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0. Introduction

The reader will find below in section 0.1 & few notes on tne
notation used in this manual. This is followed in section G.2 by
fairly extensive introductory and overview material on the
Incompatable T'ime Sharing system monitor (ITS), the body of the
information about which appears in sections 1 through 6. Then in
section U.3 will be found a brief preview of the information
arpearing in sections 7, 2, and 9 about the three programs DDT, PEEK,
and LOCK respectively. The first of these is a modified macnine
language debugging program that replaces the “monitor comand” level
(whére the user is typing directly at the monitor) present in most
time sharing systems. The remaining Lwo are of a status display and
niscellaneous utility nature. These taree seciions are eacn fairly
self-contained as opposed to any particular section of the six on ITs
which may be highly interdependent with other ITS sections. Finally,
in section 0.4, appears a summary of the aprendicdes 10 tnis manual.

It should be remembered that the Project MAC, AI Group, PDP-6
and PDP-10 installation is undergoing continuous software and
hardware development that zay rapidly outdate tils manual. Please

airect all corrections, additions or commeats to the author at:
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Donald E. Eastlake III,
Room 9105,

545 Technology Square,
Cambridee, Mass. 021389

U.1 Notation Used in this Manual
0.1.1 Humbers

ALl numbers written in arabic aumerals are octal except as
follows: (1) those vrart of a name, such as a type '35  teletype, (2)
those part of the meta~structure of this manual (a page or section
number for example), (3) or those tnat afe floating point, which will
always have more than one digit to the right of the decimal point
such as 3.14153. For the meaning of numbers which appear to be
floating point with one digit to the right of the decimal peint and
which are not section numbers, see section 0.1.3 below.  Numbers that

are writien alphabetically are decimal.
0.1.2 Character Objects and Strings

Character objects and strings ere usually surrounded by
quotation marks (") and are relatively clear from context.
Hon—graphic characters typea oy holding down the control kxey of a

teletype and stirizing a graphic are representea oy the graphic
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oty

vreceeded by a as in A for control-A". The special character

e

alt.~mode (or escape or prefix) is representea by ' $ .
0.1.3 Bit Positions and Intervals

Bit positions in thirty-six bit words (word lengtn on the PDP-5
and PDP-10) are represented by the concatenation of a digit from 1
through 4, a ., and a digit from 1 through 9. The first digit is a
unadrant number starting from the right or least aritametically
significant part of the word. The second digit is a bit nuaber in
the quadrant, also starting from the right or least significant bit.
Thus 1.1 is the lowest bit and 4.9 the sign bit.

Eit intervals are represented by the concatenation of an

"

included starting bit position, a =", and an included terminating
position. Thus $.3-3.1 is the lowest octal digit in the left half of

a word.
0.1.4 Internal References

Most internal references in the text of this zanual are of tne}
following form: [App x], [Ret xJ, and [Sec x]. These refer,
respectively, to the x’th appendix, the x'th item in tae section of
this manual entitled "Reterences , and the x’th numbered section of

this manual. Sone internal references are written out in less
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formality anl combined forms are allowed, such as the following,

whose meaning should be evident: [sec x, y], [App x; Ref x, yJ, etc.
0.1.5 Otner Conventions

UUC’s ("UnUsed” Operations [Ref 1)) that trap to the system [Sec
1.2.1] to request action by it are frequently retrered to as 'systea
calls”. (This should not be confused with the .CALL subcliass of
system calls.) Individually they are writtsn in all capital letters
with a preceding period. The reason for tais is that the MIDAS [Ref
3] assembler has just these character strings (actually the first six
characters including the period) pre-defined as symbols. 1In
pronouncing them, the period should be ignored.

The use of the system calls described in this manual is
frequently illustrated by a short a@%rpt of pszudo-asseably-laaguasse.
In such examples, the tag CALL will appear on the line of the systenm
call in question. Frequently sei-up instructions precegd the call to
erphasize certain of its properties. ‘Ihey should not be tax2n too

literally.
0.2 Introduction to Itd>

The Incompatible fime Sharing systaa (115) 1is a coairol program

tailorsa to the Project MAC Artiticial Intelligsnce (al) Group Po2P-5
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and PDP-10 installation., It was designed in an attempt to provile

the tollowing potential advantases of a time saaring systea:

(1) More than one verson can perfora tasks not requiring all
availaple computer resources with seeming simultaneity; one pérson
can similarly perform several tasks.

(2) Simple device independent input—output facilities should relieve
the user of having to worry about hardware interface routines.

(3) Jobs which would otherwise require excessive continuous blocks of
time can be performed automatically in small parts over long periods
of time at reduced priority.

(4) Various debuggihg and other facilities can be designed—in using
the mechanisms necessary to orotect user programs from each other.

To achieve these advantages and the particular goals of Project
MAC’s AI‘Group, which require a high level of sophisticated service
to a limited number of users, ITS is designed with the following

properties:

(1) ITS sits in control of the PDP-6 performing most input-output for
and allocating machine resources among various user programs.

(2) All user programs reside in core storage so it is possible to
switch between rrograms with great rapidity and have sufficiently
short quanta to allow character response without undue inefficiency.
(Swapping of programs may soon be added but it is expected that only
dormant programs”will be swapped out.) A user may nave many programs
running for him “simultaneously’.

(3) ITS nas 2 minimal direct user command facility to assure users
that they can meintain control over their rrograms. 7ror the utmost
in flexibility elmost all system actions are the result of systeas
calls executed ty the user’s programs.
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(4) ITS attempts to provide not only simple standardized input-output
and other system calls but also much more complex and specialized
calls which reduce overhead or enable the use of special devices and
features.

MIDAS, a machine language assembler with macro facilities [Ref
3,V10], was chosen for writing ITS Gtecause of the resultant
efficiency, flexibility, ease in writing, and ease in devugging. For
information more detailed or more recent than this manual consult the

sources listed in Appendix 7F.
0.2.1 Preview of Section 1

The user of ITS normally commands a hierarchy of programs in
machine stbrageborganized in an inverted tree. The top procedure
[Sec 7] is initially loaded for him by the system when he informs it
of his presence by typing a ~Z on an idle console [Sec 1.1.1]. 411
programs may have inferior procedures which they control. Almost all
commands to the system are machine instructions [App A, B; Hef 1],
which trap to the monitor, executed for the user by his programs [Sec
1.2]. The only exception is that he zmay interrupt the superior
procedure of the progrem with which he is conversing'by typing ~Z
[Sec 1.2.1]. =By this method the user can return to his top procedure

at which point "Z°'s tyved on his console are ignored by the system.
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0.2.2 Preview of Sections 2 and 3

The majority of the code in the ITS monitor is devoted to
input—output. It has been organized with sucn goals in mind as
flexibility, speed, and eenerality. Simple device-independent system
calls applicable to all devices where they are meaninsful, more
complex bytefficient calls applicable to most devices, and
specialized system calls enabling rearly full use of some special
devices are all available. Most devices are referenced symbolically
[Avp C] 2nd procedures may cause symbolic translations such that an
inferior procedure referencing a particular device will in fact get a
different device. Input—output may be done a character or wbrd per
system call of, for less overhead per character or word, an arbitrary
size block of words may be transfered into or out of the user
rrogran’s core with one system call. The user program is not
required to haﬁe any buffers in its core image. #any special
’features relate to consoles or special devices on the PDP-6 such as

eyes, arms ?ﬁ the DEC 340 display.
0.2.3 Preview of Section 24
A feature of the ITS monitor not frequently found in time

sharing systems and contributing greatly 1o its flexibility and

generality is that user vprograms may receive software izplemented
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interrupts in much the same way that ITS receives hardware
interrupts. The system is so designed that the user is rarely
involuntarily uninterruptable for more than a few nundred
microseconds. If the interrupt is dismissed in a normal manner the
non—interrupt vortion of the vrogram can proceed even from tné
“middle” of a system call takine an arbitrary amount of tige.

The ITS core allocator keeps a record of the status of each 2000
word block of memory and the 200 word sub-blocks into which some of
these are divided. It allocates and de-allocates memory for and at
the request of procedures and system input—output routines. dost of
its complexity is due to the lack of peging on the PDP-6 which makes
it sometimes necessary to “shuffle” memory to provide sufficient
contiguous space for a procedure.

A scheduling algorithm is 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 eacin
tree. The system variables related to a particular procedure [App D]
used by the scheduler and other vparts of ITS are kept in system

memory and do not impinge on the user’s core image,
0.2.4 Preview of Section 5

User vnrograms overatinz within the environaent provided by ITS

are organized (as mentioned in section C.2.2) =25 invertsd tres
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hierarchies. Superior nrocedures can retrieve znd store words in
their inferior nrocedures as if they were input-output devices.

There zlso exists a larse set of special systew calls for controlling
rrocedures immediately bensath them and several spacial ways that
procedures may communicate with their superior procedure. Euffered
communication between artitrary vairs of vprocedures treatine each

other as input-output devices is also provided [Sec 3.4.3]).
0.2.5 Preview of Section 6

4 laree number of miscellaneous system calls and features exist
for a variety of purposes. Some provide easy input-output to devices
which do not fit the forms of standard ITS devices. Others provide
the use of certain hardware modifications to the PDP-5 which enatle
the simulation of certain featﬁres of manual control of the PLP-5
such as address stop [Ref 1]. The remainder ere such minor but
necessary functions as login and logout.

A special procedure, known as the systen job, exits uader ITS.
It verforms various low priority functions for the system and can
check constant portions of ITS against a2 CoPy in an atteapt to detzct

some forms of system or hardware failure,
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0.2 Introduction to DT, Piin, and LOC:
inese taree vrogframs all run under Iis cul are mors closely
relatiea 10 iL lhan 10ST Olner Syslems Prosrads. Lhe editor (1ESC),
assembler (MIDAS [Ker X)), 11st rrocessine languaze (LIor), etc. used
by the Projgect 4AC AI Group aave also veen moairiea to run under IT5
but have very similar non-time-sharines versions. PLEK anerOCa would
generally be meaningless outside ITS and while tnere is a
non-time-snaring DDT, the version tor IIS nas been very extensively

moditied.
U.3.1 Preview of opi

IDT orieginated as a sfeneral macnine languageAdebugging Prograi
on the _igital squipment Corporation FLP-1 computer. ahen tae
hierarcnal organization ot procedures [sec bjiand logical simplicity
0f rroceaure origination ot almost all sysiem actions [Sec l.z) had
been decidsa uron, the neel for a couvarsatioral monitor command
profran was rscognized. An extensively modizied DI, with comzands
‘relating to various ilsS features and modifrications so as to be abl=z
to conirol multiple procedures was the ocvious snswer. ror nistoric

.

s 0o \ e Py “—-.,—p L
reasons a tov lsvel modified LUt under I1s is snown as a rnACiRd .
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0.3.2 Preview of PErX and 1LOCa

The first of these utility programs, PE:K, is described in
section 8 of this manual. It rrovides periodically updated displays
or printouts of various aspects of the time sharing system’s status.

The second and smaller program, LOCK, is described in section 9
of this manual. It verforms a2 variety of miscellanedus functions,
some related to testing or debugging IT1S.

DDT, described in section 7, is the normal means by which the
user may load and transfer control to these programs. Note that the
commands P, Q, and ? have the same meaning for both programs. The ?
command causes each of them to print a list of their conmands with

short explanations.
0.4 Preview of Appendices

The firstrthree aprendices to this manual are for
cross-reference and index usage (although important cross-references
are frequently included in the text [Sec 0.1.4]). Appendices A and B
list syStem calls [Sec 0.1.5, 1.2.1] in numeric and alphabetic ordsr,

respectively, with the number of the manual section most relevant to
the cail. Appendix C lists symbolicly referenceable input—output

devices in alphabetic order with the section or sectioas most

relevant to them.

-
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Avpendix D is nearly a direct extract from the source listing of
IT5. It is the initial "dummy’ image of the user variable area, one
of which exists for each procedure [Sec 4, 5] in a system.

Appendix E, included for completeness, lists certain system
calls that are being phased out along with tneir replacements and
short descriptions of their functions.

Appendix F lists persons to consult for further information on
ITS.

The last appendix, denominated G, zives a single console session
with ITS as an illustration in which the self documenting features of

DDT, PEEK, and LOCK are exercised.
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1. Transmittine Commands to ITS
See also section C.2.1.
1.1 Control Z

The only item of invut-output date recosnized by ITS directly as
a command is the character ~Z when received rrom an idle teletype or
from an activs cdnsole, that is a teletype in conirol of a procedure
tree [Sec 5]. A teletyre is a meamber of the class of devices that
may be consoles, currently either a GE Datanet 780 terminal or a L3R
35/%7., Teletypes may also be in use 2s ordinary devices (as Inm
instead of TTY [Sec 2.2.1]) in which case ITS ignores ~Z's typed on

thezx.
~1.1.1 Control Z on an Idle Teletype

If the teletype is idle, "7 normally causes the teletype to
become 2 console and loads and starts as its top level procedure [Sec
©.1, 7] the duar file namsd "€ ZACTRY  on dsvice SYS, or if not found
there from device UTZ (see section 2.1 for a discﬁssion of file and
device names). The JHLHE of = thus initiated nrocedure is IACTRK-and
its TVANE and SYANE ere set to th2 velus zinus one [Sec 2.2.3, 2.1

"his will not Zszrres if there is insu

iy

ficieut memory
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available or if 100 many people type Z simultaheouslj. ITS will
echo a "Z typed on an idle teletype if and only if it succeeded in
starting 2 top procedure. If a failure to start a top procedure is
due to lack of memory, a console free message will be typed out [Sec

6.5] .
1.1.2 Control Z on an Active Console

The effect of ~Z in the second case, that of an active console,
is intended to be such that the user at the console may cause control
of his console ;o revert to higher level procedures and ultimatly to
his top level procedurz even in the fﬁce ot hostile inferiors.

A "Z typed on an active console is ignored by ITS if the‘éonsole
is being controlled by its top level procedure. Otherwise it sets a
flag associated with the console so that it may not be assigned
downward in the procedurs tree [Sec 3.2.1.1]. This flag is cleared
only by typing any character other than ~Z on the console. ITS also
sets the *Z interrupt bit, a class one interrupt [Sec 4.2], for tae
procedure controlling the console and possibly for an arbitrary
~ nuamber of procedures, each the immediate superior of the last,
extending upward in the tree from the procedure controlling the
console, The condition for sach stsp upward in the procedure tree is
that either the superior to ths procedure currsntly having its "2

intarrupt bit sst is stoppsd or the current rrocedure was found to
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already have its ~Z bit on.
Action on "Z interrupt bits set will be taken in less tnan one

quantum time when the scheduler [Sec 4.4) next ruis.
1.2 Trapping Instructions

With the exception of " Z ali comzands to ITS are given by
instructions which trap to the monitor. All valid comaands are from
a class of instructions called UUO’s which are characterized by an
initial octal digit of 0. These are discussed in section 1.2.1 and
listed in Appendices A and 3. Sectibn 1.2.2 concerns all other
trapping instructions. It is a useful characteristic of the PDP-§
and PDP—lO‘that an identical effective address calculation is
performed on all words fetched as instructions regardless of their
operation code or legality [Ref 1)J. Thus indexing and indirect
adaressing are availanle on all trapping instructions. Interrupts to
the monitor 2s a result of conditions encountered in the execution of
an instruction (such as memory protection violation, AR overflow, PDL
overflow, etc) rather_than the type of instruction are discussed in

section 4.2.
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1.2.1 JUO’s

The exescution as instructions of words with an operaiion code
[ret 1] ot froa UUU to U7Y noraally results in the instruction word
being stored in absolute location 40 modified by having had its
etrtfective address coaputed and stored in its address field and its
indirect and index tields clsared. The instruction in absolute
location 41 is then executed. Since all ITS system calls utilize
only Ju3’s 040 through 047 tae Project 4AC AL sroup’s POP-6 has been
modiried so that UUG’s UUL tarough 037 and 050 tnrough 077 will trap,
as described above, but directly to the user program’s relocated core
image with no extra overheza. JUD 000 will alsorappear to trap to
the user but this occurs via monitor simulation that checks to sse if
relocated location 41 directly addresses (indexing or indirsct
aadressingrignored) a location between 20 and the localion 6 less
than the top of the user’s core image inclusive. If so, a JSE to
that location is simulated. If not, the user’s illegal instruction
interrupt bit, a class two interrupt [Sec 4.2], is turned on and a
schedule [Sec 4.4] immediately verformed.

Complete lists of system calls appear in numeric order in
Appendix A and in alphabetic order in Appendix 5. However, a list

classified by overation code is included here:
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uvo Symbol CLescrivtion

040 LI0T kLxecuted for each item or block of data
transmitted between a user vrogram and a symbolic input-output device
Sec 2.3]. ' ’
[ 041 .OPEN Used to initialize input—output between a device
and a vprogram [Sec 2.2].

042 .OPER A class of system calls further decoded by the
value of their effective address.

043 .CALL A class of system calls further decoded by the
value of their accumulator field,

044 -USET  Executed by procedures 10 examine and set soge

of the system variables associated with their inferior procedures
Sec 5.2.3].
[ 045 -BREAK Executed by a procedure to signal its superior
[Sec 5.3.2].

046 .STATUS Used to ascertain the status of an input-output
device, channel, or transfer [Sec 2.5]. '

047 +ACCESS Used in input-output to randomly addressable
devices [Sec 2.7.4].

ITS systenm éalls were designed to be numerically rather than
symbolically decoded to decrease their cuﬁbersog@ess and increase

monitor efficiency.
1.2.2 Non-UUO Trapping Instructions

The only other trapping instructions are tnose whose first octal
digit is 7 and the instruction JRST with the 10 or 4 bit on in its
accumulator field [Ref 1]. The first of these two includes all
instructions which effect hardware input-output and most of those
affecting the state of the PTP-6 instruction processor (including
user/executive mode). In the second the 10 and 4 bits respectively

dismiss a hardware interrupt and stop the PPP-S. The execution of
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any of these trapping instructions causes an illegal instruction
interrupt to the user (a class two interrupt [Sec 4.2]) unless the
user’s vrocedure is in iot—user mode [Sec £.8.3]. The remaining way
to affect the state of the processor is a JRST instruction with the 2
bit on in the accumulator field; however, in user mode this will not
effect the state of the user, special or iot-user [Sec €.8.3) modes

except that it may turn off iot-user mode.
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user core imaege input-outnut is nezligible in comparison to any
significant rrocessing of the data. Using system vuffers has the

following advantages:

(1) The user may be interrupted, swapped out, moved in core, or
otherwise molested during an .IOT [Sec 2.3] as it is the software
-transfer of data between system buffers and his core.

(2) Real input—output transfers may proceed without consideration of
the state of the user program they are occuring for as they are into
or out of system controlled memory.

(3) Higher memory efficiency is obtained due to the dynamic nature of
major file device buffers. Even for devices with fixed buffers, such
as the line printer, only one large buffer need exist regardless of
how many rrograms that could use the device are in the systenm.

(4) User vrograms need not concern themselves witn the size of
physical blocks: on devices.

Some devices do not fit this framework very well and system
calls relating to them are included in section 6. i{iscellaneous
calls and special features related to particular symbolic devices

are, however, included under the device in sectibn 3.
2.2 The .OPEN UUO

CALL: +OPEN CHNUM,FILNAM
serror return
synormal reiurn

FILVAM: MODE, ,(SIXBIT /DEV/)
SIXBIT /FILMM1/
SIXRIT /FILN:i2/
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Inrut-outpul on a rarticular cnannel is initialized ty executiue
2 ,OPEN. The channel is rumericelly specified by the accumulator
field of the .OPEN (CHYUM in the illustration alove) and any vrevious
transfer of that channel is teraminated as if tv = .CLOSE loec ¢.?.1].
If the user is interrunted [Sec 4.2] durin~- z .OPEll the channel zay
nave been closed and not vet reopened. The effective address of tue
.OPEN should vpoint to the first word of a tlocx of three words in the
user’s core image which svezify & device, mode, =znd file. The second
two words srecify the two file namesA(FILHAI and FILNd2 ia the above
illustration). As a convention, the file names are asually tanought

as up to six left-justified sixbit charezcters rather than

iy

o}
thirty-six btit suantities. Some devices isnore the suprlied file
names. Cther devices augaent the file rames by tne procedure’s

svsteé name 2s explained in section 2.2.3% below. These rroparties

are indicated in the device descrivmtions in section 2. The first

(G
"3
v

cter sixbit device name in its right nal

L}

word has the thrze che

(ZIV in the =2bov

(4]

illustration) =znd the lirection znd mode in its
left. Immeliztly below are the standard mode tits from this 1zft

aslf.
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Tit(s) ‘ieanins
<0 fluays imncored.
4,9-3,4 Device lspeslent bul usinur cero should be sals.
EoZ 1=>Imace a0ds=,
G=>A5CI1 node, =zlias character mode.
2.2 1=>31ock nmode.
O=>Unit mode.
2.1 1=>Cutput.
(=>Input.

The device znd file specified will ve zltered vy entries ia tne
translation table [Sec 2.2.2] zmade ty eitner the rrocedure or any of
its suverior nrdcedures. cecause of this traaslation and tue
symbolic nature of .OPEY, it is one of the slower ITS system calls.
If the .OPEN is successful it will skip tne immediately

following instruction. If not successful it will not sxip and will
set a ‘most recenf channel in error’ systea variable associated with
the nrocedure to the channel number on waich the .QPEN was attexzpted.
The reason for the failure zay be ascertained with a JSTATUS [sec

2.5] or via the IRR device [Sec Z.4.4]. Zero file nazes are not

(@]

4

+

allowed on many devices and attemnts to use them will cause the .OP&M
to fail. 4nv .OPEW closes rreviously opened devices on tnat caannel

wnether or not the .OPZV is successful.
2.2.1 Tile Tirectories

sor devices witn true file structure a file directory of tine

device mav te read ©tv iryinz to invut tae file witn the nawe ~.rILe.



ITS 1.5 Reference Hdanual Pace 23
(DIR)". If character mode is used, a reaiable file directory
terminated by a L and “C results. If this pseudo-file is read from
the DSK, DKn, or Pnm device, only files with tne system name [Sec
2.2.3] of the reading procedure will be listed. rotn block and unit
modes are available [Sec 2.3]. TFor non-file devices character input
of this file name will yield the string "HON-DIKECTCRY DEVICE”.
Attempted binary input will fail (the .OPEN will not sxip) except for
the UTn devices [Sec 3.1.2) and the DSK family of devices [Sec 3.1.1,
3.1.3] where an actual device dependent binary of the directory will
be read. TFor the DSK family of devices a pseudo-file "M.F.D. (FILE)"
is also recognized by the system and yields a list of the system
nanes [Sec 2.2.3] for which directories exist on the disk. In
eeneral files may be written with these pseudo-file names and then
renamed [Sec 2.4] so their contents can be read back.

In an ITS-produced readable file directory, an b& a file
name indicates that the file is inaccessable. This may be due to the
fact that it is just then being written or it may have been deleted

while open for reading and will vanish when closed.
2.2.2 The Translation Table

Entries in the translation table may be made or deleted by any
procedure and nave effect only at .OPEN time for the procedure maxing

the entry and its inferiors. The entry consists of the following:
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(1) the UNAME and JNA4k of the procedure making the entry, (2) tne
JNAME of the procedure it is to apply to ("%  means all JNAME's), (3)
whether it is to apply to input, output, or both, (4) wnether its
resultant is to be considered rinal or oe retranslated, (&) tnes from
device and pair of file names, where “#"s in from positions match any
device or file name, and (8) the to device and pair of file names,
where "*"s in to positions indicate no substitution.

