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7F %

AXBIGEREEFHAMZ B REZNHREREEY - Ho - RKMATFEERERARE
Pz K E B % F (Autonomous) BA R M RAABEEE#F2 (Mixed Poisson Jump Processes) Fft
it - H 3 dBEWE E (Jump Sizes) Rz Fl Z 2 A5 B & E it (Reference Pool) Bt A
77 iE# # (Joint Survival Probabilities) W EF2E - AXFEHRBEEIGE A BB LA
# (Default Intensity) Ak ¥ — % 2 8 flv3E (Gamma) K 1f F B 4B (Pareto Distribution) » VA3#
RATETHEERTERAEFHHLEZTEN o AT T 5 BA 3E R F M EF iTraxx
Europe %] » BEE AN Z TEHAGE  ERERETERERBE S FZBEHB T
(Implied Correlation) » & —35 B [2 &40 B R 9 AR B R GE R R 5% Kk At 2310
B o

([FASEF ] BIRELHHEA - BRA PRMNBEERE - FEFHRTFIEHRE
Abstract

In this paper we present a tractable model that dynamically characterizes the correlation
structure for a portfolio of credit entities. Heterogeneous credit events are modeled as the
arrivals of mixed Poisson jump processes and magnitudes of jumps represent the associated
impacts of credit events on the joint survival probabilities of the credit portfolio. We assume
that the default intensities of both sources of risk are driven by a combination of two-
parameter Gamma and Pareto distributions as to capture the clustering effects of default
events under different market scenarios. We conduct calibration of the model to iTraxx
Europe as an example and verify the goodness of fit between the arket spreads and the model
spreads of ours. We extract the implied jump-sizes that reveal information on the correlation
structure, and further explore their impacts on the risk characteristics of CDO tranches.
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= @S

SR E U (Reduced Form Approach) H—{S & (Credit Entity) 1YJ3&
FJELIS By — N FLAAIEAE (Poisson Process) FTAMNAE R EHIERER o EiftHERERH (e.g.,
Duffie and Singleton, 1999) 24 7H{Ra% 51 FF Ry Ean (£ IR ZE (Bankruptey) @ Bl—{EH
EE g A EA ST 0 A ERNER © AT ERERIHYEFRFE R Giesecke (2003)! :
FMAFREN B RIEE A E (Non-fatal) .2 (5 S (Credit Events) © HATE &£ -
HE-EHEERNEEME NEMERFAZEENREEEZIAL - #2(E HEbE
B o ER B RIEEE TG HE G 2R G IRER A S Moody’s 1 Fitch
Ratings ¥R —(E & E B TR AEVII TR °

{2 FIVE{R (& (Synthetic Collateralized Debt Obligations) f&—fEEE % (2 FH J&\fg > 4=
Rl o FE ORI R H BUBERS (Special Purpose Vehicle) %5] — & 15 FE AR
(Credit Default Swaps) * {5 Ff*3&HE /7 (Credit Protection Buyer) /5 H AT $E 2 (5 A &
W% T {5 FHCR#E /7 (Credit Protection Seller) © £y | #E— B 15 FIRG S i 852 TR B 1%
FCRERERE - ST AR LR T SR B E AR R EREEE R — R hn 3
FH Markit 23 "] ffm 4.2 iTraxx RN R M FEEEE LAY R AL - HRg a2 (5 I E A
— R E M & — B T3 HER A AT R - Hrh A2 i s iTraxx Europe fEH# -
o BN i B B M B % & F R 125 18 (3 FER A I T #E Al - 0 4R e HEE IS 1B
(Attachment Point) Z N[FE53- &Ry 5 fE 5555 -

LH P AE T S 2 EAEN(E FHEE (Multi-name Credit Entities) P2 (&
HERESL (Reference Pool) » ELI & 1 5 BEECH R 51 5 PR 2078 A KOOSR 2 (5
B EERII BRI o [ERERERH (5 P& 2 Z IR E R A B 1 & B 2 i 5 B RS
FE R AL - ARRER ~ THBEYEHERBNR - G EERWA BT 5 Hhoh -
sOBHE R A FERNF L B A FRF R Z IR R AR ATE H G & E2E  BUR
HE SRR ~ A - s E RIS S - REE R A R EE S E R E L
ERBAELRIE N -

FR#% Giesecke and Weber (2004) & Das, Duffie, Kapadia, and Saita (2007) F#5H
B\ FHEEE B - A G ESE N EA A SR EE S E e TR - 20
2005 FEiHEEE » 5 il AV (General Motor) i A VS BEZ A FERE Y EF E-JE (Delphi)
PRI <o A AS 555 T [ R b - S 4 228 FHVRCEE = tb4h - #RAT 2 FIRY [RS8 k177
EAEERRTHBUAHBER AN RIFREE S - EEERTREM B G

1 Giesecke (2003) HYBRI 2 —(E & {5 (Intensity-based Model) » {E BN TEFIE S ELVAETE
FiBEE) - SEAIMZE AR (B NEMABEEZE MR 2 HRINMENEERRERTIRE » & ENERN
A 2 — W SR8 » [ Giesecke (2003) 3 FH a2 38 AR 22 By B F a3 1 Tia (3 A e
P AS TELHA BAC88E T S P FE R I S
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B B L Z BE CR A HF R B AT R S B BR T th B ER AR R RO A S IR B » Al L S RAe
AT AEZE N B AR E YA E (Contagious Effect) o FHIGFTH, » (LAIFETIH(E FHIE
RAEREREE B RERTAH P (5 & 2 Y E A FH R M N E FR R RE RV (o (A 2 R MR R 2R P
EagEn - (515 HEERAEN R 0T REMEE 0] FE MR E S - RREENESEE
B ER B EAA FHARE -

TEERIAHRE ME RS 2% - > ARS8 A Hull and White (2008) H » {7 1ERESR A4
X EE ¥4 (Survival Probability Generating Function) HV 82 FYBENREARTE — N FOVA Bk
F£ (Poisson Jump Process) ° FLIFZ 7 E R B LY AR B S T %P E PR
PUR kMR L (Jump Size) o FHARPRFEARIRE | — ELIF PR E 22 A S SRA2 R - ik
FENE IR E T 38 A Pl pE I S 1A B R B IRE R -

