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HE AT 7R

« 114 H|S(Transportation Layer)
. 30|
c OSI4HSCE, SM ZEMHALL =AM ZZMA 7HO| SEF 7E
OB M&E2 HEsle AIS
. 043}
s HERZ HSEoMq MFE2 HO[EHE =4 ZE2 M| A0 M
TE HBE 0850 B4 TZHAE Al
- OO 2¢ L ANEEIZ Sl 4% ASo dlo|e M
.55
- SE ZFZ2MA S XS
. 01738 I HioiAH B4l K|
- AE[Y e OOl & & 5& o] 52| 7ls MBS
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HE AT 7R

‘FS AB MEIA (1721)
*Z 2 M|A(Process)
ME HE| MHIAE 0|85l 88 HIE AAN(S&sie ZEIR).

e IZAMALCHZEMA EA
- HERT HES2 SAE L SAE S
- HEQI3 HE Z2EZ2 HAIRIE BHX| £ AKX ARE{f ME
« HAIX|= SHIEH Z2MH|A0|M AME2|Z[o{oF & E R
cMEAHAES ZZEZ0M =

A A A A
% e o o % Processes Processes E e o o E
Internet

I

I Domain of Network-layer Protocol ]
| ¢ > |

Domain of Transport-layer Protocol
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HE AT 7R

+ IPFABOEE SAETGK|EE Al

* ICANN (Internet Corporation for Assigned Names and
Numbers)0i| A £4¢| &t 2

« 37o| Rt 2 LIF0 B

Application ~1

///“ﬁf-'j

13
— ™

eeeee

o
3=
=3

o
\5'_

3
Itk
AN
Itk
ILL

[
[
[
[
1l
1l

Destination port number

nnnnnnnn

PT H 52,000 I—{ W P I—{ 13 H W | 1 _ selects the process
ransport -~ »~
layer

52,000 | 13

Data # ||

Destination IP address
193.14.26.7 ' selects the server

13 | 52,000
h Data | 10
Data

ﬁ
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HE AT 7
« M& HIS MH|A (3/21)

c ZA A TE HS (2/3)
« ICANN <]
o At QtE4Z EE(WeII-known Port)
« 0~1,023 H<
« ICANNO{ 2|5} SHA|
- S5 E X E(Registered Port)

« 1,024~49,151 H¢

« |ICANNO{| 2|3 & & O|Lt SXIE WwUX| ot, 55 U X|E 2[5 ICANNO|A

S=ot x

- 5 iE(Dynamic Port)
¢ 49,152~65,535 #<

» ICANNO]| 2f3H EHIE LR pfn &% F4T) oty
+ LA EETHQ ZE HEZ ASE £ Qs HY
Registered

0 1,023 * 49,152 65,535
| | |

I I [
1,024 49,151

Well-known Dynamic or private

=)|
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s AT 72
. T4 AlS MH|A (4/21)
7 E

% S (3/3)

ZI = A (Socket Address)

« IP AL LE HS O] T3

« Z20|UHE AT A= EEI0|HE Z2HNAE FLSHA He

« NH LA FALE AHH Z2MAE FYSHAH e

- IP FAE HESRI AE M2 dHol|, ZE HEz = TS A S =

Sl X& Elof Fg
|P address 200.23.56.8 69
Socket address | 200.23.56.8 69

TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab. 8



HE AT 7R

« & AHSE MH[A (5/21)
» Z4= 3 (Encapsulation)
» S8 & TS HS0| S8 AF 2 HAIXIH ME HS sHE
F7tstod miZle 4
» 2974 = 3} (Decapsulation)
- 441 & §MB AlB0| ) o HICiE MHT HAIXIE 88
HE el Z2MA MY
Client Server
Client = Server -
Application Process Process Application
aver Message Message aver

Transport - Payroll ﬁ - Payroll Transport
layer Packet Logical channel Packet layer

Header

Header

(a). Encapsulation (b). Decapsulation

TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab. 9



HE AT 7R

« M&E HSE AMHIA (6/21)
» C}& 3 (Multiplexing)
¢ 00 S T2 M A0 M MG HE
M 2|8F0d M&
« 040 S A T2 A
Cl|O|E{E 3tLt 2|
HSE0l =&
» ACS3HDemult
- B IO 2 E
S2 0|835t04 5
= 2 N|AO] OO
 StLES| M&E AHS
2 A I 2 MAO0
2 HH

TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab. 10



HE AT 7R

ME AHES MU (7/21)

Aoq (1/3)

£ S0 HEl 528 %
£41 % 7ho| %{2| £ %
Al

Al

O

(.

sH= ClO|E] T% WXIE 9
7|5

27 |(Pushing)2t Z 7|(Pulling)
IH(Buffer)& O|&¢r &4l Cl[O|&

*H{ IH (Buffer)
g MEE = A HEE S,

Al

—

I
H

1

Ol
O

g YA M

TCP/IP ZEE =

Jinwoo Seo, Protocol Engineering Lab. 11



S AHAE 72
. X% HlS AH|A (8/21)

ol

o Ol
i
o
—
™~
~
L

L 7|(Pushing)
. 541 50| 241 59| 23 glo| 2
HOE] 7l &, XA H2 KHAlY R
é)l- EH O.” [[l_EI_ 7(I_-|_g_ %E} El_cl XHjH% Producer ‘Tvery’ Consumer
e = L—
9.%' OI-: tCIDI-A_l (a). Pushing
« 27|(Pulling)
SN ZO0| QHE HOB HA | e O
£0| HOIEIE H& 31 4] : . -
Producer ‘T\lew) Consumer
— (b). Pull
o HH{1{(Buffer) 0| & "
c 28 FO W} 7S & 72, 44l S0l 0| S HAES
&40 sof fizlo] P2 37| Hoofl XHAstol o
. 41 Fo| Hzjof § B0 M7 #2, 4 Al HollA CHA| HasHES
S4815 Tjzlo Rz 27| Woof aAdatod or 2l
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HE AT 7R

. T4 AlS MH|A (9/21)

- 5 & X[0q (3/3)
« M& HE|Me 58 Ao

« S TS AS2 HAIXIE W22 A=3ier £ 27| Y42
O|&35t0 =4l M& HBL HIHE M&

« =M ME HE2 s 4lE fZlE HE| K& et = 23ZH=356H04
=N=] 7:”39; X Ct
o O o [ — |

« £ HHO| Bl Zztol et YIE R 3718 ZHEt0] S4l F9
HMESE S X|oq

c ME HABE2 8 AT Z2MAT HAIXKIE F5H7| HHK]
H{I 0| A&

Sender Receiver

Application Application
layer Producer Q'— Producer layer

Messages Flow Requests : Messages
are pushed Control q 1 are pulled

1
i 2

Consumer Consumer
Transport Transport

layer layer
y Producer Packets are pushed y

Producer

4 Flow Control |

TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab.



