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0. Hotation Used in this Manual

0.1 Huabers

All nuabers written lo arable numerals are octal except as follows: (1)
those part of a nase, such as a type 35 teletype, (2) those part of the
meta-structure of this sanusl (a page or sectlon nuaber for sxampla), (3) or
those that are floatine point, which will alweys have more tham one digit to
the risght of the declmal point. Nuabers that are writtem alphabetically are

decimal .

0.2 Character Objects and Strings

Character objects and strines are usuelly surrounded by quotation marks

[
holding down the control shift of a teletype and strikinz & graphic are

) and are relatively clear from context. Non—graphic characters created by

e

rapragentad by the graphic precesded by a ™ " as in “A for “control-A”.

J.3 Blt Positions and Intervals

Bit positions 1o thirty-slx blt words are represented by the concatenatlon
of & diglt fros 1 throush 4, a ".", and a digit from 1 throush 5. The first
dizit is a quadrant nuaber starting from the right or least arithaetically
siznificant part of the word. The second disgit 1s a bit number in the
quadrant, alas startine froa the rizht or least iignlfiuant bit. Thus 1.1 is

the lowest blt and 4.9 the sigo bit.
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Blt intervals are represented by the concatenatlon of an included startine
pit positlon, & "=, and an included tarminating position. Thus 3.3-3,1 is the

lowest octal digit im the left half of & word.
J.4 Internal References

Mogt internal references ln the text of this manual are of the following
form: [App x], [Ref x], and [Sec x]. These refer, respectively, to the x'th
appendix, the x"th item in the sectlon of this sanual entitled “References’,
and the x"th pumbered section of this manual. Other internal references are
written out la less formsality and forms whose meaning should be evident, such

a3 the followine, are allowed: [Sec x, ¥], [App x1; Ref x, ¥], etec.
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1, Introduction to and Goals of ITS

The Incompatible Time Sharinz system (ITS) 1s a control proeram tailored
te the Project MAC Artificial Iatelligence (AI) Group PDP—5 installation. It

wag designed in an attempt to provide the follovwing potential advantazes of a

time sharing systea:

(1) More than onme person can perform tasks not requiring all available computer
resourcas with seeailng simultaneity; one person can similarly perform several
tasks.

(2) Bach user has batter control over hardware and greater ease in debusging
sof tware dus to appropriate designed-in festures,

(3) Jobs which would otherwiss require excessive blocks of time can be
performed automatically in small parts over long periods of time when the
co@puter would othearwise bhe idle.

(4) Prograss can more easily be made independent of specific imput and cutput
devlces.

[t was dasirad to achleve these zoals without the usual penalties of time
sharing systems such as rancld response and zassive inefficlency and their
attendant evils such as required break characters, arbitrary built in command
levels of dubious wirtue, and severe core restrictions due to & bloated

monitor,

For thess and other reasons IT5 was desizned with the followine

properties:
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(1) ITS sits in control of the PDP-6 perforzing most input-output for and
allocating machine resources amone various user prograss,

(2) All user programs reside in core storaza so it is possible to switch
between programs with great rapidity and have suffliclently short quanta to
allow character response without undue inefficlency. (The comlng installation
of additional disk storage will anable the swapping of programs but 1t is
expected that only dormant programs will be swapped out.)

(3) ITS has only & minimal direct user command facllity to assure users that
they can maintaln control over thelr prograss. Almost all systsm actions are
the result of systeas calls executed by the user’'s programs.

(4]} IT5 attempts to provide slaple standardized input—output and other system

calls as well as more complex and specialized ecalls which reduce overhead or
enable the use of speclal devices and features,

MIDAS, a machine language assembler with macro facilities [Ref 3, 10], was
chosan for writing ITS because of the resultant efficiemcy, flexibility, ease
in writing, and ease in debuzeing. For information be¥omd or more recent than

this manual consult the sources llsted in Appendixz D.

1.1 Preview of Sectlon 2

The user of ITS noraally cossands a hlerarchy of programs in machine
storage organlzed in an lnverted tree. The top procedure 1s initlally loadad
for hia by the system when he types & 2 on an idle comsole. All programs may
have inferior procedures which they contrel. Alaost all commands to the system
are sachine instryctions [App A; Ref 1], which trap to the monltor, executed
for the user by his programs. The only exception is that he may interrupt the
superior procedure of the program with which he is conversing by typlog “Z. By
this method the user can return to his top procedure at which polnt “2's typed

on his console are lenored by the systea.
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1.2 Preview of Sections 3 and 4

The majority of the code for the ITS monitor is devoted to input—output.
It has been organized with such goals in woind as flexibility, speed, and
generallty. Simple device independent system calls are avallable where
meaningful, and & continuum to the speciallzed system calls necessary to make
nearly full use of some speciallzed devices exists. Most devices are
referenced symbolically [App B] and procedures may cause symbolic translations
guch that an lnferior procedure referencing a particular device will in fast
zat a different device, Input-output may be done & character or word per
systems call or, for less overhead per character or word, an arblitrary silze
block of words may be transfered into or out of the user program’s core with
one s¥stem call., The user prozram is not required to have any buffers ln its
gore lmage. Many spéclal features relate to consoles or speclal devices on the

PDP-6 such as ayes, arms or the DEC 340 display.

1.5 Preview of Sectlon 5

A featurs of the ITS monitor not frequently found in time sharing systeas
and contributing greatly to its flexibility and generality is that user
programs may receive software ilmplemented interrupts in much the same way that
ITS receives hardware interrupts. The system is 5o desiened that the user is
rarely lnvoluntarily uninterruptable for more than a few hundred microseconds.
If the ianterrupt is dismissed in & normal manmner the non—interrupt portiom of
the prozraa can proceed even from the "middle” of & system call taking an

arbltrary amount of time,
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A scheduling alzorithm 1s used which tries primarily to equalize machine
time used by each active procedure tree (console) and secondarily to equalize
machine time among those procedures in each tree. The system varlables related
to a particular procedure [App C] used by the scheduler and other parts of ITS

are kapt in system memory and do not impinee on the user®s core imaze.

1.4 Praview of Section 8

User programs operatinz within the environment provided by ITS are
organized (as mentioned in 1.2) as invertad tree hlerarchles. Suparior
procedures can retrieve and store words in their inferior procedures as 1f thay
wera input—-output devices. There also exists a larze set of smeciml system
calls for controlling procedures ilmmediately beneath thea and several special
ways that procedures may comaunicate with thair superior procedurs. Buffered
cum!unicatinn batween arblirary pairs of procedures treatinz each other as

input=output devices is also provided.

1.5 Preview of Section 7

A larzs auaber of miscellanecus system calls and features exist for a
variety of purposes., Many provide easy inpit-sutput to devices which do not
fit the forms of standard ITS devices, Othars provide the use of certain
hardware sodifications to ths PDP-6 which enable the simalation of certain
features of sapual control of the PDP-6 such as address stop. The remalnder
are such minor but necessary functions as login and losout.

A special procedure, knuwﬁ a5 the systea job, exits ander IT5. It

parforas various low priority functions for the system anl checks constant
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portions of ITS against & copy in an atteapt to detect some forms of system or

hardware failure.
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2, Fettinzg the Atteatlon of and Transalttins Comzands to ITS
2.1 Control I

The oaly itea of laput—putput data recosnlzed by ITS directly as a command
is the character ~Z when received from an idle teletype (a membar of the class
of devices that may be coasoles, currently either a GE terminal or a KSR 35/37)
or from an active console, that is a teletype in control of a procedure tree.
Telatypes may also be in use as ordinary devices (as Tnm instead of TTY [Sec
4,5]) in which case ITS igznores 2°s typed on them. .

If the teletyps was ldle, "7 noraally causes the talatype to bacome a
console and loads and starts as 1ts top level procedurs [Sec 6.1] the dump file
nazed @ HACTRN on deviea SYS, or if not found there from dsvice UT2 (ses
gaction 3.1 for & discussion of flle and device names). Tha JHAME of a thus
initiated procedurs is HTH and ite UMAME and SNAME are set to the valus minus
ong [Sac 3.8.4, S6.1]. This will not happen if there is insufficient memory
availabla, 1f the systea is known to be going down soon [Sec 7.5.2], or if too
sany people type "2 slmultansously. ITS will echo a ~Z typed on an idle
teletype if and only if it succeeded in starting a top procedurs.

The effact of ~Z in the second case, that of an active console, is
intended to be such that the user at the console may cause coatrol of his
comsola to revert to higher level procedurss and ultisatly to his top level
procedure even in the face of hostile inferiors,

A "7 typed on an active console is iznored by ITS if the consola is belinz
controlled by its top level procedure. Otherwise 1t sets a flag associated
with the console so that it may not be assizned downward in the procedure ftree

[Sec 4.5.1]. This flaz is cleared only by typing any character other than “z
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on the comsole. ITS also sets the "I interrupt bit, a class on2 lnterrupt [Sec
5.2], for the procedurs controlling the console and possibly for an arbitrary
nuaber of procedures, each the {nsediate superlor of the last, extending upward
in the tree from the procedurs controlling the console, The condition for each
step uqiard in the procedurs tree ls that elther the superior to the procedure
currently having its "I iaterrupt bit set is stopped or the curreat procedurs
was found to already have its ~Z bit on.

Action on ~Z interrupt bits [See 5.2] set will be taken in less than one

quantum time when the scheduler [Sec &.5] next runs,

2.2 Trappinz Instructions

With the exception of "2 all coasands to ITS are given by imstructions
which trap to the monitor. All valid conasnds are from a class of imstructions
called JUO"s which ars charactarized by an initial octsl dieit of 0. These are
discussed in section 2.2.1 and listed 1n appendixz A. Section 2.2.2 concerns all
other trapplong’ instructions. It is a useful characteristls of the PDP-5 that
an identical effective address calculation i& performed on all words fetched as
instructions regardless of thelr operatlion code or leszality [Ref 1]. Thus
indexing and indirect addressinz are available on all trapping instructions.
Interrupts to the monitor as & result of conditions encountereld in the
sxazution of an idstruction (such as memory protection violation, AR overflow,
PDL overflow, etc) rather thaan the type of instruction are ment;nnad in section

5.2.
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2.2,1 UU0’s

The sxacutlon as lnstructions of words with an operation cods [Ref 1] of
from 000 to 077 normally results in the instruction word belng stored in
absolute location 40 modifised by havinzg had its effective address computed and
stored in its address fleld and its indirect and index fields cleared. The
instruction in absolut? location 41 is then exacuted. Since all IT3 system
calls utiliza only UUD"s 040 throagh 047 the Project MAC AI Group's PDP=6 has
been modified so that UUD‘s 001 through 037 and 050 through 077 will trap, as
describad above, directly to thez user progran”s relocated core imaze with no
extra overhead. UUD 000 will also appear to trap to the user but thls occurs
via monltor sisulation that checks to see il relocated location 41 directly
addressas (indexine or indirect addressing iznored) a location between 20 and 5
less than the top of ths user’s core izaze inclusive. If so, & JSR to that
location is simulated. If not, the user’s illezal instrustion intarrupt bit, a
class two interrupt [Seec 5.2], is turned on,

A complate 1ist of system calls in nuserle order appears in appendix A,

However a list classified by opsration code i3 included here:

auo Symbol Description

040 10T Exacutal for each it2m or block of data transmitted
betwsen a user prograa and a syabolle Input-output device [Sec 3.3].

041 P Used to inttialize inpit-outpat betwesn a device and a
program [Sec 3.2]:

Q2 LOPZ3i A class of system calls Further decodsd by the value aof
theip effective aiddress.

043 CALL A class of systea calls further dscoded by the value of
their accusulator field.

Qa4 LJSET Exscuatedl by procelures to examine and set soma of the
gysten variables associatedi with their inferior procedures [Sec 5.2.3].

D45 LBREAY Execatad by a procelurs to set the procedure’s .BREAK

interrupt bit, & class one interrupt [Sec 5.2], thus stopping it and
interrupting 1tz superlior porcedure [Eac S.3.2] .
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045 STATUS Used to ascertala tha status of an input-output device,
chaanel, or transfer [Sec 3.5].
047 LACCE35 Used in input—output to randomly addressable devices [Sac

3.8.5].

