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I ntroduction

DQSA (Didtributed Queue Switch Architecture), a patented technology [1], represents a
fundamenta development in network switching in thet it efficiently switches

synchronous and asynchronous traffic without centra control — dl control residesin the
network nodes, diminating the need for routers. DQSA can utilize virtualy any type of
physica sgnaing on any type of physica medium while supporting data presented in

any of the popular framing protocols such as Ethernet, IP, MPLS, Frame Relay, or ATM.
DQSA provides aleve of service superior to that currently available in wirdess, satellite
(LEO and GEO), wired (LANs, MANs, and WANS), and fiber-based networks. DQSA
provides the bass for the universd switching of dl information over dl mediausing a
common format such as Ethernet or IP datagrams.

DQSA’s amultaneous switching of asynchronous and synchronous traffic is of
importance today as virtudly dl traffic is now packet-based but must travel over an
infrastructure that is totaly synchronous. In WANS the problem is that despite extensive
development since the advent of the predecessor of the Internet, asynchronous switching
hasfailed to satidfy either economic or performance requirements. This has resulted in
the establishment of asynchronous networks that typicaly interface with the users but
that then in turn utilize synchronous facilities that include SONET, SDH and optica
switches. DQSA can utilize the exigting synchronous network dmost asisto efficiently
carry asynchronous traffic between source and destination(s) [2].

In the wireless area where shared usage of acommon channel is arequirement, the lack
of an effective access method has meant that systems must use ether asynchronous
solutions of low utilization such as variants of dotted Aloha or accept the requirement of
“nailing up” asynchronous circuit to support what isadmost universdly intermittent
asynchronous traffic. The best example of thislater useisatypica cell phone system
where when acal is established a circuit is physicaly set-up between the remote node
and the hub, acircuit that is maintained even when a party is not talking. DQSA-based
wireless systems enable packets to be tranamitted individualy by a multitude of Sations
over acommon channdl such that 100% of the available data dots are utilized. Under
overload conditions full utilization is maintained along with fair queueing for waiting
cdlers.
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Features of DQSA Switching

Theided switch supports three functions. (1) asynchronous switching (datais carried in
individua packets wheretimeto travel (latency) once the circuit is established can vary
from packet to packet, (2) synchronous switching, where latency does not change and (3)
priorities. Synchronous switching has been with us since the time of Alexander Graham
Bdll; asynchronous switching evolved to satisfy the requirement of computers to transmit
in short burdts, and priorities are till evolving. Asynchronous switching and priorities
present the greatest problem for current switching technologies, the main reason that no
current switch supports the three required functions. This section describes how DQSA
supports each of these desirable features. Subsequent sections discuss implementation
consderations and potentia applications.

(1) Asynchronous Operation: DQSA solved the fundamenta problem that
bedeviled researchers since the development of the firsds MAC (medium access
control) method, i.e., Aloha. That problem was how to sort out requests for
service when there was no gpriori information. DQSA accomplishesthisby (1)
dlocating a portion of the bandwidth that enables sations to request service and
(2 utilizing an eegant dgorithm and two distributed queues that support
respectively successful requests and to quickly resolve collided requests[3].
Varigble length packets are divided into fixed-length segments, typically 64 bytes;
the segments do not require encapsulation. When offered traffic follows a
Poisson didtribution for both length of packet and interarriva time, DQSA
performanceis close to the ided. The dgorithm is gpplicable over any distance
and at any speed.

(2) Synchronous Operation: As stated in the previous section, DQSA is
implemented over achannd thet is divided into fixed-sze dots. The fixed-Sze
dots makeit possble to dynamicaly alocate to a specific Sation the exclusve
use of adot on arepeating bass establishing what isin effect a TDM channd. All
dations are aware of this allocation and when a station reaches the head of the
queue it will defer trangmitting if the next dot has been dlocated [5]. The
asynchronous and synchronous traffic can thus be intermixed. When 100% of the
dots are dlocated to synchronous operation, DQSA functions as a conventiond
synchronous switch.

(3) Prioritiesand QoS: One of the mogt difficult facilities to implement in networks
isthe ability to assgn prioritiesto data. In DQSA priorities are implemented
using the same mechanism asis most commonly used in operating systems i.e,
using separate queues and dispatching a packet from alower priority queue only
when higher priority queues are empty. Thisis possible because of the distributed
nature of the control in DQSA. A single bit need only be added to arequest to
ensure that the requesting station operates from a queue separate from the regular
gueue. N bitsdlow 2*N levels of priority. Furthermore as with prioritiesin
operating systems preemption is supported. For instance a sation could be in the
midst of transmitting an | P packet of severd thousands bytes length. DQSA
segments the packet into fixed-sze chunks (no overhead on the segments) so that
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when a gtation with higher priority requests service the sending station can
immediately suspend transmission [6].

