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SUPPORTED FLOATING POINT FORMAT

sign bit biased exponent

Ordinary Number

Min 0-126

Max (2-2-23)x 2121
Exponent bits E 8
[-126, 127]
Bias 127

7159 dB
[1,2-2-23]
Significand bits (p) 23

Range of e

Dynamic Range (dB)

Significand range

significand

2-1022

(2-2-52) x 21023
11
[-1022, 1023]
1023
6153 dB
[1, 2-2-52]
52

Some of the
components supports
16 bit and 24 bit FP
format, but not
officially supported.

Zero, infinite, Not a
Number is supported

and follows similar to
IEEE-754 Standard.

Note: Deformalized
numbers are not
supported.



EXPANDED HYPERBOLIC CORDIC

Fori<O

=x; + Gy (1 —-217%) M = 5 is chosen, -2 operation was done inside FSM

v+ 6x,(1—272) | counter. (counted from -7 to -2)
=z;— &6,6, =Tanh (1 — 2'72)

Fori>0
N = 16. Inside FSM counter, included the code to generate indication

when i = 4,13. FSM controlled the enable single to the counter to

D T I T : ! A : ; : ; :
l.'-*-':'+1 = Vit o2 | repeat iteration. Register is used to confirm two iteration is occurred.
i+l — i — Lliiﬁi, 6'[ - Tﬂ”h_ltl_I:

e 1 S i
Xiy1 = X T 0)i4

[ = 0:

1=4,and 13 were repeated.

Delta

Rotation: §; = —1if z; < 0; +1, otherwise For vectoring mode, checked if x(i) and y(i) have same bit. If it is
Vectoring: §; = —1if x;y; = 0; +1, otherwise [EEVHEP oleli1in7Y




General output

x, = Ap(xgcoshzy + vgsinhzg)
Rotation: -];}.-'ﬂ = A, (xgcoshzy + vgsinhz,)

Zn = 0

xXp = Ay v X0 — Mo
Vectoring: yy, =0
l___zn. = zy + tanh™ (v /xp)

0 An =5.0382%x10+*
M=5,N=16

O Vector mode:
In(x)/2 = tanh"!(x-1/x+1)

U Rotation mode:
e* = cosh(x) + sinh(x)

How to calculate xY

1) Using vectoring mode, provide x,=x+1,y,=x-1,2,=0.
2) You get Zn = In(x)/2

3) Multiply In(x)/2 and 2. (Performed by bit shifting)

4) Multiply In(x) and y.

5) Using rotation mode, provide x, = y, = 1/An, z, = In(x)*y.

6) You get Xn = eV™* = xv

Parameter to CORDIC

CORDIC is coded as parametrized to
N = total number of bits support any FP format. Just need to
EXP = exponent bits modify LUTs and some constant

FR = fractional bits definitions



EXPANDED HYPERBOLIC CORDIC v
IMPLEMENTATION q 0 iteration

Iteratiomns § <0

LUT uses “if (N = ?) generate” statement to
output appropriate FP formatted numbers




For I > 0 iteration

lteratioms { > 0

wOut_Reg

,ia

HOwt

0ut_Reg

B

r

([ ceco )

|
Y

-

1
3
Q
k.

r

di€1

)

4
0
< B —————
1

54

T
1]




ek

1 resetn

Ts

1% mode
B ™ Xin[53:0]
- vin[63:0]
B8 Zin[63:0]
B8 Yout[a3:0]
B8 Yout[63:0]
B8 Zout63:0]
B % Xin[63:0]
-8 Yin[63:0]
-8 Zin[63:0]
B8 Xout[63:0]
B8 Yout[63:0]
B8 Zout[63:0]

1l done

1 st

1 st

it

1 st

it

0
1984.85300905143
1984.85300965148
20
3.56301235680561
3.56301235680561
0.915817983673441
3.56301235680561
3.56301235680561
0.915817983673441
7.37455509645401
7.37455509648401

