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® @ Terminal — 82x16 — X ¥1
__.__—JL_
. [(venv) ufraan@CS298 dl-lab-manual % python3 src/exp@2/exp@2_perceptron_iris.py
. epoch @ 1loss 0.7311 acc ©.1083
' epoch 10 loss ©.3717. acc 0.9833 e §
. epoch 20 loss 0.2508 acc 1.0000
epoch 30 loss 0.1917 acc 1.0000 L
epoch 40 loss ©0.1563 acc 1.0000
test accuracy: 1.0000 £
sample predictions (first 5 test samples):
sample 1: predicted @, actual @ ~ ®
sample 2: predicted 1, actual 1 v
sample 3: predicted @, actual o v
sample 4: predicted @, actual @ ~ SEEEm—— N
sample 5: predicted @, actual @ ~
| (venv) ufraan@CS298 dl-lab-manual % l
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MeH s = [ accuracy']
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o) monel

activatons=["vely' ‘tanh’, ‘s:omo\d7

st Ot compaing acHVaIoN Lunct tons : 2
P’K\‘Y\H\""" *35)

Loy act 'n aEHVORONS

monel =vulld .mode| (acHvarton:= act, optimi2ey= adam

model €[ X txain, y-tain, epodn 50, vexbose—D‘)

_,Q¢C = model - evatuase | X test, l_-{-esb\

Drmt(@"«?o@c gsk test Qeluroly: 1o ALY

opmizexs =['adow’, 'Sad’, wms prop]

DU!Y\H compaxing ODHM|<92LS N

pl ﬂ’f( "=y 353

€os_opt In opH o zexs

model = build mweode) | [acvarion ='velu', noh‘mfzgvoot\

model L) _HYain, g +¥ain, e pochs 50 voxhose: DW

_, QL = medel: qu\uoke(x_kesb y-test, yoyboe-o)
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95). foy thic loinary ci()gsmcaﬂon +0<k -

Qutput™

® @ Terminal — 95x14 — U1

(venv) ufraan@CS298 dl-lab-manual % python3 src/exp@3/expd3_mlp_activations_optimizers.py

comparing activation functions (adam):

" relu test accuracy: 0.9561

tanh test accuracy: 0.9825

| sigmoid test accuracy: 0.9825

comparing optimizers (relu activation):

. adam test accuracy: 0.9737
i sgd test accuracy: 0.9649

. Imsprop test accuracy: 0.9737
(venv) ufraan@CS298 dl-lab-manual % [

|
-_—
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)

X txain = X Ham oswpe( ‘Lloatan) /2550

X est= X test’ estqu( ‘floatx2") /2550

X_+¥ain = X o 'YQQ\nO\DQ (~I | e 12>

"

X dest= X test B’eghQ?Q( |, 28425

y_traim = ££:kex¥0g uN 18 » to-Coteqoyical ( y-+¥ain,, 10)
t V) o

\tost = Eekes0g g 4o Qﬂ%-Q%OM'CQ}(\!Jegt, (@ 4




classmate

; 7 Date
=1 Page A,

_iodel = +£-kexa s 'Sequeﬂﬂ‘w(ﬁ ‘

H kexog layeys Denge
512, QchvVaHoN="xo\y, taputshape - (784, ))}

t€ kevadlayexe hensd

250, acxivation: ‘xelu"),

L ke vaer lageye: Denge (.

o SN~ St

B))

model" compile [
noH‘me)r- ‘adOm’

logq ‘coteq oncaJ CrossenhrODu

motxics = [ accumeu\

)
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validadion Aot a = (xAest,y_test),vexbose -0

)
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Result: ' L
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sained on the Fodhlon - MN)sT datoset: J

