The Desk Area Net w ork

Mark Ha yter and Derek McAuley

Univ ersit y of Cam bridge Computer Lab oratory

Ma y 1991

T o app ear in ACM Op erating Systems Review

Abstract

A novel architecture for use within an end computing system is describ ed.

This attempts to extend the concepts used in mo dern high sp eed networks

into computer system design. A multimedia workstation is b eing built based

on this concept to ev aluate the approach.

1 In tro duction

High sp eed networks (100Mbit/s p er access p oint) are currently b eing designed and

coming into use as lo cal area networks (LANs). The desire to supp ort tra�c with

real time requirements (e.g. multimedia tra�c) has lead many groups to prop ose

the use of Asynchronous T ransfer Mo de (A TM

1

) for such networks. In the longer

term the adoption of A

TM by Broadband ISDN (B-ISDN) will give wide area A TM

coverage. The e�ective use of these networks dep ends on the design of end systems

which can utilise the bandwidth provided. The real pro ducer or consumer of the data

will b e a particular pro cessor or device within the end system, so b esides considering

the design of a network interface, consideration must b e given to the metho d used to

transfer the data b etween this interface and the real end p oints of communication.

LANs are normally thought of as connecting a set of autonomous machines, where

there is a signi�cant delay

, compared to pro cessor execution time, in data transfer.

LANs also use a set of communication proto cols to deal with the unreliabilit y of data

transfer b etween no des and the consequences of no de failure. On the other hand,

interconnection networks have b een used to link pro cessors and memory systems in

high p erformance multipro cessor machines, using simple proto cols, typically trans-

ferring small data units (frequently single words or cache lines). In such a system,

the communication is comparatively reliable leading to simpler control mechanisms,

with failures usually treated as terminal.

W e prop ose an architecture for the internal interconnection of a computer system,

which combines v arious asp ects of A

TM LANs and traditional interconnection net-

works. An A

TM switch is used to provide interconnections b etween the comp onents

1

W e use A

TM in the general sense de�ned in CCITT I.113 [2], ‘A tr ansfer mo de in which

information is or ganize d in to c el ls; : : : ’, rather then to refer to sp eci�c prop erties of the A TM

Layer in B-ISDN of the machine and from these comp onents directly to a high sp eed A

TM network.

However, all comp onents are treated as would b e the comp onents of a workstation.

W e call this typ e of interconnection the Desk Area Network (DAN).

In recent years the categories of network have expanded. F or example the term

MAN has now b ecome accepted, to describ e networks joining buildings relatively

close to each other. T able 1 gives a guide to existing terms. However, in categorising

a network, often it is the proto cols and management techniques that di�er rather

than the underlying networks themselves. F or example although the Cambridge

F ast Ring (CFR) was designed as a LAN, it has b een used as an A

TM switch in the

Unison pro ject [11 ], a LAN in the Pandora pro ject [4] and an Ethernet bridging MAN

in the Metrobridge [8]. A similar divergence of uses can b e seen with FDDI and the

Cambridge Backb one Ring [3] (MANs used as LANs) and SMDS (DQDB MAN used

as access link to W

AN). In this work we are taking a switch develop ed for the LAN

and changing v arious control and proto col mechanisms to those appropriate for use

in a single machine, while attempting to maintain the data transfer characteristics.

Typ e Size Data rate

Wide Area Network (W

AN) >15km 64kb - 50Mb

Metrop olitan Area Network (MAN) 1 - 50km 1 - 500Mb

Lo cal Area Network (LAN) <5km 1 - 500Mb

Interconnection Network < 4 m 1Mb - 2Gb

T able 1: Network nomenclature

The exp erimental DAN system we are building is based on a space division A TM

switch designed and built by the F airisle pro ject [5]. Around this switch, we are

building a multipro cessor multimedia workstation to gain further understanding of

the hardware and software architecture of such a machine, and to enable investiga-

tion of the systems issues raised.

2 The Desk Area Net w ork

The Desk Area Network is intended to bridge the gap b etween multipro cessor in-

terconnection networks and LANs by the use of A

TM as a common data transfer

mechanism. A combination of mechanisms from b oth interconnection networks and

LANs are used to realise the DAN.

Consider a networked computer system, traditionally based on some bus; incoming

data is demultiplexed based on information within the received packets, and then

routed over the bus to the memory or p eripheral for which it is destined. Similarly

outgoing data is transferred over the bus to the network interface for transmission.

Basically the network interface is required to translate b etween the multiplexing

mechanism used on the bus and that used on the network.

