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Abstract

DTM, Dynamic synchronous Transfer Mode, is a broadband
network architecture based on fast circuit-switching
augmented with dynamic reallocation of resources. It

10 provides a service based on multicast, multi-rate channels
with short set-up delay, and supports applications with
real-time requirements on quality of service as well as
applications with bursty, asynchronous traffic. This
paper describes the DTM architecture and its distributed

15 resource management scheme. Performance analysis results
from network simulations are presented. The analysis is
performed with respect to throughput and access delay for
two network topologies: a dual bus and a grid of dual
buses. The effects of varying user reguirements, inter-

20 node distance and transfer size are studied for uniform
traffic patterns. The results indicate that the overhead
for establishing channels is low (a few hundred
microseconds}), which gies a high degree of utilization
even for short transfers. The analysis also shows that

25 when channels are established very frequently, the
signalling capacity limits the performance.

1. Introduction

The next generation of networks will integrate services
30 for different kinds of applications: delay-insensitive
asynchronous applications like fax, mail, and file
transfer, and delay-sensitive applications with real-time
requirements, such as audio and video. These different
applications have traditionally been supported by
different network technologies. Asynchronous communication
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5 multiplexed telephone networks.

Circuit-switched networks have many attractive properties.
Circuits are isolated from each other in the sense that
traffic on one circuit is unaffected by activities on the
others. This makes it possible to provide guaranteed

10 transfer quality with constant delay, which is suitable
for applications with timing reguirements. Furthermore,
data and control are separated in circuit~switched
networks. Processing of control information only takes
place at establishment and tear-down of circuits, and the

15 actual data transfer can be done without processing of the
data stream, congestion control, etc. This allows large
volumes of data to be transferred efficiently [1].
think that this will be even more important in the future,
since developments in photonics will dramatically reduce

20 the cost of transmission, and switches will become the
main communication bottlenecks.

The static nature of ordinary circuit-switched networks
makes them inappropriate for certain types of traffic.
Traditionally, circuits have fixed capacity, long set-up

25 delay and poor support for multicast. These shortcomings
make it difficult to efficiently support, for example,
computer communication in a circuit-switched network. This
has motivated a search for alternative solutions, and the
predominant view is that the next generation of tele-

30 communication networks should be cell-switched, based on
ATM [2]. Cells are small, fixed-size packets, so this is
an orientation towards packet-switching [3]. This means
that many of the weaknesses of packet-switching are
present also in cell-switched networks, in particular in

35 the area of providing guaranteed quality of service.
Therefore additional mechanisms, such as admission
control, traffic regulation, scheduling of packets on
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per f or mance. of the main concerns with packet switched networks in
general, and ATM in particular, is whether it is possible
5 to realize these mechanisms in a cost-effective way [5}],
(61, {7}, 81, (91, [10], {[11}.

DTM, Dynamic synchronous Transfer Mode, is a broadband
network architecture developed at the Royal Institute of
Technoiogy in Sweden. It is an attempt to combine the

10 advantages of circuit-switching and packet-switching, in
that it is based on fast circuit-switching augmented with
dynamic reallocation of resources, supports multicast
channels, and has means for providing short access delay.
The DTM architecture spans from medium access, including a

I5. synchronization scheme, up to routing and addressing of
logical ports at the receiver. DTM is designed to support
various types of traffic and can be used directly for
application-to-application communication, or as a carrier
network for other protocols, such as ATM or IP, A

20 prototype implementation based on 622 Mbps optical fibers
has been operational for two years, and work is in
progress with a wavelength-division multiplexed version
with four wavelengths. An overview of DTM with a more
detailed description of the prototype implementation was

25 previously published in {12].

Fast circuit-switching was proposed for use in telephone
systems already in the early 1980s [13}. A fast circuit-
switched telephone network attempts to allocate a trans-
mission path of a given data rate to a set of network

30 users only when they are actively transmitting inform-
ation. This means that a circuit is established for every
burst of information [14]), [15}. When silence is detected,
the transmission capacity is quickly reallocated to other
users. In the form used in TASI-E [13], fast circuit-

35 switching has been deployed for intercontinental
communication between Burope and the United States. Burst
switching is another form of fast circuit-switching, where
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The next generation of networks will integrate services for different

ki nds of applications: delay-insensitive asynchronous applications like
fax, mail, and file 10 transfer, and del ay-sensitive applications wth
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e lengt of a burst is not, in contrast to a packet,

determined before the start of transmission.

It has been shown that the signalling delay associated

10 with creation and tear-down of communication channels
determines much of the efficiency of fast circuit-
switching [14]. DTM is therefore designed to create
channels fast, within a few hundreds of microseconds. DTM
differs from burst switching in that control and data are

I5 separated, and it uses multicast, multi-rate, high
capacity channels to support a variety of different
traffic classes. This means for example that it is
possible to increase or decrease the allocated resources
of an existing channel. Even though a DTM network may have

20 the potential to create a channel for every message, we do
not believe this approach suitable for all traffic
classes. Rather, it is up to the user to decide whether to
establish a channel per information burst or to keep the
channel established even during idle periods.

25 The purpose of this paper is to study the performance of
fast circuit-switching in DTM, focusing on the dynamic
resource management scheme, with the aim to demonstrate
how it can support traffic that consists of short,
frequent transfers. The paper is organized as follows.

30 Section 2 gives an introduction to DTM, describes the
channel concept and the resource management scheme, and
discusses how some of the problems with traditional
circuit-switching are dealt with. Section 3 reports and
discusses simulation results for various configurations,

35 both for single and multi-hop connections. Finally,
conclusions are drawn in Section 4.
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pl ace at establishnent and tear-down of circuits, and the actual data

transfer can be done w thout processing of the data stream congestion
control, etc. This allows large 30 volunmes of data to be transferred
efficiently (See the article "The case for gircuit-switching in future

w de bandwivdioh24eat wor ks”, by P. OReilly, I'n Proc. of |EBCH<ESs01750
Phi | adel phi a, Pennsyl vani a, June 1988, pp. 899-904). W think that this
will be even nDre inportant in the future, 35 since developnents in
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access, i.e., a medium with capacity shared by all
connected nodes. It can be built on several different

s topologies, such as ring, folded bus or dual bus. We chose
the dual bus, since it has shorter average inter-node
distance than a folded bus, and DTM's synchronization
scheme was found to be easier to implement on a dual bus
than on a ring.

10 The service provided is based on channels. A channel is a
set of time slots with a sender and an arbitrary number of
receivers; it is guaranteed that the data will reach the
receivers at the rate given by the capacity of the
channel. The channels on the physically shared medium are

I5 realized by a time division multiplexing (TDM) scheme
(Figure 1). The total capacity is divided into cycles of
125 microseconds which are further divided into 64-bit
slots.

The slots are separated into data and control slots. Each

20 node has access to at least one control slot, which is
used for sending control information to the other nodes.
Control messages can be sent upon request from a user, in
response to control messages from other nodes or
spontaneously for management purposes. The control slots

25 constitute a small fraction of the total capacity, while
the major part of the slots are data slots carrying
payload. At system start-up, the data slots are allocated
to the nodes according to some predefined distribution.
This means that each node "owns" a portion of data slots.

30 A node needs ownership of a slot to send data in it, and
the ownership of slots may change dynamically among the
nodes during the operation of the network.

2.1 Slot Allocation

DTM uses a distributed algorithm for slot reallocation,
35 where the pool of free slots is distributed among the
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makes them i nappropriate for certain types of traffic. Tradi tionally,

circuits have fixed capacity, |long set-up del'ay and poor support for

mul ticast. These shortcomngs 5 neke it difficult to efficiently support,
for exanpl e, conputer comunication in a gircuit-swtched network. This
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view is that the next generation of tele- connunicatioﬁwﬁg&& rqgishould
be cell-switched, based on 10 ATM ( Asynchronous Transfer Mode) (See e.g.

"I ntegrated Br oadband Net wor ks, by R Handel and M N. Huber, Addi son-
Wesl ey, 1991). PRfeS: fh??ﬁnﬂqre FﬁﬁeﬂaéPzE@$ERﬁ§n§9r §§1ng ap fistyibufed
orientation towacbhempatksteaivdfclai cgnt ek pdwel of sdiotiscl Fi'rBleyw Bhémwcd i ons

in CbnﬁunlCat'OﬂédéOEaﬁVBé%hﬂﬁiéth Eﬁanﬁgf &%?ﬁgrgﬁ}yo%g%%gokrOmb%h%S ot

Turner, |EEE Co cat - |ons azl ne,

1986). This T?T‘E%\ Pt %Eymkﬁk%s%@ré’ﬁaﬁ‘aék‘ef:@\mb%w are
present alsosineseablzthQﬂnyjSmabwduka di st pEnitiezllladigoird thm dbbg wdea of
provi di ng guara | d4 f Vi The or, |t|o

mechani sns, sucﬁéggd%rgbr?sésntygl% n%%% tgg ].L@Ohag1 e rtg’l%gg {'ron os%%%edul i ng
of packets on failpifs: F@§?néﬁ?8h?§ﬁt?€nﬁeﬁlﬁﬂﬂébpéédlW@Plem%nheeded to

i ntegrate suppoatiémwrislitferarirheaddssf ofortmad fdat ibPe@ntih8ynchronization
between nodes.

10 At the reception of a user request, the node first checks
its local pool to see if it has slots enough to satisfy
the request and, if so, immediately sends a channel
establishment message to the next hop. Otherwise the node
first has to request more slots from the other nodes on

15 the bus. Each node maintains a status table that contains
information about free slots in other nodes, and when more
slots are needed the node consults its status table to
decide which node to ask for slots. Every node regularly
sends out status messages with information about its local

20 pool of slots. Status messages have lower priority than
other control méssages S0 they are only sent when the
control slot otherwise would be unused. Furthermore, the
reallocation algorithm does not depend on nodes to process
all status messages, so a node can safely ignore status

25 messages while it is busy.

The procedure for slot reallocation is simple and works as
follows: if a user requests a channel with M slots and the
node has N free slots, where , it sends requests asking
for slots. The node starts by sending a request to the

30 closest node with free slots. If this node does not have
sufficiently many free slots, according to the status
table, a request is sent also to the second closest node
with free slots, and so on. The node waits until a
response for each of the requests has been received and

35 then grants or rejects the channel request, depending on
the outcome of the reallocation procedure.
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article "Real -Time Communi cation in Packet-Sw tched 25 Networks", by C M

Aras et al., Proceedings of the TEEE, Vol. 82, No. 1, pp. 122-139. Jan.
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general , and ATM in particular, is whetheryit is possible to realize
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No. -1, pp. 14-16,o]@flocat sort Yokei rmhMibA! YOh ken WL AYL Ghdk! 62665 tndY

B. G K|n1et
5 node gives away. If the requested node does not have any

free slots, it responds with a slot reallocation reject
instead. In addition to this algorithm, resocurces may be
controlled by a network management system. For example, to
prevent the network from starvation, a node can be

10 configured not to give away all its slots, but to keep a
certain fraction of its initial share.

2.2 Switching

A DTM network can be expanded by interconnecting several
buses with switch nodes (see Figure 2). DTM uses

15 decentralized switching in the sense that any node
connected to two or more buses can switch data between
them. One advantage with this is that the switching
capacity can be increased gradually by adding more switch
nodes. The switching is synchronous, which means that the

20 switching delay is constant for a channel. This means that
a multi-hop channel has roughly the same properties as a
channel on a single bus, The only difference is that a
switched channel has slightly longer delay (up to 125
microseconds for each hop). Provided that a switch node

25 can buffer one cycle of data for each of its buses, there
cannot be any congestion or overflow in the node.

The synchronization between buses is done on a per cycle
basis-cycles are started with the same frequency on all
buses. This is accomplished by letting one network node be

30 responsible for generating the cycles periodically on all
its outgoing buses., For each new cycle, this node
generates a cycle-start marker that is forwarded to all
buses in the network. For each bus there is one switch
node that is responsible for forwarding the marker onto

35 the bus. Those switch nodes need to be organized in such a
way that the marker reaches every bus exactly once. When
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different buses to run at different bit rates. This makes
it possible to upgrade or reconfigure individual buses in
a network without affecting the rest of the network.

2.3 DTM channels

The channel abstraction in DTM differs from ordinary
circuits, in that channels have the following properties.

. Simplex: a channel is set up from sender to receivers.
A duplex connection consists of two channels, one in
each direction.

. Multirate: channels may consist of an arbitrary number
of data slots, which means that channel capacity can
be any multiple of 512 Kbps, up to the entire data
capacity of the bus.

. Multicast: a channel can have several receivers.

A node creates a channel by allocating a set of data slots
for the channel and by sending a channel establishment
control message. The control message is addressed either
to a single node or to a multicast group, and announces
that the channel has been created and what slots it uses.

To create a channel, slots must be allocated at the sender
and at each switch node along the channel's route. Thus,
switch nodes allocate slots for a channel on behalf of the
sender. The switch nodes then start switching the channel,
by copying the channel's slots from the incoming to the
outgoing bus. An attempt to establish a multi-hop channel
fails if any of the switch nodes involved cannot allocate
the required amount of slots. In this case another route
has to be tried. In a grid structure, there are normally
several routes between each pair of nodes. The current
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vari ous types of traffic and can be used directly for 20

application-to-application conmunication, or as a carrier net wor k for
ot her protocols, such as ATMor [P (Internet Protocol). A prototype
i npl ement ati on based on 622 Mops optical fg bers has been operational

for two yearswodmghsss wWork is in progress with a wavel engt hrotisebsoi9m
mul tiplexed 25 version with four wavel engths. An overvi ew of DTN1mAth a
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Bohm et al., Jour
109- 126, 1994. Wotirah r&ﬁsﬂngmﬁﬁh?ﬂlﬁ %PsdmnoﬁeisebﬁfSPOﬁ%n?‘iﬁ%éinephone
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Co i cati E on
Commini cat | ons, Se£8Uss B Telkypahgobath hyfion, pode, ibE’s ﬁ@@f ks
circuit-switchedte e?%dﬁg%ﬁ‘aﬁéf’ﬁnﬁkmﬁt@?ﬂbt@%"—apﬁoéﬁ?é lofur¥hildsi on
path of a gi veutglaiirsg aisest.0 Farsekampldictobdide dger 8wonpysdiele thrites

are actively trangiddd Hbde"OLAB! h8fe 4N FIRDE 2N3Loif node 1 wants

to set up a connection to node 4 it can choose between
using switch node 2 and switch node 3. Node 1 receives

10 status information from node 2 and 3, and can make its
routing decision based on this information. This algorithm
works well for dense grid networks, where most routes use
only two hops, but a general routing algorithm is required
for more arbitrary topologies.

15 2.3.1 Multicast channels

A traditional circuit is a point-to-point connection
between a sender and a receiver. DTM uses a shared medium
which inherently supports multicast since a slot can be
read by several nodes on a bus. A multicast channel can

20 easily be extended to span over several hops, since the
switch operation is actually a multicast operation, in the
sense that it duplicates data onto another bus (see Figure
3).

3 Netwoxrk Performance

25 In this section we investigate throughput and delay under
varying traffic conditions. We have performed simulations
for two different network topologies:

A dual bus with 100 nodes.

. A fully connected grid of dual buses with 20 ¥ 20
30 nodes.

In the simulation model, nodes receive transfer requests
from a traffic generator and control messages from other
network nodes. These events are put in an input queue at
the node, and the node processes one event at a time. The
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each transfer request, a node attempts to allocate slots

and, if that succeeds, establishes the channel, transfers

the data and takes down the channel. This means that slots

are released as soon as the transfer is done.

The simulations are performed for different transfer sizes
{1 to 256 kilobytes), for different kinds of user require-

ments, and for different inter-node distances (0.01 to 10
kilometers). The link bit-rate is 4.8 Gbps, which gives a
slot rate of 75 MHz and a cycle size of 9600 slots. Each
transfer requests 40 slots per cycie. This corresponds to
20.48 Mbps channels, which means that a 16 kilobyte
transfer, for example, takes about 6 milliseconds.

We calculate the throughput by dividing the total amount
of transferred user data by the simulated time, and
normalize this value to the capacity of one dual bus (9.6
Gbps). The maximum throughput that is possible to achieve

is always less than the link capacity, since some capacity

is used for control messages. In the single dual bus
simulations, with 100 nodes, the control capacity is 5
control slots per node, which corresponds to 5% overhead.
The maximum possible throughput is then 0.95.

The grid has more nodes than the single dual bus, but

fewer nodes per bus {20 instead of 100}. Since the traffic

load on a bus is distributed over its nodes, this means

that at a given bus load, the grid will have more traffic
to and from each node. A node in the grid therefore needs
more control slots. However, a node has limited capacity

to process contrcl messages, and we have found that with 5

microseconds event processing time, very little
performance is gained by using more than 10 contrcl slots
per node. We therefore use 10 control slots per node in

the grid, which gives a maximum possible throughput of
0.98.
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15-data and a termnation character) is sent in a time- di vi si on
channel of fixed bit-rate and is thus interleaved W th other bursts
(See the article "Burst Switching - An Update", by S.R Anstutz, |EEE
Communi cati ons Magazi ne, Vol . 27, No. 9, gp. 50-57, Sept. 1989). This
makes burst 2@oemagachi ng different from fast packet sw tchireE/sester7sp
packets are sent one at a time with full |ink bandw dth. Furt her nor e,
the length of a burst is not, in contrast to a packet, determ ned
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the potential to Crea or every ness
receiver that the channel has been establlshed on both

buses before it starts sending data. For the single hop

10 case, the sender alone creates the channel to the
receiver, and can therefore start sending data as soon as
the slots have been allocated.

3.1 One Dual Bus

The first set of simulations concerns performance of one

IS dual bus. The purpose of these simulations is mainly to
study slot allocation schemes for different user
requirements. Since slot allocations on different buses
are independent operations, these results are generally
applicable for the multi~hop cases as well.

20 3.1.1 Strict Capacity Demand Without Retry

Figure 4 shows the results of a basic simulation where a
node makes at most one attempt to allocate the requested
capacity for a channel, and rejects the request if the
full requested capacity cannot be allocated. Transfer

25 sizes between 1 and 256 kilobytes are simulated. The
simulations could not be carried out for the smallest
transfers (1 and 2 kilobyte in Figure 4} at high load, due
to the simulator event queue growing too large, indicating
that the control capacity is exhausted.

30 At low load, most transfer requests are accepted
immediately and the throughput therefore increases
linearly with the load. At higher load, slot reallocation
becomes frequent, some transfer regquests are rejected, and
the throughput increases only marginally with the load. if

35 the load gets even hlgher, the signalling capacity is
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not believe this approach is suitable for all traffic cl asses. Rat her,
it is up to the user to decide whether to

G establish a channel per information burst or to keep the

channel established even during idle perlods Resour ce managenent uses

tokens to 9ya ??ygg conflict free accesst?o tine-slots gigﬁmﬁgﬂ%nndel
I ncl udes tvm)% ent 5 token nmanagenent schenes. The f| S
asynmetri cal schenme based on a central token nmanager that nanages al
free tokens. The second is a sgnnetrlc schene based on a di strij buted

t oken manager Vidaasied.ngadsthreualpit fpasha@ot incgrRase pf .IoFKERY n t he
di stributed schaygnmnhepeasedfby 10kilsteald aranisterpr 0h OEDJurd 4)aken

fragmentation F§é§¥fgpifiansfers require more frequent control signalling

than large transfers at a given load, and therefore

s throughput is lower for smaller transfers than for larger
{at most 0.47 is achieved for 1 kilobyte transfers, which
is 50% of the maximum possible throughput, compared to 85%
for 256 kilobyte transfers). Throughput is alsoc limited by
the strict user behaviour, requiring the entire requested

10 capacity to be allocated in a single attempt. The
simulations reported below show that throughput can be
increased by relaxing this requirement.

The access delay consists, at low load, mainly of the time
it takes for a node to process the transfer request, wait

15 for the first available control slot (for the channel
establishment message), and then for the first data slot
(80 microseconds together, on the average). When the load
increases, nodes have to reguest slots from other nodes
and more delay is introduced.

20 3.1.2 Strict Capacity Demand with Ratry

It is possible to increase throughput by letting a node
retry, that is, make more than one attempt to allocate
slots for a channel. Figure 5 shows throughput and access
delay for different values of the maximum number of

25 retries allowed. When nodes are allowed to retry, more
channels can be established and throughput increases (up
to 92% of the maximum possible throughput), but at the
expense of longer access delay and more signalling. Thus,
retry is best suited for applications that have strict

30  bandwidth demand but can tolerate some access delay.
However, if a large number of requests are persistently
retried {as in an overload situation), performance will
degrade. Figure 5 shows that performance decreases when
the load is high and nodes are allowed to retry 20 times,

35 which indicates that the signalling capacity is not |
sufficient for 20 retries.
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identified for the distributed schene and a sol ution based on a
defragnent ati on nmechanismis presented. Both nodel s support slot reuse
and a schene for fast connection establishment. 15 Traffic generators
for the sinulation are generating trafficyy th exponenti al

i nter-arrivahygipiggisbut i ons, bursty arrivals or asymet pcrskeso1750
client-server |ike traffic. Results show that the connection

est abl i shrment overhead is | ow enough, that utilization may be high and

20 that the reajl,0cati ] QLOE% %F%#!nld even if a circuit is
est abl i shed for%%gﬁﬁai?§i§?§ual 5% et”. en the slot reuse schene is
turned on, utiligAtdpPliicaeieasesth ledy siridgent HeRhfds Odn tawpariid yOoBer

per formance netrics i Qve _ a . Fi.nal I. r % S, .| ify
si gnal i ng 25 capacityPas egﬁé?rr%gs %\X\S#ltllﬁ’r}nc%r?t wlllxlr?i %IQ%SQ ‘?%g %lrt%g:%%%
achi eve high perfespuested.i Fhinea blRyadroysacihennsisetpsbe esiahlished New
hi gh- capaci t ys coaHiaC&lingenNsl$Or Ksa BINEaYIFN0GCLEMBE © Figudnstishividsy bei ng
devel oped by the co%m atalngngeigdugérr ythSO eangsagadve,géa.trwl S edev.el opnent
changes frequenti3F P& y ree cases: n user 1is
satisfied with any capacity {(minimum 1 slot}, requires at
least half the reguested capacity (20 slots), and needs
the full capacity (40 slots). Throughput goes up when the
10 user is less demanding. When the user reguires only one
slot, the throughput achieved is 94% of the maximum
possible throughput. The slot reallocation procedure is
however the same in all three cases, which explains why

access delay is practically the same in the three cases.

15 3.1.4 Performance as a Function of Distance

When the distance between nodes is increased, it takes
longer time to exchange control messages for slot
reallocation. This can be seen in Figure 7, which shows
throughput and access delay for different bus lengths

20 {with strict capacity demand without retry, i.e., the same
slot allocation principle as in Figure 4). The access
delay increases significantly when the bus gets longer.
However, this affects mainly the creation of channels, and
throughput is therefore relatively independent of

25 distance. Another effect of increased bus length is that
it takes longer time to propagate status information,
which may increase the probability of slot reallocation
failure. This would mainly influence throughput, but the -
simulation results indicate that this has only a minor

30 effect.

3.2 @Grid Network

Figure 8 shows the result of a simulation for multi-hop

channels. The network is a fully connected grid network

with 20 ¥ 20 nodes. Channels use at most two hops, and the
35 routing decision is based on the information from status
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results are inportant to application devel opers who Integrate real-tinme
audi o, video, and asynchronous com muni cation services into
applications. The applications can be found on a wi de range of network
access termnals. 35 Term nals act as network hosts and nay be al nost any
el ectroni ¢ dgyl | ncl udi ng smal | pocket te*%phones or tel evision sets,
mul ti-media workstations, and mllion- dol | a fﬁ§§4f uters
Hosts differ by orders of nagnitude in-their needs for processing

power, and in their mruni catj.on services requirements. These
di sparat e needd"®55295F¢ ﬁﬁﬁrﬁﬂﬂ:ya]lr]é?qaé&f’é'dpirﬁnﬁlgé? bF Fhrietd@st 1Ret wor k
5 cl asses. EaclFigsingodk thatsiss siptiati Zdedtahdr witbout retry.

With uniform distribution of source-destination pairs, the
theoretical maximum throughput of a fully connected grid

s 1is, where n is the number of buses. With 2.1% signalling
overhead, the 20 ¥ 20 grid has a maximum possible
throughput of approximately 20.6. Figure 8 shows that for
256 kilobyte transfers, the maximum throughput is 97.5% of
the possible maximum, compared to 95.1% for 16 kilobyte

10 transfers. This is significantly more than in the case of
one dual bus (Figure 4), and our explanation for this is
that there are less nodes per bus in the grid, which means
that the pool of free slots is less scattered, and
therefore there is a higher probability that slot

Is reallocation succeeds.

The access delay for a multi-hop channel will be longer
than on a single hop, since slots have to be allocated on
two buses. For 256 kilobyte transfers, the access delay is
roughly 50 per cent longer in the multi-hop case compared
20 to the single hop case. One could expect the access delay
in the grid to be longer than this. There are two main
reasons why this is not the case. First, there is a
certain amount of parallelism in channel establishment
over two hops. Second, the interval between control slots
25 is shorter in the grid, so a node spends less time waiting
for control slots. For 16 kilobyte transfers, however, the
delay increases dramatically for higher load, which
indicates that signalling capacity is insufficient.

4 Conclusion and Future Work

30 The Dynamic synchronous Transfer Mode (DTM) is a network
architecture for integrated services. It is based on fast
circuit switching, and provides multi-rate, multicast
channels with short set-up time. A channel gives
guaranteed capacity and constant delay, which makes it

35 well suited for real-time traffic, such as video and
audio. In contrast to traditional circuit-switched

This Sheet Has Been Re‘i

LTI



particular traffic and applications: cable tel evision net wor ks use
uni di rectional broadcast networks where the capacity is divided into
fi xed-si zed subchannel s carrying vi deo. A tel ephone network uses only
64 -kbit/s duplex 10 circuits wth guaranteed;ghroughput and tightly
controlled wod@kdys vari ations. Conputer networ ks, such as sdifsre6/01750

Internet, allow a | arge nunber of parallel network sessions by use of
connecti onl ess packet swi tching. They al'so use statistical nultiplexing
to efficientl 5 ystens
needs extra Y u%%énv{ﬁsl DTM Qﬁ? ﬁt cﬁﬁﬁ%woggﬁg?nég ?é“JItoréack al |
active ternlnaIsFESO“ICQW F§ 0P Ss¥ﬁxﬂ§qﬁﬁ &P aBEPP€5t¢¥FE9%96¥ﬁﬁ ng

t oday and t ovdneyintgrovaifédcin the future, it is infeasible to 20
continually invent new, sonetinmes global, networks and a new term nal

interface for edéh e tngporsedspevformance anadiysdd, thnough egerpetrser vi ces
networ kK suppos t i Hfnulat i®HsS FoRIvaRJoRe Ve GEf i \ﬁ%%laﬁstTﬁe Qﬁaﬂf&wyed The

ot e a7 ] PBEReE B8 e SRR S0l B unl £ B
Optical transm s&f drratfefcimm%gynna@emmo be the most challenging for a
network based on circuit switching. The intention is to
study how network utilization and access delay are
10 affected when channels are frequently established and
released. We use 20 Mbps channels, where a channel is
established for each transfer, and the transfer size
varies between 1 and 256 kilobytes. The analysis was
performed for two kinds of topologies: a dual bus and a
15 grid of dual buses. The protocol requires that a certain
fraction of the total capacity is reserved for control
information: we used about five per cent for the dual bus,
and two per cent for the grid.

The results show that when the traffic consists of short,

20 frequent transfers (of a few kilobytes}, performance is
determined by the amount of signalling capacity available.
For the dual bus, good results are achieved even when the
network is loaded with transfers that are only few
kilobytes long, whereas the grid was saturated for 16

25 kilobyte transfers. To summarize, the paper shows that
fast circuit switching, as applied in DTM, performs well
even for packet traffic using short-lived connections.
This, in combination with its inherent support for real-
time traffic, makes fast circuit-switching an appealing

30 alternative for B~-ISDN and beyond.

For future work, the performance results suggest that in
order to send packets on DTM, one needs to find a scheme
for multiplexing packets onto channels that groups packets
together into slightly larger units. Assuming that

(V%)
wr

computers generate traffic that conforms to the train
model [18]-bursts of packets where many of the packets
within a burst have the same destination-a simple scheme

iiiimin



shown to provide the necessary link capacity at a | ow enough price to

make i ntegrated services networks a realistic solution. 30 A new

i ntegrated optical network with much hi gher capacity Wi ll, however

I nt'roduce new probl ens not seen in today's klénnre_speplallzed and I?ﬁer
erformance Wolghe . First, when net wor apacity incr e
Pnfornation ?ﬁﬁbht | atency remains limted by the speed%%ﬁﬁﬁPgﬁg?’thg 35
i ncreasi ng bandwi dth del ay product will put- hi gher denands on nechani sns

that isolate a user's traffic fromthird- party network traffic. A

t el ephone sessi%ﬁﬁl%ﬁﬁ anﬁh&sg,used in the early fast circuit-switched
networks seems appropriate [13], (15). In such a scheme,
the channel is closed and its resources are released when
the sender has been idle for more than a certain period.

5 This is, however, an area that needs further
investigation. The performance results are encouraging and
we will explore further the effects of non-uniform traffic
models, such as bursty sources and asymmetric sender-
receiver distributions. In addition, we will implement and

10 investigate mechanisms such as fast channel creation [19],
{20], [21] and slot reuse [22] in the simulator.

B. Performance Analysis of Slot Management in DTM Networks
15

Abstract

This paper presents performance results and analysis of a
Dynamic synchronous Transfer Mode {DTM} network, a new
high-speed network architecture based on fast circuit

20 switching. The performance analysis considers utiliz-
ation, delay and blocking. The analysis is biased towards
packet switching, which is considered the most difficult
service to provide in a network based on circuit
switching.

25 Resource management uses tokens to guarantee conflict free
access to time-slots. The DTM model includes two
different token management schemes. The first is an
asymmetrical scheme based on a central token manager that
manages all free tokens. The second is a symmetric scheme

30 based on a distributed token manager where all nodes are
sharing the token pool. Tokens in the distributed scheme
are passed by a reallocation protocol. A token fragment-
ation problem is identified for the distributed scheme and
a solution based on a defragmentation mechanism is

35 presented. Both models support slot reuse and a scheme for
fast connection establishment.
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shoul d not be affected by anot her user opening a high- capacity video
channel . Second, applications and protocols wll need to operate
reliably with an increasing anount of information in transit to benefit
fromthe increased 5 network capacity. This w4l lead to |arger burst and
transacti on Sigesmnsgist he net wor k. Current networ ks usi Nngcisiis@l76 S
packet sw tching protocols such as the Internet Protocol (IP) (See the
documents "I nternet Protocol Request for Comments 10 (Standard) RFC 791",

0y 35 oPostel. | nuerast EREhIREING ror JJRSRRISRI SRS, |

Cbsol etes RFC 07 rvritres
Group Request tﬁa§ﬁlebwﬁ§ht%XF@R9QEE31'lnﬁFrV?HFEWﬁkad¥§§#lbqvm0n38eptenber

1989) have tur necudistyt arbev&xs rﬁreisymfé&lrabbe cThent hoensrehd 1ie0l ved from
small networks c %?% kg§$lfgf§ﬁg '|5§%§§8F ﬁgggeugf R$ E?I%Emgk j ects

Agency (DARPA) (Sé docunen
1", by Dodgl #¥echeagnis, 1oy gnquah . Hithat Eﬁglembbprumeryr de hdgh and

Jersey, 1991) res@atChheorpal BsSat forl fiﬁ:dﬂo&oieNSﬁkseﬁeIP, %QzethfCurrent

gl obal and ub 4ui 4%, L1t DSt o Ehed"For ealh' LEASvidfi1 AL KRheR 997 e

the slot reuse scheme is turned on, utilization increases
by almost a factor of two and other performance metrics

10  improve as well. Finally, the results identify signaling
capacity as the most significant limiting factor to
achieve high performance if the average packet size is
small.

1. Introduction

1S New high-capacity communication networks and protocols are
constantly being developed by the communications industry
and academia. This development changes frequently and new
results are important to application developers who
integrate real-time audio, video, and asynchronous com-

200 munication services into applications. The applications
can be found on a wide range of network access terminals.
Terminals act as network hosts and may be almost any
electronic device, including small pocket telephones or
television sets, multi-media workstations, and million-

25 dollar supercomputers. Hosts differ by orders of magnitude
in their needs for processing power, and in their
communication services requirements. These disparate needs
are currently reflected in a set of independent network
classes. Each network class is optimized for its

30 particular traffic and applications: cable television
networks use unidirectional broadcast networks where the
capacity is divided into fixed-sized subchannels carrying
video. A telephone network uses only 64 kbit/s duplex
circuits with guaranteed throughput and tightly controlled

35 delay variations. Computer networks, such as the
Internet, allow a large number of parallel network
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Krol, Network Wirking G oup Request for Coments RFC 1118, University

of Illinois, Septenber 1989). Shared nedi um | ocal area networks (LAN s)
(See the docunment "Data and 25 Conputer Comruni cations”, by W Stallings,
Macmi | | an Publ i shi ng Conpany, fourth ed|t$ 1994) such -as CSMA/ CD,

t oken ring gyf (Fiber Distributed Data } terface) arep E%ﬁﬁ%mln t he
I nternet as Sinple building blocks connected by routers or ges. The

conbi nati on of easy expansion, 30 |ow increnental node cost and tol erance
to faulty nodes . has . resulted in s l e, flexible, and robust npetworks.
Al so; the shareﬁ?%ﬁ%&?ﬁnpﬁlP8ﬁ5°gf??ﬁﬂ%§gl ondsscREFERE 0P tchingy eV cast
protocol s such dsd Bs&ubtatast1¢é§xmuluiplex1agttoleffﬁcsemm&@(ntnﬂlab reuse

in dual bus ”U'ltlhn‘?Jse %%S?ﬁbgﬁe“x% d‘lgé ].b)‘io%% Q?EE&% x?é

Proceedi ngs of t erence on uter catlons EEE Infocon)
San  Franci sc®tERL f(@FnPagnaY +@gh£gﬁgac1ty to dynamically track all

§ active terminals.

With this wide spectrum of applications existing today and
to be augmented in the future, it is infeasible to
continually invent new, sometimes global, networks and a
new terminal interface for each new type of service.

10 Instead, an integrated services network supporting
existing and new services needs to be deployed. The
overall goals for such a network are scalability to global
size and maximum sharing of expensive network components
to minimize cost. Optical transmission technology has been

15 shown to provide the necessary link capacity at a low
enough price to make integrated services networks a
realistic solution.

A new integrated optical network with much higher capacity
will, however, introduce new problems not seen in today's

20 more specialized and lower performance networks. First,
when network capacity increases and the information flight
latency remains limited by the speed of light, the
increasing bandwidth delay product will put higher demands
on mechanisms that isolate a user's traffic from third-

25 party network traffic. A telephone session, for example,
should not be affected by another user opening a high-
capacity video channel. Second, applications and protocols
will need to operate reliably with an increasing amount of
information in transit to benefit from the increased

30 network capacity. This will lead to larger burst and
transaction sizes in the network.

