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Description

BACKGROUND OF THE INVENTION

Technical Field

[0001] The presentinvention generally relates to mul-
ti-node communication systems with shared resources.
More particularly, the present invention relates to im-
proving throughput in multinode communication sys-
tems with shared resources and employing a shared re-
source access quota scheme.

Background Art

[0002] In the past, multi-node communication sys-
tems, such as local area networks, including both ring
networks and bus networks, have managed node ac-
cess to shared resources by limiting access thereto via
mechanisms such as polling, random access, time slot
and quota allocation mechanisms. The mechanisms
proposed have generally attempted to provide faire ac-
cess to the shared resources by the nodes. Some quota
schemes have equalized the node throughput by allo-
cating the same quota to each node.

[0003] However, allocating the same quota to each
node does not achieve optimum efficiency with regard
to system throughput. The task of determining and
tracking the allocation of different quotas among nodes
is difficult and requires a large amount of information ex-
change, especially in systems where loading conditions
fluctuate or loading is asymmetrical. Thus, most quota
schemes have centered on the allocation of the same
quotato all nodes. One such quota scheme is described
in U.S. Patent No. 4,926,418 issued to Cidon et al. and
assigned to IBM (hereinafter, "the Cidon patent").
[0004] Thus, a need exists for improved efficiency in
multi-node communication systems with shared re-
sources employing a fixed Quota scheme in order to al-
low for improved throughput in the case of an asymmet-
rically loaded system or a system whose load flutuates.
[0005] US Patent Application EP-A-4 926 418 (Cidon
Israel et al) entitled "Fairness algorithm for full-duplex
buffer insertion ring" discloses a method for transmitting
data on a full-duplex buffer insertion ring. Access to the
ring by each node is regulated by circulating control
message around the ring. The message indicated to
each node the maximum number of packets that it may
transmit during the interval from the reception of one
control message to the forwarding of a subsequent con-
trol message. With this invention a station need not be
in possession of the control message in order to transmit
a packet. A node will also hold a control message if it
has not transmitted a predetermined minimum number
of packets in its output buffer in a given time interval.
[0006] US Patent Application EP-A-5 155 725 (Khalil
Khalid M) entitled "Adaptive token release mechanism
for ring networks" discloses a token ring network in
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which the token release mechanism adapts to the status
of the other stations in the ring. Rather than releasing
the token at the end of the token holding period, the to-
ken-holding station requests permission to continue
transmitting. If permission is not denied by another sta-
tion desiring to use the network, the token-holding sta-
tion continues to transmit without interruption. Both ab-
solute and relative priority can be accommodated with
this adaptive token release mechanism. The permission
denied message preferably comprises a simple modifi-
cation of the request for permission to continue mes-
sage.

SUMMARY OF THE INVENTION

[0007] Briefly, the presentinvention satisfies the need
for improved efficiency in multi-node communication
systems by providing a method and apparatus for allow-
ing nodes currently without access quota to access a
shared resource so long as access by nodes with quota
remaining is not affected.

[0008] The basic method requires a communication
system having a plurality of nodes and a shared re-
source, and which employs a shared resource access
quota scheme for node access to the shared resource.
A non-quota access indicator is circulated among the
nodes. The non-quota access indicator indicates a max-
imum possible non-quota access by a given node, cur-
rently without quota, without affecting quota access by
other nodes in the system. In response to receipt by the
given node, the non-quota access indicator is updated
to reflect a current status of the given node as either
starved or satisfied. A status of starved is defined as
having quota and an access requirement for the shared
resource. A status of satisfied is defined as either having
no quota remaining or no access requirement for the
shared resource.

[0009] Where the shared resource is a bidirectional
communication path, the non-quota access indicator
may be circulated in a direction opposite that of system
information traffic. Where the shared resource is a uni-
directional communication path, an access requirement
status indicator is ciruculated among the nodes. The
status indicator indicates a current status for each node
in the system as either currently starved or satisfied.
[0010] The present invention also includes a method
as claimed in claim 1.

[0011] The present invention also includes a commu-
nication system implementing the above principles ac-
cording to claim 10.

[0012] These, and other objects, features and advan-
tages of this invention will become apparent from the
following detailed description of the various aspects of
the invention taken in conjunction with the accompany-
ing drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0013]

FIG. 1 depicts a five-node communication system
according to the present invention with a bidirec-
tional ring architecture.

FIG. 2 depicts a five-node communication system
according to the present invention with a unidirec-
tional ring architecture.

FIG. 3 depicts a portion of a node in FIG. 1 where
a buffer insertion ring architecture is used.

FIG. 4 depicts, in block diagram form, circuitry with-
in the node of FIG. 3 for implementing the present

invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0014] FIG. 1 depicts a five-node bidirectional com-
munication ring 10 including nodes 12, 14, 16, 18 and
20. Communication ring 10 comprises two distinct rings-
clockwise ring 11 and counterclockwise ring 13. Be-
tween any two consecutive nodes are two communica-
tion links, for example, links 22 and 24 between nodes
14 and 16. Link 22 provides a path for information to
travel from node 16 to node 14, and link 24 provides a
path for information to travel from node 14 to node 16.
For each ring there is a set of control signals, a quota
allocation signal and an INFO signal (to be described
subsequently), rotating on the other ring. In addition, a
given node with information to transmit to another node
will choose the shortest path provided on either ring for
the transmission. A given quota allocation signal there-
fore travels in the opposite direction of the information
traffic it regulates. A given quota allocation signal, when
received at a given node, allocates quota to that node,
i.e., it allows that node to transmit a certain amount of
information on the relevant ring. The following example
will focus only on a quota allocation signal and INFO
signal circulating on counterclockwise ring 13 regulating
information traffic onring 11, the description for the other
set of signals being similar.

