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Dual Fixed Point Background

Standard Numerical Representations:

. leed and FIoatmg Point:
* Floating point features a large dynamic range at the exPense of a large
resource usage on the other hand fixed pomt requires fewer resources but
it delivers low dynamic range.

* Dual Fixed point (DFX):
* This numerlcal re?resentatlon is a compromise between Fixed an Ioatln%
pom%num er system, it overcomes the limitations of Fixed and Io t poin
numbers

* For applications such as Digital Slénal Processing where a large dynamic range is
reqwred using the f oatmg point data representation

* The DFX has Exponent and Significand, deﬁ)ends on the exponent value DFX can
have two types of scaling: numO and num

* For the project DFX calculator we are using the DFX number system



DFA Process &
Formulas

* As part of the pre scaling convert the DFX to FX
* Process the data for Fixed point Addition/Subtraction/Multiplication

* As part of the post scaling convert FX to DFX

Pre-scaling |= | Add/Sub/Mult | = | Post-Scaling

» Range for numo0: [—2""Po~2 2"~Po~2 — 2=P|
* Range for numl: [=2""P:i=2, —20=Pe=2 _ 2=Ps| y | 20Pe=2 20-Pi=2 _ 2P|

2" -1
¥ Unsigned numbers with n bits: % = 2" — 1 = Dynamic Range = 20 log;,(2™ — 1) dB
. " |_2n- l-pl
v Signed numbers (2's complement): [n p] I 2"-1 — Dynamic Range = 20log,,(2""') dB
. |=2n=2=pu|
v Dual fixed point (DFX) numbers: n_p0_p1 T 2"=2"P1*Pe _, Dynamic Range = 20 log,o(2"2"P+*P) dB

Dynamic range=20log10(2n+p0-p1-2) dB



Benefit of using DFX over
Fixed & Floating Point

By choosing the right scaling, DFX can have similar performance to
fixed-point and also having the capability of handling a wider dynamic
range of the Floating point.

Table 1. Dynamic Range Comparison. The DFX is 32 bits wide,P0O =16 and pl=4

e R e

Format 32-hit 32-hit 32-bit IEEE
Dynamic Range 28 ~276dB 28 ~187dB 27+ ~1529dB
Ref: IEEE document/1515822
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File Hierarchy

dfxaddsub fifointf

P

dfx_addsub dfx_addsub _

my_addsub dfx_addsub_rp




State Description

S1: If there is data to be read,
it will start execution

S2: Input data is written into
memory

FSM

S3: Read the first byte of
multiplexor

S4: Read second byte of
multiplexor




Hardware/ Software

Tasks

Hardware

Input data is read from axi_wdata.

Digital Systems perform processes.
(DFX Multiplier/ DFX Adder).

Output data of Digital Systems is sent to
Multiplexer (2 to 1).

FSM will trigger output FIFO to read first
set of data and then the next set.

Data is output on axi_rdata.

Will take User input.

Provide input into AXI Interface.

Read output from AXI Interface.

Parse the data according to operation.
Determine if there is overflow.

Print results to User.




DFX Adder/ Subtractor

Prescalar A mbbic
* Remove exponent bits B e
* Align (n-1)significands
* Truncation, Sign extending -f M1,

MSBs 3
£

Addition/Subtraction
Addsub=0 or 1
Additionx/subtraction of two (n -
1)-bit significands

MN-1,

By By

Postscalar

*  n-bit FX result must be
converted to n-bit DFX
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DFX Multiplier

clk

v

A 4

resetn

\4

A 4

A 4

N=16

A(N-1) bits
B(N-1) bits
F(2*N-2) bits
Dfx_P(N) bits

A

A 4

\ 4

F=A*B
(signed)

AN-1)

A 4

Range
Detector

Dfx P




DFX Multiplier Range Detector+ Bit slicing

Bit Slicing Multiplexer
A \I;\\\\\\\\
B
30(F) 1 15 16
C 2 [
D 3 ECTRL
16 8 SCTRL
l l Control
RDL | ,
RD2 [ 1 ERD [ [
R_D3 2 A(N-1) B(N-1)
Range

Detector

A(N-1)

L = = = O O O O

B(N-1)

- = O O = = O O

ERD

R O B O r»r O = O

SCTRL

01 (B)
11 (D)
00 (A)
01 (B)
00 (A)
01 (B)
10 (C)
00 (A)

