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1. R

1. £ RE 5H|FEB A XS EE

FZE DU i — P A R, e I S A o] A i N B8
(BPTHEEASA P(d| c) 5565 P(c)), KIAHEHES G2 P(c|d); @R
AT — R RS, B4 IR SN B, B, EAEAS
1t P(c|d)s

BEMECMAR: AR 2K TR AT AR R AT 4
FE”, AR R OG0 “ande] DX 3 A AR 7. X Fh X A58 4R [ A e
BB B4 S VE AR LT X 43 AN [ 28 0l e A FH RARRALE 17 A 46 200 7 25 B i A
AN 58 BE o3 A

2. ZEEVFAFS

B EFE M TSN ES EMIEER BB AN BEE
FIEE, UL TR SR AN, T LY R 2 255
5%, B, ZIUEHEEYT (softmaxEY3).

BB S R B ARR O EZ R i TR, tH@NLPAI
W RERANSRELER 2 —, A, BEEIHSHEMEE%D)K
R, WAL LLE R R 2 AN [R5 88008 2 HE S 1 5 .
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1. R

3. WMERDLS[IERER

Mg — MR AR BT i VUM Ol A (B4R RN A1) -

O $HERR: BEMRASEY] o) TR —AMERER R, Flin
[:El, T2y v vy $n];

@ FEERH: —MNELIE p(y | o) KEAEMEED § MR, W,
FF =43 2511 Sigmoid BR £ L K 2 73 F5 ) Softmax 2 4

@ BfreRE: W SRR EOE e L, R E A A e S S
PREE 2 225, S ARSI AR B AR, a0, =8 SO 2% sR 3L

® MUEZL: HTH/MEBRRREL M AE TRV TR
(SGD) FEHIEE NS E T T

NS EL: IZRM B & /e il B br R 0k 52 21 73 28 R 2L
RS, TR B AR F 2 21 12 B0 8T R O\ St AT 2R B
PITEEL, AR MR R /ME R 2o Rk
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2. Sigmoid R %Y

Sigmoid PR %L

zjzhang (HZNU) 'e i 2025-02-01



2. Sigmoid BERI%L

ZiBEEARIAR BRI N RFEREAT 28 M AR R £ 2
—ANSEEAR ST 2, TR Sigmoid BRECK 2 WL N — AN TR L2 B %k
B, MISEBMERAG T, HRAH T 00Kk, Sigmoid R3S K 26
PEAS R H 3 A MR (R DG B D R

1. ZiBEEEAS ENE R

SN . CGEE DAFIERE (21, 2, ..., ) o) AT
SR, oy PEUEN 1 GRRIEZ 80 GRRmZ). A H
ARMITE Ply=1|12), MEERMAN » BT IEXABEER.

2. ZMEESES (Logit) MIITE

TR KR, B S N AN RHIE S B — AR w; CRUE ]
DONIE AT DU~ G, M T 24 AR 43 2 p 5 1 AE [ B A e ),
WA= MREI be B ATARES X NAE AT RS, N bR
T, 93— RHUES Y 2 B

z=w-r+b

X 2 B Mlogit, BRBLTHIN o SIEREK “IEHERE", (H 2 K57
REBUE RSB, AREE IR MR MR
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2. Sigmoid BERI%L

3. SigmoidR ¥ & HIEA
N T KA 2 W BINERIXE (0,1) W, @24 EIEHEHH T Sigmoid
(BiFRLogistic) BR%L, HoE XN

1
1+ exp(—2)

o(2)

Sigmoid BRI HUEAT LL R34 F 2R -

- XIEJARES: B RERHE R SEEL 2 WU RIIX A (0,1), IEHFRFARERK
5E X

- IR MEERIE: AE 2 PTITAZRIE, T 2 I 0 I R AN
081, 3XAT B I R A5 23 A R 5

- ATt Sigmoid BEUR G HALAL AT 31, D9 e S RIREEE T FEAL
(&N
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2. Sigmoid BERI%L

06 O‘(Z):l/(1+67:)

=8 =6 -4 =2 0 2 a 6 8

The sigmoid function 6(z) = H% takes a real value and maps it to the range
(0,1). It is nearly linear around 0 but outlier values get squashed toward 0 or 1.

