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Time Evolution of Knowledge Sharing Portal Activities
as Multiplicative Random Process

KENICHI ARAIL,T TAKESHI YAMADA' and YUKIO HAYASHIi

‘We propose a new evolution model of the article posting activities in the Knowledge Shar-
ing Portal (KSP), in which one can post messages, exchange opinions, and ask and answer
questions. Typical examples of KSP include online Bulletin Board System (BBS), intra-
company information exchange service, word-of-mouth and Q&A community sites. We have
constructed a model based on extensive analysis using real data of three different KSPs. First,
we show that the number of articles posted in a fixed time interval obeys Gibrat’s law, and
can be modeled as Multiplicative Random Process (MRP). Next, we extend the model by
introducing the birth and death mechanisms of posting sequences. The proposed model can
successfully reproduce exponential distributions observed for the age of posting sequences and
Pareto distributions for the number of postings. Compared to the simple MRP model, the
proposed model is a more practical one that can explain the real posting behaviors.
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Table 1 Example of collected data.

0o ID oooo 000 ID 000 ID
20764  2001/4/19 18:20 107 860
12824  2001/4/19 19:17 74 794
20765  2001/4/19 20:44 107 1258
23683 2001/4/19 21:05 109 12
24299  2001/4/19 21:19 122 12
24074 2001/4/20 00:32 115 531
10997  2001/4/20 00:37 48 383
18434  2001/4/20 00:44 92 1056
24075  2001/4/20 00:51 115 1451
23684  2001/4/20 06:50 109 531

Y http://www.city.fujisawa.kanagawa.jp/~denshi/
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Fig.4 Scatter plot of the number of posted articles in cur-

rent and the previous months for “Fujisawa citizen’s
BBS” (upper), “Oshiete!lgoo” (middle) and “Intra-
company KSP” (lower).
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Fig.5 Scatter plot of z(t — 1) and r(t) for “Fujisawa
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“Oshiete!goo” (middle),
(lower).

“Intra-company  KSP”

gooobobooooooooboboobooooooobo
gobooooooboooooooobooooooooo
gdoooboooooooooboooooooooon
ooooboooooooooooobooboooooo
goboooooboooooooooooo
goboboooooooobooocooooboooo
ooooobooooooooobooooooooon
Os8i0oooooooobobooooooonoon
gooboooooooooooboooooobooDo
goboobOo0oboooooooboooboomoon



72 go0oo0oooOooooooooooooo

Fujisawa citizen’s BBS

e,

exp(0.05 x)

Intra-company KSP *; Oshiete!goo SSSSS( 1

0.001
0 10 20 30 40 50 60 70

09 0O00O00DO0O0DMOOO0O0O00O00M +03
0000!lgooxOODOD DDODDODOOOOOOMMI*O
Fig.9 Life time distribution of posting sequences. “Fu-
jisawa citizen’s BBS”(+), “Oshietelgoo”(x) and
“Intra-company KSP” (*).

OlgoodOOOOOO200400000000000
goboooooboobiooooooooooooo
goooobooooodb1oooboooooooo
goooobooooooooooooooooooo
gooobobooodooooooobooooooooo
goooooooooobooooobooboooooo
gooobooooooooooobooooooooo
goooooooooboooooooboooooooo
0000000 O00OO!lgeoDODOODOOODOODO
goooso0000000000O0OO0B00 100
0000000000000 OO0OOOOMIOOO
goooboobooooooooobobobooooobo
20000 300000000 1000 10000000
gooooooo
gobooooooooooooooooboooooDo
ooooooooboooooooooooooooo
gooobooooooooooboooooooooo
goooboooooooooobobobooooooo
goooooooooooooooooobob to
goooboboooooooooboooboooooobo
gobooooobooboOoooooboobboOonooo
goooobooooooooobooboooooooo
goboboooooobooooooooboooooooo
gooobooooooboooooboboboooooo
gooobooooooooboooboobooooooo
goboooobooooboooooo
goboooboooooooooooboooooooo
gooobooooooooooobooboboooooo
gooobooooooooboboooooooooo
gooooboooooooobooooooooooo
gobobooooboooooobobooboon

Oct. 2007

,,,,,,,,, s’ BBS
i
++++4.

