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SHCTERSIL(EA Python IE1T280EI6E, BIB¥I N EBEFIEE REFRIER,
FMEEIRmEZEAN 0.01 fUSEIERZEERSEIFNR, R, FHE
FA7 Cross-entropy 5t& Loss {8, AR 7 ANE Learning rate ¥¢ Loss {ERYSZ
Z, LIKAE Layers #t Loss (BRISZE, IEAh, FRMPIETH IREEE B
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AL ZEFEEEAE B AU — (BRI T - (HRFEE AL AYIHRE RIS
K IEEEFEEEME RS - T RNEE—E AL FREZEIEE X
AVEE BB R IR R T S SR IE R - IR AR ZCE (R AERE H 2 8051 Fiz

e R EE PR OREAEN & REIRHY H AR - MO EERHE & Bk 81 % H A% (Sustainable
Development Goals, SDGs)H i #63H HAE - HiY AT A LA# A B EAh ik A 5
arPERIIERT » TR 2 B 75 2 i P b G Bl = MU BT - Fom PR &
AAEERIEEE - S0 % & R ST R O B S AT B R%
(EAR ST AT RS ERENE TR E AT - (A FRFEHH B 22AY Python AT TS
ENSRE 2 VScode #ATREZE AR » Wi4E & TAR A (main) BEERF 8051 FfZEd 25
AR RS > FEILE AT EEI 8051 fidz e3 fudze i s (E KFERE MY B4
TR AR o WGHRET R E] Learning rate ¥ Loss AV E LUK AR[E]
Layers ~ 5l SRXHCE Loss ERYREE » AySEAE 8 fiLyThY 8051 fdehiles HE R (E
KR R TR, -

=R EAE D)
— ~ 3EFH Python 31| 478 S B fi A o
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3. FEPHE R ES

QEEGESE )

4, FEECAIE
MacBook Air(M2 & 5 ),Microsoft laptop4

LG

1. Visual Studio Code
2. Python 3.10.2 fliA4AS ~ Google Colab ~ Python torch.nn DA Kz EA 2 =CEE

B~ JREL M

REEE RSN TE - R0 ST 2 MR R0 i
JE RSB A R BB R B - IS e 5 s\ S tasnE 5 B Bt (e B h 22
HEHEREAVRF BRI - WS ERTERIEAR - PR ENI O et
THZER (Layer) WY - & —E0R b — e rd H OF Rl AL Q018 (—) -
T E— R AT SO TE A ERE - I H A E (weight) > S EEHEE ] DL
I SARE AR > DU KRB S 3R BT - RSB R ERENEE
AENGRIEIL > DU SRR ET R R AR TR SRATFEEE. - EAERT 2 HIE S T
ERHIRY) > iSRG ~ s5E @] - BARE S e - AN — L HE
MR ERHEE (CNN) ~ fEERAEE (RNN) RIEHEEAEEE (Recursive
Neural Networks * RNNs ) 55 » SR A HR e E S = ANERRE - HEEE

{E R TR RHISERERE U775 > R AERERERE (L T AR LR » WAEATH
ST SR EREA -



InputLayer  Hidden Layer 1  Hidden Layer2  Output Layer
784 128 64 10

(relu) (relu) (softmax)

k‘:-/?“\\ O O wosstorer
SO

// (cross-entropy)
CXAS XS 4‘%
XL

S0 2 O O
BT INXKI X

[ (—) A RS R

(ZEHAE © 2KH amazon BE4E )

o~ 8051 fdzEREs A

8051 (il e e —TEARRY 8051 BLR HRAVBHS V& - FIRERE ~ PRSI R
AR - 8051 HR HE &8y 8 (ir B8R 1% > B2 JERIINIR AR R % > BA
RIHRE ~ ERENN S S RSN IR AL -

8051 BESEHTER A T —(H 8051 BLK MR » LARSLZ RIS 401 LED
BT - B SRS PO  RBEISE o T DL T A TR A
RIS - PRCHEISS LM RIR L T IEREC  STLUBREELA NS IS
B -

(5578 8051 PEEHEAHIZS o BLAEFT SRR A SUAREATRNEE » ARESB I 20 -
SBREEHIAG - BRI ASE - BIStBTRD  FIDMEA C SR B S S
SEEEITIISE » AEB IR S T IERE] 8051 B R -

