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Trong quéa trinh nghién cttu va hoan thanh luan an, nghién ctu sinh da nhan
dugce nhicu sy gitup dé va déng géop quy bau.

Trude tién, nghién cu sinh xin bay té long biét on sau sac dén cac Thay
huéng din PGS. TS Hoang Van Phic va TS Tran Van Khan. Cac Thay
khong nhiing 1a ngusi huéng dan, giap dé nghién citu sinh hoan thanh luan
an nay ma con la ngudi truyen thu dong lic, quyét tam cho nghién citu sinh
vugt qua nhitng khé khan trong qué trinh nghién ciu.

Nghién citu sinh chan thanh cdm on cic Thay trong Ban chti nhiém Khoa
Vo tuyén dién tit va tap thé Thay, Co gido trong Bo mon Thong tin va Bo
mon K¥ thuat vi xit 1y da luon quan tam, tao diéu kién, gitp dé nghién ctu
sinh trong qua trinh hoc tap tai Khoa va B mon.

Tiép theo, nghién cttu sinh xin chan thanh cdm on Phong Sau dai hoc-Hoc
vien K thuat Quan sy, Hoc vien Phong khong -Khong quan da luon tao dicu
kién, gitp dé dé nghién cttu sinh hoan thanh dugce luan an nay.

Cudi cling, nghién citu sinh xin gui 10i cAm on sau sic t6i ban be va cic
dong nghiép da luon dong vien, gitip dé va chia sé nhitng khé khin trong qua
trinh 1am luan an. Xin gui 10i cAm on dén nhitng nguoi than trong gia dinh
da dong vién va la chd dya vitng chic cho nghién citu sinh hoan thanh luan
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MG DAU

1. B6i canh va dong Iuc nghién ciu

Hién nay cac he thong xit Iy tin hieu s6 (DSP: Digital Signal Processing)
c6 mit trong hau hét cac hé thong dien ti va truyen thong. Clung véi cac
nhu cau ngay cang tang clia cac iing dung DSP, thi truong cac thiét bi DSP
da c6 nhitng ting trudng manh mé. Bén canh d6, su phat trién nhanh chéng
clia cac thiét bi va ha tang cho truyén thong khong day 1a mot Iy do quan
trong cho sy tang trudng ctia thi truong DSP toan cau.

Cung v6i nhu cau ngay cang 16n clia cac tng dung DSP ¢6 cong suat thap,
tai nguyen nho, hiéu nang cao va sy phat trién khong ngiing clia cong nghé

mach tich hgp, c6 thé thay xu huéng ciia cac DSP trong tuong lai la:

e Cac 161 DSP hien dai sé hoat dong & tan s6 rat cao. Vi du nhu bo xit 1y
DSP C6000 ctia hang Texas Instruments c6 tan s6 hoat dong 1a 1,2 GHz.
Tuy nhién tan sd cong tic van la mot han ché va can c6 cac giadi phap

khac nhau dé khic phuc han ché nay.

e Cac kién truc da xit 1y va da 161 ngay cac dugce ting dung nhiéu trong cac
bo xit 1y dé tang hiéu nang ctia cac hé thong DSP va la mot gidi phap
cho bai toan han ché tan s6 cong tac. Hon nita kién trtc da 16i trong cac
bo x1 1y cling la mot phuong phap dat duge hiéu nang cao.

e Cac kién triic lai (hay tron) gitta cac 16i DSP, don vi vi diéu khién (MCU:

microcontroler Unit) vd bo dong xit 1y cling 1& mot xu hudng cho cac hé
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thong DSP hién dai va tuong lai dé @ng dung cho cac bo xtt 1y da ting

dung va cac hé thong da phuong tién.

e Nhiéu thanh phan chuyén dung sé dudc tinh toan va thiét ké trude trong
cac he thong DSP dé tang toc he théng va tao ra kha nang xit 1y tin hieu

thich nghi hiéu nang cao.

e Céc he thong s6 lai (HNS: Hybrid Number System) va hé thong s6 tron
(Mixed Radix Number System) htta hen 13 mot gidi phap t6t cho can

bang gitta hiéu nang tinh toan va cong suat tieu thu.

N

Cac ham toan hoc nhu ham lugng giac (sinx, cosx), ham mu (2%), ham
logarithm (log,(z)), ham nghich ddo (1/x), ham cin bac hai (y/x) (trong
luan an nay goi chung 1 cdc ham co sd), la rat phd bién trong nhiéu ting
dung x1t Iy tin hieu s6 va gitt vai tro quan trong trong quyét dinh toc do xi
Iy va tai nguyén tiéu ton clia cac bo xit Iy. Cac bo xit 1y hién dai véi yéu cau
ngay cang cao ve toc do, chiém it tadi nguyén va cong suat thap dat ra yeu
cau phai c6 céc gidi phap thiét ké cac don vi phan cting tinh toan cac ham
toan hoc trén mot cach hiéu qua.

Hon nita, cling véi xu huéng phat trien manh mé ciia thi truong DSP cac
hé théng va thiét bi DSP sé duge st dung ngay cang nhiéu trong cac tng
dung. Clng v6i d6 1a cang nhiéu yéu cau dit ra déi véi cac 161 phan cing
chuyén dung cho tinh todn cidc ham toidn hoc ci vé hiéu ning va tng dung,
nhat 1a trong cac hé thong xit Iy 4nh 3-D va heé thong da phuong tieén tdc do
cao. Viéc stt dung nhiéu cdc mach nhan, dic biet 14 cac kién tric song song
c6 thé dan dén do phiic tap hé théng cao v cong suat tieu thu 16n. Nhu da

chi ra trong [1], mot ing dung dyng &nh 3-D can 90% cac thao téac la thyc



hién cac phép tinh chia, nhan, khai can. Theo nghién cttu ctia B. G. Nam va
cac cong sut trong [2] cho thay mot bo xit Iy 4nh 3-D dién hinh st dung rat
nhiéu cidc phép tinh nhu nhan, chia, binh phuong va lily thita cling vdi cac
thao tac co ban nhu cong va trit. Do d6, cac thanh phan tinh toan cac thao
tac so6 hoc v6i do phiic tap phan cting thap 1a mot yéu cau dat ra cho cac tng
dung DSP.

Su phat trién khong ngimg ctia cong nghé tich hgp cho phép thiét ké va
thyc thi cac bo x1t Iy tinh vi véi cac thuat toan phiic tap c¢6 toc do tinh toan
cao. Ngoai ra, mat do tich hgp cao ciing tao ra cac mach DSP nho hon. Tuy
nhién, v6i nhu cau ngay cang ting nhanh clia cac thiét bi dién ti thong minh
khong day, cac thiét bi cam tay, dién thoai di dong, yéu cau vé hé théng DSP
cong suat thap va nhoé gon ngay cang dat ra cap thiét. Cac ting dung nay,
khong chi yéu cau toc do xtt Iy cao ma con doi héi cong suat tieu thu thap,
tai nguyén tieu ton it (nhat 1a cac thiét bi sit dung pin). Trong khi d6, cac
bo nhan song song nhu da néi & trén thuong lam cho hé thong c6 do phiic
tap cao va cong suat tieu thu lén.

Vi vay, can c6 cic gidi phap khac nhau dé dat duogc kién tric tinh toan
hiéu qua ma khong phai st dung nhiéu mach nhan phtc tap trong khi van
dat dugc hiéu nang tinh toan can thiét. Do d6, nhiéu nghién citu da tap trung
tim kiém cac gidi phap khac nhau dé dat dugc cac kién trac tinh toan hieu
qua. Cuing v6i su phét trién manh mé ctia cong nghé mach tich hop, thi mot
trong nhitng giai phap hita hen dat dugc hiéu qua dé la phuong phap tinh
toan duya trén bo nhé hay tong quat hon 1a tinh todn dita trén bang tra (LUT:
Lookup Table).

Theo béo céo clia chi dan quéc té vé cong nghé ban dan (ITRS: Interna-



tional Technology Roadmap for Semiconductors) ndm 2010 cac bo nhé nhing
da trd nén nhanh hon, mat do tich hop cao hon, cong suat tieu thy nhé hon
va chiém phan 16n trong cac he théng tren chip (SoC: System on Chip). Theo
béo cdo clia ITRS xu thé sit dung bo nhd trong SoC nam 2014 1a hon 92%.
Vi vay, tinh toan dya trén co sé bang tra LUT két hop véi mot s6 mach logic
don gian la mot giai phap hita hen dat duge hiéu qua cao. Bdi vi, tinh toan
dura trén bang LUT khéc véi tinh toan tric tiép bdi cdc mach logic phiic tap.
N6 tao ra két qua tinh toan bang cich truy cap vao bo nhé da duge luu tri
cac két qua duogc tinh toan trude. Vi vay, né sé tang toc do tinh toan vi thoi
gian chi yéu la dé truy nhap bo nhé. Phuong phap nay ciing hita hen lam
giam cong suat tieu thu dong béi vi né tbi thieu hoa tdc do chuyén mach.
Nhudc diem ciia tinh toan trén bang LUT la khi todn hang dau vao c¢6 do
rong bit 16n thi sé lam tang kich thuéc ctia bang LUT. Do dé, dé giam kich
thude ciia bang LUT can phai c¢6 cac gidi phap hiéu qua. Trong d6, phuong
phap két hop bang LUT vdi mot vai mach logic don gidn duya trén cac thuat
toan toi wu 1a mot gidi phap hita hen dat dugde cac kién tric phan ciing don
gidn v hieu qua vé téc do, cong suat thap, tai nguyén tieu tom it. Vi vay,
luan an sé tap trung nghién ctu thyc thi mét vai ham toan hoc ng dung
trong DSP dua trén phuong phap néu trén.

Ngoai ra, trong mot vai nam gan day ky thuat tinh todn ngau nhien (SC:
Stochastic computing) thu hat duge sy quan tam trong thiét ké phan cting
cac mach s6 hoc c6 do phtc tap rat thap. D6 ciing la co sé dé tao dong luc
cho nghién citu trong luan an nay nham dat dudc cac kién tric tinh toan hieu

qua duya trén SC.



2. Dbi tuong va pham vi nghién ciu

Luan 4n nay tap trung nghién citu tim phuong phap dé dat dugc kién tric
phan cting hieu qua cho thyc hién cac ham toan hoc pho bién ing dung trong
xtt Iy tin hiéu s6. Vi céc tng dung DSP c6 dac diém rieng, né khac véi cac
ting dung tinh toan néi chung nén phuong phap thuc thi va kién tric ciing
phai phtt hgp. Mot s6 diic diém quan trong clia céc tng dung DSP duge xem
xét nhu sau:

e Cho phép 18i: 16i c6 thé dugc chap nhan trong cac tng dung DSP chang
han nhu trong cac bo loc s6, xit 1y anh va video. Vi vay, do phiic tap
phan cing c6 thé giam dang ké bang viec st dung mot s6 ki thuat nhu
cat bot do dai bit trong két qua cudi cling trong mot so6 thao tac s6 hoc
hay nhu rat gon kich thuéc ctia bang LUT trong mot s6 trudng hop.

e Cac ting dung DSP vdi do phiic tap thap 1a doi héi ngay cang cao do
nhu cau 16n ctia céc thiét bi dién tit cam tay va di dong. Cac thiét bi
dién tr ngay cang tré léen nhé gon hon. Mac du cong nghé mach tich hgp
da phét trién manh nhung van c6 nhitng doi héi cao cho viéc phat trien
cac phuong phap hiéu qua 6 mic kién tric va mic hé thong cho cac ting
dung DSP do phiic tap thap.

e Cac tng dung DSP cong suat thap da ngay cang phd bién hon do nhu
cau ngay cang tang clia cac thiét bi dung pin. Vi vay, nghién ctiu cac
phuong phéap thiét ké dé dua ra céc kién tric nhim giam cong suat tieu
thu 1a mot yéu cau dat ra cho cac hé théng DSP.

Vi vay déi tuong va pham vi nghién citu ciia luan an 1a tim cidc phuong

phap hiéu qua phit hop véi cac tng dung xi 1y tin hieu sb theo cac dac diem

nhu trén.



3. Déng goép cua luan an

Mot s6 déng gop chinh ciia luan an cé thé duge tém tat nhu sau:

1. Dé xuat mot phuong phap phuong phap xap xi ham logarithm nhi phan
va kién tric phan cing thuc hien chuyéen doi logarithm nhi phan. Tinh
toan trén mién logarithm sé don gian mot s6 thao tac phtc tap tu doé
giam do phtc tap phan cting. Ngoai ra, tinh toan ham logarithm 14 mot
thao tac khong thé thiéu trong nhiéu tng dung DSP. Kién tric ctia bo
chuyén ddi logarithm nhi phan dé xuat dat ducgc do phtc tap phan cing
thap. Dong gop cia dé xuat nay dugde trinh bay trong cac cong trinh s6

1 va so 2.

2. Dé xuat mot phuong phap cai tién cho bo chuyen déi pha thanh bién do
cho tinh toan ham sin ng dung trong bo tong hop tan sb sb truc tiép.
Phuong phap dé xuat da cai thien do phic tap kién tric bo chuyén doi
pha thanh bién do trong DDFS. Déng gép clia dé xuat nay duge trinh

bay trong cong trinh s6 3.

3. Dé xuat mot phuong phap xap xi va cac ham toan hoc phd bién trong
DSP dya trén xap xi tuyén tinh hai mitc. Phuong phap dé xuat da dugc
ap dung cho thuyc thi phan cting 6 ham toédn hoc dién hinh. Cac két qua
thuc thi cho thay phuong phap dé xuat dat ducc hiéu qua ve tdc do.

Doéng gép ciia dé xuat nay dudge trinh bay trong cong trinh s6 4.

4. Dé xuat phuong phap thuc thi phan cting tinh todn cdc ham toan hoc
dira trén tinh toan ngau nhién két hgp véi xap xi cac ham toan hoc phitic

tap bang cac ham tuyén tinh phan doan déu. Cac két qua thuc thi theo



phuong phap dé xuat da cai thien dugc hiéu nang ctia cac 16i tinh toan.

Déng gop ciia dé xuat nay dude trinh bay trong cong trinh s6 5 va s6 6.

4. Bo cuc luan an

Luan an dudc t6 chic thanh 5 chuong, bd cuc cu thé nhu sau:

e Chuong 1: CO SO VA PHUONG PHAP NGHIEN CUU
Trong chuong nay trinh bay nhitng kién thic co sd lien quan téi luan an
bao gom: khai quat vé st dung cidc ham toan hoc trong cac tng dung
DSP; cac phuong phap thiét ké phan ciing cho tinh toan ham toan hoc.
Chuong nay ciing trinh bay phuong phap chung cho thyec thi phan ciing

cac ham toan hoc dugce ap dung trong luan an.

e Chuong 2: THIET KE PHAN CUNG TINH TOAN LOGARITHM NHI
PHAN
Trong chuong nay trinh bay tong hop cac phuong phép thuc thi ham
logarithm nhi phan trén co sé phuong phap ctia Mitchell. Tt d6 dé xuat
mot phuong phap xap xi ham logarithm dya trén ki thuat xap xi phan
doan tuyén tinh véi cac he s6 tdi uu c6 két hop bang LUT stta 16i. Dé
xuat mot kién tric phan cing tinh toan ham logarithm nhi phan, thuec
thi kién tric dé xuat tren FPGA va ASIC dugce thuc hién va so sanh véi

cac nghién ctu trude do.
e Chuong 3: THIET KE PHAN CUNG TINH TOAN HAM SIN

Chuong nay trinh bay mot cai tién trong phuong phap tinh todn ham
sin tng dung cho bo to hop tan sb truc tiép. Phuong phap dé xuat dua

trén xap xi tuyén tinh déu c6 két hgp véi LUT stia 16i. Cac phan tich va



t6i wu s6 dudc st dung dé dat ducc 16i xap xi toi thieu va kién tric phan
cting c6 do phiic tap thap. Dua trén phuong phap dé xuat, mot kién tric
bo t6 hop tan s6 truc tiép duge dé xuét va thuc thi. Cac két qua thuc
thi dugc so sanh vé6i cac nghién citu tuong ti cho thay dat dudc cai thien
ve tai nguyén phan cing.

Chuong 4: THIET KE PHAN CUNG TINH TOAN HAM TOAN HOC
DUA TREN XAP XI TUYEN TINH HAT MUC

Chuong nay sé trinh bay mot phuong phap méi dé thyc thi cdc ham toan
hoc phd bién trong xtt Iy tin hiéu s6. Phuong phap dé xuat dua trén xap
xi tuyén tinh hai mtc trong dé c6 sit dung noi suy doéi xing. Kién tric
tong quat clia phuong phap dé xuat dudgc dua ra va 4p dung cho thuec
thi 6 ham toan hoc dién hinh. Cac két qua thuc thi tréen FPGA va ASIC
cho thay hiéu qua veé toc do thuc thi.

Chuong 5: THIET KE PHAN CUNG TINH TOAN CAC HAM TOAN
HOC SU DUNG LOGIC NGAU NHIEN VA XAP Xi PHAN POAN
TUYEN TINH DEU

Tinh toan cac ham toan hoc nhu cac ham lugng giac, ham logarithm,
ham mii, ham sigmoid, tanh & doi hoi dit ra trong nhiéu tng dung cta
DSP va mang no-ron. Chuong nay trinh bay mot phuong phip méi dé
thire thi phan cting tinh toan cac ham toan hoc néi trén. Phuong phap
dé xuat dya trén xap xi cac ham toan hoc bang cac cadc ham tuyén tinh
phan doan déu. Sau d6, cdc ham xap xi tuyén tinh dugc thyc thi dya
trén logic ngau nhién. Cac két qua thuc thi cho thay phuong phap dé
xuat da cai thién hiéu nang clia cadc mach tinh toin so véi cac phuong

phap truée do.



Chuong 1
CO SO VA PHUONG PHAP NGHIEN cUU

1.1. Cac ham toan hoc trong xit Iy tin hiéu sb

Céac he thong xit 1y tin hiéu s6 thuc hién cac chic ning khac nhau déu dua
trén mot tap hop cac thao tac tinh toan co ban dugc thuyc hién trén phan
cting. Cac thao tac tinh todn co ban bao gom phép cong, phép nhan cho dén
cac ham co s6 nhu cac ham lugng giac, ham mi, khai can, logarithm. .. Cac
ham co sé dong vai tro quan trong trong nhiéu ng dung bao gom khoa hoc
tinh toan, do hoa may tinh, cac tng dung do hoa 3D, xit Iy tin hiéu s6 va
thiét ké c6 ho trg may tinh (CAD: Computer Aided Design) [3-6]. Thiét ké
phan citng hiéu qua cho tinh toan cidc ham toan hoc nay c6 ¥ nghia quan
trong trong nang cao hiéu ning cac hé thong xit 1y tin hiéu so.

Trong tng dung DSP, mot thao tac thuong xuyén la phai tinh todn ham

sin(wt) ¢ day t 1a thoi diem lay mau va t = kt, véi f, = ;- 1a tan s6 lay mau.

sin(wt) = sin(27 f kt,) = sin(ZWfik) (1.1)

Tan s6 s6 clia song sin f/ f, ¢6 do chinh xac yeu cau la 1/N né 1a tan sb
dugc lugng tit tt f = T f, , vay tat cd ham can tinh toan c6 dang sau:

2
sin(QW%k) - sin(ﬁwi) i=mk=0,.., N (1.2)

Trong cac ting dung xi 1y am thanh, tan s6 lay mau f, tiy thuoc vao cic
loai am thanh, vi du nhu tin hiéu thoai st dung f, = 8K Hz, tan s6 lay

9



10

mau tiéng néi con ngudi la f; = 40K Hz, am nhac theo tiéu chuan MP3 c6
fy =44, 1K Hz... Nhu vay, chang han vé6i tiéng néi con ngusi v6i do chinh
xac yeu cau khoang 0, 1H z c6 khodng N = 400000 gia tri khac nhau dudc
yéu cau. Do do6, stt dung bang tra la khong thyc té cho cac ting dung nay.
Mot phuong phap thusng st dung dé tinh toan cac ham lugng giac 1a dung

xap xi bang chudi Taylor.

sin(z) =z — g2 + 2% — a7 + - - 13)
cos(xz) =1—ga° + ot — Sab 4 - -

Xap xi nay st dung mot s6 s6 hang dau tien ciia khai trién va diéu chinh
cac hé s6 ctia khai trién nham tang do chinh xac. Tuy nhién phuong phap
nay doi hoi cac mach tinh toan tinh toan c6 do phiic tap 16n.

Ngoai ra, tinh toan ham sin c6 thé dude st dung trong bo té hgp tan sb
sO, bo tron tan, bo diéu ché va gidi diéu ché va nhiéu tng dung trong cac hé
thong truyén thong sob.

Ham logarithm 1a thao tac chinh trong céc ting dung chuyén doi ty s6 cong
suat va phd cong suat sang biéu dién dang dé-xi-bel, trong cac ting dung xit 1y
am thanh [7]. Tinh toan ham logarithm con 1a thao tac khong thé thiéu trong
cac hé thong s6 logarithm (LNS: Logarithmic Number System) dé chuyén doi
dit lieu dau vao sang mién logarithm.

Ham logarithm co s6 hai dudc quan tam hon ca trong thuc thi tinh toan
ham logarithm. Béi vi, khong mat tinh tong quat, ham logarithm ctia céc co
s6 khac co thé duge tinh thong qua ham logarithm co s6 hai nhu cong thiic

sau:

log,(7) = (logya) 'log, () (1.4)
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Tinh toan ham logarithm con dugc ting dung trong ky thuat nén anh va
nhan dang tiéng néi. Trong nhan dang tiéng noéi va tong quat la xit 1y tiéng
néi, trich dac trung tiéng néi la mot bude tinh toan khong thé thiéu. Trong
do, MFCC (Mel frequency cepstral coefficients) 14 mot phuong phéap hiéu qua
cho trich dic trung tiéng noi [8]. Hinh [1.1|biéu dién qua trinh trich dic trung

tiéng no6i theo phuong phap MFCC.

T}n hle}l, Tao cira s6 >  FFT > B0 loc Mel
tieng no1
\ i
Hé s6 dac DCT < LOG
trung

Hinh 1.1: Qua trinh trich dac trung tiéng néi theo phuong phap MFCC.

Dau tién, tin hiéu tiéng néi ducce tao khung va tao cita so. Tao khung tin
hiéu 14 qua trinh chan tin hiéu tiéng néi thanh cac khung gom N mau trén
mién thoi gian. Sau budc tao khung méi mot khung don 1é sé dudc tao ctra so
bdi mot ham cita s6. Viéc tao cita sd6 nhim t6i thiéu hoa su gian doan tai diem
dau va diém cudi ctia moi khung. Cac khung va ham cita s6 sé dudge nhan véi
nhau. Gia st ham ctia s6 duge dinh nghia la W(n), 0 < n < N — 1, 6 day
N 1la s6 méu trong mot cita s6 bat ky, thi tin hieu dau ra sau khi tao ctia s6
selaY(n) = X(n) x Wn), 0 < n< N — 1v6i X(n)la tin hieu dau
vao khéi tao ciia s6. Trong cac ham cita so sit dung phd bién nhat 1a cita so

Hamming. Ham ctta s6 Hamming dude dinh nghia nhu sau

W(n) = 0,54 — 0,46 x cos(2mn/(N—=1)); 0 < n< N—-1 (1.5
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Sau khi duge tao ciia so tin hiéu sé duce thue hién bién déi Fourier nhanh
dé chuyén tin hiéu tit mién thoi gian sang mién tan s6. Tin hiéu sau khi thuyc
hién bién d6i Fourier sé dugc cho qua mot bo loc Mel dé tao ra thang tan sb
Mel phit hop véi dic tinh tiép nhan tan s6 cia hé thong thinh giac con ngudi.
Sau bo loc Mel, phép tinh logarithm sé dugce thyc hién nhu cong thic (1.6).
Cudi ciing mot phép bién doi Cosine 16i rac sé duge thuc hien dé tao ra cac

he s6 MFCC
FMel = 781 X 10g2(1 + fnorm)a (16)

& day Fye 1 chi ddac trung MECC va foomm gid tri tan so chuan héa nhan
duge béi mo-dun FFT.

Trong ky thuat do hoa 3D, hon 80% thdi gian x1t 1y ctia bo x1t 1y do hoa
la dé thuyc hién dung anh (render), hon nita hon 90% thoi gian xit ly dung
anh 1a thyc hién tinh toan cédc ham toan hoc co s6 [1]. Vi vay, cac ham toan
hoc co s6 dugc stt dung thuong xuyén trong ting dung xit Iy do hoa 3D va né
quyét dinh téc do xtt 1y clia cac don vi xit Iy do hoa.

Mot thao tac thuong xuyén trong tao anh 3D la noi suy gia tri cac thudc
tinh pho bién nhu mau sic, toa do két cau tit mot gia tri nguyén thiy. Dé
nhan duge gia tri chinh xac, can noi suy mot ham ctia thuoc tinh, két qua
noi suy sau dé dudge chuyén bang mot ham nghich dio dé tao ra gia tri cudi
cing tai mdi diém anh. Cac ham khac ciing duge thuong xuyén st dung
trong cac chuong trinh dyng béng diém anh. Mach tinh toan ham cin bac
hai 14 mot ham phd bién trong tao béng do sang. Ngoai ra, cac ham nhu
27, logy(x), sinx va cosx la thao tdc quan trong trong chuong trinh tao

bong ctia ky thuat do hoa [9)].
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Nhu vay, tinh toan cac ham toan hoc 1a yéu cau dat ra trong hau hét cac
ting dung DSP. V6i cac yéu cau ngay cang cao ve tai nguyéen va toc do cia
cac bo xtt Iy DSP, can c6 cac gidi phap thiét ké phan ciing hiéu qué cho tinh

toan cac ham toan hoc.

