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Ero akéko¢ : Isokgra opolo isan (Neural Network )

I) Kinniisokora opolo isan ?

Awon isokora opolo isan ( Neural Network ) jé éro akékoo aladase ti yoo mo
ibatan t0 wa laarin awon isofunni té po gan-an.

Nigba ti a ba yo ti ortko kuro, Ko tumo si wipé gbogbo €yi n sis¢ bii opolo
ééyan, amo yoo fiin wa ni anfaani 1ati mo ona isisé opolo. a yoo 10 MNIST.

Ibere is¢ awose :

Awon itgsona kékere wonyii ni yoo salayé ona akojo awose ( model ) ti isokora
opolo isan maa 10 fi kekoo.

model = tf.keras.models.Sequential([
tf.keras.layers.Flatten(input_shape=(28, 28)),
tf.keras.layers.Dense(128, activation="relu'),
tf.keras.layers.Dropout(0.2),
tf.keras.layers.Dense(10)

D

Alayé :
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Ida-ipile isokora opolo ni awon ipele, oriisii méta 16 wa :
1. Ipele iwglé
Eyi je ipele ti yoo gba awon isoflinni wolé
2. Awon ipele abé¢nu ; Awon ipele aarin ti yoo sird awari awon afidamo
awose abénu, ibe ni ikéko maa sele nina isokora opolo isan
3. Ipele ijade ipele ik¢yin maa seda ijade isoftinni tabi awose.
ipele kookan ni isé ti n $é pato, Awose maa se istinki awon iwolé, ijade
ati awon ipele abénu.
Bi e ti se ri ni isale nint atoko ipele mérin ni a ni :
Flatten, Dense, Dropout, and, err, Dense again.

Flatten ni ipele iwolé

Ekeéji Dense ni ipele ijade.



II Kinni Sequential model ( awose atotelé).

Nigba ti a ba n soro sori awon awose, eyi timo si wipé a n soro sori irafeé éto
agbékale ti isokora opolo isan 1¢ 10.

awon iraf¢ agbékale mi-in tin wa, a y60 maa sorg sori awon wonyii ( Recurrent,
Convolutional, Multilayer ...: Loorekoore, ainidaja, onipele pupo ).

Nnkan t6 ye ki ¢ mo bayii, kii se irafé isokora kan ni a ni, isokdra p9, t6 si jemo
nnkan ti ¢ fé¢ 10 won fun, won ni agbara ji ara won lo.

Awose alatéléra ( Sequential model ) jé irufé agbékalé isokora awose. Awose yii
jé irufé eyi ti imalo r¢ minadoko fin awon isofinni té ni étoléseese ati itoka si
to han gbangba, bii awon ayoka, oro, tabi awon ohun at¢lera leseese.
O 1¢ kékod awon iwolé ati awon ijade t6 ti koja ti a si ségélogan awon ibatan
laarin asiko ati isofunni ( Eyi t6 timo si pé awon isoftnni ni ibatan péla asiko ).
Awose ateléra 1¢ sakoso awon ijade ati iwolé awon iyipada-gigun, éyi 16 mu ki
imulo re jé ojuléwo fin awon isé to jemo €dé adanida, imo ohun ati iwose
(iriran ) asiko at¢léra.

Awon ipele
Flatten ( iparamole, itemole )

Flatten (input shape = (28, 28))

Eyi jé ironuwoye t6 yani 1énu gégé bii omo ¢d4 éniyan a & ri aworn t6 wa ni
isale bii 7 .

Eyi jem¢ éto agbékalé ti a ko bii ohun t6 jé 7. Irisi 1¢ wa bii awdran onipd méji
28*28.

Is¢ yii yoo sayipada aworan onipo méji si fecto onipo kan pela igbi awon
onkaye t6 wa laarin 0 dé 255.

Nitori bi ti ero wa y60 ri i ni, kii se bi 7 bii igbi olonkaye pe¢la ird 784 ( 784 jé
28%28).