T2 T BISEFE 8051 AcEfl 28 et XA R » FLPRRAGR IR
SRS IZ S A DRI RIFR 8051 PACHEI BT B



= GFREEEE(Deep learning) B fE5E27E (machine learning) Y7 Hll

Deep learning £ machine learning J& WA {EHREE(E A 52 AHEIRIRES: - #E5E
HE—EERZEE - BwE T SEANREM - NSRRI EEE R
B PR AUEFIRIES - 78 SRR e » A T LA ARAE - TReRE2 ] DL
T RETEEE - IR EEEN L EAERRA - SR T SEBEUANIRGl - A
THFEEH% (Support Vector Machines ) ~ 7AHT ( Decision Trees ) ~ K-F#T#6 (K-
Nearest Neighbors ) Z§ °

TR 22 B s 2 — (5 S E(Z) » B R RN A THE4d4%
(Artificial Neural Networks ) 2REFL - RS EHEAEE A& 2% ElEEg - I HE—
GRS R ENMHECTT » S FRIRESIE K B8R P B 55 = KAV SR -
RIS A R IR SRR AIE A BRI G TLHARE G ~ 55530 - 8
PR e R TS T ERHIRE -

RIS 2 > FEREEWEZEN—(HEE S ClB %M KA
AR IR R AN SR - RS B h iy — (5 KA SR il T

L 2

Machine Learning

(=) BUR Al BREEERH A

(2EHIF  2KE glints E44)
Vd ~ Loss {HA4H

TEARMEERE Y » T Loss B B—HEZRLS - AN EHTINBHEEE
[EIHVZZER © Loss eRBUET & —(E8E - ForER L ISUBaRE T AYIERESRIR » Loss (H
BN > AR TGS SR B U5 (E BT -

5



{f ~ BFEERE AR A

7S 8051 fdZemill 2R AVECIRAS A/ ME 128bytes,(H—{ int(RE%) wLFE ZECERS 2=
4bytes, i 2t HAEF 32 A int, KL FAIARA T B 8 (EB 72 —{E char(FT)A
H0,20E(=), —4A 8 (E T, A F—1{E char(57oT) FASECIEAG AL E 1 {# byte - 2RI
A H A E AT AEEL 1 JHIREEE (weight) DIREZR » BT LAZZER A 75 22 @ (W) A2 54
HEAYERES - FEUEEA M98k 1)

char word[8] = {
0b00000001
0b00100000
0b00010000
0b10000000

0b00001001
0b00100001
0b10010000
0b00100110

[EI(=)EEM 8 {EFrehyfF A 8 MBI T ik (2540 + A7)

float sum = @
char ¢ = 0b000000A1
for(int i=0; i<8;i++){
for(int j = 0;j<8;j++){
if((word[i] & ¢) == 0){
continue

}

else{
sum += HIDDEN_LAYER_weight[8 * i + j]
c=cCc<<l1

& C eSS ARE Y (B1Ta#)
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> AR SR FE R E B (model)

1. Loss {Hi#HE

FerhlE (70 & (75) > Hepy R Bl AIE - y 2FE S A
(Network)ﬁﬁ{:fﬁéﬁii%' iy A& y i SoftMax LREFTSHIYE (2E (/1) A
/) > SoftMax MEEFEBIE REEWE (£ B (JU) Fx -

w0By Loss HAVEEEEA Cross-entropy & LE Mean Square Error AR (A B 2%
NFER » R E Tk EEREL Cross-entropy 4F07E—itE) » RIFLEE TR AR EER &
4 F Cross-entropy ©

Cross-entropy e = — Z yilny;
- L
i

& (F) 714H Cross-entropy

(2HER - GEREFLFEIR LRI R )

Mean Square Error (MSE) e = Z(?l - }’2)2

(7N) 4148 Mean Square Error

(2FER  BERERIRRE LSRR )

x
©
yq ........... ’y«‘g«yh NetWOI’k<_x
(@]
(%]

() EE4E Loss HAVRIZE
(2FER - B8 RERG R LR )

B

,__exp()
YT 3 exp(n)

(J\) SoftMax FHETIES,

SHER T B RETRER FER TR )
8

N\
W



Softmax

Vi < + - e < 1
X
y’é - ¢ —
vi + . e V3
] +

& (JL) /148 SoftMax #HE{ERY X
(SEER | B8 RKERG KT LR )
2. %k (train)F EEEEE YR (model)

E () BEHE (+—) 2N AE Dwiti Patel #Y Verilog Implementation of

a Digit Classifier Using Deep Learning Primitives 30 © 1F [ #k5¢ mnist T-5 2% - 4[E
(1) [HFE—ZSIHVEISR - SoE S EEAVE S E Learning rate 55 2 18 A

¥ batch AR A B GAETT resize » BFA/IME 28x28 (mnist) FH%EE Ly 8x8 » 2RI E]
G~ Ry —4E tensor o A& RFm A BUE (ARG IEAETRI RS - 515 Loss (H
(J77530 F (1.Loss (HZER ) FonfR) » WA TR AEREMIMERE (weight) BT -

