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A Study on the Effective Task Branching Method of
C-Language for Embedded Software Configuration
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Abstract

In this paper, an effective branching method of C-language used in embedded systems was presented.
For this purpose, a theoretical analysis of branching by simple if statement, branching by if statement of
tree structure, branching by switch statement, branching by function pointer array, and function pointer
branching by look-up table was conducted. As a result of the analysis, it was confirmed that the if
statement is most advantageous for 2 or 3 branches, but the if statement in the tree structure is
advantageous for branches within about 32 branches, and the function pointer array is advantageous for
more than that. In particular, in the case of one-chip microcontrollers with very small volatile memory,
function pointer branching by look-up table was most effective. In order to confirm these analysis results,
an experiment was conducted on a microcontroller, and results almost similar to the theoretical
expectations were confirmed.
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2.1 Bz if=20f 2t =71

if (conditionl)
Process|;

else if (condition2)
Process2;

else if (condition3)
Process3
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Fig. 2. Tree structured if statement {
case 0 : cmd GOCO00(); break;
o] um gwo] 1 Z7}8k wj wju} Ry T case 1 : cmd GOCOI1(); break;
A7 20 SIFetER, ZRAL § g 4 case 6 : cmd GOCO6(); break;
(2)¢} o] TAIT 4 9t} case 7 : cmd GOCO7(); break;
¥
n=2F 2) (a) C-210f U=
; switch ( addr )
weba 4 (2)2 FH v HE = LS A (3) Ibde: 83 30 cpi 124, 0x03 ;3
7} o] 33+ 4 9t} 1be0: bl f0 breq .+44 ; 0x1cOe
' 1be2: 84 30 cpi 124, 0x04 ;4
. 1bed: 28 14 brec .+10 ; 0x1bf0
L = log yn 3) Ibe6: 81 30 opi 24, 0x01 ;1
Eg] 729 if2S PN oS So| 2B6F Ibf8: 8630 cpi 124, 006 ;6
N 1bfa: 79 10 breq .+30 ; Oxlcla
2ol LEMNAE B)E 2 (3)o] 2& ge €q >
el 18 2712w 2 G) <fs gl Ibfe: 87 30 cpi 124, 007 ;7
Hlagto w2 277k 7hgstth 53] oA e Ibfe: 81 f4 bre 432  0x1c20
o= iffof v)Ehd 7+ TEAAEY YAlo & 1c00: Oe c0 jmp 428 ; Oxlcle
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Fig. 3. Compile result of switch statement

webA switchits o83k 43¢ 442
AEE el wshd o whE AZle] Tz
of =gd 4 XU And gl whet
IR I e Y Y B
ZRhs b =AY BE 74 ZRAzd =
date Algtel] zto]7h WS 4= glo] 7 2 A

2
e
ol
N
2
ol K
o

2npt} 2gE AJ7HS A 83

OIE] H O 9|5t 27|

Eo wet AgHE e
|

281, ANs

A
(o]

1o,
=]
r o
i
il
=)
e
e
-{>
=
i



RHIC|E AZESI0] PAE C-olojel ETHQ IR 27| w0l pet 1
HE F=o wet 24 Y g& &304 1) I3 4a)] g=EdA, "void (*cmd_pnt[8])(
$ B2 A7, 3 BE EZ A0 Y3 void );” 48 3 I EF 02 emd_pntEteE
AlZbel ek 4= Qlvh 19 4ol 3 XY A WS 871 ABAdSEAL, "Set_Vector_Array(
Es o] &3t A3 o & YeESIT )" FHell Al Zb v o] HE|d e ERIH
E< dYshal ‘emd pntl command 1( ) ™ # o]
void (*emd_pnt[8])( void ); /* Define Var. array */ 12 3 g2 A4 3=3}
olggt C-<lo] 45 AR & A§ 19
/* Initialize Vector Array */ AD)S B o ME P iES 0ls 2 gty o

void Set Vector Array( void )

{
cmd pnt[0] = emd 000; cmd pnt[1] = cmd 001;

cmd pnt[6] = cmd 006; cmd pnt[7] = cmd _007;
H

void main( uint8 t command )

{

Set Vector Array( ); /* Initialize Vector */
cmd pnt[ command ]( ); /* Execute */

}

(@) C-21of E=

; cmd pnt[0]=cmd 000; emd pnt[1}=emd 001;

