o HW|
) ._Tonc( Whj [earnmﬂ canf e oo b:?/ Ird o

’Slmfhest formuatzon sWzYf  ( Scalar equation)
Loss: Lew = Y- ow & /( s /eammymte,
ol W-b-rlf Whts (Y- k) ‘
(: )llé)b(lwﬂ(é% . lm/iormnt ”ch&ught /

. ; We ﬁnow w"' : /j/é 0, and wamf / w'l‘ / con Ve’rge’
) gl T B‘L (/’ 5) LA - 5)
v e S = ~6LL+, ((J/(G)(Wo“bL
 We need i e], (o2 ol ISR i Z‘T S |
) [T we want : [we- w* it et , anof assume. (/00

(@ - Then ',_(l__i )ild_’) { .,,<,£,_, o A TBVER _,_/n_f___.
— Tndrenen

ﬂe&{m DSy scalar Froble ﬁwha:t f [ ] [ wzg_f [ gm]
— : 1 Lweal | Y=

~ (And assume © o¢ > 6s) 5

AsSuMe chrs e Z W= % -then é(cw —‘Y#-Zw//;, GD:

' o \/(I}*bﬂ (j’l 1= ) Wt e )’(zy oy Slmrlar 'b? ,conv@fqegce‘;gna/ysr *f
Y Moy | <[ . ; EHRNN e et
| f |- )!’((65[ <\ '(< g f5L 55 f 6 _ 402

lj Wé Want ja;test com/eryence Sfeeol e ‘ f >{ 56 = I/ )/(65
[

“6U+ Gs
Sy S

’ 1j 'z en&""‘ diagral 05, then r(<' min {5e ],

'l/-_-_- —OT”LES_- /]/o-b e)(actl\(/ ham( —to- -te/{/ Mﬁ%ﬂwé ie.

Y/ mﬂfafe (3 W@

Fma“vtf ’jOf ‘éfIV'af Xw-g., we can SI/D UEVw,‘y,

We can: = (Vw ) U% g o let V=0 ,ie, w= l/b{/
Z Cb i'{ auo( «t commect to thae fVWﬂus am?sg

KOKUYO
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lolml Why SaD can work ? T ded‘e’ Qs S0Uiohs
Suy 050 = Rz Y= < - } , ang X hos full mnk
r e ] [ T
Assupn w,; 0 WO kmow w*= X'C KX ) % rewrlte w - U)- w"‘
Goal is Xw =0 wo = _ v e
Let’s USQ SVD iR [ AW, 0] [Zl, .AJ —{j,,en e T,
e ~
Xw'= U3V = 0[2. onxchvw [x o Vw' = [R8lw"
e TR = 2 f2ul BB
| £
lg/ all zeyos [oo( g;m

Now we. know - [X OJW is Goal anal (o( n) colsémws Wllnot work M'tth
- Koiss U 2. . XEvalse [%L]ceu 1, We hawe: Z:'@f=0
Solving - Xt =0 (s exactly colulat thy e original. prodlem_,_since. 0

e /ms,,_//near fe/atmns/://; “with X’ ano/ W “Mow: X@=0,4w =) R €

mmﬁms&&ﬁ&%&mm.

= SGD Mt = U = ye? ’Xze gy HEelyin), ._One sampla%* €
Tg -bodecoml)ose J,cww)— WDipthtl. o Loy = XX g
Bﬂlﬁ/l’l Om AT 4 X[Wﬁ/ 66%) - it A Bare infom .
[ E (ww w{,} e x Cien-Th) j(a/éﬁ @) 7, -

._h518h't E CA/W&)- bring in A fﬁww = -2 XIech u,zg
“EAllg) = 20, X'X_E Loy x] Wt(W 1= - £ 1@ FRE X‘f/6~~ ¢

,,,,, ,,,W—/ iLémm Wé X G, f(émnf,(Wc) —Cﬂk[i(%) > @
S;mdar}f Bl m} < _qéma“f >/ (G = ﬂl_(a/{,) ~ghop.. e
. S fargest rom g‘ v.oou ML
e

{

Tk cL(we«){we) = E(I_(a‘/’w) ¢ Em/wu—r tcefw
= (e C:/L+C>l( )L(WU

S@ WQ&an Set/( iy C'/(*'O/( '<'/ j'(<

TD achleve 7"051:05‘6 cvnve;yence /( 2Cz Tt e |
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Topic 3. Relationship _between Moise_ard_Reguiation

 Consider (X ,7c)¢ R ( eR" ycek . asso?me we adol noise -
YL— Xc*NL LN~ N, 5.Zn)
For roisy.data matrix, we wont  ongmn [ (fw-g1,7]

[”XW ‘J”J] fE ‘ —I[XU*/VU W- g]l 5,
_ —E (xaw g} _LH-I[M()_(LW#/ *E.[Wl
H Xw-y S me’ il : %
7 DL/n 5&{7&%31@{7 we have /Vt -l;o 7<c/ kaﬂ:ne/n #IWT
P e (wx §)% - w(xU)(/VbﬂVf,) 7/(«1/1/&)

