
Netlib Services and ResourcesShirley Browne, Jack Dongarra, Eric Grosse, Stan Green,Keith Moore, Tom Rowan, and Reed Wade �AbstractThe Netlib repository contains freely available software, documents,and databases of interest to the numerical, scienti�c computing, and othercommunities. The repository is maintained by AT&T Bell Laboratories,the University of Tennessee and Oak Ridge National Laboratory, and bycolleagues world-wide. This report includes both the Netlib User's Guideand the Netlib System Manager's Guide, and contains information aboutNetlib's databases, interfaces, and system implementation. The Netlibrepository's databases include the Performance Database, the ConferencesDatabase, and numerous bibliographic and address databases. A varietyof user interfaces enable users to access the Netlib repository in the man-ner most convenient and compatible with their networking capabilities.These interfaces include the Netlib email interface, the Xnetlib X Win-dows client, the netlibget command-line TCP/IP client, anonymous FTP,anonymous RCP, gopher, and the World Wide Web. Those without net-works can get Netlib on CD-ROM. The collection is replicated at severalsites around the world, automatically synchronized, to provide reliableand network e�cient service to the global community.�Work on Netlib is supported by National Science Foundation under Grant. No. ASC-9103853 and by AT&T Bell Laboratories. Work on Xnetlib is supported by the AdvancedResearch Projects Agency under contract DAAL03-92-G-0284 administered by the Army Re-search O�ce. 1
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Figure 1: Netlib RequestsIntroductionNetlib began services in 1985 to �ll a need for cost-e�ective, timely distributionof high-quality mathematical software to the research community. Netlib sends,by return electronic mail, requested routines together with subsidiary routinesand any requested documents or test programs supplied by the software authors[5]. Xnetlib, a recently developed interactive tool for software and documentdistribution [4], use an X Window interface and TCP/IP connections to allowusers to receive replies to their requests within a matter of seconds. The interfaceprovides a number of modes and searching mechanisms to facilitate searchingthrough a large distributed collection of software and documents. World WideWeb browsers such as Mosaic can also be used to access Netlib via HTTPand FTP, but are not as �nely tuned towards software retrieval as Xnetlib.The netlibget command-line interface and anonymous FTP and RCP provideservices to users who do not need a sophisticated interface. Figure 1 shows thegrowing number of requests for Netlib services.A new hypertext/hypermedia version of Xnetlib, currently under develop-ment, will interoperate with other information services such as gopher, WAIS,and World Wide Web. It will incorporate a new type of executable document,called an active object, that will greatly enhance the exibility and adaptabilityof Xnetlib by allowing runtime binding of functionality.Although the original focus of the Netlib repository was on mathematical1



software, the collection has grown to include other software (such as networkingtools and tools for visualization of multiprocessor performance data), technicalreports and papers, a Whitepages Database, benchmark performance data, andinformation about conferences and meetings. The number of Netlib servers hasgrown from the original two, at Oak Ridge National Laboratory (initially atArgonne National Laboratory) and Bell Labs, to servers in Norway, the UnitedKingdom, Germany, Australia, Japan, and Taiwan. A mirroring mechanismkeeps the repository contents at the di�erent sites consistent on a daily basis, aswell as automatically picking up new material from distributed editorial sites[8].This mechanism provides redundancy in case of computer or network failures,shares the workload, and broadens human contacts for identifying software toadd to the collection.Netlib di�ers from other publicly available software distribution systems,such as Archie, in that the collection is moderated by an editorial board andthe software contained in it is widely recognized to be of high quality. The useris assured of getting an up-to-date copy of the master version of the requestedsoftware. We log requests so we can send bug reports and updates to users of oursoftware. However, the Netlib repository is not intended to replace commercialsoftware. Commercial software companies provide value-added services in theform of support. Although the Netlib collection is moderated, its software comeswith no guarantee of reliability or support. Rather, the lack of bureaucratic,legal, and �nancial impediments encourages researchers to submit their codesby ensuring that their work will be made available quickly to a wide audience.Requests for consideration of software and document submissions to Netlib,as well as questions, comments, and problems concerning Netlib, should be sentto the following address:netlib maintainers@netlib.org
2



Netlib User's Guide1 Repository Contents1.1 Software and DocumentsThe Netlib repository contains a large collection of high-quality public-domainmathematical software. In addition, the repository contains other material ofinterest to the scienti�c computing community, including software documenta-tion, test data, technical papers, and reports. Most of the software is written inFortran, but programs in other languages, such as C and C++, are also avail-able. Netlib supports dependency checking for Fortran software, so that all ofthe routines a particular Fortran routine depends on (i.e., calls) can be retrievedwith it.The software is organized as a Unix directory tree. The subdirectories underthe Netlib root are called libraries. Each library contains an index �le describ-ing the library contents, namely the �les for the individual routines and anysubdirectories the library may have. Software routines from a variety of sourcesare currently available from Netlib. Some of the libraries Netlib distributes{ such as EISPACK, LINPACK, FFTPACK, LAPACK, algorithms from theACM Transactions on Mathematical Software, and algorithms from the bookby Forsythe, Malcolm, and Moler [7] { have long been used as important toolsin scienti�c computation and are widely recognized to be of high quality. TheNetlib collection also includes a large number of newer, less well-establishedcodes.To submit software or documents for inclusion in the Netlib repository, followthe guidelines in /netlib/misc/contrib, which you can obtain either by emailas follows:mail netlib@netlib.orgsend contrib from miscor by openingftp://netlib.att.com/netlib/misc/contrib.Zusing your favorite World Wide Web browser, such as Mosaic or Lynx, or bydownloading the contrib �le from the misc library using the Xnetlib client.Send your submission to the following address:netlib maintainers@netlib.orgor, even better, send directly to the editor listed in the relevant Netlib index �lecovering your area. 3



1.2 Performance DatabaseThe Performance Database is a publicly-accessible central repository of perfor-mance data for all ranges of machines, from personal computers to supercom-puters. It provides an on-line catalog of public-domain computer benchmarkssuch as the LINPACK Benchmark, Perfect Benchmarks, and the NAS ParallelBenchmarks. The benchmark data are presented void of any subjective interpre-tations of machine performance. The Performance Database allows all branchesof the computing community to archive performance metrics and makes themreadily available to the public. For further details, see [1].The performance data are stored in the performance directory in the Netlibrepository. Although it is possible to download performance data using anony-mous FTP or RCP, the Performance button on the Xnetlib X Windows clientprovides browsing and keyword searching mechanisms, as well as formatted dis-play of the data. The Performance Database may also be accessed by openinghttp://performance.netlib.org/performance/html/PDStop.htmlusing a forms-capable World Wide Web browser.1.3 Conferences DatabaseThe Conferences Database contains conference and meeting announcements.Although it is possible to download conference descriptions using anonymousFTP or anonymous RCP, use of the Conferences button on the Xnetlib client,or openinghttp://netlib2.cs.utk.edu/confdb/Conferences.htmlusing a forms-capable World Wide Web browser, allows searching separately bytitle, dates, location, or description keywords, as well as viewing of the resultsin a window. Conferences may be submitted from the Xnetlib client or froma forms-capable World Wide Web browser. The contents of the title, location,and description �elds are added to a full-text index when a conference is enteredinto the database. A geographical database handles location name aliases andhierarchical geographical relationships.1.4 Address and bibliography databasesNA-NET is a community of numerical analysts and other researchers who com-municate through a common email facility. NA-NET is supported by a mail-forwarding database and aWhitepages Database. The mail-forwardingdatabasegives users an easy method of communicating with each other through the useof a uniform email address. This feature avoids the problem of having to re-member an individual's speci�c email address. Mail to an NA-NET member4



