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Anotrer Challehge is Normaluea’clon G
batch norm - can't work: Ina batch , Graphs con e [ftﬁ‘erelrt ‘
Layer norm_can._work:_for every rode in a_ batch . calculate tre. mean Lstd

’“Q‘R“@{H‘Q’Q&"Q\"Q«

of all channels of Lhis nod€” and _ normalize. Z
Ard —then, use shared & and -8 Cscale and hit) <o process 9%7 node. 1, &
X fasy choice : Tust per- embedolw? norm_, anol +then V4S5 af/?heol o aky C
We_ have Hackled senario of Directed lete E@e labels. but/f wndirecter] &
o mfmzte 7 Need -to impro ‘ &

PIOE, . Sl S e
For 0 rode 4o u[?dcrte _,_Which j o/matwn 1'(: a///l haue f-‘
&

QOmyself O degree : # of nzzhbors Q. set o nezghbors 3
Ao jor 1%2 mfofrom neﬂhbors L, our /7/0(@551ng_5h0u0{ be ,pemlutat(on /nsenmlvé“

So.: Generalizogl  Framework: [or node with into o, Wpdate should e : ‘.

|

Shroi e > Qe cha Y1 //e(efga@/ 2, cange 1T, mif

jw’ _CM ?M/ _))‘ mean. ,medium - === "&::
6 Il

MOYQ eneray le (/,0 , Zyw) C/;:) /f)) Of"]cu/, (/ro 2_52,0! Cho t/g%{/m "
e ,
7 /Vafu/a/ l:xamp/e @/U/U Ba//d/ng B AR wf’/i SRy RSN ‘.
R hn § VNN g vs —> 'FL 2 o ‘
T
S P RS > P [Hfinn st = q
Si2nid o el 7 ’.'l' RO s \'mm({ ] S5 3 | I ¢
e o[, m,,& | 2P i ¢
A R L ‘ ‘29' (wegkt) _ \F : (
'Obwous ly Hch?s is VQIafed Joo aﬁentlon mechanlsm A
-

Back i Challenge (rr Pownsamp//l? Intmduce Dzﬁ Fool

Idea: When we dotnsample , we get @ smallr gmph put: it fully connecteol
—_uith_probability_on each edae . DT

Campus
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=2 Make_each point belng to_every cluster, just with Some prbbabi/{gv :
~Input=_: Guap h Wi embeddng vectors A
~Output = k- length vector  ~for each node with /)rob nit
)y ST= Lpuc pd er Ko < usesoftmox : ( Differertable)
~ How o have  pi--pe 7 = Use learmable algon’chm’ Gn

%l ’_> s __>owcput k scores 'sofl: S §ZT7‘or each node,

Bt 3T anert a ,gmph Vot Vo6, Whet todo 7
Need New ectors ( Emboddmgs) Ffor R clusters
) = Lj 3 WheiT <8 Weph™ o original aa/acena
}:U é—spre pé;(mg node “>L EURL e mZ[r///r /)}{qmetr{/
e J ~th Clugter in Lav/ef «(ﬂ (aft?r‘POO//hg At
_,Then : ,f\‘“? = .S A"’ S ¢ pi ~ Aij represents how strong the edge is
kxk /R J
WIS <5 % pdy between cluster i and Ay
- 2 /Vow /4 new ymph w:th I’I(?d?s and Q_hew a /aceﬂ / MALriX.

Oy e

~ (anhdp get desrab/e/?roperws & A“X"’“)’ USS 2

A Not Lo “immediatoly  normalize. these messages. (/IJ /ms ?éenyt;h ;'7‘0)

% Poperty 1 Have “clusters. respect: graph topology-

) o =l{A =58 [f (au5¢ encourage. : JA1pE ﬁ’#ﬂﬁ@&%ﬂj? &«ﬁ%b@&tﬁ&#ﬁfn‘
o erty y: Want o b2 close 4o hard cluster assigment .

