KOMIIBIOTEPHBIE
® CETU

Jlekmus Ned

® YpoBEHb Nepenayn JaHHbBIX WIN KaHAJIbHBIA YPOBEHb.




YPOBEHL MEPEJAUN JIAHHBIX

0 YpOBEHb NEPENaYN TaHHbIX WU KaHAJIbHBIN YPOBEHD
(Data link layer)

1 DyHKIUH:
® o0ecrieueHUe CIIyKeOHOTO MHTEpdeiica 1Sl CETEBOro
YPOBHS;
® 00paboTKa OIMOOK Iepeaauu JTaHHBIX;
® YyIIpaBJICHHUE TTOTOKOM JIaHHBIX.

1 CeTeBOM YypOBEHb ONEPUPYET MAKETAMH, KAHAIBHBIN

YPOBEHb (DOPMHUPYET U3 ITAKETOB KAAPBI s IIEPEIAdH.

1 KoHTpoJib OIMOOK, KOHTPOJIb MOTOKA MOXKET
IMPOUCXOJIUTh U Ha 00JIe€ BEpXHUX YPOBHSIX.




YPOBEHD MMEPEIAUN JIAHHBIX

OTrnpaBHTeNb




YPOBEHL MEPEJAUN JIAHHBIX
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CEPBI/ICBI, [TPEJOCTABJIAAEMbBIE CETEBOMY YPOBHIO

0 CepBuc 0e3 moaTBepKIeHUH, 0€3 YCTAHOBKHU
COCAMHECHMA.

® I[Ipocro nuIEM He3aBUCHUMBIE KaJIpbl, HE OOpailias BHUMaHUS
Ha OIIMOKH.

o HpI/IMCH}ICTC}I 3a94CTYIO B JIOKAJIbHBIX CCTIX.

0 CepBucC ¢ HOATBeP:XKAeHUIMH, 0€3 YCTAHOBKH
COCANHCHMUI.
® IloaTBep:kacHUE NOCTAaBKU Kajpa (KBUTAHIIM).
® [loBTOpHAs MOCHUIKA IO TAUM-AyTy.

® MOXXHO NepesIoKUTh Ha CETEBOM YPOBEHb, HO TaM MaKEThI
OOJIBIIIE




CEPBI/ICBI, [TPEJOCTABJIAAEMbBIE CETEBOMY YPOBHIO

0 CepBHC ¢ MOATBEPKIACHUSIMU, OPUCHTUPOBAHHBIN HA
COCIUHEHUS.

® Ilepmas (paza. YcTaHOBKa COENMHEHUS, MHUIIHATN3ALIUS
IIEPEMEHHBIX U CHETUYUKOB JUISI CJICKCHUS 32 TEM, KaKUE
KaJpbl YK€ IIPUHSATHI, 4 KAKUE CIIE HET.

® Bropas ¢aza. [lepenaya kaapos.

® Tperbs ¢daza. Pa3peiB coeTMHEHMSI, OCBOOOXKICHNE
BPEMEHHBIX PECYPCOB.




KAHAJIBHBIN YPOBEHDb U ®U3UYECKUIN YPOBEHD

1 PU3NYECKUH YPOBEHb, IPEIOCTABIISIIONIUN HHTEpDENC
U1 KaHAJIbHOTO, (DaKTMYECKU IMPUHHUMAET MOTOK OMTOB
M ObITaeTCs Inepeaarb. BoO3MOXHBI OIIMOKK IIpU
nepeaade. KoaudecTBO  NPUHATBIX  OMT  MOXKET
OTJIMYAThCS OT KOJIMYECTBA MEPETAHHBIX.

0 3ajgada KaHaJIbHOTO YPOBHS — OOHAPYKUTh M MCIPABUThH
OIINOKMU.

1 KaHanbHBINI ypOBEHb pa3OMBaeT IIOTOK OHWTOB Ha
OTJICJIbHBIC KaJIpHl. J1iis KaXX10TO KaJipa
MIOJCYUTHIBACTCS ~ KOHTPOJIbHASI  CyMMa,  KOTOpas
npoBepseTcs Imociae mnepeaadd. OmMOOYHBIA  KaJp
UTHOPUPYETCS WM JaHHBIE O HEM IepeaaroTcs
OTIPABIISIONIEH CTOPOHE.




DOPMUPOBAHUE KAJIPA

0 3amada pa30OMEHHs MOTOKA OMTOB Ha OTHEIbHBIC KaJIpbl
HE pellaeTcsl MPOCThHIM BPEMEHHBIM MHTEPBAJIOM.

01 MeToabl MAPKUPOBKH Havyajaa U KOHIIA KaJpa.
1. Iloacyér kommuecTBa CUMBOJIOB.

2. HMcnoonp3oBaHHe CHUTHAJIBHBIX OAMTOB C CHUMBOJIBHBIM
3aIIOJTHEHUEM.

3. HMcnonp3oBaHME CTapTOBBIX M CTOIIOBBIX OHT C
OUTOBBIM 3aIIOJTHEHHUEM.

4. HMcnonb3oBaHue 3anpelI¢HHBIX CUTHAIOB (PU3UYECKOTO
YPOBHSI.




[To/ICUET KOJIMYECTBA CUMBOJIOB
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HpI/I HCKAXCHHUHN CUCTUHKA TCPACTCA CUHXPOHHU3ALNA.




W CT10JIb30BAHUE CUTHAJIBHBIX BAWTOB C
CUMBOJIbHBIM 3AIIOJIHEHUEM

FLAG| 3aronosok Mone gaHHbIX KoHueBuk |FLAG
a
UcxoaHble cumMBonbl Mocne 3anonHeHus
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ESC — 3nak nepekiroueHus Koja. YpOBeHb Mepeiadn JaHHbIX youpaer ‘

ESC nepen nepenaueii ceTeBOMY ypOBHIO.