4. BEEHHSRBER
Wi Sigmoid B MR . B ARG 9 - o IE R

Ply=1|z)=oc(w-z+b)
HT 1—0(2) =o(—2), FRKMETTLRRA:

Ply=0]z)=1-o(w-z+b)=0o(—(w-z+ b))
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2. Sigmoid BERI%L

EZHEIAT, LA E 2= w- o+ WEFKA logit, &b BAE
TSR p AU LR, B

logit(p) = In <1 fp)

MM Sigmoid EAEUELFZIXA logit BREKI KA, TRHAT R SLHL ~
L [ — AT 0 F 1 2 (A E AR, B

1
1+ exp(—2)

o(2)

Kk, #% 2 4 logit EWERLUE » BIERHAMERET logit 315
FHE, BB Sigmoid REBUFEIFEEHRERSGE RIGAIHER.
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3. K

A FH 2 48 [ TR Y BEAT 70 SR 05

1. 7 A Sigmoid & $#EI T Ml o

- B AN ¢ GRS NFHER & (21, 10, ..., 2,)), 8T
BN SRS OBE v ARE b)) LA AHRES 2= w- 2+ b

- K135y 2 WILSigmoid AL o(z) = m AN — T 0 A
1 ZAPEE, MMl ERER P(y=1]2) = o(w- o+ b);

2. FIREHN

- RETDFBEEN 0.5 W P(y=1|2) > 0.5 WHEHA = J&T
B (FlaniEmtE RO, SR e A RIE (olan i g O ;

- SR AR R M PR R SROATL 1 A5 42 A 0] U E M08 T 1 5 (1 e

RN B e R B B PR A

[ﬂ#@

mea
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3. K

T3 R 7= 1

LAFL R VPIE S 2) FO ), BRICCRY 105 MFAE (U il 4L
SR AR R B IS SRS

HE) FCRFAE [

Var  Definition

Value in Fig. 5.2

x| count(positive lexicon words € doc)

X count(negative lexicon words € doc)
1 if “no” € doc

X3 .
0 otherwise

x4 count(1st and 2nd pronouns € doc)
1 if “I” e doc

X5 -
0 otherwise

X6 In(word count of doc)

3
2

1
3
0
In(66) = 4.19

So why was s it so ? For one thmg the cast is

Anotheouch is the music (Dwas overcome with the urge to get off
the cduch and Starl/dancmg It sucked @Jn ,xemd it'll do the same to to fOD) .

AN <
SO ,, s

X1=3 x5=0 Xg=4.19

JJPILER] A sample mini test document showing the extracted features in the vector x.
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3. IR 5y

ok

st DB I 2R E 7 2.5, —5.0, —1.2,0.5,2.0,0.7]) Flf
B b=0.1, BHTHESR z2=w- -2+ b )5, HIiLSigmoid Bk HHEL N
Ply=1|2)=0.70; Kk, ZHEEIFSH AN IEREEK.

Ply=1|z)=0(w-z+ b)
- a([2.5, 5.0, ~1.2, 0.5, 2.0, 0.7] - [3, 2, 1, 3, 0, 4.19] + 0.1)
— 5(0.833)
—0.70
Ply=0[z)=1—0o(w-z+)
~0.30
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3. K

REE(E AR EAL (standardization)

1. AAEERE N TR

RIFHE AT AEBMESEEE RIRA, X & SEERMIIGIT T, %
AR5 R OBA FE ) SEARAN LS9, AN T R0 25 5 5 1 B A
OSSR B A (R b ST LB (A T PR AT, R 2 5 4 2%
AMBFEMRE, TSR T IR, 2 2 Mok,

2. z-scoretmEN A

AL OB AN IR0, FRIEZENLIA A, (13 R
PRI R, R |

B, HSLRHE o EFTH m ARG = L X7, o)

i o= /L ) - w2 R, AR

R JRARHFAE o; FeHONPRHELL JA FIRFAE o]
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3. K

