g b

fif
LA

-

REERSRE

MM T HA T MATLAB 358 T JF & ok 2 T HAR
Z—o BRI 2 2% B ig g JE il AT MATLAB % 2 1 5 A 1
H A 22 SR Aot 228 ) 245 ) E R A O A BRI R, IX 28 T HL pR B 2 B0 O
PHRER I3 — B0 oK RO o 1) B ok 5 — ol 248 7R ) Aol 22 IR0 265 1) U A
o B B 2 R KR B 1 25 9 U1 ek BOSE 5 5 A — B 0 R R0 R T TG
JUF- AT LU T A 2 20 B0 ot 2 00 2% T b 28 190 268 {7 L o KL W0 4 Ak e
BOMN G RS A B 32 0 2 o 22 0 24 1) 3 T R 5 H Al B K0HS 7
J5 B 4.

£ MATLAB 1454 % H i A help nnet, BV A] 75 1) ff 28 5 2% T
HA A R RRAE B S R ) 2

>> help nnet

Neural Network Toolbox

Version 8.4 (R2015b) 13 — Aug — 2015 % MR AAE &

Graphical user interface functions. % GUI i 3%
nnstart — Neural Network Start GUI
nctool — Neural Cassification app
nftool — Neural Fitting app
nntraintool — Neural Network Training Tool
nprtool — Neural Pattern Recognition app
ntstool — Neural Time Series app
nntool — Neural Network Toolbox graphical user interface
view — View a neural network.
Network creation functions. S W %4 # % H
cascadeforwardnet — Cascade — forward neural network.
competlayer — Competitive neural layer.
distdelaynet — Distributed delay neural network.
elmannet — Elman neural network.
feedforwardnet — Feed — forward neural network.
fitnet — Function fitting neural network.
layrecnet — Layered recurrent neural network.
linearlayer — Linear neural layer.
lvgnet — Learning vector quantization (LVQ) neural network.

narnet — Nonlinear auto — associative time — series network.



narxnet — Nonlinear auto — associative time — series network with external input. i
newgrnn — Design a generalized regression neural network. Hi
newhop — Create a Hopfield recurrent network. Ii’]
newlind — Design a linear layer. £
newpnn — Design a probabilistic neural network. ﬁ;]
newrb — Design a radial basis network. ﬁ]l
newrbe — Design an exact radial basis network. H
patternnet — Pattern recognition neural network. ﬁ(
perceptron — Perceptron. E
selforgmap — Self - organizing map. I
timedelaynet — Time — delay neural network. .
Using networks. % P 445 BB ¥4 40 F 3
network — Create a custom neural network. '
sim — Simulate a neural network.
init — Initialize a neural network.
adapt — Allow a neural network to adapt. '
train — Train a neural network.
disp — Display a neural network's properties.
display — Display the name and properties of a neural network. I
adddelay — Add a delay to a neural network's response.
closeloop — Convert neural network open feedback to closed feedback loops. .
formwb — Form bias and weights into single vector.
getwb — Get all network weight and bias values as a single vector.
noloop — Remove neural network open and closed feedback loops. ,
openloop — Convert neural network closed feedback to open feedback loops. :

removedelay — Remove a delay to a neural network's response.

separatewb — Separate biases and weights from a weight/bias vector. .
setwb — Set all network weight and bias values with a single vector.

Simulink support. % Simulink ¥ #F & %% '
gensim — Generate a Simulink block to simulate a neural network.
setsiminit — Set neural network Simulink block initial conditions.
getsiminit — Get neural network Simulink block initial conditions. '
neural — Neural network Simulink blockset.