At .OPEN time all entries in the table are examined to see if
the device and file_names of tne .OPEN and tae UNAME and JNAME of the
vrocedure executing the .OPEN match them. If so and the procedure
which made the entry is the same or superior to the procedure
executing the .OPEM, the substitution for device and file names
specified by the entry is made and unless_prohibited by the entry
this process is repeated. Should eight successful and sequential
translations be made the .OPEN will rail leaving a t00 many
translations indication [Sec 2.5] and no further attempt will be

made 1o translate.
Z2.2.2.1 The .TRANS UUO

CALL: +TRANS FILHAM
$Error return
snormal return

FILNAM: MODE, , (SIXpIT /LEV/)
SIXBIT /FILNM1/
SIXBIT /FILKH2/
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This system call is expected to point to a three word blocx in
the same manner as a OPEN [Sec <.2]. 1t noruwally skips and returns
with the block replaced by its translation (the block pointed to by a
.OPEY 1is never changed oy the execution of the .OPui). If too many

levels of translation are required it will not skip and the block

will be unchanged.
Z.2.2.2 The .TRANAD UUO

CALL: .TRANAD TBLOCK
' $€rror return
snormal return

TBLOCK: ULAME ;UNAME of procedure making & subject to
entry
JNAME s JHAME for procedure subject to entry
ATMIO, ,DEV1 74.9 = 0 => retranslate

34.9 = 1 => atomic, don’t retranslats

;0.2 = 1 => gpplies to output .OPEN’s
33.1 = 1 => appliss to input .OPEN’s
yDEV1 = from device

Fall sirom i'ile nanmes

File S

,,DEVZ2 ;to device

N2l ;to file names

22

This system call makes new entries in the translation table.
ALl information for the entry is specified DY an cight word block
pointed to by the UUO (IbBLOCK in the illustration apove). GEefore

trying to insert a new entry in the transiation table, this systea
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call simulates a .TRAIDL pointing &t the same block to eliminate
redund%nt entries. If a .TKANAD is successful in creating an eutry
it skips. 1If not, because the first entry in tne tlock is incorrect

or the translation table is full, it returas without skipping.
2.2.2.,3 The .TRANDL UUO

This system call delestes entries in tne translation table and
normally points at an eight word block identical to the one which was
used by the corresponding .TRAHAD. See section 2.2.2.2 inmediately
above for the contents of this normal block. It may, if appropriate,
modify the-ATMIO bits of an entry for both input and output to delete
one or the other. It skips if successful in deleting an entry or-
removing one of the directions to which it applies. If it effects no
change in the translation lable, it returas without skipping. It
also has a special form where the first wqrd of the block is zero
(not a possible UNAME). In this case all entries previously made by
the procedure doing the .TRANDL relating to the JNAME in the second
word of the block are deleted. This special form alwaysrskips and

does not examine the remaining six words of the block.
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2.2.3 Systen llames

In order to distinguish the files of dirferent users of ITS on
shared devices witlh common rile iirectories a third file name is
used. This file nare is refered to as a procedure’s ''system name” or
SHAMI.

In readin, writing, deleting, etc. files on the USK and related
devices [Ssc 3.1.1) and on the core link devices [Sec 3.4.5), ITs
obtains a third file name from the SHAIE (App T] associétei with tihe
rrocedure. This variable is set, when the procedure is iaitially
created, to the common UNAME [App D] ot the precedurs tree {Sec 5.1]
the procedure is in. ‘This is normally the name ths user has logsed
in as [Sec 8.1) so his procedures will initially refer to his files.
However, a vprocedure may exanine and cnange itls own SiAME by means of
an .Sus¥t [Sec 4.5] and may examine and change the SiAdy of any of
its inferiors with a .USET [Sec 5.2.%].

The system name facility is also used to sigpulats certaln

pseudo-devices as explainad in sections 3.1.3 and 3.4.5.

2.3 The 10T TUO
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sunitv mode
CALL: LI0T CHNUM,DATLUC

;jreturn
DATIOC: splace char or word read into or written from
;block mode
CALL: LIOT CENUM,PNTR
PHIR: —-LENGTH, ,DATLOC ;pointer, modified during trausfer
DATIOC: BLOCK LENGTH ;block read into or written fronm

All actual data transfers to or from devices being handled via
input-output channels are initiated by .I0T's. The accumulator field
of a .IOT should contain the number of an input-—output channel (CHNUM
in the above illustrations) that has been set up for transfer in a
particular mode between the procedure and s particular device by a
successful .OPEN [Sec 2.2]. If the channel has not been .OPEi’ed the
procedure will receive an input-output channel error interrupt (a
class two interrupt [Sec 4.2]). Also the number of tae channel on
which the .IOTrwas attempted will be remembered as the most recent
erroneous channel for use by the ZXR device [Sec 3.4.4]. The
effective address of a .IOT is used somewhat differently depending on
whether the chanﬁel is open in unit or tlock mode.

For unit mode (the first of the two illustrations above) the

effective address points to a word to be written from or read into.
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For character unit modes the character is right justified and the
rest of the word is ignored on output and zeroed (except as mentioned
in section 2.3.1) on input. Some devices, whicn are classified as
input, use the conients of the effective address as an arsument 1o
determine what they will store back (see devices IMX, VID, and NVD).

Block modes always read or vwrite a contiguous block of words.
The confents of the effective address of the .IOT is interpreted as
having minus the length of the biock in its left half and the address
of the first word in its right half (see second illustration above).
Block mode normally treats each word in the block identically to thne
corresponding unit mode except that tlock character modes pack five
characters of seven bits per word left adjusted. The block pointer
word vointed 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 a
vrocedure is interrupted out of a block mode .IOT the pointer word
will reflect the progress of the transfer when it was interrupted.

Block character input-output from some devices which are
naturally one character al a time is limited to btlocks of length
77777 words or less and the top three bits of the pointer word are
used during the transfer as a character count.

when a .IOT returns to the user without causing an input-output
channel error, the transfer it requested will have oeen comrleted for

unit mode input or outout or block mode output. Fror block mode
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innut, the count in the rointer vord will indicate the zmount
transfered wvhich mav be less than tpat requasted if en ens of fils is

reached [sSec 2.3.1].
2.3.1 The End of File Condition

‘for devices on which the end cf file while reading conditioa is
meaningiul it is signaled to the user in various ways depending on
tne transfer mode. Tor character devices in the character at a time
mode 2 “C will be read with the left half of the word read into set
to minus one. 1In block charactsr mode the last word will be filled
out with "C’s. Usually the vointer word will not have counted outl as
the end of file did not occur on a tlock boundary. For word devices,
the user must normally determine the logical end of file from the
déta teing read although vhysical end of file is detectable in block
mode.by the lack of advancement ot the vointer word. On scae
devicés, attempts to read beyond an end of file will cause the
innut—outout channsl to be automatically .CLOSL ed [Sec 2.7.1] and
further .I0T"s will cause input-outvut caannel errors (class two
interrunts [Sec 4.2]).

When Dacked‘characters are beine read from z word device tae
phvsical btlock is normally filled but wita "C’s but some older files

on DiC tape [Sec Z.1.2] are filled out witn the character whose 45011

(4]

value is 141 ( 8"). 1he =nd of ‘iie Ccheracter for a rarticular file
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can be determined after the file has been opened ULy putiing the
number of the input—output channel it is open on in tne accumulator
specified by an .EOFC. This channel number will be replaced with thne
end of file character for that channel by the execution of the .zOFC.

See fdllowing illustration:

HMOVEI AC,CHNUHA
CALL: .EOFC AC, sreplaces CHHUM in AC with eof character
sreturn

2.3.2 The Device ¥ull Condition

Attempted output on a full file structured device (UTn, D3K)
results in an input-output channel error (a class two interrupt [Sec
74.2]) forvthe outputing procedure. This interrurt will occur for the
.JO? that feiled in such a way that it may be successfully resumed if
the procedure's interrupt routine or some other procedure deletes

naterial from the full device. The channel on which the error

occured is saved by ITS for the ERR devics.
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2.3.3 Non-Recoverable Lata Errors

ITS normally encounters non-recoverable data errors when reading
into its buffer for the user asynchronously with any UUO’s by the
user. After a fixed number of attempts it accepts the possibly
erroneous data which it will later give to the user if he reads far
énough. It also sets a flag related to the channel so that the next
.I0T performed on it will sive an input—oufput channel error
interrupt. The purpose of this flag is to avoid ziving the user a
channel error interrupt with no indication of which channel it is on.
The user’s rrogram may return to the .ICT and continue reading tne

file after handling the interrupt.
2.4 The .FDELE UUO 7

The system call .FDELE is used for deleting and renexing files.
It points at a five word block which, for the three typss of

.FPELE’s, contain the following:

CALL: - .FDELE FELOCK
;error return
ynormal return
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:file delete

FBLOCK: -, ,DEV ;device on which to find file
1 snames of file to be delsted
FN2 :
0 $ZEero
- sunexaninead

snormal file rename

FBLOCK: -, ,DEV sdevice on which to find file
- FN11 ;0ld file names
12
21 snew file names

ez

srename of file while open for writing

FBLOCK: - sunexamined
0 $ZEero '
CHNUH ;channel on which open
FN1 synew file names
FN2

An .FDELE on a device that is not truly file structured has no effect
but skips as do all successful effective .FDELE’s. If a .FDLLE does

not skip the reason for its failure may be defermined with a .STATUS

as though the .FDELE had been a failing .OPEX on channel zero [3ec

2.5].
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2.5 The .STATUS UUO

CALL: .STATUS ChuWUM,DATLOC
;jreturn
DATLOC: ;location status information stored in by call

The accumulator field of this system call is the number of an

input-output channel (CHNUM in the above illustration) whose status
word replaces the contents of the effective address (DATLOC in tae
above illustration) of the UUO. This status word is described in
detail by the tables below; however, its general coamposition is as
follbws: the left half relates to the channel and is set by failing
.CPEK’s, failing .FDELE’s and input-output channel errors; the rignt
half relates to the device, if any, oven on tane cha@kl and the state

of the transfer between it and the user.

Bit(s) Meaning ,

1.1-1.6 ITS rhysical device code (see table below).

1.7-1.9 Mode in which device was opened [Sec 2.2].

z.l 1 => puffering capacity empty.

2 1 => buffering capacity full.

3-2.9 Device dependent.

1-3.6 Set by failing .OPEN’s and .FDELE’s (see table below).

'-3.9 Set by interpreted display [Sec 3.4.1] input-output
errors (see table telow). A

1—4.? Set by non-display input-output channel errors (see

elow).

64,9 Always zero.

.
.
.
.

chann

@ (RN

Oe e

table

N

The folowing is a table of ITS device codes (note that taes 40 tit
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indicates that thé file names used are significant and the 20 bit

indicates a software device):

Code Symbol Device

1 Tnn Teletype (KSR 35/37).

2 Tnm GE display and xeyboard.
3 LPT Line printer. =

4 VIiD 014 vidisector ( TVB ).

5 NVD Yew vidisector ( TVC™).

6 PLT Calcomp plotter.

7 PTP Paper tape punch.

10 IMX Input multiplexor (A-U).
11 OoMX Output multiplexor (D-A).
12 PTR Paper tape reader.

13 DIS DEC 340 display.

14 IDS Interpreted display.

15 CoD iforse code transmitter.
16 CoD Morse code receiver.

21 MOL Hull device.

41 UTn DEC tape.

43 DSK 2311 disks. -

60 USR A not immediately inferior procedure.
ol USR  An inferior procedure.

62 CLx Core link device.

63 - The directory device [Sec 2.2.1].
64 USR PDP-10 device.

The following is a 1ist of the codes left by failing .OPEN’s and
.FDELE s:

ode Reason

: Ho such device.
Wrong direction.
Too many translations.
File not found.
Directory full.
Device full,
LDevice not reaiy.
Device not available.

E1O O NN O

o
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11

12

Illesal 1ile name.

“ode not available.

rile already exists (attempted rename).
Bad channel nunber (attempted open renaase).
Link depth limit exceedsd (ISK).

Pack not mounted (Pam).

Directory not now available.

User doesn’t exist (DSK or USR).

Local device only.

The following are the error codes left oy the 340 interpretive

display routines:

ode

N RNV Q

The following are tne non-display input-output channel error codes:

Code.

3.3.3])

© W=

Meaning

Illegal scope mode.,

Scope hung.

More than 2000 words scope buffer.
Memory protsction violation.

. Illezal scope operation.

Memory protection violation on PDL pointer.
Illegal parameter set.

Heaning
Mon-recoverable data error on read [Sec 2.3.3].
Non-existant sub-device (such as IMX channel LSec

Over .IUPOP [Sec 2.6.1].

Over .IOPUSH [Sec 2.6.1].

Channel does not have a procedure open on it.
Channel not oven.

Device full(Sec 2.3.2].
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2.6 The Invut-Output Channel Push Down Facility

rFor sreater flexibility in input—output than that available with
the basic input-ocutput cnennel system [Sec 2.1], a tacility is
provided whereby a limiteda number of input-ogbut transactions may be
stored for later resumption. Meanwhile the channel tney were being

effected on may be otherwise utilized.

2.6.1 The .IOPUSE and .IOPOP UUO's

CALL: .IOPUSH CHNUM, ;push channel number CHNUM
sreturn '
CALL: .I0POP CHNUHM, sPop chnannel number CHNUA

;return

These instructions treat input—output channels as the PUSz and
POP instructions [Rer 1] do memory locations. A channel may be
.IOPUSH ed regardless of whether it is open or not and any transfer
in progress on it will be inaccessable until the slot occupied by ine
information pushed is .IOPOP‘ed (possibly by .IUPDL [Sec 2.6.2)) into
a cnannel (possibly different from that from which it was
-I0PUSH"ed). The error status and .ACCESS [Sec 2.7.4) pointer for a
channel are also correctily stored and restored. &xecuting a .IQPQP

into a channel first .CLOSE's the cnannsli. kach procedure’s



Ir's 1.5 Zetference anual Paze 33

input—output channel push down list [App DJ has space for eighat

entries.
2.6.2 The .ICPDL UUO

CALL: .ICPDL ;reset input—output channel pdl
sreturn

This syétem call taxes no arguments and is intended to reset a
orocedure§ input-output channel push down list. sntries on a
proceaure’s input-output channel push down list actually contain the
number of the channel that was pushed to produce the entry. This
information is used only ty .IUPDL whose execution is equivaleni to
the numbser of ,IOPOP'S [Sec 2.6.1) equal to the number of entries in
tne procedure’s input-output push downrlist and which .IOPOP each

enﬁ} back into the channel from which it was .IOPUSH ed.
2.7 Miscellaneous Input-Output Related System Czlls

The folowing system calls relate to most or all devices handl=d

via input-outout channels.
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CALL: C. v sclose input-outrnut canannel

I'nis system call closes the input—outiput cnannel waose nusmber
(CrllUsm ih the avbove illustration) is in its sccumulator fieid. 1t
has no etfect if the channsl is not open. kxecuting a .ILT on tae
channel without reonening it will result in an input-ouipul cnannel
error. ror devices witn true tile siructare it is &1l close time tnat

a file with the sames name as one being written is deleted.

2.7.2

=3

ne JRESET UUO

CALL: JRESKET CuNUM, ;reset iaput-output cnannel
sreturn ' '

This svstzm call is intz2nded to reset sysiex butfer pointsrs so
taat butfered Qata‘on an input—outoput channel (specifiza oy the
accumulator field as wita CA¥UM in the a2bove illustration) will be
irnoreds It is curreatly implementea for lne tollowizng devices:
Iam, TTY, LPT, PLY, Pir, PIP, 1VC, ana J5R. ror the USR device it

nas snecial effects [Sec Z.4.c].
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2.7.3 The ITYIC UUO

MOVEI AC,CHHUM ;set up for channel number CHNUM
CALL: LITYIC AC, ;eetl interrupt character

;error return snone availatle

snormal return ;eot one

It is frequently desirable to examine the characters of an
incoming stream at the interrupt [Sec 4.2] level of a procedure (for
"quit” features, etc.). This system call provides tne facility to
read these characters from channels on which devices are open that
will provide appropriate interrupts (TTY and Tnm). The accumulator
referred to by an .ITYIC should have an appropriate channel number
rlaced in it (see illustration above). Thne execution of an .ITYIC
will then replace this number with the character read and skip. If
no character is available the .ITYIC will return without ékipping and
if an improver channel is specified the procedure will receive an

illegal instruction interrupt.
2.7.4 The .ACCESS UUO

CALL: -ACCESS CHNUM,LOC ;set channel pointer to va@de LOC
jreturn

This system call is intended to be used in accessing randomly
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addressable devices. A pointer is associated with each input—-output
channel which is set to the effective address of a .ACCESS executed
with the channel’s number (CHWU# in the above illustration) in its
accunulator field.. This rointer is set to zero whenever the channel
is closed. Currently this nointer influences only the USR device
[Sec 3.4.2] but it is hoped that random access will be added to the

disk [Sec 3.1.1] routines soon.
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3. Properties of Particular Devices

Properties and system calls related to particular devices
handled via input-output channels are discussed below. Lower case
letters in a device name indicate that there are several devices
distinguished by numeric digits in their place. The phrase "all
standard modes” in descriptions below implies that all combinations
of ASCiI/image and unit/block modes are available and that ASCII mode
implies seven bit ASCII characters and image mode thirty-six bit

binary words.
3.1 File Structured Devices
3.1.1 The DSK, DKn, and Pnm Devices

These symbolic devices represent IBW 2311 units attached to thne
FDP-5. These disks are characterized by interchangeable disk packs.
A single iogical directory is maintained by the system‘for the entire
disk volume. Files are identified by two file names [Sec 2.2] and a
system name ([Sec 2.2.3]. If é file is being read, which of the abo#e
syabolic device némes 1s used is entirely immaterial. There are some

ese

special asvects to reading directories from th¥e devices as explained
. ) 7N

in section 2.2.1.

T e
11 &

a file is being written, the ISK device will Physically write



it on a particular drive whose nuwpar 15 assemndled inlo the 5ysisw.

In contrast ine 24n 1evice will write the file on the n'th arive.
The Pnm device wiil try to writz on a racy witn a narticuLrar
two disit numpar.

The actual fdirectory for these devicas cousists of a master
directory for eacn 4rivs and a user airectory tor eacn system nane
that has besnrusei To write files on tne disk. the maximum uumber of
user airsctories is on2 aundred. The aaxizun nuaber of filss per
user is not fixed as the area in a users directory, usea 10 aescripe
tne location of tne btlocks eacn fiis consists of is dynamically
allocated. when as is occasionally nscessary a garbag collection,
10 compact the inrormation in a user dirsctory, occurs, tne systza
joo |bec 3.b) prints oul a message on ils teletype. Unis darniag was
aazded when the sarbase colLlector was less reliatie than it aow is.

he master directory tror a,drlie is resa 1n tae first time tas
drive is reterenced. A copy is writlen bacx out whenever tas disks
are idle and the master directory has teexz cﬂanged{since it was last
written out. User directories are read in wnen tirst rererenced. If
& currently nonexistanl user 4irsciory is rererseucaa 10 write it will

bte createa. If rerscenced 10 read, a special

(&)

n2a lose (Sec 2.5
will 1ndicate this 1o the user. User iireciories a- copied out

whenever the disks zare idle and they nave been changed since last

(=)
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coried out.v A user directory in memory may be erased if no files are
open in it, a current copy has been written out, and a core request
provokes the core allocator [Sec 4.3] to examine the status of an
area of memory includine the buffer.

The IBM 2311 interface transfers information directly to memory
in units of 2000 words. yqﬁdically allocated buffers in system
memory are used for input and output. The capacity of each pack is

about thirty times that of a reel of DEC tape [Sec 3.1.2].
3.1.1.1 Links

CALL: .FDELE FBLOCK
serrar return
synormal return

FBLOCK : 200000, , [SIXBIT /DSK/]
- SIXBIT /FFNAai1/
SIXBIT /TFNAM2/
SIXBIT /TFNAM1/
SIXBIT /TFiaM2/
SIXBIT /TSNAME/

A sreical feature of the disk device is that users may establisa
symbolic links. If the call illustrated above has been executzd,
then 2n attempt to read the file FFNAM1 FFNAM2 with the systemn name
[Sec 2.2.3] that was being used by the procedure that established the
link will actually refer to file TFYAYI TFIA2 with the system name

~ ..
mQITY

.iZ. A link may refer to esnother lin¥ and so on for ur to eignt
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levels. Attemnting to writs or delete through a link writes on top

of or d=letes the link rather that the file it refers to.
3.1.2 The UTn Devices

The devices UT1, UT2, UT3 and UT4 fepresent the four DEC tape
drives on the PDP-8. They are true file structured devices under ITS
vith ail standerd modes available. Data is dynamically buffered by
iTS for both input end output. The file dirsctory of a iape is read
in by the system and retained when a drive is referenced and there is
no directory being retained for it. An updated directory will be
written ocut on a particular tape whenever the directory has been
chenged, no files are open on the tape, and no data transfers are in
progress on any drive. Tiles on UTn do not have a system name [Sec
2.2.2] associated with them. Directories can be excised froﬁ core

only by the .UDISHMT UUQ.
3.1.2.1 The .UDISMT UUO

HMOVEI AC,TAPEN
CALL: JUDISHT AC,

serror return

snormal return

This system call, if successful, causes a LEC tape’s file
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directorv to be excised from core and the tape to be paysically
demounted. The irive number must te in the sccumulator specified by
the UUO. Manually removing tapes or switcnine drive nunbers of
drives for which ITS is retainine & directory may result in out-of-
date Tile directories left on tapes and directories for one tape
beine written on another. |

A .UDISHT skips if and only if successful. It will fail if any
files are open on the tape. If 2 file is opened, deleted, or renaued
on 2 tape while the tape is being dismounted by ITS the dismount will

be zborted =znd the tape retained.
%.1.2.2 The JASSIGN and .DESIGN UUC’s

YOVEI AC,TAPEN
CALL: LASSIGH AC,

serror return

snormal return

MOVEI AC,TAPEN
CALL: DESIGH AC,

serror return

snormal return

These system calls are to enable a user to protect asainst other
usars accidently referencing nis DEC tape to write or delets a file

or renare [sec 3.1.2.4] the tape. Eoth specify tns drive numbers as



ITS 1.5 Reference Hanual Page 47

the contents of their specified accumulator. The JAbB5Iul UUC siips
if successful and results in attemots to write on the designated
drive failing unless the writing procedure has the same system name
[Sec 2.2.3)] as the UNAMr of the procedure that executed the ASSIGH.
Tor a rrocedure in a disowned tree [Sec 5.2.2], an JAS>IGN will be
treated as an illegal instruction. An .ASSIGN will fail only if the
drive is already assigned. The .DESIGN UUO skips if successful and
causes the drive to be unassigned. It fails if the drive is already
unassigned or assigned to a different user. A drive may also be
DESIGK’ed by a .UDISAT [Sec 3.1.2.1] and the .A3SIGK ing of a drive

does not protect against other users dismounting it.
3.1.2.3 The UBLAT UUO

HOVEI AC,TAPEN
CALL: +JUBLAT AC,

serror retfurn

snormal return

This system call is intended for readins non-MAC format [Ref 4]
(such as DEC format) DEC tapes. The contents of the specified
accunulator must be a drive number for which ITS is not retaining a
directory. If a directory is already being retained, tne .UBLAT will
fail and return without skipping. (The user zignt try first

LUDISHAT "ing the drive.)
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If successful, the .UQLAT skips. Instead of attempting to read
in the iirectdry from the tare mounted on the specified drive, ITS
internally marks the drive so that its contents may not be changed
(no writes, deletes, or renames). At this point a successful .OP&N
of the tape may be executed with any file naze and all blocks of tne
tape will be read consecutively. Thus the tape may only be
referenced to read the file cqntaining the entire contents or to

LUDISHT [Sec 3.1.1] it.
3.1.2.4 The .UTNAM UUO

MOVE £C, [(SIXEIT /111/),,TAPEN]
CALL: JUTHAl AC, -

syerror return

snormal return

Thié system call changes the three chnaracter tape name of a
varticular VEC tape. The tape drive nuaber must be specified in the
right half of the specified accumulator. The call will fail and
return without skipping if there is no such drive or is tne drive is
in .ﬁBLAT mode [Sec 3.1.2.3] or .AS5IGH’ed [Sec 3.1.2.2] to another
user. Otherwise it modifies the tapes directory (reading it in if
necessary) so as to have a tape name corresponding 10 Tthe left half

0t the accumulator specitfied by the call and skips on return.
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he UIXIT UUO
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JOVE A4C,TAPER
CALL: JUINIT AC,

serror return

synormal return

This system call initializes the directory for the DEC tape on
the drive whose number is the contents of the accumulator it
specifies. The tape must have been .ASSIGN’ed [Sec 3.1.2.2] tb the
user doing the .UINIT. If successtul the JULKIT skips on returaing.
If the specified drive is nonexistent or the tape on it not

JASSIGH ed to the user doing the JUINIT, it returns without skipping.
2.1.5 The COM and SYS Devices

The device S5YS is used for storage of systems prograzs and the
"messaze of the day  [Sec 7.1.1]. It is currehtly those files on
device I'SK with system name SYS. Reading or writing device SYS
causes one to refereqce DSK as thouzh one’s system name were
momentarily SYS. The device COd is used for commonly used ﬁser files
and the mail reature [vec 7.2.1, 7.2.2]. In a mannér similar to

device SYS it is DSK with sysiem name COiiOxN,
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7.2 Unit Character Oriented Devices
3.2.1 The Tnm and TTY Devices

Device 100 is the console teletype. Devices T11 taroush Tl4
(the two dicits are treated as an octal number) are Gi Latanet 760
terminals with a character only display eud seyboard. ZIevices 101
through T10 are available for zore teletype and teletype-like
nardwere and ere read and written througa the anight Telelype nlnge.
Tevice TTY for a particular rrocedure is the console controling the
rrocedure tree it is in. All input-output to these devices is in
ASCLI characters and the image” mode [Sec 2.2] has special meanings.
Further detail on which Tnz is "where is given in the following

tatle (as of July 14, 1963):

Tnxz Location

T0 Main console (by PDP-8).

