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El&HM%E (GCN )

= Graph Convolutional Network (GCN)

B §= WA, VIEREES, ARTHMER
ZIEWARINE, a;; =0FNRBIA Social metworks
Citation networks ®

= Degree Matrix Communication networks
Multi-agent systems

D = dlag(dl) “ee dl; “ee dn); dl = Z] al_] " e . Py . Py ... ° L S :
- A = A+ IX{NHYDegree Matrix D AN N ¥
" nMER, FHEAX, SRk
Protein interaction " i LT e T
) Xjé:'é': Iﬁjﬂ:#i‘ﬁj\% networks . o b

https://www.cs.ubc.ca/~Isigal/532S 2018W2/Lecture18a.pdf
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Vincent Dumoulin) J
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After k layers a node obtains feature information
from all nodes that are k —hops away in the graph.



El&HM%E (GCN )

= Graph Convolutional Network

- Feature propagation: Z5m Z [EWFEREIS

. 1 aji _ 11
b« ——h + z = h{“™; H® « SH*-D, s = D72AD 2
i

= Feature transformation: Z5 /4351 F 3 ELe 12T Ha
H® « ReLU(H®@W)

= Classifier:
Yoon = SOftmaX(SH(K—l)@(K))

Thomas N. Kipf, Max Welling. Semi-Supervised Classification with Graph Convolutional Networks. ICLR 2017
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= Graph Convolutional Network
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- Feature propagation: Z5m 2 [BFERLS: H® « SHKk"D, § = D 2AD 2

- Feature transformation: Z5 R4 IEIFEMTHE: H® « ReLU(H®WOW)
- Classifier: Ygcn = softmax(SHE-D X))
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Input Graph Predictions
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- Feature Propagatlon Nonlinearity
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= Simple Graph Convolution

- IHRFE RS T
Y = softmax(S ...SSXO0WO®@ ..0%));  ¥Ysic = softmax(S¥X0)

- E{E 9 FFEETHEX = SKX + Logistic Regression
- BT KRENERE

Predictions

. SGC & @f ﬁ . r_.?

K-step Feature P1opa0 ation

Inpu‘r Graph

X + 8%X y .
\. / Logistic Regression

Feature Value: Yeco = sof XO
[ Class +1: . Class -1 . Feature Vector: [ %ilj SGC softmax ( )
- +

Wu et al. Simplifying Graph Convolutional Networks. ICML 2019
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- SGCXI N FEEE (Graph Spectral Domain) BEIEIEKRES
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F-Principle

= DNNs often fit target functions from low to high frequencies during the training.
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DNNs often fit target functions
from landscape to detail.

https://ins.sjtu.edu.cn/people/xuzhiqin/fprinciple/index.html
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DNNs often fit target functions
from low to high frequencies.
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CoTTTTTTTTTTTT i Data

How a human understands
the data

high-
trequency

Distribution-specific
_ correlation
What a model picks up

Haohan Wang et al. High-Frequency Component Helps Explain
the Generalization of Convolutional Neural Networks. CVPR 2020.




IRENTSNESHILE

- AZRFB . RHETANENER
- HERIFE . ERREESITIEHRINER (S50

BARTERR

Tilf

- TRENEIZ:

- EEXITRICHIEAYEGE, RELREEICI B SRS

- ERZEINE: oM, BEEIEE
FNCHEIZEEINE . [MREMEEFEXNT, O8RS

- PRI
- IESEIREURYZ (URES]; XORELHATINGG



ST 3ZHRLU

E% . 0
. IL\I\ ° I TR PR p— LLL L TP S—
A 100
n Z—.I]:ﬁ sz
i |:|:|H | j: yanillar with wond procusing programs. which are members, and any othr data, AY the sime time, dai
= 1% ¢ Hg n /7 SH \—\L w*-LE 100 A made by many mmpﬂ-u <|mfill::r the compuier I:\n I-a.:-i are wsclul for Purpisics odher than m::m' 0

OPCTA as 3 typewriter, W can type data (hat e chient noonds We could, for wnample, mse 3 datgh.

Magnitude Spectrum

Input Image - [

e serven, revise the data i AT Wiy, it 8o Reep menbersd P records for a connmi, iy asgon)

\ # . the ddata wsing our printer, andior save the data e bater o or rgARtlion, b maintain 3 record of contrite:
\ \ retricval. Agencies e wasrnd Prowsing soltwarne 1o en fove Tor a poitival campaigm. o 1o save o fis of s 200
I 7\ I ter data n dlicnt files, kv workor roceds. o client ek and their wgencien, phone numbers, and otl.

