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i=1 =1

HREEI Iy 5, TR AR 5 i 2 pae L L B AL L B2 STk 1 B B 2 Poisson 3t FRHIBER -
o SRRABBIICE L IR T = to — taoy OSTESMEIN . %0 2 SO B R TR
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fﬁtﬁé$ﬁ: tny1 KAELE t BRI CPDE 4 f(t[He,),t > tn, HXMRMDMRECY F(t[He,) =
/ p(T|Hy, )dT, MISAF5EE K%L (Conditional Intensity Function, CIF) A*(¢) = A(¢|H—) E XN
tn

f(tHe,)

MO = T R,

t € (tn,tni1]

[FE]: BRATT— B ™ SRt Py S5 2 He, o

SR SRIE R B — N ER R S
SR 5 B PR B P R S

SEPFSRIE R AL A () RN FELR EP UG IR He,, T t ZIH P FE S

WL R ¢ IR — N TEg5 /YRS XA [2, ¢ + dY]

S@[H, At ftng € [t + dE] |Ht

A (t)dt = ~ ) = *ft )
_ Pltns1 € [t,t +dt]|Hy,) _ p(tny1 € [t,t+dt],tn+1 ¢ [tn,t]|He,.)
pltngr & [tn, t]|Hs,) p(tn+1 ¢ [tn, t][He,)
= p(tnt1 € [t,t + dt]|tns1 & [tn, 1], He,)
= ptns1 € [t,t + dt][He-)
=E[N([t,t + dt])[H.-]
HIT dt ZIETETS /N, Bl A (¢)dt = E[N ([t t + de]) [He-] w2 AE ¢ B 2030 miE O

5z FATLAER, CPDF #] CIF E——X%f M.
CPDF I CIF [{——% 5% &

A R R AERZIR) CPDE 24 f(H[He—), XTI CIF N A*(t) = A(t[He— ), MIBE Z EIHIR RN

ey fEH)
A = 1— F(t|H:)

FEH) = N (t) exp ( /t t A*(s)ds)

BB AU EE A AR IE R -

d
S (M) _ i FltlH,) 4

MO = TR ) 1RO, @

log(1 — F(t|Hy,))
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| s = = (1o8(1 = Fltips, ), ) = ~(loa(1 = F(t,)) = loa(1 = F(ta[Hs,))

n

RA F(tnlHe,) =0 B n+1 ADREE tarr 55 0 ARTRE G, EE, BREBRASAER—NZA 22 15,
firLA

lﬁywﬁs:—bgl—F@H%D:Fﬁ?@)zl—am<—ﬂjyﬁﬂ%
éf@W%)Aﬂﬂwp<AjV@ﬂ%

1.2 s e
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RIVER A A 2B RO 3 BEAE R [R)_ESREE R, ST E BRI TR 2 TE %

JE5F 1k Poisson 12

JEFF IR Poisson 1 FR A S5 58 R ECH

BRI KA R SR BEAE R [R) R AMVERERY, (H25 1 SR BT AT 2 ek -

L
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Hawkes 172

Hawkes j3R 2 —Ff BRI RUSRE . HAFR R BTN

N =p+ Y o(t—t), p=>0,a>0,6(t—t) € (0,00)
t; <t

b BREEARIE | o(t — t) BROUMUBEREC, FLMHERA— ST ¢ BOMEEC $(t —t:) = ae =8,
FISRFET A ¢, XEEEEE ¢ BO“MURD{E PR
. R HE, CIF 24— o ML

o BHEMARAERE, LA UIRBOEMAEEE o B, B2 TR E, CIF A,

Hawkes Process (Parameters: u=1.0, a=0.8, B=2.0)
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K 2: Hawkes ;:F%

B2 IEid#2 (Self-Correcting Process)

HAES R —Fh B R RE R, HAe iR R Eoy

A (t) = exp (,ut— Za) , u>0,a>0
t; <t
o BERROHERS  A*(1) 2 BLEEOI .

o HFEMREDIE, A1) LZTEMEFORIY e™ ff. XRYIBEE N H0RAE, iR AEmsE

BN X2 H AR .
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Self-correcting Process (Parameters: p=0.5, a=0.2)