can be addressed to na.<key>@na-net.ornl.gov, where <key> is the member'sNA-NET key. The key is usually the member's last name, possibly pre�xed bythe �rst letter of the �rst name. The mail-forwarding database also serves asthe distribution list for the NA-NET News Digest. To join or use NA-NET, usethe email interface to NA-NET. See Section 2.2.3 for further details.The NA-NET Whitepages is a directory service that allows NA-NET mem-bers to �nd out more information about other members. Anyone can join theWhitepages, but NA-NET members are especially encouraged to join. TheWhitepages can be accessed by means of the NA-NET Whitepages email in-terface, the netlibget command-line TCP/IP client, or the Who button on theXnetlib client. Currently, the Whitepages can be joined only through the emailinterface. See Section 2.2.4 for further details.The SIAM Membership Directory is a separate directory that is copyrightedby the Society for Industrial and Applied Mathematics. Queries to the NA-NETwhois service that do not �nd an entry in the NA-NET Whitepages databaseare referred to the SIAM list. Although the membershp list itself is secret, youmay download an encrypted form of it, along with software that allows you tolook up individual entries keyed by last name or phone number[6]. This allowssome attractive caller-id features if your phone is connected to your computer.Another service hosted by Netlib is the Bibnet project led by Stefano Forestiand Nelson H. F. Beebe of the University of Utah. This project will makeavailable a bibliographic database in the �eld of scienti�c computing, populatedby user contributions. Once this project is well underway, it will become easy tokeep paper references up to date, even as preprints turn into published papers,and to locate online versions of published papers.1.5 MetacontentsNetlib should be not just a warehouse but a library, and for that it must haveadequate search tools. Each chapter (library) of netlib comes with an \index"�le in a speci�ed format, to promote searchability. Full details of the format canbe found in Section 4.1 or ftp://netlib.att.com/netlib/bib/thesaurus.Briey, each index �le describes the content of a library by one \paragraph"of attribute{value pairs for each �le or sub-library. Some of the more importantattributes are: for, which tersely describes what problem the tool solves; alg,which indicates distinctive features of the algorithm used; by, which lists theauthors; gams, which allows searching by category; size, which is useful whenaccessing netlib over limited network connections. Each library has its own in-dex �le, maintained by the author or editor. Every night all the index �les aremerged together into a global database to facilitate global keyword searching.A second kind of index is found in netlib/crc/. Here can be found a listof all �les in the collection, with dates and checksums. Together with thesoftware provided in that directory, the relatively small crc �le allows one toautomatically check whether local copies of �les are current.5



1.6 Remote ExecutionOn a limited demonstration basis, Netlib also provides trial use of software inthe collection. The principal example at present is f2c, a Fortran-to-C compilerdeveloped by Stu Feldman, David Gay, Mark Maimone, and Norm Schryer.This program is more complicated to install on one's own machine than, say,just loading in a typical subroutine from linpack. To help people judge whetherthey want to bother, Netlib allows them to send sample Fortran input by emailand get back the converted C by return mail. The result are more or lessguaranteed correct but hard to read. If that is acceptable, the user is thenencouraged to download the f2c compiler and runtime libraries and use thesoftware directly.2 User Interfaces2.1 World Wide WebIf you are a user of the World Wide Web, for example using a browser suchas Mosaic, the most convenient way to use netlib will probably be to openhttp://www.netlib.org/or ftp://netlib.att.com/home.html. The two sitespresent a slightly di�erent face, as we explore di�erent ways to present the col-lection, and they di�er in a few libraries such as local technical reports, butotherwise the contents are identical and the servers may be used interchangably.Because netlib's WWW interface is relatively new (having started operationin October 1993), some of the more specialized services such as f2c have not beadded yet. Progress on this front is quite rapid, and as the system is relativelyself-explanatory, we say no more about it here.2.2 EmailAnyone with an email connection to the Internet can access most of the Netlibrepository. There are email interfaces to the software and document libraries,and the NA-NET mail-forwarding and Whitepages Databases. To receive moreinformation about the email interface to Netlib, send a message tonetlib@netlib.orgwith the message body send index. To receive more infor-mation about the email interface to NA-NET, send a message tona.help@na-net.ornl.gov.2.2.1 Support AddressesThere are email support addresses for the di�erent Netlib services. Users withcomments, questions, or bug reports should send a message to the appropriatesupport address listed below. 6



Netlib repository netlib_maintainers@netlib.orgXnetlib client xnetlib@cs.utk.eduPerformance database utpds@cs.utk.eduConferences database conferences@cs.utk.eduNA-NET nanet@na-net.ornl.govGopher server gopher@netlib.org2.2.2 Email Interface to the Netlib RepositoryNetlib email addressesThe Internet address netlib@netlib.org refers to a gateway machine atOak Ridge National Laboratory in Oak Ridge, Tennessee. This address shouldbe understood on all the major networks through the normal Domain NameSystem name resolution. If for some reason that machine is not responding, trynetlib@research.att.com, a machine at Bell Labs, Murray Hill, New Jersey.For access outside the United States, you may want to use one of the reposi-tories that mirror the UT/ORNL repository. See Appendix A for a list of theseother Netlib sites.Request syntaxA valid Netlib email request has a message body that is of one of the followingbasic forms:send indexsend index from <library>send <file(s)> from <library>find <keywords>whois <name>mailsize <size>Here are examples of the various kinds of requests.* To get the master index for netlib:send index* To get the full index for a library:send index from eispack* To get a particular routine and all it depends on:send dgeco from linpack* To get just the one routine, not subsidiaries:send only dgeco from linpack7



* To get dependency tree, but excluding a subtree:send dgeco but not dgefa from linpack* To just tell how large a reply would be, don't actually send the �le:send list of dgeco from linpack* To search for somebody in the SIAM membership list:whois gene golub* To do a keyword search for Netlib software:find cubic spline* To do a bibliographic search:find schumaker from approximationfind aasen from linalg* To convert Fortran to C: execute f2c print *,'hello, world' end* To set the chunk size used for reply:mailsize 100k* (optional) End of request:quit2.2.3 Email Interface to NA-NETIndividual (unicast) messagesSending email to an individual NA-NET member is the most frequently usedfeature of NA-NET. Each NA-NET member has a unique NA-NET name, or key.Mail can be sent to an NA-NET member by addressing it tona.<key>@na-net.ornl.gov, where <key> is the member's NA-NET name.The NA-NET name is usually the member's �rst initial prepended to her lastname, the member's last name, or the member's �rst name followed by the �rstletter of her last name. For example, possible NA-NET names for Joan Smithwould be jsmith, smith, and joans.NA-NET News DigestAny mail sent to na.digest@na-net.ornl.govwill be considered for distri-bution to all members of NA-NET. Once a week, we send out a digest of informa-tion contributed by users of NA-NET. The editor of the NA-NET News Digestgoes over the messages that have been received, picks out the ones thought tobe of general interest to the numerical analysis community, combines them inthe News Digest format, and mails the Digest to everyone on the mailing list.8



Joining NA-NETTo join NA-NET , send mail to na.join@na-net.ornl.gov. In the messagebody, specify the following three �elds:Lastname: <your last name>Firstname: <your first name>E-mail: <your e-mail address>The values can be speci�ed in any order. The subject line of your messagewill be ignored. An attempt will be made to assign to you a unique NA-NETname consisting of your �rst initial prepended to your last name, your lastname, or your �rst name followed by the �rst letter of your last name. If atleast one of these keys is not already in use, you will receive a message indicatingthat your join attempt succeeded and telling you which key has been assigned.If all three of these keys fail to be unique, you will receive an error messageindicating that your join attempt failed. In case of failure, send a message tonanet@na-net.ornl.gov, and you will be assigned a unique key manually.Removing membershipTo remove your membership from NA-NET, send mail tona.remove@na-net.ornl.gov. In the message body, specify the following two�elds: Lastname: <your last name>Firstname: <your first name>The values can be speci�ed in any order. The subject line of your messagewill be ignored. NA-NET will send an acknowledgment message to both thedeleted address and the address making the request. If more than one entryexists with the same �rst and last name, you will receive a message indicatingthat your removal attempt failed. In this case, you can resubmit the removalrequest with the additional line:Key: <your NA-NET key>Changing your email addressTo change your email address in the NA-NET mail-forwarding database,send mail to na.change@na-net.ornl.gov. In the message body, specify thefollowing three �elds:Lastname: <your last name>Firstname: <your first name>New-address: <your new e-mail address>9



