Nghién ciru khoa hoc cong nghé

THIET KE PHAN CUNG TINH TOAN CAC HAM TOAN HQC
DUA TREN XAP XI TUYEN TiNH HAI MU'C

S4i Van Thuan’, Hoang Van Phuc, Tran Van Khan

Tém tit: Bai bdo nay trinh bay mgt phu'ong phdap tinh toan cdc ham toan hoc
phé bién dira trén hai mirc xdp xi. T rong muc xap xi thir nhat, ham dugc xdp xi bang
phuong phap xdp xi phdn doan tuyén tinh deu Sau d6, ¢ mirc xdp xi thir hai cdc
ham 16i do mikc xap xi thit nhat sé dwoc xap xi boi phuong phdp phdn doan tuyén
tinh ¢6 néi suy doi xung nham giam thiéu d¢ phirc tap cia phan cirng. Duwa trén
phwong phap dé xuat, kién triic phan citng dé tinh todn cdc ham todn hoc dién hinh
e thiét ké va thuc thi. Cdc két qua thiee thi cho thay kién triic phan ciing dé xudt
dat dwoc hiéu qua Vvé téc dg.

Tir khéa: S6 hoc may tinh; Udc lwong ham; Xap xi phan doan tuyén tinh; Xap xi da thic.

I. MO DAU

Céc ham toan hoc nhu ham sin, logarithm, ham mi, ham nghich dao ... dugc st
dung rong rai trong nhiéu linh vuc nhu truyén thong, d6 hoa mady tinh, khoa hoc tinh toan
va xur 1y tin hiéu s6. Thyc thi cac ham toan hoc noi trén co thé thuc hién béng cac chuong
trinh phan mém. Tuy nhién, tinh toan cac ham toan hoc bang phan mém sé& c6 téc do tinh
toan cham. Vi vay, nhiéu nghién ctru da tap trung thuc hién tinh todn cac ham toan hoc
béng céac phan cung chuyén dung.

Mot s6 cac phuong phap khac nhau da dugce nghién ctru va d@é xuat dé thuc thi phan
cting tinh toan cac ham toan hoc. Cac phuong phap nay bao gom: thuat toan CORDIC [1],
xap xi da thic [2],[3],[4], xdp xi hitu ty [5] va cic phuwong phip dua trén bang
[6],071.[81,[9]. Thuét toan CORDIC dua trén kién trac lip, do do, c6 do giit cham 16n nén
khong phu hop véi cac tng dung thoi gian thuc. Phuong phap xap xi hitu ty co d6 chinh
xac kha cao, tuy nhién, doi hoi do phirc tap phan cimg cao. Ngay nay, véi su phat trién cia
cong ngh¢ mach tich hop cho phép dung lugng bd nhé 16n thi cac phuong phap dya trén
bang duoc st dung kha phd bién. Tuy nhién, cac phuong phap dua trén bang c6 mot
nhuoc diém 1a khi d6 rong toan hang dau vao 16n doi hoi dung lugng 16n, didu do doi hoi
nhiéu tai nguyén phan ctng cling nhu kho khan trong thyc hién cia cac cong cu téng hop.

Mat khac, v6i nhu cau ngay cang tang nhanh cua cac thiét bi dién tir thong minh
khong day, cac thlet bi cam tay, dién thoai di dong,voi nhiéu Gmg dung doi hoi hé thong xur
Iy tin hiéu s tdc do cao ngay cang dit ra cap thiét. Trong khi do, tinh toan cac ham toan
hoc 1a nhiing thao tac quan trong trong cac ung dung xu 1y tin hiéu 50, vi€e tinh toan cac
ham toan hoc chiém mot phan 16n tai nguyén phan cimg ciing nhu quyét dinh dén téc do
xu ly cua cac bo xur 1y tin hiéu so Vi vay, doi hoi ¢o6 cac 161 tinh toan khong nhitng hiéu
qué vé tai nguyén ma con yéu cau toc do xu ly cao.

