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A Simple Neural Network Neural Networks

3 Layers, m Observations O

Multiply the input with the Weight and add
the Bias to compute the output at each layer

Matrix of Vector of Matrix of
Outputs

Matrix of Vector of

Weights

Matrix of
Inputs

Matrix of fl\/latrix Equations to compute the Predicted values\
Outputs Y given inputs X, Weights W, and W, and Biases /3,
and :BZ Zl — XWl + ﬁl
A; = f(£)

ny =3 - Y =]3(A1W2 + ﬁz)
Input Layer (LO) Hidden Layer (Ll) @(8) and f>(g) are the activation functions in Layers L; and L, /
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Neural Networks

Gradient Descent

Step 1: Start with initial values for W, W,, 3, /3,
Step 2: Compute... Z =XW, +p

Ay =f(£)

Y = f(A, W, + )
Step 3: Compute the partial derivative of the cost
function w.r.t the parameters 5,, W,, f;, W;...

Zy = XW + [
A1 :f(zl)
Y =AW, + 5,)

0 0 0 0
Matrix of Matrix of ——cost ——cost ——cost ——cost
Weights Outputs 9> oW . 2 ad
P Step 4: Compute step sizes...
0
i step_sizey = ——cost X learning_rate
2
Matrix of . 9 ] :
Outputs step _sizey, = a—chost X learning _rate
A p
m X n, step_sizey = ——cost X learning_rate
1
Input Layer (L) Hidden Layer (L) Output Layer (L,) PP RIEw, = Gy, 100 TS TS

Step 5: Compute new values for 5,,W,, p,, W,
P = P, — step_sizeg, W, =W, — step_sizey,

p1 = P, — step_sizeg W, =W, —step_sizey
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Neural Networks

Let’s go through all the pieces we need to build
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Parameter Initialization Neural Networks

Gradient Descent

Step 1: Start with initial values for W, W,, 3, 5,
Step 2: Compute... Z; =XW,+p, A, = tanh(Z,))
2 AW, + by

type NNParams struct { Y = ngtmax(Zz)
W1l *mat.Dense Step 3: Compute the partial derivative of the cost
W2 *mat.Dense function w.r.t the parameters 5,, W,, f3,, W;...
Bl *mat.Dense 0 ; 0 ; 0 ; 0 ;
—COS —COS —COS —COS
B2 *mat.Dense aﬂZ 0W2 . aﬁl an
Step 4: Compute step sizes...
. 0 .
func (p *NNParams) Initialize(n®, nl, n2 int) *NNParams { Step_Slzeﬂ2 = —costxlearmng_mte

p.WlL = mat.NewDense(n®, nl, nil) dﬁ&
p.Wl.Apply(func(i, j int, v float64) float64 { p

return rand.NormFloat64() * 0.001 Step_sizeW — — cost X learning_mte
}, p.Wl) 27 oW,
p.B1 = mat.NewDense(nl, 1, nil) : 0 :

step_sizey = ——COst X learning _rate

p.W2 = mat.NewDense(nl, n2, nil) ap
p.W2.Apply(func(i, j int, v float64) float64 { 0

return rand.NormFloat64() * 0.001 Step_sizew = —CoSt X learning_rate
}, p.WZ) : 6W1
5o £ Tt PerealiPy T, 1A Step 5: Compute new values for 5,,W;, ,, W,

P = P, — step_sizeg, W, =W, — step_sizey,

return p

p1 = P, — step_sizeg W, =W, —step_sizey
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Parameter Initialization

type NNParams struct {

W1l *mat.Dense

W2 *mat.Dense

Bl *mat.Dense

B2 *mat.Dense

func (p *NNParams) Initialize(n®, nl, n2 int) *NNParams {
p.WlL = mat.NewDense(n®, nl, nil)
p.Wl.Apply(func(i, j int, v float64) float64 {
return rand.NormFloat64() * 0.001

¥, p.W1)

p.B1 = mat.NewDense(nl, 1, nil)

p.W2 = mat.NewDense(nl, n2, nil)
p.W2.Apply(func(i, j int, v float64) float64 {
return rand.NormFloat64() * 0.001

¥, p.-W2)

p.B2 = mat.NewDense(n2, 1, nil)

return p
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Step 1: Start with initial values for Wl, W,, B, P>

Neural Networks

Gradient Descent

Y = softmax(Z,)
Step 3: Compute the partial derivative of the cost
function w.r.t the parameters 5,, W,, f;, W;...

0 0 0 0
——cost ——cost ——cost ——cost
op, oW, of oW,

Step 4: Compute step sizes...
0
Step_sizeﬂ2 = a—cost X learning_rate
2
[ ] 0 t X[ ] A
step_sizey, = ——coS earning_rate
> JdW,
0

Step_sizeﬂ1 = a—cost X learning_rate
1

0
Snep_sizew1 = Wcost X learning_rate

1
Step 5: Compute new values for 5,,W,, p,, W,

P = P, — step_sizeg, W, =W, — step_sizey,
p1 = P, — step_sizeg W, =W, —step_sizey
Step 6: Go to step 2 and repeat 5
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Parameter Initialization Neural Networks

Gradient Descent
Weight Matrices are initialized with a random sample
from a normal distribution. The weights are multiplied by
a small value (0.001) to avoid gradient explosion.

type NNParams struct {

W1l *mat.Dense

W2 *mat.Dense

Bl *mat.Dense 0 0 0 0
—COS1t —COSt —COS1 —COSt
B2 *mat.Dense aﬂZ 0W2 aﬁl an
Step 4: Compute step sizes...
. 0 .
func (p *NNParams) Initialize(n®, nl, n2 int) *NNParams { Step_Slzeﬂ2 = —costxlearnmg_mte
p.WlL = mat.NewDense(n®, nl, nil) dﬁb
p.Wl.Apply(func(i, j int, v float64) float64 { P
return rand.NormFloat64() * 0.001 step SiZ€W — cost X learning rate
}7 p‘Wl) o 2 aWZ -
p.B1 = mat.NewDense(nl, 1, nil) , 0 ,
step_sizey = ——COst X learning _rate
p.W2 = mat.NewDense(nl, n2, nil) Y 1
p.W2.Apply(func(i, j int, v float64) float64 { 0
return rand.NormFloat64() * 0.001 Step_sizew = —CoSt X learning_rate
}, p.WZ) : 6W1
p.B2 = mat.NewDense(n2, 1, nil) Step 5: COmpUte new values for ﬁl’Wl’ ﬁz, W2

P = P, — step_sizeg, W, =W, — step_sizey,

return p

p1 = P, — step_sizeg W, =W, —step_sizey
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Parameter Initialization Neural Networks

Gradient Descent
Weight Matrices are initialized with a random sample
from a normal distribution. The weights are multiplied by
a small value (0.001) to avoid gradient explosion.

type NNParams struct {

W1l *mat.Dense

W2 *mat.Dense

Bl *mat.Dense 0 0 0 0
—COSt —COSt —COSt —COSt
B2 *mat.Dense aﬂZ aWZ aﬁl an
Step 4: Compute step sizes...
. 0 .
func (p *NNParams) Initialize(n®, nl, n2 int) *NNParams { Step_Slzeﬂ2 = —costxlearnmg_mte
p.WlL = mat.NewDense(n®, nl, nil) dﬁb
p.Wl.Apply(func(i, j int, v float64) float64 { P
return rand.NormFloat64() * 0.001 step SiZew — costxlearning rate
}9 p'Wl) o 2 aWZ o
p.B1 = mat.NewDense(nl, 1, nil) , 0 .
step_sizey = ——COst X learning _rate
p.W2 = mat.NewDense(nl, n2, nil) Y 1
p.W2.Apply(func(i, j int, v float64) float64 { 0
return rand.NormFloat64() * 0.001 ep_Sizew, = ——cost X learning rate

¥, p.W2)

Bias Matrices are initialized with zeros

P = P, — step_sizeg, W, =W, — step_sizey,

p.B2 = mat.NewDense(n2, 1, nil)

return p

p1 = P, — step_sizeg W, =W, —step_sizey
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Activation Functions (tanh & softmax) Neural NetWOrkS

Gradient Descent

func Tanh(x *mat.Dense, result *mat.Dense) {j

xRows, xCols := x.Dims () Step 1: Start with initial values for W,

rRows, rCols := result.Dims()

Step 2: Compute... Z, =XW,+f, A

if xRows != rRows || xCols != rCols { 7 — A 3
panic("Tanh: dimension mismatch - x and result must have the same dimensions'") 2T Lo )+ 2
} P Looftmaxy

result.Apply(func(i, j int, v float64) float64 { Step 3: Compute the partial derivative of the cost

return math.Tanh(v)

ks ) function w.r.t the parameters 5,, W,, f3,, W;...

0 0 0 0
func Softmax(x *mat.Dense, result *mat.Dense) { ——COSt ——COSt ——COST ——COSt
XxRows, xCols := x.Dims() 6,62 6W2 Oﬁl GWI

rRows, rCols := result.Dims() Step 4 Compute Step SizeS
1f xRows != rRows || xCols != rCols {
panic("Softmax: dimension mismatch - x and result must have the same dimensions') . 0 .
3 Sf@p_SlZé = ——CoSt X learnmg_mte
5= 38
expVals := make([]float64, xCols) 5
for i := range xRows { Step_sizeW2 = ——cost X learning _rate
maxVal := x.At(i, 0) (9VV&
for j := 1; j < xCols; j++ {
if val := x.At(i, j); val > maxVal { . 0 i
maxVal = val Step_Slzeﬂl = ——COSt X learnmg_mte
} op
: 0
var sum float64 step_sizey, = ——cost X learning_rate
for j := range xCols { I an

expVals[j] = maﬁh.Exp(x.At(i, j) - maxVal)
A = @gEteliEl] Step 5: Compute new values for 5,,W,, ,, W,

P = P, — step_sizeg, W, =W, — step_sizey,

}

for j := range xCols {
result.Set(i, j, expVals[j]/sum)

p1 = P, — step_sizeg W, =W, —step_sizey

Step 6: Go to step 2 and repeat 7
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Activation Functions (tanh & softmax
func Tanh(x *mat.Dense, result *mat.Dense) {Jj Apply math . Tanh tO eaCh EIement Of the

XxRows, xCols := x.Dims()

AleiRy Raeld 68 LAl matrix X and set it in the result matrix

1f xRows !'= rRows || xCols~= rCols { y di— 7
panic("Tanh: dimepsfon mismatch - x and result must have the same dimensions'") 2 T Lo 2

result.Apply(func(i, j int, v float64) float64 {

Step 3: Compute the partial derivative of the cost
return math.Tanh(v)
=2 function w.r.t the parameters f,, W,, f;, W;...
0 0 0 0
func Softmax(x *mat.Dense, result *mat.Dense) { ——COST ——CoSt ——COSl ——COSt
XxRows, xCols := x.Dims() aﬂz 8W2 Oﬁl GWI
rRows, rCols := result.Dims() Step 4: Compute step sizes...
1f xRows != rRows || xCols != rCols {
panic("Softmax: dimension mismatch - x and result must have the same dimensions') . 0 .
3 Step_Slzeﬂz = a—COSt X learnmg_mte
2
expVals := make([]float64, xCols) P
for i := range xRows { step _sizey, = ——cost X learning_rate
maxVal := x.At(i, 0) 2 6W2
for j := 1; j < xCols; j++ {
if val := x.At(i, j); val > maxVal { . 0 i
maxVal = val Step_Slzeﬂl = a—COSlL X learnmg_mte
¥ 1
Iy
0
var sum float64 step_sizey, = ——cost X learning_rate
for j := range xCols { psk Wi an 5~

expVals[j] = maﬁh.Exp(x.At(i, j) - maxVal)
A = @gEteliEl] Step 5: Compute new values for 5,,W,, ,, W,

P = P, — step_sizeg, W, =W, — step_sizey,

}

for j := range xCols {
result.Set(i, j, expVals[j]/sum)

p1 = P, — step_sizeg W, =W, —step_sizey

Step 6: Go to step 2 and repeat 7
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Activation Functions (tanh & softmax
func Tanh(x *mat.Dense, result *mat.Dense) {Jj Apply math . Tanh tO eaCh element Of the

XxRows, xCols := x.Dims()

A et B RS matrix X and set it in the result matrix

if xRows !'= rRows || xCols~= rCols { y di— 7
panic("Tanh: dimepsfon mismatch - x and result must have the same dimensions'") 2 T Lo 2

result.Apply(func(i, j int, v float64) float64 { ivative Of the cost

return math.Tanh(v) .
b %) Compute the Softmax function: W, By, W,...
) 0

}
el

func Softmax(x *mat.Dense, result *mat.Dense) { Ccost —COS1
XxRows, xCols := x.Dims() 1 0W1
rRows, rCols := result.Dims()
2, €7
1f xRows != rRows || xCols != rCols {
panic("Softmax: dimension mismatch - x and result must have the sam j:l e
} e
expVals := make([]float64, xCols) 5
for 1 := range xRows { Step_SlZBW = ——COSt X learmng_mte
maxVal := x.At(i, 0) 2 dWZ
for j := 1; j < xCols; j++ {
if val := x.At(i, j); val > maxVal { . 0 )
maxVal = val Step_Slzeﬁ = ——COSt X learnmg_mte
.. P}
. 0 .
var sum float64 Step_SlZBW = ——COSt X learmng_mte
for j := range xCols { 1 ¢9VVH

expVals[j] = maﬁh.Exp(x.At(i, j) - maxVal)
A = @gEteliEl] Step 5: Compute new values for 5,,W,, ,, W,

P = P, — step_sizeg, W, =W, — step_sizey,

}

for j := range xCols {

result.Set(i, j, expVals[j]/sum) . . _ .
1 p1 =P, — step_sizes W, =W, —step_sizey,

} : Step 6: Go to step 2 and repeat
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Activation Functions (tanh & softmax
func Tanh(x *mat.Dense, result *mat.Dense) {Jj Apply math . Tanh tO eaCh element Of the

XxRows, xCols := x.Dims()

A et B RS matrix X and set it in the result matrix

if xRows !'= rRows || xCols~= rCols { y di— 7
panic("Tanh: dimepsfon mismatch - x and result must have the same dimensions'") 2 T Lo 2

result.Apply(func(i, j int, v float64) float64 { ivative Of the cost

return math.Tanh(v) .
b %) Compute the Softmax function: W, By, W,...
) 0

}

Z.
func Softmax(x *mat.Dense, result *mat.Dense) { €™ cost ———cost
XxRows, xCols := x.Dims() f(Z) - 1 0W1
. ! K
rRows, rCols := result.Dims()
2, €7

1f xRows != rRows || xCols != rCols {

panic("Softmax: dimension mismatch - x and result must have the sami j:l te
+ : e ) ” 55— L
expVals := make([]float64, xCols) e

1. Compute e for each class .

for i := range xRows { X learning _rate

maxVal := x.At(i, 0) 0 "

for j := 1; j < xCols; j++ {

if val := x.At(i, j); val > maxVal”® . 0 i
maxVal = val Step_Slzeﬂl = ——COSt X learnmg_mte
. 3P,
0
var sum float64 step_sizey, = ——cost X learning_rate
for j := range xCols { I ¢9VVH

expVals[j] = maﬁh.Exp(x.At(i, j) - maxVal)
A = @gEteliEl] Step 5: Compute new values for 5,,W,, ,, W,

P = P, — step_sizeg, W, =W, — step_sizey,

}

for j := range xCols {

result.Set(i, j, expVals[j]/sum) . . _ .
1 p1 =P, — step_sizes W, =W, —step_sizey,

} : Step 6: Go to step 2 and repeat 7
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Activation Functions (tanh & softmax
func Tanh(x *mat.Dense, result *mat.Dense) {Jj Apply math . Tanh tO eaCh element Of the

XxRows, xCols := x.Dims()

A et B RS matrix X and set it in the result matrix

if xRows !'= rRows || xCols~= rCols { y di— 7
panic("Tanh: dimepefon mismatch - x and result must have the same dimensions") 2T Ao 2

result.Apply(func(i, j int, v float64) float64 { ivative Of the cost

return math.Tanh(v) .
b %) Compute the Softmax function: W, By, W,...