SRS TR © BHE bach MBS TR resize FIRTALH
f » 2Rt A A SR T RTIFERE » 157 Loss {8 » 4HEF#54 51 Python
RS -

from torchvision.datasets import MNIST

mnist_dataset = MNIST("data", download= , train= , transform= transform_funcs)

() 5H MNIST Big&EAGISHRAR (BT TiHE)



t matplotlib.pyplot as plt
rt cv2
import numpy as np
NUM_EPOCHS = 200
resized_image = []

# BHE
learning_rate = 0.81
weight_decay = le-6

from torch import optim

cross_entripy_loss_function = torch.nn.CrossEntropylLoss()

model_optimizer = optim.Adam(digit_classifier_model.parameters(),
lr=learning_rate, weight_decay=weight_decay}

for epoch in range(1, NUM_EPOCHS):
training_loss = []
validation_loss = []## i@
for input_data, target_prediction in training_loader:
rimages = []
for i in range(input_data.shape[@]):#
image = input_datal[i] [@]
rimage = cv2.resize(image.numpy(), dsize=(8, 8), interpolation=cv2.INTER_CUBIC)
rimage = rimage.reshape(1l, rimage.shape([@], rimage.shape[1])
rimages.append(rimage)

resized_image_batch = np.stack(rimages, axis=0)
resize_tensor = torch.tensor(resized_image_batch)

input_data = resize_tensor.view(-1, 64)
model_optimizer.zero_grad()# Fi@{#iE
model_output = digit_classifier_model(input_data)#
model_loss = cross_entripy_loss_function{model_output, target_prediction)
model_loss.backward({)# # :
model_optimizer.step()
training_loss.append(model_loss.item())##
digit_classifier_model.eval()

for input_data, target_prediction in validation_loader:
rimages = []
for i in range(input_data.shape[@]):
image = input_datal[i] [@]
rimage = cv2.resize(image.numpy(), dsize=(8, 8), interpolation=cv2.INTER_CUBIC)
rimage = rimage.reshape(1, rimage.shape[8], rimage.shape[1])
rimages.append(rimage)

resized_image_batch = np.stack(rimages, axis=0)
resize_tensor = torch.tensor(resized_image_batch)

input_data = resize_tensor.view(-1, 64)

model_output = digit_classifier_model(input_data)

model_loss = cross_entripy_loss_function{model_output, target_prediction)
validation_loss.append(model_loss.item())

print{np.mean(training_loss))

(=) #EH Python ISR ( BT THIH)
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3. FISRE R 2 B e
& Python sllI&RH ARV E Be 28 #EHlE (=) E’J*s”ﬁfﬁﬁ%?ﬁ%) [|4f4F6 hidden_layer,
hidden_bias, output_weight, output_bias {72 BT ZEIHE - AR ~ FiiSAv4s R aE
(+=) B3R -

torch
t onnx
= torch.randn(1, 64)
torch_out = digit_classifier_model(x)
torch.onnx.export(digit_classifier_model, x, "digit_classifier.onnx", export_params= , opset_version=10, input_names = ['input'], output_names =

onnx_model = onnx.load(" lassifi
onnx. checker.check_model(onnx_model)

mport onnxruntime
ort_session = onnxruntime.InferenceSession("digit

numpy (tensor) :
n tensor.detach().cpu().numpy() if tensor.requires_grad else tensor.cpu().numpy()

ort_inputs = {ort_session.get_inputs() [@].name: to_numpy(x)}
ort_outs = ort_session. run(h , ort_inputs)

np.testing.assert_allclose(to_numpy(torch_out), ort_outs[@], rtol=le-03, atol=1e-05)

yr param_tensor in digit_classifier_model.state_dict():
print(param_tensor, "\t", digit_classifier_model.state_dict() [param_tensor].size())
list(digit_ c13551f1er model state_dict() [param_tensor].numpy().flatten())

txt_file = open(filename,
for v in values:
txt_file.writel(str(v)+'\n')
txt_file.close()

matrix_multiply_hiddenl.weight torch.Size([18, 64])
matrix_multiply_hiddenl.bias torch.Size([18])
matrix_multiply_hidden2.weight torch.Size([18, 18])
matrix_multiply_hidden2.bias torch.Size([18])
matrix_multiply_output.weight torch.Size([10, 18])
matrix_multiply_output.bias torch.Size([10])

m google.colab files
files.download('
files.download
files.download
files.download('nm

