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Smooth and strongly convene functions
-

-
-
-

n

ERM : minimize flat = 1- £ film )
m i -

- l

I

µ
• SGD needs

• fi is of - Smooth small step size

o f is d- Strongly convene • no self Inning
( gin -1>0 as ☒→E)

EH :

f. (a) = In Haz - Elli
• rmini - batch reduces

variance
,
but

= In ?§
,

( a-Ex - y ;)
'

does not yield
- self tuning
f. (n)



SVRG :

-

stochastic variance reduced gradient- -

n
-

ftn ) = in §; film) ; §n= If (X )
key observation :

- -

I ~ unif( 1 , . -A)
Any 2 and 3-

In = 1T¥ (z ) - (1T¥ ( 37 - Itcz ))
( Reentered /gradient)is a stochastic gradient . I

3. In → o z : no
~
→ o

•

unbi-dns-i.EE¢8m ] = E- [ TECH) - ( E-fof.dz )] - Of (3-7)

c- If (2) - IT# + ☐f(z✗
= If (n) .

• Reducing variance by reentering : Z is a history point z°
'd

and If in the tail gradient



The algorithm :

= = =

Operates in epochs :

Oulp :

⇒ In the Kth epoch : take a

snapshot of the current iterate 14th iteration

xp? = y ,, and compute set 24, = y,
the batch gradient 177-(2-99)

I_Ép : for 1- = 1
,
. . . ,T do

☒ Inner loop : I - unif ( 1
, - . . ,n )

t -11 24-+1 = It -7 { If,=(It)
In = KE -

n { t-itln.at )
- ( If,=(%) - ☐ fly , )) }

- ( tfiz / ok, d) - If (ai
'd )} T

up¥ : Y±+ ,
= ÷ ¥17T

• Batch gradient is computed
once per epoch ( ernpensive)

• Inner loop : Requires the fame effort as SGD to compute PE, (Mt)

• Take advantage of both worlds : batch and SAD



Variance reckon tema :

let Efi } be f- smooth and I - unit El , - - in)

E± [ 111T¥ (z) - I -9=(2*1/122) E 2@ ( FCI ) - f(z* ) )

-

diff . goes to zero as an → no

and nothing about 1T¥ (X )

pro=of :
g. Get = Lila) - [ film

" ) -1 fFGÉ) (z - z*)] > o

( filk) is convene
; ⇒ gi (z) is convene]

Recall : if h is convene and @ - Smooth

h ( y ) £ hlz ) * ☒ htlz> ( k - z) + Iz Uz - ¥11?z
Y := z - f- lthlnl



⇒ h (z - toh (a)) shtnl-rhttnil-1-oh.tn ))
+ of 11-6-011×-11122

= had - ¥ 111Th (a) Hi

Apply to gitk) :

0£ 8 ; ( n - f-
☐Sith) e go.cn?-1zgHP8iCz7liz

⇒ - q.CH e
-

¥11 ☐site HE

⇒ 11 Tgi (a) 11} I 2 @ g. (2)



Substitute for ☐ film) = Pfi (e) - ☐ film

⇒ 11 ☐ fiend - ☐ film' ) / I } s 2@ { film
.

) - ( titre )

- If?(z*)(z - ri)]

E- { 110¥ (a) - Of,=Cz* ) Hi]

I 2 @ [ Eff> (z ) - ¥(z• ))

ETo¥ai( a - x-D
m

E- [ -9=(2-7) = £ In film In
i= ,

☐ f- (E)
= f (z)

E- { 110¥ (n ) - ☐ E.Gilli] e- 2 @ ( f ( z ) - L(ze* ))
☐•a*



con-verqncean-algs.is If SIEG :

Let f be ✗ cstronglg Cowen and { fi } be

B- Smooth
,

then SURG with a fined

Step size M = ¥ and inner loop size

T = 10 (%) ( % : condition number]

Then
, after $+1 epochs ( outer loop )

Eff ( Ya , ) - e- (-2*1) c- 0.9$ ( fly ,
) - flat))

• Linear
convergence

• Taking no . of inner loop iteration as a factor (%) ;
convergence doesn't depend of % i unlike GD .