Current networks using stateless packet switching
protocols such as the Internet Protocol {IP){rfc791,
Come91l:Internetworkingl] have turned out to be extremely

35 scalable. They have evolved from small networks connecting
just a few Defense Advanced Research Projects Agency
(DARPA) [rfcl120,ComeY9l:Internetworkingl] research
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A drawback of the shared mediumis that it typically permts only a
single termnal to transmt at any tine, thereby not utilizing al
network segnents efficiently. A schenme all owi ng the capacity of the
mediumto be reused 5 nmay be designed (See tyw articles "Erasure node:
Performance wwpsmpug@ents for the | EEE 802. 6 MAN', by M A  pcrSestvarsoes, |n

Proceedi ngs of the Conference on Conputer Commruni cations (I EEE

I nfocon), San Francisco, California, June 1990; and "Incorporating
cont i nuat i on-of - 9210ni BHOTARY | MberitliQls EEUERe SREdA I1GHRI BAODD
net wor ks", b . .Banerjee et a é% S

S : uter Networ and DN Syst ens,
24:153- 169, 199Mbiguitops; Inferpgt bt iBle éE}?Fermedlu’Eg‘r&ﬂ‘gxiatrfai n the
hi gh- speed accesswotisol(skar {siaEl ings34Adaeasd ) cODAN bs) nmudtard s IGSMRICDA
shaced medi um aldenand dng FHOPOEY JiLd 18 théCrpfelhe: N Wapiand are

usual I'y efficient, onli ocal area environments. | The two main
types of netvor REASignRACEKBNCORNeSfad by routers or bridges. The

combination of easy expansion, low incremental node cost

and tolerance to faulty nodes has resulted in simple,

flexible, and robust networks. Also, the shared medium

allows efficient application of new multicast protocols
16 such as IP multicast[rfc988].

A drawback of the shared medium is that it typically
permits only a single terminal to transmit at any time,
thereby not utilizing all network segments efficiently. A
scheme allowing the capacity of the medium to be reused
15 may be designed ([7,8,9,10,11], but this is often at the
cost of complexity in the high-speed access control
hardware. Access control mechanisms for a shared medium
also depend strongly on the size of the network and are
usually efficient only for local area environments.

200 The two main types of network are connection oriented
circuit-switched networks used for telephony, and
connectionless packet-switched networks exemplified by the
Internet. When a circuit-switched network is used for
data communication, circuits need to remain open between

25 bursts of information, wasting network capacity. This
problem arises because circuit management operations are
slow compared to dynamic variations in user demand.
Another source of overhead in circuit-switched networks is
the limitation of requiring symmetrical duplex channels,

30 which introduce 100% overhead when information flow is
unidirectional. This constraint alsc makes multicast
circuits inefficient and difficult to implement. A&
connectionless packet-switched network, on the other hand,
lacks resource reservation and must add header information

35 to each message before transmission. Furthermore, latency
in a connectionless packet-switched network cannot be
accurately predicted and packets may even be lost due to
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circuit-sw tched networks used for tel ephony, and connecti onl ess
packet - swi tched networks exenplified by the 20 Internet. Wen a
circuit-switched network is used for data communi cation, circuits need
to-remai n open between bursts of information, wasting network capacity.

Thi s progj ?;)I%kses because circuit rrana&erent operatio sl ow
conpared to §)an1c variations in user demand. 25 Another SQ§V§%£QWH°
overhead i'n circuit-swi tched networks is the limtation of requiring
symetrical dup| ex_channel s, whi ch i ntroduce 100% over head when

i nformation floRREEET overfilaw &t COXZPPLeH Readhistr aiThe Apsberakes
mul ti cast cfactiots makéfneahamumendeﬂviéecmﬂﬁfidnﬂﬂnMoeﬁepborék30

connect | onl ess pgelele sl LANALARL BE N RIAIPLL N8l 1A ace (LAFES:

resource reservati i on nessage
bef ore transni s§F6ﬁa‘“‘FLﬁf i ffsrent) yeerey Thesq %Mﬁ%@t"ﬁ@nhéggverr
packet - swi tchedllﬂﬁim kee opedattitly onaacuimé edoaly inplag@dbaadtpacket s may

even be lost du f v w or corrupted headers. The latter two.
factors nake reg t| e %lr‘;af\cgkg%d:afregg alt to support. Congesti on

avoi dance mechafbsa@dfeds i Provlenki héntioned above, the
communications industry is focusing on the development of
Asynchronous Transfer Mode (ATM) [13]. ATM has been
10 proposed for LAN's and many future public networks.
International Telegraph and Telephone Consultative
Committee (CCITT) also adopted it to be used as the
transfer standard in broadband ISDN (B-ISDN) [14]). ATM
networks are connection-oriented and establish a channel
15 just as circuit-switched networks, but use small fixed-
sized packets called cells for information transfer. The
packet-switched nature of ATM means that the network needs
to have new mechanisms such as buffer resource managers
and link schedulers to establish real-time guarantees for
20 a connection.

Our solution for providing real-time guarantees centers on
a circuit-switched network and we must therefore address
circuit-switching concerns such as those described above.
We also employ a new shared-medium control protocol, and

25 so must consider common shared-medium problems. Our
design, called Dynamic synchronous Transfer Mode (DTM)
{15,16,17), uses channels as the communication
abstraction. Our channels differ from telephony circuits
in various ways. First, establishment delay is short so

30 that resources can be allocated/deallocated dynamically as
fast as user requirements change. Second, they are simplex
and so minimize overhead when the communication is
unidirectional. Third, they offer multiple bit-rates to
support large variations in user capacity requirements.

35 Finally, they are multicast, allowing any number of
destinations.
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10 streanms of different users. These schenes are, however,

limted to operating on a tinme scale conparable to the round-trip
packet del ay. To address the probl ens nentioned above, the conmuni cat -
5.ions industry is focusing on the devel opnet of Asynchro- nous
Transfer MdgdHhMaes(See the document "ATM Networ ks - cBHrE 9601750
protocol s, applications", by R Handel et al., ADDI SI N- WESLEY, second
edition, 1994). ATM has been proposed for LAN s and many future public
net wor ks. 10 InmEMruhénnuﬂs Bbbegraphy anehdit] ciplioprofentiies avive

Comm ttee (CCl TT, d;it.to %ﬁgp tandard

I n broadband IS (%g %% is ﬁ& ¢ ocu‘ﬁﬁcg%%rﬁh éégégﬁ%ggﬁgnd | SDN',

by W Stallings® fter channel establlshment resulting in very high
. utilization of network resources for large data transfers.

5 Support of real-time traffic is natural; there is no need
for policing, congestion control or flow-control within
the network. The control information is separated from
data, which makes multicast less complex. The trans-
mission delay is negligible (i.e. less than 125 us) and

16 there is no potential for data loss caused by buffer
overflow as in ATM. Bit-error rates depend on the
underlying link technologies, and switches are simple and
fast due to strict reservation of resources at channel
setup. The aim of this paper is to study the performance

15 of DTM in the areas where traditional circuit-switched
networks fall short: dynamic bandwidth allocation, channel
establishment delay, and as shared media networks.
Principles for rescurce management {called token
management} are presented and evaluated. We report results

20 from simulations where we expose DTM to traffic patterns
that are more like the relatively short-lived transfers
{4-4000 kbyte) seen in computer communication. Traffics
are with bursty inter-arrivals, client-server oriented as
well as with exponentially distributed inter-arrival

25 times,

Section 2 describes the DTM protocol and its channel
concept. In section 3 the token protocol is described.
Section 4 follows with a discussion of the simulation set-
up, and Sections 5 presents the simulation results for

30 various configurations. Finally, in Section 6 conclusions
are drawn and future work outlined.

2. The DTM medium access control protocol - DTM-MAC

The basic topology of a DTM network (see Fig.9) is a bus
with two unidirectional optical fiberxs connecting all

35 nodes. Several busses with different speeds may be
connected together to form an arbitrary multistage

}hsBamRTimmd
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Macm | | an, TK 5103.7.S73 1992). ATM networks are 15 connection-oriented
and establish a channel just as circuit-sw tched networks, but use
smal | fixed-sized packets called cells for information transfer. The
packet - swi tched nature of ATM neans thg%%the network needs to have
new mechani h as buffer resource manadérs and 20 lin rs to
establ i sh ré&? %? guarantees for a connecti on. Eﬁ& aﬁﬂbﬁon for
providing-real -ti me guarantees centers on a circuit swi t ched networ k
and we nust therefore address circuit-swtchi concerns such as those
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in CD”nun,Cat,@ﬁédlrectlonal, multi rate and multicast channel [18].

The DTM medium access protocol is a time-division
multiplexing scheme. The bandwidth of the bus is divided

10 into 125 us cycles (Fig.[10]), which in turn are divided
into 64-bit time slots (or slots for short). The number of
slots in a cycle thus depends on the network's bit-rate;
for instance, on a 6.4 Gbit/s network there are
approximately 12500 slots per cycle.

15 The slots are divided into two groups, control slots and
data slots. Control slots are used to carry messages for
the network's internal operation, such as messages for
channel establishment and bandwidth reallocation. The data
slots are used to transfer user data and are not

20 interpreted by intermediate network nodes. Intermediate
nodes are nodes between the source and destination.

In each network node there is a node controller, which
controls the access to data slots and performs network
management operations, such as network start-up and error

25 recovery. The main tasks of the node controller are to
create and terminate channels on demand from users, and to
manage network resources in response to user requests and
in the background.

Control slots are used exclusively for messages between

38 node controllers. Each node controller has write
permission to at least one control slot in each cycle,
which it uses to broadcast control messages to down-
streams ncdes. Since write access to control slots is
exclusive, the node controller always has access to its

35 control slots, regardless of other nodes and network load.
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3. Token management

The majority of the slots in a cycle are data slots.

5 Access to data slots changes over time, according to
traffic demands. Write access to slots is controlled by
slot tokens (or tokens for short). A node controller may
write data into a slot only if it owns the corresponding
token. The token protocol guarantees the slot access to be

10 conflict free, which means that at most one node writes
data into the same slot.

Control messages for channel establishment and bandwidth
reallocation carry sets of tokens as parameters. However,
a control message is 64 bits and can therefore have only a

15 small number of parameters. This means that if a user
requests a large bandwidth transfer, it may be necessary
to send several control messages to create the channel.
This introduces extra access delay and consumes signaling
capacity.

20 We are considering several mechanisms to decrease the
amount of information that needs to be sent during channel
creation and token reallocation. The first optimization
in token management is to introduce block tokens. A block
token is transferred in a single control message and

25 represents a group of tokens, but can only be used for
particular combinations of tokens. For instance, in the
network simulations described in this paper, a block token
is denoted by a slot number and an offset giving the
number of contiguous slots in the group. The block token

30 optimization assumes that the token pool is not fragmented
into small pieces. The amount of small token blocks in the
free pool, may be a problem and will be referred to as
fragmentation.

3.1 Slot reuse
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alternative is to let channels only reserve capacity on

10 the segments between the sender and the receiver as the
example in Fig{12]}]. A single slot may in this case be
used multiple times on the bus. Channel D and E are using
the same slots as channel A and C but on different
segments. This is referred to as slot reuse. Sloct reuse

15 enables simultaneous transmissions in the same slot over
disjoint segments of the bus. '

Slot reuse is a general method to better utilize shared
links in ring and bus networks. The slot reuse algorithms
in DQDB {11,7], Simple [18] and CRMA [20] depend on

20 control information in the slots. Buffer insertion
networks (10,8] when combined with destination release as
in METARING [9] may reuse capacity of individual links and
resolve eventual contention by delaying the incoming
packet stream through an elastic buffer.

25 With slot reuse, the access scheme complexity is
increased, regardless of whether it is done in hardware as
in DQDB, Simple, and CRMA, or in software, as in DTM. When
implemented in systems other than DTM, slot reuse also
adds complex hardware to the critical high-speed path

30 through a node and therefore increases the node delay.

To allow slot reuse in DITM the block token format is
extended to include parameters describing the segment (s)
it is representing. The token management protocol is also
modified to avoid conflicts in the slot number dimension
35 as well as the segment dimension. The most important
assumption is that no hardware changes to the original
prototype implementation were allowed or needed. The
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source and destination pairs are uniformly distributed, it
has been shown [21] that throughput may be increased by a
factor of two. The potential drawback of slot reuse in a
5 DTM network is the higher algorithm complexity and
potentually higher load on the node controller and
signaling channels {(especially if the average channel

duration is short}.

3.2 A central token manager

10 Two token management schemes were evaluated. The first and

simplest is to let a single node controller manage all

free tokens on a fiber. This sort of centralized server

mechanism has also been used in systems such as CRMA {22],
where the head-end node distributes the fiber capacity to
15 all other nodes. We configured the simulator so that for
each fiber, a node one third from the slot generator is
the token server. A token server will then have about the

same amount of traffic on both sides.

Each time a user request arrives at a node, the node first
20 reguests tokens from the manager and then locks them
throughout the channel life-time. When the user issues a
request to disconnect the channel, the tokens are
immediately returned to the manager. All requests are

delayed during the token request and accesses are

25 serialized through the central manager.

3.3 A distributed token manager

The distributed token manager is fundamentally more
complicated than the centralized. We tried to keep it as

simple as possible. In our method each node regularly
30 broadcasts status information about how many free tokens

it has. The other nodes store this information in their

status tables. A node that wants more capacity consults
its status table to decide from which node to request
slots. The protocol on the initiating side works as

35 follows, when a user request arrives to a node:
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2. Otherwise the node marks its available tokens as being
resexved, and then checks its status table: if the total
amount of free tokens in the network is not enough to
fulfill the request, the reguest is rejected (blocked}.

10 Otherwise the node requests tokens from nodes with unused
capacity.

If one of these nodes receiving a token request does not
have the requested amount of free slots, it still gives
away all slots it has. In any case, it sends a response

15 back to the the requesting node. A node fulfills incoming
requests in strict FIFO order.

When a node receives a response to a token request, it
marks the slots it receives in the response (if any) as
being reserved. When the node has received responses to

20 all requests it has sent, it either starts the channels or
rejects the user request, depending on if it has acquired
sufficient capacity. If the user request is rejected, the
reserved slots are marked as free.

At startup all free tokens are evenly distributed among

25 the network nodes and each node takes at least one of its
free tokens, moves it (them) to the active state and
declares it (them) to be a control slot. User requests may
now be accepted and tokens can be moved between nodes on
demand. When the local node contains enough tokens to

30 fulfill an arriving user request, the request may be
accepted without any token reallocation.

A weakness with this scheme is that slot reallocation is

only triggered by user requests, and user requests are

delayed by pending token reallocation. An optimization we
35 have implemented to remedy this is to also perform slot
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and data tinme slots for transfer of data, and wherein each data time
slot is associated with a token. The net hod conprises the foll ow ng
steps: 25 - that a first node, called server node, is being al | ocat ed
t okens corresponding to all data tine slots 27 which are flowng in one
direction i nveobiisassr a ring, - that a second node i S PETYSESITSY

t okens corresponding to a certain capacity fromthe server node. 30 -
that the server node nakes reservations for ‘and transfers tokens

correspondi ng thETEHS%{%% Cﬂpa&' t)éaES& rouﬁ{:‘e e e%%‘i‘%s' Int PEsEVENLy t e
server node has reques pacit d ed.
13 to reallocate tokens for small to medlum sized requests.

The pool of the free tokens can be distributed in other
ways than uniformly to increase the speed for succesful

S reallocation and usage. If fewer nodes are managing the
pool, the channel blocking is decreasing as a result of
lesser possibility for tokens to be wringly reallocated.

The complete token pool is in this case proportionally
distributed (nodes near the slot generator will have more

10 tokens than nodes far away from this} among all nodes. The
transfers of nodes can occur between each pair of nodes in
place of always use the server node. When the local node
comprises sufficient number of tokens to satisfy an
arriving user request, the request can be accepted without

15 any token reallocation. Further, as long as the arriving
user requests are well matched by the pool distribution,
no reallocation will ever be necessary.

Several guestions need to be answered before deciding how
to distribute the token pool. We address the following
20 issues:

1. When local resources in the node are not enough to
satisfy a user request, which other node should be asked
for more tokens?

2. If a node asks for tokens from several nodes, how many

235 tokens is it going to ask for and should the node reject
the channel if it receives a fraction of the requested
capacity?

3. If tokens move freely among the nodes, will the token
pool be fragmented into small pieces and render the block
30 token optimization scheme useless?

3.3.1 Status messages

We decided to use status messages to distribute inform-
ation about the pool of free tokens. Status message
information is used to help a node choose a suitable node
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- that transferred tokens are retransmtted to the server node and
rel eased when correspondi ng data tinme slots have not been used for
transferring of data of the other node during a significant tine. The
mai n advantage with this 5 method is that %$e utilization increases and

ot her p ce netrics inprove as weTl. Advantqngﬁg t he
nethod is iﬁ%&g ed in a network of DTM type (Dynam ¢ ynéﬁ%gﬁous

Transfer Mode). Preferably, the nethod conprises the step: 10 - that
transferred tokens are retransnmtted to the rver no and rel eased
when correspor’fﬁ\er?g 3F5CRY: ERE BPER srefﬁfurcesl'oi'géF ﬂ?%h%%eﬁfg%ﬁssﬁsaﬁg‘?er ring
of dat a. Adsanqugssaehyabone. net hod conpri ses the step: - that

the server node is chosen as the node which has 1/3 15 of the nodes
si tuat ed upst rBEMSEhE™e/ Joskstae fodews. Each node regularly

broadcasts status information about how many free tokens

§ it has. The other nodes store this information in their
status tables. A node that wants more capacity consults
its status table to decide from which node to request
slots. The broadcasted status information gives an
approximate view of the current state of token

10 information, so token requests may be rejected because
they were sent to nodes that no longer have tokens to give
away.

Status tables are “soft” information in the sense that the
system will work even if they are out of date or

15 wunavailable. They should, however, improve the success
rate of reallocation procedures.

3.3.2 Avoiding unnecessary rejects

When comparing base performance of the centralized (fig.
20 17) and the distributed (fig. 20) token management we can
see that there exists a new type of reject of user
requests which are frequent in the distributed version
when there still is unutilized resources in the system.

A node uses the status table to pick node(s) from which to

25 request tokens. When the request reaches the target node
the amount of available capacity may have changed and a
smaller amount than requested may be returned to the
requesting node, resulting in a user rejection.

This behavior results in unnecessary token transfers and
30 waste bandwidth resources as slots are unused during the

token transfer. The status message mechanism will also

work less efficient when tokens are moved more frequently.
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si-tuat ed downstream Anot her object of the invention is to provide a
nmet hod for di stri buted managenent of the capacity in a circuit-
switched network with a bus or ring structure. The network 20 uses a
bandw dt h which is partitioned in cycles, whizeh in turn are partitioned
in control tiygesmusiss for signaling and data tine sl ot SPCUSENOLIBT er of
data, and wherein each data tinme slot is associated with a token (wite
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ta
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nodes, - T halmb8t Sof of MY tmﬁsmheehéep@éy@tmqos de@iredBe evehransfers
tokens corresponding to r gueifed iaga0|t nd é & f&au stin node in the
event the sefver“FER&E ha nodes a cre e a estroy ' channels
very high speed, the amount of free capacity in individual
nodes will vary between a little amount of capacity and no
capacity at all. If now the average capacity which is
requested by a user is large in comparison with the number
10 of free tokens of a node, then more nodes must be asked to
fulfil the reqguest. At this time the possibility that the
requested nodes have no free capacity will lead to a user

reject.

There are many ways to address this problem without going
15 back to a centralized model. Firstly, we do not need to
give away any slots at all if the complete request cannot
be fulfilled. This protocol is applicable even if only one
node is asked about free tokens, but if more nodes are
asked it can still result in the movement of tokens or
20 that tokens are locked unused. Secondly if we, after a
token request, receive fewer tokens than the number
requested, we can simply once again and many times try to
request the procedure for token request. This will
increase the possibility for a user request to be accepted
25 and that the received tokens will be used. The expense for
the repeated examination will be increased signalling and
increased access delay and can detericrate the performance
on an overloaded network. Even the repeated attempts by
the user leads to longer set up delays for a reguest which
30 has been submitted repeated examination. Thirdly, the user
can sometimes wish to accept a channel with lesser than
the requested capacity instead of it being rejected. If
e.g. a user receives 50% of what has been requested, he
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request ed capacity unutilized, and

14 - that transferred tokens are retransmtted to the respective
server node, and are rel eased when correspondi ng data tine slots have
not been used for data transferring duriqg a significant tine.

Advant ageou met hod is inplenented i A network of pe
(Dynam ¢ Syﬁ@%?%ﬁgﬁé Transfer Mbde). Preferably, the ﬁg?ﬁ£%&%%é
conprises'the step: - that several server nodes are asked, nake

reservations . . .
can be willing to accept. In fig. 13 there is disclosed

the performance for small {16 kbytes) user requests with
different least acceptable capacities [100% (40 slots),
50% (20 slots), and 5% (1 slot}]. A lower average, least

5 acceptable bandwidth will result in a higher wutilization.
In fig. 14 there is disclosed performance which will be
the result if the user is doing repeated attempts up to 8
times before we finally block the request. The utilization
will increase {and the blocking will increase) at the

10 expense of more signalling and'longer delays. Repeated
examination a great number of times will counteract the
productivity if it occurs often.

Absoclutely, the yield with a flexible user request policy
is in lower possibility of rejection and higher total

15 throughput. Either of the configurations disclosed in fig.
13 and fig. 14 can be decided upon at the time when a
request is arriving. A user having strict demands on the
capacity on a channel can request repeated examination
until sufficient capacity is allocated, but another user

20 rather can accept a channel with lesser than the requested
amount. For the rest of the simulations presented herein,
we define the lower acceptable bandwidth to be 50% of the
requested capacity.

3.3.3 Fragmentation

25 In the general case, the average number of contiguous free
blocks in a node is small, due to the random movement of
tokens and the varying capacity of users request. This
fragmentation renders the block token optimization
practically useless, and the access delay is relatively

30 long {milliseconds) for high capacity channels. To make
block allocation efficient it is necessary to reduce
fragmentation of free tokens, otherwise fragmentation will
be by far the main contributor to access delay for high
bandwidth channels at moderate to high load. Low capacity

35 channels will almost always have a very short channel
establishment delay independent of the current amount of
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for and transfer tokens, which together corresponds to the 10 conpletely
requested capacity, to the requesting node in the event that the server
nodes t oget her have the request ed capacity unutilized.
Advant ageously, the nethod al so conpri ses the?ftep: - that received

S

tokens are usgdofseest abl i shing of 15 channels by sendi ng aicrsesdmnsee!
establ i shing nessage to the node or the nodes which are designated
recei ver of data in the event that a node has received tokens

correspondi ng L 0 LidiAAHABRCIIRIPAGT Lise of a1RECLELER!YenkheragIdAL ol so

conprises the st t “oné or several server nodes na
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25 Advant ageousl od~al So_conpri ses
5 partlcular appllcatlon of the general dynamlc storage—-

allocation problem [23]. In the distributed token manager
most of the fragmentation is a result of using many free
pools {one for each node). Two free adjacent tokens can
only merge if they are found in the same node.

10 We have implemented a mechanism called the defragmentation
scheme that tries to avoid fragmentation if possible and
increases the average block size of free tokens in the
nodes. The scheme is used both with and without slot
reuse.

1S Our scheme works as follows:

1. Define a home node for each token at network startup
and distribute tokens in such a way so tokens sharing
the same home node will always define a continuous
slot range. This results in a large average token area

20 in the token map shown in Fig.12.

2. When two slot-consecutive tokens with the same slot or
segment range exist in the free pool, merge them into
a single token (sometimes a recursive split and merge
operation is needed). When doing a merge, always
25 prioritize segment merge before a slot number merge.

The reason for this is that tokens spanning over just
a few segments are less useful to other nodes than
tokens spanning over many segments.

3. When a node gets a token request from the local user
30 or a remote user, pick a token from the token pool
using a best-fit algorithm in slot number and segment
number dimension (see Fig.12). The value of a token is
calculated as the area of a token in the token map and
we try to pick the token with the smallest area that
35 fulfill the requested capacity.

Sheet Has Been Ieilaced

T




- that one or several nodes are not transferring any token to the
requesting node in event that the server nodes together do not have the
request ed capacity unutilized. Preferably, the nethod al so conpri ses
thée step: 30 - that tokens are requested by _a node in the event that

possi bly rec ?Hﬁ'pkens do not correspond t 2t he request ed capacity.
Advantageousﬁ? e nmethod al so conprises the step: PCTBENM%”W

4. When a node needs to request tokens from other nodes,
it does not ask for small chunks from several nodes if
it is possible to ask for larger chunks from fewer
nodes. The status tables provide this information.

5 Transfer of tokens is therefore more efficient, and
there are fewer establishment messages and less
fragmentation.

5. Free tokens are sent back to home nodes when they have
been idle for a significant time or after a long
10 transfer.

This scheme returns tokens to "home” nodes as a way to
increase the probability that two consecutive tokens can
be merged in the free list. If home node ‘‘gravity'' is
tooc strong, the scheme will result in less sharing of

15 resources and unnecessary signaling. If it is too weak,
fragmentation will still remain a problem.

To evaluate the defragmentation mechanism we performed
another set of simulations. We designed three different
simulators [A, B, C]. The simulator A was configured to

20 not have any fragmentation at the start time for
simulation and to use the defragmentation plan described
above, B started with maximal fragmentation of the
complete resource pool. All the tokens had only one slot
and no tokens in the home nodes were connected before the

25 defragmentation mechanism. Finally, the simulator C was
started without the use of the defragmentation mechanism
and with the pool which has the maximal fragmentation. In
all the cases the slot reuse was switched on and the load
was defined to be 80%.

30 Access delay as a function of simulated time is disclosed
in fig. 15 for a network of 10 km. The simulator C started
with a long access delay and the delay increased when the
signal channels were overloaded and the message queues
increased. The simulator B utilizing the defragmentation

35 mechanism starts exactly as badly as C, but already after
10 ms the average access delay is below 500 ms. Later,
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- that tokens received in a node are released in the event t hat these

t okens do not correspond to the requested capacity. Pref erably,
the nethod al so conprises the step: 5 - that received tokens are used for
est abl i shi ng of channel s by sending of a gRannel establishing message
to t he nogg o9ksshe Nodes which are desi gnat ed receivers mfrsessomsst a in
the event that a node has not received tokens corresponding to the
request ed capacity. 10 Advantageously, the nethod al so conprises the step:
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I dl e capacity to"the Tes tores in a status

tabl e |nfornat|oh5r§€%$%%EFd in thenMeRE B?ﬁéﬁs?uﬁﬁ§? A,15-epr dFcFABY]EIGShe
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fromthe server QQQSmentation at all. The converging speed depends on the

s amount of free capacity in the network and consequently on
the locad. The load during all these simulations was 80%.
The defragmentation mechanism clearly improves the access
delay and does even do the block token optimization

meaningful in the distributed realization.

10 3.4 DTM performance

We are mainly interested in two kinds of performance
measures in this paper: utilization and access delay.
Utilization is the portion of the nominal network capacity
that is actually used for data transfer, and is a measure

15 of the efficiency of the network. Access delay is the
time from the arrival of a user request to the sending of
the first data of the request, which we think is an
important measure for how well computer communication
traffic can be supported.

20 There are two main factors that influence utiiization in
DTM. First,each node is assigned signaling capacity in the
form of control slots, which means that there are fewer
slots available for data transfer on a bus with many
nodes, given a fixed link capacity. Secondly, token

25 reallocation incurs overhead since while a slot token is
being reallocated between nodes, the corresponding slot
cannot be used for data transfer.

Access delay depends mainly on the load on the control
slots, and on how many control messages that need to be

30 sent to establish a channel. The access delay is typically
a summation of several delays {and typical values}: Node
controller processing delay [5 us], delay in finding and
allocating free tokens {100 us], waiting for the first
available control slot to pass [50 us}, and finally

35 waiting for the first allocated data slot to be filled
with user data {62.5us]. 1In addition, messages are

il



which for the nonent has the nost unutilized capacity. Advant ageousl vy,

the nmethod al so conprises the step: - that a node is requesting tokens
fromthe server node 20 which is closest and for the nonent has the
request ed capacity unutilized. Preferably, the nethod al so

conpri ses thg, rzgmg - that the server node from which cCity is
request ed q%&l e found by referring to the status tab|§éﬁgg§m¥30

Advant ageously, the nethod al so conprises the step: - that all nodes
in a bus or a rlng defined as server nodes and are all ocated at
| east one tokend aye PHR{EES 2% fberdPRBE B9 tPdn manityed lere wadping
- that all node$oi beapbosesseds rilng theesahhiDsol &b thre R d3AnNYebe off

t okens. 5.2 the average delay is up to a few hundred microseconds.

4. Network simulations

5 In the simulation model, each transfer starts with the
arrival of a new “packet” of information. The node
controller tries to allocate resources for the transfer,
transmits the packet and finally releases the channel.
This is a simplification of the mechanisms in a real

16 system, where channel set-up, data transfer and channel
teardown are independent operations initiated by the user.
For example, a user that knows that a transfer is about to
take place may ”“hide” the channel establishment delay by
requesting a channel in advance, so that it is already

I5 established when the transfer starts. Between a setup and
teardown, the capacity of the channel is completly
reserved for the user. The most straight-forward use of
the channel is for a single transfer, such as a file
transfer or a video transmisson.

20 Depending on the characteristics of the application, it is
possible to optimize the usage of the channel. For
instance, a channel may be used to transfer sequences of
higher level messages such as ATM cells or IP packets.If
it is a multicast channel, messages to different

25 destinations can be multiplexed onto it. This means that
each message will reach every receiver on the multicast
channel and receivers must be able to filter messages. An
alternative solution is to create and destroy a channel
for each message, but reserve the tokens between messages

30 so that the tokens are readily available for the next
message in the sequence. We do not incorporate this type
of user behaviour in the simulations, since they are
optimizations for particular applications. Instead we
focus on how the network performs without user level

35 optimizations.
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Advant ageously, the nethod al so conprises the step: - that

transferred tokens are retransmtted to the respective server node, and
are rel eased when correspondi ng data tine slots no | onger are used for
dat a transfer. 5 Preferably, the nethods&l so conprises the step:

- that transfgphetsokens are rel eased when correspondi ng PCIEESGOIVSNE
slots no longer are used for data transfer.

The sender may start sending data as soon as the resources
are allocated, even before the receiver receives the
channel establishment message. This is called fast channel
establishment [24]. The receiver will eventually respond

5 with a control message to accept or reject the channel.

User requests have the following parameters:

* Packet size which is the amount of user data
transferred between channel establishment and channel
release. We simulate packet sizes from a few kbytes up

10 to a few Mbytes.

* Requested capacity for a channel, which is the number
of slots that a node tries to allocate. For all the
simulations in this paper the requested capacity is

. fixed to 40 slots or 20.48 Mbit/s~

1S * Minimum acceptable capacity. A node blocks a reguest if
it cannot allocate this number of slots. This is
normally set to 40 or 20 slots (100% or 50% of
requested capacity).

*  Source address.
20 * Destination address.

The source and destination addresses are generated
randomly (all nodes with the same probability)} and user
inter-arrival times are exponentially distributed. The
simulations investigate the effect of signaling capacity

25 and slot reallocation overhead on utilization, channel
set-up delay, and blocking. We simulate a topology with
the following characteristics:

* A dual bus network with 100 nodes. Even though it is
theoretically possible to connect many more nodes to a
30 bus, we think that management of networks with more
than 100 nodes on a bus may be infeasible. With 100
nodes the capacity sharing is significant enough to
exercise and test the token management protocol.

* The capacity of each bus is 6.4 Gbit/s. We believe such
35 a capacity is realistic for what is realisable within a
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Advant ageously, the nethod al so conprises the step: - that consecutive
tokens in a node are represented by a 10 token, called block token, which

is indicated as a number on the first tine slot in a row and the total
ufrber of time slots in the row Pr éerably, t he met hod al so
conprises t - that a token is % rtitioned i ntgqRAleodfidst tWO

tokens 15 <corresponding to the sanme tinme slot, but to different
segnents, where a segnent refers to a part of a transm ssi on nedi um
which is connectin

t | t , des.. . t ly, th t hod
al so conprises tH& aé’ﬁ: %9'%6 élﬂ?h‘éﬁl‘i)rﬁfg °§’§|’\F§r1 ﬁ&ﬁggmﬁg‘%ﬁgg%bgnt tﬁa[rei tO

has severa

taivies. lebde- for sefpmenteasonsendt 10eGhiblpsl ks dleerss to

Chpose among, | s yaak %ﬂnbﬁﬁ@é&aééoé'ﬁpééy s%@il‘_ bhapabenhiRgr. s.thre tokens
whi ch originate fraomthe snal

| es ro of 1 sl ot or )
segment - consecut iqy’é‘tt/ékgﬁyﬁ/ﬁi’eﬂé%g’i‘? gquoeyﬁé slot rate, which is the

5

10

15

25

30

35

rate at which the slot processing MAC hardware would
operate. 100 MHz is attainable with current CMOS
technology.

* The total signaling capacity is the same for all nodes,
but the slots are partitioned between the two fiber
directions proportionally, depending on where the nodes
are located on the bus. The closer a node is to the
slot generator the more control capacity is needed. The
sum of the control capacity on both buses will however
be the same for all nodes. In the network with two
token sefvers, the servers have more control capacity
and higher processing capacity than the other nodes.

* The length of the bus is 10 km, which gives a large
enough network that the effects of propagation delay
are not negligible. We further study the effects of
propagation delay in the simulations in Fig.19 and
Fig.21, which use bus lengths of 1 km, 10 km, 100 km
and 1000 km.

* Two different token management schemes are simulated:
an assymetrical scheme where all the tokens on one
fiber are managed by a single token server and a
symmetrical scheme where each node controller manages a
small piece of the global token pool.

5. Performance
5.1 Ideal protocol

When analyzing the performance of the DTM dual-bus
network, the issue of maximum theoretical performance must
be addressed and compared to the simulated performance.
The maximum theoretical performance is also used in this
paper to compare the different schemes and implementations
we are evaluating.

A
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25 request of capacity, and wherein the smallest group is defined as
the group which product of tine slots and segnents with predeterm ned
wei ghts is the | owest. Preferably, the nmethod al so conprises the step
- that groups of tokens, which are at |east pgrtly 30 segnment-consecutive,

are regroupeqyd &g M ze the nunber of consecutive segnpgisEdeRizseach

group of tokens at the expense of the nunber of consecutive tine slots.
17 Anot her object of the invention is to provide a node cont rol
unit inaci rcwﬁ)— Svmma;[:ncﬁgxg 1[}1ertc¥\u,83rhk VtVI tol;:l 8 lQous system without slot-

reuse, can be defined as twice the link capacity, given
that both fibers receive the same traffic. In a system
with slot reuse the system throughput alsoc depends on the

5 source destination distribution. To obtain this
throughput for the dual-bus we used a Monte Carlo
simulation where source and destination addresses were
uniformly distributed (see left graph Fig.16). In the
right graph in Fig.16, performance of a DTM network is

10 included. The DTM network uses a centralized token manager
and users request to transfer 4 Mbyte of information each
time. In this system, signaling capacity is not a bottle-
neck and utilization is found to be close to the ideal
case. Real traffic behaving like this is bulk-data

15 transfers and audio/video streams. The small differences
that are shown are results of: First, some capacity is in
DTM used for control slots lowering the available number
of slots to be used by data transfers. Second, random
generators for the DTM simulations do not generate exactly

20 the same amount of traffic in upstream and downstream
directions, and may result in blocking in one of the
directions when capacity is available in the other. Third,
during channel establishement resources may be locked
unused momentarily, wasting some capacity.

