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NTP: 10-100ms 00 00D0CO0OO0DOO
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» 16-bit 0000000 00000000

» 1,193,182 Hz 0D OOOO0OD0OOOO0ODOO
» J0OO00obOo0bOobboobooboobooboobon
ubooaboaaod
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Pentium TSC (Time Stamp Counter)

» CPUOODODOODOOOOOCPUODOOOOOOOOOO

ooo

» O0O0O0O0ODOODODOD CPUDDOO
ACPI (Advanced Counfiguration and Power Interface)

» DO00000O000000O0000O00bO000000
Local APIC (Advanced Programmable Interrupt Controller)

» JO00oobbbbooooobobobbboooogo
HPET (High Precision Event Timer)

» IANPCOOO0ODOOODO

» 2006 000000000DO0O00O0OO
goodaon
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UNIX gettimeofday

» 00 OSOOO00O0O0ODDOOCOOOOOOOOD

» JO0O0O0D0OSO0000O0OOOOODOOOOO
» 000000000000000000000000000
00
» i8254 00 0 0: 838ns (1 / 1193182)
» 0SOD00O000

» 82540 0000000: 1-10usec
» struct timeval OO0 0O 0O: 1-100usec

» JO0O0000O0OoSOOOO0DDOn
» J000000 O000000: 10-500usec
» JO00000000000000: 1-100msec or more
» 00000000 0000000000 (eg., setitimer):
» 000D000000000000000 (10msec by default)
» JOoobooboboboboaoboan
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NTP (Network Time Protocol)

» JO0000000000o0oo0oooooog

» OO0OO0OOOO: 00 UTCOOOOOOO
» DO0O0000OO00: 00000000
» 300000000: D0b0b0O0bo0oboo

» JOOoooon

» 2030000000 2000000000 <30msO0O0O
» Jggoon

» DO0O00000000000O0

(1

:/ \:

@%/ \@\\@
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» 0000000 (LANODO)

» 000000000 0O0OOobOOoOooa
» 0000000000000

> DDDDDDD(DD)DDDDDDDDDDDD
» 0000000

» JO0O0O0oooooa
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gobooboobooobooboobooon

»a=T2-T1

b=T3- T4

» clock offset: 6 = (a+ b)/2 (RTTOOOODODOO)

» roundtrip delay: § =a— b

A

B

T3

N

Tl

T4

goboooboooobooobooo
» T3: send time (current time)

» T2: receive time

» T1: send time in received message
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» JOO00DbOo0obobboboo:-bo00boo
» J0OO00DOO00: 000000
» JO0gogno
» JO000 10000

Phase-L ocked
Oscillator

- Clock 1 Clock )
Network] Clock Filter Selecion || Combining Loop Filter

Clock Filter

Clock Filter
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BSD UNIXO BPFO O OO OOO

» 00000000 20000000000
> recv packet, DMA complete

interrupt interrupt header packet input
servicetim service time copy proc ng
os - DR e R DR -
filterin
BPF - -~ - g
device | I Y A e U
driver packet DMA
recv complete
network Interrupt interrupt
cad [0 oSmat ] ——
Wirg — leseRAELpS - o - o o oo s s s s s s s s s s s s s
€ packet -
time
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» Jgoooooooog
» JOoooon

good
» 0000 (autocorrelation)
» 0000 (stationary process)
» 0000 (long-range dependence)
» D000O000000 (self-similar traffic)
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good

» 0000 (stochastic process)

{x(t),t € T}

v

0000 (autocorrelation): D0 DO0O00OO0 4000 OO
goo

000000 (autocorrelation function)
R(tl, t2) = E[X(tl)X(tz)]

00000 (autocovariance)

v

v

Cov(ty, ta) = E((x(t1)—pey ) (x(t2) =ity )] = Elx(tn)x(82)] =ty par,
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0000 (stationary process)

» 000 X, O0OO0OO

» 00000000 E(X,) =g
» 00000000 k00000

Yk = Cov(Xe, Xerk) = E((Xe — p)(Xewk — 1))

Yo = Var(X,) = E((X: — 1)?)
» 000000 (autocorrelation coefficient)

» JO0Ooobbboboogo
» JO0oogoooooo

Tk
Yo

Pk
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gobobobo:-o0o0o0o0oooooogoo

pk =0 (k #0)
[IDO O (independent identically distributed process)
» 000000 o0ooooooooo
» JO0O000ooboooooo
» X, OOOODoDooooooooo

» independent: X, 0O OOO0O (DOO)
> identically distributed: X, OO O ODOOODO

21/31



gooon

ooo

» DO0O0O000O0000o0OOobooooonoa
ooooooooo

» Joodgoobbbbooooobboboobog
» 0000

» JO0oooobbbbooa

» JO0OD00O 1000000DODODO

oobooooboooboouobooobobooooboo

» 000DoS/flooding0 00O

v

v

v

22 /31



0000000000 (power spectral dencity)

» D000 DbOo0oboobboobuoobooobooboo

gd
» J0OO00DbO0o0bobboboo
» 0000000 sincosO00O00O0O0OOO

S(f) = /_ Z R(r)e """ dr

» 0000000000
P(f) = [S(A)? +S(=F)I*, 0< f < o0

» D000 boobuoobboobuoobbooboaboo

23 /31



goooobooogoon

vV v.yYyy

le+10

1e+08

1e+06

=)

& 10000

o

100

1}

0.01

0000000 (Do0): P(f) ~ const
oooOo (@Qooo): P(f)~f0<a<10
1/f000(000000Do0o0o0): a=1.0
ddd: a>1.0

T
real
surrogate

+

1

! ! !
10 100 1000
f

0:(0)0000000 (0)00000000000000

10000

24 /31



000000000
00000000000 kKOOooOoooooooo
0000000000000 k000000 0oooooooo
» JOooono
> Yp(k) 000

> " lp(k)| < o0
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» p(k)DOODO0O0ODDOO0UDOOOO0OODOOO
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» DOOOooOogoo
» O0O00D0O00000
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> Yp(k) D00
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000000 (pareto distribution)

000000 (PDF)

K : minimum value of x,« : pareto index

if « <2, variance — 0.

0.1F

0.01 |

cedf

0.001 -
0.0001

1le-05
1

if & <1, mean and variance — oo.

\exponennal p=1) — |

pareto (¢=1,k=1) ——
pareto (0t=2,x=1)
pareto (0=3,k=1) ——

10
X

100

0000000 CCDF (log-log scale)
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