[0015] Assume, for exemplary purposes, that nodes
20 and 12 each currently have information to transmit
to node 14. Assume also that node 16 currently has no
quota, but has information with a destination of node 20.
Under the quota allocation scheme of the Cidon patent,
node 16 must wait until its quota is refreshed via the
quota allocation signal to transmit to node 20.

[0016] The presentinvention improves throughput on
the ring by allowing node 16, although currently without
quota, to transmit the information to node 20 prior to the
next visit of the quota allocation signal if quota transmis-
sions by the other nodes are not affected. This non-quo-
ta access can only be utilized by a node after its quota
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has been exhausted. A first aspect of the present inven-
tion provides a second signal, the INFO signal, traveling
on counterclockwise ring 13. The INFO signal contains
aHOPCOUNTER, indicating to a given node the current
number of downstream nodes plus one that either do
not currently have quota remaining or information to
transmit (i.e., are currently satisfied). The term "down-
stream" is used in the sense of information flow. In other
words, the HOPCOUNTER informs a given node how
far ahead onring 10 itmay currently transmit information
(or how many nodes away it can "hop" to) without quota.
In general, a given node with quota remaining and in-
formation to transmit is referred to as being "starved",
and a node currently either without information to trans-
mit or having no quota remaining is referred to as "sat-
isfied".

[0017] As described in the Cidon patent, benefits are
realized by propagating the quota allocation signal in a
direction opposite the information traffic it regulates. The
INFO signal also preferably travels opposite the infor-
mation traffic and separately from the quota allocation
signal, in order to propagate it quickly through ring 10.
Under heavy loading conditions, the INFO signal
traveling separately from the quota allocation signal
may circulate several times around ring 10 in the time it
takes the quota allocation signal to make one round trip.
Thus, system throughput may be maximized if both the
INFO signal and the quota allocation signal travel sep-
arately and in a direction opposite the information traffic
regulated thereby.

[0018] When a node receives the INFO signal, it im-
mediately stores the HOPCOUNTER in local memory
(see FIG. 4). The node stores the HOPCOUNTER so
that whenever it has information to transmit and is out
of quota, it checks to see if the destination for the infor-
mation is within the stored HOPCOUNTER distance. If
a node is satisfied, the node increments the HOP-
COUNTER by one when received and immediately
propagates it to the next upstream node. When a
starved node receives the INFO signal, the node resets
the HOPCOUNTER to one and propagates the INFO
signal to the next upstream node. In the present aspect,
anode always assumes that an upstream neighbor may
transmit to it, hence, resetting the HOPCOUNTER to
one when starved. A maximum value for the HOP-
COUNTER above which it is not incremented may be
chosen, as a function of the number of nodes in the ring
and the number of bits in length the HOPCOUNTER is.
[0019] Assume now thatnode 20 is satisfied and node
18 is satisfied with information destined for node 12. As-
sume also that node 20 has just received the INFO sig-
nal from node 12 over link 28. Node 20 stores the HOP-
COUNTER (assume it has a value of one), increments
it to a value of two since it is satisfied and propagates
the INFO signal to node 18 over link 30. When node 18
receives the INFO signal, it immediately stores the
HOPCOUNTER value, increments it by one since it is
satisfied and propagates the INFO signal to node 16
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over link 32. Node 18 may now transmit without quota
to node 12 over links 26 and 34, since the destination
of its information, node 12, is two nodes away and its
most recently stored HOPCOUNTER has a value of two,
i.e.,the destination node is equal to or less than the most
recently stored HOPCOUNTER value.

[0020] In a second aspect of the present invention, a
given node generates an INFO signal whenever its sta-
tus changes from satisfied to starved or vice-versa. The
benefits of such an INFO signal "on demand" scheme,
instead of only circulating a single INFO signal, are il-
|ustrated by the following two examples. First, consider
a satisfied node having quota left, but no information to
transmit. When the node gets an INFO signal, it imme-
diately stores the HOPCOUNTER, increments it (since
it is satisfied) and sends the INFO signal on. Just after
propagating the INFO signal, the node receives infor-
mation to transmit. The node's status has changed from
satisfied to starved. Thus, the HOPCOUNTER just sent
by that node is inaccurate and will remain so, with re-
spect to that node, until the INFO signal next arrives
there. An on demand scheme would allow the node to
issue another correct INFO signal immediately, rather
than waiting to correct the first one.

[0021] Second, considerastarved node. The nodere-
ceives the INFO signal, stores the received HOP-
COUNTER, resets the HOPCOUNTER to one (since it
has information to transmit and quota remaining) and
propagates the INFO signal. Shortly after propagating
the INFO signal, the node finishes transmitting its infor-
mation or runs out of quota. The status of the node has
changed from starved to satisfied. Thus, non-quota
transmissions which might otherwise be allowed up-
stream will not take place until the INFO signal is cor-
rected when it next arrives at the node.

