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r—3 n Initial
EUE ISAE = RIS ATSETTE
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ey 0 siefrfo) etz leanys
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Restart (B) 151 "0 siel7]e]
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!
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y
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— Rﬁ _ _ _
o[1]2]s]4]516]7]

Data delivered
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L‘:a Data delivered
= to application
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12 R} Hlo/E{1RS Madstn B
« QAR E
UDP_Input_Module (User Datagram)
{

Create a user datagram
Send the user datagram
Return

} // End module
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Domain of network-layer protocal

Domain of transport-layer protocol
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e SAE LHREOM ZEAMA &.E"
-+ IP FARORE SAETLK|E
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Names and Numbers)0{| A &2

7 I- % Application 13
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Daytime Daytime Transport
client client ‘ 13
— — — — — — Data
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Transport Transport
layer layer
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« Data I
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« & 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 AT 72
. T4 AlS MH|A (3/21)

. 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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« M& AS MHIA (4/21)
 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
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S& HE M| (5/21)

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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- M& 7HE MH|A (6/21)
« 5 & X|0{(Flow Control) (1/3)
/

O

Ll
. BAIB0| $4IE0| M2 AT E TR0 Ms SEE FHsHE TIS
.+ H|OJE{7} THE 8t A| 4 AlElo] HiE Ol YTt 2 A= W

2 K| 57| QI3 ST

« 2 7|(Pushing)2t Z 7|(Pulling)
» H{I{(Buffer) At
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p G [ 7:” = 7H O
L_ O (- Ll
AN x
« & AHS MH|A (7/21)
« 5 & X|0{(Flow Control) (2/3)
- Ei7|2} B 7| o
¢ DEI7| l Flow:ontrol
. S AIS0lM ClolE{7H ZHIEIE THE FAI ®% o
. SAF0| FHIEIX| o2 B sENo{ e | Ty [
o :,E17| a. Pushing
. 2A1%0| T & [ HIoE 2 PR —
. SAIE2 9%o0| Ql2 met Hlo|E{E M 5o H qe :
§%X'”O'I _'Z_'\_él_g_ Producer Dol Consumer
elivery
b. Pulling
o HHIH
« SAMEI SASOAH IS XHESE = U 022 G4
o £AFO| T 7HS AHH, SAFM T MEsE HELSF
SAF0| IZle| RIER 37| EEof 244510 Y&
« F=AMFO| HIHo|| HI S7H0| 7| = LA=0{| M TIHZIS CHA
MESIEE S4ls0| mZlo f/IER 37| ZEo| 245104 & E
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S AT MR

« & HE MH[A (8/21)

>

|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
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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
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- M& AT AH[A (11/21)
« @F X|0{(Error Control) (3/3)
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« M& HE MHIA (13/21)

- SEI} @F Mofe] AE (2/3)
» £210|E ®I = 2(Sliding Window) (1/2)
« iR
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seqNo of first
outstanding pakcet

seqNo of Next
packet to send

a. Four packets have been sent

seqNo of first

15 0“ outstanding pakcet

6
8 7 segNo of Next

packet to send
c. Seven packets have been sent window is full

MES HSE MHIA (14/21)

o xlojol 2

8t (3/3)

=2 (Sliding Window) (2/2)

segNo of first
outstanding packet

12’
12:/ N 3
11 l\\//// 4
1\0\ 5 <« seqNo of Next

packet to send

~_d_ - [

8 7
b. Five packets have been sent

seqNo of first
0‘( outstanding packet

6 seqNo of Next

packet to send

g 7 t——

d. Packet 0 has been acknowledged, window slides

._§_7P mod 16 (m = 4)0|H |}

r——T-"T—7
:12}13}14[15 0|1 2| 3|4 |56

r——T-"T77
:12}13}14[15 0|1 2| 3| 4|56

r——T

r——t--

T T T - T T 77]
:12}13}14[15 0 1 2 3 4 5 6 7[8:9[10[11,

ol 37|17} 70l B
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718 | 9 -[10-[11 |
—_—— e e — = N J—

a. Four packets have been sent

b. Five packets have been sent

————— e
'12"]3"]4[15[ 1 2| 3| 4|56 |78 : 9-[10[11:
_— _— —_— — R

d. Packet 0 has been acknowledged and window slid
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M&E HS MU (15/21)

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

« S (1/3)
- 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
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0 i ==
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------- 4o [T 7]
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to application

R,
rof1lz]a]a]s]e]7]
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= to application
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- M& HF AMH |A(19/21)
» 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
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s AT 72
- M& HS MHIA (20/21)
O

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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 ME HE A
- H[Q3 A A4

Note:

The colored
arrow shows the
starting state.