IT3 systea calls wara desizaed to be numsrleally rather than syabollically
decoded to deacreasa their bulkiness and cumbersooness and increase monltor

af ficlancy.
2.2.2 Hon=UOUD Trapplanz Instractions

The only¥ othar trapplaz Instructions are those whosze first octal dizit is
7 and the lastruction JRST with the 10 or 4 bit on in its accumulator fleld
(Ref 1]. The first of these two includes all instructions which effect
hardware input—output and most of those affacting the state of the PDP-5S
instruztion processor (lacluding user/executive mode). 1In the second the 10
and 4 bits respactively dismlss a hardwar: interrupt and stop the PDP-5. The
execation of any of these trapplog Instructions causes an illesal instrastion
interrupt to the user {a class two interrupt, sea section 3.2). The remaininz
way to affect the state of the processor is a JAST instruction with the 2 bit
on in the accumulator fiald; however, in user aode this will not effect the
state of ths user, special or lot-user [Sac 7.3.3] modes except that it aay

turn off lot-usar mods.
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3, The General Transaction of Input-Tutput

2.1 Philosophy and Organization

Standard ITS lnput—output has been organized with such goals as symbolic
device independence, no required buffering in the user’s core image, simple
unit (character, word, vidisector polnt, etc.) mode transfers avallable along
with block at & time transfers which reduce overhead by reducing the number of
gystem calls. Bach procedure has associated with 1t 20 input-output chaanels
(but gee sectlons 3.7, and 4.12), Each of these transfers in one direction and
mode between the progras and a files on & device with which the channel was
assoclated by the execution of a OPEN [Sec 3.2]. Items arz then transmitted
over the channel by the execution of .IOT s [Sec 3.4]. This assoclation may be
terminated by a .CLOSE [Sec 3.9.1] or another .OPEN on the same channel.

A1l data transfers directly to or from symbolie ITS devices [App B]
(except VID, ¥VD, and soms modes of IMX) are effected to or from buffers in
system memory. [n the case of major file devices (UTn and DDn) these buffers
are dynamically allocated from fres mesary by ITS [Sec 5.3]. The additional
overhead required to transuit data between a user’s core image and the systen's
buf far as compared with a system having direct user core image input-output ls
nezlizible in comparison to any significant processing of the data. Using

gystem buffers has the followlnz advantages:



IT5 1.4 Reference Hanual Paze 13

(1) The user ma¥ be interrupted, swapped out, moved in corae, or otherwisze
molested during an .IOT [Sec 3.4] as it iz the software transfer of data
between system buffers and his core.

(2) Real input—output transfers say procesd withowut consideration of the state
of the user program they are occuring for ag they are into or out of systes
controlled memory.

{3) Hlzher core storaze usage efficilency 1s obtalned due to the dynamic nature
of major fila device buffers. Even for devices with fixed buffers, such as the
line printer, only one larse buffer need exist regardless of hov many prograas
that could use the device are in the system,

(4) User prograzs nead not concern themsalves with the size of physical blocks
on devices,

Some davices do not fit this framework very well and system calls relatine
to them are includad in section 7. Miscellansous calls related to marticular

s¥aholic devices are, however, included under the device in ssctlonm 4,

3,2 The ,OPEN UUD

Input=catput on a particular channel i3 initialized by executing a OPEXN.
The channel is numerically specified by the accumulator fleld of the ,OPEN and
any previous transfer of that channsl is terminated as if by a CLOSE [Sec
3.8,1]. If the user is interrupted [3ec 5.2] during & .OBEN the channel may
have been closed and not yet reopened. The effective address of the .OPEN
should point to the first word of a block of three words in the user’s core
image which specify a device, mode, and file. The second two words specify the
two file namés. As a convention, the file pazas are usually thought of as ap
to slx, left Justified, sixbit characters rather then thirty—-sixz bit
quantities, Zero file names are not allowed on many devices and attempts to
use them will cause the ,OPER to fmil, The first word has the three character
device name in its right half and the direction and mode in its left.
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lmmedlatly below are the standard mode bits from this left half.

Bit(s) Meaning
4,9 1==0elate or rename [Sec 3.5] rest of bits lznored.

O=>0pen .
4.8-%,4 Device depesndent.
3.3 1=>Image mode.

O==ASCII moda.
G2 1==Block moda.

O=>Unit mode.
3.1 l==0utpuat.

O=>Input.

The davice and file specified will be altersd by entries in the translation
table [Sec 3.3] made by sither the procedurs or any of its superlor procedurss,
Becausa of thls translatlon and the syzbolic nature of OPEH, Lt l= one of the
slower ITS system calls.

If the .OPEN is successful it will skip the lmmediately following
{natruction. If not successful it will not skip and the reason for the fallure
may be ascertalned with a ,STATUS [Sec 3.6]. Any .OPEN closes previously opened
devices on that channel whether or mot the ,OPEN is successful,

Files may be delated and renamed with a ,OPE¥ but this 1s usually done

with a .FDELE as explained in section 3.5,

I.2.1 File Directorilas

For devices with trus file structure (UTm, DDm, CLU, CLO, COM, and 5YS5), a
file directory of the device may be read by trying to input the file " FILE.
(0IR)". If character mode 1s used, a readable file directory terminated by a
"t and "G results while imaze mode ylelds an sctual binary of the directory

which 13 device dependent. Both block and unit modes are avalilable, For othar
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devices character input of this file name will yield the string " HON-DIRECTORY
DEVICE ., Attemptsd binary input will fail (the .OPEY will not skip).

In en IT5 produced readabls file directory, an * by a file pame
indicates that the file i3 1naccessable, This may be dus to the fact that 1t
is Just then belng written or it may have been deleted while open for reading
and will vanish when closed, An "!" by a file mame indicates that it relates

to a person at that time losgsed in.

Jed The Translation Table

Entries in the tramnslation table may be made or deleted by any procedure
and have effect only at .OPEN time for the procedure making the entry and 1lts
inferiors. The emtry comsists of the followinz: (1) the UNAME and JNAME of
the procedure making the entry, (2) the JHAME of the procedure 1t 15 to apply
to ("*" means all JNAME's), (3) whether it is to apply to input, output, or
both, (4) whether its resultant is to be considered final or be retranslated,
and (5) thz from and to device and pair of file names, wherae "#"2 in from
positions match any device or file name and " *' s in to positions indicate no
substitution.

At .OPEN time all eatries in the table are examined to ses if the device
and file names of the .OPEN and the UYAME and JNAME of the procedure executins
the .OPEX match them. [f so and the procedure which made the entry is the same
or superlior to the procedure executing the ,0PEX, the substitutlion for device
and file names specified by the entiry 1s made and unless prohibited by the
entry thls process is repeated. Should elght successful and sequential
translations be made the ,0PEY will fall and no further attempt will be made to

translate.
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3.3.1 The .TRANS UUO

This system call (.CALL 2,) is expected to point to a three word block in
the same manner as a ,OPEN [Sec 3.2]. It normally skips and returns with the
block replaced bty its translation (the block pointed to by a OPEN is never
changed by the sexscution of the ,OPEI). If too many levels of translation are

required it will not skip and the block will be unchaneed .
%.3.2 The TRAMAD UUD

This system call (.CALL 3,) sakes new 2ntries in the translation table.

It is agsumed to polnt at an elght word block as fallows:

UHAME  jmust be the UTHAME of procedurs making and subject to entry
JHAME  3JNAME for procedure subject to entry
ATMIO,,DEV1 ;4.3 = 0 => retranslate, 1 => atoalc
3,2 = 1 = gutpat, 3.1 = 1 == inpul
:DEVL = from device
MLl sfrom file names
12
.,DET2 jto device
2l jto file names
FR22

Before trying to inmsert a new entry in the translation table, this system call
sisulates a TRNDL polntlaz at the same block. If a ., TRANAD is successful in

ecreating an entry it skips.
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3.3.3 The .TRNDL UUO

This system call (.CALL 7,) deletes entries in the translation table and
norsally points at an elght word block ldentical to the one which was used by
the corresponding . TRANAD., It skipe 1f succesaful in deleting an emtry. It
also has a speclal form where the first word of the block is zero (not a
possible UMAME), In this case all entries rpreviously made by the procedure
doing the ,TRNDL relating to the JHAME in the second word of the block are
delated., This speclal form always skips and does not examine the reasining six

words of the block,

3.4 The .IOT OUD

All actual data transfers to or from devices belnz handled via
input-output channels are imitiated by .IOT's. The accumulator field of & .IOT
should contain th® nuaber of an input-output channel that has been set up for
transfer in a particular mode between the procedare and a partlcular device by
a successful ,OPEN [Sec 3.2]. If the channel has not been .OPEN'ed the
procedure will recelve an input-cutput chaanel error interrupt (a class two
interrupt [Sec 5.2]). The effective address of a .I0T i3 used somewhat
differently depanding on whether the chaanszl i1s open im unit or block =mode.

For unit mod® the effective address points to a word to be writtem from or
into, For character unit modes the character s right Justified and the rest
of the word is ignored on cutput and zeroed (except as mentioned in section
3.4.1) on input. Soae devices, which are classified as input, use the contents
of the effective address as an arzuzent to determine what they will store back

(see devices IME, VID, and NVD).
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Block modes always read or write a contlguous block of words. The
contants of the effective addrsss of the .IOT is intﬂrprated as having minus
the length of the blocx in its left half and the address of the first word inm
its right half. Block mode norsally treats each word in the block identically
to the corresponding unlt mode except that block character modes pack five
characters of seven bits per word left adjusted. The block pointer word
pointed to by the .IOT is advanced as the transfer progresses so that if it
completes the left half will be zero and the right half will point to one
greater than the last word processed. If & procedure is interrupted out of &
block mode ,IOT the polnter word will reflect the progress of the transfer when
it was interrupted.

Block character input-output froa some devices {pamely Tna, TTY, COD, LPT,
FTF, PLT, and PTR) which are naturslly one character at a time is limited to
blocks of length V7777 words or less and the top three bits of the polmter word
are used during the transfer as & character count.

When a .I0T returns to the user without causing an imput-output channel
error, the transfer it requaested will have been completed for unit mode imput
of output or block mode ocubpuk. For block mode imput, the count im the pointer
word will indicate the amount transfered which may be less than that requested
if an end of file is reached [Sec 3.4.1].

3.4.1 The End of File Conditlon

For devices on which the end of file wnile reading condition is meaningful
it is signaled to the user in various ways depending on the transfer wmode. For
charaoter devices 1o the character at a tloe aode a ﬁﬂ will be read with the

left balf of the word read into set to alnis one. In block character mode the
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last word will be filled out with "C's. Usually the polater word will mot have
counted out as the end of file did not occur on & block boundary. For word
devices, the useér oust normally determine the lozical end of file from fha data
being read althoush physical eand of flle 15 detectabls in block mode by the
lack of advancement of the polnter word. On some devices, atteapts to read
beyond an end of file will cause the iaput-output channel to be autozatically
LCLOSE ed [Sec 3.8,1] and further ,I07"s will cause input—output chanmel errors
(class two interrupts [Sec 5.2]).

When packed characters are being read {rom a word device the physical
block i3 normally filled out with "C's but some older files on DEC tape [Sec
4.1] are filled out with the character whose ASCII value is 141 ("a"). The end
of file character for a partlcular file can be ﬁutarmlnad after the file has
been opened b¥y puttinz the mamber of the imput-output channel it is open om in
the accumulator specified by an ,EOFC OUO (.OPER 50), This channel numbsr will
be replaced with the end of flle character for that channel by the exscutlon of
the .EOFC.

S.4,2 The Device Full Conditlion

Attempted output on a full file structured device (UTn, DDn) results in an
input-output channel error (a class two interrupt [Sec 5.2]) for the outputing
procedure. This Iaterrupt will occur for the .IOT that failed {n such a way
that it may be successfully resumed 1f the procedures interrupt routine or soms

other procedure deletes materfial from the full device.
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3.5 The .FDELE UOU0

The systea call ,FDELE (.CALL 11,) is used for deletinz and renaming
files, It polints at a five word block which for the three types of .FDELE's,

contaln the following:

iflle delete

=, ,DET jdevice on which to fiad file
mi jnames of file to be deleted
FH2

0 jiero

- junexaszined

jnoraal file renaas
-, 0BY jdevice on which to find fils
il jold file names
iz
™21 jnaw file pames |
m22

spapase of file while opan for writins

- junexamined

0 FIETD

CHHUM  jchannel on whizh apen
1 jneW file namas

ma2

A .FDELE is 1lnterpally treated as a .OFEY pointing at a block with the sizn bit
on in the first word [5ec 3.2] except that it doas not also result in a .CLOSE
being executed on a channel. A ,FDELE on a device that 1s not truly file
structured has no effect but skips as do all successful effective .FDELE's. If
a ,FDELE doas not skip the reason for its failure say be detarained with a

LSTATUS on channel zero [Sec 3.8].
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3.6 The ,STATUS UUOD

The accumulator fisld of this system call is the nuaber of an input-output
channel whose status word raplaces the contents of the effective address of the
U0, This status word is described im detail by tha tables below however its
zeperal composltion is as follows: the laft half ralgtas to the channel and is
set by failing .OPEN's, failling .FDELE's and iaput-output channal arrors; the
right half relates to the device, if any, ovén on the chanel and the stats of

the transfer hetweem it and the user.

Bit(z) Meaninz

1.1-1.5 ITS physical device coda (s2e table below).

1,7=1,9 Mode in which device was opened,

2.1 => puffering capacity empty.

2.2 1l == hufferine capacity full.

2.o=2.9 Davica dapandent.