}

- ) 0
func Softmax(x *mat.Dense, result *mat.Dense) { € Ccost —COS1
XxRows, xCols := x.Dims() f(Zl) - 1 0W1

rRows, rCols := result.Dims() K
2, €7
1f xRows != rRows || xCols != rCols {
panic("Softmax: dimension mismatch - x and result must have the sam j:l e
ks =) z 5=

expVals := make([ ]float64, xCols) 1. Compute eZl fOr eaCh ClaSS |
for i := range xRows { X learning _rate

maxVal.i: §.At£i; S)S. -

o Jif.\_/a}’:zlx.AE(:iL,,jg; vgl > maxVal” 2. COmpUte the SUI “ Of the eXpOnentS
maxVal = va

} ¥ T dp o

0

var sum float64 step_sizey, = ——cost X learning_rate
. . - 1

for j := range xCols { awl
expVals[j] = math.Exp(x.At(i,.59"- maxVal)

Sul += expVals[y] Step 5: Compute new values for 5,,W,, p,, W,
pr = P, — step_sizey, W, = W, — step_sizey,

}

for j := range xCols {
1t.Set(i, 7, Vals[j]/sum) . : . :
} } resu 1, J, €Xpvalis|]j/sum 'Bl — 'Bl _ Step_Slzeﬁl Wl — ‘J/1 . Sl_ep_SlZeWI

} Step 6: Go to step 2 and repeat

\Nleuiral Networks
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func Tanh(x *mat.Dense, result *mat.Dense) {Jj

}

func Softmax(x *mat.Dense, result *mat.Dense) {

¥

Activation Functions (tanh & softmax

XRows, xCols := x.Dims()

panic("Tanh: dimepefon mismatch - x and result must have the same dimensions")

result.Apply(func(i, j int, v float64) float64 {
return math.Tanh(v)

b, %) Compute the Softmax function:

el

xRows, xCols := x.Dims() f(Zl) — %

rRows, rCols := result.Dims()

. E e’
1f xRows != rRows || xCols != rCols { :
panic("Softmax: dimension mismatch - x and result must have the sam ]::1
I

) 2

Apply math. Ianh to each element of the
iows, ols o7 mesult Binsl) matrix X and set it in the result matrix

1if xRows != rRows || xCols~= rCols { y
» =AW, + P,

expVals := make([ ]float64, xCols) 1. Compute eZl fOr eaCh ClaSS |
for i := range xRows { X learning _rate

ivative of the cost

, Wz, ﬁl’ Wl

; 0
cost —CoOSt
3, oW,

ie

mangl.i: ¥.At£i; 2)5' -
P RS s 2. Compute the sum of the exponents
maxVal = va = P T

} 'op
ks

Z.
e l
var sum float64
for j := range xCols { 3. Set the result as
expVals[j] = math.Exp(x.At(i.59"- maxVal) K
sum += expVals[j] z.
} 2, ¢°
for j := range xCols { .
result.Set(i, j, expVals[j]/sum) ]:1

) ks For more details see the tutorial on Activation Functions

rning _rate
es ft)r /31,‘A/i,‘l32, “42
W, — step_sizey,

W, — step_sizey,

5P 6: GO to step Z and repeat 7
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Activation Functions (tanh & softmax \Nlelirs etworks
func Tanh(x *mat.Dense, result *mat.Dense) {Jj Apply ma th . Tan h tO eaCh EIement Of the

XRows, xCols := x.Dims()

A et B RS matrix X and set it in the result matrix

if xRows !'= rRows || xCols~= rCols { y di— 7
panic("Tanh: dimepefon mismatch - x and result must have the same dimensions") 2T Ao 2

1t.Apply (£ 1, J 1 fl 64) fl 64 . . .
result.App fﬁétﬁrﬁ;ﬁﬁ(a)lnt’ Y BLEETH) AR A Step 3: Compute the partial derivative of the cost

}7 X) : WZ’ ﬁl, Wl...

[ ] HFAaNe A A2 A ARAAYAN -~

}

func Softmax(x *mat.Dense, result *mat.Dense) {
XRows, xCols := x.Dims() 1 1
rRows, rCols := result.Dims()
1f xRows != rRows || xCols != rCols {

panic("Softmax: dimension mismatch - x and result must have the same

} Numerical Stability: We calculate the max value and subtract it
expVals := make([]float64, xCols) from each exponent to avoid overflow due to exponents of large

for i := range xRows { Values
maxVal := x.At(i, 0)

for j := 1; j < xCols; j++ {

if val := x.At(i, j); val > maxVal . : . — : .
el —wal o M If z, is large then e% will overflow. However e% 4% wil| be not
}

} overflow because the largest value will be e" = 1 and the others

var fl 64 . . .
ot e AU will lie between 0 and 1 (for e"¢84911v¢)
expVals[j] = ma?h.Exp(x.At(i, j) - maxVal)
sun += expVals[3] Step 5: Compute new values for 5,,W,, p,, W,

}

for j := range xCols {
lt.Set(1, 7, Vals[j]/ ) . . . .
} } resu et(1i, J, expvals|]]|/sum 'Bl — 'Bl _ Step_Slzeﬁl Wl — ‘J/1 . Sl_ep_SlZeWI
} Step 6: Go to step 2 and repeat 8

P = P, — step_sizeg, W, =W, — step_sizey,
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Activation Functions (derivative of tanh) Neural NetWOrkS

Gradient Descent

func DerivativeTanh(activationOutput *mat.Dense, result *mat.Dense) { Step 1: Start with initial values for W f ,B
aRows, aCols := activationOutput.Dims() 1> > 2

rRows, rCols result.Dims () Step 2: Compute... Z,=XW,+ 5, A 1)

if aRows != rRows || aCols != rCols { A T
panic( DerivativeTanh: dimension mismatch - Y )

Step 3: Compute the partial derivative of the cost

activationOutput and result must have the same dimensions )

by
result.Apply(func(i, j int, v float64) float64 { function w.r.t the parameters ﬁz’ WZ’ '61’ Wl
return 1.0 - vxv 0 , 0 , 0 , 0 ,
}, activationOutput) ——COS —— COS§ ——COS§ —— COS§
op, ow, op, oW,
Step 4: Compute step sizes...
. 0 .
Step_Slzeﬂz = ——COoSt X learmng_mte
2
{ ' 0 t X[ ' {
siep _Size = —COS earning _ralte
2T ow,
. 0 .
step_sizeg = ——cost X learning _rate
1
t ' 0 t X1 ' {
siep _Size = —COS earning _radlte
i ow,

Step 5: Compute new values for 5,,W,, p,, W,
P = P, — step_sizeg, W, =W, — step_sizey,

p1 = P, — step_sizeg W, =W, —step_sizey
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Activation Functions (derivative of tanh) Neural Networks

Gradient Descent

func DerivativeTanh(activationOutput *mat.Dense, result *mat.Dense) { Step 1: Start with initial values for W f ,B
aRows, aCols := activationOutput.Dims() 1> » 2

rRows, rCols := result.Dims() Step 2: Compute... Z =XW1+,B1 Ay 1)

if aRows != rRows || aCols != rCols { A T
panic( DerivativeTanh: dimension mismatch - Y )

activationOutput and result must have the same dimensions )

1 Step 3: Compute the partial derivative of the cost

result.Appl)ll(gunc(i, j int, v float64) float64 { COmpute the Parhal Denvahve 2 ﬁli ‘a)Vl
return . - V%V
b, activationOutput) of the Tanh activation function: P 5y "

0
—tanh(x) = 1 — tanh*(x)
ox

0
Step_sizeﬂ1 = a—cost X learning_rate

1

0
Snep_sizew1 = Wcast X learning_rate

1
Step 5: Compute new values for 5,,W,, p,, W,

P = P, — step_sizeg, W, =W, — step_sizey,
p1 = P, — step_sizeg W, =W, —step_sizey
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Activation Functions (derivative of tanh) Neural Networks

Gradient Descent

func DerivativeTanh(activationOutput *mat.Dense, result *mat.Dense) { Step 1: Start with initial values for W f ,B
aRows, aCols := activationOutput.Dims() 1> » 2

rRows, rCols := result.Dims() Step 2: Compute... Z =XW1+,51 A1 1)

if aRows != rRows || aCols != rCols { A T
panic( DerivativeTanh: dimension mismatch - Y )

activationOutput and result must have the same dimensions )

1 Step 3: Compute the partial derivative of the cost

result.Apply(func(i, j int, v float64) float64 { Compute the Partial Derivative

return 1.0 - vxv

}, activationOutput) of the Tanh activation function:

0
—tanh(x) = 1 — tanh*(x)
ox

Each element of activationOutput,
v (at i, j) is tanh, so the partial

derivative is simply 1 — v

Step 5: Compute new values for 5,,W,, f,, W,
P = P, — step_sizeg, W, =W, — step_sizey,

- = "~ |V

p1 = P, — step_sizeg W, =W, —step_sizey

Copyright (c) 2025, Rahul Singh, licensed under CC BY-NC-SA 4.0 (https://creativecommons.org/licenses/by-nc-sa/4.0/) Step 6: GO tO Step 2 d nd Fe peat 9
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Cost Function (Categorical Cross Entropy)

func CostFunction(yhat *mat.Dense, y *mat.Dense) float64 {

rows, cols := y.Dims()

m := float64(rows)

var sum float64

for 1 := range rows {
for j := range cols {

yVal := y.At(1i, j)

aVal := yhat.At(i, j)

sum += yVal * math.Log(aVal)

¥
ks

cost := -(1.0 / m) * sum
return cost
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Neural Networks

Gradient Descent

Step 1: Start with initial values for W, W,, 3, /3,
Step 2: Compute... Z; =XW,+p, A, = tanh(Z,))

%2 =AW, + ),

Y = softmax(Z,)
Step 3: Compute the partial derivative of the cost
function w.r.t the parameters 5,, W,, f;, W;...

0 0 0 0
——COSt —COS1t ——COSt —COSt
op, oW, . op, oW,

Step 4: Compute step sizes...
. 0 .
Sl‘ep_Slzeﬂ2 = ——CoSt X learmng_mte
2
. 0 .
Sl‘ep_SlZBW2 = ——COSt X learmng_mte
oW,
. 0 .
Step_Slzeﬂ1 = ——cost X learning _rate
1
. 0 .
Snep_SlzeW1 = ——cost X learning _rate
oW,

Step 5: Compute new values for 5,,W,, p,, W,
P = P, — step_sizeg, W, =W, — step_sizey,

p1 = P, — step_sizeg W, =W, —step_sizey
Step 6: Go to step 2 and repeat 10
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Cost Function (Categorical Cross Entropy)

func CostFunction(yhat *mat.Dense, y *mat.Dense) float64 {

rows, cols := y.Dims()

m := float64(rows)

var sum float64

for 1 := range rows {
for j := range cols {

yVal := y.At(1i, j)

aVal := yhat.At(i, j)

sum += yVal * math.Log(aVal)

¥
}

cost := -(1.0 / m) * sum
return cost

Cost Function:

1 K
_Z Z Zyl] lOgey\lj

i=1 j=1

Copyright (c) 2025, Rahul Singh, licensed under CC BY-NC-SA 4.0 (https://creativecommons.org/licenses/by-nc-sa/4.0/)

Neural Networks

| values for W, W,, ., j,
XWI + ,Bl Al — tanh(zl)
AW, + ),
softmax(Z,)

artial derivative of the cost
function w.r.t the parameters 5,, W,, f;, W;...

