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A programming structure, language constructs, and a super-
visory system organization are proposed for the design and
coding of large shared data base systems. The bases for this
organization are a generalized interrupt structure and the
newly introduced concept of “file tagging,” which is the
process of associating program structures and interrupt
generating conditions with items in the data base. An algorithm
for resolving conflicts which arise in scheduling the interrupt
processing routines is presented. DPL, a programming language
and supervisory system in which these concepts are imple-
mented, is used to illustrate the new organization which is
proposed for management information systems.
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1. Introduction

Large scale integrated information systems, of which
the management information system is a special case,
are coming into widespread use. This paper presents an
organization which will aid in the design and programming
of management information systems. For the purposes
of this paper, these systems may be thought of as com-
posed of four parts:

1. Data base—all of the information which is available
to the rest of the system.

2. Data entry and updating—programs which are used
to keep the information in the data base current.

3. Inquiry—programs which utilize the data base in a
read only manner, e.g. on-line inquiry systems.

4. Supervisor—program which schedules the execution
of all other programs in the system on a ‘“when needed”
basis.

In most current systems, the data base is represented
as a group of files, and the programs for data entry, up-
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dating, and inquiry are written in a conventional manner,
calling on some operating system for input/output funec-
tions. The supervisor functions, however, are often dis-
tributed among several of the user’s programs, the operat-
ing system, and even the human operators of the system.
It is to the programming of a supervisor that this paper is
directed.

2. Systems Organization

In a typical management information system, the data
entry and updating programs may include several func-
tional groups of programs, each of which may require
on-line access to the data base, and each of which may
interact with any of the other groups. For example, there
may be one group of programs to process payroll, another
for order entry, another for inventory control, and still
another for general ledger accounting, all as parts of a
single, integrated system.

The supervisor must know what conditions require the
execution of each program and must have some means of
detecting when these conditions occur so that it can
schedule the running of any needed program. An order
entry, for example, may reduce stock, requiring the in-
ventory control program to be run. This program may,
in turn, order more-stock which may require the purchas-
ing program to be run, and so on.

In the DPL system described in this paper, interrupts
are used to signal to the supervisor the occurrence of con-
ditions which require a program to be executed, and the
interrupt block structure discussed in Section 3 is used
to indicate which blocks process which interrupts. Either
the interrupt generating conditions are Boolean conditions
on variables or items in the data base, or they involve
hardware events.

Some of the items which are needed to evaluate the
interrupt generating conditions may be in secondary
storage. DPL uses a method called ““file tagging,” discussed
in Section 4 to handle this case. The implication of the
interrupt structure, together with file tagging, is a new,
parallel organization for management information systems.

3. Interrupts

The growth in the use of interrupt mechanisms in com-
puter hardware technology has paralleled the growth in
sophistication of the software technology associated with
monitor or operating systems. Interrupts were first
used to provide a convenient means for the hardware to
inform the monitor that certain events had occurred,
e.g. completion of an I/O event [3]. The second stage in
the use of interrupts saw the class of monitored events
broadened to include what were essentially software
errors, e.g. division by zero or attempts to execute illegal
operation codes [4]. When the third generation of com-
puters was introduced, with plans for still more compre-
hensive operating systems, a third stage in the use of
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interrupts was initiated (11, 15]. This third stage added a
new class of events which could cause interrupts to be
generated, namely the execution of a special instruction,
the “supervisor call.” The IBM 360 series also allowed
many more of the software error (program check) inter-
rupts than did earlier computers.

Until the third stage in the use of interrupts began,
essentially all interrupt processing routines were part of
the monitor system and were inaccessible to the program-
mer who was not writing in assembly level language. With
the increased sophistication provided in third generation
hardware and software, the PL/I language designers were
able to allow the programmer to define his own interrupt
processing routines for most of the conditions which the
360 hardware monitors and for some additional conditions
which were monitored by software [13]. The user writes
statements of the form: ON FLOATINGDIVIDE
(procedurename). This procedure is then executed when-
ever a floating point divide exception occurs. These pro-
cedures, called interrupt function modules {16], may also
be entered by executing a SIGNAL statement, which
simulates the occurrence of an interrupt.