7.46849818055720e-06

1
54
51
3
51
1

SIMULATION

1,000 ns
1 1 |

1,050 ns
| 1 1 1

1,100 ns
1 1 | |

1,150 ns
| 1 1 1

1,200 ns
1 1 | |

1,250 ns
| 1 1 1

1,300 ns
1 1 |

LI

L 1L

LI

L 1L

LI

L TLTTL

13.. 11.0
19.. 9.0
2.0 0.0
3.863, 1o fz.. (0. 0. ol 0. 0.003848p0516604556
a.ee3, | 3.0 |- (0. -0. ol -oo 0.0002E7401847362518
o.o18, oo fJz.. (oo z.. ol z. 1.08414201632656
2.863, Wil.oWz.. Yo, Wo.. Yol ¥o.. ¥ 0.00224Ef0916604938
3.863. Wo.oW-L Yo W-o. ol -0 0.000257401847362518
o.a1g, Wooo e Wooo We . Wol. We .Y 1.03418201632656
7. 37T4EEEN9649401 0. fo..dolo oo o Yoo oo nol. fo. WMo o doodolo ol Ko Yo do K 0.003180180350R1084
7. 37TUEEEN9E49401 0. =0 f-0. -0 d-on Yoo -z el WLl - W eal Wl el el W-el a1 Y B E4211667377658a-08
7. 468498180557 26e-06 ST ST ST ST ST T ST T T ST ST N ST T ST 1.15128140824702
|
sL| i 5z 33 i T i £
51 83 54 51
g 4 2 z ] o g
5l g2 LET 5l
1 IR e ot e e Yo WY 13 14 % 15 ¥ 1

Calculator Result: In(10)/2 = 1.15129




RANGE OF COVERAGE

Exponential compared

Range of Coverage: Basicvs M =5
T T

ﬁ_l,;u_!' [ -'11 }

<

—  |ln(z)|

In{x)/2 compared




CORDIC BASED SYSTEM

declLd 3 r

/
‘q'ﬂ | Vaddsub & 1,5 _wyz & 0

Y

Y

EDrdi':-SE| :/-s':l:rdic{— 1, mode & J.)

83

Y

EXPANDED HYPERBOLIC mode & 1
CORDIC ENGINE

P’n lxn J’ cordicDone

{{{—1

FP
multiplier

|

y




SIMULATION

I1:15I Dol ZIIIIEI inEI Dl 4IIIIEI InsI Dl ISIIIIEI inEI Dl ElIIIIEI |nS| ol l,IEIEIIEI InsI L l,IEEIIEI InsI L
1 dock 0 FLFLFLELPLFLFLELFL L FLFLFLFLALFLELALIL [ FLFLFLFLPLELFL P PP PP PLPLFL L FLEL L P FLFLLFL P
1 resetn 1 .
1k = 1
-8 3 [63:0] 10.0 0.0 ¥ 10.0
BB Y[53:0] 2.0 0.0 ¥ 2.0
- % Xin[53:0] 11.0 o.0 % 11.0 AT 11.0
- vin[53:0] 9.0 0.0 ¥ 5.0 EAEERES 5.0
E-® Zin[53:0] 0.0 0.0 WlaE. ¥ 0.0
XM Xout[63:0] 99.8011317113595 0.0 0. 00218018038081084 ¢ | i i M i e i s 5p. 8011317113535
- M Yout[53:0] 99.8011317113595 0.0 3l54z11667377528e-08 | i i e o O 5p. 8011317113595
- Zout[63:0] -1.08464529111708e 0.0 1.15128140839703 [ 0 s i o e i 1. 08464829111708e-058
B8 power[63:0] 99.8011317113595 0.0 39.8011317113535
18 done 1
1 st 57 51 WK 53 56 b g7
T st 51 81 FE I R ] a7 W FE W 21
it 5 5 4 z1 5 4 z 10 5
1 st 51 51 g3 g1 gz 21
B ) . B EEDELEEE 0! : OOE@00 :
1 st 51 31 H s W g1 " gz e 31




AXI4-FULL INTERFACE

S_AXI_AWID P S_AXI_ARID

S_AXI_AWADDR 6 N , 15‘, S_AXI_ARADDR
S AXLAWLEN & This interface will be ;a’, S AL ARLEN chosen as large
&
{3“

