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1.0 Introductory

The Berkeley Time-Sharing System is divided into three major 
parts; The monitor, the executive, and the subsj’stems. Only 
the first two of these are discussed in detail in this manual.
The manual attempts to describe exhaustively all the features 
of the monitor and in addition to give a number of implementation 
details. It also describes those features of the executive which 
can be invoked by a program.

We use the word monitor to refer to fnat portion of the system 
which is concerned with scheduling, input-output, interrupt 
processing, memory allocation and swapping, and the control of 
active programs. The executive, on the other hand, is concerned 
with the control of the directory of symbolic file names and 
backup storage for these files, and various miscellaneous matters. 
Other parts of the executive handle the cooBDand language by 
which the user controls the system from his teletype, the 
identification of ueers and specification of the limits of 
their access to the system. These subjects are discussed in 
the executive reference manual. Document B-22.

The next ten sections of this manual discuss various features 
of the monitor. The remaining sections deal with the executive.
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2.0 The Scheduler ^

The primary entities with which the time-sharing system is concerned are 

called active programs. Each active program is an abstract object capable of 

executing machine instructions. At least one active program is associated with 

each active user, but a user may have many programs, each computing independently 

under his control.

An active program is defined by its entry in the program active table (PAC table 

or pact). This table contains aQl of the information required to specify the 

instantaneous state of the extended computer which the user is programming, 

except for that contained in the user's memory or in the system's permanent 

tables. The structure of a PACT entry is displayed on the following page, 

together with brief notes about the significance of the various items. These 

matters will be explained in more detail in the following few sections. It will 

be observed that PACT contains locations for saving the program counter and the 

contents of the active A, B and X registers. It also contains two pseudo­

relabeling registers for the user. A third one, which specifies the monitor map, 

is kept in the job tables. The matter of pseudo-relabeling is discussed in detail" 

in section 5- There is a word called rTEST which determines the conditions under 

which the program should be reactivated if it is not currently running. The 

panic table address in PTAB and the three pointers called FFORK, FDOWN and PPAE 

are discussed in section 3 on forks.

The word called FTAB contains in bits 2 through 8 the number of the Job to 

which this program belongs. The top of PQU contains Information about the 

amount of time for which the program is allowed to compute before it is dismissed. 

Seven bits of QR count the number of clock cycles remaining before the program is 

dismissed, and three bits of QOTAB i>oint to a table which specifies the length 

of time which the program should be allowed to run when it is activated. All 

times in the discussion are measured in periods of the 60-cycle computer clock.
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A program is allowed to run for a fixed period of time, after 
vdiich it is dismissed if any other programs are i«ady to run. This 
time is called a long quantum. It may be different for different 
programs. In fe«:t, the size of the long quantum is determined by 
‘-.he entry in QTAB which is pointed to by the program’s QlfTAB In KACT.

When a program is activated, it is first allowed to run for a 
short quantum. During this time it caimot be dismissed except by its 
own request. The length of the short quantum is tentatively going 
to be the same for all users. It is put into a word csdled TIME; 
the long quantum is also put into a word called TTIME at this time.
Both are decremented at every clock cycle.

When TIME goes negative, a word called ACTR is checked to 
determine whether any program which is dismissed for I/O can be 
run. If not, the program is allowed to continue. At each subsequent 
clock cycle the program may be dismissed if any programs dismissed 
for I/O are ready to run. It may also be dismissed when the long 
quantum is exhausted if any other programs are waiting to run. In 
either ceise it is said to be dismissed for quantum overflow. If 
ACTO indicates that another program dismissed for I/O is ready to 
run at the end of the short quantum, the program is also dismissed 
for quantum overflow.

In order to allow an efficient Implementation of this scheme,
ACTR is incremented by every interrupt routine which tekes action 
allowing a program which is waiting for l/O to run. ACTR is set 
to -1 when a program is activated.

When a program is dismissed for I/O, TTIME is put into QR.
When the program is reactivated, TTIME is set from QR. TIME is reset 
to the full short quantum. That is, the long quantum is allowed to 
run down while a program computes, regardless of whether it has to 
wait for I/O between computations. On the other hand, a program is 
always given a full short quantum. If a program is dismissed for 
quantum overflow, it is given a new long quantum when it is reactivated.

There are two operations available to the user which are 
connected with the quant\im overflow machinery. BRS 45 causes the 
user to be dismissed as though he had overflowed his quantum.
BRS 57 guarantees to the user upon return at least l6 msec of
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uninterrupted computation. This feature is Inplemented by dismissing 
the user if less than 16 msec remain In his quantum.

Ordinarily, the code 'which is being executed at any particular 
instant is that belonging to the program which is currently active.
This situation may be disturbed, however, by the occurrence of 
interrupts from I/O devices. These interrupts cause the computer 
to enter system mode and are processed entirely Independently of the 
cnirrently running program. They ne'ver take direct action to disturb 
the nmning of this program, although they may set up ccmditlons 
in memory which will cause some other program to be activated when 
the presently running one is dismissed. Interrupt routines always 
run in system mode. Other code which may be running which may not 
belong to the program currently active is the code of system 
programmed operators or BRS routines. These routines are not 
re-entrant and therefore should not be dismissed by the clock. To 
ensure that they will not be, the convention is established that 
the clock will not dismiss a program running in system mode. In 
order to guaraiitee that a user program will not monopolize the 
machine by executing a large nimber of SYSPOPs, the user mode trap 
is t\imed on when the clock indicates that a program is to be 
dismissed. The trap will occur and cause dismissal as soon as the 
program returns to user mode.

The PACT word called PTEST contains the activation condition 
for a currently Inactive program. The condition for activation 
is contained in the 6 opcode bits of this word, while the address 
field normally contains the absolute address of a word to be 
tested for the specified condition. This word is usually something 
like TTYBRK for a user's teletype. It is possible, however, for 
the address to contain a time count, in the case where the acti\'^tion 
condition is that a certain amoimt of time should elapse. It is also 
possible for the address to hold a mask indicating which program 
interrupt has occurred. The following activation conditions are possible;

0 Word greater than 0
1 Word less than or equal to 0
2 Word greater than or equal to 0

3 Word less than or equal to teletype early warning
4 Special test. The address points to a special actl'vation 

test routine.
5 Interrupt occurred. The address contains the number of 

the interrupt which occurred.



Special: address

0 dead

1 running

2 ERS 31
3 BRS 106
U executive SS 
5 BRS 109

11 Bit 1 of word is 0 (buffer ready)

12 Word less than zero

An executive program can dismiss itself explicitly by putting a queue 

number (O to 3) in X and a dismissal condition in B and executing BRS 72. The 

address of a dismissal condition must be absolute.

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

is executing instructions, or will be executing instructions after the currently 

pending interrupts have been processed. An active program (i.e. a PACT entry) 

which is not running is said to be dismissed, and is kept track of in one of 

two ways.

1) If it has dismissed itself with BRS 31, 106 or 109 (cf. section 5) it is 

said to be in limbo and is pointed to only by the PFORK, PDOWN, and PPAR of the 

neighboring programs in the fork structure.

2) If it has been dismissed for any other reason. It is on one of the

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

QTI programs dismissed for teletype input/output 
QIO programs dismissed for other l/O
QSQ programs dismissed for exceeding their short quanta
QQE programs dismissed for exceeding their quanta.

Programs within the queues are chained together in FWEXT, and FKEXT for the last

program in each queue points to the beginning of the next queue.

Whenever it is time to activate a new program, the old program is put on 

the end of the appropriate queue. The scheduler then begins at QTI and 

scans through the queue structure looking for a program whose activation 

condition is satisfied. When one is found, it is removed from the queue
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structure and turn d over to the swapper to be read in and run. If there 
are no proe;rams which can be acti vated the scheduler simply continues 
scanning t he queue str cture. 

Programs reactivated for varioua reuon1 having to do with torka 
(interrupts, rubouts, panics) are put onto QIO with an immediate 
activation condition. They therefore take priority over &11 program, 
dismissed for quantum overflow. 

There is a permanent entry on the teletype queue tor an entity cal.led 
the phantcn u■er. The activation condition for thil entry ii a type 4 
condition which te1t1 tor tvo po11ibilitie1: 

a) the cell ~ ii non-zero 

b) ten 1econdl have elap1ed ■ ince the lut activation or the phantom user tor thi1 condition.. 

When the phantom u■er is activated by (b), it run■ around the 1yatem checking 
that everything is functioning properly. In particular, it check■ that the 
W-burter haa not been waiting tor an interrupt f'or an unuaual length of time, 
and that &11 teletype output ii pza:eeding normally. Detail.I of thi1 procedure 
are described in 1ection1 9 and 7. 

If the phantom user is activated by (a), it r\Ull down the phantom u■er 
queue looking tor thing■ to do. A phantom u■er queue entry 11 drawn on p~e 
28; it ii e11enti&lly a very abbreviated PAC table entry. Such an entry i■ 
made when the 1y1tem hu 1ome activity which it want■ to carry out more or 
le11 independently of any u■er PAC table entry: teat. for tape ready (on 
rewind) and card reader :ready, and proce11ing of rubout■ (an interrupt routine 
kind or activity, but too tiae-con■uming). The ■econd word of the entry ii the 
activation condition. POC'TR contain■ the number of entries on the phantom 
u■er queue. 

. . • 
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3,9 lorkf lllld, Jobi 

3.1 Creation ot 1'ork1 

A program m13 create new, dependent, entrie1 in the PAC tabla by 
executing BRS 9. Thi• mg take■ i t1 &rg\lllnt 1n the A regi1ter, .which 
contain■ the ad.d.re11 of a panic table, a 7-vord table with the fol.loving 
forme,t: 

Program counter 

A regi■ter 

B regiater 

X regilter 

Fir1t relabeling regiater 

Sec~d relabeling regiater 

Statu1 

The 1tatU1 vord may be: 

-2 di1mi11ed for input-output 

-1 running 

0 diani11ed on rubout or BRS 10 

l diai11ed on illegal in1truction panic 

2 diani11ed on memory panic 

The panic table lddrl!H muat not be the 1ae tor tvo toru ot the 1ame program, 
or overlap a page boundary. If it 11, BRS 9 11 illegal. The tir1t 5 bits or 
the A regi1te• have the following 1igniticance: 

O make fork executive it current progr• ii executive 

l ■et fork relabeling fJo0ll panic table. otbervi■e u1e current relabeling 

2 propagate rubout u1ignaent to tork ( ■ff BRS 90) 

3 make fork fixed naemory. It i1 not &l.lowd to obt~in any more memory than it 11 started with. 

3-1 

. . • 
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4 make fork local memory. Nev memory will be u■igned to it 
independently of the controlling fork. 

When BRS 9 i■ executed, a new entry in the PAC table ii created. Thia 

new progrm ii add to be a~ of the progr• creating it, which 11 called 

the controlling program. The fork i■ ■aid to be !2!!! in the hierarchy of' 

forks than the controlling progr•. The latter may itHlt be a fork of ■cae 

still higher program. The A, B and X regiaterw for the fork are Ht up f'r0II 

the current contents of the panic table. The addre11 at which execution of 

the fork ia to be started ia alao taken from the panic table. The relabeling 

registers are Ht up either from the current content■ of the panic table 

or from the relabeling registers of' the currently running program. An 

executive program may change the relabeling u it pleuea. A uHr progrm 

ia restricted to changing relabeling in the manner permitted by ms 44. The 

1tatu1 word i■ aet to -1 by BRS 9. 

The fork ■tructure i■ kept track of by pointer■ in PACT. For each 

program PFORX points to the controlling fork, PDOWN to one of' the 1ub1idiary 

fork■, and PPAR to a fork on t he same level. All the aublidiary fork• of a 

■ ingle fork are chained in a list. A canplex situation ia shown on the previous 

page. The arrova indicate the various pointers. 

The program executing a BRS 9 continues execution after the instruction. 

The fork e1tabli1hed. by the BRS 9 begin■ execution at the location specified 

in the panic table and continues ~11dependently lD'ltil it i■ terminated by a 

panic u de■cribed below. It i■ connected to it■ controlling progr• in the 

following three way■ : 

1) The controlling progr• may examine it■ ■tate and control ita operation 

with the following aix in1truction1: 

. . 
• 
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e s t he current status of a subsidiary fork into 

t he panic table . It does not influence the operation 

of t he fo kin any way . 

. usP. s the controlling program to be dismissed until 

t' e s s i nry fork causes a panic. ~ 'hen it does, th 

co t rolli , program is reactivated at the instruction 

foll owinr. the BRS 31, and the panic table contains the 

,tatus of the fork on its dismissal . The status i s also 

put .' to X. 

cau es ~ subsidiary fork to be unconditio ally terminated 

nd ·t, status to be read into the panic table. 

.' s ac d es i s n_ t t: at o. l'I. p de tabl e for some L",.:- . 

. S 3 - and °' 1 ;-• r e ~ ,. 1 the ~tntus wol·d :l. n t he X err; ster, M well :,, 

lea.vi , · t . .' n he -pan ic t J. _e. This makes E convenient to do an indexed 

j um wit t e co tentt of t hr. :- "~"- , :.; word. BRS 31 returns the panic table 

add es in A. 

BRS 10 

BRS 107 

BRS lo8 

ca.uses t e controllinr: progrrun to be dismissed until any 

subsidi ry fork causes a panic. When it does, the 

cont oll '.np; program is :reactivated at t he followin 

instructio with th . pani c table address in A, and the 

panic t able contains the status of the fork at its dismissal. 

causes BRS 30 to be executed for all subsidiary forks. 

causes BRS 32 to be executed for all subsidiary forks. 
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2) It interrupt 3 11 armed in the controlling tork, the terminatim 

ot any 1ub1idiary fork wil~ cau■e that interrupt to occur. The interrupt 

take■ precedence over a BRS 31. If the interrupt occur• and control i1 

returned. to a ~S 31 atter proce11ing the interrupt, the fork will be 

di1111i11ed 'lD'ltil the subsidiary fork specitied by the re1tored (A) terminate■. 

3) The tork1 can ■hare memory. The creating fork can, u already 

indicated, ■et the memory of the 1ub1idiary fork when the latter ii ■tarted. 

In addition, there ii 1ome interaction when the 1ub1idiary fork atteapts 

to acquire memory. 

3.2 llaor,: Acquilitian 

It the fork addre11e1 a block of MIIOry which ii not u1igned to it, 

the fol.lowing action ii taken: a check ia made to determine whether the machine 

1ize ■pecitied by the u■er (cf. DoCllNllt R-22) bu been exceedecl. It 10, a 

memory panic (1ee below) i■ generated. If the fork ii fixed memory, a memory 

panic ii allo generated. Otherwi■e a new block ii u1igned to the fork 10 

that the illegal addre11 becane1 legal. For a local 118110ry fork, a new 

block i• alway■ uligned. Otherwi■e, the following algorithm is u■ed. 

The n\lllber, n, of the relabeling byte for the block addre11ed by the 

in1truction causing the memory trap ii determined. A ■can i1 made upward■ 

through the fork 1tructure to (and including) the t'ir1t local memory fork . 

It all the fork• enco\D'ltered during this acan have Rn (the Ith relabeling 

byte) equal to O, a new entry ii created in M tor a new block of u■er 

111110ry. The addre11 of thi1 entry i■ put into Rn for all the fork■ 

encountered during the ■can. 

. 
• 



If a fork with non-zero Rn i■ enco\Ultered, it■ Rn 11 propagated 

downward to all the fork■ between it ant\ the tork cauaing th• trap. It 

any fixed memory fork is encountered betorft a non-zero Rn 11 to\Uld, a 

memory panic occurs. 

This arrangement permits a tork to be started with le11 memory than 

it• controlling fork in order to minimize the 1110\Ult or drum 1Yapping 

required during it■ execution. If the fork later prove■ to require more 

memory, it can be reulip;ned the memory of the controlling tork in a 

natur&l way. It ia, of cour■e, po11ible to u■e thi1 machinery in other 

waya, for inatance to permit the uaer to acquire more than 161t of memory, 

and to run different fork■ with non-overlapping or allloat non-overlapping 

memory. 

3,3 Panic Conditions 

The three kinda of panic condition which 1181 cauae a fork to be 

terminated are li1ted in the deacription of the 1tatu1 word above. When any 

of these condition■ occura, the PACT entry for the fork being terminated is returned 

to the free program list. The 1tatu1 of the fork ii read into it■ panic table 

in the controlling fork. If the fork beinP, terminated hu a aublidiary fork, 

it too ii terminated. Thi■ proceaa will of' courae cauae the termination of 

all the lower forks in the hierarchy. 

