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Motivation

Advantages of DFX
= Less Resources
= Higher precision than FX

Experience of modelling
generic system to enable
DPR(Dynamic Partial
Reconfiguration)

Not Widespread




DFX Adder Subtractor




DFX Range Detector
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DFEX Multiplier
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DFX Multiplier Range Detector
& Slicing

DFX Overflow
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DFEX Divider

== —Pasitive dnp—stigrep
1 —utigresiep|

=ittt

00
0

Ond+2)

10 [Hizeen
1

10 -m.mamemm«m—h
1

fo J\Tm_ommww_um»

Prec_bits

Prec_bits

lterative
Unsigned
Divider

——done:

Range
detector

e 4

D Qe




DFX Divider Range Detector
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DFX Divider Slicing

fin_n0: process(fill_z_plx q)

begin
if (x=p0) then begin
final_n0<=g(N-2 downto 0); if (x=p1) then
elsif (x=p0) then if (sign_ch="1") then
final_n0<=q( (N-p0)}+{x-p0}-2 downto abs(x-p0)); dfx_ov<=ov_neg_xp1;
elsif (x<p0) then else
final_n0<=g(MN-2-abs(p0-x) downto 0)& fill_z_p0x ; dfx_ov==ov_pos_xp1;
else end if;
final_n0=={others=="1");
end if; elsif (x=p1) then
if (sign_ch="1") then
end process; dfx_ov<=ov_neg_xgp1;
— dfx_ov<=ov_neg_xlp1;
fin_n1: process(q, fill_ z_p0x) else
begin dfx_ow<=ov_pos_xgp1;
if (x=p1) then end if;
final_n1==g(N-2 downto 0); elsif (x<p1) then
elsif (x=p1) then if (sign_ch="1") then
final_n1<=g (N + abs(x-p1}-2  downto abs(x-p1) ) dfx_ov==ov_neg_xlp1;
elsif (x<p1) then else
final_n1 == g ( N-2 -(abs(p1-x)) downto 0 )& fill_z_pl1x dfx_ov<=ov_pos xlp1;
else end if:
final_n1=={others=="1")
end if:
end if;

end process;




DFX Calculator in MATLAB(For
test bench for VHDL)

« Random floating point number
Generated using rand().

« Floating points converted to fixed
point format using quantizer based
on range.

- E.q.

r = quantizer('fixed',[7,5]);
g = quantizer('fixed',[7,3]);
« Fixed point numbers again

converted into floating point format
for calculations.

« Operands along with o/p and
overflow data are converted into
txt file.




Verification Process Block

Diagram

Matlab

Input for

test bench

along with ﬁ
output for
verification

VHDL

VHDL DFX
Calculator.
Used
inputs X
and Y from
Matlab for
test bench

Matlab

Data
msy Conditioning
and plotting




Matlab Flow Chart

Random X
and Y
operands
Generation

Outputs of
calculation from
Matlab and
VHDL

|

DFX format
conversion of
X &Y for
input for
Matlab and
VHDL
Calculator

¢

Generation
of text files
for both i/p
and o/p

|

Floating point
conversion of
both outputs
from Matlab
and
VHDL(DFX
formatted)

v

Plotting of
both outputs
for comparison
of
performance
and validation.




Code Snippet

= 1& = ramnd{([1,31D20]7) — B8 £ o random number generasator
o= A& = ramd ([, 3130307 ¥ — 8 T w random Dmumber generator
= 8 T Toctcal Dnmumber of EBEics
2 Dmumd EBEounmdrw
21 = —27({{(m—1))—2% o= =
=2z = (2™ (m—21 )y —2 ) — Ay P S
Z muamdl DBDouamdrwy
al = —2™ [(m—3—2) 2
az = (2™ (m—=—23 ) — 27 —=) =
rr = guanti=er (" Eix=ed" , [T S1) = EF muamid FFx Fform
g == guantcizer [("fimxed", [T 31): T muaml Fffx Fform
Ffor © = 1:100
if =m(r) > bl && =) == b2
XFxFilbin{t} = numZbin(r,x{(t)):; 3 num 2 bin for =x with numd fx form
yErFfFlhin{t} = numZbin{r,y{(t}); %F num 2 kbin for yv with numld fx form

