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AJITOPUTM I CTPYKTYPA MOAYJIA
JJIs1 OBYUCJIEHHA KBAJAPATHOI'O KOPEHA VY ILJIIC

ALGORITHM AND STRUCTURE
OF THE SQUARE ROOT CALCULATOR IMPLEMENTED IN FPGA

Posrnsimaetscss po3poOka amapaTHUX TPHUCTPOIB it OOYHCIEHHS (QYHKIT
KBaJIpAaTHOTO KOPEHS 3a iTepalliiHuM aJropuTMOM. 3alpONOHOBAHHWHA aNTOPUTM A€
3MOT'Y IPUCKOPHUTH OOYHCIIeHHs (PYHKIIiT KBaJPAaTHOTO KOPEHS Ta 3MEHIIUTHU arapaTHi
BUTpPaTH 3a PaxXyHOK OOYHCIICGHHS KITBKOX ITepamiii TaOIWYHUM METOJIOM.
3anpornoHOBaHUN aNTOPUTM PO3paxOBaHMWN Ha peawizalilo y MPOrpaMOBaHUX
JIOTIYHHUX 1HTErPaTbHUX CXEMaX.

Kurouosi ciosa: IJIIC, kBanpatauii kopinb, CORDIC, kxouBeep.

Puc.: 3. bi6mn.: 6.

The development of the hardware units for the square root (SQRT) function
calculations is considered, which is based on the CORDIC-like iterative algorithm.
The proposed algorithm helps both to speed-up the SQRT function calculations and to
minimize the hardware volume due to substituting some iterations by the look-up
tables. The algorithm is intended for the SQRT function implementation in FPGA.
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Beryn. @yHKINS KBaJpaTHOTO KOpEHs \/)_c - BaXKJIMBa eJIeMeHTapHa (QYHKIlS B
HAyKOBHX pPO3paxyHKax, oOpoOIi IudpoBUX CUTHATMIB Ta 00poOmi 300paxeHsb [1].
Hampukian, BoHa BUKOPUCTOBYEThCS Yy HEMPOHHUX Mepexax [2]. B manuii yac 6araro
3a/lay BUPIIIYIOTBCS y MporpamMoBaHuX JoriyHux iHterpansHux cxemax (ITJIIC), ne
TaKO)X HEOOX1JTHO PO3paxoByBaTH (YHKIIIIO \/)_c

[CHYIOTB pi3HI BIpTyasIbHI MOIYJI1 Il 0OUMCIICHHS QyHKITIT \/)_c, SIK1 TIPOTIOHYFO-
Thcsa BUpoOHMKamu [IJIIC ta cropoHHiMu kommadisiMu [3]. Ane ui Momyni Oynu
po3po0JieH] AECATHIIITTS TOMY, 1 BOHH, SIK NPABHJIO, HE BPaXOBYIOTh OCOOJHMBOCTI
HoBUX mokojiHb ITJIIC. Tomy Taki Momaym moTpeOyroTh MojaepHizamii. Y poboti [4]
3aMpOTNOHOBAHO BIOCKOHAJIEHUH aNTOpUTM OOYHUCIeHHs QYHKII \/x, IKHi Opi€EHTOBA-
Huii Ha peamizaniro y [UIIC. V naniit poG0Ti MPONOHYETHCS 1€ OJUH aJITOPUTM, STKHM
edextuBHO peanizyerses y ITJIIC.

