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Abstract

The ARM7 TDMI microprocessor employ a software routine iteration method in order to handle integer division
operation, but this method has long execution time and many execution instruction. In this paper, we proposed ARM7
TDMI microprocessor with integer division instruction. To make this, we additionally defined UDIV instruction for
unsigned integer division operation and SDIV instruction for signed integer division operation, and proposed ARM7 TDMI
microprocessor data path to apply division algorithm. Applied division algorithm is nonrestoring division algorithm, and
additive hardware is reduced using existent ARM data path. To verify the proposed method, we designed proposed method
on RTL level using HDL, and conducted logic simulation. we estimated the number of execution cycles and the number of
execution instructions as compared proposed method with a software routine iteration method, and compared with other
published integer divider from the number of execution cycles and hardware size.
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# 1. ARM GCC #uda{el e Lied ALt &
ZEgof 2loj2dz] liblfuncsel TA:
@ ZI& T4. (b) 2t SyMel TM; (o) 2hd
Lgot_resulte] 4; (d) 20 Loop3e| 4
Table 1. Integer division software library of ARM GCC
complier: (@) The basic scheme; (o) The
sheme of label SYM; (c) The scheme of label
Lgot_result; (d) The scheme of label Loop3.
dividend .req 0 -— A 2H F
divisor .reg rl
result .req r2
curbit .req r3
ip req ri2
sp req ri3
Ir req rl4
pc Teq ri5
SYM: — &8 24 %9
Loopl: - AF, HAF 2713}
Lbignum: — A, AAF 2713
Loop3: -~ 4 4 F A9
Lgot_result: -— A% A%
Ldiv(: —-‘*ﬂ—’ﬁ} 08 9 g
(a)
SYM:
eor ip, dividend, divisor *
mov curbit, #1
mov result, #0
cmp divisor, #0
rsbhmi divisor, divisor, #0 *
beq Ldiv0
cmp dividend, #0
rsbhmi dividend, dividend, #0  *
cmp dividend, divisor
becLgot,_result
{b)
Lgot_result:
mov 10, result
cmp ip, #0 *
rsbmi 10, 10, #0 *
RET pe, Ir
©
Loop3:
cmp dividend, divisor
subcs dividend, dividend, divisor
orres result, result, curbit
cmp dividend, divisor, Isr #1
subcs dividend, dividend, divisor, lsr-#1
OITCS result, result, curbit, Isr #1
cmp dividend, divisor, Isr #2
subcs dividend, dividend, divisor, Isr #2
orres result, result, curbit, Isr #2
cmp dividend, divisor, Isr #3
subcs dividend, dividend, divisor, Isr #3
orrcs result, result, curbit, Isr #3
cmp dividend, #0
movnes curbit, curbit, Isr #4
movne divisor, divisor, Isr #4
bne Loop3
(d
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Table 2. The number of execution instructions, maximum
repetitions, execution cycles each label.
Cikas . ) . :
ah L_udivsi3 | L_umodsi3 | I._divsi3 | L_modsi3
g 6 5 10 9
——
SYM Houts 1 1 1 1
SN
4~8 4~7 7~12 6~11
(cycle)
HH o4 5 5 5 5
A ojukR
Loopl FHuts 7 7 7 7
FA
5~47 5~47 5~47 5~47
(cycle)
HH g 5 5 5 5
Lbig | 2 chutE 3 3
_num | . » }
TAINE 5 19 | 5~19 | 5~19 | 5~19
(cycle)
HARo|F 16 17 16 17
.
Loop3 FHORkE 8 8 8 8
T A7
16~142 | 17~150 | 16~142 | 17~150
(cycle)
HH o5 2 9 4 12
Lgot | HojukE 1 1 1 1
_result| 2 s 11 2}
TN 4~11 6 | 11~15
(cycle)
#2]Q liblfuncs”& ARM B2 olFolz 4719
FUEZ P4solg o e FHe 25 g o
A Aal A7 F9 Ludivsi3® B35 e EEY
A g F89 L umodsi3, ¥3 U WAl dAt
e FE L divsi3, 3% e BEY 4 AHE F
el [ modsi3e & FAHL

Ludivsi3, L divsi3, L_umodsi3, L_modsi3, 47}¢} #

HEe JEHezs E -9 Yu P4 A%
Ul Al A8 dAZEES $9EE, ARM
o

o2 FA¥. SYM, Loopl, Lbignum, Loop3,
Lgot_result, Ldiv0, 6712 F81& zt=t}. g¥ SYMo
et FRE AT 0 olAY AT AFrRt
2 A$-5 93t 2 Loopl ¥ Lbignum A4
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Table 3. The number of execution instructions, execution
cycles for integer division routine L_udivsi3,
L_umodsi3, L_divsi3, L_modsi3N.

case T3 A |3 HH
(cycle) e
divisor = 0 software interrupt
divisor > dividend 12+(10) 8+(4)

L_udivsi3 | ivisor < dividend

36+(10)
and ~ageao | H@
divisor = 0
divisor = 0 software interrupt
divisor > dividend 7+(10) 5+(4)
Lumodsi3| givisor < dividend
36+(10)
and ~ 932+(10) 41+(4)
divisor #= 0
divisor = 0 software interrupt
divisor > dividend | 17+(10) 14+(4)
L_divsi3 divisor < dividend
42+(10)
and ~ e | O
divisor = 0
divisor = 0 software interrupt
divisor > dividend 19+(10) 13+(4)
L_modsi3 | givisor < dividend
47+(10)
and ~ 240+(10) 48 + (4)
divisor = 0
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Fig. 1. Proposed integer division instruction format.
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Table 4. The operation of proposed integer division
instruction
U-bit[21] | ##Ho 9]n| 57}
Unsigned Rd := Rs/Rm
0 R division, modular [Rn = Rs mod Rm
Signed division, | Rd = Rs/Rm
1 SDIV modular Rn = Rs mod Rm
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algorithm.
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Table 5. Comparisons with software routine iteration.
T8
AHO X3 =2
ST ‘1"63 A]’ola cgaoicﬂ
A =0 software interrupt
FEYUE | AF > FAS | 12+10) 8+(4)
Ly 2 sl ] 2
A WAl (Al < A4S 36+(10) 4+(4)
= A% #0 |~ 218+(10)
- AF=0 software interrupt
a FE RS |AF > HAAF | 7+010 5+(4)
EC & A 2=
01 = 1 Z‘HT < Si]*“-r 36+(10) 41+4)
= AF # 0 ~ 232+(10)
a AF =0 software interrupt
; FEUE [AF > 945 | 17400 | 14+@)
= LA 2= 2=
N U A < 9AF| 42+00) 6+ ()
0 AF = 0 ~ 224+(10)
° Ay =0 software interrupt
| ez qs A > A | 19+10) 40+(4)
288 |AF < gAF| 47+10) B
AE = 0 ~ 240+(10)
A
o} A =0 software interrupt
“| s,
3}
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= o)
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AE AR, OAdME & AFdh ole 19
49] A=A @, ® A HZsH, 28 69 (e),
e &34 UHAE AF st doly H29 25 v
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