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Approximation Method for Probability Distribution Functions by Coxian Distribution
considering Feature of its Density Function
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Abstract :  This paper shows the extension of the approximation method proposed in [1] us-
ing the Coxian distribution.The formerly proposed method can approximate distribution functions
with the monotonic decreasing property. The method proposed in this paper uses the combination of
hyper-exponential distribution and Erlang distributions, and enables to approximate non-monotonous
distributions such as unimodal-type.We also present examples of the approximation for showing the
usefulness of the method.
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U EOFNEN,S, BEFREADXE 2T 555K
A DIFEE ho(x) = 100, hoi(z) PKRE 5.
TR R 5T ORRBEIERIR f(z) 25 ho(z) D
fEZ5(< &, MMEIX O ADOHEFRFREREI fum(z)
N ICY (W

o~

fum = f(z) — ho(z) (20)
2O fum(z) EEMT BT - T U5
hm(x)(m = 1,...,M) OKOF % KE Tk
5.

3.3.3 MAERXEDEE

PR A O MK O AR OHEREEEK
fum(z) O M EONEIXE Pp(m =1,2,..., M)
T =T VO hp(z) THEMT S, 22 THEPL
KA DRI Fe(x) 75 HE(x)
%5 RES L Sy (2)(= Fo(z) —
H§(z)) &35, M6 ICHEERERE fum(z)(=
f(x) — ho(z)) DBIZRT.

WRHOXR Py 25 Py CHRIEIC, MAIXE
RWBT 2T =T V5 h(z) KD B, /85
A= Ay, pm OFRDHIE, FNE2 & FEIC, B
BOBRHSITT 537 A — % EEERAE T RD,
DB/ R BBER/NT A —F ZBDINT X —
5 e D,

72, hm(z) D/ — F¥n, &, FHEEDH
B3 5~ TR, DT R b0, /- FE

0.014
0.01 Jom (%)
0
0 100 200 300 400 500

B 6: fum(z) = f(z) — ho(z) OPI
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N DERK/ — FE N, IZZETHET, —OFD
WL TwL,

FIE 4 MEES O,
1 B S T —F V5 ho(z) KO 5.

m=M

2. hp(z) DN — FEBZE n, =2 £ 5.

3. BHHHEF Cp = [dmn, dmy1] NOTXTORE
I oz WX LT, o PTEHEE D LI
TP OEM ST A —4F )\m)k:pm,k rEHL,
BONTNT A= 133T 5 X [d, Tmax]
DFIFE RER(dm, Tmax) £ KD 5.

Amk = (nm—1)/xk (21)
Fim(dm) = X 41 H (dm)
p (m > 1)
mk
1- Ziﬂ/:fo,i:;él Di
(m=1)
(22)

4., F¥ginE REk(dm,xmax) BN & TR o T2
WIXT A =8 Ak, P TEDINT A =5
Ay Pm &5 5.

5. PHERENPHEREDLT RS, D% 0
mkin(REk(dm,a:max)) <TE,, dL<IX/—
FEIRA — FEIZELE, 2% n,, =
N,, DEEIE, A7 v 76N,
FNLUIOBEE, J— FHn, Z—oH
LTAT Y 7T 3NRED.

6. m=1055E, APERTT2.

FhPHN I me—m—-1&LT, A7 72
~NHES.

1
DLEDFINEIZ &0 KD 7558 A o 544
holz) & M DT —F 5% hyp(z)(m =

1,..., M) OWFHFEEDS, EWFR5A % T T
BIEWE h(z) & 7% 5.
M

hz) = > hm(z) (23)
m=0

3.4 v IRBIBHEADOTH

EOST h(z) L% LVHERS R RSy o
ARGATD T A — 5 %KD B

FIES5 2 7 ARGADINT X — 5 DRD )

1. hz) DL = M n, WONTX—%,
0150025 s Nomg & Am B ng O
(m=1,2,..., M) ZHIEIZIE~, a9 7 ZH#
GAID ) = FONRT A= N1 =1,2,...,L)
&Y 5.

2. /—F k FTOI 75 ALHBA Vi(s) =
T, N/(s+ ) &, B0 8% v CR Bl

5.
k

WO=X g O

ZIT, m /=K 1,2,...,i TN LT
X—5 N DEFE L — FOB, By, 115
BTHD.

3. BREL By @RHWT, av 7 ARGADINT
)(“57 Al:(ag-al'--alfl) %ﬁt’jj—é

_ PN = 1 Ai(Big — Bis1y)

A
: By

(25)

ZT, p BT A= N By HESNC
WA LA~ RIRHERTH L.

-
—

4. A X0, 7= FIHE 1+1 ~OFIEHE q
RO B,

al:Al+1/Al (l:1a277L_1) (26)

4 B

ARG SCCTR L 72 w728 BBl & 7R
P4 & LT, NLANR(National Laboratory
for Applied Network Research) TZF & Tw»
BEBT— 5 (18] % 4Ea L7kat T — 5 & H e

LB 113, [ OSU @ 2000 412 8ERF & 7z
ftp D37 v b BERHEOMESRA, S 213,
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0.018 1
Target Distribution 0.8 Target Distribution
0.01 EM Algorithm = e 0.6 EM Algorithm e
Our Method -——=-===" Our Method -
0.4
0.2
0 0 s
0 100 200 300 400 500 0 200 400 600 800 1000
(a) Density function. (b) Cedf.
72 B 1 DR R,
0.007 1
0.005 b Target Distribution 0.8 Target Distribution
EM Algorithm = - 0.6 EM Algorithm

Our Method = Our Method
04
0.2
0 - 0
0 200 400 600 800 1000 0 200 400 600 800 1000
(a) Density function. (b) Cedf.
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(a) Phase structure of exponential distribution. (b) Coxian distribution.