1.2. Cac phuong phap thuc thi phan cing cho tinh toan cac
ham toan hoc

Tinh toan cac ham co s6 1a yéu cau dit ra trong nhiéu ing dung ctia xit 1y
tin hieu s6. Mac dit cac chuong trinh phan mém c6 thé tinh toan cac ham co
s6 mot cach chinh x4c, nhung ching thuong cé do tré 16n va khong phu hop
véi cac ing dung cudng do tinh toan cao va doi hoi thoi gian thuce. Thuc thi
cac ham co s bang phan cing c6 uu diem dang ké vé mat toc do cling nhu
kha ning ting thong luong bang viée sit dung song song nhi¢u mo-dun phan
cung.

Cac yéu cau ngay cang 16n vé toc do va thong luong ctia nhiéu tng dung
1a mot dong luc cho viée phét trién cac phuong phap phan cting dé tinh toén
cdc ham co s6 v6i toc do cao. Hon nita, phan cting tinh toan cac ham co sé
mot cach hieu qua va chinh xéac 1a can thiét trong nhiéu tng dung nhu don
vi x1t Iy d6 hoa (GPUs: Graphics Processing Units), cdc bo x1t Iy tin hieéu s6
(DSPs: Digital Signal Processors), bo dong xtt 1y s6 dau phay dong ciia bo
x1t Iy da nang va ASIC [10412].

1.2.1. Phuong phap xap xi bang da thiic

Phuong phap xap xi bang da thic 1a mot giai phap pho bién trong xap xi

cac ham toan hoc. Trong d6, mot ham f sé duge xap xi bdi mot da thic p



14

¢6 bac d trong khoéng [a, b]. Da thiic xap xi ¢6 dang nhu sau:
p(x) = cqr® +coz + i + ¢, (1.7)
v6i qui tic ctia Horner, da thic trén cé thé duge viét lai dusi dang:
p(z) = ((cax + cq_1)T + ...)x + ¢, (1.8)

& day x 1a dit lieu dau vao. Dé t6i thiéu hoéa sai s6 xap xi ¢ = |[p — f]],
phuong phap xap xi minimax thuong dugc stt dung. Trong d6, cuc dai clia tri
tuyet doi sai sé sé dudce toi thieu hoéa. Sai s6 cho phuong phap xap xi minimax

~ N

sé la:

lp = fll = max | f(z) — p(x)] (1.9)

a<z<b

vdi [a, b] 1a khodng xap x1. Nhiéu nghién citu da dua vao cac phuong phap khac
nhau nhu phuong phap st dung khai trien Taylor, phuong phap Legendre,
phuong phap Chebyshev, xap xi Minimax dé t6i thi¢u héa 18i cyc dai. Bang
1.1 biéu dién sai s6 cuc dai va trung binh sai s6 clia xap xi ham e trén
khoang [—1, 1] bang xap xi st dung da thiic bac nhat véi cac phuong phéap
khéc nhau. C6 thé thay ring phuong phap minimax cho sai s6 cuc dai la nhé
nhat con phuong phap Legrendre tao ra trung binh sai s6 nhé nhat. Vi vay,
khi doi héi sai s6 cuc dai 1a nhé thi phuong phap minimax duge st dung. Da
thitc minimax thuong dugc xac dinh dya trén kiéu lap st dung thuat toan
chuyén déi Remex [13], né thuong dugc stt dung dé xac dinh cac hé s6 tdi uu
cho bo loc sb.

Sidahao va céc cong su trong [14] da xap xi cac ham trén toan bo khoang
gi4 tri ctia né bang cac da thiic bac cao. Phuong phap nay cé wu diém la yéu

cau bo nhé thap, tuy nhién né c6 do gitt cham 16n. Hon nita, nhin chung la
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Bang 1.1: Sai s6 cyc dai va trung binh sai s6 trong xap x{ da thitc bac 1 ctia ham e”
trén khoang [—1, 1] v6i cac phuong phap khac nhau.

Phuong phap Taylor Legendre Chebyshev Minimax
Loi cuc dai 0,718 0,439 0,372 0,279
Trung binh 161 0,246 0,162 0,184 0,190

khé chap nhan duge vé6i cadc ham c6 tinh phi tuyén 16n. Pineiro va cac cong
su trong [15] da chia khoang gi& tri clia ham thanh mot s6 doan déu va xap
xi mdi doan bang cac da thiic minimax bac hai. Phuong phap nay phu hop
v6i u6e lugng cédc ham v6i do chinh xéc vira phai (nhé hon 24 bit).

1.2.2. Phuong phap bang chia doi va bang nhiéu phan

Phuong phap bang chia doi (BTM: Bipartite Method) phan chia dau vao
x ¢6 do rong n bit thanh 3 phan x, x;, 2, véi do rong bit tuong tng 1a
Ny, N1, No. Gid st rang 0 < o < 1, thi dau vao x c6 thé duge biéu dién nhu

sau:
T =g+ 2 X 270 4 py x 270, (1.10)

Stt dung khai trién Taylor tai diem o + z; x 27", ham f(z) c¢6 the dugc

biéu dién nhu sau:

fx) = flzg + 2y x 27™) + @5 x 2700FM f (g0 4 21 X 27™) + E4pa,
(1.11)

& day, €y, bicu dién 16i xap xi gay ra bdi viec loai bd céc s6 hang bac cao

trong khai trién. Sau khi xap xi dao ham f'(zy + x; x 27™) bang f'(z)

sé phét sinh mot 161 khac 1a g, do d6 cong thiic (1.11)) sé duge viét lai nhu
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sau:

f(x) = f(flfo ‘l‘ r1 X 27n02 ‘l‘ 332 X 27(n0+n1)f/(x02 + 8apm + 8slp

-~ -~

Fo(wo, 1) Fy(z0,r2)
~ f(:c) = Fo(l'o, .Tl) + F1($0, CIZ'Q). (112)

X0 X1 X2

No Ny n,
A\ \ v A\
TO TIV
Fo(Xo, X1) F1(Xo, X2)

Wto Wriv

\

B0 cfng

l f(x)
Hinh 1.2: Phuong phap BTM.

Vay phuong phap bang chia doi xap xi ham f(z) bdi ham f(z) st dung
hai LUT. LUT tht nhat duge goi 1a bang céc gia tri khéi tao (TIV: Table of
Initial Values) sé chia Fy(zg, z1) duge dinh chi s6 bang xq, x; va LUT thi
hai goi 1a bang do dich (TO: Table of Offsets) chita F(xg, x2) duge dinh chi
s6 bdi xg, xo. DO rong bit clia cdc phan chia nhé dau vao ng, ny, ny (tuong
ting véi s6 dau vao ctia LUT) va cac do rong bit ciia tit nhé trong LUT (ky

hiéu 1a wrpy vA W) sé duge lya chon sao cho théa man do chinh xéc yéu
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cau. V6i cac thiét ké yeéu cau do chinh xéc trung thuyc thi 16i tong cong thusng
nhé hon 1 don vi ¢6 trong s6 nhé nhat (ulp: unit in the least position). Céc
do rong bit Wy, Wro bao gom ca cac bit yéu cau dau ra va cac bit bao ve,
céc bit du thita sé khong duge xem xét. Nhu chi ra trong [16] 16i lam tron
cudi ciing c6 thé giam nhé hon 0,5 ulp néu ching ta tao ra bit 1 & vi trf tiép
theo ctia bit bado vé cudi ciing trudc khi cac gia tri duge luu trit vao trong
TIV va cac TO. Ngoai ra, trong [17] chi ra rang kich thuéc cta cac TO c6
thé giam di mot nita néu st dung tinh déi xting clia cac ndi dung chia trong
TO.

Trong phuong phap cong bang déi xing (STAM: Symmetric Table Addi-
tion Method) [18] st dung tong cong m LUT, dau vao duge chia thanh m + 1

phan.
T =29+ a1 X 270 4 e 4 og, x 27 (0dmd ) (1.13)

v6i cap chi 86 (xg, x1) clia ng + my bit dung dé dinh dia chi cho TIV va
m — 1 cap chisd (xg, 1), @ = 1,2, ..., m—1chany + n;yy bit dung
dé dinh dia chi cho (m — 1) TOi. So véi phuong phap BTM thi khi thuec thi
phuong phap STAM sé dat dugc kich thude tong cong ciia cac LUT nhé hon
bdi vi TO ban dau da dudc chia thanh mot s6 TOi, thuc ra BTM 1a mot
truong hgp dac biét cuia STAM véi m = 2.

Trong phuong phap bang nhiéu phan [19] ngoai viéc khai thac tinh doi
xting cua cac TO nhu trong [17] [18] kich thude cia cdc TO va kich thude
tong cong ciia bang sé giam hon nita bing viéc cho phép phan chia chi s6
dau tién trong cip chi sd dinh dia chi cho cac TO thanh cac phan khéic nhau.

m—1 béng TOZ, = 1, 2, ey, M — 1 sé dlIQC chi s6 béi (mO,ia $i+1), 1=
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1, 2, ..., m—1 & day x; khong nhat thiét phai bang xg 0, cap chi s6 dau tién
sé duge st dung dé dinh dia chi cho TIV. Vay, STAM c6 thé dudc coi la mot
truong hgp dac biét clia phuong phap bang nhiéu phan téng quat hon véi
To; = Tog, ¢ = 1,2, ..., m — 1. Hinh [1.3 biéu dién kién tric tong quat
clia phuong phap bang nhiéu phan. Kich thude ctia TIV va cic TO tuong
tng 1a 2M00 ™M X Wy = 2% X W bit va 270t X W, bit. o) day wrry

va Wro, la do rong tit nhé trong TIV va cac TO.

Xo X1 X2 X3 Xm
No 7 Ny P) N3 Nm
No,o No,14 No,2 No,m-1
A A y A Yy v y A
TIV TO, TO, TOm-1
W WT01 WTOz WTOm—1
\ \ \ A \

Mach cong nhiéu dau vao

l

f(x)

Hinh 1.3: Phuong phap MTM.

1.2.3. Thuat toan CORDIC

CORDIC la viét tat ctia COordinate Rotations DIgital Computer 13 phuong
phap noi tiéng dé tinh toan cac ham toan hoc mot cach don gian va hiéu qua.
Thuat toan CORDIC dugce dua ra bdi Volder trong [20] cho tinh toan cac
ham lugng gidc, nhan, chia va chuyén doi cac kieu dit lieu. Sau dé dude tong

quat héa dé tinh toan cho cdc ham hyperbolic bdi Walther [21]. Thuat toan
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CORDIC dugc tng dung rong rai trong nhiéu linh vyc tinh toan, né 1a maot
phuong phap hiéu qua trong thuc thi phan cing cac ham co sé.

Thuat toan CORDIC dua trén cac cong thic lap don gian, trong do viéc
thie thi chi béi cac phép cong va dich nham tranh viéc st dung cac thao
tac nhan va chia phic tap. Thuat toan CORDIC tong quat bao gom ba cong

thitc 1ap co ban sau:

Tpi1 = Tp — MOYR2 ™"
Yri1 = Yp + 0p2 27" (1.14)

Zh1 = 2 — OO0

Cac hing s6 m, 0, va o, phu thuoc vao tinh toan cu thé dugc thuc hién,

cu thé nhu sau:

e m sé nhan mot trong cac gia tri 0,1 hodc -1. m = 1 st dung cho tinh
toan cac ham luong giac va ham lugng giac nguge. m = —1 st dung cho
tinh toan cac ham hyberbolic va hyberbolic ngugc, cac ham mi, ham
logarithm cting nhu ham can bac hai. m = 1 dugc dung cho thyc hién

cac thao tac nhan va chia.

e 0; 1a mot trong hai ham dau sau:

61{: = szgn(zk) = hoac 5k = —Szgn(yk) =
—1, Zk<0 _17 ykZO
(1.15)

Truong hop dau thuong duge goi 1a ché do quay, trong do6 gia tri z dugc
diéu khién tién t6i 0, con trudng hop thi hai goi 1a ché do véc-to, trong

ché do nay gia tri ctia y dugce diéu khién vé 0.
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e Gia tri oy 1& cic hang s6 dude luu trit trong bang va né tuy thuoc vao
gidg tri citam. Véim =1, o, = tan '27* v6i m = 0, o, = 27 va véi

m = —1, o, = tanh 27"

Dé stt dung céc cong thiic nay 1, y; v 2; can duge gan cac gia tri ban dau
phit hgp. Mot trong cac dau vao nay, vi du nhu z;, c6 thé la gia tri clia sin
hyperbol ma ching ta can xap xi, sinh(z;). Trong tat ca cac truong hop céc
gia tri bat dau can phai dudc han ché t6i mot khodng xac dinh xung quanh
diém bit dau dé dam bao tinh hoi tu. Khi cac vong lip dugce thuc hién, mot
trong cac bién c¢6 xu huéng tién dén khong trong khi dé cac bién khac sé xap
xi dén gia tri can tinh toan.

Nhugc diém chinh ctia thuat toan CORDIC 1a né c6 tinh hoi tu tuyén tinh
dan dén thoi gian thuc hién cling ty lé tuyén tinh véi s6 bit clia toan hang.
N6i mot cach khéc, thuat toan CORDIC dua trén cac kién trac lap nén do
gitt cham 16n, nhat 1a khi cac toan hang dau vao c6 do rong bit 16n. Ngoai ra
CORDIC ciing ¢6 mot han ché nita 14 né chi tinh toan dude mot sé cac ham

toan hoc nhat dinh.

1.2.4. Xap xi hitu ty

Phuong phap xap xi hitu ty 14 mot phuong phéap hiéu qua trong uée luong
cac ham gidi tich. Phuong phap nay thuyc hién xap xi mot ham f(x) bdi mot
ham hittu t§ R, (7). Ham xap xi R, (2) 13 mot ham duge biéu dién béi ty

s6 clia hai da thic P, (x) va Q,(x) c6 bac tuong tng 1a m va n nhu cong

thic (1.16)).
P, (x) PnZ™ + D™+ 4 DT+ po

7))~ R, ()= — . (1.16
/(@) (z) Qn(z) G + G+ L+ T+ Qo (1.16)
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Néu céc da thic P, (x) va Q,(z) 1a cic da thiic ¢6 bac tuong tng la m
va n thi da thic hitu t§ R,.,.(x) duge tao bdi ty s6 gitta ching c6 the dat
duge do chinh xac tuong tu vdi truong hgp xap xi bang da thiic c6 bac 1a
m + n. Xap xi da thic 1a mot truong hop dac biet ciia xap xi hitu ty vdi
P,.(x) = Ryo(z). Un diém ciia xap xi hitu ty so v6i xap xi da thic (véi cling
do chinh xac yeu cau) la bac cac da thiic sé nhd hon va do dé doi hoi it hon
cic thao tac cong va nhan. Hon nita, xap xi hitu ty cho phép thuyc hién céc
da thic tit s6 va mau s6 dong thoi nén sé cai thien duge hieu nang tinh toan.
Tuy nhién nhude diém clia phuong phap xap xi hitu ty 1a yéu cau phai thuc
hién cac thao tac chia va do d6 n6 gay ra do git cham 16n.

Xap xi hitu ty thuong duge st dung dé thay thé cho phuong phap xap xi
da thitc trong cac truong hop cdc ham can xap xi chia cac diém cuc nhu
tan(z) hogc cac dudng tiem can nhu tan™'(z). Nhin chung, xap xi hitu ty 1a
phuong phap hiéu qua dé tinh toan cac ham trong cac bo vi xit 1y. Tuy nhién
n6 khong phtt hgp trong thie thi cac ham trén FPGA do doi hoi cac bo chia.
Thuye thi phan ctiing ciia xap xi hita ty da duge nghién cttu trong [22].

1.3. Phuong phap thuc thi cac ham toan hoc st dung trong
luan an

1.3.1. Phuong phap chung thiét ké cac 16i phan ciing tinh toan

Muc tiéu ctia luan an dit ra la thiét ké cac 16i phan cting thuce thi mot s6
ham toan hoc dién hinh tng dung trong DSP. Dé dung hoa gitta do phtic tap
clia phan ciing va hi¢u nang tinh todn (do chinh xac, téc do thyc hien. . .)
phuong phap dua ra trong luan an la thyc hién tinh toan cac ham toan hoc

dua trén xap xi cac ham phic tap bang mot ham don gidn hon va dé thuc
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thi bang phan cting dong thoi st dung mot tang bl sai s6 do xap xd.

Ve tong quat, cac ham xap xi thuong 1a cac ham da thic véi sé bac da
thitc xac dinh. Xap xi da thiic bac cao cho phép dat dudc do chinh xac tot.
Tuy nhién, khi sit dung xap xi bang cac da thitc bac cao sé lam tang do phic
tap phan ciing cing nhu do tré tinh toan. Phuong phap xap xi tuyén tinh
cho phép kién tric thiie hien don gidn hon, tuy nhién sai s6 xap xi sé 16n hon
so v6i viéc st dung cac ham xap xi bac cao.

Véi muc dich gidm do phiic tap phan ciing clia cac 16i tinh toan cdc ham
toan hoc v v6i miic sai sé c¢6 thé chap nhan ctia cac ing dung DSP, trong
luan an nay st dung phuong phap xap xi tuyén tinh phan doan déu. Sau do,
viéc bit sai s6 xap xi c6 thé thuc hien bang cach st dung mot LUT c¢6 kich
thu6c nho hodc tiép tuc st dung xap xi tuyén tinh cac ham sai s6 ctia xap xi
ban dau c6 loi dung céc dic trung ciia ham sai s6 dé giam chi phi phan cing

va tang toc do. Hinh mo ta phuong phap thiuc hién trong luan an nay.

Mach xap xi

don gian l
Mach két
X —— hop [ T(X)
1 Tang bu 16i T

Hinh 1.4: Phuong phap do chénh léch.

Tt dé c6 thé thay, phuong phap dua ra can phai gidi quyét cac van dé co

ban sau:
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e Can co cac thuat toan dé tim cédc ham xap xi phan doan tuyén tinh toi

uu theo tiéu chi don gidn vé thuyc thi nham gidm do phic tap phan cing.

e C6 cac thuat toan dé ddm bao kich thuéc bang LUT la t6i wu nham don

gian phan ctng va ting téc do tinh toan, gidm cong suat tieu thuy.

2 2 2 - 2 2 N X ~ . P 2 X 2 P
e Khao sat cac dac trung ctia cac ham 16i gay ra bdi xap xi ban dau de c6

thé lgi dung cho tang xap xi but 16i nham dat duge kién tric hiéu qua.

Nhu vay, phuong phap thuyc hién cia luan an 1a dya trén ki thuat xap xi
cidc ham toan hoc bang cac ham tuyén tinh phan doan. Yéu cau dit ra 1a khi
xap xi cdc ham toan hoc bang cac ham tuyén tinh phan doan 1& tim cac he
s6 clia ham xap xi sao cho dung hoa vé cac tiéu chi 16i xap xi va chi phi phan
cing thyc thi. Hon nita, do stt dung bang LUT dé gidm gidm sai s6, nén viéc
tinh toan dya trén LUT cling dugc xem xét nghién ciiu.

Ngoai ra, Iy thuyét vé tinh toan ngau nhién (SC: Stochastic Computing)
cho phép tng dung dé thuc thi cac don vi s6 hoc v6i chi phi rat thap va 18i
chap nhan duge. Dac tinh co ban ctia SC la mot s6 dude biéu dién bdéi mot
chudi bit va duge xtt Iy bdi cac mach rat don gian, vi du nhu phép nhan trong
SC dugc thuc hién chi bdi mot cong AND. Trong luan an nay, con st dung
phuong phap thie thi cdc ham toan hoc duya trén xap xi ham phic tap bang
cdc ham tuyén tinh phan doan déu. Sau do, cac ham xap xi sé duge thyc thi
dua trén logic ngau nhién. Hinh mo ta phuong phap thuc thi cac ham
dura trén két hop xap xi phan doan tuyén tinh déu va st dung SC. Trong do,
ham can tinh toan dugc xap xi bang cac ham tuyén tinh phan doan. Sau do,
duge chuyén doi sang cac s6 ngau nhién bang mach tao sé ngdu nhien (SNG:

Stochastic Number Generator) dé thuc hién cac thao tac tinh toan trén cac
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s6 ngau nhien. Két qua sau dé duge chuyén doi vé cac sd nhi phan truyen

thong bang mot bo dém dé tao ra két qua cudi clng.

Xap xi ph’ﬁn Mach tinh
X —! doan tuyén —| SNG [—»toan trén logic —Counter— f(X)
tinh déu ngiu nhién

Tinh toan trén SC

Hinh 1.5: Phuong phap tinh toan st dung SC.

1.3.2. Phuong phap xap xi tuyén tinh phan doan déu

Trong phuong phap xap xi phan doan tuyén tinh déu, ham can tinh toin
f(x) véi z € (o, B) duge xap xi phan doan tuyén tinh déu. Trong d6, khoang
gia tri € (o, B) duge chia thanh s phan doan déu nhau va méi phan doan
sé duge xap xi béi mot ham tuyén tinh. Dé don gidn vé cau tric phan ciing
thi s dugc Iga chon 1a mot s6 liiy thita ctia 2 (s = 1, 2, 4 ... 2F ). Trong phan
doan thit 7 ham xap xi ¢6 thé duge viét nhu cong thite (1.16).

f(x) = a;x + b;, é(ﬁ—a)§x<%(5—o¢),izo+s—l.

(1.17)

L6i xap xi trén phan doan thit 7 1a:

1+ 1

c(r) = () ~ (0w +b), S(F-a) Sz < N (Boa);i=02s-1

(1.18)
V6i muc dich dat duge ham xap xi v6i do chinh xac t6t nhat c6 theé, trong
mdi phan doan thit ¢ cac he s6 a; va b; duge t61 wu sao cho 161 xap xi €;(x) 1a

cuc tiéu. Thuat toan tim céc heé sb téi wu duge moé ta nhu Bang 1.2
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Bang 1.2: Thuat toan tim hé s6 ti uu trong tiing phan doan.

BEGIN : Khdi tao mang gié tri a
Khéi tao méang gié tri b
Khéi tao doan gia tri 4
for p=1:length(a)
for ¢ =1 : length(b)
9. for k =1: length(x)
tinh &;(x) theo cong thic (1.17)
end

end

for p=1: length(a)
for ¢ =1 : length(b)
tinh &j max = max(e;(z))

end

END Xuat gia tri a,b tuong ing véi min(&; max)

Ty thuoc vao ham f(z) cu thé, ciing nhu cac cdc yéu cau cu thé vé do
chinh x4c va do phtc tap clia phan ciing ma cac hé sd a; va b; sé duge rang
budc theo nhitng diéu kién cu thé. Thong thusng dé tranh viéc stt dung mach
nhan trong kién tric thi cic hé s6 a; thuong duge rang budc dudi dang mot
so lity thita ctia hai hoiic 14 tong clia cac sb liy thita ctia hai. Khi d6 mach
nhan sé dugc thay thé bdi cac thao tac dich.

Vi du thuc hién thuat toédn trén bing mot chuong trinh Matlab dé xap
xi ham sin z v6i x thuoc khoang (0, 1) bang 4 phan doan deéu, trong do cac
he s6 a; va b; duge rang budc ¢6 dang nhu cong thiic (1.18). Khi d6 két qua
cac hé s6 cho tiing phan doan nhu trén Bang 1.3. Trong Bang 1.3, cac gia tri

Eimax 12 sai 80 xap xi cuc dai clia phan doan thi ¢. Gia tri €. 12 gid tri sai
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s6 cuc dai trén tat ci cac phan doan, €, = Max{&; nax }-
Vi

Q;

5 .
Zop-?, p=10,1};
p=

bi:K.Qig, KEN

(1.19)

Bang 1.3: Céc hé s6 cho xap xi tuyén tinh ham sin z bang 4 phan doan.

Phan doan a; b; € max

0<2<0,25 20 0 0,0026

0,25<x<05 |27t 42724234274 3.2°8 0,0031

0,5<x<0,75 271 4272 424 19.278 0,0031

0,75<z<1 2714273 56.278 0,0059
Emax = 0,0059

1.3.3. Qui trinh thiét ké va kiém chiing cac 16i phan ciing tinh toan

Hinh 1.6 mo ta dé xuat mot qui trinh thiét ké tong quat thuc hien xap xi
hoéa cac ham phiic tap trong DSP st dung thu vién 16i IP ciing tinh toan cac
ham phiic tap cho cac hé thong DSP theo phuong phap va thuat toan téi uu
tham s6 thiét ké nhu da trinh bay & trén. Bang viéc st dung mot thu vien
tao ra cac 16i IP tdi wu cung vé6i cong cu tu dong sinh ma nguon mo ta phan
ctiing (HDL) cho cac ham nay, viéc thyc thi cac phép tinh toan nay sé dugc
tang toc v6i luong tai nguyen phan cing phat sinh la t6i thiéu. Mot cong
cu phan mém hé trg thiét ké tu dong ducc phat trién dé tao ra moé ta HDL
clia cac khdi tinh toan cac ham phiic tap trén DSP, ciing véi cac chi tieu ki
thuat ctia hé thong cho phép xuat ra mo t4 HDL cho toan hé théng. Tt mo
ta HDL nay, 16i IP ¢6 thé dudc st dung dé cau hinh cho thiét bi kha trinh

FPGA hay hién thuc hoa trén thu vien chuan ASIC.
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Chi tiéu k§ Li IP
thuit cia h¢ (dang thw vién
thong thiét ké)
P . Cong cy ty dong
: thiet ke 5
Mo ta HDL
Céu hinh trén Thuyec thi trén
FPGA ASIC

Hinh 1.6: Qui trinh tao 16i IP tinh toéan.