Dense
Dense ( 128, activation = ‘relu’) : Ninipon ( 128, activation = ‘relu’)

Atupale

Ipele Dense ni irafé eyi ti yoo so iwolé kookan mo ijade kookan pela iwon.
[tamo ila atdsona yii ni pé a sakojo opolo isan 128, ti ¢ si lo isé imusisé
ReLU ( rectified linear unit) ti idiwon onigboro alasatunse.

A ReLU (activation function ) j¢ irt isé ti yoo seyipada iwolé to ba jé rere tabi 0
ti ko ba jé bee.
Opolg isan ( Neurons ) 128 ?

Nitori kinni ¢opolo isan 128 ?

O jé onkaye alagbara méji to si jemo didiju ibééré fun abajade ti a n wa pelua iye
isofunni ti a ni fi dako¢. O ni idi ti a fi 10 128 ti kii se 64 tabi 256 a y60 maa
salayé ni waj.

Kinni iwulo is¢ imusisée ?

Is¢ imsis¢ ni yoo salayé ijade opolo isan ninti isokQra to ni ibatan pela iwolé to
gba.

O tin maa fin wa ni anfaani 1ati 16 ai jé gbooro ninu isokora, eyi yoo jé ko
kékoo awon awose didiju nini awon isofunni, is€ imusisé ni yoo pinu ti opolo
isan kan ti yoo0 ba siseé tabi ko ma sis¢ nigba t6 ba 10 ibebe iwolé.

Nigba ti isoftinni iwolé ba ju ipele akoko 1o, opolo isan maa wosé bi ko ba jé bée
6 maa wa ni ipo aisise.

Awon irafé imasisé po amo ReLU ni a y6o 10.
ReLU ( Rectified Lenear Unit : Edidi onigboro alasatunse )
Alayé :
ReLU(x) = max(0,x)
Eyi t6 timo si wipé, ReLU maa safihan onkaye iwolé to ba jé onkaye rere 0 to
ba jé alodi.
Apeere ReLU(5) =5, ReLU(0) = 0, and ReLU(-5) = 0.

ReLU j¢ isé ti a maa saba 10 nint isokora opolo isan fi pés¢ awon idanimo té wa
ni isale awon awose.



e O rorun lati sird to si ni yiyato ibajé aile. Yiyatd di¢ nind isokdra opolo
isan maa n won igboiro asise isokora pelu ibatan pelt iwawo won kan.

e O maa 1 fan wa ni anfaani 1ati bori isoro yiyato ifarasin, yi mda f wayé ti
yiyato ba kére ju, ti isokora yoo duro ikeko.

e Imuld ai jé gbooro pelt iwonba nind isokora, &yi ti y6o mu idagbasoke
agbara wa, ati fin gbogbogbo.

Sparsity ( niwonba, aito )

Sparsity timo si wipé awon onkaye isokora isan opolo j¢ odo tabi sanmg o.

Bii apeere nigba ti ¢ ba ni isokora pelu isan opolo 100 t6 si j¢ wipé 10 16 wa 1¢nu
is¢ ( ijade onkaye jé odo ) fun iwolé isofunni, eyi timo si isokdra to6 mole. aitd
y00 jé ki idinku awon aato ati isird nint isokora wayé, €yi ti ko mianadoko,
isatinse ko po.

Aitd maa jé ki a dojuko awon animd ati awose t6 se pataki ki a si gbagbé awon
ariwo pela apoju.

Ai lo ni gbooro timo si pé ijade isokdra ko 1¢ jé aropd gbooro awon iwolé eyi
maa 1 mu ki isokora ko sawose t6 ni awon ibatan t6 didiju, to si j¢ 00t0 laarin
iwolé ati ijade.

Dropout
ijawo (0,2) ; Dropout(0.2)

Ipele ijawo ni aato ti iwon re toka si ida mélod kan awon édidi iwolé ti a yoo
yokuro laarin O tabi 1.

[16s0ke iwon yen timo si pé isatanse maa po, t6 si jé wipé ipadanu isofunni méa
po.