25
5.2 Central tcken manager

In the case of a central token manager the two managing

nodes need more signaling capacity than other nodes (we

assign 8 times as many control slots to a server node than
30 to other nodes).

Results of the first set of simulations are presented in
Fig.17. Users request 20 Mbit/s channels, inter-arrival
times are exponentially distributed (generated by a
Poisson process) and the simulations are performed with
35 different packet sizes. If the full capacity of the
channel cannot be allocated, the request is rejected and
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ring structure. The network uses a bandwi dth which is partitioned in
cycles, which in turn are partitioned in 5 control tinme slots for
signaling and data tine slots for transfer of data, and wherein each
data time slot is associated with a token. The node control wunit is

al l ocated tokens corresponding to a predeteﬁﬁ1ned nunber of data tine
slots mhlch“gﬁﬁm?*%mﬁng In one direction in a 10 bus or a fFﬁ@@“*HE“node
control unit is arranged to nake reservations for and to transfer
tokens to a second node control unit in a second node in the event that
it r ecei vetokene prs tratdrnesk &8s theokoken saeerd Regketoaizes vary unit

and that it haﬁréxﬁquerm;&cb Ctapancmtbytenuatlnggh poiaitl wespegid fedgesoONt 1ol
unit is arrangﬁg retrae rada transferred tokens to the node
control unit a r?%ﬂ?%ﬁeasé’ tﬁﬁ@ﬁ1mhen corresponding data time slots

have not been gfedugnp mI UegddddtIbar ﬁ\hggoeéufiaé@ r%ﬁ; ctég%;aaceaﬂaa gontrol -

uni t durlnﬁ?g Si ficant, tine. Adyvant a ousl the network is of
DTM type (Dynafifges T ?ﬁ%&&?@ﬁ&ng?mcmess oo s‘“ﬂ;]rét h&Pe oBREN&T of
the inventi on hedés may\belesperdddlyabgerloaded. The result is that

gueues containing control messages start growing very big.
The control tokens represent unused capacity, and
therefore the throughput is degraded.

10 In the 4 kbyte per channel simulations, the control
capacity is the limiting factor and if more control slots
{signal capacity) are added, 4 kbyte and even smaller
packets can be more efficiently supported.

The next set of curves, in Fig.18, show how the slot reuse

15 mechanism improves the performance of the systemn.
Throughput increases by almost a factor of two before any
significant number of channels are rejected. The uniform
source and destination distributions of channels limit the
amount of increased capacity gained by slot reuse. It has

20 been shown that if the source and destinations are
generated evenly, as we do, throughput may be doubled on a
dual bus [21]. In the simulations it may also be seen that
beyond an offered load of 2.5 we may actually get through-
put higher than 2.0. This level of throughput, however,

25 cannot be reached without some channels being rejected.
The channels with the highest probability of being
rejected are the ones that use many slots or segments.
Therefore the system “filters” less greedy user requests
and throws away the rest. This is normally not an

30 acceptable behavior and we therefore do not investigate
this any further.

Throughput degradation occurs at an offered load of 1 with
the 4 kbyte transfers. Even if we have enough resources in
the token server, we cannot establish and destroy,

35 channels fast enough as the control channel is congested.
Further, we also see a throughput degradation of the 8
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cal'l ed server node, in a circuit-switched network with a bus or ring

structure. The network uses a bandw dth which 25 is partitioned in cycles,
which in turn are partitioned in control tine slots for signaling and
data time slots for transfer of data, and erein each data tine sl ot

IS associ steshadsh a token. The node is characterized by pgrsessorige
control unit, which is allocated tokens corresponding 30 to a predeterm ned

nunber of data tinme slots which are flowng in one direction in a bus

or 3 ring, and igpyee SLHAOEMLD FUG LRSRLYA 0P 100 3d 40 Lhanslel

t okens to a se un it A a second node ‘i
that it recei ves*§2P8Quest for tokens fronlthe second node 35 control uni t

etuork i's of DT ?S%Ste%y SRFidet Ly héCtumar{eng o 48p- 16" thac'®

the slot reuse mechanlsm almost doubles the system

5 throughput with only minor changes to the centralized
token protocol, as long as the control and server
processing capacity is not a bottleneck. From the curves
it can also be seen that access delay actually decreases
when the load increases from 0.1 to 0.5. This is a result

10 of how slots are assigned to a channel and is not related
to the token request procedure. The time it takes to
request tokens from the server is strictly increasing with
the load.

When comparing the DTM performance in Fig.18 and the

15 theoretical values in Fig.16, we see that even short
bursts {(a few milliseconds duration) can be supported
efficiently.
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Preferably, the node is allocated tokens corresponding to all of the

data tinme slots which are flowing in one direction in a bus or a ring.
Advant ageously, the node has 1/3 of the nodes of the bus 5 or the ring
upstream and 2/ 3 of the nodes of the bus or the ring downstream

Anot her obj Pigad Ne invention is to provi acircuit- @%,{, d

net wor k of‘ﬁﬁkﬁs or ring structure, which network use;wg. andgﬁﬁth
which is ‘partitioned in cycles, which in 10 turn are partitioned in
control tinme slots for signaling and data tinme slots for transfer of

data, and wherei.each ati sl ot i ssociated with a token. The

network is §3P1§'r_g)%f P%gg%yc’}é\ %d@”&l‘?g %ﬁ%d’gﬁ'@%r’%&m, bei ng

al | ocat ed t okfmnctdencofobus ntength predet er mi ned nunber 15 of data tine
n one direction in a bus orrg{@, and is

slots which are fl ow ng |
arranged to rnﬁi?nr@séﬁgﬁhﬁoﬁgk?Qws%ﬁﬁfr 1s used, each chann
establishment reqguires a token to be requested from the
5 server. If the length of the bus is increased, the token
request will take a longer time and may therefore also

limit the throughput and increase the access delay.

In Fig.19 we increased the length of the bus by a factor
of 100 to 1000 km (node to node delay is now 50 us}. Both

10 access delay and throughput may now be limited by the
round-trip latency to the token server.

Access delay in this case depends on the distance to
servers, but is independent of the tran sfer size.
Throughput depends strongly on the average transfer size

15 as the establishment phase is amortized over the data
transfer phase.

Channels transferring large amounts of information such as
256 kbyte with a duration of one tenth of a second are
still efficiently supported when the bus length is 1000

20 km »

5.2.2 Discussion

Utilization of a centralized token manager has several
benefits. Clients may be simple as they only contain state
information related to their own opened channels. Slot

25 reuse is also simple and efficient, as the slot server has
all of the free tokens to choose from when trying to
satisfy a user request. The server may also implement
other policy related functions such as admission control
and fairness. The fragmentation of the free token pool in

30 the server is normally very modest, resulting in very few
connection establishment messages per channel even for
high capacity user requests.

There are also drawbacks. A user that frequently
establishes and destroys channels may introduce excessive
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to transfer tokens to a second node in the event that it receives a
request for tokens fromthe second node and that it has requested
capacity unutilized. 20 Another object of the invention is to provide a
circuit- switched network of a bus or ringystructure. The network

I S char act er ivg@ohigiuet hat at | east two nodes, called server PCT/SESGOHESE are
defined anmpng which tokens corresponding to al | data tinme slots which
are flowing in one direction in a 25 bus or a ring are distributed and in

that the server paaeamng b%vr%l@%ﬁlé”géguf&r{@kt%k%ﬁ§95§f€ékoﬂ§efOéu@rhci'xen

transfer tokens ein e server nodes

. n
recei ve a reﬁﬁﬂ%ﬁs?%ﬂg'FﬁﬁeﬁggFPﬁn?Q?thWﬁ nanékaﬁH FHE® RERAPD-  have
t he requested capkeeignoaausdiing zagacify fividn ageves! podehmayegetork is a

network of DTM tXPéloadéMrtag‘x\%r@QEQr %o?e%nﬁkeﬁh%/bgﬁg or if the ing

Preferably, a node I1s arranged to use rec kens
of channels by sBYRFF é’%ﬁné"llzés%ab??%hlﬁi‘!j’ ﬁe%?ﬁg@e?batlrﬁ’%ésor
t he nodes which veéry rﬁa‘gﬁedeﬂatbee%arenel;vmdwft o4t bitrapéheodyanitdg-hat t he

node has receiVeger--packet and media velocity, the round trip time to the
server may also limit performance. Finally, the server
node contains state information that all nodes depend on
10 to create channels. A server node failure may therefore
affect all the nodes.

5.3 Distributed token control performance

In this section we simulate and investigate the properties
of a fully distributed token manager.

15 5.3.1 Distributed token manager

When evaluating the performance of the distributed token
manager with slot reuse and defragmentation, we used the
same traffic and parameters as in Sect. 5.2, but used a
policy whereby requests are accepted if 50% of the

20 requested capacity can be allocated.

The results presented in Fig.20 are from the simulations
with slot reuse, a fully distributed token manager, status
messages which describe how much capacity a node
possesses, and the defragmentation scheme. All the nodes

25 have the same process capacity and the process load is
much lower than the load the servers in fig.1l8 are
receiving. The dependences between nodes are also much
lower, which results in a higher extent of reliability.
The system performs better than any system without slot

30 reuse, but not as well as the centralized system described
earlier,

Compared to the centralized scheme (see Fig.18) blocking
is higher and starts at a lower load.
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t okens corresponding to the requested capacity.

19 Advant ageousl y, one or several server nodes are arranged to
make reservations for and to transfer tokens corresponding to al
unutilized capacity to the requesting gg in the event that the server
nodes t oget ofb3sdg0t S have the requestedita

pacity “n“tbbféﬁﬂpumo

Preferably, one or several server nodes are arranged to ransfer
any token to the requesting node in the event that the server nodes

t oget her have not t he request ed aci t nutili zed.
g A not expe ted result wa é)éha gﬂe performance in reality

decreased when the packet size increased! After once again
having checked up the results we found that a large
average transferring size results in lesser mobility for

5 tokens and that the status information in reality gives an
even worse appearance on free resources in the network
than for short transfers. In this case a request is
rejected, if we do not believe that we will find any
resources. This mechanism was introduced to avoid wasting

10 control capacity when the resources were drained.

The reason for this is that the status messages only
describe ”global” tokens which cover all the segments on
the bus. A global token can be utilized by any node and is
the only type of token in a DRM-system without slot reuse.

15 At loads higher than 1.0, a great number of tokens are
segmented and the reuse scheme needs them at new requests.
The status message mechanism which we are using, which was
designed for a system without reuse, is therefore limited
in its ability in helping new requests to find free

20 capacity and can in the worst case result in a higher
degree of blocking.

5.3.2 Performance of the distributed token server as a
function of bus length

The throughput and access delay of the distributed token

25 manager with varying bus lengths from 1 km to 1000 km are
presented in Fig.21. A 16 kbyte packet is sent between
establishment and tear-down of the channel. The 1 km and
100 km buses give about the same throughput and access
delay as the 10 km bus, because the latency introduced by

30 using a 125 us cycle dominate over the time of flight
latency in the system. For the 1000 km long bus, we see
that the access delay is found to be shorter than in the
1000 km system using a centralized token server (see
Fig.19). At low load tokens are found very close and

35 access delay is about the same for all systems
independently of bus length. Even at very high load the
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10 Advantageously, a node is arranged to use a status table, a
regularly updated list of the unutilized capacity of all the server
nodes, for decision upon which server node to request tokens from
Ertbodi nents of the invention will now be descsg3 bed with a 15 reference to
t he acconpanywgsyndssw ngs, i n which Brief descri pti onPOT/SES6817%0 awi Ngs
Fig. 1 DTM mul ti pl ex format. Fig. 2 DTM nodes connected in a
network structure. Fig. 3 Amulti address group. 20 Fig. 4

Thr oughput and %%%%% eska%l {orapgldd ar et 1p8ekehd shorter than StZ€S. in

Fig. 5 Thr oughput and d for stri.ct _capacgity request W th
re-request (16 ﬁ%ﬁtgePFﬁﬁ égg)SYStem in Fig%5

5.3.3 Bursty and client-server traffic conditions

$ The centralized token manager system will have the same
performance almost independently of the traffic as long as
processing and signaling are sufficient. To evaluate the
distributed system, we decided to use two other traffic
generators. First, we use a generator that simulate user

10 requests arriving in bursts: when a reques arrives, a new
request is generated to arrive with 90% probability after
200 us. The result is that bursts of requests arrive to
nodes and force high temporal locality of source
addresses. Second, to generate traffic more similar to

153 client-server behavior we increase the amount of traffic
arriving to 5 server nodes, 0, 25, 50, 75, and 99. Even
the probability for a server destination is also higher.

In Fig.22 we present throughput and access delay
performance of the distributed token server system.

20
5.3.4 Discussion

It is clear that the distributed implementation have
several benefits compared to the centralized token server:
The nodes may share the processing load, there is less

25 need for high-performance token servers, redundancy may be
higher and access delay may be shorter for low capacity
request. It also scales to longer busses. The drawback is
higher blocking. It is also clear that the status message

T




Fi-g. 6  Throughput and access delay for different user 25

demands (16 kbyte transfers). Fig. 7 Net wor k t hroughput and access
delay as a function of bus length (16 kbyte transfers).

Fi'g. 8 Throughput and access delay in a ZQé%P grid. Fig. 9 A DIM
net wor k of structure. 30 Fig. TM 125 ps Cygéfisposmirsg T 9- 11

A token nmap showi ng tinme slot nunber and segnent

20

10

15

20

25

30

and status table mechanism must be changed to avoid
unnecessary blocking when slot reuse is allowed.

6. Future work and conclusions

We have shown that the DTM fast circuit switching protocol
performs well in a dual-bus shared media environment. Two
slot (token) management schemes are analyzed. The
centralized scheme perform closest to the ideal protocol
and is relatively simple.

The distributed scheme is more sensitive to user behavior,
relies on status information that is broadcast frequently,
and needs a defragmentation scheme. The main advantage
with the distributed scheme is that it efficiently
decouples the access delay from the round-trip time on the
bus.

One result is that the status message scheme does not work
well with slot reuse and future work is to redesign it.
Further work is to evaluate a scheme that combines the
distributed and the centralized token manager using a
small set of token server nodes.

The conclusions are that channel establishment overhead
can be very small, resulting in high utilization even for
small (a few kilobytes) transfers. Access delay is found
to be a few hundred microseconds even at high load. The
slot reuse scheme can increase the throughput performance
by a factor of two and can be implemented without
introducing any extra hardware in the nodes.

c. Supplement

The network is not limited to a dual bus, but can be
realized with all types of structures, e.g. a ring
structure with an arbitrary number of nodes. The
transmission medium can, except optical fibre, be coaxial
cable or another transmission medium with a high
bandwidth. In the description the transmission medium will
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Fig. 12 A tinme slot-segnent map show ng reuse of tine sl ot s.

Fig. 13 A distributed token server. Fig. 14 User re-request for

i ncreasing of the degree of 5 utilization (16 kB). Fig. 15
Defragnment ati on: access-delay as a function ofsg sinmulated tine.
Fig. 16 Thegygbisasks dual bus and DTM t hr oughput. Fi 9. pCEsSESSR1750
centralized token server. 10 Fig. 18 A centralized token server and tine
sl ot reuse. Fig. 19 A 1000 kmbus with a centralized token server.

Fig. 20 Utilizayd on Anyder¢8Sasdsh@Vcalli SiddlUree bak8Ridth of the DTM
dual bus is, in the preferred embodiment, partitioned in
125 ps cycles, which in turn are partitioned in time slots
of 64 bits. The present invention is not limited to DTM
5 networks with these values, but can be used in networks
with cycles and time slots with arbitrary size.

The increase of performance with time slot reuse is clear:
at a dual bus where the source and destination pairs are
distributed uniformly the throughput has proved to

10 increase with a factor two. The increase of performance
can be even higher in other types of networks; i.e. in a
dual ring structure with the source and destination pairs
distributed uniformly, the throughput can be increased
with a factor 4.

15 A consequence of the DTM’s time slot reallocation
mechanism is that it takes longer time to establish
channels which need greater bandwidth. This “trade-off”
can be justified: the type of traffic demanding low medium
access delay is normally less sensitive to the bandwidth

20 allocated for the transferring, and such traffic can
therefore be accepted without much involving of the
reallocation protocol. For transfers demanding greater
bandwidth, the access delay will be higher and the
reallocation protocol will almost always be used. However,

25 the broad band transfers will prcbably be less sensitive
to access delays.

The simulations described above have shown that the fast
circuit-switched protocol of DTM performs well in a
dualbus-divided medium environment. Two time slot

30 management schemes are analysed and both are performing
well and can take advantage of time slot reuse. The
centralized scheme acts nearest the ideal protocol and is
at the same time easier to implement. The distributed
system is more sensitive to user performance and must

35 therefore rely upon status information which is sent
frequently, and upon the defragmentation mechanism to
decrease the number of control messages needed for channel

TN



server. Fig. 21 1-1000 km buys with distributed token server. 15

Fig. 22 D stributed token server. Fig. 23-28 Ti me sl ot - segnent
maps. Det ai | ed Description of Enbodi nments 2. DTM Dynam c
Synchronous Transfer Mde DIMis desigqf for a unidirectional medium
with nmultipl 39’??9658’ l.e., a mediumw th tapacity ShaquHE¥E§H

connect ed naggs. can be built on several different 0 ogles such
as ring, folded bus or dual bus. W chose - t he dual bus, since it has

shorter average ode dj st ance f ol ded_bus,, and DTM s
synchronlzatlgﬁsfg g gﬁﬁgmﬁgdfiﬁﬁﬁf 3 EgaZEQF@Fl?% i B | EHAR T8 a dual bus

t han on a ringdistributed model with defragmentation mechanism on long
buses, better performance can be achieved than when using
the centralized model. A resource management system which

5 combines the centralized and the distributed model is also
possible by using a smaller set of token server nodes.

Furthermore, the connection establishing overhead can be
very low, which results in a high degree of utilization
even for small (a few kbyte) transfers. The access delay

10 is some hundred micro seconds even at high loads. The time
slot reuse method can increase the performance with a
factor two {on a dual bus) without the adding of
additional hardware to the nodes. When the time slot reuse
method is used it is even more important to use the

15 defragmentation method because fragmentation can be
performed both in time slot and segment way.

D. Further detailed description and comments to the
description above

20 In the description above is specially described a
centralized system characterized in that only one home
node exists for all tokens and in that free {idle) tokens
always return directly to the home node.

In the completely distributed system all nodes are home
25 nodes {server nodes) and tokens are evenly distributed
among all the home nodes.

With the defragmentation method tokens can even be moved
back to their home nodes after the elapse of a significant
time {e.g. when they have been free (idle) a certain time,

30 so called “idle-time” or when they have not been in their
home node for a certain time, so called ”“last home-time”).
One uses the work gravitation - low gravitation
corresponds to long significant time and high gravitation
corresponds to short significant time. The centralized

35 system mentioned above will have an infinite high
gravitation (significant time = 0) and the distributed
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The service provided is based on channels. A channel is a set of tine
slots with a sender and an arbitrary nunber of receivers; it is
guaranteed that the data will reach the 30 receivers at the rate given by
the capacity of the channel . The channel g470n the physically shared
medi um are woveRbdiezed by a tinme division nultiplexing ( TDMI/SESS®IS0

21 . (Figure 1). The total capacity is divided into cycles of

125 m croseconds which are further divided into 64-bit sl ot s.

The slots are sepakaheditRbo: d&é%a@ﬁﬁm%%ﬁ'mééﬂéﬁzsﬁ%hl hakede has
access to at | east gne control
gravitation = 0 (SLgnlflcant time = o).

It will be pointed out that the resource management scheme
is applicable on anything between these special cases. The

5 number of home nodes can vary from 1 to the overall number
of nodes. The gravitation can independently vary from 0 to
infinity. A uniting of adjacent block tokens, the uniting
in segment direction ought to be prioritized before
uniting in time slot direction.

10 We are giving some examples in connection to the
accompanying drawings to clarify.

In fig. 23 there is disclosed a token graph with two time
slot sensequtive block tokens A and B. Normally no
partitioning/uniting is performed because the segments

15 then would be shorter.

In fig. 24 there is disclosed two segment consecutive
block tokens C and D. Normally, partitioning of the two
block tokens C and F is performed according to the broken
line. Thereafter is performed uniting of the two formed

20 block tokens C’' and D’ to a token C’D’ with twice as long
segment. This results in total in three new block tokens,
c”, p", and C’'D’.,

In fig. 25 there is discussed three block tokens E, F, G.
Preferably, F and G are united to FG to increase the
25 segment size,

In fig. 26 there is disclosed two block tokens H and I.

The requested capacity corresponds to half of H and all of

I and shall be sent from node A, NA to node B, NB. H is

chosen for transportation, which is partitioned according
30 to the broken line.

In fig. 27 there is disclosed a token I. The requested
capacity corresponds to half of I and shall be sent from
node A, NA to node B, NB. A part of I is chosen for
transportation, which part is laid in the upper side or as
33 in fig. 27 in the lower side of 1. The remaining part must

This Sheet Has Been Relilaoed
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used for sending control information to the other nodes. Contr ol
nmessages can be sent upon request froma user, in response to control
nmessages from ot her nodes or spont aneously for managenent purposes. The
control slots 10 constitute a small fraction of the total capacity, while

the maj or part he slots are data slots %%rrying VY %)system
start-up, t W8 slots are allocated to the nodes acé%%%gﬂﬂé‘o sone

predefined distribution. This means that each node "owns" a portion of
data slots. 15 A node needs ownership of a slot to send data init, and

t he owner shi p Wtenspst Qaﬁﬁyté%%e‘%%%éﬂ Epkghohy RREMALLY nodes during

t he operati on m¥ctahguiaknor Rreferably,. thilsotisAbeofatied accordiny tees a

di stributed al %I’I @ekohﬁ%%or&aé; tia n% g X"“Qé &p@ apé)ol of free
nodes.” T

slots is distri wer e nal n reasons for
using a dlstrlnﬁﬁﬁab e. schene I nstead of a central pool of slots. First,
when a node. can estabt h a nel uysi only, slots fr n1the | ocal
pool , ther€ is f\/&")Vrlsl et §§/’%?h% rh%veT K:@ g%aﬁﬂefy'hls way- 1 sont .
applications one can contemplate uniting in time slot
direction before uniting in segment direction.

Normally, the status table only contains information about
time slots which are free over all segments. One can alsc

10 contemplate that even information about segment can be
found in these status tables. It will, however, be much
more information to spread to the remaining nodes.

Another mechanism which preferably can be implemented will
be described below in connection to fig. 28. If node O,

15 NO, has access to the capacity (b-a) and over all segment,
but shall send the capacity (b-a) only to node N, NN, then
it has no use of the segments NN and thereover. These can
then be sent to NN for future demands. The same way if
node N, NN has access to the capacity (time slots) {d-c}

20 and shall send this capacity to node M, NM, then it will
send even the free segments NM and thereover to the node
M, NM for future demands. The token block (NO-NN)*{(d-c)
will be sent down to the node O, NO, for eventual future
demands. In this connection there is required extra

25 signalling whereby this token block (NO-NN)*(d-c) can be
sent with an eventually lower priority.

Description of Drawings

Fig. 1 DTM multiplex format.

Fig. 2 DTM nodes connected in a network structure.
30 Fig. 3 A multi address group.

Fig. 4 Throughput and access delay for different packet
sizes.

Fig. 5 Throughput and delay for strict capacity request
with re-request (16 kbyte transfers).
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25 establishment. Second, a distributed al gorithm does not rely on a

single node, so it has sone tol erance to node failures. The main
drawback of a distributed inplenent- ation is the overhead of

comruni cation and synchroni zati on bet weerggnodes. 30 At the reception
of a user requesissshe node first checks its | ocal pool etrrsesemrish it
has sl ots enough to satisfy the request and, if so, imedi ately sends
channel establ i shment nessage to the next hop. O herw se the node

first has to regygst ¢Mor enhsb@disodt URd Recabbede Nofefo P reddn® BYsr Each
node nmai ntains a status tabl e t:xiq;i ntain i nformati on about free

s
slots in other nodes, andSUFR%S yfe transfers).
22

Fig. 7 Network throughput and access delay as a function
. of bus length (16 kbyte transfers).
5 Fig. 8 Throughput and access delay in a 20x20 grid.
Fig. 9 A DTM network of dual bus structure.
Fig. 10 DTM 125 us cycle.
Fig. 11 A token map showing time slot number and segment.

Fig. 12 A time slot-segment map showing reuse of time
10 slots.

Fig. 13 A distributed token server.

Fig. 14 User re-request for increasing of the degree of
utilization (16 kB).

Fig. 15 Defragmentation:access-delay as a function of
5 simulated time.

Fig. 16 Theoretical dual bus and DTM throughput.

Fig. 17 A centralized token server.

Fig. 18 A centralized token server and time slot reuse.
Fig. 19 A 1000 km bus with a centralized token server.

20 Fig. 20 Utilization and access-delay:distributed token
server.

Fig. 21 1-1000 km buys with distributed token server.
Fig. 22 Distributed token server.

Fig. 23-28 Time slot-segment maps.
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stots are needed the node consults its status table to deci de whi ch

node to ask for sl ot.? lﬁgﬁ e%dﬁe [aee%ul arly sends out status nessages

with information abou pool of slots. Status nessages have

| dwer prlorlty than nessaggf so they are only sent when

t he CONfy be unused. Further norgo., H&Q@y
reallocatlon algorlthn1does not depend on nodes to process ﬂ st at us
nmessages,” so a node can safely ignore status nmessages while it is busy.
10 The procedyre. for slot reallocatlon I's sinple and works as fol | ows:
If a user req 38188, channel with Mslots and the node has N free
slots, where , it sends requests aski ng for slots. The node starts by

sending a reqyest tR hbehod £d¥ %%@:%Ea'i@%d%&x@a&érﬁ@n@d&t thel fcakgjcit ode
does not have .15 e st tus

cable, a requéd®t ? Eggéhg gg%%‘?ﬁ“?%ﬁké§g5ﬁﬁgéﬁd% ccor %“EP ;nth free
slots, and sosamucfheenodhlahunexwyﬁk lusas a bandvmmthadhmtheaeh of the
requests hgs Bs%l&@sséaeﬁna&sﬂ:les, WS n9%3n£§r rafélﬁé%ﬁt&%%eghﬁﬂne'
request, depen Iggogntgme sloé§”é§¥“%;%na 1§n562hdc§§¥5(¥}mé”?igt§r§or
transfer of data, and wherein each data time slot is
associated with a token, characterized in
- that a first node, called server node, being allocated
10 tokens corresponding to all data time slots which are
flowing in one direction in a bus or a ring,
~ that a second node is requesting tokens corresponding
to a certain capacity from the server node, and
- that the server node makes reservations for and
15 transfers tokens corresponding to requested capacity to
the other node in event the server node has requested

capacity unutilized.

2, A method according to claim 1, characterized in
that the method is implemented in a network of DIM-type
20 (Dynamic Synchronous Transfer Mode).

3. A method according to claim 1 or 2, characterized in
that transferred tokens are retransmitted to the server
node and released when corresponding data time slots no
longer are used for transferring of data.

25 4. A method according to claim 1 or 2, characterized in
that transferred tokens are retransmitted to the server
node and released when corresponding data time slots have
not been used for transferring of data of the other node
during a significant time.

30 5. A method according to any one of claims 1-4,
characterized in that the server node is chosen as the
node which has 1/3 of the nodes situated upstream and 2/3
of the nodes situated downstream.

6. A method for distributed management of the capacity
33 in a circuit-switched network with a bus or ring
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A ‘node that has sone anpunt J of free slots and receives a sl ot
reali1ocation request f S S Iﬁmglmays gi ve away mn(J, K) slots.

[ ots W
The node responds by s h 1 real | ocation confirmation, which
i ndi cates what slots th g Hanamay.sif t he requested node does not
have any worser4sat ot s ith a slot reall ocatiZCT/SES§RISH

instead. In addition to this algorithm resources may be controll ed by
a network managenent system For exanple, to prevent the network from

starvation, a ngde,Safrde viere@hf LAEI SEhMAAtO 1@ PRraYRY oAk ik Scydi¥lss, but
to keep a certain fraction of its.inpitial, share. . 2.2.SWtching
A DTM net wor k cHPLER 1k Jide@ By PREELELORRAAN FONEEPR, 5EmE SHOBLYH « h

swi tch nodes (sstghajlirg 2nd Davhutikme 38lotde diont taknzédrsoft datag and t he
sense that any podeein &R eEEEItiNe! ¥PoO i IYRBRYBLEACANLE VA L Lok LR @

bet ween ] . .
5 {write access), characterized in

- that at least two nodes, called server nodes, are
defined among which are distributed tokens corresponding
to all data time slots which are flowing in one direction
in a bus or a ring,

10 - that a node is requesting tokens corresponding to a
certain capacity from at least one of the server nodes,
and
- that this server node makes reservations for and
transfers tokens corresponding to reguested capacity to

15 the requesting node in the event the server node has
requested capacity unutilized.

7. A method according to claim 6, characterized in that
the method is implemented in a network of DTM-type
(Dynamic Synchronous Transfer mode).

20 8. A method according to claim 6 or 7, characterized in
that several server nodes are asked, make reservations for
and transfer tokens, which together correspond to the
completely requested capacity, to the requesting node in
the event that the server nodes together have the

25 requested capacity unutilized.

9. A method according to any one of claims 6-8,
characterized in that received tokens are used for
establishing of channels by sending of a channel
establishing message to the node or the nodes which are
30 designated receiver of data in event that a node has
received tokens corresponding to the reguested capacity.

10. A method according to any one of claims 6-8,

characterized in that one or several server nodes makes

reservations for and transfers tokens corresponding to all
35 of the unutilized capacity to the requesting node in event

s



them One advantage with this is that the swi tching capacity can be
I ncreased gradually bxhgggangsanmac et ch nodes. The switching is

synchronous, which nea smntchlng delay is constant for a
channel . This neans th%‘m op ch has roughly the sane
properties a S|ngle bu The only diff ghthat a
swi t ched channe?“ﬁ%s slightly | onger delay (up to 125 Zthds for
each hop). Provided that a switch node - can buffer one cycle of data for
each of its buses, hhere 10 caqgﬁ% be any cqngestion or overflom1|n t he
node. ThéP&FnEREORPTERT ROMRT OSSP thELcS0] RO PRV EDe Faauepted

basi s-cycl es aapastisyt edubilbzede sane frequency on all buses. This is

acconpl i shed by | etti ng one network node be.
. A method according to any one of claims 6-8,

characterized in that one or several server nodes are not

s transferring any token to the requesting node in event
that the server nodes together do not have the requested
capacity unutilized.

12. A method according to claim 10 or 11, characterized
in that further tokens are requested by a node in event

10  that possibly received tokens do not correspond to the
requested capacity.

13. A method according to claim 10 or 11, characterized
in that tokens received in a node are released in event
that these tokens do not correspond to the requested

15 capacity.

14. A method according te claim 10 or 11, characterized
in that received tokens are used for establishing of
channels by sending of a channel establishing message to
the node or the nodes which are designated receivers of

20 data in event that a node has not received tokens
corresponding to the requested capacity.

15, A method according to any of claims 6-14,
characterized in that each server node regularly is
sending information regarding its idle capacity to the

25 rest of the nodes and each node stores in a status table
information received from the other nodes.

16. A methoed according to any one of claims 6-15,

characterized in that a node is requesting tokens from the

server node which for the moment has the most unutilized
30 capacity.

17. A method according to any one of claims 6-15,
characterized in that a node is requesting tokens from the
server node which is closest and for the moment has the
requested capacity unutilized.
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responsi bl e for generating the cycles periodically on al
buses. For each new cycle, this node generates a cycle-start marker

one switch

that is forwarded to afhisSheétH Replecadhe net wor k. For each bus there is
node thagmu !l ﬂ Le for gprwardi ng the marker onto

| 5 its outgoing

t he bus. Thoweozas4sch n organi zed in such aretspmp1shat t he
mar ker reaches every bus exactly once. Wen t he marker reaches a bus,
the cycle is restarted on this bus. The cycle tine and the sl ot

size are both cgst agt méehod! dccorditids 8%, c1AifN §EaNst 1 N adhara@tarized

h I zat i h | 1 25 diff t t t diff t, bit
Ttes. Thie. mmidds that the, SEBYEF sltds dram nBLEE *caRart e e HeRvertdtial
a widtiwbek feindoby egfewstingg tohsheestawds ttableet wor k.

buses in

DTM channel s

circuits,

in that: chBnREFRORALFS

5

10

15

20

25

30

2.3

The channel ab%%&?ction in DTIMdiffers fromordinary 30

% tPoRPRORE per¢iaisns 6-18,

characterized in that all nodes in a bus or a ring are
defined as server nodes and are allocated at least one
token.

20. A method according to claim 19, characterized in
that all nodes in a bus or a ring are allocated the same
number of tokens.

21. A method according to any one of claims 6-20,
characterized in that transferred tokens are retransmitted
to the respective server node, even called home node, and
are released when corresponding data time slots no longer
are used for data transfer.

22. A method according to any one of claims 6-20,
characterized in that transferred tokens are released when
corresponding data time slots no longer are used for data
transfer.

23. A method according to claim 22, characterized in
that transferred tokens are made reservations for, are
retransmitted to the respective server node, even called
home node, and are released when corresponding data time
slots have not been used for data transferring during a
significant time.

24. A method according to any one of claims 1-23,
characterized in that consecutive tokens in a node are
represented by a token, called block token, which is
indicated as a number on the first time slot in a row and
the total number of time slots in the row.

25. A method according to any one of claims 1-24,
characterized in that a token is partitioned into at least
two tokens corresponding to the same time slot, but to
different segments, where a segment refers to a part of a

R O



Si mpl ex: a channel is set up from sender to receivers. A dupl ex

connection consists Qf. gm& HabBEA Egiwﬂbne in each direction.

Mul tirate: channels n arbitrary nunber 35 of data
sl ots, which neans th city cap

24 %ﬁﬁﬁﬁi

capacity o?"{ e bus. Nhltlcast a channel can have severa

12 Kbps, “"Up to the enti pepEadsidrr
receivers. A node creates a channel by allocating a set of data slots

transmission medium which is connecting at least two
nodes.

26. A method according to any one of claims 1-25,
characterized in that the server node, in the event that

5 it has several time slot~ or segment-consecutive groups of
tokens to choose among, is making reservations for and
transferring the tokens which originate from the smallest
group of time slot- or segment-consecutive tokens which
satisfies a request of capacity, and wherein the smallest

10 group is defined as the group which product of time slots
and segments with predetermined weights is the lowest.

27. A method according to any one of claims 1-26,
characterized in that groups of tokens, which are at least
partly segment-consecutive, are regrouped to maximize the

15 number of consecutive segments for each group of tokens at
the expense of the number of consecutive time slots.