The values can be speci�ed in any order. The subject line of your messagewill be ignored. An acknowledgment message will be sent to both the old emailaddress as well as the new address informing you that the change has takenplace.If more than one entry exists with the same �rst and last name, you willreceive a message indicating that your change attempt failed. In this case, youcan resubmit the change request with the additional line:Key: <your NA-NET key>Help with NA-NETQuestions and comments about NA-NET should be addressed tonanet@na-net.ornl.gov. Mail sent to na.help@na-net.ornl.gov will receivea reply message describing both NA-NET and the Whitepages.Current member listMail sent to na.sendlist@na-net.ornl.gov will receive a reply messagebeing sent back to you containing the email addresses of all members of NA-NET.2.2.4 Email Interface to the NA-NET WhitepagesQuerying the Whitepages DatabaseTo �nd out information about a person, send mail tona.whois@na-net.ornl.gov. In the message body or on the subject line spec-ify the person's �rst name and last name, or just the last name. The order of�rst name and last name does not matter. For example, to �nd out more aboutJack Dongarra:mail to: na.whois@na-net.ornl.govSubject:Jack Dongarraor mail to: na.whois@na-net.ornl.govSubject: jack dongarra<null body>Keyword searching is also possible. For example, to �nd out more informa-tion about all people who are interested in parallel, send the following message:10



mail to: na.whois@na-net.ornl.govSubject:Keyword: parallelThis query does a string search for the pattern parallel on all �elds other thanthe name �elds.As another example, to �nd out more about all people who live in Knoxville:mail to: na.whois@na-net.ornl.govSubject:Keyword: KnoxvilleThis query does a string search on all �elds other than the name �elds for thepattern Knoxville.Joining the WhitepagesTo join the NA-NET Whitepages, send mail tona.join-wp@na-net.ornl.gov. In the message body, specify the two manda-tory �elds and as many of the optional �elds as you want.Mandatory---------Last_name: <your last name>First_name: <your first name>Optional--------Middle_name:Other_name:Affiliation:Office_address:City_state_zip:Country:Office_phone:Research:Home_address:Home_phone:Fax:E_mail_address:Other:The �elds can be speci�ed in any order. The subject line of your mes-sage will be ignored. All �elds are entered into the database as characters, so11



spaces can be used for readability. All �elds except �rst name, last name, andmiddle name can be multiple lines. A multiple-line �eld ends when the nextkeyword (e.g., \Country:") is encountered. Each line should end with a car-riage return. If your �rst name and last name combination is not unique, sendmail to nanet@na-net.ornl.gov, and your name will be manually inserted intothe Whitepages Database in spite of the duplication. Such duplication will notcause any problems for people querying the Whitepages Database because thedatabase is set up to return information on all people with a given last name,�rst name, or combination. An acknowledgment to your join request will besent back to you con�rming that the operation was successful.Removing your Whitepages entryTo remove your entry from the NA-NET Whitepages Database, send mail tona.remove-wp@na-net.ornl.gov. In the message body, specify the followingtwo �elds:Last_name: <your last name>First_name: <your first name>The values can be speci�ed in any order. The subject line of your messagewill be ignored. An acknowledgment message will be sent to both the addressrequesting the removal and to the address listed in the Whitepages Database.Changing �eldsTo change the value of a �eld, to add a �eld, or to delete a �eld, send mail tona.change-wp@na-net.ornl.gov. In the message body, specify the followingtwo �elds:Last_name: <your last name>First_name: <your first name>plus the �elds to be added, changed, or dropped. The �elds can be speci�ed inany order. The subject line of your message will be ignored. You can not changeyour name. If you need to change your name, �rst remove your entry and thenrejoin with the newname. If you wish to clear the value of a �eld, simply includethe �eld with no value. An acknowledgment message will be sent back to youcon�rming that the operation was successful.2.3 X Windows Interface { the Xnetlib ClientXnetlib is an X Window System application that provides interactive �le accessand database query processing from multiple servers through TCP/IP connec-tions. Xnetlib currently provides access to the Netlib software and documentrepository, the NA-NET Whitepages Database, the Performance Database, and12



the Conferences Database. Future releases of Xnetlib will provide additionalfeatures, such as access to remote execution facilities and interoperability withother information services, such as gopher, WAIS, and World Wide Web.2.3.1 Acquiring the Xnetlib SoftwareTo acquire the software for the Xnetlib client send email to netlib@netlib.orgwith the linesend xnetlib.shar from netlibas the body of the message. Netlib will return the �le xnetlib.shar by email.Xnetlib is available by anonymous FTP from netlib2.cs.utk.edu in thexnetlib directory. Both executables and source are available.To use anonymous FTP to retrieve an executable �le, typeftp netlib2.cs.utk.eduanonymous<your email address>cd xnetlibbinaryget xnetlib.<arch>.Zbyewhere <arch> is your machine architecture (alpha, hp9000, next, pmax, rs6000,or sun4). To use anonymous FTP to retrieve the Xnetlib source, typeftp netlib2.cs.utk.eduanonymousyour email addresscd xnetlibbinaryget xnetlib.shar.Zbyeassuming your system has the imake facility. Then move the executable �le,named xnetlib to where you want it. See Section 2.3.3 for more informationabout building Xnetlib.If you retrieve an executable, you may also wish to retrieve the shar �lexnetlib3.4.doc.shar, which contains the Xnetlib man page and quick refer-ence card. These documents are already included in the source code shar �le.2.3.2 System RequirementsXnetlib can be built on nearly any Unix system. It runs under the X WindowSystem, version 11, from MIT. It requires release level 4 or greater and theAthena widget libraries as supplied by MIT.13



2.3.3 Building XnetlibIf you retrieved an executable (e.g., xnetlib.sun4), install it by uncompressingit and changing the mode to executable, e.g.,uncompress xnetlib.sun4.Zchmod 755 xnetlib.sun4Xnetlib makes use of the imake facility (via xmkmf) that comes with standardX Windows distributions. A generic Make�le is provided and can be used ifimake is not present on your system.If you retrieved a compressed shar �le of the Xnetlib source code, extractthe �les and build Xnetlib by typinguncompress xnetlib.shar.Zsh xnetlib.sharcd xnetlib3.4/srcxmkmfmakeAfter the executable is built, install it by copying the �le xnetlib to anappropriate directory. There is no application defaults �le to install.With imake} (xmkmf)Type:xmkmfmakeWithout imake (xmkmf)First edit Makefile.std to reflect your system characteristics.Then type:make -f Makefile.stdxmkmf should be installed on your system as part of the X distribution. Ifyou get an error on the xmkmf command, check your command search path ortalk to your system manager. If you are using an IBM/RS6000, you may needto refer to the information in xnetlib3.4/doc/README.AIXv3.For further information on system-wide installation of the Xnetlib client andon customization of the Xnetlib client, see the section in the Netlib Manager'sGuide on the Xnetlib client (Section 7).14



Figure 2: Help Screen2.3.4 Xnetlib Man Page and Quick Reference CardThe source code distribution in the xnetlib3.4/doc directory include the manpage for Xnetlib. To view it, cd to this directory and type nroff -man xnetlib.manYou may wish to have your system manager install the Xnetlib man page onyour system.2.3.5 Xnetlib Client Program OperationStart the Xnetlib client program by typing xnetlib. When Xnetlib starts up,it attempts to connect to each server on its list of active hosts. The defaultactive host list is netlib.org, netlib.brl.mil and softlib.cs.rice.edu.When these connections have been tested, a window will appear displaying theXnetlib help screen (Figure 2).The top row of buttons controls mode changes. In general, Xnetlib reusesthe bottom portion of the main window for displays instead of popping up newwindows.Clicking on Library displays the top-level listing of libraries available fromthe Netlib repository (Figure 3). You can think of this top-level listing as a setof UNIX-style directories. Clicking on a library name displays a description ofthe library's contents. For example, clicking on lapack displays the contents ofthe LAPACK library in library selection mode (Figure 4).15



Figure 3: Library List
Figure 4: Library Selection Mode16



Figure 5: Download ModeThere may be further subdirectories, which are indicated by the folder icon.Files are indicated by the dog-eared page icon. You can select �les to be down-loaded by clicking on them. Move up the library hierarchy by using the Go Upbutton and move down by clicking on a library name.When you have selected one or more �les to download from the server, clickthe Download button to enter download mode (Figure 5). A list of the �les youselected will be displayed. You can alter your selections if desired. Click GetFiles Now to begin �le downloading.The default directory in which download �les are placed is xnlFiles inyour home directory. You can change the default directory by clicking on theDownload path button. You can choose to have dependency checking either onor o� (default is on) by clicking the Dependency checking button. If depen-dency checking is on, routines required by the requested �le will be appendedto the �le before it is downloaded.As you traverse the Netlib tree to examine libraries, the Netlib server atUT/ORNL downloads index �les for the libraries to your site. Depending onyour network connection, this �le transfer may be hardly noticeable or maycause a signi�cant delay. If you prefer to have all the index �les loaded atonce instead of as you need them, click Set Up, then Press to Check EachIndex File. This will check every index �le older than indexLifetime (seeSection 7.4.1 on Xnetlib X Resources), and will copy from the server any thatare missing or changed. To �nd out how to have several users at your site use17



Figure 6: Classi�cationsone shared collection of index �les, instead of several separate collections, seeXnetlib Installation and Customization in the System Manager's Guide (Section7). Clicking on Classifications lists library topics (Figure 6). The classi�-cation is an augmentation of the top level of the GAMS hierarchy. For moreinformation about GAMS, see [2].Selecting one of these topics displays a subset of the main library list.Clicking on Search takes you into search mode . Buttons for the varioustypes of searches are displayed, along with an explanation of these search typesin the main window. The result of a search is a listing of �les, from which youcan choose �les for downloading.Clicking on Who changes to whois mode and allows you to query the NA-NET Whitepages and SIAM membership list for information about members ofthese groups.Clicking on Conferences takes you into the Conferences Database mode.This mode is an experimental interface to a more general database service basedon the relational database model. The Conferences Database contains confer-ence and meeting announcements entered by UT sta� and by Xnetlib users.Clicking on Performance takes you into the Performance Database mode.This mode gives you access to benchmark performance data for a wide range ofmachines. For more information, see [1].18



