7. Ry NI —Z @7 ahaLLIP

Ry NI —7 )@ DEE|

BRI —UADREEDRAMNEIDEEZEZER
» BEDOT—R2)0FYR—+
o FYNT—=ORBINTYNE, TR DTL—LIZHhTILE
s TR DENERIN
o BLST—R)U VMDA ES
» HERERNTE 48
« FEIY AT L (1S: intermediate system)
— #ZER &4
- TR YICKTHES
o f&iH X7 L (ES: end system)
- 7tk
— FEERHIGE
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ISLES

ES: End System (GE{SLEE)
s FUbT =By EEthemetIL—LIZHhTEILE
s AR R T LIS L TR

——> IS: Intermediate System
s SBATRLANDERRE A EERE
- ERTAET—AIVIICEE

ES: End System (Z{S0L.18)
s FDDIZL—LhbRybT—I BNy ERYHT
s FBTORLN I TATAITIN TR EET
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EiEETINL

m Connectionless
» {EREMZRIELALY
» best effort%!
» e.g. IP (Internet Protocol), XNS

m Connection Oriented
» SR DR
» 3*793‘/"@:@5&%3[@5
» e.g. X.25

Copyright ©2000, Suguru Yamaguchi, All right reserved




FEAHERE (1)

m R
» T—RI)IBMNLESNSZELIT—4
» MU RR—FEBNGESNDEET—4F
m LiE
» & ERHIlE
o ZIELIT—AR%5GETHON
c EOT—RIUYEFRTHDH
« BFRRAFTZIETLHOMN
» TR O~DEE
o $%[Z MTU (Maximum Transmission Unit) ~D&E&
« fragmentation / reassemble
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1

EAHERE (2)

m 7RLADTVEY
» PRI —URBTTRLRAERZEE

TR EF IR
EEORBRELETIIREDT—H) U VEEFIA
FYNT—IBTRLRET RV IBTRELADTY
EvS
N(a) — N(b)

+ N(a)—DL(a) (T—%#53%£) DL(b) — N(b)
» ARP (Address Resolution Protocol)

M

M

M

M
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IP

m IPv4: Internet Protocol (version 4)
m TCP/IPZORILETORYRND—SETOIIL
m

» connectionless (IP datagram)

» 4 octet address space with its own structure
» unicast / multicast / broadcast / anycast

» IP + ICMP + ARP + #Z &

» reassemble is done only at the end system
» fragmentation is done based on MTU
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E5 )L

Gateway

Gatewayh B AT LELT
IPT—AT 3 LEZBH S
[ZLf=M>ThnE

B—RYrT—ORNET—2)2Y
[LFDEHEE
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A FZ—Ryhe@iE

B(T—HE2T BHREVEL—S)ICEIET S
BRIZIIFMABRRT — bz ) EBDORLH S
FERBCRYRT—D)XBEEER. h D, HERR
BIRAT AR RERR . RRIRODEIRITHNBIRER
SERD A —F—1F N

riﬁ% ") mi;m] ck ") Copyright ©2000, Suguru Yamaguchi, Al right reserved

A Z—R hEEEREE T AT A
B BEENROEELEZRDD
B 2 TCOEERNBEMEN>TLSDITTIEAEL
r HERETOBESBBRAC AT L

ME) B ERT=ES32258
=
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Router®#¢E|

Router E

Host B
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IP7RL R (1)

mAFITIk
mEEEED
» kD —oE
o XYRT—UEICEIYHTS
o YRVHEFOTRYMITI—VEERIT
» RANER
o FYRT—UATEENENISICEIYHTS
BAYNT—DA4R3T—RIZHEZ B
» T—h)TATIIEHDTRLRZEHED
m 1.0.0.0 A5 223.255.255.255 &£ T
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IP7RL A (2)

163 221 74 127

0xA3 0xDD 0x4A OX7F

2RI —O8(F24E vk

163.221.74.127/24
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IP7RKL X (3)

m JO—FF¥AFF7RLR

» 7 \Zl‘%ﬁhi all 1 (Di%'l%\ %@*“JFU—ﬂZ?@J?’é?
A—F3+ Xk (broadcast) &7%55

» fHIZ (F 163.221.74.255

» TDRYET—YIZEREINTEY . BBILTLSRA
ML TT—29 5 L% ERZE
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IP7RL X (4)

B YIILFERYRRNTRLR
» 224.0.0.0 A5 239.255.255.255
» JI—T8E
o YILFXXRANTRLRICT—H%EEIETHE HED KRR
rDY V=TT —2%E %
o TIL—TIEBMITRL
« FI—TER
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IPv4 header (1)

