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SETTING UP UNIX - Sixth Edition

Enclosed are:
1.  ‘UNIX Programmes Manual, Sixth Edition.
2. Documentwith the following titles:

Setting Up UNIX - Sixth Edition

The UNIX Time-Sharing System

C Reference Manual

Programming in C — A Gtorial

UNIX Assembler Reference Manual

A Tutorial Introduction to the EDékt Editor

UNIX for Beginners

RATFOR - A Preprocessor for a Rationakrffan
YACC - Yet Another CompileCompiler

NROFF Users’ Manual

The UNIX I/O System

A Manual for the Tmg Compilesriting Language
On the Security of UNIX

The M6 Macro Processor

A System for Ypesetting Mathematics

DC - An Interactie Desk Calculator

BC - An Arbitrary Precision Desk-Calculator Language
The Portable CLibrary (on UNIX)

UNIX Summary

3. TheUNIX software on magtape or disk pack.

If you aresetup to doit, it might be a goodideaimmediatelyto male a copy of the disk or tapeto
guardagninstdisaster The tapecontains12100512-byterecordsfollowed by a singlefile mark; only the
first 4000 512-byte blocks on the disk are significant.

The systemasdistributed correspondso threefairly full RK packs. Thefirst containsthe binaryver-
sion of all programs,and the sourcefor the operatingsystemitself; the secondcontainsall remaining
sourceprograms;the third containsmanualsintendedto be printed using the formatting programsroff or
nroff. The‘binary’ disk is enoughto run the system but you will almostcertainlywantto modify some
source programs.

Making a Disk From Tape

If your systemis on magtape performthe following bootstrapprocedureto obtaina disk with the
binaries.

1. Mountmagtape on dve O at load point.
2. Mountformatted disk pack on dwe O.
3.  Keyinand execute at 100000



TU10 TU16
012700 (tobe added)
172526
010040
012740
060003
000777

The tape shouldmove and the CPU loop. (The TU10 codeis not the DEC bulk ROM for tape;it
reads block 0, not block 1.)

Haltand restart the CPU at @he tape should vénd. Theconsole should type ‘='.

5.  Copy the magtapeto disk by the following. This assumesTU10 and RKO5; see6 belav for other
devices. Themachines printoutsareshavn in italic (the‘=" signsshouldbe consideredtalic). Ter-
minate each line you type by carriage return or line-feed.

=tmrk

disk ofset

0

tape ofset

100 (See6 below)

count

1 (The tape should nve)
=tmrk

disk ofset

1

tape ofset

101 (See7 below)

count

3999 (Thetape mwoeslots more)

To explain: thetmrk programcopiestapeto disk with the given offsetsandcounts. Its first usecopies
a bootstrapprogramto disk block 0; the secondusecopiesthe file systemitself ontothe disk. You
may get back to ‘=" heel by starting at 137000.

6. If youhave TU16 tapesay‘htrk’ insteadof ‘tmrk’ in the above example. If you have an RP03disk,
say‘tmrp’ or ‘htrp’, andusea 99 insteadof 100tapeoffset. If you have an RP04disk, use‘tmhp’ or
‘hthp’ insteador ‘tmrk’, andusea 98 insteadof 100tapeoffset. Thedifferentoffsetsload bootstrap
programs appropriate to the diskyhell li ve on.

7.  Thisproceduregenerateshe ‘binary’ disk; the ‘source’ disk may be generatedn anotherRK pack
by usinga tapeoffset of 4101insteadof 101. The ‘document’disk is at offset 8101 insteadof 101.
Unlessyou have only a singleRK drive, it is probablywiseto wait on generatinghesedisks. Better
tools are wailable using UNIX itself.

Booting UNIX

Oncethe UNIX ‘binary’ disk is obtainedthe systemis bootedby keying in andexecuting oneof the
following programsat 100000. Theseprogramscorrespondo the DEC bulk ROMs for disks, sincethey
read in and>aecute block O at location 0.