FSM for
connectionless
transport layer

Established

Both ends are always
in the established state.

FSM for
connection-oriented
transport layer

A connection-open
request acceoted
from application.

Send an open request
packet to the other end.
A

A
Open-Wait-1

An ACK received
from the other end.

Do nothing.
y

A
Open-Wait-2

An open-request
packet arrived from
the other end.

Send an ACK packet.

— D

Established

Data Transfer occurs
when both ends are in
established state

A close-request
packet arrived from
the other end.

Send an ACK packet.

Close-Wait-2

T AnACK received
from the other end.

Do nothing.

Close-Wait-1

X
A connection-close
request accepted
from application.

Send a close request
packet to the other end.

/
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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
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Request came from application. Packet arrived.

Make a packet and send it. Deliver it to process.

- /N S/
Sender Receiver
A V2 = o r—y 1 EV:n'tS:e uest came 1rom process
(] EI-—II_— AL E E —é—E Ol% ol_l- % AI_I O |A| (EA?r-:ﬁagket;rrivedf P ]
A A= =~ © = i
. SAES +A5S 145K
o = M| 7T =3 NS Transport Transport
L%I-—_Il— Ol- I—l- _l -U-H;/’\I = KI_-I_CID_ %I- layer layer
Req
------ > w’
pArr
Req | 7T >
""" > Packet
\ --Q@EE
Ti;;le Tir‘wrwe
TCP/IIP Z2EZE
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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 Woict 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
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s AHAS N

s AS

o

Application

Transport

N
=
(> B |

1

CHZ|(
N}

T 2 E 2 (3/29)

Stop-and-Wait) &

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—$—
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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.
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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
& h7| AlAE M MZ 9| CHAZ 0] 1 MbpsOlT 1HIE 7} €= 5t= G| 20 msO
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
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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
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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

TCP/IP ZEE =
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> -
N
—
T
# H

[
Al o
_50 ol
< 3
40
pIlis

o 40

K |__A|L
jon =
dont Tl
rlol K =
LN
né N BT
= _____M_ _l

of I
w:_ Bor o
N
LT
O ar  Blan 7
SE mmz
2 - ME.D.”__ -
o T3
zd polz
R
Mo  —r K
b0 =TS
W s 2T ol
o_L O._ M._lo n__.Nl.o_E TN
I R Z
=< <M -=000 =
<1 <1X grol <
410 <F < Tl <0
a6

Application

Transport

Receiver
T
|

ACK
ackNo! Echecksum

checksum

Packet

segNo

o

~— .

Logical channels

Sender
|

-

Application

Transport

R, Nextto receive
| - ,L - 7|
|
——

@Timer
|
[ane

S, Nexttosend

Receive window

Send window

Sf First outstanding
L] ‘
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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
pa

=— T {HTd

HI <H

Z

KO

™

KO o1
nTT
= =0
T 1o
<175
{F i =
MH o] <K
o| & ol
Kl i e
ot =
"ol ol

e

Ty
O[T y
7&&5@

P

NN

ol 00T Vo
0[0 od X< <
ol Tr<H <

_I_-OI*ﬂ [ [
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— —_— — =
‘N-ZHY-FTE| ZEEZE (4/11)
AN o
- S BER
2

- M&E SO|HU MSE CIo|E o] =M HEE Z e st= 7Hef ol &Rt
- 2ERO|ZCf 77 |E2m - 12 1H™HE|0{ US

Sf Sln Sender Receiver Sf s, Sender Receiver

w
o
|

R, Packet g R,

Startl'012§ﬂ: Packet o B Start®012 | U
e G | T e T

0f1]2]3" Packer N L 0|1[2]3]0/ (Lacket, I o
__WM}I'] 23: __mlo:[1 23:[0:
o[1]2]3 %: of[1][2]s]o" %}—
a2 0]1]2]3 o> 10 112[3]0]
i _—I PaCk ( __i pa (
Time-out. @) 0] 1]2]3 ] K Correctl 0[1]2]8]0, s
t rt h Re ----- ormec y Y \ r= —_ — —
resta S?m > discarded ACKO LPIJI?I? 0
v . v ——| o, r——'

—

: . ime-out: 0|1]2]|3]|0 Cket o
Time Time Time-out; . el \‘ Erroneously accepted and
. . restart esenp re--- » ;