A fourth stage in the use of interrupt mechanisms is
proposed here and has been implemented in an experi-
mental language called DPL (Data Processing Language)
[9]. The programmer is now allowed to specify rather com-
plex events whose occurrence will cause interrupts to be
generated. There are two classes of interrupt causing
events which are felt to be most useful in designing man-
agement information systems. These are the device
interrupt class, e.g. the “attention” key on a teletype, and
the program generated interrupt, which occurs when a
specified Boolean condition on some combination of ex-
pressions occurs. The programmer indicates which block
(subroutine) is to be used to process which interrupt by
writing statements of the form:

PERFORM (blockname )WHEN (condition)
Some examples of the two classes of interrupts are:

PERFORM ORDER WHEN STOKLEV LE REORDER
PERFORM SERVICE WHEN TELTYP(3) INTERRUPTS

The first statement would cause an interrupt to be gener-
ated whenever the value of the variable STOKLEV is
less than or equal to the value of the variable REORDER.
Of course, the condition could be far more complex and
could involve any Boolean condition which could appear
in an IF statement. The second statement would cause an
interrupt to be generated whenever the attention key on
TELTYP(3) was depressed, and would transfer control
to the block named SERVICE.

The problems which can arise when several interrupts
are generated as the result of a single assignment state-
ment are treated in Section 3.1.

Monitoring for these interrupts is performed through
software by the DPL system, but conceivably this could
be done by some form of microprogrammed hardware or
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firmware [12]. The new SIMSCRIPT II programming
language includes a feature called “monitored variables”
which could be used to implement a software checking
structure but has been designed with simulation in mind
[6].

A similar generalized interrupt structure was proposed
in some early work on the BCL language, developed in
England, but was not carried through into implementa-
tion, probably because of the problems which arise in
scheduling these interrupt blocks for execution [2].

3.1. InTERRUPT BLOCK SCHEDULING

The execution of a PERFORM..WHEN statement
causes the system to watch for the condition mentioned
in the when clause and when that condition becomes true,
to execute the interrupt block named in the statement.
This is the program controlled interrupt feature of DPL.

When a PERFORM..WHEN is executed, the pair
composed of the interrupt block name and the condition
(denoted as the (b,c) pair) is placed on the “pending
block” list (PB list). At the same time, a flag is set in the
main symbol table for all variables which are used in the
condition. For example, if the statement

PERFORM BLKC WHEN I —J +3 =K

were executed, the pair (BLKC, I — J + 3 = K) would
be placed on the PB list and the variables I, J, and K
each would have a flag set in the symbol table.

The execution of a CANCEL..WHEN would remove
the pair designated in the cancel statement from the PB
list. If the indicated pair is not on the PB list, an error
message is generated.

Whenever a statement which can assign a value to a
variable is executed, e.g. LET, READ, PERFORM...
FOR, the symbol table entry for that variable is exam-
ined. If that variable is flagged as being involved in some
condition which is on the PB list, that condition is evalu-
ated, along with any other conditions on the PB list in
which that variable is involved. If any of the conditions
have the value “true”, the corresponding (b, ¢) pair is
placed on the “to be executed” list (TBE list), and re-
moved from the PB list.

The actual checking of conditions and generation of in-
terrupts takes place upon the completion of the statement
which performed the assignment. If a statement performs
multiple assignments, e.g. READ X, Y, the evaluation of
the affected conditions reflects all of the assignments.
This is comparable to the doctrine on most machines that
interrupts may only be accepted between instructions.
At the level at which the DPL programmer writes, a DPL
statement is equivalent to a machine instruction.

