it
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IS

> BENGEEBRE D = {(xy, y1), (062, V), -, Gen, V) } Linear regression example

 x: Dy#ME, y: Dy M=

< HEIHE S RPx > RPY >
& BUMEBIEIREL = 3, £y, f ()

<+ BPEERERMSHw

—1.0 —=0.5 0.0 0.5 1.0
2 g (training) : MEUBEDHR SIS (2Hw) o
< I (inference): RIBIREBY AFRADFRMY = f(x)

Large Model Computing, Tsinghua University



f5l: Zeiml3

<+ BrEhifiiRE

< $$1Ex1 : BEMR

< §S1Ex2 : SRR
> IERy: BrEmMg

BEm
F A BhAl BEESM
5 |Xig (x1) |BBES (x2) |(Y)
1| 7ol - ERLEMHA 60 2 900
2iBiE-HH 75 8 750
3|5 - R BIEF X 220 25 1100
4| S - K5 80 20 400

Large Model Computing, Tsinghua University




f5l: Zeiml3

<+ BErEERE

< $51Ex1: FEER 2 mw R ODE oo

% $E0Ex2 : 5 IEE 1|dalsk - ERAHTHIE 60 2 900 880

o By BEMS 2|igiRE - XS 70 8 700 825
3| - PRBIZFX 220 25 1100 1095
4| S -KiE58 80 20 400 680

o EBly = wl x1 + w2 X2 + ¢

/ \ \

BRI SABRES HitE M
s wl = 3.5 w2 = -15 c = 700

Large Model Computing, Tsinghua University
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B XFTENER FEE
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ol

ez

-5 (Y

&Rz

VAR

NE i/ 5N

weight activation bias

B R Toa LSS Rk EE T
Large Model Computing, Tsinghua University



3 2k

g(z) = max{0, z}

B EEItRectifier Linear Unit (ReLU)
g(z) = max{0, z}

Large Model Computing, Tsinghua University



2 — 300 T
EPHET -
N200 T
< H
o_1 50 g
2 100 x
Troyer T W, Miller K D. Integrate-and-fire neurons Y— X
matched to physiological fl curves yield high input 50 =
sensitivity and wide dynamic range[M]//Computational 0 .
Neuroscience: Trends in Research, 1997. Boston, MA: 0 |
Springer US, 1997: 197-201. 0 2 0
Wo
*® synapse
axon from a neuron
WwoI(
impulses carried N
toward cell body
branches f Z w;x; + b
dendrites of axon w1 f i
output axon
axon . o
- axon - activation
nucleus ————@ e e terminals P
} > W T2

(\ impulses carried

away from cell bo
cell body d W

A cartoon drawing of a biological neuron (left) and its mathematical model (right).

EPHETT

ATHETT
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HEZIT = HEISHEIEES
mie ez Emmx me
if (MERYF and EFRXK)..

| |

W ol W,
h* A 4B P

2 NG ¥
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hi =g (z Wl'jx]' + Ci)
J

BN (ARARE)
h=gWx+c)

*EPERZE (BN J93ERE)
H=g(XwT+¢

AN

N*C N*D

Large Model Computing, Tsinghua University

N: EE
C: Wh4EE
D: WINHEE



o

T n] =

(1=

AR

R

L

A

=E

A 4

hl = linear(x, wq)
h2 = linear(h;, w,)
y = linear(h ., w.)

f W)

/N

3 =5

SIEIEMEZEML (Fully-connected network)

ZERHHMN (Multi-layer perceptron, MLP)
BUtRM4E (Feed-forward network, FEN)

Large Model Computing, Tsinghua University
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f5l: Zeiml3

<+ BErEERE

< $51Ex1: FEER 2 mw R ODE co

% $E0Ex2 : 5 IEE 1| PGk - ERAETHIE 60 2 900 880

o By BEMS 2|igiRE - XS 70 8 700 825
3| - PRBIZFX 220 25 1100 1095
4| §F-KiE58 80 20 400 680

o EBly = wl x1 + w2 X2 + ¢

/ \ \

BRI SABRES HitE M
s wl = 3.5 w2 = -15 c = 700

Large Model Computing, Tsinghua University



f5l: Zeiml3

< FBrE{hiEEd

< $$Ex1: BEEA

< §51iEx2 : SR IEE
> mEy: B

o EBly = wl x1 + w2 X2 + ¢
FERKEBM BABET EikiBEn
*wl = 3.5 w2 = -15 c = 700

Fr BFEAE [BEhhOE BEESM

S5 |l B (x1) B (x2)  [(Y) i
1|iFigk - ERAET PR 60 2 900 880
2|igiE -k 70 8 700 825
3|3 -FRRBIZFX 220 25 1100 1095
4| SF-KiE5E 80 20 400 680
5| Fipk - ERLET P 200 2 4000 1370

Large Model Computing,

Tsinghua University




f5l: Zeiml3

< BrE{hift=E
F EBEmE |BhHuiiE T ESA

< $54Ex1 : EEmER 2 |y B (1) |B (x2) [ (v) PR
% $30Ex2 . 5 IEE 1|Fal - ERLEHIE 60 2 15 900 880
. ﬁ'gy‘ %F{ﬁ*" 2[353E - A 70 8 10 700 825
% N3y . =

3[R - R BIEE X 220 25 5 1100 1095

4| BF-KiE58 80 20 5 400 680
*REly = wl x1 + w2 x2 + ¢ PN SHERBANRA!

