AV =Ry HlET—Y#EIT £ 8 [0
R 8

20136858



giBlOHE T 5L

B Rrh)E
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SEDT—V

£ 80 FRINT—F
> 1YY=y ~EFH
» RYRND—=D54ATOKI
> BFRIIBRMT
» BT BRI
> 5RRE 2
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sTHAl & B

> HEXTEFZ
» BEMFREF UTC (Universal Coordinated Time)
» TYOARFEEZED EICIRDIRO SNTVSIRER
> B85
» RRIDED
> FXIFE
> BFSTORZIERIRICFHES NS
» NTP T(& 128ms KianDREF—EIC. FNLULEIEERLIC
BIE
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20V O DRE

» 20V ODRE
> [EJHA
» 22000V ODE
» IEtES
» UTCHhS5DIN
> FRRE
» 20V O DREE
» AFa1—
» BEE EHICRAVERSATND
> BFRERE
» PCH0OWYY: 0.1-1sec/B<5LVTND
» NTP: 10-100ms QIEfEE (Co Ow o % [EHA
> tcpdump RED YA LRI VT
> 100usec-100msec (BFE < lmsec IEHMREERL)
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PCOoOOwvD
8254 OIS LAV —)\LZAI—
» 16-bit JU—SZV T HHOVhHVE—
» 1,193,182 Hz DK@RIRBEEICLTLD
» HOVH—HEOCRKRBEEDAMSSEZLFTHYSY—LY
2%9E=E)O—R

1/0 Bus
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20voOKUT K

» KBFEIREDOR T~
» N\—=ROIPHROFBRE: 107°
> 0.86 sec/day (FEFBTREA
» RUDKMIRECKELFEEIND

lock .
fi r%% clock A ideal clock
clock B
time




Z0fed PCHOY D

v

Pentium TSC (Time Stamp Counter)

» CPUY0v o THEHEND CPURB IV —5ZVIhHhD

vy —

» OJE20vI%VILF CPU TRERE
ACPI (Advanced Counfiguration and Power Interface)

» O —EREENMRIIZOV-SZVIThovy—
Local APIC (Advanced Programmable Interrupt Controller)

» T 0V TICABSNDEDAMMERENEY 17—
HPET (High Precision Event Timer)

> IA-PC DF LWL A ¥ —111k

> 2005 FEANSF v T Y hCTHIAH
N0V D

» GPS. CDMA B EBRIBHRZED

> AVY =T 4 RACKDZEHRABA—/\—Av

v

v

v

v

50



OS KX EE

» OS Y I RDIPICKDEBANEEE
» BENSICHL VY —FvIhSEHUEED
» N\—ROIPH0vIE0RARECENET Y TT—~
» D UNIX TlE, T7A4IT10ms S&Co20OY 28D
HDRETZKSCHOVINIVY—%RTE

50



UNIX gettimeofday

» dLVOS TREZOY VEIDAHDREULIED T
» WEKEZDOS TREDSBEDRLZE/SND
» D0OVIOHIOVY—EEFHELTY I RDIFPO0OV I %
1@
> 8254 DRRRE: 838ns (1 / 1193182)
» OS WERALIBEFR]
> 8254 LY RHPHUER: 1-10usec
> struct timeval ADZEHE:  1-100usec

» 1—YZE/[{HS 0S RBANDF IR
» YRFAD—=)L A—=){—=Aw K: 10-500usec
» JOCRRTY21—D VI DFE: 1-100msec or more
> HAR—ARY K VI DI PNIBERE (e.g., setitimer):
» YVIRDIPIAR—ENDRAHHSIIR (10msec by default)
» JOCART Y21V VIDEEER(ID
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NTP (Network Time Protocol)

» 1YY=y b EOREY —/\—FE TR

» TS5V EEUTC Y —RICENS

» LAY UH =) TS ICEER

» 3SRBLEDY—/: BAYY U LECFREA
» AT-5EUT«

> 20-30 S5V YU, 2000 BAYHUZE < 30ms [CEH
> SRS RIHERE

> MR, SRR EZYR— b

N

e
N
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NTP BHRE—

» RILFF ¥R (LAN @)

> EHA(CESIEIRZ VILF ¥ v X S ThHIR
» UE—RJOY—YvI-)