The panic which return■ a 1tatu1 word of zero ii called a Pro«r• panic 

and may be cau1ed by either of' tvo condition,: 

A) the rubout button on the controlling teletype 11 puahed. Thia 

tenninate1 some fork with n progr• panic. A tork 1181 6.eclare that it ii 



the one to be tenninated by executing ims 90. In the ab1ence ot 1uch a 

declaration the highest user fork ii tenninated. When a tork 11 te!"llinated 
in th11 way it■ controlling fe;:k become., the one to be terminated. It a u1er 

tork 11 teminated by rubout the teletype input butter 11 cleared. It the 

controlling tork of the one terminated i■ executive, the output butter ii al10 cleared . 
It the fork which should be terminated by rubout hu &r111d interrupt 1, 

thia interrupt will occur instead of a termination. The teletype butter■ will 

not be affected. If there ia only one fork active, control goe■ to the 

location EXECP in the executive. Thia consideration 11 of no concern to the 

user. Executive prop;rflffll can turn the rubout button ott with BRS 46 and turn 

it back on with BRS 47. A rubout occurrine in the meantime will be ■tacked. 

.. .. , 

A second one will be ignored. A pror,ram which i■ running with rubout turned off 

ia said to be !!5?!!-tenninable and cannot be terminated by a higher tork. BRS 26 
skipl it there ia a rubout pending. 

It two rubouta occur within about .12 seconds, the entire fork ■tructure 

will be cleared and the job left executing the top level executive fork. Thia 

device p~nnits a user trapped in a malfunctioning lowr tork to escape. Closely 
spaced rubout• can be conveniently generated with the repeat button on the teletype. 

B) A BRS 10 may be executed in the lowe.r fork. Thi• condition can be 

di1tingui1hed from a panic caused by the rubout button only by the ta.ct that 

in the former cue the pro,,ram co\ll'lter in the panic table point• to a word 

containing BRS 10. 

Aa an exten■ion or thi■ machinery, there i■ one way in which ■everal tork1 

may be terminated at once by a lower fork. Thi■ may be done by BRS 73, which 

provide■ a co\ll'lt in the A regi■ter. A 1can i■ made upward through the fork 

structure, decrementing thi1 count by one ea.ch time a tork i■ passed. When 

the count goes to 0, the ■can ia terminated and all fork■ pu■ed by are 

. . • 
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teftlinate4. If' an executive Pl"OII"• ii reacbecl blton tbe count 

ia o, tben all the u1er Pl"OII"•• below it are tel'llimte4. 

An ••cutive progr• can clear the tork ltl'\ICtuft ot a job 

by pattilll tbe Job maber in A and executing BRS 22. The ettect 

11 u tboup enough rubout■ had occurred to ■end the Job back 
to tbe top-lrlel executive tork. 

Tbe panic which retwu a 1tatu1vorclot111 cauaecl by tbe 

uecuticn ot ID illagal inltruction 1n the tork. Illepl inltruction1 

are ot two kin41: 

1) Machine in1tructiou which are pr1Yilepcl 

2) SYSPOPI which are forbidden to tbe u■er or vbich have been 

proviclecl with unacceptable argmaent1. 

It 1ntel"rupt; 2 ii anaecl IDd the tork ii executive, interrupt 2 vUl 

occur S.Dltead ot ID illegal in1truction panic. 

A 1tatu■ word ot 2 11 returnecl by a 11111C>ry peic. Thi• aay be 

cauNcl by ID attapt to &44re11 ac,re aaory than ii pel'llittecl by 

tbe aacbtne 1ize which the uNr baa ■et, or by an attapt to ■tore 

111to a reld-anly block. It interrupt 2 ii U'Mcl, it will occur 

iutead ot tbe IIIIIOJ'Y panic. 

Ivery CClll)lete f ork 1tructure 11 u1ociatecl with a job, vbic 

i1 tbl ~••ntal entity thought ot u a u■er ot the 1y1t•, frCIII 

tba 111t•' • own point ot view. The j{'b m11ber appear• 1n tbe PAC 
table entry tor every tork in tbe Job'• tork 1tructure. In 1441tion 

there are Nftral table• indexed by job auaber. Tbe1e are 1bovn 
an pap 3B, and indicate more or le11 vbat it 11 that ii specif'icall.y 

UIOCiate4 with each job. 
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4.0 Program Interrupt• 

A facility is provided in the monitor to simulate the exi1tence ot 

hardware interrupt•. There are 20 po11ible interrupt■; to\•~· are re■erved 

for special purpo1e1 and 16 are available to the progrllll8r for general use. 

A fork may arm the interrupts by executing BRS 78 with a 20-bit muk in the 

A register. Thia causes the appropriate bit1 in PD4 to be ■et or cleared 

according to whether the corre1ponding bit in the mask is l or O. Bit 4 

ot A corresponds to interrupt n\lllber 1, etc. No other action 11 taken at 

this time. When an interrupt occurs (in a manner to be de1cribed) the 

execution of on SBRM't to l~cation 200 plus the interrupt number 11 simulated 

in the f'ork which armed the interrupt. Note that the program counter which 

i i stored in the case is the location of' the instruction being executed by 

the fork which is interrupted, not the location in the fork which causes 

the interrupt. The proper return from an interrupt is a BRU to the location 

from which the interrupt occurred. This will do the right thing in all cases 

including intenupts out of input-output instructions. 

A fork may generate an interrupt by executing BRS 79 with the number 

of' the desired interrupt in the A register. This number ID8¥ not be one, two, 

three or four. The effect is that -~he fork structure is ■canned, ■tarting 

with the forks parallel to the one causing the interrupt and proceeding to 

those above it in the hierarchy (i.e., to its ancestors). The fir1t fork 

encountered durinB this scan with the appropriate interrupt muk bit ■et 

is interrupted. Execution of the program in the fork caua ing the interrupt 

continues without disturbance. If no interruptable fork ii found, the 

interrupt instruction is treated as a r«>P; othervi1e, it 1kipa on return. 



Interrupts 1 and 2 are handled in a special we:,. If a fork arms 

interrupt 1, a proeram panic (BRS 10 or rubout button) which would 

normally terminate the fork which has armed interrupt 1, will instead 

4-2 

cause interrupt 1 to occur, that is , will cause the execution of an S~ 

to location 201. This pennits the progr81Tlller to control the 1\Ction taken 

when the rubout but ton is pushed without establishing a fork specifically 

for this purpose. If pushing the rubout button causes an interrupt to 

occur rather than terminating a fork, the input buffer will not be cleared. 

If a memory pani c occurs in a fork which has armed interrupt 2, it 

wi ll cause interrupt 2 to occur rather than terminating the fork. If an 

i llegal instruct ion panic occurs in an executive fork which has armed 

interrupt 2, it will cause interrupt 2 to occur rather than tenninating t he 

f ork. 

Interrupt 3 is caused, if armed, when any subsidiary fork terminates. 

Interrupt 4 is caused, if armed, when any input-output condition occurs 

which sets a flae; bit (end of record, end of file and error conditions can 

do this). 

Whenever any interrupt occurs, the corresponding bit in the interrupt 

mask is cleared and must be reset explicitly if it is desired to keep the 

inte~rupt on. Note that there is no restriction on the number of forks 

which me:, have an interrupt on. 

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

. . 
• 
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5-0 The Swapper and Memory Allocation

Pseudo-relabeling

The 940 hardware allows the user's address Bi>ace to be 
fragmented into eight pages of 2048 words each. This means that 
the monitor must keep track of eight drum addresses for each 
process. This is done by means of eight six-bit pseudo-relabeling 
registers. Each of these registers is an index to a table which 
contains the drum address of the user's page. There are essentially 
two such tables. One, called the shared memory table (9MT),holds 
the drum addresses for all memory which can possibly be shared 
between Jobs. The Exec and most of the subsystems are found in 
SMT, for example. The other table which holds drum addresses 
is called the private memory table (IMT). Ihere is one BfT for 
each Job. IMT holds drum addresses for the Job's private memory 
or else holds a pointer to SMT.

Ihe system decides whether or not a given pseudo-relabeling 
byte is to index IMT or SMT on the basis of an assembly parameter 
called NCMIM (currently around 45). If the byte is zero, there is 
no page assigned. If it is less than NCMQ4, the drum address is 
found in SMT. Otherwise, the pseudo-relabeling byte indexes FMT. 
Thus, IMT can not contain more than 64-NCMIN entries. This limits 
the size of memory for any Job. SMT, however, is not limited in 
size. The format of IMT entries is found in Figure 5A. An SMT 
entry is exactly the same as a private entry in IMT. The swapper 
also uses these tables to keep track of the state of drum pages.

The relationships between pseudo-relabeling registers, IMT, 
or SMT is shotm in Figure 5B.

When it is necessary to activate a user, his pseudo-relabeling 
registers are used to read out the proper bytes from IMT and 
construct a list of blocks which need to be read in from the drum. 
When this list has been constructed, the current state of core 
is examined to determine whether any blocks need to be written 
out to make room for these which must be read in. If so, a list 
of blocks to be written out is constructed. The drum command 
list is then set up with the appropriate commands to write out 
and read in the necessary blocks. In the course of optimizing



(a) Unuaed 

io4IRo 116 _ SM!' entry nuaber 

(b) Shared 

dr\lll location 

(c) Private 

DM • on drum 

EX• executive 

RO • read only 

Po11ible Format• tor M Entriea 

5A 
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the drum ccmund1, the snpper may ■kip a 1ector. It thi1 11 

the cue, it ■earche1 through RMT and vrite1 out a dirty page 

in that 1ector. The 1cheduler then I illpl.y hangl up unt 11 tbe 

snpping 11 complete. In the ■can which Nt■ up tbe drum read 

ca.and,, the 1vapper collect• tr011 ·!MT or 9t'l' tbe actual ab1olute 

llilllory addre11e1 of the page called tor by the p1eudo-relabeling 

and con1truct1 a set ot real relabeling regi1ter1 which it put• 

in two fixed locations in the monitor. It then output■ theae 

relabeling regi1ter1 to the hardware and activate• tbe prograa. 

There are two BRS'1 which permit the u■er to read and. write 

hia paeudo-relabeling. BRS 43 reads the current p■eudo-relabeling 

regi1ter1 into A and B. BRS 44 takes the content• ot A and. B 

Uld put■ them into the current p1eudo-relabeling regi1ter1. An 

executive program may aet the relabeling regi1ter1 in arbitrary 

fa■hion by u1ing thi1 in1truction. A u1er program, however, may 

add or delete only block• which do not have the executive bit 

■et 1n IMT. This prevent• the uaer from gaining acce11 to 

executive blockl who1e de1truction may cau■e daage to the 1y■tem. 

lote that the u1er is doubly re1tricted 1n hi■ acce11 to real 

1111110ry, firstly becau■e he can only acce11 real -ory which 11 

pointed to by hi■ pseudo-relabeling, and 1econdl.y becau■e be ia 

only al.lowed to adjust tho■e portion■ of hi■ p1eudo-relabel1Dg 

which are not executive type. 

The u■er· can allo ■et the relabeling ot a tork when he 

create■ it. See Secti,,n 3, The s111e re■triction■ on 11111ipulation 

ot executive blockl of cour■e apply. 

The 111t• aaintaina a pair ot relabeling regi1ter1 which 

the executive . and various 1ub1yateu think of u the u■er'• 

prograa relabeling. For the convenience ot ■ubly■t-■, ~ 

progrua can read theae regi1ter1 with BRS U6 and ■et th• with 

ES ll7, 

The 1111110ry allocation algoritba 11 de1cribed on page 3-2. 
A u■er can releue a block which 11 in hi• current relabeling 

by putting any addre11 in that block into A and executing BRS 4. 

The !MT entry tor the block i1 removed and in any other fork 

which bu thi1 !MT byte in it1 relabeling, the byte 11 cleared 

too. 

• 
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Equivalent to BRS 4 ii BRS 121, which takel a peeudo-relabeling 
byte in A rather than an addre11. An inverae operation ii BRS 120, 
which takes a pseudo-relabeling byte in A, generate• an illegal 
instruction trap it the corre1ponding Rff entry i1 occupied, and 
otherwiae obtaina a new page and put• it in that entry. Thia 
11 an exec-only operation and ii implemented particularly tor the 
Exec 'RECOVER FR<JC FILE' operation. 

A word of M vhoae tir1t two bit• are 01 contain• a pointer 
to the shared memory table, SMT. An entry in arr look• exactly 
like an unused or private entry in l'M'l'. The read-only bit ii not 
u1ed by the swapper, however, 1tnce the read-only 1tatu1 ot the 
J>a«e 11 taken tran the l'M'l' word which point• to it. It reters 
to a block of memory which hu a fixed location on the 4rua and 
may be referred to by more than one progr•. Entrie1 in SMT aay 
t.? !Ude by the exec or by a uaer. 

The exec make• e.n entry 1n SMT by executing BRS 68 with a 
byte maber in A. The block addre181d by the apecitied byte in 
the pseudo-relabeling regi1ter1 i1 put into arr and the pointer 
1n Elft' ot thil byte 11 rf!turned. It bit O ot A 11 aet, the byte 
ii ll&de read-only. By putting an index 1n SMT in A and executing 
BRS 69, a pointer to the 1pecified location 1n arr is put into 
the fir1t tree byte of a u1er'1 !MT and the byte nwaber ii returned 
in A. The read-only bit 1n the M entry 11 propagated to the 
!MT entry thu1 created. To delete an entry in arr, the exec 
may deliver it1 index 1n A and execute BRS 70. 

The user may declare a block read-only by executing BRS 8o 
with the pseudo-relabeling byte number of the block in A and 
with bit O ot A Ht. To make a block read-write, bit O ot A 
1houl4 be clear. Bit O of A will be reaet it the block vu 
tonaerly read-write or aet if it vu tonaerly read-only. It 
the progr• doing thi1 11 not an executive progra, then the 
block mu1t not be an executive block. Only an executive progr• 
can make read-write a read-only !MT entry which point• to SNT, 
tor obviou1 reuona. 
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Tbe drull 11 divided into 84 band1, each containing l.6,000 

word.I arranged 1n 8 bloc kl ot 2lt each. Up to 48 ot theH bmla 

uy be Uled by tbe napper tor prop-• 1torap. A bit table 11 

11&1.Dtained to indicate the availability ot 2lt blockl 1n tbe1e 

band1. Tbe table conai1t1 ot 8 wrda, each containing 24 bit1, 

one tor each band. If a bit i1 zero, it indicate• that tbe block 

11 1n use. If it 11 set, the block 11 available. When th• uaer'• 

M110ry i1 acquired, it i1 written u nearly u po11ible 1n adjacent 

blockl, 10 that it may be read in without undue drua latency 

time. Rotational politiona are cho1en by adding, 110d 8, tbe 

u1er'1 job number to the JMT byte maber ot the new block. 

It should be noted that whenever a u1er 11 activated, all 

ot the me110ry in hi1 current relabeling regi1ter1 11 brought in. 

The uaer doe1, however, have conliderable control over preci1ely 

what memory will be brousbt in, becau1e he can read and Ht hi1 

own relabeluig register•. He may theretore e1tabli1h a tork with 

a miniaal IIIOUDt ot 11111ory 1n order to apeed up tbe napping 

proce11 it this 11 convenient. 

To aake a block executive, execute BRS 56 with the aaae 

argument u tor BRS Bo, make block read-only. Tbi1 in1truction 

11 legal only tor executive type progz-a1. 

Tbe 1yata keeps track ot the 1tate ot real core with two 

table• called tbe real 111e110ry table (RMT) and th6 real memory 

u1e count table (me). AD TIIC eatry 11 -1 it a pap 11 not in 

u1e; othervi1e, it 11 one leas than the nuaber ot reuon1 vby 

it 11 in u1e. Every occurrence ot the pace in the relabeling 

ot a proce11 which 11 running or about to be run count• u 1Uch 

a reuon. In addition, other part• ot the ayatem can incrnent 

an BMC wrd to lock a block in core. Ro block with non-negative 

Ill: will be u1ed by the napper. 

The tonat ot an RMT entry (one per real pap) 11 

0 I 
R 
T 
y 

R W 
I I 
p p 

0 
23 

addre11 ot Mor 94T 
entry reaponaible 

RIP - drum read in progre11 
DIRTY • Pale hu been moditied WIP - dra write in progre11 

. 
• 
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There ia one more table indexed by real llla()ry, called the real 11e110ry aging table. Whenever the napper ia entered, every word in thil table ia lhitted right one bit. All blocu Which ahov up in the real relabeling CClllpUted trca the p■ewlo-relabeling with which the napper vu entered then have bit l turned on. The blocu with loweat ItlA are aelected tor napping out; ot courae their me entrie■ muat be negative. 

The napper alao containa a device .,.lled the aillulated aaaociative memory or SAM, which contain■ paeudo-relabeling and real relabeling tor the moat recent}¥ uaed •Pl• It 1erve1 to reduce the amount ot time needed tor up-changing vben no napping ii taking place. It ii cleared Whenever a drum read talte1 place, aince thil chanpa the content, ot real -ory and potentially invalidatea all real relabeling regiatera. SAM ii kept in the job' 1 TS block. 



