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Q Flow and Error Control (I)

e Flow Control
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w2 Flow and Error Control (I1)

" &rduinatulad®

e Error Control

AaNTLUIUNTT ATIAAU uasuA ladiaRawaraludiaya (Error  Detection
and Correction) & 15u Data Link Layer sinaguunade Error Detection
TuAunIssavua linsaalni (Automatic Repeat Request: ARQ)
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& Stop-and-Wait ARQ
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e Sender Makes a Copy aunsaisgrugevingtunuagdiaya Linauvinnis
goauninaglaiunisnauiy

e Data and ACK Frames are Numbered iWaisglanilunissey areu
Aavdiaya azfinnsAaruanuaaudsean (ID) Tdunssrunludiaya
(Data) wargruntidunisanausu (ACK)

e Discard Lost/Damage Frames #iausuasianudafianain 1ra
fayaavarduligndasaziiviiayatiu

e Control Variables @ugy uags 5u tAudiudsmiuaudia S (Munawax
fiayaiiivas) way R (nunaiaadayaiinininaglédsy) auaisu

e Timing éudvBuiunanfiadediayacada 110650 ACK aaluniaii
Avue azdeain (Faindiayagamie)

e Positive ACK éidusulafudiayamsudriuaguysaiazds ACK udoege
wiauAusTynInaLaa Frame da'ldi aiandeinaglesu
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Operations

n15vin9 U9 Stop—and-Wait ARQ wivaan'léiiu 4 ¥aula

Sender

Receiver

Time

Normal Operation

Jlagdede Frame 0 azwga
\Wasa ACK 1 annfisu

Jlagaeldsu ACK 1 azde
Frame 1 sia'ld uarnaasa
ACK 0 annfsu

108 R tAununawaa Frame
a6 1UNHTuAIa T
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&5 Lost or Damaged Frame

Sender Receiver

ialAansdldayavia wia
Rawate gyuazfowan (Lugs
Jeueunanlag nauu) wiaudu
Audl R Amandels (luslda
R =1)

O,

Time-out @

aal (sa ACK) n19duse
NnUARY Havacady Frame Agey
me'ld wIarkanaIalniiun
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Lost Acknowledgement

Receiver

R=0

- -~ | Expecting frame O,
frame 1 discarded

Time
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Delayed Acknowledgement
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Receiver
r’ |
®
R=0
Time-out @ S=0 R=1

\\—»_ Expecting frame 1,
_ - frame 0 discarded

@ S=1

| Discarded I

S=1

Time-out ¢
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Piggybacking

luns&aansuuy Full-Duplex waazilyarunsade Frame wiaudyu ACK ‘L6

Time
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&) Go-Back-N ARQ
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f114503% Stop-and-Wait ARQ Tuahigniaintivq azlidiayatines 1 Frame
WNTUNTENIWaNnsuaIfInay el fgeazfadsa ACK nau foxzay
dayalni'ld vialvfidse&naaiwen

Wialwlddinane (Link) Léududscanaaiw Sedavaediayaunnnin 1 Frame
TdTudinarawiaug Au G9vinla 2 38 lawn

e Go-Back-/NARQ

AanszuIun1svin ARQ dvaunsagedaya’leowsandunara Frame naun
zdszanana ACK dvrinntiadardanaiadiu asgdelniianay Frame

e Selective Repeat ARQ

Aansyuiun1svin ARQ deanunsadediaya'lédnsaudumnaie Frame Aaud
Aazdszanana ACK gvrintAatialanaintiu agadtaniy Frame e 114l
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) Sequence Number

" &rduinatulad®

faedadimuanunaiay Data Frame anuandy dodasfinisiinuadgosn
aadaeu (tWadsenfiatilanlu Header uaay Data Frame)

AviuanunaLay Frame 14 m = 0,1,2,3,0,1,2,3,0,1, ...

2 16 AefNdaann 0 9 22 -1

ATnuanuIaLe Frame 14 m = 0,1,2,3,4,5,6,7,0,1, ...

3 {6 whNgaann 09 23 -1

Avuanunataa Frameiim= 0,1, 2,3,4,5,6,7,8,9, 10, 11, 12,
4 9in azANJaan 0 o 24— 1 13, 14, 15,0, 1, ...

Wanuneaay Data Frame tin'ldasvay 1 AAg9d8n aunsuaadnueaiaus
FuNARUNBUAKNNaLRY 0 T




&5 Sender Sliding Window

AsAALAY Data Frame ‘WIfidnugy ldnannisuadnist@auniiney 1aade
\&@lauin Frame {1uu 1 2e (2™ — 1 = 7 Frame) gatAuliTuniiaainuan
Buffer (uaayaie Window Tusil)

Window size =7 Frame auding auav
| > . T .

