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The zttachec docurents descrike the procedure wuvsed to install
standard UNIX systers on a PLP 11/40 or 11/45, znd the csterps
necessary to regenerate secticns of tne svetem software. These

proceauces ancly to ths UNIX Surrort.Crouc’'s (USC) UNIX Roleace 2
anc the uNIX ﬂ"erctln System PFrogram Seneric, PG-1C34%, Izzue 1.

ihe atta.aed gocurents are revised versions of "Szttine U UNIX®
ano “Regenerating Svster Software" cv ¥ Thomoson and G. N.
Xitchie. 1Two tvces of modifications ware mace tec tne originel
cocvrents The irct makss the documents en

'SOEN crocodure wnicn elim
vreviovslv executed bv hand Foe exaﬂﬁle th
cutes the “tlrec* shell file on 2ll 11/4¢ mechines ané on 11/45
machines without the float ing noint O“tlcu. or rore cetails on
SYSUEN see “"Crzating & wew File 3vstem" hv 1. A, Winheir, ine
second  kvoe ot meocificaticn ireccrocrates some of the <rowleads
gainec by the USC durino the trcub le~cheootineg cf new svstemsz.,
Section ¢, uultitle Users, of “Setting UYp CLIX” is one exancle of
this tyce of mediticaticn.
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Tne infcrmation in tne attached documents i3 meant to apoly only

to svstems generated by the US3, althcugh some cf the inforcaticn
is universal to L IX. :
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SETTING UP UNIX - Issue Three

I. HANIPEST
(;-losec are"

1. The UNIX software on waqta"e or disk pack.
2. "Recenerating Svster Software"
3. Your configuration. . - .
4. Svsgen snell crocedure used. - '
‘ 5. Proto file
. 6. conf.c
C 7- lollo-
€. name list of your syster

II. SYSTElL OH HAGTAPE

If your system is on magtape, rperform the following bootstrao
proceaure to obtaln a aisx pack. . : o

1. vount rwaaqtaze on cérive ¢ at load coint.
© 2. Mount forwatteo disk rack on érive 3.
3. Key in a2nd execute 2t 1Cf688
for a TUlN waatare drive.
T 61276
1725246
016649
012740
vecCe3
008777 :
The tave should move and the CPU looo.
(This is not the DEC btulk RO# for tace.)

OR

If your machine is an 11/45 or an 11/7@

this can te shortenec¢. (Cn the 11/7C¢ there
are more console switches and the addresses
below are for the 11/45 machines. Tc convert
the addresses to 11/70 sirnlv set the unspecified
high order switches to the uo position.)

- : For TJUILA
L, : Make sure the fcllowina acdreasec are zeroed
. ' 772442
’ 772444
772446

Halt and load acdress 772472
Set switches to ¢£13¢¢ and denosit.-
Load acdress 77244¢
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Set switches to €0€071
Enable and denosit (in that order)

_ For 71U14@ -
Halt and loaa address 772522 .
Set switches to {ACECO3

Enable and deposit (in that order)

4. Halt anc restart the CPU at £.
(Load address HUCLCE - .
set switches to 773(3C to come up single user
Enable and start) . ’
The taze chould rewind,
The console should type ‘=", .
5. Cooy the magtare to disk by the following:
=

list<

(This will list 21l the files on the
front of th2 te=e. The last line
will look like:

' tape size = N (decimal)

where NN is a number in decimal.)

{machine)

{you) (<=CR/LF)

' (meR)

=

copy< T _ ) v (you)

p for RP; f for KF; x for R%; 4 for RDAY (mch)
- P (you) (or k,f,0r 4 as tne case mav be)

m for TMll; u for TUl6; c for TCll (mch)

m .
disk offset<

* (you) (or u or ¢ as the case may be)

(mcn)
£< (you)
tape offset< (mch)

_NN< (you) (where NN is gotten from list)

. (The tape shoulé move) .
count< (mch)
4660< * (you) (the tape moves more) .
= ' (mch)

6. At this point you have a UNIYX svstem on disk.
It is advisable to come up on the disk from
the tare at this point. This is done in order
to copy the correct toot crogrom onto the front
of the pack being used z¢ the root. (Due to che
size of the new boot mrogrars a utility vackage
containing the necessarv koots would not fit
on tlock zero.) tlake sure the switches are set
to 77303¢ and resvond to the “=" with:

hpboot< CR rkboot< OR rpboot<
4 .

k o]

(note CR echoed by mch)

/unix< /unix< ‘ ) /unix<

There will be no crompts after the boot program
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is typed. The only way to tell that you are on
the rignt track is if the machine echoes a
carriace return. If no CR is echoed the wronq
character was tyceé and this boot will nec: work.
If this is the case rereat the above booting
procecure from the tase (steos 3, 4, and 6).
UNIX is now runnina on the disk rack. You know
this by the console message "UNIX Release 2". A
special file must be mace in directory /dev for
the root device. Section VI (Scecizl Files) des-
cribes this vrocedure. NOTE all the scvecial
- files may be enterec at this time or they may
be entered at a later time. With this com-
\;- . pleted, copy the correct boot (resides in the
directory /usr/mdec/tu) to tihe cevice with the
¢p-I commancd. For examvle use cne of the following:

)

cp /usr/mdec/tu/nvbcot /dev/hni
¢cp /usr/mdec/tu/rkboot /dav/rk0
¢p /usr/mcec/tu/rrnboot /dev/rrnl

for theRF#4, RX(C4/65, and the RPE3 resoectivelv.