0 0 0 0
——cost ——cost ——cost ——cost
op, oW, of oW,

Step 4: Compute step sizes...
0
Step_sizeﬂ2 = ——cost X learning _rate
2
[ ] 0 t X[ ] A
step_sizey, = ——coS earning_rate
> JdW,

. 0 .

step_sizeg = ——cost X learning _rate
1
0

Snep_sizew1 = Wcast X learning_rate
1

Step 5: Compute new values for 5,,W,, p,, W,
P = P, — step_sizeg, W, =W, — step_sizey,
p1 = P, — step_sizeg W, =W, —step_sizey
Step 6: Go to step 2 and repeat 11
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Cost Function (Categorical Cross Entropy) | Neural Networks

Cost Function:

1 K
_Z Z Zyl] lOgey\lj

i=1 j=1

| values for W, W,, ., j,
XWI + /Bl Al — tanh(zl)
AW, + ),

func CostFunction(yhat *mat.Dense, y *mat.Dense) float64 { Saftmax(Zz)

rows, cols := y.Dims()

artial derivative of the cost

m := 0a Trows . . 1".
float64(rows) lterate over all the observations (i = 1..m)]}
— cost

var sum float64 aﬂz S aWZ S aﬁl aWI
Step 4: Compute step sizes...
for i := range rows {
0
for j := range cols { Step_sizeﬂ2 = ——cost X learning _rate
yVal := y.At(1i, j) 2
. 0 .
e step _sizey, = a—chost X learning_rate
; . 0 .
) sum += yVal * math.Log(aVal) step_sizey = ——COst X learning_rate
1 1

0
Snep_sizew1 = Wcast X learning_rate

cost := -(1.0 / m) * sum
return cost 1

Step 5: Compute new values for 5,,W,, p,, W,
P = P, — step_sizeg, W, =W, — step_sizey,

p1 = P, — step_sizeg W, =W, —step_sizey
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Cost Function (Categorical Cross Entropy) | Neural Networks

Cost Function:

1 K
_Z Z Zyl] lOgey\lj

i=1 j=1

| values for W, W,, ., j,
XWI + /Bl Al — tanh(zl)
AW, + ),

func CostFunction(yhat *mat.Dense, y *mat.Dense) float64 { Saftmax(Zz)

rows, cols := y.Dims()

artial derivative of the cost

m := floa TOWS . : | b
e lterate over all the observations (i = 1..m)]
var sum float64 — _——- bl cost
L Iterate over all the output classes (j = 1..K)
()

for j := range cols { Step_sizeﬂ2 = ——cost X learning _rate
yVal := y.At(1i, j) 2
0

step _sizey, = ——cost X learning _rate
aVal := yhat.At(i, j) P51z W, aWZ &—
; . 0 .

) sum += yVal * math.Log(aVal) step_sizey = ——COst X learning_rate
1 151
0

Snep_sizew1 = Wcast X learning_rate

cost := -(1.0 / m) * sum
return cost 1

Step 5: Compute new values for 5,,W,, p,, W,
P = P, — step_sizeg, W, =W, — step_sizey,

p1 = P, — step_sizeg W, =W, —step_sizey
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Cost Function (Categorical Cross Entropy) | Neural Networks

Cost Function:

1 K
_Z Z Zyl] lOge)/;\lj

i=1 j=1

| values for W, W,, ., j,
XWI + /Bl Al — tanh(zl)
AW, + ),

func CostFunction(yhat *mat.Dense, y *mat.Dense) float64 { Saftmax(Zz)

rows, cols := y.Dims()

artial derivative of the cost

m := float64(rows) 1+

—
'

terate over all the observations (i = 1..m)!|

CcOoSt
var sum float64

Iterate over all the output classes (j = 1..K)

for i := range rows {

for j := range cols {

) t X learning_rate

S

um all values of y;log(y;

yVal := y.At(1i, j)

Step_sizeW2 = cost X learning _rate

aVal := yhat.At(i, j) LV&
; . 0 .
. sum += yVal * math.Log(aVal) step_szzeﬂ1 = 7cost X learning_rate
! 1

0
Snep_sizew1 = Wcast X learning_rate

cost := -(1.0 / m) * sum
return cost 1

Step 5: Compute new values for 5,,W,, p,, W,
P = P, — step_sizeg, W, =W, — step_sizey,

p1 = P, — step_sizeg W, =W, —step_sizey
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Cost Function (Categorical Cross Entropy) | Neural Networks

Cost Function:

1 K
_Z Z Zyl] lOge)/;\lj

i=1 j=1

| values for W, W,, ., j,
XWI + /Bl Al — tanh(zl)
AW, + ),
softmax(Z,)

func CostFunction(yhat *mat.Dense, y *mat.Dense) float64 {

rows, cols := y.Dims()

artial derivative of the cost

m := float64(rows) 1+

—
'

terate over all the observations (i = 1..m)!|

CcOoSt
var sum float64

H
)

Iterate over all the output classes (j = 1..K)

for i := range rows {

for j := range cols {

S

) t X learning_rate
yVal := y.At(1i, j)

|

um all values of y;log(y;

aVal := yhat.At(i, j) Inner loop accumulates the sum of classes and
sum += yVal * math.Log(aVal) outer loop accumulates the sum of samples

¥
}

0

COSt := —(]_,O / m) * sum Step_SlZeWI — a—COSl‘Xleal’nmg_FCZl‘e

return cost 1

Step 5: Compute new values for 5,,W,, p,, W,
P = P, — step_sizeg, W, =W, — step_sizey,
p1 = P, — step_sizeg W, =W, —step_sizey
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Cost Function (Categorical Cross Entropy) | Neural Networks

Cost Function: | values for W, W, 5., b,
XW,+p, A, =tanh(Z))

1 m K
_—— ~log V.. AW, + 5
m 21 Zl YOSy softmax(Zo)
=1 j=

func CostFunction(yhat *mat.Dense, y *mat.Dense) float64 {

rows, cols := y.Dims()

artial derivative of the cost

m := 0a Trows . . 1".
float64(rows) lterate over all the observations (i = 1..m)]}
. COSt

var sum float64 e
{/ Trerate over all t lterate over all the output classes (j = 1..K)

for j := range cols { A f X learning_mte
/1 Get true label Sum all values of ylog(y;)

aVal := yhat.At(i, j) Inner loop accumulates the sum of classes and
| sum += yVal x math.Log(aVal) outer loop accumulates the sum of samples
¥

Mg B Negate and divide by m to compute average cost
Feturn cost For more details see the tutorial on Activation Functions

S ° \S AW A' 'AORAY w ’ ”

P = P, — step_sizeg, W, =W, — step_sizey,

p1 = P, — step_sizeg W, =W, —step_sizey

Copyright (c) 2025, Rahul Singh, licensed under CC BY-NC-SA 4.0 (https://creativecommons.org/licenses/by-nc-sa/4.0/) Step 6: GO tO Step 2 d nd Fe peat 11
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Forward Propagation

func ForwardPropagation(x *mat.Dense, params *NNParams, cache *Cache) {
m, _ := x.Dims()
_, N1 := params.Wl.Dims()
_, N2 := params.W2.Dims()

cache.Z1l.Mul(x, params.Wl)

for i := range m {
for j := range nl {
cache.Zl.Set(i, j, cache.Zl1.At(i, j)+params.Bl.At(j, 0))
ks
I

Tanh(cache.Z1l, cache.Al)

cache.Z2.Mul(cache.Al, params.W2)

for i := range m {
for j := range n2 {
cache.Z2.Set(i, j, cache.Z2.At(i, j)+params.B2.At(j, 0))
Iy

ks

Softmax(cache.Z2, cache.Yhat)

¥
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Neural Networks

Gradient Descent

Step 1: Start with initial values for W, W,, 3, /3,
Step 2: Compute... Z; =XW,+p, A, = tanh(Z,))

%2 =AW, + ),

Y = softmax(Z,)
Step 3: Compute the partial derivative of the cost
function w.r.t the parameters 5,, W,, f;, W;...

0 0 0 0
——COSt —COS1t ——COSt —COSt
op, oW, . op, oW,

Step 4: Compute step sizes...
. 0 .
Sl‘ep_Slzeﬂ2 = ——CoSt X learmng_mte
2
. 0 .
Sl‘ep_SlZBW2 = ——COSt X learmng_mte
oW,
. 0 .
Step_Slzeﬂ1 = ——cost X learning _rate
1
. 0 .
Snep_SlzeW1 = ——cost X learning _rate
oW,

Step 5: Compute new values for 5,,W,, p,, W,
P = P, — step_sizeg, W, =W, — step_sizey,

p1 = P, — step_sizeg W, =W, —step_sizey
Step 6: Go to step 2 and repeat 12


https://arrsingh.com
https://creativecommons.org/licenses/by-nc-sa/4.0/

Forward Propagation

Neural Networks

Gradient Descent

Step 1: Start with initial values for W;, W, (., p
Step 2: Compute... Z; =XW,+ 5, A, = tanh(Z,)
%2 =AW, + P,

Y = softmax(Z,)

Step 3: Compute the partial derivative of the cost

func ForwardPropagation(x *mat.Dense, params *NNParams, cache *Cache) {

m, _ := x.Dims() function w.r.t the parameters 5,, W,, f;, W;...
_, nl := params.Wl.Dims()
_, n2 := params.W2.Dims() 0 0 0 0
JCOSZL WCOSZ‘ £COSt WCOSZL
2 2 1 1
cache.Z1l.Mul(x, params.Wl) Step 4 ComPUte Step SIZES
0
f TR { 7 —_—— 7
or i : jr?:gia:ge . step_sizeg p cost X learning_rate
cache.Zl.Set(i, j, cache.Zl1.At(i, j)+params.Bl.At(j, 0)) 2

} 0

} Step_sizeW2 = Wcost X learning_rate
2
Tanh(cache.Z1l, cache.Al) a
Step_sizeﬂ1 = a—cost X learning_rate
cache.Z2.Mul(cache.Al, params.W2) al
step _sizey, = ——cost X learning_rate

for i := { 1
. %or jr?:gia:ge n2.{ _ e _ an

. cache.Z2.Set(i, j, cache.Z2.At(i, j)+params.B2.At(j, 0)) Step 5: Compute new Values fOr ﬁl’Wl’ ﬁZ) W2
. P = P, — step_sizeg, W, =W, — step_sizey,

. Softmax(cache.Z2, cache.Yhat) 151 — IBI — Sl‘ep_sizeﬁl Wl — u/1 — Sl‘ep_sizewl

Copyright (c) 2025, Rahul Singh, licensed under CC BY-NC-SA 4.0 (https://creativecommons.org/licenses/by-nc-sa/4.0/) Ste p 6: GO tO Ste p 2 ain d Fe peat 12
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Forward Propagation

func ForwardPropagation(x *mat.Dense, params *NNParams, cache *Cache) {
m, _ := x.Dims()
_, N1 := params.Wl.Dims()
_, N2 := params.W2.Dims()

cache.Z1l.Mul(x, params.Wl)

for i := range m {
for j := range nl {
cache.Zl.Set(i, j, cache.Zl1.At(i, j)+params.Bl.At(j, 0))
ks
I

Tanh(cache.Z1l, cache.Al)

cache.Z2.Mul(cache.Al, params.W2)

for i := range m {
for j := range n2 {
cache.Z2.Set(i, j, cache.Z2.At(i, j)+params.B2.At(j, 0))
Iy
I

Softmax(cache.Z2, cache.Yhat)

ks
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Neural Networks

Gradient Descent

Step 1: Start with initial values for W;, W, (., p
Step 2: Compute... Z; =XW,+ 5, A, = tanh(Z,)
%2 =AW, + P,

Y = softmax(Z,)

Step 3: Compute the partial derivative of the cost

on w.r.t the parameters f,, W,, ;, W,...

0 0 0 0
——cost ——cost ——cost ——cost
op, oW, | of oW,

Step 4: Compute step sizes...
0
Step_sizeﬂ2 = a—cost X learning_rate
2
. 0 .
step _sizey, = Wcost X learning_rate
2

. 0 .

step_sizep = a—cost X learning_rate
1

. 0 .

step_sizey, = _dW cost X learning _rate
1

Step 5: Compute new values for 5,,W,, p,, W,
P = P, — step_sizeg, W, =W, — step_sizey,
p1 = P, — step_sizeg W, =W, —step_sizey
Step 6: Go to step 2 and repeat 12
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Forward Propagation

func ForwardPropagation(x *mat.Dense, params *NNParams, cache *Cache) {
m, _ := x.Dims()
_, N1 := params.Wl.Dims()
_, N2 := params.W2.Dims()

cache.Z1l.Mul(x, params.Wl)

for i := range m {
for j := range nl {
cache.Zl.Set(i, j, cache.Zl1.At(i, j)+params.Bl.At(j, 0))
ks
I

Tanh(cache.Z1l, cache.Al)

cache.Z2.Mul(cache.Al, params.W2)

for i := range m {
for j := range n2 {
cache.Z2.Set(i, j, cache.Z2.At(i, j)+params.B2.At(j, 0))
Iy
I

Softmax(cache.Z2, cache.Yhat)

Iy
Copyright (c) 2025, Rahul Singh, licensed under CC BY-NC-SA 4.0 (https://creativecommons.org/licenses/by-nc-sa/4.0/)

Neural Networks

Gradient Descent

Step 1: Start with initial values for W;, W, (., p
Step 2: Compute... Z; =XW,+ 5, A, = tanh(Z,)
%2 =AW, + P,

Y = softmax(Z,)

Step 3: Compute the partial derivative of the cost
on w.r.t the parameters f,, W,, ;, W,...

0 0 0 0
—COSt —COSt —COSt
oW, 0p, oW,

yute step sizes...

. 0 .

Sl‘ep_Slze'B2 — a—COSt X learnmg_mte
2
. 0 .
Sl‘ep_SlZBW2 = WCOSZ‘ X learmng_mte
2
. 0 .
Step_Slzeﬂ1 = a—cost X learning_rate
1
. 0 .
Snep_SlzeW1 = Wcast X learning_rate
1

Step 5: Compute new values for 5,,W,, p,, W,
P = P, — step_sizeg, W, =W, — step_sizey,
p1 = P, — step_sizeg W, =W, —step_sizey
Step 6: Go to step 2 and repeat 12
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Forward Propagation

func ForwardPropagation(x *mat.Dense, params *NNParams, cache *Cache) {
m, _ := x.Dims()
_, N1 := params.Wl.Dims()
_, N2 := params.W2.Dims()

cache.Z1l.Mul(x, params.Wl)

for i := range m {
for j := range nl {
cache.Zl.Set(i, j, cache.Zl1.At(i, j)+params.Bl.At(j, 0))
ks
I

Tanh(cache.Z1l, cache.Al)

cache.Z2.Mul(cache.Al, params.W2)

for i := range m {
for j := range n2 {
cache.Z2.Set(i, j, cache.Z2.At(i, j)+params.B2.At(j, 0))
Iy
I

Softmax(cache.Z2, cache.Yhat)

Iy
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Neural Networks

Gradient Descent

Step 1: Start with initial values for W;, W, (., p
Step 2: Compute... Z; =XW,+ 5, A, = tanh(Z,)
%2 =AW, + P,

Y = softmax(Z,)

Step 3: Compute the partial derivative of the cost
on w.r.t the parameters f,, W,, ;, W,...