M CI1071630BAHUE CTAPTOBBIX U CTOIIOBBIX BUTOB C
BUTOBbLIM 3AITIOJIHEHUEM

0 Kaxnaplid kagp HAUMHAETCA Y 3aKaHYMBAETCS MOCIJIEA0BATEIILHOCTHIO
01111110. Ecnu nipu niepeaade B MOTOKE D €IMHUIL] — BCTABJISCTCS
0. IIpueMHUK BOCcCTaHaBIUBAET, youpas jsuiiaue 0 B MOTOKE.
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W CT10J1b30BAHUE 3AIPEIIEHHBLIX CUTHAJIOB
OU3NYECKOI'O YPOBHA

0 Ecim OMT mgaHHBIX KOAUPYETCS OBYMS (PU3HMYECCKHMU
OuTaMu, TO HCIIOJb3yeTCs 2 KOMOWHAIIUM YpPOBHEM
(galre MOJIOKUTENIBHBIA M OTPULIATENIbHEI IEPEXOAbI), a
2 OCTaBIIMXCS HE MCHOIB3YIOTCA. X MOXKHO
MCIO0JIb30BaTh B KAYECTBE I'PaHMI] KaJpOB.

0 Ecam HCIIOJIB3YCTCS N30BITOYHOE KOAUPOBAHHUC,
HCKOTOPBLIC CUMBOJIbI MOKHO HCIIOJIb30BATb KdK
CJ'Iy}I(€6HBIG, B TOM 4YHCJIC, U JIA OI'PAHUYCHUA KaJIpa.




OBPABOTKA OILLMUBOK U YIIPABJIEHUE ITOTOKOM

1 HeoOxomuMo  rapaHTUpoBaTb  CE€TEBOMY  YPOBHIO
JIOCTABKY BCEX KAJIPOB U UX MOPSIOK.

® llcnonw3yroTcsa cayxkeOHbIE€ KaJpbl JJIsi OOpaTHOM CBSI3U C
pe3yJbTaTaMu JOCTaBKU KaKJ0ro Kaapa.

® /{11 KOHTPOJIA TOJIHOW MMOTEPU UCTIOIB3YETCS TAUMED.
® HeoOxonuMa Hymepanusi KaapoB i MPEAOTBpaLICHUS
ITIOBTOPHOU JOCTABKH.
0 YHpaBJIEHUE TOTOKOM:
® VYrpaBlICHHE ITOTOKOM C 0OpaTHOM CBSA3bIO;

® VYipasjicHUE ITOTOKOM C OrpaHuycHueM (He MPUMEHSIETCS Ha
KaHaJIbHOM YPOBHE).




OBHAPYXEHUE U UCIIPABJIEHUE OLLIUBOK.
KOPPEKTI/IPYIOH_[EE KOJIMPOBAHUME

0 JIBe cTpareruv B KOMIbIOTEPHBIX CETAX:

® Konpl ¢ wucmopaBieHHEM OMIMOOK MW KOPPEKTUPYIOIIHE
KOJIBI;

® Konpl ¢ oOHapyXeHHEM OIIMOOK WM KOJbl C MIPSMbIM
MCIPaBIICHUEM OIIHOOK.

1 B HEKOTOpBIX CeTAX IeJIeCO00pa3Hee IMOBTOPHO
3alpOCHUTh Kaap, B JpyruX (0COOGHHO C OOJBIIMM
KOJMYECTBOM OIIMOOK M MAaJIod CKOPOCTBIO) —
BOCCTAHOBUTh HCXOAHYI MH(pOPMALMIO, €CIM 3TO
BO3MOJKHO.




OBHAPYXEHUE U UCIIPABJIEHUE OLLIUBOK.
KOPPEKTI/IPYIOH_[EE KOJIMPOBAHUME

0 IlycTte Kagp COCTOMT W3 m OWTOB, U I M30BITOYHBIX
(koHTpONILHEIX) OuTOB. Torma n = m + r mojHas JJIMHA
kaapa. HaGop w3 n  OMTOB Ha3bIBAIOT 1-OMTOBBIM
KOJO0BBLIM CJIOBOM WJIM KOJAOBOU KOMOMHAIIMEM.

0 KomoBoe paccrosiHMe B IOHUMAaHUU XA MMUHTIA:
10001001
10110001
00111000




OBHAPYXEHUE U UCIIPABJIEHUE OLLIUBOK.
KOPPEKTI/IPYIOH_[EE KOJIMPOBAHUME

1 B OOnpIIMHCTBE NMPHUIOKEHUHN TIepeaadyu JaHHbBIX Bce 2™
BO3MOXHBIX  COOOIIECHMH  JOIYCTUMBI, HO IpHU
100aBJICHUM KOHTPOJBHBIX OMTOB HE BCe 2" BO3MOXKHBIX
KOAOBBIX CJIIOB JOITYCTHUMBI.

1 MOXHO MOCTPOUTH MOJHBIM CITUCOK BCEX KOIOBBIX CJIOB.

0 MUHHUMAJILHOE KOIOBOE€ PACCTOSHUE B OTOM CITHMCKE
HA3bIBACTCA MHUHHUMAJBHBIM KOJXOBLIM PACCTOSTHUEM
Kkoga (MUIM paAcCTOSHHEM BCEro KoJa B CMBICIE
XOMMHUHTQ).




OBHAPYXEHUE U UCIIPABJIEHUE OLLIUBOK.
KOPPEKTI/IPYIOH_[EE KOJIMPOBAHUME

1 CrocoOHOCTH Koja MO OOHAPYKECHUIO M HCIIPABICHHUIO
OIMOOK 3aBHUCAT OT €ro MHUHMMAJIbHOTO KOHOBOIO
paccrossHus. [ns oOHapykeHUS £ OIIMOOK B OJHOM
KOJOBOM CJIOBE, HEOOXOJMM KOJ C MHHHUMAaJbHBIM
KOJIOBBIM pacCTOSTHHEM R+1.

0 Jmsa wucnpaBiaeHus £ oOmMOOK B KOJTOBOM CIIOBE
TpeOyeTcs KO ¢ MUHHMAJIbHBIM paccTosHueM 2R+1.

0 Ilpocreummii mpuMep Kojaa ¢ OOHAPYKEHUEM OIIHMOOK —
OUT YETHOCTH.




OBHAPYXEHUE U UCIIPABJIEHUE OLLIUBOK.
KOPPEKTI/IPYIOH_[EE KOJIMPOBAHUME

1 IlycTe TpeOyercsa co3aarh KOJ, COCOOHBIM HMCHPABIATH
OJINHOYHBIC OIIIMOKHU, COCTOSIIITHM u3 m
MH(OPMAILIMOHHBIX W I° KOHTPOJBbHBIX OuT. Torga
CIIPABEIJINBO HEPABEHCTBO:

(m+r+1)<2"

n Ilpu 3a1aHHOM 7 HEPABEHCTBO OIMCHIBACT
MHUHHAMAJILHOE TPEOYyEMOE KOJIMYECTBO 7 IS
BO3MOXHOCTH HCIIPABJICHUS OAUHOYHBIX OIIHOOK.