The correct toct orogram is now on block zero

of the root device and any future boots can

come up directly on this device. : .

-

"III. SYSTEX ON DISK o

You now have a UNIX system on disk and have moved the proover boot
program to the front of the root pack (see above). You may want
to extract and execute UnIX from this cack, if so key in and exe-
cute the following crogram at location lggoe@e.

RPE3 RK . RPO4
812760 612709 .
176726 177414 (see : ‘
o GESY4C 605049 RO ’ -
685840 865440 below)
265640 01¢64¢0 : ..
plec4e : €1274¢
21274¢ peoeRs
peLeps 165714 , .
165710 0@2376 ’ '
BE2276 005607 . o ) :

- £65007

GOTE: These crograms correspond to the CEC bulk RCH for RP and RK
respectively. ' :

/ . —



On an 11/45 or an 11/7¢ these vroqrams
can be shortered. Note that the 11/7C
N addresses must ce converted as they were
7~ with the tape.
| . /
\. For an RK .
Halt and load address 777404
Set switches to CGERHLS.
Enable and deposit (in that order)
flalt and load address 2@26C¢
Set switches to 773€30 (sinale user)

j-\' . Enable and start
For an RP{3 : -
" Halt and load address 776716 - !

Deposit a non-zero number
Halt and load address 776714
Set switches to LEU24S -
Enable ancé deposit (in that order)
Halt and load addrecss 2€HC00
Set switches tec 77363¢ (single user)
Enable and start
For an KPZ4
Halt 2nd load address 765%2¢0
Set switches to £8{4€7¢
Enable and start
For an R3304 -
" Halt and load aadress 765028
Set switches tc £2€10%
cnable anc¢ start

Thé CPU should loop. If the device beina booted is the RPE4 or
the RSC4 and vyou wish to come up sinale user set the console
switches to 7739036 at this point. At this point tvpe o for RP or
k for kK or 4 for KPC4 or s for RSO94. A CR will ke echoed. Now
type /unix ftollowed by a CR. After a delay, UNIX will come up by
‘fa_r:nouncing '

(SINGLE USER) (MULTI USER)
UNIX Eelezse x UNIY Release x
mem = XXX ' mem = XXX

) o :login:

The mem message gives user available memory in .1K units. The

~~mber should be 120 (for 12K) or larger for CUNMNIX to fully sup-
— rt all of its software. .

1
UNIX is now running. The "UNIX Programmer's Manual®” now arplies.
(Below references to section ‘X entitled Y of the proarammer’s
manual are given (Y=X).) ‘ine only valid user names are root and

bin. Thhe root is the sucer-user and bin is the owner ot nearlv
every file in the file system. :
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Before UNIX is turned up comcletely, 2 few configuration depen-
dent exercises must pe verforrmed. First login (login-I) 2s roct.
(This is not necessary if the system was brought wup in single
user mode.) :

IV. FLOATING POINT

If your machine does not have the 11/45 floating voint ontion,
(this 1includes all 11/4¢ systems) the following cowmmand was exe-
cutea btefore your system was delivered.

<;' sh /usr/sys/conf/flrc
This secuence recomniled the C comniler ané the debugger not to
use floating coint. It also incstalled ths floating voint inter-

preter in the stancardé@ library and reloaded basic, and fortran.to
have their tloating roint interpreted.

V. TIHE CONVERSION ' o

If your macnine is not in the eastern time zone, vou must edit
{ea-I) *the subkroutine /ucsr/scurce/sd/ctime.c to reflect vcur leo-
cal time. 1Tne variasble timezone shoulc be-changed to reflect the
time aitfference Ltetween local time and CMT. For EST, this isg
5*60*60; for PST it would be 2*60*6%¥. For example toc convert to
pacific time: . ‘ .

ed )ust/source/s4/ctime.c
/S5\*/s//%*/

Three lines farther, is the name of the stancdard time zone. It
should ke changec¢ to reflect local stancdard time. Thus continu-
ing the above examole .

«38/\e/\2/

The next line is the daylight time zone name, if any.

.1s//\po/
W

g

“YITE that these two names are in ucoer case and will have to be

.ited wusing escaves (dc-IV) as shcwn abtove. Two lines farther
is tne daylignt flaa. It has the vzlue 1 whicn causes the time
to shift to daylicht savings avtomaticallv between the last Sun-
gays in April anc Cctober. dormelly this will not have to be
reset. After ctime.c has been eaited (make sure it is rewrit-
ten), execute the tollowing command. .
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sh /usr/sves/conf/tmrc

This will recomoile all the orograms that use the local time
conversion. This execution takes about 7 rinutes, cnd recuires
>»at the floating roint correcticns have hLeen installed if need-

. If the ewitiny of ctime.c was botched, there will be diag-
nostics from its compilation.