NS AS M

. Xo
» ME[E RI= CIOIE TEE ?lo TS Soll dE = U= 27 4|
X =Tste Jls
- Jls

. #l&E oz ZR| L 5 7]
. AR HIE TZIe S84 S0l KiHs 2

- S2 £AME DiZIe &0l £ H|7|

« =M7F JH /o TEE IHE2 =4l HIHol| /Al K& st, +EHE
miZ!0| =&fSHH Aol HAH RHEH
L Al
« &=k H135 (Sequence Number) ™ Tamen Pacs I e
- &l SE(Acknowledgement) -2~ — T

TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab. 14




s S ML
. M HS MH|A (11/21)

04 (2/2)
S (Sequence Number)
|

70| iR 05, B2 0l £AS EHQlste 2
. I}Z/0| 2oiE YR M3
A H

L—

. 2018 (Acknowledgement)
. 221 BOIM ©F 810] B +4IE THZIS 0l Cha) RIS M 7}
AU B85 sAIE TS I 7|
o M7t F[HE WZ 2 W2 7HL &4 E Tl o] =S| T K| ol KHE
. 41 B4 EFOIHE AFRSHE 72, T2 24 ZHK| 7Hs

—_
. TZ! F% Al EHOIH PS5, EHO|7 BRI | BHK| ACKTH EH8HK
of ST TZ! AT

olr
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S AHAE 72
« M& HE MHIA (12/21)

« SEI} Q7 XN|o{2o] &AEt (1/3)
« S S0 4 Fof 242 HE & 02! HIHE S35 £& X|042f
oR RoiE ZE 75
BN E S T
1. IZo| &AM HEE M HIH LHC| H[0{/U= Yo M & B 22
HS Ol x AIS
2. IZ! ME Al miZle| EAIE2 HE 2 Y x0of X%
3. MCHHoEREo| &QISEHZ 7|CHE
4. EOI2CF E&F Al IjZl2 NHEH HE2E Y2 HIKE
A& S5 D
1. =MHSE yE 4= T2 =3 Al 88 AS0M =4I &H|7t Z|7|
K| =418 miZlE 0|2 2] B yol| HE

N
E
N

<

10
1
12k
I110]
ne
115}
N
40
QII_I
Ao
1l
o
0|0
I
Al
ob
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S AHAE 72
« M& HE MHIA (13/21)

. 5%3- Q5 Moiel ZAgf (2/3)
CHO|& RIF °(SI|d|ng Window)

ﬂl|>

c EMHSE HEOR B Al HI{E 35 Lo =2 H
» Zt ZZE2 QAL Mo dRES MR

Al
S0l T TS Al &3 =2 0t3
HIH7t CF XM o Ol 2| HIAIXIE 88 ASLZRFE g + gitts RE 2lO|
- HRISHE & Al T =2t o] ot = sA|
o
(=1

O AMEERE H 70| 50l ZZto| o3 sHA| A|, RPI=ER o BoM &
Clge vl xz2tg 51841 7| sl P98 el 24 Hels oin =

TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab. 17



HE AT 7
« M& HS MH|A (14/21)

- SEI 2F Mo 2 (3/3)
- &2t0|Y ?IE 2 (Sliding Window)
e Al - =M HZ 7t mod 16 (m = 4)0|H |=2| 37|71 7¢I B2
12]1a]14f1s[0]1]2]3[4]5]6[7]8 ]9 0[]
A. Four packets have been sent
12]1s[1af1s| 0123 a5 6 78 9 10f11]
B. Five packets have been sent

afisfiafis[o T2 s a s o] 7 8 8 w0

C. Seven packets have been sent
window is full

2fss]raf sl o [iTaTa a6 6 7 8]0 fi0fr]

D. Packet O has been acknowledged,

seqNo of first seqNo of first
outstanding outstanding

1 packet "4 packet
0

M T 6
R seqNo of Next Seee seqNo fN ot . .
8 7 ‘_packettasend 8 74— packet to send WIndOW Slldes
C. Seven packets have been sent D. Packet 0 has been acknowledged,
window is full window slides

TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab. 18



HE AT 7R

T~ =
» & HIS AMHIA (15/21)
_ HEYI2 HSEls HZlol .
« =& H0q (1/3)
. X0
- HESZZE RUL/E EE(Load)’t HEHITI MHE[& = U= &2
Zitste A4S WKISHHL 2Hetste 7S
EE UM olR
o« BREILE AR{X[7F THEE KME 57| @[3t HHOI 77t =Y
- M2 MAES &3 7ol MY L0 AHdle| =M7t ko] M&E T™HK| Z|CHE
- Fol T2 fetotH EIRE MHEE = e JECH H B2 30|
22 Elol Sojg 29 YA
e HFAI
o 1
- 7 £ EZ Ao{(Open-loop Congestion Control)
- =& Y o[Ho] HME 2 Es5to =& ofdf
- | £ Z% N|0{(Closed-loop Congestion Control)
. BT 94 0|3 UEYT HEIE HOls0l TS o

TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab. 19
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504

en-loop Congestion Control)
HE

Q. Ofn

f=}

5

i

=

ol 2

m ol
od 0[0 ._.m
Al ol KI
= oL
R0 oF m
=] or
mo 4
N
fol 1o =
Il ok _._m_A_V_
L
o —_—
gh Ki J_/.
= m
~ N =
w~ Ko K
< i =
Ko e K
~ Wog M
Ol Fo1 <10 N
fiolgl M
o} J E._HTM

ol

ol
kI

o

F

stod HERA

Kl
K]
i

0 PSEe)

%
FEFO|H7F MER E|= A0 gt

=

OF n KXW <o

Rl o) ol K| H M KOS =
KO 40 4009 KO OH o 7oy K4 K gjo

o R g 3
RIS
> ok

LH
ol

2140 <o)
W w1 <par

L i i

ol
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S AT MR

- MS AHS MHIA (17/21)

*ECN(Explict Congestion Notification)
IP I{Z Tt TCP SlC{oiM HIESIZ EFE DI2| Z2|1 Modst7|

« =X X|04 (3/3) SIs A3t 2700l HlE T,
- Ij| X ZZ} X|04(Closed-loop Congestion Control)
. E% 9 0|% LIESIT AEHE TS wol AAIZIOE HolstT
HMEHE S ™Moz &

- &S X 1| = BH(Implicit Feedback)
I EQZERE YA SE 7t ol &4 F0| mfZ! £4l0|Lt E= Al7he
HS BT HES T ERS AAR 2T
« HA|X I|= 4 (Explicit Feedback)
L BHREILL 44l H0| BY wH M3 E 41 S0l TH ELio| I
- e.g., IP3lH2| ECN HIEE AF&3t= TCP ECN
- =M F S IE tIH(Recelver—driven Feedback)
o §0| Atalo| B A EHLE =4 IER 37| S 1E{5t0 &4l F0| 2
4 QU ClolE| 28 AH x|

T

Ol

TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab. 21



1o YT =3
: o HIT
1 ol SEL T -+ £
o i
i nl
ol N
I Ki L
K o
n«).._Alm In_UI
mﬂﬂ o
3 woll o %
pos I R I A Tt
x Kd O OE_I .A_I o 5 Wé S
2 Kl EF Ty
S e S T
=3 5 2V _
~—" - ﬂ”.k. -~
— . N
| < Q m X n )
N —_— T h.: & < _uw_*_l. 3
~— TP K i 4l 2 Kl
N TQo m oW
0 c kK HKol
— 0.8 =X ull LH o =0l
~ — = = W = o K5
< O — K| S o ox
J K& =z med g
- [l ¢ &% =<3z .0
O w Q Ky <= L
— OO Wi N Ao R
< 70 M HNOE N UIE
M = SIRl _ AT & WS — Wit
_x—o __o 7_._._ Iww ° __._M__I ° ° ° O °
— o B3
I—Fl 7 OL ® [ ®
od 1