&ln,

0
- W= - VL) = W (f*{(;ﬁ)/xﬂlér/Vt/) wmh%/
- EWen) = t(’g,«)‘e) (! l(MHB)}T ﬂp( .
e (W)= EQ) - Em)]= £y =6 % picg]
l'(should Jatls:ﬁ;/ : {I l(MHé/ 4! 0</Z //\+54

I :c‘r /lmfher /79/5 act:ueﬁ" O(Xn‘)\/) )i ,f__X (KX N) Zg
Ne wart owild rie Z, st, = W-AY, but Z Y are-not corvelated:
gD - o 2B (U /«wﬂ Ay ]=AEL Y ay) ( V-ay)T]

Sw-Ayy L A= Zwy-Syp
W= 2*/"& (:Ewr/l ER2IY-91% Ay, brig in 2=W A{/
= /{/{(A)f' jwyjnf (/ / .?’ "'/l/ SOP\gglra(atfon

/lssume 0, oo, Wy has 300 mean = indepenclent
E[W zwr zw Y ass,ume«f.Y“XWfﬂN.{Len. et
E W XWmF M1 | Wy

> ZY :C((KWH(//()(WW)J A XX TedBy uiawz e = N
L BB llleg) e “r)sl)y &Ww, As-in //dge
rfymsyon //L(//I‘, -
Ae /\/\AP VQ/S/an to enp!am ndge Fnor WwA/ro | View ~randpm Yas A
X KWEAN . Nisiid ~ Ao 1 should Vqter‘év HWwo. ﬁi

,Mg mean ! A normal r.v._hos its d@nS/fu max,w.z&o/ at ts megn._
KOKUYDO

.,- ----'v-vddwdﬂiﬁ#ﬂ@@ﬁaaﬁé
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Hw_o_uw ﬁ [ R
TOFIC( MAP perspective of Rldge Regresswn We Can ‘thm( l/l/ /I/(o 0,
and view Y as bemg ge enerateol usirg Y= X WHAAN . where: NaA/co.1)
Vector version: Y= “XW+ AN

MAF (wlY= )')= oyt j(w/Y% 2 argmaf( i‘_“L)

= aygmmx jlW) j(}/lw) = argma')‘ jfw) _—lTj(yt Wf

aﬁx«g\ms«g\s\s\

- 2 ) —M ; _(m li -
for 4/ o), POF: Jao= < T . oo mig . B / €

s el wa/mw»f%_rl,j_
20 argxin_uwu:f #Hy._— le{: VS argz/v'n A tewtty + 1 X~ //If V

* negatzfon{ arymax—iargmm; take Mﬂ &
~ argmin <VWL(W) Aw> o e
W}Il ’(

—T&fic)_ Or’igma"% in__optimizer : i
e set ‘constraint as : HAWH<'[

Whet if we -toke it as an Oﬁ:mazat:on F")b{e’" -term 2 dmce;

> U= argmm 3A9+—L0((49) where =61, dis RDRT

,,Then Vmu- qt28820 f ol is-the eusldewn_dstance C[z /Vorm)
v 20
= : . 59_: Bl XKy ¢ o SR Wb SRR o e
e C ‘ g : Le—t /M—' m0¢(_ IAQL[ N i
7 '09‘1' max [ﬁc
.BM’C’ ’IJL 0( 15 o0 noTrm M “’3’”’"9] (,( va!
U= 0’3”"”349*06/91 . 1a6i|<M V

BOM dlmw@) oy |
,Smce IAGLI </7/1 WQ M/Oﬂf ZQLA@L as hegatlvelx Smal as /70551[7(6 lA@d /1/1
R o el S(ﬁnfgu _ 41-7— (JI!,+—L/M AR 7"' Ve
NS :’74VM - —ll@tla -—M VRERE T i 8 0( {(%”' =5 CAY
e z d:m(A@u
ﬂ,ﬁ {3”1 ngn (8) : ]’AOL ::"/1’1573" (guj(- SRV

-----....’”.’,',',’,'f'/'mﬁ

Caﬁpué ‘
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_HWs #8 '
Topcl Maxrmal Upda’ce Farameéenzatlm et
). Consider dense ayer xe po We/kd"‘ ‘Wi 15 mrtlallzeol w:th i. 101

_ standard  Gaussian enJcnes ard enmes of X are sampleol /i jvom
_unit Gaussian. N

Tl"eﬂ)’:WK lfS sciwxrea( P/VB norm ! consw(er* (/OLC/R‘ <t

/L_ W(
Thenyz =l (i{' Wy?j i (z{/y, ’k) ~vA o).

dé’d#d###é?

Regam! wa )cﬂ VarCWcj §) = larcay = e - E@)]

P B = E(Wij)ECK) (since. wijand & is mdwzdmld{ mde[zendent)
tCZ)'E()K)- t((zl/t) J()()- iz :

o Var =t/ Varyd. = Var(z)- il ol Ml

Z * Ij' S= jc z| Xh ‘H'\E’ﬂ Vares): VarCZ =), Xi) = Z" l/ar(XL) "r x”'.'o{

ol ”}l ”PMS' H‘ ZL" Jihz j’.Z [yL E()’o)] ,,_.-L oi- Var()h) =d\

,0 Sl 4

N ('y”pms) ocdn ”x”PMS % thouol be ,\/d'w eu/ous

S SRR [/ (€I E(XJ) E(wb)) = i I/orcwi)) a— . ,,j'v/l/m /F} i

“F‘X? T S=tXDlrs) ﬁ,j_u_Var( K). o :
2 These two - seeps o contradzct butthey are otk fmeﬁ 0!

