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giBlOHE T 5L

£ 8@ BHRIT—% (6/2)
> 1YY=y ~EFH
» RYRND—=D54ATOKI
> BFRIIBRMT
» BT BRI
> 5RRE 2
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BNDOINTYRRAYFITRYKND—D

THE ARPA NETwoRK
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i poves

ARPANET in 1969
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1 BBHIGTE
I cerFnet
plge
IEbone
I Globalcenter
et
Qwest
I Sprint
Veria

Unknown

lumeta internet mapping http://www.lumeta.com

http://www.cheswick.com/ches/map/




AVI—RYRP—FFOF v
» /Ty RESEZ IP TH&E(L
» B EMBETMBEYR—~
» IVRKR-WY—-IVK EFI
» IVTIRBRY D=0, LIV R/ —RTER

email WWW phone...

SMTP HTTP RTP...

ethernet PPP..

CSMA async sonet...

copper fibre radio...

AVI—RY NP —FTOF v OREHETIL
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Ry RD—ORBETIU
EMRY 25T DEEEERI L1 P (BB) [CH 1 TRt
> Ry RD—2f8 (L3)

s Ty REBE: )Ty RESHERD., &

> FERSHIED: ZEEICIHU T, BmXFERET DM

P N WA~ OO N

Application |« > Application
Presentation [« > Presentation
Session < > Session
Transport < > Transport
Network > Network > Network
DataLink <% DatalLink [*% DatalLink
Physical > Physical > Physical
end node relay node end node

0S| 7 BEET L
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REEEH 7 —F T O F v
FEEBOVRRREHIMED (hierarchical routing)
» Autonomous System (AS): fRESHIEI_LDRY > DEBAL (1Bi#)
» Keio University: AS38635

» WIDE Project: AS2500
» SINET: AS2907

» 1YY=y bORBBHIHEG AS ASEE AS BD 2 B
» AT-5EUT«
» ASBIREBRUY—DRLBZRY hD—DZER<
> NEEERORKOERARY Y —ORROBE

=7

AS3
AS2

< ASl



REHIE 0 ~ 2L

BiEIL—5 CRBIBRERMR. BEOFORBBEREEMI D

IGP (Interior Gateway Protocol): AS REBT{EMA
» RIP (Routing Information Protocol)
» distance vector routing protocol (Bellman-Ford algorithm)
» OSPF (Open Shortest Path First)
» link state routing protocol (Dijkstra’s algorithm)
EGP (Exterior Gateway Protocol): AS B C{£F
» BGP (Boader Gateway Protocol)
» path vector routing protocol
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~ROY (topology)
ROV — (Ry kD —21858)
» BERNROY
» KR, UVT, 29— YU— Ay¥a
> IFIFRLANILTO MROY
> MEBECAR. LV 2. IP LAJL, A—/XLA
> NAIN—UVD Y=Y )LRY kD=2

et

A W

Extended Star Hierarchical
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A=Y rOMROY

AV =Ry R RT =)L L ROVIBR
» L= LA
> traceroute
» T TL—VIER
> T—5 DURENR:
> skitter/ark (CAIDA): 20 RDE= 5 —H SESER
> iPlane (U. Washington): PlanetLab OFIA
> DIMES (Tel Aviv U.) T R1—H(c &35t
» AS L)L
» BGP Zi8%&
» IV RO-ILTL—VIER
» T—%DUEAR: RouteViews (U. Oregon), RIPE RIS
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traceroute

» IPIXTY RDIL—THREDTZHD TTL (time-to-live) ZF] 3
» =Ty RERERIC TTLZ 1SS
» TTLAY0 [C%2D & ICMP TIME EXCEEDED Z&(E&(CIRT
>
> REREEFRE & BB T DR
> FENMREBEFET D
> ITED/ICRAUDDH SN
» BEIL—PRBAYY—TIARBICIP P LRZHD
» IP 7 RLRIZGFTRE—IL—IDHIETERL

