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A DATA RETRIEVAL SYSTEM WITH HIGH STORAGE
EFFICIENCY AND A COMPUTER BASED INSTRUCTIONAL SYSTEM

CHAPTER I

INTRODUCTION

The motivation for this work stems from experience using a computer in
a small college. Typically, one finds the following conditions. The computer
is small, such as an IBM 1130 or an NCR 100. The use of the machine is divi-
ded between academic and administrative work. The administrative work is
often hampered by the lack of sufficient memory. The academic work involves
running programs in batch from some computer classes, a few math classes, a
few natural science classes and a smattering of others. It does not seem
economically feasible to have much, if any, online work through terminals.
Most instructors feel they are too busy to learn how to use the machine. The
few knowledgeable people running the computer center are too pressed for time
to develop more efficient systems.

In this environment I was presented with a request to keep transcripts
on file, which had been thought impractical on our size machine, an IBM 1130
with 8K by 16-bit core and a single disk holding about a million bytes. At
the same time it was clear that more use of the computer should be made in
instruction, but a simpler way to write the instructional modules must be
found. Also, we needed to be able to teach more than one student at a time.f

The foregoing led to the desire for two systems. One is an information
storage and retrieval system generalized enough to allow it to be easily

1
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installed for a wide variety of sets of data. The other is a generalized
instructional system which would require little more of an instructor than
the knowledge of his discipline.

Why should these be included in one package? First, because many small
schools need both types of capabilities to justify having their computer.
Second, because the hardware and many routines used in the instructional
system lend themselves to remote access to the data retrieval system.

The goals for the information system are:

1. It should run on a computer with as little as 16K bytes of main
memory and a single disk.

2. Storage should have at least 90% efficiency (defined in Chapter II).

3. Additions, deletions or modifications should be easily made at a
rate of 1,000 per hour or more.

4. It should be easily adapted to differing formats of input.

5. It should have a query function in which selection and refinement of
subsets of the data base can be made, sorting of the selected subset done,
and listings in a variety of formats can be given.

6. The system should be expandable to handle extra disk drives.

7. It should be possible to add new fields tc records without rebuilding
the whole file.

8. The system should be relatively easy to transfer tc a new computer.

The instructional system should meet these goals:

1. An instructor should be able to write a lesson easily - with no more
than thirty minutes orientation to the system.

2. The system should be capable of original instruction or testing.

3. Feedback should be available to the instructor regarding the strength

of the teaching module.



3

4. Up to eight terminals can be maintained in a time-sharing mode on
a computer with 16K bytes of main memory.

5. The system should have an average response time of 3 seconds or
less.

6. The cost in volume use should be around $1/hr. per terminal or less.

A search was made of existing systems that would at least approximately
meet these goals. There was nothing available from IBM or known to CUETUG,
an 1130 user's group. A very generalized information system, DRS, was
available from Aeronautical Research Association of Princeton (now available
from DNA, Inc.) which was very good. However, the storage efficiency was
not great enough and a high volume of record modification was not practical.
Another data storage system available from a government funded project and
used by several 1130 installations also lacked in efficiency of storage,
giving only about 50%. No good system for computer based instruction on
the 1130 through terminals has existed. IBM has offered a communications
capability on the 1130 but the cost was way beyond what would be possible for
economical instruction. No version of Coursewriter or anything like it seems
to exist for a machine of the size contemplated.

The information system developed is called STRIPE (System to Retrieve
Information Packed Efficiently). The first version of STRIPE is now being
used at Principia College. It has a storage efficiency of about 65%. The
latest version has storage efficiency of up to 95%. Almost any kind of data
may be held, integers, floating point numbers, or character strings.
Execution times are good. The volume of data that can be handled is such
that in an application such as at Principia (where cumulative academic records

are kept) over 1,500 student records can be held in under a half million
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bytes. (Thismeans it can all fit on the standard single disk on an 1130.)
The system can be stretched to accomodate up to 2,500 records on a single
disk with degradation of execution. On a multi-disk system it could get up
to 13-15000 records. These records include all course information, names,
addresses, transfer credits, grade averages, and so forth. A complete evalua-
tion of STRIPE is given in Chapter VI.

Using STRIPE the user may obtain typical reports such as class 1ists,
grade reports, etc. in the above application. In addition he can inter-
actively query the system to select subsets of the master records. For
example, all the students with grade averages of 3.0 or better who are not
living in dorms could be selected. Statistics, such as maximum, minimum,
average, sum, and standard deviation can be requested. Selected subsets may
be further refined by applying additional criteria to them. They may also
be sorted on any fields and listed.

The instructional system is called SCRIPT. This is not an acronym -
just somewhat descriptive of the way an instructor would write a lesson
module. Simply put, the instructor writes a script containing information and
questions he would give the student. The student's response determines the
next part of the script to be given him.

SCRIPT is running and proven easy to use. A seventh grader and a
college instructor have each written lesson modules after less than half an
hour's instruction in the use of the system. Any subject matter can be
taught if the teaching can be in the form of a dialogue with questions and
answers. Teletypes or teletype compatible CRT's can be used. With a different
interface other terminals may be used.

Both SCRIPT and STRIPE will be made available to users. STRIPE will be
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put into the library of the College and University Eleven Thirty User's Group
(CUETUG). It should be a valuable addition to the group's software resources.
SCRIPT will be available to accompany the interface which makes the system
possible. The interface was loaned by Logicon, Inc. The device takes input
from the terminals and puts it into buffer storage locations in the 1130
memory via cycle stealing. The interface also provides interrupts on recep-
tion or transmission of terminate characters, reception of a 'break' signal,
and detection of a disconnect or parity errors.

In this work many concepts have been explored and exploited. Various
data structures for intra-and inter-record organizations such as inverted
lists, singly and doubly linked 1ists, etc. have been used. Language design
and interpretation techniques were implemented in the query language as well
as in the instructional system. In the instructional system simple time-
sharing was implemented. Garbage collection techniques had to be evaluated
and implemented. Searching and sorting techniques including hash coding,
YShell sort," "Quick sort," and others were tested, improved, and used.

In addition attention was given to the overall system concept outside
the computer. To a great extent the computer system is adaptable to the
user's way of doing things. This is illustrated in adapting the existing
format of input cards, in leading the user when putting data or commands in
through the console, and in the ease with which an instructor can use

SCRIPT.



CHAPTER II

CONCEPTUAL DESCRIPTION OF STRIPE

1. Efficiency

The measurement of storage efficiency is straight forward. The ratio M/U
is used where M is the minimum space theoretically required for a record, and
U is the space actually used. Two problems arise in applying this definition.

First, should the space used by a master file record include some pro-
rated portion of auxiliary files such as index and parameter files? Only
the space actually used in the master record will be counted here. This
simplifies the evaluation and makes it possible to evaluate master files for
which the supporting files are unknown as is the case in the comparisons made
in the last chapter. Also, in typical systems the volume 6f data in the
master file is so much greater than that in the auxiliary files that it would
make only a trivial difference in the above ratio to include them.

The second problem 1ies in deciding which fields are necessary data
required to complete the information, and which are overhead. This can be

subjective, but the differences in the ratio will be small.

2. Technigues Used to Achieve Efficiency

Variable length records
The master file contains variable length records. This is desirable
for data bases in which the record may need to contain more data as time

passes. This means the record must start out with some initial size and

increase in size as needed. The increase could be determined dynamically

6



7
or set as a fixed increment. In STRIPE a fixed increment is used, stored as
a system parameter.

Since variable length records are used, an index to the master file
must be used. This means a pointer system must be defined. In STRIPE storage
is on disk, so the pointer will involve the sector and the word within the
sector. Here a design decision must be made. It would be desirable to have
pointers fit in one 16-bit word. How many bits should be used for the
sector and for the word? If we use 12 bits for the sector then there can be
up to 212-1 = 4095 sectors. This leaves 4 bits for the word pointer. There
are more than 16 words per sector, but if the word pointer is made to
represent 20 word blocks it can reference up to 320 words. This fits in well
with the IBM 1130 used in the project. The exact numbers can easily be
changed to fit the specifications of a given computer. For a data base such
as the one which started the project in which transcripts and other data are
kept, about 2 records per sector would be possible. This would allow a
file of up to 8190 records. Since this is designed for small schools, it
should be adequate. Obviously, a change to a 2 word pointer could be made

easily if necessary for a bigger file.

Generalized record descriptors
One source of waste in record storage is the allocation of space 1in
records for fields that don't exist in some records. To allow each record to
contain only the fields that actually are filled in, the following approach is
used.
Records are considered in a generalized way as made up of four parts:
1. A mandatory block of fixed fields, present in all records.

2. An optional block of fixed fields which may or may not be present in



a record.

3. A variable field which may be of length zero. Several sub-fields
may be included.

4. A block composed of zero or more groups of fixed fields.

These will be referred to as the mandatory block, optional block, vari-
able field, and variable block.

More generalization could be introduced, but this seems to allow for

any reasonable type of record without introducing too much overhead.

Field embedding

One of the biggest reasons for low storage efficiency in many infor-
mation structures is the use of more bits than necessary to store a given
datum. As an example in the extreme, it is not unusual to find a whole word
used to indicate sex when one tit would do. To avoid this problem the
following approach is used.

Each block is considered as a string of bits. Fields are embedded in
the string, allocated just enough space for the values to be entered.

The result is that no field takes more space than needed. To keep track
of this, a pointer system describing record layout is kept in the system.
This is stored once in a parameter file so it does not introduce any

significant overhead.

3. System Parameters

A system parameter file is maintained. In it are kept the above
mentioned field bit pointers, sizes of various files, block sizes, a char-
acter conversion table, etc. This allows non-duplication of data as well

as effectively providing communication between different units of the system.
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4. Character String Packing

Character data is stored as a subfield in the variable field. The
subfield is prefaced with one word which tells which subfield it is. Also,
the number of 16-bit words used in the subfield is given. The data is
stored 3 characters per word, allowing for 40 possible characters. A special
routine from the IBM commercial subroutines is used. If more than 40
different characters are used then they would be stored 6 bits per character

for up to 64 characters, 7 bits for up to 128 characters, etc.

5. Structure of the Data

Each record has a prime key. Using the hashing algorithm described be-
low on this key, a2 record's entry in an index is accessed. The index, of
course, points to the record. If necessary, the record may be found by a
sequential search of the index for a hash of the name, if any, of the record.

Records may be in one or more of various categories defined for the data
base. A file for these categories is maintained. Each category record
contains a list of pointers to the master reccrds in that category - an
inverted 1list.

The groups that may be added to the fourth block of a record may have
descriptors associated with them. A descriptor file is maintained. As with
the categories, each descriptor includes an inverted list of pointers to
the master records with groups associated with that descriptor. A descriptor

might be a course description, parts description, etc.

6. Hash Code Algorithm

As mentioned above, hashing is used to access the master index. Hashing
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is also used to access the descriptor file, though no index is needed since
it can be arranged for the records to be of fixed length. It is also used in
the garbage collection routine to keep track of the new addresses of the
master records. The algorithm used is one of the best available, the linear
quotient hash algorithm. A general description of it is given in (1). A
comparison of it with other hash algorithms is given in (2).

The specific application of the algorithm here is as follows. To insert
a new record or access an existing one, a sequence of pointers must be
generated. Call them PgsPys=--P, where there are n records in the file. The
Po record is examined. If it is available for insertion or is the record
being sought, as appropriate, then it is used. If not we call the situation a
collision. In such a case the P record is examined and so on until either
an appropriate record is found or n records have been processed. In the
latter case either there is no more room for insertion, or the record sought
does not exist in the file. Justification for this follows.

The sequence (pi) is generated using what we call the prime key, K, such
as an identification number, and a divisor, D. D will be a prime number
here, though it could be done otherwise. The quotient, Q, is computed as the
integral part of K/D. If Q = @ mod D, Q is set to 1. With the preliminaries

out of the way, (pi) is defined recursively as:

Py = remainder of K/D + 1
or

K- |k/D) *D+1

Pi47 = (p; + Q) mod D + 1

By the definition P; < D. Essentially then, D is the size of the file. A

result in number theory shows that all the integers 1,2,---,D will be included
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in (pi), i = 0,1,---,D-1. A sketch of the proof of this is given in the
appendix.
Divisors other than prime numbers might out perform a prime number in
some cases. Nonprimes might also probe each file slot if necessary for many
sets of keys. But using a prime number for D guarantees saitsfactory per-

formance regardless of the nature of the keys.

7. Performance of the Hash Routine

The performance of a hash routine depends partially on the nature of
the keys used. The tests made on this one are on a set of 1,000 keys which
are 6-digit student alpha numbers, ranging between 500000 and 999999. Eight
hundred thirty eight were assigned by a registrar's clerk from an alpha
table and 162 were artifically generated to fall between the existing ones
in order to fill out the data set.

In Table 1, Load Factor is the percent of slots in the file used up.
Data is gathered for entries from the three thirds of the data relative to
the order ir which they are entered. The average and maximum number of
probes required to locate a record are given for each third as well as the
overall figure. This can be compared to figures for the binary search
technique in which 9 probes would be needed when the load factor is 50%
and 10 probes required for higher loads.

The efficiency of this accessing technique begins to drop seriously at a
90% load with this data. An index file is being used in which each entry is
only a few words. It does not use a significant amount of space to allow at
least 10% more slots in the index file than we will have entries.

A formula for the best average number of probes needed to access an entry

in a hash table is given by Morris (3}.
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It is
E = - log(1-a)/a
where a is the load factor. For a = .8 this gives E = 2.01. The overall
figure for ¢ = .8 in Table 1 is 2.14, which seems to be a reasonable approach

to the optimum.

TABLE 1
PERFORMANCE OF HASH ALGORITHM

First Third | Second Third | Last Third | Overall

Load Factor
Avg. Max. Avg. Max. | Avg. Max. | Avg. Max.

50% 1.05 2 1.18 4 1.68 7 1.30 7
60% 1.06 3 1.49 6 2.21 8 1.55 8
70% 1.07 3 1.33 6 2.64 11 1.68 11
80% 1.09 4 1.62 7 3.82 21 2.14 21
90% 1.09 4 1.82 8 4.90 29 2.60 29
93% 1.09 4 2.37 11 6.41 32 3.29 32
95% 1.10 4 2.36 11 6.88 32 3.45 32

8. Logical and Physical Files

In order to use more than one disk for storage of the master records,
there must be more than one physical file. STRIPE allows as many as five
separate physical files making up the logical files. These files are given
the symbolic numbers 1, 11, 21, 31, and 41. These numbers are specially
chosen for the calculation of the right physical file when given the sector
of the logical file.

The calculation of the proper physical file is done using as input the

logical file sector and word block together with five values from the parameter
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file. These give the number of sectors in each of the five possible physical
files. The file number is built by starting with 1 and adding a multiple

of 10 as indicated by comparing the logical sector to the parameters.

9. Limitations of the System

With the previously mentioned decision to use pointers consisting of a
12-bit sector pointer and a 4-bit pointer to the relative 20 word block
within the sector there is a limitation of 4,095 sectors in the logical file.
This would handle several thousand students in a typical student information
system with 4 year transcripts inciuded. If it were necessary to handle a
larger file either word blocks of larger size - 40 or 80 words - would have
to be used so that 13 or 14-bit sector pointers could be used, or 2-word
pointers could be used. The latter would require additional space in pointer
files such as the inverted lists kept in categories and descriptors. Straight
forward programming changes would be necessary.

As presently written the system can be used with up to 5 disk drives.
Assuming that peripheral files - index, descriptors, etc. - are kept on the
disk which contains the operating system and all stored routines,the other
drives would contain the master file. Advantages in speed would be found
because less travel of the disk read/write arms would be necessary. Actually,
the capacity of this system is only limited by the capacity of the hardware.
It can use as many disk drives as can be run on the computer. On a 5-disk

1130 15,000 students can be handled.

10. Flexibility
There is great flexibility in types of data which can be stored. If

records are virtually all character, the mandatory block may consist of very

few fields, and the variable field will be large. We might have records
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which consist of just the mandatory block if every record is fixed and
numeric.

It is not unusual for the users of an information structure to find
that their master file area has become full. They may have to totally rebuild
their file. In STRIPE the procedure is easy. To understand the proceduré
involved as well as other aspects of the system to follow, we should first
look at the parameter or communications file. During execution it is held
in core.

For our purposes here we need to be aware of the fo]]owiﬁg parameters.

NSLMF - the number of sectors in the logical master file

MFDIV - the divisor for the hash algorithm for the master file

NS1,NS11,NS21,---NS41 - the number of sectors in the physical files with

symbolic numbers 1.11,21,31,41.

NWMB - number of words in the mandatory block

NWOB - number of words in the optional block

NWGP - number of words in the fixed groups in the variable block
NFMB - number of fields in the mandatory block

NFOB - number of fields in the optional block

NFGP - number of fields in each group in the variable block

BP1,BP2,---BPM - pointers to the bits at which the fields of the mandatory
block, optional block, and variable field begin. (BP1 = 0)
GP1,GP2,---GPN - pointers to the bits within a group at which fields of

the fixed groups in the variable block start. (GP1 = 0)

Tha parameter file includes many other quantities, some set at the
time ¢f generation of the system as are the above, and some dynamic, but the
above are all that are needed for the moment.

Continuing with the problem of enlarging a full file, the first step is
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to define new file space. If there has previously been 1 physical file for
the master records it will have been symbolically represented as file 1. In
this case the logical and physical file are the same. Now, the new file
space will be an extension of the logical fije. It will have symbolic number
11. The one logical file will be composed of two physical files. Whenever
I/0 on the logical file is to be performed the pointer to the location in
the logical file is converted to a pointer into the physical files using
calculations on the logical pointer and NS1,NS11,---NS41. (The system could
easily handle more than five physical master files by including more of
these parameters.) If we already had physical files 1 and 11, the new one
would be 21.

The second step is to add file definition statements describing the
new file space to all programs which reference the master file and recompile
them.

Third, the parameter for the number of sectors in the physical files
must be updated.

Fourth, the new file space must be initialized to identify it as free
space. Then the system is ready. 1In terms of time it could all be done in
half an hour or so. The new file space may be on the same disk as the old
or on a disk on a different drive.

Sometimes after an information system has been in use for a while, it
- is found necessary to add new fields to the records. Again, with many systems
a complete rebuilding is necessary. With STRIPE it is only necessary to
update the parameters for number of words and fields in the various blocks
and the field bit pointers, and then to run a program which moves the
information in each record over to make space for the new field. This would

involve a few minutes, human time, and a fairly small amount of machine time,
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since most records wi11 have some available space.
Fields may be defined but unused by simply allocating zero bits for
the field. That is, we could have

BP7 BP8 BP9 BP10

38 4] 4] 49

for field bit pointers. This means that field 7 begins with bit 38, field

8 begins at bit 41, field 9 begins at bit 41, etc. Thus field 8 has no bits.
If it is expected that in the future field 8 will be used, it should be
taken into account at the time of generation. By this process the extra
storage space will not be used until required.

A useful feature of this technique is the ability to overlay definition
of fields. As an example, we might wish to add a group to a student's record
representing a course he has enrolled in giving department number, course
number, section, and date. When grades are given if it were not desired to
keep the section code, the grade and course credit codes could be put in its
place. The field bit pointers for a group might look like:

GP1 GP2 GP3 GP4 GP5 GP6  GP7  GPS
0 5 5 23 32 15 19 23

In this arrangement the department number begins with bit 0 and includes
5 bits. Course number begins at bit 5 and includes 10 bits, section at bit
15 with 8 bits, and date at bit 23 with 9 bits. The fifth field is a dummy
representation to give the end of the fourth (date) field. The grade code,
field 6 and the course credit, field 7, overlay the section. Field 8 is
another dummy entry. Programs which were designed to operate on courses
being taken currently would be able to refer to the section field while

programs to enter the grade would refer to the grade and credit fields.

1i. Modularity

STRIPE is modular in various ways. Input-output routines can be changed
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to fit the needs of a particular application. The file accession algorithms
are independent of the programs which add, delete, modify and retrieve records.
Since the system is configured with parameters, the sizes of various files
as well as the size and layout of master records can be changed without

changing the programming.



CHAPTER III

FUNCTIONAL DESCRIPTION OF STRIPE

1. The Data Model

Simplified Model

First we look at a simplified picture of the model of the file system.
Though this leaves out a host of detajls it should provide a good framework
to fit the details into later.

STRIPE makes use of six permanently stored files which are essential to
its operation. Another four files are used in an auxiliary status for the
storage of standard messages, abbreviations, etc. In a given application
there might be more or fewer of these auxiliary files. The six essential
files are for: 1) master records, 2) category descriptions, 3) descriptions
for the types of groups that might be appended to master records, 4) para-
meters for the system, 5) index entries for the master records, and 6) a
working space file.

The master record has 4 parts as described in Chapter I, a mandatory
fixed block, an optional fixed block, a variable field, and a block of zero
or more fixed field groups. Each master record is identified by a key number.
This could be a hash of an alpha field if an inherent identification number
is not present.

It may be desirable to be able to categorize master records according
to a given field contents. To this end the category file contains a name of
the category and an inverted 1ist of pointers to each master record in that

18
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category. The maintaining cf categories may be omitted by turning off a
switch in the parameter file.

The descriptor file contains descriptions related to the groups of fixed
fields which may be added to the end of the master records. For each
descriptor an inverted list is kept of master records having that kind of
group. Use of this file may also be turned off with a switch in the para-
meter file.

The parameter file carries a great variety of information such as the
size of files, pointers to the beginning of the chain of free areas and the
end-of-file free area, character tables and so forth. In the following
examples oniy a few of the parameters are used. (See Figure 1.)