Training functions. S W & )| 4 5 H I
trainb — Batch training with weight & bias learning rules.
trainbfg — BFGS quasi — Newton backpropagation.
trainbr — Bayesian Regulation backpropagation. i
trainbu — Unsupervised batch training with weight & bias learning rules.

trainbuwb — Unsupervised batch training with weight & bias learning rules.

trainc — Cyclical order weight/bias training.

traincgb — Conjugate gradient backpropagation with Powell — Beale restarts.

traincgf - Conjugate gradient backpropagation with Fletcher — Reeves updates.
traincgp — Conjugate gradient backpropagation with Polak — Ribiere updates.

traingd — Gradient descent backpropagation.

traingda — Gradient descent with adaptive lr backpropagation.

771
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traingdm — Gradient descent with momentum.

traingdx — Gradient descent w/momentum & adaptive lr backpropagation.
trainlm — Levenberg — Marquardt backpropagation.

trainoss — One step secant backpropagation.

trainr — Random order weight/bias training.

trainrp — RPROP backpropagation.

trainru - Unsupervised random order weight/bias training.

trains — Sequential order weight/bias training.

trainscg — Scaled conjugate gradient backpropagation.

Plotting functions.

plotconfusion
ploterrcorr
ploterrhist
plotfit
plotinerrcorr
plotperform
plotregression
plotresponse
plotroc
plotsomhits
plotsomnc
plotsomnd
plotsomplanes
plotsompos

plotsomtop

S W% 25 B FE
Plot classification confusion matrix.
Plot autocorrelation of error time series

Plot error histogram.

— Plot function fit.

Plot input to error time series cross — correlation.
Plot network performance.
Plot linear regression.

Plot dynamic network time — series response.

— Plot receiver operating characteristic.

Plot self — organizing map sample hits

— Plot Self — organizing map neighbor connections.

— Plot Self — organizing map neighbor distances.

plottrainstate -

plotwb

Plot self — organizing map weight planes.
Plot self — organizing map weight positions.
Plot self — organizing map topology.

Plot training state values

— Plot Hinton diagrams of weight and bias values

% J A g A 22 % 5 I AR 5 R B

Lists of other neural network implementation functions.

nnadapt
nnderivative
nndistance
nndivision

nninitlayer

nninitnetwork —

nninitweight
nnlearn

nnnetinput

nnperformance —

nnprocess
nnsearch
nntopology
nntransfer

nnweight

Adapt functions.

Derivative functions.
Distance functions.
Division functions.
Initialize layer functions.
Initialize network functions.
Initialize weight functions.
Learning functions.

Net input functions.
Performance functions
Processing functions.

Line search functions.
Topology functions.
Transfer functions.

Weight functions.



3.1 HMEZEMEHERE

7E MATLAB 246 T sim O e 8O T 52 BUA 22 A5 09 07 B . ok 50080 I A X000

[Y,Pf,Af,E, perf] = sim(net,P,Pi,Ai,T)

H B AZECY R s PR IR 5 A SE IR S 5 AT R iR 210 )2 SE IR
& E sibrbm i 5 Hbp )t Z A B8R 25 5 perf N 2GR TERE(E s NET 2205 ) kg 2%
X4 PRy 4 B A o] B R [ 5 PR )G B A ZE IR S (R4 W) 5 AL S W) 46 1Y )2 46
IRARZS (AT W) 5 T g HAR ] B (AT 45 )

[Y.P{,Af] = sim(net,{Q TS}, Pi, AD): 2% Q Jytb b BLEHE 19 %5, TS g W 4%
5 L B s R 2558

(60 3-11 Bt —Adan A 4k o) B A9 R0 g R 2% D FHYEE E .

>> clear all;

net=newp([ -2 2; -2 2],1); % B & B fnAh 2 W 2%

% ALY A K AL

net. IW{1,1}=[-1,1];

net.b{1}=1[1];

S TERAEXIANEIEMETHNRAAZT AR BT, A5 2T RS BHAADLR

pl=[1;1]; S H—NAES
al = sin(net, p1) A H— AN SR
p2=[1; -1]; % H NS
a2 = sim(net, p2) % K H AN 5 AT A
% %4%1*13/\%)\43%@&"/]\%‘?(@],ﬂ’]#ﬁ?&é‘&ﬁ A2 3]
p3={[1;1] 11};
a3 = 51m(net,p3) % 345 3 ATy A
TR A
al =
1
a2 =
0
a3 =