A8 Hull and White (2008) NFEHYE - AT RE R ERE A - i E M
JE\B B RTRER T RIRY 3 AR - WHTAERRER N AR E - BEEREH S5 55
SR FIREEREE o PIanE HSAHERIEHIIANE B - RIS FERZR SIS R
IR BB - TS RRAMEERE « RS & e B ERIHAN TR A E
ENREAE RS N B R - MEREER G  BE—fE A F AP EEA
B2 B Y EHEAS I ETE A RIS s A &8 - BRI ER~Z FI R ME ~ 56 7= g R B
RENFEEESE - FHEA DA EM G EERE R EE R R FE R
Y AP )= =

b A8 Bk 53 25 B9 A B = F 0 N [F Y 43 25 R EUE (B E AL 45 7% (Senior /
Subordinated Structure) FJANE] » 53 B T ANEIRYEFE o #2555 77 FH AR RS B -
REER R RIIER - RIARSZ BRI aTHI R - 30 B EE R A FE B AR - H
Wt 7 E BRI e FAZ B i KA o STl IR RIS B s - E ERER e
FEHENMR BRI EA GRS E S FIIARE - HARAE SRR RS - KSRk
SelE o5 a E AR BN R\ b i G ] e Fed fe 8L -

HBIHA Hull and White (2008) & 3% BaE) {5 FH S (g 4 2 AR R [E 2 85 A
SCFEHS A BEE) (5 S P38 42 2 SR B FE R B B ER 8 - ZRIFTE (5 b =38 4
B AIRE B A R A G2 (Das et al., 2007) @ [MIFEAIARIERE AR 2EER - 5
PR B2 A SR AER € b IR RN B ER ARG« 55— MR EE(E FH R
B S 4 P 3% A2 2 AR 53 B AR UE — R 2 B {135 93 Bid (Gamma Distribution) ; fJRELEE T
R RS 3 Be 2 N 2 80HIE] - Ai{E S SZA9nES o> Bo B AT & R B i —(E R 28
35 o> B sk BEE (5 FH Ebs FHRRY 38 4 - RS LR AU AR BRIy CreditRisk+ &40 H
DAAAE BR 8 (5 F 254 A — AR A BT 38 A= X RO B o] 55 /e o3 I (e R T 6 [l 43 il
(Pareto Distribution) » A N ETTIGEREE P EZE R TERN B X ME - DHERR
FrIEREHE (S F R S 4 AR (AT IRF R A R RE MR B R R 38 AR 1R 8 -
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AT DL P R (S F A (- (E HES 38 iTraxx Europe %1 > $#H Longstaff and
Rajan (2008) A 26 28 A 7 5 48 7 R B 8 A AU A THE RS B - W EREE
775 2 B PR TE FE (Implied Jump Size) B ETE S ZBHETERE » & Hull and
White (2008) fE7 Fh A EEAIES 5 AHEI 14 (Implied Correlation) » f2—FF ERFHH.Z NS F
FFRF RN KB ERSGEZBEHNEREENB S TIERRZEERE -
FEHBIRS 7 Z B e HBRE LS 23 2 A T 5 R\ 2 B RIAR - ST HE R
Ik A7 2 - R\ AR B T (E 2R B T B SR AR -

ASCBAAZ Gl R AR ENA0 S IR S ECET R (L (3 P & A E XM R T 2 BHA S
BRIEER B2 P ARl A SO AR ER B 7E SR RN 2 IR A S PR v s
BATHEE G & ERYBEAS FEL T BB RETRA S Al -

& ~ XERE

{8 & E [ERERF R I & THHIE R A B R R E T A B (E B R EREEE AT
AR Z B —ER o T EREREH A5 & 2 EE AR 1 B Rl B Ry £ AR R ERER A 18
Korlc s EERRE

Li (2000) DABHES G5 1SRRI B (Copulae) fflt (5 A& E A 2 Bl IE - ELAAU FE il
R—(EHEEZIEZENFFE; (Time Until Default) KEGRELE(FRYZE A BT - EBEH
SERE R (Default Intensity Function) M KIS E E 2B EC - FFREHBREES
FERREEL - KA 132 B 2 BiC B Tk B (B RER R i A E MR e - AR ERER R B &
ERIBER A o EEMENHCEEBE RS - AR & EGEHEEAIEHYT (Curse of
Dimensionality) » & #f 15 ¥ 17 b fH & #E I - It - 7E {6 14 8 77 (Conditional
Independence) {Fax AT ZE AL HIAl T BRER 751 (Factor Copulae) AL i FH 5L %
EHIRRYE AT AR S Z A HE -

PRl B B i R AU (B (EARE R AL AR B A 2 BRI Rl T2 8 - fEfa e R I
AT BEREELIIEIL - (#Z RS ZAE IR A 7 3hC - R & &R
RO ECZAEE N R E E Z(EBORE - TR BEEEE R R R T2
SR E o LB R TRl - DL HERE TR 73 B A] B BB R Bk 2 & R Bk 75
fid o PLEERHERAIELE T Laurent and Gregory (2003) » Andersen, Sidenius, and Basu
(2003) /2 Hull and White (2004) ©

bt 2 KR P R E R AR R B AR RE HE - B - A (R Rk ERERE A Y (E
B E B BRI M B RGBS PTG B 2 DR RG S o R R T IR B RS R O E AU AERR T
ZIE RN R - Andersen et al. (2003) 7EZERE T — D HEEES WHEAAHBPERAY -
H LB AT R R T AR B (Factor Loadings) £ ELE5 HAAHREA (Inter-temporal Dependent)
HIRFIE - HEE @R & R RIE SRR FERE - Rl A5 &t S &R o i
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JEE M HEE - Albrecher, Ladoucette, and Schoutens (2007) ZE£# T Levy Copula HYy#&/{r]
BRI HAREEEEEN SRR B TAN » ARSI A REHER - 32EER
FART E0 R (o B 0 228 A ) i (L 2 Ui - 5 LB AEIRRTE -+ T ELAS 8 AE B 1 (o 15 B
o A B m R R -

FE A AH BRI Y B REFE L[ Totouom and Armstrong (2007) & 508 i £ REHY T
B AE (R R BREZEE 2T - I #EEH Archimedean Copulae AT #&3E K IF B
8 o XA ELA R A HARY MR - Hmh 2 A6 W 8 S B AH B 1 o RS S (R s BT
BRTECE - FEEB AR - B SEAR B ZmESEoEE - (HR R
R ARE HIRFHIE - RRBER CEAHEREENEREEHRGED -

RS RS PR OB AR M UGS, » 2ot BB AUHRATIRE T » SRISH&
SERBSR N - HEFREIY M E SNARGIUE R 2 EE - AR EAE B E R
FItE - (BT AR 2 AT S e L ERE R O AR R B T B RUE B T - BRI
(ER R A R o (EREREADE MR ME T (5 AR B B G 2 R ME R T Bl
By - EREREH AR A FIRGER SR TGRS AHE & S A © BRI 3E0YE S
HENE R RN - B EEERE B bl peE sk A T &GN ERE 2 TR
(RS A Y S E -

