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Abstract As a basic mathematical operation,the high-performance implementation of trigonometric functions is of great signifi-
cance to the construction of the basic software ecology of the processor. Especially, the current processors have adopted the SIMD
architecture,and the implementation of high-performance trigonometric functions based on SIMD has important research signifi-
cance and application value. In this regard, this paper uses numerical analysis method to implement and optimize the five common-
ly used trigonometric functions sin,cos,tan,atan,atan2 with high performance. Based on the analysis of floating-point IEEE754
standard ,an efficient trigonometric function algorithm is designed. Then,the algorithm accuracy is further improved by the appli-
cation of Taylor formula, Pade approximation and Remez algorithm in polynomial approximation algorithm. Finally, the perfor-
mance of the algorithm is further improved by using instruction pipeline and SIMD optimization. The experimental results show
that,on the premise of satisfying the accuracy, the trigonometric function implemented is compared with libm algorithm library
and ARM_M algorithm library,on the ARM V8 computing platform, has achieved great performance improvement, whose time
performance is 1. 77 ~ 6. 26 times higher than libm algorithm library,and compared with ARM_M. its times performance is
1.34~1.5 times higher.

Keywords Trigonometric function,SIMD, High performance, Numerical analysis, ARM V8§ architecture
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ARICHE TSR T SIMD /) = M kB e e B S itk
ARTCEE 1.2 T IR A A = A oR AR AT ST B Y 3k A DR HE
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1.1 libm
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FGO TN, R () I T 503 S AH R A5 1 22 30 =X 0 1 IR R &% 1 single sin function
N LT 755 R Input: x

Eabs(x) =cy tcixt o +cena™— f(2) (5) Output:sum

R N+2 D M f ) TS N+2 4 Loxi=absto
o B3t N2 A REOR Ok R BT R R B AR fgg 2osumTx x (I/PD A Shift
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3 CHEHMTHERE FAREE sin BV A BARSE BT .
COFRBU A o« 89406 o, o QB 195 1 A7 %

Kot NI B i = R 8 BT DR T BUE 4
BT 77 B3 AT = M RBCR % . ASSC— 250 T 5 A=A R AL
sin,cos,tan,atan,atan2, 3 H ¥ X} BORE BE 52 50RO B 52 8
HEAT S B, [ i A — i S AR 4T T SIMD JRAT AR, R TE
BABEA = MRS MR T Iy R S o K
HE 5 cos FHH

sin PR AR cos PRELAT B SEEE T IE 5% AT 3% B33 X
A~ BRECER BB A5 52 B 32 (3 S KRN JBE AN 64 {1 5 BOBURS B2 7
Bl 2 s R T A R R R T S B AR O A T L T cos

5 sin WA Z AALAE T cos LTS &EPTVWJH

3.1 sin
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&% 2 SIMD NEON Taylor formula
1. templ =mla(P2,P1,2,)
2. temp2=mla(P4,P3,2,)
3. sum=mla(temp2,templ,z, * z,)
4, sum=mla(z,sum * z, * z)
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Input:x

single tan function

Output: sum
x; =abs(x)
.sum=x,; * (2/PD -+ Shift
. odd=sum<31

1
2
3
4., sum= sum— Shift
5.z=x, —sum * PI/4
6.2,=2%z
7. sum= (((((P1 % z, +P2) % z, +P3) % 2, +P4) * z,+P5) * z, +P6) »
2 % 2tz
8. if odd then
9. sum=1.0/sum
10. end if
11, sign=x>07 1:—1
12. sum=sum” sign” odd
13. return sum
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QuumwdﬁﬁﬁﬁﬁﬁwmﬁmLﬁﬁﬂe
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Input:x

single atan function

Output: sum

1. x; =abs(x)

2. if x1>1an(3P1/8) then

3. xi=—1/x;

4 sum="PI/2

5. else if x,>>tan(PI/8) then
6. x=(x,—D/(x+D

7. sum=PIl/4

8. end if

9. Xg=x1 * X1

10. sum=sum+x; + (((P1 % x; +P2)  x, +P3) * x,+Pd) * x, * x,
11. sign=x>07 1:—1

12. sum=sum” sign

13. return sum
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M 2y KT tan(3P1/8) M, A1 3.3, 1 1T HLLY JFLHE (3) T ik
TP 20 A swms 2 xp KT tan(PL/8)BF, 00 3.3.1 7%
LA JFE IR () P g T EA R 1Y 21 B sum,

OWHMARFN v RAZRERIFX ST, AL
10— 1147 Fiw . Hop iy P1— P4 Sy 48 ¥ I :Q 1 R JF 30, ok
TG X BRI TR E NI,

(DOREEERWFFT 0L MBS 12— 13170,

(53R [l J2 TEYIiE .

