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- 89|
+HIESIS S0 MSstE 3AE 7 S48 TR 2,
ZE2AMA 7 E[S e To|E &S EEstsE AS
. Q4%
LR —
» LIE9 T ASHM TEE HAIXIE SHHE Z2AM|A0M
MElste S M
s Z2MA O Z2MA S HT
+ LE 5§ 0|&5I0{ ZEAMA )
Al HE

Domain of network-layer protocal

Domain of transport-layer protocol
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NS AS M

2MAE MEST| @ T4 7|7
e SAE LHREOM ZEAMA &.E"
-+ IP FARORE SAETLK|E

* |CANN (Internet Corporation for
Names and Numbers)0{| A &2

7 I- % Application 13

oo J>
J>
(0]
2
-
@
o
]!
|
Il

Daytime Daytime Transport
client client ‘ 13
— — — — — — Data
H 52,000 }—{ H 13 H 1
A A
Transport Transport
layer layer
52,000 | 13 193.14.26.7
Data i ‘ 13
Data
13 | 52,000
« Data I
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S AT MR

« & 2rg4Zl L E (Well-known Port)

« 0~1,023LH{ of| A ICANNO{| 2|5l HiE |1 MoEl= e
- SEE X E(Registered Port)

« 1,024~49,151L1 ol == ILlst7| /el ICANNO| SEE

sk = Ql= 2
- 5™ I E(Dynamic Port)
« 49,152~65,535L Of|M LAl EE= 7Rl EE HES E AL E = U= HE

Registered

0 1,023 ‘ 49,152 65,535

[ | | |

I I Il I
1,024 49,151

Well-known

Dynamic or private
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S AS MR
- T1& HIE MH|A (3/20)

. ZEM3S (3/3)
« A7 = A (Socket Address)
¢ |IP FTAQEXTE HSO| X
. BatoltESt MY MEMI/\E 242t UsA| Ko

St
=
e IPFAE HERIA HS W3 S0, ZE HEE= S HAS 143l
Sl ol X% x|o EEE*E'

P address 200.23.56.8 69 Port
number
Socket 200.23.56.8 69
address
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NS AS M

« M& HS MH|A (4/20)
 Z1=3}(Encapsulation)2} 2374 = 3} (Decapsulation)
- &3
- MEEY HAIX[7E e S41F Z2MAOM 2 HEE MSE
HE SIHHZE 20|z o™
. UHE S}
« HAIXIE alet & HSO0| SIHE oD HAIXKIE &
HABM FsE= ZEMNAR IHZIE ME = Ot
e dim el d

a. Encapsulation b. Decapsulation

TCP/IP ZEE =
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M& A S MHIA (5/20)

S 2l(Multiplexing) 2t 23CHS 2H(Demultiplexing)
L

. QIEE|7} 03] AARRE HEE S48 B

« PME|E|7} 0t AAZ HEE H™

[(w]

w
211
2 [l

Demultiplexer

g
I*E w NI (\\\5\\)

Message

Demultiplexer

B Packetz|
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HE AT 7
- M& 7HF MH|A (6/20)
- 5 & X|0{(Flow Control) (1/3)
/

O

Ll
. BAIZ0| $4IZ0| X2 AT E TR{sl0] Ms SEE FHsHE TIS
.+ |O|E{7} THE 8t A| 4 AlElo] HiEO| YTt £ AEE W

2 K| 57| QI3 ST

« 2 7|(Pushing)2t Z 7|(Pulling)
» H{I{(Buffer) At
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HE AT 7R

& MH|A (7/20)

—_—
» 5 & X|0{(Flow Control) (2/3)
- 27|92t B 7| o
° DEI7| Flow:ontrol
- SIS0l ClOlE FHIElE 2 FAIHE | o
- FAEO| FHIEIX| of2 B2 EEF0 EL —— " oeey "L
o :'17| a. Pushing
=
. $A150| T2 & M ClojE| 2F B T— .
. 452 20| U2 met Clo|EE T&sto A ;
§%X'”O'I —'Z—"é.l_g_ Producer Dol Consumer
elivery
b. Pullin
e B{I g
- SABT S ASM TS MEE 4+ s HEE| Y
. MBI 7HS AT, £AF0M 0| ME S HEL S
S50 L2
- =AFO| o] Bl S7H0| M7 = AFol|M THZI S CHA|
x—|_/.\_=+|:§ _/.\_Alio.” of 2|
LS OoI[I—=—/T o 1= = =

TCP/IP ZEE =
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S AT MR

. M AE MH|A (8/20)

>

|04(Flow Control) (3/3)

& AB oMLl &5 X0

24l Hls ASE HAXIE W02 Zass & Uyl $aS
018 5t0] 4 Tz HBES 2 M
=M ME AS2 48 HAXIE QP =etstn B HAS
0|85t0i S& HELE MEH

« TS AHES S8 HAE Z=MAT HAIXIE 2Fet7| MR CHZ &

Sender Receiver

Ap;IJIication Producer + Consumer Application

ayer i _ layer

i Dow, Requests { | I ties
v v

Transport Consumer Producer Transport

layer Producer Packets are pushed r Consumer layer

f Flow control

TCP/IP ZEE =
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A
o4

M4 HS MHIA (9/20)

1104(Error Control) (1/3)
& g ddle = e LFRE AEstD 78
M&E AHBEol AlE[dE MSE

$le 2 ThZlo] ZR| & m7|
AL MHE TS FH5 D TS

S2 £ 40 WS oI5t D 17|

&A= I)Z10] TAHE WIHK] £ M0l of LA S0i2 T2l

[
1o X{%&
Sender Receiver
Transport Packets ,| Transport
layer layer
1‘ Error control

TCP/IP ZEE =
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HE AT 7R

—
A
S S| £ AT HZU0l CHSH A TS 045 201 Tt
EMHE0 52U 0iRE S5 W7ol B2 £ 2Ol Tt
&M HB0| 7t742 S5 Wl &M ol 7ts
&M HEE QIs mHIETH MHE L 02E] 27 — 19| HRIS JHKIH £ M
15 o] 22 mod 2™
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AN x
- & AHE MH[A (11/20)
« @F X|04(Error Control) (3/3)
.« StO| &C}
/- O |=|
2
- m{Zlo| MEof et MEElE SE FEH AME
« E X
= O
- e AE mZlof CisiM= ACK SEE 2
o EAEHLE 2 AHE THZI0 CHEME NAK SES 2
. £ASS ELO|07} BHEE|7| MIHK| £ A5 02 2E| ACKI} K| b H
mzlg MTSH
TCP/IIP Z2EZ Minhee Song, Protocol Engineering Lab.
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MH|A (12/20)
Q= Xlo{9]

=
S

F(1/3)

= =
Z+Z
= /|
AN
T

745
|
|.