3.2 MK % eE L

MATLAB $#4t T L8 R 5 T 2 W sl 25, F i 457 LA 44
1. train & #

1E MATLAB 3246 T train e 80H TS BUMP 2 AS A9 I 2k o ok B0 I AR X000

[net, tr,Y,E,Pf,Af] = train(net,P,T,Pi, A1)

Hi
2
[¢4
#
i
il
H
F

(79
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Horb g i 28 net SHUNZRIE BRI 2% tr N ZRac 3t Y 0 2% i iy 1] &5 E iR 22 1)
s POOYYIZRZ I ik A SRR s A S5 UITZRZ8 k i i 2 IR AR S . g A S5 net
JINZRRTH M 2% 5 P oA R4 g kan Al BEAE 5 T Ron 289 B AR ARG BRI 05 Pisk
AN U A I BOIAE N 05 Al SRR W1 8R B JZ AT I BOAE S 05 V'V g B 30E ) 48 (i) 45
)5 TV i & (a4 i) .

0 265 Il 5 ok B — i FH 09 2 ~J ek R U G ok K00 52 b A — A A 1) O B — A
P46 L B OCHR T T I 45 EL R IR BT RS Bl v DU 452 ol v DU T R 08 B A R Y A ) B R
/NI DR 25 B R BR 22 H AR A

(6 3-21 G — A2 15 9 2%  OF EA7 125

>> clear all;

x = [012345678];
t = [00.840.910.14 —0.77 —0.96 —0.28 0.66 0.99];

plot(x,t, 'o") S AR A 3-1 B
>>net = feedforwardnet(10); SAE—ANABHENIEME. ZMBH—NEESER+
net = configure(net,x,t);
yl = net(x)
plot(x,t, 'o',x,vy1,'x") S R4 3-2 B
yl =
—-1.8260 —0.1460 1.5486 2.1347 3.5209 4.6727 4.3351 3.4458 4.0257
% X P 24 3 AT I 45
>> net = train(net,x, t); SRR wH 3-3 Br
y2 = net(x)
>>plot(x,t,'o',x,v1, 'x',%x,y2,"' % ") SR 3-4 Br =
y2 =

0.0000 0.4179 0.8690 0.1400 -0.7700 —-0.9600 —0.2800 0.6600 0.9900

3 .
1 M I
) 4 x !
0.5} 3 ’ ) J
2 ‘ J]

x
0 ¢ | a )
o) o ]
-0.5 & ‘
-1 L o ‘l
—1 . " ' " 2 : " -2 % . . i i i |
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
Bl 3-1 BRI Bl 3-2  AE ARt T HUE E

2. trainb & %

£ MATLAB 1 2L T trainb F T #it 28 90 26 BC{E AT B8 09 I 2k . bR 500y I8 A%
2w
net. trainFcn = 'trainb'

MT R EME MR trainb Y12k,



‘ Hiddan Output
Input Output
1 1
1 1
Algorithms
Data Division: Random (dividerand)
i Training: Levenberg-Marquardt (trainkm)
Perdormance: Mean Squared Errar (mee)
Calculations:  MEX
I Progress
Epoch: o | 3 iterabions | 1000
Time: | 2:080:04
Y 0
Gradient: 170 [ TSGR 1.00e-07
Mu: 0.00100 1.00e-06 1.00e+10
Validation Checks: o[ [] ] 6
Plots
Tnirainn State (plottrainstate)
Histogram | (ploterrhist)
IplL(reql:\.uUr
] m '

Bl 3-3 W4 G F
[net,tr ] = train(net,--

5 T T T T
x
4_ x
3| : ]
21 1 J
x
It o @
“: -]
0 ® ]
x ®
-11 - @ J
=2 L . L . . i i
0 1 2 3 4 5 6 7 8

& 3-4 2T s

)+ net YN IR [0l 22 R 4% 5 oo g B — P I ZRig 5%

WNGRJa 5 2 e LU S8 B0AME I 3-1 fis.