[0022] In this second aspect of the present invention,
the nodes in the two examples above would each issue
a new INFO signal in response to its status change. A
given node receiving an INFO signal would check to see
if the received HOPCOUNTER s different from or the
same as the most recently stored HOPCOUNTER val-
ue. If the received and stored HOPCOUNTERS are the
same, the node does not update the HOPCOUNTER
nor propagate the INFO signal. If the compared HOP-
COUNTERS are different, the node stores the received
HOPCOUNTER. Then, ifthe node is satisfied, it updates
the HOPCOUNTER (i.e., increments by one) and prop-
agates the INFO signal. If the node is currently starved,
it stores the received HOPCOUNTER but does not prop-
agate the INFO signal. In addition, in the case of a bidi-
rectional system, if a node receives an INFO signal with
a HOPCOUNTER having a value equal to the number
of nodes in the system, it does not update the HOP-
COUNTER or propagate the INFO signal, since such a
value implies that all nodes are currently satisfied and
all nodes are aware that all nodes are satisfied. The
same is true in a unidirectional system where the re-
ceived HOPCOUNTER has a value equal to twice the
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number of nodes in the system.

[0023] The above two aspects of the present inven-
tion assume a bidirectional communication ring. How-
ever, some communication systems are unidirectional.
FIG. 2 depicts a five-node unidirectional communication
ring 36 with nodes 38, 40, 42, 44 and 46. In a third aspect
of the invention, an INFO signal is circulated in the di-
rection of information traffic and contains a bit map with
a bit for the status of each node. A satisfied node has a
status of one and a starved node has a status of zero.
When a given node, e.g., node 40, receives the INFO
signal, it determines from the bit map how many con-
secutive nodes ahead of it have a bit value of one (a
HOP indicator) and stores this information in local mem-
ory. The node then updates its own bit on the bit map
and propagates the INFO signal. A given node may
transmit information if its last stored HOP indicator value
is equal to or greater than the number of hops it needs
to make to reach its destination node.

[0024] In afourth aspect of the present invention, ap-
paratus implementing the above principles is presented.
The fourth aspect of the present invention will be de-
scribed with reference to ring 10 of FIG. 1 further de-
scribed as a buffer insertion ring architecture, as it is
known in the art. FIG. 3 depicts an input/output portion
48 of node 14. Insertion buffer 50 can store at most one
maximal size packet of information. Node 14 may trans-
mit information packets from transmit buffer 52 at any
time, provided insertion buffer 50 is empty and no other
nodes are transmitting over link 24 (ring traffic is given
priority). If ring traffic is arriving on link 23 while node 14
is transmitting an information packet, the incoming
packet is stored in insertion buffer 50 until the transmis-
sion is completed. If information destined for node 14 is
received on link 23, it enters receive buffer 54. When
node 14 has no information packets to transmit, ring traf-
fic is not delayed in insertion buffer 50.

[0025] FIG. 4 depicts INFO-subcircuit 56, in block di-
agram form, within node 14. INFO-subcircuit 56 com-
prises hopcounter register 58, hop register 60, compa-
rator 62 and requestor 64. Hopcounter register 58 can
be loaded, incremented, reset and read from. Hop reg-
ister 60 can be loaded and read from. Comparator 62
compares two values and asserts a signal when certain
conditions are met. Requestor 64 controls INFO-subcir-
cuit 56. The operation of INFO-subcircuit 56 will now be
described in detail.

[0026] When node 14 receives an INFO signal on link
22, hopcounter register 58 and hop register 60 are im-
mediately loaded with the HOPCOUNTER. Requestor
64 responds to the INFO signal, active upon the loading
of hopcounter register 58, by incrementing hopcounter
register 58 if the SATISFIED signal is asserted. An as-
sertion of the SATISFIED signal indicates that node 14
has exhausted its quota or transmit buffer 52 is empty.
If the SATISFIED signal is not asserted, requestor 64
resets hopcounter register 58 to one. Immediately after
the increment or reset operation, the INFO signal (with
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the HOPCOUNTER from hopcounter register 58) is sent
on to node 12 over link 25.

[0027] Inadditionto updatingthe HOPCOUNTER, IN-
FO-subcircuit 56 determines if a non-quota transmis-
sion by node 14 is possible. Comparator 62 compares
the value in hop register 60 with a DestHops signal to
determine if DestHops is less than or equal to the stored
HOPCOUNTER in hop register 60. DestHops indicates
the number of downstream "hops" the next information
packet from transmit buffer 52 must make in order to
arrive at its destination. If DestHops is less than or equal
to the stored HOPCOUNTER, comparator 62 asserts a
HopsOK signal, indicating to requestor 64 that the cur-
rently desired non-quota transmission is possible.

