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VAX/VMS overview

Virtual Address eXtension
Virtual Memory System

250 units in the Swedish University NETwork
(300 next spring).

Same operating system, same instruction set for
all VAX /11 models.

A multiuser environment.

Process: An environment in which to edit &
run.

DCL (Command Language Interpreter):
The image run by a process after login.

DCL invokes execution of other programs.

System images (editor, linker, file manager,
communication, help,...).

User images (your command-files, your
programs).

* Users work with files: edit, copy, type,
open, read/write, print, compile, run

* File access: By name.
dev:[dir.subdir]filename.extension;version

*x Device: The recording media where the file is
kept (disk, tape).

* Directory: A bookkeeping facility to group re-
lated files.

* Filename: The name.

* Extension: Some extensions are assummed by
default when invoking system images.

*» Version: Bookkeeping for file updating.



File management

CREATE file cat > name
CREATE/DIR mkdir

COPY (APPEND) cp

DELETE rm
DIFFERENCES diff
DIRECTORY 1s

RENAME mv

SEARCH grep

TYPE cat

OPEN,CLOSE, READ, WRITE
Editors (EDIT or EDIT/TPU).

(Write a DCL command in UNIX)

Editors

* Terminal dependent (VT compatible).
* Keypad (EDIT) / The "D0O" key (TPU).

MOVE (up, down, right, left, by word, by line)
NEXT SCREEN, PREVIOUS SCREEN

TOP, BOTTOM

FIND (string)

REPLACE (‘oldstring’ ‘newstring?)

DELETE (character/word/line)

RESTORE (word/line)

SELECT, REMOVE, INSERT (a segment)
INCLUDE (another file)

INSERT/OVERSTRIKE
FORWARD/REVERSE
SAVE, EXIT, QUIT

TPU allows to preset PF- and <CTRL>- keys to
perform editor functions.

* TPU allows to write a personal editor.
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System information/performance

HELP: Description of all VMS commands with
all parameters and qualifiers.

MONITOR: Updated system performance.

SHOW (SET): default, devices, logical, memory,
process, protection, queue, symbol, system,
time, users,...

SET CONTROL, SET HOST, SET PASSWORD
FINGER

Monitoring a program:
SHOW PROCESS (/ALL, /CONTINUOUS)
SHOW SYSTEM, SHOW STATUS

Communication

MAIL — Extension: " .MAI"
PHONE: Terminal-to-terminal.
"SEND" (MSG)

DECNET

Run applications

"Q" — Extension: " .COM"

FORTRAN/LINK/RUN
Extensions: *.FOR", ".0BJ", " EXE"

Other languages have similar commands and ex-
tensions.

-

Object files created with different languages can
be linked together.

SPAWN subprocesses

Batch operation:
Batch queues.
SUBMIT, PRINT



Logical names & symbols (LNMSPROCESS_TABLE)
"SYSSCOMMAND" = * _KVAX3ISLTA3G:»
"SYSSDISK™ [super] = “WASA: "™
"SYSSDISK* [exec] = "WASA:"
. . . "SYSSERROR™ = " KVAXISLTA39:™
* Associate a name with a device, a file, or an- TSYSSINPUT™ = = KVAX3SLTA3S: "

"SYSSOUTPUT™ [super] = * KVAXISLTAIG:®

. TSYSSOUTPUT" [ cj] - KVAX3SLTA39 ;™
other logical name. T EAAAEREINY vt
{LNM3.JOR_80349480)
: "SYSSLOGIN™ = “WASA: [MARIQ]™
* Loglca']' ta'bles' "SYSSLOGIN DEVICE" = “"WASA:™

"SYS$SCRATCH™ = “WASA: [MARIO]™

* Give local names to devices. {LEMSGROU_000024)

"DSK" = SWASA:™
CHLPSLIBRARY® = "DSK:<TEX.HLP>LASER"
. "HLPSLIBRARY 1% = "DSK:<SYSMARIO.HLP>MOPAC®
* Give standard names to system files. ~hIST® = "DSK: [JORGEN.TEOGRP.UTILITIES]LIST,EXE®
TQLSR™ = *DSK:<ALEJANDRO.PLOT ,EXE>QLSR.EXE"
S0Q" = “DSK:<ALEJANDRG.PLOT, EXE>(R.EXE"

* Give VMS names to input/output files of user "OSPLINET = "DSK: CALEJANDRO. PLOT.EXE>QSPLINE. EXE®
. . (LNH$SYSTEH_TABLE)
application programs (fortran files 5 & 6). "ACPSBADBLOCK MBX" = “HBAd:*

“DBGSINPUT™ = "SYSSINPUT:*
"DBGSOUTPUT™ = *“SYSSOUTPUT:™

* Allows to operate independently of the actual :Eiﬁéi§§ﬁ3—f'féysséﬁﬁif?‘{ﬁgé;sun-
"KVPLOT"™ - SLTAZ:"
device. *KVPLOT" E::::)t]- "KVPLOT: "~