Send window of size < 2™ v ik delivered as new data

Time . Time
Send window of size = 2™
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p G [ 7:” = 7H O
L. O (- L
M= HIE ZZ2EZE (14/29
NS AS = ( )
— — — =
*N-ZHY-TE| ZEEZE (5/11)
N (@)
- S BER
e 0404
O T
- o|0| HRUSHE mWIlof &t =4 HE
- miZle| M&o| o|of 2= E[UCHD ZhFStH, AAE S EftstX| f 5
- TE2 ZUaLt HRASHO| E[X| &f2 mZlol Sote =M HE
- 0|3 ZA(Outstanding) THZ! O|2tT &
. é‘-l/.‘_;ﬁ% TS0 M s WA S 0| = AER=X], £HEREX] FHOE
7|chal
. M&E £ AUCL CIOIE7 88 HIBIM £AIEIX| g2 HZlo] M HE
« BERIo|sSet7| TR WIS HEE & gl =M HE

S¢ n

Sent,
acknowledged,
and purged

Outstanding
(sent, but not
acknowledgned)

Can be sent
when accepted
from process

Cannot be
accepted
from process

ol
Lall )

»

»
>

<
<

Ssize = Send window size

A

TCP/IP ZEE =
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N-ZHY-ZFE| Z2EE (6/11)
« A2

a. Window before sliding

First outstanding S S Next to send

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

2 Hl== e
- ME HE Z2EZ (16/29)
1L S aL =
N-ZHY-ZTE| Z2EE (7/11)
AN (@) (@)
° -r*|_| ‘|:|_'|:_-r

2
o TAFM FHEE = U= oo Wl =M HEE ZF St 7t o 4%t
« 2ER0| 37| T2EZ0 WEl E2tX|H, GBN Z2EZ0MHE 1¢
- 2HIE IZI0| £AIE|H R, = (R, + 1) modulo 2" E O|S&

e 0Od04

O
« Ry FAEIH HOISEHY WMo &M HE
- HI|E &AMHE
« O|0| +AERD HRASHE IZlof = HE
R
o« AIEl £ 1= [HF 10| ¢—A-| H{S n
T — &2 T HAL- A— = [ =
(I ;____1____1____1____T____1
:O=1:2:3'456=7:O}1}2:-
aﬁcljreaaci};\cr)(\?vclzggg d Cannot be received
’R‘Size:1
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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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S AT MR

S HAE ZEZEZ (18/29
*N-ZHY-FEI ZZEZ (9/11)

Sender

° 4 N
Note:
All arithmetic equations are Request from process came.
in modulo 2™.
- Make a packet (segNo = S,,)
Time-out. Store a copy and send the packet Time-out.
) Start the timer if it is not running Window full
Resend all outstanding packets. Sp= Sp+ 1 A (8= S+ Sy 17 Resend all outstanding packets.
Restart the timer. N Restart the timer.
ol [true]
[false]
Ready |; Blocking
M
A corrupted ACK or an error-free ACK Error free ACK with ackNo betwwen A corrupted ACK or an error-free ACK with
With ackNo outside window arrived. 2> Sy and S, arrived. ackNo outside window arrived.
Discard it. Slide window ( Sf = ackNo) Discard it.
If ackNo equals , stop the timer.
If ackNo < S, restart the timer.
i J
Receiver
4 I
. =R ved.
Note: Error free packet with seqNo n arrived
All arithmetic equations are Deliver message
in modulo 2™. g5

Slide window ( Ry =Rq+ 1)
Send ACK (ackNo = Ry)

Error free packet with
( \ segNo* R, arrived.

—_> Ready <

Discard packet.

Corrupted packet arrived. Send an Ack (ackNo =R, )

Discard packet.
. J
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HE AT 7R

2
oh

<

7
®

Stop
timer

I
« ACKQ|

Ol

I 2 E 2 (19/29)

- E| ZE2EZ (10/11)
LR 7t R|AE[7L &4 Fl of Al

Sender
Transport
layer
SfSn Initial e
[oT1]2]a]a]s]e]7]0]1]2]

Sf S”

Packet 0

Receiver

Transport

layer

Init
|

o] [3T3]s 67181112

> [o] [ s e s e 7 o] 1]z
S¢S,

Ry
—;.Pﬁf[.,-* A T2 TeTaTsTaT7T50
o BT TR o 12 e e o[r]2]3]a]s6l7 0] ]z]
L _ _ __I