Wﬂ@ﬁ@@#

(b) Consxder us:@ R/M_S norm_ in ,weght update Wtﬂé‘Wéﬂ( Slgn (?L)( )
v'= gign (gD %, unat ISZZ(I%’ ) PUIEHESELY LC l H,’CL éﬁé;_u SN
't_A)’ Cwze LY = waozl d LSBT d '
D:mens:on avpl )/5{5 syn(g,j(ﬂ) ER ) ’K CR g }’ é R Ty

e o A ]

-—

t@ /llm ;—L Zd, J j’ Opz LE( % X[ )] /( ofm

ror A% 1)// / Scade is dm -_,' Hence neeo{ -60 mu!t/p}/ A/ b}/ dm
,ﬂ_;e—_yﬁm_wmgum&,all_ﬁ to_Jace towar| dhe same / Oliveetton i v
o Squawe will evase /- D Moo ‘Druvo

&!Q&ﬁ@ﬂ@ﬂ@
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Topic>: Maximal Update arameterization  Research
Consider Allee R, e N ’f ok

Wl = o) (it = (L)

lJcl«enz Suppose. MLch ER™ s ﬁsaj eattre. of- /ﬁ/”t % atlo ]6/” 2.
L h (7&) ER™ denote the Choange . then

Ikl = @ (fng) — Nlohtls = OWHC) s ie, Boir pmmm,s ea,
= E&ch:enﬁg zg‘ ,‘hiddeﬂ vec(prs_ moves_ anol remains lyea j:

;

I L EE Y YN

Pfd@L : /f condl'bon (s Sat,# 190{ —['Lcn //W//p/ng Spms. —* 9(1)
R (Wl = 5 wTTens s = @ ()
”}’I-CW“ [ Wehia0l], < WL e olly = 9(/\/7%}9&/}1;} 0(,]—/

7JL /lo(%) is ;mtuhzeo{ properléf above | J’Ld‘édlm h@lofs -bma Wil
”Ah'm&)”z = ” WLA/:H(’XHAWL/\HM\)+AWLA/1H(/K)”>-

- 49(’\1th )QCz/m«/ +9(#ﬁ7}9(/]77)*9(1\/7179)96ﬂ7) Q(F)

To[nc% Pohcy @ad(ent E Repammetenzatwn C-defen-l: bstlmafvn

Cowoler‘ fCQ)' (E,x,‘@[i(/m] /ts dem/a(twe,—bv o lS a- CM//eﬂye’
e

W A 15 sqm/x/ Ty mminicty

Suppose X is k-D muhhwr’tate. Gausslan L=, 5’ 2 /5( then. S
puck = pris) % e C=lix- il /(267). " 90 achl «

‘ vﬂ/f’“’ = ’j (21(5/ y’ex]n‘rﬁx/« /&61) j’/x’”{“ N
j(z/né) e el (= S X/{II /(;5)) @ jf/)w(OC E/Xﬂvﬁmm [" ; j/ j

Ve/ug/?ﬂw e
a \bFor= | w i (m| Ve PO

]l:Of Vl% PQ O/Cz Smb‘(zafeff)():]‘ /X) ﬂ /7( re ng%jwolﬁc
Mﬁ-—ﬁ?ﬁ(—imaﬂeddby9~tx~/79ﬂ@£o/@m Z i s
TR} Bz apen [ Bog(26)" 7 |

aoon»nnﬁnnﬂnﬂﬂmmmﬂ

A= 9cz01] hain Rule).
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Date

_Hw4 %38

TO}"&I :Newton - Schulz Puntlme_
~In muon, we yse NS 4o Fingd:

Gz O3V, pega= U P [Peans oprv=ou]
,,,,,, -Lo replace fmd/nﬂ SUD of Grt, so_as o save time !
~(Recall_in_Muon: Wit = Wt =4 UV, ie., discard =)
_How can NS sove runtime 7 Consider:
Xk p(W) = + (3Ldout - W T)IN.
_ Assume I operation  takes one ynitof time. Then:
CWWT weR™HIN - dakes S dlaitolin*
x: For Ax, AERF™ . BER™" , time : ampn

_pxn_elemends, eachneed m mukiplcation £ ma 2m_ symmation

(570{014{ WWT) dakes =ii2 € omidm ., ¢ iS a Constant J

Total: O Ccloieefin) S Tl

Bbft/ IT dom-(_ >>din, can we be—/’aster Yidin:
L Spesyniter (w)_,,;LéIo(aut W = —LW(slalm M/TW) e
_ Then Hotal : @ (o{mdaut)#_,, DAY R el gie Ss i SUIFEeIST

Z

“%wweeeeee%eeeeeeeeﬁeeeeeeeee

_IOFICL /VluP a‘c unrt Sca(e 7l

8ol Warrting ~bo “train gn -fFX ;ts humber of representable, Ualues s smau
- Sofor Xavier Init, if ~M0, /), can bea bu? roundmg issue..

