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Abstract—n a two-way hybrid fiber coaxial (HFC) network, TABLE |

the headend broadcasts in downstream channels, whereas all sta-  INITIAL AND COLLISION RESOLUTION IN IEEE 802.14anD DOCSIS
tions share the upstream channels. Hence, collision occurs when - -
multiple stations send their bandwidth requests in a minislot. The access FIR in RTR in
headend determines how many minislots to allocate to manage col-  Strategies | Initial Resolution Collision Resolution
lisions. This paper proposes a minislot allocation (SOMA) algo- IEEE blocked-access perfectly-scheduled
rithm to optimize minislot throughput based on statistical estima- 802.14 | (with priority, FIFQ) (n-ary tree)
tion. Atime proportional scheme is adopted to estimate the number free-access free-for-all
of new requests in the initial resolution process. In addition, the DOCSIS . .

(no restriction) (exponential backoff)

number of retry requests in the collision resolution process is es-
timated by looking up a predetermined table of the most likely

number of requests (MLR). In addition, SOMA is modified to re- ) . ) . ]
duce the request access delay by relaxing its allocation policy in a in Which the stations retransmit collided requests according to a

specific situation. We use a self-similar traffic model for simula-  retransmission rule (RTR). FTRs can be further classified as two
tion and analysis to compare SOMA with the optimal bound and types: “free-access” [5] and “blocked-access” [6]. The former
the 3-ary tree algorithm. . . .
allows new requests to be transmitted in the minislots used to
_ Index Terms—Allocation, collision resolution, DOCSIS, hybrid  resolve collisions, while the latter forbids this. RTRs can also be
fiber coax, IEEE 802.14, minislot, statistical estimation, upstream. i\ id4ed into two types [7]: “free-for-all” and “perfectly sched-
uled.” In the formerall collided requests can be retried in the
|. INTRODUCTION next opportunity, as in p-persistent [8]. However, in the latter,

YBRID FIBER Coax (HFC) technology provides bothcollided requests are split into a number of independent sets,
H upstream and downstream channels in coaxial cable n@$-inn-ary tree walk [9], [10]. Table | summarizes the access
works. Upgraded amp“fiers to Support tWO'Wa.y amp"ﬁcatioﬁtrategies used in initial and collision resolution in IEEE 802.14
and fiber replacement for long distance transmission allow si#d DOCSIS. o
scribers to send data back to the headend. To help make cabiEhis work first definesninislot throughpus a target to op-
modems and headends designed by different vendors interbfuze. The statistical observation that the optimal humber of
erable, two standardstEEE 802.14[1], [2] and Data-Over- allocated minislots equals the number of requests to resolve
Cable Service Interface Specification (DOC8})-have been implies that the core problem lies in accurateltimatingthe
produced. These standards specify physical and medium ac&g@ber of- reque§ts. Several researchers have. add.ressed these
control (MAC) layers. Both IEEE 802.14 and DOCSIS viewWssues. Abi-Nassif and Lee [11] proposed an estimation scheme
an upstream channel as a streanmuhfislots Basically, the t0 measure the number of requests in DOCSIS networks. How-
headend allocates some upstream minislot®agention minis- €Ver, their study assumed the number of retransmitted requests
lots (CS) where stations send bandwidth requests, and the otH€rge negligibly small compared to the number of new requests,
asdata minislotyDS) where stations send their data. To redudéhich does not reflect the real situation. Based on the obser-
bandwidth wastage from collisions, stations first send small réation that the ratio of the number of request minislots to the
quests to the headend, with each request fitting into a single mitimber of ATM cells should not exceed 3, Sriram [12] presented
islot and subject to collision. In the HEC networks, the requedtheuristic algorithm to compute the number of minislots to allo-
contention process comprises two phases [4]: 1jitial reso- Cate. However, its multiplication factor in the heuristic formula
lution in which newly active stations follow a first transmissiors difficult to determine dynamically. Thus, the algorithm cannot

rule (FTR) to send their requests, and 2) todision resolution achieve the optimal minislot throughput. A previous study by
the present authors [13] also listed heuristic recommendations
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Il. PROBLEM STATEMENT R begri/n ofconten]téon cycle i+/
.. . . L resolve K ; requests resolve R, requests
The minislot allocation problem consists of two parts: the ini-— TR — TR | : gl
tial allocation for new requests and the collision allocation fo i Toquest arivals i
collided requests. The minislot throughput for initial resolution + T, I T, I