:(> Két qua v& dinh thoi

Oscilloscope

{}

Bang mach :> B§ phén tich
Chip logic
ﬁ ! ! .csv file
Bé tao diu vao dang Matlab
so (FPGA) (PC)

<~

Két qua kiém tra
Hinh 1.7: Qui trinh kiém chiing 16i IP tinh toan.
Hinh 1.7 trinh bay qui trinh kiém chiing (verification) céc 16i IP thuc hién
tinh todn ham phiic tap ing dung trong DSP. Cac mau hinh (pattern) dau

vao dudc tao ra tren FPGA, dua t6i mach kiém tra ctia chip ASIC. Két qua

thic hién trén 16i IP sé duge dua t6i may hién séng (oscilloscope) dé kiém
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tra mot s6 tham s6 dinh thoi (timing) nhu do tré tinh todn chang han va
bo phan tich logic (logic analyzer) dé kiém tra chiic nang, c6 thé két hop véi
phan mém Matlab trén may tinh thong qua file dau ra dang .csv ctia bo phan

tich logic.
1.4. Két luan chuong 1

Chuong nay da trinh bay khai quat cdc van dé co ban lién quan dén céc
gidi phap dé xuat trong luan an bao gom viéc st dung cac ham toan hoc
trong cac tng dung xt 1y tin hiéu s6, cac phuong phap dién hinh trong thiét
ké phan ciing tinh toin cac ham toan hoc. Dong thai cling trinh bay phuong
phap chung sé dudc st dung trong cac dé xuat dé thiét ké phan cing tinh

toan cac ham toan hoc trong luan an.



Chuong 2

THIET KE PHAN CUNG TIiNH TOAN HAM
LOGARITHM NHI PHAN

2.1. Co sé va dong luc nghién ctu

Su phét trién cta cong nghé mach tich hgp da tré thanh dong lyc chinh
cho x1t Iy tin hieu s6 thong qua cac bo xit Iy tin hiéu s6. Thong thuong, qua
trinh x1t 1y tin hiéu s6 doi héi mot s6 luong 16n cac thao tac s6 hoc phiic tap
nhu cac phép nhan, chia, khai can, lay thta. Vi du trong [1] chi ra 1a 86,5%
thoi gian xit 1y trong hé thong xit 1§ dd hoa ba chiéu thsi gian thuyc la dé
thyc hién cac phép nhan va chia. Phan cting thuc thi cac thao tac phtc tap
nay thuong tiéu ton luong 16n tai nguyén va cong suat, do d6 dan dén do giit
cham 16n. Diéu nay 1 mot thach thic dit ra cho cidc bo xtt Iy tin hieéu so,
nhat 1& cac ting dung trong cac thiét bi di dong va cam tay. Cac thiét bi nay
thuong doi héi xtt Iy thoi gian thuc, han ché vé kich thuéc ciing nhu dung
luong bo nhd va cong suat tieu thu.

He thong s6 logarithm (LNS: Logarithmic number system) duge dé xuat
nhu 14 mot sy thay thé cho céc hé théng s6 dau phay tinh va dau phay dong
dé don gian cac thao tac s6 hoc phiic tap [23]. Chang han, ciAc phép nhan va
chia c6 thé dugc don gidn tuong ting thanh céc phép cong va trit, trong khi
cac phép tinh can bac hai va liy thtta duge don gian tuong ting thanh cac

phép dich va nhan. Vi vay, cdc mach phan ctng ciing sé duge don gidn hon.

29
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Ngoai ra, LNS vén da c6 cac dac tinh don gian ctia hé théng sé6 dau phay
tinh v& dac tinh khodng dong 16n clia hé théng s6 dau phay dong. Tuy nhién
cac phép cong va trit trong LNS 14 cdc ham phi tuyén. Nhiéu nghién cttu
da duge thie hien dé nham don gian phan ciing thiyc thi cdc ham cong/trit
logarithm [24-28]. D& don gian hon, cac phuong phap lai da duge dé xuat
dé két hop cac thao téc phitc tap trong LNS véi cac phép cong/trit don gidn
trong hé thong s6 dau phay dong/dau phay tinh [2,29-31].

Heé thong LNS hita hen 1a phit hop véi cac ing dung cong suat thap. Tuy
nhién, cac thao tac cong va trit trong LNS sé phiic tap hon, nhuge diém nay
dan dén han ché kha nang st dung rong rai LNS. Vi vay mot gidi phap dit
ra 13 két hop LNS v6i hé thong s6 nhi phan truyén thong goi 14 hé thong sb
lai (HNS: Hybrid Number System) trong d6 ddm bao duge uu diém ctia hai
hé théng s6 nay. Trong HNS céac bo chuyen doi logarithm nhi phan (LOGC:
Logarithm Converters) va cac bo chuyén ddi logarithm nguge (ALOGC: Anti-
Logarithmic Converters) 14 thanh phan khong thé thiéu. Trong thuc thi cac
bo x1t Iy anh 3D tai nguyén chiém ciia cac LOGC va ALOGC chiém khodng
64% tai nguyén tong cong ctia bo xit 1y nhu thé hien ¢ Hinh [31]. Vi vay,
viéc giam do phic tap ciia cac bo chuyen doi LOGC va ALOGC sé dan t6i
giam dang ké tai nguyén chung ciia cac bo xit 1y tin hiéu s6 st dung HNS.
Hon nita, trong nhiéu tng dung x@ 1y tin hieu s6 thoi gian thuc, chang han
nhu cac ing dung trong cac hé thong truyen thong khong day thi cac bo
chuyén ddi logarithm va logarithm ngudc c6 hiéu ning cao, tiéu ton it tai
nguyen va cong suat thap la rat can thiét.

LNS yéu cau phai chuyén doéi dit licu dau vao sang mién logarithm, c6

nghia & phai tinh toan logarithm ctia dit lieu dau vao, st dung cac bo chuyén
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Hinh 2.1: Phan b6 tai nguyén phan cting cho bo xit Iy HNS.

doi logarithm doi héi phi ton thém phan ciing. Vé mit 1y thuyét, logarithm
clia mot s6 ¢6 do chinh xac 14 vo han. Tuy nhién, trong thuc té logarithm
ctia dit lieu dau vao duge tinh toan véi do chinh x4c hitu han tly thuoc vao
tng dung. N6i chung, cac chuyén doi logarithm c¢6 do chinh xac cao doi hoéi
cac bo chuyen déi phtic tap va lam tang chi phi vé phan cing.

Mot s6 phuong thitc khac nhau da duge dé xuat cho viec thuc thi phan
ciing cac bo chuyén doi logarithm. Cac phuong phép nay cé thé phan thanh
ba loai chinh: 1) cac phuong phép dua trén phuong phap Mitchell; 2) céc
phuong phap dya tréen LUT va 3) cac phuong phap truy toan ky so (Digit
Recurrence Methods).

Dé thuyc thi mot bo chuyén doi logarithm téc do cao va don gian vé phan
cing, Mitchell trong [32] da sit dung xap xi dudng cong logarithm bdi mot
doan tuyén tinh don gidn. Phuong phap xap xi ctia Mitchell ¢6 161 xap xi 16n
va do d6 nhiéu nghién citu sau nay da dugce dé xuat dé cai thien do chinh xac

va dung hoa gitta tai nguyen, toc do va/hodic cong suat tieu thu. Cac phuong
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phap nay nhin chung 1a chia khodng gia tri dau vao thanh mot s6 khoang
nhé hon (thuong 2, 3, 4, 6 va 8 khodng) va xap xi mdi khoang gia tri d6 bang
cac ham tuyén tinh va do d6 dat dugc 161 xap xi nho hon [33H41].

Cac phuong phap dua trén phuong phap ctia Mitchell 1a rat phit hgp véi
cac ting dung doi héi do phiic tap phan ciing thap, cong suat nhé va téc do
cao ma khong doi héi do chinh xac cao. Do hoa 3D [37], phan tich do hoi tu
ctia phuong phap lap Jacobi [29], chuyén doi cosin rdi rac va chuyén doi cosin
r3i rac ngudce cho nén anh [30], 1 cac vi du dién hinh cho viéc sit dung cac bo
tinh toan logarithm ma trong dé khong doi héi cao vé do chinh xac va cho
phép dat hicu qua vé cong suat, tai nguyen va toc do.

Phuong phép truy toan ky s6 [42-46] c6 thé dat duge do chinh xac cao va
hiéu qua ve tai nguyeén phan cting. Tuy nhién, phuong phap nay dua trén cic
kién trac lap nén thuong c6 do tré tinh toan 16n va do d6 khong phit hgp véi
cac ting dung doi hoi tdc do tinh todn cao. Phuong phéap tinh toan dua trén
LUT dat dugc do chinh xac va tdc do tinh toan cao. Tuy nhién n6é doi hoi
dung luong bo nhé 16n nhat 1a khi do rong dit lieu dau vao c6 kich thuée 16n,
dan dén tiéu ton vé mit tai nguyén va cong suat tiéu thu.

V6i mot do chinh xac da cho, sé 1 1y tuéng néu chuyen doi logarithm dudc
thuc thi véi toi thieu vé phan cting va tdc do cuc dai. Diéu nay la rat quan
trong véi nhiéu tng dung nhat 1a cac bo xit Iy d6 hoa 3D (vi du nhu bo xit
Iy do hoa NVIDIA®) Tesla® GPUs [47]) trong d6 ¢6 hang tram tham chi
14 hang nghin 16i, moi 16i chita hon mot ALU thyc hién céc thao téc trong
LNS stt dung chuyén déi logarithm duya trén phuong phap ctia Mitchell nhu
chi ra trong [37]. Vi vay, mot cai thién nhé vé do phrtic tap phan ciing va do

giit cham ciing dan dén cai thien dang ké hiéu ning.
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Céc bo chuyen doi dua trén phuong phép ctia Mitchell trong d6 st dung
phuong phap xap xi tuyén tinh véi toi wu 16i xap xi nhin chung 1a dat dugc
do chinh xac khong cao, né phu hgp véi cac ing dung doi hoi do phiic tap
phan citng thap va téc do cao. Dé dat dude toc do chuyén déi nhanh va do
chinh xéc cao thi phuong phéap st dung bang la moét giai phap phu hop. Tuy
nhién, phuong phap nay c6 mot han ché dang ké 1a doi héi dung lugng bo
nhd 16n nhat 14 khi do dai tir dit lieu dau vao 16n. Diéu nay dan dén lam tang
do phitc tap phan ciing, cong suat tieu thu 16n va khoé khan trong sit dung
cac cong cu tong hop. Mot giai phap hia hen cai thien duge do chinh xac ma
van dam bao dudc mot chi phi phan ciing nhé 1a st dung cac xap xi tuyén
tinh dua trén phuong phap ctia Mitchell két hop v6i mot bang LUT nhé dé

bt 16i nham tang do chinh xéc.
2.2. Cac nghién cdu lién quan

Céc phuong phap chuyén doi logarithm nhi phan dya trén phuong phap
ctia Mitchell c¢6 thé dat duge kién trac phan cing clia cic bo chuyén doi co
do phtic tap thap va téc do chuyén doi nhanh, né phit hop véi cac tng dung
doi hoi hieu qua vé mat tai nguyén, hiéu nang tinh toin va khong yéu cau
cao ve do chinh xac. Muc nay sé trinh bay phuong phap chuyén doi logarithm
ctia Mitchell vd cac nghién ctu sau d6 duya trén phuong phap dé xuat cla

Mitchell nham cai thién do chinh xac.
2.2.1. Phuong phap Mitchell
Mitchell trong [32] da dé xuat mot phuong phap xap xi cho tinh toan ham

logarithm ctia mot s6 nhi phan nhu sau: Vé mat toan hoc mot sé nhi phan

khong dau N trong khoang 0 < N < (2" — 1)2/, § day j,k €,Z,n €,N,
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J<k<n-—1+4jvaz €{0,1} c6 thé biéu dién nhu sau:
k .
N = zy..292320.2_12_92_3..2; = Z 2'z; (2.1)
i=j

Khong mat tinh tong quat, c6 thé coi nhu 2, = 1 vi n6 1a bit ‘1’ dau tien

va cong thitc (2.1) c6 thé duge viét lai nhu sau:

k—1 k—1
N=2"+> "2z =21+ 27%2) =2"1+ =), (2.2)
=] i=j

k=1 )
§ day, x = . 2"7%2; trong khoang [0, 1). Nhu vay, logarithm co s6 2 clia

i=j
N sé la:
logy(N) = k + log,(1 + ), (2.3)

trong d6 k = |log, (V)| valog,(1+ ) tuong ting 1a phan nguyén va phan
thap phan ctia log,(N). Gia tri ctia k c6 thé nhan duge bang viéc st dung
mot bo phat hien bit ‘1’ dau tien (LOD: Leading-One Detector) trong dit li¢u
dau vao. V1 vay, tinh toan log,(/N) sé tuy thudc vao tinh toan log,(1 + z).
Trong phuong phap ctia minh, Mitchell da tinh log,(1 4 x) béng xap xi don

gian nhu sau:

10g2(N) ~ k —+ LAl.Mitchell(l -+ l‘) = k + x (24)

Phuong phap xap xi ctia Mitchell cho phép thuc thi don gidn vé phan ciing.
Tuy nhién, do chinh xac clia xap xi nay 1a thap va do vay nhiéu nghién cttu

da tap trung dé dé xuat cac gidi phap nham tang do chinh xéc.

2.2.2. Cac phuong phap tinh toan ham logarithm dua trén phuong phap
Mitchell

Dé cai thien do chinh xac, mot s6 nghién ciu da dé xuat cac gidi phap

khéc nhau cho xap xi ham log,(1 4+ x). Nhin chung, cdc phuong phap nay
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thuc hien xap xi ham log,(1 4 ) bang cach chia khoang [0, 1) ctia x thanh
mot s6 doan, trén mdi doan st dung mot ham xap xi. Tong quat, cic ham

xap xi c¢6 the mo ta nhu sau:

log,(1 +x) = LAs(1 + z)
= a, X T+ b,

T+ ¢ X Tyspn +ds, ag > 1
= (2.5)
T+ cs X Tyspn +ds, as < 1,

& day, xarspn 12 ky hieu ctia b bit c¢6 trong s6 16n nhat cia x, Tygp, 12
s6 bt 1 clia xy5m,. Cac ky hiéu ay, by, ¢; v d, 13 cac hé s6 clia ham xap xi
tai doan thit s, S 13 s6 doan xap xi. Trong cic phuong phéap trén, 16i tuyét
d6i cyc dai (MAE: Maximum Absolute Error) va phan tram 161 tuyet ddi cuc
dai (MAPE: Maximum Absolute Percentage Error) duge ky hiéu nhu cong
thic (2.6) va (2.7). Cac gidl phap dua ra chi yéu nhim tim cdc he sb cla

ham xap xi theo tieu chi t6i thieu MAE va MAEP.
MAE = I%ax{\logg(l +x) — LAs(1 + x)|} (2.6)

llogy(1 + ) — LAs(1 + z)]
log, (V)

MAEP = rg%x{ X 100%} (2.7)

Combet va céc cong su trong [33] chia khodng gia tri ctia x thanh 4 phan
doan déu va cac hé s6 clia ham xap xi duge xac dinh bang phuong phéap “thi
va 161”. Hall va céc cong su trong [34] dé xuat mot phuong phap xap xi tuyén
tinh phan doan vdi 1, 2, 4 va 8 phan doan déu va viéc tim cac hé s6 ham xap
xi theo phuong phéap trung binh binh phuong 16i. Dua trén phan tich s khéc
biét clia gia tri chinh x4c ham logarithm va xap xi ctia Mitchell, SanGregory

va cac cong su trong [35] chia khoéng gia tri  thanh 2 phan doan va dé xuét
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chi stt dung 4 MSBs ctia x cho cong thitc ham xap xi. Nham dat duge chi phi
phan ciing thap, Abed va Siferd trong [36] dé xuat xap xi phan doan tuyén
tinh v6i 2, 3 va 6 phan doan. Viéc xac dinh cac hé s6 thong qua mo phéng
phan meém. Trong d6, 3, 4 va 6 MSBs ctia o dudc sit dung tuong ng véi cac
truong hop 2, 3 va 6 phan doan. Kim va céc cong su trong [37] chia khoéng
clia x thanh 8 phan doan va sit dung 25 MSBs trong cong thiic xap xi. Tuong
ty nhu phuong phap ban dau ctia Mitchell, Li va céc cong su trong [38] chi
xap xi ham log, (1 + x) bing mot doan thang nhung dudng xap xi duge dich
chuyén theo chiéu thing ding lén mot gia tri so cho 16i cuc dai trong xap xi
ctia Mitchell gidm di mot nita. Bang cac phan tich vé hinh hoc ctia méi lien
he gitta dudng cong log,(1 + x) véi mot hinh binh hanh, Juang va cac cong
sy trong [39] da dé xuit mot xap xi hai phan doan va chi st dung 4 MSBs
cho phuong trinh stta 16i. Mot xap xi v6i 4 phan doan da duge dé xuat béi
Gutierrez v Valls trong [40], trong d6 sit dung 8 MSBs cho biéu dién xap
xi. De Caro va cac cong sy trong [41] da deé xuat mot xap xi 2,4 va 8 phan
doan dua trén tieu chi téi thiéu phan tram 16i xap xi. V.P. Hoang va C. K.
Pham trong [48] da thuyc hién xap xi ham log,(1 + ) theo phuong phap can
déi xing. Trong d6, xap xi ham 16i ctia Mitchell bang hai cip doan dbi xting

nhiam dat dugc kién tric phan cting c6 do phtc tap thap.
2.2.3. Khai quat vé do chinh xéc

Bang 2.1 thé hién do chinh x4c clia cac phuong phap chuyén doi loga-
rithm nhi phan dya trén phuong phap ctia Mitchell. V6i méi phuong phap
cac tham s6 gom: s6 phan doan; 16i duong cyc dai (MPE: Maximum Pos-

itive Error); 16i am cuc dai (MNE: Maximum Negative Error); khoang 16i
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Bang 2.1: Do chinh xéc ctia cac phuong phap dya trén phuong thitc Mitchell.

Phong phip | 56 dogn | MPE | MNE [ ER [ MPEP | MNEP | EPR
(x107°) | (x1077) | (x1077) (%) (%) (%)

Mitchell [32] 1 86,1 0 86,1 5,361 0 | 5,361
Combet [33] 1 8.0 6.2 142 | 0,185 | -0,267 | 0,452
Hall [34] 1 8.1 23 104 | 0126 | -0,781 | 0,907
SanGregory [35] 4 29,3 28,0 573 | 0431 | -1,540 | 1,017
3 449 183 632 | 0030 | -0,554 | 1,484

Abed [36] 3 29,3 208 50,1 0431 | -0,268 | 0,609

6 32 13,0 %6,2 | 0,153 | -0,154 | 0,307

Kim [37] g 2.0 15 35 0,050 | -0,044 | 0,004

i 39 1 13,0 130 86,0 | 2,645 | -4304 | 6.949
Juang [39] 3 37.0 98 16,8 1,079 | -0,096 | 1,175
Gutiorzet [40] 4 72 7.0 151 | 0181 | -0,793 | 0,974
D) 2.9 986 515 | 0582 | -0,498 | 1,080

De Caro [41] 1 9.8 6.3 16,6 0,183 | -0,431 | 0,603
g 78 25 53 0,032 | -0,031 | 0,063

V. P. Hoang [43] 4 72 7.9 151 | 0181 | -0,793 | 0,974

(ER: Error Range); phan tram 16i duong cuc dai (MPEP: Maximum Pos-
itive Error Percentage) va phan tram 16i am cyc dai (MNEP: Maximum
Negative Error Percentage). Trong cac phuong phap ké trén, phuong phap
cia Kim va cac cong su trong [37] dat duge MAE = 0,002 la t6t nhat
(MAE = max(|MPE|, [MNE|), trong khi phuong phép cia De Caro va céc
cong su trong [41] dat duge MAEP = 0,032% la t6t nhat.

2.3. Dé xuat phuong phap xap xi ham logarithm

V6i muc dich thiét ké tao mot bo chuyén doi logarithm téc do cao va don
gidn vé phan cing, luan an dé xuat mot phuong phap xap xi ham logarithm
trén co s6 phuong phap ctia Mitchell. Trong d6, ham log, (1 + x) duge xap xi
bang phuong phap phan doan tuyén tinh. Dé don gian vé mit cau tric phan

cting thi s6 doan dudgc chia 1a mot s6 lity thita clia 2 va cac phan doan 1a déu
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nhau. S6 phan doan 16n sé tang do chinh xac tuy nhién cling lam tang do
phiic tap phan ciing. Vi vay, dé dung hoa gitta do phtic tap phan cing va do
chinh x4c trong phuong phap dé xuat sé sit dung xap xi v6i bén phan doan

(S =4). Ham xap x{ cho phan doan thtt i ¢6 thé viét nhu sau:
log,(1+ ) = a(x) = ax +b;, i=0-=3. (2.8)

Dé don gidn hon nita trong cau trac phan cing, cac hé sé a; va b; trong

phuong phap dé xuat duge rang budce theo dang biéu dién nhu cong thiic (2.9).

M
a; = Zpkz_nn Pk € {_1707 1}
k=1

(2.9)
bi — Bi2_K7 B“K - Z
Sai s6 do xap xi ctia phan doan thi ¢ sé 1a:
E(x) =logy,(1+ z) — (a;x + b;) (2.10)

Dé gidm 161 mot bang LUT duge st dung dé chita cac gia tri do lech dé
bt lai sai s6 xay ra do xap xi. Hinh [2.2) m6 t& phuong phap xap xi dé xuat.
Trong d6, cac gia tri dau vao  sé tuong tng cho ra cac gia tri cia ham xap
xi a(x) va cac gia tri do lech gitta ham xap xi va gia tri chinh xac clia ham
log, (1 + x) duge luu trong mot LUT. Mot bo cong sé dugde sit dung dé tao
ra cac gia tri ham log,(1 4+ x) duge xap xi. Vé mit nguyén tac, mudn tang
do chinh xac c6 thé tang kich thudc ctia bang LUT, tuy nhién viéc tang kich
thuéc ciia LUT sé lam tang do phiic tap ciia phan ciing.

Nham dam bao 16i xap xi 1a nhé va dong thoi gidm kich thude ctia bang
LUT, thuat toan dé xuit nham tim gia tri toi wu cia cac hé s6 a; va b; sao
cho 161 xap xi 1a cue tiéu. Thuat toan dé xuat gom cé hai bude: bude thit nhét
13 tim cac gia tri clia cac hé s6 a; va b; theo phuong phap trung binh binh

phuong cic tiéu, bude thit hai 1a gan cac gid tri a; va b; c6 dang nhu (2.9).
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— !  a(x)

X — + > logy(1+x)

E(x)
(LUT)

Hinh 2.2: Phuong phap xap xi dé xuat.

Budc 1: tim céc hé s6 a;, va b; theo phuong phap trung binh binh phuong
cuce tiéu.

Lay trung binh binh phuong 16i trong khodng [z, 5]
1

Lo — Iq

E? = /{10g2(1 +2)—(ax+b)Yde, 0<z <zy <1 (211)

Dé tim 16i cyc tiéu gidi he sau dé tim a, b:

97 _ [ —2z{log,(1 + ) — (ax + b)}dz =0
ou el (2.12)
2~ [ —2{log,(1 + x) — (ax + b)}dx =0

x]

Giai he v6i bon doan déu nhau cia = trong khoang [0, 1) ta c6 cac
he s6 ctia bude thit nhat (Ggepr, bstepr) nhu Bang 2.2.

Budc hai: Tim céc gia tri a; va b; ¢6 dang nhu cong thiie (2.9), bude nay
dugce tién hanh nhu sau:

TruGe tién gén cac gid tri a; ¢6 dang nhu trong cong thiic (2.9) c6 gia tri
gan nhat véi cac gia tri trong budc 1 (Ggep). Nham dat duge sy dung hoa
gitta do phiic tap ctia phan ciing va do chinh xac can dat duge, cac hé sb a;
sé an dinh c6 dang la tong cta hai s6 lity thita ctia 2. Vi du & doan thit nhét

an a; = 2° 4+ 272 =~ 1,2856. Tiép theo tim lai gia tri b; t6i wu théa méan
g )
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Bang 2.2: Cac hé s6 a;, b; clia bude thit nhat.

x Astepl bstept
0<z<0,25 1,2856 0,0062
0,25<z<0,5 1,05104 0,0633
0,5<x<0,75 0,8390 0,1435
0,75 < a <1 0,7701 0,2320

cong thic (2.9)) theo thuat todn mo ta § Bang 2.3. Thuat toan nay sé tim cac

he s6 K va B; trong cong thic (2.9) nham tim ra hé s6 b; thoa man 16i xap

x1 1& cuce tiéu.

Bang 2.3: Thuat toan tim hé s6 b; t6i wu trong ting phan doan.

BEGIN : Khéi tao mang gié tri B
Khdi tao mang gia tri K
Khéi tao doan gia tri ¢
****** Sengih(B) T T T
for ¢ =1:length(K)
for k =1:length(z)
tinh E(x) theo cong thic (2.10)
end
end
forp=1:length(K)
for ¢ =1: length(B)
tinh Ep,q, = maz(E(z))

end

END Xuat gia tri B, K tuong tng v6i min(E,,qz)

Sau khi thuc hién gan céc gia tri a; va thuc hién tinh toan cac hé s6 b,

theo luu do thuat toan & trén, nhan duge cac gia tri a;, b; sau bude thit hai
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(Gstep2, bstepe) nhu trong Bang 2.4.

Bang 2.4: Céac hé sb a;, b; clia bude thit hai.

* step? bstep2
0<2<0,25 20 4 92 9—7
0,25 <z <0,5 20 4 9—4 9—4
0,5 <x<0,75 20 _9-3 77 % 279
0,75<x<1 2-1 92 9—2

Nhu vay, ham xap xi duge biéu dién nhu cong thiic (2.13)

(242 )z +277, 0<x<0,25
(242 + 274, 0,25 <z <0,5
log,(1+ ) ~ < (2.13)
(20— 2z 4+ 77%x 279, 0,5<z<0,75
| @'+ 27+ 277 0,75 <z<1

2.4. Phan tich sai so0 va so sanh

Phuong phap dé xuat dugc tién hanh phan tich sai s6 va so sanh v6i cic
két qua trong [34], [41] va [48] (ciing xap xi tuyén tinh 4 doan). Cac tham s6
duge phan tich va so sanh 16i gom cac tham so6 sai s6 (MAE, MPE, MNE),
trung binh sai s6, cdc tham s6 phan tram sai s6 (MPEP, MNEP) va trung
binh phan tram sai so.

