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1.0 Ihtroductor_;r 

!he BerkercSg Time-Sharing System i s  divided Who three major 
parts: monitor, the executive, and the subsystems. Only 
the first two of these are diacussed i n  detail  i n  t h i s  manual. 
The manual attempts t o  describe exhaustively a l l  the features 
of the moni.t;or and i n  addition t o  give a number of implementation 
detai ls .  It also describes those features of the executive which 
can be inmked by a program. 

which is  concerned with scheduling, input-output, interrupt 
procerslng, memory allocation and mapping, and the control of 
active programs. The executive, on the other hand, is concerned 
with the control o f  the directory of symbolic f i l e  names and 
backup storage for  these files, and various miscellaneous matters. 
Other par ts  of the execuCivs handle the command language by 

which the u m r  oontroln the syntem f’ran his  teletype, the 
identification of usera and specification of the limits of 
their  access t o  the eyatem. 
the executive reference manual, Document R-22. 

We use the word monitor t o  refer  t o  tha t  portion of the system 

These subdects are discussed In 

The next ten section8 of t h i s  manual discuss various features 
of the monitor. me remaining sections deal with the executive. 
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2.0 The Scheduler 

The prbmry e n t i t i e s  with which the time-sharing system is 
concerned are called active programs. 
abstract  object capable of executing machine instructions. A t  

least one active program is associated with each active user, but 
a user may have many programs, each computing independently under 
h i s  control. 

Each active program is an 

An active program is defined by i ts  entry i n  the program 
active table (PAC table  or PACT). 
information required t o  specify the instantaneous s t a t e  of the 
extended computer which the user i s  programming, except fo r  t ha t  
contained ;In the  user'B memory or i n  the system's permanent 
tables .  
following page, together with brief notes about the significance 
of the various items. 

This table contains a l l  of the 

The structure of a PACT entry is  displayed on the 

These matters w i l l  be explained i n  more 
detail  i n  the following few sections. 
PACT contains locations fo r  saving the program counter and the 

contents of the active A, B and X regiaters .  It also contains 
two pseudo-relabeling regis ters  fo r  the user. A t h i rd  one, which 

It w i l l  be observed t h a t  

specifies the monitor map, i s  kept i n  the job tables.  The matter 
of pseudo-relabeling is discussed in  d e t a i l  in  Section 5 .  
is a word called PTEST which determines the condiCions under 
which the program should be reactivated i f  it is not currently 
running. 
called PFORK, PDOWN and PPAR are discussed i n  Section 3 on forks. 

The word called PTAB contains i n  b i t s  2 through 8 the number 

There 

The panic table address i n  STAB and the three pointers ' 

of the  job t o  which t h i s  program belongs. 
i n f o m t i o n  about the amount of time for which the program is  
allowed t o  canpute before it is  dismissed. 
countCChe number of clock cycles remaining before the program i s  
dismissed, and three b i t s  of QUTAB point t o  a table  which specifies 
the length of time which the program should be allowed t o  run 
when it is  activated. A l l  times i n  the discussion are measured 
i n  period8 of the 60-cyc~e computer clock. 

The top of PQU contains 

Qm A Job table 

, 
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ooo ’activation 
condition 

PAC TABLE 

23 * t e s t  word address, or  other 
relevant parameter 

PNEXT 

PL 

PA 

PB 

Px 

RL1 

RL2 

PPTR 

m S T  

p&u 

PTAB 

PIM 

1 
2 8 9  

ew $?E 
X B  

next queue or next program i n  queue 

I 
11 12 23 

Q n B  PPAR 

saved (A) I 

I saved (B)  

I saved (X) 

I first pseudo-relabeling regis ter  

second pseudo-relabeling regis ter  

0 11 12 23 
PDWN PFPm 

panic table address 

UM *rl user mode (1) or system 
OV = overflow 
P]TyLIwN 5 PACT address of lower fork ( i f  any) 

FY$RK = PACT address of upper fork ( i f  any) 
PPAR 0 PACT aM.n?ss of‘ para l le l  fork (ends wi th  0) 

QUTAB .) address of word i n  table indicating quantum lengths 
EX executive type program EB = exec BRS 
&N I saved qu@ue number if on WV TW = waiting for  termination 
IEM = interrupt enabled mask NT = non-terminable 

Lm = local, memory EM = destroy memory when fork 
i s  terminated MT = add no memory - - .__- 

I 
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A program is sllowd t o  r'un for a fixed period of time, af ter  
which it is dismissed if any other programs are ready t o  run. 
time is called a In= quantum. 
programem 
the entry in  QTAB which is  pointed t o  by the program's QWAB i n  PACT. 

When ct grogram i s  activated, it is first allowed t o  run for a 

- short sumtun. During th i r  time it cannot be dismissed except by i ts  
own request. The Ungth of the short quantum is tentatively going 
t o  be the saw for a l l  users. 
the long quantum is also put into a word called TTLME at th i s  time. 
Both ax0 decremented a t  every clock cycle. 

determine *ether any program which is dismissed for 1/0 can be 
runr 
clock cycle the program may be dismissed if any programs dismissed 

for  1/0 axe ready t o  run. 

quantum i r  sxhaueted if any other programs are waiting t o  run. I n  
either caae It is said t o  be dlsmiesed for quantum ovsrflow. 
ACTR indicates that another progrsm dismiased for I /O i s  ready t o  
run at the end of the short gumtrtm, the program is also dismissed 
for quantum overflow. 

In order t o  aUnw an efficient implementation of t h i s  scheme, 
ACTR is incremented by every interrupt routine which takes action 
allowing a program which i s  waiting for 1/0 t o  run. ACTR is  set  
to  -1aJhanr a program is activated. 

When the program i e  rsactivate8, TTIME is se t  from QUR. TIBE i e  reset 
t o  ehe A2U. ehort quantum. 
run down while R program computes, regardless of whether it has t o  
wait for 1/0 betwaen computations. 
alwayr given a full short quantum. 
quautm ov~1Fflow, it irr given a new long quantum when it is reactivated. 

IkeTe are two operations available to the user which are 
connected with the quantum overflow machinery. 
uaer t o  be dimisred as though he had overflowed h is  quantum. 
BRS 57 guar&ntees t o  the user upon return a t  least 16 msec of 

This 
It may be different for different 

Pn facf, the mplze of the bna quantum is determined by 

It is put into a ward called T1ME; 

When TIME goes negative, a word called ACTR is  checked t o  

If not, the program is allowed t o  continue. A t  each subsequent 

It may also be dismissed when the long 

If 

When a pro- is dimnisPred for  X/O, m= is put into QUR. 

That is, the long quantum is allowed t o  

On the other hand, a program is 
If a program i r  diemissed for 

BRS 45 causes the 
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uninterrupted computation. This feature is implemented by dismissing 1 

I 
the user if  less than 16 msec remain in his quantum. 

Ordinarily, the code which i s  being executed a t  any particular 
instant is that belonging t o  the program which is currently active. 
This situation may be distwrMd, however, by the occurrence of 
interrupts fram 1/0 devices. These interrupts cauSe the computer 
t o  enter system mode and are processed entirely independently of the 
currently running program. They never take direct action t o  disturb 
the running of t h i s  program, although they may se t  up conditions 
in  memory which w i l l  cause some other program t o  be activated when 
the presently running one i s  dismissed. Interrupt routines always 
run in syetem mode. Other code which may be running which may not 
belong t o  the program currently active is  the code of system 
programmed operators or BRS routines. 
re-entrant and therefore should not be dimnislped by the clock. 

These routines are not 
To 

ensure that they w i l l  not be, the convention is established that 
the clack w i l l  not dismiss a program running in system mode. In 
order t o  guarantee that a user program will not monopolize the 

machine by executing a large number of SYSpOPs, the user mode trap 
is turned on when the clock indicates that a program is t o  be 
dismissed. The t rap w i l l  occur and cause dismissal as soon as the 
program returns t o  uaer made. 

The PACT word called PTEST contains the activation condition 
for a currently inactive program. 
is  contained in the 6 opcode b i te  of this  word, while the address 
f ie ld  normally contains the absolute address of a word t o  be 

tested for the specified condition. (This word i s  usually something 
like 'PSYBRK for a u8er's teletype.) It i s  possible, however, for 
the address t o  contain a time count, in  the case where the activation 
condition l e  that  a certain amount of time should elapse, It is  also 
poeriblo for the address t o  hold a mask indicating which program 
interrupt has occurred. 

The condition for activation 

The following activation conditions are possible : 
0 Word greater than 0 
1 Ward lesr then or equal t o  0 
2 Word pester than or  equal t o  0 
3 Word lesa than or equal to  teletype early warning 
4 Special terrt. The address points t o  8 special activation 

t e s t  routlne. 
5 fnterrupt occurred. The address contains the number of 

the interrupt which occurred. 
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0 dead 
1 running 
2 XRS 31 
3 BRS 106 
4 executive RRS 

5 BRS l.09 

Special: address = 

11 

12 Word less than zero 

B i t  1 of word is 1 (buffer ready) 

A n  executive program can dismiss itself expl ic i t ly  by putting a queue 

number (0 t o  3) i n  X and a dismissal condition i n  B and executing BRS 72. The 

address of a dismissal condition must be absolute. 

There is nomally one running program in  the system, i .e. ,  a program which 

is executing instructions, o r  will be executing instructions after the currently 

pending interrupts  h8ve been processed. 

which is not running is said t o  be dismissed, and i s  kept track of in  one of 

An active program ( i . e .  a PACT entry) c, ;I 
two ways. 

1) If it has dimiased itself w i t h  BRS 31, 106 or 109 (cf. section 5)  it i s  

said t o  be i n  - limbo and is  pointed t o  only by the FTORK, PDOWN, and PPAR of the  

neighboring programs i n  the  fork structure.  

2) If it haa been dismissed fo r  any other reason, it i s  on one of the 

scheduler queues. There are four queues of dismissed programs. In order, they are: 

&TI 
&I0 
QSQ 
QQE 

programs dismissed for  teletype input/output 
programs dismissed fo r  other 1/0 
programs dismissed fo r  exceeding t h e i r  short quanta 
programs dismissed for  exceeding their  quanta. 

Programs within the queucrr are chained together i n  PNMT, and mJMT f o r  the last 

program i n  each queue points t o  the beginning of the next queue. 

Whenever it i s  time t o  activate a new program, the old program i s  put on 

of the appropriate queue. 
c,; 

the The scheduler then begins a t  &TI and 

scan8 through the queue structure looking f o r  a program whose activation 

Condition is  sa t i s f ied .  When one is found, it is removed from the queue 

_. 

I 
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s t ruc ture  and turned over t o  the swapper t o  be read i n  and run. If there 

me no programs which can be activated the scheduler simply continues 

scanning the  queue st ructure .  

Programs reactivated f o r  various reasons having t o  do with forks 

( interrupts ,  rubouts, panics) are put onto &I0 with an immediate 

act ivat ion condition. 

dismissed f o r  quantum overflow. 

They therefore take p r i o r i t y  over a l l  programs 

There is  apermanent entry on the teletype queue for an e n t i t y  cal led 

the phantom wer. 

condition which tests for  two possibilities:: 

the ce l l  PUCTR is non-zero 

The activation condition f o r  t h i s  en t ry  is  a type  4 

a) 

b) th ree  seconds have elapsed since the last activation of the phantom 
u m r  f o r  t h i s  condition. 

When the phantom user is aativated by (b), it runs around the system checking 

that everything is functioning properly. In  par t icu lar ,  it checks t h a t  the 

W-buffer ha6 not been waiting fo r  an interrupt  fo r  an unusual length of time, 

and that  a l l  teletype output is p e e c l i n g  normally. Details of t h i s  procedure 

are described i n  sections 9 and 7. 

If the phantom user is  activated by (a), it runs down the phantom user 

queue looking for things t o  do. 

2B; it is earrantially a very abbreviated PAC table entry.  

made when the system has sane ac t iv i ty  which it w a n t s  t o  carry out more o r  

less independently of any user PAC table entry: testa for tape ready (on 

Aphantom user queue en t ry  is drawn on page 

Such an entry is  

rewind) and card reader reedy, and processing of rubouts (an interrupt  routine 

kind of ac t iv i ty ,  but too Lime-consuming). 

activwtion condition. 

user queue. 

The second word of the entry i s  the 

PUCTR contains the number of en t r i e s  on the phantom 
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3 8 9  23 

11 12 23 

tes t  number routine address 

0 
parameter for 

routine PACPTR for user 

Pointer to  next entry I 

Phantom user queue entry 
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3.0 Forks and Jobs 

3.1 Creation of Forks 

A program m a y  create new, dependent, entr ies  i n  the PAC table by 

executing BRS 9. 

contains the address of a panic table, a 7-word table with the following 

format : 

Thia ERS takes i ts  argument in  the A register,  which 

Frogram counter 

A regis ter  

B regis ter  

X regis ter  

F i r s t  relabeling regis ter  

Second relabeling regis ter  

Status 

The statua word may be: 

-2 dismissed for  input-output ' ' 4  ' 

-1 running 

' I .  

0 dismissed on rubout or BRS 10 I 
,nl ( C '  ~ Pa.  '9 6 ,J/ * b I f  . < A ;  

1 . l  

1 

2 dismissed on memory panic 

dismissed on i l l e g a l  instruction panic 

!The panic table address must not be the same for  two forks of the same program, 

or overlap a page boundary. If it is, BRS 9 &s i l l ega l .  The first 7 b i t s  of 

the A regiafsra have the following significwce: 

0 make fork executive if  current program is executive 

1 set fork relabeling from panic table .  Otherwise use current 
relabeling 

2 

3 

propgate rubout assignment t o  fork (see BRS 90) 

make fork fixed memory. 
memory than it l a  star ted w i t h .  

ft is not allowed t o  obtain any more 



2. 

3. 

UP 

DOWN 

ACROSS 

1. 

Hierarchy of Processes 
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4. make fork local  memory. New memory w i l l  be assigned 
t o  it independently of the controlling fork. 

5 .  make fork ephemeral memory. Memory that  it acquires 
w i l l  be released when the fork terminates. 

6. set interrupt mask from seventh word of panic table.  

When BRS 9 i s  executed, a new entry i n  the  PAC table  is  
created. 
creating it, which is called the controllin@; program. 
is said t o  be lower i n  the hierarchy of forks than the controlling 
program. 
program. 

This new program is said t o  be a fork of the program - 
The fork 

- 
The l a t t e r  may itself be a fork of some s t i l l  higher 
The A, B and X regis ters  for  the fork are s e t  up from 

the current contents of the panic table. 
execution of the fork i s  t o  be s tar ted i s  also taken from the 

panic table. The relabeling regis ters  are s e t  up either from 
the current contents of the panic table or  from the relabeling 
registers of the currently running program. An executive program 
may change the relabeling as it pleases. 
res t r ic ted  t o  changing relabeling i n  the manner permitted by 
BRS 4.4.. 

The address a t  which 

A user program i s  

The s ta tus  word is set t o  -1 by BRS 9. 
The fork structure i s  kept t r a c t  of by pointers i n  PACT. 

For each program PEYlRK points t o  the controlling fork, PDOWN 

t o  one of the subsidiary forks, and PPAR t o  a fork on the same 
level. 
i n  a list.  
The arrows indicate the vazious pointers. 

AU. the subsidiary forks of a single fork are chained 
A complex s i tuat ion i s  shown on the previous page. 

The program executing a BRS 9 continues execution a f t e r  the 

"he fork established by the BRS 9 begins execution instruction. 
a t  the location specified i n  the panic table and continues 
independently u n t i l  it is terminated by a panic as described 
below. 
following three ways: 

The controlling program may examine i t s  s t a t e  and 
control i t s  operation with the following s ix  instructions: 

It; is  connected t o  i ts  controlling program in  the 

1) 
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BRS 30. reads the current s t a tus  of a subsidiary fork in to  

the panic table. 

o f  the fork in  any way. 

causes the controll ing program t o  be dismissed u n t i l  

the Subsidiary fork causes a panic. When it does, the 

controll ing program is reactivated at the instruct ion 

following the BRS 31, and the panic table contains the 

s t a tus  of the fork on i ts  dismissal. The s t a t u s  is  also 

put i n t o  X. 

causes a subsidiary fork t o  be unconditionally terminated 

It does not influence the operation 

BRS 31 

I l l  

-Jcvw,nJPIP, &fu;) d r ,  

BRS 32 

and jts s t a tus  t o  be read i n t o  the panic table. 

A l l  of these instruct ions require the panic table address of the fork in  A .  

They are i l l ega l  if t h i s  address is not tha t  of a panic tab le  f o r  some fork.  

BRS 31 and BRS 32 return the s t a tus  word i n  the X reg is te r ,  &s well as 

leaving it i n  the panic table. 

jump w i t h  the contents of the s t a tus  word. 

address i n  A .  

This makes it convenient t o  do an indexed 

X R S  31 returns  the  panic table 

BRS 106 causes the controll ing program t o  be dismissed u n t i l  m y  

subsidiary fork causes a panic. When it does, the 

controll ing program is reactivated at the following 

instruct ion with the panic tab le  address i n  A, and the 

panic table contains the status of the fork at i ts  dismissal. 

causes B S  30 t o  be executed fo r  all subsidiary forks.  

causes BRS 32 t o  be executed fo r  a l l  subsidiary forks. 

B(RS LO7 

BRS 108 



2 )  If interrupt 3 i s  armed i n  the controlling fork, the termination 

The interrupt of my subsidiary fork w i l l  cause tha t  interrupt t o  occur. 

3-4 

takes precedence over a BRS 31. 

returned t o  a J3RS 31 af te r  processing the interrupt,  the fork w i l l  be 

dismissed u n t i l  the subsidiary fork specified by the restored (A)  terminates. 

3 )  The forks can share memory. The creating fork can, as already 

If the interrupt occurs and control i s  

indicated, s e t  the memory of the subsidiary fork when the l a t t e r  is started. 

I n  addition, there is some interaction when the subsidiary fork attempts 

t o  acquire memory. 

3.2 Memory Aaquiarktion 

If the fork addresses a block of memory which i s  not assigned t o  it, 

the following action i s  taken: a check i s  made t o  determine whether the machine 

s ize  specified by the user (cf .  Docment R-22) has been exceeded. 

memory panic (see below) is generated. 

panic i n  also generated. 

tha t  the i l l e g a l  address becomes legal .  

block i s  a l w a y s  assigned. 

i, If so, a 

If the fork is fixed memory, a memory 

Otherwise a new block is assigned t o  the fork so 

For a loca l  memory fork, a new 

Otherwise, the following algorithm i s  used. 

The number, n, of the relabeling byte for  the block addressed by the 

instruction causing the memory t rap  is determined. A  can is  made upnard@ 

through the fork structure t o  (and including) the first loca l  memory fork. 

If a l l  the forks encountered during t h i s  scan have Rn (the Nth relabeling 

byte)  equal t o  0, a new entry is created i n  PEilT fo r  a new block of user 

memory. 

encountered during the scanr 

Tbe address of t h i s  entry i s  put into Rn fo r  a l l  the forks 



c, 
If a fork with non-zero Rn is encountered, i ts  Rn is propagated 

downward t o  aU the forks between it and the fork causing the t rap.  

any fixed memory fork is  encountered before a non-zero Rn i s  found, a 

memory panic occurs. 

If 

This arrangement permits a fork t o  be s ta r ted  wi th  less memory than 

i t s  control l ing fork i n  order t o  minimize the amount of drum swapping 

required during i t s  execution, If the fork later proves t o  require more 

memory, it can be reaasigned t h e  memory of the control l ing fork i n  a 
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nakural way. 

ways, for instance t o  permit the user t o  acquire more than 16K of memory, 

,and t o  run d i f fe ren t  forks w i t h  non-overlapping or almost non-overlapping 

memory. 