oy, is defined asSy/A; where Ay and Sy are the numbers of _ ' o
allocatedminislots andsuccessfuminislots, respectively. As- Fig- 1. Contention cycles— 1. i, i + 1.
sume thatR is the number of requests, the most likély is a

function ofA{ andR, say¥(A;, R); and againA; is pelieved number of number of collided minislots
to be a function of%, sayf(R). Thus,o; can be rewritten as requests 01 2 3 45 6 78 9 ..
Sy U (A, R U(f(R), R 010 2 4 6 810 12 16 21 23
op= = (A’ ) (JE(R))’ ). 1) 111 3 5 7 9121417 21 25
I I 212 4 6 810 13 15 18 21 25
Therefore, to maximize the minislot throughput in initial reso- number i i Z ; 13 g i;‘ ig ;g ‘g ;g
lution, R must be estimated as accurately as possible, and the of 515 7 911 13 16 18 21 25 28
optimal functionsf and¥ must be found. Meanwhile, the min- S{‘::f;’:lsof:sl 616 810 12 15 17 20 22 26 30
islot throughput for collision resolutiom,, is defined as 717 911 13 16 18 21 24 27 31
8 | 810 12 14 17 19 22 25 29 31
PR k) @ 91911 13 15 18 20 23 26 30 32
T =K : :

> A -4
j=1

where K is the number ofinislot clustersallocated to fully

resolveR requests, and,; is the number of minislots allocatedcontention cycle. The time proportional scheme is statistically
in clusterj. Notably, a minislot cluster is a set of contiguouyalid, i.e.,R;/R;_; ~ T;/T;_,. Therefore R; can be approxi-
minislots allocated in a round to resolve a set of new requestgaated by the following expressions

a set of retry requests which were collided in the same minislot.

The optimal scheme for collision resolution should allocate the Ait1.1 = R; ~ Round <Ri—1 X TZ) (3)
right amount ofA; to optimizeosc. T

Fig. 2. Apartof MLR(A, S, C) table with A = 20.

where A; 41 1 is the number of allocated minislots in the 1st
cluster of contention cyclé+ 1. Therefore, to maximize min-
A. Motivation islot throughputg 7, the headend allocates 1 ; minislots for

Assume that there arerequests contending fer minislots. initial resolution of the contention cycle+ 1. If the additional

The probability of a minislot being successful in transmitting €€SS control is in place, requests arriving during cyetel
single request is might not be allowed to access cyelevhich would affect the

accuracy of our time proportional scheme.

I1l. STATISTICALLY OPTIMIZED MINISLOT ALLOCATION

. 1 1 r—1
fr(m) = <1) — <1 - —> ) wherer, m > 0. C. Collision Estimation—MLR-Bbased

m m
) . _ 1) MLR (Most Likely Number of Requests) Tabken MLR
Differentiating the above with respect#o produces table uses the pattern of contention results for finding the most
o likely number of requests. The table can be indexed by a 3-tuple

fim)=r ig <1 — l) (r—m)|, wherer, m>0. (4,5, C)whereA, S, andC denote the number of allocated

m m minislots, successful minislots, and collided minislots, respec-
_ _ ) tively. Given A, we start from 1 request to 500 requests for these
Letting the above equation equal zero resultsnin= . Re-  oquests to contend A minislots and repeat each castnes.
stated, allocating minislots to resolve' requests maximizes gqy the entry indexed by4, S, C), we select the number of
the minislot throughput. This transforms the issue of the optimalyests that occurs most frequently from the possible requests
minislot allocation into how to accurately estimate the NUMb@kat can lead the scenarid (S, C). Fig. 2 is a part of the MLR
of requests. We hereby proposgtatistically optimized minislot (46 for 20 allocated minislots. Since the MLR table reflects
allocation (SOMAglgorithm to estimate the number of requestg,e contention result which is time- independent, its estimation

for each resolution phase. error isindependenof the traffic models.
- L ) ) 2) Estimation SchemeFor each contention round after the
B. Iniial Estimation—Time Praportional first one in contention cyclé, SOMA performs the following