ECTR

R O B O B O = O



Test bench Simulation : Input A = FA2A ; Input B =

Difference
Product

HName

& T
« MAX_B

> & A[5:0]

% B[15:0]
W R[15:0]
% Sub[15:0]
W P[15:0]

> & _in[31:0]
» B N_next[31:0]

B DO[31:0]

& DI[31:0]

ey

B S_ANI_RDATA[31:0]
& s00_axi_wdata[31:0]
B Az[14:0]

& Bzl14:0]

& F[29:0]

e Erd

e E_rdet1

e E_rdet2

e E_rdet3

10000 ps
100

faZa

Dale
faca

fd8a

c552
facaf9ga
c5520000
facaf9da
fa2alale
52
00000000
00000000
TaZa
Dale
3fch524c
1

0
1
1

240 ns

350 ns

360 ns

IIIIIIIII
L

370 ns

38

390 ns

[ n=
IIIIIIII

400 ns

10000 ps

100

fafa

Oale

faca

£38a

cSEE

facaf33a

cEEz0000

I
facaf38a x

— 3

I
cEEz0000 ¥

I
facaf38a

fazalalea

oz

I P S G L |

I
oooooooo

T
facaf38a

= I

oooooooo

Jafa

Oale

2fcEEEdc




Test bench Simulation : Input A = A004 ; Input B =

Name 280 ns 200 ns 3EZ0 ns 2340 ns 360 ns a0 400 ns=s

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIJ-IIIIIIIIIIIIIIIIIIIIII IIIIIIIII

& T 10000 ps Lloooo psl
I MAX_B 100 ' Too :
W A[15:0] 2004 5000
W B[15:0] b1ca 5000
W R[15:0] d1c7 5000
% Sub[15:0] eed o000
W P[15:0] 9270 o000
B _in[31:0] di1cieed DDDDDDIDD
W N_next31:0] 92708000 Go000000
& DO[31:0] d1c7eedq 50000000

I
W DI31:0] al04b1c3 00000000

ey 52 2z X 23 X 24 X 37

¥ S_AXI_RDATA[31°0] 00000000 ' ooooooon ' T aleTeedl
W s00_axi_wdata[21:0] | 00000000 ab04bles ) “Gooooooa
W AZ[14:0] 2004 ooo0 zoo4
W Bz[14:0] 31¢3 ooan 13
Lo F[EE![J] 0639270c DDDDDD‘DD DEISSZ'?DC
e Erd 1
e E_rdet1 1
e E_rdet2 1
]

e E_rdet3

I
alod

I
ble3

I
dle?

T
eadl

I
270

T
dlc7eesdl

I
SET02000

I I I
dlc7eedl }(92?0... )( dlcT7esdl

T T T
alldblecz

e T el Tl T Tl Tl Tl el




Test bench Simulation : Input A = BEEF ; Input B = FADE

& |C_S00_AXI. ER_WIDTH 1
T 10000 ps 10000 ps
« MAX_B 100 100
B A[15:0] beef oooo
¥ B[15:0] fade oooo
¥ R[15:0] bh9cd ]
B Sub[15:0] c411 oooo
W P[15:0] cfod oaooo
& _in[31:0] b9cdcd 1 oooooooo
& M_next[31:0] cfa40030 oooooooo
i DOf31:0] b9cdcd11 ooooooon
W DI[31:0] beeffade oooooooo
8y 52 52 D D
I I I
M S_AXI_RDATA[31:0] cf240080 00000000 Y bIcacdll c£940080
& s00_axi_wdata[31:0] 00000000 I oooooooo :
W AZ{14:0] 3eef o000 ' Seat
% Bz{14:0] Tade Bo00 ' 7ads
W F[29:0] Jebcfad42 00000000 3ebcigaz
e Erd 1
e E_rdet1 1
e E_rdetZ 1
e E_rdet3 1

T
beaf

T
fade

I
bacd

I
cdll

I
cfod

I
b3cdeo4ll

I
cf£340080

I I
b9cdodll }( EEER }( b9cdodll
I

T
bhesffade
T

el L e R el el el el e

**Calculation of Multiplication on next slide
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A=BEEF (1011 1110 1110 1111)
B=FADE (1111 1010 1101 1110)
A(n-1): 1, B(n—-1):1

F= A*B (=zigned multiplication)
=(3EEF) * (TADE)

MName
fﬂ my_bitcmp.m
fﬂ my_dec2fi.m
fﬂ my_fx2dec.m
ﬂ test.m
|| Test2.asv
ﬂ Test2.m

| =3EBCF%42 % 111110101111001111100101000010

The number is in format[30 8]