®31 JI%ESH

N&ESH AR ZKNE B %
net. trainParam. epochs 100 I TN Zr Rk B
net. trainParam. goal 0 eS8
net. trainParam. max_fail 6 T 2 T 1) e R IR B
net. trainParam. min_grad le—6 e IS e
net. trainParam. show 25 WK SR 22 18 B9 )1 25 45 %0 CIG 8. 75 B5F B NaN)
net. trainParam. showCommandLine false A A AT
net. trainParam. showWindow true Bonilgke 0
net. trainParam. time inf B KN G [a] BB, B2

EE:

(%1 3-31

% H R

EAk AR, Wi ad F 4L train 248 A L train B LK E W&
J& ¥ NET. trainFen 24 trainb k48 F trainb & M 2% 47

T %

ISR % IE R rainb 58HC 250 % .

>> clear all;

p=1[012
=[000

net

net

y = net(p)

345];
1117;

feedforwardnet(3, 'trainb');
train(net,p,t);

s A

- ERZEESENZ @S
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AT KR S ROR I 3-5 B .

y =
0.7460 0.4492 0.5497 1.1004 1.1924 0.7741

4\ Neural Network Training (nntraintool) E=tlE

Neural Network E-

T aell} fRel}- T

Algorithms

Data Division: Random (dividerand)

Training: Batch Weight/Bias Rule (trainb)
Performance: Mean Squared Error (mse
Caleulations: MATLAB

i

Progress i
Epoch: 0 6 iterations 1000

Time: 0:00:01

Performance: 0226 [l 0.178 0.00 |
Gradient: 132 [l 1.15 1.00e-06
Validation Checks: 0 r [ ]

s | | SO
i Training State (plottrainstate)
| Error Histogram ‘ (ploterrhist)
| Regression ‘ (plotregression)
| plotinterval U 1 epachs -

& 3-5 trainb Il gkt F2 E
3. adapt &K

7E MATLAB . $2 i 7 adapt e& 8T T %0 M 22 46 BEAT 11 38 NI 1Y . BRI 20 36 1
LS

[net,Y,E,Pf,Af] = adapt(net,P,T,Pi,Ai)

H S AZSH net AFF HIENLIIRZ RIZ5 s PO Z A T AR 45 H s . 3000 05 Pi
RV AGE R S ERIA Y 05 A CHRIER R IER BRIA N 05 Hir i net 2800 A& A B9
S Y MR E ORI ERIE s POV IRA R AEIR ; Af W RARIER,

K5 3-41 X G 59 B 45 W 25 2547 A8 I 25

>> clear all;

pl = {-1 01011 -1 0-1101};

t1 = {-1-11112 0-1-1011};
SAE—NERE MANEBA A -1,1],0F 1 a9m AR, FJFH0.1
net = linearlayer([01],0.1);

[net,vy, e, pf] = adapt(net,pl,tl); % B & p ok



mse(e) % ¥ttt £
BATREFE AT

ans =
0.7006

3.3 MEMBKFEIEY

£ MATLAB v 8t 7 A O3 H 2 > R4, F a7 LA 4.
1. learnp & %%

7E MATLAB " $2 8 1 learnp oR B0 T X0 JEH1 25 1 22 00 26 AL(EL AN ER(ELAY 22 > o bR
By I8 F A 0

[dW,LS] = learnp(W,P,Z,N,A,T,E,gW,qgA,D,LP,LS)