0 4 8 16 31
Ver. IHL -ls-)é?\?i:; Total Length (in Octet)
Identification Flags Fragment Offset
Time to Live Protocol Header Checksum

Source Address

Destination Address
\___________________________________________________________________________|

Option (if any)
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IPv4 header (2)

m Version m Source Address
m Internet Header Length m Destination Address
m Type Of Service m IP options
m Total Length
m Identification
m Flags
m Fragment Offset
m Time To Live
m Protocol
m Header Checksum
IP header (3)
m Version m IHL
» BEDTALIIL/IN—D3 » Internet Header Length
> » 32bit word TR F=~v&
» 4 (IPv4) £ (word#k)

» |P7J'7°:/EI~/0)%B$J\75§EI§
ETHB-0IZ, B
4—ILE
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(classic) Type Of Service

m Non-DiffServ

m BT OraLIZE-TOFONEEYT
» H—EXZFXFILTUREBLI-WMGEICEZLIFRDL
IRHohd
» IPT—R9 S LONBIZDODNTHOIFLE-HEFELY
mJA4A—<vhk
0] 7
’Precedence| D I T | R | M I*fﬁiﬁ‘
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Type of Service (1)

m Precedence

» JLER{E S HE

» OMB7DIE

» BF—8SLOEEEERT
mERYSEYNIERE NI T HHEETRT

» EYMIERESNTLDEDEFE

» D: low Delay

» T: high Throughput

» R: high Reliability
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Type of Service (3)

mEOIDTITVr—2a0 DERETIIRTE
m LAOLENSERMIZEEEN
» MIBBEEDEZS
» TSAF T4 LBEE
m DiffServDIZ#ELIZHF - THESE
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DiffServiZ®tisL7=TOSZ 4 —/LR

mTOST4—ILRZEBEE
» 2bitIZECND=HIZF#5
» IPv6 O Traffic Class (3,5 F3

precedence

low {through

delay | put

Relia-

bility

min
cost

. 1

DSCP
(Differentiated Service Code Point)

(currently
unused)
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Diff-Serv®>E7 /L (1)

FYRT—0DAY AT EYIZ S
» Ty /—F (edge node)
o A—FRAUIDERTE
» SLA: Service Level Agreement
» R/ —k
o A—FRAVMIELIZN\ T yNR D a—1oy
» 5 /—F (boundary node)
o XTI —URIDERYRED (SLA)IZLIzA > T, aA—FRAU+
EEENZD
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cu

customer\(

S
a7

Diff-serv ®E7 /L (2)

ISP-B

o/ SLAI=ES UV =a—
FRAV D EEZHZ

— '/ ISP-A

stomer SLAIZE S Vi=a—
FRA+DEESE

D
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Total Length

mIPT—3275LDEE
mAITYNELL
YL +T—4
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Time To Live

B YR —ORTO/N Ty N EFRR
» RFDIPT—RTSLEHRBSED
» BRETRICIIERMGRBOBRREEA T
» FFRIDRIFITHLL
B RRKT—rOTARyTH
» FT—h A BBEICEEZRLT
» Ol =T —2T S LEETH
» EERZARIEE (ICMP Time Exceeded)
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Fragmentation & Reassemble (1)

B T—2)UOEICMTUILRES TS

» T—RA)IL—LDT—I3RRDRRE

» {5l Z (X Ethernet THMNIX 15004 VT v+
mIPT—205 L

» AIER

» Fx K& 64Kbyte (Total Length FieldD #IIBR)
B RELGT—FEMTULLTIZHE

» fragmentation

» T—r)TABICHRLETLAEEEHY
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Fragmentation & Reassemble (2)

B REMGZIERANTHER
» reassemble
» FfES AT LTl reassemble LTIXLMFAELY
» FEEDBIMEELETETS
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Fragmentation & Reassemble (3)

m Flag 74— JLF (BEWH)
» 0, DF, MF
» DF: Don’t Fragment
o COEYMERESIN TS T—2Y S LIE fragment NIEZE
LTIy
s MTUKYBIPT—ET S LN KREVEEICIETS—
» MF: More Fragment
o TTUAREINTNT, H D, &FED fragment HHDHE
(2R E
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Fragmentation & Reassemble (4)

m Fragment Offset (13bit)
» FDT—RTSLNTDAYE—2DEDERD H
» MF& Fragment Offset Z 7Tl Reassemble Z3E1T
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Fragmentation & Reassemble (5)

MTU=500

MTU=1500 Gateway2

Gatewayl

T —H2 &4 HY2000/ N1
DIPT—ET S L%EED
EES1EBHM?