_ So it makes sense. ‘o  NC0.()

_ However , 4o quoio exploding . we_can assgn 0 constant —floot salar -

— Y=l Uk o s on SRR L
50 we_aan SUC ¢= Y Jdin oS¢ wriace a-;, scaled
~ Now. A) coWsx ,,f Wlens =1, aw( We want - lyllens <1, ﬁen

\A)',FMé : Aa—‘ m”AW”:, i llAM)”). /JH—

i DhA-BlI £ (Wl BIl HA"F/ns = dmt ”Auz, Aédede

- We_wat to_ abide by Jgh:s Constraint’t axiq g dad X Tl
_ Lf usig SignSah : Al = - Sign (Vul) » R
_So_llauwll, < ,o(lllstgmg%mx;? X A/dmxa'out ,/ dorrt— - 0( % q/dm :

U/hef‘e g/-‘- g’[fl}l) (y: W’X‘f’b_).
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But if we use Muwn -Style method : '
Consider: 0. 2, V™= SUPCWL) . aw=0V" , weuseS toget i
Then fuil, < a lvls A, =of < W - U e s
Xp- SignGD, Adam and Muon: glopal scale of raw gradients dwesw't effect-.
inal update._direction. O e PGl e T

TOP!C§ Feature. Dimensions o f CNN ,

Suppose mput WxHxC , Kerrel size. paddlrlg number and sl:rw{e are.
K, P, .__Then: ; A ' opiiia g

# of ove:hts FKC L of bigst U

W)= I,WKﬂ,Jﬂ L LH Kﬂl_{"" Gl s

/—-—

L4

And a2 max poolm% layer hos stride S ond size. e Thbz) - ot e

e W=l
W: T-ﬂ , H— HSK -H e C."”‘”“’““

Suyrose L {ayers with kernel szzeo—f K ano( s-tnglg,/s_t_jhe -fmaloutputﬁ
receptlve —fceld size is /A CK-1)H = 0CEK) S 2 ki

To (c4'_ul/()etgh€s and Gradzen{s na C/U/V .
lnput Kz LA, tjeten 5w =[wijl }eELkl_Owtput Y= [yij1.ijel o Q
“Then: Vi g = Zp ZL o Rith=l, j+-t Whit  (assume no pﬂda(m?/ stride is [ .channel isl) Q
Dente 0s Y= Xtw. We have L ond dY_[d/L 1. Where,
S ) 5 a/L‘J S0 were curious obott- AW .

We hgve 3L " _af_ TR %
Ukt Jzayt) aw/:(// /‘“”’/"“ Jcl:'mJ

o Otz 3025 o e iy 2 o= Kol
 Swuppose. 4ij. dyij gre rv. with0 mean, 61 5] variance. 'than SRt

% T (dwip=0 ., lbrCduij) = M6z 6y, where m= - B

: de ( d’Wl 0 M- 90’) Fmally for. p00[m AL -
J’.]c mw( Only gne. o input pixel has_ rodient af maﬂmhxde ol the rest_ano, 2408

: -f average, dlS‘tfle'bQ- 3radterrt: even y across each m[zﬂc bloc[fj

; koGS | 1
mmmmmmm!a&ﬁ&&m&a&s

AHHHHNNH fQ » ,Q
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s 2Rl - o
,f[o_?_ic‘!..,__BN,, T A D SIS eIng)
for e 2 R R r_(/x:"“ e NP
I ) P L ) NI ) ) i SR S Ay
o A f)_.,_[‘% AR e
Qb1 5-n-JL
& € Y[ayz nzj=: a/,_J
: CNN < BN is opplied 2o every value in o chamnel £ in a. batch
i-e., overnge over : BSxHxW entries and  scale £ bies

- -

=

= e L ek

- r L= 4

-

Topic  Regularization and Dropout |
KRewll 2 Lwy = Uy-Wrll; . One woy of olvpout _during SGDon X eR” -
_keep each feutwe - ~iid Bomullip) . gl zero out if not kept:

It tums onl, our goal-mowois: o AGHL LA
2L ()= Er~gemaun (P,,LU}/__’_‘.-(E@)_(),!X.’)l‘;l_/-a/hi(e Risj il Bemondli )
fond O (s tre elomenteilise: Piodaet . Ny o VWD To, JQISHL (9
_ Consider  Generalized Ridge - Regression imolyiny: .
o= Y = Xl de Tl ouinetiT - e ol valodece
T4 tums ot “we can rewrite and get: LR)=NY = PRIt PP il
_with T ,_beiklg_wa,ﬁdiagona{, 2 matcix__whose_-}‘:fh ol iagnna! e rrh% Lis ~the norm
e of the j-th column of tre X1

v & Long ProofF ord we igure. g e Al S
 Then we can ell: T = o 5F "I T we want 4o finally wupite to: ||

S aay s

- -

- < =
|

oy by Sl + MOBILE e clen 8 ol ot deloy M
Then: = T, V= T, with e defintinof T={ 1T
' we omclude that :dvopo(w is acfua”g/ BV (even indugp rescale t)

