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Fig.1 Basic component of HPN.
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Fig.2 Decomposition from dimer to monomer.
(a) HPN, (b) HFPN.
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Fig.3 Schematic diagram of the structure of signal

transmission in epidermal growth factor.
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Fig.4 The mechanism of signal transmission in epi-

dermal growth factor using HFPN.
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Fig.5 Flowchart of the conventional technique.
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Fig.7 The result after knockout.
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Fig.8 Flowchart of the proposed technique.

stageDRNN OO OO3rd stageD OO OO0 O0O0O0O
00000000000 4thstageD0 0000000
0400000000000000D000DO0OC0OO
ooooooooooo0ooOooooooooooo
ooo

4.1 1st stagel HFPN OO RNNOOOODO

HFPNOOOOOOOOOOOOOOOOO RNN
pgoboooboobobooboooobooboo
gooooo

HFPNODOOOODOOOO M = {m; : i =
1,...,K}000000000000 P={p:i=
1,...,L}, 00000000 OoUoO0oOoooo
07T = {token; : i =1,...,K}y00o0oooong
j00+«00000 (;,y)DOOODODOOOODODO
ooooooo0oooo0oooooooooOoo
C = {(ix,jx) € (MUP)x (MUP)|k=1,2,...,N}
OO00OO0OCOO0O0OO0HFPNOO RNNOOODOOOD
pobooobooobooo
000 10 HFPNOODOOOODOOOOODOOOOD
gooo0o0o0O0obOobDOOoORNNOOOOODOOD

goooooooo
xi(t), 1eT (1)

000 20 HFPNOOOOOOOODOOOOOO RNN

goooobooooooo
yi(t), 1€ MUP (2)

gooo

2408

Cmipl
token: tokens

D1 3 3 D1
Dcmm :m' Cnimle Cm3p3 :mx Cp4m3D

Cp3m2
D2 m2
Cm2p2

token:

AN

N

HFPN RNN

0 9 1ststage: HFPN OO RNNOOOOO
Fig.9 1st stage : re-formation from HFPN to RNN.

M uUuPODODOOOOOO
®3)

00000000000000000000000
0000000 z(t)00000

zxt)—{ z(f), i€l (4)

05, MUPOOOOOOOOOO
yi(0) = Cos

yi(t), 1€ MUP

000000 RNNOOOOOOCOOHFPNOODOO
goooooooooooooobooooo

000 30 HFPNOOOOOOOODOOOOGBOODO
goboooooooooooboOoooboobooboooo
RNNOOOOOOOOOOOODODOOoOOoooooo
ooooooo

1, (@,j)eC
cy = 1, jeT (5)
0, 00D

0O00O0o0ooOO0oDbO0oO0DnD 900 HFPNODO 90
ORNNOOODOODODOD

4.2 2nd stageD RNN OOO

4.1 J00OHFPNOOODOOO RNNOOOOO
000000oooooooOoOO0OOoO0O0 HFPNO
goooooooOoOooooooOo RNNODODODO
000O00004.200000000000 RNNDO
gooboOoooDoboooboboooboboooo
0000000000000 0O0UgOg4.3000
O00DOD00O0O0D0OOODOORNNOOODOOODD



goooooooooooooooooooooooOooooOooooooooooooboo

000000000000000000000000
RNNOOOODOODOD 90000000000
RNNOOOOOOOOOO0O00000000000
0000 %.3°0 “0.5”0 “0.870 “1.0° 00 (0,1) 00
000000000000000000000000
000000000000000000000000
0000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000 RNNOOOOO
000000000000000000000000
000000 HFPNOOOODOOOOOOOOOO
0000000000000 70000000000
000000000000 % 0000000000
000000000000000000000000
0« 000000000000000000000
00000000000000 RNNOOOOOOOD
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
O00000O0OO0OO0OORNNOOOOOOOOOOO
OORNNOOOOO BPTTOOOOOO
BPTTOOOOOOOOORNNOOOOOOODO
000 1000000000000000000000
0000000000 RNNOOOOOOOOOOO
O0000OOO0OO0O0OORNNOOOOOOOO HFPN
000000000000000000000000
O0OHFPNOOOOODOOOOOOODOOOOOO
0000000000000O0RNNOOOOOOO
000000000BPTTOOOOODOOOOOOO
O0O0DODOOOHFPNOOOOOOODOOOOOD
000000000000000000000000
00 RNNOODOOOOOOOOOOOO0O0O000
000000000 w; 000000000000
000000000000000000000

yit+1) = fi(s;(t+1) 0 i€ MUP
si(t+1) = Z cijwi;x; () + Z cijwi;y;(t)