28. A node control unit in a node in a circuit-switched
network with a bus or ring structure, which network uses a
bandwidth which is partitioned in cycles, which in turn

20 are partitioned in control time slots for signalling and
data time slots for transfer of data, and wherein each
data time slot is associated with a token, characterized
in
-~ that the node control unit is allocated tokens

25 corresponding to a predetermined number of data time slots
which are flowing in one direction in a bus or a ring, and
- that the node control unit is arranged to make
reservations for and to transfer tokens to a second node
control unit in a second node in event that it receives a

360 request for tokens from the second node control unit and

that it has requested capacity unutilized.

29. A node control unit according to claim 28,
characterized in that the network is of DIM-type (Dynamic
Synchronous Transfer Mode).

35 30. A node, even called server node, in a circuit-
switched network with a bus or ring structure, which

NED ) R AR



5 for the channel and by sending a channel establishnment control
nmessage. The control nessage is angg&&pd ei t her to a single node or to
a multicast group, andteinsine "\‘{E‘lgl“hat t he channel has been created and

what slots it uses. hannel ggsl ots nust be al |l ocated at
the sender l@omdssas eac ' al ong the channel's rectsEssdirss,
for

swi tch nodes allocate slots a channel on behal f of the sender. The
switch nodes then start switching the channel, by copying the channel's

slots fromthe 5geg§wgug% tah?»andwiﬂ?hgﬁh{‘&xbfks- H1 AL LRTRL 1hocgsiap! i sh a
mul ti-hop channel  farls 1f any of the smgtcﬁ’no es 1. nvo ved® cannot
al | ocat e t hehigluin EREARR PeFtirspred | in qantredsdiggopheks v e

has to be triedsignabliyig chrel [datlautémet Beoes afar nvamsifiey of daesgrad routes
bet ween each PabhepbiRObis e 4hECHlor 1o ‘EINAR LAENPLOLORS), useS
source routing together wth 20 "an addressing schene based on_(Xx, vy

coordi nates #n Fharactepized by & pgre FEREEPLIUHE nybhdcheds pdIoFHkLhops is
achi eved bv | et tbRgneachrsedgariaingdeouaecppédd termimesingamber of odsend

| nformation aboggmghglgggnuﬂﬁﬁﬁzé&%e%lgbgéa A0 dde® air c%%%gogﬂgaa&igﬁanor
exanple, there are two possible routes bet ween node 1 and node 4 i1'n
Figure 2, so ifan&§8gl IRchtis arranged to make reservations for and to
transfer tokens to a second node control unit in a second
10 node in event that it receives a request for tokens from
the second node control unit and that it has requested

capacity unutilized.

31. A node according to claim 30, characterized in that
the network is of DTM-type (Dynamic Synchronous Transfer
15 Mode) .

32. A node according to claim 30 6: 31, characterized in
that the node is allocated tokens corresponding to all of
the data time slots which are flowing in one direction in
a bus or & ring.

20 33. A node according to claim 32, characterized in that
the node has 1/3 of the nodes of the bus or the ring
upstream and 2/3 of the nodes of the bus or the ring
downstream.

34. A circuit-switched network of a bus or ring

25 structure, which network uses a bandwidth which is
partitioned in cycles, which in turn are partitioned in
control time slots for signalling and data time slots for
transfer of data, and wherein each data time slot is
associated with a token, characterized by a node, even

30 called server node, being allocated tokens corresponding
to a predetermined number of data time slots which are
flowing in one direction in a bus or a ring, and is
arranged to make reservations for and to transfer tokens
to a second node in event that it receives a request for

35 tokens from the second node and that it has requested
capacity unutilized.

L



to set up a connection to node. 4.it can choose between

using switch

node 2 and switch node 3. Node 1 receiyes status informati on from node

grld netmorks where nost routes use

2 and 3, and can nake ?htsSheetHasrBﬁm’E eci si on based on this information.

only two ho

Thl s al gorithm 30 works mm\!
gw‘”a ge Igor| Bmis require re
' ogl .1 Multicast channels q%”ﬁ?%%ﬁ@?ggal

arbitrary t

circuit i's a point- to p0|nt connection 35 - between a sender and a recei ver.

DTM uses a shargd nedl 25

10

15

20

25

30

35

3 c1rcu1t—sw1tched network of a bus or ring
structure, which network uses a bandwidth which is
partitioned in cycles, which in turn are partitioned in
control time slots for signalling and data time slots for
transfer of data, and wherein each data time slot is
associated with a token, characterized in that at least
two nodes, called server nodes, are defined among which
tokens corresponding to all data time slots which are
flowing in one direction in a bus or a ring are
distributed and in that the server nodes are arranged to
make reservations for and transfer tokens to a third node
in event that the server nodes receive a request for
tokens from the third node and that they have the
requested capacity unutilized.

36. A circuit-switched network according to claim 34 or
35, characterized in that the network is a network of DTM-
type (Dynamic Synchronous Transfer Mode).

37. A circuit-switched network according to any one of
claims 34-36, characterized in that a node is arranged to
use received tokens for establishing of channels by
sending a channel establishing message to the node or the
nodes which are intended to be receiver of data in event
that the node has received tokens corresponding to the
reguested capacity.

38. A circuit-switched network according to any one of
claims 35~37, characterized in that one or several server
nodes are arranged to make reservations for and to
transfer tokens corresponding to all unutilized capacity
to the requesting node in event that the server nodes
together do not have the requested capacity unutilized.

39. A circuit-switched network according to any one of
claims 35-37, characterized in that one or several server
nodes are arranged to not transfer any token to the
requesting node in event that the server nodes together
have not the requested capacity unutilized.
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whi ch inherently supports nultlcast S|nce a slot can be read by several

nodes on a bus. A nultnmﬁsm: easily be extended to span over
several hops, since the ‘ ration is actually a multicast
operation, in the 5 sen Ilcate§7data onto anot her bus (see

Fi gure WO 97724846 Per f or mance In this seCMSEISETSO
investigate throughput and delay under varying traffic conditions. W

have performed sinulations 10 for two different network topol ogies:
A dual bus wi thsd00 rxpdﬁ%cult smtché’dfr&édwb:q@a&%t:a@ngrté hy il Jguses

ranstor requestieHs® 15 ra EAARPEE=HENS A 3PAind ROEI B RIS From

ot her use a status table, a relatively regularly updated list of
the unutilized capacity of all the server nodes, for
5 decision upon which server node to request tokens from.
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network nodes. These events are put in an input queue at

sts are generated by Poi sson
tion addresses are uniformy

t he node, and

the node processes ong;¢ lgghmgkﬂghﬁhaﬁ. The time to process one event

sl ots

is 5 mcroseconds. Trang
processes, and source %E muugu%ﬂ
di stributed, FEor e

e

quest, a node attenptpgrisesadivsacat e
. t hat succeeds, establishes the channel, transfers

data and takes down the channel. Thi sgneans that slots

t he

are rel eased as

soon as the transfer is done. %ﬁﬂlgggzzgﬁylations are perforned for

different t

rpeedifed VyZ % InterhdtibRal

G0Z8 ey . 190pr(2dids. 97 pnt ki nds of

user requiregriginalleldifs A0 replackdf fye matided wletmsn 0489 (6 hgesids (0.01 to 10

ki | onet ers)
75 MHz and
per cycle.

cal cul at e t IFArRALOINIRPRAS RETHPRN dFHE thePedt &F FiPUntStructuey, twsdferred
user dat a shyetdrgksisrs at bahdwidnh which 35 poruinioned ihicycled,uehiar tthe

capacity of

1]

15

20

30

33

40

. The link bit-rate is 4,8 CGhps, which gives a sl ot

rate of

a cycle size of 9600 sl oP®®Each 30 transfer requests 40 slots

This corresponds to 20. 48 Mops channel s, which nmeans that a
16 kilobytel:  tA 393ped forpceptiajited mappeameny ofd Hrenidepaidy oAfs?

e ateapadiiisich®d Gin control time slots for signalling and data

time slots for transfer of data, and wherein each data time slot is
associated with a token, characterized in

- that a first node, called server node, being allocatved tokens

corresponding to all data time slots which are flowing in one
direction in a bus or a ring,

that a second node is requesting tokens corresponding to a
certain capacity from the server node,

that the server node makes reservations for and transfers tokens
corresponding to requested capacity to the other node in event the
server nede has requested capaciry unutilized, and

-

chat transferred tokens are retransmitted to the server node and
released when corresponding dats time slors have net been used for
transferring of data of the other node during a significant time.

2. A method according to claim 1, characterized in
that the method is implemented in a network of DTM-type

{Dynamic
Synchronous Transfer Mode).

3. A method according to claim 1 or 2, characterized in that
transferrea tokens are rerransmitted to the server node and

released when corresponding data time slots no longer are used for
transferring of data.

4. A method according to any one of claims 1-3, charascterized in
that the server node is chosen as the node uwhich has 1/3 of the
nodes situated upstream and 2/3 of the nodes situated downstream.

5. A method for distributed management of the capacity in a
circuit-switched network with a bus or ring structure,
bandwidth is partitioned in cycles,

wherein the
which in turn are partitioned
in control time slots for signalling and data time slots for
transfer of data, and wherein each data time slot is associated
with a token f(write access}, characterxized in

-~ that at least two nodes, called server nodes, are defined among
which are distributed tokens corrxesponding to all data time slots
which are flowing in one direction in a bus or a ring,

that a node is requesting tokens corresponding to a certain
capacity from at least one of the server nodes, and

Ve
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@ops). The maxi mum t ir.o ﬁ;@ﬁgB&pﬁg dest POSSi bl e to achieve s al ways

| ess than the link c one capacity I's used for control
Mlam ﬁsirml ations, with 100 nodes, the

nessages. | n the singl
control capacity is 5 ts per node, which corresponds to 5%

over head. o oves46BXi mum possi bl e t hrggghput is then 0. 95RCISESSOIH grid
has nore nodes than the single dual bus, but f ewer nodes per bus (20

i nstead of 100 Since the traffic | oad on a bus is distributed over
its nodes, thi §"¥eahBiSIOSERAF 498 JIAKeR FESeTHRAONE hEOKr iPdniYPPFERFE nor e
traffic tpleRih FORFEBFRAEERI N ecegneprte dapatitey ¢oi dbehoeayasténgcmds

in the event the server node has requested capacity unutilized.

6. A method according to claim 5, characterized in that the
5 method is implemented in a network of DIM-type {Dynamic Synchronous
Transfer mode) .

7. A method according to claim 5 or 6, characterized in that
several server nodes are asked, make reservations for and transfer
tokens, which together correspond to the completely reguested

10 capacity, to the requesting node in the event that the server nodes
together have the requested capacity unutilized.

8. A method according to any one of claims 5-7, characterized in
that received tokens are used for establishing of channels by
sending of & channel establishing message to the node or the nodes

15 which are designated receiver of data in event that a node has
received tokens corresponding to the requested capacity.

9. A method according to any one of claims 5-7, characterized in
that one or several server nodes makes reservations for and
transfers tokens corresponding to all of the unutilized capacity to

20 the requesting node in event that the server nodes together do not
have the requested capacity unutilized.

10. A method according to any one of claims 5-7, characterized in

that one or several server nodes are not transferring any token to

the requesting node in event that the server nodes together do not
25 have the requested capacity unutilized.

11. A method according to claim 9 oxr 10, characterized in that
further tokens are requested by a node in event that possibly
received tokens do not correspond to the requested capacity.

12. A method according to claim 9 or 10, characterized in that
30 tokens received in a node are released in event that these tokens
do not correspond to the requested capacity.

13. A method according to claim 9 or 10, characterized in that
received tokens are used for establishing of channels by sending of
a channel establishing message to the node or the nodes which are

35 designated receivers of data in event that a node has not received
tokens corresponding to the requested capacity.

1s. A method according to any of claims 5-13, characterized in

that each server node regqgularly is sending information regarding

its idle capacity to the rest of the nodes and each node stores in
40 a status tabie information received from the other nodes.
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npre control slots. However, a node has |Tlh e@ﬂ{a‘éﬁ%‘k 1¥eed to process

control nessages, and we have found that roseconds event
processing tinme, very little 15 perfornan usi ng nore than 10
control slots per node. We therefore u sl ots per node in
the grid, whic es a maxi num possi bl e throughput of Q?B

Access deldylﬁpékﬁ average tinme fromb®he time that a 20 reques g?rives to
the node-until the data transfer starts. It is a nmeasure of the

over head atlEC hangehetnoa 3@&&@15’15*@@”&1’1@%@& Qfl éﬂqﬁst Be 4,1 %aklctkﬁkffd to
allocate ., Shol s 3600, 7 GAAPAGheRLAl! S0F T iesade LaCIRC, o

receiver, case, the

sender vvalt efﬁ?meé't ‘?ﬁ |ttnﬁa't‘°f *n ’F‘P‘H‘rh‘f“h% capacityy | ver that the channel has
been est ablighedaohefttidh accorditigeso bfyoloBel br SRS Se1dli RBadadtdriad the
single hap in tng@SE nddacise esBL A GKERE! HSmt REe COARYRE! nddk WhRSch is
recelver, %@g@?@ ShBCESS RhE MRt ANELLT T8 & A5 S0M £ FSunii 1 185! Ot S have

been all oc
17. A method according to claim 15 or 16, characterized in that

the server node from which capacity is requested will be found by
referring to the status table.

10 18. A method according to any one of claims 5-17, characterized
in that all nodes in a bus or a ring are defined as server nodes
and are allocated at least one token.

19. A method according to claim 18, characterized in that all
nodes in a bus or a ring are allocated the same number of tokens.

15 20. A method according to any one of claims 5-19, characterized
in that transferred tokens are retransmitted to the respective
server node, even called home node, and are released when
corresponding data time slots no longer are used for data transfer.

21. A method according to any one of claims 5%~19, characterized
20 in that transferred tokens are released when corresponding data
time slots no longer are used for data transfer.

22. A method according to claim 21, characterized in that
transferred tokens are made reservations for, are retransmitted to
the respective server node, even called home node, and are released

25 when corresponding data time slots have not been used for data
transferring during a significant time.

23. A method according to any one of claims 1-22, characterised

in that consecutive tokens 1in a node are represented by a token,

called block token, which is indicated as a number on the first
30 time slot in a row and the total number of time slots in the row.

24. A method according to any one of claims 1-23, characterized

in that a token is partitioned 4into at least two tokens

corresponding to the same time slot, but to different segments,

where a segment refers to a part of a transmission medium which is
3% connecting at least two nodes.

25. A method according to any one of claims 1-24, characterized
in that the server node, in the event that it has several time
slot~ or segment-consecutive groups of tokens to choose among, is
making reservations for and transferring the tokens which originate
40 from the smallest group of time slot- or segment-consecutive tokens
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3:1 One Dual Bus The first set of sily [ o rns performance of
one dual bus. The purpose of these si “ inly to st udy
slot allocation schenes for different user ts. Since slot

27

all ocations on different buses

are i ndepenqepéyag@r ations, these resylts are generally PCESENITB| e f or
the multi-hop cases as well. 3.1.1 Strict Capacity Demand Wt hout

Retry " Figure 4 shows the results of a basic sinulation where a
which satisfies a request of capacity, and wherein the smallest

group is defined as the group which product of time slots and
segments with predetermined weights is the lowest.

26. A method according to any one of claims 1-25, characterized

5 in that groups of tokens, which are at least partly segment-
consecutive, are regrouped to maximize the number of consecutive
segments for each group of tokens at the expense of the number of
consecutive time slots.

27. A node control unit in a node in a circuit-switched network

10 with a bus or ring structure, which network uses a bandwidth which
is partitioned in cycles, which in turn are partitioned in control
time slots for signalling and data time slots for transfer of data,
and wherein each data time slot is associated with a token,
charactarized in

15 - that the node control unit is allocated tokens c¢orresponding to
a predetermined number of data time slots which are flowing in one
direction in a bus or a ring, and

~ that the node control unit is arranged to make reservations for

and to transfer tokens to a second node control unit in a second
20 node in event that it receives a regquest for tokens from the second

node control unit and that it has requested capacity unutilized.

28. A node contrel unit according to claim 27, characterized in
that the network is of DIM-type (Dynamic Synchronous Transfer
Mode) .

25 29. A node, even called server node, in & circuit-switched

network with a bus or ring structure, which network uses a
bandwidth which is partitioned in cycles, which in turn are
partitioned in control time slots for signalling and data time
slots for transfexr of data, and wherein each data time slot is

30 associated with a token, characterized by a node control unit,
which is allocated tokens corresponding to a predetermined number
of data time slots which are flowing in one direction in a bus or a
ring, and is arranged to make reservations for and to transfer
tokens to a second node control unit in a second node in event that

35 it receives a request for tokens from the second node control unit
and that it has requested capacity unutilized.

30. A node according to claim 29, characterized in that the
network is of DTM~type {Dynamic Synchronous Transfer Mode).
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turn are partitioned in control time slots for signalling and data
time slots for transfer of data, and wherein each data time slot is
associated with a token, characterized by a node, even called
server node, being allocated tokens corresponding to a
predetermined number of data time slots which are flowing in one
direction in a bus or a ring, and is arranged toc make reservations
for and to transfer tokens to a second node in event that it
receives a request for tokens from the second node and that it has
requested capacity unutilized.

34, A circuit-switched network of a bus or ring structure, which
network uses a bandwidth which is partitioned in cycles, which in
turn are partitioned in control time slots for signaliing and data
time slots for transfer of data, and wherein each data time slot is
associated with a token, characterized in that at least two nodes,
called server nodes, are defined among which tokens corresponding
to all data time slots which are flowing in one direction in a bus
or a ring are distributed and in that the server nodes are arranged
to make reservations for and transfer tokens to a third node in
event that the server nodes receive a request for tokens from the
third node and that they have the requested capacity unutilized.

35. A circuit-switched network according to claim 33 or 34,
characterized in that the network is a network of DIM-type (Dynamic
Synchronous Transfer Mode).

36. A circuit-switched network according to any one of claims 33-
35, characterized in that a ncde is arranged to use received tokens
for establishing of channels by sending a channel establishing
message to tne node or the nodes which are intended to be receiver
of data in event that the node has received tokens corresponding to
the requested capacity.

37. A circuit-switched network according to any one of claims 34-
36, characterized in that one or several server nodes are arranged
to make reservations for and to transfer tokens corresponding to
all unutilized capacity to the requesting node in event that the

AMENDED SHEET (AFTIGLE 1) lllIlIII Ul lllll IIIII ll !III



for 256 kil obyte transfers). Throughput is also limted by the strict
user behavior, requiring the entire requested capacity to be all ocated
in a single attenpt. The simul ati ons reported bel ow show t hat

t hr oughput can be 30 increased by relaxing this requirenent. The access
del ay consi sty 9ofdasdéow | oad, mainly of the tine It takesPCusEm/MIde t o
process the transfer request, wait f'or the first avail able control slot
(for the channel establ i shment nessage), and then for the first data

sl ot 35 (80 asrEebserseds togrABEr , don M Hp¥Fagshe \WRIvesERd | agacity

I ncreases, noocesilicaed.t 0 request slots from other nodes

38. A circuit-switched network according to any one of claims 34-

36, characterized in that one or several server nodes are arranged
5 to not transfer any token to the requesting node in event that the

server nodes together have not the requested capacity unutilized.

39, A circuit-switched network according to any one of claims 34-
38, characterized in that a node is arranged to use a status table,
a relatively regularly updated list of the unutilized capacity of

W0 all the server nodes, for decision upon which server node to
request tokens from.
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and nore delay is introduced. 3.1.2 Strict Capacity Demand with Retry
It is possible to increase throughput by letting a node 5 retry, that is,
make nore than one attenpt to allocate slots for a channel. Figure 5
shows t hroughput and access delay for different values of the nmaxi num
number of bsidekees al I owed. Wien nodes are allowed to r SGHSEIGRHPY
channel s can Be establ i shed and t hroughput increases (up 10 to 92% of the
maxi num possi bl e t hroughput), but at the expense of | onger access del ay
and nore signaling. Thus, retry i gpest suited for applications that
have strict bandw dt h demand but can tol erate sone access del ay.

However , a_l agge nunber of requests are persistently 15 retried (as in
an overload 3I?g§g§¥ p&}f or mance wil |l degrade. Figure 5 shows that
per for mance s'mhe the load is high and nodes are allowed to
retry 20 tines, whi ch indicates that the signaling capacity is not

sufficient for 20 retries.
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20 3.1.3 Flexible Capacity Denmand An application with |less stringent
demands on capacity nmay be prepared to accept channels with | ess
capacity than requested This allows nore channels to be established
with a single ég‘gl location attenpt. Figure 6 shows 25 throughput and
delay for three cas when the user is satisfied with any _’%
(mnimum1l slot), requires at | east half the requested capaci {

slots), and needs the full capacity £ slots). Throughput goes up when

t he user is | ess demandi ng. Wen the user requires only one 30 slot,
possi bl e t hroughput. The

t he throughput achieved is 94% of the ITB.XI mum
sl ot reallocation procedure is \QF%ge sa in all three cases,
whi ch expl ai ns why access del ay i cul | y'sshe sane in the three
cases. 3.1.4 Perforjmance as a Function of Distance
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29 When the distance between nodes is increased, it takes | onger
tinme to exchange control nessages for slot real | ocation.. This can be
seen in Figure 7, which shows t hroughput and access delay for different
bus lengths 5 (with strict capacity demand without retry, i.e., the sane
sl ot all ocateyyrRigsCi pl e as in Figure 4). The access JRCRISESMTPRases
significantly when the bus gets | onger. However, this affects mainly
the creati'on of channels, and throggtrzput is therefore relatively

i ndependent of 10 distance. Another effect of increased bus length is that
It takes longer tine to propagate status information, whi ch may

I ncrease the probability of slot reallocation failure. This would

mai nly influence throughput, but t - i mul aggon results indicate that
this has only a mnor 15 effect. Flg- 5
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3.2 Gid Network Figure 8 shows the result of a sinulation for
mul ti-hop channels. The network is a fully connected grid network

with 20 x 20 nodes. Channels use at nost two hops, and the 20 routing
nmessages. The sl ot

decision is baﬁ@? on the information from status

al l ocation pri s the sane as in Figure 4, that is, rict denand
W thout retry. Wth uniformdistribution of source-desti @%ﬁﬂ%

t he theoretical maxi mum throughput qf ngully connected grid 25 |s,
where n is the nunber of buses. Wth 2. 1% signaling over head, the 20 x
20 grid has a maxi num possi bl e t hr ughput of approximately 20.6. Figure
8 shows that for 256 kil obyte tr t he Xi mum t hr oughput is

97. 5% of t he possi bl e maxi num congasgg't ?1% for 16 kil obyte 30
transfers. This is S|gan' ntly nore than in the case of one dual bus

(Figure 4), and our exp

per bus in the grid, whi

scattered, and t here
0.8
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35 reallocation succeeds. 30

The access delay for a nulti-hop channel will be | onger than on a
single hop, since slots have to be allocated on two buses. For 256
kil obyte transfers, the access delay is roughly 50 per cent |onger in
the nul ti-hogwoeessgonpared 5 to the single hop case. One eOUSEPSOIRRCt t he
access del ay in the grid to be longer than this. There are two nmain
reasons why this is not the case. Firgypothere is a certain anount of
parall elismin channel establishnment over two hops. Second, the
I nterval between control slots 10 is shorter in the grid, so a node spends
| ess tinme waiting for control Il obyte transfers,
however, the del ay increases dr Id y f hi gher | oad, whi ch
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i ndi cates that signaling capacity is insufficient. 4 Concl usi on and
Future Work 15 The Dynam ¢ synchronous Transfer Mbde (DTM is a network
architecture for integrated services. It is based on fast circuit
swi tching, and provides nulti-rate, mnulticast channel s with short

set-up tine. wehaagel

gi ves

guar ant eed capacity and cOoPCI/SEISNLIE ay,

whi ch make_s it 20 well suited for real-tine traffic, such as video and
audio. In contrast to traditional circuit-swtched net wor ks, DTM al so
provi des dynam c real |l ocation of rege@r ces between nodes in order to

support dynam cally

and access delay are

Throughput

Delay (microseconds)

varying traffic. 25 W have reported perfornmance
anal ysi s through conputer

anal ysi s focuses on packet-like traffic patt since this type
of traffic is considered to be the Fz] gallenéng for a net wor k based
on circuit swtching. The intention™i study how network utilization
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af fected when channels are frequently established and rel eased. W use

20 Mops channel s, where a channel is establi shed for each transfer, and
thetransfer size vari es between 1 and 256 kil obytes. The anal ysis was

35 perfornmed fﬁﬁbdﬁﬂﬁaki”ds of topol ogies: a dual bus and a grid of dual
buses. The protocol requires that a certain P 1780

31 fraction of the total capacity is reserved for contﬁgwmywm

i nformation: we used about five per cent for the dual bus, and two per
cent for the grid. The results shdW/9hat when the traffic consists of
short, 5 frequent transfers (of a few kil obytes), performance is

determ ned by the anmobunt of signaling capacity avail able.

"Fig. 9
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For the dual bus, good results are achieved even when the network is

| oaded with transfers that are only few kil obytes | ong, whereas the
grid was saturated for 16 10 kil obyte transfers. To summari ze, the
application shows that fast circuit switching, as applied in DIM

per f or s 71844h for packet traffic using short-lived po.
connections.” This, in conbination with its inherent suppo?? T pre17s0

real -tinme traffic, makes fast circuit- 15 switching an appealing
alternative for B-1SDN and beyond. For future work, the performance
results suggest that in order to sé%dgﬁbckets on DTM one needs to find
a schene for multiplexing packets onto channels that groups packets
toget.her into slightly larger units. Assuming that 20 conputers generate
traffic that nforms to the train nodel bursts of packets where many
of the packets within a burst have the s destination-a sinple schene
sinitar to Y¥jthose used in the early fast cincuit-sw tched networks

seens appropriate. In such a schenme, the chartnél is closed 25 and its

resources are releas§§ when the sender has been idle for nore than a
certain period® Thiseds, however, an area ghat needs further

investigatiodJnThe pe;fornance t))
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résults are encouraging and we will explore further the effects of
non-uni formtraffic nodels, such as bursty 30 sources and asymmetric

sender -recei ver distributions. 5. The DTM nedi um access control
protocol - DTM MAC The basic topol ogy of a DTIM network (see Fig.9) is
a bus W twlio osas4eni di rectional optical fibers connecti ngPerSESSOI75SA0desS.

Several busses with different speeds ér?i be 35 connected together to form
an arbitrary nultistage net wor k. Phe current pr ot ot ype
I mpl enent ati on, buses 32

can be conbined into a two-di mensi OFJ shesh. A Tgat
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t.he junction of two buses can synchronously switch data sl ot s between

the two busses. This allows for efficient switching with constant del ay
t hrough the node. The 5 prinmary comruni cation abstraction in DIMis a
wnidirectional, nulti-rate and nulticast channel. The DTM nedi um
access prot %6’%1 J.32c8 L1 me-division mul ti pl exi ng schenePCIEEI6NEIW dt h
of the bus i's divided into 125 us cycles (Fig.[10]), which in turn are
divided 10 into 64-bit time slots (gpsigts for short). The nunber of
slots in a cycle thus depends on the network's bit-rate; for instance,
on a 6.4 Quit/s network there are approxi mately 12500 sl ots per cycle.
The slots are divided into two grogs,' g‘utrol 145 and 15 data sl ots.
Control slots are used to carry ne age & the network's internal
operation, such as messgges for channel _establishnoent and bandw dth
real | ocation. The data slots are used to transter user data and}are not
interpreted by intermeg"ga,e ngtr k.nodes. Internediate 20 nodes ar¥y nodes
between the source and depti ngtehfd): --...e
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e e

I n each network node there is a node controller, which controls the
access to data slots and perfornms network managenent operations, such
as network start-up and error recovery. The main tasks of the node
controller are to 25 create and term nate channels on demand from users,
and to manYR9HMB4or k resources in response to user requests and in
t he background. Control slots are used exclusively for n@?@@ﬁ%@uﬂm
bet ween node controllers. Each node controller has wite 30 perni ssion
to at | east one control slot in each cycle, which it uses to broadcast
control nessages to down- streans nggdegsgSince wite access to contro
slots is excl usi ve, the node controller always has access to its
control slots, regardl ess of other nodes and network | oad. 35 The nunber
of control slots a node uses may vary during net wor k operati on.

Fig. 15
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6: Token nmanagenent The majority of the slots in a cycle are data

sl ots. Access to data slots changes over tinme, according to traffic
demands. Wite access to slots is controlled by 5 slot tokens (or tokens
for short). A node controller may wite data into a slot only if it
owns the cor wasPmasisng t oken. The token protocol guaranperskdsherse! ot
access to be conflict free, which neans that at nost one node wites
data into the sanme slot. 10 Cbntrolgpyigages for channel establishnent and
bandw dt h real l ocation carry set t okens as paraneters. However,

a control nessage is 64 bits and can therefore have only a smal | nunber

of paraneters. This neans that if s a |l arge bandw dth
transfer, it may be necessary 15 t# ge.veraﬁ: trol nmessages to create

t he. channel . Thi s introduces extra ess delay and consunes signaling
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capacity. We are considering several mechanisns to decrease the
anount of information that needs to be sent during channel 20 creation and
The first optim zation i n token nanagenent is to

t oken real |l ocati on.
i ntroduce bl ock tokens. A block token is transferred in a single
but cRAT/SERGHITIFR used

control nessausoass represents a group of tokens,
for particul ar conbi nati ons of tokens. For instance, in the 25 network
simul ations described in this paper, ay I t oken is denoted by a sl ot
nunber and an offset giving the nunber “of contiguous slots in the
group. The bl ock token optim zation assunes that the token pool is not
t oken bl ocks in the

fragnent ed into small pieces. ‘ﬁfta Nt of «¢s I
'E@Jefeleﬁ?to as

30 free pool, nay be a problem and
The token protocol guarantees that

fragment ati on. 6.1 Slot reuse
a data slot can never V (DT USEU DY TWO TOUES ST HOTTAMEOUSTY oN Thg bus.
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35 this protocol is too conservative. Fig.1l1l shows an

34 exanpl e of how three tokens (A, B, and C) are reserved for

t hree channel s. Nodes are connected by bus segnents and channel s
typically use a subset of the segnents on the bus (gray color) and the
rest are resghypsisggrhite color) but 5 left unused and thuPCRsES&NYOshar ed
resources. A better alternative is to let channels only reserve
capacity on t he segnents betmee 4?ﬂ@ sender and the receiver as the
exanple in Fig.12. A single slot may this case be used mul tiple
times on the bus. channel D and E are using the 10 sanme slots as channel A

and C but on different segnents. Wis is reaﬁ d to as slot reuse.
Sl ot reuse enabl es si mul taneousFm 1SSi 0 g t he sanme sl ot over
di sj oi nt
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segnents of the bus. Slot reuse is a general method to better utilize

shared 15 links in ring and bus networks. The slot reuse algorithns in
DQDB (Distributed Queue Dual Bus), Sinple and CRVA (Cyclic Reservation
Mil tiple Access) depend on control information in the slots. Buffer
i nsertion nek Aeerhen conmbi ned with destination rel e®CEF/SRISNLTSO
METARI NG nmay reuse capacity of individual |inks and resol ve eventual
contention by delaying the incom ngrgp@geet streamthrough an elastic
buffer. Wth slot reuse, the access schene conplexity is
i ncreased, regardless of whether it is' done in hardware as 25 in DQDB,
Simple, and CRVA, or in software, ﬁ'g TM \/\gn i npl enented in
systens other than DTM sl ot reuse®*al ¢ ad onpl ex hardware to the
critical high-speed path t hrough a node and therefore increases the
node del ay. To al Ito i ys 30
extended to include parafeters describing the segnent(s) it is
representing. The token na%%irﬁgt ~protocol is also
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nodi fied to avoid conflicts in the slot nunber dinension as well as the

segnent di nension. The nost inportant assunption is that no hardware
changes to the original 35 prototype inplenentation were allowed or needed.
The performance gain is also quite clear: on a dual -bus where

source and d@wdé/masdon pairs are uniformy distributed, it PCISEISOL7S0

35 hhas been shown that throughput nmay be increased by a factor
of two. The potential drawback of slot reuse in a DTM network is the

hi gher al gorithm conpl exity and p é@pzbally hi gher | oad on the node
controller and 5 signaling channels (‘eéspetially if the average channel

duration is short).

Fig. 20
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6.2 A central token manager Two token managenent schenmes were

eval uated. The first and sinplest is to let a single node controller
manage all 10 free tokens on a fiber. This sort of centralized server
mechani sm has aI so been used in systens such as CRWVA [22], where the
head- end no but es the fiber capacity to al | ot ReA/SESIT0 \\&
configured t 2 Slm.l ator so that for each fiber, a node one third from
the sl ot generator is- |5 the token . A token server will then have
about the sanme amount of traffic on both sides. Each tine a user
request arrives at a node, the node first requests tokens fromthe
manager and then | ocks them out t annel life-time. When the
user issues a 20 request to di sc g'the C t he tokens are
i mredi ately returned to jhe manager. requests are del ayed during
t he token request and actesses are” serialized through the centra
manager . 18 + 1 kM — |
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6.3 A distributed token manager 25 The distributed token nmanager is

fundanental |y nore conplicated than the centralized. W tried to keep
it .as sinple as possible. In our nethod each node regularly

br oadcasts status information about how many free tokens it has. The
other nodes g Ragsdi S i nformation in their 30 status tabl RCT/SRERIGH t hat
wants nore capacity consults Its status table to decide from which node
to request slots. The protocol on8tAy@ initiating side works as

foll ows, when a user request arrives to a node:

) Fig. 22
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bei.ng reserved. Wien the node has received responses to 20 all}
has sent, starts the channels or

depending on if it has acquired

start-up ald

it either
suf fi

R Y R,

8o
o
P‘zﬁqﬁest w?\

rejects the user
If t

d)

cient capacity.

regquest is rejected, the reserved slots are marked as fr efhd At
fr kens ar Il bloPitrEsheRiEdHan25 t he WgERr k nodes
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and each node t
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(57) Abstract

(54) Title: METHOD AND ARRANGEMENT FOR NETWORK RESOURCE ADMINISTRATION

The present invention relates to a method and an amangement for centralized and distributed management of the capacity in a circuit-
switched network with a bus or ring structure, especially a network of DTM-type (Dynamic Synchronous Transfer Mode), which network
uses a bandwidth which is partitioned in eycles, which in tum are partitioned in control time slots for signalling and data time slots for
transfer of dats, and wherein each data time slot is associated with a token. In the centralized version, a first node, called server node, s
allocated tokens corresponding to all data time slots which are flowing in one direction in a bus or a ring. A second node is requesting tokens
mpaﬁingmamtﬁnupwnyﬁunﬁwmmde,mdﬁwmamdemkasmaﬁmforandmsferstokensmmsponding
1o requested capacity to the other node in event the server node has requested capacity unutilized. The number of server nodes in the
distributed version is between two and the total number of nodes in the bus or ring.