Self-correcting Process Event Points
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51K Poisson i FEA R

Algorithm 1: Simulation of a Homogeneous Poisson Process with Rate A, on [0,T).
Input: A, T

1 Imtialize n =0, t; = 0;

2 while True do

3 Generate u ~ uniform(0,1);

4 Let w = —Inu/A; // so that w ~ exponential(A)

5 Set tn41 = tn + w;

6

T

8

if t,s) > T then

| return {tx}r—12, . n
else

9 | Setn=n+1;

10 end

11 end

B XN FFIK Poisson b R A IS [RIBH I [r) ) 2 S RIFE RO A Exp(A) FY, BT

(1) = pltny1 — tn) = Xe M >0

B4 REASRE R 735X JESFIR Poisson WFERAENE? 1EEF X TIEFF K Poisson il ##

t+s
P(N(t+5) — N(t) = n) = </ A(S)ds)

=P(r > t) = P(N(t) = 0) = exp < /0 t A(s)ds)

n

wm—LH3@MQ

=Xt exp|— [ A(s)d
= pm) = Aesn (- [ Mo)as)
B AW EARE 72 B4
t+s
P(rg >t =s)=P(N(t+s)— N(s) =0) =exp (—/ A(s)ds)

(PERE, BB P(r > tlny = ) &5 7 (IR )

:>P(7'2>t):/P(Tg>t|7'1:s)f(s)ds:/exp( / ) exp< / As ds)
—P(r >t)=/p(72 > tn zs)f(s)dSZ/exp( /OHS ) (s)ds

—f(r) = /)\(s)A(ert) exp ( /OtH)\(s)ds) ds

R AERIEF 2, TR E, WANRARBIEENY, ToiE sy i [ (8] B i 23 A SR AR AT B .
T Thinning Algorithm BJIEF5Vk Poisson 8%k

#F Thinning Algorithm [J9EF57K Poisson HFEFRIEFEATE: BEFRNTES4ERAYIEFF X Poisson
I FEAY SR ERECN A(), FRATEEE—HEN X = sup A(t) HYFFIK Poisson jF#2, MHREEA

t€[0,T]
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¥k Poisson i$FEH—R LI o

>

Algorithm 2: (Lewis and Shedler, 1979, p.7, Algorithm 1) Simulation of an Inhomogeneous Poisson
Process with Bounded Intensity Funetion A(t), on [0,T7].
Input: A(t), T )
1 Initialize n = m =0, t, = 5, = 0, A = suppe, o7 At);
2 while s, < T do

i

3 Generate u ~ uniform(0,1);

4 Let w = —InufA; // Bo that w ~ &xponen‘r.ial{i}
5 Set Smy1 = Sm + W // {5m} are points in the homo. Poisson process
6 Generate D ~ uniform(0,1);

r if D < Asm+1)/A then // accepting with probability A(sm41)/A
£ tnsl = Smal: // {ty} are points in the inhomo. Poisson process
) n=n+1; // updating n to the index of last point in {t,}
10 end

11 m=m+ 1; // updating m to the index of last point in {sm,}
12 end

13 if t, < T then

14 | return {t;}i12,.n

15 else

16 | return {tc}i-12,..n-1

17 end

AT DR R S0 KA JE R 19 )7 2 R SR 1 s R R A & 4R 5F IR Poisson 1211
JERA. MRAEIEFT IR Poisson RIFEK)E L

P(N(b) — N(a) =0) =exp (—/ A(s)ds)

TENIT R 1 SR & JE Uk Poisson G, FUESEENIEML R [a,b) L, Thinning BRIk
b
W R AR oxp (— / A(s)ds> BT

HEBATEL N [to, T] _ERYFFIX Poisson i REHR AR n AR (1, -+ tn) FIHRE MR A" exp (=M(T —t0))-

DAty ytnytnsr >T) = H AeAe—te1) o= AT =t) — A" oxpy (—\(T — 1))

HWRFATE LAEIXH] (a,b) FEIEFFIR Poisson JFEAER T n M pi, HiX AT BRI R A pn s N

L] e i)

