL.M-Server-Gradio Example

The one-click deployment script build_rkllm_server gradio.sh is designed to facilitate the quick setup
of RKLLM-Server-Gradio on a Linux development board. Similar to the setup process for RKLLM-Server-
Flask, users should pay attention to the following points before using the one-click deployment script:

1) Ensure that the development board is connected to the network via an Ethernet cable. Use the
ifconfig command in the adb shell to query the specific IP address of the development board. RKLLM-
Server-Gradio will be set up as a server within the local network using this IP address to accept client
access.

2) Users need to complete the smooth conversion of the RKLLM model and have pushed the RKLLM
model to the Linux board before executing the one-click deployment script.

Users can directly call the build_rkllm_server gradio.sh script on the PC side (not on the development

board) using the following command to quickly deploy the RKLLM-Server-Gradio example:
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# build rkllm server gradio.sh [target platform: rk3588/rk3576]
[working directory] [path of the RKLLM model on the board]

build rkllm server gradio.sh rk3588 /path/to/workshop /path/to/model

After executing the above command, the one-click deployment script will perform the following steps:
1) Check the Linux environment on the board.

2) Automatically install the Gradio library if not already installed.

3) Push the necessary files under rkllm_server _demo/rkllm_server to the board.

4) Index the RKLLM model in the preset working directory for RKLLM-Server-Gradio.

Once you see the message "RKLLM initialization successful!" in the terminal, it indicates that the

RKLLM-Server-Flask example has been successfully launched.

$ ./build_rkllm_server.sh rk3588 /data /data/your_model.rkllm

NPU available frequencies:

300000000 400000000 500000000 GODOO0ERD 70DEOO00D BOGOVIGEE J00POLDOD 1000000000
Fix NPU max freguency:

1000000000

CPU available frequencies:

408000 600000 B16000 1008000 1200000 1416000 1608080 1800000

408000 60000R B16000 1008000 1200000 1416000 1608080 1800000 2016800 2208008 2352000
408000 600000 B16000 1008000 1200000 1416000 1603000 1800000 2016000 2203000 2352000
Fix CPU max freguency:

1800000

2352000

2352000

DDR available freguencies:

528000000 1068000000 1560000000 2112000000

Fix DDR max freguency:

2112000000

GPU available frequencies:

1000000000 00000000 E000000RD 700000000 GORDOOG0D SO0000000 400000000 300000000

Fix GPU max freguency:
1000000000

RKLLMT] 8 £

Figure 3-3 Successful deployment of RKLLM-Server-Gradio in terminal
By referencing the specific code in build rkllm_server gradio.sh, users can understand the detailed
deployment process of the RKLLM-Server-Gradio example. This can help users deploy custom servers
more flexibly. It is important to emphasize that in step 3 of build rkllm_server gradio.sh, the one-click
deployment script automatically synchronizes the current version of RKLLM Runtime to
rkllm_server/lib/librkllmrt.so. This ensures that gradio_server.py indexes librkllmrt.so when running, and

users need to pay attention to the invocation of librkllmrt.so when customizing the server.

3.4.2.2 Server-side: Introductions for RKLLM-Server-Gradio Example

The deployment implementation of RKLLM-Server-Gradio is essentially similar to RKLLM-Server-
Flask. It also uses the ctypes library to directly call the RKLLM Runtime library to perform RKLLM model

inference. However, RKLLM-Server-Gradio chooses to use the gradio library to build the server and
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communicate with the client, providing a simple web-based service.
1) The design involves creating functions to handle user input and to perform streaming printing of

output. These input and output functions will be directly called in the gradio interface design.

# Record the prompt input by the user

def get user input (user message, history) :
history = history + [[user message, None]]
return "", history

# Get the output of the RKLLM model and perform streaming printing
def get RKLLM output (history) :

# Link global variables to retrieve output information

global global text, global state

global text = []

global state = -1

# Create a thread for model inference

model thread = threading.Thread (target=rkllm model.run,
args=(history[-1]1[0],))

model thread.start ()

# history[-1][1] represents the current output dialogue
history[-1][1] = ""

# periodically check the model's inference thread
model thread finished = False
while not model thread finished:
while len(global text) > O:
history[-1][1] += global text.pop (0)
time.sleep (0.005)
yield history

model thread.join (timeout=0.005)
model thread finished = not model thread.is alive()

2) Invoke the gradio library to design the basic layout of the web interface, and link the previously

defined input and output processing functions to achieve fast and simple user interaction functionality.

with gr.Blocks(title="Chat with RKLLM") as chatRKLLM:

gr.Markdown ("<div align='center'><font size='70'> Chat with RKLLM
</font></div>")

gr.Markdown ("### Enter your question in the inputTextBox, then
press Enter to start a conversation with the RKLLM model.")

