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Abstract

With the blooming of Internet application services, the Internet traffic flow
increases dramatically and the traffic flow from inter-network transmission also
increases rapidly. Not only the basic data transmission but also some multimedia
services (such as: voice, real-time video services) are also carried on the Internet.
Henceforth, to provide the QoS-provisioning services, the larger bandwidth capacity,
effective QoS-provisioning service framework, and traffic control mechanisms are the

primary requirements in the design of the Internet.

The three-year integrated project is intended to propose an effective solution to
provide end-to-end QoS guaranteed Internet services and the corresponding research
interestings are: the traffic characteristics of the Internet services, a QoS-provisioning
service framework and the traffic control mechanisms. The subproject one is to study
the high speed Internet routing techniques, the QoS-provisioning traffic control
mechanisms and the network configuration. To speed up the Internet routing, 2
possible techniques will be proposed to improve the performance of the router: faster
the routing path searching techniques and layer-2 high speed switching techniques for
replacing the layer-3 routing techniques. A precise and effective control admission
control (CAC) and usage parameter control (UPC) will be also proposed for providing
differentiated services. The subproject two is to study the self-similarity of traffic
characteristics of the real Internet services and propose an appropriate traffic model
that will be the reference model for other subprojects. The subproject three is to study
and design the multiple field classifier and scheduler for the routers that provide
differentiated services. The subproject four is to propose a persistently stable, efficient
multiple access scheme for wireless networks, capable of providing signaling traffic
high performance while retaining maximal throughput for local wireless networks.
Many possible configurations will be verified and the most appropriate one will be

proposed and implemented by hardware and software.

Keywords Routing, Multi-Protocol Label Switch (MPLS), DiffServ, Edge Router,
Core Router, Multi-field Classifier, Scheduler, Traffic Control, Call

Admission Control, Usage Parameter Control, Self-similar
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1-2. (Unicast Routing) TCAM-based

TCAM (Ternary Content Addressable
Memory) TCAM
(Direct TCAM Match)

TCAM
[2, 3, 6]
1P Destination IP
IP
(Indirect Lookup)
Content
Addressable Memory, CAM
CAM
TCAM
(Ternary CAM) CAM
don’t care ()
IP Routing Table
IP IP
IP IP
1P Longest Prefix Match
IP
IP TCAM

IP

-10 -



TCAM IP

IP
Routing Table
TCAM
TCAM
— TCAM
TCAM
Priority
2
i b (Router) pi
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AADS Mae-West PAIX
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Huang’s [3] 599K 610K 507K

Chen’s [6] 659K 781K 543K

Priority TCAM 423K 463K 377K
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wa || 0, : s [ VU
Transfer) . (WFQ or
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0: Block diagram of the output module
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IP Route IP ATM cell ; 0(a) (b)
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IP Route ATM cell
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IP Route
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(b) Partial VC-merge with

Single output buffer
Input Cell Output Cell
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Stream to a Stream of a
Specific Table Specific Port
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(d) Non-VC-merge

0: Three types of VC-merging and one type of non-VC-merging

[7]
[4] Input Model Cell-interleaving  Input Pattern
Partial VC-merge D-BMAP/D/1
D-BMAP/D/1
® M  IP Stream M  ON-OFF sources ON OFF
(Geometrical Distribution)
L ON IP Stream 1 ATM cell r OFF
IP Stream 1 ATM cell (1/r) ATM cell
interleaving
) ATM time slot 1  ATMcell
[7] D-BMAP (Discrete — Batch Markovian Arrival
Process)/D/1 oM™
OM?) M ON-OFF Source
r IP interleaving
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Buffer Size Cell Loss Prob. ( Cell Loss Prob.

