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"1.2 ln~ij~11''UnH\:n;'·rw 'il1mY1m~ij~h(5 f1~U'U'U)~ .
Subteriber line

Cared party

Tll.
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1.7 ih11J CSMAlCD ~~1~\lfll,*~1'W(disable)1'WIOGigabitEthernet (5 fl~tL'W'W)

f18'U

1.8 1.JtlmY1m~~'r;111Jl'HH~1Jfl111J~~11l1fl1 Gbps In'W10 Gbps miul!mJ 2 {ltl (5 fl:tL'W'W)

f18'U

"2. l'I~~tl1.Jfhm1J9itl111il
_ t d •.I~.d 1lJ ~ 1 ~ d , "2.1 ~1J'YItL'r;1~~timeslot 'UtI~'YI11l"ll"lfltL1.J1.JCBR 'lf~1~1~1Jt1"'1 'Wfl11~'Ul1Jl(l~'UtI~tL~"'~~'lf"''''(t)

d", 1 ~ cI I '" "1 ~ d ~ "1 ~ d(slot 'YI1Jfl1m1~~1)ll~tL'r;1~~ml1'W111J~'lf"''''~1.J1~'YIt1J'Wconforming cell tL"'~~'lf"'''' ~1.J1~'Y1

~n'Wnon-conforming cell i~fJl,* Generic Cell Rate Algorithm (GCRA) ~~ij flow chart fl11. . "
ih~l'W~~~lIVi fhl1'W~1..r'W111ij~~tI{Viln'W{ltI~fl"'~'UtI~CBR ijfll~~il T(PCR) = 5 cell time,

T(PCR) = 2 cell time (I5 fl~tL'W'W)



Ivd 2 Generic Cell Rate Algorithms (GCRA)
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"!ftl .........................................................•.•....•....................................•... 'j '11ff .

2.2 'j1J~ 3 Uff~-:J'Vl'jlvJVlfH11J1JVariable Bit Rate (VBR) ~-:Ji~'j~1Jl1m'Ufln1tl1J1~-:J'Utl-:Jufi,,~
v •

"d", , !lJ d '''' ",!lJ d ~ "191"" (t) (slot 'VlJJflnll'j1-:Jl) ll-:JUff~-:J'VIl'l1U11JJl91"" ~1Jl-:J'Vl11JUconforming cell U"~l91""

,~,j'l-:J~l~U non-conforming cell i~t1',*Generic Cell Rate Algorithm (GCRA) ~-:Jii flow
I I I 'JJ

chart fl1nl1-:J1U~-:J~1Jn 2 ('uttln 1) fil'11U~"H~1'jlij1fltl1n1~utmlfl"-:J'Utl-:J VBR iifil~-:JU

T(PCR) = 1 cell time, 7(PCR) = 0 cell time

T(SCR) = 3 cell time, 7(SCR) = 3 cell time

t (cell time) •

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

t = 1: TAT = 1, conforming, TAT = 1+3 = 4

t = 2: TAT = 4, t+ 7= 5, conforming, TAT = 2+3 = 5



.di d .e::t. tlQJ .J QJ 9J 0 9J 9J 9J
2.3 ttl'YI!'O:JJ'ff111'lf111lflH'j1J'lJt>1HI1l1f) source 1l1'U1'U N source m'IJfl:JJ~1l1f)'YIf) source l1fl..:)f)1'j•• •• •

d":)flflf)1l1f)'YW{l1l~rnn'U l~t1~""l'jliJll1fl{~l~'U.f(fll1f)~":)'lJfl":) VBR 'lJfl..:Jsource U~~~~1ijfh

PCR = 6000 celUs SCR = 3000 celVs MBS = 200 cell
.e::t. tld?t 9J tI rI .di d .e::t. tllCI QI J

U~ ~ .•••1'j 1:JJll1fl'j 'YIllJ'U'lJfll1f)~..:J'IJfl..:JVBR 'IJfl..:J.•••fl'j l1lfll 111111'IJfl..:J!'O'YIlfl:JJ'ff111'If:JJ~..:J'U