DQSA can be implemented directly using variable length packets [9] but the preferred
method of implementing DQSA isto utilize fixed-Size data dots as described above.
There are two versons: one that in addition to the data dot utilizes bandwidth for three
request dots per time dot [3] and one that utilizes bandwidth for two request dots[4].
The two-dot verson, XDQRAP, isthe more versatile since a packet, e.g. an |P packet,
can be segmented without requiring overhead on each segment. The three-dot version,
DQRAP, requires that each segment be identified and so isided for switching ATM
cdls.

Using a combination of synchronous channds and priorities virtudly any level of QoS
can be supported by DQSA. A plusisthat multicasting and broadcasting are possible
with no extra complexity or cos.

Implementation Consider ations

Simplicity: DQSA provides possbly the ultimate in a switching environment but an
even greater plusisthe smplicity of implementation. DQSA can be implemented with
ample four-state logic plus two binary counters at each connected station. No central
controller or even centra node is required. However many networks utilize the equivalent
of adar topology, e.g. wireless, or tree-and-branch topology and so if a centra node is
avalableit can be utilized by DQSA. At the smplest leved the centrad nodein aDQSA
environment need only copy incoming requests and transmit same to the attached
stations. Logic can optionaly be included a minima incremental cost a the centra node
that strengthens even further the dready robust DQSA [11].

DQSA utilizes conventiona transmisson of packets over dready existing physicd layer
transmisson/recaiving infrastructure. The smple logic described in the previous
paragraph acts a gate that passes packets/'segments to the transmission hardware when
one of the above mentioned binary counters reaches zero. The requests for service
involve thetranamission of smal amounts of data, something less than 24 bits. The
overd| utilization in a given environment will be dependent upon the type of
modulatiorn/sgnaling and will range from 85% in some wirdless environments to grester
than 98% in a synchronous environment.

Hand-off: Mobile wirdess environments such as cell phone systems are subject to the
norma atmospheric disturbances but in addition users can be in motion so they must
transfer from one base station to another; the procedure is cdled hand-off. LEO satellite
systems have the same problem excepting that it is the “base station” that moves out of
range and the users remain Stationary. DQSA's utilization of packets provides natura
intervas that smplify the hand-off.

Synchronization: All gations synchronize at both the MAC layer and the PHY layer.
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A beacon is broadcast each dot-time by ether a station or acentral node to provide
synchronization a the MAC layer. Feedback from requests made in a previous dot-time
is provided with each beacon; each station utilizes this feedback to calculate the state of
the network, i.e., the length of the globa queues. This state of the network can dso be
provided adong with the feedback so that stations can compare their saif-determined state
of the network with a centrally calculated vaue, further improving the robustness.

The PHY layer synchronization is straightforward. When a centrd node s utilized, the
usud case, the outbound channel has continuous transmission thus the carrier is available
for synchronization.

DQSA is an access method that operates over any distance. A virtua network is
established wherein al gations are moved virtually so that they appear to be the same
distance from a centra node. Conventiona ranging methods are used to establish the
physca location of each station so that the virtud distance that each must be moved can
be calculated.

Control: A centrd controller isnot required, all decison making is carried out a the
user nodes. The sole respongbility of a centra node isto receive requests for service
from user nodes and to then transmit the feedback to those user nodes

DQSA Applications

The term universal has been used in describing the potentia of DQSA. Thelist of
applications presented bel ow, presented in four groups, judtifies the use of that adjective.

Wireless:

1. Cél Phone: Current technology necessitates the establishment of the
equivaent of a dedicated full-duplex circuit for the duration of the call even
though conversation is hdf-duplex. DQSA can more than double the number
of voice circuits supported by utilizing space between words in addition to
efficdently supporting half-duplex conversation [8]. DQSA continuesto
operate a 100% utilization even under overload conditions and with itsfair
queueing would not suffer from the overload breskdown that afflicted cell
systems during the recent East Coast blackout. DQSA works equaly well with
both conventiond carrier modulation and with CDMA [10].

2. Broadband Wireless Access (BWA): Internet accessisincreasingly being
provided by means of fixed wirdess. Current sysemstypicaly utilize IEEE
802.11 based protocols but the recently introduced |EEE 802.16 specificaly
addresses that market. An independent investigation has verified that when
offered traffic follows a sporadic pattern, e.g., Poisson, throughput is double
that of IEEE 802.11b [7]. One operator of an existing wireless based Internet
access system, after studying the performance of DQSA, is confident that they
could triple their revenue for a given bandwidth usage by a combination of
increased utilization and premium QoS services. The DQSA priority facility
supports background transmission of low priority traffic that ensures 100%



DQSA and Universa Networking

utilization of revenue generating data dots, with no impact on performance of
high priority traffic. DQSA workswell with dl carrier mechanismsincluding
OFDM as specified for IEEE 802.16.

3. GEO Satdlite: The digtributed nature of DQSA makesit particularly suitable
for GEO satellite networks. Conventiond GEO systems utilize the satdllite as
little more than a trangponder resulting in aminimum of two up-and-down
tripsfor a user to request service. Using DQSA the satdllite il acts aslittle
more than atrangponder in that requests for service are “turned around” at the
satellite and transmitted back to the ground stations where the distributed
control of DQSA determines which gtation trangmits. In addition to the full
utilization of the datad ots and asynchronous and synchronous capability,
access time is reduced by 50%. This having of the 240 msround trip to a
ground base station to 120 ms provides a quditative improvement in service
for interactive access using a GEO network.

