Getting started with...

Berkeley Softwae for UNIXT on the VAXt
(The third Berk eley Software Distrib ution)

A packageof software for uNix developed at the ComputerScienceDivision of the University of
Californiaat Berkeley isinstalledon our system. This packagencludesa new versionof the operatingsys-
tem kernelwhich supportsa virtual memory demand-pageeénvironment. While the kernelchangeshould
be transparento mostprogramstherearesomethingsyou shouldknow if you planto run large programs
to optimizetheir performancen avirtual memoryernvironment. Therearealsoa numberof othernew pro-
grams which are moinstalled on our machine; the more important of these are described belo

Documentation

The new softwareis describedn two new volumesof documentation.The first is a nev versionof
volume 1 of theunix programmersnanualwhich hasintegratedmanualpagedor the distributed software
and incorporatechangedo the systemmadewhile introducingthe virtual memoryfacility. The second
volume of documentationis numberedvolume 2c¢, of which this paperis a section. This volume contains
papers about programs which are in the distidim package.

Where arethe programs?

Most new programsfrom Berkeley residein the directory/usr/ucb. A major exceptionis the C shell,
csh,which livesin /bin. We will later describehow you canarrangefor the programsin the distribution to
be part of your normal @rking ervironment.

Making use of the Mrtual Memory

With a virtual memorysystemi|t is no longernecessaryor runningprogramgo befully residentin
memory Programsneedhave only a subsebf theiraddresspaceresidenin memory and pagesvhich are
not residentin memorywill be faultedinto memoryif they are needed.This allows programdarger than
memoryto run, but alsoplacesa penaltyon programswhich do not exhibit locality. It isimportantto struc-
ture lage programs so that atyaone time thg are referring to as small a number of pages as possible.

If you aregoingto createvery large programsthenyou shouldknow about a nev demandload for-
mat. Thisformatcausedarge programgo begin execution morerapidly, without loadingin all the pagesof
the programbeforeexecution begins. It is mostsuitablefor programswhich arelarge (say> 50K bytesof
programand initialized data),and especiallywhen a programhasa large numberof facilities, not all of
which areusedin ary onerun. To createan executablefile with this format, you usethe -z loaderdirec-
tive; thusyou cansay*cc -z ..” or “f77 —z ..”. Thefile commandwill shaw such files to be “demand
pagedpureexecutable’ files. Seethe manualpagefor Id in sectionl anda.outin section5 of volume 1 of
the manual for more information.

If you have or are writing a large programwhich createsen processesschildren,thenyou should
know aboutvfork systemcall. Thefork systemcall createsa new processby copying the dataspaceof the
parentprocesgo createa child process.In avirtual ervironmentthisis very expensve. Vfork allows cre-
ation of a newv processwithout copying the parents addressspaceby letting the parentexecute in the
child’s systemcontext. The parentcansetup the input/outputfor the child andthenreturnto its own con-
text aftera call to execor _exit. If you usethe standard/O routinesystem()to execute commanddrom
within your programsthenvfork will be usedautomatically If you have beencalling fork yourself,you
should read the manual page ¥ork and use it when you can.
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In orderthat efficient randomaccesse permittedin a portableway to large datafiles, a pair of nev
systemcalls hasbeenadded:vread and vwrite. Thesecalls resemblethe normalunix read and write
calls, but are potentiallymuchmoreefficient for sparseandrandomaccesdo large datafiles. Vread does
not causeall the datawhich is virtually readto be immediatelytransferredo your addresspace.Rather
the datacanbe fetchedasrequiredby referencesat the systemsdiscretion. At the point of thevread, the
systemmerely computeghe disk block numbersof the correspondingpagesand storesthesein the page
tables. Faulting in a pagefrom the file systemis thusno more expensve thanfaulting in a pagefrom the
pagingdevice. In both casesall the mappinginformationis immediatelyavailable or canbe easily com-
putedfrom incoreinformation. Vwrite works with vreadto allow efficientupdatingof large datawhich is
only partially accessed, byweiting to the file only those pages whichve®een modified.

Downward compatibilityto non-virtualsystemss achiered by the factthatread andwrite callshave
the samesemanticasvread andvwrite calls; only the efficiengy is different. If you have programswhich
accesdargefiles, anddo so sparselyreadthe manualpagedor vread andvwrite in section2 of volume 1
of the manual.

File System blocksize changes

The size of blocksin thefile systemhasbeenchangedo improve the throughputof the disks. The
constant‘512” is not the “best” size to usewhenreading/writingthe disk; ratheryou shoulduse*B UF-
SIZ” blocks asdefinedin theincludefile <stdio.h>. Becauséhis constanhasbeenchangedll old .o files
must be removed and then recreated. They will notload successfullysince the distributed library rou-
tinesassumehatBUFSIZ is 1024 (its currentvalueat our installation). Old executableimagesmaybe pre-
sened by running the command

1kfix file

on eachsuchfile. Note thatthis only works for “a.out” type files, not “.0’s!
old programs be recompiled to &ddvantage of the lger disk block size.

