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INTRODUCTION

The 2000C (HIGH SPEED) TIME SHARED BASIC SYSTEM consists of three separate
programs which are run on two processors. The Communications processor
Program is responsible for handling all multiplexed I/0 from user
terminals. The System contains the BASIC interpreter, executive and
library routines and runs on the main processor. The Loader, which also
runs on the main processor; is responsible for generating initial systems,
backing up the system on mag tape, reloading the entire system and user

library, and selectively reloading or backing up users libraries.
HARDWARE CONFIGURATION

1) UP TO 16 TERMINALS

10 PROCESSOR INTERCONNECT

11 PROCESSOR INTERCONNECT

12 TIME BASE GENERATOR

13 1st MULTIPLEXOR

14 1st MULTIPLEXOR

15 DATA SET CONTROL FOR 1st MULTIPLEXOR
16 LINE PRINTER (OPTIONAL)

2) MORE THAN 16 TERMINALS

10 PROCESSOR INTERCONNECT

11 PROCESSOR INTERCONNECT

12 TIME BASE GENERATOR

13 1st MULTIPLEXOR

14 1st MULTIPLEXOR

15 DATA SET CONTROL FOR 1st MULTIPLEXOR
16 2nd MULTIPLEXOR

17 2nd MULTIPLEXOR

20 DATA SET CONTROL FOR 2nd MULTIPLEXOR
21 LINE PRINTER (OPTIONAL)



2000C (HS) TIME SHARED BASIC TABLES

DIRECTORY

The directory is a table which contains all necessary infor-
mation about each program or file in the system library. It resides
on the drum and may occupy from 1 to 80 drum tracks, depending upon
how many discs there are on the system and how many directory tracks
per disc are specified by the operator at load time. A core resident

table called DIREC contains information on the directory itself.

A directory entry consists of 12 words and has the following format:
WORD 0 user id k

1 program or BIT 15 =1 if protected, 0 if unprotected.

2 file BIT 15

3 name BIT 15

1 if file, 0 if program

1 if semi-compiled, O if
uncompi led

L start of program pointer
for programs/record size
for files

5 last reference date
(year in bits 9 to 15
day in bits 0 to 8)

6 last change date
(hour of vear)

7 drum address
(0 if not SANCTIFIED)

disc

address
10 used only by loader
11 length

( - words -for pfogram
"+ records for file)

The directory entries are kept sorted on words 0-3. BIT 15 of
words | and 2 and 3 are not considered in the sorting. Names of fewer
than 6 characters are filled out with spaces (hoa),



The last reference date is the most recent date on which
the program or file was referred to, while the last change date

is the most recent date on which it was altered.

The directory contains 2 pseudo entries which are the first

and last entries in the table. They have the following form:

FIRST ENTRY LAST ENTRY
0 0 -1
] 0 -1
2 0 -1
3 0 -1
b 0 0
5 -1 -1
6 0 0
7 -1 -1
8 0 0
9 0 0
10 0 0
N 0 0

When the directory occupies more than one track, all the

directory tracks appended together form the directory.

N



. DIREC

DIREC is a 560 word core resident table which contains

information about the directory. It has the following structure:

WORD 0 -length in words of first directory track
1-4 same as first 4 words of first directory track
5 unused ‘
6 drum address of first directory track

7-13 same as 0-6 but applied to 2nd directory track

553-559 same as 0-6 but applied to 80th directory track

A drum address of 0 implies that there is no such directory

track. When word 0 is 0, words 1-4 are meaningless.

The drum address of a directory is always sector 0 of a track.
Each directory track may contain as many as 8184 words = 682

directory entries.

When loading the system from paper tape or mage tape, the
operatof'has the opportunity to specify the number of directory
tracks per disc, in the range of 1-10, which is saved in NDIRT.
The total number of directory tracks is this number times the
number of discs on the system.



ADI IT
1D TABLE

The 1D table (IDT) is a drum resident table of from | to 3
tracks which contains one 8-word entry for each ID code on the system.
The entries are kept sorted according to the ID codes. An entry has

the following format:

WORD 0 user id
1-3 password (filled with 0's if fewer than 6 characters)

4 time allowed(in minutes)

5 time used (in minutes)

6 disc allowed(in blocks)

7 disc used (in blocks)
Words 4-7 are 16 bit quantities with values between 0 and 65535.

The 9-word IDEC portion of the EQT has the following format :

WORD 0 first id of first track

1 drum address of first track

2 length in ~words of first track

3-5 same as 0-2 but applied to 2nd track
6-8 same as 0-2 but applied to 3rd track

When loading the system from paper tape or mag tape, the
operator has the opportunity to specify the number of id tracks,
in the range of 1-3, which is saved in NIDT. Each track may

contain as many as 8192 words = 1024 id entries.

(%) ]



AVAILABLE DRUM TABLE

The available drum table (ADT) is a drum resident table which
contains one two-word entry for each area of the drum which is un-

allocated. An entry has the following form:

WORD 0 drum address .

1 'Iength of area in sectors

Entries are sorted according to word 0. Each entry may refer
to as much as one full track, and no two consecutive entries ever

refer to two adjacent drum areas (two tracks are not considered to
be adjacent).

At the end of the ADT is one additional entry having the form:

0 177777
1 0

The following two memory locations refer to the ADT:

ADLOC
ADLEN

drum address of ADT

length in-words of ADT



V. DISC ADT

The available disc table (Disc ADT) is a drum resident table
which contains one three-word entry for each area of the disc which

is unallocated. An entry has the following form:

WORD 0 disc
] address
2 length of area in blocks

There is one Disc ADT track for each disc on the system and
only entries for one particular disc appear on a track. The first

4 blocks of each disc are used by the system and are therefore always

unavailable. Thus there are no contiguous areas which overlap discs.

The following words in the EQT refer to the Disc ADT:

DADLC BSS 8 drum addresses of Disc ADT tracks
DADLN BSS 8 lengths in -words of Disc ADT tracks

The first word of each BSS refers to logical disc 0, the second to

logical disc 1, etc.



VI,

LOCKED BLOCKS TABLE

The Locked Blocks Table is a disc-resident table which
resides in the 256 words of block 3 of each disc. 1t contains
one two-word entry for each area of the disc that has been MLOCKED.

An entry has the following format:

WORD 0 disc address relative to this disc

I length of area in blocks
The rest of the table is zero filled.

The disc address is stored as if the disc were logical disc 0, so
that packs may be used as any logical disc. The’Locked Blocks
Table is cleared only when it is determined during the loading
procedure that the disc does not have a valid TSB label and the
operator requests that one be written. This means that the packs
"remember'' which blocks are unavailable even if different 2000C

systems are loaded.



Vii.

The FUSS table is a 1024 word table which resides on the
drum. Its drum address can be obtained by the instruction.
LDA FUSS,I

FUSS is divided into 32 sections of 32 words each. The 32
words in each section are the 2-word disc addresses of the user
files currently being accessed by the user corresponding to that
table. Addresses of 0 indicate no file. Disc addresses with bit
15 of the first word = | indicate that the user has read only

access.

The purpose of maintaining this table is to:

1. Prevent simultaneous write access by two users to one file;
2. Prevent moving or removing a file in the routines KILL, LOCK,
MLOCK, SANCTIFY and DESECRATE when some user has access to it.

A user's FUSS (i.e. his area of the FUSS table) is set by the
FILES routine, which is called from BASIC at the beginning of execution
of a program cbntaining a FILES statement. Individual entries in a
user's FUSS are changed by the execution of ASSIGN statements. [t is
cleared by BYE, HELLO, KILLID, and sometimes by KILL.

(<]



VI1i. COMTABLE

The COMTABLE is a list of all user and system commands con-
taining their ASCI| codings and drum locations or core addresses.
The structure of the COMTABLE is as follows:

COM] .codes for commands which are
executed immediately by the
system

COM2 codes for commands which are
executed by
BASIC

COM3  user commands which are
executed by drum resident

programs

COMU system commands - - all are
executed by drum resident
programs

COM5 starting addressés for those
commands which are listed
under COM1 and COM2

COM6  drum addresses for those
commands which are listed (this section is filled
under COM3 and COM4 by the loader)

Since each command is recognized only by its first 3 letters,
the scanner converts each letter into a number from 0 to 3]8, ahd
then packs the three codes into one word as three 5-bit bytes. In
addition, bit 15 is set for system commands. Codes of -1 in
sections 2, 3, and 4 do not correspond to. any possible 3-letter
code. Their purpose is to generate room in COM6 for disc addresses
of routines that are calied indirectliy, or for tables like FUSS. In
the case of CTAPR, the purpose is to generate a status type for
printing compiler tape errors without a direct command from the:
uéer. Similarly, UCDAB generates a status type for updating the

last change date for files after a program is aborted.

10



LOGGR

LOGGR is a 64-word queue which contains codes for printing
LOGON/OFF messages. Entries are placed on the queue by HELLO, BYE,
and SLEEP. ' Each entry consists of 2 words, with the following format:

WORD @: user id (BIT 15=0 for ON, 1 for OFF)
1:  bits 155 = 60 x hrs + mins
~ bits 4-0 = terminal number

The representation of a user id is as follows:

BITS 14-10 = letter (A=1,B=2, ..., Z = 328)
BITS 9-0 = number (0-999)

The following variables are relevant:

LOGCT = # of unporcessed entries in LOGGR
LOGP1 = points to word 1 of last processed entry
LOGP2 = points to word | of last unprocessed entry

Note that LOGCT = O <=> LOGPI=LOGP2

11



TELETYPE TABLES

This set of 32 tables, one for each user, contains relevant
information about the various terminals. The structure of the

tables is as follows:

WORD 0 FLAG
1 TNUM
2 DISC
3 PROG
L 1D
5-7 NAME
8-9 TIME
10 cLoc
B RSTR
12 STAT
13 LINK
14 PLEV
15 RTIM
16-20 TEMP
FLAG: bits 0-8 contain information as follows:
BIT NAME ' MEANING IF = 1
0 TERR errors while reading program in tape mode
1 CFLAG program is compiled or semi-compiled
2 HFLAG $HELLO is running
3 TAPEF user in tape mode
4 UNABT unable to abort
5 OUTWT user suspended for output wait
6 COMI14 communication from /0 processor
7 ABTRY ‘abort attempted (while UNABT = 1)
8 CHNFG program was called from <CHAIN statement>
9 ENDST error on drum transfer
10 MBUST error on disc transfer
TNUM: teletype number in bits 12-8; used for sending information

to |
o 1/0 processor. 12



DISC:
PROG:

I1D:

NAME :

cLoC:

RSTR:

STAT:

Whe

drum address of user's swap area

when user is on the drum PROG points to the last core

S e Wi

location used by the program. When the user is loaded
into core, PROG is placed into PBPTR. When he is written
back to drum, PBPTR is copied into PROG. BASIC is
required to maintain PBPTR as a bound on the core it is
using.

user's id, 0 if none

a three word entry containing the user's program name.
It is set by the routine NAME & GET & CHAIN, and cleared
by HELLO. When fewer than & characters are in the name,
blanks are appended.

this is the timeout clock used to determine the length
of a user's time slice. See the discussion on
scheduling for further information.

this is set, when a user is placed on the queue, to

his starting address in core. When the user is actually
initiated, RSTR is set to 0. Whenever RSTR = 0, the
transfer address of the user can be found in location PREG.

indicates user's status. The user's status is as follows:
-4  port unavilable
-3 enter timeout’
-2 system disconnect
1 user abort request
0 idle
1 system abort
2 input wait
3 output wait
4  syntax processing

>4  command processing

n a command is being processed, STAT indicates the command.

STAT values are assigned in order of entries in the COMTABLE, so that

RUN =5

LIST =6

PUNCH = 7, etc.

LINK: the LINK words in the tables are used to form a queue

of active users. All users whose status is >4 are in the queue.

See discussion on scheduling for further information.

13



PLEV: this word gives the priority level of the user when he is
on the queue. When the user's status is set to 2 or 3, the
previous value of STAT is copied into PLEV, and the user removed
from the queue. The possible values of PLEV are as follows:

0: highest priority, used for syntax, users returning from

1/0 suspend, and for disc resident routines once they begin.
This includes FILES, CHAIN, and ASSIGN.

1: wused for commands RUN,LIST,PUNCH,XPUNCH.:

2: used for disc resident routines until they reach the top
of the queue.

4: used for long running programs.

RTIM: the length of time in seconds that it took the user to

respond to an <ENTER statement>.

TEMP: used (along with RTIM) to save variables when OPEN, CATALOG,
GROUP, LIBRARY, STATUS, DIRECTORY, SDIRECTORY and REPORT are swapped

out.

Associated with each item in these tables is a symbol which is

EQUated to the corresponding number of the item. For example:

7FLAG EQU O
7TNUM  EQU
ITEMP  EQU 16

These symbols are primarily used for adjusting pointers to the
table. For example, if the B register contains a pointer to the

LINK entry of some user, the instruction

ADB .47 ID - ? LINK
will point B to his ID entry.

is a symbol located in base page at the 0 entry of a table of con-
stants from -26 to +49. A word containing the value N, where -26<N<49

can be referenced by .+N.

14



XI.

EQUIPMENT TABLE

The equipment table is the area of core which describes the

resources avallable to the system. It resides in locations 100-

204, as follows:

100-110
1
112
113
14

115-124

125-134

135-140

141-150

151-170

1DEC
NIDT
ADLOC
ADLEN
NDIRT
DADLC
DADLN
7TBL

DKTBL

TRAX

1D table headers
number of 1D Tracks

drum address of ADT  (see V)

(see 111)

length of ADT in -words

number of directory tracks per disc (see I1)
Disc ADT drum addresses (see V)
Disc ADT lengths in -words

There is one word in this area for each of

the 4 drums. When the word is zero, the
particular drum does not exist. Otherwise,
bits 7:6 contain the drum prefix and bits

5:0 the high priority select code. The

prefix is used by the drum driver as the

high order 2 bits of the 8-bit track address.
There is one word in this area for each of the
8 discs. When the word is zero, the particular
disc does not exist.. Otherwise, bits 15:8
contain the high priority select code and 7:0
the unit number

This is a table of which drum tracks are
physically available to the system. Locations
151-154 correspond to drum 0, 155-160 to drum
1, etc. Track 0 of drum 0 is represented by
bit 0 of 151, track 1 of drum 0 is represented
by bit 1 of 151, etc. A bit is 0 when the

track is available, 1 when unavailable.

15



171-175

176

177

200

201-202

203

204

- SYSID

MAGSC

NPORT

YEAR

DAT IM

HDATE

SLEPT

The TRAX table is changed only by the

following commands:

DRUM - causes all tracks of the specified

drum to be made available.

LOCK - all specified tracks are made
unavailable.

UNLOCK - all specified tracks are made
available.

A ten character system identification. It is

set in response to the ''SYSTEM IDENTIFICATION?"
question on paper tape and mag tape loads. It
is used in the headers for STATUS, REPORT,
DIRECTORY and SDIRECTORY..

High priority select code for mag tape; if
non-existent, MAGSC=0. If bit 15=1, the tape
unit is a 7970. ' '

Two's complement of the number of ports on the
system. The ports available are numbers @ thru
-NPORT -1.

Year of the century,

Time of year. The first word is the hour of the
year, and the second is the number of 100 ms

units in the hour minus 36000.
Hour of year that the system was last hibernated.

0 says that the system has been slept, -1 that
it has not, This word is modified only by the
sleep and reload pfocedures and insures that

the system may not be reloaded from disc if it

has not been slept.

16



207

210
211

212
213
214
215

216

owing the equipment table, in locations 205-216 are

DATLN

MHAD
GMQBP

DISCA
pIscB
MBUSY
MWORD

DREDP

s which must correspond with the ioader. They

Core address in the loader of the disc bootstrap.

Core address of the first loader segment in the

‘System Segment Table (SST).

Length of the Disc Allocation Table (DAT) in
-words.

Core address of the Moving Head Disc Table (MHTBL)
Core address of the routine to get a buffer for
disc or drum error messages. Two such routines

exist: one for the loader and one for the system.
Core address of disc driver entry point.

Core address of disc driver interrupt entry point.
Disc driver busy flag.

Word count for disc driver.

Core address of disc driver auto restart entry

point (used by powerfail/auto restart routine).

17



SYSTEM SEGMENT TABLE

The System Segment Table (SST) is 53-word table resident in
the loader. |t is the first portion of the bootstrap and is pointed
to by LDBSA. The first word of the table contains - the number of

system segments. Each group of 4 words following the first word has

the following format:

WORD 1 length of segment in -words
2 absolute, beginning core address of the segment
3-4 disc address of the segment

There are 13 segments, ordered as follows:

SEGMENT

—

Interrupt locations (28 to 278)
System base page (end of EQT to 17778)
System linkage area (20028 to 20158)
"System segment 1 (end of Direc to 417778)
B " 2 (420004 to 51777,)
3 (520004 to 61777g)
" " 4 (620004 to 717774)
" " 5 (720008 to 776778)
Equipment table (IOO8 to 2]68)
Direc table (300004 to 31057,)
Loader segment 2 (160008 to 257778)
12 Loader Segment 1 (20008 to Ih6778)
13 Disc driver (260008 to 277778)

O W O ~N O N = W N

—
—

. Note that this includes all core resident portions of the loader
and system except for locations 147004 to 15777g. The first 1000
of these words comprise the disc bootstrap and are resident on
blocks 1 and 2 of each disc. Locations 157008 to 157778 may only

be used for temporaries.

18



X111, DISC ALLOCATION TABLE

The Disc Allocation Table (DAT) is a 276-word table resident
in the loader. It is the first portion of Loader Segment 2 and its
disc address is pointed to by MEM[LSTDA] + 2 when the SST is in
core. The DAT designates the areas allocated on the disc for storage
(during a SLEEP or HIBERNATE) of system library programs and system

tables normally resident on the drum.

There are 4 sections of the DAT. The first (DATSL) is a 3
word entry consisting of the length in blocks of the system library

and the 2-word disc address of the first system library program.

The other 3 sections (DATID, DATDA, and DATDI) contain one
3-word entry for each reserved area on the disc for the Id table,
Disc ADT, and Directory tracks respectively. The format of these
entries is the length in -words in the first word and the disc
address in the second 2 words. For these sections 32 blocks are
always reserved for each track, since the tables may grow to this

size while the system is running.
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X1V, MOVING HEAD DISC TABLE

The Moving Head Disc Table (MHTBL) is a 48 word table
resident in the disc driver section of the loader and system.
It éontains hardware information about the disc on the system
as follows:

WORD 0-1 Two-word logical address of the first 128-word
hardware sector on logical disc 0.

2 Points to select code/unit number in DKTBL for

logical disc O

3 number of sectors/cylinder
number of sectors/track

5 Current cylinder position of heads for logical
disc 0 (not used for 2883 discs)

o
. 1

11 Same as 0-5 applied to logical disc |

L2-47 Same as 0-5 applied to logical disc 7

Note that the address in the first two words of each section of the
table is a sector address and must be divided by 2 to obtain the

block address.

The actual numbers for the 3 kinds of used on the 2000C are

as follows:

2883 2870 7900
WORDS 1-2 ¢ @ ¢
9338010 97ﬁh|0 i9h88‘0

186760, 19488, 38976'0
280140, 29232, 5846k,
373520, 38976, 77952,
466900, 48720, 97440,
560280, 58464 o 116928,
653660 68208, 136&1610
3 460 48, 9.,

- - 10 10

b 23,, 124 24,

20



CORE MAP

OCTAL
LOCATION
0 INTERRUPT LINKAGE AND UNINITIALIZED
SYSTEM VARIABLES
100 EQUIPMENT TABLE
217 CONSTANTS AND SYSTEM VARIABLES
USER 1224 REGISTERS SAVED BY CLOCK
LIBUS 1230 USER SWAP AREA AND SYSTEM LIBRARY
WORK AREA (10240 WORDS)
26000 DISC DRIVER
30000 DIREC TABLE
31060 DLOOK ROUTINES
31701 BASIC
60000 1/0 DRIVERS
61124 TELETYPE TABLES
62264 EXECUT IVE
71624 COMMAND TABLE
72140 SYSTEM LIBRARY SUBROUTINES
LIBRA 75000 SYSTEM LIBRARY PROGRAMS SWAP
AREA (512 WORDS)
77000 CORE DUMP
77700 'PROTECTED LOADER

21



DRUM ORGANIZAT|ON

The drum space available to the system consists of from 64
to 256 tracks, depending upon how many drums exist. Each track
contains 128 sectors of 64 words each, for a total of 8192 words

per track. The loader assigns tracks as follows:

System library routines (3 tracks)

10T ' (1-3 tracks)

User swap tracks (1 1/4 - 40 tracks)
Directory (1-80 tracks)

Disc ADT : (1-8 tracks)

ADT (1 track)

All remaining tracks are available for storage of sanctified
user programs and files. The ADT contains an entry for each avail-

able area.

The drum addresses of the individual system library routines
are stored into the COMTABLE dﬁring loading. Although they are not
all the same length, they are limited to 512 words, and so the system
reads in exactly 512 words whenever it wants to ioad such a routine.
The loader never assigns a library rbutine within 7 sectors of the

end of a drum track, so that no errors can take place in doing this.

Each directory, iDT, ADT and DIiSC ADT track is stcred beginning

at sector 0.

Since the user area is 10240 words long, it cannot fit on a
single track. fhe loader must therefore find adjacent areas on the
drum which total 1 1/4 tracks for each user swap area. This will
not cause any problems because all drums used on the 2000C have

automatic track switching.
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During running, each user swap area contains a copy of the

’
area from cor ion USER through the core iocation specified

]Aﬂﬂ
L ivea

[¢]
re

by its ?PROG entry. This includes all variable data which is
relevant to that user's program, and his program itself. The

location of various sections in his program is discussed elsewhere.

Programs and files which are designated as SANCTIFIED by the
operator reside on the drum and thus have better access time. They
must be less than 8192 words long. The area on the disc where they
were origina]iy resident is reserved so they may be copied back at

sleep time.

N
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DISC ORGANIZATION

The disc space available to the system'is determined by the
number and type of discs which exist on the system. The discs are
divided into 256 word blocks. There are 46690 such blocks on a
2883 disc, 9744 on a 7900 disc, and 4872 on a 2870 disc.

The first 4 blocks of each disc are reserved for use by the

system. Block O is a label, which looks like this:

WORD 0 "LB"
] llTsll
2 logical disc number

3-7 system identification
8-30 ¢
31 checksum of words 0-30

Blocks | and 2 contain the final disc bootstrap found in the loader,
and block 3 contains the locked blocks table for this disc, which is

discussed elsewhere.

Disc space for system usage is assigned as follows:

'Resident system 130 blocks
System library 126 blocks
‘IDT 32 blocks/track
Disc ADT 32 blocks/track
Directory 32 blocks/track

All remaining blocks are available for storage of user programs and
files. Programs and files are each required to be stored as contig-
uous blocks of disc. Since the disc is allocated by blocks, each
program may cause part of its last block to be wasted. When a pro-
gram is stored (by the SAVE routine), it is first decompiled and is
stored in that form. Only the encoded text is stored, so that a
program may require as- little as 3 words of disc space. When é
program is stored (by the CSAVE routine) it is saved in a semi—éompiled
form, i.e. the form it is in after the symbol table is built. Both the

encoded text and the symbol table are stored, plus 7 words of necessary

information. 24



Files always occupy an integral number of records (1-32767),
each file cccupying a contiguous area on the disc. BASIC does not
treat the individual records in the same logical sequence as the

physical sequence, but rather interleaves the records, as follows:

even # of records

N
w
P

Physical sequence: 1 2n-2  2n-1 2n

Zn-1 n 2n

=)
+
[\]
=]
.'
N

Logical segquence:

odd # of records

Physical sequence: 1 2 3 4 ... 2n-2 2n-1

Logical sequence: I ntl 2 n+2 eee  2n-1 n

This format tends to decrease disc seek time when records are

accessed in a logically ascending order.
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DISC AND DRUM ERROR ROUTINES

Disc and drum errors do not cause immediate halts in their respective
drivers. Instead, the drivers indicate failures td their calling routines,
which take appropriate action. In many cases (particularly most disc
errors), the action is merely to inform the affected party and continue
normal system operation. Such is the case for all user access to programs

and files on the disc or drum.

In certain cases, however, system operation is more significantly
affected. The following routines are called after these disc and drum

failures:

JETPT

This routine is called when a drum transfer to or from a user's swap

area has failed. It proceeds as follows:

l. Remove the user from the queue.