The work file is not used in the following example. It is used for
temporary storage in garbage collection, selection of subsets of master
records, etc.

This example starts with the parameter file. It tells us there are 6
records in the master file. The index has 7 slots. (The physical size may
be 7 or more, but if the divisor used in the hash algorithm is 7, that will
be the effective size.) The field in the master records used as the
criterion for categories is field 4. The first of the chained free areas
begins at address 40. The free area which goes to the physical end of
file begins at address 65.

In this simplified model the addresses are in terms of word blocks. The
free area beginning at block 40 is 7 blocks long as given in word 8. Word
9 points at the next free area at block 54. That free area is 6 blocks long
and is the end of the chain since the pointer is §. The free area at block
65 is not chained. It extends to the end of the file and is pointed to by

the parameter file. The first record has key = 103. Its entry in the index



Master File

Variable
Mandatory fixed Optional fixed fieid Groups
Address 1 2 3 4 5 6 7 8 1 2 3 1 2
Index
1 No3 C2 D1 D3
Key Pointer 15 {105 ca D2
1 1105 15 20 NN Cc2 D1
2 N3 3 31 M3 C1 D2 D3
3 97 60 40 | Vord 8 = 7; word 9 = 54; other words = '$/*
4 [ns | 47 47 s | [ ]c3 | [ [ o3| [ 1|
5 0 0 54 | Word 8 = 6; word 9 = @; other words = '$/' S
6 (103 ] 60 | 97 c2
7 | 20 65 | Word 8 = 32000; word 9 = Q; other words = '$/'
8 Lo :
Parameter File
Cat Fil
Number of master records 6 Descriptor File =ereiory 11e
Descriptor Category
Size of index 7 key Inverted 1ist key Inverted 1ist
Category field 4 D1 201 o|o|oO 1 31 1o}l o 0
Pointer to free area 40 bz 15311 0J0jo0 c2 1 120 |60 0
.~ PR D3 31147 {0 |0 c3 47 0 0 0
ointer to cnd-of-file
free area 65 0 0] 0jo0jojo c4 15 1010 0
€5 0 0 0 0

Figure 1.

Simplified diagram of the file system.

02
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file is in the sixth slot. We can calculate this as the proper slot by
using the hash algorithm. Using a divisor of 7, the quotient lg§-= 14 with
remainder of 5. The pointer should be 5+1 = 6. This record also has field
4 = C2. Checking the category file we see that category C2 has the pointer
1 in its inverted 1ist. This master record also has a couple of groups of
types D1 and D3. 1In the descriptor file we see that the inverted lists for
D1 and D3 each have pointers to block 1. In the illustration each record is
shown having all four parts for ease in labeling, but of course this is not
necessarily the case. Each of these files would probably have more data in
the records, such as names of categories, descriptor types, etc.

A detailed breakdown of the record contents on each file is presented

next. Notice that in each case some data is system data while the bulk of

it is relevant to the data base.

2. File Detail

As described above there are master, category, descriptor, parameter,
index, and work files, as well as a standard message file which are basic to
the system. In the sample system for a school registrar, described in the
appendix, there are also files for department and letter grade symbols,
names of school requirements, and descriptions of the school requirements.
These special files are optional.

In the file descriptions the following terminology is used. A pointer
to a record or free area in the master file is a 16-bit word of two parts,
the relative sector and relative word block. The relative sector is the
sector relative to the beginning of the logical file where the first sector
is numbered 1. The relative word block is relative to the beginning of the

sector. Block size is 20 words.
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Master file

The master file, while logically one file, may be made up of from one
to five physical parts. These are symbolically referred to as files
1,11,21,31 and 41, as explained earlier.

In succeeding sections there will be references made to field pointers
and word pointers within records. These would be calculated when fields and
blocks of master records must be accessed. There is a significant difference
between the two types of pointers. The field pointer to a given field is
always the same, even if some preceding fields do not happen to be present
as would be the case for a field in the block of groups when the optional
block is not present. On the other hand the word pointer to the beginning
of the variable field, for instance, depends on the presence or absence of
the optional block.

In a given record the layout for the group is repeated for as many

th

groups as there are in the record. The field number of the i~ field in the

nth group would be:
NFMB+NFOB+1 + (n-1) * (no. of fields in group) + i

As an example the field number of descriptor key 3 in group 6 would be:
(assuming 7 fields per group counting the dummy and 46 fields in the mandatory,
optional, and variable fields blocks)

46 + (6-1) * 7 + 3 = 84
If the system were searching a record for some specific data in the 4th field
of a group, it would start with field 50, then 57, 64, etc. until the last
group was checked. Since the beginning of the mandatory block has the
number of groups in the record, this can be done easily.

The storage efficiency of this scheme can be evaluated as follows. The

first four fields of the mandatory block use up 30 bits. Each block ends on a
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MASTER RECORD DETAIL

Relative
- bit**
Field No. Description Bits** pointer

<.

Begin Mandatory Fixed Block
1 Record Status 8 ]

bit 9 : optional block
bit 1 : variable field
bit 2-6 : unused

bit 7 T error
2 Length of variable field in words 7 8
3 Number of words in record 9 15
4 Number of groups of fields in block of groups 6 24
e (Any more fields are application specific. Assume
. the rest are as in the sample in the appendix.)
) A real mode number 32 195
NFMB* Unused (This contains the number of bits needed to
make the block end on a word boundary.) 13 227

14 words
Begin Optional Fixed Block

NFMB+1 4 240
NFMB+NFOB (Unused) . : 12 340

) 7 words
NFMB+NFOB+1 Variable Field -- 352

(Each subfield begins with a header containing
the subfield number in the first byte and the
length in words of the subfield in the

second. )
NFMB+NFOB Begin Block of Groups
+2 Descriptor key 1 6 ]
+3 Descriptor key 2 10 6
+4 Descriptor key 3 h 8 16
: (Data fields) :

Last data field in group 8 40

+NFGP Dummy g 48

*See abbreviations in Chapter II.
**These figures are examples for illustration only.
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word boundary which means the expected number of spare bits is 8 (for 16-bit
word machines) for the mandatory optional blocks. Each subfield in the
variable field uses 16 bits of overhead. Also, since each is stored 3
characters per word there may be 0,5, or 10 bits wasted for an expected valug
of 5. Groups end on word boundaries, also. However, to avoid wasted space
various ploys such as lumping groups into super groups can be used so that
only a bit or two per group is wasted. The space used for a full record is
given by:

words
group

field words) * 16

S = (Mandatory words + optional words + number of groups * + variable

The expected amount of waste space will be (assuming 2 bits per group):

W=30+8+ 8+ (number of subfields) * 21 + number of groups * 2 + 16 *
(words par group)/2

The efficiency is

E:é.-_w.::]_

nj=

For the sample in the appendix the number of words in the mandatory block is
14. In the optional block there are 7 words. The variable field might have
an average length of 30 words with 3 out of 4 possible subfields. Twenty-
five groups of 3 words each might be present. Then
S=(14+7+25*3+30)* 16 = 2016
W=30+8+8+3*2] +25*2+ 16 * 3/2 =183

= 183 _
E - ] - '2_0']"'6‘ = 91%

Free Areas in the Master File.

There are two types of free areas, those left by the moving or deletion
of records and the end-of-file free area. The e-o-f area extends from the

end of the last record to the end of the logical file. The words of thi
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area are set to the EBCDIC code for '$/' except for the 8th and 9th words.
Word 8 will be 32000 unless the size of the area is less than 32000 words.
In that case word 8 gives the size of the area. Word 9 is §. The parameter
file contains a pointer to the beginning of this area. The other free areas
also are set to '$/' except for words 8 and 9 in each area. Word 8 will be
the size in words of the free area. Word 9 will be a pointer to the next
free area. End of the chain of free areas is signified by a zero pointer.
The parameter file contains a pointer to the first free area as well as a

pointer to the e-o-f free area.

Category File

The records in this file are in linked 12 word blocks. The first word
of each block is the pointer to the next block, with zero being the end-of-
chain. The first block contains the description of the category in words
2-11. The succeeding blocks contain the pointers to records in that category.
The category number is the record number of the header block of a record.
The headers are stored sequentially. (See Figure 2.) The parameter file
has a pointer to the free blocks available. The parameter file also shows

which field in a master record is todetermine the category.

Descriptor File
This file is similar to the category file with the exception that a more
complex header block is given, and the records are 32 words long. The data
in the header block is packed bit-wise if it is numeric. Alphanumeric data
may be packed 2 or 3 characters per word. The first word of the header is
the identification number of the descriptor. This may be a hash of other
fields, as in the sample. The second 16 bits is the pointer to the beginning

of the inverted list. Two fields are used for the count of the number of
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Note that category
002 has 2 blocks used
in the inverted list.

101 Category one
102 Category two
200 Last category
0 16 0 0
201 20 24 68
0 0 0 0 0 0
0 84 0 0 0
Figure 2. Category file illustration.
1 | D1 500 Descriptor data
2 | D2 501
3 | D3 502
500 0 Hointdrs to master {reconds
501 | 651
502 0
651 0

Figure 3. Descriptor file illustration.
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records allowed with this descriptor, if applicable. The rest of the header

is the descriptor data. The blocks for the inverted 1ist are as in the

category file.

The parameter file points to the beginning of the free

blocks so that when an inverted 1ist needs more space it can be allocated.

Parameter File

A concise way to explain the parameter file is to 1ist the fields in it.

Each field is one 16-bit word.

Word
1

W 00 N O OV & W N

N N N N = et ead o vod od o wad ok ok
W NN~ O W 00 ~NN O O W N -~ O

Description
Pointer to e-o-f free area, sector and word*

Pointer to first free area, sector and word*
Number of sectors in logical master file
Number records in master file

Master file garbage collection flag
Descriptor chain flag, 1 = off, 2 = on
Divisor for master file hash

Divisor for master move index (GARBG)
Sectors in file 1 (drive 0)

Sectors in file 11 (drive 1)

Sectors in file 21 (drive 2)

Sectors in file 31 (drive 3)

Sectors in file 41 (drive 4)

No. words in mandatory fixed block

No. words in optional fixed block

No. words in each group, variable block
Initial size of record in words (mult. 20)
Record increment when enlarged (mult. 20)
No. fields in mand. fixed block

No. fields in optional fixed block

No. fields in groups in variable block
Size in records of descriptor file
Descriptor file garbage collection flag

*Pointer format is used: bits #-11 for sector and 12-15 for word.
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25
26
27
28

29

30
31
32
33
34
35
36
37
38
39
40-50
51-79

80-96
97
98-107

108-125
126-165

166-200

28
Description

Divisor for descriptor file hash
Number in descriptor file
Number of categories (faculty)
Size of category file in records

Field in master record that holds category and
serves as flag for category chains: on if pos., -
off if § or neg.

Number of possible subfields in variable field
in master record

"Available" pointer for category file
Number of BA requirements

Number of BS requirements

Number of types of majors

Input device number

Qutput device number

Current date, qtr/year code
"Available" pointer for descriptor file
Number fields in descriptor records
Number words in descriptor records
Unused

Pointers to first bit of field for mandatory fixed
block as shown in detail for master file, relative
to beginning of record

Pointers for fields in optional fixed block
Pointer to bit at beginning of variable field

Poihters to bits at beginning of fields in groups
in variable block, relative to beginning of group

Unused

Character table for use in AlA3, etc.
(EBCDIC codes stored in Al form)

Bit pointers for fields in descriptor records (not
implemented yet)

Index File

The index file uses 5 words per record.

Words 1-3: key fields in records

Word 4: pointer to master record
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Word 5: hash code composed from name field of master record
(The name is presumably first subfield in variable field.)

The divisor used in the hash algorithm determines the effective size of
the index. For systems with 320 words per disk sector, there will be 64 records
per sector. STRIPE uses prime numbers for the divisors and sectors might
as well be used as fully as possible. Therefore, the divisor should be chosen
to be the largest prime less than 64 times the number of sectors to be used.
For example, if we need about 1000 index entries we might as well allocate
16 sectors, giving 1024 records. Then we will use a divisor of 1021, giving

that number of effective records.

System Message File
A set of 20 character messages used to briefly identify errors, give

system information, direct user actions, etc.

Working Space File
Disk space is provided for temporary storage used in garbage collection,
selection of subsets of the master records, etc.
Any other files are special purpose. Those used in the sample system
shown in the appendix are explained here since similar files would be Tikely

to exist in many applications.

Requirements File
In the sample application a student academic data base is kept. There
are requirements for graduation such as the number of foreign language credits,
and number of upper level courses. This file holds a description of these
school requirements for both the B.A. and B.S. degrees.
The records are fixed, 60 words per record. The B.A. requirements start

at record 1, the B.S. at record 21. The number of different requirements for
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a B.A. and for a B.S. degree is in the parameter file. Each record is a
string of up to 60 numbers. These describe a matrix. The string of numbers

is of the form

IR, IC, Nys C],], c2,1""CIR,1’ N2, C],Z’ c2,2""cIR,2""NIC,

c c

Gy 100 C2,10°+ O, 1C.
IR and IC give the number of rows and columns. Thus, the form of the matrix

is:

IR X IC N] N2 ---- NIC
G 1,2 C,1¢0
€2 C2,2 CaL1c
C1R,1 CIR,2 C1r,1C

The Cij's are department and course numbers of courses which satisfy the
requirement. The Nj at the head of the column tells how many of the courses
in the column are needed to satisfy the requirement. The requirement may be
satisfied, then, by finding at least one column, j, such that there are Nj
courses in the master record which match the department and course of an
entry in that column. The Cij‘s are of the form +ddccc where dd is a depart-
ment number, 0<dd<31, and ccc is a course number, O<ccc<767. If an entry is
of the form dd999 then any course from department dd will do. This eliminates
the bother of long lists of courses. If all but a few courses in department dd
will do, we can have entries of the form -ddccc, meaning this particular course
must not be used in satisfying the requirement. The dd999 following would then
accept all other courses.

This technique would seem to be a useful one to use in many cases where
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records must be evaluated.

Requirement Title File

For output purposes, a file of titles of the requirements is kept.

Department Abbreviations and Grade Symbols File

th

This file has as its i~ entry the letter designation of department 1.

Also, the letters used in grade symbols are kept.

3. The Execution Model

The process of defining the files, determining system parameters, and
initializing the files is described in the appendix. For the present we assume
the preliminaries to be done.

Access to the system is through an executive program EXEC. Its purpose
is to bring the system parameters into common core storage shared by all
program units, to determine from the user what function he wants, and to
link to that function. The common area of core is labelled as follows:

COMM - an array (165) containing the system parameters.

FLPTR - an array (4) used in passing pointers such as sector and word
pointers for reading records or word and bit pointers needed to access fields
in master records.

STURC - an array (340) used to hold the current master record being
accessed.

IERFL - a word used as an error flag on return from various subroutines

BUFF - an array of length 41 or more used to pass data from subprograms,
such as those for reading cards, to main programs. (In main program QUERY,
this array is replaced by several scalars and arrays peculiar to the inquiry
process. )

There are other elements in COMMON in certain special programs, but the
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above is always at the beginning of COMMON.

EXEC 1inks to the following basic system programs as well as other special
purpose programs satisfying needs of a specific application.

ADCAT adds a new category. If the system parameters call for the main-
taining of categories of master records, this unit must be executed before
master records are added.

ADDSC adds a new descriptor for the groups that could be added to the
variable block at the end of the master records. If the system parameter
calls for the maintaining of 1lists of records with given descriptor groups,
this must be run before any such descriptor groups are added to records.

In both ADCAT and ADDSC an initial block of space for inverted files is
chained to the record. Subsequently, the inverted 1list is maintained by the
subroutine INVRT. The inverted 1ists contain the sector/word pointers to
records.

ADMAS adds a record to the master file. Only the mandatory block and
variable subfield 1 is set up. The steps are:

1. Read from the category file the category numbers on file.

2. Make sure there is space in the master file for a record.

3. Call RMASC, a routine which reads master record cards and puts
the information into BUFF. (RMASC is a routine local to an application.)

4. If RMASC indicates the end-of-data the program writes COMM back
into disk storage and 1links back to EXEC. Otherwise go on to step 5.

5. HSHF1 finds an index entry. If the key is a duplicate go to 3.
Save the index pointer.

6. Next the chained free areas, pointed to by parameter 2 of COMM, are
examined until a free area big enough for a record is found. If one is found

greater than or equal to the standard initial length, but too small for two
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records, the whole area is used for the new record. If no chained area exists
or is big enough, then the record is put into the end of file area pointed
to by COMM(1), which is the pointer to the e-o-f free area.

7. If COMM(28) is positive its value is taken as the field in the master
record which determines the category. The pointer to the record is entered
into that category's inverted list by subroutine INVRT. If COMM(28) is zero
go on to step 8. If INVRT indicates an error such as no room in the cate-
gory's list or nonexistent category, ignore this record and go to step 3.

8. The fields of the master record are packed from BUFF into STURC by
routine IPFLD. Only the mandatory block is filled in.

9. The first subfield - probably a name - is put into STURC.

10. Housekeeping details are filled in, such as length of variable field,
and zeroing out unused parts of the record.

11. Put the index entry in. Increase the count of the number of master
records.

12. HUrite the record into the master file using routine WMASR.

13. Update the free area pointers.

14. Repeat from step 3.

ADVBL adds groups to the variable block at the end of the records. The
steps of the program are:

1. The routine RVBLC is called to return a prime key, or identification
number, of a master record together with a group of fields to be appended to
the record. (RVBLC is a local routine.)

2. If RVBLC indicates end-of-data the last master record accessed, if
any, is returned to storage. Then the parameter file is returned to disk
storage and a 1link to EXEC is executed.

3. On the first call to RVBLC the record corresponding to the prime
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key is brought into core by routine RMASR.

4. On succeeding calls to RVBLC, if the key is different from the one
returned on the last call, the last record is returned to disk storage, then
the record for the new key is brought into core by RMASR.

5. Check the physical length against the active length of the record.
If there is not enough space in the record for a new group, the routine RECMV
is called. (It will move the record to the end-of-file area, enlarge it,
update parameters and pointers, and return to the calling program.)

6. The field number for the first field of the group is calculated.

7. If the parameter file indicates that descriptor inverted lists are
to be maintained this is done by calling HSHF1 to access the descriptor and
INVRT to add the record pointer to the 1ist.

8. If all this has worked without error, the group is added to the
in-core record. Then go back to step 1.

GPDRP deletes a group from the variable block of a record. This program
operates as follows:

1. The descriptor file hash keys are read into an index in core. The
field pointer to the beginning of the variable block of groups is calculated.

2. A card is read giving the key of a master record and the basic key
of a descriptor. If end-of-data is encountered a 1ink back to EXEC is performed.
(Alternatively, there might be a card with a master key followed by cards
with descriptor keys indicating groups to be dropped.)

3. The master record is accessed through HSHF2. The number of groups
in that record is found and used to determine the field number of the last
group.

4. The descriptor key of the record is examined. If it does not match

the card data the group drops back by one group. If there is another group to
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be checked, repeat this step. If there are no more groups an error message
is given and control goes back to step 2. Go to step 5 if there is a match.

5. If the groups being dropped represent something 1ike courses in a
student record a date field in the group may be checked to be sure it
matches the current date in the parameter file, since a normal drop of a
course in a previous quarter would not be allowed.

6. The number of groups is decreased by one. The groups are repacked,
wiping out the dropped group. The record is returned to the disk file.

7. If the parameter file indicates that descriptor lists are being
kept, then the count is reduced by one in the descriptor record and the
pointer to the master record is zerced out of the descriptor's inverted
list.

8. Go back to step 2.

DROP deletes a record from the master file.

1. A card is read with the key of a master record. If end-of-data is
encountered a 1link to EXEC is performed.

2. The master record is accessed through HSHF2. The pointer to that
record is saved for returning the area to the free chain.

3. The index file entry is emptied. The pointer word of the entry is
set negative rather than zero. This is necessary to keep the continuity of
the collision chains in the hash table.

4, If the parameter file indicates that categories of master records
are maintained, this record's pointer is replaced by a zero in the category's
inverted list.

- 5. If the parameter file indicates that descriptor lists are kept,
then each group in the record is examined and its entry in the associated

descriptor list is zeroed.
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6. Finally, the record area is entered into the free area chain.
The record length is saved. The record area is filled with '$/'. The length
of the area is put into word 8. The current parameter file pointer to the
free chain is put into word 9. The pointer to this area is put into the
parameter file. The newly formed free area is written into the disk file.
Go back to step 1.

GARBG compresses the master file so that all free areas are combined
into one end-of-file free area.

1. A temporary file for storing an index to the changes in addresses
is initialized. A core array to be used for pointers to the free areas is
initialized.

2. Pointers to the free areas, including the end-of-file area, are put
into the core array. A count of the number of free areas is kept.

3. The array of free area pointers is sorted into ascending order.

The moving up of records starts at the first free area.

4. The pointer to the master record following this free area is cal-
culated. The record is read and then written at the beginning of the free
area.

5. An entry in the move index is made using hash coding on the old
pointer. Both the old pointer and the new one are entered.

6. A new free area pointer is calculated. The pointer to the next
master record is calculated. A check is made to see if that pointer is up
to the next free area. If so, the pointer to the next master record is re-
calculated. |

7. Each time another free area is "passed" in pécking the file the
count of free areas is decreased. When it reaches zero the end-of-file free

area has been reached.
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8. The parameter file entries pointing to free areas are updated. The
end-of-file free area is initialized.

9. The pointers in the inverted lists of categories and descriptors
are updated using the hash function on the move index file. The master record
index is similarly updated.