H, Z80dW BB ACHE RS 5 LS S Y 2R3 W 2 SXR W BUA R FF (AT 1S 5
Py RXQ Wk A A Z 2 SXQ By AJZ M AUEFEFE (A8 s N 2 SXQ M
T ASERE (NG s ERiREmMBEE=T—Y); T £RMEHNHRETHK; A
7 I 2% 10 S B ) B (TR KD 5 g W SR SXR B 5 1M fig AH O 1 B A BE 46 B (Rl 48
W) s gA iy SXQ 15 PEREAH G By i A% B2 R BFE (AT 8% ) s D ol SXS [y 28 0 IR 25 4
MECAT B ;s LP 2% 2] Z40 (AT B 5 LS 22 ) pREUE W] (AT 48 B 5 db Sy [a] (5 i 4 %
B by SX1 BEME A 5 ones(1, QN 1XQ M4 M 1 Ayla &,

7E info = learnp('code") ¥, £ X A JH 1Y code & BIAH R 19A FE B . 45 -

o 4 code=pnames i , i 7] K T2 FK

* Y4 code= pdefaults i}, & [A1 R IN B I 2 2885

e 4 code=needg B} . SRR AL T gW 55 gAL MR [ 1,

(5] 3-51  FIH] leanrp pREC: > — I ) 25 4[] A BE 6% 56 1 5" By DO g .

>> clear all;

err_goal = 0.0015; S X E AR E A
max_epoch = 9999; % 3R B Y 40 R K R 3K
X=[0101;0110]; S HARHIE
T=[0111]; %S B AR

net = newp([0 1;0 1],1); % A 3 B fa oAb 22 ) 24
net = init(net); %S A4
W=rand(1,2);

b = rand;

net. iw{l,1} =W;

net.b{1} =b;

for epoch = 1:max_epoch
y = sim(net, X) ;
E=T-y;
sse = mae(E) ; % W S ARALAS B G 69 T ) xR £

i
2
4
1ty
b
H
H

(831
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if(sse<err goal)
break;

end

diW = learnp(W, X, [],[]1,[]

db = learnp(b, ones(1,4),

W=W+dwW;

b=b+db;

net. iw{1,1} =W;

net.b{1} =b;

ﬁ\
-
-
S
=
=
S
=
-
S
&=
S
=
S
— s
=
S
—
N
S
i
=
S
hl
-
Z
3

end

epoch, W,y
BATRRT A

epoch =
2

0.2785 0.5469
0 1 1 1
2. learnpn & £¢

T2 PR S — S R R {2 T R B (EVE T i A o) Y R (B AR AR AR R B 7 A

S Hmz ] HE L learnp BERAFZ o R IR AR 20N -

[dW,LS] = learnpn(W,P,Z,N,A,T,E,gW,gA,D,LP,LS)

info = learnpn('code')

SR XS0 learnp BRELUHH

(61 3-61 i X~ WITHELE A PRI 2% E =AM 20 . 3 e IR 72 )

BRI s ]

>> clear all;

p = rand(2,1);

e = rand(3,1);

tic;

dwl = learnpn([],p,[1,[1,01,[1),e 01,1, [, [1,T1)
toc

tic;

dw2 = learnp([],p,[1,[1,[1,[1,e 1, [1, 01,01, [])

toc

BT R AT

dwl =
0.1360 0.1447
0.3349 0.3563
0.3228 0.3434
B8] &3t 0.295035 #7,
dw2 =



0.1958 0.2083
0.4822 0.5130
0.4647 0.4944
B ) 2iid 0.096269 #),

3.4 HEMEYBLEE

1E MATLAB b 208 725 118 JH 9 iR AL sR 80 T T A 41

1. revert 3

Z PRECH T 58 B S 0 R A B R R B R S — IR IR A . pR B T A
Ah
net = revert (net)

USRI S5 R B 2R T AR A ol 2 B G SR 0 265 1) S A B 2 M) 1) 3 3 6 R
AR B A T2 0 B 55 TR 1) 0 2% 45 44 AT BT AN ] IS 2 2% o BTG 1205 K5 A AE 0 1R K 2
PR AIE . 7EIXFIEBLT o R KK ASUE AT B (E AR B E O 0.