» DSATYRD () U —/I\—CHLIBERZEK
» EZZORDIL

» EHOE T DRI TRIEA
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NTP EXZZ7OK3I
BFEOAT LY b EBEELEZSHA
»a=T2-T1 b=T3-T4
» clock offset: 6 = (a + b)/2 (RTT HWHR/E EIRTE)
» roundtrip delay: 6 =a —b

T2 T3
Ll

T1 T4

A

B

2TCORYE—IJCUTZEDD
» T3: send time (current time)
> T2: receive time
» T1: send time in received message
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NTP Y RFLETIL
> 20vI 748

> BET7H S ORRIBRERRICFEL

» 20w OFER

» GULC—EBILTWR 20Oy o %&kEET
» AV —t O3 VTILTY A ATUBDRRN
» OSSRV REEOER

» V0V IS

» HEEZ 1 BICHE

Clock Filter

Clock Filter

Clock Filter

Clock
Selection

Phase-Locked
Oscillator

1 Clock )
| Combining Loop Filter
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BSD UNIX @ BPF 91 ARS VT

» BB, BIDAHUE 2 QORI A LRIV
> recv packet, DMA complete

interrupt interrupt header packet input
service tim servicetime 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 oSmate ] ——
Wirg — leeseRAELpS - o - oo oo o s s s s s s s s s s s
€ packet -
time
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XY KND—=D ST 4w DERIEN

BB & & B ICE(L T DN EB DRI
> FFBYZRER D R LN SEE L WL
» [RSnizv—)L

rEYD
» B8R (
» ERIBIE (
RHASCIE (long-range dependence)
BB ST 1 v (self-similar traffic)

autocorrelation)

stationary process)

v

v
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RYKRD—=DO ST v ODBESHEE

> BEOKREOHE (KLY R) CAHRKE (B, B. =)
> B8R (autocorrelation): E—ZH DRI 2 REREDEDIER

4e+07
3.5+07
3e+07
z
£ 2ses07
g
5 2es07
3
S
£ 1sewr
1e+07
5e+06
0
0 100 200 300 400 500 600 0 500 1000 1500 2000 2500 3000 3500
time (sec) time (sec)
T
1 1
\ [
|
08 ff 1 08 +
"
5 o6p 5 051[
= =
® ®
S oarp g 04{
\
. *
02 ~ 1 02
\M«A\
M I
o 0 oA AN A AN A
. . . . . . . .
0 20 40 60 80 100 0 20 40 60 80 100
k k

() ERST 1w (5) ABNSERLERS T4 v (L) BRFIZSD (T) 8288 1. .



BeEREESo 70y ~

» 57 (lag) 7OV b: 2 & 241 OBIHR
» BCEBEOREZESR I DBELAE
» kZRELITDERBPORDERL/INY—VZRKR TR

4e+07 T T T T T T T 4
B
3.5e+07 | 3r
2L
3e+07
s
25e+07 |
< < 0
2e+07 *
gt
1.5e+07
e+ A
1e+07 | 3t
5e+06 . . . . . . . " . : . . .
0  5e+06 le+071.5e+072e+072.5e+073e+073.5e+07 4e+07 -4 -3 -2 1 0 1 2 3 4

Xi Xi

5570y OBl () BS54 v (6) AHDSERLERS D1y 2
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BCEEE

v

W38T (stochastic process)

{x(t),t € T}

v

B 188 (autocorrelation): B—Z# DX t1 DIEE to DIE
D183

B /8BB4 (autocorrelation function)

v

R(tl, tg) == E[I‘(tl)$(t2)]
» BESHDBX (autocovariance)

Couv(ty,tz) = E((x(t1)—pu, ) (x(t2) —pur,)] = Elw(tr)z(t2)]—pe, pir,
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TES1@F2 (stationary process)

» BRI Xy BEREIBIE
» AN EL LW BE(X,) = p
> DDECSHIED k [COMKTTF

Y = Cov(Xy, Xevr) = E((Xy — p)(Xen — 1))

%0 = Var(Xe) = B((X¢ — n)?)