Claims

1. A method for non-quota access to a shared re-
source by a given node without quota, in a commu-
nication system (10) having a plurality of nodes (12,
14, 16, 18, 20) and a shared resource comprising a
communication path and employing a shared re-
source access quota scheme for node access to
said shared resource, said method comprises the
steps of:

¢ circulating a non-quota access indicator among
said plurality of nodes, said non-quota access
indicator indicating a maximum possible non-
quota access available to said given node to
said shared resource without affecting quota
access thereto by one or more of the other of
said plurality of nodes; and characterized by

* updating said non-quota access indicator in re-
sponse to receipt thereof by said given node to
reflect a current status of said given node as
either starved or satisfied, said status of
starved being defined as having quota and an
access requirement for said shared resource,
and said status of satisfied being defined as ei-
ther having no quota remaining or no access
requirement for said shared resource and to in-
dicate a maximum number of consecutive
nodes on said communication path available
for said given node to transmit information.

2. The method of claim 1 wherein said non-quota ac-
cess indicator indicates a number of consecutive
nodes in said communication path directly ahead of
said given node currently having a status of satis-
fied.

3. The method of claim 2, wherein said non-quota ac-
cess indicator comprises a node counter, and
wherein said step of updating comprises the step
of :
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* incrementing said node counter to reflect that
said given node is currently satisfied.

The method of claim 2, wherein said non-quota ac-
cess indicator comprises a node counter, and
wherein said step of updating comprises the step
of :

* setting said node counter to a predetermined
number to reflect that said given node is cur-
rently starved.

The method of claim 2, wherein said communication
path is bidirectional, and wherein said step of up-
dating comprises the step of:

¢ updating said non-quota access indicator to re-
flect said current status of said given node un-
less said number of consecutive nodes equals
a total number of said plurality of nodes on said
bidirectional communication path.

The method of claim 2, wherein said communication
path is unidirectional, and wherein said step of up-
dating comprises the step of:

* updating said non-quota access indicator to re-
flect said current status of said given node un-
less said number of consecutive nodes equals
twice a total number of said plurality of nodes
on said unidirectional communication path.

The method of claim 1 further comprising the step
of :

* allowing said given node to access said shared
resource in accordance with said non-quota ac-
cess indicator.

The method of claim 7, wherein said step of allowing
comprises the steps of:

¢ comparing said non-quota access indicator to
a current access requirement indicator of said
given node, said current access requirement in-
dicator indicating an extent of access to said
shared resource currently required by said giv-
en node; and

¢ determiningif said given node may access said
shared resource without quota based on said
comparison.

The method of claim 8 wherein said step of deter-
mining comprises the steps of:

* determining if said non-quota access indicator
is equal to or greater than said current access
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requirement indicator, wherein said given node
is allowed to access said shared resource only
if said non-quota access indicator is equal to or
greater than said current access requirement
indicator.

A communication system (10) having a plurality of
nodes (12, 14, 16, 18, 20) and a shared resource
comprising a communication path and employing a
shared resource access quota scheme for node ac-
cess to said shared resource, said communication
system characterized in that it comprises :

* means for circulating a non-quota access indi-
cator among said plurality of nodes, said non-
quota access indicator indicating a maximum
possible non-quota access available to said
given node to said shared resource without af-
fecting quota access thereto by one or more of
the other of said plurality of nodes; and

* means for updating said non-quota access in-
dicator in response to receipt thereof by said
given nodeto reflect a current status of said giv-
en node as either starved or satisfied, said sta-
tus of starved being defined as having quota
and an access requirement for said shared re-
source, and said status of satisfied being de-
fined as either having no quota remaining or no
access requirement for said shared resource,
and to indicate a maximum number of consec-
utive nodes on said communication path avail-
able for said given node to transmit information.

The communication system of claim 10 wherein
said non-quota access indicator indicates a number
of consecutive nodes in said communication path
directly ahead of said given node currently having
a status of satisfied.

The communication system of claim 11, wherein
said non-quota access indicator comprises a node
counter, and wherein said means for updating
comprises :

* means for incrementing said node counter to
reflect that said given node is currently satis-
fied.

The communication system of claim 11, wherein
said non-quota access indicator comprises a node
counter, and wherein said means for updating
comprises :

* means for setting said node counter to a pre-
determined number to reflect that said given
node is currently starved.
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15.

16.

17.

18.

10

The communication system of claim 11, wherein
said communication path is bidirectional, and
wherein said means for updating comprises :

* means for updating said non-quota access in-
dicator to reflect said current status of said giv-
en node unless said number of consecutive
nodes equals a total number of said plurality of
nodes on said bidirectional communication
path.

The communication system of claim 11, wherein
said communication path is unidirectional, and
wherein said means for updating comprises :

* means for updating said non-quota access in-
dicator to reflect said current status of said giv-
en node unless said number of consecutive
nodes equals twice a total number of said plu-
rality of nodes on said unidirectional communi-
cation path.

The communication system of claim 10 further
comprising :

* means for allowing said given node to access
said shared resource in accordance with said
non-quota access indicator.

The communication system of claim 16, wherein
said means for allowing comprises:

* meansforcomparing said non-quota access in-
dicator to a current access requirement indica-
tor of said given node, said current access re-
quirement indicator indicating an extent of ac-
cess to said shared resource currently required
by said given node; and

* means for determining if said given node may
access said shared resource without quota
based on said comparison.

The communication system of claim 17 wherein
said means for determining comprises:

* means for determining if said non-quota access
indicator is equal to or greaterthan said current
access requirement indicator, wherein said giv-
en node is allowed to access said shared re-
source only if said non-quota access indicator
is equal to or greater than said current access
requirement indicator.

