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Chapter 1
WAN Technologies

$15 T EMEA

Typically, LAN connections are within a company,when the company grows beyond a single
location, it is necessary to interconnect the LANs in the various branches to form a Wide Area
Network ( WAN). There are many options currently available today for implementing WAN
solutions. They differ in technology, speed and cost. Familiarity with these technologies is an
important part of network design and evaluation.

This chapter introduces you to WAN concepts, including WAN devices, standards and
encapsulation. Through comparing and contrasting current WAN technologies, you will be able to

apply the techniques to design or upgrade WANs.

1.1 ) %A (WAN Overview)

J B I ( Local Area Network , LAN) 3 B [l 3 i H225 7] p 3 10 I 4% , 24 il 1 3 227 B
A B 40 B B R B (Wide Area Network, WAN) SEATHL i o FF LA, I 8 A2t —
Bz A7 110 M 0 2 R 0 B B A B0 2 1 B AR R B K B 2 — R T 4R
0 G 25 T W e £ B o — D L 0 7 4R 1 SR
0" B 40 P 4 2

P S50 0 454508 18 T L4 00 45 R A0 1 R R i T LU H A B B (bps) T B
¥ 45 (kbps, 1000bps) JE Ho 4543 (Mbps , 1000kbps) 2 # L4 45 # ( Gbps, 1000Mbps) , LA
- 48— BH 4 X1, DL IR, — 4 EL 2 ¥ 00171 £ 2 2Mbps , 8% T1 22 % X0 18] 45 22
L SMbps. 4 -1 g i 78 FI A0 ) 000t B K UM 9 . P T 15 50 REL B R B 6,
WAN f B0 £ i % AR A

Table 1-1 The Circuit Types and Bandwidth in WAN

Type Signal Standard Bit Rate
- 56 DSO 56kbps
64 DSO 64kbps

Ti DS1 1.544Mbps

El ZM 2.048Mbps

n Yl 2.048Mbps
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Hx
Type Signal Standard Bit Rate
E3 M3 34.064Mbps
T3 DS3 44.736Mbps
0C-1 SONET 51.840Mbps
0C-3 SONET 155.520Mbps
0C-9 SONET 466.560Mbps
0C-12 SONET 622. 08 Mbps
0C-18 SONET 933. 12Mbps
0C-24 SONET 1244.16Mbps
0C-36 SONET 1866.24Mbps
0C-48 SONET 2488.32Mbps
0C-96 SONET 4976. 640Mbps
0C-192 SONET 9953. 280Mbps

1.2 )85 5411 (WAN Devices and Module)

I A SR 2 e R 9 AR A A A R R A — LR BRIl T A AN R
P43 Ry B0 T DA B A R 11 RS

JHCEAE FH P 35 R 4, B PR R %6 )1 951 4% ( Customer Premises Equipment, CPE) . X ik %8
THP BT s IR 25 SR BER U 45 AP (L ) i 2% 6 vh 28 , N8l 1-1 Fas o T o P A 2
(copper wire) 8 Y £T (optic fiber) ¥ CPE % 3 51| i}t 45 $8 3t # 19 8 T 9 3¢ #6503 J7) ( Central
Office ,CO) , X BEER A it H BUFRVEA Hb IR B (Local Loop) B # “ i J5 % B (last-mile) ,

Central Offices

/ (CO)

\ Local Loops /

Customer Premises Equipment =——| | .
(CPE) v

Figure 1-1 WAN Example

A i B e B0 B 5 B2 AL A 9 2% (modem) 2 8 M9 IR 4, HR B 7 AS b BF Bk
I A2 i B840 1) 148 45 M (OB B f B 2R 355 4% ( Data Circuit-terminating Equipment, DCE) . [fij Hf
SN B 1 4 45 DCE 19 % 1 154 i ] fC80H6 28 34 % % ( Data Terminal Equipment, DTE) , 11
Pl 1-2 Piran ,DCE i 8] DTE, 2y DTE $& 4 7 — />3 A ) 58 190 5 15 5% % 19 #2 11, DCE 7T 1Y
2% 1 A A5 ) B 3 AT LA L 4R B B 5 R 5 (synchronism) o B T modem 4f, CSU/



F1E JEAKA

RNEBBBEA—T BH °

DSU.NT1 % & 86 %) ) DCE B 45 . 1M DTE B4 f0 45 B 1 2% R %5 25 A1 PC 2 R 3034 4%
DTE #1 DCE # 2% ;' 55 % % o

CSU/DSU CSU/DSU
Modem Modem
TA/NTI TA/NTI

Figure 1-2 DCE/DTE

BORAS M 3R % R B2 4L 2K B (analogue line ) , {ff il modem 3K 8 i ( modulate ) 71 % i
(demodulate ) $45% . X T %74k #% (digital line) L7 B — M5 18 IR % 2 JC ( Channel Service
Unit, CSU) Fl— %44 Al 55 #.7C ( Data Service Unit, DSU) , 7£ 52 Fr o i3 9 /4 8 7058 % %6 2 3¢