0 contact, sl Iebiers, and tie fike, infsrmation. You can also have the databuse reorgani.
20 Serlbware may akesigned for i single purpvea, such ko il Bl reports. Yo M Wt 2 rport o

— i v b B incgratel.” alloving several b wenibors o Your ongaiication whi kave not poii
_It \th \#/ limations, (o b auvessaal witlin o singhe progran, A thwir ducs. As WO van sev, o dotabase can e a gseln)
ﬁ j- i gl allw yous oty s etter to s picor of sltware, whether you an: working with maci..
u E‘g Hj‘ w*lE z : l_{ clivnn. Jook in a database 1o limdd the clicar’s I ad PR, o e prshlcins, 300
7N I e ard youur kst comtact with s s, amd e wse Spronddhocts are soliwane packsges (hat allaw us g
300 4 @ walendar prograam schoidule an apgeiniment o wlboulate and mainiain variois kinds ol financial

your (st open date nest nonth, Iyt wre g nunrical infisemation, Sproadshouts ane cssentiall:

sthe Pt solivare, yon would Bave bad woevit et cwounting lalgers inio which we Iype tin

\\ \ I i s progran i Eomng fvler aimiber e ol imBsrmation we wuinild wrile o an @
Seiware euists e an inlinie vari

of purpeosss. Cowntant's fedger. Al saultwiine sproadstoets sl s (o,

Tentwlsase sapfivani allows. vt niain exlenave re kep track of what we spind on variows propects, an 400
vonds amd retricee i datg squickly. W might like 1o chamges in 2 lignire wan b anstoma) ically reflected s,
400 Riww wehiicls o e clicnins e have HH s b the past (e chamgal twial, Jigure 142 displays a typiced
month. W can casily wet g list of e clients an savadsdioe,
thein adbdiesses (srted by it manse oe by daie i A real spreadehect could hawe risa e wnlumn
v peehr). I we wainl Lo kawny for which dhents 3 e anl rowes, depending i e Gan WAt Yo,
Purt b the court s duc this month, the databos will  were revnrling. Specadshets ablay von b Fuaikd fesrgmnys
el s Dot bt sy e o ankamaiion can been s gl avbomadivally recaloutate fotsls s way, as th 500
Eer in datahase systerm. Vg |11 shows the way by of punchases you miake ncrases, the total

gt b dhisplayed in o databose, spent i the |w

500 4 inbr o Change al wg with i Thus, the
\jJ: r—— -|=|- O wourse, wiuc mare infonmation wn be cm S700.22 shown in Figure 142 woukl keep changis,:
-Itﬁ M1 AY x tainend woa database than whai i reprEcal hore as iew e were entenad b the spreadshoct, You
| I)*.LE E W conth Tise b Presenting probdem, nanwes of famidly  can abso calodare

whal a 5 Tl incrvase in yor

500
ol ———— ——— -_— —

MNAME STREET ADORESS CITY, STATE. 21 TELEPHONE APPT,

Abbol, Luis 1284 Hodtywoud O Low Angolos, CA 18875 H35-4578 212404

Camboll, Byat A37 1 Muctslico fd Les Angedns, Ca 19876 BIG-ATH 32404 700

SR —— e —_—
7001 oy, Staidery M Benk Croly Hemiingion Besch, CA 19874 458-2345 31204

— —_— T

Laurel. Otwig 987 W. Hariburn La Hunlinglon Beach. CA 15874 458934, 31804

— - ____.___-—_______—_.___

Miwrgrecn, Mol 1776 loken 52 Los Angeles, CA 19876 TT7-6666 Tea-0!

—_— e T Te 00

Peru, Rosing TEO0 Money Bl Los Angeles, CA 19876 J45-1845 13404
8004 -

FIGURE 4.1 indesrmsiion i a |atah:

T
. T
T ! 400 500 800

T
5 100 200 300



BHEY (R

Input Image

800
800 1

BB tierariba P with dngasinatbsem sa

lsniliar witl el PrRvsEing prograiis, which are
el by many compaees amd allow the compuier g
WY 35 @ Iypowiber, W an Iy dlata that appcer
v the senoen, revise (e gt i THIMRTeRD Wiy, pai
e slat wsinny cmr prienter, aitelfinr save the data B later
retrival. Agoncios s wul prowesing sl wane 1o gm
et it in ol Gk, bovp wurker movnds of ciew
VMM, sl lotbers, sond wlie lile,
sellwiane may be desiygind for segth purpees:, sach
o werel proscsing, St~ allisssirg, wyral
limntions i by g vl within a single [ T o
itcpraiod sweiey thi. sl yamt b Lypie 3 beteer g a
alive, fouk in o databhase 1 Wt clieni’s Biwne s
e arul yomer asd cuntat ity e lieni, smel il g
# uk-lﬂ rograen M schodube an appoininen) o
wour fiest open adste nenl ssonih, [ T e sl
Eigle puirjme i Yom wromild e hewl wi g
[ i helive: poiegg inlis ameher
Sollwan: euise G gm v varioy ol e
Phatorbnise sufftwwre allows i inls
vuncks aml reirivne that st i kly. Wy
Kt wwhichy ol vur vty v P thl s
niwith. W i gunily Bt 3 Bl ol dhise clivets and
i ahloveas (awieal by oivmt nam o by by @
LUl b L T — ir iy .\,lu:uﬂ. a e
Pt b il wvmt s shue this nusi, e Al wwill
toll s, il ot e [ L T TR
el & dalabuse sytont. Figine 1L sl
isdrmatbe migla by displaryind i 3 latalvase
1) . muh more dnformation an Lo
Bl in & datadhase than whai i eopresen|od e
Wi vomld lisg il prrescting peibeons, sanacs of family

whn by o

% e wary

+

rociubrs, and any whor dats, Al i game Vime, dai .
hases are weciul gor Punmees siber ifan masdnisis
ient reoeds. We ok, . s d datahes
I kewys mwmbership revords fior 2 Iy B, ¢
Vo 6 onganbstion, i ssaj 4 reconil i connis
s g pailitival N, o i sang @ fiat of g0
urkirs sl ther apencas, pHlun: nambeers, amd il
Enbvrniation. Vou can sho hawe i datshase Toniga..
g e feprls. Vo maght want 2 repart i,
Al paeniilrs o your sepganizataen whis v net paii
Hpcir alien, As s can s, o alatabas: can v 0 el
e ol saliware, iy ¥ ane waorking with, maci..
FETLL of cre Pk
Apreaddionts ane asdinan: Pekages ihai allew o b
walusdajy lain varivus kinds ol linancial .
Aumnerical infirenatson.  Spocadshons an csseatiall
chutinic acoeminling Flgers i which we 1ype 1,
i Bl infsmiea on we wsdd wrblc R am o
s bonlger. Al sibwan: spncadsdiod s sillos ug i
Biyr tesnck vl whal woe okl e v prsgects,
chaiipes in & figure cam b Adoinically nofleceed
the  chungal el Figure 143 displiys a brpiced
vy

A real specadshod ookl by many ity oHlumn
aiil pores, ey

it B fimncial mdirmagion i
e vnnliig, Sprcudshevts alliay yon bon Pl srery

anall avitvenatbeally revaboulale sl Vi wiay, ik gh
wimmher ol s e meke incevases, (e fold
il b i bl changes ahong with i Thus, thy
FI02E b Figure 1402 i by chasging:
u e Mo oy enitenal o phe spreniloiont. You
ittt abay caboubate wihai 5 5 PRIEl T in yon

———— e e —_—
mu_=_____ . s:rﬂEr;uDﬂﬁsﬁ_ ____E:mr STATE, 21P TELEFHONE ~ APPT,
ﬂti L:o-_ - Iiﬂ_tillf:u.-l_ll'f_ Lmh_u_-.bu_ Ca _I!-'D: T e 2924
l':_a.u:ﬁ-_ Bant _i._l:.'l E.lmhtﬂ:flj: oL Lm.-ﬂumﬂl':_ L;A_Im.l_'ﬁ _3;}4
Howly, Sty :H:..aimf__;‘u H.....;,Eu.ﬂ; 19T LR __;-E;l
L, L.'w_u_ B _iau._r_w_n-um_mm_ atn..ume:E?wd_ﬂ:
Wi, Bl 1776 ke S Los l —

_ L TkmE N .J:'eﬁ_{_"l Isﬁ?u_ TIT-BG6E
Eer;ﬁm-m _I&!ﬂ\:.wl_ Log Angeles CAE _;:lmu 1130