RKO05 RPO3 RP04

012700 012700 (tobe added)
177414 176726
005040 005040
005040 005040
010040 005040
012740 010040
000005 012740
105710 000005
002376 105710
005007 002376
005007
Now follow the indicated dialog, where ‘@’ and ‘#' are prompts:
@ rkunix (or ‘rpunix’ or *hpunix’)
mem = XXX
login: root
#

The memmessageayives the memoryavailable to userprogramsin .1K units. Most of the UNIX software
will run with 120 (for 12K vords), lut some things require much more.

UNIX is now running,andthe ‘UNIX Programmeg manual’ applies;referencedelov of the form
X-Y meanthe subsectiomamedX in sectionY of themanual. The‘#’ is the promptfrom the UNIX Shell,
andindicatesyou areloggedin asthe superuser The only valid usernamesare‘root’ and‘bin’. Theroot
is the supeuser and bin is theamer of nearly eery file in the file system.

Before UNIX is turnedup completely a few configurationdependenexercisesmustbe performed.
At this point, it would be wise to readall of the manualsandto augmenthis readingwith handto hand
combat. It might be instructie to examine the Shell run files mentioned belo

Reconfiguration

The UNIX systemrunningis configuredto run on an 11/40with the given disk, TU10 magtapeand
TU56 DECtape. This is almostcertainly not the correctconfiguration. Print (cat-1) the file /usr/sys/run.
This file is a setof Shellcommandshatwill completelyrecompilethe systemsource,jnstallit in the cor
rect libraries andudld the three configurations for rk, rp and hp.

Using the Shell file as a guide, compile (cc-1) and rename(mv-I) the configuration program
‘mkconf’. Runthe configurationprogramandtypeinto it alist of the controllerson your system.Choose
from:



pc (PC11)

lp  (LP11)

rf (RS11)

hs (RS03/RS04)
tc  (TU56)

rk  (RKO3/RKO5)
tm (TU10)

rp (RPO3)

hp (RPO04)

ht (TU16)

dc* (DC11)

kI* (KL11/DL11-ABC)
di* (DL11-E)

dp (DP11)

dn (DN11)

dh (DH11)

dhdm(DM11-BB)

The devicesmarked with * shouldbe precededy a numberspecifyinghov mary. (The consoletypewriter
is automaticallyincluded;dont countit in thekl specification.)Mkconf will generateghe two filesl.s (trap
vectors) andc.c (configurationtable). Take a careful look at I.s to male sure that all the devicesthatyou
have are assembledn the correctinterruptvectors. If your configurationis non-standardyou will have to
modify |.s to fit your configuration.

In therun Shellfile, the 11/45codeis commentedut. If you have an 11/45you mustalsoedit (ed-I)
thefile /usr/sys/conf/m45.® setthe assemblyflag fpp to reflectif you have the FP11-Bfloating point unit.
The main differencebetweenan 11/40 and an 11/45 (or 11/70) systemis that in the former instruction
restartafter a sggmentationviolation causedby overflowing a user stack must be handledby software,
while in the latter machinesthereis hardvare help. As mentionedabore, the 11/45and 11/70 systems
include conditionally-enableadodeto save the statusof the floating point unit when switchingusers. The
source for such things is in one of thefiles m40.s and m45.s.

Another differenceis thatin 11/45and 11/70 systemshe instructionand dataspacesare separated
inside UNIX itself. Sincethelayoutof addresses the systemis somavhat peculiar and not directly sup-
ported by the link-editad, the sysfixprogram has to be run before the loaded output file can be booted.

There are certainmagic numbersand configurationparametersmbeddedin variousdevice drivers
that you maywantto change.The device addressesf eachdevice aredefinedin eachdriver. In caseyou
have any non-standardievice addressegust changethe addressandrecompile. (The device drivers arein
the directory /usr/sys/dmr

The DC11 dwer isset to run 14 linesThis can be changed in dc.c.

The DH11 driver will only handlea singleDH with afull complemenof 16 lines. If you have less,
you may vant to edit dh.c.

The DN11 dnver will handle 3 DNSs. Editdn.c.

The DP11 drier can only handle a single DR his cannot be easily changed.

The KL/DL driver is set up to run a single DL11-A, -B, or -C (the console)andno DL11-E’s. To
changethis, edit kl.c to have NKL11 reflectthe total numberof DL11-ABC'’s and NDL11 to reflectthe
number of DL11-E's. So far as the driver is concerned,the difference betweenthe devices is their
addresses.