TTL=1 —— »

<+—  |CMP Time Exceeded

< _ ICMP Time Exceeded

> |CMP Dst Port
- Unreachable
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traceroute sample output

% traceroute www.ait.ac.th
traceroute to www.ait.ac.th (202.183.214.46), 64 hops max, 40 byte packets
1 202.214.86.129 (202.214.86.129) 0.687 ms 0.668 ms
jc-gw0.IIJ.Net (202.232.0.237) 0.482 ms 0.390 ms
(210.130.143.233) 0.861 ms 0.872 ms 0.729 ms
(210.130.130.76) 10.107 ms 1.026 ms 0.855 ms
(210.130.143.53) 1.111 ms 1.012 ms 0.980 ms

2

3 tky001ix07.IIJ.Net
4 tky001bb00.IIJ.Net
5 tky001ix04.IIJ.Net
6 202.232.8.142 (202
7 ge-1-1-0.toknf-cr2
1.480 ms

8 p6-13.sngtp-cr2.ix
229 (203.208.172.229)

.232.8.142) 1.237 ms 1.214 ms
.ix.singtel.com (203.208.172.209)

.singtel.com (203.208.173.93) 93
88.617 ms 87.929 ms

9 203.208.182.238 (203.208.182.238) 90.294 ms 88.23
(203.208.182.234) 91.660 ms

10 203.208.147.134 (203.208.147.134) 103.933 ms 104.
11 210.1.45.241 (210.1.45.241) 103.847 ms 110.924 ms
12 stl1-6-bkk.csloxinfo.net (203.146.14.54) 131.134 ms

ms

13 stl-6-bkk.csloxinfo.net (203.146.14.54) 106.039 ms

ms

14 202.183.160.121 (202.183.160.121) 111.240 ms 123.

15 % % %
16 * *x %
17  * * *

0.730 ms
0.348 ms

1.120 ms

1.338 ms 1.501 ms

.195 ms 203.208.172.

2 ms 203.208.182.234

249 ms 103.986 ms
110.163 ms

129.452 ms 111.408

105.078 ms 105.196

606 ms 112.153 ms
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BGP 15%k

> B AS (IR I —(THE > THEE AS [CRIBZILS

» ASJKRICB ASETURYVK

» RUY—: EDAS [CEDRBEEEDELS ICLETDH
» BGP 7—%: RERODY VT, 7vITT7—MER
» BGP 7—=5DH Y )L:

BGP table version is 33157262, local router ID is 198.32.162.100
Status codes: s suppressed, d damped, h history, * valid, > best, i -
internal, S Stale

Origin codes: i - IGP, e - EGP, ? - incomplete

Network Next Hop Metric LocPrf Weight Path
* 202.48.48.0/20 196.7.106.245 0 0 2905 701 2500 i
*> 203.181.248.233 0 7660 2500 i
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RouteViews ’OY 19 k

» University of Oregon [C&KBT—HINEAETOY T H ~

> http://www.routeviews.org/
» 10DILDH: XY v—12 AS h5DFT — il
> 1997 FL S DT -5 %ZEE. 1FH
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RIS Y 1 XD

» active BGP entries (RIB): 503k on 2014/6/4

Active BGP entries (FIB)

EO0000

0000

400000 -~

300000

200000

100000 -~

89 90 91 92 93 594 95 96 97 95 99 00 0l 02 03 04 05 06 07 05 09 10 11 1z 13 14

Date

http://www.cidr-report.org/
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CAIDA'’s skitter/ark projects

» CAIDA [C& D ROV —5HA
» skitter/ark: traceroute Zif5|EFT
» 920 DEZY—HEEBAD/IRZRE

number of nodes

node degree

=3 LRILDORES
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CAIDA AS CORE MAP 2009/03