» BCHBEAfREL (autocorrelation coefficient)
> BCHDBENBTERL
> BENSOEEERT N
k

Pk = —
Yo
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MRIOA /AR

ROA /A X EEBETECSBREREN 0

pe =0 (k #0)
[ID @72 (independent identically distributed process)
» FHEDBD—FEDORIA /14X
> ERBROFECHIETLD
» Xy NEWCTIRIZTRIUARICRES
> independent: X; ANE W\ (CIRI7 (FEIBRI)
» identically distributed: X, BB UNFRICHES
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> EER
» AT EBSHI/ENEERE EBCEL
» BERIRVHEEE
» —MRICIERERIIDEDZE > TERILT DRE
- BT
» VD —=ARD MLBEZRAN
> REBED 1.0 KDOKEVBEEHEER
» RYKRD—OTREIEERRBRNS T4 v IODERAEND
» 8885, DoS/flooding EDKE



IND—=ZRD SLEBE (power spectral dencity)

» EB@ERO/ND—RI NIEBEZBCHEERKOY—-UT
i

» RERIREIED S BIRBEIEA DER

» BERFT—4 % sin,cos DEREHETKRIR

N

S(f) = /OO R()e 2™ T dr
» IND=RRO NIVEE
P(f) =[S +IS(=NI 0< f < oo

> IND—=ARY MLVEBEQFEZBEEETDFEIND —ZRT
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IND—ARO NILEBEOHE

» IROA /A X (EBB): P(f) ~ const

» BEBLL(REAZR): P(f) ~ f7*0<a < 1.0
» 1/fDSE (XD —DREIRBICREEH): o= 1.0
» EEE: a>1.0

le+10 T T T

Ly real  +
surrogate
1le+08 + B
+
1e+06 B
=
& 10000 + B
100 B
x

1r 4

0.01 L L .

1 10 100 1000 10000

f

Bl () REST710v0 () ALBHSERLIENS Ty D
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ZHASCIR & REAECIR

BCHDEEE A DEE kL OFEE@R)ICRT,
PRHRERDEHICETOEE kL DLW TEESHDBOKBIIEES
» FEHASCIRME
> > p(k) BERR

> lp(k)| < o0
k=0

» p(k) DBHEEHERKRD. KDBEREE
>
> HHERA TS <
> SZEVNBEDRE(ERN
- EHAIEN
- Y, plk) BRE

> lp(k)| = oo
k=0

» B CBBIRENEIRN [CTR=
> B
> HINSKELLANEDERN SN D
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B8NS D v D

RYRI=O 374 v I RBEERECBETRERVD, BEI(C
SO THEDRWETILESZ D

» 2T =)LV —

» RHECIE

> BEHSEDINEN(TH=

plk) ~k™ (k—o00) O0<a<l

> BHRIC/ KD — 2R N VBEDNENITHR
> BREAS (EVBE) OFBHIAEL
P(f)~ 117 (f=0)
> DEUHDVFERL
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RYRD—ORST70voDBCHEMNE

> () BHEBETIL (P)ENSTrv D (B) BEBMETIL
» BEEINIE: (L)10sec ()1 sec (TF)0.1 sec

15000 ) 15000~
Z 1000 % z NmWW\/WVJ
T el ™ i A A N O
1500 i i i i 1500 1500
g H""’WN\/\\/\/MMNMV' 1000 Z 1000
W W W W @ W W B R I )
g’ 100| HL Z 100
L TR ™ v -

0 0
Time (0.15e¢)
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RIDODEE: RELRDSTE
> FIEOT -9 EEVDRERESET S

» correlation-data-1.txt, correlation-data-2.txt

f(.l‘) =bo + b1x

b — oy — NIy
T Y @2
bo=9y—b1%

80 100
5.75+0.45* x

72727038 x

80

60

40

20

0 0
0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140

data-1:r=0.87 (left), data-2:r=-0.60 (right)
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RIODEE: @IRERDFERI VT