It is, of course, possible t o  use t h i s  machinery i n  other 

c: 3 . 3  panic Conditions 

The three kinds of panic condition which may cause a fork t o  be 

terminated are l i s t e d  i n  the description of the a t a t u s  word above. 

of these conditions occurs, the PACT entry f o r  the fork being terminated i s  returned 

t o  the free program l is t .  

When any 

I 

The s t a tus  of the fork i s  read i n t o  its panic table 

i n  the control l ing fork,  If the fork being terminated has a subsidiary fork, 

it too i s  terminated. 

all the lower forks i n  the hierarchy, 

This process w i l l  of course cause the  termination of 

The panic which returns  a status word of zero is  cal led a program panic 

and may be cauned by ei ther  of two conditions: 

A) t he  rubout button on the controll ing te le type is pushed. This 

terminates some fork with a program panic. A fork may declare tha t  it is  
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the  one t o  be terminated by executing BRS 90. 

declaration the highest user fork i 8  terminated. 

i n  t h i s  way iC,s controll ing fork becomes thehone t o  be terminated. 

fork i s  terminated by rubout the  telefiy-pe input buffer is  cleared. 

control l ing fork of the one terminated i s  executive, the output buffer is also cleared. 

In the  absence of such a 
C) 

When a fork is terminated 
' ' ?  J 

If a user 

If the 

If the fork which should be terminated by rubout has armed in te r rupt  1, 

t h i s  interrupt  w i l l  occur instead of a termination. The te le type buffers  w i l l  

not be aff'ected. If there  i s  only one fork active, control  goes t o  the 

locat ion MECP i n  the executive. This consideration is  of no concern t o  the  

user. 

it back on with BRS 47. 

b e c u t i v e  programs can turn the rubout button off with BRS 46 and turn 

A rubout occurring i n  the  meantime w i l l  be stacked. 

A second one w i l l  be ignored. A program which i s  running with rubout turned off  

i 8  said t o  be non-terminable and cannot be terminated by a higher fork. ERS 26 
II 

skips i f  there i s  a rubout pending. 

If two rubouts occur within about .12 seconds, the e n t i r e  fork s t ruc ture  

w i l l  be cleared and the job l e f t  executing the top l e v e l  executive fork.  This 

device permits a user trapped i n  a malfunctioning lower fork t o  escape. 

spaced rubouts can be conveniently generated wi th  the repeat button on the te le type ,  

Closely 

I 
I 
I 

13) A BRS 10 m a y  be executed i n  the lower fork. This condition can be 

distinguished from a, panic caused by the rubout button only by the fact tha t  

i n  the former case the  program counter i n  the panic table points t o  a word 

containing BRS 10. 

As an extension of %hila machinery, there is one way i n  which several forks 

m a y  be terminated at once by a lower fork,  

provides a count i n  the  A r eg i s t e r .  

s t ructure ,  decrementing t h i s  count by one each time n fork is passed. 

the count goes to 0, the scan is terminated and a l l  forks passed by are 

This m a y  be done by BRS 73, which 

A s c m  i s  made upward through the fork 

When C) 
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terminated. 
is 0, then all the user programs below it are terminated, 

by putting the job number in A and executing BRS 22. 
is as though enough rubouts had occurred t o  send the job back 
t o  the tap-level executive fork. 

execut ih  of an i l legal  instruction in  the fork. 
are of two kinds: 

If an executive program is reached before the count 

An executive prograin can clear the fork structure of a job 
The effect 

The panic which returns a status word of 1 is caused by the 
I l legal  instructions 

1) Machine in@tructions which are privileged 
2) SYSPOPe which are forbidden t o  the uaer or which have been 

provided Mth unacceptable arguments. 
If interrupt 2 is anned and the fork i r r  executive, interrupt 2 will 
occur inutead of an i l l ega l  instruction panic. 

This may be A status word of 2 is returned by a memory panic. 
caused by an attempt t o  address more memory than is permitted by 
the machine size which the user ha@ set, or by an attempt t o  ratore 
into a read-only block. 
instead of the memory panic. 

If interrupt 2 is anaed, it will occur 

3.4 Job8 

Every complete fork structure i a  associated with a job, which 
is the Fundamental enti ty thought'of' as a user of the system, from 
the ayutem's own point of view. The job number appears in  the PAC 

table entry for every fork in the job's fork structure. 
there are reveral tables indexed by job number. 
on page 3B, and indicate more or less what it is that is  specifically 
associated w i t h  each job. 

In addition 
These are shown 



TSDA drum address of TS block 

TPNO teletype associated with this job 

amount of CPU time used 

DE4 drum blocks available 

time l e f t  in long quantum 

Job Tables 
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4.0 l?romon Interruptr 

A PIoiUty l a  provided i n  the monitor t o  sirnulate the 
exietence of h a r d w e  inLerrupts, 
four are reserved for special purposes and 16 are available t o  
the programmer for gebRIraluseI A fork may am the interrupts 
by executing BRS 78 with 6 20-bit mak i n  the A register. 
cause8 the appropriate b i t8  i n  PIM to  be set  or cleared according 
t o  whether the corresponding b i t  in  the mask l a  1 or 0. B i t  4 
of A corresponds t o  Interrupt number 1, etc. No other wtion is 
taken a t  thiar time. When an interrupt occurs ( in  a manner t o  
be descrlbad) the execution of an SBRM* t o  location 200 plw the 
interrupt number is eimulated in  the fork which armed the interrupt. 

There are 20 possible interrupts; 

This 

Note that the program counter which is stored in  the caae is 
thO baetion of the instruction being executed by the fork 
which is  interrupted, not the location in  the fork which causes 
the interrupt. !l!he proper return from an interrupt is a BRU 
t o  the location from which the Interrupt occurred. This will do 
the right thiag in QU case8 including interrupts out of input- 
output instructions. 

the number of the desired interrupt i n  the A register. This 
number may not be one, two, three or  four. 
the fork structure is acanned, s t a r t l ag  with %he forks parallel  
t o  the m e  causing the Interrupt and proceeding t o  those above 
it i n  the hierarchy ( i r e . ,  t o  i t s  ancestors). 
encoun'bared during t h i s  scan with the appropriate interrupt mask 
b i t  aret is interrupted. 
causing the interrupt continues without disturbance. 
interrug;t&ble fork is  found, the interrupt instruction is  treated 
as a NOPj otherwlee, it skips on return. 

arms in2;carrugt 1, a program panic (RRS 10 ox' rubout button) which 

would xu)- terminate the fork which has armed interrupt 1, 

w i l l .  inatead Cause interrupt 1 t o  occur, tha t  is, w i l l  cause 

A fork may generate an interrupt by executing BRS 79 with 

The effect i s  that 

The first fork 

Execution of the program in  the fork 
If no 

Btcsl?rupts 1 and 2 w e  handled in  a special way. IT a fork 

I 

I 



the execution of an SBRM* t o  location 201. 
programmer t o  control the action taken when the rubout button 
is pushed without establishing a fork specifically for  t h i s  

purpose. If pushing the rubout button causes an interrupt t o  
occur rather than terminating a fork, the input buffer w i l l  not 
be cleared. 

This permits the 

If a memory panic occur8 i n  a fork which has armed interrupt 

If an i l l e g a l  instruction panic occurs i n  an executive 
2, it w i l l  cause interrupt 2 t o  occur rather than terminating 
the fork. 
fork which has amned interrupt 2, it w i l l  cause interrupt 2 

t o  occur rather than terminating the fork. 
Interrupt 3 is caused, if armed, when any subsidiary fork 

terminates. Interrupt 4 is caused, i f  armed, &en any illgut- 
output condition O C C ~ ~ B  which sets a flag b i t  (end of record, 
end of f i l e  and error conditions can do t h i s ) .  

Whenever any interrupt occurs, the corresponding b i t  i n  
the interrupt; mask is cleared and must be reset  expl ic i t ly  if 
it is deaired t o  keep the Interrupt on. Note tha t  there i s  no 
res t r ic t ion  on the number of forks which may have an interrupt 
on. 

To read the interrupt mask into A, the program may execute 
RRS 49. 



5.0 The Swapper and Memory Allocation 

Pseudo-relabelinq 

The 940 hardware allows the user's address space t o  be 
This means fragmented into eight pages of 2048 words each. 

tha t  the monitor must keep track of eight drum addressee for  
each process. This i8  done by means of eight six-bit  pseudo- 
relabel- registers.  Eaoh of these regis ters  is an index t o  
a table which contains the drum address of the user 's  page. 

is held in the job's TS block. 
has the following format: 

This table is called the Private Memory Table (FMT) and 
Each of the 64 entr ies  i n  PMT 

EX - Process m u s t  be executive, t o  reference the page. 
80 - Read on~.y (attempt t o  store wi;l generate a t rap) .  
SH - Shared. 
EP - W i l l  be destroyed when not i n  any map. 

During the s tar tup for each user, the system copies the 

first NCMEM (currently 3) entr ies  out of a resident table 
called the Shared Menwry Table (W) into the new PMT. 
entr ies  describe memory t h a t  most processes w i l l  need, such 
as the monitor, the exec, and mme o f  the subsystems. Thus, 
a program has a maximum of (64 - MCMEM) private pages* 

When a propam i s  run, his TI1 blook is swapped and i ts  
pseudo-relabeling regis ters  ( i n  the PACT table) are used t o  
read out the proper bytes f'rom PMT and construct a l is t  of 
dnun pages that m a y  need t o  be read from drum. When th ie  l i s t  
has been constructed, the current state of core is examined t o  
determine whether any blocks need t o  be written out t o  make 
room fo r  these which must be read 2 ~ .  

These 

If SO, a l i s t  of blocks 
t o  be written out i s  constructed. The drum command l i s t  is then 
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set up with the appropriate commands t o  write out and read i n  
the necessary blocks. 
cammasrds, the swapper may skip a 8ector. If t h i s  is  the case, 
it searches through the memory tables and writes out a d i r ty  

page i n  tha t  8ect;or. The scheduler then simply hangs up u n t i l  
the swapping is  complete. 
read commands, the swapper col lects  fram DHT the actual 
absolute memory addresrres of the page called for  by the pseudo- 
relabeling and constructs a wet of real relabeling regis ters  
which it puts in  two fixed locations i n  the monitor. 
outputs these relabeling regis ters  t o  the hardware and activates 
the program. 

There are two BRS's which germit the user t o  read and 
write h i s  pseudo-relabsling. BRS 43 reads the current pseudo- 
relabeling regirters in60 A and B. 
of A and B and puts them Into the current pseudo-relabeling 
regis ters .  An executive program may set the relabeling registers 
i n  arbi t rary fwhion by u n h g  t h i s  instruction. A user program, 
however, may add or delete only blocks which do not have the 
executive b i t  set in 
ELcccsa t o  executive blacks whore destruction may cause damage 

t o  the syetem. 
access t o  real memory, f i r s t l y ,  because he can only access real 
memory which is pointed t o  by h is  pseudo-relabeling, and secondly, 
because he is only allowed t o  adjust those portions of h i s  pseudo- 
relabeling which are not executive type. 

creates it. See Section 3. The same res t r ic t ions  on manipulation 
of executive blocks of courPJe apply. 

the executive and various subsystems think of a8 the user's 
program relabeling. For the convenience of subsystems, any 
program can read these regis ters  with BRS 116 and s e t  them with 

BHS 117. 

Ih the course of optimizing the drwn 

In  the scan which sets up the drum 

It then 

BRS & takes the contents 

This prsventa the user from gaining 

Note tha t  the u8er is doubly res t r ic ted  i n  h i s  

The user can also set the relabeling of a fork when he 

The system maintains a pair of relabeling registers which 
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The memory allocation algorithm is deacribed on page 3-2. 
A user can release a block which is i n  h i s  current relabeling 
by PuttinhT any rtddress i n  that block into A and executing BRS 4, 
The PMT en'try for the block i s  removed and i n  any other fork 
which has t h i s  PMT byte i n  i ts  relabeling, the byte 1s cleared 
t o  0. 

Equivalent t o  BRS 4 i s  BFL9 121, which takes a pseudo- 
relabeling byte i n  A rather than an address. An inverse operation 
is BRS 120, which takes a pseudo-relabeling byte i n  A, generates 
an i l l e g a l  instruction trap i f  the corresponding PMT entry is 
occupied, and otherwise obtains a new page and puts it i n  that 
entry. This is an exec-only operation and is  implemented parti- 
cularly for  the Fkec 'RECOVER FROM FILE' operation. If A i s  0, 
BRS 120 assigns a 2K page ant3 skips; th i s  operation is not sxec- 
only. 
Shared Memory. The system maintains a table called the shared 
memory table (SMT) which describes a l l  the memory which can be 

shared between jobs i n  the system. All the common subsystems 
occupy positions i n  ShE, and Borne pwt of SMl! is  copied into 
each job's MJ! permanently. To run ta subsystem, the exec must 
determine if the subsystem map is  already i n  FNC (which it w i l l  
be i f  a l l  the bytes are below NCMEM) and, if not, arrange for  

- 

the bytes t o  be put into m. 
The exec makes an entry i n  SMT by executing BRS 68 with a 

byte number i n  A. The block addressed by the specified byte i n  
the pseudo-relabeling regis ters  is  put into SMT and the pointer 
i n  SM!l of t h i s  byte I s  returned. By putting an index i n  SMT i n  
A and executing BRS 69, the SMT entry is copied into the first 
free byte of a user's RrIT and the byte number i s  returned i n  A. 

The re&-only b i t  i n  the SMT entry is  propagated t o  the R4T 
entry thua created. 
d e l i n r  16s index i n  A and execute BRS 70. 

To delete an entry i n  SMT, the exec may 

The uaer m a y  declare a block read-only by executing BRS 80 
with the pseudo-relabaling byte number of the block i n  A and 
with b i t  0 of A set .  To make a block read-write, b i t  0 of A 
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. 
Drum Core 
Address Address F 

should be clear. B i t  0 of A w i l l  be reset if  the block was 

formerly read-write or set if it was formerly read-only. If 

the program doing th i s  is not an executive program, then the 
block m u s t  not be ctn executive block. Only executive programs 

b 4 

ma.y make a shaxed page read-write. 

words arranged in  8 blocks of 2.K each. Up t o  72 of these bands 
may be used by the swapper for program storage. A b i t  table is 
maintained t o  indicate the availability of 2K blocks i n  these 
bands. The table coneists of 8 words, each containing 24 bits,  

one for each band. 
block is in  use. If it is set, the block is  avriilable. When 
the user's memory is acquired, it is  written as nearly as possible 
in  adjacent blocks, so that  it may be read in without undue drum 
latency time. Rotational positions are chosen by adding, mod 8, 
the user's Job number t o  the €MT byte number of the new block. 

It should be noted that whenever a user is  activated, a l l  
of the memory in  h i s  current relabeling registers is brought in. 
The user does, however, have considerable control over precisely 
what memory wil l  be brought in, because he can read and set  his 

own relabeling registers. 
a minimal mount of memory in order t o  speed up the swapping 
process if  t h i s  is convenient,. 

To make a block executive, execute BRS 36 with the same 
argmen% as for BRS 80, make block read-only. 

The drum is divided into 84 bands, each containing 16,000 

If a b i t  is zero, it indicates that  the 

He may therefore establish a fork with 

This instruction 
i s  legal only f o r  executive type programs. 

most important of these is  a table (hash)-indexed by drum address 
which describes all those drum pages which are currently in  
core. The Drum Hash Table (DW) has more entries than core 
pages. An entry has the following format: 

Real memory i s  housekept by mans of several tables. The 

--- 

F = Free entry 



5-5 

The core addxepls f ie ld  of DIEP indexes two tables called the 
redl memory table (RMT) and the rea l  memory use count table (RMC). 
An RNC entry I s  -1 i f  a page is  not i n  use; otherwise, it is one 
lees than the number of reasons why it is i n  use. Every occurrence 
of the page in  the relabeling of a process which is running or  
about t o  be ram counts &B such .a reason. 
pwts of khe system can increment an FM! word t o  lock a block in  
core. 

In addition, other 

i 

No block w i t h  non-nega%@x& BM% w i l l  be used by the swapper. 
The format of an RMT Bntry (one per rea l  page) is 

RIP - drum read i n  progress 
DrXiTY - Page has been rnodif$ed WIP - drum write in  progress 

ERRBIT - drum read error 

There i s  one more table indexed by r ea l  memory, called the 
rea l  memory aging tsrble. Whenever the swapper is entered, every 
word i n  th i s  table i s  shifted right one b i t .  

show up In the rea l  relabeling computed f r om the pseudo-relabeling 
All blocks which 

with which the swapper wa8 entered then have b i t  1 turned on. 
The blocks with l o w s t  RMA are ralef&ed for  swapping out; of 
acmma, their Ill#! amwm mwk kr 

pcgl&*mr 

Iko mosu $km&!a $be yllor~t %ebbs and for sach 

l r  not &irty, the BlX/spiT entry is marked as on drum and FM" is 
emptied. 
affect of foroing core and drwa oopies of most pages t o  correspond. 

If the page is dirty, a write is started. This has the 
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6.0 Miscellaneous Features 

A user may dismiss his  progrm for a specified length of 
rea l  time by executiw BRS 81 with the number of milliseconds 
f o r  which he wishes t o  be dismissed in  A. A t  the f irst  
available opportunity after t h i s  time has been exhausted, h i s  
program W i l l  be reactivated. This feature is implemented with 

a special activation condition and the value of the clock a t  
the time when a user is t o  be reactivated i s  kept in  PA. The 
activation condition causes the current value of the clock t o  
be coqsred with this  value. When the clock becomes greater, 
it is time t o  reactivate the program. 

The number obtained increments by one every l./60th of a second. 
Its absolute magnitude is not significant. He can read the 
elapsed tiPolet counter in A by executing BRS 88. This number 
is set t o  0 when he entere the system and increments by 1 a t  
every l/60th second clock interrupt a t  which h i s  program is 
m i n g  . 

He can read the real-time clock into A by executing BRS 42. 

To obtain the data cknd time, he can execute BRS 39. This 

puts s ix  8-bit characters in to  AB. 
in  order, the year, month, day, how (0-23), minute and second 
a t  which the instruction is executed. 

or the fork in  quergtion is terminated by executing BRS log. 

executing BRS 71, which skips in  the former case. 

Section 2. 

BRSa, which ogerate i n  user mode with a map different from the 
on+ they are called from. 
lyRSs, traslramitting A, B and X t o  the calling program as it finds 
them. 
specified in A ,  

These characters contain, 

A user may dismiss h i s  grogran until an interrupt occurs 

A program can tee t  whether it i s  executive or  not by 

An executive program can dismiss itself explicitly. 

Tbre are some operations designed for so-called executive 

See 

ERS UJL returns from one of theee 

EIR8 122 simulates the addressing of memory at the location 
If new memory is assigned, it is put into the 
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relabeling of the calling program. A memory panic can occur, 
in which case it appears to  the calling program that it comes 
from the BRS instruction. 

RRS 141 reads the panic table of the caller, and RRS 142 

An executive program can cause an instruction t o  be executed 
sets the state from a table specified by X. 

in system made by addressing it with EXS. 