A

40

Kl
oW
oH K T
& w0l
ol = 7
—— o
K = o0
o] mﬁ ol
g R b
o m =
o
X T W
S o &
o M ¥
ol Xl o
O Wi
B o nNH
B o B
M. B 41 7o

. Iof % 1 0o %

K0 B2 W o1 LH

H Ty oo
ier S & Kl oT LY
Ljo ool © 30 0

n<1] S T ol
K =3 F <0 wr

mmm N 6

K <Kl &
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7 7
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HE AT 7R

« & HE MHIA (13/20)

- SEI} @F Mofe] AE (2/3)
- £20|E ® = 2(Sliding Window) (1/2)
« iR

C M HEE HEOZ EHY M IS EHsts Yo

al
z

0=
o

« SAF0|M IHZ!I0| MEE|T 23 ZZ0| HIAXIE S8HER2E
Hes Edsty| fl8l of2 =

- HFOISHO| HAEH sl =2fo| 037t A E

« PERO AN ZEE QIEMOl xZto| 0r3 7 siA|E|/H Bl
ofe Bl 572 51867 9l P2 E =4

o Z0ilAM
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s AE

ML

. Fs A

Ol

- 253

m|>

E|‘O|':|
=

seqNo of first
« outstanding pakcet

-
[&)]
[=]

«— seqNo of Next
packet to send

a. Four packets have been sent

seqNo of first
OK outstanding pakcet

seqNo of Next
packet to send

c. Seven packets have been sent window is full

MH|A (14/20)

o xlojol 2

8t (3/3)

< (Sliding Window) (2/2)

._§_7P mod 16 (m = 4)0|0H &l

seqNo of first
outstanding packet

15 0

seqNo of Next

e packet to send

b. Five packets have been sent

seqNo of first

I'4 outstanding packet
0 r—=—77-7

& seqNo of Next

packet to send

8§ 7

d. Packet 0 has been acknowledged, window slides

r——T " "T T —
3 :12}13}‘]4[15 0 1 2 3 4 5 6

T - T T T T __';
:12}13}14[15 0|1 2| 3|45 6 7-[8:9-[10-[11,

r=—T-"T7T"7
:12}13}14-[15 0|1 2 |1 3]14]|5]|6

o| 37|17 72l AR

T TeTs ln]
e —_ —_—

a. Four packets have been sent

I S
S0 |12w13w14[15 1 | 23|4|5|6 71819 10[11:
N PR _— JE—

b. Five packets have been sent

d. Packet 0 has been acknowledged and window slid

TCP/IP ZEE =
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HE AT 7R

M4 HlE MH|A (15/20)

- Z%} AN|0{(Congestion Control)
« = K}
[ —
HEXI M HEled = U= WAl =& =16t
« ZFREL} A2{X[7t THZ

« S (1/2)
- 7 2= EZE X|0{(Open-Loop Congestion Control)
. EES OIo] WX|Hy| 9Bt A HMBshs WA
SPONTIE RS L
- | £ EZE X{|0{(Closed-Loop Congestion Control)
- =0 HAEt o EES &2ASHAIZ|7] et E A

TCP/IIP Z2EZ Minhee Song, Protocol Engineering Lab. 19
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HE AT 7R

- M& HF AMH |A (18/20)
» HIRAZE S0 AZ X[E MH[A (2/4)
- 14 K[ onnection- Oriented)A{H|A
- ECI0|HEL} M7t 1ZE HHE RUHoE sllg

_'|:_
S ol et o= 01

. 1Z40| MHE 0|% Clo|E M THs
e STt SAEOHE o4 X|&F AMH|AON Z&5tH MHMH|AE

£ Mo, 27 Mo EF Mo So| +HE £ Q2

TCP/IP ZEE =
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S AHAE 72
« M&E AHE MH[A (19/20)
@)

1880 A4 X|E MH|A (3/4)
st A&Ef Z7|Z7|(FSM, Finite State Machine)

A
10 oz

. QB NS0 HEHE I £ Uk 2EH oY

=1 =

>
>

. A
o AI-EH o=|XH o.||:|:-| Al=h0 .||
OlHIE: £33 of &
« OHM. O|HIE 7} EFMSHS [T}
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-

S AS

ML

7_

ap o

¢ L= =
« FSMZ L}EHA

arrow shows the
starting state.

MH|A (20/20)

R|8F MHIA (4/4)

H|o4Zd8dm}t o474 x|

FSM for
connectionless
transport layer

Established

Both ends are always
in the established state.

SF
o

MH|A

4 ™\
A connection-open Adl ¢
request acceoted close-reques
from application packet arrived from
) w—) the other end.
Send an open request
packet to the other end. Sl s LS P
A4
Open-Wait-1 Close-Wait-2
X
An ACK received An ACK received
FSM for
. . from the other end. from the other end.
connection-oriented
transport layer Do nothing. Do nothing.
v
Open-Wait-2 Close-Wait-1
A
An open-request A connection-close
packet arrived from request accepted
, from application.
the other end. Established pplicati
Send an ACK packet. Send a close request
Data Transfer occurs packet to the other end.
when both ends are in
established state
(. Y

TCP/IP ZEE =
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HE AT 7R

& AE ZRES

« EF=(Simple) ZE2EEE

¢« 72
» 0|2 Ao, =& XMo{7} Gl HIHEE ZEE=
o WEH =LlE HIOHE MEld = U2
« =KF
(> B |
1. ©& HSE0| 88 HE22RE HAXKIE &3
2. HIAIXIE uH7'OE e = ol MH7'§ ME=
3. FAUETE ASS UEHI ASS Sl E0i2 WA S SAE
4, $MEME ASe s uHE'IOETEJ HAIXIE F&E5tD
AHalo]l 88 AS QE MErgf
Sender Receiver
Packet
Application ]: D :| Application
Transport| R —— N - > S | oot
Logical channel

TCP/IIP Z2EZ Minhee Song, Protocol Engineering Lab. 25



N ™
Request came from application. Packet arrived.
Make a packet and send it. Deliver it to process.
- /N S/
Sender Receiver
Events:
AN ST - O = :
B Z2EZEZ 0|88 & Al (amase)
o <O AN = O = :
. SIS £AES 145 K|
o] 5 =|. |.MI —H5’I2 M Sk Transport Transport
L%—_Il— o I— =1 i A= I_-IO = layer layer
Req
""" > Packet
pArr
Req . | 7T >
""" > Packet
.pArm
| |
| |
n
Y v
Time Time
TCP/IP ZT2E =

Minhee Song, Protocol Engineering Lab
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HE AT 7R

A —
HS HE ZEEZE (2/29)
« X[ CH7|(Stop-and-Wait) Z2EZ (1/7)
e JHR
« Of & Ol|o|E{ o1 CHal =~ &lXtof 20l SE(ACK)E 2otok Ct5
CIOIEE M&ote VA XE Z2ES
C BABT SIS BF 3771101 &Et0|Y AT RE ASE
- IiZ! 2| 2||& oiF E & QI6t7| I8l M3 4d(Checksum)E ALS &
. AE2 o] ARG FI1KQl A5 glo| B7|E
- SAE2 WZls ©SE Wolct EfO|HE 38
« EtO|H7I BF2E[H S4IE2 siid Tl ol & AE[UR7HL HEEIRICHD
Therstod KT S E
. £41 08 ACKZ EOIE £ U3
- /& AE ool Cish Ef ot = MTESE S5 2F K04
+ ACK 8HZ Sdll Salxte =4RIe| MelHL & 7I|tte] & K04
TCP/IIP Z2EZ Minhee Song, Protocol Engineering Lab. 27



s AHAS N

s AS

o

Application

Transport

N
=
(> B |

1

CHZ|(
N}

T 2 E 2 (3/29)