Set the current daie (cate-I).

VI. SPECIAL FILES

tnis point, it would be wise to read all of the manuals and to
‘augment this reading with hand to hané combat. It might be in-
structive to exzmine the shell comrané files for floating coint
and time conversions. The rest of the conversion assumes that
sections I, IV, V, VII, and VIII,of the programmer s manual have
been read.

Next you must zut 211 ot the special files in the cirectory /dev
using mknod - VIII. Print tne confiquration file:

cat /usr/sys/conf/conf.c

This is the major device switch of eacih device class (block and
character). = ‘The block and character device configuration tables
have teen standarcized by the U#IX Sumnort Crouc. An entry for
~all common devices in both device classez has been made. £ a
device was not present in the svestem tne entrv in the bdevsw
(plock waevice switcn) or ccevsw (character device switch) table
weuld read:

&nodev, &nodev, &nodev, &nodev, &nodev,

The MNAJOR device number for this entry would therefore not be as-
sociatec with &any snegific file. The YAJCR device number is
-selectes by counting the line nurker (from zero) of the device’s
try 1in the cevice switch table, or, since conf.c has been
wstandardizea, by taking the number from the following table.



Block Cevices

\
)

" TYPICAL _

o~ conf.c NAME HAJOR  device

o . rk ’ . rko e RK meving hezd disk
rp v ’ rp@ 1l RP moving head disk
rf rfe 2 RS/RF fixed head disk
tm : mté 3 - TH/TU magtape
tc tapf 4 TC/TU CECtape

aracter Cevices

conf.c NAME $AJOR device
kl ttys 0 console ttv.
pc ppt 1 paper tace
1lp " lp 2 high speecd line oprinter
dc ttyx 3 async serial line interiace
céh ttyx 4 async serial line multinlexer
cép ~ 5 synchronous interface -
aj ttyz 6 async serial line multiclexer
dn . 7 alternate console
mem mem g memery
rk, - rekd o R¥- roving head disk ~
cf - - rrfo 1d RS/RF fixed head disk for
rop ’ ‘ rrol 11 EP moving head disk chysical
tm rmte 12 TH/TU magtave- 1/0

Three devices have been added to the conficuration tatle. These
are FEPG4(np), RsU4(hs), and TUlA(nt) where the parenthesized
names are the ones that acoear in CONF.C. If cresent in the con-
figuration thev would start at Block major device nurkter S5 (five)
and Character major cevice number 13 (thirteen). The major dev-
ice numbers can not be gotten from the above takle so they must

selectec by counting tne line number (from zero) in the device
~ itch table.

The block scvecial devices are entered into directory /dev first
by executing the coamanc:

. /etc/mknod /Cev/NAHKE b MAJOR MINOR

where NAHE anc XAJCR can be gotten from the vreceeding table,
The o¢nly exceotion being the TUlfA. If this device is teinq en-
m~red into /dev it should be called ‘mt” not "ht” as it is in the
.. nfiguration tables. This is because the cormand TP(I) uses the
catnname °“/dev/mt’ to execute. The “INOk device is the drive
nurber, unit number, or partition numker as described under each
device in section 1V of the orogracmer’ s manual. The lacst diait
of the name (all given as (G in the table above) snhould rerflect
the minor device number. For tacves where the unit is dial
selectable, a special file may be made for each rossitle selec-
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tion. If an RX, kP, T, and TC were confiaqured in the system the
following special files might be createc..

-~

,;\ /etc/mknoé /oov/rkﬁ b 0 ¢

) /etc/mknod /cev/rkl b € 1

&, . /etc/mknod /dev/rod b 1 €
© e /etec/mknoé /céev/rrl b 1 1 .

/etc/mknoé /dev/mtf b 3 @

/etc/mknod /dev/mt7 b 3 7

/etc/mkned /dev/tapé b 4 0@

~~ ‘ /etﬁ/mkncd /dev/tanl b 4 7

{n.s sets up file rod and rcl each as a half of one RPE3 drive.
Files rk¢ ana rkl corresrond to two RKG3/RK(5 drives. The tave
files will nancle up to eight handlers cialed to any unit.

The same goes for the character devices. Fere the names are ar-
bitrary, exceot that devices meant to be used for teletyne access
shoulec be named /dev/ttyX, where X is any character. The coasole.
is already in as:

/etc/mknod /cev/ttye ¢ C e

Al grivers Trovide 2 "raw" interface to **e device which nro-
vides cirect transmission between the user 's core and the device.
and allows readino cor writing large recorcés. The raw device
counts as & character cdevice. 7The oven and close routines are
the same as tne standard onecs for the device but there are spe-
cial read and write routines. For examnle, to install raw
magtape, the line

&tmoven, &tmclose, &trread, " &tmwrite, &nodev, .

was addedé to the character device switch to mazke the avprogriate
soecxal file for it (our name is "/dev/rrtP“) _—

vther useful special f11e is “/cev/rem,“ whicnh is configured in
: System a&s distributed. The zavporopriate line to the character
device switca is -
snulldev, &nulldev, smmread, &mmwrite, &nodev,

and the name of the soecial file should te "/dev/mem." This file
§m§t exist for the ps command (I) to work. ’
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VIl. «CCUTEL FILE SYSTEWNS