Das et al. (2007) PAZEE 1970 %2 2004 /N FLEAIE RSB FEREE - BIRAENZH
FECEREGRAE N T - BABREER B EFE LRI - Azizpour and Giesecke
(2008) 2 H EH FoAH YL AT (Self-exciting Model) » fI A G0 5 K AN o] 22 51 2 N HEE
JE\BE (Frailty) ZIELEREE - SEHTOGENFE RTINS > DL 1970 2 2006 FEB 2 /A F
ERHETTIIE - BURTEAS B A8 B R0 1 A - BN R 2 21 2 e 8 AR BREE T » 0
N EG SRR IR A FLER B 3 4 IR o

Hull and White (2008) FFE R B Z% AEAE Giesecke (2003) HEFZE EHE T #4
JEEdr - HAG A& E T AE R A p bR N ECVA DK A2 pr BB IR E - DA
SN PR EE A i E R B F 2 384 - FELREIRT - (EREE AR 2 ISR
EFFE TR A A S B (B ) 334 AR (B B2 A R Lk B B RUE R -
ERERF A TPIE BRI - B HOEKISE L7t S M E R~ R E
HIBETT DI A AR ~ BhREEFAHRA MRl - 765 FIE R ERERFEE L - IR
REIERY - RESUEL OB FBREEEE 2 SNE - W ENREZE(E F & A iR 5 R Bh 2 S 18 2k
Vay v

2 [RBEG FERE AR5
ZRSZERA Hull and White (2008) HH- 771 BSR4 s pR EIRTE N FLAMA P EAZ AR
7% ° fHEZHA Hull and White (2008) » ASCAuFHE FJE\ b B RRy S AR RIS g i nlE—20
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16 73 Ry R FE (S P Rz 8L 1~ < EbSh - A 50HL Hull and White (2008) {E{Ra% 5aE (5 H F1F
P 4 2B [ e B ASCGE S A\ BEEN{E SR 4 AR T e R B %
TE > AL (S B S AR n Re A R R BRAUR R -

FE(5 F R 8 AR SR IRE B AR EA AR SRR - B—fE R
W5 g 251 DA 5 2R ki AR T3 B AR TE 25 A 2 BRI 0 /e 5 FRLERE S - 35
(B ase kA (N385 73 i o R 22 8OhE1R] - W E 8 27 B 35 53 FC BI AT & iRy B FR — (1 R 22 3
5 BOACEREN (5 H b E A8 4 - R LR AR AIRF BRI, CreditRisk+ A1 HH AL
SMAEBREN(E 5 — IR R s A R BB - 58 o BB B ia B o Bl - =&
HERNETSERE P EF R TOEN B XS - DIHE R RIS A MR e
ERIRITES -

— ~ FAIEERER AL R rA B

HICETR S() R {EHFEL 0 BIRFRL - BB—&E 2 ZREAEHEE - /iR [0,1] HEIR
FERFFIERY (Non-increasing in Time) [£'8 » FRFEERFEINIHERS » TEHFEL 0 2HFES ¢
R FERRE MR - B3 S0)=1  FZIRIFER 0 I - ERERH IENTNE
EFAGERBNELE 2 X(0)=—In S() » BREEEHRETERTE VAR :

dInS(t) = dX (¢) = udt + dg, + dg, (1)

H ot P(dg, =H,\)=Adt » P(dg,=H,)=Adt » H > H > 2 > ) > u>0°q K q &5
B E A (5 FH B 2B TR P SR < BEEEEAR - H R H 53 51 Ry kB 52 AR IR Pmsd iy B ik
PR - PLBkPRNERE - SOE RS SE B AEHNEHE RN S FEERERZaE
R - AEASCH - M H RS 2 s (E AR B 2R - 020 F—FFH - i
1A S(¢) BB FEFEIRF DRI AIIEE T - X(¢) 2AZE R —(EIERE R R Y bR - A EETF
THWEKINFRDE 5550 » 4, 4, 53 Bl R Wi {E R s SR 38 A 2 AR - BIELAZIFRE A
28 AR R - BT (1) 20 H—EE R ZBREFEERR A DU Y AR ¢

S(t:‘ll’Jz):exp(_M(t)_ZHl _in) (2)

et M) = [ p(s)ds TR TR IR AME + J, ~ J, 57 55T (5 PR BB S 9
TR KRBT ERRE RS AR 2 - A, FEE) -
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T BEERIBER

AFEAIWS A Credit Suisse First Boston (1997) H1 K15 B — & 2 2% 4= 58 H R BLHI R
o E BRI AR A F IR E B R A R AR EHE R ERX
BHIRER 3 B R I BB L IR & ]\ETQ%@E (Mixed Poisson Process) * B H A5 FH
e S R V] = IPNN FESNE TE A 5 B E MR A N B 2 B RE TS
Bz o

£ Hull and White (2008) FH{EE 5 A BB 33 £ R Ry F 8 A - (SRS AERER
— NECRREFE « AREAE R E RSB HF AR L Z 00 U —ER E R Credit
Suisse First Boston (1997) FHAIZ2 EHIMIE S EL T (a,p) » FHEERE LRI N R ¢

1 a-1 pa _—-pA
AU = =2 B A0 >0 3)
Hrto &k BRIE « BREE Ry o/ » BB o/ B> - EHEHERERR I H—TE
MHYSEC - p Ry N 228 (Scaling Parameter) » A E RSB RS BCRY S BRE - B 80N
ARG B R AR BRI BR o IRE MG ECHIEIR - #RIZIRZ2
(Shape Parameter) * fEH g ZECHIREN » H o BUK - BEERS RIS I8 H /o5& i B
WA - & a KE|—(EFEE > N5 EGET R RESED -
1E A R 2 EmIE s Bl e & RS MR bR —{# & ZIH 5580 (Negative
Binomial Distribution) * FE/R-41 K - #E52 08/ 8% A -

oo/lJiM J _1 J a
P@LQ:jo(tbf dU(@:( +j iK?fE](?fﬁj J=0,1,2.. )