Stop-and-Wait) X

SAR=E segNo2t MANME =
- EtO|MH7t BtE [ IZIE RY

s
XI_-IOD

:

2. =&XE Zleg 46t #MIzHE FF
- MIZM 0| EXEReTH WIS WI|F
3. #AIRHE Mol @ &7t gl Wl S8 Hso= MY E
4. =LK ackNoE i?:rﬂ ACK IZ!E S LKA g
5. &4IXt= ACK THA!E 415101 ackNoE = 2lgf
Sender Receiver
I:I seqNoE E checksum ackNoFTchecksum I:I| Applcation
I — i — . E—
— = . — nspor
. Logical channels - *Seq[\_lo
[ e S4FM EUls THZlof Y™ El= s
””” _L y ®nmer *ackNo
__Sendwindow____ Receive w indow _JI\_Al—Iéo-”A-l ELHE EHZ\IO'” %!EI-ElE Hl_-l—$—

TCP/IP ZEE =
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HE AT 7R

S HSE ZE2EZ (4/29)
« XX (Stop-and-Wait) ZEE Z (3/7)

L
o« T= AT
- IZIE 5= s AISHK| L= & 5t7| f/50 =AM B1E (seqNo,
Sequnce Numbeﬁﬂ 218 & 3 (ackNo, Acknowledgement
Number)& AIE€
- I{Z/of f|Ho| =MEHE HETJL FIHE
* modulo 2 ¢14HE Saf 1

_L

H e o AR E
S AI50IM &4 He rol 28 Tastn shaisic
mjZl0| 97 gio| OhEIstH| S AIS0| TA S, 245 HOISEE HaF
0%, of2let 22 = 7x| Aol AR 4 ot
1. HOISTrO| SAIZ0| TASH SASS v+ 10 &M HBE Z= O BZe HaF
2. =HOISEO| ML MM SASS EtotR Fof 24 HE 1o M
AMESE. Ol HHSE W22 &M HE x8 2 55 Bzl
Ol I, 1%1A SO M x 1Tt x + 1% THZI0] CHEH 2QISEHS Werhpd, I CHS TS x + 2

ol obil x04E TEO| FHs Bt
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HE HAS 7R
S HE ZE2EZ (5/29)
« MK E17|( top-and-Wait) Z2EZ (4/7)

* E—II-OI_C> = |_—$_
« =HMFM ET|E 7|CHSteE O THElS| =M S E LIEHH
« segNo7} x2FH, ackNoE x + 12| 2 7H&

_L

_I_

* FSM

Sender .
- ~, Receiver
-
Request came from application.
i Error-free packet with seqNo = R arrived.
Make a packet with seqNo = S, save a copy, and send it. Corrupted packet arrived.

Start the timer Time-out.

. Deliver the message to application.
Discard the packet.

. . Slide t he receive window forward (R= R +1).
Resend the packet in the window. Send ACK with ackNo= 2.

Restart the timer. Ready

Ready Blocking

Corrupted ACK or error-free ACK

with ackNo not related to the only

outstanding packet arrived.

= i 1= |
Error-free ACK with ackNo = S+ 1 arrived. Error-free packet with seqNo I= R arrived. Note:
Di d the ACK. :
. . _ 1seara the Discard the packet (it is duplicate). All arithmetic equations are in modulo 2.
Slide the send window forward {S= §+1). Send ACK with actNo=R&
Stop the timer. Note:

All arithmetic equations are in modulo 2.

TCP/IIP Z2EZ Minhee Song, Protocol Engineering Lab. 30



HE AT 7R

NEAS ZEEZ
- "X
- WX|CHZ7| ZEEZ

- EfO|Het HRUSH

A& 0| o|F oy

Time-out; restart

Stop

Start

Time-out; restart

Stop

(6/29)

Of| Al

171(Stop-and-Wait) Z2E £ (5/7)

u 7' -” Ol;H Sender Receiver
-U-H AO —l0° Transport Transport
layer layer
Rea, [o]1[o[1]o[H Facket 0 R
g s| KIEIKL ACK ‘-95[[->|01 of[1]o]1]
|O 1 0‘1|0|1|<-?-’2\H-4—/
S
R, fof1]of1]a]1] Packet 1
s Lost7
=out,, | of1/|0 ‘ 1 | 0 | 1 | Packet 1 (resent)
s mfﬁﬁ-ﬂow of1]o[1]
[o]1 70 1|0|1|<-?.5ff-4._—————/
S
Req. Packet 0 R
guaunun ack——> Pl o [ To[1]o]1]
gLost
T2 [o1To] 1 o] 1] Packet 0 (resent) Packet 0
ACK 1 —> -QA[E-y discarded
| 0 | 1 | ol110 | 1 |<.‘?.’5[r & (a duplicate)
Y Y

Time

TCP/IP ZEE =
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HASE 7R
S HASE ZZEZ (7/29)
« M X| CH7|(Stop-and-Wait) T2 E Z (6/7)

_— O
[ ) _?I_-lél-
- ME0| 2 OiHED 71 E= X|HE 7HX|1 /UE df HIEEHY
« CHEZE X|d Z(Product)=2 Z|CHE AfooHolc 5t
°

-

+ CHAEL &= x|AH0| Zo2, +ASO2 TR0 HOISHE 7ILE|TAM
SUHM AMEE Soll TS = U= HIEL| =& 2l0|F

« 04| 13.5
s 7| AIARI|M MZ 0| CHAZ0| 1 MbpsO| T 1HIE 7} ¥=5t= Ol 20 msecO|
ZBlct T 7HASE AL CHIZE x| Ze Enroww
AlAE|o| Cf|o|E{ THZ!0] 1,000 HIE S| Zo|2tH, M2 9| 0|82 YWnteIzt?
e CHAZE X[Q4 Z: (1 x 10°) x (20 x 1073) = 20,000H|E

. AlAEIS 2= X|01 501 20,000HIEE HM&E £ 92

C|O|E{ mZle| ZoJof [i2} 1,000H|EQt ME 71sE
- M2 0|8E: 21000000 x 100 = 5%
e MEO|M BX| 7| Z2EEZEE A5 A2 ST SH|Y

TCP/IIP Z2EZ Minhee Song, Protocol Engineering Lab.
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HE AT 7R

ME HSE ZEZEZ (8/29)
- MX| CH7|(Stop-and-Wait) ZE2EZ (7/7)
1

D

of| Al 13.504| A QIS Erofl CHEF Ed §io| Z|CH 15702 THZlIE MEE = Q=
ZZEZE 0|8stH M=ol 0|8 E2 LOotRl7t?