3. J3—1k (normalization) 753X
PR 4E AR [ e X TRl N GEHZ0RI1), XFh kA By e
R H R A FRHME N BUE . H— AR A 8-

_ x;— min(x)

QP =

max(z;) — min(z;)

Hor, min(a;) N max(z;) 73R AFFIE o; FEB0E S o W LAY S/ MEAN
RKAH

4. HESSHHERT

- BR TAERORE, AR RNAIE W] DL ] T HAl SCA Ty RAE S5 ()
ARAR B SRS, AEIXEEAR S5, AR(TRENS S A5 B A& I
AT AR AL s

- FHERERT LB AT &, Wl DIBE RRZE I B3RS M4,
W UL REHIEZ [BIRAZ BEAER, LLRm 7 IEIERE.
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3. IR 5y

ok

5. EAIESEEMUSI

N T PR RACR, AR IE R A R RIS SO 22 AN S5 it
ATIFATAL R o R BT T SEAP] ORFAE ) A R — NRE RS X CREAT N — A
B, MRS Xw+ b tHEITE LB, BN 0M
FISigmoid s &, PRIEIRAG A S AT o X ) AL SEE 78 73 A
7 BT SRS AR K AT AL B RE 70, S35 bR T R F T ok

6. SrAJ[FERFAYITIL

- AT AE RO AL CAnAbER DU, 32 AR [T 1 D ) il A 7R e B L
P YT R SR A E A T DAL, JCHAE KB 2 AN SRR IR I S AR

- JAE RN IR VUM e R N B8l R SOARAT: 55 B AT RERILANE
EAE KA Bl S B SO R, T2 (0] )38 % RE SR (It AR i RO R Al T
AISEGF (115 S RE -
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EZ S 2 AEVE|
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4. ZIIEH T

1. ZAFEBME R SHERRA

- M RAR S R IONECR T 20 (s [/ 2 50 28D, BRI =0k
WA R DN E A, SR A 2280 (2 500) 2 5 [ 35

- FEZ R, AN LG] ¢ PR — NN K
Ema, Hi KRR T IESRA o BHEH BN, W
HABZENIE 0, XFhRIRTTAHFRA one-hot Fifil.

2. SoftmaxiFEAITIN

- Z 2R A F softmax B HCRM A A M . (190 &) #4k
MR A o softmax b B2 sigmoid BRELHE) ™, BEREHESZ — A~ K Z4EIT
EEEHIE 2= (21, 2,. .., 2k, FPHEIER—AFAOEER. &
LRI ) 5

(%) .
softmax(z;) = e (1<i<K)
Zj]il exp(2))

E—AXFR TN 2 BFERTHA BN, XN R,
T oA 43 & R 2R 30
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4. ZIIEH T

3. softmaxK #7145 [E]3F AR A

- fEZ2 R RIAY, TR k BEEONEIN ¢ R —
MREFE wy, URIRE by X TR, HAF0N wy, -+ bys

- FHsoftmaxi& %, FE k R TOMIAE 24 T 500A -

exp(wg - + by)
Zj}il exp(w; - £+ bj)

plyp=1]2) =

N T IR MBI EACBERE A, 2SS0 R AL 7] &
{wi, wo,. .. wiy WHEE—DBERERE W LT R wp),
T B IR R — A A Do T7E, P FEH K A= m] LA — 2600
RIESHRIEN
y = softmax( Wz + b)

ERSEI TR K AR AT .
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Binary Logistic Regression

p(+) = 1-p(-)
Output y
sigmoid [scalar]
Weight vector w
[1x1]
Input feature X x| Xy X3 . Xp
vector x1 - ) .
wordcount positive lexicon count of
=3 words =1 “no” =0
Input words dessert was great
Multinomial Logistic Regression
p(+) p(-) p(neut)
0';‘["“ y These f red weights
softmax [Kx1] are arow of W
-~ corresponding
Weight w to weight vector wg,
matrix [Kxf] (= weights for class 3,
= a prototype of class 3)
Input feat X
nput feature % X Xy X3 Xp
sitive lexicon ~ count of
“no” =0

vector wordcount  po:
=3

words = 1

great

dessert was

Input words

Binary versus multinomial logistic regression. Binary logistic regression uses a
single weight vector w, and has a scalar output ¥. In multinomial logistic regression we have

K separate weight vectors corresponding to the K classes, all packed into a single weight
matrix W, and a vector output y. We omit the biases from both figures for clarity.