Tne model achieved stvong clacgi€ication

ACCUEaly oN 28 x2-¥ amusca)é \maaes
acyoss O ciokhmg CDA‘QQO‘(!QS a\emongﬁa—

%\na oot MLPe ccm Qé{:eek\vdu leax N

\m(me pattems Lo Ptat)cened ptxe\

N PU‘[‘S

O LL'&PLL’Q L

® © ® Terminal —148x44 — X¥1

|
\

| (ufraan@CS298 dl-lab-manual % python3 src/exp@4/exp@4_mlp_32x32.py

| Epoch 1/20

875/875 1s 1ms/step - accuracy: 0.7844 — loss: 8.6075 - val_accuracy: 0.8646 — val_loss: 0.3753

- Epoch 2/20

~ 875/875 1s 1ms/step — accuracy: 0.8643 - loss: 0.3691 - val_accuracy: 9.8594 - val_loss: 0.3784

~ Epoch 3/20

- 875/875 1s 1ms/step - accuracy: 0.8784 - loss: ©.3268 - val_accuracy: 8.8786 - val_loss: 0.3345
Epoch 4/20

 875/875 1s 2ms/step - accuracy: 0.887@ - loss: ©.3038 - val_accuracy: 0.8896 — val_loss: 0.30892

. Epoch 5/20 e

875/875 1s 1ms/step - accuracy: 0.8957 - loss: 9.2832 - val_accuracy: ©9.8872 - val_loss: 0.3055
Epoch 6/20
875/875 1s 1ms/step - accuracy: 0.9011 - loss: 8.2646 - val_accuracy: 0.8892 - val_loss: 0.3062
Epoch 7/20
875/875 1s 1ms/step - accuracy: 0.9048 - loss: ©.2535 - val_accuracy: 9.8945 - val_loss: 0.2988
Epoch 8/20 -
~ 875/875 1s*1ms/step - accuracy: 0.9065 - loss: 8.2425 - val_accuracy: 9.8985 — val_loss: 0.3@35 —
. Epoch 9/20
. 875/875 1s 1ms/step - accuracy: 0.9140 - loss: ©.2241 - val_accuracy: 9.8920 - val_loss: 0.3093
Epoch 18/20
875/875 1s 1ms/step - accuracy: 8.9146 — loss: 8.2185 - val_accuracy: 8.8879 - val_loss: 0.3337 i |
Epoch 11/20
| 875/875 1s 1ms/step — accuracy: 0.9242 - loss: 0.2834 - val_accuracy: ©.8937 - val_loss: 0.3149
| Epoch 12/20 ___4____
875/875 1s 1ms/step - accuracy: 0.924@ - loss: 8.1993 - val_accuracy: 0.8946 - val_loss: 0.2993 {
Epoch 13/20 ‘
875/875 1s 1ms/step - accuracy: 0.9264 - loss: 0.1923 - val_accuracy: 9.8926 - val_loss: 0.3231
Epoch 14/20 —_—
. 875/875 1s 1ms/step - accuracy: 0.9287 - loss: 0.1851 - val_accuracy: 0.9821 - val_loss: ©.3030
Epoch 15/28
- 875/875 1s 1ms/step — accuracy: 0.9332 - loss: 0.1745 - val_accuracy: 8.8996 — val_loss: 0.3152 ‘
Epoch 16/20
875/875 1s 1ms/step - accuracy: 0.936@ - loss: ©.1673 - val_accuracy: 8.8965 - val_loss: 8.3269
Epoch 17/20
] 875/875 1s 1ms/step — accuracy: 0.9381 — loss: 0.1591 - val_accuracy: 8.9021 - val_loss: 0.3301 —J
Epoch 18/20
875/875 1s 1ms/step - accuracy: 0.9384 — loss: 0.1624 — val_accuracy: 0.9015 - val_loss: 0.3334
Epoch 19/20
875/875 1s ims/step — accuracy: @.9424 - loss: ©.1498 — val_accuracy: 9.8981 - val_loss: 0.3481
Epoch 20/208
875/875 1s 1ms/step - accuracy: 0.9414 - loss: 8.1474 - val_accuracy: 8.8974 - val_loss: 0.3736

test accuracy: 0.8974
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2 | Split dara into P&Q\mna (gor) and %@Hﬂa