If there are to te more tile systems mounted than just the root,
use mKEfs-VIII to create the new file svystem ana nut ites mounting
( the file /etc/rc (cee init-VII and mount-VIII). Fror examele,
.~ Set up a second kKK as 2 mountec file svstem. "

/etc/mkfs /cdev/rkl 4£72
/etc/mount /dev/rkl /mnt
ed /etc/rc ’

sa :
/etc/mount /éev/rkl /mnt

C

..Ot_c

VIII. MEWN USEES

Install new users pPpy editing the password file /etc/rasswd
{passwd=-V). You'll have to make current directories tor the new
users in eitner /usr or /mnt anc chanrge their owners to the newly
installed name. Login 2sg each user to make sure the password
file is correctly ecdited. Fcr examrle:
- ed /etc/passwa

s$a

joe::1C::/mnt/joe:

W

Q

mkdir /mnt/joe

chown joe /mnt/joe

login joe

ls -1la

login rcot

“"is will make a new loain entry for joe. His defeult current

'+ _.rectory is /mnt/joe which has keen created.

IX. MULTIPLE USERS

If UNIX ie to sunport simultaneous access frow more than just the
console teletvrne, the file /etc/ttys has to be edited. Each line
“=n this file cescribes a typewriter channel cotentiallv available
(' r loaqgira-in. Ezch line has 3 characters: the first is a
v=cr-1l flao which, if 1, causes the tyceuriter to have a loain
process for it anc¢ if ¢ to be icnored. The second character is
the 1last character of the tvrewriter néare (E.a. "x" for
"/dev/ttvx".) The third cnaracter is a dicit which selects which
of seversl nrograms is to be executea when a ¢a2ta connection is
establisheoc on the line. The list is built into the init program

-9-
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(VII) and currently the onlv orogram is /etc/gettv and the only
digit is ¢. The /etc/ttys file as distributecd contzins lines for
typewriters €-9 anc a-d but all excent ttyf are turnecé off. Fer
some historical reason ttv? is the name of the console tvoewrit-

T0 aud new tvoewriters be sure the device is conticured and
tue scvecial file exists, then set the first character of the an-
propriate line of /etc/ttys to 1 (or add & new line). tote that
init.c will have to be recomziled if there are to be more than 2¢C
. typewriters. "Also note that if the snecial file is inaccessible
when 1init tries to «create a rrocess for it, the system will
thrash madaly trying and retrving to oren it. '

(Tﬁther problem occurs on &c¢c interfaces that are wired to run at
..y ©Of four speecds. Wwithin /usr/sys/émr/dc.c there is a table
(dcrsteb) containing speeds and two bits for nardware. 1lhere are
four sreecds flacecé as ¢,1,2,cr 3 which should correscond to the
haréware. 7The dc driver recieves a sreed for a tty frem a ©pro-
gram callec¢ getty. The sceed is & disclacement into tne dcrstao
table. If the disvlacement falls on a. zero slot an @rror conci-
tion is rcted, otherwise the speed of the entry is usecé. '

Getty cycles through soeeds a2nd login messaqes as scvecified in
the itab table. The user decresses the interust or the break key
to tell getty to trv the next sceed,.

-. fr

_The itsa £y locks as follows: . . L e

= O7

en

tab
- itn3g6;tnres; tn300
itty37;ttymes;tty37
¢

This represents the initial soeed and.paritv settings, the ad-
dress of the login message, and the subsecuent speed and parity
-settings resgectively for 30¢ baud and ttv model 37 terminals.

A tty entry is as follows:

itty37:

.byte 5,5 /speed S

-~ 6,346 ' T . /any parity, raw
The first two bvtes renresent the disvlacement intc -the dcrstab
and dctstab tables  in the dc driver. A 5, for examrle, is 15¢
baud speed 1. Tne secona entrv (#,349) is the bit <setting for
the parameters such as varity, raw mode, echo, as described in
STTY(IT) of the Reference »anual.

-

@ entries in the cc driver are for <selectable speeds 124.5,
15¢, 3¢9, 1200 bauvd and corresrond to 2 SCl1-AG. Any other ©0Cl1
requires that the entries 1n the dcrstab and dctstab tables be
chanoeu. .
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Another common modification is to build a2 new getty for use with
a, "funny" terminal (for examnle a CET). This is done bty adding
entries to tne itab table as cescribed above. For example to add
N\ 1206 baud entry the tollowing vrocedure could be used:
(‘ chdir /usr/scurce/sl

Cp getty.s ngettv.s

.ed ngetty.s ) o

/itab/ o . . -

a R
itl209; tnmes; tnl260

(:4- (ttymes/ - I
i S

’ it1205: : B, L o

: .byte'},g ot

0;34¢ /any parity, raw

tnl200: : .
" .byte 9,9 : -
6;10310 - /any parity, echo, no tab, del

w
g

as ngetty.s

ld a.out

mv a.cut /etc/ngetty -

There are now two getty files and init.c must be edited to show
tnis. within /usr/source/sl/init there is a list of cetty file
names 2n¢ the numker of getty files. To éo this change ncom, and
the table com:

define ncox ecual to the nuaber of getty files
*com[ncom]
add the new getty file name
Then compile init.c es
. ‘cc =n =-s init.c . .
~ mv a.out /etc/init .

ine f1na1 file to egit is /etc/ttvs to make sure all the ttys are
enablec. kKemember the third digit of each entrv in the ttys file
is tne cxsplaceﬁert into the com table of init.