( 1 ;  



7.0 Teletyge Input-Outgut; 

We begin with an outline of the iaplementation of the 
teletype operations. Thia may serve t o  c la r i fy  the exact disposal 
of the characters which am belag read and written. 
teletypa has attached t o  it a tab2,e which is shown in  Figures 
7A and 7B. 
Input from or output t o  the teletype is taking place. As 
ch&actern are output by the prwcrm, buf'fers are attached t o  
the teletype. These buffers are released as soon as they are 
emptied by the teletype interface. 
t o  the teletype as characters are received fron the teletype, 
and they are releasad as Boon a8 the program empties them. 

Every 

No buffers me attached t o  the teletype unless 

On input buffers are attached 

Input andl output buffers are logically a d  physically 

When a character is typed i n  on a teletype, it is converted 
independent, although they corn out of the same buffer pool. 

t o  internal form and added t o  the input buffer unleaa it is 
rubout on a cont ro l lbg  teletype. The treatment of rubouts 
is  dlrrcurrsed in Section 3. 
obtaiaed from ZlTYTBL and called. It figures out what t o  echo 
and whether or not the character is a break character. The 
available chohes of echos and break characters are l i s t ed  
below. If the character is a break character, and if a user's 
program ha6 been dismiesed fo r  teletype input, it will be 
reactivated regardless of th0 number of words in the input 
buffer. 
is reactivated only when the input buffer I s  nearly f u l l .  

then the character t o  be echoed is put into the l a s t  byte of 
the buffer word which contains the input character. 
character l a  read from the  buffer by the program, the echo, 
if any, w i l l  be generated. Thie mechanism, called deferred 
echolrmq, parmaits the user t o  type i n  while the teletype is 
outputting wd.thout having h i s  input mixed with the teletype 

The echo routine address is then 

Xn the absence of a break character, the user's program 

Y the teletype is in the process of' outputting (TO52 > -1) 

When the 

output 
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There are four standard echo routines i n  the system, referred 
t o  by the numbers 0, 1, 2 and 3. 0 is a routine in which the 

echo fo r  each character is  the character itself, and a l l  characters 
are break characters. Routine 1 has the same echoes, but a l l  
characters except l e t t e r s ,  d igi ts ,  and space are break characters. 
Routine 2 again has the same echoes, but the only break characters 
are control characters (including carriage return and l i n e  feed). 
Routine 3 specifies no echo f o r  any character, and a l l  characters 
are  break characters. 
which wishes t o  compute the echO i t s e l f .  

the echo routine number i n  A and execute BRS 12. Note tha t  

BRS 12 is  also used t o  turn on 8-ie~e.1 mode (see below). To 
read the echo routine number into A, put the teletylee number 
i n  X and execute RRS 40. 
l isted as TTYTBL on page 7A. 

teletype on which the user of the program is entered) in to  
location M in memory the SYSPOP 

This routine is useful fo r  a program 

To set the echo routine, put the teletype number i n  X a d  

Th i s  operation returns i n  A the word 

To input a character from the controlling teletype (the 

TCI M (teletype character input) 

i s  used. This SYS#)P reads the character from the teletype 
input buffer and places it into the 8 rightmost b i t s  of location 
M. The remainder of location M is  cleared. The character is 
also placed i n  the A register, whose former contents me destroyed. 
The contents of the other internal  regis ters  are preserved by 

t h i s  and aZl the other teletype SYSWPs and BRS's. 
To output a character *om location M, the SYSPOP 

is  uned. 
8 b i t s  of 

TCO M (teletype character output) 

This instruction outputs 
Location M. In addition 

a character from the rightmost 
t o  the ordinary A S C I I  characters, 
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a l l  teletype output operations will accept 13 (octal) as a 
multip3e blank character. The next character w i l l  be taken as 
a blank comt, and that many blanks w i l l  be typed. 

value of the clock whenever any t e l e t p  activity (interrupt 
Or output SYSWP)  occur^. The top b i t  i s  lef’t clear unless the 
activity irw a mbaut input. 
rubout processor t o  determine whether the rubout should reset 
the job t o  the exec. 

Every teletype i n  the system is a t  all times i n  one of 
three rtates: 

a) It may. be tha controlling teletype of some user’s program. 
a t  ggtrr Into this atate when a user enters on it. 

b) It may be attached t o  some user 3s a manner about t o  be 
Be s cr  ibad 

c)  X t  may be cmplnrtsly free. 

- 

The !C?WK!M c e l l  in the teletype table is set  t o  tho current 

Thi8 c e l l  i s  checked by the 

See g. 3-6. 

!!%e s t ~ t u s  of the teletype i a  reflected by the contents of TTYASG. 
There are mecha~ismrr t o  be dewribed by which the user may direct 
output t o  any teletype In the aystem which is  w i l l i n g  t o  accept 
it and receive input f’ran any teletype which is not free. If, 
however, he wisher t o  have better control over a teletype (for 
instance, t o  prevent other users f rom accessing i t )  he may attach 
it by executing tho instructions 

m =teletype number 
IaRS n 

If the indicated tabtype i s  free, it irs attached t o  the user whose 

program executes the instruction, and the BR8 w i l l  skip. Otherwise 
the tebatyp status is not affected, and the BRS does not skip. 
In the folloang discussion we w i l l  say that a teletype i8 attached 
t o  a ueer even if it is the cantrolling teletype. 

To releans an alrsady attached teletype, execute! the 
instruct ions 

LQA =teletype number 
ms as 

If %he specified teletype i s  not alxeady attached t o  the user, this 
fa an ilhgal. Instruction anid csudes a panic. 

are, of course, released when the user lngs out. 

All attached teletypes 
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c, 

A teletype becomes a controlling teletype if it is dormeslt 
and rubout is pushard on it. 
state by BRS 112, which taker the job number of the job associated 
with the teletype in X. 

X t  clul be returned t o  i ts  dormant 

A Jab may terminate i tself .  This 
operation also relecseee e e l 1  teletypes attached t o  the Job. 

The user may specify for h i s  controlling teletype or f o r  one 
Which he has attached, ha the r  or not messargee from outside w i l l  
be accepted, and whether or not Input from O U t 8 i d e  w i l l  be 
accepted. The former condition is govarned by the accept 
mesrages bi t ,  the l a t t e r  by the accept Input b i t .  

menaage b i t  controls execution of OST instructions and” the setting 
of teletype output links. The accept input b i t  controls execution 
of STI instructions and the aettlng of teletype input links. 

The accept 

To set these bit#, the u8er may execute 
LnA nt;eletype number 
Ln4 BITS 
ms 5 

The lawti b i t  of BITS w i l l  set the accept input b i t ,  the next t o  
last the accept messages b i t .  

w i n  not rrifect my teletype lWcs currently active. 

Implicitly t o  a controlling teletype ds In TCI and TCO) the 
8YSlQ’Pa XST and 08T me available. 
a npgcified teletype, execute the lmtruction 

Elatting or clearing thene b i t s  

To do input and output t o  specified teletypsr (rather than 

To input a character from 

IST ..t;el.etyp number (input frm specified teletype) 
which brlnge character into the A register. This instruction 
i a  i l l ega l  unless the teletype is attached t o  the uner. 
output a character t o  a specified teletype, execute the instructions 

To 

LDA -=Character 
08T =teletype number (output t o  specified teletype) 

T h i n  lnafruction I s  i l legal  i f  the following three conditions 
w e  a r t  lrrfied : 

(1) The rlprscrUl6d teletype is not attached t o  the uner, 
(2) The rpacified teletype does nbt ham i ts  accept messages 

(3) Th@ progjrup. executing can instruction i c 0  a user rather 
than an executive program. 

bSL Set, 

3tf these conditions are 



satisfied, an i l legal  instruction panic w i l l  be generated. 
Note that at ached teletypes do not have the same status as 

the controlling teletype for a uaer. 
rubout button on an attcecbd teletype w i l l  have no effect. 

In particular, pushing the 

The ~8~~~~~~~ 

ims exactly equlmlent t o  
c 10 =teletype number + I000 

3x316 =teletype nmber . 
cm =teletype number + 2000 

OST =teletype number. 

The instruction 

is exactly equivalmt t o  

This mechanism permits the uaer t o  do P/O t o  specified teletypes 
within the %rEuraawgrk o f  the sequential f'ih machinery. 

The user has considerable control over the st;ate of the 
teletype buffera for the teletype$ attached t o  him. 

he may execute the following BRS's. A l l  these take the teletype 
number in X. 

t e l e t y p  

In particular, 

Recall thart -1may be used for the controlling 

BRS 11 clema the teletype Input buffer6 
BRS 29 cleula the taletype output buffer. 
RRS 13 skips if the teletype input buftbr is empty. 
ERS 14 waits unt i l  the teletype output buffer is  empty. 

BRS 138 wsita un t i l  a process gets dismissed becauee 

There is one additional plece of machinery which permits output 
the input buffer is empty. 

t o  go to a teletype other than the controlling teletype. 
machinery is implied by the top bita of  T'PYTBI;, which specify 
whether any link b i t s  are #at. Aasociated With each teletype are 
two words called the absolute input l i nk  control word (Lcw) and the 
absolute autput LCW. Each of these words contains one b i t  for 
each teb type  in  the system. Xf the b i t  for teletype m is set  in 
the input LCw for telstype n, Qwry character which goes into n'8 
input buffer w i l l  also go into mta input buffer. 
first in  the output I C W ,  every character which is Output t o  n, 
incJLudSng echoes, w i l l  also be output t o  m. 

This 

If the b i t  i a  



I , 

Alno arsociated with each tebtypc are relative LC"s for 
input and output. The b i t s  In these Zcw's are set by BRS 23, 
t b c  any relative Exrw i s  changed, the absolute LCW's are a l l  
recomputed. Bsolean matrix formed by'the abslolute input 

(output) LCW'a il~l the i&inite product of the matrix of the relative 
input (output) W'S. 

!the instructions 

Each 

m deletype number 
ZaA L.TA13IiE 
LDB CTL 
BRS 23 

w i l l  set me of the relative TX"r #or the indicated teletype. 
TABGE is  the address of a lirrt of teZsGype numbers terminated 
with -2. The b i t s  of CTL are interpreted as follows: 

0 Oaoutput Lcw 
binput  U W  

1 %clear a l l  l inks first 
140 not clear l ink6 first 
@6dt link b i t s  for teletypes oAnoae numbers 

b c l e a r  l i nk  bi ts  for teletypes wlrrose numbers 

2 

are i n  the table. 

are in  the table. 
Fran the old relative fxrw and the Information eupplied by BRS 23 
a new relative LCW is created. 
teletypssr am then computed. 

each of the teletypes sat isf ies  at least  one of the following 
con8i-t ion# : 

a)  It is the controlling teletype of the program executing 
E@S 23 

b) It i a  attached t o  the propara 
c )  I t a  accept meaaages b i t  is on (destination only) 
Cn) Ths fork executing the S S  $a executive. 

An input link can be set only If the same conditions are satisfieU 
for the accept input b i t .  

losw absolute LCW's for all 

An outpu% 1W can be set  up between two teletypes only if 
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c.i 

To clear a l l  links, input and output, t o  or  from a teletype, 
execute 

LDX =teletype number 
ms 2b 

Special provision is made for  reading 8-b i t  codes from the 

teletype without sensing rubout or doing the conversion from 
ASCII to  in te rna l  which i s  done by TCI. 
in to  t h i s  mode, execute 

To switch a teletype 

LJIX =teletype number 
LDA =terminal character + 4000000013 
BRS 12 

This  w i l l  cause each 8-bi t  character read from the teletype 
t o  be transmitted unchanged t o  the user'$ program. 
can be returned t o  normal operation by 

The teletype 

1. Readin65 the terminal character specified i n  A, or  
2. Setting the echo table wi th  BRS 12. 

No echoes me generated while the teletype is i n  8-1evei mode. 
Teletype output is  not affected. 

A para l l e l  operation, BRS $, is  provided fur &level  
output. 
any se t t ing  of the echo table. 

BRS 86 returns matters to  the normal s ta te ,  as does 

To simulate teletype input, the operation 

STJ puts the character i n  A into the input buffer 
STI =teletype number 

i s  available. 
of the specified teletype. 

is on. 
It is  legal. if the accept input b i t  

To s t e a l  teletype output, the operation 
STO =teletype number 

STO is  lega l  only if the accept input b i t  is  on. 
takes a character from the teletype's output buffer and returns 
it in  A.  

To diaable ou%put from a buffer t o  a teletype, execute 
BR5 139 with the l-,cletypft number i n  X .  Tf' b i t  0 of A is 1, 
the NO b i t  wJ.lL be a e t ;  otherwiac, the NO bit, w a l l .  be cleared. 
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T W I M  

TTYOB 
TTYOBC 

Pointer t o  next awtilable buffer i n  buffer pool 
Count of' available buffers  i n  buffer pool 

* 

value of clock when last action occurred on t h i s  t t y  
P 

address of echo routine TTYTRL 

TTYBRK Waiting f o r  break character when -1 

TTY Status 

active 

TTYASG inact ive 

attached 

ROILY 

R I I C W  

Relative output link control. word 
Relative input l i nk  control  word 

TTYDEV device (normally physical te le type)  using t h i s  buffer.  

NS = not linked or  8-level 
AM =: accept messlage 
IL input linked 
OTJ p output linked 

A 1  = accept input 
SI = & l e v e l  input 
so - 8-1.evei output 
RB i-' last act ion was input of' rubout 

NO = don't output t o  'STY interface 
AK = accept input Links 

AP -2 accept ,output l inks  



7B 

TIS2 

TI& 

TIS5 

T I S ~  

TIBBl  

TIBB2 

TIBW 
TOS2 

T O S ~  

TOBBl 

TOBB2 
TOBLC, 

TTY PN 

T T r n  

number of chmacters i n  input buffer 
next available space i n  input buffer (pointer) 

WORD ADDREXS 

bi t s  7 and 8: 
0 1 byte 1 
1 0 byte 2 

1 1 byte 3 

next f i l l e d  space i n  input buffer (.painter with same format 
as TI&) 
deferred echo byte count. 
the NO b i t  is se t  i n  TTYTBL and t h i s  count goes negative. It 
i s  decremented when a character is taken out of the input buffer. 

Input characters are  echoed when 

word pointer t o  the oldeet acquired input buffer: 4 no buffer 
attached 
word pointer t o  the last acquired input buffer 
count of input buff'er that  can be acquired 
number of characters i n  output buffer: 
< 0 = not in multiple blank mode; 400 = jus t  aaw 15 
(multiple blank character); other = number of blanks 

next f i l l ed  space i n  output buffer (pointer same as TIS4) 
next available space i n  output buffer (pointer same as TI&) 
C 0 - not terminated during output t o  l inks;  > 1 0 = next 
l ink  that output hars t o  be sent t o .  
word pointer t o  oldlest acquired output buffer; = 0 no buffer 
attached 
word pointer t o  U8t acquired output buffer 
count of output buffers that can b6 acquired 
contoltns physic&l teletype number associated w i t h  t h i s  buffer, 
or 4B7 if no phyeical teletype attached 
contains logical teletype buffer associated with t h i s  physical 

telekype or zero ($3 i f  no buffer i s  attached. 

-1 = inactive 



BUFFER POOL POINTERS 

l* E * *  3* H 
l X l =  byte count in word 
N = word displacement in buffer. 

PROGRAM OUTPUT BUFFER POINTERS 
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8.0 Drum and Buffer Organization; Devices 

8.1 Fi le  Storage on the D l  

The drrura is divided in to  two major sections, program swapping 
and f i l e  storage. The organization of the program swapping area 
i s  discussed i n  Section 5 .  
in to  5 6  word blocks which form the physical records fo r  storage 
of f i les  . 

Every f i l e  has one or more index blocks which contain 

The f i l e  storage area i s  divided 

pointers t o  the data blocks for  the f i l e .  
5 6  word block, as are a l l  other physical blocks i n  the f i l e  
area. O n l y  the first 141 words of the index block are used, 
however, for  data storage. A couple of additional words are 
used t o  chain the index blocks for  any par t icular  f i le,  both 
forward and backward. The index blocks for  a f i l e  contain the 

addresses f o r  a l l  the physical blocks used t o  hold information 
fo r  the f i l e .  

Available storage i n  the f i l e  area of the drum is  kept 
t rack of With a b i t  table similar t o  the table used t o  keep 
track of program swappine; storage. Since there w e  sixty-four 

56-word blocks mound the circumference of the drum and a 
maximurn of 72 drum bands (out of the 84 available) may be used 
for  f i l e  storage, a l92-word b i t  table  which contains 3 words 
of 72 b i t s  fo r  each row of physical blocks suffices.  
b i t  i n  t h i s  %able $8 set ,  it indicates tha t  the corresponding 
block on the drum i s  in use. Again, as with progrm swapping 

storage, the organization of t h i s  table makes it easy t o  
optimize the writing of f i l e s .  
phyefcal blocks i n  the f i l e  i n  alternating rows on the  drum. 
The intervening row between each two physical bLocks provides 
the time for the channel. t o  fe tch a new comand and the heads 
Lo switch. 
may be transferred from a f i l e  on the drum into core at  one- 
half' core memory speed i f  conditions are r igh t .  

An index block is a 

If a 

This is done by putting consecutive 

The r e su l t  of t h i s  organization i s  tha t  information 
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c 8.2 Fi le  Buffers 

Every open f i l e  i n  the system with the exception of purely 
character-oriented f i l e s  such as the teletype has a f i l e  buffer 
associated with it. 
Part (a)  of t h i s  figure shows the buffer proper, and part (b) 

shows the index block buffer and pointers associated with it. 
Part (b) i s  not used only by drum files, but is  present i n  a l l  
cases 

Each job has associated with it a temporary storage block, 

The form of t h i s  buffer is shown on page 8A. 

which is altways the first entry i n  %he job's IRUIT. 
used t o  hold information about the user and for  the system's 
temparary storage. It also has room fo r  three bufferrs. An 
additional block m a y  be assigned with room fo r  five more buffers 
i f  more than three f i l e s  are open at one time. The pseudo- 
relabeling for  the extra  buffer block and the TS block is held 
i n  a table called RL3 which is indexed by job number, and is  
put into the monitor map whenever any fork belonging t o  tha t  
job is m. 

Note tha t  the amount of buffer space actually used is  a 
function of the device attached t o  the f i l e .  
two pointer words at thehead  of the buffer indicate the location 
of the data. 

This block is  

In all cases the 

The first word points t o  the beginning of the 

relevant data and is incremnted as data are read from an input 
buffer. The second word points t o  the end of the data on input 
or end of the buffer on output or written i n  an output buffer. 
When the buffer i s  i n  i ts  dormant s ta te ,  both words point t o  
the f i r e t  data word of the buffer. Whenever any physical 1/0 

operation i s  conrpleled, the first pointer contains the address 
of th i s  word. 

f- I 'L 



8.3 Devices 

Every different kind of input-output device attached t o  the 

system has a device number. The numbers applicable t o  specific 
devices are given i n  Section 9; here the various tables indexed 
by device number are described. The entr ies  i n  these tables 
addressed by a specific device number together with the uni t  
_I_ number ( if  any) and the buffer address, completely define the 
f i l e .  All th i s  information is kept i n  the f i l e  control block 
(Section 4.3) which is addressed by the f i l e  number. 

Page 8B shows the tables indexed by device number. Note 
the multiplicity of b i t s  which specify the characterist ics of 

the device. A device may be 
camon (shared by users, who must not access it simultaneously; 
e.g., tape or  cards) or  not common (e.g., drum); t h i s  characterist ic 
is defined by NC. It may have units;  e.g., there may be multiple 
magtapes. The U b i t  specifies th i s .  The DIU word indicates 
which f i l e  I s  currently monopollsing the device; i n  the case of 

1(111111- 

- 

Some of these c a l l  for comment. 

a device with multlple units, DLN points t o  a tub19 called ADIU 
which contains one word for each unit .  