- - (S L7}
o

) i/‘ Z H(SLT) = (Want ass/ﬁmamffoéze_mw &
o _N .‘ e Entm/? ofﬂ/éermxms’f i3
~ Final Hhing Held-aut Data | (NOde Le!/el Froblem) , s
' Aryroach I txcrse m*tmg, nodes ﬁom ‘the raph ; lml)aot cannectw@
) CeniEl o1 Pemove content 'j%m the node but:leave it in

’ \@/ 'Dir @/ eamab ', called “mosk

' * Like node daSSrfuatton ; tawm
8- How 4o _moke _ vali/ test dataset

- - - -—
|
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RUN/ Setf: Superuisionse sty s, ~olT eove o guied dnion goi SIS
Treditional RMN:  hew = SCUh-httWu Geer t b))
ra/e,,., : outm— Ohf/afw M/w = Ghentdy
3 /ﬂ-f—-—r .bi.\> D\_) » kej/ protlem :@Cradients EX{?/MW/ l/ani,shinf/
e he /I(é) ey : CI;;)A/UH pare{(;é Cbmlpwtatize !
w il lenges ependen an
@ e et
RGCOF o Kalman F/fter‘ X-(;u /I’ Xt 'I“Bu (/({:f{ 'ff( Vet - CAxt tButter (/'Dh#{)
. “/4xe+§/uw+ 4777y L e
e A (-FCA . Be(1ow )b PO
ad (F = PCTCCPCHKY)T ,
2t A APAT+ Kuw- AP C ' CC17C "t ky)T CPATE P, 506/57/‘(/) L)
Anywa)/ ,_essence is: '&> ke, we can regaro/ 4B f
: uﬁ,y},{, RS NITABASINNIS  527 , 77 /]2 AN EA i
Aht?( )/fr/ g‘l‘ for sufefwsmn' X LR e SRR B T
But if. we don't have  \abel, how.to. superwse? Upe next yr
 FerlEa ~This is -setf -supervision.t
e _ @ We can learn a par-l(al pattern 'that can bauseful
e e} /M;ﬂht heed . sarﬁ‘odmg(ﬂifé%) partswfﬂl/\/
W B Gereric. (dea ! next -thin predwﬂon
in_ausal. sef uence mode{

aaeeceee

N

mnﬂ.ﬁ&iihdﬂﬂ&ﬁh

Sitep‘. bz‘zck-{ Com:der FCA 60551(01/ So/m‘fon

X;UZVT : 2 6i MLUL \ .,.FO)’ [oi]  select ‘tOF mkhls ‘fi
IF design following network : :
/X S Wl — — W,_ By <0 minimizZe /!/7”7/(\/{; o i‘.

~ k-glim E TR I TR U P T o '

0{0(!}’)’) [inear__[inear ‘.d?om. then this k-dim & inturtively .,
Hos o name: auto-encodler .. Contains the most ¥ich info o reconstruct

2. 'raditional ?erfeftlon Decoder is smﬁ‘v/dmﬁ/_

Campus
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7 S| PR ]
Origginat Ci/r'(;l?uf

: —> i N e AR T ke e
Clossic  Antoencoder : impat L R = orifiral inpnt

~ " This higden -tensor contains rich featur though in (o climension !
 hidglen ec )

A,_Spats_e, Autoencoder: 4 '
(n_make hidden"batt/ena/@(] | = |—
even bigger than origial . M

O ","*‘-Q.Auxiliarg [0ss th S/mfsip—seeking .93 I fehala//

~ Denoising ones:  Above two with data augmertation i
~ Masked " Awnto encoder - Aug' (s mas/(ing. ot Some. partches and| reconstruct

~ Besides PCA. another Sé'ff - super viseol ML task : C/w‘tefin%
©  (ontrstive - Learning.  core idea: anexample andl its oun augnentations
showd be in the same cluster. Different examples shoulol b in dif- cluster
. Basic . Architechpe 2 DI HSINNGND (1Y ol e SR 3
e /K) aeﬁg’-—?e}‘—jj’araﬂyr[‘ —
; RN ;K_lj e - e J '

#: Note that in Teachor~ Farcingy - input is g, not lost prediction;

— But ~or inferen Cil'l%./,“inputls,:bm. lost prediction ( qusto ~repressive)

— Y = N i o — s — i
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No.

Date

S—tqte‘S{?qce;/ModeL s S s Sobansl 'blppendencdw
_Problem with traditional RAW: @ Hard 10 panallelize @ Hard to.[earn. long-range .
For o: Idea : E liminate ',horizontal" hon (inearitlf e e

In RV feo = o (Afg+BE+E) b
— Nonlinearity ! Have to wait:(ar. S anol can,fi-ski/p i
' Wha{rf };f_r? = AR+ B ABCD+ ZLeamable.