Window @a Frame

cee| 56701 ]2[3]4[5[6]7][0] A65 ACK udrdv
gusaauiie'le

a. Before sliding

Window size =7 .
[ ~ Frame @iua)1 uav
e [Glel7 o1 [elalalsls 7 o]... Vindow fs Frame
Nnevaelulaaunia
b. After sliding two frames Frame 1u Window

_ y y » 2¢'165u ACK
5i b Window tRau'ldnvardia Frame 0, 1 1650 ACK
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&5 Receiver Sliding Window

1u Protocol i auauadntingngdusy azArunualiitdlu 1 &ua vsadniis
nily AusuazLidTa Frame tianignazaify vnntasu Frame auiiluéagnig
Frame duazgnauiiv uazazfadgalna

b. After sliding

51 a drususa Frame vianeay 0 Gowfiannds (sU b) Window agi&aulil Frame 1
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2 Control Variables
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* audy dsudsaruqauaiuiu 3 aa laua

S Auardudiiauuae Frame Afisdeaanty

S; LAuaaudItauuay Frame usnlu Window (First)

S, LAuaduditauuay Frame gavinalu Window (Last)

F9tiu 2ueuad Window w1léian (Sp — S+ 1) Frame

* Gufu fduiseiuan 1 67 1dud R datiu Frame Arnaundoaslésu

L 3 0 1 2 3 0 1 L AL L AL 3 0 1 2 L AL
| | | AL
Frames Frames waiting Frames received Frames that cannot
acknowledged to be sent and acknowledged be accepted

SFS SL K

a. Sender window b. Receiver window
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&5  Timers, ACK and Resending
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Timer
e  MUAI ANNUAAIAULIRNNAIATU ACK e ausuluidianAuLIaN

Acknowledgement

e gu¥u dv (Positive) ACK la'léi¥u Frame Aimaundelaaauysal (a13ay
g9 ACK 1 waviana Frame 6iam59A'ld) 61 Frame 7imauivgeymine
WiaRawaia é1usuaziisiag wazau Frame  dufinzaaadadinuiig
auni1ay'lésu Frame fidasnns

Resending Frame

e ANsflvLRBUAYEIUFUVINIY Timer dnudvnuarial dovinliduse vinals
89 Frame @oue Frame usnil Timer wuaLataunsziedy Frame
gavinalu Window uaueiiu wuén Timer 2a9 Frame 3 wuaadwelé
g9'ld9 Frame 7 6 agvinn1sa9 Frame 3, 4, 5, uay 6 11
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o Normal Operation
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Sender Receiver
Sr St
011(2]|3]0 Le
3
011(2]|3]0 Le
3
011(2]13]0 He
S
011(2]13]0 L
_IS* R
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Damaged or Lost Frame

! i F —
o[1[2[3]o[1]2] W o[1]2[3]o]1]2]
: ==
S R
Fra —
o[1]2[3[o[1]2] “ [o]1]2[3]0[1]2]
s __P_:CES%#”’#_’# R
<~~~ Frame 2
[o]1]2[3[o]1]2] \ _
: Lo | OEEERNE
[o]1]2]3]0[1]2] W_} &
; - = Frame 3 discarded,
<) iscarded 1 not in the window
Fram |
: 3lo[1]2] W [o[1]2]3]0]1]2]
S #____i—'-—*"‘PH~P R
< Frame 3 ]
ORE $|0|1 A M |0|1|2_?_0|1|2|
"S. R
Y Y
Time Time

Receiver

Tunsal Data Frame
ARG UL

11U Frame 2 144
Aod1uFy serinviu
ATURILAVINAITRY
Frame 3 ‘ldéusu
wEgAALNAY Llavan
\flu Frame idu%u
LiAaniv

iatna1sa ACK uay
Frame 2 BuanuUs
A¥vinnsse Frame 2
113 57189 Frame 3
¢l
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""“; Problems with ACK

Damaged or Lost ACK
e Hadauaunar ACK gauning (Li'lidedude) thatanisalle 2 nsel
— 871 ACK 2a9 Frame da'ldundenaud Timer wag ACK iaxifuazuua
a1 lddndusiasdelnval Meiiillavannnisiu ACK tfunuussan Wufa

