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ABSTRACT

This document describes briefly the changes in thedBgrkystem for the ¥X
between the fourth distribution of Member 1980 (knen originally as 4BSD, and here-
inafter referred to as 4.0bsd) and this, itdsien of April 1981. It attempts to be sum-
marize, without going into great detail, the changes whigk been made.

Notable improvements

. Performance of the system under heavy paging load has been substantialednproorrecting a
problem with placement of pre-paged pages. The systanrprespages more data, greatly benefit-
ting processes which e locality in their behaor. System degradation due to pre-paging has been
reduced (een though more pre-paging is done), by placing the pre-paged pages as the bottom of the
free-list, rather than in the systems global clock replacement loop.

. Processes which serially referencggéaamounts of virtual memory maywaleclare themselves to
be sequential (semdvis€?)), causing the paging algorithm to be adjusted to be more appropriate for
such behaor.* Processesvhich are known to need only a small amount of mepmrtywhich tend
to accumulate large amounts of memory due to strange page referencing patterns may declare a soft
limit on the amount of memory to be used, simit(2) or do “limit memoryusenk’ in csh(1). If
the system needs mempsnd there are processes which averdheir declared limits, the system
tends to tak pages from these processes first. By saying that these limits are soft, we mean that on a
system where pfsical memory is not scarce, processes with limits can still acquire as nysibgbh
memory as therequire.

. The system is n@ compiled from a description of the local machine which includes information
about aailable devices and the maximum number of users to be supported on the systeno
longer necessary to adjust an armful of constants to re-size the system; normal time-sharing systems
are parameterized from a singlmaxusers’constant. Theystem also adjusts the parameters of the
paging subsystem based araitable memory; it is no longer necessary to adjust these for machines
with very small or very large amounts afdable memory.

. The system ne handles multiple uba’and mbas and mixing of devices on mb&’ A number of
new devices are supported: RK&7’'and TS-115 which come in the standard 11/750 packages,
UNIBUS TM-11 tape emulators (e.g. the EMULEX TC-11 with a KENNEI300 transport).Line
printer and C/A/T phototypesetter his are included in the system, and modem control for the
DH-11 using the DM-11 has been integrated and tested. TheRMe80 Winchester dvie from
DEC is supported. Notably unsupported are the 11/750 console cagettiegle distribution sys-
tem boots on all supported hardware configurations by determiningvéilabke devices and

* Future versions of the system will detect strongly sequentialvitehand adapt themselves accordingly
this call will no longer be necessary.
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selecting a root device at boot time.

The tar program has been changed to allgpdate of magnetic tape arets, adding to the end of
the existing tape arake. This uses tape control facilities newly added in this version of the system,
but the created tapes are readable oneréions of UNIX. Since blocked tapes are inherently more
efficient and fully functionaltar now creates blocked tapes by default.

Shell scripts are o potentially executable. Afile which beins with the characters#!’’ followed

by some amount of white space and the name of an interpretecigesl directly by the system.
The standard version 7 shell, /bin/sh, has been changed to recognize a # as a comment ttHaracter
desirable that users change existing shell script so that the first line of each shell gioriptvita

“#!" and the name of the proper shell i@eute.

Two new documents hae keen added to Volume 2c: a manual for the crt screen packagses
and a document describing tfiyue game.

Major bug fixes

A number of bugs he been fixed in the FORRAN compiler F77; these caused some block data
routiens and main programs to fail to compile. Othggsorelated to use of the symbolic dgber
with FORTRAN hae keen fixed (se&’7 in “Section 1" below.)

A bug which caused the C compiler to compla@xpression too complicatédvhen an rpression
contained an embedded structure assignment has been fixed.

A kernel bug which caused approximately t&f data collected during program profiling to be lost
has been corrected.

A very confusing bug in thessetmanual page has been corrected: in the example where it uses the
setenvcommand it should rather use thetcommand: “set noglob;wval ..". The alternate form

does not work on a number of terminals.

Due to a inconsistegdetween the 11/780 and the 11/750 in the interpretation ehtivtuc instruc-
tion, all binaries from the third distriion tape (of January 1980) and the fourth distribution tape (of
November 1980) will NO run correctly on the 11/750. The 4.1bsd distribution tape includewa ne
version of the standard i/o library whiclv@ds use of this troublesome instruction, and it is recom-
mended that all programs be recompiled from scratch to use thisbmary to eliminate non-portable
UNIX binaries as soon as possible.