0 0 0 0
—COSt —COSt —COSt
oW, 0p, oW,

yute step sizes...

. 0 .

Sl‘ep_Slze'B2 — a—COSt X learnmg_mte
2
0 .
—CoSt X learmng_mte
W,
. 0 .
Step_Slzeﬂ1 = a—cost X learning_rate
1
. 0 .
Snep_SlzeW1 = Wcast X learning_rate
1

Step 5: Compute new values for 5,,W,, p,, W,
P = P, — step_sizeg, W, =W, — step_sizey,
p1 = P, — step_sizeg W, =W, —step_sizey
Step 6: Go to step 2 and repeat 12
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Forward Propagation

func ForwardPropagation(x *mat.Dense, params *NNParams, cache *Cache) {
m, _ := x.Dims()
_, N1 := params.Wl.Dims()
_, N2 := params.W2.Dims()

cache.Z1l.Mul(x, params.Wl)

for i := range m {
for j := range nl {
cache.Zl.Set(i, j, cache.Zl1.At(i, j)+params.Bl.At(j, 0))
ks
I

Tanh(cache.Z1l, cache.Al)

cache.Z2.Mul(cache.Al, params.W2)

for i := range m {
for j := range n2 {
cache.Z2.Set(i, j, cache.Z2.At(i, j)+params.B2.At(j, 0))
Iy
I

Softmax(cache.Z2, cache.Yhat)

Iy
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Neural Networks

Gradient Descent

Step 1: Start with initial values for W;, W, (., p
Step 2: Compute... Z; =XW,+ 5, A, = tanh(Z,)
%2 =AW, + P,

Y = softmax(Z,)

Step 3: Compute the partial derivative of the cost
on w.r.t the parameters f,, W,, ;, W,...

0 0 0
——cost ——coSst ——cost
oW, df oW,
yute step sizes...
. 0 .
step_sizey = a—cost X learning _rate
2
0 .
——cost X learning_rate
2
0 .
——cost X learning _rate
ap
. 0 .
step_sizey, = ———coSt X learning _rate
oW,

Step 5: Compute new values for 5,,W,, p,, W,
P = P, — step_sizeg, W, =W, — step_sizey,
p1 = P, — step_sizeg W, =W, —step_sizey
Step 6: Go to step 2 and repeat 12
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Forward Propagation

func ForwardPropagation(x *mat.Dense, params *NNParams, cache *Cache) {
m, _ := x.Dims()
_, N1 := params.Wl.Dims()
_, N2 := params.W2.Dims()

cache.Z1l.Mul(x, params.Wl)

for i := range m {
for j := range nl {
cache.Z1l.Set(i, j, cache.Zl1l.At(i, j)+params.Bl.At(j, 0))
ks

ks

Tanh(cache.Z1l, cache.Al)

cache.Z2.Mul(cache.Al, params.W2)

for i := range m {
for j := range n2 {
cache.Z2.Set(i, j, cache.Z2.At(i, j)+params.B2.At(j, 0))
Iy

ks

Softmax(cache.Z2, cache.Yhat)

ks
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| Neural Networks
Gradient Descent

Step 1: Start with initial values for W;, W, (., p
Step 2: Compute... Z; =XW,+ 5, A, = tanh(Z,)
%2 =AW, + P,

Y = softmax(Z,)

Step 3: Compute the partial derivative of the cost

_ on w.r.t the parameters f,, W,, ;, W,...
2y = XW, 0 0 0 0

——cost ——cost ——cost
ow, of oW,
yute step sizes...
. 0 .
step_sizeg = a—cost X learning _rate
2
0
Al — tanh(Zl) a—chost X learning_rate
0
Z2 — Al W2 zep = 0_,51C0St X learning_rate

Z2 — A 1W2 + ﬁz ‘?V cost X learning _rate
ada!

Step 5: Compute new values for 5,,W,, p,, W,
pr = P, — step_sizeg,
p1 = P, — step_sizeg

Step 6: Go to step 2 and repeat 12

W, = W, — step_sizey,

W, = W, — step_sizey,
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Forward Propagation

func ForwardPropagation(x *mat.Dense, params *NNParams, cache *Cache) {
m, _ := x.Dims()
_, N1 := params.Wl.Dims()
_, N2 := params.W2.Dims()

cache.Z1l.Mul(x, params.Wl)

for i := range m {
for j := range nl {
cache.Z1l.Set(i, j, cache.Zl1l.At(i, j)+params.Bl.At(j, 0))
ks

ks

Tanh(cache.Z1l, cache.Al)

cache.Z2.Mul(cache.Al, params.W2)

for i := range m {
for j := range n2 {
cache.Z2.Set(i, j, cache.Z2.At(i, j)+params.B2.At(j, 0))
Iy

ks

Softmax(cache.Z2, cache.Yhat)

ks
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Y = softmax(Z,)

Neural Networks

Gradient Descent

Step 1: Start with initial values for W;, W, (., p
Step 2: Compute... Z; =XW,+ 5, A, = tanh(Z,)
%2 =AW, + P,

Y = softmax(Z,)

Step 3: Compute the partial derivative of the cost

_ on w.r.t the parameters f,, W,, ;, W,...
2y = XW, 0 0 0 0

—COSt —COSt —COSt
oW, 0p, oW,
yute step sizes...

Step_sizeﬂ2 = ——cost X learning _rate
2

Al — tanh(Zl) Lcostxlearning_mte

Z2:

oW,
0

Al W2 zep = ——cost X learning_rate

op,

0
— t X1 ng_rat
= Al ‘4/2 + ﬁz chos earning_rate

Step 5: Compute new values for 5,,W,, p,, W,
izeg, W =W, —step_sizey,

izeﬁl Wl — Wl — St@p_SiZ@WI

Step 6: Go to step 2 and repeat 12
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Back Propagation

func BackPropagation(x *mat.Dense, y *mat.Dense, params *NNParams, forwardCache xCache, grads *Gradients) {

}

m, _ := x.Dims()

mFloat := float64(m)

_, nl := params.Wl.Dims()
_, N2 := params.W2.Dims()

dz2 :
dZ1l :
dAl :

mat.NewDense(m, n2,
mat.NewDense(m, nl,
mat.NewDense(m, nl,

dZ2.Sub(forwardCache.Yhat, y)

grads.DW2.Mul (forwardCache.A1.T(), dZ2)
grads.DW2.Scale(1.0/mFloat, grads.DW2)

for j := range n2 {
var sum float64
for i := range m {
sum += dZ2.At(i, j)

ks
grads.DB2.Set(j, O, sum/mFloat)
ks

dAl.Mul(dZ2, params.W2.T())

for 1 := range m {
for j := range nl {
alVal := forwardCache.Al.At(i, j)
dTanh := 1.0 - alVal*alVal
dZ1l.Set(i, j, dAl.At(i, j)*dTanh)

¥
}

grads.DW1.Mul(x.T(), dZ1)
grads.DW1l.Scale(1.0/mFloat, grads.DWl)

for j := range nl {
var sum float64
for i := range m {
sum += dZ1l.At(i, j)
ks

grads.DBl.Set(j, O, sum/mFloat)
ks
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Neural Networks

Gradient Descent

Step 1: Start with initial values for W, W,, 3, 5,
Step 2: Compute... Z; =XW,+p, A, = tanh(Z,))
%2 =AW, + p,
Y = softmax(Z,)

Step 3: Compute the partial derivative of the cost

function w.r.t the parameters 5,, W,, f;, W;...
0 0 0 0

—COSt —COSt —COSt —COSt
aﬂZ 0W2 aﬁl an
Step 4: Compute step sizes...

0
Step_sizeﬂ2 = a—cost X learning_rate

2

0
Step_sizeW2 = Wcost X learning_rate

2

0
Step_sizeﬁ1 = a—cost X learning_rate

1

0
Snep_sizew1 = Wcost X learning_rate

1
Step 5: Compute new values for 5,,W,, p,, W,

P = P, — step_sizeg, W, =W, — step_sizey,
p1 = P, — step_sizeg W, =W, —step_sizey
Step 6: Go to step 2 and repeat 13
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Back Propagation

func BackPropagation(x *mat.Dense, y *mat.Dense, params *NNParams, forwardCache xCache, grads *Gradients) {

}

m, _ := x.Dims()

mFloat := float64(m)

_, nl := params.Wl.Dims()
_, N2 := params.W2.Dims()

dz2 :
dZ1l :
dAl :

mat.NewDense(m, n2,
mat.NewDense(m, nl,
mat.NewDense(m, nl,

dZ2.Sub(forwardCache.Yhat, y)

grads.DW2.Mul (forwardCache.A1.T(), dZ2)
grads.DW2.Scale(1.0/mFloat, grads.DW2)

for j := range n2 {
var sum float64
for i := range m {
sum += dZ2.At(i, j)

ks
grads.DB2.Set(j, O, sum/mFloat)
ks

dAl.Mul(dZ2, params.W2.T())

for 1 := range m {
for j := range nl {
alVal := forwardCache.Al.At(i, j)
dTanh := 1.0 - alVal*alVal
dZ1l.Set(i, j, dAl.At(i, j)*dTanh)

¥
}

grads.DW1.Mul(x.T(), dZ1)
grads.DW1l.Scale(1.0/mFloat, grads.DWl)

for j := range nl {
var sum float64
for i := range m {
sum += dZ1l.At(i, j)
ks

grads.DBl.Set(j, O, sum/mFloat)
ks
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| Neural Networks
Gradient Descent

Step 1: Start with initial values for W, W,, 3, 5,

Step 2: Compute... Z; =XW,+p, A, = tanh(Z,))
%2 =AW, + p,

Y = softmax(Z,)

Step 3: Compute the partial derivative of the cost

function w.r.t the parameters 5,, W,, f;, W;...
0 0 0 0

—COS1 —COSt —COS1 —CoOSt
B, ow, P, oW,

Step_sizeﬂ2 = a—cost X learning_rate
2

0
Step_sizeW2 = Wcost X learning_rate

2

0
Step_sizeﬂ1 = a—cost X learning_rate

1

0
Snep_sizew1 = Wcost X learning_rate

1
Step 5: Compute new values for 5,,W,, p,, W,

P = P, — step_sizeg, W, =W, — step_sizey,
p1 = P, — step_sizeg W, =W, —step_sizey
Step 6: Go to step 2 and repeat 13


https://arrsingh.com
https://creativecommons.org/licenses/by-nc-sa/4.0/

Back Propagation

func BackPropagation(x *mat.Dense, y *mat.Dense, params *NNParams, forwardCache xCache, grads *Gradients) {

I
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m, _ := x.Dims()

mFloat := float64(m)

_, nl := params.Wl.Dims()
_, N2 := params.W2.Dims()

dz2 :
dZ1l :
dAl :

mat.NewDense(m, n2,
mat.NewDense(m, nl,
mat.NewDense(m, nl,

dZ2.Sub(forwardCache.Yhat, y)

grads.DW2.Mul (forwardCache.A1.T(), dZ2)
grads.DW2.Scale(1.0/mFloat, grads.DW2)

for j := range n2 {
var sum float64
for i := range m {
sum += dZ2.At(i, j)

ks
grads.DB2.Set(j, O, sum/mFloat)
ks

dAl.Mul(dZ2, params.W2.T())

for 1 := range m {
for j := range nl {
alVal := forwardCache.Al.At(i, j)
dTanh := 1.0 - alVal*alVal
dZ1l.Set(i, j, dAl.At(i, j)*dTanh)
kL
ks

grads.DW1.Mul(x.T(), dZ1)
grads.DW1l.Scale(1.0/mFloat, grads.DWl)

for j := range nl {
var sum float64
for i := range m {
sum += dZ1l.At(i, j)
ks

grads.DBl.Set(j, O, sum/mFloat)
ks

Layer 2 Gradients...

| Neural Networks
Gradient Descent

Step 1: Start with initial values for W, W,, 3, 5,
Step 2: Compute... Z; =XW,+p, A, = tanh(Z,))
%2 =AW, + p,
Y = softmax(Z,)

Step 3: Compute the partial derivative of the cost

function w.r.t the parameters 5,, W,, f;, W;...
0 0 0 0

—COSt —COSt —COSt —COSt
aﬂZ 0W2 aﬁl an
Step 4: Compute step sizes...

0
Step_sizeﬂ2 = a—cost X learning_rate

2

0
Step_sizeW2 = Wcost X learning_rate

2

0
Step_sizeﬂ1 = a—cost X learning_rate

1

0
Snep_sizew1 = Wcost X learning_rate

1
Step 5: Compute new values for 5,,W,, p,, W,

P = P, — step_sizeg, W, =W, — step_sizey,
p1 = P, — step_sizeg W, =W, —step_sizey
Step 6: Go to step 2 and repeat 14
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Back Propagation

func BackPropagation(x *mat.Dense, y *mat.Dense, params *NNParams, forwardCache *Cache, _gfads *Grac
m, _ := x.Dims()
mFloat := float64(m)
_, nl := params.Wl.Dims()
_, N2 := params.W2.Dims()

dz2 :
dZ1l :
dAl :

mat.NewDense(m, n2,
mat.NewDense(m, nl,
mat.NewDense(m, nl,

dZ2.Sub(forwardCache.Yhat, y)

grads.DW2.Mul (forwardCache.A1.T(), dZ2)
grads.DW2.Scale(1.0/mFloat, grads.DW2)

for j := range n2 {
var sum float64
for i := range m {
sum += dZ2.At(i, j)

grads.DB2.Set(j, O, sum/mFloat)
ks

dAl.Mul(dZ2, params.W2.T())

for 1 := range m {
for j := range nl {
alVal := forwardCache.Al.At(i, j)
dTanh := 1.0 - alVal*alVal
dZ1l.Set(i, j, dAl.At(i, j)*dTanh)
kL
ks

grads.DW1.Mul(x.T(), dZ1)
grads.DW1l.Scale(1.0/mFloat, grads.DWl)

for j := range nl {
var sum float64
for i := range m {
sum += dZ1l.At(i, j)
ks

grads.DBl.Set(j, O, sum/mFloat)
ks

I
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Layer 2 Gradients...