214:82 €7 Idi 124, 0x72 ; emd 000
216:9¢ €0 Idi 125, OxOE
218:90 93 4¢ 03 sts 0x034C, 125 ; To SRAM
21¢:80 93 4b 03 sts 0x034B, r24
220:8c €5 Idi 124, 0x5C ; emd 001
222:9¢ ¢0 Idi 125, OxOE
224:90 93 4e 03 sts O0x034E, r25

sts ; To SRAM

228:80 93 4d 03 0x034D, r24

; emd pnt[ command ](); /* Execute */

dc2: f0 e0 Idi 131, 0x00 ; 130 - command
dcd: ee Of add 130, r30 ; Calc. addr.
dco: ff 1f adc 131, 31
dc8:e9 53 subi 130, 0x39
dca: fd 4f sbei 131, 0xFD
dec: 01 90 Id 10, Z+ ; Fetch vector
dce: 0 81 Id 131, Z
dd0:e0 2d mov 130, r0
dd2: 09 95 icall ; Indirect Jump
(b) Aued Axf
J% 4 g ZolH sfdel Aut Zo|

Fig. 4. Compile result of array of function pointers
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void PROGMEM (*GO_pnt[8])( void ) =
{emd_GOC00, cmd GOCO01, cmd_GOC02, cmd GOCO03,
emd GOC04, cmd GOCOS, ecmd GOCO06, ecmd GOCO7};

void main( uint8 t command )
{ GO_pnt[ command ]( ); /* Execute */ }

(@) C-2dof =

000000ac <GO_pnt>:
ac: 49 0a 47 0a 45 0a 3d 0a 35 0a 2d Oa le Oa 1c Oa

5 GO_pnt[addr]();

Ic3e: f0 e0 Idi 31, 0x00 ; O

1c40: ee Of add 30, r30

1c42: ff If adc 131, r31 ; Calc. addr.

Ic44: e4 55 subi 130, 0x54 ; Base addr(0xAC)
Icd6: ff 4f  sbci 131, OxFF ; 00

1c48: 01 90 1d 10, Z+ ; Fetch vector
Icda: 0 81 1d 31, Z

Icdc: ¢0 2d mov 130, 10

Icde: 09 95 icall ; Indirect Jump

(b) Axd Zaf
1% 5. PROGMEMZ &85t Zutd Zun}
Fig. 5. Compile result using the PROGMEM
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n If | Tree |Pointer n If | Tree |Pointer|

2 2 2 10 64 16497 | 12 10

8 |875] 6 10 128 |128.98| 14 10

16 |16.88 | 8 10 171 |171.99| 15 10

32 132.94| 10 10 256 1256.99| 16 10
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Table 2. Result of tree structed if statement

n Result [CLK] Tot.| Avrg.
2 123 5 2.5
3 1453 12 4
4 14,5,5,6 20 5
5 16,7,5,5,6 29| 5.8
6 16,7,7,8,5,6 39| 65
7 16,7,7,8,7,8,6 49 7
36 465| 12.92
37 481 13
# 3. Switch&2| Z=}
Table 3. Result of switch statement
n Result [CLK] Tot.| Avrg.
2 13,6 9 4.5
3 1538 16 | 533
4 15,3,7,10 25| 6.25
5 17,103,8,11 39| 78
6 17,10,3,10,8,13 51 8.5
7 110,7,9,3,10,8,13 60 | 8.57
12 |11,15,7,12,16,3,12,... 147 12.25
13 |12,16,8,16,13,154,... 173 | 13.31




2023 33 S=AZEOAFEIEE ==X M19# M1z

E 4. 85 molEf Hjdel Haf o] switchitoll 9% A= Hopdefrirt o=
Table 4. Result of array of function pointers 7] W&o o] flolert RE Aol Eols)
n Result [CLK] Tot.| Avrg. A ¥t A, & dFstr] olfe Aol
1 |13 13 13
2 |13,13 26| 13
3 |13,13,13 39 13
4 13,13,13,13 20 13 4. 4 E
5 |13,13,13,13,13 65| 13
B EdAe duys A" A AREE =
CLK —ofe] Bl 271 S AT ol
25 £ e g3l W il o ) Eg Tz i
20