{EF—FFEE ¢ 1 - BhEE S A REMAIR S IR o EY B BEDREHEH
HIBEERE N - AL RBHAIREREERA  BERSIGRNE - pE TREE o (H L
ARV - 4D RE RS AR - 342 K(EH B FRIHERIE
o BEEREEREG RIS o BB AR (E(E R S R PO AR ER 5 B E (3
SFECHF 2 A ~T(a,,B) > A,~T(a,.B,) » FTATLUREF P(J 1) B2 P(J,, 1) FHIREN AT SRS B —
BRI FILE ¢ REBE 3 B384 T RAE SR R J, (B B FRIHER - oRan T -

2 1E Credit Suisse First Boston (1997) SCHVE ZEAH A B N 3% A2 B AT ISR 07 TL 87 - (9IS RERE R~
SEFIHESR AT R B SR I AE bR B (Probability Generating Function) 2 ZR# R =UCR1E B —I1E N E%
SyBEC - BCE BRSPS E A AE R AR AL W 2 BN B 43 O OB 3% - SRS A& A R BB SR 7]
bR —E & —IHS D - ASCHI A IS F AR T 28 4R (G SR 2 38 A IR -
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(s g el hra D Lra =1 Tt Y( e Y B Y
(17 2’)_ J, J, t+ 4 t+p t+p, t+ B, ’ (5)

J,J,=0,1,2,...

SYYNATE AT HAE FH SR A2 00K 4 B3R R oy Bl (B R E 26 (8 0 B - T B
FERMEERE - (0 E O ERIEE IR R R b ik - ar IS B S E S A
PRER A A A RES A AR R IIIR I - BB EA TSP I EZEA NIRRT PGSR E AR
KEEBRHPES - EEREREMNBEEREHR 2 BIBEE SRR - BER eSS
IR B A R B A SRR BRI E ST - 2185 F R 4w b Fr g
BHUERERAGENIR S - (5> Bl T RE (R (h M (B E\ b A= RO T RETE - #5875
FMEERIEZ2 8 a K A, I3 Ey Pareto(a,2,) » SR RS - HISE(E - BEEIIT
ESNE

2‘!1
f(/l):%,/1>/lo,a>0 ©)
E(A)=al/(a-1),a>1 (7)
a’l
Var(A)=—5"——,a>2 )

(a1 (a-2)

AT (6) TRAME SR EIRE —F/IME 4 IRRE > a>0 R BoZ k28
& o>k FURMAE B SECH k BEEIETE > 35 o> 1 RHIZEFE > 5 a>2 0 2
FEEh AL - EMHFER/ME A BRE T o 282 OB B E B 77 BORER 3 R pR Y
ERMYE - & o BUNRIRILECHE IR E BB E - B3 M (A& s - fil
e R R e 2 B S B I Fe T -

o E o Ry R IEFE S - PG 0 ZEIFRG ¢ 384 j KCRHUE SRR O FoRan T
HEEEARRE 2 T % B

T (A’ e _alt T s _
P(JJ)—J:TdU(l)—TJ‘x edx, J=0,1,2,-- 9)

)

I (12 P L S R A5 53 1 I 8 43 2 95 5 B
Iy~ Pareto(ay.3y) ~ A ~T (. ) * 1 PU,0) B P(J,, 1) ARREVATSR (5 B — AR A R
¢ IR R B2 J, RS FISERRL J, (PR -
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=~ BREHEK SN

(BB R D77 2 & HE B Z A E R B (AR A & 1B R 0 B RO DT -
(R PRE A AEL CP S AR A SRR R 1 ) B T A (v [A] - I R A AL TR (B R SR L RS, - ERGTE
EHEFEAERE S~ J, F o (BER AR T B —1RR N RIHE ¢ FRFBL 2 B E iR
A AT - 5 S b S R R e A Ry - (ERERE A AT AR S B E A B =R [E]
KNEFET - 3SR A EREREAL P mEAOFERATE - GROFRNZIRGR T - (AR B EE
IR & EE AR Z SE R BRIESR - S ¢ PR AR U, e J, KA BEARUTEDL T -
FEREEREA N AR AFRAE o (EFEA FRER ISR FRATT

O(n,t|J,,J,)=bn,N,1-S(¢t|J,,J,)) (10)

(10) 5 b, N, p) :(]: jpna-p)N-n P (EIER - TR - J BT - &1

FRAY Z TR BB L © IRIBS D FRHYBISBAT RS o, RIBL IEHG RS (Detachment
Point) a, * FI{SEI I3 FR1E n (EEROFEASERRITE DL T FTRIEREVEALA ST (BER
IR R R 170 -

a, —n(1-R)/N 0

ay —4a;

w(n):min(max( J,IJ, n<N,0<R<I (11)

(11) # R Fs[l{83 (Recovery Rate) @ &ERIZEERE - 5 NEHVIR AESE
NARERESIERE] R BBAL - 8K (1-R) BAL - AR EREREAH N AIRH BT R L iR E
M WA N ELER RS BRIHR R LEBIE R n(1-R)/N - 1R$E (10) XAV GREH: &
ERIBER K w(n) » AIETRE G EE HEMEE R I~ J WG - %5727 1F « IFES
B AR ¢

E(t|‘]1"]2)=i®(”5t|J17J2)W(n) (12)

P (12) PR FIZE B A7 44 (Conditional Expected Principle) E(¢|J,,J,)
FITie E HIE SR A R AR P(J,,J,,¢) FTRBEITIOME - BIPTHEIS MR T ¢
BEEZ S A AR S

E(t):ZZE(”J15J2)P(t’J1’J2) (13)

FIA (13) K - BRI LAGHE A BRI AR & » SR E S5 RE A - BIfE
FH R FE B 5 AR B i A BB S AR - B8 Doy 20 8 A AR EE S
HHAIIREIZ - BIRTSKHHE R ERER 50 75 < S B (E T E = -
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£2 ~ SEREREDNT
REE S 280 i G S » ¥f iTraxx Europe Tranche i {E & HETTHE
15 S22 e R AHRA & B{E 53 HT » iTraxx Europe EHBOM B ELFREITERT 125 (/{2 FEL
AR (Credit Default Swap) #HEL - 1HFFR Baa3/BBB- FH# LA T (&) BEFAMRE
LZARR - BHE A E S AHE L E o R A E S - R 2007 £ 1 H 30 HE
2008 4 3 H 31 HZ & {ER ¢

3+ 1 iTraxx Europe HiBEHg
iTraxx Europe 2007 ££ 1 B 30 BB {EE

aL(%) aH(%) 5 £ (b.p.) 7 % (b.p.) 10 £ (b.p.)