(m 77 setg

JRald a eNN with thyee convolutHonal

lcmoxg (22,64, 28 £texe) eath Lollowe d

bu Mox- DODUY\Q\

: Tmm Jch@ mode) for 10 epochs with @

batch Qze of 22

[ Eva\uare ey @iy on Hhe teosk set

bredickthe \akhel U€o~6 O new 'm ouge and

ducplay, the predicked £lowey catedory-
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Souxce Code:

\mm‘s‘c oneoy £low Qg +f£ +

\mocxt LensOsflow _datoséts ag téds

lmx‘)O?i‘c nUmvr\\é o< np
o gklearn ynedel  eelection |‘v‘l)pOY{’

tyaln_tege ,.”\P\i L

IM&_S1zE = 12K

NUM_CLASLEL =5

CLASS NAMES = ['daisy ', ‘dondelon’, "yogeg',

‘sunflowere, '+ m‘Pd]

dotacet = teds - logd [ EL-£lowers |

Q<_gupexwi cod = Txue\

ban_ o\a+o da ’rogo)cf Jefoxm]

‘X7\II : LJ)Y-]

fox tmage | lake) in ran_data -

\maae chc \‘Y?O.QQ"YQS\ZQ(

mnrme (:M&r SI2E , IM&_SI12E)

)

NQae = £€- Cagt(\macm _float3>) /2550

X QDDQnd(\mCLQe numou 03

\n()nDenr\ Hﬂb-ej TAUND DY L\\

X=0p: Q\'Yau( B

\{ Y\D' QYYOM (\[l\/




.
CIASSMATE

(e i
\\/ ;uC‘: /
X

= £€1<@¥0S UHIS - to- cateqopical (.
Vo Aum_clasges = NOM_CLASSES

)

Xbvain, X_tost .y tyain, vy togt= £¥0In. o gpu'f(

X,y , tect _g(20 =02 yandom _state =t
2

mode\ = ££ koxog CgauenH‘ad(L

+€kex¥ag - \q\d%g me‘D-D( 22, (2,3) acvaton= -velu \

£ koyog lay ¥ MaxPoDUncU) D—Df(z,ﬁ_\l

££ koxac - l('lthS (onvad(64,(3,3), om\)oﬂomwlu\

e koxpo (chrg - MaxPoolr na'lb(t%'-lﬂ

€ kexqg: laudzxg Convobs, ( 3,?\ acH va—Hon-arQLu)

tEkoyag: fauQYS MaxPoo(molD/Llolﬂ

U
€ koyng: Lozudaxs Flatten (5,

£ KoYQQ: (a\wb'g Danse (.

NLM _ CLAsst;S adnQHoN = 'Softmax’

J)

medel comptle

OD{-\‘m{ZQY ='adam’,

Logq camao*ctcaj) c¥DSC en’cxopLG [
me¥tcd = f’accuracu7

| -
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Date
e Page i&

llmodel &' X t¥ain , y-+¥ain, epath< =10,

be&ch,gtze 22 \/Qx‘ooge‘ﬂ

_ rest.acc = modelrevaluate(

X_test , y_test, vexbose =0
)

5

pﬂ\nt( £ "toct accuxany: ?tes‘c-acct et

exed <= model: med\&{x.kegti 13)

nwd clasg = cLAsS. vAMES [

np-axQ max /DYQO‘SCDZD

d

actua)_clpes = CLASSNAMES]

np1axQY0 X [ ytest{o])

1

P\f\‘ﬂ’c( pyedicted ! {pred. clds< 122%")
peint (€'q ac el focde _closs + 125

i

Result -

A ONN with 3 convolutional layers wag

successfully yained on +the  TF Howérs

AatQcot

e model closeigied 5 Llowex Categoﬂéq

wLtn qood Qccuya ey and cpweec&u

Dzseduc)rgd Do) ¢ {%ox NoUS ‘rY‘CL’)Qx

Aemow ’emﬂrn the p@@emvonogg oF CNNg

£O% MU\ = m&ogmu \mauo e LS £t ot
s0cks’