R AAIBARIER R 5 R 2K n 551K Poisson 3R AL, FREMIMERIIIR" WA a<ti <-- <, <b 2
AR, FrLA ¢ FIRRERDE [a,b], t2 BIRUMVERDR [t1, 0], LAEHE.

dty - --dty,

PRI (- tn) MEHPPH (51,0 5 5n)0 MIXFFEHEFIA nlo fTHEFITCE, IS
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si MR XIE2A [a, 0] FirLA

Pn:/ / / - [)\"exp X(ba))ﬁ(l M;\”)] dty -+ - dt,

_ exp(=A(b—a)) bfa // /ﬁ)\—)\(sk))d51"‘d3n

= exp(=A(b —a)) i\l('b —a) (/a A — A(s)ds)

_ ep(=Mb —a) (X(b —a) - / bA(s)ds)

n!
(a,b) LiIEFFIK Poisson iFEAEM T n=0,1,--, IRl TRAEXE (a,b) EBAREAENBEEN
3 b " b
Zpl = Z W </_\(b —a)— / A(s)ds) =exp(—A(b—a)) - exp <5\(b —a)— / A(s)ds)
n=0 a a

%m(/x )

Thinning FERHIRAE (a,b) ERA KRR A eXp (— N A(S)dS) FIHEFF IR Poisson i AL (a,b) ERA
FREARIMER—8, Frll Thinning SR R RIS RZFF & JEFFIR Poisson A O

T 2T IRIE 2 AEF5 IR Poisson 1 #2, SREFREL N*(¢) A2 LK. EXT Hawkes SRR —25 1 piid B2 1
=, HAE ¢ BZIf) CIF 48T 5 B He—, HD

N ) = BIN ([t + i) = g T =0 = 1)

FEATRISEBUA, H oy IHUERAFRY, XA {A(H ), t > 0} HR—AHEHLERE , FATFRIXEE Mt H )
R BEAL T B
HFT Ogata Thinning [ Hawkes 13T %L

Algorithm 3: (Ogata, 1981, p.25, Algorithm 2) Simulation of a Univariate Hawkes Poisson with
Exponential Kernel v(u) = ae~%#, on [0,T].

Imput: p, o, 3. T
1 Initialize T =D, s =0, n=0;
2 while s <= T do

3 Set A= A(st) = p 4 oerT ae—Ble-T),

4 Generate u ~ uniform(0,1);

5 | Letw=—Inu/A; // Bo that w ~ exponential (X)
[} Set 5 =5 + w; // so that s is the next candidate point
r Generate [J ~ uniform({0,1);

8 if DA< A(s)=p +3, .7 0e”?*=7) then // accepting with prob. A(s)/A
a n=n+1; // updaring the number of points accepted
10 In = 8; // naming it f,
11 T =T HNin}; // adding ¢, to the ordered set T
12 end

13 end

14 if 1, < T then

18 end

10
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1:5 tKZﬁﬁﬂq Thinnin %iﬁ 5 Ogata Thinning %ﬁiﬁ%é” 5 E Hawkes ii%%qj > é/El\/—\HE tl; e atk 5 EIZI‘EJ (tk7 tk-‘rl)
FHBRE RS N (t) B—AFEERME, HA te SR Kk Hawkes 7 FE T —~ i 48 il LB Xt E
77Uk Poisson #FEAE AR —AN o

11
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3 LI T Il A Y ) R
1. R MBI, R CIF iR CIF fIZ R BRN T — T AR
B, XATRER M 1 AR ) 3k 7‘30
o MRGTT R ARSEAC RS R (TCIRSBOURIS AR, AR UL AR AR o
2. AR USRI R SR 0 BB A RER AL, TCIEZImA A R GE. DL Hawkes R4 4

=p+Y ot—t)

t; <t

XA o AU R AL o(-) #RRARR ALY, (BAESEPRR A, SRR R RS A A2, Bl ik ab
755 -

o fEOTTE AR AR o XS T ORB AR I L, T LAAG S E i A I () AR A B BEAT L R B e
PR AT oA, 25 B4R Rl (changepoint detection)