Note that the condition is checked only on store opera-
tions and is not checked at the time the PERFORM...
WHEN is executed and the (b, ¢) pair is added to the PB
list. This is similar to the convention followed in some
computer systems, namely: The execution of an interrupt
enable command does not enable the interrupts until
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after the execution of the instruction following the inter-
rupt enable instruction [14]. The reason for doing this in
DPL is simple. It allows the last statement in an inter-
rupt block to be a PERFORM.. WHEN, which will put
the (b, ¢) pair for that block back on the PB list. Pre

sumably, if the condition were checked upon execution ol
the PERFORM..WHEN statement, the condition would
be true and a nesting problem would arise.

If there is only one (b, ¢) pair on the TBE list after an
assignment statement has been executed, and the inter-
rupt block named in it does not issue any PERFORM...
WHEN statements, the block is performed and control
is returned to the statement following the assignment
statement. When there is more than one pair on the list,
however, or when some of the interrupt blocks issue PER-
FORM..WHEN statements, thus adding pairs to the
PB list while an interrupt block is executing, the situa-
tion becomes quite complicated. The following examples
may help to illustrate some of the problems which can
arise, and will be used to show the rationale for the sched-
uling algorithm which was chosen.

Ezample 1. Suppose the PB list contains the two en-
tries (B1, X LE 5) and (B2, X LE 10). The statement:
LET X = 4 is executed. Which block should be executed
first?

Ezample 2. Suppose the PB list contains the two en-
tries (Bl, X = 2) and (B4, X = 2). Suppose further
that execution of block B3 will not change the value of
X, but execution of B4 will set X to 3 before exiting.
Again, which block should be executed first?

Ezample 3. In this example the PB list consists of the
single entry (B5, X = 3), and the first two statements in
B5 are:

PERFORM B6 WHEN X = 2
LET X =2

Should the execution of B5 continue after these two state-
ments are executed, or should B6 be entered after execu-
tion of the LET statement?

Some of the problems arise from interaction of one inter-
rupt block with the conditions on the PB list, and others
arise from interactions between the PERFORM...WHEN
statements, which may not all be consistent with each
other. The execution of one block when more than one
has been placed on the TBE list may change the condition
which caused other blocks to be placed on the TBE list.
Furthermore, the ordering of the execution of the blocks
on the TBE list may affect the number of blocks which
can be executed as a result of a single assignment state-
ment.

Criteria used in developing the algorithm which sched-
ules the execution of interrupt blocks were:

1. When an interrupt block is entered for execution,
the associated condition must be true. (This may have
been assumed when the block was written.)

2. A unique ordering for the execution of the blocks
must be guaranteed.
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3. When several pending blocks are scheduled as the
result of a single assignment statement, the execution of
any one of these blocks should be transparent to all of the
other blocks; i.e. each block may be writen as if it will
be the only block executed when an assignment is per-
formed.

4. Nested interrupts should be treated with lower prior-
ity than those interrupts which are generated as a result
of the initial store operation.

5. As far as possible, blocks which are initially placed
on the TBE list should be executed.

6. The algorithm should be aware of any conflict situa-
tions which it cannot handle and should report these to the
programrner.

Algorithm A, presented below, meets all of these ecri-
teria and is the one used in DPL to schedule interrupt
blocks. Figure 1 indicates the logical flow of a pending
block through the various parts of the system.

execute source—'[Perform Bl when X+Y=7|

Flag X and Y

[add (B, X +Y=7) 10 PB list]

continue execution

X or Y is changed—# I?:heduler is col|ed]
no ————3

‘s check other conditions.

yes if no more, return to
source.

ladd(B1, X +Y=7)10 TBE ist]

Iremove (Bl,X+Y=7) from PB IistJ

check other conditions.
if no more, invoke

Algorithm A
Fia. 1. Flow of a pending block through the system
Algorithm A
Step 1. Label all (b, ¢) pairs on the TBE list as level 1.

