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I. INTRODUCTION

se.

With the introduction in recent years of new concepts such as
task coﬁmunieafion. virtual access to all resources, and the neces-
sity for system support of more advanced features in higher-level
languages such as retention of valid storage upon block exit and
indirect reference, & need for more sophisticated machine architec-
ture and operating system design has become increasingly more
apparent, The compiler writer as well as the operating system
designer must bear the burden of implementing desired features using
the limited facilities of the computer systems which are available.

One particular difficulty has been the implementation of reten-
tion in block=-structured environments. Recently, the contour model
of block structured processes has been given some attention as a
solution to this problem. The purpose of this reseafch has been
to demonstrate the feasibility of a contour model in support of an
operating system by implementing & multi-tasking monitor which
resides in the user partition. The secondary purpose has been to
indicate the possible design of a contour model machine by implementing
some hardware functions as supervisor calls to the monitor.
Configuration.

The configuration chosen for implementation was the IBM 360
0S/¥FT because of its availability and wide-spread acceptance.

The monitor interfaces directly with the 0S system; however, since

this interface only includes using system-supplied routines such as
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GETMAIN (to allocate storage), and STIMFR (to set time intervals),
the interface is completely transparent to the user,

Report Structure.

The rest of this paper is divided into four ma jor sections.

The first section describes the concept of a process and how this
concept is relafed to tasks running under the monitor. Some of

the features which apply to processes as a whole are described

such as the system queues, processor blocks, and deadlock detection.

The second section is devoted to describing contours and
how they were used in the implementation of multi-tasking., The
philosophy of reentrant and recursive code is explained with
reference to how contour modeling faclilitates implementation of
this philosophy. Retention in block-structured processes is
explained with an example illustrating the advantage of contour
modeling over stack modeling for retention.

The third section describes the language used to take advantage
of the features of the monitor. BEach of the macros which were added
to regular IBM assembler language is described along with the
particular function or purpose which the macro performs. An example
is given written in ALGOL and the extended assembler language to
illustrate some of the features of the monitor,

The last section presents some of the conclusions which the
author derived from the research. Some practical as well as

theoretical applications of the monitor are given such as its use

as a real operating system and the possible construction of a machine,

4,



II. PROCESS

Process Definition.

Johnston defines & process as a "time-invariant algorithm
and a time-varying record of execution of that algorithm.”z This
philosophy was followed in the implementation of the monitor. Each
user in the system is considered as & process. However, each user
can also create other processes or tasks with which he can interact.
Each process is independent in that it competes with all other
processes for computer time; however, each process is dependent on
its parent for global variables, Each process communicates directly
with the monitor and may communicate with other processes in the
system through the use of system variables.

When a process is created, the current enviromment in which
it is created is marked so that even though the parent process
may terminate the environment is not destroyed and the descendant
process can continue to execute.

Processor.

Each process is assigned a processor block consisting of 108
bytes of storage, see figure 1, It is this block with which the
monitor keeps track of the process as to its current status and
environment.

The first part of the processor block is the display or
current environment of the process. For each level that the
process has entered a block, there 18 an entry in the display
to indicate the bounds of storage that the process can reference,

In addition, the process can reference any of the environment in
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which it was created by using a link which resides in its addressable
area., Therefore, complete memory protﬁction is available which
would normally be a hardware function on a hypothetical contour
model machine.

Since the processor is frequently placed on queues such as the
ready queue or wait queues while it is waiting for resources, space
is left in the processor for a link to the next processor on a
queue, In this way the only space which need be allocated for a
queue is the head of the queue which points to the first processor
block on the queue.

Process Suspension.

There are two conditions under which execution of a process
may be suspended. First of all, a proceess is allowed a certain
amount of time to perform any execution using the CPU, If during
this time, the process does not request any resources, execution
will be suspsnmded, and the processor block will be put on the
ready queue according to its priority. If there are no other
processes currently ready for execution the process will be
restored to execution.

The ready queue can be considered as a queue for a resource
too. In this case the resource is the CPU, In a multiprocessing
machine, whenever a processor 1s free it would be assigned a
processor block if any are ready to executes.

Further movement of a processor block among queues 1s upon
processor request for a resource. This resource may be an I/0 channel

in which case the prosess is suspended (moved from ready queue to
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1/0 queue) while the 1/0 operation takes place. In order to maintain
concurrency of processing, a process could create a subtask (process)
the purpose of which is to do the I/0. This would allow the parent
process to continue while the descendant process is suspended waiting
on completion of the I/0 request. At some point in execution, the
parent task will need the information and will need to check and
see if the I/0 operation is complete. This can be done by setting
a shared variable to a certain value or by communicating through
the system variables.