3. ZAESE: LS EROMIER AR SRS, wf LLg S BRI ground-truth fYZ4T. (HEHRAMEST
MR A LT, RS MBS A R BLS

o MRRTTR: 2T RE MFRATFF AT S >), IMHSE HEAL ground-truth 1945

BIREXRT D o i

ENMERESHITHKEFES, NMEBEIEEiEground-truthfy 45 R

4. FWhEME: MLEGHUREIR) Btk A s e S ., ekl m o R 2
PEL B0 T 3UFE RN S PR
o MY DU AR, KO BRSBTS . S LIS S LA A

fltr, - tn]0)£(0)
f(th... >tN)

f(9|tla"' 7tN) =
o i DURF TR T DR BN 200, (R REWREE b, S AR A2 IR J7 3 HoAs8 T DU AR A 75 2 5
ERo
5. FFEMK: MLE(JURAAIR) AR THEBLIA I I 5 55 21T R

T

N
bw@wwmmzzy%@@F/.ﬁ®®
i=1 0

TR WO T B CIF AT, (EAE s — MLy CIF Joikit &, Haeimid —Se8E iy J7i% (Monte
Carlo, Quadrature F173%), BCERIR(L.

o FRGTTR: BRI (BT HAMEERITENIY) . score, AAMEIAE HAREEL

12
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MAP (DUH-Hr22YR) WIREAE T H AR A RS S B S SERR I 0 . 28Uk A ReredE
HAERYE LN i3 T FEIFLERE N T, ROTAGERH MCMC. 4850 HEWr (Variational Inference). Laplace
approximation 277 AT, (HR2IXLETT AR TR BRMARE 4, KL N2 IA TGy, SRR
TRA%.

o FRYUTI: HdERT.

13
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4 RERSHE

WS R AR AR XL

o FH7 (Event sequence) BURAEALTE AR ZH: ATAESCEHARY AN/ B8 Glsg 5%
i BEITIERERREEFS], XA RS R A E E R

o S5—HFFIEFEML (Kbl Time-series), FHFHIAA =M

— 5 (asynchronous): ¢ FPFIAE TS [T A AE 9 20 4~ S0 B SRASE 1] B R AS AR 4
ez, NTHEAGFINERIN S, FERENKERE 7 A0 AT F S E .

~ %piA (multi-modal): F{EFFIFIGTA LR,
— JisHIHE (history-dependent): JEFFAy% A RARHT T 845 B

BAMRIE) RNN EIRGEEE L, EIEZE S LR RIA R (95940
o R RESN U ERBEERR, R AEES R B R R E S TR

HAR L, W RIS (S8UT) AT DAERS i T -

LB R R 5 (6, k) HE B EBRFF] (h(t) € RTNL,, H ht) RET H,
{(#,ks) 05 < i} WER, SR b e K= {1,--+ , K}o X BEAHZEN RNN 53 Transformer 5¢
J Y o

2. XTET CIF {973k MG SRR B R At He— ), RRETIITEUSRRE, )a B T i
HEfr 2, 1

Fol

£060) = S tog (el e, ) [ dolelps)a

= 0" = arg max L(6)

3. XTHET CPDF [J5ik: HDLE R R Rk AR RIAER CPDEf(7|H,— ). BE#EAMR R CPDF kit

L(0) =" [log fo(ri|Hs,_,) +log ga(ki|Hs,_,)]

i

= 0" = arg max L£(0)
go(ki|He, ) 2003k, B go(ki|Hy,_,) = softmax(W7h(t;_1) + b?), Hrfi W9 € REXH b9 ¢ RE,

T (05 FRAR) AR AT ABHERS QS - 520 T NZRar AR, FRATR] LAE L DRy SCH0 N — R A
B BRTRER ey = {6, k) HY

1 ISR 2 CIF Ao (t[H—)
t

o PHE FHH) = M(tHe-) exp (— A<SIHs>dS)at>tN
tn
o SRR ANEEN v = [ tp(tH,-)de

tn

14



2479 2022202790 4 EE LI

Ae(tng1|Hey)
AMtns1Hey)