For bit slicing, [30 8],E=1, 18 downto 4

F¥ {30 B]-»>DFX [le B 4]
zince numl, therefore,

3EBCF542->1100111110010100 (CF34)
CF54

Details A

Workspace @

MName Yalue

A 1.0068e+03

B -821250

jzoe| C '11111010111100111110010
o F -8.2695e+04

Multiplication Verification
(Manual and Matlab)

U
my_fx2dec.m my_dec2fi.m

1 -

3 = F = A*B

H

5 — C = my decZfx(F,30,8,"'s")

€

Command Window

»>» Testi

—-8.265%5e+04

my_bitcmp.m

111110101111001111100101000010

o

>

iy n e ——

TestZ.m



Softwar
e

Jfm e m e INPUT DATA HERE - === === === m e e e e e —

//Enter Input A & Input B as 1 word.

J//Example: Input A = FA2A ; Input B = ABABE ===> input = @xFA2ABABE
J/ input= BxFA2ABABE; // no overflow >‘ TR .
J/ input= @xABBABLC3; // has adder overflow User WI” InpUt the date here In
/f  dinput= BxBEEFFADE; // has subtracter overflow the format Of Oxaaaabbbb

J i mmm AXT WRITE DATA---- - mmmmm oo s mmommmmmooooo oo )<

MYDFXADDSUBINTR mbriteMemory(baseaddr + 8%4, (input));
il printf ("Input A = 384X, Input B = EedX\r\n", (inputfexFFFFeee8)/exleess, inputiex8BREFFFF);

Mem32Valuel
Mem32Value?2

MYDFXADDSUBINTR_mReadMemory (baseaddr);

MYDFXADDSUBINTR_mReadMemory (baseaddr); >— The OUtpUt data IS then read
and parsed accordingly.

sum = (Mem32Valuell@xFFFFeaaa)/exleeea; //Parsing for soluticns
diff = Mem32ValuellBxBBBBFFFF;

prod = (Mem32Value2&@xFFFFR208 )/ 2xleans ;

of = Mem32Value2&Bx@@@aFFFF; //Overftlow

= mm e PRINTING SOLUTIONS-=-=-================== == mmm - —<
if (of == ex00000100) //If Addition has OVERFLOW

1
il printf ("Sum = Overflow, Difference = ¥@4X, Product = HedX\r\n", diff, prod);
h
if (of == exeeeeaeel) //If Subtracticn has OVERFLOW Dependlng on Whether or not
{ . .
xil printf ("Sum = %e4X, Difference = Overflow, Product = ¥B4x\r\n", sum, prod); there IS OverﬂOW, the reSUItS WI”
i be printed.
if (of == oxeeoeeses) //IT NO OVERFLOW
1
#il printf ("Sum = ¥@4X, Difference = ¥p4X, Product = ¥edX\r'n", sum, diff, prod);

} -



SDK TERMINAL

Condition

SDK Terminal

Calculations with no Overflow

Calculations with Overflow in Addition

Calculations with Overflow in Subtraction

AXl4-Full DFX Calculator Peripheral: Test
Peripheral: Base address is O TAADDDOD

Input A = FAZA, Input B = DADE

Sum = FACA, Difference = F98A, Product = C5352
AXl4-Full DEX Calculator Penipheral: Test

Peripheral: Base address 15 Ox 7TAADDDDD

Input & = ADD Input B = B1C3
Cum = Gverfluhifference = EE41, Product = 9270

AX|d-Full DEX Calculator Penpheral: Test

Peripheral: Ease address is Cx 7AADDDDD

Input & = BEEF, | =
Sum = B9CDifference = Owverflow) Product = CF34




Project
Responsibilities

Oshin Gupta -Creation of DFX Multiplier & Testbench (Digital System)
-Assistance in Bus Interface
-Circuit Block Diagrams & Test Bench runs in presentation

Chandra Kasimkota -Research of background for using User inputs in SDK Terminal
-High level diagrams in HW/report
-Background of DFX slides of presentation

Tahmid Uddin -Bus Interface between circuits & AXI Full Interface
-Software Implementation
-System Diagrams in presentation




Conclusion

* Challenges
* Multiplier
* Next steps
* Adding the Divider Circuit

* Adding User Inputs
* Add on-the-fly reconfigurable portion to set PO & P1



