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Abstract

In near 4" Industrial revolution environment, there will come out plenty of automatic and smart software
in diverse fields such as VR/AR, Autonomous Vehicles, Al, Big data, Blockchain software, and so on.
Specially in Smart city, they also need to use many smart software in diverse IoT devices. In future’s
smart city, there will be very critical issue of Ecoenvironments. That is why we propose good code styles to
reduce power consumption. So we analyze procedural language C classified with statements, branches,
loops, modulation (communications), and recursive paradigm. With Keil MCU Eval Board, we measure
them to find good styles of power consumption in C language. We expect to guide good code stylesof low
power to developers in embed systems.

Keywords:Good code, Low Power consumption, ARM, ULINK plus.

1. INTRODUCTION

Nowadays, in 4" Industrial Revolution, it may continue to increasethe huge size of the software and also
become very important issue ofthe power consumption [1]. In particular, reducing energy consumption is
one of the important factors to better software for sustainable services based on limited resource, that is, Eco
Environment in the smart city. For this reason, we measure an experiment consisting in the execution of
several code patterns on the embedded devices such as ARM ULINK plus module and Keil MCU Eval
Board. So we recommend good code styles to enhance the quality of software with low power consumption.
The rest of the paper is organized as follows. In chapter 2, we describe the concept of ARM’s ULINK plus
module and Keil MCU Eval Broad as power measurement experiments. In chapter 3, we recommend good
code styles. In chapter3 we mention results and discussion. Finally, in chapter 5, conclusion and future
research this paper.
2. Experimental Power Measurement Setup
The Keil MCB Eval Board enables to create and test working programs based on the
STMicroelectronicsSTM32 Connectivity Line of ARM [4]. This board comes with two USB cables. Both
cables must beconnected to the computer. The first USB cable attaches to the USB connector, and provides
power to theboard. By connecting ULINK plus [5] model to Keil MCU Eval Board, software development is
possible with Keil tool and the result of code can be checked on LCD screen.
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Figure 1. ULINK plus Figure 2. Keil MCB Eval Board
3 Good Code styles for Low Power Consumption
As a result, we recommendcode power patterns in the procedural language (C) paradigm, which analyze to

measure the power of thesoftware code. Each pattern are measured for power consumption at least 50
times.Power measurement is P = V x I wherethe average voltage (V) is set at 3.3V and the current value (I).

4. Power Consumption Measurement
- Loop statements
[Table 1] Comparisonsof For, While, Do- While, While Unrolling, and Do- While Unrolling

Increzsing for statement while arr[100]times do-while arr[100]times
61 forfisD: ic=100 i} 80 int arri100;
n0E00TH6E 4806 LDR 12 [pc=24] ; @ 005001838
CxDB001STO BFOONOP 3 o ?ols:\‘igs_smem rdlpc#24] ; @0E001838
Dx08001872 E00S & xDB0D18E0 €2: while{i < 100) { <3
E

OOBO01S7E 1054 ADDS rd,rd 21 g*;???g; Bfls E002 B Ox0800187E .

OxDBOD1980 2064 CMP 12,2064 . e e

(0x08001582 DDF7 BLE (n0BO01574 .3 8 e ‘

Power 5.287355mW power : 5.728602mW power: 5.7421188mW J
Dacreasing argument of FOR while unrolling arr{100]times do-while unrolling arr[100]times |

LOOp 61: for{j=100; |»=0; -1 : CxOB05E6E 4208 LDR r0pce3z]  SOGD1ES0

OxDB001570 2464 MOVS r4,#0x64 j < 100 S L

OXDE001572 EOOS B OXOB001380 DacouTn £8 oug. S Sutsod 1 S0e T ] ~

OxDSD01ST7E 1EE4SUBS rd,rd, #1 &4 2L + 1] = L~ 1 S0BT17E FRADA24 STR r4lipraiSt o2

Ox08001980 2000 CMP r4,20x00 CxDB00TSTE 1081 ADDS r1.r427 . Ox0BG31E7E 1CH1 ADDS rl.rde!

