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6 SOFTWARE INTERRUPTS

6.6 SOFTWARE INTERRUPT CAVEATS

Although a good deal of emphasis has been given to the concept
and implementation of the software interrupt, two caveats are in

order.

1.

It should be clear that the implementation mechanisms for
software interrupt involve more overhead than the simpler
event queuing (wait and cause) forms of task synchronizing.
Effective use of the complex wait function, as we gain more
experience with it, may make it possible to achieve effects
similar to those obtainable with the software interrupt, with
less execution overhead in many cases. The tradeoff, where
a choice is available, appears to be clarity of the program’s
semantics (on the side of the software interrupts) versus
efficiency (on the side of the “simpler’” event queuing mech-
anisms).

Other pitfalls associated with the use of software interrupts
quite apart from the one just discussed have been observed
by implementers of this type of software. For example, the
interrupted procedure or its dynamic antecedent may have
been a system intrinsic which has just locked a key data
base. The interrupt procedure may prevent return to the in-
terrupted procedure (or to its antecedent) so as to unlock
that data base or otherwise restore certain key system data
to a “consistent” state. Unsolved problems remain in this
area and a full discussion of this topic is beyond the scope

of this book.



CHAPTER 7

On Storage Control Strategies

7.1 STORAGE CONTROL AT BLOCK EXIT

As mentioned in Chapter 5, deallocation is close-coupled with
program- or procedure-block exit in the current B6700 implementa-
tion. This implies a discipline for recovery of all no-longer-needed
storage resources and explicit adjustment to prevent “dangling
pointers.” A dangling pointer is any reference to an information
object (i.e., an array, an I/O buffer area, an activation record, etc.)
that has been deleted from the address space of the computation.
This type of resource management is done at block exit time and is
the responsibility of system routines, calls to which are generated
by the compilers at block exit and procedure return points in the
algorithm.

The routine blockexit, calls to which are generated when needed,
checks among other things for the presence of arrays that have
been allocated outside the stack (e.g., the num array in the Figure
3.8 program) during the current instance of execution (activation)
of the block being exited (e.g., A), and returns all such array space
either to the proper free storage pool or to disk file storage.

If an activation record that is being deallocated contains one (or
more) interrupt queue entries, then one (or more) such interrupt
queue chains would be severed leaving dangling pointers, possibly
in this stack (when deallocating a software interrupt queue entry),
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or in other stacks (when deallocating an event interrupt queue
entry). The blockexit system routine does the needed repair work
to all the affected queue links that are connected to those in the
block being deallocated, and this action prevents the introduction
of dangling pointers.

The design philosophy employed in implementing these resource
management functions has the desirable characteristic that a user’s
program will evoke (i.e., “pay for”) only those services which his
own program actually requires. The remainder of this section ex-
plains why. One may note that what is said here concerning block-
structured Algol program also applies to programs written in Basic,
Fortran, etc., which can be regarded as degenerate cases of Algol
programs.

As a block is compiled, the compiler maintains information re-
garding the characteristics of the local addressing space. If only
stack space is to be used, i.e., the “locals’ are all simple variables,
then the code generated for the end statement is simply Exit (a
single B6700 instruction). If arrays, files, interrupts, etc., are de-
clared in the block, then a call to the routine blockexit must be
generated for the end statement. In the latter event, the compiler
generates an auxiliary variable which, during execution of the
entry to the block being compiled, is placed in the activation record
on top of the cells for the declared locals. This auxiliary variable
is a special “Software Control Word,” the bit pattern of which is
interpreted by blockexit. Thus, one particular bit means local arrays
exist, another means that file close action may be required due to
local files, etc. We see that blockexit is called only if necessary
and, when called, is “told” precisely what functions it must per-
form, so essentially no superfluous activity is ever undertaken.

7.2 PREVENTING DANGLING POINTERS

It is worth observing that as the richness of our programming
language increases, and as programmers learn to exploit such rich-
ness, the potential (occasions) for dangling pointers will inevitably
increase. Moreover, short of developing compensating hardware
improvements or going to alternative software implementation
schemes, it can be appreciated that the overhead costs associated
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Line
No.
1  begin ref int p; ¢ p is declared to be a pointer to an integer ¢
2 begininti: =1; ¢ iis declared and initialized to 1 ¢
3 p:=1i ¢ p is made to point to i ¢
4 end ¢ block in which i is declared is exited ¢
5 print(p) ¢ depending on the deallocation strategy, this printing ¢
6 end ¢ of value pointed to by p will not or will work ¢
Figure 7.1 An Algol 68 program [5] to illustrate the dangling pointer
problem.

with preventing the dangling pointer are bound to increase. Lan-
guages like Euler, Algol 68, and PL/1 may be cited to illustrate this
concern. Such languages allow the use of procedure and label varia-
bles (in addition to procedure and label constants). In PL/1 we also
see permitted not only the use of variables of type pointer, but also
the use of allocate and free statements, thereby introducing an in-
creased hazard of dangling pointers [58].

Assigning a value to a procedure or label variable amounts to
assigning (ip, ep) pairs to such variables. Let X be the variable to
which such a value is assigned. If the “lifetime” of X exceeds that
of the data object(s) Y referenced by the ep of the (ip, ep) pair,
then the potential for a dangling pointer arises when Y is deallo-
cated (before X).

For programs written in block-structured languages, the concept
of lifetime can, at some risk of oversimplification, be informally
defined as follows: The variable X would have a lifetime exceeding
that of Y if the activation record containing the cell for Y were de-
allocated via block exit before deallocation of the record containing
the cell for X.

Figure 7.1 is an example of a simple Algol 68 program used by
Berry [5] to highlight the dangling pointer problem. Comments
contained in the illustration help to make the program self-
explanatory to those unfamiliar with Algol 68. The last remark
in the comments will be explained momentarily.

Several recent studies [5, 37, 58] have reviewed approaches to
preventing dangling pointers. Two ways to achieve this objective
are:
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1. Place constraints on the semantics of the programming lan-
guage so that

(a) the compiler intervenes to reject any assignment state-
ment whose effect would be to assign a reference to an
object that has a lifetime shorter than the cell to which
the assignment is to be made; or

(b) the run-time (interpreter) routines somehow invalidate
such assignment steps when attempt is made to execute
them.