The line printer driver is set up to print the 96 characterseton 80 column paper(LP11-H) with
indenting. EditlIp.c.

All of the disk andtapedrivers (rf.c, rk.c, rp.c, tm.c, tc.c, hs.c,hp.c, ht.c) are setup to run 8 drives
andshouldnot needto be changed.The big disk drivers (rp.candhp.c)have partition tablesin themwhich
you may vant to &periment with.



After all the correctionshave beenmade,use/usr/sys/rurasa guideto recompilethe changedriv-
ers,install themin /usr/sys/lib2andto assemblehe trap vectors(l.s), configurationtable (c.c) andmachine
languageassist(m40.sor m45.s). After all this, link editthe objects(ld-1) andif you have an 11/45, sysfix
theresult. Thefinal objectfile (a.out)shouldberenamedunix andbooted. SeeBoot Procedures-Vllfor a
discussiomf booting. (Note: rememberbefore booting,aways performa sync-VIll to force delayedout-
put to the disk.)

Special Files

Next you mustputin all of the specialfiles in the directory/dev using mknod-VIIl. Print the config-
urationfile c.c createdabove. This is the major device switch of eachdevice class(block and character).
Thereis oneline for eachdevice configuredin your systemand a null line for place holding for those
devicesnot configured. The block specialdevicesareput in first by executing the following genericcom-
mandfor eachdisk or tapedrive. (Note thatsomeof thesefiles alreadyexist in the directory/dev. Exam-
ine each file with Is-1 with —I flag to see if the file should be reatdg

/etc/mknod /de/NAME b MAJOR MINOR
The NAME is selected from the folleing list:

c.c NAME device

rf rf0 RS fixed head disk

tc  tapO0 TU56 DECtape

rk rk0O RKO3 RKO5 meing head disk
tm mt0 TU10 TU16 magtape

rp rp0 RP mwing head disk

hs hs0O RS03 RS04 fizd head disk
hp hp0 RP04 meing head disk

The major device numberis selectedoy countingthe line number(from zero) of the device’s entry in the
block configuration tableThus the first entry in the table ey would be major déce zero.

The minor device is thedrive number unit numberor partitionasdescribedindereachdevice in sec-
tion IV. The lastdigit of the name(all given as 0 in the tableaboe) should reflectthe minor device num-
ber For tapes where the unit is dial selectable, a special file may be made for each possible selection.

The samegoesfor the characterdevices. Herethe namesare arbitrary exceptthat devices meantto
be usedfor teletypeaccesshouldbe named/dev/ttyX, whereX is ary character The files tty8 (console),
mem, kmem, null are already correctly configured.

The disk andmagtapeadrivers provide a ‘raw’ interfaceto the device which providesdirecttransmis-
sion betweenthe users core andthe device and allows readingor writing large records. The raw device
countsas a characterdevice, and should have the nameof the correspondingstandardblock specialfile
with ‘r’ prepended.Thus the rev magtape files wuld be called /dgrmtX.

When all the specialfiles have been created,care should be taken to changethe accessmodes
(chmod-1) on these files to appropriatdues.

The Source Disk

You should now extractthe sourcedisk. This canbedoneasdescribedcabove or the UNIX command
dd-I may be usedThe disk image kgns at block 4100 on the tape, so the command

dd if=/dev/mtO of=/de//rk1 count=4000 skip=4100

might be used tox¢ract the disk to RK dvie 1.

This disk shouldbe mounted(mount-VIIl) on /usr/sourceijt containsdirectoriesof sourcecode. In
eachdirectoryis a Shellfile run thatwill recompileall the sourcein thedirectory Theserunfiles shouldbe
consulted whener you need to recompile.



Floating Point

UNIX only supportghe 11/45FP11-Bfloating pointunit. For machineswithoutthis hardvare,there
is a usersubroutineavailable thatwill catchillegal instructiontrapsandinterpretfloating point operations.
(Seefptrap-1ll.) The systemasdelivered hasthis codeincludedin all commandghat have floating point.
This codeis never usedif the FP hardware is available and thereforedoesnot needto be changed.The
penalty is a little bit of disk space and loading time for theffeating commands.