& (+=) Frllskeriy2 (B TMaEE BV (BT

B matrix_multiply_output.bias (1).txt
B matrix_multiply_hidden.weight (1).txt

B matrix_multiply_hidden.bias (1).txt
B matrix_multiply_output.weight (1).txt

& (=) THEEERHSCFECx) (BT
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R FRATIS A2 BEEkE (1) 8P (FE1) « 52 i U =V i A 55 75 22
(V) B (+70) dLEERERYE S -

def OUTPUT_LAYER_H
ine OUTPUT_LAYER_H

short int output_layer_bias/]= {

20,24,-26,7,13,-6,4,-32,4,7,-5,-4,-16,34,-1,-7,17

short int output_layer_weight/]=
87,-24,-73,-139,101,-1,-125,-99,38,0,-3,0
114,-99,-140,104,100,123,-25
129,9,-136,51,-80,94,-90,42,0
75,17,117,124,-106,111,-20,122,78
2,69,60,5,-54 141,-99,71,91,-71
70,16,113,100,9 26,-16,122,-39
43,58,175,44,-143 97,103,-102,-84,13
78,-106,48,55,154 116,44,163,55,40,155,-158,116,67,81
16,11,47,-189,134,19,4,25,-26,-47,57,42,26,-36,34,-74,-40,49,91
17,-17,65,-44,-13,33,7,48,-136,17,-50,54,-136,7,51, 38
88,-12,-38,-71,108,16,4,-61,-69,-89,-69

121
30,-55
184,-10,1@9
97,116,74,-138
84,-77,-5,-254

135,115,0

22

() EWREFEFEFVER (BfTHE)

include
include
include

hidden_layer.h
output_layer.h
stdio.h

shoirt-int Relul(shert int number)
int main(){
unsigned char word[]={

0b0000000

#b0011110

0b0010010

0b0000100

0b0000100

0b0000100

0b0000000

0b0000000

}
short int hidden_node[18]= { }
int output_node[10]= { }

for(int i=0; i<18; i++){
for(int k=0; k<8; k++){
int temp=0b10000000
for(int j=0; j<8;j++){
if(temp & word[k]){
hidden_node[i]l+=hidden_layer_weight [64*i+8xk+j]
}
temp=temp>>1

(+1) EorElsr £ (main) (BfTHEE)

12
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LS e 2 tinr

FEFH FHfORIE Loss EAYIT/ARAEISR 100 28,200 2,300 ZKA@EHIHY Loss & » &

(=) ISR 100 ZORIFNSR 200 ZELH %R 300 ZXHY Loss {HABAHIZZLE -
ZAIM %R 200 ZXEFNSR 300 KHVEE R &P/ AEMZER] - R B RISk 200
REJER (28 -

1
0.9
0.8
0.7
0.6
0.5
0.4
- or e ea» e o
0.3
A A A A A o A A o A o A A o o A A o o
HN O SO OS0ONO ANMIIONWOESONOHdNMS OO~ OO
A A o NN NN NN NN NN

e Tr31iN100 e Train200 e» ea»Train300

(+75) 3 AR EGI%R(Training) R EFTEERY Loss 5 (HfTiAER)

V0 ~ “A[E] learning rate(B23E#R) $5A lose {EAVEZZEE

1. JHIEL learning rate = 0.01,3/1148 199 ZXEE learning rate = 0.1,5)1|%% 199 2K Loss {EAYEE % »

WFR— -

A [5]Learning Rate ¥fLoss{E Y-

0.9
0.8

0.7

0.6

0.5

0.4

03
14 71013161922252831343740434649525558616467 70737679 828588919497

——Learning Rate = 0.1 = —Learning Rate = 0.01 Learning Rate = 0.001

F— ZIRAE Bpoch [EIE 2 N ASRELE HRESER] Lose [HAVAEZR R (HTTHH#ER)

13



TEEMFREEEEES > BE%E (leaming rate) B —(EEREZNISE - EIEFHIEEE
FEEF I i B S BAVIRE TR EEE T HY Epoch TEHY/E ST —KH/[REBIREHY
B8 o /£l Epoch o » fRAYEE BIRE(E SRBIR S — IO T2 B Hr » —(E Epoch HY
STEREARE AT AR TR SRR S - W H T LIBEME T —(E Epoch 2#{F 1L
G BEENT > MG LIEEBIT Epoch » DUEAISE S T 47 2235 5l GBS AR 01
Tm%h@iﬁ‘f ° lll SRR E%Z—L 5 > Epoch 2 —{E{REZAVES2E - ERY Epoch ¥EH]