3.1=3.5 32t by failllns .OPEN s and ,FDELE s (see table balow).

o, T=3,3 5t by interprated display [}EE 4, 11{ input=putput channel errors
(see tabla balow).

4,1-4.5 Set by non-display imput—output channel errors (ses table below).

4,5-4,39 Taro.

Tha folowinz ls a tabls of ITS devlca codes {note that the 40 bit indicates
that the fils namas used are significant agd the 20 bit indicates a softwars

devical:
Code Symbal Devlice
1 Taa Telatype (XSR 35/37).
2 Tnm GE display and key¥board.
3 LET Line printar.
4 TID 91d vidisastor { Tva ].
5 N¥D Hew vidiseetor ("TVC ).
B PLT Calcomp plotter.
7 PTP Papar tape pinch.
10 IMX Input maltiplexor (A-D).
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ZRERGRGRE

61

2R

oMx Outpat maltiplexor (D=A).
PTR Paper tape readar.

DI5 - NEC 340 display.

IDS Interpreted displar,

con Morse code transaitter,
NUL Wall davice.

UTn DEC tape.

IDn Data-disk.

1177 A not lumediatsly inferlor procedura,
usa An inferior proceduras,
CLd Core link uss devics,

CLO Core link opan device.
- The directory device [Sec 3.2,1].

The following 1s a 1list of the codes left by falling .OPEN"s and .FDELE's:

~1 00 L0 s G D = 3

10
11

13
14

Reason

Ha such device.

Wrong direction.

Too man¥ translations.

File not found.

Directory full.

Device full.

Devioe not ready.

Device not available.

Il1lezal flle nama.

Mode not available.

Flle already existzs (attempted rename).
Bad chanpel number (attempted open rename).

Tha followlng are the error codes left by the 340 interpretive display

routines:

L

ode

S s W TN I

Heaning

I1le=al scope mode,

Scope hung.

Hora than 2000 words scope buffer.

Hemory protection violatlon.

I1lezal scope operation.

Mamory protection wilolatlon on PDL pointer.
[112gal paramster set,
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The following are the non-display input-output channel error codes:

ode Meaning
Non-existant sub—device (such as IMY channel [Sec 4.3]).
Over .IOPOF [Sec 3.7.2].
Over .IOPUSH [Se:s 3.7.2].
Channel does not have & procedure opem on it.
Channel not open,
Device full.

W00 =3 a0 e O3

3.7 The Input—Output Channel Push Down Facllity

For greater flexibility in input-cutput than that available with the basic
input-output chanpal system [Sec 3.1)], a facility is provided whereby a lisited
nuaber of input-ouput transactions smay be stored for later resuaptlion,

Meanwnile the channel they were beinez effected on may be otherwise utilized.

3.7.1 The .IOPUSH and .IOPOP UUD"s

These lnstructions treat ioput-output channels as the PUSH and POP
{nstructions [Aef 1] do mzmory locations. A channel may be .I0PUSH ed
rezardless of vwhether 1t is opan or not and any transfer in progress on 1t will
be inaccessable until the slot occupled by the information pushed is .IOPOP ed
into & chanael (possibly different). The error status and .ACCESS [Sec 3.8.5]
pointer for & chafinel are also correctly stored and restored. Executlangz a
.IOPOP into a channel first closes the channel. Each procedure’s input-output

channel push down 1ist [App C] has space for elght entries.
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5.7.2 The .IOPDL OJUQ

This syatem call (.0PER 57) i3 intended to reset a procedures input—output
channel push down list. Entries on a procedurs’s imput—output channel push
down list sctually contain the nusber of the channel that was pushed to produce
the entry. This information is used only bW .IOPDL whose sxecutlon is
squivalent to tha nuaber of IOPOP's [Sec 3.7.1] equal to the number of entries
in the procedure’s loput-cutput push down list and which .IOPOP sach enty back

into the channel from which it was IOPUSH ed,

3.8 Miscellanesous Unlform Imput-Output Related System Calls

Thae folowWwlne systesm calls relate to most or all devices handled via

input=output channels.

3.8.1 The .CLOSE UOOD

This system call (.OPER 7) closes the input-ocutput chasnel whose nuaber 1is
in its accusulator fleld. Executinz a ,IOT on the chaanel without reopeninz it
will result in an input-output channel error. For devices with true flle
structure it 1s at close tlme that a file with the same name as one belng

written 1s deleted,
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3.5,2 The ,RESET UUD

Tals system call {.OPER 37) is intended to reset system buffer pointers so
that buffered data on an input-output chanmel (specified by the accumulator
fiald) will be ignored. It has not yet been implemented for DEC tape or disk
transfers and is also lznorsd by devices for which it is not meanlngful (IMX,
OMX, VID, and HVD).

3.8.3 The ITYIC UUO

It s frequently desirable to exzamine the characters of an incominz stream
at tha.interrupt [Sac 5,2] level of a procedurs (for "qait" features, etc.).
This system call (.OPER 60) provides the facllity to read these characters from
channels on which devices that will provide appropriate interrupts (TTY, Tom,
CLU, CLO) are open., The accusulator reffered to by an .ITTIC should have an
appropriate channel nusber placed in 1t. The execution of an ITTIC will then
peplace this number with the character read and skip. If no character is
available the . ITYIC will mot skip and 1f an inproper channel is specified the

procedure will receive an illezal instruction interrupt.

3.9.4 The WSNAME 0UOD

On some devices (namely DDn, CLO and CLU) files are actually ideatified by
thres flle names. Two of these are specified in the normal way [Sec 3.2] and
the third is derived from the current system name [App C] assoclated with the
procedare refersncing the file, If the file is being writtea this will be

written as its third file name and if beins read it must be the same as the
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third file nase, Bach procedure’s systea name is set to the UNAME of the
guperior procedare that creates it at the time of its creation [Sec 6.1.1].
JNSHAME (,OPER 35) sets a procedurs’s current system name from the accumulator
specified except that if that accumulator contains zero the procedure’s SHAME

will be unchanged. A procedure may read Lts SHAME with a .SUSET [Sec 5.53]).

3.8.5 The .ACCESS UUD

This system call is intended to be used in accessing randoaly addressable
devices. A& pointar is associated with euch input-output channel which 1s set
to the effective address of a ACCESS executed with the chanpel’s number in its

accumulator field. Currently this polnter influences only the USH device [Sec
4.12] .
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4, Properties of Partlcular Devices

Properties and systes calls related to particular devices handled via
inpat—output channels are dlscussed below, Lower case letters in a device name
indicate that there are several devices distinguished by numeric diglts in
their place. The phrase ~all standard modes” in descriptions below implies
that all combinations of ASCII/imaze, unit/block, and input/output modes are
available aad that ASCII mode implies seven bit ASCII characters and image mode

thirty—-six bit bloary words.
4.1 The UTn Devices

The devices UTL1, UT2, U3 and UT4 represent the four DEC tape drives on
the PDP-&, They are true file structured devices under ITS with all standard
modes avallable., Data is dynamically buffered by 175 for both inmput and
gatput. The file directory of a tape is read in by the system and retained
when a drive is referenced and there is no directory belng retained for it. An
updated directory will be written out on & particular tape whenever the
directory has been changed, no files are open on the tape, and no data
transfers are in progress on any drive, Files on UTn do not have a system name
[Sec 3.8.4] associated with them. Directories can be excised from core only by

the .UDISMT OUOD, °
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4,1,1 The .ODISMT UUOD

This system call (.OPER 22), if successful, causes a DEC tape’s file
direstory to be exclsed from core and the tape to be physically demounted. The
drive nuaber must be in the accumulator specified by the UUD. Manually
removing tapes or switchine drive numbers of drives for which ITS 15 retaining
a directory may result in out of date file directories left on tapes and
directories for one tape being written on another.

A ,UDISMT skips if and only if successful., It will fall if any flles are
open on the tape. If a flle ls opened, deleted, or renamed on & tape while the
tape is being dismounted by ITS the dismount will be eborted and the tape

retained.

4,1,2 The .AS5IGH and . DESIGH UTUD"s

Thege system calls are to snable a user to protect azalnst other users
sceidently referencinz his DEC tape to write or delete a file. Both specify
she drive nuabers as the contents of their specified accumulators. The .ASSIGH
UU0 skips if successful and results im attempts to write on the desiznated
drive failing unless the writing procedure has the same system name [Sec 3.8.4]
a5 the UNAME of the procedure that executed the ,ASSIGN. Tor a procedure in &
disowned tree [Sec £.2.2], a . ASSIGN will be treated as an illesal instruction.
A .ASSIGN will fail only if the drive is already assizned. The .DESIGH UUD
skips if successful and causes the drive to be unassizned. It fails if the
drive is already unassigzned or assizned to a different user. A drive may also
be .DESIGN'ed by a ,UDISMT [Sec 4.1.1] and the .ASSIGN'ing of a drive does not

protect agalnst other users dismountlinz 1L,
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4.1.3 The ,UBLAT UUQ

This system call (.OPEY 53) is intended for reading non-MAC format [Ref 4]
(such as DBEC format) DEC tapes. The contents of the specifiel au&ululatur mast
be a drive nuzbsr for which ITS is not retaining a directory., Instead of
attempting to read in the directory from the tape mounted on the specified
drive, IT5 iaternally marks the drive so that this dirsctory may not be changed
(no writes, deletes, or remames). AL thils point a successful LOPEH of the taps
say be exscuted with any file nase aod all blocks of the tape will be read
consecutivaly, Thus the tape may onl¥ be raferenced to read the fila

econtaining the entire contents or to ,UDISMT [Sec 4.1.1] it.

4,2 The DDn, 5Y5, and COM Davices

Tha devices D00 and D01 are two Data Disk M-6 disk drives. They are truly
file stroctured with system namss [Sec 3.3.4] and have all standard modes.
Data 15 dynamically buffered by ITS [Sec 5.3] for both input and output. There
#ile directories are read in the first tlse the drives are referenced and are
writtea out whenever they have been changed and the disks are otherwise ldle,

The device S5YS is used for storaze of systems programs and 1s currenily
those files on de?ice DDO with system naze STS. Reading or writing device 5Y5
causes one to referance DDO as though one’s systes name were momentarily 5Y5.
The device COM i3 used for commonly used user files, In a manner simllar to

devica 5Y5 it is DD1 with system nazne COMJMOY.
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4,3 The CLO and CLU Devices

These internal devices are used for buffered interprocedure communlcation,
One procedure must open & file on device CLO (core link open) and the second
mest then open a file with the same names (including s¥stem name [Sec 3.3.4]),
mode, and the opposite direction on device CLU (core liok use). All standard
mod=s are avallable. For character mode transfers, interrupt level processing
is avallabls [Sec 3.8.3, 5.2]. Each link has a 200 word buffer associated with
1t.

4,4 The WUL Device

This device has all standard modes and L5 a hizh speed finfinite sink on

sutput and source of zeros oo input.
4.5 The Tna and TTY Devices

Davices TOD throusgh T04 represent teleiype lines to the PDP-5 with KSR
35/37°s on the other epd. Devices T15 through T20 (the two digits are treated
as an octal number) are GE Datanet 750 teraminals with a character only display
and keyboard, (Devices T05 through T14 may soon be available for sors telstype
and teletype-like-hardwara.) Device TTY for a particular procedure is the
console coatroling the procedure tree it is in. All ilnput—output to these
deavices 18 in ASCII characzters and the "lmage* mode [Sec 3.2] has special
meanings.

A procedure may not open its console by refering to it as Tna for the

corrasponding n and m. Only one procadure at a time may have a teletype opén
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as a deyice rather than a console. The procedure with TOO opened as a consols
(TTT) and that actually has comtrole of it [Sec 4.5.1] can always sesize the DEC
340 display [Sec 4.11]. '

Image mode output to KSR 35/37°s is very straight forward and just sends
the character to the teletype unmodified. ASCII mode differs only in that the
character whose value 1s 35 is printed as a 3", other characters with a valus
less than 40 that are not format effectors or bell are printed as an
followed by the character with an ASCII value 100 greater, and new line is
similated for a carriaze return. Output to GE tsrainals is the same as ASCII
mode output to KSR 35/37°s except for the following: (1) all line feeds (12)
ars iznored, (2) a L (form feed) clears the screen, (3) an automatic new linme
is 1ﬁsart&ﬂ if the right marzin is touched, (4) a f_", as displayed by the GE
terainal, is used inst2ad of an "% prefix, (5) output beyond the bottom of the
gutput area wraps around and overwrites from the top of the oufput area which
doas not include the bottom three lin#s unless the first inpat JOPER [Sec 3.2]
had the 3.4 moda bit om, (6) finally, 1f the ocutput is in imaze mod2 omly, the
sharacter T will allow overwritting starting from the top of the output area
without clearinz the screen or wrapping off the bottom. For all the above
sutpat modes, sddinz block mods only affects individual character processing by
pausing "C's that are output to be ignored.