The maJor parameters of a device a r c :  - the opening routine, which is responsible for  the operation 
nec.essary Lo attach it t o  a f i le .  - the GPW routine, which performs character and word I / O .  

- the BIO routine, which performs block I / O .  

Minor parameters are: - ghyrical record size  (determining the proper se t t ing  of 

- the eqec ted  time for  an operation; the swapper uses t h i s  
buffer pointers and interlace control words for  the channel). 

number t o  decide whether it I s  worthwhile Lo swap the 
ULII~L~F aut while it is taking place. 



BFP 

BBP 

BDS 

RLX 

BCK 

256th data word 

a) layout of a file buffer 

I drum address of data block, or fd 

I drum address of data block, or fl 

I pointer to next index block 

pointer to previous index block 

log 2 (data block size/36)  

file length 

check awn 

b) format of an index block 
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c.1) 9.0 Sequential Fi les  

9.1 Sequential Drum Fi les  

1.94 includes a major revision t o  the drum f i l e  system. 
Basically, a f i l e  appears as an address space with an arb i t ra ry  

upper bound called i t s  "length." The maximum possible length 
is around four million words (22 b i t s ) .  The f i l e  is internal ly  
paged in to  an arbi t rary number of data blocks whose size  may be 

any power of two larger than a 6  words. 

need t o  make e f f i c i en t  use OF large, randomly accessed f i l e s :  
1. 

The following discussion w i l l  be of in te res t  t o  those who 

The data  blocks are kept track of by the use of index blocks 
chained together. 
data blocks. Rmdm access w i l l  be slow if there are  several 
index blocks t o  chain through. A large data block s ize  wi l l  
minimize th i s  source of inefficiency. 

2. Block t ransfers  are implemented in the most e f f i c i en t  masurer, 
with a8 much as possible of the  data requested transferred 
d i rec t ly  in to  the  user'8 memory. The slop on e i ther  end is  
buffered i n  gb-word blocks. 
structure of t he i r  f i l e s  can avoid a l l  buffering. A l l  word 
operations use the a6-word buffer. 

Each index block can describe about 14fi 

Programs cognizant of the 

The user's access t o  an open f i l e  is housekept by means of 
a posit ion pointer t o  the f i l e .  This pointer may be moved 
expl ic i t ly  by the user or implicit ly by any of' the I / O  operations. 
The I / O  operations always leave the pointer pointing a t  the word 

following the last transfer.  
When a f i l e  is opened, any of three types of access t o  tha t  

f i l e  may be given t o  the user: read, write, or position. Position 
accem 18 Intended t o  implement append-on.ly f i l e s .  
move the pointer OF perform random operations irnless you have 
porslkion ~ C C B B S  t o  the f33.e. 

CIO is a confusion factor.  

You may not 
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c-) 

c.) 

f i z e  ogened as acce8a given 
sequential input r P  
sequent ial  output W 

random read-only r P  
random read-wite r w p  

The mechani8rns fo r  setting the length, data block size,  
or for  moving the  pointer axe described under IBRS 143-144. 

BRS 66 deletes the contentcl of an open drum f i l e .  
case of a sequential output f i l e ,  it se t s  i t s  length t o  zero. 
You must have m i t e  access t o  the f i l e  t o  uae BRS 66. 

BRS 67 takes a f i l e  number i n  A and deletes a l l  trace of 
the file. Use of t h i s  BRS is  limited t o  the M%C. 

RRS 143, 144 have been implemented as general read emd 
s e t  statua of a thingy. The cal l ing sequence is: 

A: table address or data (dependfa on B$) 
Xf a table  addree8, A Is incremented t o  point t o  one 
past  the l a8 t  word transferred. 

In the 

X: thingy number 
B: decode8 as Pollawe 

b i t  p: 
b i t s  1-12: "type" of thingy 
bi ts  12-23: "attribute" 

fl if A has data, 1 if  A points t o  a table 

"type" is 1 for a drum f i l e ,  2 for  a job. 
have been implemented as yet.  

No other thingies 

For drum f i l e s ,  the a t t r ibu te  f i e l d  specifies the following: 
1. (Position) One may read or set the sequential 1/0 pointer. 

The bottom 22 bits are the current word pointer, the top 
two  the character offset .  
ZThe offset  must be i f  the pointer i s  set. 

(Ibp5 means a word boundary.) 

2 .  (Length) Reads or se t s  the length of a f i l e .  

3. (Sequential I/O mode) The sequential I /O  operations (CIO, 
WI0,BIO) are interpreted a8 input i f  the sequential mode i s  
p, output if' the mode i s  4B7. 

I 
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CI; 

ci 

4. 

5. 

6 .  

7. 

8. 

9- 

(Capabilitias ) Opening 8. f i l e  may give read/write/position 
access t o  the f i l e o  Theae b i t s  may be read i n  b i t s  21-23, 
If you t r y  t o  s e t  them, they are ANhd with the exis t ing 
capabili t iea * 
(Data Block Size) Returns n where 2n4 is the number of 
words i n ' a  data block. May be set only i f  the f i l e  length 

( U m r  words) Each file i n  the nystem has f ive  rarbitrruly 
word6 associated with it. Anyone may read them but only 
the exec may set them, 
( t ' s tmcturet t )  A f i l e  may have voids i n  it. Xf you w e  

interestah, you can f ind out where these are. RRS 143 
returns the number of words from the current sequential 
pointer t o  the next t ransi l lon.  
Xf you are crosaing 8 void past of the file wlth t h i s  
operation, the sign b i t  of the number is turned on. 
this  s t a t e  with ERS l& is interpreted by releasing t h i s  

many word6 beyond the pointer. 
(count data) Can only be read. Sets the pointer t o  the 

beginning of the f i l e .  
(copy the index block) 
the en t i r e  index block. 

16 p. 

1% also moves the pointer,  

Sett ing 

This also move8 the  pointer.  

C a n  only be read. Gives a copy of 

For jobs (type = 2) BRS 143 and 144 interpret the a t t r ibu te  field 
thuesly : 

1. ( f i l e s )  
This word may not be set. 

Returns a bit word t e l l i n g  which files are open. 

2. (w) the private part of m. 
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C) The Exec open8 a sequential drum f i l e  by the following 
sequence of instructions : 

LDX 
LDA -it number, address of first index block 
BRS I 

d e v i c e  number, 8 (input) or 9 (output) 

If the f i l e  i a  opened successf?ully, the BRS skips; otherwise, 
it returns without skipping. 
executive type program. User programs may access c’lmun f i les  
only through the executive f i l e  handLing machinery. 
a lso be used t o  open other kinds of files. The device and uni t  
numbers are used t o  determine the physical location of the f i l e .  
See Section 9.2. 

Use of t h i s  BRS i s  res t r ic ted  t o  

BRS 1 can 

If BRS 1 f a i l s  t o  skip, it returns i n  the A register an 
indication of the reason: 

-2  too many files open -- no f i l e  control blocks or no 
buffers available. 

-1 device already i n  use. For the drum, produced by an 
attempt t o  open a f i l e  for  input i f  already open for  
output or  for  output i f  already open a t  all. 

fi les only. 
0 no &wn space l e f t .  This inhibi ts  opening of output 

See Section 9.2 for  other error  conditions. 
BRS 1 returns i n  the A regiater 8 file number for  the f i l e .  

This f i l e  number is the handle which the user has on the f i l e .  
He may use it t o  close the f i l e  when he is done with it by putting 
it in the A regis ter  and executing BRS 2. 

connection with the f i l e .  
executive programs, uaer programs should use BRS 20 instead. 

RRS 8. 

This severs h is  

BRS 2 is available only t o  

To close a l l  his  open fi les an executive program may execute 
The corresponding operation for  normal user programs i s  

BRS 17. 
Three kinds of input-output may be done with sequential 

f i les .  
BYSpOPs handles input and output indifferently, since the f i l e  

Each of these is specified by one SYSPOP. Each of these 
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C) must be specified as an input or an output f i l e  when it is opened. 
It is not possible t o  have a f i l e  open for  both input and output 
a t  the same time: this  may be circumvented by using random 
file8 

To input a single character t o  the A regis ter  or  output it 
from the  A regis ter ,  the instruction 

c I0 = f i l e  number 

is executed. 
w i l l  s a t  b i t s  0 and 8 or 7 i n  the f i l e  number (these are called 
f lw b i t s )  and return a 134 or 137 character, respectively. If 
interrupt 4 is  armed, it w i l l  occur. The end-of-record condition 
occurs on the next input operation after the last  character of 
the record has been input. 
only  occur^ for  type f i l e s  and is of concern only t o  the Exec. 
The end-of-file condition  occur^ on the next input operation 
a f t e r  the end of record, which signd6 the last record of the f i le .  
The u m r  may generate an end of record while writing a file by 
w i n g  the control overation t o  be described, 

To ingut a word t o  the A regis ter  or output it from the A 

regis ter ,  

is  executed. An end-of-record condition returns a word of three 
134 characters as well as se t t ing  the f l ag  b i t ,  and an end of' 
f i l e  returns a word of three 137 characters. If $he condition 
occurs when a par t i a l ly  fi l led-out word i s  present, the word 

is f i l l ed  out with one of these characters. 

On input m end-of-record or  end-of-file condition 

-------I--- 

Note t ha t  an end-of-record condition 

WIO =file number 

Mixing word and character operations will lead t o  pecul ia r i t i es  

To input a block of words t o  memory or output them from 
and is not recommended. 

memory, the instructions 
LDX =first word addresa 
LDA =numbor o f  words 
€310 =file number 

should be executed. The contents of A and X will be destroyed. 

I I 
I 



c, The A regis ter  at  the end of the operation contains the first 
memory location not read into or  out of. 

If the operation causes any of the flag b i t s  t o  be set ,  it 
i s  terminated a t  that point and the instruction f a i l s  t o  skip. 

If the operation is completed successfully, it does skip. Note 
tha t  a BIO cannot set both the EOR and the EOF b i t s .  

BIO is implemented with considerable efficiency and i s  
capable of reading a f i l e  a t  one-half the maximum drum transfer 
rate 

The flag b i t s  (0 and 7) of the f i l e  number are set  by the 

system whenever end of f i l e  is  encountered and cleared on any 
input-output operation i n  which t h i s  condition does not occur. 
B i t  0 is  set on any unusual condition. 
the A ree is te r  a t  the end of the operation indicates the first 
memory location not read in to  or out of. 
number may be set on an error  condition. 
i s  set as a resu l t  o f  an input-output operation i n  a fork, 

interrupt  4 will occur jn that  fork if it i s  armed. 

In the case of a BIO 

B i t  6 of the f i l e  
Whenever any flag b i t  

The user may delete a l l  the  information in  a drum f i l e  by 

executing the instructions 
LDA =f i l e  number 
BRS 66 

He may also eliminate the f i l e  ent i re ly  by giving an executive 
command described in  Document R-22, or  via ERS 63 (vide infra) .  

The index block for a sequential drum f i l e  contains one 
word for  each ph,yeiical record i n  the f i l e .  
the address on the drum of the physical record i n  the bottom 
bi ts .  

This word contains 

Three operations are available t o  executive programs only. 
They are intended for  use by the system i n  dealing with f i l e  
names and executive coxmmds. 

A new drum f i l e  with a new index block can be created by 

BRS 1 with an index block number of 0 i n  A. The f i l e  number i s  



returned i n  A as usual and the Index block number i n  X. 
i n l t i a l  settings OF the r, w, and p capabili t ies,  and the 
6aqUWti81 I/O mode flag, 8110~38 be given in B. 

The 

To read an index block into core 

BRS 87 

may be used. 
the first word i n  core into which the block is  t o  be read. 

It takes the address of the block i n  A and i n  X 

9.2 Other Sequential Fi les  

In  addition $0 drum sequential files, the user has some 
other kinds of sequential f i l e s  available t o  him. 

opened with the sane BRS 1, except for the device number. 
Available device numbers are 

These are a l l  

Paper tape input 1 
Magtape input 4 
Magtctpe output 5 
PDP-5 l ink  input 6 
PDP-5 l i nk  Output 7 

The device number is  put into X. 
put into A.  
returned i n  A.  
i n  A as described i n  Section 9.1. 
t o  magtape only: 

The uni t  number, i f  any, is 
The f i l e  number for the resul t ing open f i l e  i s  

If BRS 1 f a i l s ,  it returns an error  condition 
Three error  conditions apply 

0 Tape not ready 

1 
2 

Tape f i l e  protected (output only) 
Tape reserved (see p. 9-8). 

BRS 1 also accepts the following three character mnemonics 
instead of the device numbers. Either the rime or the number 
goes i n  X fo r  the ca l l .  



1 
2 

3 
4 
5 
6 
7 
8 
9 
10 
ll 
12 
33 
14 
15 
16 
17 
18 

19 
20 

* 

FTI 
PTO 
CDI 
MTI 

MTO 
PDI 

PDO 
FSI 

FSO 
FITJ 

LPO 
MDI 

MDO 

CSI 
cso 

paper tape input 
paper tape output (not available) 
card input (not available)* 
mag tape input* 
mag tape output* 
PDPj input 
mp5 output 

drum autput* 
drum input* 

drum input and output* 
l i ne  pr inter  out (not available)* 
d i rec t  mag tape input* 
direct  mag tape output* 
controlling teletype input 
controlling teletype output 

TTI specified teletype input 
TTO specified teletype output 
NON nothing 
10s subrouthe f i l e  
SNP snooper counters (Berkeley only) 

requires executive s ta tus  

]$is 1 is Inverted by RRS 110, which takes a f i l e  number i n  
A and returns the corresponding device name i n  X and unit number 
in A. 

These f i l e s  may also be closed and read or written i n  the 

same manner as sequential drum fi les.  
available t o  executive-type programs. 

The magtape i s  o w  

LDA a1 (end of record) 
CTRL = f i l e  number 

is available for  phyhlical sequential f i l e  5 (magtape output). 
Several. other controls are also available for maptape f i les  only. 
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These are: 

2 backspace record 
3 forward space f i l e  
4 backspace f i l e  
5 
6 rewind 
7 write end of f i l e  
8 

m i t e  three inches blank tape 

write 15 inches blank tape 

These controls may be executed only by executive type programs. 
I / O  operatione t o  the magtape may, of course, be executed by 

user programs i f  they have the correct file number. 
An executive program may arrogate a tape uni t  t o  i t s e l f  by 

putting the uni t  number in  A and executing BRS 118, which skips 

if the tape iar not already attached t o  some other job. BFtS 119 
releaees a tape so attached. 

the e r ror  b i t  i n  the fils number. 
a f t e r  an error condition w i l l  read the first word of the next 
record-the remainder of' the record causing the error  is  ignored. 
The maEftaps routines take the usual corrective procedures when 
they set hardware error  flags, and aignal errors  t o  the program 
only as a l a s t  resor t .  

The phantom user 's  three second routine checks t o  see 
whether a W-buffer interrupt has been pending for more than 
three scecond8. If so, it takes drast ic  and ill-defined action 
t o  c l e w  the W-buffer. BRS 114 also takes th i s  dras t ic  action; 
it can be used if a program is aware t h a t  the W-buffer is  
malfunctioning . 

It i8 possible for  magtape and card reader f i l e s  t o  set 
The first 1/0 instruction 

Direct tape 1/0 package. 
formatted mag tape is available. 

A mechaairm for  accessing a rb i t ra r i ly  
The appropriate operations are: 

BRS 1 wen 
ms 2 
BIO block input/output 
CTRL control 

(or 17 or 2$) close 

I I 
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BIO is used in the normal way, with a word count in  A and core 
address in  X. BltO w i l l  not give you more data than specified 
by A. 

On input, BIO will skip if  the word count presented i a  exactly 
right; otherwise, it w i l l  not skip, and w i l l  leave the number 
of words actually transferred i n  A and the next core address i n  
X. The flag b i t a  (EOR and EOF) i n  the user 's  f i l e  number are 
s e t  as with the normal BIO for  tapes. 

CTRL 9 hae been implemented t o  allow the user t o  set the mode 

I n  no case may the block requested cross a page boundary. 

I n  addition t o  controls 3-8 for  tape i n  the CTRL operation, 

for  the tape. 
the tape i n  odd or even par i ty .  
B22 and B23 contain the "frame count,'' a mysterious feature of 
the W-buffer. 

This operation takes a $ or  1 in  B21 for  se t t ing  
(TSS tapes use odd par i ty . )  

Use one leas  than the number of 6-bit characters 
per word t o  be shipped. 

r igh t - jus t i f ied  i n  memory. 
jus t i f ied .  
words i n  core actually used. 
is set t o  odd parity,  four characters per word. 

On reading the characters are stored 
On writing they are taken out lef't- 

When the tape is opened, the mode 
The word count for  transfers covers the numbers of 

Snwper Counters. 
hardware cguntera which monitor external signals, 
be opened as a f i l e  wi th  BRS 1. 
are provicled. 

requires a 1 i n  A, and 1/32 of' the  number of machine cycles 
t o  be monitored i n  B. 

reads in the counters. 

The Berkeley system has a collection of 
These may 

In addition, two operations 

CTRL fn 

BIO fn 
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9 .3  File Control Blocks 

Every open f i l e  in the system harn associated with it a f l l e  control 
block. This block consists of four words in  the following format: 

FA 

Fw 

FD 

FC 

FB 

first index block address or 0 0 
0 1 

subroutine addres 8 
23 

c 3  
0 15 16 

c1 c2 

normal f l l e  
subr. files 

Cn = word being packed or  unpacked 

CH = chwacter oriented 
OUT = output 
DF drum f i l e  

c h u  Count -1 t o  2 

- 

normal f i l e  
subr. f i l e  

D r u m  RX = random acce88 

ERR error 

9.4 &manentl.y n P i l e s  

There are a few built-in sequential f i les w i t h  fixed f i le  numbers: 
0 cont ro l l iq  teletype input 
1 controlling teletype output 
2 nothing (discard a l l  output) 

1aOO.En input f’rom teletype n 
2OOoJn output t o  teletype n 
These fi les cannot be opened and need not be closed. 
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10.0 Random Drum Files 

A random drum f i l e  i s  ident ical  i n  physical structure on 
the drum t o  a sequential drum f i l e .  The only major difference 
is tha t  the non-zero words of the index block are not necessarily 
compact. The reason for  t h i s  is that  information is extracted 
from or written into a random f i l e  by addressing the specific 
word or block of words which iss desired. From the address which 
the user supplies, the system extracts  a physical block number 
by dividing by the data block s ize  and a location of the word 
within the block which is  the remainder of this division. 
Further division by 144 yields the appropriate index block. 
f i l e  may have any number of index blocks. 

A 

A random f i l e  may be opened by using BRS 1 w i t h  a device 
number of PO. 

t o  a random drum f i le .  
RRS 2, like any sequential f i l e ,  and CIO, WIO, and BIO m a y  be 
used f o r  input-output t o  random fi les.  The sequential 1/0 
mode (input or output) is controlled with BFiS 143 and 144. 

rJo dis t inct ion is made between input and output 
A randam f i l e  may also be closed by 

The following additional operations are available: 
To read a word from a random f i l e ,  execute the instructions 

LDB maddres6 
DWI =file number 

The word i s  returned i n  A .  