3.3.3 atan £ E a9tk

R T RAFH LT PERE s atan FIESRICT R 2L BR,

(DS 4 55 1 A7 B4 X5 (8 38 A4F 3l 8 % HOA Ox7HITL]
A5 AL AR AR AR I W] . 55 12 47 BURF 5 D244 L 38 i
HFN 0x80000000 8 -5 B 37 #2 A R AR IAF S 62 . Dy 1 I Iz
AR, 32 v BN B B union Z5 M 4K Perf 32suf 1 float
f Al unsigned int u NG R R R IGEAEEE « WAL, 1M 64
PR BER 3L S T A 454 FIH T union 45 #4 {K Perf_
64suf 5 HH double f Fl unsigned long u AT E .

(DR 10— 11 TR AKX — BTN T .

sum=sum~+P1 % 2 +P2 % 2" +P3 % 2° + P4 % 2* + 2,

10)
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BT 484 18] SO (H R D T AR 205

(D)FEME ] SIMD NEON 3L 4 5% B w5 14 ik S 1E U o 5K
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#% 5 SIMD NEON x
1. largerl = cgt(x , tan(PI/8))
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.larger2=cgt(x; ,tan(3P1/8))

. sum= bsl(lagerl,PI/4,sum)

= W Do

. templ =bsl(largerl,x; —1,1)
. temp2=bsl(larger2,PI1/2,sum)

o

6. sum=bsl(larger2,x; ,temp1l)
7. templ =bsl(larger2,x; , templ)
8. temp2=bhsl(larger2, —1,temp2)
9. x; =div(temp2,templ)
10. sum=add(sum,x;)

WAL 5 Frs M T HER AL 4 5 2—8 17
SIMD #8451k 5 Sl — N BRikizE.,

DO FEMEH SIMD NEON L 4a SE B IL 4 1955 10— 11 47
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Table 1 Experimental environment

M8 920 Ab B, H A E {4

#IUERG CentOS Linux release 7.7.1908
CPU # & Kunpeng920
B 4 4 % /GHz 2.6
WA E/GB 256
L1 cache/KByte 64
L2 cache/KByte 512
CacheLine/Byte 64

4.1.2 BRARFEHBE

7R S8 9 % LU 42 2 libm B2 PR R ARM_M B3, 9
7 ARM V8 04y oo s, b ¥ X mi A5k B P i =
PRECF R SIMD NEON &5 P fig 52 3 9% 18 16 J5 19 oh B X
EU Ok 0 W i KN
4.2 MEESH

FATH = £ & B libm %7 2% )% , Arm Performance Li-
brary Al ARM_ M 53 3k & o ok 509 71 55 B 1] X5 be 25 2R 4
% 2 Bigl.,

F2 HEREX L

Table 2 Performance comparison

it 65536 A TER AL IR/

H % B s s libm/ms ARM_M/ms
BB sin 0.182430 2784 10169 4115
A FE sin 0.512800 7825 27475 10488
BOREFE cos 0.195780 2987 10067 4502
A FE cos 0.563590 8600 33290 11676
BB tan 0.313390 4782 28728 N/A
WA JE tan 1.065850 16264 55021 N/A
R B atan 0. 209600 3198 20024 N/A
W A% JE atan 1.304 160 19900 38004 N/A
B atan2 0.422050 6440 35861 N/A
KA FE atan2 1.925440 29380 52167 N/A
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Table 3 Calculation accuracy

R4 TFHEZE & KR ZE
B sin 2.24%X10 Y 1.22x10 7
WA sin 0 2.20X10° 16
BA5E cos 2.31x10 8 1.41x10 7
RAEJE cos 0 2.20X10 16
B tan 1.22%x10° 8 2.04x10° 7
WA tan 2.00%x10 7 3.30%x10 !¢
B atan 5.63x10 8 7.54%X10 7
WA atan 2.00x10" 17 4.40x 1016
A5 £ atan2 3.83x10 8 7.59Xx10 7
A5 JE atan2 2.00%x10 17 4.40%x10 !¢
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