A2
‘Kn_'lo
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HE AS 7

2

« M& HSE MH|A (19/21)
. HIRIZAEI} o178 RI% AJHIA (2/4)
« 214 X|&F(Connection-oriented) AMH|A
. "ol
 O|o|H & ™ol 422 A
L TS
1. @& % (Connection
Establishment)
2. Ol|0|E{ & (Data Transfer) ; i
3. o4 s{A|(Connection Teardown) o ’
. EX| ~!
-1 O !
- HAAX[EF MH|AE F BE AAH] 5
7to| 122 7|8to 2 Of|o|E &t i
- mZ! 7t o|E Mol =X i
- Mlo{ 7|5
+ 58 AMo{, 27 Fod, EF HMoiE i
7 7ts §

TCP/IP ZEE =
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Mg AS e
« & HE MH[A (20/21)

- HpdiZ g0 44 X[&F AMH|A (3/4)
- § 5t AEH 7|7|(FSM, Finite State Machine)

J /C}l'EHQ_h AME) ZF Mo| 12l 0|835t0f O|HE [HE SE S
X EL‘.
=1 =

El(State)
- TR A|ARIO| o A& ol U= X|E LIEHH
- O|HIE(Event)

« B ™MO|E YHAIFI= M E= =7
-« HM(Action)

- O[HIE7} HMFE [} =Als5= S&
- &rE T O|(Transition)

- O|HIER} Mo 2t 24X 4 Ejoi M CHE A EI2E 0|Ssle o™
. % 7| AEl(Initial State)
- FSMO| S22 Al&tst= A El

T

TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab. 24



MES HASE 7

o X

& AS MHIA (21/21)

- BRI 12 X MHI (4/4)

- FSM2 &

:|=I

°=IE'|_| |:|

—

Note: The colored arrow shows the starting state.

FSM for
connection-oriented
transport layer

A[EZ W 4 X[ MH|A

FSM for — | Established
connectionless

transport layer Both ends are always
in the established state.

A connection-open
request accepted
from application.

Send an open request
packet to the other end.

b
An close-request
packet arrived from

the other end.
Send an ACK packet.

h 4

Open-Wait-1 Closed-Wait-2

An ACK received
from the other end.

Do nothing

N

An ACK received
from the other end.

Do nothing

h 4

Open-Wait-2 Close-Wait-1

An open-request
packet arrived from
the other end.

-

A connection-close
request accepted

Send an ACK packet.

g from application.
» Established s
Send an close request
Data Transfer occurs packet to the other end.

when both ends are in
established state

TCP/IP ZEE =

Jinwoo Seo, Protocol Engineering Lab. 25



HE AT 7R

« TE AHS

L= E= (1/34)
« EF==(Simple) Z2EZ (1/2)

e JHE
« SE/IRF NMo{7t GQE HIHAYE Z2ES
¢« ==KF
O
1. Adle| S8 HEERE ™M& HSE2 HAXIE =&
2. M 7I5S HAIXIE WA= BHE £ mjZ! MS
3. $4 & S ABE MU UEYT HEE Bato] Soi2 T
2 A
T =
4. $4 5 MBS HBS WUSZRE HAIX| 5 £, RHAlo] 28
HEo 2 MY
Sender Receiver
Application | . | | Packet | I Application
Transport | | . |t+— | | oo | | —p | : Transport

Logical channel

TCP/IP ZEE =

Jinwoo Seo, Protocol Engineering Lab. 26



S AT MR

T2EZ

(2/34)
=2 (2/2)

i S M Request came from application Packet arrived
Make a packet and send it Deliver it to process.
— Ready « — Ready |«
Sender Receiver
o Ol Al
N =< O - — oro o
- SAM F0| Al F5Z D845t K| o2 82
Sender Receiver Events
Transport Transport Req: Request came from process
layer layer pArr: Packet arrived
Req, | :
é-"'%’l
_e-q-’:%*:-ng’
rr
: o=
| . |
1 o |
- + +
S A4 Time Time
* |_|- / :” =
= = = (o] 1T A O
« 257 No{et & Ao{7} glo ! &4 &
nedst x| Z&

el s

=24
=

=2
=

TCP/IP ZEE =
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NS AS M

- MS HE T2EZ (3/34)

« MX| CH7|(Stop-and-Wait) Z2ZEZ (1/11)
« SE/IQF NO{E RF ASSE WA X ZEZES
« SZF(1/2)
« &/ F 2F 377112 £810|E RIER AFR
. 3t ol stLtol miZlat oH-POI g0l ME s
1. S &2 8 Hof stLtol IiZ! M4 £ #QI8E 0] E0{27
A

LS

- mZlo| A E&EIR=X| AALSH7| !lsh 2

MK EP% mfZ! M&ESHKR| et 7[R
27} o | o|Ef ThZ!ol ZAAME 7}

=
Sender Packet ACK Receiver
Application 1 ] I L 1 |Application
H seqNo  Checksum ackNo  Checksum »
+
- 00— N 00 ] — | |
Transport Transport
[ o . —— [
Logical channel

S R Next packet
l l to receive
O @ Sumup
L =1 L— =1
Send window Receive window

TCP/IP ZEE =

Jinwoo Seo, Protocol Engineering Lab.



S AT MR

i
Op>
X
[
;

N

. 02
Ral

TSN 0

O
20
R \

°
N
L
— >_
-

Application

Transport

= (4/34)
Stop -and-Wait) it

}

)

d

(2/11)

Al, EtO|H= ’“xIEIIH Ct= =
E|04|:|._|_ .u.|-L__|-
t x| RJo4oF &

Receiver

/1

-~
T

—w

. @ Timer

Send window

Logical channel

R Next packet
to receive

R I I RO
P I

Receive window

TCP/IP ZEE =

Jinwoo Seo, Protocol Engineering Lab.
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S AT MR

x =1
S it E=

(5/34)

(Stop-and-Wait) ZZ2EZF (3/11)

7]
2 (segNo, Sequence Number)
fZlE 5= T AI6HR| L =5 5t7| fI6 AtS

H? 3-|||_—__|0-|| _U_H7|O| AA—l I:|-|<:> _u.||: 7<7|_

. modulo 2 G4t E SEl 1HIES| HEDH AL

=M He 1 Z€e
c xETMHEE ME AL x+ 1P ERSIHx + 2= HROIS
. TZI0| MATOR &4l Hof TA Al 41 H2 HOIST HS
. EOISEO| S H0of T AL SA B2 x+ 10 &M HEE 2= B &S
- W0l geMog =4l Fo| ZASRX|E HRISHO| HE/Ed 2 Al S
£2 EY-ol2 & WA TS
. 01Y TR, ST e B2 %
c 2 BL x+ 1M HEE e IO £AS JIHFHUKIT x EM HEE e
T}zl 4 &)
- IOl HEElo] =&l Fof| £ASHK| gEE Al &4 2 EfY-02 = mZ!
MHE
. MESE IS £A5 24 52 HOIST HE

TCP/IP ZEE =
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ME AS 7hL
- MS HE T2EZ (6/34)

(-
K| CHZ|(Stop-and-Wait) ZE2EZ (4/11)
E0I8H (aCkNo Acknowledgement Number)
. EH%’J% S= FAISHK] P = 5t7] ?[5t04 AS
- =& FHoM EY|E 7|CHst= ChF Ao =M HEE LIEHH
. seqNo7P xBFH, ackNo= x + 19| 2t 7H¥

. 02

« FSM (1/4)
c AAXIF EZZEZFOIERE, &F BE2 O|O|E mZ! mek ™
Established AFEH

e ; Receiver : .
Request came from application Time-out Error-free packet with seqNo=R arrived.
Make a packet with seqNo=S, save a copy, and send it. Resend the packet in the window. Corrupted packet arrived. Deliver the message to application.
Start the timer. Restart the timer. : Slide the receive window forward (R=R+1).
— 1 It‘ Discard the packet. Send ACK with ackNo=R.
Ready Blocking | Roady ¢
ea
Tt | —[ 59
Error-free ACK with ackNo=S+1 arrived. Corrupted ACK or error-free-ACK
- - with ackNo not related to the only
Sgg:}:‘:ﬁ;’;‘: window forward (8=8+1). outstanding packet arrived Error-free packet with seqNo != R arrived. | Note: All arithmetic
' Discard the ACK. Discard the packet (it is duplicate). equations are in
Sender Note: All arithmetic equations are in modulo 2. Send ACK with ackNo=R. modulo 2.

TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab. 31



S AT MR

T2EZ

(7/34)

Stop-and-Wait)

=
7'<7 |01| Ready &FE{o|
= SE0LR X7|%

212

0, 0

=2 (5/11)

| % Ready 4'EHQ} Blocking 4 EHZ 0|5 75

- & F2 BX| stLte| o|HIETL s Z(BHE 7|CHE
© §87IBo2 RN 2¥0 BolE B? S4 58 &M USE ST MUY HAE
OFE T mfZl o AtEE XEE =0 A HS
. 0l % B4 &2 Eho|0f 75 % Blocking 4E2 0I5
Request came from application Time-out
Make a packet with seqNo=S, save a copy, and send it. Resend the packet in the window.
Start the timer. Restart the timer.
r 1l ]
Ready Blocking

TT

=]

Error-free ACK with ackNo=S+1 arrived.

Slide the send window forward (S=3+1).
Stop the timer.

Sender

Corrupted ACK or error-free-ACK
with ackNo not related to the only
outstanding packet arrived
Discard the ACK.

Note: All arithmetic equations are in modulo 2.

TCP/IP ZEE =
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s AT VR
HEs Z2EZ (8/34)

| CHZ|(Stop-and-Wait) ZZE Z (6/11)
S i 4)

2
oh

. 02
n A

_I

- Blocking AFEH
74

M
S
o

= O
1. ChS0| ™&E mZlof

e e - =1 - = L—
Eto|H S
« PERES=(S+1modulo2Z 0|5 F &4 52 Ready &EIZ 0|S
2. T=AEIACKIL &AL @F= IX|oE EQISH HS 7} SHIZX| AS B2
ACK H| 7|

3. Et-OfR & A, S& F2 miZlE TS EO|H RF S

Receiver Error-free packet with seqNo=R arrived.
Corrupted packet arrived. Dgliver the mgssage to application.
- Slide the receive window forward (R=R+1).
Discard the packet. Send ACK with ackNo=R.
Read
—_ y
N

Error-free packet with seqNo != R arrived. Note: All arithmetic

Discard the packet (it is duplicate). equations are in
Send ACK with ackNo=R. modulo 2.
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| CHZ|(Stop-and-Wait) =
4/4

AN =
« =M F
A ~ O S — — =
o UM F2 4 Ready 2 EN0] I B4+ RE= 022 7|5
o o d -
- Ohs M 7HX| 82 & 7S
A -— L. = X 11 - O
1. &M 37l p2 MYE 0= gt W T& Al T LHo| HAIXIE 28
ASSE MY
. ‘%'_E_-?-E R =(R+1) modulo 22 0|5 ¥ EHQIEE HE RE HAHEIACK
kS
A = — - % - - = = o =
2. =kl H=EItRO| Ot 27 Gi= WZI0| =5 Al A H7| + £RISH ©e RE
MHEE ACK HSE
S|l A 1 ANE
3. #&Elof +4lE mZ2 7|
Receiver
; Corrupted packet arrived. Error-free packet with seqNo = R arrived \
Discard the packet. Deliver the message to application.
Slide the receive window forward (R =R +1).
—_— .
Send ACK with ackNo = R.
Error-free packet with seqNo ! = R arrived Note:
Discard the packet (it is duplicate). All _arirhmeric equations
Send ACK with ackNo = R arc in modulo 2. Y.
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s AT VR
cTE HE TZE S (11/34)

o
« MX| CH7|(Stop-and-Wait) ZZEZ (9/11)

= O

® _E_-Ié-
- ME0| 2 OHED ZI E= X|HE 7HX|1 /U 2 H[EE8H
« CHYZE x| Z(Product)E Z|CHE AF23HOF &

« OfA| 13.1

MSE 7| AAEAH MEO| CHEZ0| 1 MbpsO|11 1H|E 7t E=6t= Ol 20 msO|
AEICt 1 72 A CH = X|od =2 Lotel7t? A|AEIS| H|o|E mi=!0] 1,000 HI
EQo| Z0o|2tH, MEO| 0| E2 UOI2I7t?
- Z0|

o CHMZE X|H F: (1 x 10%) x (20 x 1073) = 20,000H|E

. AAHEI2 25 x|2d 52 20,000HIEE ME 7tsE 2l0|

« O|o|E{ miZ!le| Zojod 2} 1,000H|IERt M& Its
. M2 o|2E: 1(;000000 x 100 = 5%

. SY MZolM MR Ci7| ZREES A5 He 82 |

o
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o« A

o 5 ZEEZ (12/34)
M| CH7|(Stop-and-Wait) T2 EZ (10/11)

of

« 04X 13.2

oMl 13.104 4 =QISEoi CHel med gio| x[cH 15702 WIS MEE = Us
ZEEZEE 0|85tH ME 9| 0| ER2 Untel7t?
- E0|
« CHYZE X|94 Z: (1 x 109) x (20 x 103) = 20,000H|E
AMAEIR g5 x|9d S0 20,000HIEE ME 7IsS 2|0

« COllo|E]| TiZ!e| Zolof 2t 15 x 1,000 = 15,000H|E M& 7ts

. ME 0|2E: ;iggg % 100 = 75%
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 ME HE ZEEZE (14/34)
« N-Z 2| -FE|(Go-Back-N) ZE2EZ (1/12)
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. £20|E PIERE J|go R 27 Ko{E £#st= 17 X|E
ZIZES

- £F
. B4l E2 EHISEHE #4157 Mol odf JHe WS ®S It
. 4l &2 stLbo| B HEol XE THS
+ S 52 SAQISE Tt o MSE WIIF| CHE A £
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ME HE ZEEZE (16/34)

« N-Z 2| -FE|(Go-Back-N) ZE2EZ (3/12)
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XS HE TZEE (17/34)

« N-Z 2| J-ZFE|(Go-Back-N) Z2ZEZ (4/12)
- A PlER
« M& B0\t MSE lolE IZle| &M HEE ot 7H4 9
ARHE o]
« Zt A= 9o| YX[oM o =M HEE2 o|0| MEE WiZ!E LERDT, = COHE
=M HS E2 MEE| 1A} 5= THZIE 2|0

First Next to
outstanding send

a6l 7Jol1[2]s]a]5]6][7]0!..