2. WNHEERINE CPDF fo(r[Mi-) = fo(t — tn[Hey)
o RHORIGT—MMEE Envin =ty + J;° 7f (1|Hey )T =ty + Eglr]
o RUEI R —MREN by = argmax go(k|Hey )

o R T—MFREN by = argmax

4.1 RMTPP (KDD 2016)

RMTPP 2 B2 #H RNN RELFER, AT CIF [ rud R, BARMS, & x; A& E
BRI E SR (RSB F LRI RIAIRS x; = (6 — ti-1)) . KHHIA RNN 1o RNN 8 ERORESERR N

h(t;) = RNN(h(t;_1),x;) = f(W'h(t;_1) + WT%; + b")
S8JE G LRI P SR R b h(t;) SRR 30 PR A
A(t[He-) = o(t — tilh(t:)), ¢(-) = 0
£ RMTPP o1, {3548 FIHE 500 BOR B 55 R i L
¢(rh(t:)) = exp(wyt + v, h(t;) + by)

MRS EUBLSR PRECF AL

tig1—ts T
logL(8) = 3 [low(tiﬂ—tilh(m)— / ¢<T|h<ti>>dr] - [ ot = Thar

%

(1o P alhy) | —log £(t11) |

vy vt

Output Layer

wh
Recurrent Layer hidden h;

Wy

wt { embedding y; ]

Input Layer

We m

Timing £; Marker y;

K 4: RMTPP

4.2 NHP (NIPS 2017)
4.3 FullyNN (NIPS 2019)

FullyNN #5 i, RMTPP i s8R0t CIF AR, A B E —RILR A (1) = o(t — t:|h(t)) =
o(rh(t:). SR, FEXTBARR LT, AAT# BRI EXS o(r|h(t)) BT, RILFRAATRERR. AL

15
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FullyNN # S0 38 R AL (7] h(t;))
@umm»:4¢@mmm5

X 25 o(r|n(s) = 2R

5, XFE—R, MR AL

log L(6) = 3 [log 0%(r = t”al; BB gy tin(t)] — ®(T -t h(tx)

i

AR R ARG ERY R AE . (7 |hy) RBATE GRS L M5 AR 2IR . 17 ¢(r[h;) AT LA Pytorch [
HEhG 4 5 S8 AR5 FEN i mlRbs « f L5 hy 24 @(7(h(t:))

(1))

O(7|h(t;)) 2 Z* () = softplus(W® tanh(W? tanh(WP7 + b ) + b?) + b®

e b = Vh(t) + b, h(t) € RE B {EE R, Ve RDXH,

FERMA LI EIRAA — L 2R RS, BT @(rlh(t)) B2—1KT 7 BARFUBEmEL &

« 7 | FNN [94—Z 0% FNN NEERE MR EIERR, I wh e RDXE Ww® ¢ RP*D W) ¢
RYP. wED b e R?, b® € R b®) € R IHRAEHIEER.

o & ZF (1) = ®(7|h(t;)) RIEIERELE softplus(7) = log(1 + exp(7)).

A\

—— positive weight

cumulative
hazard
function

>=IX
O
!
2
z

Q- QO]

J

RNN Cumulative Hazard Function Network

K 5: FullyNN

4.4 THP (ICML 2020)
CRTEY TA% (RMTPP, NHP, FullyNN) #2H RNN SRR (2 B . (H3% 2 for e = B el

L JeIER KA R - A2 (5 LSTM/GRU IXAFRCH 188 1A RNN, L ICIEAM A B 21 o
T PRASHY I SOAR S OR B AR B A TR A S AR U R R

2. RNN JIZMERE R . RNN (EAEA AR NE R T 2 1 [l o

3. AIAT FUEAELHPRASH DT BB BT B SRS . A BRI N — RS TR R
FRATE AT AR AR 2] A Transformer fAF: RNN SREA T AR HIOC R Self-attention #Li| ] LAREFHH TR
Bl &, Al IFFTII14%; MHEE RNN O —WZ 210454, Transformer 2] ISR E .. Ak, H
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F R WA E S i B, i Transformer BB EBBUFHIZ MMER, FrUBEERF %
VAR REAE

THP (MG 2@ fE L NSNS S S = {(t), k) Yoy, HA by R ¢ NZIRER R br
&~ EAFEA: ke {1, K}