The DAN do es away with this translation step in the data path by using the same

multiplexing mechanism within the machine as is used in the network; the multi-

plexing and proto col techniques used in an A

TM LAN are extended to the links

b etween devices and pro cessors within a machine. The use of A

TM within the end

system preserves the adv antages of using A

TM all the way to the real end p oints

of the communication. When moving data, the network interface is now a straight

forward cell router, while from a control and security p oint of view, it is the p oint

at which the di�erent proto cols and p olicies used in the DAN and LAN meet.

As in an interconnection network, the small size of a DAN system (b oth physically

and in terms of no des), enables it to provide highly reliable communication b etween

its no des and hence allows the internal control architecture and proto cols to b e

greatly simpli�ed.

Within a DAN, the b ene�ts of statistical multiplexing at the A

TM cell level will b e

minimal due to the comparatively small numb er of active channels within a system

at a particular time. While this would b e a signi�cant problem in a LAN, the scale

of the DAN allows the controlling op erating system to b e aware of the state of all

the attached devices and their bandwidth requiremen ts; this knowledge allows the

op erating system to alter the queuing and scheduling algorithms used in the switch

to optimise p erformance for particular tra�c patterns in the system.

One of the ob jectives of using a DAN is to transfer data b etween the LAN and the

real end p oints of communication in the machine with the minim um of overhead

and without intro ducing a b ottleneck. This can b e achieved by using a switch

technology in a DAN implementation which is similar to that used in the network {

we intend using a space division A

TM switch in our prototyp e DAN machine, but

other techniques, such as an A

TM bus, could b e used.

W e �rst consider a DAN used in a symmetric multipro cessor.

2.1 A m ultipro cessor

DAN

CPU

CPU Memory

Network

Memory Disc Control

Figure 1: An example DAN Figure shows an example multipro DAN with attached lo There are some numb er of pro cessors, some memory

, disc interface and a netwinconnected via the DAN. When a space division switch, multiplmemory units b e used spread the di�erentinDAN.

pro cessors would have some amounof lo cal cache memory the relativesp the DAN and the pro cessors, and the numb er of pro cessors and memory units wdetermine the of cache required.Of particular interest the average which b achiev ed in envisaged situation where DAN inthe (DRAM) memory to a pro cessor’s cache secondary cache p erformance pro cessors). This is discussed b elow (section Of interest a DAN multipro cessor, are some of the techniques develop for distributed memory [6]. In these systems, collection of machines a LAN are used a pseudo-multipro by arranging that some memory shared b etween all pro cessors. The bandwidth low delay b etween no des of the DAN alloa much grain of memory is p in LAN environment.Such metho would not b e required case DAN implemented TDM where memory could b e mainby sno oping. However,this is appropriate when space division switc(such F airisle) achieve system and scalabilityIn suca system, it straight forward for pro to access A

TM The pro cessors comp ete for DAN bandwidth into the LAN interface no de, the A

TM cells forwarded onto the LAN connection. Incoming cells are demultiplexed to the pro cessor or memory The Axon pro ject prop oses a similar for a interface a sp LAN [10]. The main di�erence is that in Axon the network interface plug into an existing interconnection network. Thus the p oint at which the A multiplex lost the network interface rather than the communication end p oin4

Similarly

,the pro ject at HPlabs [12] prop using a high sp inconnect link collection of storage no des within single server on a As in DAN machine, DataMesh represents a single security domain, so no des within the server do not need authenticate themselves each other, do they need encrypt internal communications. Another similaritythe abilitto use physical connection mechanisms whicnot scale b eya few e.g. ribb instead of �bre. However,as with Axon, ma jor di�erence that proto cols used inside are di�erent from running the 2.2 The net w in Previously we simply describ ed the netwinterface no de forwarding cells b twDAN and LAN. section describ es the functions of the network in more detail, in particular in terms the and pro cessing W e primarily interested connection the DAN to a virtual circuit A

TM LAN. The choice of A

TM the DAN wbased on the desire to the pro cessing of through the network interface no de implement what in-band pro cessing that is required in hardware. The required header routing, queuing; network interface no de almost identical to the input and output p controllers the network switcThe di�erences arise due the resource allo mechanisms used within Dswitch whicare re ected in cell queuing algorithms. F or our exp erimental wwe are able to use the p controller pro the F airisle switch, it enough to allow the di�erent algorithms b e implemen

The network interface also represents a security b oundary and so, if secure commnication is data must b e encrypted (or b efore) this p oint. The placemenof encryption hardware this p oint allows it to b e amongst the multiplcomp onents present on the DAlthough there many similarities b etween the data handling in the DAN LAN, p olicies proto cols implementing the out-of-band control are very ferent the two cases. Within the DAN, we can envisage the use of memory or pro cedure call b etween mtrusted entities,implement control resource management. The p olicies implemented wb e radically di�erenparticular within workstation, the would exp ect to b allowed to such p olicies. However, when establishing a connection through the network, internal would need b e to the network requests proto col interactions. This is logically a function of the network interface.