37 - real l ocation in the background. This results in | ess need to
real | ocate tokens for small to nedium sizedlrequests. The pool of free
t akens can be distributed in other ways than uniformy to increase the
speed for successful 5 reallocation and usage. If fewer nodes are nmanagi ng
t he pool, the channel blocking is decreasing as a result of | esser
possibility kﬂ%ob@k%nﬁmhﬁsbﬂﬂﬂﬁonﬂht lhi@C AR@@NcEMENTINE conpl ete token
pool is in this case proportlonally di stributed (nodes near the sl ot
generator will have nore 10 tokens than nodes-far away fromthis) anong al
nodes. The transfers of nodes can occur between each pair of nodes in
pl ace of al wagshuieatth@isdrverf nhede Inveenibhe | ocal node conpri ses
sufficient nunber of tokens to satisfy an

The present invention relates in a first aspect to a

5 method for centralized management of the capacity in a
circuit-switched network with a bus or ring structure, and
to a circuit-switched network of a bus or ring structure
for performing the method.

In a second aspect the present invention also relates to a
10 method for distributed management of the capacity in a
circuit-switched network with a bus or ring structure, and
to a circuit-switched network of a bus or ring structure
for performing the method.
The present invention also relates to a necde control unit
in a node in a circuit-switched network with a bus or ring

structure.

The present invention also relates to a node, also called
server node, in a circuit-switched network with a bus or

ring structure.

26 Description of Related Art

DTM, Dynamic syncﬁronous Transfer Mode, is a broadband
network architecture based on fast circuit-switching
augmented with dynamic reallocation of resources. It
provides a service based on multicast, multi-rate channels
25 with short set-up delay, and supports applications with
real-time requirements on quality of service as well as
applications with bursty, asynchronous traffic. This
application describes the DTM architecture and its dis-
tributed resource management scheme. Performance analysis
30 results from network simulations are presented. The analysis
is performed with respect to throughput and access delay
for two network topologies: a dual bus and a grid of dual
buses. The effects of varying user requirements, inter-
node distance and transfer size are studied for‘uniform

13IHS GIANTAY



arriving user request, the request can be accepted w thout 15 any token

real l ocation. Further, as long as the arrivi user requests are well
mat.ched by the pool distribution, no reallocation will ever be

necessary. Several questions need to be answered before deciding hcw
to distribute the token pool. W address the foll ow ng 20 issues: 1.

When | ocal resources in the node, are not enqugh tq atisfy a user
request, whi ciF56t Rade- STSUl f e Tesidds ln%}&atr?orté’at%olg@r‘?s’f’ver%e“ﬂ 1f a
node asks for flookest doldmbsiene rcdlanmedes i shdwwey 2 takehed s it going to
ask for and shaul d the eregj.eet . __the,channgl if it-r i.ves .

fraction of trﬁng‘%rr%(:fﬁacs,otne q' W?J&ac%‘a&lt"f? a hlg%‘. le%fgr!tegké’r;fs u‘?n;giéé.z%fceleny anong
t he nodes, wi ldverhdamlsdwrt tysosifiears .f Thgremedd siist @ lsalshopisedesitand

render thesbl Qe n3Q HapkeN LRIIMAREAN SHRERR S §R3R/2ntly, the

signaling capacity limits the performance.

The next generation of networks will integrate services
for different kinds of applications: delay-insensitive
asynchronous applications like fax, mail, and file

10 transfer, and delay-sensitive applications with real-time
requirements, such as audio and video. These different
applications have traditionally been supported by
different network technologies. Asynchronous communication,
has been provided by computer networks, which are packet-

15 switched and use store-and-forward techniques, like the
Internet. Real-time communication, on the other hand, has
been provided by circuit-switched, time-division

multiplexed telephone networks.

Circuit-switched networks have many attractive properties.

20 Circuits are isolated from each other in the sense that
traffic on one circuit is unaffected by activities on the
others. This makes it possible to provide guaranteed
transfer quality with constant delay, which is suitable
for applications with timing requirements. Furthermore,

25 data and control are separated in circuit-switched
networks. Processing of control information only takes
place at establishment and tear-down of circuits, and the
actual data transfer can be done without processing of the
data stream, cohgestion control, etc. This allows large

30 volumes of data to be transferred efficiently (See the
article “The case for circuit-switching in future wide
bandwidth networks”, by P. O’Reilly, In Proc. of IEEE ICC,
Philadelphia, Pennsylvania, June 1988, pp. 899-904). We
think that this will be even more important in the future,

35 since developments in photonics will dramatically reduce
the cost of transmission, and switches will become the

main communication bottlenecks.

- 133HS Q3aNawy



6.3.1 Status nessages We deci ded to use status nmessages to distribute

I nform ation about the pool of free tokens. Status nessage

information is used to help a node choose a suitabl e node

38 when asking for nore resources. This nmethod addresses the

first question above. Qur schenme works as follows. Each node regularly

br oadcast s S&f&%?%t?ﬁﬁgr ,H%%h?@ é?OBEdQR%VﬁgF?XrE[&‘E—E%E%Eﬁed%&w@?ﬁs The

ot her nodes S ornation rn

makes them inappropriate for certain types of traffic.
long set-up

Traditionally, circuits have fixed capacity,

. delay and poor support for multicast. These shortcomings

5 make it difficult to efficiently support, for example,
computer communication in a circuit-switched network. This
has motivated a search for alternative solutions,
predominant view is that the next generation of tele-
communication networks should be cell-switched, based on

10 ATM (Asynchronous Transfer Mode) (See e.g. “Integrated
Broadband Networks”, by R. Handel and M.N. Huber, Addison-
Wesley, 1991). Cells are small, fixed-size packets, so
this is an orientation towards packet-switching (See the
article “New Directions in Communications (or Which Way to

15 the Information Age?)”, by J.8. Turner, IEEE Communicat-

ions Magazine, Voli. 24, No.10, pp. 8-15, Oct.

means that many of the weaknesses of packet-switching are
present aiso in cell-switched networks, in particular in
the area c¢f providing guaranteed quality of service.

20 Therefore additional mechanisms, such as admission
control, traffic regulation, scheduling of packets on
links and resynchronization at the receiver are needed to
integrate support for different kinds of traffic (See the
article “Real-Time Communication in Packet-Switched

25 Networks”, by C.M., Aras et al., Proceedings of the IEEE,
Vol. 82, No. 1, pp. 122-13%. Jan. 1994). One of the main
concerns with packet switched networks in general, and ATM
in particular, is whether it is possible to realize these
mechanisms in a cost-effective way (See e.g. the articles

30 “Management and Control Functions in ATM Switching

Systems”, by T.M. Chen et al., IEEE Network Magazine, Vol.

8, No. 4, pp. 27-40, July/ABug. 1994; “Open issues

regarding the universal application of ATM for multi-

plexing and switching in the B-ISDN”, by M. Decina,

Proc. of IEEE ICC, Denver, Colorado, June 1991, pp.

1264; "Conceptual Issues for ATM”, by J. Grechter et al.,

IEEE Network Magazine, Vol. 3, No. 1, pp. 14-16, Jan.

1989; ”ATM Network: goals and challenges”, by B.G. Kim et

22
wn

and the
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status tables. A node that wants nore capacity consults Its status
table to decide fromwhich node to request ¢4 sl ots. The broadcasted

status information gIVGS an

were sent to

Avoi di ng unn
centralized

approxi mate view of the current state of
token 10 information, so token requests may be rejected because t hey

nodes that no |onger have tokens to gi ve away. Status
tabl es are "s ft" informatiaon in e.se systemw

even i f they2are GOFURIGA‘ECHS fgh&ﬁ§v§$§% 81 Tﬁ%y Houl4d, pﬁbmév%r

I nprove the Sebced®95; ”Ea@eLmtammﬂﬂ&mwﬂwydﬁhpﬂhemﬂmﬁﬁsin Gigabif. 3. 2

ol €} RCH! C r rfaqr f the
FERRRRS 1 OPIS KieiaPeih narey Frra et bnd MR et e
can see Nbét Bﬁer@Oexﬁst§pa Réw40y pépat 1r 4j989et: 6Wh@$e§h0uldr@@u¢®65

whi ch are fr%BHQ”%or”A%ﬁa"d'%&rtb%teieﬁer%tﬁ% Ne t wdBRN MaliBL8 ndl 1 o1l S

unutlllzed resources In the sy

10

6, No. 5, pp 60- 66 Sept 1992; and ”“ATM concepts,
architectures, and protocols”, by R.J. Vetter, Communicat-
ions of the ACM, Vol. 38, No. 2, pp. 28-28, Sept. 1992)

DTM, Dynamic synchronous Transfer Mode, is a broadband |
network architectures developed at the Royal Institute of
Technology in Sweden. It is an attempt to combine the
advantages of circuit-switching and packet-switching, in
that it is based on fast circuit-switching augmented with

dynam*c reallocation cf resources, supports multicast
channels, and has means for providing short access delay

wiicda els,

The DTM architecture spans from medium access, including &
synchronization scheme, up to routing and addressing ¢
logical ports at the receiver. DTM is designed to suppor:
various typeé of traffic and can be used directly for
application-to-application communication, or as a carrier
network for other protocols, such as ATM or IP (Interne:
Protocol). A prototype implementation based on 622 Mbps
optical fibers has been operational for two years, and
work is in progress with a wavelength-division multiplexed
version with four wavelengths. An overview of DTM with a
more detailed description of the prototype implementation
was previously published in the article “The DTM Gigabit
Network”, by C. Bohm et al., Journal of High Speed

Networks, Vol. 3, No. 2, pp. 109-126, 1994.

Fast circuit-switching was proposed for use in telephone
systems already in the early 1980’s (See the article
“TASI-E Communications System”, by R.L. Easton et al.,
IEEE Transactions on Communications, Vol. 30, No. .4, pp.
803-807, April 1982). A fast circuit-switched telephone
network attempts to allocate a transmission path of a
given data rate to a set of network users only when they
are actively transmitting information. This means that a
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A node uses the status table to pick node(s) fromwhich to 25 request

t okens. Wen the request reaches the target fhode t he amount of
avai |l abl e capacity may have changed and a smal | er amount than requested
may be returned to the requesting node, resulting in a user rejection.
Thi s behavior results in unnecessary token transfers and 30 waste

bandwi dt h r esourGes: ass %@E@oﬁfﬁuéﬁ‘uﬁ&ﬁ Mﬁ$%&i@c of 1iPkSdd asf Bfee The

st at us nessage nechanlsn1mn work 1ess effjicient when tokens are

moved nore fridfuehiiiycles ”VOICG;bataI3n§¢ﬂ¥%ﬁﬁﬂn|Q§kﬂ%t9%%ﬁﬁkm
proporti onal g ey NeHw#tks”, by E.A. Harrington, IEEE Transactions

on Communications, Vol. 28, No. 6, pp. 781-793, June 1980;

5 and “Communications Switching - From Operators to
Photonics”, by S.D. Personick et al., Proceedings of the
IEEE, Vol. 75, No. 10, pp. 1380-1403, Oct. 1987). When
silence is detected, the transmission capacity is quickly
reallocated to other users. In the form used in TASI-E

10 (Time Assignment Speech Interpolation}, fast circuit-
switching has been deployed for intercontinental
communication between Europe and the United States. Bursc
switching is another form of fast circuit-switching, where
a burst (consisting of a header, an arbitrary amount cf )

15 data and a termination character) is sent in a time- .
division channel cf fixed bit-rate and is thus interleaved
with other bursts (See the article "Burst Switching - An
Updatce”, by S.R. Amstutz, IEEE Communications Magazinsg,
Vol. 27, Ne. 9, pp. 50-57, Sept. 1989). This makes buzst

20 switching different from fast packet switching, where
packets are sent one at a time with full link bandwid:th.
Furthermore, the length of a burst is not, in contrast ¢
a packet, determined before the start of transmission.

It has been shown that the signaling delay associated with

25 creation and tear-down of communication channels
determines much of the efficiency of fast circuit-
switching. DTM is therefore designed to create channels
fast, within a few hundreds of microseconds. DTM differs
from burst switching in that control and data are

30 separated, and it uses multicast, multi-rate, high
capacity channels to support a variety of different
traffic classes. This means for example that it is
possible to increase or decrease the allocated resources
of an existing channel. Even though a DTM network may have

35 the potential to create a channel for every message, we do
not believe this approach is suitable for all traffic
classes. Rather, it is up to the user to decide whether to
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nunber (hundreds) of nodes, the size of the average pool wll be

relatively small. Wen the load is high, th& nunber of free tokens in
the pools will decrease even 5 further. If nodes also create and destroy
channel s at a very high speed, the anmount of free capacity in

I ndi vi dual nodes will vary between a little anmount of capacity and no

capacity at alskaphfi SBOW E‘P}%r&}é@r%er QIRGdat i WH Purst or troeq'.‘é%? fGDYy a
user is large in conparisqn withthe nunmber 10 of free tokens of a node,
then nore noGeerRgst Ssdandielecy even Qurdng e PEFIeStS: At this tine the

possibility that t he requested nodes have no free capacity wll.lead to
AKsPS £

a user r §FEOUrce MANPQEMEnt, USHs,f
goi ng 15 backckesa centrialei-zddtsndelTheFiDTH mpdede ichea lmale sneerd tdd. £feregitve.

avey any 51 0Ls Ak Aahabbr? SHLELe TRAIHIERANN0L, oo AR ed. Thi s

protocol is app even one node "T's asked about ree

¢ SRFESE ShicO R dttehti®t hout

t okens, but iskhemee basgds car @ centaeled okenc manggield thedumeanageshe ldovenent

of tokens or £2Q.! RAKHAKEAHALRIACKEY UNUSAThe tPACORUNLNEl PaBeBlheh @
t oken request, receive fewer tokens than the nunber requested, we can

sinply once &4¢ataiBNgefahy ernBanggprt yhere all nodes are sharing the
token pool. Tokens in the distributed scheme are passed by

10 a reallocatior protocol. A token fragmentation problem is
identified for the distributed scheme and a solution based
on a defragmentation mechanism is presented. Both models
support slot reuse and a scheme for fast connection

establishment.

15 Traffic generators for the simulation are generating
traffic with exponential inter-arrival distributions,
bursty arrivals or asymmetrical client-server like
traffic. Results show that the connection establishment
cverhead is low enough, that utilization may be high and

20 that the reallocation protocol works well, even if a
circuit is established for each individual packet. When
the slot reuse scheme is turned on, utilization increases
by almost a factor of two and other performance metrics
improve as well. Finally, the results identify signaling

25 capacity as the most significant limiting factor to
achieve high performance if the average packet size is

small.

New high-capacity communication networks and protocols are
constantly being developed by the communications industry
30 and academia. This development changes frequently and new
results are important to application developers who
integrate real-time audio, video, and asynchronous com-
munication services into applications. The applications
can be found on a wide range of network access terminals.
35 Terminals act as network hosts and may be almost any
electronic device, including small pocket telephones or
television sets, multi-media workstations, and million-

SNy
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request the procedure for token request. This will I ncrease the
possibility for a user request to be acceptéd 25 and that the received
tokens will .be used. The expense for the repeated exam nation will be
i ncreased signaling and i ncreased access delay and can deteriorate the
per formance on an overl| oaded network. Even the repeated attenpts by

the user |eads @, QIGRIrRlputR el WSOy 15 FRAURS o iGN 630 dham heRR

subnmitted repeated exam nation. Thirdly, the user can sonetines wish to
accept a charfelthfitth Negsise fAh&FocesHHEG RAEt-e hpdcitiEimst ead of it

bei ng rej ect ebmrinicat.ch seriSeled eeRjuigerkli0l THMidle hASRARN o e@eest ed,
can Qﬁzmﬁllin to
(6]

he . 0 ,
accept. In fidfe PG Y Fefilsqtsskdn Ste'ie e rSIERETTIE YO N EERATX (16
kbyt es) user alegusest.s Badhh network class is optimized for its

particular traffic and applications: cable television
nefworks use unidirectional broadcast networks where the
capacity is divided into fixed-sized subchannels carrying
video. A telephone network uses only 64 kbit/s duplex

10 circuits with guaranteed throughput and tightly contrcliled
delay variations. Computer networks, such as the
Internet, allow a large number of parallel network
sessions by uée of connectionless packet switching. They
also use statistical multiplexing to efficiently utilize

15 links. A backbone network for mobile systems needs extra
control (or signaling) capacity to dynamically track all

‘a4

active terminals.
With this wide spectrum of applications existing today and
to be augmented in the future, it is infeasible to
30 continually invent new, sometimes global, networks and a
new terminal interface for each new type of service.
Instead, an integrated services network supporting
existing and new services needs to be deployed. The
overall goals for such a network are scalability to global
25 size and maximum sharing of expensive network components
to minimize cost. Optical transmission technology has been
shown to provide the necessary link capacity at a low
enough price to make integrated services networks a

realistic solution.

30 A new integrated optical network with much higher capacity
will, however, introduce new problems not seen in today's
more specialized and lower performance networks. First,
when network capacity increases and the information flight
latency remains limited by the speed of light, the

35 increasing bandwidth delay product will put higher demands
on mechanisms that isolate a user's traffic from third-
party network traffic. A telephone session, for example,
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different |east acceptable capacities (100% (40 slots), 50% (20 slots),
and 5% (1 slot)]. A lower average, |east 5 @cceptable bandwi dth wll

result in a higher utilization. In fig. 14 there is disclosed
performance which will be the result if the user is doing repeated

attenpts up to 8 times before we finally block the request. The

utilization 111 ] gggit qgh! 111 Lnerease),. af. the 10
expense of rro‘c’rhem)gl%nnacw%eeaznﬁﬁ(ongergggeclijrla%/s. %g“p%%a% eofé]%n%xaanql?#amon a
great nunber aFpadifes widgo cahannglactSedmnd, applodiationig \arid protsomirs

of t en. A I , | L 14 | exd bl ; iyest | =
s in |ower éﬁﬁgﬁtﬁf%%&f%&géigfiﬁﬂﬁﬁféhm $ﬂ§¥£§){ﬁiﬁﬁgﬁ%ﬁgﬁﬁﬁégﬁﬂﬁ¥sxﬁither

of the confi gdHERIHsLAN sldl Jd&nNgiF 1§Q). benef i3 Zhpp Gy WF%eRFSse deci ded

upon at the tidtwoMhercabacity COUES WwiSlBrrdad N Maifaf aWGrdrict
demands on the capacity on a channel can request repeated exam nation

until suf fici'df PN VAL 2 bt e e BIR anot her user 20 rather can

accept a chanpel w.th lesser than the reguested amunt,.. For the rest of
the sinmulatio us*rpernetse’h‘?tte""aD &t et Set%eqlc?e%% rPeaci}?]eé: 150 l{:rcthfiﬂ-tgept abl e
bandwi dt h t o > E%lef auwh as vheyuestesthegapacittocol (IP) (See the

documents “Internet Protocol Request for Comments
10 (Standard) RFC 791", by J. Postel, Internet Engineering
Task Force, September 1981, Obsoletes REFC 0760; and “The
Internet activities board. Network Working Group Request
for Comments RFC 11207, by Vinton G. Cerf, NRI, September
198%) have turned out to be extremely scalable. They have
evolved from small networks connecting just a few Defense
(See the

—
1741

Advanced Research Projects Agency (DARPA)
document “Internetworking with TCP/IP, volume 17, by
Prentice Hall, Englewood Cliffs, New

Ll

Douglas E. Comer,
Jersey, :991) research computers in the mid seventies to
20 the current global and ubiquitous Internet (See the

articie “The hitchhiker’s guide to the Internet”, bv =
Krol, Network Working Group Request for Comments REC 1
University of Illinois, September 1989). Shared medium

ocal area networks (LAN's) (See the document “Data and

Computer Communications”, by W. Stallings, Macmillan
fourth edition, 1994) such as CSMA/CD, .

(Fiber Distributed Data Interface) are

[£%)
tha

Publishing Company,
token ring and FDDI
used in the Internet as simple building blocks connected
by routers or bridges. The combination of easy expansion,
low incremental node cost and tolerance to faulty nodes

has resulted in simple, flexible, and robust networks.

Also, the shared medium allows efficient application of
new multicast protocols such as IP multicast (See the
article ”"A study of slot reuse in dual bus multiple access

by M.W. Garrett et al., In Proceedings of the
San

networks”,
Conference on Computer Communications (IEEE Infocom),

(93]
w

Francisco, California, June 1990).
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6.3.3 Fragnentation 25 In the general case, the average nunber of

contiguous free

of t okens and the varying capacity of users request. This

fragmentati on renders the bl ock token optim zation
and the access delay is relatively 30 long (mlliseconds) for

P[T%wbaclpl ke rd | dPhd finf! 8 lerde 1 5 f\ﬁfﬁﬁéﬂ%}ét gy.r feg::lce

channel s.

To

fragnentation (0] ree tokens, otherw se fragnentation w

the main contB9uRittey Al ik eSiNGR HeFvinal die traymdniat Rchdni@ s at

noderate to Rir#ydiRathod Qi igaPAGIHd Ya 135 (hafsel Ssedidnd MDsts &l avyisy have a

very short channel establi shnent del ay i ndependent of the current anount
y i i }/ 04{1 tﬁ'Pe mecpium to be reuse

of

5

10

|88
w

scheme allowing the capacit

may be designed (See the articles ”“Erasure node:
Performance improvements for the IEEE 802.6 MAN”, by M.A.
Rodrigues, In Proceedings of the Conference on Computer
Communications (IEEE Infocom), San Francisco, California,
June 1990; and “Incorporating continuation-of-message
information, slot reuse, and fairness in DQDB networks”,
by S. Banerjee et él., Computer Networks and ISDN Systems,
24:153-169, 1992), but this is often at the cost of
complexity in the high-speed access control hardware.
Access control mechanisms for a shared medium also depend '
strongly on the size of the network and are usually .
efficient only for local area environments,

The two main types of network are connection oriented
circuit-switched networks used for telephony, and
connectionless packet-switched networks exemplified by the
Internet. When a circuit-switched network is used for
data communication, circuits need to remain open between
bursts of information, wasting network capacity. This
problem arises because circuit management operations are
slow compared to dynamic variations in user demand.
Another source of overhead in circuit-switched networks is
the limitation of requiring symmetrical duplex channels,
which introduce 100% overhead when information flow is
unidirectional. This constraint also makes multicast
circuits ineffigient and difficult to implement. A
connectionless packet-switched network, on the other hand,
lacks resource reservation and must add header information
to €ach message before transmission. Furthermore, latency
in a connectionless packet-switched network cannot be
accurately predicted and packets may even be lost due to
buffer overflow or corrupted headers. The latter two
factors make real-time service difficult to support.
Congestion avoidance mechanisms can isolate traffic

bl ocks in a node is small, due to the random novenent

practically usel ess,
hi gh capacity

N N



fragnentation. In the case of slot reuse, the fragnent- ation problem
IS even worse, as fragnentation may occur ifg both slot (tine) and
segnment (space) dinensions (see Fig.12). This is in the centralized
server version a 5 particular application of the general dynam c storage-
al l ocation problem In the distributed token manager nost of the

fragnentation_is resul t. -of I.n y p one. for ch node).
Two free adjgggﬁﬁﬁﬁoégngaggﬁr%%ky%SEQQWE&éggff%%hg?egrg FOURSQFX%?he sane
node. |0 Welhavieednploempetred lagmechanitimecsickee chapdehbagment &hieon

schene that tries-tQ;aveid,tragagatation if possible and i ncreases the
aver age blockggﬁgeko#gf%ge tokens i'n the nodes. The schene is used both

with and wi thguhggkeks thel ¥e81entomEtk i196BAMBLWIEKS ta LokkOWcar- 1.
Define a hone node for each tqoken at network startup

5 ions industry is focusing on the development of Asynchro-
nous Transfer Mode (ATM) (See the document ”“ATM Networks -
concepts, protocols, applications”, by R. Handel et al.,
ADDISIN-WESLEY, second edition, 1994). ATM has been
proposed for LAN's and many future public networks.

10 International Telegraph and Telephone Consultative
Committee (CCITT) also adopted it to be used as the
transfer standard in broadband ISDN (B-ISDN) (See the
document “ISDN and broadband ISDN”, by W. Stallings,
Macmillan, TK 5103.7.S73 1992). ATM networks are

15 connection-orisnted and establish a channel juét as
cilrcuit-switched networks, but use small fixed-sizad '
packets called cells for information transfer. The packe:-
switched nature of ATM means that the network needs (o
have new mechanisms such as buffer resource managers and

20 link schedulers to establish real-time guarantees fcr a

connection.

Our solution for providing real-time guarantees centers on
a circuit-switched network and we must therefore address
circuit-switching concerns such as those described above.

25 We also employ a new shared-medium control protocol, and
so must consider common shared-medium problems. Our
design, called Dynamic synchronous Transfer Mode (DTM)
(See the articles ”“Multi-gigabit networking based con DTM”,
by L. Gauffin et' al., Computer Network and ISDN Systems,

30 24(2): 119-130, April 1992; “The DTM Gigabit Network”, by
C. Bohm et al., Journal of High Speed Networks, 3(2):109-
126, 1994; and “Fast c¢ircuit switching for the next
generation of high performance networks”, by C. Bohm et
al., IEEE Journal on Seleéted Areas in Communications,

35 14(2), February 1996), uses channels as the communication
abstraction. Our channels differ from telephony circuits
in various ways. First, establishment delay is short so
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and distribute tokens in such a way so tokens sharing t he sane hone

node will always define a continuous 11sl ot range. This results in a
| arge average token area 20 in the token map shown in Fig.12. 2.
When two sl ot-consecutive tokens with the same slot or segnent
range exist in the free pool, nmerge theminto a single t oken

(sonetines a recur3|ve t en
doi ng a nerge “h & vie \?%Qéé C%Q%ér? ﬁzee astee% rrgrge anl ‘?P%y n%g]nber
mer ge. fas"rh@s rxefsgszonrewutd:mgms ¢mmg¢ ok%morsq),antrnerg mrsm&lex

a few segnents,arg, lrﬁﬁ?uh’ﬁfé %véﬂm@éé‘%hé}?dé%eté'@}ﬁ}nunlcatloﬁ OKgns spanni ng

over nmany segnents. node gets a token request fromthe | ocal

user 30 @l%?W@%erThJﬁQk tah%k%ferlf gt hP ko Keh: pertes to
using a begst Juép@&@qaﬁ@\k&ﬁé@iowm@ru@é@ SEGENt y re uirdhees .

di mensi on (see Hﬁ# value of a toke al.cul ated as the
area of a tokeMd X'hetfi%\ké#?rd’ﬂl fnmFast, a ﬁv@“%r}? qnyy L&bﬁlheo oken with
the smal | est dysea ddwiordd. fulfill the requested capaC|ty

DTM channels share many beneficial properties with

circuits. There is no transfer of control information

10 after channel establishment, resulting in very high
utilization of network resources for large data transfers.
Support of real-time traffic is natural; there is no need
for policing, congestion control or flow-control within
the network. The control information is separated from

15 data, which makes multicast less complex. The trans-
mission delay is negligible (i.e. less than 125 us) and
there is no potential for data loss caused by buffer

overflow as in ATM. Bit-error rates depend on the
& and

| g

underlying link technologies, and switches are simp
20 fast due to strict reservation of resources at channel
set-up. The aim of this paper is to study the perfcrmancs
of DIM in the areas where traditional circuit-switched
networks fall short: dynamic bandwidth allocation, channel
establishment delay, and as shared media networks.

35 Principles for resource management (called token
management) are presented and evaluated. We report results

from simulations where we expose DTM to traffic patterns
that are more like the relatively short-lived transfers
(4-4000 kbyte) seen in computer communication. Traffics
36 are with bursty inter-arrivals, client-server oriented as
well as with exponentially distributed inter-arrival
times.
The article “Multi-gigabit networking based on DTM, A DTM
medium access technique with dynamic bandwidth-allocation”,
35 Dby L. Gauffin et al., Computer Network and ISDN Systems,
Vol. 24, No. 2, April 1992, pp. 119-130, discloses a
distributed management protocol according to which the time
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47 4. \Men a node needs to request tokens from other nodes,

it does not ask for small chunks from several nodes if it is

possi ble to ask for |arger chunks from fewer nodes. The status

tabl es provide this information. 5 Transfer of tokens is therefore
nore efficient, and there are femer establishnent nmessages and | ess

fragnment ati on lots a(ﬁs qlsrteelg%e&sevaén Orp% to h desol\/}@eln they

have or a significan T ter
transfer. a completely symmetrical system

The document WO 89/08363 describes the concept of DTM and
defines the meaning of static and dynamic time slots. The

5 document also describes a telecommmunication system which
is. used in a network comprised of connected buses. The
document describes that dynamic time slots can be
redistributed betwesen the nodes on a bus, but does not
describe how this shall be accomplished.

10 The document EP O 451 426, Al, describes a packet
switching system which uses CRMA (Cyclic Reservation
Multiple Access), which means that a node is sending a
message to a server which is situated in the end of the
bus, for each cycle in which the node wants to send data.

15 CRMA is not intended for a synchronous network. )

1

)
[

mmary of the Invention

It is an object of the invention to provide a method for
centralized management of the capacity in a circuit-
switched network with a bus or ring structure. The netwocrk

20 uses a bandwidth which is partitioned in cycles, which in
turn are partitioned in control time slots for signaling
and data time slots for transfer of data, and wherein each
data time slot is associated with a token. The method

comprises the following steps:

25 - that a first node, called server node, is being
allocated tokens corresponding to all data time slots
which are flowing in one direction in a bus or a ring,

~ that a second node is requesting tokens correspondlng to

a certain capacity from the server node.

30 - that the server node makes reservations for and
transfers tokens corresponding to requested capacity to
the other node in the event the server node has requested

capacity unutilized, and >
. =



THi s schene returns tokens to "hone" nodes as a way to I ncrease the
probability that two consecutive tokens cani3 be nerged in the free |ist.

| f home node ''gravityl'' is too strong, the scheme will result in |ess
sharing of 15 resources and unnecessary signaling. If it is too weak,
fragmentation will still remain a problem To evaluate the

def ragnent at Lon RCRANNRANGRE T &g%f%% a Yo siqplatlns. Ve
designed three different Si r?ﬁ{atorasre[& , .lt?%e (s)c]icomsfllt{gor A Was

configured t e fRid Faleanff Mhigharmremendinhdatarting mlatey have

simul ation angdtt Gdise Yl defr adBH R Oh Pl HasCiddate ot RIS
started with ximal fra qg?tatlon_of t he ,cogﬁiete resource pool. Al

the tokens h&FHOMY GoridEHdtiCant 4id&ro ek & h FARE 4R Hoded M e
connect edsbefm@thdd e 25 Haaf ragimerdidti 2t iec Hatdrsyasds rald weHdre sinulator C

was started w_t hout %%3 use aof the defra ntati on nechani sm and
with the poolpe TR NS :trnjﬁa r%ﬁpnfcr%aegr?esnta on. In all the cases the

sl ot reuse it a Do f.l t 80%
Access del a;\@‘?g%\gf gr%;%gﬁsgﬁ”o;{%sﬁt ﬁu%éﬁ%gg 55 r%én\ﬁ?s%"%?’gcﬁagggd% %%L%Pk O%O
DTM-type (Dynamic Synchronous Transfer Mode).

Preferably, the method comprises the step:

10 — that transferred tokens are retransmitted to the server

node and released when corresponding data time slots no

longer are used for transferring of data.

Advantageously, the method comprises the step:
~ that the server node is chosen as the node which has 1/3
15 of the nodes situated upstream and 2/3 of the nodes

situated downstream.

Another object of the invention is to provide a method for
distributed management of the capacity in a circuit-~
switched network with a bus or ring structure. The network

20 uses a bandwidth which is partitioned in cycles, which in
turn are partitioned in control time slots for signaling
and data time slots for transfer of data, and wherein each
data time slot is associated with a token (write access).
The method comprises the following steps:

— that at least two nodes, called server nodes, are
defined among which are distributed tokens corresponding
to all data time, slots which are flowing in one direction

tw
W

in a bus or a ring,

— that a node is requesting tokens corresponding to a
30 certain capacity from at least one of the server nodes,

- that this server node makes feservations for and
transfers tokens corresponding to requested capacity to
the requesting node in the event the server node has
requested capacity unutilized, and
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in fig. 15 for a network of 10 km The sinulator C started with a |long
access delay and the del ay increased when the si gnal channels were

over| oaded and the nessage queues i ncreased. The sinmulator B utilizing
the defragnentation 35 nechanismstarts exactly as badly as C, but already

after 10 nms the average access delay is below 500 ns. Later,
.S connected

when a second %B8§tg%%ﬁ%%%rEegetg§g %Ia %?ggtEg%SEl%%Fﬁetﬁerornance of the

in the nost near R
si nmul at or i srespeceédvei skoveranpde, ahdagmentretliessest waklh. The conver gi ng

speed depe“dE09Qe%B%nd§na"B§@% Qﬁmgrgg g%pﬁ%b%yan %gggng%%grgfﬁgggtﬁas

consequently on The urin
transferring during a significant time.

80%

5 Advantageously, the method is implemented in a network of

DTM-type (Dynamic Synchronous Transfer Mode).
Preferably, the method also comprises the step:

— that several server nodes are asked, make reservations

for and transfer tokens, which together corresponds to the
completely requested capacity, to the reguesting node in
the event that the server nodes together have the
requested capacity unutilized.

Advantageously, the method also comprises the step:

ived tokens are used for establishing of

— that recei
S channels by sending of a channel establishing message to

the ncde or the nodes which are designated receiver of

data in the event that a node has received tokens

corresponding to the requested capacity.

Preferably, the method alsc comprises the step:

20 - that one or several server nodes makes reservations for
an transfers tokens corresponding to all of the unutilized
capacity to the requesting node in the event that the

server nodes together do not have the requested capacity

unutilized.

25 Advantageously, the method also comprises the step:

— that one or several nodes are not transferring any token
to the requestiﬂé node in event that the server nodes
together do not have the requested capacity unutilized.

Preférably, the method alsc comprises the step:

— that tokens are requested by a node in the event that
possibly received tokens do not correspond to the
requested capacity.

Advantageously, the method also comprises the step:
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The defragnentation nmechanismclearly inproves the access del ay and
does even do the block token optim zation 15 nmeaningful in the distributed
real i zation. 10 6.4 DTM performance W are mainly interested in two
ki nds of performance measures in this paper: utilization and access
del ay. Utilization is the portion of the nom nal network capacity .

that i tual | i f ' ' t
at I's actual tﬁxzﬂ:s%ﬁ sdﬁéc%leé%f'glerf;ayrfds%hazf@ f@f%ge% 1% e tdRent

ef ficiency of the network. Access romthe arrival

of a user redl@st theshd It M giot coprpsrandttQaihe ofeqursteuest ,

whi ch we thi ndgdasc@aty. | nportant neasure for how well conputer

conmuni cati on traffic can be supported. 20 There are two main factors

that influencerdfidddiziat, ahd methodEMsdidanpr isaeh tdestiep :assi gned
signaling capacity in the formof control slots, which neans that there

are f ewer- sihaits e iveddl e Femadatee tusets fierr arstdduishiind afany

nodes, givené%éﬂ&%%%lﬂJ”%éﬁH%Hat&% §§5§§Hﬁé@ éé%gglishing message to
the node or the nodes which are designated receivers of
data in the event that a node has not received tokens

corresponding to the requested capacity.
{0 Advantageously, the method also comprises the step:

— that each server node regularly is sending information
regarding its idle capacity to the rest of the nodes and
each node stores in a status table information received

Zrom <he cther nodes.