Patentanspriiche

1.

Verfahren flr den quotenfreien Zugriff eines gege-



11 EP 0 666 666 B1 12

benen Knotens ohne Quote auf eine gemeinsam
genutzte Ressource in einem Kommunikationssy-
stem (10) mit einer Vielzahl von Knoten (12, 14, 16,
18, 20) und einer gemeinsam genutzten, einen
Kommunikationspfad umfassenden Ressource, in
dem ein Zugriffsquotenprinzip fur den Zugriff der
Knoten auf diese gemeinsam genutzte Ressource
verwendet wird, wobei das Verfahren folgende
Schritte umfasst:

* dasZirkulieren eines Indikators fur den quoten-
freien Zugriff zwischen dieser Vielzahl von Kno-
ten, wobei der Indikator fur den quotenfreien
Zugriff den fuir den gegebenen Knoten maximal
verflgbaren quotenfreien Zugriff auf die ge-
meinsam genutzte Ressource angibt, der még-
lich ist, ohne dass dadurch der quotierte Zugriff
eines oder mehrerer anderer der Vielzahl von
Knoten auf diese Ressource beeintrachtigt
wird; und wobei das Verfahren gekennzeich-
net ist durch

¢ das Aktualisieren dieses Indikators flr den quo-
tenfreien Zugriff als Reaktion auf den Empfang
im Knoten, um den aktuellen Status des gege-
benen Knotens als entweder "ungesattigt" oder
"gesattigt" wiederzugeben, wobei der Status
"ungesattigt" definiert ist als der Besitz einer
Quote und eines Zugrifisbedarfs des Knotens
auf die gemeinsam genutzte Ressource und
der Status "gesattigt" definiert ist als das Feh-
len einer Restquote oder eines Zugriffsbedarfs
auf die gemeinsam genutzte Ressource, und
um dem gegebenen Knoten die maximale An-
zahl der auf dem Kommunikationspfad aufein-
ander folgenden verfligbaren Knoten anzuge-
ben, an die der Knoten Informationen Ubertra-
gen kann.

2. \Verfahren nach Anspruch 1, bei dem der Indikator

fur den quotenfreien Zugriff eine Anzahl aufeinan-
der folgender Knoten im Kommunikationspfad di-
rekt vor dem gegebenen Knoten angibt, die im Mo-
ment den Status "gesattigt" haben.

Verfahren nach Anspruch 2, bei dem der Indikator
fuirden quotenfreien Zugriff einen Knotenzahler um-
fasst und der Aktualisierungsschritt den Schritt des

e Erhéhens des Knotenzahlers umfasst, wo-
durch angezeigt wird, dass der gegebene Kno-
ten im Moment "gesattigt" ist.

Verfahren nach Anspruch 2, bei dem der Indikator
fuirden quotenfreien Zugriff einen Knotenzahler um-

fasst und der Aktualisierungsschritt den Schritt des

¢ Einstellens des Knotenzéhlers auf eine vorge-
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gebene Zahl umfasst, wodurch angezeigt wird,
dass der gegebene Knoten im Moment "unge-
sattigt" ist.

5. Verfahren nach Anspruch 2, bei dem der Kommu-

nikationspfad bidirektional aufgebaut ist und der
Aktualisierungsschritt den Schritt des

*  Aktualisierens des Indikators flir den quoten-
freien Zugriff umfasst, wodurch der aktuelle
Status des gegebenen Knotens wiedergege-
ben wird, sofern nicht die Anzahl der aufeinan-
der folgenden Knoten gleich der Gesamtzahl
der Knoten in dem bidirektionalen Kommunika-
tionspfad ist.

Verfahren nach Anspruch 2, bei dem der Kommu-
nikationspfad unidirektional aufgebaut ist und der
Aktualisierungsschritt den Schritt des

* Aktualisierens des Indikators fur den quoten-
freien Zugriff umfasst, wodurch der aktuelle
Status des gegebenen Knotens wiedergege-
ben wird, sofern nicht die Anzahl der aufeinan-
der folgenden Knoten doppelt so groB3 ist wie
die Vielzahl von Knoten in dem unidirektionalen
Kommunikationspfad.

Verfahren nach Anspruch 1, das weiterhin den
Schritt umfasst,

+ dem gegebenen Knoten in Ubereinstimmung
mit dem Indikator flr den quotenfreien Zugriff
den Zugriff auf die gemeinsam genutzte Res-
source zu gewahren.

Verfahren nach Anspruch 7, bei dem der Schritt der
Zugriffsgewéhrung die folgenden Schritte umfasst:

¢ das Vergleichen des Indikators fiir den quoten-
freien Zugriff mit dem Indikator fir den aktuel-
len Zugriffsbedarf des gegebenen Knotens,
wobei der Indikator flr den aktuellen Zugriffs-
bedarf eine Verlangerung des Zugriffs auf die
gemeinsam genutzte Ressource anzeigt, der
im Moment von dem gegebenen Knoten bend-
tigt wird; und

¢ das Ermitteln, ob der gegebene Knoten auf der
Grundlage dieses Vergleiches einen quoten-
freien Zugriff auf die gemeinsam genutzte Res-
source erhalten darf.