"LASERPRINTER™ [super] = *LTAl:"
"LASERPRINTER" [exec] = “LASERPRINTER:™

"LNKSLIBRARY_Z" = “WASA: [LIB}NAG,OLB™
* ASSIGN. DEFINE. DEASSIGN "LOKE" = "KVAX3$DUBQ:*
"MNT* = “LOKE: [SCRATCH.]*
"MOMSLOAD® = “KVAXISDUAD: [SY80.3YSCOMMON. ] [HOMS$SYSTEM) =
"MTHRTL" = 'SYSSSHARE:INHTHRTL.EXE'
. "SCR™ = "KVAX3S$DUC1:" 1 . s s de KVAX3
. TSYSSANNOUNCE" = “Welcome to kvaCluster, runn ng vMS v4, on node AX3®
* SymbOIS' DCL a‘lla's' "SYSSCOMMON® = 'KVA)BSDUAD:{SYSD.SYSCOHHON.]"
"SYSSDISK™ = "KVAX3SDUAQ : % .
"SYSSERRORLOG™ = "SYS$S!SROO'I‘:!SYSERR]"
"SYSSEXAMPLES*® = 'SYSSSYSROOT:[SYSHLP.EMLES]'
"SYSSHELP™ = 'SYSSSYSRQOT:[SYSHLP]"
"SYSSINSTRUCTION™ = "SYS$SYSROOT: ISYSCBRI)"
"SYSSLIBRARY™ = "SYS$SYSROOT: [SYSLIB)"
"SYSSMAINTENANCE™ w “SYSSS!SROOT:[SYSHAIN‘.I‘]'
"SYS$MANAGER" = "SYS$SYSROOT: [SYSMGR] ™
"SYSSMESSAGE® = "SYS$SYSROO‘1‘:[SYSHSG]"
"SYSSNODE™ = ®RyAX3::"
"SYSSSHARE® = "$YS$SYSROOT: [SYSL1iB] "
"SYS$SPECIFIC” = "KVAX3SDUAQ: [SYS0.)"
"SYSSSYLOGIN™ = "SYSSHANAGER:SYLOGIN.COH"
"SYS$SYSDEVICE™ = "KVAXISDIAD: ™
"SYS$SSYSDISK™ = “SYSSSYSROOT: "
"SYSSSYSROOT™ = "KVAXBSDUAD:ISYSO.]"
= "SYSSCOMMON: ™
"SYSSSYSTEM™ = "sysssrsmo'r:{srsaxﬂ'
“SYSSTEST" = 'SYSSSYSROOT:[SYSTEST]"
"SYSSTOPSYS™ = "sYson»
"SYS$UPDATE®™ = 'SYSSSYSROO‘!‘:[SYSUPD]"
"SYSSWELCOME™ = "@SYSSMANAGER:H’ELCOHE.TKT"
"WASA" = "KVAX3ISDUBL: "
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VMS internals System design

System design. * SYSGEN:
Ca. 220 system parameters.

Adapt the System to local needs.
Process characteristics. Maximum number of processes.
Maximum primary memory to be used.
Maximum working set.

System architecture.

Disk structure.

The linker. * STARTUP.COM

Run-time libraries. INSTALL system programs
DEFINE symbols/logical (system/group)
MOUNT devices
Start network (DECNET)
Start local applications (ex.: FINGER)
Start queue manager.

* SYSUAF.DAT Database with all usernames, de-
fault directories, user parameters, etc.

* NET#*.DAT Databases with network info: Remote
nodes, network objects, proxy list, etc.



* Protection/access mode: Determines user rights System architecture
to read, execute, write and delete files. : |

Protects system and user from user errors.
o Single processor.
* Privileges: Ability to alter the environment. '

Protects the system from user errors. o Many processors.

* Priority: A scheduling mechanism. Tightly coupled.

Loosely coupled
o INSTALL

Clustered

Decreases image activation time.
Networked.

Allows to run privileged code (/PRIV).
/SHARE: Only one copy in primary memory.

/OPEN: Eliminates directory search
(permanent channel to the file).

/HEADER: File header resident in primary
memory (saves one I/0 per file access).



o Tightly coupled: Structure of a process
Processors do not operate independently.

Run the same copy of the operating system. * Login — DCL

Hierarchy. Shared memory. * Execute images

¢ Loosely coupled: * Logout
Operate independently.
Run own copy of operating system. * Hardware context: The status of the hardware

at a given moment (Saved by the system when

Local and shared memory. the process is not executing).

User synchronization.
* Software context: Information used by the sys-

¢ Cluster: tem to control process activities.
Processors are independfant. * Virtual address space: The range of memory ad-
Run own copy of operating system. dresses known to a process. Used by a program
Shared cluster-wide devices (speed). to identify the location of instructions and data.