124 = (1 x 10°) x (20 x 1073) = 20,000H|E

« A|AHI2 22 X|0d S0 20,000HIEE MEE = QS

= Zlo|of 2} 15 x 1,000 = 15,0000H|E M& 7t
0

=
< o. 15,00 _
MZ 0|2 76000 100 = 75%

TCP/IP ZEE =
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HE AT 7R

ME HE ZEEZE (9/29)
- It O| Z 2 Rl(Pipeline)
o /

HR
+ 0|7 20| ELIZ| Hol| MER X UE AlFHste 7Y
« HERHE goi|MHs S&IX7H O] miZ!e| ACKE & 7| o
7t IjZIE A I A8 £ QU
. iYZ0| 242 LA TS 282 2 4 U
- TME HSE Z2EEZ0|Mel oto|= 2l
« WX|CH7| Z2EE2 mo|ZetelZ MSstR| e
. BOISErE £ A5 LL EE EHY 0} 0| WS $ofl KHTIBO| FHH

-« N-Z2-FE|(GBN, Go-Back-N) ZE2EZ, MEHX dt=(Selective
Repeat) ZTEEZ0|MH= Tto|Z 2012 XMSH

TCP/IIP Z2EZ Minhee Song, Protocol Engineering Lab. 34



S AT MR

-

o=
- ME HS ZZEZ (10/29)
 N-ZHY-ZFE| Z2EF (1/11)
¢« 72
. £210|T YIELE J|Hto 2 27 FMo{E $#sts
ZZES
- SUSES HOUSE S +415t7] Tof 042 H(N)2
ol
AA
. SAlE2 stLEo| HZIEk o X{EE £ QS
- QF UM Al BT T2 0|F ZE WAS KNS
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HE Z2ZEZ (11/29)

40

o <0

K nd

ol .__I n_.A_H
dom Tl
K4 0] I e
okl R =
9A7/ | 0
ER I H
_._._._ __o._ m__m __o_l
on! K I
] < m
8. S 4_.._._.= _u_
I — __O H__.NI.
A L
Muu - E_u_”__ e
Ta Yoz
z <l ™ol
nE G
Mo  —=r
b0 =TS
En_ E_H__o_”_ ﬂ.ﬂHH_._ O_”_
ol 0{<10 u_hl.o____ o
|_E L_n_ Kl = |_|L | |_E
=N ol &=

22X 3ol <)
40 <k < Tl <0

— N

™ <

Receiver

Packet

Sender

Application — I

=
B
o
2
B
<

ACK
checksum ackNo n- checksum

ackNo

Logical channels

R, Next

0 receive

15
- ettt |
1 & &0

‘ Timer

Ss First

Sn Next
l to send

l outstanding

|

|

Send window

%3

7

ot (o 23 e
B B I8

- 78

Receive window
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N

2EZ (3/11)

C O| HIE == mOi| 2} modulo 2™ 7} X| 2|

5

UH 1105
__o_l __o._

oll ol T

i

=
Xl
=

J

7

.|

H

—
=
=

HE ZZ2EZ (12/29)

<0
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JhuNATH_
H| <H

Z
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™

KO o1
nTT
= =0
T 1o
<175
{F i =
MH o] <K
o| & ol
Kl i e
ot =
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ol 00T Vo
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MDD Hl= 1T | 3/ 9
HE HE ZEZEE (13/2
— — — =
‘N-ZHY-TE| ZEEZE (4/11)
N ol O
* _c'>_A|_| _I:|_I__|_
- 2
« M& SO|HL M&E ol WZlo| &= HEE EFot= 714 9| &AL
- PIERO| ZCH A7[=2m - 12 IHEE[0] /IS
Sender Receiver Sender Receiver
e R, Start [ 0" s R,
acket 0 R S = = acket 0 i i o
=g @ EEEY i ol
AC
- Packet | = ___ Packet ] e _____
o2 3 o 23
CK2| =~ """ CK2 | =7 Twmm—T "
Pacll:;tz ’TT’ Pac‘l::tz - g &
e l0t112]8 101 2!0:
P@ Acfl kit i ; :Cm Sed gl Bl 2odl IRl
- acket = Py MBS N e
B ma Pl o I
APE L i
a. Send window of size < 2 ® E .| Erroncoudly
Time-out; Y - delivered as
restart M new data

b. Send window of size = 2™
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¢ KI_-l_g_ 7: % — ¢ ; _;Ii (14/29) if gxixrtsstmnding iu?iﬁéd
 N-ZBf¥{-FE| Z2EZ (5/11) it EEELELTLE
Sent, Outstanding Can be sent Cannot be
oAl RIS o) GURI Rt S
o Qj0d Ssize = Send window size |
- O|0| ECISEE mZlof ot =M HE
- IjZlo| &0l o|0 2t= [Tt ZhF5tH, AHE S E2stX| g2
. &2 EiloLt HoIg ol BIX| b2 ol &3t w M HE
- 0|3 ZA(Outstanding) THZ! O|2tT &
« SHE2 FAFM ST WA S0| AR =EX], EHEIREXR] FHRIS
7|CHE
« MEY = ASLt HIO|E7I 88 HABHM =AlE[X]| gf2 T =M HE
« B R7t o|sst7| MR WA E MEE = Gl =4 HE
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TE AS /M

- ME HE Z=EZ (15/29)
HU-ZE| Z2EEZ (6/11)

AL
PN

First Next
outstanding Sy S» to send

-------------

a. Window before sliding

Fist ¢ Next
outstanding “/ S» to send

e i i il Bl -t

v 05l L+ 2 8145 S

ewmdleecdececdecnlecceden-

b. Window after sliding (an ACK with ackNo = 6 has arrived)
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HE 7

° KI_'l—g— 7= % AL ¢ I'I_'_.—=l'l (16/29) R. Next
@)

expected
« N-ZHY-FE| ZE2EEZ (7/11) Ll o e 05 e
Already received | | o on. el
« AAl QEC and acknowledged | | Camnotbe
size =

o TAFM FHEE = U= oo Wl =M HEE ZF St 7t o 4%t
- R0l 37|z ZEEo et EEtX|H, GBN Z2EE0|MHE 1Y
- 2HE THZIO| £AIE[H R, = (R, + 1) modulo 2M2 2 O|S &
s 0404
O

* Ry AEH HRISEHE Ilol =M HE
- I 7|E -’.-_‘-/K-I'=| =
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HE AT 7R

e N-ZL -
« E}O|O-

TCP/IP ZEE =

S IZZ=EZ (17/29)
AU-ZE| ZZEZ (8/11)

AL

L %4 Hmy 0|52 THZlof| Bt Efo|HE S
o (HHARH THZlod| CHEE 2RI E o] QoM HHm Fol 2 E m{ZlE AMHASESSEE
1 wim OlsiZ T z/ o Efolo{pto = o A8 + 2l5
HZ) A S
. ElO|7} BtRE|M SAl=e nE n|sid TS RixSE
e E}20IR YA Al RIER 37|21 NOHE S E|5tH AHS 0| 2hAMEt
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e FSM Sender

K]VO‘CZ
All arithmetic equations
are in modulo 2.

