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*+* Introduction

* Powering is broadly used in wide rang of fields like economics, biology,
chemistry, physics, and computer science, with applications such as
compound interest, population growth, chemical reaction kinetics, wave
behavior, and public-key cryptography.

« Powering can be computed using hyperbolic CORDIC which can be build
using shifters adders and LUTSs.

« The high cost of powering computation in addition to showing our deep
understanding of problem solving and ability to design embedded systems
design using FPGA were the motivations behind this project.
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EXPANDED HYPERBOLIC CORDIC

Hyperbolic CORDIC is used to compute hyperbolic functions in efficient and fast

Yisr = Yi + 6x;(1—27%)

way
Xip1 =X + 6y (1—2172)
i<o0
6; = Tanh~1(1 — 2¢72)

Ziy1 = z; — 6;0;,

In the expanded CORDIC the index of
iterations will be from —M to N, two sets of
{ X1 = X+ §y;27"
(>0

equation for positive and negative iterations. ,
Yier =Yi + 6% 27"
Ziy1 = Zj — 61'01" 91' = Tanh_l(Z_i)

Iterations with 1=4,13, ... k, 3k+1 must be , , ,
Rotation: 6; = —1if z; <0; +1,o0therwise
6;= —1if x;¥; = 0; +1,otherwise

repeated to guarantee convergence Vectoring:
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EXPANDED HYPERBOLIC CORDIC

* Xy, Vn,Zn CONverges to the following

Xn = Ap(xgcoshzy + yosinhz)
Rotating : { yn = A, (yocoshzy + xgsinhz,)

Zn =
’
An,/xizn + Yin
Vectoring : | VYn =
Zy = Ziy + Tanh™1 Yin
\ Xin

* Where A, is defined as:

An = (H? = —My1—(1-2i-2)2) niv J1—2-2
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EXPANDED :

HYPERBOLIC CORDIC - a7 (R
T 3 L T 3 — 11— "
+/_ 4 ) W W +/_ LUT L M1 Entries %
l_l I_‘ — /l ,
>> >> +/- +2 m
: = ||-5 ajpacilca
Two Stages o] Ul 5/ 5,
e FSM & LUT For each state E"N_eg_'m = Ne;,o..t_ Nim
, Res , Res , Res Iterations i <0

Iterations i > 0

« B is 32 bit floating point format B e B T

4
| om| || Comp_3 ”mﬂ||mw|
+ 1
eqd q13 q40

xyzOut_ld

XOut_Reg yOut_Reg 20ut_Reg

] O{,B i ‘B { B
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* Powering x¥

« The goal is to compute x¥ , which could be achieved by
getting eY"x

« Two functions required In x and exp(x)
: : : — -1x71
* Inx is defined as: Inx = 2tanh™" —

 Bysettingx, =x+1,y, =x —1,z, = 0, in vectoring mode the
output z,, converges to % Inx

» Exp(x) is defined as: e* = coshx + sinh x

* Bysetting xo =y, = Ai,zo = x, In rotating x,, converges to e*
n
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* Powering x¥

* Required input to get x¥

 Bysettingx, =x+1,y, =x —1,z, = 0, in vectoring mode the
output z,, converges to % Inx

. Multiply%lnx by 2y to yinx

* Bysetting xo =y, = Ai Zy = Ylnx, in rotating mode x,, converges to x¥

)
n
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“* Powering x¥ Implementation using Hyperbolic CORDIC

Expanded CORDIC twice as in the following

steps: Vo
1. Use vectoring mode to get z, = Inx/2 by | 4/- [€ addsub

loading xog=x+1,y=x—1,2,=0,
this is done using the addsub unit on the top dectd 5 ¥ 1
left corner and the multiplexers at the input Y, BOuRes | 7
stage. v ¥ v v
2. To get ylnx, first z, is multiplied by 2 L ’ : Y/ Gordiesel

X0 Yo Zy

using the shifter , then the floating point
multiplier is used to multiply 2z, output by ”| EXPANDED HYPERBOLIC

y 1o get yin x N CORDIC ENGINE n.%
3. Use the current output of z, as the next [ o 170 ¥ cordicDone 2

input to the CORDIC block in rotating ©vutd )] Outies o

mode. With x, =y, = 1/A4,, this is again - T T‘ y

done using the multiplexers at the input x”

stages. The output x, = eY™ = x¥ is
obtained in OutReg.
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AXI4 FIFO and Power Interface

* We have two 32 bit words (x and y)

* FIFOs are used in the AXI interface

« After the FIFIOs we do have registers to
capture the data once its available.

saxawio [ ) S_AXI_ARID
S_AXI_AWADDR 6 _ 6, S_AXI_ARADDR
S_AXLAWLEN 8 %, S_AXIARLEN
S_AXI_AWSIZE 3 3 S_AXI_ARSIZE
S_AXI_AWBURST 2, 3 S_AXI_ARBURST
S_AXI_AWVALID " S_AXI_ARVALID
5_AXI_AWREADY Power  S_AXI_ARREADY
* iFIFO 512432 - oFIFQ 512432 *
FWFT E FWFT