Step 2. Select from the TBE list all interrupt blocks whose exe-
cution will not change any of the conditions associated with
blocks on the TBE list. That is, select those blocks which make
read only accesses to variables which are involved in condi-
tions on the TBE list. Execute the selected blocks in any order
and remove from the TBE list.

Note 1. If any new interrupts are generated during the
execution of any of the blocks executed in Step 2, add the new
(b, ¢) pairs to the TBE list and mark these new blocks as
level 2. Also remove these blocks from the PB list.

Note 2. If any PERFORM ... WHEN statements are is-
sued by any of the blocks executed, add the (b, ¢) pairs to the
“‘reschedule’’ list, and not to the PB list.
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Step 3. Test the condition, ¢, for the next (b, ¢) pair marked as
level 1 on the TBE list. If ¢ is true, go to Step 4. If ¢ is false,
go to Step 3. If the end of the TBE list has been reached, go to
Step 5.

Step 4. Execute the selected block and remove the associated
(b, ¢) pair from the TBE list. Notes 1 and 2 above apply to
this execution. When execution is completed, go to Step 3.

Step 5. Flag all blocks remaining on the TBE list at level as
“in conflict”’ and remove these pairs from the TBE list, plac-
ing the pairs on the ‘‘reschedule’’ list. If the TBE list is now
empty, go to Step 6. If not, go to Step 1.

Step 6. Add the (b, ¢) pairs on the “reschedule’’ list to the PB
list and delete the ‘‘reschedule’’ list. Return control to the
main program at the point where the first interrupt occurred.

It is instructive to examine the performance of this
algorithm on the examples given above. In example 1,
the pair which had been placed on the list first would be
executed first. In the second example, the algorithm would
first execute block B3, which desires only to read the value
of X, and then would execute B4. B3 might, for example,
be printing an exception report while B4 might actually
take action on the exceptional condition. In example 3,
the new (b, ¢) pair would not be placed on the PB list
until B5 was exited, thereby eliminating the nesting
problem.

Step 5 in Algorithm A, which flags conflicts in accord-
ance with criterion 6, is a rather important feature of
DPL’s handling of interrupt blocks. If there is more than
one programmer at work designing and programming
parts of a large system, ambiguities in the deseription of
the responses of the system will often arise. The algorithm
actually tries to cope with these ambiguities, and only
after all means of coping with the ambiguity have failed
will it give up. Another example of this type of algorithm
has recently appeared in the context of decision tables
[6]. This bears a close relation of DPL’s problems since
the entire program controlled interrupt structure may
be thought of as an asynchronous decision table processor.

4. File Tagging

When a data base is shared among several users, one
must be careful to assure that when a user is modifying
part of the data base he is really working on an element
of this data base, and not a copy of this element. For
example, if two parallel processors each try to fetch an
element, add 1 to it and store it back at the same time;
the result will be original value plus 1, and not plus 2 as is
required. The DPL system takes pains to keep track of
the current location of all elements of the data base, so
that when a condition is evaluated, all values used in the
evaluation are current. This may sometimes require ac-
cess to secondary storage. If a file containing a value of a
variable which is on the PB list is closed, file tagging will
take place.

When a file is tagged, the conditions on the PB list
which contain elements of that file, along with the asso-
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ciated interrupt processing blocks, are attached to the
file; i.e. pointers to these items are added to the file.
When that file is next opened for access, either by the
user who tagged the file or any other, any conditions which
are attached to the file are added to the current PB list.
The initial user has, so to speak, put his tags on the file
specifying conditions on some elements of the file. If
those conditions should become true, appropriate process-
ing action will be taken.

Several successive programmers may all put their tags
on a file, the effect being cumulative. Whenever the file is
opened, all of the associated conditions are added to the
current users PB list. Of course, any tag may be removed
from a file by opening it, issuing a CANCEL, and closing
it.

One previous attempt to connect programs and files
was made by Lombardi [7]. His attempt was based on
static decision table logic and was more suited to produc-
tion control than for use as a building block for manage-
ment information systems.