Tnput to keyboards (which are all full duplex) 1s buffered by ITS in
relatively small Pixed size btuffers, Striking a key when this input buffer is
full results only in & "% (bell) (or "?" on a GE terminal) being output as
scho. Any input when the keyboard is mot in use except ~Z [Sec 2.1], is
{znored by 175, Procedurss say enable interrupts (class tnrne} due to
non—eapty input buffers [Sec 5.2] and also examine the lnput characters at

interrupt time with ITYIC [Sec 3.8.3].
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Image mode input 1s characterized by mo ITS supplied echo and no
godification of the character codes unless open mode [Sec 3.2] bit 3.5 is also
on, in which case lower case KSR 37 characters are transforaed to upper case
K53H 35 characters.

ASCII mode input provides echo in approxisately the same manner as
putputing the characters in ASCII mods, Procedure outpul has hishear priority
than #cho output., On 3E terminals input is normally echoed in the bottom thras
lines unless the 3.4 open mode bit was on, in which cases characters are achoad
whare outpat is appearing except that a few characters are not echoed at all.
In ASCII mods inpat, the characters whose values are 175 and 175 are lnput and
schoed as if they wers the character whose value is 33, Havine open mode bit
%5 pn has the same sffect for ASCII sode input as it did for imaze mode input.
In general, all of the various mode bits effecting input are obtained from the
first inpat OPEY [Sec 3.2] executad by a procedure for a particular telstyps.
For all the above input modes, adding block smode results in iloput until the
block input pointer rans out or ustil a "2 is typed at which point the .IO0T
[Sec 3.4] belnz exscutsd termlnates as on an end of file [Sec 3.4.2].

Any input or outpat .I0T or ,OPE1 sxscuted on a TIV device while it s
actually being controlled by another procedare [Sec 4.3.1] will hang uatil the

executing procadure resains the device,
4.5.1 The .ATTY and .DTTY JJ0's

Thess systam calls (.OPER 11 and .0OPER 12 respectively) enable procelures
in & singls consols controlled procedurs tree to transfer control of their
ronsols betesan sach other., The executlon of aither by a procadure that does

not hava control of the console, bacause it wJas taken away by & higher
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procadura’s exacution of a .DTTY, will hang until 1t rezains control, The
accunalator field of sach must sp2cify a channel on which an immediate inferior
procadure is open [Sec 4.12]. An LATTY will pass control of the console to
this open procedure unless the procadura sxscuting the ATTY has control of the
teletyps by takinz it from some deeper inferlor along the san2 procedure trae
branch in which case it revarts to the procedure from which it cazme. An ATTY
vill hanz instead of doing ths above if the last character typed on the consols
was a %, A .DTTY retreivss control of the consols froam sowe laferior to the
procedure axecuting it.

Bath of these calls skip if successfil, An JATTT will fall to skip only
if no inferior 1s opan on tae channel it specifies. A DITY will fall to skip
{# no inferior 15 open on the channel it specifies or if the procedure
axseuting it never had control of the console or never gave control away. All

other conditions blocking the success of elther system call cause them to hansg.

4,5.2 The ,LISTEM UUD

This system call [.OPER 2) 1s usable only on the console & procedurs is
associated with, It will hang if control of the console [Sec 4.5.1] has been
taien away from the procedure exscutine it and 1f all procedure output has not
besn typed. [t them raturns with the number of buffersd input characters in
the specified accemulator. If the procedure has never had control of ths

console or 1s in a dizowned tree [Sec 6.2.2] zero will be returned.



ITS 1.4 Referance Manual Page 34
4.6 Tha LPT Davice

4 siz hundred line per minute Data Products, Inc. line printer with one
hundred and twenty print positlions and sixty four printing characters is
available for character output as device LPT, The ASCII image mode Bbit [Sec
3,2] 1s ignored in .OPE{’s on device LPT but elther single ASCII characters or
vlocks of packed characters may be output as indicated by the block/unit mode
vit. The followinz "transformations  are made to the output text: (1) lower
sas8 characters are made upper case, (2) characters beyond the one hundred and
twentieth print postion are ignored, (3) format effectors (except for vertical
tab) are simulated as for a model 35 teletype, thus ovarprinting can be
accomplished by using carrisge return without line feed, (4) characters with an
ASCIT valus below 40 other than the simulated forasat effectors and character
33, which is printed as a "§", are printed as a "*" followed by the character
whose ASCII wvalue is 100 zreater, |

Only one procadure may have the LPT device open at one time but it say be
open on more than ons channsl, A& fixed 1000 word buffer in ITS is used for

putput to this device.
4,7 The PLT Device

A CalComp motsl 555 plotter [fef 9] is available via “character” output to
davice PLT, Available with the same modal restrictlons as the LPT device [Sec
4.6], it is also similar to that device in that 1t may only be open by one
procedure at a time but may be open on more than one channel. A fixed 200 word

area 1g used ian ITS to vuffer outpul.
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Only the rizht most 3lx bits of characters output to the PLT device have
effect, They are from rizht to left as follows: (1) pen up, (2) pen down, (3)

plus x, (4) minus x, (5) pluz y, (8) minus 7.
4,8 The PTP and PTH Devices

The PTP and PTR devices represent, respectively, the sixty three and a
third character per second paper tape punch and four hundred character per
second photoelectric paper tape reader on the PDP-6 [Ref 1]. They are similar
to the LPT and PLT devices [Sec 4.5, 4.7] in that only one procedure may have
each open at on® tlme but that procedurs may have the device open on mores than
one channel possibly in different modes. Also output or input is buffered in
I75 in fixed aresas of 20 and 100 words respectively, These devices differ from
the LPT and PLT devices in that all standard modes [Ssc 4] are available and
the following special mode., If 1n & successful .OPEN for one of these devices,
the 3.4 mode bit [Sec 3.2] is on then the 3.3 mode bit is lznored, the 3.2 mode
bit mast indicate unit mode, and all eight paper tape channels may be written
or read from or into the eizht rightmost bits of the word addressed by each
LI0T [Sec 3.4] executed.

4.3 The IMEI Device

A multiplexed analos to digltal converter attached to the PDP-5 is
available via word input from the IMX device [Ref 5, 6]. Block and unit modes
are avallable but the "ASCII/image” mode bit [Sec 3.2] has a special
glenificance explained below. Each word input into must initially contaln a

nimbeér from zero to 177. This number will be replaced with the twsalve bit
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dizitalization of the analog quantity assoclated with the multiplex channel of
the same mumber. If it is desired to read in values comverted al each 10T
[Sac 3.4] time then device IMX should be openad in ASCII" mede, Opening
devics IMX in “imaze” mode causzes ITS to contlauously read all input

mul tiplexor channels into systea core & ainimum of about ten times a second.
frecutinz a .I0T on & channel opened in this manner will result in values up to
one tenth of a second old but without the overhead necessary to read in new
values., Any number of procedures may have the IMX davice open, possibly on
different channels and possibly in different modes. Current IMX channel

assiznments are as follows:

Channel Input function

Upuszed.

HYD iris.

WD focus.

RVD mirror.

Rhomboldal test table pot A.
Rhomboidal test table pot B.
Rhomboidal test table pot C.
Rhomboidal test table pot D.
Pot box upper left.

Polt box upper rizht.

Pat box lower risht.

Pot box lower left.

¥Mew arm shoulder,

Wew arm shoulder.

Hew arm jolant 1A.

Hew arm jJoint 1B.

Hew arm Joint 24,

Hew arm Joint 2B.

Wew arm jolnt 3A.

Yew drm joint 3B.

New arm jolat 44,

Wew arm jolnt 4B.

TDR output.

Alles hand tilt.

Alles hand extend.

Alles hand rotata.

Allss hand zrasp.

AMF arm wrilst roll.

EEEEEEEEEEEHEE%E%EEEEEEEE#&;
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85 AMF arm wrist yaw.

§7-70 AMT ara horizontal hizh resolutionm.
ral AMF arm horizontal absolute position.
72-73 AMF arm swing hizh resolution.

T4 AMT arm swing absolute position.
75-76  AMF arm vertical high resolution.

77 AMF ara vertical absolute positlon.
100=111 Upused.

112 Joy stick X.

113 Joy stick Y.
114=137 Unused.

140 Hew pot box pot one.
141 Yew pot box pot two,
142 New pot box pot three.
143 New pot box pot four.
144 Hew pot box pot flive.
145 Mew pot box pot six.
145 Hew pot boxr pot seven,

147 Hew pot box pot slzht,
150-165 Unusad.

165 Joy stick consoles pot tenm.
1567 Joy atlck console pot nine.
170 Jo¥ stick consola pot alight.
171 Joy stick console pot saven.

172 Joy stick console pot six,
173 Joy stick console pat flve,
174 Joy stick consoles pot four.
175 Joy stlck consolas pot three.
176 Jay stick consols pot two,
177 Joy stick console pot one.

4,10 The OMX Device

L multiplexed dizital to analog converter on the PDP-5 is avallable via
vord output to ths OMX device [Ref 5, 6]. Block and unit modes are avallable
and the "LSGIIH:!?!:H" mode bit [Sec 3.2] has a special significance explained
below. Each word outpat should have the desired channel number in bits 4.9-4.4
ani the value to be converted im bits 4.3-3.1. Thus channel nuabers range from
zero to 77 and values from zero to T777. Thess output channels decay
sxponsntially with some large time constant so IT5 stores the current desired

value for =ach channel and gutputs theam every half second as long as the OMY
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device i3 open by some procedure. Ouipat in "K3CII" mode immediately effects
the channel as well as storing a value to be output perledically. Slightly
less overhsad occurs in "1maze” mode which only stores a valus in ITS and may
have no effect for up to helf a second. Any number of users may have the oMx
device open, possibly on more than one channel and possibly in different modes.

furrent OMY channel assiznments are as follows:

Channal Effect

0=31 Unused.

qvD iris.

VD focus.

HYD mirror.
Unused.

Mew arm shoulder.
New arm shoulder.
Hew arm joint 1lA.
Wew arm jolnt 1B.
faw arm joint 2A.
Yew arm jJoint 28,
Hew ara joint 3A.
WHew arm joint 3B.
Haw arm Jjolnt 44.
Hew arm Joint 48.
Allas hand zrip.
Alles hand tilt.
Alles hand extend.
71 Allss hand rotats.
T2 AMF arm wrist roll.
T3 AMF arm wrist yaw.
T4 TDR horlizontal.

75 AMF ara horlzontal.
i) AMF ara vertiecal.
7 AMF arm swinsz.

Eﬂ%ﬁﬂﬁﬂﬁﬂ%%&ﬂgfﬂﬁ

4,11 The DIS and IDS Davices

The DE: 340 display [Ref 1] differs sizanlflcantly from all other devices
usable in ITS. In order to maintain an imaze on the display it iz necassary to

repeatadly outpat to it a list of display words. This 1ist aust be stored 1o
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pain memory and the various means of using the dispaly may be divided into
those that saintainm this 1lst in systes memory (discussed in this section) and
thoss that allow the 1ist to be maintained in the users core izage [Sec
4,11.1].

Only one procedure at a time may uss the 340 display and in only one of
its three modes (s symbolic device DIS, as syabolic device ID3, or via the
DSTART and .DSTRTL JU0°s). If the display is free, any procedure may selze it
by executine a proper LOPEN on devices DIS or IDS or by executing a JSTART or
DSTATL UUOD., If the display is in use, however, a procedure will succesd in
any of the above UUD's only if 1t is the procedure that has the dlsplay or 1t
has control of device TOD ms a console [Sec 4.5). If the second case applies,
the channels, if any, on which the other procedure had the DIS or IDS open will
ba modifisd to the corrssponding (block or uait) WUL device [Sec 4.4] output.
01052 ing [Sec 3.8.1] an input-output channsl on which device DIS or IDS are
opan is the same as exscuting a DCLOSE [Ses 4,11,3].

The DIS symbolic device allows the user to output sinele or pacied blocks
of ASCII characters in ASCII modes and sinsle or blocks of 340 display llst half
words [Ref 1) in image mode. This device may be open on more than one channmel
at a tise in possibly different modes, If the user outputs characters and then
halfwords, ITS will automatically insert interveninz ltems to cause the display
to sscape to paramersr mode, If the user outputs half words and then
characters, ITS assumes that he has inserted ltems to cause the display to
sscape to paramster mode, A display 1ist produced by output to the DIS device
will start by satting the 340 display intensity to 7, its x and ¥ coordinates
to zero and 7000, and its scale to one larzer than the 3.4=3.5 fisld of ,OPEN
mode bits [Ses 3.2] used unless that field is 5 in which case the scales 1s sst

to zero. Lines of character output that sxtend bevond the right edee of the
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scresn will wrap around and conmtinue froam the left. Lines of characier output
that extend beyond the bottom of the screen similarly continue from the top.
The asount of display information created bty DIS output may not exceed 2000
words. After that, further output is ignored. The stored information created
by output to the DIS device may be deletad to accept new information by
sutputinz & T or a "L (form fesd) character. In the latter case, this action
will be delayed for a few sz2conds.