The C compilerin /usr/source/q@robablyshouldbe changedf floating point is available. The fpp
flag in cOt.sshouldbe setand C shouldbe recompiledand reloadedand installed. This allows floating
point C programgo be compiledwithout the —f flag andprevents the floating point interpreterfrom getting
into new floating programs(See /usr/source/c/run.)

Time Corversion

If your machine is not in the Easterntime zone, you must edit (ed-1) the subroutine
lusr/source/s4/ctime o reflectyour local time. The variable‘timezone’ shouldbe changedo reflectthe
time differencebetweenlocal time and GMT. For EST, this is 5*60*60; for PST it would be 8*60*60.
This routinealsocontainsthe namesof the standardand Daylight Savings time zone;so‘EST’ and'EDT’
might be changedto ‘PST’ and‘PDT’ respectiely. Notice that thesetwo namesare in uppercaseand
escapesnay be neededtty-1V). Finally, thereis a‘daylight’ flag; whenit is 1 it causeghetime to shift to
Daylight Savings automaticallybetweerthelastSundaysn April andOctober(or otheralgorithmsin 1974
and1975). Normally thiswill nothave to be reset. After ctime.chasbeeneditedit shouldbe compiledand
installedin its library. (See/usr/source/s4/run.Yhenyou should(at your leisure)recompileandreinstall
all programsperformingtime corversion. Theseinclude: (in s1) date,dump,ls, cron, (in s2) mail, pr,
restor who, sa and tp.

Disk Layout

If thereareto be morefile systemsmountedthanjust the root, usemkfs-VIll to createthe new file
systemand put its mountingin the file /etc/rc (seeinit-VIIl and mount-VIIl). (You might look at /etc/rc
aryway to see what has been yided for you.)

Therearetwo considerationsn decidinghow to adjust the arrangemenof thingson your disks:the
mostimportantis makingsurethereis adequatespacefor whatis required;secondarilythroughputshould
be maximized. The RK disk (or its image)asdistributed has4000blocksfor file storage andthe remain-
der of the disk (872 blocks)is setasidefor swap space.In our own systemwhich allows 14 simultaneous
users,this amountof swap spaceis not quite enough,so we use1872blocksfor this purpose;it is large
enough so running out of sy space ner occurs.

Many common systemprograms(C, the editor, the assembleetc.) createintermediatefiles in the
/tmp directory so the file systemwherethis is storedalso shouldbe madelarge enoughto accommodate
most high-water marks. In an idle state,we have about 900 free blocks on the file systemwhere /tmp
residesandhit the bottomevery few daysor so. (This causesa momentarydisruption,but not a crash,as
swap-spaceunoutdoes.) All the programghatcreatefilesin /tmp try to take careto deletethem,but most
arenotimmuneto events like being hungup upon,andcanleave dregs. Thedirectoryshouldbe examined
every so often and the old files deleted.

Exhaustionof userfile spaceis certainto occurnow and then;the only mechanismgor controlling
this phenomenon are occasional use of du-1 and threatening messages of the day and personal letters.

The efficiengy with which UNIX is ableto usethe CPU is largely dictatedby the configurationof
disk controllers. For generaltime-sharingapplicationsthe beststratey is to try to split userfiles, the root
directory (including the /tmp directory)andthe swap areaamongthreecontrollers. In our own system for
example,we have userfiles on an RR the root on an RF fixed-headlisk, andswap on anRK. This is best
for ussincethe RK hasafastertransferratethantheratherslov RF, and in swappingthe transferraterather
than access time is the dominant influence on throughput.