» skitter/ark T—% £ KD AS EiHED AR
> AS DEFETDIREE. AS D out-degree

1Pv4
INTERNET TOPOLOGY MAP
JANUARY 2009

AS-level INTERNET GRAPH

copyright © 2009 UC Regents. all rights reserved.

http://www.caida.org/research/topology/as_core_network/
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http://www.caida.org/research/topology/as_core_network/

1V5—RY b~ ASFEE
Textbook Internet (1995 - 2007)

National Sprint, MCL AGIS, Ullnel, PSiiet
Backbone
Operaters

Regional
Accass
Providers

Local

Access
Prowiders ] I5P2 I5P3

Customaer IP
Networks

Consumars and business cuslomers

= Tier1 global core (modulo a few name changes over the years)
« Still taught today

source: 2009 Internet Observatory Report (NANOG47) 20/ 49



AV —Rv & AS B saDZ1t
The New Internet

“Hypar Giants®

Gilobal Internet
Core

= New core of interconnected content and consumer networks
= New commercial models between content, consumer and transit
= Dramatic improvements in capacity and performance

source: 2009 Internet Observatory Report (NANOG47) s



92 7185
RROYV (3D S T7IBm CRIROIRE
» 35713/ —R (node or vertex) £ T (edge) HSHERK
» BQJS7EBATSD: TyINAMZEFONESH
BEAMIET ST TvIICEH (IRL) HEL
JXR (path): 2 DD/ — FEIDFEEE
932> 7 (subgraph):
> R (degree): /—RICEHRI DI Y IH
XY RD—=07)TYUXLNDBA
» RNNZV TV —DER (JL—TEE)
> RASRISERER (FRESHIE)
» Bellman-Ford 7JLOU X A
» Dijkstra 7JLTU XL

Ry D — 2 DR ERAT

> 952HUVY

> TIHREEE (RE—ILT—ILR)

> REDTIRAT (R =)L 7 U — REAHHNEE)

vV vy
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Dijkstra ZJLTU XL

1. MEE: R9—K/—RKfE = 0. thD/—R{E = XEH
2. JL—7:

(1) KEE/— R, RIMED / — RZHEE

(2) BELIL/—ROME/—FOIXNERH

(e oN 4 5

AT 0 AT 0 90'. &ga

Sl K
(2)

o‘° X :
abo “a 690 aao

dijkstra algorithm



RILDESE: BCiBE

» 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

24 /49



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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RIDDES 2: 5371w DR

BBRAT—7%: ifbps-201205.txt

» H53T0—RNYRRBIL—YDAVI—T A RNV VIE
20125 A0 1 v A7, 2 BREKIE
format: time IN(bits/sec) OUT (bits/sec)
T —YDITA—Y R ZZHBRLTHD
» original format: unix_time IN(bytes/sec) OUT (bytes/sec)

» CZTEROUT k320 v o=@

» INNST v O(3EBA

v vyy

600 \

IN —
7 S0 ouT —— ]
o 400 |
2 300 |
(8]
£ 200 |
o NN A | N N Vo ) A 1
s 100 ;,V‘W MJW/‘\J\\NM\/“\J\VM VANA% J\J WV,‘ “w\f“u/“\«\f"\w)"\ \//M“ /\\\fAL/”‘Wﬂ\w'\wj\/‘\\r/M\\u’”“\\w"\/M’%
O Il Il Il Il
05/05 05/12 05/19 05/26

time

28 /49



SEI0ES 2: BRTI~Z 71 v D
> BRSO CBEREZTOY b

450 — ‘
mean
400 b stddev ——+— )
350 R
__ 300 r R
2] _
Q. _—
g 250 _— |
£ 200 - |
|: \\\
150 b
100 b
50 b
0 Il Il Il Il Il Il Il Il Il Il Il Il