Compute error from the output layer: —cost =Y - Y

9 - tWOrkS

07,
2 29 ﬂl’ lBZ
Step 2: Compute... Z, =XW,+p, A, =tanh(Z,)
2 AW, + by
Y = softmax(Z,)

Step 3: Compute the partial derivative of the cost

function w.r.t the parameters 5,, W,, f;, W;...
0 0 0 0

—COSt —COSt —COSt —COSt
aﬂZ 0W2 aﬁl an
Step 4: Compute step sizes...

0
Step_sizeﬂ2 = a—cost X learning_rate

2

0
Step_sizeW2 = Wcost X learning_rate

2

0
Step_sizeﬂ1 = a—cost X learning_rate

1

0
Snep_sizew1 = Wcost X learning_rate

1
Step 5: Compute new values for 5,,W,, p,, W,

P = P, — step_sizeg, W, =W, — step_sizey,
p1 = P, — step_sizeg W, =W, —step_sizey
Step 6: Go to step 2 and repeat 14
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Back Propagation Layer 2 Gradients...

Compute error from the output layer: —cost =Y - Y

func BackPropagation(x *mat.Dense, y *mat.Dense, params *NNParams, forwardCache *Cache, _gfads *Grac 692222 ‘; ‘;
m, := x.Dims() 9 9
mFloat := float64(m)

i e e 0 0 _ 0 1 . 0 .
Compute cost = ——2Ly,——cost = —A; ——cost = —A; (Y Y)
mat.NewDense(m, n2, aWZ aWZ azz m azz m

mat.NewDense(m, nl,
mat.NewDense(m, nl,

dz2 :
dZ1l :
dAl :

Step 3: Compute the partial derivative of the cost
SRS a S function w.r.t the parameters f,, W,, f;, W;...

grads.DW2.Scale(1.0/mFloat, grads.DW2) é) é) é) ()

——COSt —COSst ——CoOSt —COSt
for j := range n2 { (2132 éa“(é ()lgl é)‘a/i

var sum float64

for 1 i= range m { Step 4: Compute step sizes...

sum += dZ2.At(i, j)

dZ2.Sub(forwardCache.Yhat, y)

grads.DBZ.Set(j, ®, sum/mFloat) . é) .
} step_sizey = a—cost X learning _rate

2
. 0 .
Sfep_SlZ€W2 — WCOSZL X learnmg_mte
2

dAl.Mul(dZ2, params.W2.T())

for 1 := range m {
for j := range nl { é)

il s Te Rl step_sizeg = ——cost X learning_rate
dz1.Set(i, j, dAl.At(i, j)*dTanh) 0 1
}

g 0
step_sizey, = ——cost X learning _rate
i ow

grads.DW1.Mul(x.T(), dZ1)

grads.DW1.Scale(1.0/mFloat, grads.DW1) 1

for's = range ¢ Step 5: Compute new values for 5,,W,, p,, W,
for i = rangem { P = P, — step_sizeg, W, =W, — step_sizey,

. grads.OB1.Set(3, 0, sum/aFloat) p1 = P, — step_sizeg W, =W, —step_sizey

}
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Back Propagation Layer 2 Gradients...

Compute error from the output layer: —cost =Y - Y

func BackPropagation(x *mat.Dense, y *mat.Dense, params *NNParams, forwardCache *Cache, _gfads *Grac 692222 ‘; ‘;
m, := x.Dims() 9 9
mFloat := float64(m)

"1 h2 i- harome 2.Dine( 0 0 0 | . 0 .
Compute cost = ——2Ly,——cost = —A; ——cost = —A; (Y
mat.NewDense(m, n2, aWZ aWZ azz m azz m

mat.NewDense(m, nl,
mat.NewDense(m, nl,

dz2 :
dZ1l :
dAl :

0 partial derivative of the cost
dZ2.Sub(forwardCache.Yhat, y) Compute —COSZ' —_— — Z _COSZ'
= 02, ameters f,, W,, f;, Wj...

grads.DW2.Mul (forwardCache.A1.T(), dZ2) /6%2
grads.DW2.Scale(1.0/mFloat, grads.DW2) () ()

g g
Ccost ——COS1 —COS1

CoSt
for j := range n2 { (2Z32 éa“(é ()lgl é)‘a/i

var sum float64

for 1 := range m { Step 4: Compute step sizes...

sum += dZ2.At(i, j)

grads.DBZ.Set(j, ®, sum/mFloat) . é) .
} step_sizeg = ——COSt X learning_rate

2

0
Step_sizeW2 = Wcost X learning_rate
2

for 1 := range m {
for j := range nl { é)

il s Te Rl step_sizeg = ——cost X learning_rate
dz1.Set(i, j, dAl.At(i, j)*dTanh) 0 1

dAl.Mul(dZ2, params.W2.T())

}
} 0
grads.DWL.Mul(x.T(), dz1) Step_SlZeW1 — a_COSt X leammg_mte

grads.DW1.Scale(1.0/mFloat, grads.DW1) 1

for's = range ¢ Step 5: Compute new values for 5,,W,, p,, W,
for i = rangem { P = P, — step_sizeg, W, =W, — step_sizey,

. grads.OB1.Set(3, 0, sum/aFloat) p1 = P, — step_sizeg W, =W, —step_sizey

}
Copyright (c) 2025, Rahul Singh, licensed under CC BY-NC-SA 4.0 (https://creativecommons.org/licenses/by-nc-sa/4.0/) Ste p 6: GO tO Ste p 2 ain d Fe peat
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Back Propagation

func BackPropagation(x *mat.Dense, y *mat.Dense, params *NNParams, forwardCache *Cache, _gfads *Grac

}

m, := x.Dims()

mFloat := float64(m)

_, nl := params.Wl.Dims()
_, N2 := params.W2.Dims()

dz2 :
dZ1l :
dAl :

mat.NewDense(m, n2,
mat.NewDense(m, nl,
mat.NewDense(m, nl,

dZ2.Sub(forwardCache.Yhat, y)

grads.DW2.Mul (forwardCache.A1.T(), dZ2)
grads.DW2.Scale(1.0/mFloat, grads.DW2)

for j := range n2 {
var sum float64
for i := range m {
sum += dZ2.At(i, j)

ks
grads.DB2.Set(j, O, sum/mFloat)
ks

dAl.Mul(dZ2, params.W2.T())

for 1 := range m {
for j := range nl {
alVal := forwardCache.Al.At(i, j)
dTanh := 1.0 - alVal*alVal
dZ1l.Set(i, j, dAl.At(i, j)*dTanh)

¥
}

grads.DW1.Mul(x.T(), dZ1)
grads.DW1l.Scale(1.0/mFloat, grads.DWl)

for j := range nl {
var sum float64
for i := range m {
sum += dZ1l.At(i, j)
ks

grads.DBl.Set(j, O, sum/mFloat)
ks
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Layer 2 Gradients...

Compute error from the output layer: —cost =Y - Y

Compute

t
Layer 1 Gradients...[ 9 ow, P oW,
p 4: Compute step sizes...

692222 : ‘; : ‘;

0 0 0 | | -
cost = ——2Ly,——cost = —A; ——cost = —A; (Y Y)
()Wz ()Wz aZ2 m 6Z2 m

Compute ——cost =

0 Z partial derivative of the cost
— —cost
=

07, ameters f,, W,, f;, Wj...

¢ ¢ 0 0
cost cos ——cost ——cost

op;

0
Step_sizeﬂ2 = a—cost X learning_rate

2

0
Step_sizeW2 = Wcost X learning_rate

2

0
Step_sizeﬂ1 = a—cost X learning_rate

1

0
Snep_sizew1 = Wcast X learning_rate

1
Step 5: Compute new values for 5,,W,, p,, W,

P = P, — step_sizeg, W, =W, — step_sizey,
p1 = P, — step_sizeg W, =
Step 6: Go to step 2 and repeat 14

W, — step_sizey,
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Layer 2 Gradients...

Compute error from the output layer: —cost =Y - Y

func BackPropagation(x *mat.Dense, y *mat.Dense, params *NNParams, forwardCache *Cache, _gfads *Grac 692222 ‘; ‘;
m, := x.Dims() 9 9

Back Propagation

mFloat := float64(m)
~! N2 o parane w2 Dine( 0 0 0 | . 0 .
Compute cost = ——2Ly,——cost = —A; ——cost = —A; (Y Y)
dZ2 := mat.NewDense(m, n2, nil) aWZ aWZ azz m azz m

dZl := mat.NewDense(m, nl, nil)
dAl := mat.NewDense(m, nl, nil)

0 1 0 partial derivative of the cost
dZ2.Sub(forwardCache.Yhat, vy) CompUte _COSt _— _COSt

aﬁz @Zz ameters ﬁz, Wz, ﬁl’ Wl

grads.DW2.Mul (forwardCache.A1.T(), dZ2) l——
grads.DW2.Scale(1.0/mFloat, grads.DW2) ~ . é) ()

) CcoSt CcoSt —COSt —COSt
for 3+ sange w3 ¢ Layer 1 Gradients...| % oW, Z W
e gm0 ] p 4: Compute step sizes...

sum += dZ2.At(i, j)

ks
grads.DB2.Set(j, O, sum/mFloat) é) ()

: Compute ——cost = (——cost)W, |X learning_rate
0A, oz,

Step_sizeW2 =

dAl.Mul(dZ2, params.W2.T())

cost X learning _rate

I
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HZ
for 1 := range m { é)
for j := range nl {
1val := f dCache.Al.At(i, j) ' — '
Vel = fonvrdcacte ALACG 3 step_sizey = ——cost X learning_rate
dZ1l.Set(i, j, dAl.At(i, j)*dTanh) é) 1

¥
}

grads.DW1.Mul(x.T(), dZ1)
grads.DW1l.Scale(1.0/mFloat, grads.DWl)

for j := range nl {
var sum float64
for i := range m {
sum += dZ1l.At(i, j)
ks
grads.DBl1.Set(j, O, sum/mFloat)

}

0
Snep_sizew1 = Wcast X learning_rate

1
Step 5: Compute new values for 5,,W,, p,, W,

P = P, — step_sizeg, W, =W, — step_sizey,
p1 = P, — step_sizeg W, =W, —step_sizey
Step 6: Go to step 2 and repeat

14
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Back Propagation Layer 2 Gradients...

Compute error from the output layer: —cost =Y - Y

func BackPropagation(x *mat.Dense, y *mat.Dense, params *NNParams, forwardCache *Cache, _gfads *Grac aZZ ; ;
m, := x.Dims() 9 9

mFloat := float64(m)
~! N2 o parane w2 Dine( 0 0 0 | . 0 .
Compute cost = ——2Ly,——cost = —A; ——cost = —A; (Y Y)
dZ2 := mat.NewDense(m, n2, nil) aWZ aW2 aZZ m aZZ m

dZl := mat.NewDense(m, nl, nil)
dAl := mat.NewDense(m, nl, nil)

0 1 0 partial derivative of the cost
dZ2.Sub(forwardCache.Yhat, vy) CompUte _COSt _— _COSt W W
grads.DW2.Mul (forwardCache.A1.T(), dZ2) aﬁz l— aZZ i mEterS ﬁz’ 2’ ﬁl’ 1".
grads.DW2.Scale(1.0/mFloat, grads.DW2) v v é) é)

) CcoSt CcoSt —COSt —COSt
for 3+ sange w3 ¢ Layer 1 Gradients...| % oW, Z W
e gm0 ] p 4: Compute step sizes...

sum += dZ2.At(i, j)
ks

grads.DB2.Set(j, O, sum/mFloat) a a

: Compute ——cost = (——cost)W, |X learning_rate
0A, 07,
dAl.Mul(dZ2, params.W2.T()) e s ne :
C t 0 t = 0 X0, f(Z) = ( 0 HWI o (1 -A?
for 1 := range m ompute —mCOSl = —/COS = \—mCOS —
for j := rang{e: nl { p azl aAl aZ1 1 1 _ azz 2 1

alVal := forwardCache.Al.At(i, j)
dTanh := 1.0 - alValxalVal . . . . . . .

| GTLSer(L, S, ALAG, ) sdTan) This is the Hadamard product (element wise product) not a matrix multiplication

g 0

step _sizey, = ——cost X learning_rate
grads.DW1.Mul(x.T(), dZ1) 1 aW
grads.DW1l.Scale(1.0/mFloat, grads.DWl) 1
for j := range nl { Step 5: Compute neW Values fOr ﬁl,Wl, ﬁz, W2
var sum float64 . .
for i = rangem { P = P, — step_sizeg, W, =W, — step_sizey,
} = ° .
; grads.DBl.Set(j, 0, sum/mFloat) ﬁl — ﬁ] . Step_Slzeﬁl Wl — ‘J/1 _ Sf@p_SlZ@WI

}
Copyright (c) 2025, Rahul Singh, licensed under CC BY-NC-SA 4.0 (https://creativecommons.org/licenses/by-nc-sa/4.0/) Ste p 6: GO tO Ste p 2 ain d Fe peat 14
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Back Propagation Layer 2 Gradients...