10° Moment-Generation Function
D-BMAP/D/1
(Output Buffer) ATM cell
Cell Loss Prob. ATM-LSR
ATM 50-70% ATM cell
VC-merge IP Route
0 VC-merge ATM-LSR
overflow
0
1. VC-merge ATM-LSR ATM
0 overflow 10° ATM
3900 ATM cell ; ATM-LSR 520 ATM
cell
2. cell-interleaving (r )
P cell-interleaving
ATM 50%-70%
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3. MPLS (Protection) (Path
Recovery)
MPLS
MPLS
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Backup path
(Head-end) Re-Routing Model
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Backup path Backup path
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Backup path (Availability) —
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balancing) [17] Working path

(Throughput)
OSPF
LSR
LSR Working path ~ Backup path N N>
1 Workingpath M M2>1 Backup path
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path  (Bottleneck) BW  Delay Traffic
Throughput
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Backup path Backup path LSR  Database
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Signaling Protocol Monitoring
RFC2205 E-RSVP 30 LSR (Link)
State [21, 22] Node Link
QoS
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4. DiffServ

(Traffic Conditioner)

micro-flow Cell Dropping Precedence
(Fairness) (Traffic Conditioner, TC)
Traffic Profile
micro-flow QoS DiffServ
QoS QoS CAC
Scheduling Per-Hop
Behavior IETF DiffServ QoS ITU-T
ATM GCRA UPC
Single Rate Three Color Marker (SRTCM)
[34] Two Rate Three Color Marker (TRTCM) [35] Time Sliding Window Three
Color Marker (TSWTCM) [36] ATM
TRTCM
DiffServ
P c
Token Token Bucket Condition/State Token
Pf//?\ o | — Input _— _— Output COI’]SL:]mptiO
T K . rnu,:;:f r%:;:z Green | Tun s T
E g g < Red (none) e
— L L Toum pZ T
Peize e
%(E T”%Z;Z’; Red (none) }Demotion
Tp e Red Red (none)
PIR: Peak Information Rate PBS: Peak Burst Size
CIR: Committed Information Rate CBS: Committed Burst Size
0: TRTCM
0 TRTCM Token Bucket
(Conforming Degree)
(Service Class)
DiffServ (Green) (Yellow) (Red)
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(Service Class)

Traffic Profile TRTCM
TRTCM Color-aware TRTCM
Traffic Profile
Traffic Profile
Peak Rate Token Bucket
Output
Traffic Profile
TRTCM
Token Bucket Token
Token
Traffic Profile
Conforming Degree
Conforming Degree
TRTCM
Token Bucket Token
Token Token Bucket
Token <
Committed Rate Token Bucket Token
Bucket Token
Token Bucket Token
Token Input Toekn Bucket
Traffic Profile
[39] TRTCM
Output Output
Traffic Profile
Token Output
TRTCM
[37]
Conforming Degree (Promotion) micro-flow
(Fairness)
micro-flow (Fairness)
TRTCM Conforming Degree
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(Promotion) TRTCM  SRTCM
DiffServ Output Traffic
Profile Traffic Profile
Conforming Degree (Demotion)
Conforming Degree
Conforming Degree
Yellow Traffic Green Red
Traffic Yellow Traffic Green Traffic
Congestion Yellow
Utilization
0 Conforming Degree
TRTCM Token Bucket
Promotion  Threshold 0 T Token
Conforming Degree
[39] TRTCM
Traffic Throughput
P C
N CIR
N
T
L1 ]
L1 I
L] 1 m— PIR: Peak Information Rate
CIR: Committed Information Rate
[ T1 ) {0 PBS: Peak Burst Size
IP Packet CBS: Committed Burst Size
Tp Tc
0: Conforming Degree Promotion TRTCM
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( Arrival of a packet with color COL and size B at time ta )

X v
Tp := Min[Tp+(ta-LAT)*PIR, PBS]
Tc := Min[Tc+(ta-LAT)*CIR, CBS]
Tp:=Tp
Te:=Tc (COL=R) or
AT =ta (COL =Y & Tp-B<0)
Mark Red
Tp:=Tp-B
Te:=Tc Yes
— LAT = ta — or (COL=G & TpB>0
Mark Yellow & Tc-B<0)
Tp:=Tp-B
= Te Yes
— TETE le— COL=Y&Te-B>T
LAT :=ta
Mark Green