Option Resource-dw dontWarp no gratuitous cursor motion-nocq con�rmQuit no con�rm on quit-cq con�rmQuit con�rm on quit-showdown showDownloadAnyway download button always on-noshowdown showDownloadAnyway download button not always on-showwho showWhoInfo show help in who mode-noshowwho showWhoInfo don't show help in who mode-pub[lic] publicData write index �les world writable-nopub[lic] publicData don't write index �les world writable-dc depCheck dependency checking on-nodc depCheck dependency checking o�-path <path> xnlDownloadPath where �les are placed-dp <path> xnlPath where index �les are cached-es <string> entrySep entry separator in who mode-pc <string> printCommand printing command-life <number of days> indexLifetime how long to keep index �les-email <email address> email your email address for our logs-f[ile] <�le name> hostFile xnetlib server listFigure 7: Xnetlib options and X resources2.3.6 Command Line OptionsXnetlib understands the normal X Toolkit options (-display, -rv, etc.) as wellas -help, and those listed in Figure 7 next to the X resources they a�ect. SeeXnetlib Installation and Customization in the System Manager's Guide (Section7 in this document) for an more complete explanation of these X Resources.2.3.7 Application Defaults FileThere is no required application defaults �le for Xnetlib. However, you can setapplication defaults for Xnetlib in your .Xdefaults �le in the usual manner.For example, to set the background color for the Xnetlib client to seashell,include the following line in your .Xdefaults �le:xnetlib*background: seashellFor further information about setting application defaults, see [9].2.3.8 Support AddressPlease send questions, comments, suggestions, or bug reports concerning Xnetlibto the following email address:xnetlib@cs.utk.edu 19



2.4 Netlibget, a Command-line TCP/IP ClientUsers who do not have X Windows may use netlibget, a TCP/IP command-line interface to the Xnetlib servers. This command-line client is included withthe Xnetlib release. To build it from the Xnetlib source, type the following:make -f Makefile.std netlibgetIndex �les retrieved by netlibget should not be used by the Xnetlib X client,since they lack certain header information that the Xnetlib client expects.Running netlibget without any options will display the following usagemessage:usage: netlibget [-v|-q] [-e your_email_address] [-s server[+port]][-d|-k|-w] file or key-d to get dependent files-k for keyword search-ko for keyword-or search-ka for keyword-and search-w for whois search-v for verbose; -q for quietFor example, to retrieve dgeco.f from linpack with dependent routines,type the following:netlibget -d linpack/dgeco.fFor a keyword-or or keyword-and search, the list of keywords should beenclosed in single quotes. For example, to search for �les whose descriptionscontain the words condition and number, type the following:netlibget -ka 'condition number'2.5 Anonymous AccessFor users who do not need the search capabilities provided by Xnetlib, anony-mous access in the form of anonymous FTP and anonymous RCP has beenprovided. For more information about anonymous access, try the following:finger anon@netlib.org2.5.1 Instructions for Anonymous FTPYou can use anonymousFTP to retrieve Netlib �les. Ftp to netlib2.cs.utk.eduand log in as anonymous. Use your complete email address as the password.The Netlib ftp server supports automatic creation of compressed and/ortarred versions of �les and directories. Just ask for <filename>.Z instead of20



<filename>, or <directory>.tar.Z instead of each �le in the directory, and itgets packaged up on the y.2.5.2 Instructions for Anonymous RCP and RSHYou can use anonymous RCP to copy �les and anonymous RSH to list directo-ries.1. To copy a particular �le to your system, typercp anon@netlib.org:<filename> <local filename>where <filename> is the �lename in the Netlib repository and<local filename> is the local �le in which you wish to have the datastored on your system.For example, to retrieve sgetrf.f from lapack, typercp anon@netlib.org:lapack/sgetrf.f sgetrf.f2. To list �les from a particular directory, typersh netlib.org -l anon ls <directory>(On some machines, the command is remsh instead of rsh).Normal ls options work; ls -l gets the size, etc. You can use metachar-acters by putting the argument to ls in single quotes.2.6 Access via GopherA gopher server is running on a Netlib machine and can be accessed at theaddress netlib.org on port 70. The gopher URL is gopher:netlib.org:70. The Netlib libraries are listed as entries in the top-level menu.3 Future PlansWe plan to expand the Netlib repository from a handful of mirrored servers to avirtual repository consisting of many servers. All of these servers will be acces-sible from the Xnetlib client program. The services o�ered will include accessto software, documents, and databases, as well as remote execution facilities.A user will not need to know where a particular service is located but will beable to employ both browsing and searching mechanisms to locate and accessthe desired service. 21



Future releases of Xnetlib will provide a means whereby newly inauguratedservices using the Xnetlib protocol will not require use of a new version of theXnetlib application. The special-purpose code describing the window layoutand functions will be downloaded at run time from the remote service provider.This run-time binding of functionality will greatly enhance the exibility andadaptability of Xnetlib.As the software and document base grows in size and complexity, simple syn-tactic keyword searching mechanisms, such as that provided by WAIS, are likelyto prove inadequate. We plan to add new search mechanisms that incorporatesemantics and make use of more structured knowledge representations.
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Netlib System Manager's GuideThis guide is intended to assist a system administrator in obtaining, installing,and maintaining the �les, databases, and client/server software associated withNetlib. It also explains how to set up and maintain the underlying directoriesand databases.4 Netlib Repository Setup and MaintenanceThe Netlib repository is organized on a logical ordering of packages and softwareinto various libraries. Generally, most new contributions can be placed into apre-existing library (e.g., linalg, c++). Larger contributions, especially thosewith several seperable modules, can be placed into a sub-library within a top-level library. If the new package is large enough (or doesn't logically �t into atop level library) a new top level library will be created. The depth of nestingof libraries is limited only by what makes sense.The repository is organized on disk as a UNIX directory tree, hereafter calledthe \Netlib tree". Assume for purposes of this explanation that the root of theNetlib tree is /netlib. Underneath this root are subdirectories for the variouslibraries. (For example, the EISPACK library is in /netlib/eispack). Thelibrary subdirectories contain either further subdirectories or �les. Althoughthe Netlib tree can be accessed via anonymous FTP and anonymous RCP andcan also be browsed via the Xnetlib client, additional searching capabilitieswere thought to be desirable. Thus, the Netlib tree has been augmented bythe inclusion of index, or description, �les. The �le /netlib/master/index,created nightly by concatenating the .master �les in each top-level directory,contains a listing of all the libraries with descriptions. An index �le in thesubdirectory for each library lists and describes the library contents. The index�les are in a format that is intended to be easily parsed by searching tools.Both the Netlib and the Xnetlib servers use the index �les as the basis for theirsearching mechanisms.A site may wish to replicate its repository contents, in order to achievegreater reliability and take advantage of load balancing. This replication hasbeen carried out at UT/ORNL, where the Netlib tree is duplicated on twomachines, one at UT and the other at ORNL. The copy at UT is the master,and the copy at ORNL is the slave. Whenever someone updates the mastercopy, that person manually forces propagation of the update to the slave copyusing a program that runs the rdist command.Autonomous sites that maintain copies of the same �les need a mechanismto keep those copies consistent. Each �le has one master copy and some numberof slave copies. The site holding the master copy may be di�erent for di�erent�les. Netlib has adopted a low overhead repository mirroring scheme, basedon checksum �les and ftp, that keeps slave copies of �les consistent with the23



master copies. For more information on this repository mirroring mechanism,see [8].4.1 Netlib Index File FormatThe index is as exible as we could think to make it while retaining a simplemodel. An index �le contains one paragraph per regular �le or directory, withparagraphs separated by empty lines. Each line of the paragraph starts with anattribute name, white space, and a corresponding value. If no value is knownor applicable, that line is omitted. If all the �les in a directory share a value,that line is moved up in the hierarchy to the directory entry in the parent index.Long values (e.g. past column 80) should be continued by starting the next linewith a comma.The entry for a regular �le starts with the attribute name "�le" and a fullpath name relative to netlib. Directories use the attribute name "lib". (Thereis exactly one �le or library described per paragraph.)The attributes and allowed values or intended meaning are as follows:
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attribute value�le path/name use lower case; many systems confuse upper/lowerlib path/namefor what problem does it solve? This should be intelligible out ofcontext, since a common use of the index is keyword search.alg algorithm: what methods does it use?by name <email address>, ...ref terse citationgams classi�cation codes ``send gams from bib''size 999kBprec single half; may be written \single real" in some contextsdouble fullsingle/double contains both precisions with #ifdef or other switchcomplexdoublecomplexsee related �lestitle if not same as �lemaster site from which all others mirror this �le or directoryeditor name <email address> appointed by editor-in-chiefrel excellent widely tested code; �rm theory; tractable problemgood good reputation, but intrinsically hard problemok some counterexamples, but as good as most alternativesweak fails without warning; better methods knownage stable untouched in years; author still supports itold untouched in years; no one supports itresearch believed stable, but still relatively newexperimental known to need polishingsuperseded Obsolete; kept for archival purposeskind function library routine (This is the default.)command standalone programdata input data, measurements, sample output, etc.text documentationlang what languages are used?keywords terms as would be drawn from a subject thesaurussee toms/index for examplesinstance of �le that this is derived from by some automatic meanssuch as compression. The practice is discouraged, but may benecessary in isolated cases.encoding encoding of the �les. In \MIME-type" format. For example,application/x-tar. They are listed left to right in the order thatthey were encoded, separated by white space. This may be elidedif obvious from the �lename, as in foo.tar.gz., continuation# miscellaneous comments; usually bad, because automated toolswon't know what to do with them. Use the proper keyword from thislist, and put general information in the readme �le.25