Tha IDS symbolic davice allows the user to use a seml-ld=allzed display.
This device is known as the intsrpreted display slnce the user writes
"instructions” to be exscuted by a display processor which are then intsrpreted
by ITS simalating the processor and creating a 340 display list to actually
display, , The 1D5 device msay only be opened in unit output modse and what the
user outpats to it is the location, in the user core imaze, for the display
procsssor to start "executing”. Almost all error conditlons encountered during
this “exscution” cause interrupts to the user [Sec 5.2]. The simulated display
processor has a pash down list facility with ifs push down list polinter in the
user’s location 43, The information to be sent by the 10T ing [Sec 3.4] of
each startlng location to the IDS davice 1s normally terminated by over popplng
wy the display processor., The information stored by the IDS device ls
surrently limited to 2000 words. If the 340 display is being run by the IDS
isvice when & I0OT is sxcuted on it, the display will stop and the storad
inforaation will Be over—written. If the 340 display is not belng run, output
from simulatlon 1s appeaded to that already present. Whether the 340 display
i3 started at the end of the simulation initiated by a .IOT 1s determined by &
display processor parameter that may be set durinz simulation.

Iastractions for the IDS simalated display processor are thalrty-siz bit

yords intarpreted as five 1aft justified ASCII characters if bit 1.1 is zero.
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If vit 1.1 is & on=, blts 1:¢—1.E are intarpreted as the followinz commands:

1.4=1.6 Command Othar fislds

0 I1lazal.

1 Folnt. 4,9-3.4 7, 3.3-1.7T X, 1.2 intensify.

2 Rel vector. 4,533,417, 3.3-1.7 X, 1.2 lntensify.

3 Incremant. 5 left justified 8 bit fislds sach: 1.1-1.2
length, 1.3 intensify, 1.4-1.6 directlon (clockwise from vertical).

4 Saa below. 1.7-1.9 subcomaand functlon.

& Abs wvector. 4.9-3,4 7, 3.3-1.7 L, 1.2 intensify.

G [1legal.

7 [1lezal.

1.7-1.9 Functlon Othar fislds

0 [llagal.

1 POSHT. 4,3=3%.1 addreses.

2 PORT. 4,3-3.1 address,

3 JRST. 4.9-3.1 address,

4 See below. 2,3=2.0 parameter to set from 4.9=3.1.

5 pISH, 4,3=-3,1 addraess.

=] POP. 4,9-3.1 address,

T Illegal.,

2.53=2,9 Paramatar

4] [11=zal.

1 Start mode (nonzero means start after ,IOT).

2 Charactar scals,

3 Incremant scala.

4 Vactor scale.

5 All scales.

B Coardinate of left esdzs of displayed area.

7 Coardinate of bottom adgza of displyed area.

10=77 Illezal.

4,11.1 The ,DSTART and .DST3TL UUD"s

Thase UU0°s (.CALL 10, and ,CALL 12, respectively) spable the user to
display 1lsts that are in his cors lmagze, The sxecution of sithsr attempts to

gmize the 340 display and skips only if successful.
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4 .DSTAAT should peint at & location that will always contaln sither a
BLED [Ref 1] type outpat pointer, Lf one block of data 1s to be displayed, or
the first word of a linked list of display blocks., In this linked 1list, the
right half of sach entry polats to the naxt sntry, or, if zero, lndicatss tha
and of the list, The left half of sach word should be positive and 15 a
poloter to & BLXO pointar or is lznored if it is zero or polats to a zero word.

DSTRTL differs from .D3TART only in that, 1f it 1s used to display a list
of blocks, the 1sft halves of its linked list words are lnterpretsd as pointins
to the word after mot a BLLD pointer but a regular block mede outpat polnter

[5ec 3.4].
4.11,2 The LTPSH UUD

The 340 display is equiped with a lizht pen that causes a hardwars
interrupt whea ths light intenslty it sess lncreases saddenly as when a spob is
displayed under it. The display also stops whea this occurs and 1ts curreat
coordinates can be read in by the PDP=3. The user may #nable software
intarrupts (class taree) to his procedures when the 1ighi pen 1s seen and he
has tha dlsplay seized [Sec 5.2].

This systsm call (.CALL 14,) enables the user with the display sslzed o
read ;pfur:ntluu about whers the light pan has besn sesn and the state of the
currsnt transfer to the display. Results ars returnsd in the contents of the
affsztive addresz and following five locations. The contants of the af factive
address also acts as an arzament. If bit 4.9 is zero the rest is ignored. Bul
if blt 4.9 13 a ona then bit 3.1 will cause the .LTPEd to hang until the light
pen has been seen at lsast once and bit 1.1 will be ussd to set the multiple

gizhting mods. If this mode is on, the 1izht pen may be seen maoy tlaes while
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a display block is displayed once. If this mode is off (zero) the 1lisht pen
may be seen only once and ignored thereafier for each display of a dlsplay
block.

The six words returnsd to the user ars as follows: (1) the actual word
DATAI'ed [Raf 1] from the 340 display at the time of the last lizht pen
taterrupt, (2) the nuaber of times the light pen was seen slace the last LPEN,
(3) the sum of the ¥ coordinates at the points the lighi pen was seen since the
last ,LPEN, (4) the corresponding sum of x coordinates, (5) the current linked

1ist pointer, and (6) the curreant BLED pointer.

4,11,3 The .DCLOSZ UUD

This system sall (,OPER 15) releases the 340 display if executed by the
iser who has the display seized, closing aay channels on which 1t 1s open.

OtherwWwize 1t doss nothins.

4.11,4 The ,DSTOP JUO

This system call (.OPER 15) stops the 340 display, but does not release
it, 1f executed by the user who has the display selzed. Otharwise it does
nothing., It is intended for use in conjunction with the .DSTART or «D5TRTL

TJo. *
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4.12 The USH Device

The USR device actually represents procedures. A successful OPEN [Sec
3.2] sxiscuted on device USH will sither ¢reate a new procedurs [Sec 6.1.1],
attach & disownsd procedure tree [Sec 6.1.2], or siaply assoclate with the
input-output channel on which it was executed an existant procedure. The file
names are the UNAME and JUAME of the procedure being .OPEN"ed. Only lmmediate
inferiors may be .OPEX"ed to write inmto but any procedure may be examinsad. If
an inferior procedare has been opened, it may be destroyed by a ,UCLOSE [Sec
6.2.1] bat will be entirely umaffected by a .C.OSE [Sec 3.7.1] executed oo the
channel, The same procedurs aay be open on more than one chamnel of its
seperior, possibly in different modes. IL Lis at first LOFEN tise that an
interrupt bit [Sec 6.1.3] is assigned by ITS to a procedurs. The number of
inferior procadures a procedure may have is curremtly limited to eight because
that is the allowad paaber of unique inferior procedure interrupt bits [Sec
5.2] .

The 3.3 mode bit [Sec 3.2] is igoored ln OPEN"s on device USE but both
block and wnit moles are avaiable. Executing .IOT"s on channels opened on
device USH results in the tramsfer of a thirty-six bit binary word or words
between the procedures. The locatlon in the .OFEN'ed procedare of the first
word to be transfered is specified by the .ACCESS [Sec 3.8.5] peinter
associated with the loput-outpat chanpel on which the transfer is occuring.
Each word transfered advances the appropriate polnter by one even in unit oode
which ITS treats internally as blocks of length one. An attempt Lo read a word
beyond the core allocuted [Sec 5.3] will result in a class two interrupt [Sec
5.2] bat in & similar attempt to write (possible only for an immediate

inferior) ITS will attempt to extend the procedures core image and an interrupt
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will result only if more core is unobtainable.
Exscuting a ,HESET [Sec 3.8.2] on a channel with an inferior procedure
open on it is equivalent to executing & .OCLOSE and then a .OPEN to recreate

the procedure (with reset variables, ome 2000 word block of clearsed core, eto.)

but with less overhead.

4.15 The VID and KVD Devices

These devices are somewhat similar to the IMX device [Sec 4.5] im that
they may be open by aoy number of procedures, have block and uplt modes, and
“functional” word input whers the quantity read is & function of the contents.
Tuey differ in that the ASCII/image .OPEN mode bit [Sec 3.2] is iznored anmd
toey represent vidissectors. The initial contents of words input into should
b the coordinates of a poiot im the field of view of the particular
vidissector at which it is desired to know the light intemsity. This contents
will be replaced by a function of said intensity. The exact fora of these
words and the use of any device dependent .OPEM mode bits [Sec 3.2] is listed
in the teble below.

Item ViD HVD
& 2.3-1.1 d.0-3.2
b 4.3-3.1 2.5-1.2

value 1.8-1.1 (reciprocal of intensity)
4,9-3.3 (normalized floating reciprocal intemsity)
2.1-1.1 (integer logarithm reciprocal intensity)

{too 400 3.1 (overflow)
dark) 2.2 (dim cut off)
dead -1 4000000

modes 3.6-3.4 (340 intensity)
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3.5-3.4 (confidence level)
3.8-3.6 (dim cut off lavel)

The deflection signals for the VIU device come from the DEC 340 display
[Sec 4.11] whose use will be degraded by using device VIL.

4,14 The COD Davice

This is a charcter output device that may be used in block or unit mode
but not any form of image mode and mot by more than one prncedﬁre at a time,
It causes transmission of low power FM Morse code at a frequency Just off the
bottom of the FM broadcast band. Characters for which there is no standard
Morse code (such as line feed) are izoored except that the speed is set by
characlers whose value is greater than 137 to approximately saventy five

divided by the difference betlween the character value apnd 137 words per mioute,
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5. The Procedura
5,1 Philosophy and Orzanization

The use of ITS is entlrely procedure oriented. Almost all systeam actions
ars caused by trapping instructions [Sec 2.2; App A] executed by user prograss
that arz hisrarchially organized [Sec 5.1]. A laregs number of variables [App
C; Sec 5.5] are associated with sach procedurs by the ITS systsm. Thegs
variables are stored in the system and do not impinge on the user’s cors image.

These procedaras are run for short fixed lenszths or time or until they
become warunnable (whichever comes sooner) in an order determinsd by the
scheduler [Sec 5.4]. The scheduler also handles softwars intarrupts to the
user [Sec 5.2, 5.4]. When in executlon, user prozrams run with the PDP-5 1in
user mode [Sec 2.2,2} which enables protection and relocation hardware that ITS
sets in acordance with the length [Sec 5.3] and location in absolute memory of
the particular procedure’s core image,

The followlng are aamons the advantages of this storage of user variables:

(1) Ho effort by & user’s procadure to randomlze Lts core imaze can affect
system varlables related to the procedure and thus srase svidence of systea
malfunction or lack of malfunction.

(2} A procedurs’s core izage may be easily swapped out without significant
reduction in information concerning it of intersst to the system or the
necessity to retaln some portion of 1t.
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5.2 User Interruptis

ITS provides softwars lmplemented interrupts to the user prograa similar
to tha hardware interrupts it receives. Only ona level of interrupt is
simulated but this makes little difference dus to the ease with which the user
can inhibit or enable various types of interrupt [Sec 5.2.1] and may alse
re~enable interrupts without lmaedliately or ever returning to the location his
prograa was Llnterrupted from.

Bach user has in systen memory fwo interrapt enable mask words, two
interrupt request words, and a flaz indicating interrupt level status [App C].
Yarious comnditions that can causze interrupts are asslezned bits 1m thess
interrupt request words. These conditlons are divided into three classes
accordliag to severity. Glass one conditions, the most ssvers, can not be
enabled., They always cause the "intsrrupted” program to be stopped and its
superior procadure to receive an lnterrupt, Class two conditlons ars of
moderate seavarity. They aay be =nabled to interrupt the user but if they occuar
whils not snabled or while the user’s interrupt level flaz indicatss he is
gurrantly processing an interrupt, he will be stoppad and his superior
procedure interruptsd,. Class thres conditlons are the least savers and say
also be e2nabled to intérrupt the user. While not enabled they have no effect.
If enabled and they occur while the user’'s flag indicates he is fres to receive
interrupts he will be interrupted but 1f the user’'s flaz indicates hs is not
free they will be stored in the loterrupt request words to be pressated to the
user as soon as he allows.

The particular bit used in an immediately superior procedure’s second
interrupt request word to interrupt it when a fatal error occurs in its

fnfarior is the bit assiened by ITS to that lnferlor at the time it was created
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[5ac 6.1.3].

When conditions that would cause a procedure’s superior to be interrupted
gocur in a top level procedure one of two things may happen. If the procedurs
tops a console controlled traa, a new HACTAY will be loaded (as in section 2.1)
and all inferior procedurss will be lost. [f the procedurs tops a disowned
tres [Sec 8.2.2] L1t will be immedlately stopped and when next attached [Sec
6.,1.2] by a Job tree the attaching procedure will be appropriately interrupted.