Hinh [2.3| thé hién sai s6 ctia phuong phép dé xuét trong trudng hop chua
stt dung LUT (a), va sai s6 ctia phuong phap dé xuat khi ¢6 st dung béng
LUT kich thudc 5 x 128 bits (b). Hinh [2.4] thé hién két qua phan tram sai

s6 tuong tng véi truong hop khong sit dung LUT (a) va khi ¢6 stt dung LUT
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Bang 2.5 the hién cac gia tri tham so danh gia sai so cia phuong phap de

xuat. Céac gia tri vé do lech cuc dai, ty 1é sai s6 cuc dai 1a tuong tu véi cac

két qua trong , va . Dic biét cac tham s6 vé trung binh sai s6 va

trung binh phan tram sai s6 1a gidm dang ké so vdi cac két qué trong [34],
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Bang 2.5: Phan tich sai s6 va so sanh ctia phuong phap dé xuét.

VP Dé Xuét Dé XUét
Phuong phap | E.L.Hall [34] | De caro [41] Hoang [48)] (chua st dung (c6 sit dung
LUT) LUT)
MPE 8,1x1073 9,8 x 1073 | 10,1 x 1073 6,3 x10°3 7,49 x 1074
MNE -2,3x107% | —6,8x 1073 | —10,1x107% | —8,8x 1073 | _7 88 x 104
MAE 8,1x 1073 9,8 x 1073 | 10,1 x 1073 8,8 x 1073 7,88 x 1074
Trung binh 16i | 1,2 x 1073 2,1x1073 2,1x1073 1,76 x 1073 1,43 x 10~
MEP 0,78 % 0,43 % 0,40 % 0,78 % 0,07%
MPEP 0,13 % 0,18 % 0,31 % 0,18 % 0,01%
MNEP -0,78 % —0,43 % —0,40 % —-0,78 % 0,07%
Trung binh |5 01 10-5 | 2,03 x 1074 | 2,48 x 10~ | 4,98 x 10-5 2.42 x 106
phan tram 16i ’

2.5. Kién trac phan cing va két qua thuc thi

Dua trén phuong phap dé xuat, mot kién trdc phan cting ctia bo chuyén
doi logarithm cho s6 nguyén N c¢6 16 bit dau vao tuong tng véi 4 bit phan
nguyen va 13 bit phan thap phan dau ra dugc thue hien. Kién trac phan cting
dé xuét cho tinh todn ham logarithm co s6 hai ctia mot sé /N thé hién nhu
Hinh [2.5] Khéi phét hien bit 1 trong s6 cao nhit vi ma héa (LODE) dé tinh
toan phan nguyén k va ma héa thanh chudi nhi phan. Mot khdi déo (INV)
va mach ghi dich (Barrel Shifter) dugc sit dung dé tao ra phan thap phan
x. Hai bit MSB ctia 2 dudc st dung dé lua chon mot trong boén doan xap

xi. Céc bo ghép kenh duge st dung dé lya chon cac thao tac dich phai cla
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chudi bit dau vao nham tao ra he s6 goc (a;), mot bang LUT nhé chiia he s6
ctia bén doan tuyén tinh (Cof. LUT). Mot bang LUT chua cac gia tri bu 16i
(Error. LUT). Dé tang do chinh xac xap x{ ¢6 thé tang kich thudc ctia bang
LUT nay, tuy nhién dé dung hoa giita tai nguyen st dung va do chinh xéac
kich thuéc bang LUT dudc lga chon 1a 5 x 128 bits. Dau ra ctia khéi xap xi

tao ra phan thap phan F' cta log, N.

16 4 k
>

LODE

Y

»( Cof. LUT

/

:
‘?1
+

13

MUX

V. Y Y VY

|
|
|
I
13 |
|
|
|

13
Barrel Shifter

P>

13 13

MUX

|

] >> |

|

13 13 |
N ]

13 13 I

o> |

|

7MSB 5 13 I

| Error. LUT > Sign..Ext
|
Mach x&p xi |

Hinh 2.5: Kién tric dé xuat cho bo tinh toan logarithm 16 bit.

Kién tric dé xuat da duge mo hinh héa trén ngon ngtt VHDL va thyc thi
trén thiét bi Xilinx FPGA Spatan 3E. Tai nguyén tiéu tén trong thuc thi
tren FPGA dudc tinh thong qua s6 FPGA LUT duge st dung. Kién tric dé
xuat duge thue thi va so sanh vé6i cac nghién cttu tuong tir thong qua tham s6
tich gitta chi phi thuc thi v do tré (ADP: Area-Delay product). Bang 2.6 thé
hién cac két qua thuyc thi tréen FPGA ctia phuong phap dé xuat va so sanh
v6i cac két qué trong [34], [41), [40]. Tham s6 ADP ciia kién tric dé xudt da
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giam duge 36 % so v6i phuong phép trong , so v6i cac két qud trong
va [41] da gidm tuong tng 1a 14 % va 13 %.

Bang 2.6: Két qua thuyc thi va so sanh tren FPGA.

Phuong phap Slices FPGA LUTs | Delay (ns) ADP(x10%)
Hall 98 188 28,574 5,371

Guitierz [40] 86 163 24,479 3,965

De Caro 86 162 24,479 3,965
Dé xuét 81 149 23,066 3,436

Bang 2.7: Két qua thyc thi va so sanh trén ASIC ctia phuong phap dé xuat.

Phuong phap Gutierez [40] Hall De caro D& xuit
Dien tich (x103um?) 42,9 54,1 40,3 27,2
Do gitt cham (ns) 12,2 13,2 12,0 11,5
ADP(x10%) 523,4 714,1 483,6 312,8
Cong suat (uW) 17,70 23,09 14,98 9,40

Hinh 2.6: Netlist dugc tong hop ciia bo chuyén doi logarithm 16 bit stt dung thu vien
ASIC SOTB CMOS 65nm.

Ngoai ra, két qua thuc thi cho bo chuyén doi logarithm theo phuong phap
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dé xuat trén cong nghe ASIC SOTB CMOS 65nm thé hién trén Bang 2.7.
C6 thé thay ring bo chuyén doi logarithm dé xuat da cai thien dang ké tai
nguyeén, toc do tinh toan va cong xuat tieu thu. Cong suat tieu thuy duge wde
lugng dua trén netlist duge tong hop bang cong cu Synosys Design Compiler.
Hinh 12 netlist cia bo tao logarithm dé xuat. Hinh thé hien layout

cia bo chuyén doi logarithm dé xuat trén cong nghe ASIC CMOS 65nm.

SR S I R 1 o byl | 5 6 B L lm ’
lns\--mmnlmzl l(l~§

8

S

Hinh 2.7: Layout ctia bo chuyén doi logarithm 16-bit (145 x 145um).

2.6. Két luan chuong 2

Trong chuong nay, nghién citu sinh da trinh bay mot phuong phap xap
xi ham logarithm trén co s6 phuong phap cta Mitchell. Trong d6 st dung
phuong phap xap xi phan doan tuyén tinh déu, vé6i cac hé sd géc ctia doan
14 c6 dang la tong clia céc sb liiy thita ctia hai. Dé ting do chinh xac xap xi,

mot bang LUT 5 x 128 bits dudce sit dung. Trén co s6 d6 mot kién tric thiuc
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hién cho bo chuyén doi mot sé nhi phan 16 bit nguyén ciing dude dé xuat va
thuc thi tren FPGA va ASIC. Cac két qua thuc thi v kiém ching cho thay

b6 chuyéen doi logarithm dé xuat cai thién vé tai nguyén phan ciing.



Chuong 3
THIET KE PHAN CUNG TIiNH TOAN HAM SIN

3.1. Dat van dé

Tinh toan ham sin 1a mot yéu cau dat ra trong nhiéu tng dung DSP chang
han trong cac bo to hop tan sb truc tiép (DDFS: Direct Digital Frequency
Synthesizer), trong cac mach tron tan, cac mach diéu ché s6. Tinh todn ham
sin c6 thé thuc hien bing phan mém, tuy nhién téc do tinh toan 1a cham va
khong phit hgp véi cac tng dung doi héi tdc do xit 1y cao. Vi vay, véi cac tng
dung yeéu cau ve téc do cao va cadc DSP thoi gian thice, thuyc thi bing phan
cting 1a can thiét. Mot vai phuong phap thiyc thi ham sin da duge nghién
cliu, chfmg han nhu céc kién tric tinh todn ham sin dua trén thuat toan
CORDIC [20]. Tuy nhién, cac kién trac nay dya trén giai phap lap do vay
khong phitt hgp véi cac ting dung yéu cau toc do tinh toan cao va cac tng
dung DSP thoi gian thyc. Ngoai ra, mot s6 phuong phap xap xi ham sin nhu
xap xi bang ham bac cao, xap xi st dung chudi Taylor thuong c6 do phic tap
phan ciing cao. Vi vay, véi cac ting dung yéu cau vé cao vé toc do tinh toan
va don gidn vé phan cting thuc thi doi héi phai cé cac giai phap hiéu qua cho
thue thi tinh toan ham sin.

Cac hée thong truyen thong hién dai véi cac dich vu toc do cao doi hdi céc
bo t6 hop tan s6 chat luong t6t. Mot bo to hop tan sb st dung xit 1y tin hieu

sO dé tao ra cac tin hieu dau ra c6 pha va tan s6 c¢6 thé diéu chinh. Tan so

48
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dau ra 1a mot gia tri ctia phép chia tan s6 dong ho tham chiéu. Hé s chia
sé dugc thiét lap béi mot tit diéu chinh nhi phan. DDFS c6 cac wu diem nhu
do chinh xéc tan s6 cao, tdc do chuyen tan sé nhanh, nhiéu pha thap, co the
diéu ché tryc tiép pha va tan s6. DDFS da dudc st dung trong nhiéu ting
dung ctia cac hé théng truyen thong s6. Vi du c6 thé sit dung DDFS dé tao ra.
bo tao tin hieu dong ho véi 2V ! tan sé dau ra véi N 1a do phan dai ctia bo
tich lity pha. Dac diém nay la rat hitu dung cho cac hé théng can nhiéu tan
s6 tham chiéu va chuyén doi dong hd tham chiéu doi héi nhanh va thudng
xuyéen. Trong cac hé théng truyén thong hien dai, DDFS dudce ding dé thay
thé cho cac vong khoa pha (PLL: Phase Locked Loops) do n6 ¢6 nhicu uu
diém hon so v6i PLL. Chuong nay ctia luan an sé tap trung vao thiét ké phan

cing tinh toan ham sin ng dung cho DDFS.

3.2. Bo tb6 hop tan sb sb truc tiép

Mot DDFS ¢6 so dd khéi don gian nhu Hinh [3.1] [49]. N6 bao gdm céc khéi
cd ban sau: mot bo tich lity pha, mot bo chuyén doi pha thanh bien do (PAC:
Phase to Amplitude Converter), mot bo chuyén ddi sé thanh tuong tu (DAC:
Digital Analog Converter) va mot bo loc. Mot DDFS sé tao ra tin hiéu sin
v6i tan sO cho trude. Tan s6 dau ra sé phu thudc vao ba bién: tan s6 dong
ho f1; s6 nhi phan dugce 1ap trinh dua t6i thanh ghi pha (con goi 1a tir dieu
khién tan s6, M) va do rong N bit ctia bo tich liy pha. Tit di¢u khién tan s6
13 thanh phan dau vao chinh ctia bo tich liiy pha.

Bo tich lity pha bao gom mot thanh ghi tan s6 N bit diing dé chita gia tri
clia tit diéu khién tan s6, sau dé 1a mot bo cong dit N bit va mot thanh ghi

pha. T diéu khién tan sb6 sé dudc dua vao thanh ghi tan s6. Tai méi xung
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B¢ tich 1ty pha

M N . . . Pha Chuyén ddi Bién do fout
» Thanh ghil T [ Thanh ghi » pha thanh » DIA s Loc |—»
tan sO ]/ pha N
Iy bién do
i A
N

fclk

Piu ra bd chuyén doi
pha-bién do

| | | o b |

%”HH . ﬁ \W :

v

Piura bo tich 1ty pha Piura bd chuyén ddi DIA Paura bo loc

Hinh 3.1: So d6 khéi don gidn ctia DDFS va cac tin hiéu trong DDFS.

dong ho gia tri ctia tit diéu khién tan s6 sé dudce cong véi dit lieu trude dé va
dugc git trong thanh ghi pha. Gia tri ctia tit diéu khién tan sé bicu dién géc
pha tai méi bude va dude cong v6i gid tri trude do tai 1/ fq. giay dé tao ra
sy tang pha tuyén tinh. Gia tri pha dudc tao ra tit bo tich liiy pha tuan theo
dic tinh modulo 2V, nguyén 1y clia né nhu mot vong quay pha sé thé hién
trén Hinh [3.2]

Bo chuyén doi pha thanh bien do sé chuyén déi géc pha cung cap tit bo
tich liiy pha thanh bién do sin tuong tng. Trong hau hét cac truong hop thi
PAC sé dugc thuc thi dusi dang s6 va theo sau n6 1la mot bo chuyén doi so6-
tuong tu va mot bo loc thong thap dé tao ra tin hiéu tuong tu & dau ra. Cach
thyc thi PAC don gidn nhat 1a sit dung mot bo nhé ROM déng vai tro nhu
12 mot bang LUT, né chuyén ddi gia tri pha thanh bién do séng sin tuong

.

ing.
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Hinh 3.2: Vong pha sb.

Cong thitc co ban ctia DDFS la:

- M X fa

fout - 2N ) (31)

trong d6, fu. 1a tan s6 dau ra cia DDFS, M la tit didu khién tan s6 nhi
phan, f, 1& tan s6 dong ho clia hé thong va N 1a do dai bit ctia bo tich liy

pha.

3.3. B6 chuyén doi pha-bién dé trong DDFS

Trong kién tric cia DDFS, PAC dudc thic thi theo cach don gidn nhat 1
stt dung mot ROM dong vai tro nhu la mot LUT, trong luan dn nay goi la
sin-LUT. Co 86 ctia phuong thic sit dung sin-LUT la tinh toan trudc cac gia
tri bién do sin roi rac va luu né vao trong mot cau tric dang bang tra, moi
mot gia tri bién do chita trong bd nhé nay duge dinh dia chi bdi gia tri pha
tuong ing duge cung cap tit bo tich liy pha.

Nhugc diém chinh ctia phuong phép nay 1a do chinh xac ctia tan sé dau ra

phu thuoc vao kich thuée ciia LUT. Khi doi héi vé do chinh xac tan s6 cao sé
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dan dén yeéu cau kich thuée LUT Ién va do d6 tang cong suat tiéu thy, gidm
toc do, tang do phic tap vé phan cing va chi phi.

C6 thé giam kich thuéc ctia sin-LUT ma khong anh hudng dén do chinh
xac clia tan s6 dau ra bang cach cat bt mot vai bit dau ra ctia bo tich liy
pha, chi giit lai mot sé bit pha quan trong nhat. Tuy nhién, diéu nay sé gay
ra 16i bien do dau ra va do d6 gay ra nhiéu tai pho dau ra. Mot ki thuat don
gidn nita dé gidm do phiic tap ctia PAC 1a lgi dung tinh déi xtng 1/4 ctia
ham sin. Phuong phap nay lgi dung dac tinh ctia ham stn la ham 1é trong
mot chu ky do dé gia tri bien do 6 hai nita chu ky 14 déi xdng nhau, con
trong mot nita chu ky gia tri ham sin 1a ham chin. Do dé, dé luu giit gia tri
ctia mot chu ky song chi can luu trit 1/4 chu ky (gia tri bien do tng véi pha
tit 0 dén 7/2). Phuong phép nay cho phép nén kich thuse LUT con 1/4. Dé
tao ra tin hiéu sin day da can phai thém vao mot s6 mach logic. Hinh
mo ta phuong phap lgi dung tinh d6i xitng ctia ham sin [49]. Bo bu thit nhat
sé st dung bit c6 trong s6 16n thit hai ctia chudi bit dau ra bo tich liiy pha
(MSB2) dé diéu khién viec ddo pha con bit c¢6 trong sé 16n nhat ctia dau ra
bo tich liiy pha (MSB1) dugc stt dung dé ddo bién do dau ra ciia PAC

MSB1

MSB2

[ 3 v

fin Chuyén dbi pha Sin
—{BJ tich lily pha Bobul thanh bién do Bo bu 2 DAC/LPF p—>
N-2 N2 (ROM) 11 N

Y
Y
\ 4

Hinh 3.3: Kién tric DDFS lgi dung tinh déi xiing géc 1/4 clia séng sin.

O day, luon xuat hien mot 151 gitta dau ra ctia PAC va gié tri sin 1y tudng.
L4i nay gay ra do 16i lugng ti bien do do biéu dién bién do bang mot s6 hitu

han cac bit va 16i gay ra bdi thuat toan tinh toan bién do trong PAC. Vi vay,
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phd dau ra ctia bd to hop sé gom hai thanh phan: phd ctia séng sin thuan
tiy va pho do nhiéu gay baéi 16i bien do tai cac mau dau ra. T¥ s6 cong suit
gitta thanh phan tan s6 khong mong muén 16n nhat va cong suat ciia ham sin
can dat dugce goi 1a khoang dong nhiéu ty do (SEDR: Spurious Free Dynamic

Range), n6 14 mot tham s6 quyét dinh higu qua ctia bo t6 hop tan s [50].

3.4. Cac ky thuat chuyén déi pha-bién do

Nhiéu nghién cttu da duge thuyc hien dé dat duoc k¥ thuat chuyén doi pha-
bién do hieu qua. Cac k§ thuat chuyén doi pha-bién do cé thé dude phan chia
thanh cac phuong phap sau: phuong phap phan chia goc, cac ky thuat dya

trén quay goc, xap xi da thiic va phuong phap nén bién do sin [50].
3.4.1. Phan chia goc

Trong k¥ thuat phan chia géc, cac bit biéu dién géc pha & dau ra bo tich
ltiy pha sé dudc chia thanh cac phan khac nhau tuong ting véi cic chudi bit
ké nhau, khi dé cac géc pha duge bieu dién bang tong cac goc tho va tinh.
Sau d6 stt dung cac sin-LUT dé bicu dién cac géc nay, dong thoi sit dung cac
tinh chat lugng giac va cac ki thuat xap xi dé giam dung lugng cta sin-LUT
so v6i viéc sit dung tric tiép sin-LUT.

Tierney va cac cong sy trong [51]] 14 nhitng nguoi dau tien dé xuat ky
thuat nay, sau dé6 mot s6 nghién ctiu dé cai tién hiéu qua ctia phuong phéap
nay trong cac cong trinh [52-56]. Dién hinh ctia phuong phap nay 1a nghién
citu ctia Sunderland va cac cong sy trong [53]. Trong do, tit pha dau vao dugc

chia thanh 3 phan A, B va C, véi A va C 1a cac phan tuong tng véi cac bit
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c6 trong s6 16n nhat va bé nhat ciia tit pha dau vao va st dung xap xi sau:

sinf = sin(A + B+ C) = sin(4A + B) cosC + cos(A + B) sinC
= sin(A + B) cosC + cosAcosBsinC' — sin Asin BsinC
~ sin(A + B) + cosAsinC (3.2)
Sau d6 sin-LUT thit nhat sé duge sit dung dé chia gia tri clia sin(A + B)
va sin-LUT thit hai sé chia gia tri cos A. sin C' dugc tinh toan trude, dau ra

ciia cac ROM sé dugc cong véi nhau dé tao ra gia tri xap xi ctia stn nhu mo

ta tren Hinh [3.4

A -
sin-LUT thé
B sin(A+B)
O6=A+B+C sin(6)
A -
sin-LUT tinh
c | cos(A)sin(C)

Hinh 3.4: Kién tric Sunderland.

Nicholas va cac cong su trong [54] dua ra mot phuong phéap céi tién hon so
v6i phuong phap cua Sunderland. Phuong phap ctua Nicholas cling ap dung
viéc phan chia thanh ROM thé va ROM tinh tuong tu nhu trong phuong
phap Sunderland. Tuy nhién, cdc mau luu trit dude tinh toan bang phuong
phap t6i wu s6 dé t6i thicu hoéa 16i hoic trung binh binh phuong 16i clia gia

tri xap xi va gia tri ham sin tuong tng.
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3.4.2. Cac ky thuat dua trén quay goc

V6i muc dich loai bé hoan toan viéc st dung cac sin-LUT mot s6 nghién
cttu da st dung thuat toan CORDIC [20] va cac thuat toan dua trén quay géc
khéc dé thuc hien PAC. Nhiéu nghién citu da dat duge hieu qua véi SFDR
cao va do phiic tap phan cting phit hgp. Uu diém ctia phuong phap nay 1a né
dé dang tong hop, khong st dung mach nhan phtc tap, tuy nhién c6 nhudc
diém dang ké 1a phuong phap nay dua trén cac kién tric lap do doé do giit

cham 16n.
3.4.3. Xap xi da thic

Xap xi da thitc 14 mot trong nhitng phuong phap hiéu qua dé xap xi ham
sin tit goc pha dau vao, c¢6 thé biéu dién xap xi da thitc theo cong thic tong
quat sau [50]:
)

T .
> colr — l’o)ly rg < = <z, (kg = 0)
i=0

T .
> culr — xl)l7 T < x < Ty
i=0
. Tx :
sm(;) ~L, i (3.3)
Yool — ), £ v < Ty
i=0

r

Zc(sfl)i(x - xsfl)ia Ls—1 S r < Ls, (xs - 1)7

\ =0

& day, = 1a géc pha duge chuan héa trong khoang [0, 1), r 1a bac ctia da
thic xap xi, s 1a s6 phan doan xap xi, ¢;; 1& cac he s6 cia da thic xap xi va
xr 1a diém dau ctia doan thi k.

Khi thue hién xap xi da thiic c6 bon yéu td chinh 1a: bac ctia da thic xap

xi; s6 phan doan dugc dung; vi tri ciia diem dau méi doan va cach thic tim
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cac heé s6 ctia da thic xap xd.
Néu st dung xap xi phan doan déu, tic 1a cac doan c6 do dai bang nhau,
thi diem dau ctia mdi doan x; sé xac dinh béi cong thitc sau:

k
T — E, k € {0, 1, ey S} . (34)

Hon nita s6 phan doan s 13 mot s6 liiy thita ciia hai thi gia tri clia « trong
doan thit k, 7, < o < xj4, ¢6 thé nhan dude bang cach loai bé log, s bit c6
trong s6 16n nhat ctia gia tri dau vao x.

Céac phuong phap st dung xap xi da thiic bac nhat dude nghién cttu trong
cac cong trinh [57-60]. Freeman trong [57] da dé xuat mot kién trac PAC dya
trén phan chia goc phan tu thit nhat ciia ham sin thanh 16 doan tuyén tinh,
cac doan c6 do dai nhu nhau. Sau dé st dung hai LUT dé chia cac hé sb va
mot mach nhan. Bellaouar va cac cong su trong [58] da dé xuat mot phuong
phap noi suy tuyén tinh cho thiét ké PAC. Phuong phap ctia Bellaouar dua
trén khai trien Taylor véi chi hai s6 hang dau tién trong khai trien Taylor
dugce sit dung. Ngoai ra, phuong phap ctia Bellaouar con st dung mot mach
nhan. Liu v cdc cong sy trong [59] dé xuat mot kién triac PAC sit dung xap
xi da thitc bac nhat v6i 12 doan c¢6 do dai khong bang nhau. Do cac doan ¢
do dai khong bing nhau nén trong thiyc thi phan cing do phic tap sé ting
len. Tuy nhién, trong kién tric dé xuat cua Liu khong st dung cac mach
nhan vi cac hé s6 c6 dang 1& cac s6 lity thita ciia 2 va ching dude lya chon
v6i tieu chi t6i thicu 16i bien do cuc dai. Langlois va Al-Khalili trong [60] dé
xuat phuong an noi suy tuyén tinh véi cadc phan doan c6 do dai bang nhau
tuong tu nhu phuong phap cua Freeman va Bellaouar nhung trong d6 khong

stt dung mach nhan. Cac tac gia ciing da dé xuat mot so6 phuong an Iira chon
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cac hé s6 dua trén cuc dai SFDR, mot vai hé s6 dudc thiét lap dé dat dugc
cac thiét ké v6i SFDR trong khodng tit 60 t6i 96 dBc.