T ONFER S A IERE GRS PR S ERA] DI BRI MRS - (HECRHVERERIA —
Ea%%@'@é PERE S 4 ﬁ[l?%ﬂﬁﬁ?ﬁ °

7

M

AP ] DURE SR b Ry 528 e 9 17 bRy i BB R PV P25 ~ IR E RGBS
N EEIBRE T REE GRS > pG SRR BT ER AL E E R HE A - B2
FECEGARN > TR GE LIRS BoEEREI AR Y -

) JEEE

FEREEE T > HEERKEGA/N BRI R - JISRFR g iR - B
EEREERRERSAR > AT e EEAA A - &2 EMORIERE - (AL T
A fERR o NIL > MFEEBERNFEASARE —HEGHVEER > R E GRS ER &
{TaR% - i > WPIEREEVNVEREREG - 20NN BEEERENME SRR P aaF PRI
gL AN RS E -

» PRETANTE layers(EEOHVETRIETY Loss BRI

1. & g% (ayer) By 2 B4 199 2% Epoch: 199 Training Loss: 0.370831
2. ‘EEH(layer) By 3 Hll4k 199 ZXi# Epoch: 199 Training Loss: 0.319628
3. ‘EE%(ayer) By 4 HEI%E 199 ZKAEF Epoch: 199 Training Loss: 0.327762

layers([B#1)Hiloss{EHEAZE

0.38
0.36

0.34

Training loss

0.32

0.30
20 25 3.0 3.5 4.0

layers([B81)

& (+1) A[E Layers ¥j% Loss (ERVRZE (BTHEE)
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2

A EI i LossfH 2 2

15
1
0.5
0
H OO ONOVOINTOHNAONONONTMANAOD
A A NMTF N ONONOOANMSST W ONOWKOH O
e e R T = I I =

—Iayer: 2 —layer: 3

(+t-2) “N[E Layers ¥~ Loss (V2 (B T790H%)

HfE ()~ B (+1-2) AU Python Il SRR - (EA 3 JEHYAX
Rbdr - EZHR 8051 fiZEHIEsHVECIEARZE R AR - NILAEERELL 2 iR
17 RRZE -

HEEREITHEY > ESHNMMA —EERE R G EL -

Bt W1 B IR R M - (R EER - R
FERNIGRABRE PR R A R RAVRHEZROR > AERBERIE S E RS - 1]
RE S E R H R BB ORI TRE - (RS A A s IR RS -

BESN > S Bt S g IR R AR TR K - RERE SRR E R R
REHETEEFAGNGRIIHEE - QUIRERIARRER > AR HE LS EER
W AR E ] o T RE S G AR R

Rt > B ESGETREEE AN > FESEREBEVEE T - ARME - —(E
B3 H S A SR EY T RE LE— (iR E 5 R RSOR S 4 - AEEIRE T
i A B BN P S A B i S HIIRE LGS - DOP BRI PR RERIE T TR
7 o
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N~ B C B SR RO

(/O By FHH8 x 8 HYEMERIIERES - FrErV B REICRTAER | HITThTESR TR
By WA ERHEE 1| IVREERN > Bk R s A IIE Rt (O E (1)

00000000
00111000
01000100
00000100
00011000
901111100
00000000
00000000

j++) |
if (temp & word[k

hidden node[i] += hidden layer weight[64 * i

temp = temp >> 1;

hidden node[i] + hidden layer bias[i]);

\n", i + 1, hidden_node[i]};

(+/0) BEFEN EE=1 s EEATEER weight 155 Hidden  node, fE#T—20 BUiS52
LKAy output_node ( EfTHAHE)

number®, possibility:@
numberl, possibility:14818
number2, possibility:17925
number3, possibility:@
number4, possibility:@
number5, possibility:@
number6, possibility:@
number?7, possibility:13293
number8, possibility:12672
number9, possibility:@

the number you draw is " 2 "B

(+J0) PEsEE) (B1THE)
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JNU~ BMI805] Ry B g i EIFHYAE R R

1. ENEEREER
By TS EAREEREMLLEM AL AYEINRE - e EA = HERNEE TS
AYEER(REDA0 T E (=) » BLEERR(ZEDUE (Z=+7) > W5 FIHSE] 4.996(V)
Ei1 0.052(A)I4E . -

& (V) EAH=FHERNE 8051 HEERFVER (B1THiE)

B (7)) EH=HERNE 8051 MENSMER (AfTHE)
2. ETEUHEEIER

FEFFAT 8051 fEET R HY R BB 2 1% > HHAZ0 WOELE) = 1(Z8488) x VURFDHERS
HEERIRFHYTIAR Ry 0.25(W)