7], switchi-oll 23k #7], g £

e

Conference on Cloud Computing and
J Intelligence Systems, pp.1062 - 1066, Oct,

of &% &
15 »“W g wjdo] ofgk #7] % look-up tableol] ©]g+ 3t
10 I T XY 27159 o249l #4& HdsE
SW SSwichoh RAEs 2 309 B0 A el 7 &
o Lo OB Gggul of 327) olule] BlOlAE B8 T2
P of iffo] feleki, 2 ool B EAH
% 8 Ay An ] _ .
Fig. 8. Experimental result ol freldhe st 53 A M
Z7b vl 2 f-H vhelARAEE Y B
a9 89 adZE AWEN, dHE P o 9lojAl: look-up tableol] ©|& 4 EIE
o £o) Frel i, aen EAH WA S R g felskdn oldd $HARE 8
& 27152 29 6ol ol e nkek Ao FAL olal7] 93] mlo|ARAEZ S gtow AF
g Fele desth o, o2 FolA e o Aot A7} o] ZA AT Ao GA}e Ak
AL T Abe]F ol ofg Aoln A S HolAwh AF Ay AA Z=2AAe A
Aol = g EQIE el o3 WA Aol o £7] Wl Me ¥AETL 374
A FTE cal sk HAAl 2dd Huste S golgdr)
A Fol FrhEo] 13850 AAH™, ol w
2 Bz ifeat g EQUE RS AdEs)
w 7lE2 3TN 271 S 4 At D23
ool HJ3| switchi-e] ASdllv Eg T30
Hla mEFA e 2o Ao} AIAzhe], 535 [1] Quangang Wen, Xinzheng Dong, Ronggao
By ZMo g7}t ojd Aoz eyt Zhang, “Application of dynamic variable
o= 3 3¢ o&}d switch®e] AT Sy cipher security certificate in Internet of
o] W= case®] F9F W 1Y mA wekeha, Things”, 2012 IEEE 2nd International
I

x 2012. DOL 10.1109/CCIS.2012.6664544
9} [2] Zhu, Rongjiao, “Drone swarm navigation



HICE 2ZEQ0f 1488 C-A09 NI AF 27| YHo| 24et JF

[3]

(4]

(5]

[6]

[7]

8]

[9]

system for new media”, Thesis - The
Hong Kong university of science and
technology, 2017.

DOL 10.14711/thesis~991012555559103412

P Sihombing, T P Astuti, Herriyance, D
Sitompul, "Microcontroller based automatic
temperature control for oyster mushroom
plants”, 2nd International Conference on
Computing and Applied Informatics, 2017.
DOI : 10.1083/1742-6596/978/1/012031

Yei Wang, Yiling Liu, Li Wang, "Research
on Grain Drying Control System based on
Microcontroller”, World Scientific Research
Journal, Vol.6, No.11, pp.368-375, Nov.2020.
DOI : 10.6911/WSRJ.202011_6(11).0051
Heng Wang, Xinrui Chen, "An embedded
C language Target Code level Unit Test
method base on CPU Simulator”, Journal
of Physics: Conference Series, Vol.1345,
No.5, 2019.

DOI : 10.1088/1742-6596/1345/5/052068
Ling Ji, "Control System Design Based on

MSP430 Microcontroller”, Advanced
Materials Research, Vol.1030-1032,
pp.1438-1441, Sep. 2014. DOI:10.4028/

www.scientific.net/AMR.1030-1032.1438
Yan-yan Song, Ying Lu, "Dicision tree
methods: applications for classification and
prediction”, Shanghai Archives of
Psychiatry, Vol.27, No.2, Apr. 2015.

DOI : 10.11919/j.issn.1002-0829.215044
Yong Zhang, Xiuxing Li, Jin Wang, Ying
Zhang, Chunxiao Xing, Xiaojie Yuan, "An
Efficient Framework for Exact Set
Similarity Search Using Tree Structure
Indexes”, 2017 IEEE 33rd International
Conference on Data Engineering(ICDE),
pp. 799 - 770, Apr. 2017.

DOI : 10.1109/ICDE.2017.127

Microchip, GCC Compilers for AVR and
Arm-Based MCUs and MPUs, May 2022.
https://www.microchip.com/en—us/tools-res
ources/develop/microchip-studio/gcc—compil
ers

[10] Microchip, 8-bit AVR  Microcontroller

ATmegal 28A Datasheet Complete, 2015.
http://ww1.microchip.com/downloads/en/dev
icedoc/atmel-8151-8-bit-avr-atmegal28a_d
atasheet.pdf

S IPN R

49

ok

(Myeong-Hoon Kang)

1996.2 Ak et ket 9
1995.7~2014.2 LG CNS IT #AA €9
2020.2 FFdistal IT§ g8tz A AL

20222~ @A FFUstu HFE T

upA} 3t

20143~ Addhstn FHAMAE G
<FRAER> A AE AZESC], A

HKX S Database

1986.2 &=t

1989.8 =il

19962 G=iof

19963~ 2004 = %%ig—ﬁﬂliﬂ
HEEA I Fa

20053~ =9 &5

Aebg st JrsAlestat
<F Ao dEuHo] 3=, EEMM,
PRl AR L2 AIM, dElY = AZES o

A3k} Bhap
5k 44