A y060 10 ipele ijawo nini awon isokora opolo isan lati ma jé ki isatinse po.

¢yl yoo j¢ ki awon opolo isan ma kdpa ninu ipele atelé bii eyi ti won ko si nina
isokora.

Eyi yoo fin isokora ni digbékelé awon opolo isan pato kan ti yoo jé ko ni
agbara.

Sé kii se pé 6 ni nnkan se pela apoju ikeko ?

Tjawo pela apoju ikékoo ni ibatan, ijawo jé imo 1ati jé ki afikan isatnse nint
awon isokora isan opolo maa wayé.

Afiktn isatinse j¢ isiro ti yoo wayé nigba ti isokodra to ba koo awon ariwo ati
awon kulekule pato, awon isofinni ikékoo ti ko rona lati je ki ikekoo kari awon
isofiinni tuntun tabi airi.



Dense

Dense (10) ; Nipon(10)
Nitori kinni ipele ik¢yin Dense ko ni is€ imusis¢ ReLU, kinni ipele ijade isokora
opolo isan ati pé 6 ni lati sakojo irafé ijade to yato si awon ipele abénu ti waju.

Ipele ijade yoo sayipada awon logits ( iye idije ipilé ) ti isan opolo kookan si
siseesé ti aropo won si j¢ 1.

Is¢ yii 4 seda ipin siseesé sori gbogbo awon owo 10, to tokasi ipele igbékele pé
iwolé wa lara owo kookan.

Bii apeere nigba ti ipele ijade ba fiin wa ni

[0.1,0.2,0.05,0.05, 0.1, 0.1, 0.3, 0.05, 0.05, 0.0], &yi timo si wipé isokora 1o
wipé iwolé ni 30% igbekelé fijé 6, 20% ijé 1, 10% 1 jé 0, 4 tabi 5 bee bee lo.
Is¢ ReLU 16 minadoko fun awon ipele abé¢nu ti isokora fan ikékoo awon
afidamo ati awon awose ni gbooro latari awon isofinni iwolé. Is¢ ReLU maa jé
ki isoro ifarasin iyato ma wayé, ti ko sé nnkan kan fun ipele ijade, latari ¢yi
ipele ijade kii lo isé¢ imusise ReLU.

Awose wa ni &yi ni itupalg.

Ni bayii a I& 10 awon ila &to Iéseese tO wa ni isale fi bere si wosé 16ri awon
isofiinni wa.

predictions = model(x_train[:1]).numpy/()
predictions

abajade :
array([[ 0.3977482, 0.05716583, 0.2599235 , -0.2866959 , -0.8014836 ,
0.4897349 , -0.54852885, -0.20476958, -0.03569295, 0.16433768]],
dtype=float32)

E yo00 sakiyesi pé ijade 10 ni ¢ ni nibi, bo ti ye ko ri niyen.
Ni bayii a I& 10 awon ila éto Iéseese isale fi bere si wosé 16ri awon isofiinni wa.



&) .

111 Isagbéwolé akojo awon isofiinni
Mnist = tf keras.dataset.mnist

Predictions = model(x_train[:1]).numpy()
Atupale

e model j¢ oniyipada ibi ipamo awose ti a kojo.

e X train j¢ ate oniyipada ti isofunni ik¢koo wa nina re, ti won si j¢ ate
onkaye pikis¢li t6 n $6ju awon aworan.

e x train[:1] j¢ ona lati pin ate ati lati fi yo aworan akoko nint isofinni
ikekoo.

e model( x train[:1]) jé ona lati p¢ awose sori awon isofinni iwolé ti yoo si
s¢firansé won bii igbi iwolé isofunni.

e numpy() j¢ alakale ti yoo seyipada igbi isofunni “tensor” si ate Python t6
rorun 1ati 10 fin onkaye isofinni.

Ni bayii int1 oniyipada predictions a ni awose ijade aworan akoko ini awon
isofunni ikekoo.