For networks that adopt blocked access strategy as the FEEps to allocate minislots. Hereil; ;, A;;, S;;, andC;; rep-
requests arriving during contention cyéle- 1 can be resolved resent the most likely number of requests, the number of al-
in contention cycle, as illustrated in Fig. 1. Similarly, the re-located minislots, the number of successful minislots, and the
guests joining contention cycler 1 are those that arrive during number of collided minislots, respectively, in clusierf cycles.
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beginning of cycle ¢ beginning of cycle 7+1
round 1 round 2 round 3 round 4
T T T T >
cluster 1 l l 3 6 cluster 7 cluster 1
3¢ .
cluster 2 3 cluster 4 jucrer Sc uster size of cluster 7=4,;,
uster

Fig. 3. Minislot allocation components.

contention
cycle finished

1.if C,. ;= 0, bypass this step.

|
|
‘ 2.use (4;,, . Siey;» Civy,) to find
1. estimate R, by I i S iy
} | C. =09 M,,,; in the MLR table.
R ~ Round | B=XL I L look for )
; ~ Roun v clusterj found
-1 mitial in current un;}rocesg}ed —*1 3. allocate C,,  , clusters each of
initi LA
2. allocate 4., ;= R; | resolution round cluster ? them has 4, , , minislots where|—
for initial resolution ~ fipished A,.,, s obtained from
i not found M,.-S.
: current contention A, = Round | ——2—% |,
el . . round finished i+lx
initial | collision
contending : resolution and x is the newly assigned
phase [ phase cluster identifier.

Fig. 4. The flow chart of the SOMA.

Fig. 3 illustrates the relationship among contention cycles, con- 1
tention rounds, and minislot clusters. 0.9

1) If all Cy;’s in this round equal zero, all requests are re- 08
solved and a new contention cycle, i.e., cyclel, isini- 7
tiated; otherwise, the following steps must be performed.% 06
2) Look for a clusteyj with a positiveC;;. If no such cluster £ 05
exists, the minislot allocation scheme in this round is ter- & 04
minated. Otherwise, use the MLR scheme to guefss 03
based on the contention patteta;;, S;;, C;;). 02
3) Then, the number of collided requests is estimated as 0.1
Mij — SZJ 0
4) Finally, allocateC;; minislot clusters, each with a sep- 1 6 11 16 21 26 31
arated identifierz which is not used in this contention collision multiplicity
cycle. Each allocated minislot cluster contaitig. min-
islots determined from the expression Fig. 5. Probability distribution of collision multiplicity.
M;; — Si;
Aiz = Round <#) : @ 1105x (1 + z), respectively. In other words, these two re-
guests are likely, with probability 0.5, to play another round,
Go back to step 2. which significantly delays request access. Based on this obser-
Combining the above two subsections, Fig. 4 illustrates thation, we modify the original SOMA to reduce the request
flow chart of SOMA. access delay. In the relaxed SOMA, the headend always allo-
cates 3 minislots to resolve a collision if it estimates two col-
D. Relaxed SOMA lided requests. Therefore, the minislot throughput and the av-

Fig. 5 displays the probability distribution of collision mul-erage number of rounds to resolve the above situation now are
tiplicity, i.e., the number of transmissions in a collided min®.667 x 0.667 + 0.333 x 0 = 0.444 and 1.5, the solution of
islot, which indicates that for most R/M’s, there is a high protequationz = 0.667 x 1 + 0.333 x (1 + x), respectively. Al-
ability that a collided minislot involves 2 requests. Accordinghough the minislot throughput decreases by 11% (from 0.5 to
to SOMA, the minislot throughput and the average number 6f444), the request access delay is shortening by 25% (from 2
rounds required to resolve these two requestsOarex 1 + to 1.5). Thus, in this situation, relaxing SOMA would appear to
0.5 x 0 = 0.5 and 2, the solution of equation = 0.5 x be efficient. Fig. 6 shows the flow chart of the relaxed SOMA.
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contention
cycle finished

L.if C,

i+l

=0, bypass this step.

h

2.use (4, Siipyr Civyy) to find

1. estimate R,by M, , . inthe MLR table.