— B & T, Bl CSU/DSU, & iHE CSU/DSU SN T B #E0

73 5 1 ( demarcation point) , i 25 # T B i demarc , t 2 I 4 ) b He 8 By — A
BRI PR T R 55 B2 A R B TR N BT S B S B, R A FEE MRS
VLT 2 R D, LR SRR A o 7 3 R, LG /A ) 2 46 245 B 3o 3 0 304 90 3 PO K
V1, v T B 2 BT B8 45 (CSU/DSU) 15 g A R 5 10 € 11 0, 3 2 150 4% 38 % i 7 o £
RCATa) o o DRI, 5 388 4 W BRE N T 9% 5 S0 AE 0 B AT e B R e

TEAL KM X, P45 X B 6 R0 1 (NT) B4 )8 T P %8 i % (CPE) o i 76 1 57 1 34
KHRTHDE NI J& T i1 AR 25 7 52 048 005 0 £ 190 465 308 43, A T A o 6 A 0 % 2 o BF 6
TEHME A SREMLT NTLRE )5, B0 CPE BHE—@FE N -G
arE— WP AR S NTI A%, 76 3% B0, — MR 6 FI% 40 V. 35 5% RS-232 Z KK
frien,

i 1-3 P, B3 g 5 AR HE B 53 5 000 58 S0, T T 30 A [ Db o £ 20 R L G

FRRRE 25K DCE 845 7 16 J2 AR 25 32 30 7 199 45 19— 98 4

Local Loop
CSU/DSU

| United States

CO Switch
Demarcation Point

NTU Local LOOp p

| International

€O Switch

Demarcation Point

Figure 1-3 Demarcation Point
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1.3 J i ks4E (WAN Standards)

CEME R OSI 3 ESHEEA KU TREM, HEMBRNIEIEXLTHE. TEM
brivE E B HGA Y HLR (045 26 7 MBS B BR E M B R, B 6 F 4k (addressing) | B 15
( flow control ) F13} % (encapsulation)

1.3.1 IR E4x4 ( Physical Layer Standards)
I R P iR T DTE/DCE £ 1R 55 & A, B LM B I RE M 2
FEPE
® LM (Mechanical) : & LT3R b FFHE , 040 R A 50 i B HERR IO R AU SR
® 15 (Electrical) : R 0/1 & L EVR#E,
® ifiEf (Functional) : ¥ # N 8 — &5 5 R BAE TIER AT ZIRE,
£¢ EIA/TIA-232 1 DB. 25 kv 2 24 Fl k{6 % DTE/DCE f9{5 5,3 S & %
£ DTE £k B F DCE {5515 SEARMERNEHES.
® HLEE M (Procedural ) : 5 i BUHE 1% it F AR 7 A IKUF o
B EMAREEEE - GME S, B DTE, &S i & B DCE, X ik
SR RMED ., R 12502 7 MR EHOYEERE, TR 14 25 H N #E

2% ( connector) .

Table 1-2 WAN Physical Layer Standards

Standard Description

7 30 BE B8 T BB A, ARV 25 B D R AR LR 5 B AR I ik 64kbps. LART 8RN
RS-232, ITU-T V.24 Mt —H .

EIA/TIA 232

EIA/TIA 449 ETA/TIA 232 W& ERRA (B & 13k 2Mbps) . @A 36 47 D % EHEEEIL,

EIA-530 HILP A, BB FRA RS422 f1 RS423,

EIA-TIA 612/613 | BB #4780 (HSS) o £ 50 # D 4% 48 b R L3 B i 15 52Mbps B9 LR % o

FIT B R B sc e iy ITU At 7ERE, V.35 B RS 5K i 48 FE 3 T
L2351 DSU R B D AR 31 34 BHIE T 36 e85 , & s 22 7] 35 48kbps,

V.35

MTFRLEEEGEHN ITU-THRdE. EEA IS D EZH, AMRBNEERSE
HEHTHRMAE &,

X.21




F1F JHEREA

MEEBRA— HN -

; ::;;-__1 EID)
EIA-613 HSSI Male

==

V.35 Female

X.21 Male

EIA-530 Male X .21 Female
Figure 1-4 WAN Connectors

NOTES: Synchronous serial interfaces have either a DB-60 or DB-26 connector for vf‘c’unnectiﬁg

to Cisco routers.