2. Set the port's status to unavailable and clear its ID and
flags words.

3. Clear this user's area of the FUSS table.
L. Call TCRIR to inform the user that his port is being zapped.

5. Insert an informative message into the system console
message queue and return.

SALVG

This routine is called when a system track with vital information (such
as a directory or IDT track) cannot be written back to its assigned drum
- address, but when recovery might be possible if the information can be saved.
It is entered with A containing the address of the werd in core which contains
the drum address of the track in question. B contains the negative length of
the table, which must be in core starting at LIBUS. The operation is as

follows:

1. Read the drum ADT, in several portions if necessary, into the
upper 2K of user area. Search each piece for an entry large
enough to accommodate the table in core. |If none is found, go
to step 4. '
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2. Attempt to write the table to the newly found area on the drum. If
the write is unsuccessful, go to'step 4.

3. If the table is successfully written to the drum, update the drum

address in core associated with it, call CLNOT to finish printing
any messages in the system message queue as well as a message of
success, and halt.

L, Call CLNOT to clean out the message queue and to print a message of
SALVG's failure, and then halt.

-SICK

This routine is called when the system cannot continue operating (because,
for example, it cannot read a library routine or system table), but may be
able to be recovered. The routine merely calls CLNOT to finish printing any

messages in the queue and a message of hope, and then halts.

DEAD

This routine is called when the system cannot continue operating and has
altered its tables in such a way that they contain conflicting information,
and recovery is, therefore, impossible. DEAD calls CLNOT to dump the message

queue and output a ''no recovery'' message, and then halts.

MDEAD

This routine is called in situations like those which call DEAD, but
which specifically involve possible destruction of a disc's locked blocks
table. The procedure is the same as that in DEAD, except that the final

message refers to the locked blocks table.

CLNOT

This routine is called when a hardware error has caused a system shut
down to be initiated and it is desired to inform the operator and users of

what is happening. The procedure is:

I. Call TCRIR to inform all users that the system is going down.

2. |If the system teletype driver was outputting, complete the line
it was printing.
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3. |If there are messages in the queue, output them on the system
console.

L, 1f the routine was entered with B nonzero, print the message
whose length and text are pointed to by it.

5. Output three X-OFF CR LF's, and return.

TCRIR

This routine is called to inform one or all users of a hardware
failure which is fatal to him/them. The procedure is:
1. Set up port counts and message pointer for the appropriate
message.

2. Output the message, one character at a time, to each port to
receive it. '

3. Output three linefeeds and return.

SYCON

This routine is the non-interrupt output-only teletype driver used by
CLNOT to print on the system console. Upon entry, A holds the number of
characters to be output. Bit 15 of A =@ for X-OFF CR LF to be output
after the line. B points to the first word of the buffer to be output.
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SCHEDUL ING

The basic philosophy of the TSB scheduling algorithm is to provide
short response times for short, interactive jobs at the possible cost of
delays in longer running jobs. The implementation of this involves a
queue of jobs to run which is ordered according to a priority scheme.
The queue is a linked list of from 1 to 34 entries, each entry pointing
to the next entry, and the iast entry pointing back to the first. The
34 possible entries in the qdeue are the 32 user LINK entries, a LINK
word in a truncated TELETYPE table reserved for the system console, and
a queue head. The queue head consists of the locations MLINK (0:2), and
is always in the queue. The queue head has a priority of 777778, which
is stored in location MLINK+2, and so it is always the last entry in the
queue. As an example of how this works, assume that users 1, 3 and 6 are
on the queue in that order and so is the system console, in a position

between users 3 and 6. Then the queue will have the following appearance:

. P
TTY@I+ILINK | o
PLEV | o |
’ &
TIYE3+ILINK |~ 1
WLEV | 2 |
; ) T
T35LK ey Y
T35PR 7 |
TTY@6+7LINK | —_——
?PLEVl oy
ML INK ! |
R
L i
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Since the MLINK entry is always the last entry on the queue,
MLINK+] is a pointer to the first entry, which in this case is TTY@I.
In the case of an empty queue, MLINK+1 will point to itself, i.e.,
CONTENTS(MLINK+1) = CONTENTS(MLINK). Each entry on the queue has a
priority no greater in numerical value than that of the one it points
to. When an entry is added to the queue, this ordéring‘is always
preserved by piacing the new entry just ahead of the first entry
with a larger priority number. Note that when the first entry in
the queue has priority 0, it will remain at the head of the queue

until it is removed from the queue entirely.
The following rules are used to assign (and reassign) priorities:

1. Upon first entering the queue, jobs are assigned priorities

as follows:

SYNTAX lines and jobs returning from 1/0 suspend: 0
BASIC commands (RUN, LIST, PUNCH, XPUNCH) : 1
Commands for drum-resident routines (GET,BYE,etc): 2

2. Priorities of jobs are reassigned in the following way:
Jobs of priority 2, when they reach the top of the queue,

are reassigned priority 0.

RUN jobs, when they exceed their time slice, are re-
assigned priority 4, and repositioned in the queue
according to that priority. Each RUN job is assigned
avifme slice of two seconds, and if it exhausts that

it is assigned ancother. When executing a <CHAIN statement>,
a <FILES statement>, or an <ASSIGN statement>, a RUN. job

is reassigned.a priority of @.

The OPEN command is reassigned a priority of 4 when it is

suspended after writing file marks in 400 blocks.
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After an abort during program execution a user is re-assigned
a priority of 0 to run the routine which updates the last change

date for files.

LIB points to the location in the COMTABLE of the drum address

of the library routine in core. LIB = 0 when none is present.

The following conditions must exist for the scheduler to permit

w

execution:

A) for Syntax and BASIC commands:

MAIN set to point to correct user table

B) for drum resident commands:
MAIN = 0

LIB set to correct drum resident routine
The scheduler routine SWAPR is responsible for creating these

conditions, and makes its decisions according to the values of MAIN,

LIB, and the entry on top of the queue.
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COMMUNICATION BETWEEN SYSTEM MODULES

There are seven system modules that communicate with each
other in various ways: the drum driver, the disc driver, 1/0
Processor driver, system console driver, scheduler, BASIC, and
system library routines (HELLO, BYE, KILLID, etc.).

1. Drum Driver.

Any section of the system may call the drum driver to perform

a drum transfer. Three parameters are passed:

A = drum address (bits (15:14) = drum number
bits (13:8 ) = track number
bit 7 =0
; bits ( 6:0 ) = sector number)
B = core address (bits (14:0 ) = core address
bitA 15 = 1 for drum input
0 for drum output)
WORD = -# of words to be transferred (may be 0, in which case

no actual transfer is performed).
Called by JSB DRUM,1

It is the responsibility of the caller to insure that the drum
is not busy when the call takes place. This is no hardship since
while BASIC or a system library routine is running, no other module
even initiates drum transfers. As a result, the drum will appear to

be busy only if the module itself has initiated the transfer.
Upon initiation of a drum transfer, the variabie ENDRM is set

to -1, and it is cleared upon completion. A complete transfer can

be performed by:
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JSB DRUM, I

LDA ENDRM

SSA

JMP *%-2

SZA

JMP <erfor location>

<process successful transfer>

The system never suspends a program for a drum transfer

because the high speed of the drum does not cause any great overhead.

The value of WORD is not modified by the driver.
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Disc Driver

Any section of the system may call the disc driver to perform
a (moving-head) disc transfer. Three parameters are passed to

the driver:

A = pointer to | (the core address of a two word
disc address logical disc block number at
which the transfer is to begin)
B = core address (bits 14-0 = core address at

which transfer is to begin;
bit 15 = 1 for read from disc
to core;

bit 15 = @ for write from

core to disc)

The varfab]e MWORD = the negative of the number of words to

be transferred. |f MWORDz@, the driver will cause no transfer,
but will position the appropriate disc unit at the specified
block.

The disc driver is called by JSB DISCA,I.

The driver determines the logical disc on which the specified
block lies, and, if that logical disc is present on the system,
processes the requested transfer. While a request is being
processed and transfer taking place, the driver busy flag,
MBUSY, is set to -1. |If the driver is called while MBUSY is
so set, it will return without doing anything. If the disc

block number passed to the driver does not lie on one of the

‘discs present on the system, the driver will increment the

- return address by one and return without doing anything. I f

the driver accepts the request, it will increment the return
address by two and return after processing of the request has

been initiated.
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A moving head disc transfer involves two steps: positioning
the heads to the correct area of the disc and performing the
actual data transfer. The disc driver returns to its caller
while each of these is going on. Command channel interrupts
return control to the driver when the operations are complete;
the driver checks for successful completion of the operations

before proceeding.

The driver for the 287¢ (IOMEC) disc keeps track of the cylinder
position of the heads on each of the discs on the system. |f

a requested transfer is to or from the current cylinder of a
disc, the driver does not issue a seek command and suspend
pending its completion before starting the read or write. It
merely issues an '"address record' command to set the disc
controller's record address register for the transfer. The
2883-2884 (1SS) disc driver always issues a seek command, since

a seek to the current cylinder consumes virtually no time.

A single data transfer on a disc cannot automatically continue
from one cylinder to the next. The 287¢ disc has the further
restriction that a transfer cannot cross the ''mid-cylinder"
boundary (between track 1 and track 2). When a data transfer
is requested which crosses one or more of these boundaries,
the disc driver breaks up the transfer to conform with the

restrictions.

When the driver completes handling a request and returns to the
caller, MBUSY is set to indicate the outcome of the transfer

as follows:

g: the requested transfer has been successfully
completed.
1: the transfer has failed; the seek (position)

operation could not be completed.
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2: the transfer has failed; the data transfer

was unsuccessful.

3: the transfer has failed; part of the data
lies on, or would be written to, a disc

which is not present on the system.

A complete disc transfer can be performed by the following

sequence:

JSB DISCA,I

<return for driver busy>
<return for disc not present>
LDA MBUSY

SSA

JMP -2

SZA

<process disc error>

<process successful transfer>

The disc driver does not modify the contents of MWORD and the
A and B registers. The system never suspends a program for a

disc transfer.

(7]
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I/0 PROCESSOR DRIVERS

There are two drivers used for communication between the main
processor and the I/O processor, one for each direction of communication.

Each communication consists of one 16 bit word which looks like this:

15 13 12 8 7 4
T
OPCODE TTY # DATA OR!OPCODE

The TTY # is the user's port number as found in the ?TNUM word of
his teletype table.

The opcode uses bits 15-13, unless they are all 1's, in which case

it also uses bits 4-0.

Opcodes which have values of bits 15-13¢4g use bits 7-0 for data,
e.g. al ASCII character.

The main processor sends communications on I/0 channel 11 and
receives them on I/0 channel 10. An exception is a communication
sent by the main processor which requires a response, which will be
received on 11. Communications are initiated by JSB S14SC, 1 with the
communication in the A register.

The following is a list of communications sent by the main processor:

NAME OPCODE (OCTAL) FUNCTION

OCR 000000 Output a character

STE 020000 Start timing £ ENTER statement>
GTC 040000 Get a character (response required)
PHO 060000 Allowed phones time

SPE 100000 Baud rate information

SBP 120000 Save teletype buffer pointer
RBP 140000 Restore teletype buffer pointer
INI 160000 Initialize system

UIR 160001 User is running

UNR 160002 User no longer running

IWT 160003 User in input wait

HUU 160004 Disconnect user .

ULO 160005 User logged on successfully

ECO 160006 Echo-on

ECF 160007 Echo-off
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NAME OPCODE (OCTAL) 'FUNCTION

TPO 160010 - . User in tape mode

ILI 160011 Illegal input? (requires response)

NUC 160012 New user logged on :

KAO 160013 Kill-all output

ALI 160014 Allow input

OWT 160015 . User in output wait

IBF 160016 Is buffer full (requires response)

PSC 160017 Line printer select code

LPR 160020 Line printer request (requires response)
LPD 160021 Line printer disconnect

LPS 160022 ‘ Line Printer status (requires response)
BKS 160023 Backspace in teletype buffer

CHS 160024 Character size information (requires response)
STP 160025 Subtype information

Wsp 160026 What baud rate (requires response)

WCS 160027 What character size (requires response)
WTP 160030 What terminal type (requires response)
TKO 160031 Telekludge line printer output

Communications initiated by the I/0 processor are detailed else-
where. It should be noted that the main processor ignores communications
if they are not consistent, e.g. it will only accept a line of input
when the user's status is idle or input wait. The receive driver commun-
icates with the scheduler by setting the COMI4 bit in the ?FLAG word of

the user's teletype table and setting the appropriate status.

The I/0 processor program is reéponsible for all multiplexor 1/0.
Output to the multiplexor is performed on a character by character basis
via the routine OUTCH. The calling sequence is as follows:

A = character to be output in bits (6:0), bits (15:7) ignored.

B = address of WORD 0 of users teletype table

~ (JSB OUTCH,I).

The OQTCH routine places characters intc the user's buffer until
it is filled (250 characters), at which point the user is suspended by
OUTCH. This is no pfoblem for BASIC, but due to re-entrancy problems
must not be allowed by other modules. The buffer is élways empty when
a library routine is;initiated, so they normally do not have to worry
about it. Routines which may fill the buffer, like CATALOG and DIRECTORY,

get around the problem by suspending themselves at an appropriate time.
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The I/0 processor program recognizes aborts and sends them to the

main processor. If the user is running a library program (except CATALOG,

ignored, since the routine may be in the process of updating system
tables. At other times when aborting could cause trouble, the UNABT
bit in the ?FLAG word of the TTY table is set. When the abort is seen,
the ABTRY bit is set. Routines which set UNABT have the responsibility
of calling ABCHK when aborts will no longer cause harm. ABCHK aborts
the user if ABTRY was set.

Input from a user teletype is buffered by lines. When the I/0
processor sees a carriage return, it informs the main processor.
BASIC, or the command processor, or the library routine, etc. processes

the input on a character by character basis.
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IvV. SYSTEM CONSOLE DRIVER

The system console driver maintains three flags, T35F1, T35F2,
and T35F3, which determine its_status. The meaning of these flags

are as follows:

T35F1: = -1 during output, 0 otherwise

T35F2: Normally 0, it is set to -1 by the driver at the conclusion
of input, and cleared to 0 externally. |

T35F3: Normally 0, it is set to -1 by the driver at the conclusion
of input, and‘cleared to 0 by the driver after output has

been initiated.
The combined values of these flags are more significant:

F1 F2 F3

0 0 O .Driver is accepting input

0o -1 -1 Input command received and is being processed, but output

has not been initiated. '
0 -1 0 Oﬁtput terminated from a system.command which is to be
| reinitiated. |
-1 0 0 Outputting
-1 -1 0 Outputting, at the end of which the current system command

will be reinitiated.

When F2 = -1, the driver will not accept any input. This guarantees
system library programs that they will not be interfered with. These |
routines are responsible for clearing F2 when they call the driver for
the last time. F2:and the console status (T35ST) are also cleared if

A abkey is struck on the console during output. This will effectively

terminate such things as DIRectories, REPorts and STAtuses}.

When F3 = -1, log-on and log-off reports as well as the message
queue are held off. This guarantees that these messages will not be

interfered with by system library program output.
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The calling sequence is:

A: bit 15
bit 15
bits (14:0) = core address of output buffer.
JSB TTY35,1

0 if CRLF is to be appended, bits (14:0) = # of chars.

1 if punching is to take place in addition to printing,

The driver uses the 36 word buffer T35BF as an input buffer. Most of
the library routines use it for output, and occasionally for temporary

storage between lines of output.

INPUT AND TERMINATION REQUESTS
- BASIC may obtain input from a user console by performing the

instruction
JSB SCHIN, 1
Either BASIC or a system library routine terminates by:
JSB SCHEN, 1

It is possible for BASIC to call a system library routine directly

by executing:

JSB SCHLB, 1
DEF <location in COMTABLE of drum address of program?

This is done with the FILES, CHAIN and ASSIGN routines. It is
necessary that the library routine cooperate with BASIC, i.e., not any

program can be so called.
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FILES

SYSTEM LIBRARY ROUTINES

The FILES routine is used by BASIC to process FILES statements in a

user's program.

The function of the FILES routine is to translate

the file names in the user's program into a table for use during

execution.

format is:

file length in records (@ for none)

I
|

logical record size in words

disc or drum address of file's

last logical record

disc or drum address of record
currently in core (word 5 =

Iﬂqggﬂe if nOﬂQ)

disc or drum address of

file's first record

pointer to first word beyond core buffer

i0 -

12

13

14

15

pointer to current word in buffer

EOF/EOR exit address (@ for none)

file

name

protect mask

68

This table contains a 15-word entry for each file. |Its

bit 15=1 if read only

bit 15=1 if '"'dirty'" record
bit 14=1 if "dirty" file

drum addresses in
words 4, 6, and 8
for sanctified
files; for these,
words 3, 5, and
7= l777778



During operation of the FILES routine, a temporary buffer is used
as a table to store intermediate data. Eight words of the buffer

are used for each file. The operation is as follows:

1. Translate characters in FILES statements into the buffer
table. FILES statements are pointed to by a four word table
in the user swap area which is pointed to by DFILT.
FILCT = -5+ # of FILES statements. There may be up to 4 such
statements. Filepnames are extended to six characters, if
necessary, and those which are specified to be public files are
marked by setting Bit 15 of their first word to 1. Those which
are specified to be group library files are marked by setting
bit 7 of their first word to 1. A "*" alone as a file name is
a place holder. The buffer table for the entry is zeroed.

Possible errors found in this step are:

a. File name of 0 or > 6 characters

b. More than 16 files requested

2. Perform directory search for each specified file. DIRWD is set
to thé drum address of the directory track in core so that DLOOK
doesn't have to read and write the directory for each file. Save
the file's drum address (@ if not sanctified), disc address, file
length, and logical record size in its portion of the buffer
table. The record size for '*" entries was set to 256 in the
previous step. The read-only bit is set if the file is a library
file and the user is not the owner. An error occurs if the file is
nonexistent or protected. Update the last reference date word

in the directory entry for this file.

3. Test to make sure that there is sufficient room in the user

area for the file table.

L, Scan the FUSS table to see if any other user has write
capability on the files requested. Mark any such files as
read-only. This test is skipped if the user's ID has a
letter prefix 'A'. Copy the disc addresses of the requested
files into the user's portion of FUSS. Indicate read-only

files by setting bit 15 of the upper disc address word.
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5. Build the table specified above. FILTB is a pointer to the
beginning of the table. Upon exit, VALTB and PBPTR both point
to the first word following the table.
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ASS I GN

The ASSIGN routine is used by BASIC to process an ASSIGN statement in

a user's program. The function of the routine is to replace the

information currently in the file table referenced by a specified file

number with informatipn about a new (usually different) file being

assigned to that number. The operation is as follows:

1.

If the previous file was written on; update the last changed date

word in its directory entry.

Search the directory for the new file. If it is not found, is a
program, or is protected, exit to non-existent file return. If it
has records larger than those of the previous file, exit toc that
return location. Otherwise save the file's drum address, disc
address, length, and record size. Set bit 15 of the length word
(read-only) if this is a user accessing a system or group library
file not his own. Update the last reference date word in the

directory entry for the file.

Scan the FUSS table to see if any other user has write capability
on the file. |If so, set bit 15 of the file's length word unless
this is an "A'" user. Move the disc address of the file into the
appropriate two words of the user's portion of the FUSS table,
setting bit 15 of the upper word if the file is read only for this

user.

Construct the file table entry specified in the description of the
FILES routine. Exit to one of three locations, depending on
whether the file is: 1) available for reading and writing; 2) read-
only (except users Axxx) because of another terminal's read-write

access; or 3) read-only because it is a system or group library file.



CHAIN

The CHAIN routine is used by BASIC to process a CHAIN statement
in a user's program. The function of the CHAIN routine is to find
the program named in the- CHAIN statement, retrieve it from the disc,

and begin execution. It operates as follows:
'

1. Dump file buffers."

2. Update the last changed date entry in the directory for each
file which was written on.

3. Translate name of program from CHAIN statement. Invalid names
exit to error. |If preceded by a "'$", set up AB@@ search; if
preceded by '"*"', set up group library search; otherwise set for

searching on user's 1D. Save the line number if any is specified.
k. Perform directory search. Exit to error if not found.

5. Check to make sure that the entry is a program, that it is not in-
stored, and that it will fit. |If any of these are not true, exit

to the appropriate error.

6. For programs on the disc (not sanctified), initiate a seek by

calling the disc driver to perform a zero length transfer.

7. Update date entry in directory and write directory track back to
drum.

8. Read in the basic portion of the previous program, including
the common area and then append the new program. |If the read
is unsuccessful, read in the previous program again and exit to
error. |if successful, move the new program name into the user's
table, and if this is a run only program, set the run-only bit,
unless the program is in this user's own library. Call SEMIC,
which sets up pointers for the language processor, dependent upon

whether the program is uncompiled or semi-compiled.

9. Check if an abort was attempted during the previous steps, and
if so, abort the user.
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CHAIN (cont.)

10.

If a line number was specified, search the program for the
statement and, if found, put its absolute address into PRGCT.
If no line number was specified, set PRGCT equal to SPROG.

if the program is nuil, or if the iine number cannot be found,
clear the chain bit in the flags word. |In any case, exit to
SCHBL.
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SAVE

The SAVE routine is called by a user to save a program in the

library. Its operation is as follows:

1. Test for the existence of a program name and a non-null
program. ‘

2. If the user's program is in compiled form (CFLAG bit = 1),
call DCMPL to put it into the form in which we will save it.

3. Check if the common area has been allocated. If not, call
ALCOM, which computes the amount of space required for
common. This is used to determine the start-of-program
pointer which is saved in word 4 of the directory entry, a
device which keeps the common area from being overwritten
on GET's and CHAIN's.

4. Test to see that the user has sufficient disc space allocated
to save the program. The test to be satisfied is:
(disc currently in use) + (length of program in records)
<
= (disc allowed).

5. Search the next disc ADT for the first entry large enough to
hold the program. Remember the address of the entry in SAVC.

6. Initiate a seek to the disc address at which program will be

written.

7. Perform a directory search on the program to be saved. Fail

if such an entry already exists.

8. If the directory track is full, call the SUPERSAVE routine to
attempt to reallocate the directory. SUPERSAVE will perform
step 9 itself and proceed to step 10.

9. Insert a new directory entry into the directory.
10. Update the IDT and disc ADT.

11. Copy the user's program to its library area. |If the write is

Y]
a

-

- - 1 .- P
unsuccessful, set the "ill-stor

bit in the directory and fail.
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CSAVE

The CSAVE routine is called by a user to save a program in semi-
compiled form. This is the form it has after the symbol table fs
built. CSAVE operates like SAVE with the following exceptions:

2. and 3. If the user's program is in compiled fo?m, call RSTPT,
which restores the symbol! table to it's appearance just after

it was built, and before variable stofage has been allocated.

If the program is in uncompiled form, call ALCOM and then jump

into the compiler, returning after the symbol table is built.

9. Insert a new entry into the directory, setting bit 15 of word

3 to indicate a semi-compiled program.

11. Read the program and symbol table back from the drum. Prior

to writing it to disc, append 7 words which are:

1) SYMTB - symbol table pointer

2) FILCT - -5 + # of FILES statements
3-6) FLSTS - pointers to FILES statements

7) USESN - '"'USING SEEN" flag
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SUPERSAVE

The SUPERSAVE routine is called by the SAVE, CSAVE, COPY, BESTOW
and OPEN routines when they want to make a directory entry on a track
that is already full. SUPERSAVE assumes that tﬁe following words are
set properly:

(LTEMP:LTEMP+3) = first 4 words of entry.

(LTEMP+4) = pointer to DIREC entry for appropriate directory track

(LTEMP+5) = core address of entry which is to precede the new entry

(LTEMP+6:LTEMP+7) = disc address of entry

(LTEMP+8) = length of entry

(LTEMP+10)

(LTEMP+13) = drum address of entry

Note that (LTEMP+k4) and (LTEMP+5) are set correctly by DLOOK.

start of program pointer/record size

SUPERSAVE attempts to redistribute the directory tracks so that they
will be as equal in length as possible. This will generally prevent it

from being called very frequently. The operation is as follows:

1. Scan through DIREC and determine the total length of all directory
tracks, and add 12 for the new entry. |If all directory tracks are full,
exit through failure location.

2. Divide total directory length by number of available disc tracks
to determine their new individual lengths. Insert these in the table at
(DEFNN+1:DEFNN+80) as negative.