6-1 

6.o Hiscclla.neous Features 

A user mey- dis .. iss his pr ogra111 f or a SJJCCified length of real time 

by cxcc·11tinc BRS 31 with t he number of milliseconds for which he wishes to be 
dis i :i.s scd in i . At t he . l rst availnb e opp rtunity after this tj.me has 

been exhausted, } i s J.)r oc;rclI,: will be reactivated. Thi s feature i s irnpl e­

~11ented w:i.t h a snecia.l activat ion condit ion and t he value of the clock 

at t he t ime when a user is to be reactivated is kept in the address of 

Pl'EST . The act ivation ~ ndit ion causes the current value of the clock, 
ll~ 

r. odulo 2 , t o be coi :-oa.red wi t h this value . :-rnen the clock becomes 

reater, it is t :Lr1c t o eactivate the pro(;ra.in. 

He can re o.d t he real-time clock into A by executing BRS 42. The 

number obtained increments by one every l/6oth of a second. Its absolute 

magnitude is not significant. He can read the elapsed time counter in A 

by executing BRS 88 . This number is set to 0 wht ,1 :.e enters the system 

and increments by 1 at every l/6oth second clock interrupt at which his 
program is running . 

To obtain the date and time, he can execute BRS 39. This puts six 

8-bit characters into AB. These characters contain, in order, the year, 

month, day, hour (0- ?3), minute and second at which the instruction is 
executed. 

A user may dism~ss his program until an inte1rupt occurs or tne fork 
in question ia terminated by executing BRS 109, 

A program ca.~ test whether it is executive or not by executing BRS 71, 
which skips in the former case. 

. 
• 
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An executive program can dismiss itself explicitly. See section 2. 

There are two operations designed for so-called executive BRS1, which 

operate in user mode with a map dif ferent from the one they are called from. 

BRS 111 returns from one of theee BRSs, transmitting A, B and X to the calling 

program as it finds them. BRS 122 simulates the addressing of memory at the 

location specified in A. If new memory is assigned, it is put into the 

relabeling of the calling program. A memory penic can occur, in which case 

it appears to the calling program that it comes from the BRS instruction. 

An executive program can cause an instruction to be executed in system 

mode by addressing it with EXS. 
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7 ,0 Teletype lhput-Output 

We begin with an outline of the implementation of the teletype operation,. 

Th is may serve to clari fy the exact disposal of the character• which are being 

read and written. Every teletype has attached to it a table which ii given on 
• 

the followin page. Also attached to the teletype is a butter which contain• 

input and output characters in the following format: 

0 7 ts 15 116 character t<>--echo 
2~ -

input character output character (if any) 

As characters are output b the program, t hey a,·t added to the output buffer, 

which m~y be re arded as logically independent from the input buffer in apite 

of the fact that it resides in the same words. The character, are then output 

by the teletype interrupt routine a.a rapidly a.a the teletype will accept them. 

These buffers a.re called character ring buff'er■ (CRBa), and they are not 

necessarily attached to teletypes. This question i■ di1cu11ed in detail in 

section 9,5. 

When a character is typed in on a teletype, it is converted to internal form 

and added to the input buffer unless it is rubout on a controlling teletype. The 

treatment of rubouts is discussed in section 3, 'nle echo routine address is then 

obtained from T'l'YTBL and called. It figures out what to echo and whether or not 

t he character is a break character. The available choices of echo1 and break -
characters are listed below. If the character ia a break character, and if a 

user's program ha.a been dismissed for teletype input, it will be reactivated 

regardle11 of the number of words in the input buffer. In the ab■ence of a break 

character, the user'• program 11 reactivated only when the input buffer ia nearly 

full. 

. . • 
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It the teletype i1 in the proce11 ot outputting ('ljS2 > -1) 
then the character to be echoed 11 put into the lut byte ot the 
butter vord which contain■ the input character. When the character 
11 read tran the butter by the progr•, the echo, it any, will 
be generated. 'Ibis mechan1•, called deterred ecboizys, permit• 
the u■er to type in while the teletype is outputting without 
having hi1 input mixed with the teletype output. 

There are tour standard echo routine■ in the ayatem, reterred 
to by the mabera o, 1, 2 and 3. O 11 a routine in which the 
echo tor each character ii the character it■elt, and all characters 
are break character■. Routine 1 bu the aae echo1, but all 
character• except letters, digit■ and apace are break character■. 
Routine 2 qain hu the 11ae echo•, but the only break character■ 
are control character■ ( including carriage return and line teed) . 
Rout 1ne 3 spec itiea no echo tor any character, and all character■ 
are break character■. Thi• routine i1 uaetul tor a program which 
vi1be1 to ccapute the echo it1elt. 

To 1et the echo routine, put the teletype nuaber 1n X and 
the echo routine number in A and execute BRS 12. Rote that 
BRS 12 ia alao uaed to turn on 8-level mode (aee below). To 
read the echo routine number into A, put the teletype number 
1n X and execute BRS 40. Thia operation return• 1n A the word 
lilted u TTfflL on page 7A. 

To input a character traa the controlling teletype (the 
teletype on which the uaer ot the progr• ia entered) into location 
M in MIIO?'Y the SYSPOP 

reI M (teletype character input) 
11 u■ed. Thia SlSPOP reads the character trom the teletype input 
butt,!r and place• it into the 8 rightmost bits ot location M. 
The remainder ot location M 11 cleared. Tbe character 11 alao 
placed in the A register, who1e tol'Mr content, are de1troyed. 
The content• ot the other internal regi1ter1 are preaerved by 
tbil and all the other f.;eletype SYSPOPI and BRS' 1. 

To output a character trca location M, the SlSPOP 
TCO M (teletype character output) 

ii u■ed. 'Ibis instruction output■ a character traa the right.moat 
8 bits ot location M. In addition to the ordinary ASCII character■, 
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all teletype output operation, will accept 135 (octal) u a 
IIUl.tiple blank character. The next cbaracter vUl 'be talran u 
a blank count, and that uny blankl will be typed. 

The TTlTlM cell in the teletype table ii 1et to tile curNat 

value ot the clock whenever any teletype activity (interrupt 
or output SYSPOP) occur,. Tbe top bit ia lett clear unle11 tbe 
activity ii a rubout input. 'J'h11 cell ia checked by the 

nibout proce11or to detemine whether the rubout 1boulcl reNt 
the job to the exec. Seep. 3-6. 

Every teletype in the aystm ii at all tillea in one ot 
three 1tate1: 

a) It may be the control.llng teletype ot 1cae u1er'1 progr111. 

It geta into thia atate when a u1er enter• on it. 

·o) It may 'be attached to 1011e uaer in a manner about to 'be 
described. 

C) It may be CCllpi.ttely tree. 

Tbe 1tatu1 ot the teletype ia reflected by the content, ot 'l'l'!A8G. 
There are mech1Dilu to be de1cribed by which the uNr u.y direct 
output to any teletype in the ayatea which 11 willing to accept 
it and receive input trm an, teletype which 11 not t'rff. It, 

bovever, be wi1be■ to have better ccntrol over a teletype (tor 
in1tance, to prevent other user• trca acce11ing it) be may attach 
it by executing the instructiona 

IM -teletype number 

BRS 'ZT 
It the indicated teletype i■ tree, it 11 attacbld to the UNr wbON 
progr• executea the inltruction, and the BRS Yill 1kip. otherviN 
the teletype 1tatu1 i1 not attected, and the BRB 4oe1 not lkip. 
In the following dilCUllion - will lay tbat a teletype ii attacbld 
to a uaer eftD it it 11 the controll.1ng teletype. 

To releue ID already attached teletype, eacute tbe 
inltruction1 

IM -teletype ma'ber 

BRS &8 
It the 1pecitied teletype 11 not already attached to the uNr, thil 
11 ID illegal inltruction and cauaea a panic. All attached teletype• 
are, ot cour1e, releued when the user lop out. 

. . 
• 
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A teletype becomes a controlling teletype it' it is dormant 
and rubout is pushed on it. It can be returned to its dormant 
state by BRS 112, which takes the job number ot' the job a1sociated 
with the teletype in X. A job may terminate itself'. Thia 
operation alao releases all teletypes attached to the job. 

The uaer may specify for his controlling teletype or for one 
llhicb he has attached, llhether or not messages from outside will 
be accepted, and whether or not input from outside will be 
accepted. The former condition ii governed by the accept 
messages bit, the latter by the accept input bit. 'nle accept 
message bit controls execution of OST instructions and the setting 
ot' teletype output links. The accept input bit controla execution 
of STI instructions and the setting of teletype input links. 

To aet these bits, the user may execute 
LDA =teletype number 
LDA Brrs 

BRS 2'5 
The laat bit of Brrs will aet the accept input bit, the next to 
laat the accept messages bit. Setting or clearing these bits 
will not at'tect any teletype links currently active. 

To do input and output to specified teletype• (rather than 
implicitly to a controlling teletype aa in TCI and TCO) the 
SYSPOPs IST and OST are available. To input a character from 
a specified teletype, execute the inatruction 

IST =teletype number ( input from specified teletype) 
which bringl the character into the A register. This instruction 
ia illegal unless the teletype ia attached to the u1er. To 
output a character to a specified teletype, execute the inltructiona 

LDA -character 
OST =teletype number (output to rpecitied. teletype) 

Thia inatruction 11 illegal if the following three condition• 
are sati1fied: 

(1) The apecitied teletype is not attached to the u1er, 
(2) The ■pecitied teletype does not have its accept M■1age1 

bit ■et, 
(3) The program executing an in1truction is a user rather 

than an executive program. If these conditions are 



sati1fied, an illegal instruction panic will be generated. 
lote that attached teletypes do not have the HM 1tatu1 u 

the controlling teletype for a u1er. In particular, pu1hing the 
rubout button on an attached teletype will have no ettect. 

The instruction 

CIO =teletype n\Dllber + 1000 
s exactly equivalent to 

IST =teletype number. 
The ·nstruction 

CIO -teletype nuaber + 2000 
is exactly equ i va.lent to 

OST =teletype number. 
"nlis mechanism pem.its the user to do I/0 to specified teletypes 
within the framework of the 1equential tile machinery. 

~ e user has cons i derable control over the state ot the 
teletype buffers tor the teletypes attached to bill. In pe.rticul.a.r, 
he may execute the following BRS' 1. All these take the teletype 
number in X. Recall that -1 may be used tor the controlling 
teletype. 

BRS 

BRS 

BRS 

11 

29 
13 

BRS 14 

BRS 138 

clears the teletype input butter. 
clears the teletype output butter. 
skips if the teletype input butter is empty. 
waits until the teletype output butter is empty. 
waits until a proce11 get■ diai11ed becau■e 
the input is empty. 

'lbere is one additional piece of machinery which permits output 
to go to a teletype other than the controlling teletype. "nlis 
machinery ia illplied by the top bits ot T'lTl'BL, which apecity 
whether any link bits are set. Aasociated with each teletype are 
two words called the absolute input link control word (U:V) &Del the 
abaolute output LCW. Each or the■e vorda contain• one bit tor 
each teletype in the 1y,t•. It the bit tor teletype • ii ■et in 
the input LCW tor teletype n, nery character which goe■ into n'• 
input butter will also go into 11 1 1 input butter. If the bit ii 
set in the output~, every character which ii output ton, 
including echoes, will also be output tom. 

. . 
• 
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Al.ao aa1ociated vith each teletype are relatift IL'lf' • tor 
input and output. Tbe bi t1 1n tbeae U:W' 1 are 1et by BRS 23. lach 
time any relative WW 11 changed, the ab1olute LCW'• are all 
recomputed. 'nle Boolean •trix toraed by the abaolute input 
(output) IL'W'1 i1 the intinite product ot the matrix ot the relative 
input (output) IL'W'•· 

The inltructiou 

LDX -teletype number 
LDA -TABLE 

LOB CTL 

BRS 23 
will aet one ot the relative IL'W 11 tor the indicated teletype. 
TABLE ii the lddrell ot a lilt ot teletype nuaberl terainated 
with -2. Tbe bit■ ot CTL &re interpreted u tollova: 

0 0-output U:W 

l•input WW 

l <>-clear all 11.nu tir1t 
1-clo not clear l1nkl t1r1t 

2 0-1et link bit■ tor teletype■ vboH DU11ber1 

are in the table. 

1-clear link bitl tor teletype■ whole INIINrl 
are in the table. 

Fr011 the old relative IL'W and the intonation ■upplied by BRS 23 
a new relative IL'W 11 created. 1'ev ab1olute IL'W'• tor all 
teletype• are then ccaputed. 

An output link can be Ht up betwen two teletype• cnly it 
each ot the teletype■ 1ati1tie1 at leut one ot the tollov1ng 
comittou: 

a) It 11 the control.ling teletype ot the progra executing 
BRS 23 

b) It 11 attached to the progr• 
c) It• accept •11age1 bit 11 on (de1tination only) 
d) The tork executing the lltS 11 executive. 

An input link can be Ht only it the 11ae condition• are 1ati1tied 
tor the accept input bit. 
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To clear all links, input and output, to or from a teletype, execute 

LDX -teletype number 

BRS 24 

Special provilion ii made tor reading 8-bit codes from the teletype 
without 1en1ing rubout or doing the conversion from ASCII to internal Which 
is done by TCI. To IYitch a teletn,e into this mode, execute 

LDX •teletype number 

LDA -terminal character + 40000000B 
BRS 12 

Thia will cau1e each 8-bit character read from the teletype to be tran1111itted 
unchanged to the user' a pro ram. '!'he teletype can be returned to normal 
operation by 

(1) readinR the terminal character specified in A, or 
(2) letting the echo table with BRS 12. 

No echoe1 are generated while the teletype is in 8-level mode. Teletype output is not affected. 

A parallel operation, BRS a,, is provided for 8-level '>utput. ms 86 
return■ matter■ to the normal state, u doe■ any 1ettinp; or thti echo table . 

To 11.mulate teletype input, the operation 

STI •teletype number 

11 available. STI puta the L~aracter in A into the input buffer or the specified 
teletype . rt i■ legal only if the accept input bit ii on. 

To ■teal telatype output, the operation 
STO -teletype nmaber 

tau■ a character tr011 tbe teletype' ■ output butter and returu it 1n A. 
STO 11 legal only it the accept input bit i1 on. 

To di1able output trca a butter to a teletype, execute BRS 139 vitb 
the teletype maber 1n A. It bit fJ ot A ii 1, the 1'0 bit will be ■et, 
otbemae the 10 bit will be cleared. 

. . • 



TIS2 

TIS4 

TIS5 

TOS2 

TOS3 

TOs4 

TOS'j 

TTYTBL 

TTYFW 

TTYBRK 

TEIETYPE TABLE 

number of characters in input buffer 

next available space in input butter (pointer) 

next filled apace in input buffer (pointer) 

number of characters in output buffer; -1 • inactive 

< 0 • not in multiple blank mode; 400 • just aav 135 
(multiple blank character); other• number of blanka 

next filled apace in output buffer (pointer) 

next available apace in output buffer 

-
10 

7A 

N 1' A s s I 8 1 A A 8d.dre11 of echo routine s 0 p I 0 L L 1C I M 

don't listen for input (except rubout) when O. Set when input 
buffer ii full. 

waiting for break character when -1 

2~ 

TTY Status 

TTYASG 

RII£W 

PACPl'R of fork to terminate on rubout 

3 7 7 7 7 

I lt1controlling job 

relative output link control word 

relative input link control word 

23 

active 
inactive 

attached 

TTYTIM value of clock when lut action occurred on thi1 tty 

TTYDEV device (normally physical teletype) using this buffer . 
1'S • not linked or 8-leve l AI • accept input 

AM • accept me111age SI • 8-level input 

IL• input linked 

OL • output linked 

NO= don't output to TTY interface 

AK c accept input linkl 

90 • 8-level ~utput 

RB • lut action vu input or rubout 
AP = accept output linkl 



8 .O Dr lill and Buffer Or ,anization• Devices 

8.1 File Storage on the Drum 

8-1 

The drum is divi ed into two major section■, program swapping and 

fi le storage. Tile organization of the program swapping area is di■cusaed in 

sect io 5, The i e st o ag area is divided into 2']6 word blocks which form 

,very f ile has one or more index blocks which contain pointers to the 

~ a _eeks f~r the f:. e. An · index block is o. 2';6 word block, as are all o her 

physical blocks in the ile stor~ e area. Only the first l~l words of the i ndex 

b ock are used however, fo data. storage. A couple of additi.onal words are 

us ~ c . : n t he i ndex b_ocks for any parti cular file, both forward end 'lC ~~rd. 

T'ne ~ . .1?x locks fo a. file contain the addresses for all the physic 1 b o '•::-

e ,o old information for the f ile. 

Av i e sto a.i;:e in t e file area of the drum is k pt track of with a 

bit ta.b le similar to the table used to keep track of pro ,ram swappin _, sto ~<' . 

Since there are sixty- for c56-w d blocks around the circumference of the 

drum and a maximum of 72 d um bands ( out of the 84 available) m .: e used fo r 

file sto:~~, a 192-word bit table whi ch contains 3 words or 72 bits for , c 

row of physi cal blocks suffices. If a bit in this table is set it indic t es 

t hat the corresponding block on the drum is in use. Again, as with pro em 

swappin storage, the or aniz tion of this table makes it easy to optimi ze 

the writing of files. This i■ done by putting consecutive physical blocks in 

the file in alternating rowa on the drum. The intervening row between ea.ch two 

physical blocks provides the time for the channel to fetch a new c011111s.nd s.nd 

the heads to switch. The result of this organization is that information may 

be transf rred from f ile on t he dr um into core at one-hal f core memory speed 

if condition a.re i ,ht. 