Communication using the system variables represents the second
type of resource request. When a process wishes to check for s
certain condition, it may check the system variables, If the
variable has been set by another process (or possibly the same
process) execution continues., If the variable has not been set,
the process is placed on a wait queue. At any point in execution
when a process sets that particular variable the waiting process
is removed from the wait queue and placed on the ready queue
according to its priority. In the case where more than one
process requests a resource represented by a system variable,
the processes are placed on the wait queue in the order of their
respective priorities as explained in the "Priority" section of
this paper.

There are four fields in the processor block which facilitate
placing the process on a queue. The link field has already been

mentioned and is used to indicate the next processor block on



the qususe.

When a process is suspended because it is waiting on an I/0
request, all time left in its particular time slice is deleted. when
is resumes exscution, it is given a full time slice. When a process
is suspended for any other reason, the amount of time left in its
time slice is stored in the processor block, and when the process
resumes execution it is started with however much time is remaining.
This scheme was used for a variety of reasons, When a process is
suspended because it requested a resource which another process
already controls, the reasoning -was that if the process was able
to gain exclusive control of the resource, it should not be given
another full time slice to execute in, For technical reasons, if
the procoss is unable to gain control of the resource it is like-
wise only allowed the time which it had left in the last execution
to use the CFU, When a process ereates another process it is
suspended in order to give the created process a chance to transfer
the parameters. In this way the original process may create
additional processes and use the same area for parameter passing.
Because the original process is only suspended so that the
parameters can be passed, it is only allowed the remaining time
to use the CPU when it resumes execution.

For most of the calls to the monitor for such features as
block entry and exit, pointer change, and resource release, it
was falt that the CFU time should not be subtracted from the

requesting process for time used by the monitor to respond to
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the requests. Also, some portions of the monitor's routines need

to be noninterruptable, In these cases also, the process's remaining

time is stored in the processor block and the remaining portion of

the time slice is restored at the end of the monitor routine.
Whenever a process is suspended for any reason and whenever

a process makes a supervisor call, the address of the next

instruction to be executed along with a pointer to the current

environment are stored in the processor block.

Deadlock Detection.

Since the system variables are controlled by the monitor
rather than the processes, deadlock 1s user preventable by having
the processes use only one of the varlables to indicate that it .
desires exclusive control of some resource. However, it is still
possible that one process may control a resource that another
process needs to continue while that process already has control
of a resource that the first process needs to continue by using two
different system variables. Since execution takes place under
control of the monitor, the monitor can never be blocked. When
there are processes waiting on resources other than I/0 requests
and there are no processes on the ready queue, the monitor cancels
the job after printing out an appropriate message and giving a
core dump of all storage currently in use. This could easily be
changed so that an arbitrary choice is made and one process is
allowed to execute with all of the resources of the system in the

hope that it would free up the resources when it was done.
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Priority.
Each process is assigned a certain priority level which deter-

mines where it is placed on certain queues such as the ready gqueue
and resource queues, Each process can change its own priority
level but can never alter its priority level to be higher than
a maximum fixed at creation of the process. The first process
in the system is assigned a priority level equal to the second
highest priority level in the system and has a maximum of the
highest level since it is the father of all other processes.

Process creation is a tree structure. The first process
can create other processes and each of these processes can create
other processes. When a process create§ another process it assigns
a priority level equal to or lower than the parent process's
priority level. This priority level then becomes the maximum
priority level that the descendant can attain. Space is allocated
in the processor block to store the current priority level and
maximum priority level.

When a process is suspended for any reason it is placed on
a queuve, The priority level is used to determine where the
process is placed on the queue. The processor block is located
under any processor blocks of higher priorities and before any
blocks of lower priority. Hnwever, if the block is placed before
any lower priority blocks a counter is incremented in the lower
blocks. A processor block can not be placed before any block
whose counter has reached a value of 5 an arbitrary number. This

counter is set to 0 whenever a block is removed from a queue.
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ITI. CONTOUR MODELING

Contour,

Tnherent to the contour model is the contour itself, It has
already been shown that a system can run efflciently under the
restriction that all instructions of an algorithm be reenterable
thus requiring that all data be stored separately from the actual
algorithm.3 This is in complete agreement with the definition of
process as presented in the section on processes in this paper.
The contour provides the record of execution for the process.

The contour as implemented consists of 80 bytes of control
information (see figure 2) and a variable amount of local
storage. A contour is local to the process in whose processor
block display the address of the contour appears. A contour may
be referenced by the current process and any descendant processes
which are created while the contour exists,

The contour model is especially applicable to block structured
languages; however, other languages are easily implemented as
one large block such as FORTRAN. At block entry, a contour is
allocated for all of the space which the block will require in
the way of variable storage. If the block is reentered before
the contour is deallocated, a fresh contour is created. This
scheme alsc provides an easy mechanism for recursion, since a
new allocation of variable storage is made each time the procedure
(block) is called (entered).