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

time (2 hour interval)
29 /49



RIDDEE 2: KETAINS 71 v oERoOUT ~

# 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

30/49



RIDDEE 2: BEFI S 70 vo070v ~

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

31/49



gIamiEE 2: BBRRITEI NS T«
» BBEBORS s voZETOY

Traffic (Mbps)

450

400 F

350

300

250

200

150

100

50

0

-

v

Mon —
Tue ——

8 10 12 14
time (2 hour interval)

16 18 20 22
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RIRIDES 2: BERIEEF N7 v oD

# 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+)/

# 2012-05-01 is Tuesday, add wdoffset to make wday start with Monday
wdoffset = 0

# 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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RIODES 2: BERIBETN NS vo0T70Y

set xlabel
set xtic 2
set xrange
set yrange

"time (2 hour interval)"

[-1:
[0:]

23]

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

plot "week_out.

"week_out.
"week_out.
"week_out.
"week_out.
"week_out.
"week_out.

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

txt" using 1:($2/1000000) title ’Mon’

using
using
using
using
using
using

: ($3/1000000)

1:($4/1000000)

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

title
title
title
title
title
title

’Tue’
‘Wed’
’Thu’
’Fri’
’Sat’
7SlmJ

with
with
with
with
with
with

with lines, \

lines,
lines,
lines,
lines,
lines,
lines

\
\

~
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BIEMD;EE 2:

» EBEOBEREITIIESE

b2 8 & O ABBIREITS

> EBROSHEHFIHEZED

Mon Tue Wed Thu Fri Sat Sun

Mon | 1.000 0.985 0.998 0.991 0.988 0.955 0.901
Tue | 0.985 1.000 0.981 0.975 0.969 0.964 0.927
Wed | 0.998 0.981 1.000 0.987 0.987 0.946 0.897
Thu | 0991 0975 0.987 1.000 0.988 0.933 0.859
Fri 0.988 0.969 0.987 0.988 1.000 0.951 0.896

Sat | 0.955 0.964 0.946 0933 0951 1.000 0.971
Sun | 0.901 0.927 0.897 0.859 0.896 0.971 1.000
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RIDDES 2: EBEOEREREITIIONHE

» 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 512&K3 2009 & 7 B D twitter data. #J 4000 51—
» JLT —%: http://an.kaist.ac.kr/traces/WWW2010.htm|
> twitter_degrees-10000.txt (135KB)
> 10,000 ARDY YT ILT—5
> twitter_degrees.zip (164MB, f#&#% 550MB)
> %9 4000 FADD 2T —%
» numeric2screen.zip (365MB, &R 756MB)
» A-HID &RV V-VEDIVEVYT
> RBIEE
1. twitter 2—Y® following/follower EEHETO v ~
» 10,000 AR DT —49 ZfE > B
2. ZIT—% (K3 following/follower ## D CCDF O v +
> X BAIC following/follower #ZERD log-log 7O ~
3. 7A0—28D% Wy T 50 1—FDx
» SV, A—TID. ROU—-vE, 740—¥. 7+0—%
4, AT 3V ZOMORENT
5. BR: T 9D SHmAEND I &I
» REF: PDF EX D LR— k% SFC-SFS h 51t
> TZEEHjV(t)J 20].4'3E 6 ﬁ 18 E 37 /49



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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R =B
A

» 10,000 ADDT—3ZAWLT, X &I following, Y #f(C
follower #{ZEXD log-log 'O v +

CCDF Z’Ovw ~
» X #(C following/follower #ZEXD log-log 'O v ~

740—8DZW\Wkv D 50 1—HDFE

# 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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S@IM;EF: Dijkstra 7JLIU XA
» MROY 2740 ILESRA T, RIEREBAZHET D

cat topology.txt

==

1
MO HhHh® OO RO O T
B OERNWWWoO R, NOO

NXHO0 QA0 O Q0 TOTOTOE P
I I
o5}

ruby dijkstra.rb -s a topology.txt
0) a

(%)
€]
()
(9 e
(10) abc f
(10) abdg

X0Q H O Q0T
(ORI )
o o o o
Qo
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Dijkstra ZJLTU XL