T1 Advanced Tiemote Disrlay Station.

72 Cutside line (or 1479 derendine on switch).
T3 Robtot consols. '

T4 - PDP-10 console.

jis) System console (by line printer).

15 Inside line 1425,

T7 Inside line 1474 (or cutside depending on switca) 15cps.
T10 Spare. -

T11 GE console by rlotter.

T12 SE console on 3th floor.

13 GE console by air ccnditioners.

T14 sk console ty ham riz {in far coruer).

T15uvp ~onzsxistent.
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A procedure may not oren its console by refering to it as Inm
for the corrssponiing n and m. Oniv one prﬁcedure at a time may have
a teletypme open as a device rather than = consols. The procedure
with 700 ovpened as a console (TIY) and tnat actually has controls of
it [Sec 3.2.1.1] can always seize the DEC 340 display [Sec 3.4.1],

Image mode output to XSR 235/37's is very straight forward and
Just sends the cnafacter to the teletyps unmodified. ASCLI mode
ditfers only in the following: (1) the character whose value is 33 is
printed as a "$“; (2) other characters with a value less than 40 that
are not format erfectors or bell are printed as a '~ tollowed by tne
character with an ASCI1 value 100 greater; (%) tap is simulated with
spaces; (4) the "delete’ cnaracter doesn’t type out and (5) new line
is simulated for a carriage return. Outpﬁt to GE terminals is the
same as ASCLI mode output to XSk 35/57°s except for the following:
(1) all line feeds (12) are ignored, (2) a "L (rofm feed) clears the
screen, (3) aﬂ automatic new line is inserted if tne right margin is
touchea, (4) an lj', as displayed by the GE teraminal, is used instead
of a """ prerik, (5) output vevond thekbottom of ths output area
wraps around and overwrites irom tne top of the output ar=a whica
do02s not inciude the bottom taree lines unless tane first input .OPEN
[Sec 2.2] nad the 3.4 mode bit on, (5) finally, if the output is ia
image mode only, the character T will 2llow overwritting starting
from the top of the output zresa without clearinsg the screen or

‘rapring off the bottom. For all tue =bove dutput modes, adding
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block mode only affects individual character processine by causidg
“C’s that are output to be ignored.

Input to xeyboards (which are 2ll full duplex) is buffered ty
ITS in relatively small fixed size buffers. OStrikinz a key when this
input buffer is full results only in = G (bell) (or "?” on a GE
terminal) being output as echo. Any input when the keyboard is not
in use, except ~Z [Sec 1.1.1], is ignored bty ITS. Procedures may
enable interrupts (class three) due to non—empty input buffers [Sec
4.2) and also examine the inpul characters at interrupt time with
JITYIC [Sec 2.7.3].

Image mode input is characterized by no ITS—supplied echo and no
modification of the character codes unless open mode [Sec 2.2] bit
7.5 ("old mode”) is also on, in which case lower case KSR 37
characters are transformed to upper case XSR 35 characters.

ASCII mode input provides echo in abproximately the same manner
as outﬁuting the characters in ASCII mode. Procedure output has
higher priority than echo output. On GE terminals input is normally
echoed in the bottom three lines unless the 3.4 open mode bit was on,
in which case characters are echoed where output is appearing except
that a few cheracters are not echoed at ail. In ASCII mode input,
the characters whose values are 175 and 176 are input and echoed as
if they were the character wnose value is 33, Having open mode bit
3.5 on nhas the same effect for ASCII mode invut as it did for izasze

mode input. 1In general, all of the various nmode tits affecting input
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are obtained from the first inout .OPEN [Sec Z.2] sxecuted by a
procedure for & varticular teletype. Tor all the above inputl modes,
adding block mode results in inout until the block input pointer ruas
out or until a ~C is typéd at which point the .IOT [Sec 2.3] being
executed terminates as on an end of file [Sec 2.3.2].

Any input or output TTY .OPEN by a procedure that nas never had
control of a2 console will fail. Any inprut or output .IOT or .OPEN
executed on a TTY device by a procedure that has had control of the
device while it is actually being controlled by another procedure
[Sec 3.5.1] will hang until the executing procedure regains‘the
device.

The device dependent '.STATUS {Sec 2.5] bits for the teletype

devices are as follows:

rieaning . .
Channel open in DDT mode (3.4 mode bit).
A console (TTY device) oven on this channel.
2.9 If channel open for output:
Current line number if a GE console.
5-2.9 If channel open for input:
5} Indicates some characters have been seen at interrupt
main program level.
.8 Teletype is at the 240 [Sec Z.4.1] or a 340 slave.
9 Teletype is local, not dial in. o

3.2.1.1 The .ATTY and .DTTY UUO’s



ITS 1.5 Reference Manual Pace Ba

CALL: LATTY CHXUM,
s€rror return
snormal return

CALL: DTTY CHNUM,
serror return
;normal return

These system calls enable rrocedures in a single console
controlled procedure tree to transfer control of their console
between each other. The execution of =ither by a procedure that does
not have control of the console, because it was taken away by a
higher procedure’s execution of a DTTY, will haneg until it regains
control. The accumulator field of each must specify a channel (CHNUM
in the above illustration) on which an immediate inferior procedure
is oven [Sec 3.4.2]. An ATTY will pass control of the comsole to
this open procedure unless the pfocedure executing the JATTY has |
control of the teletype by téking it from some deepef inferior a2long
the same vrocedure tree branch in which case it reverts to the
procedure ffom which 1t came. An .ATTY will hang instead of doing
the above if the last character tyred on the console was a ~Z. 4
ITTY retreives control of the console from some inferior to the
rrocedure executing it,

Both of>these calls skiv if successful. 4n JATTY will fail to
skip only if no inferior is cven on the channel it specifies. 4

DTTY will fail to skip if no inferior is open on the channel it
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specifies or if the vrocedure executing it never anad control of tne
console or never gave control away. All other conditions tlocking

the success of either system call cause them to hang.
Z.2.1.,2 The LISTEN UUO

CALL: LLISTEN AC,
sreturn

This system call is usable only on the console a procedure is
associated with. It will hang if control of the console [Sec
2.2.1.1] has been taken away from the procedure executing it and if
all rrocedure output has not been typed. It tnen returns with the
nuanber of buffered input characters in the specified accumulator. 1If
the nrocedure has never nad control of the console or is in a

disowned tree [Sec 5.2.2] zero will be returned.
3.2.1.3 The Dial Feature

A feature 1s available under ITS5 that allows procedurss to aial
célls on the two dataphone lines now available. Caution saould be
exercised in using this feature if one is using tne systzm over one
of these lines. The computer may "kene—up” in & wore litferal sense

than usual,
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. IOVE AC,[440600+DIALH,,DLEUF]
CALL: DIAL AT,

yerror return

ynormal returs

TLEUF: 010z01,,02C202
10080¢, ,101000

The .DIAL call is used ﬁo initially associate a procedure with a
dialer and to actually request dialins on the dataphone line
associated with the dialer. The accumulator specified by the call,
AC in the above example, should contzin a byte pointer directly
addressing a byte within the users core image. Indirect addressing
and indexine are ignored and in fact the index field is used to
specify the dialer nunber, DIALN in the above example., This

corresponds to a teletype as follows:

Pialer Teletype
0 TO?
1 T05

The .DIAL will have no effect and return without skipping if any of
the following conditions nold: (1) a nonexistant dialsr is
specified, (2) the teletyve associated with‘ths dialer is in ﬁse by a
procedure other than the dialine rrocedure, or (3) the =ssociated

teletype is not in use tut ths dialer ig assizned (by ths exscution
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of a .DIAL not vet folldwed by a HANGUP (see below)) to = procedure
other than the dialine vrocedure. If tne .DIAL sxips in returaine it
will have set up variables in the system so that dialing will proceed
asvnchronously with the rroceduret execution. The byte string, whica
specifies what is to be dialed, can not te more thnan five worus lons.
These words zre transfered to the system by the .DIAL axd dialing
will be unaffected by the user5 suvsequent modification of his imasge
of these words. GHowever & later .DIAL without an intervening .DIALW
or .HAWGUP (see below) will simply overwrite these words and may
cause garbled dialing.

As dialine proceeds, each byte is examined in succession. A
zero byte indicates the end‘of bytes to be processed. A byte whose
value is between one and ten causes = éimiiar nurber of disl pulses
to be sent. Interdigital pauses are automatically inserted after
each digit. ZRytes with a value larger than ien cause a pause in
dialing of as many tenths of a second as the bytes value minus tezn.

A special means is provided to seand the “break' signal. If the
accumulator specified by a .DIAL is zero except possibly for the
index field (where the dialer number is specified), then a “oreak”
will be sent after a-.DIALW has been simulated to avoid zarbling any

dialing in progress.
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CALL: +DIALY DIALN,
serror return
snormal return

This call refers to the dialer specified by its accumulator
field (DIALY in the above example). It nas no effect and returns
without skipping if the dialer has not been assigned to the
.DIALW ing vprocedure by a successful .DIAL (sée above). Otherwise it

returns and skips after requested dialing by the dialer is complete.

CALL: JHANGUP DIALX,
serror return
snormal return

This call refers to the dialer specified by its accumulator
field (DIALN in the above example). It has no effect and returns
without skipping if the dialer has not been assigned to the
-EANGUP ing procedure by a successful .DIAL (see above). Otherwise
it returns and skips after hanging up the line for at leést taree
seconds and freeing the dialer so it is no longer assigned to any

procedure.
3.2.2 The LPT Device

A six hundred line ver aianute Dats Products, Inc. lines printer

with one hunired and twenty print positions and sixty rour printing
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characters is évailable for character outpﬁt as device LPT. The
£5C11/image mode bit [Sec 2.2] is ignored in .OPE!’s on device LPT
tut either single ASCII characters or blocks of packed characters may
be outputl as indicated by the vlock/unit mode bit. Tne following
“transformations are made to the output text: (1) lower case
characters are made upper case, (2) characters beyound tas one
hundred and twentieth orint postion are ignored, (o) format effectors
(exceptrfor vertical tab) are simulated as for a model 35 teletype,
thus overprinting can be accoﬁplished by using carriage return
without line feed, (4) characters with an ASCII value below 40 otner
than the simulated format effectqrs and character 33, which is
rrinted 2s a ", are printed as a  followed by tie character
whose ASCII value is 100 greater. |
Only one procedure may have the LPT device open at one time but
iU may be open on more than one channel. Procedures in disowned
trees are blocked from opening the LPT device but it will not be
~taken away from a procedure as the procedure is disowned [Sec 5.2.2].
(Disowned procedures may use the TPL [Sec 3.4.5] device.) A fixed
1000 word buffer in ITS is used for output to this device.
The device devendent .SYATUS [Sec 2.5] bits for the LPT davice

have in the 2.2-2.9 field the current character position in tne print

lin=s. This count starts ati zero at the lert margin.
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3.2.3 The PLT Device

A CalComp model 565 riotter [Ref 3] is available via character
output to device PLT. Availavle wita the same modal restrictions as
the LPT device [Sec 3.2.2], it is also similar to that device in taat
it may only be oven by one vrocedure at a time but may be open on
more than one cnannel. 4 fixed 200 word area is used in ITS to
but'fer output.

Only the right most six bits of characters output to the PLT

device nave effect. They are as follows:

Bit Effect if a one
1.1 drum down

1.2 drum up

1.3 carriage right
1.4 carriage left
1.5 Pen up

1.6 ren down

3.2.4 The PTP and PTR Device

The PTP and PTR devices represent, respectively, the sixty tharee
and a third character per seconi raper tape puach and four hundred
character per second photoelectric raper tape reader on the PLP-6
[Ret 1]. They are similar to the LPT and PLT devices [Sec 3.Z.2,
3.2.%) in that only On€ procedure may have each open at cne time but

that procedure may have the device 0Pell on more taan one channel
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vossibly in different modes. Also output or input is buffered in ITs
in fixed areas of <0 and 1UU words respectively. These devices
differ from the LPT and PLT devices in taat all standard modes [Sec
4] are available and the following special mode. If in a successiul
.OPE for one of these devices, the 3.4 mode bit [Sec 2.2] is on tnen
the 3.3 mode bit is ignored, the 3.2 mode bit must indicate unit
mode,-and all eight paper tape channels may ute written or read from
or into the eight rizhtmost bits of the word aadressed by each .IOT

[Sec 2.3) executed.
3.2.4.1 The FEED UUO

CALL: .FELD CHIUM,
$8rror return
sjnormal retura

This system call checks to see if the PTP device is open on the
channel it specifies (CHNU above)., If not, it returas without
skiprping. If so, it causes one line of blank tape to te puncaed and

sKips.
“3.2.5 The COD Device

. s N a - . - - A . .
This is a chagpter output device that may be used in block or

urit mode but not any foraz of image zode and not by more taan one
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rrocedure at a tine. It causes transamission of low power ¥il Horse
code at a frequency just off the bottom ot the ¥ broadcast band.
Charactiers fér which there is no standard Morse code (such as line
feed) are irsnored except that tae speed is sel by characters waose
valus is‘greater than 157 to arproximately, seventy five divided by
the ditference vetween the character value and 157, words per aminuts.
It tries to interrupt on the input-output channel it is oven on when

the fixed but'fer in ITS it uses is almost zmpty.
3.3 Hobotics Oriented Devices
2.3.1 The I'VD, TVC, and V1D Devices

The VID and VD devices are somewhat similar to the IHX device

[Sec 3.9] in that they may be open by any aumber of procedures, have
blocx and unit modes, and ”rﬁnctionai" word input whers the quantity
read is a function of the contents. I'hey difrer ia that the
ASCII/image .OPE!N mode bit [Séc 2.2) is ignored and they represent
vidissectors. ‘The initial contents ot words input intp should be the
cooriinates 0f 2 point in tne tield of view of the narticular
vidissector at whican it is desired to xnow tne light intensity. This
centents will be replaced_oy a function of said intensity. Ihe exact
fora of these words and tae use ot ahy device dependent .OPEN modie

bits [Sec 2.2 is listed in the table below.
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Item VID =VvD
X Zed-1.1 4.0=5.2
T 4,%3.1 2.,5-1.2

value 1.8-1.1 (reciprocal of intensity)
4.9-3.3 (normalized floating reciprocal

intensity)
2.1-1.1 (integer logaritum reciprocal
intensity)
"~ (too 400 : 3.1 (overflow)
dark) 2.2 (dim cut off)
dead -1 4000000

anodes  3.6-3.4 (340 intensity) ,
3.5-3.4 (confidence level)
3.8-3.6 (dim cut off level)

The VID device is of little use as it is a lower quality subset
of the XVD device. The deflection signals for the VID device come
from the DEC 340 disvlay [Sec 2.4.1] whose use will be degraded by
using device VID. '

The TVC device is the same as the VD device except that it
should be.opened on two channels, one for output and one for input.
Words with coordinates in them are output on one channel and stored
in a fixed length buffer in system memory. There they are revlaced
by ITS, at its interrupt level,with the response word shown above
(value). They may be read, in the same order as output, on the input
channel. Unlike most devices, a block mode .IOT outputting to the
TVC -device when its buffer is full will not hang up btut return with

the block .IOT pointer word pointine at the first word not
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transfered.

2.3.1.1 The .VSCAN and .V3STSY UUQ’s

(Soze of this section is taken from Reference 13.)

CALL: LVSCAX PTABLE
sreturn

PTABLE: WBIT, ,VCOMN ;+0
~LENGTH, ,ARRAY ;+1
XRES, ,YRES ;42
R1 $+3
R2 ;+4
C1 345
R ;+6
R4 s+7
2 - ;+10
21 ;11
P2 s+12

ARRAY: BLOCK LENGTH

This system call allows the user to read the lignt intensity at
an array of points with low overhead and, if desired, overlapped
computation.

The effective address of a .VSCAN should point at an eleven word
block of varameters defining the points to be scanned, ths locations
to be read into, the mode they are to be read in, and wheéther the
call should hang until-the scan is throusgh. The effect of the

verazeters, in order, is describesd below.
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The first word has in its right half the control uvits for the
vidisector as in section &.3.1 for iVD. Tue sign bit, if a one,
causes the .V3CAL to hang until the scan is over. If = zero,
computation by the .VSCAN ing user may procede wnile the scanning
procedes at ITS s interrupt level.

The second word should be similar to a block mode .I0T [Sec 2.3]
pointer word. 1Its riéht half should point ﬁo the beginning of an
array to be read into in the response format of WVD in section 3.3.1.
Its left half should be a negative count equal to or larger, in
magnitude, than the number of points being scanned. (If in the above
illustration either PTABLE+12 or ARRAY+LENGTH-1 were beyond the users
memory bound, the .VSCAN would be treated as an illesal instruction.)

The third word has in its left and right halves, as eighteen bit
inteeers, the "X" and "Y" resolution or nuzber of points to be
scanned in each direction.

The remaining nine parameters, which are fixed point quantities
with the binary point between bité 2.9 and 3.1, défins wnere the XRLS
by YRES points lie in vidissector coordinates according to the

following ALGOL program:

¥OR Y1<-0 STEP 1 UNTIL YRES-1 DO

BEGIN

¥Y2<-(2%Y1+1)/(2*YRES)
FOR X1<-0 STEP 1 UNTIL XRES-1 IO
EEGIN

Y2<—(2%%141)/(2%XRES)
TEMP<—P1¥X24+P2#Y2+1
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X<—(R1¥X24R2*Y2+C1)/TEHP
Y<—(R2*X2+4R4¥*Y24C2) /TENP
ARPAY (YI*XRIS+X1)<—=SCAN(X,Y)
END

END

A JVSCAN will haneg up until the NVD device is free. This device
is then seized, not to be released until the scan is over or aborted.
A scan is only aborted if the procedure it is beine executed for is
reset [Sec 3.4.2] or its core size reduced so 2s to exclude tihe array

being read into (ARRAY in the zbove illustration) or by .VSTST.

MOVST AC,1 ;or O or 400000
CALL: VSTST AC,
sreturn

This system call allows later control of and sensing by a
procedure that has overlapped computation with a JUSCAR. It is
illesal if executed when aznother procedure is VSCAI ing. If tne
contents of the specified accumulator is positive, the .VSTST hangsk
till the scan is over. If the contents of the specified accumulator
is resative, any scan in prosress is atorted. If the contents of the
specified accumulstor is zero, the user’s location then teing stored

into by the scan, if any, replaces it.
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The CHMX Device

(@)
.
(@]
.
4N
3

A rultinlexed difital to =nalos converier on tne ruP—( is
avallable via word output to thne OWX device [wef 5, ¢]. Zlock and
unit modes are available and the "ASCII/imege” mode tit [Sec 2.2] nes
a srecial sicnificance explained below. Iach word output should heve
the desired channel number in bits 4.9-4.4 and the value to be
converted in bits 4.3-3.1. Thus channel nuzters ranzge from zeroc to
77 end velues from zero to 7777. These output channels decay
exmonentially with some large time constant so ITS stores the current
desired value for =sach channel 2nd outputs them every half second &s
long =2s the OMX device is oren by some rrocedure. Outpui in A3CII"
mods immediately affects the chennel as well zs storing a valus to be
outrut reriodically. Slishtly less ovarhezd ocecurs in "inage" mods
which only stores a velue in ITS end may neve no effect for ur to
half 2 second. 4ny number of users may have the 0dX device open,
rossibly on zore thar one channel and possitly in different modss.

Current CMX channel assignmentis are =2s fcollows:

Channel Effect

0-21 snused.,

32 VD iris.

23 WD focus,

z4 VD mirror.
3588 Unused.

&5 TVE ran,

7 VD tilt.

30 NAS hand extend.
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51 ~A3 hand rotste.

62 4AS hand rraso.

53 Cannon lens zoom (HAZ nand fineer 1),
&4 Cannon lens focus (HA3 nand finser ie).
ch 443 hand tilt.

656 Alles hand ~rip,

57 Alles hand tilt.

70 Llles nhand extend.

71 Alles hand rotate,

72 AMF arm wrist roll.

73 AMF erm wrist yaw.

74 TDR horizontal.

75 AMF arm horizontal.

76 EMF arm vertical.

77 AME arm swine,

3.3.2.1 The .ARNOVE and .ARMOFF UUQ’s

(Some of this section is taker from Refereance 13,)

MOVE AC, [-LTIGTH, , ARMBIX]
CALL: JARMOVE AC,

snormal return

slest successful return

ARMBDLE s ELOCK LENGTH

This system call =llows one procedure at &t time to exercise

special control over severs] digital to analos multiplexor channels

¢
(@)

[Sec 3.2.2]. It Trovides ecceleration =nd velocity limitine,
software limit stors, and conversion from Joint number to multivlexor
channsl.

To avoid certain timins rroblems, ths tran
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the multirlexor control routines in ITS is noaintesrruvtarle {(nut “or
a limited lenstn of time s only a limited number of conzands nay te
transmitted). ZXach comnand is @& sincle word in & olocs rointed at ty
tae contents of the accuzalator specitied in tne call. Tne foract of

these words is =25 follows:

Eits Significance
4,%4.,4 joint number
4.5-2.7 coamand

2.0 unused

3.0 indirect

Fe4=3.1 index

2.%-1.1 address or operand

The currently available joint adaresses are as follows:

Address Significance
ANT

0 AF swingz

1 AMY vertical

2 Aul horizontal

3 AMF vaw (inoverative)

4 Alles hand tilt

5 Alles hand erip

3 Alles nand rotatz

e Alles hand extend

10 AdF roll (inoperative)

The currently available commards sre es rollows:
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-

Command Siesnificance

0 sel destination

1 set velocity linmit

2 1est marnitude of rosition error
3 test marnituds of velocity

The orerand is computed by addins the contents of tne specified
index register (if any) to the rignt nalf of the command. Tne result
is masked to 13 bits. If the indirect vit is a one, tne risgnt nalf
of the word addressed is used as the operand. o further indexine or
indirecting is interpreted.

