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Résumé
~csume

Hyperchannel est un réseau local & priorités fixes pour décider

de 1'accés au canal., Les performances de ce protocole ont &té examlnes
dans quelques papiers. D'autres études ont &té faites pour des
Protocoles d'accés similaires (BRAM, ...).

‘Cet article présente une analyse plus détaillée ainsi que 1'evaluation
des performances du protocole Hyperchannel. Des resultats analytiques
ont €té obtenus pour les grandeurs les plus importantes du systéme
(débit, temps d'attente, ....) sous différentes charges,

Le systéme 3 priorités fixes l&se les clients 4 basse priorité

si le réseau est trés chargé. Pour &viter cela, nous proposons

une modification du protocole d'accés qui borne le temps d'attente
maximum, la moyenne &tant alors la méme pour chaque client.

Les performance de ce protocole ('Fair Hyperchannel') sont

évaluées analytiquement.




Abstract

Hyperchannel is a local network configuration which uses a fixed
priority scheme to schedule the access to the global transmission
medium. The performance of this protocol has been discussed in a
few papers. Several other studies are concerned with similar access
protocols, e.g. BRAM. The analytical results which are found in these
articles are mostly based on very simplistic assumptions.

This paper presents a much more detailed analysis and performance
evaluation of such access schemes. Analytical results are obtained
for the most important system parameters such as throughput and
waiting times for different load characteristics.

The fixed priority scheme is not very convenient for low priority
customers if the network is heavily loaded. To solve this problem we
propose a simple modification of the access protocol ("fair Hyper-
channel") which guarantees a finite maximum waiting time for all
customers as well as the same average waiting time per packet for
all customers. The performance of this protocol version is also

evaluated by analytical methods.
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1. THE HYPERCHANNEL ACCESS PROTOCOL (LEVEL 1 PROTOCOL)

Hyperchannel is a local network configuration with with a common
transport medium and with a decentralized Ethernet-like access scheme.
(see (1] , [4] ); unlike Ethernet, however, access to the common
transmission medium after message passing is scheduled by a fixed
priority scheme which limits the maximum number of conflicts in the
absence of hardware failures. The characteristics of the Hyperchannel

access protocol are described in the following®

Hyperchannel characteristics

- fixed number, L, of users U], U2, oo UL H

~ fixed priority scheme: prior (Ui) > prior(Ui+]) (i=1,...,L-1)

with no loss of generality ;

— automatic ACK generation and transmission after the correct reception
of a message by the receiving station. ACKs have highest priority,
thus acknowledgements may be considered as being produced by a

fictitious customer UO 3

= Carrier sensing principle: before starting a transmission, a station
senses the bus; whenever the bus is occupied (message passing)

the station has to wait until the bus becomes free 3

- conflict-free priority scheduling after message passing:
when the bus becomes free after a message passing, access is given
to the highest priority station Uj Ge {O,...,L})which wants to
transmit an ACK or a new message. If there is no station waiting
for transmission the system enters the contention mode (random
access); as in Ethernet, conflicts are possible in this state

due to quasisimultaneous transmissions of at least two stations.

The priority scheme after messagepassing is defined as follows:

Let a. = propagation delay between between Ui and U

ok k
(i,k = 1,...,L)

a $= max a,
. i,k
i,k

(For local networks the maximum propagation delay,a, between two stations

is much smaller than the average length of a message).

After a message passing on the channel, a fixed time slot is reserved

for the users UO,...,UL in the following way (see figure 1):
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TS, Ts,
k A A
T (total duration u( the Jc(eolul‘.:, ren’w‘)
TS; := Time slot for user Ui (L =0,...,L)
PD; := 'Priority Delay' of Ui (beginning of the reserved time slot)

Figure 1: Access scheduling after message passing

The timing intervals are explained by the following reasoning:

After 2a seconds it will be certain that no more ACK will be trans-

mitted (since ACKs are generated and transmitted immediately after
*
1

station U] is allowed to begin a transmission. If U1 doesnot use its

access right (this will be remarked by U, after at most 2'a] 2 seconds)
b4

U2 is allowed to start its transmission at time PD; and so on.

If none of the stations uses its priority delay signal (no transmission

the correct reception of a message); thus at time PD. = 2a

starts within the scheduling interval ™" = TSS + ...+ TSE)

the system will turn over to the contention mode.

To realize this priority scheme a timer is used in each of the stations
Ul""’UL which is initially loaded with the total delay value D™ ;
the timer of station Ui begins to run down when the channel is sensed

idle (i.e. after a message passing) and it indicates the following events:

I PDT (fixed delay for acknowledgements)
2. PDI (priority delay: access right for Ui)
3. T (total delay: beginning of the contention mode)

The timer is stopped whenever it runs down to zero (i.e. at the beginning
of the contention mode); it is reset to its initial value whenever the
channel is sensed to be busy. Thus the timer of station Uj (i = 2) may

be reset indefinitelyoften without signalling PD; due to new messages

of higher priority users; for this reason, the maximum waiting time

is not upper bounded for these users.