Cihy; =07 i+l
R xT, L look for
R = ma>{3, Rounz{—— v cluster j found
Ta initial in current urgﬁg:rsied 3. allocate C,. , clusters each of
2. allocate 4., 1=R, resolution \_round them has 4, , , minislots where(—
for initial resolution | finished A, is obtained from

i not found M., —R.,
| current contention A =may 3, Round) == ==

ini tia! : collision round finished

contending | resolution and x is the newly assigned
phase | phase cluster identifier.
Fig. 6. The flow chart of the relaxed SOMA.
IV. THROUGHPUTANALYSIS number of possible combinations that no request succeeds when

A. Analysis Model 7 requests contend fan. minislots, as

The minislot throughput of initial allocation is obtained from ¥(1, ) =0
(1). We define an initial resolution estimator and a complete col-  ¥(_, 1) =1

lision function to derived; and.Sy. Afterwards, a collision res- P(2, m) =m
olution estimator is presented to derive the total number of allo- m—1
cated minislots in a contention cycle, and hence calculate min- Plr,m) =m" — Z <m) <7> ip(r —i, m — 1),
islot throughput of collision resolution base on (2). We define o V¢ t
these estimators as follows. Denat& as the initial resolution wherer > m
estimator forR requests, and let? indicate the probability of and
R requests being estimated/asequests; thusy” could be de- r—2
. r m N . . )
fined as N P(r,m) =m —2( ; ) </.>'L!z/)(7‘—z,m—z)
R R R R R =
at = (ot « R e AR where o =1.
S * ) ; ! - <T) ., wherer < m.

In the optimal schemey;? equals 1 ifk: equalsk; otherwise, Accordingly, the formula giving the mean number of successful

R imi R igj i . - A ..
a;; equals 0. Similarly, denotg o the collision resolution eqyests in the initial resolution whef requests are partici-
estimator forR requests. Lettings,* indicate the probability of pating in a contention cycle is derived as

having R requests estimated &sequests, there exists

- = (e (D) () wew-io-n
pR=(pf pf gk ). whered g =1. => af [>ix

Sr, 1 rR

2

r=1 r=1
In the optimal scheme?f* equals 1 ifk equalsR; otherwise,
B equals 0. In the 3-ary schemgf! equals 1 ifk equals 3; - Ao <7> <R> (R — i, 7 — )
otherwise 3 equals 0. Both initial resolution and collision res- + Z o ¢
olution estimators for the SOMA scheme are statistical results "
calculated from the simulation.

=1

.
B. Minislot Throughput for Initial Resolution <R> R
R

Since minislots are allocated according to the estimated + rit ' ©)

number of requests, the mean number of minislots allocated,
given R requests in the initial contending phase, in initiafhe ahove formula is an expectation form of mean successful re-

resolution is quests given a total ok requests, whereas the forms within the
00 parentheses are themselves expectation forms of mean number
Ar 1= Z raf. (5)  of successful requests given a total-aequests. Denotﬂ%o)l
r=1

andAg)I as the mean number of minislots allocated for initial
To facilitate deduction of the number of successful requests, w@solution in the optimal and the time proportional schemes, re-
define a complete collision functiom,(r, m), which gives the spectively, and Ieb‘g?), ande{), be the mean number of suc-
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the 3-ary scheme, respectively. Dendtg) ) and TéT) as the
sizes of contention trees of the optimal scheme and the 3-ary
scheme, respectively, givétrequests collided initially. We ob-
tain their recursive formulas as

R R-1 R—i;
©) _ R\ (BR-1D)""% o)
0= 2 ()

j=1i;=0
1 -1
X <1 — —RR—1>

3 R-1 y
cessful requests in initial resolution in the optimal and the time ~ (T) _ [ +Z <R) <2R ’)T(T)
proportional schemes, respectively,. The minislot throughputs .

for initial allocation in the optimal scheme and the proportional

Fig. 7. A contention tree. and

-1
scheme aré?gj } /Ag )1 andsg?} /Ag)l, respectively. X <1 - 313_1> )
C. Minislot Throughput for Collision Resolution (MLR)

Denotel’, as the size of an MLR-based contention tree,

Fig. 7 depicts a contention tree for blocked-access collisigpg the number of requests collided initially is taken as the es-

resolution protocolsk is the number of requests collided ini-jmated number of requests. Thus, we have its expectation form
tially, andy is the number of requests choosing tk subtree 54

out of @ subtrees.