>3. Now squeeze all the directory entries to the lastmost of the
available tracks. This is done by reading the tracks in reverse order and
writing 8184 words on each track until we run out of directory entries.

The following variables are used in. this section:

(SUP) K1 points to the DIREC entry for track being read (initially

DIREL)

Ll points to the DIREC entry for track being written (initially
DIREL)

K2 = -# of words in core '
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L, If (# of words on track K! - K2) > 8184, go to 5. Otherwise
update K2 and read this track to the core buffer at location LULEN + K2
(K2 being negative). If K2 # -8184, go to 8. Otherwise set the length
into the L1 DIREC entry and write the 8184 word buffer to track L1. Set
K2=0 and go to 7.
5. Set ES=(# of words on track K1-K2-8184) /64. That is the number
of extra sectors on the track to be read. Set EX = ES * 64. This is the
number of extra words. Then read the last (# of words on track KI-EX)
words from track Kl to location (LULEN + K2 - # of words on track Kl + EX)
and update K2.
6. Write 8184 words to track L1 from location LULEN-818k4 and set the
length in the L1 DIREC entry. Move the leftover -8184-K2 words to the end
of the buffer, resetting K2. Then read the EX words left on track Kl to
location LULEN+K2-EX. Set K2=K2-EX.
7. Update L1 to point to the next track to write.
8. Update Kl to point to the next track to read. If we've finished
all tracks, go to 9. Otherwise go to 4.
9. If K2 =0, go to 10. Otherwise write out the -K2 words to track LI
and set the length in the L1 DIREC entry.
10. Zero'out the lengths in the DIREC table of all those tracks that
no longer have anything written on them.
1. Now redistribute the directory tracks. The basic idea of the
algorithm is to fill the swap area with as much of the directory information
as we can, reading from the beginning, and then to write out as much as we
can, always making sure than when writing we don't overlay any portion that
hasn't been read yet. The following variables are used:
(SUP) K1 points to the DIREC entry for track being read
(initially DIREC@)

L1 points to the DIREC entry for track being written
(initially DIRECH)

K2 = # of words read so far from track Kl
(initially 0)
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L2 = # of words written so far on track LI
(initially 0)

P = # of words in core
(initially 0) 3

PP points to DEFNN entry, telling how many are to‘be written
on LI,

T6 = 1 if we have already inserted the new entry.

12. If L2 = -(PP), we have completely written track L] so check for
L1 = DIREL. If it is, we've written all the tracks, so gpo to step 18.
Otherwisé, advance L1 to the next directory track advance PP, set L2 = 0,
and repeat this step. If L2 -(PP), go to step 13.
13. If P > 10232, we have read as much as we can, so go to step 15.
If KI = DIREU, there is nothing left to read, so go to step 15. |If K2 = #
of words on track Kl, we've read the entire track, so advance Kl to the next
track, set K2 = 0, and repeat this step. Otherwise, compute the number of
words we can read. |If there is room to read the balance of the track, we
will, otherwise we will read the maximum number of full sectors possible.
If this is zero, go to step 15. If it is not zero, read from sector K2/64
into core.location LIBUS +P. Add the number of words read to P and to K2.
14. 1f TG = 0, determine if we can insert the new entry. To do this
.we first determine where the even entry boundary occurs in the core buffer,
since we may have read only part of an entry (12 does not divide 64 evenly).
If the last entry in the buffer is greater than the entry we are inserting,
the entry goes on this track. |If this is not the case, go back to step 13.
Otherwise, set TG to 1, make a 12-word hole, insert the new entry, set
P =P + 12, and go back to step 13.

15. Write section. Set S = 0. This is the number of words written.

16. Compute number of words we can write on track Ll1. First set
A = - number of words left to write on the track. If Ll = KI, we
haven't finishing reading everything from track L1, so if L2-A > K2 change
A to L2-K2, which is the number of words we can write without destroying

any unread directory information. |If P-S<-A, we don't have as much in core

[+
7}

we are capabie of writing so set A = -(((S-P):64) x 64), an exact number

of sectors.
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17. If A =0, we can't write anything, so if S#D slide the remaining
P-S words in core up to location LIBUS, set S = 0 and P = P-S. Then go
back to step 12.
If A#0, write -A words to sector L2:64 of track L1. |If L2 =0,
set the first 4 words of the L1 DIREC entry to the first 4 words written.
Set L2 to L2-A, S to S-A, and go back to step 16.
18. Set the new directory lengths into DIREC and go back to the calling

program,



SET

The GET routine is called by a user to load a program from the

library. The operation is as follows:

. Translate name of program from user's input. |f preceded by
a‘"S”, set up for AD0O search; if preceded by a ''*'', set up
for group library search; otherwise set for searching on
user's id.

2. Perform directory search. Print error if not found.

3. Fail if entry is a file (Bit 15 of word 2 of entry is 1).
Fail if entry is ill-stored (Bit 15 of word b of entry is 1).

L. If the program is on the disc, initiate a seek by calling the

~ disc driver to perform a zero length transfer.

5. Check that the program will fit into the user area. This is
necessary in case a program which was saved under an old
version of the system can no longer fit with the current

version.

6. Set the date into word 5 of the directory entry and write it
back.

7. Read in the basic portion of the user area and the common
area. Append the library program, reading it in starting
with the word specified by the start of program pointer
(word 4 of the directory entry). If the read is unsuccessful,
read in the previous program again and fail. |f successful,
move the new program name into the user’s table, and if this
is a run only program, set the run-only bit unless the program

is in this user's own library.

8. Call SEMIC, which sets up pointers as follows: For uncompiled
programs, clear CFLAG bit and set SYMTB = 0. For seﬁiccmpiled
programs, set CFLAG bit, move 4 pointers to FILES statements
into FLSTS, set FILCT, set SYMTB to point to the first word of
the symbol table and set SPTR = 0., Feor both types of programs
set MAIN to point to this user, set SPROG to the start of
prdgram pointer and set PBPTR to point past the last word used
by the program.
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APPEND

The APPEND routine is called by a user to append a lfbrary program

onto his current program. The operation is the same as GET for
steps 1-4, and then continues as follows:

L.

Check that the program to be appended is not semicompiled and
has no common area. Set the date into word 5 of the directory
entry and write it back.

Load user's current program and call DCMPL. Check that the
program to be appended will fit, and if so, read it in at the
end of the current program. |f the read is unsuccessful, fail.

If the current program is not null, search it for the sequence
number of the last statement, and insist that it be smaller
than the sequence number of the first statement of the appended
program. |f okay, update PBPTR and if the appended program is
run-only, set the run-only bit unless the program was retrieved
from the user's own library.
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HELLO

The HELLO command is used to log a user on to the system. Its

operation is as follows:

If the current ID is 0, there is no user to log off, so

go to Step 2. _

Otherwise, clear the user's section of FLISS, and tell the
I1/0 processor (service routine NUC) that a new user called.
This will force the user to be disconnected if he does not
successfully log on.

Read the IDT. If there is no user to be logged off, go to
Step 4. Check if user has control over the line printer. If
not, go to Step 3. Otherwise tell the I/O processor to dis-
connect the line printer from user (service routine LPD).
Find the old user's IDT entry and update his total time used.
Add an entry to LOGGR to be printed on the system console.
Set the user's ID word to 0.

Translate the new ID code and search for it in the IDT. If
not found, print an error message and terminate. Compare the
password typed to the correct one, and fail if they disagree.
Check if a terminal type was input. If not, assume terminal
type #1 and go to Step 6. Otherwise check if terminal type
is in the Range 1 through 6. If not, print an error message.
Tell I/O processor (service routine STP) which terminal is
connected to the port. Check that the time used to date is
less than the time allowed.

Add a LOGON entry to LOGGR and set the starting time into

the user's table. Also insert the ID code, clear the name,
clear the program and tell the I/0 processor of successful
Logon (service routine ULO). _

Search the directory for a program named HELLO in the library
of user Zggg. If ﬁot found, or if it is a file, or if it will
not fit in core, or if it is ill-stored, or if it can not be

réad from drum or disc, print READY and terminate.
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9. Read in the fixed user area and append HELLO. Call SEMIC,
which sets pointers as in SAVE. Change the user's status to
RUN, set TIMEF, and transfer to BASIC.
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BYE
This command is used to log a user off. It operates as follows:

1. If user does not have control of the line printer, go to
Step 2. Otherwise tell the I/0 processor to disconnect
the line printer from user. (system calls service routine
"LPD" which sets the line printer disconnect flag LPDIS)

2. 1If user ID is 0, go to Step 3. Otherwise clear the user's
FUSS table and read in the IDT. Compute the time used and
update his IDT entry. Create a LOGOFF entry in LOGGR. Clear
the user's ID entry and output a message.

3. Get ?TYPE from the I/0 processor with service routine WTP.

If ?TYPE = 0 (ASCII terminal connected to the port), tell
I/0 processor to restore this port to full duplex. Otherwise
tell I/0 processor to restore this port to half duplex.

4. Tell I/0 processor to disconnect the user (service routine

HUU) and then terminate.
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KILL

The KILL rdutine is called by a user to delete a program or a file
from the library. Files which are being accessed by another user
are not allowed to be killed. The operation is as follows:

1. .Trans1ate the program or file name and perform a directory
search. Fail if illegal name or the search fails.

2. If the entry is a file, search the FUSS table to see if
any other user has access to the file. If so, print a
message and terminate. If not, clear the user's section
of FUSS. :

3. Delete the entry from the directory and adjust DIREC.
Subtract the program length from the user's IDT entry, and
restore the space to the ADT (drum) if the entry was sancti-
fied. Restore the space to the appropriate disc ADT.

4. If a file was killed, read the user's program in and decom-
pile it. This guarantees that any old references to the
file will disappear.
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RENUMBER

The function of RENUMBER is to assign a new set of sequence numbers
to a user program. The user may specify the sequence number of the first
statement and the increment between statements. |f unspecified, these are
set to i0. He may also specify the first statement to be renumbered and the
last statement to be renumbered. If unspecified these are set to the first

statement of the program and the last statement of the program respectively.

There are actually two sets of numbers that must be modified. One set
is the sequence numbers themselves, each of which occupies the first word
of its statement. The other is the set of references, which are labels in
GO TO, GOSUB, RESTORE, PRINT USING, MAT PRINT USING, and IF statements.
Each of these also occupies one word. For programs in compiled mode, they
are pointers to the statement they reference; in decompiled mode they are

the actual statement number.

The primary technique used is to change all the references to absolute
pointers (if in decompiled mode), then to change all the sequence numbers,
and then (if in decompiled mode) to change the references to the new statement

numbers. References to nonexistent labels are left unchanged.

Because the process of changing all the references to absolute pointers
can become quite time consuming (due to the search that must be performed
for each reference), a table is built in advance essentially dividing the
program into 32 parts, each containing the same number of statements. For
large programs with many references, this effectively cuts the time down

by a factor of close to 32.

The subroutine RENSK is used to scan for references. It maintains two
pointers, P and Q. Whenever it is called, it moves P to the next reference,
and sets Q to point at the statement following the one that P is pointing at.
It takes advantage of the fact that any references within a statement are
always the last word or words of the statement, except in the case of PRINT
USING and MAT PRINT USING, in which case it takes advantage of the fact
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that there is only one statement number reference. Before calling RENSK
for the first time, Q is set to point at the first statement to be
renumbered. P is set to Q-1.

The operation of RENUMBER is as follows:

1. If null program, terminate immediately, Otherwise, read in
user program,

2. Translate and check parameters M énd N.

3. Translate parameters P and Q. Set RENBA = ffrst statement to be
renumbered, RENLA to last statement to be renumbered.

L. Set RENLA to point to the last sequence # < RENLA. Also set RENBA
to point to tﬁe first sequence # > RENBA.

5. Insure that there will be no sequence number overlap at either end
of the portion of the program to be renumbered and that the new sequence -
numbers will not exceed 9999.

6. |If program is in compiled mode, go to step 9. Otherwise, set up a

table in ERSEC which divides the program into 32 parts. The result.is that for

each I from 0 to 3l
ERSEC [I] = sequence number of first statement in part 1,
ERSEC [I+32] = absolute address of that statement
If there are 32K + L statements (0 < L < 31) in the program, ERSEC [I] is

the sequence number of statements o A l$£LJ»s .
(K+ 1) T+ 1, if I<L ' ;;:jf;:j:ftpf‘::~é N A"
KE+L+ 1, ifTI>,K>0 e ponicned 1,2, Flee

L if I>L, k=0 Lo td ke cofel bl b
Set'Q = SPROG, P # Q-1. (SPROG points to the first statement).

" 7. Cail RENSK to find the next statement reference. |If there are
none left, go to step 9. Find the largest T for which ERSEC [1] < (RENP).
If there is noné, the statement referenced does not exist, so go to step 8.
Otherwise, test all statements from(ERSEC [T + 32]) to either (ERSEC

[T + 33]) or PBPTR, depending upon whether I < 31 or L= 31. If found, set

N (

"~ (RENP) to the location of the statement referred to, and repeat this step.

Otherwise, go to step 8.
8. Set (RENP) = (RENP) + 100000g and go back to ste
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9. Change the sequence numbers of all statements to be changed,

CCOoT

1g to the M, N, BA and LA parameters. If compiled mode, terminate.
therwise, set Q = SPROG, P = Q-1, and go to step 10.

["}]
[«N
=

o

10. Call RENSK to find the next statement reference. |If none left,
terminate. If (RENP)<0, the reference was undefined, so set (RENP) =

(RENP)-IOOOOOS, and repeat this step. Otherwise, set RENP = ( (RENP) )
and repeat this step.

N = 48
Kcl ’
— 20
)/';(é _ ‘ ) _—
- 2. I¢t (1(““) 3; ;4 4&
Eﬂlsgcgll Crerr (2 ) >
c b X
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NAME

The NAME routine is called by a user when he wants to assign a

name to his program. The program name is placed in his teletype
table. The operation is as follows:

1. Get an input character. If a carriage return change it to
a blank. If a control character, ignore it and repeat this
step. If a "$" or "*", and this is the first character, print
an error message and terminate. If a “," print an error mes-
sage and terminate. . _ N

2. Add the character to the user's name area. If <6 characters,
go back to step 1. Otherwise, restore the RUN-ONLY bit, and

get one more character. If not a blank, print an error message.
Then terminate.
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CATALOG

The CATALOG routine prints a list of all programs and files in the

user library. The operation is as follows:

Output heading line.

Perform directory search on the program with all nulls. Get
first directory entry foiiowing the one sought.

If the entry does not belong to this user, output a CRLF and
terminate. Otherwise, output the 6 characters of the name
one at a time, then a blank, then a 'C' if a semi-compiled
program or an 'F' if a file (or a blank if neither), then a
'P' if the entry is protected (otherwise, a blank), then a
'S' if the entry is sanctified (otherwise a blank), then the
5-digit program or file length with leading zeroes suppressed,
then 3 blanks. Program length is printed in words (stored as
negative number) and file length in records.

If <4 names have been printed on the line, advance to the next

" directory entry and return to step 3. Otherwise, copy the name

of the last one output into the user's teletype table, output a
carriage return and suspend until the buffer is almost empty.
Read the name of the last program printed from the teletype table
and perform a directory search. The reason for doing this in
this way rather than saving a pointer to the directory is that
during the time CATALOG was suspended, the directory may have
been changed in any way. Get the first directory entry following

and go back to step 3.
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LIBRARY

The LIBRARY routine prints a list of all programs and files in the
public Tibrary. Its operation is identical to that of CATALOG ex-
cept that AB@P is used for directory searches instead of the user's
id, and i11-stored programs are not listed.

GROUP

The GROUP routine prints a list of all programs and files in the user's
group library (the library of the idcode ending in PP which has the
same letter and first number as the user). Its operation is identical
to that of LIBRARY except that the group librarian's idcode is used
for directory searches instead of APPY.
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DIRECTORY - USER CONSOLE

The DIRECTORY routine prints a list of all directory entries on
the user console. The entries are printed one per line, and consist
of id, name, last reference date, length, disc address and drum

address, if any. The operation is as follows:

1. Check that the user’s id is A000. If not, fail.

2. Check to see if an idcode was specified. If so, we will start

printing the directory with this idcode.

3. Print the heading consisting of system id, date and time and

suspend.
L. Print the directory heading and suspend.

5. Set up parameters for directory search for null program name

and idcode previously determined (or null idcode if none specified).
6. Perform directory search.

7. Get first directory entry following the one sought. |If

pseudo-entry, terminate.

8. If id of entry is different from that of the preceding entry,
output the ASCI| representation of the idcode. Otherwise output four

blanks. Save the idcode in the RTIM word of the user's TTY table.

9. OQutput the six character program name and save it in the TEMP
words of the user's TTY table.

10. Output the last reference date.

11. Output a 'C' for semi-compiled programs, an 'F' for files,

and/or a 'P' for protected programs or files.

12. Output the length, the disc address, and the drum address,

if there is one.
13.- Output X-OFF, CR, LF and suspend.

14. Retrieve the parameters for the directory search from the user's
TTY table and go to step 6.
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SDIRECTORY - USER CONSOLE

~ The SDIRECTORY routine prints a list of all sanctified programs and
files on the user console. The printout is in the same format as a
DIRECTORY printout. The routine functions the same as DIRECTORY, except
that in step 7 a check is made to see if fhe entry is sanctified. If it
is, the processing continues as in DIRECTORY. Otherwise, the pointer is

moved to the next entry and step 7 is repeated.
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REPORT - USER CONSOLE

The REPORT command prints IDT information on the user console. For
each IDT entry, the user ID, time consumed, and disc consumed are
printed. The entries are printed three per line. Note that the time
printed on the console does not include any time for currehtly active
users, since these are not added to to the IDT until the user logs off.

The operation of REPORT is as follows:

1. Check that the user's id is A000. |{f not, fail.

2. Check to see if an idcode was specified. |If so, save it, as we
will start printing the report with this idcode. Otherwise save a null

idcode.

3. Print the heading consisting of system id, date and time and

suspend.
L, Print the report heading and suspend.

5. Retrieve the idcode and find what track its on. Read that track

and locate the idcode.

6. Output the id, time and disc of the next three entries. |If

necessary, read the next id track.

7. 1f no entries left, print XOFF,CR,LF,LF and terminate. Otherwise
save the present idcode + 1, print XOFF,CR,LF and suspend. Go to step 5.
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STATUS - USER CONSOLE

The STATUS routine prints a summary of the various system resources

and the extent of their utilization on the user console. It operates as

follows:

10.
11.

12.

13.

Check that the user's id is A000. If not, fail.

Print the heading consisting of system id, date and time and

suspend.

Print MAGSC and a '*' if the mag tape unit is a 7970 (bit 15
of MAGSC=1). Print the select codes of the 4 drums.

‘Print the logical unit, select code, unit number, first block

and last block of the discs on the system.
Print a list of those tracks which are locked on each drum.
Print a list of those disc blocks which have been MLOCKED.

Set the ?STAT word in the user's TTY table to the status overlay

and suspend so that when we come back the overlay will be read in.

Get the line printer select code and type from the I/0O processor
and print them ('*' if the printer is a 2610A, '**' if the printer

is a 2767A). Then print the port number of the current user.

Print the drum addresses and lengths of the IDT, ADT, Disc ADT

and Directory tracks.

Print the drum addresses of the system library tracks and user

swap tracks.

Print the disc addresses of the 32-block areas reserved for the
IDT, Disc ADT and Directory.

Print the disc addresses and lengths of the system segments.

Terminate.
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DELETE

The DELETE command ajlows a user to delete a section of his program.
He can specify two parameters, M and N. M refers to the first line
to be deleted, N to the last. [f N is not specified, the entire pro-

gram is deleted, starting at line M. The operation is as follows:

—
.

Translate and check parameters. If N is not specified, set
it to 9999.
2. Decompile program.
3. Locate range of statements to be deleted.
Move portion of program following deleted area up against
portion preceding. '
5. Reset PBPTR and exit.
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TIME
The TIME command prints the user's console time and total time. The
operation is as follows: '

1. Print ""CONSOLE TIME ="

2. Read I0DT.

3. Compute console time and print it.

L. Print "TOTAL TIME ="

5. Find user's IDT entry. Add the time in there to the console
time and print it.

6. Exit.
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PROTECT

The PROTECT command allows user AOO0QO or any group librarian to protect

a program or file. Program protection means that no other user may

list or save the program. File protection means that no other user may
access the file. Files are always protected against other users writing

on them. The operation is as follows:

1. Check for privileged user.

2. Translate and check the program or file name.
Perform a directory search on the specified program. Fail if
not found.

4. Set the protect bit (BIT 15 of word 1 of the directory entry),

write the directory back to the disc, and terminate.
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UNPROTECT

This is identical to PROTECT except that it clears the protect bit.
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OPEN
The OPEN command is used to create data files. The user must specify
the file name and file length in records. He may also specify a logical

record size. The operation of OPEN is as follows:

1. Translate and check the file name and length and record size.
File names are subject to the same restrictions as program names.
File length must be between 1 and 32767 records, inclusive. Record
size, if specified, must be between 64 and 256, inclusive. (The

default record size is 256 words.)

2. Check the IDT and disc ADT's to see if a) the user has enough
disc space allocated to him to satisfy the command; and b) there
is an area on the disc which is large enough to accomodate the file.
Save the iocation of the disc ADT entry and its information, but

don't update it until we know there is room in the directory.

3. Perform a directory search on the file name. If found, this is
a duplicate entry, so terminate. Otherwise, if the directory track
is not full, insert the new entry. If it is full, call in SUPERSAVE

to restructure the directory and insert the entry.
4, uUpdate the IDT and disc ADT appropriately.

5. Fill the user area with end-of-file marks (a -1.in the first word
of each of 40 256-word blocks). Write this area to the location on
the disc reserved for the file. [Increment the disc address by Lo
blocks and write another 40 records up to 10 times (total) or until
the file is full. The last write may be from 1 to 40 blocks in length.

6. If the file has been filled, terminate. If not, save the low word
of the disc a-dress immediately beyond the last write in the user's
teletype table, along with the file name. Move the user to the

bottom of the queue and suspend.
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Retrieve the file name and partial disc address from the
‘teletype table. Ascertain that the file exists (is in the

directory) and that the reconstructed disc address falls with-

in the file. If not, terminate. Otherwise, return to step 5.
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LENGTH

The LENGTH command prints'theilength of the user's program, as it
would be if saved. This is only the length of the source area of
the program, and includes neither the fixed portion nor any of the
tables used at run time. The length is determined in one of two

ways:

1. [f the user is in decompiled mode, length = PROG-SPROG.
PROG is just a copy of PBPTR, which points to the last
word +1 of the program. PBUFF points to the first word.

2. [f the user is in compiled mode, length = SYMTB-SPROG.
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ECHO

The ECHO command'is used to control the computer echo of telétype
input. Echoing is determined by the user's bit in the word PLEX
or PLEX! in the 1/0 processor. Bit = 0 implies no echo, 1 implies
echo. The user will want echoing if any only if his teletype is
full duplex. The command format is:

ECHO-ON for full duplex.
ECHO-OFF for half duplex.
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MESSAGE

The MESSAGE command is used to send a message from a user console
to the system console. The message is placed in a queue and is ulti-

mately outbut to the system console by the scheduler. The routine oper-
ates as follows:

1. Check.if message queue is full. |If so, fail.

2. Put a CR-LF and the ASCI| representation of the user's port
number in the message buffer.

3. Move the message from the user's teletype buffer in the 1/0
processor to the message buffer.

L4, Increment message counter and set pointer to next message
buffer.

5. Terminate.
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L PRINTER

The LPRINTER command is used to obtain the line printer as the output

device. The routine operates as follows:

1. Check to see if the line printer is currently being used. If so
print "LP BUSY".

2. Ask the I/0 processor to check on the availability of the line
printer. The I/0 processor will return the following status in the A

register:

A# 0 Line printer available and on-line. The line printer is assigned
to the user and the character string following the command word

(if present) will be printed.
A =0 Line printer is not available or not on line. Print "LP NOT AVAILABLE".

A<0 Line printer available but character string is too long. Print
"ILLEGAL FORMAT'".

3. Set the LPRINTER command flag, LFLAG, and place the address of the
user's port number in the LP user indicator PRIST. Upon completion of the
user's next command, PRIST will be cleared, the line printer will be released,
and a completion message will be sent to the user. LFLAG is used to indicate
that command being terminated is LPRINTER and therefore the line printer is
not to be released.