4. ZIIEH T

4. ZIZEEIRB AR

- A HEBIERSE, KW IR AT we BRI kR A
e MARES w, IRREETMASE L BIE0E, BmZiEM
YASERR L REF RS TN LR R B KB ORI SIS

- UBAh, ZIUEE T, BRI A RS T AT B AN E )
B, RXAEAT R AL RE 8 A RIS SR I [ B 7 1) ARAE SR, AT B
AR P [X 7 B2
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2|

R PR ) 2 8 STl R
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5. R AR ) S K Sl iR

SRFIINIIE: I R KA HARdR R, #1241
SR ALy — AR R R, IR R B CRE 2 LB
FETFE) FIEAWEHSH, WRERE o MWE b, AR
Hotls b T E R R T BRI B SEARAS, AT SEEAT R 732K

1. 2%F B

AR — R ) 7, RANGREAR (20, y0)) B
ERRZE o G2, y A0S . HAURIEMAN o @it
z=w-z+ b IHFH Sigmoid BREL, HIHFIMMZE §=0(w -2+ b); F3
BfEmEES | RUSKEAEILIFE .

2. KERBAITIN

N T HTEER Ay SRIR v ZIMEIZERE, ISR R
(cost function) o A ARH] 138 XM§101 2% (cross-entropy loss) B4,
TR, HIEAON:

Lep(i,y) = — [ylog y + (1 — y) log(1 — )]

X 40K R BT SRS AL Y IERAR R T B R, TR R bR 25 IR
TR
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5. R AR ) S K Sl iR

3. LBz AL
DR A ARG TR ) 2 2 1) T DU A8 — S A fe R L, 3 H AR
HEIZHL 0 = {w, b} ERFTAINEREA T I58 SR K B/

R 1 . .
6 = argmin — ZZ} Lep(f(a?;0), y7)

F 22 X451 2R BR AR 48 [V 2 T 1), X R AN AE R 3 A
AME, AR s8I E 2 R T B AR RIS B 4 R LA

4. BEE TPEARETH

T B/MEIRR BRI, R R R T R, RS R BT
ZHIERE (RMRSED KE IS

011 = 0; — Vo Lop(f(217;0), y9)

Horp o 220K, R TRIREHTI KRN,

SEE, N TIRETIEACE, SR HEVLERE T RREE, BIRR
RN BEA B — /M GFEASRIT AT H R, SR S50
W, IXTE R U 254 ey
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o I E PN
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1. FIEHRESEHEX

AR (IIZR) Hhnpt 20615 § RTResan Behnss y, B,
XTI 2, FEB[EEE §=o(w-z+ b) (BIERO0-1ZEIRIHEER
{B) SEMEE v (BUERO0ZL) Z[AHZEE:

L(y, y) = BMES HSHAE 2 18] 1) 2 57

Z 4N Sigmoid BRI AL I wl b,

2. MKRBHAISIN

N SEIL EIR HAR, SR FMES UG AR T E LRI FR SRR ER
BEMIUR RS XMINEEONE R KA, BEESE o M
b K RALTELS W 2 254 R IIZREE 5L y BRI H % . &
LA B R R BN AT BN SRR R , 18 HE RO 3Z AR K -
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A2 XN R R U HE 3

1. HRREE

BRI 2w, HARRS ST —HAE, S KRBT B A
o RIETIRERIBER p(y | 2),

ply|z) =1 -ty
By=10 plyle)=i Hy=0m, plylz)=1-7.
2. SWEURRITE
N T AR A R R, [RIRDE RO L, MR p(y | 2)
HE SR, 15 BIXTEALLSA -

logp(y | z) = ylog y+ (1 — y) log(1 — %),

XPRR R T B KRR 0T, RV RAGMER 1 p(y | 2) S50 T8
KA H
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3. MIEHRERE: xR
FENLAS A, 8 F R IEE R ME— DR ORI ZRE R . D,
R X EUPIR I G, #3953 2R R A

Lor(y,y) = — [ylogy + (1 — y) log(1 — §)]

AR @R R BURAE A, U PR R A S
SRR .