5 S
-B9H->[§|1|2|3|0|5|6\7|_6EI_5]

5 s, L
-.Fi‘?.q_,[£)|1|2|3|0|5|5‘7|_OI_11?_:

_Sf Sn e
....... > o[a]2[3]+]5]e]7]0]1]2]

Restart

Y
Time

ket 5

Packe”'

Rn
‘:\‘Eﬁﬁﬁh\\zaaﬁ“*‘fﬁmﬁ?lﬁ'EI? 4]s]6]7]o]1]2]
KFAN r~T.Ta R TS T35
>g ------- »ol1]2[3]a]s 6] 7]oT1Tz]

Sy Sa
Tol1]2[38]4]s5[6]7]0[1]2 24" KA R,
o 55, B /EA”;_BIEI_EI_EE_E 6]7]o]1]2]
[@IEI?_IE |T| 5 | 6 ‘ 7 | 0 | 1 W-"E‘f.‘[[- Events:

Time

v pArr: Packet arrival

Req: Request from process
aArr: ACK arrival

TCP/IP ZEE =
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HE AT 7R

5 ZT2EZ (20/29)

E|lZ2E32 (11/11) o
N Be-aln -

Initial |nitial

= L_ ﬁ’éae“rb \0\ |2|3|4|5‘6‘TIO\1—[2‘ E[-IEIE‘Z‘E@I?\E.LE]
....... ;o 21346670 2 f-ai‘ﬂ[’______&__} L
DDEEOBOMORG RN P ——
stop( V) \0\ |2|3|o|5\6\7\0I Ii—u-%ﬂ-«/
5 S,
smn[)-—--—q>\0\ |2|3|D|5‘6‘7‘0I Tz] Packet 1

Lost

....... ,‘o\ |2|3|o|5\a\7\0j12‘ Packet 5
I

Hy | L 0 ‘ | 2 | g | 4 | 5 ‘ 5 ‘ 7 ‘ OI IZ ‘ % PAT b packet discarded
ACK discarded <2207 / PAT 5 Packet discarded
ACK discarded 4-93[[-

tme out - T 5TiT30
O™ 0\ IZ\S\OIS\B\T\OI 1z}
i Th Ao [s[s [1]51T::
[ FEBEIe L2

-
\

st 5T o3 T3 [s[7 0] 1]
R,

-EAEE-MFDT’MZ 6]7]0 1‘2‘

. s o
I2|3|4‘5‘6|7‘0|1‘2 _BAT

of1

Restart CD

Restart :—(_)IqIE‘La‘ﬂs‘s‘ TTo 1] 2 et

s 1 2[5 [+]5]6]7 0] 1 2]
Events:

Req: Request from process
pArr: Packet arrival

aArr: ACK arrival

time-out: timer expiration

s (01123 e o [T

Time Time

4

TCP/IP ZEE =
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HE 7

T
S HE ZZ2ZEZ (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
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HE 7

o=
- ME HE ZEEZ (22/29)
- MEI EI= Z2EZ (2/8)
o« ==K
(> B |
1. SR FIZ e I7|(N) Lol of2f 7§l mZlg ME#
2. #AIRHE T2 S41 Al JHE ACKE TS #
3. S ARF= ACKY) 2=l miZ o R A s
4, T4l SHEE A—IE Hiol Tzl R{&t &

Application F ﬂ |:| Application
. seqNo checksum ackNo checksum
T

e T TRU o — S B R

Transport Transport
N < N o L «~—— Il

Logical channels

Sent, but not acknowledged

Timer
- Acknowledged out of order @ - Packet received out of order

Next
First Next i
Sf outstanding Sf to send ln to receive
-~ Tt [l T
f- fffff o T
Send window Receive window

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

HE 7hL

« A{EH E oo E 3/8
= =
« Al &
O T L
DAl QI O | |'— m-1 x4 | .|OI°
petl g — —
e SM TR0 37|=2m12 THEHE|/USZ
First outstand
irst outstanding Sf Sn Next o send
{ y Qutstanding packet,
1 T T —— — = — = = = — el Rl | not acknowledged
:13:14}15 0 1 3 4 5 6 7 9:']0:']1}12:
Packets alread Oustanding packets, Packets that can Packets that Packet acknowledged
Y gp out of order
acknowledged some acknowledged be sent cannot be sent
»le 0 1 >l
’ Ssize =2m %
s, Sender Receiver Sender Receiver
Ster 2] G I P Stert OS Ojpfeeo K
_ - - r=- - - -7
g o[ [2]] gz oL e]i ]z
011 |§I§_: Packer 1 L 1]2]370! “Packer, L L
_"er1 2] 3] ‘*"mpfo1 2(3]0]1]2]
Tne-out; @)TTTT] 2] 5] Lt ~ B s o P 4|
i O 1 o e e GBnnE
v ¥ | discarded %Cﬁl._— PR O -
Time Time
T L Pack
Send and receive windows of size = 2771 T'rﬁgsga .3 ‘ O A “‘ Erroneously accepted and
il ‘;""> delivered as new data