Trong bai bao niy, ching toi dé xuat mot phuong phap thyc thi phan cimg cho tinh
toan cac ham toan hoc dugc st dung phd bién trong cac Umg dung xtur ly tin hi¢u s6.
Phuong phap cua ching t6i dya trén xap xi cac ham toan hoc bang hai muc theo phuong
phép xap xi tuyen tinh phén doan. Céc két qua thyc thi cho thdy phuong phap dé xuit dat
duoc hi¢u qua ve tdc d6 thuc thi.

II. PE XUAT PHUONG PHAP XAP XI

Trong thiét ké cuia chung t6i ham dugc xap xi boi hai muc, mirc dau tién sir dung
xap xi phan doan tuyén tinh ham va muc thir hai thuc hi€n xap xi 161 ctia mirc dau tién su
dung phuong phap xap xi phan doan tuyén tinh doi xtrng.
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Hinh 1. Phin chia bién dau vao thanh hai phan.

Trong mirc dau tién dau vao x c6 7 bit phan thap phan duoc chia thanh hai phan
X, va x,v6i do dai bit tuong ing 1a n, va n—n, nhu biéu dién trén hinh 1. Trong budc
xap xi dau tién khoang gia tri ciia x dugc chia thanh 2™ doan dya trén X, nhu thiy trén
hinh 2 cho trudng hop 1, =2 va khoang ban dau la [1,2). Véi doan tht i, [x,,x,,, ) hai
giatri f(x;) va f(x,,) duoc st dung dé xap xi & muc thir nhit dé x4p xi ham bang ham
f(x"), & day gia tri x' nhan gia tri trong khoang [0, 27") . Ham xap xi mic 1 cho phan

doan thir i c6 dang nhu cong thic (1).
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Hinh 2. Xdp xi mikc thir nhdt ciia ham f(x) trong doan thir i (n, =2).

Nhu mé ta trén hinh 2, xap xi & muc 1 s& tao ra 156i xap xi la d6 chénh léch gitra ham
xap xi ban dau va ham thyc. D6 chénh 1éch nay 1a mot ham 15i e(x"),i=0,1,...,2" c6
biéu dién nhu cong thirc (2).

e(x)=f(x +x")— f,(x"), 0< x'<2™ )

Trong ting xAp xi thir hai, cac ham chénh léch e, (x")dugc xap xi bang phuong phap
x4p xi phan doan tuyén tinh str dung ndi suy ddi xtmg. C6 thé thiy rang cac ham e (x") c6
dang nhu cac ham parabol. Vi du, cac ham chénh léch ctua ham log, (x) c6 dang nhu trén
hinh 3 v&i truong hop xap xi ban dau cua tam doan, tirc 1a n,=3. Cac ham nay c6 dang

parabol vi n6 duoc tao ra boi phép trir ciia ham ban dau véi ham xép xi tuyén tinh nén no s€
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12 biéu dién cua cac sb hang béc cao con lai. Vi vay, cdc ham chénh léch nay c6 dang ddi
ximg qua truc x'=2"""". Do d6, néu ta chi x4p xi nira khoang gia tri cua x'e€[0,27" ")
béng cac doan myén tinh, ntra con lai 1a cac doan dugc ndi suy ddi xtmg qua tryc x'=27" -
thi sai s6 x4p xi 1a khong thay ddi. Diéu nay hira hen cho phép thyc thi phan cing s& don
gian hon vi khi d6 chi st dung mdt hoac mét so bit ¢6 trong s6 16n nhat (MSB) cua dit li€u
dau vao dé ndi suy ra cac doan ddi ximg & nira con lai trong khoang gid tri cia x'. Hinh 4
mo ta xAp xi & muc thit hai cho ham e, (x') v6i hai cip doan ddi ximg.
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Hinh 3. Ham 16i do xdap xi mitc 1 d6i véi ham log, (x) véi n, =3.
Trong phuong phap dé xuét, nira khoang gia tri cua x', x'€[0,27" "), dugc chia
thanh s doan con, trong mdi doan con thit j, j=0,1,...,5 —1, ham 15i e.(x') dugc xap xi
bang mot doan tuyén tinh co cac hé sb 1a a; va bij khi d6, 18i xap xi c6 dang nhu cong
thirc (3).
&(x) =e(x") — (ayxx'+ by) 3)
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Hinh 4. Xap xi ham ham e,(x") bang hai cdp doan doi ximg.
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Loi cuc dai cho xap xi trén doan j kyhiéula &, .