10. The parameter file is returned to disk and a link to EXEC is
performed.

QUERY allows four operations of inquiry into the master file. The first
operation is selection of a subset of the master file by using the command
SELECT. Pointers to the selected records are stored in a disk file working
set. Selections may be made by specifying a criterion expression whose BNF
description is as follows:

<crit exp> : = <crit> | <crit>AND<crit exp> | <crit>0R<crit exp>

<crit> : = <field><relation><value exp> | NOT <crit>

<field> : = F<num>

<num> : = a string of digits

<relation> : = LT | LE | EQ | GE | FT | EX

<value exp> : = a numeric value | <field exp> | '<string>'

<string> : = any characters

<field exp> : = <field> | (<field><op><field>) | (<f?é1d><op><num>)

I (<num><op><field>) | <num>

<op>: =+ [ - [* |/

The meaning of the above relations are mostly obvious. EX means that
the given field exists.

The important semantics have to do with determing the operands of NOT,
AND, and OR. The order of operation is strictly right to left. This means
that the left operand of the verbs AND and OR is the criterion immediately to
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the left of the verb. (There is no left operand for NOT.) The right hand
operand for any of these verbs is the result of the entire expression to
the right of the verb. O0f course, the value of any criterion such as F10
LT250 is either 1 or 0. Blanks embedded within the three elements of the
expression are not allowed. Blanks between them are permissible.

The right to left order is used for two reasons. First, the programming
is greatly simplified since a priority table does not have to be consulted
and stacking of operands is avoided. Second, the user of STRIPE is apt to
be unfamiliar with conventions of priority with respect to Boolean operators.
With this arrangement only one idea must be understood.

Refinement of a selection can be made by using the command REFINE and
giving criteria as described above. After a selection or refinement the
number of records selected is given on the console.

The selected set can be sorted into ascending order by using the command
ARRANGE. Fields are specified as in the selection: F<num>. The fields may
or may not be separated with commas or blanks. Up to 10 sort fields may be
specified. The sort significance goes from left to right. The result of
this command is a working set of pointers sorted into the desired order.

The currently selected records may be listed on the printer specified
in the parameter file by using the command LIST. The whole record may be
listed by specifying ALL. Specific fields of the record may be listed by
specifying up to 10 numeric fields (to be locally implemented).

The last function in QUERY is to give some simple statistics concerning
fields of the selected records by using the command, STATS. One, two or
three fields may be specified. For each one the sum, average, standard de-
viation, maximum and minimum is given.

One other command is used, EXIT. It performs a 1ink back to EXEC.
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The specific steps in executing LIST, STATS or EXIT are relatively
trivial and will be passed over here. Execution of REFINE is virtually the
same as SELECT except that only records already in the working set are
examined. Therefore, the attention is on the more interesting aspects of

SELECT and ARRANGE.

SLECT

The program which performs the SELECT command is called SLECT. For
space reasons SLECT is a main program linked to by QUERY. Its first job is
to process the input of selection criteria. As an example of a criterion we
could have

FIOLT (F16 - F11) AND F5 GE 235.6

In this criterion expression there are two criteria and a Boolean verb. SLECT
will find the first criterion, FIOLT(F16-F11). A coded version of it will
be placed in an array, CRIT, which is in common core storage. The coded
version contains the field number, the relationship, the type of value, and
a pointer to the value array where that value is stored. The criterion is

coded into one word as follows:

Bits Description

0-5 Field number

6-8 Relation

9-10 Type of value

11-15 Pointer into value array

The codes for relations are:
Code Relation
1 Less than: LT

2 Less or equal : LE
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Code Relation

3 Equal : EQ

4 Greater or equal : GE
5 Greater than : GT

6 Exists : EX

The codes for value types are:

Code  TIype
0 Integer number

1 Real mode number
2 Field expression
3 String

The pointer to the value array gives the position in an array, IVAL, or
equivalently, VAL% in which the actual numeric value, string value or field
expression is stored.

In storing values all numeric values are stored in VAL in real mode.
The pointer will be to the equivalent location in IVAL. String values will
be stored in IVAL. The first location for the string will contain the
length of the string. Field expressions will always be stored as a sequence
of pairs: (operation, field) or (operation, number). The first field or
number in the expression is assumed to have a + applied to it unless a - is
used. By this means of storage evaluation can be done by "accumulator"
technique. An accumulator is initialized to §. The first value is added or
subtracted. The succeeding (op, val) pairs indicate an operation to be per-
formed with the accumulator as the first operand and the value as the second.
The result, of course, is left in the accumulator. The operation codes are

1, 2, 3, or 4 for add, subtract, multiply, or divide. A negative operation

*By use of EQUIVALENCE, VAL and IVAL occupy the same space.
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code means the following element is a number rather than a field. When

this field expression is evaluated it will be strictly left-to-right.

Now, back to the main stream of interpreting the criterion. In the above

example
FIOLT (F16-F11)

would be coded into CRIT with the code for F16-F11 being entered into IVAL.
A pointer to this entry in CRIT would be placed in an expression array XP.
Then the AND would be detected. A numeric code for this would be placed in
XP, following the pointer to the first criterion in CRIT. To distinguish
between criteria pointers and Boolean codes, the Boolean verbs are coded

as negative numbers. The codes are:

Code  Verb
0 (

-1 )

-2 AND

-3 OR

-4 NOT

(Parenthesized Boolean expressions are allowed.) Next in the example the
criterion F5 GE 235.6 is entered in CRIT with the value 235.6 in VAL. The
pointer to CRIT is entered in XP.

When it is determined that there are no more criteria, a right parenthesis
(code,-1) is placed at the end of the coded expression in XP. (A left
parenthesis was initially placed at the beginning.) Now the expression must
be sorted into an appropriate order for execution. The order chosen for

evaluating the Boolean expression is strictly right-to-left.

The sorting process is as follows. The array XP, containing the coded

Boolean expression, such as
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Symbols (Crit(1) AND Crit(2))

Code 0 1 -2 2 -1
is scanned to find the point where the left parenthesis is balanced, in the
above case at the fifth element. Subroutine POLST is called which sorts the
elements between the parentheses so that positive numbers (which are operands,
or criteria pointers) come first from left-to-right in their same relative
order, followed by the negative numbers in reversed order. Then the outer
parentheses are erased by replacing them with -99's. The above would become

-99,1,2,-2,-99

In this process parenthesized inner groups are left intact and treated

as a single criterion, being sorted as are the single positive numbers.
e.g. 0,1,-2,0,2,-3,3,-1,-1
becomes
-99,1,0,2,-3,3,-1,-2,-99
POLST would be called again and this example would become
-99,1,-99,2,3,-3,-99,-2,-99
The -99's will be ignored, so this is equivalent to
1,2,3,-3,-2

The meaning of this is:

R = Criterion 2 OR Criterion 3 (2,3,-3)

LV = Criterion 1 AND R (1,R,-2)

LV would be the resultant value, assuming that the criteria 1,2,3 all
are evaluated to 0 or 1.

This process of repeatedly using POLST on XP until all parentheses have
been resolved sorts XP into a reverse Polish string compatible with the strict
right-to-left order of operations.

Finally, in the selection process the criteria must be evaluated against
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a specific record. If the resultant value is one, the pointer to the record
is saved in the working set. In evaluating a specific criterion as coded

in CRIT, a function IRLVL is called. The process consists of making a

copy of XP. This copy is gradually reduced until finally there is just a 0
or 1 left.

The process of placing or retrieving pointers in the working set is
done through a subroutine IRTRV. This routine has internal buffers in which
are images of blocks of the working set. This reduces the time needed in
accessing the disk. Without the buffers the disk arm would be moving con-

stantly between the master file and the work file.

ARRNG

Called as a subroutine from QUERY, it 1is the name of the program which
performs the ARRANGE command. ARRNG first determines which fields are to
be used as sort criteria. The fields are specified by the Fxxx form shown
previously. As many fields as can be given with 20 characters may be
specified. The fields may be run together or separated by blanks or commas.
The fields are taken to be given in left-to-right order of significance.
Then the actual sorting algorithm is entered to examine the records pointed
at by the work set and rearrange the pointers into the desired order.

The choice of algorithm for this sorting is critical. There is no way
to anticipate any inherent order already existing. Since the number of
records to be sorted may be quite large, it cannot be done in core, even as
a key sort. Bringing the necessary keys into the working set along with the
pointers was rejected since to allow space for up to 10 keys in the working
set would be costly in space used. To bring in one key at a time and do a

separate sort on each in a radix sorting process would be prohibitively
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time consuming for cases with several keys. Clearly an algorithm which
allows the use of multiple keys and minimizes comparisons must be used. The
two tried first are the "Shell” sort, or diminishing increment algorithm and
the "Quicksort," or partition exchange algorithm (Knuth (7)).

As an example of the Shell process, a sort of 100 items took twenty
minutes with increments of 63,31,15,7,3,1 and accessing the working set one
pointer at a time. With a small buffer in the accessing of the working set
this dropped to fifteen minutes. Changing the increments to 40,13,4,1
brought the time down to 10.5 minutes due to making two fewer passes.
Drastically increasing the size of the buffer used in accessing the working
set reduced the time to five minutes.

The same set of items was sorted using the "Quicksort" algorithm.

The time was virtually the same. It became clear that while Quicksort re-
quired fewer interchanges it was making more accesses of the master records.
The saving of time on the one hand was cancelled out bn the other.

More effort on reducing the number of accesses of the master records is
needed. Since the primary goal of this project was to improve storage
efficiency, the improvement of the sorting algorithm will be deferred. The
currently used methods seem to be a reasonable compromise between speed and
storage space. All other methods would require significantly more space

(except a "bubble" sort which wouldn't be considered).

MODRC

This program allows modification of master records in batches. Any of
the four general parts of a given record may be changed. If the change
involves expanding the size of the record, it may be moved. A code is

initially given for each record to indicate which part of the record is to be
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changed. This code is provided by the locally written routine, RDMDC, which

reads the modification card.

UTLTY
A variety of subroutines are available to UTLTY for investigating all

of the files in the system. They can list and/or patch any part of any

file. This is used primarily for debugging purposes. However, it may also

be used for data listings.



CHAPTER IV
CONCEPTUAL DESCRIPTION OF SCRIPT

1. Hardware
The hardware used for SCRIPT consists of the IBM 1130 with 16K bytes
of core memory and single disk, a Logicon I/0 Network (LI/ON) which allows
direct access to main memory via cycle stealing, and one or more terminals.
Teletypes were used. However, almost any type of terminal could be used
with a different interface.

The relationship of the hardware is very simple as shown in this diagram.

Terminal g 2 L1/0N g = === => CPU

The terminal communicates directly with the LI/ON interface when its
line adapter is input-enabled. The LI/ON in turn puts the character received
directly into a buffer in core reserved for that line. On receipt of certain
special characters, such as BREAK or LINE FEED, an interrupt is issued to
the CPU (indicated by the dashed 1ine). At that point software takes over.

The CPU can send characters to the LI/ON and thence to a terminal when
that terminal's line is output-enabled. Upen transmission of an end-of-
transmission code, the LI/ON issues an interrupt to the CPU.

The buffers associated with each 1ine are used for both input and output.
By analyzing the characters input from the terminal, putting the appropriate
response characters in the buffer, and synchronizing these actions through
the interrupt system, SCRIPT can communicate with the user at the terminal.

46
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2. Software - An Overview

The beginning of the chain of programs which comprise the SCRIPT system
is the interrupt level subroutine, ILS@3. Upon occurrence of the level inter-
rupt associated with the LI/ON a hardware generated branch is executed to
ILSP3. When that routine determines that the interrupt came from the LI/ON
it branches to a multiple use routine, LMCC. LMCC contains routines of a
utility nature such as initiating read or write to a given terminal, test
whether a line is busy, mask and unmask interrupts, etc. LMCC also contains
the routine to respond to the interrupts.

ILSP3 and LMCC were provided by LOGICON. They were modified some what
for this sytem.

When LMCC has determined the cause of the interrupt it branches to USER,
passing the interrupt data along. USER puts the interrupt data into a com-
mon area where it can be available for the FORTRAN programs. This data
includes the number of the terminal causing the interrupt, the cause of the
interrupt, and the character count (if applicablie). USER then branches to the
routines BREAK and TERM to set the interrupt flags.

The main routine servicing the interrupts is SERV, which services inter-
rupts due to the reception 6r transmission of an end-of-transmission character
(EOT). 1If the EOT character came on a transmission, SERV responds by either
setting up another message to the terminal if certain indicators warrant it
or setting up a return to the main program. If the interrupt occurs on recep-
tion of characters from the terminal, the characters are analyzed and appro-
priate action is taken such as calling MODUL to send a response to the terminal.

The function of the main program is primarily to poll the terminals.

In turn each terminal is scanned by checking a word in its assigned partition

to see if it is active. If not, a routine is called to see if the terminal
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has been turned on. If it has, an appropriate message is sent, the partition
is set to indicate it is active and the line is left in receive mode.

The LI/ON has a clock that counts each three seconus. This can be
read by the program. At the start of each cycle of polling the clock is
read. Ffor each active terminal the time since the last communication with
that terminal is checked. If it is too long a warning message is sent. If
the terminal still doesn't respond after a reasonable time, it is hung up.

Figure 4 illustrates some of the relationships of the hardware and the
various elements of the software.

The dashed lines between the LI/ON and the CPU indicates the interrupt
signal. The dotted Tine to ILSg3 signifies the hardware generated branch
to the interrupt level subroutine when the LI/ON has issued the interrupt.
The wavy Tines indicate the sending of messages to terminals via the LI/ON.

An explanation of the process by which the program units can determine
the appropriate response to input from the terminal requires an explanation
of the data structure. Thus, the next topic should be the structure of the

data storage.

3. Data Sterage

There are four files of primary concern to the operation of SCRIPT. The
first is the message file. AT messages for all lesson modules are stored
here. They can be referenced by their sequential record number. The second
is the file of decision tables. These provide the logic governing the
responses to inputs from the terminals. A full description is given below.
The third file is an index to the modules in the system. The last is a

system parameter file.
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Message file

When a lesson is added to the system the set of messages is stored.
During execution of a module these can be retrieved and sent to terminals as
directed by the logic of the module's decision table.

The messages are stored in a form such that they are ready for immediate
transmission to a terminal as soon as they are transferred to the buffer for
that terminal. This means that the characters have been converted to the
appropriate code for the terminal, Suéh as ASCII for teletypes. Also, they
have been packed two characters per word, put into the order required by the
hardware, and had éharaéters for 1line feed, carriage return and EOT added.

The program unit which accesses and transmits these messages is MODUL -

discussed later.

Decision tables
A decision table (or state/action table) uses a current state (initially 1)
and an input to determine the current action (message to be transmitted) and

the next state.

Input State . 1 2 3

: NS =2 NS =2 NS =1
MESS = 1,5 MESS = 6,8,2 MESS = 7

2° NS =1 NS =3 NS = 3
MESS = 3 MESS = 2,9 MESS = 4

Figure 5. Example of a state/action table, simplified.
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In this example, with an initial state of 1, an input of 1 would cause
messages 1 and 5 to be transmitted, and the next state would be 2. An input
of 2 would then bring up messages 2 and 9, and the next state would be 3, and
so on.

The actual storage of the decision tables is in two parts. There is a
set of pointers to messages which is called a message vector, and there is

the decision tabie itself. The preceding example would have the form:

Message Vector

Position 1 2 3 456 7 8 9 10 11 12 13
Message
pointer 1 56 8 27 329 412 11 10

Decision Table

Input 1 2 3
1 2,2,1 2,3,3 1,1,6 | NS,NCM,VPTR
2 1,1,7 3,2,8 3,1,10
H 11,11 2,1,12 | 3,1,13

Figure 6. State/action table with message vector.

The entries in the table are of the form (NS,NCM,VPTR). NS = next state.
NCM - number of consecutive messages. VPTR = pointer to the position in the
message vector where the pointer to the first message is found. If NCM > 1,

then the next message pointer is in position VPTR + 1 and so on. In the
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example, if the state = 2 and input = 1, then the next state will be 2; there
will be 3 messages transmitted; and the first message pointer is in position 3
of the message vector. We see that messages 6, 8, and 2 should be sent.

The bottom line of the table is labeled H. It enables the student to
receive help during the lesson. If he types $H the action indicated in this
entry will be used. The state remains the same.

If there are n rows in the table for a lesson, the student will be able
to respond with answers 1 through n-1. Other digits will be rejected.

The three components of each entry in the table are packed into one

word. The numbers of bits allocated to each are such that
0 <NS <31, O0<NM<7, 0 < VPTR < 127

The message vector and the table are stored as one long string of numbers.
The message vector goes first so that the values in VPTR will be minimized.
As it is the message vector may not be pointed at with VPTR > 127. The
message vector could be as long as 134 positions since VPTR = 127 and NCM = 7

would be permissible.

Index file
To access a particular module the position in the message file where
its messages start and the position in the decision table file where its
message vector and table begin must be known. This is kept in the index file.
Also the length of the message vector, and the number of rows and columns in
the table are kept. The entry for the module with identification i is kept in

record 1.

System parameters

The primary system parameters are:
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1. The time increment used to determine when a non-responding terminal
should be warned or cut off.

2. Number of entries in the index.

3. Pointer to the end of the decision table file.

4. Pointer to the end of the message file.

5. Physical size of the decision table file.

6. Physical size of the message file.

These items allow new lessons to be added and terminals to be controlled.

This data is kept in a file on disk.

In-core data

The other part of the data structure is the main memory allocated to
each terminal. The input/output buffer for each 1ine already has been referred
to. From the viewpoint of the LI/ON the first word of each buffer is that one
with the lowest address. The first word is used by the hardware to indicate
a character count and for flags indicating the status of the terminal. Each
terminal also is allocated an area of core that is referred to as a terminal
partition. It is a small allocation of 15 words. Here the data describing
the current status of the terminal is found. The information consists of:

1. Bit flags to indicate active or inactive, teach or calculate mode,
or whether a time warning has been given.

2. The time 1limit for next communication.

3. The number of messages that should be sent to the terminal.

4. The pointer to the next position in the message vector.

5. A pointer to the beginning of the decision table for this terminal.

6. A pointer to the beginning of the messages on disk for this module.

7. The current state in the lesson for this terminal (as applied to

the decision table).
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The eight other words are reserved to meet future needs of the instructor.

4. Ease of Use

As mentioned in the introduction SCRIPT can be used with great ease. The
forms in Figures 7 and 8 may be used. The three parts of the forms are:
1) the decision table, 2) the message vector, and 3) the list of messages.

The decision table contains the logic which enables the system to deter-
mine what messages to transmit after a given input. The rows of the table
correspond to the inputs. The columns correspond to states. Each entry in
the table will specify the next state in the lesson which the user will be
in. Each entry in the table also contains message information in two
parameters. One is the number of consecutive messages to be sent. The
other is a pointer into the message vector where the actual message numbers
are kept.

The reason for this arrangement for indicating messages is to enable
the decision table to be composed of single word entries.

To write a lesson for SCRIPT the instructor creates a script, or a
series of groups of messages. Each group of messages should include a
question requiring a multiple choice response. The individual messages are
numbered in the message list. For each group of n messages to be sent a
string of n consecutive message numbers is entered in the message vector. The
decision table is filled in by indicating for each state and input what the
next state (NS) should be, how many consecutive messages (NCM) should be sent,
and where in the message vector those message pointers start (VPTR).

The initial state must be noted. The initial state of the lesson is 1.
A11 the entries for state 1 should indicate the initial messages to be sent.

(See appendix B for examples.)
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The use of the last row of the table is special. This means that for
normal input the choices should be from 1 to at most 8. The table should
have one more row than the largest number of possible inputs in any one
question. (Of course, the number of columns is the number of states.) The
bottom row is used for extra help. In any state the entry in the bottom
row should give help messages to be given to the student when he types $H.

As an example, look at the illustration in Figures 7 and 8. The initial
state of 1 has entries for inputs 1 and 2 of (2,2,1) for (NS,NCM,VPTR). Only
inputs of 1 or 2 should be made. (The system will reject 3-9.) For either
input there will be 2 messages sent, starting with the number one entry in
the message vector. The message vector shows that the messages to be sent
are 1 and 2. From the message 1ist they are:

“"ZWEI UND ZWEI IST FUNF, NICHT WAHR?

1)JA 2) NEIN"

If the student types $H he will remain in the same state and get the
single message

“NO HELP NEEDED".

However, when he responds say, 1, meaning JA, the table entry is (3,1,3).

The single message has its pointer at position 3 in the message vector.
That gives message 6, VERSUCHE BITTE WIEDER. He is then in state 3. A re-
sponse of 2 for NEIN will give him 3 messages whose pointers start at
position 4 in the vector. They are messages 3,9, and 2.

The lesson may come to a logical end or keep cycling back through pre-

vious states.
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Page 1 of 1
SCRIPT Decision Table
States

1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

2 3 3 1

2 1 3 1

1 3 7 10

2 4 4 1

2 3 3 1

1 4 4 11

1 2 3 4

1 1 1 1

12 12 12 | 12
Legend For tables with more than 15 states

attach a second form to the right

NS edge of this one.

NCM -

VPTR SCRIPT Message Vector

1,.2,6,3,9,2,7,4,5 30,8V, , , , , ., ,

T y et
S SR A S S S S S Sy R S N A S S S S N S A |
' 30 40
7z / / / VA A | Vi / A yi / / / Vi AR | ya /
50 60
L z / L / z L/ L z / / L / / Vi yi L ]
70 g0

Figure 7.