The lang �eld is omitted if the �lename su�x matches one of the implicitrules:.ada Ada.awk awk.bas Basic.C C++.c C.f Fortran-77.html HTML (hypertext).ps PostScript.r Ratfor.tex TeX (commonly LaTeX).bib BibTex input.bbl BibTeX outputSee netlib/crc/net/compressed for more su�xes.In general, we do NOT put information in the index that can be derivedautomatically. For example, we do not put the revision date, because thatcan be obtained from Netlib's checksum �le or by an ftp list command. Oneexception is size; for �les larger than 200kB, a remark is justi�ed to warn peoplethat might inadvertently download something much larger than they expected.For several of the keywords (such as gams, see, lang) the attributes may bea comma-separated list.Besides the index �le, each chapter also has (in principle) the �lesreadme general, unstructured information about the chapter;changes who did what to which �les when;index.html same as index, but reformated for World Wide Web clients.depend which symbols are de�ned in which �les;The latter two are generated automatically and are not listed in the index.Finally, here are some attributes that are not yet in use in Netlib, but maybe in the future. See the RIG Proposed Standard RPS-0002 (1994), A UniformData Model for Reuse Libraries (UDM), available from the Reuse Library In-teroperability Group via AdaNET at 800-444-1458. Their concept of \Asset"corresponds very roughly to Netlib's concept of \lib"; their \Element" is our\�le". Some possible future attributes include the following:
26



URN \Universal Resource Name" (when appropriatemechanism is someday agreed upon by theInternet community)Abstract an extended version of \for" and maybe othermaterialAcceptanceDate date �rst version entered the collectionComplianceToStandards e.g. does the source assume only ANSI C, or alsoPOSIX.1, or TCP/IP, or WinsockEncrypted true/false. By some other means you ask how andwith what key.DerivedFrom (This might allow searches analogous to ScienceCitation Index in document publication.)4.2 Repository Replication in NetlibAt UT/ORNL, the Netlib repository contents are replicated on two machines.The master copy resides on netlib2.cs.utk.edu, while the slave copy resideson netlib1.epm.ornl.gov. Both machines are registered with the DomainName System as host addresses for the domain name netlib.org. Theoreti-cally, the load balance for Xnetlib requests between the two machines should beabout 50/50. The mail preference is currently set up so that netlib1 gets mostall of the email requests. If netlib1 is down, however, email requests shouldget sent to netlib2.Updates to the repository must be made on the master copy on netlib2.When a sta� person makes an update, either by installing a new library or bychanging or adding �les in an existing library, that person is supposed to runa script that logs the change and asks him or her whether to propagate thechange to netlib1. When the person answers yes, the update is propagatedby running the rdist command. A nightly cron job runs an rdist job usinga dist�le that lists all the libraries that are replicated. The rdist job checksfor discrepancies, propagates any changes, and noti�es the Netlib maintenancesta� of any such changes.At AT&T, the email server runs on one machine (inside the security �re-wall) where the editorial sta� can conveniently maintain the �le tree. A secondmachine (outside the �rewall) replicates the �les, in compressed form, for ftpservice. The latter machine runs the Plan9 operating system, which provides a�le system that allows one to see the state as of any date in the past.5 Email Netlib Server InstallationThe Netlib email server software is available from the Netlib repository itself.The software provides mechanisms for processing user email requests, which mayinvolve keyword searching and �le retrieval. Slightly modi�ed versions are in use27



to distribute statistical software from statlib@temper.stat.cmu.edu and bythe TeX User Group to distribute TeX-related software fromtuglib@math.utah.edu. Appendix A lists a selection of Netlib sites and sitesrunning the Netlib email server.5.1 Acquiring and Installing the Netlib SoftwareCAUTION: The most common problems with the email interface to Netlib arecorrupted mail addresses, network errors, and so on. You ought to be reasonablyexpert with email before installing the Netlib email server.To obtain the Netlib email server software, send the following message tonetlib@netlib.org:send netlib from miscNetlib will return a shar �le with instructions at the beginning as to how itshould be unbundled. This guide assumes that the software is unbundled ina directory named /netlib/admin. After unbundling, carry out the followingsteps:1. Edit the call to chdir in bin/reply.c to point to the place where thesource code is stored on your system. /netlib is assumed for illustrationhere.2. Edit /netlib/admin/LIBS to reect what you are distributing. Itemsstrictly for local users go in LIBS.lcl and index.lcl; edit function groupid()in reply.c to de�ne \local users". If everything is public, groupid() cansimply return 0. As it currently stands, \local" addresses are those whosemachines are in /netlib/admin/groups/local; if any machine name ingroups/enemies is found, processing is aborted.Suppose you have a library eispack that you want to install. Make thedirectory /netlib/eispack; copy in �les such as rg.f; create a �le indexthere; add some lines to /netlib/admin/LIBS likeeispack => eispackeispac => eispack(That second line is to allow for misspellings; use your imagination andwatch the log�les for common mistakes.) Be sure that the linemaster => masteris in LIBS, so that people can get the main index.28



3. Edit the various disclaimers in /netlib/admin/mess. You may also wishto add disclaimer �les in the source directories.To activate mail processing:* if you run \command{sendmail}, putnetlib: "|/netlib/admin/bin/reply"netlibd: "|/netlib/admin/bin/netlibd"into /usr/lib/aliases and execute newaliases;* if you run \command{upas}, putPipe to \file{/netlib/admin/bin/reply}in \file{/usr/spool/mail/netlib} and make that file owned by"netlibd" and similarly putPipe to \file{/netlib/admin/bin/netlibd}in \file{/usr/spool/mail/netlibd} and make that file owned byyourself;* else if your system has no equivalent mechanism, try thedaemon in /netlib/admin/bin/Old-mail-sys.The script admin/bin/netlibd contains (on line 3) cd /netlib, which youmay need to change. Because Berkeley's alias facility provides no way to setthe userid, you probably should put your name and address in the message sopeople know who is actually sending the mail.To try the system out, echo send index j mail netlib and expect returnmail in a couple minutes. A line should be added to /netlib/admin/log andadmin/stderr should remain empty.Once the basics are working, you can polish things a bit.� Create \.depend" �les in each Netlib directory to represent the relationshipbetween source �les there. Not only is this �le itself useful to browsers,but by changing the lines in LIBS to the formeispack => -leispackyou can teach Netlib to respond to a request for rg from eispack bysending not just rg.f, but also balbak.f, hqr2.f, and so on.� You should permanently save /netlib/admin/log so that bug �xes canbe distributed, tra�c measurements made, and annual summaries sent tocode authors. The format of the log is: date time [address] bytes-sentlibrary/item possibly followed by: L = list, F = �nd. The [address] isfollowed by \l" if the address was recognized as local. In contrast, thecopy of incoming messages kept in /tmp/netreq is for debugging mailheaders and monitoring illegal request syntax. Discard when convenient(perhaps by an rm in /etc/rc) or, if you prefer, comment out the line inreply.c:handle() that writes the �le.29