3 PO S O5. 8~ Sodi=3
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HW6_ 3 ﬁ*& .
To}ncl Connec-hon Between %mph d)mamlcs& &/UA) ALY g

Lets assume OFor a network , underjvg 8ra[>h (s adacen matnqc/}

@ Hos n vertices in each layer. correspording 0 -the 1 l/ertzcés of underin ﬂ/af?h
Q Each vertex has n channels S
@ The inpat-to each node. n the O-th layer is a 0M€ hot anodmg of

r

,ﬂ,ﬂﬂ &\S\S\@

dentit ? That is , the nodde i in fhioﬁra/)h has_input (0. 1. 0. B
S Wei 31« Connecting node ¢ in layer R o nodle j-in-layer ket Aij i f’" enbg
® At each | ayer operation ot etch node : wei gt ntedd sum up e
@): j-thnode ot layer k- A Siae I GG = ‘
(B): So the -thoutput of j-tn node at layer k., equals to. the numter &
of _path ~from ¢ 4oy who total distonce is k. _ jé heighbor &
©): In this- simple. se&mg Vi update -for bjis ,J = Zzé!cL/Vc e e
v(d) If replace. ~ sum’ func_with * man’ Th@n the. tthoutpo(t ofnode / &
-t layer [ represents: if there’s.a path S R~ T -
). Aralgy of UV 4o GUNV- o s Guw),. i e
 Semantic. Seqmentation <> Node~level Prediction = Q
Color Jitter ¢> Ih‘er/igﬁ node. yxlue. _
M__,_Q(o{zq@t <> In GV [ayers , set some nod_e_o_r_ecgiw g &%
. _Blutﬁ—i_/}MQ(agQ_wrth./VBJKQQZS,Ik%RBSNQt_@*Vgﬁ'_;l)Li_Uf pte(vi) &

Topic2 GW.
_tor G/\/I\/Jode update_ GF A funchon wh:ch Satlsfzesd_fermutatwn invaripnce.
s ,vald For loss . we l/tszxcrllywusew (1055 - entrop /_1055 ,,,,,,,,,,,,,,, Losi o

R, Z (5(’“ ("? 9(40*"('“ #{ ) ’0?( gm\))) — e

,,'{fMU =1 t]‘l Jorae else 0 9(”() is t‘he pmb models /?red/ct -that grm [SUEE

brampte Update: 5/ = sy 2 t"”h(w*’”” |

i hiseds permutot(on inariant avd usmg ofnnectton of residliol 2o
l'f SeR* ., U krows , +hen WU € IR 0t tanh (WsSs ! ]
e 13T ( _For_gopheg: S5=5,"+ = [‘{ﬂnh(UbS} “vttanhcWhSE)

{,keleﬁ- G
%) =SyEsh +""* (tanmCESs )/
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iw] # 18 & Discussion § H 72
Tor_ic,_l.-,lm]z{emen’cing RN £LY
In RVN, the date ht‘7/nf+l= /n‘ é(W /7t'l+M/ ﬂtv‘b)

and —tka o M/f/zt +67
RNN con pe used _E-g | iy g
—for mary ymd:d(on , ::ee mzt; DQE\}} W")’
é D D one,
s D—%D—E-’gég %@%—9%
MR & & a8
¢ ,Consider @ meny 2 one at timestep T. Then :
DL ap Sy By = e Tug s dl ot
aw T jTAT -271—7‘——( aw ok W l/on‘ o
’ ol ishi
’Tke later terms In ~H«e Sum_ often eno( Up SMM( or /a(ge DEX I ol,:j
fnonlmeanty is hot conszdered and USEMSE soxio 7 50 bt
T 3L £ ).()/ 7) WT(W ' So /f’l%e /m?ﬂ/z‘ade 7“1‘/16 /a/esz‘
e ﬂem/a/b«& ?7‘ Wh /s /m{wc;z 76;76; %/;MA/ | w/,g,ftif/oo/e, v %
S0 Mfidgekin 2L okt “will be. VQ/jl 5Za6('>ha 4o learn /07 ré
) Tor(cz FCA/Z“A;{cél:ncoder; _ﬂd L ;,ﬁ_ﬁkfﬁ?) o)

Assume dota £i€R™ ard 9”50‘19'” Wl GR lédecoder W;e/k’""k

 We have dotaset XeR™" . the Loss is:

LW W X) = (LY = Wa X///: B0
Woassime 6> 6> 0. are top -k elgem/a/ueg af XXT ‘
So_set S=diag (6, -, 6k) with correspondmgz egenvectors aqre —U«acolumn;

Uk Gﬂim"k _fLen -fm{' wont £o. -fmd -fws‘t ordpr o[rtumh?/ conglitions
| -Ehtxt L SEispp T ST ]
, nAllr tr(AAT). %r(ABO érrecA) trccAg} tr(m trrAT) SEELAS

i N 'b'(AB) BT - U trcAB) = A7 ~
. UptrCABBA) = Ve (ABBO[ At v;} trcceeml A
e e RN 1 (e = LW,
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SVl = Vw;fr(&mwlm.xx N —QWQW,XX‘)
kT 2 (W e
=2 ([/()2 W( I) AXT Wl g LB AL P SO N I\ SO ) 1Y SO TR