JET JjEMUP
= > cywyznt) 0 (6)
jETUMUP

ob0b00w;; 00000 0000000000
0O00s;(t+ 1) 00000 «0000D000DOOODO

time=0 time=1 time=2 time=3 .+ « « time=Q
OO

- O¥ MO
O¥ MO

OO
o*T 1o
olghie
OO

token [W
token: D

tokens

U]
- U
U]

000000 RNNO BpPTTOODO

0 10 2nd stage :
ooo
Fig.10 2nd stage : The study of RNN, expressed
with time course by BPTT method.

00D f,0000000000000D00000ODO0
ooooo

1

fi(s) = [

(7)

RNN [I6)]000000000O00OoOooooong
ooo0boO0O00o0o00O0000O0000O"FPNDOO
0000000000OHFPNOOOOOO RNNOO
00 ¢g;000000000000000O00O0O0C0
00000 HFPNOOOOOOOOOOOOOO0O
gooooooooooooooooooboooooo
OO0OOORNNDODODODD HFPNOOOOOOOO
ooooo

goooobooooooooooooooooobo
go200000000000C0CO000
00000 1OHFPNOOOCOCDOOO RNNOOOO
goooobooooooooooobocOooooooboo
0oob 000004, 000000O0C0DOO0O0OO
gooooboooooooooobooOoooooooboo
oooooooooono

i t€T

w=q o0 S (8)
Yi, tEMUP

di=0, ic MUP (9)

oo0oo00o020HFPNOODOOOODOOOOOOODO
gboooboooboooobooboobooooobobogoon

2409



O0000o0o0oooooo 2008/9 Vol. J91-D No. 9

gboooboooobooobooboooobooboobooon
goooobooboobooboooobobOoboOoo 1o
ood

0, ‘€T
Z= ! (10)
Yi, 1€EMUP

di=1, ieMUP (11)

000000000 20000000000000
OODORNNOOOODOODOOOOODOODOOOOO
RNNOOODODOO 0O0DOO0OOOOOOORNND
000000D000000D000000000RNN
000000 100000000000000000
000000000000000000000000
0000000000000

00000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000 00000000000
HFPNOOOOODOOODOOOOODO00O000O
00 (5,j) e CO000000000000 ¢;; =00
00000000000000000 RNNODOODO
000000000000000000 RNNOOO
000000000000000 RNNOOODOOO
000000000000000000000000
00000000000

0900 HFPNOODOODOOODOOOOO0OO000
000 ps 000000 me 00000 cmgps 000
000000000000 110000000000
0000000 RNNOOO 11000000000
RNNODOOOOODOOOD ps 00000000 ms
0000 cmaps D0000O0O0O00HFPNOOOD
000000000000 RNNOOODOOODOOO
000000000000000000000000
00000000000000000000000
00000000 OBPTTOOOOOOOOOODO
RNNOOD 1000000¢time =000 time = Q
0000000 ps 00 m3 0000 cmaps D000
000000000000000000000 HFPN
O cmsps D0000000000000000000
000000000000000000000000
000000000000000000000000
00000 RNNOODOODO %(Q)0000000
000000000000000000000000

2410

token: tokens

SN
P4
pd
pd

P emipt T gt 22 Ot 3 6 2

Cp3m2

p2 m2
Cm2p2

token:

HFPN(delete a Cm3ps arc) RNN(delete a Cm3ps arc)

0 11 3rdstage (1) : 00000 (ab) 0000 HFPN

O RNNOOO
Fig.11 3rd stage (1) : The relation between HFPN
and RNN which performed arc elimination

(ab).