Retention.

Contours are allocated and deallocated as a whole. To keep

12,
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track of any variables in other contours which might reference
storage in the current contour, a reference counter is placed in

the contour. Each time a variable in another contour is changed

to point to the current contour, the reference counter is incremented
in the current contour and the reference counter in the contour
which the variable previously pointed at is decremented. Pointer
variables are discussed more fully in the "Pointers" section

in this paper.

At block entry, when the contour is created, the reference
count 1s set to 1, Whenever a block is exited, the reference
count is decremented by one. There is one other case where the
reference counter 1s incremented. When a process is created,
so that its environment will not disappear while it is executing,
the reference counters of all contours which are in the current
environment are incremented, When the created process terminates
all these reference counts are decremented.

If a contours reference count is decremented and reaches a
zero value, the contour is immediately deallocated. The monitor
does all the necessary keeping track of reference counters and
the reference count should be of no concern to the user.

In order to facilitate reference between contours two links
are provided in each contour to point to the previous contour
and to the next contour. The link to the previous contour can

be considered as the dynamic link of the contour to its calling

environment.,
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Contour vs. Stack.

An alternate model which can be used for block=structured
processes is the stack model where all variable storage is kept
on a stack rather than in separate contours. Generally, array
storage is kept separate from the stack with some kind of descriptor
in the stack. This type of model can provide almost all of the
features found in the monitor with the exception of retention as
illustrated in the following example.

BEGIN

RECORD STUDENT SF(MAME,ADDRESS,NEXT);

STRING FIELD MAME (0) [0:263,
ADDRESS (3) [2:377;

STUDENT FIELD NEXT (8) (0:18];
STUDENT SF;

NEXT 1= STUDENT
END
END;

END;
STUDENT is a record class identifier which is implemented in some
versions of ALGOL. The record referenced by STUDENT consists of
a field for the student's name, a2 field for his address, and a

field which points to the next allocation of STUDENT. SP points
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to the first allocation of STUDENT. The statement in the innermost
block has the effect of allocating a new student record and placing
its address in the field of the first student record named NEXT.

In the stack model, the new allocation of STUDENT would be
placed on the top of the stack. This allocation needs to be
kept as long as NEXT points to it. However, the innermost block
and second block are exited right after the allocation. Since
the allocation is on the top of the stack the variable storage
for the second and third blocks must also be kept. This makes
the stack full of worthless information which could normally be
deleted.

In the contour model as implemented in the monitor, only
the storage for STUDENT is kept since a new block must be entered to
allocate storage. This means that the storage reserved for
blocks two and three could be deallocated.,

Another advantage of the contour rodel over the stack model
is the variable length of storage for contours. With the stack
model, a fixed amount of contiguous storage must be set aside
for use of the stack. Wwith the contour model, only the exact
arount of storage needed is allocated.

The stack model is slightly more efficient than the contour
model however, because to increase the size of variable storage
only a stack pointer needs to be incremented, while in the contour
model a portion of main memory must be allocated. This could be

improved with fast hardware memory allocation.
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Register Saving and Restoration.

Whenever a process is suspended for any reason, the registers
must be saved so that they can be restored when execution resumes.
Space is provided in the contour to save these registers. The
decision was made to put the register storage in the contour rather
than the processor block since the monitor was designed to handle
recursion and reentrant blocks as part of its normal load.
Whenever a process enters a block a new contour is created and the
current values of the registers are saved in the previous contour.
When a block is exited, the registers are not automatically
restored, but the user has the option of loading the previous
values of the registers, Therefore recursive procedurss (blocks)
not only have new data areas for the variables, but also have
new registers effectively. Of course, when a block is entered
the registers contain the values they had when the entry was
initiated.

Register Restrictions,.

Since the monitor was implemented on an IBM computer, 1EM
conventions as to registers were used. The user is free to use
registers 0, 1, 14, and 15; however, since all monitor calls
destroy some or all of these registers, the user is warned that
they may not contain the values that he expects. This is in
keeping with IBM's philosophy of SVC's in which the same thing
happens.

Another IBM convention is the "Save Area™ which is used to
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save and restore registers. Normally register 13 contains the ad-
dress of the "Save Area." Since the monitor performs the functions
of saving the registers it reserves register 13 for this purpose.
The programmer is not allowed to change register 13 although he
may reference it at any time. Register 13 contains the address

of the current contour so that any variable storage in the current
contour may be directly referenced using register 13 as a base
register, Also the user can restore registers when he exits a
block by issuing "LM 14,12,12(13)."

There is one other restriction on the use of the IEM general
registers. Because the monitor was designed to operate within the
user partition, it must be relocatable. Since it is relocatable,
the resident address of the monitor can only be determined at
execution time., For this reason, the user must not change register
12 as it contains the base address of the monitor.