Verfahren nach Anspruch 8, bei dem der Schritt des
Ermittelns die folgenden Schritte umfasst:

¢ das Bestimmen, ob der Indikator fir den quo-
tenfreien Zugriff gleich oder gréBer als der In-
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dikator fur den aktuellen Zugriffsbedarf ist, wo-
bei der gegebene Knoten nur dann Zugriff auf
die gemeinsam genutzte Ressource erhdlt,
wenn der Indikator fir den quotenfreien Zugriff
gleich oder gréBer als der Indikator fur den ak-
tuellen Zugriffsbedarf ist.

Kommunikationssystem (10) mit einer Vielzahl von
Knoten (12, 14, 16, 18, 20) und einer gemeinsam
genutzten, einen Kommunikationspfad umfassen-
den Ressource, in dem ein Zugriffsquotenprinzip fur
den Zugriff der Knoten auf diese gemeinsam ge-
nutzte Ressource verwendet wird, wobei das Kom-
munikationssystem dadurch gekennzeichnet ist,
dass es Folgendes umfasst:

* Mittel fiir das Zirkulieren eines Indikators fir
den quotenfreien Zugriff zwischen der Vielzahl
von Knoten, wobei der Indikator fir den quo-
tenfreien Zugriff den maximal verfligbaren quo-
tenfreien Zugriff auf die gemeinsam genutzte
Ressource angibt, der méglich ist, ohne dass
dadurch der quotierte Zugriff eines oder meh-
rerer anderer der Vielzahl von Knoten auf diese
Ressource beeintrachtigt wird; und

*  Mittel zum Aktualisieren des Indikators fiir den
quotenfreien Zugriff als Reaktion auf den Emp-
fang des Indikators durch den gegebenen Kno-
ten, um dadurch den aktuellen Status des ge-
gebenen Knotens als entweder "ungeséttigt"
oder "geséttigt" wiederzugeben, wobei der Sta-
tus "ungesattigt" definiert ist als der Besitz einer
Quote und eines Zugrifisbedarfs des Knotens
auf die gemeinsam genutzte Ressource und
der Status "gesattigt" definiert ist als das Feh-
len einer Restquote oder eines Zugriffsbedarfs
auf die gemeinsam genutzte Ressource, und
um dem gegebenen Knoten die maximale An-
zahl derin dem Kommunikationspfad aufeinan-
der folgenden verflgbaren Knoten anzugeben,
an die der Knoten Informationen Ubertragen
kann.

Kommunikationssystem nach Anspruch 10, bei
dem der Indikator fiir den quotenfreien Zugriff eine
Anzahl aufeinander folgender Knoten im Kommuni-
kationspfad direkt vor dem gegebenen Knoten an-
gibt, die im Moment den Status "geséttigt" haben.

Kommunikationssystem nach Anspruch 11, bei
dem der Indikator fiir den quotenfreien Zugriff einen
Knotenzahler umfasst und bei dem die Mittel fir die
Aktualisierung

* Mittel zum Erhéhen des Knotenzéhlers umfas-
sen, um dadurch anzuzeigen, dass der gege-
bene Knoten im Moment "geséttigt" ist.
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Kommunikationssystem nach Anspruch 11, bei
dem der Indikator fuir den quotenfreien Zugriff einen
Knotenzahler umfasst und bei dem die Mittel fr die
Aktualisierung

* Mittel zum Einstellen des Knotenzéhlers auf ei-
ne vorgegebene Zahl umfassen, um dadurch
anzuzeigen, dass der gegebene Knoten im Mo-
ment "ungesattigt" ist.

Kommunikationssystem nach Anspruch 11, bei
dem der Kommunikationspfad bidirektional ausge-
fuhrtist und bei dem die Mittel fir die Aktualisierung

¢ Mittel zum Aktualisieren des Indikators fur den
quotenfreien Zugriff umfassen, wodurch der
aktuelle Status des gegebenen Knotens wie-
dergegeben wird, sofern nicht die Anzahl der
aufeinander folgenden Knoten gleich der Ge-
samtzahl der Vielzahl von Knoten in dem bidi-
rektionalen Kommunikationspfad ist.

Kommunikationssystem nach Anspruch 11, bei
dem der Kommunikationspfad unidirektional aus-
gefuhrt ist und bei dem die Mittel fur die Aktualisie-
rung

¢ Mittel zum Aktualisieren des Indikators fur den
quotenfreien Zugriff umfassen, wodurch der
aktuelle Status des gegebenen Knotens wie-
dergegeben wird, sofern nicht die Anzahl der
aufeinander folgenden Knoten doppelt so grof3
ist wie die Vielzahl von Knoten in dem unidirek-
tionalen Kommunikationspfad.

Kommunikationssystem nach Anspruch 10, wel-
ches auBerdem

»  Mittel umfasst, die in Ubereinstimmung mit dem
Indikator fiir den quotenfreien Zugriff dem ge-
gebenen Knoten den Zugriff auf die gemein-
sam genutzte Ressource gewahren.