2. Decouple the deallocation of activation records (and of other
associated information objects) from the block exit activity
of a computation. Retain such information as long as there
exist (in the rest of the record of execution) pointers to such
information. An information object then becomes a candi-
date for deallocation (i.e., for recovery in the resource rnan-
agement sense) only when there are no longer any pointer
variables whose values point to the candidate.

Several investigations have reviewed the arguments to support
the second approach [5, 6, 37, 58]. The reader’s attention is called
to this literature for a deeper study. Implementation of scheme 1
employs a deletion discipline that is facilitated with the use of
stacks as described in this monograph. For implementation of
scheme 2, however, which uses a retention discipline, stacks as we
now know them are not likely to prove useful enough. We can
speculate that some hardware improvements that would make for
efficient link-listing of activation records [52] might help, though
perhaps not enough. Rather different hardware approaches [37]
may prove necessary. We can look forward to some interesting
developments in hardware organization over the next decade, some
of which may be aimed at solving the dangling pointers problem
via a retention discipline.

Returning to the consideration of the Figure 7.1 program, we
can now note that if the deletion discipline (or strategy) is followed,
the cell for i must of course be deallocated at exit from the inner
block. The responsibility may be left to the blockexit routine to find



7.2 PREVENTING DANGLING POINTERS 81

any and all pointers to objects in the deallocated record. In this
case, the pointer p would be found and its value invalidated. As a
consequence the statement on line 5,

print(p)

will fail, e.g., will cause an error return. We might picture this
approach as a direct extension of the current B6700 implementa-
tion philosophy.

If on the other hand, retention is assumed, the activation record
containing the cell for i is retained at the time of exit from the inner
block because one cell in it is still accessible from p. As a result
the pointer p remains valid and the print(p) statement will be suc-
cessfully executed. Thus, this example suggests that though both
storage management strategies are implementable, they cannot be
expected to yield identical results in all instances.






CHAPTER 8

The B6700: Pros and Cons

8.1 INTRODUCTION

In much of the preceding text the author has described the
B6700 organization structure and its “matching’ software from the
point of view of an enthusiastic admirer of its design and of the
philosophy that underlies it. To gain some extra perspective, this
chapter attempts to review and comment on several oft-mentioned
alleged weaknesses of the present system. Other limitations and the
possible system modifications that can remove such limitations are
also discussed.

Systems are often criticized or appraised from three viewpoints:
That of the languages available to users and the cost effectiveness
of user programs; that of the operating system and what it lets the
user do (or not do); and that of the hardware. It is not always easy
to separate these interrelated system capabilities in a discussion on
the limitations of the B6700. The remainder of this chapter is never-
theless structured with these three major viewpoints in mind.

8.2 USER LANGUAGES AND USER PROGRAM PERFORMANCE

The difficulty in attempting to separate language, from operating
system and hardware is especially evident when trying to analyze
why it is widely conceded that B6700 programs written in Fortran
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do not as a rule execute as fast as comparable Fortran programs
execute on less structured computer systems [e.g., on von Neu-
mann machines that use index registers and/or base registers (but
not stack-based descriptors) for data accessing] of comparable
arithmetic and memory speeds. There exists, of course, the com-
panion observation that is also worth examining at the same time;
namely, many B6700 algorithms for numerical computations exe-
cute more efficiently (in time and space) when coded as Algol-like
programs than when coded as Fortran programs. (The latter phe-
nomenon may not surprise us since the B6700-type system was
designed with the specific intention of facilitating the execution of
Algol-like programs.) Be that as it may, since most computer instal-
lations must run some Fortran programs, and some computer in-
stallations run mostly Fortran programs, it is important to under-
stand the underlying language and interrelated operating system
and hardware considerations that together may explain these per-
formance differences.

The highly structured B6700 differs from typical machines in
both instruction fetch and data accessing costs. On the plus side,
fewer memory cycles are typically required for fetching B6700
instructions, and on the minus side, more memory cycles are re-
quired for accessing data. Barton [2] has pointed out that, given an
Algol-like execution environment, these plus and minus factors
roughly cancel one another and what is left is the residual ad-
vantage for the B6700 type machine, namely, that the code body
for the B6700 algorithm is significantly smaller (occupies less mem-
ory), and that all data accessing carries with it as a bonus, (a) the
benefit of having to allocate primary memory space only for those
substructures of data aggregates that are actually needed and (b)
the assurance of full protection against bounds errors and other
access violations (deliberate or accidental).

The explanation is as follows: Variable-length B6700 instructions
frequently have no address fields at all since the operand location(s)
is (are) implied to be in some specific spot(s) at or near the top of
the stack. This means that B6700 instructions are on the average
shorter than their counterparts in von Neumann-type machines.
The shorter B6700 instructions, called “syllables,” are packed sev-
eral per word, hence each memory cycle taken for an instruction
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fetch usually retrieves more instructions than an instruction fetch
on a competitive conventional machine.

On the other hand, data accessing for items outside the stack
requires that at least one descriptor be brought to the top of the
stack and employed as an indirect (base) address. Thus at least one
extra memory cycle is often unavoidable for fetching array elements.
There are no fast registers whose use is dedicated for holding de-
scriptors as in most large conventional machines. When a data
structure element has several defining indices, a descriptor must
be fetched for each index, unless the multidimensional array has
been “linearized.” This means, for example, that as the frequency
and degree of array indexing increases, the execution cost balance
mentioned earlier tips to the negative side. That is, programs tend
to become more costly to execute on the present B6700 than on sys-
tems that employ dedicated base address and/or index registers.
It is for this reason that the B6700 designers have often argued
against recommending their highly structured machine for installa-
tions in which the dominant application is claimed to consist of
numerical computation on arrays (e.g., large matrix inversions).

On the other hand, the use of “dope-vectors” of descriptors for
the structuring of data aggregates offers an important tradeoff to
offset the extra accessing cost just mentioned. Not only is it unnec-
cessary to commit memory space for substructures, e.g., rows of
an array, until actually needed, but each such substructure is indi-
vidually overlayable. This may result in savings in space which of
course means savings in time. One must also bear in mind impor-
tant tradeoffs that obtain in this case between execution speeds and
protection. A highly structured machine like the B6700 requires
data accessing through system-constructed descriptors. This ““con-
straint” offers built-in protection benefits by preventing a large
class of run-time accessing errors and illegal access attempts. Users
are protected both from others and from themselves. The signifi-
cance of the protection issue cannot be minimized [19, 28, 40, 46],
although we have arbitrarily excluded a full discussion of the issue
in this text. Appeal to the tradeoff issue of protection is not to say
however that the B6700 hardware structure cannot or will not
evolve toward speedier data accessing. The technical feasibility of
this advancement is discussed further in Section 8.4.
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We are now ready to see why ASA Standard Fortran programs
may execute slower than corresponding Algol-like programs on the
B6700. The semantics of the Fortran EQUIVALENCE and COM-
MON declarations are such that use of these declarations effectively
forces a compiler to allocate contiguous blocks of storage for arrays
that fall under the purview of these declarations.* Algol-like lan-
guages do not allow such declarations; hence all structured varia-
bles (e.g., arrays) in such languages are memorywise independent.
Moreover, components of structures, e.g., rows of arrays, can be
allocated to separate and relocatable memory areas (each pointed to
by an appropriate descriptor).