Pref !

E- [ f (4*1) - fc2.BE 0.9 ( f( %) - f(z*))

Tthat :
y±

, ,

= ÷ ¥
,

zt ; ke is Gon th

g.
th
epoch .

( ai )
sanitary , let us use 1

( instead of &*)

112++1 - 2*1122 = 11 Iet - M¢Ifi£(zt) - (11--9-+14) - Ifl:o)
-

a-
* Hi

④ ③ ②
= 11 ze - 3*11 } + m2 1114112 - 2m Et Eet - z*)

Yet -= ☐fit the ) - P fifty ) + ☐ fly )



• Recall ③ from SGD is the variance term

was not going to zero .

So we took Arnall M

EI [114+112] = E
,
[ 11 Dfitlze) - ☐ titled + ☐fly )H?④

- Ife

.tl?e*)-Pfit(z7@-b-2a-bgzEzf11pfit(n-t)-0fittE)lK]
+ 2¥ [ 111T¥ ( y ) - PHY ) - I -9+(2*114)

[ fitly. ) - PHY ) - Ifit(nil] = o and E- [ 113 - E- ¢271T) E E- ( 112117

⑦ E
,
[11-4-1122] f 2 EI [ 110ft (Zt) - Ffit(z*> Hi ]

+ ZEI [ 1151-9+11 ) - I (2*1112)



Recall variance reduction lemm

E-
±
[ 11 If
,
(a) - IT -9=[2*1/122] E 2@ ( f- (z ) - f (za ) )

⑦ EI [ 114th ) sap [ e- (ne ) - flat ?

+ f ( y ) - flat)]

NzÉwiu② :

2M UE ( Ze - z*)

E- [ 27 UI Get - z• )) = zy ☒ [ u-ifcn-t.net)
= 2m TIED Get - z☒ )

(convexity) 7 2m 4- (ne ) - 7- Get))



co-biigwryh.rs :

E. (1124-+1-2*11) £

'

11kt - 2*11,2

+ 4pm
" / flat ) - f (E) + fly ) - een:D

-

27 ( Flye ) - f (ri))

£ Hae - 3*11 ?

- 27 ( I - 2pm ) ( 7- the ) - flat))

+ 474 [ fly ) - 7- (zoe))



Iterating this inequality :

EI [112++1-2*113] e 112 , -2*112 ☒
- 2m ( 1- 2pm)E§ e- (2*7--717*7)

1<=1

+ 4m29 .TT/I . [ fly ) - t.CH )]
• we have N

, = Y ( our initialization )

• f in ✗ Strongly convene

11 y - z
- 11 } e 2- fly ) - floe )

27 ( c- 2pm ) /Ef / f- Era ) - fln:)) £
( 2- + 4m29 -1 ) - f- { fly)- flam ]



⇒E fly µ ,
) - flam ← ( 2- + ""M ) [fly,) -fin:D

2T¥
'

= 0.9 ff ( yg) - flat]
with

M
-

- ¥ and T = 10 - (%)

I



GD vs. SGD vs .

SVRG

GD : Nt+ ,

= Rt - M Pflnt ) • [ M good . comp.]

SAD : Ute ,

= IE - N ☐fit (ne )
: [ 1 grad . comp ]

SIRE : ME, , = ME - 7/0%171 - (☐ fifty )
- Pfcy ) ) :{n -1Tgonad comp . ]

= m -1 to - ( %)
$

depends on the
Condor . number



GI M . SID vs. SIRI :

ED :

E- accuracy

0 ( (%) dog ( t ) ) iterations

momentum 0(% log ( %))
so 0( m . % dog ( t ) ) good . computations

SID : 0 (¥ ) iterations

= ☐ ( Ig ) 9rad . computations

SIG:
0 ( log ( E ) ) iteration

☐( (m -1 %) dog (k )) grad - computation