The test commands are "true“ if the quantity tested exceazds the

overand. If any tests are "true” the .ARMOVE will siip.

CALL: JAROLF
sreturn

The multiplexor control routinss are activated by the first
LARMCVE and are turned off by an .ARMOFF or killingz the .ARHOVE'ing
rrocedure.

An JARMOVE is illezal if (1) the arm is in use by another user,
(2) the block extends above the usar’s memery opound, (3) zné indirect
relerence is out of bounds, (4) an unused command code or joint

rumber is svecified, or (8) the block is over 10C words lons.
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3.2.3 The Iix Device

A multiblexed analog to digital converter attached to the PLP-6
is available via word input trom the IMX device [Ref 5, GJ. Block
and unit modes are aveilable but the "ASCII/image” mode bit [Sec 2.2
has a specialrsignificance explained below. Lkach word input into
zust initially contain a number trom zero to 177. - This number will
be replaced with the twelve bit digitalization of the analog quantity
associated with the multiplegf%nannel of the same number. If it is
desired to read in values converted at eaca .IOI [sec Z.4) time tnen
device I¥X should be opened in “ASCII" mode. Opening device IMX in

inage mode causes ITS to continuously read all input multiplexor
channels into system core a minizum of about ten times a second.
Executing a .IOT on a 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 proceaures may- have
the IdX device open, possibly on ditferent channels and possibly in

different modes. Current IMX channel assignments are as follows:

Channel Input function

g-21 dnused.

22 1iA3 nand extend.

23 #1A3 hand rotate.

24 4A3 hand grasp.

25 Cannon lens zoom (MA3 hand finger #1).
25 Cannon lens focus (MA3 hand finsger #2),
27 A3 hand tilt.

Co=52 Unused.
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33 aVD 1iris.
34 WD focus.
25 VD mirror.
36 Rhompoilaal iest table pot A.
37 xhomboidal test table pot k.
40 Rhomboidal test table pot C.
41 Ahomboidal test table pot D.
4z Pot box upper left.
43 Pot box upper rigat.
44 Pot box lower rigat.
45 Pot box lower left.
46-57  Unused.
60 TDR output.
61 Alles hand tilt.
Y4 £1les hand extend.
63 Alles hand rotate.
64 Alles hand gresp.
65 AMr arm wristi roll.
356 Ad¥ arm wrist yaw.
£€7-70 AM¥ arm horizontal high resolution.
71 AMF arm norizontal absolute position.
72-73  AidY arm swing high resolution.
T4 AiMF arm swing absolute position.
75-75  AWF arm vertical high resolution.
77 AMF arm vertical absolute position.
160-111 Unused.
112 Joy stick X.
113 Joy stick Y.
114-131 Unused.
132 TVC pot box one (manual iris conrol).
133 TVC pot box two (manual focus control).
134  TVC pot box three.
- 135 TVC pot box four.
135 TVC pot box five.
157 TVC pot box six.
140 New pot box pot one.
141 liew pot box pot two.
142 Hew pot box pot .three.
143 Tew pot box pot four.
1a4 Hew pot box pot five.
145 liew pot box pot six.
146 Mew pot box pot sevan.
147 Yew pot box pot eignt.
15C-150 Unused.
106 rot box two, o:ne.
157 Pot box two, two.
120 Pot tox two, thrse.
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151 2ot box two, four.

162 Pol box two, five.

163 rot box two, six.

164 Pot box two, seven.

lob Pot box two, eight.

166 Joy stick console pot ten.
187 Joy stick conscls pot nine.
170 Joy sticlk console pot eizht.
171 Joy stick console pot sevan.
172 Joy stick console not six.
173 Joy sticx console pot five.
174 Joy stick console pot four.
175 Joy stick consoles pot taree.
176 Joy stick console pot two.
177 Joy stick console pot one.

2.3.3.1 Tne PCTSET UUO

(some of this section is tazen from Retrerence 13.)

CALL: POTSET PrAsLE
;return

PTALLE: ELOCK 4+*WUMENTRIES
0

This call zives the user a flexible meaﬂs of controlling prograa
varamelers via the input aultiplexor. A maximum ot 20 simultaneous
coennections beiween potls and variaples is psraitted. Each mey be
variable fixel or floatizg point. If fixed point, it zay be an
arditrary byte within a word., The user nay speciiy & merbing froa

pot vatues to variaple valuss ty riving 2n uppsr and lower lizit,

-

Thsse may be invarted to sive = packvarl mapping. Two types of
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control are nrovidea, apsolute and incrzmental. In absolutz mode,
the true vot vnosition sets th= value. This m2ay be useful for
positioning displaved objects wiln a Joystick. 1he2 increasental zods
permits a variable or set cf variablss to be changed slizntly without
causing a discontinuous jumn in their values. The value is unchanged
at connect time, but rotating the not adds its scaled increment to
the variable. Turhing it down in the bottom third, or up in the top
third of the pot’s range causes a faster change so as to keep the
control near center. The increase in gain is inhibited at low speeds
to rrevent drift due to noise.

The address of the call points to 2 table of pot connection (or
disconnect) specifications. This table consists of blocks of 4

words, followed by a zero word. The block format is as follows:

Location Variable - - 7

FO0+0 Multiplexor channel,,control bits (see below)
FO0+1  Btye specification(see below),,variable address
¥00+2  Lower limit (value at pot = 0)

F00+3  Upper limit (value at pot = 100000)

The control bits are as follows:

Eit Meaning

2.9 1=>disconnect vot
0=>connect »ot

1.2 1=>absolute
j=>incremental

1.1 1=>floating

O=>fixed
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The byte specification should te in machirne byte pointer foruat (no
index or indirect allowed) for a vartial word and may be zero for a
full word.

A (POTSET call is illegal if either (1) the user tries to
connect a pot already in use by another user, (Z) the table is more
than twenty blocks long, (3) an attemrt is made to connect a pot when
twenty pots are already connected, or (4) the address exceeds the
user’s mexory bound. A pot is disconnected when (1) the user
disconnects it with a .POTSET, (2) the user reduces his memory bound

below the address the pot controls, or (3) the job is killed.
3.4 discellaneous Devices
3+44.1 The DIS and IDS Devices

The DEC 340 display [Ref 1] differs significantly from all other
devices usable in ITS. In order to maintain an image on the display
it is necessary to repeatedly output to it a list of display words.
This list nust be stored in main memory and the various means of
using the dispaly may be divided into those that maintain this list
in system memory (discussed inithis section) and those that allow the
list to be maintained in the users core image [Sec 3.4.1.1].

Cnly cre rrocedure 2t 2 time mayv use the 340 displey and in only
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one of its three modes (as symbolic device DIS, as symbolic device
IDS, or via the .DSTART and .DSTRTL UU0’s). If the aisplay is free,
any vnrocedure may seize it by executing a proper .OPkH on device# DIS
or IDS or by executing a .DSTART or .DSTRTL UUO. If the display is
in use, however, a procedure will succeed in any of the above UUO’s
only if it is the procedure that has the display or it has control of
device TOO as a console [Sec 3.5]. If the second case appiies, the
channels, if any, on which the other procedure had_the DIS or IDS
oren will be modified to the corresponding (block or unit) ®UL device
[Sec 3.4] output. .CLOSE’ing [Sec 2.8.1] all input-output channels on
which device DIS or IDS are open is the same as executing a .DCLOSE
[Sec 3.4.1.3].

The DIS symbolic device allows the user to output single or
racked blocks ofVASCII characters in ASCII mode and single or blocks
of 340 display list half words [Ref 1] in image mode. This device
may be oren on more than one channel at a time in possibly different
modes. If the user outputs characters and then nalfwords, ITS will
automatically insert intervening items to cause the display to escape
to varamerer mode. If the user outputs half words and then
characters, ITS assumes that he has inserted itéms to cause the
display to escare to varameter mode. 4 display list produced by
output to the TIS device will start by setting the 340 display
intensity to 7, its x and y coordinates to zero and 7000, and its

scale to one larger than the 2.4-3.5 fieldi of .CPEX mode bits [Sec
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z.2) used unless that field is 3 in which case the scale is set to
zero. Lines of character cutput that extend beyond the right edge of
the screeh will wrap around and continuz, superimposed on their
bezinning, fromx the left. Lines of character output that extend
veyond the bvottom of the screen similarly continue from the top. The
amount of display information created by DIS output way not exceed
2000 words. Aftef that, further output is ignored. The stored
information created by output to the DIS device may be deleted to
eccept new information by outputing a T or a "L (form feed)
character. In the latter case, this action will be delayed for a few
seconis.

The IDS syambolic device allows the user to use a semi-idealized
display. This device is known as the interpreted display since the
user writes “instructions” to be executed by a display processor
which are then interpreted by ITS simulating the processor and
creating a 340 display list to actually display. The IDS device nay
only be opened in unit output mode and what the user outputs to it is
the location, in the user core image, fbr the display processor to

start “executinz’.

.IOT DISCHY,PC

EC: STRTLC ;location to start
supdated during execution
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Almost 211 error cconditions encountered durin: this ~exccution’
cause interrupts to the user [Sec 4.2]. The simulated display
nrocessor has a vush down list facility with its pusn down list
vointer in the user’s location 43. The information to be seut by tne
.I0T ing [Sec 2.4] of =ach startine location to the IDS device is
normally terminated by the display rrocessor POPJ’ing to zero.
Ireauently this'is made to hapren by over pbpping by the display
rrocessor. The information stored by the IDS device is currently
limited to 2000 words. If the 240 disnlay is being ruu by the 105
device when & .IOT is excuted on it, the display will stop and the
stored information will be over-written. If the 340 disrlzy is unot
teine run, output from simulation is appended to that zalready
-rresent. %hether the 340 disrlay is started at the ead of the
simulation initiated by a .IOT is deterained by & disrlay processor
parametef that may be set during simulation.

Instructions for the IDS simulated display processor are
thirty—-six bit words interpreted as five left justified ASCIIV
characters if bit 1.1 is zero. If bit 1.1 is a one, bits 1.4-1.0 are

interpreted as the followins commands:

1.4-1.6 Command Cther fields

0 Tliezal.

1 Point. 4.5-3.4 Y, 3.%1.7 ¥, 1.2 intensify.

2 Zel vector. 4.0-3.4 Y, 3.31.7 X, 1.2 int=nsify.

3 ‘Increment. o left justified 2 bit fields eacn:
1.1-1.2 length, 1.3 intensify, 1.4-1.6 direction (clockwise frox
vertical).
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See telow., 1.7-1.5 subcommand tunction.

4 1.G s

5 Lbs vector, Le5-3.4 Y, 3.3-1.7 %, l.c inteasify.
S Illegal. .

7 Il1lesal.

1.7-1.9 Tunction Other fields

0 I1legal.

1 PUSEJ. 4.9-3.1 address.

2 POPJ. 4.9-3.1 address.

3 JRST. £.9-5,1 address.

4 FOP. 4.9-3,1 address.,

) PUSH. 4,5-3.1 address.

6 See below. 24¢5=2.9 paraneter to set from 4.9-3.1.
7 I1legal.

2.3-2.9 Parameter

0 Iilegal.

1 Start mode (nonzero means start after LICT).
2 Character scale.

3 Increment scale.

4 Vector scale.

5 Al1 scales.

5 Coordinate of left edge of disvlaysd area.

7 Coordinate of bottom edge of displyed area,
10-77 Illezal.

2.4.1.1 The .DSTART and .DSTRTL TUGC’s

CALL: DSTART DPNTR
serror return
snormal return

DPNTR: . —LENGTH,,DISLIST-1 -

.DISLIST: zLOCK LENGTH
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CALL: LDSTHRTL PNIRL
jerror return
snormal return

PHTRL: DPHTZ+1,, 41

DPUT2+1,,0
DPUT2: —LrflGrn, , DISLIST

DISLIST: 2LOCK LENGTEH

These UUO’s enable the user to display lists that are in his

eyl
>
o

core image. The execution of either attehpts to seize the
display and skips only if successful.

A .DSTART should point at a location tnat will always contain
either a BIKO [Ref 1] type output pointer, if one block of déta is to
be disvlayed, or the first word of a linked list of display blocks.
In this linked-list, the right half of each entry points to the next
estry, or, if zero, indicates the end of the list. The left half of
each wofd should be vositive and is a pointer to a BLKO pointer or is
iznored if it is zero or points to a zero word. |

.DSTRTL differs from .ISTART only in that, if it is used to
display a list of tlocks, the left halves of its linked list words
are interpreted as vointing to the word after not a ELXO pointer but

a regular block mode output pointer [Sec 2.4].
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HOVE AC, [CONIRCL]
4OVEM AC,LBLOCK

CALL: .LTPEN LELOCK
sreiurn
LBLOCK: BLOCK 6

The 340 display is equiped with a light pen that causes a
hardware interrupt when the light intensity it sees increasés
suddenly as when a spot is displayed under it. The display also
stops when this occurs and its current coordinates can be read'in by
the PDP-8., The user may enable software interrupts (class taree) to
his nrocedures when the lignt pen is seen and he has tae display
seized [Sec 4.2].

This system»call enables the user witn the iispléy seized to
read information about where the lignt ﬁen has been seen and the
~state of the current transfer to the display. nesults are returned
in the contents of the effective adiress and following five
locations. The contents of the effective address also acts as an
ergunent. If bit 4.9 is zero the rest is igmored. 5ut if bit 4.9 is .
a one then bit 3.1 will cause tae .LIPEN to dang until the ligat pen
has been seen at least once and bit 1.1 will Le used to set the
zultirle sighting mode. If this mods is on, the liszht ren nay be

seen many tizes while a display block is displayed once. If this
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mode is off (zero) the light ven may be seen only once and icnored
thereafter f'or each display or a display tlock.

The six words returned to the user are as follows: (1) the
actual word DATAI'ed [nef 1] from the 340 display &t the time of tae
last light pen interrupt, (2) the number of times the lisht pen was
seen since the last .LTPEX, (3) the sum of tiae y coordinates at tne
points the light pen was seen since the last LPEN, (4) tae
correéponding sunm of x coordinates, (5) the curreant linked list

pointer, and (8) the current 5LKO pointer.
3.4.1.3 The .DCLOSE UUO

CALL: ' .DCLOSE
jreturn

This system call releases the 340 display if executed by tne
user who nas the display seized, closing any channels on which it is
oren. Otherwise it does nothing.

S.4.1.4 The .DSTOP ULO

CALL: JDS5TOP
: sreturn

This system call stops tae 240 display, tut does not release it,
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if executed by the user who nas tne display seized. OGtherwise it
does nothinzg. It is intended for use in conjunction witha the .UsTadd

or USTRTL UJuC.
%¢4.1.5 The &DIS Uu0

MOVEL AC,69.
CALL: JSWIS AU,

serror return

synormal return

This system call is intended for use in taking pictures of 340
displays. It sets a display control variable froam the contents of
the accumulator it specities. This variable has no effect if it is
negative but if zero it inhibits display completely and if positive
1t is decremented by.one each time tne current display block or list
of blocks is aisplayeg. This call skips unless exscuted bj a

rrocedure that does not have the display assigned to it.
3.4.2 The USR Device
The USR device actually represents procedures. 4 successiul

.0PZX [Sec 2.2] executed on device USR will either create a new

procedure [Sec £.1.1], attach a disowned procedure tr:
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assoclate with the input-output channe! on which it was executad an

o
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existant oprocedure or allow the user access to the PDP-10"s memory
[Sec 3.4.2.1]. The file names are the UXAilk and JHAME of tne
proceiure being .0OPE:"ed. Only immediate inferiors may be .OPZi’ed
to write into but any procedure may be examined. If an inferior
rrocedure has been opened, it may be destroyed vy a .UCLOSk [Sec
5.2.1] but will be entirely unattected by a .CLOSs [sec 2.7.1]
executed on the cnannel.r ihe same procedure zay te open on more taan
one channel of its superior, possiply in different modes. It is at
first .OPEd time that an interrupt bit [Sec 5.1.3] is assigned by ITS
to a procedure. The number of inferior procedures a procedure may
nave is currently limited to =ight.

' The 3.3 mode bit [Sec 2.2) is ignored in .OPEd's on device USR
but both block and unit modés are avaiable. Executing .IGT's on
cnannelé opened on device USR results in the transfer of a thirty-six
bit binary word or words between the procedurss. The location in the
.0PEN"ed procedure of the first word to be>transfered is specified by
the .ACCESS [Sec 2.7.5) pointer associated withk the input-outyut
channel on which the transfer is occuring. Zach word transféred
advances tne appropriate pointer by one sven in unit mode which IT3
treats internally as blocks of length one. An ztteant {o read a word
beyond the core allocatsd [Sec 4.3J will result in a class itwo
interrupt Sec 4.2) but in a similar attempt to write (possible only
tor an immeaiats inferior) IVS will attemnt to zxtend the procedure%

core image auld an interrupt will result only if more core is
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unobtainable.

T

sxecuting a RESET [Sec 2.7.2] on a chann2l with an intf'erior

B

procsdure onen on it is equivalent o executing a UCLOss and then a
.OP#X to recreaie the procedure (with reset variables, ome 200U word

block of cleared core, 2tc.) but with less ovarhead.
3.4.2.1 The PDP-10

An .OPEX on device USR wita a second file name of "PDP10" may be
zade, in all the modes allowed for regular rrocedures, to access the
memory of the PDP-10. .IOTs attempting to read or write tne PDP-10's
accunulators will be ineffective and read or write thekcore locations
shadowed by the accumuletors. Attempting to reference above the
PDP-10"s memory will result in illesal user address interrupts. Only
the procedures of one vrocedure tree may have the PDP—;O open at a
time, possibly on more than one channel at a time in different modes.

Attenpts to set or read variables for the PDP-10 “inferior are
isnored except that 40000 will be read as its memory bound. A .RESET
executed on a channel on which the PDP-10 is open will clear its

LemoTV.
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3.4.3 The CLA, CLI, CLC, and CLU Devices

These symbolic devices enable arbitrary vairs of procedures to
talk to each cther as buffered input-output devices. ZEach file on
any of these "core link” devices represents a 200 word area, most of
which is tuffer, which may te simultaneously open for reading,
writing, both or neither. The files are identified by two regular
file names and a system name [Sec 2;2, 2.2.3]+. Only one procedure at
a time may have a core link open to write or read on one channel.

211 standard modes are available.

The CLO (Core Link Open) device may be used to open any core
link file and (whethér reading or writing) will create one if none
exists with the name used. The CLU (Core Link»Use) device is
identical except that and .OPEN on it will fail if the referenced
file does not already exist.

Core link "files” have some peculiar properties. When writing a
core link, a procedure will hang if the buffer is full and will write
an end-of-file mark outside of the data stream when it closes tne
channel it has the file open on. Zowever, opening and writing again
the same file name essentially pushes a new block of data into the
pireline to be removed by a reading procedure. 4 procedure reading a
corerlink can not read past an end-of-file and must close and reopen'
the file if it susvects that there is more to follow. If a eading

rrocedure closes a core link bpefore encountering end end-of-file,
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remaining information until the end-of-file is ignored. Core link
“iles” cease 1o exist only if empty and open for neither reading nor
writing or not empty and not open for from two to four ainutes. 1Iu
the later case they are expunged by the system Jjob [Sec €.5] to
unclutter the system.

The CLI (Core Link Interrupt) device may only be opened to
write. The two file names svecified should be the UNANE end JNAME
[Sec 5.1] of a procedure-in the system with the CLI interrupt [Sec
4.2] enebled. If there is no existing core link with the file namés
and system name used, the .OPEN will succeed in creating a link and
interrupting the specified procedure. In addition ITS inserts in the
created link two words of information zs the start of the first file.
These are the UNAME and JHAME of the .CPEN’ing procedure.

The CLA (Core Link Answer) device is to be used in response to a
CLI interrupt. It may'only be openéd for reading and scans through
all existing links for one with file names the szme as the UNAME ang
JYAME [Sec 5.1] of the procedure doing the CLA open. If one is found

not already open for reading, the .OPEN succeeds.
3.4.4 The IRR Device

This device, by a mechenism similar to that used for the

“directory device” [Sec 2.2.1], allows the user to input & cheracter

string exvlaining whatever error indication there may be in e JSTATUS
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word [Sec 2.5].

The first file name svecified on an .OPEN on device :RR must
nuzerically be either 1, 2, or 3. If it is 1, the status of tae last
input—output channel on which there was an error will be analyzed.

If it is @ 2, the bottom four bits of the second file ;ame specify
which input-output channel to examine. If a 3, the second file name

is treated as the .STATUS word to analyze.
3.4.5 The TPL Tevice

This device 2llows a user to output a file to be line printed
(Sec 3.2.2] at some later time when the line printer is free and such
print out has not been inhibited [Sec €.5.1]. 1In a manner similar to
the COM and SYS [Sec 3.1.3], this device refers to files on tne disk
with system neme ".LPTR.". Hoﬁever, renames are ignored on the TPL
device and, while reads work normally, on writes the supplied file
names are iznored. Instead, the UNAME of the procedure writing is
used as the first file name and a counter of now many files have besn
written on the TPL device in the current system run is used as the
second file name.

Files written on the TPL device are rrinted out by the systex
job [Sec 3.5] when the line rrinter is free. 2% siesnificant lensta of
time (up to two minutes) is left vetwsen 2on-TPL line printer use aad

T2L vrint out end between successive TPL outrul to =zllow locel users
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to seize znd use the line rrinter directly.

Z2.4.6 The UL Device

This device has all standard modes =znd is a nign speed infinite

sink on outrut and source of zeros on input.
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See 2150 section 0.2.3.
4.1 Philosorhy and Organization

The use of ITS is entirely vnrocedure oriented. 4lmost all
system actions are caused by trarping instructions [Sec 1.2; App 4,
£] executed by user rrograms that are hiererchially orsanized [Sec
5.1]. A large number of variables [App D; Sec 4.5] %ég associated
with each procedure by the ITS system. These variables are storsd
the systex and do not impinse on the user’s core imaze.

These rrocedures are run for short fixed lensths c¢f tize or
until thev becoxe unrunnable (whichever comes sooner) in an order
detarnined by the scheduler [Ssc 4.4]. The séhedﬁler alsc handles
software interrupts to the user [Secié.Z]. Wnen in exscution, user
rrocrans run with the PDP—A in user mode [SecA1.2.2] which ernables
nrotection and relocation hardware that ITS sets in acordance with
the length [Sec 4.3] and location in absolute memory of the
varticular orocedure’s core image. |

The following are amons the edvantazes of this storaze of user

variables:

in
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(1) Yo effort by ¢ user’s rrocedure to randomize its core imars can
effect sysiem variables related to the rrocedure snd trhus erase
evidence of system malfunction or lack of malfunztion.

(2) 4 vrocedure’s core imare may be easily swarped out without

significant reduction in information concerning it of interest to the
system or tne necessity to retain some portion of it.

4.2 User Interrupts

ITS provides software implemented interrupts to the user progran
sizilar to the hardware interrupts it receives. Caly one level of
interrurt is simulated but this makes little difference duz to tne
ease with which the user can inhibit or enable various types of
interruot [Sec 4.2.1] 2nd may also re-enable interrupts without
immediately or ever returning to the location his program was
interrupted from.

bach rrocedure has in system memory two interrupt enzble masi
words, two interrurt request words, and a flag irndicating interrupt
level status [App D). Verious conditions that cen cause interrupts
are assigned bits in thsse interrupt request words. These coaditions

are divided into three classes according to ssverity as follows:

(1) Class one conditions, the most severe, can not be enabled. They
always cause the interruvnted program 10 ve stoppei and its superior
vrocedure to receive zn interrupt.