>




- lufraan@CS298 dl-lab-manual % python3 src/exp@5/exp@5_cnn_tf_flowers.py
- Epoch 1/10

e

- Epoch 2/10

. Epoch 5/10

~ Epoch 10/10

® ¢ ® Terminal —124x26 — %1

92/92 —————————————— 8s 8@ms/step - accuracy: ©.3627 - loss: 1.4721 - val_accuracy: 0.6144 - val_loss: 1.0126

92/92 ———————————— 8s 83ms/step - accuracy: ©.6123 - loss: 0.9743 — val_accuracy: ©.5926 - val_loss: 1.1094
Epoch 3/10
92/92
Epoch 4/10
92/92 ~———————— 8s 88ms/step - accuracy: 0.7485 - loss: ©.6690 - val_accuracy: 0.6689 - val_loss: 1.0178

8s 90ms/step — accuracy: ©.6747 - loss: ©.8372 - val_accuracy: 0.6308 - val_loss: 1.0502

92/92 ———————————— 8s 90ms/step - accuracy: ©.8233 - loss: 0.4912 - val_accuracy: 0.6294 - val_loss: 1.2937
Epoch 6/10
92/92 ———— 8s 91ms/step - accuracy: ©.8725 - loss: 0.3603 - val_accuracy: 0.6022 - val_loss: 1.5808
Epoch 7/10@
92/92 ——————————————— 8s 92ms/step - accuracy: 0.8715 - loss: 0.3574 - val_accuracy: 0.6226 - val_loss: 1.5033
Epoch 8/10
92/92 —————————— 8s 91ms/step - accuracy: 0.9160 - loss: ©.249@ - val_accuracy: 0.6253 - val_loss: 1.5632
Epoch 9/10
92/92 ———————————— 8s 92ms/step - accuracy: 0.9453 - loss: ©.1664 — val_accuracy: 0.5272 - val_loss: 2.7774

92/92 - 8s 91ms/step - accuracy: 0.9400 - loss: 0.1723 - val_accuracy: 0.6322 - val_loss: 2.0117

test accuracy: 0.6322

actual:
!

1/1 @s 27ms/step
predicted: dandelion (confidence: ©.9985)
sunflowers
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Loz O

;v; -

EXPERMENT-0O6

CNN = Ovexelt, Undexéit

and Re%u\ axnzatHon |

A

To dom‘om and mgement o CVN model

€oY m\x\lc\ Cﬂ’rQO\om cloegy ficatton of

Sibr \maqeg usma TQﬂSOYHOUQ/KQXQS

eva\uode omu\raw d%ecf ovexLitH'na

i
undexexﬂma anad ODDUA Wmﬂcm Q(;quY)

tec‘nmaues to m\ﬂoate Pan

N%on‘mm

— -

Load the MAIST datoset (o drgit clasges)

' Roghane, \mnaes O 282X normahze

plxe) voﬁues +o fo,0, and pne-hot encode

Labelg

#
6(a) Ruild a deep CNN with 2 layeys and

:#
QA Aenge (omox

4(b)" R\x\\o} a shallows NN (ith smal()

S~ Lr\kex:

Jale) ! Bulld same deon CNAs Q¢ £(a) but

add  RotchNoymal'zasion. Dyopat and
Aato Qu%QO—Q-H‘oY\'

| Compxe thyel appyoqthes

Coftuwase

P%’t\noﬂ 89+
Tencoy How
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@) [cNN ovexeitting

Souyce Code:

fmpmv% rencoxflow ag +££

i IM&_SIZE, NUM _CLASSEC = 2%,(0

- | (X ain yxoun) (X test,y toct) =

| L kevae datagets malst load-_data ()

XAvQin= Y txain yeshape (.