OBHAPYXEHUE U UCIPABJIEHUE OIIUBOK. KO
XSMMUHTA

1 bHThI KOJIOBOTO CJIOBa HYMEPYIOTCSA
ITOCJIEAOBATEIBHO CJIEBA, HAYWHAA C 1.

0 butel ¢ HOMepaMM, paBHBIMH CTEICHH 2
(1,2,4,8,16,32,...), ABISIOTCS KOHTPOJBbHBIMHU.

0 OcranpHple ONTHI 3aOIHATIOTCS JAHHBIMH.

1 Kaxxaplii KOHTPOJIbHBIM OUT 00€CIIEYMBAET YETHOCTh
HEKOTOPOM I'pyIIbl OMTOB, BKIIOUas ceOsl.

0 Kaxnerik k- Our  Oymer — mpoBepsAThCA
KOHTPOJIbHBIMU OMTaMHU, BXOASAIIMMH B Pa3jlOKECHUE
k 1o creneHsm uwmcna 2.




OBHAPYXEHUE U UCIIPABJIEHUE OLLIUBOK.
KOPPEKTI/IPYIOH_[EE KOJIMPOBAHUME

1 OOHyJIsIEM CUETYHK, IMPOBEPSIEM KOHTPOJbHBIE OWTHI Ha
4eTHOCTh. Ecam cymma Kk-ro Oura He derHa —
nobapimsieM K cuétunky. Ecim cu€tuuk paBeH 0 —
KOJOBOE CJIOBO 1I€J10, HWHa4ye, B Cily4yae CIAUHUYHOHN
OIIMOKH,  CYETYUK  OygeT  coaepKarb  HOMEpP
MHBEPTUPOBAHHOTO OHUTA.

0 EcTb BO3MOXHOCTEL IIEJIBIM  OJIOK  OIIHOOK.
BreimuceiBaeM K KOIOBBIX CIIOB B BHAC MATPHIILI,
nepenaéM 1o KojdoHkaMm.  IpeOyercs  kr
npoBepouHbIX Out. bnoxk w3 km Our Moxker
BEIJICP KATh IAaKeT OIMMOOK JUIMHOM He Oosee k Owur. .




OBHAPYXEHUE U UCIIPABJIEHUE OLLIUBOK.

KOPPEKTI/IPYIOU_[EE KOJIMPOBAHUME

Char.

Q@ > —3 3 0 T

© O O O

ASCII

1001000
1100001
1101101
1101101
1101001
1101110
1100111
0100000
1100011
1101111
1100100
1100101

\J

Check bits

00110010000
10111001001
11101010101
11101010101
01101011001
01101010110
01111001111
10011000000
11111000011
10101011111
11111001100
00111000101

Order of bit transmission




OBHAPYXEHUE U UCIIPABJIEHUE OLLIUBOK. KOI[I)I C
OBHAPY XEHHUEM OIIIMNBOK

0 Ecimm Kk KaxaoMmy OJOKYy H00aBIsATh OWT YETHOCTH,
BEPOSITHOCTh OOHAPYKCHHUS IMaKeTa OIIMOOK, OyIeT
coctaBiIsATh Bcero 0,5. MOXHO yBEJIMYUTh BEPOSITHOCTD,
paccuuThiBasi OWTHI YETHOCTH IO CTOJOIAM MAaTpPHIIHI,
COCTaBJICHHONW U3 0J0Ka, KOTOPBIA BIOCICACTBUM
nepenaérca Mo CTpokaM. lTorma — BEpOSITHOCTH
HeOoOHapyXeHus cocTaBuT 2% . I'me n — d4ucio
CTOJIOIIOB.

0 Ha mnpaktuke uame Bcero ucmnoib3yiorcs CRC
(Cyclic Redundancy Check — mukindeckuii
M30BLITOUYHBIN KOJT), WM K€ TTOTUHOMUAILHBIN KOJI.




JIEMEHTAPHBIE [TPOTOKOJIbI I[TEPEJAYN JTAHHBIX

1 Heorpann4yeHHBIA CUMILIEKCHBIN IPOTOKOJI
1 CHMINIEKCHBIM IPOTOKOJ C OKHAAHUEM

1 CUMIUIEKCHBIM  MPOTOKOJ I  3alllyMJICHHBIX
KaHaJIOB




JIEMEHTAPHBIE [TPOTOKOJIbI I[NEPEJAUYN JIAHHbIX.
OBHH/IE OBDBABJIIEHUA

#define MAX_PKT 1024 /* determines packet size in bytes */

typedef enum {false, true} boolean; /* boolean type */

typedef unsigned int seq_nr; /* sequence or ack numbers */

typedef struct {unsigned char data[MAX_PKT];} packet;/* packet definition */

typedef enum {data, ack, nak} frame_kind; /* frame_kind definition */

typedef struct { /* frames are transported in this layer */
frame_kind kind; /* what kind of a frame is it? */
seq_nr seq; /* sequence number */
seq_nr ack; /* acknowledgement number */
packet info; /* the network layer packet */

} frame;




/* Wait for an event to happen; return its type in event. */
void wait_for_event(event_type *event);

/* Fetch a packet from the network layer for transmission on the channel. */
void from_network_layer(packet *p);

/* Deliver information from an inbound frame to the network layer. */
void to_network_layer(packet *p);

/* Go get an inbound frame from the physical layer and copy it to r. */
void from_physical_layer(frame *r);

/* Pass the frame to the physical layer for transmission. */
void to_physical_layer(frame *s);

/* Start the clock running and enable the timeout event. */
void start_timer(seq_nr k);

/* Stop the clock and disable the timeout event. */
void stop_timer(seq_nr k);

/* Start an auxiliary timer and enable the ack_timeoutevent. */
void start_ack_timer(void);

/* Stop the auxiliary timer and disable the ack_timeoutevent. */
void stop_ack_timer(void);

/* Allow the network layer to cause a network_layer_ready event. */
void enable_network_layer(void);

/* Forbid the network layer from causing a network_layer_ready event. */
void disable_network_layer(void); .