_Then Lets say- f W= Akt BRE = Linear = fime invariont ystom
o = CRE+DRE. . (A.B.c.0 not deperdlertontime)
We can unroll ! 4],?: A BT+ OB+ DI

Now. Jic_only _ deperds on__previous. input.! Mo on. hidden States !
_Attime t . computation needs 0¢); But if. /I_/IM,ScZ,,/ezszh is <, k50 -
e range. 7’rvm 2o T, cmputation (oSt is OCT°) .

Can we_impye ) Yes with FE[: OCTlgT)
But what pbout expressive.poier- 7 We can aglpl _vertical non Iinear,it{fw_aka, :
,MLE,A(_?;S)_,_, on State—sfzaceﬁ{a?en,_ e s ST

e’

L)

QRQAQQE

oy

R R

S0 to Simmarize :'_T(OLin_iu?A_ is_actuall _,5(7rt;o_f_chnl/.o(m‘iﬁrﬁ\‘~ ARSI e

i or jnfetence,.; All past_info,rmﬁon_jx_!'Q_the_.sﬁate.,_ JE sk

In f{fk ., we have »ACA,IfB_#MQtKM wCar_LW'e_S[Zeed_ _u/z,its_comp@tation A
For A*. if Ais diagoral, then A* is ensy 4o compte
Now back 4o Ho= Ahtn+ BRE od W= CR+DOFE
et sy : Fer dy-dm, 7. da=dims B o dim " Memory')
yetd ] . think of ime =~ ewlution sequence_on_a_ Component

f: [)M'm by component basis.  suchseguences
s Cyrk: kD, yarkd, oo, eUldand theregredy

Kéﬁard_zx [lél_inavsame,_wa%,x Def Segxrtl) + Kt WL MED
TThen__an_importont formula_is :infocteypepipy

T e s
$ Appropriate  filter

Canpus

Cararara s A A Baeeeeeea®
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AT S AR b o R e S I B SO PR . < =SB S o
) ou

> _(an we Simplifu 11 mean: kx4 an be ratier lrget= 2

) Ln imaging . kernels we use are  Depthwise/ Chamel - Wise..

v If Ais diogonal .+ then - htL(1=dheqrl] +Bieq Graind/ tose
y o SniSy -tke;update.of ML is not dependent of it T ¢ i#0)=T

_ For B, block diagonal , ~for simulating locality’

' Efficiency vs. Efficacy Trdeoft .

; ,,,Largec_ht,,.‘ more comlaute ., _but_also more. memor /hlstorg tracking-
,,,50,,_,goal,;,,,wfznt 1o make Pt 05 lamge ps possible. . while still beirgab/e,

) 4o run. Now : Intoduce: " [S4] model '
~In o LTI (Linear: [ime Invarignce) System, use FF7,
ColekAs [ 6’[\.\0_], , then how is A relateo] to system stability ?
e Y W,_if‘l,mz [: Bood ! But if 1AL < history die_outfast!
~Sofor NeR ., IN=1 =2 4= we have two choices and far apart ciex)
_Solution: Complex_eigenvalues ¢ A= exp (~RelU (RtjAr) — ~ U
A A%REA Q;gi ﬂ{m%i@[fﬁfr: s BTy e it DN
_ Ardd for inttialization ,_Important ! Have to be ,mostl)'_, oh or very close te
__unit_ circle with some _insidle _unit circle. (Jse. Hippo- bwe%initfaﬁmfm,
_ Also = Freeze A with. ood,_in‘/ftia,lizatzon..andonl%:train the rest also

ST s0ompd: ston otk FWEIE s 5t mveadien T e i de iy
e i o AP 3 i 5 gqumg) |
o/ fombac| = Think of Discrete = time System as_a [discretization] of
,,‘a_‘_,contmuous,,;,Jcime,,sysgm_,;,ﬁ,, e R Sl B BT LR
oY L o dh) = Ahet B . And o convert CT o DT,
t/—. wd PE s g ke wirina e, heed. 0 sam}?ﬁn%,intervmlAT :
e ﬁ o ,Vtt},?, Chty)  Scalar cpser Kt = At bt

