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M This i1s an example of Neural network HW design.
B The neural network structure used here iIs 3-layer structure.
M |t consist of 2 Input units, 3 hidden units and 2 output units.
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» 4 types of fruits : Orange, lemon, pineapple and Japanese persimmon
» A man eat these 4 types of fruits and decide the level of sweetness and sourness of the fruits from the range of 0 to 10
» After deciding the level of sweetness and sourness, he then decide which fruits he likes and not which fruit he dislikes
So let’s consider the fruits he likes as [1,0] and the fruits he dislike as [0,1]
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Evaluation of the man’s taste

® [ emon ® Orange

o Jap_anese ® Pineapple
persimmon
3 4 5 6 7 8 9
sweetness
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How to measure the
man’s taste using
Neural Network?




forward process
® Ziz = Wfikl + WZZikZ + blz (22)

. — a(zz)_

i=1,2.3) (a2)

: z-::mf]qlﬁ—mgjq]4—w%]a +—b3(23)

F=a():— =12 @)

k or t is read from memory recursively 11 clk after.

kil | k2 t1 t2

A 4

backward process
CoaM) = — L (1= aMa) (n=2,3) (dadz)

(e_zl +1)

« 8 = (ad —t)ad (z}) (delta3)
o« 82 = (8w +83wi +-)ad (2) (delta2)

aif?j [m] = SJna?_l[m], however, a} = K; (dw2, dw3)

. @[m] = §;*[m] (db2, db3)

ac
s Awll= — =
i~ T own

NG [+ -+ 50 [m])

L]

(dw_adder_w2,dw_adder_w3)

oc ac
@ = 6b" [1] R —[ ] (n:2,3 m:1,2,3,4)

J

(db_adder_b2,db_adder_b3)
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output

Module Name: NN_CORE AW{Q’.
Description: e

Calculation of capital_delta_w(and b) at AW-Z-
10000times and renewal of w and b at once 3
Ab; backward

Input: 2
clk: 1 bit : clock signal Ab;

res: 1 bit : reset signal

din : 1 bit : read enable signal
(when din =1, can read the data from i =12
memory, when din=0, cannot read the data =123
from memory) ] = L4
select_initial : 1bit :

use the initial value of bias and weight.
select_initial=1 only at the beginning of clk
simulation. res

Output : (i=1,2,3, j=1,2) din
wf'j : 32bits,signed : renewal w3_ij weight select

2 o 0D
initial

v

VvV V

\ 4

\ 4
v

wj;: 32bits,signed : renewal w2_ji weight forward

(32bits,signed has

00000000 . 000000000000000000000000)
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XECHRD—ERE B

K >ﬁ_<ﬁ K \
V output

Module Name: forward \ mPUt
Description: Calculation of a2 and a3 clk — LUT:OE <. ] ] | | ]
Input:(i=1,2,3 , j=1,2) =1 ] . a{'
clk: 1 bit: clock signal res — T\’ R 79 o N =Ll 73 1 33 >
res: 1 bit : reset signal k2 > —
din : 1 bit : read enable signal 4 _LUT=1% —LLUT=1% T
(when din =1, can read the data from mem.) din— 1 1 1T 1
select_initial : 1bit : Sl\lllﬁfrlte o gltllclzal_t:ans 84 out of 63400 0% t1
(when din =1, use the initial value of biasand  [s€leCt— t1 3 | owesiow >
weight.) initial
Awf]!: 32bits : the amount of w?; ; change t,
sz' 32bits : the amount ofw ; change t2 >
Ab3 32bits : the amount of bf’ change -
Ab2 32bits : the amount of b7 change . S biz
. . Abl' S b2 2% N
Output:(i=1,2,3 , j=1,2) - | LUT=0% 2
3 : 32bits : output_layer_output 9 . ) W]l
k - 32bits : supervisor data iji N ® >
t; : 32bits : supervisor value !l w2 LUT=1% = -
wj 32bits : output_layer weight b-3
wf; : 32bits : hidden_layer weight AB3 —— ]
b?: 32bits : output_layer bias i| < b3 %% —
b? : 32bits : hidden_layer bias -'|_ 3
(32bits,signed has 3 —— Wl'j
W)OOOO . 000000000000000000000000) / AWI] ? e .. —
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ward (backward.v

. output KERHR D —ERE RS inout
e S  ———
2 I I I - -
/ \ [ab; db_adder b2 : ¥
| « — B 4 —
Module Name: backward . [41] 3] [2]-‘ [1] db2 delta2 delta3 dadz
Description: = a i i i
Calculation of capital_delta_w(and b) .* n .
2 —
Input:(i=1,2,3 , j=1,2) iji dw adder w2 o
clk: 1 bit : clock signal < w m| ) < clk
res: 1 bit : reset signal - wl el @ | o N dw2 H —
a? : 32bits : output_layer output — 1 res
a? : 32bits : hidden_layer output o o* 4_2
k;  32bits : supervisor data [ - —_— a;
tj :32bits: supervisor value Ab? db adder b3 ) <k—
w;; : 32bits : output_layer weight N - = . P & j
wf; : 32bits : hidden_layer weight g 41| [2]-‘ [1] db3 1 't_
| | - B _F il
Output:(i=1,2,3 , j=1,2) .t . W3
Aws: 32bits : the amount of w;; change 3 — ii
Aw};: 32bits : the amount of w}; change < AWI] dw_adder w3 21 4;2L
Ab? : 32bits : the amount of b3 change < < dw3 ¥ L
Ab; : 32bits : the amount of b7 change (4] [381] [21 | [

\- ey ) )y <y

2017/11/7 Copyrights 2017-2018 LSI Design Contest. All Rights Reserved.

©