Due to the propagation delays the state of the timers in different stations
may be different; this has already been taken into account in the length

of the time slots TSI.



The time slots Ts:' are the smallest ones which guarantee that after

2 message passing one of the waiting stations has a conflict-free
access to the channel (in the absence of hardware failures and channel
noise); clearly, any greater slot length for user Ui will also result
in conflict free scheduling at the expense of a slightly increased
scheduling overhead. To simplify the analysis of the protocol

we assume that each of the time slots in the scheduling period has the
same maximum duration 2-a; this modification gives additional safe
guards in the scheduling period and results in slightly pessimistic

values for the throughput and other system paramaters.

The modified model is described in figure 2:

2a 2a 2a 2a

message ‘ A —~ &.ﬁ Py
[ . e @ '
-@ b - .‘8- 2o >

¢ P

A 4

b Td= 2-(L41)a > TI*
. - f:'»-lr a‘:',u/r afgl‘u“u'wa l(‘

Figure 2: Modification of time slot duration in the scheduling period

2. SYSTEM STATES

Four states of the protocols may be distinguished (due to propagation
delays different stations see different states during very short time

periods, but this does not influence the results of the analysis):

A ~ contention mode

B -~ conflict

C - successful transmission (including the ACK which follows)
D - timing (i.e. scheduling period after message passing)

The state transition behaviour of the system is as follows (see figure 3):

2 x—§ _

1= bility that se
@6 ————— @ Poonf probability veral
:\\\\\S ’///,/’a: stations begin a trans-
2, ]
“af © 1 mission quasisimultaneously.

Figure 3: Transition diagram of the Hyperchannel access protocol
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To simplify the analysis it will be assumed that the conflict period
in the contention mode has the maximum duration, a, for all stations;

this overestimates the probability Peo and results in slightly

nf
pessimistic values for the throughput.
The transitions after state D may be interpreted as follows:

'"D=—>»C ' : Conflict-free scheduling of a waiting customer;
'D=>»A "' : End of the scheduling period; no more customer is waiting;

'"D—>B ' : "Sure Conflict": This transition occurs if and only if:
1. No station uses its Priority-Delay-signal in the scheduling
period (thus all the timers run down to zero);
2. At least two stations generate a packet after their
Priority-Delay-signal but before the Total-Delay-signal.
all these stations will start their transmissions when

TD is signalled thus a conflict will be produced for sure.

The problem of sure conflicts could be partially solved by randomizing

the starting times but this possibility will not be considered for the
following reasons:

- randomizing results in some additional channel idle times;

-~ it will be shown that the probability of a transition 'D-»B' is very low;
- after a conflict, retransmissions are scheduled conflict~free;

thus conflicts do not severely degrade the performance of the system.

In order to be able to analyze the protocol we introduce the following

assumptions:

1. The duration, x, of a message which is successfully transmitted
(including the acknowledgment) is constant.

l coirect mescage l ACK
ke > 3

(k=1,...,L) is
i.e. P(Gk £ h)

2. The packet generating time, G , of user U

k k
exponentially distributed with parameter A

L}
|
o

k’

Despite these assumptions, the sequence of system states XO,X],...
doesnot form a Markow chain since transitions from state D depend on
on the number of customers which are waiting for transmission;

for example:

Pr(X =B | x_-p, X _,=B) =0

Pr( X, =B | X =D, X _,=C) >0
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To be more specific, let X € -{B,C} and X = D.
n-1 n

Let n]

ft

nz =

number of customers waiting for transmission at the end of X 3

]’
" " which produce at least one packet
in their non-conflict-phase of X

(i.e. before their PD-signal)

which produce at least one packet
in their conflict period within X
(i.e.after the PD-signal but
before the TD-signal)

The state transitions are determined by the following table:

n] n2 n3 Xn+1 Comments
1 yA /e C Conflict-free scheduling of the waiting
customer having the highest priority
0 0 0 A Transition to the contention mode
0 0 1 C Conflict-free scheduling (only one customer
starts a transmission at the TD-signal)
0] 0 2 B Sure conflict (at least two customers
start their transmission at the TD-signal)
0 1 % C Conflict-free scheduling (the PD-signal
will be used for transmission by exactly
one user)
If n = 0 , the transition probabilities are as follows:
Theorem:
Let ;‘ := Pr( X =V l X =D X =C n, =0).
v n+l n > “n-1 >

If )lc = X (k = 1,...,L) the following values are obtained for

Py

*_
Pc Py

where

The proof of this theorem is given in Appendix (A),

All the probabilities are functions of the parameters. X, a and L,
By normalizing the message length x to x = 1 the propagation delay, a,

will become a very small quantity (for local networks).

The expressions

Aarblecq (i.e.

<2al{it1)
» e a

L) + 0(H) = o (i)

Py ¢

= A-2a4L(t+1) +0(4)

. 2al(Lt1) + 0(‘1,2)

- pg =

h := X-a-L2 .

derived in the theorem will be particularly exact if

for small propagation delays and/or small user populations).




