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Abstract 
 
The Code optimizer is a program which translates given codes to more 
efficient codes with a semantical equivalent. Especially, in recently IoT 

(Internet of Things) computing environments, the code optimizer is an 

essential tool to enhance the performance of IoT applications. This paper 

deasl with a code optimizer for light-weighted virtual machine ISA 
(Instruction Set Architecture). The proposed optimizer designed to suitable 

for small sized opcodes that are different with previous large-scale pattern 

matching approach. Due to restrictions of the target IoT devices, the 
optimizer and virtual machine for IoT system using only 1-byte level 

intermediate language. Thus, the optimization method must be using a 

different approach that combined with small optimization codes and logical 
optimization algorithms such as strength reduction, constant 

folding/propagation, copy propagation, algebraic simplification, loop 

versioning, and common subexpression elimination with static code profiling 

information. 
 

Key words: Code optimizer, Internet of Things (IoT), Virtual Machine, 

Static Profiler, ISA (Instruction Set Architecture), Light-weighted Virtual 

Machine, Intermediate Language 
 

 

 

 

 

 

 

Journal of Green Engineering, Vol. 10_9, 6334–6348. 
© 2020 Alpha Publishers.All rights reserved 



                                                                                                                  
 

 

 

 

 

 

6335 Jaehyun Kim et.al 

 
1 Introduction 
 

Due to restrictions of IoT devices, a virtual machine for the IoT system 

must solve the corresponding issues such as low computing power, 

reducement of executing performance by using a virtual machine and etc. To 
solve these problems, the virtual machine level redesign is required that 

using 1-byte level instruction set which is designed to suitable for IoT 

devices. Thus, in terms of the optimizer design, previous pattern matching 
based optimization techniques does not appropriate for 1-byte level ISA [1-

4]. 

In this paper, we propose a virtual machine code optimizer for IoT 

virtual machines using reduced ISA(Instruction Set Architecture) is 
proposed. Proposed code optimizer uses a minimal set of optimization code 

and logical peephole optimization algorithms. Also, we define the profiling 

information which is dynamic information that can be obtained by executing 
the code for effective virtual machine code optimization, and designed a 

virtual machine code optimization system using profiling and developed an 

optimizer. And, we propose a virtual machine code optimization based on 
profile information and improve performance of virtual machine code. In 

addition, we implemented the profiling system and the optimization system 

for the intermediate code executed in the IoT virtual machine, extracted the 

profiling information for the actual virtual machine code, and performed the 
optimization using the extracted profiling information to confirm the 

optimization effect [5-8]. 

 

2 Related Studies 
 

2.1 IoT-Cloud Fusion Virtual Machine System 
 

IoT-cloud fusion virtual machine [1-4] is a system developed for 

connecting low computing powered IoT devices with high-performance 
cloud servers with offloading technology. The IoT-cloud fusion virtual 

machine is based on stacks. It consist of four modules; compiler, assembler, 

profiler and IoT-cloud fusion virtual machine. Figure 1 shows a IoT-cloud 
fusion virtual machine system.  
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Figure 1: IoT-Cloud Fusion Virtual Machine System 

 

The IoT-Cloud virtual machine is designed lighter than previous SVM 

(Smart Virtual Machine) [9-11] and HTML5 SVM [12]. And it uses a light-
weighted virtual machine intermediate language(LVIL) as an intermediate 

language. Light-weighted virtual machine intermediate language is designed 

for low computing powered IoT devices, and it consists of stack-based codes. 
The compiler-generated LVIL intermediate code is converted to an 

executable file by the assembler [1-4].  

 

2.2 Code Optimization 
 

Code optimization [5-8,13-16] means switching to a more efficient code 

that is meaningfully equivalent to a given input program. Thus, code 
optimizers should reduce the number of calculations as much as possible, 

generate code with shorter execution using faster commands, and minimize 

the demand for memory. 
Compiler optimization techniques are classified in several ways, first of 

all, local optimization and global optimization. Local optimization is the way 

to perform optimization within the basic blocks of the program, and global 

optimization is the way to perform optimization between the basic blocks. 
And there is loop optimization that applies code improvement methods for 

loop, which takes up most of the time when running a program. 

In addition, code optimization can be divided into precode optimization 
and postode optimization depending on where optimization is performed. 

Precode optimization is machine-independent optimization that performs 

optimization for intermediate language produced in compiler front-end, 
postode optimization is a machine-dependent optimization performed for 

target codes according to the characteristics of the target machine. 
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Light-weight virtual machine is a virtual machine solution that can 

operate on a variety of IoT devices with a structured design and low memory 

usage, allowing virtual machines to be ported in a suitable configuration for 
the purposes of available memory and applications in the IoT environment, 

and maintaining performance while using less memory to load applications. 