Time-out.
" Resend all outstanding

A corrupted ACK oran
error-free ACK with ackNo =~
outside window arrived.
Discard it. S
N

IfackNG equals Sy, stop the timer. s CAT I e S
1f ackNo < S, restart the timer. 200 i

Receiver

Note:
All arithmetic equations

are in modulo 2.

5.

ckety
i

Corrupted packet arrived.
Discard packet. =~

N

1L = .
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HE AS
I 2 E 2 (19/29)

PQ-SE Z2E S (10/11)
UE Tt XI°=|EI7-II—P = AE of Al

B
of
e
Ol

Sender Recqyer
Start = : g R o
tmer  SrSe il @SS g sl A
SD o[1]2]3]4]5]6}71011,2, ! : 1121314151617,0:112:
|
51 [°n ! [ R,
: e Packet 0 1
= ‘ 012! e ! pArr e R O S
% [EEEREE | e [ I PHER
Sr[ S : A '
]
©O) o[1]2]3]4]5]6[7]0i1] 2'*""’ :
1
S S : 1
o 8 [ ! R,
- T Jack
@-R-e- OORBlAlle7]00i2 — o i = =
s S ! e === e 0, ] 2]3141516171011,2
Req -f_l el e | Packet 2 o> | R
---> ofu]2[3[4]s]6[7j0; 112 : pAlI-O“"Z4-“6"7"0"1"2-
===>0!1) K :
Req ‘?f_l . [.S" LI : Lost hC*‘s | N O e
---» ofipBlelsle[rjoin2: O .. ey
57 [ : === »10,112134]51617101112:
r |
V) Restart [0}] 2|'|4|5|6l7loL]2<---I \ Events®
Sy i Sy : : Req: Request from process
I } o )
pAurr: Packet arrival
I 3l4|516l7l0llU‘ v | aArr: ACK arival
t?:tx?g' Tlmc Time
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BE AT 7hL
- ME HS ZEEZ (20/29

E|Z2EZ (11/1 1) Sl
SE=NC PN ;

!
!
1
1
1
R LI :
ghie PODOCOGRICIEE - NS
1
sf Sn y
9 IIIIEIIEI iR ey

=k
el
IN:
w, B
S,
i
o' B
N
b
el

pAIT z
---3 Packet discarded

pAIT .
- - -3 Packet discarded

! R
time out - & 1 Packet | (resent) 2
—--ea- YEEEEE H PA cua R
;> SRRl — 5 OIS
H C‘* | R,
+ Packet 2 (resent) P~ B0
: 5 oalafarsie,
1
. I R
* | PAIT :
---> 101112/3[4]57617)

1
Restart !
|
: Events:
Restart : Req: Request from process
\ | pArr: Packet arrival
| |aArr: ACK arrival
Stop 1 |time-out: timer expiration
tmer 1

-
L

=1
3
a
23
3
a
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HE 7

T
S HE ZZEZ (21/29)
- MEAM BIS T2 EZ (1/8)
e JHR
- £Cl0|TY RIERE VMR 27 Mo{E s™ste HE X
ZTEEE
+ SUSE HRASHE wdoty| Hof ol JH(N) o e MEE =+
o) =1
AA
- TAFE 04 JH(N)2| T E HEH| MEE = /S
» QF L Al & 4E mZ/EE MEMo 2 XS

TCP/IP ZEE =
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HE 7

A —
- HE AHE ZZEZ (22/29)
- MEIR S T2 EZ (2/8)
o« =XI
O T
1. AR FE 2 27I(N) LM o2 7Hol THZ!g &
2. SAIRHS THZI £ 41 Al 7 ACKE TS &
3. &4AlX= ACK7F S2HEl oot M E 8
4. ={R= SHIE A—IE 1ol Z{Z/S X%} &t
Aoplictan == seqNoj [a:h::ksum ackNoﬂc;,hecksum | 2 Application
Transport T .: ;\\ <_-'« k x Tkt
Logical channels -

‘ Timer

= \ Packet received out of order

Next S, R, Next
to send to receive
R B
Send window Receive window
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- SA BER
e SAM R0 37|E2m 12 DIHE|0{US

__________ - -

' 1t 14 1+ 15 f ]- HE | '
13114 ELERARS T Outstanding packet,
' =2 ot acknowledged
Packets already |Qutstanding packets,| Packets that can Packets that - Packet acknowledged
acknowledged | some acknowledgedl be sent cannot be sent out of order
Ssize i 2’"—1
Sender Receiver Sender Receiver
2I3| Packet() | iz - :\ac eto l: S
ﬁ w 1 ‘. ACK 0 — 0]1{23]0]172;

Packet |

@‘3:: - L il S AT
saiss m 101 ACK 1 g 1! 2[3]0]1:2]
- : ‘ ' ' Packet 2 : i
1 ' Pack ' l\‘: V o
2Jl_3 %: -y Correctly 'ACK 2 . 10j1 E[l 2
Time-out; v v discarded ' & X ' =
restart aT0t . ack, H rroneousl
: 3 3,0, ' \cm‘ - .. »| accepted an)(,l
a. Send and receive windows T"“e"g’;{ 4 v stored as
of size = 2M res new data

b. Send and receive windows
of size > 2™ !
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HE 7

A _
MBS S ZT2ES (24/29)
. MEAE HhE T2 E Z (4/8)
LSl RlES
- B4 2S99 SUS 37108 71
. RS OR A0l Of2LIH SR E IIZIS S ol KIZE
. B8 ol ZREZ0[DR A8 URI| 94 88 sOR
R 57| Hol BIx] MBSO +AEIX|fE WS 7ICtiot &
R Receive window,
" next packet expected
Ni12i13114115;
Packets that can be received Packet Received

Packet already
received

and stored for later delivery.
Shaded boxes, already received

Packet that out of order

cannot be received

Y
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HE AT 7R

- ME HE T2 EZ (25/29)
- MEHX HhE ZREZ (5/8)

. E}O|OH
- O|B o2 = O/sZ miZ!otct stLtA o] EIO|HE AFSH
 MEHM HIE T2 EZ S FHstE CHEES ME HS

Tz 2EZ0|ME stLEe| EFO|HE AFEE

« =0| S
« ackNo= 257 Q10| =4lEl stLte| B miZlo| =M HS E LIEHH
- CHE IHZIE0] CHE I| =8 Qio| SR Mo ZE 2 &H
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HE AT 7R

- ME HE ZE2EZ (26/29)

X

MEHE] B T2 £ 2 (6/8)

- 0Kl 13.9

ol M mZ! 0, 1, 2, 3, 4, 52| 67l2| TfZ!2 M&STICtD 7S 2 At
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[true]
[false]

All arithmetic equations
are in modulo 2™.

P

Receiver

(

ard; else;

i)

Note:

Alhaithnetic t=qua©

are in modulo 2.