4. Terminate. LFLAG is cleared in the termination routine.
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REPORT - SYSTEM CONSOLE

The REPORT command prints IDT information on the system console.
From each IDT entry, the user id, time consumed, and disc consumed are
printed. The entries are printed three per line. Note that the time
printed on the console does not include any time for currently active
users, since these are not added to the IDT until the user logs off.
The operation of REPORT is as follows:

1. Check to see if an idcode was specified. I[f so, save it, as
we will start printing the report with this idcode. Otherwise save a
null idcode.

2. Print the heading consisting of system id, date and time and
suspend. ‘

3. Print the report heading and suspend.

4. Retrieve the idcode and find what track it's on. Read that
track and locate the idcode. |

5. Output the id, time and disc of the next three entries to the
buffer. If necessary, read the next id track.

6. |If no entries left, print the buffer and terminate. Otherwise

‘save the present idcode +1, print the buffer and suspend. Go to step 4.
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DIRECTORY - SYSTEM CONSOLE

The DIRECTORY routine prints a list of all directory entries on
the system console. The entries are printed one per line, and consist
of id, name, last reference date, length, disc address and drum address,

if any. The operation is as follows:

1. Check to see if an idcode was specified. If so, we will start
printing the directory with this idcode.

2. Print the heading consisting of system id, date and time and
suspend.

3. Print the directory ﬂeading and suspend.

4. Set up parameters for directory search for null program name
and idcode previously determined (or null idcode if none specified).

5. Perform directory search.

6. Get first directory entry following the one sought. |f pseudo
entry, terminate.

7. If id of entry is different from that of the preceding entry,
place the ASC!! representation of the idcode in the output buffer. Other-
wise, place blanks in the buffer. Save the idcode in location 35 of
the buffer.

8. Move the 6-character program name to the buffer.

9. Convert the last reference date and put it in the buffer.

10. Convert the drum address and put it in the buffer, unless it
is zero.
11. Convert the disc address and length and put them in the buffer.
12, Put a 'C' for semi-éompiled programs, an 'F' for files,
and/or a 'P' for protected programs or files in the buffer.
13. Print the line and suspend.
14, Set up parameters for directory search. These can be gotten

from locations 35, 3, 4, and 5 of the buffer. Go to step 5.
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SDIRECTORY - SYSTEM CONSOLE

The SDIRECTORY routine prints a list of all sanctified programs and
files on the system console. The printout is in the same format as a
DIRECTORY printout. The routine functions the same as DIRECTORY, except
that in step 6 a check is made to see if the entry is sanctified. If it
is, the brocessihg continues as in DIRECTORY. Otherwise, the pointer is
moved to the next entry and step 6 is repeated.
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STATUS - SYSTEM CONSOLE

The STATUS routine prints a summary of the various system resources
and the extent of their utilization on the system console. It operates

as follows:

1. Print the heading consisting of system id, date and time and
suspend.

2. Print MAGSC and a '*' if the mag tape unit is a 7970 (bit 15
of MAGSC=1). Print the select codes of the 4 drums.

3. Print the logical unit, select code, unit number, first block
and last block of the discs on the system.

4. Print a list of those tracks which are locked on each drum.

5. Print a 1list of those disc blocks which have been MLOCKED.

6. Get the line printer select code and type from the I/O processor
and print them ('*' if the printer is a 2610A, '**' if the printer is a
2767A). Then print the port number of the current user.

7. Set the console status to the status overlay and suspend so
that when we come back the overlay will read in.

8. Print the drum addresses and lengths of the IDT, ADT, Disc ADT
and Directory tracks.

9. Print the drum addresses of the system library tracks and user
swap tracks.

10. Print the disc addresses of the 32-block areas reserved for the
IDT, Disc ADT and Directory.

11. Print the disc addresses and lengths of the system segments.

12. Terminate.
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ROSTER
The ROSTER routine prints a listing of the Id codes of all active

users. These are obtained from the ID word in the 32 TTYTABLES. The
absence of a user is indicated by the word being zero.
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ANNOUNCE

The ANNOUNCE command is used to send a message from the system

console to any or all of the user consoles. It operates as follows:

1. Get the port number to send the message to. If 'ALL' specified,

set up for sending message to all ports.

2. Output CR-LF-LF, followed by the message, followed by CR-LF-LF
to a port. This output is done a character a time, after insuring that

the I/0 processor can take the character without overflowing the buffer.

3. Move to the next port, and if there are any more ports to do,

go to step 2. Otherwise terminate.
NOTE: If a user has the line printer as his output device, the announce

message is not sent to him. The flag PRIST indicates the address

of the TTY# of the current user.
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RESET

The RESET command modifies the time to date of a user's IDT entry.
It operates as follows:

l. Set ID=T =0,

2. If the idcode = "ALL'" go to 3, otherwise set 1D = the specified
ID code. ' |

3. If no time specified, go to 4. Otherwise set T = specified time.

4. Read the IDT track for ID. If ID =0, go to 5. Otherwise search
for the specified idcode. Fail if not found. |f found, set its time
entry to T, write the IDT track back and terminate.

5. Set the time entry for all the idcodes on this track to T and
write it back to drum.

6. Move to the next IDT track. |If all are finished, terminate.
Otherwise read the IDT track and go to 5.
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CHANGEID

The CHANGEID command is used to modify any or all of the parameters
in an 10T entry. The parameters that can be specified are: password,

time allowed, disc allowed. The operation is as follows:

1. Translate id specified. Read IDT track for this id and locate
the specified id. Fail is not found. '

2. If password specified, insert into 10T entry. |f followed
by comma, go to step 3, otherwise to step 5.

3. If time specified, insert into entry. |If followed by comma,
go to step 4, otherwise to step 5.

k., Insert new disc value.

5. Write IDT track back to drum and terminate.
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SLEEP

The SLEEP command is used for system shutdown. It operates as

follows:

1. Remove all users from the queue and make sure they can't
get back by: '
a) clearing each user's ?FLAG word in his TTY table.
b) setting all status words to -2.
¢) setting T35LK to point to MLINK+1.
2. Output the sleep message to all active users, preceded and
followed by a CRLF.
3. Tell the 1/0 processor to disconnect the telephones.
4. Call LCD to update the last change date for files for each
port that has a program that is still active. '
5. Update the IDT entry for each active user and create a logoff
entry in LOGGR. ‘
6. Wait for fhe console to finish outputting. )
7. Read in the loader, turn off all the 1/0 and the interrupt
system, set power fail to halt.

8. Set A =0 (sleep) and jump to the dump.
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H1BERNATE

The HIBERNATE command is identical to the SLEEP command except for
the following additions/changes: '

0. |If MAGSC = 0, fail. Otherwise set the current time into HDATE.
8. Set A = -1 (hibernate) and jump to the dump.
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NEWID

The NEWID routine adds on entry to the IDT. The operation is as
follows:

1. Translate the idcode.

2. Determine what IDT track the idcode is on and read it in.

3. Translate the other parameters.

L, Search the IDT for the specified id. Fail if found. |If the
track is full go to 5. Otherwise insert the new entry in its appropriate
position, update the track length, write the IDT track back to drum and
terminate. - .

VS. Scan through IDEC, determine the total length of all IDT tracks,
and add 8 for the new entry. If all tracks are full, fail.

6. Divide the total IDT length by the number of IDT tracks to
determine their new individual lengths. Insert these in the table at
(NNSNN+1:NWSNN+3) as negative.

7. Now redistribute the IDT tracks. The basic idea of the algorithm
is to fill the swap area with as much of the IDT information as we can,
reading from the beginning, and then to write out‘as-mucﬁ as we can,
always making sure that when writing we don't overlay any portion that
hasn't'been read yet. The following variables are used: '

Ki points to the IDEC entry for track being read

Ll points to the IDEC entry for track being written -

K2 = # of words read so far from track Kl (initially-0)

L2 = # of words written so far on track L1 (initially 0)

S = # of words in core (initiaiiy 0) o

SP points to NWSNN entry, telling how many are to be written
on LI.

TG = 1 if we have already inserted the new entry.

8. If L2 = (SP), we have completely written track L1 so check for
Ll = NIDC2. If it is, we've written all the tracks, so go to step l4.
Otherwise, advance L1 to the next directory track, advance SP, set L2 = 0,
and repeat this step. If L2 - (SP), go to step 9. '
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9. If S > 10232, we have read as much as we can, so go to step lj.
If KI = NIDC3, there is nothing left to read, so go to step I11. |If K2 = #
of words on track K1, we've read the entire track, so advance Ki to the
next track, set K2 = 0, and repeat this step. Otherwise, compute the
number of words we can read. |If there is room to read the balance of the

track, we wiil, otherwise, we will read the maximum number of full sectors

possible. If this is zero, go to step I1. |If it is not zero, read from
section K2/64 into core location LIBUS + S. Add the number of words read
to S and to K2. h

10. If TG = 0, determine if we can insert the new entry. This will

be so if KI = IDLNP and V - LIBD < K2. If this is not the case, go back to
step 9. Otherwise, set TG to | and insert the new entry in core. Set
S to S + 8 and go back to step 9.

11. Write Section. Set SS = 0. This is thgﬁnumber of words written.

12. Compute number of words we can write on:{rack L1. First set
A = - number of words left to write on the track. 1If L1 = K1, we haven't
finished reading everything from track L1, so if L2-A > K2 change A to
L2-K2, which is the number of words we can write without destroying any
unread IDT information. 1If S-SS<-A, we don't have as much in core as we
are capable of writing, so set A = -(((S5-S):64) x 64), an exact number of
sectors. '

13. If A =0, we can't write anything, so if SS # D slide the
remaining S-SS words in core up to location LIBUS, set SS=0 and S=SS-S.
Then go back to step 8. If A#0, write -A words to sector L2:6L4 of track LI.
If L2 = 0, set the first word of the L1 IDEC entry to the first word
written. Set L2 to L2-A, SS to SS-A, and go back to step 12.

14. Set the new IDT lengths into IDEC and terminate.
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KILLID

The KILLID routine removes a specified id from the system. The
operation .is as follows:

1. Get the id. If the id is A000, or if it ends in '00' and any
members of that group are logged on, fail. This is because the files
belonging to AO00 and group librarians may be accessed by other users,
and removing them would be almost impossible. .

2. Read the IDT track for the specified id and search it for the

id. Fail if not found. Otherwise, delete fhe entry from the IDT and write
| it back to the drum.

3. If any user with the specified id is currently on the system, set
the id item of this TTY table to 0, set his status to -2, set his COMI4
bit to force him to be disconnected, and remove him from the queue if
he is on it. Also, zero out his section of the FUSS table.

L4, Remove all directory entries belonging to this user and build a
table which will be used to patch the ADT and Disc ADT. For each directory
entry, four words are placed in the table: drum address, length, and disc
address.

5. Write the directory back to disc. Read the ADT, call RSFS to
return the space released from sanctified programs and files, and write
the ADT to drum.

6. Call TBDAD to return released space to the Disc ADT.

7. Terminate.
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UNLOCK

The UNLOCK command |[s used to restore drum tracks to the system.

The operation is as follows:

1. [Interpret parameters, setting F and L to the first and last
tracks to be unlocked.

2. Scan the TRAX table to determine the number of tracks tc be
unlocked. Set CN to this number.

3. Set CN = min{CN, (8192 + ADLEN)/2}. The parenthesized expression
is the number of words that can be added to the ADT.

L. Read the ADT into core location LIBUS + 2 CN.

5. Set MOVED = LIBD, MOVES = LIBD + 2CN.

6. If track F is unlocked go to step 8. Otherwise, unlock it by
clearing its bit in TRAX. |f MOVED = MOVES, we can't insert an ADT
entry, so go to step 8.

7. |f MEM [MOVES] <F, move 2 words and repeat this step. Set
MEM [MOVED] = F, MEM [MOVED + 1] = 128 unless F = 0, in which case we set
MEM [MOVED] = 3, MEM [MOVED + 1] = 125. Also set MOVED = MOVED + 2.

8. IfF#L, set F=F+ 1 and go to step 6. Set ADLEN = ADLEN -
2CN. Write the ADT back to drum and terminate.
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LOCK

The LOCK routine is used to tell the system that certain drum
tracks are not to be used. Only tracks which are part of the program
library are lockable, but tracks which contain active files are not.

Any progfams or files on tracks being locked are removed from the system.

The operation is as follows:

1. Interpret the parameters and set F and L to the first and last
tracks to be locked. Check that none of these tracks is used for swapping,
directory, Disc ADT, IDT, ADT, or system. Fail if they are.

2. Search the directory for sanctified entries on the specified
tracks. For each such entry, add a 4-word entry to the patch table
consisting of a pointer to the Direc entry, a pointer to the entry in
the buffer, and the two-word disc address. There is room for 512 entries
in this table. Fail if it overflows. ‘,

3. Compare the patch table to the FUSS table. Fail if any of the
entries in the patch table are active files. '

L. Read the ADT, delete from it all entries for the tracks to be
unlocked, and write it back.

5. For each track to be locked, set its TRAX bit to 1.

6. Update the directory using the patch table. For programs, set
the drum address in the directory entry to 0. Also set the second word
of the patch table entry to 0. For files, remove the entry from the
directory. Set the first 2 words of the patch table entry to the id and
length of the file.

" 7. Call TBDAD to return disc space formerly used by removed files
to the Disc ADT.

8. Call TBIDT to update the space used for users whose files have
been removed due to the locking.

9. Terminate.
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MUNLOCK

The MUNLOCK command is used to restore to the system any disc
blocks which have previously been MLOCKed. It operates as follows:

1. Interpret the parameters. Fail if the last block is less
than the first block, or one of the blocks specified is one of the
first 4 blocks of a disc, or the first and last blocks are not on

the same disc, or the blocks are on a non-existent disc.
2. Read the Bad Blocks Table and Disc ADT for the disc specified.

3. Search the Bad Blocks Table for the first entry greater than
or equal to the first block to be unlocked. If an equal entry is
found check io see if the locked block is completely enclosed. |If not, -
update the address and length of the locked block entry, return the
unlocked space to the Disc ADT and go to 6. If so, eliminate the

completely enclosed entry, return its space to the Disc ADT, and go to 5.

4, If a greater entry was found or if the end of the table was
reached, check the preceeding block to see if a portion of it Is to be
unlocked. |If so, modify the entry. |If the unlocked portion is in the
middle of the block, it will be necessary to make a new entry in the table
in addition to modifying the entry. After so doing, return the freed
space to the Disc ADT. |If the end of the table was reached in step 3,
go to 6.

5. Check the next block to see if any portion of it is to be un-
locked. If not, go to 6. If it is completely enclosed, eliminate it,
return the space to the Disc ADT, and repeat step 5. If only part of

it is to be unlocked, return this space to the Disc ADT and modify the
address and length.

6. Write the Bad Blocks Table back to the disc and the Disc ADT
back to the drum.

7. Terminate.
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MLOCK

 The MLOCK command is used to make certain disc blocks unavailable
to the system because they are faulty or for_éome other reason. |t

operates as follows:

1. Interpret the parameters. Fail if the last block is less than
the first block, or one of the blocks specified is one of the first &4
blocks of a disc, or the first and last blocks are not on the same disc,

or the blocks are on a non-existent disc.

2. Read this System Segment Table. Fail if any of the specified

blocks are reserved for system segments.

3. Read the Disc Allocation Table. Fail if any of the specified

blocks are reserved for system usage as specified in the DAT.

4, Search the directory for programs or files whose disc address
lie in the range of the blocks to be locked. For each such entry found,
add a b-word entry to a table consisting of a pointer to the Direc entry
for this track, a pointer to this entry position in the directory buffer,
and.the two-word disc address. If an entry is found which is partially
contained in the area to be locked, put its disc address and length in a
special table. There may be 2 such entries. There is room for 512

entries in the main table. |If it overflows, fail.

, 5. Read the FUSS table. Compare the table just built with the FUSS
 to determine if any of the blocks to be locked contain active files. |If

so, fail.
6. Read the MLOCK overlay.

7. Read the Bad Blocks Table. Then search it for the first entry
greater than or equal to the first block to be locked. If an equal
entry is found, and the new block is longer, reset the length and go to
8. If it is not longer, terminate. |f an equal entry was not found,
check the preceeding entry and if the blocks to be locked will make it

longer, update its length, [!f the tabie was fuil and the entries were
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not combined, fail: |If they were combined, go to 9. |If the entry was
to go at the end of the table and they were not combined, insert the

new entry. Then éo to 9. |If a greater entry was found and the entries
were combined, go to 8. |If they were not, insert the new entry (unless

the table was full, in which case we fail).

8. Check the next entry to see if it is ovér!apped by the one we
just made. |If not, go to 9. |[f so, eliminate the overlapped entry,

and change the length of the new entry if it is longer. Repeat step 8.
9. Write out Bad Blocks Table.

10. |f there were no entries in the table of directory entries to
be removed, go to 13. Otherwise set TP to point to the first entry in
this table. Read the directory and set MOVES=MOVED=LIBD.

11. MEM[TP + 1] = > the disc address of the directory entry.

Replace MEM[TP] with the id of the entry, MEM[TP + 1] with the length

in blocks, MEM[TP + 2] with the drum address, and, if the drum address
.is not 0, MEM[TP + 3] with the length in sectors. Call the move

routine. Set MOVES=MOVES +12. This eliminates the directory entry

we were pointing to. Set TP=TP + 4. Bump CT. |If CT=0, go to 12. If
MEM[TP]=DI, the next entry is on the same track, so go repeat 11. Other-
wise move the end of the directory, write out this directory track, read
the new directory track, set MOVES=MOVED=LIBD and repeat 11.

12. Read the ADT, call RSFS for each non-zero drum address entry in

the table to return space to the ADT, and write the ADT.

13. Read the Disc ADT for this disc. For each of the two special
table entries, if they exist call RADT to return their space. This is
done because a locked block may remove only part of a program or file,

and it is necessary to put the rest of the space back in the Disc ADT.

14. Remove from the Disc ADT any blocks which lie in the range of
the blocks we are locking. Then write the Disc ADT back to drum.

15. If there are no entries in the main table, go to 16. Otherwise
call TBIDT, which returns space to the IDT based on the first two words
of each b-word entry in the table we built.

16. Terminate.
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COPY

The COPY command is used to copy a program or file from one user's

library to the 1ibrary of another user. It operates as follows:

1. Interpret the parameters.

2. Search the directory for the old entry. Fail if not found.

3. Save the file flag, semi-compiled flag, word 4, drum address,
disc address and length. .

L. Find out which IDT track the new idcode is on, read it, and
search for the new idcode. Fail if not found. Also fail if there is
not enough space in the user's library.

5. Search tHe Disc ADT's for enough disc space to put the new
program. Fail if not enough space left.

6. Search the difectdry for the new entry. Fail if found. If
 the track is full, call SUPERSAVE and go to 8. v ‘

7. Add the new entry to the directory and write the directory
track back.

8. Read the IDT, update the space used, and write it back.

9. Read the Disc ADT, update the space used, and write it back.

10. If the old program or file is on the drum, read it from the
drum, write it to the new entry's place on the disc and terminate.
Otherwise, read it from the disc and write it to the new entry's place
on the disc 40 blocks at a time until it is completely copied. Then

terminate.
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BESTOW

he BESTOW command is used to transfer programs or files from one

user's library to another user's library. It aoperates as follows:

1. Interpret the parameters. If no name is given, set name to nuli
and go to 3.

4 2. Search the directory for the named entry in the old user's
library. Fail if not found. Otherwise go to &.

3. Search the directory for an entry in fhe old user's library.

If one found, go to 4. If none found and this is the first time thru
this step, fail. Otherwise print a message if there were any duplicate
entries and terﬁinate..

4, Save pointers to the diretory entry and position in the directory
buffers of this entry and also save its length.

5. Search the directory for an ehtry in the new user's library
with this name. |f found, bump the duplicate entry counter and go to 1Il.

6. Read the IDT track for the new user and insure that there is
enough space in his library for this entry. If not, fail. Otherwise,
update his disc space used and write out the IDT.

7. Read the IDT track for the old user, reduce his disc space used
and write out the |DT.

8. Read the directory track for the old entry again. Save pertinent
information, eliminate that entry from the directory, and write out the
directory track.

9. Search the directory for a place to put the new entry.

"If the track is full, call SUPERSAVE and go to 1.

10. Insert the new entry in the directory and write the directdry
track back to drum. .

11. Increment the name so we won't find the same entry again. |If

we were only’transferring one entry, terminate. Otherwise, go to 3.

s
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SANCTIFY

The SANCTIFY command is used to copy a program or file from the disc
to the drum. The space on the disc is reserved so that it may be copied

back at sleep time. The routine operates as follows:

1. Interpret the parameters.

2. Search the directory for the named ehtry. Fail if not found.
Also fail if the entry is longer than 32 blocks or if the entry is already
sanctified.

3. |If the entry is a program, go to 4. Otherwise read the FUSS table
and search it for this entry. Fail if found.

L, Read the ADT. Search it for an area large enough to put this
entry. Fail if not found. Otherwise, update the ADT and write it back.

5. Read the directory track for this entry again, update the drum
address for this entry, and write the directory track back. |

6. Read the program or file from disc and write it to the drum.

7. Terminate.
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DESECRATE

The DESECRATE command is used to return a santified program or
file to it's area on the disc. Programs are not copied back because
there is an identical version already on the disc. The routine operates

as follows:

i. Interpret the parameters.

2. Search the directory for the named entry. Fail if not found.
Also fail if the entry is not sanctified.

3. [If the entry is a program, zero its drum address, write the
directory track back, and go to 6. Otherwise read the FUSS table and
search it for this entry. Fail if found.

4, Zero the drum address of the file and write the directory track
back.

5. Read the file from drum and write it to the disc.

6. Read the ADT, call RSFS to return the drum space to it, and
write the ADT back. "

7. Terminate.
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PURGE

The PURGE routine is used to delete from the library all programs
or files which have not been referenced since a certain date. The
operation is as follows:

1. If HELLO program exists, assign it today's date. This is
because the HELLO routine does not perform this function. A

2. Interpret parameters and set DT to the purge date. Make sure
that DT < today's date. '

3. Make sure that FUSS is empty. This is to avoid killing any
active files. '

4, Read a directory track. Set P = MOVED = MOVES = LIBD. Set
ND to point to the end of the directory.

5. Test the entry pointed to by P to see if it should be deleted.
If not, go to 7. Otherwise add a 5-word entry to the patch table consisting
of id, length, disc address and drum address. Call the move routine and

set MOVES = MOVES + 12.

6. |If the patch table is full, write out the interim directory, call
PURFX, and.read back the directory.

7. Set P =P+ 12. |If P = ND, we are finished with this directory
track, so go to 8. Otherwise to to 5.

8. Call the move routine to move the end of the directory track.
Write out the track and move to the next track. If allitracks have been
read, call PURFX and terminate. Othefwise go to 4. |
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The PURFX routine uses the patch table to update the ADT, Disc ADT
and IDT as follows:

1. Read the ADT. Set MOVES = MOVED = L8192. Examine each entry
for a non-zero drum address, and if one is found call RSFS.to return
space to the ADT. in any case call the move routine after examining
the entry to delete the drum address (i.e., make it into a h-wofd entry
table). After returning all drum space write the ADT back.

2. Call TBDAD to return disc space to the Disc ADT.

3. Call TBIDT to adjust the disc space used in the IDT for each user
who has lost programs or files. '
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MAGTAPE
The MAGTAPE routine is used to set a select code into the location

MAGSC. Typing a '*' after the select code indicates that the tape unit
is a 7970 and will force bit 15 of MAGSC to be set.
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PHONES

The PHONES commanﬂ is used to tell the /0 processor how long to
allow the user to try to successfully log on before disconnecting him.
It is originally assumed to be 120 seconds.
1 to 255 seconds by the PHONES command.

It can be reset to from
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PRINTER

The PRINTER command is used to tell the I/0 processor the select
code of the line printer and the line printer type. '*' after the
SC indicates a 2610A and '**' indicates a 2767A. ‘ '
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SPEED

The SPEED routine is used to configure the specified port(s) at the
specified baud rate and character size. The baud rate to be input is

computed with the formula:

14,400
Bit Rate

Where bit rate = # of Chars. per second X # of bits per character including

the start and stop bit(s).

Note: If 14,400  is not a whole number, it must be rounded off to
Bit Rate

the nearest integer.

The baud rate range is from 5 to 191.

The character size to be input is the least significant octal digit of
the total number of data bits and stop bit(s) in a character and is either

1 or 2 depending on whether the character contains 1 or 2 stop bits.
For the IBM 2741 Terminal an '"*" must be input for character size.