3. )'tJ~ Uff~'l~'U~o'Ufl1nhnu'IJo'l voiceband modem ~'lt~mJ~ON1'U),::1J1JPSTN 'iI::t~'Ul~"hii.. . ~ ~
fftyqJltlJVitJ),lf)~ l'U~tJ 5 ,r'U~O'U(stage) ~1vn'U'iI'l~o1Jf'hm:u~o ltJil

w.0 1 1 II

lime
t~.

lime

Sta e 3
~

\u.L
lime

~
lime

1'l1~4 Signal stages
. ~

3.1 ')h1:U~O'll,* LP (Low Pass Filter) Vi4 kHz lflf) l~l,*tn~o::l)'<li'U

3.2 'iI'lOilJlVtJ),1f)~fl1),W'IJO'l~'U~O'U~ 1 0'1 5 (t'lf'U OilJlVO'lfftytylW~tn~~'U 1~1J1

mh'll)' iifu)9;m)':uorh'll)') (10 f1::U'U'U)



~tl 'j" 11~ .

4 ~t1~ ll~llhdl Hybrid ";1'V1'l!1~'Ufl111~mJfitl~ltJ2-to-4 U~~4-to-2 0 1l'ltli'U1tJN~'IJtl'lfl11";1

Hybrid (L'liu 'ti1'1J~tl'l";l N~'IJtl'lflWti111JU~U)(10 f1~uuu)



~t1 ';;'11ff .

: PSTN,,
How wires are connected

fl.Hi 5Principle of voiceband modem



"5 'illf1 Leaky Bucket scheme 'il'l\9l'fl'lJfhtllll~'fl i'lJi!

lost token due
to full token

M = the token bucket size
K = number of tokens in
token bucket
~ = a token generated rate
'A.= an average cell arrival
rate
••= ~n ~vp.r~O'p. ~p.ll

Ivrf 6 Buffered leaky bucket without data buffer Scheme

~'lJ-iJl'1'lJ'\.mff~'1 leaky bucket without data buffer or unbuffered leaky bucket without data buffer

scheme. Tokens Qf1ff!1'1~1t1ij\9l'I B u"~Qmn'lJ''\.J token bucket which finite capacity M. 01'Hlf1 token
d Q,I ~ I '" ~. "..c:I " Ibucket l\9lll<fiT >M) token tl~ i'lJ'il~Qf1'Y1'1Arrival cell ffllJ1'I~1'\.Jl't11"J:lm'fl'tllt1'~'Hlf1ll token tll'Hlf1 ill

..c:I 6' e: OJ .et

II token lC)1""'il~Qf1'Y1'1'Y1'\.J'YI

QI 0 jI jI e::f jI

'illf1'H'lf1f)l'I'YI1'11'\.J'tI'fl'lleaky bucket without data buffer 'IJN~'tJ fNA'IJ{)'tJTransmitted cells rl1EnJ cell
JI

1 ~ , ~
number'l-J 'tJ diagram 'IJN'l7-J'tJ (l 0 f1~U'\.J'\.J)

Arrival
Cells

<f- Number of
Tokens in Po

Tra~:I~ittfsIl I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

Ivrf 7 for question 2.1
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"_ljI 1-=S.ot:S

ilJ'tIl~~l~lJ f1ij leaky bucket with data buffer or buffered leaky bucket with data buffer scheme Tokens \lfl

~~1~~1t1flm p u~:::\lmfhJ'lJ token bucket with finite capacity M. ~1 token bucket 1~1J (PT > Jvf) token
Q/ 1rI ~ I \I) fjJ ~ Q/ .eI • lI) 1.cI

tW'1llJ'iJ:::\lfllN Arrival cell 'iJlfl data buffer NllJ l~~1t1ijm ~ 'I11fl1l token UfI'I11fll1J1J token data 'iJ:::\lfl

l~1J'lJ data buffer ~~ii'tllJl~ M 'I11fl data buffer ilh~1J ( N < M) U~ data 'iJ:::\lfl.yf~'I11fldata buffer 1~1J (

N>M).