BIKEPMN FRBET HitBin

s wl = 3.5 w2 = -15 c = 700

Large Model Computing, Tsinghua University 13



f5l: Zeiml3

< BrEaiitRE
F FEE [FSihiE BES
< 511 . EEERTR S |Xid R a) |8 (x2) [ (Y) hi h2 Y
& 142 . St EES 1|Faip - EREERHIE 60 2 15 900 300 596 896
_ 2;iE - X 70 8 10 700 350 344 694
IRy Bt
3| X - RRFIE X 220 25 5 1100 1100 0 1100
4| 8- KiE58 80 20 5 400 400 0 680

< BbEM hi =5 * x1

< Bt IN h2 = ReLU(12 * x1 - 62 * x2) HIgEMHAITFEHLEEHENE G @
<
S () ()

Large Model Computing, Tsinghua University 14




=18

f5ll: ZeltE)q

FWW\

AL R g UL

%Z

R X

--------

ZAPHX

Large Model Computing, Tsinghua University

pl = | e

R FABR R
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hairlE

2 (Universal Approximation Theorem)

%, YABEESTEFR, Ak )HBEEEBTO,

L RERHESWp) R EZEESAx), FE-HREREME

if input is x1 then output yl
if input is x2 then output y2
if input is x3 then output y3

Cybenko G. Approximation by superpositions of a sigmoidal function[J]. Mathematics of control, signals and systems, 1989, 2(4): 303-314.
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PyTorch
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K&

< EN(EHRkHINIES

< f24kshape [D_1, D 2, .., D_R]

\

J

|
REiSKE

RN (axis)

<+ IRE
o 32&[&]%
oo 5*3§E|}$

% Transformerf3E

[]
[3]
[5, 3]

[128, 512, 768]

(a) IR &
Scalar

&

(c) %EB%E
Matrix

(b) S

Vector

Y T

(d) ZhrikE
3rd-order Tensor

o
-

P 2y
\\\/ B
s

\\\.\ L=

J

A VAWAN

Large Model Computing, Tsinghua University 18




85F

<+ SRERAN, SKERBAVEHEL
yl,y2,..,ym = f(x1,x2,..,Xn)

1 ZcEMiE torch.add(x, y) output

o *Eﬁi‘iﬁ tOPCh.dOt(X, y)
< ¥E8 x.t() @

o TREPE U, s, V = torch.svd(X)

> PEEE h = F.linear(input, weight, bias) input weight bias

Large Model Computing, Tsinghua University 19



RIR

< HHEZMEZIRBIAOHISR
> =8 Parameter

> BIEHERS forward

class Linear:
def __init__ (self, in_features: int, out_features: int, bias: bool = True) :
self.weight = Parameter(torch.empty((out_features, in_features)))
if bias:
self.bias = Parameter(torch.empty(out_features,))

self.reset_parameters()

def forward(self, input: Tensor):

return F.linear(input, self.weight, self.bias)

Large Model Computing, Tsinghua University

20



Fitthza=>

B XFTENER FEE
(KRB RE) FRIZREIRA



BEARES

< VHEBRF'® Y~Categorical(p), BEZEP(Y =v) =p,
’:’ xmim“:ZEUTN;T\E'i?E#BHgEED = Y1,y YN E:Fyl S {1’
< @& MAHTERFESNSHAp?

< IWMAMZAMGIT: BESHp, LIMERDAIMEER

Large Model Computing, Tsinghua University 22



BEARES

< VHIERF'® Y~Categorical(p), HZP(Y =v) =p, < J8#H (one-hot)4mHS
< WMZED T NRBFFIZIBRIEERD = vy, ..., vy, HBPy; € (1, ...,V} y = y = (1,0,0,0)
» I MR ES Sy y = y = (0,1,00)
&
y = y = (0,0,1,0)

o BABISAE: RESHp, HIRERDIEE y=4 y = (0,00,1)

N v BHERT PIrEEERT

P(D;p) = pri = Hps"

i=1 v=1 . ?Eﬁ?fﬁ"l‘g St

< AVSEMLIPAE (negative log-likelihood, NLL) ’ e

N
—log P(D; p) = —z sy logp, 5= Hl-zly "
v

Large Model Computing, Tsinghua University 23



RAMAZA AT

< IMAMAET: MBS Sp PR EINERDRIMERKE
mpin —log P(D; p) = — ZvSv logp,

1%
s.t.z py =1
v=1

<+ BRI IRF
L:—Z Svlogpv+ﬂ<2pv—1>
v v
% R
fo=%4ac0 o po-
Py Dy, Dy y)
4 Sy
2 =l = =) —=1 = Az—ZSv
v=1 A
v 14

'SU
= =
Py S Sw

Large Model Computing, Tsinghua University



pa 51

< R BRFRIEEREVR FFMx, E(GiITHIERMEHE=RP (y|x)
< Bil: XSFE

———

Ply=H8x) =09 o
P(y =/ |x) = 0.1 Ply=%=|x) =07

< Hkhk: <y ZEXRIEERESR
< BEIR: FIRMEMLSEIEE

P(y=M|x) =09

Large Model Computing, Tsinghua University
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pa 51

& &8 : P(y|x)~Categorical(f(x;w))
<« f: Mx (D4f) Flp (V&)
o (SR SRR B pTRMENEW

< BXIEUUIRE —log P(D; w) = — Y, s, log f(x; w),,
o S5 LLIBEARAY?