0 3 10.25(%) 24.25(%) 39.30(%)

3 6 42.00 106.00 316.00

6 9 12.00 31.50 82.00

9 12 5.50 14.50 38.25

12 22 2.00 5.00 13.75
Index 23.00 31.00 42.00

iTraxx Europe 2008 £ 3 B 31 HiBEI&

0 3 40.28(%) 45.63(%) 50.05(%)

3 6 483.50 569.00 681.70

6 9 310.00 354.30 397.20

9 12 216.40 239.20 261.30

12 22 109.50 121.80 134.40
Index 123.00 127.00 128.00

7 1 HER 0%~3% 237540 » 35 R A AR 23+ EEHEMREL 77 5 /R AN &
B R E 2 (2 FE 2 > 412007 46 1 H 30 H 7 1 3%~6% 2 /3 %178 NEFEH
AEFIERA S FAFHART Y 106 EASEE (Basis Point) Z A& © 0%~3% <~ s i(EER
RITENEIREM 75 - DIEQVIRGEHIREE A ERAREE S (A95iFE
N) ZAREHTE T HBIFR » #ERATEAE ) (Upfront Fee) » & 2 AHEBARTEKEZ 7T
FRERA B UCELE E 500 FAELZFIE, » FHEBAIRTE T2 28RS EGF3R 2
AR RS RS r ~ IS EC T RS RS B EEE L ~T(aB8) ~ 4 ~T(a,.B,) B4,
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MR SR T By AR R 2948 B M R WL WIS L e BORME R BRI & B

®2 EHHEARAMEHREERE H BIRES T - MEARMBEGHREERIHIR
—ﬁlﬂf% -\EE( A’l Nr(awﬂl) ; 2 T (apﬂz) )

H, 0%~3% 3%~6% 6%~9% 9%~12% 12%~22%

0.90 881.48(-14.0%) 38.67(-7.9%) 7.73(-35.6%) 3.13(-43.0%) 1.07(-46.6%)
0.95 954.21(-6.9%) 40.28(-4.1%) 9.72(-19.0%) 4.21(-23.5%) 1.48(-25.9%)
1.00 1025.00(--) 42.00(--) 12.00(--) 5.50(--) 2.00(--)
1.05 1093.86(6.7%) 43.84(4.4%)  14.58(21.5%) 7.03(27.6%) 2.63(31.6%)
110  1160.81(13.2%) 45.80(9.0%)  17.46(45.5%) 8.81(60.2%) 3.39(69.4%)

JRIE# 2007 £ 1 B 30 B2 8REMRER @ iIHIAEMREE I AREZ BB R DT

®3 F_HEARBE4RERE H, BIRES T - MERRBE4REEXRIBE
—MBAE (A ~T(@.8) , h~T(25) )

H, 0%~3% 3%~6% 6%~9% 9%~12% 12%~22%

0.90 945.68(-7.7%) 34.00(-19.1%)  11.66(-2.8%) 5.50(-0.1%)  2.00(-0.07%)
0.95 987.00(-3.7%)  37.90(-9.8%)  11.83(-1.4%)  5.50(-0.05%)  2.00(-0.04%)
1.00 1025.00(--) 42.00(--) 12.00(--) 5.50(--) 2.00(--)
1.05 1059.84(3.4%)  46.30(10.5%) 12.18(1.5%) 5.50(0.05%) 2.00(0.04%)
1.10 1091.70(6.5%)  50.79(20.9%) 12.37(3.1%) 5.51(0.1%) 2.00(0.07%)

% 2007 £ 1 A 30 H2ERERR - BlARUREEH AR EZ BB H L

() F—RACARRFHAELARI LRI (.5)

B TMFE R RS RS AR D IR — M3 S ECHGIR UL T - 46 7E S
BRAR Ty 0% - [I{ER 0.4 » LAR DL 2007 5 1 H 30 HHERT{S2 BUREME » SO —
FE(E B3 AR D FL TP YRS E 2 8 (o, B) > SETTRURE AT ©

x4 B HCEHREEHREARIRESHE o BREST - MERRESEHEEELE
RANB—MBAE (AL ~T(2.8) 4L ~T(.5))

Q 0%~3% 3%~6% 6%~9% 9%~12% 12%~22%

1.89 861.97(-15.9%) 39.66(-5.6%) 9.78(-18.5%) 4.35(-20.8%) 1.56(-21.9%)

1.99 943.75(-7.9%) 40.81(-2.8%) 10.86(-9.5%) 4.91(-10.8%) 1.77(-11.4%)
2.10 1025.00(--) 42.00(--) 12.00(--) 5.50(--) 2.00(--)
2.20 1105.72(7.9%) 43.22(2.9%)  13.21(10.1%) 6.14(11.6%) 2.25(12.4%)
2.31 1185.91(15.7%) 44.46(5.9%)  14.49(20.8%) 6.83(24.1%) 2.51(25.7%)

* RIEA: 2007 £ 1 A 30 B2 HRERR @ iIHlREMREE R AEEZ BB A DLt
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KRB —MBAE (A4 ~T(2.8) A ~T(.5))

B, 0%~3% 3%~6% 6%~9% 9%~12% 12%~22%
17.25  1197.30(16.8%) 4510(7.4%)  15.66(35.5%) 7.61(38.3%) 2.86(42.9%)
18.21 1107.11(8.0%) 43.44(34%)  13.66(13.9%) 6.45(17.1%) 2.38(19.0%)
19.17 1025.00(--) 42.00(--) 12.00(--) 5.50(--) 2.00(--)
20.13 949.94(-7.3%) 40.74(-3.0%)  10.61(-11.6%) 4.73(-14.1%) 1.69(-15.3%)

21.08  881.07(-14.0%) 39.64(-5.6%) 9.43(-21.4%) 4.09(-25.7%) 1.44(-27.8%)
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MR S T By AR A 4948 MR R AL SRS ¢ A BRI R BRI & A

#*6 FHEARAMEGRELEERIMIE o BRES - MERARMEGREER
D RIB—AE B S EL R — IS AEL ( A4 ~ Pareto(a,4) , 4 ~T(a,.5,) )

a, 0%~3% 3%~6% 6%~9% 9%~12% 12%~22%

1.0  997.463(-0.33%) 36.836(-5.67%) 0.1030(-98.95%) 1.260(-73.70%) 0.002(-99.89%)
2.0 1000.655(-0.01%) 38.556(-1.26%) 4.772(-51.24%)  3.041(-36.52%) 0.177(-91.21%)
3.0  1025.001(2.43%)  41.998(7.55%) 11.999(22.59%)  5.500(14.79%)  2.000(-0.74%)
40  1019.742(1.90%)  41.952(7.43%) 14.526(48.41%)  6.699(39.81%)  2.918(44.83%)
50  1011.498(1.08%)  40.806(4.50%) 14.459(47.72%)  6.512(35.92%)  3.179(57.76%)
6.0 1006.169(0.54%)  39.934(2.26%) 12.063(23.25%)  5.739(19.79%)  2.726(35.30%)
70  1002.900(0.22%)  39.397(0.89%)  10.608(8.38%)  5.138(7.24%)  2.261(12.24%)
8.0 1000.723(--) 39.050(--) 9.788(--) 4.791(-) 2.015(-)