To implement light-weight virtual machines, less memory is configured to be 
used, including only functions suitable for the environment of IoT devices. In 

addition, conditional compilation rather than dynamic link method that relies 

on the operating system was used to separate modules of virtual machines so 
that they can be transplanted for various IoT devices. In order to lighten the 

load size of applications on IoT devices, it has reduced the size of the virtual 

machine's operation code from 2 bytes to 1 byte.  

Figure 2 shows a code optimization model for the IoT-Cloud fusion 
virtual machine system. 

 
Figure 2: Code Optimization Model 

In Figure 2, the SIL (Smart Intermediate Language) code is the 

Intermediate language used by the virtual machine, and the sef file(*.sef) 
represents an executable file to be executed in the virtual machine, and 

consists of the SIL code translated by the compiler. When the SIL code 

generated by the compiler is optimized by the code optimizer, it can enable 

more efficient code execution and improve execution performance.  
 

2.3 Control Flow Graph 
 

Control Flow Graph (CFG) is a graphical representation of the program's 

control structure, consisting of a set of nodes and a set of edges. There are 

three types of nodes that make up the control flow graph. First, a branching 

point or Branch node represents the point of the program where the control 
can be split into two or more parts. Next, the join point or join node 

represents the point of the program where the split control flow is combined. 

Finally, a process node represents a series of program sentences that do not 
belong to a junction or join point, which can be an entrance and exit of a 

control flow [17,18].  
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Control flow graphs are used for control flow testing, program 

optimization, static analysis, etc. Control flow testing is one of the structural 

test strategies for testing the control flow of a program, and is suitable for 
applying to unit testing. This test involves the development of a test case by 

selecting a path to fully cover the program's control structure, and the 

selected paths are a measure of testing integrity. One of the program 

optimization techniques, the reachability analysis analyzes the control flow 
graph to eliminate sub-graphs that are not connected to the control flow 

including input. Finally, loop analysis, one of the static analysis techniques, 

can analyze the area of control flow from roof head to roof-tail to analyze 
infinite loop, loop complexity, etc. within the program. 

 

3 The Code Optimizer for IoT Virtual Machine 
 

3.1 Static Profiler  
 

The static profiler extracts the function-specific instruction code into the 

function code table through the LVIL(Light-weighted Virtual machine 

Intermediate Language) disassembler as the input AF file. In the control flow 

graph generator based on the table, commands are grouped into blocks that 
serve as the reference of the control flow, and the control flow graph is 

created by connecting the blocks. Since it is difficult to grasp the 

grammatical meaning of a high-level language in the control flow due to the 
characteristics of the intermediate language, it is necessary to grasp the 

grammatical meaning through analyzing the pattern of each command in the 

intermediate language [13-16]. Therefore, the control flow graph defined 
through the generator analyzes each pattern represented by the control flow 

graph through the graph analyzer, and analyzes the composite metrics 

indicating the performance of the application to generate profile information. 

Figure 3 shows the structure of a static profiler. 

 
Figure 3: System Configuration of the Static Profiler 
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3.2 Proposed Code Optimizer 
 

Code optimization means that translates given codes to more efficient 

codes with a semantical equivalent. Although optimizer is traditionally used 

in compiler construction, but its importance more increased in recently IoT 
environments. For the IoT virtual machine, the code optimizer that suitable 

on IoT devices is required as an essential development tool to increase the 

executional performance of IoT applications on low computing powered 
devices [5-7]. Proposed optimizer can be reducing the execution cost of 

target IoT applications by decrease the number of complex operations and 

remove unnecessary instructions. Figure 4 shows a proposed code optimizer 

model for a virtual machine.  
 

 
Figure 4 : Code Optimizer Model 

 

The optimizer’s input/output is assumed by light-weighted virtual 

machine code as known as LVIL and the code optimization module is 
composite with five sub-modules; strength reduction, constant 

folding/propagation – copy propagation, algebraic simplification, loop 

versioning, common subexpression elimination. 
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Due to characteristics of LVIL, the optimization method must be using a 

different approach that combined with small optimization codes and 

hardware independently logical peephole optimization algorithms such as 
strength reduction, constant folding/propagation, copy propagation, algebraic 

simplification, loop versioning, common subexpression, and etc. 

As a result of the optimization, rewritten virtual machine code has more 

lightened execution file size and overall enhanced execution speed. By 
optimized virtual machine codes, an interpreter of the IoT virtual machine 

can be executed more efficiently [8, 9]. 

 

3.3 Profiling Information for Code Optimizer 
 

The profiling information for optimizing the virtual machine code 
defined in this paper is shown in Table 1, and it is classified into basic 

information about the block or function and information that can be obtained 

through execution of the program. The profile information file format is 

represented by EBNF (Extended Backus-Naur Form) as shown in Figure 5. 
Through such information, it is possible to grasp the function of the program 

and the characteristics of the basic block, and to optimize the function or the 

basic block which greatly affects the performance. 
 