4. FRBG S SRk R BELRER

EZEEEY, ARSI ERMEA S we o+ b IR AL
ASigmoid B S B FINMER § = o(w- x4+ b). FHIX—&5 FAANS ST
KR EL 193

Leg(i,y) = — [ylogo(w- z+ b) + (1 — y)log (1 — o(w- z+ b))]

W MR R, BB S w M b, R TR I
FEA, FUMEEER o(w- z+ b) RATEEIRIAESEARE ¢
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5. X XIEHRERIENX

- AZ IR R BRSO R T AR R 5 RS A 2 TR B
X RLLSR i AR i Y 5 LS A 2 TRV “ARABURE s

- B ST R oA B AT B A P S —— 4 T A R s TS
% (HUN1ERO) I, HURMEIET0; HFIMER 5 H SR 2 ROR
PUREREHE R (W T EPR) . X PR R AR I ZRad 72 A T
TR IERR R BAS S, T2 70 R RE

-+
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1. BfREE=R

- B EEHF, Hir2lid S 0 = {w, b} [EEERT 12
IR § = o(w- x4+ b) ROTRERL HAARZE o

- WREREL (SE XD 2 TR G S SRS X TR ) 22 5
TRREE N R TAES 3 A v F R S ik | AN S84, 1.

j 1 i i
9=M@gnnghmﬁﬂ%@w”)

Horr, mAy TR P I A SR .

- 1ZAEEYARY I IS R BRIk B (7 R SRR P AR RO
LHAZART RBEGEA L), MRlmE A M eRi/Ma, Btk
YWATFAEZ A R s/ MEMS IR R . KL, WEEHIES
HEERAHE TREEERIELRE 2 RBR/ME. ZEMEMSKIBILR
Hodw AR, A DA R E/ME. XA, BREE T AT e
AR R/ MBS, TCRIE B R R U, X R IR S S S AR A
IR Wb — .
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2. BETHENEXRERE

- BERES: 2R KA — SRR B P A e T 2 R )
&, fRMZRA EARIRESE, N TEBRREUE T, FEERRA
EEFESH, B A R 7 M3 .

- EWARRE: BT FHRTYRE, BEAE T LR
77 W), RIIRA BN E R IT M E 24, A PR PR k% .
-EHMN. EE-AHSE 0 (WBEE w ARE b Rk
B, T BEAROCERA T RS, BT M B R T OB SR 2
Orp1 =0 — Vo L(f(2;0),y)

Horb g 2551, ERRRICE T RIS KRN . 1B EYA3E GRSk R 2
SEMIE v, BIRSEN:

aLC’E(@: y)

o, =[o(w-2+b) —ylz=(y—yu

PIt, SR 2 S AR E ISRAR g T S HOE R 05 T AR
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7. BEEE TR

FRAR B 451 K bR BB P T R 1]
FERRASRAGIL T, B LT DAEAR 945 K R BUE 12 R R

Loss
\|
one step
1 of gradient
slope of loss at w* __— descent

is negative

\/

w w W
0 (goal)

The first step in iteratively finding the minimum of this loss function, by moving
w in the reverse direction from the slope of the function. Since the slope is negative, we need
to move w in a positive direction, to the right. Here superscripts are used for learning steps,
so w! means the initial value of w (which is 0), w? the value at the second step, and so on.

zjzhang (HZNU) X 2025-02-01



7. BEEE TR

2 A BARR R BB E T Bl
T LS, RS HEATI L P EL ARG b B [

Cost(w,b)

&
\ L
TR
AR

N

Visualization of the gradient vector at the red point in two dimensions w and
b, showing a red arrow in the x-y plane pointing in the direction we will go to look for the
minimum: the opposite direction of the gradient (recall that the gradient points in the direction

of increase not decrease).
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7. BEEE TR