Nigba ti a ba 10 oro ipasé atosona yii :
predictions
Abajade

array([[0.06881157, 0.07851647, 0.16719425, 0.08308695, 0.07556159,
0.17163385, 0.08344478, 0.14588797, 0.05878582, 0.06707676]],
dtype=float32)

Ijade jé ate oni onkaye 10, okookan jé logit ( to dabi siseesé ) to si timo si wipé
aworan yii wa nini owo kan ninii méwaa.

Logits

E jé ka sor¢ sori akojopo logits :

Logits nibi ni awon iwosé mewaa ti awose itoleseese gbé jade ( 1ai jé pé ikekoo
ti wayeé ).

A sépile awose pelt awon onkaye ni ona radurudu, ¢ maa ri wipé awon logits
wonyii jé awon onkaye t6 kére si 0,17 (17 % ) ati 0,08 ( 8 % ).

Nitori bi ti awose sé kekoo 16ri awon isofunni , 6 maa semudogba awon aato ki
awon ipadanu maa kére ti imuasi 4 maa lo soke.

E jé ki a k6 awon logits wonyii sinti softmax.



Is¢ softmax

tf.nn.softmax(predictions).numpy()
Bi ¢ se mo, tf j¢é gbagede agbéwolé igbi iwolé, nn j¢ eédidi to ké awon ise
isokora sinu, isé softmax pelt wa nina nn ).

prediction jé oniyipada ti awose ijade wa nint r¢.
softmax jé is¢ isiro ti yoo sayipada logits si siseese, maa séyipada ate logits t6 ba
gba si ate siseese ti a si ri daju pé aropo siseesé 1.

Kinni softmax ?

tf.nn.softmax(predictions) maa 10 is¢ sori ate iwosé ti abajade j¢ ate ti awon ida-
ipile kookan j¢ siseesé owo kan pato.

Bii apeere nigba ti ¢ ba ni owo 10 ( onkaye 0 dé 9 ) bi a ti seé abajade maa j¢ ate
siseese 10.

Numpy()

Kinni is¢ Nump(t)y ti a f1 10, nitori kinni ?

Alakalé numpy() méa sayipada owo igbi si ate owd numpy, &yi maa fin wa ni
anfaani lati 10 NumPy sori igbi tensor ati odikeji re.

Tyato ni eyi :
print("Non numpified", tf.nn.softmax(predictions))

print("\n Numpified " tf.nn.softmax(predictions).numpy())

Non numpified

tf. Tensor(

[[0.06869026 0.04607732 0.15232012 0.1365249 0.04827461 0.08028805
0.18604493 0.13675681 0.06063688 0.08438616]], shape=(1, 10), dtype=float32)

Numpified
[[0.06869026 0.04607732 0.15232012 0.1365249 0.04827461 0.08028805
0.18604493 0.13675681 0.06063688 0.08438616]]

O yo irisi ati iraf¢ isoftnni kiro to6 si ju apapo numpy to j¢ ir6 10.

Kinni Is¢ loss (ipadanu ) ?

Isé ipadanu je Ona ati won agbara iwosé abajade awose ikéko aladase latari
awon isofunni iwolé.

Is¢ yii yoo gba onkaye gidi pela onkaye iwos¢ ti yoo si s€yipada iye to j¢ iyatd
laarin awon méjéji, iye yii tin jé onkaye asise.



Gbogbo akitiyan awose isokora opolo isan ni ki 6 sekéretan is¢ ipadanu, bi ti iye
yii se kére bée ni awose maa j¢ ojulowo.

[tosona
loss_fn = tf.keras.losses.SparseCategoricalCrossentropy(from logits=False)

Itmo ?
Loss_fn ni oniyipada ibi ipamo owo is¢ ipadanu

tf.keras.losses.SparseCategorical Crossentropy

Eyi j¢ owo isamulo is¢ ipadanu agbara isisé irékoja to mole.
Irufé isé ipadanu ti maa h won ibi ti awose 1€ wosé isori t6 peye dé fun gbogbo
iwolé, awon irafé ipadanu po, amo eyi nikan ni a 4 salayé.