/* Macro inc is expanded in-line: Increment k circularly. */
#define inc(k) if (k < MAX_SEQ) k=k + 1; else k=0




DJEMEHTAPHBIE [TPOTOKOJIBI TIEPEJAUMN JIAHHBIX.
HEOI'PAHMYEHHBIN CUMILIEKCHBIN ITPOTOKOJI

0 JlaHHBIE TIEPEIAOTCA B OJTHOM HANpPABICHUU

1 CereBou YPOBEHbD Ha IepeaarolIct 5|
IMIPUHUMAIOIIEHM CTOPOHE B COCTOAHUMU TOCTOSHHOU
TOTOBHOCTH

1 Bpems o0paboTku paBHO 0
1 Pa3mep Oydepa He orpaHudcH

0 Kanan cBA3M MeXIy YPOBHSAMHU IE€peladyu JAHHBIX
uJicajcH




/* Protocol 1 (utopia) provides for data transmission in one direction only, from
sender to receiver. The communication channel is assumed to be error free,
and the receiver is assumed to be able to process all the input infinitely quickly.
Consequently, the sender just sits in a loop pumping data out onto the line as
fast as it can. */

typedef enum {frame arrival} event type;
#include "protocol.h"

void sender1(void)

{

frame s; /* buffer for an outbound frame */
packet buffer; /* buffer for an outbound packet */

while (true) {
from_network_layer(&buffer); /* go get something to send */

s.info = buffer; /* copy it into s for transmission */
to_physical_layer(&s); /* send it on its way */
} / * Tomorrow, and tomorrow, and tomorrow,

Creeps in this petty pace from day to day
To the last syllable of recorded time
- Macbeth, V, v */
}

void receiver1(void)

{

frame r;
event_type event; /* filled in by wait, but not used here */

while (true) {

wait_for_event(&event); /* only possibility is frame_arrival */
from_physical_layer(&r); /* go get the inbound frame */
to_network_layer(&r.info); /* pass the data to the network layer */

}
}




JIEMEHTAPHBIE ITPOTOKOJIbI [HEPEJAYN JAHHBIX.
CUMIIJIEKCHBIM ITPOTOKOJI C OXKUJJAHUEM

0 Ilycthb ceTeBOM YpPOBEHbL HE MOXET MOMEHTAILHO
oOpabaTeiBaTh  JaHHBIC  (IOJIyYalOIIMi  YpOBEHD
nepeaayd  JIaHHBIX HE  HMMEET  HEOrPaHUYE€HHOIO
OydepHOro IMPOCTPaHCTRA).

1 Bo3MokHa cuUTyalysi, Korja OTIpaBUTEIb IOChLIACT
OBICTpEE, YEM IOJIydaTreab 00padaThIBacT.

0 PemieHMe — WM KECTKOE€ OIpPaHMYCHHUE WIIM
oOpaTHas CBSI3b CITyKE€OHBIM KaJgpoM,
pa3peUIaArOIM JAJTbHEHIIYO OTIIPABKY.




/* Protocol 2 (stop-and-wait) also provides for a one-directional flow of data from
sender to receiver. The communication channel is once again assumed to be error
free, as in protocol 1. However, this time, the receiver has only a finite buffer
capacity and a finite processing speed, so the protocol must explicitly prevent
the sender from flooding the receiver with data faster than it can be handled. */

typedef enum {frame_arrival} event_type;
#include "protocol.h"

void sender2(void)

{

frame s; /* buffer for an outbound frame */
packet buffer; /* buffer for an outbound packet */
event_type event; /* frame_arrival is the only possibility */

while (true) {
from_network_layer(&buffer); /* go get something to send */

s.info = buffer; /* copy it into s for transmission */
to_physical_layer(&s); /* bye bye little frame */
wait_for_event(&event); /* do not proceed until given the go ahead */

}
}

void receiver2(void)

{

framer, s; /* buffers for frames */

event_type event; /* frame_arrival is the only possibility */

while (true) {
wait_for_event(&event); /* only possibility is frame_arrival */
from_physical_layer(&r); /* go get the inbound frame */
to_network_layer(&r.info); /* pass the data to the network layer */

to_physical_layer(&s); /* send a dummy frame to awaken sender */

}
}




JIEMEHTAPHBIE ITPOTOKOJIbI [HEPEJAYN JAHHBIX.
CUMIIJIEKCHBIM ITPOTOKOJI JUIS 3AIIIYMJIEHHBIX KAHAJIOB

0 Kananm He wpaeaneH, Kaapbl MOTYT MCKAXATbCA U
TEPATHCA.

0 TepaTbCsi M HCKaXaTbCd MOTYT B TOM 4YHCIE U
CIIy>K€OHBIC KaJIpBhl.

1 TpeOyeTcsi BBECTH MOPSAKOBBIE HOMEpPA M BECTHU
y4€T HOMEPOB KaK Ha MEpeaaroniey, Tak W Ha
MIPUHUMAIOIIEN CTOPOHE.




/* Protocol 3 (par) allows unidirectional data flow over an unreliable channel. */

#define MAX_SEQ 1 /* must be 1 for protocol 3 */
typedef enum {frame_arrival, cksum_err, timeout} event_type;
#include "protocol.h"

void sender3(void)

{
seq_nr next_frame_to_send; /* seq number of next outgoing frame */
frame s; /* scratch variable */
packet buffer; /* buffer for an outbound packet */
event_type event;
next_frame_to_send = 0; /* initialize outbound sequence numbers */
from_network_layer(&buffer); /* fetch first packet */
while (true) {
s.info = buffer; /* construct a frame for transmission */
s.seq = next_frame_to_send; /* insert sequence number in frame */
to_physical_layer(&s); /* send it on its way */
start_timer(s.seq); /* if answer takes too long, time out */
wait_for_event(&event); /* frame_arrival, cksum_err, timeout */
if (event == frame_arrival) {
from_physical_layer(&s); /* get the acknowledgement */
if (s.ack == next_frame_to_send) {
stop_timer(s.ack); /* turn the timer off */
from_network_layer(&buffer); /* get the next one to send */
inc(next_frame_to_send); /* invert next_frame_to_send */
}
} @




void receiver3(void)

{
seq_nr frame_expected;
frame r, s;
event_type event;

frame_expected = 0;
while (true) {
wait_for_event(&event);
if (event == frame_arrival) {
from_physical_layer(&r);
if (r.seq == frame expected) {
to_network_layer(&r.info);
inc(frame_expected);
}
s.ack = 1 — frame_expected;
to_physical_layer(&s);

/* possibilities: frame_arrival, cksum_err */
/* a valid frame has arrived. */

/* go get the newly arrived frame */

/* this is what we have been waiting for. */
/* pass the data to the network layer */

/* next time expect the other sequence nr */

/* tell which frame is being acked */
/* send acknowledgement */




DJIEMEHTAPHBIE TIPOTOKOJIbI ITEPEJIAUM JIAHHBIX.
[ IPOTOKOJIBI CKOMB3SLIETO OKHA

0 JlymiexkcHas mnepenada Mo OJHOMY KaHaly B 00OHX
HAIPABJICHUAX.

0 Ciy:xeOHbBIe U KaJpbl JaHHBIX MOXKHO Pa3jINdarh I10
oo kind.

0 IloxTBepskacHUE MOXKHO TOOABIATh K CICIYIOIIECMY
Ha OTIPAaBKy OT CETEBOT0 YypoBHA IakeTy (ack B
3aroioBke kazapa). Piggybacking. TpeOyercs
TanuMmep.