SCRIPT decision table and message vector form.
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SCRIPT Message Form
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CHAPTER V

FUNCTIONAL DESCRIPTION OF SCRIPT

1. Program Units

There are program units which initialize the files, add new lesson
modules, and perform other housekeeping functions. These are not very in-
teresting and will be left to the last.

POLL

This is the main program-main in the sense that it is the vehicle for
calling other units into play. POLL does not hold much of the logic. Its
primary functions are to determine what lesson the users desire, sense what
terminals are ready, set the lines of the ready terminals to receive, time
the users to warn them if there is no communication, and to set terminal
partition parameters initially. POLL has one other valuable function, pro-
viding a place to branch from and return to when interrupts occur.

A1l the other program units are subroutines or furctions called into

action by other program units.

ILSP3
This is the interrupt level subroutine provided by LOGICON to go with
the LI/ON. It was modified to mask out interrupts from the terminals while

an interrupt is being processed.

iMCC
When ILS?3 determines that an interrupt has come from the LI/ON it
58
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branches to the interrupt servicing portion of LMCC. LMCC sets flags giving
the cause of the interrupt and passes them on to the program USER.

LMCC also involves sections used by other assembler written routines
which are FORTRAN callable to receive or transmit messages, test for busy,
mask interrupts, etc.

LMCC was modified to provide one extra function, that of turning off a

busy flag for a particular line.

USER
When branched to from LMCC, this assembler routine puts the information
about the interrupt into COMMON, then determines the cause of the interrupt,
and branches to the particular routine needed. This and the following

routines are not from LOGICON.

TERM & SERV

These routines are used if an interrupt occurs due to the reception
or transmission of an end-of-transmission signal. ({This is a line feed in
messages coming from the terminal. It is an ASCII EOT-numeric value, 4- in
transmissions from the computer.)

TERM does the immediate servicing to handle the interrupt. The user’s
time 1imit is updated if the line is in receive mode and a transaction stack
is set. In transmit mode the transaction flag indicator is flagged. SERV
does the actual logic processing of interrupts that are stacked. It does
so when the interrupt state is past.

If the EQOT came in transmit mode SERV checks parameter 3 in the partition
for the line associated with the interrupt. That will indicate whether there
are further messages to be sent. If so, it branches to MODUL (see below) and

the return from MODUL sets a flag to indicate transmission is needed. If
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parameter 3 indicates no further messages are pending a flag is set to put
the line in receive mode. In any case a return to USER, LMCC, ILS@3, and
finally back to the main program is made.

If the EOT comes when the line is in receive mode, an analysis of the
input must be made. First, a check is made to see if the user is in
instruction mode or calculate mode. If the latter, then a branch to CALC
is made. If in instruction mode, then the acceptable inputs are single
digits indicating a multiple response or a control command of the form S$c.
The ¢ may be one of the letters E,H,C,R,S, or L meaning exit from the module,
give some extra help, go into calculate mode, return to instruction mode, save
his partition, or load his partition from disk, respectively. Only the
first several characters are scanned; if all are blanks, a retype is requested.

If the first non-blank character is neither a digit nor $, the user is
asked to retype his response. If the character is $, the next character is
examined. If that character is E then the line is deactivated. If it is H,
then MODUL is called with an argument of zero. This will signify MODUL to
take the action given in the bottom row of the lesson decision table for the
current state of the user. A C after the $ will cause the mode to be set
to calculate. An R will set the mode flag back to instruction mode.

An $S will cause the terminal partition to be stored on disk. The mode
and state of the lesson will remain the same, and then the lesson continues.
The saving is done under the user's special identification number. There is
no attempt at security to prevent users from using the wrong number. Only
one partition will be saved under a given number. An $L will cause the
partition for that user to be loaded from disk. Upon completion the mode
and state of the lesson as it applied to that terminal will be the same as

when the partition was saved. However, if the lesson module currently in
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core is not the same one the user will be notified.

If a digit is the first non-blank character its value is passed to MODUL.
Upon return a flag is set indicating that transmission of the message set
up by MODUL is needed.

In any case when TERM is entered the time parameter in the partition is

updated to indicate the next time a time warning would be given.

BREAK
BREAK can be used to interrupt transmission or reception of messages or

to gain the system's attention when the terminal is turned on. When first
entered, the routine sets the time parameter, sets the 1ine not busy, and

then determines whether the 1ine was already active or not. If already active
a flag is set to put the 1ine in receive mode, and it returns. If the line
has not been previously active, the partition active flag is set, a system
message is set up - such as READY. TYPE #ID--, a flag is set to indicate

transmission is needed, and it returns.

MODUL

This unit is given the number of the input response. This together with
current state determines an entry in the decision table. The entry is
broken down to produce the next state, the number of consecutive messages
to send, and the pointer into the message vector where the message pointers
start.

Then the first message is retrieved and put into the appropriate terminal
buffer. If the number of messages is greater than 1, the next one is re-
trieved and inserted in the buffer. Idle characters are inserted between
messages to overlay the first EOT and provide time for a carriage return at

the terminal. The message vector pointer is increased by one and the count
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of the number of consecutive messages to send is decreased by one each time
a message is loaded into the buffer.

At the entry to MODUL the message count is checked and,'if it is positive,
the next message is sent. In this case there is no change of state or access

of the decision table.

MESG
This 1little routine simply loads a system message into the buffer for a
terminal. It sets the busy flag off, and then initiates transmission of the

message.

CALC
At present CALC is a very rudimentary program to analyze an expression
consisting of a function and argument or two numbers with an infix operator.
The operators used are +,-,*,/,and**. The functions are LOG, SIN, COS, and
EXP. Arguments and operands are simple numbers. No variables are used.
When an expression is evaluated its result is transmitted. The purpose of
the routine is only to allow simple calculation to help in giving answers

to questions in the lesson modules.

PSAVE and PLOAD
These routines are used by TERM when the special commands $S and $L are
given. PSAVE will store certain pointers from the terminal partition in
the disk file for partitions. They will be stored in the record corresponding
to the identification number under which the user signed on. PLOAD reverses
the process.
By using $S and later $L the user can leave in the middle of a lesson

and come back later to continue where he left off.
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ADLSN

When new lessons are to be added to those already on disk, this stand-
alone program reads the input, updates the lesson index, packs the data
into its stored form, and enters it on the disk.

The data to be provided should be in the following form.

1. Messaoe vector card(s): The format is 20I4. A field of zero (or
blanks) serves as the end-of-vector signal. If the vector is exactly a
multiple of 20 in length, then an extra blank card should be added so there
will be a zero field read.

2. Dimension card: The number of rows and columns of the state/action
table is given. Format is 2I4.

3. Decision table cards: The entries for the decision table are punched
one to a card. For each entry NS, NCM, and VPTR are punched in 3I4 format.
The cards are put in column order. The number of entries is the product of
the numbers of rows and columns.

4. Message cards: Each message is punched on one card with the message
number in columns 1-3 and the message in columns 5-65. A card with message
number of zero signals end of the set of messages.

The decision table entries are packed into one word and entered into a
disk file. The messages are translated into ASCII, packed two characters
per word, and entered into the disk file. Both the decision table entries
and the messages are filed according to a displacement factor obtained from
the system parameter file. These displacements are put into an index entry
for the lesson module. The displacement factors in the system parameters

are updated to point to the end of the last entries.
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INIT
This program simply initializes the system files prior to adding lesson
modules. The symbols needed to recognize terminal inputs are entered into
the system parameter file. Various system messages are read in, converted

to ASCII, packed, and entered in the system parameter file, also.



CHAPTER VI

EVALUATION

1. STRIPE

The goals for the information system were given in the introduction.

The degree to which they were met is as follows:

1. The system is running on an IBM 1130 with a single disk having a
capacity of 1 M bytes and 16K bytes of main storage.

2. On one data base of student records using real data the storage ef-
ficiency is between 92% and 95%. The variation depends on whether records
have been just enlarged and have some unused space or are essentially full.
Suppose records had the form of a mandatory block of 112 bits and a variable
field with 10 subfields each averaging 40 characters. The overhead would be
30 bits in the mandatory block and 160 bits in the subfields. Total bits
in the variable field would average 10 -(40-5 1/2 + 16) = 2300. Total bits
would be 2300 + 112 = 2412. The efficiency would be (2412 - 190)/2412 < 92%.

3. Additions, modifications are easy to make in a batch process. The
times observed for additions of new records have ranged from 750 to 1200
records/hour. This timing is dependent on whether category lists are maintained,
the physical positioning of the files, the size of the master file, and
whether multiple disk drives are used. A dramatic decrease in movement of
the disk arm will be observed when the master file is on one drive and the
other files are on another. Timing in the neighborhood of 1800 to 2400
records added per hour should be achievable.
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4, Input is not of a generalized format. Hence it is not as easy to
adapt to a new format as in some systems. On the other hand the user can be
totally flexible in writing his input routines which outweighs the disadvan-
tages. This means that his main responsibility is to put the data into the
proper slots in the common 1/0 buffer

5. The query function has been described. It works reasonably efficiently,
is easy to use, and is capable of expansion to other functions.

6. As previously explained the system does handle multiple disk drives.

7. The flexibility exists to add new fields to records even where
those fields were not originally planned for. The logical file may be en-
larged without rebuilding the existing file.

8. To transfer the system to a new computer having a FORTRAN compiler
would involve writing new bit manipulation routines in assembler. There are
few of these, so the task would not be hard.

STRIPE has met the goals set for it, with the possible exception of the
goal of easy adaptability to differing input formats. This was not done
because in developing the system it was found that generalizing the input
significantly slowed program execution. Still, the writing of short 1/0
routines seems to be a relatively easy task.

To get a better picture of how STRIPE compares with other file systems
in use a questionnaire was sent out to members of CUETUG. Thirty-five de-
scriptions of administrative files were evaluated. The mean efficiency was
51.5%. The range was from 21% to 80%. A less formal investigation of file
structures in more sophisticated computer centers seemed to indicate a
slightly higher efficiency. However, on the average, it is unlikely to be
much more than 60%.

The significance of these figures lies in this. With broad use of the
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techniques used in STRIPE, the effective storage space at many computer

centers would increase by half.

2. SCRIPT

The goals for SCRIPT were also given in the introduction.

1. Several instructors have learned to write SCRIPT lessons in less
than 30 minutes. A seventh grader has done the same.

2. The system can be used for either instruction or testing. The
automatic recording of scores has not been implemented.

3. Diagnostic information relative to the lesson's clarity are pro-
vided. When the student asks for help (using $H) a record is kept of the
state and input at which help was needed.

4, SCRIPT is running now set up for 8 terminals. Memory space is not
available for more in the 16K byte system.

5. Response time for an 8 terminal system has only been calculated.
The hardware available for development included only one teletype. The
interface nas just two line adapters. To exceed 3 seconds average response
time with 8 terminals in use, the average service time would have to be
above .375 seconds. Since the equipment operates on an interrupt system,
once a message is sent to a terminal the computer can go on to service
another. Even if every user made a request for service each second, the
system could handle it.

6. The cost of using any system such as SCRIPT would be prohibitive
unless well used. If SCRIPT were used as much as 8 sessions a day for 200
days per year, the cost would be about 70¢/session. This figure is arrived
at by allocation about 50% of the cost of the basic computer to the terminal

use. Thisamounts to about $35,000. Nearly all the cost of the terminals and
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the interface is, of course, allocated to the academic use. This comes
to $16,000. The total is $51,000. If we use only 5 years to prorate this
cost, the yearly amount of $10,200 divided by 12,800 sessions gives the
above cost per session.

This cost calculation is made with the assumption that between sessions
other work could be run. It should be recognized that no consideration has
been given to costs of development of lesson modules. In SCRIPT or any
other system this will be significant if it is not spread over a large
volume of users. Sharing of lessons among educational institutions is very
necessary. On the credit side it can be pointed out that by using some
hardware from other sources than the mainframe manufacturer considerable
savings can be made - as much as $300 per month. This would amount to enough
to pay for a lot of development.

On balance, then, though there is further work to be done, the goals

have been met.
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APPENDIX A

PROOF THAT THE LINEAR QUOTIENT HASH ALGORITHM
WILL PROBE ALL SLOTS OF A FILE IF THE DIVISOR IS PRIME

Assume the divisor, D, is a prime integer and K is the principal key.
q = [km]. | x| means FLOOR(x). If this makes Q = 0, set Q = 1. Let py be
the remainder when K is divided by D, or

Pg = K= [k/0] - 0
Then we recursively define
Pis7 = (P; + Q) mod D + 1

Without losing generality we can assume 1 < Q < D since the pi's are calculated
modulus D.

Obviously, the sequence Pg> Pyse-Pss---Pp_q = {pi} will have to start
duplicating by the D+1 term. We need to show it can not duplicate earlier.

By the construction of {pi} there will be subsequences S], 52. etc. of
., decreases going to

J
Sj+1, increases through Sj+]’ decreases going to Sj+2, etc. As an example,

{pi} in which the sequence has been increasing in say, S

consider D = 11, Q = 3, and Pg = 2.
{pi} = {2,5’8’0,3,6,9,] ,4,7’]0,2’5,8,- . .}

Zth element. There are three subse-

We see that duplicating begins on the 1
quences as described.

$; = {2,5,8} S, = {0,3,6,9} S3 ={1,4,7,10}
It is easily seen that the number of these subsequences is Q. The number of
elements in each Sj is either LD/Q_] or LD/Q_} + 1.

Now, suppose the first elements of Sj and Sk are equal. (Taking the case
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of the first elements should suffice.) That is, sj] = Sy That means sj]

was obtained by going (k-j) times around the "modular clock," starting from

sk], or
Now if
S;1 = Py and sq = pps
then
Sj] = pi = pm+ (m-i1) . Q = Sk] + (k-j) - D
and we have

(k-3) - D= (m-i) - Q

= mi
D—k'j Q

If (k-j) = Q, then Ps and P, are D elements apart which is as it should be for
duplication. But if (k-j) # Q where there are Q of those subsequences then D,
an integer, is equal to the product of two integers, and, thus, D is not prime.

The case where Q@ = 1 is trivial.



APPENDIX B

SAMPLE SCRIPT LESSON IN LIMITS OF INFINITE SERIES
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Page 1 of 1

SCRIPT Decision Table

States

1 2 3 4 5 6 7 8 g 10 11 12 13 14
2 2 4 s 5 3 8 7

4 1 2 4 2 1 2 2

1 6 14 20 28 6 Bu 26

2 3 7 5 6 7 1 7

4 5 3 4 2 3 3 2

1 7 16 20 30 25 | 36 26 1

2 2 3 b 5 6 7 8

2 %2 Is I1s to 1o | 1o Is

2 2. 3 4 5 6 7 8

Y 1 1 1 1 1 1 1

g 19 {19 19 19 J 19 19

2 2 3 ¥ 5 6 7 8

4 1 1 1 1 1 1 1

1 6 19 |19 19 19 |19 19

2 2 3 7 5 6 7 8

4 1 1 " 1 1 1 1

1 6 19 {24 19 19 {19 19

2 3 4 5 6 7 8

1 1 1 1 2 1 1 1

5 5 5 5 32 S 5 5
Legend For tables with more than 15 states

attach a second form to the right

s edge of this one.

NCM
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The following is a short segment of a lesson written by a seventh grade
student. It took less than 20 minutes explanation to show him how to use
SCRIPT. (No corrections have been made. This is just as he wrote it the

first time.) This is the result exactly as it came out on the teletypewriter.

READYe. TYPE #1D

#6

TYPE 1 TO BEGIN

1

GEOMETRY

IF YOU TOOK THE DEGREE OF

EACH ANGLE IN A TRIANGLE AND ADDED THEM
TOGETHER, WHAT WOULDYOU HAVE=*
1180 23360 33270 4)NONE OF THESE
2

WRONG TRY AGAIN

1180 2>368 33278 4)NONE OF THESE
$H

NO HELP NEEDED

1

RIGHT DO YOU WANT THE NEXT LESSON
1> YES 2> NO

$S

1

LINES AND PLANES LESSON TWO

HOW MANY PLANES CAN INTERSECT TWO POINTS IN A
LINE AND 1 POINT NOT ON THE LINE
$L

2

THATS ALLTHANK YOU



APPENDIX C

DESCRIPTION OF STRIPE APPLIED TO
AN ACADEMIC RECORD SYSTEM

To illustrate the use of STRIPE the use of the files and the layout of
files in those fields will be shown. This gives more detail to the explana-
tions given in Chapter II.

The purpose of this application of STRIPE is to hold the academic cumula-

tive record of students in a college.

1. Category File

This file concerns faculty members whc are advisors. The advisor is
arbitrarily assigned a number which is uéed as the record number of his
entry in the file. Records in the file are of two types. The primary type
contains a pointer to the first secondary type record chained to the primary,
a count of the number of advisees for this advisor, and the advisor's name.
The second record contains a pointer to the next secondary record, if any,
and pointers to records in the master file of advisees. All these records
are 12 words each. For both the secondary record chains and the master record
pointers, zero means null. These records are not bit packed since the nature

of the information is such that there would be 1ittle advantage.

2. Descriptor File

This file contains information about courses. 1It, too, has primary
and secondary records.
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The primary records list information about the course itself as shown
in the table below, including a pointer to a secondary record. Primary records
are bit packed.
The secondary record's first word is a pointer to the next secondary
record, if any. The other words are pointers into the master file to students

enrolled in the course. Secondary records are one field/word.

Field Description No. of bits

1 Numeric code for course 16
2 Pointer to secondary record 16
3 Record status 3
4 Department number 6
5 Course number 9
6 Section 8
7 Course credit 6
8 Quarter and year 8
9 Number enrolled 8
10 Maximum number allowed 8
1 Hour given 4
12 Instructor code number 7
13 Building and room 16
14 Building and room 16
15 Exam period 13
16 i) Days given 16 characters 128
ii) Course title 16 characters 128

iii) Instructor name 10 characters 80

TOTAL 480 bits = 30 words

The quarter and year is coded with fall, winter, spring and summer having
codes 1, 2, 3, and 4, respectively. Thus, the code for spring, 1973 is 373.
For internal storage 150 is subtracted, and 223 is stored. For summer, 1973
the code is 473. For internal storage 470 is subtracted, and 3 is stored.

-

This system will work until the year 2000.



79

The identification number of the course is a hash of the department,
course and section. The system checks to be sure there is not a duplicate
hash number when course records are entered. If there is, the section num-

ber is changed.

3. Master File
The contents of these records are given in the following table. Depending

on the length of the variable field an initial size of 100 words provides

space for nearly a year's worth of courses.

Field Description ' No. of bits

1 Record status: bit O=opt. block present,

bit 1=vbl field present, bit 7=error bit 8

2 Length of vbl field in words 7

3 Number of words in record 9

4 Number groups of fields in vbl block 6

5 1d. No. (first) 10

6 Id. No. (second) 10

7 Id. No. (third) 0

8 Degree 2

9 Sex 2
10 Class 2
11 First major )
12 Second major 5
13 First advisor 7
14 Second advisor 7
15 First dorm. 5
16 Second dorm. 5
17 Course crd. att. here (x10) 11
18 C.C. achieved here (x10) 1
19 Total grade pts. (x10) 16
20 Grade pt. average (x1000) 14
21 C.C. achieved elsewhere (x10) ) 1
22 Total course cred. (x10) 11
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Master File detail continued:

Field  Description No. of bits
23 Academic status 4
24 Geographic region 6
25 School requirements met 16
26 Residence code 4
27 Real mode field 32
28 Unused ' 13
29 Birth date month ' 4
30 Birth date day 5
31 Birth date year 7
32 Date grad. (year) from H.S. 7
33 H.S. rank in class 10
34 Size of H.S. grad. class 10
35 Grade pt. ave. in H.S. (x1000) 14
36 SAT, verbal 10
37 SAT, math 10

38 Years of Eng. in H.S. (x2)

39 Years of Soc. Sci. in H.S. (x2)
40 Years of For. Lang. in H.S. (x2)
41 Years of Math. in H.S. (x2)

42 Years of Hist. in H.S. (x2)

43 Years of Nat. Sci. in H.S. (x2)
44 H.S. credits

45 Unused 12
46 Begin variable field

Variable field: 4 possible subfields
1) name, 2) birthplace, city & state,
3) address 1, 4) address 2

Form of each subfield: first word has sub-
field number in first 8 bits, no. of words
in subfield in second 8 bits. Lines of
address separated by local code. Use *
here.

Average length if all subfields are in
might be (in words) name=6+birthplace=6+
addr 1=15+addr 2=15. Total 42 words.

W wWwWwwww
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Master File detail continued:

Field Description No. of bits

Begin variable block of groups. Pointer rel. to block.

47 Dept. 6
48 Course no. 10
49 Section 8
50 Course credits (x10) 8
51 Grade 8
52 Date (quarter and year code) 8
53 Dummy 0

Summary of Space for Recrod

1 Fixed mandatory block 14 words
2 Optional fixed block 7 words
3 Variable field (average approx.) 30 words
4 Variable block (average approx.) 108 words

159 words

Efficiency if 160 word record is filled with 36 classes

Block Bits used Overhead Minimum required
1 224 39 185
2 112 12 100
3 480 58 424
: 744 16 1728
2560 2437

Efficiency = 2437/2560 = .952

Efficiency could be as Tow as .95 if measured at the time a record
has just been enlarged by 20 words and only 1 new group has been put in.
The other files are just as shown in Chapter III. Therefore, they are
not repeated here.
Once the files and record layouts have been determined the files are

defined for the monitor system. Then program INFIL is used to put system
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messages and parameters into the files and to initialize the master file.

Then ADCAT and ADDSC can be run to set up categories and descriptors.