3. PERFORMANCE ANALYSIS

It has been shown that the sequence of states Xi of the Hyperchannel
access protocol does not form a Markow chain since transitions from state
D to state A, B or C depend on the number of customers waiting for
transmission. These transmissions are scheduled conflict-free together
with all other packets which arrive during this period. Thus a scheduling
period consists of loops between states C and D. We are now going to
combine states C and D to a common state E (E = '"Scheduling Period');

see figure 4.

s
AN -
~ - \'/ ’ .X
Xeo Xo XX X X X Xe o X TN KX Xy Xy X X
LA < D ¢ P ¢ D B D < D C I < , D A
¥ v v M v v T 'l T T v M ¥ T
E v
Yo Y4 IZ }’3 y*

Figure 4 : Reduced state diagram containing scheduling periods as one state

It is easily shown that (under the assumption of exponentially distri-
buted packet generating times) the sequence YO’ Yl’ Y2,

of new system states (YiE <fA,B,E} ) 1is a Markow chain.

The state probabilities ¥_ := 1lim Pr(Y =T )
. T Adoo n
are easily calculated as: N _ .
1 I - P Peonf Py Peonf Py
_; 7(7:————-—— . I' =
N A N ’ B

T =
E N

where N := 2 + p (]—pB) is a normalizing constant.

conf

The calculation of the probabilities Peonf® Pa and Py is given in

Appendix (B); they are given by:

~)aAT? i3
pegne = (0eh = 24 o)

conf
Pp = A- (%' JZLL(L':;')(W\L(ZH))Z Lo (a/\ﬁ)’) - 4-0‘@4[2)2)
Py =l =py= 0(@/\[2)7

Thus, since Py is very small for local networks, Rk and 7ZE are

approximately given by 0.5 . The exact values for these probabilities

are given in the following:
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1 2L+1

where iz (L-1)ad ; y :=ahl@+1) ; o T2 T3aen

-1
Let J; := time duration of state Yi and Tj i= fE:dg 3
r=9

consider now the time~continuous stochastic process (Zt , t2 0)

which is defined by Zt

vy if cefr,r_ ).

Then (Zt l t 2 0) is a Semi—Markow—process (see also [?]) and}

PV := proportion of time that the process Zt spends in state V
TV' dv
=1lim Pr( Z_=V) = -
Ea00 t n,.d, + ”3""8 . de

where di denotes the average duration of state V.

Calculation of the values d..:

V‘

1 . . . . .
=-EE;T— since the idle time (duration of the contentlgP mode)

iz ¢ is exponentially distributed with parameter 2} .
“Sa
2a if conflicts are detected and transmissions are stopped
X=X, 0x if transmissions are not stopped in case of conflicts

where X\ CR is the time duration of the acknowledgment of a correctly

received message which has been included in the time x, but after
a conflict no acknowledgment will be given.
In the following analysis it will be assumed that conflicting

transmissions are not stopped and that X\ 0K << x, hence dB = X.

: The average duration of state E depends on several factors:
- whether the state preceding E was A or B;

- whether we are concerned with a 'dialogue system' or with

a '"file system'

( in a file system, Ui may produce new packets even if it
has packets waiting for transmission; thus in this case
Ui has an unlimited packet waiting queue;
in dialogue systems, Ui will become blocked after a packet
generation until the reception of the ACK which confirms
the correct transmission of the packet; hence the packet

waiting queue is limited to one place only ).
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Several other types of systems could be taken into consideration
(packet waiting queues limited to m (1 <m<e9) places); the following

analysis, however, is valid for file systems only:

The system may be interpreted as a nonpreemptive priority queueing model

consisting of L+1 classes 1,...,L+1 (L=number of users); see figure 5:

Aa A (i:lr-.,L) ¢ packet arrival
t

rate of user Ui

: \ =0 ¢ packet arrival rate

S : ‘ L——,————"? > }Liﬂ
,:L of the fictitious user U
*

L+1

x+4PD; = x + 2a.i  (i=1,...,L)

x|
W

service time (including

L\

scheduling delays) of packets
produced by Ui

Figure 5: The nonpreemptive priority queueing model for the analysis
of state E ‘

The average duration dE of state E 1is now given by:

dE = WL+] = mean waiting time of a customer of the (fictitious)

class L+] which arrives together with the first customer

served during state E.

Thus dE is determined by the theorem of Cobham (see [}], page 176)

which covers the same case with the modification that in our case

all the queues are empty at the beginning of state E. Hence:

= ’ v
= = <4
dE WL+] R + WL+1 WL+1
where:
R := mean residual service time at the beginning of state E

(this is the service time, including scheduling delays, of
all the customers which arrive quasisimultaneously at the

beginning of state E).