When several different programmers wish to share the
data base, which is the normal case, certain naming con-
ventions must be followed by these programmers so that
the scheduling mechanism can work properly. These con-
ventions could be eliminated in a production system, but
would leave the system open to more errors than can occur
when the conventions are in force. They ensure that any
field of a file will always be given the same name by all
programs accessing that field.

5. A New Organization for Management
Information Systems

The use of the file tagging and program controlled
interrupt features allows a new organization for manage-
ment systems. Rather than the four parts mentioned at
the start of this paper, the management information
system would consist of two parts: a tagged data base
and a supervisor program. The contrast between this
form of organization and current methods of organizing
systems is shown graphically in Figure 2. The new organ-
ization is closely related to parallel processing while the
old reflects years of sequential processing experience.

In the parallel system, each program is written inde-
pendently of all others and is then attached to a file. The
programmer also provides the supervisor with the PER-
FORM...WHEN statements needed to start the execution
of his program. For example, the inventory file might be
tagged with one set of programs by which the order entry
requests are handled and a set of tags which would ensure
that inventory control runs were made when the stock
level dropped below a preset order point. In the sequen-
tial system, the order entry programmers would have to
work intimately with the inventory control programmers
to ensure everyone’s satisfaction.

The supervisor program would first open all of the files
in the data base, thereby setting up a large PB list with all
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of the conditions which must be monitored. It would then
open the remote terminals and either begin to poll them
or accept device interrupts. Finally, the supervisor would
begin the execution of some background task.

DPL Organization Standard Organization

Supervisor [Sequence Master Filg]

Perform A when cond |
Perform B when cond 2
Perform C when cond 3

L AR

A B C

X %

* Programs stored as file tags

Frg. 2. Information systems organization

If one of the terminals interrupted and requested the
program to update a particular file, that program would be
executed, possibly setting off a chain of execution of other
interrupt blocks. After processing was finished, the system
would return to its background task.

The conflict recording mechanism of Algorithra A would
indicate to a programmer when he was in conflict with
some other programmer’s requests for a file. These con-
flicts could then be handled manually among the pro-
grammers. What this amounts to is using the files as the
main interface between programmers.

6. Implementation Tactics

DPL has been implemented as an interpretive compile-
and-go system for the IBM 360/65. It runs as a normal
problem program under OS/360, and uses the operating
system for handling physical I/0 requests, job initiation,
and other such tasks.

The two interesting aspects of the implementation are
the areas of condition monitoring and file management.
The overhead for monitoring the device interrupt condi-
tions in a DPL program is negligible, since the actual
interrupts are implemented in hardware on the IBM 360.
When one of these interrupts physically occurs, OS in-
terrupts the DPL supervisor, which in turn searches the
PB list to determine which pending block will process
the device interrupt.

The program generated interrupts, however, do add
quite a bit of overhead to the running of a program or
management information system. This overhead is pro-
portional to the number of conditions which must be evalu-
ated during a run, which in turn is proportional to the
number of store operations performed on variables which
are mentioned in conditions on the PB list. Because of the
interpretive, experimental nature of the DPL system,
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this overhead was slightly less than that which would
have been required to perform many source language if
statement tests of the conditions (although the automatic
invoking of these tests which DPL performs could not be
easily simulated). As noted before, microprogramming
would be one method by which this overhead could be
reduced. A second possibility is the use of a deductive
system to infer relationships between conditions on the
PB list, so that only some of them need be evaluated at
any time. For example, if X = 6 and X 4+ 1 = 7 were
both on the list, they could be judged equivalent, reducing
the number of conditions evaluated by one.

Management of the files and the associated file tags
is performed by the DPL system using the access methods
of O8. Direct access storage is assumed for the tags, which
must be read into core whenever a file is opened. The
actual master files, however, can be either sequential or
direct access. For those files which are to be accessed
from terminals in an on-line manner, direct access is
preferred.