6 NA-NET Database Setup and Maintenance6.1 Acquiring the NA-NET SoftwareThe NA-NET software in use at UT/ORNL is not yet in general release. Formore information about a possible future release date, send email tonanet@na-net.ornl.gov.6.2 The NA-NET ProgramThe NA-NET program handles the following:� receipt of incoming mail for all NA-NET recipient addresses, includingordinary subscriber addresses (e.g., na.joe) and special functions (e.g.,na.help, na.join, na.whois, etc.)� receipt of bounced mail from attempts to send na-digests. These failedattempts are logged.The NA-NET program is invoked by a modi�ed version of sendmail wheneverthe modi�ed sendmail receives a message addressed to:<something>@na-net.ornl.gov.Other machines know to send mail addressed to na-net.ornl.gov tonetlib2.cs.utk.edu because the latter machine is registered as the \mail ex-changer" forna-net.ornl.gov with the Internet Domain Name System.6.3 NA-NET FilesThe NA-NET programs and �les are in the directory /usr/local/na-net. TheNA-NET main program is in /usr/local/na-net/na-net. The NA-NET pro-gram gets the location of all �les from a con�g �le that is passed to NA-NET onthe UNIX command line when NA-NET is called by sendmail to deliver mail.The con�g �le is in /usr/local/na-net/config. It contains the following:----------------------------------------------------------------libdir=/usr/local/na-net/libworkdir=/var/spool/na-netprefix=nahelpfile=/usr/local/na-net/help.txthuman=na-net@netlib2.cs.utk.edumail_domain=na-net.ornl.goverrlog1=na.errlog1@na-net.ornl.goverrlog2=na.errlog2@na-net.ornl.govmaster_file=/usr/local/na-net/nanet_names.masterdigest_file=/var/spool/na-net/digest30



logfile=/var/log/na-net/na-net.logdigest_ack_file=/usr/local/na-net/digest-ack.txtdelivery_error_file_1=/var/log/na-net/misc-delivery-errors.logdelivery_error_file_2=/var/log/na-net/delivery-errors.logwhite_pages_file=/usr/local/na-net/whitepages.database----------------------------------------------------------------The purpose of these entries is as follows:libdir { location of subsidiary programs to be called by NA-NET. (currentlyunused)workdir { a scratch directory for NA-NET to write temp �les, etc.prefix { This is the pre�x that NA-NET will accept at the beginning of ad-dresses. NA-NET will remove it from the local part of a recipient addressbefore processing.The pre�x is used to distinguish NA-NET addresses from ordinary localaddresses on systems where the NA-NET system shares a mail domainwith local users.Normally the pre�x doesn't change. However, you could run multiple NA-NET domains with di�erent pre�xes, simply by pre�xes, simply by havingsendmail call NA-NET with a di�erent con�g-�le for each pre�x.helpfile { location of the text �le sent in response to a message addressed tohelphuman { Internet email address (not an NA-NET address) of a human being.This is used for mail to any of the following:na.net@na-net.ornl.govna-net@na-net.ornl.govnanet@na-net.ornl.govpostmaster@na-net.ornl.govIt is also used as a reply address on responses to help, join, change,remove, sendlist, whois, join-wp, change-wp, and remove-wp commands,and digest submissions. (But not as the reply address on digests sent tosubscribers!)mail domain { Internet mail domain for NA-NET addresses. This is used inerror messages and also so that NA-NET will recognize addresses suchas user%na-net.ornl.gov@na-net.ornl.govwhich shouldn't occur, butdo. 31



errlog1 { This address is used for the return address on most responsesto NA-NET commands. If a response bounces, the message will getsent back to this address. Normally errlog1 is set up to feed backinto into errlog1@na-net.ornl.gov, so that we can save the returnedmessage. Unfortunately, if one of these response messages bounces, wecan't do much about it; but the logs are sometimes useful to help an-swer questions or diagnose problems with someone's mail system. (Seedelivery error �le 1, below).errlog2 { This should be an Internet email address. NA-NET will use thisaddress as the envelope return-address on all outgoing na-digests. Nor-mally this will point back to <prefix>.errlog2@<mail domain>, whichallows NA-NET to process and log bounced mail messages. (Unlike mes-sages sent in response to commands, we can use the bounced digests to letus know whose addresses are no longer valid.) (See delivery error �le 2,below).master file { location of the NA-NET subscriber database. See \File For-mats" below.digest file { This is where incoming digest articles are stored. Each articleis separated from the others by a line of the form \From sender date".Two blank lines are added before the \From" line and after each message.logfile { This is a log of messages sent to NA-NET. Each line is of the form:date time sender recipient status-code status text...digest ack file { This �le contains a message that is sent to people who sendmail to the na.digest.delivery error file 1 { This is where bounced messages in response to NA-NET responses get �led.delivery error file 2 { This is where bounced digests get �led.white pages file { location of the NA-NET Whitepages Database.6.4 File Formats1. na-digest subscriber databaseThe subscriber database is an ordinary text �le consisting of lines of theformlastname, �rstname (na.key) email-addressThese lines are sorted lexicographically by lastname then �rstname.32



2. Whitepages DatabaseThe format of the Whitepages Database is as follows:(a) Each record is separated from the next by a newline.(b) Each �eld of the record is separated from the next �eld by a CR(carraige return, control-M)(c) Any newlines within a �eld are represented as control-A.It's di�cult to read the �le, but if the need arises it can be edited with atext editor.The �elds are, in order:last namefirst namemiddle nameother nameaffiliationoffice addresscity_state_zipcountryoffice phoneresearchhome addresshome phonefaxemail addressotherdate -- preferably in rfc 822 formatadded by -- email address of whoever addedthe record6.5 NA-NET Source FilesThe source �les are in /usr/local/src/na-net. Simply typing make shouldrebuild them.Notus of any changes are in the �le ChangeLog. The software is currentlystable, but changes are made occasionally to �x (hopefully minor) bugs, to makethe software more tolerant, easier to use, or easier to maintain.33



6.6 Database Changes, Backups, and Cron JobsDatabase updates are currently performed by sequentially copying thenanet names.master or whitepages database �les to \new" �les (those end-ing in .new). If the �le copy happens successfully, the current database is linkedto <filename>.old and the .new �le is renamed to nanet names.master orwhitepagesdatabase, respectively. The previous version of the �le remains in<filename>.old.The new �les are locked during updates so that two concurrent writes cannothappen, though others can read the database while it is being updated. Theactual update { replacment of the old database �le with the new { is atomic;queries can never see an inconsistent copy of the database �le.In order to prevent race conditions or locking the database for an excessiveperiod of time, some operations may have to be backed out. For example, ifsomeone tries to delete a subscriber record using the �rst and last names ofthe subscriber, and more than one subscriber has those names. In this caseNA-NET will detect the condition, issue an appropriate message, and discardthe new copy of the database (which may already have some records deleted)instead of replacing the old �le. (Thus, the presence of a .new �le does notmean that �le contains more current information.)In addition to the normal system backups, and the .old �les, there is a cronjob (/usr/local/na-net/rotate.sh) that gets run once per day that saves anextra copy of the NA-NET databases. Currently these are kept for �ve days.A summary of NA-NET activity for a given day is run from cron at 11:59pm. The summary script is in (/usr/local/na-net/summary.sh)There is currently no mechanism for rotating log �les.6.7 Sending to Digest SubscribersDigest mailings are accomplished by sending a message to a special NA-NETaddress known to the digest moderator.Replies to digests are currently sent to the na.digest address.6.8 SurgeryIf it is necessary to change NA-NET databases \by hand", the NA-NET systemshould be suspended. In the directory /usr/local/na-net there is a scriptcalled na-net.sh; this does nothing but exit with a \temporary failure" status.If the normal NA-NET binary is moved aside and the na-net.sh �le put inits place, sendmail will queue any messages for NA-NET and keep trying everyhalf hour or so. After renaming the na-net.sh �le, wait a few minutes sothat any NA-NET processes can �nish up before editing the database. Aftermaking whatever changes are necessary, don't forget to rename the real NA-NET program back to na-net. 34



7 Installation and Customization of the XnetlibClient7.1 Acquiring the Xnetlib SoftwareTo acquire the Xnetlib client software fromNetlib send email to netlib@netlib.orgwith the linesend xnetlib.shar from xnetlibin the message. Netlib will return the xnetlib.shar �le by email.Xnetlib is available by anonymous FTP from netlib.org in the xnetlib direc-tory.7.2 System RequirementsXnetlib will build on nearly any Unix system. It runs under the X WindowSystem, version 11, from MIT. It requires release level 4 or greater and theAthena widget libraries as supplied by MIT.Xnetlib is known to run on the following systems:� Convex.� DECStation running Ultrix 4.1, 4.2, and 4.2A, and DecWindows. (ForXnetlib to compile with the vendor-supplied X Windows libraries, youmust have the \Unsupported X11 Components" software subset loaded.)Xnetlib should also build and run with MIT's X11R4 or X11R5, but thiscon�guration has not been tested.� HP 9000 and MIT's X11R5. (Xnetlib may work with the vendor-suppliedX Windows libraries, but this is not recommended.)� IBM RS/6000 running AIX 3.1, 3.2, and MIT's X11R5. (Xnetlib maywork with X11R4, but R5 is preferred.)� NeXT Dimension and Co-Exist X11R4.� Sequent Symmetry and MIT's X11R4.� SGI 4D/25 running IRIX 3.3.3 and X11R4.� Stardent (Kubota) Titan and vendor-supplied X11R4.� Sun 3 running SunOS 4.1 and X11R4.� Sun 4 running SunOS 4.1 or later and X11R4 or X11R5.35