Preferably, the method also comprises the step:

tn

— that a node is requesting tokens from the server node
which for the moment has the most unutilized capacity.

Advantagecusly, the method also comprises the step:

- that a node is requesting tokens from the server node
200 which is closest and for the moment has the'requested

capacity unutilized.

Preferably, the method also comprises the step:

— that the server node from which capacity is requested
will be found by referring to the status table.

Advantageously, the method also comprises the step:

v
wh

~ that all nodes in a bus or a ring are defined as server
nodes and are allocated at least one token.

Preférably, the method also comprises the step:

— that all nodes in a bus or a ring are allocated the same

30 number of tokens.

Advantageously, the method also comprises the step:

REITNT it iy



25 reallocation incurs overhead since while a slot token is bei ng
real | ocat ed bet ween nodes, the correspondi n§ésl ot cannot be used for
data transfer. Access del ay depends nainly on the |oad on the control
slots, and on how many control messages that need to be 30 sent to
establish a channel. The access delay is typically a summation of

several del ays chad toupietalr real ¥endalQ rerGONIAIRY iy QeR5SI NG del ay
wai ting

[5 us], delay in finding and allocating free tokens [100 us],
for the first®SPECHIA FHY Lo NGt &8 Fegsse 81En and finally 35
wai ting for icherkispendilngocattad tdaiea s3lotts @ Nerddd ede usd IFdistardat a

522.5us]. Int%g%%%% n, nessages are
5 Preferably, the method also comprises the step:

— that transferred tokens are released when corresponding

data time slots no longer are used for data transfer.
Advantageously, the method also comprises the step:

- that consecutive tokens in a node are represented by a

10 token, called block token, which is indicated as a number

on the first time slot in a row and the total umber of
time slots in the row.
Preferably, the method also comprises the step:

- that a token is partiticned into at least two tokens

15 corresponding to the same time slot, but to different

segments, where a segment refers to a part of a
transmission medium which is connecting at least two

nodes.

Advantageously, the method alsc comprises the step:

20 - that the server node, in the event that it has several
time slot- or segment-consecutive groups of tokens to
choose among, is making reservations for and transferring
the tokens which originate from the smallest group of time
slot or segment-consecutive tokens which satisfies a

5 request of capacity, and wherein the smallest group is
defined as the group which product of time slots and
segments with predetermined weights is the lowest.

Preferably, the method also comprises the step:

— th&t groups of tokens, which are ét least partly

30 segment-consécutive, are regrouped to maximize the number
of consecutive segments for each group of tokens at the
expense of the number of consecutive time slots.
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del ayed in queues at the input to node controllers waiting to be

processed.

In the sinulations presented in section 5.2 the average

delay is up to a few hundred m croseconds. 7. Network simulations
In the sinmulation nodel, each transfer starts with the arrival of a new

"packet" of

resources for tty; rarf)sﬁfe%rt, of tlte; ?igl%nér}tﬁ.%?%t

t he channel .

I ndependent

knows that a tr
est abl i shmenPaddlidioped in Fé’(ftl@ﬁfl M 1 he Hdin 1Ty ﬁrgdw@étl@@%am it is

i nformati on. The node controller tries to allocate
ﬁ%%ket and f| naI Idy r el eases
nébhaﬁ‘ YE real 10

system mher@omhamdeMnmﬂ -up 2 ddtrgutirtarssfigc el neftamrd W1th teednudowrr ar e
gﬁts't(}nu%t'dyet ' %"ed n@e»}o*}% R';%%rs a ban'é%cﬁc i aguser that

a sinp

sfer is about take place na the channel

al ready 15 egloakldoshednehen dihe ftorra@ifgelralatnagr ahd RBettween salotp rnrd

t ear down, the capaC|ty of t he chann I S conpletely erved for the
Ler The moSradRrarghe Coiiar G Ao B RSELT SRE (R &Ts i

 &Ssingl e

transfer, sucahs@sszlaatfeldl &ith at ransher Toke &ho‘ded@bnttrraﬂlsmrﬁ&l an.

allocated tokens corresponding to a predetermined number
of Gata time slots which are flowing in one direction in a
bus or a ring. The node control unit is arranged to make
reservations for and to transfer tokens to a second node
control unit in a second node in the event that it
receives a request for tokens from the second node control
unit and that it has requested capacity unutilized. The '
second node control unit is arranged to retransmit the -
transierred tokens to the node control unit and to release
nem when ccrresponding data time slots have not been used
or transferring cf data of the second node control unit
diring a significant time.

Advantagecusly, the network is of DTM-type (Dynamic

Synchronous Transier Mode).

Another object of the invention is to provide a node, also
called server node, in a circuit-switched network with a
bus or ring structure. The network uses a bandwidth which
is partitioned in cycles, which in turn are partitioned in
control time slots for signaling and data time slots for
transfer of data, and wherein each data time slot is
associated with a token. The node is characterized by a
node control unft, which is allocated tokens corresponding
to a predetermined number of data time slots which are
flowing in one direction in a bus or a ring, and is
arranged to make reservations for and to transfer tokens to
a second node control unit in a second node in the event
that it receives a request for tokens from the second node
control unit and that it has requested capacity unutilized.

Advantageously, the network is of DTM-type (Dynamic
Synchronous Transfer Mode).

5
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20 Depending on the characteristics of the application, it is possi bl e

to optim ze the usage of the channel. For 1g instance, a channel may be

used to transfer sequences of hi gher | evel nessages such as ATMcells
or I P packets. If it is a multicast channel, nessages to different 25
destinations can be multiplexed onto it. This neans that each nessage

wll reach e [ I ve n | 14 e | vers must
be able to f??%e?rﬁéggégégg %égg fya%%%?%%f?%etéggﬁgi%% |§Sé§§%%%§t€0and
destroy a chabhetf thefdataathneesiage, whichraser fkowhegt bkepre bet ween

messages 30 %Pré@@ioﬁhfnt§é€g§ gresrepdily available for the next

nmessage in the sequence. 0 not incofporate this type of wuser
behavi or in A4eastHYbaks PP, t8E NEEAE NRNsAL 3 of ORI AbIAS | OASLAO buUs
particul ar applications. 1nstead we focus on hggétgg {ﬁgvgmg Erforns

wi t hout User©¥ ev® B5G opRF i el dwe.2/3 of the no

the ring downstream.
Another object ¢of the invention is to provide a circuit-
switched network of a bus or ring structure, which network
uses a bandwidth which is partitioned in cycles, which in

10 turn are partitioned in control time slots for signaling
and data time slots for transfer of data, and wherein each
data time slot is associated with a token. The network is
characterized by a node, also called server node, being
allocated tokens corresponding to a predetermined number

15 of data time slcts which are flowing in one direction iﬁ a

bus or ring, and is arranged to make reservations for and

*—l
ct

toc transfer tokens to a second node in the event that

receives a request for tokens from the second node and

that it has requested capacity unutilized.

20 Ancther object of the invention 1is to provide a circuit-
switched network of a bus or ring structure. The network
is characterized in that at least two nodes, called server
nodes, are defined among which tokens corresponding to all
data time slots which are flowing in one direction in a

25 bus or a ring are distributed and in that the server nodes
are arranged to make reservations for and transfer tokens
to a third node in the event that the server nodes receive
a request for tokens from the third node and that they
have the requesﬁed capacity unutilized.

30 Advantageously, the network is a network of DTM-type
(Dynamic Synchronous Transfer Mode) .

Preferably, a node is arranged to use received tokens for
establishing of channels by sending a channel establishing
message to the node or the nodes which is intended to be

35 receiver of data in the event that the node has received
tokens corresponding to the requested capacity.

CHHS G EINTY



45 The sender may start sending data as soon as the resources

are allocated, even before the receiver reqei ves the channel
establ i shnment nessage. This is called fast channel establ i shnent. The
receiver will eventually respond with a 5 control nessage to accept or
rej ect the channel. User requests have the follow ng paraneters:

* Packet siz ' ' nt..of ..us d r f t ween
channel esté%?&%ﬂ%%%%é%%gybﬁgﬂ%e+r éeétfg%egégg%F @%g%%n%£§t§£%§@%%§ si zes
froma few Kbyteake pragervations f gar Moyd e transfeRetpksnr®d capacity for a

channel, whigdydSsddBaMEDES a11 unu®f181&d Scdpati @y nodecfdi esqios@ldpcate.

For all the . simulations in this paper the requested capacity IS
fixed to 40 IR <Lty oERhithat the server nodes together do not
5 have the requested capacity unutilized.

Preferably, one or several server nodes are arranged to
not transfer any token to the requesting node in the event
that the server nodes together have not the requested

capacity unutilized.
10 Advantageously, a node is arranged to use a status table,

a regularly updated list ¢f the unutilized capacity of all
the server nodes, for decision upon which server node to

request tokens from.

Embodiments of the invention will now be described with-a

15 reference to the accompanying drawings, in whici

o

rief description of the drawings

v

[H

g. 1 DTM multiplex format.

g. 2 DTM nodes connected in a network structure.

Lky)}

Fig. 3 A multi address group.
20 tig. 4 Throughput and access delay for different packet
sizes.

Fig. 5 Throughput and delay for strict capacity request
with re-request (16 kbyte transfers).

Fig. 6 Throughput and access delay for different user
25 demands (16 kbyte transfers).

Fig. 7 Network throughput and access delay as a function
of bus length (16 kbyte transfers).

Fig. 8 Throughput and access delay in a 20x20 grid.
Fig. 9 A DTM network of dual bus structure.

30 Fig. 10 DIM 125 ps cycle.

Fig. 11 A token map showing time slot number and segment.
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15 * M ninum acceptable capacity. A node blocks a request if It
cannot allocate this nunber of slots. This pg normal ly set to 40 or
20 slots (100% or 50% of request ed capacity). - * Sour ce address.
20 * Destination address. The source and destination addresses are
randomy (all nodes with the sane probability) and user

gener at ed
inter-arrivalp,t S, ar | ' d ons
i nvestigate thed mif ectﬁo Sl gnrabfﬂ ﬁégéc%haeglatiﬁéﬁ%] yeﬁe%s rea ocat i on
overhead on utilizati ¢iothannel set-up delay, and bl ocki ng. W
w th the follow ng characteristics: * A dual

simul ate a topol ogy,
bus network Wil fodbisS LIERUT ahdrfien tSqver. theoretically possible
we t hink that managenent of

to connect many more nodes to
networks wit K 4ford? User t”r‘?ariceﬂﬁj(?%cfg’sl O GF SR Ry T Hieh % €f wth
100 5 nodes the capddcizatistar(lieg KBy .signi ficant enough to

Fig. 15 Defragmentation: access-delay as a function of

simulated time.
Fig. 16 Theoretical dual bus and DTM throughput.
rig. 17 A centralized token server.
10 Fig. 18 A centralized token server and time slot reuse.

A 1000 km bus with a centralized token server.

] -
W
I._J
O

Fig. 20 Utilization and access-delay: distributed token

Fig. 21 1-1000 km buys with distributed token server.

22 Distributed token server.

O
"~

’_J.
(e}

Fig. 23-28 Time slot-segment maps.

Detailed Description of Embodiments

2. DTM-Dynamic Synchronous Transfer Mode

DTM is designed for a unidirectional medium with multiple
20 access, i.e., a medium with capacity shared by all
connected nodes. It can be built on several different
topologies, such as ring, folded bus or dual bus. We chose
the dual bus, since it has shorter average inter-node
distance than a folded bus, and DTM's synchronization
5 scheme was found_to be easier to implement on a dual bus

than on a ring.

The service prov1ded is based on channels. A channel is a
set of time slots with a sender and an arbitrary number of
receivers; it is guaranteed that the data will reach the
30 receivers at the rate given by'the capacity of the
channel. The channels on the physically shared medium are
realized by a time division multiplexing (TDM) scheme

L3S G3angpy



exerci se and test the token managenent protocol. * The capacity of
each bus is 6.4 uit/s. W believe such 3521a capacity is realistic for

what is realizable within a 46

year or two; 2.4 Goit/s optical |inks have been avai lable for a few
years, and 10 Goit/s lIinks have been announced to appear soon on the
mar ket . Bt/ §,LO0LLESROR 0 f Lg the 5
rate at mhlch tﬂgrg o? processi ng N%% %gt mgfgh%gabgb 18t8 c g@hggte§ 100

MHz is attaldabPéchPErcendpenhichogre furthescAAgiggy. into 3a- ~PRE t ot al
signaling capagtty is the sane for all nodes,

The slots are separated into data and control slots. Each

5 node has access to at least one control slot, which is
used for sending control information to the other nodes.
Control messages'can be sent upon request from a user, in
response to control messages from other nodes or
spontaneously for management purposes. The control slots

10 constitute a small fraction of the total capacity, while
the major part of the slots are data slots carrying
payload. At system Start—up, the data slots are allocated
to the nodes according to some predefined distribution.
This means that each node "owns" a portion of data slots.

15 A node needs ownership of a slcoct to send data in it, and
the ownership of slots may change dynamically among the
nodes during the operation of the network.

2.1 Slot Allocation

MU
where the pool of free slots is distributed among the
nodes. There were two main reasons for using a distributed

1ses a distributed algorithm for slot reallocation,

19
=]
&

scheme instead of a central pool of slots. First, when a
node can establish a channel using only slots from the
local pool, there is very little overhead in the channel
establishment. Second, a distributed algorithm does nct
rely on a single node, so it has some tolerance to node
failures. The main drawback of a distributed implement-
ation is the overhead of communication and synchronization

tJ
w

between nodes.

360 At the reception of a user request, the node first checks
its local pool to see if it has slots enough to satisfy
the request and, if so, immediately sends a channel
establishment message to the next hop. Otherwise the node
first has to request more slots from the other nodes on

35 the bus. Each node maintains a status table that contains
information about free slots in other nodes, and when more

Fas (HRINGAY



but the slots are partitioned between the two fiber 10 di rections

proportionally, depending on where the nodes:
The closer a node is to the sl ot generator the nore control capacity

i s needed. The sum of the control capacity on both buses wl|

however

t oken servers,, the servers, have nmore, control,.capacit nd .h
processi ng casp]aocﬁﬁ f’f%éﬁeﬁcﬁ% ot eerm%c})edecso.nsults *latsl'heletafte‘hsgttf?bglfe tHe bus is

be the sane for all nodes. In the network with two 15
| gher

10 km whi ch dcdele avligrhgenode to amloufpr retotor k Bty trimsleeffeptisa ofy

propagation dglfle out stdihfs HdsdRMd ?Jibé}?'in%fng‘%i% iy I 1%%‘“2?

of 20 propagation d nd
whi ch use buPdEhgthslstsl. IGhatip gssErkmave lowemPrigoo Ythan

ay 1 n mul atirons I n

di fferent st OkamhdRNAGATTRIN REURS AS HdPlALGnly sent AhASWHBL T cal
scheme where all the tokens on one 25 fiber are managed by a single

t oken server
manages a

ol gpl slot ahfigrtiSc oW chdife Wsss e it 119 er
reallsseddidi enleyadidHie dpeabalot deperd@n nodes to process

all status messages, so a node can safely ignore status

messages while it is busy.

The procedure for slot reallocation is simple and works as
follows: if a user requests a channel with M slots and the
node has N free slots, where , it sends requests asking
for slots. The node starts by sending a reguest to the
closest node with free slots. If this node does not have
sufficiently many free slots, according tb the status
table, request is sent also to the second closest ncde
with free slots, and so on. The node waits until a
response “cr each of the requests has been received and
then grants or rejects the channel request, depending on
the outcome of the reallocation procedure.

]

A node that has some amount J of free slots and receives
slot reallocation request for K slots will always give
away min{J, K} slots. The node responds by sending a slot
reallocation confirmation, which indicates what slots the
node gives away. If the requested node does not have any
free slots, it responds with a slot reallocation reject
instead. In addition to this algorithm, resources may be
controlled by a network management system. For example, to
prevent the network from starvation, a node can be
configured not to give away all its slots, but to keep a

certain fraction of its initial share.

2.2 Switching

A DTM network can be expanded by interconnecting several
buses with switch nodes (see Figure 2). DTM uses
decentralized switching in the sense that any node
connected to two or more buses can switch data between

-are | ocated on the bus.

* Two
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8. Performance 8.1 ldeal protocol 30 Wen anal yzing the performance

of the DTM dual - bus network, the issue @t maxi mumt heoreti cal
per f or mance nust be addressed and conpared to the simulated perfornance.
The maxi mum theoretical performance is also used in this paper to

conpare the different schenes and inplenentations 35 we are eval uating.

The maxi r‘rumt_:[hhermo.u eUta&;arﬂ:a%éalﬁit}:l‘Hs t%'y:% & V%ﬁgplgheyson#}i-tching

35

capacity can be increased gradually by adding more switch
nodes. The switching is synchronous, which means that the
switching delay is constant for a channel. This means that
a multi-hop channel has roughly the same properties as a
channel on a single bus. The only difference is that a
switched channel has slightly longer delay ({(up to 125
microseconds for each hop). Provided that a switch node
can buffer one cycle of data for each of its buses, there
cannot be any congestion or overflow in the node.

The synchronization between buses is done on a per cycle
basis-cycles are started with the same frequency on all
buses. This is accomplished by letting one network node be.
responsible for generating the cycles periodically on all
its outgoing buses. For each new cycle, this node i
generates a cycle-start marker that is forwarded to all
buses in the network. For each bus there is one switch
node that is responsible for forwarding the marker onto
the bus. Those switch nodes need to be organized in such a
that the marker reaches every bus exactly once. When

way
the marker reaches a bus, the cycle is restarted on this

bus.

The cycle time and the slot size are both.constant for all
buses, which means that the synchronization scheme allows
different buses to run at different bit rates. This makes
it possible to upgrade or reconfigure individual buses in
a network without affecting the rest of the network.

2.3 DTM channels

The channel abstraction in DTM differs from ordinary

circuits, in that channels have the following properties.
Simplex: a channel is set up from sender to receivers.
A duplex connection consists of two channels, one in
each direction.

Multirate: channels may consist of an arbitrary number
of data slots, which means that channel capacity can

BRI GION Ty



reuse, can be defined as twice the Iink capacity, given t hat both
fibers receive the sane traffic. In a system with slot reuse the system
t hroughput al so depends on the 5 source destination distribution. To
obtain this t hroughput for the dual -bus we used a Monte Carl o

si mul ati on where source and destination addresses were uniformy

distributed (see._left. g ) n ar LN 16,
per f or mance of abﬁﬂﬁbXe®QEE %g F%%Iﬁ%gg ?ﬁeEEWEbne &g? eugggg
centralized t okepapanatyrof thanbuasers request to transfer 4 Myte of

I nformati on each time. In this system signaling capacity is not a
bottl e- neckMah81g8pEF zat FBANRSLf aRdhavebec¥psad recehEerdeal

case. Real traffic behaving like this is bulk-data 15 transfers and
audi o/ vi deo 8t PedRsCrFAESSNAI FRaNRRerBHcRs1OCatiRdt 2afRTtsAEWAREReSIRERI t S
of . Firsts sese e€npaehkinkt bAd by BPEMitAgdaf ehafinslrektsboishihewering the
avai | abl e nunbe of slots dat a tran f.ers

b b d
oot ators TerERel giRpedntr sh SSnbRRY, RYaRane, 1 aduEPoed Bl g o O

anount of trabfacsLngmpsnoéanoandodemmeltéaast grdupecthdnsnnandcany result

001 ocking LRa£nen8fchlfney ndlbrBELIONPCMDEN SABAGHLY Liopaltaplesin the

other. Third anne resources nm
_ To create a channel, slots must be allocated at the sender
10 and at each switch node along the channel's route. Thus,
switch nodes allocate slots for a channel on behalf of the
. sender. The switch nodes then start switching the channel,
by copying the channel’'s slots from the incoming to the '
outgoing bus. An attempt to establish a multi-hop channel
I5 fails if any of the switch nodes involved cannot allocate
the required amount of slots. In this case another route
nas to pe tried. In a grid structure, there are normally
several routes between each pair of nodes. The current
version ¢f the prctocol uses source routing together with
20 an addressing scheme based on (x, y) coordinates in the
grid. A simple locad-balancing scheme for two hops is
achieved by letting each switch node use status messages
to send information about the amount of free slots on its
outgoing buses. For example, there are two possible routes
25 between node 1 and node 4 in Figure 2, so if node 1 wants
to set up a connection to node 4 it can choose between
using switch node 2 and switch node 3. Node 1 receives
status information from node 2 and 3, and can make its
routing decision based on this information. This algorithm
30 works well for dense grid networks, where most routes use
only-two hops, but a general routing algorithm is required

for more arbitrary topologies.

2.3.1 Multicast channels

A traditional circuit is a point-to-point connection
35 between a sender and a receiver. DTM uses a shared medium

YR
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unused nonentarily, wasting sone capacity. 25 8.2 Central token
manager In the case of a central toker23mnager the two nmanagi ng

nodes need nore signaling capacity than other nodes (we assign 8 times
as many control slots to a server node than 30 to ot her nodes).
Results of the first set of simulations are presented in Fig.1l7. Users

request 20 MytLg EHﬂggghﬁly'QEEEO?EE'MGhtlcasE'g?ﬁc@rﬁ E%BQ”@QE'B&'V
distributed (generated by a 0l SSon_ process) e sirmulations are
per formed wi £R245bYdFeVRFRAt "PABRePNsRZBYS .| £ PHELEGRFtCEPABRNEY 6fNthe

channel canngksbeyabkogatetdetiheor egHfisbvks E&ieeh€dndpd, since the
switch operation is actually a multicast operation, in the
5 sense that it duplicates data onto another bus {see Figure

3).

3 Network Performance

In this section we investigate throughput and delay under

varying traffic conditions. We have performed simulations

10 for two different network topologies:
A dual bus with 100 nodes.
A fully connected grid of dual buses with 20 ¥ 20

nodes.

In the simulation model, nodes receive transfer requests

ic generator and control messages from other

These events are put in an input queue at
The

from a traff

th

network nodes.
the node, and the node processes one event at a time.
time to process one event is 5 microseconds. Transfer
reguests are generated by Poisson processes, and source
20 and destination addresses are uniformly distributed. For
1n‘

each transfer request, a node attempts to allocate slots

and, if that succeeds, establishes the channel, transiers

the data and takes down the channel. This means that slots

are released as soon as the transfer is done,

The simulations are performed for different transfer sizes
(1 to 256 kilobytes), for different kinds of user require-
and for different inter-node distances (0.01 to 10

The link bit-rate is 4.8 Gbps, which gives a
Each

to
w

ments,

kilometers) .
slot rate of 75 MHz and a cycle size of 9600 slots.

transfer requests 40 slots per cycle. This corresponds to
20.48 Mbps channels, which means that a 16 kilobyte

transfer, for example, takes about 6 milliseconds.

We calculate the throughput by dividing the total amount
of transferred user data by the simulated time, and

35 normalize this value to the capacity of one dual bus (9.6
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46 tokens are returned to the token server. Packet sizes vary

from4 Myte to 2 kbyte, at which point weogegin to see t hr oughput

degr adat i on. Thr oughput degradati on nmay occur if processing capacity
in 5 nodes or control channel capacity is too small. The server nodes
may be especially overloaded. The result is that gueues contai ni ng

trol tart | I g. Th trol.tok t
inused capadiT5e) antre e EHPE HFES oS, hghptt FEotbgHadsa. SOU6E T n 1 he
4 kbyte per Thamhedysihesattioas, thdel Loktcapacity caphwee ysomse t b@pacihtying
factor and 'f?e”{:j’é&dcf’é‘p%rrg&néwi sm%%sa éégnfllt;_w?ﬁ@%irﬁé{iea&?afdzg@g’ 4 kbyte

and even snal] _ ckets' can re efficient supported. The
next set of THMYERLioms Fiwlitg 18howdesy t Hee stort Feliseagacherhbdi Em

i nproves st he-peF f &I BNGEs Obe f NEo@YSTMM ch corresponds to 5% overhead.

The maximum possible throughput is then 0.95.

The grid has more nodes than the single dual bus, but

fewer nodes per bus (20 instead of 100). Since the traffic

load on a bus is distributed over its nodes, this means
10 that at a given bus load, the grid will have more traffic
to and from each node. A node in the grid therefore needs
more control slots. However, a node has limited capacity
t0 process control messages, and we have found that with 5.
microseconds event processing time, very little
performance i1s gained by using more than 10 control slots

[
thn

per node. We therefore use 10 control slots per node in
the grid, which gives a maximum possible throughput of
0.98.

Access delay is the average time from the time that a
20 request arrives to the node until the data transfer
starts. It is a measure of the overhead at channel
estakblishment and includes the time it takes to allocate
slots, .send a channel establishment message to the
receiver, and send the first slot of data. In the multi-
hop case, the sender waits for a confirmation from the
receiver that the channel has been established on both
buses before it starts sending data. For the single hop
case, the sender alone creates the channel to the

tJ
W

receiver, and can therefore start sending data as soon as

30 the slots have been allocated.

3.1 One Dual Bus

The first set of simulations concerns performance of one
dual bus. The purpose of these simulations is mainly to
study slot allocation schemes for different user

35 requirements. Since slot allocations on different buses



Throughput increases by alnost a factor of two before any significant
nunber of channels are rejected. The unifogmh source ;and destination

di stributions of channels limt the anount of increased capacity gai ned
by slot reuse. It has 20 been shown that if the source and destinations are
generated evenly, as we do, throughput may be doubled on a dual bus. In

the siml atifns idadBunddo f5eseofbidialchese DRYADI @0l gtk doad of 2.5

we may actually get through- ut higher than 2.0._ This level 0
t hroughput, FRREVES L5 OTArMOIMbEE ¥ MR IR T ut"Sbhe channel s bei ng

rej ected. The channels with the highest probability of being

rej ected are the ongs that_ use many. sl ot r..se ts. Therefore the
system "fil ters"t | ?ng%e%iPacfgie‘?Y %’ifé’écfsy?"th" mé{]?*fﬁ%ms away the rest.
This is normally no n..30 ccept e behavi or. and. t.heref are do not

I nvesti gat erﬂgyﬁ i&s S?f’noy ?utrkf1 e"?e%DSL?qu'S 0I'ﬁr‘-’lo\éog splu sglem\g,;\{flaa r:tholnon‘"%oecrceuras at an
of fered Boadaie maliash at maste ohkpitteenptarnst erlslo®@itan tife weedumatashough

Channel s f ac REagh e rhe R e & et o Y e we
al so see a thrldugifsine deast FERIGE vfcammotg be allocated. Transfer
sizes between 1 and 256 kilobytes are simulated. The
simulations could not be carried out for the smallest
10 transfers (1 and 2 kilobyte in Figure 4) at high load, due
to the simulator event queue growing too large, indicating
that the control capacity is exhausted.

At low load, most transfer requests are accepted

e
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the throughput increases only marginally with the load. ItZ
the load gets even higher, the signaling capacity is
exhausted, and throughput does not increase (or goes down,

20 as in the case for 1 kilobyte transfers in Figure 4).
Smaller transfers require more frequent control signaling
than large transfers at a given load, and therefore
throughput is lower for smaller transfers than for larger
(at most 0.47 is achieved for 1 kilobyte transfers, which

25 1is 50% of the maximum possible throughput, compared to 85%
for 256 kilobyte transfers). Throughput is also limited by
the strict user behavior, requiring the entire reguested
capacity to be allocated in a single attempt. The
simulations reported below show that throughput can be

30 incrgased by relaxing this requirement.

The access delay consists, at low load, mainly of the time
it takes for a node to process the transfer request, wait
for the first available contreol slot {(for the channel
establishment message), and then for the first data slot
35 (80 microseconds together, on the average). When the load
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49 kbyte simulations at an offered load of 1.8, for the sane

reason. It may be concluded fromthe si26ul ations in Fig.18 that

the sl ot reuse nechani sm al nost doubles the system 5 throughput with only
m nor changes to the centralized t oken protocol, as long as the control
and server processing capacity is not a bottleneck. Fromthe curves

it can also haseerddAineeesm el By A Vs 8% OARSP othetipfuddie | oad

increases from0.1 to 0.5. This is a result 10 of how slots are assigned to
a channel ameQsWRﬁerQQ%ﬁ¥xﬁs ingrpdued oken request procedure. The time
it takes to request tokens fromthe server is strictly increasing with

3.1.2 strict Capacity Demand with Retry

It is possible to increase throughput by letting a node

5 retry, that is, make more than one attempt to allocate
slots for a channel. Figure 5 shows throughput and access
delay for different values of the maximum number of
retries allowed. When nodes are allowed to retry, more
channels can be established and throughput increases (up

10 to 92% of the maximum possible throughput), but at the
expense of longer access delay and more signaling. Thus,
retry 1s best suited for applications that have strict
bandwidth demand but can tolerate some access delay.
However, if a large number of requests are persistently

15 retried (as in an overload situation), performance will
degrade. Figure 5 shows that performance decreases when
the lcad is high and nodes are allowed to retry 20 times,
which indicates that the signaling capacity is not

sufficient for 20 retries.

20 3.1.3 Flexible Capacity Demand

An appliication with less stringent demands on capacity may
be prepared to accept channels with less capacity than
requested. This allows more channels to be established
with a single slot reallocation attempt. Figure 6 shows
25  throughput and delay for three cases: when the user is
satisfied with any capacity (minimum 1 slot), requires at
least half the xequested capacity (20 slots), and needs
the full capacity (40 slots). Throughput goes up when the
user is less demanding. When the user requires only one
30 slot the throughput achieved is 94% of the maximum
possible throughput. The slot reallocation procedure is
however the same in all three cases, which explains why
access delay is practically the same in the three cases.

KAy

3.1.4 Performance as a Function of Distance
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t he | oad. When conparing the DIM performance in Fig.-18 and the 15

theoretical values in Fig.16, we see that eeén short ‘bursts (a few
m | liseconds duration) can be supported efficiently. 8.2.1
function of bus length 20

Performance of the central token server as a
When a single token server is used, each channel establ i shment requires

a token to b%kaé%ﬂ“@?é &fh e Hed t't?‘e‘tweerﬁ‘%defcf%!s 14 iderd£naih of dhedus is

i ncreased, the token request will take a |onger tine ‘and nay t herefore

al so I||ﬂﬁ°ﬁ9ﬁ¥tQﬁWﬁmﬁﬁnﬁx%ﬂﬁPQ?KSQQEEP%Pﬂ?%ﬁﬁﬁ%% R &Lt 25 In Fig. 19
we increased tdg lenglioof s hikn e sdaction Figu 71,0GHiccH GHbwen (node

{0 ode, 4ol S MR ) o BELLL ey P Rs b all e dlr quaa, ey mow
5 (with strict capacity demand without retry, i.e., the same
slot allocation principle as in Figure 4). The access
deiay increases significantly when the bus gets longer.
However, this affects mainly the creation of channels, and
throughput is therefore relatively independent of
10 distance. Another effect of increased bus length is that
it takes longer time to propagate status information,
which may increase the probability of slot reallocation
failure. This would mainly influence throughput, but the

simulation results indicate that this has only a minor

15 effect.

3.2 Grid Network

Figure 8 shows the result of a simulation for multi-hop
channels. The network is a fully connected grid netwoerk
with 20 x 20 nodes. Channels use at most two hops, and the

20 routing decision is based on the information from status
messages. The slot allocation principle is the same as in
Figure 4, that is, strict demand without retry.

With uniform distribution of source-destination pairs, the
theoretical maximum throughput of a fully connected grid
is, where n is the number of buses. With 2.1% signaling
overhead, the 20 x 20 grid has a maximum possible .
throughput of approximately 20.6. Figure 8 shows that for
256 kilobyte transfers, the maximum throughput is 97.5% of
the possible maximum, compared to 95.1% for 16 kilobyte
30 transfers. This is significantly more than in the case of
one dual bus (Figure 4), and our explanation for this is
that there are less nodes per bus in the grid, which means
that the pool of free slots is less scattered, and
therefore there is a higher probability that slot

19
w

35 reallocation succeeds.
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Access delay in this case depends on the distance to 30 servers,

I ndependent of the transfer size.
average transfer size

dat a transfer phase.
I nformati on such as 35 256 kbyte with a duration of one tenth of a second

are

supported when the bus | ength |s

LV, ]

——
Lh

but is
Thr ougbput depends strongly on the

Channel s transferring | arge anmounts of

The access delay for a multi-hop’Qhannel ﬁﬂﬂﬂlbéﬁﬂdd§é¥“ly
10 km 8. 2.2 Discusslon

0
than on a single hop, since slots have to be allocated on

two buses. For 256 kilobyte transfers, the access delay is
roughly 50 per cent longer in the multi-hop case compared
to the single hop case. One could expect the access delay
in the grid to be longer than this. There are two main
reasons why this is not the case. First, there is a
certain amount of parallelism in channel establishment
over two hops. Second, the interval between control slots
is shorter in the grid, so a node spends less time walting
for control slots. For 16 kilobyte transfers, however, the
delay increases dramatically for higher load, which
indicates that sigraling capacity is insufficient.

4 Conclusion and Future Work : .

The Dynamic synchronous Transfer Mode (DTM) is a network

rchitecture for integrated services. It is based on Zas:
ircuit switching, and provides multi-rate, multicast '
channels with short set-up time. A channel gives
guaranteed capacity and constant delay, which makes iz
well suited for real-time traffic, such as video and
audio. In contrast to traditional circuit-switched
networks, DTM also provides dynamic reallocation of

resources between nodes in order to support dynamically

varying traffic.

We have reported performance analysis through computer
simulations for various configurations. The analysis
focuses on packet-like traffic patterns, since this type
of traffic is considered to be the most challenging for a
network based on circuit switching. The intention is to
study how network utilization and access delay are
affected when channels are frequently established and
released. We use 20 Mbps channels, where a channel is
established for each transfer, and the transfer size
varies between 1 and 256 kilobytes. The analysis was
performed for two kinds of topologies: a dual bus and a
grid of dual buses. The protocol requires that a certain

as the establishnent phase is anortized over the

H3HS QI0NINY



Uilization of a centralized token manager has several 5 benefits. Cients
may be sinple as they only contain state 3zinformation related to their
own opened channels. Sl ot reuse is also sinple and efficient, as the

sl ot server has all of the free tokens to choose fromwhen trying to
satisfy a user request. The server may al so i nplement 10 ot her policy

rel ated functflr%&lwf@fa%n@drf\owlor&a@%tﬂtcy is re3RAvicd MRS Tontidl
the server_is nornally very

fragnentation of the free token po ,
modest, resulRERGTET 198y ”ﬁe\k’rsedp Me&ll"@n P&EL S51Ts g £ e S88de PUSar
channel evenahar two pRirgletapdoirt theseriequests. 15 There are al so

drawbacks. A user that frequently est abl i shes and destroys channel s may

i ntroduce ex@éssiresults shgwalthag byheal wies tretfifiic wgntsdleerss odf tstworwse, but
' The

O ssi b AERLLA0 ! Be k8RS 9031 1 Wel i1 1B630sh | IE dStdte 1o ThE

processi ng capaci server nodé may
many nodes oﬁeﬁﬁémb@§dobY'ﬁhﬁhémounta@érégénﬂéémétC@Pﬁélﬁy waey lapdlel.. | f

the nedia | epghhthe dualveuy,! ab8a kelalicke e bheiRveduek «af Bk Rekl od,
bi ts- peaégagr%tlgnQOadedawK%Lo%gg%sf%Q% E%%Qdaié'%nﬁbn%e%o the

kilobytes long, whereas the grid was saturated for 16

10 kilobyte transfers. To summarize, the application shows

that fast circuit sWitching, as applied in DTM, performs
well even for packet traffic using short-lived
connections. Thié, in combination with its inherent
support for real-time traffic, makes fast circuit-
switching an appealing alternative for B-ISDN and beyornd.

h

For future work, the performance results suggest that in
order to send packets on DTM, one needs to find a scheme
for multiplexing packets onto channels that groups packets
together into slightly larger units. Assuming that

20 computers generate traffic that conforms to the train
model bursts of packets where many of the packets within a
burst have the same destination-a simple scheme similar to

those used in the early fast circuit-switched networks

seems appropriate. In such a scheme, the channel is clcsed

25 and its resources are released when the sender has been
idle for more than a certain period. This is, however, an
area that needs further investigation. The performance
results are encouraging and we will explore further the
effects of non-uniform traffic models, such as bursty

30 sources and asymmetric sender-receiver distributions.