SImII(ny AV )Wz’(Wll/Ul _Z))()(T (AT A e

Back 4p \PCA. Y= (3T 3 p=33 " NG Ry VRS D
The fus—l: order: condition states +hat: 7o o

T (W, - 1) UDYT = Wobth-1) UDV W T=0
Let Vi=ip(). Vs :,uTu_/.,,_ hons S OB it

(VzV"I')DV\T?o‘ R AR w = 1)();() e S e
IT Wl Wi are the ftrst k  columns of () ‘tl@nﬁ,,w_‘_m
e ——

-70}71 c>: SSM s [<erne( — T Lada Ur d b S o i
,,,_-C(ZIOSJd_{C,,Jt,:_,zﬂ ,_K{_—_c_@v,_‘_[hen A =Bl o (= ABUot 86(,_____

M= AUt ABYU tBUs~ Yoz Cwi =
R ke oG8, - SCAB C»?LB,,' ) AR AN R

l

Anaﬂammmmmamﬁammmaaaaaa

I

lo L _AuboEncoder : :
g0 Tf +rain two_different autoencoder on the samedataset, 'the OMe. wh(ch,froduce;
lower vallda’c(on loss not. necessan/ perfom. better 0l downstreaming ﬁyke;# 2

: - Adol noise_or_bottieneck smaller . (oss 1, but-can produce more dseful
@ Smgfnegreserlta'hons_bg_, learnedl_autoencoder is most:_usefurl wuen only
having aTew dota _samples - gr_dou)nsmam task_.(Can olso beuseful. ,f lenty, qf@u/ge)
B3 _tor tmining autoencoder with noise.. w’maskmy/ when_inferencing 7@/

_down: S*L-reamm 'task . ho_auqmentation for inpit is needeol. (Or : unommon') &
g sk o g p _

e €

TO")l(,S lq( (W,, W’) K -n “x Wle {F 'f?\Mllf‘ Foby: é
_ Peprosent inductive bias [—ovcm(} Wy o3& orthogonal. 5 &
“_Tblhlg.qf, (]15 Ul 22,\/; HER (M W1 sl«ou(ol bg FSeudo (ul/effe N
,_,.Eegglarawtwn )cZ‘ 4. (5L 4k 25 ) =. 7’0%/;7 Gy = Q\
e ,:'>. A, WI I l/UJWZ = WIBREINR G e B p ) R T c’;
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Hug  HE

To;mcr SSM as convolution kernel |

FrthOMSﬂ Wweve known : [y K*{u] . ie., ’jk- Zt /QW" ,
CkeTotl any teo is settoo) and K=CD.CB, CAB, CAB, ~-)

,,,,”,Then _how _much can we parallel(ze_ the computation of fyki 7 (uxer”)

If unyoll_in . recursive way, we have to compute Yu-1.-- if want Y.

~_then critial poth is s i OL) (e {rgt‘h, andl deffh (s 0((0jn) so tota(: O(Uﬂn)

Bt (f using. FFT, olepth 0f com[m:rtton gmph 0({% L) 5 each with depth

. OC: (Ogn) so total: 0(103L logn) A

/\150/ gtwen A 3 e how an wg cpm’mte q?‘w/errt}/ We can tell ‘that
o bottleneck Is  A° = (I A, S
e cnuse. divicle_and Cnquer for 'thls :
B e A"‘x : S AEAR AR S
_ So for emch L= 2%, won compate_X“ L tines, each with depth
____D'F_Q A(_/ogn Jin ‘5 mT_hereﬁ_rg*.,jcrmcf_,,mo_(_/ogn_./og.l_). Sftes

0@@@@@@666#5##0‘

But If we. add S‘bucture, o A_‘LSu pose his dtagona | then we an awid
—matrix_multiplication andl degrole complexity o O Clogl). s
-~ Hovever: A_carttalunys._be thort perfect. — Suppose A=In *Pf T, peR”
. Now.s A" = (In+ep")" - pr t () pppp e (Pzﬂ

® @

®  ond W iz J(ﬂp) Pz ppTLt, uhere 1> =lpll;

23 _ Then A"=In+ ppT ZE—\,,[\_L/)\;D;C]: ﬂd\Y'vmpwtn& 'thls carLbe done
é ~in_0Cfogl) uslng divide and conuer (/Vo Moty mulliplication ! )

= 3 TOF’l»(,l Self SMFEVV!SBOI Lmeaf ﬁlr/ Icaf,'lOr] £

D  (Consider ron- ’crlwa[ ,,,Purlf{ca’rton scenario: L (W X.2)= X~ W/(/(/_ 1) ”Wllf

> ) Where. : WeR™™  xep™ X
e ,,,,_,Assme, &> " >6mz20 , X= UZ() Then We con actuodly wwk

o 04t e _optinal NER

5 L AR Gi*X s :

P Wz U & ] Y
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(xn
w

_B’Oﬂf ~[,( W3 X, )\) ”X WXIF 't‘)\ ”M)HF izl [)(L WL)(”). f/\IIWL ,:
3 ZL l”X(' Tw‘ -’ e )\/W‘ ;

Were Iam:har with this: 1)~ XF L+ Al F”* ">f’ (X XMI) X‘j’
(0T X W= xxT (XXADY T
eSS TS AU

{
{
|

!