. 
• 



8. 2 File Buffer a 

Every open file in the 1y1tem with the exception of purely character­
oriented files 1uch a1 the teletype haa a file buffer a11ociated with it. The 
form of this buffer is shown on page 8A. Part (a) of thil figure ahon the 
buffer proper, and part (b) ahovl the index block buffer and pointer• aaaociated 
vi th it. Part (b) ia not used only by drllll file a, but ia pre.sent in all ca1e1. 

Each job haa 11ociated with it a temporary atornge block, which 11 alway■ 
the firat entry in the job's PMT. Thia block ia uaed to hold information about 
the uaer and for the 1y1tem'1 temporary storage. It also has room for 3 buffer,. 
An additional block may be assigned with room for 5 11\0re buffer• if more than 3 
files are open a.t one time. The pseudo-relabeling for the extra buffer block and 
the TS block is held in a t able called RL3 which ii indexed by job number, and ii 
put into the monitor ~ap whenever any fork belonging to that job ia run. 

Note that the amount of buffer apace actually uaed is a function of the device 
attached to the file. In all caaea the two pointer words at the head of the buffer 
indicate the location or the data. The firat word point• to the beginning of the 
relevant dat a and ii incremented as data are read fran an input buffer. The 
second word points to the end of the data nnd ia incremented aa d t are written into 
an output buffer. When the buffer ia in its dormant state, both word• point to the 
first dat R word of the buffer. Whenever any physical I/0 operation 11 completed 
the firat pointer conta.tna the addreaa of this word. 

8. 3 Device• 

Every different kind of input-output device att~ched to the ayatem has 
a device mmber. The n\llbera applicable to apecific device• are given in anction 
9; here the varioua tables indexed by device ntatber are deacribed. The entrie■ 
in the■e table■ &ddre11ed by a ■pecific device n~,nber together with the unit n\llber -( if any) and the buffer· addre11, completely define the file. All thia information 
is kept in the file control block (section 4. 3) which ia addressed by the file 
mnber. 
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P~e 8B showa the t ables indexed by device number. Note the multiplicity 
of hits vhich apecify the characteristics of the device. Some ot these call 
for COlllllent. A device may be coamon (shared by users, who muat not acce11 it 
simultaneously; e •• tape or cards) or not con:non (e.g. drum); thia charN:teriltic 
is defined by NC. It may have units; e.g. there may be multiple magtape1. The 
U bit q,ecifies this. The oro word indicates which file is currently monopolizing 
the device; in the cruse of a device with multiple units, DIU points to a table 
cnlled ADIU which contains one word for each \.!111 t. 

The major parameters of a device are 

- the openinG routine, .vhich is responsible for the operation nece11,u-y 
to attach it to a file 

- the GPW routine, which performs character and word I/0 
- the BIO routine, which performs block r/o 

Minor parameters are 

- maximum le 1al unit number 

- physical record size (determining the proper setting of butter pointers 
and interlace cont ol words for the channel) 

- the expected time for an operation; the swapper uses this n\lllber to 
decide whether it is worthwhile to swap the user out vhile it ii 
taking place. 



BIA 

BIP 

Bm 

BDN 

BIC 
BDC 

BD8 
181 
BUR 

BBP 

BFP 

' 

pointer to first relevant date. word ot butter 

pointer to lut relevant data word or butter 
1st data word 

6th data word 

(a) Layout of a file buffer 

drum addresa of current index block 
pointer to indix block entry for current data b ock 
number of index blocks in buffer 
number of data. blocks in buffer 

index changed flag 
date. cha.n fl,ed fl~ 

first index block word 

0 0 op dna &ddreH tor data 

or 

0 0 1 word count 

14llt inclex Block Word 
laar2 l.D&ta black 11x/2'>t>J 
Ber1&1 DUllber 

UNr !IUllber 
pointer ·to previous index block (or 0) 
pointer to next index block (or 0) 

23 

-

8A 

} ranclm tilea only 

1ndex block word tonat 

Del ot record aamr e: 

t 
,~ 

I ► 

I 

tor 1-pllt1 
cbeckinl 

alway■ 0 tor 
1equential til•• 

(b) L&Yout ot index blpck. butter ID4 yaociated :pointer, tor a ke rue, 
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9.0 Sequential Files 

9.1 Sequential Drum File■ 

There are two basically different kinds of tiles which the urier may 

write on the drum: sequential and random. A sequential file hu a ■tructure 

very similar to that of an ordinary magtape file. It con1i1t1 of a ■equence 

of logical records of arbitrary length and number. DrUll ■equential file■ are 

however~ considerably more flexible than corresponding files on tape, becau■e 

lo ical records may be inserted and deleted in arbitrary po1ition1 and increued 

or decreased in length. Furthermore, the file may be inatantaneoualy po■itioned 
to the beginning or end of any 1pecitied logical record. 

A sequential drum file may be opened. by the following 1equence of 

instructions: 

LDX -device number, 8 (input) or 9 (outpµt) 

LDA =unit number, Bd.dress of first index block 

BRS 1 

If the file is opened successfully, the BRS skip■; otherviae it return• without 

■kipping. Use of this BRS is restricted to executive type program■. User 

programs may access drum files only through the executive file handling machinery. 

BRS 1 can also be used to open other kinds of files. The device and unit numbers 

are used to determine the physical location of the file. See 1ection 9.2. 

If BRS 1 fails to skip, it returns in the A register an indication of the 

reason: 

-2 too many files open -- no file control block■ or no buffer■ available. 

-1 device already in u■e. For the drum, produced. by ID attapt to open 
a file for input if already open for outpit or tor output it already 
open at all. 

o no drum q,ace lett. 'ftlia inhibit■ openinc ot outpat tile• only. 

See aection 9.2 tor other error conditiou. 
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BRS l returna in the A ~egi1ter a tiu number tor the tile. Thia 
tile number i1 the handle which the uaer hal on the tile. Re may uae 
it to clo1e the tile when he i■ done with it by putting it in tbe A 
regi1ter and executing BRS 2. Thia severs his connection with the tile. 
BRS 2 is available only to uaer executive program■; uaer progr ... 1bould 
use BRS 20 instead. 

To close all his open tiles an executive program may execute BRS 8. 
The corresponding operation for normal user program■ ii BRS 17, 

If the sign bit of A is t.et when the BRS l i■ executed, the tile 
is made read-only. 'Ibis mean• that it cannot be switched tree input 
to output. Ir this bit i1 not set, then the in1truction1 

LDA =file number 

LOB =l 
BRS 82 

will change the file to an output tile regardle11 of it■ initial character. 
The instructiona 

LDA =file number 

LDB =O 

BRS 82 

are always legal and make the file an input file regardle11 ot it• 
initial character. 

'nlree kind■ of input-output may be done with aequential f'ile1. Each 
of the■e i■ spec it'ied by one SYSPOP. Each of' theae SYS POPI hannles input 
and output indifferently, since the file mu1t be 1pecified u an input 
or an output tile when it i1 opened. It is not po11ible to have a tile 
open tor both input and output at the same time: thi■ may be circumvented 
by u1e of BRS 82 or by us 1ng random files. 

To input a single ch11.racter to the A register or output it tree 
the A register, the in■truction 

CIO =-tile number 

ii executed. On input an end of' record or end of tile condition will 
.!!l !!.ll! Q ~ ~ ~ 7. _!e ll!!. !!!!, nuaber ( tbeae are called !5 ~) 
and return a 134 or 137 character, respectively. If interrupt 4 11 
armed, it will occur. The end ot record condition occur■ on the next 
input operation after the lut character or the record bu been input. 
'!be end-ot-file condition occur■ on the next input operation after the 
end of record, which signals the lut record of the file. The user 

. . 
• 
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may generate an end of record while writing a tile by uaing the control 
operation to be deacribed. 

To input a word to the A regiater or output it frca tbe A regiater, 
WIO •file number 

11 executed. All end-of-record condition return• a word ot three 1~ 
characters u well u setting the flag bit, and an end ot file returu 
a word ot three 137 characters. If the condition occur• when a partially 
filled-out word ia present, the word 11 filled out with one ot theae 
characters. 

Mixing word and character operations will lead to peculiaritiea 
and 11 not recaaended. 

To input a block ot words to memory or output them fram aeaory, 
the inatructiona 

LDX •first word addre11 
LDA ~l\11ber of vordl 

BIO -tile maber 
should be executed. The content• of A and X will be de1troyed. The 
A regi1ter at the end ot the operation contain• the tir1t M110ry location 
not read into or out ot. 

It tbe operation cauae1 any ot the tlq bit• to be net, it 11 
terainated at that point and the in■truction tail.I to ■kip. It the 
operation ii ccmpleted 1ucce11rully, it does skip . Note that a BIO 
cannot ■et bnth the EOR and the EOF bit1. 

BIO i1 implemented with considerable efficiency and i1 capable of 
reading a tile at one-halt the maximum dr\a tran■ter rate. 

The flag bits (0 and 7 or 8) ot the tile maber are ■et by tbe 
1y■t• whenever end-of-record or end-of-tile ii encountered and cleared 
on any input-output operation in which neither ot the■e conditioDI occurs. 
Bit O 11 ■et on any UDUIU&l condition. In the cue ot a BIO the A 
regi■ter at the end or the operation indicate■ the tirat IMlllOry location 
not read into or out ot. For any input operation, the end-of-record 
bit (bit 7) ot the tile DU11ber may be set. An output operation never 
1et1 either one ot the■e bita. Bit 6 ot the tile number may be ■et 
on an error condition. Whenever any flag bit 11 aet u a re■ult ot an 
input-output operation 1n a fork, interrupt 4 will occur 1n that tort 
if it 11 armed. 
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'!be CTRL SYSPOP provides varioua control function• tor aequential 

drum files. To use this operation, execute the in1truction1 

LDA =control number 

(LDB =record count, if required) 

CTRL =file number 

The anilable control numbers are 

1 

2 

3 
4 

5 
6 

7 
8 

Write end of rficord on output or akip the remaining 
part of the logical record on input. 

Backspace (B) records. 

Forward space (B) records. 

Delete (B) records (legal on output only). 

Space to end of file and backspace (B) record1. 

Space to beginning of file and forward space 
(B) recorci.1. 

Tnsert logical record ( legal on output file only). 

W:rite end of file (output only). 

11 set, the position of the sequential I/0 pointer 

will be backspaced over the end-of-record at the end of the operation. 

For example, to append information to the current logical record, 

If bit O of (B) 

use (A)s3 and (B)=4B7+1. 
The uaer may delete all the information in a drum file by 

executing the instructions 

LDA =file number 

BRS 66 
He may alao eliJDinate the file entirely by giving an executive 

c011111&nd described in Document R-22. 

'!be index block for a sequential drum file contain■ one word 

for each physical record in the file. 'lbia word contains the 

&d.dre11 on the drum of the phyaical record in the bottom bits. A 

word with bit 2 aet and a word count in the bottaa bite appear■ 

immediately following the word for the laat physical record ot a 

logical record. The intervening bits indicate the number of data 

word• in the physical record. A aequential file may have only one 

index block, or a maxiJDum of 146 X 256 = 37376 word■ of dat~. 

PUtting the file number of a sequential file in A ( it 11 uaumed 

to be politioned at the begiMing) and executing BRS 113 will cauae 

. . 
• 
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the tile to be scanned to find the total DUllber or data vordl and then 
rewound. The number or data word• is added to X. Thia al.lo vorkl tor -random tiles. 

'nlree operation• are available to executive progr•• only. They 
are intended tor use by the system in dealing with tile name• and 
executive comnand1. 

A new drum file with a new index block can be created by BRS 1 
with an index block number of O in A. The tile number is returned in 
Au usual and the index block nmber in-X. The read-only bit aay be 
set (bit O of A) as usual. 

BRS 67 

returna the drum block with address in A to available ■torage. To read 
an index block int~ core 

BRS bt 

may be u■ed. It takes the addreH ot the block in A and in X the tirat 
word in core into which the block is to be read. 

9,2 Other Sequential Files 

In addition to drum sequential filea, the uaer baa some other kinds 
or sequential file■ available to him, These are all opened with the 
same BRS 1, except tor the device number. Available device llUllber1 are 

Paper tape input 1 

Magtape input 4 
Magtape output 5 
PDP-5 link input 6 
PDP-5 link output 7 

The device nmber 11 put into X. 'nle unit number, it any, is put into 
A. The tile number tor the resulting open tile ia returned in A. It 
BRS l taill, 

Secti011 9. 1. 

0 
l 
2 

it return• an error condition in A u deacribed in 
'nlree error condition• apply to magtape only: 

Tape not ready 
Tape file protected (outl"lt only) 
Tape reserved (see p,9-8). 

IRS l 11 inverted by BRS 110, which tau■ a tile number in A and 
returna the corresponding device number in X and unit number in A. 
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These files may also be closed and read or written in the ■ame 
manner u sequential drum file■. Tbe magtape i■ not available to the 
u1er a■ a phy■ical device. 

LDA =l (end of record) 

CTRL =file number 

is available for phy1ical sequential file 5 (magtape output). Several 
other controls are also available for magtape file■ only. 'l'heae are 

2 backspace record 

3 forward space file 

4 backspace file 

5 write three inche1 blank tape 

6 rewind 

7 write end of file 

8 write 15 inche■ blank tape 

These controls may be executed only by executive type program,. I/0 
operatione to the magtape may, or cour■e, be executed by u.aer progrllll 
if they have the correct file number. 

An executive program may arrogate a tape unit to itaelt by putting 
the unit mzber in A and executing BRS 118, vhich 1kip1 if the tape 
ia not already attached to sane other job. BRS 119 relea■ea a tape 10 
attached. 

It 11 poaaible for magtape and card reader file■ to ■et the error 
bit in the file number. The first I/0 inatnaction after an error 
condition will read the first word of the next record--tbe remainder 
of the record cau1ing the error 11 igDored. The magtape routines take 
the ulU&l corrective procedure• when they aee hardware error flacl, 
and signal error• to the program only u a last reaort. 

The phantcn uaer 's 3 second routine checks to aee whether a W-butter 
interrupt bu been pending for more than 3 aeconds. It 10 it take■ 

drutic arid ill-defined action to clear the W-buf'fer. BRS 114 also take■ 
tbia drutic action; it can be used if a program i1 aware that the 
W-butfer ii malfunctioning. 

. . 
• 
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9.3 File Control Blocks 

Every open f'ile in the system hu uaociated with it a tile control 
block. Thia block conai1t1 ot tour vordl in the tollov1.ng toru.t: 

FA 

1W 

!'D 

FC 

FB 

Drum 
tiles 
only 

0 ~ 
tirlt index block address or 0 0 

subroutine address 
0 

Cl 
7 ts 

c2 
15 lb 

c3 

C D R R 0 
0 H F X D u d•tvice 

0 T 
0 0 0 0 0 0 

0 2 9 
char 

3 Job tl 
number drum butter addre11 or 0 

count 0 0 

busy count (-1 it tile not buay) 

Cn • word being packed or unpacked 

char count= -1 to 2 

CH• character oriented 
Ot11' • output 

DF • drum tile 

{
RX ■ randcn acce11 

RD ■ read only 

ERR • error 

2~ 

normal tile 

aubr. tiles 

normal tile 

subr. tile 

9.4 Feraanentl.y Open Fil.ea 

There are a tev built-in 1equential tile• with fixed tile maber1: 
0 controlling teletype input 

l 

2 

lOOO+n 

2000+n 

controlling teletype output 

nothing (discard all output) 

input traa teletype n 

output to teletype n 

These tiles cannot be opened and need not '8 closed. 
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10.0 Random Drum Files 

A randan drum file 11 very 1iailar in pbylical 1tructure on 

the drum to a aequential drua file, The on.1¥ u.jor ditterence 11 

that there are no logical recordl. Furthel"IIOl"e, the non-zero worda 

of the index block are not nece11arily compact. TIie reuon tor 

thi1 11 that infor11&tion ii extracted t'rClll or written into a 

random file by addre11ing tbe specific word or block of wordl vhic:h 

11 desired. Frail the addre11 which the uaer 1upplie1, the 1yatem 

extract• a pbylic&l block number by dividing Di ~6 and a location 

of the word within the block which 11 the N111&1nder ot thi1 dfvi1ion. 

Further divi1ion by 144 yield• the appropriate index block. A 

randClll tile may have any r.mber ot index block•. 

A random file may be opened by u1ing BRS l with a device 

number of 10. No di1tinction 11 !lade between input and output to a 

random drum file. A random file may allo be cloaed by BRS 2, like 

an, ■equential file. However, CIO, WIO, and BIO are not used for 

input-output to randan tile1. 

Inltead, the fol.lov1ng operationa are &ftilable: 

To read a word tram a randm file, execute the in1tructiou 

LDB -addrell 

i,i1 -tile DUllber 

The word 11 returned 1n A. 