Cac phuong phap xap xi ham sin bang da thiic bac cao ting dung cho PAC
duge nghién citu trong cac cong trinh [61-64]. Céc nghién citu nay thyc hién
xap xi cdc ham sin bang cdc ham bac 2 dén bac 4. Weaver va Kerr trong [61]
dé xuat mot phuong phap xap xi da thiic bac hai dya trén sit dung ba sb
hang dau tién cta khai trién Taylor. Kién tric thuc hién phuong phap cia
Weaver va Kerr doi héi hai sin-LUT dé chita cac hé s6 ciing véi mot mach
nhan va mot mach binh phuong. Fanucci va cac cong su trong [62] da thuc
hién xap xi ham sin trong géc phan tu dau tién, trong do6 stt dung bon phan
doan va mdi phan doan dugc xap xi bang mot da thitc bac hai. Cac hé s6 cia
da thiic xap xi duge tim dé cuc tiéu 16i cuc dai. Kién tric thuc hien phuong
phap ctia Fanucci st dung 3 sin-LUT dé chita cac hé s6 va hai mach nhan dé
tinh todn ham xap xi. De Caro trong [63] da dé xudt hai thiét ké cho kién
tric cau phuong, trong d6 xap xi géc phan tam dau tién st dung da thic
bac hai va bac ba tuong tng cho cac ham sin va cosin. Trong moi truong
hop viéc lya chon cac hé s6 dudge thuc hién nham t6i wu SFDR. Mot s céc
phuong phap lya chon hé s6 da dudc cac tac gia thyc hién bao gom chudi
Taylor, da thitic Chebysev va da thic Lengendre. Q.K. Omran va cac cong
su trong [64] da thyc hien mot DDFS dya trén xap xi géc phan tu dau tien
bdi xap xi hai doan sit dung xap xi bac 1 cho doan thit nhat va bac 4 cho
doan tht hai. Cac tac gia ciing trinh bay cach lua chon cac hé s toi wu dé
dat dugc syt don gidn vé phan cing va SFDR cao. Trén co sé do, kién trac bo
DDSF duge dua ra va thuc thi trén ASIC. Theo cac tac gia SFDR t6t nhat
dat dugce la 91,244 dBec.
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3.4.4. Cac phuong phap nén bién do sin

Phuong phap nén bién do sin 1a giai phap st dung cac mach don gidn dé
tinh toan xap xi ham sin va cac gia tri do lech giita ham xap xi va ham sin
ly tudng duge chita trong mot sin-LUT, sau d6 dau ra ciia sin-LUT sé dudc
cong véi gia tri xap xi dé tao ra két qua cudi cung. Phuong phap nay dudc
mo ta nhu trén Hinh . Hiéu qua ctia phuong phap nay la giam do rong tu
luu trit trong sin-LUT va do d6 gidm kich thude tong clia sin-LUT. Tiy vao
do chinh xac cia phép xap xi ma do rong tir clia sin-LUT sé gidm di mot s

xac dinh d va kich thude ctia sin-LUT sé giam di mot he s6 1a (L — d)/L.

N Sin-LUT
W Stra 16i L-d
X— 1 sinx
. a(x)
> Mach xap xi
W L

Hinh 3.5: Phuong phap nén bién do sin.

Khong mat tinh tong quat cho géc pha z € [0, 1), sai s6 e(z) gitta gia tri
song sin 1y tudng c6 bien do 1a A va dau ra ctia mach xap xi, a(x), duge cho
bdéi.

e(z) = Asin(%) — a(x). (3.5)

Gia tri cuc dai clia sai 86 £(x) sé quyét dinh s6 bit duge gidm ctia do rong tix
nhé ctia sin-LUT. V6i muc dich don gidn thi cac mach xap xi thuong dugc

thiét ké sao cho sai s6 £(x) 13 hoan toan am hodc hoan toan duong. Theo do,
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dé tiét kiem mot bit clia tit nhd trong sin-LUT thi gia tri tuyét ddi ctia e(x)

nhé hon 0,5. Dé tiét kiem dugc 2 bit thi

e(x)] < 0,25 va dé tiét kiem dugce

d bit thi

e(z)] < 24.

Mot dang don gidn nhat ctia phuong phap nay 1a thuat toan do chénh léch
sin-pha [53]. Trong thuat toan nay, ham a(x) trong cong thic 1a ham
don gidn a(z) = x, 16i tuyet déi cyc dai c6 thé dé dang tinh duge va né nhé
hon 0,25 va vi vay no6 sé tiét kiem duge hai bit trong tit nhé ctia sin-LUT.

Yamagishi va cdc cong sy trong [65] dé xuat mot céi tién hicu qua hon so
v6i thuat toan do chénh léch sin-pha goi 1a “xap xi luong giac kép”. Phuong
phap nay gidm duogc 3 bit trong tit nhé sin-LUT. Mach xap xi thuc hién theo
cong thic (3.6

2z, 0< z <j
a(x) = (3.6)
3 1 1

Mach logic thic hién thao tac xap xi nay 1a don gidn va chi gom céac thao téac
dich va cong. C6 the dé dang thay rang sai s6 tuyéet déi cuc dai 1a nhd hon
0,125 va tiét kiem dude 3 bit do dai tit nhé trong sin-LUT.

Sodagar va Lahiji trong [66] dd dua ra phuong phap xap xi cho hai goc
phan tu dau tién ctia ham sin bang ham xap xi bac hai, cac khodng gia tri
ctia x 1& chia déu vA nhu 13 mot nita chu ky ham sin. Phuong phap nay don
gidn va tao ra két qua chinh xac hon so véi thuat toan do chénh léch sin-pha.
V6i mot gia tri goc pha x € [0, 2) biéu dién cho mot goc trong khoang

[0, 7), dau ra xap xi cho béi cong thiic (3.7).
a(x) = x(2 — z), 0 <z< 2 (3.7)

O day c6 phép trit trong thuc té la thuc hien sb bu hai ctia z. Sai sb tuyet
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déi cuce dai 1a nhé hon 0,0625 do vay c6 thé tiét kiem dude 4 bit trong tit nhé
cua sin-LUT. Tuy nhién phuong phap nay doi hoi phai thire hién phép nhan
do d6 sé dan dén tang do phiic tap ciia phan ciing.

Langlois va Al-Khalili trong [67] da dé xuat mot phuong phap xap xi cling
giam dugc 4 bit trong tit nhé cia sin-LUT. Phuong phap nay dua trén viéc
phan chia goc phan tu dau vao thanh ba phan va sit dung xap xi tuyén tinh

trong mo6i doan. Ham xap xi ¢6 dang nhu sau:

(

0 + 2u, 0 <z < 2
a(z) = ¢ 2+ 1z 2 <z <} (3.8)

1 x 3

§+§, Z§$<1

\
Viéc thie thi mach xap xi 1a kha don gidn chi bang cac phép dich va cac phép
cong. Viéc lya chon 3 phan ving cia dau vao x duya trén 4 bit MSB. Sai s
xap xi cye dai 14 nhé hon 0,0625 va do d6 tiét kiem dugc 4 bit trong tit nhé
cua sin-LUT.

L. W. Hsu va D. C. Chang trong [68] da thuc hién mot ham xap xi a(x)
dya trén ba phan doan véi cac doan khong déu nhau theo cong thite (3.9).
Trong truong hop nay sai sé cuce dai 1a 0,029 do vay tiét kiem duge 5 bit tir
nhé trong sin-LUT. Theo cac tac gid thi SFDR trong thiét ké ctia ho dat

khoang 75 dBc.

(

1,4541z, 0 < z <0,433,
a(r) = ¢ 0,95392 + 0,2151, 0,433 < z <0,73, (3.9
| 0,3281z + 0,6719, 0,73 < x <1.

Trong mot nghién ctu khac, Hoang. V-P va P. Cong-Kha trong [69] da thuc

hien ham xap xi v6i 4 phan doan khong déu nhau dé tdi uu sai sb gitta ham
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xap xi va ham sin 1y tuéng. Ham xap xi véi cac hé s6 t6i uu biéu dién nhu
cong thite (3.10). V6i ham xap xi nay, sai s6 cyc dai dat duge 1a 0,012 va do

do6 giam duge 6 bit tit nhé cua sin-LUT.

;

14871z, 0 < z <0,363,
11377z + 0.1277. 0,363 < x <0,598,

a(z) = < (3.10)
0,7078x + 0,3839, 0,598 < z < 0,804,
0,2399x + 0,7601, 0,804 < z < 1.

\

3.5. Dé xuat phuwong phap cai tién nén bién dé sin tng dung
trong DDF'S

3.5.1. Co 56 va y tudng dé xuat

Cac nghién cttu gan day nham dat dude mot kién tric DDFS hiéu qua
tap trung chi yéu vao cai thién hiéu ning ctia PAC. Khéo sat cac ki thuat
chuyén doi pha thanh bién do & trén c¢6 thé dua ra mot sé danh gia nhu sau:

Cac gidi phap duya trén ky thuat phan chia géc dau vao cho phép gidm
dung luong sin-LUT tong cong. Tuy nhién, ki thuat nay van chua dat dudc
do gidm 16n vé dung luong cia sin-LUT. Vi vay, khi doi héi do chinh xéc
tan s6 cao thi phuong phap phan chia géc dau vao van can mot dung luong
sin-LUT kha 16n. Cac phuong phap quay goéc dat duge do chinh xac cao véi
chi phi phan ciing thap tuy nhién han ché vé toc do do do gitt cham 16n va
téc do chuyéen tan s6 thap. Trong khi d6, phuong phap xap xi da thic cé
thé dat dugc do chinh xac va SFDR cao, nhung qua trinh lia chon céc hé s6
phiic tap va doi héi cdc bo nhan va binh phuong trong xap xi sit dung cac da
thiic bac cao do d6 tiang chi phi phan ciing.

Cac phuong phap nén bién do sin la mot giai phap hiéu qua cho phép dat
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duge mot kién trac PAC c6 do phic tap thap. N6 dua trén viec két hop xap
xi da thic v6i mot sin-LUT stta 16i. Trong cac kién trac dé xuat dua trén
giai phap nén bien do sin da dé cap 6 trén, cac két qua trong [68] va [69] dat
dugc ty s6 nén sin-LUT cao nhat. Tuy nhién, c6 thé thay kién tric cia céc
dé xuat nay van st dung cdc mach nhan do d6 c6 do phiic tap phan cing
cao. Ngoai ra, phuong phap dua ra trong [68] va [69] dya trén xap xi phan
doan tuyén tinh khong déu do d6 lam cho kién tric phan cing thiyc hién sé
phtic tap hon. Tt nhiing danh gia d6 c6 thé thiy cac kién tric ctia PAC &
cac nghién ctiu trong [68] va [69] c6 thé duge cai thién hon nita.

Y tuéng dé xuét 1a tiép tuc lgi dung uu diém tinh déi xting 1/4 ciia ham
sin va két hop véi ki thuat phan chia géc. Dong thoi dé xuat mot phuong
phap nén bién do sin méi dé khic phuc nhitng han ché trong [68] va [69]. Cu
the, dé dat dugc ty s6 nén sin-LUT cao hon va dong thai kién tric phan ciing
don gidn hon, trong chuong nay sé dé xuat mot phuong phap xap xi dya trén
xap xi phan doan tuyén tinh déu vé6i s6 doan 1a mot so liy thita clia 2 va cac

hé s6 goc la cac s6 c6 dang la tong clia cac so6 lity thita clia hai.
3.5.2. Dé xuat phuong phap nén bién do sin

Dé thuan tién cho phan tich vé mat toan hoc, khoang gia tri pha ctia tin
hieu dau vao duge qui ude 1a trong khoang [0, 1] thay vi 1a [0, /2] cho goc
phan tu dau tien. Gia thiét 1a chi cac gia tri pha ciia goc phan tu dau tien
dugce luu trit trong sin-LUT. Cong thiic biéu dién xap xi nhu sau:

sin(gaz) ~ a(x) + &(x) (3.11)

Trong d6 a(z) 1a ham xap xi dé xuat va e(x) bieu dién sai sd xap xi va noé

duge chtta trong mot sin-LUT c¢6 kich thuée nho. Kich thuée cta sin-LUT
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tly thudc vao sai s6 xap xi. Dé giam kich thuéc cia sin-LUT, ham xap xi can
dam bao sai s6 do xap xi la nhé. Tuy nhién, viec gidm kich thude sin-LUT
phai dung hoa véi do phiic tap phan cting can dat duge. Ham a(z) c6 theé 1a
mot ham phan doan tuyén tinh hodc mot ham bac cao. Thong thudng viéc
xap xi bang cac ham bac cao sé dat dude do chinh xac cao hon so v6i xap xi
bang ham phan doan tuyén tinh. Tuy nhién, khi thiyc hién xap xi bang cac
ham bac cao sé doi héi nhiéu tai nguyén phan cing hon do can phai thuyc
hién cac phép nhan cho cidc ham phi tuyén. Trong khi d6, cac hé théng truyen
thong hién dai doi hoi cong suat thap va don gidn vé phan cing. Do vay, xap
xi bang cidc ham tuyén tinh phan doan cho thay 14 mot sy lya chon t6t ddm
bao cong suat thap va gidm do phiic tap phan cing.

Dé don gian vé phan cing, phuong phap dé xuat st dung xap xi tuyén
tinh phan doan déu, v6i s6 phan doan s 1a mot s6 liy thita ciia 2. Ham xap

xi a(z) ¢6 dang nhu cong thic (3.12).

(

AT + b()v 0 S T < é’
ax + by, 1< 2z <2
az) = ¢ 7T . . (3.12)
| G517+ be_1, % < x<l1.

Dé don gidn hon nita cau tric phan ciing thyce thi, cac hé s6 a;(i = 0+s—1)
c6 dang la tong clia cac s6 lity thita clia 2 duge bi¢u dién nhu cong thiic (3.13),

khi d6 tranh viéc stt dung cac mach nhan trong cau tric phan cing.
M
a; = Zplc-Tka pr=10,1} (3.13)
k=0

Véi muc dich dat dugce ty s6 nén sin-LUT cao v6i moéi mot doan, trong

phuong phap dé xuat sé thuc hién t6i wu vé mat toan hoc dé tim cac hé sb
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a; va b; t61 uu dua trén tieéu chi 1a t6i thiéu héa gia tri cuc dai ctia ham sai
s0 e(r) = sin(§x) — a(z) vi gid tri cuc dai nay qui dinh s6 bit ctia tit nhé
trong sin-LUT. Dong thai dé tranh phtic tap trong thuc thi phan ciing gié tri
M trong cong thic (3.13) cing duge gisi han khong qua 5 (M < 5). Ngoai
ra, gid tri ciia ham xap xi luon nhé hon gia tri that cia ham can xap xi
(e(x) > 0), dieu nay cho phép chi st dung cac mach cong khi két hop mach
xap xi v6i sin-LUT. Thyc hién mot chuong trinh Matlab khao sat cho céac
truong hop vé6i s6 phan doan khac nhau, gia tri sai s6 cuc dai ciing nhu s6 bit
giam duogc trong tit nhé sin-LUT clia cac truong hop thé hien trén Bang 3.1.
Trén Bang 3.1, ky hieu e, 12 sai s6 cuc dai trén tat cd cdc phan doan va
tuong ting véi no 1a s6 bit gidm trong tit nhé clia sin-LUT. Trong trudng hop
stt dung 2 va 4 phan doan thi s6 bit tit nhé ciia sin-LUT chi gidm tuong tng
12 3 va 5 bit. Khi tiép tuc ting s6 phan doan lén 8 va 16 doan thi s6 bit gidm
tuong tng 1a 7 va 8 bit. Tuy nhién, sit dung 16 phan doan sé tao ra kién tric
phan citng phiic tap hon kha nhiéu so vé6i stt dung 8 phan doan trong khi chi
giam dugc 1 bit. Do vay, dé dung hoa giita do phiic tap phan ciing va sb ty
s6 nén cia sin-LUT trudng hgp st dung 8 phan doan 13 sy Iya chon phit hop

dé thuc thi phan ctng.

Bang 3.1: Loi cyc dai va do gidm tit nhé sin-LUT véi s6 phan doan khac nhau.

S6 phan doan Emax ?6 bi/t gidm cua
tt nhé trong LUT
2 0,0726(1/14) 3
4 0,0204 (1/49) 5
8 0,0076 (1/131) 7
16 0,0026 (1/385) 8
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Céc hé s6 a;, b; toi wu cho trusng hgp xap xi bang 8 phan doan thé hien

trén Bang 3.2. Do chénh léch cuc dai (e,.,) trong truong hop nay 1a 0,0076.

Bang 3.2: Gia tri cac hé s6 t6i uu ctia ham xap xi tuyén tinh 8 phan doan.

Doan Khoang gia tri dau vao a; b; €imax
1 0<2<0,125 20 4271 0 0,0076
2 0,125 < = < 0,25 20 4271 0,007 0,0021
3 0,25 <z <0,375 20 4272423 0,038 0,0038
4 0,375 <2 <0,5 20 4 92 0,082 0,0059
5 0,5 <z < 0,625 20 4 95 0,186 0,0073
6 0,625 <z < 0,75 914 92 0,360 0,0063
7 0,75 < 2 < 0,875 9-2 4 9-3 4 94 0,595 0,0065
8 0,875 <z <1 2-3 4 94 0,812 0,0076

Hinh the hien 16i xap xi ctia phuong phap dé xuét so véi cac phuong
phap trong [68] va [69]. Bang 3.3 thé hién sy so sanh do chénh léch cuc dai
va s bit c6 thé rat gon trong do dai tit nhé ctia sin-LUT ctia phuong phap

dé xuét so vdi cac két qua trong [68] va [69].

Bang 3.3: So sanh do chenh léch cic dai va s6 bit gidm ctia tit nhé trong sin-LUT.

S6 bit gidm clia

Phuo ha i
He phap Maxdiff tit nh trong LUT
L. W. Hsu [68] 0,0219 (1/46) 5
Hoang. V-P [69)] 0,0120 (1/83) 6

Dé xuét 0,0076 (1/131) 7
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Hinh 3.6: So sanh sai s6 ctia ham xap xi dé xuét véi trong [68] va [69].
3.6. Két qua téng hop va thuc thi

Hinh [3.7/1a kién tric ctia bo chuyén doi pha thanh bién do st dung phuong
phap xap xi 8 phan doan dugc dé xuat & trén. Trong do6, khoi diéu khien cong-
dich sé cin ctt vao gia tri pha dau vao dé tao tin hieu diéu khién khéi logic
cong-dich ting v6i mot trong 8 doan tuyén tinh. Khoi logic cong-dich thuc
hién cac thao tac dich va cong dé tinh toan ham tdi wu 8 doan a(x). Khoi
sin-LUT dung dé chtia gid tri do chénh lech e(x). Mot bo cong duge st dung
dé tao tin hiéu sin dau ra.

Dé dat dudc ty s6 nén cao nhat c6 the, trong phuong phap dé xuat cé lgi
dung tinh chat déi xing 1/4 cta séng sin va stt dung phuong thitc phan chia
LUT tho/tinh. Vi vay, chi ¢6 gia tri pha ctia goc 1/4 dau tién ctia ham sin
duge luu trit va sin-LUT duge phan chia thanh sin-LUT tho va sin-LUT tinh.
Kién tric dé xuat da duge thuc thi trén thiét bi FPGA Xilinx Spartan-3E va

duge tong hop béi cong cu Xilinx ISE 12.4 Suite.
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Khéi logic
_|Pidukhién| | cOng-dich
" | cong-dich -
X sinx
> Sin-LUT

Hinh 3.7: Kién tric bo chuyén doéi pha-bien do ctia phuong phép dé xuét.

Bo DDFS theo phuong phap dé xuat dugce thiét ké véi bo tich liy pha co
do dai N = 32 bit, 12 bit pha va 11 bit bién do sin dau ra (tuong tu véi do
chinh xéc clia cic thiét ké trong [68] va [69]). Bang 3.4 thé hien sy so sanh
két qua thuc thi clia bo DDFS dé xuat véi cdc nghién citu tuong tu trudc
d6. Phuong phap dé xuat da dat ducc ty s nén LUT cao hon va do phic
tap phan cting nhé hon so véi cic phuong phap truée d6. Miac du sd phan
doan trong phuong phap dé xuat 1a 16n hon so véi trong [68] va [69] nhung
van dat dugc cau tric phan ciing don gian hon 1a do cic doan dugce chia déu
va 13 mot s6 liy thita ctia 2. Do d6, trong thyc thi phan cting chi st dung 3
bit trong s6 16n nhat ctia pha dau vao dé ma hoa, diéu nay cho phép khong
can stt dung cac mach so sanh. Hon ntta, cac hé s6 clia cic doan c6 dang 1a
tong cac so lily thira clia 2 nén trong cau tric phan cting thuec thi chi can céc
mach cong- dich ma khong can stt dung mach nhan. Phuong phap dé xuat
c6 thé cho phép tang s6 phan doan dé dat dudc do chinh xac va ty sé nén
sin-LUT cao hon. Tuy nhién, diéu d6 sé lam tang do phic tap phan ciing.
Dé dung hoa giita do chinh xac va ty s6 nén LUT véi do phic tap clia phan

cting, nghién ctu sinh dé xuat Iya chon gidi phap xap xi véi 8 phan doan.
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Hinh [3.8/1a mo t& dang séng dau ra véi mo phong bang Modelsim.

Bang 3.4: So sanh phuong phap dé xuat véi cic trong phuong phap trude dé.

Do chénh Do chénh léch R .
Z 'y ¥ N . Y H X S
Phuong phap | Sunderland loch sin-pha | truyén théng su [68] | Hoang [69]| Dé xuat

Kich thuge 4096 3854 2688 2560 1536 1408
LUT (bits)

T? S0 nén 44 : 1 50:1 67:1 70:1 117.3: 1 128:1

Sin-LUT
Slices 144 146 133 176 136 85

|
M 100000000016

Phase / ,r’/l /"

Sine \\J /

/ ]/ /”1;
N\

(
¥

g
\

Vi

\_/f
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Hinh 3.8: Dang séng tin hiéu sin dau ra mo phéng trén Modelsim.

3.7. Két luan chuong 3

Chuong nay da trinh bay mot phuong phéap tinh toan ham sin ting dung

cho DDFS duya trén phuong thic do chénh léch tuyén tinh v6i ham tuyén

tinh phan doan déu c6 cac hé sd tdi uu nham dat dude ty s6 nén LUT cao

va, cau tric phan ciing don gian. Mot kién tric DDFS duya trén phuong phap

dé xuat da duge tong hop va thuc thi. Kién tric dé xuat da dat duge ty sb

nén LUT 1a 128:1 v6i do phiic tap phan cting nhé. Vi vay, kién tric dé xuat

14 phtt hgp vdi cac ting dung doi héi do phiic tap phan cing thap.



Chuong 4

THIET KE PHAN CUNG TiNH TOAN CAC HAM TOAN
HOC DUA TREN XAP Xi TUYEN TiNH HAT MUC

4.1. Giéi thiéu chung

Cac ham toan hoc nhu ham sin, logarithm, ham m, ham nghich dao ...
dugc st dung rong rai trong nhiéu linh vige nhu truyén thong, do hoa may
tinh, khoa hoc tinh toan va xtt 1y tin hiéu s6. Thuyc thi cdc ham toan hoc
néi trén c6 thé thyc hien bang cac chuong trinh phan mém. Tuy nhién, tinh
toan cac ham toan hoc bang phan meém sé c6 téc do tinh toin cham. Vi vay,
nhiéu nghién cttu da tap trung thic hién tinh todn cac ham toan hoc biang
cic phan ciing chuyén dung.

Mot s6 cac phuong phap khac nhau da duge nghién ciu va dé xuat dé thue
thi phan ciing tinh toan cac ham toan hoc. Cac phuong phap nay bao gom:
thuat toan CORDIC [20], xap xi da thtc [70-72], xap xi hitu ty [22] va cac
phuong phap dya trén bang [9,73-75]. Thuat toan CORDIC duya trén kién
tric lap do do6 c6 do git cham 16n nén khong phu hop vé6i cac ing dung thoi
gian thyc. Phuong phap xap xi hitu ty ¢6 do chinh x4c kha cao tuy nhién doi
hoi do phtc tap phan cing cao. Ngay nay, véi sut phét trién ciia cong nghé
mach tich hgp cho phép dung lugng bo nhé 16n thi cac phuong phap dua trén
bang dudc st dung kha pho bién. Tuy nhién, cac phuong phap dua trén bang

c6 mot nhuge diém 13 khi do rong toan hang dau vao 16n doi héi dung luong

69
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16n, dieu d6 doi héi nhiéu tai nguyén phan cing ciing nhu khé khan trong
thuc hién ctia cac cong cu tong hop.

Mat khéac, v6i nhu cau ngay cang tang nhanh clia cac thiét bi dién t thong
minh khong day, cac thiét bi cam tay, dién thoai di dong, yéu cau vé hé thong
x1t 1§ tin hiéu s6 cong suat thap va nhé gon ngay cang dat ra cap thiét. Véi
cac ting dung nay thi khong chi yéu cau vé téc do cao ma con doi héi cao vé
cong suat thap, tai nguyén tiéu tom it. Tinh toan cdc ham toan hoc 14 nhiing
thao tac quan trong trong cac tng dung xi Iy tin hiéu s6, ching chiém mot
phan 16n tai nguyén phan cing ciing nhu quyét dinh dén toc do xi Iy cia
cac bo xit 1. Vi vay doi héi ¢6 cac 16i tinh toan hiéu qua vé tai nguyen, toc
do va cong suat tieu thu.

Chuong nay dé xuat mot phuong phap thic thi phan citng cho tinh toan
cac ham toan hoc dudc st dung pho bién trong céc tng dung xi I tin hieu
s6. Phuong phap dé xuat dua trén xap xi cadc ham toan hoc bang hai mic
theo phuong phap xap xi tuyén tinh phan doan. Cac két qud thuc thi cho

thay phuong phap dé xuat dat dugc hieu qua vé téc do thuce thi.
4.2. Cac nghién citu lién quan

Hau hét cac phuong phap thiét ké phan ciing tinh toan cidc ham toan hoc
hién nay dua trén viéc st dung bang két hop véi sit dung cac mach s6 hoc
don gian nhu cac mach cong va nhan. Céc phuong phap dua trén bang c6 thé
dugc chia thanh 3 dang [76]: cac phuong phéap thién vé tinh toan (Compute-
bound Methods), cac phuong phap thieén vé bang (Table bound Methods) va
phuong phép trung gian (in-between Methods) dugc coi la dung hoa gitta hai

phuong phap trén.
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Cac phuong phap thién vé tinh toan st dung mot bang cé kich thuéc nhé
dé chita cac tham s6 sau do dugce st dung cho xap xi da thiic bac 3 hoiic bac
cao hon [73]. Cac phuong phap nay c6 thé dat duge do chinh xéac tot, tuy
nhién né c6 do phiic tap phan ciing cao do stt dung xap xi bang cac da thic
bac cao.

Céac phuong phap thién veé sit dung bang st dung bang c6 kich thudc 16n két
hop v6i mot hoiic mot vai mach cong, dién hinh cho dang nay la cac phuong
phap BTM [16], SBTM [17] va MTM [19]. Céc phuong phép nay nhin chung
c6 tbc do cao nhung nhuge diém la khi kich thuée toan hang tang thi kich
thuéc clia bang sé rat 16n.