1 ACK 1 6y ACK 3 gaunna'ld we éruae'ledu ACK 4 Aau Timer uay
ACK 1 nuanial ausulasudaya 0, 1, 2, uag 3 (auiaaual

— &1 ACK 229 Frame d§a'luu'lsiviuianaad ACK flaatiunuea Frame
f19'130'165u ACK aggnaeTuinanum

Resending Frame

e ANsflvRBUAYEIUFUYINIY Timer dnudvnuatial dovinlviduse vinals
89 Frame 69w Frame usnfl Timer wuaataunsziady Frame
gavinalu Window uaueiiu wuédn Timer 2a9 Frame 3 wuaadwelé
g9'ld9 Frame 7 6 agvinn1sa9 Frame 3, 4, 5, uay 6 11
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Sender Receiver
® Game | = ®
9|1|2 3| 0 ol 1[2[3]
FFa ___
| -° 24 lo]1]2]3]
Fra -
o B W_ lo]1]2]3]
ry
Tim;—out (.)|1|2 3| rame() Iolllzg
S
Y Y R |
Time-out

Correctly
discarded

Sender

0[1[2(3

w3

Fry

m

0[1]2]3

S

Frq

m

0[1]2[3

S

£y

0[1[2]3

S

0[1]2|3

Fr,

a. Window size < 2™

i
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Sender Window Size

Receiver

/\

alid

Co

/\

Y Erroneously
accepted

b. Window size = 2™

[0]1]2[3

0
+
R

aunuad Window dastiaanii 2™ uia m Aadiuiunag bit Aldusne Header sy
nunaeuuay Frame iwailasnisnssusau augd
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& Selective Repeat ARQ

e Go-Back-/NARQ

AanszuIun1svin ARQ dvaunsagedaya’leowiandunara Frame naun
zdszanana ACK durinntiadardanaiadiu asdelniianay Frame

e Selective Repeat ARQ

Aansyuiun1svin ARQ deanunsadediaya’lédnsaudumnaie Frame Aaud
azdszanana ACK gvintAntialanaintiu agadtaniy Frame e 114l

Aviu 30 Selective Repeat ARQ JA9tuungAd MARINATUUIUTUNIUF

(%4 (¥

¢

1
al

defivun Uinazvinlviindiafianainlas $9'0iA589 Frame figndasatind?
2

atin9'l5Ad 38 Selective Repeat ARQ astuaMududauliidunssuiunis
AINMIAIUTL f9aglanaliaa’ly
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@Sender and Receiver Windows

%,
"T"#niii miiuh‘ﬁ;b

*x  grude deudsmuauanuiu 3 61 llauda Go-Back-N ARQ

S Ausadudiavuuay Frame Aivdsaan‘ly

Sc tAuadudILtauuay Frame wsnlu Window (First)

S, Auardudltauuay Frame gavinalu Window (Last)

we auauag Window w1'léann (Sp — S,+ 1) Frame fisasonilouag 2m
x  gnufu fdudseiuan 3 67 defy Aeuad Frame Aa1auniaaslésu
R Auadudiaauay Frame wsnlu Window (First)

R, iAuddudiauuay Frame gavinalu Window (Last)

eee | 3 m 2131 0|1 |eee eee | 3 m 213101 |eee

| | | |
Frame Frames waiting Frames received Frames that cannot

acknowledged to be sent and acknowledged be accepted
S S 5 Rp Ry

a. Sender window b. Receiver window
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& Operations

Sender Receiver

i~ =
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e gu mﬂuh‘ﬁ"ea

Tunsal Data Frame

ARG UL
2[3[0]1]2 vy Frame 2 13

dogu¥u senineilu
>Talol12 ATURILAVINAITRY
Frame 3 ‘ldéusu
d9atnralurlrouay
Frame @1a%d9 A9
1N WIauAU

> 2B/01112] g9 NAK 2 (Negative
S ___-—;'”' - a 9/
<~ Frame 5 ACK) ‘liihaudrugy
esen =2 °
01§3012 0[1]2[3]0]1|2 ATURIAIVINAITRY
S 1
Frame 2 11
! ) ame 2 1niu
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S Sender Window Size

Wauluauiauas Window  dedasifluaeniisuas 2m iu Wlasannmana
\WailavAun1s¥u Frame 2 asalin ACK gauninasenindmaaagdaiuain
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Sender Receiver

] Fr,
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Sender Receiver
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. Me : ‘a
T1me—0|ut(i]123NL 01123 Tlme_out(IJlZSO Zeo 0[112]3(0]1
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Correctly S Erroneously
Y Y Discarded Y Y accepted
Time Time Time Time

a. Window size = 271 b. Window size > 271
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