To write a ward on a random f i l e ,  put the word i n  A and 
execute the instructiona: 

UIB =addre88 
DWO = f i l e  number 

Block input-outpyt t o  random f i l e s  is also possible. To 
input a block, execute the instructions: 

LDX = f i r a t  word address 
L M  mnmbcr of words 
LDB 4.rs.1; addraes i n  f i l e  
DBI: n f i h  number 

To output a block of mrds t o  a random F i l e  

DBO =file number 

execute the bot ruc t ion  
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with the  s m e  parameters i n  the cent ra l  regis ters .  
input-output operations are done d i rec t ly  t o  and from the user 's  
memory, as i s  BIO. 
operation can go very quickly. 

previously opened as the secondary memory - f i l e .  
execute the instructions 

These block 

Drum buffers are not involved and the 

It is  possible t o  define a random f i l e  which has been 
To do th i s ,  

I*11A =f i l e  number 

RRS 58 
The specified f i l e  remains the secondary f i l e  u n t i l  another 
secondary memory f i l e  i~ defined or until the f i l e  i s  closed. 
To access information i n  the secondary memory, two SYSpOPs are 
provided.. These POPS work exactly like D W I  and DWO except tha t  
they take the drum addxess from memory instead of requiring it 
to be i n  B. 
regis ter ,  the instruction 

To read a word of secondary memory into the A 

];A8 address 
should be executed. 
memory, the instruction 

should be executed. 
SYSPOPs should contain the drum address which is t o  be referenced. 
This word may also have the index b i t  set, i n  which case the 
contents of the index reg is te r  will be added t o  the contents 
of the word to fern the effective address which is actually 
used t o  parform the input-output operation. 

space is very similar t o  the mechanism fo r  allocation of core 
memory. 
drum file which he has not previouely used, the necessary blocks 
are created and cleared t o  0. 

unruscessitr1I.y large random drum addresses, since they may r e su l t  
i n  the creation of an unnecessary number of index blocks. 
release random drum memory, u8e BRS 144. 

To store at word from A into the secondary 

us address 
The word addressed by e i ther  one of these 

The mechanism fo r  acquiring and releasing random drum f i le  

Whenever the u6er addresses a section of' a random 

Note tha t  the user should avoid 

To 
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20.1 Direct Dmrm Access 

An even mare eff ic ient  method of accessing information on the 

dxvm i s  provided by an interface which allows the user t o  acquire 

2K pages on the drum and read or write on them directly.  

space is aesigned f’rm the swapping area on the drum and referred 

t o  d i rec t ly  by I t 8  drmm address; a b i t  table private t o  the uaer 

is used fo r  val idi ty  checking. 

To acquire a W page, execute 

BRS 126 

This 

with the deaimd angular gosition on the drum of the page t o  be 

assigned in the bottcm b i t s  of‘ A, 

BRS 126 returns without akipping. 

returns, in A, the drum address af a 2K page as a word address 

(i.e., with the bottam ll bits  zero). A page may be released by 

putt- this address i n  A and performing 

W’ no more space I s  available, 

Otherwise, BRS 126 akips and 

HRS 121 

To release all pagee acquired i n  t h i s  manner, execute 

CLA 
BRS 7. 

This is done autcnmtically by the RESET cannand 3.n the executive, 

as well as by REcOvEEl and by a c a l l  for a new subsystem. 

should be nobd tha t  DUMP does not preserve pages acquired by BRS 126. 

It 

To read or write on a page acquired with BRS 126, use 

LDA =core addreas 

LDB =drum address 

LDX word count 

Ygj t o  
124 t o  read 



Thsse BRS's preserve 

A no-skip return M 

all the central registers and 

cates an uncorrectable transm ssion error. 

lche foUowing restrictions are checbd by the monitor and 

w i l l  result in an illegal instruction trap i f  violated: 

1)  !he drum addresll must be a multiple of 256 (decimal) 

and l i e  within some page asrr%@~d t o  the user via BRS 126. 

(The latter restriction does not apply t o  executive progrcuns.) 

2) b e  transfer must not cros8 a 2K page boundary either 

i n  core or on the drum. 

IZ; is  i l legal  to attempt t o  read into a rea-only pege 

with 1sR9 124 (this produces a memory trap if  violated). 

3)  
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11.0 Subroutine F i les  

An addition t o  the above-mentioned machinery for  performing 
input-output through physical f i l e s ,  a f a c i l i t y  i s  provided i n  
the  system f o r  making a subroutine ca l l  appear t o  be an input- 
output request. This f a c i l i t y  makes it possible t o  write a 
program which does input-output from a f i l e  and l a t e r  t o  cause 
further processing t o  be performed before the actual input- 
output is  done, s i m p l y  by changing the f i l e  from a physical t o  
a subroutine f i l e .  A subroutine f i l e  is  opened by executing the 
instructions 

LDX 
BRS 1 

parameter word + subroutine address 

This Instruction skips or returns an er ror  code, as for  sequential 
f i l e s .  
cha,raCteri6ticS of the f i l e .  
combination8 : 

The opcode f i e ld  of the parameter word indicates the 
It may be one of the following 

11OOOOOO Character input subroutine 
LUOOOOO Character output subroutine 
01000000 Word input subroutine 
011OoooO Word output subroutine 

I/Q t o  the f i l e  may be done wlth CIO or WIO, regardless of 
whether it is a word or a character-oriented subroutine. The 

system Will take care of the necessary packing and unpacking 
of characters. 

The opening of a subroutine f i l e  does nothing except t o  
create a f i l e  control block and return a f i l e  number i n  the A 

reglater .  When an 1/0 operation on the f i l e  is  performed, the 
eubroutine w S l 1  be called. Thia i 6  done by simulating an SBRM 
t o  the looation given i n  the address field of the X reg is te r  
given t o  the BRS 1 which opened the f i l e .  The contents of the 

B an8 X reg i r te rs  are transmitted from the I / O  SYSPOP t o  the 
subroutine wnchRngeU. The canLent6 of t he  A regis ter  may be 

changed by the packing end unpacking operations necesraary t o  
convert from character-oriented t o  word-oriented operations or 
vice versa, 

BIQ is also acceptable. 

The X/Q subroutine may do an arb i t ra ry  amount of 
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cemputatlon any 
other Z/O subroutines. A subroutine f i l e  should not c a l l  itself 
recursively 

BRS 41. 
be uaed t o  return fion a subroutine ca l l .  The contents of B 
and X when the BR8 41 I s  executed are transmitted unchanged back 
t o  the cal l ing program. The contents o f  A may be altered by 

packing and unpacking operations. A subroutine file l a  closed 

C U  on WY number of other Z/O devices or 

When the subroutine I s  ready t o  return, it should execute 
This ogsratlon replaces the SBRR which would normal3y 

With BRS 2 lihe Other f l l r t o  
Ira order t o  hplcnnent BRS 41, it I s  necessary t o  keep track 

o f  which I/Q eubroutlne I s  open. This infomation I s  kept In 
a ix  b i t s  o f  the PAC table. The contenfrw of these six b i t s  I 6  

t ranrfemed into the opcode field of the return address when an 
X/Q subroutbe is called, and I s  recovered from there when the 
BRB 41 l a  executed. 

not be used by a grogrun i n  a different address space from the 
rubroutine i t r e l f .  In particular,  subroutine f i l e a  may not be 
given t o  the BRSs which involve acccess t o  nmed fi les (deacrlbed 
l a  the next section). 

The umr  ahauld be warned that  a subroutine file should 



12.0 F i le  Naming System 

12-1 

Because of the possible confl ic ts  which may ar i se  when 
several  users are  simultaneously trying t o  access the same 
peripheral device, such devices cannot be handled d i rec t ly  by 
users a t  the level offered by BRS 1 -- which is  available only 
t o  programs with executive s ta tus .  A t  the user level,  storage 
devices can only be referenced in an indirect  manner, by writing 
or  reading a " f i le .  'I 

Fi les  are  the primary means by which the user establishes 
continuity between one computer run and the next. 
any named block of information which the user finds it convenient 
t o  regard as a single en t i ty ;  the commonest example of a f i l e  
is a program. 

A f i l e  is 

To provide a check against inappropriate use, 
files created by the Exec and TSS subsystems are c lassi f ied,  
according t o  the nature of the information i n  them, into one 
of four types, numbered 1 t o  4. This type number is  carried 
a h n g  with the information content and may be checked whenever 
the  f i l e  i s  referenced. 

The f i l e  types are: 
1. Core linage - The information i n  t h i s  originates from 

specified segments of core memory. 
2. Binary - The information has the form of an assembled, 

but unloaded program. 
3. Symbolic - "lie information is  of a form which can be 

readily listed on some printing device. 
4. Dump - Comprises all the information i n  memory 

necessary t o  r e s t a r t  the user from h i s  

current si tuation, i.e., the s i tuat ion at 
the time of creation of the dump f i l e .  

Symbolic information may come d i rec t ly  from paper tape or  
teletype. 
uraing the name of the corresponding physical medium, viz .  - 

These devices may be referenced as type 3 f i les by 

PAPER TAPE 
!J!ELF:TYPE 
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Sl These names are b u i l t  in to  the system and are always appropriately 
recognized. 

which always contains precisely nothing and whose f'unction is t o  
ac t  as an i n f in i t e  sink in  which l imit less  unwanted output can 
be lo s t .  

Another bui l t - in  f i l e  name i s  
NCITHING 

A commoner source for  symbolic f i les is the output from 

Type 2, binary f i l e s  normally arise as the output from the 

Until  the actual  process of output from the subsystem occurs, 

some subsystems, notably the t ex t  editor,  QED. 

machine-language assembler ARPAS . 
ident i f icat ion of the information is handled by the  subsystem 
and is usually implicit  since the subsystems can handle only 
one f i l e  a t  a t h e .  
i n to  a context involving many other blocks of' information of a 

However, when the information is ejected 

slmilrrr kind, some expl ic i t  identification must be attached t o  it. 

12.1 F i le  Narning 

The names which the user i s  free t o  invent and assign t o  
f i les  are of two types: 

1. Rrmanent names 
2. Scratch names 
Scratch names Biffer from permanent names i n  that they and 

the  files associated with them are l o s t  when the user leaves the 
system, using the LOGQUT command; they are otherwise t reated 
ident i c s l l y  . 
beginning With / or  :. 
Characters beginning with / or :. 
f i l e  privileges, a / ident i f ies  a drum f i le ,  : a disk f i l e .  

As permanent names we have - 

A .permanent name is an arbitrary s t r ing  of characters not 
A scratch name is an arbi t rary s t r ing  of 

To those users who have drum 

ABC 
PlROaRAM 1 
124 

while as scratch names we have - 
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Any permanent or scratch f i l e  name may be quoted by surrounding 
it with single quote mks. Thus, 'ABC' and '/001/' are  quoted 
f i l e  names. The quoted name refers  t o  exactly the same f i l e  as 
the unquoted one; it differs only i n  the way it is recognized by 

the exec. Control A (backspace) is l ega l  on any name being typed 
t o  the f i l e  system unless command recognition is taking place. 

When reference is made t o  an unquoted name, the exec will 
anticipate the user and consider the name t o  be fully delivered 
as soon as it has received suff ic ient  characters t o  distinguish 
the name f ran  a l l  others currently defined by the user. This 
means that a new name can never be introduced i n  i ts  unquoted 
form. A quoted name, on the other hand, is  always accepted i n  i t s  
en t i r e ty  frsm the user. 
then renoved md the w e  compared with the directory of names 

The i n i t i a l  and terminal quotes are 

c, 

currently defined by the user. 
taken t o  refer t o  that f i le ,  j u s t  as though it had been presented 
i n  unquoted form. If it i s  new, however, it w i l l  normally give 
rise t o  an er ror  message unless it appears i n  one of the' 
following contexts: 

If it matches one of them, it is 

a )  In  the DEFINE NAME: colnotund (c.f. Doc. R-22, Section 5 . 5 )  
b) As an output f i l e  name, i n  which case a new f i le  with 

the specified name w i l l  be created t o  hold the output. 
For examgle, l e t  X Y Z  be the name of an exis t ing f i l e  and 

/123 be a new unattached f i le  name. 

has the e f fec t  of creating a new scratch f i le ,  called /123, having 
the 8- Information content as XYZ. 

Then the exec command 
WOPY X Y Z  TO '/123'. 

If /l23 is, however, 
already attached t o  sane existlng f i l e ,  then the information 
content of tha t  f i l e  i s  replaced by tha t  of XYZ. 

recognition apparatus works i n  two ways, depending essent ia l ly  
on whether the name is quoted or not. Quoted names must a l w a y s  
be given in ent i re ty;  the exec waits for  the terminating quote 
before attempting t o  recognize the name. Unquoted names are 
anticipated; the exec recognizes or  re jec ts  them as soon as it 
can, ins i s t ing  that  they match some name already i n  the user 's  
directory of f i l e  names. 

EXJrERT connmllnda apply t o  f i l e  rime recognition (See R-22, Section 5.7). 

In  summ&ry, it wi l l  be seen tha t  the exec's f i l e  name 

Note tha t  the BEGINNER, NOVICE and 
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2 . 2  Accessing Other Users' Files,  Special Groups 

The naming system described is  adequate t o  reference a l l  
the f i l e s  belonging t o  the current user, i n  whose name the exec 
was entered. However, t o  re fer  t o  files belonging t o  mother 
user, it i s  possible t o  augment the f i l e  name by that  user ' s  
name together with, optionauy, a special  accessing code called 
the p o u p  nme. 

To do t h i s  the basic f i l e  name must be preffxed by one of: 
( < usey name > ) 
( < user m e  >, < group name > ) or  

Thus for  example : 
(JOPSES) 'FIT.83' 

or (JONES,GROUPl) 'FILE1' 

When such a s t r ing  as  the last i s  collected from a teletype 
by BRS 15 or 16, the  characters s',GROUPl'' w e  not echoed t o  the 
teletype 80 that  the secrecy of the special  group name i s  preserved. 
The access that any other user may have t o  each of Jones' f i les  
is i n  the hands of Jones himself. 
member of the public a t  large who t r i e s  t o  access h i s  'FIIX1' 
using (J0NES)'FILEl' has ent i re  (read-write) access, read-only 
access, o r  no access at all. It i s  a lso open t o  Jones t o  

Jones may declare tha t  a 

define independently a greater degree of accensibil i ty t o  a 
user who impplies the group name. 

SET MODES FOR FILE (R-22, Section 5 . 5 )  or deleted by BRS 62 and 
the aame command. - BRS 61 - Define Special Group 

The s t r ing  is an arb i t ra ry  s t r ing  of characters ana i s  taken t o  
define a new special-group name. 
number, n, i n  the range 1s m< - 15, which it skip returns i n  A. 

A f i l e  may then be phced  i n  tha t  special  group by se t t ing  t h i s  

number i n  the appropriate b i t s  of the file mode word (see BRS 48). 
A user may have? up t;o 15 currently defined, d i s t i nc t  special  

groups; an attempt t o  define more resu l t s  i n  H, no skip return with 

A=O. An attempt t o  define an already existing special  group 
nme a lso  r e su l t s  i n  a no skip return, but w i t h  the group number 
i n  A .  

Special groups can be created by BRS 61 and the command 

Takes a s t r ing  painter in  AB. 

The BRS associates with it a 



- BRS 62 - Delete Special Group 
Takes a special  group number 

The associated special  group name 
i n  A. 

is deleted and the number made 
available f o r  reassignment t o  a new name. 
t o  the special  group are released k.om it. 
attached t o  the number, the BRS has no ef fec t .  

l2.3 Pseudonyms 

All f i l e s  belonging 
If no name i s  

By means of the command USE WlME it is possible for  a user 
t o  in se r t  i n  his f i l e  directory a pseudonym, that is, a name 
which, instead of being a tag fo r  a r e a l  f i le,  is a tag fo r  
another m e  possibly including 8, user name and group name. If 
he later uses the pseudonym, the action taken i s  exactly the 

same as i f  he had typed the en t i re  name for which. the pseudonym 
stands. 

12.4 Doing 1/0 t o  Fi les ,  F i le  Numbers 

The Pile  m e  is an unwieldy and inconvenient handle for  
These routines the 1/0 routines t o  use i n  transferring data. 

instead reference the f i l e  by a compact, 1-word f i l e  number 
which is  more closely related t o  the file's wheseabouts. Thus 

syatem subroutines are provided t o  assign t o  a given f i l e  name 
some temporary f i l e  number. 

subroutines which perform information t ransfers  t o  and from 
sequential files w e  the sme for  input as for  output. The 
dfetinction is carried by the f i l e  number with which they are 
used-whose character i s  i n  turn determined by whether it was 

returned by HRS l5 (input) or BRS 16 (output). 
which was designed t o  output information can, without i l l -e f fec t ,  
be delivered an input f i l e  number. 
the characters which the program would be trying t o  output, while 
taking: In characters i n  t he i r  place--these too, due t o  the nature 
of the prog2sm, wiU in general be ignored and lo s t .  

by the system aubroutbes BR6 15, 16; they m y  be deleted by 

The user may f ind it useful t o  remember tha t  the system 

Hence 8, program 

The effect  w i l l  be t o  Lose 

Names are recognized and a f i l e  number provided, i f  required, 



I .  ' 

12-6 

BRS 63. The preceding description of the manner i n  which f i l e  
names are recognized largely assumes that they are being typed 
i n  on a teletype. They may, however, be presented t o  the BRS's 
as a ready-made Bering o f  characters i n  core, Entry parameters 
for  the BRSs include a s t r ing  pointer t o  a s t r ing  i n  core 
together with an input-file number (most commonly teletype). 
character string may be nu l l  or an i n i t i a l  part of a f i l e  name 
or an ent i re  f i l e  m e .  In the first two cases sufficient 
characters are appended from the input f i le t o  ensure recognition 
or  rejection of the m e .  

The 

[A Remark on "Random" Fi les  on Tape 

Random and kJequentj.al files may be stored and accessed with 

equal f a c i l i t y  on "random" storage devices, such as the drum 
and disk. On the other hand sequential devices, such as magnetic 
or  paper tape, cannot be conveniently or ef f ic ien t ly  acceaaed 
i n  the manner of random files and axe rertricked t o  halding only 
nteguential f i l e s .  
user t o  copy information f'ran an existing random f i le ,  say on 
the drum, t o  a sequential but has a special format which does 
not allow it a sensible interpretation as a sequential f i l e  but 
permits the or iginal  randam f o m t  t o  be relatored when it is 
copied back t o  a random device. 
sequential medium w i l l  rerault i n  the return of the apparently 
paradoxical information, 1-0 i n  b i t s  0,l of X when the f i l e  is 
opened by BRS 1.5, 16. Before accessing information i n  such a 
f i l e  the user shouLtE copy it (using the Exec cammand or BRS 92) 

t o  a nan-sequential medium. 1 

However, the c o m d  'COPY FILE' w i l l  allow a 

Such a "random" f i l e  on a 

12.5 opening Input Files 

BRS 19 - Open nemed file for  input: 
Tastes i n  A a control word 

i n  B the address or a s t r ing  pointer, or pI 
i n  X CL dual file number. 

The function of thfa  BRS is t o  recognize an existing file name, 
optionaUy, open the f i l e  for  input and return a Pile number fo r  
use with subsequent data-input commands. 
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Designation of the F i le  

The s t r ing  ad.&essed by B must be the complete or  incanplete 
nme of a predefined f i le .  If the name is incomplete, characters 
w i l l  be appended from the input f i l e  whose number is  given i n  
the least Signif'iCa~lti 12 bi t s  of X -- u n t i l  suff ic ient  characters 
are  available t o  deternine uniquely a f i le  m e  (or no such name). 
Lf the f i l e  name is unquoted so that prerecognition occurs, the 
"tail" of the name is echoed back t o  the output f i l e  whose number 
is given i n  the most significant 12 bi t s  of X. 