L PO E GG : T ERREL ¢ LA B 2(t;) € RY -

. t; e
sin [ ———— ), if 7 is even
10000%/™

[2(t;)]i = o <tz> if i is odd

*\ 10000G=17m
Hr [z(t))]: oI 2(t5) [958 @ IR,
2. N X TEAECIIRRAE Ky, 10 k; hH one-hot [f) 5. FRATTE LA ISR )y U € RMXK,
Mt ky AN Uk; € RM,
3. MINEERE: 10 Y = [ky, - kp] € REXE SRR, Z = [2(t1), -, 2(t2)] € R™*E SAHF Y
PLEAIGIENE, MRS S = {(t), ky) b joy PTLMBERIR A0 R A\ A
X =(UY+2Z)" e REXM
NG X R AT R R (B I R 2E0) AR
4. Multihead Self-Attention Fi¥: 54 N X i MLP #528058 ¢ ki Q,. # K FIE V.,
SRIGTT RS @ LA IILEE 09 -
Q, = XW¥ K, = XWE v, = xw/
QiKiT + Mask
Vdy,

XH WP € RM*de Wi € RMxde WY € RMXdv L ul 2 S TR, di, do AT B (B4,
TR, A TBIIE Self-attention HUHIH I ANMEE, Bl QK] i LE—4 mask 4K,

Si:softmax< )Vi’ i=1,---,H

—o0, ifj>1
[Mask];; = / € REXE
0, otherwise

SRR T AT ) Sk BRI AT 2 1 22 KR I LAR i o
S = [Sla .. 7SH] c RLX(Hde)

ALARE M = H x d,, X8 S IW4EREE L x M, JRANXFERTE, Wl DIGPHREERT S FFsfe— 1A
E%EIK$ WO c Rdevao

S=[Si, - ,Syg]W? e RI*M
Hrh WO ¢ RUIXd)XM L mpg S] Ry d AR I .

5. P B h(t;): 4 S AR FEN b, 753057 LE 2R H, S8R IR HEFEHRch 55
JATRASEN T ¢ BRI DT SE B h(ty):

H = FFN(S) = ReLU(SW' + b")W? + b? ¢ REXM
h(t;) = H(j,:) € RM

Hip W e RM*xMr bl ¢ RMh W2 ¢ RMixM 12 ¢ RM BLAT 22 5] (A S 1
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6. FBL CIF: LRTEACH AT A5 2 h(ty) ZESHY, MERATGON CIF A*(t) = N(t[H, ) RIS, AT
MIFEH h(t;) MEt2)ZEseN CIF b BURTTE , BORSERh 0288, FRATEA — A CIF \p(t{He—), k €
{1, K}, DRSS 5 ) S5 D R O e S

K
At[He-) = Z Ak (t[He-)
k=1

MR by AR 4 FEN K h(t;) BgE—Mrtd, S5 Fl—1 softplus Jif e £
321 CIF:

t—t;
A (H[H,—) = softpl : J Tht; b
k(t|H¢—) = softplusy (ag 0 +wy h(t;) + b

N———— history base

current

), t € [t ti41)

ETTUIEE Hio = {(t, k)t < £}, % CIF FUESE [tj,t541) b (RGN VRS F— AN
I . MBSO b, softplus % softplusy(x) = By log(1+exp(x/By)) . FHET Me(t|Ho_) RIEM. (13
VR, XA CIF s — T o 2 B 2 3L

o current T AL BIEON FIRL ¢ W tj41 2V, o PRET TN EEREE. B,

BT A(E|H, ) 7EBR T ISR ¢ UM SR
« history T TS ht;) DTRCRANEE]— At
o base Ti: FRTEIRA T SIS BRI F o0k 2 R R
7. BRBAEH IR X5 F— I UEIN [to, t0] (BT S, BHERTEZEN CIF A(H,). &

(VT AR, iRk L LR B HOR Al LR 2 0

tr
£(8:0) = 3 log \(tilHe, ) — / At Ho_ )t
- t
! —_—

1

event log-likelihood non-event log-likelihood

non-event log-likelihood A LAH1 Monte Carlo F143 5 BB 19 75T B ISR A 2 WP 4 S, - -+, Sws
T e KAUSRA 1A
N
0" = arg meaxnz1 L(Sn;0)