Error Conditions:

The message "ILLEGAL FORMAT" is output if
1. A baud rate €5 or 2191 is input.
2. A character size other than 1, 2, or '"*" is input.

3. A port number outside the range 0 through 31 is specified.

The message '"NO CONF. DONE" is output if the port (configuration of a
single port) or at least one port (configuration of more than one port)

is logged on.
In each of the above error conditions no configuration will take place.

For each port to be configured the system first initiate service routine
"CHS" in the I/O processor. 'CHS" sets the character size (0 if an ''*"

was input!) into the receive and send parometer (?RPRM resp. ?SPRM) kept

in the teletype table. If the character size = 0, the echo bit in ?RPRM

is set to 0, otherwise it is set to 1. If the character size = 0, ?TYPE is
set to 1 (iﬁdicating that an IBM 2741 terminal is connected to the port.

Otherwise it is set to 0, indicating that an ASCII terminal is connected.
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Then the system initiates service routine "SPE'". This routine sets the
new baud rate in ?SPRM and ?RPRM and sets the parity bit in ?SPRM to 1
("EVEN'" parity will be generated on output) if ?TYPE = 0. Otherwisé the
~parity bit in ?SPRM is set to 0. Finally "SPE" retrieves '"?SPRM and ?RPRM
and output these parameters to the multiplexer board.
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PORT

This routine is used to print out the baud rate and character size for

which the port(s) is (are) configured.
The system processor obtains the information from the I/0 processor.

f an IBM 2741 is connected to a port, an "*" will be printed for the

character size.

Error Conditions:

The message ""ILLEGAL FORMAT" will be given, if an illegal port number

is specified. No information is given.

This command is available to the system operator and the system master.

If this command is given by a user other than the system master, the error

message ''priveleged command'" is output and no information will be given.

For each port the system uses service routines WSP and WCS to obtain the

baud rate resp. character size for which the port is configured.
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1/0 PROCESSOR PROGRAM

Y i nvya vi

The second computer in the 2000C high speed is used for all of the
terminal input and output operations for the system. In addition, it
takes care of all of the phones logic (answering and hanging up the
telephones) and the timing for the ENTER STATEMENT.

2100A Asynchronous channel Multiplexor

To put the Multiplexor into operation, each port on the interface must be.
primed with two parameters. The parameters are necessary for transmission
and reception of data to/from that port. One parameter is used for the
send channel and one parameter for the receive channel of that port. Once
primed, those parameters will remain in the channel's memory until the

power goes down or a '"'master clear" is executed.
The parameters consist of 16 bits which have the following functions:

Send Channel Parameter

Bits 0-7 Indicates the rate at which the data bits will be transmitted.
Bits 8-10 Indicates the least significant bits of the number of bits,

indlucing stop bits, in a character.

Bit 11 Not used by the system.

Bit 12 If set, ASCII parity will be generated.

Bit 13 If set, interrupt on completion of transmission of data
will be enabled.

Bit 14 Must be set.

Bit 15 Must be set.

Receive Channel Parameter

Bits 0-7 Indicates the rate at which the data bits will be received.
Bits 8-10 Indicates the least significant bits of the number of bits,

including stop bits, in a character.

Bit 11 Not used by the system.

Bit 12 ' If set, all received data will be echo'd back to the terminal.
Bit 13 if set, interrupt on reception of data will be enabled.

Bit 14 Must be=0.

Bit 15 Must be set.
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The Multiplexor consists of two boards, a '"data'" board and a "status" board.
They must be located in "two consecutive I/0 slots; the '"data' board in the
higher.priority slot (lower numbered select code) and the ''status'" board
in the lower priority slot (higher numbered select code). Output of data

to a send channel (to be transmitted to the terminal) must be in the format.

Bits 0-10 Data*

Bit 11 Must be set, if a "synchronizing' character must be transmitted.**
Otherwise, must be = 0. '

Bits 12-13 Immaterial.

Bit 14 Must be set.

Bit 15 Must be = 0.

* The ASCII character must be contained in Bits 0-6. Bit 7 must be = 0

since even ASCII parity must be generated. Bits 8-10 must be = 1. The
selectric character (6 bits/char.) must be contained in bits 0-5. Bit

6 must be set or reset according to the odd parity of Bits 0-5. Bit 7

must be = 0 and Bits 8-10 must be = 1.

** A "synchronizing'" character is issued by the I/0 processor to pro-
vide one character time delay. It is used to delay output until the
terminal has completed a carriage return or line feed. The number

of "synchronizing" characters is dependent on the terminal. The format

of the "synchronizing" character is as follows:

‘Bits 0-6 Must be = 1.

Bit 7 Must be = 1 if terminal is a selectric.
Must be = 0 for all other terminals.

Bits 8-10 Must be = 1.

Bit 11 =~ Must be = 1.

Bits 12-13 Immaterial.

Bit 14 Must be = 1.

Bit 15 Must be = 0.

. 4
The "synchronizing'" character is a non-printable character. Besides,
providing a means of time delay, it is used to synchronize the terminal

at the beginning of every transmission.
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Input of data is done with a "LIA" or "LIB'" to the ''data'" board. Its format

is:

Bits 0-6 Data bits.

Bits 7-9 Immaterial.

Bits 10-14 Number of the channel on which the data was received.
Bit 15 Not used by the system.

An "LIA" or "LIB" to the "status" board gives information in the following

format:

Bit 0 If=1, the interrupt came from the complefion of a character
transmission (send channel).
If=0, the interrupt came from the completion of a character
reception (receive channel).

Bit 1 Not used by the system.

Bit 2 If=1, a "break" signal was received.

Bit 3 Not used by the system.

Bits 4-9 Immaterial.

Bits 10-14 Number of the channel on which an interrupt occurred.

Bit 15 "Seeking'" bit. This bit indicates that a 'seek' operation is

taking place in the circulating memory of the interface. If=1,

no data or parameters should be output to the interface.

Method of outputting the "send" and ''receive' parameters to the interface:

1. "LIA upper select code"
2. Check seeking bit. If=1, the previous operation was not yet com-

pleted. Go back to 1. If=0, proceed to 3.

3. '"OTA lower select code'" (the parameter is assumed to be in the "A"
register).
4. '"OTB upper select code (the channel number is assumed to be in bits

10-14 of the "B" register).

5. '"STC lower select code'.

Output of data is done in the same way.
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MULTIPLEXER DRIVER

The multiplexer driver is used by both multiplexer boards. The driver

is divided into five sections:

II.

I. 1Initialization - One routine for each board
II. Receive channel processing
III. Send channel processing

IV. Abort processing

V. Multiplexer end of processing

Initialization-

The initialization section has two interrupt entry points, MPXIO for
the first board, and MPYIO for the second board. If entry to the driver
is made at MPXIO, the registers are saved and then both MUX channels are
read and saved. YFLAG is now checked to see if the lower priority board
is currently using the driver. If the driver is busy, XFLAG is set, the
registers are restored, and the program is exited. If the driver is not
busy, no flag is set as the lower priority board cannot intérrupt. A
check of the multiplexer status determines which processing section (input,

output, or abort) is needed to service the interrupt.

If entry is made at MPYIO, the registers are saved; the MUX channels
are read and saved; and YFLAG is set. The multiplexer status determines

the processing section.

Receive Channel Processing

The multiplexer supplies whole characters, each of which are

‘examined on reception and echoed back to the terminal. If the user's

terminal is an IBM Selectric (?TYPE # 0), the character is first trans-
lated into ASCII. Certain characters (rubouts, feed frams, line feeds,
and X-OFF) are ignored. 'Control X' signals that the current line is to
be deleted. If the character is a '€, the buffer pointer is backed up
one position. If the user has the line printer as his output device:

'Control Q' causes suspension of output to the line printer; 'Control W'

results in resumption of output to the line printer.-
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II.

I11.

Iv.

Receive Channel Processing, Continued

All other characters are appended to the user's buffer.

Upon reception of a carriage return, the system processor is noti-
fied that the user has entered a complete line and further character
input is blocked. If the line was entered in response to an ENTER

statement, the user's response time is also sent to the system.

Send Channel Processing

If there are characters left in the user's buffer, a test is made
to see if there is line feed or carriage return delay pending. If so,
a synchronizing character is output and the delay counter is bumped.
If not, the usér's next character is plucked from his buffer, translated
to IBM code if warranted, and sent to his port. If the character was a
line feed or a carriage return, the appropriate delay is set up. If
exactly ten characters remain in the user's buffer and if his status is

output wait, the system is notified that his buffer is almost empty.

If no characters remain in the user's buffer: He is placed in an

idle mode if his program is still running; or he is placed in input mode.

Abort Processing

Unless the aborted occurred on the receive channel with the user in
output mode, it is ignored. For a valid abort, the abort request is sent
to the system and the user's buffer pointers are reset to the beginning
of his buffer.

Multiplexer End of Processing

Four interrupt combinations can occur. This logic determines which
flags to clear, which multiplexer board to enable, and where to transfer

program control.

134-A



LINE PRINTER DRIVER

This driver is used for the 2767A, 2778A, and 2610A line printers.
Normal entry is from the idle loop and once entered, the driver replaces the
idle loop until output is completed. The flag, LPTYP, indicates which

line printer is on the system:

2767A = -1 2778A = 0 2610A =1

Characters are obtained from the user's buffer
being sent to the line printer. If the character is a carriage return or
a line feed, a print control chéracter is output. If the character is an

X-OFF and the next character is an X-OFF, line printer output is temporarily

suspended. In addition, control characters and rubouts are ignored and lower

case characters are converted to upper case.

If the line printer goes out of READY status, the user's buffer pointers
are saved and new pointers are set to an error message buffer. Output to
the user's teletype is then initialized and when the transmission has completed,

the buffer pointers are reset and the driver waits for READY status.
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2100 DATA SET CONTROL INTERFACE

The data set control board is used in the "SCAN" mode so that an
interrupt.will only occur if a change in either of the two signals ("carrier"
and '"Data set ready') has been detected. To prime the board for an interrupt

is is necessary to output a parameter with the following format:

Bit 0 - "Data set ready" bit. If = 0, an interrupt will occur
when '"Data set ready' comes up. If = 1, an interrupt

will occur when "Data set ready" drops.

Bit 1 "Carrier detect'" bit. If = 0, an interrupt will occur
when '"carrier" comes up. If = 1, an interrupt will occur

when "carrier" drops.

Bit 2 Enable bit for comparison Logic. If = 1 and if the com-
parison Logic detects a change in ''Data set ready', the

flag will be set and scannihg is stopped.

Bit 3~ Enable bit for comparison Logic. Same as Bit 2, but applies

to '"'carrier detect'.

Bit 4 = 1 for "Data terminal ready" on.
= 0 for "Data terminal ready" off.

Bit 5 _ Must be = 1.

Bit 6 Enable bit for ''Data terminal ready'". 1If = 1 and Bit 4
is = 1, "Data terminal ready" will be transferred to
the interface.

Bit 7 Must be = 1.

Bits 8-9 Immaterial.

Bits 10-13 Channel Number.

Bit 14 If = 1, Bits 0-3 will be transferred to the interface.

Bit 15 Must be = 1 for operation in "scan' mode.
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On an interrupt because of a change of '"Data set ready" or 'carrier' the

obtained status has the format:

Bit 0 If = 0, "Data set ready" has dropped.

If = 1, "Data set ready'" has come up.

Bit 1 If = 0, "Carrier" has dropped.
If = 1, "Carrier'" has come up.
Bit 2 Has the same value as Bit 2 in the parameter, output

to the interface.

Bit 3 Has the same value as bit 3 in the parameter, output

to the interface.

Bits 4-7 = 0.

Bits 8-9 Not used by the system.

Bits 10-13 Number of the channel on which the interrupt occurred.
Bits 14-15 =1.

After eiamining the status and taking the steps necessary to connect, dis-
connect, set up log-on timing, etc., the interface has to be primed for the
next interrupt, based on new conditions of change in '"Data set ready'" and
"carrier'". This can be simpl& accomplished by outputting the obtained status
to the board.
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DATA SET CONTROL BOARD DRIVER

The driver for this board is used in the "scan'" mode so that an interrupt
only occurs when a change in the signals "Data set ready" (=CC) and "Carrier
detect" (=CF) is detected by the board. As soon as an interrupt occurs, the
new status of the channel is compared with the previous status which was saved
in ?PPRM teletype table entry. Depending on that comparison one of the fol-

lowing will be executed:

1. The phone is answered, "LTBT" bit in ?STAT is set and log on timing
of 120 seconds {(subject to change by the system operator with PHOnes

command) is stored in ?PHON.

2. "LDBT'" bit is set in ?STAT and dropout timing of 2 seconds is stored
in ?PHON. '

3. VLDBT" bit is reset in ?STAT to signal that connection was restored

within the 2 seconds dropout timing.
On exit the new channel status is saved in ?PPRM and output to the board.

NOTE: The ™LTBT" or "LDBT" bit will cause the time base generator

routine to start timing using the value of ?PHON as a counter.
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INITIALIZATION

I.

II.

When the I/0 processor program is started at 'INI" (initiated from

location 2), the following is done:

1. Do a "master clear'.
2. - Set "CKFLG" to 0 (flag to be used by the power fail routine).
3. Initialize all 32 teletype tables: ’
A. Set ?TYPE = 0 (to terminal type #1).
Set CR-DELAYiand LF-DELAY for terminal type #1 in ?CDLY resp. ?LDLY
Set ?RPRM to 110 baud, char. size = 2 and echo bit on. '
Set ?SPRM to 110 baud, char. size = 2 and "even" parity.

m O O w

Set '"Data term. ready'" on, ''req. to send" on, ''carrier detect"
off and 'data set ready" on.

Set phones timing to 120 seconds.

Set "NPORT" = 32

Initialize processor interconnect board.

Initialize power fail board.

(o e

Go to idle loop.

When the I/0 processor is updated at the system update entry "INIF",

the following is done:

1. Do a "master clear'.

2. Get number of available ports and save it in "NNPRT".

3. If "NNPRT" is larger than "NPORT", initialize the ports with port
numbers bétﬁeen NPORT and NNPRT (see I, Sub 3). for ports with port
numbers above ''NNPRT" set the enable bit (Bit #13) in ?RPRM teletype
table entry to 0 and set "Data term ready' off in ?PPRM teletype v
table entry. If "NNPRT" is less than "NPORT'", set the enable bit
in "Data term. ready'" off in ?PPRM for all ports with port numbers
above "NNPRT". If "NNPRT" is equal to "NPORT", go to 4.

4., Set in all teletype tables:

A. ?CCNT = 0

B. ?BPNT = ?BGIN

C. ?BSTR = ?BGIN

D. ?BHED = ?BGIN

E. "IDBT" bit (Bit #3) = 0 in ?STAT
F. ?DCNT = 0

G. ?SCNT =0 138
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10.

Output ?RPRM § ?SPRM to the multiplexor board(s) and ?PPRM to the
data set control board(s) for each port up to the port with port
number = "NNPRT".

Set "CKFLG" = 1

Store contents of '""NNPRT" into ''NPORT'. ("NPORT" indicates now the
current number of available ports).

Initialize the time base generator board for 100 MS time interval.
Initialize the multiplexor board(s) and the data set control baord(s).
Go to I, Sub 6.
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 POWER FAIL AND RECOVERY

If the computer is running when a power failure occurs, the current
machine and I/0 status is saved. A flag is set to indicate that this status

has actually been saved and the program halts.

If the computer is halted when a power failure occurs, the power down

interrupt does mnot occur.

When power is restored. the flag is checked to dete-mine whether or
not the power down interrupt was processed. If hot, the initialization section
(entry point "INI'") is called. If so, the program restarts using the saved
status and all of the ports buffers and status are retained. The parameters
on the multiplexor board(s) and data set control board(s) are re-instated as
- before power failure. When power is restored, the line printer will be dis-

connected from a user who had control over it at the time of power failure.
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TIME BASE GENERATOR

_ The time base generator driver is entered every 100 MS. For every
available port the driver will scan for "LTBT', "LDBT', "HUBT'", '"ENBT" and
"PDBT" bit in the ?STAT teletype table entry. . If one of these bits is set,
~ the following actions will be takén:

A. "LTBT" bit set.

1. Update timing counter in ?PHON for log on timing (Sée‘write up of
data set control board).

2. If counter becomes zero, reset "LTBT'", "LDBT" and "HUBT" bits

. in ?STAT. Then set "PDBT" bit and output '"Data term. ready'" off
to the appropriate data set control board foicing the phone
connecfion to be broken.

3. Also the "IOBT" bit in ?STAT will be set, ?TYPE will be set to 1
if type #2 terminal is connected; CCNT, ?DCNT and ?SCNT will be
sef to zero.

B. "LDBT" bit set.

1. Ubdate timing counter in ?PHON for line dropout timing (See write
up of data set control board).
2. If counter becomes zero, tell system processor that user has hung
up (communication code 'UHU"). '
3. Reset "LDBT", "ENBT" and "ICBT" bits in ?STAT.
4. Execute A, Sub 3.
C. "HUBT" Bit set.

1. Check ?CCNT indicating‘the number of characters to be output. If
?CCNT not = 0, check if "LTBT" or "LDBT" bits are set. If ?CCNT
= 0, execute A, Sub 2 and A, Sub 3.
D. "ENBT" Bit set.
1. Check ?CCNT. If ?CCNT not = 0, check if "LTBT", "DBT" or "HUBT"
bit is set. If ?CCNT = 0, update enter timing counter in ?TIMO.

2. If counter becomes zero, remove "ENBT" bit and set "NIBT" bit in °
?STAT. If type #2 terminal is connected, set Bits 8 through 12 in
?TYPE. This will force the selectric into receive mode. Fetch ?RPRM

from teletype table, set echo bit (Bit #12) to zero and output it

.
to the multi
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2.

[NTR SR ]

{(Continued)
Tell system processor that user was timed out (communication
code "ETO").

"PDBT" set.

Reset "PDBT Bit in ?STAT
Tell the data set control board to stop scanning.

Take status on the data

n

b

et control board for the appropriate
channel. Output to the data set control board the phones
parameter with "Data term. ready" on, '"Req. to send" on, 'carrier
detect" = 0 (if status indicates that it is = 1) and ''Data set
ready" = 0 (if status indicates that it is = 0) or = 1 (if status

indicates that it is = 1).
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. TELETYPE TABLES

The teletype tables are located in base page and contain information
about the system users. Each of the 32 users has one table containing the

following entries:

?TNUM Port-number in Bits 8-12
?CCNT Used by MPX for counting output characters. It equals
’ -# of characters, including current one.
?BPNT On input - Points to the character location into which
the next character will be deposited.
On output- Points to the last character transmitted.
?BSTR On input - Points to the first character of the most
recent buffer.
On output- Points to the location into which the next

character will be placed by the outcr routine.

?BHED ~ On input - Points to the next character to be fetched.
?BSAV Saved buffer pickup pointer.

?BGIN . Points to beginning of physical buffer.

?BEND Points to first character following physical buffer.
?STAT

TPBT EQU BIT@® User is in tape mode

TPNBT EQU NBTY

STBT EQU BIT1 User was turned off

STNBT EQU NBT1

CXBT EQU BIT2 'Control X' was hit

IOBT EQU BIT3 User is in input mode

IONBT EQU NBT3

LDBT EQU BIT4 ' Line dropout occurred

LDNBT EQU NBT4

LTBT  EQU BITS ' Wait for log timing

LTNBT EQU NBTS

ENBT EQU BIT6 Timing for <ENTER>»

ENNBT EQU NBT6

RNBT  EQU BIT7 User is running

RNNBT EQU NBT7
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TELETYPE TABLES, Continued

PDBT  EQU BITS8 Phone disconnected

NIBT EQU BIT9 No input allowed

NINBT EQU NBT9

HUBT = EQU BIT1¢ Hang user up

XOBT  EQU BIT11 X-OFF was read from terminal
STYP2 EQU BIT12 * |

STYP3 EQU BIT13 * -
STYP4 EQU B1213 ** Teletype subtypes

STYPS EQU BIT14 *

STYP6 EQU B1214 *

ICBT EQU BIT1S Input configuration needed

ICNBT EQU NBT15

?ATIM ' Contains allowed time for <£Enter Statement>
| | execution.
?TIMO Timeout value for user exeéuting <Enter
Statement>.
?PHON Used as time counter for phones logic.
?TYPE . Terminal Type: ASCII =@
EBCD  Bit # =1
Bit 15 = ¢

Call/368 Bit @ =1

FOR EBCD & CALL/36@¢ TERMINAL:

CDBT EQU BIT1 Code determined

UCBI  EQU BIT2 Upper case mode

UCNBT EQU NBT2

CNBT EQU BIT3 "Cent" character

CNNBT EQU NBT3 .

CCBT EQU BIT4 "CentC'" character

CRBT  EQU BITS "CR" Bit (Output only!)
- CRNBT EQU NBTS

XBIT EQU BIT6 "Control X" was input

XNBIT EQU NBT6
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CBBT  EQU BIT7 "Circle C" was sent
CBNBT EQU NBT7

BIT8 Circle D *
BIT9 SYNC *  Transmit
BIT1g Space ** Interrupt
BIT11 Space *  Bits
BIT12 Space *
?CDLY Carriage return delay (negative).
?LDLY Line feed delay (Negative).
?DCNT CR and LF delay counter.
?SCNT Character counter used for determining
carriage return delays.
?RPRM Receive channel parameters.
?SPRM Send channel parameters.
?PPRM Phone parameter.

Associated with each item in these tables is a symbol which is equated to

the corresponding number of the item. For example:

?TNUM EQU ¢
?CCNT EQU 1

?PPRM EQU 23

These symbols are primarily used for adjusting pointers to the table. For
example, if the B register contains a pointer to the STAT entry of some user,
the instruction ADB .+ ?PHON-?STAT will point B to his PHON entry.

. is a symbol in base page at the §# entry of a table of constants from -2¢
to +2f. A word containing the value N, where -20< N €2¢ can be referenced
by .+N.
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SELECTRIC CONVERSION ROUTINES

There are two conversion routines in the I/O processor, both of which are
entered from the multiplexor driver. The input conversion routine handles
Call/360 or EBCD-to-ASCII conversion. The output:conversion routine handles
ASCII-TO-Call/360 or EBCD conversion.

The conversion routines use a set of bits which are stored in ?TYPE (See

teletype tables).

Input Conversion

On entry a check of the "CDBT" bit is made. If it is not set, the code
determination section is entered. In this section (if it is the 1st input
character in the buffer) the input character is comparéd with the char-
acter "H" (in the "HELLO" command) in EBCD and Call/360 code. If it is
the "H" in EBCD code, Bit #@ and Bit #15 are set to f resp. indicating
that input came from an EBCD terminal. If it is not the "H" in EBCD code,
Bit #@ and Bit #15 are set to 1 resp. @ indicating that input came from

a Call/360 terminal. Consequently if a user logs on with a 1lst character
other than an "H" from an EBCD terminal, his input will be treated as
coming from a Call/360 terminal. The user's log on command will naturally
not be recognized by the system so that the system will output "???"

which will appear as "LLL" on the user's terminal. After exit out of the
code determination section, the actual conversion routine is entered. If
the user logé on correctly, the system will tell the I/0 prdéessor that

user is logged on and in the "ULO" service routine the "CDBT" will be set.

If, on entry to the input conversion, the "CDBT" is set, the code deter-
mination section will be bypassed and the actual conversion routine will

be entered.

Output Conversion

On entry a check is made if a "transmit interrupt" (See write up of
Selectric terminal) has to be generated. If not, the actual conversion

routine will be entered.
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Both reoutines use the "CNBT" and '"CCBT'" bits if a character is input or must

be output which requires a two or three character sequence (See manual).

- If the selectric character "¢'" is being input, the "CNBT" bit wili be set.

If the "¢" is immediately followed by a character as required by a two

character wequence, the "CNBT" bit will be reset and the ASCII-equivalent in-
serted in the buffer. If not, the "CNBT" will be reset but nothing will be
inserted in the buffer. If the '"¢" on input is immediately followed by a "C",
the "CCBT" bit will be set. (The "CNBT" bit was already set when "¢'" was input)..
If the sequence "¢C'" is followed by a character out of the Range A through Z,
the "CNBT" & "CCBT" bits are cleared and the equivalent ASCII control character

inserted in the buffer.