# Create a Chatbot component to display the conversation history

rkllmServer = gr.Chatbot (height=600)

# Create a Textbox component for users to input messages

msg = gr.Textbox (placeholder="Please input your question here...",
label="inputTextBox")

# Create a Button component to clear the chat history

clear = gr.Button ("Clear")

39



Rackchip

BT www.rock-chips.com

# Submit the input to get user input function and update history.

# Then, call the get RKLLM output function to update chat history

# Use the queue=False parameter to ensure executed immediately.

msg.submit (get user input, [msg, rkllmServer], [msg, rkllmServer],
queue=False) .then (get RKLLM output, rkllmServer, rkllmServer)

# execute a no-operation (lambda: None) and immediately clear

clear.click(lambda: None, None, rkllmServer, queue=False)

# Enable the event queue system
chatRKLLM. queue ()

# Start the Gradio application
chatRKLLM. launch ()

The explanations of each module above constitute the main code body of
rkllm_ server/gradio server.py, completing the deployment of the RKLLM-Server-Gradio example. Users
can modify the initialization definition of the RKLLM model to implement different custom models.
Additionally, users can refer to the deployment example of RKLLM-Server-Gradio provided above to

implement custom server deployments.

3.4.2.3 Client: RKLLM-Server-Gradio Usage Instructions

After successfully deploying the RKLLM-Server-Gradio on a Linux development board, users can
access it via two methods: "Interface Access" and "API Access".

1) Interface Access: Upon successfully starting the RKLLM-Server-Gradio with the one-click
deployment script, users can directly access the RKLLM model for quick interaction by opening any web
browser on a computer within the current local area network and navigating to "board IP:8080" (e.g.,
"172.16.10.178:8080" as shown in Figure 3-2). Gradio automatically integrates Markdown, HTML, and
other syntaxes, adapting to the format of the RKLLM model's output results, such as code snippets and
Markdown text. Additionally, during the setup of RKLLM-Server, an access queue is initiated. When
multiple users interact with the RKLLM-Server simultaneously, the inputs are processed and returned in
the order they were submitted. It's important to note that when a user's interaction with the RKLLM-Server
is in the inference state (i.e., the dialogue box is highlighted), the server will not accept the user's next input
until the current inference is completed.

2) API Access: In the rkllm_server_demo directory, chat_api_gradio.py is provided. After installing

gradio_client on the PC (using the command: pip install gradio_client), users can interact with the RKLLM-
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Server solely through the API interface without relying on the graphical interface, as shown in Figure 3-4.
Before using chat api_gradio.py, it's important to modify the IP address in the code to match the current

IP address of the development board, as shown in the following code.

from gradio client import Client
client = Client ("http://172.16.10.169:8080/")

$ python chat_api.py
5 RKLIM R THIE....

Loaded as API http //172.16. 10 102:8080/ «

o EMN AT 8
A %m}H BEAER, UTHEFRMEENARRLE, FRXFEHF, AR ‘ ; :itaﬁ?ﬁi'@. mRELIEEK
SERERBEN. EHEZERII247TFE L T XK, ECPHEEEJTEBSBQZFH IEI?")::‘EH, BEEAN
“mkr L, BHERERALSESHAEORTARNRIRE, AR
AWmAmmEA: i

Figure 3-4 Access the RKLLM-Server-Gradio via API calls in terminal

Users can choose between the two client invocation methods based on their specific needs. For
instance, when providing interactive services within a local area network, it's recommended to use the
interface access method. On the other hand, if customizing access behaviors to RKLLM-Server-Gradio is
required, it's advisable to use API Access for further development.

Lastly, it's important to note that in the implementation of RKLLM-Server-Gradio, there isn't a
definition of data structures for sending and receiving data similar to OpenAI-API. Therefore, this
deployment implementation is not compatible with the OpenAI-API interface. When conducting further
development, users should refer to the specific function implementation in chat api gradio.py. If
compatibility with the OpenAI-API interface is required, please refer to the implementation of RKLLM-

Server-Flask.
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4 Reference

RKLLM: https://github.com/airockchip/rknn-1lm

RKNN: https://github.com/airockchip/rknn-toolkit2
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