0X0S001982 DAFT BEE Dx0B001874 :_J:ralaczo:'l 880 F84D0021 STR rO[sp.r1LSL #2) mzw“_ iy

Power:5.267532mW — =l et Buble
power : 5.7231758mW power: 5.73746514mW
“For deccreasing statement” is lower power consumption than while, do while, while and do while unrollling

As shown in Table 1, we measured the power of consumption using statement, while, dowhile,while and
do while unrolling. We say “for decreasing statement” consumed less power thanothers
-Branch statements
[Table 2] Comparison table ofif than else and switch-case statement
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if than else

0x03001970 2050 DMP r4 250
0v08007972 D1GE BNE Ox0001580

3:)5331%0 2036 OVP rd 2025
D105 BNE x0BO01 950

Branch
axd001892 :nss smaxamh
” Deandiinnll
miﬁmﬁ.m DR r2 [pel+02C - @0x080019C0
0x3300193E 006 B OrOBO0TSAE

:7:’.:3{:3‘5&-: A207 ADR rZ [pel-0u2) - BOxDE0019CL

Power: 5.971284mW

“Switch case” consume less power than “if than else”

Table 2 shows “Switch Case consumes less power than “if than else”.
-Call by Value and Call by Reference /Global and local variable
[Table 3] Comparison of the Call by Value and Call by Reference parameters

Call by Valos garanster! by * Callby Reference paamaner * by ! Call by Value 4
intx=1 y=32=T w=§ ity el yolzeT wet
Call DIER01ITC 2401 MOVS el eC1 R
0:0800157E 2503 MOVS 15 #0:03
208001980 2607 MOVS B.a30T
by 208001382 ZT08 MOVS 720005
68 hunbd:
Value | |Z50%
TE: e B:C8021983 9000 TR 10 [sp 40
And 0x03001584 4638 MOV 1 87 fan 1)
3 'C‘\ -us 88 fun2ihy)
C ll oV g & fon3Ben
a O st 0 fundliow)
D8 BLW o 08001984 4688 MOV rip
by o A ol
Refere 0D 1 zp 80
power 5.6034198mW poweer: BmW
nce Power : SE32912mW 1 5.576821
“Call by reference” is less power consume than “call by value”.

There are parameters a call by value and call by reference. We went down to 68 line of call by value and 67
line of call by reference. Call by reference is less power consume than call by value.
[Table 4] Comparison of Global variable and Local variable(Double,Float)

Global variables Local variables
Ed: int b=2
n;céiﬁwssa F7FEFRS2 BLW SyslemCinck ConfigEx0800171C) BUSH frd. 1d)
E5: flost c=? 234 SUB S5 50 #0x120
Globa] :-zza..':ssa m%:az,w GLED initialize(0xDB000LRL) .
£5- dou £4
. 0x0B00185C 207F MOVS r0. 30 #0x7F Ox0 Eﬂc 8"6 2200 NOP
variable OxDBOO1BSE fFFEFOFS BLW 55 flost cmd 2325
- nd{;gl (D BODOCLE] Ox08001878 FBADLAZA STR rd [sp.ra L f#2]
d xSS&w&z% 0 #QxFFFF £€: double>
an Ox0BO01866 F'T-FFBDF BL\H Ox0800187C 1C64 adds rd rd
gLeo 5_-53 Wuun}rp_lgrtwmm OXDBOOTBTE 2C64 cve rd #0x62
Local EEiint m - Ox08001580 DEFA BLT 0x0B001878
66 =33+ 3prc
. T2: LCD REG1€E= mg
variable 73
power: 5.7421188mW

power: 5.7421188mwW

“Global variables” consume the less power than “Local variables™ ]

Table 4 compares the use of global and local variables. The assembly language of BL.W command is used
to declare all global variables. Power consumption of global variable is less consume than local variable.




Md Ibrahim Khalil*, Jae Hyveoung Cho* Won Young Lee™*, Hyun-Sik An* Jae .grmg H(mg*. young Stk par)f‘. Woo S‘ung Jcmg'. Bo
Kyung Park* R.Young Chul Kim*, Dr. Sheak Rashed Haider Noori**

5.RESULT AND DISCUSSION
Table 5 shows the result of calculating the average of the above example codes after performing 10 times
experiment of each code. We marked the bold character of results which are the low power consumption.

Table 5: Experimental Results

Syntax Power measurement Syntax Power measurement
Statement | If than else 5.971284mW
Statement 2 5.469255mW Switch case 5.546343mW
Statement 3

Increasing argument of FOR 5.287359mW Call by value(4args) 5.592313mW
Decreasing argument of FOR 5.267592mW Call by reference(4args) 5.573106mW
While 5.745003mW 4 Calls by value(larg) 5.532912mW

Do while 5.720649mW 4 Calls by reference(1arg) 5.532417TmW

. 5. 112281 W Global variable 5.2852338mW
Do While unm[]ing 5.771480mW Local variable 5.2814652mW

6. CONCLUSION AND FUTURE RESEARCH

In this paper, we examinebetter code stylesfor software quality of low power consumption. We apply
some good code using different syntax to develop software. However, in the future, we believe that we
will need to further experiment on more complex and larger code to provide more accurate power

dissipation with significant power difference.
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