Ve~ WITEEREARAE S

+ 1 B0ST B 1P S B T R BIZE R+ FeSek TR Python 31

HSHIERE - C EESIRMMERE - I61E A 8 L e iR B s L oy e TR
s

~EEE R ER SRR E (Epoch) A RE 2 EE T E B IR (+75) » SIRAEARE
FEEEW R - fESHE ] Python 514 8(Epoch)200 2K ~ F14k 2 %(Epoch)300 2K
EATCEERE NIk TE S GEEERM DU BEF ISR (Epoch)200 AYZ:
B -

~ R [E g (layers) B ASREN S B TE B WIE (1) ST EEH=E

[ B ARES S AR « (B2 R B 722 A 128bytes » ARAVE R
B RN 2 e TR - A S S YRR (loss Ky 0.325367537)

~ EER (—) HVEEBEUTAEI SRR EAEERYE DL T Learning Rate = 0.01 FfifS:HY Loss
{H# /N > [RIFLEEFEER F Learning Rate = 0.01 HYFEAY -

 RBTZR R SR BB A B Uk B 2% H #Z(Sustainable Development Goals, SDGs) » 41 ( [&]

—t+FH) B

1. SDG 7 - Affordable and Clean Energy: 282 8051 fuli Bl 25 2K ZE R Ef & REJRAY
HEE » FFran&is ez #aIse R -

2. SDG 9 - Industry, Innovation, and Infrastructure: €& 7 Python 5l 4R%5 & B39
A~ REESEEEAR 220 AT 8051 fdEhlas T2 Gmakn] - PR E
BT A AR A S5 e o

=5
L 7
SUSTAINABLE
DEVELOPMENT

GOALS

(Z+7) SDGS mEE (BERAOR : BaEES)
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=4 iy
BERER R IIR BN FEEENEET
https://www.youtube.com/watch?v=02VkP8dJSFE  f&Z HEH 2024 £ 2 H 28 H

o

il

PIEFBILETY Network il

https://www.youtube.com/watch?v=OP5HcXJo2Aw fZZHER 2024 %2 B 28 H

GitHub _EF 4B 154H

https://github.com/Hanksomel/Digitclassifier-in-C/blob/main/Simulation/numbers.txt

Deep Learning: f Python MEfTIREEE2EAVEREHERE(E FE © FREER
SR ATy AR BOKE

Knock Knock! Deep Learning: 3 AFTZREEEE NI IR (FE @ BT
EE R0 AR SR AR A E

38 FH Google Colab _F-AY Python 3l 4571 S8
https://colab.research.google.com/drive/1V92Uz5TTwsCj3RC{PX{l--
b4teDTVJs]7authuser=1#scroll To=7bQ-YxjOFpxq

Amazon HFFFRECAGEL A ARERE
https://aws.amazon.com/tw/what-is/neural-network/

Glints ¥ a2 T B B2 7 SR LRI
https://glints.com/tw/blog/what-does-a-machine-learning-engineer-need/
Wt Bl 7k 4B 28 22 H A2 (Sustainable Development Goals, SDGs)
https://sdgs.un.org/
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https://www.youtube.com/watch?v=O2VkP8dJ5FE
https://www.youtube.com/watch?v=OP5HcXJg2Aw
https://github.com/Hanksome1/Digitclassifier-in-C/blob/main/Simulation/numbers.txt
https://colab.research.google.com/drive/1V92Uz5TTwsCj3RCfPXfl--b4tgDTVJsJ?authuser=1#scrollTo=7bQ-YxjOFpxq
https://colab.research.google.com/drive/1V92Uz5TTwsCj3RCfPXfl--b4tgDTVJsJ?authuser=1#scrollTo=7bQ-YxjOFpxq
https://aws.amazon.com/tw/what-is/neural-network/
https://glints.com/tw/blog/what-does-a-machine-learning-engineer-need/
https://sdgs.un.org/

il ~ BT
1. £ 8031 HlEh# 8y C 5B =

include "hidden layer.h
include "output layer.h
include <stdio.h
short int Relu (short int number
int main
unsigned char word/[]=
0b00000000
0b00011000
0b00011000
0b00011000
0b00011000
0b00000000
0b00000000
0b00000000

short int hidden node[18]=
int output node[l0]=
for (int i=0; 1<18; 1i++
for (int k=0; k<8; k++
int temp=0b10000000
for (int j=0; J<8;j++
if (temp & wordl[k
hidden node[i]+=hidden layer weight[64*i+8*k+]

temp=temp>>1

for (int i=0; 1<18; i++
hidden node[i] = ReLu(hidden node[i]+hidden layer bias|[i
printf ("hidden node %d %d \n i+l, hidden node[i

for (int 1=0; 1<10; i++

for (int j=0; j<18; j++




output node[i]+=hidden node[j]*output layer weight[18*i+]