= max{g,; (x")} 4)

Hon nira, & don gian phan cumg thuc thi cac h¢ s6 a; va bi/' dugc an dinh c6 dang

8ij max
nhu cong thire (5), trong do, cac hé s0 a,; 1a tong cac s6 Iy thira, khi d6, c6 thé thyc thi
bang cac phép dich va cong tranh viéc sir dung mach nhén phirc tap.
_ N
a; = 22 ; NeN
b;=Bx2""" ;BeN

Thuat toan d¢ xuat tim cac gia tri hé so a, va b,-; sao cho ¢, nhén gia tri cuc

ij max

®)

tiéu trong doan thir j . Thuat toan tim cac hé s6 t6i uu duge mé ta nhu bang 1. Bai bao s
dung mot chuong trinh Matlab thyc hi¢n thujt todn trén dé tinh toan cac hé s6 a;, va b, tbi
wu cho céc ham log, (x), sin(x), 1/ x, vx, 1/</x va 2 véi céc khoang gia tri diu vao
duoc chuin hoa nhu thé hién trén bang 2 va twong mg voi xap xi muc 1 gdm 8 doan
(n,=3)vao xap xi muc 2 sir dung x4p xi phan doan ndi suy déi xtimg trong d6 mdi ham
[} A > 9.0 c = A Ja 5 R 1A A 5 r A A B
e.(x") dugc xap xi boi hai cap doan doi xing. Bang 3 thé hién két qua cac hé so a, va
b, t61 uu cho ham log, (x) .
Bang 1. Thudt todn tim hé so toi wu ciia xdp xi mirc 2.
BEGIN: Khoi tao mang gid tri a;
1: Khoi tao mang gia tri b,

Khoi tao doan gid tri

for i=1: length(a;)

for j = I:length(b,)

for k = 1:length(x")
2 tinh &;(x") theo cong thuc (3)
end

end
end
for i=1:length(q,;)

for j = I:length(b,)
3: tinh &
end

end
4: | Tinh min(e;

ij max )

= max(&;(x")

ij max

END: Xuat gia trj a, b tvong tng véi

min(e;ij max )

Bing 2. Khoang gid tri dau vao chudn hoa cua cdac ham.

Ham log, (x) | sin(x) 1/x Jx 1 / Jx o

Khoang gia tri dau vao chuan héa | [1,2) [ [0,1) | [1,2) | [L2) | [L2) |[0,1)
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Bang 3. Cdc hé 56 a,

U

va b, 161 wu & mikc xdp xi thit 2 ctia ham log, (x).

e,(x") Z(f. 51;002"” ;?l 79?”27“ e,(x") o P ta P
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‘ ay, b,, a, b,, . ag, by, ag by,
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' ay, by, a,, by, ' gy by, a, b,
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II1. KIEN TRUC PHAN CUNG VA KET QUA THU'C THI

Kién triic tong quat thyc thi cac ham toan hoc cuia phuong phap dé xuat c6 dang nhu
hinh 5. Trong miic xap xi thi nhat thuc hién tinh toan ham f;(x') nhu cong thic (1).
Trong do, cac gia tri f(x,)va f(x,,)— f(x;) dugc luu vao trong cac bang tra (LUT:
Lookup Table) duoc sir dung dé tinh toan ham f;(x"). Phép chia cho x,,, —x, trong cong
thire (1) duoc thay thé bai mot phép dich boi vi n6 la mot s Iy thira ctia 2. O mirc Xap Xi
thtr 2, thuc hi€n xap xi cac ham 101 bang phuong phap xap xi phan doan tuyén tinh c6 doi
xtmg. Khéi xap xi stra 18i s& bao gdbm 2" khdi xap xi tuong tmg v6i 2" ham e, (x").