I

T[m& R?affe Aftention S i o B
hvchl , updat: simple al/eragmg can. bf eﬁ‘ic:ent‘ m n- 2 i,
then iT Xntt IS loopeol n, m= mn s fRd ju .Sm/ar‘ AR

“ St
Consider Rldge Egresston A: L( J % J . 50. w=(AAL)” A'}f’
1/

Now Want Jco re wrlte i /lT/H/\ 152 ana/ ﬁ.}i,J SUms. znuo/wnﬂ 4 amd 74
QAWM= mz-, M ENo1 ,W S 4&)

5— N"W S“!71’09@ We Wﬂ"’ﬁ ’U’do r ;d e -sé -a‘tferrtlon_, uuth o contex-t len
: and d-dim gk X :n queries is. applied to_the same pool o (k l/%parrs
ki Ametria ;. A Y S0 actual)/ we._want-~ W*. and mfefence (A/‘%
ﬁ_For WfTQ/,#W*W* 7 Lk g6 RI '7]0'((:;0{) oy ]
___For_computin = Mqt/{) B, A7l ad B[ il
et : O?h(?l %), inverse. (o) AS—O(VDIZ ‘
e Complex@» ocnd) t 0cd s /‘Fn>d ‘then ocnd’ qor’ g o

|

2}
Aﬁaapamnnaﬁmammmmmmﬂmmmmaa@&&@

B(,rt ’for mverse QL nice- -tﬁckr S}Lerman /Momson ['0rInu/a, il

ot S o -
- A—-———(A/H’uVT) = Ai_; /+ VT/M %_‘_‘(_@_Ib{}( V. /M ) e

,—ﬁ u v e -bwo ol d:mw(on vecwr and /MCK‘M 0(0/ )WM__

l
r
[
v
|
|
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L Discussion [/ 10

_Hing 32 X i of § ~ i 6 ¥
,4,[0FlC| Juchrfy Scaleof Dot Product Attent(on 2
Frose G kck v (0T Then: (M €R%)
gTk] = tEEH hiki] = 32 ECGEH) = Zcfll/lfl/‘/
fffff lf =0 =1, then b 5k = ELTh’] - Elgl"—> dret
RealYINE E[ Kogikfiz oomi s 7
3 30 Var ( Q\Tk) = lar ( Z =t (%ckc ) = d Varcgik)
=*d (EC40> larcknt €T Var o) + Varcg) larckn)
= ds*=d *: \ar (XY) Varcx) Varcy) + Var(K)ECY]’rVar(Y)t[X]

So o wo . E[%% =0 and. Ur[2X] s E712D sepfdl

1 _.To[wcz . Attontion /Mechamsm 'to Mitigate RAW bottlened:

M55 . In RW, rany 1o many, the_pottleneck (s that.

D 7.9 fleed +o0 Store. all /Hf ormation about the

Tl ¢ wady inpat. . .

Ewt oW, we. allow_-the /ua{den rtutesjrom decoder ¢ as 7umes ana’

__hiddlen_states ~from ~encoderos keys andl values .

it decodar }/uol en. Stote can_ compategzm//mt} wzf/a mlputs hzdz/gr it
stabe, * look aitham 2 e, S Gl Aeﬂc _._oitention score.

I:J
J
D
S
D

T0prcé RoPE — i L OSSR ~‘
PE_is used to ensure. tmtword POSFC(OYI s kmwn Because (rttentzon is apphod
5ymme’cncally o oll_input vectors . For RoPE. : RoPE (£, x474)
R e ‘5‘”“") ( ), for 2-dim-vectors——More over--
 Usintw  (ostw 2 5
207 %G 0", then RoPECz.t) = ©/%z /renceRvI’& (RIIGPE Y
So_we an extend o on-dim vector: s .,,—kaE (4. mk) " RoPE (f, nHR)
! 3 - ) 2 £y -t(,()“ /,t’ *Scntwt®
RQFEC(_')Q;) ,_QC.E, ‘h),'é) X ( ?(ulg?_bw ) 'H% w ;/ntw“’) ,.O(.dml}fmpazw,
. g e
R Fl: doesnt add an% learnatle. arameeerf w is f&ceo('w =100 00
A NMote ot in some. made/ Cslvecqgc ike GPT) . 1 M(ght be lDOSSlb[Q. ‘FN‘
attention. laver zbsehc +p Jearn_to encode positional_inforection

Wﬁi‘iﬂi%W“ﬂ%@@“““@@@@@@@ﬂﬁﬁﬁﬁﬁ
| ,:) \ -
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No.