for(int i=0; i<10; i++

output node[i] = RelLu(output node[i]+output layer bias[i

for (int k=0; k<8; k++
int temp=0b10000000
for (int j=0; Jj<8;j++
if (temp & wordl[k
printf ("#

else printf

temp=temp>>1

printf ("\n

for(int i=0;1i<10; i++

printf ("number%d, possibility:%d\n 1, output node

int highest=0
int highest number=output node[0
for (int 1=0;1i<10;i++
1f (output node[i] >highest number
highest=1i

highest number=output node[i

printf ("the number you draw is \" %d \" highest

short int Relu (short int number

if (number>0) return number

else return O
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e
KR EEE A RESEEERAR 8051 FURIESSHIE T, AETEINFER
Bin MET Al B EZIEEEEHIEE, IR ERES RIS R FTU{IRMAEE
AR Python T2 0168, BIBEAEESINEERRER, HMEIREMERE
20 0.01 N2 E RGBSR, HiRE[S, FfHRET T A= Learning
rate ¥t Loss BRI ZLAN ARG Layers ¥ Loss (ERISSZE, IHHMEFIEEE) 8051 ;9T
EEBRE. ER, WNERT 8051 MizHlzsMERNRIEIEA, KK, tiSEESER
B ReREEE, WBIEESERETHAIERE, ERREEE M EE ZIEE,
=,  iARE
281 ALREEEB TR —E2AFIR0MREE, ££5E Al ThseHm® A, 5THE =

HEESEUAASEXEENZERE, WAETE Al JEREEAREE N7 80ET, RHIARfR
EFEHIEH 8051 MRIEREE S Al RESE, UUBIRE T, WWEXE = EKEZRE
EF&E(Sustainable Development Goals, SDGs)FEFEEZ,

. fARER

EMA Python FllERRESEEE,
IREIANEREZ 8l (Learning rate, Layers, Epoch)#iREIRYSZ 2L,
Bl C mEeEmFEiEagiEUBEASE 8051 fHuxHles L,

PO, RIS FEEERTE 80571 fHuntse FRIRTEE R,
2. [RENE
—. AEEENAE: N

AESEZBRREENLE, eRIP ARSI
ZEHNERH T, BIBZ RIS RSB TIEREE

1B, EEEE I (FEKES B eI EE T E M @
AFERIED, REEF O 2HEELE, CHEERX \ ¢
(Layer) RYE&ETTHR, B—EEH5S E—ErYE L/EAER NPy
| "™\ (Hidden)/”
N EAE(—). — _—
_ (—) HEEEREE
—. loss{BNEE: (2% 2KJE - amazon E4d)

TEREEET, [loss{E] B—EEZAIME, ARGSRERAEESEL
BRIER, Loss REUBREE—EEUE, FVREMTHIERBETRIMRERIR, Loss (Eilk

N, CERBEENTEREREEEEWEL, NXEIEERA Cross-entropy (X E) Y
FiEEHE Loss {3,

£ 8051 MERIEREERKHIFEER

ER=A8xRAE 8051 MEERTERKNEBRMER. RIEE (DR,
BERS 499% K15, RIEE(S)FR, AliSERS 0052 %iF, HIHES, 8057
MERIESsEERIAIINRLIS 026 &, 5T8WT: NEP)=S2E(V)xEBiR()

0.26W = 4.996Vx0.052A ,

AIS4EREE, 8051 MiERIEss
EERSHITAEE R,

W

B(C)EATIFEREZER B(=) S TIFERESE
R BiTiEE) KR B17iH#E)



. WREERDE

N a - number®, possibility:0
@}Eﬁ Python EJ||,£‘($E§2 pIs numberl, possibility:14818
number2, possibility:17925
number3, possibility:0
number4, possibility:0
number5, possibility:0
number6, possibility:0

v i G 5 number7, possibility:13293
number8, possibility:12672
il+=hidden_layer_weight [64+i+8+k+j] numbe r9, possibility:e

AFEllER Y2 =N VScode WLAMEF A N the number you draw is " 2 "g

printf(“hidden node %d %d \n i+1, hidden_node[i])

(int i=0; i<1@; i++){
(int j=0; j<18; j++){

E% 8 1IE$7TDB$§UHEP%E 8 1@§Q$IHEP9D | | output_node[i]+=hidden_node [j]+output_layer_weight [18+i+j]
%/_LEE 1 1‘%%%)\/&25\”%;\,%*%};%%5%*& “ \;Sipztino:et‘i’] : R;iu(output_nodelxl output_layer_bias[i])