Xdp xi muc 1
n | LuT1 "
. o
n-n; n Y fx)
n n LUT2 "
X . (=
7 P oo me “) ’
n-n;
7
Xdp xi muc 2
0 .
1 :\ n-n;
L »  Xip xi sua 13i MUX II ny>> "
2.1 >
n;
Hinh 5. Kién tric phan cirng tong quat.
Ching t61 da thyc thi kién trac dé =xuat d€ tinh toan cac ham

log, (x), sin(x), 1/ x, Jx , 1/ Jx va 27 vai dinh dang 23 bit thap phan di liéu dau vao va
dau ra. V& nguyén tic khi ting s phan doan & muc x4p xi thir nhét (n, 16n) thi s€ dat

dugc d6 chinh xac cao hon, tuy nhién, diéu d6 s& dan dén ting do phiic tap phan cung. Vi
vay, d€ dung hoa gitta d§ phurc tap phan cing va do chinh xac nhan dugc ching t6i thuc
thi voi xdp xi mic 1 voi 8 phan doan (n,=3). Ngoai ra, trong mirc xap xi thir hai, mdi
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ham 16i e, (x") dugc xap xi boi phan doan tuyén tinh ciia hai cip doan déi xtng. Cac kién
tric dé xuit di duge mé hinh trén ngon ngli VHDL va thuc thi trén thiét bi FPGA Xilinx
Virtex6 voi cong cu t6ng hop Xilinx ISE 12.4 Suite. Két qua thyc thi trén FPGA cua cac
kién tric dé xuat thé hién trén bang 4. Bang 5 thé hién két qua tong hop béng Synopsys
Design Compiler cho cac ham khac nhau cua phuong phap de xuat véi muc dich t6i thiéu
tai nguyén trén cong nghé CMOS 90 nm. Phuong phap dé xuat ctng dugc so sanh voi két
qua trong [9] véi cung dinh dang 23 bit thap phan cta dit liéu dau vao va dau ra. Phuong
phap dé xuit da dat dugc toe d6 cao hon dang ké so v6i phuong phap trong [9]. Tuy nhién,
tai nguyén chiém 16n hon so véi két qua trong [9].

Bing 4. Két qua thuc thi ciia cdc kién triic dé xudt trén FPGA Xilinx Virtex6.

Ham log, (x) sin(x) 1/x Jx 1 / Jx X

Slices 789 755 1005 897 894 885
Delay(ns) 6.79 6.76 7.28 6.78 7.33 7.73
ADP(x10%) 542 5.10 7.32 6.08 6.55 6.84

Bing 5. Két qua tong hop trén Synopsys Design Compiler.

Dé xuat Trong [9] _
Ham Dién tich ( D6 tré (ns) Dién tich (um®) Do tré (ns)
pm-)

log, (x) 26695 3.98 24023 12.69
sin(x) 24452 3.86 22890 13.08
1/x 32736 3.99 24137 12.63
Jx 27213 3.83 16043 12.03
1/x 28752 4.00 22317 12.83
2 30887 3.86 18913 12.16

IV. PHAN TiCH LOI
Dé dénh gia do chinh xdc cua phuong phap dé xuit, chung toi phan tich K)i gdy ra bdi
cac thanh phan phan cumg trong so do6 thuce thi va tac dong cua chung t61 dau ra. Cac 161
nay bao gom 10i lugng tr do d6 rong bit han ché cia cac tir nhd trong ROM (ky hiéu 1a