Tp-B<0 & Tc-B<0

No
Tp : Token number in P bucket
Te : Token number in C bucket S
PIR : Peak information rate B : Packet size (in byte) COL : Packet color
CIR : Committed information rate 7 : Threshold of promotion R : Red color
PBS : Peak burst size ta : Packet arrival time Y : Yellow color
CBS : Committed burst size LAT : Last packet arrival time G : Green color
0: Green Traffic Protection Yellow Traffic Promotion
TRTCM
Conforming Degree
micro-flow Conforming Degree (Fairness)
Service Class micro-flow
QoS
Traffic Source
(Congestion Sensitive) (Service Class)
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Conforming Degree

Service Class QoS QoS
micro-flow  Conforming Degree
Fairness
Conforming Degree (Promotion) (Demotion)
Fairness Conforming
Degree
Hard-decision TRTCM  Conforming Degree
TRTCM Soft-decision (Random Early Detection,
RED) Bucket or
Bucket Token
Conforming Degree
Bucket Token Threshold
Color-aware Conforming
Degree (Promotion) Bucket Size

Lower Threshold
Conforming Degree
Demotion Prob. Factor Green
Yellow  Red Packet

Promotion-phase
Yellow Packet

Promotion Prob. Factor

Yellow Packet
Bucket Size

Demotion-phase

RED
Demotion
Higher Threshold
RED

Green Packet

RED Conforming Degree
Conforming Degree
DiffServ (Packet
Classifier) Incoming micro-flow
Service Class micro-flow Conforming
Degree Demotion-phase
Promotion-phase RED Service Class
Demotion  Promotion
micro-flow
Max-Min Fairness Fairness (Weighting)
micro-flow

micro-flow Conforming Degree

0
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TRTCM

eTC_PFG
Token Token
PIR F —
i CIR
/4 T r\ 7.
T o
promotion region
ms | T The
€8S |1 balance region
/A p— —1n. 7ic
demotion region I:Il:l I jemotion region B
0 |
Trum p Token_ Toum ¢ Token_
consuming - consuming
»  Green
; > Color Decision Machine » Yellow
IP Packet !
| Record Promotion/Demotion » Red
L . Unit Probability Generator
packets flow_id,
color, arrival time
Bucket Condition/State - Token
Conditional .
Input Output S consumptio
T probability
num_p num_c n
B 7-/7um702 TLC Green 1 7-/7um7p' 7-/7umic
7-num_p Z <T Green 1_P115m0_9(/) num_p’ " num_c
T num_c L C
L P P a’emgfg(/) num_c
Green Green 1-7, dema_g(/) 7—num_,') Tnum_c’
Premo o™
T < demo_g
mﬁ’i} 7-num_c < TL_C (‘Z_Pa’em@ y(/)) m-¢
N *
Red Pdema_g(/) Pdema_ y( (none)
J)
Tnum o > > T Green Pprom(/) 7-nusz 7-numj
T numc— "H C
LP 1-P prom(/) 7-m/m_p
Toum p = <T 1 T
T - num_c H C num_p
L P
Green # prom(/) rnum 1 p 7-num_c
(1P, 5 D)*
T < prom T
mﬁ’i} /7um_c2 TH_C (1_ P demo ij)) m-p
- _ *
Red @ PPfﬂm(/)) (none)
demo
Tnumfp < < TH . 1_Pa’em07 y(/) 7—r/umfp
num_c
T, p - - Red Premo ) (none)
Red -- -- Red 1 (none)
0: TRTCM
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TCP UDP A B Demotion
Promotion 0
micro-flow TRTCM
TRTCM Traffic Source
TRTCM  Output micro-flows
Congestion Sentitive = TCP QoS
UDP1
0(b)
TRTCM
Throughput
%4— DiffServ Domain 1 —>§<— DiffServ Domain 2 —»é

10 Mbps

(DS1)