9: FLIBT 1 DI,
0.081, 0.077, 0.509 0.941, 1.000

| QossFGosif GosifGof (o)

().203 0.105, 0.102 0.098, 0.094, 0.090 0.086
TiTiCio

Qo5 00595y osd

(a) Phase structure of exponential distribution. (b) Coxian distribution.
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Mk APN 0 1999 4F 2465 S L7z telnet D737
N OFEEBBOWESMOEBERTH 5.

WX R & ARG SCTIRE L 72 HEE TR0
PEER, ESHIHEOEM 7TLVIT) X L% T
KOEPREREZR 7,8 127, EM 7LV X
LTI, RAL—TV U T7H%O F(z) 385 ME L
T, REETHADEREFE LM, 2% 0 [HE
UBOMENNT A= DTy 7 ARIGAIC &
DIERE TR -7 B, ZORMEICE, [11]T
&N T3 7175 4 EMpht [12] 2fH L
7o B0, ERPOFE RS RS RS
AL, REEDAEEERL-ay 7 AR R X
9,10 IZ/"L, BLICRELIAHELEM 7T
A 5@ Kullback-Leibler {52, ME%ERLL
cedf OFHFRZEZ IR T .

R 11X, = = 30 B OMFEREREEKOMN
M E WK E T T E 7245, = 200 FAD
BHE O MBS % —2 O W EIX R & A e LT
LTwab72®, ZOWMGOIPREENEL 7o>T
LEoTwWh, EM7VITY X2 HWTELR
7oK B & B B &, RRER AR O RE
IZBWTTOTPICRE L - HEDOH DTEAEIVI
vy, & 52, Kullback-Leibler 1§k, R
FEBE O TR TIIIRE L TEDO H MEDV
B o TBY, MT255005 %) ICHEREE
MO MBS & CGEBLTETw 5,

F 72 213, RESREERIRL, MR
BEHITHEUBEOBVHERISBEL N TS, EM
TN T) X0 %& BT R L BT 5 &,
HWREBOAEBICE L TEEM 7 VT X A0
HERAEIVNE {, Kullback-Leibler [HHtE 2 L
THEM 7NV T X LDOFHEHS/NE N, Ll
MERFERBICE L CIIRE L 2 B0 o5ins
DINENEWVZ 5,

DEoRERLY, BEOEM 7TLVITY XL E
W LT, FFEE O Kullback-Leibler 15t & T,
WERBEREE L OVBEL GEPTE TR LW
25,

5 F&&

AT LB HWAZ L FHBE Loy
AFIAGNE & BHESR AR DAL EEZ IR LTz,
BTG & 3 2 5540 O MR B B B RS R A & 7R

# 1 iR

(a) SEIB 1

EM algorithm | Our method
KL divergence 9.8185E-02 4.5938e-02
Error (Density) 5.8992E-05 4.0947e-05
Error (Cedf) 2.3323E-03 1.5139-03

(b) BT 2

EM algorithm | Our method
KL divergence 6.3643e-03 7.7581e-03
Error (Density) 2.0365e-05 1.8685e-05
Error (Cedf) 0.5703e-03 1.4344e-03

BHRVEAEICOBEATESL )12, BRIZRELL
3y 7 ARG & TR AR DA T R 2
BLZEWDHEORMZFIHE R L 7.

F7OEMBIZ R 2 8T, MBI M
B REGAEDHOEVBETETELZ L%
~L7z.
SHBOBEE LT, AFREEARFRCHFITRLL
FILDNOFEAL DY AT AR T T 49 ZIZHHAL
TAFERFET 5 & 312, BRI~ 1+ X
ERTREEDMORHRTEL L W) Ty 7 AR
FOFEEE VLT, L) EUBEDEWHEZ
ERTHIENETONS. F72, EM 7Y
AL EOEPTTEIH LT, REFFEICBITH A
EVFEHECEIE RS2 B L 2= 2 5Hl %
79 &3S, ERTEOE DY AT A0 )%
AT ATFETH S, FIIARFLEEHNTEDS
Ni2ay 7 ARGAEDEINTG X —F DL, Bl
HRTHDH VAT LDOBRIZONT A5 HIF5E T
EDTITL FETH 5.
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L FEAR - L AR, BUE, RRKERE 44 B8R - T- B, FERTZHER K
RHBREAET . HAEHETFREE Akt BEABMET L 2 — Ly k8wl — F (B) A
th. EICHIEROMERER IS, BERBTEE
KFEBBRE, BF, ERTERSFE AR
AT, BIENE LRHRESIR. 7RV Ty
AT h, Ar¥a2—% 2y MT— 7 OWEEE &
EEEAL, )TV A LY AT LSOOI,
2 T, HAEEMEYS, HHu#E%4%, IEEE
e -

43k Tk

FoFEA - L HEE. F 7 RRKERE LR
T, P10 FARKRS b 8RR U AR R
MMEIE T, oF 10 FIRKREERE B RRHARTSERIBD T,
BRI K TEMER TR T. £y bT -2
A7 L OVEREREM, A BB ORI HEE.
10 L. B RHEEFRRE. FH Bk

1963 FEFEA - L - BRE. FK-BIF, h#EdEs
#T, BAERK - RFERBAREHAFFEREGZ. A
THERK, Ry NEYar, BEELE <LF
AT 4 TG EOMFRICHETS. T, B
#4, HRVR#¥%, HEME #F&SK4KE8.
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