Compute error from the output layer: —cost =Y - Y

func BackPropagation(x *mat.Dense, y *mat.Dense, params *NNParams, forwardCache *Cache, _gfads *Grac 692222 ‘; ‘;
m, := x.Dims() 9 9

mFloat := float64(m)
~! N2 o parane w2 Dine( 0 0 0 | . 0 .
Compute cost = ——2Ly,——cost = —A; ——cost = —A; (Y Y)
dZ2 := mat.NewDense(m, n2, nil) aWZ aWZ aZZ m aZZ m

dZl := mat.NewDense(m, nl, nil)
dAl := mat.NewDense(m, nl, nil)

0 1 0 partial derivative of the cost
dZ2.Sub(forwardCache.Yhat, vy) CompUte _COSt _— _COSt W W
grads.DW2.Mul (forwardCache.A1.T(), dZ2) aﬁz l— aZZ i mEterS ﬁz’ 2’ ﬁl’ 1".
grads.DW2.Scale(1.0/mFloat, grads.DW2) v v é) é)

) Ccost cost ——COSt —COSt
for 3+ ronge 12 ¢ Layer 1 Gradients...| % ow, P Wi
S b e p 4: Compute step sizes...

sum += dZ2.At(i, j)
ks

grads.DB2.Set(j, 0, sum/mFloat) é) ()

: Compute ——cost = (——cost)W, |X learning_rate
0A, iz,
dAl.Mul(dZ2, params.W2.T()) e s ne :
C t 0 t = 0 X0, f(Z) = ( 0 HWI e —-A?
for i := range m ompute —CcoSl = —CoS = \—COS -
for j := r’am—fe; nl { P azl aAl azl 1\=1 _ azz 2 1

alVal := forwardCache.Al.At(i, j)
d71.Set(i, j, dAL.At(i, j)*dTanh) This is the Hadamard product (element wise product) not a matrix multiplication

dTanh := 1.0 - alVal*alVal

¥
}

0 1 0 X learning_rate
grads.DW1.Mul(x.T(), dZ1) 7“
grads.DW1.Scale(1.0/mFloat, grads.DW1l) COmpute COSZ' — —X _COSZ'

for j := range nl { aWI m aZI Values fOr ﬁl’Wl’ ﬁZ’ W2

var sum float64

for i := range m { ﬂz — ﬂz — Step_Sizeﬂz W2 = W2 — Step_SizeW2

sum += dZ1l.At(i, j)
ks

: grads.DB1.Set(j, O, sum/mFloat) ﬁl o ﬁl —_ Step_SiZeﬁl Wl — Wl — Step_Sizewl

}
Copyright (c) 2025, Rahul Singh, licensed under CC BY-NC-SA 4.0 (https://creativecommons.org/licenses/by-nc-sa/4.0/) Step 6: GO tO Step 2 d nd Fe peat 14
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Back Propagation Layer 2 Gradients...

Compute error from the output layer: —cost =Y - Y

func BackPropagation(x *mat.Dense, y *mat.Dense, params *NNParams, forwardCache *Cache, _gfads *Grac 692222 ‘; ‘;
m, := x.Dims() 9 9
mFloat := float64(m)

i e e 0 0 _ 0 1 . 0 .
Compute cost = ——2Ly,——cost = —A; ——cost = —A; (Y Y)
dZ2 := mat.NewDense(m, n2, aWZ aWZ aZZ m aZZ m

dZl := mat.NewDense(m, nl,
dAl := mat.NewDense(m, nl,

0 partial derivative of the cost
dZ2.Sub(forwardCache.Yhat, y) Compute —COSZ' —_— — Z _COSZ'
07, ameters f,, W,, f;, Wj...

grads.DW2.Mul (forwardCache.A1.T(), dZ2) /6%2 l__

ds.DW2.Scale(1.0/mFloat, ds.DW2
grads cale( /mFloat, grads ) - - é) é)

) Ccost cost ——COSt —COSt
for 3+ ronge 12 ¢ Layer 1 Gradients...| % ow, P Wi
S b e p 4: Compute step sizes...

sum += dZ2.At(i, j)

s
grads.DB2.Set(j, 0, sum/mFloat) é) ()

: Compute ——cost = (——cost)W, |X learning_rate
0A, iz,
dAl.Mul(dZ2, params.W2.T()) e s ne :
C t 0 t = 0 X0, f(Z) = ( 0 HWI e —-A?
for i := range m ompute —CcoSl = —CoS —COS -
for j := r’am—fe; nl { P azl aAl azl 1\=1 _ azz 2 1

alVal := forwardCache.Al.At(i, j)
d71.Set(i, j, dAL.At(i, j)*dTanh) This is the Hadamard product (element wise product) not a matrix multiplication

dTanh := 1.0 - alVal*alVal

¥
}

\ .
grads.DW1.Mul(x.T(), dZ1) a 1 T a learnlng_rate

grads.DW1l.Scale(1.0/mFloat, grads.DWl) COmpute COSZ‘ — _X
for j := range nl { aWI m aZI Values fOr ﬁl’Wl’ ﬁZ’ W2

var sum float64

for 1 := range m {

W, = W, — step_sizey,

. sum += dZ1l.At(i, j) a 1 a
a grads.DB1.Set(j, 0, sum/mFloat) COmpUte _COSt — Z _COSt W Wl — Sl'ep SlZBW
} aﬁl m -

Copyright (c) 2025, Rahul Singh, licensed under CC BY-NC-SA 4.0 (https://creativecommons.org/licenses/by-nc-s i=1 n d re peat H
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Update Parameters

func UpdateParams(params *NNParams, gradients *Gradients, learningRate float64) {
wlRows, wlCols := params.Wl.Dims()
w2Rows, w2Cols := params.W2.Dims()
blRows, _ := params.Bl.Dims()
b2Rows, _ := params.B2.Dims()

for

i := range wlRows {
for j := range wlCols {
params.Wl.Set(i, j, params.Wl.At(i, j)-learningRatex*gradients.DW1l.At(i, j

}

i := range blRows {
params.Bl.Set(i, 0, params.Bl1.At(i, 0)-learningRatexgradients.DBl.At(i, 0))

i := range w2Rows {
for j := range w2Cols {

params.W2.Set(i, j, params.W2.At(i, j)-learningRatex*gradients.DW2.At(i, j
ks

i := range b2Rows {
params.B2.Set(i, 0, params.B2.At(i, 0)-learningRatexgradients.DB2.At(i, 0))

Copyright (c) 2025, Rahul Singh, licensed under CC BY-NC-SA 4.0 (https://creativecommons.org/licenses/by-nc-sa/4.0/)

Neural Networks

Gradient Descent

Step 1: Start with initial values for W, W,, 3, /3,
Step 2: Compute... Z; =XW,+p, A, = tanh(Z,))
%2 =AW, + ),
Y = softmax(Z,)
Step 3: Compute the partial derivative of the cost
function w.r.t the parameters 5,, W,, f;, W;...

0 0 0 0
——cost ——cost ——cost ——cost
op, oW, | of oW,

Step 4: Compute step sizes...
0
Step_sizeﬂ2 = a—cost X learning_rate
2
. 0 .
step _sizey, = Wcost X learning_rate
2

. 0 .

step_sizey = ——COSt X learning _rate
1

. 0 .

step_sizey, = Wcost X learning_rate
1

Step 5: Compute new values for 5,,W,, p,, W,
P = P, — step_sizeg, W, =W, — step_sizey,

p1 = P, — step_sizeg W, =W, —step_sizey
Step 6: Go to step 2 and repeat 15
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Update Parameters

Neural Networks

Gradient Descent

Step 1: Start with initial values for W;, W,, 3,, /5,

Step 2: Compute... Z; =XW,+p, A, = tanh(Z,))
func UpdateParams(params *NNParams, gradients *Gradients, learningRate float64) {
wlRows, wlCols := params.Wl.Dims() ZZ — A1W2 + ,52

w2Rows, w2Cols := params.W2.Dims()

blRows, _ := params.Bl.Dims() Y = SOfl‘max(Zz)
b2Rows, _ := params.B2.Dims()

Step 3: Compute the partial derivative of the cost

for 1 := range wlRows {

for j := range wiCols { | function w.r.t the parameters f,, W,, f,, W;...

params.Wl.Set(i, j, params.Wl.At(i, j)-learningRate*gradients.DW1l.At(1,

; 0 0 0 0
cost cost

Ccost

i := range blRows {
params.Bl.Set(i, 0, params.Bl1.At(i, 0)-learningRatexgradients.DBl.At(i, 0))

Step 4: Compute step sizes...

0
step_size, = ——cost X learning_rate
i := range w2Rows { pP_Sic 2 a X 5—
for j := range w2Cols { 2
params.W2.Set(i, j, params.W2.At(i, j)-learningRatex*gradients.DW2.At(i, j ()
} . .
Sltep_SlZBVV2 = ——COSt X learmng_mte
oW,
i := range b2Rows { | | ' . . 0 .
params.B2.Set(i, 0, params.B2.At(i, 0)-learningRatexgradients.DB2.At(i, 0)) Step_Slze — cost X learnmg_ml‘e
P 0B,
. 0 .
Sltep_SlZBVV1 — WCOSZ‘ X learmng_mte
1

Step 5: Compute new values for 5,,W,, p,, W,
P = P, — step_sizeg, W, =W, — step_sizey,
p1 = P, — step_sizeg W, =W, —step_sizey

Copyright (c) 2025, Rahul Singh, licensed under CC BY-NC-SA 4.0 (https://creativecommons.org/licenses/by-nc-sa/4.0/) Ste p 6: GO tO Ste p 2 ain d Fe peat 15
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Update Parameters

func UpdateParams(params *NNParams, gradients *Gradients, learningRate float64) {
wlRows, wlCols := params.Wl.Dims()
w2Rows, w2Cols := params.W2.Dims()
blRows, _ := params.Bl.Dims()
b2Rows, _ := params.B2.Dims()

for

i := range wlRows {
for j := range wlCols {
params.Wl.Set(i, j, params.Wl.At(i, j)-learningRatex*gradients.DW1l.At(i, j

}

i := range blRows {
params.Bl.Set(i, 0, params.Bl1.At(i, 0)-learningRatexgradients.DBl.At(i, 0))

i := range w2Rows {
for j := range w2Cols {

params.W2.Set(i, j, params.W2.At(i, j)-learningRatex*gradients.DWZ.At(i, j
ks

i := range b2Rows {
params.B2.Set(i, 0, params.B2.At(i, 0)-learningRatexgradients.DB2.At(i, 0))

Copyright (c) 2025, Rahul Singh, licensed under CC BY-NC-SA 4.0 (https://creativecommons.org/licenses/by-nc-sa/4.0/)

Neural Networks

Gradient Descent

Step 1: Start with initial values for W, W,, 3, /3,
Step 2: Compute... Z; =XW,+p, A, = tanh(Z,))
%2 =AW, + ),
Y = softmax(Z,)
Step 3: Compute the partial derivative of the cost
function w.r.t the parameters 5,, W,, f;, W;...

0 0 0 0
—COoSt —cCoSt —COoSt —cCoSt
op, oW, op oW,

Step 4: Compute step sizes...

0

Step_sizeﬂ2 = a—cost X learning_rate
2
. 0 .
step _sizey, = Wcost X learning_rate
2
. 0 .
step_sizep = _0 cost X learning _rate
1
. 0 .
step_sizey, = Wcast X learning_rate
1

Step 5: Compute new values for 5,,W,, f,, W,

P = P, — step_sizeg | Wy = W, — step_sizey,

p1 = P, — step_sizeg W, =W, —step_sizey
Step 6: Go to step 2 and repeat 16
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Update Parameters

func UpdateParams(params *NNParams, gradients *Gradients, learningRate float64) {
wlRows, wlCols := params.Wl.Dims()
w2Rows, w2Cols := params.W2.Dims()
blRows, _ := params.Bl.Dims()
b2Rows, _ := params.B2.Dims()

for

i := range wlRows {
for j := range wlCols {
params.Wl.Set(i, j, params.Wl.At(i, j)-learningRatex*gradients.DW1l.At(i, j

}

i := range blRows {
params.Bl.Set(i, 0, params.Bl1.At(i, 0)-learningRatexgradients.DBl.At(i, 0))

i := range w2Rows {
for j := range w2Cols {

params.W2.Set(i, j, params.W2.At(i, j)-learningRatex*gradients.DW2.At(i, j
ks

i := range b2Rows {
params.B2.Set(i, 0, params.B2.At(i, 0)-learningRatexgradients.DB2.At(i, 0))

Copyright (c) 2025, Rahul Singh, licensed under CC BY-NC-SA 4.0 (https://creativecommons.org/licenses/by-nc-sa/4.0/)

Neural Networks

Gradient Descent

Step 1: Start with initial values for W, W,, 3, /3,
Step 2: Compute... Z; =XW,+p, A, = tanh(Z,))
%2 =AW, + ),
Y = softmax(Z,)
Step 3: Compute the partial derivative of the cost
function w.r.t the parameters 5,, W,, f;, W;...

0 0 0 0
——cost ——cost ——cost ——cost
op, oW, of oW,

Step 4: Compute step sizes...
0
Step_sizeﬂ2 = a—cost X learning_rate

2
0

Step_sizeW2 = Wcost X learning_rate
2
Step_sizeﬂ1 = ——cost X learning _rate
1
. 0 .
step_sizey, = Wcast X learning_rate
1

Step 5: Compute new values for /o, W, p,, W,

Py = P, — step_sizeg  |Wp, = W, — step_sizey,

p1 = P, — step_sizeg W, =W, —step_sizey

Step 6: Go to step 2 and repeat 17
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Update Parameters

func UpdateParams(params *NNParams, gradients *Gradients, learningRate float64) {
wlRows, wlCols := params.Wl.Dims()
w2Rows, w2Cols := params.W2.Dims()
blRows, _ := params.Bl.Dims()
b2Rows, _ := params.B2.Dims()

for

i := range wlRows {
for j := range wlCols {
params.Wl.Set(i, j, params.Wl.At(i, j)-learningRatex*gradients.DW1l.At(i, j

}

i := range blRows {
params.Bl.Set(i, 0, params.Bl1.At(i, 0)-learningRatexgradients.DBl.At(i, 0))

i := range w2Rows {
for j := range w2Cols {

params.W2.Set(i, j, params.W2.At(i, j)-learningRatex*gradient®S=QW2.At(i, j
ks

i := range b2Rows {
params.B2.Set(i, 0, params.B2.At(i, 0)-learningRatexgradients.DB2.At(i, 0))
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Neural Networks

Gradient Descent

Step 1: Start with initial values for W, W,, 3, /3,
Step 2: Compute... Z; =XW,+p, A, = tanh(Z,))
%2 =AW, + ),
Y = softmax(Z,)
Step 3: Compute the partial derivative of the cost
function w.r.t the parameters 5,, W,, f;, W;...