There are two costs associated with this Fortran constraint:

1. Finding a contiguous block of memory that is large enough to
serve. (This is a memory management problem.) The allo-
cation cost perhaps depends as much on the allocation strate-
gies that are chosen as on the hardware organization of the
system. This cost, which increases with the size of the block
needed, could well be comparable on machines of widely
different organization structure.

2. Achieving data access to individual array elements. This cost
depends on the degree of indexing required and/or on the
organization of the hardware. On machines that employ in-
dexing hardware, the compiled code need not suffer in effi-
ciency, but for a B6700-type structure, part of the address
must be computed arithmetically at run time from the base
address given by the descriptor for the entire region. Thus,
the effective index for A;; involves a run-time evaluation of
the expression: (j — 1) X imax + i — 1. The greater degree
of indexing, the greater will be the number of instructions
required to compute the desired offset into the memory
block. This computational overhead is in addition to that
incurred by the descriptor mechanism. Worse yet, none of
the tradeoff advantages associated with the descriptor accrue
in this instance.

* Perhaps another way of stating this is that Fortran was designed for a
fixed-address machine (the IBM 704).
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We see therefore that the second cost cited is the chief source
of the penalty for executing B6700 programs written in ASA For-
tran. Observation: If one were content to write Fortran programs
which were “equivalence free,” so to speak, then it would be an
easy matter to adjust the compiler to allocate array space in inde-
pendent blocks, one per each structured variable or structured com-
ponent thereof. Doing this would put Fortran programs that make
heavy use of arrays on par with comparable Algol programs when
executed on a system like the B6700. Insisting on equivalence-free
Fortran programs is a matter of style in the same sense as Dijkstra’s
now widely accepted insistence on avoiding the go to statement in
Algol programs by a judicious substitution of conditionals, proce-
dure calls, and for statements. In any case one could well ask,
““What price, Fortran?”

Other language and operating system considerations are often
discussed in connection with the B6700-type system. For instance,
one may wonder why it is that relatively so few language proces-
sors were in use by “customers” of the B5700 series—although this
system was widely used for many years. (It is too early to make a
comparable observation for the B6700.) Is there something about
the structure of the machine or of the operating system that made
compilers for the B5700 hard to implement? Several explanations
can be offered to suggest that this was not the case, and indeed,
that quite the opposite is more likely to be true.

1. The manufacturer chose to commit only a seemingly skeletal
force for the software support effort. This proved feasible
because of the strong coupling of two important factors:
(a) the system’s architecture which caters for execution of
Algol-like programs and (b) the decision to write all soft-
ware in Algol-like languages.

2. Customers were typically content to use the equipment with
the supplied language processors. They were rarely moti-
vated to appreciate the unusual structure and design philoso-
phy of the supporting hardware and operating system. (It
must be said that the B5700 series had many commercial
and few academic customers.) We, of course, bear in mind
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that a compiler for any advanced system must produce code
that fits into the system’s special operating environment,
e.g., multiprogramming, multiprocessing, protected address-
ing, etc., and that insures correct communication with the
system-supplied intrinsics. A customer- who failed to “do
his homework” would therefore not be likely to produce his
own specially-tailored language processor.

Customers soon learned that the Algol-like compilers offered
by the manufacturer amounted to a language hierarchy that
permitted a programmer to express rather easily a wide range
of information processing operations from the most machine-
independent levels to the most detailed machine-dependent
descriptions. Exemplified in B6700 terms, this hierarchy of
high-level language processors [41] now includes three prin-
cipal components: namely, Extended Algol, DC Algol [9] (an
outgrowth of a special data communications language), and
Espol [11]. Programs can be constructed by binding segments
that are separately compiled by each of these processors.
Availability of Espol to the user eliminates his need for an
assembly language processor. Availability of the rich Algol
tends to reduce and often eliminate the user’s need for spe-
cial purpose higher level languages, e.g., for string or list
processing. Availability of DC Algol encourages a subsystem
designer to develop his own suboperating system. Moreover,
macroprocessors written in Algol may be easily constructed
to produce translators from given special purpose languages
to one of the languages in the above “triplet.”

Intrinsics and easily modifiable compilers allow one to tailor
a compiler to one’s needs without going to a new language.

Users of the B6700 system may bind Cobol, Fortran, Algol,
and DC Algol code segments into single programs.

The first of our foregoing “‘explanations” suggests an important

observation; namely, a system that has been designed to facilitate
development of its software in high-level languages and whose sup-
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porting software is made easier to understand because it too has
been coded in high-level language is one for which new software
is easier to produce than for systems in which coding in low-level
languages is encouraged. Ten years ago [1961] this Burroughs ap-
proach was unique. More recently, at least one other major system
(Multics [46]) has been implemented with this philosophy. The
idea has gained an increasing number of adherents, but so far no
other manufacturer has marketed such a system on a commercial
basis.

8.3 THE OPERATING SYSTEM

One has to go out of one’s way to find many serious shortcom-
ings in the B6700 operating system. Two that are frequently dis-
cussed among designers and builders of the system’s software will
be mentioned in the following subsections.

8.3.1 Richer Set of Synchronizing and Software Interrupt Primitives

Multitasking as a user facility is still quite new. Formalizing of
primitives for use in communication among cooperating sequential
tasks [26, 27] is only now coming of age. Even though the B6700
operating system is one of the first to fully cater to this approach
to programming, one suspects that much still has to be learned
about the subject. The discussion of the program in Figure 6.4 (how
to interrupt a sleeping task and what system software/hardware is
needed) was a case in point. Should one provide for passing param-
eters to interrupt procedures? What other primitives besides wait
and cause should be provided as alternatives (e.g., semaphores P
and V [27], critical regions [29] and conditional critical regions
[33], facilities for wakeup with a message included [56], etc.)?