(DSZ) 10 Mbps

(2 ms) . (2 ms)
Demotion F_’romotlon
10 Mbps 10 Mbps 2.2 Mbps
(2 ms) m A2 ms) m 5 ms)
TRTCM TRTCM
Parameter Value Parameter Value
CIR 1.5 Mbps CIR 1.7 Mbps
CBS 40 packets CBS 40 packets
PIR 2.0 Mbps PIR 2.5 Mbps
PBS 40 packets PBS 40 packets
TRTCM TRTCM
Parameter Value Parameter Value Parameter Value Parameter Value
CIR 1.5 Mbps MaXgemo g 1.0 CIR 1.7 Mbps MaXgemo g 1.0
CBS 40 packets | [ MaXyem, y 1.0 CBS 40 packets | [ MaXyem, y 1.0
PIR 2.0 Mbps Tu ¢ 24 packets PIR 2.5 Mbps Tu ¢ 24 packets
PBS 40 packets T ¢ 16 packets PBS 40 packets T ¢ 16 packets
MaXsrom 1.0 T e 16 packets MaXsrom 1.0 T e 16 packets
At 0.2ms At 0.2ms
0: TRTCM
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1.0m

1.0M : : . . . :

900k Q00K — — — — — — - ___ T yellow | |

800k 800K — — — — — — — — — — — — — — — — — - —
Fairness_index = 96.54%

700k 700k — — — — — — — — — — — — — - — - — T

600k BOOKF — — — — — = — — ——

500k BOOKF — — — — = — — — —

434k 450k 447k

400k 400k

300k 300k
200k 200k

100k 100k

TCP2 UDP1 UDP2 UDP3 UDP4

TCP1 TCP2 UDP1 UDP2 UDP3 UDP4

(@)

700k TRTCM : . . 700k ™ T TBTCM T

600K —————————— [ - - - - - - - - ————— - 600k~ —— - - - - - - - - - - - -
Fairness_index = 54.34% Fairness_index = 99.08%

500ki- ——————--—— [N N - - - - - -~~~ L e
Avg. throughput = 263 Kbps Avg. throughput = 298 Kbps

400k ——————-————— |- B - - - - - - — - — - A00kf- —— - - mm e mm e m————m - —— =~ — ]

341k 343k 345k

300kf — = —— - ————— 300k ———271k——260k— [N T I - ——

FOCCTTESTN—

200k —————————— - N B - - - - 200k

100k — = = = = ==~ — — 100k

TCP1 TCP2 UDP1 uDP2 UDP3 UDP4 0

TCP1  TCP2 UDP1 UDP2 UDP3  UDP4

(b)
0: TRTCM TRTCM (a)
A (b) B
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IP (Packet Classification)

(DiffServ)
(Traffic Flow) (Isolation)

Lucent Bit Vector

Bit Vector

false match
filter database
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1)

2)

3)

1000

1000

(bit)

1 5

intersection

GenerateSubtrieRoot(Cur_Node, Cur_Depth)
BEGIN
IF ( ChildWithPrefix(Cur_Node) == Max_Prefix Num )
GenerateSubtrieRoot(Cur_Node);
ELSE
SubtrieConstructor(Cur_Node->left, Cur_Depth+1);
SubtrieConstructor(Cur_Node->right, Cur_Depth+1);
IF ( ChildWithPrefix(Cur_Node ) >= Max_Prefix Num )
GenerateSubtricRoot(Cur_Node);

ELSE IF ( (Cur_Node == Trie_Root) &&
(ChildWithPrefix(Cur Node) !=
Max_Included Prefix Num) )

GenerateSubtrieRoot(Current_Node);

END

bottom-up

prefix
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4)

5)

6)

-4) -

32

IPv4

IPv6



Worst case (13322 rules)

$ 1000
%] ar i
g 800 E Worst case time memory
accesses of BV scheme
8 600 4 - .
@©
S 400 - | || |mWorst case time memory
o .
o accesses of Subtrie
GE.) 200 | scheme
S
o m

2 4 6 8 10 12 14 16
Included prefixes

0:

Storage (13322 rules)

[ Storage used in BV
2500 + scheme (Kbytes)

— — — |H Storage used in subtrie
I scheme (Kbytes)

*0 | 1 [ e

2 4 6 8 10 12 14 16
Included prefixes

0:

6. (jitter) (Scheduler)
(jitter)
best-effort Devrolis
AJP

(jitter)
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1)

2)

3)

4)

5)