IT5 determines that it should actuslly interrupt a procsdure at schedule
[Sec 5.4], .DISMISS [Sec 5.2.2], or UPISET [Sec 5.2.3] time if thers are
corresponding bits on in one or both of the procedure’s intsrrapt request and
mask words., ITS examines the contents of the procedura’s location 42 to ses if
its direct address (indexing apd indirect addressing ignored) is between 20 and
§ lass than the top of the user’s core imaze inclusive, If nat, the user
recaives a class on® interrupt for & bad location 42, If so, the user's
appropriate interrupt word (first word has hlzgher priority than the second),
containing bits on for lnterrupts the user is belng presented with, is placed
in the word directly addressed by the user’s locatlon 42 and bit 4.9 of that
locatlon is turned on if the second word was stored. the interrupt request
word storsd 1s thea clearsd to recelve future interrupts. Tha usar’s interrupt
level flaz is also set to inhibit further interrupts. Finally a JSR is
slaulated to & locatlon one sgreater than that lo which the interrupts wers just
stored, The normgl manner to retura from an interrupt is with & .DISMISS [Sec
5.2.2].

The followins i3 a 1list of word one interrupt bits:
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Bit{s) Class

1.8

= LAl P T LA = = A

Condition
Character typed at console [Sec 4.5.1].

7 typed [Sec 2.1].
Bad location 42.
AR overflow [Ref 1].
Display 1ist memory protection violatlon [Sec 4. 11]
I1lezal instroction.
System zoing down in 5 minutes [Sec 7.5.2].

LJALUE executed [Sec 8.3.1], (Yote that a value

ratrieving . USET is available [Sec 8,2.3].)

1.9

interrupt use the ,STATUS UUD

2.1

procadurs [Sec 4.12].

-

i B3 D 3 D2 DD DD DD DS
]

2
2

I 1 CACADa DD LA =

Input-output channel arror, For more sxact causs of
Egﬁn 3.5] .
Mezory protection violation on reference to inferior

.BREAX executad [Sec 2.3,2].

Return frosm single instruction proceed [Sec 7.7].
S1ow clock (every half s=cond).

Mamory protection violation [Ref 1].

MAR interrupt [Sec 7.4].

Lizht pen [Sec 4.11].

PDL overflow [Ref 1].

Hot used.

Indicates rest of bits to be interprited as below,

In the sacond word of interrupt requests, bits 3.1-3.8 represent lnferlor

procedures [Sec 6,1.3] and bits 1.1-2,7 represents input-cutput channels [Sec

3.1] with 1.1 for channel zero.

degcribed above for class on® or two lnterrapts to the inferlors while an

input-outpat channel will try to interrupt if there is buffared teletype [Sec

4.5] input or character mode core link [Sec 4.3] input on the channel.

buffared characters may be sxaznined at the interrupt level with ITYIC [Sec

3.8,3].

Interrupts oocur from inferlor procedures as

These
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5.2,1 The .SETM3K and .SETM2 UUD's

Thess system calls (.OPER 4 mnd OPER 5 respectively) provide the
mechanisa by which the user can set his interrapt enable aask words. These
mask words contain zero whenever a procedure 1s created or has a RESET
sxacuted on it [Sec 3.8.2, 4.12]. Since the second =mask word will not be
useful to sany siaple prograzs, the first of these calls is provided to set
only the first word form the accumulator it specifies. The second will set
both mask words froa the specifisd accumulator and the following location.

A procedurs may examine its interrupt mask with the ,SUSET U00 [Sec 5.3].
In zeneral & ,5U5SET wlll not retrisve what a procedurs attenptes to set in its
first mask word as bits 1.2, 1.3, 1.8, 2.2, and 2.3 (the class on= interrupts)

will not appear sat.
5.2.2 The .DISHISS UUD

This system call {,CALL 1,) provides the normal means to return to an
interrupted routine. It sinultanecusly re-snables interrupts and transfers to
the location directly adiressed by the contents of its effesctive address which
lg normally but not necessarily the pssudo-J5R word stored by ITS as 1t
simulates an interrapt. If there are pandinz conditions in the user’s

interrapt request words he will be fmmediately re-interrupted.
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5.2.,3 Tha .OPISET UUD

The user may arbitrarily inhibit or spable all interrupts to his progranm
by means of this system call (.0PER 38) which stores the contents of the
accumilator specified into his laterrupt lsvel status flag. The zero state
inhibits imterrupts while the mlaus one state enables them. 1f there are
pending conditions in the user’s interrupt request word when he enables
intarrupt he will be interrupted lomediatsly. The user may sxaaine his

interrupt level flag by means of the .SUSET UUO [Sec 5.3].

5.5 The Core Allocator

An internal map of the stataus of avery 2000 word block of memory exists in
the sy¥stem and 15 maintalned by the core allocator. The majority of the
complexity of the cores allocator 1s not dus to maiantaining this table but to
the actlons 1t must sowatises take to relocate input-output buffers and other
occupants of cors when a procedurs wishss to expand. The lack of vazsing on
the POP=5 makes Lt soastimes nscessary Lo "shuffle” core to make a sufficient
eontiguous block.

Each 2000 word block must, except for two transient states, bs devoted to
one of the following usas: (1) part of a procedure’s core image (ITS code and
variables appear 43 cors allocated for the systzm Job [Sec 7.5]), (2) a disk
uffer or directory [Se=c 4.2], (3) a display buffer [Sec 4.11], (4) unused, or
(5) further subdivided iato 200 word blocks. These 200 word blocks ars used
for cors llok device buffars [Sec 4.,3] or for DEC tape buffers or diractories

[Sec 4.1].
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A procedurs may request sore or l=ss core by means of the 0OHE U0 [Sec
5,3,1] and determine its asmory bound withoat making protection violations with
the ,SUSET JUO [Sec 5.5]. Other than ths ,CORE UUO a procedurs’s memory bound
may be affectad only by its destruction, when all blocks in its core lmaze are
margzel freae, or a USET [Sec 6.2.3] or .IOT on device USR [Sec 4£.12] executed

by Lts lamediate saperior.

5.3.1 Tha ,CORE UUD

This systea call (.CALL S,) requests for the procedurs sxscuting it as
many 2000 word blocks as the value of its effective address sxcept that Lf this
value 13 zero it will be treated as if it were one, If aod only 1f the .CORE
is successful it skips, Only a .CORE to acquire more core may fall, If it
does and A mor# than on# block lacreass was belnsg requestsd, some smaller

nuaber than requested may have basn obtalined.

5.4 Tha Schedulsr

The scheduler runs when a quantum time-out occurs or when the physically
running procedure encounters & blocking condition or causes an interrupt by
sons program actlon (memory protection violation, PDL overflow, etc.). The
scheduler decides which procedure should run next by an examination of the
variables [App C] in the system for each procedure, It simultansously performs
those modifications of these variables nscessary to provide the simulated
interrupt feature [Sec 5.2].

For those procedurss that have their stop word [App C] zers, their

runnabllity is detersined by a variable known as the flush instruction which is
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gel when the procedure becomes blocked. If this variable is zero the procedure
is runable. If ponzero it is executed with the procedure’s EPDL2 variable [App
C] loaded into ITS symbolic accumulator T. If the lostruction skips then the
procedore 1s runable and has Just become unblocked. If the flush instruction
does mot skip the procedure is still blocked.

The next procedure to be run is picked from smong the runnable procedures
by a scan which considers two ~resource varisbles per procedure. Both of
these are quantized approximations to exponential decays toward proporticns of
machine time. The JIMU varisble is associated with a particular procedure
while the UIMPTR varisble pointer for that procedure points to a quantity
similar to JIMU maintained for all procedures in ome comsole controlled tree,
During the scan to select the pext procedure to run, & procedure will be
prefered to the best so far if its console tree has used less time recently
toen that of the best so far or its console tree has used exactly the same
amount and the procedure has used less tise recently or its conmsole tree hes
used more bat the procedure less than one quarter as much as the best so far.

A1l disowned Job's UTMPTR s point to a single word which is given less
resource than that for a mormal console tree. The systea Job [Sec 7.5] is also
&iven lower than norsal priority.

5.5 The .SUSET UUD

Procedures may examine some of thelr system variables [App C] ty seans of
this system call (.CALL 15,). It is essentlally the same as the ,USET UUO [Sec
6.2.3] except that no input-output channel is spacified, since it 13 understood
to refer to the variables of the procedurs executing it. Also variables Ay
only be examined and then only if the 1.3 bit is on in the varlables mode
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6. Procedure Interaction

6.1 The Hierarchial Orzanization of Procedurss

All procedures operating under ITS are members of a tree structure
recorded in the systea by assoclating with sach a pointer to its lmmediats
suparior. If this pointer is minus one 1t indicates that the procedure tops a
tres. These trees may be of two types, those under the control of a console
and those that are disowned [Sec 6.2.2].

Console "controlled” trees have had their top level procedure
autozatically loaded by ITS [Sec 2.1]. Since procedurss may control their
inferlors and the most that the user can do in appealing for aid when
confronted with recalcitrant prozrams ls to cause his console to conversa with
hizher level procedures [Sec 2.1], he is actually at the mercy of this top
level program. It 1s currently & DDT expanded by the addition of new commands
related to time sharing [Ref 2, 8, 10]. The only restrictions deliberately
inserted in it relate to logeing in [Sec 7.1].

Disowned procedure trees differ from console controlled tress only in tha
following ways: (1) the¥ have no console associated with them; (2) class one
interrupts in & top level procsdure ars handled differently [Sec 5.2]; (3) they
ars scheduled with lowsr priority [Sec 5.4]; (4) certaln system calls [Sec
4.1.2, 6.1.2, E.E:E, 7.8,3, 7.3.4], when executed in them, are treated as
illezal instructions.

There exist a varisty of m#ans for procedures immedlately above and below
sach other to interact [Sec 8.2, 6.3]. Procedures may also effect any
procedure bensath them in the procedurs tree by means of input-output

translation tablas entries [Sec 3.3] and an arbitrary pair of procedures may
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converse trsating esach other as imput-output devices [Sec 4.3].
Among the advantages of the above systea of procedures organization are tha

followling:

(1) The hizhest level comzand processor (the top level procedure of a console
controlled tree) may vary arbitrarily from user to user, In actual operation
it is norsal to see HACTRYN's whose infarior procedure wariables and symbol
tables much sxceed thelr code.

(2) New versions of the highest level comaand processor may be introduced
glaply by writing a file on the disk with no interruption to system continmuity.

(3) Mew versions of the highest level command processor may be sasily and
safely debugged by loading them as inferior procedurss., In this position they
can axarcise all their normal functions except logging in and out.

(4) It 18 mot mneccessary to make avery affort to remove all buzs from the
highast level command processor for fear that the system may be destroyed by
them, & consideration often inhibltinz more complexr and poverful cosmand
languages, A& fatal srror slaply results ia the program belins rsloaded,

(3) Users have great generality in creating command lavels of thelr own,

(8) Multi-task prosrams may be orzanlzed in a conslstent maaner.

Items 1, 2, and 4 above arzue to varlous axtents against purs pracadura% Bs
does thelr inherent speed ineffleclency. Having to salntaln separate coples of
the hiszhest level compand processor for s=ach wsér is aot that sienificant a
disadvantage if one consiiers the amount of sach copy’'s core image unique to
sach user and that while not in actual use they could be swapped out of the

3ystem,
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6.1.1 Procadurs Creation

Procedures may be created only by typlng "Z on an idle teletype [Sec 2.1]
or by exscuting & OPEN [Sec 3.2] on device USH [Sec 4.12], In the second
case, which is discussed here, there are strict requirments on the "file nams”
used in the .OPEN. The first file pame, which will be the NAME of the created
procedurs, must be the same as the UNAME of the procedure executinz the .OPEN.
The second file name, which will be the JHAME of the created procedurs, must be
differant from the JHAME of all Jobs then in existence that have the UTHAME
bainz used. A procedure may have a maxrimum of eight directly inferior
procedures, A newly created procedurs will have one 2000 word block of cleared
geaory and &ll of its systen variables Inltislized, some a3 follows: its
interrupt mask words will b= zero and itz interrupt level status word will be
minus one [Sec 5.2]; its systez name [Sec 3.8.4] will be set to its UNAME; its
prograa counter (PC) will be set to zero; 1ts stop word [App €] will have the

user control blt on.

6.1,.2 Attaching Disowned Procedurs Tress

The only case in which a successful .OPEN [Sec 3.2] on device USR [Sec
4,12) may be sxscuted to provide an inferior procedurs (as opposed to opening a
procedure for axafination only) with a first file name differsnt from the UNAME
of the procedure sxecutinz the OPEN 1s that is which the top procedurs of a
disowned tree 15 belng opened. this type of .OPEN wlill be treatsd as an
11l=zal instructlion if axecuted by a procedure in & disowned tres, If not ITS

chaeks only to see that the TIAME of the openinz procedurs and the JHAME of the

procedure being opensd will fora & unique pair, If 3o and the op2ning
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procadure has leass than eisght inferiors the open will succeed and ITS will
modify the TNAME of the opened procedure to agree with the opening procedure.
The UNAME s of procedures, if any, deeper in the attached tres are not
modified.