APPENDIX D

PROGRAM LISTINGS FOR STRIPE

Main programs are listed first in the order described in the text.

Subprograms are given in alphabetical order.
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**INFIL 84

INTEGER SZINX,DCLSL

INTEGER EGCF (320),8BLANK(38),CHAR(40)

INTEGER FIELC(S57)..COMM(S0)

EQUIVAL=NCE (ECF(320).DCLSL)

EQUIVALENCE (ICPF«COMM(20))+ (IFXFLCOMM(19))e(IVBL.COMM(21))

DATA K32/320C0/.K0/0/

DATA NCRCsIZ+SZINX/2+0+1024/+EQF/320%°%8/¢/,BLANK/38%% ¢y

ODATA CHAR/'E 2T o ®A 30"+ I%e "N, 0,050, s ,eRe Do, 8L*,%Ur,Ce,
+ TN LIE T Tyt Y 1D 000 10 0D TS 040 ST 0G0 9T ege
<+ . SQU LIV 0T 1GE TKE Q0 0 I aXE 070 e 0 3 0 ecay

DEFINE FILE | 8160e¢ 20sUsN1 02 300s12+UeN2 +3 800+30+UsN3
DEFINE FILE 4 320s1eUsN& s S 102445:UNS +6(8251S5+UNS)
DEFINE FILE E8(96+10sUsN8)s7(80+s60sUsNT7)eSG{S0s4sUINS)
100 WRITE(1+4530)
930 FORNMAT(*TYPE wHICH FILE TO INITIALIZE'/%14243e8+¢5+¢6s7+8¢ OR 9 IN 1
+2 FCRMAT'/'10 FCR EXIT OR 11 FOR ALL FILES®
REAL(6+,902)1
902 FCRNMAT(12)
TALL 1
GO TO(102+3+4+5+697+8:1951000+1011 1
1011 IALL 2
CeesFILE]l. IF MULTIPLE MASTER FILES USED,s INITIALIZATION OF THEM
Cee s ¥UST RBE ACDCED
1 B0 10 1=1+8145416
10 WRITE 1 I ECF
WRITE(1*1)(ECF(J)+J=14+7)eK32,12
GO TC 100s2 »IALL
CeosFILE 2 :
2 DO 20 1 1,100
20 WRITE(2'1)IZ+1Z+(BLANK(J)eJ=1,10)
-CeoelINK TCGETHER LAST 200 RECORDS IN CATEGORY FILE FOR FREE AREAS
00 25 1=101+269
J=T+1
2S5 WRITE(2*I)J+(ECF(K)+K=1,11)
WRITE(2°300)K0+(ECF{K)eK=1,11)
GO TO 100s 3 +IALL
CeeoFILE 3
3 CO 30 I=1+497
30 WRITE(3*I)IZ(BLANK{J)3J=1,29)
DO 35 1= S00.200
35 WRITE(3'I-1)I,(1IZ.K=1,+29)
WRITE(3°800)(1Z2Z.1=1+30)
GO TO(100+400)e¢ IALL
CeeoeFILE 4
4 WRITE(1.921)
921 FORNMAT(*PUT CCMM CARDS INT*)
PAUSE
400 REAL(2,920)CCMM
920 FORMAT(2014)
REAC(2+,920)FIELD
WRITE(4a*1)CCNMVM
WRITE(4*125)CCLSL
CeeePUT IN ARRAY TC USE IN AlA3
CO 4S5 1=126+165
45 WRITE(4*1)ICHAR(I~-125)
Ceee PUT IN LAYCUT TF MASTER RECORD
KSM=0
KK=S1+IFXF+ICPF
B0 46 I=S1.KK
WRITE(4*1)KSM
46 KSVM=KSM+FIELC(I-50)
KSVM=0
K=KK+1
KK=KK+IVEL+1
DO 849 I=KeKK
WRITE(A*I)IKSM
49 KSVM=KSM+FIELD(I-S0)
GO TC 100 S o IALL
CeeoFILE S



S
SO
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DO SO0 I 1,SZINX
WRITE S [ 1Z612Z412+:12,12
GO TC 100,600 o IALL

CeeeoFILE €&

6
919

WRITE(1,919)
FORNAT(*PUT REQUIREMENT MSGS IN READER')
PAUSE

Cee o MUST EE 42 RECUIREMENT MSG CARDS

600

S3S
.60

CO €0 1=1,42

READ(NCRC +83S)(BLANK(J)eJ=1,15)
FCRNAT(15A2)
WRITE(6*IY(BLANK(J)+sJ=1,15)

GO TQ 100,700 . [ALL

CeoeFILE 7

CeeePUT 20 EA FCLLCWED EY 20 BS CARDSe.

7
S10
700
912

61
62
63
913

70
71

WRITE(1.,510)
FORMAT{ *PUT RECUIREMENT CESCRe IN READER?)
PAUSE

CO0 70 K=1,40
REACINCRC91
FORVMAT(3(I2,

2)1
1
IF{IDRC)71+71
6
=

)
X)
6

RCsMeN

WN=MEN
IF(ICRC=-40 )
IF(MN-58)63,
READ(NCRC,S13
FORMATI(1117)
WRITE(7*ICRC)MeN+s (BLANK(I)eI=14MN)
CONTINUE

GO TO 1C0.800 +IALL

D

)

1
246247
3.7
J(SLANK(I)s I=1sMN)

CeeoFILE 8
. 8

S14
8OO

so¢
80

WRITE 14914

FORMAT *FUT ERR MSGS IN RCR?
PAUSE

LQ 80 I=1,96

REAC(2¢900) (ELANK(J) e J=1410)
FCRVAT(10A2)
WRITE(8'I)(ELANK(J)»J=1,10)
GO TC 10051900 +IALL

CeeeFILE G

CeeeUSE S50 CARCS.

9
S1sS
1500

916
S0

1000

RRITE(1.515)

PAUSE

DO S0 J=1,50

READ(NCRC+916)KA KB

FORVMAT(242)
YRITE(S'JIKA+KB+BLANKI(37),BLANK(38)
GO TG 100

CALL EXIT

END

USE BLANKS FOR UNUSED RECORDS

PUT IN BLANKS FCOR UNUSED RECORDS
FORMAT(*PUT IN CEPT. ABBR. & LTR GRADE CARDS IN RDR?)
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86
EC

INTEGER COMM(165)FLPTR(4)2STURC(340),BUFF(67)
COVMNON CCMMFLPTR.STURC, IERFL 4BUFF

CATA IY/Z Y /9IN/ N 7
XECUTIVE RCUTINE
UFF(67) CCRRESPCNDS TC SPTR USED IN QUERY

DEFINE FILE 4 320+1.UsN4

BUFF(67)=0

I6&FL - 1

REAC(4*1)CCHM

WRITE(14600)

FCRMAT(®*SET SWITCHES?)

CALL CATSW(1S.J)

IF(J=1)5+9,5

WRITE 1,901

FORMAT C-EXIT / 1-~ADD ADVISCR / 2-ADD CQURSE / 3-A
CCD STUBENT s/ 4—ADC COURSE TQO STUDENT / S—PUT GRADZES /*6-REQUIREMEN
CT SHEETS*/*7-GAREBAGE CCLLECTION®/,°*8=MODIF STUDe CRSe*/+'I-MODIFY
CFIXED PARTs STCNT REC.°/¢*10-DROP CRS FROM STUDe'/s*121-DELETE MAST

9+ER RECe*/e*12-CUERY*/+*14=-UTILITY /)

c...s
140
150

PAUSE

DO 10 I 1,16

CALL CATSw I-1,4

IF J-1 10+1S5,10 .

CONTINUE : .

GQ TC S

K I-1 :
WRITE 1,502 K )
FORNMAT IS SWITCH +I2s RIGHT TYPE Y OR N AND THEN EQFe.

REAC 64+9C3 1A
FORVMAT A1l

IF IA-1Y 20,30,20
IF TIA-IN 1645+1€
GO TU S0+604+70+80550+1005110¢120+13021405150+160+170+1805190 oI
CALL ©XIT

CALL LINK(ADCAT)
CALL LINK{ACCSC)
CALL LINK({ACVMAS)
CALL LINK(ACVEL)
CALL LINK(MDVEL)

CALL LINK{RCUIR)
CALL LINK{GAREG)
CALL LINK{MOCRC)
EZ UP NCDIFICATICN PROGRAM TGO MODIFY ANY PART OF RECORD
0 TO IS0
CALL LINK{(GPDRP)

CALL LINK(CRCP)

CALL LINK(CQUERY)

CALL LINK(UTLTY)

CCNTINUE

WRITE(1.504)

FORMAT(*NCT AN OPERATIONAL RCUTINE®)
GO 7O 4

END



87
#$ADCAT

CeeeTHIS ROUTINE ASSUMES FACULTY IS ASSIGNED NUMBERS 1-VALUE QF COMM(27)
INTEGER CONMM(16S) ,FLPTR(4)«STURC(340)+,BUFF(41)
INTEGER ADVSR(10),BLANK(15S)
CONNON CCMM,FLPTR,STURC, IERFL ¢RUFF
CATA K9S/ 0/s» BELANK/15%16448/+KEOD/%8/
EQUIVALENCE (ADVSR(1).BUFF(2))e {NUMJBUFFI(1)
EQUIVALENCE (NCRD+COMM(34)),(KVAIL,COMM(30)
DEFINE FILE 2(300:,12,UsN2)e4(32061sUeNG)+8¢
CeeasACCS tCw CATEGCRY RECCRDS
Cee e RECCRC LAYCUT CF CATEGe RECORD IS
CeeowCRD 1 PCINTER TC IAVERTED LIST
CoeeeMCRID 2 NUMBER IN LIST
CeeewORD 3 BSGINNING CF NAME(10 WCORDS)
Cee« INVERTEL LIST IS MAINTAINED IN THE RECORDS FOLLOWING THE CATEGS.
Cee s CHAINS ARE IN FIRST WQORD. IN ACTIVE RECORDS THE FCLLOWING
Ceeell WCORDS HCLD PCINTERS TO MASTER RECCRDSe. CHAIN OF 0 IS END-QF-LIST
S CALL rCATC .
IF(KEST=-KECD)6+99,6
IF(NUNM)IGST5413
IF(NUN=CCMVM(27))10410,999
REAC(2*NUM)II
IF{11)99S,11.45G9
COMM(26)=CCMNM(26)+1
WRITE(2*NUN)IKVAIL K334, ACVSR .
KSV=KVAIL ’ h
READ(2"KVAIL)IKVALIL
WRITE(2°KSV) (KG9, I=
IF(CCMM(26)-CCVM(27
12 CALL ERR(2%5)
IERFL=1
99 WRITE(4*'1)CCNMM
CALL LIANK EXEC
999 CALL ERR(18)
IERFL=1 ’ -
GO TO S
END

;c(KESTvBUFF(Ql))
96+10sUsN8)

- gt
= OWMm

1,12)
))Se12512
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#% ADDSC

INTEGER COVMM{165)+FLPTR(4)+STURC{340)+8BUFF(41)
INTEGER CRINX(797),BUFF1l.BUFF2
INTEGER ENCSF«SZCRS :
CONMNMON CCMML,FLPTR,STURC, IERFL « BUFF
EQUIVALENCE (EUFF2,PUFF(2))
EQUIVALENCE (KCDEBUFF(41)),(BUFF(1)+.BUFF1)es(KVAIL,COMM(37))
EQUIVALENCE(ENCSF+COMM(25) )+ (SZCRS+COMM(22)).(IDIV2,COMNM(24))
CATA KECCr**x*¢/,12/0/
DEF INE FILE 3(800e30sUsN3)e4(320¢1+UsN8)$8(964104U4NB)
CeeeADDS NEwW DESCRIPTCR RECQORCS
CeeoFIRST READ IN INDEX OF DESCRIPTOR IDS FROM DISK FOR MASH! TO USE
0 2 I=1.,ID1v2
2 REAC(3*1)CRINX(I) ’
S IF(ENCSF=-SZCRS)20,10,10
10 CCoMNM(23)=1
CALL ERR(3S)
GO TG SS9 .
CeeeRDSCC FILLS IN BUFFe BUFF(1) IS THE KEY NO. OF THE DESCRIPTOR.
20 CALL RDSCC
IF(KECD-KCDE)404+999+40
40 CALL HASHI(BUFF1+CRINXs IReIDIV2e1)
CeeeHASH1 WILL NCT PUT IN A DESCRIPTOR WITH DUPLICATE KEYe
IF(IR)41,41,42
41 CALL ERR{(10)
IERFL=1
CALL STACK
GQ TC 20
42 CRINX(IR)Y=BUFF1
BUFF2=KVAIL
KP=KVAIL
IF(KP)10,10,70
70 REAC(3*KP)IKVAIL
WRITE(3'KP)12Z
WRITE(3'IR)(BUFF(I)»I=14+30)
ENCSF=ENCSF+1
GO TC S
999 WRITE(4*1)CCwMWV
CALL LINK{EXEC)
END
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% ADMAS

CeeeALDS A NEW MASTER RECCRD TO THE DATA BASE
REAL XBUFF(20) -
INTEGER CCMM(16S5)+FLPTR(4):STURC(340).BUFF(41)
INTEGER SZSTUs. DCLSL, ADVX{100)s NAME( 9)ENSTF +MPT(12)
COMNCN CCMMFLPTRLSTURCs IERFL (BUFF

EQUIVALENCE (ANCACV.COMM(27))4(IDIV.COMMIT7))e {INSIZ,COMM{17)),
+ (ICM144COMM(14))+(NCFLD.COMM(19)),(COMM(1),ICOML1),
+ e : (COMM(2)+ ICOM2) 4 {SZSTULCOMM(3) )+ {NOSTDCOMM(4))
EQUIVALENCE (BUFF(41)+1IFB41)+(KVAILCOMM(30))»(NAME(1) MPT(1))
EQUIVALENCE (ICCM3.CCMM(3)) o (ICM28+COMM(28))»{(COMM(S)»ICMS)
EQUIVALENCE (1SG+STURC(9))+(IS10+sSTURC(10))s(COMM(S)sICMS)
EQUIVALENCE (BUFF(S)+IBUFS) S (BUFF{6)+ IBUF6) s (BUFF(7)4IBUF7)
EQUIVALENCE (STURC(8)+.1S8) L(BUFF(1)+XBUFF(1))

Ceee THE ECUIVALENCING CF MPT ANL STURC(321)-(332) IS ONLY

CeeelK IF THE INITIAL RECORD IS NCT OVER 320 WORDS

EQUIVALENCE (MPT(1),STURC(321))

DATA CCLSL/*%/%/, KEQD/'%%y

DEFINE FILE 1(8160+20sU3sN1)42(300612eUeN2)

DEFINE FILE 4 3201 4UsN4 » S 10248e¢5+sUeNS)I8(96+:10,UWN8)
CeeoeREAD IN CATEGCRY NUMBERSe NOTE THAT AOVX MUST BE DIMENSIONED BIGGER
CeeeIF THERE ARE CVER 100 CATEGORIES

DC 3 I=1,100
READ(2*I)ACVX{I) -
3 CONTINUE ) .
S ENSTF=IGVEB{ICCM1,0.11)

IF(ENSTF-SZSTU+42)20,10+10
10 ICvS=1

IERR 17

GO TC 1C00
CeeeRMASC FILLS IN BUFFe BUFF (1) CORRESPONDS TO FIELD(I) IN
Cee s MANDATCRY FIXELC BLCCK FOR FIELCS S THRU NOFLDe. 1F
CeeoeNOFLD IS GT 30 A& CHANGE MUST BE NMACE, THE ENTRY FCR SUBFIELD 1
CeeeCF THE VBL FIELC BEGINS IN BUFF(31). FIELDS 1 THRU & OF
Cee o RECCRD ARE CCVMPBUTEL IN THE PROGRAM, SO BUFF(1)=(4) UNUSED NOWe

20 CALL RMASC
GO TC (27+2€), IERFL
26 IERFL=1

GO TC S99
Ceee IFLG IS TC SHCW WHETHER THE FREE AREA
CeesBEEING EXANINELD IS PCINTED TC BY COMM OR BY A PREVIQUS AREA
Cee o NEEDEL FCR MAINTAINING FREE AREA CRAINS

27 IF(IFB41-KECC)1027,595,1027
1027 1IFLG=1

ICHSC=IGVE(ICCM2,0,11)

ICHWD=IGVB({1CCV¥2,12,15)

ICHSW=ICCM2

NM=IBUFS

AN=IBUFE

NNN=IBUF7?

CeeeMAKE SURE THERE IS A PLACE IN INDEX AND NOT A DUPLICATE

CALL HSHF2 MN NNJDANIKRECsIDIVel, IPTR)

IF(KREC)271,271, 28

271 CALL STACK
GO TC 20
28 1F(ICHSC)230+.230.228
230 ICHSC=IGVE(ICCVM1,0611)
ICHWD=1IGVE(ICCNM1,12,15)
ICHSW=ICCN¥1
228 CALL RVASR(ICHSw)
CeeoeNEED TC CETERMINE IF THERE ARE AT LEAST 100 WORDS AVAILABLE
CeeeTO START THE RECCRD

N=1S8

NIO=N/INSIZ+1
Cees IACD NEZDEC FCR LATER CHECK ON WORD IN SECTOR
CeeeCN WHICH RECCRLC STARTS.

FADC=16-INSIZ/20

IF(NS0=~3)294+29+30

30 N90=3
29 NXSEC=1S9



90

NXwRD=1S10
NXSw=1S9
IDISC=IFLG*NSO
GO TC (31-32.40.45.50.50)olD!SC
32 GO TC (3€.31),IFLG
CeeeTHIS SECTICN IS FCR N LT INSIZe THUS THERE §S TOO LITTLE
CeeeRCCM FCR A RECCRDe GC TO NEXT FREE AREA.
31 ISVSw=ICHSW .
IFLG=2
TCHSW=NXSW
ICo wD=NXWRD
ICHSC=NXSEC
GO TC 28
CeeeTHIS SECTICN 1IF IFLG=1 AND AND N90=2,. I.Ee« WE ARE IN THE
CeeoAREA PCINTED TC BY COMM(2) AND THE NOe. OF WORDS
CeeeolIS BETWEEN INSIZ AND TWICE INSIZ
36 ICON2=NXSW
CALL IPFLD NeXe3
IN=ICM14+1
IL=N
GO TC 60
CeeeTHIS SECTICN IF IFLG=1s NGO=3. SAME AREA POINTED
CeeeTO BY CCMM EUT SIZE OF AREA GE TWICE INSIZ
CeeeHOWEVER SKIP RESETTING IF PCINTED TU BY COMM(1)
40 IF(ICCHNZ2)44+44,439
39 IF(ICRWD-IACC)414541442 - .
41 égC;Z=IPV8(IGVE(ICUMZ.IZ.15)+INSIZ/20.ICGMzoIZ.IS) .
C 44
42 1CON2=IRPVBIIGVE{ICOM2+0411)+1,IGVEB{ICOM2912,1S)—~IADDs0s11)
CeeoeCHECK TC SEE IF N SHOWS REST CF FILE FREE
44 [F(AN=-32CQ00)4a3+,46.,46
46 IF(ICHSC-ICCNI3+1)474,874¢43
47 STURC(INSIZ+€)=32000
GO TO 48
43 STURC(INSIZ+E)=N=INSIZ
48 STURC(INSIZ+G)=NXSW
CALL IPFLD INSIZeXe3
IN=ICMIG+]
IL=INSIZ
GO TC 60 .
CeeeTHIS SECTICN IF NSO=IFLG=2. THIS FREE AREA POINTED AT BY
CeeePREV, AREAe SIZE IS BETWEEN INSIZ AND TWICE INSIZ. LSTS® IS SECTe.
Cee e SHERE NEXT FREE AREA EEGINS. LSTWP IS RELe WDe IN THAT SECT,
CeeeTHEY NMUST EZ PLT INTC THE PREVICUS FREE AREAS POINTER.
A4S LSTSP=1ISS
LSTwP=1IS10
CALL IPFLD NeX4+3
IN=ICML1G+]
IL=INSIZ
GO TC 60
Cee e THIS SECTICN IF NG0=3s IFLG=2. THIS FREE AREA POINTED TO

CeeeBY PREVe AREA. SIZZ GE TWICE INSIZe SECTCR AND WORD PCQINTERS
Cee s VUST EE PUT INTC THE PART CF THIS FREE AREA REMAINING FREEe
50 CALL IPFLD INSIZeXe3
IF(ICHWD-IACC)S1+51.S2
S1 LSTWP=ICHWC+INSIZ/20
GO TC S3
52 LSTwP=1CHWD-1ADD
LSTSP=1CFSC+1
53 CCNTINUE
CeesCHECK CN N GE 32000
IF(N=-32000)54+55¢SS
5SS IF(ICHSC-SZSTU+INSIZ)S56.56+54
56 STURC(INSIZ+8)=32C00
GO TC S8
54 STURC(INSIZ+4E)=N-INSIZ
S8 STURC(INSIZ+9)=NXSW
IN=ICMN14+1
IL=INSIZ
60 CONTINLE
POIANTER IN STUCENT FREE AREA TO BE PATCHED AFTER STURC NOT NEEDED
Coo.NOU GET CATEGCRY RECQORD FILLED IN