- ee esbe o -— el o o

Sent, Qutstanding Can be sent Cannot be
acknowledged (sent, but not when accepted accepted
and purged acknowledged) from process from process

Size = Send window size
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5 Z2EZ (18/34)

— | O . — =
« N-Z 2| -FE|(Go-Back-N) ZE2EZ (5/12)
AN o o
« SHBER
o« 0404
O 1
1. olO| EelsSHEE 3l F5te =M HE
- mjZlo| ™M&o| o|Ol 2tz ZIUCH ZHF5HH, AHE 2 E2tstK| Bf &
2. M&2 ALt #RISHO| E[X| g2 miZlof fote =M HE
- 0O|31Z(Outstanding) IHZ! Ol2t1 £ &
« SUE2 LA Fo|M ST WHAS0| +AUZIRER], SAEIR=X| EClE 7ICHE
3. M&E = el Hlo|E7t 38 A =4lEX| gf2 mZle| =M HE
4. HE=RItO|Ss7| TNK| MZlg MEE + Sl =M HE
First Next to
outstanding send
- - ¢ - - e
a617[of1 2345670
Sent, Outstanding Can be sent Cannct be
acknowledged (sent, but not when accepted accepted
and purged acknowledged) from process from process

Size = Send window size
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NS HE ZEEZE (19/34)
« N-Z 2| -FE|(Go-Back-N) Z2E Z (6/12)
Al 2

Zp
A
el |_|_—|—

* e.g., ackNo7| 621 EQISHO| L&l 2 &4l B2 0|s

First Next to
outstanding send

ST T3 e B e o[ [2] 3141576

a. Window before sliding

First Next to
outstanding send

rol1T2T3Talse[7o][1]2]3]4]5 6"

b. Window after sliding (an ACK with ackNo=6 has arrived)
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-2 E|(Go-Back-N) ZE2EEZ (9/12)

Sender Request form process came Note: Al
Mak ket (seqNo=Sy) arithmetic
ake a packet (seqNo=S8;). .

- Store a copy and send the packet. window full %q;f:jour:i gine
M— Start the timer if it is not running. (Sh=S#+S:1ze)? .
Resend all outstanding S=S,+1. K
E{ig:::fihe timer ;’ [trrue] Time-out.

[false] Resend all outstanding
- packets.
¢ . Restart the timer
= Ready [¢ Blocking J
hl

_ T T

A corrupted ACK or an
error-free ACK with ackNo
outside window arrived.

Discard it.

Error free ACK with ackNo between
.| S¢and S, arrived

Slide window (3¢ = ackNo).

If ackNo equals Sy, stop the timer.

If ackNo<S,, restart the timer.

A corrupted ACK or an

outside window arrived.

error-free ACK with ackNo

Discard it.

Receiver

Error-free packet with
seqNo=R,, arrived.
Deliver message.

Slide window (R,=R.+1).
Send ACK (ackNo=R,).

FS

L
o

Ready

Note: All
arithmetic
equations are
in modulo 2™.

Corrupted packet arrived.

Discard packet.

| 1

Error-free packet
with segNo != Rn arrived.

Discard packet.
Send an ACK (ackNo=R,).

TCP/IP ZEE =
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packet in window. N - i ! ’ in modulo 2m.
Reset the timer. v forrue] Timeout store the packet.
Ifalse] Resend all unacked Send an ACK with ackNo=segNo.
. - packet in window. If seqNo=Rn, deliver the packet and
Ready ltrue Blocking Reset the timer. adll consecutive previously arrived
¢ D [false] ‘ and stored packets to application,
...... A corruptedACK or ) 4
I t | ‘ I T | an ACK about a non- and slide window.
. : outstanding packet
A corrupted ACK or : arrived.
and ACK about a non- An error-free ACK arrived that Discardit. Ready ¢
outstanding packet *.. | acknowledges one of the outstanding ’ y :
arrived. ". | packet. Corrupted packet arrived. y 3 Error-free packet with segNo
Discard it. Mark the corresponding packet. Discard the packet. | outside window boundaries
If ackNo=5, slide the window over arrived.
all consecutive acknowledged packets. Note: All Di dth ket
If there are outstanding packets, arithmetic Iscar e pac. et.
restart the timer. Else stop the equations are Send an ACK with ackNo=Rn.
timer. in modulo 2m.

7 B4 THZIE YRS BRI S5 41 S| BT}
xF
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-E%ﬁll%u-:';f—
G =

(32/34)
1t = (Selective-Repeat) T2 E Z (7/8)

1 = =
AN — =21- Ol
s s Initial Sender Receiver = Initial
i Transport Transport W e
o[1]2]3 4_{ 5_[ "l?"lol layer layer o[1]2]3]als)el7!
2 ' I I I
Sf Sn : :
start (7) -22% of1[2]s]4]s])e]) 7] 0 packero ! R
-l e e (- - 1l
1 I pAIT j—
S. S i ek 012 ]38 [a]5] 6] 7
- ! | L A RARS
Stop o234 5] %] 7] 0 |
T I T T T T T T | I
St Sn 1 | Data delivered
- p— ! to application
start (7Y -Fe9, vo[1]z2]3]a]s) 6] 7] o] ! P
Sy S, ! Lost :
-BECL :_0 1 2 3 T\_5_= 6_' 7_| 0 II Packet 2 : A _ Rn
== - :\;'-P-r.rp:o 1]2]3]4]s]6]7!
St S |% -- —le=l--
I K 1 B A A e !
-= T === 1 1
s s : :
_Req, o |12 3]a]s 6] 7] 0t Rackets .
- TTTTTTTh == 10 1]2]8]4]5]6] 7"
s, s, ! ASK A AR
- === aA
o |1 f2fa]4]s 6] 7] 00 !
- Tt T | I
: S : :
ime-out 17 TI1=1517 Packet 1 (resent) R
Restart() == (R I N R I I_B_I_7_I_O_:: : PAT 1= -
. LS o2 e 4] s [ |7
S S ! ACK [ 1? Y
=== -— aAr ! !
sop (1) ol iziaelslelr]ote=s ! Data delivered
+ + to application
Time Time

TCP/IP ZEE =
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HE AT 7R

ME HS EZEEE

(33/34)

« MEHX B H (Selective-Repeat) Z2EZ

(8/8)

- 0|l 13.3

Al =0 I3 0, 1, 2, 3, 4, 52| 67| WFlS FL
BN E&

ackNo=32| ACKE —’F*._' SFACH A|AHEIO| G

A2 2olg ol0|stET1?

T L1 A= —
. E0|
- GBNZ 0|8
- I4Z! 0,1, 27t fl&EX| 1 & HAIEZ o|0|
i SRE Olo
- I§Z! 30| F&E|X| et & ~AEEZ o0
- CIE IZ!E0 CHEF HE = i

TCP/IP ZEE =
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HE AT 7R

A —
& HE ZTEEZE (34/34)
- LY T2 EZ: 1|7|uiZ(Piggybacking)
« A SLI2 ZEO|UEL; MEHZE e Cl|o|E TS
- FLT St 22 THAFIZ] Rl AE
Client Application seqNo Application Server:
. Exl_ ‘;': || ‘ Packet ] ‘i"
o 5 che -
o l:_”OlE_I xl_-|_g_ Al, : . - W] ... HEN ] — )W
OOI: HOI' %I: E—?— _\__LHZ\IO'” -:-:ﬁla:m:_ .:.:ILogi.c;I::r:annel-:.:l ‘_Transport -
CilO|E{2+ 0|70l . e
—Jl\—f|_|3|_|' E”OlE-lO‘” T T ST
EH 3|_|- AC K xcsl E % — S‘\a/{l]i(:]:j’vc;\r:vio:ovr communication from client to Seerl;iveerr recee wndon
Alo{M M o oty o
AT T S0
Client receive window Server send window
_ Windows for communication from server to client
. BHAIH
» D|O|E17} e 89 ACK TS0| X|AE = U0 SH XU & 7ts
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° -l'/é\_ 7=”o 7H_<|.>|_

* UDP (User Datagram Protocol)
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UDP