Kommunikationssystem nach Anspruch 16, bei
dem die Mittel fiir die Zugriffsgewahrung Folgendes
umfassen:

¢ Mittel zum Vergleichen des Indikators fiir den
quotenfreien Zugriff mit einem Indikator fuir den
aktuellen Zugriffsbedarf des gegebenen Kno-
tens, wobei der Indikator flir den aktuellen Zu-
grifisbedarf eine Verlangerung des Zugriffs auf
die gemeinsam genutzte Ressource anzeigt,
der im Moment vom gegebenen Knoten bené-
tigt wird; und

*  Mittel zum Bestimmen, ob der gegebene Kno-
ten aufder Grundlage dieses Vergleiches einen
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quotenfreien Zugriff auf die gemeinsam ge-
nutzte Ressource erhalten darf.

18. Kommunikationssystem nach Anspruch 17, bei

dem die Bestimmungsmittel Folgendes umfassen:

¢ Mittel zum Bestimmen, ob der Indikator flir den
quotenfreien Zugriff gleich oder gréBer als der
Indikator fir den aktuellen Zugriffsbedarf ist,
wobei der gegebene Knoten nur dann Zugriff
auf die gemeinsam genutzte Ressource erhélt,
wenn der Indikator fir den quotenfreien Zugriff
gleich oder gréBer als der Indikator fur den ak-
tuellen Zugriffsbedarf ist.

Revendications

Un procédé pour permettre un accés sans-quota a
une ressource partagée, par un noeud donné sans-
quota, dans un systeme de communication (10)
comprenant une pluralité de noeuds (12, 14, 16, 18,
20) et une ressource partagée, comprenant un che-
min de communication et utilisant un schéma & quo-
ta d'accés a une ressource partagée, pour permet-
tre l'accés du noeud a ladite ressource partagée,
ledit procédé comprenant les étapes consistant a :

faire circuler un indicateur d'acces sans-quota
parmi ladite pluralité de noeuds, ledit indicateur
d'accés sans-quota indiquant un maximum
possible d'accés sans-quota, disponibles audit
noeud donné, a ladite ressource partagée,
sans affecter I'accés a quota a celle-ci, par un
ou plus des autres de ladite pluralité de
noeuds ; et

caractérisé par

la mise a jour dudit indicateur d'accés sans-
quota, en réponse a la réception de celui-ci par
ledit noeud donné, afin de refléter un état actuel
dudit noeud donné pour savoir s'il est en de-
mande ou s'il est satisfait, ledit état en deman-
de étant défini comme ayant un quota et une
exigence d'accés envers ladite ressource par-
tagée, et ledit état en satisfaction étant défini
soit comme le fait qu'aucun quota ne subsiste
plus, soit qu'aucune exigence d'acces n'existe
pour ladite ressource partagée et pour indiquer
un nombre maximal de noeuds consécutifs, sur
ledit chemin de communication, disponibles
pour ledit noeud donné afin de transmettre de
l'information.

Le procédé selon la revendication 2, dans lequel le-
dit indicateur d'accés sans-quota indique une plu-
ralité de noeuds consécutifs dans ledit chemin de
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communication, directement en amont dudit noeud
donné ayant actuellement un état en satisfaction.

Le procédé selon la revendication 2, dans lequel le-
dit indicateur d'accés sans-quota comprend un
compteur de noeuds, et dans lequel ladite étape de
mise & jour comprend ['étape consistant & :

incrémenter ledit compteur de noeuds pour re-
fléter le fait que ledit noeud donné est actuelle-
ment en satisfaction.

Le procédé selon la revendication 2, dans lequel le-
dit indicateur d'accés sans-quota comprend un
compteur de noeuds, et dans lequel ladite étape de
mise a jour comprend ['étape consistant & :

fixer ledit compteur de noeuds a un nombre
prédéterminé, pour refléter le fait que ledit
noeud donné est actuellement en demande.

Le procédé selon la revendication 2, dans lequel le-
dit chemin de communication est bidirectionnel, et
dans lequel ladite étape de mise & jour comprend
I'étape consistant a:

mettre a jour ledit indicateur d'accés sans-quo-
ta, pour refléter ledit état actuel dudit noeud
donné, sauf si ledit nombre de noeuds consé-
cutifs est égal & un nombre total de ladite plu-
ralité de noeuds sur ledit chemin de communi-
cation bidirectionnel.

Le procédé selon la revendication 2, dans lequel le-
dit chemin de communication est unidirectionnel, et
dans lequel ladite étape de mise & jour comprend
I'étape consistant a:

mettre & jour ledit indicateur d'accés sans-quo-
ta pour refléter le ledit état actuel dudit noeud
donné, sauf si ledit nombre de noeuds consé-
cutifs est égal & deux fois un nombre total de
ladite pluralité de noeuds sur ledit chemin de
communication unidirectionnel.

Le procédé selon la revendication 1, comprenant
en outre I'étape consistant a :

permettre audit noeud donné d'accéder a ladite
ressource partagée selon ledit indicateur d'ac-
cés sans-quota.

Le procédé selon la revendication 7, dans lequel la-
dite étape d'autorisation comprend les étapes con-
sistant & :

comparer ledit indicateur d'accés sans-quota a
un indicateur d'exigence d'accés actuel dudit
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noeud donné, ledit indicateur d'exigence d'ac-
cés actuel indiquant un degré d'acces a ladite
ressource partagée actuellement requise par
ledit noeud donné ; et

déterminer si ledit noeud donné peut accéder
a ladite ressource partagée, sans quota,
d'aprés ladite comparaison.