The problem is that when there appears to be a chance that the operaogtutowill overlap, hut

they in fact do not (because the pattern string to printf is terminated by a null), the 11/750 does not
execute themovtuc as though a shorter string length were specified which did not imply potential
overlap. Thusthis instruction which is in the inner loop pfintf on the 4bsd tape, and whiclorks

fine on an 11/780, malfunctions on an 11/750 causing strange and awful behavior.

(The folloving change is applicable only to systems bootstrapped from the 4.1bsd release tape; sys-
tems upgraded from 4.0bsd may or may not include this change.) The standard i/o library has been
made more compatible with the PDP-Xsion 7 system and wasupports concurrent read and write
access to files (sdepern(3s) for details).This caused a change in an internal data structure which is
visible to compiled programs through the macros in <stdio.h>, and thus necessitates discarding of old
.ofiles and recompilation. Note that this standard i/o librany replaces the olelINS library which

was in sd but was deleted from 4bsd pending the inclusion of read-write capability in stdio.

Section 1

A bug which pregented programs loaded with thé\ loader option from having breakpoints
set on them has been dik A bug which prevented backtraces of programs which are
stopped at interruptvel (after a signal) has been fixed by teaching adbthatep across the
interrupt stack frame. The systemwnmakes &ailable and the $? command in adb interprets
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more precise codes when SIGILL and SIGFPE exceptions.otbus if you divide by zero,

you can find out that this was what caused a floating peésipdion. Abug which prerented

format repetition counts (e.g. the 1010X") from working has been fed. Abug related

to adb has been fix that preented ay sensible traceback after a FORTRAN-77 runtime

error which trapped anxeeption or fault (e.g. a floating point divide by . bug which

caused the maps to be set improperly when debugging the kernel on a crash dump has been
fixed.

New commands h&e keen added to adb to facilitate writing adb procedures stored in files:
see the descriptions of $<<, the register <9, and the # operator in the revised adb manual page.

awk Has meed from /usr/bin to /bin because it is needed during bootstrap procedures.
bc Now takes the n& C syntax operators:'=op” as well as (for historys sake) the old syntax
“op=".

calendar  Several bugs hee keen fixed in the internals of the calendar program. In addition itwis no
possible to hae a @lendar entry consisting of merely a date (with no month specified) and
have this entry occur each month.

cc A bug has been fed in the C optimizer which caused strange things to happen when long
variable names were usedhe size of the internaldimension’ table has been increased to
allow more structure fields to be declared. problem which caused the compiler to print
“ expression causes compiler loowhen structure assignment was embedded inxpres-
sion context has been éd. Abug in the code generator tables which affected certain FOR-
TRAN constructs has also been fixed.

checknr Es verstehtmm.

csh A cosmetic bug which pvented the distributed source from compiling has beerdfixA bug
which caused gument lists including the string$§' * or “‘{}' ’ to sometimes fail sayingNo
match’ has been figd. Abug which caused a strange state to result when a command of the
form “(a; b; c)” was stopped from theeiboard has been fixl. Theshell has been fixed so
that it prefers to makgopped jobs the mecurrent jobs after the current job has terminated.
The construct${TERMY} ' no longer yields anxra “} ’ when the variable expanded is from
the environment.

Previously undocumented was the sheltiablehistchars it can be set to tavcharacters, and
the first is then a replacement for the norirtaistory character and the second for tlogick
history substitution characteiThus after ‘set histchars=,;’the command‘,,” r epeats the
previous command, as “!would normally hae cne.

ctags Now takes an optiorv to produce output suitable for inputugrind(1).

cu Now honors uucgs locking protocol for the dialout linesSeveral bugs relating to internal
buffer overruns hae keen fixed. Anoption—b has been added which causes the BREAK k
to generate breaks (by turning input null characters into breaksveeth®line).

delivermail
Some bugs which caused strange loops when aliases were self-refergatlzidmefixed.

diff Some bugs related to directory diffs when timeoption was used ha keen fixed; preiously
the—h option was non-functional.