"

WL+] mean service time of the waiting customers in classes !,...,L+1]

which were already present at the beginning of state E

0 (since all the queues are empty)
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/74
wL+l ‘= mean service time given to the customers of classes l,...,L
which arrive during wL+l (and which are served in the same
scheduling period E)
L : .
- . = Aeofx¥PD) = A (xt2a-
i;‘y‘ wLH where g /\‘ ( c) . ( )
Thus ]1}/5 if [3L<]
dE = "L
oo if ,BLZ 1
. L
where FL 1= Z?; denotes the total average system load,
(2]

If /3L?. 1 then the system is overloaded and the high priority customers
will monopolize the system at the expense of the low priority customers:
If L* = max { il Pi < l} then the mean waiting time until success
for customers U],...,ULu is finite whereas the waiting time for customers

UL“H soes ,UL tends to infinity.

The residual service time R depends on whether the the state preceding

E was A or B (see figure 6).

L, -
[ < £ >
=_A : < 'D‘ - I‘DL 4 s A'D < A:D ' Ao
v v ) A L 4 - - $ >
oo P x wox T -
A ‘,‘
'—_‘,‘ —
T
_— 1
R (residual service time)
A
1. preceding state A: RA =x + TD
- : /
4 < 3
E >
» ¢ D ¢ »p ¢ ; : .
— < :n-. -+ — - - . *,Lpf ¢ 'D- < ..D i A or B
Rt TP I N T ) B x W e "rD" >
a pw ey uw /L_i
New customer - Rew cusbone, u u.
N "‘ ‘.k--v «<
arrival bime of 1 ‘ £ 7 4
Fidc'h'u, wser v
RB (residual service time)
2. preceding state B; stations Ui yese ’Ui responsible for the conflict:
k 1 k
Ry = & (x+PD, ) + 1D
=4 1. V4
§ J= ]

Figure 6: Residual service times in state E (depending on the previous state)
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The mean residual service time R is now given by:

R = RA * Pr(prec. state was A) + ﬁ; * Pr(prec. state was B)
_— ITA ¢ (4-&00() —_ Ty
= RA . - RB.
TA' (4'fm'f)+ g KA' (4-,,‘”{)*"71'3
moreover, R, =R = x + TD.
A A
If \“=X, the colliding users are equally distributed over D:IJ,
th PDi’ = a*(L+1) which gives the following value for i;:
j .
EB- = k* (x+a(L+l) ) + TD

where Xk is the average number of users which are responsible for a conflict.

Finally:

<8
_ ) P 4)x~+ k.a.(LM)
R x + + o ) o f( ]

- - a3
x+Ty) + éc';’fiE,Lch)'[(/(-'l)»J-k'a'(lH)] +0’((Aat))

4 2L¢1
where o= (L—f)akl- j‘.:aAL(Lh)/- cis 5~ 3—1_-22;1’) (as before),

It may be shown that the probability that at least i customers are
participating in a conflict is of the order 0( (X a* L) ); thus

R may be approximated by setting k=3 and neglecting second order terms;

this results in:

R R* 1= x + 2a(L+1) +x-(2x + 3a(L+1) ) R




- 12 -

4. THROUGHPUT EVALUATION FOR FILE SYSTEMS

Correct messages are transmitted only in state C which belongs to
the aggregate state E of the system. Thus the throughput, S, of the
Hyperchannel access protocol is given by:
S = L JE' {c
Top:da ¥ my:dg¥ m dg

where bﬂc denotes the time proportion of state C within state E.

If state E is composed of exactly m+l correct transmissions (0 £ m<©9)

then the following bounds for FC are obtained:

1. the state preceding E was A:
x < ‘A)_ (m 1) x X

= &£
»+Z@xT) T b (m#4)> + mdy 4TD x +d
2. the state preceding E was B:
X ¢ (P — (ot ¢ —x
x4 dj+ 2 = Ye T (st tmdy +TD T xt "n

since 2a £ dD € 2(L+1)a = TD,

Thus in both cases the following approximations may be used:

2:3'(4)’; xw, ~ ~+ d, heavily loaded system (m<P%)
5o %8 %

X i underloaded system (m->1)
x ot ("n +72)/2

We are now calculating the throughput for different system loads:

A. Overloaded system:
The system is overloaded if and only if PL = LA (x+a(L+1)) > 1
i€ A, = A for i=1,...,1). '
In this case:. dE-—)ba . TCE——) 1, thus;

S —> ¥, = ‘}“f—d; .
Thus the throughput approaches unity if the scheduling time after
message passing is much smaller than the length, x, of a message.
All the transmissions are scheduled conflict-free but the average

waiting time of some low priority users will tend towards infinity,

B. Medium load:

A lower bound for the throughput will be derived.