" |t isrecommendedhatall

New Languagesdr the VAX

Therearenow available interpreterdor APL and Pascalfor the vax, and a LISP systemsupportinga
dialectof LiIsP compatiblewith a large subsetof MACLISP. The APL interpreteris the 11 version, moved to
thevax, and now hasa large workspacecapability (but hasnot beenextensively used.) The Pascalsystem
hasbeenusedextensvely for instructionandresearchandis the samesystemwhich was available on the
PDP-11. The only limitations of the Pascalsystemare a maximumof 32K bytesper stackframe (dueto
the implementatiorof the interpreter) and64K bytespervariableallocatedwith new. Essentiallyarbitrary
sizedprogramscanbe run with the systemwhich supportsa very standardPascalwith no languagesxten-
sions. ThePascalsystemfeaturesvery gooderrordiagnosticsandincludesa sourcelevel execution profil-
ing facility. T

TheLisp system,‘Franz Lisp”, wasdevelopedat Berkeley as part of a projectto move the MIT MAC-
SYMA systemfrom the PDP-10to thevAax. A compilerliszt for FranzLisp, written at Bell Laboratoriesjs
also included with the system.

For more informationaboutapL referto its manualpagein volume 1 of the manual. The Pascalsys-
tem consistsof the programspi, px, pix, pxp, pxref, andpic, all of which aredocumentedn sectionl of
volume 1 of the manual. Thereis alsoa paperintroducingthe systemin volume 2c. The LISP systemis
described inThe Fanz Lisp Manualn volume 2c of the manual.

A display editor —vi

The systemincludesthe latestversionof the displayeditorvi which runson a large numberof intelli-
gent and unintelligentdisplay terminals. This editor runs using a terminal descriptiondata baseand a
library of routinesfor writing terminal independenprogramswhich is also supplied. The editor hasa
mnemoniccommandsetwhich is easyto learnandrememberand dealswith the hierarchicalstructureof
documentsin a naturalway. Editor usersare protectedagninst loss of work if the systemcrashesand

T A compiler for Riscal based on this system is currently beinvgldped, lut is not part of this distriltion.



against casualmistales by a generalundofacility aswell asvisual feedback. The editor is quite usable
even on low speed lines and dumb terminals.

For userswho preferline orientedediting, the ex commandentersthe sameeditor, but in a line ori-
entededitingmode. For beginnerswho have never useda line editor before,thereis a versionof the editor
known aseditwhich has a well-written tutorial introducing it.

For more informationaboutedit seeEdit: a Tutorial in volume2c of the manual. Theline editorfea-
turesaredescribedn the Ex RefeenceManualwhich is in volume 2c of the manual. Also in volume 2¢
areAn Introduction to Display Editing withi\And avi reference card.

Command and mail processing pograms

Thereis alsoa nev commandprocessocshwhich catersto interactie usersby providing a history
list of recentcommandsyhich canbe easilyrepeated.The shell also hasa powerful macro-like aiasing
facility which canbe usedto tailor a friendly commandervironment. Cshis implementedso that both it
and the standard shdliin/sh can be run on the same system.

The Introductionto the C shellintroducesthe shell. If you have usedthe standardshell, thenyou
should especially read about thistoryandalias mechanisms of the shell.

In orderthatthe manualdistributedwith the tapecorrespondo the commandsvhich areavailable to
you, the dedult execution search path is

PATH=:/usr/ucb:/bin:/usr/bin
in the language dbin/sh or

seten PATH :/usr/ucb:/bin:/usr/bin:
set path=(. /usr/ucb /bin /usr/bin)

in the language dbin/csh.

For sendingandreceving mail, a new interactve mail processingcommandprovides a hospitable
ervironment,supportingitemssuchassubjectandcarboncopy fields,andallowing creationof distribution
lists. Thiscommandalsohasa mail readingmodewhich malesit corvenientto dealwith large volumesof
mail. Seethe manualpagefor mail in sectionl, volume1 of the manual,andthe Mail refeenceManualin
volume 2c of the manual for more details.

Better debugger support

A versionof the symbolicdetuggersdbis provided which nonv can delug FORTRAN 77 programs.
The assemblehasbeenrewritten andthe C compilermodifiedto reducegreatlythe overheadof usingthe
symbolic detugger making it much more feasiblefor heary use. If you are interestedthenyou should
read the n& document forsdb,provided in wolume 2c.

Other software

Othernen programsincludeprogramgo simulatethe phototypesetteon 200 bpi plotters,acommon
systemmessagefacility, routinesfor datacompressiona modifiedversionof the standard/O library per
mitting simultaneouseadsandwrites, a network for connectingheterogeneoudNIX systemsat low cost
(1 tty port per connectionper machineand no systemchanges)and a new, flexible macro packagefor
n/troff -me. New commandwhatis andaproposcanbe usedto identify programsandto locatecommands
based on &words. Try

cd /usr/ucb
whatis *

and to find out aboutaBcal:

apropos pascal



Monitoring the new system

If you want to seewhat is happeningin the nav system,you can usethe nev vmstat command,
describedin sectionl of the manual,which shawvs the currentvirtual load on the system. The system
recomputeghe information printedby vmstat every five secondssoa “vmstat5” is a good commandto

try.
To see what processes are eettirtual processes, you can do

ps &
The command
ps v

will print only the actve processes which you are running.