If B 4  on entry a nu l l  s t r ing  is assumed and characters 
collected from the input f i l e  are not transmitted t o  the ca l l e r ' s  
memory. If b i t  0 of B i s  set, the s t r ing  delivered is  considered 
nul l - i ts  position being defined by t h e ' f i r s t  word of the string 
pointer. 
non-recognition, partially completed f i l e  name w i l l  be transmitted 
t o  the ca l le r ' s  memory. 
be replaced by the e t r ing for  which it stands. 

ters need be taken f r o m  the input f i l e ) ,  a terminating character 
must be delivered t o  confirm o r  abort the f i l e  nsme. Confirming 
characters are those with an internal  code representation 0 t o  
168, also semicolon, tab, l ine feed and carriage return; the 
aborting character is ?. All other characters cause ? t o  be 

U n l e s s  BZO on entry the completed or, i n  the case of 

If a pseudonym was delivered, it w i l l  

Unless the fPle name was complete on entry ( i . e  + , no chwac- 

output and are otherwise ignored. 

Action: - 
This is  dependent on options which are specified by b i t s  1 

and 2 o f A  on entry, 
B i t  1, if se t ,  suppresses opening the f i l e  (no f i l e  number 
is returned) 
B i t  2, If set ,  suppresses the need for a terminating 
c2.larrster; when these bi ts  are not set, the action i s  as 

These are: 

f O U Q W 6  t 

f.f the name is recognized and a valid terminating character 
is received, the f i l e  i s  opened for  input. There i s  a sk ip  
return wi th  

In  A, a f i l e  number. 
In  B, the terminating character 
In X, i s  a composite word comprising -- 



WORD 0 

WORD 1 

WORD 2 

WORD 3 

c! 

SR = sequential ox" random 
PriA = private accessibility 
PUA = public accessibility 

1 = random 
1 = read only 
0 = denied t o  public 
1 = public read only 
2 = public read and write 

SGA = special group accessibility 0 = r e k  and write 

SGN = special group number 
S = atatus 

1 = read only 
0 = none 

0 = f i l e  psrmanentjy on drum 
1 = f i l e  on drum 
2 = f i l e  on system tape 
3 = f i l e  on private tape 

W p. unused 

2. SCRATCH FXIXS 
WORD 1 3  -1 
WORD 0 ~f 0, WORDS 2,3 as for TAPE FILES 

3. BUILT-INF-S 
WORD 3 -2; WORD 2 ~ t l  0 

a. Device WORD 0 = 0 
WORD 1 [g to U] = no. of? tape unit 
WORD 1 [12 t o  173 3 device no (O/P) 
WOW 1 118 to  231 device no. (I/€') 



b. Permanent f i l e  no. WORD 0 # 0 
WORD 1 /6 t o  ll1 = f i l e  no. 
WORD 1 [18 t o  231 = f i l e  no. 

(O/P) 
(I/P) 

4, SEEXLAL GROUPS 
WORD 2 -1 
WORD 0 = 0 WORD 1 = creation date WORD 3 [20 t o  231 = 

5 .  PSEUDONYMS 
WORD 3 = -1 
WORDS 0,l = s t r ing  pointer 

Description 

group no. 

t o  real s t r ing  WORD 2 = 0 

Block Format 
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(_.I 
FIWE DXRECTORY DESCRIPTION 

(A) F?R,EMBlX AND STORAGE ARRAIVGEMFWIS 

0 
1 
2 

3 
4 
5 

6 
7 
10 

12 
13 

FLTH ZRO 
cm ZRO 

SGUS ZRO 

FDM SRO 

FUN0 ZRO 
BSS ZRO 

HTL ZBQ 
EHTL ZnO 
FDSS ZRQ 

EFDSS ZRO 
ZRO 

File directory length 
Address of compressed f i l e  input table (CFIT) 
( B i t s  set t o  indicate special  group numbers 
i n  use) 
Drum index block address for  t h i s  f i l e  directory 
User number 
Address of beginning of description block 
storage 
Beginning of hash table (BRS 5,6 table)  
End of hash table 
Character address of beginning of string 
stor-e (WCH table) 
End of s t r lng  storage 
Garbage collection option 

The remaining partB of the f i l e  directory appear i n  the 
following order : 

Hash table (HTL, EHTL) 
String storage (EHTL, BSS) 
File  description block storage (BSS, CFTA 

I 
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USER DIRECTORY DESCRIFTION 

(A) PREAMBLE AND STORAGE A,RRANG.EBBNTS 

0 RUEfIl 230 Beginning of haeh table (BRS 5,6 table) 

1 EUHT ZRO End of hash table 
2 ZRO BRS 5,6  link 

3 BUDSS ZRO Character address of beginning of s t r ing  

4 EUDSS Pi0 End of string storage 
storage (WCH table)  

5 ZRO Garbage collection crption 
6 BUDBT z?RO Address of beginning of description block 

table 
7 BUDB 230 Length of each ueer description block 

The remainder of the directory appears i n  the following order: 

Hash table (BUIfl, EUHT) 
String storage (EUHT, BUDBT) 
User description blocks (BUDBT, end of directory) 

(B) TYPICAL HASH TABLE ENTRY 

0 
1 
2 

( C )  TYPICAL DESCRIPTION BUXK ENTRY 

0 fEcA ZRO Address of hash table entry 
1 FDL ZRO File  directory drum address 
2 a A  ZRO Msxbm drum block allowance 
3 AW ZRO Access word 
4 P w  ZRO Password hash code 
5 CTW ZRO CPU time word (60ths of i~ second) 
6 LTW ZRO WGIN time word (seconds) 
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c., 
ACCESS BITS ARE 

0 WAIT 

1 RRS 37 mode 

2 PIRFFU: permanent f i l e  flag 

3 XMOK exec mode OK 
4 NTFFLG new tape f i l e  flag 

5 UrmFLG new files to user tape 
6 OPTFLG operator flag 
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In b i t s  6 t o  23, the f i l e  length 
In b i t s  3 t o  5 ,  the f i l e  type 
B i t  0 is s e t  i f  the f i l e  i s  random 
B i t  1 i s  s e t  i f  the f i l e  i s  not stored on a 

sequential medium. 

Error Conditions 

All er ror  conditions are fallowed by a no-skip return with an 
indicator i n  X; A and B are  undisturbed. 

-?a<-l - -  shows tha t  the f i l e  could not be opened. The possible 
reasops correspond one-one with those associated w i t h  a 
no-skip return from BRS 1 w i t h  -2(A<2 - -  (see pp. 9-1, 9-7). 

X=l This e x i t  occurs i f  the name given i s  not a predefined 
name i n  the specified user 's  f i l e  directory. 

X=2 Indicates tha t  the f i l e  name was aborted by delivering 
? 8 8  a terminating character. 

'error messages' being sent t o  the command output f i l e  
(normally the te1et;ype). 

X=O Any such error  2s accompanied by one of the following 

? 

ILLEGAL USE OF PSEUDONYM 
-NOT PUBLIC 

-NO GROUP NAMX ATTACHED 
-WRONG GROUP IW 

When the requested f i l e  ex is t s  on magnetic tape it is  possible 
t o  receive about 20 different  error  messages, most of which axe 
self  explanatory. 
only tha t  the tape has reset  i t s  position after becoming "lost" 
and should be of no concern. 

The position check message, "(PC: n)" means 

12.6 Opening output F i les  

- BRS 16 - Open named f i l e  for output 
Takes i n  A a control word 
I n  B the address of I-L s t r ing  pointer, or  fl 
I n  X t% dual f i l e  number. 

This BRS is provided t o  read an existing or new f i l e  name and, 
optionally, open the f i l e  for  output and return a f i l e  number for  
use with subsequent data-output instrixctions. 
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DesiRnation of the F i l e  

The f i l e  name i s  obtained from B and X i n  exactly the 
I 

manner of BRS 15 (q.v.)  except tha t  if the name is enclosed 
between quotes and is  not delivered i n  association with some 
other user's name, then it may be new. 

Action 

This i s  again dependent on the control word in  A, on entry.  
-2 B i t  0 according as  it is  0 or 1, specifies tha t  the f i l e  

- B i t  1 is normally zero, t o  indicate tha t  the specified f i l e  

If the user 

t o  be created i s  sequential or random. 

should be opened and a f i l e  number returned i n  A .  

does not wish t o  open the f i l e  t h i s  b i t  should be se t .  
- B i t  2 i f  s e t  suppresses the need for  a terminating character. 

It also suppresses output of the message OLD FILE or  NEW FILE, 
which i s  normally produced a f t e r  identification of a quoted 
File name. 

Bits 3 t o  5 = t, indicate the f i l e  ty-pe. 
The type of a new f i l e  is always se t  t o  be t .  
The type of an old f i l e  i s  changed t o  t unless t-0, when the 

old f i l e  type is  retained. 
anything but a ty-pe 3 f i l e  is  an error.  

S is  taken t o  be the number of words of information about t o  be 
written. 
words is  reserved af'ter the current last f i l e  on tape. 
OM tape f i l e p  S i a  compared with the mount of tape sp&ce 
currently reserved for  the f i l e .  If it is greater, an error  
message - TOO SIIORT is produced, followed by a no-skip ex i t ;  
the f i l e  is not opened. 

parametera being returned in  A, B and X as for  l3RS 15 viz .  

An attempt t o  open the te le typ? as 

B i t s  6 t o  23 = S, significant only for  tape f i l e s .  

If a new tape f i l e  i s  specified, a space of 3/2 S 

For an 

The normal return f'rom the BRS i s  with a skip, the same 

i n  A a f i l e  number number ( i f  opened) 
i n  B the terminsting character ( i f  delivered) 
i n  X a compoeite word comprising the f i l e  length, type 

and logical  structure (random or sequential)--See 
BRS 15. 
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Error Conditions 

A l l  error  conditions are followed by a no-skip return with 

an indicator i n  X; A and B are undisturbed. 

X=o 

x-1 

x=2 

Notes : 

shows that the specified f i l e  could not be opened. 
The possible reasons correspond one-one with those 
associated w i t h  a no-skip return from BRS 1 with 

-=<2 - -  (see pp.9-1, 9-7). 
This ex i t  follows the printing of one of the following 
error  messages on the command output f i l e  ( i n  addition 
t o  the possible messages given fo r  BRS 15): 

READ ONLY 
WRONG TYPE 
FILE TQO SHORT 
FILE DIRECTORY FULL 

if the f i l e  name is  new and e i ther  unquoted or i s  
delivered i n  association wi th  the name of another user. 
i f  the abort terminator (?) i s  delivered. 

1) Although new tape f i l e s  for the ordinary user w i l l  be created 
on the atandard user 's  tape, some umrs  can specify the 
tape on which a new f i l e  i s  t o  be created. For such users 
a message 

i s  printed and a decimal number must here be delivered 
through the command-input medium. 
If the f i l e  name i s  quoted and not b u i l t  in, one of the 

1 

TAPE SYS. NO. = 

2)  
FXLE or NEW F'ILLE: i s  sent t o  the command output 

A s  derscribed above, t h i s  message may be suppressed medium. 
by se t t ing  b i t  2 of A on entry. 
An attempt t o  change the logical  structure of an old f i l e  
(from random t o  sequential o r  vice versa) w i l l  e l i c i t  a 
measrage t o  not i fy  the uaer before the name krminator i a  
delivered, 

3) 

12 7 Miel?elhneaus F i le  Operations 

BRS 63 - Delete name from f i l e  direc,tory 
Takes in 33 a s t r ing  pointer 
i n  X a dual f i l e  number 



The entry parameters are used t o  designate a name i n  the 
f i l e  directory i n  the manner of BRS 15. 
from the  directory subject t o  the following conditione: 

The name is  removed 

A bui l t - in  f i l e  cannot be deleted. The BRS w i l l ,  however, 
allow the user t o  delete a l l  i t s  names except the last. 

When a pseudonym i s  delivered t o  the BRS the pseudonym 
itself is lo s t .  
the f i l e ' s  contents are also lo s t .  

A successful deletion i s  followed by a skip return. 

b n  the last name of a f i l e  i s  deleted, 

A no-skip return indicates that  the attempt t o  delete 
fa i led .  Tlae content8 of X w i l l  indicate the reason for  fa i lure  
88 follows: 

X=3,-Z?, - l  correspond t o  no-skip returns from BRS 1 with 

A=-2, -1,O respectively. Such an ex i t  r e su l t s  
only from an attempt t o  delete a drum f i l e .  
indicates an attempt t o  delete the last name of 
R buil t - in  f i l e .  

Xpo 

X = l  if the name i s  not i n  the f i l e  directory. 

BRS 60 - Interrogate f i l e  description block 
Takes i n  B the address of a s t r ing  pointer 
in  X a dual f i l e  number 

The entry data are ueed, i n  the manner of BRS 15, t o  determine 
a f i l e .  The first three words of the description block for  t ha t  
file (see p. 12A) are skip-returned in  A, B and X respectively. 

BRS 48 - Set f i l e  moder 
Takes i n  A a f i l e  mode word 
i n  B a s t r ing  pointer address 
i n  X a dual f i l e  number. 

B and X are used, i n  the Manner of BRS 15, t o  deternine a f i l e  
name. 
the n p c l a l  groug membership, type and accessibiliLy of the 
specified file (which muat belong t o  %he ca l l e r ) .  

6 t o  16 of the  third,  'bade", word of' the description block 

BR8 48 will then use the information i n  A t o  set or  change 

A l l  of therre character is t ics  are  determined by b i t s  1 t o  4, and 
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associated with the f i l e  (see p. la). 
these b i t s  by the corresponding b i t s  of A a f t e r  checking A fo r  
consistency and exiotence of the specified special  group. 

BRS 48 d i rec t ly  replaces 

A successful mode change is denoted by a skip return, 
fa i lure  by a return without skipping. 

12.8 Opening Scratch Files 

Scratch f i l e s  are a l l  kept on the drum. They d i f f e r  from 
ordinary f i les i n  that they disappear completely when the user who 

created them logs out. 
t o  each user for  scratch f i l e s ,  which he may allocate as he sees 
fit. 
given. 

which create a new f i le ,  by delivering t o  them a new scratch 
name (see 12.1). Alternatively, for a scratch f i l e  with a name 
of the form /add/ where d is  any decimal d ig i t ,  the elaborate 
string delivery land recognition procedure of BRS's vr16,63 
can be bypaseed by using BRS's 18,19,65 respectively, 
of a s t r ing  pointer and dual f i l e  number, these three BRSs take, 
f o r  file? identification, an integer i n  X. 
of this  number is a s t r ing  of three d ig i t s  encloaed between 
slashes is  then used as a f i l e  name t o  refer  t o  the f i l e  i n  the 
conventiolral way. 

BRS 18 

A fixed amount of drum space i s  available 

If he attempts t o  exceed the allocation 8 message w i l l  be 

A scratch f i l e  may be created by BRS 16 or my of the commands 

Instead 

The decimal equlvdent  

_II_ 

Takes PI? A a code word 

in X an integer 
This provides an al ternat ive way of referencing and opening for  
input scratch f i les whose names are decilmal integers. 

The number i n  X is tramformed in to  i ts  equivalent s t r ing  
of three & s c W  d ig i t s  enclosed between slashes, 5 characters 
i n  all,  (a number which exceeds 999 is taken t o  &!signate the 
string /999/). This strjng eheruld be a predefined name i n  the 
c a l l e r u s  fiLc3 directory. The subsequent action of t h i s  RRS is 
t o  open the f i l e  for  input i n  exactly the manner of BRS 15, 
i . e . ,  dependent on b i t s  X and 2 of A; the return conditions are 
the sane as for  BR8 13- 
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BRS 19 
Takes i n  A a code word 

i n  X an integer 
By means of t h i s  BRS a scratch f i l e  with a decimal-integer name 
can be opened for output. 
first transformed t o  a s t r i n g  of three decimal d ig i t s  enclosed 
between slashes. The name i s  then treated as I% possibly new 
name for  a scratch f i l e ,  belonging t o  the ca l le r ,  i n  exactly 
the manner of BRS 16. 
significance a8 for  BRS 16. 

As for  BRS 18, the number i n  X i s  

l3its 0 t o  9 of A a l a o  have the same 

BRS 65 
Takes in X am integer 

The integer i s  converted into 8. s t r ing  of three decimal d ig i t s ,  

as i n  BRS 18, 3-9. 
RRS 63, successfbl deletion being indicated by a skip return.  

The action thereafter is exactly as for  

12.9 Format of the Fi le  Directory, &me Implementation Details 

File names, group rimes and pseudonyms are contained i n  a 

hash wtructure of the type described i n  the Sectlon 14 of t h i s  
manual. 
conventional string pointers t o  the f i l e  name. The t h i r d  word 
(the s t r ing  "value") i s  a pointer t o  a 4-word "description 
block." In these four words is held all the information 
necessary t o  characterize the name, whether it be the name of 
a drum f i l e ,  tape f i l e ,  special  group, pseudonym, e t c .  Notice 
tha t  several en t r ies  in  the hash table may point t o  a single 
description block; the associated names are  then synonyms fur 
the  sane obJect, which can be referenced by any one of them. 

exis t ing description block; conversely DELETE NAME detaches the 
name from i ts  descr$ption block, the description block itself 
is l o s t  only if' t h i s  wa~ the only name polnt.lng t o  it. 

description block i s  rokekched on page 12 A .  

I 

The f j r s l  two words of each hash table entry are the 

The command DEFINE N W  creates a new name t o  point t o  an 

The format of R sir~*p,lrr hash table en t ry  w i l h  attached f i l e  
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Executive commands and BRSs are available for  interrogating 
and changing par ts  of the user 's  f i l e  directory. 
FILE DIRECTORY and SET MODES FOR FILE are described i n  the 
manual for the TSS Executive (Document R-22). 
BRSs are  BRS 60 and 48. 

The commands 

The corresponding 

l2.10 Miscellaneous Services 

BRS 92 - Copy f i l e  t o  f i l e  

By means of t h i s  BRS information can be copied from one f i l e  
t o  another. 
an output f i l e  number and some b i t s  t o  determine the nature of 
the f i les ,  If the infomation t ransfer  is successfu1,there is  a 

skip-return; i f  unsnacessf'ul, a no-skip return, possibly preceded 
by a message. 

f i l e  as follows: 

The entry parameters consist of an input f i l e  number, 

On entry, the contents of A are  taken t o  re fer  t o  the input 

give the input f i l e  number 
give the f i l e  type 
is 0 for  a sequential device (tape, teletype) 

b i t s  15 t o  23 
b i t s  3 t o  5 
b i t  1 

or 1 for a random device (drum, d isk)  

b i t  0 is 0 for a sequential f i l e ,  1 for  8 random f i l e  

The contents of B refer  t o  the output f i l e s .  Only b i t s  0, 

1, and 15 t o  23 are  significant and have a similar interpretation 
t o  the corresponding b i t s  of A .  

se t t ing  b i t s  0 and 1 correctly is returned by BRS's 15, 16 as 

The copy w i l l  be successfully terminated when any of the 

The necessary information for 

b i t s  $4, 1 of x. 

following terminators i s  read from the input f i l e .  
L) Input file sequential 

E L )  

b) 
c )  

An EOT (1hh8) character, i f  and only i f  the input f i l e  
i s  8 teletype. 
An EOF (13T8) character for +her type 3 f i l e s .  
2 consecutive %emwords (2767' j370) for. all. other 
sequential f i l e s .  
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(-I/ 

2) Input file random 

a) 
b) 

1 ternword if the file is stored on a sequential device. 
Otherwise the copy terminates when the end of the 
index-block chain is reached. 