By inserting the values for the state probabilities, the transition

rates and the average residence times we obtain:
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§e——ten . Y
1-p ) } [ d -
( Pe) dA +(F¢an[ +Pg_fﬂm["8).JB +‘E JA + Pta.\" JB + JE
> X L1 > X, 4
D i d . - -
¥ (&7 44 ot e x +TD 4+ L2 F roye
(3 d
x 4 g
~

[ ]
X +TD 1+ LY I (Lt) o on
x f2(tH)a + o (2 F3.(L41))

C. Underloaded system:
This case is characterized by IqL——P 0, hence AL —>0 (if Ai =A )

R x + TD
Furthermore dE = _ﬁL ")1 =LA (>xta(es)
Thus:
A~ al . JE
5 ~ x+TD ‘IE + (’\‘L}-q +P¢o-'..f"k
Mox
C(p) (A A AL )
Mo
T Ap o+ A(xrTE) # Mg < (1f)
Alox
- 4 + XL ( a.(L*") + l’téul"x‘(,”/gl.))
ST 1y
Moo (A-A0a(Et))  + O((x)

(the last approximation has been obtained by neglecting higher order

terms in l ; thus the term containing Peonf has been cancelled since

P £ = (L—l)‘a'A + 0'((“At)2)

con

As expected, the throughput in underloaded systems is almost equal

to the total offered load M Lex of the system; this is due to the

fact that collisions and scheduling delays are very unlikely under

such circumstances.
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5. THE 'FAIR HYPERCHANNEL' ACCESS PROTOCOL

The protocol version discussed in sections | - 4 doesnot guarantee

a finite maximum waiting time for low priority customers. In many
systems this is not a very serious problem due to the fact that

the probability that one customer has to wait very long until success
is rather small since in most cases the actual system doad is small
as compared to the possible transmission rate in local networks;
nevertheless there is a considerable interest in protocol versions
which guarantee finite maximum waiting times under all circumstances.
A rather simple modification of the original access protocol does

the job:

Modification of the Hyperchannel access protocol:

During a scheduling period (i.e. during state E of the Hyperchannel

access protocol) the customer Ui may transmit at most m (1 ﬁmi< 80)

packets. .

The vector M := Gm‘,...,mL) determines the behaviour of the modified
system. After m, transmissions user Ui will become blocked until the

moment when he receives his TD-signal announcing the end of state E.

During any eventual transmission blocking period this user might

already prepare new packets for transmission.

Remark: The special choice M = (1,...,1) is very similar to the
'Slotted Ethernet' concept (see.[?]); as opposed to this concept,
however, in the modified Hyperchannel protocol new customers may
generate a packet and contend for channel access even during scheduling
periods. Due to this reason, the analytical results of the Sloteed
Ethernet system cannot be generalized on the Hyperchannel access

protocol.

It is obvious that the modified Hyperchannel access protocol guarantees
finite maximum waiting times for all customers since high priority
customers cannot monopolize the system any more. Nevertheless, the
actual waiting times are different since high priority customers

are favoured in that they may capture the transmission medium

earlier then low priority customers. To compensate for this discri-
mination we propose to give more access rights to low priority
customers; this principle will be called 'FAIR HYPERCHANNEL' and is

defined in the following way:
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FAIR HYPERCHANNEL ACCESS PROTOCOL

During a scheduling period, customer Ui may transmit up to m,
packets where 1 £m £m, € .iieen .‘EmL and where the values

m, are chosen such that the maximum waiting time per packet trans-—

mitted is the same for each of the customers.

To determine the values m, which are in accordance with this criterion
we assume that mié lR+ rather than mie IN+, since in general it
will be impossible to satisfy exactly the condition given above

if the m, are integer valued. After the determination of optimal

but real valued paramaters m, we have to approximate them by integer
values such that the fairness criterion is satisfied as exactly as

possible.

The maximum waiting time for customer Ui is composed of three parts
ax
w‘l‘("i (k = 1,2,3):

a. Waiting time due to a possible blocking situation during the

scheduling period:

In the worst case, Ui could have already transmitted m. packets

and will from that moment on be blocked until all other customers

Uj finish the transmission of the maximum number, mj, of packets.

Thus:

ax _ - #?,D-) + 7D
LA 2~ (x v
J' t

b. Waiting time due to a possible conflict after state E (transition E-3B):

ax
W?,i x .

c. Waiting time due to transmissions of prioritized customers:
In the worst case, all of the customers Ul’ see s Ui—l might use

all of their access rights before the first transmission of user Ui:
-1

B - = om (x4 73)

.

N
In the following, timer periods PDi and TD will be neglected since.
they are usually very short as compared to transmission times. Furthermore,
the real numbers m, which will result from our calculations have to be
replaced by integer numbers; thus we cannot expect that the fairness

criterion will be exactly satisfied.

Thus the total maximum waiting time per packet of user Ui is given by:
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Weoas = (WT TS ya

total ,

(‘" X+Z ""')/mi

M- & X~ - M('X‘

—

- (0
. X [s 41— S -~

me L
where k:=§.' (k=1,...,L).