SAXLAWSIZE 3, qenerated for both 32 bit and 64 5. AXL ARSIZE amount pf input (x,y)
S_AXI_AWBURST 2~ bit. 5 S_AXIARBURST goes to input FIFO
S_AXI_AWVALID ’ ; :’ S_AXI_ARVALID from SD card.
_‘S_M{I_AWRE&D‘T' S5_ANI_ARREADY

iFIFO 512x32 oFIFO 512x32 >
FWFT FWFT

AXI4-Full interface was

32 S_AXI_RDATA
DI DO = >
wren  rden S5_AXI_RID
S_AXI_RRESP _
. ©  S_AXI_RLAST
S_AXI_RVALID

5_AXI_RREADY

Power
Operation

S_AXI_WDATA 32,

e DI DO
S_AXI_WSTRB 4, wren  rdenle
S_AXI WLAST
S_AXI_ WVALID
_S_AXI_WREADY

[ Qutput Interface |

£ st
E

<

st 2
5

o

|—’ Input Interface |
—

3
2
Al

SAXBD
SAXUBRESP 2
S AXI BVALID

S_AXI_BREADY

b

W

i

5_AXI_ACLK

mem_wien
mem_rden €——— axi_arv_armr_flag

axi_valid

CLKFX




Input FIFO

INTERFACE WITH FIFO

Power Operation

iempty

irden

Output FIFO

Depending on N = 64 bit or 32 bit,
Separate circuit is created in-between
FIFOs and Power block.

64 bit = Purple
32 bit = Green

Separate FSM controls the input
interface and output interface.

Also, different FSM for 32 bit and 64
bit.

Every input has register to ensure
the correct input because power

block takes reads “y” after first
cordic is done.




rst_processing_system7_0_100M

slowest_sync_dk mb_reset
ext_reset_in bus_struct_reset[0:0]
aux_reset_in peripheral_reset[0:0]
mb_debug sys_rst  interconnect_aresatn[0:0]
dem_locked petipheral_aresetn[0:0]

processing_system7_0

PTP_ETHERNET_O<F

i - M_AXL_GPO<p fi
M_AXL_GPO_ACLK ZYNQ TTCO_WAVED_OUT

TTCO_WAVEL_OUT
TTCO_WAVEZ_OUT
LK_CLKO

IMPLEMENTATION

axi_mem_intercon

42 500_AXI
ACLK

ARESETN[D:0] H—MH
S00_ACLK D%D MOO_AXT - [

SO0_ARESETN[0:0] []&=[)
MOD_ACLK
MOD_ARESETN[0:0]

fp_cordic_ver2_0

> FIXED_IO

Resource Usage

64 Bit:

LUT => 9464
(18%)

FF => 895

32 Bit:

LUT => 4378
(8%)

FF => 502



SD CARD INTERFACE

Uses the Xsdps libraries at driver level.

This driver is used to initialize read from and
write to the SD card.

Data transfer: The SD card is put in transfer
state to read from or write to it and works in
polled mode using ADMAZ. The default
block size is 512 bytes.

File system: The xilffs library is used to
read/write files to SD.

Application file and functions are completely
developed independently and it supports
read from a file in SD card repeatedly until
end of the file and after manipulating the
data, write back into SD card file in another
format.

* Independently developed in C
* Uses FatFs API to interact

* FatFs API - f open, { close, f_read,
f write, Directory access, File
Management etc.

* Uses Xilffs library API.

* DISK I/0 - disk_status, disk_read etc.