B8 C :E=S1E#E 8051 EER, TEREEE
EERIEL A IH B (IR E T B iR B geR 8051(BEZK
R B17iE

t i=0; i<18; i++){
l hidden_node[i] ReLu(hidden_node[i] +hidden_layer_bias([i])

(R C SR AFEEHFR0E IHEZ
AIFTERYRETUEESR 8051 AR~

A 4

JEH 8051 = BRI R AT

\ 4

B S AR R R A

l

LL OLED #ivés bR E KBRS

. FEFIEORE. EERRIUNBEURET Loss (BRIBEE

1y

1
0.9
0.9
0.8
0.8
0.7
0.7
0.6
05 0.6
0.4 05
h N““‘
0.3 T 04
00 N AN OO MONS I AN O O N O
F NN OO AMINIONMWLND 0.3
™ AN NN AN AN
1 5 913172125293337414549535761656973778185899397
e TraiN100 e Train200 Train300

LR=0.1 LR=0.01 LR=0.001

AEFIERREEE Loss (BRVBBEB 2E 45 « aires AN[E Learning Rate Ed Loss {ERBEE2=E : E17@H

B:3021468 200 JRE8H14% 300 R0 Loss (EHET SEFREGA), RESIREGEE,
REIETER, FIEEEAIE 200 K02 ISR BeliL s, ERSERRARBA

2 X, BIFTACEEUSRImRNS, BERER
BEBNERSRE, (EISEMLLEEIR R,



layers(Jig #) Biiloss{H B {4 &l N EEEE Loss{H Y 52 2
0.375 L
) 0.365 1
8 0355
é" 0.345 05
;f_E 0.335
0.325 0
- O OO 0™~ O N T MO AN 4 O oo™~ O W T MmO N 4O D
0.315 THANMSTNORreg g gy YEY83S
2 3 4
|ayers(§i) e |ayer = 2 emm—|ayer = 3
N J
ISR —RNIE R NEEER Loss (EENEREE T EEEE Loss (EREE
BRERE 2SR - afTdas SEAR - BT

FAS 8051 AIES RAM HEERF 256Bytes(2056Bits) EILtFEFim=BRIEIR M=%
BiRERR, MEMBEMET SRR RERIRFIMRESISH = BR ARyt Et L E
BINRBHEERSZ, RMEERGIEESER N, mERHEERIRERIR=ERMER
7. (BREEBENEEGERS —(EAREHE R ERR SBINEBHZ IR IMRELRERM
®, ESRELERTIGR,

f. HARERETT®

—. £ 8051 ixdlzs L ERREEE E T E RS, F5Ek 7RI Python
2B R. CESRMMERE, WERE 8 (UIthIRERIERS LA IIRNEITEN
FHER,

Z. BEEAEEIEIRE(Epoch) MR IEERIS EE T ER, BRIRENRESZE MR

th, EVEEEERT Python 3l 281(Epoch)200 k. FlEE2E1(Epoch)300 RZEL4F

REEER, FtBTHERTEEIUNEE, ZEJIEEXE(Epoch)200 B2,

EEE N EES (ayers) #ME TN EERIS EE TER, RIREER=/EESEA6E

ZIHSEIFHIRIER, (BRRABESFEEF=MERE 128bytes, KAHIEGE R 2

BT E TR, B BIEE SR EEE,

O, #EEE (—) NEBEREISREHERENER T Learning Rate = 0.01 F{SRY

Loss {E#/\, E EEEELRMA Learning Rate = 0.07 B,

. AAFRARIERESEXEEEREBIZ(Sustainable Development Goals, SDGs)

1. SDG 7 - Affordable and Clean Enerqgy. i#E@i=4 8051 (MERIESEAERIES
HERNER, e agaqzEavseRER.

2. SDG 9 - Industry, Innovation, and Infrastructure. 5 REE3E RS 8057
MERIEss £, R TERIMIIRNER, HEIRINENER MET Al EF, 1§68
BIRIRIS(RE, TREE SDG 9 MBERIFAIRNELHIBIE,

FERAE 8 MrThIREEIEss EAVINREITE T W8, R, B3R ESIERIEE
BRUEREIRIMBEANEERENE, STEIRREEAVREERE, WSEM&REE (CNN),
LURSRERNRSBEIFIZRE ], HEERMSEEZ2EFHERE, LIESRER
ISR EANEERER I EFEIS R R B SRR,

B 2EVE
1. Deep Learning: A Python IETTREEBNERIEREF (FE: FERER

. REs HiRE: BeRE

2. Knock Knock! Deep Learning: i FAFIREEEZRIFIE 1/EE: BT
@ sRIGD W EEXXARDBIRAT

3. Cross-Entropy MMBLARZER https://reurl.cc/kO6dOx
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