1. MEE: R9—K/—RKfE = 0. thD/—R{E = XEH
2. JL—7:

(1) KEE/— R, RIMED / — RZHEE

(2) BELIL/—ROME/—FOIXNERH

(e oN 4 5

AT 0 AT 0 90'. &ga

Sl K
(2)

o‘° X :
abo “a 690 aao

dijkstra algorithm



sample code (1/4)

# dijkstra’s algorithm based on the pseudo code in the wikipedia
# http://en.wikipedia.org/wiki/Dijkstra’27s_algorithm

#

require ’optparse’

source = nil # source of spanning-tree
OptionParser.new {lopt|

opt.on(’-s VAL’) {lv| source = v}
opt.parse! (ARGV)

INFINITY = Ox7fffffff # constant to represent a large number
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sample code (2/4)

# read topology file and initialize nodes and edges
# each line of topology file should be "nodel (-|->) node2 weight_val"
nodes = Array.new # all nodes in graph
edges = Hash.new # all edges in graph
ARGF.each_line do |linel
s, op, t, w = line.split

next if line[0] ?7# || w==nil
unless op == "-" || op == "->"
raise ArgumentError, "edge_type should be either ’-’ or ’->’"

end

weight = w.to_i

nodes << s unless nodes.include?(s) # add s to nodes
nodes << t unless nodes.include?(t) # add t to nodes
# add this to edges

edges[s] ||= {} # if edges[s] doesn’t exit, initialize with empty hash
edges[s] [t] = weight
if (op == "-" # if this edge is undirected, add the reverse directed edge
edges[t] |I= {}
edges[t][s] = weight
end
end
# sanity check
if source == nil
raise ArgumentError, "specify source_node by ’-s source’"
end

unless nodes.include?(source)
raise ArgumentError, "source_node(#{source}) is not in the graph"
end

44
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sample code (3/4)

# create and initialize 2 hashes: distance and previous

dist = Hash.new # distance for destination

prev = Hash.new # previous node in the best path

nodes.each do |il
dist[i] = INFINITY # Unknown distance function from source to v
prev[i] = -1 # Previous node in best path from source

end

# run the dijkstra algorithm
dist[source] = 0 # Distance from source to source
while (nodes.length > 0)
# u := vertex in Q with smallest dist[]
u = nil
nodes.each do |vl|
if (tu) || (distlv] < dist[ul)

end
if (dist[u] == INFINITY)
break # all remaining vertices are inaccessible from source
end
nodes = nodes - [u] # remove u from Q
# update dist[] of u’s neighbors
edges[u] .keys.each do |v]|
alt = dist[u] + edges[u] [v]
if (alt < dist[v])
dist[v] = alt
previvl =u
end
end
end

45
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sample code (4/4)

# print the shortest-path spanning-tree
dist.sort.each do |v, dl
print "#{v}: " # destination node
if d != INFINITY
print "(#{d}) " # distance
# construct path from dest to source

i=v
path = "#{i}"
while prev[i] != -1 do

path.insert (0, "#{prev[il} ") # prepend previous node
i = prevl[il

end
puts "#{path}" # print path from source to dest
else
puts "unreachable"
end
end
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U5 D8RNS5 OiEY -
» J—REIVIYOBFREERINELA PO
» graphviz (http://www.graphviz.org/) Dl

digraph finite_state_machine {

rankdir=LR;
size="8,5"

node [shape
node [shape circlel;
LR_O -> LR_2 [ label =
LR_O -> LR_1 [ label =

LR_8 -> LR_6 [ label =
LR_8 -> LR_5 [ label =

doublecircle]; LR_O LR_3 LR_4 LR_S8;

"SS(BY" 1;
"ss(s)" 1;

"S(b)" ] ;
"s(a)" 1;
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