Erom )» 16i gay ra bdi bo nhan rat gon (Evun)s 16i x4p xi do x4p xi murc hai (Epa) Va 16i
1am tron ctia bd cong cudi cung (& o )- Vivay, 16i tong cong sé la:
Eotal =€rom T EMuI T E4pp T Egpra (6)
Bing 6. Léi ciia cdc modul phan cing.
Modul ROM B6 nhan rat gon B cong
D6 r@ng blt Bp BM BA
gModu[ 2—BF—I 2—BM +1 2—BA -1
Erom 275!
Evun 275 4 Bul
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Ky hiéu B,, B,, va B, 1a d0 rong bit twong ting cua cac bo nhd ROM, b nhén rit gon
va bo cong, chung ta c6 thé biéu dién 15i do cac thanh phan phan cting nay gy ra nhu trén
bang 6.

Loi xép xi & muc 2, Eupr > duogc xac dinh 1a 16i tuyét ddi 16n nhét do xép Xxi & muc 2
cua tat ca cac ham e, (x"). Trong thyc thi phan cimg chung t6i thuc hién xap xi muc 1 véi

8 phan doan (7, =3) tuong g tao ra 8 ham 13i ¢,(x") va mdi ham 18i nay duoc xép xi
boi phan doan tuyén tinh cia hai cap doan dbi xtung. PJ rong bit cia ROM va bd cong la
23 bit (B, =B, =23) va d0 rong bit ctia bd nhan rat gon 1a 20 bit ( B,, =20 ). Khi do, cac
thanh phan 18i va 15i tong cong twong Gmg v4i ham khac nhau duoc biéu dién nhu trén
bang 7.

Bang 7. Cdc [6i thanh phan va 16i tong cong cia thiee thi cdc ham.

Ham log, (x) | sin(x) 1/x Jx 1 / Jx PE

Erons 2-24 2-24 2-24 2-24 2-24 2-24

gMUL 2—23+ 2—19 2—23+ 2—19 2—23+ 2—19 2—23+ 2—19 2—23+ 2—19 2—23+ 2—19

€ p 2-24 2-24 2-24 2-24 2-24 2-24

Epn 9.85;10 7.955x 10 7.93;10 2.045x10 6.175x 10| ¢ 20w 10"

g 1.014x10 8.165X10 8.145><10 2.25;10 6.385><10 9.01x10°
V.KET LUAN

Bai bao nay da trinh bay mot phuong phép tinh toan cac ham toan hoc dugc timg dung
phd bién trong xu 1y tin hiéu sO dua trén xap xi hai mirc, mirc xap xi thir nhat dya trén
phuong phap Xap xi phén doan tuyén tinh déu va mirc xap xi thtr hai 1 budc xap xi ham
16i gay ra boi mirc dau tién theo phuong phap xap xi phan doan tuyen tinh c6 dbi ximg.
Céc thuc thi mot s6 ham toan hoc dién hinh theo phwong phap dé xuét da cho thiy hiéu
qué vé toc do xir ly. Vi vy, kién triic dé xuat 1a phii hop véi cac tmg dung doi héi toe do
xur ly cao.
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ABSTRACT

A HARDWARE DESIGN FOR FUNCTION EVALUATION
BASED ON TWO LINEAR APPROXIMATION LEVELS

In this paper, a common method for computing math functions based on two
approximation levels is presented. At the first approximation level, these math
functions are approximated by the equal linear segment approximation approach.
After that, at the second approximation level, the error functions in the first step will
be approximated by the linear segment method, having symmetric interpolation, to
reduce hardware complexity. Based on the proposed method, the hardware
Structure to compute typical math functions are designed and implemented. The
performance results show that the proposed hardware achieves speed efficiency.

Key words: Computer arithmetic; Function evaluation; Piecewise polynomial approximation.
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