(51 3-71  BIg— A KN T 2, — A p 2 Te i & & IF ) revert X TE 8IS 4]
IR (E AT PR S A B

>> clear all;

net = perceptron;
net. inputs{1}.size = 2; SEANK DA 2
net. layers{1l}.size = 1; S EHA1

disp('R TR R E L BIME: ")
net. iw{1,1}, net.b{1}

% B RCVA T X A

net. iw{1,1} = [12];

net.b{1} = 5;

disp(' 2= ZBE AL BME: ')
net. iw{1,1}, net.b{1}

% ddm T W H W Y04 A ds AR

net = revert(net);

disp(' 2R A M % AL L FAL: ')
net. iw{1,1}, net.b{1}

BT R AT

ETMIERBAE L FAL:

ans =

0 0
ans =

0
BETFEEGHRAL AL
ans =

1 2
ans =

i
2
4
1ty
il
H
H

(85
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BRI 40 BAR L B

o
o

2. init F 4k

£ MATLAB 1, init I F X5 2 4 #1700 i fk . pR B0 8 A4S =000 -
net = init(net)

Horp 3R M 240 net S B WAL S BORH 2 2% 5 i A S8 net Dy B0 46 10 19 1l 22 I 45
(6 3-8 AR¥E4S & Bk A ) & P A1 E AR e & T B — A B &5 0 45 o0 HsE 47
gfrpnte. Hb .

P=[0101;0011],T=[1000]
H MATLAB 52840 A -

>> clear all;

S Al — AR e 3R 2
P=1[0101;0011];
T=[0001];

net = perceptron;

net = configure(net,x,t);
net. iw{1,1}

net.b{1}

% 3 % m 35 AT %
net = train(net,x,t);
net. iw{1,1}

net.b{1}

% A %5 AL B dm B

net = init(net);

net. iw{1,1}

net.b{1}

AT R R AT LN GRid AR anE 3-6 Fs .

ans =
0 0
ans =
0
ans =
1 2
ans =
-3
ans =
0 0
ans =



Algorithms

Data Division: Training Only (dividetrain)
I Training: Cyclical Weight/Bias Rule (trainc)
Performance: Mean Absolute Errar [mae)
Calculations:  MATLAB

Progress
Epoch: o] 5 iterations 1000
I Time: I 0:00:02 |

pertormance: 0750 (BRI 000

. ' (plotperform)

[plottrainstate)
Canﬁ;inn [plotconfusion)

Plat Intervak Ij 1 epochs

ik i =]

[ 3-6 W2 MY it 7 K
F DA 1 25 30T L e S ) g 1 AR AT IR AR, BUE AN BIE AR Ry 05 Y455 .
KA R E 73590 R L1, 2 18— 35 XN ZRAT (0 28 SEA T 00 dR Ak 5 I 2 30 LATT A94E . #8 R 0.
3. initlay & %%k
£ MATLAB 2 W 25 T A 4284 T initlay pREH T X0 21 pi 28 19 4% 119 3L )23 2
TrRIaa A . eR B E I AS X
net = initlay(net)

Horp i A S net I — Z0IEIE S5 Hi 280 net MR IR IS 15 209 W 2% .

info = initlay('code") : #k#fi code {H AR, iR [MIAT & R EL A MF B AL 4G

* 4 code={pnames i} i [7] pR KL S 5010 24 FR

o 4 code=fpdefaults B} iR [\ ZRIN 1Y BRECS B0,

4. initnw % £

ZREUZ — N2 W 6 46 R 2L T B Nguyen-Widrow 7 I X 35 2 09 AU (8 A1 {8 1
T a Ak . PR I FHAS = -

net = initnw(net, i)

Ho A AR net AR WIERALIIRIZ R 2% 5 1 MR IR G5 it 280 net 01 IR L5 19

-REIESRENE wBS

(570
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P
3.5 MEMEEMNEEH

1E MATLAB v 2480 725 T sRBOH TS B s 2 M 28 i AL T T A 4

1. netsum &3

2% R R — A i A SRR e B e R R — T BRI e AR B AR AR A S i 2 14
Ao PRELIE A% X -

N = netsum({Zl1,Z2, --,Zn},FP)