Dovrolis

Ji(O) = —etD)J (1~ +e =D jp

Ji(t) i
Ji' i

-44 -
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6)

AJP
0
0
0 RO AJP
(link) 0
SO DO 1 S1 D1 2 S2
D2 2Mbps Pareto distribution
0 2 1 2 4
(50 — Ri EMbps/10ms (Do
it 6Mbps/10ms N
(s1 — R2 oMbps/10ms AP P RS ‘DI
S RO \\ A
|82 = R3 [GMbps/10ms | D2
0: AJP
0 AJP
AJP (operating point)
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Long-tarm Average Jitter of AP with K=9

0.16 : , |
e Class QLY —— ]
Q.14 r"‘"“"'ﬂf—mq_& Clazs 10209 ]
012 J
-V 4
=
‘g’ 008 + [ o
F 006 i
.08 b e e e |
0,02 J
] A k |
30 100 150 200
Time(sec)
0:
0
100ms 0 1 1
2 0
2 AJP
Short-termn Average Jitter of AIP with K=9
14 Class las} 2.0y
Clagk | X lask A2 —H—
12

Time({ms)

Tirmne(sec)
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7-1. (Markovian Process)

7-1-1.

[86] Paxson  Floyd 24
TELNET  FTP connection arrivals Poisson processes
protocol-involved packet arrivals
SMTP NNTP  FTP data transfers self-similar processes [95]
Poisson circuited-switched

telecommunication traffics [96]

( re-transmission )

Peha [97]
Poisson
Markovian
Markov Process
Markovian
exact  asymptotic
[91]

-47 -



first-order Markov-modeled network

Markov
Markov
Markov
Markov-modeled network
7-1-2.

X1, X, X, ... first-order Markov process stationary transition
probability T =[p,], p,; =Pr(X, =x, | X, =x,), {x1, X2, X3, ...}
Markov process X}

tth order transition probability T’ ( autocovariance function
for the initial probability # )
bit,m) = X1 - B il
“1” matrix matrix X
X1, X2, ... k)r =[ x1, x2, ...] Markov
Xi

asymptotic self-similarity for first-order Markov processes

Definition 7-1-2-1 (Asymptotic self-similarity for Markov processes)

Markov process X, Xz, X, ... asymptotic second-order self-similar
H ( 12<H<1, # )
by (O _ iy

2

b, 0.8

mO{,2,3,..}.
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SAS™

'S j i -INT m
(;(T )j’%% j-(s ) v(l=A")  v(1 =)

(

(mz_lT-/j = s{’g 1 —0/1'" }sl

m=1 m=i-1

> Y TXT |=S

- m 1-A"
h21 -

-1 (f(TT)f z%”Tfj?
m =
P2 (m_lm_l_lT-/XT"j?
m izl j=0
LRSSy BB
m i=l =0

transition probability matrix

T  eigenvalues S

Markov Process

1-A

h “—17 the matrix inverse operation
T  eigenvectors

v(1=A")

1-A

1-A

m(m —1)

hll 2

-1 (1-2)

1-A

¥

simple [98, Sec. 5.7]

N\

S—l

m_l

T T =

the diagonal matrix

1-1

- j
_/1) S—l

j hn{)l(l—)l"*)_m)lm

(m-1)

m

2
-

1=y

=

{5

i=

J

m=1 m—=i-— (TT)j %T'ﬁij - (S—I)T
1 j=0 m
v
=

h;  the component of H=S"'
the second component of S’ g

degree of asymptotic self-similarity

m 1-A"
-A (1-=-A) .
m 1-A" ) ’

V2
(I—A)zj (I—Az 1=-2)

XS locating at ith row and jth column
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lim m?b_(0,f) =

m— o

©, [B>1;
0, 0<p<l,

2
limm B, (0, = ELx 2] - 4 Hon)”
e (a+b)
N 2ab(1—a -b)(x, —x,)’

(a+b)’
_2(a7T1 _bﬂz)z(xl _x2)2
(2-a-b)(a+b)’
_2(am —bm,)(ax, +bx,)(x, —x,)
(a+b)’

2

a=Pr {X2=)C2|X1=X1} b="Pr {X2=)C1|X1=)C2}
simple transition probability matrix =~ Markov process
degree of asymptotic self-similarity

time-finite self-similarity

7-2-1.