AaroputvMn “mudpa 3a nudporw”. BHUKOHAHHA aJITOPUTMY PO3PaXyHKY
eneMeHTapHoi GyHKuIl TUny “mudpa 3a Mudppor” 3BOJUTHCSA 10 MOBTOPEHHS OJIHO-
MaHITHHX ITepallii, pe3yJbTaTaMH SIKUX € YeproBi TOYHI Iudpu pe3ynbTaTy. Bigommii
anroputM CORDIC, skuii mpu3HaueHUN TSl pO3paxyHKIB \/)_c, MOJIATAE B HACTYITHOMY.
Bin o6uncnroe ¢yukiiiro atanh(x/y). Aje mo6iYHUM pe3yJabTaToM € (QYHKIIISA K\/xz-i-yz,
a 3a paxyHok 3aminu x = A4 + 0.25, y = 4 — 0.25, oTpuMyI0Th K\/Z [3,5]. Henomikamu
IIOTO AJTOPUTMY € JOJaTKOBE MHOXKCHHs pe3ysbTaTy Ha koeditieHT 1/K= 1.207 1
MOBTOPEHHS JCSKHUX ITepalliil s 301)KHOCTI aJTOpUTMY.
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binpmr KOHCTPYKTMBHHM aJrOPUTMOM € alroput™M “mudpa 3a Iudporo”
oOuncieHHs QyHKii \/)_c [4], sikuii Oa3yeTbcs HA HACTYMHUX CIIBBIJHOIICHHAX. J{7s
koxHoro yucna xe [0.25; 1.0] 3naxonsate koedimientu a;€ [0; 1], Taxi mo

o0
[Ta +a27 =1.0. 1)
i=1

3Biacu

m m
1IN x =[]0 +a27) a6o \[x ~x[1(1 +a27). (2)

i=1 i=1
Otxe, obOuucinenHs QyHKIii \/)_c MOJIATAE Y BUKOHAHHI KOHBEPTEHTHOTO
mpoliecy, 3riHO 3 SKuM Bupa3 (1) HaGmmkaeThest 0 OAMHMII, B TOW Yac K Bupas (2)
HAOJIMKAETHCS 70 MIYKAHOTO 3HAYEHHS. AJTOPUTM IILOTO TIPOIECY BHUPAKAETHCS

HACTYITHUM YUHOM:
x[0] =x; y[0] =x;
for(i=0,1<n,i++) {
t = x[1] + 2M(-1)*x][i];
q=t+2-1)*t;

if(q<1){

x[i+1] =q;

y[i+1] = y[i] + 2°(-)*y[i];}// a[i]=1
else {

x[1+1] = x[i];
yli+1] = y[i];}// a[i]=0

PesynbTatom € y[n] = \/)_c

MopaepHizoBanuii aaropurtm. HaltGinbIry 3aTpuMKy pO3TIITHYTOTO aJITOPHTMY
Ja€ TOJBIMHE JOJIaBaHHs 3CYHYTHX JaHHUX 3 pesyibTatamu ¢ Ta ¢. L{i oOGuucieHHs
MOXXYTb OyTH 3aMiHEHI OJHUM €TaIoM:

_m —m —m —m+1 —2m
g=x+2 x+2 (xF+2 x)=x7+2 x+2 x. 3)

Ockinpku y cydacHux [IJIIC TpboXBXOM0BUI CyMaTop peaizyeThCsl sIK OJIMH
CTYyMiHb, IKUA OYIy€THCS HAa OCHOBI IIECTUBXOJOBUX JoriyHux Tadmuis (JIT), To Taki
00YHCIIEHHS MOXYTh OyTH BUKOHAHI 32 OJIMH TakKT 0e3 J0JJaTKOBUX 3aTPUMOK 1 BUTpAT
Ha oOjaJHaHHA.AHAJI3 aJrOPUTMY MOKa3ye, M0 KOJIH i AocIrae Mexi n/2, To crapii
O3PSI YHCIIA X;CTAlOTh OAMHUYHUMU a iCTAPIIMX PO3PAIIB J;,€ TOUHUMHU CTAPIIUMU
po3psigamu pesyabTary. OTKe, pEemTy OTpUMaHUX OITIB MOXKHA OOYHMCIMTH TIICISA
aHaJi3y Ta po3paxyHKy pizHmMi 1 — x;.