Hidden Representations

] | ]
| | |

Feed Feed Feed
Forward Forward Forward

N x
Multihead Multihead Multihead
Attention Attention Attention
Masked
Event Attention
Embedding
Temporal + + +
Encoding

Event Sequence

K 6: THP (Transformer Hawkes Process)
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4.5 SAHP (ICML 2020)

SAHP (fjBEH1 THP 0L, R Transformer KA 15, (EAER 7 OLE SIS I A0 H L
HEARR . @4 SAHP diflic 2, Fk{14:

L PO E SIS AT (6, k), HEPOC B 2(t) € RM

e = sin (10000’/1‘/1 g+ witj) ) if 7 is even . {sin (wi-j+wit;), ifiis even
il = : A

COS m . ] + wltj) s lf'L is Odd Ccos (wl . j + wltj) 9 lf i is Odd

Hoft oy = oo € ROBRERRL, wi € R BAEINSH. FIUAR L THP fA AT,
SAHP [0 FATE T — MM G w = [, wa] € RM. SAHP 233 JfF 2R 7k 5
THP #ili, B&HEIHAKER X = (UY +2)7 € RDM,

2. $EHE CTF: SAHP ELA:T IR A I )T 058 h(t;) SRAEL Hawkes SBIIIER BT 04 P B AL A
FERA k ) CIF 1750

Ak (t|Hi—) = softplus(pr,j + (e, — 1k ,5) eXP(=k,j (8 = 15)), ¢ € [t tj41)
He g = gelu(w;Mh(tj)) ER, ny,; = gelu(w;nh(t]—)) ER, v, = softplus(wgﬁh(tj)) € R, XEMH
Hawkes jJIRERSANER SN pr ;. BEE t > t; FOIGIN, SRS DARECHEE mey B0, FIHEEH i,

Pl (HARTERUR, SREERIIEEE (g — peg) WTIERT e 2 (pej — k) > 0 I, AT EAAAR FI U
(exciting) (YR, 4 (mi; — png) < O B AT LAAJYZHNG] (inhibiting) 57

I:l Intensity calculation

Nx C] N self-attention blocks
I:I Neural network module
|:| Type and position embedding
C} Vector or variable

Multi-Head Attention
4

T
- i
i
(v1,t1) (i, t3) : (“Tt)
i

History events before time £ Candidate event

K 7: SAHP (Self-Attentive Hawkes Process), &t 55 kit 505G A

4.6 IFTPP (ICLR 2020)

IFTPP $R1 T —Fh5e 2 R IRH CTF R RIIER . [FTPP ROBL IR, S HEiT CIF A(t[H, it
FrH T — AN R CPDFf(HH,—). RIZEIF CIF Erpithi CPDF.
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L P sefs BRI h(tj): IFTPP (7] RNN RGP SEE: MM ERE (k) Ltk Jefc—Br
DEH (r, k), (7, k) 280 A RNN G 57 5045 B3] h(t;).

2. ##i CPDF: [FTPP @ik KM MMM = ) CPDF. [ TS iR G RR (GMM) (EAR4E% Al it 75
TR ELRAY . AN LI RIE RS 7 > 0, UG XS R AR (Mixture of Log-normal) SKREEA p(7|Hy,; )
AR HEAR . BT, p(r[Hey) TS A

- (log 7 — yux)?
plriH;) = plrihts kz:: TSk\/% ( 28;3)
Hrfr
w = [wy, - ,wg] = softmax(V,h(t;) + b,) € RX

w=[p1, - pr] = (Vuh(tj) eru) eR¥
s=[s1,- - ,sk] =exp(Vsh(t;) + bs) € RE

X AMHVIFAAAET p(T|He;) HIHELRA KA

2

%y

Bylr) = 3 weexplun +

k=1

MITAERFERI R, ARG IAER T — D FARIR A ¢ = ¢ + Epl7]o

Seq. emb. &; |
Metadata 1y, | c; — 0, = Vyes + by

History h; J.'I l
RNN t  p(7:18)
" - " I
L + 4
Ti—a  Ti2 Tio1 L
T S |
ti_g ti_a ti1 i1+ 7

4 8: IFTPP (Intensity-Free Temporal Point Process), FHic 55 _Fidic 50 G AH

4.7 WSM-TPP (NIPS 2024)
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