Time

Time

. . . -1
Send and receive windows of size > 2™

TCP/IP ZEE =
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HES AT 7R
T
ME HE ZEEZ (24/29)
 MEfR HHE T2 E 2 (4/8)
- A PR
- 41 2T 2 BUS 2718
. ESOZ £ Aol ofZLIZ S 28 IZIS S Bin{ol K&
. AEY olE IREFO|02 £AE UET| Y SR ABOR
FErs17| Mol BIx] MBS EIRAOL +AIEIXIf S TS S 7Iciedot &
e vindon
Rn - ext packet expectec Packet acknowledged
DD B B0 DO

Packets already
received

Packets that can be received
and stored for later delivery.
Shaded boxes, already received

Packets that
cannot be received

Rsize = zm—l

TCP/IP ZEE =
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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
AM=0] ackNo=32| ACKE AISIACt AAHRIO| G

.

AP [

A
S 4,
A =
o =

74

o

o

Tl T

| GBN EE= SRE AtE 5=
20| ACK =412 F) 2 2|0|st=717?
5

« GBNZ 0|&

= AlAE]
. TZ 0,1, 27 HEEIX| o1 S AL

+ SRZ 0[8st= AlAH
+ THZ! 30| HIAEIX| o1 & 4 AE
. CHE HHZIS0f ChEt &=

rir
0

TCP/IP ZEE =
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ME AHS 7
ZEZ (27/29

AL

Request came from process.

Time-out. Make a packet (SeqNo = Sn) Time-out.
Store a copy and send the packet.
Resend all unacked Start the timer for this packet. Window full Resend all unacked
packets in window. Set Sp=S,+ 1 4 (S.=5+ 5.0 packets in window.
Reset the timer. o Reset the timer.
[true]
[false]
<
Ready > ftrue] false] .| Blocking
<~ ?‘L » A corrupted ACK or
’ t I window s des’.ﬁ an ACK about a non-

outstanding packet

A corrupted ACK or v arrived.
e ACKpab I B BT i..y An error-free ACK arrived that acknowledges one of the outstanding
K kets. . .
outstanding packet s Discard it.
arrvied. Mark the corresponding packet. Note:
) ) If ackNo = 5}, slide the window over all consecutive acknowledged packets. All arithmetic equations are
Discard it. If there are outstanding packets, restart the timer. Else, stop the timer. 24
in modulo 2™
AN S/
Receiver

s ™

Error-free packet with seqNo inside window arrived.

If duplicate, discard, else, store the packet.
Send an ACK with ackNo=segNo, If seqNo = R,,, deliver the packet and all consecutive
previously arrived and stored packets to application, and slide window.

Note: :
All arithmetic equations are Error-free packet with seqNo

in modulo 2™ outside window boundaries arrived.
’ Ready
Corrupted packet arrived. Discard packet.

Send an ACK with ackNo = R,

Discard packet.
\ /
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% E E E _Z_ (8/8) Sender Receiver
_t_ A I El O4| X.Il Trfla:;eprort Tr?:ys;arort

Sy Sn Initial R, N In_iti_é?|7T7
= 7
o] i2]3]41518]7 0] [o]1]2]3]4] 5617,
Sf

S,
e TIEIEIE A IR CH A e
l! asis]7]o] — sl
stop 8 ST o et e— |

R
£ sl6]7:
; Data delivered

to application
S S,

st (D S U] ST 76 (e

S¢ S, Lost )

B2y 0 s16]7]0] Packe! 2 PAT, r‘_” 617]
oz sisf[7]0] — ) 0 STe]5]6]7]
TEED T e e |

.S:r Sy
B 1] A N TR I

pArr r—

e o o T I <1512 17)
R e e

S 5,

Restart (b I‘.QE‘!-,FB_E_I—% 7100 Packet'i(resem) R,
D o 1] [+]eie]7]e] \.@AH.{BFIEIE
T