(CCE) Categorical Cross-Entropy (Isori agbara isisé alalopo ) :

Eyi ni isé ipadanu fun itoléseese onisQri pupo, eyi timo si isé iwosé iye to 1& wa
nint isori td po, bii awon onkaye ti a fowg ko, ¢ya moto tabi awon miiran.

CCE yo60 won iyato laarin siseesé gidi ati ti iwose ti a si ba awon iwos¢ 0julowod
wolé ju awon to6 kuna.

Oro imole jé irufé isé, eyi thmo si wipé asamisi jé awon onkaye kan ( bii 0 fin
onkaye, 0 ti a fowo ko ).

(from_logits=False)

Aato ti i toka si isé ipadanu yala ti isé softmax ba ti satanto ré 10na ilana tabi
bée ko.

[satanse ti wa 16ri tiwa nitori &yi ni 6 fi jé False.

Atgsona to kan

loss_fn(y_train[:1], predictions).numpy/().

loss_fn is¢ ipadanu (ti, Sparse Categorical Cross-Entropy: Isori agbara isisé
alalopo ).

y_train : ojulowoé asamisi (ibi 06t0 ) fin awon isofunni ikékoo.

predictions : [jade awose ( logits tabi iye idije ipile ) fin apeere kan pato
( nibi apeere akoko nint awon isofinni iwolé ).



Ni apapo

loss_fn(y_train[:1], predictions) : Y00 sir6 ipadanu laarin awon ojulowo
asamisi pelt awon iwos¢ awose.

Nigba ti ¢ ba f¢ mo apa kan ¢ sayewo y train[;1] ate y_train fi mo 06t0 apeere
akoko ninu x_train

print(y_train[:1])
A y00 ri wipé isamisi gidi apeere akoko ni

[5]
Nigba t6 ba wu yin ¢ lé yo awose akoko x_train 1ati ri 5 yii ni irisi onkaye.
print(x_train[:1])

Awon onkaye ipadanu t6 kére 4 toka si ibadogba iwose ati awon 0jalowo
asamisi

Ni soki
Awon onkaye ipadanu to6 kére maa toka si ibadogba laarin iwose ati awon
ojulowo isamisi. Awon onkaye pato ti ¢ ri ( apeere 2,3631315 ) y6o safihan
awose sori apeere yii.
Is¢ ipadanu se pataki fun ik¢ko¢ isokora opolo isan. Won maa satona ilana
imudojawon iyato laarin iwose ati afojisun gan-an.
Ikekoo ati ayewo awose wa
Itosona to telé
model.compile(optimizer="adam',

loss=loss_fn,

metrics=['accuracy'])
model yo0 10 alugoridimu adam fi sakojo i iseémidojuwon awon iwaiwo té jemo
iye isé ipadant.

adam
Jé alugoridimu t6 didiju to si di rébooti mathématiki
Ni soki :

Alagoridimu adam ( agékuru : adaptive Moment Estimation ) jé imo ¢ro
imadogba ti a maa saba 10 nint akdjo isokora opolo isan.



Awon ipele adam ni : r6booti mathimatik
Isiro igba akoko ( aarin ) ati igba ekéji (iyato ti kii se ti aarin ) awon iyato.
- Isémudogba igba ikekoo fun aato kookan nigba ikékoo
- Isiro iwon ikékoo pelt imadogba kookan fun iwtwo kookan bi ti ikékoo
sé n lo.
Awon ipele ti ko le :
Won y60 salayé is¢ ipadanu loss_fn ti a ti sé ni waju, 6 maa won ipele giga ti
awose 1¢ dogba mo isoftinni.

Imusi jé ida méloo kan awon iwose to j¢ ojulowd ti awose sé.

Awose yoo0 siro awon imiunadoko re pelt iwon imusi to jemo ida méloo kan
apeere ti itoléseese dogba.

Imukéko

O~

awose wa

model.fit(x_train, y train, epochs=20)

Kinni model.fit

Awose maa kékoo lati awon isofunni iwolé ( x_train ) peli awon isamisi to jemo
y_train pell isatunse awon aato 16ri alasetinse 20 (igba ).