8.3.2. Recursively Defined Resource Allocation

Although a primary goal of the B6700 hardware and software is
to cater to recursion in programming at all levels, it can be argued
that the development can still go further, perhaps with further
benefits. Is the operating system itself recursively defined? That
is, can a sequence of operating systems be developed by users that
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function under the system’s own master control program? In par-
ticular, is space (and other resource) allocation recursively defined
for potential exploitation by users? The answer is no, not in any
fully general sense. Readers may wish to study this question fur-
ther [30].

8.4 HARDWARE LIMITATIONS AND FUTURE IMPROVEMENTS

In comparing the B6700-type of system with conventional sys-
tems that are thought to be of “advanced” design, some readers
may wonder what, if any, disadvantages have been introduced by
the B5700/B6700 design choice to favor hardware segmentation
while rejecting hardware paging mechanisms that do not reflect the
information structure of the program. The pros and cons of this
issue have unfortunately not been widely understood, although
the excellent discussion by Randell and Kuehner [49] on dynamic
storage allocation systems should go a long way toward explaining
the tradeoffs that are involved. In essence, a design that favors
allocation of variable-sized segments saves storage space at the
expense of added processing time to locate space of suitable size
while a design that favors allocation of memory in fixed-sized page
blocks saves processing time (to find a unit of storage allocation)
at the expense of wasted space, i.e., “internal fragmentation,” which
arises whenever the space required does not exactly utilize an in-
tegral number of page blocks. The time overheads associated with
searching for the right segment size and returning the portion left
over to the free list (and maintaining the lists) can be minimized
with suitable hardware, and some of this (although perhaps not
enough) has already been accomplished in the B6700 system. There
is not very much that can be done in hardware to offset the space
wastage of the paging approach, although some attempts have been
made to produce machines that permit page blocks to be variable
in size [43].

In Section 8.3.2, we discussed among other things the desirabil-
ity of a hierarchy of operating systems (MCP’s).* Allied with this is

* Burroughs has referred, for years, to its operating systems as Master Con-
trol Programs, or MCP’s.
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the concept of a hierarchy of storage control. Thus a task could
hand control to another task and at the same time hand over a
block of storage to that descendent task. This is precisely the case
with the current MCP and “everything else,” but there are only two
levels of storage control and the desire is for multilevels—in fact,
as many levels of storage control as there are levels in the task tree.
It is difficult to overemphasize the advantages of such an approach.

In Section 8.3.2 we also pointed out that such a storage control
strategy has not been achieved on the B6700. It could, however,
not even be considered if a paging rather than a segmentation
mechanism had been implemented. (The reader is urged to convince
himself of this.) With the segmentation approach, there is still
potential for development in such a direction, and it could well be
that such development would constitute the major advantage of
the segmentation approach.

In Section 8.2 we noted that the current hardware often puts
the B6700 at some disadvantage for executing programs that in-
volve a great deal of indexing. Barton [3] has asserted that an ade-
quately large ““fast stack top,” i.e., a sufficient number of words,
say 32, at the top of the stack that are composed of fast registers,
provides the solution to the above problem.* By increasing the
stack top and without altering the instruction repertoire, the key
descriptors can be brought to the stack top by the normal proce-
dure call and kept there during the course of the program loops
in which fast access to them is required. Other schemes which have
the same net effect may be developed. Barton has also suggested
that the enlarged fast-stack-top approach Has the further virtue of
offering a convenient opportunity to introduce hardware-supported
vector operations, and in this way accomplish accessing functions
which, in other systems, would be done with index registers. Hard-
ware implementation of vector operations on a stack machine would
certainly remove the residual competitive disadvantages machines
like the B6700 now “suffer” in the area of array processing.

Three other areas where improvements in the hardware could
well lead to overall system improvement are:

* Top of the stack registers, as currently implemented on the B6700, are dis-
cussed, but only briefly, in Chapter 9. See for instance, Figure 9.6.
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1. Enriching (extending) the self-describing tags * for data and
control words so that more hardware recognition can be
effected. For instance, events are control words that are not
now recognizable as such by the hardware.

2. Adding operators to perform processing on queue data
structures. Since so much multitasking control depends on
operations on queues, it would appear that special operators
could be devised to facilitate operations on these rather stan-
dard data structures.

3. Altering the interrupt hardware so that the operating system
can increase its control over which processor may recognize
interrupts by source and by type.

All of these observations of possible hardware improvement, and
several more, are recognized by the system’s designers and imple-
‘menters. Readers of this monograph who becoime interested in the
issues mentioned will find study in this area to be stimulating and
rewarding.

In summary, the language, software, and hardware limitations
that were just discussed seem mainly to point to potential improve-
ments in the system that can minimize or remove these limitations.
There appear to be no blunders, although when the initial B5000
system was first introduced it was so little understood that many
were convinced otherwise. It is hoped that the approach taken in
this book has provided a useful basis for appreciating these remark-
able systems, which in many respects have been ahead of their time.

* Tag details on the B6700 are described in Chapter 9. See Figure 9.2.



CHAPTER 9

Some Hardware Details of Procedure
Entry and Return and Tasking

by J. G. CLearY*

9.1 OVERVIEW

Much of the power of the B6700 hardware and software lies in
the uniform treatment that has been given to procedure calls, inter-
rupts and task calls. In Chapters 2-7 we tried to keep the discourse
at a somewhat stylistic level, avoiding many of the actual details,
hoping thereby to more easily focus on the structure of computa-
tions and on the objectives of the hardware and software operations
for matching and facilitating such structures. In this chapter we
shall describe the B6700 hardware in greater detail than was given
earlier for the benefit of the reader who has gained a sufficiently
healthy curiosity. Still, the new description must be regarded as
somewhat of an abstraction of the real hardware’s structure and
function. This is unavoidable if the details provided are to remain
above the level of frequent change. It is to be hoped that readers
will find that this intermediate level of description can serve as a
suitable bridge to the details that are normally found in the refer-
ence manuals.