#!/usr/bin/env ruby

# regular expression for matching 2 floating numbers

re = /([-+]17\d+(?7:\.\d+) ?)\s+([-+]1?\d+(?:\.\d+)?)/

sum_x = sum_y = sum_xx = sum_xy = 0.0
n=0
ARGF.each_line do |linel|
if re.match(line)
x = $1.to_f
y = $2.to_f

sum_x += X
sum_y +=y
Sum_xx += X*k*2
sum_xy += x * y
n+=1
end
end

mean_x = Float(sum_x) / n
mean_y = Float(sum_y) / n
bl = (sum_xy - n * mean_x * mean_y) / (Sum_xx - n * mean_x**2)

b0 = mean_y - bl * mean_x

printf "b0:%.3f b1:%.3f\n", b0, bl
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RICIDES: BhNICLFERENZ S

set xrange [0:160]
set yrange [0:80]

set xlabel "x"
set ylabel "y"

plot "correlation-data-1.txt" notitle with points, \
5.75 + 0.45 * x 1t 3
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ZO0REE: BCBE

» LBESDORS D71y oT—9Hh5BCHEEEHET S

# ruby autocorr.rb autocorr_5min_data.txt > autocorr.txt
# head -10 autocorr_bmin_data.txt
2011-02-28T00:00 247 6954152
2011-02-28T00:05 420 49037677
2011-02-28T00:10 231 4741972
2011-02-28T00:15 159 1879326
2011-02-28T00:20 290 39202691
2011-02-28T00:25 249 39809905
2011-02-28T00:30 188 37954270
2011-02-28T00:35 192 7613788
2011-02-28T00:40 102 2182421
2011-02-28T00:45 172 1511718
head -10 autocorr.txt

000

860

860

857

857

854

851

849

846

#
0
1
2
3
4
5
6
7
8
9 0.841

OO0 000000 OR
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B C1ERERRE DK O TS

Y1 LS50 k DB

1 n
(k) n;lxxﬂc

k=0 0BaR’. B—F—9DIEEBOT. R(k)/R(0) TRISK
3

I o
R(0) = n ;:1 T;
2n BDT—YEHNE
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BCEREEHR o U T~

# regular expression for matching 5-min timeseries

re = /7 (\d{4}-\d{2}-\d{2H) T(\d{2}:\d{2}) \s+(\d+) \s+(\d+) /

v = Array.new() # array for timeseries
ARGF.each_line do |linel
if re.match(line)
v.push $3.to_f
end
end

n = v.length # n: number of samples
h=n/2-1# (half of n) - 1

r = Array.new(n/2) # array for auto correlation
for k in 0 .. h # for different timelag

s =0

for i in 0 .. h

s += v[i] * v[i + k]

end

r[k] = Float(s)
end

# normalize by dividing by r0
if r[0] !'= 0.0
r0 = r[0]
for kin 0 .. h
rlk] = r(k] / r0
printf "%d %.3f\n", k, r[k]
end
end
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B0 ~

set xlabel "timelag k (minutes)"

set ylabel "auto correlation"

set xrange [-100:5140]

set yrange [0:1]

plot "autocorr.txt" using ($1#5):2 notitle with lines

1
\
0.8 ‘\ //'\ 1
' \\ 1
', AN F N\
S "‘“w»w«w/ , / N,
2 06 i N N
© it
; o
% 04 | 1
02t 1
oL ‘ ‘ ‘ ‘ ‘
0 1000 2000 3000 4000 5000

timelag k (minutes)
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SEOEE

vV vy VyYy

traffic (Mbps)

HZ3T70—RNYRIRBIL—IDAII—TTARNDOVIE
2011FE580178%D

2: WS w ORI

BBAT—75: ifbps.txt

. 2 BSERIE

format: time IN(bits/sec) OUT (bits/sec)

TT—9DIT A=Y b ZEBRLTHD
» original format: unix_time IN(bytes/sec) OUT (bytes/sec)
ZZTRIN 3270 v O ZBIA
» OUT k321 v0(3BERA

500
400
300
200
100

0

IN —
B T
1]
AN A WA A AN AV AN A Y
AN A N AN A AN AN S AN
05/07 05/14 05/21 05/28

time
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SEDES
> KEEOHICREREEZTOY b

Traffic (Mbps)

140

120

100

80

60

40

20

2: RTINS D1 v D

" mean
stddev ——+—

0 2 4 6 8 10 12 14 16 18 20 22

time (2 hour interval)
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AN
=

D0EE 2. BEFAISS 71 v oEROUT ~

# time in_bps out_bps
re = /"\d{4}-\d{2}-(\a{2H) T(\a{2}) :\d{2}:\d{2}\s+(\d+\.\d+) \s+\d+\.\d+/

# arrays to hold values for every 2 hours
sum = Array.new(12, 0.0)

sqsum = Array.new(12, 0.0)

num = Array.new(12, 0)