PO T o ) S B SR B 5 10 A S

- BEHBEE TFE (SGD): Jy 1 # vy KMUREHE I ZR i8R, BRI N
2638 5 K P BEAILER N B, BRI BURI ] — N BEA LN ZRAEAS R T SRR
FHE R S AG

- Mini-batchi)lZk: oy 1Tk LAt THAOWE A RITHSERR, AT L
KH mini-batch IG5, SRHXMA— 4L MEEREA BT ZHE 8, N
111 345 S A R A0 BE A T I Insde AT 1155

- FIFFE: WEGERFEIR g BREE, dETRSESH
SEBrRE PR BGL e s, AR ARSI B L2 . H L SRS TR K
PRG3R, BERIBHTERR (Blhn, 6252 31 R oy 2Rk AR bR
HO.
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7. BEEE TR

BEMLEREE % (Stochastic Gradient Descent)

BEHLER I T B2 BT ARy “BENL”, RPBIVEAR DT
BEALIE B EA AT T 5

function STOCHASTIC GRADIENT DESCENT(L(), f(), x, y) returns 6
# where: L is the loss function
# f is a function parameterized by 6
# x is the set of training inputs D x@ Xl
# y is the set of training outputs (labels) )(” y(z),“

m)

3m)

0+0 # (or small random values)
repeat til done # see caption
For each training tuple (xm y 1)) (in random order)
1. Optional (for reporting): # How are we doing on this tuple?
Compute §() = f(x():0) # What is our estimated output $?
Compute the loss L(y @ iy(")) # How far off is $(¥) from the true output y()? D9

2. g VoL (f(x(; 6),y) # How should we move 6 to maximize loss?
3.0 —ng # Go the other way instead
return 6

The stochastic gradient descent algorithm. Step 1 (computing the loss) is used
mainly to report how well we are doing on the current tuple; we don’t need to compute the
loss in order to compute the gradient. The algorithm can terminate when it converges (when
the gradient norm < €), or when progress halts (for example when the loss starts going up on
a held-out set). Weights are initialized to 0 for logistic regression, but to small random values
for neural networks, as we’ll see in Chapter 7.
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7. BEEE TR

BEALER B T B# (Stochastic Gradient Descent)

BEHLER I T BeT X AR T S 5L, MR SRR A
FERIR S, TR B TH SRt B 2R S T AN R B A S RO

function STOCHASTIC GRADIENT DESCENT(L(), f(), x, y) returns 6
# where: L is the loss function
# f is a function parameterized by 6
# X is the set of training inputs x(l), x(z), ey xlm)
# y is the set of training outputs (labels) y<1>, y(z),..., ylm)

60+0 # (or small random values)
repeat til done # see caption
For each training tuple (x(), y()) (in random order)
1. Optional (for reporting): # How are we doing on this tuple?
Compute §() = f(x(i); 6) # What is our estimated output §?
Compute the loss L($ (), y)) # How far off is $() from the true output y())?

2,84 VgL(f(x(’); 0),)'(’)) # How should we move 6 to maximize loss?
3.0 —ng # Go the other way instead
return 6

The stochastic gradient descent algorithm. Step 1 (computing the loss) is used
mainly to report how well we are doing on the current tuple; we don’t need to compute the
loss in order to compute the gradient. The algorithm can terminate when it converges (when
the gradient norm < ¢), or when progress halts (for example when the loss starts going up on
a held-out set). Weights are initialized to 0 for logistic regression, but to small random values
for neural networks, as we’ll see in Chapter 7.
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7. BEEE TR

INEEIZE (Mini-batch training)

1. HRSEH

- BEHLBREE TR (SGD)EORER: BHLBHIE T KERR LB ELHA I
RERSKUFSERIEIF IR S, IR A" SRR AR, (A T
RRR LB MR L, SHESOR SR i “ " Bk, B
REfl R

- 2HitRI% (batch training) MIFIR: 52 I, ARBHE T I
RIS USRS SRR, BEFRAERN ORI 1, (RGBT A
T A TR AR Y BRI

2. MBI B

CRAR: B R AR, 5IVMIER )
URINISENS . T SRS R AR LT PEA, AR 4
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