Onceyou have decidedhow to make bestuseof your hardvare,the questionis how to initialize it. If
you have the equipmentthe bestway to move a file systemis to dumpit (dump-VIIl) to magtapeuse
mkfs-VIII to createthe new file systemandrestorethe tape. If you dont have magtapedumpacceptsan



amgumenttelling whereto put the dump;you might useanotherdisk or DECtape. Sometimesa file system
hasto be increasedn logical size without copying. The supefblock of the device hasa word giving the
highestaddressvhich canbe allocated. For relatively smallincreasesthis word canbe patchedusingthe
delugger (db-I) andthe free list reconstructedising icheck-VIIl. The size shouldnot be increasedvery
greatlyby this techniguehowever, since althoughthe allocatablespacewill increasehe maximumnumber
of fileswill not (thatis, thei-list sizecant be changed). Readand understandhe descriptiongiven in file

system-VI before playing around in thiswyv

If you have only an RP disk, seesectionrp-IV for somesuggestion®n how to lay out the informa-
tion onit. Thefile systemdistributedon tape,containingthe binary the source andthe manualsareeach
only 4000blockslong. Perhapghe simplestway to integratethe latter two into a large file systemis to
extractthetapeinto theupperpartof the RR dumpit, andrestoreit into anempty non-overlappingfile sys-
tem structure. If you have to merge afile systeminto another existing one,the bestbetis to usencheck-
VIl to getalist of namestheneditthislist into a sequencef mkdir andcp commandsvhich will sene as
input to the Shell.(But notice that wner information is lost.)

New Users

Install new usersby editing the passwerd file /etc/passwdpasswd-V). You'll hase to make current
directoriesfor the new usersand changetheir ownersto the newly installedname. Login aseachuserto
make sure the passord file is correctly editedFor example:

ed /etc/passwd
$a
joe::10:1::/usr/joe:
w

mkdir /usr/joe
chown joe /usr/joe
login joe

Is —la

login root

This will make a new login entry for joe. His default currentdirectoryis /usr/joewhich hasbeencreated.
The delvered passwrd file has the uséenin it to be used as a prototype.

Multiple Users

If UNIX is to supportsimultaneousccesgrom morethanjust the consoleteletype thefile /etc/ttys
(ttys-V) hasto beedited. For somehistoricalreasortty8 is the nameof the consoletypewriter. To add nen
typewriters be surethe device is configuredand the specialfile exists, then setthe first characterof the
appropriatdine of /etc/ttysto 1 (or adda new line). Notethatinit.c will have to be recompiledif thereare
to be morethan 20 typewriters. Also notethatif the specialfile is inaccessiblavheninit triesto createa
process for it, the system will thrash trying and retrying to open it.

File System Health

Periodically(sayevery day or so) andalways aftera crash,you shouldcheckall the file systemdor
consisteng (icheck,dcheck-VIIl). It is quite importantto execute sync (VIIl) beforerebootingor taking
the machinedownn. Thisis doneautomaticallyevery 30 secondsdy the updateprogram(VIll) whenamul-
tiple-user system is runningytyou should do it iway to malke sure.

Dumpingof thefile systemshouldbe doneregularly, since oncethe systemis goingit is very easyto
becomecomplacent.Justremembethat our RP controllerhasfailed threetimes,eachtime in sucha way
that all informationon the disk was wiped out without ary error statusfrom the controller Completeand
incrementaldumpsare easily donewith the dump command(VI1ll) but restorationof individual files is
painful. Dumpingof files by nameis bestdoneby tp (I) but the numberof filesis limited. Finally if there
are enoughdrives entire diskscanbe copiedusingcp-I, or preferablywith dd-1 usingthe raw specialfiles
andanappropriatélock size. Note thatthereis no stand-alongrogramwith UNIX thatwill restoreary of



theseformats. Unlesssomeactionhasbeentakento prevent destructiorof arunningversionof UNIX, you
can find yourself strandeden though you hee backup.



Odds and Ends

The programsdump, icheck, dcheck,ncheck,and df (sourcein /usr/source/stand /usr/source/s2)
shouldbe changedo reflectyour default mountedfile systemdevices. Printthefirst few linesof thesepro-
grams and the changes will bevius.

If youwould like to shareary UNIX compatiblesoftwarewith others pleasdet usknow aboutit. If
you find hugs in the softare or the documentation,ag let us knuv.

Lastly, thereis a UNIX users’groupforming. To get on their mailing list, sendyour name(s)and
address to:

Prof. Melvin Ferentz
Physics Dept.

Brooklyn Collgge of CUNY
Brooklyn, N.Y. 11210

Good luck.
Ken Thompson
Dennis Ritchie