(2) Class two coniitioas are of moderats severity. They may be
enabled to interrupt the ussr but if they occur while not enzsbled or
while the user’s interruvt level flag indicates ne is currently
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rrocessine an interrunt, he will bte stopped and nis superior
procedure interrunted.

(3) Class three conditions ere the least severe and nay 2lso be
enatled to interruot the user. While not enabled tney aave no
effect. If eonabled and they occur while the user’s interrupt level
flar indicates he is free to receive interrupts he will be
interrurnted but if the user’s flag indicates he is not free thay will
be stored in the interrupt request words to be presented to the user
as soon as he allows unless reset with an .SUSKT [Sec 4.5].

In cases mentioned above (for qaygs one and two) when a
rrocedure’s superior is interrupted, the particular vit used to
interrupt the immediately superior procedure is in its second
interruot request word. A bit is assigned by ITS to that inferior at
the time it was created [Sec 5.1.3) and can be read with a JUSET |Sec
5.2.3].

When conditions that would cause a procedure’s superior to be
interrupted occur in a top level procedure one of two things may
hearpen. If the mrocedure tops a console controlled tree, a new
ZACTRE will be loaded (as in section 1.1) and all inferior procedures
will be lost. If the procedure toﬁs a disowned tree [Sec 5.2.2] it
will be immediately stopped and when next attached [Sec 5.1.2] by a
Job tree the attaching procedure will be appropriately interrupted.

ITS determines that it should actually interrupt a procedure
when it schedules [Szc 4.4}, or the procedufe executes a DISHISS
[Sec 4.2.2], or .SUSZT [sec 4.5) of the PICLR variable if there are

corresponding bits on in ons or both of the procedure’s interrupt
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request and mask words znd its interrupt level flag (PICLR) indicates
interrupts are ernabled. ITS =xamines tne contents of tae procedure’s
location 42 to see if its direct address (indexing and indirect
aldressing ignored) is between location 20 and the location & less
than the top of the user’s core image, inclusive. If not, the user
receives a class one interrupt for = bad location 42. If so, the
userQS appropriate interrupt world (first word nas nigher priority
than the second), containing bits on for interrupts tne user is peing
rresented with, is placed in the word dairectly addressed by the
user’s location 42 and bit 4.9 of that location is turned on if
second word reguests were stored. The interrupt request word stored
i1s then cleared to receive future interrupts. Théruser's interrupt
level flag is also set ﬁo inhivoit further interrupts. Frinally a J3R
[Ref 1] is simulated to a location one greatsr than that in wnlcn the
interruprts were just storea. Tne normal manner to return from an
interrupt is with a .DISAISS [Sec 4.2.2].

The following is a list of word one interrupt bits:

[y

—
2}

~

class Condition
Character typed at console [Sec 3.2. 17,
“Z typed [Sec 1.1.2].
bad location 4z,
AR overflow [Ref 1].
Display list memory protection violation [Sec

. . o
OV (MO ot

DNCA - (A

3.4.1

lllegal instruction.
System zoing aown in 5 zinutes [Sec 3.5. 2].
.VALUE esxecuted [Sec 5.3.1]

Input-output cnannel error. This int

el Nl e e o)
o 1

O W10

[N N

.

t

(4]

IrTu

Le}
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always occurs at an .IDT [Sec 2.3 or .OPER [Sec 1.2.1] that refers
with its ac field, to tne chennel on which the error occured. ror
more exact cause of interrupt use a .STA1Us> {Sec =.8) or tne iRk
device [Sec 3.4.4].

2.1 2 Jdemory protection violation on reference to
interior vrocedure [sec Z.4..]. '

2.2 1 .BAEAL executed {Sec £.3.c].

_ <3 1 .eturn from sinsle instruction proceed [Sec

£.7]. :

2.4 3 Slow clock (every half second).

2.5 2 demory protection violation [Ref 1].

2.6 2 AAR interrupt [sec 6.4].

2.7 3 Liznt ven ([Sec %.4.1.2].

Z.8 3 PDL overflow [Het 1].

2.9 3 CLI [Sec 3.4.5] device interrupt.

Sel-4.8 - Hot used. .

4.9 - Indicates rest of bits to be interpréted as

below.

In the second word of interrupt requssts, bits 3.1-3.3 reprassent
inferior procedures [Sec 5.1.32] and tits 1.1-2.7 represents
input—output'channels [Sec 2.1] with 1.1 for channel zero.
Interrupts occur from inferior procedurss as described above for
class one or two interrupts to the ihferiors while an input—output
channel will try to interrupt it there is vutrered teletYpe (Sec
3.2.1) input on the channel. ihese butfrered characters may be

exazined al the interrupt level with .ITYIC [Sec 2.7.3].
4.2.1 The ,SeuH2 TUD

A Troceiure can examine and modir ¥ all of tne five variable

words associated with interrupts to it Ly zeans ot the JSUSLT Uud
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[Sec 4.5]. When a rrocedure is first creatsd [Sec £.1.1) or aas a
.RESLT executed on it [Sec 3.4.2) all ot these five variables are
zero =xcept PLCLR Whicn is set to minus one. rfor tie masx (M545T and
MSYSTZ) and request (PIRQC and I¥PIR) words a one bit represents an
enabled interrupt or pending request and 2 zero represents an
inhibited interrupt or lack of request. Iis will ignore attesspts by
ine user to enable a class one interrupt (first word mask bits 1.2,
1.3, 1.5, 2.2, and 2.3). 7o avoid certain timing errors, special
.SUSEY means (APIRQ and IPIKQ) are provided to turn on or off bits in
the first reauest word without'affecting other bits in that word.

The procedureb interrupt level flaz (PICLR) can also be read or
sel. Its zero state indicates that interrupts are inhibited and
class two interrupts vecome fatal. If nonzero, interruopis are
enabled. ITS sets tnis variaole to minus one wnen it executcs a
-DISHISS from 2 user, but when a user attempts to set it the word ne
stores there with }SUSET will be shiftad right thirty five places.
Thus the user can set his PICLR to sitaer zero or one depending on
the sign bit of the word ne stores. As a result he can enable
interrupts (even in the middle ot ais 1nterruxtrout1n° ) in a manner
distinguisnaple from tne uatonntlu enablement performed oy ITs> or
innibit interrupts.

The above discussion also applies to examinins and modifying

these variablss in inferior with JUSEY [S=2z 8.2.5).

[9)]

To avoid certain tinine problems there is a spscial Jul oy wailch
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a proceaure may set both its mask words a2t once as follows:

HOVE AC, [MASKW1] jset up first word of mask bits
MOVE AC+1, [MASAWZ] ;set up second word of mask bits

CALL: LSETHMZ2 AC, sset both mask vars from 4C & AC+1
srefurn

4.2.2 The .DISHISS UUO

10C 42
JSR TSINT
TSINT: 0 sinterrupt bits stored here
0 ;1loc interrupted from stored here
e sinterrupt routine
CALL: .DISHISS TSINT+ sreturns to where interrupted from

This system call provides the normal means to return to an
interrupted routine. It simultaneously re—enablés interrupts and
transfers to the location addressed by the right half of the contents
of its effective address, restoring flags from the left nelf. This is
normally, but not necessarily, the vseudo-JSR word stored by ITéras
1t simulates an interrunt. If ihere =ore vendings conditions in tue

usar’s interrurt request words ne will be immediately re—interrupted.
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4.3 The Core Allocator

The core allocator consists of a single special procedure,
called the core job, that does most of the work and varioué routines
that siznal to it their interest in acquiring or releasing core.

An internal map of the status of every 2000 word tlock of memory
exists in the system and is maintained by the core allocator. The
majority of the complexity of the core allocator is not due to
zaintaining this table but to tne actions it must sometimes take to
relocate input-output buffers and other occupants of core when &
procedure wishes to expand. The lack of pagéing‘on the PDP-5 maxes
it sometimes necessary to "shuffle” core to make a sufficient
contiguous block.

Each 2000 word block must, except for two transient states, be
devoted to one of the following uses: (1) part of a procedure’s core
izage (ITS code and variables appear as core allocated for the systenm
job [Seé €.5]), (2) a disk buffer or directory [Sec 3;1.1], (3) a
display buffer [Sec 3.4.1], (4) unused, or (5) further subdivided
into 200 word blocks. These 200 word blocks are used for core link
device buffers [Sec 3.4.3] cr for IEC tape buffers or directories
(Sec 3.1.2].

4 procedure may request more or less cors by means of ak.CORE

[Sec 4.3.1] and determine its menory bound without makine protection
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violations with 2 .SUSET [Sec 4.5]. Other than tne .COxk UUU a
prrocedure’s memory oound may bLe affected only by its destruction,
when ell btlocks in its core image are marked free, or & .US.T [Sec
5.2.3) or .IOT on device USRE [Sec Z.4.2] executed by its immediate

superior.
4,3.1 The .CORE UUO

CALL: .CORE WUMBIK
serror return
snormal return

This system call requests for the procedure executing it as many
2000 word tlocks as the value of its effective address exceptrthat if
this value is zero it will be treated as if it were one. If and only
if the .CCRE is successful it skips. Only =2 .CORE to acquire more
core may fail. If it does and a more than one block increase was
being requested, some smaller numbér than requested may have been

obtained.
4.4 The Scheduler
The scheduler runs when a guantum time—out occurs or when the

rhysically ruanine rrocedure encounters = tlocking condition or

causes zn interrupt by some rrosram zction (memory protection
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violation, PDL overflow, etc.). The scheduler dscides which
procedure should run rnext by zn examination of tne variables lipr D]
in the system for each »rocedure. It simultaneously performs those
modifications of these variables necessary to provide the sizulated
interrupt feature [Sec 4.2].

For those procedures that have their stop word (USTP [App D])
zero, their runnability is determined by a variable xnown as the
flush instruction (FLSINS) which is set when the procedure becomes
blocked. If this variable is zero the procedure is runable. If
nonzero it is executed with the procedure’s EPDLZ variable [App D]
loaded into ITS symbolic accumulator T. If the instruction skips
then the Drocedure is ruéhble and has just btecome unblocked. If the
flush instruction does not skip the procedure is still blocked.

The next procedure to be run is picked from among the runmnable
rrocedures by a scan which considers two 'resource’ variabless per
procedure. Zoth of these sare quantized approximations io exponential
decays toward proportions of machine time. The JTMU variable is
assoclated with a particular'procedure while tne UTHPTR variable
pointer for thal vrocedure voints to a quantity siwilar to JTuU
maihtained for all propedures in one console controlled tree. During
the scan to select the next rrocedure to run, a rrocedure will be
rrefersd to the test so far if its console treg has usad less tize

recently than that of the best so far or its console tree has usad

h

¥2ctlv the same azount and the vrocsdure ras sed less time
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recently. ©xceptions to this are that = procedurs is always
nreferred to the best so far if it has used less tnan ore eishth as
much time recently and never rreferred if it hsas wsed more tlaan eigch
times as much. Also the procedure, if any, that nas seizeza ine
JASTER [Sec £.8.5]) facility is civen double priority and disowned
procedures sre given one eichth priority unless they nave the line
rrinter (device ILPT) a2ssiened to them or are running in executive
mede when scheduled.

411 disowned [Sec 3.1] job’s UTMPTR's point to a single word
which is given less rescurce then that for a normal ccasole tree,
The systexz job [Sec 8.5] 2nd core job [Sec <.3) nave UTAPIR’s to

1ven

‘s

senerate words he same wriority as = normal tree.

0]

he zenersl rrorerties of this scheduling system can be

§-3

‘described as follows:

(1) “achine time is normally equaslly divided vetwzen consoles and
han between 211 the vrocedures runnine for each console.

(2) Yachine time used by & rrocedure is integerated with decay (time
constant about seven seconds) so

(a) a procedure that is frequently tlocked for a short period of
time (compared with a quantum, currently one fifteenth of a second)
should receive equal service with a pure compute job and

(b) an interactive vrosram called on infrequently by a user is
essentially guarenteed sood service as it starts to think of a reply
but can not, on averase, use more time thean & pure cozputz job.
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CALL: .SUSET [LIHZCTION+VARIABLE, ,DATLOC]
sreturn
DATLOC: slocation read into or writien form

Procedures may examine and modify some of taneir system variables
[App D] by means of this system call. The contents of its effective
2ddress (a constant in the illustration above) is viewed as two half
sords. The rieht half should point at the word from which the
variable is to be set or into which the variable is to be read. The
left half specifies by its top bit (4.8) whether the variatle is fo
be read (zero) or written (one) and bty the value of its remaining

bits which svstem variable. The followinz table lists permissible

values:

Nane Value Type Variable

UPC 0 o7 Program couater word [Ref 1].

VALUE 1 17 Contents of effective address of most
recent VALUE [Sec 5.3.1].

TTY 2 05 Status relative to console [Sec 3.2.1].

FLSIVS 3 g1 tlocking condition [Sec 4.4].

UNANME 4 05 UYAME [Sec 3.4.2].

JRAHE o 03 JHAME [Sec 3.4.2].

MASK & 17 Interrupt mask word [Sec 4.2].

U3TP 7 03 Stop word (only bit 4.7 can be written)
[Sec 4.4].

PIRCC 10 17 Tirst interrurt requsst word [Ssc £.2].
- %KTB 11 01 Tit used to interrupt superior [Sec

Mgy 12 c7 slemory bound [Sec <£.3], first location
it would te illegal to refsrence.
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SvV40
MSec 1.2.1].

IPI=Q
I0R4).

ANDCAM).
SMAME
PICLR
MARA
“ARPC

lSec C.4].
UUCH
UIND
RUIT

units.
MSK2
IFPIR
APRC
SV&0
I0C

10S
10P

15

14

15

16
17
20
21

22
23
24

25
26
27
30
31-77
100+X
120+1
1£0+3

17

17
17
17
17

05
05
05

17
17
05
05
00
01
01
C1

Pare 10z

Last executed UUC trappine to systen
Interrupt regusst word (writtea by an
Interrupt requast word (writtzsn by an

System name [Sec 2.2.3].

Interruont level status word [Sec 4.2].
MAR register and control vits [Sec 6.4].
Program counter at last {AR interrupt

Program counter word at last system UUC.
user index.
Total run time in 4.069 microsecond

Interrupt mask word two [Sec 4.2].
Interrupt request word two [Sec 4.2].

" Disowned and processor cono status.

Saved absolute location &0.

Unused.

Input-output channel word for channel Xn.
Status word for input—output channel N.
Hth word of input—output channel pusn

down list {Sec 2.5], two words per entry.

In the ebove table the 1.3 bit on in the type column implies

that the variable can be read with .SUSET and the 1.4 bit implies it

can Le written with .SUS

JUO [Sec E.2.3].

The other type bits relate to tae .USET

Pre-defined symbols are available in the {IDAS assembler

. . Vo
consisting of a .

followed by an 'R for read or a 'S for set

followed by the string in the name column of the above table for ell

its entries.
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%, Procedure Intsraction

\

See also section C.2.4 and Z.4.2.
5.1 The Zierarchial Creganization of Procedures

All vprocedures operating under I1S are members of a tree
structure recorded in the system by associating wita eacn a pointer
to its immediate superior. If this pointer is minus ones it indicatss
that the procedure tops a tree. These trees may be of two types,
those under the control of a console and those that are disowned [Sec
£.2.2].

Console "controlled” trees nave had their top level procedure
automatically loaded by IT1S jSec.l.l]. Since procedures may control
their inferiors and the most that the user can do-in azppealing for
éid when confronted with recalcitrant programs is 10 cause his
console to converse with higher level procedures [Sec 1.1.2], he is
actually at the mercy of this top level prograz. It is currently a
DDT expanded by the addition ot new coamands related to time sharing
[Sec 7). "About the only restrictions deliverately inserted in it
relate to losging in [Sec &.1].

Zisowned procedure tirees differ from console controlled trees

only in the following ways: (1) they zave no console associated wita

W

taem; (Z2) class one interrupts in 2 top level procedurs are nandled
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ditferently [bec 4.2]; (&) they are scneauled with lower priority
[Sec 4.4]; (4) certain sysiem calls, when executed in them, are
treated aé illegal instructions; (5) certain input—ouipul devices are
not accassible by then.

There exist a variety oti means for procedures immediately above
and below each other to interact [Sec 5.2, 5.3]. Procedures may also
atfect any procedure bensath them in the procedure tree by means of
input-output translation table entries [Sec d,d.z] and an arbitrary
pair of procedures may converse ireating each otaer as input—-cutput
devices [Sec 3.4.3].

Among the advantages of the above system of procedure

organization are the followinsg:

(1) The highest level command processor (the top level procedure of a
console controlled tree) may vary arbitrarily from user to user. In
actual operation it is normal to see HACTRA s whose inferior
procedure. variables and symbol tables mucih exceed their code.

(2) ¥ew versions of the highest level command Processor may be
introduced simply by writing a file on the disk with no interruption
to system continuity.

(2) Tew versions of the highest level command proczssor may be easily
and sately depugged Ly loading them as interior procedures. In this

nposition they can exercise all their normal functions excepi logging

in and out.

(4) It is not neccessary to maie every effort to remove all bugs froa
the nighest level command rrocessor for fear that the systsm may be
destroyed by them, a consideration of'ten inniciting zore coamplex and
rowsrful comnand languases. 4 fatal srror simply results in the
progranm Leing reloaded. '

() Users nave great generality in creating command levals of {aeir
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ovn.

(6) Multi-task programs may ve orsanizea in = consistent manrner.

Iteas 1, 2, and 4 apove argue 10 various extents asainst pure
proceduresras does their innerent speed inefticiency. Laving to
maintain separate copies of the nighest level coamand processor for
each user is not that signiticant a disadvantage if one considers the
amount of each copy’s core image unique to each user aad that while

not in actual use they could be swapped out of the system.
S5.1.1 Procedure Creation

Procedures zmay be created only by typine “Z on an idle teletype
[Sec 1.1.1] or by executing a .OPE{ [vec 2.2] on device USK Loec
3.4.2], In the second case, which is discussed here, there are
strict requirients on the “file name” used in the .OPLX. The first
tite naie, which witl be thz UuAME of the created nrocedurs, must be
the saxe as the UNA4E of the procedure executing the .OPEN. The
second file name, which will be the JuAMs of the created rrocedure,
must be dirferent from the JNA4E of all jobs then in exisiznce that
kave the Uhany ;eing usasd. 4 rrocedurs 2ay nave 2 saxizun of eisgnt
dirsctly intrerior procedaures. 4 newly crasted procedurs will have

one <00UU word tlock of

o

tzared zemory and 211 of its system variables

initializ=d,
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5.1.2 4ttacniag Tisowned rrocedurse Tress

The onlv case in wnicii a successiul .uPEN [Sec 2.2] on device
USR [Sec &.4.2) mav uve zxecuted to provide an inferior procedurzs (as
orrosed to opeining 2 vrocedurs ior =xanination only) with a first
file name different from the UNAME of the procedure executing the
.OPEN is that i? which tne top rrocedure of a disowned tree is being
opened. This type of .OPEN will be treated as an illegal instruction
if executed by a procedure in a disowned tree. If not and the
opening rrocedure has less than eight inferiors the open will succeed
and ITS will zodify the UNAME of the opened procedure and its
inferior tree to agree with the opening ﬁrocedure. It will then take
each UNAME JNAME pair in the attachei tree and make it unique by

incrementing the JYAME part if necessary.
2.1.3 The ,UTRAN UUO

CALL: JUTRAN FBLOCK
serror return +yno inferior found for int bit
snormal return jinferior found

FRLOCK:
“AME stored here by call

-
4

0 U
0 JNAME stored nere by call

.
’
.
’

iwhen a vrocedure is first created vy & .CPZM, ITS zssigns 1o it
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a bit for use in interrupts [Sec 4«.2] to its superior procedure
different from that for any other inferior procedure its superior may
have. Since inferior nrocedures can only be directly controlled waen
oven on input-output channels, the loss of the name of an inferior by
its superior while it was not open would result in complete loss of
cozmunication. Although procedures that have inferiors norwzlly keep
close track of their names and interrupt bits as read by .USET’s [Sec
5.2.3], this system call has been provided to translate from
varticular interrupt bit to name of inferior. The left half of the
contents of the effective address must have only the appropriate
interrupt tit on. If a corresponding inferior procedure is found,
the .UTRAN skips and the UNAME and JNAME of the inferior are stored
in the two words after the word containing the interrupt bit., If no
corresponding inferior is found the .UTRAN will fail to skip and the
two locations after the location it effectively addresses will be

unnodified.

2.2 Controls over an Immediately Inferior Procedure

See also section Z.2.1.1.
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5.2.1 The .UCLOSE'UUO

CALL: .UCLOSE CHYUM,
sreturn

Procedures may be destroyed only by the sxecution of a .LOGOUT
[Sec 6.1] or a .UCLOSE. The second of these two system calls, which
is discussed here, destiroys the inferior procedure open on tne
channel specified byrits accumulator field (CHIUM in the above
igllustration) and the entire procédure subtree of which tais
inferior is the top procedure. If an inferior is not open on tne
channel, the .UCLOSE’ing procedure will receive an inpui-output
channel error interrupt. .CLOSE’s [Sec 2.7.1] are automatically
effected on all channels of all the destroyed procedures and any
system resources they clain are surrendered (by possibly simulating a
.DCLOSE, .HANGUP, andfr .MASTER). In order to kill certain cancerous
types of procedure subtrees it has been found necessary to=ms
imrlement this system call such that it first stops all procedures in

the subtree and then destroys them.

£.2.2 The .DISOWH TUC
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CALL: LDISOWY CHYUM,
sreturn

This system call reauires that an inferior procedure be open on
the channel specified by its accumulator field (CHENUW in the zbove
illustration) or the .DISOWI ing procedure will receive an
input-output channel error interrupt. It causes this open procedure
to become the top procedure of a disowned tree [Sec 5.1] and in the
rrocess closes all channels on which the disowning procedure has it
oren. A vrocedure in a disowned trese that tries to execute this
system call will be unsuccessful and receive an illegal instruction
interrurt [Sec 4.2] as will a trocedure trying to disown a subtree

that controls the tree’s console [Sec 3.2.1.1].

2.2.3 The .USET UUO

CALL: .USET,[DIRECTIOK+VARIABLE,,DATLOC]
sreturn
DATLOC: ;location read into or set from

This system call was created to allow = procedure 10 set and

ead many of the system variatles [App D] associated with its
inferiors andrto read variables associated with otnher rrocedures.
ihen exzcuted its accumulator field must contain tne nuzoer of a

channel (CZUi in the =bove illustretion) on waich 2 procadurs is
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onen or the .USETing rrocedure will receive an input-output cahanncl
error interrupt. Ctherwise its is very sizilar to .SUSZT (Sec 4.9].
Headine is allowed if the 1.1 Dbit is on in the type column of tne

table in section 4.5. Setting is allowed for immediate inferiors if

the 1.2 bit is on in that table.
S.3 Communication to an Immediately Suverior Procedure
5.3.1 The .VALUE TUUC

CALL: +VALUE 4RGLOC
;return if restarted

ARGLOC: ARG ;trasmitted to superior procedure

A procedure executing this system call receives a class one
interrupt [Sec 4.2] stopping it =and interrupting its superior
rrocedure. The contents of the effective zddress is saved in &
system variable associated with the procedure [App D] so its supsrior

can easily retreive it with a .USET [Sec 5.2.3].