__Assume. (Att) is p,ieceu)isc,m consta;rt,,,—for_tzme O . Ca] small : reasonable).

_ Note that:  0>p: explde, o<p =D dewy o o
T8l g b2 (e 2T —) auw)
~Assume g<o - Then AT—0 = edTa| =5 Pemember !
ATl e0T 50 > fmet
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a

Date

a

/Vloreover i as] , Then 71}9,04“—«) ~_baT _

SR N [ 50 => bAT —>0 = mput doesn't matter
sTlarge = baT large = _Input matters

o via changing oT , can. Change  relative importance of pasb@ —/wﬁwe

Idea: Choose ‘4T based on input__and [earn. jt.

v

~ A

2 |
@

. .
- AR

-~ How to geremte &T 2 .Stzf_kplusf,
L iiSpE L lz/m = A Bkt Begk
PR\ f )l:cr/ = C hk

_ Lastl )'_ Initialization:

SoftFlus x) =

A .feﬁl
=

/n(. lfe“)

ST Bk bk —b {

- -.,-._\ ——

@ pn=-- é-('nlx

“AL B oc/gs ‘Tar

Aw few me“bhaafs.

{ Q Ah 2,~ :
Q- Pn= ),

. “‘
- i‘. l“ s &

o etz st denen b atidiad e DO e 4

ek temime ARA RN 0 A S 1 A L GO |

- : — oo

O e 4

S 4

ML AR . (LK. T e Jd 2 14 Sl 5 AR LE REEER.CI S QRS9 %2 IMEE L |
BRSNS SRR I SSEEE APEE — ——— i R — At — L S PGS WA - S
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Attention:  JI] Tntro 0 Attn .
Sequence Poblem using. RN (Enc Dec /lfchttecture)

hWe >@——©~> Wg{/\ C]A—>> e
S

T
. % /,r AT <5mrt>
Loss + Cross - Enbropy % With Samplin

* Bott{e neck: Need to capture all of the /'n/mtse7u nce [(n this hottteneck
Teacher - Forcwg Trarmng techmwe -for outo-regressive yenerwon

i loss z - (03 3 - (08
=== > [w—[W—>[wd] -—-
N TR - But Groung| Truth !
7 <5tart> Trwe Y Tme )/,_ The input heve is not awtoregressive Ohe

i T U het. weve. met bottleneck . In U-net, soletion aobfmg connections .
.,Bu’cﬁf()r lanquage = cannot Set @ %olaolo af comtects in advance |
__Solution: Hash -table. , but nesd o bed rontiable.,

 So we take We(ghteol auerage { 2’ sim (91 F) ()L

 Sim<h, k>t 1nwer product: £ softmon .

l<ey quastion : How o learn them WK Wy,. Wo.!

~There ave_ many types a—f aftentzon

~Cross - Attention - Ke/5+l/a[ue5 fmm encoder, &uerys -from decoder‘

Self Attention: K- 67 S ‘fmm decoder : N,

i fim— fq4+ Wg T e ﬁa, kv Ag Wq,k J are [eamab(e
AR = ()'f’
50 Hfaher Smlantg = H/ lfer a'tte,rtlon J il exF 5 F Wp]
_ Scaled  Seif- Attention© exP[ < i, %>/.fU] | whore WQ})%
PVreverft entriesto softmax 2 e [<E . 4a24D] - ER
 from  getting tvo (arge, S SR
a N"”"J— Attentio P
KR Hadi gV
/\/\uhﬁc Head B ""f_ R .’ Cancatenatzon
 Affention Kle i , = ad Trsfirm_
Q‘CﬁﬁyDG?_ SalX] ]

R S ""v‘vvuvvvwU'W'U’d"’&ﬂ@@@@@@'@

—ﬂ—cwtineap—.tm@rm ( S o S R N R

Vertic
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_Mutti - Query  Attertion: " Fer- each pead:_keys ard vplues are the same. it
_Change the. quzr{f for each _head. It can_save memory !

l Transfmner* /“rrChrtecl:uﬂe_ : ‘% decodea

Ty pically 6 encoder £ b decoder: CE_

__And_normafization layers. are now nal{ 6 re-tPe a'(x‘errtton block .
GPT-2* Decoder O«(?f ' Whrd meeddp ings_ore d/recl:l fed into

_aseries oﬁ,:tr_ansfmmatzon layers. with masked self a’cfe/ftfw

[}] Embeddmg Layers Use learneol tmbgoﬁtn@ A
 For input, e noed @ linear layer eR <M s Also for autput,
e use linear byer o project to |1 ano{ softmad______
_Like befm’eb e waywant: WA=y [lews =1 . and since X
are. ER™, one=hot, S0 we want eacholymn of W bo_have RIS Vo 1.