DJIEMEHTAPHBIE TIPOTOKOJIbI ITEPEJIAUM JIAHHBIX.
[ IPOTOKOJIBI CKOMB3SLIETO OKHA

0 B mo0oli MOMEHT BpPEMEHM OTIPaBUTEIb pabdoTaeT C
ONPECIEHHBIM HaboOpoM MOPSIKOBBIX HOMEPOB,
COOTBETCTBYIOIIIUX KaJpaM, KOTOPbIE pa3pelieHo MOChLIaTh.
IochL1am011I€€ OKHO.

0 AHJIOTMYHO TOJily4yaresib paboTaeT ¢ NPUHUMAKOIIAM
OKHOM.

0 OkHO momyyarenss W OTHPABUTEIS MOIYT HMEThb Pa3HBIE
TPaHUIIBI U Pa3MEPHI.

0 Ilpu mOCTYIUIEHMH OT CETEBOIO YPOBHS MAKETa HA OTIIPABKY
€My JaeTcsd HauOOJbIllE HOMEpP, BEPXHsSA TIpaHUIIA OKHA
YBEJIUYUBACTCS

0 Ilpy nonyyeHHUHM NOOATBEPKIACHUSA, HUXKHAS TPaHULA
YMEHBIIIAETCSA

0 B okHe oTrmpaBuTeliss — KaJapbl, KOTOPbIE OTIPABIIEHBI, HO HET
[IOKA MOATBEPKICHUS.




DJIEMEHTAPHBIE TIPOTOKOJIbI ITEPEJIAUM JIAHHBIX.
[ IPOTOKOJIBI CKOMB3SLIETO OKHA

1 OKHO MPUHUMAIOIIETO COOTBETCTBYET KaJpaM, KOTOPHIE
OH MOXET NpUHATH. Kazap, HE momagaroiiuid B OKHO —
UTHOPUPYETCH.

0 IIpuObIBaromyii KaJp ¢ MOPSAKOBBIM HOMEPOM HMKHEH
TPAHULIBI TIPENAETCA HA CETEBOM YPOBEHb. DOpMHUPYETCS
MIOJITBEPKIACHUE, OKHO CIIBUTAETCA HA IMO3UIIUIO.

0 OKHO €IMHUYHOTO pa3Mepa O3HA4YaeT, 4YTO YPOBEHb
MEPENAYN TPUHUMAET KAJIPhl TOJBKO I10 TIOPSAIKY.




DJIEMEHTAPHBIE TIPOTOKOJIbI ITEPEJIAUM JIAHHBIX.
[ IPOTOKOJIBI CKOMB3SLIETO OKHA

Sender 7 0 7 0 7 0 7 0
6 1 6 1 6 1 6 1
5 2 5 2 5 2 5 2
4 3 4 3 4 3 4 3
Receiver
7 0 7 0 7 0 7 0
6 1 6 1 6 1 6 1
5 2 5 2 5 2 5 2
4 3 4 3 4 3 4 3
(a) (b) (c) (d)

A sliding window of size 1, with a 3-bit sequence number.
(a) Inmitially.

(b) After the first frame has been sent.

(c) After the first frame has been received.

(d) After the first acknowledgement has been received.




IIpoTOKOI OAHOBHUTOBOI'O CKOJIB3AIIEI'O OKHA

1 OKHO MPUHUMAIOIIETO COOTBETCTBYET KaJpaM, KOTOPHIE
OH MOXET NpUHATH. Kazap, HE momagaroiiuid B OKHO —
UTHOPUPYETCH.

0 IIpuObIBaromyii KaJp ¢ MOPSAKOBBIM HOMEPOM HMKHEH
TPAHULIBI TIPENAETCA HA CETEBOM YPOBEHb. DOpMHUPYETCS
MIOJITBEPKIACHUE, OKHO CIIBUTAETCA HA IMO3UIIUIO.

0 OKHO €IMHUYHOTO pa3Mepa O3HA4YaeT, 4YTO YPOBEHb
MEPENAYN TPUHUMAET KAJIPhl TOJBKO I10 TIOPSAIKY.




IIpoTOKOI OAHOBHUTOBOI'O CKOJIB3AIIEI'O OKHA

0 Merox oOxuaaHus, T.K. TIIOCI€ MOCBUIKKM Kajapa
OTIPABUTEND ST MOATBEPKIACHUA.

0 next_frame_to_send HOMEpP KajJpa, KOTOPBIU
OTIPABUTENb IBITACTCS ITOCIATh.

0 frame_expected  HOMep  Kagpa,  OXHIAECMOIO
MOJy4YaTeyIeM.