0 0 0 0
——cost ——cost ——cost ——cost
op, oW, of oW,

Step 4: Compute step sizes...
0
Step_sizeﬂ2 = a—cost X learning_rate
2
0

Step_sizeW2 = a—cost X learning_rate

0
Step_sizeﬂ1 = ——cost X learning _rate
1
. 0 .
step_sizey, = Wcast X learning_rate
1

Step 5: Compute new values for 5,,W,, p,, W,
P = P, — step_sizeg, W, =W, — step_sizey,

p1 = P, — step_sizeg | W) = W, —step_sizey

Step 6: Go to step 2 and repeat 18
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Update Parameters

func UpdateParams(params *NNParams, gradients *Gradients, learningRate float64) {
wlRows, wlCols := params.Wl.Dims()
w2Rows, w2Cols := params.W2.Dims()
blRows, _ := params.Bl.Dims()
b2Rows, _ := params.B2.Dims()

for

i := range wlRows {
for j := range wlCols {
params.Wl.Set(i, j, params.Wl.At(i, j)-learningRatex*gradients.DW1l.At(i, j

}

i := range blRows {
params.Bl.Set(i, 0, params.Bl.At(i, 0)-learningRatexgradients.DBl.At(i, 0))

i := range w2Rows {
for j := range w2Cols {

params.W2.Set(i, j, params.W2.At(i, j)-learningRatex*gradienws.DW2.At(i, j
ks

i := range b2Rows {
params.B2.Set(i, 0, params.B2.At(i, 0)-learningRatexgradients.DB2.At(i, 0))
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Neural Networks

Gradient Descent

Step 1: Start with initial values for W, W,, 3, /3,
Step 2: Compute... Z; =XW,+p, A, = tanh(Z,))
%2 =AW, + ),
Y = softmax(Z,)
Step 3: Compute the partial derivative of the cost
function w.r.t the parameters 5,, W,, f;, W;...

0 0 0 0
——cost ——cost ——cost ——cost
op, oW, of oW,

Step 4: Compute step sizes...
0
Step_sizeﬂ2 = a—cost X learning_rate
2
[ ] 0 t X[ ] A
step_sizey, = ——coS earning_rate
> JdW,

. 0 .

step_sizeg = ——cost X learning _rate
1

0

Snep_sizew1 = Wcost X learning_rate
1

tep 5: Compute new values for j;,W,, ,, W,
P = P, — step_sizeg, W, =W, — step_sizey,

p1 = P, — step_sizeg  |W, = W, —step_sizey

Step 6: Go to step 2 and repeat 19
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Feedforward Neural Network

type FeedforwardNN struct {
n@® int
nl int
n2 int
learningRate float64
lterations 1nt
params *NNParams
cache *Cache
grads *Gradients

func NewFeedforwardNN(n®, nl, n2 int, learningRate float64, iterations int) *FeedforwardNN {
ffn := &FeedforwardNN{
no: no,
nl: nl,
n2: n2,
learningRate: learningRate,
lterations: l1terations,
params: &NNParams{},
cache: &Cache{},
grads: &Gradients{},

ffn.params.Initialize(n®, nl, n2)

return ffn

ks

Copyright (c) 2025, Rahul Singh, licensed under CC BY-NC-SA 4.0 (https://creativecommons.org/licenses/by-nc-sa/4.0/)

Neural Networks

Gradient Descent

Step 1: Start with initial values for W, W,, 3, /3,
Step 2: Compute... Z; =XW,+p, A, = tanh(Z,))

%2 =AW, + ),

Y = softmax(Z,)
Step 3: Compute the partial derivative of the cost
function w.r.t the parameters 5,, W,, f;, W;...

0 0 0 0
——COSt —COS1t ——COSt —COSt
op, oW, . op, oW,

Step 4: Compute step sizes...
. 0 .
Sl‘ep_Slzeﬂ2 = ——CoSt X learmng_mte
2
. 0 .
Sl‘ep_SlZBW2 = ——COSt X learmng_mte
oW,
. 0 .
Step_Slzeﬂ1 = ——cost X learning _rate
1
. 0 .
Snep_SlzeW1 = ——cost X learning _rate
oW,

Step 5: Compute new values for 5,,W,, p,, W,
P = P, — step_sizeg, W, =W, — step_sizey,

p1 = P, — step_sizeg W, =W, —step_sizey
Step 6: Go to step 2 and repeat 20


https://arrsingh.com
https://creativecommons.org/licenses/by-nc-sa/4.0/

Feedforward Neural Network

Struct representing the Feedforward Neural
Network

type FeedforwardNN struct {
n@® int

ol int ny = Number of neurons in the input layer (L)

n2 int
learningRate float64

T n, = Number of neurons in the hidden layer (L1)

cache *Cache

d Gradient —_— .
seds Gmdiens n, = Number of neurons in the output layer (L,)
—COSt —COSt —COSt —COSt
p, ow, 3B, oW,
Step 4: Compute step sizes...
. 0 .
Step_Slzeﬂ = ——COoSt X learnmg_mte
func NewFeedforwardNN(n®, nl, n2 int, learningRate float64, iterations int) *FeedforwardNN { 2 0 7

ffn := &FeedforwardNN{

no: no, 0

nl: nl, ] e ]

i) e Step_SlZ€W2 W CcoSt X learnmg_mte

learningRate: learningRate, 2

lterations: lterations, 0

params: &NNParamsd }, 1 —_— 1

o ches sCache{?}. Step_Slzeﬁl CcoSt X learnmg_mte

grads: &Gradients{}, 1
; 0

Snep_sizew1 = ——cost X learning _rate

ffn.params.Initialize(n®, nl, n2) (9VVH

Step 5: Compute new values for 5,,W,, p,, W,
P = P, — step_sizeg, W, =W, — step_sizey,

return ffn

} p1 = P, — step_sizeg W, =W, —step_sizey

Copyright (c) 2025, Rahul Singh, licensed under CC BY-NC-SA 4.0 (https://creativecommons.org/licenses/by-nc-sa/4.0/) Ste p 6: GO tO Ste p 2 ain d Fe peat 20
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Feedforward Neural Network

Struct representing the Feedforward Neural
Network

type FeedforwardNN struct {
n@® int

2 inc ny = Number of neurons in the input layer (L)

int
learningRate float64

T n, = Number of neurons in the hidden layer (L1)

cache *Cache

grads  sGradients n, = Number of neurons in the output layer (L,)

—COSt —COSt —COSt —COSt
5V3z (3VV§, 5V31 (9‘@3
Step 4: Compute step sizes...
. 0 .
Step_Slzeﬂ = ——COoSt X learnmg_mte
func NewFeedforwardNN(n®, nl, n2 int, learningRate float64, iterations int) *FeedforwardNN { 2 7
ffn := &FeedforwardNN{
no: no, 0
nl: nl, step_sizey, = ——cost X learning _rate
n2: n2, Pk W, oW, E—
learningRate: learningRate, 2
lterations: lterations, 0
params: &NNParamsd }, " — ;
o che-s sCache{?}. Step_Slzeﬂl p CcoSt X learnmg_mte

grads: &Gradientsd},
} Constructor initializes the params (Wl,ﬁl, Wz,ﬂz)

ffn.params.Initialize(n®, nl, n2)

Step 5: Compute new values for 5,,W,, p,, W,
P = P, — step_sizeg, W, =W, — step_sizey,

return ffn

} p1 = P, — step_sizeg W, =W, —step_sizey
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Train() Method

func (ffn *FeedforwardNN) Train(x *mat.Dense, y *mat.Dense) []float64 {
m, := x.Dims()

ffn.cache.Zl = mat.NewDense(m, ffn.nl, nil)
ffn.cache.Al = mat.NewDense(m, ffn.nl, nil)
ffn.cache.Z2 = mat.NewDense(m, ffn.n2, nil)
ffn.cache.Yhat = mat.NewDense(m, ffn.n2, nil)

ffn.grads.DW1
ffn.grads.DB1
ffn.grads.DW2
ffn.grads.DB2

mat.NewDense(ffn.n0®, ffn.nl, nil)
mat.NewDense(ffn.nl, 1, nil)
mat.NewDense(ffn.nl, ffn.n2, nil)
mat.NewDense(ffn.n2, 1, nil)

costHistory := make([]float64, 0, ffn.iterations)

for i := range ffn.iterations {

ForwardPropagation(x, ffn.params, ffn.cache)

cost := CostFunction(ffn.cache.Yhat, y)
costHistory = append(costHistory, cost)

BackPropagation(x, y, ffn.params, ffn.cache, ffn.grads)
UpdateParams(ffn.params, ffn.grads, ffn.learningRate)

if i%(ffn.iterations/10) == 0 {
println("Cost after iteration'", i, ":", cost)
ks

}

return costHistory

}

Copyright (c) 2025, Rahul Singh, licensed under CC BY-NC-SA 4.0 (https://creativecommons.org/licenses/by-nc-sa/4.0/)

| Neural Networks
Gradient Descent

Step 1: Start with initial values for W, W,, 3, /3,
Step 2: Compute... Z; =XW,+p, A, = tanh(Z,))
%2 =AW, + ),
Y = softmax(Z,)
Step 3: Compute the partial derivative of the cost
function w.r.t the parameters 5,, W,, f;, W;...

0 0 0 0
——COSt —COS1t ——COSt —COSt
op, oW, . op, oW,

Step 4: Compute step sizes...
. 0 .
Sl‘ep_Slzeﬂ2 = ——CoSt X learmng_mte
2
. 0 .
Sl‘ep_SlZBW2 = ——COSt X learmng_mte
oW,
. 0 .
Step_Slzeﬂ1 = ——cost X learning _rate
1
. 0 .
Snep_SlzeW1 = ——cost X learning _rate
oW,

Step 5: Compute new values for 5,,W,, p,, W,
P = P, — step_sizeg, W, =W, — step_sizey,
p1 = P, — step_sizeg W, =W, —step_sizey
Step 6: Go to step 2 and repeat 21
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Train() Method
Neural Networks

Allocate the cache matrices and gradient matrices.
This ensures that we allocate memory upfront and
reuse it rather than reallocating on every step

func (£fn *FeedforwardiN) Train(x smat.Dense, y <mat.Dense) [1floatss/f Step 3: Compute the partial derivative of the cost

m, _ := x.Dims()
function w.r.t the parameters 5,, W,, f;, W;...

ffn.cache.Zl = mat.NewDense(m, ffn.nl, nil)
ffn.cache.Al = mat.NewDense(m, ffn.nl, nil) é) é) é) ()
ffn.cache.Z2 mat.NewDense(m, ffn.n2, nil) —COST —COS1 —COSt —COS1
ffn.cache.Yhat = mat.NewDense(m, ffn.n2, nil) ()tzz ‘%62 (ilgl é)‘l/i
ffn.grads.DW1l = mat.NewDense(ffn.n0®, ffn.nl, nil) Step 4: COmPUte Step SiZES...
ffn.grads.DB1 = mat.NewDense(ffn.nl, 1, nil)
ffn.grads.DW2 = mat.NewDense(ffn.nl, ffn.n2, nil) é)

ffn.grads.DB2

mat.NewDense(ffn.n2, 1, nil)

Step_sizeﬂ2 = a—cost X learning_rate

costHistory := make([]float64, 0, ffn.iterations) 2
0
for i := range ffn.iterations { Step_szzewz = ——COSt X learnlng_rate
ForwardPropagation(x, ffn.params, ffn.cache) (9 2
0
t := CostFunction(ffn. he.Yhat, y) ; —_ ;
B R o e e T A step_sizey = ——cost X learning_rate
1
BackPropagation(x, y, ffn.params, ffn.cache, ffn.grads) é)
step _sizey, = ——cost X learning_rate
UpdateParams(ffn.params, ffn.grads, ffn.learningRate) 1 é)‘l/i
if 1%(Ffn, iterations/10) == 0 { Step 5: Compute new values for 5,,W,, p,, W,
println("Cost after iteration'", i, ":", cost) ] .
b P = P, — step_sizeg, W, =W, — step_sizey,
, R SRS p1 = P, — step_sizeg W, =W, —step_sizey
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Train() Method

func (ffn *FeedforwardNN) Train(x *mat.Dense, y *mat.Dense) [ |float64 {
m, _ := x.Dims()

ffn.cache.Zl = mat.NewDense(m, ffn.nl, nil)
ffn.cache.Al = mat.NewDense(m, ffn.nl, nil)
ffn.cache.Z2 = mat.NewDense(m, ffn.n2, nil)
ffn.cache.Yhat = mat.NewDense(m, ffn.n2, nil)

ffn.grads.DW1l = mat.NewDense(ffn.n®, ffn.nl, nil)
ffn.grads.DB1 mat.NewDense(ffn.nl, 1, nil)
ffn.grads.DW2 mat.NewDense(ffn.nl, ffn.n2, nil)
ffn.grads.DB2 = mat.NewDense(ffn.n2, 1, nil)

costHistory := make([]float64, 0, ffn.iterations)

for 1 := range ffn.iterations {
ForwardPropagation(x, ffn.params, ffn.cache)

cost := CostFunction(ffn.cache.Yhat, y)
costHistory = append(costHistory, cost)

BackPropagation(x, y, ffn.params, ffn.cache, ffn.grads)

UpdateParams(ffn.params, ffn.grads, ffn.learningRate)

if i%(ffn.iterations/10) == 0 {
println("Cost after iteration'", i, ":", cost)

¥
¥

return costHistory

}

Neural Networks

Allocate the cache matrices and gradient matrices.
This ensures that we allocate memory upfront and
reuse it rather than reallocating on every step

Step 3: Compute the partial derivative of the cost
function w.r.t the parameters 5,, W,, f;, W;...

