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Bai todn mé dau



Bai toan mé dau

Cho ham s6 f : D — R véi D € R". Tim gié tri nh nh4t! cla ham sb f
trén tap D (ta thudng xét D = R").

Ltrudng hop tim gia tri 16n nht ducc giai quyét mét cach tuong tu



Céach tiép can dau tién

Tai mot diém x = xi, ta tim mét diém x = Xk+1, 1a mot trong 2n diém
d-1an can cla xi, théa man f(xk41) < F(xk) ().
N&u khéng c6 diém Xk+1 thda man, xét &' = §/2 va quay trd lai budc ().

Véi x = (x1, %2, ..., Xp), ta dinh nghia 2n diém §-1an can cla x 13 tap
hop cac diém

S={(x1xd,x,....%n),.-., (x1,%,...,x, £0)}



Thuat toan Gradient Descent



Dinh nghia gradient vector

Cho ham s f : R” — R kha vi theo moi bién. Khi d6 gradient vector ciia
ham sb f tai xp c6 gia tri bing

of  of\ '



Tinh chit quan trong

Cho ham sb f : D — R kh3 vi theo moi bién.
e Theo cong thic khai trién Taylor, ta cé:
f(x + ap) = f(x) +ap' VF(x) + 0(c?)
véi x, p € R".
Trong trudng hop Vf(x) # 0 ta chon p = —Vf(x) thi
p'Vf(x) < 0. Khi dé, ton tai ap > 0 sao cho

f(x + ap) < f(x) Va € (0, ap)

e Néu x 13 mét diém cuc tri dia phuong clia ham sb f thi Vi(x)=0.



Thuat toan Gradient Descent

1. Chon mét diém khai diu xo € D, gan gid tri k =0, € da nhd.
2. Xét gid tri Vi = ||V (xk)|

2

e néu Vi > ¢, chon « < sao cho

f(Xk+1) < f(Xk) VOi Xk+1 = Xk + Oé(—Vf(Xk))

gan k = k + 1, rdi quay tré lai budc 2.
e néu V, < ¢, thi thuat todn két thdc. Gi4 trj toi wu di tt tim duoc
la f(x).

25y t8n tai clia a dudc chi ra & slide trude



Cac cach

1. Chon cb dinh mét gia tri aig di nho,
2. Giam dan gia tri a (theo ham sb mii) theo thai gian,

3. O méi buéc, chon « t4i thiéu héa ham muc tiéu?
f(xk + o=V (xk)).

3c4ch nay khéng thuc t&, vi trang thai 8 mai budc trong thuit todn 13 tam thdi



Cai tién thuat toan




Momentum Gradient Descent

Momentum update

momentum
step
actual step

gradient
step

Nesterov momentum update

“lookahead” gradient
step (bit different than
original)

momentum
step

actual step



Stochastic Gradient Descent
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Stochastic gradient descent

Consider minimizing an average of functions

1 m
n =3
in 7 29
AsVYT f(x)=3", Vf-( ), gradient descent would repeat
(k) — y(k=1) _ va =1y k=1,2,3,...

In comparison, stochastic gradient descent or SGD (or incremental
gradient descent) repeats:

X(k) = X(kil) — by - Vfik(x(kil))ﬂ k= 17273’ e

where i, € {1,...,m} is some chosen index at iteration k.



Stochastic gradient descent

Two rules for choosing index i, at iteration k:

» Randomized rule: choose ik € {1,...m} uniformly at random.

> Cyclic rule: choose iy =1,2,...,m1,2,....m,...

Randomized rule is more common in practice. For randomized rule,
note that
E[Vf,(x)] = V(x),

so we can view SGD as using an unbiased estimate of the gradient

at each step.

Main appeal of SGD:

» lteration cost is independent of m (number of functions).

» Can also be a big savings in terms of memory usage.



Mini-batches Gradient Descent
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Mini-batches

Also common is mini-batch stochastic gradient descent, where we

choose a random subset /, C {1,..., m} of size |Ix| = b < m and
repeat
x(K) = x(k=1) _ ZVf(X(k VY, k=1,2,3,...
IGIk

Again, we are approximating full gradient by an unbiased estimate
1
: D Vi(x) | = VF(x).
i€l

Using mini-batches reduces the variance of our gradient estimate
by a factor 1/b, but is also b times more expensive.
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S« dung Python dé viét thuat
toan




MGt so cau lénh quan trong

1 def safe(f, case = 'min’):
5 nmon

3 return a new function that's the same as f,
4 except that it outputs infinity

5 whenever f produces an error
6 nmmnn

7 def safe f(xargs, =xxkwargs):
8 try:

9 return f(xargs, sxkwargs)
10 except:

1 if case =— 'min’

12 return np.inf

13 elif case = 'max':

14 return —np.inf

15 return safe f

Dinh nghia mét ham gibng véi f nhung “khéng gip 181" khi gia tri dau
Va0 ngoai mién xéc dinh.
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MGt so cau lénh quan trong

1 class function:

2 def _ init  (self, var range, func, min_val, min_ state):
3 self.range = var range

4 self.var _number = len(var_range)

5 self.func = safe(func)

6 self.min_ val = min_val

7 self.min_ state = min_state

o var_range = ( (—5,5), (—10,10) )
10 func = lambda x,y: x**%2 — xxy 4+ y*x*2

1 min_val = 0
12 min_state = (0,0)
13 funcl = function(var_range, func, min_val, min_state)
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MGt so cau lénh g

1 def derivative(f, coor, i th, h = 10%x—6):

2 (x,y) = coor

3 if i th < function.var number:

4 coor start = (x,y)

5 coor end = [x,y]

6 coor _end[i th] 4+=h

7 return 1/h % (f(coor end) — f(coor start))
8 else:

9 print('Wrong i _th input’)

10 return

Chii y: két qua dau ra clia ham ndy 13 gi tri xap xi cla dao ham tai
mét diém. Diu dé 1am khzzang dinh v& su tdn tai clia « & slide 6 (Tinh
ch4t quan trong) khong con ding.
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Gradient Descent'’s scripts

Toan b code chia thuat todn* cé thé tim thiy & day.

4dugc viét bdi cic thanh vién tham du Seminar Optima
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https://drive.google.com/drive/folders/138VbAt6LnqATlSjXF8SsTxOqN76TVDG_?usp=sharing

Tham khao thém




Tham kh3o thém

Overview
Course
Visualizing

Interactive mode

AN

Library: scikit-learn, keras, caffe, lasagne
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http://ruder.io/optimizing-gradient-descent/
http://cs231n.github.io/optimization-1/
http://louistiao.me/notes/visualizing-and-animating-optimization-algorithms-with-matplotlib/
https://distill.pub/2017/momentum/
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