5.5, ACK 1 1 0
aw(®)  TITEE e e |

L5 to application
v A A

Time Time

y
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HE AT 7R

UeHriol Clo|E| M EHurarel

. Axl| S412 F2tololE of Mujzh e TlojE| M 0| 0|F A

. e 4l 58S BAAITIT| SIoh AR E

¢« =KXKF
o ﬂ Client KNo Server

« CIO|E] & A, gy | == = o T Pet T, —
o) XI_-|0.|| _JIK_AI_|%I_|- |_'_-||O|E.|()-|| E-:«'T—M— E-:Logilmh e —— C
CHet ACK HEE Ao
E Lé-l B 51 First outstanding 1 Next to send B Br Next to receive

» TNEXHOM(‘ENE B Sl,:F\rstoutslanding SfNexttosencl 77777

Windows for communication from server to client
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= 5}

r.i HI
oF  Of

HE 7L

ubD

e~

(User Datagram Protocol)
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UDP

- 2
H
- 214 M7H Q10| CI[O|EH & WEH M&Est=0 AFHE =
HiAS E4l Z2E 2
s OdSF
1=
L EE HSE AIRSH0 TRHA Cf ZRAA SAI M
« M& HBHM 7IBXMR F Mo HAHLIE HMS
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

TCP/IP ZEE =
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UDP

AR PN BE[o]]=;

.7H_,C_,>_

« UDPOIM A

=

—

 m—

X

ot Ollo|H EF

- 8HIO|E S| 1 H 5l A 7[& 7HH

° 0'”[-_—'IE

(User Datagram) (1/6)

ol 37| 7Id

Z&st MA| = 8~65,535H0|E
8 to 65,535 bytes
< >
8 bytes
< >
Header Data

TCP/IP ZEE =
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UDP

X

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

« 5llH & (1/3)
« B AIX| ZE 15 (Source Port Number)
o MK ZAE HOM TAE=E ZENATLASSE ZE HS
« 16HIE Q| 3 7|E 7IX|2 2 0~65,5352| | LHOIM A 7t
MR ZAET QYEE TESE EEI0|UERI G2, Al ZE

¢ I:él- OO0 =E 1S
HS E 7+ &
. BHAIX| BAETH SEE Mt MualH & gE ZEHSE
AES
31

Source Port Number Destination Port Number

Total Length Checksum
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UDP
28 (User Datagram) (3/6)

X

AR PN BE[o]]=;

. 3o = (2/3)
- 2EXMX| ZLE '="|*(Destination Port Number)
« EMX| SAE MM $EE=E Z2EMAT ARG ZE HSE
- 16H|E Q| 3 7|8 7IX|EZ 0~65,5352| H| LHOM AL 7tS
» SHX| ELET} FEHO|UE 2f3 20| EUX|= MEEHH
ORI ZEHS E 7} &
- SMX| SAEV SEHE 8= Z2I0|¢EC
|.II

.
fol ]
m|m

0
Source Port Number Destination Port Number
Total Length Checksum
TCP/IP ZE2EEZ

N
=
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UDP
28 (User Datagram) (4/6)

X

AR PN BE[o]]=;

- 3 X (3/3)
« Z10|(Total Length)
e 3l|HQt ClO|EE & st AFS XA} C|Oo|E{a g el A Z2 0|

- 16H|E Q| 37| 7}X|B 2 0~65,535 A0|2] 20| Mol 7t

« |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

« X| =2 2(Checksum)
- S|t Cl|O|EHE 25 Z el et AFS Xt CllO|E{ 13 Z&i[od| CH3H
QRE =x|aty| FlaH A4S

0 16 31

Source Port Number Destination Port Number
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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 A} 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 MHI|A (1/14)

IZZNALCHZEMAE

c IPFAQREZE HSE A
ZTZMNA EAS HZ2E

v UDP 0| M Al L]

= X} of
= =

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

Minhee Song, Protocol Engineering Lab.
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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
M= 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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» & A0
- HYIZE Z2E 2 0|22 &% X|o1E MSotx| et=
« 257 X0
- Mz ol RUE 27 Aoi HFHLIE
» HA[X[S] £40[Lt 852 SR & = Q18
cHMIAHLE FE £ ? o7[g

32-bit source |IP address

- - )
UDP 6-”[-" %% 7:”§9§$E-| E 32-bit destination IP add
&) -bit destination IP address
2 Clo[E{o| Al RS
;\El%: 3'. O:| '.” E_IAz-II 7:”AI_|- Q All Os 8-bit protocol 16-bit UDP total length
o —Jé\— Al_l Kl— 7 |_ i‘ | 5_ AE_I % 74' AI_I_ 6'— x | g Source1pé3br;[t:ddress Destinati(‘tlnré [éﬁ;,t address
Ol.g A O Ig E UDP total length Checksum
LS = _|_ AA 3 16bits 16bits
R MICE NO MER{=
* i-l_l /3\_ ;EI' =E—= O_ E = o Ol- O:I z (Padding must be added to m[;alj: the data a multiple of 16bits)
S S