6tVal~mClc~:~:
lost cell due
to full data

R
lost token due
to full token

ilJ~ 8 Leaky Bucket with data buffer

N = number of cells in
the data buffer
B = the data buffer size
M = the token size
K = number of tokens in
token bucket
f3 = a token generated rate
'A.= an average cell
arrival rate
J.l. = an average cell
transmitted rate

Q.I 0 "!J/ ~ j/

'iJlfl'l1~flfl1'j'Vn~llJ'tIij~ leaky bucket without data buffer 'IJN~U fNl'IJUU Transmitted cells 'W'HnJ cell
JI

, !J/ , 4

number M ,U diagram 'IJ1'1i:JNU (10 f1:::UlJlJ)

·val
ells

<;f- Nwnber of
Tokens in Poo

T Cel~ttf511 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

zI1~9 For question 5.2
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V16l.!'Y1 2 'YI~'t'i~~ 7 'tI6 (6-12)
"6 'il.:Jl9ltlUrlltl1:IJl"itl i'lJu

"" I 1 91d..,j ''''' "~i 191 "'I 91 "'I "" " ~6.1 'il.:Jtl1i1JltJ11t.•••'jl~m9J \9lfj'YIt'lftl:IJl9ltltllHl9lmtUI9l \9ltJ 'If ADSL M'ffl:IJ1HU'Ulfl.:JtlUtl9ltl'jtUI9l

'j) Q.I 'j) QI tlJ i"d1"· 1'" do QI

.•••'jtl:IJflUfll'j1'll'.:J1U i'YI'jfl .•••'YI.•••U!lU \9lfl.:JU:IJ11'il~ 'lff.}'fflm\9ltJ1flU (5 f1~UUU)

6.2 tli1JltJ~tl~'Utl.:J ADSL trlmmtJ1JrntJ1JflU analog modem :lJlmh.:JU'tltJ 5 ~tl (5 f1~UUU)

f1tltJ

6.3 Vi1JltJfll'j1-N frequency spectrum 'UV.:JADSL (5 f1~UUU)

f1tltJ
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7 'j1J-YiUff~"m'j~~9i"m'j',*nu ADSL 'iNflflm'hm:U~fl'lJil...

11ld 10 Configuration of an ADSL access

y

7.1 lh':U"'fl"~~9i,, POTS splitter U~::'Nfln1.J1Umnhnu'IJfl" POTS splitter (4 fl::UUU)
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11lii 11In-home cabling system for splitterless ADSL (G. lite)

~ 0 ef 9J d , .q ~ .cfdl' 0 ~,., 'JJ

8.1 'l"V1i1JltlfllHn"1'U 1~tl"lfl'Hm'U11!'Vt'jl~m91 1~fll'j91~91"U1J1J'U'l" i1J'llnJ'U91V" 1"lfPOTS•



~ 1 1 ","; I 1"~" ,,, """" <I i" 1 1 1 '"8.3 VDSL !lJ'U!l1f1 'U 'fUll1'll'1VlfP-lt'll'ffl1Jl'Hlff'l'U61J'fI~'iI~Hn'lfl111H'j1ff'l~ ~ml1f1 'U 'fIV•• •• ••" .
VDSL ,r'U'j6'11lJfl1~Hi'l,rmJ'fI~1V bit rate .yj~'1fl'h ADSL !iYVflflU91,r6~ln~'U6'1 VDSL ~

<!I ,~" "'''1'''''' "'. I " "1" 11"f16'j~V~l11'1'j~lf11'1P-lt'll''11'UfllJP-llflJ'jfl1'j 9l16V1'1!'ll''Umfl916'1fl1'j~11'U If'fl~'U61J'fI~v 'll'•• •• ••
9J CLI a_I 'Y1" "'''1''~ oQl'VDSL ~1V691'jl!'j1lJ'j~1J1W 13 Mbps 'j~V~111'1'j~lf11'11ij'll''11'UfllJlijlflJ'jfl1'j'il~Qfl'illfl~6~

