December 6, 1994 DRAFT December 6, 1994Preliminary Reporton thenCUBE Parallel Web ServerE. E. CharrettenCUBE CorporationMIT Building E34-55442 Carleton StreetCambridge, MA 02142November 23, 1994**** nCUBE Corporation -- Copyright 1994 ****This is an unpublished work created in the year stated above. nCUBE owns all rights tothis work. nCUBE may also seek to protect this work as an unpublished copyright. Inthe event of either inadvertent or deliberate publication, nCUBE intends to enforce itsrights for this work under the copyright laws as a published work.

December 6, 1994 DRAFT December 6, 1994The nCUBE Web ServerOverviewYou are watching a prototype version of the nCUBE parallel World Wide Web server.The server is based on the public domain version of the CERN Web server (Click here formore information). It contains all the functionality of the base server, plus support for aparallel server.The nCUBE Parallel Web server was developed to address the needs of large web serversite. In this context, large might mean either that the document volume of the server islarge, or that the number of nearly-simultaneous connections is large enough to seriouslydegrade the ability of the server to serve the incoming requests.The nCUBE Parallel Web server is really "n" independent Web servers running on "n"independent nCUBE processors. Each server has access to the entire content tree and asingle ethernet controller with a unique IP address. For this reason, we will sometimesrefer to the parallel server as the meta-server and each individual server running on asingle nCUBE node as a server.Advantages of the nCUBE Parallel Web ServerCERN Web Server plus Parallel ExtensionsThe server is based on the public domain version of the CERN Web server (Clickhere for more information). It contains all the functionality of the base server, plussupport for a parallel server.Parallelism is obtained in two ways.Parallelism via striped disk storageThe server content can either be stored on the host file system, or the nCUBEparallel disk array. For performance reasons, the later file system is thepreferred choice.The heart of the nCUBE parallel file system is a scalable array of SCSI disks.and a body of software which presents the distributed disks as a single logicalfile system. In general, all data written to the parallel file system isautomatically striped across all the disk. This minimizes disk contention andallows the aggregate disk performance to far exceed the speed of accessingdata from a single SCSI disk.Parallelism via Distributing the Hypertext LinksAn important design criteria for the nCUBE Parallel Web server was to insurethat the web server content must be identical in structure and protocol to theserial implementation. This allows for the possibility that the content treecould be moved between the nCUBE parallel file system and a serial UNIXenvironment and remain exactly and totally unchanged.This implies that any attempt to functionally decompose the process of theserver must be done in the server program and not the content. We achievedthis by adding a small body of code to the core distribution of the CERN webserver. That code parses the outgoing HTML documents on the fly and

December 6, 1994 DRAFT December 6, 1994modifies the content so that the hypertext links to the same meta-server arerandomly altered to have different server addresses. For large servers, thiseffectively splits further requests to the meta-server evenly between the nserversnCUBEDiskArrayMeta-ServerServer #6www6.ncubewww.ncubewww2.ncubewww.ncubeServer #3www3.ncubewww4.ncubewww5.ncubeServer #1Server #2Server #3Server #4Server #5IndividualWebServersnCUBEEthernetControllers

"The Net"ScalabilityBy designing the meta-server so that each individual communicates with onlyone ethernet controller, we have minimized the number of possiblebottlenecks in the system. Preliminary analysis has shown that the onlypossible point of contention might be access to the disk array. This can beminimized by correctly configuring the disk array so that the number of diskcontrollers is at least as large as the number of servers.When configured in this way, we expect system performance to scale roughlylinearly with the number of servers.Shared File system

December 6, 1994 DRAFT December 6, 1994The nCUBE parallel web server can be configured so that the content resideson either the host file system or the nCUBE parallel file system. There areobvious performance gains from using the parallel file system and it isanticipated that all sites would use that approach.Disks in the parallel file system are connected to controllers on annCHANNEL board. The nCHANNEL board is an I/O board with 16independent (8 on a nCUBE Model 5 system) I/O channels. Each channel ismanaged by an nCUBE-2 processor and can contain an I/O module, such as aSCSI controller or ethernet module. The nCHANNEL board itself is installedin an I/O card cage, which can hold up to 8 I/O boards. Each processor on thenCHANNEL board can connect directly to the processor array, other I/Oprocessors, and its own I/O device.nCUBE provides file system software which makes the distributed disk arrayappear as a single logical UNIX file system. This software automaticallystripes files across multiple disk spindles to enhance performance andminimize disk contention. Striping is enacted automatically by the operatingsystem, so the file system can be nfs mounted to the host computer, if desired.Since the distributed disk array appears to be a single large UNIX file system,the server content in the nCUBE parallel web server can be stored in amanner consistent with traditional serial content trees. In fact, one of thedesign parameters for the parallel web server was to insure that it was possibleto import and export content directly from/to a serial web server.