else
XFfxFi1bhin{t} numZbhin (g, x{(t)):; % num 2 bin for x with numl fx form

yEFxflhin{t} = numZ?bin{g,y(t)); F num 2 kbin for yv with numl fx form

end

= ernd

% Loo=sing precision for generating DFX like number
% 100¥1 Double

®XEfxfl = cell (l1,100)
vEixfl = cell(l,100):
Ffor o = 1:100
if x({o) > bl && =x(o) <= b2
®f=xfl (o) = binZnum(r,xfxflbkin(o) )
vF=xfl (o) = binZnum(r,vExfilbin{o) )
else
®xf=xfl (o) = binZnum(g,xfxflbkin(o) )
vF=xfl (o) = binZnum(dg, vExflbin(o) )
end

- end




Code Snippet

2 Cowvertcing char arraw (1L0O03X7T) Stcring (10031 ce11) For “WHDL
FfxFflhbincell = cellstr ::-:f:-:flbln} H
wifxFflbhbincell = cellstcr(yvEfxFfilkbin) 5
mFmFfilbimwvihdl = ocelld (1,3100) 7
wExFflbinwvihdl = cell (1,3100) ;
-]l for d = 1:100
if =m=fxF1{d} >= b1 &£& =xfxFfl{d} ==k23
xFfxFflhinwhdl (d) = strcat(("0" =xfxflhidnce1ld (4A) ) 7
else
xfxFflbinwvihdl (d) = strcat("l' . xfxflbincelld (4d) ) 7
erd

— ernd

T Addition numl or
Efor 1 = 1:100
if =fxfladd(l)
ovadd (1) =
el=se
ovadd (1) =
ernd

el=ss

add{l}
end

— 2nd

if wfxF1{d4dy >= b1 &£& wfxFfFl{id}: ==k2

wfrfilbhinwvhdl (d) = strcatc("O0", vExFflbhincel1 (4A) ) 2
elss

wFrxfilhinwhdl (d) = strcat(("l" , vEfxflbinc=11 (4) ) -
ernd

numd conversion with overflow flag

== al || =zfxfladd(l) >= a2z
1:

a:

if =fxfladd(l) >= bl &£& z=zfxfladd(l) ==b2
zfinadd{l} = nmnumdbhin(r,zfxfladd{(l)) »
add{l} = strcatc("0",=zfinadd{l1})

2fimadd{l} = numZbin(g,=fxfladd (1} ) -

= strcat("1l",zfinadd{l1}) :



Plot for DFX8 5 3

DFX Addition Analysis
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DFX Subtraction Analysis
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Plot for DEX 8 5 3

DFX Multiplication Analysis
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Plot for DFX 16_10 17

DFX Addition Analysis
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DFX Subtraction Analysis
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Plot for DFX 16 10 7

DFX Multiplication Analysis
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DFX Division Analysis
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Relative error in both models w.r.t

Matlab model.
Addition -0.0529
Subtraction 1.3037

Multiplication  0.0198

OAKLAND Division -2.9183e-04
UNIVERSITY.




Resources used in VHDL

LUT used in 16_10_ 7 |24 15 10|32_20_15
Operation

Addition &
Subtraction

Multiplication 73 187 302 353

Division 84 190 346 443




Time required for 1 operation In
VHDL

Addition & Combinational
Subtraction

Multiplication 8 Clocks
8 53
Division 16 Clock

Whine |~ 8-53




Challenges Faced

 VHDL
MATLAB




DFX IP Package
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DFX Calculator Demo

fromm s mmany smnge

#define DELAY 1000000

/* Define the base memory address of the led_contreller IP core */

#define DFX_ALU BASE @x43C0000@ // sometimes the xparameters.h is wrongly created with the wrong
// low address for MYPIX peripheral
// always lock at the Address Editor for the correct address