Table. 1: Profiling Information 

Function Name 128 Function Name 

Block ID 8 Basic Block ID 

Start Line 8 Starting point of Function or Block 

Size 8 Size of Function or Block 

Count 8 
Execution Count of Function or 

Block 

Stack Read 8 Stack Read Count 

Stack Write 8 Stack Write Count 

Heap Read 8 Memory Read Count 

Heap Write 8 Write Write Count 
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Figure 5: Profiling Information Description 

In this paper, basic information about a block or a function such as a 

function name, a block name, a start point of a block, a size of a block, and 
the like, a number of execution times of a block obtained by execution of a 

program, and the number of heap writes. 

 

4 Experimental Results and Analysis 
 

The experimental methods converts a program written in a high-level 
language into an LVIL code which is an intermediate code of the IoT VM 

through a compiler. Then, in order to calculate profiling information which is 

dynamic information, LVIL code is executed through IoT virtual machine to 
calculate information. Finally, using the optimized profiling information and 

LVIL code, optimizer is used to optimize the block which greatly affects 

performance and output LVIL code.  
The experiment compares the execution time of the LVIL code, the size 

of the code, and the time required for optimization, obtained by optimizing 

the LVIL code before optimization and the LVIL code obtained by 

optimizing until there is no change in the code, And the optimization 
efficiency is measured. The profiling information calculated using "N-

Queens problem" implemented in C language is shown in Figure 6. 
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Figure 6: Profile Information for N Queen Program 

 

It is necessary to examine the execution time of the optimization code, a 

code size, an optimization time, and the optimization effect by performing 
optimization on one program before giving the experimental result. Figure 7 

shows the execution time, code size, and optimization efficiency of the 

optimizer before and after optimizing.  
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Figure 7: Optimization Results 

 

Experimental results show that the execution time is improved by 

21.86% and the code size is improved by 14.09%. It has a performance of 
91.34% in execution time and 76.58% in code size compared to the 

optimized one. Optimization time was found to be consumed by 18.76% of 

fully optimized. Therefore, based on the efficiency of the optimized 
optimization, the optimization efficiency versus optimization time was about 

407.00% compared with the optimized optimization time, and the code size 

was about 219.55%. 
Experimental data analysis classifies various programs as optimizing 

before and after optimizing and optimized by the optimizer proposed in this 

task and analyzing execution time, code size and optimization efficiency. In 

addition, we use the experimental data to compare and analyze the optimized 
code through the proposed optimizer. Figure 8 and Figure 9 show the 

difference between the execution time and the code size difference between 

the optimized LVIL code and the optimizer. As shown in Figure 8 and Figure 
9, the optimization effect is 22.44% in execution time, and 14.77% in code 

size, which is 63.88% in execution time, in code size, it is confirmed that the 

effect is about 47.05%.  
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Figure 8: Execution Time 

 

 
Figure 9: Code Size 

 

Figure 10 shows the ratio of the optimization time of the proposed 

method based on a sufficiently optimized one. Finally, based on the 

efficiency of optimizing the optimization effect versus the optimization 
execution time, we expressed the efficiency of the optimization with the 

optimizer proposed in this task as a ratio. The result is shown in Figure 10. 

As shown in Figure 10 and Figure 11, it was confirmed that the optimization 

execution time was about 18.42% of the optimization time, it is confirmed 
that the efficiency is about 378.10% in execution time and 271.33% in code 

size. 
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Figure 10: Optimization Execution Time 

 
Figure 11: Optimization Efficiency 

 

5 Conclusions and Further Researches 
 

In the light-weighted virtual machine for IoT devices, a code optimizer 
as an application developing tool that will be must provide to users in order 

to enhance the performance of the target IoT virtual machine applications. In 

this paper, we proposed the code optimizer for LVIL as light-weighted 

virtual machine ISA. The optimizer designed to suitable for small sized 
opcodes that are different with previous large-scale pattern matching 

approach. Also, the optimization results expected to show high performance 

by using the minimal set of optimization code and logical peephole 
optimization algorithms. 

In this paper, we proposed and developed an optimizer that can improve 

the optimization efficiency based on the analysis of existing optimization 

methods. To do this, we analyze the characteristics of the virtual machine 
code, define the profiling information according to its characteristics, 

formulate a virtual machine code optimization system using the profiling 

information, and select a function or basic block So that it can be optimized. 
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The proposed method is designed and implemented for IoT virtual 

machine which is a virtual machine for embedded system. In addition, 

various programs were created and experimented through LVIL, the virtual 
machine code of IoT virtual machine, and performance improvement was 

verified by calculating and optimizing profiling information. 

Experimental results show that virtual machine code optimization using 

profiling can achieve an average of 63.88% of optimizations that are 
sufficiently optimized at execution time, and an average of 47.05% of code 

sizes, at an average of 18.42% . Through this, it was confirmed that the 

execution time and the code size were optimized by 378.10% and 271.33%, 
respectively, as compared with the optimized optimization by finding and 

optimizing the parts influencing the performance of the program using the 

profiling. 
In further researches, we will verify the optimization model by 

implementing the optimizer for IoT devices with evaluation of the 

optimizer’s results. 
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