* UDP (User Datagram Protocol) (1/4)

o Ad O|
o
« A48 7 A0 LIOIHHE W EH M&Este=n AASEE
HAGS MES Z2EZ
. O35}
-1 =
- S8 AEI IP AE AtOfol fIR[stH S8 Z= =1}
HE?3 S Alo|e| SRHA L&
CEE WSS AR Z2HA D ZEHA SA MM
« ME ABSM =Lt =&0|M XMoo HFHLIE MBS
* é% X‘”O- DlX‘”‘cT';_ Application | | qprrp FTP TFTP DNS SNMP « | oHCP
.- A=l OiZlof ChEt Btolger
0 | X_Il _C_';_ Cver sCTP TCP uDP
- 2F Mo 7|ls M3 el | SN BT P =
. SME R0 Q8 BRI A, om —
7| - g Lt —

TCP/IP ZEE =
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UDP
* UDP (User Datagram Protocol) (2/4)

- UDP &%
» HIAZEE MH[A
- 47 M W A 2iS

- H|AZY
c BM oA, RS
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UDP

* UDP (User Datagram Protocol) (3/4)

e T2 MNACH ZT2HA S
0|85t ZEMA O ZENA S4I M
Port | Protocol | Descripion

- XE S

7
9
11
13
17
19
53
67
68
69
111
123
161
162

Echo
Discard
Users
Daytime
Quote
Chargen
Domain
Bootps
Bootpc
TFTP
RPC
NTP
SNMP
SNMP

Echoes a received datagram back to the sender
Discards any datagram that is received
Active users

Returns the date and the time

Returns a quote of the day

Returns a string of characters

Domain Name Service (DNS)

Server port to download bootstrap information
Client port to download bootstrap information
Trivial File Transfer Protocol

Remote Procedure Call

Network Time Protocol

Simple Network Management Protocol

Simple Network Management Protocol (trap)

TCP/IP ZEE =

Jinwoo Seo, Protocol Engineering Lab.
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UDP

* UDP (User Datagram Protocol) (4/4)
o |_-_|.| T X

3
=

rok 1o
Z 0 0[0

=2
S
]

1101

o

:ﬁr = Al

= - 0o

S o

=
e.g
-%%I

1l @ F Mlofof CHEt T 71 M2 T2 A|A0| M
, DNS (Domain Name System) & 2|/S&
M AMZEYE Ko == Z2A[A

. UDPOIM XB3HX| b= @8 Fof U XiFs 7158 28
=r

=2 38 HS0A
* e.g., TFTP (Trivial File Transfer Protocol)

- HE|FHAEl(Multicasting)
- HE[FHARIZ K|35t

t Eg .\.LEE=E X'|o|'

« e.g.,, TCPE HE|ZHAERE X|H5HK| OIQEE UDP AFE
At Al A2 AN ZEEZ

Oeg

SNMP (Simple Network Management Protocol
HESI3 2| 2 RIP (Routing Information Protocol
ZH Al

ot

TCP/IP ZEEZ
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UDP
2 (User Datagram) (1/6)

|

INT=INEE ([O1]= I
- Ho
UDPO{AM Al 235t= O|O|E B

-

o
°

A
(=

8HIO|E Q| 11 S|
« 5l|HE E & s MA|E 8~65,535 HIO|E 3 7|

. _IIIIl

8 to 65,535 bytes

-
- e - - -

|

|

K

y 8 bytes |
|

Header Data
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UDP

« A2 Xl O|O|E{
« 3l =

e HIAX| ZE H1S

(User Datagram) (2/6)

« AR ZAE MM s™-E|lE Z2MATL AIS St ZE HE

- 16H|E Q| 3 7|8 7}X|E 2 0~65,5352| HH | LA AF2 7t
QHEE MESE ZC0|¢EY B, TE HS =

« HFAIX| SAET}

|1 EAIR| SAEQ|UDP AZEQ|047}

4L O
MEHEE QUA| ZE H3
L WX SAETL SHS MBS MHY B, EE HaE F
ARl ZE HF
0 16 32

Source port number

Destination port number

Total length

Checksum

TCP/IP ZEE =
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UDP

» AtE At Cl|O|E{ 2R (User Datagram) (3/6)
S =

« SMX| ZE 35
« ZMX|SAE MM T™HEE ZE2EMNATIAESE ZE HSE
« 16H|E Q| 3 7|8 7IX|E2 0~65,5352| 42| LHOIM At 7S

- SMX| ZAE7} ZEI0|E0 ol 20| EL{0{X[= ML
AR, ZE Mk & AB{El ZE 3
+ SHX| SAET} M7 Bih ST e 2210/MEY B, ZE
HEE QA ZE #H3S
- MHE £AS @ IHZICEREH UE = s TAE U ZE HEE
SALSHo{ A
0 16 32
Source port number Destination port number
Total length Checksum

TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab.
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UDP
2 (User Datagram) (4/6)

« AFEZ A} G| O|E{ 3

« 3l =
- 20|
+ 5ICi2t ClOIE{E &3t ALg X} ClolE{a o] M| Zol
- 16H|E Q| 3 7|8 7}X|EE 0~65,535 At0|2] Z0| o] 7=

« |P O|O|E{1% LHol| UDP At XAl OlO|E{a=o| & |22 AlA S| UDP
Zl0|&= 65,535 ECt 22 37|1E 74

- AALE

|

» of|C{2} CI|O|E{& 25 Zefer AtES Xt O|O|E{ 1= A0 CHaH
LFE BX[s7] flo AHS
0 16 32
Source port number Destination port number
Total length Checksum
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UDP
2 (User Datagram) (5/6)

« AFEZ A} G| O|E{ 3

« 3l =
« oAl 14.1 (1/2)

CtE2 1682l 42 = UDP §|E& Hx et Zdo|Ct. ofel =01 Estel.

|

O 11—
CB84 000D 001C 001C
a. YAMX|/FAEX| ZTE HE = Lolelvt?
b. ASAOO|E{ORCe| & Zo|= Lotel7t?
c. O[O|Ee| Zo|= «ntelTt?
d. ClOo|Ee| & wheFo| o= A &|=7t7?
Z0|
(@) YAX/EHR| ZE
akAMX]
- A2 Ul 7He] 16FI4= 0xCB840|MH, O|E 10%I~E E$ A 52,100
SMK|

« = I 4712] 167I4= 0x000DO|H, O|2 1072 E3 Al 13
(b) At AL Ci[O|E{ 3 & Z O]
M| BixH | 7He| 16 Fls== 0x001CO|MH, O|E 10%I+-2 E 34 A| 28HI0|E
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UDP
2 (User Datagram) (6/6)

|

« AFEZ A} G| O|E{ 3

« 3l =
« oAl 14.1 (2/2)

ChE2 1681+ 2l 8422 UDP s|l=E& HX et 20|t ofch =0 T3tk

CB84 000D 001C 001C
a. HAIX/S™MX| ZE 5= Lotelzt?
b. AFEXIC|O|E{ORO| & Z0o|= Lnotel7t?
c. OlO|Ee| Zol= Yntelit?
d. ClOo|Ee| & wheFo| o= A &|=7t7?
- E0|

(c) CIO|E{<| # 0|
& Z10|7} 28HIO|E 0|12, &llC{2| Z 0|7} 8HIO|EO|E 2 28 — 8 = 20H}0|E
(d )HIOIE%OI ME &
SMX|ZEJI 1322 0= ¥ ¢
- ZLIOHERRE MHELS| HME YWE
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UDP