Large Model Computing, Tsinghua University
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pa 51

& &8 : P(y|x)~Categorical(f(x;w))
<« f: Mx (D4f) Flp (V&)
o (SR SRR B pTRMENEW

< BXIEUUIRE —log P(D; w) = — Y, s, log f(x; w),,
<+ BRFCAIRpRiZEIT—hY, (BiEMEREHTEERIEXS......
< BRAE: FIP—%

f(x; w) = softmax(g(x; w)) softmax(g), = exp(gv)/z: exp(gy)
— e
tE== <:| L LS
probability logits

Large Model Computing, Tsinghua University
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G RTAGHAPS

& &8 : P(y|x)~Categorical(f(x;w))
<« f: Mx (D4f) Flp (V&)
o (SR SRR B pTRMENEW

2+ GEXSHUPRE —log P(D; W) = — X, 5, log f(x; W), =
< TRETRIVE, SERHESZ (Adamn) &R
<+ IRBHTLB?

* RiE: [REX, FEy~p(y|x)

< BETE: 85y, it8p(yx)

— >, Sy 9, (x; w) + Nlog )., exp(g,, (x; w))

Large Model Computing, Tsinghua University
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UL

by agin]
p(x,y)

=8N THh
p(y|x),
p(x|y), p(x)

IEIA8a: ¥

T~
_—

AR

FittesF>

A
(x1,¥1), (x2,¥2) ...

Large Model Computing, Tsinghua University
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KiEEa

B XFTENER FEE
(KRB RE) FRIZREIRA



AR

o SIWLEAP (TRY)

< PR Xi&H— [0,1] RIBRES, fSERTIEERIE—1BIZR(E

RHRS\F—FimaRy
i, 8)l{EKhiEk, i
BHIAREER. FBH
KEEBEXERE, RE
Ztt, BERNRZ!

P=1e-100

KiRRSB—FiatI AKAY
ME, BIFEKPRFRE
libisnk, ABUERIL,
FHMAEREXBGE,
RIRELE. BNERS

P=1e-120

> AR RE MR (RIFRHE)

T SR RC e B o
HE SIS E A e heie
B RS B e HRRE P ha I
[ e U

el el el

LS 3R e T

P=1e-500

Large Model Computing, Tsinghua University
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15 (tokenize)

< WHE R TRPEE?

It’s a good day today.

§ soEmeEy

Token

(15000, 1, 10000, 3000, 50000, 80000) —
18)7T

§ Esnsumin
V5l GRECEAD)
]
1T . .
(THYIRE)
[ ]

i ZIIREAAER, SCRoERNEEATA SR,

2 abandon
3000 day
10000 good
15000 It’s
50000 today
80000

100000 <EOS>

Large Model Computing, Tsinghua University
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RIS

< MEIRKEE, BEicrgEniX128k, EE1MgGiEcE5?
<+ KEAE: giHis5kiat<Eos>

It’s a good day today. <EOS> <EOS> <EOS> <EOS> ..

\ 4

¢ BEEKE (f18192)

/
000

IRENERBATEN (x4, ..., x7)
ERRFTRIFEIRIRP (x4, ..., xr) BT 8V NN ESE.....

/
000

&V =10°T =28192, MyT ~ 1050000

Large Model Computing, Tsinghua University 33



E[O])3tEBE (autoregressive model)

<+ Big: SXE—MNA
* pley, o, xp) = pOe)pezlxq) . p(xr|xq, o) X7 —1)

< IETHES HAEIRRREASIRAT A 143 THRYERIR)=

oo p(xi|x<l-) = SOftmaX(g(x<i))

It’s a good day

% P(x5 | “It’s a good day”) = ..

o, 3742
* XIF

1 a le-7
2 abandon le-7
3000 day 0.01
10000 good 0.0001
15000 It’s le-7
50000 today le-7
80000 le-7
100000 <EOS> le-7

Large Model Computing, Tsinghua University
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MR : NEEDHRREF

P1 P2 P3 P4 P5 P6
» IO

[0, P1) [P1, P1+P2) [P1+P2, P1+P2+P3) 1 |Z|E|J:;£Bjﬁ*nﬁ7.§

Input: probability p

s = cumsum(p) # s;=DiciDj
pos = rand() * s[-1] i thﬁl1pﬂ
i = upper_bound(s, pos) # min; s.t. s; > pos

Large Model Computing, Tsinghua University
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