To vri te a word on a randca tile, pat the word in A and 

execute the inatructiaaa: 

LDB •ad.dre11 

WO -tile maber 

. . • 
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Block input-output t random f iles is also possible. To input a 
bloclt , execute t he instructions 

LilX =f j_rst word address 

LDA =number of words 

LDB =first address i n file 

DBI :::f'Hc number 

To output a block of words to a random file, execute the instruction 

DBO ~file number 

with the same parameters in the central registers. These block input-output 

operation:, are done directly to and f:rom the user's memOI";'/, as is BIO. Drur.i 

buffers are not involved a..'1d the operation ca.n go very quickly. 

I f the s ign bit of A was set when BRS 1 was executed to open the file, 

then output t o it is not allowed and the file is said to have been made 

read-only. This is a nattU·al extension of the treatment of read-only 
sequential. files. 

It is possible to define a random file which has been previously 

aoened as the secondary memory file. To do this, execute the instructions 

LDA :::file number 

BRS 58 

The specified file remai ns the secondary f ile until another secondary memory 

file is defined or until the file is closed. To access information in the 

secondary memory, two SYSPOPs are provided, These POPs work exactly like 

00 and .IJ-10 except that they take the drum address f:rom memory instead of 

I 



10-3 

reqv.irlne i t t o be in n. To read a word of secondary memory into the A 

register, the instruction 

LAS address 

:::" 101.1 ld be executed . To st ore a word. f'r m A into the secondary memory, the 

~-. st r uct :i.on 

SAS address 

shoul d be executed. The word addressed by either one of these SYSPOPs 

shouJ.d contain the d..·r1.m address which is t 0 be referenced. Tl'd.s word mey 

alc:: o 1ave t he incl.ex bj_t set , in which case t he content s of the index 

r c'. :istcr w:· 11 be added t o the contents .1f. t l1c wor d t o fol'!!'! t 1e effect i··.:e 

addr ess which is actu111y used t o perform the i nput- output operation. 

The mccha.'1ism for a.cqu ~.r inG &1d rcleasii1g random drum file space is 

very similar t o the 11.echa.nism for allocation of core memory. Whenever t he 

user addresses a section of a random drum file which he has not previously 

used, the nccesoary blocks a.re created and cleared to c. Note that the 

tser shoul d avoid tumecessa.rily la.rge random drum addresses, since they 

may result ln the creation of an unnecessary number of index blocks. To 

relea::;c random drum memory, execute t}:J.e i nstructions 

LDA ,=number of words t o be zeroed 

LDB -· ini tial word to be zcr(Jecl 

LilX =filer.umber 

BRS 59 

The specified section of the file is cleared to zero . PbysicaJ. blocks which 

a.re entirely zero will be released. A more drastic clearing operation mey be 

obtained with BRS 66, wh i ch deletes the entire infor mat ion content of . the file. 

. 
' • 



10.1 Direct Drum Acce11 

An even 110re etticient •tbod ot acce111Dg intorution on the . 
' 

dnlll 11 provided by an interface which allon the u1er to acquire 
21 papa OD the dnlll and read or write an tb8II directly. Thi• 
•pac~ 11 u11gned tr0111 the happing area on the 4rua and referred 
to directly by it1 drum addre11; a bit table private to the u■er 
11 Uled tor validity checking. 

To acquire a 2IC pap, execute 

BRS 126 

with the de1ired angular po1itian OD tbe dNI ot the pap to be 
Uliped in the bott0111 2 bit, ot A. It DO IION apace 11 available, 
BRS 126 return, without lltipping. othemN, BRS 126 lkipe and 
return,, in A, the dnlll addre11 ot a 2X pap u a word lddre11 
(i.e., with the bott<111 ll bit1 zero). A pap uy be releued by 
putting thi1 lddre11 in A and pertonaing 

BRS l2T. 

To releue all papa acquired in tbil 1111mer, uecute -
CIA 

BRS 7. 

Tb11 11 dane autcaatically by the RIS!T r, •ad in tbe executive, 
u wll u by R!X:OVIR and by a call tor a 11ft IUblyata. It 

lbould be noted that DtllP doel not pre1ezw PIP• acquired by BRS 126. -
To read or write OD a pap acquirecl with IRS 126, u■e 

IM -core lddre11 
U>B adralddre11 
LDX -word count 

[:: 1.24 to readJ 
12} to write 
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These BRS'• pi-e■erve all the central regi1ter1 and nonaally lkip. 

A no-1kip return indicate■ an uncorrectable tranai11ion ftTOr. 

The tolloving re■triction■ are checked by the aonitor and 

will reault in an illegal in■truction trap it violated: 

l) The drum addre11 ll\llt be a multiple or 2'}6 (decillal) 

and lie within ICM pap Uligned to the u■er via BRS l.26. 

(The latter re■triction doe■ not apply to executive p!'OII"-■ ,) 

2) The tran■ter must not cro11 a 2JC page boundary either 

in core or on the drum. 

3) It i■ illegal to attempt to read into a read-only page 

w1 th BRS 124 ( this produces a memory trap it violated) . 

. 
• 
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ll. O Subroutine Flles 

In addition t o the above-mentioned machinery for !)erforming input­

output throtl6h physical f iles, a facility is provided in the system for 

ma.'dne a subr utine call appear to be w, input-output request. This facility 

uakes it :possible t o write a prof,ran which does input-output rran a. file 

and later t o cause further processing t o be performed before the actual 

input-output is done, sir ply by chanBing the lle f'r tmi a physical t o a 

s tbr t 'ne f ile . A subroutine file s open d by executing the instructions 

LDX parameter word 

BRS 1 

Tbi1 inltruction 1kipa or return• an error code, u tor Nquential tile1. 
The opcode tield ot the parameter word indicate, the cbaracteri1tic1 
ot the tile. It aay be one ot the following ca1'bill&tion1: 

1100000 Character input subroutine 

111 0000 Character output subroutine 

01000000 Word input subr utinc 

01100000 Word output subroutine 

I/0 to t he flle rrt~ be done with CIO or WIO, rega:rdless of whether it is a 

word or a character oriented subroutine. The system will take ca.re of th 

neccss&r"f ack~ and un1>acking of characters. BIO is also ·acceptable. 

The openine of a subroutine f ile does nothing exce-pt to create a file 

control block and ~eturn a file number in the A register. When an I/0 

operation on the file is performed, t)- 2 subroutine will be called. This is 

done by simulating an SBRM to the location given in the word followinc the 

BRS 1 which ned the file. The contents of the B and X registers a.re 

transmitted from the I/0 SYSPOP t u the subroutine unchqed. The contents 



of the A regilter ma,y be changed by the packing and unpacking operation• 

necessary to convert frcm character-oriented to word-oriented operation• or 

vice veraa. The I/0 1ubroutine may do an arbitrary amount of caaputat ion 

any may call on any number of other I/0 device■ or other I/0 1ubroutine1. 

A subroutine tile 1hould not call itaelf' recuraively. 

When the subroutine 1• ready to return, it should execute BRS 41. Thia 

operation replaces the SBRR which would nonnal.ly be uaed to return tran a 

subroutine call. The content■ ot B and X when the BRS 41 11 executed are 

tran1mitted imchanged back. te the calling program. The contents ot A may be 

altered by packing !nd unpacking operation■. A 1ubroutine file 11 cloaed 

with BRS 2 like any other file. 

ll-2 

In order 1;o implement BRS 41, it 11 neceaaary to keep track of which I/0 

subroutine 11 open. Thia intonnation 11 kept in 6 bit■ of the PAC table. The 

content• ot theae 6 bit• 11 tran1terred into the opcode field ot the return 

addre11 when an I/0 1ubroutine 11 called, and 11 recovered trom there when 

the BRS 4111 executed. 

'l.'he uer 1bow.d be varnad tbat a aubroutine tile 1bould not be uaed 

by a proer• ill a clittennt add.re11 apace trca the aubroutine itaelt. 

In particular, IUbroutille tile• aay not be Ciftll to the BRSI which 

involve acce11 to DIMd. tile■ (cle1cribecl in the next aection). 

. . 
• 
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Becau■e of the po11ible conflict• which •Y ariae when 
■everal u■era are simultaneously trying to acce11 the 1ame 
peripheral device, such device■ cannot be handled directly by 
users at the level offered by BRS 1 -- which ii available only 
to program■ with executive status. At the user level, storage 
device■ can only be referenced in an indirect manner, by writing 
or reading a "file." 

Files are the primary means by which the user eatabli1he1 
continuity between one computer run and the next. A file i1 
any named block of infonnatior. which the uaer finda it convenient 
to regard as a single entity; the commoneat example of' a file 
is a program. To provide a check againat inappropriate use, 
files created by the Exec and TSS aubaystems are claaaified, 
according to the nature of the information in them, into one 
of four types, numbered 1 to 4. Thia type number is carried 
along with the infonnation content and may be checked whenever 
the file is referenced. 

The file types are: 
1. Core Image - The information in this originates fran 

specified segment■ of core memory. 
2. Binary - The infonnation has the form of an assembled, 

but unloaded program. 
3. Symbolic - 'l'he intonnat ion is of a form which can be 

readily listed on 101ne printing device. 
4. Dump - Comprises all the information in memory 

neces1ary to reatart the user f'ran hi• 
current situation, i.e . , the situation at 
the time of creation of the dump file, 

Symbolic information may come directly f'ran paper tape or 
teletype. Theae device■ may be referenced as type 3 file■ by 
uaing the name of the correaponding phyaical medium, viz. -

PAPER TAPE 
TELETYPE 
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These names are built into the 1yatem and are alwaya appropriately 

recognized. Another built-in file name 11 

NOTHING 

which always contains precisely nothing and whoae t'Unction ia to 

act as an infinite sink in which limitless unwanted output can 

be lost. 

A commoner source for symbolic f iles is the output from 

some subsystems, notably the text editor, QED. 

Type 2, binary files nonnally arise as the output from the 

machine-language assembler Arpas . 

Until the actual process of output from the subsystem occurs, 

identification of the information is handled by the subsyatem 

and is usually implicit since the RUbsyatema can handle only 

one file at a time. However, when the information is ejected 

into a context involving many other blocks or infonnation of a 

similar kind, som~ explicit identification must be attached to it. 

12 .1 File Naming 

The names which the user is f'ree to invent and assign to 

files are of two type,;: 

1. Permanent names 

2. Scratch names 

Scratch names differ from permanent names in that they and 

the files usociated with them are lost when the user leaves the 

syatem, uaing the LOGOUT camnand; they are 0therwis~ treated 

identically. 

A permanent name is an arbitrary string of character• not 

beginning with /. A scratch name is of the form / < arbitrary 

character string>. 

As permanent names we have -

ABC 

PROGRAM l 
124 

while as scratch names w have 

/ABC 

/421/ 

. . • 
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Any pennanent or 1cratch tile r-.e may be quoted by aurrounding 
it with single quote mark• . 'lbu1 'ABC' and '/ 001/' are quoted 
tile name1. The quoted name reter■ to exactl), the same tile u 
the unquoted one; it dif't'er1 onl), in the way it ia recognized 
by the exec. 

When reference 11 made to an unquoted name, the exec will 
anticipate the user and conaider the name to be fully delivered 
as soon a1 it has received IUt'ficient characters to di1tingui1h 
the name t'!'om all other■ currentl), defined by the user. Thia 
means that a new name can never be int!'Oduced in it■ unquoted 
form. A quoted name, on the other hand, ii alway• accepted in 
it■ entirety from the user. The initial and terminal quotes are 
then removed and the name compared with the directory of' names 
currently defined by the user. It' it matche1 one of them, it 
is taken to refer to that file, just u though it had been presented 
in unquoted form. If it is new, however, it will normally give 
rise to an error message unle11 it appear■ in one of the 
following contexts: 

a) In the DEFINE NAME camnand (ct. Doc. R-22, Section 5 .5) 
b) Aa an output file name, in which caae a new file with 

the apecified name will be created to hold the output. 
For example, let XY'l be the name or an existing file and 

/123 be a new unattached file name. Then the exec camnand 
~ copy xyz TO 1 /123' . 

haa the effect of creating a new scratch tile, calwd /123, having 
the ■ame information content aa XY'l. It' /123 11, however, 
already attached to 1ome exi1ting file, then the information 
content of that file ii replaced by that ot XlZ. 

In IIUJllll&?'Y, it will be seen that the exec'• file name 
recognition apparatus vorka in two waya, depending e11entially 
on whether the name ii quoted or not. Quoted nuae1 mu■t always 
be given in entirety; the exec wait■ tor the terminating quote 
before attempting to recognize the name. Unquoted name■ are 
anticipated; the exec recognize■ or reject■ them u 100n &I it 
can, insisting that they match sane name already in the user'• 
directory of file names. Note that the BEGDNER, ll)VICE and 

EXPERT camnanda apply to file name recognition (1ee R-22, 

Section 5. 7). 
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The naming system described is adequate to reference all 
the files beloncing to the current user, in whose name the exec 
was entered. However, to refer to files belonging to another 
user, it is possible to augment the file name by that user's 
name together with, optionally, a ■pecial accessing code called 
the~~-

To do this t e basic file name must be prefixed by one of: 
( < user name ) 

or ( use name , < group name ) 
Thus for example: 

(JONES) I ILEl I 
or (JONES,GTIOUPl)'FILEl' 

When such a stri ne as the last is collected from a teletype 
by BRS 15 or 16, the characters ",GROUPl" are not echoed to the 
teletype so that the secrecy of the special group name is preserved. 
The access that any other user may have to each of Jones' files 
is in the hands of Jones himself. Jones may declare that a 
member of the public at large who tries to access his 'FILEl' 
using (JONES)'FILEl' has entire (read-write) access, read-only 
access, or no access at all. It is also open to Jones to 
define independently a 1:7eater degree of accessibility to a 
user who quotes the group name. 

Special groups can be created by BRS 61 and the command 
SET MODES FOR FILE (R-22, Section 5.5) or deleted by BRS 62 and 
the same conmwid. 
BRS 61 - Define Special Group 

Takes a string pointer in AB. 
The string is an arbitrary string of characters and is taken to 
define a new special-group name. The BRS aasociates with it a 
number, n, in the range 1~ ~ 15, which it skip returns in A. 
A file .uy then be placed in that special group by setting this 
number in the appropriate bit■ of the file mode word ( ■ee BRS 48). 

A us~r may have ·u~ to 15 currently defined, di■tinct special 
groups; an attempt to define more results ffi' a no skip return with 
A=O. An attempt to define an already existing special group 
name also results in a no skip return, but with the group number 
in A. 

. ,. 
• 



BRS 62 - Delete Special Group 
Takes a special group nmber in A. 

R-21 
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The usociated apecial group name ii deleted and the number made 
available for reaasigment to a new name. All tiles belonging 
to the special group are releued tram it. It no name ii 
attached to the number, the BRS baa no ettect. 

12. 3 Plleudonyma 

By means of the camnand USE NAME it ia po11ible f'or a user 
to insert in hia file directory a pseudonym, that 11, a name 
which, instead of' being a tag tor a real tile, ii a tag f'or 
another name possibly including a user name and group name. If' 
he later uses the pseudonym, the action taken ia exactly the 
aame aa it he had typed t he entire name for which the pseudonym 
stands. 

12. 4 Doing I/0 to Files I File Numbers 

The file name is an unwieldy and inconvenient handle for 
the I/0 routines to use in transferring data. These routines 
instead reference the file by a compact, 1-word file number 
which is more closely related to the file'• vhereabouta. Thul 
ayatem subroutines are provided to &align to a given file name 
aane temporary file number. 

Thia user •Y find it uaetul to rem•ber that the ayatem 
subroutines which perform information tra~1ter1 to and trom 
sequential f'ilea are the tame f'or input u tor output. 'ftle 
diatinction is carried by the tile number vith which they are 
uaed--vhoae character is in turn determined by whether it vu 
returned by BRS 15 (input) or BRS 16 ( out pit) . Hence a progr111 
which ·n• designed to output information can, without ill-ettect, 
be delivered an input file number. 'ftle ettect will be to lo■e 
the character• which the program wuld be trying to output, while 
taking in character• in their place--theae too, due to th .. nature 
of' the progr111, will in general be ignored and lost. 

Names are recognized and a f'ile number provided, if' required, 
bf the 1y1tem subroutines BRS 15, 16; they may be deLe ,~ed by 
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BRS 63. The preceding description of the manner in which file 

names are recognized largely assumes that they are being typed 

in on a teletype. They may, however, be preeented to the BRS' a 

as a ready-made string of characters in core. Entry parameter• 
for the BRSs include a string pointer to a string in core 

together with an input-file number (most COIIIDOnly teletype). 'nle 
character string may be null or an initial part of a file name 

or an entire file name. In the first two cases sufficient 

characters are appended from the input file to ensu..-e recognition 

or rejection of the name. 