TCP/IP
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TE AS /M

Events:

A I E-l Req: Request from process
01| X‘Il pArr: Packet arrival
aArr: ACK arrival Sender Récéiver
T-Out: time-out —

Sy

| Data delivered
to application

R

|
I
1
I
|
I
|
I
I
I
1
1
| 1
! 1
Re - b ieals ! |
sart @ --*% O[2[3]4]5761710; 1% :
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Reqa Y g imint . v if n
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1
I
1
1
I
I
1
I
I
]
I
I
1
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51617101%==~; :
1
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= AT Y 77 = PSSR ] ent) SUPAYY
estart O L _.N..ﬁ. AEAMA ! - ---*LO_LII_LZ_L3 14]5[6]7]

<] o aAr L}/
sop (V) O EElEoR

- > Data delivered
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o application

1
1
¥
Time T
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HE AT 7R

LYY T2EZ I|7|HZ
- IR
. UHHEOl HloJE ME S B EY
. AR 5412 SeHoldE S MuZ ¢ Cl0lE| T 0| O 0fHl
. YU SMO| EES FAATIY| Qs AR

Y % xl- Client Server

ackNo
ﬁ Packet
checksum

Application

25 mfZlof| Cllo|E{ <t
O x|_-| O-” _JI\_ A|_I 3|_|- E” O | E-I O-Il gical channel
CHer ACK HEE 40N
E Lé-l Si g:;rtiganding i’ ge;énd b {\(l)c;gceive
i R T T 1. e
Client send window Server receive window

Windows for communication from client to server

R, Next

to receive
...:--- ---:..O
' -

Client receive window

Windows for communication from server to client
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° -l'jé\_ 7=”o 7H_<|.>|_

* UDP (User Datagram Protocol)
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- 2
H
- 914 A QI0| CIO|EHE W2 H| W&t ArE Zl= H|A
ZRENEE
s OdSF
1=
L EE HSE AIRSH0 TRHA Cf ZRAA SAI M
s M& HBM 72Xl @F Ao HAHLIE A3
L 2 AE oI SR8 HXISHE B
L Eg Ap'f;‘;::‘on smrp || FTP |[ TFTP |[ DNs || sMP | ...[DHCP
° AI_IEJAC;I% X‘||-c_">—3|'x| E)gl-% Tr?:;;"” | SCTP H TCP H UDP ‘
¢ _71-<_|_/|\_3|-_9| Q H‘I%’”EP_I- Al‘%?:l- Network | |_/GMP | | ICMP | P
layer
Data link E
layer Underlying LAN or WAN
Physical technology
layer
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UDP
=i (User Datagram) (1/6)

u

AR PN BE[o]]=;

- I
« UDPO|M A& 35t= O|O|E T
- 8HIO|EQS| 17H 3l =7|E 7HA
« SI{E & FF MA|= 8~65,535H0|EQ| 37 |E 7HE

8 to 65,535 bytes
8 bytes
Data

a. UDP user datagram

0 16 31

Source port number Destination port number

Total length Checksum

b. Header format
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UDP
(User Datagram) (2/6)

X

« AH2 X} H|O|E{ 1 F

« 5llH & (1/3)
« B AIX| ZE 15 (Source Port Number)
» AR ZAE YoM +™ElE Z2MHATHAESIE ZE HE
« 16HIE Q| 3 7|E 7IX|2 2 0~65,5352| | LHOIM A 7t
MR ZAET QEE TSt ELt0[ERI G2, Al ZE

. gt
= Lo =2 -0
HEE 7HY

« AR ZAET SEHE TScte Mot & doifl xEWSE
7HE

0 16 31
Source port number Destination port number
Total length Checksum

b. Header format
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UDP
28 (User Datagram) (3/6)

X

AR PN BE[o]]=;

 3IH & (2/3)
« SMX|ZE I="|3(Destination Port Number)
« EMX|ZAE MolM TEEIIE Z2MHATIAISSE ZE HS
- 16H|E 2| 3 7|8 7IX|2E 0~65,5352| H2| Lo M AHE 7t5
. Sxix| 2AE7} B2H0|HE0] ofs ROl ZLIKIS Az &

olpdX| TEHSE 7| A
. SR SAEJL SES wE BatolelEQl 89, WAl ZE
HSE T3
0 16 31

Source port number

Total length

Destination port number

Checksum

b. Header format

TCP/IIP Z2EZ Minhee Song, Protocol Engineering Lab. 59



UDP
=i (User Datagram) (4/6)

u

AR PN BE[o]]=;

« 5|l = (3/3)
« Z10|(Total Length)
- 542t CIO|EE &8t AHE X Hlo|EaR el XA ZO|
- 16H|IE Q| 3 7|2 7IX|2 2 0~65,535 AtO|Q| Z0| H9| 7t5

« |P O|O|E{1% LHO| UDP AFZ Xl CO|E{1 30| Z &[22 AlX|2S| UDP &4 0]
= 65,535 ECl 22 37|18 7t3

|3 44(Checksum)

- 5|HQ LIO|EHE 25 &
QFE EIX|5H7| HaH At

0 16 31

Source port number Destination port number

Total length

b. Header format
TCP/IIP Z2EZ Minhee Song, Protocol Engineering Lab. 60
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UDP

« AHE X} O| O|E{ 2B (User Datagram) (5/6)

X

Cl=2e 1670 @¥Alo 2 UDP slHE H=Z s Zdo|Ct.
CB84 000D 001C 001C

of Ll 7H9| 16 % —’F— 0xCB840|0, & El+=2 F 245t 52,100

& #Hm 1| 7He] 16 —|—OXOOODO|EI=|, eI E E26HH 13

c. ArZXClo|lE{a#e| & 4oz Yatel7t?
o M| HHmf Ul 72| 16 T4 0x001CO|MH, AMZRI4+E2E B35 28HI0|E
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UDP

» AHE X} O| O|E{ 2B (User Datagram) (6/6)
« Of| X[ 14.1

Ct

X

Ojo

2 1670 @AloZ UDP SIHE HI§t Zd0|C}.
CB84 000D 001C 001C
otziel &0 Estet.
d. O|Oo|Ee| Zdol= dotelzt?
« & ZI0|7} 28HI0|E 0|11, 3ll{2| Z0|7} 8HIO|EO|E 2 28-8=20H}0|E

o. HIOJEfSl T& wEOl Fetolpi=2REl Mul So2 eIk oLd ekl
35017}
. x| ZEJH13(F LT ZE)0|D 2, F2H0|HEZRE MHE
mjzlo] % =
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UDP

. UDP MHI|A (1/14)

c IZMACH ZEMA S

+ P FASEZE HMSE FHE 4T
ZEMA SHE MSH
v UDP Ol M AL El= & &

Al T E

m _Port | Protocol | Descripton _______

Echo
9 Discard
11 Users
13  Daytime
17 Quote
19  Chargen
53 Domain

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)

67
68
69

111
123
161
162

Bootps
Bootpc
TFTP
RPC
NTP
SNMP
SNMP

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 Z=2EF
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UDP