Hwod Hwy %18
Tolyicr Kernelized Linear A'tferrtzon vz F
ON®) complex/ty ih memZ? and computation [s baof Let X G/KIV

be -the 5€7M€nce The transformer (s & function T :R" Ts RF -
, Teem = fuCAm 1)
Forma”(d/, e RP. WkeR T, Wy eRPM | +then:
(22;)05 M[/f,/ i(f;;n[f:fx ([/—“WV sim C4k) —ex[? (Zk
LR = =
_But ,_genericalb,: V = Zj =) 59/;: Qi+, kj') V/‘Z
3 : : ZN -Sim C@t 7 /.)

_One Foterrt{al attention Var/arrt s yol)/nomm( kernel atterttion’, l:g
degree is 2 sim(fk) = (gTk+1)" = Pegy ek
_ Then one ben?fz't crf usmgf kernalizeol crttemtron is that we can represent
__a Kernel usmg femﬁuro_ ma 95( ). In this case: 9
405 B L1 3k T B D el 3 i A]
Then kernel can e : /Ig 9.k) = (Pg)Pckr), then:
et L SH G bk i Z bk )TVJ
5 ff,_»A_A-_,_A.f,;_fmv;z”’, i) Pk /7 C P ¢C/9)
Whats better <) is jrrelavant 1o ¢(6?¢ )d
 For qvladratlc kerne| . space aomplexity. 1s O(/f/1>+0’)
l‘f N >>pr ., then (ots of _memory can be saveol.

5 TOY!C)J LoQA ;
A common strateqt( £, do pretmma;l model adap'bn (s o Mpdate
_only-a subset of . its_ parameters arg keep the vest frozen.

. In this '60’7& -focus on Wer™ < Wo (s the Pre'[‘m/ned Wale.
—In LoRA: " W= Wo't AB , Ack"’"" BeRME, k<< minem.ty

HON Supfoso uslwﬂ LoRA o ada,?t a new task and obserue underfw;y
@ Try ke T 4o allow more expressive  power :

(5) Chanap initializatjon to_Jeverage  SYD vﬁerdﬂer the onmnal
KOKUYDO

uu&%&&%%%%%%%%%de#%ww@yéeéé#é

! Scanned with |

‘& CamScanner’:


https://v3.camscanner.com/user/download

potrix_or_matrix=yalied_gudient for a large amourt. of training datn_
B/v a[ignny initializations to natural grooient directions , we are I,i[c_ey wbel
able o have. more si nificart impacts faster ...l
@ Charge learning rate or other hyperparameter .. .
b)_H A B are initiolized 4o all zerw = Zeo padiert for AAB. Mo !
But of both Xavier initializedl . AB#0 , ard feature of pretrained mode.
(S not used. AT )50 bttt T

\

g\

:h\ \ 9

TO}?l'C5= A bri,ef introduction of Tmns_fOnner _Interp(emb/flit%_...k
A _core concept is’ residua| Stream: .. . el
2 X R Y G Tk
Corsider otttention head with H heads . In ‘concatenation’ view,
-each_eads _output are stacked together-_ertically
srealDla oSt WIRI o () e p ottt
 Consider (N2 egomodexdhed  pond out uf_/_i"_ékdmﬂ?.':,ﬂff“’.‘? G
oS Hujs. alsp o f= /,Hh !, these Awo are e/”l'”m’”?ﬁ'
S gt enad G R s aidis el nelTE
v__-t’ ;W{'EH :,‘[wol Mfo” WQF_‘L[F_“]: th i s inglep ﬂdéfjﬂ%
Tt mears_that we an analyze the contributions of each heag)
The;mncat'.viewcanbeeﬁ[ic('@ntbufaob(r'ﬂt/e;!/iewrel/ealmdependencv- €
,,‘_C[LCJAi,t._T_lA90[)1_’_‘&9_@'@”7&”_5_@@2[‘6!&_.&_(DUQ.CﬂQKL_O'fJﬁ@,CCiﬂf_CLVC&(l'ﬁS\ ﬁ
_ buwi lt,ﬁomi,,,aﬁeat@,&wf M s K et ViR EGT '
QK __circuit © Determinin _,AAﬁtenﬂfzn_h/?@ttems__\j/*,k_--,-,,fo,mam,wm,,,/eq
_ An attn hend_con_be split irto two operations : Where to look and what Q
Pre=softman score. * Qs =@ 5'_, Qi = Weki, K= Wk =5 ax]Wwg X~ e &
“If_JA/‘&ls:‘_l_,_:?ﬁ‘]ﬂf);)Jﬁ,W&((—ﬁ[,dﬂﬂ',:then:this-heaol_on,l)z__cares,aboat.'firstdim., €
_Thae an be Tk in Wek which_encowage_dlissimilarity Thee megn that
Wak_can_be_highly robust and|_obrtain_powerful expressjvit el 0 é
QU Cirait: ACX0) = Wo WO XU = Way XQL) " pestosepoman S
~X°UM " atention -weighted_avege, 5 T hen.‘_xf'.’”f’;x”iZgli_(;Xf),ﬂ,_,_ <
=. X‘.’,'I'Z;Z_Wo‘y)( A" We cn ntice that Ni(X )t _cteh column) _5[0{%5)%

Campus 2> Head can only write 4o a. low=olim subspace. of the. dmadet- dlim residual @&
stream o

Reanann

AP
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