The return after a success.ful. copy I s  with a skip. 

Error8 

Errors may be 

a) 
b) 

Calling BRS 92 with inadmissible parameters. 
Unusual conditions detected during a data transfer. 

Errors of ty-pe (a) may be any one of the following: 
Attempt to copy a sequential file to a random file. 
Attempt to copy 8 "random" file on tape to a sequential file. 
Attempt to copy a non-symbolic f i l e  to teletype. 
Attempt to copy directly from magnetic tape to a teletype 
or vice-versa. 

They are all followed by a no-skip return. 

Errors of type (b) are all signalled by a message, which is 
sent to the command output medium. The meusages may be any of: 

-END OF TAPE 
UlVTlMELY ZOF IN I"T 
UNTX'JBLY EOR TN INPUT 
RANDOM FJLF TOO BIG, TRANSFER TF:RMTNATET) AT ADDRESS <n> 

FASLED TO READ INDEX BEOCK 
IXPUT ERROR 

OUTPUT XX'ROR 

All but the Last two are followed by a no-skip return. 
cage of the h a t  two the transfer continues from the point at 
which the transfer error was detected until the entire file is 
copied 

In the 

73115 92 - Make a "save" file 

Takes in A the address of a core-bounds list 
in B .the address of $. 2-word map 
in X a sequential output file number 
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This BRS may be used t o  preserve the contents of' specified 
ranges of core ( i n  the map given by IS) t o  the output f i l e  given 

by X; note tha t  t h i s  f i l e  must be sequential. 
The core bounds l is t  addressed by A, i s  a contiguous l i s t  

of posit ive numbers terminated by any negative number. The first 

entry of the l i s t  i s  taken as a "start ing address" - and is the 
addrees t o  which 8 t ransfer  of control w i l l  be made when the data 
preserved by t h i s  BRS i s  read back into core by the GO TO command. 
Subsequent en t r ies  i n  the l i s t  are taken i n  pairs--each pair 
defining a range of memory from which information i s  t o  be saved, 
The two addresses i n  each pair may be given i n  e i ther  order. 
A l l  aildresses are taken with the map whose core address i s  given 
i n  B-- i f  B ie zero, it w i l l  be assumed that  the user'8 current 
program memory is ko be saved. 

If' the information is successfully transferred t o  the f i le ,  
there is  a skip return. 
i n  an inmediate no-skip return. 

Any fa i lure  i n  the data t ransfer  r e su l t s  

The f o m t s  of the core 
f i l e  rare: 

Format of Core Bounds List 
I_.1 

bounds l i l e t  and the resultant save 

Format of Save File  

u = m a x  (m ,n  ) 1 1 1  
Starting Address 

data from 
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BRS 94 - Restoxe a save P l l e  t o  core 

Entry A I B  relabeling 
X 

The save f i l e ,  which should have the format described i n  
BRS 93, is transferred to the memory given by the map i n  A,B. 

If the t ransfer  I s  8ucce8sfL11, there is  a skip return with the 
a ta r t ing  addrees (see BRS 93) In  A and the f i l e  number i n  X, 
An unsuccessful data t ransfer  resu l t s  i n  a no-skip return. 

= f i l e  no. of sequential save ( type 1) file 

BRS 131/132 - (open tape fo r  input/output) [privileged] 

Given in :  A = the desired tape position (wA<@~) 
B = the user number of the file owner (BRS 132 

X = the tape system number or the tape uni t  

Return No Skip: A = error  flag ( - = < ~ 8 )  

0nJ.Y) 

number with b i t  0 se t .  

A11 errors result in B typed message 
Skip: A = f i l e  number 

B = user number of f i l e  owner 
X = tape uni t  number 

The tape can be open for input (RRS 131) without executivity 
being se t .  
operator privileges even i f  they do not have executive privileges.  
If the desired tape is not logicall.,y mounted, it can s t i l l  be 

acceased by loading the uni t  number i n  X and se t t ing  Xo. 
will cause the tape s ta tus  vector t o  record the tape system 
and reel numbers. No new f i l e s  can be created with BRS 132. 
A more complete description can be found i n  M-L’(. 

I n  fact ,  BRS 131 can be executed by users with 

This  
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13 I 0 Miscellaneous Executive Features 

The executive provides a number of BRS's which are  services 
fo r  the user. Many of these are  incorgarated in  the s t r ing  
proceesing system or  in  the f loat ing point package and are 
described i n  the next two sections. 

To input an integer t o  any radix the instructions 
LDB = radix 
LDX = f i l e  
BRS 38 

may be executed. The number, which may be preceded by a plus 
or rninua eign, is returned i n  the A reg is te r  and the non-numeric 
character which terminated the number i n  the B reg is te r .  The 
number ie computed by multlglying the number obtained at  each 
8tage by the radix and adding the new d ig i t .  f t  is  therefore 
unlikely that the r ight  thing will happen if the number of d i g i t s  
is too Large. 

To output R, number t o  a rb i t ra ry  radix the instructions 
If no d ig i t s  are  typed, the sign bit; of B is  s e t .  

mI3 = radix 
LDX = f i l e  
LDA number 
BRS 36 

may be executed. Tlhe number wl.11 be output as an unsigned 24-bit 
integer unless the sign b i t  of B i s  se t ,  i n  which case it w i l l  be 
signed. 
w i l l  be indicated. 

If the magnitude of the radix is less than 2, an er ror  

To get the date and time into a string, the operations 
LDP PTR 
BRS 91 

may be executed. 
s t r ing  provided i n  AB and the resul t ing s t r ing  is  returned. 
characters appended have the form: 

m/dd/yy hhmm:ss 

The current date and time are appended t o  the 
The 

Hours are counted from 0 t o  23. 
BRS 39 returns the date and Lime  i n  nS as s i x  8-bi t  bytes 

giving year, month, day, hour, minute, second, respctively.  

I 
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BRS 123 Read t,el.etype and user number 

c. 

Entry X = -1 or te le type number 
Exit  A = user number or 0. 

ob number or 0. 
X * = i  = eletyye number 

BRS a Find use r ' s  te le type 

Entry A = -1 or te le type number 
X = user number 

Exit  No skip: user not entered; A,B,X undefined 
Skip : 

A = tel.etype number 
X = user number 

This BRS may be used to f ind on whicn teleLypes a user i s  
entered. A search i s  made t o  see i f  thc user wbse  user number 
i s  given i n  X i n  entered on any te le type wi%h a number higher 
than t h a t  given i n  A. 

does not skip on return.  
with the  next higher such te le type number i n  A .  

If no such t,elctypc i s  found, the BRS 
Otherwise, therc! is a sk ip  return 

BRS 1011. Find user number from user name 

Entry B =- s t r ing  pointer address 
X = dual f i l e  number 

Exit  No skip: A,B,X undefined, i l l c g a l  uzer  name 
Skip: A = X = user number 

BRS 104 uses B and X t o  col lect  a user namc i n  the  same 
manner as BRS 15. 
skip re turn from the  BRS. 
tlnc st,ring (if ~ q y  ) g: ivt?i i  on cntry. 

mkurxt with %he rcquirecl i i ~ e r  wiurnbcr t n  'ho1,li A r i i d  X.  

If an i l l e g a l  name i s  typed, there  is a no- 
The characters typed &re appended t o  

Ot,her.wi s e ,  thcrc i.8 &% sk3.p 
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BRS 102 Find user name from w e r  number 

Entry A,B = string pointer 
X = user number 

This BRS reverses the action of BRS 104, If the user number 
i s  valid, it appends t o  the s t r ing  addressed by A,B the users name 
corresponding t:, the  given number and returns with a skip. 

If the user number i s  not vaUd the BRS doe8 not skip and 
A,B,X are unchanged, 

BRS 100 Read subsystem relabeling 

Rsquirec 

Returns skipping with the subsystem relabeling i n  A,B and 

i n  B the address of a s t r ing  painter to the  suusys'bem name 
i n  X a dual f i l e  number or -1. , 

the  a ta r t ing  addrem i n  X. 
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C' 14.0 String; Processing System 

The s t r ing  processing system (SPS) consists of eight SYSpOPs 

and six BRSs. 

word. Strings are addressed by two-word pointers. The first 
word contains the character address of the character before the 
f i r s t  character of the s t r ing.  
character address of the l a s t  character of the s t r ing.  
character address of a character i s  obtained by multiplying by 
3 the address of the word containing it and adding 0, 1 or  2 
depending on i t s  position i n  the word. 
contain character addresses. 
GCI, GCD, WCI and WCH must have the first 8 b i t s  cleared. 

SPS s t r ings are stored three &bi t  characters per 

The second word contains the 

The 

A l l  s t r ing  pointers 
The character pointers used by 

The following SYSpQPs are  independent of the hash table  
mechanism which i s  described l a t e r .  
or indirect ly  addressed (as may most other SYSPOPs) . 

Any of them may be indexed 

14.1 String Pointer b a d  and Store Operations 

LDP ADDR loads the A and B regis ters  with the contents of 
ADDR and ADDRCl. X i s  undisturbed. STP ADDR stores the contents 
of the A and R reg is te rs  i n  locations ADDR and ADDR+l. 

and X are undisturbed. 
A, B, 

14.2 Strina Read and Write OperaLions 

GCI ADDR t r ies  t o  load the A regis ter  with the first character 
of the s t r ing  addressed by the pointer pair i n  ADDR and ADDR+l. 

If the s t r ing  i s  n u l l  or empty ( i . e . ,  i f  the contents of ADDR 

i s  greater than or  equal t o  the contents of ADDR+l), then 
nothing is done and the next instruction i n  sequence i s  executed. 
If the s t r ing  i s  not null ,  i t s  first character i s  loaded into A 

r ight- just i f ied and the contents of ADDR are incremented by 1, 
so that the s t r ing  pointer now 
f i r s t  character dcQetcd. 
the next instruction i n  sequence is  skipped. 

points t o  the s t r ing  w i t h  the 
The top 16 bits of A are cleared, and 

Unless r i  copy of 
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the  or ig ina l  pointer is saved, the contents of the s t r ing  are 
effect ively destroyed by GCI. For example, the code: 

GCI STRrnG 
BRTJ I1)m 
BRM PRP)CESS 
BRTJ * - 3  

(6uT *. .  
w i l l  c a l l  the subroutine PR$CESS with each character of the 
s t r ing  addressed by STRIXG and go t o  jdUT a f t e r  the last character 
i s  processed. 
commands could have been executed first: 

To save the contents of STRTNG, the following 

LDP STRING 
STP SAVE 
e tc .  

The X regis ter  is not disturbed by GCI. 

destroyed. Timing: 43 cycles. GCD i s  i n  every way sjmilar 
t o  GCI except tha t  the character i s  taken from the enJ of the 
specified s t r ing  and the secand s t r ing  pointer is decremented. 
WCI ADDR writes the character i n  the last 8 b i t s  of A an the 
end of' the s t r ing  addressed by ADDR. The contents of ADDR+l 

are  incrernented by 1. 

The B reg is te r  is 

A and X are not changed. B is destroyed. 
To use a WCI i n  constructing a atring, it i s  necessary t o  

start with a nuLl s t r ing .  
a buffer called LINE and defined by 

Suppose the s t r i n g  i s  t o  be put i n t o  

LINE BSS 20 

The instructions 
XlDA ZLINJ!: 
MUJ; =3 
LSH 23 
STA m 
s3TA PTR+l 

will mctke PI3 a pointer t o  a nu l l  s t r ing  beginning (and ending) 
with the f i rs t  charctcter (not the 0th) i n  LINE. 
the 0th chaxacter a STJB=1 could be inserted a f t e r  the LSH. 

can mw be f i l l ed ,  say f m m  the teletype by 

To start with 

LINE: 

c I0 = o  
WCX PTR 
J3n'lJ ")c ~ 2 

WCD i s  the a w e  except L l i r z t  It writes the character on thc f r o n t  
of the sLring and decrements the f i r a t  pointer. 
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WCH takes a character in A and a table address i n  the operand 

f i e ld .  The table compri.ses three words: 
ZRO CLB 
ZRO CUB 
OP ADDR 

WCH t r i e s  t o  write a character into the area defined by the 
character addresses CLB, CUB. 

write the character i n  A into character position CLB+l and 
increment CLB. 
control is  transferred t o  the th i rd  word of the table  wi th  A and 
X undisturbed and the address of the offending WCH i n  B. 

can be an error  t r ap  or an ex i t  t o  a routine which al locates  
more memory, by garbage collection or otherwise, for  f i r t h e r  WCH's. 

Provided that  CUBXLB, WCH w i l l  

If CLBCUB the character i s  not writ ten and - 
This 

14.3 Strina Compare Operations 

SKSE ADDR skips i f  the s t r ing  addressed by the pointer i n  
AB is ident ica l  with the s t r ing  addressed by ADDR. If the s t r ings 
are  of different  lengths or have different  contents, SKSE does 
not skip. This instruction is essent ia l ly  ident ical  t o  SKE, 

except that it ac t s  on stringr, ra ther  than numbers. A, B, X 

are  not disturbed by SKSE. 
SKSG ADDR skips i f  the contents of the s t r ing  addressed by 

AB is  greater than the contents of the s t r ing  addressed by AnDR 
and ADDR+l. Comparison l.8 made character by character, and 
terminates w i t h  the first unequal characters; the numerical, 
in te rna l  code representation of characters is  used t o  determine 
inequality, If" the s t r ings are equal fo r  the en t i re  length of 
the shorter one, the longer one i s  indicated as the greater.  A, 

B and X are not disturbed by SKSG. 

14.4 String Input/Output 

BRS 33 accepts a s t r ing  pointer address i n  A, a f i l e  
number i n  X and a "terminal character" i n  B. It col lects  
characters from the filc and appends them t o  the s t r ing  u n t i l  
the terminal character i s  seen; t h i s  i s  not added t o  the s t r ing.  
It then returns the updated s t r ing  pointer i n  AH; t he  s t r ing  



pointer i n  core i s  a lso updated. 
the s t r ing  i s  taken as nu l l  with the second pointer equal t o  the 
first . 

LllRS 34 accepts a f i l e  number i n  X, a word - address i n  A and 

If b i t  0 of A is set on entry 

a count i n  B. 
the first character of the specified word. 
characters a re  outpiiC u n t i l  / i s  encountered and the character 
$ is  interpreted as  carriage return, l i ne  feed. 

l3RS 5 accepts a f i l e  number i n  X and a s t r ing  pointer i n  
AB, It outputs the s t r ing  t o  the f i l e .  

It outputs B consecutive characters s ta r t ing  with 

If B=-1 on entry 

14.5 u Hash Table Lookup Instructions 

The hash table  is  a structure for  minimizing the e f fo r t  
rform cer ta in  scan-and-compare operations when the 

operands are s t r ings ,  
A hash table is a contiguous se t  of 3-word "au@pliented s t r ing  

pointers. The addresses of the first and last-plus-one locations 
of the ha8h table  we sha l l  denote by Ifll, EHT respectively. 
augmented s t r ing  pointer occupies three consecutive locations 
o f  the hash table. 
location$ hold the actual  s t r ing  pointer; b i t a  0 t o  7 of these 
two words, as w e l l  as the en t i re  th i rd  word (the so-called s t r ing  
"value") may hold a rb i t ra ry  information. 
b i t s  0 t o  7 of the s t r ing  pointer words must be zero i f  used with 

GCI or  WCI. 

they are  'BRS 5 ,  BBS 6, BRS 37. 
s t r ings  into the table .  
the hash table  for a s t r ing  t o  match a given s t r ing.  

an i n i t i a l l y  empty hash table, the hash table area I must be cleared 
t o  zeros. 

Each 

Bits 8 t o  23 of each of the first two 

Note, however, that 

There are threc BRBs t o  perform operations on a hash table:  

BRS 5 and BRS 37 each perform a scan of 

Before using BRS 5 and DRS 6 t o  inser t  s t r ing  pointers into 

BRS 6 is  used t o  introduce new 

ER9 5 t&ea a sOrirtg pointer i n  A, B, a tal11.e address i n  X .  
The table  compr4aes 7 w o ~ " l ~ 9 :  

ZRO HT 
ZRO E'HT 
ZRO 0 



The first two define the hash table bounds, the third i s  used 
for  communication with BRS 6. 

BRS 5 searches the hash table Tor a s t r ing t o  wtch the 
given one. 
table s t r ing  pointer (the s t r ing  "index")--and i n  A the s t r ing  
"value"; it skips on return. 
BRS 5 returns wilth A, B unchanged and the address of the next 
f ree  table entry i n  word 3 of' the table ( th i s  will be -1 if  the 
table iro full). 

BRS 6 takes a s t r ing pointer i n  A, B and a table address 
i n  X. This operation inser ts  the 
s t r ing  pointer into the hash table a t  the point determined by 

the last BRS 5 which fa i led  (i .e. , a t  the location specified by 

the th i rd  word of the table) .  
i l l e g a l  instruction trap. IBS 6 is intended for  use only in  
inserting into the haah table a atring pointer for  which BRS 5 
failed t o  f ind a match and should not be used except after a 
f a i l i ng  BRS 3 ,  Fwrthcmore, s t r ing g o b t e r a  ahould not be 
placed i n  the hash table except with BRS 6 (otherwise the seaming 
algorithm wed i n  PJtS 9 w i l l  not work). Note tha t  BRS 6 does not 
physically move the  characters t o  which (AB) points. 

of the new hash table entry and i n  A, the "value" Word of the 
entry; X i s  not disturbed. To delete a hash table entry, put 
-1 (not - 0) i n  the first word. 

BRS 37 takes a dual f i l e  number i n  A, a s t r ing  pointer 
addrese in B and, i n  X, the address of two words containing 
table bounde HT, EHT. A dual f i l e  number i s  a single word 
holding an output f i l e  number i n  the first 12 b i t8  and an input 
f i le  number Sn the second. If the output f i l e  number is zero, 
the user'b teletype w i l l  be used. The table has the sane form 
as a hash table, but the s t r ing pointers may be put into it i n  
arbltrery ordar; it irs 

The behavior of BRS 37 depends on the cmnmarid recognition 
mode currently se t  i n  the exec (robe R-22, Section 5.5). 

If successfU it returns i n  B the address of the hash 

If the search is  unsuccessful, 

X Ps not disturbed. 

The table i s  as for BRS 5. 

If t h i s  word i r s  -1, there is an 

On exi t ,  BRS 6 return8 i n  B the address of t h e  first word 

necessary t o  use BR9 5 and Eats 6, 

If the 

i 
I 

. I  
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mode is  BEGINNER, the hash table  i s  scanned fo r  a s t r ing  t o  
match exactly the given one. 
s t r ing  matches the i n i t i a l  par t  of some hash table string, 
chartacterrs from the input f i l e  are appended t o  it u n t i l  e i ther  
an exact match is obtained a match becomes impossible. The 
e x i t  is  described below. 

If none is  found but the given 

If the mode i s  NOVICE, the hash table is  scanned for  a 
s t r ing  t o  match the given one. 
string matches the i n i t i a l  part of some hash table  string, 
character8 f r o m  the input f i l e  are appended u n t i l  the s t r ing  i s  
long enough either t o  determine a unique hash table  string, with 

a matching I n i t i a l  part, or  for  no match to be pcm!ible. 
the former case, i f  the hash table  s t r ing  now contains three OT 
l e s s  asq&m.nmatched characters, more characters &re taken frap 
Input u n t i l  an exact match i e  obtained or no match is possible; 
i f  the hash table  s t r ing  contains four or  more as-yet-unmatched 

If none is  found but the gimn 

In 

characters these um%ched characters are sent t o  the output 
file. If the input f i l e  is the teletype, BRS 37 waits u n t i l  
a11 the characters have been output, and the input f i l e  buffer 
i s  cleared before ex i t .  