~ 1 n1'f1!1J91'j'iI'16i1.J1Vil!'W'jl~m911~o91'jl!i1'U6'1fl1'j1,* VDSL ~'1(lfl~ln~~1V'j~V~111'1 (5• ••



9 mfli1J~ til'\.!fl1'j~~i~ ElfTlleased line U'l~ TI-HDSL (i~ HDSL U'YI'\.!Tlleased line) 'J~tll'\.!'h

91 '191 91 '19J'l ~ i1 <!i <!I ., '" '191
l'i1fl~tl~fl1'j t"ll'HDSL U'YI'\.!Tl 'J~~tl~ t"ll'tlJt~lJ HDSL f'l~'l~ 2 tmtl~mlJtl'\.!fl1JmW'IJtl~fl1'j t"ll'Tl

leased line l~u bit rate 'lJtl~HDSL 'J~tl~~ 1.568 Mbps i'\.!'lJw~~ bit rate 'lJtl~Tlleased line 'J~tl~

~ 1.544 Mbps ~~(itl'him~/tfiu~n'\.! '\.!tlfl'JlflifiJ~i~iY1U'YItl~U~~2 ~t'Hijtl'\.!n'\.! 'Hlfl~~1J'j~t~'\.!t~tl~

bit rate U"'1
9.1 'J~tln1J1U11fl1'ji~Tl-HDSL iJ.ij'tl~fl11 Tlleased line mh~lb(5 f1~u'\.!'\.!)

"9.2 ~li~ HDSL U'YI'\.!Elleased line ~~~~mh~~hiM'11~fl1V'l1J'j~fltl1Jthtln1J1u(5 f1~U'\.!'\.!)

Elm
leased line

. "
l'l.H1J2 fJ1'j~~;.J EJ/TJ Leased Line tW~ TJ-HDSL



10 'il'ltJnmmmmYitl1.Jfl1111U91nfil'llu 10Gigabit Ethernet l.h~ntJ1.J~1t1 10GBASE-SR, 10GBASE-LR

U(l~ lOGBASE-ER (10 fl~UUU)

II

11. 10 GbE ffl1111f11,*n1.Jtransmission media '~'t1(lln't1(lltl'l1iJ~ 'il'l 91tJ1.Jfl1fIl11fitJ hJi1
11.1 IEEE 802.3ae ,,*n1.J media 'l1iJ~1~ (5 fl~UUU)

11.2 IEEE802.3ak ,,*n1.J media 'l1iJ~1~ (5 fl~UUU)

l'ltJ1.J



11.4 802.3ap '~nlJ media 'lfU~'~ (5 fl::UlJlJ)

11. ~l'jl~~ 1 Uff~~fl1'jtmtllJtlitllJ'j::lYil~ lOOOBase-T nlJ lOGBase-T Ethernet ~N~tllJfhm1J (A), (B)

Ul;l::(C) 'lJ~l'jl~ (lO fl::UlJlJ)

1*~HU£.T 1OGBASE·T
S-Ievel coded PAM signaling
(2 Information bits/symbol)

a••tate 4D Trellis code across pairJ

Full duplex echo-canceUed
transmission

125 Mbaud. -80 MHz used
bandwidth
No FEXT Cance'~\q\\~ __ *ww

P11'HJrf 1 fI1'jlm(J1Jln(J'lJ'j~'I1'jN lOOOBase-T t1'lJ lOGBase-T Ethernet



12. ~tJ'fi\~cil'l'ci'U~~~f11';ji'mi~~'m.d'l'Utl~Gigabit Ethernet ll~u~~~,..rn'hr.h

~1lJ1';jtll'h,..rtn~111lt~11Uf11';jff~~tl1.d'ltl'hn1J1,000 Mbps 00 f1~UUU)

~r
ca1liQOfY5 UTP
fUl.du~link

1000BASE-T

Coding

CD
~

G
[3]
5-Level

PAM