Fan igba kookan a y6o pin awon isofinni si awon édidi to ni iye isofiinni mélood
kan ti ( ap&juwé j¢ batch_size ) ti awose a semtdojuiwon awon aato re, nigba to
ba ti sémulo edidi kookan.

A ko salayé gigun édidi, eyi maa gba onkaye ni akuinayan nint oluseda bii oke.
model.fit(x train, y train, batch size=32, epochs=10)

Awon gigun isofunni édidi kékere 1¢ maa j¢ ki imadojhiwon iwuawo maa wayé
nigba gbogbo, amo alasetiinse yo0 po, nigba to jé wipé gigun isofunni t6 ga yoo
peye latari ibi ipamo ti imiudojaiwon awon iwiuwo 1€ ma maa wayé ni

igbagbogbo.

Abéjade

Epoch 1/20


http://model.fit/
http://model.fit/

1875/1875 [ ]
10s Sms/step - loss: 2.3347 - accuracy: 0.2087

Epoch 2/20
1875/1875 [ ]
7s 4ms/step - loss: 2.3017 - accuracy: 0.2047

To Epoch 20 ....

Epoch 20/20
1875/1875 [ ]
9s Sms/step - loss: 2.3026 - accuracy: 0.1456

1pin si wewe abajade ise akojo ko fi le yé wa

Epoch 20/20

Eyi tamo si wipé ilana akojo sée ni igba 20 ( alasétinse ).

Igba kan timo si wipé ilana gba ini gbogbo awon isofunni ik¢koo

1875/1875:

éﬁkéye akoko 1875 jé ndmba édidi ni igba ti 11 lo 10wdlowo. Onkaye ekéji 1875
jé iye ¢didi gbogbo nint isofinni ikékoo patapata.

Nibi a pin awon isofunni ti a fe fi kékoo si edidi 1875, ti awose si ti pari imald
won ni igba yii.

Eyi ni ila it¢siwaja etoléseese, 6 maa n safihan ibi ti akojo wa nigba yii.

\\\\\

-9s Sms/step:
Asiko to gba

loss: 2.3026 - accuracy: 0.1456:

Awon iwon t6 jade ni ipari igba yii :

Ipadanu : iye isé ipadanu ( ibi 2,3026 )

Imusi : ida méloo apeere ti itoléseese jé ojulowo (ibi 0,1456 tabi 14,56 ).

Asiko ayewo



model.evaluate(x_test, y test, verbose=2)

Epoch 30/30
1875/1875 [ ]
8s 4ms/step - loss: 2.3027 - accuracy: 0.1229

313/313 - 1s - loss: 2.3026 - accuracy: 0.1019 - 1s/epoch - 3ms/step
[2.30259108543396, 0.10189999639987946]

[tosona yii

model.evaluate(x_test, y test, verbose=2):

Ni agbéyewo awose ti ikekoo adase sori gbogbo awon isofinni ti ayewo.
Atapale :

x_test: Awon isofiinni iwolé ( pelti awon animo ) gbogbo awon isofiinni ayewo.
y_test: Awon 0julowoé asamisi ( 00t0 ori papa ) t6 jemo awon isofiinni ayewo.
verbose=2: Aato yii yoo sakoso oro org ilana agbéyewo.

Iye 2 timo si wipé a yoo safihan awon isoftnnibi ti agbéyewo se te

siwajl.

Awon abajade ila itosona maa sapapo awon ipadanu pelt awon iwon mi-in ( bii
imusi ) ti awose sird sori awon isofinni ayewo ( test) bi apeere.

313/313 - 1s - loss: 0.0778 - accuracy: 0.9752
Aleriipé:

loss :j¢ iye ise ipadanu ( ibi iye yii ni 0.0778 ) t6 si kére.
Accuracy:1da méloo kan apeere ti itoleseese j¢ ojuldowo (ibi 0,9752 tabi 97,52