[A Remark on "Random" Files on Tape 

Random and sequential files may be stored and accessed with 

equal facility on "random" storage devices, such as the drum 

and disk. On the other hand sequent ial devices, such as magnetic 

or paper tape, cannot be conveniently or efficiently accessed 

in the manner of random files and are restricted to holding only 
sequential files. However, the comand 'COPY FILE' will allow !I. 

user to copy infonnation fran an existing random file, say on 

the drum, to a sequential but has a special fonnat which does 

not allow it a sensible interpretation as a s~quential file but 
pennits the original random format to be restored when it is 
copied back to a random device. Such a "random" file on a 

sequential medi\DD will result in the return of the apparently 

paradoxical information, 1-0 in bi ts o, l of X when the file is 
opened by BRS 15, 16. Before accessing information in such a 
file the user should copy it (using the Exec ccmnand or BRS 92) 

to a non-sequential medium.] 

12.5 Opening Input Files 

BRS l5 - Open namE:i file for input: 

Takea in A a control word 

in B the address of a string pointer, or~ 

in X a dual file 11\lllber. 

The f'unction of this BRS i■ to recognize an existing file name, 
optionally, oi,en the file for input and return a file number for 

use with subsequent data-input carmand1. 

. . • 
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The string addre11ed by B must be the complete or incaaplete 
name of a predefined file. If the name ia incanplete, character■ 
will be appended from the input t'ile whose number ii given in 
the least significant 12 bit■ of' X -- until ■utf'icient character■ 
are available to determine uniquely a t'ile name (or no ■uch name). 
If the file name ia unquoted ao that prerecognition occurs, the 
"tail" of the name i ■ echoed back to the output file whose number 
is given in the moat significant 12 bit■ or X. 

If B=O on entry a mill string 11 ulUllled and character■ 
collected from the input file are not tran■mitted to the caller'• 
memory. If bit O of Bia aet, the string delivered ia considered 
null--ita position being defined by the first word of the string 
pointer. Unless B=O on entry the completed or, in the case of 
non-recognition, partially completed file name will be tran■mitted 
to the caller's memory. If a pseudonym waa delivered, it will 
be replaced by the string for which it 1tand1. 

Unless the file name wna complete on entry (i.e., no charac­
ters need be taken from the input file), a terminating character 
must be delivered to confirm or abort the file name. Confirm.ing 
characters are those with an internal code representation Oto 
168, also •~micolon, tab, line feed and carriage return; the 
aborting character is ? . All other character a cause ? to be 
output and are otherwise ignored. 

Action: 

Thia ia dependent ~n option■ which are specified by bits 1 
and 2 of A on entry. These are: 

Bit 1, if set, suppre11ea opening the t'ile (no file number ia returned) 
Bit 2, if set, 1upprea1e1 the need t'or a terminating character; when these bits are not ■et, the action is as follows: 

If the name is recognized and a valid teminating character ii received, the file ii opened t'or input. There ii a skip return with 
In A, a file number 
In B, the terminating character 
In X, is a composite word comprising --



1. TAPE or PERMANENT FILES 

WORD 0 

WORD 1 

WORD 2 

WORD 3 

u FILE ~TH m WORDS 

TAPE FILE FOSN M'l'E IAST WRIT'l'EN 

Mask for 
BRS 48 

0 

TAPE SYS'l'Dt NlMBER DRUM ADDRESS 

12 

1 = randan SR = sequential or random 
PRA = ·private accessibility 1 = read only 
PUA = public accessibility O = denied to public 

1 = public read only 
2 = public read and writ e 

SGA = special group accessibility O = read and write 
1 = read only 

SGN = special group number O = none 
S = status O = file permanently on drum 

l = file on drum 

2 = file on ayatem tape 
3 = file on private tape 

U • unuaed 

2. SCRATCH FILES 
WORD l = -1 

WORD O = O, WORDS 2,3 &I tor TAPE FnES 

3, BUILT-IN FILES 

WORD 3 = -2; WORD 2 • 0 
a. Device WORD O = O 

WORD 1 (9 toll] = no. of tape unit 
WORD 1 (12 to 17) = device no (0/P) 
WORD 1 (18 to 23) = device no. (I/P) 
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b. Permanent tile DO , WORD O f 0 

4. SPECIAL GROUPS 

WORD 2 = -1 

~D l (6 to 1.1.] • tile no. (0/P) 
WORD l (J..8 to 23] • tile no. (I/P) 

-{-21 
.... 

12A-2 

WORD O = 0 WORD 1 ""creation date WORD 3 (20 to 23] 11 

group no. 
5 . PSEUDONlMS 

WORD 3 = -1 
WORDS O,l = string pointer to real ltring WORD 2 • O 

De1cription Block Porat 



In bits 6 to 23, the f ile length 
In bi ts 3 to 5, the file type 
Bit O is set if the file io random 
Bit 1 is set if the file is not stored on a 

sequential medium. 

Error Conditions 
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All error conditions are followed by a no-skip return with an 
indi cator in X; A e.nd are undisturbed. 

-5~'5.,-1 shows that the file could not be opened. The po■aible 
reasons correspond one-one with those associated with a 
no-skip return from BRS l with -2';!-'5_,2 (see pp. 9-1, 9-7), 

X=l This exit occurs if the name given is not a predefined 
name in the specified user's file directory. 

X=2 Indicates hat the file name was aborted by delivering 
? u a tenninating character. 

X=O Any such error is accompanied by one of the following 
'error messages' being sent to the command output file 
(nonnally the teletype). 

? 

Iln:GAL USE OF PSEUDONYM 
-NOT PUBLIC 

-NO GROUP N.00 ATTACHED 
-WRONG GROUP NAME 

When the requested fi le exists on magnetic tape it is t ssible 
to receive ab(JUt 20 different error messages, moat of which are 
sel f expl&ruLtory. The position check me11age, "(re: n)" means 
only that the ape has reset its position after becoming "lost" 
and should be of no concern. 

12.6 (h>ening Output Files 

BRS 16 - Open named file for output 
Takes in A a control word 
In B the addre11 of a string pointer, or~ 
In X a dual file number. 

This BRS is provided to read an existing or new file name and, 
opti onally, open the file for output and return a fi le number for 
use with subsequent data-output instruct'ons. 

. . • 



Designation or the File 

'lbe file name is obtained trom B and X in exactly the 
manner or BRS 15 ( q. v. ) except that it the name i1 enclo1ed 
between quotes and ia not delivered in u1ociation with 1011e 

other u■er's name, then it may be new. 

Action 
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'Ibis is again dependent on the control word 1n A, on entry. 
!!i..Q, according a1 it i1 O or 1, apecitie1 that the tile 

to be created i1 ■equential or random. 

!!i._! i1 normally zero, to indicate that the ■pecitied tile 
should be opened and a tile number returned in A. It the u■er 
doe1 not wi1h to open the tile thil bit 1bould be 1et. 
~ it aet ■uppre1■e1 the need tor a terminating character. 

It allo ■uppre1ae1 output ot the ••aaae OU> PILE or REW FILE, 
which 11 normally produced atter identification ot a quoted 
tile naae. 

Bit• 3 to 5 • t, indicate the tile type. 
'lbe type ot a new tile i1 alvay1 aet to bet. 
'lbe type ot an old tile ia changed to t unle11 t-0, vhen the 
old tile type ii retained. An attempt to open the teletype a■ 
anything but a type 3 tile i1 an error. 

Bita 6 to 23 • S, 1igniticant only tor tape tile1. 
S ii taken to be the number ot wordl ot intonlation about to be 
written. It a new tape tile i1 apecitied, a 1p1ee ot 3/2 S 
vorda i1 re1erved atter the current lut tile on tape. For an 
old tape tile, S i1 coapared with the aount ot tape •tJ&Ce 
currently re1erved tor the tile. It it 11 greater, an error 
me11age - TOO Sll>RT i1 produced, tolloved by a no-1kip exit; 
the tile ia not opened. 

The normal return trom the BRS ia w1 th a akip, the Nme 
paraaetera being returned 1n A, B and X u tor BRS 1' viz. 

in A a tile nmber n\llber ( it opened) 
in B the terminating character (it delivered) 
in X a compolite word compriling the tile length, tyr.Je 

and logical structure (randan or aequential)--See 
BRS 15, 



Error Conditions 
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All error conditions are fol.loved by a no-skip et urn with 
an indicator in X; A &nd Bare undisturbed. 

-5~~-l shows that the specified file could not be opened. 
'nle possible reasons correspond one-one with tho■e 
associated with a no-Akip return from BRS 1 with 
-~"5;_2 (see pp,9-1, 9-7). 

X=O 'nlia exit follows the printing of one of the fol.loving 
error messages on th~ command output file (in addition 
to the possible mess&ges given for BRS 15): 

READ ONLY 
WRONG TYFE 
FILE TOO SHORT 
FILE D:ffiECTORY FULL 

X=l if the file name is new and either unquoted or is 
delivered in association with the name of another user. 

X=2 if the abort terminator(!) ia delivered. 
Notes: 

1) Although new tape files for the ordinary user will be created 
on the standard user's tape, sane users can specify the 
tape on which a new file is to be created. For such usera 
a message 

TAPE SYS. NO. = 

is printed and a decimal number must here be delivere 
through the command-input medium 

2) If the file name is quoted and not built in, one of the 
messages OLD FILE or NEW FILE is sent to the camnand output 
medium. As described above, this message may be suppressed 
by setting bit 2 of A on entry. 

3) An attempt to change the logical structure of an old file 
{from rand.0111 to sequential or vice versa) will elicit a 
message to notify the user before the name terminator is 
delivered. 

12.7 Mi1cellaneous File Operations 

~ - Delete name from file direc.tory 
Takes in Ba strin pointer 
in X a dual file number 

. . • 
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The entry parameters are used to de1ignate a name in the 
file directory in the manner ot BRS 15. Tbe name is removed 
from the directory 1Ubject to the following condition■: 

A built-in file cannot be deleted. The BRS will, however, 
allow the user to ,lelete all its names except the last. 

When a pseudonym is delivered to the BRS the paeudonym 
itself is lost. When the last name ot a file is deleted, 
the file's contents are also lo1t. 

A 1ucce11tul deletion is toll.owed by a skip return. 

A no-skip return indicates that the attempt to delete 
tailed. The contents ot X will indicate the reuon tor failure 
a1 folloVI: 

X=3,-2,-l correspond to no-1kip return, from BRS 1 with 
A=-2,-1,0 respectively. Such an exit re1Ult1 
only from e.n attempt to delete a drum tile. 

X~ indicate, an attempt to delete the l&lt name ot 
a built-in tile. 

X=l if' the name i1 not i n the tile directory. 

BRS 60 - Interrogate tile description block 
Take• in B the addre11 ot a 1tring pointer 
in X a dual tile ffllllber 

The entry data are used, in the anner ot BRS 15, to determine 
a tile. The first three words ot the description block tor t hat 
tile (1ee 'P· 12A) are skip-returned in A, B and X respectively. 

BRS 48 T Set tile mod.ea 
Take• in A a tile mode word 
in Ba 1tring pointer addre11 
in X a dual tile number. 

B and X are used , in the manner or BRS 15, to determine a tile 
name. BRS 48 will then use the int.ormation in A to 1et or change 
the special group membership, type and accessibility ot the 
specified file (which must belong to the caller). 

All of these ch&racteri1tic1 are determined by bits 1 to 4, and 
6 to 16 of the third, "mode", word of the description block 
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a11ociated with the tile (see p. 12A). BRS 48 directly replace■ 
the■e bits by the corresponding bit■ ot A at'ter c~ecking A tor 
con■iatency and existence ot the specified special group. 

A 1ucce11f'ul mode change 11 denoted by a skip return, 
failure by a return without ■kipping. 

12.8 Opening Scratch File• 

Scratch tiles are all kept on the drum. They ditter t.raa 
ordinary tiles in that they disappear completely when the uaer vho 
created them logs out. A fixed amount ot drum space 11 available 
to each uaer tor scratch tiles, Which he •Y &llocate u he 1ee1 
tit. It he attempts to exceed the allocation a me■sage will be 
given. 

A ■cratch tile my be created by BRS 16 or any of' the r.........ed1 
which create a new tile, by delivering to them a new scratch 
name (see 12.1). Alternatively, tor a scratch tile with a name 
of' the form/~/ where d 11 any decim&l digit, the elaborate 
■tring delivery and recognition procedure or BRS' ■ i.,,16,63 
can be bypu■ed by using BRS'1 18,19,6' respectively. Instead 
ot a string pointer and dual tile number, these three BRSa take, 
tor tile identification, an integer in X. The decimal equivalent 
of' thia number 11 a string of' three digit■ enclosed between 
1luhes 11 then uaed u a tile name to refer tote tile i the 
conventional way. 
BRS 18 

Take■ in A a code word 
in X an integer 

Thia provide• an alternative way or referencing and opening fr 
input scratch tile■ Vho■e name■ are decimal integers. 

The n\llber in X 11 tranatormed into it■ equivalent string 
ot three decial. digit■ enclosed between 1luhe1, 5 character■ 
in all, (a number Which exceeda 999 11 taken to de■ ignate the 
■tring /999/). Thia ■tring 1hould be a predefined name in the 
caller'• rue directory. "nle aubaequent action or thia BRS 11 
to open the file tor input in exactly the manner or BRS 15, 
i.e. , dependent on bi ts 1 and 2 of A; the return condi t iona are 
the 11me as tor BRS 15 . 

. . • 
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BRS 19

Takes In A a code word
in X an Integer

By means of this BRS a scratch file vlth a declml-Integer nas» 
can be opened for output. As for BRS l8, the nt»ber in X is 
first transformed to a string of three decimal digits enclosed 
between slashes. The name is then treated as a possibly new 
name for a scratch file, belonging to the caller, in exactly 
the manner of BRS l6. Bits 0 to 5 of A also have the same 
significance as for BRS 16.

BRS (fj

Takes in X an integer
The integer is converted into a string of three decimal digits, 
as in BRS l8, I9. The action thereafter is exactly as for 
BRS 63, successful deletion being indicated by a skip return.

^•9 Format of the File Directory. Sosm Imolementation Details

File names, group names and pseudonyms are contained in a 
hash structure of the type described in the Section lU of this 
Btanual. The first two words of each hash table entry are the 
conventional string pointers to the file name. The third word 
(the string "value") is a pointer to a U-word "description 
block." In these four words is held all the information 
necessary to characterize the name, whether it be the r»>ma ©f 
a drum file, tape file, special group, pseudonym, etc. Notice 
that several entries in the hash table may point to a single 
descriirtion block; the associated names are then synonysis for 
the same object, which can be referenced by any one of them.

The cosmand DEFINE NAME creates a new wai— to point to an 
existing description block; conversely DEI£TE NAME detaches the 
name from its description block, the description block itself 
is lost only if this was the only pointing to it.

The format of a single hash table entry with attached file 
description block is sketched on page 12 A.
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Executive commands and BRSs are available for interrogating 
and changing parts of the user's file directory. The commands 
FILE DIRECTORY and SET MO ES FOR FILE are described in the 
manual for the TSS Executive (Document R-22). 'lb~ corresponding 
BRSs are BRS 6o and 48. 

12.10 Miscellaneous Services 

BRS 92 - Copy file to file 

By means of this BRS infonnation can be copt ed from one file 
to another. The entry parameters consist of an input f'ile nuaber, 
an output file number and sane bits to determine the nature of 
the files. If th~ information transfer is successt'ul,there ii a 
1kip-ret•rn; if unsuccessful, a no-skip return, possibly preceded 
by a ~Hage, 

On entry, the contents of A are taken to refer to the input 
ti le as fo llovs : 

bita 15 to 23 
bit■ 3 to 5 
bit 1 

bit 0 

give the input file number 
give th~ file type 
is O for a sequential device (tape, teletype) 

or 1 for a random device (drum, disk) 
is O for a sequential file, l for a random file 

The contents of B refer to the output files. Only b~t s O, 
l, and 15 to 23 are signif icant and have a similar interpretation 
to the corresponding bits of A. 'lbe nece11ary information for 
1etting bits O and l correctly is returned by BRS ' s 15, 16 a1 
bitl ~' 1 of X. 

The copy· will be successfully terminated when any of the 
fol.lowing terminators is read f'ran the input file. 

1) Input file sequential 
a) An EOT (1448) character, if and only if the input file 

is a teletype. 
b) An EOF (1378) character for other type 3 files. 
c) 2 con■ecutive teHnwords (276575378) for all other 

sequential files. 



2) Input file randOl'll 
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a) 1 termword if the file is 1tored on a 1equential d~vice. 
b) otherwise the copy terminates when the end of the 

index-block chain is reached. 

The return after e. successful copy is with a skip. 

Errors 

Errors may be 

a) Calling BRS 92 with inadmissible parameter■ . 

b) Unusual conditions detected during a data transfer. 
Errors of type (a) may be any one of the following: 

Attempt to copy a sequential. file to a random tile. 
Attempt to copy a "random" file on tape to a sequential file. 
Attempt to c py a non-symbolic file to teletype. 
Attempt to copy directly from magnetic tape to a teletype 

or vice-versa. 

They are all ollowcd by a no-skip return. 