It is possible tc add or éroov typewriters without rebooting the
system by sending & "hanguo" signal to the initialization pro-
#”\ss; init catches this =1onal and rereads the /etc/ttvs file,
' then terminates nvrocesses o¢n those lines that are to be
Liopred and creates them for those that are to be added. It is
careful not to gisturb grocesses on lines that are not teing
changed. When this signal is <cent init examines the console
switches and cbevys them as if the system was being retooted; that
is, if tne switches indicate a single-user system, everyone is
logged out, and conversely other switch settings cause a
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.. multiple~-user system to bte continued or started. The hangup sig-
nal is sent by executing the command

-~ kill -1 1 . - '

L_ the super-user. The "-1" indicates the hanoup signal; the "1"
1s the process number of init. [lote: this whole feature is new
and is not docurented elsewhere. - Init used to have the names of
the typewriters bLtuilt into it and had to te recomniled for ezch
change in typewriter configuration.] '

™ FILE SYSTEM HEALTH

Péricaically (say every cav or so) and 2lways a2fter a crasa, you
should check zl1l the file systems for consistency (check=-VIII).
It is cuite important to execute sync (VIII) tefore rebootina or
taking the macnine down. This is done autoraticallv every 30
seconds bv the uocate orograx (VIII) when 2 multivle-user system
'is running,; but ¥ou shoulc do 1t anyway to make sure.

Pumpning of the file svstem should be done reqularly, since once
the system is going it is Very easy to beccme comrlacent. It
should ote 2ointed out that our & controller has failed three
times, <each time irn such 2 wav that 211 inforration on the Gicgk
was wirea out without any error status frow the controller. Com-
Plete and incremental dumes ere easily done with the durn command
(VIIT) but. restoration of indivicdual files is nainful. Durning
of files by name it kest done by tn (I) but the number of files
is limitec¢. Finally it there are enough cdrives entire disks cen
te copied wusing co-I, or creferably with a orogram proviced Ly
- You whicn uses raw I/0 to Cony a track or so at time.

XI. OCCS AND ENDS

The programs dumzs, check and af (source check.c, curr.c, and df.c
g jin /usr/source/sl) have to be changed to reflect vour default

. 2teo file system devices. Print the first few lines of these
trograms and the changes will te obvious.

The source that is proviced on the file svstem 1is aquite srvace
consuhins. You will want to probably cumn it oftline (with
dump-VIII, to-I or co-I as ébove) and rerove it. Care shculd be
exercised in deleting any files in the followinc directories:
/pmin, fetc, /lib, /usc/bin, fusr/lit, /usc/cames., Also the fol-
1_ing files should not be celeted: /usr/fort/fcl, /usr/sys/unix,
/u=v/tEvE,

The source of the svstem procter is kxent im /usr/svs. Most of the
subsvsten source is keot in /usr/source. For 2 comclete list of
the file cystem, use check-VIII or du~I (with =1 flaa),

- -12~-
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If there are any programs that are not cart of vour system and
you wish to retain a tare of thew, this can be arranged .

) ~
Co L
. ) ’ ﬁ
C o ' .
- N . | h
C .
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KEGENERATING SYSTE! SCFTWARE - Issue Three

I. INTROCUCTION

~.+S docurent discusses how to assemble or comnile variocus oarts
of the UNIX system software. This mav be necessary if a command
or library is accicentallv cGeleted or otherwise destroved; also,
1t may be Gesirable to install & wcdified version of some coxmand
or library routine. It should be noted that in the system as
distributed, there are cguite a fes commands that cdecend to some
degree cn the current conficuration of the system; thus 1in any

’ system, modifications to some commands are advissble. lNost
.- the likely modifications relate tc the standard disk devices
contained in the svstem., For examrnle, the df ("disk free") com-
mana has built into it the names of the standardlv present disk
storage drives (e.c. “/dev/rfu", "/dev/rni"). ©Lf takes an argqu-
ment to indicate winich disk tc exezmine, but it is convenient if
its derfault arcument is adjusted to reflect the ordinarily
present devices, ' : .

The companicn document “Setting up UNIX"™ discusses which cormands
are likely to recuire changes.

The areater rart of the source files for commands resides in
several subdirectories c¢f the directory /usr/source. Tuese sul-
directories, and a general descriotion of their contents, are

€l Source files for most commands with names beginninag with "a"
_through "1". .

s2 Source files for most commands with names beginning with "n*
through "z". .
€3 Source files for subroutines contained in the standard system
libracy, "/lib/liba.a" (see below).