On output only the two'Character sequence is involved. If the "¢" is output,
the "CNBT" will be set. If the ""upper case code'" (next'charaéter is in upper
case and terminal is in lower case mode) or the 'lower case code" (next char-
acter is in lower case and terminal is in upper case mode) is output,

the "CCBT" bit is set. After output of the two character sequence, both bits

are cleared.

The "UCBT" bit is set if an 'upper case code'" is input from the terminal or
output to the terminal. If the "UCBT" bit is not set either a '"lower case code"

was input or output.

The "CRBT'" bit is only used on output. The purpose of this bit is to prevent
a line feed to be sent to the terminal if preceded by a carriage return. The
reason for this being that the selectric is a 'new line code" terminal. It will

perform a carriage return + line feed on receipt of a carriage return.

The "XBIT'" bit is used when the three character sequence '"¢CX" (="XC" in ASCII)
is received from the terminal. The purpose of this bit is to let the I/0
processor output "¢/" (="/" in ASCII) if the "¢CX" is immediately followed by

-a carriage return, the "XBIT" is also éleared but no action will be taken by the

1.0 processor.
The "CBBT" bit is set on output of the "Circle C" code to the terminal.

Bits #8 through #12 are used in the '"'transmit interrupt" operation.
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CONVERSION TABLES FOR THE IBM 2741 TERMINALS TRANSMITTING EBCD & CALL/360
CODES

Thefe are two conversion tables; one table for the EBCD-ASCII.(and ASCII-EBCD)
conversion and one table for the Call/360 - ASCII (and ASCII-Call/360)
conversion. Each table consists of 177 locations, starting at a location
pointed to 8by "CTBPI" (for call/360-ASCII Conversion) resp. "CTBP2" (for

EBCD-ASCII conversion). The organization of each table is as follows:

The upper part of each location is used for conversion on input, the lower
part for conversion on output. The upper part of each location contains the
ASCII-equivalent of the input character and the lower part the EBCD or Call/360

equivalent of the output character.

Method of Fetching the Character Equivalent

A. INPUT

Get the pointer to the appropriate conversion table and add to it the octal
code of tye input character (if the input character is in upper case, set
Bit #6 of the sum just acquired). The sum is the address of the location
in the conversion table where the character equivalent (ASCII) is stored.
Fetch- the contents of this cell, mask off the lower part; the remainder is

the ASCII-equivalent of the input character.
B. OUTPUT

Get the pointer to the appropriate conversion table and add to it the octal
code of the output character (ASCII). -This sum is the address of the
location in the conversion table where the character equivalent (EBCD

or Call/360) is stored. Fetch the contents of this cell and mask off the
upper part. The remainder is the Call/360 of EBCD equivalent of the output

character.

If Bit #7 of the Call/360 or EBCD equivalent is set, that character is
in upper case. Bit #6 is the parity bit (odd parity).

NOTE: The way to determine which conversion table to use, is to examine
the ?TYPE entry of the teletype table. Bit #@=1 and Bit #15=f for a

Call/360 terminal. Bit #P=@ and Bit #15=1 for an EBCD terminal.
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In the Idle State, the Pl cards are set up as follows:

c1(cH1) CONTROL & ENCODE: SET
FLAG & IRQ : CLEAR

c2(CH2)  CONTROL & ENCODE: CLEAR
FLAG . SET
IRQ : CLEAR

A data transmission »)eration occurs thusly:

1)

2)

3)

5)

Sending machine waits for flag to be set on
C2(CH2) indicating that the previous trans-
mission has been processed.

Sending machine places data word in output
register of C2(CH2) thereby placing it on

the input register of CHI(C1). (OTA/B C2(CH2))
Sending machine issues STC, CLF to C2(CH2) making
the ENCODE LINE go high, setting FLAG ON (CH! (C1),
clearing ENCODE on CHI(C1), and strobing data word
into CHI(CI).

Sending machine issues CLC to C2(CH2) to prevent
an interrupt from that card. Thebsending machine
is now free to return to othef tasks.

in the recglving machine, T5 will set the IRQ on
CHI (C1). If the interrupt systeh is enabled and

the priority line is high, the IRQ will cause an
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interrupt to a service routine.

The service routine does an LIA/B from CHI(Cl) and

decodes the 16 Bit data word.

if a response is called for, the receiving machine can
load the qutput register with a data word (0TA/B CHI(C1)).
Whgn the'rec;iving machine has compieted its processing,
it issues an STC,C(CLF) to CHI(Cl1) which restores the

cards to the idle state.

- The following is the rgsuitant statuses of the two
computers after a command has been sent, received, and
acknowledged:

a) The flag is set on C2(CH2) of the sending computer
indicating that another transfer is now allowed.
This occurred when the receiving computer issued an
STC,C to CHI(C1) after it had decoded and executéd
-the command. The STC,C is the acknowledgement to
the SEND computer that the RECEIVE computer did
receive the transmission.

b) The control on €C2(CH2) is cleared by the CLC to
C2(CH2). This was done to inhibit the interrupt
that normally would occur after the SEND computer
outputted the command.

c) The control is set and the flag is cleared on
CH1(C1) (from the STC, C acknowledgement)indicating

readiness to receive another transmission.
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TWO PROCESSOR POWER FAIL CHARACTE#ISTICS

The two processors in the 20008 system have independent
power supplies and consequently, power fallure interrupts in
either machine may occur at different times.

A probliem arises I f one compufér is powered down, and the
other machine attempts to send a transmission. Data will be
lost as well as possible subsequent data transmissions. This

is apparently caused by stray encode and data levels while power
is coming up.

oy

The Internal consequences of a lost data transmission are
these:

l. A line (Synféx, command, or input) being processed
will be garbled.

2. OQutput characters will be los+.. This problem will
be hidden by the fact that the current output
character is garbled (mux quits sending during
character).

3. Unpér rare circumstances, such commﬂnfca+ions as echo-
oﬁ, echo-off, phones-xx will be lost.

4, Terminals on which a carriage return has come in
may never have that line processed by the leé. The
termina! will not accept Input and the "Break Key"™
must be used to re-establish communications when-
power Is returned.
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Page two

5. The 2116 may loose the signal that indicates that the
- buffer for this user is almost empty. The terminal

will stop typing and the program will remain in 1/0
suspend. The "Break Key" must be“used to re-establish
communications when power Is returned.

6. The 2116 may loose the signal that indicates that the
buffer for this user is full. The circular nature
of the buffer will cause characters to be typed out
of order. The probability of this error is almost
zero.

7. |f several users are typing on the 2114 and the 2116 is
not running, all riltiplexor activity may cease
(2114 walting for fransm!ssion to be acknowledged).
This leads to the classic symptoms, l.e., no response
to any struck key (even break), and termination
of all ouquf operations, perhaps with a space on
the line (teletype chattering).

If the primary power source fails, the two machines will go down
within milliseconds of one another and it Is not so likely that

any transmission will be in progress thereby being lost. | f
however, an individual processor's power is lost via a depression
of the processor's power switch or a malfunction in its power supply
one of the above Eympfoms is sure to occur if there is'significant
activity on the sstem.
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Pége three

If the 2116 is powered down first, the 4th, 5th, and 7th
cases listed are probable. If the 2114 is powered down
first, the 2nd case listed is probable. In other words,
turn off the 2114 first if the sysfeﬁ must be powered down.

The two machines should not be turned off together.

Jf it is necessary to power down the system, and a common

power switch does not exist, it is necessary to power down
the 2114 prior to the 2116. Restart procedure dictates that

the 2114 is powered up .last.
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CORE ALLOCATION IN I/O PROCESSOR PROGRAM

0000
interrupt locations,
variables, & constants
0350
TELETYPE TABLES
1550
SYSTEM PROCESSOR
DRIVERS
1700
multiplexor
driver routines
3000
LINE PRINTER
DRIVER ROUTINES
3350
SYSTEM PROCESSOR
4600 SERVICE ROUTINES
5000 PHONES LOGIC
SELECTRIC CONVERSION
6200 ROUTINES
TIME BASE GENERATOR
6500 ROUTINES
7000 INITIALIZATION
2700 POWER FAIL
TELETYPE . BUFFERS
250 CHAR. EACH
17700
BBL
17777

153



IMiTIALIZATION SECTION

L MPXIO ) ( mpYIO )
N
SAVE: SAVE:
REGISTERS - REGISTERS
MUX STATUS ' MUX STATUS
XFLAG> !
RESTORE
REGISTERS

( mpx10,1 )

= ]
[NITIALIZE Receive CHANNEL

FeinTeRS PRoO cecw 1 v:

&)



&

Y

e
ICN /R

”TY:‘:*>‘) N/
/‘ o

Y

-

CODE
CONVEREION

XOBRT =+ O
OR
CXBT —+ O

S7BETR =

O oL
YBRED

PEPNT =
PEPNT -1

154B



XCHAR = CR

RESET

N
RDD CHAR
To EUFFER

Ef-"gT - 0
Rz TIME 7550

BUFFER
POINTERS

CXBT =1

BUFFER =» \
PCCNT — =3
A = SYAL CHAR

] I"AVS]
Fiw e it vV s
and TTY®

R3

154C

MEXEZP

MPXE P




oUTPUT TO
SYSTER

LPTTY-»TNUM

P a6

Y
TLPR= LTNYM . s
LPTTY -» O LPTTY{TNUH
TLSUP- O TLFR = ©
MPXEP MPXEP

154D



1 Pryrz s c
EITE > 1

MuLTIPLEXER QuTPuT RouTiNz

| BorRDd 2
QUTPUT:

. DATAR

prIT &

Bomrd 1

QurTrLT:
bAT %
UNIT E

154



CLEAR
LINE  PRINTER
EFLEGS

LFERF—= O

V RESTYOFE

BOFTER
FOINTERS

ST =

LPTTY

COTFT
/7 4:': 4“\

- N i i calia )
"~ SN LT

MPXEP

155

ABORT FrRoci o ri i



MPXOP

INITIALIZE
PoINTERS

XTPNT =
PosiTioN CF
NEXT CHAR.

RKCHAR =
NEXT

A= SYNC CHAR

B= oMIT ¥

MUXOR

PTYPE:

P 2l

Senp CHewnwveEL

BUFAD

F

Q

A= CHAR,
B= pmy #

< MUXOR

—

3CE

S

5



PSCNT -+ PSCNT#E
PEPNT S XTPNT

A = BFE+TTY
OUTPUT TO

SYsTEM

MPXEP

1568



‘ MPXEO ’

LPERF=
XT NUM

LEDRF = XTMUM

RESET BUFFER
POILTERS

IOET = 1

RMET =0 MEXEP

RSN
ICET= 0
NIET >0
A= PRPRM
D= UNIT &
§ MUX OR
Y o ,-1:’}
cBLTe 2 A= &
- . UXOR
VBT +0 B=uryy & hyX
e ]

156C



o g A e i e e,
AN T - "]

N N b REGISTS LS e e
: XFL-FAG i S ENAELT : MEX Io} I
i; isT Soatn !
X i i5 St ! .

-<

!-...—.-.-.AN...«.J
v

|

by
?
“i
C

‘..-.-.; Tl ] HPYZO,
Z tsT Lecid

TEg
REZoT

. \
Coenmre mryIo, I

[ORSRRE R S e

=<
W
Y-
Niw
t

W
S
i

e m———————

E»‘.’ ": ,'. C—:
PR J;:;'— .
)

156D

L]



A ar 5 DS7T P2 snd

Al EFEs,

Fo® THE 2ZND DWIA SE7 Conrold Bo#ed
‘II k4
Ds 24, .

S S DENTIERL.
Ao s
Loty rrovs

THE DEryEr
THeE En7ey
T vaf?ﬂ;,f

NOFTE >

Ds7rs.2,

DR74_SE7 CoNTRel BosRD (s 2r3/

SAVE
2,B L E
Zs;z:s TERS

GET NEW

STA7US AND

SHyL IV
PH7AL/

ger 2PPeq

& > /.
SAVE 1N
DS 7,

ZSolAre Brr |

gEr NEW
STA7LS o L3O~
LAres BSr /
gor A o
Dsrsy.

PERFAP]
Yxo®" orsn-
TN ON
DS7TPs and
DS7S/

’ "

CRE#/£2
( »

| pasr AAVE
CHING £D

afr(/

7
Dsrfiary,
AND Cneep”
APGST A/VE

CNAING LD

ontly 25"
A uST HOVE

FET NEWV
SIRTGS, STREE
”wy PPPRN 4D
OerrRer O

Bon kD

N
P

2esrore 4,8

/ E REg)srars

CLEAR DEY o=
FLrg

‘ ExXrr >




ger'

257

clenrR
LD B

Y

SEr LDB7
ser ?P#owv

/7;0 2 —sjgxay

Y

157B




0478 SEF con7RoL Borkd [3 or 3/
S/

YES

SEX
L7Br

SEr 2PHoy
70 //ll_ YE
or "Pwe’

157C



TrHE Bpse 42#5)?4/:9?/ /o &/

;Zfivkzﬁes

|ser CorN7ER

7'8; o/ = Z
NO. B YiLAELE o~
Lo €75 2
(L7875 oR
LDB7 Mo
Ger ZoiyzR E7 POINTEL Bs se7/
7o 7 7wvgr 7o JTWGH
OF NExr pr Por7
Po#r 77y #¢

[

SAVE POrNTER

2

No

70 ZTNGA

anp 2s7a7 N\

REs70fE 4,
YEs B o £ vegs-
7eBS.

' CLEAR DEYror
gEr g
2s7AT

LDBI Aersr
BE SE£E7.
SEMD CadE
” “ Sys.
/77 7% Zaoy 7
CLEpR
LDB7, EMB7
7 Te87

s

SUBbpyrrNE

>Bgn”

N\
- 158A




TZINE BASE CeneRy7oR /2 orF g(

A‘A.e)/?
RDB7

S0P Scan-
/'//‘4’; ATODE
O DA
SEF conRoL
Lo 2D
GEr STArUS
oOF DR7A SE7
Con7 oL
Bo wRD
” ” 2
gET BRsric T PRTA FERMNAL PEADY >/ Dwra sEr REwDy’= O
PHon€S L CD7R) (DsSR)
] » -
PR BArEIER 42,547‘ 7O SEND =/ o o = #
CRPs)
ser Bi7 4 SEr B/7 s S7oRF
v BHssC —% N BAsS/C PHoNVES
PHones PHoN €S N PR RAAET£R
PARAMHETER PARARMETER v 2 2ReAr
7 rur 7
PRCASIETLER
TO DTS SE
Con7E0l BobRp

)

h

Y




TIHE BHSE GFENERZ7OX /3 orF cf/

CLERR
L787, LD3B7|
/ A BT

SET
72BB7

OYrPyr PHOWVES
P RAMETER
wrr "DrR=g¢
4y 4
D oPs = o

SUBPoyr INE

L4 ”
78g/

9

158C



TIHE BASE QeyERaroR [ oF s/
Vv

Y

Bum P '
2 riMo

NO

JES

CLEAR
ENB7,
Sar MIB7:

SET &P FOR
Y IRANS AT
N rffﬂthr‘

A 4

owrres Rre
AITH EFoHo
oFF 7O Atrx

BorLd

SEND CadDE
“Fro” ro
HAHux LBorkd

c
:: ‘ 158D




FIME BasE QENERAIOR [ oF S/

SuUB povrine TBgw”

7@/

SEr Eb?';d
AND COLERR
ALL OINER
Birs iw I7yPE

Y

SEr

2eenr= g
2Dew7 = g
2sen7= g

158E



SELES 7RI

INPyr conNVerRsiow [/ oF 7/
_ v

- MASK OFF

Brr & [=rrer-

ry B/ 7.

SHyE I
XOHAR

LLEAR 3/'2‘}{
AND SE7T
B /5 W

2 ryPE

EDEAN\_ Mo
v Prype

Y&s

737w

NO
Perr i, .7

YE&S

SN Py P
TR, » J=s

7
67/3 J
N

NPy
Chee. - %3

3 ?
73—

~NO

APy, YEs
CHRR =

T NPUr
CEHOR. = 7S

7 >
9’%.

”O

TN Py
Ve, NO

CHRE. =

159A

Y

SEr B/‘/’d

AND CLruaR

Brrsis WV
2 ryrEF

SET /”92%

I

Eraky
o

Merx Derved)




SLLECTRIC NPT CoNVERS/on (2 or 7/
v

SEr
87
Iryre

LLEAR
| /B SN
W olad

CLEAR
| LB VB

B
o Zr)PE

L /4
S£ = /3
I _Z'] : 7 A g

1598




SELECTRC INPur CONVERSroH /3 oF

7/

| THBLE

ADD o vngg
7o £8D

NPT CHRL.

ADD PoiNIEL
7o ma/ad/
v V7 4

SWPLT OHAE.

Y

159C

AV

NO

&5
Py \
B/ 7 £
v SN
e
cer WoRD
Fopt TRABLE
Hirtt SO AS
ARDZESS
RorAr€ PPy RESut -
Porr sH7O s THE
LowER AND || cons/ iR~
TED
_Z‘,Solﬂff Y Py i~
LoWEL - /gﬁfvf-

ewsr g
EeBr N

I ryAE




SELEAFRIC JNPGr OONYERS/ON / s oF g
7

'}g}g/J
/é’

Y

SET
;1; Co v
CHAR- )
‘ )
SET
n N
A=y e
%
\\'
SE7”
9% /33 2
¥
\\4
SET
N
9= /35 >
«“ b4
A\
SETr CLEAR
/3y > ON BT
7 Jv 7yPE
N\
SEr
2, >
A 74
N\
SEr
7¢ f.—' I3 =z
¥
/N
SEr (




SELEpr e _NPur _conVeLsionw f 5 oF g/
< v

Y

Y

Y

Y

Y

159E

CLEAR
ENBT

S PT)FE




SELEC 7 €/C SN Puyr  ConNVERS/ON / £ oF //
. v

L EAR
B> é

v A
(_Poﬂl/, C’”JZ-

SET
LN/

A= con¥-
CHAZ.

)

“oLER XBi7
AND SkT

B/ 8 v
2 ryPe

sEer IeBr

v 2S7A7

SE£ 7

s,

5L 3

159F

N

LS

sET
XBrr
s PryPE

&




SELIEC 7R SN T CoMVERS O / 7 o~ 7/
L/

SEer
o8- >-
v ryPE
7\:

clesre
cen8r >
sy ryPE

CLERR

o8- F A

cEBT Sy '

?ryPE

Y

159G



SELE CTR1E I/ NFPG7T ComMbPERSIoN / g‘ oF @ /
s V4

Y

SET
ce8 7
v ZryPE

PLEAR
onBr 7
coCEBr Y

2ry7€ [\ l .
9

159H



SELECTre NP7 Cor VELS/oy / P or f/
LN 4 v

g
)
©
g

1591



e ————1
'S OPECH -

N /S ol

CANSAI) 7
el B ?r”

Fm——— == — e e e e o ——— e —— —

SELECTRIC OU7Pa7 - fon ViERSroN / s/ oF 4/

CLERR
L Brr /2

OY7PG 7
V ”
SPACE

/'” ?7775

CLEAR
Brr 7

\\%

oy PP

CLER R
B ro

sy ZT)PE

Bry ry

2 7 PE NesT
BE S£7.
Liap® Br7g

aLERR
W-1aas 4

ro MHux
Bo#RD

SEND Y
s /e RONIZ/NG

s PryrPE

SEND & ;

= @J 7o

A BorskD

CHAL- TO
Max BoARD

A4

160A

¢0 7o ’
“yPx £ P
L Al ALEXER
Ep o Ao~
csssivg/




N

N

SELeCTRr e

OLTPY T  CoNPERSI Sy / 4 oFJ/ '
~

Ser CRB7
v ryre

160B




SELLECTE  Ot7 a7 CONVERS o [ O CF Oy

 ser
ceeB7
o

S&Er
| eV B7

iw Ty

160C



SelecrBic OwrPur CoNvErsiow (& o~ &)

(- cLEpR
vy ZrppE YES e 87 N
ser? ~ 2 -
v L T)PE
\\%
SEr <
veBr it 5
wome | %%
\\%
®
- . S
CLEAR ; 7 297 Y
eNB7 / T 7
ceBr /y
2ryrE
\\%
A4
B=o - Y
N
Ser
Y ,
4 L4
=/
S&r
;9'-; CONVERTED VY
7 8
SZv'»:9:f>7
o A

160D



SELECTOIE O Pur CPONVEELS DN / 5 oF & /

cRB8r
N 3
sSer?

No

c'z.eﬂk
eXB7”
s 7 PE

| SE7 a7 Puyr
CHRR. 7O

Walld”

160E



DELECTRIE CUT IS CONscn IOy (&

s ‘\'/

”
SuB Rovrine _SLENV

ADD PorNTER
~ o CHLY 340
< TRHBLE ND
T Pyr EHRLE.
ADD Porn7ER
o £8LD
FABLE AND
aazﬂur'éuau{
&
<
\\J
GE7 HORD RESGLr /s 746
FRor 7ABLE | cowwerren
6”c~y£?::y oOUrPuar
sl A/ ARRETER «

t. 754

160F



SAVE

A, B and £
REP/ISTEES
7ErIPoRAR LY

\Z

SE7T
FONFF=—7

4
sre 4 ¢

SEr

»Pﬂ;f / oF 3

Do A
| CotPLEFE
Cesrae7

SAVE 4,8

TERS * ok
AL RETZ®Y
ADDRESS

AND [ REgs-|

OF A DEYIEE

Y

SroRE

” 7
SrFg v

Locnrren

WD tisat N
Var 7L L %4

sro 'éE
“sor” iv
LolrrronN
"Pok/nD

Y

7y

czc yl(

4



PERFoR M
A DMy

fvyzaeéafv

FER FORM

CLF se”
o DEVCE

INTERRPT
Was an(p.w;,

2o /Vorm/hy,’

\\4

v

START &P
BEee,/vE
e pvnel «
oanmﬁ;zﬁﬁr
DATH_WOoRD 7O
S END Lrmemsd

\'4

[ o
D
. A ABorr
_ y£S
Séha? NO SO
SY~NC | o LiNE
CHRERLTER PRINTER
Ao
BE - INSTAIE Zoe
; oo 7 AN iwper Y&
" Boress o2’
£
~ <1
P ~

161B




Srakr or
/37t x f

/753" Dse
BoARDS

L NSTRIE

2 NP fex

2ANMD Ds¢
BorRDS

Y

2

161C

PAge 3 orX 3

B7R2r 4P

242 pux Z

2 N2 Dsc
BoAEDS

\Z

. /?Esroef
A,B EE
724-7/‘5 TELS

\'%

EXECLs £ L7 peg
1:57_ F % 4 o ‘e

’”

woP”
(lotwr/‘olv
 JRObY

o)

XS 7T




SUPPLEMENTARY NOTES ON BASIC

SYNTAX

The general process of analyzing an input to the language processor
is displayed in the section on flow charts. The annotations in the listing
explain the actions of the subroutines, while the cofe map and section on
internal representation describe the objects/structures being created or
manipulated. The BASIC syntax, in conjunction with the listing, explains
the method of identification and recognition of legitimate BASIC statements
from the input string. ' )

Phase 2
A. Compilation

The preliminary section of CMPLE prepares for execution of the program
following a successful compilation. Null programs require no processing.
If a sequence number follows the RUN (e.g., RUN - 226) the interpreter's
program counter is set to the first statement whose sequence number equals
or exceeds the reference, otherwise it Is set to the first statement of the
user program. |f the common area has not been allocated, ALCOM is called
to compute the space needed and move the program accordingly. |If the pro-
gram is already compiled (SYMTB=SPTR#0) PBPTR is set back to the first
word following the format stack (FCORE) and phase 2 simply reinitializes
all of the variables to undefined. |f the program is semi-compiled
(SPTR=0, SYMTB¥C) we may skip building the symboi table. Otherwise FILTB
is set to # so PRNST will not terminate compilation by mistaking it for
decompilation.

" The symbol table is then built as expiained in the 3is:ing-(Refer to the

flow chart for general logic flow and to BASIC Variable Storage Allocation for

a visual example).' Also, at thls'timevstatement number references are replaced
by absolute addresses. This Is faci]itated by dividing the program into 32
parts and buildiﬁg an 64 word table in ERSEC contéining the first statement
number and address of each part. During compllatibn SPTR points to the
program word belng ﬁfocesSed. Pointers to <FILES statéménts> are stored in
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§ and a count of them is kept in FILCT. An error in compilation will
cause a call to DCMPL to restore the source form of the program followed
by a call to the error routine. If after a successful compilation at
least one <FILES statement> has been found, BASIC calls the system, which
analyzes the <FILES statements> and builds the file table,bfilling all
but the fifth, sixth, ninth, tenth, eleventh and fifteenth words of each
entry.