Errors of type (b) are all signalled by a rneaaage, which is 

sent to the command output medium. The messages may be any of: 

- ENO OF TAPE 

UNT1MELY EOF IN INPUT 

UNT1MELY EOR IN INPUT 

RANDOM FILE roo BIG, TRANSFER TERMINATED AT ADDRESS <n> 

FAITED TO READ mDEX BLOCK 

INPUT ERROR 

OUTPUT ERROR 

All but the 1&1t two &re followed by a no-skip return. In the 
ca■e of the last two the tran■fer continues from the point at 
which the transfer error was detected until the entire file is 

copied. 

BRS 93 - Make a ''save" file 

Takes in A the address of a core-bounds list 

in B the address of a 2-word map 

in X a sequential output file number 
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Thia BRS may be used to preserve t e contents of specified 

ranges of core (in the map given by B) to the output file given 

by X; note that thla file must be sequential. 

The core bounds list addre11ed by A, !1 a conti guoua liat 

of positive numbers terminated by any negative number. The first 

entry of the list i s taken as a "starting dress" - and i1 the 

&ddre11 to which a transfer of control will be made when the data 

preserved by this BRS is read back into core by the GO TO c01111and. 

Subsequent entries in the list are taken in pairs--each pair 

defining a range of memory from which information is to be saved. 

The tvo &ddre11e1 in each pair may be given in either order. 

All &ddre11e1 are taken with the map whose core address is given 

in B--if B ii zero, it will be assumed that th'! user's current 

program memory is to be saved. 

If the informat ion ii succe11f'Ully transferred to the file, 

tt,ere is a skip return. Any failure in the data transfer results 

in an immediate no-skip return. 

The formats of the core '!:>ounds list and the resultant save 

file are: 

Format of Core Bounds List Fl,rm&t of Save File --
Start ing Addre11 11 • min (ml,nl) 

ml ul • max (n,_,nl) 

Dl Starting Address 

~ 
. . 

n2 
d&ta from 

core range 11 to u1 . 
. 12 

'\ u2 

'it • data f'rom cote 12 to u2 . 
negative n\lllber . . . 

data from core \ o'\ 

term word 

erm wor 

. . • 



RS 94 - estore a save f ile t core 

f.ntry A, B = relabeling 

X = ile no. of sequential save (type 1) file 
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The save file, which shoul have the format described in 
BRS 93, is tTansferred t o the memory given by the map in A,B. 
If t he transfe r i s successful , there is a skip return with the 
start i ng address (see BRS 93) in A and the file number in X. 
An unsuccessful ata t ransfer results in a no-skip return. 

BRS 131/ 132 - (open t ape for input/ output) (privileged] 

Given in: A = t he desired tape position (O<A<2'56) 

B = the user number of the f ile owner (BRS 132 
only) 

X - the tape system number of the tape unit 
number wi th bit O set. 

Return rro S~ip: A = error flag (-2<A<18) 

All errors result in a typed message 
Skip: A = file number 

B = user number of file owner 

X = tape unit number 
The t ape ~nn be en or input (BRS 131) without executivity 

being set. If the de si red tape is not logically mounted, it 
can still be accessed by loading the unit number in X and 
setting x

0. This wi ll cause t he tape status vector to record 
the tape system a.n:J reel numbers. No new file a can be created 
with BRS 132 . A more complete description can be found in R-31, 
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The executive ,rovides a number of BRS's which are service■ 
for the user. Man. of these aTe incorporated in the string 
processing system or in the floating point package and are 
desc ibed in he next two sect ions. 

To input an intee;er to any radix the instructions 
LDB = radix 
LDX = file 
BRS 38 

may be executed. The number, which may be preceded by a plus 
or minus sign, is returned in the A re ister and the non-numeric 
chara~ter which terminated the numbe n the B register. The 
number is computed by multiplyin the mmtber obtained at each 
stage by the radix an ad.din the new digit. It is there ore 
unlikely that the ri ht thing will happen ,. ft e number o digits 
is too lar~. If no digits are typed, the sign bit of i s set,. 

To output a number to arbi ray adix the initructions 
LDB = radix 
LDX = file 

L1lA. umber 
BRS 36 

may be executed. The number will be output a.s an unsien 24-bit 
integer unless the radix is nesative, in whi ch case it w· 11 be 
signed. If the magni ude of t he radix is less than 2, an error 
will be indicated. 

To get the date and time into a string, the operations 
LDP Pl'R 

BRS 91 

may be executed. 'l'hE current date and time are appended to the 
string provided in AB and the resulting string is returned. The 
characters appended have the form: 

m/dd/yy hhmrn:ss 
Hours are counted ram Oto 23. 
BRS 39 returns the date and t ime i n A as six 8-bi bytes 

giving yr nr, mont h, d hour, minut e, se ond, respectively. 

. . • 



Specification for BHS rJ Fi.nd user's teletype 

Entry A = -1 or teletype number 
X -· user number 

Exit No s!d p: u~e:r not entered; A,B,X undefined 
Ski p: 

A •= te letype number 

X 0-== user number 
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This RRS ma,v be used to f i nd on which teletypes a user is 
entered. A search is made to see if the user whose user number 
is given :tn X i s entered on any teletype with a number higher 
than +hat civen in A. If no such teletype is .round, the 13RS 
does not s.dp on retu rn. Otherwise, t here is a. skip return 
with t ~e next h:i.eher such telet,ype number in A. 

Specification for BRS lo4 Fi nli user number from user name 

Entry n ,·- strinr, pointer address 
X = dual file number. 

Exit N0 skip: /\, B, X undefined, illegal user name 
d k ip : A • . ., X , user number 

BRS 101., uses B D,nd X to collect a user name in the same 
manner as BRS 15 . I f an illegal name is typed, there is a no­
skip return from the BRS. The characters ty-ped are appended to 
the string (if any) given on entry. Otherwise, there is a skip 
return with the required user number in both A and X. 

Specification for BRS 105 Find user name fran user number 

Entry A, B = string ·pointer 

X = user number 

This DRS r everses the action of BRS lOI~. !f the user number 
is valid, it appends to the string addressed by A,B the users name 
corresponding to the given number and returns wi.th a sldp. 

If the user number is not valid the BRS does not skip and 

A, B,X a.re unchanged. 

I ' 

( ) 



14.0 String Processing System 

The string processing system (SPS) consists of eight SYSPOPs 
and six BRSs. SPS strings are stored three 8-bit characters per 
word. Strings are addressed by two-word pointers. The first 
word contains the character address of the charact er before the 
first character of the st r ing. The second word contains t he 
character address of the last character of the st ring. The 
character address of a character is obtained by multiplying by 
3 the address of the word containing it and addi ng O, l or 2 
depending on its position in t he word. All string pointers 
contain character addresses. The character pointers used by 
GCI, GCD, WCI and WCH must have the first 8 bits cleared. 

The followi ng SYSPOPs are i ndependent of the hash tabl·e 
mechanism which is described later. Any of them may be indexed 
or indirectly addressed (as may most other SYSPOPs). 

14.1 String Pointer Load and Store Operations 

LDP ADDR loads the A and B registers with the contents of 
ADDR and ADDR+l. X is undisturbed. GTP ADDR stores the contenti:; 
of the A and B registers in loco.tions ADDR and ADDH+l. A, B, 
and X are undisturbed. 

14.2 String Read and Write Operations 

CCI ADDR tries to load the A register wit h the first charact er 
of the string addressed by the pointer pair in ADDR and ADDR+l. 
If the string is null or empty (i.e., if the contents of ADDR 
is greater than or equal to the contents of ADDR+l), then 
nothing is done and the next instruction in sequence is executed. 
If the string is not null, its first character is loaded into A 
right-justified and the contents of ADDR are incremented by 1, 
so that the string pointer now :points to the stri ng with the 
first character delet ed. The top 16 bits of A are cleared, and 
the next instruction in sequence is skippeu . Unless a copy of 
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the or iginal po i nter is saved, the contents of the string are 
effectively destroyed by GCI. For example, the code: 

GC I STR ING 
BRU ©tr.r 
BRM PHf,cESS 
BRU * - 3 

¢ur 
will call t he subroutine PR¢cEGS with each che.racter of the 
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st r i ng addressed by STR ING and eo to ¢UT aft.er the last character 
is processed . To save the contents of STRrnG, the following 
comrnnnds could have been executed first: 

LDP STR JNG 
S'l'P SAVE 
etc. 

The X register is not disturbed by GCI. The B register is 
destroyed. Timing: l,-3 cycles. GCD. is in every way similar 
t o GCI except that t he character is taken from the end o·:· the 

specH:Led s tr'i.ne G.nd the second stri,n,<::, pointer is decremented. 
WCI ADDR writes the charact er in t he last 8 bits o.f A on the 
end of the strinr.; addressed by ADDR. The contents of ADDR+l 
are i ncremented hy 1. A and X are not changed. B i s destroyed. 

•ro use a. W,, I in construr.t:tng a. stri ne, it is necessary to 

st&rt with a mill st:!"i.ng. Suppose the st rtng i.s to be put into 
o. buffer called LJ:llfF. and defined by 

LINE ,, ( "1 
, ) 1.)1...) ;-10 

'I.'he i nstructions 

LDA =LINE 
MUL ~:3 
LSH 23 
STA P1'R 
STA PTR+l 

will make FTR a pointer to a null strtng beginning (and ending) 
with the first character (not the 0th) in LINE. To start with 

the 0th character a SUB=l could be inserted after the LSH. LrnE 
can now be filled, say from the teletype by 

CIO = 0 
WCI ?rR 
BRU * - 2 

WCD is the same except that it writes the che.racter on the front 
of the strfog and decrements the first pointer. 

---

l 
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WCH ta.kes a cho.ractcr in A and a table address in the operand 

fi eld. The table comprises three words: 

ZRO CLB 
ZRO CIJ8 

OP ADDR 
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WCH tries to write a character into the area defined by the 

character a.ddresses CLB, Clm . Prcvided t~at C J'B>CLB, WCH will 

writ e the charact er in A into characte:r position CLB+l and 

increment CL . If CL CUB the character 1.s not written and 

control is transferred to the third word of t he table "'ith A and 

X undisturbed and the address of the offe nding WCH i n B. This 

can be an error trap or an exit to a routine which allocates 

more memory, by garbage collcc ion or otherwise, for further WCH's. 

J.4.3 Stri ng Compare Operations 

SKSE ADDR sk ips if the strlne addressed by the pointer in 

AB is identical wit h the strin , addressed b ADDR. If the strings 

are of different lengths or have different contents, SKSE does 

not skip. This instruction is essenti ally identical to SKJ~, 

except that it act s on strings rather than numbers. A, B, X 

are not disturbed by SKSE. 

SKSG ADDR skips if the contents of the string addressed by 

AB is greater than the contents of the string addressed by ADDR 

and ADDR+l. Comparison is ma.de character by character, and 

tenninates with the first unequal characters; the num~rical, 

internal code representation of characters is used to detennine 

inequality. If the strings are equt1l for the entire l ength of 

the shorter one, the longer one is indicated as the greater. A, 

Band X are not disturbed by SKSG. 

14.4 String Input/Output 

BRS 33 accepts a string pointer address in A, a file 

number in X and a "terminal character" in B. It collects 

characters frcm the file and appends them to the strine until 

the tenninal character is seen; this is not added to the strtng. 

It then returns t he updated st rin _, poi..ntcr i n AB; t he str e; 

·1 
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polnter in core .1.s also updated. If bit O of A is set on entry 

the string is taken as null with the second pointer equal to the 

first. 

BRS 34 accepts a file number in X, a word address in A and 

a count in B. It outputs B consecutive cha.ra1.:ters starting with 

the first character of the speci.fied word. If B=-1 on entry 

characters are output until/ i s encountered and the character 

$ is interpreted as carriage return, line feed. 

BRS 35 accepts a file number in X and a string pointer in 

AB. It outputs the string to the file . 

11~.5 Hash Table Lookup Instructions 

The hash table is a struct ure for minimizing the effort 

required to perform certain scan-and-compare operations when the 

operands are strings. 

A ha.sh table is a contiguous set of 3-word "augmented string 

pointers." The addresses of the first and last-plus-one locations 

of the hash table we shall denote by rrr, EHT respectively. Each 

augmented string pointer occupies three consecutive locations 

of the hash t.able. Bits 8 to 23 of ea.ch of the fi.rst two 

locations hold the actual string :pointer; bits Oto 7 of these 

two words, as well as the entire third word (the so-called string 

"value") may hold arb:trary in:..'ormation. Note, however, that 

bits O to 7 of the si,;::i.ng pointer words must be zero if used with 

GCI or WCI. 

There are three BRSs to perform operations on a ha.sh table: 

they are BRS 5, BRS 6, BRS 37. BRS 6 is used to introduce new 

strings into the table. BRS 5 and BRS 37 each perform a scan of 

the hash table for a string to match a given string. 

Before using BRS 5 and BRS 6 to insert string pointers into 

a.n initially empty hash table, the hash table area. must be cleared 

to zeros. 

BRS 5 takes a. string pointer in A, B, a table address in X. 

The table comprises 3 words: 

ZRO I-IT 
ZRO EHT 
ZRO 0 

) 
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The ffrst two define the hash table bounds, the third is used 
for communication with BRS 6. 

nRS 5 searche s the hash table for a string to match the 
given one. If successful it r eturns in B the address of the hash 
table string pointer (the string "index" )--a.nd i n A t he string 
"value"; it sk ips on return. If the search is unsuccessful, 
3RS 5 returns w:ith A, B unchanged and the address of the next 
free t able entry in word 3 of the tab le (this will be -1 if the 
table is full). Xis not disturbed . 

BRS 6 takes a st rine; po •. :r: in A, B and a t able address 
in X. The table i s as .or DRS 5 . 'l'his operat i on inserts the 
string pointer into the hash table at the point determined by 
the la.st BRS '.) which fniled (i.e., a.t the location ::;pecified by 
the third wor d of the table) .. If this word i s -1, there is an 
illegal instruct:ion tra.p . BRS 6 is intended for use only in 
i nsert i ng into the hash table a string pointer for which BRS 5 
failed to find a. match and should not be used except a.f'tE r a 
fa iling BRS 5 . Furthermore, st:!'ing pointers should not be 
placed in the hash table except with URS 6 (otherwise the scann ing 
algorithm used i n BR S 5 will not work). Note that BR3 6 d~e s not 
physically move the characters to which (An) points. 

On ex i t, BRS 6 returns in B the address of the firs t word 
of the new hash table entry and in A, the "value" wor d of l·he 

entry; X is not disturbed. 'I'o de lete a hash table entry, put 
-l (not o) in the fir st word. 

BRS 37 takes a dual fil<➔ number in A, a string pointer 
Ei..rld.:ress in 13 and, in X, t he add.r ess of two words containi ng 
table bounds HT, ETIT . A dual file number is e single word 
holding an output file number in the first 12 bits and an input 
file number in the second. If the output file number is zero, 
the user's teletype will be used. The table has the same form 
a.s a hash table, but the string pointers may be put i nto it in 
arb'itra.ry order; it is not necessary to use BRS 5 and BRS 6 . 

The behavior of 13RS 37 depends on the command recognition 
mode currently set in the exec ( see H- 22 , 3ection 5 .5 ). If t he 
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mode is 3EGINNER, the hash table is scanned for a string to 
match exactly the given one. If none is found but the Jivr!n 
string matches the initial part of some hash table string, 
characters from the i nput file a.re appended. to it until ei ther . 
an exact mo.tell .'s obtained o:r a match becomes impossible. The 
ex i t is deocribed below. 

If the mone l s NOVICE , the hash table is scanned for a 
ot?"ine to match the r,i ven one . If none i.s found bu t the given 
str ine.; matches he initial pa.rt of some hash table string, 
characters from he i nput file are appended unti l the string is 
long enough either t o determine a unique he.sh table string, with 
a matchi.ng init al pa·rt, or for no match to be possible. In 
the former case, if the ha.sh t able stri ng now contai ns three or 
l ess as-yet -unmatched characters, more characters are taken from 
input until an exact mat ch is obtained or no match i s possible; 
if t~e hash table string contains four or more as-yet-unmatched 
characters thc.se un:na.t ched characters are sent to t he output 
f:i.le. If the i nput fil is the te letype, BRS 37 waits until 
all the characters have heen out.put, and t he input file bnffer 
is -:lea.red bcf r e exit . 

If th~ mode i?. l:X~).EP.'! the hash table i s -scanned for a str in r1; 
to match the [iven one . If none is found but the g:i Yen ctrtng 
matches the init :i.a l part of some ha.sh t able str ing, eharaci:cr s 
from the input f:i.le are appended until the string is long enough 
either to determine a unique hash table string, with a. matching 
initial part, 2!. for no match to be possible. In the fonner case 
the remaining characters of the hash table string are sent to 
the output file. 

Exits are as follows: 
The no-match condition causes a no-skip exit with a string 

pointer in AB to the string so far collected; Xis undisturbed. 
If a match is found there is a skip exit with the address of the 
matching table entry in A and the string value in B, Xis undisturbed. 