(f“ Source files for the C librarv, "/lib/libc.a" (see below)
To regenerate most cemmands in the sl and s2 directories is
straigntforward. The avoropriate directory will contain one or
- more source files for the command. These will all have the suf-
fix ".s" if the command is written in assertler lancuace, or “.c"
if it is written in C. Tne first vart of the name &tegins with
‘the name of the comwané. If there are several source files, the
~~mmandé name will te fcllewed bv & character which <distinauishes
" 2 several files. it is tyoicallv "1", "2", ...; Scretimes the
last is "x". For examnle, The "bas" commanc has source'iiles (in
sl) called "baosf.s", “"tasl.s", ..., "basd4.s", “"basx.s". In 21l
cases, the lexicoararhical orcer cf the distinquicshing cheracter
is the order in which tne source files shoulé te coimriled or as-
- sembled. fTnue, for example, the way to reassemble a2 new "bas" is
to say (in sl) '
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as kas?.s

Some of the asserbly-lancuage commands are comrletely stané-alone
™d recuire no applicaticn of the link editor 1d (elso loosely
tlec the lcacer). Unfortunatelv there is no a oriori way of
(”;ermining -which need to be 1loaded. A simgle & nosteriori
method is to assexble the command as discussegd akbove, then say

nm -u a.out v

which will list the undefineé externzl syrbols. If any appear,
Mke loader should te called by saving . .

(\_ 1é a.out -1

A minority cf the cozmancds written in assemrbly language are coded
so that their text rortions are cure and thev can ke chared.
(The most imceortant of these is “ec"; others ‘are "Gc" and
“write.") Such commands ray (and in the case of the editor,
shoula) ke loaded (whether or not they need it for rpickinc up li-
brary routines) ty

1d -n a.out =1

.
~-a v '_e

One imrortant command which needs elightly s»
"Lp" which nzs to. pe loaced with the C library

ial treatwent isg

w )

as tp?.s .
- l1d a.out -1 =-l¢ - o ' -

because it calls the C-language ctime subroutine.

It is not varticularly easy to find out if an assemblv-lancuage
cemmané nas a pPure text segment. The simclest wav is crobably tc
"look at the source anc see if there 2re ".cata" assembler overa-
tors surrouncing system calls with oluaastle arquments, It is
g;sbably not a2 bad idea to ignore the whole ocuestion excent in
* % case of the editor, where there are likely to be real gains
i text-segment sharinag, . '

As it happens, there are no commands written in C (except those
describec ©relow) which consist of more than one file. The conxr-
mand “com.c" can thererore be recompiled simoly by saying

CC =-n cCcom.cC

i @ as above the "-n" incicates the desire to produce a object
Liite whicn hasg a oure, sharable text segrent. Since C rroduces
pure coce anc tne C library is pure, one might as well sheare.

Some of the most important commands are considerably Tore comoli-
cated to regenerate, ard these are discussed specificallv below,
"The tontents cof libraries are also éiscussed.
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The assembler consists of two executable files: /bin/as and
Mm~atc/as2. The first is the {~th pass: it reaés the source nro-
‘am, converts it to an interwediate form in a temporarvy file
kh tmp/atmi!?®, and estimates the final locations of symbols. It
also makes two or tnree other temporarv files which contain the-
orainary symbol table, a tatle of temnorary svirbols (like n:) ancé
possibly an overflcw intermecdiate file. The nrearers Jetc/as2
acts as an ordinary twe-cass ascembler with innut tazken from the
files procucea by /bin/as. ’

‘@ source files for /cin/as are named “/usr/source/sl/asl?.s®
_.nhere are 9 of them); /etc/as2 is croduced fromw the soutrce files
“/usr/source/sl/as2?.s"; they likewise 2re ¢ in number. Consic=-
erable care snould be exercised in renlacing either comnonent cf
the asserbler. FKermember that if the assembler is lost, the cnly
recourse is to reclace it from some backup storage; a broken as-
sembler cannot asserble itself. .

-

III. C

The C comniler consists of three files: “bin/cc", which exnancs
comeiler control lines and which calls the phases of the comriler
proper, the assembler, and tne loader; “/lib/ct", which 18- the
first ohase of the corriler; and "/lib/cl", which is the second
phase of the compiler. The loss of the C compiler is as serious

as tnat of the assembler. '

The source for /bin/cc resicdes in "/usr/scurce/sl/cc.c". Its
loss alone 1is not fatal. Pfrovided that oroa.c Goes not contain
any ecompiler control-lines, troc.c can be comviled by

/lib/c€ prog.c tempi templ

‘ /lib/cl temci templ temn2
as - tempz :
- 1d -n /lib/crtG.o a.out =lc -1

Lf /cin/cc is lost, it can be recovered in this way, since it
contains no compiler control lines. '

The source for the compiler procer is in the directory Jusr/c.
The first phase (cG) 1is generated from the files C8€.C, ...,
c€4.c, which must be comriled by C; cft.s, which must be assem-
M~ed; anu cén.c, waich is a header file which shoulé not be com=-
‘ led but is a tile included oy the C nroagrems of the first
whase, 'The clt.s progras contains a parameter "too“ whicn deter-~
mines whether C is to used on a macnine which has PCP 11/45
flosting-roint hardware; it should be set to 1 if so, 0 if not.
In the stancard svstem fpe is 1. To make 2 new /lib/c¢, assemble
cét.s, name the outnut cvt.o, anc
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cc =-n cit.o cG([0=-4]).c

Before installing the new cU, it is crudent to save the o0l4d one
someplace.