dump An obnoxious bug in the dump program where it would wrongly suggest that further dump
tapes were needed after a multi-tape dump had already completed hasdabemtiedump
program no longer attempts to time tape rewinds itself, but uses a mechanism which does not
depend on the speed of the tapeealth determine when a rewind is complete.

error Has been taught about the error message formats of the PDP-11 C compiler.

expand A internal error check which was incorrect has been fixed.

fr7 Has had a bug fixed which caused some block data subroutines and main programs to not
compile (the sympton was a diagnostic of the fotdmdefined: IWM%d”. A number of
minor bugs which combined to malgdb function poorly with f77 ha been fixed. The
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result of theseumys were that if file names were longer than 6 characters sdb could not read
the symbol table of the resulting FORTRAN binary.

An i/o library bug which caused numbers of the fof+h.2” to convert improperly in list-
directed input (reading as “-0.8", taking the mantissa as pesitas been fixed.

If you are using ther flag and there remain undefined symbols you no longer get a spurious
error return. Nw respects modes of existing files and your file-creation mask more.

The functions +, /, -, *, 1+, 1- moexpect fixnum arguments, for interpreted functons as well
as compiled ones. The source for the VMS and UNé¥sions of lisp hae bkeen combined
and synchronized. The construction of very large integers has been altered to use regular dot-
ted pairs in a non-standardayy so that fewer garbage collections will occuit is no longer
safe to use'¢ar” and “cdr” to disect large intgers). Mied-mode arithmetic has been made
faster There is a n@ compiler option (liszt -r) which allows you to creaall lisp applica-
tion programs (with a mechanism other tha@umplisp”, which tends to create very &g
binaries). Wherthe result of such a compilation igeeuted directly it execs /usr/ucb/lisp
and then fast loads the file you edko be recuted. Anew flag $ldprint has been added to
control the printing of fasl/load messagdsew functions (purecopy), (getdata), (putdata),
and (remeeaddress) hae keen addedA number of minor bugs e been fixed.

Has been modified to work on both DECWRITER type devices at 1200 baud masquerading
as printers and also on real line printefie queueing algorithm has been made first-come-
first-sene (replacing the old random job first algorithm), and a line printeredis now avail-

able in the standard distributed system.

A bug has been fixed which caused essentially random numbers to be printed for the size of
special files. The size moprints as 0.

A spelling error has been fixed which had theriable EC initialized to f77 rather than
FC=f77.

A bug which caused it to core dump when reformatting a manual page whose source macros
were inaccessible has been fixed.

Is a ne&v command which provides easy access to operations such asdoaand backard
spacing of files and records on magnetic tape.

Has been changed toveaa @tion “-" w hich means that all the following arguments are file
names. Abug has been fixed which caused strange behaviour wheti tition was used on
directories. Abug which preented renaming of subdirectories to which you had no write
access has been fixed.

Which was non-functional due to a change in a internal library interface which it had tak
advantage of has been fixed to work.

New optionsO, X, and D print 32 bit integers in octal keand decimal format; an optiow
has been added to cause 132 column output rather than sladt 86fcolumn oriented output.

A number of bugs in the sdb symbol table producea ten fixed. Structuredypes may

now exceed 65k bytes in sizeubin that case may not be passed by value nor assigned by
simple assignment. Structured types are properly returned from wec@msctions. Minor

bugs in passing function parametersddeen fixed, and there still exist some more minor
bugs here. Runtime tests can bewiwe enabled or disabled on a per routine basisintime
checks are ne done properly on thltin functions. Warnings (or standards violations) are
now produced for extensions to the langua@mme inconsistencies in dealing with running
out of memory hee keen fixed.

Some bugs are known:voking a formal routine from inside a formablartation of the same
routine will mess up. In pc only: linking seperately compiled modules from other than the
current directory only works if you g full path names (or the same relatipaths) for the
compilation and the linking.
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Some changes are planned soon: for-loop variables and with pointers will be allocated to re
isters. Theformal routine syntax is currently as in Jensen and Wirth, but will soon be
changed to the the syntax of the proposed standards, in which parameters to formals must be
given. Itis planned thapc will soon do compile time constant folding.

Is a nev program which can coert large Pascal programs back into a single file, eliminating
the header files and separate source files normally used for separate compilation.