Cac phuong phéap trung gian st dung kich thuéc bang trung binh va giam
dang ké sé lugng tinh toan. Trong phuong phép nay, ham can tinh toan sé
ducc xap xi bang cac da thic phan doan. Trong d6, khodng gié tri clia bién
dau vao sé dugc chia thanh cac doan déu nhau va sit dung xap xi da thic
trén tung phan doan.

Dién hinh cho cac phuong phap trén 1a cac nghién citu trong [9] va [74,75].
Trong dé dau vao z c¢6 n bit dugce chia thanh hai phan x; c¢6 n; bit trong s6
16n nhat va x5 c6 n — n; bit c6 trong s6 bé nhat. Trong dé x, dugc st dung
dé lua chon cac hé s6 ctia da thiic xap xi tit caAc bang chita cac hé s6. S6 céc
phan doan 1a 2™ tuong tng véi s6 dau vao clia cac bang hé s6. Hinh 4.1 mo
t& kién tric cho xap xi st dung da thitc bac 1 va bac 2 bao gom cac LUT
chita hé s6 va cac mach s6 hoc can thiét.

Trong [74], E. George Walters va M. J. Schulte da trinh bay cach xap xi
cadc ham bang ham bac nhat va bac hai. Trong d6 st dung cic bo nhan va bo

binh phuong rat gon. Cac hé s6 ctia da thic xap xi duge tinh toan dya trén
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X1 X2 X X
n]y n-n; | ny n-nq
3 ' l
LUTO LUT1 Mach binh
LUTO LUT1 C() C]_ ngz phuong
Co C1 |
\J r
X
i v
Mach cong nhiéu dau vao Mach cong nhic¢u dau vao
2
f(x)=C,+CX, f (X) = C, +C,X, +C,X5

Hinh 4.1: No6i suy bac 1 va bac 2 cac ham.

t6i uu cac tham s6 nhu do rong bit clia bo nhan rat gon va bo binh phuong
rit gon, s6 phan doan st dung véi mot sai sd xac dinh.

J.A. Pineiro va cac cong su trong [9] da thyc hién tinh toan cac ham dya
trén noi suy bac hai. Phuong phap tim céc hé sd ctia ham xap xi bac hai ctia
Pineiro dua trén mot thuat toan lap gom 3 budc nham t6i thieu hoa sai s6
dong thoi t6i wu s6 phan doan va do rong bit clia cac tit nhé trong LUT chita
cac hé so cling nhu do rong toan hang ciia cadc mach s6 hoc.

S. F. Hsiao va céc cong sy trong [75] da thyc thi phan cing tinh toan cac
ham toan hoc dya trén hai buée. Trong buéc xap xi dau tién ham duge xap
xi bang phan doan tuyén tinh déu. Sau d6 cac ham sai s6 ciia bude dau tien
dugc tinh toan thong qua mot ham sai s6 chuan héa trong budc xap xi thi
hai. Cac phan tich sai s6 va thuat toan nham t6i wu cac tham s6 dude ap

2 N ~ S P £ N
dung de tim hé so toi wu cho xap xi ham.



73

4.3. Dé xuat phuong phap xap xi

Trong phuong phap dé xuat ham duge xap xi béi hai mitc. Trong mic dau
tien st dung xap xi phan doan tuyén tinh déu va mic thit hai thic hien xap
xi ham sai s6 do xap xi clia mitc dau tién st dung phuong phap xap xi phan

doan tuyén tinh déi xing.

4.3.1. Xap xi miic 1

n bit
X = X1 X2 Xl Xz_nl +X2 ><2_n
n, bit n - ny bit
x'=| 0..0 X2 X, x2"

Hinh 4.2: Phan chia bién dau vao thanh hai phan.

Trong mic dau tién dau vao o ¢6 n bit phan thap phan dugc chia thanh
hai phan x; va x5 v6i do dai bit tuong tng 14 ny va n — n; nhu biéu dién
trén Hinh . Trong budc xap xi dau tién khodng gia tri clia & dugc chia
thanh 2" doan dya trén x; nhu thay trén Hinh cho truong hop n, = 2
va khodng gia tri dau vao 1a [1, 2). V6i doan thi i, € [x;, x;,1 ) hai gia tri
f(z;) va f(241) duge sit dung trong xap xi ¢ mitc thit nhat dé xap x{ ham
bang mot ham f;(2'), 6 day 2’ nhan gia tri trong khoang [0, 27™).

flxin) — f(x) )

Tiv1 — Xy

fiz') =

'+ f(x;) (4.1)

Nhu mo ta tren Hinh 4.3 x&p xi & muic 1 sé tao ra 161 xap xi 1a do cheénh

lech gitta ham xap xi ban dau va ham thuc. Do chénh léch nay 1a mot ham
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Hinh 4.3: Xap x{ mtc thi nhat cia ham f(z) trong doan thit i (n; = 2).
16i e;(2'), 1 = 0, 1, ..., 2™ c6 biéu dién nhu cong thitc (4.2).

ei(x) = flx; + ') — fi(2'), 0< 2 <27™. (4.2)

x10°

———— €o(x)

—o— e |(x)

&)

0.02 0.04 0.06 0.08 01 0.12 0.14

Hinh 4.4: Ham 16i do xap xi mic 1 ddi v6i ham log,(z) v6i ny = 3.
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4.3.2. Xap xi miic 2

Trong tang xap xi thit hai cac ham chénh léch e;(z") duge xap xi bang
phuong phap xap xi phan doan tuyén tinh st dung noi suy doi xing. Cé6 thé
thay rang cadc ham e;(z’) ¢6 dang nhu cdc ham parabol. Vi du nhu, cac ham
chénh lech ctia ham log,(z) ¢6 dang nhu tren Hinh |4.4] v6i truong hop xap
xi ban dau ctia tam doan, tiic 1a n; = 3. Cac ham nay c6 dang parabol vi
n6 dugc tao ra bdi phép trir clia ham ban dau véi ham xap xi tuyén tinh vi
vay no sé la biédu dién ciia cac sb hang bac cao con lai. Vi vay, cac ham chénh

~m~1 Do d6, néu ta chi xap xi

lech nay c6 dang ddi xing qua truc 2’ = 2
nita khoang gia tri ctia 2’ € [0, 27™~!) bing cac doan tuyén tinh, nita con
lai 1a céc doan dudc noi suy doéi xing qua truc 2’ = 277! thi sai s6 xap xi
14 khong thay doi. Diéu nay sé cho phép thuc thi phan ciing sé don gian hon
vi khi d6 chi sit dung mot hodc mot s6 bit ¢6 trong s6 16n nhat (MSB) ctia dit
licu dau vao dé noi suy ra cac doan déi xing & nita con lai trong khoang gia
tri ctia 2’. Hinh |4.5/ mo t& xap xi ¢ muc thit hai cho ham e;(z’) trong truong
hop st dung hai cip doan déi xtng.

Trong phuong phap dé xuat, niia khoang gia tri ctia 2/, 2" € [0,27™ 1),
dugc chia thanh s doan con, trong mo6i doan con thi j, 7 = 0, 1, ..., s — 1,
ham 181 e;(2") duge xap xi bang mot doan tuyén tinh c¢6 cac he so la a;; va
b

i, khi d6 161 xap xi ¢6 dang nhu cong thie (4.3).

gi(a') = ea’) — (ayx ' + by) (4.3)
Loi cuce dai cho xap xi trén doan j ky hiéu 1a € max

Eijmax = max{e;(z")} (4.4)
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0 PAN A 3.2 2"

Hinh 4.5: Xap x{ ham ham e¢;(2’) béng hai cip doan doi xiing.
Hon nita, dé don gian phan cing thuec thi céc he s6 a;; va by; duge an dinh
c6 dang nhu cong thite (4.5), trong d6 cac hé s a;; 1a tdng cac b lity thira

ciia 2 khi d6 c6 thé thuc thi bang cac phép dich va cong tranh viéc sit dung

mach nhan phic tap.
a; =27 ~NeN (45)
by =B x2"m BeN
Thuat todn dé xuat tim cac gid tri he s6 a;; va b;; t61 uu sao cho €;)max
nhan gia tri cyc ticu trong doan tht 7 dugc mé td nhu Bang 4.1. St dung
mot chuong trinh Matlab thuc hién thuat toan trén dé tinh toan cac hé sé
a;; va b;; t6i wu cho cac ham log,(x), sinz, 1/x, /x, 1/y/z va 2% véi cac
khoang gia tri dau vao dugc chuan héa nhu thé hieén trén Bang 4.2 va tuong

ting véi xap xi mitc 1 gom 8 doan (n; = 3) va & xap xi miic 2 sit dung xap
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xi phan doan noi suy doi xing trong dé6 mdi ham e;(x’) duge xap xi bdi hai

cdp doan doi xting. Bang 4.3 thé hién két qua céc hé sd a;; va b;; t6i uu cho

ham log, ().

Bang 4.1: Thuat toan tim hé s6 toi wu ciia xap xi mtc 2

BEGIN : Khéi tao mang gia tri a;;
Khdéi tao mang gia tri by,
Khdi tao doan gia tri j
for p = 1:length(a;;)
for g = 1: length(b;;)
for k =1 : length(z')
tinh e;;(2’) theo cong thic (4.3)
end
end
for p=1:length(a;;)
for ¢ = 1: length(b;;)
tinh €5 max = max(ej(z’))

end

END Xuat gia tri a,b tuong tng v6i min(ej max)

Bang 4.2: Khoang gia tri dau vho chuan héa clia cac ham

Ham

/e NG

log, () sin()

Khoang gia tri dau vao chuan hoa

[1,2)

4.4. Kién tric phan citng va két qua thuc thi

Kién trac tong quat thuc thi cac ham toan hoc ctia phuong phap dé xuét

¢6 dang nhu Hinh 4.6 Trong mitc xép xi thit nhéat thyc hién tinh toan ham

fi(2") nhu cong thiic (4.1). Trong d6 céc gia tri ham f(xz;) va f(x;1) — f(2;)
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Bang 4.3: Céc he s a;; va b;; t61 uu ¢ muc xap xi thit 2 ctia ham log, (1 + z).

Qoo b ao1
60(1‘/) 00 bOl
24 58.2720 275 791.2-20
aio b aiy
el (.%‘/) 10 bll
2744264979 72.2720 2764279 1024.2-20
) a0 bao Q21 bay
e2(z')
2754277 65.2720 2-7 498 086.220
, aso b3o asy b3y
e3(z')
275 4979 48.220 277+ 279 42710 | 775 9-20
a40 b aq1
64(.27/) 40 b41
25 0 27742710 672.2720
aso bs asi
65(1‘/) 0 b51
276 4977 40.2-20 27 561.2720
ago b ag1
66(1'/) 60 b61
26 88,2720 27 427.2720
aro bro a1 b7
er(x’)
26 51.2-20 278 512.2720

duge luu vao trong bang LUT stt dung dé tinh toan ham f;(z’). Phép chia
cho x;;; — x; trong cong thiic (4.1) duge thay thé bdi mot phép dich béi vi
n6 14 mot s6 liy thira ciia 2. O mic xap xi thi 2, thuc hien xap x{ cac ham
16i bang phuong phap xap xi phan doan tuyén tinh cé ddi xting. Khoi xap xi
stta 161 s& bao gom 2™ khdi xap xi tuong ting v6i 2" ham e;(x').

Duya trén kién tric tong quat duge dé xudt, cac thuc thi phan cing dé tinh

toan cac ham log,(x), sinz, 1/, /x, 1//x va 2% v6i dinh dang 23 bit thap
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XAp xi mirc 1
n n
' | LUT1
’ f(x)
no| n n n-ny n Y fx
X | ! | LuT2 |
! g T o)) e N
!
n-nq
/
Xap xi murc 2
0 -
1 > n-ng
n-ny, . - n
Xap xi sua 101 MUX ny >>
2"-1

Hinh 4.6: Kién tric phan ciing tong quat.

phan dau vao va dau ra 23 bit da duge thie hién. Vé nguyéen tic khi tang s6
phan doan 6 miic xap xi thtt nhat (n; 16n) thi sé dat duge do chinh xac cao
hon, tuy nhién diéu d6 sé dan dén tang do phiic tap phan cing. Vi vay, dé
dung hoa gitta do phiic tap phan cing va do chinh xac nhan dugc, kién tric
thuic hién v6i xap xi mic 1 bang 8 phan doan (n; = 3). Ngoai ra trong miic
xap xi thit hai, méi ham 15i e;(x’) duge xap xi béi phan doan tuyén tinh cta
hai cdp doan doi xting. Cac kién tric dé xuat da duge mo hinh trén ngon
ngt VHDL va thuec thi trén thiét bi FPGA Xilinx Virtex 6 v6i cong cu tong
hop Xilinx ISE 12.4 Suite. Két qua thuc thi tréen FPGA cla cac kién tric dé
xuat thé hién trén Bang 4.4.

Bang 4.5 thé hién két qua tong hgp bang Synopsys Design Compiler cho
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Bang 4.4: Két qua thuc thi clia cac kién trac de xuat tren FPGA Xilinx Virtex 6

Ham log, () sin(x) 1/x N2 1/\/x 27
Slices 789 755 1005 897 894 885
Delay(ns) 6,79 6,76 7,28 6,78 7,33 7,73
ADP(x10%) 5,42 5,10 7,32 6,08 6,55 6,84

Bang 4.5: Két qua tong hgp va so sanh tren ASIC

D& xuét 26695 1 3,98 1

log, () Trong [75| 24023 0,90 12,69 319
_ Dé xuat 24452 1 3,86 1

(@) e 73 22890 0,94 13,08 3.39
D& xuét 32726 1 3,99 1

Ve Trong [75] 24137 0,74 12,63 3,17
Dé xuat 27213 1 3,83 1

Ve Trong (75| 16043 0,59 12,03 3,14
D& xuét 28752 1 4,00 1

Ve Trong (75| 22317 0,78 12,83 3,21
D& xuét 30887 1 3,86 1

& Trong [75] 18913 0,61 12,16 3,15

cac ham khac nhau ctia phuong phap dé xuat v6i muc dich t6i thiéu tai
nguyén trén thu vién cong nghe CMOS 90 nm. Bang 4.5 dong thoi ciing dua
ra syt so sanh clia phuong phap dé xuat véi cac két qua trong [75]. C6 thé
thay réng, phuong phap dé xuat da dat dudc téc do tinh toan nhanh hon
dang ké so v6i két qua trong [75]. Cu thé, do tré gidm hon 3 lan & tat ca cac
ham. Tuy nhién, tai nguyén tiéu chiém ctia phuong phap dé xuat ciing 16n

hon 1,1 dén 1,6 lan so véi [75]. Hon nita, do chinh x4c trong 75 14 23 bit,
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tic 1a sai s6 khoang 1,2.1077, trong khi d6 do chinh xéc clia phuong phap

dé xuat 1a thap hon va sé duge phan tich trong muc sau.

4.5. Phan tich sai sb

Dé danh gia do chinh x4c clia phuong phap dé xuat, cac sai sé gay ra béi
cadc thanh phan phan ciing trong so do thuc thi va tadc dong clia ching tdi
dau ra dugce phan tich. Cac sai s6 ndy bao gom sai s6 luong tit do do rong bit
han ché ctia cac tit nhé trong ROM (ky hiéu 1a erpyr), sai s6 gay ra bdi bo
nhan rit gon (£xp7), sai s6 xap xi do xap xi mic hai gay ra (€,.2) va sal s6

do lam tron ctia bo cong cudi cling (€4pp). Vi vay, 16i tong cong sé 1a:
Eiotal = ErRoM T Emul + €app + Eapa2 (4.6)

Ky hiéu Br, B); va B4 la do rong bit tuong tng cta cac bo nhé ROM,
b6 nhan riat gon va bo cong, chiing ta cé thé biéu dién 16i do cac thanh phan

phan cting nay gay ra nhu trén Bang 4.6.

Bang 4.6: Sai s clia cdc module phan cting.

Module ROM Bo nhan rat gon Bo cong
Do rong bit Br Bu By
€Modul 9—Br—1 9—Bu+1 9—Ba-1
EROM 2~ Br—1
278r 4 27 Butl

Lo6i xap xi 6 muc 2, €4p,9, duge xac dinh 1a 161 tuyet doi 16n nhat do xap xi
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§ mic 2 clia tat ca cac ham e;(z’). Trong phuong phap dé xuét, phan cing
duge thyce thi véi xap xi mitc 1 v6i 8 phan doan (n; = 3) tuong ing tao ra 8
ham 16i va mdi ham 16i nay dude xap xi béi phan doan tuyén tinh ctia hai cap
doan d6i xitng. Do rong bit cia ROM va bo cong 1a 23 bit (Bp = By = 23)
va do rong bit ctia bo nhan rat gon 1a 20 bit (B, = 20). Khi d6, cac thanh
phan 16i va 16i tong cong tuong tng véi ham khac nhau duge biéu dién nhu

trén Bang 4.7.

Bang 4.7: Céc sai s6 thanh phan va sai s6 tong cong ctia thic thi cac ham.

Ham log, () sinx 1/x NG 1/Vx 27
EROM 9—24 9—24 9—24 9—24 9—24 9—24
EMUL 9-23 4 9-19 | 9231 9-19 | 9=23 1 9-19 | 9-23 1 9—19 | 9=23 , 9—19 | 5—23 4 919
EADD 9—24 9—24 9—24 9—24 9—24 9—24
Eapx2 9,85.107° 7,95.107° 7,93.107° 2,04.107° 6,17.107° 8,79.107°
Etotal 1,01.10~% | 8,16.1075 | 8,14.10-% | 2,25.10~° | 6,38.10~5 | 9,01.10~°

4.6. Két luan chuong 4

Chuong nay da trinh bay mét phuong phap tinh toan cac ham toan hoc
dugc ing dung phd bién trong xi 1y tin hieu s6 dya trén xap xi hai mtc, mic
xap xi thit nhat dya trén phuong phap xap xi phan doan tuyén tinh déu va
miic xap xi thit hai 12 buée xap xi ham sai s6 gay ra bdi miic dau tién theo
phuong phap xap xi phan doan tuyén tinh c6 doéi xing. Cac thyc thi mot s6
ham toan hoc dién hinh theo phuong phép dé xuét da cho thay hiéu qua vé
toc do thue thi. Vi vay, kién trac dé xuat 1a phit hop vdéi cac ting dung doi

hoi toc do tinh toan cao.



Chuong 5

THIET KE PHAN CUNG TiNH TOAN CAC HAM TOAN

HOC SU DUNG LOGIC NGAU NHIEN VA XAP Xi PHAN
DPOAN TUYEN TINH DEU

5.1. Khai quat veé tinh toan ngau nhién
5.1.1. Gidi thiéu

Tinh toan ngau nhién (SC: Stochastic computing), duge dé xuat dau tien
tit nhitng nam 1960 bdi Gaines trong [77] va gan day duge quan tam trd lai
do viéc ting dung vao thyc thi cac don vi s6 hoc véi chi phi rat thap va 161
chap nhan duge. Dac tinh co ban ctia SC 1a mot s6 duge biéu dién bdéi mot
chudi bit va dugc xtt Iy bdi cac mach rat don gian. Mot s6 thuc  dude bidu
dién bdi mot s6 ngdu nhien (SN: Stochastic Numbers) 1a mot chudi bit X
chia IV bit 1 va N bit 0, biéu dién s6 ngdu nhién. Gains dé xuat biéu dién
sO6 ngau nhién theo hai dinh dang, don cuc va ludng cuc. Trong dinh dang
don cue x = p = Ny /(N; + Ny), p luon nam trong khoang [0, 1] va n6 duge
xem nhu & xac suat ctia vi trf bat ky trong chudi bit X dau ra 1a bit 1. Trong
dinh dang luéng cuc biéu dién s6 x bang cach chuyen gia tri p sang khoang
[—1,1], khi d6 x = 2p — 1. Vi du mot chudi bit X c¢6 25% bit 1 va 75% bit
0 dugc ky hieu 1d mot s6 p = 0,25, n6 chinh 14 xac suat xuat hién bit 1 tai
vi tri bat ky trong chudi bit. Nhu vay phu thudc vao ty s6 ciia tong so bit 1
trén do dai chudi chit khong phu thudc vao vi tri clia ching, diéu dé c6 nghia
noé la gia tri ngau nhién.

83
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Muc dich chinh trong dé xuat SC la dé thuc thi cac thao tac s6 hoc véi
chi phi thap. Vi du nhu phép nhan trong SC dugc thuyc hién rat don gidn chi
v6i mot cong AND. Cho hai chudi bit thuc hien phép AND logic véi nhau,
néu xac suat xuat hien bit 1 § cac dau vao lan ludt 1a p; va p, thi xac suat
xuat hién bit 1 & cac vi tri ctia dau ra cong AND sé 1a p; X py . Hinh 5.1 biéu
dién phép nhan ctia hai s6 ngau nhién nay. Trén Hinh 5.1a ci hai dau vao
ctia cong AND 1a biéu dién ctia s6 4/8, chudi bit dau ra 1a 4/8 x 4/8 = 2/8.
Hinh 5.1b biéu dién kha nang khac ctia hai chudi bit, trong truong hop nay
cac dau vao 1a cac chudi bit c¢6 do tuong quan cao dan tdi chudi bit dau ra
la 4/8 n6 1la mot gia tri khong chinh xac. Vi du nay 1la mot mo ta dién hinh
cho van dé trong xit Ij cac s6 ngau nhién.

Ngoai tinh don gidn, cdc mach SC con c¢6 kha niang chiu 16i tot. Mot s
ngau nhien X dugc xac dinh bang s6 bit 1 trong chudi bit chi khong phai
14 vi tri cia n6. Diéu nay cé nghia 1a biéu dién X duéi dang mot hé théng
s6 du va do d6 c6 kha niang chiu dung 16i. Vi du mot chudi bit 00110010 1a
mot sd ngau nhién ctia 3/8. Trong moi trudng nhidu, cac bit c6 thé bi sai
lech. Néu x4y ra lat bit tai mot vi tri do nhiéu thi gia tri ctia s6 ngau nhién
sé thay doi nhé thanh 2/8 hodc 4/8. Trong khi d6, trong biéu dién nhi phan
truyen thong néu cac bit sai léch tai vi tri trong s6 16n sé xay ra sai sO rat
16n. Vi dy, mot s6 nhi phan truyén théng 0,011 ¢6 gia tri 1a 3/8, néu 16i xay
ra tai bit ¢ trong s6 cao va chuyén thanh 0,111 thi két qua 1& mot s6 3/8
sé chuyén thanh mot s6 7/8. Céc s6 ngau nhién 1a khong c6 bit bac cao do
cac bit dudc coi 1a ¢6 trong s6 nhu nhau. Uu diém nay ctia SC cho phép céc
mach SC chiu dung nhiéu t6t hon.

Tinh toan cdc ham don gidn trong SC 1a rat don gidn bang viéc st dung



X=01101001(4/8
x () \ z=01001000 (2/8)
Y=01001110(4/8) }
(a)
X=01001110(4/8
x (8) \ Zz=01001110(4/8)
Y=01001110(4/8) )

(b)

Hinh 5.1: Mach nhan trong tinh toan ngau nhién.

cac cong logic co ban. Vi du tinh toan ham Z = i + %Xng trén logic ngau
nhién thé hién trén Hinh 5.2 [78]. Trong vi du nay cac sd6 ngau nhien X, X,
va Z biéu dién ctia cac dau vao 1, T, va dau ra z. Mach ¢6 hai dau vao chinh
13 £, v Ty va hai dau vao phu r; va ry 14 cac hing s6 ¢6 gia tri 1a 1/2. Cong
NAND trén Hinh 5.2 sé thuc hién ham Y; = 1 — X X5, n6 tuong tng véi
mot mach nhan va mot mach trit. Cong OR thuc hien Y, = Ry + Ry — R R,
vi R = Ry = 1/2 nén Y, = 3/4. Cudi cing cong XOR thuyc hien ham
Z=Y1+Y,=2V\Y, =1 +1X|X,.

101110110111 1
X1 011001001110 \
110110110101 101110010001
X2 )) z
110111011111 /4
Y2

010011011100

100110010011 )

Hinh 5.2: Mach SC thyc thi ham Z = + $ X, X, .

SC dugc coi 1a mot loai ki thuat xap xi. Cac ki thuat xap xi hién nay
dugc quan tam bdi n6 1a mot giai phap hita hen dé khic phuc rao can nang
luong va cong suat trong cac ing dung IC hién dai. Cac ting dung nay thuong

chiu cac nguon 16i tu nhién, vi du nhu cac ing dung xi 1y 4nh v hoc may
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(Machine Learning) 1a céc tng dung chiu cidc nguon 16i ty nhién. Tuong tu
cac he thong xit 1y cac dit lieu cdm gidc cling rat pht hop khi duge xt Iy bang

SC.