* JRIE# 2007 5 1 B 30 B2 HRERR » SN UREEH AR EZEE T L

R7 E—HEAREEHBEEESEZHABRES T - MEARMEHEELE
RRB—MEBPER—MBAE ( 4 ~ Pareto(a,4) » 4, ~T(a,,,) )

A, 0%~3% 3%~6% 6%~9% 9%~12% 12%~22%
0.070  1015.16(-1.0%) 40.66(-3.2%)  10.08(-16.0%) 4.77(-13.3%) 1.64(-17.8%)
0.074  1020.13(-0.5%) 41.33(-1.6%) 11.03(-8.1%) 5.13(-6.7%) 1.82(-9.0%)
0.078 1025.00(--) 42.00(--) 12.00(--) 5.50(--) 2.00(--)
0.081 1029.78(0.5%) 42.65(1.6%) 12.98(8.2%) 5.87(6.8%) 2.18(9.2%)
0.085 1034.46(1.0%) 43.30(3.1%)  13.98(16.5%) 6.24(13.5%) 2.37(18.7%)

* JRIE#RS 2007 £ 1 B 30 B2BRERR @ HlARMIRERE R AREZ B A DL

(2)F_REARREFELEAEZILH T (0,.p)

7 8 AT W5 AR 3 A R B RS 4 BC T 67 SR P AR 0% » [5]
B3 0.4 DR LL2007 1 H 30 HfHERG SRR E - U885 (G I Rbs 158 4
R RO 2 BIMASHUBURREE 534 - DL S SRR B 3% 9 53 AT ER (S © $13# o FUERSR
0.853 1 10% Ry ENFIE - g, RIFAE  $1¥ g FCERS IR 16.667 L1 10% B )
HiE o, PREFAE

Fr Al E] o FAEEEE RE(E P R b S R AR AR B R —JE (S AR B S R
BURE ST ANE] - BB & 7 G a B AR Y - BIEEER 8 ' o, HENEL B, UK
/N W IRME FEEXZ BN B R il » Fell 577 Z R R IRE - SHINVE S —
KE(E FH B = (4 3% A SRR 3 B R AR [ 53 FC ISR 2543 2R R RBURK B o0 BT B 2% 8 YTB TR 2E
L RS EE R -
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F*8 EHEARMEHREEENEZH o, B BRESN - MEAREEHE
SRS E—MBSE (4 ~T(2.8) , 4 ~T(a,.5) )

a, 0%~3% 3%~6% 6%~9% 9%~12% 12%~22%
0.768 882.72(-13.8%)  37.46(-10.8%) 11.75(-2.1%)  5.496(-0.1%)  1.999(-0.06%)
0.811 954.16(-6.9%) 39.7(-5.5%) 11.88(-1.0%)  5.498(-0.05%)  1.999(-0.03%)
0.853 1025.0(%) 42.0 (--) 12.0(--) 5.50(--) 2.00(--)
0.896 1095.2(6.9%) 44.3(5.6%) 12.13(1.0%) 5.50(0.05%) 2.00(0.03%)
0.939 1165(13.7%) 46.7(11.2%) 12.25(2.1%) 5.51(0.1%) 2.00(0.07%)

B, 0%~3% 3%~6% 6%~9% 9%~12% 12%~22%
15.000  1164.77(13.6%)  48.29(15.0%) 12.32(2.6%) 5.507(0.1%)  2.002(0.08%)
15.833 1091.84(6.5%) 45.0(7.0%) 12.15(1.2%)  5.504(0.05%)  2.001(0.04%)
16.667 1025.0(--) 42.00(--) 12.0(--) 5.501(--) 2.00(--)
17.500 963.51(-6.0%)  39.42(-6.2%) 11.87(-1.1%)  5.499(-0.05%)  1.999(-0.03%)
18.333  906.75(-11.5%)  37.13(-11.6%) 11.75(-2.1%)  5.496(-0.1%)  1.999(-0.06%)

* RIEA: 2007 £ 1 A 30 B2HRERR @ iIHlREMRER R AEEZ BB A DL

=~ BRI

PR AT UGS 5l 8 R O B & R AH BRI 1 — B RE AU - B REERIAH R 5
BN SRR E L Z - BB ERRIIE R - SBEH RS b RS AR A
(Benchmark Model) » H:H1 Davis and Lo (2001) ZEE5EE 4321 YR DU EFREE
FIMEREPERE L - Brigo, Pallavicini, and Torresetti (2007) HYEIREEEFE N FLIAEL AL B £2
= S8R EIRERE I »© Graziano and Rogers (2009) HIJLARE 7] K8k (Markov
Chain) §&E)(E FH&E & W HEK FE 2R E -

ot AT SRR B Y A B R B S R PG SR - B Y PR R R TR R o ARSI
% Hull and White (2008) fE 87 JE{# » FEERIRVEFR L - FAFTERF Giesecke (2003)
& Giesecke, Spiliopoulos, and Sowers (2013) & & FE A B BIEEET % (Non-fatal
ERVIER T ) RIE S - HE— T @ (E HFE MR 5 1% (Typical) BIE=H %
(Atypical) FFE - FHESHOASCHYETRE MR BIAL - PR R 1 - HBRE e EE N F 2
Ry T SR M R\ B B A - B SR 1 BE B R A M ER IR () i
2 o FHELHA Hull and White (2008) FUREH » AR [ELZ BRI -

A AL Hull and White (2008) {2 B 3% 5a B {5 F 510 3 A B S Ry [ 7 1) i 0 -
HAHE 5 | ABRBI(E PS54 A 538 A SRR TR [ i 48 B 35 8 A T2 3 P b =B -8 AR AR
Krlge A RRAYB S - MIEER AR S A0 =RE B E e B - FAMTIL A FF EE
FE A FRIRVSHREREN 5T &5 8EHF BB T R o By - JMearanE
EIBEEIRR SRR AR - AR 30BN ERRIVEESE - mEEEHE
{2 SR Eh Rl - AE b e 55 B Bl A S0 — BRI R IR (S R S 2 AR I R BRI LR
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FLH RIS - M E SR AR R R b 2 R R B -