ZHRL1 22, In KoRB i BEECH T LU L EA . FP N IR S B oT 41
A 22

info = netsum('code') ; {K#i code {HAYAIE iR AR BE B 64

4 code=name B KRR [l 1% Hii o EIY 22K

* Y code= type I K7 [ iy HAE S AL,

* 4 code={pcheck B} FIR iR Ml AE 2 R B S 40

o 4 code=fullderiv A} iR [A] S5 R 5K .

o 4 code=fpnames [} iR [7] pREL S B0 2 TR

o Y4 code=fpdefaults I} iR [ ZRIN (1Y BREL S50,

KBl 3-91 3545 % fy A 22 B IASURN

>> clear all;

21 = [124;341];

z2 = [-122; -5 -61];

b = [0; -1];

n = netsum({zl,z2,concur(b,3)})
BATRT AT .
-3 -3 1
2. netprod & #&
5 netsum P THRAE SR AL AN 1 1% R BSR il A SK B BRI B BB I — )2 1 BB RN I (B
AHIANE M Z )2 A . BRE A% R
N = netprod({Z1,Z2, - ,Zn})

S 21,22, In TRt A EEE T LR EA
info = netprod('code') : {K#i code {HAIAIE iR MIAFEBE B G4
e 4 code=name Hf F 7R [ 155 R E A 2K .
o Y code=deriv I F iR [ 53 BREL .

13
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o Y4 code=fullderiv B} iR [Pl S 8009 R 40,

© 4 code=pnames IR il B 502 H 10 447 x
o Y4 code={fpdefaults IR A1 BRI\ B BREC S50 L‘;il'
(61 3-101 5 2 5 g A (9 AR )
pliil

>> clear all; Hi
71 = [124;341]; Hi
72 = [-122; -5 -61]; ﬁ(
z = {z1,72}; |
N = netprod({Z})
N =

[2x3 double] [2x3 double]
>> N{1}
ans =

1 2 4

3 4 1
>> N{2}
ans =

-1 2 2

-5 -6 1

3. concur &3

2 oA R AR A T A5 AR SR AN — SO ASUEL 10 S8 R A 1 9 4 A — 20, LU 47 4
ISR . R R I A O

concur (B, Q)

Horb, B o NXT R AUE ] B Q FEA S —BUb s Zag K .
R EHE R — 2 & — B H I .
K50 3-110 Sk P i A 1] e HCASUA 1 -5 0 {1 1 4 45 4 — B
>> clear all;

>b = [1;3;2; —-1];
concur (b, 3)

BT R AT
ans =

1 1

3 3 3

2 2

-1 -1 -1

PP B AT 45 R 7R T R AL conur RIS AT HLIR . BB IE J5 (9 56 F 5 2 i 1) & 9 Rl A 41
A

3.6 2N 15 K

1 125 PRRSC A A P R o 20 ) 205 194 i A B B D S L R T LR o B R AR o R S B
b IRE . T ¥ LA 4.
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1. hardlim & &

7E MATLAB f . $2 4 1 hardlim o8 808 B BRI 14 4 08550 7T LI 5 31550 90 46 04 4 A
FEENZ)Z B o G0 SR 4 A0 e AR B T B R FR I eR KA O 1L R R R 0 BR
ROy v AR X0

A = hardlim(N,FP)

TE 25 78 W X 28 B A o) s 6 B NI S R 192 2 i o ) B P ALY N iR Oc R R T 5%
TEE R FAER 1. B0 05 FP MRS B (A Z88)

dA_dN = hardlim('dn',N,A,FP) . &[] A XF N i S8, R A s FP K=,
FP RERINSH A E KA N kitHA,

info = hardlim('code") : #&#& code fH MR IR WA [ 145 8 . EARIR [0 924554 -

o 4 code=name I} B3R [B] 1% & pREC AT 2 FK .