IF(ICMN2E8)71,71461
61 CONTINUE
KADV=BUFF(ICN;28)
REAC(2°*KADV) IPNT s NUM
CALL INVRT(2.IPNTe12+¢0¢ ICHSWMPT)
GO TC (71.68)¢IERFL
CeeeTHIS VMEANS THERE IS NO MORE RCOM IN CATEGe FILEe. GARBAGE COLLECT
68 CALL ERR(4)
IERFL=1
CALL STACK
GC,. TQ 20
CoeoeNCW ~-UT INFCRMATICN INTO MASTER RECGRD
71 CO 72 I=S+NCFLC
CALL IPFLC(BULFF(1)41232e44S,1)
CoeeeTHE VALUE 123,45 BEING USEC JUST FOR TEST OF REAL MODE FIELDe
Ceee THAT ARGUNENT SHCULD BE O UNLESS FILLED IN FROM RMASC
72 CCATINUE
CeeePUT IN NAME, NAMNE GCES INTC VEBL FIELDe SINCE WE HAVE
CeeoeNC CPTICNAL FIXED BLOCK AS YET, VEBL FIELD FOLLOWS NAND. FIXEDe
CeeoeNANE STARTS IN 2ND WCORD CF FIELDe.
CeeeNOe CF A2 FIELCS IN NAME IS GIVEN IN BUFF(38)
NONAM=BUFF (38)
STURC{ICMIG+1)=IPVB(1+0+0,7)+NONAM
=31
II=ICM14+2
ITI=ICM14+1+NCNAM
D0 174 1I=11,111
STURC(I)=BLFF(K)
174 K=K+1
IN=IN+1+NCANAYV
CeeeSET RECCRD TC INCICATE VEBL FIELD
CALL IPFLC 644+X,1
CeeeSET LENGTH CF V2L FIELD
CALL [PFLC(NCNAM+14X,2)
Cee o NUVMBER CF GRCUPS CF FIELDS IN VBL BLOCK
CALL IPFLD 0QOe+Xs4a
Ceee2ERD CUT RECCRLC STARTING WITH UNUSED WORDS. IN IS FIRST
CeeeWORD UNUSEL IN FIXELD PART QOF RECORCe.
BC 75 K=IN.IL
7S STURCI(K)=0
GO TC (175+,172).1IERFL
CeeoeFILL IN INCEX FILE AND ACD 1 TO NUMBER CF STUDENTS
175 WRITE(S'KREC)INNJNNsNNN, ICHSWsBUFF(39)
NOSTC=NCSTC+1
CeeePUT RECCRLC CN CISK
CeeeKEY CF 1 FCR WMASR MEANS ALSC WRITE AN ADDITIONAL TEN
CeeoeMORDS FCR FREE AREA CHAIN
CALL wWMASR(ICHESWs1)
GO TC (80,173)+IERFL
173 IERFL=1
CALL STACK
GO TC 20
CeeeCHECK FCR UPCATING POINTER TO LAST RECORD
80 IF{ICHSC-IGVE(ICOM140+11))204¢79¢78
78 ICCMI=IPVB(ICHFSCs+ICCMLle0911)
79 IF(ICHWEC—-1ACC)81+85+85
81 ICCNMI=IPVB(ICHWLC+INSIZ/20,1IC0M1,412,15)
GO TC 86
8S ICCNMI=IPVEB(ICHFWL-~IACDsICOM14.12,15)
ICONMI=IPVE(ICHSC+1,ICCM150,11)
86 GO TC(20+82)4.IFLG
C FILL IN FREE AREA CHAIN IF THIS WAS NOT FIRST ONE
82 CALL RMASR({ISVSC+.1ISVWD)
GO TC (84.,83)sIERFL
83 IERFL=1
GO TC 20
84 ISS=LSTSP
IS10=LSTwP
CALL WMASR(ISVSWe0)
GC TO 20
1000 CALL ERR [ERR
IERFL=1
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989 CONTINUE
WRITE 4 1 COmMM
ENSTF=IGVE(ICCVM1,0,11)
NSLFT=SZSTU-ENSTF~-1 .
WRITE(1S00)ANSLFT
900 FORMAT(*THERE ARE NOW *s I4, * SECTORS LEFT IN STU. FILE®)
gALL LINK EXEC
ND



%% ADVEL

INTEGER COMM(165).BUFF(41), STURC(340)+FLPTR(4).CSPTR(4),
+ CHAR(40) 79T (30)

COMMON CCMM,FLPTR«STURC, IERFL 4BUFF

EQUIVALENCE (IDIV2,COMM(7))«(IDIV]1.COMMI24))4(NCRDCOMM(34)),
+ (KECD+BUFF{A41))+s(ICN16.COMMI16))+(ICMIS.COMM(15)),
+ (ICM13,COMM(19)),{ICM20,COMMI{20))¢{ICM21,CAMM(21))»
+ (ICHELCOMMIE) )2 {IC1eBUFF(1))s (ID2,BUFF(2)),
+ (I03+,BUFF{3))« (STURC{1).IST).,
+ (CHAR(1)+COMM{126))s L ICM14,COMM(14))

EOUIVALENCE (KC+BUFF{S) )+ (KNJEUFF(6)) e (KSsBUFF (7))

ECUIVALENCE (KICL,BUFF{4))

EQUIVALENCE (LSTPT+CSPTR(1))+(IDPL,CSPTR(2))e (ICNCSPTR(3))
+ (ISEC+CSPTR(4) )+ {KVAIL.COMM(37))

DATA MMM MNN/3X0/KAST/* %0/

DEFINE FILE S({102445:UsNS5)4e9({S50+8.UsNSF)+2(300,12+sUsN2)

DEFINE FILE 1(8160+s200UsN1)44(320415UaNG)eB(I6+10sUsN8),

3(800+30,UsN2)
CoooADDS A NEW GRCUP TO END OF MASTER RECORD
CeeeBUFF{1),4(2),(3) ARE ILC FIELLCS
CoooBUFF(Z)‘(lCVZI) ARE FIELDS TO PUT INTQ RECGRD
IFLG=1
CeeelT IS5 UP TC RVELC TC SET BUFF WITH F1ELD DATA AND SET COMM(6)
CALL RVEBLC
IF{KECD=~KAST)4,2244
4 IF(ID1-M)20sS5.20
S IF(ID2~-MNM)20,10420
¢ IF(ID3-MNVMM)20:¢35+20
¢ v=IC1
MM=1ID2
MNVKM=ID3
GO TC(30,25)s IFLG
CeeoePUT PREVICLS RECCRD BACK
25 CALL IPFLD NCFLDO+Xs4
CALL WNMASR(ISCWD.0)
IFLG=1
30 IF(KECD-KAST)22,999,32
CeeoeFIND NEWw RECCRC
32 CALL HSHF2(IC1+IC2+41ID3+¢K+IDIV24e2»1ISCWD)
IF(K)33,33.34
33 CALL ERR(8)
WRITE(1,900)IC1.,1C2,1D3
S00 FORNMAT(*REC. IT IS *+313)
GO TC 13S
34 CALL RMASR(ISCWD)
Coe e COMPUTE SPACE AVAILABLE FCR FIELD GROUPS
CeoaACD NCoe WCLRLCS IN MANDoes CPTee VEL FIELDe
CeeePLUS NCe CF VBL BLOCK GROUPS TIMES WORDS PER GROUP.
NCFLLC=GFLC(4)
LVEL=GFLC(2)
IP=1IGVEB(IST,0,.,0)
36 LNGTH=CGFLD(3)
35 CONTINUE
CeeoeCCMPUTE CURRENT EFFECTIVE LENGTH OF RECORDe SEE IF THERE
CeoelS RCCVM FCR CNE MCRE CESCRIPTCR GRQUP
LS=ICVM14Q1ICMIS*IPH+LVEL+NCFLC*ICML6E
IF(LNGTH-LS-ICM16)40,50,50
Cee s NEED MORE SPACE
40 CALL IPFLD NCFLLC«Xe4&
CALL RECNMV(ISCWCeK)
GO TC(36+45) « IERFL
45 CALL ERR(223)
IERFL=1
IFLG=1
GO TC 1
CeeosCCVPUTE FIELLC ANCSe FCR GRQUP
S0 NF=ICN1G+ICV2041+ICNM2INCFLD
CeooFILL IN CESCRIPTICN INVERTED LIST IF ICOMG=2
GO TC(90+6S)+1CMS
CeeelD QOF DESCRIPTCR IN BUFF(4)=XKX]ID

1
2



S0

91

960
95

999

94

CONTINUE

KEY=2

CALL HSHFI(KICIIRLIIDIV1sKEYCSPTR)
IF(IR)134,134,80

CALL ERR(7)

CALL STACK

v=0

GO TC 1

CALL INVRT{3+LSTPT+30:,0,ISCHDMPT)
REAC(3*IR)IKICsIPNT.I1,12,13
N=IGVB(I3+484195)
I3=IPVEB(N+]1,132,8,15)
WRITE(3*IRIKIC«IPNT+I1412+13
GO TC(90+134)s [ERFL

IFLG=2

NCFLO=NCFLD+1

IERFL=1

DO 65 I=1,ICwN;21

CALL IPFLD(BUFF{1+48)¢4XeNF+])
G0 TGC(95+491) 4 IERFL

IERFL=1

RRITE(S+G60)1

FCRNVAT(*ERR CN ¢,14)
CONTINUE

GO TC 1

WRITE(4%1)CCMWMF

CALL LINK(EXEC)

END
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% GPDRP
INTEGER CEP+CRS.SECs STURC(340), CRINX(497)
INTEGER CCMM(165)+BUFF(41)FLPTR({4)MPT{30)
COMNMON CCMMFLPTR,STURC . IERFL +BUFF
EQUIVALENCE (ICM1G,COMM{19))e(ICM20,COMMIZ0)0{ICM21,COMM(21))»
+ (ICLCHeCCMM(6)) s (KDAT,COMM(36) ) (ICM14,COMM(14)),
+ (ICMIS+CCMM(1S))e(ICNI6,COMM(16)})e(IDIV1ICOMM(7))
+ (IDIVZ;CUMM(ZQ))o(hCRC-COMM(34))v(NPRNToCOMM(35))
DATA KAST/%%v/
DEFINE FILE 1(8160+20sUsN1)¢2(300¢12+U«N2)+3(800+30eUsN3),
% S(1024¢SsUsNS)eB({S6+10sLeN8B)
CeeeTHIS CRCPS A GRCUP FROM THE BLOCK AT THE END OF A MASTER RECORD

CC S 1=1,497
S REAC(3*1)CRIANX(I)
MOVFL=ICNIO+ICM20+1
Coo'ID ANC NANME CARC FCLLCWEC 8Y SOME DROP CARDS
REAC(NCRLC +G9CO)INMeNsANJCEPJCRSISECIKST
900 FORNMAT(213+T78+11:4T728+[2+T35+13¢A1:T80,A1)
1S5S IF(KST—XKAST)18+,9959.18
18 IF(NVM)26426420
20 CALL HSHF2(MsNsANJKREC, IDIV]12.NSN¥W)
IF(KREC)21+25+25S
21 CALL ERR (7))
23 QEAD(NCRC.QOO)N'NQNN.DEP.C950$ECQKST
IF(M)24424415
24 CALL STACK
GQ TC 23
25 CALL RMASRINSAW)
GO TC 10
2€ NGPS= GFLD(4)

CoooCO"PUTE FIELC NCe CF FIRST FIELD IN LAST GROUP
NFLCS=(NGPS—-1)%ICNM21+1
LFLC=NFLCS+VMCVFL
NLFLC=LFLO=-ICNM21

30 1G=GFLCI(LFLC)
IF(CEP-1G)3S+s31,35

31 IG=GFLC(LFLC+1)
IF(CRS-1CG)35,+22,35

32 IG=GFLC(LFLC+2)
IG=IPVE(IGE€4,40,7)
IF(SEC-1G)3S,42.35

CeeseCRCP BACK CNE GRCUP AND TRY AGAIN

3S LFLC=LFLC-ICNM21
IF(LFLC~-NMCVFL)36+36530
36 CALL ERR(28)
37 CALL STACK
IERFL=1
GO 70 10
CeeoVAKE SURE THIS IS NCT A COURSE IN PREVIOUS QUARTER
CeeeTAKE THIS CUT IF CATE CHECKING ISN®T NEEDED
42 IG=GFLC(LFLC+S)
IFCIG-KLCAT)47+50447
47 CALL ERR(€23)
GG TC 37
SO0 CCNTINUE
CeooeRESET NCe CF GRCUPS IN VBL BLCCK
SS CALL IPFLC(NGPS~-1,4X+48)

CoeoeCONMPUTE WCRD FCINTERS FOR REPACKING COURSES
1G=GFLC(2)
NWRECS=ICNIA+IGVEB(STURC(1)+0,0)*ICM1IS+IG

CoeoaCONPUTE WwHICH VEBL GRCUP IS CRCPPED
LFLC=(LFLC-MCVFL)/ICM21

CeoeoCONPUTE wCRC PCINTER TG IT ANC TO END GROUP
N1I=AWRDS4LFLC*ICM16+1
N2=N1+(NGPS~-LFLC-1)*ICM16~1
CO S8 I=N1leN2
II=1+ICM16

§8 STURC(I)=STURC(II)
CALL wWNASR{NSAWL0)
GO TC(10+59).1ICLCH
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59 Kég:;PVS(DEP.CRS'O.S)¢SEC
[ 4 =
69 CALL HASHLI(KIC+sCRINXs IR, ICIV2,KEY)
IF(IR)158+1584159
158 CALL ERR(10)
GO TC 37
158 REAC(3*IRIKICIPNT,LI1,12,13
Ce e« RECUCE NCe ENRCLLED 8Y ONE
N=IGVB(13+,8+15)
13=1PVE(N-1+13+8+15)
WRITE(3*IR)KIC, IPNToI1412.132
CALL INVRT(3,IPNT+4S7+NSNWe 0 MPT) .
Cee o INVRT WILL FINC THE FIRST CCCURRENCE OF NSNW IN THE
Ceee INVERTEL LIST ANC REPLACE IT WITH O
GO TC(10+37)+1ERFL
9SS gALL LINK(EXEC)
ND
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INTEGER CONN(16S).FLPTR(4)+STURC(340)

INTEGER CCLSL.MPT{30).BUFF(41)

COMNMON CCMMGFLPTR,STURC, IERFLLBUFF

EQUIVALENCE (KARDLCOMM(34)),{IDIV]I.COMM(7))e(IDIV2,COMM(24))
EQUIVALENCE (CCMM(28).1CNM28)+.(CAVNM(6)41ICME)

EQUIVALENCE (KCAT,COMM(3€) )+ {COMM(4)s ICME)(COMM(2)ICM2)
EQUIVALENCE (ISB8+4STURC(B) ) (IS9+STURC(9))
ECUIVALENCE (COMM(19),ICM19),(COMM{20)+1ICM20)+(COMM(21)4ICM21)
OATA CCLSL/*s/¢/

BATA NEGs1Z/-1,0/ .
DEFINE FILE 1(8160:205sUsN1)e2(300612sUeN2)¢3(800430,UsN3)o
S(1024¢S+UsNS)s4(320s14UsNS)e8(S6+10sUsN8)

CeseTHIS ERASES A NASTER RECCRC FRCM THE DATA BASE
Ceo« INPUT CARD CNLY NEEDS THE IC NOe OF THE RECORD

1
S00
10

1S

16

20
25

30

KEY=2
REAC(KARC+900Q0)MeN

FCRVAT(213)

IF(N)SG9,5,598G,10

CALL FRSHEF2(MsN30sIReIDIV1IKEYLISCWD)
ISVSW=ISCwC
WREITE(S*IRINEC1Z2+12+124512
CALL RMASR(ISCWC)
IF(ICM2B)20+20415
K=GFLD(ICV28)

CALL INVRT{2:Ks12+ISCW.s0,MPT)
GO TO(20e.1€)+ IERFL

IERFL=1

CALL STACK

GO TC(S0.,25),1C¥;6
NGPS=GFLC(4)

IF(NGPS)S0+5C,.30
MOVFL=ICN194ICNM20+1
NFELD=MCVFL-1+ICVM2]1%XNGPS

CeeoNFELL SHCULL PCINT AT DATE FIELD OF LAST GROUP

32
35

40
41
45
S0

IDAT=GFLC(NFZLC) ’
IF(KCAT=-ICAT)S0+35.5S0
KD=GFLC(NFELC~S)
KN=CGFLC(NFELC-4)
KS=GFLLC({NFELC-3)
KR=IPVE(KD+KNsC+S5S)+IGVB(KS40,7)
CALL HSHF1(KR+sIR+IDIV24KEYsIPTR)
IF(IR)S045C,.+40

CALL INVRT{3+sIRe304ISCWL0,MPT)
GO TC(4S+41) . [ERFL

IERFL=1

CALL STACK

ANFELD=NFELC—-ICM21
IF(NFELC-MCVFL)32+32,50
CCANTINUE

Cee¢ENTER RECCRD AREA IN FREE AREA CHAIN

60

NSw=ICn2

ICM2=1ISCWD
K=GFLC(3)

B8 €0 I=1,XK
STURC(I)=CCLSL
1S8=K

IS9=NSW

CALL WMASR{ISVSW,0)

CeesREDUCE CCUNT CF NCe CF MASTER RECORDS

9SS

ICv4=1ICNMa-1

GO TC 1
WRITE(4*1)CCMM
CALL LINK(EXEC)
END
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*% GARBG
INTEGER FREC(340)FLPTR(4)4S(320)
INTEGER CCMM(16S5)sSTURC{(340),8
+ CRS(30)+STX(S)H IFREX{2+400)eST8+STS
COMNMCN CCVMNFLPTR,STURCs IERFL « BUFF
EQUIVALENCE (STURC(8)¢ST8)9s (STURC(9)+STI)
EQUIVALENCE (KSIZECOMM{2)) e (S{1)eIFREX(141
EQUIVALENCE (NMVINX({1)eNMVI1)o{(MVINX(2)s4MV2),4(
+ (FLPTR(1)eIF1)e (FLPTR(2)+KSC1),
+ (FLPTR(4),KSC2), (COMM(1),ICM1),
EQUIVALENCE (CRS(1),STURC(1))e{(STX(1)+FREC(
EQUIVALENCE (ICN6,CUNM(6)) e (ICMIS.COMM(1S))
+ (ICM1€E,COMM(1E) )+ (ICM36.,COMM(36
DATA CCLSL/*'t/'/
DEFINE FILE 1(8160+20+UeN1)e2(300+12+UeN2),

+ 4(32031sUsNG)4S{1028:455sUeNSYeF(68062sUeNS)

CeeoeTHIS CCMPRESSES THE FILE SC THAT THERE ARE NO
CeeeIN THE NMASS CF RECCRLCSe THERE WILL JUST BE AT
CeeeIN THE MASS CF RECCRDS. THERE WwWILL JUST BE
CeseCF FILE FREE AREA.