AT RTFAS R R IEEE R S FLPA$KEE (Inhomogeneous Poisson Arrivals) * &
B A5 R 38 A EAT 2 N A B IR R - 1 Bk 0 2 B (3 R & W Y B B TS %
RS A BB - FAMFE L M E AN EIRYE B EE R —E S E M E R
s RIHFTET R BEE RSN E - TE AR FENEFRE - WilEiR B — R A E]
A4S AR B HHEME R MR N B BIRE A RS R R FIRERE T
RIE ML PSR s B AR -

SRR B R A SCEE Hull and White (2008) FYZE S « ASCE IR H —(H#LAERGY]
IS EREEL - I B B rT eI - AR EUERS PR T 2007/1 HE
2008/1 HHY iTraxx TG EARHIAERG R o FRAM FING A3 28 MR ki - BB ERS R
HHEYRBURE i 2R E M R E A N E S E N EE -

APt E B FE(E A B 0F - HERS R A B EEEREE - HrllHh
GEREFEE TSR NEFIARE AEERENS - (BEENE S IR SR
fEFERREE KU 53T FRAMFA R AL 23R AR E A0 T HeGm ¢

EHCHEERS R PRI 2 ATDUEE S| - EiRE—HEN A E B EFRE -
MBS RIS BRI » JelB o7 S — A E A S EEEE H BOREUK

[Z - 3% 3 Al EI B TR A E RSB EFEE H, &K -
1] & A L 25— JE(E P i\ B8 AL SRR D O 2 s - 5% 4 23R 7 BV > LBy
TR BIHNER—HA(E A\ 25 PR SRR S BO 2 U T BB B AR 2R A (S b SR R 38 4E

BRI B2 8 - A2k 8 RIS 0 FRE R KU - ER R HEGR - B
EESFHAHRRE —EREEN 2R - BB E S RIERRK - BIERATE
EIFRERH G RO N IR A - Al REEr BHSLE D FE iR fe s - FIE -
(BB FINERIFE A - RIS e ey RIUIR AT RESS —JE (5 A b F - L

S e+ 1726 X PR B (1 5 FF S L B R s A L
i -

SANME 2007 5 1 H 30 H R 2008 ££ 3 H 31 HSEIANRE 2522 FE 2 A S HER
fEEfeSRE LA DR - F—HEHER B FTERNEEREE - TR ER
IFECEIAE B - SelBo 7 b o5 ferm - LR SR B ER T H IR e E S
TG EIE A -

T T Hife CRASE T A AR HE P R R ME A SR — B - FRIFTSS 4L 2007 21 H 30 HE
2008 4 3 H 31 HREIMTHS 7775 FIEZERYE - AR iTraxx TS ERLELE - &
A& 2007 44 H 30 H ~ 2007 45 H 31 H ~ 2007 46 H 29 H ~ 2007 47 H 31 H »
2007 ££ 9 H 28 H ~ 2007 ££ 11 H 30 H F 2008 ££ 1 H 31 H - 7E{RR 58 4 2 5
SRR — B0 T - BB T ERHEMIS RS S e FI2E 1526 iy
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EMFTRGIRAAHEIS S - ek @RS —JE(E A g B A E S S E R e ERE
& BTG AR EERIR S BEREE - RMESCETERER S EEEREE S
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U5 IR SRR FEREN (S A B3R L 2SR T bEt - nle (3 A B B rTRE R AR SR -
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Fidiz R Z2 B E] - T {1658 Y2 B (0385 73 B R AT 5 i s B E — {181 R 22 B0 385 73 Bic 2k SR 8
(EHF R 2 25 - (LR IVIEIVRF BRIy CreditRisk+ AU A DISN A BREN (5
FHE RIS — TR A AT A= R BB - 25 R BoBE RN B o B - ZERET
SERET A IERCREN Z EKMEE - DI ERFFIEMIE TS T R B EEN B
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ATRETERIEIGIN 5 AHEHE - HE 2t 75 AN A RERI WIHE R B AR 2 185 - EdhE
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On the Characterization and Information Contents of Dynamic
Default Correlation under the Doubly Stochastic Assumption: The
Case of iTraxx CDO Tranches

Mi-Hsiu Chiang, Associate Professor, Department of Money and Banking, National Chengchi University
Hsin-Yu Chiu, Ph. D. Candidate, Department of Money and Banking, National Chengchi University
Ying-Hsin Wang, Master, Department of Money and Banking, National Chengchi University

Purpose / Objective

Proper characterization of the dependence structure among events of default is vital in
the construction of the joint-loss distribution for a pool of credit entities. Existing empirical
studies have suggested that default correlations in fact react to macroeconomic conditions.
For example, Das et al. (2007) observe that, during economic recessions, correlation of
defaults among credit entities is most likely to increase and brings about default clustering as
a direct result.

Moreover, the embedded risk characteristics of CDO tranches are very different.
Depending on their senior/subordinated structures, CDO tranches endure different sources of
risk that induce varying extents of impact on the associated tranche spreads. Equity tranches
tend to suffer losses in the early contract stage whenever a default-event takes place, and are
therefore more susceptible to influences of idiosyncratic nature. Senior tranches, on the other
hand, are vulnerable to the detriments induced by an increase in the systematic exposure of
the reference pool.

While economic conditions are recognized to be a major factor, they are not the sole
determinant in the dependence structure among events of default, as suggested by Giesecke
and Weber (2004), and Das et al. (2007). They show that, deteriorations in the credit quality
of one single entity may affect that of other counterparties in the same pool; thus, a proper
characterization of default correlation must account for not only the systematic risk factor,
but also the idiosyncratic component. In this research, iTraxx CDO tranches are taken as an
example to illustrate the complex inter-relations between credit-events that are driven by

heterogeneous sources.
Design / Methodology / Approach

In order to gain a thorough understanding of the complex risk characteristics of CDO

tranches, in this research we extend the framework of Hull and White (2008) to account for
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heterogeneous sources of risk-driving factors that generate the occurrence of credit-events.
In addition, these risk factors are assumed to follow a doubly stochastic setting and jointly
affect the survival probabilities of the reference pool.

In contrast to Hull and White (2008), our doubly stochastic setting allows for the
randomization of the default intensities underlying a inhomogeneous Poisson process that
governs the survival probability generating function of the reference pool. In addition, we
provide different market scenarios under which the total numbers of credit-events are driven
by the default intensities that follow a mixture of two-parameter Gamma and Pareto
distributions.