* 4 code=output If B3R 8] 4 7 A % i ok 50 030 B/ B R I — eI &

24 code=active I Bl & 7] 4 5 4% iy oFi £ i A0 ] B /DML L Je RABLAY — T ) 4

o M code=fullderiv i} B3 [PI4K#E N iz 9] 1 8% O,

o 4 code=fpnames A} B 3% [0] 26 50 2 8000 4 FK

e Y4 code=fpdefaults B Rl i& [F] R HBRIN S HL .

Z PREI) D R pR B H
(1 , n=0
hardlim(n) = <
10 , n<0
491 3121 22 0 8 BR  26
>> clear all;
n=-5:0.1:5;
a = hardlim(n);
plot(n,a, 'linewidth',3);
BATRRT ORI A 3-7 FiR .
1
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0.6 L
04
0.2
0 .
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[l 3-7 i PRt 2



FE: T4 NET. layers{i}. transferFen % & 2 hardlim k8 B iz R4, XX F
TAZMEFE | Baytbid R3,

2. hardlims & %%

fE MATLAB 424 1 hardlims pR 0] T35 BOG P A BIR 08 4% 46 o6 20, 0 HOR 1153
PO 28 (10 i A B2 I o XTI ek B dn SR AR B TTRR L 0 A (R R 1 A ) A
B —1. B

A = hardlims(N,FP)

dA_dN = hardlims('dn',6N, A, FP)

info = hardlims('code')

PRI S50 & X5 hardlim BRI S 805 SCHTR .
ﬁ@éﬁtﬁﬁﬁiﬂ‘” W -

1, n—=0
hardlims(n) = {
—1, n<<O

[ 3-13) F]JH MATLAB 25 4 — /%4, 38 hardlim F1 hardlims %F H 347402

>> clear all;

n=-5:0.1:5; SO0 1L AT K, i —AN4%E
a = hardlim(n);

b= hardlims(n);

plot(n,a, 'bo');

hold on;

plot(n,b,'r.");

BT AR IEAE 3-8 AR,

1

0.5

-0.5

-1

P 3-8 A A% o ROHEAT 2 S RCR 1A
] T Sz R 4 2 MR hardlims (042525 55 AR 3640 2 hardlim (042545 5. A LU
B A R ) M B AT T
3.7 HfpEs

£ MATLAB 1 $24E T dotprod pRECH T X AUE SR 5L B RS AUE 5 i A Z 18] 1)
SORRE R A A . BRI AR R

Hji
&2
14
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i
H
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1Ea

MATLAB R2015b#H £ M 4 # &

7 = dotprod(W,P,FP)

Hop W o SXR 4ERAUEAE M P oy Q 41 R 4Ef% Al FP N IhRES B 454 . n]
221

dim = dotprod('size',S.,R,FP): BUZH S BY K/ K size, g A K/DH R, IR ML
fH AL .
dw = dotprod('dw',W,P,Z,FP). &1l Z ) 35 H W,
info = dotprod('code") : #k#i code [EHAYA IR, iR IR AME B . HARR BN R .
2 code=deriv I 7R~ 1R [7] {53 K 4L
o 4 code=pfullderiv i ik [A] S 50 ) IR B,
o 24 code=wiullderiv B} iR [ AUH A9 IR EL .
e 4 code=name i} iR [0 1% iy pR KL 1Y 42 F5 .
o 4 code=fpnames iR [A] BRI E0 S B 24 TR
o 4 code=fpdefaults B} i o] BRI\ ) R ECS B,
(G 3-141  F 7 P40 B Calg g ) o 1330 W ASU(EL ) i R
>> clear all;
W = rand(4,3); SHT—/MNAXIWEE, AL EHRDT L

P = rand(3,1); SEIT—NIX1WERE, FALEHRDTL
Z = dotprod(W,P)

BT T

7 =
0.5148
1.0951
0.3571
0.6322