6.1.3 The ,UTRAN UUD

When a procedure is first created by a OPEN, ITS asslgns to 1t a bit for
use in interrupts [Sec 5.2] to its superlor procedure differsnt from that for
any other inferior procedure its superlior may hawve. Since inferior procedurss
can only be directly controlled wvhen open on input-—output channels, the loss of
the nams of an inferlor by Lts supsrior while it was not open would result im
complete loss of communication. Althouzh procedurss that have inferiors
normally keep close track of their names and interrupt bits as read by USET's
[Sec 6.2.3], this system call (.CALL 5,) has been provided to translate from
particular interrupt bit to name of inferior. The left half of of the contents
of the effective adiress must have only the approprlate Interrupt bit on. If &
corresponding inferior procedurs is found, the UTRAN skips and the UYAME and
JHAME of the inferior are stored in the two words after the word contalnlne the
interrupt bit., If no corresponding inferior is found the UTHAY will fail to
sklp and the two locatlons after the location 1t effectively addresses will be
unmodified. -
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&.2 Controls over an Immediately Inferior Procedurs

See also gectiom 4.5.1.

B.2.1 The OCLOSE UUQ

Procedures say be destroved only by the executlon om a .LOZOUT [Ses T.1]
or & ,OCLOSE. The second of these two system calls (.OPER 10), which is
discussed here, destroys the ianferior procedurs open on the channel specified
by Lts accumulator fleld and the entire procedurs sabtres of which this
inferior is the top procedure, .CLOSE's [Sec 3.7.1] are automatically effected
on &1l channels of all the destroyed procedures and 1f any one of thea is
ranning the DIC 340 display [Sec 4.11] a .DCLOSE will be executed for it. In
order to kill certain cancerous types of procedure subtrees 1t has been found
necessary to so implement this systea call such that it first stops all

procedures in the subtres and then destroys them,

G.2.2 The ,DISOWY UUD

This s¥stem call (.0PER 27) requiras that an inferior procedure be open on
the channel specified by 1ts accumulator field. It causes this open procedurs
to become the top procedurs of a disowned tree and in the process closes all
channsls on which the disowninz procedure has it open. A procedure in a
dizowned tree that triss to sxsculs this systea call will be unsuccessful and
receive an illezal instruction interrupt [Sec 5.2] as will & procedure trying

to disown & subtree that controls the tree’s console [Sec 4,5.1].
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G.2.3 The JUSET UU0

In order to allow a procedure to set and read many of the system variables
[App C] assoclated with its inferiors, this system call was createsd., When
executed 1ts accumulator fleld aust contain the number of a channel on which an
infearior procedure is open. The contents of its affective address is viswed as
two half words with the right half polnting to the location from which the
system varlable is to be sat or into which the systesm variable is to be read.
The left half specifies by its top bit (4.9) whether the systesm variable is to
be read (zerc) or written (one) and by the value of its remaining bits which

gystem variable. The following table lists parmissable values:

Haze Valus Type Variable

ueg 0 7 Progras counter word.

VALOE 1 7 Contents of effective address of most recent
JALUE I:EEE E.E.l].

Y 2 1 Status relative to console {Snc 4,5].

FL3INS 3 1 Blocking condition [Sec 5.4].

UNAME 4 5 UHAME [Sec 4.12],

JRAME 5 7 JHAME [Sec 4.12],

MASE 5 7 Interrupt mask word [Sec 5.2],

uste 7 3 Stop word (only bit 4.7 can be written),

PIRIC 10 7 Interrupt request word [Sec 5.2].

IKTE i1 1 Bit used to interrupt suparior [Sec 5.1.3].

MEMT 12 7 Meaory bound [Sec 5.3], flrst location it would he
11l=gal to refarence,

3V40 13 5 Last exscuted UUD trapping to systsm,

IPIRY 14 7 Interrupt request word (writtem by an IORM).

APIRY 15 7 Interrupt request word (written by an ANDCAM).

SHAME 15 7 System nams [Sec 3,7.4].

PICLR 17 [ 7 Interrupt level status word [Sec 5.2].

MARA 20 7 MAR rezistsr and control bits [Sec 7.4.2].

MARPC 21 7 Prograa counter at last MAR interrupt [Sec 7.4.1].

uoog 22 5 Prozras counter word at last systesa U0,

UIND 23 1 User index.

RUNT 24 5 Total run time in 4.059 microsecond units.

H5K2 25 7 Interrupt mask word two [Sec 5.2].

IFPIR 26 7 Interrupt request word two [Ref 5.2].

ar=7r 0 Unazed.
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100G 10048 1 Input-output channel word for channsl H.
105 12044 1 Status word for laput-output channel W.
I10P 140+ 1 Nth word of iaput-output channel push down list.

In the “typs” column above, bit 1.1 on indicates that the variable may be read,
bit 1.2 that it may ba writtsn, and bit 1.3 that it may be read with as ,SUSET
[Sec 5.5].

6.3 Comaunication to an Immediately Superior Procedurs

6,3.1 The VALUE UUD

A procedure exscutlng this systea call (.CALL 4,) receivas a class one
interrupt [Sec 5.2] stoppinz it and interruptinzg its superior procedure. The
contents of the effective address ls saved in & system variable assoclated with
the procedurs [App C] so its superior can =asily retreive it with a USET [Sec .

61213] N
6,5,2 The ,BREAL UUO

The accumulator field and effective address of this UUD are Lznorsd by
IT5. A procedurs exscuting it recelves a class one interrupt [Sec 5.2]

stopping it and imterruptinz its superlor procedure,
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T. Miscellaneous 3ystem Calls and Featurses
7.1 The ,LOGIN and .LOZOUT UUD"s

Thess two system calls (.OPER S and ,0PER 33) are the only ones that ars
effactive at only the top level. .

LOGOUT has no effect and simply returns from the systea to the
instruction following if not execut=d in a top level procedure. It causes the
procedurs tree in whose top procedure it iz sxscutsd in to be sxpunzed from the
systes. It works for both console comtrolled trees and 4isowned trees, Since
the normal means to creats [Sec 6.1.1] and destroy [Sec 5.2.1] a procsdurs
under ITS are calls in a supsrlor procedurs, the speclal cass of the top lavel
procedure must be handled diffecently as it is by "2 [See 2.1] and .LOGOUT.

.LOGIH is not restricted to top level procedures by ITS but rather by
HACTRN, the top leval procadure ITS automsticslly loads [See 2,1]. & LOGIN
represents an attempt by a procedures to s=t its UNAME to the coatents of the
accanultor spacified. This is allowed by ITS only if the procedurs”s current
UMAAE is minus one (a3 the T{AME of initial AACTRN s i3z set) and the dssipsd
UNAME i5 neither zero nor minus one. The success of a LOGIN 1s sizpalled by
its skipping. HACTRY will not open infearior procedures for a user until he has
successfully logsed in at which point his inferior procedurss #111 have THAME's
dooming futurs ,LOGIA"s in that tres to failurs.
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7.2 Honstandard Devices

7.2.1 The ADSW UUD

This systea call (.0OPE: 20) reads (DATAI's [Ref 1]) the contents of ths

data switch=s on the PDP-5"35 console into the specifisd accumulator.

7.2.2 The .RD7E0 and .W3730 JU2"s

These systea calls (.OPER 30 and ,OPER 31) respectively resal the control
rezister (COMI) of the device whoss PDE-5 device nuaber is 730 into the
spacifiad accusulator and output (CIND) all but the bottom thres bits from the
specified accumulator to the control rezlstar of the device [Ref 1]. The bits
in the control reslster of this device ar= usually used for termporary dirsct

control or senss hookups.

v.2,3 Tne . RD710 UUO

The real tilas clock which ITS currently uses to time user quantuas has, as
Wwell as an lnterval timing counter, & clock counter which ls nelther gzet or
stopped by ITS. This systeam call (,OPER 47) reads into the specified
accumulator a word whole bottos twenty four bits are this clock counter.. It is

incremented once avary 4.089 microseconds.
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Te2.4 The JORSI and ORGO TUD's

These system calls (,0PER 54 and .OFER 55) input or output from their
specfified accumulator and the two following locations from and to what will be

an alectric organ keyboard and tons zensrators,

Ted Tarious Times and the Date

7.3.,1 The .RDTIME UUOD

This sytea call (.OPER 17) reads into the specified accumulator the

internal system time which is a word s=t to zero when a system is first loaded

and i3 incrementsd svery thirtisth of a second thareafter.

Teded The ATIME UUO

After the system has determined real (24 hour system) time, it maintains
this internally as & nusber in units of one half second since the last
midnight. This systes call (.OPER 45) reads into the specified accumulator in
sixblt characters this time in palirs of dizlts reading from the left hours,
ainutes, and seconds., If the time has not yet been determined, minus one will

-

be read.



ITS 1.4 Referesnce Manual Pazes 85

7.3.5 The .RDATE OUD

After the system has determined the calendar date, 1t maintains it '
internally as a word with six sixbit characters in it. These characters ars
all numeric, The first two are tha last two digits of the yesar, the next two
are the month nuaber, and the last two dizits are the day of the month., This
system call (,.OPER 458) reads thls word into the specified accumulator. If the
date has not yet been determined, minus one will be read. In the curreant
implesentatlon, the date being determined implies that the time [Sec 7.3.2] has

been determined. The date is correctly lncresesntad avery aidnizht.

7.4 The MAR Peature

In order to simulats the address stop facility of the PDP=5 in a time
shared mode, it was decided to introduce a new hardware rezister, the MAR
reagister, to cause interrupts when & particular location was addressed by the
computer. To increass the flexibvility of this featurs, threes control bits were
added which further define the interrupt condition given that a memory adiraﬂa
mateh has occursd,

Amons the system variables kept by ITS for each procedure are its MAR
rézister contents and control bits. These are loaded into the hardvare as the
user 1s started. Since the MAR feature i3 intended primarily as a debuzging
ald, it causes a class two laterrupt [Sec 5,2] and the USET's [Sec 5.2.3]
correspondine to the following UUO is used more frequently than it is.

When an MAR interrupt occurs, further MAR interrupts are disabled until

the MAR is azaln set.
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7.4.1 The .WMAR UUD

This system call (,OPER 41) takes ths right half of the specified
accumalator as the naw address to be put in the MAR register and the low thres

bits of the left half as conrol bits as follows:

Bt Meaning (one statse)

3.3 Interrupt if data read or written is nesative.
J.2 Interrupt if data read or written is positive.
Jal Interrupt only on a write.

At this time, attempts to differentiate read cycles on the besis of sizn will
fail a5, du® (0 & timiog error, the dats alwa¥s appears positive,

A LSUSET [Sec 5.5] may bs used to read the word stored by the JSR at the
system’s processor intsrrupt channsl location when the last MAR interrupt
pocured, Althoush, for the=ir own safety, soms parts of exscutive code inhibit
MAR interrupts, it is quite possible for the user to cause some system calls to
intearrupt to the user, on reference to his core® imaze where his MAR is
polating. The program counter word stored by the JSR at the user’s location 42
[Sec 5.2} will be the location in his core imaze of the offending system call.
The word read by a .SUSET will be an executive program counter word showing the

absolute location at which the system call attempted to reference the user’s

core imaze,
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7.5 The Systess Job

Thare are various tasks ITS would like to perform, most of which include
input-outpat, which would be inconvenient to lmplement directly due to the
procadure orizinated orientation of almost all system rountines. DBacause of
this a procedures was synthesizad that is actually & part of the monitor and
always runs in sxscutive modes. Enown as the system Job, 1t 1s scheduled [Euc
5.4] with lower priority than other procedures. To ald in debugging ITS a
feature was added to the arstemljuh g0 that when it had no other tasks to
parform 1t would compare constant parts of ITS against a copy 1t makes
initially [Sec 7.5.1]. The following are some of the tasks the system job

parforms:

{1} Doss .CORE"s [Sec 5.3.1] for ITS to make room for more blocks of user
variables or for the system Job's copy of comstant parts of ITS.

{(2) Prints messazes on the system consoles whenever an effective ,SETIOC [Sec
7.8.4], .IOTLSR [Sec 8.3.3), or OPEN [Sec 3.2} on device 5Y5 [Sec 4.2] for
patpat is sxecuted.

(3) Prints messazes on the system console when a parity error, unrequested
chanze in telatype priority interrupt channel allocatlion, memory sxcessively
full condition, login, or losout occurs.

{4) Initially determines the 24 hour time and cqlan&ar date [Sec 7.3.2, 7.3.3].
(5) Prints a messaze on all telatypes when the system is first loadsd,

(8) Outputs a CONSOLE FREE™ messase on any teletype when 1t iz no lonzer open
by any procadura,

{(7) Various tasks ralated to the sytem zolnz down feature sxplained in section
T.5.2 balow.