Such setting, though being theoretical, reflects the real life situation that credit-events
are not merely driven by macroeconomic conditions. While systematic factors represent the
market’s economic situation as a whole, firm-specific, idiosyncratic factors may also bring
about the rising of default possibility for a single-name asset.

To demonstrate the feasibility of model calibration, we provide a calibration procedure
that adopts the approach of Longstaff and Rajan (2008) in verifying the goodness of fit
between a multi-parameter model and the market prices. By calibrating the model parameters
to historical spreads of iTraxx Europe CDO tranches, we examine the pricing errors between
the market spreads of CDO tranches and the model spreads of ours. In addition, we extract
the implied jump-sizes that reveal the information contents on the correlation structure of
defaults.

We finalize this research by conducting sensitivity analysis of the model spreads to the
key parameters of the distributions and the associated jump sizes that represent the

detrimental extent of default events on the survival probabilities.

Findings

As was suggested by Hull and White (2008), the implied jump sizes extracted from the
market prices upon calibration reflected the implied correlation structure of credit-events.
They, as a direct consequence of the extent of damage being imposed on the overall survival
probabilities of the reference pool, induce the clustering of defaults over a sample period.
Such observation enables us to draw further conclusions on the effects of heterogeneous risk-
driving factors on CDO tranches. In the following discussion, we further differentiate the
credit-events generated by the risk-driving factors into two categories, one being the “credit-

events of the first type”, and the other being the “credit-events of the second type”.
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Our calibration results reveal that credit-events driven by heterogeneous sources exhibit
different implied jump sizes for different tranches of a CDO according to their senior/
subordinated structure. For credit-events of the first type, the implied jump sizes of senior
tranches are larger in magnitude than those of equity tranches. On the other hand, credit-
events of the second type exhibit larger implied jump sizes for equity tranches than those for
senior tranches. This indicates that, when the first-type credit-events occur, these jumps have
greater impacts on the spreads of senior tranches than that of equity tranches. Such effects of
jump sizes on CDO tranches resembles that of default correlation. A high correlation of
defaults increases the likelihood of the extreme cases of atypical credit-events, and implies
that losses are likely to occur on the senior tranche.

Our results of sensitivity analysis further confirm the above findings. We find that the
spreads of senior tranches are more sensitive to the changes in the jump sizes and
distribution parameters of the first-type credit events. On the other hand, the spreads of the
equity tranches are more volatile when we change the jump sizes and distribution parameters
of the second-type credit events. We therefore hypothesize that the first-type credit events are
atypical credit-events of a systematic nature, while the second-type credit events are typical

credit-events of an idiosyncratic nature. Our hypothesis awaits further empirical validation.

Originality / Contributions

In this research, we present a calibratable model that is analytically tractable and
dynamically characterizes the correlation structure for a portfolio of credit entities. Our
model allows for the co-existence of heterogeneous sources of risk-driving factors and helps
one to further explore the risk characteristics of CDO tranches under such interactions.

In addition, information drawn upon calibration helps forming the correlation trading
strategies. While the dealers can eliminate the sensitivity of CDO tranches spreads to the
spread-variability of underlying credit entities, they remain exposed to the uncertainty in
correlation structures.

Based on the model, one can extract the jump sizes and distribution parameters upon
calibration. The implied jump sizes enables one to identify the market implied correlation
structure of either type of risk-driving factors. For correlation trading, the dealers can sell the
tranches that exhibit large jump sizes to those who have overestimated the values, and buy
the tranches that exhibit small jump sizes from those who have underestimated them.

Hedging implications are also intuitive. Upon extracting the key parameters of the
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underlying distributions, the holders of the senior tranches can choose to hedge against the
movements of iTraxx index when the extracted information indicates that the default
intensity of the systematic component is rising. If the default intensity of the idiosyncratic
credit events is observed to have increased, the holders can instead hedge against the

movements of the single-name credit default swaps.

Research Limitations / Implications

The number of parameters needed to be calibrated in our model is greater than that of
Hull and White (2008), and that entails more endeavors be made in the calibrations
procedure and thus inevitably more time required for computation.

Further empirical validation is warranted to find out whether or not the model is capable
of differentiating credits events originated from a systematic risk-driving factor or an
idiosyncratic one requires. By that, proper selection of market proxies for both types of
credit-events is crucial, though at the time of research such information is not yet available.

Further work also calls for comparisons to be drawn among different approaches that

strive to provide a dynamic characterization on the correlation structure of defaults.
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EHSE MR EREATEIRS NEFATHES J ~ Poisson(A) -

Proof:

P(J,1) = j (’Web dU(2) = j (/“) " A= j (’“)f Zﬂ"l A
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(1) BB—TEEWE J—o BIEEEEEE » fFE—f% incomplete gamma PRERHIPE] ( Bl
J—a>0,A¢>0 ) aJHEERFTENHT (B.3):

J—aeN=J-az21=J2a+l

P =22 r (g a2y = 2L r( - gy 3 (B.3)
Hefir M S AT —a,Af)=T(J - '%’Jal(“)
(a,x)=T(a)e” ZF > a,x>0 > (J-a, ) =T(J -a)e kZ:;
Q) EJ-a=0FF » ZHEHBFREEEEREZRAT ¢
A F L adlt At
P(J,t)= - A{,x edi=—2 — 1 E () (B.4)
HrhE HFEEE 5> (Exponential Integral) FEHAM T -
E (x)= Te’”t'"dt =x""T(1-n,x) (B.5)

Ln=1+x=t * Al x"'T(1-nx) = T0,4t)=E 4t ' Bk (B4) RFRZMEE -
(3) & J —a Ly B - A E B RS AR IR

P(J,t)= _aﬂ; 't I x e ey =
S

(B.6) X T A - E & a—J By IERE BT - 5 T (—(a—-J),4t) Fs T = (et
Abramowitz and Stegun, 1972):

aky 'ta T (—(a-J),4t) (B.6)

D"’ e S K
T(~(a—J),4t)= “ )[EW) Z 7 Z)h. (B.7)
REP IR WL RS SR AR B BERANT
_aloaa ( l)a./ ~ 7](][0:./1( 1) k'
P(J,t)= ST, ~————[E,(4t) Z 7 z)"*' (B.8)

HEH P HEEEE I R IRINT
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P(J,t)=

Ofﬂvoata (_ 1)0{—J

J!

A5t* J-a-1 At k
Ly gyt S )
Jy! i k!
alyt”
J!

E (A1)

a-J-1 (_ 1)k k '

E —e
[ 1(%0 e r (%[)kﬂ

(a—=J)! ]
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forJ —a>0
ford —a=0

forJ —a<0
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