DenoteYr as the number of minislots in a contention tree T MLR) _ i (/3R v T(MLR))
where R requests are collided initially. We hereby obtain the R T T )
following recursive formula

r=1

Q Following the idea of (7), we deri\@g\“R) as
Yr=1+ Z Yy, whereR > 2
(a9} s R is
J=1 (MLR) _ R R 1\"
with the initial conditionsY, = Y; = 1. The probability gener- Tk =1+ Z:l P z_:l z_: <LJ r
ating function ofYy is thus derived as = R’_ i3=0
e INTY MR
Gr(s)= Y Pr{Yp=k} x s* X <1—;> T, )
k=0
—F [SYR] Again, the recursive form is
=E [sV|R] LR oo r B2l g
.y O (413 gh ()
o [e [T ], L LAV IPIC
Expanding the right-hand side of the equation, we have (r — 1)B=is (ML)
X — .
Ggr(s) =sE [GL (s)Gr,(s)--- G, (s)] R ij
R R Q . _
=9 Z < )Hp?ﬁjGij(S) R 1
i N o 72_:1 AR v

wherep; is the probability of choosing thgh subtree. The ini- . ,
Given the above, the minislot throughputs of the optimal con-

tial conditions are now transformed infé,(s) = Gi(s) = s. : _
Let T denote the first moment of . Tk is obtainable by tentiontree, the 3-ary contention tree, a?}\?Lth MLR-based con-

. O T .
simply taking the first derivative of r(s) with respect tes and  tention tree arg/ Ty ?7 R/ T}?_ ), andR/TR"™™, respectively,
evaluating it ats = 1, which yields given R requests collided initially. The number of allocated con-

tention minislots in the optimal scheme, the 3-ary scheme, and

Ir :zgRg ) the SOMA scheme, respectively, are hence derived as
ris
= T . 1) 1)
ds s=1 AEQ ) :’T}(3 )
Q R R . . ) o0 s R R
=1+ZZ<Q)P?<1—@>R”T@- (7) A’ =143 o3 <LJ)
J=1 ;=0 r=1 j=1i;=0

According to the equation, the size of a contention tree equals
one plus? times of the mean size of a subtree. Generally=

-1 R—i;
X 7(7 121 x T
1/Q. Furthermore() equalsk and 3 in the optimal scheme and

5
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TABLE I
INITIAL AND COLLISION ALLOCATION MECHANISMS OF8 SCHEMES

schemes initial allocation collision allocation | piggybacking
. exactly the number of exactly the number of
Optimal new requests retry requests no
SOMA | the time proportional scheme MLR table based no
. . MLR table based
rSOMA | the time proportional scheme + relaxation no
3-ary the time proportional scheme 3-ary tree no
. exactly the number of exactly the number of
Optimal-p new requests retry requests yes
SOMA-p | the time proportional scheme MLR table based yes
. . MLR table based
rSOMA-p | the time proportional scheme + relaxation yes
3-ary-p | the time proportional scheme 3-ary tree yes
and TABLE I
oo » R PACKET SizE DISTRIBUTION
R
A=y a3y (1) -
R r 7. Packet size
1.
—1 m=Li,=0 N7 (bytes) 64 128 256 512 1024 1518
Rei. Probability | 0.6 | 0.06 | 0.04 0.02 0.25 0.03
(r= D77 poum) M ket size = 368.1 b
X —x— X Tij . (8) can packet size .1 bytes

r

Thus, the minislot throughputs for collision resolution in thand
optimal scheme, the 3-ary scheme, and the SOMA scheme are

O O O T T I
(B = S/ (AR = 1= A7), (R - i) /(A =1 - o e
Ag)l), and(R—Sg})/(Ag) -1 —Ag)l), respectively, given F(t) = 1 <ﬁ> it 1>
R requests participating in a contention cycle. t)

respectively, and a mean value

A. Models Er=- 1 as

a—1 X
SS&E?&%;&Z%%SE;%?& t\(fomaﬁgf;ﬂgnnagghzsrssgtso?]\&here)\ is the packet arrival rate. & < 2, then the distribution
of these schemes is the optimal one in which the heakleod's has_ infinite variance, :?md kﬁ‘ S 13 it has infinite mean and
exactlythe number of requests and allocates that number\f)q‘r'ance'_The packet size d|§trlbuthnfollows Table lI1[17]. For
minislots. The other scheme is the 3-ary tree [14] in which tf?@Ch station, the packet arrival ratés
headend always allocates three minislots to every collided min- 6000000 bits x % x L
islot. Table Il summarizes the mechanisms in all schemes. 1000 x M PS

In the simulation, the upstream channel capacity is 6 Mbits/

and the minislot size is 8 bytes and 6,2& The farthest station yvsnereL is the offered load, and/P’5 is the mean packet size

is 80 km away from the headend: thus, the longest round-ti} bytes from Table I1l. The offered load is defined as the ratio of

) : . - the offered traffic to the channel capacity. The burstiness of each

delay is 800us, equivalent to a period of about 128 minislots. .. : SV . .