BUFF(41)esMVINX(2)+DOLSL+STE»

OsUsN3),
+10sUsN8)
FREE AREAS EMBEDDED

* ~
@ m
~0
0o
e

THE ACTIVE AREA AND END

Cees+IFREX IS CIMENSICNEC (24400) SO THAT EXPANDING OR CONTRACTING IT

Cee e WCANT AFFECT StLL2
Ceee FILE 9 IS TENMFCRARY WS FILE FCR MOVE INDEXe
CeeoeFCR BOO-880 STULLDENTS -

O S I=1.2

DO S J=1.4C0
S IFREX(1.,J)=0
Ceee INITIALIZE MCVE INDEX
DO 10 I=1.500.160
10 WRITE(9*1)S
IP=1
ISVLS=IGVE(ICM1,0,11)
IFREX(1+41)=1ISVLS
IFREX(2+1)=ICVE(ICM1+12.15)
. NFS=IGVE(ICNF2+04+11)
NFW=IGVEB(ICN2,12415)
NFSW=ICNKM2
KNFRE=1
00 7 K=2,400
IF(AFSW)1958,841988
1998 KNFRE=KNFRE+1
CALL RNASR{NFSW)
GC TC(11.,2001)+1ERFL
2001 IERR=42
GG TC 999
11 IFREX{1+K)=NFS

IFREX(2+,K)=NFW

CeeeGET PCINTER TC NEXT FREE AREA
NFSwh= STQ
NFS=IGVB(NFSwW+0+11)
NFW=IGVEB(ANFSw12,15)

7 CCANTINUE
CeeeSORT IFREX INTC ASCENDING CRLER
8 CALL SHLL2(IFREX+KNFRE)

NFS=IFREX(1+IF)
NFW=IFREX(2,1FP)
NFSK=IPVE(AFS.NFW30,11)
IP=1IP+1

CeeoeREAD FIRST FILL AREA
CALL RNASR(AFSW)
NXFS=IFREX(1+1IP)
ANXFW=IFREX({24.,1P)
NXFSW=IPVB(NXFSeNXFWs0e11)
IP=1IP+1
NRRES=ST8
KNFRE=KNFRE=-1

REQUIRES 4 SECTORS

C IF THIS FREE AREA GCES TO END OF FILE NOTHING MORE TO BE DONE

IF(KANFRE)3SS+¢3554+9
Ceee CALCULATE NEXT STCNT PNTR
9 CALL PTCAL(AFSWeNWRDS<NSTSW)
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NSTSC=IGVB(NSTSWe0411)
NSTWD=IGVB(ANSTSW+12+15)
14 CCNTINUE
Coee«eREAD NEXT MASTER RECQRD
20 CALL CRIVE(NSTSCNSTWD)
NSTw=NSTwC*20
IRN=320-NSTw
READ(IF1*KSCI1)(FREC(L)sI=14IRN)
IRN=IRN+1
REAC(IF2*'KSC2)(FREC(I)y I=IRNe340)
CeeoEXTREIT NCe CF WCRDS IN RECCRD
KRC=IGVEB(FREC(1)es1S+15)*%2S6+IGVBIFREC(2)e0e7)
D0 S0 I=1+KWC
S0 STURC(I)=FREC(I)
PVI=NSTSw
MV2=NFSw
Cee e MVINX CCNTAINS CLD PCINTER IN POSITICN 1. NEW PYR IN POSe 2
FOR FINDC MVINX CONTAINS CLC POINTERe RETURNS NEW PTR
FCR PLACE NMVINX CCOCNTAINS CLD AND NEW POINTERS
KEY=1 CR 2 FCR PLACE CR FINC
ngV1NUST BE PRIME AND SET FROM COMM
KEY=
CALL HSHIX(NVINXsIDIVeKEY)
WRITE STUDENT BACK ON DISK
CALL WMASR{NFSW,0)
SAVE FCINTER AND SIZE QOF STUDENT FOR USE AT STMNT 100
LSC=NFS
LSW=NFWw
MNN=K®D
CALCULATE FCINTER FCR FILL AREA
CALL PTCAL(NFSWKWDINFSW)
KNFS=IGVEB(NFSW+0,11)
NEFW=IGVB{NFSW,.12,15)
C CALCULATE PCINTER TC NEXT STUCENT TO MOVE
66 CALL PTCALI{NSTSWeKWDOSNSTSW)
NSTSEC=IGVB(NSTSW.0,11)
NSTWD=IGVE(NSTSWH12.15)
C CHECK TO SEE IF WE ARE UP TO NEXT FREE AREA ..
IF(NSTSC-NXFS)14e¢70475
70 IF(NSTUC-NXFW)1447S5e7S
Ceoees s RECALCULATE FCINTER TO NEXT MAS.RECe. FIRST EXAMINE THIS FREE AREA
75 CALL RFMASR{NXFSw) '
KNFRE=KNFRE~-1
IF(KNFREJICO.,100,76
7€ KWLC=ST8
AXFS=IFREX(1,1IF)
NXFW=IFREX{2.,1IP)
NXFSw=IPVRBI(NXFSsNXFWeO0pll)
IP=1IP+1
GO TG €6
Ceeessa s PATCH CCMM PCINTERS. FIRST CALCULATE END OF STUDENT RECSe
100 LSCWC=IPVEBI(LSC,LSw,0+11)
CALL PTCAL{LSCHWDRNANSILSCHC)
JCMI=LSCwD
1Cve=0
Ceoeoee INITIALIZE FREE AREA
CALL RNMASR(ICNM1)
LSC=IGVB(LSCwC4+0,11)
LSW=IGVB(LSCWC+12415)
CO 110 I=1,340
110 STURC(1)=CCLSL
IF(LSC-KS[ZE+100)120,120,115
115 ST8=320%(KSIZE-LSC)~LSW+1
GO TO 121
12C ST8=32Q000
121 STS=0
CALL wWNASR(ICMN1,0)
€0 13C 1=8.10
130 STURC(I)=CCLSL
J=LSC+1
KS=KSI1ZE~-1
DO 150 K=Je+KS

(aXale)o]

0N n

0
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IF(K~ISVLS?1504150+160
1S0 CALL wMASR(K.3220)
CeeeNOW UFCATE PCINTERS IN CATEGORY FILE
160 €O 210 I=101,300
REAC(2°* 1) (BUFF(J)+J=1,12)
L0 208 J=2.12
IF(BLFF(J))208,208,20S

205 CONTINLE
YVI=BLFF(J)
KEY=2
CALL HSHIX(MVINXe IDIV.KEY)
BUFF(J)=VMV2

208 CONTINUE .
WRITE(2*IM(ELUFF(J)sJd=1412)

210 CONTINLE

Cee e UPCATE CCURSE FCINTERS IF NEC.

GO TC(300,25%), ICVNE

25S CO 280 I=SCC,800
REAC(3¢*1)CRS
CO 270 J=2,30
IF(CRS(J))270+270+260

260 MV1=CRS(J)
KEY=2
CALL HSHIX(MVINXGaICIVL.KEY)
IF(KEY)2€ES+2€654267

26S CRS(J)=0
GO TC 270

267 CRS(J)=MV2

270 CCATIANLE
WRITE(3*I)CRS

CoecoeeFINALLY, UPCATE THE STUDENT INDEX

280 CCANTINLE

300 CO 35C I=1,1CN7
REAC(S5*I)STX
IF(ST4)350+350,310

310 MV1I=STS

© KEY=2

CALL HSHIX({MVINX4IOIV.KEY)
STa=NMV2
WRITE(S*1)STX

350 CONTINLE

355 NSLFT=KSIZE-IGVE(ICM1.,0s11)
HRITE(1+.SOCINSLFT

G900 FORNAT(®*THERE ARE NCW',14,¢*SECTORS FREE IN STU. FILE®)
WRITE(&4*1)CCMNV

99 CALL LINK (EXEC)

998 CALL ERR(IERR)
IERFL=1
GO TO S9
END
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*$O0UERY

INTEGER C12
INTEGER LANG(6)+SPTR+OP(AQ)4CRIT(12),IVAL{SO)+COMM{16S)sSTURCI(340),
+ FLPTR{4),ICF(4)
COMNMCN CCNMNGFLPTRWSTURCIERFLWOP+CRITs IVALSPTR
EQUIVALENCE (CRIT(12),C12)
DATA ICP/%+% =3, 00,00y
BATA LANG/'SE’s *RE*+‘'LI*s*AR**'ST*,*EX/
CeeeTHIS LINKS TC CR CALLS THE ROUTINES WHICH PERFORM THE INQUIRY QOPERe
Cee s QUERY COMVMANDS CCANSIST OF SELECTREFINESLISTsARRANGE¢STATS.EXIT
CEFINE FILE 1(8160620+sUeN1)4S5(1024¢5+sUsNS)e8{320s1sUsNQ)s
G(960s1,UsNI)s8B(96+10,UeN8)
c...FILE S IS TEVPCRARY FOR WCRKING SET

CO 2000 I=1.4
2000 CP(I)=ICF(I)
I WRITE(1+500)
900 FORFAT('SELECT,REFINESLIST+ARRANGEsSTATS+OR EXIT®)
REAC(6+,901)KL
901 FCRNKAT(A2)

DO 10 I=146
IF(KL-LANG(I))10+154,10

10 CONTINUE
1S GO TC(100+42006300+300¢500+60091)91
100 C12=1
SPTR=0
CALL LINK{SLECT)
200 C12=2

CALL LINK{SLECT)
300 CALL LISTM
GO 70 1
400 CALL ARRNG
GG TC 1
S00 CALL STATS
. GO T0 1
600 CALL LINK(EXEC)
END
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*$SLECT

. REAL VAL(25)
INTEGER CCLS

L 2+SZMAS,C12
INTEGER CUMM(

(

(

cp
€S).FLPTR(4)+STURC(340)
2)’NCT(3).AND(S)qﬂRloORZ-REL(Z 6) sRPARJPERSEMI,
+ LINE(78)ELANK+STATE,CUOTE,OP(4)+CRITPTCRITSVPTRsXP(2S),
+ TXP{25) + IVALIS0) « XPPTR4SPTR

COMNON CCMM,FLPTR,STURC, IERFL,OP,CRIT, IVALsSPTR

L 4
1
INTEGER CRIT(1
7
S

EQUIVALERCE (COM™(19)+ICM19),(COMM(20)s ICM20)4(COMM(3)4+SZMAS)

EQUIVALENCE(VAL(1),IVAL(2 -(BLANK.COMM(132))c(PERoCUMM(léQ))'

+ (CR1+CCMM{12G5))+{0R2.,COMM(135))s(STURC(1)+IST)
IT(12).C12)-(XP(l)olxpl)c(ISS.STURC(B))

DATA CCLSL/'8/%°/,.12/70/
CATA REL/ZSL Y *To, 11 150 08,
+ NCT/'N* %0, T /.AND/.A. ‘Nt ,*D/
DATA RPARLPARSEMIZCQUOTE/* ), (*,0 0,000y,
DEFINE FILE 1(8160+20eUsN1)sS5(10244S+UeNS)es4(320e1sUsN4G),
G(S60e1sUsNS)e8(SE105UNB)
CoooTHIS CETS AND ENCCDES THE SELECTION CRITERIA. AND THEN SELECTS
Cee e THUSE RECCRLCS WHICH SATISFY ThHE CRITERIA. THE POINTERS TQ THE
Cee o SELECTED RECCRLCS ARE SAVEC IN THE WCRK FILEe SPTR IS COUNT OF SELECT
CeeeCl2 USEC TC INCICATE SELECT 0OR REFINE
3 XPPTR=2
IXPi=0
VPTR=1
CRITP=1
STATE=]
MOVFL=ICV194ICM20+1
CALL ERR(34)
REAC(6+901)LINE
Q01 FORMAT(78A1)
CeeeFIRST,s PRCCESS INPUT
CO 1000 1I=1,78
IF(LINE(I)~ELANK)4,1000,4
4 IF(LINE(I)-SEVI)S,1001,5
S GO TUO(10640:E0+S50)+STATE
CeeolLOCK FLCR FISLCe NF LE 0 MEANS ERROR
CeeeCN RETURN I PCINTS TO LAST ChAR. OF FIELD
10 CALL FIELD(LINEsl1+NF)
IF(NF)20+,20,12
12 TCRIT=IPVE(NF+TCRIT+0,.+5)
XP(XPRTR)I=CRITP
XPPTR=XPPTR+1
STATE=2
GO TC 1C00
CeeoelLCCK FCR LEFT PAREN,
20 IF(LINE(I}=-LPAR)30.21,30
21 KODE=0
GO TC 300
CeeelS IT ACT
30 11=1-1
CO 35 J=1.3
11=§1+1
IF(LINE(TII)=NCT(J)}1050+35.1050
35S COANTINCE
KQCE=~4§
I=1+42
GO TC 300
CeeoelOCK FCR RELATICN
.40 CC 4S J=1l,¢€
- IF(LINE(I)-REL(1,J))485,41,45
A1 IF(LINE(I+1)—REL(2+J))454,46445
4S5 CCONTINUE
GO TC 10S0
46 TCRIT=IPVB(JI+TCRIT+64+8)
I=1+1
STATE=3
IF(J-6)1000+,20041000
CoeeelLCCK FCR RTe PARENS
S0 IF(LINE(I1)-RPAR)60+55.60

1)

))
EQUIVALENCE (CP(2).,CP2),(CR

EtotQt G, VEC 0G0 Tt tE0 eX8/,

D

.
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5S KODE=-1
GO TC 300
CeesLCCK FCR AND
6C I=I-1
D0 65 J=1,3
- I1=11+41
IF(LINE(II)~AND(J))YI70.65470
65 CCATINLE
KODE=-2¢
STATE=1
I=1+42
GO TC 300
CeeelCCK FCR CR
70 IF(LINE(I)-CR1)1050+7251050
72 IF(LINE(I+1)-CR2)10S0,73,1050
73 KODE=-3
I=1+1
STATE=1
GG TIC 300
CeeeLCOK FCR CCMPARISCN VALUE. IF FIELD EXPRESSION IT MUST
CeeeBE ENCLCSED IN PARENTHESES,
80 IF(LINE(I)-LPAR)B1,100.+81
81 IF(LINE(I)~CUCTE)B8S,150.8%
CeeeSHCULD BE ANUMEER
8S CALL ANUNER(LINE+I+X,ITYP)
Ce o s NUMBR ANALYZES CHARACTERS IN LINE UP YO THE NEXT NON=NUMERIC
Ce e e CHARACTER. BLANKS ARE IGNCRED. NUNMERIC VALUE IS RETURNED IN Xe
Coeeel RETURNS AS PCINTER TO LAST CHARe. OF NUMBER,
CeoelTYP IS 0 FCR INTEGER.,1 FCR REALs 2 FGR ERROR.
IF(ITYP—~2)86+1050+10S50
CeeePUT TYPE AND VALUE PCINTER IN CRITERIA
86 TCRIT=IPVE(ITYF+sTCRIT«94+10)
TCRIT=IPVB(VPTR+TCRIT,11415)
VPTR=(VPTR+2)/2
VAL(VPTR)}=X
VPTR=2*VPTR+1
GO TC 200
C..a’RANSLATE FIELC EXPRESSION. KOP INITIALLY INDICATES PLUS
10C I=1+1
KOFP=1
TCRIT=IPVB(2+TCRIT.9
TCRIT=IPVB(VFTR«TCRI
IF(LINE(I)—-CF2)107s1
- CoeosKCR INDICATES MINUS SI
105 KQOP=2
I=I+1
107 CALL ANUNEBR(LINE«I+XITYP)
IF(ITYP-2)11C,120,120 . .
Cee e NEGATING KCP INDICATES NUMERIC VALUE WILL FOLLOW IT
110 KOP=-KCP
IVAL{VPTR)=KCP
VPTR=VPTR+4
IP=VPTR/2
VAL(IP)=X
GO TC 130
CeeoeBETTER BE FIELD
120 CALL FIELD(LINE,I.NF)
IF(NF)10S041050,125
125 IVAL(VPTR)=KCP
IVAL(VPTR+1)=NF
VPTR=VPTR+2
Cee el CCK FCR RTe PARENe
130 I=1I+41}
IFCLINE(I)-RPAR)135,140,13S
Cee«sCHECK FCR CPERATICN
135 DO 136 KCP=1,4
IF(LINE(I)-CP(KCP))136+4107+136
136 CONTINUE
GO TC 10S0
140 IVAL(VPTR)=0
VPTR=VPTR+1
GO TC 200



CoeeoENTER STRING
150 TCRIT=IPVB(3,TCR
TCRIT=IPVB(VPTR
KNT=0
. 1S3 I=1+1
IF(LINE(I)-CUCTE) 155,160,155
155 KNT=KANT+1
IVP=VPTR+KAT
IVALCIVP)=LINE(])
GO TC 1S3
160 IVAL(VPTR)=KANT
VPTR=VPTR+KANT+1
CeeoeENTER TCRIT IN CRIT
200 CRIT(CRITP)=TCRIT
CRITP=CRITP+1
STATE=4a
GO TC 1C00
CeeeENTER KCLCE IN XF
300 XP(XFPTR)=KCCE
XPPTR=XPPTR+1
100G CONTINUE
CeeoeNOW SCRT XFP INTC PCLISH. FIRST PUT END PARENe.
1001 XP(XPPTR)=-1
1155 KL=0
IFLG=1
IFLAG=1
C0. 1200
IF(XP(I)
GO TC(11
IFLG=2
IFLAG=2
J=1
1162 KL=KL+1

116S GO TC(1
11720 IF{XPII
1175 KL=KL~1

1180 CALL PC

IFLG=1
XP(J)=-9G
XP{1)=-99
1200 CONTINUE
GO TC(1203+1155)4+1FLAG .
1203 CONTINUE
C.ooNOHssgART READING RECCRDS AND EVALUATING
I1S= - .
GO TC (1204,2000).C12
200C IsS=1S+1
IF(IS-SPTR)2C01+.2001,1600
2001 CALL IRTRV(ISCWEC,1S+2)
ISC=IGVE(ISChC+0,11)
ISm=1GVB{(1ISCwLC+12,15)
GO TC 1205
Cee o POINTER FCR SECTCR 1, WORD BLCCK O
1204 ISCwD=16
1205 CALL RNMASRKR(ISCWC)
IF(STURC(1)-CCLSL)12204+,1208+1220
1208 L=STURC(E)
Cee e ASSUNETICN IS VMACE HERE THAT IF POINTER IS IN WORKING
CeeeSET IT wlLlL NCT GET INTO FREE AREA
1210 CALL PTCAL{ISCuC+L, ISCWE)
IF(IGVE(ISCnCes0411)—SZVMAS)120S51€0051600
CeeeSEE IF THIS RECCRD SATISFIES CRITe
CeeeFIRSTe SET TXP TC ZERC
1220 £0 1225 I=1,25
1225 TXP(I)=0
X=0
XP(XPPTR)=~GE
CO0 24C0 I=14,XFPTR
IF(XP(1))1235,1235,1230

I=1,XFPTR
})1165+11606116S
€161162)41IFLG

)
-
-0

Q)+ IFLG
0+1175+1200
0+1200
J¥leI=1-TXP)
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1230 K=K+1}
TXRP(K)I=XP(1)
GO TC 1400
1235 IF(XP(1)+99)1400+,1400,1240
~ 1240 ICP==XP(1)~1
CeoeeEVALLATE EACH CRITERICN
IF(TXP(K)-100)1260,1250.,1252
1250 11=0
GO TC 12¢€1
1252 11=1
GO TC 12€1
1260 Il1=IRLVL{(TXP(K))
CeeeTAKE CARE CF NCT CPERATION
1261 IF(ICP=3)1262+1290,1262
129¢C IF(11)1320,13220,1330
1262 K=K-1
IF(K)12€66:1266412€63
1266 TXP(1)=IRLVL{(TXP(1))
GO TC 1401
1263 IF(TXP(K)=100)1270,1264,1265
1264 12=C
GO TC 1275
1265 12=1
GO TC 127S
1270 I2=IRLVL(TXP(K)})
1275 GO TC(12804,12CQ0)
1280 TXP(K)=11%12+4100
GO TC 14CO
1300 IF(11)1310,1310,1320
1310 IF(1I2 301230,1320
1320 TXP(

1330 TXR(
1400 CCANTI
1401 IF(TXP(
1450 GO TC(14SS
CeeeSPTR IS INITI
145S SPTR=SPTR+1
CALL IRTRV(I
1495 GO TC({15CCs1
1496 CALL IRTRVI(I
GO TG 2CQ0

1500 L=GFLC(3)
GO TC(1210,
1600 CALL IRTRV(
GO TC(16C2,
Cee s ELIMINATE ZER
1601 DO 17CO I=:
7

+ 10P

145541450
JeC12
EC T7C O IN QUERY PRIGCR TO SLECT LINK

SPTRe1)

S
c
L
SCwD,
456).Cl2
Z+ 1S,

Se
0o
1z
Cw
S6
o1

ERSe MAKES IT BETTER FOR ARRNG.

CALL IRTRV
IF(ISCwD)1
1610 JJ=1+1
ICKT=1
CC 1650 J=JJ,SPTR
IF(ISCwWD)1660+162041660
1620 ICRT=ICNT+1
1650 CCATINUE
Cees THERE ARE ICNT ZEROED POINTERS IN A ROW
1660 JJ=I+ICNT
DO 1670 J=JJL.SPTR
CALL IRTRV(ISCWDeJs2)
CALL TRTRV(ISCWD+J—ICNT»1)
1670 CCATINLE
SPTR=SPTR-ICNT
1700 CCNTINUE
1602 WRITE(1.503)SPTR
903 FORMAT(1LX,IS.,* SELECTED®)
1605 CALL LINK(QUERY)
10S0 WRITE(14502)1
902 FORNMAT('SYNTAX NEAR *,12,¢TH CHARe?)
22010 1605

Oreaw () s ra )
oWinmMino
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$$ARRNG

SUBRCUTINE ARRNG
INTEGER SP.STACK(20.2)
INTEGER LINE(20)COMM(16S)4FLPTRIQ)4STURCI340)+0P(A)sIVALISO)
+ SPTR.CRIT(12)
CONNCON CCMM FLPTR.STURC+ IERFLOP+CRIT. IVAL,SPTR
sgu%ngEnce (COMM({1€63) s KOMMA) « (COMM(132)+KBLNK) 4 {COMM{141),1EFF)
NY=
CoeeeVESSAGE ASKS FCR FIELDS ON WHICH TC SORT
CeeeFIELDS ARE TC BE ENTERED AS A SERIES OF FXXX*Se WITH COR W/0 SEPARATION
CALL ERR(61) .
REAC(6+901)LINE
901 FORMAT(20A1)
DO 20 I=1,20
LINEI=LINE(])
Cee e IGNORE BLANKS CR COMMAS
IF(LINEI-KEBLAK)S 20,5
S IF(LINEI-KCVMMA)YL10,20,610
10 CALL FIELC(LINEeI+NF)
IF(NFY12.124,12
.12 WRITE(1.902)1
Q02 FORMAT(®*SYNTAX NEAR'4I2¢°*'CHARe®)
GO TQ S99
CeeeSAVE FIELLC
13 ICNT=ICNT+1
LINE(ICNT)=NF
20 CONTINUE
CeeoeNCW BEGIN SGRTING
CRIT(1)=0
CRIT(2)=0
sSP=0Q
I=1
L=SPTR
S00 CALL C{Il+L+KsICNTSLINE)
. 12=L-K-1
11=K-1~1
IF(11)640.640+,600
600 IF(12)EED.660+610
610 SP=SP+1
IF(11-12)630,620+620
620 STACK(SPe1)=1
STACK(SPs2)=K-1
I=K+1
GO TC S00
630 STACK(SPs1)=K+1
STACK(SP.2)=L
L=K~-1
GO TC SO¢C
640 IF(12)670+670,650
650 I=K+1
GQ TO S00
660 L=K-1
GO TC SC¢
.670 IF(SP)6EE0+680,690
680 CALL IRTRV{K.K.3)
999 CCNTINLE
WRITE(S,SO03)ICRIT(1)+CRIT(2)
S03 FORNMAT(1X.218)
RETURN
680 I=STACK(SPs1)
L=STACK(SP.2)
SP=¢SP~1
GO TC SO0
END
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SEUTLYY

INTEGER CONMM(165)9STURC(240),BUFF(100)FLPTR(4)
COMNMCN CCVMMFLPTReSTURC, IERFL + PUFF
DEFINE FILE 1(8160020+,UeN1)+2(300s12:UsN2)+3(800+30,U,N3)
DEFINE FILE 4(220410UsNQ)+s5(102845+¢UeNS5)98(S6510,UsN3)
DEFINE FLLE 6 A42e1SeUsNE 37 40s60eUsN7
DEFINC FILE G S0s4+UsNS
CoooTHlS!Céf(\lEE U?ED FOR A VARIETY OF UTILITY BECURD 3StAreiilMc OR PATCHING
RRIT »G00
900 FCRwAT(%1~-LIST CR PATCH COMM®*/,*2-LIST ERR,AEBRVs OR ETCe FILES'/,
4*3-LIST CR PATCH INCEX*'/4+.'4-L IST OR PATCH CATEGe FILE®*/, 'S~ [ST/PC
+H NMAS.RECe?"/+'6-LIST CATEGe CRAIN'*/,+*7-LIST OR PATCH DESCRIPTOR®/,
+%0-EXIT*) ..
REAC(6,901)1ICGC
FORNVAT(IL)
IF(1G6C-8)4 2
S S
2

.
IF(1IGC)YS .
20+40+450560+70+99 +1GO

2
1
»2
4 S9
S GO TC 10,20,
0 CALL LPCCM
GO TC 1
0 CALL LEARF
GO TQ
30 CALL LPINX
GG TC 1
40 CALL LPACV
GO TC 1
S0 CALL LPMR
GO TC 1 .
60 CALL LACCH
GO TC 1
70 CALL LPCRS
1 WRITE 1.502
902 FCRMAT OelseeeCR 9
GC TG 2
99 CALL LINK{EXEC)
END
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The following main program is a spec{a1 program used to print out
a form of the student's transcript. The output includes a Tisting of what

graduation requirements the student has not yet fulfilled.



