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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
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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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2 2 2 10 64 16497 | 12 10
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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
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