@Ll’osmonal Encod:wqf AP ety IR G

© In_paper, Sinusoidal_pattern is. used - but row o lonjer Msea{

QMPE & Learned Relative Positional /;ncodmg» G

L Sone: SL___iﬁﬁ——-—ﬁi - Py @90 o Moty ”M@ "i/{eam

7 e ,W.@‘, ssheans oo 2- ey Z es,+@ V—ae;e ’

1@ POPE_,_A_ Mpa&ﬁ// /< g,ﬁ.éﬂfeo( on: -f/re// aégo/urajpoﬂmn sothat
_-the score.dlepends on_ relative. _poSItion. . cosipe. - sinity

~ gl 91> = [kl 1131 cose Rotation : _[‘_S/‘rzw,,h(.‘osw,]ﬂ L
50 <,Qt%£ T /Qckd) gijlet IQL /Cc,_-_,...‘,..4,,_,..-”_&.,“_..._‘.ﬁ,__, e s

R Pofate -—Wb © Rotate. et - 5('*

5p deszgn NE [ /Mz“,ﬂ] hr g ker”

|
‘ . \ ) - v ' > > v . . % > - S v v v D Y
v " v \ b A . " !
. .) .& A \. \.. n ‘k ‘l ‘l .! . i

(0SCTT5 ¢ 5/0727‘
/1/9[5 f/) n

nmj} 7 —(w(ﬂ'j/ t/

But fare o/,ﬁ-erent  Where 3 is el ard stands 7°or 7%;'%3# ¢
_ Differert 7. 7‘/eg — D/ﬁ‘@@nt t/méxala Low 7j channels %/ony nnge.
_relative. /ﬁfo s S e bt

_ ﬂ | iR 2 : ST AR O BT T o Ak b 052 NI L b 06 m SRS ‘
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B Back to GPT-3: _ Decoder ~Only. model: '
- Focus: ﬁenerate the next tsken in a sequcnce.
- Masked / Causal Sel]c attention training * Attn only to carrent and previous
lnference, Sample. taker and  quto- regressive. generation
& (an_rouse much of the ompatation fvr ottn
50m lwu}/ Stateqy Beamsearch / Top -k - sampling
- Sizer 1 Tmnsﬁm@r Layers 5 76 hawls in self - attention (ayers

8 BERT : Encaler Onl)/
y o Goal: Learn qenera| info abt Statistics of language
S st oAt psers “fine~tuhing 0 adept; to So((/e 517 Ilc task
, SQIf "Supff‘l/l&on For Pretmin: @/Mﬂ}k@l?( Token Prediction
 <cls>: Start token  <sep > ddken 4o seperate sentences
@ SetA  Sent B P/@d(d" lf‘ Sent B IMMleafél 7‘};/ s A
s Pred!c{ this m 'Hﬂa sep_,ﬁ:(;oken . _

;EJ Mnt F;rs_{:,f Ga’ceol Linear ()wts

GLuw = () % Slgmmd (Vate) . * il / /e"”’“m
 wiGLDR = (Wath) % Slwsh[l///rfc ) u/hem S’wrshux)—-/x srgmo. g{;m
_So Mixture of ExFer‘ts BN Va% 7 ) el \ a/b( ktwé |

» P(Mt?f‘ (s designed. '170 +/[/b,f:lﬂ ’#E » Eﬂ]] /@ —————— @ (,,,), a,oowoo&c expevts

choose OH)I ome.or. g T xfeft ‘have Ko 2o gkfs)
-few Experts Soactivate, Defermme Which prer{: w /;wm'/e_
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1L/ fromptity & Fine = punihgh- -0 Lo &R 0T e §
, G’RT.’,.STJ(QA Models : Recal ,_U_Frefr_ain_ih -+ Next — token Frediction -
A Dhta mix  matters: FRY|F ARG ER
X : Teacher ',.For_cingf. (Input - GT, not: samplecl +oken )