0.1 o

ompany k

Oshiete! goox

0.001
0 10 20 30 40 50 60

010 0000mMOO00000000MmM+00000!'good
OxO0000 00000000000 *0
Fig. 10 Age distribution of posting sequences. “Fujisawa
citizen’s BBS”(+), “Oshietelgoo”(x) and “Intra-
company KSP” (*).

gooooooooooooooooooooo 00
ooooooooooooooooooooooooo
goboooooooooboooooooooobooa
goooooooooooooooooaoooooo
oooooO0O0O000000 20040 6000 20050
60000 000!goo0O 20040 6000 20060
c000MOooOooOobooOoOoonoO 20050 1000
020060 10000000000000000D0O
goboooooooooboooboOooooobooboboo
gooooooooobooooooooooobonoo
goooobooooo

4. OO0OO0O0OO

obobooooooooboboooooooooo
gbooooobooooooooooobooooooon
gbooo0o oOoooboooooocoooOooooobooo
gboodob0o oOooooooooooooboobobooo
OO00O0OO0O0O0OOGIbratDOO0OOOOOO
gooooooob0 OooOooOooooooooo
goooooo
gooooooooooob boobobbooooo
gooooobooooo
000000000000 GibratOOOOOOO
goboooooooooboooboooooooobooo
goboooooooooooobooooooooboooo
gobooooooooobooocoOoooooobooo
gooooooo
4.1 0O0O0O00O0O
0000000 r;() DOD0O Gibrat 0000
r;(t) DO0O00DO000O0D0O00OO0O0ODOOOOOO
0000000000 =) 00000000



Vol. 48 No. SIG 15(TOM 18)

zij(t+ 1) = ri;(t)zi;(t) (1)
00000000000000000 (1)00000
000000

Inz(t+1) =Inr(t) +Inz(t)

=Inr(t)+...+1nr(0) + Inz(0) (2)
00000000000000000000 4000
000nr(t) 0000 p0000 20000000
000 ¢t0000000 «(0) 0000000000
000000000 Inr(t) 00000000 Inaz(t)
000 OO0 200000000000

p000000he(t) 000000000000
000000D0O0000000 <z>0 0000
000000000000000000000000
000000000000000000000000
000000 00000000000000000
000000000000000000000000
000000wp=000000 r(t) 0000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000000000 (1)
0000000000000000000000

00000000000000000000000
000000000000000000000000
000000000000000000000000
O00Souma 000000000000O00O00O
000000000000000000000000
000000D0000O000O0OoO0Ooooo?Yoo
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
ooooooogoiosin2B®ogpoooooo
000000000000000000000000
00000000000000000000ReedO
O Huberman 0 0000000000000 O0O
000000000000000000000000
oooo®'"® oooooo000000onon
000000000000000000000 800
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000

gooooooooooooooooooboooooooo 73

goood
4.2 O0O000O0O0OO0OO0OO0OO0OO0
goboooooooooooooboooooooo
033000000000000000000O0DOO
goboooOoooooOooooobOoooooboooo
pooooooooobbboooooooboobooboobo
pgoboooboobobobboobuooboobono
gobooooooooobooooOoooooobooo
O00o0000=z(¢t)<1lOUO0OODODOOtOOOO
0oooooooooooooOoooooo 00
O0z(t) <0< 10000000000 OODOODO
gbooboooocooobooooooboboooo
gooooooooooooooooobooboooo
gooooooooooooobooooooboooo
oboog
ooo {,jy000 NoOODODOOOOQDODDO
00 ;000 2o 0000000
oo
000000 000 25(¢—1)00 (1)000
2;() 000000
000000 oooooooo {G,jp0o0o0o
good
oooooo ooo {6,000 n00000
000000000 z5(¢) 0 zo O0DOO
ooo
0000000000000 0000 2(0) =29 O
000Olr(t) 000 000 020000000
O0Olmr¢)00000000O0OOOOOOOOOO
gboooobobooobooboebbmOoOoOonOoOO
gooroomoooocoooobooo0odg w=00
gboooooobooobooooooooo 400000
goboooooooooocoooooobobooobooo
000D t00 zt) OO p. ODODODOODOO
1 (Inz — tp — Inxp)?
pie(x) = Toran &P {— 577 }