(NyF (X204 9T VH) Host B
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Fragmentation & Reassemble (6)

m Host A m fragment A—DTHAEK
» H+1480: MF=1, FO=0 BIE IPT—25 5L
» H+520: MF=0, FO=1480 LHREEH

m Gateway 1 » MREELIEIZDHMND
» H+480: MF=1, FO=0 » NFSTIE [

» H+480: MF=1, FO=480
» H+480: MF=1, FO=960
» H+40: MF=1, FO=1440
» H+480: MF=1, FO=1480
» H+40: MF=0, FO=1960
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IR A= =N R )

m Protocol Z74—JLk
» EM7OrIILOBEEIELRT
» multiplexing/de-multiplexing M 4038
» TCP (6), UDP (17)
» FAORIIAAYFIZ&B LA ENIEDERE)
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IPR R T

B IPT—RT S LEIPT—RT I LTESR

m Protocol 74— JLRIZIX4FRI7ZME
» IP over IP

m bR (tunneling) ITRIETIXGELFEHNT
AV
» IPsec / VPN (Virtual Private Network)

» IP Multicasting
» {RAERykT—% (Mbone, 6bone)
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Network Byte Order

mIPAYT DHET—ILEDORFEILAE
m RFC791CHRE
B BRAMDNA A —F LITHITIZERE
» BRRRIEVLAHELENESICT S8
m Big-Endian
» MSBAFERI
» INTYR DA —IYNTREET HEE
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Checksum

m 16bit 1’s complement arithmetic
BAYEIDFTvIH L
» STE T BI5 (21X, checksum Z4—JLF(& all 0 TH
Sl RELTEHE
mEtEAE
» AR E1GEYNEIZHEIL, 1DHHEHE
» MEtHE
» FERDIDFHEK
m ZERITIEAYS D checksum F#HETE - LB
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8. 7KL R fEP (address resolution)

Address Resolution

BARYNT—OBTRLARET—2YIBTRLR
DIVEVY
» RZIRHIEDZE
- PR HBOER
. RICEBRERR D EIR
» EFDERENIBTUREELGLIEFOT—2IVIET
RLADES
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WANWALRFR (1)

mT—JILAER
» FRALTHIGREZEET D
» BRRYIEERTE
» FRED/INSIERYNT—ITIEERN
» IRARDRYNT—I AL RATT—ANEBINI-IGE
21X, ETORANCT—TILOBEFHHADLE
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1

WANWALRTT (2)

mH—/\ARK
» T—IILARXDILIE
» Y—N\TlRBZ—EEE
» B—/INEDBEEZEDIIIZERTLH0M
« well-known 7 ~L X% %
s TIHILNTRLREFIA
+ broadcast (7—42')>ILAN)L)EF|A
» Y—N\DBF O LIZHE DXL AEIEESITHDH
o H—/\DZEL?
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WANWALRF (3)

m BIRRE A
» ARP (Address Resolution Protocol) @ #|Fd
» BIEREITRE
» Dynamic Binding
» PYRI—IBIIKEFELGVEEARENDE
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ARP

m RFC826

mT—R)UOLRNILTORMEEFHLTHEL
BHEEET

m BWEDHLEEZIT RN TRL R EHRERE

A

Ethernet(A)?

v

08:ac:fe:90:43:88
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ﬁiﬁ%)ﬁ: (1)

m TR EICARPOARERET IHE
nNHd
» RFC826 [XFLADARPZFEH TS
« Broadcast Channel D 7E7E
o EFEAT—RIVITRLANIL—LD (R
o O—AILDOTFLRIERIVRE ATHE
» COEBEZEEAHAHET RO TIEIATEGL
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ﬁﬂ%/ﬁ (2)

B JO—FXFvRANTPRLRAZIRETDHIS4T7
NHBEEIZIZESTLDH
» Ethernet Meltdown....
» BALMIEE E DA

30T INVIGEIZIEESTLHDOMN
» BFIZHMDIRACDTRLRAFZEZRS
» BIEH AL BAREENE LY
» ¥al) TR
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UNIXTOEEE

B T—JIIAREFREAXDBEAEIRA
» arp AXURIZKDT—T LT DYERL - HIBR
» ARPZORIJLIZKZENRIRTE
» BWWEHLERRERST =012, ARPIZKDEIRIIR
ESN-ERIEIF vy 1dhd
. —EEMAIEZEOX vy EFH
. —ERMZEEHTEOEDE
. EAMTNIE
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