7.3 Building XnetlibXnetlib makes use of the imake facility (via xmkmf) that comes with standard XWindows distributions. A generic Make�le is provided and can be used if imakeis not present on your system.After the executable is built, install it by copying the �le xnetlib to anappropriate directory. There is no application defaults �le to install.With imake (xmkmf)Type: xmkmfmakeWithout imake (xmkmf)first edit Makefile.std to reflect your installation.Then type:make -f Makefile.std7.4 Customization of Xnetlib7.4.1 X ResourcespublicData { When a user runs Xnetlib, the index �les for the libraries aredownloaded from the server and cached in a special directory. For siteswhere many people use Xnetlib, it will save disk space if users share theseindex �les . This can be accomplished by setting the xnlPath resource tosome commonlywritable directory and by setting the publicData resourceto True. The e�ect of the publicData resource is to cause all index �les tobe saved world writable so they can be updated by anyone. Some sites setthese defaults at compile time by setting the fallback resources for thesevariables. (Look for fallback resources in main.c.)indexLifetime { controls frequency of client to server communication. Thisresource sets the number of days an index �le will be used before Xnetlibchecks with the server to �nd out if the �le is out of date. The defaultvalue is seven days.hostFile { sets the name of host �le, which contains the lists of servers tocontact. The default is $HOME/.xnetlibHosts.36



email { speci�es the Internet email address of the user. Xnetlib will attemptto guess the email address but will very often be wrong. The email addressis recorded in the server's log and is used to inform users of software bugsand updates.printCommand { sets the format string of the print command. It should containa \%s" which is replaced when the command is executed by the name ofthe temporary �le used in printing the text. The default is \lpr %s".showWhoInfo { determines whether instructions for adding your name to theNA-NET Whitepages Database are shown in Who mode. The default isTrue.entrySep { sets the string to be displayed between entries in Who mode. Thedefault is \||-".xnlDownloadPath { sets the directory where �les selected for downloading areto be placed. The default is $HOME/xnlFiles.depCheck { sets the default value for dependency checking in Download mode.confirmQuit { If the confirmQuit resource is True, you will be asked forcon�rmation before quitting Xnetlib.dontWarp { turns o� automatic cursor positioning if True.okColor, badColor, and cautionColor { a�ect the status message windowbackground. The defaults are green, red, and yellow.dial, needle, ef, and gasGauge.background { a�ect features of the gas gaugein Download mode. The defaults are DarkViolet, yellow, red, and white.8 Installing and Running NlrexecdNlrexecd is the service provider daemon for the Xnetlib services. The nlrexecddaemons running at UT/ORNL currently provide access to the Netlib softwareand document repository, the NA-NET Whitepages Database, the PerformanceDatabase, and the Conferences Database. Nlrexecd is written to be a generalservice provider, however, and can be con�gured to o�er an arbitrary set ofservices, as long as they speak the Xnetlib protocol. A new service can be addedeasily by providing the code for the function to be called when the service isinvoked.8.1 Acquiring the Nlrexecd SoftwareNlrexecd is not yet in general release. Send email to xnetlib@cs.utk.edu formore information. 37



8.2 System RequirementsNlrexecd should build and run on any Unix system supporting TCP/IP domainsockets. Nlrexecd does not require any type of X Windows support.8.3 Building NlrexecdThere are two avors of Nlrexecd. The large server distribution provides �letransfer and keyword and database lookup and is the basis for the main Xnetlibserver. The small server distribution provides only the �le transfer service.Site-speci�c services can easily be added to either server.Building the small server requires a �le called nlrexecd small.tar andotherwise requires a �le called nlrexecd.tar.Untar the �le in a suitable area. Examine the Make�le and make any site-speci�c changes you may require. Type make to build nlrexecd.Modules used by the small server are also used by the large server. Code thatis speci�c to one or the other within these common modules is di�erentiated bythe SMALL SERVER preprocessor symbol.8.4 Services and ProtocolAll actions performed by nlrexecd are indicated by a unique service name. Theservice required is passed by name to nlrexecd after a TCP connection is estab-lished from the client. Xnetlib Protocolserver (nlrexecd) client (xnetlib or telnet)listens on TCP port 5555 opens TCP connection to serversends newline terminated email addresssends newline terminated service namesends newline terminated service speci�c dataservice speci�c internal callis made passing clientdata and socket descriptorThe nlrexecd protocol describes only what occurs up until the service nameand data are correctly speci�ed, after that point the connection is \taken over"by that service.Note that requiring the client to provide any service speci�c data is a viola-tion of the spirit of separation between the service and the nlrexec layer. It wasdone entirely to simplify the job of the service module writer. There are severalinstances in which the service simply ignores this data. In any case, it may notbe omitted by the client. 38



8.4.1 Adding a Service to NlrexecdAdding a new service to the server code involves writing the function to becalled when your service is invoked and adding the service name in the mainmodule. The following example shows how to add a service called \howdy".To add the service name in the main module edit the �le nlrexecd.c.1. Declare your function (which should return a char*) where the otherservice functions are declared.char *howdy();2. Add the name of your service to the service list structure."howdy",3. Add the name of your function to the service call structure.howdy,Notice that the position of "howdy" in service list should correspondto the position of howdy in service call.4. Create a new �le called howdy.c. It should look something like this.#include <stdio.h>#include "nlrexecd.h"char *howdy(s, service, extra)int s ; char *service, *extra;{ swrite(s, "hello world\n");return "howdy ok";}The string returned by a service function is written to the log �le.5. Add howdy.o to OBJS in the Make�le.Now type make.To test your new service start the server and use telnet to talk to it.csh> telnet localhost 5555Trying...Connected to localhostEscape character is '^]'.wade@cs.utk.edu -- you type thishowdy -- and this39



nothing -- and thishello worldConnection closed.csh>8.4.2 Reserved Service NamesTo avoid service name conicts it is intended that Xnetlib service name pre�xeswill be maintained in a central registry. Entities will be provided a service namepre�x that they can use to manufacture unique service names. This would workin a manner similar to the Domain Name System except with the most generalquali�er at the beginning of the name instead of the end.Reserved Service Nameslist-services required by all servers?�le-tag used by all servers�le-get�le-get-depwho used by large serverkeywordkeyword-orkeyword-andkeyword-lsikeyword-literalkeyword-literal-caseperformance reserved pre�xesdataservef2c8.5 Command Line OptionsOption Explanation Default-port PORTNUMBER port at which nlrexecd will 5555listen for client requests-dir DIRECTORY e�ective root directory "/netlib"(argument to chroot)-nochroot Don't do chroot-log PATHNAME pathname for log �le "/usr/local/logs/nlr.log"8.6 Keyword and Database Lookup Services8.6.1 Keyword LookupThe keyword lookup services keyword, keyword-or, and keyword-and use akeyword database that is manufactured nightly from the Netlib index �les. This40



database is a full-text index and includes all words in the Netlib index �les.The keyword-literal and keyword-literal-case searches are slower be-cause they do string matching on the index �le descriptions themselves.The keyword searching mechanisms are expected to be changed to use WAISindexing and searching in the near future.8.6.2 Latent Semantic IndexingLatent Semantic Indexing is a method for automatic indexing and retrieval thattries to take advantage of the semantic, or conceptual, content of documents.The particular LSI technique used in Xnetlib at UT/ORNL employs singular-value decomposition to take a large matrix of term-document association data(in the case of Xnetlib, the documents are the netlib index �les) and constructa \semantic" space wherein terms and documents that are closely associatedare placed near one another. LSI tries to tackle the problems of synonymy(many ways to refer to the same object) and polysemy (more than one meaningfor a term), so as to improve the recall and precision of retrieval. In fact,terms that do not actually appear in a document may still end up close to thedocument, if that is consistent with the major patterns of association in thedata. Retrieval is carried out by using the terms in a query to indentify a pointin the semantic space and by returning documents in the neighborhood of thisspace. At UT/ORNL, the SVD is done periodically on a matrix constructedfrom the netlib index �les to produce a semantic space for the netlib repository.The keyword-lsi service invoked from nlrexecd carries out retrieval. For moreinformation about LSI, see [3].The particular LSI technique currently used in Xnetlib is patented and pro-prietary and can be used only with the written permission of Bell Communica-tions Research.8.6.3 Whois ServiceThe nlrexecd whois service does a lookup on the NA-NETWhitepages Database,augmented by the SIAM Membership List. Nlrexecd opens the �le/netlib/whois/whitepages.database and does a linear search for matchesto the user's query.8.6.4 Performance Database ServiceThe Performance Database service uses the public-domainRDB relational DBMSdeveloped by Walter Hobbs of Rand Corporation. RDB tables are stored asregular UNIX ASCII �les and thus can be manipulated by the normal UNIXutilities. The RDB tables for UT/ORNL Performance Database are stored in theperformance library in the Netlib tree. The performance-query,performance-or-search, and performance-and-search services invoked fromnlrexecd carry out searches on the RDB tables.41