4. LEO Satdlite: The hand-off capability of DQSA required for LEO service
was described previoudy. Another feature of DQSA particularly suited to
LEO networks is the ability of DQSA to efficiently take an inventory. Assume
that in amilitary operation thereisatota of 100,000 troops, vehicles, and
other objects, each equipped with GPS-equipped radio, in the service area of a
passing satdllite. Assuming a 10 Mbps data rate and a 80 microsecond time
dot a DQSA-equipped satellite will obtain a complete inventory/roll cal in
approximately 100,000 x 80 x 10"-6 = 8 seconds. The implementation of
CDQ (Cascaded Distributed Queue), another member of the DQSA family, in
the satdllites themselves provides dl the DQSA features on aworld-wide
basis.

Terredrial:

1. Synchronous. Despitethefact thet virtudly dl traffic isincreasngly packet-
oriented there has been no cessation in the ingtalation and expanson of STM
(Synchronous Transfer Method) and OCx synchronous plant in the form of
SONET, opticd switches, and WDFM. DQSA enables “naked” synchronous
circuits to provide efficient network servicesto users distributed over
thousands of kilometers. The ability to support a mixture of asynchronous and
synchronous services utilizing aready existing T1, E1, E3, etc., synchronous
circuits makes DQSA attractive to the world’ s carriers. A carrier such as
AT&T could provide ether virtua or physica private networksfor its
customers using only the existing synchronous infrastructure: No Routers.

2. Copper: Themgority of packets transmitted in the world travel wholly or in
part over copper networks under the control of Ethernet switches or Ethernet
hubs. A DQSA-based Ethernet switch or hub can be implemented that
satidies dl Ethernet interface requirements but aso supports an unrivalled
leved of priorities plus synchronous circuits.

3. CableTV: DQSA provides a smpler solution than current approaches, yet
provides a superior level of service,
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Fiber: DQSA utilizesthefiber itsdf asthe switch; a DQSA-based fiber network
requires only the appropriate NICs to operate at speeds ranging from 1 Gbps to 40
Gbps.

1. Metro: Hundreds or even thousands of users can be serviced from asingle
passive fiber network. A DQSA fiber MAN would support fixed synchronous
service to some customers while providing asynchronous service with
priorities to other customers using the same passive medium.

2. Last Mile: DQSA will be the switch of choice for the delivery of voice and
video sarvices via packet. The efficiency of DQSA meansthat only those TV
channd s that are being watched need be ddivered, along with on-demand
viewing and high-gpeed Internet access. DQSA will support either high-
cgpecity fiber links into the home or lower-capacity links attached to a high-
capacity trunk.

3. Virtual Server: A multi-gigabit/s DQSA fiber backbone of severa thousands
of kilometerslength could act asa server. A popular website instead of
ingaling a switching capacity to support possible hundreds of thousands of
nearly smultaneous “ hits’would ingtead continuoudy transmit the popular
pages over the fiber. Thefiber circuit stretching across the country would
service quite literaly millions of “hits’” per second.

4. Clugter Computing: DQSA provides flexibility in that dmogt dl features
desred for pardld computing such as Sngle messages, one-to-many
trangmisson, many-to-one transmissons, fixed-bandwidth channels are
supported. Many specidized high-cost switches do not support the features
avalable on aDQSA passve fiber linked clugter.

Backplane and Internal Bus:

All the gpplications described so far utilize serid transmisson but DQSA can aso be
implemented on pardld busses. DQSA offers enormous advantages over existing bus
interface stlandards such as EISA, SCSl and PCI in that a master controller is not
required. Infiniband™ is a recently introduced standard that substitutes a seria buses
and switching fabric for the conventiona pardld busin order to obtain higher
throughput over greater physical distances. DQSA accomplishes the same by using
passive fiber in place of the switching fabric, at a consderable reduction in both
capital cost and maintenance.

DQSA can dso beimplemented ingde achip. It has specid vadue in chips containing
multiple functiond units that operate asynchronoudy.

Conclusion
DQSA offersauniversal solution to networking: a DQSA switch can be deployed over

virtudly every physical medium in use today and supports dl higher layer protocols.
DQSA enables the building of the ultimate in low capital and maintenance cost networks
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inthat al control resdesin IADS/NICs that are no more costly than the current interface
cards used to connect devices to router-based or Ethernet switch-based networks.

Three prototype systems, utilizing respectively10 Mbps copper, T1, and 200 Mbps
passive fiber, have verified the performance claims presented.

Professor Graham Campbell (Ret) and his students at the Illinois Indtitute of Technology
developed DQSA. This paper available at www.dgsa.net. Referenced papers available at
www.iit.edu/~dgrap.
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