The symbol routine has two entry points: SSYMT is used for functions
and simple variables and ASYMT is used for array and string variables. Because
the dimensionality of an array variable may not be known locally (e.g., MAT A=B)
some symbols may have two entries. |If this is the case,.the "don't know' entry
will always be father down in the table (i.e., have a higher core addréss)
than its dimensioned counterpart.

B. Value

VALUE is responsible for detecting deficiencies in the symbol table,
allocating storage for the values of symbols (i.e., building the value table
and common area), and initializing the values of all variables exéept those
in common. Only the last of these functions is performed if a program is
already compiled when a RUN command is received. The process of building ’
the value table is described in the listing. Note that for arrays in common,
the declared dimensions in the <COM statement> are checked against those in
the common area. |f they match and the dynamic dimensions are consistent
(i.e., less than or equal to the declared ones) then the values are left
alone. Otherwise they are set to undefined and both sets of dimensions are
set equal to those in the <COM statement>. For strings, the physical length
is checked against the declared length and the logical length tested to be
less than or équal to the physical length. |If these tests fail the physical
length is set to the declared length and the logical length is set to zero.
Simple variables in common are left untouched.

Several errors may be encountered while building the value table. The
occurrence of a null symbol (bit pattern of @) in the symbol table means
that an array symbol Is used in the program, but never in such a way that its
dimensionality can be determined. - If the second word of a function entry is

zero, no <DEF statement> for that function appears in the program. Arrays.
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of more than 5000 elements are not allowed. For all errors the program is
decompi led before the call to the error routine.

C. Decompilation

Programs are decompiled when any error occurs during compilation,
building of the file table, building of the value table, or when the program
is to be modified or saved in the user library. Since in the first of these
only a portion of the program is compiled, the pointer SPTR is used to determine
how much to be decompiféd (A fully compiled program always has SPTR pointing
to the first word following the program). The program is moved so that
SPROG=PBUFF (no common afea). The process is explafned in the listing.

D. The Routine PRNST

PRNST is used by both CMPLE and DCMPL to scan the program and skip over
those portions not affected by compiling. PRNST assumes responsibility for
recognizing extra <FILES statements> and <COM statements> that are out of
order. If such an error condition is encountered, SPTR is set to point
before the statement which caused the error (it hasn't been compiled). Then
PRNST calls DCMPL, which calls PRNST. The statement causing the error is
not seen this time, so PRNST and DCMPL can exit correctly.

EXECUTION
A. Main Loop

Upon complietion of the value assignment in phase 2, control transfers to
XEC. FCORE saves a pointer to the first word following the format stack (used
in repeated RUNS of a program). After printing the program name (unless the
program was CHAINED to) XEC proceeds to initialize the file table. A buffer
the size of a2 logical record is allocated for each file and pointers to the
word following it are placed in words 9 and 10 of the file table. The first
word of the disc address of the record in the buffer (word 5) is set to 100000,
to indicate that no record is present. Word 11 is set to #, indicating that
no end-of-record/end-of-file exit has been specified. Word 15 is set io 0 as
a null protectmask; If the file is read-only a message to this effect is
printed, following the program name, unless the program was CHAINED to.
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The initial execution stacks are claimed from free user space and pointers
are set to the first constant of the first <DATA statement>, if such exists.
The internal print position counter (CHRCT) is set to zero by outputting a
carriage return. Phase 2 has already set the BASIC program pointer (PRGCT)
to the first statement to be executed.

Execution of a statement simulates the execution of an instruction on
a 'BASIC machine'. The sequence number of the statement referenced by PRGCT
is saved for possible use by the error routine. PRGCT is advanced to
reference the following statement. The type of the current statement is
used to branch to the appropriate routine via a jump table. Individual
statement routines return to the top of the loop.

B. Statement execution

<LET statement> execution consists simply of evaluating the formula,
which is known to contain at least one assignment operator and to have type
compatibility (numeric vs. string) by its acceptance by phase 1.

<IF statement> execution forks on the symbol following the IF. The
construction 'IF END' causes the following: the file reference is evaluated
and tested for existence as one of the program's requested files; if a
legitimate,referencé, the statement reference following the THEN is placed
in the end-of-file word of the file's table entry. If not 'IF END', the
decision formqla is evaluated and if true the statement reference replaces

the value of the interpreter's program counter, PRGCT, via the GOTO mechanism.

<GOTO statement> execution consists of choosing a statement reference
to replace the program counter. For simple GOTO's this is done trivially;
for multi-branch GOTO's this is done by evaluating the index formula and
choosing the statement reference in the corresponding list position. |If the
index value lies outside the list of statement references, the program cbunter
remains unchanged.
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- <GOSUB statement> execution follows the pattern for the GOTO except
that after choosing the new value for the program counter, the old value
is saved on the return stack (stack overflow generating an error condition).

<FOR statement> execution opens an active program loop. The for-stack
is searched for an entry with the same for-variable; if found, the entry is
eliminated (i.e., the previous <FOR statemént> with this for variable is
closed). A new entry is set on top of the for-stack (extending the for-stack
by six words if no entry was_eliminated) and a pointer to the for-variable's
value entry is put_into‘WOrd 1. Since the first formula in the FOR contains
an assignment operator, the formula evaluator, FORMX, initlalizes the for-
variable when it determines the Initial value. A reference to the statement
following the <FOR 5tatement> is,put into word 6 of the for-stack entry (the
Start-éf-loop address). Words 2 and 3 save the result of evaluating the
limit value formula. |f a step size formula appears explicitly it is evalu-
ated, otherwise 1.# is taken as the step size. In either case the value of
the step size is left in words 4 and 5 of the for-stack entry. The program
counter is set to the statement following the associated <NEXT statement>
and control transfers to the <NEXT statement> execution code to compare the
initial and limit values (see flow chart).

<NEXT statement> execution decides whether to iterate a loop or close it.
The for-stack is searched for an entry with the same for-variable. |If none
is found the statement is ignored and control passes to the following statement.
If the entry is found, any entries above it {more recent entries) are eliminated;
i.e., they are assumed to belong to nested loops which were not closed by
exceeding their limit value but exited otherwise. The value of the for-variable
is then incremented by the step size and the new value tested by subtracting
the limit vajue and using the sign of the step size to determine whether a
non-negative or non-positive result indicates 'success'. If the result is
'success', the program counter is loaded from word 6 or the for-stack entry
(the reference to the statement following the <FOR STATEMENT>). If the result
is not 'success', the for-stack entry is ellminated.v At this point the program
counter already points to the statement follcwing the <NEXT statement> so exit
is simply to the main execution loop.
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<RETURN statement> execution merely loads the program counter from the
top entry of the return stack. An error condition is generated if the return
stack is empty.

<INPUT statement> execution assigns values to the input list for both
INPUT and MAT INPUT. INITF = @ and MCNT is meaningless when executing an
<INPUT statement>; For MAT INPUT, INITF = -1 and MCNT holds the number
(in 2's complement) of elements of the current array as yet unassigned values.
IFCNT holds the ordinal number of the current item in the current record
(Note that IFCNT is not cumulative over the entire execution of a statement
requesting input unless the request is met entirely by one line from the .
teletype).

The general approach in execution is to determine the address and type
of a variable in the input list and then attempt to satisfy it from the
input record. When an error occurs in the above process, it Is explained
along with any'necessary corrective action and the vaIue‘assignment is attempted
again, so that errors in the input record will not terminate program execution.
For simple fnput if the next variable in the list is of numeric type its value
table address is placed into SBPTR; for érray input the base address of the
array is put into SBPTR. After filling a simple variable the next variable
from the list is taken and a new address generated; after filling an array
element SBPTR has been advanced to the next element by the numeric input
routine so ro new address need be calculated. When MCNT rolls over to zero
(an array has been filled) control exits to the MAT INPUT code, which may
return with another array's base address in SBPTR and MCNT reséet appropriately.
If the input record is empty but the variable list is not yet exhausted a
request for additional input is made (signified by '??' rather than the
initial '?'). SERR is needed as a flag to indicate if under/overflow occurred
while converting the latest numeric input, since the error message will have
destroyed any additional information in. the input record..VWhen looking for a
number, the input record is scanned for the first sign (+ or -), digit, or
decimal pbint,’whicﬁ begins the number. Any other characters will be ignored
except the ", which will generate a recoverable error. |
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String input requires fairly complicated analysis of the data transfer.
If the string variable does not specify the transfer length (does not have a
double subsdript), then the next string in the input record is transferred in
its entirety and the logical length of the variable set appropriately. If the'
next string does not fit, a message is printed and a new string value requested.
If the string variable specifies the tranéfer length then exactly that much
of the next string in the input record will be transferred, either truncated or
extended by blanks as necessary to achieve the specified length. The 'next
string' in the input record begins with the next non-blank character or, if it
is a', the following character, blanks included. The string ends with the
first ' (which is not part of the string) encountered or with the carriage
return (also not part of the string) if no " éppears.

Every data item in the input record must be followed by a comma or
carriage return and a comma must be followed by another data item. Failure
to observe the above will generate recoverable errors. INTMP holds the
type of data being sought, INTMP = @ for a number or INTMP # 0 for a string,
and is used by the error recovery code to prepare for the entry.

<ENTER statement> execution assigns a value to a string variable or a
simple variable. If a '#' follows the ENTER, the user's port number (0-31)
is assigned to the first variable. The <ENTER statement> is timed and the
length of time it took to respond (in seconds) is assigned to another variable.
The input analysis proceeds much like an input statement with one variable,
with the notable exception that no error messages are printed. Instead, the
response time variable is negated if an error occurs. |If the user does not
respond within the alloted time, the response time variable is set to -256.
This is non-ambiguous since response times are between | and 255 seconds
Inclusive, Alsc, for string input ﬁéadiﬁg bianks are non stripped off and
quote marks are allowed as characters,

<READ statement> executlon assigns values to variables in the list.
FDATA is primed to obtain values from either a file of the <DATA statement>s,
depending on the presence or lack of a file reference following the READ.
A mismatch In type between the variable and the next data Item, or a string
too long to fit Into its designated destlnatldn, will generate an error
- and terminate execution.
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tatement> execution consists of identifying items in the print

ing the appropriate media equivaient to the teletype or disc
ia

list and sen
file. An i 1 file reference identifies the statement as a file write

and turns off the en&-Qf-Iine mode; its absence ldentifiés and teletype write
and turns on the end-of-line mode. A comma or semicoloﬁ turns off the
end-of-line mode and generates enough blanks to advance to the next field

of 15 characters, if a teletype write. A literal string is written as a string
of characters, less quotes, and turns on the end-of-line mode if a teletype
write. An END writes an end-of-file mark on the file; It cannot occur in a
teletype write. Formulas in the print string are evaluated and the results
examined. Formulas which are string variables evaluate to their contents,
which is then treated as a literal string. |If not a string variable but

within a file write statement, the floating point value of the formula is
written on the file in its two-word binary representation. If a teletype
write, floating point values are converted to an ASCI! character string of the
decimal equivalent. TAB can only occur in a teletype wfite; the evaluation

of the TAB itself produces the desired action, so the value returned is

thrown away, along with a following comma if one exits. For a teletype write
~all formulas turn on the end-of-line mode. |If the end-of-1ine mode is on

after processing the last print item, a carriage return-line feed is printed

(This can only occur in a teletype write).

Before writing a quantity BASIC insures that sufficient space is
available to accommodate it. CHRCT keeps track of the current print position
on the teletype line (#-71). |If the character string sent to the teletype
would require non-blank characters to be printed past position 71, a
carriage return-line feed is output first and CHRCT set to #. If an item
sent to a file requires more words than remain in the current record, BASIC
automatically advances to the next record if in serial mode or exits to the
end-of-record code if In record mode.

<PRINT USING statement> execution sends formatted output to the teletype.
TEMP1 is set to point to the first operand, NCH is set to the number of
characters in the format string for a partial string or 0 for a full string,
B = > the first word of the format sfrlng and A = character of the string

-_

. Then the formatter is cailed, and it takes care of

a

- - - .? s
tO start wit
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retrieving the operands, formatting their values, and outputting them.

See description of formatter elsewhere.

<RESTORE statement> execution resets the pointers to the DATA block.
Beginning at the statement specified, or at the first statement in the program
if none is specified, the pointers are set to the first <DATA statement>

found, or to the out-of-data condition if none is found.

<END statement> and <STOP statement> execution terminates the program
run. Since each requested file has a one record buffer in core, the last
record written on a file does not exist on the disc in its updated form.
Thus END and STOP must force the buffer of each read/write file onto its
proper disc block. - Also, the last change date for each file must be updated
if any records have been changed. Following this, the word DONE is sent to

the teletype and control exits to the scheduler.

<CHAIN statement> execution consists of calling the CHAIN library

routine to get the named program from the disc and start execution of it.

<ASSIGN statement> execution changes the file referred to by a
specified file number. After interpreting the file name and file
number and dumping the last record of the previous file, it calls the
ASSIGN library routine to update the last change date for the previous
file and put information for the new file in the file table. Control is
transferred back to BASIC to set the return code in the variable specified

for it and set the protectmask in the file table if one is specified.

<MAT statement> execution involves many disparate tasks. The forms
of the <MAT statement> may be classified as array 1/0, array assignment,
array initialization, and the array functions TRN and INV. For conciseness

in coding, all forms other than array 1/0 use some common program segments.
Array 1/0 prepares each array in the list in the same fashion. SBPTR is

set to the dynamic dimensions of the array (base address -2) and the operator

following the array identifier is picked up for examination. At this point
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PRINT USING calls the formatter just as PRINT USING does. The

P natter takes care of picking up the eiements

of the array one by one, in rows. MAT PRINT follows a separate path
than MAT READ and MAT INPUT. The following operator is noted as
spacing the elements (comma or end-of-statement) or packing them
(semicolon). VCHK examines the array and generates an error if any

of its elements Have value 'undefined'. The dynamic row and column
lengths are saved in 2's complement. |f the MAT PRINT references a
file, the array elements are written one by one in rows, each element
in its two-word binary form. if the MAT PRINT references the teletype,
rows are double spaced and the elements within a row are spaced or
packed as noted above, each element in its ASCI! decimal form. Both
MAT READ and MAT INPUT redimension the array if the following operator
is a left bracket (i.e., begins a matrix subscript). MCNT is set to
the number of elements in the array, in 2's complement. MAT READ calls
FDATA for element values while MAT INPUT transfers to the <INPUT STATEMENT>
execution to obtain element values. MT@# acts as a flag for MAT INPUT,
differentiating the first call for input from subsequeht calls and
saving the input character following the last element value used from
the input record. After completing 1/0 on an array, a common section
of code prepares the next array in the list or, if no more remain,
terminates the statement execution. MAT INPUT returns to the input code
to clean up there, MAT PRINT and MAT READ return directly to the main

execution loop.

Array assignment consists of preparing the destination and source arrays
and executing a loop which assigns the destination array elements one by one.
The general procedure is to assign a jump to the element computation code to
MOP, an exit address to MEXIT to use after completing the destination array,
and a count of the elements to MCNT, in 2's complement. The code to compute an
element returns to MLOP1, MLOP2, or MLOP3 depending on the number of arrays
involved which require updating of the element address. Each operation checks
the dimensions of the aErays involved to insure that the operation is well-
defined; and all elements of the source matrices are checked to make sure none

have value 'undefined'. Matrix multiplication does not use the element
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computation loop, instead it uses row and column counters to tell when
it is done and computes destination array elements by innter products
of the rows and columns of its source matrices.

Array initialization also uses the element computation loop. The
initialization program first redimensions the destination array (if a
matrix subscript Is given) and then chooses the appropriate constant for the
element values. IDN acts like ZER except that it insists that the destination
array be 'square' and sets a special counter to choose 1.§ for the value of
main diagonal elements. |

TRN and INV are handled apart from the other matrix functions. For
both of these, the elemenfs of the source matrix are checked against the
'undefined value'. The source and destination matrices are then checked for
transpositional compatibility. |If TRN, then proceed té transfer the columns
of the source matrix to the rows of the destination matrix.: |

~ INV uses the Gauss-Jordan algorithm with row pivoting. This procedure
converts'a copy of the source matffx into the identity matrixrand converts
an identity matrix into the Inverse by applying the same setrof operations
to both. Since the source matrix is destroyed in the process, it is first
copied into free user space and the copy treated thereafter as the source. A
side effect of‘the copying produces the element of largest absolute value, which
is used to compute a lower bound on the allowable magnitude of pivot elements.
INV then cails iDN to set the destination matrix to an identity matrix, having
the side effect of checking that the matrix is square.

Diagonalization of the source matrix and production of the inverse
noW proceeds on & row-by-row basis. The next unreduced coiumn of the source
is searched for the pivot element (the largest in magnitude). |!f necessary,
rows are‘swapped to put the pivot element on the main diagonal (the correspond-
ing rows of the destination matrix must also be swapped). |If the pivot
element is smaller in magnitude than the previously computed lower bound, the
matrix is too nearly singular to invert and execution is terminated. Other-
wise, the ﬁivot rows of both matrices are divided through by the pivot element.
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Now all other elements in the pivot column are eliminated b9 subtracting the
appropriate muitiple of the pivot row from each of the other rows. Advantage
is taken of those pivot column elements which ‘are already zero and of the
fact that elements of the pivot row to the left of the pivot column have

been set to zero by preyious steps. After diagonalization of the source

matrix and consequent creation of the inverse, the user space occupied by
the source copy is released.

The other statement types are declarative in nature. Execution of them
consists solely of skipping over to the statement followling.
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FORMATTER

Upon entry, B contains the address of the format string and A -
contains an index describing which character of the string the formatter
should begin with. (This is for substring expressions) The variable
NCH will be zero if the entire string from character (A) on is to be
considered. Otherwise it will contain a character count.

The routine grabs off the carriage control character, if any, and
saves it. It then searches for a delimiting character (5/', LV, Y)' or
end of string) and processes the specification up to that delimiter. The
characters of the specification are examined and stored 1 character/word
on a stack. Replicators are converted to binary and negated. Flags are
set to indicate string, integer, fixed or floating point specifications.
Literal strings are outputted directly from the stack and absence of any
flag being set indicates a blank specification. The stack is then processed
from iop to bottom and each character or binary replicator and character
causes éppropriate output. '

Strings are handled in a straight forward manner and may be output
only if the string flag is set. Numbers are converted from binary to
decimal and are stored 1 decimal digit/word in a number holding buffer.
For integer or fixed specifications, the numbers are stored with decimal
exponent of P and output directly according to the specification. For a
floating specification, the number is stored with a maximum of 7 digits
to the left of the decimal point and the decimal exponent is set accord-
ingly. The number is then output in a straight forward manner.

When the stack has been exhausted,.the delimitef(s) are processed.
If the end of the string has been reached, and thére remain ekpressious
to output, the‘string is reprocessed from the beginning. If the end has
not been reached, the next delimiter is found and the specification is
processed as above. If there were no more expreésions to output the
carriage control character is processed and execution terminates.
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Grouped specifications are handled by saving pointers to the
beginning of the group and upon notice of the end, returning and
reprocessing the entire group.

Formatter Utility Routines:

MTL1 expects an unpacked floating point number in MANT1, MANTZ
and EXP and returns 'a number there which has been made greater than 1.
EXPON holds the count of multiplicationsnecessary to make the number
greater than 1.

DTL1 expects an unpacked floating point number in MANT1, MANT2
and EXP and returns a number there on return. The A register contains
a count of the number of divides necessary to make the number less than
N .

ROUND expects an unpacked floating point number in MANT1, MANT2
or EXP and rounds the number in the number holding buffer.

OUTBE and OUTCL are self explanatory.

DSRCH searches the format string starting at character pointed to
by DP for a delimiter. If one is found, it is returned in the A register,
and DP points to its location in the string. If the end of the string is
reached and no delimiter is found, DP points one character past the end
of the string.

MCHAR expects the address of a character in the A registér. It
returns that character in the A register. If the 0-Bit is set, blanks
are ignored and the first non-blank character after that address is
returned. In this case, if a delimiter is reached, the address of this

delimiter (i.e., DP) is returned in the A register.
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" EVEXP is responsibje for extracting the next variable to be output
by the formatter. FFLG determines whether this Is a MAT PRINT USING or
a PRINT USING statement. For matrices, the first time EVEXP is called
it verifies that all array elements are valid and returns the first
element. Subsequant calls to EVEXP return afray elements one at a time
on a row by row basis. Numerical values are returned in the A and B
registers and strings are returned with a pointer in the A register and
the number of characters in the B register. EVEXP also evaluates the
functions TAB, LIN and SPA and then goes to the next operand.
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NOTES ON THE ERROR ROUTINES

Errors are handled routine SERR, reached by a jump through the base
page table beginning at SERRs: A JSB SERRS + i,l signifies detection of
error i. The alternative bases RERRS, FERRS and WERRS are conveniences to
denote subsections of the table used for run-time errors, format erroré
and warning-only errors. After printing a format error message, the
offending format string is also printed. The actions taken by SERR are
explained in the stting; but notice that the 'BAD INPUT' error is
singledvout, its brocessing is completed by the.lhput executlion routine
upon return from SERR.

Syntax errors detected while in tape mode are handled by accepting
error psuedo-statements in place of the erroneous statements. Since these
psuedo-statements will be replaced by any subsequently recefved statements
with the same line number, provision is made in FNDPS, which returns the
location of a statement when given its sequence number, to decrement the
error counter (ERRCT) whenever the statement found is an error psuedo-
statement (an error psuedo-statement will only be found by FNDPS when
another statement with the same sequence number is ready to replace it).
Over/underflows detected during number conversions in syntax mode cause
warning messages to be issued only after accepting the statement, if it
is otherwise correct. Since no printing can be done while in tape mode,
the routine CHOUF suppresses setting of the flag and these potential

errors are not reported when in tape mode.
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" BASIC Core Maps

SYNTAX (Phase 1)

]

System Base Page

USE~»

SPROG=PBUFF~

Subroutine Entry .
Points and User Variables

PBPTR=SBUFA-

Previously - entered
Program Statements

SBPTR+

Current Statement

Buffer (195 Words)

SYNTQ>

SSTAK~» ¢

LWAUS~+

Syntax Stack

Available User Space

77777

BASIC and System

User Swap Area
(10240 Words)

178

Pointers

USE Fixed, first word of
' user swap area.

PBUFF Fixed, first word of

program space.

SPROG Fixed, first word of
‘ program.

SBUFA Variable, first word o
statement being syntax

PBPTR Variable, first word of
program space not used
previously accepted
program statements.

SBPTR Variable, first word
not used by statement
being syntaxed.

SYNTQ Variable, first word
of syntax stack.

SSTAK Variable, last word of
syntax stack.

LWAUS Fixed, first word not
‘in user swap area.



COMPILATION (Phase 11)

Compilation

SYMTB

+PBPTR

Variable, first word of program

Variable, first word of symbol table.

Variable, first word of file table.

Value Storage Allocation

#

USE;

PBUFF+ |

SPROG>

SPTR=SYMTB>

LWAUS»

37777

Variable, word of program being processed.

Variable, first word of symbol value table

System Base Page

Subroufihe Entry
Points & User
Variables

Common Area

BASIC
Program

Symbol
Table

File Table

Value Table

Available
User Space

BASIC and
System

(FILTB = VALTB if no <FILES statement> is in program) "

g
‘ISystem Base Page
USE+
Subroutine Entry
Points & User
Variabies
PBUFF~+ |Common Area
SPROG> |BASIC
SPTR+ |Program
Symbol
Table _ _ _ _ _
Available
User Space
LWAUS~
BASIC and
sys tem
37777
SPROG -
SYMTB -
SPTR -
FILTB -
VALTB -
PBPTR -
SYMTB
FILTB

Variable, first word available of user space.

and SPTR are not changed after compilation.

and VALTB are not changed after allocating value storage.

+FILTB

«VALTB

<PBPTR



EXECUTION (Phase 111)

" IFSS - Variable, first word of format

- stack.
g ‘ 'FCORE - Variable, first word not usedrby
System Base Page| _ Phase 11
. RTRNQ - Variable, bottom of return stack
USE~+ - (first word preceding return stack)
Subroutine Entry : RTNST « Variable, top of return stack
Points & User FORQ - Variable, bottom of for-stack
Variables | ' (sixth word preceding for-stack)

FORST - Variable, top of for-stack
x (points to latest 6-word entry)

“TMPST - Variable, top of temporary stack

PBUFFY  Common Area
SPROGY  BASIC

| ___Program v . (points to latest 2-word entry)
SYMTB- ' 4 o OPTRQ - Variable, bottom of operator stack.
Symbol Table - OPDST - Variable, top of operand stack.
FILTBA s . PBPTR - Variable, top of operator stack.
File Table .