'//high part A, low B

//sub A-B

/* main function */

u32 operand_B_addition = @xBBBBab®4; //A=Bxab B=BxB4>> expected output BxAC
u32 out_adds=g;

ug adds=g;

u32 operands_subtraction = @x@e@lbcab; //A(x) - B(y) »» A=Bxbc, B=Bxab »» expected output @x96
u32 out_subd=8;

ug subB=h;

|uE ov=0;

u32 operandd_multiplication = @x@@e17405; ;//14>»A=0x74, B=0x@5>> expected output @xE0

u32 out_muld=g;

ug muld=e;

u32 operands_division = 8x8@@1d6af; //dividend(A=y), Dsr (B=x) »» expected output Bx64
u32 out_dive=g;
ug divi=9;

DFX_ALU_BASE
operand_8_addition : u32
out_add8: u32

add8: u
operandB_subtraction : u32
out_sub®: 032

subB: 0l

ov:ud
operandB_multiplication : 132
out_mulg : u32

muld: ug
operandB_division : u32
out_divd: ui2

divB:ul

mainfvoid) : int

e @ @& ® ® ® ¢ ¢ @O ®E® D H:

E_( thlems|aTaslrs‘ E Console| =] Plopeﬂia[E SDK Terminal &2 e ¥ 7= 0 SDK Log &2 l
Connected to: Serial { COM7, 115200,0, 8) 16:@9:52 INFO
16:89:52 INFO
DFX ALU test begin 16:09:54 THFD
Input value for addition: 000DAB4 16:10:11 TNFO
16:1@:21 INFO
Output value for Add8: AC
. . 16:16:26 INFO
There is NO overflow in add8! 16:16:27 THFD
Input value for subtraction: Q001BCAG Qutput value for Sub® 96 o
- - 16:16:29 INFO
There is NO overflow in sub8! 16:17:46 THFD
Input value for multiplication: 00017405 Output value for Mul3: 80 o
. . 16:17:53 INFO
There is NO overflow in mul8! 16:23:47 THFD
Input value for division: 0001D6AF Qutput value for Divé: 64 1612348 THFD
. - 16:23:58 INFO
]
E::r:;;el\:to overflow in dive! 16128114 THFD
16:24:18 INFO
16:25:17 INFO
16:25:17 INFO
16:25:28 INFO
16:27:19 INFO
16:27:27 INFO
L4

¢ Connected to target on host '127.8.8.1" and port '3121°.

: 'targets -set -filter {jtag_cable_name =~ "Digilent Zybo 218279655
: FPGA configured successfully with bitstream "C:/final prj595/projec
¢ ps7_cortexa9 @ Processor is in use. Please stop existing Run or Del
: Processor reset is completed for ps7_cortexad @

: Connected to target on host '127.8.8.1' and port '3121°.

: 'targets -set -filter {jtag_cable_name =~ "Digilent Zybo 2182796554
: FPGA configured successfully with bitstream "C:/final_prj595/projec
: ps7_cortexad @ Processor is in use. Please stop existing Run or Del
: Processor reset is completed for ps7_cortexad @

¢ Connected to target on host '127.8.8.1" and port '3121°.

: 'targets -set -filter {jtag_cable_name =~ "Digilent Zybo 218279655
: FPGA configured successfully with bitstream "C:/final prj595/projec
¢ ps7_cortexa9 @ Processor is in use. Please stop existing Run or Del
: Processor reset is completed for ps7_cortexad @

: Connected to target on host '127.8.8.1' and port '3121°.

¢ 'targets -set -filter {jtag_cable_name =~ "Digilent Zybo 2182796554
: FPGA configured successfully with bitstream "C:/final_prj595/projec
: ps7_cortexad @ Processor is in use. Please stop existing Run or Del
: Processor reset is completed for ps7_cortexad @

Writable Smart Insert Té:




Thank you!
Questions?