5

2.3 A m ultimedia w

One of the main problems asso ciated with the supp of multimedia a wis the management of the time of data. In a workstation on DAN, switch is used deliv er sucreal time data streams directly to the andevices, their asso ciated control are to a controlling pro

Compression

Decompression

Frame store

Frame Grabber

Audio server Synchronisation server or ATM Camera

2: A multimedia workstation DAN F or example, video/audio link b etween twsuch workstations. The capture section (or A

TM camera, later) will pro A

TM cell stream the video which passed over DAN a compression unit. Similarly ,

an audio card generates an audio stream. The compressed video then the network interface no de onto the LAN. On reception network interface no on the receiving machine will route incoming cells data streams over DAN to the audio device decompression unit. In case since the DAN is a space division switch, communications can pro ceed parallel. Control comp onents can b e extracted the and on to server resp for synchronization; pro implementing service never the real time In fact, a multimedia won DAN is a highly asymmetric multicessor machine.The DAN as the data path b etween multimdevices allowing for considerable exibilit y the choice of data paths. F or video may sometimes b transferred compression (when LAN bandwidth aor b e by pro cessor on the DAN, or may come from storage device, of which require di�erent data through the system. Sevof the no des the DAN will b sp ecial purp ose and dedicated a single 6 others may b e more general purp pro cessors and implement on demandSome typical comp onents � ConThere will b e a single distributed op system on the DAN machine. There will b e need pro time manage b the macresources the DAN � T o enable sourcing real time a camera must b connected. This wmost cost e�ectively b e an A

TM (see later). However, frame grabb er could b used, in which the frame to b segmented in� Audio co are now common, mano�ering \CD quality" sound. The pro cessing will mainly b e done using sp ecialized but there still need to a cell based represen� F or b oth and network reasons real time may need b e compressed � If video is going to a windowed display

, a simple optimization at the is p ossible by clipping b efore transmission onthe � DisplaIn the case of multimedia wthe display will need to supp ort windowing system as well as real time streams� SyncStreams coming over the network will su�er from skew jitter, need resynchronising lip-sync problem b a classic example).[9] prop osed that a synchronisation service for multimedia needs b e placed the end system, on a network no with low jitter path to the A pro on the DAN wb suitable for this � LAN ininterface to A

TM LAN is straight forwand allows the interaction DAN macsuch a netw� A workstation may need a disc for lo cal of multimedia do cumenthat are b eing edited. However,with a comparable sp eed LAN, servers mab e b etter approac

An initial exp erimental may use displays, but Pandora [4] pro ject shown the b ene�ts of integrated approac7

In the workstation there will b two main typ es of communication. One due to real time the other control information. Both implemented on the A

TM F or real time the existing proto cols are used, allowing the terface to b e kept simple. F or these streams, some guarantees p erformance required (cell loss, delay

, etc.).Within A

TM W

ANs (e.g. B-ISDN) is b lieved that such guarantees b e based on the statistical prop erties the made p ossible by the amounts statistical multiplexing present. Such mplexing is evident LAN; wwithin F airisle pro investigating hothis a�ects the of these guaranin a LAN. In DAN machine, numb er of streams no des involved reduces the b ene�ts statistical multipleto a minim um. However,the small the system allows less subtle tecto b e used (e.g. on searching feasible switch scF or control purp oses, b oth distributed memory (across the DAN) are b investi3 The exp erimen tal w

The initial workstation will b the F airisle A division switc[5]. The switch will b e either 4 or 8 p orts. In its as a LAN there is combined output p controller for each switcfabric p ort. These p erform the management, queuing and functions the switcand interface the transmission system. A lo opbacpath also b etween and The p controllers a microkernelcalled W a lo cally develop ed multicessor op erating system. This supp the ANSA T estb ench[1over the Service NetwArchitecture(MSNA) [7]. ANSA provides distributed environment,while MSNA a network architecture designed to supp multimby providing A

TM internetwWhen for DAN exp eriments p controllers as the pro elements each an ARM3 pro cessorup to 4Mb of DRAM, an IO bus, 128K of SRAM for the cell memory