Hexaitig; =1 —x,n, &, = \/)_c — Ynn. Ui Benmmunawm 3riaH0 3 (1) 1 (2) 10piIBHIOIOTH

n/2 n/2
g=1—x[1(1 + a2 e.=x —x[1(1 +a27). (4)
i=1 i=1
n/2

[IpencraBumo z = \/)_c [T(1 +a27), Toxi3 (4)
i=1
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g=1-2=(1+2(1-2; e=x(1-2). (5)
Ockinbku z= 1, T0 €1=2(1 —2); 1 &, z\/)_c €1/2 =y,n(1 — x,0)/2. Toni pesynprar
TOPIBHIOE Y, = Vyn + Vun(l — X,2)/2 Ta MOAEPHI30BaHMIA aITOPUTM € HACTYITHUIL:
x[0] =x; y[0] =x;
for (1=0;1<n/2; i++){
q= X;+ 2-1+1*Xi + 2_ 1*Xi;

if (q < 1.0){

X+l = U, )

Yiel =Yi T 2_1_1*}’1;
telse {

X+l = Xj»

Yit1 = Yis
}

b
Y = Yirt T Yirr*(1.0 - Xi41)/25
ExcnepumenTtaibni pedyabtatu. OTpuMaHuil anroput™ OyB OINUCaHUN
moBoro VHDL sk BipryansHuii momnyns. Lleli Momynb Oyino 3KOH(ITYypOBaHO Uis
IUIIC  Xilinx Spartan-6 jurist pi3HOT pO3PSIAHOCTI BXIAHMX 1 BUXIIHMX naHuX. Ha
pucynkax 1 ta 2 HaBelIeHO 3aJeXHICTh amapaTHuX BHUTpaT B KimbkocTi JIT, a Takox
MaKCHUMaJIbHOI TaKTOBOBOI YAaCTOTH BiJ PO3PSAHOCTI #BXIIHMX JaHHUX 1 Pe3y/IbTaTiB
JUTsI KOMOIHAIIMHOT 1 KOHBEEPHOI CXeM I[bOr0 MOJYJIsA, BiAmoBigHo. Cii BiI3HAYUTH,
[0 MOJYJI 3 PO3PsAIHICTIO 32 J0JaTKOBO MaroTh OJMH OJI0K MHOKeHHS DSP48, a
peniTa — 4OTHPHU TaKUX OJIOKH.
Jliist mopiBHSIHHS, HA puC. 1, 2 OKa3aH1 XapaKTePUCTUKH BIPTYaIbHUX MOIYIIB,
K1 TIPONOHYIOThCs Kommadiero Xilinx Inc. 3aramom, 3ampornoHOBaHUN MOIYJb Mae
OUTBIIII amapaTHI BUTPATH 1 MEHINY TAaKTOBY 4YacToTy. lLle MOsCHIOETBCS THM, IO
MOJTyJIb, SIKUH TeHepyeThest 3acobom XilinxCoregen, onucanuii Ha piBHi JIT 1 Tpurepis i
toMy amantoBaHuii o apxitektypu IIJIIC koHKpeTHOro THIy. A 3amporOHOBAaHUMN
MOJTyJIb, X04a 1 He TTOTpeOy€e TPUBAJIOrO reHepyBaHHs, TOBUHEH OyTH 3KOMIIUIbOBAHUM
CUHTE3aTOPOM, SIKUIl BUKOHY€E e(DEKTUBHY, ajie He ONTUMAJIbHY ONTHUMI3AIlilo.

5000 /
4500 / /
4000 / / 350
300 CX .