The fairness criterion is defined by the following equation:

g (1) (i+1) . .
total = Jtotal (i=1,...,L-1);

this condition results in:

A + 5 - A, 1 5.
;‘T.ESL+4 fS:ﬁ']-» g [.5;_'}' c]

thus: 2
M (f f'lij;_) + M
Miea = "¢ Zres = mg s, t4+5.,

It is easily shown by induction that the m, are given by:
iewq
m = m, - (1¢t ) ke d ..o L
"y ( s+4 (4=, ’)

By summing over m, we obtain another relation which can be used

to determine the unknown S_:

e T E ) = o T

L k=n J'f"

= m, = (5. +1)- (L\/—j-’f;;+ "4)

This equation cannot be explicitly solved for but if the number, L,

L’

of customers is large, then the parameter S. is also large (due to ml__l)

Ly
and the term :%-M may be approximated by -\12 s this approximation

leads to:

, L
1+ = N2
(3 ) fea L)
K-1 ) ‘-‘_ -4~” ,
#)m = (4+»W-’-'—~ % mA:,? ("’//

s t1
'S

This approximation also determines the Bange of the paramaters m, since:
&-1/¢L
A ? < )
m, < m, =2 m L om, » 2 < 2:'m,

Thus the optimal parameters m. increase very slowly.

We conclude that also the optimal integer valued parameters m have to
be choosen from the interval [h $ 2+m ]
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Consider for example the special case m = 1,
. . +
Then the integer valued fairness parameters m, “are determined by:

. 1 if i =1,...,h
m. =
1 2 if i = h+l,...,L

where h is determined by the condition m = 1.5, 1i.e. Z(h-])/L = 1.5

thus h =1L . log21.5 +1 4 058L + 1,

Remark: The maximum total waiting time per packet is given by

(1) m X

wtotal = wtotal = Eﬂ- * ( SL+l ) - x.
If m =1 this reduces to W (1) = X+S_ .
1 total L

Thus in this case the maximum waiting time grows proportionally

to the maximum number of transmiesions during a-scheduling period (state E).

6. PERFORMANCE ANALYSIS OF 'FAIR HYPERCHANNEL'

The state diagram of 'Fair Hyperchannel' coincides wity the state diagram

of the original protocol version (see figure 7). d
] 8

dn / 4 Py A @M A (R
(:> ‘<1:Q&i;\$'
Pa 4G pie d. |

FIGURE 7: 'Original Hyperchannel' versus 'Fair Hyperchannel'

The state transition probabilities as well as the duration of the states,
however, are influenced by the modification of the protocol; this influence
becomes more and more serious when the load of the network is growing;

in underloaded systems blocking situations (i.e. a situation where a
customer Ui tries to transmit more than m, packets during one scheduling

period) do not occur very often.

The similarities and the differences of both protocol versions are

summarized in the following table:
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Unchanged ' Changed
‘s cxss fair- fair
1. Peonf 1. Transition probabilities P, Py
fair
2, dA , dB 2. dE
3. Formulae for 3. Values of
n X X

TtA’ B’ KE wA' B> E

4. Formula for the throughput S 4. Value of throughput Sfalr.
. . . eqs fair

It will be shown that in heavily loaded systems the probability P
(i.e. the probability of a 'sure conflict') is much higher than the

fair
E
much smaller than dE since monopolizing the 'Fair Hyperchannel' system

corresponding probability pg; on the other hand, d will become

(which results in extremely large values for dE) is impossible.

Finally, the throughput Sfa;r will be slightly inferior to S in heavily
loaded systems since blocking situations lead to a certain increase

of the number of conflicts which results in.a decrease of throughput.

As has already been mentioned, the throughput and other system parameters

are almost unchanged in moderately loaded systems.

Calculation of déalr for file systems:
The average duration of state E depends on the state preceding E:

1. Preceding state = A:

As in section 3, the system may be interpreted as a nonpreemptive

priority queueing model with M+l customer classes:

(A) fair o

d E = R + wL+l

a r o - . . -
where R = R i'x + TD = residual service time of the first user

. k) X (A)

£ - Main m? . »f”"') . 3 J

and WL+] EE; {. . ( / A E }
= service time of customers which arrive during d(g),

Hereby k denotes the index of the first customer served in state E
and m(k) . m, if k#1i

t m,~1 if k=i

i

It will be very hard to calculate d(g) from this general formula;
thus we restrict ourselves on the cases of underloaded as well as

of overloaded systems; furthermore xi = A will be assumed:
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a. Underloaded system, i.e. Al <A, : :
) L ) s 2 d (L;Hal(“'))
d, = =470 ¢ T (x#m2)-2d g = x4 T2 A%
 (A) ~ A+ T
= dg = = AL(cta(eH) +
b. Overloaded system, i.e. oL »1, L ‘ .
(A) L : ) _ }_’:_m'“(*”p«') + T70-P
L9 i £ Gp =
E {Sa L=

(A . i[w‘- +L+4—I(),
'——-") JE = SL.K + 2 (=4

2. Preceding state = B:

In this case, the actual queue size of customer Ui depends on the
number of access rights, m,, per scheduling period as well as on
the fact whether the customer was blocked in the recent past or not.
A general evaluation of d(g) seems to be very difficult, but for
overloaded systems obviously the same result will be obtained

as above:

d(g) - d(g) (for overloaded systems).