One system disk.

User can run applications on the other proces-
sors (via batch).

Experienced as a single system.

o Networked: DECNET.



l Process
Program region

Process
Control region

System region

Reserved region

* The Process region is specific to each process.

* The System region is shared by all processes.

Executing an image

o Programs are stored on disk.

© At run-time, instructions and data are copied
to primary memory.

¢ Information is copied in 512B pages.

o

Resident pages constitute the working set.

o Paging: When the application is larger than the
working set. (PAGEFILE. SYs).

o Try to arrange your applications contiguously.

0

SYSUAF . DAT controls maximum working set and
paging.

SWAPPING: Process working set is dumped into
an auxiliary file SWAPFILE . SYS.

o]

¢ Too much swapping: Increase primary memory?

¢ Too much Paging: Re-write your application?



Disk structure

* Initialize disk.

- * INDEXF.SYS: Boot block, Home block, Backup
of home block, Backup of file header, index file
bitmap, file headers (index file, all other files).

* BITMAP.SYS: All available areas.

* BADBLK.SYS: Regions unsuitable for use.

* Boot block: In the system disk, loads the oper-
ating system.

* Home block
Disk volume information
Label, owner, protection
Initial entry point into file structure.

* Bit map: 1 bit per file header. Controls the
number of files in the volume.

* File header: | .
"~ Access validity & identification.

Map area: Pointers to blocks allocated to
the file. .

DUMP/HEADER filename.

* Block allocation:
Minimum allocation: cluster -
Contiguous clusters are called eztents.
Header pointers use eztents.
Large clusters: Wasted space.
Small clusters: Too much fragmentation

* Deletion:
Eliminate file header
Mark the extents as available in BITMAP.SYS.

Directory structure

o Associate symbolic file name with file identity. |
o Pointer to the file header area in INDEXF.SYS

o SET DEFAULT: Work within the context of a di-
rectory.

o Information is stored in a " .DIR" file.
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Linker

* Input: Object files, library files.

* Output: Executable images, shareable images.

* Sequence:
Collect input files.
Organize input into groups (clusters).
Assign virtual address to image sections.

Write clusters to image file.

* To reduce paging: Link with the /CLUSTER
option.

Contiguous pages should have contiguous code.

11
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Run-time libraries
System services

o Shareable code accessible at run-time,

o Available to aJ] images regardless of the lan-
guage used to compile the program,

o Run-Time libraries:
DTKS: DECTalk.

LIB$: General purpose;
LIBSCREATE DIR LIB$DAY OF wEmk
LIB$DELETE__SYMBUL LIB$DELETE_LUGICAL
LIB$GET INPUT LIB$SPAWN LIB$WAIT
LIBSFIND_FILE LIBSFIND_FILE END
LIB$DO_COMMAND LIB$STOP

MTHS: Arithmetic in H-precision,

OTS$: Number « String conversions, Com-
plex arithmetic, etc.

12



SMGS$: Screen manager.
STRS$: String operations.
UIS$: Graphics.

System services: SYS$:

$ASCTIM $BINTIM $CRELNT $HIBER $QIO
$QIOW $SCHDWK $SETAST $SETPRV $WAKE

Usage: INCLUDE ' ($SSDEF) ' or ’ ($SMGDEF)’.
Set parameters to desired values (manual).
Use as SUBROUTINE or as FUNCTION.

Return status (even values indicate errors).

Arguments: X=1, T='1’
By Value. Pass the number 1: %VAL(X).

By Reference. Pass an address: X
(Standard in FORTRAN for numbers).

By Descriptor. Pass address of a descriptor: T
(Standard in FORTRAN for characters).

An example of linking code written with differ-

ent languages.

13
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program hiberwake

This program performs the following tasks;
1. Find the name of the terminal where it was started.
(This data is necessary for step 2.)

Create a subprocess, in an hibernation state.

Wake up the subprocess.

Schedule a wake up for the process.

Hibernate.

Kill the subprocess after waking up.

[~ - R R N )

implicit integer+4 (a-z)

include *($prcdef)’

include ‘'($ssdef)’

include °*($lnmdei)’

character name*4/'subp’/,image+6/'subpro’/,

1 later*8/'0 ::15'/

character*266 terminal/’SYS$OUTPUT'/,ret_string
character+17 tabnam/’LNM$PROCESS_TABLE'/
integer*2 bin_later(2),bin_now(32),tralst(20)/20%0/
integer*4 ret_length/10/,ret_attrib

byte esc_null_num(2)/'1B°X, '00'X/

character*2 esc_null

equivalence (esc_null,esc_null num)

set up trnlst

tralst(1)=256
trnlst{(2}=1nm$_string
trnlst(3)=%LOC(ret_string)
trnlat(7)=4
trnlat(8)=Ilnm$_attributes

1



trnlet(9)=%LOC(ret_attrib)
trnlst(13)=4
trnlst(14)=1nn$_length
trnlet (16)=%LOC(ret_length)

¢ Find terminal name. Trnlnm translates the logical name
¢ sys$output. If this translation is also a logical
¢ name, repeat the process.