TCP/IP ZEE =
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UDP

« UDP A

‘2R A

0

HIA (4/14)

« 0f|Xl| 14.2

UDP ALEAt | 0[BT 0| M2 ™S HlLtstek

153.18.8.105
171.2.14.10
All Os 17 15
1087 13
15 Checksum (All 0s)
T E S T
I N G Pad

10011001
00001000
10101011
00001000
00000000
00000000
00000100
00000000
00000000
00000000
01010100
01010011
01001001
01000111

00010010 —

01101001

_—

00000010 —
00001010 —

00010001
00001111
00111111
00001101
00001111

S
_—
_—
 —
——

00000000 ———

01000101

_—

01010100 ——
01001110 ———
00000000 ———

10010110
01101001

11101011

—_—

00010100 ———

153. 18
8. 105
171. 2
14. 10
0/17

15

1087

13

15

0 (checksum)
T/E
S/T
I/N

G 0O(pad)

Sum
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
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UDP

« ZH=35}9} © ’T’;-’éér (1/2)
- e
« SM T2 MATE MASH HA|X[of UDP Sl 7}
« UDPE= AZN A0 & AFEX IO E IPE EHH E
- IPE IPSIHE 20{ HEXI ASSE, HIO|EHZEI HSBE=2
Zoel SHE 2o 22| A&z Y
- EE| AIS2 HIEE M52 B335l0{ Y AaRlcz BEEES
MEHef
hgger UDP data
| )

' ¥

Frame data

Frame
header

a. Encapsulation \’

TCP/IP ZEE =
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. HE35t0 of 2 -’E:ér (2/2)
@)

ZH 2= 3|
=H =
+={MF EC|HASO| HEAEZE HO[EHE A AS \
= =
Ho|E{2la HEe sl A £ NHstod IP HSo 2
MEs
— - _ Message
IP AS2 IPSIE AAt = 277 g™ UDP ASLZE
M
= Sok UDP data
UDP A& 2 ol At £ 277t Gl 24l L
2 | Aof D AIX|Z MEE ) |
he:aF:jer IP data
1 |
:;221; Frame data

-/ b. Decapsulation

TCP/IP ZEE =
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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 A{H|A (9/14)

Daytime

client client

- 7Y (Queuing) (2/3) .{.\ =
* % El- O|O|;|E§ %&l— Outgoing Incoming Outgoing Incoming
- Outgoing Queue Port 13 Port 13 Fort 52000 Port 52000

- SMUHAXIE ZE HS0f | 4

=
E”-}” %'O-” X‘le- é -I_g_ UDP UbP
* Incoming Queue
o =AM MHAIRIE Y ZE Fof K&
« O|F ZE2MAT} 7%7(4?*
AEE ZET GRHQUR| X2 8%
ME

« ICMP Port Unreachable M| A| K|

TCP/IP ZEEZ
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UDP

« UDP AH|2A (10/14) . ey

« 7 Y(Queuing) (3/3) /A /A
M =&t
«c AMlSH A|EXM ZTEE QT A 1
S = Eof i3t 9= =
(Incoming Que e) MY
e HAIK|7F $AIE|H TE HS E 29|

- Sl EEQI 2y JF7F EXNEHHE T Fol HE
. SiE ZEO| 2l2d A7} Q1o ™ ICMP Port Unreachable HA|X| A&
. 521 Fof B2 HAIXI7H WOl HER 22 £ THE Clo|E T2

| 7 |
- SHHAIZIE 22 M M ZEMATL SIS ZEO| 23 7
(Outgoing Queue)E& &3l UDP 3IHE F 76l &
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]
I
]
[

LEMAE ZE
Zh = 2 M|Ao| HA[X|of UDP o‘|||-_—‘|
IP Aol MY
CISS ;
% A=0 M UDPE SHLEX|BH 042 T2 AT} =S1IE1EE
SAlof UDPE AtE5SH= &-CH-CF 2|
—4leh ool ae| S| zE HEE =0 (Derinpien)
T ZE Hsof OIEE ME s 44 TRAAR