Makov Erlang B
Erlang C

[99] Paxson
fitting Lau [84]

random midpoint displacement
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7-2-2.

fitting Sy(w)

Y[n] Si(w) X[n] Y[n]
Xn] H(w) Sy(w) = [Hw)[* Sx(w) [87]
H(w) H(w)[
Xn] iid
H

(/DN k+1F" 21k +]k=1"] for some constant ¢ > 0
Fu(w)
cll=e” Py |w+27& [ for —nsw<n

F,(wy=c|l=e 7" for —nsw<n

A Poisson i.1.d.

S,(w) = HW) [ S,(w)
= A Hw) = A 1= [

Bn]=T(n+H—-0.5)/[T(n+ ) (H -0.5)] for n=0

Q) Euler gamma function
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H=050 ‘Window size=1000 H=055 Window size=1000
O— 0=
e B, P ~E._
g -2 b - 8 5 -
.é i+ g Mﬂ“n“
o =8
:F -d- . :‘-, 4 “ay
= e 5 B
-G — ldeal - 5t — Ideal 5
:IE & Truncated ™ E - Truncated iy
-8 : ; -8
0 2 4 & 8 o 2 4 g
H=060 Window size=1000 H=070  Window size=1000
O=— Otg—o
- - - B,
g.2 e b -
_E B E g b - 1
o Ry ¥ = S
e “H, =4 b
26 — ldeal B 10 g — |deal H,
~ i - Truncated o Truncated
_El i L i _E i A E
0 2 4 & L o 2 4 (]
H=0.80 Window size=1000 H=080 Window size=1000
0 oy - o —— -
8 " 5 N
.E'? "B, E'E ﬁ"wh
"% - E& - ™
g ||[— ideal b f“ —— Ideal -
= - Truncated 3] 0 Truncated
-B -5
a 2 4 & 8 i) 2 4 (-]
0: Variance-Time Analysis for W= 10°. The slope of the blue line is equal
to2H —2 form < W, and —1 form > W.
h[n] (Impulse Response)
w (Truncation Window)
n>w h[n]=0 /4 m-aggregated
Cul0;17) 0 log[C,(0;109)]  log[m] 0<
logio[m] < logio[ W] 2H2 log[Cm(O;104)] log[m]
0 0 m
w " H
(H’H)/H H
m>W Cl 03 A(Wym'-By(Wym’
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0108[C, (M) _ _,,  By(W)/ A, (w)
0log(m) m— B, (w)/ 4, (w)

By(w) _ (H-0.5) (W+(H_1'5)j—O(WHH)

A, (w) H(H+0.5) 2
O()  big-0
P 0(0.5,1) (
m>Ww
-1+ BH(W)/AH(W) >_ﬂ:2H'_2
m'=B,, (w)/ 4, (w)
<< LB
2H'-1) A, (w)
( 2H' jBH(w)
2H'-1) A, (w)
:( 2H" J (H -0.5) [W L - 1.5)} _ o
2H'-1)| H(H +0.5) 2

w>0 0.5<H<]1

S (H -0.5) (WJF(H—I.S)] S BH(W),
H(H +0.5) 2 A, (w)

H=H m>Ww

(H-05 <15 7H _( 2H jO(WHH )
2 2H -1

w>0

-53-



m

H=0.50 ‘Window size=1000

m"\-\.
e, .
= B
-4 e
T =
E-E - hdeal e - N
o Truncated i
-8
0 Z 4 ]
H=0.80 ‘Window size=1000
D=
. ks -
E 2 *-El.,_h__ﬁﬂ .
.E "'.ﬂ-\-
-4
= HEH'E
E’-E - Ideal b =
O Truncated
-8
0 2 4 ]
H=0.80 ‘Window size=1000
- mlﬂﬁ}“=3“h
Al
k: ) 'E'-x
% B
'-—‘ .\..l.
_? - ideel s
O Truncated K
-6
0 2 4 &