100 status-syattrnlnm(.tabnam.terninal(i:ret_length)
1 ,,trnlst)
if (.not.atatus) call lib$stop(%val(status))
1!(1and(1nm$u_tornina1.rot_nttrib).oq.O) then
terminal-ret_string(i:ret_length)
go to 100
endif

Now ret_string has the name of the terminal, probably
pPreceeded by some #scape characters.

0o 0 0 n

if(rot_-tring(l:i).oq.esc_pull)then
ret_string-ret_string(S:ret_length)
rot_length=ret_length-4

endift

¢ Create the subprocess.

write(s,’(a,a)’) * Creating subprocess ’,name
write(*,'(a,a)') * from ',rot_string(l:ret_length)
call l4b$wait(2.0)
state-sysscroprc(pid.imago..ret_string(l:ret_length).
1 ret_string(l:ret_longth).,.nane.lvn1(3)..,

2

2 Yval(prc$m_hiber))
1f(.not.state)call lib$stop(4val(atate))
write(*,’'(a,a,a)’) * Subprocess ’,name,’ created. '

Awake the subprocess.

write(s,*(a)*) * Waking-up subprocess.*
call 1ib8$wait(2.0)
state~sys$wake(pid,name)

if(.not.state) call 1idb$stop(Yval(state))
write(+,'(a)’) °* Subprocess is awake.'~

Schedule an own wake-up

write(*,’(a}') ' Schedule an own wake-up,

call sys$bintim(later,bin later)
state=sys$schdwk(, ,bin_later,)

it (.not.state) call 1ib$stop(Xval(atate))
write(*,’(a)’) Wake-up successfully scheduled.’

Hibernate

write(*,'(a)") * Hibernation starts. See you later.’
call sys$hiber()

Kill subprocess after waking up.

write(*,'(a)') * Main process awake.®

call 1ib$wait(2.0)

call sye$delprc(pid,name)

write(+,'(a)') * #+ The subprocess was deleted. s’
end
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program subpro program synchron

This is the image yrun by the subprocess subp according
to program hiberwake.

This program performs the following taeks:
1. Allocate an event flag (a communication register).
Call a routine that starts a subprocess.

implicit integer*4 (a-z) Show time.

O 0 060 a6 o 0o o o
oo Wow

i=0 Loop until the flag is reset by the subprocess.
do while(1.gt.0) Show time and eand.

i=i+1

write(+,’(a,i3,a)')’ This is subprocess cycle number ',i implicit integer*4 (a-z)

call lib$wait(0.6) _ include '($ssdef)’

enddo integer*4 elap(2)

end character*23 ascii time

character+8 elapsed/’C ::10°'/

Allocate and clear event flag.
status«libdget_ef (flagl)

if(.not.status) call lib$atop(%val{status))
status=sys$clref {flagl)

1f(.not.status) call lib$stop(¥%val(atatus))

Call subroutine

call ast
c
c Print the current time.
<

status=sys$aactin(,.ascii_time,,)
if(.not.status) call lib$stop(¥val(status)) .

(1]

Convert ascii to binary time and set a timer.
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(1]

statustsys*bintin(elapsed,olap)

it (.not.astatus) call 1ib$stop(Xval(status))

atatus-systnetimr(lval(tlagl).elap..Kval(z))
1f(.not.status) call lib$stop(%val(status))

Read status of flag and loop until flag is get,

atatus-syssraadot(lval(flagl),icond)
do while (status.ne.sst_wassot)
status-syssreadsf(xval(flngl).1cond)
call sys$setast(¥val(0))

write(*,’(a)')* Main program is waiting for the flag.*

call sys$setast(¥val(1))
call 1ib$wait(0.5)
enddo

Print time and exit.

status-sysSasctin(.aacii_tima..)
if(.not.status) call libtatop(!val(status))
stop'bye’

end -

subroutine ast

implicit integereq (a-2)

integersd bi(2)

character*6 interval/'o 1:3°/

external truesudb '

Convert ascii to binary time.

statua-ayaSbintim(interval.bi)

2

1f(.not.status) call libtstop(1va1(status))
Set the true routine to work.

status-synSsetimr(.bi.truanub.lval(l))
1f{.not.status) call libtatop(Zval(atatus))
return

end

subroutine trueeub

implicit integers+4 (a-z)

call ast

do i=1,3

write(*,’(a)’)* The ast is writing,’
enddo

return

end