175 1.0 Refersice darnual rage 111

CALL: LIRTAIL IRG1,ARG2
© restarted

sreturn if

The accumulator field znd effective =ddress of this UUG are
irnoraed by ITS. A procedure executinc it receives a class one
interrunt [Sec 4.2] storpine it and interruptine its superior

nrocedure.
S.4 The GUY UUC

A0VEI AC,USRINVIEX
CALL: LGUL AC,

sfailure rzturn

sncrmal return

This system call, intended for use as a2 last resort, allows any
rrocedure in a console controlled tree to expunge ancther tree frox
the systiem. Thé orocsdure srecifies the tree to be .GUi‘ed Zown by
the user index (see section 8.2, zode ) of its top rrocedurs. This
is used instzad of the norazally unigue UIAME JNALE peir so that easy
referenc may te had to nrocedures not logsged in [Sec 6.1]. The
contents of the zccumulator specified by a .GUN must be the user
index (can be read with .USET) of 2 top level [Sec £.1] procedure
other than the system job [Ssc 8.Z] or core job [Sec 4.3]. If tne

nrrocedure sxecutine the 3UT is in =2 Aisownad tree it will receive an
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illesal instruction interrurt.

The .GUN skips if successful ot whicn moint tne systea job will
have been informed of the trese it is desired to expunze, which action
the system job will, in due course, perfors, also typinz out an
appropriate message. If tne sbove restrictions on the specified user

index are not met the .GU7 will return without skipping.
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G. Miscellaneous Systen Calls =ni
See also section 0.2.5.
5.1 The LOGIN end .LOGOUT UUC’s

These two system calls zre the only ones that are effective only

at the top level.

CALL: .LOGOUT
sreturn if not top level

+LOZ0UT hasrno effect and simply returns from thes system to the
instruction foilowing if not executed in a top level procedure. It
causes the rrocedure tree in whose top procedure it is executed in to
‘be exvunged from the system. It works for both console controlled
trees and disowned trees. Since the normal means to create [Sec
£.1.1] and destroy [Sec £.2.1] a vrocedure unisr ITS are calls in a
superior procedure, the special case of the top level procedure must

be handled differently as it is by ~Z [Sec 1.1.1] and .LOGOUT.

HOVE AC, [SIXBIT /HAHE/]
CALL: +LOGIL AC,

serror return

snormal return
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LLGGIN is not restricted to top level vprocedures ty IU3 but
rather by HACTRM, the ton level proceaure I1i5 aulodatically loads
[Sec 7j. A .LOGIY revresents an attempt by a procedure to set its
UXAME to the contents of the accumui?or specified. This is allowed
by ITS only if the procedure’s current UrAdx is minus one (as the
UNAME of initial HACTR:’s is set) and the desired ULAie is neitner
zero, minus one, nor the UHAME of an extant console controlled tree.
The success of a .LOGIN is signalled by its skipping. RACTRH will
not open inferior procedures for a user until he has successfully
logged in at which point his inferior procedures will have UNAME's

(=3

dooming future .LOGIN s in that tree to failure.
5.2 Yonstandard Devices
3.2.1 The RDSYW UUD

CALL: LRISW AC,
sreturn

This system call reads (DATAI’s (%ef 1]) tne contents of tue

data switches on the PDP-3's console into the srecified accumulator.
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2.2 The JRD780 and .WH750 JUC’s

Py
~

CALL: RI7S0 AL,
st

40VL AC, [BITS]
CALL: JWR7S0 AC,
sreturn

These system calls respectively read the data register (DATAI)
of the device whose PDP-G device number is 780 into the specified
accunulator and outrut (DATAC) from the specified accuzmulaior to the
data register of the device [Ref 1]. The bits in tne data register
of this device are usually used for témporary direct ccntrol or
sense hookurs. Currently the bottom six bits control lignts on tae

hend of the AdF arm [Sec 3.2.2].

3.2.2 The .}D710 UUO
CALL: JRD710 AC,

sreturn

The real time clock, which ITS currently uses to time user

nuanta, has, as vell as 2n interval timing counter, a clocx couuter

~

which is neither set or storped ty ITS5. Tais system call reads into
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the specified =zccuxulator 2 word whose tottom twenty four tits are

this clocik counter. It is increment=d once every 4.0C9 microseconds.

.24 The ED500 LU0

(@)}

CALL: U000 AC,
sreturn

This call reads (DATAI's) into taes specified accumulator froa
device 500, This device is purported to te or become yel anotner

kind of clock. See Paul beloriolis for more information.
5.3 Various Times and the Date
£.3.1 The .RDTIME UUC

CALL: RDTIHE AC,
yreturn

This sytem call reads into the specified zccumulator tne
internal systsm time waich is z word set to zero when a system is
first loaded and is incremented every thirtieta ot a second
thereafter. This quantity is useful in conjunction witn .SLiwP [Sec

£.3.1].

-
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<

G.3.2 The RT1Hs UUO

CALL: LITids AC,
sreturn

After the system nas aeterained real (24 nour system) time, it
maintains this infernally as a number in units of one half second
since the last midnight. This'system call reads into the specified
accumulator in sixbit characters this time in pairs of aigits,
realing fron the lef't, hours, minutes, and seconds. If tae time has

not vet veen aeterained, minus one will be read.
6.3.3 The .RDATEL UUO

CALL: .RDATE AC,
sreturn

After the system has determined the calendarrdate, it maintains
it internally as a word with six sixbit characters in it. These
characters are all numeric. The first two are the last two digits of
the year, the next two are ihe monta number, and tne last‘two digits
are the day of the month. This system call reaas this word ints the

speciried accumulator., If the date nas not yet teen daterzined,
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minus one will ve read. 1In tue current inplementation, the dat

e8]

being detlerzmined implies that the time [oec ©.3.<] nas besn

determined. The date is correctly incremented svery widnight.
Z.4 The MAR Feature

In order to simulate the address stop facility of the PDP-S in a
time shared mode, it was decided to introduce a2 new aardware
rezister, the MAR reeister, to cause interrupts when a particular
loéation was addressed by the computer. To increase thae flexibility
of this feature, three control bits were added which further define
the interrurt condition given that a amemory address aatch has
occured,

Among the sysiem variaples [App D] kept by ITS for sach
proceaure are its HAR register contents and contirol oits. These are
loaded into the hardware as the user is started. Since the WAR
feature is intended primarily as a debugging aid, it causes a class
two interrupt [Sec 4.2] and a .USET [Sec 5.2.3] is used to set it
from DDT [Sec 7] more frequeatly than a procedure sets its own wita
an .SUSZT [Sec 4.5].

.USLT and .SUSET take the rignt nalf of the word set from as the
new address to be vut in the AR registzsr and the low taree bits of

- ae t P -
tae left haif as conrol tits =25 follows:
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- Eit “{eaninz (one state),
Z.2 Interrupt if data read or written is negative.
3.2 Interrupt it data read or written is positive.
3.1 Interrunt only on 2 write.

At this time, avtemnts to diifferentiate read cycles on the basis of
sign will fail as, aue to a timing error, the data always appears
positive. If a write cycle is interrupted on, the rrotectzd location
will have been modified winen the interrupt is processed.

when an MAR interrupt occurs, further #AR interrupis are
disabled until the ¥4% is aszain set. A .SUSET or .USZT may be used
to read tae word stored by the JSR at tne systeam’s processor
interrupt channel location whan tne 1ast AR interrupt occurszd.
Althoush, for their own safely, some parts of executive code inhibit
AR interrupts, it is quite possible for the user to cause some
svsiem calls to interrupt to the user, on reference to his core image
where his MAR® is pointinz. The program counter word stored 2y thae
JSx at'tne user’s location 42 [Sec 4.Z) will be the location in nis
core image of tae ofrenaing system call. +The word read oy a .SUSEY
or .Ub’Trwill be an executive program counter word showing the
absolute location at which the system call first attemptiad to

rererence the user’s protecied location.
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6.5 The System Job

There are various tasxs IWs would lixe to perforxy, @0st of waica
include input—output or waiting indefinite verious of time, whicn
vould be inconvenient to implement directly due to the procedure
originated orientation of almost all system rouptines. DHecause of
this a procedure was synthesized, known zs the system'job, that is
actually a rart of the monitor and always runs in 2xecutive mode. To
21d in debugging ITS a feature was added to the system job so that
wnen 1t had no other tasks to perform it would compare constant parts
of ITS against a copy it makes initially [Sec €.5.1)]. The following

are some of the other tasks the system job performs:

(1) Does .CORE’s [Sec 4.3.1] for ITS to make room for more tlocks of
user verliatles or for the system job’s copy of constant parts of ITS.

(2) Prints nessages on the system console whenever an effective
.SETLOC, .GUN, .IOTLSR, .LOGIX, .LOGOUT, or .OPEi for output or FUELE
on device SYS is executed.

(3) Prints messazes on the system console when a rarity error,
unrequested chanze in teletype priority interrupt channel allOCatlon
memory excessively full condition, or garbase collection of DSK user
directoryy is detected,

nitially determines the 24 nour time and calendar date [Sec

(4) Initia

6.3.2' 6.303]0’

(5) Prints a messagzz on £11 teletypes when the system is first
loaded.

(8) Outputs a "CONSOLE FR=r” nessage on any teletype wiaen it is no
longcer open by any Urocaiur
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(7) Various tcsks related to the sytem coins aown fecture [Sec <.5.2]
and TPL device ([3sc Z.4.5].

.51 The .SUPSET UUO

MOVEI AC,2
CALL: .SUPSET 4C,
sreturn

The system job is partially controlled bty ITS throush a word in
system memory. 3Bits torthe left of 2.8 in this systea word represeat
requests for some transient action. In the right half the bottom two
bits (1.1-1.2) are currently used. Bit 1.1 controls the system
checking feature. If this bit is on, the system job makes a copy of
the constant parts of ITS and procé@és to spend its spare time
checking the areas it copied azainst the copy. If a discrepancy
occurs, a message is printed and the copy corrected. If this bit is
off, the system job will destroy any copy it mey nave, freeinz that
memory and most of the fraction of the machine time the system job
uses wnen in checking mode.

5it 1.2 affects the TPL aevice [Sec J.4.8]. If it is on, TPL
use of‘the LPT device is inhibited. Furthermore if a IPL file is
being printed when this tit is turned on, it will be deleted, output

the IPT devic

2
3

Iy

will be aborted, zan ‘Teed.

W
[

(O]

The .SUPSET system call enables the user to centrol the systexn
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checking bit by IOR'ine [Ref 1] tits 1.1-2.8 of the specified
accunulator into the system Jjob control word znd returning the
resulting value in the specified accumulator. It also typss out a

message on the system job console like the nessage for .SLTLOC.
€.5.2 The System Going Down Feature

To provide an orderly means for the termination of the operation
of ITS, a special feature has been added. It is activated by setting
absolute location 37 negative (either witia the PDP-6 console Keys
[Ref 1] or a .SETLOC [Sec .8.4]) or using .SHUTDN [Sec 8.5.2.1].
After a negative location 37 is noticed, all procedures for whica it
is enabled will receive a system goine down interrunt [Sec 4.2] and
all free teletvpes have an appropriate message typed on them. Then a
five minute timer is»startei and new console trees started [Sec
1.1.1] will be givén a system going down interrupt right after they
are created.

When the timer times out or when the number of console
controlled trees in which successful .LOGIN’s [Sec 6.1] nave been
executed goes to Zero, all trees are forceabiy logeged cut and a
message tyned on a2ll teletypes. Al11 DEC tapes [Sec Z.1.2] for which

the system is retzinineg a directory are flapped.
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.S.2.1 The .SHUTDY UTC

[9))

AGVE AC, [TINE)]
CALL: LSHUTDN AC,

JEerror return

;normal return

Tﬁis systém call, which is illesal for procedures in a disowned
tree, is a request for the system to go down [Sec €.5.2] in as many
thirtieths of a second as the contents of the specified accumulator.
If an amount less than five minutes is specified, it will be treated
as though it had been five minutes. If the system is already £olng
down in less time than specified, this call will be ignored and
return without skipping.

If the system is going down in a longer tize than specified or
not going down at 21l the call will succeed and sZip. It will cause
2 system going down interrupt to 211 ensblad prrocedures and start a
timer for the specified lensth of time. ew console irees created
thereafter [Sec 1.1.1] will also receive s syétem going down
interrupnt when created. If the time till system ieath passes throusgn
fiveAminutes, all enabled rrocedures will be interrupted azain.

The conditions for and actions on actual death are =s in section

Q)]
[e)l
)
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CALL: JDIETIN :C,
;return

‘This system czll sets its specified accumulator to minus ons if
the then running ITS is not going down [Sec ¢.D.2]. If it is, tue
accumulator is set to the maximum time till system death in
thirtieths of a second.

W

c.6 Zxamining ITS
8.6.1 The .GETSYS UUO

HOVE AC, [-LENGTE, ,DATLCC]

40VE £C+1, [SIXBIT /AREA/]
CALL: JGETSYS &C,

serror return

snoraal return

DATLOC: BIO0CK LENGTE ;area read into
This sytem call enzbles = rrocedure to recsive cepies of various

internal monitor areas in sucs a way that the date in those zrezsz
must he consistent. The srecified accumulalor contzins & polnter
werd as for & tlock mode .ICT [Sec 2.2). If the lefi ne 2 of the
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the users core imerzs. The location fellowing the specified
accunulator contazins, in left justified sixbit, the area reguested as

follows:

Sixbit Area

TRANS  Translation table [Sec 2.2.2].

GETS List of thines which can bes requested with GETSYS.

DEVS . list of available symylgic input-output devices [Arp CJ.

WEMORY emory allocation tables [Sec 4.3j.

UT4PE DEC tspe routine variables [Sec 2.1.2].

CLIEXK Core link variables [Sec 3.4.Z].

CALLS List of symbols in sguoze [Ref 2] for system calls [ADD
A] and .SUSET [Sec 4.5] left halves and their values.

DSY:lS Symbol table for ITS.

THPX trea input multiplexor cycled into [Sec Z.Z.Z].

OMPX Area output multiplexor cycled from [Sec 3.3.2].

USERS User variables for all procedures [App IJ.

USER User variables for particular user specified by UlAls
ani JWAME in locations two and three greater than the specified
accunulator [Arp D). If user not fourd location contzining UliaMb
- will be zeroed.

Interrunts are inhibited to 2 sufficient extent that the datsa
obtained can not be inconsistént iue to the arsal modification wnile
beine transfered to the user., A successful .GETSYS will skip. Cne
thet fails, due to non-recognition of its sixbit word or insufficient
memory snecified by its mointer word, will not skip and in the foruer

case the sixbit word will e zeroed.
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£.58.2 The  .GuTLCC UU0O

JOVE AC, [ARSLOC, ,DATLOC]

CALL: GETLOC AC,
;return
DATLOC: 0 scontents of ABSLOC stored nere

This systeam call simply transfers the contents of the absolute
location poiﬁted to by the left half of the specfied accumulator to
the user’s relative location pointed to by the right half. If the
right half voints beyond the user$ memory bound ne will receive an

~illeral instruction interrupt [Sec 4.2].

CALL: RSYSI AC,
: sreturn

This sytem call reads into the specified accumulator the sixbit
rerresentation of the second file name of the symbolic file that was

assembled to rroduce the running version of ITS.
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.54 The JEVAL UTO

ACVE AC, [SQUGZT sya)
CALL: LZVAL AC,

serror return

synormal return

The .EVAL system call allows a user to easily look up symbols in
aish core IDT's table of system sympols. 1rne squoze code [Ref 3]
for the symbol should be but in the accurulator specified. If tne
synbol is not found, tne call will return without skipping. If it is
found its value will be placed in the specified accumulator and the

call will skip on returning.
G.7 The Cne Proceed Featurs

The Project MAC Al Group PDP-8 has been modified so tnat taere
exists_a mode in which it executes oﬁe instruction and then traps.
This mode is properly stored when an interrupt occurs and is restored
by JRST 2, [Ref 1]. For users it causes 2 class one interrupt and is
exﬁectéd to be used by superior (such as DDT [Sec 7]) procedures by

JUSET ing [Se

(@]

£.2.3) the Z.S bit of their inferior’s program counter

vord. There is coding in ITS such tast all system calls will appear

to be single instructions usins this mods. Wnile in tails wmode a usar

-

interrurt may be serviced =nd the users status, includine this sods,
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will be restored by a normal .ul34153 [Sec 4.c.2].

£.2 {iscellansous

HOVE AC, [TIME
CALL: .SLEEP AC,
sreturn eventually

This system call zllows & procedure to stop running, while
rezaining interrupteble, by either specifying a length of time to
remain qq%scent or a particular time to weie up. If the specified
accumulator contains a positive number it is considered the lenzth 6f
tiae, in thirtieths of a second, that the procedure wishes 10 sleep.
If the specified accumulator contains = negative number then the
procedure will sleep until the magnitude or system time (as read by
.RDTL:& [Sec 6.3.1]) is greater than the magnituds of this negative
nuibér. When a .SLEEP returns, the accumulator specified will bve
zero, but if a rrogram is interrupted out of either type of .SLukP
tae accumulator will be seen to contain tae aprropriatie negative

number.
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£.8.2 The .GENSY4 (U0

CALL: LGLRSYd AC,
sreturn

This system call returns in the specified accumulator a valid
sixbit file-name-like symbol that will be unigue among those returned

by GEUSYH’s for a particular system run.
£.8.3 The ,ICTLSR UUO

MOVSI AC,400000 j;or O to release
CALL: <IOTLSR AC,
;return

Procedures run by ITS in IOT~user mode may execute hardware
input-ouiput instructions which would otherwise bg ineffective and
trap to the monitor. ‘This system call sets the 10T~user status of tae
rrocedure executing it from the sizn bit of the specified
accumulator. If this bit is a one the procedure will attempt to
enter ICT-user mode. If it is not currently in IOT—user mode'it will
enter it and a message will be output by the system job [Sec 8.5]-
unless the proceduie is in a disowned tree in which case it will
receive an illesal iastruction interrupt [Sec 4.,2). If thais bit is a

zero, the rroceaurs will not te in I0I-user moie after tae .I0TLSK.

e
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S.8.4 The .SEILOC and JIrSLT JUO’s

HCVE AC,{bArLCe, ,ABSLOC]

CALL: <SETLOC AC,
jreturn

DATLOC: e ;data frox here written in ApoLOC

The .SETLOC system call treats the specified accumulator as two
half word pointers.. It takes the contents of the relative user
location pointed to by the left half and places it in the absolute
location pointed to by the right half and causes the system job to
output an appropriate message [Sec 6.5) unlass the procedure
executing it is in a disownea tree in wpicn case the procedure will

receive an illegal instruction interrupt [Sec 4.z2].

HOVE AC, [DATBLL, , ABSLOC]
CALL: J1¥SEY AT,
' $Eerror return
ynormal return

DATBIK: TESTWD ;lested against c(ABSLGC)

SETHRD E ;set into A5S5L0C if test succeeds

The .IrSsT systism call is very similar to

SETLOC.  The left half of its accumulator,

nowever, voints to a two word tlock. It fir

wn
s
«
O
o]
3
tg
]
(¢
w
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location. It they are not ejual, it returns imuediatzly
without skivping. If they are equal, it vroceeds as for
.SETLOC but sets from the second wori of the block
and% s:xips on returning.

Going to the extra effort to use .IFSET is auch
sater if you think there is some chance that the absolute

location you are setting may bte moved by tne core

allocator,.

A0VSI 4C,400000 j;or O to relesase
CALL: JMASTER AC,

serror raturn

snormal return

ITS hes aAspecial feature wherevy one procedure can receive
rreferential treatment. It will oe schedulad [Sec 4£.4] aith twice
the priority of'a normal nrocedure (ruanining in comvetion witn a
secéhd running Jjob, it would reech an equilibriuz where it was using

twice as much machine time) ana is

(€]

iv

>

L Tr nce in ths use of tac

[§1]

Icr

(44

DEC 340 display [3ec 3.4.1].

To request this status a2 vrocedurs should sxecuiz = JAASTER wita

the 2.9 bit of the speciriesi zccumulator 2 ons. It will succeed, an

ct

ae fazility ssizzq or if

the JHMASIZ2 will skip, if no procedure nas
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the procedure sxecuiins the Masi-f nés control Moec Zecolal] of
teletype TOU (the ‘main console’ in rront of the 540 display). 1f
the later case, the racility may be removed from znoinsr procedure
having it. A failing .MASIEx returas without skinpinsg,

The facility may be rereased oy executing & .:45ToH witn the
srecit'ied accuaulator naviag tit 4.9 zero. This always s<ips even if

the procedure does not nave the facility to r._ease.
6.8.6 The REDEF UUO

{OVEI AC,SYHBLK
CALL: .REDEF AC,

yerror return

snormal return

SYuBIK: SQUOZE 3ITS,sym
VALUE

This system call allows the user to define, redefine, and delete
system symbols from hiéh core IDT’s symbol table. It is illegal for
a rrocedure in a disowned procedure tree. The accumulator spécified
by it should contain a pointer to = two word block. The first word
in this block should be the "squoze” code [Eef 3] for the symboi to
be éffected. The secbnd #ord is the new velue for a define (the
syabol is not currently in the table) or redefine (tus syzuol

currently is in the table). 4 d=lste request is indicated by havin

ig
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all feour squoze flag bits (ZITS in tae above illustration) on. The
call sxips if successful. It can feil only on an attempt to dsfine a

new symbol wiien there is no more room above the tige snarine systen.
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7. DT

See also section 7.23.1.
7.1 Introduction

DDT is a zeneral purpose macnine language debugging program that
has been extensively modified to act as a supervisory procedure in
ITS. It is automaticélly loaded by ITS [Sec 1.1.1] when a user
informs ITS of his vresence at an idle teleiype. All further
requests of the sysism by the user, until he logs out, are bty means
of trapping instructions [Sec 1.2] executed for the user, possibly as
a2 result of characters he types in, by IDT or procedures inferior
[Sec 5.1] to and under the control of DDT. The current binary of DDT
exists as the file "® HACTRE" on device SYS [Sec 8.1.3]. For
historic reasons, a top level DDT is known as & HACTRN (pronounced
hack—ﬁran).,

The initial command structure of IIT provided single cheracter
debugging commands of limited znemonicity. This structure was bedly
strained ty the introduction of timeésharing related commands. Tnen
a new set of multi-letter commands was introduced. This set was
expanded with the thousht of rroviding all the zost frequenily used
commands that did not relate to machine languass debugeing. Since a

teginning or iransient user might wish 1o use cnly tnese mnesonic



cozmands, 2 mode switch was =zdded to IDT. There is & wonitor moae

in which only the aulti-letter commands are available cesides a few

.
T

interrunt level cotmnands tnat are uneffected vy mode. In ILT mode
all of the sinfle charzacter debussine commands ere also availavle.

Section 7.2 telow =«ives more infermation on monitor mode and
Jescribes almost all moniter mode commands. OSection 7.5 describes
the few interrurt mode commands in ZACTRN and section 7.4 explains
how DDT tells the user about error conditions. ihe information in
these three sections should bte more than ernough 1o snable extensive
use of ITS, rarticularly the conversational end interpretive rrograas
available under it (such as TECO, LISP and STRING).

The remaining section (7.5) gives information on finaing out
about DDT mode commands. These would be importaﬁt to someone

develoring a machine language rrogram.
7.1.1 When DIT Starts

When é new copy of ZDT is started, it types out Certain useful
information. If outnut is to a GE TDatanet 7460 console, it first
clears the screen. Then it types out "DDT.xxx. where xii is the
version number of the IIT so taal wugs can be correctly matched to
version. Then, if ITS is ig the system going Cown mode [Sec 3.o.2),
a message indicating its remainine 1ife svan is output. rinelly, ir

e file named SYSTEHM HAIL 1is found on uevice 3YS [sec Z.l.o), it is
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tvped out.
7.2 Yonitor Mode Commands

“hen in monitor mode [Sec 7.1], IDT indicates its readfness to
accept a command by typing out a ":'. At this point the user can
tyve a series of letters followed by & treax character (norumally

space or carriage return). IDT looks up this symbol (or its first

u?

ix letters if longer) in a table of monitor mode commands. A user
may also type a comment that will be ignored by IDT in or before this
string by beginning and ending it with an "7$" (alt.-mode). o 7S"s
may be smbedded in the comment. If the symbol is found, conirol is
transferred to a routine associated with it whicﬁ may perform
immediate actions or wait for more inforaation to ve typed by tue
user. At any time during the typing of 2 command, tane user can abvort
and start over by typing a rubout.