FRALAAE 14.1 Infrmmiie

A it

o oy

100 200 300

g T

-EED to0 BO0

Image rotated by angle 1.82 degrees

o
Bié  Crwralial Prastior with {vpaniaiens and §omimnities
100 lamiliar with wond provcsdng programs, which are members, sl any sher data. A ihe sne time, dai o
made by many companics and allow the computer hass are usclul For purposcs oller than maintains
apcrale as a typoewsiler. We can type data that appear client moconds. We cowld, for cxample, usc 2 datahe
win e soroen, revise il data b oumenmes ways, (s o kovp meribersdiip focords lor 2 comnunily assos
the data wsing our printer, ambior save the data for laler Vi o onganisation, o maintain 3 record of contril
retricval. Apencies use wonl priwesing sollware 1o o tor o a pulitol compaign, or o save s Fistoof gm0
ter data in et (o g waorker records of it warkers and iheis agencies, phome svmbers, and ot
200 4 womiact, semd letiers, ansl e Jike, Eivfuiriiathon. Yow can wlso have Uve database revrgani.-
Sollware may by sl for o snghe parpse, sich ilormation inte roporis Yiou night wan 3 report 1=
ax wond prowcssing, o be “mtcgraied,” sllowing soveral  all members of your omganization whe have not paied
Banctives to be aovssed within @ singhe program, An heir dues As yous can soe, 3 databass can by @ usehd
Invdcgraten] systenn miight sl oo b type a lefter oo piece of soltware, whether yout any wasrking with macr
wlicn, ok in g dstaluse I ths il | ad mcwr, o e profsloms
s amald o bast comtact with the dlicat. and thon s Spreadedicets are sollware packages that allow us b
300 - 4 wabendar prigran o slicdibe dn appoisioent on caloulate and maintain varkous kinds of financial
yomr first apen date mest mwth, 10 you were using mueserical infoematia Spooadst ane
simghe purpme s, o would lave had w el vt aceounting kdgers i which we iype the
or e o prvgran P goang inte anolber e ypw o indormatem we bl wr an
Saltware exvists e an idbiite vandy ol poruoses wominitant’s e, A sliware spreasdsdio s albow us o
Phitatliss seflivares allows s 1o mainbain cxlomsive e kv track o what we spomld on varows projods, and
400 4 words amd retricve that data quickly. We might like o changes in @ ligire can e sulomatically. reflected i
Rt sl isl ot lacrils we have ol seem in e s the vhangeal tal. Figure 142 displays o typicol
il We can casily gt o list ool lase s amd spavaddion
ahlresas fawiod by claont name or by date if A real sprosdshont ol liave many mone column
we preferk. Wowe wani o koow for which dsmts s ne Al s, depenading o e Tnassclal infsmeation yo
Pt deb Wi conart sl Unis nsonth, the sdatabosy will  wecrc rooondiog. Spradshocs alloe o 1o bask forme
vl o st bt ane piove of imbormation gan by on bats el anstomnanically rovalulane tals, This way, as the
500 4 torvd inbe a alstahase systom. Figare 10 shows s way sk minu s you make inorcaws, the total
indarmsation msght e displayed in 2 database il @l the botiom changes aloog with il Thos, the
OF wvomsrse, inuch mare infermstion cn he con- 5 2 shown in Fgure 142 woukd keep changing
fainod i 2 datahass than what ix reprsentad bere as were eilened indo the spresdshect, You
W could it the presating prolshons, nanss of family s sbo calculale whai 8 5 percent incress in yous
600 A — e e———— -
LAST
HAME STREET ADDRESS CITY, STATE, &1P TELEPHOMNE APPT.
Alshaol, Lo 1274 Hollywood De Los Angclos, CA THHT HI5-45TR 212404
Camsloitbn, Pus! 4321 Mukslice R Los Angoios, CA 19876 B-ATN 3-24-0
7oa Harcly, Sloy i ok Circle Humlingion Beach, CA 19874 A58-2345 31204
Lo, Oty BET W, Harthum La Husdinggious Beach, CA 19874 L 3181
Mingieotn, Meswd 1776 ke St Los Angeles. CA 19876 FIT-E860 T2
800 Ponu. Rosna 1890 Monoy Bl Los Angeles, CA 19ETH 3451045 11301
FIGURE 4.7 bnfvrmwtne i g |atahes
T T T T T
100 200 300 400 500 600




	07 调制、解调和滤波
	通信系统
	通信系统分类
	通信的波段和频段
	通信的频段
	信道传输
	信道传输
	信号调制
	信号调制
	正弦载波调幅
	正弦载波调幅
	正弦载波调幅
	复指数载波调制
	单边带调幅
	单边带调幅
	同步解调
	同步解调
	单边带调幅
	收发端相位不等遇到的问题
	收发端相位不等遇到的问题
	信道复用：频分复用
	信道复用：频分复用
	信道复用：频分复用
	信道复用：时分复用
	信道复用：码分复用
	系统频谱分析
	系统频谱分析
	系统频谱分析
	系统频谱分析
	系统频谱分析
	频域分析的应用
	图卷积网络（GCN ）
	图卷积
	图卷积网络（GCN ）
	图卷积网络（GCN ）
	图卷积（谱分析）
	图卷积（谱分析）
	简化图卷积网络（SGC ）
	SGC（谱分析）
	F-Principle
	模型对高频信号的处理
	模型对高频信号的处理
	傅里叶变换纠偏
	傅里叶变换纠偏