0 Tonbko OOWH YPOBEHBL TMEPENAYU HJAHHBIX MOXKET
HAYUHATh TIepeaaay.




/* Protocol 4 (sliding window) is bidirectional. */

#define MAX_SEQ 1

/* must be 1 for protocol 4 */

typedef enum {frame_arrival, cksum_err, timeout} event_type;

#include "protocol.h"
void protocol4 (void)

{
seq_nr next_frame_to_send;
seq_nr frame_expected;
framer, s;
packet buffer;
event_type event;

next_frame _to_send = 0;
frame_expected = 0;
from_network_layer(&buffer);
s.info = buffer;

s.seq = next_frame_to_send;
s.ack = 1 — frame_expected;
to_physical_layer(&s);
start_timer(s.seq);

/* Q or1only */

/* Q or1only */

/* scratch variables */

/* current packet being sent */

/* next frame on the outbound stream */
/* frame expected next */

/* fetch a packet from the network layer */
/* prepare to send the initial frame */

/* insert sequence number into frame */
/* piggybacked ack */

/* transmit the frame */

/* start the timer running */




while (true) {

wait_for_event(&event); /* frame_arrival, cksum_err, or timeout */
if (event == frame_arrival) { /* a frame has arrived undamaged. */
from_physical_layer(&r); /* go get it */
if (r.seq == frame_expected) { /* handle inbound frame stream. */
to_network_layer(&r.info); /* pass packet to network layer */
inc(frame_expected); /* invert seq number expected next */

}

if (r.ack == next_frame_to_send) { /* handle outbound frame stream. */

stop_timer(r.ack); /* turn the timer off */
from_network_layer(&buffer); /* fetch new pkt from network layer */
inc(next_frame_to_send); /* invert senderis sequence humber */
}
}
s.info = buffer; /* construct outbound frame */
s.seq = next_frame_to_send; /* insert sequence number into it */
s.ack = 1 — frame_expected; /* seq number of last received frame */
to_physical_layer(&s); /* transmit a frame */
start_timer(s.seq); /* start the timer running */




A sends (O’ 1, AO) \
B gets (0, 1, AQ)*

B sends (0, 0, BO)
A gets (0,0, By <
Aroends (0O AN —— 5 gets (1, 0, A1y
Agets (1,1, Bl = B sends (1, 1, B1)
Asends (0,1, A2)—___ 5 aets (o, 1. A2
Agets (0, 0, B2y = B sends (0, 0, B2)

el AS)\ B gets (1, 0, A3)*
B sends (’1,'1, B3)

Time

A sends (0, 1, AO) B sends (0, 1, BO)
B gets (0, 1, AD)*

B sends (0, 0, BO)

A gets (0, 1, BO)*
A sends (0, 0, AO)
B gets (0, 0, AO)
B sends (1, 0, B1)
A gets (0, 0, BO)
A sends (1, 0, A1)
B gets (1,0, A1)*
B sends (1, 1, B1)

Agets (1, 0, B1)*

B sends (0, 1, B2)

(b)




I1IPOTOKOJIBI C BO3BPATOM HA N

0 PaHee cuMTaioCh, 4TO BpEMs Ha IMepeaady Kajipa OT OTIPABUTENS K
MoJay4yaTeJl0 MU Ha OOpaTHYK OTHPaBKy IMOJATBEPKACHUS OBLIO
npeHeOpexuMo mMasio. B ciydae, eciau 3To He Tak, 3(P(HEKTUBHOCTD
OY€Hb Maja.

0 Paspemmm ormpaBurento cinatb He 1 kaapa a w. KonsenepHas
00paboTKa.
0 Bo3moxkHa ommOka npu nepeaade Kajapa BHYTPH 3TOI0 W

® Bo3Bpar Ha n — WUTHOPHUPYEM BCE KaApbl C HOMEPOM OOJIbIIe
OBPEKICHHOTO.

® BriOopounblii mOBTOp — OydepuzyeM HOpPMaJIbHBIE, Kak
MOJy4YaeM MOBTOPHO OUTHINM — BhIChUTaeM MakcuMaiabHbii ACK.
Ecte Momudukanuu ¢ mnepecsuikoii NAK, crumynupyromero

MOBTOPHYIO OTITPABKY. .




I1IPOTOKOJIBI C BO3BPATOM HA N

-«——Timeout interval ——»

AR

Error Frames discarded by data link layer

Time ——

(a)

Error Frames buffered by data link layer

(b)




/* Protocol 5 (pipelining) allows multiple outstanding frames. The sender may transmit up
to MAX_SEQ frames without waiting for an ack. In addition, unlike the previous protocols,
the network layer is not assumed to have a new packet all the time. Instead, the
network layer causes a network_layer_ready event when there is a packet to send. */

#define MAX_SEQ 7 /* should be 2°"n — 1 */
typedef enum {frame_arrival, cksum_err, timeout, network_layer_ready} event_type;
#include "protocol.h"

static boolean between(seq_nr a, seq_nr b, seq_nr ¢)

{

/* Return true if a <=b < ¢ circularly; false otherwise. */
if ((a<=b)&& (b<c))ll({(c<a)&& (a<=b)) Il ((b<c)&&(c<a)))
return(true);
else
return(false);

}

static void send_data(seq_nr frame_nr, seq_nr frame_expected, packet buffer| ])

{

/* Construct and send a data frame. */

frame s; /* scratch variable */

s.info = buffer[frame_nr]; /* insert packet into frame */

s.seq = frame_nr; /* insert sequence number into frame */
s.ack = (frame_expected + MAX_SEQ) % (MAX_SEQ + 1);/* piggyback ack */
to_physical_layer(&s); /* transmit the frame */

start_timer(frame_nr); /* start the timer running */




void protocol5(void)

{

seq_nr next_frame_to_send; /* MAX_SEQ > 1; used for outbound stream */
seq_nr ack_expected; /* oldest frame as yet unacknowledged */
seq_nr frame_expected; /* next frame expected on inbound stream */
framer; /* scratch variable */

packet bufferfMAX_SEQ + 1]; /* buffers for the outbound stream */

seq_nr nbuffered; /* # output buffers currently in use */

seq_nr i /* used to index into the buffer array */

event_type event;

enable_network_layer(); /* allow network_layer_ready events */
ack_expected = 0; /* next ack expected inbound */
next_frame_to_send = 0; /* next frame going out */
frame_expected = 0; /* number of frame expected inbound */
nbuffered = 0; /* initially no packets are buffered */




while (true) {
wait_for_event(&event); /* four possibilities: see event_type above */

switch(event) {
case network_layer_ready: /* the network layer has a packet to send */
/* Accept, save, and transmit a new frame. */
from_network_layer(&buffer[next_frame_to_send]); /* fetch new packet */
nbuffered = nbuffered + 1; /* expand the sender's window */
send_data(next_frame_to_send, frame_expected, buffer);/* transmit the frame */

inc(next_frame_to_send); /* advance sender’s upper window edge */
break;

case frame_arrival: /* a data or control frame has arrived */
from_physical_layer(&r);  /* get incoming frame from physical layer */

if (r.seq == frame_expected) {
/* Frames are accepted only in order. */
to_network_layer(&r.info); /* pass packet to network layer */
inc(frame_expected); /* advance lower edge of receiver's window */