) . traffic source is controlled by which is set to 1.3 in the simu-

The length of a round is dynamically allocated and should be. :

. ) . ation. Thus,3 can be derived a§« — 1)/a)). Consequently,

larger than the longest round-trip delay; 1000 stations are Inﬂ/enL such traffic in each station is aenerated by the upper
volved in the simulation. 9 ' 9 y bp

2) Traffic Model: While the traditional traffic-generating layers and delivered to the MAC sublayer transmission queue.

. : . . Upon receiving packets, stations with scheduled data may pig-
models, like the Poisson packet arrival, are bursty over very lim- ) ) .
yback the bandwidth requests; otherwise, these requests must

ited timescales, real world traffic seems to be self-similar [157; :
. jve at the headend through the contention process. Moreover,
[16], i.e., long-range dependent. Thus, we assume the packe

interarrival time distribution is the Pareto distribution [16] Withthe headend employees FCFS (first come-first serve) as band-

shape parameter and location parametet(a, 8 > 0), and mdthischgdu:(lirr\]g drlsmplmte ficr)]rtlzlothitr?le Ictzintr:andmg requests and
with density and distribution functions € piggybacking requests € simulation.

0, ift<p B. Simulation Results
ft) = a </3>“+1 it t> 3 1) Relative Error Ratio for SchemedRelative error ratio,

V. NUMERICAL RESULTS

3 + defined as the ratio of the estimation error to the real number of
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Fig. 8. Relative error ratio: (a) for initial allocation and (b) for collision

allocation. Fig. 9. Minislot throughput: (a) for initial allocation and (b) for collision

allocation.

requests, is calculated to measure the accuracy of the propabednumber of requests at light traffic, it probably results in
estimation schemes. Fig. 8(a) and (b) illustrates the relative erowerallocation or underallocation—either one damages minislot
ratios for different schemes at initial contending phase and ctiroughput. Therefore, the gap between the optimal scheme and
lision resolution phase, respectively. Fig. 8(a) depicts that a tirtee time proportional scheme at light traffic is larger than that
proportional scheme makes poor estimations when the traffiasheavy traffic. However, the time proportional scheme still
light, say 972.6% and 993.4% for the time proportional scheraghieves 0.358 when the load is 1.5.
and time proportional scheme with piggybacking, respectively, According to Fig. 9(b), the optimal scheme achieves the op-
when the load is 0.1, due to fewer requests and high variartgeal throughput 0.491 (see Section V-C) since it always allo-
of the packet interarrival time. Since the MLR-based schemesates the right number of minislots for collision resolution. As
measure the number of requests according to the pattern of cexpected, the SOMA scheme, say 0.470, approaches nearly op-
tention results while the 3-ary scheme is not aware of it, thienal performance, and outperforms rSOMA scheme, say 0.461,
MLR-based schemes estimate more accurately than the 3-athen the traffic load is 1.5. Since the 3-ary scheme always allo-
scheme does no matter how heavy the traffic load is. Fig. 8(@8tes 3 minislots to resolve a collision, whereas the MLR-based
demonstrates that the relative error ratios for the SOMA and teehemes would make an accurate estimation and allocate proper
3-ary schemes when the load is 1.5 are 22.03 and 31.90%, member of minislots, both SOMA scheme and rSOMA scheme
spectively. perform much better than the 3-ary scheme, say 0.425 when the
2) Throughput: According to Fig. 9(a), the optimal schemdoad is 1.5, even though the time proportional scheme is inac-
certainly outperforms the time proportional scheme. When tlarate. In fact, MLR-based schemes can resolve collisions effi-
traffic is heavily loaded, the optimal scheme’s throughput agiently no matter how the initial estimation scheme is designed.
proaches 0.368, which is also the optimal throughput in slotted3) Access Delay and Contention CyclRequest access
ALOHA. Since the time proportional scheme poorly estimatetelay refers to the interval between the packet arrival time and
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Fig. 10. Access delay: (a) for request and (b) for data.