~\, MG L€, IMb1_S126,1 )+ astype (‘Lloaran') /25S
X toct= X tesk-Yyocha Pe.(\
l |, MG 12, IMbr_S126,1) - Qstype ({£lpa+32)/255:0

prant (£ Trailn ¢ §x_tvain- hape [0]%
e Test: ?ches{' ‘Shape LOP("\
model = ££ kex(g: SQQLL(@Y)"HC(J/J:
£€keva S loyexs ConvaD (128, 3 acHverion ~yelu’),
tEkex0e: lagers MaxPoolng2D (),
+€kex0s |ayers ' (onvan (258,3 , achivation = 'velu’),
t€ kexaq: Lm,\ers' MaxPooUng’lD( i
L koyag! Lcmexg Comlb(su,% 0 chivotion: velu'),
£ kex0g l(u%@rg Flatten()

ey

-

B

medel compile|
opt{mi2¢¥ ='adam’,
(nqq- Q&’reaoy\cm» Cmgsenﬁoou .
MRS = Y‘accumm’—(

;-

S
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.

1

mode) £y ’c(

>

X wqain, \r-‘rmmﬂgpacbs_arbgﬁh_sae___._

7

—,QCC = ypodel evalvate (X test | v tect, verhode =n)

W)

Jacc:

pw(n’c(P" koct occumud :

Result:

e model memoxised armmmg dato

Qoﬂ@ttmvn% ovexfy {-Hn@

Oudput:

® @ Terminal —124x18 — X1

| ufraan@CS298 dl-lab-manual % python3 src/exp@ba/exp@éa_overfit.py
Train: 60000, Test: 10000

Overfit model (deep, no regularization)

. Epoch 1/5

- 1875/1875 49s 26ms/step — accuracy: ©.9049 — loss: 0.2946 - val_accuracy: 9.9727 - val_loss:
~ Epoch 2/5
 1875/1875 52s 28ms/step — accuracy: 0.9837 - loss: 8.8514 - val_accuracy: 0.9839 - val_loss:
. Epoch 3/5
. 1875/1875 58s 31ms/step - accuracy: 0.9898 - loss: ©.8342 — val_accuracy: 0.9871 - val_loss:
Epoch 4/5 $
1875/1875 66s 35ms/step - accuracy: 0.9921 - loss: 8.8249 - val_accuracy: 9.9851 - val_loss:
. Epoch 5/5
1875/1875 65s 35ms/step - accuracy: ©.9941 — loss: ©.0185 - val_accuracy: ©.9874 - val_loss:

. test accuracy: 0.9874

0.0879
0.0581
0.0405

9.08551

0.0493
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\ Date (/—Q
\/ Page 2_@ \

CNVN UBNDERE\TTING

Souxce Code:

model = £€ kevas: Sequeyttal (L

£e koya o layers ConvaDd(g, 2 ackvaron="velu"),

£€ koxpc \auerg' Gt\oba\AvQ\soLae Pnohrw\ 2D (),

t€ kexqe- louug Dengo (NOM. cmsges

Q Hvaon = 'sof-fmox’\

model - Q\HXJ«Qm y ain poochc =S botch Size= Si)

_.alC = model evG\uO&Q(

X_tod, y toct, vexoxe = D

)

-

pxint [€" bect accuyacy s $0ccs ke k")

Result:

The wodel pexformed POOx!) N chatmma and

validation gets Cﬂﬂ-@l)(mlﬂa undex\cntﬂn@

u’ﬁ;\xt B

@® ¢ @ Terminal —123x18 — {381

lufraan@CS298 dl-lab-manual % python3 src/exp@éc/exp@éc_fixed.py
Train: 60000, Test: 10000

Fixed model (BatchNorm + Dropout + augmentation)

. Epoch 1/5
- 1875/1875
Epoch 2/5

~ 1875/1875

Epoch 3/5
1875/1875
 Epoch 4/5
~ 1875/1875
. Epoch 5/5
~ 1875/1875

.~ test accuracy:

65s 34ms/step — accuracy: 0.8154 - loss: 0.6283 - val_accuracy: 0.9751 - val_loss: 0.0835
88s 47ms/step - accuracy: 0.9473 - loss: @0.1764 — val_accuracy: 0.9746 - val_loss: 0.0843
89s 48ms/step - accuracy: 0.9544 - loss: 0.1583 - val_accuracy: ©0.9819 - val_loss: 0.0584
88s 47ms/step - accuracy: 0.9628 —‘ loss: 0.1296 - val_accuracy: 0.9835 - val_loss: 0.0578

88s 47ms/step - accuracy: 0.9659 - loss: ©.1150 - val_accuracy: 0.9848 - val_loss: 0.0519

0.9848
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REGLLARIZATION }

_§mfce (ode:

d0t0-quq = tg‘KerQS'SeunnHaJ( J

¢
£€ keyag \dyexs-RandomRotaton(011),

££ ke ¥0q' layexe Random Zoom (oD,

1)

model = £€ kexagr Sequential (1

AN+0 oug.,

L kexag: lauom Cnnvzb(m? 2, - ackivaHon= xeiu\;

L&-kewaq: \auom RatenhNoymalizaton O,

t£ koxn e lauQxc Mox P«ooLma’lD(\

EEkoxQe: I(wexc D'arOr)ouHo TN

£ kovac: lquexr s Cony 2D (256,3,0CH voton='relu).

£e-koygg: m\x,m RatrchNovwnali ZOHOWD)
L€ koyne: l&ue‘rg’ MaxPooh‘no\lDL)

€ kexng: Lau@m bmoout(o'l's\

£Ekexas \auoxg Coxwlbls\z,a ackvation= 'selu"),

R v (e L \(mng P\(ﬁ‘ChNO'O‘mO\\ZQ‘HOY)(‘)p

£€ kex0¢ layexss MuxPoohm 2b(),

LB cox0 8! \cwexg Dmbou‘r( o} 2'5)

tE€ kexas: %orq PLQHQWU,

D

model compile (

DDHYT\‘ZQJS 'adam' .,

\0§g~ CO:\‘QQDBIC.Q\ uoggenﬁogcd‘,

merntcs - 1 occwa wﬂ




ki
il

modol ‘C\'{—/\

X_b¥0in, y. txaim , epoch =5 bOHch_s(2e = 32

)

_,ac( = modelevaluate (

X test, ydesh deydaase = ©
b)

i =
P’zrl‘wtéﬁ"icest aLeus a0y Q¢ ¢ "-Wk")

Resul\t:

The fixed CNN achieyed eatavniced era‘m‘n%

and valrdoton oYY M ANCE -

Qutpur:

® ¢ ® Terminal —119x18 — X1

- ufraan@CS298 dl-lab-manual % python3 src/exp@6b/exp@6b_underfit.py
~ Train: 60000, Test: 10000

Underfit model (shallow, single conv 8 filters)

- Epoch 1/5
- 1875/1875
~ Epoch 2/5
~ 1875/1875
. Epoch 3/5
1875/1875
 Epoch 4/5
~ 1875/1875
~ Epoch 5/5
 1875/1875

2s 1ms/step - accuracy: ©.1551 - loss: 2.2645 - val_accuracy: 0.2528 — val_loss: 2.0991

2s 1ms/step - accuracy: 0.2666 — loss: 2.8564 — val_accuracy: 0.2931 - val_loss: 1.9423

2s 1ms/step - a;curacy: 0.3153 — loss: 1.9174 - val_accuracy: 0.3446 - val_loss: 1.8365

2s 1ms/step - accuracy: ©.3506 — loss: 1.8146 — val_accuracy: 0.3743 - val_loss: 1.7612

 test accuracy: 0.3742

2s 1ms/step - accuracy: 0.3648 - loss: 1.7549 - val_accuracy: 0.3742 - val_loss: 1.7017