. UDP AMH|A (2/11)
e H|91Z43d MH|A

. 0974 MZX4/0479 A J_|. o| gig
- UDPO] 2|5 MEElE 22t o| AFE Xl HIOIE O’ ME
=2

« AFE2X IO E AtO|of HES 7} EX| &S
« Bl =Ml Ct27H £2F 7ts
« MELCIE BEEZ ME 7=

- 5 & No{e} =F Ao

s & Alofet = i” ANo{= EIIHI-_"-
. 2z e |J4|9-|L,|’<OI EMSHX| etot =& Ao O/MS
« HOIEZE T EEZ0|BER & 2” 7(1|0'| O|XS

TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab.
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UDP

. UDP AMHIA (3/11)

. 2= X0 (1/3)
. 7‘|A|.o|'0| st @F Mo HAHLIE

HIAIRIl £A/EES BRI Y £ 98

« =X AR 2 0|&35101 2 é*xléa* 8% 7|
« O|A} &|H{(Pseudoheader), UDP o'|||._:| 22 HEo28E & 00|
Elo| M| £ 2& E&50{ X34 HA
- SAXVLAMIFHEE
AR oS % S

AA
- XMIMH EHEE 02 E
AEsto MEE
Source port address Destination port address
16 bits 16bits
UDP total length Checksum
16 bits 16 bits
Data

(Padding must be added to make the data a multiple of 16 bits)
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UDP

. UDP AMHI|A (4/11)

« Q57 K04 (2/3)
- 0f|Al| 14.2

Ct= A3 S AHLtSHET

1087

13

15

All Os

w

Pad

10011001 00010010 — 153.18
00001000 01101001 — 8.105
10101011 00000010 — 171.2
00001110 00001010 — 14.10
00000000 00010001 — 0 and 17
00000000 00001111 — 15

00000100 00111111 — 1087
00000000 00001101 — 13

00000000 C0001111 = 15

00000000 00000000 — O(Checksum)
01010100 01000101 = Tand E
01010011 01010100 - Sand T
01001001 01001110 = land N
01000111 00000000 — G and 0(Padding)

10010110 11101011 — Sum
01101001 00010100 — Checksum

TCP/IP Z=2EF

Jinwoo Seo, Protocol Engineering Lab.
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UDP

. UDP MHIA (5/11)

« @57 K04 (3/3)
- 0Kl 14.3

CHS ol 7hef &&0ilA HAL

a. Stx= dAEe =
b. SLX= HAEE X
c. Stx= dAEe =

a. xﬂaHOI HAFE|X]

St
=

Dot uoTl'

F

ofr

ol o OII

i
i
J

O

S Z o{fHd ZfO| MEE|=7t17?

—

K| ei7|2 2t
7|2 AE}K|B, AALE 2| 2f0] 25 10|t
7|2 AE}K|E, AALE 2| 2f0] 25 00|Ct.

or 2 NE gel] s Mad HEL g2 EF 022 A
b. SLX7I ol E+E ZF—I?_F 217} 25 00|H, JHé?oUI ol 3} Zholl ChAl E2
= -r|0|'0=| DE1Q U TS
+ a0| B2 =& TlstV| fIF
c. EolAM ZEElE ZE =2 0|02 482 =7ts
- 19| B CldE s K22 30| Yde 32,18 HelEZ #Iad 2=
o J_IA 21

TCP/IP ZEE =
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. UDP MHI|A (6/11)

- =32t A =3F (1/2)
. L5

H=

\-0

- IP= IPSIEHE E

=0 HERT HE

dIEiE =Eof 22| HSoR TE

. 20| HES2 HEEE MY| E
ZrAS 2 '='$§+%F $ 4

FII'

SAl T2 MATEAMAISH HA|X|of UDP Sl &7}
UDP= AT A0t 874 AH Xl CIO|E|O™E IPE MY
O Z Oo|EZE3 HEe =7

Sender Process

UDP

header UDP data

{

IP data

L

P
header

Frame Frame
Frame data )
header trailer

TCP/IP ZEE =
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. UDP MHI|A (7/11)
:

- =312t AH=3 (2/2)
- A&

o

, =C| HAE2 AEZE HIER 553

At = M7Hstod IP AIS 22 TME

e IP HAS2 IP 3SIH %IM' = Q57 Receiver Process
oo™ & A7 & UDP N
HES R MY E

- UDP A B2 5l AAl = 2R/ 7t
749 Al 2 A H AKX

oOT, T —

AR
merr

UDP

header UDP data
1P
header IP data
Frame Frame data Fra.me
header trailer

TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab. 76



UDP

. UDP MHI|A (8/11)

* %’ %>I (QUGU | ng) (1 /3) M| S0{2 O|0|E{7} HX{ LI7H= FIFO(First-In, First-Out, A Q1A &)

o0 —
« UDPOAM ZE HS 9} 21735104 &S 4l Al = Al I{A|X|E U A|
H

be

=
* =

o 0

» & 4! F(Outgoing Queue)
o M&E MA|IX| AE
=41 F(Incoming Queue)
. $AIEHO|lO|E{ TR A7
T2 MA A A 77 EEE(0 S= Al XA

. B4 F AT A HS O], £41 7 23 Al GlolE{T3 B 7|
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UDP

- UDP A{HIA (9/11)
7 (Queuing) (2/3)

. 280[YIE &

RE PO
. ZZMNA A Al FA| ZE B35 (Ephemeral Port)E AF835t04 7 MM
o ==A]
O -
. &4l 20| HAIXIE UDP7H SHLHA ALY BICHE %718 3 1P AB o2 R
. 24
—_
. SEE| ZE HE0 AT 44l 70l oo M
° _/I\_tl %7'. 2/1'9?_:' E”OlE_Ij_Eél Daytime Daytime

client server

7| 2 ICMP ZTE T & E7} —

* E Q Outgoing }:ﬂ ‘E Incoming Outgoing é ‘E Incoming
= queue queue queue queue
° A'| ZCHE A'l |:|-|_0'|| A'l o= pEE Port 13 — F— Port 13 Port 52000 —] F— Port 52000
HAIX|Z S Yt =4 Fof
K-I KOI- UDP UDP
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UDP

« UDP A{H|A (10/11)
» 7Y (Queuing) (3/3)

¢ ME =
o ﬁ_ AH AH
o MB{ A& Al & 224Zl ZE B3 (Well-known Port)E A& 3504 F MM
o A
—
- SYX[ZE HE0 dFstE 4 7ol Clo|E I3 ME
» oA FIL e OO[EHI™ HY| HICMP ZE £F =7t HAIXI H&
o« Z=A|
O -
- 2LI0|HE QYO ELX| ZE HEE PR—N# SH HAIXIE & 7ol M
« UDP7} HIAIX|Z 5HLHA THLY Payine
SIHE F7Het F IPASSE ™M = =
. EX| ) 1
-1 O

Incoming
queue

Port 52000

Incoming 0utg01ng

ubDP

i v

':‘ ort ort E
HAIKIE EUsH 2 Al Fol X{zt T Port 13 Fort 53000 |
L I

o X,
+ MZ CtE2 ZEloIUENM AT o = = oo T
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UDP

- UDP A{H|A (11/11)

Lt S22 ArtE=

« Ct &3t
. &4 Z0iM UDPE SHLIXIBH 2t S 41 Z2 MlAOMCH 1R
M52 AF25HE N1 BHA
.t ZRHAE ZE HER 78
. 2t T2 M|£ 0| HAIX|o| UDP SICIE Z7h3H0d IP HSoll g

19
jul
Ol
LOL

= 1N 2
It o o|E{2 ol Sxix|
e Mo (HLE Aee

1 >4
o 1> 001>
OII

[ ]
Ol
P

| 1IH UDP&= SHLEX|BH o2 Z 2 M|A T S A0l UDPE

= HA|X| EH

TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab.
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UDP