at load 0.1 to 6.77 ms (23.52-16.75 ms) at load 1.0 for the
the time that the corresponding request is successfully receiV@®MA-p scheme, as the traffic load enlarges since more data
by the headend. Figs. 10(a) and 11 indicate that the rSOM&ve been scheduled.
scheme is the winner in terms of the request access delay anfl) CS Overhead:CS overhead is defined as the ratio of the
the mean length of contention cycles. The request access del@gan number of CS’s allocated in a round to the mean number
of the rSOMA-p, the 3-ary-p, the optimal-p, and the SOMAT total minislots in a round. Fig. 12 depicts that the CS over-
schemes are 16.75, 18.95, 21.27, and 28.27 ms, respective@ad is only 1.88% while adopting the SOMA scheme with
Also, the mean lengths of contention cycles of the above fopiggybacking mechanism. Since the SOMA scheme has longer
schemes are 21.65, 23.65, 25.88, and 30.53 ms, respectivé@a access delay, it is more likely to append the request to the
This is because when the number of collided requests is Igfeduled data, i.e., piggybacking. Consequently, the SOMA
than 3 or equal to 3, the rSOMA scheme resolves collisions $gheme starts piggybacking when the load is about 0.4, whereas
quickly as the 3-ary scheme does. Also, the performance of fh¢ 3-ary scheme that has lower data access delay starts piggy-
3-ary scheme degrades when the number of collided requdisking when the load is about 0.6.
is larger than 3 while the rSOMA scheme resolves collision as )
efficiently as the SOMA does. Moreover, the SOMA schemf- Analysis Results
aims at maximizing the minislot throughput and it performs Fig. 13 presents the theoretical optimum of minislot
less efficiently than the optimal scheme does; thus, the SOMWAroughput, say 0.368, for initial allocation. Also, it indicates
scheme suffers higher request access delay. Since the datatetthe initial resolution estimator from the time proportional
scheduled after the corresponding requests are successfstiyeme is inaccurate when a fewer number of requests collided
received by the headend, and all schemes adopt the sanitially. Fig. 14(a) depicts that the minislot throughput for
packet size distribution, the behavior of data access delayddlision resolution of the MLR-based scheme approaches the
for different schemes is, thus, similar to that of request accesgstimal bound when the number of request is large, which
delays. From Fig. 10(b), the gap between request access delayfirms that the collision resolution estimator derived from the
and data access delay increases, from 0.47 ms (8.52—8.05 MikR-based scheme is more accurate than that from the 3-ary
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scheme. With a large number of requests, the minislot through
puts for the optimal scheme, the SOMA scheme, and the 3-ar .,
scheme approach 0.491, 0.470, and 0.425, respectively. Basé
on Fig. 14(b), we can infer that when adopting the optimal-
scheme only a few requests, say 2 or 3 requests, are collides
in a minislot in the initial contending phase; otherwise, theE
minislot throughput cannot achieve 0.491. Similarly, in most &
cases, there are 3, 4, or 5 requests collided in a minislot in th
initial contending phase when adopting the time proportional
scheme. :
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This paper has investigated minislot allocation in detail.
The SOMA schemes are also proposed, which use the tim
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MLR tabl_e for collision estimation. The objective is to 6?Cf:uFig. 14. Minislot throughput: (a) for collision allocation and (b) for various
rately estimate the number of requests and allocate minisleéstention trees.

accordingly to optimize the minislot throughput. The paper
has also performed simulations based on a self-similar traffic
model to compare SOMA with other schemes in terms op°
minislot throughput, request access delay, data access de?ay,
and CS overhead. The major findings of this comparison were
as follows. First, the MLR-based schemes resolve collisions
more efficient than the 3-ary scheme especially when the initial -
allocation is inaccurate. The inaccuracy is inevitable for the
time proportional scheme when the request arrival process is?!
self-similar. The 3-ary scheme is not robust enough to deal with
bursty request arrivals, whereas the SOMA scheme can stil[3]
accommodate the situation. Second, the MLR-based schemes
optimize minislot throughput and outperform the 3-ary scheme.[4]
This paper also analyzes (also based on a self-similar traffic
model) the minislot throughput of the time proportional
scheme, which indicates that the time proportional scheme[S]
makes poor estimations at light traffic. The analysis also depicts
that the time proportional scheme gives rise to worse collision[®]
multiplicity compared to the optimal scheme. Meanwhile, this
paper analyzes the minislot throughputs for collision resolution 7]
of the optimal scheme, the SOMA scheme, and the 3-ary
scheme to be 0.491, 0.470, and 0.425, respectively. Howevet[,B]
despite the success of the current investigation, there is still

m to design a more accurate and robust initial estimation
cheme that could further reduce the estimation error.
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