5.1.2. Cac thanh phan co ban ctia SC

Vi cac 6 ngdu nhién duge xem nhu 14 x4c suat nén no6 trong khoang [0, 1].
Diéu nay sé gay ra bat tién trong thao tac cong bdi vi tong clia hai sé trong
khoang [0, 1] s& 1a mot s6 trong khoang [0, 2]. Vi 1y do nay cac thao tac cong
ty le dugce st dung trong SC dé dnh xa gia khoang [0, 2] vé khoang [0, 1].
Bo6 cong trong SC dugec mo ta nhu trén Hinh , mot bo ghép kénh 2 dau
vao duge stt dung dé tinh todn tong clia hai s6 ngau nhien p(S;) va p(Ss)
tuong ng vdi hai dau vao S; va S,. Mot dau vao thit ba 1a gia tri hing s6
p(S3) = 1/2 duge st dung lam tin hig¢u chon keénh ctia MUX. Xac suat xuat
hién bit 1 ¢ dau ra S, s& duge xac dinh nhu cong thiie (5.1]). Vi cac s6 ngau
nhién nhu ¢ trén Hinh 5.3/ ta ¢6 p(S,) = (7/8 +3/8)/2 = 5/8.

p(Ss) = p(Ss)p(S1) + (1 — p(Ss))p(S2) = (p(S1) +p(S52)) /2. (5.1)

1,1,1,1,1,0,1,1 (7/8)
S 1

1,0,1,1,0,0,1,1 (5/8)

4
0,0,1,0,0,1,1,0 (3/8)
S, 0

1,0,0,1,0,1,0,1 (4/8)

Ss

Hinh 5.3: Mach cong trong tinh toan ngau nhién.
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Mach chuyén mot s6 nhi phan sang mot s6 ngau nhién va ngudc lai 1a cac
thanh phan khong thé thiéu trong SC. Mach chuyén doi s6 nhi phan sang
s6 ngau nhien dugde goi 1a bo tao s6 ngau nhién (SNG: Stochastic Number
Generator) duge mo ta nhu trén Hinh 5.4a. Qué trinh chuyén déi sé dugc
thitc hien bang cach la trong méi chu ky dong hd bo tao s6 ngau nhién sé
dugc tao ra mot s6 nhi phan ngau nhién m bit va so sanh vé6i s6 nhi phan
dau vao. Néu s6 ngau nhién nhé hon s6 nhi phan dau vao thi dau ra bo so
sanh sé tao ra bit 1, ngugc lai sé tao ra bit 0. Mach chuyén mot s6 ngau nhién
sang sO nhi phan truyéen théng sé thuyc hién bdi mot bo dém nhu Hinh 5.4b.

D@ tao ra cac s6 ngau nhieén cac SNG thuong stt dung cac thanh ghi dich hoi
tiép tuyén tinh (LFSR: Linear Feedback Shift Registers), cac LFSR thuong
1a thanh ghi gom c6 m flip-flop va mot chu ky c6 n = 2™ — 1 trang thai
(trang thai toan cac bit 0 bi loai trit). Dé tiang do chinh xic cac LFSR phai
tao ra cac so6 nhi phan c6 tinh tuong quan thap. Nhiéu nghién ctu da dé
xuat cac kiéu LFSR khéc nhau dé dat dugc viéc tao ra cac chudi bit c6 tinh
tuong quan thap. Trong dé dién hinh la LFSR dugc dé xuat béi Kumaresan
trong [79]. Hinh 5.5/ mo t4 mot LFSR 4 bit theo dé xuat trong [79], n6 chuyén
mot s6 nhi phan 4 bit 2 thainh mot s6 ngau nhién c6 do dai 1a 16 bit.

Cac thao tac s6 hoc co ban trong SC tuy thudc vao dinh dang cia s
ngau nhién 1a don cyc (UP:Unipolar) hay ludng cuc (BP: Bipolar). Phép
nhan trong SC c6 thé thie thi bang mot cong AND & dang don cyc (Hinh
5.6a) con ¢ dang ludng cic né duge thye hien bing mot cong XNOR (Hinh
5.6b). Cong dao (INV) sé thic hieén phép tinh 1 — z & dang don cyc va —z &
dang ludng cuc (Hinh 5.6¢). Cac thao tac phtc tap hon doi héi st dung céc

phuong phap thie thi cu thé nhu stt dung da thitc Bernstein trong [80] hodc
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méy trang thai hitu han [81]. Phép chia va khai can trén cac logic ngau nhién

da dugc nghién ctu trong [82].

Bo tao s6 k
ngau nhién
s

| k
SO nhi phan B —<—

B
Mach so sanh /|, K

X —— B6 dém nhi phéan

T

(a) (b)

Hinh 5.4: Cac bo chuyén dbi SC: (a) nhi phan sang ngdu nhién; (b) ngau nhién sang

nhi phan.
LFSR
Ls W, B0 tao trong s6 nhi phan
L/
| L 4 Y — $6 ngau nhién
Ly | {19 \ Wy -
t_/ |
L —d \ Wo
e 1 —
X[3]| X[2]| X[1]] X[O]
S6nhiphanX | 1 | o 1 1
Hinh 5.5: SNG dugc dé xuat béi Gupta va Kumaresan [79].
AND XNOR INV
X X
y — z y z X z
(@) Z=x-y(UP) (b) Z=x -y (BP) (€)Z = 1-x (UP)
=-x (BP)

Hinh 5.6: Mot s6 thanh phan co ban ctia SC.
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5.1.3. Cac ung dung

Tinh todn ngau nhién 13 mot phuong phap mdéi day hita hen cho viéc gidi ma
LDPC. Ung dung SC trong gidi ma LDPC da dat dugc nhiing két qui quan
trong. Cac bo giai ma LDPC ngau nhién da duge nghién ctu trong [83], [84].
Ngoai ra, cac bo gidi ma dua trén SC cho ma phan cuyc [85], bo gidi ma
Viterbi [86] ciing da dugc thiét ké. Dic tinh ngdu nhién va kha nang chiu
dung 16i ctiia SC la phu hop véi cac tng dung nay.

Thuyc thi mang tri tué nhan tao la ting dung chinh cua SC [87], [88], [89).
Hién nay mang no-ron than kinh dang thu hat dudge quan tam nén viéc nghien
cltu vé mang no-ron ngau nhién ciing dude thic day manh mé béi vi co su
gibng nhau gitta ma hoéa ngau nhién véi cac "dot bién" than kinh [78]. Cac
mang no-ron dua trén SC c¢6 do phtic tap thap cho phép thiét ké dugc mang
no-ron c¢6 do phic tap thap.

Khai pha va nhan dang di lieu [90], [91], hoc may [92] ciing 1a nhing tng
dung méi ciia SC. Cac ting dung nay von c6 kha nang chap nhan 16i, tao
ra cac ky thuat tinh todn xdp xi trong dé c6 SC la phu hgp vé6i thuc thi
hiéu qua cic ting dung nay. SC cing da dudce tng dung rat tét trong céc
mach x1t 1§ anh, nhiéu mach x1t 1§ &nh méi da duge nghién cttu dya trén SC
trong 93], [94], cac chip xit Iy 4nh duya trén SC ciing da dugce ché tao va cho
thay chat lugng t6t hon so véi cac thiét ké truyen thong tuong tu [95].

Gan day mot s6 nghien ctu st dung SC dé thuc hién cac ham toan hoc
ting dung trong cac linh vic xit 1§ tin hiéu s6 v mang no-ron. Cac nghién
ciu cia Qian va cac cong su trong [80], Li trong [96], Parhi trong [97] da tap

trung st dung SC dé thue thi nhiéu ham toan hoc khéc nhau. Y tudng chinh



90

clia cac nghién cttu nay la dua trén xap xi cac ham toan hoc bang da thic
Bernstein, khai triéen Maclaurin hoiic phuong phap may trang thai hitu han

(FSM: Finite State Machine) dé tinh todn cAc ham toan hoc.

5.2. Cac nghién ctu lién quan

Nhu da néi 6 trén, tinh toan cac ham toan hoc dya trén SC da duge nghién
ctu trong [80], [96] va [97]. Céc nghién ctu nay st dung da thitc Bernstein,
may trang thai hitu han vi khai trién Maclaurin dé thic thi cac ham toan

hoc khéac nhau trén logic ngau nhieén.
5.2.1. Thuc thi sit dung da thitc Bernstien

Trong [80] cac tac gid da thuyc hién tinh toan cdc ham toan hoc st dung
logic ngau nhién trén co sé xap xi cac ham toan hoc bang da thiic Bernstien.

Mot ham da thitc Bernstein bac n c¢6 dang nhu sau:
B(z) =) bBia(x). (5.2)
i=0

Trong d6 b; 1a cac s6 thue duge goi la cac hé s6 Bernstein va céc B;, ()

duge goi la cac da thiic Bernstein co s va duge tinh nhu cong thite (5.3)).

Ba@) =" |-y (5.3)
i

Mot da thiic bac n c6 thé xap xi bang mot da thitc Bernstein c6 bac khong

nho6 hon n. Hon nita néu cac khoang gia tri ctia da thitc bac n trong khoang

0, 1] thi chiing ta c6 thé chuyén né thanh mot da thitc Bernstein véi tat ca

cac hé s6 ciing nam trong khoang [0, 1] va tit d6 c6 thé thire thi né bang cac

logic ngau nhién chi véi sit dung mach MUX nhu thé hien trén Hinh . Sa

do thuyc hién gom c6 mot bo cong va mot mach MUX. Cac dau vao bo cong
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sé 1a tap cac gia tri dau vao (z; ... z,). Cac dit lieu dau vao mach MUX sé

1a (20 ... 2,). Dau ra bo cong sé lya chon céc dau vao cia MUX.

Pr(x;=1)=x

>
PI'(Z,‘: l)zb,‘ . MUX ——» y

Zy -

Hinh 5.7: Thiyc thi ham dya trén SC st dung da thitc Bernstien.

Vi du da thic f(z) = 1 + 3z — 22 + 22° ¢6 thé chuyén thanh da thic
Bernstien bac 3 nhu sau:

o) = %Bo,g(a;) n gBl,g(x) _ 23273(95) + ng,g(a;) (5.4)

Gia st rang da thic ban dau can ude lugng tai gia tri « = 0,5. Chudi bit
ngau nhien dau vao 1, T2 va x5 1a doc lap va bicéu dién cia gia tri = 0, 5.
Chudi bit ngau nhién ctia cac dau vao 2y, ..., z3 bieu dién cac gia tri he s6
by = %, b = g, by, = % va by = g. Thuc thi trén logic ngau nhién cia da thiic
Bernstien nay nhu Hinh .

5.2.2. Thuc thi sit dung may trang thai hitu han

Phuong phap may trang thai hitu han dé thuc thi cdc ham toan hoc da

duge dé xuat bdi Brown va Card trong [81]. Mot so do chuyén ddi trang théi

dién hinh thé hien nhu Hinh 5.9 dé thuc thi ham tanh($z). Tréen Hinh (5.9

X 1a dau vao ciia s6 ngdu nhién va Y 13 dau ra ctia chudi bit ngdu nhién. So

do FSM nhu vay dugc thuyce thi bdi mot bo dém nguge va dém thuan.
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x1 0,0,0,1,1,0,1,1 (4/8)

X2 0,1,1,1,0,0,1,0 (4/8) j +
3 1,1,0,1,1,0,0,0 (4/8) &

1,2,1,3,2,0,2,1
20 0,0,0,1,0,1,0,0 (2/8) _

210,1,0,1,0,1,1,1 (5/8) _
2 0,1,1,0,1,0,0,0 (3/8) _
23 1,1,1,0,1,1,0,1 (6/8) _

MuUx | 0:1,0,0,1,1,0,1 (4/8) ¥

W o = O

Hinh 5.8: Thyc thi ham f(x) = i—l—%x— %xz—i—%afi trén SC st dung da thiic Bernstien.

Hinh 5.9: Thuc thi ham tanh(%x) tréen SC st dung phuong phap FSM.

Tuy nhién trong [96] cic téc gid phat bicu rang “cac so dd dé xuat bdi
Brown va Card khong thé stt dung dé tong hgp céc ham phtic tap hon chéng
han nhu cac ham da thic bac cao hay cac ham phi da thitc khac” vi vay so
d6 FSM nhu Hinh da duge dé xuat trong [96] dé thuc thi cac ham bat
ky. Tréen Hinh c6 hai dau vao X va K, cac sb trén cic duong mili tén
thé hién diéu kieén chuyen trang thai, s6 dau tién tuong tng véi dau vao X
va s6 thi hai tuong ng véi dau vao K. Dau ra nhi phan ciia FSM sé dudc
ma hoa st dung log, [ M N bit. S6 bén dudi méi trang thai bieu dién gia tri
ma héa ¢ dau vao ctia FSM 6 trang thai S; (0 <t < MN — 1). Vi dau ra
ctia FSM chua phai 1a chudi ngau nhién nén kién tric hoan chinh ctia thyc
thi cdc ham trén s6 ngdu nhien duge cho & Hinh [5.11] trong d6 khéi FSM

tuong tng nhu Hinh [5.10, v6i X bidu dién dau vio ctia chudi ngau nhién va
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dau ra ciia FSM sé dugc st dung lam tin hiéu lira chon cho khéi MUX. Céc
tham s6 K va w; dugc lua chon dé t6i thiéu do chénh léch dau ra Y va ham
thyc. Céc tac gia trong [96] da chi ra rang viec them cac dau vao K va w;
cho phép thuec thi cac ham bat ky. Tuy nhién, cac dau vao nay phai duge biéu
dién trong khoang [0, 1]. Diéu nay ciing lam tang do phiic tap phan cting do

phai thém cac SNG.

X —»

I ——rs o MUX
K > Trang thai
hién tai L
Y

FSM

Hinh 5.11: Kién trac hoan chinh cho thyc thi cac ham st dung FSM [96].
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5.2.3. Thuc thi sit dung khai trién Maclaurin

Trong [97] cac tac gia da thyc thi cAc ham toan hoc bang cic phan tit logic
ngau nhién dua trén khai trien Maclaurin két hgp véi qui tic Horner clia céc
ham. Dya trén dac tinh ctia khai trién Maclaurin c¢6 cac hé s6 ciia cac s6 hang
la thay doi luan phién gitta duong va am do vay két hop véi qui tic Horner
c6 thé thie thi cac ham theo khai trién Maclaurin béi cac cong NAND trong

logic ngau nhien. Khai trién Maclaurin ctia mot s6 ham dién hinh nhu sau:

e Cac ham lugng giac

o - (_1)77, on+1 ®
S Z_O 2n+ 1" ST (5:5)
- (_1)" 2n xZ £U4
CoS T 50 an)l x 1— ot (5.6)
e Ham mn
s e
e = > o —1—$+§—§"' (5.7)

- " x> 7
1 n+1 o el 58
+ ) nz: >t 3 (5.8)
e Ham tang hyberbol
tanh z = L‘LE:Z
S B2n4n(4n - 1) 2n—1 Ls, 25 17 -

& day B, 1a cac s6 Bernoulli.
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Trong [97] cac tac gid da thyc hién cac ham bang viéc sit dung mot s6 cac
s6 hang dau tien trong khai trién Maclaurin. Kién tric phan ctng thyc hién

cédc ham trong [97] nhu sau:

e Ham In(1 + ) dugce xap xi bang khai trién Maclaurin bac 5 va két hop
v6i qui tac Horner theo cong thic sau:

2 3 4 5

m(l+z)~moe—-%5+5 -5 +%

= (1 — (1 — 22(1 — 32(1 — sx)))).

5

(5.10)

Kién tric thyc thi ctia ham In(1 4 x) dya trén khai trién Maclaurin bac

5 trén logic ngau nhién nhu Hinh 5.12.

4/5 3/4 2/3 1/2

L L L Ly

Hinh 5.12: Kién trtc phan cting thuc thi ham In(1+ x) stt dung khai trien Maclaurin
bac 5.

Trén Hinh 5.12 cac hé s6 ny, ne, ns va ny duge xac dinh nhu sau:

— 4,.2. _ 3 . _ 2
nl—l—gl', n2—1—1n1, ng—l—gng,

(5.11)
ng=1-—3n3; In(l4+2z)=n,-x.
e Khai trién bac 7 clia ham tanh  nhu cong thic sau:
1 2 17
tanhz ~ z(1 — =2*(1 — —2*(1 — —=z7))). 5.12
anho = ol - (1= 21— 2aY). (512

Kién tric thuc thi cia ham tanh x dua trén khai trién Maclaurin bac 7

trén logic ngau nhién nhu Hinh 5.13.
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L L

D]
L= L=l

Hinh 5.13: Kién tric thyc thi ham tanh 2 st dung khai trién Maclaurin bac 7.

Cac he s6 ny, ng, ng va ny tréen Hinh 5.13 duge xac dinh nhu sau:
2. _ 17 2. _ 2 2.
np=x"; ng=1—pgn-x°; ng=1—:ny-x7;
(5.13)
ng=1—3ny-2%; tanhx =ny - .
e Khai trién bac 5 ctia ham sigmoid(x) nhu sau:

: : ~ 1 x 23 T
sigmoid(x) ~ 5 + % — & + Lo
2

—1— ’ (5.14)

1

T D O D D

(o}

]

Hinh 5.14: Kién triic thyc thi ham sigmoid(z) st dung khai trién Maclaurin bac 5.

Trén Hinh 5.14 cac hé s6 ny, ne, ns va ny duge xac dinh nhu sau:

2 1 1
ny=a%; ng=1—1mn1; ny=1—5ny;
0 ) 12 ) (515)

ng =1—3ng; sigmoid(z) = 1 — Sna.
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e Khai trién bac 7 clia ham sinz nhu cong thiic sau

A A 1 x? x? x?

nzrr— 4T T 1—Za-2y)). 1
sz~ e =gt g g — el - =g =) (5:16)

Hinh 5.15 1a kién trtc thyc thi ham sinz st dung khai trien Maclaurin

bac 7 trong .

1/42 1/20 1/6

L L |
OO~

Hinh 5.15: Kién tric thuc thi ham sinz st dung khai trién Maclaurin bac 7.

Trén Hinh 5.15 cac hé s6 ny, ne, ns va ny duge xac dinh nhu sau:

2 2.

1n1-:1: ;

n, = x°; n2:1—5

. _ 1
; TL3—1—%7’L2’I

(5.17)
n4:1—%n3-:132; sine =ny - .

e Khai trién bac 8 ciia ham cosz va kién tric thuc thi ham cosz nhu sau:

2 4 6 8
~ I A A i
COS$N1_21+4! 6!+8'

2 2 2 2 (5.18)
=1-2(1-5(1-%(1-%))).

1/56 1/30 1/12 1/2

L

[ L L
Ta e e D e )

Hinh 5.16: Kién tric thyc thi ham cosz sit dung khai trién Maclaurin bac 8.
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Trén Hinh 5.16 cac hé s6 ny, ne, nsg va ny duge xac dinh nhu sau:
2.

2. _ 1 2. _ 1
n=x"; my=1—g5n -2, nyg=1—ny-27; (5.19)

_ 1 2. 1
ng=1—45nz-x°; cosx = ;ny - .

e Khai trién bac 5 ctia ham e~ va kién tric thuc thi ham e~ nhu sau:

5

—T 1 + 1'2 ZBS + X X
et'rl—ao+5-—S+5 -5
2! 3! 4! 5! (520)
= 1—a(l— (1 51— 2(1 - 1)).
1/5 1i4_ 1/3 1/2
T oA A oA e
Ny 17] N3 Ny
5] 8 5] .

Hinh 5.17: Kién tric thuc thi ham e™® st dung khai trién Maclaurin bac 5.

Trén Hinh 5.17 cac hé s6 ny, ny, ns va ny duge xac dinh nhu sau:

_ 1 ) _ 1 ) _ 1
m=1l—z-2; ng=1—=—ny-x; ny=1-—3ny-x; (5.21)

n4=1—%n3-:1:; e =1—ny- .

e Ham e 2% ¢6 khai trién Maclourin bac 7 nhu sau:
-2 A~ 42® 8z> 1624 322° 642° 12827
e o i i i R 7

= (1—0,7249z) x (1 —0,4143z + 0, 361222) x
(1 —1,1445z + 0,481022) x (1 + 0, 28372 + 0, 20522)

(1—0,7249z) x (1 — 0,4143z + 0, 361222) X

(1 —0,8608z + 0,3612z% — 0,09822° + 0, 09862*)
(1—0,7249z) x (1 —0,4143z(1 — 0,8718z)x

(1—0,8608(1 — 0,4196z(1 — 0,27192(1 — z)))).
(5.22)
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o @ .
EDED T
0,8718 —DOF ns — €

0,4143

0,7249 —j‘nﬁ

Hinh 5.18: Kién triic thyc thi ham e=2* sit dung khai trién Maclaurin bac 7.

Cac hée s6 n;,7 = 1 + 6 tréen Hinh 5.18 nhu sau:
n=1—x; ng=1—-0,2719n2; n3=1-—0,4196n,x;
nyg=1-—0,8608n3z; ns=1—0,4143z(1 — 0,8718x) ; (5.23)

ng=1-—0,7249z; e % = nynzng.

e Khai trién bac 9 ciia ham *2™ nhy cong thic sau:

s

2$3 7'('4:55 . 71_61:7 7_{_8x9

3! + 5! 7! 9!

= 2(1 = 22)(1 — 0,42)(1 — 0, 248822 + 0, 06562*)
= 2(1 — 22)(1 — 0,42?)(1 — 0,24882%(1 — 0, 263722)).

sin 7rx s

(5.24)

Kién tric phan cting thyc thi ham 2 theo khai trién bac Maclaurin

bac 9. trong [97] nhu Hinh 5.19
Trén Hinh 5.19 cac hé s6 ny, ne, ns, ny va ns dude xac dinh nhu sau:

ny =% ne=1-0,263Tny; ng=1—0,2488n, - 2?;

9

| (5.25)
ng=1-0,42"; ny=1—2%; 2= =ngnn; - x.

Trong [97] céc tac gid da thuc thi cic ham toédn hoc theo phuong phép

khai trién Maclaurin nhu trén va so sanh véi phuong phép st dung da thiic
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0,2637 0,2488

— L L
_@ m D‘)nl—_ )° s
- L M sin zx
o L= -

0,

o1
1]

Hinh 5.19: Kién tric thuc thi ham % st dung khai trién Maclaurin bac 9.

Bernstien va FSM. Theo céc két qua dua ra trong [97] cho thay phuong phap
stt dung khai trien Maclaurin dat dudce hiéu qua cao hon so véi phuong phap
st dung da thitc Bernstien va FSM trong [80], [96]. Trong chuong nay cia
luan &n, sé dé xuat st dung mot phuong phap méi dé thuc thi cadc ham toén
hoc trén logic ngau nhién. Phuong phap dé xuat st dung xap xi phan doan
tuyén tinh déu cac ham toan hoc. Cac kién tric tinh toan cac ham toan hoc
theo phuong phap Maclaurin trinh bay & trén sé dugce thuyc thi lai va so sanh
v6i thue thi clia phuong phap dé xuat.
5.3. Phuong phap xap xi tuyén tinh phan doan déu cic ham
cho tinh toan trén SC

Dé thuc thi trén phan cing cac ham toan hoc phic tap thudng dude xap
xi vé cac ham don gian hon cé thé thuc thi bing cac thao tac co ban nhu
cong, trit, nhan, chia. Do phiic tap ctia phan ciing sé phu thudc vao ham xap
xi cu thé. Trong chuong nay cla luan an, st dung tinh todn ngau nhien dé

tinh toan cac ham sau khi duge xap xi. Cdc ham ban dau dude xap xi bang
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phuong phap xap xi phan doan tuyén tinh déu. Dé phit hop véi tinh toan trén
SC, cac khoang gia tri ctia bién dau vao clia cac ham duge xac dinh trong
khoang [0, 1]. Nham don gian vé kién trac phan ciing thi sé phan doan duge
lira chon 1a mot s6 iy thita clia 2. Vé nguyén tac khi s phan doan 16n thi do
chinh x4c xap xi tang, tuy nhién khi s6 phan doan 16n sé lam tang do phic
tap phan ctng, do vay viéc lya chon s6 phan doan xap xi can dung hoa giita
do phiic tap phan cting va yéu cau vé do chinh xic. Trong chuong nay, cic
ham dugdc Iya chon xap xi véi 8 phan doan déu. Trong phan doan thi 7 ham

xap xi dugc viét nhu cong thic (5.26)).

. 11
f(x) ~ aix + b, %SQKZZ =0T (5.26)
Loi xap xi trén phan doan thit 7 1a:
. 1
gi(x) = f(z) — (a;x + b;), é <z< Zg , 1=0=T7. (5.27)

Ngoai ra, dé chinh xac trong biéu dién céc hé s6 trén phan ciing, thi cac
hé s6 a; va b; c6 dang nhu cong thiic (5.28)), trong d6 B 1a biéu dién do rong

bit ctia phan ciing chita cac hé sob.
a;, bz =N X 2787 N, B € 7. (528)

Thuc hién tim céc hé s6 a; va b; t6i wu heo tieu chi t6i thiéu héa 16i cuc
dai trén tiing phan doan theo thuat toan nhu da trinh bay trong muc 1.3.2.
Trong do6, cac he s6 a; va b; duge rang buoc theo cong thic (5.28)) va do rong
bit cac thanh phan phan cting thye thi 1a 8 bit (B = 8). Cac he s6 cho xap xi
9 ham toan hoc dién hinh trong cac tng dung ctia xi 1§ tin hiéu s6 va mang
no-ron thé hién trén cac Bang 5.1, Bang 5.2 vi Bang 5.3. Trén cac bang nay,

tham 86 €. 12 161 cuic dai x4y ra do xap xi. Hinh thé hien truong hop
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ham In(1 4 z) 6 ca hai trudng hop 1y tudng va xap xi phan doan tuyén tinh

8 doan véi cac hé s tim dudc.

Bang 5.1: He s6 ciia cadc ham In(1 + z), tanh(z) va sigmoid(z).

Ham In(1 + z)

|

Ham tanh x

| Ham sigmoid(z)

Doan a; b; Doan a; b; Doan a; b;
0 243 x 278 0 0 255 %278 0 0 64 x 278 | 128x 278
1 217x278 | 3x 278 1 247x278 | 2x278 1 64 x 278 | 128x 278
2 193x278 | 9x 278 2 232x278 | 5x278 2 63 x 278 | 128x 278
3 180x278 | 14 x 278 3 213x27% | 12 x 278 3 63 x 278 | 128278
4 162x278 | 23 x 278 4 189x278 | 24 x 278 4 57 x 278 | 131x278
5 151x278 | 30 x 278 5 165x278 | 39 x 278 5 57 x 278 | 131x278
6 143x278 | 36 x 278 6 141x278 | 57 x 278 6 52 x 278 | 135x278
7 126x278 | 51 x 278 7 117x278 | 78 x 278 7 50 x 278 | 137x 278
Emax = 0,0018 I Emax = 0,0012 I Emax = 7,1 x 1074

In(1+x)

0.7

Ham In(1+x) ly tuong

0.6

0.5

0.4

0.3

0.2

0.1

Hinh 5.20: Ham In(1 + 2) 1y tuéng va xap xi tuyén tinh 8 doan.