Data can be entered into the data base through the use
of sequential devices such as card readers, etc., and files
can thus be set up from already existing files. In addition, a
sequential file may contain several heterogeneous record
types, as might often be the case in an integrated file
system.

An important problem in production environments is
that of file integrity and backup. In the experimental
DPL system no consideration was given to these features,
but Martin [8] provides an excellent discussion of the
methods of backup and recovery for real-time systems.

Experience gained through the use of DPL in the class
room has led to the development of ASAP[1], a commer
cially available file management and retrieval system.
ASAP includes the ability to tag files, as well as a
CHANGE function, which is interrogated for a particular
field of a record in order to determine whether or not it
has changed within the current run. Use of this change
function permits users to skip the testing of complex
conditions unless some relevant information has been
changed. In fact, the ability to add a file tag which uses
the CHANGE function and produces exception reports
has been quite well received. In one case, a registrar is
able to be kept informed of all address changes, since one
tag on the file says

FOR ALL STUDENTS WITH CHANGE OF ADDRESS=1
PRINT LIST NAME, ADDRESS;

This gets automatically included in every run which is
made against the file, yet only those times when an ad-
dress change occurs cause the action portion of the tag
to be invoked.

Implementation of a more general condition evaluation
and interrupt generation mechanism based on PL/I is
now in process. This work is designed to show the general
application of sequencing programs by program generated
interrupts [10].
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7. Summary and Conclusions

An organization has been proposed for management
information systems. This organization is based on a
generalized interrupt structure and scheduler, and a
method of associating programs with elements of the
data base, called file tagging. This organization is valu-
able for two reasons:

1. It makes the division between those parts of a system
which perform processing and those parts which schedule
that processing clear. This may allow programmers of
varying degrees of ability to be assigned to that section
for which they are best suited.

2. It allows the large number of programmers usually
involved in writing a system to communicate and resolve
conflicts regarding the data base in an automated manner,
through the system. This may tend to reduce the bugs
which arise when this communications and conflict resolu-
tion is done manually.

It is hoped that the advent of systems which allow
easy microprogramming of special funetions will permit an
implementation of these ideas in the construction of a
real management information system.
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Improving Round-off in
Runge-Kutta Computations with
Gill’s Method

RoserT J. THOMPSON
Sandia Laboratories, Albuquerque, New Mezico

A Runge-Kutta-Gill scheme in common use is based on an in-
complete adaptation for floating point operations of Gill's
method. An improved version reduces round-off error signifi-
cantly. In this note the heart of the scheme is presented in For-
tran language. It is then shown how an improved version of the
method can be obtained with the addition of two Fortran
statements. The two versions are algebraically equivalent, but
computationally the new version is a significant improvement. A
numerical example comparing the two is included.
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equations, round-off error, error analysis
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In [1] Gill proposed a Runge-Kutta formula which very
cleverly manages to save information about how much
round-off error is made at certain steps in the computation
and makes use of this information to reduce the overall
round-off error. The algorithm Gill developed was for use
with fixed point arithmetic. In a section in Ralston and
Wilf [2], Romanelli presented a form of the Runge-Kutta-
Gill method to be used with floating point operations.
Algorithms based on this have been used widely.

Unfortunately Romanelli’s version of the Gill method is
incorrect. Gill’s method works because he introduces what
he calls “deliberate errors” by truncating some numbers
which are generated during the computation. The version
in [2] simply does not perform this truncation. It should
be emphasized that the algorithm is incorrect only in that it
does not deliver the improvement in round-off that can be
obtained with Gill’s idea.

A Fortran version of the algorithm proposed in [2] is
shown in Program 1 on the next page. In this program N
is the number of equations in the system being solved
and H is the size of the integration step. The Y(I), I =
1, ..., N represent the dependent variables and Y(N +
1) is the independent variable. The subroutine DERIV
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