3300 / / —o— Kom0iHaiit \ —— KgM6ma
3000 //f Ha cxeMa 250 -4 S IikHa
2500 —2— KonBeepHa L\ %eMa

/ // cxeMa 200 >\ —— Kongseep
2000 / e— Xilinx 150 Ha cxema
1500 /7 Corelib 00 \ ilinx
1000 > . Corelib

500 ’%; 50 N
0 0 T T T T T 1

16 18 24 32 48 54 16 18 24 32 48 54

Puc. 1. AnapaTHi BUTpaTH 6J'IOKY'\IX , Puc. 2. MakcuManbHa TaKTOBA qacToTa,
JIT, B 3anexHOCTI Bin MTI 1, 610Ky \/X B 3a]I€XKHOCTI Big 7
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[lepeBaru 3ampomnoOHOBAHOTO MOJYJIS MOJSATAIOTh B TOMY, IO BiH € OE3KOIITOB-
HUM 1 MOke OyTH HaNalTOBAHWN HAa JOBUIbHY PO3PANHICTH BXIJHUX Ta BHUXIJHHX
JaHuX, a Takox i Oyab-skoro tumy I[IJIIC. Kpim Toro, 3amponoHoBaHUIl MOIYIb
Ma€ HIKYY JJATEHTHY 3aTPUMKY, 110 € BXJIMBUM, HANPUKJIa/, IPYU BUKOHAHHI Ha HOTO
OCHOBI Omeparliil 3 TIaBar40r0 KOMOIO.

Hampuknan, mis po3psimHocTi 24 6it, TaTeHTHA 3aTpUMKa CTAHOBUTH JuIie 15
TaKTiB MPOTH 25 TakTIiB y KOHKypeHTHOro sjpa. lle o3Havae, 1mo mpu BUKOHAHHI
PO3paxyHKIB 3 IJIaBAlOY0I0 KOMOIO 3allpONIOHOBAHUN MOIyJb 3alesnedye OuIbIIy
MPOYKTUBHICTb.

BucHoBku. 3anponoHoBaHo MoaudikoBaHHN anropuTt™m “mudpa 3a 1nudpor”
Uit o04YucieHHs QYHKIT KBaJIpaTHOI KOPEHs. AJTOPUTM BipPi3HSAETHCS MiHIMi30Ba-
HOIO KUIBKICTIO iTepalliii, sika NpuOJM3HO YJBIUl MEHINA 3a KUIBKICTH PO3PSIiB
pesynbrary. Anroputm ommcanuii MoBoro VHDL i mpusnauenuii mis peamiszarii y
[UIIC Oynp-sxoi cepii. Haitbinem edexktuBHA #oro peanizailis npu OOYMCICHHI

(QyHKIIT\/X 3 [IaBAF0OYO0I0 KOMOIO.
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ALGORITHM AND STRUCTURE OF THE MODULE
FOR THE SQUARE ROOT CALCULATION IN FPGA

Relevance of research topic. Field programmable gate array (FPGA) is a modern
element base that is designed for high performance implementation of the application
specific algorithms with the fixed-point numbers. Very often, such algorithms encounter
the calculation of elementary functions. There is a shortage of device designs for
calculating elementary functions in the FPGA and they need to be refined.

The problem consists in the inbalance of the exisiting SQRT IP core
parameters and the affordances of the FPGA system designers, as well as the modern
FPGA features.

Analysis of recent research and publications. Over the past few years, there
are more articles devoted to high-performance modules for calculating elementary
functions, but ready-made modules are inaccessible for the widespread use. Most of
the modules calculate the square root using an inefficient CORDIC algorithm.

Selection of unexplored parts of the general problem. This article is devoted
to the study and implementation of a rare algorithm for calculating a square root of the
iterative type in the FPGA.

Objectives. The goal is to improve the iterative algorithm for calculating the
square root, intended for configuring in the FPGA.

Presentation of the main material. An improved iterative algorithm for
calculating the square root function is proposed. The improvement is to reduce the
difficulty of calculating the algorithm steps and to replace the last steps with the table
calculations. This increases the speed of the calculation of the function more than twice.

Conclusions. The proposed modified algorithm is distinguished by a minimized
number of iterations. The algorithm is described in VHDL language and is intended
for implementation in FPGA of any series. Its most effective implementation is when
calculating the function of a square root with a floating point.

Key words: FPGA, square root, pipeline, CORDIC.