/* Ack n implies n— 1, n— 2, etc. Check for this. */

while (between(ack_expected, r.ack, next_frame_to_send)) {
/* Handle piggybacked ack. */
nbuffered = nbuffered 1; /* one frame fewer buffered */
stop_timer(ack_expected); /* frame arrived intact; stop timer */
inc(ack_expected);  /* contract sender’s window */

}

break;

case cksum_err: break; /* just ignore bad frames */

case timeout: /* trouble; retransmit all outstanding frames */

next_frame_to_send = ack_expected; /* start retransmitting here */
for (i = 1; i <= nbuffered; i++) {

send_data(next_frame_to_send, frame_expected, buffer);/* resend 1 frame */
inc(next_frame_to_send); /* prepare to send the next one */

}

if (nbuffered < MAX_SEQ)

enable_network_layer();
else

disable_network_layer();




IIPOTOKOIIBI C BBIBOPOYHBIM [TOBTOPOM

1 ITo3Boasger Oonee dPPEKTUBHO MCHOIB30BaTh PECYPCHI
P YaCThIX OLIMOKaX.




/* Protocol 6 (nonsequential receive) accepts frames out of order, but passes packets to the
network layer in order. Associated with each outstanding frame is a timer. When the timer
expires, only that frame is retransmitted, not all the outstanding frames, as in protocol 5. */

#define MAX_SEQ 7 /* should be 2°n — 1 */

#define NR_BUFS ((MAX_SEQ + 1)/2)

typedef enum {frame_arrival, cksum_err, timeout, network_layer_ready, ack_timeout} event_type;
#include "protocol.h"

boolean no_nak = true; /* no nak has been sent yet */

seq_nr oldest_frame = MAX-SEQ + 1; /* initial value is only for the simulator */

static boolean between(seq_nr a, seq_nr b, seq_nr ¢)

{

/* Same as between in protocol5, but shorter and more obscure. */
return ((a <=b) && (b <)) ll ((c < a) && (a <= b)) Il ((b < ¢) && (¢ < a));
}

static void send_frame(frame_kind fk, seq_nr frame_nr, seq_nr frame_expected, packet buffer[])

{

/* Construct and send a data, ack, or nak frame. */

frame s; /* scratch variable */

s.kind = fk; /* kind == data, ack, or nak */

if (fk == data) s.info = buffer[frame_nr % NR_BUFS];

s.seq = frame_nr; /* only meaningful for data frames */
s.ack = (frame_expected + MAX_SEQ) % (MAX_SEQ + 1);

if (fk == nak) no_nak = false; /* one nak per frame, please */
to_physical_layer(&s); /* transmit the frame */

if (tk == data) start_timer(frame_nr % NR_BUFS);

stop_ack_timer(); /* no need for separate ack frame */




void protocol6(void)

{

seq_nr ack_expected;
seq_nr next_frame_to_send;
seq_nr frame_expected;
seq_nr too_far;

int i

frame r;

packet out_buf[NR_BUFS];
packet in_buf[NR_BUFS];
boolean arrived[NR_BUFS];
seq_nr nbuffered;
event_type event;

enable_network_layer();

ack_expected = 0;

next_frame_to_send = 0;

frame_expected = 0;

too_far = NR_BUFS;

nbuffered = 0;

for (i = 0; i < NR_BUFS; i++) arrived[i] = false;

/* lower edge of sender’'s window */

/* upper edge of sender’s window + 1 */

/* lower edge of receiver's window */

/* upper edge of receiver’'s window + 1 */

/* index into buffer pool */

/* scratch variable */

/* buffers for the outbound stream */

/* buffers for the inbound stream */

/* inbound bit map */

/* how many output buffers currently used */

/* initialize */
/* next ack expected on the inbound stream */
/* number of next outgoing frame */

/* initially no packets are buffered */




while (true) {

wait_for_event(&event); /* five possibilities: see event_type above */
switch(event) {
case network_layer_ready: /* accept, save, and transmit a new frame */
nbuffered = nbuffered + 1; /* expand the window */

from_network_layer(&out buf[next_frame_to_send % NR_BUFS]); /* fetch new packet */
send_frame(data, next_frame_to_send, frame_expected, out_buf);/* transmit the frame */

inc(next_frame_to_send); /* advance upper window edge */
break;

case frame_arrival: /* a data or control frame has arrived */
from_physical_layer(&r); /* fetch incoming frame from physical layer */

if (r.kind == data) {
/* An undamaged frame has arrived. */
if ((r.seq !=frame_expected) && no_nak)
send_frame(nak, 0, frame_expected, out_buf); else start_ack_timer();
if (between(frame_expected, r.seq, too_far) && (arrived[r.seq%NR_BUFS] == false)) {
/* Frames may be accepted in any order. */
arrived[r.seq % NR_BUFS] = true; /* mark buffer as full */
in_buf[r.seq % NR_BUFS] = r.info; /* insert data into buffer */
while (arrived[frame_expected % NR_BUFS]) {
/* Pass frames and advance window. */
to_network_layer(&in_buf[frame_expected % NR_BUFS]);
no_nak = true;
arrived[frame_expected % NR_BUFS] = false;
inc(frame_expected); /* advance lower edge of receiver's window */
inc(too_far); /* advance upper edge of receiver's window */
start_ack_timer(); /* to see if a separate ack is needed */




if((r.kind==nak) && between(ack_expected,(r.ack+1)%(MAX_SEQ+1),next frame to send))
send_frame(data, (r.ack+1) % (MAX_SEQ + 1), frame_expected, out_buf);

while (between(ack_expected, r.ack, next_frame_to_send)) {

nbuffered = nbuffered 1; /* handle piggybacked ack */
stop_timer(ack_expected % NR_BUFS);  /* frame arrived intact */
inc(ack_expected); /* advance lower edge of sender's window */
}
break;

case cksum_err:
if (no_nak) send_frame(nak, 0, frame_expected, out_buf);/* damaged frame */
break;

case timeout:
send_frame(data, oldest_frame, frame_expected, out_buf);/* we timed out */
break;

case ack_timeout:
send_frame(ack,0,frame_expected, out_buf);  /* ack timer expired; send ack */
}

if (nbuffered < NR_BUFS) enable_network_layer(); else disable_network_layer();

}
}




IIPOTOKOIIBI C BBIBOPOYHBIM [TOBTOPOM

01 B0O3MOXHO NEPEKPHITUE CABUHYTHIM OKHOM HMCXOIHOTO.

O Pa?,Mep OKHa JOO0JIKCH HC IIPCBLIIIATL IIOJIOBHHBI OT
KOJINYCCTBA ITOPAAKOBBIX HOMCPOB.