History of the Cost (for display and debugging
only). Not required for the training or inference

Step_Slzeﬂz — a—C‘OSf X learning_rate

2
. 0 .
step_sizey, = Wcost X learning_rate
2
. 0 .
step_sizeg = _0 cost X learning _rate
1
. 0 .
step_sizey, = Wcast X learning_rate
1

Step 5: Compute new values for 5,,W,, p,, W,
P = P, — step_sizeg, W, =W, — step_sizey,

p1 = P, — step_sizeg W, =W, —step_sizey
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Train() Method

func (ffn *FeedforwardNN) Train(x *mat.Dense, y *mat.Dense) [ |float64 {
m, _ := x.Dims()

ffn.cache.Zl = mat.NewDense(m, ffn.nl, nil)
ffn.cache.Al = mat.NewDense(m, ffn.nl, nil)
ffn.cache.Z2 = mat.NewDense(m, ffn.n2, nil)
ffn.cache.Yhat = mat.NewDense(m, ffn.n2, nil)

ffn.grads.DW1l = mat.NewDense(ffn.n®, ffn.nl, nil)
ffn.grads.DB1 = mat.NewDense(ffn.nl, 1, nil)
ffn.grads.DW2 = mat.NewDense(ffn.nl, ffn.n2, nil)
ffn.grads.DB2 = mat.NewDense(ffn.n2, 1, nil)

costHistory := make([]float64, 0, ffn.iterations)

for 1 := range ffn.iterations {
ForwardPropagation(x, ffn.params, ffn.cache)

cost := CostFunction(ffn.cache.Yhat, y)
costHistory = append(costHistory, cost)

BackPropagation(x, y, ffn.params, ffn.cache, ffn.grads)

UpdateParams(ffn.params, ffn.grads, ffn.learningRate)

if i%(ffn.iterations/10) == 0 {
println("Cost after iteration'", i, ":", cost)

¥
¥

return costHistory

}

Copyright (c) 2025, Rahul Singh, licensed under CC BY-NC-SA 4.0 (https://creativecommons.org/licenses/by-nc-sa/4.0/)

Allocate the cache matrices and gradient matrices.
This ensures that we allocate memory upfront and
reuse it rather than reallocating on every step

History of the Cost (for display and debugging
only). Not requwed for the training or inference

Forward Propagation|’

Neural Networks

Step 3: Compute the partial derivative of the cost
function w.r.t the parameters ,BZ, W,, b1, Wl

earning _rate

Step_Sizey, = Wcost X learning_rate
2
. 0 .
step_sizeg = a—cost X learning_rate
1
. 0 .
step_sizey, = Wcast X learning_rate
1

Step 5: Compute new values for 5,,W,, p,, W,
P = P, — step_sizeg, W, =W, — step_sizey,

p1 = P, — step_sizeg W, =W, —step_sizey
Step 6: Go to step 2 and repeat
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Train() Method
Neural Networks

Allocate the cache matrices and gradient matrices.
This ensures that we allocate memory upfront and
reuse it rather than reallocating on every step

func (ffn *FeedforwardNN) Train(x *mat.Dense, y *mat.Dense) [ ]float64 { StEP 3. COmpUte the pa rtlal derlvatlve Of the COSt
function w.r.t the parameters ,BZ, W,, b1, Wl

m, _ := x.Dims()

ffn.cache.Zl = mat.NewDense(m, ffn.nl, nil)
ffn.cache.Al = mat.NewDense(m, ffn.nl, nil)
ffn.cache.Z2 = mat.NewDense(m, ffn.n2, nil)
ffn.cache.Yhat = mat.NewDense(m, ffn.n2, nil)

History of the Cost (for display and debugging
only). Not requwed for the training or inference

coSt X

ffn.grads.DW1l = mat.NewDense(ffn.n®, ffn.nl, nil)
ffn.grads.DB1 = mat.NewDense(ffn.nl, 1, nil)
ffn.grads.DW2 = mat.NewDense(ffn.nl, ffn.n2, nil)
ffn.grads.DB2 = mat.NewDense(ffn.n2, 1, nil)

earning _rate

costHistory := make([]float64, 0, ffn.iterations)

D
N

Forward Propagatlon
for 1 := range ffn.iterations { (] X learninc (117

ForwardPropagation(x, ffn.params, ffn.cache) Compute COSt (for dISplay & debugglng Only)
cost := CostFunction(ffn.cache.Yhat, y)

costHistory = append(costHistory, cost) —_ :Bl aﬂ S
1
BackPropagation(x, y, ffn.params, ffn.cache, ffn.grads) é)
step _sizey, = ——cost X learning_rate
UpdateParams(ffn.params, ffn.grads, ffn.learningRate) 1 ‘4(1
if 1%(Ffn, iterations/10) == © { Step 5: Compute new values for 5,,W,, p,, W,
println("Cost after iteration', i, '":'", cost) ) .
b P = P, — step_sizeg, W, =W, — step_sizey,
returr tHist — —_ ' —_
, eturn costHistory IBI — ﬁl Step_Slzeﬁl Wl Wl Step SlZQW
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Train() Method
Neural Networks

Allocate the cache matrices and gradient matrices.
This ensures that we allocate memory upfront and
reuse it rather than reallocating on every step

func (ffn *FeedforwardNN) Train(x *mat.Dense, y *mat.Dense) [ ]float64 { StEP 3. COmpUte the pa rtlal derlvatlve Of the COSt
function w.r.t the parameters ,BZ, W,, b1, Wl

m, _ := x.Dims()

ffn.cache.Zl = mat.NewDense(m, ffn.nl, nil)
ffn.cache.Al = mat.NewDense(m, ffn.nl, nil)
ffn.cache.Z2 = mat.NewDense(m, ffn.n2, nil)
ffn.cache.Yhat = mat.NewDense(m, ffn.n2, nil)

History of the Cost (for display and debugging
only). Not requwed for the training or inference

earning _rate

ffn.grads.DW1l = mat.NewDense(ffn.n®, ffn.nl, nil)
ffn.grads.DB1 = mat.NewDense(ffn.nl, 1, nil)
ffn.grads.DW2 = mat.NewDense(ffn.nl, ffn.n2, nil)
ffn.grads.DB2 = mat.NewDense(ffn.n2, 1, nil)

coSt X

costHistory := make([]float64, 0, ffn.iterations)

D
N

Forward Propagatlon

for 1 := range ffn.iterations {

(] X lll' (]

Compute Cost (for dlsplay & debugglng only)

YT 9B, ;

Back Propagation 3

= ——cost X learning _rate

ForwardPropagation(x, ffn.params, ffn.cache)

l

cost := CostFunction(ffn.cache.Yhat, y)
costHistory = append(costHistory, cost)

BackPropagation(x, y, ffn.params, ffn.cache, ffn.grads)

UpdateParams(ffn.params, ffn.grads, ffn.learningRate) . ‘4(1
if i%(ffn.iterations/10) == 0 { . ) ) )
Step 5: Compute new values for p,W,, p,, W,
println("Cost after iteration', i, '":'", cost) . .
. P = P, — step_sizeg, W, =W, — step_sizey,
returr Hi o —_ ' —_
,  Tetum costhistory p1 = P, — step_sizeg W, =W, —step_sizey
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Train() Method
Neural Networks

Allocate the cache matrices and gradient matrices.
This ensures that we allocate memory upfront and
reuse it rather than reallocating on every step

func (ffn *FeedforwardNN) Train(x *mat.Dense, y *mat.Dense) [ ]float64 { Step 3: COmpUte the pa rtlal derlvahve Of the COSt
m, _ := x.Dims() ]
function w.r.t the parameters f,, W,, f,, W;...

ffn.cache.Zl = mat.NewDense(m, ffn.nl, nil)
ffn.cache.Al = mat.NewDense(m, ffn.nl, nil)
ffn.cache.Z2 = mat.NewDense(m, ffn.n2, nil)
ffn.cache.Yhat = mat.NewDense(m, ffn.n2, nil)

History of the Cost (for display and debugging
only). Not required for the training or inference

coSt X

ffn.grads.DW1l = mat.NewDense(ffn.n®, ffn.nl, nil)
ffn.grads.DB1 = mat.NewDense(ffn.nl, 1, nil)
ffn.grads.DW2 = mat.NewDense(ffn.nl, ffn.n2, nil)
ffn.grads.DB2 = mat.NewDense(ffn.n2, 1, nil)

earning _rate

costHistory := make([]float64, 0, ffn.iterations)

\
D
N

. 1B,
Forward Propagao_n B

for 1 := range ffn.iterations { (] X lparning (]

ForwardPropagation(x, ffn.params, ffn.cache)

l

Compute Cost (for display & debugging only)

:= CostF ' ffn. he.Yhat, P P
Costhistory = append(costiistory, cost T SIIER = B ’ 2
. 1
BackPropagation(x, y, ffn.params, ffn.cache, ffn.grads) BaCk PrOpagahOn a
| —oroeyy, = ——Cost X learning _rate
UpdateParams(ffn.params, ffn.grads, ffn.learningRate) ‘l{l
£ i (EEn.srexavions/10) == 0 { Update Parameters)pute new values for £, W, B, W,
println("Cost after iteration', i, '":'", cost) . .
. P = P, — step_sizeg, W, =W, — step_sizey,
! return costHistory ﬁl p— ﬁl —_— Step_SlZeﬁl Wl — ‘4/1 —_ Sfep_SlzeWI
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Train() Method
Neural Networks

Allocate the cache matrices and gradient matrices.
This ensures that we allocate memory upfront and
reuse it rather than reallocating on every step

func (ffn *FeedforwardNN) Train(x *mat.Dense, y *mat.Dense) []float64 { Step 3: COmpUte the pa rtlal derlvahve Of the COSt
m, _ := x.Dims() ]
function w.r.t the parameters f,, W,, f,, W;...

ffn.cache.Zl = mat.NewDense(m, ffn.nl, nil)
ffn.cache.Al = mat.NewDense(m, ffn.nl, nil)
ffn.cache.Z2 = mat.NewDense(m, ffn.n2, nil)
ffn.cache.Yhat = mat.NewDense(m, ffn.n2, nil)

History of the Cost (for display and debugging
only). Not required for the training or inference

ffn.grads.DW1l = mat.NewDense(ffn.n®, ffn.nl, nil)
ffn.grads.DB1 = mat.NewDense(ffn.nl, 1, nil)
ffn.grads.DW2 = mat.NewDense(ffn.nl, ffn.n2, nil)
ffn.grads.DB2 = mat.NewDense(ffn.n2, 1, nil)

cost X learning_rate

costHistory := make([]float64, 0, ffn.iterations)

\
D
N

. 1B,
Forward Propagao_n B

for 1 := range ffn.iterations { (] X [parning (]

ForwardPropagation(x, ffn.®arams, ffn.cache)

l

Compute Cost (for display & debugging only)

cost := CostFunction(ffn.cachg.Yhat, y) - -
costHistory = append(costHisto}y, cost) D LS 1 - ﬁﬂ U S
. 1
BackPropagation(x, y, ffn.params, &fn.cache, ffn.grads) BaCk PrOpagahOn a
—oroeyy, = ——Cost X learning _rate
UpdateParams(ffn.params, ffn.grads, ffn.NearningRate) é)‘l/i

if i%(ffn.iterations/10) == 0 {
println("Cost after iteration', i, '":'", cost)

}

‘I

Update Parameters pute new values for Pi.Wi, Pr, Wy

Gradient Descent iterates iteration times
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return costHistory
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Predict() Method
Neural Networks

func (ffn *FeedforwardNN) Predict(x *mat.Dense) *mat.Dense {
m, _ := x.Dims()

predCache := &Cache{
Z1: mat.NewDense(m, : nil),
Al: mat.NewDense(m, : nil),
12 mat.NewDense(m, : nil),
Yhat: mat.NewDense(m, : nil),

ks

ForwardPropagation(x, ffn.params, predCache)

return predCache.Yhat

Complete Code with Training Data:
https://github.com/arrsingh/ai-tutorials-go/blob/mainline/tutorials/snn.go

Copyright (c) 2025, Rahul Singh, licensed under CC BY-NC-SA 4.0 (https://creativecommons.org/licenses/by-nc-sa/4.0/) 22
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Predict() Method
Neural Networks

func (ffn *FeedforwardNN) Predict(x *mat.Dense) *mat.Dense {
m, := x.Dims()

During inference we only

calculate the predicted value Y
using forward propagation

predCache := &Cache{
Z1: mat.NewDense(m, .nl, nil),
Al: mat.NewDense(m, .nl, nil),
L2 mat.NewDense(m, .n2, nil),
Yhat: mat.NewDense(m, .n2, nil),

ks

ForwardPropagation(x, ffn.params, predCache)

return predCache.Yhat

ks

Complete Code with Training Data:
https://github.com/arrsingh/ai-tutorials-go/blob/mainline/tutorials/snn.go

Copyright (c) 2025, Rahul Singh, licensed under CC BY-NC-SA 4.0 (https://creativecommons.org/licenses/by-nc-sa/4.0/) 22
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Related Tutorials & Textbooks

Neural Networks 7

An introduction to Neural Networks starting from a foundation of linear regression, logistic classification and multi class
classification models along with the matrix representation of a neural network generalized to / layers with n neurons

Forward and Back Propagation in Neural Networks CJ

A deep dive into how Neural Networks are trained using Gradient Descent. Output predictions, are compared to observations to
calculate loss and Backward propagation then computes gradients by working backward through the network

Gradient Descent for Multiple Regression €7

Gradient Descent algorithm for multiple regression and how it can be used to optimize k + 1 parameters for a Linear
model in multiple dimensions.

Recommended Textbooks

Artificial Intelligence: A Modern Approach

by Peter Norvig, Stuart Russell

For a complete list of tutorials see:
https://arrsingh.com/ai-tutorials

Sturt [SSINSSEES
Russell BArtiTicialintelligence
i AWleelagn A oreric)
FoUrthiEGition)
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https://cdn.arrsingh.com/ai-tutorials/40-neural-networks.pdf
https://cdn.arrsingh.com/21-gradient-descent-multiple-regression.pdf
https://www.amazon.com/Artificial-Intelligence-Modern-Approach-Global/dp/1292401133/145-7835510-0841302?pd_rd_w=iH9vD&content-id=amzn1.sym.4c8c52db-06f8-4e42-8e56-912796f2ea6c&pf_rd_p=4c8c52db-06f8-4e42-8e56-912796f2ea6c&pf_rd_r=HSCJ76PVENF07RXN137F&pd_rd_wg=8U3PC&pd_rd_r=1c660f60-a0d2-443c-b802-7f2e0720c983&pd_rd_i=1292401133&psc=1&linkCode=ll1&tag=arrsingh-20&linkId=213326aa44c97c9f0b4240fe1e56d1a2&language=en_US&ref_=as_li_ss_tl
https://cdn.arrsingh.com/ai-tutorials/41-forward-back-propagation-neural-networks.pdf