* Uses Xsdsp driver APIs -
XSdPs_SdCardlInitialize,
XSdPs_ReadPolled




Computer

Processor

C
>
A
3

AXI4 FULL

Power IP

39 bit SDcard IP

SD card

Test files
Input &
Output

CONTROL LOGIC

POF

Main()

Power IP
64 bit

Mount the Sdcard
f mount();

Open the input file
SDTest.txt

Read one line fi
£ gef

Convert those 32
characters to
number and store
into TempResult

Get only 32 characters info
7 numbers)

DecimalResult = Actual hexa value
returned by NumberR etum()




TEST RESULTS - 32 BIT

32 bit Input 32 bit Output: Expected vs Actual

0x41200000
0x40000000
0x41300000
0x40000000
0x41400000
O0x40000000
O0x41500000
O0x40000000
Ox41600000
O0x40000000
0x41700000
0x40000000
0x41800000
0x40000000
O0x41880000
O0x40000000
O0x41500000
O0x40000000
O0x41580000
0x40000000

[=] 32bit FPHexTested 100¢ E3 1 [=] 32Bit FPInput Tested bt E3

01000001001000000000000000000000
01000000000000000000000000000000
01000001001100000000000000000000
¢i000000000000000000000000000000
01000001010000000000000000000000
giaooo00000000000000000000000000
0i000001010100000000000000000000
giaooo00000000000000000000000000
0i000001011000000000000000000000
giaooo00000000000000000000000000
01000001011100000000000000000000
01000000000000000000000000000000
01000001100000000000000000000000
01000000000000000000000000000000
01000001100010000000000000000000
giaooo00000000000000000000000000
0i000001100100000000000000000000
giaooo00000000000000000000000000
0i000001100110000000000000000000
01000000000000000000000000000000

=] 27t FPHexExpectedOut be EJ © [= 32BitFPOutput Tested TXT E3

O0x42c80000
Ox4Z2f£20000
0x43100000
0x43250000
0x43440000
O0x43610000
0x43800000
0x43508000
0x43220000
0x43b48000

Oxd4Z2CTSRZF
Ux42F1B8CSF
Ux430FBSEB
Oxd32B8ARAFE4]
Oxd434382AD
U0x43605453
U0x437FBZ205
0x43503CDC
Ox43ATA5CA
Ux43B4Z22ZBA

Output -> expected value is 100 in 32-bit IEEE 754
format is 0x 42c800000

Actual value is 99.8 in 32-bit IEEE 754 format is
0x42c19A2F

Input -> 15t value 10 in 32-bit IEEE 754 format is
0x 41200000
2" value 2 in 32-bit IEEE 754 format is 0x40000000




TEST RESULTS - 64 BIT

64 bit Input 64 bit Output: Expected vs Actual

=l 64bit FPHexExpectedOut ba E4 Y [ 64Bit FPOUtput Tested . TXT =]
Ox40590000 ] O0x4058F345
O=BDEI1O04FS
040523193
O=CS58RrDAI1D
O=40clFacbBl
O=SCFCAR3ID4E
O=40c515C7
O=D320
0001

0400001

0=40220000

O=43

[ T

[} k
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Input -> 15t and 274 value 10 in 64-bit IEEE 754 Output -> expected value is 100 in 64-bit IEEE 754
format is 0x 40240000 00000000 format is Ox 40590000 00000000
3@ and 4" value 2 in 64-bit IEEE 754 format is Actual value is 99.8 in 64-bit IEEE 754 format is

0x40000000 00000000 0x4058F345 BDF104F9



TIMING ISSUE z e

IYNQ7 Processing System (5.5)

During the implementation, Vivado detected ffff) Documentation &% Presets [ IP Location #5} Import XPS Settings
| | Clock Configuration
“timing violation” error.

CPU Clock Ratio| 6:2:1

* Frequency of AXI bus was originally 100 MHz.

MIO Configuratio Clock Source Requested Frequen...  Actual Frequenc
Clock Configuration
figuration

« With help from Professor, reduced the frequency.

w (|10

« Finally, settled at 10 MHz. (50MHz didn’t work) S

50

50

Root of this problem

* Long combinational logic.
» Specially, negative iteration of CORDIC uses two floating point adder Worst Negative Slack (WNS): 40

during one clock cycle, propagation delay exceeded to clock e
NUMDEr OT Falling ENapoints: 275
frequency.

Timing

Total Mumber of Endpoints: 1400

Implemented Timing Report

Setup | Hold Pulse Width




DEMONSTRATION



THANK YOU VERY MUCH

Any Questions?