H
H=0.55 Window slze=1000
=
- =
’ TEL
E 2 e
-6 - Ideal R\*l
o Truncated H
-B
1] 2 4 i
H=070  Window size=1000
O
. B
& s, £5
-2 o,
& m :
E"F_'.t "=,
g Ideal “‘xm
o Truncated .,
B i3]
a z 4 &
H=0.90 Window size=1000
O
E _n-_—LT__Er\.
g -2 B
& -
E:E.; L
g - Ideal ™n
o Truncated
-6
] 2 4 &

0: Variance-Time Analysis for W= 10°. The slope of the blue line is equal
to2H -2 form < W, and —1 for m > W.
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Window Length = 10*
Targeted H Resultant H’ Deviation
0.5001 0.5000961 =7.7984-006
0.55 0.5481199 -0.0034
0.6 0.5961926 —-0.0063
0.7 0.6909921 -0.0129
0.8 0.7809945 -0.0238
0.9 0.8599458 —-0.0445

0: The resultant H’ versus the targeted H. Deviation=(H’ H) H

7-2-3.

(burstiness) (correlation)
(Long Range Dependence)
H A
/4
/4
variance-time V-T plot R/S plot
periodogram plot 0

H
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Window Length = 10*
H used H resultant H resultant H resultant
(V-T Plot) (R/S Plot) (Periodogram)
0.5001 0.4913099 0.5423777 0.5149618

0.55 0.5243788 0.5839482 0.5433228

0.6 0.5661478 0.6248291 0.5953569

0.7 0.6860798 0.6991949 0.6902056

0.8 0.7558080 0.7792713 0.7968477

0.9 0.8662405 0.8784192 0.8822255

0: H used versus H resultant
7-3.
7-3-1.
(4)
wild-sense stationary (WSS) WSS
(decreases with power law) asymptotic second-order self-similar  Boris
Tsybakov and Nicolas D. Georganas [91] asymptotic second-order self-similar
process
(mutual information between two different instant values)
WSS  Gaussian process
(B) Nearly Independent
X, X, ..., X, Yi,Ys ..., Y, nearly independent
n Xn Yn

X =My Yy—H
PX,,,YM(X,)/)‘PX,,(x)Pyn(y)=,0n[ P PX,,(X)J[ P f’yn(x)J*'O(Pn),

Pn Xn Yn
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_ X—He | Y~ Hy,
pEl[ J, J[ J, H e, =EUX,), =BT,

Oy, :E{(x—,an)z}, and Oy :E{(x_luyn)z}-

(C) (Mutual Information)

Proposition 1 nearly independent X1, Xo, ..., X, Y1,
YZa‘-‘aYnaXn Yn

10X,:%,) = o3 +olpt)

(D) Gaussian random variables (Sequence)
X, X, ..., X, Y.,Y..,6 Y, are nearly independent
(X, Y2) Gaussian X, Y,
[80]

1 1
1(X,:7,) =~ log(1= 1) =} +olp)

X, asymptotic second-order self-similar Gaussian process H=1
B/2),0<p<1 Y= Xoms

£, = 8(0) = (k41 =24 +(k =1y} DHQH =Dk a5 & = o,

I(X;X,,)= —%1og(1 ~ g(kY") D%g(k)z 02H*(H —%)%'”,k - .

(E)
H
Wn]=T(n+H-0.5)/[T(n+D)I(H -0.5)]
for n=20 (D Euler gamma function [Mn]= j: e dt
Hw)=(1-e™)*" uncorrelated wide sense
stationary sequence Z[n] X[n]
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asymptotically second-order self-similar b(n)
h[n]=20 for n=0

1
Fi+H--)
plil= = (= —— D2
Z(;hz r +H =) (@+1)
for M -12i20 and p[i]=0 for i>M —1lor i<0 1i.d. Z[n]
plil X(n]=Y"" plk1Z[n —k]
| (ALl + k)’ i
[(X[n]; X[n +k)) EI i=0 _ DZHZ(H —E)Zk‘”,ask S o, M - .
Z [iT )(Zh
(F)
X, X0, ..., Xy Y, Yo, .Y, , X, Y2)
; Xn Y,
I(X,;Y,) = h,(4, )= U b, (4, + — My )h,(1- ——),