Le procédé selon la revendication 8, dans lequel la-
dite étape de détermination comprend les étapes
consistant a:

déterminer siledit indicateur d'accés sans-quo-
ta est égal ou supérieur audit indicateur d'exi-
gence d'accés actuel, dans lequel ledit noeud
donné est autorisé a accéder a ladite ressource
partagée, uniquement si ledit indicateur d'ac-
cés sans-quota est égal ou supérieur audit in-
dicateur d'exigence d'accés actuel.

10. Un systéme de communication (10) ayant une plu-

ralité de noeuds (12, 14, 16, 18, 20) et une ressour-
ce partagée comprenant un chemin de communi-
cation et utilisant un schéma a quota d'accés a la
ressource partagée, pour l'accés par le noeud a la-
dite ressource partagée, ledit systéme de commu-
nication étant caractérisé en ce qu'il comprend :

des moyens, pour faire circuler un indicateur
d'accés sans-quota parmi ladite pluralité de
noeuds, ledit indicateur d'accés sans-quota in-
diquant un maximum possible d'accés sans-
quota, disponibles audit noeud donné, a ladite
ressource partagée, sans affecter l'acces a
quota a celle-ci, par un ou plus des autres de
ladite pluralité de noeuds ; et

des moyens, pour mettre a jour ledit indicateur
d'accés sans-quota, en réponse a la réception
de celui-ci par ledit noeud donné, afin de reflé-
terun état actuel dudit noeud donné pour savoir
s'il est en demande ou s'il est satisfait, ledit état
en demande étant définicomme ayant un quota
et une exigence d'accés envers ladite ressour-
ce partagée, et ledit état en satisfaction étant
défini comme le fait qu'aucun quota ne subsiste
plus, soit qu'aucune exigence d'accés n'existe
pour ladite ressource partagée et pour indiquer
un nombre maximal de noeuds consécutifs, sur
ledit chemin de communication, disponibles
pour ledit noeud donné afin de transmettre de
I'information

11. Le systéme de communication selon la revendica-

tion 10, dans lequel ledit indicateur d'accés sans-
quota indique une pluralité de noeuds consécutifs
dans ledit chemin de communication, directement
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en amont dudit noeud donné ayant actuellement un
état en satisfaction.

Le systeme de communication selon la revendica-
tion 11, dans lequel ledit indicateur d'accés sans-
quota comprend un compteur de noeuds, et dans
lequel lesdits moyens de mise a jour comprennent :

des moyens pour incrémenter ledit compteur
de noeuds pour refléter le fait que ledit noeud
donné est actuellement en satisfaction.

Le systeme de communication selon la revendica-
tion 11, dans lequel ledit indicateur d'accés sans-
quota comprend un compteur de noeuds, et dans
lequel lesdits moyens de mise a jour comprennent :

des moyens pour établir ledit compteur de
noeuds a un nombre prédéterminé, afin de re-
fléter le fait que ledit noeud donné est actuelle-
ment en demande.

Le systéeme de communication selon la revendica-
tion 11, dans lequel ledit chemin de communication
est bidirectionnel, et dans lequel lesdits moyens de
mise a jour comprennent :

des moyens, pour mettre a jour ledit indicateur
d'acces sans-quota, pour refléter ledit état ac-
tuel dudit noeud donné, sauf si ledit nombre de
noeuds consécutifs est égal a un nombre total
de ladite pluralité de noeuds sur ledit chemin
de communication bidirectionnel.

Le systeme de communication selon la revendica-
tion 11, dans lequel ledit chemin de communication
est unidirectionnel, et dans lequel lesdits moyens
de mise a jour comprennent :

des moyens pour mettre a jour ledit indicateur
d'accés sans-quota, pour refléter |'état actuel,
sauf si ledit nombre de noeuds consécultifs est
égal a deux fois un nombre total de ladite plu-
ralité des noeuds sur ledit chemin de commu-
nication unidirectionnel.

Le systeme de communication selon la revendica-
tion 10, comprenant en outre :

des moyens pour permettre audit noeud donné
d'accéder a ladite ressource partagée, selon le-
dit indicateur d'acces sans-quota.

Le systeme de communication selon la revendica-
tion 16, dans lequel lesdits moyens d'autorisation

comprennent :

des moyens, pour comparer ledit indicateur
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d'accés sans-quota a un indicateur d'exigence
d'accés actuel dudit noeud donné, ledit indica-
teur d'exigence d'accés actuel indiquant un de-
gré d'accés a ladite ressource partagée actuel-
lement requis par ledit noeud donné ; et 5

des moyens, pour déterminer si ledit noeud
donné peut accéder a ladite ressource parta-
gée, sans quota d'aprés ladite comparaison.
10
18. Le systéme de communication selon la revendica-
tion 17, dans lequel lesdits moyens de détermina-
tion comprennent :

des moyens pour déterminer si ledit indicateur 15
d'accés sans-quota est égal ou supérieur audit
indicateur d'exigence d'accés actuel, dans le-
quel ledit noeud donné est autorisé a accéder
aladite ressource partagée, uniqguement siledit
indicateur d'accés sans-quota est égal ou su- 20
périeur audit indicateur d'exigence d'accés ac-
tuel.
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