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Objectives

® Design Parametric Floating Point Arithmetic Logic Unit
*» Addition

¢ Subtraction

*» Multiplication

® Interface the FPU to a ARM processor via an AXI4 lite bus.



IEEE single and double precision floating point representation

This figure shows the IEEE single and double precision

floating point format. Single Precision
S exp mantissa
® Where s is the sign bit. [ |
I 2
® Expisthe exponent, it depends on the binary number size. -
* 15
® Mantissa, also it depends on the binary number size. s exp mantissa
0 |
® Bias singleis 127 and double is 1023 _’H‘ p— 5
[* 64 bits
Double Precision




IEEE-754 Standard Representation

® The representation is as follows:

sign bit | biased exponent significand
X =41 f x2% 1 etbias f
. - >l . >

Significand: f is the mantissa. We should add 1to the beginning of the mantissa before start addition/subtraction.
Significand range should be [1,2 - 2"-p] =[1,2)

Biased Exponent:

> Eis the number of the bits.

> Bias =127 or 1023

> e=exp - bias



Floating Point Addition/Subtraction Equations
b1=ts1*2"ef, s1=1.11
b2=ts2*2"e2, s2=1.f2

® Dl1+tb2=ts1*27el + s2*2"e2



Floating Point Adder/Subtractor Sign

® An add-subtract operation has
three sign inputs, a_sign, b_sign,
and op.

® We can transform the normal
equation into one that better
serves the output floating-point
format.

-a+(-b)
-a-b
-(a+b)




DESIGN OF FLOATING POINT ADDITION/SUBTRACTION

el and e2 input

e Flow Chart Diagram

Yes NO
swap fx=f2, fy=f1, subtract el —— ep=e2, no swap here for f.
from e2, and shift sx to the right
r

ep=el, el subtracts i to A ep=e2, e2 subtracts i to
get the final e get the final e

Add the sign number and find the
2’c for s1 and s2

!
S1 +/-s2 ]
:

Normalize to get
the final f




Normalized left shift

- The normalized left shift in the post-normalization step removes leading zeros.



DESIGN OF FLOATING POINT ADDITION/SUBTRACTION .... Cont.
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Addition Simulation Part 1

Mame

E-® num1[63:0]
% num2[63:0]

Value

D.DDDDq ms

0.0000Z ms

0.00004 ms

D.DDDD% ms

D.DDDD% ms

0.00010 ms

0,000l ms

0.00014 ms

[+ B ) fP.xpected[GS:D

- B testSum[63:0]
1§ testAddSub
1k expWidth
1% fracWidth

0.0

925

0.0

1.

9_2E

10.5

S5013.4563

186247256

S.EE

1l0.E

S.EE

126247 ZEE

E01l3.4E63

19126

_F1ES

1
Z.
z
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Addition Simulation Part 2

MName

oy - M num 1[63:0]

- num2[63:0]

i 2™ expected[63:0]

-9 testSum[63:0]
1l testAddsub

d x| B ThirtyTwoBitFloPAddSub_tb_behav.wcfg* X

3.0
6.75539944105574
6.7553994410557]
6.7553994410557]
0

000021 m=

D_DDDZq ms

000022 ms

000022 ms

0O.000Z40000

0.00024 m=s

D.DDDZ% ms

D.DDDZ% ms

D_DDDZW ms

0. 0oozg

53.33333

3333333

3

u}

-10.5

2.96676514467627e-307

3.74515403

S263lee+307

6_75539944

LOES74e+lE

1.35107538

Ezlllietls

-9.Z5

L3.3333333333333

3.74515403

S263lee+307

6_75539944

LOES?5e+lE

1.35107538

Ezlllietls

-15_75%

L3.3333333333333

3.74515403

S263lee+307

6_75539944

LOES?5e+lE

1.35107538

Ezlllietls

-15_75%




Subtraction Simulation Part 1

FourBitFPAddSub_th.vhd x| B8 ThirtyTwoBitFloPAddSub_tb_behav.wcfg x

Mame Value
EI_EIEIEIDDI ms 0. 0000Z% m=s 0.00004 m= D.DDDDSl ms 000008 ms IJ_IJIZIIZIlEII ms 0.0001Z ms

- W num1[63:0] . 0.0 .25 0.0 3.8 z 1.5
B num2[63:0] . a_z5 Z. z.5
M expected[53:0] . a. -9.25 1.

|+ B} _ 0. -9.25 1.