N

TCP/IP ZEE =
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UDP

- UDP 8 (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
> 0o
ol
A

P XMo{ O|x|S

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

Hu
0x
r I
A 1M

L7 Alo O/XS
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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

TCP/IIP Z2EZ Minhee Song, Protocol Engineering Lab.
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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 HIAIRIe] 27(7} &5

* 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]

« MO
- UDP7} UDP {Zl2 &4lst =46t -2 7HEF5|
=
- M A (1/6)
« 21294 F(Input Queues) "o ok b wermees ol oy 2
- X|o{ == H|O|= e " ‘ """"""""""""
ontrol-bloc|

(Control-Block Table)

module

i b Y
. x_”()_l %% E% iQueues Ymﬂa
| [

(Control-Block Module)

 — table
- QB R E

=2 D E + i +

User datagram User datagram

Input module Control-block Output module
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UDP
« UDP T{7|X| - 8R4 (2/6)

- 3 F

- ZtZbo| ZR2M|A T oL HIMElE 22 RO EEre AL
- M|o{ 25 E||0|=

- W XLEE FXM57| 22 EO|=

« ZF O E pcl

EIE FREEO|7-IL_P IN-USE 5 4/ & StLIE
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UDP
- UDP I{7|X| - M2 A (3/6)

- 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

TCP/IIP Z2EZ Minhee Song, Protocol Engineering Lab. 84



UDP

« UDP I 7|X| - F E R4 (4/6)
- 2124 I 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 (5/6)

- 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

TCP/IP ZEE =
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UDP
- UDP I{7|X| - A2 A (6/6)

H LH
T =

« AFEZX} O3 E M5t
« O|AIZE

=

UDP_Input_Module (User Datagram)
{

Create a user datagram

Send the user datagram

Return

} // End module
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UDP

- UDP 1 7| x| (1/4)

« 04Xl 14.8
M2 S22 FHX| ZE HE 71 52,0120 AFE XL O[o|E{2 0| =& 5t= Zd0|Ct.
0|21 DEL 0| ZE 5 E EMMFl0d B0t O] ZEOo|E 7 $135 380| HIEE
of ploB2 EEJ} Toj 0[0] ABEIOIUSS o + AUt
Q23 R E2 O|0|EHE 38 7of EHHCE Xl|o{ 25 H|O|=2 6t K| &t =Lt
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 1 7| K| (2/4)
« oAl 14.9

0 x & T2 MATJ} AREICE Ol ZEMAE 29
= Xt £19| ID(4,978)9F ZE H3E

o |:|-|;;Ho| FREE ©
MQ'XP C|O|E{2 R4 Ol

of =Lt

52,014 2=t T2 MAE
=

off 2Loq E|O|= Lhoi| AEE|S ST, E

—
=
2;<_|3|.o:| ANE XMHEHE o|2d5IC} 0| 2EXMK|E
of
S AA

O
Loz 0| AI’“OHA‘I =S 7= HHE*‘PXIE

| K| of iE HSEE ¥t

State Process ID Port Number Queue Number
State Process ID Port Number Queue Number
IN-USE 3,422 52,011 IN-USE 3,422 52,011
FREE =) |N-USE 4,978 52 014
IN-USE 4,652 52,012 38 IN-USE 4,652 52’012 38
FREE
FREE

TCP/IP ZEE =
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UDP

« UDP 1l 7| K| (3/4)
« 04|l 14.10
52,011 L E 0| AFE X} O|O|E{1 0| =2fEtCt. 123 R E2 E|O|E2 BAFSHOq
oFo o

Ol SMX|E ?et /7t o & i =l X| ©
SHX|Z 2 5 W ASA IHIOIE-IIL%*O

State Process ID Port Number Queue Number
State Process ID Port Number Queue Number
IN-USE 3,422 52,011 IN-USE 3,422 52,011 43
IN-USE 4,978 52,014 m) |N-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

0d X £ 52222 LEO| A2 AL O|O|E{220| =28t} @124 RE0| Ef|o|ES
|

AAer A o]l SMX|E 2let HEE|E EHstX| Xet F FRXF CIO|E &2
H L

H 7| =0 gk Al 7(|01I “unreachable port” HIA|X|E E'd 42 ICMPOi| & 8tCt.

State Process ID Port Number Queue Number
IN-USE 2,345 52,010 34
IN-USE 3,422 52,011 43
IN-USE 4,978 52,014
IN-USE 4,652 52,012 38

FREE

TCP/IIP Z2EZ Minhee Song, Protocol Engineering Lab.



Thanks!

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