If the string (say “11117) after the ":" is not found in LDT's
command table, it looks for a file called TS 1111" on device SYS
[Sec 3.1.3]. If not found an error comment [Sec 7.4] to that effec
is oﬁtput. If found, an inferior rrocedure is created, this file
loaded into the inferior core image, and it is then started.  The

effect is as though the followines [Sec 7.2] wers typed

-
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:JOB 1111
+LOAD SYS: T5 1111

$START

excent that svmbols for the nrosgram are not loaded into LuT from tue
file and the normal effects of :LOAD on tne current file and device

nanes in DDT is absent.
7.2.1 Logging In and Out
:LCGIF uname

. . N " 1] . .
This command takes as its arsgument the uname tnat the user

wisnes to log in with [Sec 5.2]. A 2?7 will te typed out and the

conmmand will be ineffective if someone is already logeged in with that .

name. For ease in accessing his disiz files, a user should use a
consistent UNAME.

At the time the user logs in, IDT looks for a file nazaed ' unexze
MAIL" on device CCM [Sec 3.1.3]. If not found, no zction is tareu by
IIT. 1If fournd, DDT tyres it out, deletes the file "uname OMaIL”, if

i

3 2 A "_ E4 " o "
any, on device CO¥, and renames the wuname [AIL file as unane

This cexzmend sxopunces =11 of the usar’s rrocedurss fron tle

(2]

cr

. - . s 1 o ’ M Naliseo R il B 4 T o P | .
zvstem irnclvdineg thz aser’s fACTRN [S=c <.ij. The telstyiz the u

Sapa



I75 1.5 Deferznce "anual cant 103

wes typing on will tecomes freoe end ¢ messaze to taat effect will tbe

tyred out on it by the systew job (Sec 6.5]. IDT also deletes the
2] ve v - . N v . . 11 L L

file uname CHMAIL on device COM at this time (where uname is tne

name the user logcged in as).
7.2.2 Inter User Communication

:¥AIL uname string...AC

This command takes as its Iirst arsument the user uaze of
someone wﬁo uses ITS and as its second aregument a string terminated
bv 2 "C". The command rrefixes the string to the file "uname HAIL"
on device COM [Sec 3.1.3] if such a file exists. If no such file
exists, omne is created with the string as its contents. This file is
vresented to the specified user when ne logs in [Sec 7.2.1J. The

user can rubout individual characters while typing the string or

cancel the command by typing enocugih rubouts.

1204 strine... C
This command is intended for use in reporting tugs in systeas

0

scftware. It is identical to " :MAIL 5YS string... C".

¢SEXD unams string...AC

This command taxes arsuamsats like :MAIL abovs tul attesinls to
send the messzr2 sirins suvvlied to the user specifisd in & dirsct
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manner so that, if he is lozeed in, nis TACTRY will tyre the sirins
out on his console. TIf ke is not logeed in, IDT will tyre out

1]

"(MAIL) =and rerform the actions speciflied under :+AIL ztove,

+GAG nunber

‘'his command =nables & user to rag messages that other users may
atteant to send to him with :SEND (above). It tazfes a nurmeric

arsument that is bit decoded as ver the table below.

Tit Source

1.1 Other user’s inferiors.
1.2 Other user’s EACTRN s.
1.3 ‘Your inferiors. :
1.4 Your EACTRN (yourself).

If a2 tit is on it inhibits messages from the source listed. 1f off,
nessages are not inhibited. The initial state is :GAG 1.

The current implementation gives one no way to tell if a message
sent was gaé%d by the intended receiver.

A .

7.2.,3 Inferior Procedures

:JOB {jname}

This command may bve followed Ty an optional jobu name |[Sec 5.1].
If there is an inferior nrocedurs with this JMadE it will be selected

"

vy TACTRY as its current ioT (possicly

m

tlzcning & disowned tres
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[Sec 5.1.2]). #any commands in ZDU atrect tne curreat job only as
tnis changes infrequently and one would not want to respecify it wita
each command. If there is no inferior with the specified name, one
will be creatsd [Sec &.1.1] 2and selected as the current job.

The Jjob names 5Y5 =21d PDP10 are special. The first allows tns
user limited access to absolute core. The second allows full access
to the core image of the PDP-10 [Sec 3.4.2.1] to one user.

If no argument is supplied to :J0: it attempts to select some
job different from the current one and type out ~jname3J” to inform
the user it has selected job " jname . If there is no current or
otiher job, nothing is typed out. If the current job is the only
inferior of ZACTRM it will be reselected. If other inferiors exist
one-is selected in such a way that all»inferiors are cycled throuzgh

ty successive :J0z's with no arsgument.

:XILL

This command obliterates [Sec £.2.1] the current job and all its
inferiors if»it is an immediate inferior. If not an imzediate
inferior the variable space for it in HACTRE is reclaimed and logical
pointers ﬁo it oblitesrated. In either case 2 :J0b with no arsuzment
is then simulated to minimize the time during whicn taere is no

current Jjot.
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-

This command lists all of tne ianferiors of whicn AACTRN is

n

aware. An ¥ 1is vprinted hefore tne current job, if any. 4Afler each

job will be a character indicatineg its state as follows:

Character Status
Just created or loaded.
funning.
Procedable from random interrupt.
n Procedable rrom treaknoint n [Sec 7.5].
Interrupt/message to zACTRk pending.

EES SN VIR I |

After this letter is the user index of the procedure (see section

8.2, mode X). An exaaple of :LISTJ output eppears in Appendix G.

:DISCWH
This command disowns [Sec 5.2.2] tne current job, dsselecting
it, expunging all information about it in HACTRA,and simulating a

:JO3 with no argument.

:LOAT {file specification}

This command attempts to load a file into the current job.
EACTRY has a current device, system name [Sec Z.Z.&J, end pair of
file names waich it will use if nothinz is specified after a command
taking a file arzumeat. Inis curreant file is initially davice D51,

i [

file name @ BIW', and the system name the user logged in as [Sec

7.2.1). Various fields can apvear in tie

by

ile srecification



"ITS 1.5 Reterence .anual race 121

This command lists all of the‘inferiors 01 whicn HACTRI is

aware. An ¥ is vrinted hefore tine current Job, if any. After each

Job will be a character indicating its state as follows:

Character Status
Just created or loaded.

2 funning,
p Procedable from random interrupt. _
Bn Procedable rrom treakpoint n [Sec 7.5].

Interrupt/message to nACTRN pending.

After this letter is the user index of tue rrocedure (see section

8.2, mode ). An exaaple of :LISTJ output eppears in Appendix G.

:TISCWN
This command disowns [Sec 5.2.2] tne current job, dsselecting
it, exounging =211 information about it in HACTRN,and simulating a

¢JOB with no arguament.

:LOAU {file specification}

This command attempté to load a file into the current Job.
EACTRY has a current device, system name [Sec z.z.sj, and pair of
file names which it will use if nothinz is specified after a comzand
taking é file argumén + <ihis current filé is initially desvice DSK,
file name "€ 211", and the system rame the user lozsed in as [Sec

7.2.1). Various fisldis can aprpear in the file specification
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iistinguished oy their terminating charactsr. & dev:  fi=ld setls
the device to “dev'. An ”sname;" set1s tne system naws 10 “sname’. &
fisld terminatéd by a space or carriage retura (tue later indicaling
the end of the file specification) is treated difrerently depeadinz
on how many of this type of field have been seen. 1he first, if any,
such becomes the first file name. The second, if any, pecomes the
second file name. A third, if supplied, becomes the device nare (as

if followed by a ~:") and indicates the end of the file-

specification.

:DUsP {file specification}
ihis command dumps the current job as a file optionally

speciried as in :LCAD apove.

:SIrART {number}

This commend starts tne current job, 2iving it control of tne
user’s console [Sec 3.2.1.1J). 1If no argument is supplied it is
started at the last place it waé started witn a :SiART. 1If not
:SIARTed betore then at the assemtled in stariing aadress that was
read in a2s the progran was ldaded. If no starting address was
supplied & "7 is typed out.

If a nuzeric sreument is supnliea, the job is started at tnhe
specified address waicn is stored away for futurs :START s witnout

arsunent.
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:CONLIN UL}
‘his restarts the current job if it is stopped and sives it
control ot the user’s console., It can us used to continus aftsr

e el

returning to -ACT=n with 2 Z" [Sec 1.1.2].

- ¢PROCED
This commaad restarts the current job if it is stopped put

leaves HACTRW in control of tae user§ console. Using this command

the user can easily cet several inferiors running at the same times.
7.2.4 riies and Input-Output

:PRIST {file specification}
This command treats a file as ASCII characters and prints it
out. It accepts an optional file specification as described urnder

:L0AD [Sec 7.2.3) above.

:DELETE {file specification}

This command deletes [Sec 2.4] a fils. It tazes an optional

file specitication as descrioed under :iuaD L5sc 7.2.3] atove.

:LI57F {device name}

This command lists the filss on LAC 2N s current ievice or tne
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device specified 2s an arsumest (Sec £.2.1].

¢ ¥LAP numnber
This command must be iollowad by the numbsr of a DEU tapz drive.
It causes the tape on the specified drive to bLe physically demountad

and its directory to te excised from ITS |[Sec 3.1.2.1].

:LIHK {file name pair} sname; fnaml fnam2

This command creates a2 link [Sec Z.1.1.1] under HACTRN’s curreat
system name to the file 'tnamel fnamz ' under system name “sname' .
The link’s file name is also “fnaml fnam?™' unless the optional file

nan2s shown apove are supplied.
7.2.5 The “Control-p’’ reature

DT has a feature whica is designed to reducs the need to
reveatedly type the same or very similar file names at different
systems progrems. Tor aistoric reasons this is callsd a “Control-p™
feature. This feature is implemented usinz 2 block cf four locations
in uoT. These z2re devositea 1n the cors image of a newly loeded
inferior by the execution ot certain LUL moae [5ec 7.2] commends ani
certain of the commanas»explalned pelow. Thne locations s2t in an

inferior and their sisniricance are as Tollows:
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Location Sicairicance

50 first file name,

51 Yew second rile nane.

52 Current seconi file naame.
53 0ld second #ile name.

:CR

This command reads in a file naame as for :LOAD [Sec 7.2.3). It
puts the first file name read in the DDT word to be derosited in
location 0. It puts the second file name in the IDT word to be
deposited in location 52 and the second file name incremented in the
word to be deposited in location 51. It clears tue word to be
depcsited in 83 and finally loads, deposits in 50 throush 53, and
starts a copy of TECO, the znormal ITS editing program, as for a :TkECO

[Sec 7.2] except for the depositinein 50 through 53.

tEiD

This commend increments the file name‘in the location to be put
in 51 and then puts the increménted file name back afier moviug what
was there into the location to be put in 52 and similarly moving that
word into the location to bte put in 53. It then loads, deposits in,

and starts a copy of TECC, the normal ITS editor, as for a :TECO [Sec

7.2] except for the devositignsin 50 through 53.

his command sianrly reads a file nage and &

O

es ihe sasze taing
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with it as :CR (described avove) except it does not load or start a

TECO.
7.2.6 Mlscellaneous

:?

This command lists all important monitor node commands with a

short explanation of each. An example is shown in Appendix G.

:DDT

This command switches HACTRN to DDT mode [Sec 7.1].

$0K

This cozzand switches HACTRN to monitor mode [3ec 7.1].

:XFILE {file specification}
This command reads the file, optionally specified as for :LOAD
[Sec 7.2.3] zbove, and, treating it as ASCII, executes it as HACTRE

commands.

:SYHLOD {file srecification}
sostly useful in conjunction with DDT mode [Sec 7.2] comzands,

this command loads symbols only ror the current job. It takes an

ortional fils specification 2s for :LCAD [Sec T.2.2) above.
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¢ERR
sostly useful in conjusction with IDT mode [Sec 7.&] commands,

this command interprets the last quantity typed out bty HACTRN as a

7.3 Interrunt Level end Context Iree Commands

There are six single character commands to ZACTRN that are

interpreted a2t its interrupt level or at its top level in a manner

foy

ndependent of and not affecting the context in which they occur.
They are presented in alphabetic order below. Two provide tihe user
with the ability to "silence” any varticuler output of nis ZACTRE and
abort it from a hung state. The remaining four control where‘

HACTRY s output =oes.

Character Effect

“B Attempts to seize the line orinter [Sec 3.2.2]. If
successful, causes LACTRN outout to be printad.

“F Releases the line printer [Sec 3.2.2] and stops EACTRN
cutvut from being printed.

-~
~

G Interpreted at the the interrupt level, this command
causes HACTRN to abort from whatever it is doing, type out QUIT?"
and wait for new commands. This command should only be used when
necessary (ie HACTRN seems to bte rermanently hung ur) as tnere is
almest no rrotection from interrupting out of exmbarrasing rtlaces
where veriables are out of rhase, etc. &1l buffered type in and out
is 21s0 reset [Sec 2.7.2].

’
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-~

5 This charct=r is intervreted at tota interrupt and top
level. It inhibits uLACTRI output, alsc doiuc a type out reset [Sec
2.7.2], vetween tnese two intervretations. Thus 5 is a udch less
irastic stev than G (zbove) to bte used waen thne only trouble is
that FACTRY is teire somewhat lone winded. It re—enables outpul waen
EACTRY eets ar7und to it at the tor level.

~

v I'nis command causes 1ACIHEN outrut to be typed. It is
the initial state.

~

W This command stops LACTHK output from being typed.

7.4 Lrror Comments

ODT used to have two error comments, U aud "?". Tae first of
these is typed out when an undefined symbol is evaluated, uasually
when it is terminated by 2 non-symbtol-constituent. The second was
tvped out for all other errors. It has been significantly augmented.

Irrors in attempting to open, rename, or delete = file are

o

indicated bv the comment vroduced bty the ERR device (Sac Zed. 4]
followed by the symbolic neme of the levice and 2 question mark. In
the case of an input-outrut error interrupt from an .IOT or .0PiR, &
snrecial check isAmade to see if the error is device full on the
inrut—outvut channel on which dumrs are written. If s0, lhe partial
iumr is deleted z2nd zn arrropriats message outlput. Clnerwise, tne

following error zomment is outnut.

wiere n is the srror ruzver, w the i_put—outpul channel on «nlcu
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it occured, and = the location of the offerdins .IUT or .CPEn. ror

other errors iudicated by interrunts the followins is cutput:
where n is a number with the interrurt bits on and o is tae
location interrupted from.

Cther error comment listed in the following table:

Cutput seaning

LY Interrupt from unknown inferior.
T™JI? Attempt to have too many inferiors.
CXsS? Checksum error on load.
ECF? Unexvnected end-of-file on read.
CFT? Unable to assign console to inferior.
CCR? Can’t get more core.
<CR? o current job.
. UUF? JEC tape unflappable.

- LS¥? Disown failed.

THGY Too many undefined symbols.

ILUUC? 1Illegal UUO executed in DDT.
LOGIM? TYou are not logeed in.

7.5 DT tlode Commands

sdonitor mode commands may 21so te used in DT mode. It is
. . N . . [T 1) - R
sinply necessary for the user to type the initisl . ror furtner
~

information on IDT zode coamanis, references 2 7, end 3 of this azzo

are recomzended. 11so one xicnt try nest vear’s zditior of this
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PEEX 15 ¢ utility rrorram overatinzs under ITS. It enables &
user 1o nmonitor a variety of asrects of the time sharin- system by
providing reriodically updated display output or periodic character
string output to teletype or line rrinter. Commands to PELK are
sinele letters sometimes precgeded ty zumeric arsuments. When

T

initially started, PEEK is in I, or normal, =zode [Sec £.2]. If the
user is on 2 GE console [Sec 3,2.1] PEEX will initially start
outputing bv tyning (which, on =z GE console, is effectively
displayving). If the user is on a teletyps, PEEX will try to seize
the 340 disvlay [Sec 2.4.7 end eitner display on tae 340 or type its
output devending on whether it succéeds'or Tails, respectively. Tais
méy be disconceértine if vou are 2t a teletype not in view of the 340
because it will appear that tne PEEX is iust sitting there. VThis can
be rectified with the "W command [Sec 3.3).

The first line of 211 rmages output by PELx is as follows:

-4
-3
w

¥xx  Poek  yyy nm/dd/yy - ahimmiss

where xxx is the version rumter of the systen in use {Sec £.5.%], yvy
is the version rnumbar of the PEEX in uss (so tuss can te Laticned to



'
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exact version), snd 72/4d/vy is ths izte ond himmiss the tiae
according to ITS [Sec F.3.2, S.3.3]. If 2ny core or iisk varity
errors have occured durin~ the current svstem run, = czecond line is
disvlaved listing the number of each. Tne last line of =ll pag=s
disrlaved on the 340 by TEEL is a list of mode commarnds which can bz
ziven by lieht-vennins [Sec 3.4.1.2] theam with effects identical to
typing them.

£11 characters typed at PEEX zare interpreted at-its interrunt
level and have effect, if any, immediately. Characters that are not
comnands, dieits, or ~Z are completely ignored. UTDisits zre
accuzulated as an octal number until a nor—-digit is typsd at which
tize the accumulated number is made available (if the non-digit is a
command taking a numeric,argument) and reset.

Tne amount of memory occupied by PEEX varies with mode tut the

rresent minirun is three memory blocks (a total of 3000 words).

R.2 slodes Available

The particular subset of the time sharins system’s status being
outrut by PEEX is controlled by its moda. Initially‘PEﬁﬁ is in =
10de but it may be chansced to any of those listed below by typinz tue
letter indicated or lisht renning loec 5.4.1.2] it if PE:K is

displaving on the 240, Unless otherwise specified ths output

reretition rate for these modes is the standerd rats initially set to
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% seconds 1elay alter end of page output cefore startine on the next

urdate. This 1s variavle by tae user with the I command [3ec 8.4.

T This mode outputs systenm supplied directories [Sec
2.2.1] for tne disx device [Sec 2.1.1). 1Ihe directory output will
list only those files for the system name 4{Sec 2.2.3] of the Phki.
If the PEEK is runnins as an inferior of LuT [Sec 7], tais system
name nay be easily chaneged by a IDT command. If outrut is to the
240 display, the user directory is vrecéeded by a list of extant user
directories which may be individually lisht vpenned to change PLEi’s
system names and select a different directory to display.

This mode lists the sixtit symbols recognized bty .GuTSYS
J in the system in use. Output is updated after a ten
o R

G
[Sec 3.6.1
second del

e}

i Cnly avallable with the 340 distlay, this mode outputs a
rgreph of nemory with different memory users [Sec 4.3] on different
vertical levels and location represented by horizontal coordinate.

-

I The symoolic aevices implemented in the system in use
[App A, E] zre listed by this mode. Cutput is updated after a ten
second aelay.

i This mode is somewhat reminiscent of & mode. It lists
all memory users and the amount of memory they are using in
decreasing order. An ¥ is also output vy stopped jobs as are tne
characters for special resources being used by any Jjob (see table
below).

3 Ihis is the most frequently used mode of PERk. It tries
to give a snapshot ot the status of sll user jobs in- tne system.
Tifferent amounts of information are displayed depending on the
varticular output device in use, but in all cases the following
additional information is output:

(1) Above the list of wuser Jobs, the auamber of fres
bloczs (each 2000 words) of memory (izdrR), tae number of arzas taat
are ellocated for user veariatle (App J] (USA=I), and tn2 nuaber of
user rrograms that were runznable last schedqule time (RHAELU) ,

(2) Zelow the list of user jobs, tae number of Llocss of
memory occuvied by usar vorozgrans (USR «&i) (tas suz of this Tisgure
and ¥u«FR 1is not comstant due to dvaznic IO tuffers), ths total

vercentage of machine time teins usei oy the listed rrozrzms (USSR
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" 1Id) (less than one nundrea aue to scneduling and otner overread),
the amount ot tilme inal tiae running sysiem nas o2en up (o1lsin), aud
the total amount of machine time usea by users taal aave logged out
(LOUTIH).

Setween the two seis or inforaation uescritbea aoove,
there is one line of information for each procedure in the systex
tooped by a title line whica provides a neadine for each column of
intormation. The first item on the line for any partizular procedure
will be the user index ot the procedure, a number that uniauely
refers to it (see mode V). The second item will be eitaer the Uikse
for ton level procedures and tne JNAiz for inferiors or the UlAuiki,
JWANE, end SMAIE for each vrocedure dependinz on the line width of
the output device. This second item also portirays the existant
procedure tree structure in that each q&jcedure not at the top level
is an interior of the nesarsst procedurs above it whose name is not
indented as far.

Other items include an exponential approximation to tne
percantaze of machine time the procedure nas been receiv;ng,"the
number of core blocks it is occupying, a column labeled 'TTY that
has a T concatenatsd with the console number opposite procegure§
controlling a console, various letters immediately aftsr the “TiY
columnn for systsm resources cgntrolea oy - the procedure (see tae tatls
below), and 2 column labeled STATUS'. The charactsr string opposite
a vrocedure in;tae STATUS column snould be interpreted as follows:
(1) a leading "*" iniicates that tne procedure is processins &
sof'tware interrunt [Sec <.c], (2) RUNM indicates that tae program is
running in user mode, (&) a pair of numbers separated by an !
indicates that the procedure is stopped, (4) most other strings
represent a systesm call (with 5 used for the very common .SLEEP call)
or inrvut-—output device and type of transfer; (44) if precgeded by a

+ the procedure is running in executive mode parforming the call or
input—output; (4E) it not it is hung on the call or input-output,

T The contents ot the system translation table [sec 2.2.2]
is output. '
U This mode displays the status of thne DEC tape drives

[Sec 3.1.2] aad of oven DEC tave filss. kor tne normal user, tns
most useful information per tave is the drivs number in tie leftuost
colunn and the IR variatle in the nsxt to the rigntmost (UTASS)
coluan, If the ZIX variable is minus one, Ii5 is not rataining a
directory for that drive and a tape mounted on it could bte removedi
zmarually, Otherwiss-it is the absolute location of ine directory.
“he ver oven file information includes tae names 0f the procedurs
using the file, its lirection, and the numbar of tuffers (200 worls
2ach) currently being used for the fiis LY the systz:i.
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i Ihis mode command caould ce procezzzl oy the user index
(see mode ¥ above) of some user. It Zisplays aany of nis user
variables [ADpp 2] ana the Vuaa el oword and statds 4ori ior sach of
his input-outmut channsis [Sec 2.1, z.%2]. Lt ocutrut is 1o ihe o40 or
line rmrinter, the conieats o1 tne selectet userk accumulztors are
also outnut.

X This moae outputs the digitalization of all tre
multiplexed analog to ilgital input channels [Sec 2.,3.,5) ani the
value being output on sacn of the nmultiplexed digital to analog
channels [Sec 3.3.z2].

Y This mode outputs system suprlied [Sec <.2.1)
directories for DEC tapes. It should be procesdad by a drive number,

? This mode outputs a list and brief explanation of PEIZ’s

comnands. An example of its use is included in apperdix G. Cutput
is updated after a ten second delay.

The following are the system resource letters used in modes N

and 4 atove:

C Indicates that the vrocedure is now or was the last to
use the core 2ilocator.

. D Indicates that the procedure has seized control of the
LZC 340 display.

i Indicates tu,t the procedure sas control of the COD
device.
I This letter can be present for more than one procedure.

It indicates that the procedure it appears with is iu  ICT-user' mode
[Sec 5.8.3].