ARGF.each_line do |linel
if re.match(line)
# matched
hour = $2.to_i / 2
bps = $3.to_f

sum[hour] += bps
sqsum[hour] += bps**2
num[hour] += 1

end
end
printf "#hour\tn\tmean\t\tstddev\n"
for hour in 0 .. 11

mean = sum[hour] / num[hour]
var = sqsum[hour] / num[hour] - mean*2
stddev = Math.sqrt(var)

printf "%02d\t%d\t%.1£\t%.1f\n", hour * 2, num[hour], mean, stddev
end
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SO0EE 2: RTINS 7 vo0T0Y ~

set xlabel "time (2 hour interval)"
set xtic 2

set xrange [-1:23]

set yrange [0:]

set key top left

set ylabel "Traffic (Mbps)"

plot "hourly_in.txt" using 1:($3/1000000) title ’mean’ with lines, \
"hourly_in.txt" using 1:($3/1000000):($4/1000000) title "stddev" with yerrorbars 1t 3
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SED

N B

2: EBREEFENNZ T v D

» BBBONS v oETOY b

Traffic (Mbps)

120

100

80

60

40

20

I\/ion

4 6 8 10 12 14

time (2 hour interval)

16

18 20 22
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SRIDES 2. BEEEF N7 1 v o0

# time in_bps out_bps

re = /"\d{4}-\d{2}-(\a{2H) T(\d{2}) : \d{2}:\d{2}\s+(\d+\.\d+) \s+\d+\.\d+/

# 2011-05-01 is Sunday, add wdoffset to make wday start with Monday
wdoffset = 5

# traffic[wday] [hour]
traffic = Array.new(7){ Array.new(12, 0.0) }
num = Array.new(7){ Array.new(12, 0) }

ARGF.each_line do |linel
if re.match(line)
# matched
wday = ($1.to_i + wdoffset) % 7
hour = $2.to_i / 2
bps = $3.to_f

traffic[wday] [hour] += bps
num[wday] [hour] += 1

end
end
printf "#hour\tMon\tTue\tWed\tThu\tFri\tSat\tSun\n"
for hour in 0 .. 11

printf "%02d", hour * 2
for wday in 0 .. 6
printf " %.1f", traffic[wday] [hour] / num[wday] [hour]
end
printf "\n"
end
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SBI0E

set xlab
set xtic
set xran,
set yran,

&2 BEEETEINNS v o070 ~

el "time (2 hour interval)"

2
ge
ge

[-1:23]
[o:

]

set key top left
set ylabel "Traffic (Mbps)"

plot "we

"week_in.
"week_in.
"week_in.
"week_in.
"week_in.
"week_in.

ek_in.

txt"
txt"
txt"
txt"
txt"
txt"

txt" using 1:($2/1000000) title ’Mon’

using
using
using
using
using
using

1:

1
1
1
1
1

($3/1000000)

: ($4/1000000)
: ($5/1000000)
: ($6/1000000)
: ($7/1000000)
: ($8/1000000)

title
title
title
title
title
title

’Tue’
‘Wed’
’Thu’
’Fri’
’Sat’
’Sun’

with
with
with
with
with
with

with lines, \
lines, \

lines,
lines,
lines,
lines,
lines

P
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AN

Q0EE 2: EBEOBREFREIT

» EBEOBEREITIIESE

> EBROSHEHFIHEZED

Mon Tue Wed Thu Fri Sat Sun

Mon | 1.000 0.888 0.970 0.974 0.919 0.785 0.736
Tue | 0.888 1.000 0.935 0.927 0989 0.840 0.624
Wed | 0.970 0.935 1.000 0.980 0.938 0.811 0.745
Thu | 0974 0927 0.980 1.000 0.941 0.813 0.756
Fri 0.919 0.989 0.938 0.941 1.000 0.829 0.610

Sat | 0.785 0.840 0.811 0.813 0.829 1.000 0.853
Sun | 0.736 0.624 0.745 0.756 0.610 0.853 1.000
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ZL0RESE 2: BE[OEEFREITIIOHE