8.6.5 Conference Database ServiceThe Conference Database service currently uses the Postgres extended relationaldatabase system. Postgres is in the public domain and is available via anony-mous FTP from the University of California at Berkeley. The function calledby nlrexecd for this service is dataserve. dataserve takes a database-system-independent client request and translates it into the appropriate Postquel lan-guage queries which are then executed on the Postgres database.The conference description �les are stored in the confdb library in the netlibtree. The �lenames for these descriptions are the Postgres Object IDs for thecorresponding entries in the Postgres database. Although the descriptions them-selves are not stored in Postgres, a full-text index derived from these descriptionsis stored in a Postgres relation. Postgres is used to handle searching by dates,keywords, and location. A geographical database stored in a Postgres relationhandles geographical aliasing and hierarchical geographical relationships (e.g.,retrieving entries for Belgium when asked for those in Europe).9 Anonymous FTP Server for NetlibAn anonymous FTP server has been installed onnetlib2.cs.utk.edu to provide anonymous FTP access to the Netlib direc-tory tree. The Netlib anonymous FTP server is based on the Washington Uni-versity ftp daemon, which in turn is based on the 4.3-Reno BSD ftp daemon.Minor modi�cations were necessary to get it to compile in a vanilla SunOSenvironment. The server supports several useful features including per-site,per-user, and per-directory access control, extensive logging, automatic displayof \readme" messages when you cd to a particular directory, and automaticcreation of compressed and/or tarred versions of �les and directories. (Just askfor <filename>.Z instead of �lename, or <directory>.tar.Z instead of each�le in the directory, and it gets packaged up on-the-y.)In \anonymous" mode, ftp logs into the \ftp" account and changes its rootdirectory to that account's home directory, so that it becomes impossible toaccess �les outside of that directory. On netlib2, the \ftp" account's homedirectory is /netlib.Con�guration �les are as follows:/etc/ftpusersThis file contains a list of users (like "nobody") who arenot permitted to log in via ftp./usr/local/etc/ftpaccessThis file specifies who can use the ftp server42



(you can create classes based on where someone logs infrom and who they say they are), how many members of eachclass can log in at once, which files get printed outwhen you cd to a particular directory, a message to bedisplayed at login time, whether a class of user canrequest auto compression or auto-tar, what kinds of thingscan be logged, who can "upload" files, and where warningmessages get mailed.See "man ftpaccess" for more information./usr/local/logs/ftpd.logThis is where transactions get logged.There are other con�g �les, detailing other features of ftp, but they are notused by the netlib implementation.For more information, see the man pages for ftpaccess(5),ftpconversions(5), ftpcount(1), ftpd(8), ftphosts(5), ftpshut(8), ftpwho(1),and xferlog(5). (On netlib2, these man pages are installed in /usr/local/man;make sure your MANPATH environment variable contains /usr/local/manahead of /usr/man).Netlib's ftp server is installed in /usr/local/etc/ftpd. The Sun-suppliedbinary is in /usr/etc/in.ftpd; but the �le /etc/inetd.conf has been changedto point to /usr/local/etc/ftpd.A few other programs are also needed to make anonymous FTP work prop-erly { special (statically-linked) versions of ls, compress, and (GNU) tar.These are installed on netlib2 in /netlib/bin. On netlib2 there is alsoa dummy /netlib/etc/passwd �le, which contains dummy entries for rootand ftp { with fake passwords. These are so that the output of ls -l can usemeaningful user names rather than uid numbers.The sources are in /usr/local/src/wu-ftpd-2.1a. There are some docu-mentation �les there that detail how to con�gure it. For these instructions see/usr/local/src/wu-ftpd-2.1a/INSTALL and/usr/local/src/wu-ftpd-2.1a/NOTES.10 Netlib Anonymous RCP Implementation10.1 \anon" AccountAn \anon" account exists on the machines netlib1.epm.ornl.gov andnetlib2.cs.utk.edu for the purpose of allowing anonymous RCP access. Nor-mal logins to this account are disabled by giving it a passwd �eld of \*". Inaddition, the shell for this account is a special shell named \anon-shell".43



10.2 Invocation of Anonymous RCPThe remote client's rcp command invokes the rcp command on the netlib servermachines via the remote shell service (rshd). rshd on the Netlib machines hasbeen specially modi�ed to accept the following syntax in .rhosts �les:� If the remote-user �eld is \*", and the remote-machine �eld is �lled in,any remote user at that machine can execute commands.� If the remote-machine �eld is \*", and the remote-user �eld is �lled in,any user by that name on any machine can execute commands.� If both �elds are \*", anyone can execute commands for this particularuser.The .rhosts �le for user anon on the netlib machines currently consists ofthe following line:* *The rshd program de�nes the environment variables REMOTE HOST andREMOTE USER for use by programs that it runs.10.3 anon-shell\anon-shell" is a very primitive command parser. Basically, it understands c-shell style quoting and globbing (wildcard expansion). When given a command,it splits it up into arguments, expands wildcards on each argument, and thenattempts to execute that command. It has a built-in table of commands thatit will attempt to run. It will refuse to run any commands that are not in itshard-coded table.\anon-shell" also logs every command executed, along with the remote userand host, via the syslog facility. Currently it uses LOG DAEMON andLOG INFO. netlib2's syslog currently stores such entries in/usr/adm/anon-rcp-log.\anon-shell" currently has two commands: rcp and ls. rcp is used by theclient rcp program to retrieve remote �les. ls can be used to browse directories.IMPORTANT NOTE: \anon-shell" runs set-uid to root and passes rootprivilege to any commands that it runs. Thus, it is dangerous to add newcommands without going over them carefully.10.4 Modi�ed rcp and ls commandsThe versions of rcp and ls installed on netlib1.epm.ornl.gov andnetlib2.cs.utk.edu have been modi�ed as follows:44



� Both rcp and ls immediately do the following:chdir ("/netlib");chroot ("/netlib");setuid (getuid ());thus limiting their view of the world to everything under /netlib, andturning o� any special privileges.� The modi�ed rcp can deal with not having an /etc/services or/etc/passwd �le.� The modi�ed rcp has all calls to mkdir() and open(...,O CREAT,...)#ifdef-ed out and replaced with code that prints \Permission denied".In general, the �le receiving code is disabled, but it will talk protocol withthe client rcp and return error messages. The �le sending code worksnormally.� rcp and ls are statically-linked binaries, since they have no access tosystem shared libraries.10.5 Locations of �lesThe source to the modi�ed rsh program is in the directory /usr/local/src/rsh.The specially modi�ed rshd program is installed in /usr/etc/in.rshd. (theoriginal one is in /usr/etc/in.rshd.ORIG)The sources to the other commands are in /usr/local/src/anon-rcp andits subdirectories. The subdirectories ls, shell, and rcp contain the sourcesto anon-ls, anon-shell, and anon-rcp. These are installed in anon, which iscurrently /usr/local/homes/anon.Logs of transactions are currently kept in /var/adm/anon-rcp-log.
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A Netlib SitesA.1 Sites Mirroring the Netlib RepositoryNew Jersey netlib@research.att.comTennessee netlib@netlib.orgNorway netlib@nac.noEngland netlib@ukc.ac.ukGermany eLib@zib-berlin.deTaiwan netlib@nchc.edu.twAustralia netlib@draci.cs.uow.edu.auA.2 Some Sites Using the Netlib Email Server to Dis-tribute Other Types of SoftwareThe software that runs the Netlib email server is available from the Netlib repos-itory. It can be retrieved by sending the message send netlib from misc tonetlib.org. A number of groups have acquired the email distribution software,and a few of these are listed below.The former \file{netlib/matlab} directory is now maintained atmatlib@mathworks.com.A collection of statistical software is available fromstatlib@temper.stat.cmu.edu.The TeX User Group distributes TeX-related software fromtuglib@math.utah.edu .The symbolic algebra system REDUCE is supported byreduce-netlib@rand.org.Parallel software and information about parallel processingis available fromparlib@hubcap.clemson.edu
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