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Abstract

In this paper, we suggest a method for designing and implementing of multilayer
Perceptron (MLP) neural network based on backpropagation (PB) learning algorithm. The
method is described using very high speed integrated circuit hardware description language
(VHDL), that used in developing the designs of a very large scale integration (\VVLSI). Firstly
artificial neuron with sigmoid activation function has been designed and implemented which
is considered as a basic unit of MLP. The MLP network is trained by BP algorithms, in the
Matlab environment in order to obtain the ideal parameters of the network. Then hardware
implementation of MLP on FPGAs, of types Spartan 3E and Virtex4 is achieved by using
integer format and floating point format respectively . A comparison is done between the two
arithmetic formats of MLP implementations on FPGAs.

Keyword: MLP neural networks , floating-point (FLP) arithmetic, FPGA, VHDL.
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operand ,=sign ,&e,& frac
perand =sign . & e, & frac
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o o
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frac = frac ,® frac
sign , = sign  , xor sign |
. |

Round ( frac )
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(2) Jsaall & e ge S 2y sanpadl Ay Aualal i sladd) 243

wsehandl s 2wl (LUT) dleddl Jsaa (2) Jsaall

Net Net(hex) A A(integer) | A(hex)
4 40800000 1 32 42000000
3 40400000 0.968 31 41F80000
2 40000000 0.875 28 41E00000
1 3F800000 0.718 23 41B80000
0 00000000 05 16 41800000
-1 BF800000 0.28125 9 41100000
-2 C0000000 0.125 4 40800000
-3 C0400000 0.03125 1 3F800000
-4 C0800000 0 0 00000000
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MNow:

4200 ns 0ns 240 1680 ns 2520 3360 ns 420

F @ p1[31:0] 32'h... 32'h3IFS00000

= = p2[31:0] 3h. TZ'h40000000
# = p3031:0] 3zh... Zz'h00000000

2 ik 1 | | | L] | | | | | | |
Ml reset 0 N
7 @ al31:0] 3zh. 32'h41800000 % 32h41E00000
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ASlgiwall ol adl (adle e dac A0a 0 8 deadiea)l ) e on A (3) Jsaal maa
Al A8l aadn Ll (xc3s500efg320-4) (Spartan 3e) ¢ s— (e (FPGA) day 54 e anl) xie
(Xilinx ISE 8.2i [7]) 4Llsia)

L 48 340 gadla (3) Jead

Neuron Type Sigmoid Floating | Sigmoid Integer
No. of Slices (4656) 1893 33
No. of Slice flip flop (9312) 1183 28
No. of 4input LUT (9312) 3483 58
No. of I0OBs (232) 130 21
No. of GCLK (24) 1 1
Total No. of gates 36113 665
Time Summary
Min period (ns) 17.023 9.760
Min input time before clk 4.992 2.327
Max output time after clk 4.780 4.74

reilihl) Sasie dnae 405 M43 4
LY da s aladiuly Loy o alia L dneleY) 43l <y el sadeie dguac A0l 34855 aganal o
COlalaad) Sy (Matlab) dose s &) alasiuly Loy 40 (9) JSAN 8 daia se deaaal) 4S8 L uSad)

LW(1,1)

B(1) :
306 -0.05
TW{113|(-25 08
1.43 1.7

. [ b{1}[-6.3¢ -309 -0318 ] :]
ieaad) dauasl 480 (9) J
diay JS5) Al aVlay (p1,p2) o dus Asgaaall dacY) diua aladiuly 4,40 20 (10) JSA) s
Aabl s8las (11a)  JS8) A daia s arenal) 38w (12 bit) <03 #) A (1) 4zl 5 L) clk |, (4bit
JSal 5 pas) g dpnac Ala s A 5 D Ak 3lSlak (11b ) JSE)  Apsae LA SO A ) I SY)
(Ledasly A<l apaiaill 5\SLas (11c )
SED o)

—

LW(2,1)

>®—> 7
B(2)

[ wi{2l[l.o4 -1.45 1.157 ] ]

—_—
y

b2 [- 0.5 ]

8385 Asemnl) 4030 (10) Jo
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Moww:

1200 ns

# @l pp1[3:0]

@l pp2[3:0]
ZM clk

# @l aal[7:0]

# @l aaz[7:0]

# @l aad[7:0]
20N vy

PR LIV

= s307:0]
= s4[7:0]
= s5([7:0]
=M clke
20 =en
= oar11:0]

MNow:
1200 ns
# @ p (0]
# i p2[2:0]
2N ek
# @ all1:0]

0 ns 240 480 n= 720

Dl 960 n= 121
Lu] 1 n] 2 1
1

32 16

|
K 1
K 32 16 0 4
K
|

o = o o =

32 16 23 28 32 23

[T R 1]
]
-

12k 12 DD 1 -1 -3 =2

0 N S S N e I S R
23§ 0 W - W 811 % 3as 23

©
Laaaal) ASua10 ppaatl) SlSlas (11) Jel

.(Spartan 3e) ¢ 5 FPGA day,8 e 28l dlgiud) jobadl (aik (4) Jsoall s
Asigtinall jobaall (adla (4) Jgaadl

No. of Slices 96 out of 4656 2%

No. of Slice flip flop 71 out of 9312 0%

No. of 4input LUT 173 out of 9312 1%

No. of I0Bs 21 out of 232 9%

No. of MUL18*18I0s 4 out of 20 20%

No. of GCLK 1 out of 24 4%
Timing Report

Min period (ns) 11.078

Min input time before clk(ns) 10.054

Max output time after clk(ns) 4.663

sLSlae (13) JS il , dadlal) ddaiil) drpm ooy (S0 Aalial) Aynaall 405 (i 34 (12) JSEN mamsys
Aailal) Aatil) dapa Hladiuly(32bits Juay JS)Aed) eWlay Jid (inputsd,inputs?) o) Cus 4Suill apaail

(32 bits)isuzl z) )

0 5

Jia (Net_out) ,(single precision) sa_yiall d3al <3

— T {310}

o ]

dailall AdaRTY diuas 5345aY) dusanl) AW (12) JSEN
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2200 Nns
=¥l in1[31:0]
. inZ2[=1:0]
P |
Z2M reset
o aad [31:0]
. aaz[31:0]
o aa3[31:0]

Mo :
2200 ns
= nn [31:0]
=¥l nn2Z2[=1:0]
=R 331 0]
=M cix
Zl reset

=l node4[321:0]

Mo :
92200 ns
=L inputs1[31:0]
@ inputs2[31:0]
ZM clk

Z2M reset
= net_out[=21:0]

ns 1640 3280 ns 4920

||:|
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Back propagation Floating point Neural Network

No. of Slices 6645 out of 10240 64%

No. of Slice flip flop 4276 out of 20480 20%

No. of 4input LUT 12537 out of 20480 61%

No. of IOBs 98 out of 320 30%

No. of GCLK 1 out of 32 3%
Timing Report

Min period (ns) 11.985

Min input time before clk(ns) 8.204

Max output time after clk(ns) 4.372
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