» EBRIEREHER T LEIZEZ (E KL

n = 12
for wday in 0 .. 6
for wday2 in 0 .. 6
sum_X = sum_y = sum_xX = sum_yy = sum_xy = 0.0
for hour in 0 .. 11
x = traffic[wday] [hour] / num([wday] [hour]
y = traffic[wday2] [hour] / num[wday2] [hour]

sum_x += x
sum_y += y
Sum_xx += X¥*2
sum_yy += y**2
sum_xy += X * y
end
= (sum_xy - sum_x * sum_.y / n) /

Math.sqrt((sum_xx - sum_x**2 / n) * (sum_yy - sum_y**2 / n))

printf "%.3f\t", r
end
printf "\n"
end
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2298 0. twitter T — Y BRI

» RS5LY: KRIRET -5 NBOREREK
» REAT—%:
» Kwak 5IC&K3 2009 & 7 B O twitter data, #4000 F1—H%
> http://an.kaist.ac.kr/traces/WWW2010.htm|
> twitter_degrees.zip (164MB, fi#&#% 550MB)
» F1—YDID. 7A40—#. 7x0—-0%
» numeric2screen.zip (365MB, 2R 756MB)
» B1—YDID. ROU—-%
> RBIEE
1. twitter 2—1'D following/follower #5#® CCDF O v k
> X BBIC following/follower #ZERD log-log 7O
2. 740-8DZW\Why T30 1-H D%k
» SV, A—HID. ROU—=vE, 70—, 7x0—%
> 2DDITFPANEY - I—ITBEE
3. ATV 3V
> Z DD
4. BR
> TIDSHEAEND I EETIR
» IBEFER: LIR—kZ0&EDD PDF 7 741)LIC LT SFC-SFS
ALY
» IREXY): 2012F 68208 44750



BT —HICDONT
twitter_degrees.zip (164MB, ##&R{% 550MB)

# id followings followers

12 586 1001061
13 243 1031830
14 106 8808

15 275 14342
16 273 218

17 192 6948

18 87 6532

20 912 1213787
21 495 9027

22 272 3791

numeric2screen.zip (365MB, &R 756MB)

# id screenname

12 jack

13 biz

14 noah

15 crystal

16 jeremy

17 tonystubblebine
18 Adam

20 ev

21 dom

22 rabble
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Red IBHEY)

CCDF Z7Ow +
> 5 OEFEEDEESR

» JEE(3 10000 21— DY VT I, FEEZEI—Y (2009 F
BFR)

740—-8DZW\Wkv D 30 21— DX
» SYH. A—YID. ROU—VE, 740-¥. 72+0—7¥

# rank id screenname followings followers
1 19058681 aplusk 183 2997469
2 15846407 TheEllenShow 26 2679639
3 16409683 britneyspears 406238 2674874
4 428333 cnnbrk 18 2450749
5 19397785 Oprah 15 1994926
6 783214 twitter 55 1959708
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sort VYR

sort ANV ER: TR 71ILDITEY - UTHVPEZRS

$ sort [options] [FILE ...]

» options (FRETEWVNZSBRATY3V)
» -n: T —)LRZEHEE UTEHED
> -r: fEREEIRICLENRD
» .k POSI[POS2] : V—FE BT —ILRES (1 AUYY) &
BEITD
» -t SEP: 71 —JLRE/I\L—YZEEET D
» -m: BV —hSNET 7ML EY—IT B
» -TDIR: —BI771ILDT4LOKNUZEEBET D

Bl: fileZE 3 71 —)ILRZHEE A TEIBICY — b, —BI 71
(X" Jusr/tmp" [C{ED

$ sort -nr -k3,3 -T/usr/tmp file
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XED

£ 80 FRINT—F
> 1YY=y ~ &R
» RYRND—=D54ATOKI
> BFRIIBRMT
> BE: H#$§Uﬁ=r7fﬁ
» P38
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REITFE

$o@ MROY—-ETS57 (6/12)
> AREEHIE

» U578

> RIGREERER

» B REREER

HETTE
> 6/19 () 6 R (18:10-19:40) A13
> 7/17 () 4 BR (14:45-16:15) €12
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