« UDP A{H|A (2/14)

Ho| H|O|E{ 10| &2 E’I‘—*.XIE JtHHELE 242 2

« Bl &=MQ CHEAH T&fe
- MECIE 22 M&SE —“.“—
- ZI O|O|E 2 E &0l CHaHl E/AMERI0| M2IZ[X]| &t &
- SES| A2 AVIE OHE EI?ﬂOIHOI A ™M MEFSHOF &
« 65,535 — UDP sl 2| 8HIO|E — IP3|H2| 20H}O|E = 65,507 O|5}
« S E X0
Moq 7|so| EX5HK| et =
|2 HIZ{LI&O| EXNSIX| EZ
oM AlEl=E HAIRIR QS @LHEZE R 7 dhAligt

=

4o ]]llll

F

Al
—

=0

—|
02
AR

g

TCP/IP 2= E

MU
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UDP

+ UDP AH|A (3/14)
- =% Ao
CHIGZH Z2EZ 0|22 EX MoiE MB5Hx| oS
« 57 A|0]
- MlaMdo| gt 2F Mo{ HIFHLIE
- HAIX|C| £&40|Lt 852 S4XI L = Q5
e MAMO R @QFE XS A I{7]|e
+ oIM SlCi(Pseudoneader). IR
o ECl SE B2 2TE | R
2 ololE{o] A R ES
Elé: €|-O=| 7-(_” 3 }|§|| 7:” A|_|' - All 0s 8-bitpr00col -bitUDPtotalIent
« SR RIS AASK]
ol A Ol
LS = T AAE
- MI N EEE 02 E M50
SR
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UDP

+ UDP AH|A (4/14)

=
‘9_1T

yx|[of

« Of|A| 14.2

UDP Ab& At CllO[E{ 20| #3442 AHAtstat

153.18.8.105
171 2.14.10

10011001 00010010 —> 153.18
00001000 01101001 —> 8.105
10101011 00000010 —> 171.2
00001110 00001010 —> 14.10
00000000 00010001 —> Oand 17
00000000 00001111 —> 15
00000100 00111111 —> 1087
00000000 00001101 —> 13
00000000 00001111 —> 15
00000000 00000000 —> 0 (checksum)
01010100 01000101 —> Tand E
01010011 01010100 —> SandT
01001001 01001110 —> IandN
01000111 00000000 —> G and 0 (pad

10010110 11101011 ——> Sum
01101001 00010100 —> Checksum

TCP/IP ZEE =
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UDP

- UDP A{H|A (5/14)

= Ko
« 04|X| 14.3
CHe 0| JHAF ArEo| M X3 Ao 2 o Zto| MEE|=71?
a. SAR=E AIMS 86| of7|2 AN
b. Ixr MIAMS 28572 ZAMSK|DH M2 9| Zto| 2= 10|C}
c. BARE AIMS 8672 AHSK|OH M 29| ZHo| 2= o0|Ch,
a. xﬂEHOI HAE|X| CLUCHE WS 2|7 fl5H0d ®[T 4 EHEO

I:I/\I_ E_I_ OOE EXC;lEEI
b. S&XI7L o E+E Fot 247 25 00|H, ME 57| o]
7

TCP/IIP Z2EZ Minhee Song, Protocol Engineering Lab.

67



UDP

. UDP MHI|A (6/14)
4

. 9*-’:?}9} 3 H=3t (1/2)
%ir
A ZZ2MNATE MAMEE HA|X|0 UDP &I =7}
. UDP'— AT FA B AFEX CIOIE|ORE IPE EH
+ IPE IPSICIE E04 UERT ASSE, HO|HZI HS= 2o

L=

a. Encapsulation b. Decapsulation
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UDP

. UDP MH|A (7/14)
. &350l of &3 (2/2)

st
. A —E—E|74|oo| HEAEZZ CO[EHZ 3 ASB2 E =&
- COIEH&E A AE2 3l AAF = AI7{504 IP 7=||z§<>§ =)
« IPAHSESIP =1||:4 AA = F7F 1™ UDP AE d =5
- UDP B2 8| ZA F 277) o ax =2 iAol BAIXIE
A I:E S

Receiver Process

S

a. Encapsulation

b. Decapsulation
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UDP

- UDP AHIA (8/14)
7 Y(Queuing) (1/3)

°7H.-C.?.

P SAlo| UDPE At835tE 89, 4 ZEMAE XE

—~

H F(Queue)E 0|3l HIAIX|E 22|

Kl &AL /71 7S AH HIAXIE ¢ 7|8
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UDP

« UDP AHIA (9/14)
7 Y(Queuing) (2/3)

. 2EI0|HES S5
« Outgoing Queue

. SAMHAIXIE ZE HE 0
UH Foll MY £ ™S
* Incoming Queue
« =AM MHAIRIE SHE ZE Foill ME
« O|F ZZ2MATI 7KL
MEIZETJI A{UX| X2 8%
« ICMP Port Unreachable HIA|X| F&

e K
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UDP

Daytime
server

Outgoing , ‘ Incoming

- UDP ATH|A (10/14)
7 Y(Queuing) (3/3)

EINENES
e AISH A|EXM ITEE QT
T TEof ChEt o2 7
(Incoming Queue) 243
AX|I7F £AEH T E HS E =20l

queuc

e [H
- siE ZEO| I3 F7t EXlstH T Foil X
- o ZEO| 2 F 7t g2 ICMP Port Unreachable HA|X| &
. £21 7o) B2 HAIXI7} @0/t oBBEE S =2 A0HE olojE| 12
| 7|
. ST HIAIXIE 2 m) M Z2HAT} ST EE0| B2 7

(Outgoing Queue)E& &35 UDP SIHE &7}l ™

s
o
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Processes

[

- S50 UDP= StLHX|BH 2F S 41 = 2 M| AD}CY
TRet TE HSE ALE5t= CF-CH-& 2|

4 ZZ2MAEZEHSE IR

« 2t I 2 M|A S| H|A|X|0f| UDP SlIIHE F7}510
IP ASo| T

. I} &S

« =AMEO|M UDPE SHLEXR|RE, o Z 2 MA T}

S Alol UDPE AE35} H-Ct 27|

e oHE L E HHS0of OfTI =l MESH SAI T2 N
HIAIX] 2 BH
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UDP

- UDP 28 (12/14)

=

-
O
T T
oA

=1L
N[
iz 02
X
o
>

e [
M 1l
:‘_Tl
A
El
riot
O o

v M
o 0%

0B 22 M2 SEXMO=E Xz

I3 [y EQ
Jn
O 4=
zo |y M
< A
> Io
ol
A

P XMo{ O|x|S

[ ) r_ll-l_ [ ] [ ) [ ] [ } OH (] JH-I [ ) [ }
> g po » 12

Hu
0x
r I
A 1M

QF Ao OMS
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UDP

- UDP 22 (13/14)