It should be noted that the probability of being in state B

is very small for underloaded systems, thus it is not necessary
(B)

£ in this case.

to evaluate d

Throughput analysis for file systems:

The throughput of the 'Fair Hyperchannel' Protocol is given by the

formula: _Fair fee foir
gfair _ te "% ¥
TC:.;’: dA + n;a-r. "j + réfm'r' dE'fm'r
. . fair , .
where (as in section 4) xC is given by:
. x .
fair ~ YTy Py heavily loaded systems
Jc =4 = ,
X
prraRTY underloaded systems

We are now going to evaluate Sfalr for underloaded as well as for

overloaded systems:

1. Overloaded systems:

In an overloaded system all stations use their transmission
facilities and become blocked due to the limitation of m, 3
furthermore a conflict will occur for sure after the scheduling

period. Hence:
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fair fair fair _ ,(B) 1 1
pp =4, =0, T —ad w5, Tz, T,0 .
Thus the throughput Sfalr is given by:
. n;r' fair air
sfalr \ Jg chf‘ ~ X e Je —
dg + dg (xtd)). (x#df)
_ A s A
Ty d - ) 1
(1+ 22). (1+ -d&,-— (1+ ;)-(44—;:)
€

. fair L.
since dE ~ SL-x + 2.-(‘.2;;'m{+l.+4—i()?,31‘-x .

Underloaded systems:

In underloaded systems, the throughput is not degraded due to
blocking situations. The parameters coincide (up to terms of
higher order) with the corresponding parameters of the original

protocol version. Thus (see section 4): .

sfair o ¢ o~ )\ [ (4-— Ala-(tt4)) +6*[(Ai)y.

7. COMPARISON WITH OTHER LOCAL NETWORK ACCESS SCHEMES

A very complete discussion of different access schemes has been

presented by Eldessouky (see [5]).

Here we intend to compare the two versioms of Hyperchannel access

protocols ('Original' and 'Fair' Hyperchannel) with three similar schemes:

1. Slotted Ethernet [7]:

It has already been mentioned that Slotted Ethernet shares many features

with 'Fair Hyperchannel'. In the following, a list of similarities as well

as of differences will be presented:

Similarities:

a.

b.

c.
dl

Both schemes contain 'scheduling periods'. Retransmissions are
scheduled conflictfree due to priority rules.

The 'reservation slot' TD depends on the (fixed) number of users.

As opposed to Slotted Ethernet, however, this 'slot' is partially

used for message transmissions in the Hyperchannel access protocols.

At most one conflict per packet is possible.

Maximum waiting times are upper bounded for Slotted Ethernet as well as
for 'Fair Hyperchannel'.

High throughput for overloaded systems, few collisions in underloaded

systems.
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Differences:

a. Priority rules in Hyperchannel are fixed, but they are arbitrary
in Slotted Ethernet.

b. Hyperchannel access is possible for variable length messages, too.

c. In 'Original Hyperchannel', the channel may be monopolized by high
priority users.

d. In Slotted Ethernet, conflicting transmissions have to be stopped
whereas in the Hyperchannel schemes the immediate detection of

conflicts is not necessary.

2., BRaAM

Another scheme of considerable interest which is similar to the Hyper~
channel access protocols is the so called BRAM (Broadcast Recognizing
Access Method); see [?]).

Four versions of this methods have been discussed in [2]:

a. Prioritized BRAM (comparable to 'Original Hyperchannel')
b. Fair BRAM ( " " 'Fair Hyperchannel')
c. Parametric prioritized BRAM

d. Parametric fair BRAM

The parametric versions have been introduced to shorten the timing periods
(wvhen the user population is large) by giving the same timing delays to
several customers. In these scheme, which could also be defined for

our Hyperchannel access methods, repeated conflicts of members of one group
are possible; hence the number of collisions per packet is not upper
bounded. These methodes combine advantages and disadvantages of both the
Hyperchannel and the ALOHA (i.e. random access) protocols.

The main differences between the nonparametric BRAM versions and the
Hyperchannel access protocols are the following ones:

Access rights are given in BRAM to the customers on a cyclic basis

(in prioritized BRAM, furthermore, the actually transmitting customer
may monopolize the channel). To realize this access scheme, any customer
has to recognize the identification of the user which is actually trans-
mitting; the decision whether he is allowed to transmit or not depend

on this 'actual priority'. Hyperchannel access is much simpler in that
users are not forced to detect the authorship of ongoing transmissions.
Moreover, fairness is realized in 'Fair Hyperchannel' by a very simple
stopping rule; in 'Fair BRAM', a similar effect has been obtained by a

modification of priority cycling rules. Finally, in 'Fair Hyperchannel'
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m, packets may be transmitted per cycle; 'Fair BRAM' is much less

flexible since it allows at most one transmission per cycle.

3. Algorithms (Al) and (A2)

A very interesting scheme has been published by Hamacher and Shedler [6].
They discuss two conflictfree channel access algorithms where conflicts
are avoided by means of an additional control link. The first algorithm
is unfair in the sense that the channel may be monopolized by high
priority users, the second one (A2) circumvents this monopolizing possi-
bility at the expense of slightly increased overhead which reduces

the throughput especially in the case of underloaded systems.

