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INnfroduction

» Dual Fixed Point(DFX) is new compared to Fixed Point(FX)
and Floating Point(FP).

» Uses less resources compared 1o FP.
» Higher precision compared to FX.

» Applied the knowledge acquired in class in designing
the DFX calculator



Operations in DFX Calculator

»  Multiplication
» Division
» Expanded Hyperbolic

Features

» DMA fransaction on AXI full- mulfiple data writes and reads.

» Pipeline architecture — There is an initial latency and then results are seen
continuously.

»  Signed 32 bit operand support.
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Interface Block
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» Due to different number of inputs in operations, we have
maintained 4 inputs and outputs for simplicity.



Input State Machine

iempty=0 | i;mf[;)tl\l.'fi}
& ofull=0 ofull=0

irden<-1

operation

iempty=0 iempty=0 start_div<-1or
& ofull=0 & ofull=0 -
start_mult <- 1 or

start_hyperbolic<-1

irden<-1, Eri(2)<-1 irden<-1, Eri(0)<-1




Output State Machine




Pipelined Divider
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Pipelined Expanded Hyperbolic

YVit1 = Yi —ox;(1— 2:'.—2)

{ Xiy1 = X —0y;(1— 2:'.—2)
Ziy, = Z; + Stanh™ (1 — 2172)

Fori >0,i =0,1,2,...,N

Yit1 = Vi — 5xi2_i

{ Xip1 = X; — 6y;27"
Ziy1 = Z; + Stanh 127!

fori= 4,13, we need to repeat if.



Pipelined Expanded Hyperbolic

In rotation mode:

5_{+1,if2550
— —1,ifzi:>0

Xni1 = Ap(Xin cosh(zy,) + yinsinh (zi,))
Yn+1 = An(Xin sinh(z;,) + yincosh (zi,))

Zny1 =0

Then convergence range is‘: |z;n]| < 9.66581

In vector mode:

—l,lf XiVi < 0

n+1 — Zin + tanh_l(yin/xin)

Then convergence range is: [tanh™ (v, /xin)| < 9.66581




Pipelined Expanded Hyperbolic
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Pipelined Expanded Hyperbolic

y=atanh (x},x=-0.99,0.99

yin

1 0.01 0
0.990156 -0.97438 2.422094
0.04623 -0.01516 0.350526
0.022017 0.02818 -1.36047
0.007353 0.000165 -0.01244
0.007236 -0.00535 0.960513
0.004558 -0.00174 0.411207
0.004124 -0.0006 0.155794
0.00405 -8.2E-05 0.030137

0.004044 0.000172 -0.03244

0.004039 4.52E-05 -0.00118

0.004038 -1.8E-05 0.014441

0.004038 1.36E-05 0.006629

0.004038 -2.2E-06 0.010535

xwaf\/v\w| ,FN| H‘\AW\ ANMAANWAN l . 0.004038 5.73E-06 0.008582
|| | ‘ , 0.004038 1.78E-06 0.009553
!

nelatwe dlﬂerence bet\men dfx and matlab 6 X 1p3 difference between dfx and matlab,y=atanh(x)

0.004038 -1.9E-07 0.010047

|
\ || ' W1 ” || |
| H ‘ 1 0.004038 7.98E-07 0.009803

., | d ' N“ ||
Hh j”/ i V |'J| |MH

0.004028 3.05E-07 0.009925
0.004038 5.89E-08 0.009986

i
| i | H i |
| | | ‘\H

‘ - . 0.004038 -6.4E-08 0.010016
0.004038 -2.7E-09 0.010001

‘ X:-0.01
|| Y:-0.1467




Pipelined Expanded Hyperbolic

. 10°® relative difference between dfx and matlab,cosh
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f=cosh(x),x=-9.65,9.65

difference between dfx and matlab,cosh
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f=sinh(x),x=-9.65,9.65




Pipelined Expanded Hyperbolic

f=exp(x),x=-9.65,9.65
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Pipelined Multiplier

Arithmetic

. Signed number to unsigned number.
. Two DFX inputs with N bifts.

. After multiplication, the result is 2N-2 bifts.
. Three situations: N0 x N0, N0 x n1, N1 x n1 which has 2p0, pO+p1, 2p1

fractional bits respectively.

. Use range detector to determine if the resultis nO or n1,
. Unsigned to signed.




Pipelined Multiplier

Behavieral Simulsation Functional sim_1 — th_dfsmul
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dfx_overflow
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Pipelined Multiplier

b.46225394075

6.4622539407

b.46225394065

6.46225394 06

46225394055

26.9999325 26.999933 26.9999335 26.999934




Project Management

Effort
» Furzana : Divider, FSM
» Jing . Expanded Hyperbolic, MATLAB scripts

» /hongda : Multiplier



Conclusion

»  Apply the knowledge of DFX arithmetic in coding.
»  Apply the knowledge of different interfaces between FIFO and IP.

Future Work

Increase the operations supported such as power and exponent.

\ 4

» Test more dual fixed format to find out the most suitable one.