. The IO allows the of frame capture display devices,and connections to networks (e.g. In DAN wthe p ort controllers are used in ariety of ways. A numb are used general pro elements, in particular to execute the con

The transmission insupp a data rate of up to for LAN wdevices are The ANSA estb enc is an implementation the ANSA Architecture

A 15MIPS pro cessor designed by Acorn 8 software. At least one equip ed with a system is to prothe link the F airisle network. The rest used in with devices the bus to emulate true A

TM devices;this mechanism allows use devices capture A

TM controlled devices developmen t, work directly connected devices in 3.1 A

TM One of the of the DAN architecture that everything A

TM cells b oth and control communication. Some the preliminary designs for A based devices presented b eloA minimalist A

TM wcontain CCD sensing element,AtoD verter, a cell framer some simple control logic. The of the camera wsimply b e streams cells conthe raw digital while would provide the camera. W e hop e it may b p ossible use of the \camera on a chip" devices b ecoming aailable and include the A

TM conwith the sensing array all on the same chip. More likely

,ma jor will b p erformed a The design of an A

TM based cache controller memory is not di�erenfrom those seen in systems on TDM bus. Instead the caccontroller bus transaction a cache miss, an A

TM cell is to the memory system conthe that would normally b seen a bus (cycle typ e, address, data). In case write this similar to p in case of a read, reply cellwb e generated the to the pro cessor. T o b useful, latency of this must b e with straight forw(DRAM) memory Consider simple cache controller (which only have outstanding cacmiss a time), 32 bit DRAM memory comp onents and contention the memory ; could deliver bit cache line 720ns. F or A

TM based system, wnote that it is p ossible to pip eline the cell reception, cycles cell transmission in memory unit, so that the transaction can b achieved in a single cell time. On F airisle gives a cycle time of 2800ns. However,

although we currently using the F airisle switcthe prototyp (b ecause exists), we would envisage the of purp built DAN pro duct. Using same tecas F airisle,a cycle time comparable to the raw DRAM sp p ossible, by simply the width the path through the switch; a bit wide (640Mbit/s p er p gives a cell cycle time the of single DAN, cell transfers of suctransactions can b made reliable; however, we shall b investigating the feasibility and desirabilityextending this system to the LAN, reliabilit ycannot b e W ehave twideas A TM based display , which place di�erent amounts of 9 plexity device.One is a dumb frame of similar design to the system describ ab ovthe is smarter, understands typ e A pro ject in the lab has pro duced an HDTV frame bu�er (1952x1 192 which can b attached in straight forwmanner to the p ort controller.this we will b building display of the smarter ariety

4 A novel workstation architecture, based on Desk Network, has b een describ The aim is integrate the data transfer mechanisms used in end system the lo cal and wide area networks build a multimedia workstation which e�ectively sp eed networks. An exp erimen tal multimedia workstation currently b built the DAN [1] ArchitecturePro jects ManagemenR efer enc e Manual, release edition, Marc[2] CCITT. V o cabulary terms asp ects of isdn. CCITT Recommendation I.113, May [3] A Hopp er D Greaves, D Lioupis. The cambridge backb ring. T ecRep ort 90/2, Olivetti Research Limited, F ebruary 1990. Also in IEEE Info [4] A Hopp er. Pandora - an exp erimental multimedia ACM Op er Systems R eview, [5] IM Leslie DR McAuley. F airisle: An atm network the lo cal area. T app e ar: Pr o c. ACM SIGCOMM, Septemb er [6] Kai Li Paul Hudak. Memory in virtual memory tems. In Pr o c e e dinga 5th ACM Symp osium on Principles of Distribute

Computing, pages 229 { 239, August [7] DR McAuley

. Proto col design for high sp eed networks. T echnical Rep ort Cambridge Universit y Lab ora tory

1990. Ph.D. [8] OlivettiResearch Ltd. The O.R.L. Metr obridge Manual, 1.08 March [9] Sreenan. Synchronisation real time streams. ate commMarch 10

[10] J Streb enz. Axon : Host - network interface design. T echnical Rep W ashington Universit y St Louis, March 1990. This is of series pap ers on the Axon pro [11] DL T ennehouse IM Leslie. A testb for wide area atm research. In Pr o ASIGCOMM, Septemb er [12] Wilkes. Datamesh - scop e and ob jectives: a commentary . T ecRep ort HPL-DSD-89 -44 , Hewlett-Pacard Company

July 11