1 KonnuectBo Oy(epoB y momyyareslsi paBHO pa3Mepy
OKHa.




BEPI/ICDI/IKAHI/I}I [TPOTOKOJIOB. KOHEUHBIE
ABTOMATDI

0 IlpoTokonbHasg MailvHa — OTIPABUTEL U MOJYYaTEIb.
CoCTOsSIHHE IIPOTOKOJILHOM MAIIIMHBI — BCE 3HAYCHMUS
BCEX €€ IIEPEMEHHBLIX, B TOM YHUCJIE€ W IPOrpaMMHBIC
CUCTUYUKHU.

0 CocTosiHUE KaHaIa OIIPpCACISCTCA CI'0 COACPKMMbIM.

1 Kaxmoe cocTossHuE MOXKET ObITh COSUHEHO C APYTUMM
IIEPEXOIAMHU.

1 MMes mojgHoe onrcaHue MPOTOKOJIbHOW MAIIUHbI MOKHO
MOJIYyYUTh JBYHANpaBICHHBIN rpad.

0 Metoasl Teopur TpadoB (TPAH3UTHBHOC 3aMBIKAHMC)
MO3BOJISIFOT IMPOBOAXUTH aHAIN3 JTOCTHUXKUMOCTH.




BEPI/ICDI/IKAHI/I}I [TPOTOKOJIOB. KOHEUHBIE
ABTOMATDI

0 (S,M,LT)
0 S — MHOXECTBO COCTOSHHH, B KOTOPBIX MOTYT
HAXOUTHCA MPOLIECCHl U KaHAI.

0 M — MHOXECTBO KaJpoB, IIepEAAIONINXCS M0 KaHaTy.
0 I — MHOXXECTBO HaYaJIBHBIX COCTOSIHUM ITPOIIECCOB.

1 T — MHOXECTBO IIEPCXoaT0B MCKAY COCTOSHHUIMMU.




BEPI/ICDI/IKAHI/I}I [TPOTOKOJIOB. KOHEUHBIE
ABTOMATDI

0 ITpOTOKOJI C TOJOXKUTEIBbHBIM ITOATBEPKICHUEM U
IOBTOPHOM MEPEIAUEH.

1 (S,R,C)
0S — O wmm 1, HOMEp Kagpa, IOCHUIAEMOTO
OTIIPABUTEIICM.

0 R— 0w 1, HoMep Kaapa, 0:KUIAEMOT0 MOJTyYaTCIICM.
0 C — cocrostnue kanama. 0 1 A -

1 T — MHOXECTBO IIEPCXoa0B MCKAY COCTOSHHUIAMMU.




BEPI/ICDI/IKAHI/I}I [TPOTOKOJIOB. KOHEUHBIE
ABTOMATDI

To
Who Frame  Frame network
Transition runs? accepted emitted layer

(frame lost)

0 == o
1 R 0 A Yes
2 S A 1 -
3 R 1 A Yes
4 5 A 0 -
5 R 0 A No
6 R 1 A No
7 S (timeout) 0 —
8 S (timeout) 1 —

(b)




Bepruonkaimsa rnmrotokoioB. Cetu IIETPH

1 YeTtbIpe 3y1EMEHTA:

® Illo3uuma — COCTOIHME, B KOTOPOM MOXKET HAXOIUThCS
CHUCTEMA UJIU €€ YacCTh.

® Mapkepbl, MOMENIAOIINE COCTOSIHUE CUCTEMBL.

® Ilepexonnpl (KakKAblii IEPEXOJ MOXKET HMMETh BXOIAIIUC U
HCXOISIIUC TyTH)

0 Ilepexom HaA3bIBACTCS pPa3pelICHHBIM, €CJIH HMEETCS
MapKeP HA BXOJISIIECH ITO3UIINH.

0 B oTimmymy oT aBTOMAaToB, HE COCTAaBHBIX COCTOSIHUM.

O MOFYT OBITH npcaACTaBJICHBI B BUAC I'PAMMATHUKH.




Bepruonkanmsa rnmrotokoioB. CETu [IETPH

C: Seq 0 on the line
D: Ack on the line
E: Seq 1 on the line

| c (\
Emit 0 o 10 Process 0
. 8 F
Wait Expect 1
for -
e Timeout Reject 0
Emit 1 J 3 @ Y 11| Process 1
L 6 Loss Y
Wait B 4 9 . Expect 0
for ] E ®
Ack 1 i
Timeout ‘ Reject 1

7 Loss ‘

Y Y

Sender's Channelstate Receiver's
state state




Beruonkaims nmrotokojioB. CETH 1

0 I'pammaruka cetu llerpu:

[
)

© ® N o ok L b o=

BD > AC
A>A
AD > BE
B>B
C>
D>

E >
CF>DF
EG > DG
CG>DF
EF > DG

ETPU




ITroToxon PPP
1 Point-to-Point Protocol RFC 1661 1662 1663

® [lo3Bossier 0OHApyKEeHHE OIINOOK;
® [lomnep>kuBaeT HECKOJIBKO MPOTOKOJIOB,;
® bailT-OpueHTUPOBAH;

1 Metonsl PPP:

1.
2.

Meton hopMupoBaHMS KaapOB

[Iporokon ympaBieHHs KaHaloM (ycTaHOBKa KaHala,
TCCTHpOBaHHE, 0OMeH mapamerpamu). [logaep:kuBaer
CUHXPOHHBIE M AaCHHXPOHHBIC JIHUHUH, OaT U OUT
OPUEHTHPOBAHHOE KOAWPOBAHUE

BripaboTka mapamerpoB st ceteBoro ypoBHs NCP
Network Control Protocol




[Trotoxon PPP

Bytes 1 1 1 1o0r2 Variable 2o0r4 1

{{
J)

Protocol | Payload | Checksum

{{
J)

Flag Address Control
01111110 11111111 | 00000011

Flag
01111110




[Trotoxon PPP

Is there a

, Link Is Yes o
DL;r;kd —> Establishment succiis;ullé/ authentication Auths:tlcatlon
Phase ‘ establisne desired? rase

link?

Is
authentication
successful?

Link

Termination ‘—Network-Layer

Protocol Phase

Phase

No