A bug which caused prof to loop when a file-static functi@s rofiled has been éx. A
bug in the kernel which caused the results of prof to be inaccurate has also been fixed.

Has been changed to work with thevrieernel and is no longer dependent on system sizing;
thus it is no longer necessary to recompile ps when the system tables are gedé laug

in thes option which caused the computed stack size to be a constant 512 bytes too large has
been fixed. The' STAT” fi eld nav shows “>"" in the second position for programs which are
using more memory than thainemoryusdimit (see vlimit(2)). It also shows'S” in the

fourth position for processes whichvieadeclared themselves to be strongly sequential (see
vadvis€2)). Underthe v option, the SWRSS field has been replaced bywafiedd “LIM”

which shows the limit omemoryusé there is a limit, oxx if there is not.

Is nowv written in C, is much more portable, and shares the runtime library used by the com-
piler. Itis, unfortunatelysomewhat slower n@.

No longer considers it a fatal error that an arelmember defines no symbols.
Has been changed tosoke the command

tset —Q -l
so that all terminal modes will be reset.

Now has a- option to indicate that all the following parameters are to be treated as file
names. ltan be used when file names begin witfi."

Now works correctly when arguments end in one or moretaracters.

Has been figd to be able to deal withinterrupt-stack-frameg§’ so that it is possible to set
breakpoints on and get backtraces from routines called while a signal is being processed.
Now handles binaries which are mode 0407 (resulting from “Id —N") properly.

Has been changed so thdt™ begns a comment.Shell scripts to bexecuted by /bin/sh
should begin “#! /bin/st’on the first line.

Now defaults to blocked tape and can update ddctapes (finally!). When reading tape tar
defaults to the na tape and figures out what is going on with blocksize so it need not be spec-
ified. Thusthe only commands which should be needed are the sittgpl¢’; “tar c”, * ‘tar

u” and “tar x".

Now uses the-r option ofuuxto prevent presenting extreme load to the connected system.

Has been changed so that the sysiedevice names are printed for the disks rather than DO,
D1, D2, D3. The old format output of th€ option is no longenailable.

The fields related to paging adty are nav al given in pages (of 1024 bytes). In particular
the fields pi’’ and “po” which previously showed the number of pagein and pageasrite
now show pages, and‘sr’” which previously gavethe clock scan rate in velutions-per-
minute nev gives the scan rate in pages scanned per secdndprovide the extra space
needed to present this information, the swap in/out information, whashanly maginally
interesting, is no longer printed.

Has been modified so that it no longer needs to be recompiled wheertiet tables change

in size.

Now checks that the message is not too long for its intemnféhrather than just\@rrun-

ning the liffer. It handles running out of processes by pausing, so it is possible to use it when
there are more than 25 users logged in and you are not theusepelt also gies the
machine name you are on in the broadcast messages.
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“Who am I’ now prints your machine and login name (the firgtrdvof its output) in a for
mat suitable for use with uucp.

Now checks that you do not @ write permission disabled and doddet you write to some-
one if they can't write back.

Section 2.

Now correctly reflects that argument lists may be upto 10240 characters long.

Has been changed so that if a file beirgcated begins with the magic characters #!, the rest
of the line is understood to be the name of an interpreter fox¢aated file. Previously (and

in fact still) the shell did much of this job; it automaticalkeeuted itself on a td file with
executable mode when the text fda'ame was typed as a command. Putting the facility into
the system gies the following benefits.

1) It makes shell scripts more kkreal executable files, because thean be the subject of
'exec.

2) If you do a 'ps’ while such a command is running, its real name appears instslad of ’
Likewise, accounting is done on the basis of the real name.

3)  Shellscripts can be set-user-ID.

4)  ltis simpler to hee dternate shells\ailable; e.g. if you like the Berleley cshthere is
no question about which shell is to interpret a file.

5) Itwill allow other interpreters to fit in more smoothly.
To take advantage of this wonderful opportuniput

#! /bin/sh

at the left magin of the first line of your shell scripts. Blanks after ! are OK. Use a complete
pathname (no search is doné}t the moment the whole line is restricted to 32 charact#rs.
single argument may be specified for the interprétas:

#! [bin/csh —f

is very useful, @oiding readingcshrcwhich is often not wanted.