. UDP I 7| x| (1/10)

. F0|

- UDP7H UDP TS 41 2 +415hs T8 E3E 2
* ?- AO-I Ei Process Process Process

« 2124 F(Input Queue)

« Mo &5 E|O|Z

N

Control-Block Table)

Mol EF 2=
(Control-Block Module)

. 2124 B E(Input Module)

- £34 2 E(Output Module) '
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UDP

. UDP I 7| X| (2/10)

. 2123 F(Input Queue)
e ZtZto| T2 MA TSI HIHE|= 2 Fo| 22 AFS
. BXMX| ZE HSE 7|F0R T ZR AL 2/ Fof
o™ MY
- ZZNATJ}CIOIEE
elg W7 KR| =418
oI

Process Process Process

Processes

El- 7 | A | 7 I [ 1 ] [ 1 Data (when started) [ ] | | | Data
________________________________ ———f -,
1 1 1

= l :
}
[ | Control-block :
X = module !
Queues :
! Data ]
= (7 s [ S S
] [}
' Input module — Control-block Output module '

: table

IP
UDP UDP
User datagram User datagram
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UDP

. UDP I 7| X| (3/10)

- Mo =5 E||0|& (Control -Block Table)
e V2 T EE FMF7| &6 A
- E|0|E 2| & ‘P_"EEIE FREEO|HL} IN-USE2| & Zt &
StLFE 7HE
. MEl(State), ZEMA ID, ZE 43

aHel He A9

- OII
0
0[0
9-'—'
rr
|
rII
fol
oln
ﬂ
P>
ro

[ ] [ ] [ ] Dat (when started) ] [ ] [ ] Data
"""""""" I“““““'1‘“““““' F===="""1""""1
U 1
D
P Control-block

X =Y module
Queues
Eiinnn !
Input module Control-block Output modul
table
+ P
UDP UDP
User datagram User datagram
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UDP

. UDP I 7| X| (4/10)

- N|0{ 25 & =(Control-Block Module)
« Xi|0] Z‘% B Ol &2l 'Y

« ZEMATE AIZE Y °°4x1IX1IETE+ ZIE HE QF

—_— o
o MEHOI|H & LEdZl ZE, SEI0|HEHE LA ZE H15 HIE
s IZMNAE ZEMA D9 ZE M2 E Mol =5 20| 2
Lol Z2EMAE 2[eF FIEZ|E HO|F0 48
— N7 — Process Process Process
- 7 HEO|EHEE 02| 2t 7HE ~ e ‘
UDP_Control_Block_Module (User Datagram)
{
Search the table for a FREE entry
if (not found)
Delete one entry using a predefined
strategy
Create a new entry with the state IN - USE | ot module i
Enter the process ID and the port number i —— i S :
Return + " +
}// End mOdUIe Us thPg m Us l;l:)tpg m

TCP/IIP Z2EZ Jinwoo Seo, Protocol Engineering Lab. 84



UDP

. UDP I 7| X| (5/10)

2123 T = (Input Module)
- IP2E| A 87 ClOJE| 1 4
Mo =5 E||0|= = HMoto =4St At G|0|E 1 21t
22 ZE w3 g 2E dlED| B M
.Yt ole Ze, 2 pee ezl Lol HEE Agstol o
Ol E -|_-|'-O'|| FO| UDP_Input_Module (User Datagram)
« Q12 7C=>|_c|>_, ICMP H|A|R { Lfo(cf)kfog)the entry in the control_block table
{

* o e
rocesses
ata (when started)
[tttk ik St s l """""" -===
1 1 1

—

P

I

Dat:

Y X =¥
e

S
Data
1

Control-block
module
- Control-block

table

Input module

Check to see if a queue is allocated
If (queue is not allocated)
allocate a queue
else
enqueue the data
} //end if

else

{

Ask ICMP to send an “unreachable port” message
Discard the user datagram

TCP/IP ZEE =

""" T At } //end else
UDP UbP Return
User datagram User datagram } // End module
Jinwoo Seo, Protocol Engineering Lab. 85



UDP

- UDP m{Z|X]| (6/10)
» £33 & & (Output Module)
e A2 A} O|O|E{18H MA = ME&FH= QlF EFEt

« OIAIR E

UDP_Output_Module (User Datagram) Process Process Process

{

Create a user datagram
Send the user datagram

Return
Data

} // End module — 0
U I ! I 1
D :
' P Control-block '
] ' X .4 module !
: Queues :
: Data :
]
]
' Input module Control-block Output module
: table
___________ *______________I_P__________-

UbDP UDP
User datagram User datagram
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UDP

- UDP 1{Z|X| (7/10)

« 04Xl 14 .4
Mg SEe 2xX| ZE HE 7} 52,0120 AFEXR} E||O|E-|:LEHO| T35t Zdo|ct.
0l2d IEL 0| ZE H3 S EMM5t0d Frobict o] ZEO|E F $3 380| HIZ Eof
Rleoz ZEJ} ol 00 AHBE0] QSS & £ Qch E%% Gl O|E{ & 38
7ol EHCt Ao == E|O|E2 W6t K| & =Ct. ol EoiM sHE E|Oo|== & olet.

State Process ID | Port Number |Queue Number

IN-USE 2,345 52.010 34

IN-USE 3,422 52.011

FREE

IN-USE 4 652 52,012 38

FREE

TCP/IP ZEE =
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UDP

- UDP 17| x| (8/10)
 0J|Xl[ 14.5

X & T2 MATE AIREICEH O| Z2MAE 2HA|AM| ZE HSE Q™S

52,014 &&dt=Cl T2 MAE= XHAI9|ID(4,978)2F L E S E X{|o{ E8 Z =0
ELHo{ E|0|E Lol dEZ|E éﬁ’g°+tr DES 3 Hmie| FREE AEZIE (504
=AE HEE et o] SMX[E &t MRK} Clo|[EHa & 0] Z=2F5HX|
Ioo 2 O Al EE2 FE HYstX[= 2i=Ct. ol El|lo|E2o| HEHE

A dstet.

State Process ID | Port Number |Queue Number
IN-USE 2,345 52,010 34
IN-USE 3,422 52,011

FREE 4,978 52,014
IN-USE 4,652 52,012 38

FREE
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UDP

. UDP I 7| x| (9/10)

- 04X 14.6

520113.5501|A+97<+ ClO[E{a 0| =3frerct. = 2RE2 E|0|&2 HALstod O] =
MR|2 9|5t I} o} R HIEE|X| oSS of A =ict, o|7,;|<,_> o] mjZlo| Of
EX-Ix|E 2 X ein AF2 X} Cf|o|E{220|7| D2 0|Ct RE L 438 FE MAIstC}

O | rH E1|0|§9I HELE - ddte).

State Process ID | Port Number |Queue Number
IN-USE 2,345 52,010 34
IN-USE 3,422 52,011 43

FREE 4,978 52,014
IN-USE 4,652 52,012 38

FREE
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UDP

- UDP I{Z|X]| (10/10)
0| X[ 14.7

04 X 5 52222 L EO|| AFEX} C|O|E{2R 0| =28t O B2, O|F Ao CHS
MHSE}
. E0|
. Q2 D EO|E|O|EE AAlSt A1} o] SMX|E et A EZ|E YU7HdsHK| 27
« AZA OO 2 H7|E|o gAIX|o 2E T =71 HAIRIE B JE ICMPO]
O A
L O
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Thanks!

M Tl 2 (jinwoo@pel.sejong.ac.kr)
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