0.2

0.4

X

0.6

0.8

In(1+x)

0.7

0.6

0.5

0.4

0.3

0.2

0.1

Ham In(1+x) x4p xi tuyén tinh 8 doan

0 0.2 0.4 0.6 0.8

X
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Bang 5.2: Heé s6 clia cac ham sinz, cosz va e~ 2.

T

Ham sinx H Ham cosx H Ham e™™
Doan @ b; Doan @i b; Doan @i b;

0 255 % 278 0 0 —13x 278 1 0 —234 %278 | 256%x278
1 254 %278 0 1 —47x 278 | 132x278 1 —211x27% | 252278
2 245x278 | 2x 278 2 —79x 278 | 140x278 2 —187x278 | 246x278
3 232x278 | 7x278 3 —106x27% | 160x278 3 —166x278 | 238x 278
4 214x278 | 16 x 278 4 —138x27% | 166x278 4 —144x 278 | 227x278
5 201x278 | 24 x 278 5 —162x27% | 181x278 5 —131x278 | 219x278
6 178 x278 | 41 x 278 6 —186x278 | 199x 28 6 —116x278 | 208 x 278
7 144%x278 | 71 x 278 7 —211x278 | 221x278 7 —101x278 | 195x278

Emax = 0,002 I Emax = 0,0015 I Emax = 0,0013

Bang 5.3: He s6 clia cac ham e, w va log, (1 4 z).
Ham e—22 H Ham @ H Ham log, (1 + )
Doan @i bi Doan @i bi Doan @i bi

0 —450x 278 | 255%x 278 0 255 x 278 0 0 | 351x278 0
1 —355x 278 | 243x 278 1 254 x 278 0 1 | 310x278 | 5x2°8
2 —273x278 | 233x278 2 245 x 278 2x 278 2 282x278 | 12 x 278
3 —213x278 | 200x278 3 —232x278 | 7Tx278 3 258x278 | 21 x 278
4 —168x278 | 178x 278 4 —214x278 | 16 x 278 4 234x278 | 33 x 278
5 —218x278 | 153x278 5 —201x278 | 24 x 278 ) 217x278 | 44 x 278
6 —100x278 | 132x278 6 —178x278 | 41 x 278 6 205x278 | 53 x 278
7 ~73x 278 | 108x278 7 —144x278 | 71 x 278 7 190x278 | 66 x 278

Emax = 0,0039 I Emax = 0,002 I Emax = 0,0018
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5.4. Kién tric phan cing tinh toin cac ham toan hoc st dung
logic ngau nhién két hop véi xap xi phan doan tuyén tinh
déu

Trong phan nay, cac kién tric phan cting tinh toan mot s6 ham toan hoc
phd bién dua trén cac logic ngdu nhién va xap xi phan doan tuyén tinh sé
duge dé xuat. Kién tric phan cing cho cac ham riéng 1é sé duge dua ra, dong
thoi mot kién tric chung cho tinh toan nhiéu ham toan hoc diya trén phuong
phap dé xuat cling dugc thiét ké va thuce thi.

5.4.1. Kién tric phan ciing tinh toan cac ham In(1+x), tanh x, sigmoid(x)

va sin x

Theo phuong phap dé xuat thi cdc ham dude xap xi bang phan doan tuyén
tinh déu va trong moéi phan doan ham dude xap xi bdi mot doan tuyén tinh.

Do vay khi thyc thi doi hoi mét mach nhan va mét mach cong. Viéc thuc

thi phép nhan trong cac kién tric truyén thong sé yéu cau kha nhiéu chi phi

vé phan ciing. Trong logic ngau nhién phép nhan nay chi can thyc thi béi
mot cong AND, do dé cho phép gidm chi phi phan ciing va tang tdc do. Tuy
nhién doi héi cac bo tao s6 ngau nhien SNG. Theo Bang 5.1 va Bang 5.2 cac
hé s6 cho xap xi cdc ham In(1 + z), tanh x, sigmoid(z) va sinz trén tat ca
cac phan doan déu thuoc khoang [0,1]. Tt d6 c6 thé xay dung mot kién tric
chung cho tinh toan cac ham nay nhu thé hién tréen Hinh .

T

5.4.2. Kién tric phan cing tinh toan ham e~
Céac hé s6 cho xap xi ham e " c6 gia tri tuyéet ddi ciing déu thuoc khoang
[0,1]. Tuy nhién cac hé s6 a; trong xap xi ham nay c6 gia tri am, do d6

vay kién trac thue hién ching tuong tu nhu kién trac thyc hién cdc ham
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Hinh 5.21: Kién trc phan cting thyc thi ham In(1 + z), tanh z sigmoid, sinz.

In(1+ z), tanh z, sigmoid(x) va sin x, chi khac thay thé bo cong trong kién
triac Hinh thanh mot bo trit. Kién tridc phan cting thuyc hien ham e™*
thé hién tréen Hinh

8
X » SNG_1
3MSBs
3
> 8 -X
>—> Counter — ) e
ROM_A >
—a 8 N\Y A
11110011 Ll
11011001 Ja; § g \]
11000001 L
10100010 MUX_1 »SNG_2
10010111 .
i t8e

coe | @
dolo | O
e | Z
°
ololelmlmolmle |'m
o |o
= IS
RN SN 8
Yy
<
c
X
IN |
o
[e-]

HDQHQHHD
=2
S
oo
\ /

Hinh 5.22: Kién trtc phan cting thic thi ham e™*.
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5.4.3. Kién tric phan ciing tinh toan ham cosx

Cac hé s6 cho xap xi ham cosz ¢ dic diem 1a cac hé sé a; déu am va
6 tri tuyet d6i nhé hon 1, con cac hé s6 b; lai thuoc khoang [1,2). Dé thue
thi phan ciing can biéu dién cac hé s6 co tri tuyét déi trong khoang [0,1].
Do d6, can bién doi cac he s6 vé khoang [0, 1]. Vi du, v6i phan doan thi hai

(x € [0,125,0,25) ), ham dugc xap xi nhu sau:

cosrr —472 %2 42602°%=1—-472"%2+142°%=1—azx + 0,
(5.29)
véi a = 47.27% vi b = 14.278, v6i cac phan doan con lai bién déi hoan
toan tuong t1 ta cling nhan duge dang biéu dién nhu cong thic (5.29). Trong
SC v6i cac dau vao dinh dang don cuce, phép tinh 1 — ax dude thuce hién béi
mot céng NAND nhu mo t4 ¢ Hinh [5.23] Do d6, kién tric phan cing thuc
hién ham cos x sé c6 dang nhu biéu dién trén Hinh .

Hinh 5.23: Thao tac tinh 1-ax trong SC.

5.4.4. Kién tric phan cing tinh toan ham e 2"

Cac hé s6 a; cho xap xi ham e ?* ¢6 dic diém la déu la cac s am va ba
he s6 dau tien (ag, a;, as) c6 tri tuyet doi 16n hon 1. Diéu nay sé dan t6i kién

tric thyce thi thay doi dé phi hop véi diic diém clia cac hé sb. Véi ba phan
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Hinh 5.24: Kién tric phan ciing thuyc thi ham cosz.

doan dau tién, biéu thic xap xi c6 thé duge viét lai nhu sau:
f@)=—ax+b=—1+a)r+b=—azx—x+b, i=0,12 (530)
Khi d6 céc gié tri a, sé thuoc khoang [0, 1] va sé dugc chita trong ROM _A.

ngoai ra can tao ra mot tin hieu diéu khien dé dé duwa gia tri £ vao bo trt &

dau ra. Kién trac phan cing thuc thi ham thé hién trén Hinh [5.25]

Ir__ﬁ }
.l/
%1 Xs| xef 8 Q'
0 1
8 MUX
X »ISNG_1 v
3MSBs
3
8 -2
::D—> Counter —_»C)#»e
ROM_A 1 \
a R\ X
11101010 > \\
11010011 |33 8 . 8
MUX_1 » SNG 2
01100101 & 8 :/
ROM_B
i |08 T
TioiTojbi 8. o .
11101110 A T IMux
11100011 . =
11011011 .
11010000 |p; 8 ;/
T1000011 >

Hinh 5.25: Kién tric phan cting thie thi ham e=2,
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sin(ma)
s

5.4.5. Kién tric phan ciing tinh toan ham

9 o6 dic diém déu 6 tri tuyet dbi thuoc khoang

Céac he s6 xap xi ham
[0, 1], trong d6 bon he s6 a; dau tien c6 gia tri duong con 4 he sb sau c6 gia
tri am, do vay kién trtic phan cting sé c6 cd mach cong va mach trit va tin

hieu diéu khién dé st dung mach cong va mach trit st dung bit MSB cia dit

sin(mx)
™

lieu dau vao. Kién tric ciia mach tinh toan ham nhu trén Hinh [5.26]

MSB
8 |-
X »ISNG_1
3MSBs
3
> 8
—1 Counter >
ROM_A =
11101010 a8 =\"
11010011) a; § o j
10111011 -
tosi0c00 MUX_1 > SNG_2 v
10000011
CRESCHE P =/ Mux 4|
ROM B A Y
bo 8. 5 Y
b1 8 : 8

R R
I SN
olo|o|k|k|r| |k
o|r|r|o|o|r| |-
o|o|r|o|r|o| |-
olo|o|o|r|r| |-
rlo|k ||k ok
rlo|r|»|o|o|o| -

\ 4

. MUX_2
: sin X
b, 8
T

Hinh 5.26: Kién tric phan ctng thyc thi ham 20

™

5.4.6. Kién tric phan ciing tinh todn ham log,(1 + x)

Theo Bang 5.3. cic hé s6 cho xap xi ham c6 4 gia tri dau ctia hé s6 a;
thuoc khoang [1,2). Do vay véi cac hé s6 a; 16n hon 1. C6 thé phan tich nhu
sau:

f(x) =ax+b = (1 +a;)x—i—bi —s4az+b, i=0123 (5.31)

Khi d6 céc gia tri a; sé thuoc khodng [0,1] va sé duge chita trong ROM A

Tin hieu diéu khién dé dua gia tri  vao bo cong sau ciing chi st dung bit
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MSB ctia dit lieu vao. Kién trac phan cing cho tinh toan ham log,(1 4 x)

thé hien tren Hinh [5.27]

MSB
8
8
X »ISNG 1
3MSBs
3y
>
— Counter
ROM_A J >
11101010 EWS;»
0100
AT R P
10100110 MUX_1 >
10010000 - 'SNG—Z
10000011 .
01110100
siTooTor a8 >
ROM_B
11111111 bo 8 I
tirroito | 8. o 8
11101110 K IMmux 2
11100011 . -
11011011 .
11010000 b7 8 ‘)
11000011 >

Hinh 5.27: Kién trac phan cting thyc thi ham log,(1 + ).

5.4.7. Kién tric phan ciing cho tinh toian nhiéu ham toan hoc.

Phuong phap dé xuat ciing c6 thé cho phép tao ra mot kién tric chung
cho tinh toan nhiéu ham toan hoc. Bang viéc ting dung luong cia cac bo
nhé ROM chta céc hé sé va thém mot sé mach logic dieu khién don gian.
Kién tric phan cting cho tinh toan nhiéu ham dugc thé hien tréen Hinh .
Kién tric nay cho phép tinh toan 8 ham khac nhau. Cac bo nhé ROM A va
ROM B c6 kich thuéc déu bang 64 x 8 bit tuong ting chita cac hé s6 xap xi
a; v b; cho 8 ham. Ngoai ra can mot tin hiéu diéu khién (Sel) dé lya chon
cac dau vao tuong ting 8 ham. Mach két hop sé gom mot s6 mach logic don

gian dé tao ra tin hiéu dau ra phit hop véi timg ham.
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In(L+ x) —» 8
tanh X —p»
sigmoid —p» X
SinX —» 8 »
COSX MUX > SNG_l _‘ v
e —p Sel&3MSB
e—2x —p 7
SIN(7X) — g Mach két _;»8
— { 6 :D—> Counter > hop f(X)
3
3 8 > \"
Sel ROM A [2fp \| 8 | |SNG 2| r
648 bits 2 s > -
33 8 >
by 8 >
b, 8.
ROM_B 7 » [Mux_2 8
64x8 bits b, ﬂ.

Hinh 5.28: Kién tric phan ciing chung thuc thi nhiéu ham toan hoc.
5.5. Két qua thuc thi va so sanh

Kién tric dé xuat tinh todn cac ham toan hoc khac nhau trinh bay trong
muc 5.4 dude tong hop tréen FPGA va ASIC. Tat ca cac ham duge thuc thi
déu c6 dau vao va dau ra déu c¢é dinh dang don cuc va duge biéu dién bang 8
bit. Cac thanh ghi LFSR sit dung trong kién trtic phan ciing 1a cac thanh ghi
8 bit. Kién tric cho tinh toan méi ham st dung hai SNG va hai ROM c6 kich
thude nhé deé chita cac he s6. Cac kién tric dude dé xuat trong nhu trinh
bay ¢ muc 5.2.3 ciing dude thuc thi lai dé so sanh. Cac kién tric so sanh
ciing duge thuc hién véi dau vao va dau ra biéu dién bing 8 bit, cac thanh
ghi LFSR 1a thanh ghi 8 bit. Bang 5.4 thé hién két qua thic thi tréen FPGA
Virtex6 Xc6Wx75t va dude tong hop béi ISE 12.4 Suite. Bang 5.5 thé hién
két qua tong hop bang Synopsys Design Compiler cho cac ham khéac nhau
ctia phuong phap dé xuat va cac kién tric so sanh trén thu vien SAED cong
nghe CMOS 90 nm. Céc két qua thic thi cho thay phuong phap dé xuat dat

dugce hieu qud cao hon so véi cac kién tric theo phuong phap trong ca
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ve tai nguyeén, toc do va cong suat tieu thu.

Bang 5.4: Két qua thuc thi tren FPGA.

. Dé xuat Phuong phap dung khai trién Maclaurin [97]
Ham Slice Do tré Fraw (MHz) Bac slice Do tré fmaz (MHz)
LUT (ns) LUT (ns)

In(1+ x) 79 1,885 530,504 5 86 2,287 437,192
tanh x 78 1,885 530,804 7 87 2,290 436,624
sigmoid(z) 75 2,288 437,006 5 96 2,287 437,192
sinx 7 2,288 437,006 7 88 2,290 436,624
cos T 78 2,288 437,006 8 96 2,287 437,192
e’ 77 1,885 530,504 5 87 2,287 437,192
e 2 94 2,288 437,006 7 99 2,290 436,624
sin{re) 81 2,288 437,006 9 64 2,288 437,192
log, (1 + ) 87 2,288 437,006 - - - -

Da ham 133 2,288 37,006 - - - -

Bang 5.5: Két qua thyc thi tren ASIC.

Dé xuat Phuong phéap ding khai trién Maclaurin [97]
Ham Dién tich | Do tré | Cong suit Bac | Diéntich | Do tré | Cong suat B
(um?) | (ns) (1W) ' (um?) | (ns) (kW)
In(1 + z) 3459 1,69 80,95 5 5381 1,74 101,24
tanh 3449 1,69 80,34 7 4933 1,74 83,51
sigmoid 3589 1,70 97,89 5 5350 1,74 189,17
sinz 3741 1,7 60,67 7 4933 1,74 83,51
cosx 3746 1,7 65,87 8 5387 1,74 121,73
e * 3469 1,69 78,43 5 5870 1,74 121,73
e 2 4227 1,70 135,86 7 6430 1,74 256,55
Sin;iﬂw) 4188 1,7 70,30 9 4881 1,74 82,17
log, (1 4 ) 4072 1,70 132,32 - - - -
Da ham 6949 1,77 298,65 - - - -




112

5.6. Khao sat va hiéu chinh sai so

Dé danh gi4 sai s6 trong tinh toan cdc ham trén phan cing dé xuat, mot
chuong trinh kiém tra dugc viét dé nhan duge dit lieu dau ra cho titng ham.
Véi cac kién tric dé xuat c6 dit lieu dau vao va dau ra c6 dinh dang 8 bit,
dit lieu dau ra gom 256 gia tri tuong ting véi 256 gia tri dau vio.

Truéc hidu chinh 15i Sau hi¢u chinh 16i

0.7 0.7
0.6 7 0.6}
0.5 0.5
=04 =04
g z
=03 E sl
0.2 0.2
0.1 Ham tinh toan _ 01 He}m ti'nh t?ér}
Ham 1y tudng ‘ Ham ly tuong
0 : . . . . 0 ‘ ‘ ‘ ‘
0 0.2 0.4 0.6 0.8 1 0 0.2 04 0.6 0.8 1
X X
a) b)

Hinh 5.29: L6i truée va sau hiéu chinh ham In(1 + z).

Hinh 5.30a mo ta 16i ctia ham In(1 4 x), gia tri trung binh sai s6 tuyét
d6i (MAE: Mean Absolute Error) ctia ham In(1 + ) 14 0,0064. Véi cac kién
tric dé xuat cho phép hieu chinh sai s6 dau ra. C6 thé minh hoa ki thuat
hiéu chinh sai s6 dau ra thong qua vi du trong truong hgp ham In(1 + z).
Quan sat sai s6 dau ra trén Hinh 5.29a c6 thé thay sai s6 16n xay ra & cac
khodng x € (2,5, 3,75) vax € (0,625, 1), cac khodng gia tri nay thudc céc
phan doan s6 2, 5, 6 va 7. Bang cach diéu chinh cac hé s6 a; va b; tuong tng
v6i cac phan doan nay cho phép gidm sai s6 xudng céc gia tri nhé hon. Hinh

5.29b mo ta sai s6 ctia ham In(1 + x) sau khi hiéu chinh. Gia tri MAE sau



113

Bang 5.6: So sanh 16i cia phuong phap dé xuat véi cac phuong phap khéc.

Ham Dé xuat | Phuong phap Maclaurin Da thic Bernstien FSM
. Bac - 3 ) 7 3 5 7 8 trang thai
sin x
MAE | 0,0026 | 0,0016 | 0,0033 | 0,0034 | 0,0136 | 0,0088 | 0,0066 0,0025
Bac - 2 4 6 2 4 6 8 trang thai
cos T
MAE | 0,0035 | 0,0082 | 0,0025 | 0,0023 | 0,0356 | 0,0178 | 0,0120 0,0053
Bac - 5 6 7 5 6 7 8 trang thai
In(1+ x) '
MAE | 0,0026 | 0,0141 | 0,0109 | 0,0081 | 0,0090 | 0,0076 | 0,0066 0,0186
Bac - 3 5 7 3 5 7 8 trang thai
tanh z
MAE | 0,0029 | 0,0178 | 0,0175 | 0,0140 | 0,0182 | 0,0110 | 0,0082 0,0351
a Bac - 4 5 6 4 5 6 8 trang thai
e
MAE | 0,0027 | 0,0018 | 0,0008 | 0,0008 | 0,0130 | 0,0103 | 0,0086 0,0154
L Bac - 5 6 7 6 7 8 8 trang thai
e xr
MAE | 0,0027 | 0,0019 | 0,0011 | 0,0009 | 0,0195 | 0,0170 | 0,0875 0,0423
Bac - 5 - 8 trang thai
sigmotid
MAE | 0,0024 0,0046 - 0,0198
sin(rz) /7 MAE | 0,0027 - - -
log, (1 + ) MAE | 0,0025 - - -

hiéu chinh dat 0,0026. Thirc hién tuong tu v6i cdc ham con lai, 161 dat duge

sau hiéu chinh ctia cdc ham thé hién trén Bang 5.6. Trén Bang 5.6 tham s6

16i clia cdc ham dugce dua ra trong [97] cling dude trinh bay dé so sanh véi

phuong phap dé xuat trong luan an nay. Ldi clia phuong phap dé xuat da

dugc cai thién so v6i cdc phuong phap truée dé ddi v6i hau hét cac ham.

Hon nita, phuong phap dé xuat duge thuc thi trén dit lieu 8 bit (so vai 10 bit
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trong [97]), khi tang do rong bit clia dit lieu c6 thé cai thien hon vé do chinh

s

Xac.

5.7. Két luan chuong 5

Chuong nay nay trinh bay mot phuong phap thiét ké cac 161 phan cting
tinh toan cadc ham toan hoc dya trén cac ki thuat xap xi phan doan tuyén
tinh déu va st dung cac logic ngau nhién. Kién tric phan cting tinh toan cac
ham toan hoc phd bién da dude thiét ké dua trén phuong phap dé xuat. Cac
két qua thuc thi cho thay, cac kién tric dé xuat da cai thien hiéu nang so véi

cac phuong phap trude do



KET LUAN VA HUGNG NGHIEN CUU TUONG LAI

Trong luan 4n nay, nghién citu sinh da tién hanh nghién ctu nhing kién
thiic co ban vé cac phuong phap thic thi phan cing tinh toan cdc ham toan
hoc co s6. Dong thoi xem xét dic tinh ciia cac ting dung xit 1y tin hiéu so.
Trén co sé d6 luan an nay tap trung vao nghién citu cac 16i phan ciing hieu
qua cho tinh toan cac ham toan hoc dién hinh tng dung trong xi 1y tin hieu
s6. Mot s6 két qua dat dude clia luan an c6 thé tém tat nhu sau:

A. Mot s6 két qua dat dudc ctia luan an

1. Dé xuat mot phuong phap tinh todn ham logarithm nhi phan dya trén
xap xi phan doan tuyén tinh déu vé6i cac hé s6 t6i wu nham dat duge
161 xap xi nhoé. Ngoai ra, con st dung mot bang LUT dé bit sai s6 nhim
tang do chinh xac. Trén co sé phuong phap dé xuat mot kién trac tinh
toan logarithm nhi phan ctia mot s6 16 bit dau vao da dudc dua ra va
thuc thi tren FPGA va ASIC. Céc két qua thyc thi cho thay bo chuyén

doi loarithm nhi phan dat duge hieu qua vé tai nguyen va tbéc do;

2. Dé xuat mot phuong phap cai tién cho tinh toan ham sin tng dung cho
bo t6 hop tan s6 truc tiép duwa trén ki thuat xap xi phan doan tuyén
tinh déu két hop v6i bang LUT. Phuong phap dé xuat tap trung vao cai
thién ty 1é nén sin-LUT cua bd chuyén doi pha-bién do trong DDFS. Cac
két qua thuc thi va kiém ching da cho thay kién tric dé xuat dat duge
hiéu qua vé mat tai nguyen;
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3. Dé xuat mot phuong phap tinh toan cac ham toan hoc dugc ting dung
phé bién trong xtt 1y tin hiéu s6 dya trén xap xi hai miic, mitc xap xi
thit nhat dya trén phuong phap xap xi phan doan tuyén tinh déu va mic
xap xi thit hai 1a bude xap xi ham sai s6 gay ra bdi mitc dau tién theo
phuong phap xap xi phan doan tuyén tinh c¢6 déi xting. Cac thiyc thi mot
s6 ham toan hoc dién hinh theo phuong phap dé xuat da cho thay hieu
qua vé toc do . Vi vay, kién triac dé xuat 1a phu hop véi cac ting dung

doi hoéi toc do thuce thi cao.

4. Dé xuat mot phuong phap tinh todn cac ham toan hoc dua trén tinh
toan ngau nhién két hop véi xap xi phan doan tuyén tinh déu. Duya trén
phuong phap nay 9 ham toan hoc st dung pho bién trong tng dung xt
Iy tin hiéu s6 v& mang no-ron da dude thuc thi. Dong thaoi mot kién tric
chung cho tinh todn nhiéu ham toan hoc dya trén phuong phap dé xuat
ciing dude thiét ké va thuc thi. Cac két qua tong hop tréen FPGA va
ASIC cho thay hiéu qua ctia phuong phap dé xuat so véi cac nghién citu

tuong tu.

B. Hudéng phat trién tiép theo

Dua trén cac két qua nghien citu trong luan an nay, mot so6 huéng nghién
citu c6 thé phat trién trong tuong lai la:

- Cac he thong DSP hién dai yéu cau cac thanh phan tinh toan c6 tai
nguyéen thap v hieu nang cao vi vay cac kién tric hiéu qua cho cac ham toan
hoc khac can tiép tuc nghién ctu va nang cao hiéu ning cho cac ting dung
chuyén biét.

- Phuong phap két hop xap xi cdc ham bang phan doan tuyén tinh vdi
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mot LUT c6 kich thuée nhé dé bt sai sé cho thay hiéu qua véi cac tng dung
doi héi chi phi phan ciing thap. Cé thé phat trien phuong phap bing cach
tim mot thuat toan chung c6 tinh hé théng cho thuyc thi cac ham toan hoc.
Trong d6, cdc tham s6 nhu do rong bit dit lieu dau vao, kich thude ctia LUT
bit sai 6, s6 phan doan xap xi sé dugc t6i uu theo do chinh xac yéu cau.

- Nghién ctiu ttng dung céc 16i tinh toan dé xuat trong luan an vao cac tng
dung nhu: x1t Iy tiéng néi, x1t Iy anh, do hoa. ..

- Cac 16i tinh toan dugc thiét ké trong luan an nay dua trén SC duge thuc
hién trén cédc ham c6 dau vao va dau ra dang don cuc. Do vay cé thé tiép
tuc nghién ctu thue thi véi cac ham c6 dau vao va dau ra dang ludng cuc.
Hon nita, stt dung SC 1a gidi phap hita hen trong nhiéu ting dung nhu mang
no-ron, xtt Iy anh...Do vay, nghién citu thiét ké cac 16i tinh todn dua trén
SC cho céac ting dung nay 1a mot huéng cé theé tiép tuc nghien cttu phat trién.
Dic biét cac kién tric song song duya trén SC 13 mot huéng nghién cttu méi

c6 thé phat trien cho nhiéu ng dung.
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