And ‘for /'nfer@ncing'- #:.tto&e ssive :
em

7 Dectntder —> Sivan — Sanplers > nevt mpu oker
g pEREL S ST,y terp

G?TS 2020) : With even Oi%er mode[ , also get _in - ntext /earrim?s.
E%. /Zed 5 Pubg 5 Blue + .Saphire.,,-, |

~ But now: Can solve @ (earning problem with a few exampies
, ;wifhout“ahy_ _fme'tW“mJ or. 8fad7qent descent. </- > PUKQ__ P’Omfﬁ”?_ -
- Chllenge’all training dota it in cotenc. o ogyg
Two_core_problem: © " tlow to firol 6e‘t[er.p!0m[7t_7_*%‘f5/ &I
ol P el Qe WL rtﬂowbul',{0{Jdee/,,A,,'fhati_sf_mo[QAZ(szwb[& 7
~?.—-~‘l/'/\~:»[”5ff(l/ffﬂ0n Tuning & SFT Serdhisimetiie i T e UdR
= ‘I“f’“f-—v Prompt tokens andy (do (oss on gerernted - response tokenl
SIS ST L D A v/MQSk.eol--,_LOSS,,,f,,NQ_VLoSsg__a‘k] ——f»a“»e-‘flbl]m_,--..- g
.~ But toke one step back: Fine-tuning or using a_pretmined moel 2 @
0 Mure pmmptjng_;._. ho__training’” - Eosy todo. but might not werkas woll g
_1)._Linear Poping . treat model as em/)'oddeﬁ.far_a_fecrtum,extzeft?_en ¢
Do classical ML o train ,aws’efamte;mpde[.w R R ‘
—v-2)._Fullfine~tunin gﬁ._a@‘m_tjhe_wei hts of the retrained model. (5
Tip: Dontjust initioize. o ratdgm héadl petter way is™to intaltepend $00. ¢
s for better pompt: @i use tools fike DSPy @
~ But if we dor't want full ,-fine—_tuninﬁ,.we can’ PEFT Bk Eikiteifl), [
f »“’—@V-S.DﬁFIQMP_#S and _ refix tuning

- Soft Prompts : 7% input-t 7o HHK pmm/’fi/ﬁ,,tfnz?_&_cmbedgy"

RassrrerecVNecceccaacaaencs

Bt (earnable A4%((1-8) o Lf pre—prompt-hos _lengthof wo , | ] emboddler.
il 1R 7 .W.af. *
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{ vwwvv] b V.
Dxilf = X C V400)
*: A8 _Lbcab <Tf 760 Nvoap = WVomb
: DXl Con

IA\I’O’ dunn -tmmm W y -freeze anﬁ[ I/Uneu) are /earnable
Keep GoT model paramétefs nzen as well.

*, R model ik 200t M Bk RE RE AL AT T FE KT pompt

%’refm( Iummdt Soft  Prompts 2 £ ‘/Tﬂfﬁ_/a’ /& KV cache.
LoRA
ldea Wh” not do parameter _efticient Finetuning, beyord soft ompt?
. SuftPrompt: &Prefm Tunig. % Fa ., {8 #\7)%242%¢ i% . @Log‘?
AR KA AL RARE tep GRUEMDS
o pretrined model weight = matrices We + We update : W=l +alt
__Wwhere AW is jn_rank r << rank(Yx)

: Let AW 8/4 36KW’anr /_} K rx/ﬂ"‘ouﬁ'
: LS A AA A Xavier Init ;

PR _‘. < - - Zopp Anif M“[ﬁ—ff/,éébﬂ By

%
mfnmg mfe 0f LoRA o be 0;77?{70?@/{% %[”roixfgé jﬁ;ég%g L
_,/Weta Learm , Learmng ﬁv learn = ¥ mode | nak! bﬁkjé&#&ﬁ]
 Question : If we hawe a rew task , whats the fest pose mode!l?
O Randomly Init 2 Mo !l (D Generol [ourdation /Moa'el
@ MAML Model~Agrostic Meta Leamzng») | o3y
_,A,Need a,, Collection (rf Losks. - DafazﬁLoss
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