Figure 9.1 shows a view of the B6700 system while two jobs
(A and B) are currently in operation. [Figures in this chapter show

* The Burroughs Corporation, England.
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Figure 9.1 B6700 System Data Structure with two re-entrant jobs in opera-
tion. Job B is currently active [running on the (single) processing unit].

the stacks as filling from bottom to top. With this style, the terms
““top of stack” or “bottom of stack” indeed refer on the diagram of
a stack to top and bottom; respectively. Readers can expect to see
this style used in other literature on the B6700 [8, 13, 16, 32; Ap-
pendix to 47, 48]. (The style used in Chapters 2-7, the reverse of
the one used here, is actually rather unconventional.) In the fig-
ures which follow only the EP (Display Registers) of the hardware
processor is shown. Registers holding the instruction pointer are
omitted.

Figure 9.1 reminds us that in a single-processor system a switch
of control from one job, B, to another job, A, will require resetting
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of Display Registers [32, 50] Dz, Ds, and D4 and frequently, also
D; (when separate segment dictionary stacks are used).

The initiation of a new job or task will, in general, also require
resetting of Display Registers. This mechanism will be described
below, but it is worth pointing out that “Display Update” is associ-
ated essentially with procedure entry and exit and that job or task
initiation and termination are merely special cases of procedure
entry and exit [76].

9.2 THE STACK VECTOR

All references to stacks are through Stack Numbers. The Stack
Number of a stack is the ordinal of a Descriptor (see Section 9.3),
within the Stack Vector, which contains the absolute address of
the beginning of the memory space occupied by the stack. The
Descriptor for the Stack Vector itself is contained within the Stack
Trunk (see Figure 9.1) and is always at relative memory location
Do + 2—i.e., two spaces above the place where the zeroth Display
Register points. Hence, instructions (called “operators” on the
B6700) may reference stacks indirectly via Stack Numbers. Stacks
are therefore dynamically relocatable.

Since a Stack Number uniquely identifies a stack, it also uniquely
identifies a job or task within a job. Though a job may be given one
or more names, ultimately all such names map to the Stack Number
for its representative stack. Since the Stack Vector and Stack Num-
ber are known to the computer hardware, much of the housekeep-
ing associated with job handling is taken care of directly by hard-
ware.

The Stack Vector may therefore be thought of as a ““Job Vector.”
It is ultimately a list of cells which collectively point to the address
space owned by each job. Since all resources owned by a job are
either contained within or are referenced within its associated stack
or stacks, the ownership of all resources within the system is ascer-
tainable from the Stack Vector.

9.3 INFORMATION AND ADDRESSING STRUCTURE

Figure 9.2 shows the possible formats of the 51-bit words. The
3-bit tag field specifies the kind of information contained within
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the word, and the other 48 bits contain the actual information.
Operators (instructions) treat the words according to their tagged
nature. Thus single precision and double precision information is
so tagged and there is no need for special single and double preci-
sion operators. For example, there is only one Add Operator which
sums the two top operands in the stack and replaces them by the
(one) result. The Add Operator will take any combination of double
and single precision operands, integer or floating point, and will pro-
duce the appropriate—single or double precision—result. All neces-
sary precision transformations will be handled by the hardware. (No
unique integer data type exists. An integer has a zero exponent.)

Certain operators require certain word types as operands. Thus
a fault interrupt will be generated if one of the operands for an
Add Operator is a Control Word. Similarly, a fault interrupt will
be generated if certain operators access other than Control Words.

Descriptors point at arrays of information. The information may
be data (Data Descriptors) or program code (Segment Descriptors).
The address field contains the absolute address of the array either
in core (P field = 1) or on the disk (P field = 0). By way of review,
if an attempt is made to access information, via a Descriptor, having
a Presence Bit (P field) of zero, a Presence Bit Interrupt is generated
and a system procedure will cause the relevant information to be
moved from disk to core with appropriate modification of the De-
scriptor. Thus automatic “paging on demand” is catered to. (Note
however that variable length segments rather than pages are the
units transferred.) Any attempt to index information outside the
units specified by the length field of the Descriptor will cause an
Invalid Index interrupt. Data Descriptors may point to arrays of
Data Descriptors thus allowing for arrays of any dimension. [Note:
The use of the “C” or “copy bit” field shown in the Data Descrip-
tor format on Figure 9.2 is explained in Section 9.4 in a discussion
of Figure 9.7.]

Information may also be accessed via the (normal or stuffed) In-
direct Reference Word. The Normal Indirect Reference Word
(IRW) specifies (in its Address Couple field) a Display Register
and a Displacement. Thus information global or local to the partic-
ular active procedure may be accessed. For example, when Job B
is active, IRW’s having the address couples (0, 3), (1, 4), and (2, 5)
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Figure 9.3 Simple Stack Tree showing addressing through Display Regis-
ters. V1 is at (0,3); V2is at (1, 4); V3 is at (2, 5); V4 is at (2, 5) when job A is
active.

will access, respectively, in Figure 9.3: the system variable VI in
the Stack Trunk, the job variable V2 in the Segment Dictionary,
and the global variable V3 in Job B’s stack. It should be noted
that when Job A is active, Display Register settings will change
and the address couple (2, 5) will then access variable V4,

The Stuffed Indirect Reference Word (IRWS) specifies three
things: (a) a Stack Number and thus a particular stack, (b) the
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IRWS Pointing to “X"”
Stack No. | Displacement | Delta
i A 3
( —
X
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v 8
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\— i [DD] A—J
1[DD
o{DD

Figure 9.4 IRWS pointing to item “X.”

start of the addressing space of a particular activation record within
that stack, and (c) the displacement of the particular piece of in-
formation within that addressing space. Figure 9.4 illustrates this
situation. Stuffed Indirect Reference Words may be used for ad-
dressing across stacks (i.e., between tasks) and for handling param-
eters, passed “by name” or “by reference,” i.e., where the actual
parameters are not necessarily within the addressing environment
of the procedure to which they are passed and can therefore not be
accessed via a (Display Register, Displacement) address couple.

9.4 STACK BUILD-UP AND PROCEDURE ENTRY

Consider the Algol program shown in Figure 9.5. Figure 9.6
shows the format of the job stack when line 3 of the program has
been executed. Note the assignment of stack space for the real
variables R and T1 (address couples 2, 2 and 2, 3) and for the De-
scriptor for array AI (address couple 2, 4). Note how the Descrip-
tor for this two-dimensional array points to a space (outside the
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Line
No.
1 [ begin ... i lexical level 2
2 real R1, T1;
3 array AI[0: 5, 0: 20];
4 — procedure P1(X, T, Y) ... .lexical level 3
5 value X;
6 real X, T; real array Y[*, *];
7 begin
8 procedure P2; .. .lexical level 4
9 begin
10 real R2, T2;
11 real array A2[0: 4, 0: 15];
19 R2:=5;T2: =R2 1 T2;
20 PI(R2, T2, A2);
30 ena ;
35 PZ B
40 L énd ;
50 P1(R1, T1, A1);
60 [_end ‘

Figure 9.5 Program for Figures 9.6-9.11.

stack) containing one Descriptor for each row of the array. These
latter Descriptors point to the actual space occupied by each row.
(It should be remembered that this space can be in either primary
or backup storage, i.e., in core or on the disk.)