5. The DTM medium access control protocol - DTM-MAC

The basic topology of a DTM network (see Fig.9) is a bus
with two unidirectional optical fibers connecting all
nodes. Several busses with different speeds may be

35 connected together to form an arbitrary multistage
network. In the current prototype implementation, buses

LUHﬁtHQNiﬂy



sérver may also limt performance. Finally, the server 25 node contains
state information that all nodes depend on 32 to create channels. A server
node failure may therefore affect all the nodes. 8.3 Distributed
t oken control performance In this section we sinulate and investigate
the properties 30 of a fully distributed token nanager. 8.3.1

Di stributed token,dia@®ined intded QYA 4ahd N 48 RELSIPr M dde
di stributed taoken, . manager wth slot reuse and defragnmentation, we used
t he the junction Of two buses can synchronously switch data rr

slots between the two busses. This allows for efficient
switching with constant delay through the node. The

5 primary communication abstraction in DTM is a
unidirectional, multi-rate and multicast channel.

The DTM medium access protocol is a time-division
multiplexing scheme. The bandwidth of the bus is divided
into 125 us cycles (Fig.[10]), which in turn are divided

10 into 64-bit time slots (or slots for short). The number of
slots in a cycle thus depends on the network's bit-rate:;
for instance, on a 6.4 Gbit/s network there are

approximately 12500 slots per cycle,

The slots are divided into two groups, control slots and
15 data slots. Control slots are used to carry messages for
he network's internal operation, such as messages for
channel establishment and bandwidth reallocation. The daza

ct

slcts are used to transfer user data and are nct
interpreted by intermediate network nodes. Intermediate
20 nodes are nodes between the source and destination.

In each network node there is a node controller, which
zontrois the access to data slots and performs network
management operations, such as network start-up and error
recovery. The main tasks of the node controller are to

25 create and terminate channels on demand from users,'and to

manage network resources in response to user requests and

in the background.

Control slots are used exclusively for messages between
node controllers. Each node controller has write

30 permission to at least one control slot in each cycle,
whichH it uses to broadcast control messages to down-
streams nodes. Since write access to control slots is
exclusive, the node controller always has access to its
control slots, regardless of other nodes and network load.

35 The number of control slots a node uses may vary during

network operation.
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sane traffic and paraneters as in Sect. 5.2, but used a: pol i-cy mhéfeby
requests are accepted if 50% of the reqﬁésted capacity can be: s+ -

al_| ocat ed. The results presented in Fig.20 are fromthe si nul*ations ' 5-

with slot reuse, a fully distributed token manager, status nmessages
whi ch descri be how nuch capacity a node possesses, and the

def r agnent at ben Fokeme managementnodes have the sane process capacity
and the process load is much | ower than the |oad the servers in fig.18
are 10 recei FhRgmajreiggpeddéhei 63066t wWaeh AYGES are drse mieks. | ower,

whi ch resul t acicBs8 RooBRkae%ieRt ehahgbkabBibict ¥ime, akBBr8YskheRLPerforms
better than any system w t hout sl ot reuse, _but not as well as the

centralized Syef&ArdEsRAnEsy Writgaprress to slots is controlled by

5 slot tokens (or tokens for short}. A node controller may
write data into a slot only if it owns the corresponding
token. The token protocol guarantees the slot access to be
conflict free, which meahs that at most one node writes

data into the same slot.

10 Control messages for channel establishment and bandwidth
reallocation carry sets of tokens as parameters. However,
a control message is 64 bits and can therefore have only a
small number of parameters. This means that if a user
requests a large bandwidth transfer, it may be necessary

15 to send several contrcl messages to create the channel.”
This introduces extra access delay and consumes signaling
capacity.
We are considering several mechanisms to decrease the
amount of information that needs to be sent during channel

20 creation and token reallocation. The first optimization
in token management is to introduce block tokens. A block
token is transferred in a single control message and
represents a group of tokens, but can only be used for
particular combinations of tokens. For instance, in the

25 network simulations described in this paper, a block token
is denoted by a slot number and an offset giving the
number of contiguous slots in the group. The block token
optimization assumes that the token pool is not fragmented
into small pieces. The amount of small token blocks in the

30 free pool, may be a problem and will be referred to as

fragmentation.

6.1 Slot reuse

The token protocol guarantees that a data slot can never
be used by two nodes simultaneously on the bus. Sometimes

35 this protocol is too conservative. Fig.ll shows an
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15 Conpared to the centralized schene (see Fig.18) bl ocking

i's hlgher

and starts at a | ower | oad. A not expeétied result was that the o
performance in reality decreased when the packet size |ncreased|'ﬁdter,i

LR ]

once again havi ng checked up the results we found that a |arge 20

average transferring size results in |lesser nmobility for

t okens and

-that the stataigampiorsBthon thiréeatdkongdi &8s BN and €)Y esrdOrsSseppeafance

In this case

on free reso rces i n_the network t han for rt transfers.

o st 1 o L (ChidlE) I deq and ML SO B8 S0 chichy s
resour ces. Tmtsamlmntﬁspﬂmwbljr ntsmohtc&tbse:t avDi thawas¢gments omrorite dus
capacity when r e r ﬁg f | S, that
t he status negir%’@ @éﬂ?{)‘? ac‘nc‘!‘ﬁtfetg%% eadﬁ ?ﬁe%-‘t% g‘ﬁ% ché)(%:oéllte.')r althls

segments én lefftman Y| Gas Vﬁﬁ(“ekﬂ?:aﬁhﬁo@@t#%@éﬁcm arfy bﬂi‘d‘ﬁeland |s

30 the only atJ}‘tF@rrPJtixPé‘e{‘s | o & SRV H{ S WA TP Ute $é e T

hi gher than 1.0, a great nunber of tokens are segnent e

£eity orft |oads
and the reuse

schene needs ¥HerfdmeRV? rRRHAIY . the sepfieis13nq st LRt ¥k i iR whi ch
we are using.e CFZI'EV\ﬁs Fig.DEsi gnedidfire asisys ey Wi et s reise bd used

therefore linte

multiple times on the bus. Channel D and E are using the

10 same slots as channel A and C but on different

segments.

This 1is referred to as slot reuse. Slot reuse enables

simultaneous transmissions in the same slot over disjcint

segments of the bus.

Slct reuse is a general method to better utilize shared

—
(%))
l’ —

inks in ring and bus networks. The slot reuse algorithms

in DQDB (Distributed Queue Dual Bus), Simple and CRMA
(Cyclic Reservation Multiple Access) depend on contrcl

information in the slots. Buffer insertion networks when

ccmbined with destination release as in METARING may

20 reuse capacity of individual links and resolve eventual

contention by delaying the incoming packet stream through

an eiastic buffer.

With slot reuse, the access scheme complexity is

increased, regardless of whether it is done in hardware as
25 in DQDB, Simple, and CRMA, or in software, as in DTM. When
implemented in systems other than DTM, slot reuse also

adds complex hardware to the critical high-speed path

through a node and therefore increases the node delay.

To allow slot réuse in DTM the block token format is

30 extended to include parameters describing the segment (s)

it is representing. The token management protocol is also

modified to avoid conflicts in the slot number dimension

as well as the segment dimension. The most important

assumption is that no hardware changes to the original

35 prototype implementation were allowed or needed.
performance gain is also quite clear: on a dual-

The
bus where

source and destination pairs are uniformly distributed, it
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35 inits ability in hel ping new requests to find free oo .

52 capacity and can in the worst cas®3result in a higher : degree_:

of bl ocki ng. 8.3.2 Performance of the distributed token serve[;as a, - |
function of bus |ength 5 The throughput and access del ay of the ' '
di stributed token manager Wwith varying bus lengths from1 kmto 1000 km

are pr eserisethden Hhpwhl.that theduaypipaitparketod Sirerdader! Wenr
establishment. and ! &4 9" Fhe B ed3NS rBabkBAM ot reuse in a
DTM network is the higher algorithm complexity and
potentially higher load on the node controller and
5 signaling channels (especially if the average channel

duration is short).

6.2 A central token manager

Two token management schemes were evaluated. The first and
simplest is to let a single node controller manage all

10 free tokens on a fiber. This sort of centralized server
mechanism has also been used in systems such as CRMA [22],
where the head-end node distributes the fiber capacity to
all other nodes. We configured the simulator so that-for
each fiber, a node one third from the slot generator is-

15 the token server. A token server will then have about the

same amount of traffic on both sides.

Each time a user request arrives at a node, the node first
requests tokens from the manager and then locks them
throughout the channel life-time. When the user issues a

20 request to disconnect the channel, the tokens are
immediately returned to the manager. All requests are
delayed during the token request and accesses are
serialized through the central manager.

6.3 A distributed token manager

25 The distributed token manager is fundamentally more
complicated than the centralized. We tried to keep it as
simple as possiBle. In our method each node regularly
broadcasts status information about how many free tokens
it has. The other nodes store this information in their

30 status tables. A node that wants more capacity consults
its status table to decide from which node to request
slots. The protocol on the initiating side works as

follows, when a user request arrives to a node:
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100 km buses give about the same throughput and access 10 delay as the 10

km bus, because the |atency introduced by 36 using a 125 us cycle doni nate.
over the time of flight | atency in the system For the 1000 kn1|ong RN
bus, we see that the access delay is found to be shorter than in'the ** *°
1000 km system using a centralized token server (see 15 Fig.19). At | ow

Iﬁad tofens QreIffOlt% YRIe Qﬂa%s%u%&%lentq es% e e It%k%%uttot he sane for
a syst ens

% ndent%y gpgth Evén at very %h Ioad the
access del ay SPEIEhGutNE H99 écoﬁ& ShdrLeteth& %1?%9?%%?6
central i zed systemtion thieguk®r,2@nd sta®t3. 3hBurchiayinaid s/ ls@mtqur wer

traffic condi tralized token nager, t.emw.l] have the
same per]corman(J:'eeasl“:r%!sz"tS%%1 @5eﬁ e%?py g? tﬁ% ?%EF d?i &1 &R easang
processi n§ afndesi granismg tdiagsgettiacueing fbeewgbaawedtﬁdOZB .distributed

system we decided to use two other traffic aenerators. First, we use a
gener at or that Stherwiceusde noder sgukst $tar pveildgbile Bokens: aghdgiag

request arr'%@%er%e@ewand then checks its status table: if the total
amount of free tokens in the network is not enough to
fulfill the request, the request is rejected (blocked).
10 Otherwise the node requests tokens from nodes with unused

capacity.

If one of these nodes receiving a token request dces not
nave the requested amount of free slots, it still gives
away all slots it has. In any case, it sends a rssponse
15 back to the requesting node. A node fulfills incoming
requests in strict FIFO order (First In First Cuz).

When a node receives a response to a token request, it
marks the slots it receives in the response (if any) as
being reserved. When the node has received responses to

200 all requests it has sent, it either starts the channels cr
rejects the user request, depending on if it has acquired
sufficient capacity. If the user request is rejected, the

reserved slots are marked as free.

At start-up all free tokens are evenly distributed among

25 the network nodes and each node takes at least one of.its
free tokens, moves it {(them) to the active state and
declares it (them) to be a control slot. User requests may
now be accepted and tokens can be moved between nodes on
demand. When thé local node contains enough tokens to

30 fulfill an arriving user request, the request may be

.~ accépted without any token reallocation.

A weakness with this scheme is that slot reallocation is

only triggered by user requests, and user requests are

delayed by pending token reallocation. An optimizaticn we
35 have implemented to remedy this is to also perform slot
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request is generated to arrive with 90% probability after 200 us. The:

result is that bursts of requests arrive to330 nodes and force high

tepporal locality of source

simlar to

arriving to 5 server

for a server fesiibaitobni snatsd® ha@b®Found. This results in less need

53 In Fig,22

resent throu ut. and access de| a
of the distritRtERHRER SerokensytRmmall to Hedlun §igdd repiests.

The pool of free tokens can be distributed in other ways
than uniformly to increase the speed for successful
reallocation and usage. If fewer nodes are managing the
pool, the channel blocking is decreasing as a result of
lesser possibility for tokens to be wrongly reallocated.

The complete token pool is in this case proporticnally
distributed (nodes near the slot generator will have more
tokens than nodes far away from this) among all nodes. The
transfers of nodes can occur between each pair of nodes ir
place of always use the server node. When the local node
comprises sufficient number of tokens to satisfy an
arriving user request, the request can be accepted without
any toksn reallccation. Further, as long as the arrivin§
user requests are well matched by the pool distribution,
no reallccation will ever be necessary.

Several questions need to be answered before deciding hcw
to distribute the token pool. We address the following
issues:

1. When local rescurces in the node are not enough to
satisfy a user request, which other node should be askad
for more tokens?

2. If a node asks for tokens from several nodes, how many

tokens is it going to ask for and should the node reject
the channel if it receives a fraction of the reguested

capacity?
3. If tokens move freely among the nodes, will the token

pbol be fragmented into small pieces and render the block
token optimization scheme useless?

6.3.1 Status messages

We decided to use status messages to distribute inform-
ation about the pool of free tokens. Status message
information is used to help a node choose a suitable node

erf or mance

addresses. Second, to geherate traffj,.c nnfbii
client-server behavior we increase the amount of traffic
nodes, 0, 25, 50, 75, and 99. Even the probability

frivyy
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57t is clear that the distributed inplenentation have several benefits
conpared to the centralized token server: 38 The nodes may share the

processing |load, there is |less need for high-perfornance token servers -
redundancy nmay be hi gher and access del ay nay be shorter for | ow '
capacity 10 request. It also scales to |longer busses. The drawback is

hi gher bl ockingn Idsiih %og% zﬁ!ées SIS methd® Stgkus

tabl e nechan|sn1nustjb 5%9% to avol ) uﬁhecé%sary ocki ng when sl ot

reuse is al | ddegft questien @RAWe work and conclusions 15 W have shown
perforns well in a

that the DIM fast circuit sw tchin protocm

dual - bus shaf®tF r?éiﬂeé“eeﬁ(ﬂ*rk(?m‘?éntfoq- Eqdy “(O(C@Ké:r‘?)g%{é@’enent schemnes
are anal yzed brﬁaeicastscearﬁanajs ﬁ@ﬁo&@ﬁmrp%ﬂdﬂfﬂnmﬂme tfrdehe dkedeal

pr ot ocol 5 at| he d| ribut ed SCh%&F i S nore

| e
sensitive’to s IE%ehawor d%F §§°5F st R i

broadcast fredqwantd ytables. A node that wants more capac1ty consults
its status table to decide from which node to request
slots. The broadcasted status information gives an
approximate view of the current state of token
10 information, so token requests may be rejected because
they were sent to nodes that no longer have tckens tc give

away.

Status tables are “soft” information in the sense tha:t the:
system will work even if they are out of date or
15 unavailable. They should, however, improve the success

rate of reallocation procedures.

6.3.2 Avoiding unnecessary rejects

- e

When comparing base performance of the centralized (fig.
20 17) and the distributed (fig. 20) token management we c<an
see that there exists a new type of reject of user
requests which are frequent in the distributed versiocn
when there still is unutilized resources in the system.

A node uses the status table to pick node(s) from which to

25 request tokens. When the request reaches the target ncde
the amount of available capacity may have changed and a
smaller amount than requested may be returned to the
requesting node, resulting in a user rejection.

This behavior results in unnecessary token transfers and
30 wasté bandwidth resources as slots are unused during the

token transfer. The status message mechanism will also

work less efficient when tokens are moved more frequently.
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and needs a defragnentati on schene. The mai n advant age with the

distributed schene is that it efficiently 39 decouples the access delqyi

fromthe round-trip time on the 25 bus.
nmessage schene does not work well with slot reuse and future work is

redesign it.

distributed and drhe sl rad iia diokRRdWIRGRI: LRI By ShaiiRld dacof token

server nodes.

Further work is to evaluate a schene that conbi nes the

The copcl usi ons are that channel establishnent over head
can be very diERer ré’é{ﬂc&eﬁgﬂi Phingdeadi 15 AE éi/érFl'feoravera&?alﬂoo( few

Ki | obyt es) transf éyes.reficorissesldelsmalils fhisnd the timdee iss freghuradreed

m cr oseconds

54
5

10

ﬁaﬁg%fﬂogﬂé¥éé(¥%¥eﬁgh%n the pools will decrease even
further. 1If nodes also create and destroy channels at a
very high speed, the amount of free capacity in individual
nodes will vary between a little amount of capacity and no
capacity at all. If now the average capacity which is
requested by a user is large in comparison with the number
of free tokens of a node, then more nodes must be asked to
fulfill the request. At this time the possibility that
the requested nodes have no free capacity will lead to a

user reject.

There are many ways to address this problem without gcing
back to a centralizad model. Firstly, we do not need td
give away any slots at all if the complete request cannot
be fulfilled. This prectoccl is applicable even if only one
node is asked about free tokens, but if more nodes are
asked it can still result in the movement of tokens or
that tokens are locked unused. Secondly if we, after a
token request, receive fewer tokens than the number
requested, we can simply once again and many times try to
request the procedure for token request. This will
increase the possibility for a user request to be accepted
and that the received tokens will be used. The expense for
the repeated examination will be increased signaling and
increased access delay and can deteriorate the performance
on an overloaded network. Even the repeated attempts by
the user leads to longer set up delays for a request which
has been submitted repeated examination. Thirdly, the user
can sometimes wish to accept a channel with lesser than
the TPequested capacity instead of it being rejected. If
e.g. a user receives 50% of what has been requested, he

ne result is. that the status .

>y
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sfot reuse schene can increase the throughput perfornmance
of two and can be inplenented w thout

by- a factor-
|®QrodUC|ng any extra hardmare.ln

10. Suppl enent 5 The network is not* I|n1ted~to :a dud , u

t he nodes.
bus, but can be realized with all types of structures, e.g. a ring
structure with an arbitrary nunber of nodes. The transm ssion nediu

can, except eghi %@I wiiilhar Q@ %%éb%' In f@@bl @ 30k haRQt har Jtikansrkasi on_
medl um

nedlun1wnth a. hi 0 bandwi I n & %G%E R
will be F&fe re§ °F8‘a£§e |céF“afl bét éftﬁéﬁdws&tfh LEAVLRE SDYRF
bus is, in thefgeekarr edaaembcadicﬁpmhb1pathptab®|n&ésl M100% X329 plotycles,

! ot VSR SRR nod TE BB, 2Bl By haal ey EREE

thI’] the transm ssi.o

ent

used in nkt wecksptablei bhndydhes andlt resudkotis i higheli utadyzskien.
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35

In fig. 14 there is disclosed performance which will be
the result if the user is doing repeated attempts up to 8
times before we finally block the request. The utilization
will increase (and the blocking will increase) at the
expense of more signaling and longer delays. Repeated
examination a great number of times will counteract the

productivity if it occurs often.

Absolutely, the yield with a flexible user request policy
is in lower possibility of rejection and higher total
throughput. Either of the configurations disclosed in fig.
13 and fig. 14 can be decided upon at the time when a
request 1s arriving. A user having strict demands on the
capacity on a channel can request repeated examination
until sufficient capacity is allocated, but another user
rather can accept a channel with lesser than the reqguested
amount. For the rest of the simulations presented herein,
we define the lower acceptable bandwidth to be 50% of ¢

requested capacity.

6.3.3 Fragmentation

In the general case, the average number of contiguous free
blocks in a node is small, due to the random movement cf
tokens and the varying capacity of users request. This
fragmentation renders the block token optimization
practically useless, and the access delay is relatively
long (milliseconds} for high capacity channels. To make
bioék allocation efficient it is necessary to reduce
fragmentation of free tokens, otherwise fragmentation will
be by far the main contributor to access delay for high
bandwidth channels at moderate to high load. Low capacity
channels will almost always have a very short channel
establishment delay independent of the current amount of

m
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The increase of performance with time slot reuse is clear: at, a dual -
bus where the source and destination pairs éte distributed uniformy- -
the throughput has proved to 20 increase with a factor .two. The.incrgase ofs |
per f or mance can be even higher in other types of networks; i.e. in a

dual ring structure with the source and destination pairs di stributed

uni formy, tHeadheughivn.camn htd raseA9Ed slot Wddsed frad Framents A
consequence of .the DIM.s ti.ne sl ot reallocation chanismis that it
takes | onger i1 £F BLTbIISEVEN “ORETelrS WHET Wedter ASatdwitdt h.
This "trade- difth slotcatire)| asid fsiegthentthd stopee ) ofd itweafsfiion sdeiseedi ng | ow
medi um a el is .nornally | i L wi_dt h 30

al | ocat ed fo(r%qt(?;fig'zﬁr'ans esfrllgnﬁ,rﬁagr?ﬁ é%?:l%rt%rq'g%ﬁtdc\é%#rt h’%ték%g%e Sre be
accept ed §v t Paut ieydian @ppliioagion e the geaginadcstvinemisr sitogdige-For

transfers depAndiag iYL r®blem. FaNWedh st RecesD1Ide] Mandiddr Reshi gher
and the real | ocati on protaqcol |1 al npst al ways be used. "However, 35

Wi
the broad bafd thghFEIERHTALINoBERY IES WL OLs HFdinG Weny fres Reedss

del ays. (one for each node). Two free adjacent tokens can only
merge if they are found in the same node.

10 We have implemented a mechanism called the defragmentation
scheme that tries to avoid fragmentation if possible and
increases the average block size of free tokens in the
nodes. The scheme is used both with and without slot

reuse.
15 OQur scheme works as follows:

1. Define a home node for each token at network startup
and distribute tokens in such a way so tokens sharing
the same home node will always define a continuous
slot range. This results in a large average token area

20 in the token map shown in Fig.1l2.

2. When two slot-consecutive tokens with the same slot or
segment range exist in the free pool, merdge them into
a single token (sometimes a recursive split and merge
operation is needed). When doing a merge, always
25 prioritize segment merge before a slot number merge.

The reason for this is that tokens spanning over just
a few segments are less useful to other nodes than

tokens spanning over many segments.

3. When a node gets a token request from the local user
30 Qr a remote user, pick a token from the token pool
using a best-fit algorithm in slot number and segment
number dimension (see Fig.12). The value of a token is
calculated as the area of a token in the token map and
we try to pick the token with the smallest area that
fulfill the requested capacity.
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55 The simul ations described above have shown that the fast ..
circuit-switched protocol of DIM perfornms well in a - dual bus-di vi ded:
nedi um environnment. Two tine sl ot managenment schenes areé anal yzed'and’; ;
both are performing 5 well and can take advantage of tine slot reuse. The

centralized schenme acts nearest the ideal protocol and is at the sane

time easier go i f St d qnﬁit've to
user perfor n%'nceﬁ%gnrg@mr}%otdg%ﬁszrié (%geqq%eﬁty tu%%%%?a%oz% %rfeoxf mat |eo§r1_ whi ch
is sent 10 frequightdses gL wwoh fHe Weflagifermks i BiPhegiaialmnasies if
decrease the nuniteri ofpsHNiyd TR STAITH NS 4 ¥hgheh®lom fewst abl i shing
and tineslot reall pcatign. By using.the | stributed del with '
def ragnent ati on ’?fé%%’nijg}ﬁ O?f?/a}td'}?g t%bl%%v%’zq tté}lspe’r”fi{g’)%{dé’%an be
achi evedst han Wirensiar) of tokens is therefore more efficient, and

there are fewer establishment messages and less

e

fragmentation,

5. Free tokens are sent back to home nodes when they have
been idle for a significant time or after a long

10 transfer.

This scheme returns tokens to “home” nodes as a way to
increase the probability that two consecutive tckens can
be merged in the free list. If home node "~ “gravity'' is
too strong, the scheme will result in less sharing of
15 resources and unnecessary signaling. If it is toco weak,
fragmentation will still remain a problem.

To evaluate the defragmentation mechanism we performed
another set of simulations. We designed three different
simulators [A, B, C]. The simulator A was configured to
20 not have any fragmentation at the start time for
simulation and to use the defragmentation plan descrized
above, B started with maximal fragmentation of the
complete resource pool. All the tokens had only one sliot
and no tokens in the home nodes were connected before the
25 defragmentation mechanism. Finally, the simulator C was
started without the use of the defragmentation mechanism
and with the pool which has the maximal fragmentation. In
all the cases the slot reuse was switched on and the load

was defined to be 80%.

30 Access delay as a function of simulated time is disclosed
in fig. 15 for a network of 10 km. The simulator C started
with a long access delay and the delay increased when the
signal channels were overloaded and the message queues
increased. The simulator B utilizing the defragmentation

35 mechanism starts exactly as badly as C, but already after
10 ms the average access delay is below 500 ms. Later,
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1S the centralized nodel. A resource managenent systemwhich . ccnbines-
the centralized and the distributed nodel i43also possi bl.e:by using a.J '
snmal | er set of token server nodes. Furthernore, the*connectjon, :, L
est abl i shing overhead can be very low, which results in a high degree

of utilization 20 even for small (a few kbyte) transfers. The access del ay
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The defragmentation mechanism clearly improves the access
delay and does even do the block token optimization
meaningful in the distributed realization.

10 6.4 DTM performance

We are mainly interested in two kinds of performance
measures in this paper: utilization and access delay.
Utilization is the portion of the nominal network capacity
that is actually used for data transfer, and is a measurs

15 of the efficiency of the network. Access delay is the
time from the arrival of a user request to the sending c¢:
the first data of the request, which we think is an
important measure for how well computer communicaticn
traffic can be supported.

20 There are two main factors that influence utilization in
DTM. First, each node is assigned signaling capacity in
the form of control slots, which means that there are
fewer slots available for data transfer on a bus with many
nodes, given a fixed link capacity. Secondly, token

25 reallocation incurs overhead since while a slot token is
being reallocated between nodes, the corresponding slct
cannot be used for data transfer.

Access delay depends mainly on the load on the control
slots, and on how many control messages that need to be

30 sent.to eseabliSh a channel. The access delay is typically
a summation of several delays {and typical values): Node
controller processing delay {5 us], delay in finding and
allocating free tokens [100 us], waiting for the first
available control slot to pass [50 us], and finally

35 waiting for the first allocated data slot to be filled
with user data [62.5us]}. In addition, messages are
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node exists for all tokens and in that free (idle) tokens al ways return

directly to the hone node. 44 ; > ;96 -, -
In the conpletely distributed systemall nodes are hone : nodes (server-
nodes) and tokens are evenly distributed anong al | the home nodes.

Wth the defragnentation nmethod tokens can even be noved 5 back to their

home nodes alikehyile 19l el at %h@nllhp@&ntto nqdfel Bntecl1eWenatifgnghave
dle-tinme" qr when they

o RERcetshd, Ton. she Aomigationg BrEeeEtech 1o, Mre ionant

been free (i
have not bee
honme-ti ne") .

35

gle a certain

5.2 tOee aveeagdgehelelark igr api tat kofew hawdgeaVidiatrio@@conds.

7. Network simulations

In the simulation model, each transfer starts with the
arrival of a new “packet” of information. The ncde
controller tries to allocate resources for the transfer,
transmits the packet and finally releases the channel,
This is a simplification of the mechanisms in a real
system, where channel set-up, data transfer and channel
teardown are independent operations initiated by the user.

For example, a user that knows that a transfer is about to.

take place may “hide” the channel establishment delay by
requesting a channel in advance, so that it is alreadyv -
established when the transfer starts. Between a set-up and
teardown, the capacity of the channel is completely
reserved for the user. The most straight-forward use ci
the channel is for a single transfer, such as a file

transfer or a video transmission.

Depending on the characteristics of the application, it is
possible to optimize the usage of the channel. For
instance, a channel may be used to transfer sequences of
higher level messages such as ATM cells or IP packets. If
it is a multicast channel, messages to different
destinations can be multiplexed onto it. This means that
each message will reach every receiver on the multicast
channel and receivers must be able to filter messages. An
alternative solution is to create and destroy a channel
for each message, but reserve the tokens between messages
so that the tokens are readily available for the next
message in the sequence. We do not incorporate this type
of user behavior in the simulations, since they are
optimizations for particular applications. Instead we
focus on how the network performs without user level

optimizations.

.
*
*
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*

Packet size which is the amount of user data
transferred between channel establishment and channel
release. We simulate packet sizes from a few kbytes up

to a few Mbytes.

Requested capacity for a channel, which is the number
of slots that a node tries to allocate. For all the
simulations in this paper the requested capacity is
fixed to 40 slots cr 20.48 Mbit/s.

-~

Minimum acceptable capacity. A node blocks & request if
it cannct allocate this number of slots. This is
normally set to 40 or 20 slots (100% or 50% of

requested capacity).
Scurce address.

Destination address.

The source and destination addresses are generated
randomly (all nodes with the same probability) and user
inter-arrival times are exponentially distributed. The
simulations investigate the effect of signaling capacity
and slot reallocation overhead on utilization, channel
set~up delay, and blocking. We simulate a topology with

the following characteristics:

*

A dual bus netwcrk with 100 nodes. Even though it is
theoretically possible to connect many more nodes to a
bus, we think that management of networks with more
than 100 nodes on a bus may be infeasible. With 100

‘nodes the capacity sharing is significant enough to

exercise and test the token management protocol.

The capacity of each bus is 6.4 Gbit/s. We believe such
a capacity is realistic for what is realizable within a

Th ngnber of . hone nod om1l to the overal
oALLocahady SUPE AT BRTR ahE nERRBHUGHT FECRarsSt FBM 0 to 20
infinity. A cnatheay eStadlasemenbl veksagkenShishésuoallad fasti chasmgekent

L2 ]
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In fig. 24 there is disclosed two segnent consecutive 30 bl ock tokens C.

and D. Normally,
per formed accor

of the two forned bl ock tokens C and D to a token CD with twce &<
t. This results in total in three new bl ock tokens, 35 C',

| ong segnmen
D', and CD .

In flg
Preferably,

partitioning of the two 46block tokens C and F |s

ding to the broken | ine. Thereafter i perfornedounltlng,

yegg fr two; 2d4 Gblt/g ?ﬁtlcaélllﬁkf Ea@% EeeE c
re is discusse ree ck, tokeng F,
S AHRIaRIe APReq avrragsy nangadd s LS Lgksohave: ze.

been announced to- appear soon on the market. 6.4
Gbit/s corresponds to 100 MHz slot rate, which is the
rate at which the slot processing MAC hardware would
operate. 100 MHz is attainable with current CMOS

" technology.

10

25

8.
8.1

30 Whe

The total signaling capacity is the same for all ncdes,
but the slots are partitioned between the two fiber
directions propcrtionally, depending on where the nodes
are located on the bus. The closer a node is to the
slot generator the more control capacity is needed. The

sum of the control capacity on both buses will however

be the same for all nodes. In the network with two
token servers, the serwvers have more control capacity
and higher processing capacity than the other nodes.

The length of the bus is 10 km, which gives a large
enough network that the effects of propagation delay
are not negligible. We further study the effects of
propagation delay in the simulations in Fig.1l9 and
Fig.21, which use bus lengths of 1 km, 10 km, 100 km
and 1000 km.

Two different token management schemes arelsimulated:
an asymmetrical scheme where all the tokens on one
fiber are managed by a single token server and a
symmetrical scheme where each node controller manages a
small piece of the global token pool.

Performance
Ideal protocol

n.analyzing the performance of the DTM dual-bus

network, the issue of maximum theoretical performance must
be addressed and compared to the simulated performance.

The

pap
35 we

maximum theoretical performance is alsc used in this
er to compare the different schemes and implementations

are evaluating.

»
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In fig. 26 there is disclosed two bl ock tokens Hand I. .5 The .requested . .

capacity corresponds to half of Hand all o~ | and shall: be sent from,
node A, NAto node B, NB. His chosen for transportation,, whichis -+ -
partitioned according to the broken I|ine. In fig. 27 there is

di sclosed a token I. The requested 10 capacity corresponds to half of |

and shall bersenhakiiaiin thrdRd@pdt DA taoaaadebﬁs H@stémp@&‘th@tatl suétchosen
for transportation, MhICQ art is _laid E upper de or in
(70, 27 1t RBUPGmeFa B8 GE iRCHnaS: BHAFRI jepatr kraepaci CYy nad e
partitioned ¢hhe bbutk fibkess receavsakhy éamerechﬁﬁgularﬁn Brekeratl y, this
s perfor mod, 3¢g0L3LR0 Else chp 8y Bt aKeRNELOERERLPLISR KB ARALAEAC AL

Sibl . {8 Rd ave e in this

segrrent as . . ) urse, S no
way. In si)rresourcapglescaniadmgnodescambcbmper-rpl ﬁpeotvmaunnghnﬁ time slot 20

e onry oSAFEMBbLDSokRECHRES oGk Bca p nlRErBRbo [ 2oL s
al | segment sSimHéagapnawagre source and destination addresses were
uniformly distributed (see left graph Fig.16). In the
right graph in Fig.16, performance of a DTM network is
10 included. The DTM network uses a centralized token manager
and users request to transfer 4 Mbyte of informaticn each
time. In this system, signaling capacity is not a bottle-
neck and utilizaticn is found to be close to the ideal
case. Real traffic behaving like this is bulk-data
15 transfers and audic/video streams. The small differences
that are shown are results of: First, some capacity is in
DTM used for contrcl slots lowering the available number
cf slots to be used by data transfers. Second, random
generators for the DTM simulations do not generate exactly
20 the same amount of traffic in upstream and downstream
directions, and may result in blocking in one of the
directions when capacity is available in the other. Third
during channel establishment resources may be lccked

unused momentarily, wasting some capacity.