If the made is  EXPERT the hash table  i s  scanned for a s t r ing  
t o  match the given one. If none I s  found but the given s t r ing  
matches the i n i t i a l  part of some hash table string, characters 
from the input f i l e  are appended u n t i l  the s t r ing  is  long enough 
I___ either t o  determine a unique hash table string, with a. matching 
i n i t i a l  past, f a r  no match t o  be posrsible. 
the remaining characters of the hash table string are sent t o  
the output f i l e .  

In the former case 

Exits (&re as folbws: 
The no-match condition causes a no-skip ex i t  with a s t r ing  

pointer in  AB t o  the s t r ing  so far collected; X is undisturbed. 
If R match is found there is a skip ex i t  w i t h  the  address of the 
matching t a b h  entry Sn A and the s t r ing  value i n  B, X is undisturbed. 

The f~Uow3,ng subxointino i l l u s t r a t e s  a use o r  the hash 
tabla  Pecll i ty.  
t o  WCH s t r ing  atorage unC:l.l R carriage re turn  is t:ncountered; 

A rrtrlng $8 ingut from the telcht,ype. and appanded 
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0 it i s  assumed that s t r i n g  storage does no% overflow in the process. 
The hash table i s  then searched for the string; if' it i s  not 
almadythere i L  5.8 ineerted. In any case, an exi t  i s  made with 
the value of the string in A and the address of the string 
pointer i n  B. 
BRS 5 ,  6.  

On entry X contains the address of the table f o r  
CTL is the address of a table for WCH. 

INPUT ZRO 
UDA 
S!L!A 

LOOP TCI 
SKE 
BRU 
LnA 
LDB 
BRS 
BRS 
SBRR 

m m  WCH 
RRU 

INPL 
CTL 
TEMP 
CHAR 
=L55B 
WRm 
TEMP 
CTL 
5 
6 
INPUT 
CTL 
LOOP 

remember beginning; of' string 

terminator? 

Ye a 
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15 .O Floating m i n t  Irrstrmctions 

This section describes the fkoating point operations which 
are available i n  the eyatem. SYSPOPs are provided t o  do floating 
addition, subtraction, multiplication md division and t o  convert 
under f o m t  control between the internal f loating point  repre- 
sentation ansX an external representation as a s t r i n g  of digits,  
decimal points and E (for exponent). BRS's exiat  which perform 
inputroutput and conversion automaticaUy without involving the 

user WEth the externel, s t r ing representation. All these operations 
preserve the X register,  except input routines which return the 
terminal character i n  X. Most destroy AB by leaving a reerult 
there. 

15 .l Float- R i n t  Regre sentiat ion 

A fWathg pojlnt number is  held intsrnaQ as two 24-bit 
machine words. The format is 

'kr0 rrClPLkr 58 aLmr& IIOmliZed: i .e . ,  the WSt Ui&nif%C&nt 
b i t  of the mentima dfffers  from the sign b i t .  A11 floating 
point operatiom dxpeoe n o m l l & e d  operands and produce normalized 
results. Both mantisea and exponent &re treated as tw0,cornplsment 
numbers. The two word,# of the floating point number appem i n  
the A 3  reg2isi;er or i n  memory i n  the order indicated. 

etrine; of cluwracterr. 

The bsa&#fr tyn8icate optional constituents. A t  haat om d ig i t  
muat smgaw, Rubsddcld blrnks are  not allowed. The E indicates 
th&% tb p c @ d $ a g  number is t o  be multiplied by %he power of 
10 Opacifficrd &sr the E. Xtn @mesa1 a floating point number 
being inmt m y  trrbce my fom which matches the template above. 
On output the form produced w i i l l  be: determined by the  format apecifled. 

A fkmtlng point m b e r  is represented externally as a 

t?1 [BWhg of dig i t s ]  [. [s t r ing of' d ig i t s ]  1 [E[*]#tring I of digi ts]  
This st r ing has the PoZhwing form: 

1 

I 

i 
1 



15.2 Floating Point Arithmetic 

There Q~TB faur 8YSPOPe t o  perform f loa t ing  point a p i t h e t i c .  
Each of these takes one operand from AB and the other f i a m  M axla 

M+lw'here M i s  tho e f f e c t i v e  &&eaa of the fnstruct5on. The 
resu l t  i s  left in AB In normalized fom. If i t s  magnitude I s  

greater them 5.7896044EY16, the overflow indicator wlU be 
turned on wad this v a h e  w i n  be returned. The! overflow indicator 
i e  not cleared by any of these lnrtrualtions. 
floating point POP# behave exactly 1- the integer machine 
inBtmctione: & rasqusnce of' agsrationa can be perfomad before 
the overflow b i t  i r  tealed. !Fhe b i t  w i l l  be on if any operation 
cauued tan overflow, If the mesult i s  less than 0.803616E-77, it 
Will bb: aet t o  0. 

In  th i s  rerpect the 

No indication wlU. 'be given. 
The four operations cure: 

FAD Floating Rad 
FSB Floating subtract 
FMP Floating multiply 
FDV Floating divide 

An attemp% t o  divide by 0 will produce an overflow, 

wordn. 
Two SYWOPB are provided for lathding and storing double 

The words involved need not be floating: point numbers, 
Of OQUT6(3* 

l;oad Minter :  
Store gointer: 

LbP M guts the con2;ente of M and Mtl into AB. 

STP M puts the content8 o f  AB into M and M + l .  
Three 38X38'a provide f ~ r  wz&py operatione invoZving floating 
piat nmbers. 

Flostirre; negate: BRS 21 returns i n  AR the negative of the 
floating point rrrlxnber supplied i n  AB. 

Pix: BRS 70 converts Into a doubb precision fixed point 
number. The Intqger part appewe In A. 
The f'mction gart a p p a r ~ ,  l e f t  just i f ied,  
i n  B. E the integer is too large, the 
mort wignificant bits will be Lost. 
integer pmt is the next srmrller integer. 

The 

I. e . , Tp(*l. 2)=-2. 

FloraQ;. BRS 51 converts the integer in A to a normalized 
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c.; 15.3 Input/Output Formatre and Conventions 

Every f / O  operation allows the user t o  specify a famnat i n  
the X regiater .  
convention@, and are  epecified a8 follows: 

Formart specifications me based on Fortran 

B i t  of X Field Ntuae Significaullce 

0-2 T Fomlat types: 
1 integer. 
2 E format with the number r igh t  

jus t i f ied  within the specified f i e ld .  
3 F format with the nwnbor right 

jus t i f i ed  within the apecified f i e ld .  
4 E f a m t  with the number lef't 

j u s t i f i ed  within the specified field. 
5 F fomwt with the number hf't 

justif5ed within the 8pecifled field.  

3-8 

9- 14 

13 

D 

W Total field width 

Number of digit8 folJ..owl.ng the decimal 
point. 

If the field width i a  0, the 1/0 w i l l  
be done i n  f ree  format. 

0 Overf&w act ion. 
J.6-23 N 1/0 file rmmbPtr. 0 alwaya rcfore t o  

the teletype. 
t h i s  field. 

JSC and SIC Ignore 

Examples : 
F6.3 
El7 *9 
15 

On input only the W snd 1vI f i e lds  me erignificant. Note that 
Leading exactly W characters w i l l  be read on input (unless W . 0 ) .  

blank8 axrtZ any t r a i l i n g  characters are ignored. 
inpU0 w i U  accept a8 mny aharacters as it can i n  constructing a 
number which f i t 8  the external representation described Bbove. 

Tlzs input operations always return a f loat ing point resu l t .  
!bey 6klp unl@e& overflow OCCWB, i n  which ~ & 8 e  they return the 
largeat gassible ntmrbar and do not skip. Any nmber of d ig i t s  
m y  be gravidad: 
be the one6 used. 

On ouLJaut the W field rshould be mda l u g e  enough t o  
atccomno&kLf;e sign, dec%mLL point, E, si 
( i f  the formcllc L ' p  requires any of these elements) as well as 

Free f o m t  

the f i r a t  11 d ig i t s  after any leading zeros will 
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the  d ig i t s  of the nunber i t s e l f .  
condition8 below. 
nega2;ive. 

f 'omt ,  or (2) F format with 0 in the D field. 
requires %hat the number i n  the A reg is te r  be i n  integer form; 
the h t t e r  expects a f loat ing point number i n  AB, 

If the magnitude of the number i s  between U O  and Ug, ten d i g i t s  
a re  output with the decimal point pruperly placed. 
exponential format is used; i n  particular,  the f'omat EE.9. For 
example, the fo21owing numbers m i g h t  be generated by the f ree  

See the discussion of error  
The sign is  printed only i f  the number is  

There are kwo my8 to output an integer: (1) integer 

The former 

Free format outgut generrates between 1l and 16 characters. 

Otherwise, 

f o m t  output. 
5 379tjo5400 - 147 362.5 967 5 .7896owC62~1~76 

15.4 Input/Output Operations 

Two SYSPOPs are  available t o  convert between the internal  
binary representation of 
external decimal representation as a s t r ing  of characters. The 
string inr stored and addressed according t o  the standard system 
conventions. 
String t o  internal  conversion (SIC): 

the s t r ing  pointer addressed by the POP under control of the 

format i n  X. 
returned i n  AB. Zl?e first character a f t e r  %he number i s  returned 
in  X i f  f ree  format was specified. / 

Internal  to str.i.ng conversion (ISC): 

according t o  the format i n  X and the resu1t:Lng external represen- 
ta t ion  is writ ten onto the end of the  s t r ing  addressed by the POP. 
The s t r ing  pointm is updated. 

f loat ing point number and i t s  

Characterg are read from 

The internal  representation of the number i s  

The number in  AB is converted 

Two BRS's are ava ihb le  t o  do input/ou!;put and conversion 
at  the same timc: 

Floating input: BRS ?2. Input; t&es plnce according t o  the 
fo.mat word. i n  X. 
t o  that of SIC. 

l'he operatian o f  t h i s  TWS is ident ica l  

i - 



15 -5 
FLoating output: BR3 53. Output takes place accop.ding t o  the 

I h e  operation of this BfiS i s  ident ical  t o  format word i n  X. 
that of ISC. 

G.5 Output Error CCJnditiOnS 

There are four possible error  conditions. When one of these 
conditians occu11's the following action i s  taken: 

a)  Interrupt 5 is  generated 
b) An error code is  put into location 200B 

c)  Tine indicated corrective action i s  taken and execution 
continueer. - Code Cclndition Action 11---.11 

1 T f i e l d  is not 1,2,3,4 or 5 
2 Expment field, is too small Discard characters from the 

3 Integer exceeds 8388607 Use 8388607 

4 Field for F-conversion Dirroaurd characters f'rom the 

Xf e i ther  of er ror  types 2 or  4 occurs and b i t  0 i n  tho format 

Assume 2(E format) 

l e f t  or  Lake overflow actton. 

i n  magnitude 

too smolll l e f t  or take overflow action. 

word i l s l  set,then the output f i e l d  w i l l  be f i l l e d  with * ' 8 *  
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E4[pT 

SSCH 

ssn 
DCLR 

IOH 

FKST 
WAN 
C I B  
CET 

SKI 
DOB 
EXGCIFN 

EYCGOFIV 

UABORT 
EXSIFN 
msom 
C B I U  
FBul 
IlNm 
LNKC 
MSGS 

smom 
ASTT 

RSTT 

CPB 

2 

3 
4 
5 
6 
7 

a 
9 
10 

11 
12 

13  
14 

15 
16 
17 
18 
19 
2Q 
21 

23 
24 
@ 
26 
27 
28 
29 

FUNCTION 

Open f i l e  9-4, 9-8 
Close f i l e  9-4 

Release memory 
SPS search 
SPS inser t  
Releaae a l l  space acquired 
via BRS 126 
Close all files 
Open fork 
Programmed panic 
Clew input buffer 
Declare echo table 
Skip i f  input buffer empty 
Wait for  output buffer empty 
Symbolic input f i l e  name 
Symbolic output file name 
Close a l l  f i les 
Scratch input f i le  

Scratch output file 
Close f i l e  
F1oat;ing negate 
Link TTY 

Unlink 
Set AM and A 1  bits 
Skip if  rubout waiting (exec) 
Attach TTY 
Release TTY 
Clear output buffer 

9-4 
3-1 
3-6 
7-5 
7-2 
7-5 
7-3 
12-96 
12-8 

9-2 
12-12 
12-12 

9-2 
15-2 
7-6 
7-7 
7-4 
3-6 
7-3 
7-3 
7-5 



RMDY 
RDET 
I@ET 
RREAL 
RDRL 
STRL 

Sesb 
mRp)m 
nplur 
amDC 
SR3R 

FFM 
FFLT 

RFPC 
SGDEF 
SGDEL 

MlMBER 

30 
31 
32 
33 
34 
3 
36 
37 
38 

39 
40 
4 1  
42 
43 
44 
4s 
46 
4? 
48 
49 
50 

5 1  
52 
53 
54 
55 
56 
57 
38 
59 
60 
6 1  
62 

- 

1 ,  

FUNCTION 

Read fork 
Wait for  fork 
Terminate fork 
Collect s t r ing  
Output message 
Output atring 
Output number 
Mneral strlag lookup 
Read number 

Read date and time 
Read echo table 
Return from 1/0 subroutine 
Read clock 
Read relabeling 
Set relabellng 
Dismiss on quantum overflow 
Turn rubout o f f  (exec) 
Turn rubout on (exec) 
Set fd control word 
Read interrupts armed 
Fix 
Float 
F o m t t e d  floating input 
Formatted floating output 

Make or release resident block 
Make block executive 
Guarantee 16rns computing 
Define secondary memory 
Read 
Read f i l e  directory entry 
Define! apecia1 group 
Delete special group 

A-2 

3- 3 
3-3 
3- 3 
14- 3 
14-4 
14-4 
13-1 
r4-5 
13-1. 

6- 1 
7-2 
11- 2 
6- 1 

5-2 

5-2 
2- 3 
3-6 
3-6 
12-u. 
4-2 
15-2 
u-2 

15d4 
15 -5 

5 -4 
2- 3 
20- 2 

12-ll 
12-4 
12-9 



EXSFDL 
DFDL 

EBSM 
GB8M 

s m c  
mMs 

*EPPAN 

SAIR 
SIIR 
MBpi(0 
WEiU 

8ET8P 
CLR8P 
RTEX 

DFR 
EXRTIM 
ECCOPY 
ECSAVE 
ECElCAC 
E C D W  
ECRECV 

NUIMBIER 

63 
64 
63 
66 
67 
68 
69 

70 
71 
72 
73 
74 
7T 
76 
77 
78 
79 
80 
01 
82 
83 
84 
@ 
86 
88 
89 
90 

91 
92 
93 
94 
99 
96 

FUNCTION 

Delete named f i l e  

-* Delete dlcratch f i l e  -- 

Delete d r ~ m  f i l e  (contents only) 9-4 

Bter black in SbiT (exec only) 
Qet SMT block to €MT 
(exec only) 

Skip if executive 
mec dismirrsal (exec only) 
ECO- RaSriC 

Amn interrupto 
Caure Intarmpt 
Make block RO 
Dismiss for egcscified time 
SY8 go 

Set special teletype output 
Clear special teletype output 
Read execution time 

Declare fork for rubout 
Time to string 
CqPY 

Save 

Place 

J--P 
Recover 

3-3 
5-3 

6-1 
2-9 
3-4 

4-1 
4-1 
5-3 
6-1 

7-7 
7-7 
6-1 

3-5 
13-1 
12- 14 
U-U 
12- 17 



NAME - 
ECFNDU 

al#$ 

EXC" 
EXCUNH 

FKWA 
FKRA 
FKTA 
DMS 
RDU 
R R W T  
TSOFF 

M!FDI 
CKDOPN 
RURL 
SURL 

TaET 
TREL 
A€M!l!E 
DpMTBl 

M E ? ?  
RTUN 
RDRM 
WaKH 

WET 
DREL 

FWCTXON 

Find user 

A-4 

13-2 

Read subsystem relabeling 13-3 

Convert m e  t o  user number 13- 2 
Convert user number t o  name 13- 2 

Wait for  any fork t o  terminate 3-3 
Beard all fork statusee 3-3 
Terminate a l l  forks 3- 3 
Diemiss 5-1 
Read device and uni t  9-5 
Return from exec BRS (exec only) 6-2 
Turn off teletype s ta t ion 7-4 
(exec 0nJ.y) 

Disconnect W-buffer (exec only) 9-6 
Skip if no drum f i l e s  open 
Read. user relabeling 5-3 
Set user relabeling 5-3 
Reserve tape uni t  (exec ow) 9-6 
Releaee tape unit  (exec only) 9-6 
Asroign BIT entry (exec only) 5-3 
Release 8peclfied EWE entry 5-3 
Simulate memory panic (exec 0nly)6-2 
Net& teletype and user number 
Read 2K block 10- 3 
Write 2K block 10- 3 
Aseign 2K page 10- 3 
RcsLease 2K page 10- 3 

13-2 
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NAME - 
RDB4 
m 
FTW 

SKUEX 

W I R  
NTOS 
MFLSH 
RSCP 
SSCP 
RDSS 
STST 

132 

FUNCTION 

Read drum assignment 
Position tape to  read f i l e  
Position tape t o  write f i l e  
(exec only) 

12- 17 
12- 17 

Skip if caller executive 

Wait for input request 7-5 
Suppress or allow output 7-7 

Read status of' caller 6-2 
Force drum/core corresgondence 5-5 

Set status of caller 6- 2 

Read statu8 9- 3 
Set status 9- 1 
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SYSzlEM PROGRAMMED OPERATORS 

BIO 

TCO 
TCI 
BRS 
CTRL 
SRRR 

SBlRM 

STP 
U)P 
GCI 
WCH 

SKSE 

SKSG 

c I0 

WIO c- WCI 

FAD 
FSB 
FMP 
l?DV 

KXS 

#ST 
I S T  

SAS 
U S  

aJId 
DWI 
DBO 

DBI 
ISC 

('- ) 
I.' S I C  

Block inpUt-OUtpUt 
Teletype character output 
Teletype character input 
Branch t o  system 
&put-output control 
System branch and return 
System subroutine c a l l  
Store pointer 
Load pointer 
Get character and increment 
Write character 
Skip on s t r ing equal 
8kip on s t r ing  greater 
Character input-output 
Word Input-output 
Write character and increment 
Floating add 

Floating subtract 
Floating multiply 
Floating divide 
Execute instruction i n  system 
mode 
Output t o  specified teletype 
Input *om specified teletype 
Store i n  secondary memory 
Load from secondary memory 
Drum word output 
Drum word input 
Drum block output 
D m  block input 
Internal t o  s t r ing  conversion 
(floating output ) 
St r ing  t o  irrternal converklion 
(floating input ) 

9- 3 
7-2 
7- 2 

Appendix 1 

9-4, 9-6 

14-1 
14-1 
14-1 
14- 3 
14- 3 
14- 3 
9- 2 

9- 3 
14- 2 
$5-2 

u-2 
39-2 

v-2 
6- 2 

7-4 
7-4 
10- 3 
10- 3 
10-1 
10- 1 
10-2 

10- 2 

39 -4 

v-4 



GCD 

STI 

WCD 

STO 

BPT 

Get character and decrement 

B- 2 

14-2 
Simulate teletype input 7- 7 

Steal  teletype output 7-7 
Write character and decrement 14-2 

Breakpoint (BIIS 10) 