D= Y |5Q)| (12)
iEMUP
JoddpoOoOdOdooooOoOOoO0ObOOoOoOooooOoa
gooooooooboooooooboobooboooao
gooooooooboboooooooboobooboooa
gooooooooooooooooooooooa
gododoooooboooooooooooooa
goooooooooobooooboooooopOoono
oO00oobooooooooooooooooooa
oO00ooooooooooooooooooooa
oO00oobooooooooooooooooooa
oO00ooooooooooooooooooooa
gooodoooobobobooooooobooobooooao
gooodoooobobobooooooobooobooooao
gooooooobooboboooooooboobooboooao
gooodoooobobobooooooobooobooooao
ooooOoobooooooboooooooooo
oO00ooooooooooooooooooooa
oooa
4.3 4th stageDO0OO0OOO0O0O
Oodooobooooobobuoooooooooono
Oooooooooooono

D;, ieC (13)

gbooobooooobooboboooboobobooooooon
gboooboooobooooobooboboooboboaon
000000000000000000000 D; 0



goooooooooooooooooooooooOooooOooooooooooooboo

error —+—

error

fragile robust

5L L L T L
0 5 10 15 20

sorted arc number
012 O000O00O0OOOOOOOOODOOd

Fig.12 Determination of the threshold of the fragile
part and the robust part.

ooooooo
O:; = {j|Di=D;,0 j > i} (14)

oooo, 0ooooooog DPDDDDDDDD
gboooboooobooobooboooobooobooon
goboooobooooboooob 12000000
gboooobooobooboobooobooboboobooaon
poobooopooooooOiloopPOOCOOOOO
goocooooobooobodoooooboooboboooboo
pPOOOOOOCOOOOOOCOOOOOOOOOO
ooooooooOoooooOoooooboo “p?oO0O
goooobooooooooooboOooooooboo
gbdoboobooobooboobooooobooogoon
DDDDDDDDDf)pDDDDDDDDDDDD 1.
gooood

5. DO0O0O0DOOOoOoOOooDbOoOooog
oo

O0OODO0OOHFPNDO RNNOOOOODODOO
oooooooobo grPNOOOOOODOOODOO
gboooboooobooobooboooobooobooon
gooooooooooooonono sooooooboo
00000000000000000RNNOOOO
oO0oooooooo0oO0oOO0O0O0O0O0O"FPNOOO
goooooooooooooboOooooooboo
gobooooooooooooboOooooooboo
gbooobooooboooobooboooobooobooon
RNNOOOOOOOOOOOO HFPNOODOODOO
RNNOOOOOOOOOOoooooooooooo
gooooooobOoooooooOooon BPTTO

0oooooooo
0000+000000 4400000040000
00000 ¢;(t) 000000 (5) 0

cij(t), (i,5) €C
cij(t) = 1, jeT (15)
0, 0OO

o000 (p)oooooooooooooo

yilt+1) = fi(si(t+1)) ie MUP
Si(t+1)
:Zcij(t)wijwj(t)+ Z cij (t)wijy; (1)
JjeT JEMUP
= Z cij(H)wijz; (t) (16)
JETUMUP
6. 000000 DOOOOOOOOOOO
goooo

6.1 000000000000

00000000000000000000000
000000000000000000000000
00000000000 3000000000000
O0EGFROOOO0OO0000000O00D0EGFD
000000000000000000000000
000000000000000000000000
0000000000000 3000EGFROOOO
000000 AGOOO0O0DO0D00O000000
0000000000000000000000000
00000 AGDOOO00D0000D000AGOO
000000000000000000000000
0000000000000000 EGFO EGFRO
000 EGFR_EGFR.dimer{P} 0 20000000
000000000 [170000000000000
000000000000000000000000
000000000000

00000000000000000000000
0000000000 HFPNODOOOOOOOOO
00 4000000000000000000000
0000000000000000000000000
000000000000000000000000
00000000000000

6.2 HFPNOOOOOOOODDOOOOOOO

0oooo
00000 HFPNOODOODOOOOOODOOOO

2411



O0000o0o0oooooo 2008/9 Vol. J91-D No. 9

01 HFPNOOOOOOODOOOOOOO
Table 1 Creating indicators by manual procedures

using HFPN.
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and the robust part by RNN under condi-

tion in which there is no information of the

speed.
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Table A-1 Data for evaluation.
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