Figure 9.6 demonstrates how information is entered into or ex-
tracted from the stacks. An Active Stack has the A, B, X, Y, and S
registers and the stack limit (SL) and bottom of stack (BOS) regis-
ters of some processor associated with it. The X and Y registers
may be regarded as double precision extensions of the A and B
registers and will not be considered further. (See Table 9.1 for a
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shown in Figure 9.5 (line 3). See Table 9.1 for an explanation of the tag nota-
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TABLE 9.1
ExpLANATION OF THE TAG NoOTATIONS USED TO IDENTIFY
THE WORD TYPES IN FIGURES 9.6-9.15

Tag Explanation
DD Data descriptor
DDC Copy descriptor

(same as DD with copy bit on)

SP Single precision
CwW Control word
IRW Indirect reference word
IRWS Stuffed indirect reference word
SD Segment descriptor
PCW Procedure control word
RCW Return control word
MSCW Mark stack control word
TOSCW Top of stack control word

list of tag notations used to identify word types in Figures 9.6—
9.15.)

The stack operates as a last in, first out storage area. Thus an
operand is stored into register A with consequent push-downs into
register B and into the memory location pointed at by register S.
Similarly, extraction of data is from register A with consequent
pop-ups from B and the location referenced by S. The contents of
S are incremented by one on a push-down and decremented on a
pop-up. Should such an adjustment result in the S register’s point-
ing at the bottom or top of stack (i.e., at the place pointed at by
either the BOS or SL register), an interrupt will occur and appro-
priate action will be taken.

Figure 9.7 illustrates the situation at line 19 in the program of
Figure 9.5. Procedures PI and P2 have been entered, and procedure
P2 is now operating at level 4. The next line will call (recursively)
procedure P1 whose declaration in the outer block is marked by a
Program Control Word (discussed below) accessed by the address
couple (2, 5). Note how the three parameters for PI have been
passed, the value parameter (at 3, 2) directly, the real name param-
eter (at 3, 3) by means of an IRWS, and the array name parameter
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Figure 9.7 Showing the stack for the program of Figure 9.5 (line 19). The

cell designated “Y” is a copy descriptor associated with the global array “A1.”
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by means of a descriptor that is a copy of the principal or “mom”
descriptor found in the activation record of the outer block.

[Note the so-called “copy descriptor,” whose mnemonic we have
chosen as DDC, is distinguished by having its copy bit (field “C”
in the descriptor format of Figure 9.2) on. In the B6700, copy de-
scriptors point to their respective targets when the latter are in
core, but point to their respective mom descriptors when the target
is in auxiliary memory. Each time a target array is pushed out of
core (or pulled into core) by the operating system, the affected copy
descriptors, if any, as well as the mom descriptor are each properly
altered to reflect the change in location of the target.

There has been some discussion among some of those familiar
with B6700 architecture as to whether the copy descriptor should
not always—i.e., irrespective of whether its target is in core or in
auxiliary memory—point to its mom descriptor, and never directly
to its target. The arguments on both sides should be apparent to
the interested reader, and are in any case beyond the scope of this
book. The copy descriptor is used extensively in circumstances
other than those addressed in this section; the details, however, are
unimportant to this discussion.]

A Mark Stack Control Word marks the start of the addressing
space for each entered procedure. Each MSCW has a dynamic chain
link (in its DF field) to the MSCW preceding it, and a static link
(in its displacement field) to the MSCW that defines the immedi-
ately containing addressing environment. The DF chain of MSCW’s
thus forms the dynamic history of procedure entry. (It was referred
to as the dc link in earlier chapters.) The LL field of the MSCW
contains the lexical level of the procedure whose addressing space
it marks. As each procedure is entered, appropriate Display Regis-
ters are set by the hardware. These Display Registers point at
MSCW'’s and indicate the procedures (or blocks) whose addressing
spaces are global to the procedure (or block) currently being en-
tered. Similarly, on exit from a procedure, Display Registers may
be reset to indicate a new addressing environment. The addressing
space for the procedure whose code is currently being used by the
process is pointed at both by a Display Register and by the F regis-
ter (not shown previously).

Consider again Figure 9.7. Compilation of line 20 of the program
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Figure 9.9 Showing how the Code Segment is accessed. The Stack Number
field of the PCW is not shown.

of Figure 9.5 will generate the code necessary to call procedure PI.
First of all, a skeleton MSCW is inserted in the stack. The skeleton
MSCW (already) contains the DF field—namely, a copy of the con-
tent of the F register. Then a Normal or Stuffed IRW, pointing to
the Procedure Control Word (PCW) for procedure P1,is constructed
and pushed down onto the stack. Any actual parameters are pushed
onto the stack. This situation is shown in Figure 9.8 where the
relationship between IRW, PCW, Segment Descriptor and Code
Segment (demonstrated in more detail in Figure 9.9) should be
observed. Note particularly that the Segment Descriptor appears
only once (there are never any copies) in the Segment Dictionary
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Stack of the job. The term “Segment Dictionary Stack” should
now be self-explanatory. Segment Descriptors can appear only at
level 0 (in the Stack Trunk—i.e., for MCP procedures) or at level 1
(in the Segment Dictionary Stack). The stacks of two jobs that
share a single Segment Dictionary will each contain a PCW for a
particular procedure, but both PCW’s will point to the same Seg-
ment Descriptor. If we add the condition that program code is
“pure”’—nonmodifiable—then the way in which re-entrancy is han-
dled is clear [16].

At this point, the Enter operator will be encountered and the
following (all achieved by Enter) will occur:

1. The F register will point at the newly inserted MSCW.

2. In order to create the addressing environment required by
the procedure to be entered, i.e., in order to effect the correct
“Display Update,” it is necessary first to know the lexical
level at which the procedure’s PCW appears.