(_: secona dhase of C (/lib/cl) is generated from the C source
files clb.c, ..., cl2.c, the assembly-lanavage rcrogram clt.s, the
include-file clh.c, 2nd a likrarv ¢f object-coce ctables called
tab.a. To generate a new seconé nhase, assemble clt.s, call it
clt.o, and . .

-~

- cc -n clt.o cl[£-2].c teb.a

(:.is likewise prucent to save cl before installinga a. new ver-
sion. In fact in general it is wise to s=ave the object files for
the C coxriler so that if disaster strikes C can be reconstituted
withou} a8 working version ot the comziler. -

The litrary of tables mentioned above is generated from the files
regtab.s, sntab.s, cctab.s, znc eiftab.s. The order is not ip-
portant. Tnese ".,s" files are not in fact ascembler source; thev
must De ccnvertad by use of the cvont nroaram, whose source and
object are located in the C Cirectorv. For examrle:

cvopt regtab.s temn

as texs | - ' , .

mv a.out regtab.o
ar r tab.a regtac.o

IV. FORTRAS

Probakly becauvse it is a very large subsvstem written entirely in
assembly language, Fortran is cuite complicated to reasnerate,.
On the other hand, Fertran is vital onlv to its own users; since
none o¢f the compiler nor any irmgortant part of the run-time svs-
tem is written in Fortran, both can be regenerated in case of
l~sg. . . .

Tne fc cormana itself is essentially ecuivalent to a 1long shell
command file; for a single source program proo.f, it amounts. to
saving

/usc/fort/fcl proc.f . . !

as - f.trmzl ' :
' ld /lib/fré.o a.out /lib/tilib.a =1f -1
luus, /usc/tort/fcl is the comniler proner; fcl leaves its outout
in the current cirectorv in the file "f.tmol". /1lib/frd.0 is the
runtime startoff. The file filib.2 is the library of overators:
Fortran is essentially internretive, and crerations such s "add
floating variazble to floating varizktle" are short routines loacded
from the tilik.a litrary. : '
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/lib/libfl.a (smecified by the "-1£") is an arcnive file contain-
ing the language cuiltin functions nlus a few others. The stan-
dard assemply language likrary (the "-1", or /lib/libz.a) is
referencec bty certain of the ouiltin functions (for routines like

&

The source ana object of the commiler 2are stored in subdirec=-
tories of the /usr/tort directory, named £t1, £2, £f2, f4, and fx.
the first four represent cutatively seoarzble phases; the last
contains subroutines used by several c¢f the phases. Each direc-
tory contains an earchive file with the object crearanms
corresoonding to the source ©orograms in that directery; it is
lled f?0.2 where "2?" is the last letter in the cdirectory name.
reloec "rortran from theses libraries, see the Shell command
tile fusr/fort/lé, which should contain |
1éd -u passl ~-u rass2 -u pass3 -u passd \ )
f1/flo.a f2/fZo.a f3/f20.a f4/féc.2 fx/fx0.a -1

“Each subdirectory cshould contain & Shell command file called "as"
which assexbles 2 carticular file in that subdirectorv; tne one
for £l corntains, for exawrple, S

2s ../fx/£hd,s flS1.s . e
my a,ovt Sl.,o0
ar r flc.az flfl.o
I t1$1.o.
0 that the command K

sh as 5

would assemble £15.c -(preceded bv the definition file

/usr/tort/fx/fnd.s) and olace it in the libtrary for that sub-
directory. C

Actually we hoce that no one will be recuired to make a new- For-
*ran from the cieces, or fix it themselves. For those +who are
rious, we will sav that nhase 1 analvzes declareticns, rhase 2
Goes storzge allocation, nhase 3 code aeneraticn, ancé cthase 4
puts. out constants, code from forrat znd date statements, and the
actual storage-reserving cocCe from variables.
\

V. UNIX

2 source and object programs for UNIX are kent in /usr/svs and
three subdirectories therein. The main directorv conteains
geveral files with namres endiag in ".h"; these are header files
which are nicked uo (via "#incluce ...") as recuirec bv each svs-
tem module. ‘1he files litl and lib2 2re litraries (crcnives) of
(almost) zll the cbject =nroqrems in the system. The file libl 1is
made from the source grograms in the subdirectory xen; 1ik2 is

=-5-

~



mzde from the pregrams in sukdirectcry émr. The latter consists
mostly of. the device cdrivers togcether with a few other things,
Ane former is the rest of the system.