It is easy to see that (Al) and (A2) are strongly related to 'Original’
and to 'Fair' Hyperchannel respectively. It should be noted that (Al)
has been analyzed by similar methods (Semi Markow chain techniques)

as have been used for the performance evaluation of Hyperchannel

systems in this paper.

8. CONCLUSION

The Hyperchannel access protocol (level ! protocol) has been described

by means of state diagrams. State transition probabilities and average
residence times have been evaluated; following that, throughput and
waiting time formulae have been derived in terms of the following system
parameters: a (propagation delay in the network), L (number of users)

and A (input rate of messages per user). Different types of user behaviour

('dialogue' and 'file' systems) have been discussed.

The fixed priority access method after message passing has the obvious
disadvantage that the channel may be monopolized by high priority users;
to solve this problem, a modification has been proposed which is very
easy to implement: in this scheme, user Ui is forced to stop contending
for transmission if he transmitted m, packets without seeing the states
'conflict' or 'contention mode'. The values m, may be chosen such that
the maximum possible waiting time per packet is the same for all custo-
mers; this scheme is called 'Fair Hyperchannel' and has been evaluated
by the same techniques which have been applied for the original
Hyperchannel protocol. The results obtained for 'Original Hyperchannel'
and for 'Fair Hyperchannel' are compared with each other as well as

with other local network access protocols.
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X
APPENDIX (A): Calculation of transition probabilitites p:, p;‘, Pc

1 =0);

if Gj denotes the (exponentially distributed) packet generating time

Let p"f:=Pr(xn+|=len=D,x =C,n

of user Uj' then we define:

0 S _ :
r, .=Pr(Gi_TD) = e 1

|
r, :=Pr(PD, £€G, <TD) = e
i i i

=M. 'PD
r?:=Pr(G.<PD.)=l-ei i
i i i

Using these abbreviations we now obtain the probabilities p‘}* as follows:

pr = Pr( no packets are generated during Xn | n = 0)
- TD
0 0 ZXTY @) “NepeTD  -2aL(L+1)
=Tt ... " =e = e = e
1 L .
=1 - 2aL(L+1) + O  vhere h:= A-a1? .
Similarly:
el . .
Pp = Pr( at least two packets are generated in the conflict-phase,
but no packet generation in the non-conflict-phase | n, = 0)
L
= ¥ Pr( j packets in conflict-phase; O packets in non-conflict-phase)
j=2

- = ot

. X " I‘] L
i) s 08, 2,22

1 LN N L I L L

i(‘ ,”---,j‘_) '-;ré fﬁ‘f} { (lf.lJ‘.)‘ ZJrs4}
- 2 3 . - 2 - 0. . 0 - 10 0. 3 0
= (1 r]) ees (1 rL) Tt e r LIRS PN ry
- -— 0. Qr 0 L] 4
* s 000 rl "0 L—] rL

. . k .
By inserting the values for T, this reduces to:

—aAl(tt)  _24AL{L#1) S2a Mest)lety L “2a -Za')\'(L'H))
p: = & 4 - e - e 4 . Z(e -

=4

Since the propagation delay, a, is a very small quantity, we approximate

2
e ©8 by | - ca+ _(_c_;_)__ + a((ca)3) and obtain after simple algebraic

manipulations:

p; _ %aZAZ(L-f)L(L,Lq).(:{LIrZ) F y(@,\zz);) .
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APPENDIX (B): Calculation of the transitionprobabilities Pys Pp and Peont’

Using the transition table and the abbreviations of sections 2 and 3

we obtain:

P, = Pr( O packets are generated in the conflict-phase nl=0, n2=0, n3#=l )

(if exactly one packet would be produced in the conflict-phase, but no
packet in the non-conflict-phase, i.e.'n2=0, n3=l, then the next state to

be visited is C, thus state E would not end in this case).

Hence:
def

Pr( O packet generations in the conflict-phase)

=zl

1 - Pr( ! packet generation in the conflict-phase)

(5= L -2(L+1-1)Aa
Pr(G,® ™ - PD, ) = TTe

L
N=1- Zpr(c T-ED; 3 G, > TO-ED, (§ # i) )

- AL(L%) L -a
4 - 2 a , Z(eZ(Lf‘f ) A'/')

ean\L(LH) )

=z
o
€

o
]

- L
4 - a/\L(L*f).Z (eiau\_/’)

Ve
(=]

Thus:

ym ———— 4‘_’":/4'12" __ - 4 &((aul))z

2 = . €2.:4)
1- (1-4t ). Ut t 25 -1)
2
. -_—y 4 5 2
= 42 52L-fj : 2 + { ((a ,\L)
1-y9 T 1 e Ty

1 —(4-222)% 4 O((it)

where y := a~)-L(L+1).

3
e (2- 2202 4 o((Y)

Py 3L(Lt)

Peonf is the probability that at least two customers start a transmission

quasisimultaneously (i.e. within a propagation delay period) in the contention

mode; let Uk be the customer who produces the first packet in this mode. Then:

| - (e-aX)L-l

P =1-Pr(GJ.>a(j={:k))

conf

_ 2
= f1-1)a - S(_Lézi)_ + G ((akn)3y
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