(2) When the PCW is referenced by a Normal IRW, n is
obtained directly from the address couple of that IRW.
This is the case in the example where, since the IRW
has the address couple (2, 5), n = 2.

(b) When the PCW is referenced by a Stuffed IRW, n is
obtained from the LL field of the MSCW pointed at by
the “A” field of the IRWS (see Figure 9.4). Indeed, it
is precisely with the objective of finding such an
MSCW in mind that the IRWS structure is so contrived.

It should be noted that a procedure declared at level n must run
at level n + 1; hence Display Register Dy1 is set to point at the
newly inserted MSCW (i.e., Display Register D,+1 is set to the
same value as the F register—see item 1 above). Also, the number
n + 1 is inserted into the LL field of the MSCW. See Figure 9.10
which illustrates the case when n = 2,

When the PCW is referenced by an IRWS (note that this situa-
tion is not illustrated in the example), D, is set to point at the
MSCW from which n was determined. Such is not necessary when
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Figure 9.10 The Stack for the recursive call on procedure P1. Shows the
situation just before start of execution of line 21 in the program of Figure 9.5.
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the reference is via a normal IRW, since D, is necessarily already
set to the correct value for the new addressing environment.

3. The Stack Number and Displacement fields of the newly in-
serted MSCW are set to point to the MSCW pointed at by
D, (i.e., D2 in the example).

We thus have a static link between MSCWs which expresses
the lexical or contour structure of a program. In Burroughs litera-
ture this link is always referred to as the Displacement link. Static
links may (as in Figure 9.8) parallel the dynamic links, but depart
from the latter when recursive calls are encountered, or when dis-
joint procedures are called. See also Figure 3.5. The static link
chains together a “nest” of procedures.

4. If necessary, the static or Displacement link in the MSCW
pointed at by D, (D: in the example) is examined and Dis-
play Register D,_1 is reset. The Displacement link is chased
with consequent resetting of registers Dy_2, Dn—s, . . .,
Dy (Do is never reset) until all required registers have been
reset. (Note: The Stack Number field in the Displacement
link allows, if necessary, Display Registers to be reset across
stacks—across families of tagks.) Such action is not required
in the example since D: is already pointing at the correct
MSCW and all lower Display Registers must consequently
be set correctly for the procedure entry. Actually, the rule
for termination of Display Update is a little more compli-
cated than this, but the details are unimportant.

5. The newly inserted IRW or IRWS is changed to a “Return
Control Word” (RCW). Note how the RCW (Figure 9.2) is
very similar to the PCW and references the program code
of the calling procedure, at one operator past the point of
call, via a Segment Descriptor in much the same manner as
illustrated in Figure 9.9. The LL field of the RCW contains
the lexical level of the calling procedure.

The procedure has now been entered and is active. (The situation
is shown in Figure 9.10 which is a display that is conceptually simi-
lar to Figure 3.2 but differs from it in degree of detail.) Its address-
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ing environment is properly recorded, according to the rules of
Algol, in the Display Registers. It has access to T2 and A2, which
are outside its normal addressing environment, via the Stuffed In-
direct Reference Word at (3, 4) and via the copy descriptor which
cotrespond to name parameters. Note that the new procedure has
quite a different addressing environment from its caller and that
Display Register 4, i.e., D4, is no longer relevant. (The highest
relevant Display Register for any processor is that which points to
the same MSCW as the F register.) Figure 9.10 contains two sets
of Displacement links—one active and associated with the called
procedure and one passive and associated with the calling proce-
dure. There may be many such sets within any stack.

On exit from a procedure, the DF link enables the MSCW associ-
ated with the calling procedure to be accessed. The LL field in the
RCW (the Display level of the calling procedure) allows F and the
topmost Display Register to be set. The Displacement linkages in
the MSCW’s, starting at that accessed by the new value of the F
register, allow the Display Update to be effected. Finally, the code
segment, and the next operator for the procedure exited to, are
accessed via the RCW. Operation resumes at the point following
the procedure call.

After such a procedure exit in the example, we are at line 21 in
the program of Figure 9.5 and the situation is again very similar to
that shown in Figure 9.7.

Figures 9.8-9.10 indicate how recursive calls on procedures are
handled. In Figure 9.10 there are two activation records for proce-
dure P1. The way in which Display Registers are manipulated at
entry and exit ensures that the correct activation record—that asso-
ciated with the most deeply nested call on the procedure—is always
accessed for the addressing space of the procedure. For example,
any reference to X, T, or Y in procedure PI (in the example illus-
trated by Figure 9.10) will access X', T’, or Y'. Note that the IRWS
associated with T’ accesses T2—i.e., accesses something outside the
normal addressing environment of procedure P1. Likewise, the copy
descriptor associated with Y’ accesses the Dope Vector for A2,
which is also outside the normal addressing environment of P1I.
This illustrates the usage of the IRWS and the copy descriptor in
handling Algol “call-by-name”” parameters.
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9.5 HARDWARE INTERRUPTS

We have noted that interrupts are handled essentially as forced
procedure calls. The interrupted processor adjusts the active stack
with which it is associated. The effect is shown in Figure 9.11,
which demonstrates an interrupt occurring immediately after the
situation shown in Figure 9.10. The interrupted procedure appears
to have called a system procedure, here called int, passing two
parameters, parl and par2.

The interrupt procedure is written as part of the Operating Sys-
tem. Its PCW appears at a location (actually Dy + 3) known to the
hardware. Its function is to handle interrupts, whose natures are
indicated by the parameters parl and par2, mostly by calling fur-
ther system procedures which have been written to handle specific
kinds of interrupts. On completion of interrupt handling, the Inter-
rupt Procedure is exited like any other procedure: control thus
returns to the point of interruption-—the (theoretical) point of call.

9.6 MULTIPLE PROCESSORS

The B6700 may have more than one processor. Figure 9.12 dem-
onstrates two jobs (A and B)—shown as reentrant for convenience
—and running on two processors. It should be self-explanatory.

9.7 JOB AND TASK INITIATION

To return to the earlier discussion of Figure 9.1. The ways in
which jobs are “fired up” and the system switches a processor
between jobs and/or tasks (between stacks [74]) have yet to be
described. Henceforth we shall refer to different computations
being made active or inactive as tasks, but since a task may be the
main task of a job, we shall thereby incur no loss of generality.

