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1.0 Introductory

The Berkeley Time-Sharing System is divided into three major
parts: The monitor, the executive, and the subsystems. 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 that portion of the system
which is concerned with scheduling, input-cutput, interrupt
processing, memory allocation and swapping, and the control of
active programs. The executive, on the other hend, 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 command 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 R-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 iable
or PACT). This table contains all 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 regicsters. 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 PTEST 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 PFORK, PDOWN and PPAR
are discussed in section 3 on forks.

The word called PTAB 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 QUTAB point 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
which it is dismissed if any other programs are ready to run. This
time is called a long quantum. It may be different for different
programs. In fact, the size of the long quantum is determined by
the entry in QTAB which is pointed to by the program's QUTAB in PACT.

When a program is activated, it is first allowed to run for a
short quantum. During this time it cannot 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 called 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 vhether 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 case it is said to be dismissed for quantum overflow. If
ACTR 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 sctior
allowing a program which is waiting for I/O tc 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 quantum overflow machinery. BRS 45 causes the
user to be dismissed as though he had overflcwed his quantum.
BRS 57 guarantees to the user upon return at least 16 msec of
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uninterrupted computation. This feature is implemented 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 ceuse the computer
to enter system mode and are processed entirely independently of the
currently running program. They never take direct action to disturb
the running of this program, although they may set up conditions
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
progremmed 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 guarautee that a user program will not monopolize the
machine by executing a large number of SYSPOPs, the user mode trap
is turned on when the clock indicates that a program is tc 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 activation
condition is that a certain amount 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:

Word greater than O

Word less than or equal to O

Word greater than or equal to 0

Word less than or equal to teletype early warning

Special test. The address points to a special activation
test routine.

Interrupt occurred. The address contains the number of
the interrupt which occurred.

FWNOHO

W
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dead

running

BRS 31

BRS 106

executive BRS
5 BRS 109

11 Bit 1 of word is @ (buffer ready)

7 Special: address =

F w vV =+ O

12 Word less than zero

An executive program can dismiss itself explicitly by putting a queue
number (0 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:

QTTI  programs dismissed for teletype input/output

QI0  programs dismissed for other I/0

QsSQ programs dismissed for exceeding their short quanta

QQE programs dismissed for exceeding their quanta.
Programs within the queues are chained together in PNEXT, and PNEXT 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










































5.0 The Swapper and Memory Allocation

Pseudo-redabeling

The 940 hardware allows the user's address space 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 (SMT),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 (PMT). There is one PMT for
each job. PMT holds drum addresses for the job's private memory

or else holds a pointer to SMT.

The system decides whether or not a2 given pseudo-relabeling
byte is to index PMT or SMT on the basis of an assembly parameter
called NCMEM (currently around 45). If the byte is zero, there is
no page assigned. If it is less than NCMEM, the drum address is
found in SMT. Otherwise, the pseudo-relabeling byte indexes PMT.
Thus, PMT can not contain more than 64-NCMEM entries. This limits
the size of memory for any job. SMT, however, is not limited in
size. The format of PMT entries is found in Figure 5A. An SMT
entry is exactly the same as a private entry in PMT. The swapper
also uses these tables to keep track of the state of drum pages.

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

When it is necessary to activate a user, his pseudo-relabeling
registers are used to read out the proper bytes from PMT and
construct a 1list 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
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BRS 19
Takes in A a code word

in X an integer
By means of this BRS a scrateh file with a decimal-integer name
can be opened for output. As for BRS 18, the number in X is
first transformed to a string of three decimal digits enclosed
between slashes. The name is then treated as a posaibly new
name for a scratch file, belonging to the caller, in exactly
the manner of BRS 16. Bits O to 5 of A also have the same
significance as for BRS 16.

B‘RS@

Takes in X an integer
The integer is converted into & string of three decimal digits,
as in BRS 18, 19. The action thereafter is exactly as for
BRS 63, successful deletion being indicated by a skip return.

12.9 Format of the File Directory, Some Implementation Details

File names, group names and pseudonyms are containefl in a
hash structure of the type described in the Section 14 of this
manual. 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 L-word "description
block."” In these four words is held all the information
necessary to characterize the name, whether it be the name of
a drum file, tape file, special group, pseudonym, etc. Notice
that several entries in the hash table may point to a single
description block; the associated names are then synonyms for
the same object, which can be referenced by any one of them.

The command DEFINE NAME creates a new name to point to an
existing description block; conversely DELETE NAME detaches the
name from its description block, the description block itself
is lost only if this was the only name 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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