S_AXI_WDATA 331,; »oi ol 32 = 1 uut—s,;‘]--m 32, S_MLHDATA;
SAXLWSTRE 4 .| | r={wren  rdens b | Pt saond [ rden= S_AXI_RID.
SAXLWLAST Z ﬁ— o 3 2, S AXLRRESP
SAXLWVALID . SE .:‘.‘ o "} 3§ 4 " S_AXIRLAST_
5_AXI_WREADY — S_AXI_RVALID
) ) l LY t | swa_reesoy
S2XLEID s FSM curen )
:5_Ax1_BRESP 2, il “
S_AXI_BVALID P gempty acten)
S asREADY FsM [ }

S_AXI_ACLK ] =

S_AXI_ARESETN mem_rden 1 E g 3'

FWEIT_Wren aoi_ary_aer_flag
CLKFX
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AXI4 FIFO and Power Interface

* Blue FSM stay the same
g iFIFQ 512x32
* Red FSM was modified as follows T EWET |
>0 DO
o - ==lwren rden
_Em
1 > 35 4
0
State2:
E1=1, irden =1 ifudl
L -
Stllos: - oeTmpty
FSM .

1
Ve _Wren
Stats:
Ozl CLKFX

Back To state1
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Simulation with AXI

EX- ™ s00_axi_arlen[7:0]
B M sD0_axi_arsize[2:0]
EX- M s00_axi_arburst[1:0]

1l s00_axi_arvalid

1 s00_axi_arready
=™ s00_axi_bid[0:0]
B M s00_axi_bresp[1:0]

- s00_axi_rdata[31:0] 2.0560710430149 . W z.05e0f71043010
1 s00_axi_rlast
l

1l s00_axi_rready
1 s00_axi_rvalid

1 owren

1l

2™ ofifo_DI[31:0] 0560710430144 ; z. 0560710301453 |
--1_ _ R ¥ z.osedplo4zol0 )
M x[31:0] 1376.7626953124 - 1376.7626953125 )
=M y[31:0] 0. 100000001490 1 . 0.100000001450118
T st s1 3
1§ start 0
1 done i
1 ok u
1l oempty 1
M ififo_DI[31:0] 0.0 . 0.0 0.0
=™ ififo_DO[31:0] 0. 100000001490 1 . 1376. 7626953125 0.100000001420116
1 iwren i
1 iempty 1
o

4]
o]
o]
™ s00_axi_rresp[1:0] [i}
4]
2




Simulation

S.255001 us

us 15 us 16 us

us |ll us 12 us |lE us |l4
||||||||| ||||||||| ||||I|||| ||||||||| ||||||||| 111 1

1 |lD |
¥ SUU_ax)_arreaay L1 11 |I I| 11

M =00_axi_bid[0:0]
E¥-® s00_axi_bresp[1:0]
B-® s00_axi_rdata[31:0]
18 s00_axi_rlast
18 s00_axi_rready
18 s00_axi_rvalid
™ s00_axi_rresp[1:0]
1l owren 0
B ™ ofifo_DI[31:0] 0.0
- ofifo_DO[31:0] 0.0 0.0
oM x[31:0] 1376.762695312 L3768 762695312
M y[31:0] 0.100000001490] 0. 0..0000000149
_Eg st st =E
1l start 0
1 done 0
T ck u
1 oempty 1
™ ififo_DI[31:0] 0.0 o.o
- ififo_DO[31:0] 0.100000001430 0. 100000001450
0

1l done_v
1 done_r




OAKLAND UNIVERSITY

Experimental Setup

Fle Edt Search View Encoding Language !
cEHE BN O

P n_datant Dl

I I 43e1d7503e985b5d44%adcBb3el

File Edit Search View Enceding Language
ciHE PR LMk D¢

R o i 6]

I 1 40CS584AZ402BBCTC43E329813
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Results

« Random variables were chosen for x and y (using rand function)
« O<=x<=1500and0<=y<=1
» 500 data set were generated

1400
— Cordic
— MATLAB
12(x) g S g —]
T —
m ) g —]
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Results

* The error relative error = (MATLAB - Cordic) / MATLAB

w10 Error
1.97

I T I T
—ERROR = (MATLAB - Cordic } / MATLAB |

T Sy S Ay -

SO

e o e [ ¢ SRS S R B SRR BES | S8

P20 NS SO L I IS O S IO SRS O S — RS R SR NS TR -

191 | | | | i | | i | i
50 100 150 200 250 300 350 400 450 500
itterations

12/13/2017 16



OAKLAND UNIVERSITY

Demo
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Thank You

* Any Questions??
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