»aguration ot the system. Low.s snecifies the contents cf the
interruct vectcrs; conf.c contains the tables which relate device
numbers to handaler routines. A third oroaram, mch.s, contains
all the macnine~lancuace code in the system. It contains
conditional-assembly flags which control whether the svstem will
run on an 11/49 or /4S5, and whether the system sucvonorts trne 11/45
M oating-rvoint unit. The file mch.s ic cuite long, but zlmost
k.llgj‘ét is concerned with recovering after a stack violation in
y 1.. 9 -

( ‘sdirectory conf contains the orograms which control device con-

To recreate the system, svsaen comnriles conf.c anad roves ths out-
put to /usr/sys/conf.o., assembles low.s and mch.s, andé moves the
output to /usr/svs/low.0 and mch.o0 respectively. Svsaen then
checks to see if floatina-=cint is vart of the cenfiguration. If
there is no flecating-point FLKC is executed to set the floatirg-
point ©parameters. in /kin/¢éd, /usr/source/s3/fr?.s, /lib/lib.a,
/usrc/tert, /usr/s_ource/sl/bes?.s, and /bin/bas to ¢ indicatinec
no fleoating-noint. Svsgen thnen changes cdirectory to Jusr/sys,
and loacds tne whole system.

wnen the Sysgsn is done,the new system resides on /dev/rp® It can
alsc be testec Dby rutting it on tare (tn-I) ané using tkoot or
mboot, or directly using utoct (boot vrocedures-VIII). when vou
have satisfied yourself that it works, it shculé te renamed /unix
s0 that prograns like ps (I) can use it to pick up addresses in
the system. :

To install a new device driver, ccmpile it and place the object
din 1lip2 1if necessarv. (All tne device drivers cistributed with
the system are already there.) The cdevice’'s interrugt vector rmust
.be enterea in low.s. Tnhis invelves cvlacina a pointer to 2 cal-
~Qut routine and the device ‘s prioritv level in the vector. As
v examrle, consicer 1installing the interrunt vector for CCl1
K\.mber 2. 1Its receiver interrunts at location 226 and the
transmitter at 324, ktoth at pricrity level S. Then low.s has:
. = 3207,
dcin; brs+2 N
dcou; brS5+2

“Terst, notice that the entries in low.s must be in order, since

.2 gssembler coes not nrermit movine the locaticn counter "."
packwards. ‘lnhe assemhler also does not rermit assignation cf an
absolute number to ".", which is the reacson tor the ", = 22¢7."
subtertfuge; consult the Assermbler Manual for tne reaning of the
notaticn. It a constant smsaller than 15(1€) is adued to the
priority level, this number will be availatle &s the first arqu-
ment of the interruet routine. This stratacem is used when
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several similar cdevices share the same interrupt routine.

At the end of low.c, add

\1; ' dein: .globl _dcrint
' jsr r0,call; _dcrint .
i .globl * écxint
’:‘- deou: jsr té,call; _dexint

The call routine saves registers as recuired and makes a - C~stvle
call on tne actual interrvzt rcutine (here _dcrint andé _dcxint)
namea after the jsr instructicen. “when the routine returns, call
restores the registers and perrorms an rti instruction.

To install 2 new device thus recuires knowine the name cf its in-
terrupt routines. These rcutines are in general easilyvy founc in
the cériver; they tvpicallv end in the letters "int" or “intr."
Notice that external names in C croorams nave an underscore "
prepended tc them. : S : -

¥
1

Tha gecon

'
- e

-

€ cteo which must be porformed & add & new Gevice is to
add it to the configuration tabkle /usr/sves/conf/cenf.c. This
file contains two suttables, one for block-tvyne devices, and one
for character-tvne devices. 2lock devices incluce éisks, DEC=-
tape, and nagtape. All otner devices are character devices, A
line in eacnh oi these takles aives all the information the svstea
_needs to know atout the device hardler; the ordinral roosition of
the 1line in the table imnlies its major device number, starting
at 6. ’ - ' ’

-
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There are rour subentries per line in the block device table,
whicn give its onen routine, clese routine, strategyv routine, and
msevice tatle. The open and close rcutires may be nonexistent, in
\ ich’ case the name "nullcev" is given; this rcutine merelv re=~
turns. The strateqy routine is callec¢ to ¢o any I/C, and the
device table contains status information for tne cevice.

For character cdevices, each line in the table srecifiez a routine
for open, close, read, &nd write, a2né one which sets and returns
device-specific status (used, for example, for stty ané cttv on
~yoewriters). If there 1is no oren or close routine, "nulldev"
' v be given; if there is not rezé, write, or staztus routine,
‘nodev" wray be given, This returrn sets an error flag and re-
turns. :

The above discussion is adrmittedly rather crvetic in thes absence
ot a general <cescripgtion of system I/C interfaces. (see " The
UNIX I/O Syvstem " by Dennis kitchie) If you get to this point, we
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suggest you examine the undocumented “toaram
/usr/sys/ccni{/mkconf.c. (this program will be documented in the

near future)

: = final steo which must be taken to install a cdevice is to make
(T special file for it. This is done by rknod (VIII), to whicnh
you must specifv the device class (block or character), rajot
device number (relative 1line in the confiauration table) and
minor device number (which is made availatle to the driver at ap-

propriate times).
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