, hi()) binary entropy function, Uy = E{X,}, p, =E{Y,},

r, = E{(x = fy )y — Hy)} n . T :
I(X,;Y)Op?/2. , X, asymptotic second-order
self-similar H=1 (5/2), 0<p<l,

I(X,;X,.) D%p,f D2H2(H—%)2k‘”,ask ~ oo,

7-3-2.
asymptotic second-order self-similar
(mutual information between two different
instant values) nearly independent

Gaussian
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(binary) asymptotic second-order self-similar
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8. QoS (Multiple Access)

(WLAN)
(QoS)
(PHY) WLAN QoS
QoS MAC
QoS QoS
MAC
(HFCA) throughput
HFCA QoS WLAN
HFCA
HFCA
slot
slot 5
5
(HFCA)
MT
(idle) (success)
MT
HFCA 0 (admission) (resolution)
MT
blocking probability QoS
HFCA HFCA
MT HFCA
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Frame n-1| [ Frame n >
Reservation Access HFCA Scheme
<l_ieservation Bandwidtll> Contention Bandwidth
(for CBR/VBR/ABR) (for Signaling Traffic)
[ 1 | [ | | | [ |
— Pli P2 iPli P2 iPLiPli P2 -
Time > SRR I R D Rh >
Legend: P1: Phase one; Movable
P2: Phase two;
0: HFCA
N=N-m
............... | Yes
CS-Aloha CS-Aloha Dedicated
| Access Access Slot Resolved
(P,) (F) Access (G=0)?
L=0
[>2 & L#G-1 L=1
Phase 1 - Admission ______________ Phase 2 - Resolution
0: HFCA
MT N AP
N N
(admission phase) MT AP
MT N MT
Controlled Slotted-Aloha (CS-Aloha) slot
AP N P(N) =k, /N K,
K, =1.52 MT
MAC
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MT PMER 0
MT MT
PMER MT L MAC L<1
2<<5
HFCA L MT i
m L>5 PMER
PMER 0 slot
MAC HFCA Reservation Access
A . ry I
u . | |
: & Encoder/Decoder | |
PHY PMER EModulator/DelrnodulatorI :
= . - 2 ]
. RF Transceiver v

T

Uplink Downlink

T3

Uplink Downlink

Legend:
===xx» Signaling = = Data
0: HFCA PMER
MT slot
AP
L MT MT m MT
m slot
CS-Aloha P(G)=1/G G MT
( G=m) PMER L
MT L G )L G L=1
G=G-1 L=2 LzG-1 G L=2 L[=G-1
MT slot MT
MT slot G
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Downlink

BS ¥ g 0 F54 P [ |

=1 [ =] [ =1] (Feedback)
MT’s G4 G4 G363 G2 Gl g Uplink
MT; [PET52B0] Pl | P17 | Pi=13 | Pl ] | | | (Access)
MT, [P=152550] | | | I | [P=1.52/40|
To [P152/50] P4 | P4 | P13 | P00 | P12 | [ |
IT5, [PE152B0] P74 | Pl ] | | | I |
MT s [P=13250] Pe=1/4 | Pp=1/4 [ PemlB | Pe=0 | Pe=l/2 | Pecl
Phase 1 Phase 2 i Phase 1
Legend: : with transmission
: no transmission
0: HFCA
HFCA 0
50 MT (N =50) MT
AP N =50 CS-Aloha P, =1.52/50 4
MT PMER MT L[=4 HFCA HFCA
MT m=4
4 MT m G CS-Aloha
P, =1/4 slot MT (MTs)) PMER
L=1 MT G=4-1=3
P, =1/G=1/3 CS-Aloha slot MT
PMER L=2 L=G-1
MT slot MT slot
MT G=0
N =46
HFCA 802.11 WLAN HFCA
MT
QoS MT HFCA 802.11
WLAN HFCA 802.11 MAC
(throughput) (access delay)
(DiffServ)
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