Contour Name and Length,

Each contour is given a name corresponding to the particular
block for which it was created. Contour names are not unique in
that a block may be reentered in which case two different processes
contain contours with the same name. Also, if a process recurses
it will contain more than one contour with the same name. Block
names are unique, however. Space is reserved in the contour for
its name,

The length of the contour is also stored in the contour so

that the space allocated to a contour can be freed when the
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reference counter reaches zero. The base is already known by chaining
through the links, but the length must alsoc be known to deallocate

the storage.
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IV. IMPLEMENTATION

The lLanguage.
In order to take advantage of the features implemented in the

monitor a language had to be developed (but is not presently implemented
fully) which would use all of the capabilities present in the monitor.
Because it was felt that the most efficient level of programming,
as to code generated, is at the assembly language level, the monitor
was written in IBM assembly language, and the language used to
interface with the monitor is an extension of this assembly language.
Yacros are used to generate instructions which require the monitor
intervention.
Overhead.,

There is a greater advantage in using IEN assembly language
extensions to interface with the monitor in that the user only
adds the amount of overhead that he needs. The monitor is sef up
so that it will accept and run a regular assembly language program
in which case there would be no overhead added besides the regular
0S overhead except for the necessary time-slicing involved in
the multi-tasking, Of course, this would be the extreme case., If
the user desires block structure only, the only overhead zdded would
be that to handle block entry and exit. If the user wishes to
include pointers in his program then he adds the overhead necessary
for garbage collection.

Block Structure.

There are two macros implemented to allow block structure in
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the assembly language extension. These are the ENTER and EXIT macros.
The necessary housekeeping that takes place when a block is entered
is that a contour is created for the block, the name and length

are placed in the current contour, the registers are stored in the
previous contour, and the bounds of the contour are placed in the
processor block for the process.

When a block is exited, the contour is deallocated if the
reference counter is zero and a check is made to see if this block
is the outermost block for the process. If this block is the
last block, the processor block is deallocated and the process is
terminated.

Regular block structure conventions are followed which pertain
to local and global variables. If a variable is declared within
a block it is local to that block and global to all other blocks
nested within the current block. The particular variable is
not referenceable in blocks which are outer blocks to the current
block. The same principles apply to procedure names and labels.

As has already been mentioned, register 13 contains the base
address of the current contour. For this reason all variables local
to the current block are directly referenceable with register 13
as the base register. All global variables must be searched for
since the base is not readily available. For this reason, a great
deal of time may be saved if a certain global variable is referenced
many times in a block by allocating local storage for the variable

and moving the global value into the local storage before working
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Hithrit, referencing the local variable when needed and then storing
the final value back in the global storage before block exit. This
will result in a savings any time a global variable is referenced
more than two times within a block.

Process Creation.

Process creation is accomplished through the use of procedures,
A special designation is used in the languapge extension for procedure
declaration, PROC., This has the same effect as an ENTER macro
except that a list of parameters may follow immediately after the
FROC, Parameters are designated by the special pseudo-op DP. As
many parameters as necessary may be declared immediately following
the PROC declaration, Parameter definition is terminated by
any other symbol appearing in the source statements. Procedure
definition is terminated by the EXIT macro,

Process creation is done by calling a procedure with the
special operand "TASK" in the call statement. The CALL statement
as implemented has a variable number of operands, The first
operand is the name of the procedure., The second and third
operands are optional and indicate the priority of the procedure
if the third operand is coded as "TASK." The fourth operand
indicates the area which is reserved for holding the addresses
of any parameters which are passed. The rest of the operands
are any parameters which the calling process wishes to pass to

the called process. If the TASK operand is left out, the as-

sumption is that the procedure 1s to be called as part of the
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current process, In this case, the procedure rmust have a RETURN

macro to indicate that return is to be made to the calling block.
The procedure name operand may also be a block name, In

this case no parameters may be passed. This allows a process

to start a subtask (process) at any block within the program.

Parameter Passage.

Parameters are passed by giving the called procedure the
addresses of the actual parameters. These addresses are stored
in the locations reserved for the formal parameters, The actual
mechanism for referencing parameters can be envisioned by
replacing every occurrence of the formal parameter name in the
procedure by the actual parameter name. Because of the linkage
involved, all references to a parameter require two instructions.
Therefore, if a parameter is used more than twice it is more efficient for
the user to store the value that the parameter points to in a
local variable and restore the value before the procedure is
exited,

Variable Declaration.

Because variable storage is allocated in a contour separate
from the actual instructions a few pseudo-ops needed to be added
to the assembly language for declaration of variables. These
additions include DCL and DCLEND pseudo-ops. Every block may
have one and only one DCL...DCLEND pair. All variables declared
between the DCL and DCLEND become local to the block and global to

any contained blocks. All of the pseudo-~ops available in IEBK
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