ITS 1.4 Refarepce Manual Fags £8
7.5.1 Tha ,SUPSET UUD

The system job is partially controlled by ITS throusgh a word in
system memory. Bits in the left half of thls word represent requests for some
transient action. In the rizht half only the bottom bit (1.1) is curreatly
used and controls the systez checking featurs., If this bit is on, the system
job makes a copy of the comstant parts of ITS and procedes to spend 1ts spare
time checkine the areas it copled asainst the copy. If a discrepancy occurs, a
messaze is printed and the copy corrected. If this bit is off, the s¥ystem Job
will dastroy an¥ cop¥ it may have, freeing that meaory and most of the fractlon
of the sachine time the system Job uses when in checkinz mode.

The SUPSET systeam call (,O0FER 53) snables the user to control the system
chacking bit by IOR"inz the contents of the right half of the specified
accumulator with the system Job control word and returnineg the resulting value

in the specified accumulator.
7.5.2 The Systea Golng Down FPeaturs

To provide an orderly means for the termination of the operation of ITS, a
spacial feature has been added, It is activated by setting absolute location
37 nesative (either with the PDP-5 console keys [Ref 1] or a .SETLOC [Sec
7.3,4]). After this is first noticed, all procedures for which it 1is enabled
will receive a systam zolng down interrupt [Sec 5.2] and all free teletypes
have an appropriate messasge typed on them, At this time a five minute timer is
started and further ~“2°s on idle teletypes ignored [Sec 2.1]. At the end of
the five minute period or when the nomber of console controlled trees in which

successful LLOGIN's [Sec 7.1] have been executed zoes to zera, all trees are
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fopceably logeed out and = message typed on all teletypes. Then a prosgram is
loaded from devica 5Y5 and started such that if the address switches on the
PDP-5 consols ars zet to zero and the amplifier and loudspeakers attachsd to

the low order bits of the memory indicator turned on, & rendition of the United

States natlonal anthem will be heard.

7.5 Bxaaining ITS

7.5.1 The .GETSTS UUD

This sytem call (.OPER 23) enables a procedure to recelve coples of
various internal monltor areas in such a way that the data in those areas must
be consistent. The specified accumnlator contains a pointer word as for a
block mode .IOT [Sec 3.4]. The locatlon following the specified accumulator

contalns, in left justifisd sixbit, the area requested as follows:

2ixbit Area
THANS Translation table [Sec 3.3].
GETS List of thines which can be requested with .GETSYS.
DEVS List of available symbloic input-output devices [App E].
MEMORY Memory allocation tables [Sec 5.3].
UTAPE DEC tape routine variables [Ssec 4.1].
DDISY  Disk routine wariables [Sec 4,2].
CLINE Core link varlables [Sec 4.3].
GALLS List of symbols in squoze for system calle [App A] and .USET [Sec
5.2.3] laft halves and thelr valuss,
D5TMS  Symbol table for ITS.
IMPY  Area inpat multiplexor cycled into [Sec 4.9].
OMPY Area gatput maltiplexor cycled from [Sec 4.10].
USERS User variables for all proceduras.
USER User warlables for particular user specified by UNAME and JHAME
in locations twe and thres ereater than the specified accumulator [App C]. If
user not found locatlon coantaining UWAME will be zeroed.

Interrupts are lohibited to a sufficient extent that the data obtalned can not
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be ipconsistent due to the arsas modification while beine transfersed to the
user. A successful L(GETSYS will skip. One that fails, due to non=recognlition
of Ltz sixbit word or insufficient memory specified by its polnter word, will

not skip and in the former case the sixbit word will be zaroad,

7.8.2 Tha GETLOC UJO

This system call (.OPER 25) simply transfers the contsnts of the absoluts
location polnter to by the left half of the specfied accumulator to thc.user's
relative location pointed to by the right half. If the rizhi half polnts
beyond the users memory bound he will raceive an 1llegal instructlon interrupt

[5ec 5.2].
7.6.3 The R3TSL TUO

This sytem call (LOPER 52) reads into the specified aecunulator the sixbit
reprasentation of the second file pame of the syzbolic file that was assembled .

i

to produce the runnlng version of ITS.
7.7 The One Proceed Feature

Tha Project MAC AI Group PDP-G has been modified so that thers esxists a
gode in which 1t exegutes one instruction and then traps. This mode is
properly stored when an interrupt occurs and 1s restored by JRST £, [Ref 1].
For users 1t causes & class ons interrupt anmd is expscied to Dbe used by
superior procedurss bty USET inz [Sec £.2.3] the 3.9 bit of thelr infarior’s

program counter word., There 1s codinz in ITS such that all systea calls will
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appear to be sipnele instructions using this mods. While in this mode a user

interrupt may be serviced and the users status, including this mede, will be

restored by & norsal ,DISMISS [Sec 5.2.2].
7.3 Miscellansous
7.2,1 The ,SLEEP UUO

This system call (.0PER 3) allows a procedure to stop runaning, while
resaining lnterruptable, by sither specifyinz a lensth of tims to remain
qusscent or & particular time to wake up., If the specified accumulator
contalng a positive nuaber it 1s consldered the lensth of time, ia thir}iuths
of a sscond, that the procedure wishes to sleep. If the specified accumulator
contains a nezative numbsr then the procedure will sleep until the magnitude of
system tize (az read by .RDTIME [Sec 7.3.1]) is greater than the zagnitude of
this nugativﬁ mimber. When a ,SLEEP returns, the accumulator specified will be
zaro, but if & program is interrupted cut of elther type of SLEEF the

accusulator will ba sean to contain the appropriate necative numbser.
7.8.2 The BENSTM JUD

This system dall (.OPER 32) returns in the specified accumulatsr a valid
sixbit fils-name-l1ike syabol that will be unique among thoss refurned by

LEHSTM s for a particular system. .
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7.8.3 The .IOTLSR UUD

Procedurss run by ITS la I0T-user mods may sxecuts hardware lnput-outpat
instructions which would otherwise by ineffective and trap to the monitor.
This system call (.OPZR 51) sat the [0T-user status of the procedure executing
it from ths sizn bit of the specifisd accumulator. If this bit is & one and
the procedure is not coarrently in IOT-user mode 1t will enter it and & messags
will be output by the system Job [Sec 7.5] unless the procedurs is in a

disowned tres in whlch case it will recelve an 11lezal instruction interrupt

[5ec 5,2].

7.8.,4 The ,SETLOC UUD

This system call (,OPER 25) treats the specified accamulator as two half
word pointers. It takes the conteats of the relative user locatlon polnted to
by the laft half and places it in the absolute locatlon polnted to by the right
nalf and causes the system Job to output an appropriate message [Sec 7.5]
unless the procedurs sxscutinz it is in a disownsd tres in which case the

procedurs will receive an illegal instruction interrupt [Sec 5.2].
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A, Systea Calls in Wumeric Order
(correct as of ITS version 330)

Hame
10T
OPEH
LOPER
LISTEX
+ 3 LEEP
«SETMSE
LSETM2
LLOGIH
CLOSE
LOCLOSE
ATTY
JOTTY
LI0FI5H
« [0POF
LJSTOR
+LADTIME
JIETSTS
JLETLOC
LSETLOC
LDIS0WH
LAD7E0
JRTE0
JENSTY
LLOGOUT
JSHAME
JJPISET
RESET
JHMAR
LASSION
LJESIGH
LATIME
LADATE
-mlﬂ'
LEIFC
«IOTLSR
RSYTSI
SUPSET
LORFD
JORGI
JIBLAT
+I0OPDL
LLTTIC
LMASTER
JJOIAL

Nanbar
o 040
o 041
JUo D42
LOPER 2
LOPER 3
JOPER 4
LOPER 8
LOPER 7
LPER 10
LPER 11
LOPER 12
LPER 13
LOFER 14
LPER 15
LJPER 16
LPER
LFER
LOPER
LOPER
LOPER
LPER
LOPER
LOPER
LOPER
LOPER
+JEER
LIPER
LIPER
LOPER
LOPER
LIPER
LPER
LOPER
LIPE]
LOPEH
LOFZR
LOPER
IQ‘PEH
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-ﬂpm
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JDIALY OPER 64
JHAHGUP ,0PER 65
LCALL  JUD 043
DISHIS ,CALL 1,
JTRANS LCALL 2,
JPRANAD LCALL 3,
JJALUE  LCALL 4,
JTRAS  LCALL 8,
CORE  ,BALL 35,
TRANDL .CALL 7,
LDSTART .CALL 10,
JFDELE ,CALL 11,
.DSTRTL ,CALL 12,
JSUSET LCALL 13,
JLTPEN .CALL 14,
JSET U0 044
JBREAL TUD 045
STATUS UUD 045
ACCESS UUD 047

23
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B, Avallabls Symbolic Devices in Alphabetic Order
(corrsct as of LTS version 350)

Davice
CLO
CLO
cop
coM
Iln
DI
ID5
IMX
LPT
WL
HVD
oMx
PLT
PTF
PTR
315
Tna
TTY
Ush
UTn
VID

Saction Other rafarancas

4.3
4,3
4,14
4,2
4,2
4,11
4.11
4.9
4.5
4.4
4.13
4,10
4.7
4.8
4.8
4.2
4.5
4.5
4.12
4.1
4,13

]
2EC
Sec
Sec
aEc

mf

ESuc
Sac

[Sec
Ref
1.1+

Sac
San
oac
Lap
GER
Sec
Sec
380

,‘-

Ref 1,
Ref 1, 7

Eﬂ (205t subsections of ssction 6)
4,27 Ref 4]
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Appendlx
C. System Variables per User
(ecorrect as of ITS version 350)

[OCHNM ¢ BLOCK 20 ;input-output channel words
SI0CHN: BLOCE LUIOP :input—outpat channel push down list
SIUCP: SIOCHN-1 jpointer imto input-output push down list
UFC: y sztores program counter wheno not running
ACO5: BLOCE 15 jswap out accumulators
ACLES: ] ;ngqnnn],:r referenced swep outl ARccumulator
AC1E5: 1] i
AC1TSs 0 H
[VE
SUEXIT: JEST 2,8UU08 juser UUD exit imstruction
SUUQH: 0 jcontents of @41 (absolute)
SAC17P: MOVEM U, j;accusulator 17 in user’s snadov memory
AC14P;: 0 ipofnts to agcumulator 14 in sbadow memory
ACLSP: 1] I . oo
ACLGP: 0 H 16
40P« 4] ipgipts Yo user’s relative location 40
41P: 0 ;li"'il wa 41
Ubes 0 sprotection and relocation registers
APRC: APRCHHK jcone to processor

4.9 implies user in JUCLOSE
N IFEH 1] jquantun time
UaTP: ¥ istop word jzero iaplies runnable
PIRQC: o ;pending interrupts
SUFPRO: 0 ;pointer and interrupt bit to superior procedure
PICLE: 0 sinterrupt level status flag
M5aST: ¥ ;interrupt enable mask
FLSIHS: 0 ;blocking condition instruction
MEMTOP : 0 ;8ix less than first illegal location
AMEMT: 0 sfirst illegal location
SV40: 0 slast interrupting UUO
UHAME: 1] jUSET name
JHAME : 1] jJob nanme
TTITEL: 1] sconsole assignment for this procedure
VALUE: 0 scontents of effective address of last ,VALUE
UDISON: -1 12aro implies top procedure of & disowned tree
USYSHM: 1] jcurrent systes name
USYSHL: 1] jsysten name used inside disk routines
IOCHST: BLOCE 20 jinput-outpat channel status words
UTHWTH 3 ] jtotal run time
UTRPTR: a ;pointer to procedure tree rasource word
JTHU : a jprocedure resource word
IOTLSR: 1] ;4.9 & one lwplies lot-user mode *

j4.5-4,5 MAK copditlions

;2.5=1.1 contents of MAR register
UMARPC 0 jprograa counter at last MAR interrupt
RUFPR: ] jprotection and relocatlion registers actually used

UFIHNAL: a spopzero ilmplies finmlization required to ioterrupt
IFPIA: 0 jsecond word of imterupt requests
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MSEST2: 1] 1sacond word interrupt enable mask

ISRPDL: -LUPDL, ,UPDL-1 ;push down list polnter for system calls
TPOL: BLOCK LEI’PDE.—E spush down list area for system calls
EPDL: o ;teaporarily saves accusulator B for ACDRR

EPDL2: 0 stezporarily saves agcumulator T for FLSINS
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Appendix
D. Further Sources of Information on ITS

Inforsation further than or more recent than that contained in this manual
may ususlly be obtained by comsulting the syabolic listings of ITS5. The

followlng persons may also be helpful:

Donald E. Eastlake III
Richard D. Greenblatt
Thomas F. Enight
Jobhn T. Holloway

Stewart B. Helson