8.2 Central token manager

In the case of a central token manager the two managing

nodes need more signaling capacity than other nodes (we

assign 8 times as many control slots to a server node than
30 to other nodes). |

Results of the first set of simulations are presented in
Fig.17. Users request 20 Mbit/s channels, inter-arrival
times are exponentially distributed (generated by a
Poisson process) and the simulations are performed with
35 different packet sizes. If the full capacity of the
channel cannot be allocated, the request is rejected and

133HS g3anany



contenpl ate that even information about segment can be found in these

status tables. It will, however, be nmuch 2%gmore information to spread to

t he renmai ni ng nodes. Anot her mechani sm whi ch preferably can be T,

i mpl emented wil | be described bel ow in connection to fig. 28. If node '
o] NO, has access to the capacity (b-a) and over all segnent, but
shal | send t@%ﬁ%ﬁgagkkyrEQuéhegnkg Eﬂenggﬁew s@@v he@a%@e%t %@@ana e of

t he segnments N hereover e sent ture

demands. Thefgame dniffpyite to ZnJSQé!tRI: RIN Héécécé’@ééltt yet hé%apééu g9e(tine

slots) (d-c)throughgushaklhraseadibhi, s capacity to node M NM then it wll
send even the free segnents NM and thereover to the node 35 M NM for

future demangarotdpuekdagilzdakiohOnblY) bcdug) if prockkshagseapadown in the
node O hgl foaegvggt%%ktE% Egannel capacity is too small. The Server
nodes may be especially overloaded. The result is that
queues containing control messages start growing very big.
The control tokens represent unused capacity, and
therefore the throughput is degraded.

10 In the 4 kbyte per channel simulations, the control
capacity 1s the limiting factor and if more control slots
(signal capacity) are added, 4 kbyte and even smaller
packets can be more efficiently supported.

The next set of curves, in Fig.18, show how the slot reuse

15 mechanism improves the performance of the system.
Throughput increases by almost a factor of two before any
significant number of channels are rejected. The uniform
source and destination distributions of channels limit the
amount of increased capacity gained by slot reuse. It nas

20 been shown that if the source and destinations are
generated evenly, as we do, throughput may be doubled on a
dual bus. In the simulations it may also be seen that
beyond an offered load of 2.5 we may actually get through-
put higher than 2.0. This level of throughput, however,

25 cannot be reached without some channels being rejected.
The channels with the highest probability of being
rejected are the ones that use many slots or segments.
Therefore the system “filters” less greedy user requests
and throws away%the rest. This is normally not an

30 acceptable behavior and we therefore do not investigate

this-any further.

Throughput degradation occurs at an offered load of 1 with
the 4 kbyte transfers. Even if we have enough resources in
the token server, we cannot establish and destroy,

35 channels fast enough as the control channel is congested.
Further, we also see a throughput degradation of the 3
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demands. In this connection there is required extra signaling whereby this
token bl ock (NO-NN)*(d-c) can be sent with 4fk eventually |ower priority. -
59 CLAI M5 1. A et hod for. LN
centralized nmanagenent of the capacity in a circuit-sw tched network
with a bus or ring structure, 5 which network uses a bandw dth which is
plarE itioned ivbyte £MEIESEiINE Gt idh e E R idf onedl, | o€ O Hartd M
slots

reason.

It may be concluded from the simulations in Fig.18 that
the slot reuse mechanism almost doubles the system

5 throughput with only minor changes to the centralized
token protocol, as long as the control and server
processing capacity is not a bottleneck. From the curves
it can also be seen that access delay actually decreases
when the load increases from 0.1 to 0.5. This is a result

10 of how slots are assigned to a channel and is not related
to the token request procedure. The time it takes to
request tokens from the server is strictly increasing with
the load.

When ccmparing the DTM performance in Fig.18 and the
15 theoretical values in Fig.l1l6, we see that even shor:
bursts (a2 few milliseconds duration) can be supported

efficiently.

8.2.1 Performance of the central token server as a

function of bus length

20 When a single token server is used, each channel
establishment requires a token to be requested from the
server. If the length of the bus is increased, the token
request will take a longer time and may therefore alsc
limit the throughput and increase the access delay.

In Fig.1l9 we increased the length of the bus by a factor
of 100 to 1000 km (node to node delay is now 50 us}. Both
access delay and throughput may now be limited by the
round-trip lateﬁcy to the token server.

v
W

Access delay in this case depends on the distance to

30 servérs, but is independent of the transfer size.
Throughput depends strongly on the average transfer size
as the establishment phase is amortized over the data

transfer phase.

Channels transferring large amounts of information such as
256 kbyte with a duration of one tenth of a second are
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for signaling and data tinme slots for transfer of data, and. ' . wherein

each data tinme slot is associated with a t&ken, characterized in 10 -~ --
that a first node, called server node, being allocated t pkens: . R
corresponding to all data tine slots which are flowing in one direction
in a bus or a ring, - that a second node is requesting tokens
correspondi NngriDl effacfehtdyNsepPectdy (HOM tHe S8EVEEngLOReis oot hat the
server node g%kes reservations for and transfers tokéens correspondi ng
to requested™Capacity to the - other node in event the server node has
request ed capacity unutilized, and - that transferred tokens are

retransmtt 0, t 20 node and rel eased when correspondi ng data
time slots ﬁ%v%’z Ef%§§§%§é% used for transferring of data of the other
node durging; a, st goh fLgant L ; Aq 5% or di o claim
1, character?ze I n tﬁgt' %%mﬁ%%&%ﬁﬁﬁié?$%%lé%§n %g $%§a£%%€W%$k of
DTM t ype 5( Dy ELDS. Syhterbnotay hansterlape)they ogly conpmimoitate
according toi et HMAdi&F 2elfhd acd efiZed dvh opedd@ichisns] gl remt okens are
retransmtted to the server, .

reuse 1s also simple and efficient, as the slot server has

all of the free tokens to choose from when trying to

satisfy a user request. The server may also implement

10 other policy related functions such as admission control

and fairness. The fragmentation of the free token pool in

the server is normally very modest, resulting in very few

connection establishment messages per channel even for

high capacity user requests.

15 There are also drawbacks. A user that frequently
establishes and destroys channels may introduce excessive
signaling by always returning tokens after use, but then
requesting the tokens again within a short time pericd.
The processing capacity of the server node may get

20 overloaded if there are many nodes on the bus or if the
average packet size is very small. If the media length is
very large relative to the product of bit-period, bits-
per-packet and media velocity, the round trip time to the
server may also limit performance. Finally, the server

25 node contains state information that all nodes depend on
to create channels. A server node failure may therefore
affect all the nodes.

8.3 Distributed token control performance

In this section we simulate and investigate the properties
30 of a fully distributed token manager.

8.3.1 Distributed token manager

When evaluating the performance of the distributed token
manager with slot reuse and defragmentation, we used the
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node and rel eased when corresponding data tinme slots no l'onger are

used, for transferring of data. 30 4. A Pet hod according to:any one of -
clains 1-3, characterized in that the server node is chosen as.the node -
whi ch has 1/3 of the nodes situated upstreamand 2/3 of the nodes
situated downstream 5. A nmethod for distributed managenent of the

S\Epaci ty ﬁS ig&m? Qj;féﬂﬂitc sid ctwiam?t\w%awi tilh @duts. @. 7,1 HhtStuset ure,
erein the bandwidth is.partitioned in cycles, [ i,n turn are
Do 11t oned Bricont et TSR0 Arg Fiehed LEbdY o2 wild

60 anaedptess tadreaglantis f arant bensfldoasftedat a, and wherein each

The results presented in Fig.20 are from the simulations

5 with slot reuse, a fully distributed token manager, status
messages which describe how much capacity a node
possesses, and the defragmentation scheme. All the nodes
have the same process capacity and the process load is

~ much lower than the load the servers in fig.1l8 are*

10 receiving. The dependencies between nodes are also much
lower, which results in a higher extent of reliability.
The system performs better than any system without slot
reuse, but not as well as the centralized system described
earlier..

15 Compared to the centralized scheme (see Fig.18) blockiné
is higher and starts at a lower load.

A not'expected result was that the performance in reality
decreased when the vacket size increased! After cnce again
having checked up the results we found that a large

20 average transferring size results in lesser mobility fo
tokens and that the status information in reality gives an
even worse appearance on free resources in the network
than for short transfers. In this case a request is
rejected, if we dc not believe that we will find any

25 resources. This mechanism was introduced to avoid wasting

control capacity when the resources were drained.

The reason for this is that the status messages only
describe ”globa%” tokens which cover all the segments on
the bus. A global token can be utilized by any node and is
30 the only type of token in a DRM-system without slot reuse.
At Idads higher than 1.0, a great number of tokens are
segmented and the reuse scheme needs them at new requests.
The status message mechanism which we are using, which was
designed for a system without reuse, is therefore limited
33 in its ability in helping new requests to find free
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data time slot is associated with a token (wite access), --characteri.zed
in - that at |east two nodes, called sesyer nodes, are 5 -def i ned '
anong which are distributed tokens corresponding to all data tinme sl'¢tis ;
which are flowing in one direction in a bus or aring, ' - 'that a~ *°
node i s requesting tokens corresponding to a certain capacity from at

| east one of cftdg)%ci%r %rn&%%%&{%@he worstth%tasteh'r% rtvqr 10dg gﬁ%sted

reservations transfers tokens correspo |ng ore
capacity to €ggree afeldesiking -node in the event the server node has
request ed capaC|ty unutlllzed and - that transferred tokens are

retransnitte% the §§ res server ode are rel eased when
correspondi n &v€1ﬁ§F1 §€%3P0FeﬁaF§ BSafsferring

during a sigmmﬁmx&ﬂdntuﬁﬂhus leng&h A nmet hod according to claimb,
characterized in that the method is inplenmented in a network of
DTM t ype §Dyfae ch2ougBputhreodoascEsanskeérynodelhe distribukenetlbaen

accor di ng tom%h%g@rf’w‘irtn%a‘ih@%g%‘é%' 38fgkAs £rohal KEEY 3oode e, La0des

are asked, eservations

presented in Fig.21. A 16 kbyte packet is sent between

establishment and tear-down of the channel. The 1 km and

100 km buses give about the same throughput and access

16 delay as the 10 km bus, because the latency introduced by
using a 125 us cycle dominate over the time of flight
latency in the system. For the 1000 km long bus, we see
that the access delay is found to be shorter than in the
1000 km system using a centralized token server (see -

15 Fig.19). At low load tokens are found very close and
access delay is about the same for all systems
independently of bus length. Even at very high load the
access delay is about 1 millisecond shorter than it is in

the centralized system in Fig.1l9

8.3.3 Bursty and client-server traffic conditions

The centralized token manager system will have the same
performance almost independently of the traffic as long as
processing and signaling are sufficient. To evaluate the

25 distributed system, we decided to use two other traffic
generators. First, we use a generator that simulate user
requests arrivigg in bursts: when a request arrives, a new
request 1is generated to arrive with 90% probability after
200 us. The result is that bursts of requests arrive to

30 nodes and force high temporal locality of source
addresses. Second, to generate traffic more similar to
client-server behavior we increase the amount of traffic
arriving to 5 server nodes, 0, 25, 50, 75, and 99. Even
the probability for a server destination is also higher.
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and transfer tokens, which together correspond to the conpl.etely
requested capacity, to the requesting node 53 25 the event that the server

nodes together have the requested capacity unutilized. "..”8.. . A .,'",.°
met hod according to any one of clains 5-7, characteri zed in t hat
recei ved tokens are used for establishing of channels by sending of a

channel 30 e%@@i@%%@%@é@ﬁ@né otiiftﬁim@i& %Und h@c@@§§sd¥‘i‘é§h ar e

desi gnat ed recei ver of data in event that node recei ved tokens
corresponmiqu¥F?¢m?¢%§u@%t%ﬁﬁcﬁ&ﬁﬁﬁ%@PtEd token 5?$Yﬁ%iﬁﬁﬁ%&%0rding to
any one of clainms 5-7, characterized in that one or several server

nodes nakes 35 reservations for and transfers tokens corresponding to al

of the umﬂilés; %ﬁ%éﬂég&to t he requesting node in event

5 It is clear that the distributed implementation have
several benefits compared to the centralized token server:
The nodes may share the processing load, there is less
need for high-performance token servers, redundancy may be
higher and access delay may be shorter for low capacity

10 request. It also scales to longer busses. The drawback is
higher blocking. It is also clear that the status
messageand status table mechanism must be changed to avoid
unnecessary blocking when slot reuse is allowed. '

9. Future work and conclusions

1S We have shown that the DTM fast circuit switching protocel
performs well in a dual-bus shared media environment. Two
slot (token) management schemes are analyzed. The
centralized scheme perform closest to the ideal protocol

and is relatively simple.

20 The distributed scheme is more sensitive to user behavicr,
relies on status information that 1s broadcast frequently,
and needs a defragmentation scheme. The main advantage
with the distributed scheme is that it efficiently
decouples the access delay from the round-trip time on the

25 bus.

One result is that the status message scheme does not work
well with slot feuse and future work is to redesign it.
Further work is to evaluate a scheme that combines the
distributed and the centralized token manager using a

36 small set of token server nodes.

The conclusions are that channel establishment overhead
can be very small, resulting in high utilization even for
small (a few kilobytes)} transfers. Access delay is found
to be a few hundred microseconds even at high load. The
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that the server nodes together do not have the requested .‘capacity

unutilized. 10. A nethod according to &Ay one of clains 527, o
characterized in that one or several server nodes are not G5 transferring- -
any token to the requesting node in event that t he server nodes

t oget her do not have the requested capacity unutilized. 1. A

1
met hod accor diiRg tQ i B Jdh IR AELHHEL Hbughpdale d 8 ii8lcd okens

are requested by a node in event that 10 possibly recelved tokens do not
correspond t @Y% e FAfFst¥d tWo afgh&@n e implementeguidWecording to

claim9 or 1QntdwRiachey i#gf ddtra hddmladeookensHeagides, in a node are
rel eased in event that t hese tokens do not correspond to the requested

capacity. 15 13. A nethod according to claim9 or 10, characterized in

t hat recei vedd.okersapgrlemesatd f or establishing of channels by sendi ng
of a channel establishing nessage to the node or t he nodes which are

desi gnat edl r 8@ vertsraatk dat dth ldwdrted to tehatuad rpde Hast men hecei ved

tokens correspandig LA dH&11 types of structures, e.g. a ring

structure with an arbitrary number of nodes. The
transmission medium can, except optical fiber, be coaxial
cable or another transmission medium with a high

10 bandwidth. In the description the transmission medium will
be referred to as optical fiber. The bandwidth of the DTM
dual bus is, in the preferred embodiment, parzitioned in
125 us cycles, which in turn are partiticned in time slots
of 64 bits. The present invention is not limited to DTM

15 networks with these values, but can be used in networks
with cycles and time slots with arbitrary size.

The increase of performance with time slot reuse is clearz:
at a dual bus where the source and destination pairs are
distributed uniformly the throughput has proved to

20 increase with a factor two. The increase of performance
can be even higher in other types of networks; i.e. in a
dual ring structure with the source and destination pairs
distributed uniformly, the throughput can be increased

with a factor 4.

25 A consequence of the DTM’s time slot reallocation
mechanism is that it takes longer time to establish
channels which need greater bandwidth. This “trade-off”
can be justified: the type of traffic demanding low medium
access delay is normally less sensitive to the bandwidth

30 allocated for the transferring, and such traffic can
therefore be accepted without much involving of the
reallocation protocol. For transfers demanding greater
bandwidth, the access delay will be higher and the
reallocation protocol will almost always be used. However,

35 the broad band transfers will probably be less sensitive

to access delays.
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20 requested capacity. 14. A nethod according to any of "clains 5-13, -

characterized in that each server node regdaarly is sending. . infornation
regarding its idle capacity to the rest of the nodes and..ach .node  * - -
stores in a status table information 25 received fromthe other nodes.

15. A nethod according to any one of clains 5-14, characterized in

that a node tseregdeshtDgnbokensrirem 4P6ve hater YREwAOHRaWNERE EQErthe
t hod accordi ng

monment has the nost unutilized capacity. 30_ 16. A
to any one ofttfar "S%}gﬁ#eé pr%ﬁ%?%ﬁt%fi@é% Fﬂrgﬂﬁ?sawﬁégglPsarequesting
t okens from dbelbus-dévvded nodeiwhi elivi soshesest Taodtine sbhetnonent has the

requested c ' tLLI 7 0 cordin o_claim 15 or
16, charactgﬁggéggﬁgﬂgné%%§@g§h%r%e?%%%y%d%ggégoﬁ?gﬁi%ﬁec %5%?f@l?%
requested weld|andecépuhdkbyadedrragagofotihe siatusetabl eThe

centralized scheme acts nearest the ideal protocol and is
at the same time easier to implement. The distributed
system 1s more sensitive to user performance and must
therefore rely upon status information which is sent

10 frequently, and upon the defragmentation mechanism to
decrease the number of control messages needed for channel
establishing and timeslot reallocation. By using the
distributed model with defragmentation mechanism on long
buses, better performance can be achieved than when using

15 the centralized mcdel. A resource management system which
ccmbines the centralizad and the distributed model is also

possibkle by using a smaller set of token server nodes.

Furthermore, the connecticn establishing overhead can be
very low, which results in a high degree of utilizaticn

20 even for small (a faw kbyte) transfers. The access delay
is some hundred micro seconds even at high loads. The time
slot reuse method can increase the performance with a
factor two (on a dual bus) without the adding of
additional hardware to the nodes. When the time slot reuse

35 method is used it is even more important to use the
defragmentation method because fragmentation can be
performed both in time slot and segment way.

11. Further detailed description and comments to the

30 description above

In the description above is specially described a
centralized system characterized in that only one home
node exists for all tokens and in that free (idle)} tokens

always return directly to the home node.
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62 18. A nethod according to any one of clainms 5-17,

characterized in that all nodes in a bus orsgring are defkned as . . .
server nodes and are allocated at |east one token. 5 19. . A nethod ! ;
according to claim 18, characterized in that . all nodes ina bus or & **
ring are allocated the sanme nunber of tokens. 20. A net hod

according 10 AVeRNC Ao ELALID &0 puc oM aELETL 7oty lR LhaL, LEgRs! or e

t okens are retransnltted respec Server nd-are rel eased
when cor rEafRRdl $RIEURE andder) sind stcmem%n@:ee eyenlyedi $ oribated

transfer. amdng AL IBEHOhSRE Hslidy, to any one of clains 5-19,
characterized in that transferred tokens are rel eased when 15 correspondi ng

data tinme sl atstinochongef ragmrentsetidOmattidd tokdiansd®reven be moved

5 back to their home nodes after the elapse of a significant
time (e.g. when they have been free (idle) a certain time,
so called ”idle—fime” or when they have not been in their
home hode for a certain time, so called “last hcme-time”).
One uses the work gravitation - low gravitation

10 corresponds to long significant time and high gravitation
corresponds to short significant time. The centralized
system mentioned above will have an infinite high
gravitation (sighificant time = 0) and the distributed
system without defragmentation mechanism will have

I5 gravitation = 0 (significant time = w«).

ct

It will be pointed out that

he source management scheme
is applicable on anvthing between these special cases. Tn

a
number of home ncdes can vary from 1 to the overall number
of nodes. The gravitation can independently vary from 0 t©o

20 infinity. A uniting of adjacent block tokens, the uniting
in segment direction ought to be prioritized before

uniting in time slot direction.

We are giving some examples in connection to the

accompanying drawings to clarify.

25 In fig. 23 there is disclosed a token graph with two time
slot sensequtive block tokens A and B. Normally no
partitioning/uniting is performed because the segments
then would be shorter.

In fig. 24 there is disclosed two segment consecutive
30 block tokens C and D. Normally, partitioning of the two
bloci tokens C and F is performed according to the broken
line. Thereafter is performed uniting of the two formed
block tokens C’ and D’ to a token C’D’ with twice as long
segment. This results in total in three new block tckens,
35 C”, D”, and C'D’.
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22. A nethod according to any one of clains 1-21, characterlzed in-
t hat consecutive tokens in a node are represented by a tioken, calle

bl ock token,

which is 20 indicated as a nunber on the first ‘time slot ins

row and the total nunber of tinme slots in the row. 23. A netho

according to

any one of clains 1-22, characterized in that a token

partitioned iRt &idt, 18a%there lts"“éilts‘élﬁx%%%d‘:%'i‘xrr%%o%’l@dw tto‘ketn@e BSage G me

slot, but to
transn1SS|on

25 different_ segnents, where a segpent refers to a part of

Prefiemabii cIF iadid GniRget iRg teC IteadCc o iRcdease thes A

met hod accor diedghein® aiyzeqne of clains 1-23, characterized in that t

server node,

in the event that it has several tind slot- or

segnent - conséautfiige @rouperef i30 dickans o teiobde cknmiag.eniss Hrralnidng

reservatlgns
smal | est

satisfies a
defined as t
pr edet er m ne

35

t f t fr t
s Aiscod SRILOLY A0UISLEs MR W0 g ate o
Eequdsﬁh@ﬂlc§§a§ﬁmy faoa whdeeﬁm NRe tomalodestB, NB.gHoup i S

gﬁo%ﬁu rfgwln 'éccr@n%b%g\‘l;\!%g: 18h, t LBl 95S p32 +aRd o3 eINBRLS i hi
to the broken line.

In fig. 27 there is disclosed a token I. The requested
capacity corresponds tc half of I and shall be sent from
node A, NA to node B, NB. A part of I is chosen for
transportation, which part is laid in the upper side cr as

n+*a
» «w

d
i's

a

he

he

in £ig. 27 in the lower side of I. The remaining part mustc-

then be partitioned (the block token is normally
rectangular). Preferaply, this is performed acccrding o
the broken line to preserve as large a segment as

possible.

Of course, it does not have to ke in this way. In some
applications one can contemplate uniting in time slot
irection before uniting in segment direction.

Normally, the status table only contains information about
time slots which are free over all segments. One can alsc
contemplate that even information about segment can be
found in these status tables. It will, however, be much
more information to spread to the remaining nodes.

Another mechanism which preferably can be implemented will
be described below in connection to fig. 28. If node O,
NO, has access to the capacity {(b-a) and over all segment,
but shall send the capacity (b-a) only to node N, NN, then
it has no use of the segments NN and thereover. These can
then.be sent to NN for future demands. The same way if
node N, NN has access to the capacity (time slots) (d-c)
and shall send this capacity to node M, NM, then it will
send even the free segments NM and thereover to the node
M, NM for future demands. The token block (NO-NN)*({(d-c)
will be sent down to the node 0O, NO, for eventual future
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63 25. A nethod according to any one of clains 1-24, AR
characterized in that groups of tokens, whish are at |east partly '.“~
segnent - consecutive, are regrouped to maxi m ze the " nunber, of . AL
consecutive segnents for each group of tokens at 5 the expense of the'
nunber of consecutive tine slots. 26. A node control unit in a node in
a clroult- shbadRts. TonEhear léomqwtaohughg&er 580 rRLLIGLUr 8 culll ch net vork
uses a th wﬁ artitione In turn are
partitioned sQGEéﬁﬂﬂGIWbﬁ#§b§I§b§5f§9k§ﬁgﬁéppﬁg §9dNﬁéfddI9)tFﬁ§ BBots for
transfer of daha, war@ gﬂe%@batgggmydgbaeglg@lorlt§lot is associated with a
t oken, characterized in - that "the node control unit is allocated

t okens corresponding to a predeterm ned nunber of data tinme slots

which are flowing in one direction in a bus or a ring, 15 - that the node
control unit is arranged to nmake reservations for and to transfer
tokens to a second node

s

1
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control unit in a second node in event that it receives a request feor

t okens fromthe second node control unit and3 that it .has renuested*
capacity unutilized, and 20 - that the second node control unjt'is arraqged ,
to retransmt the transferred tokens to the node control unit and

to rel ease them when corresponding data tinme slots have not been used

for transferring of data of the second ngdaxmMs control unit during a
significant tinme. 25 27. A node control unit according to claim 26,
character- ized in that the network is of DIMtype (Dynamc

Synohronous Teanstef ModEda ror. Gher 00UF nals0eiahl e eRYCLanodery i n 2

circuit- SW t che ring>structure
net work uses hnbﬁn@mrﬁvhtmﬁWEﬁChgdp@?tW@rbn@chnacpéﬁegr ringhfehuehuren n

are paft'%'OHﬁﬁléH fOPL69k hiEE® 8! 94sakoath wﬁiSHahb”?aEBQtﬂaﬁédtiﬁe slots
for transfer of data, and wherein each data tinme.s IS assoclated with

a token, cﬁé?%%?erWEéEhb&natHBHeaE%n@?%?lﬁh??edmhﬂcﬁoPEraiIBé%?eﬂ s

t okens correspendsNgnDiAgpaededet & tede nsidbes ObrdBtankEde of d&t&f sawdi ch

ke Tomer ot TREES i 40 ea"eEnB 180 B assbblfeadalh 31LE0SEY 1O

characterized in

10 - that a first node, called server node, being allocated
tokens corresponding to all data time slots which are
flowing in one direction in a bus or a ring,

- that a second node is requesting tokens corresponding to
a certain capacity from the server node,

15 - that the server node makes reservations for and
transfers tokens corresponding to requested capacity to the
other node in event the server node has requested capacity
unutilized, and
- that transferred tokens are retransmitted to the server

20 node and released when corresponding data time slots have
not been used for transferring of'data of the other ncde
during a significant time.

2. A method according to claim 1, characterized in that
the method is implemented in a network of DTM-type (Dynamic

25 Synchronous Transfer Mode).

3. A method according to claim 1 or 2, characterized in
that transferred tokens are retransmitted to the server
node and released when corresponding data time slots no
longer are used.for transferring of data.

30 4. A method according to any one of claims 1-3,
characterized in that the server node is chosen as the node
which has 1/3 of the nodes situated upstream and 2/3 of the
nodes situated downstream.

5. A method for distributed management of the capacity

35 in a circuit-switched network with a bus or ring structure,
wherein the bandwidth is partitioned in cycles, which in
turn are partitioned in control time slots for signaling

AAA O D
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64 transfer tokens to a second node control unit in a second -

node in event that it receives a request faqmrdokens fron1 t he second .
node control unit and that it has requested capaci-ty - unutlllzed Y. s
29. A node according to claim28, characterized in that ‘the network *’
Is of DTMtype (Dynam c Synchronous Transfer Mbde) . 30. A node

according to ghai a8 Limé% 1608 AGE eif%r%‘féf‘ of ds*eét ihe JJ:‘HQPeir? e
al | ocated tokens corresponding to al data tine slofs whi % are
flowing in orfé@eRretfeopleh &S asswsa%?dawmga token] (writeodeceagehor di ng

to clain130,_§mafa@£efized if t hat the node has 1/3 of the nodes of the
bus or the ring that at least two nodes, called server nodes, are

5 defined among which are distributed tokens corresponding to
all data time slots which are flowing in one direction in a
Jbus or a ring,

- that a node is requesting tokens corresponding to a
certain capacity from at least one of the server nodes,

10 - that this server node makes reservations for and
transfers tokens corresponding to requested capacity to the
requesting node in the event the server node has requested
capacity unutilized, and
- that transferred tokens are retransmitted to the

IS respective server node, and are released when-corresponding
data time slots have not been used for data transferring
during a significant time.

6. A method according to claim 5, characterized in that
the method is implemented in a network of DTM-type (Dynamic

20 Synchronous Transfer mode).

7. A method according to claim 5 or 6, characterized in
that several server nodes are asked, make reservations for
and transfer tokens, which together correspond to the
completely requested capacity, to the requesting node in

25 the event that the server nodes together have the requested
capacity unutilized.

8. A method according to any one of claims 5-7,
characterized in that received tokens are used for
establishing of channels by sending of a channel

30 establishing message to the node or the nodes which are
designated receiver of data in event that a node has
received tokens corresponding to the requested capacity.

9. A method according to any one of claims 5-7,
characterized in that one or several server nodes makes

35 reservations for and transfers tokens corresponding to all
of the unutilized capacity to the requesting node in event

A
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upstream and 2/3 of the nodes of the bus or the ring 15 downstream _--32:

A circuit-switched network of a bus or ringl structure, :whj ch network -

uses a bandw dth which is partitioned in cycles,. Which i'n,turn are_,** -

partitioned in control tinme -slots for signaling and data time slots fo
of data, and wherein each data tinme slot is associated with

20 transfer

a token, charyEteriebdivar Hts Alcether G It SRIMEE O qRAIRG
al | ocated tokens cqrres onqyn o] a predeterm ned nunber of data time
L,

sl ots which

SN

ne direction in a bus or aring, and is

arran_ged to 4% _mak@\_ Wd@tai&&dfi%rg akd an® Irnercitalkgns 0 a second
node in event .that it receives a request for tokens from t he second

node and t hatharasterigfhbdiedhapatie Pr SeVFhftl IS8/ er nodeps arepnot

ci L cuidt - tht \%ﬁﬁﬁ‘f@mdg afnya HakenO o ith@ fa@@idm%mng Sodkhiich dveintottinatses

a bandw dt ich is artition in cycles, | in turn.are

partitioned i SEERY dfoc{ﬁsrretoﬁeg?‘?]:f &pyﬁognaﬁvﬁg%gﬁd LEAUEY5S% slots for

transfer of dapaciand whdridiirresich data tine slot is associated with a

t oken, characteriz&ﬁ in.that at | east two_ 35 n%pes, %@II d server naodes,
or 10, characterized in

are defined

10

35

artong

mehogk &rsording to claim

that further tokens are requested by a node in event that
possibly received tokens do not correspond to the requested
capacity.

12. A method according to claim 9 or 10, characterized in
that tokens received in a node are released in event that
these tokens do nct correspond to the requested capacity.

13. A method according to claim 9 or 10, characterizeé in
that received tokens are used for establishing of channels
by sending of a channel establishing message to the ncde or
the nodes which are designated receivers of data in event
that a node has not received tokens corresponding to the
requested capacity.

14, A method according to any of claims 5-13,
characterized in that each server node regularly is sending
information regarding its idle capacity to the rest of the
nodes and each node stores in a status table information
received from the other nodes.

15. A method according to any one of claims 5-14,
characterized in that a node is requesting tokens from the
server node which for the moment has the most unutilized
capacity. b

16. A method according to any one of claims 5-14,
characterized in that a node is requesting tokens from the
server node which is closest and for the moment has the
requested capacity unutilized.

17. A method according to claim 15 or 16, characterized
in that the server node from which capacity is requested
will be found by referring to the status table.
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in abus or aring are distributed and in -62 ’s
65. . that the server nodes are arranged to make reservatlons for s
and transfer tokens to a third node in event that the server nodes
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hat a node is arranged to 10 wuse received tokens for

o annels by sendi ng
. A method according to claim 18, characterized in that

all nodes in a bus or a ring are allocated the same number
of tokens.

20. A method according to any one of claims 5-19,
characterized in that transferred tokens are retransmitted
to the respective server node, and are released when
corresponding data time slots no longer are used for data
transfer.

21. A method according to any one of claims 5-19,
characterized in that transferred tokens are released when
corresponding data time slots no longer are used for data
transfer.

22. A method accerding to any one of claims 1-21,
characterized in that consecutive tokens in a node are
represented by a token, called block token, which is
indicated as a number on the first time slot in a row and
the total number of time slots in the row.

23. A method according to any one of claims 1-22,
characterized in that a token is partitioned into at least
two tokens corresponding to the same time slot, but to
different segments, where a segment refers to a part of a
transmission medium which is connecting at least two nodes.

24. A method according to any one of claims 1-23,
characterized in that the server node, in the event that it
has several time slot- or segment-consecutive groups of
tokens to choose among, is making reservations for and
transferring the tokens which originate from the smallest
group of time slot- or segment-consecutive tokens which
satisfies a request of capacity, and wherein the smallest
group 1is defined as the group which product of time slots
and segments with predetermined weights is the lowest.
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intended to be receiver of data in event thab3the hode has received. ; -+
t okens corresponding to the requested capacity. 15°.36. A" .. Bt
circuit-switched network according to any one of cl ai ns 33- 35,
characterized in that one or several server nodes are arranged to make
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partitioned in control time slots for signaling and data

10 time slots for transfer of data, and wherein each data time
slot is associated with a token, characterized in
- that the node control unit is allocated tokens
corresponding to a predetermined number of data time slots
which are flowing in one direction in a bus or a ring, ‘

15 - that the node control unit is arranged to make .
reservations for and to transfer tokens to a second node
control unit in a second node in event that it receives a
request for tokens from the second node control unit and
that it has requested capacity unutilized, and

20 -~ that the second node control unit is arranged to
retransmit the transferred tokens to the node control unit
and to release them when corresponding data time slots have
not been used for transferring of data of the second node
control unit during a significant time.

25 27. A node control unit according to claim 26, character-
ized in that the network is of DTIM-type (Dynamic
Synchronous Transfer Mode).

28. A node, also called server node, in a circuit-
switched network with a bus or ring structure, which

30 network uses a bandwidth which is partitioned in cycles,
which in turn are partitioned in control time slots for
sigﬁéling and data time slots for transfer of data, and
wherein each data time slot is associated with a token,
characterized by a node control unit, which is allocated

35 tokens corresponding to a predetermined number of data time
slots which are flowing in oneldirection in a bus or a
ring, and is arranged to make reservations for and to
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transfer tokens to a second node control unit in a second
node in event that it receives a request for tokens from
the second node control unit and that it has requested
capacity unutilized.

29. A node according to claim 28, characterized in that
the network is of DIM-type (Dynamic Synchronous Transfer
Mode) .

30. A node according to claim 28 or 29, characterized in
that the node is allocated tokens corresponding to all of
the data time slots which are flowing in one direction in a
bus or a ring.

31. A node according to claim 30, characterized in that
the node has 1/3 of the nodes of the bus or the ring
upstream and 2/3 of the nodes of the bus or the ring
downstream.

32. A circuit-switched network of a bus or ring
structure, which network uses a bandwidth which is
partitioned in cycles, which in turn are partitioned in
control time slots for signaling and data time slots for
transfer of data, and wherein each data time slot is
associated with a token, characterized by a node, also
called server node, being allocated tokens corresponding to
a predetermined number of data time slots which are flowing
in one direction in a bus or a ring, and is arranged to
make reservations for and to transfer tokens to a second
node in event that it receives a request for tokens from
the second node and that it has requested capacity
unutilized.

33. A circuit-switched network of a bus or ring
structure, which network uses a bandwidth which is
partitioned in cycles, which in turn are partitioned in
control time slots for signaling and data time slots for
transfer of data, and wherein each data time slot is
associated with a token, characterized in that at least two
nodes, called server nodes, are defined among which tokens
corresponding to all data time slots which are flowing in
one direction in a bus or a ring are distributed and in
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that the server nodes are arranged to make reservations for
and transfer tokens to a third node in event that the
server nodes receive a request for tokens from the third
node and that they have the requested capacity unutilized.

34.

A circuit-switched network according to claim 32 or

33, characterized in that the network is a network of DTM-

type (Dynamic Synchronous Transfer Mode).

35.

A circuit-switched network according to any one of

claims 32-34, characterized in that a node is arranged to
use received tokens for establishing of channels by sending
a channel establishing message to the node or the nodes
which are intended to be receiver of data in event that the

node has received tokens corresponding to the requested

capacity.

36.

A circuit-switched network according to any one of

claims 33-35, characterized in that one or several server

Fay

nodes are arranged to make reservations for and to transfer
tokens corresponding to all unutilized capacity to the
requesting node in event that the server nodes together do

not have the requested capacity unutilized.

37.

A circuit-switched network according to any one of

claims 33-35, characterized in that one or several server
nodes are arranged to not transfer any token to the
requesting node in event that the server nodes together
have not the requested capacity unutilized.

38.

A circuit-switched network according to any one of

claims 33-37, characterized in that a node is arranged to
use a status table, a regularly updated list of the
unutilized capadity of all the server nodes, for decision
upon which server node to request tokens from.
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