1.3.2 ¥ #E# K E+54 (Data Link Layer Standards)

3l ) 504 i U PN SUE SCAN AR B o A o B o R 3 L, LA A i KA 2 ot
fHLH] . HAR R £ Fh K [ B9 B2 AR, B 4 ISDN | i b 4k ( Frame Relay ) 1 5 4 % i # 5
(ATM) B ©ATT L #B A FH A [) fr ik A G it AL o), B /8 2% %4 45 % 425 ) ( High-level Data
Link Control,HDLC) ,3X f& —> 1SO #7 %, 8 % & HDLC ) — /> FE &, i 1-5 iz .

Dedicated Q) Cisco HDLC, PPP, LAPB
Point-to-Point ]

Packet 24 X.25,
Switched Frame Relay

Circuit
Switched

Figure 1-5 WAN Data Link Layer Protocol

1.4 )7 EHE (WAN Encapsulation)

KT A PO R B RO BB B b AT A e, B A P 4% R A i B BHE R B )Z . B
A% B 2 3 — WO B2 0 4% J2 Bt , DU AT s AR A AN . O T B DR E R IE
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() 6 DI, A B ey 88 L6 2500 A AT B 11 T 8 T A 55 R B 20 L B 2 Y
HE PRI T S80I B AR N 5 VA o BT TR AT G5, K B RTER B T HDLC 47k

1.4.1 HM#% 7% (Common Encapsulation Methods)

T H AT O R AR R B T 1 F A B E . AE 1979 4, [l B b o 4k 4 41 (1SO) fd
HDLC bR Al , €4 g — Flvb o (0 11 16 b 45 0 5008 6 B 2 D10 80, D S0 85 1) 46 o A7 0 6k i
R o K UCRR AL A8 M R 2R T HDLC, 3 B R T i, [ 1981 41U
K ITU-T R Jg T — R 51 iy HDLC JR 4= Phisl, BR 4y 6 B B A DX ( Link Access Protocol , LAP)
X. 25 {d Fi] f) - U6 % 42 A a7 (LAPB) ISDN i i 9 D {5 1B 55 B A 72 (LAPD) |3
il e R0 A 5 B AR R (LAPM) 0 A2 V0 28 6 D 11 50 0 450 B0 3 ( PPP ) g o 4k e K 2 A
AR (LAPF) 0 2 —SedR A I 0] 7. % 13 R R Bk,

Table 1-3 Common Encapsulation Methods

Protocol Description
= i il HDLC ( High-level Data Link Con-
FOUHIB KB HDLCCHighelevel Data Link Con- | o o 35 b a9 5 4
- 15 = i D LAPB ( Link s Proced
ifﬂiﬁﬂﬁ?ﬁ)\ﬁﬁ APB(L Acces cedure FIF X. 25, 5 J T b & i 4]
Rk 5 LAPD ( Link Access Proced
pigioamimeaialasis 52 RO R ISDN i 00 W 00 A

oy v 4k B p% 4 A 3 B2 LAPF ( Link Access Procedure

for Frame Relay)

A Fwiirh 4k DTE 1 DCE Z [, 55 LAPD 24p)

- . . . RTS8 B F 2% B, 42 45 AE L B i 4k
I Y -to-Point Protoco
43 g M PPP( Point-to-Point Protocol ) N
V4 A1 f # LAP Link Access . R
ifﬁfffﬁfmﬁ" FLRR LAPM CLink Access | v o 0.2 69 0 B8 B0y 0 18 D86 B 10
1.4.2 HDLC

HDLC 5 A o] S 2 T 55 o 1% 5 8008, D9 A0 4 77 P 080 B 6 08 2 o 10 £ 2
BLA o HDLC 5 SCT 55 2 WSS H , 88 i o P DA R0 87 0 4880 7 5 47 97 B 4 o A 22 e
il AN R R WU 2 T, s XA D

A 1-6 i/  HDLC WOE 5 LA — 1 8 HORFBR G 7 B 43 FISE R : HOASAESR 01111110 5%
TEV6.(16 JE]) o i1 S bR AR ot AT A th BLIX R 2, B L& 3% HDLC 1) 2 4538 2% 76 5008
TBUPEES A TRHEA 1AL 0 A 3R SEBR B ARSI R A I BEWUR . Bk R A%