L Indicates that the procedure has control of the line
vrinter.
A indicates that the procedure has scized tae .mhoToR [Sec

€.8.5] facility.
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Indicates that the procedure zazs contrel of tae plotter.

2t Indicates that the procedure has control of the paper
tape reader. '

T Indicates that the procedure has control of the paper
tape runch.

10 Indicates that the user has the PDP-10 core image open
on device USR [Sec 4.3.2.1].

[€B]

.& 10 Control

PEEX will output to only one device at a time. The initial
device is chosen as explained in section 8.1. All of the followiag
four commands for changins PEEX’s outrut device also cause PEEX to

immediately restart output for its current zode [Sec 8.2]:

~

tid

This switches output to the line printer if it is
available. If not available the output device will Lz unchanged.

~z This coamend will terminate PEEK output to the line
nrinter and cause it to cither type or display its output.

T This command terzinates c40 diplay output, starts typed
outnut, and sets a flag in PEEX that is clearzd caly by the ¥
command. This fleg inhibits PEEKX s attempts to scize the 340 as
described in section 3.1,

T PEEL will attempt to seize the 40 displzy for output on

I
receirt of this command. If it is ansuccesful, outrut will revert to
tyrinz, In any case the flag mentioned wider N above is cleared.
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8.4 Miscellaneous

The following are miscellaneous PEEX commands:

J3 If the PEEK is runnine under LDT [Sec 7], this command
will return control of the users console to DDT but leave PERL
running and, if the 240 display or line priater is selecipd
producing output. It uses .VALUE to return the string =P as a
coamand to DDT.

Q “If the PEEX is running under DDT [Sec 7], this coammand
will destroy the PEEK it is typed at and return control .of the users
console to DDT. It uses .VALUE to return the string '§ X. as a
comnmand to ILDT.

2 This command should be proceeded by a smell auwber. It
sets the standard uvdate delay to as many seconds [Sec 3.2].

! This command will probably go away when swapring is
aided to the system. Under normal circumstances it will cause ths
rrocedure tree in which is found the PEEX it is typed at to be
renlaced by a single newly loaded PEEX at the top level. This saves
mexnory if several peonle want to leave a PLEK at a single console
running for their joint enligntenment. 4 top level PEEx will comait
suicide if a 7 is typed at it.
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9. ILoCx
.1 Introduction

LOCK is a utility prograam orerating under ITS performine a
multitude of infrequently reguired tasks. Its name derives froa tue
fact that the function it was originally written for wzas to lock
and ‘unlock” teletymes (see the + 2nd — commands [Sec 9.2]). #ost of
L0CK's commands are sinele characters.

In contrest to PEEK [Sec §], which interprets commands at tne
irterrupt level, commands to LOCK are read at its main program level.
Thus commands will in general have no effect tefore previous comuwsnds
have teen completed. In fact, some commands cause & change in the
state of LOCK such that following letters are interpreted as
arguments.

LOCL occupies only one tvlock (2000 words) of memory sxcept after

the "7" command.
9.2 Jommands

-

The following are the current LOCX comzmands:



Is! command suould ve vroceeded by a Lelatyne nunber
[Sec Z.2.1]. The 1OCX will try to open tne svecified t=lstype as an
inmut—outrnut device. It will %e succesful only if the teletyre is

v
o

(5

not in use. If it is successful, the telstype will become imrervious
to "Z°s 50 no user can log in on it, LOCK will tyme out an
errrorriate messace on the now locked teletyve, and LOCL will type =
"5 to thae T”u{ user. If the LOCK fails in orenin. the teletype it

will tvpe an L" at ine TOCK user.

- This command should be nrocéeded by a teletype nuzber.
If 10CK has the specified teltype locked (see "+" above) it will
unlock it and type out an * . Otherwise it will tyre a ? .

_ This commend should be preceeded bty the octzl cole for o
charactsr. LOCL will type out the character represented in image mode
[Sec 2.2.1]. This is useful for determining the reaction of a console
to various codes.

G This command should be vreceded by the user index [Sec
2.2, see mode ] of the top rrocedure in & tree that the dser wishes
to obliterate. It =must be followed Ly the characters Ui, If tne
user deviates from this sequence, & "2 will be tyred and LOCa will
listen for new commani. IT uhe user a0es ot deviate tne system
job [Sec 5.5] forceably loas out [Sec 5.4] the tree zad types out a
message on the system jot teletyre

1D

I 4 series of magic characters uust be ty rved at & model 27
tzletyne to =llow its use iz full duplex, the mode assumed by most
rrograns orerating under ITS.  This command causes LOCi to type the
rauisite characters in izage mode [Sec 3.2.1].

ommand nust te inmediately followed Ty the

G above) and should te preced=d Ly = nuxmler.
} tivete the system zoing down fs:tur¢ [Sec 5.5.2] with a
e &;t of five or the number preceeding the command zinutes,
ichever is larcer.

,
5
i

en it receives this coamand, TOCK will permanently go
into = mode where characters typed 2t it zre schoed =s thers ASCIT
valuesin octal. To ultimately sscaps from QOC& in this zcde, the
user should use 2 rSac 1.1.2].

I If 10CKL is runnine wad
causes control of =z user$§ zonsols t
JALTE to return 2 null strine.

~ AN v A ~ T Lo ’
N If ZCCX is runnine under = 207 isec 7
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causes control of = usert console to revert to -i
to he destroved. Tote that this will unloci =11
locled (see '+ =tove) v the destroved SGCK a5
nrocedure closes all its channels. It uses VALIUL
string ":XILL".

S Mis commend commlements the rur status of thes systen
checking fea»ure 0f the svstem fob [ogc %.;.l]. It will type out tne
rasultant ctate =s =ither "START  or "STOP”.

m This command causes comrlex zni rnonterminatinc cyrations

tno rart of the LOCK it is typed at =znd the procedures ths LOCK
hlll create as & result of this command. Its purposs is to tast the
core allocator [Sec 4.3] and other components of tae ITS svstem. 1ts
casuval use is not recommended.

? This command causes LOCK 1o type out 2n up to dete list
of its commands with a brief explanation of cach. 4iu examrle appears
Aprendix G.
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A, Svstem Calls in umeric Order
(correct as of ITS version H¢8)

Yame
LI0T
LCPEE
.OP&R
JITYI
JLISTE
SLEE?
. SL T’J“'I S
LSETH2
LLOGIN
.CLOSE
.UCLOS
LATTY
DTTY
.102US
.ICPOP
.DCLCS
JD5w0P
SAVTIH
.RDSH

nTTY
SFUH

LUDISH
LGRTSY
.RD500
.GETLO
.SETLO
.DISOW
.RD780
. Wn'700
LGEESY
« LOGUU
LGSMAN
LiONAM
.UPISE
«AESET
JARMOV
S IMAR

+HRTIM
JASSIG
DESIG
LRTLHE

- bl
JDATE

tumber
Jul 040
U0 041
JUC 04z

.OPER

OPER

.OPER
.OPER
.OPIER
.OPER
.0?ER
OPER
.CPER
.OPLR
<OPRR
.OPER
.OPER
.OPEx
0PER
.OPER
.OPER
.OPER
.OPit
.OPER
+CPER
+OPZR
.OPER
.OP&R
.OPER
.OPER
+OPER
+ODER
+OPER
.OPER
.OPER
.OPER
+OPER
.OPxr
0PER

«OPER <

0PEx

.OPER

= =3O O I
= O

e e e
~ OO G 0

oo n
PO

D

TGN N D
NS0 O

o

%)
54
35

Z5

37
40
&2

-

45
45

section

o=
« * e o 3 e e 3
N3 o
. . e
o B b
oo

.
.
»
s

*e e e
e e o
Ll e = Sy Sy e

¢ e e o
o e
IS

.
[ =Y
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e e * o e ® »
® e & o o ° e o

e 3T Rd e
.
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JAU710
LRBUKC

LIOTLS
LBSYSI
L3UPSE
JUsLAL
JI0PDL
LIIYIC
LTMASTE
JVSTST
LDUIAL

JDIALW

JHALGU
~ DIETI
»SHUTD
LARMOY
LDIS
LFZED
JEVAL
REUZE
LIISET
LUT: A
LOIWIY
.CALL
JLUISHI
.TRA'S
«THARA
.VALUE
JUTIHAR
.CORE
JTRAYD
.DSTAR
JFDELE
.DSTRT
.SUSET

.LT?PE!

+VSCAN
LPCUSK
IR
JEREAL
LSTALU
LAUCES

LOPEA
P
.OPER
LOFER
LOPLR
SOP
.OPER
LOPZR
L.Oren
.OPER
O0PER
.OPER
LOPLR
LOPER
.0PxR
.OPLR
.OPER
LOPZR
.0PaR
.OPER
.0PER
.0PZR
.OPER

sHanual

&'
Ly
cl
o¢
%)
50
Oy
<0
ol
02
o0
c4
G
6
67
70
71
72
73
74
75
76
77

JUo 043

LCALL
.CALL
.CiLL
.CALL
.CALL
LCALL
CALL

.CALL

.CALL
.CALL
.CALL
LCALL
.CALL
.CALL

10 Qs I DO =

10,
11,
1e,
13,
14,
1o,
16, .

Ul 044
Ut 045
Jul. 040
Cuo 047

CESTGEGEN

Zelal
TeBed

.- ”
Telled
D. -

2z i
“ele o
LoD

~

Lol
DelDe

Z

A . .
\yl‘ L] -

e o
o o
e o

L] L)
¢« o
.

.
.
.

O PP NG WR

NI C OO N RO IO O0C

NN O RPN OEGC

.
L]

e e e o o
e o o .
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O i

NOOE RO OO, G

. * L]
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3
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Aprendix
1, svsten Calls in Alpnavetic Order
(correct as of I15 version L2a)

ot

-
DR PP PRPRPNODNEPE RPN REE RN R NN e
3 C
NN WK (=4

O]

Yane nunbver
JACCRS  UUC u4v
JARMCE JOPER 70
JARMOV  JOPER 40
JASSIG  .0PER 43
LATTY LOPER 11
LBREAK  UUD 0U4L
.CALL Juo 043
LCLOSE LOPER 7
.CORE LCALL &,
LDCLOS  LOPER 1o
DBE5IG  JOPER 44
LDIAL .OPER 33
JDIALW .0OPki 54
LJIKTI  JOPED ©6
.2IS4I  JCALL 1,
LDISOW  LOPER <Y
.DSTAR LCaLL 10,
.D0S570P  ,0PxR 10
LISTRT  LCALL 1z,
LDTTY L0PER 1<
LEDKC .OPER 50
JEVAL LOPER 75
LJFDELE .CALL 11,
JHERD L0PER 72
LGunSY  JOPER 3
LGLTLO  JCPEX 2O
LGEISY  JOPER 29
JaSMNAM LOPLH Y4
LGUN OPrr <1
LHANGU  JOPER 55
LI¥SET JOPER 75
.ICPLL  .OPER Y
.I0POP .CPER 14
LI1UPUS  JOPEx 16
. .07 uun 040

.
.

" e

.

* o
[ N

.
.

.

L]

.
el el S

s e o
e e

.
[S.Y

[T SN AC I R N

CHARARMNWONWWOLIWOEPR MU G D = VRGN

(i
L]

PN N OO0 RN CONWNODBRCGNEE P NNNONNNERED G NG ER NI O0

e hi e
(63

. * o
e o o o
el A

.IOTLS .OPzZR 351 .
JIUTI LOPER 1

o 3

LTI JOPER Su
JLISIs  JOPER Z
JLOGIN  LOPER ©
JLOGCS  L0OPZ2 35

= O E

.
N

OGN G; e
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JLTPES  .CALL 1s,
LHADTH  LOPKt 1
IS LOPER 71
0Pzt UUC 041
.OPER  UUO 042
.POTSE .CALL 13,
.RDSUU  .OPER c4
.RD710 .OPER 47
.RD760 .OPER 30
.RDATE .OPER 46
.RDSW  .CPER 20
.EDTIM .OPER 17
.REDEF .OPER 74
- .RESET .OPER 37
.ARTIM .OPER 42
" .RSYSI .OPER 52
.RTIHE .CPER 45
.SETLO .OPER 26
.SETH2 .OPER 5
.SETHS .OPER 4
.SHUTD .OPER &7
.SLEEP .COPER 3
.STATU UUO 046
.SUPSE .OPER E£3
.SUSET .CALL 13,
.TRAA LCALL 3,
.TRAND .CALL 7,
JTRAS .CALL 2,
.UBLAT .OPER 56
.UCLOS .CPER 10
JUDISM .CPER 22
JUINIT .CPER 77
.UPISE .CPER 36
JUSET  TUO 044
JUTN&Y  ,OPER 76
JUTRAN .CALL 5,
JVALUE .CALL <,
.VSCAN ,CALL 15,
WVSTST .OPER c2
JWMAR  LOPER 41
JWR780 .OPER Z1
JWSYAY  LOPER 35

Pase 100
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Arpendix

C. ivailable Symbolic Levices iun Alphabetic Order

(correct as of ITS version £2%)
Tevice Type section
CL 5 Cedad
CLI 3 Ceied
CLO 7 3.4.3
CLU 7 2.4.3
CoD o) 328
CC# ird Seled
DIS 2 S.4.1
DKn 7 Z.1.1
DSK 7 3.1.1
ERR 4 Bedd
ITS 2 Je4.1
IMX 4 3.3.3
LPT 2 Be2el
UL 6 Jed.6
¥VD 8 3e3.1
M 2 3e3.2
PLT 2 2.2.3
Pnm 7 3.1.1
PTP 2 Ze2e4
PTR 4 3.2.4
SYS 7 3.1.3
Tnm 2 Je2.1
TPL 7 3.4.5
TTY £ S.2.1
T™VE 5 2241
USR 6 Sl 2
UTn 7 2.1.2
VIiD 3 3.3.1
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Avnpendix
D. System Variatvles mer User
(correct as of IT3 version 528)

ICCEMH: REPEAT 20,0 jinput—output channel assienment words
;right helf, index iuto ICTTh, CLSThb,
etc.
;left nalf, device dependent
SIOCH: LLOCK LUICP j;input-output channel push down list
SICGCP: SIOCEN-1 ;vointer into input—outrut push down list
IOGHST: BLOCK 20 j;input-output channel status for cnannels at
T0CHMYM
;9¢1—4.9 input-output status
31.1-2.8 (ACCESS pointer
JpC: 0 ;stores oprogram counter when not running
TPR: 0 suser rrotection and relocation rezisters
”““TO 0 ;six less than first illegal location
mMES § ;first illesal location
CO?nQ. -1 ;request to core job

31.1-1.8 nuamber of blocks, 3.1-4.8
requested for
34.9=0 means request present, 4.9=1 means no

request

ACOS: ZLOCK 15 ;swap out accumulators

£C18S: 0 jcommonly referenced swap out accumulator

AC18S: ¢ .

AC17S: 0 H

UUC: ;the followine three locations swapped in é& out of
;UzXIT, UUOH, etc with user

SUEXIT: JRST 2,8 UUOH ,user JJO exit instruction

SUUOH: 0 scontents of @41 (absolutes)

SAC17P: MOVEM U, jaccumulator 17 in user’s shadow mewmory

S5V40: 0 lest interruptins UUO

>
; (contents of 40 when user cut)
scontents of 20 when user out

%)
=<
o)
(&)
.o

o

£014P: 0 ;points to accunulator 14 in shadow mezory
AC15P: c i 15 ;

A!LClSP: O ; (13 . 1] 10 " " "

40P 0 yroints Lo us ser’s relative location 40
41P: C ; <1
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APRC: LPRCEXN 1t nalf is cono to processor
imrlies user is in = ii;0wned iree
imvlies user teing .ULLUS ed
user has teen cored zero
5 core request rendings on inis user
-4.4 number of last cnanncl on which an
serror occured

IS NON NG NG

s we we we we we
.

» word j;zero imnlies runnable
i stopped to be mwoved Ly core allocator
general core zllocator stop tit
controlled by superior proceaure
srecial bit, see UnMaMT & UdkMEX
-2.9 count of transient reasons to be
;ystopped

O N N N N
P—-‘O‘:\)(DLOO

PIRZC:
{{SKST:
ITPIR:

svending first word interruptis
sinterrupt enable mask for PIRQC

;second word of interupt requests
3y5.8-3.1 inferior procedure interrupts
;2.7-1.1 input-output channel interrupts
;1.1 for channel 1, etc

sysecond word interrup! enable mask
sinterrupt level status flag

O OO

HS%Q
“1SXST2:
DI T Do

SLllatle

[N}

SUPPROC: 0 jpointer and interrupt bit to superior procedure
3—1 for top level rrocedure

FLSINS: 0 ;blocking condition instruction
szero implies runnable
UFITAL: 0 snonzero imnplies finalization required to
' sinterrupt
EPCL: 0 ;0 implies no aPCLosering in progress
' ;0,,n RPLSR ing user n ,
;—1,,n beinz XPCLSR ed by user n

UTAME 0 suser name

;This word for each n»rocedure is covnied from the UNAAE
~3of the vrocedure that creates it (see USR device).
;For an initial top level rrocedurs it is -1 btut is
jmodified by JLOGIK. It is the same for all procedures
sin a tree.

12 0 ;Job rnane
h IOPPed in DrOC“dLT° has a uniaue Uik, Jilans rair.

J

sLac

jThe JXAME of an initial ton level job is "HaCTR:". ror other
jdobs it is the second file name srecified in the .CPr on tae
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sUSR device that creatses then.

UsSySmis 0 scurrent system name )

:This variable is initiallv set anual to the procedure’s Ulavic.

;It can be read or set by the vrocedure or its suverior (.SUSLT,
; «USEL).

31t is used as the third file name on certain snarad lsvices.

USYSH1: C ysvstem name used inside disk routines
3This varialle is nornally equal to USYSNM tut see devices CCui, 213,
yand TPL.
TTYTEL: 0 ;console assignment for this rrocedure
UQUAT: 0 sauantum time
UTRNTM: 0 ytotal run time ) :
UTHUPTR: 0 ;pointer to procedure iree resource word
JTHU: 0 sprocedure resource word
IOTLSR: 0 34.9 a one implies iot-user zode
34.5-4.3 MAR conditions
;2.9-1.1 contents of AR register
U4ARPC: 0 strogram counter at last sAR interrupt
VELUE: 0 scontents of effective address of last .VALUE
JoUT: 0 34.8=1 => user not completely in core
34.8 in transit in
;4.7 in transit out
;4.6 ref to disk in prosress
;4.5 ack in core but needs to oe blessed before
sstarting
;1.1-1.9 core bloczs needed for swap in
USRPDL: -LUPDL, ,UPDI-1 ;push down list vointer for system calls
UPLL: ZLOCK LUPDI~2 ;vush down list area for sysieu calls
EPDL1: 0 ;link depth for 2211 routines
EPDL: o ;temporarily saves accumulator ¢ for ACORm
EPDLZ: 0 stemmorarily saves accumulator T for FLSIRS
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Apmendix
. Relics of ITS s Yast

The followine system calls, wnile still eifective as of IT3
version &<3, can Le exmected to ultimately lisapnear. 1hey are
reaundant, nore svrecialized, older versions oi their replacexents.

hame Yumbter Tierlacement Tunction

LITYI .0PER 1 JITYIC THead interrupt level characters from
oven TTY device, if any.

.SETHMS  .OPER 4 .SUSET Set own user variable :434ST.

.GSHA4  ,OPzR Z4 ,SUSET xead own user variable UsSYSii.

JWSNAM  (OPER 25 .SUSET Set own user variable USYSHM.

.UPISE .CPEX 28 .SUSET Set own user variable PICLR.

HHAR .OPER 41 .SUSET Set own user variable IOTLSK.

-RRTIM .OPER 42 .SUSET kead own user variable UTRAT:.

Y
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Appendix

. Further Sources of Information on L5

this

Infornation furtaer than or more receat than tanat contuined in
manual

listinges of ITS, IDT, PEEa

may usually bte obtained by consulting tne syzbolic
, or LOCxa.

be helofuls

The following persons may also

vonald E. Eastlaige ITI

Jerry S. rreiberg

Richerd 2. Greentlatt
Thonas F. Xnight
Joan T. holloway

Stewart >. Yelson

zrrederick H, G. Wright II
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Armendix 5. Illustrative Console Qutrut

The following rares 2re s sample console session witn ITS

illustrating several features documented in this mewo.

=1

oS



*Z
ODT.198,
«LOGIN DE

tPEEK!
™ .

ITS 5382 PEEK 142 27/714 /89 AL:22:15%
PARITY ERRORS: DISK = 11 CORE = )
FEMFR=Z287 USRHI=ZII RNABLU=2
I- U-JNAME STATUS TTY COGRE 7TIm

@ SYS YO0 15 25 07
! CORE uuo ? 1% 17
2 DE S - > 5 37
3 PEEK +GETSY T4 C 5 37
13 MS EOAMIC RUN DISOWN 27 017

USR MEM= 64 USR TIM= 277
STIME = 7:03:22 LOUTINM = @

"
1TS 5308 PEEK 142 A7/14/89 P:22:58
MODE CONTROL:
DISK DIRECTORY
AVAILABLE ,GETSYS'S
YEMORY GRAPH (342 ONLY)
AVAILA3LE I0 DEVICES
MEMORY USE LIST
NORMAL MODE
TRANSLATION ENTRIES
DEC TAPE STATUS
SINGLE USER (PRECEDE B8Y INDEX)
- MULTIPLEXORS MODE
DEC TAPE DIRECTORY (PRECEDE 3V #)
EXPLANATION [MODE ,
I0 CONTROL:
+B USE LINE PRINTER
TE STOP USING LINE PRINTER

VX <CCTHZE— T O

tY USE 340
tN STOP USING 340
OTHER:
P~ PROCEED BUT RETURN TTY TO DDT
QR QUIT '
Z SET DOZE IN SECONDS
!

- STAND ALONE

51X,
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tLOCK!

LOCK.39
7
+ LOCK TTY (PRECEDE 3y #)

- UNLGCK TTY (™)
OUTPUT CHARACTER WITH ASCII VALUE # )

GUN  KILL USER WITH # INDEX (™)

I INITIALIZE A MODEL 37 TTY

KILL SYSTEM DOWN IN # MINUTES (™)
0 OGUTPUT CHARACTERS IN OCTAL

P RETURN TO DDT

Q VALRET AN $1X,

S COMPLEMENT RUN STATUS OF SYS .03
‘T TEST CORE ALLOCATOR

? LIST COMMANDS

3

51X

:?

? = LIST r0OST COMMANDS

DISOWN = DISOWN CURRENT JOB
LOGOJT = AUTO-EXPUNGE
SYMLOD = LOAD SYM3OLS ONLY

XFILE = EXZCUTE FILE AS DDT COMMANDS
CR = ENTER TECO AND CREATE FILE
ED = ENTER TECO AND EDIT '

LOAD = LOAD FROM FOLLOWING FILE INTO CURRENT J08
JUMP = DUMP INTO "™ ™ FROM " "
KILL = KILL CURRENT JO3 '

LOGIN = LOGIN AS FOLLOWING NANE
SEND = SEND MESSAGE

GAG = CONTROL RECEIPT OF MESSAGES
3UG = DOCUNMENT BUG :

MAIL = ADD TO USER'S MAIL FILE
J0B3 = CREATE OR SELECT JOB

LISTJ = LIST J08S

FLAP = FLAP DECTAPE, FOLLOW BY DRIVE #
LISTF = LIST FILES :
DELETE = DELETE FILE

PRINT = PRINT FILE

LINK = CREATE LINK

ERR = IO0C ERRGR STATUS
DDT = ENTER DDT MODE
MON = ENTER MONITOR MODE

START = START INFERIOR

CONTIN CONTINUE GIVING INF, TTV

PRGCED PROCEDE INF,, LEAVE TTV WITH DDT
#ELLP = 23 TO SPECIFIED FILE
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