VALTBY .__Value Table

b

IFSS +f _ VermetTStjek | _. ..
Flle Buffers | RTRNQ

- ) +RTNST
9 Horés Re;urn .Steqk» <FORQ
For-Stack. ¢FOR§t_

Temporary Stack |+TMPST

. Operator/Operand +OPTRQ
' Stack *0POST
- ‘ ; ~t+PBPTR
Avajlable 4
User Space
LWAUS+
: BASIC and
' System .
77771 | A B L L

FCORE, RTRﬂq; and FORQ ére not changed af(er Ihftlbtlng execution.
Entries on the operator and operandjstaqk are one word each and interleave

(i.e., alternate words belong to one stack). All stacks beyond the return stack
grow and shrink as nééipd,90 long as user space t@f&vallable.“

—
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BASIC Tateinal Ecwmﬂk‘ﬂu

BASIC statements are represented internally by the sequence number followed

by he seguence number and length words) followed

h in words (including

the length

by the statement body. The statement body is composed almost entirely of operator-
operand pairs which occupy from one to three words each. Null operands and
operators are used when necessary to maintain the operatoE-Operand correspondence.
The operator resides in bits 14-9 of a word; the operand uses bit 15, bits 8-8,

and sometimes whole additional words immediately following. '

'Variable' Operands

Bits 8-@ are generally divided

g | Operator ) Null Operand
’ into two fields as follows:

@ | Operator | Name! @ String Variable a name field (bits 8-4) and
a type field (bits 3-8). The

@ | Operator | Name!1-3 Array Variable name field holds a value
between 1 and 32, corresponding

8
¢ | Operator | Name,4-16g Simple Variable to A-Z (for functions,
4 corresponding to FNA through
@ | Operator | Name, 175 Function Variable FNZ). A type of § Identifies

a string variable (e.g. 3,0
represents C$). Types | and 2
identify array variables of dimensionallity one and two respectively (e.g. 4,2
represents D[*,*]) while type 3 identifies an array variable whose dimensionality
cannot be determined by its immediate context. Type 4 identifies a simple variable
with no digit (e.g. 1,4 represents A) while types 5-168 identify simple variables
whose names include the digit ¢—9]0 respectively (e.g. 6,7 represents F2). Type
178 identifies a programmer-defined function (e.g. 328, 178 represents FNZ).



L Constant' Operands

2
1

1 | Operator i Name h—lés Parameter K parameter (which can
] ! Operator | Name ?vl7 : Pre-defined Function only appear inside a
| ¢ '8 ) <DEF statement>) differs
' from a simple variable
1 | Operator 3 M Formal Dimension/ only in that bit 15 is
Binary Integer Branch Address set. The name of a'pre-
' o - List ‘ defined function may range,
' J in the standard systenm,
B Binary Intgger : : : ~ from 1 to’2i8 or Zha to
‘ ‘ 304 (TAB to COS or ZER to
1 ; Operator ) Numerical Constant TRN). A flagged (bit 15
High Mantissa set) operand of 3 identifies
- ' either a formal dimension
Low Mant Exponent
. i in a <DIM statement> or <COM
PR ¢‘72|g | String Constant statement> (value in following

, ‘ word) or a branch address list

" one or more statement sequence
Character Character ( d

numbers in the following words
A flagged operand of @ indicates
that the following two words hold
a floating-point constant (all
numerical constants within a
‘program are so represented). The operator with internal code 1 is ", which signals the
start of a string constant. The operand portion of the word has a value from @ to 72‘¢,
indicating the number of characters in thg constant. The string follows, two characters
per word, and the closing "‘fs not expltcltly represented internally.
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The table below gives the internal representation of the BASIC operators.
Those operators which manipuiate the formula evaluation stack during execution

have associated priorities. Al]l numbers are in octal notation.

BASIC Operators

CODE  PRIORITY  ASCI| CODE PRIORITY ASCII  CODE  ASCII
'] ] (end-of- ‘ |

formula) 26 5 < 54 FOR
R " 27 5 # 55  NEXT
2 N §  =(equal){56  GOSUB
3 ; 31 —"(unused){57  RETURN
4 #(Flle) | b [T RMRces)| 68 END
5 (unused) 33 3 : W 161 STOP
6 (unused) ﬁ# § MEN -162  DATA
7 (unused) 85 X MAX 63 INPUT
19 1 ) % 5 o 64  READ
1 1 1 87 1] >= 65  PRINT
12 13(1) [ 0. i <= 66  RESTORE
13 13(1) ( b 1 NOT 67  MAT
14 N +(unary) U ASSIGN | 7g FILES
15 no - (unary) 43 v LEBTNETY 71 cHAIN
16 2 , (subscript) 44 AT 72 ENTER
17 2 =(assignment} 45 : COM 73 ' IMPLIED
20 7 + b LET 7% OF
21 7 - 47 DIM 75  THEN
22 19 * 59  DEF 76 T0
23 19 / 51 REM 77 STEP
24 12 4 52 | GOTO
25 5 > 53 IF
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Some exsmples of BASIC statesents In their internal fg{m are given below. Note
that actual function parameter f&rmulas, <DEF statements> formulas, and subscript
formulas appearing In <MAT statédents>. reqdlfc end-of-formula operétors to signal
their end whereas most formulas end elther with the first operator which does not
manipulate the formula evaluat!on stack or with. ‘the end of the statement. Note
also that constants are considered signed only within a <DATA statement>. ASCI|
numbers are decimal, internal nmbers are m! ln the presentat!on ‘below.

19 LETWI =Y = (8=C) 4+ 3%A[1,J4+]

12 sequence number " 20 DIM A[5], cl6,12)

21 length o o
¢ shﬁ 27t  werw D2 B
g 1730 4 = Y Ik o
gi17| .8 - | | ¢-azi| 1 LS
pl13: 2.4 ( 8 . JEE S T
9138, 34 - 5 .
glig| g ) glinf (9 S
AERENY t g 21312 o T
930009 3.9 o ahiz] |3
d9Baak ~ 6
glaz 12 *A S 11161 |3
gz 1|4 [ o 14
ghie 112 |4 4 gin| |o
g2 (13 |4 +K
¢i¢ | |o (end-of-formula)
g ) ] |




36 DEF FNC (X) = X + Ag i REM ARK

36 20 7] 4w
. 5 g
¢ {5013 |17 vETL - 8|51 |bp ¢ o
1 {1338 | & oK ghgs522 r R
g1 g o pLshkag K ©
UNRVAE I =,
201 {5 T, 00
g| 9 ]
54 GOTO A OF 14, 29, 30 64 DATA -1, '‘ABC"
62 59 74 u”
7 7 " ’
¢ |52 llh e |62 o o
Vel | S 100ugs
12 7’f LET T
24 gl2; |g g
36 g ll' 3
pLgsg2 PR
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* PROGRAM FRAGMENT

e
DEF FNC
___§__m“*n,_X_
g
b = X
+ A |
] C |
g a H
value of
SYMBOL TABLE FRAGMENT ' ) simple variable
- SRRT h declared
’ ‘ 1 ‘ dimensions
1 | }\’/ - 3 dynamic
FNe | ) | dimensions
198000
e Al1} | sogdds
, ‘ : o Mﬂ active
Alx] dimensionality 11 ,r5) 9oggg2 elements
: } , _ , Fwees
1 All dimensionality A[3] ]
~ locally unknown —— inactive
; ' _ _ element
8% ' | 8 5V physical length/
D ‘ I . logical length
S B -
[ .
. c] o |
’_\/ ' character
string




The symbol tabie consists of two-word entries, one for each unique symbol occurring
in the user's program. The first word of an entry ls'the fnteknal representation of
the symbol as previously described. The second word of the entry is a pointer to the
value of the symbol. For a programmer-defined function the value is the defining
formula in the <DEF statement>. The value of a simple variable is a two-word
floating point number. The value pointer of an array is its base address (i.e. the
address of its first element); when an array is dynamicaiiy redimensioned to occupy
‘less than its physically allocated storage, It‘occupies a contiguous block justified
to the low core portion of its element space. Since array symbols may not have
dimensionality locally defined (e.g. MAT A=B), array symbols may have a ''don't know'
entry in the symbol table in addition to the dimensioned entry. Both entries have
the same value pointer. The declared and dynamic dimensions occupy the four words
preceding the element space in the value table. The value of a string is also its
base address. A string is a character array'(packed two elements per word in contrast
to the two words per element for numerical arrays). Its physical (declared) length
and logical (dynamic) length occupy the word immediately preceding its value space.

The value table and common area are simply the concatenation of the values for

the symbols in the program, excepting programmer-defined functions.



FILE TABLE ENTRY

read-only bit—J}»

number of records In file

di rty record bit__[J

dirty file bit__

ld’g'l cal record size

"disc or drum address
of last I-og‘tc;l record

| disc or drum address
~of record in file buffer.

- file base disc
or drum address

[ J

o
-

EOF/EOR -exit address

file

name

protect mesk

FILE BUFFER

length
specified
by second -

-word In

file table



Ccitc TADIE
rik invLL

The file table consists of one fifteen-word entry for each file or
place-holder (''*"') in the FjLES statements. Bit 15 of the first word Is
set if another user had read/write access to the file when It was requested
(except for Axxx users) or if the file is a library file not being accessed
by its owner. Bit 15 of the second word is set when an item is stored in
the buffer, so tﬁat only records which are’thanéed wiil be written back to
the disc or drum. Bit 14 of the second word is set when a record is written
to disc or drum and is used during program termination as a basis for up-
dating the last changed date word in the file's directory entry.

A logical record-sized buffer is associated with each(flle table entry,
and is accessed through pointers in the entry. An intra-buffer pointer
designétes the next portion of the record to be written or read. A fixed
pointer to the first word not in the buffer acts as a bound on the intra-

buffer pointer.

FILE CONTENTS

There are 4 data types possible in a file. A string has bit 9=1 and the
length in characters in the lowest 7 bits of the first wbrd, followed by the
string packed 2 characters per word. A two-word floating point number has the
upper two bits of the first word different, except for a zero, which has both
words zero. An end-of-file is a -1, and an end-of-record is a -2, in the first

word.

Data written to or read from a file is first exclusively ORed with the

fifteenth word of the ffle table entry. This has no effect, of course, unless
| that word is nonzero. It will be nonzero only if an ASSIGN statement has been
used to specify the file, and the statement included a protect mask parameter.
End-of-file marks, end-of-record marks, and the first word of strings are not
masked. Floating point numbers are masked when they are written to or read
from the file buffer. Strings are masked when the buffer is read from or

written to the disc or drum.
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gaupddiﬁ Last Change Date Routine

Each fllé and ﬁrogram entry in the directory has a word containing the
hour of the year whcn the entry was last changed. It is necessary to update
this word for files when a program is terninated ‘for any of the following
reasons: normal termination, CHAINIng tq a newuprogram, qrror termination,
abort and when a SLEEP or Hl!EﬂﬂATf'Cqmmand is %QSUed.

The DFCHK bit .in the ‘user' s 7FLAG word in his TTY table is set to 1 if
‘there were any files statements In the program. This determines whether the
LCD routine will be called. Nhen it is, each file table entry Is examined.

If bit 14 of word 2 =1, the file has been written on, so the last change date
must be updated. This bit Is set by the WRBUF routine.

The only abnormality in calling LCD occurs following an abort. The user
is taken off the quéue ahd‘re-lnserted'wlth priority 0 to run a core resident
routine called ABUCD which writes the user to the swap track, calls LCD, and
returns to the scheduler to f!ﬁTsh aborting the user.




RTRNQ>

RTNST-

Return Stack

/M

return address

BASIC Run-Time Stacks

9 words

For-Stack Entry

pointer to value:
of for-variable '

limit

value

step

size

\___/__\

Program Fragment

two-word
floating point
numbers

A

<FOR statement>

succeeding
statement

\__}/’"\

The return stack is of fixed
length, holding from @ to 9
one-word entries at any time.

An entry is the absolute address
of the statement following the
GOSUB which placed the entry on
the stack. '

The for-stack is of variable
length, containing one six-word
entry for each for-loop which
is currently active. Since the
limit value and step size are
kept in the entry, they may not
be changed within the for-loop.
The value of the for-variable is
the one kept in the value table,
so this may be altered by

statements within the for-loop.



OPERATOR/OPERAND STACK FRAGMENTS

LET A= B-.-c:‘:D_ M’\-_’/}
~— T~ TMPST* Floating point TW
! 2 number . ) TEMPORARY
[ ! : STACK
Temporary ‘
Stack P A
J A (OPTRQ-~ (unused) %
OPTRQ> (unused) | 0PDST+; ¥ B+C*D .__~___J
y 8 : start-of- |
» formula operatori
start-of ‘ Y |
formula operator, (unused) !
2 PR »
/¢ : PBPTR>: -
e e
! i available user
} ! LWAUS~ | !
QPDST -
MY b .
.
T : |
. j (unused) ‘ i '
e e , TEMPORARY
PBPTR-{ * . . f_\-i—/‘\______m__ ] STACK
available user | OPDST- B
space !
LWAUS> ~ S"‘**] (unused)
i )
R e ] OPTRQ> | (unused) «PBPTR

All operands (checked words) are addresses (i.e., C represents a pointer to
the value of the simple variable C). Bits 7 - @ of an operator entry contain the
operators identifying code (See 'Basic Operators' Table) while bits 15-8 contain
the operator's priority. Note the alternate-word structure of the stacks. The

temporary stack holds intermediate values during the formula evaluation.



BASIC Language Processor Tables

The two areas of core labelled SBJTB and USER contain the mechanism allowing
different users to exercise different portions of the langdage.pfocessor wi thout
interference. The language processor makes Its subroutine calls fo the labels in
the area beginning with USER. The word following a subroutine entry point is an
indirect jump through the appropriate address in the area following SBJTB. When
a user is displaced by the system, his registers are saved at USER and the area of
core froh USER to PBPTR,! inclusive iS'dﬁmpeq'onto his track of the disc. Thus,
a complete record of the language processor's status with respect to him is
preserved. The only thing particular to a user which remains when he is swapped
out is his own teletype table.

The tables headed by POFTB (which must be in base page), SYNTB, XECTB, and
FOJT are jump tables. The method in the last three cases is to compute a decision
number, add the base address of the table, and transfer through the entry thus
designated. The pre-defined function table Is used by the formula evaluator to
enter the code for evaluating pre-defined functions.

The tables headéd by QUOTE and MCBQS have seweral uses. Their entries are
explained in the listing and thelr use will be explained in thos routines which
access them. The Error Jump Table (at SERRS) is explained along with the error

routines.
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2000C Loader

The 2000C TSB Loader is a separate program which runs on the

system computer. It is explicitly loaded by the operator to perform
the following functions:

1)
2)
3)
4)
5)

Generate a new system from paper tapes.

Update an existing disc resident system using new paper tapes.
Reload a system from magnetic tape.

Restore the drum resident bootstrap routines.

Resuscitate a system that has crashed because of certain hardware
or software failures.

The loader is implicitly loaded when the operator requests any of

the following functions:

6)
7)
8)
9)

A normal load from disc of a slept system.
A selective load.
A selective dump.

A sleep or hibernate.

In addition, the loader contains the moving head disc driver for

the system, which remains in core at all times.

The operaticn of the lcader for each of these uses may be under-
i

stood by using the following brief descriptions, the following flow-
charts, and the listing.

1)

The loader geﬁerates the system tables by asking the configuration
option questions. Discs are checked for labels and the drum

resident tables are written out. The first system record is read,
ing it, enough disc space is reserved for the system. The

of the system is read from paper tape and written to disc.
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The system library routines are handled by the SYSLB routine,

wn

which puts them on the disc. The remainder of the system is written

out afterwords. The user swap areas are initialized and the DATE-TIME

sequence is entered.

2)

3)

b)

5)

Paper tape update uses only the paper tape load section of the
load sequence. |t does not change any disc area other than the

system code.

Magnetic tape load is similar to paper tape load except that
certain tables are read from tape rather than being initialized.
Also, after the system has been written to disc, the mag tape

loading section is entered to load the users library.

The loader may be entered at 14000B to restore the bootstrap
loaders to the drum. The bootstrap sequence is entered after

they have been written.

When the system tables are intact (both in core and on the drum)
but the system cannot be slept normally, the loader may be loaded

and started at 3000B to force the sleep procedure to occur.

The bootstrap procedure calls in the loader which copies system
infdfmation to the drum, reads in the system, and enters the
DATE-TIME sequence.
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7

8)

9)

If the selective load option is selected while loading, the mag
tape load section performs the load and continues the load process
as if it were a reload from mag tape.

Selective dump uses the mag tape dump section of the loader to
generate aktape containing specified user library entries.

The sleep process first copies all of the system tables and
sanctified files from the drum and core to the disc. Then, if
sleep or dump has been specified, the system and system tables

are dumped in their entirety to mage tape and the mag tape dump
section is entered to dump the user library. If sleep, only
entries changed since the last hibernate are duﬁped. | f hibernate,
all entries are dumped.
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A different version of the 2000C Loader exists for each different
type of moving head disc supported. Except for the disc driver and

several configuration options default values, these loaders are identical.

This section contains brief descriptions of minor routines in the

loader and flowcharts for the more complicated ones.
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TTY 35

The loader teletype driver is a non-interrupt driver which provides
output and input capabilities on the console (usually an ASR 35).

On output requests, printing is completed before control is returned
to the caller. On input requests, control is not returned until

the operator has typed a carriage return. Character backup (using
the left arrow) and line cancellation {using the eScape key) are
handled internally to the driver.

DRUMP

The loader drum driver is a non-interrupt driver which provides
output and input capabilities on drums. The driver decodes the
specified drum address into the proper select code, track, and
sector numbers using the 7TBL part of the equipment table. Any
drum errors are retried by the driver up to 100 times. Continued
failure causes a halt (if DISC8 is zero) or a skip return (if DISC8
is an RSS) with an error message printed.

DISCZ
This routine provides the necessary environment for the moving
head disk driver and transfers input/output/seek requests to the actual

driver.

Since the interrupt system must be enablied for the disk driver, this
is done in DISCZ.

In conjunction with the GMQBD routine, DISCZ provides a buffer for disk
driver generated error messages and prints any such errors that occur.
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SELCP

Enter with the first character in (A). routine finds a two digit octal
number in the range [SELCD,!, SELCD+1,1]. errors are printed, exit
to P+3. otherwise return to P+4 with the integer in (B) and the next

character in (A).
GTDNO

This routine searches the input record for '-!'"" followed by a disk
number folldwed by a comma. |If A = -1 when called, a check is made
to ensure that the specified unit exists. Errors are printed; exit
to P+1. Otherwise, return with number in (A) to P+2.

SETDS

The SETDS routine updates the drum table and trfax tables given the

logical drum number and the new select code.

STDIS

This routine updates the disk table and interrupt locations given the

logical disk number and the new select code and unit number.

GTTRK

This routine searches the ADT for a full drum track. The starting
“location is given in (A) (0 sez full search). No find causes an
error (insufficient drum space) and loading is terminated. The entry

is removed from the ADT.
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FAPD

This routine searches the ADT for a ﬁloce»of drum space of specified
size. No find causes no skip return. On find, the space is removed
and the return is single skip. ‘

FNZSC

This routine advances TEMP3 to-thavn§8t entry in the disk EQT

that contains a valid disk. No find sets pointer to first entry,
no skip return. A find sets other polnters and gives a single skip
return.

RDLBL and WTLBL

These routines calculate the address of a specified disk label and
call DISCZ to read or write the label.

SDADT
This routine is called by FSDAD- to remove space from the ADT in core.
CDATE

This routine is used to allocate disk spaéé for the tables. 8K is
allocated for each track of a table.

GNDAT

GNDAT is used when system space is being allocated. It writes out the
current disk ADT and reads In another. If no other exists, exit is to
the out of storage error and loading is terminated.



BUADT

BUADT uses the trax table to generate the ADT for all of the drum
space.

RTADT

This routine is used by CLDT to return any unused quarter tracks to
the in core ADT.

RCOP

RCOP asks '‘configuration options'' and waits for an answer of yes or
no. The variable COFLG is set to 0 for no and non-zero for yes. Return

is single skip for yes.
RQINT

This routine packs a one or two digit decimal integer in a specified
range. An invalid Input prints "ILLEGAL INPUT*" and returns to P+l.

A simple CR returns to P+2. Otherwise, return to P+3 with the integer
in (A).

CFFW

CFFW converts the first 4 words of a directory entry (1D and NAME)
into printable ascii format.in a specified buffer.

GMQBD

This routine provides a placebqfkfor‘the disk driver when it asks for
an error message buffer. Either this routine or DISCZ will print out

the message.



WOLTD

i
This routine asks the qucétiongyDlSK OPERATING SYSTEM PRESENT?"
(unless no configuration aptions) and uses this bit of information
to place the two drum bootstraps énto the drum. If a properly
configures DOS exists, igiiﬁﬁ,i strap will not be affected; however,
it is still the operatorls'résS%hs!blllty to lock any other

tracks used by DOS.

WOLTE

This routine writes the final disk hootstfip onto each of the mov ing
head disks.

B8SBSO

BSBSO is the standard RTE, DOS and TSB.bootstrap for drum sector zero.
If switch @ is up when it is run, It reads in sector 2, otherwise
sector 1, and Jumps to the first location of that sector.

BSLDR

BSLDR is the TSB bootstrap ihat resides on sector 1 (sector 2, also,

if no DBS). It reads thaé¥§nal disk bootstrap from block 1 of the
moving head disk in se¥ code 17 unit §. The code in this loader was
originally meant to be read in at an.origin of 1008. (BSORG EQU 1008) .
Later versions of the Ioﬁaer load It at 14600B but the special construc-
tion remains. | e AR

P
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RESU

This section of code is used for the resusitation process. It
reads in the system segment table and the DAT and calls the sleep

section.
EOTCH

This routine checks for an &ad of tape (during Mag Tape Sleep
operations). It is called when end of tape is not allowable
(before first file mark). An end of tape prints a tape too short
message and halts. Pressing run restarts the dump.

DREN - ENSU

The DREN routine is used to Insert a 12 word directory entry into
the directory. |If the proper directory track is full, ENSU is
called to redistribute the dir. tracks. See the system documentation
for supersave for a description of its operatian.
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Bootstrap procedure

start

BBDL

|

Sector @

Sector |

Disc block

BBDL at 77760B

reads in drum sector ¢

reads in drum sector 1

reads in disc blocks 1 & 2

NOTE: this loader is configured to read from unit ¢

of the disc controller ih select code 17B.

1§ 2 this block scans all disc drives and builds a

table of drives vs. logical unit number. This bootstrap
contains the system segment table and uses it to read in

the system.
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Sleep Tape Format

The following lists the records on a sleep tape In order starting
from the load point marker. '

Tape Label

The tape label is a seQen word record and appears at the beginning
and end of each sleep tape. The words are:

0 ASC 1,LB
1 ASC 1,TSB
2 (unused)
3 (ree! number)
4 (year e.g. 71)
5 (hour of year)
6 (tenth of seconds)

EQT

"~ 120B words

DIREC
~ 560 words

10T
1024 word blocks, the IDT and Directory are packed into 1024
word blocks as they are read in, without regard to track or
entry boundaries.

Directory

1024 word blocks
see IDT format
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System Segment Table

System

The system is written out according to the information in the
System Segment Table.

System Library

Each system library program is dumped in a separate record.

This end of file ends the system information. It must be on

the first reel of tape.

USER Library

Programs and Files are written out in 1024 word records (4 blocks.
Files remain interleaved. i.e. the first tape record of a 2n
block long File contains records 1, n+ 1, 2, n + 2). The First
tape record contains the 12 word directory entry at its beginning
and may be up to 1036 words long. A File mark is written after

the last tape record of each program or File.

An EOF in place of an initial record of a program or File

indicates the end of the sleep set.

1. When an end of tape marker is detected, the mag tape dump will
write an EOF,'a label record, and another EOF and ask for
another reel. During reading, the sequence of an EOF followed
by a label (7 word) record will indicate the end of a reel.

No other test for end of reel is possible.
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