» UDP S& Ab2d (1/2)
* TFTP (Trivial File Transfer Protocol)
 UHESt I ME ZZ2ESR
+ UDP2| 691 ZE AlS
- 2 Aol e HE
. |_—_|.A ox—I/OL__I- __er

. I:'E*E|5'HAE'(Multic:asting)
. ShLtO] S AIRET} 042 S AR S Alofl % 8t Al
« 012 HH™O| QA0 M Ct=2o| =&IXtoi[H S Al ™&E 7ts
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UDP

- UDP 28 (14/14)

- UDP & A&l (2/2)
« SNMP (Simple Network Management Protocol)
- HESZ TH| 228 Z2EZ
- UDP2| 161, 162'H LE ALE
- JJE§ EQl @R ED, HHEEE(0 AFS
. WE ESOI %‘ER%LTL MEIE AT ES

- el HAIXKIS 2717 &=

* RIP (Routing Information Protocol)
- EIRE ¢ BE HEE WSl IR ZEEE
+ UDP2| 520 ZE A8
- F7|Mo 2 EIRE HO|= YO[0o|E0| AFHE
. 307<|:||.|:|. 7HA|O|.E§ A|§|A-I o_—I.L7|. '5':"%
« HAIX]I Z27(|7t 513
- 91Zd FXIGIO| 2 E EtREII F7IHE MY
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« UDP 1§ 7| K]

Process Process

Iy

e

e 2 (1/5)

2124 F(Input Queues)
ANlo1 25 H|O|&
(Control-Block Table)
- Mo EF E=

(Control-Block Module)
- QR O E L oo [ OReEEE
.52 a8 T

UDP
User datagram User datagram

Processes
(when started)
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UDP
« UDP THZ|X| - T+ 24 (2//5)

- I H
« Z4HZfo| ZZ2M|A F SHLMA HIE R U= 7ol HEE M8
- Mo =5 EHO|&
- U2l XES FM5t7| ?Ie HO|=
- 2} A EZ|= FREEO|7{L} IN-USE F gt & StLHE 7H3
. AlEf(state), ZEMA ID, ZE HE A8 F HE 5 3|4
74 O|&ro| EEE JHE
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UDP
- UDP I{7|X| - M2 A (3/5)

- Mo EF 2=
- IR
- Xlo{ E5 E|o|E2| #2[E HE
« ZZMNATIAIRE [ SHNMEEE ZEHSE QHE
- TZMAE MHE{olls & LE{fl ZEHS i
. EEA‘HAE Z2I0|HEN = Al ZE HE HIY

« TENAE ZZMNA DR ZE HSE KNo{ EE ZE0i EL{o]
O{IE E|§ E-||O|EO-|| AHA—I%I—

. -|=-|i H{4S O .u_I|:'— Oo| 7I-C> 7|.7CI

—_

UDP_Control_Block_Module (process ID, Port number)
{

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
Enter the process ID and the port number
Return

} // End module
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UDP

« UDP I 7|X| - FE R4 (4/5)
- U 2 E (1/2)

¢« 72
. IPE—'?'—E-I A8 HO|E{OE @S
+ XMlo{ 5 El|0|= 2 EA5tod O] At X} Ci|O[E{ 1Rt 22
-\|LE,_'|$§ I-'—O|§E| ik%
- S AEZ|I7F QUCIH AEZ| LS| HEE A& 35104 O|O|E{E Foi
o &
- SliE ANEZ|7} QUCHH ICMP HIAIXIE L&

(e J ==

TCP/IP ZEE =
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UDP

« UDP T{Z|X| - F+ 9224 (5/5)

- 2124 B & (2/2)
e OIAIZE

UDP_Input_Module (User Datagram)
{
Look for the entry in the control_block table
if (found)
{
Check to see if a queue is allocated
If (queue is not allocated)
allocate a queue
else
enqueue the data
} /llend if
else
{
Ask ICMP to send an “unreachable port” message
Discard the user datagram
} /lend else

Return
} // End module
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UDP

« UDP 17| X| (1/4)

. 0Kl 14.8
M2 SEe E2XMX| ZE H5 71 52,0129 AF2 Xl Clo|E{a=o| =25t Zdo|Ct.
|2y IER 0| ZE M3 E EHMslod BtolilCt ol ZEO|E F M3 380| HIE &
o e 2 T EJ} THoi o|0| AFSEI0{USE & —’r— ALt
ol2d DEL H|0|E{E 38 Fof ELHC) XNo] E2 E|o|E2 HEX| o=}
State | ProcessID | 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
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UDP

- UDP THZ|X| (2/4)
- 0{Xl| 14.9

=|5lod A= MEE O|E=|o|-|:|. o] EX-Ix'% &k
ototo DR 0 AMOIM BES RE M sHRIE et=Ch

4 X = T2 NATL AREICH O] ZEMAE 2QA|Aof =
52,0142 & et=Cct Z2MAE KA ID(4,978)2F ZE __%_% o{ E5
D=0 ELHoq E|O|E LHo]| dIEZ|E MASICI REES A HMio| FREE ©

st rﬂxr CllO|E{ 124 O

State | Process ID Port Number Queue Number State pce DR pkdraliumber, Que_ue Number
IN-USE 2.345 52.010 34 IN-USE 2,345 52,010 34
IN-USE 3,422 52,011 IN-USE 3,422 52,011
FREE IN-USE 4,978 52,014
IN-USE 4,652 52,012 38 IN-USE 4,652 52,012 38
FREE ’

FREE
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UDP

« UDP 1l 7| K| (3/4)
- 0{ X[ 14.10

52,011 ZE0|| ArEX} C|o|[E{1& 0| =23FstCt. @23 B == E|O|&2 AAFSH04
Ol =EXMX|E & 77t of & BT | K| &t z
EXMX|E 2 X HW AF2 K} IHIOIE4:L.E='10

E
MO
2
I-IJ
M o
o
N
w
L
|
U
z
X
Ol
1

State | ProcessID | Port Number | Queue Number |[~ State. | ProcessID [ Port Number | Queue Number
IN-USE | 2,345 52,010 34 IN-USE | 2345 52010 |34
IN-USE 3,422 52,011 IN-USE 3,422 52,011 43
IN-USE 4,978 52,014 IN-USE 4,978 52,014

IN-USE 4,652 52,012 38 IN-USE 4,652 52,012 38
FREE FREE
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UDP

- UDP 1{ 7| X| (4/4)
« 0| A 14.11

H X % 52,222 LEOf AP%XP Clo|Ea2io| =& 8tCt 124 2 EO| EH|o|[=22
AAet 24t o] SHXIE flet HEEIE e7dstR| Z&t F F%XF ClOIE{OR2
7| | gF ALK o] “unreachable port” HIA|X|E EE A E ICMPO]| & BtC}.

" Siate. | Process ID.| Port Number | Queie Number
IN- USE 2,345 52,010 34
IN-USE 3,422 52011 43
IN-USE 4,978 52,014

IN-USE 4,652 52,012 38
FREE
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Thanks!

& 21 S[(minhee@pel.sejong.ac.kr)
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