The following subroutine illustrates a use of the hash 
table faci lity. A strj ng is input from the teletype and appended 
to WCH str inp; storage until a carriage :return i s encountered; 
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it is assumed that string storage does not overflow in the process. The hash table i s then searched for the string; if it 11 not 
already there it is inserted. In any case, an exit 11 made with 
the value of the strins in A and the address of the string 
pointer in 13. On entry X contains the address of the table for 
BRS '5 , 6. CTL is the address of a table for WCH. 

INPUT ZRO INPL 
LDA CTL remember beginning of string STA TEMP LOOP TC! CHAR 
SKE "'155B tenninator? BRU WRin.: 

LDA T.El-iP yes LDB CTL 
BRS 5 
BRS 6 
SBRR mPUT vffiITE WCH CTL 
BRU LOOP 
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15.0 Float ing Po int Instructions 
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This section describe s the floating point operations which 
are available i.n the s.vstem. SYSf-OPs arc provided to do floating 
addition, subtro.ction , multiplication and division and to convert 
under format control between the i~ternal floating point repre­
sentation and an external representation as a string of digits, 
decimal points and E (for exponent). BRS's exist which perform 
input-output and conversion automatically without i nvolving the 
user with the external string representation. All these operations 
preserve the X register, except input routines which return the 
terminal chara.cte.r in X. Most destroy AB by leaving a result 
there. 

l'J .1 Floating Point Representation 

A floating point number is held internally as two 24-bit 
machine words. The format is 

MANTISSA EXFONENT I 
The number is always normalized: i.e., the most significant 
bit of the mantissa differs from the sign bit. All float i ng 
point operations expect normalized operands and produce normalized 
results. Both mantissa. and exponent are treated as two .. complement 
numbers. The two words of the floating point number appear in 
the AB re,gister or in memory in the order indicated. 

A floating point number is repr~sented externally as a. 
string of characters. This string has the following form: 

[~] (string of digits] [.[string of digits]] [E(:]string of digits] 
The brackets indicate optional constituents. At lea.st one digit 
must appear. Imbedded blanks e.re not allowed. The E indicates 
that the preceding number is to be multiplied by the power of 
10 specified after the E. In general a floating point number 
being input may take any fonn which matches the templAte above. 
On output the form produced will be determined by the fonnat specified. 



,114 h 

.. . 

15.2 Floating Point Arithmetic 
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There are four Sl'SPOPs to perform floating point arithmetic. 

Ea.ch of these takes one operand from AB and the other from Mand 

M+l where M is the effective address of t he instruction. The 

result is l eft i n AB in normalized form. If its magnitude is 

greater than 5. 7A96ol+l+ ,+76, the overflow indicator will be 

t urned on and tM.s va_ue will be returned. The overflow i ndicat or 

is not cleared by any of these i nst ruct ions. In t his respect the 

floatin point POPs behave exactly like the integer machine 

instructfons : a sequence of operation«:, can be perfomed before 

the 01rerflow bit is tested . The bii: wi ll be on if an.v operation 

cased. an overflow. If the r:esult i s less than 0. 803616E-77, it 

wi .1 be set to O. No indication will be given. 

The four operation~ are: 

FAD 
FSB 
FMP 
FDV 

Floating add 
Floatine subtract 
Floatin multi ply 
Float i ng divide 

An attempt to dt~ride by O will produce an overflow. 

Two SYSPOPs are provided for loa.di n and. storing dou le 

words. The words i nvolved need not be floatinc point num )ers, 

of course. 

wad pbinter: L.DP M puts the content s of M a. c ~ ~:!.. 1 to A3. 

Stor e pointer: STP M puts the contents of AB into .ii and 1'1+ 1. 

Three BRS 's provi de for unary operations involving floating 

po int numbers. 

Floating negate: BRS 21 returns in AB the negative of t e 

floating point number supplied i n AB . 

.Fix: BRS 50 converts into a doubl e pr:ecision fixed point 

number. The integer part appears in A. 

The fraction part appears, left justified, 

in B. If the integer is too large, the 

most significant bits will be lost. The 

i nteger part is the next smaller i nte er. 

I.e. , IP(-1. 2)=-~. 

Float . BtS 51 converts ,he i ntege in A t o a no alized 

float i ng point number in AB. 

. . 
• 
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15. 3 Input/Output Formats and Conventions 

Every I/ 0 operation allows the user to specify a format in 
the X register. Format specifications are based on Fortran 
conventions, and are specified as follows: 

Bit of X Field Name Signi.ficance 

0-2 T Format types: 
1 integer. 

3-8 

9-14 

15 
16-23 

Examples: 

F6. 3 
El7,9 
I5 

D 

w 

0 

N 

2 E format with the number right 
justified within the specified field. 

3 F fonnat with the number right 
justified within the specified field. 

4 E format with the number left 
justified within the specified field. 

5 F fonnat with the number left 
justified within the specified field. 

Number of digits foUowing the decimal 
point. 

Total field width 
If the field width is 0, the I/0 will 
be done in free format. ----
Overflow action. 
I/0 file number. 0 always refers to 
the teletype. ISC ~nd SIC ignore 
this field. 

303o6ooo 
21121000 
1~000 

On tnput only the W and N fields are significant. Note that 
exactly W characters will be read on inp,1t (unless W=O). Leading 
blanks a.nd any trailing characters are ignored. Free format 
input will accept as many characters as it can in constructing a. 
number which fits the external representation described above. 

The input operations always return a floating point result, 
They skip unless overflow occurs, in which case they return the 
largest possible number and do not skip. Any nUll'lber of digits 
may be provided: the first +1 digits after any lcadiug zeros will 
be the ones used. 

On output the W f'ield should be made large enough to 
accommodate sign, decimal poi nt, E, sign of exponent and exponent 
( if the fonnat t..vpe requ:l.:rcs any of' these elements) as well as 

,. 



the digits of the number itself. See the discussion of error 

conditions below. The sign is printed only if the number is 

negative. 
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There are two wo.ys to 01Jtput a.n integer: (1) integer 

format, or (2) F format wit.h O fo the D field. The former 

requires that t he number in the A register be in integer form; 

the latter expects a floating point number in AB. 

Free format output generates between 11 and 16 characters. 

If the magnitude of the number is between IBO and 1E9, ten digits 

are output with the decimal point properly placed. Otherwise, 

exponential fo:rmat is used; in particular, the format El5 .9. For 

example, the following numbers might be generated by the free 

format output . 

5 , 379605400 -145 362 ,5967 5. 789<,Q446?..E+76 

15 .l.~ Input/Out put Operations 

Two SYSPOP:.; arc available to convert between the i nternal 

binary reprcsent at ioh of a floatine; point number and i.ts 

external decimal representation as a strine of characters. The 

string is stored o;:1d addressed according t o the standard system 

conventions. 

String to internal conversion (SIC): Cha.re.cters a.re read from 

the string pointer addressed by the POP under control of +,he 

format i n X. The internal representation of the number i s 

returned in An . 'I'he fir st chara~ter afte~ the number is returned 

in X if free for.mat was specified. 

Internal to stri.nr, conversion (IS~ ): The number ln AB :ts converte1 

according to the for mat in X and the resulting external r epresen­

tation is written onto the end of the string addressed by the POP. 

The st ring pointer i.s updated . 

'I\-ro BRS's are available to do input/output and conversion 

at the same time: 

Floating input: DRS 52 . Input ta.'kes pla,ce according to the 

format word i n X. 1'he operation of th i.s BRS i.s identical 

to that of SIC . 

I 

• I 
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loa in output : . 5 3. Output takes place according to the 
format word in X. The operation of this BRS i s identical to 
that of IS . 

15.5 Outpu rror Conditions 

Th re a.re four ssible error condit ons. When one of these 
con · ions occ st c llowi action i s taken: 

Code 

l 

2 

3 

4 

a) Interrup 5 s enerated 

b) An error code i s put into location 200B 

c) The indi cated corrective action is taken and execution 
conti t:.e s. 

Condition 

T field is not 1,2,3,4 or 5 
Exponent field is too small 

Integer exceeds 8388607 
in magnitude 

Field for F-convers i on 
too small 

Action 

Assume 2(E format) 

Discard characters from the 
left or take overflow action. 

Use 8388607 

Dilc&rd characters from the 
left or take overflow action. 

If either of er or types 2 or 4 occurs and bit O in the fo mat 
word is set,then the utput field will be filled with *'a. 
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BRS TABLE 

NAME NtNBER FUNCTION 

t«>NOPN l Open file 9-1, 

t«>NCLS 2 Close file 9-2 

3 

MPl' 4 Release memory 5-3 

SSCH 5 SPS aearch 14-5 

SSIN 6 SPS inaert 14-5 

OCLR 7 Releaae all apace acquired 10-4 
via BRS 126 

IOH 8 Close all files 9-2 

FKST 9 Open fork 3-1 

PPAN 10 Progruaed panic 3-6 

CIB 11 Clear input buffer 7-5 

CET 12 Declare echo table 7-2 

SKI 13 Skip it' input buffer empty 7-5 

DOB 14 Wait for output buffer empty 7-5 

EXGIFN 15 Symbolic input file nae 12-6 

EXGOFN 16 Symbolic output file nue 12-8 

UABORT 17 Close all files 9-2 

EXSIFN 18 Scratch input file 12-12 

EXSOffl 19 Scratch output file 12-12 

CFIIE 20 Close file 9-2 

FM 21 Floating negate 15-2 

TPPAN 22 Send user be.ck to exec 3-7 

I.lfKS 23 Link TTY 7-6 

LNlCC 24 Unlink 7-7 

Ast~riak indicate, that the BRS ia not implemented on 10/'27/67 

9-5 

. 
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NAME NUMBER FUNCTION 

MSGS 2'5 Set AM and AI bit■ 7-4 

SKROtrr 26 Skip if rubout waiting (exec) 3-6 

AS'I'l' 27 Attach 'rl'Y 7-3 

RSTT 28 Re lease 'rl'Y 7-3 

C~B 29 Clear output buffer 7-5 

FKRD 30 Read fork 3-3 

FKWT 31 Wait ror fork 3-3 

FK'IM 32 Terminate fork 3-3 

GETSTR 33 Collect string 14-3 

¢tm,fSG 34 Output me11age 14-3 

~UTSTR 35 Output string 14-3 

~UTNUM 36 Output number 13-1 

GSI#K 37 General string lookup 14-5 

GETNtl-1 38 Read number 13-1 

RMDY 39 Rt•ad date and time 6-1 

RDET 40 Read echo table 7-2 

I~RET 41 Return from I/0 subroutine 11-2 

RRF.AL 42 Read clock 6-1 

RDRL 43 Read relabeling 5-2 

STRL 44 Set relabeling 5-2 

~ 45 Diami11 on quantum overflow 2-3 

NR~ 46 Turn rubout off 3-6 

SR~l11' 47 Turn rubout on 3-6 

SETFDC 48 Set rd control word 12-11 

SRIR 49 Read interrupts anaed 4-2 

FFIX 50 Fi.x 15-2 



NAME 

mT 51 

FFI 52 

~ 53 

ifRRSB 54 

~SB 55 

MBEX 56 

~ 57 

ss~ 58 

CBRF ,9 

RFDC 6o 

SGDEF 61 

SGDEL 62 

EXDEL 63 

64 

' EXSFDL 65 

DFDL 66 

DFER 67 

EBmil 68 

GBmil 69 

70 

SICXEC 71 

EXIM3 72 

EPPAN 73 

74 

75 

76 

A-3 
FUNCTION 

Float 15-2 

Fonnatted floating input 15-4 

ronnatted floating outp.it 15-5 

Re1erve re1ident block 

Make or relea1e re1ident block 

Make block executive 5-4 

Guarantee lau canput 1ng 2-3 

Define 1econdary memory 10-2 

Clear block in random dr\a tile 10-3 

Read tile directory entry 12-11 

Define special group 12-4 

Delete ■pee ial group 12-5 

Delete named tile 12-10 

Delete 1cratch tile 12-13 

Delete drum tile (content• only) 9-4 

Delete 1pecified tile block 9-5 
(exec only) 

Enter block in SMT ( exec only) 5-3 

Get 00 block to IMT 5-3 
(exec only) 

Skip if executive 6-l 

Exec di111i11al (exec only) 2-5 

Economy panic 3-4 

. 
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NAME NUMBER FUNCTION 

77 

SAIR 78 Ana interrupt■ 4-1 

SIIR 79 Cau■e interrupt 4-1 

~o 8o Make block RO 5-3 

WR.EAL 81 Di■mill for apecified tille 6-1 

SWSF 82 Switch sequential file to 9-2 
input or output 

83 

84 

SET8P 85 Set special teletype outpat 7-7 

CLR8P 86 Clear 1pecial teletype output 7-7 

DFRX 87 Read dr\D block ( exec only) 9-5 

RTEX 88 Read execution time 6-1 

89 

DFR 90 Declare tork for rubout 3-5 

EXRTlM 91 Time to 1tring 13-1 

ECCOPY 92 Copy 12-14 

ECSAVE 93 Save 12-1.5 

ECPLAC 94 Place 12-17 

ECDUMP 95 Dump 

ECRECV 96 Recover 

ECP'NDU 97 Find u1er 13-2 

ECCSLT 98 ConlUlt with u1er 

9C) 

100 

101 

102 



) KAME 

103 

EXCBUN 104 

EXCUlffl 10, 

P'llWA 106 

FICRA 1(17 

FKTA 108 

IJ4.S 109 

RDU 110 

BRSRET ill 

TSOFP' 112 

DFCD 113 

MTDI 114 

CKDOPN 115 

RURL ll6 

SURL 117 

TGET 118 

TREL 119 

AME 120 

DIMTE 121 

MPM 122 

123 

RDRM 124 

WDRM 125 

DGET 126 

DREL l27 

128 

A-5 

PUICTIOI 

Convert naae to uaer maber 13-2 

Convert uaer maber to DAM 13-2 

Wait tor any fork to terainate 3-3 

Read all fork 1tatuae1 3-3 

Terminate all torkl 3-3 

Di■mill 5-1 

Read device and unit 9-5 

Return from exec BRS (exec only) 6-2 

Turn ott teletype 1tation 7-4 
(exec only) 

Count data in drua tile 9-4 

Di1connect W-butter (enc only) 9-6 

Skip it no drum tile■ open 

Read u■er relabeling 5-3 

Set u1er relabeling 5-3 

Reaerve tape unit (exec only) 9-6 

Releue tape unit (exec only) 9-6 

Ala 1gn M entry ( exec only) 5-3 

Releue 1pecified M entry 5-3 

Simulate memory panic (exec only)6-2 

Read 2JC block 10-4 

Write 2K block 10-4 

A11ign 2K page 10-4 

Re leaae 2K page 10-4 

. . 
• 
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NAME NUMBER Jl'Ull::TION 
) 

129 

RDBA 130 Read drum a11iglllent 

Pl'R 131 Polit ion tape to read file 12-17 

PlW 132 Po1ition tape to write file 12-17 
(exec only) 

*LNED 133 Line edit 

SKUEX 134 Skip if call.er executive 

*Am'Y 13'5 Attach p1eudo-teletype 

ilRrrrY 136 Release p1eudo-teletype 

~C'lTY 137 Change controlling teletype 

WIR 138 Wait for input reque■t 7-5 

NTOS 139 Suppre11 or allow output 7-7 

• 



SY'S'l'Dt ~OGIWIC!D OPERATORS 

BIO 176 Block input-output 

TCO 175 Teletype character output 

TCI 174 Teletype diaracter input 

BRS 173 Branch to 111t• 

CTRL 172 Input-output control 

SBRR 171 Sy,,;• branch and return 

SBRM 170 Syet• 1Ubroutine call 

STP 167 Store pointer 

LDP l.66 toad pointer 

GCI 165 Get character and increment 

WCH 164 Write character 

SICSE 163 Skip on string equal 

SICSG 162 Skip on 1tring greater 

CIO 161 Character input-output 

WIO 160 Word input-output 

WCI 157 Write character and incNMDt 

P'AD 156 Floating add 

P'SB 155 Floating ,ubtract 

PMP l,54 Floating multiply 

FDV 153 Floating divide 

EXS 152 Execute instruction 1n 111ta 
mode 

~ST 151 Output to 1pecitied teletype 

LST 150 Input from 1pecit'ied teletype 

SAS 147 Store in Ncondard 111110ry 

B-1 

9-3 

7-2 

7-2 

Appendix l 

9-4, 9-6 

14-1 

14-1 

14-1 

14-3 

14-3 

14-3 

9-2 

9-3 

14-2 

15-2 

15-2 

15-2 

15-2 

6-2 

7., 

7-4 

10-3 

. . . 
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) 
IAS 146 lead from 1ec011dary aN10ry 10-3 

~ 145 Drum word output 10-1 

WI 144 Drum word input 10-1 

DBO 143 Dnlll block output 10-2 

DBI 142 Drum block input 10-2 

ISC 141 Internal to string converlion 
(floating output) 

15-4 

SIC 14o String to internal conver■ion 15-4 
( floating input) 

GCD 137 Get character and decreaent 14-2 

STI 136 Simulate teletype input 7-7 

WCD 135 Write character and decreaent 14-2 

STO 134 steal teletype output 7-7 

) 
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