0ooo

00000000000000000000000
0000000u=-0.300%=1.000=0.0100
00!good 000 u=—0.0785002 = 0.9690 000
0000000000000000p00000000
000000000000000000000000
000000000000000000000000
000000000 Ny = 100000020 = 10.0 00
000000000000000000000000
011 0000¢t0000000000000000

3)



74 go0oo0oooOooooooooooooo

0.1 k.,

™
e,

~oh
0.001 | exp(-0.045) "+

0.0001 ¢

+'~4

20 40 60 80 100 120 140 160 180 200

011 000000000000000000000000000
oooooe— 2045t

Fig.11 Lifetime distribution (simulation) and auxiliary
—0.045¢y

le-05

line (e

goooooooooooootooooooooon
goooooo+ooooobooooboboboo
gobo0o nnogooooboooooboooboboooo
goooooboooooooooooooooooo
gobodoooo9oooboouoboooon

goboobobooooooooooooooboo oo
00000000000 f)0U0z>600000
oooo

ﬂﬂz/)m@Mw
0

_ (y—yo—tm)?

Lty
Ine V27mto 4
1 Inf —yo —tu
= —erfe| ——=——F 4
: f( s (4)

00000000y =lnaxe O00O0erfe(z) DOO
gooorO000D00O0 ¢O0O00O000

+2

[&

1
erfc(t)zﬁT
0000000000000 f() 00000000
obobooooo

1 —H
t) ~ —erfc —\/E
10 Jerse ()
2
~—7 3Tt (5)
2mt(—p)
000 ¢+00000000000000000

2

F(t) ~ et (6)

Y 000000 erfe(xz) 000000000000

erfe(x) = % /OC e_IZdz

Oct. 2007

1

0.1 |

0.01

%,
+
0.001 f +%
+-m-+'ﬁ+.|‘_
4+
+
+ + HHH

0.0001

20 40 60 80 100 120 140 160
012 J000OO0O0OODOOOODOOO
Fig.12 Age distribution of posting sequences

(simulation).

0000000000000 00000000000
00000000000000000000000
0000 —wp?/202000000000000000
000000000000 —0.04500000 110
000000000000000000000000
000000090000000000000000
000000000000000000000000
000000000000000000000000
00000000 000000O00
r000000000000000 n(r)0000
0000000000000 00000000000
00000 n(r)f(r) 0000000000000
000 g(r) 0 n(r)f(r) 0000000 800000
000000000 00000000dg(r) O f(1)
0ooooog

g(7) o< f(7) (7)
0000000000000 900000000 100
000000000000000000000000
000000000000000000 120000
0000000 D0oO0ooon
00000000000 No=1000000000
0000000 n=1000000000000000
000000000000000000000 130
000000000000000000000000
000 1660000000000000000000
000000000000000 1,000000000
000000000000

0000000 »00000000000000
oooo soo

S= nf(t) (8)



Vol. 48 No. SIG 15(TOM 18)

20000

18000 |

16000 | g 1

14000

12000

F F F + ++4+

10000

0 100 200 300 400 500 600 700 800 900 1000
013 0000oo0o0o0ooooobo0ooooooOoooooooo
Fig.13 Time evalution of the number of active posting

sequences (simulation).

0.1 Fre.

0.001 |

0.0001 f

1 10 100 1000 10000
014 0O00O0DOOOODOOOOOOOOOOO
Fig. 14 Lifetime distribution (simulation).
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