Has been changed so that when broadcasting signatssatly the signal being broadcast is
not sent to the broadcastefhis is used by théalt(8), shutdowii8), andreboo(8) com-
mands.

Has been changed to reflect thevmoore limited number of option flagsailable to the sys-
tem call due to the nature of the console interface on the VAX 11/750.

Reflects the fact that the systenwrgasses in to a signal handler an indication of wket e
tion really happened when a SIGFPE or SIGILL is generated. The call interface at the point
of a signal handler call is mospecified.

Section 3

A large number of bug fixes ta keen incorporated, and the documentation has been greatly
improved. Thelibrary is nav much more solid than that originally distributed.

Reflects the ne open options which alle simultaneous read-write to files; thesdemsions
are being incorporated to bring compatibility with the standard version 7 PDP-11 UNIX and
to replace the (o defunct)-INS.



printf A bug in the documentation which incorrectly stated that a %c forroatdwnot put out a
null character has been fixed.

Section 4

The system ne supports a number of medevices and has capability for detecting theide's pres-
ence and interrupt vectors at boot time. The system also has capability taadolagation at boot time so
that a system description as supplieddofig8) can tak alvantage ofeailable hardware redundanc

Each configurable device der in this section ne includes a SYNOPSIS\ghg sample lines to be
included in a system configuratioDrivers also indicate the error messages whicly t@duce and
describe each error.

ct A driver for a C/A/T phototypesetter interface.

dh Now includes handling of dm-11 modem control hamdsv Optionaflags to the configura-
tion program can also bevgh to supply hardvare carrier easily for lines where wiring is
inadequate.

hp Includes rm80 support.

Ip Drives g¢andard line printers, and has been impdoto aut the interrupt load by aaétor of
20.

mt Describes the standard tapevdrinterface, which nev includesioctl operations for na mag-

tape allowing such standard operations as forward and bagdkspacing wer files and
records, writing of end-of-file marks, rewinds, rewinding and offlining, and sensing of tape
status. Theseperations are used by th&(1) program which can be used to easily manipu-
late tape files, and by thar(1) program to alle updates to blocked tapes.

tm Supports the UNIBUS TM/11 emulating tape controllers (e.g. EMULEX TC-11 with a
KENNEDY 9300 drie).
ts Supports the UNIBUS TS/11 tapedriand transport.
tty Now provides a LDECCTLQ option which causes "S and "Q to function as necessary for the
VT100 to work properly.
up A driver for a EMULEX SC-11 or SC-21 UNIBUS disk controller with storage module (e.g.
Ampex 9300) disk dries.
va A varian raster plotter.
Section 5
No changes.
Section 6
chase Is a game where robots try to eat you.
hangman Is now screen oriented.
rain Drops keep falling on my head.
rogue Is a nev and very popular screen-oriented game, regeig(6) or ‘A Guide to the Dungeons
of Doom’

worm Is a game where you seewtong you can get the worm to gro
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worms Is an amusement where the worms chase each other around the screen.

Section 7

No changes.

Section 8
Major changes affecting system operations include:

The system is configured from a single per-cpu specification file which includes all localgntrele
information: desired devices, size of the maximum user load, timezone informatiomhetsystem
determines at boot time the size of the file systeffeb cache based on the amount ofgbal
memory &ailable and sizes the system data structures based on the specification of the maximum
number of actie users; it is no longer necessary to juggle an armful of constants to enlarge the sys-
tem. Thesizes of system tables are no longer compiled into programs spslaacw.

System error log information is gad across system crashes provided nweofailure occurs, as the
error log is kept in-core in the last 1024 bytes of memdaryor messages to the console are in a
standard format, of the form:

device: message

Messages h& aror registers decoded as bits, so thatytlaee readable, and no-longer refer to
devices by their major/minor device numbers, rather usingcdenames. Error messages about file
system problems (device full, out of inodes, etc) are referred to with the mounted file system name,
and a message is sent directly to a user if his/her process writes to a file system when #lis full.
error diagnostics printed by ders are documented in section 4 of the manual.

DEC standard bad block forwarding is supported on all DEC digtepethe RP06; the code which
implements this can be easily ved into the dwers for the UNIBUS storage module disks; this is
planned.