1l testAddSub
1k expWidth
Ik fracWidth

5
1] - 1. -1.0
o

-1.0




Subtraction Simulation Part 2

ourBitFPaddSub_th.vhd - % | B ThirtyTwoBitFloPAddSub_tb_behav.wcfg x

Mame

.000LE ms 0.00018 ms 0.00020 ms 0.00022 ms .00024 ms 0.0002g
T R P T T S AN NN T I AR B
-8 num 1[63:0] 1018.952 -

1018952 143 g4l etl? 53893 = I5 == o
XM num2[63:0] 143.841 . 143,841 1013, 952 5.3E93
] '\‘” w 875111 -875.111  §
-® testSum[53:0] 875.111 g75.111 -57E5.111 Zetl7 —3etl7
1 testaddsub 1
1k expWidth
1k fracwidth

ms 0.00028 ms

—-1018.5352 1l0138.352 -1l015.952

Zetl? 143.541 -1l43. 881

-1162.733 | [EEF

{-g75. 111

&
Jet+l? —3et+l? 0.
ju)

—1llgz.7593 k]

-275.111

Sub_th/fr




DESIGN OF FLOATING POINT MULTIPLICATION EQUATIONS

e bl =+51*2"el

b2 = £52*2"e2
o bl x b2 = (£s1*2"el) x (£s2*2"e2) = £(s1 x s2 )2N(el+e2)
o s=(slxs2)e[l,4).



DESIGN OF FLOATING POINT MULTIPLICATION

e Sign Bit Calculation
e Multiplying two number’s
result is a negative sign if one

of the multiplied numbers is of A A | B | Y=A%ZB
a negative value. By the aid —  Y=AFB

of a truth table we find that B jj :’J 010 0
this can be obtained by 0 1 1
XORing the sign of two i ? é

inputs.



DESIGN OF FLOATING POINT MULTIPLICATION .... Cont.

Flow chart Diagram

Is
numl=07?




Multiplication Simulation

B SixtyFourBitFPMult_tb_behav.wcfg* x

MName Value
ams 2HS 0.00006 ms 000007 ws 0.00008 ms 0.00008 ms 0.00010 ms 0.00011 ms 0.0001% ms 0.00013 4

EOl2]4E63 —2. 6485

B num1[53:0] -8.6439 R
™ num2[53:0] -96632.223 10
B expected[53:0] 835752.4335047 57,
™ testproduct[53:0] 835762.4335047 27

. 5 136247, 256 —S9E63Z.EZ3

Lzt S3374E2472 . 050013 SRLE7EE. 430REE047

Lzs SEITLZ4VE. 50513 S3ETEE.43EE047




Floating Point Top Circuit

EEmE E=R

Multiplication Add/Sub — addy/sub
sel 1
0 0 Add
0 1 Sub
answer
1 0 Mult
1 1 Mult




Top Floating Point Arithmetic Circuit Simulation

Name
ame 0.00000 ms 0.00001 ms 0.0000Z ms 0.00002 ms 0.00004 ms 0.00005 ms 0.00008 ms

- M num 1[53:0] 406 1fae978d4fdf4 40b39574d013a9za 4061 fasd7odd £did 40b35574d013aBza
- M num2[53:0] 408fd79db22d0e56 4106bcZalcdSbate 405 £d79dbzzd0=5E
- answer[63:0] c08b58e353f7cadd 410758e5pZcak?a? c08b58e3E3 £7ceds
'\l'_ _ 410758eEb2catTas cO8bEEe3Es fToadd 4lchd3e3c77oblRE3
-84 op[1:0] 01 opn oL 10
& expWidth 11

12 fracWidth 52

41l06bc2alcdSbiale

41lchdZe3c7?73H[7EE




Addition/Subtraction/Multiplication AXI4 lite Interface

(63,32)
- (63,32) -
» inl
(31,0)

(63,32) - in2
-— ~ Mult/Add/Sub

(4).(0)

0] 0] Add
0] 1 Sub
1 0] Mult
1 1 Mult




IP Block Diagram
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processing_system?7_0
PTP_ETHERMNET_0 -3
DDA -
FIXED_IO ..
1C_0-%

SDIO_0-3
USBIND_0 2.

MA1_R0_Aak 7NN

M_AXI_GPD - i

FOLK_CLKD
FOLK_RESETO_N

> oor

Z¥YNQ7 Processing System

rst_processing_system7_0_50M

processing_system?_0_axi_periph

et syne_dk mb_re
n bus_struct._reset[0:0]
¥_reset_in peripheral_reset]0:0]
_debug_sys_rst interconnedt_anesetn[0:0]
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Challenges/Improvements

- Challenges VHDL

- Improvements Testbench and Divider



Any Questions?

Thank You