| Protocol

Figure 1-6 HDLC Frame Format



F1E® JHAHAK

NAEBERA— BE

AL Y — AR A — D2 G & 2% B B — S WA 45 R AR S AR T — A i
AR/ EL 0
AR A I AN i B (A ES P R R B XA F B, ERKER 1
2, B s A 28R, T DURAE B AR WU E e i, TR R 1T
YT RN BB 1 RGUE 2 N Huhk o BRI ] B A R R FR A TSk (Frame Header) .
il <7 BB T £ A0 2 2 1 B L SR IS R 18 O PR 0 AR AR B AL 1 RS 382 37 (FCS)
N2 K4 FHRKN TR
PR i) HDLC Ji A AN 345 AE B — 6 3% 0 A% i 22 R B 3, 3X 2 R O HDLC 2 AR 1R i 465
A7 BN PR, Cisco $2HH T —F £ 4 19 HDLC fiiA . Cisco (¥ HDLC WPl T — 1%
AR TR, XA TFBER T — AT B 8 HDLC 75 [R] — 4 3% v % i 22 7 9 4% J2 D 308K
ik AT fE . HDLC J2& Cisco B% i #% 83 4782 11 BRINAY SR — )2 BB U,
HDLC 5& L7 = R0 2 AU (g ot 4 & 1-7 Fir /i, B — it 2 R0 30 00 A A [R) A6 4 i 2 Bt
X
® {FH RWTCI-0) Syl S35 AL 4 B . BRI T AT DA b 5 R R A A O R 4 A
i R 4 T AR
® UAEMI(S-WT) o 7EBA AR B, S E AE SR T I R/ R AL
® J4iTmi(U-i) . AL TAN AR I DIAE . iERRE ., RBFEARRT R
i T 11 2 Y

| 1 or2

Flag | Address Flag

- [-Frames

|
or
ox0F | 0x00 | 0x0800 | <——— Cisco Frame

|
l
| 8 [P s]o] 1] ——  sFrames
l

code l P |codc| 0 | 1 I —~——  U-Frames

Figure 1-7 Types of HDLC Frame
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NOTES. HDLC is the default encapsulation on synchronous serial interfaces of Cisco routers.
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1.4.3 Pl H HDLC(HDLC Configuration)

BIAEOL T | Cisco BE A 1E 7] 2 (synchronism ) B3 474 B R F Cisco HDLC 8347 $ % J7
Moo AT AN R AT HE 1 BEC TAH b Y R DI, 3 I R T A 5 B R B ke [ R
HDLC., W R 3 A 3 47 8 1 9 B2 TS B AR . SR IS % A encapsulation hdle X 4% 4% 11 fig &
fir %, 558 5 1 Bk HDLC

router( config) # interface serial [ slot_# / | port_#

router( config-i f) # encapsulation hdlc

Cisco ) HDLC J&&— 4> 2 8] s UM, 0T IFE BT & Cisco 46 Z MM AL AL EF &, W
RIATE— BB LRCE T HDLC B35 | T 75 55 — 3 3F B4 it B L 364 2 5008 4k B 2 0 2
Mo M5 —HAE Cisco B AR, 74 19 PPP PMSUR — /4N 8 ol 47 10 1 4%

NOTES: Use the show interfaces command to see the encapsulation type. Use the encapsula-
tion hdle command to change the serial interface’s encapsulation to Cisco’s HDLC. Please nate
that if one router is a Cisco router and the other a non-Cisco one, the physical layer will be up,
but the data link layer will fail (down).

1.5 )7+ (WAN Connection)

VBRI AT 20 R B 7 X T S o R AT B A LA (cost) IR
TP DU /N5 T 5 i 4 i AR

NOTES: The most important factor in choosing a WAN service is cost.

1.5.1 H %35 # ( Circuit Switching)

6 A2 4Bt ( Circuit Switching ) FHF 8 7 M4~ AS 17 358 245 1] 0 45 355 s B0 e B . 765 I 10
AR T U 22T 5 B 5 5 B A ORI R 0 0 7 0 0 1 A B
ISDN B 2t b0k 5 ok 58 i H B 50 5 3o P 6 4% F TR A9 26 780

© b AT B X FE A O A R Ak S S AR R R AL R B iR

P PR A 3 1 % =X L 3 IR 45 (Plain Old Telephone Service , POTS)
® [0 AT X B ISDN LA 3 #3921 ( Basic Rate Interface , BR1) 2 ISDN
HEAF R AE 11 (Primary Rate Interface, PRI) $% 5% 82, & 148 L2 5E 45 55

H 1 3 G ST P T A R R o IR 4 4 O T E AT 9 R It AR Ak A 5 e
(Permanent Circuits ) , X % ] ( dedicated ) 5§ # F1 2% ( Leased Lines ) $2 4t b A2 ¥ =X e B o0 15
(0 a] AT B8 o (B A LB ) Bt

1.5.2 454335 #% ( Packet Switching)
DRI Ay I3 245 v 0 80308 DA 2 2 R 1, A 5 6 X, B 2 A A K H B L D P R B S A