Core dumps are sed dter system crashes automatically as the system writes a core image 1o a por
tion of the swap area from which it is reeced after reboot. The system then transfers these core
images to a specified UNIX directosaving also the grsion of the system associated with the crash.
The system also maintains an error fogr/adm/shutdownlogwhich records all system crashes and
reboots with the information about the causes.

analyze Now has an optior-u to print page numbers of the u. are@sbug which preented the dis-

tributedanalyzefrom working has been fixed.

bad144 Is a nev program which prints out the DEC-standard bad block information for a disk, or puts

it back if it gets clobbered. The name of the program comes fronathehfat the program
deals with “DEC standard 144'ormat.

badsect Creates a file in a file system which contains a specified disk sector of that file system. This is

a primitive way of dealing with bad sectorgjtbworks on drers which dort (yet) have bad
block forwarding according to the standard.

getty

halt
icheck
init

No longer prints‘Virtual’’ in front of the system identification, since there are no swap sys-
tems in sight anymore.

Now properly shuts down the system; seboot below for details.
Now properly sets théfreefield in the super-block.

Now interacts withhalt, reboot andshutdown to bring about orderly system shugdts. No
longer writes entries in the /usr/adm/wtmp accounting file whgattaprocess dies without a
user logging in on a terminaPrints a warning message (on the console) if a termiistse

is enabled, but the open returns an emod waits for terminal to be openable, checking each



last
lastcomm

login

mkfs

pstat
reboot

renice

restor

sa

savecore

shutdown

-O-

minute, to preent thrashing in this case.
Now distinguishes between system shutdowns and system crashes.

A bug causing a core dump if usersiabt present in the password file were encountered has
been fixed.

Now interacts with the shutda command to forbid logins (except by the super-user) in the
last 5 minutes before a shutdown (detected by the presence of the file /etc/nologin, which also
contains a message aboutywthe system is shutting down which is presented to the rejected
users.) Implementa rotion of “secure terminal§’ if the file /etc/securetty exists, then it
should contain a list of the secure terminals where root is allowed to login. If this file does
not exist, then root can log in anywhere, as before. If a user tries to login dugetan’their

home directory theare left in the root directory and warned, so thay thevesome chance

to send mail about or fix the problem themsslvIfa file .hushloginexists in a users home
directory the the message of the day and other such information designed for human users
will not be printed at login timeThis is specifically designed for the usarcp which is
another computer and just ignores suchf stmfways. Finallya bug has been fixed which
causdogin to core dump if there were tabs in the file /etc/ttytype.

Now works properly when gén aproto algument; previously it complained because it didn’
know that the format of the file /Jusr/mdec/uboot had been changed.

Has n& flags—m and—g which interpret the multiplexor data structures.

Now shuts the system down cleaniopping all system activity before initiating the reboot
procedure. Normallyhoweve, the newshutdown command is used to talthe system down,
notifying the users of the impendingwdatime. Theoptions—s and-a options to reboot are

no longer wailable, as it will not be possible to pfide them on all VAX cpts due to the vay

the console interface arks. Insteadyou can halt the processor usihglt which puts the
system into a tight loop, and then perform the desired reboot sequence manually at the con-
sole. Thisworks on both 11/750 and 11/780 processors.

Has been modified for the wekernel and is no longer dependent on system configuration
parameters; it no longer needs to be recompiled when system table sizes change.

Now properly handles the case where dump files are contained in dump tapes)gtyethe
end of the embedded dump would confesstor and cause the rest of the dump tape to be
inaccessible.

Now correctly handles an arbitrary number of commands and users.newv options hae
been addedv and-f giving it a googol+2 options. Sex(8) for details.

Is a nev program which runs after a reboot toesaheck to see if the system had crashed and,
if it had, to s&e any ore image which as successfully written to the paging ar&ee
savecor) for a full description.

Is a ne&v command which shuts the system down at a specified time. It broadcasts messages
to users warning them as thenddime approaches, records the reason for the reboot in a log
file, and cooperates with init in a cleanly shutdo(e.g. during the last 2 minutes of system
operation, users attempting to log in are told that the system is gaimgashal the reason for

the shutdown but not allowed to log in.)