Figure 9.13 shows the formats of an active and an inactive stack
which represent, of course, an active and inactive task, respectively.
It will be seen that the active stack is characterized by the presence
of processor registers (Displays, F, SL, S and BOS) which point into
it and by the fact that the lowest word in the stack is a single pre-
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Figure 9.13 Active and inactive stacks.

cision operand (i.e., with a tag of 0) containing a number which
uniquely identifies the processor. There are no processor registers
pointing into the inactive stack, and its first word is a so-called
Top-of-Stack Control Word (TOSCW).

It will be recalled that all stacks are linked into the Stack Vector
and that each stack is uniquely identified by its Stack Number. To
switch a processor between tasks, the active task has merely to
issue (in a higher level language) such statements as Continue(New-
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Task). New-Task is a task identifier which translates ultimately
to a Stack Number. The compilation of such a Continue statement
produces machine code of the form Muvst(nt), where Mvst repre-
sents the Move Stack machine operator and nt is the Stack Num-
ber corresponding to the task identified by New-Task.

[Note: The switching between jobs and MCP tasks (as distinct
from the switching between user tasks) is a little different from
that implied by such as Continue statements. However, the differ-
ences are not important.]

The TOSCW contains—as will be seen in Figure 9.13—pointers
to the settings of the S and F registers (actually these pointers [DS
and DF] are in the form of offsets to allow for relocatability of
stacks), at the time the task last went inactive, together with the
settings of various flip-flops (FF) at that time.

The switching of control between tasks is accomplished by a
system procedure—called “‘task-switcher” in the diagram. The
call on the procedure is generated when a compiler sees a state-
ment such as the Continue statement. The last two operators in
the code stream for task switches are Mvst and Exit. Exit is the
operator generated by the terminating “End” of the procedure. The
Muvst operator does the following: (1) stores pointers to the S and
F register settings and various flip-flop settings in the first word of
the active stack (shown as stack i in Figure 9.13); (2) changes the
tag of the first word—it is no longer a single-precision operand but
is now a TOSCW; (3) sets the S and F registers and various flip-
flops from the fields in the TOSCW of the inactive stack (shown as
stack j in Figure 9.13); (4) sets the first word in this stack to a
Single Precision Operand containing the value of the processor ID;
and (5) sets the BOS and SL registers from element j of the Stack
Vector.

At this point, the previously active stack is now inactive and the
previously inactive stack is active. It is important to understand that
the newly active stack was previously rendered inactive by an
exactly equivalent swapping. Hence, the Exit operator next encoun-
tered will cause an exit from task-switcher into the procedure of
the newly active task that contained the Continue statement re-
sponsible for its deactivation. It should be appreciated that all the
mechanisms of procedure exit—Display Update and correct code
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access—as described earlier are set in motion and that therefore
the newly active task will proceed to operate at the point of its
previous deactivation.

It should be further appreciated that the newly inactive task is
now a candidate for reactivation via a (Mvst, Exit) operator pair
issued by some other task. The mechanism is perfectly symmetrical.

There still remains the question of how jobs and tasks are first
presented to the system. Figure 9.14 demonstrates this situation for
a Job. The system builds a Segment Dictionary and a Job Stack and
links the Job Stack into the queue of tasks ready to run. There are
two activation records in the Job Stack. The lowest one is for a
system procedure called run. The stack is made to look as if a
named parameter, referring to the PCW for the outer block of the
task to be initiated has been passed to run.

When the task is chosen from the queue of tasks ready to run,
some other task issues a [Mvst(nt), Exit] pair, as described above,
where nt is the Stack Number of the new stack. The effect is to
cause the system procedure run to be entered {(actually to be exited
to; the topmost activation record in the job stack is a dummy rec-
ord). Run is coded to call the outer block of the new task. Hence,
the final effect is as shown in Figure 9.15.

When the task eventually terminates, an exit takes place, in the
normal manner, to the procedure run. Run is therefore the primary
system procedure for initiation and termination of tasks. It can
take care of all the accounting and housekeeping functions. Like
all other procedures, run is re-entrant and therefore has only one
code segment even though all tasks have their lowest activation
record associated with run.

If a task terminates abnormally, then the expected exit from its
outermost block into procedure run will not occur. In this case, the
system generates a ““Go-To,” from the procedure where the abnor-
mality is detected, into run. Such a Go-To, sometimes called a Bad-
Go-To, is implemented in a manner which will not be described,
such that all activation records above that for run appear to have
been exited in the normal manner. [Note: Bad-Go-To’s to proce-
dures other than run, i.e., those not associated with abnormalities,
are also handled in this manner.] Hence, the final effect is as if
the outer block had been exited in the normal manner. Run, how-
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Job Stack

Outer Block
Code Segment

Segment
Dictionary » T
Stack

PCW __[outer block]

" v

- SD  |outer block

v T

RCW
MSCW

” T

Figure 9.14 Job Stack and Segment Dictionary Stack for a job ready to run.
Note that Job Stack is linked into a queue of tasks that are ready to run.
Queue linkages are not shown.

ever, which is aware of the abnormal condition, can take action
appropriate to the particular abnormality.

The above is primarily concerned with the activation of, and
switching between, MCP tasks and the initial tasks of jobs. Only
scant mention has been made of tasks—such as coroutines—which
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Display
Registers

SD  |Outer block

RCW

MSCW

DISP

To Stack Trunk

Figure 9.15 Job Stack and Segment Dictionary Stack for a job which has

just started running. Only active displacement links are shown.

have been created by other tasks via syntactical structures in higher
level applications languages (e.g., B6700 Algol [12]). It turns out
that all tasks, whether they be “primary” or offspring, are initi-
ated and terminated utilizing the procedure run as described in
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this section. All tasks are deactivated and reactivated using the
system procedure task-switcher again as described in this section.
The ways in which an offspring task may access variables in its
ancestors—via Display Registers is described primarily in Chap-
ter 4. At various points in the text it was pointed out how the
mechanism of Display Update, as described in Section 9.4 is in-
volved in switching between tasks and how this mechanism effects
the change of addressing environment necessitated by such a switch.
Such remarks are again applicable to all tasks no matter what their
origin. Section 9.3 describes the use of the Stuffed Indirect Refer-
ence Word in addressing across stacks—across tasks—and again
it will be seen how the nature of such tasks is unimportant to the
discussion.

In short, tasks are handled in a perfectly uniform and general
manner. When this is realized, the ways in which the mechanisms
described in this chapter (and discussed in connection with a fairly
trivial task family) are appropriate to the handling of complex situ-
ations should be readily understood.
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