% RQUIR
INTEGER NAME(10)+STURC(340), SG(18),RQ(16)NAM1(21),
CHAR(QO)-NAVZ(15)vCUN“(lGS).OPNM(32.2).M T(1l1)

INTEGER BUFF (41).,FLPTR(4)

CONVMNCA CCNNOFLPTQ.STURC'[ERFLOBUFF
EQUIVALENCE(VMPT(1)+8BUFF(1))

EQUIVALENCE (NFXF,CCVM(1G)),{ICPF,COMM(20))
EQUIVALENCE(NPRNT sCCMM{2S) ), (NAMI{1)eNAM2(1))
ECQUIVALENCE(CHAR(1)+COMNM(12€) )+ (INCFLD.CO¥M(21))

DERTNE FILE 1(8160¢ 204UeN1)92(300e12sUsN2)+4(320,1+UsN4),
7 S(10243S+1UsNS)9€(4201S5eUeNE)sS3(S0ea+sUsNS)e
+ 7(404s60+sUsN7)s8(SE104sUN8)

CeoeTHIS IS A SPECIAL PROGRAM FCR PRINTING QUT RECORDS IN
Cee e CATEGCRY GRCUPINGS

Cee e STUDEANT TRANSCRIPTS ARE GIVEN WITH AN EVALUATION OF ALL SCHOOL RECSe.

CeeeSET LUF GKADE SYVMBCLS AND CEP. ABEBRS.
CO 4 I=1.32
4 REAC(S*IICPNM(I+1)+DPNM{,2)
€O S 1 33,50
11 1-32
S REAC(S*I)SG(II)
6 CALL EFRR(62)

REAC(6+S08)1IGC
908 FORNMAT(I1)
GO TC (2+14859)+1G0
1 IFRET = 1
ILAST = CCvM(26)
GO TG 8

2 CALL ERR(50)

REAC(6+4910) IFRST
910 FORMAT(IZ2)

IF(IFRST-CCVMM(27))3+3,2

3 ILAST = 1IFRST

8 DO 100 I=IFRST.ILAST
REAC(2'I)IPNT 4NUNMJNANE
IFCIPNT)100+1C0,9

G READ(2'IPNT) IPNTVPT
CO S0 Jy=1.11
IF(MPT(JJ))IS0+30,40

40 WRITE(NPRNT+SCC)INAME
900 FORMAT(®*1ACVISCR' ,5Xe10A2)
10 CALL RMASR(NMPT(JUJ))
CC= GFLD(22)/10.0
GPA= GFLC(20)/1C00.0

KK=21
CoeeeGVELF (NsKARY K
CeeeN IS THE SUEFIELD NCe OF THE VEL FIELD IN STURC
CeeeKARY IS ARRAY IN WHICH RETURN 1S MALE
CeeeK IS CINENSICN CF KARY
CeeeCN RETURN K WILL BE LENGTH CF SUBFIELD OR CORIGINAL LENGTH OF
CeeeKARY,y WHICKHFEVER 1S SVMALLER
CALL GVELF(1+NAMI,KK)
WRITE(ANPRNT +G01)INANML ,CCL,GPA
901 FCRNMAT(//+1Xe21A11SXe*CRS CRED=® ¢F6a2:SXe*GPA=®*4FS5,3//)
1G=GFLE(25)
CALL £EXFAN(IG.RQ}
IDEG= GFLD(&8)
WRITE(NFRNT +S04)
904 FCRMAT(1X,*RECUIRENENTS REMAINING*/)
ISH=20%(IREG-1)
NRC=CCMV(IDEG+30)
Cee o PRINT CUT RECUIREMENT DESCRIPTION IF NOT SATISFIED
DO 70 L=1,.ARC
IF(RC(L))6S+ESe70
6S IREC=ISH+L
REAC(E*IREC)INANM2
SRITE(NFRAT.SOSINAM2
Q0S FCRNMAT(1Xe15A2)
70 CONTINUE
WRITE{(NPRNT+506)
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806 FORMATLU// *CCURSE®* 44X+ *QTR/YR®* 32X+ 'CeaCe®s1X9'GD*s2Xe'GP*/)

e1X,
IFRST=NFXF+ICPF+2
IGF=GFLD(4)
IF(IGF)S0:5047S

75 LAST=IFRST+ICF$NCFLD

DO 31 J=IFRST+LAST+NOFLD
IDP= GFLC(J)
1CS= GFLC(J+1)
IDT= GFLC(J+S)

IF(J—-IFRST)23+224+23
23 IF(.CT-KLT)21+25.21
21 QAV=XGSUN/CCSUWV
WRITE(NPRAT+GO02)0AYV
903 FCRNAT(*'+%,T3S¢'CTReAVES *9FS5S.3)
22 KDT=ICT
CCSUV=0.
XGSUN=0.
2S5 IF(IDT-203)24+,264+26
24 10=4
1Y=1DT+70
GO 7€ 27
2€ 10=IDT/1CO
I1Y=IDT-1C2%210045S0
10=10+1
27 1G= GFLD(J+4)
CC= GFLC(J+3)/10.0
CCSUNM=CCSUVM+CC
XG=(I1G~9)*CC
IF(XG)2S5+30+30
29 XG=0
30 XGSULM=XGSUM+XG
31 WRITE(NPRNTSO02)DPNM{IDP 1) ,DOPNM{IDP+2),ICSysIQ4IYeCCesSG(1G) *» XG
902 FORNAT(1Xe2A201X013:2X912¢1303XeF3e192XeA2:2XsF3el)
CAV=XGSUN/CCSLW¥
WRITE(NPRAT+S03)0AY
90 CONTINUE
IF({IPNT)100+1C0,9
100 CCNTINUE
GO TC(59T5+6+599)s IGC
999 gABL LINK(EXEC)
N
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SUBROUTINES USED IN STRIPE
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#* DRIVE

SUBRCUTINE DRIVE(1IS,1IW)
INTEGER CCMM(16S),FLPTR(A4)+STURC(340)
COMNMCN CCMMFLPTReSTURC,, IERFL
EQUIVALENCE(IF14FLOTR(1))e(K1+FLPTR(2)) s (IF2,FLPTRI2)},
+ (K2+FLPTR{4))
CeeoFINE THE PHYSICAL FILE ANC RECORD NUMBER CORRESPONDING TO THE O/GICAL
Cee e SECTCR AND WCRC BLOCK POINTERe COMM{9) THRU (13) SHOULD HAVE THE
Ceee CUNULATIVE TCTAL NOe OF SECTORS IN PHYSICAL FILES 1s11e21+31¢41s RESP.
IF(1S5)999+99G.5
S CO 100 1=G9,13
IF1=1410%(1-9)
K1=(IS-1)*164Iw+l
IF(IS-CCMM(1))10,11,100
10 IF2=IF1
K2=K1+16—-1IW
GO TC 200
1t IF2=1F1+10
K2=1
GO TO 2cCOo
100 CONTINUE
Cee o MESSAFE IF SECTOR NUMBER 1S TCO BIG
999 CALL ERR(30)
IERFL=2
200 RETURN
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*% DRIVE

SUBRCUTINE ORIVE(IS.IW)
INTEGER COMN(165) +FLPTR(4),STURC(340)
COVMMON CCMMFLPTR,STURC, IERFL
EQUEIVALENCE(IF1+FLPTR{1))+(K1+sFLPTR(2))e(IF2:FLPTR{3)),
: + (K2.,FLPTR(4))
CeeeFINE THE PHYSICAL FILE AND RECORD NUMBER CORRESPONDING TO THE O/GICAL
CeeeSECTCR AND WCRC ELOCK POINTERs COMM(9) THRU (13) SHOULD HAVE THE
Ceeo CUMULATIVE TCTAL NO. OF SECTOURS IN PHYSICAL FILES 1411521431441, RESP.
IF(IS)SS9»9G6945
S DO 100 [=9,13
IF1=1+410%(1
Ki=(IS-1)%*1
IF(IS-COMM{
10 IF2=IF1
K2=K1+16-1IWw
GO TG 200
11 IF2=1F1+10
K2=1
GO T0O 200 .
100 CONTINUE
Cee« VESSAFE IF SECTCR NUMBER IS 70O BIG
99 CALL ERR(30)
IERFL=2
200 RETURN
END

-9)
6+1W+l
I1))10+11,100

*% ERR

SUBRCUTIANE ERR{K)

INTEGER MESS(10)

REAC(E*K)VMESS

WRITE(1+500)K,MESS
G00 FORNAT{I3,2Xe10A2)

RETURN

END



% EXPAN
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* CALL EXPAN(IW.IR) PUTS THE BITS QOF IW INTO
* THE 16 POSITICN ARRAY IR (FORTRAN ORDER)

ENT EXPAN
EXPAN DC =%
LOX 2 16
LOX I1 EXPAN
Lo IT O
SRT 16 PLACE IN EXTENSION
LD L1 1
STQ L 1 STORE "IT IN XR1
SLA 16 ZEROC ACCUMULATOR
SHIFT SLT 1
STCO L1 O
SLA 16 ZERO ACCUMULATOR
MDX 1 -1
MDX 2 -1
MDX SHIFT
MOM EXPAN, +2

BSC I EXPAN
END
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** FIELD

SUBROUTINE FIELD(LINE, I NF)
INTEGER CCMM(16S5).LINE(78)
COVMNON CCMW¥
EOUIVALENCE (COMM(141),1EFF)
CeeoeRETURN =1 IF CHARACTER ISN'T Fe ELSE RETURN NUMBER
CeeeFCLLCWING F IF VALID
1=
NF=0
K=1
IF(LINE(I)-IEFF)10+20,410
10 NF=-1
1S RETURN
20 K=K+1
CeoeeCHECK NEXT CHAR, IF NUMERIC BREAK OFF NUMERAL AND ACCUMULATE VAL.
23 LK=LINE(K)
IZ=1GVB(LK.+0+3)
IF(1Z-15)21+22421
21 GO TO(10+.30),1P
22 12=IGVB(LKes447)
IP=2
NF=NFXx10+12
GO TC 20 N
30 I=K-1 . . R
GO 7O 15 -
END

**x GFLD

FUNCTICN GFLD(I)
INTEGER CCMM(16S)+FLPTR(4)3sSTURC(340) M 2
CONNCN CCTMVFLPTR+«STURCe 1ERFL
EOUIVAL:NCE (FLPTR{1)IFWD) o (FLPTR{2)+IFBTI+(FLPTR(3)ILUWD),
(FLPTR(G)SILET)s M 2 oX o M24,M 2 e Ml,eM 1
COQCIERFL IS LEFT WwWITH VALUE 2 IF IT FAILS
GFLC=0.0
CeeeGET WCRD AND BIT POINTERSe. IFPTR PUTS THEM INTO FLPTR
CALL IFPTR(I) .
GO TC{(10+40)s1ERFL
10 IF(IFwWD—-ILWD)15+30430
1S IF((ILWO-IFWC)*164+ILBT-IFBT=31)20+16416
i6 11 1S-IFEeT
N2=I?V?(IGVB(STURC(IFWD).IFETOXﬁ)oIGVB(STURC(IFWD}I)OOQIFBT—I)Q
+ O0+11
M1=IPVB(IGVB(STURC(IFWD+1)sIFBT+15)+s IGVB{(STURCIILWD)+0,ILBT)0,11)
GFLC=X
GO TC 40
20 K1=14-1L8T
GFLC=IPVEB(IGVB(STURC({IF®XD)s IFBT+15), 0e0eK1l) +
+IGVEB(STURC({ILWD)+0,ILBT)
RETURN
30 GFLD=IGVB(STURC(IFWD)s IFBT, ILBT)
40 RETURN
END
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** GVBLF

SUBRCUTINE GVEBLF({II,KARY KK)
Ceeell TELLS whICKH SUBFIELD

CeeeKARY IS RETURN ARRAY °
«KK IS DIVMe CF KARYe. IT RETURNS AS THE LENGTH OF SUBFIELD.
CoeeCaooeDCNT CALL WwWITH KK AS A CCNSTANT KARY ]S BLANKED IF SUBFIIELD

Ceee IS NCT PRESENT.
INTEGER KARY(1).CFAR(4Q)
INTEGER FLPTRI(AK)
INT_GER CCMVM({16S)sSTURC(340).EBUFF(Al1)
COVMNMCN CCMVMFLPTR+sSTURC, IERFL «BUFF
EQUIVALENCE (ICNM14,COMM(14))4(ICMIS,COMM{1S))e(CHAR(L1)COMM(L126))
ECUIVALENCE (L+KSTAT)
DATA KEBLNK/? %/ )
CeesSEE IF VEL FIELL IS PRESENT
KSTAT=STURC(1)
IF{IGVEB(KSTAT+1+1))10410.,20
10 CTA 15 1=1.KK
15 KARY(I)=KELANK
KK=0
RETURN
20 KDISP=ICVN1A4
CeeeSEE IF CPTe BLCCK IS PRESENT
IF(IGVE(KSTAT»0.0)140+,40.+30
30 KDISP=KDISP+ICMIS ) .
CeesoLENGTH CF VvEBL FIELDs EBEGINNINGs AND END *
40 L=GFLD(2)
KENC=KL ISP+L
KDISP=KDISP+1
CeeeSTART EXANINING SUB-FIELDS
4S L=STURC(KDISP)
NSUB=IGVE(L+0.+7)
LSUB=IGVE(L..28,15)
IF(ASUE-11)50,460.50
S0 KDISP=KDISP+LSUB+H]
IF(KDISP-KENC)4S+10410
Cees o VAKE SURE KARY [S NCT OVERFLCONED
60 L=LSuUB%*3
IF(L-KK)70+70+€5
65 LSUB=KK/3
G0 TO 71
70 KK=L
71 CALL A3A1(STURC+KDISP+1+LSUBR+KDISP+KARYs1+CHAR)
75 SEEURN
N .
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*% HASH1

SUBRCUTINE HASH1I1(KReIRY+IReIDIVKEY)
- DIMENSICAN IRY(2)
CoeeTHIS ACCESSES A CCRE ARRAY WITH DESCRIPTOR INDEX IN 17
CoeeKEY DETERVINES WHETHER THIS 1S A PUT, GET OR GET CONTINUED
GO TC (1+2¢12)+KEY
1 KSuge=o0
GG TC 3
2 KSUB=KR
3 K=0
KRR=IABS(KR)
CALL NMCD(KRRSICLIRSIDIV)
IF(1Q+1-IDIV)6e5+6
10=0
K=K+1
IFCIRY(IR)=KSLB8) 4,99, &
IF(KEY=1)10,8410
IFC(IRY(IR)-KR)10+9,10
IR=0
RETURN
IF(K=35)12,12.11
IR=~1
GO YO SS9
CALL MCC(IR+I1CLIPLIRLIDIV)
GQ T0 6
END

N =OoVOmeENOWN

o mee )

** HSHF1

SUBROUTINE HEHF1{KRs IRy IDIV.KEY+CSPTR)
INTEGER CSPTR(4) -
CeeeTHIS ACCESSES THE DESCRIPTCR FILE ON DISK
CeeeKEY=1,2+3 FCR FUT+ GETs» OR GET CONTINUED
GO TO (142+12)+KEY
1 KSuUB=0
GG TC 3
2 KSUB=KR
3 K=0
KRR=1ABS (KR}
CALL MOD{(KRRsICsIRL,IDIV)
IF(IC+1-IDIV)6+5+6 ‘ .
S 10=0
6 K=K+1
? REAC(3*IR)IKIC+CSPTR
IF(XID—-KSUB)10,59,.,10
99 CSPTR(4)=IGVE(CSPTR(3)e24+9)
CSPTR(3)=IPVEB(IGVB(CSPTR(2)39515)¢0e7513)4IGVBI(CSPTR(3)»0+1)
CSPTR(2)=IGVE(CSPTR(2).3,8)
RETURN ’
10 IF{K-IDIV)12+12,11
11 IR=-1
GO TO 99
12 CALL MOD(IR4IQ,IP,IRLIDIV)
60 T0 6
END
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2% HSHF2

SUBRQUTINE HSHF2(NMNeNP IR, IDIVeKEY+IPTR)
CoeeeTHIS ACCESSES THE MASTER INDEXe KEY=1,2.3 FOR PUT OR GET
- K=0
X=M%]1000Ce 04N
CALL MCDX(X,ICsIR,IDIV)
7 GO TO(1+2)<KEY
1 XxXsSugB=o0
GO T0 3
2 Xsus=Xx
3 IF({IC+1—-IDIV)6E+Se6
S 10=0
6 REAC({(S*IRIMNINNANNGIPTR
Y=NNM%]10C0.0+NAN
GO TO (18,17).KEY
17 IF({MM)30,5G9,30
18 IF{X-Y)25,29.25
25 IF(¥M)GSe30.30
29 CALL ERR(24)
GO TC 969
30 K=K+1
IF(Y-XSUB)10+95,10
SS9 RETURN
10 IF(K-35)12+12,999
12 CALL MOC(IR+[C,IPL,IR,IDIV)
GO TO 6
999 IR=-1 -
GO0 T0 99
END
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#% HSHIX

SUBRCUTINE HSHIX(VNINX,IDIV.KEY)
Ceee ACCESSES TEMPCRARY FILE FCR MOVE INDEX IN GARBG
CeeeKEY=1 VMEANS PUT ENTRY INTC INCEXe KEY=2 MEANS FIND AN ENTRY
INTEGER NMINX(2)«MV(2)+IFLE(2+4160)+HI
EQUIVALENCE (MV{1)+sM)s(NMV(2)eN)
DATA LC»HI/70.07
CeeoSET aCIhTERS FCR IN CORE PART OF MOVE INDEX IF THIS 1S FIRST CALL
101 1IF{LD)101,101+102
LGC=1

‘e
102 lF(NINX(é +504+55

50 MINX(2)

SS K=
KX=NMINX(1)
CALL MCD(KXsICsIR.IDIV)
GO TC(1+2),KEY
KSuB=0
GO 0 3
KSUB=KX
IF(IC+1-IDIV)6E+5+6
1C=0
10=1
GO ¥C S00
CeeelF WE ARE TRYING TO FIND AN ENTRYeleEe KEY=2, AND WE RUN INTO
CeeeA ZERC THEN THE PCINTER IS NOT IN THE INDEXe THAT MEANS IT
CeeelIS FOR A RECORLC THAT WAS NOT MOVEDe SET ITS NEW VALUE TO BE SAME
17 IF(¥#)30+11+30
18 IF(KX-=V)30,2S+30
29 CALL ERR(24)
GO T0O 999
30 K=K+1
IF(V—KSUB)IO.Q? 10
87 GO TQ(98,199) +KEY
98 I0=2
GO0 TC SCO
199 FMINX(2)=N
99 RETULRN
10 IF(K-IDIV)12,12,411
CeesIF POINTER IS NCT IN INDEX LEAVE IT UNCHANGED WHEN KEY =2
11 GO TO (5S3+1100)+KEY
$300 VMINX(2)=MINX(1)
GO TO S9
12 CALL NCO(IRfIC;IP.IRolDIV)
GO TC 6
999 KEY=-1
GO T0O S9
S00 IF((LC-IR)*(IR-HI1))210,2004200
200 I=IR-LC+1
GO TC(204.206)+10
204 VM=IFLE(1.1)
N=IFLE(2.1)
GC TG (18,17),.,KEY
206 IFLE(1.1)=MINX(1)
IFLE(241)=MINX{2)
GO 10 399
210 WRITE(9*LQ) IFLE
LO=(IR-1)/160%160+1
HI=LO+1SS
REAC(9*LC)IFLE
GO TO S00
END

OOWN ey
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% IFPIR

SUBRCUTINE IFPTR({I)

INTEGER CCOMM(165)FLPTR(4).STURC(340)
COVMVCN COMMFLPTReSTURC. IERFL -
EQUIVALEANCE (STURC(1)+IST)+(STURC(2),1ST2)

EQUIVALENCE (FLPTR(I).IFWO)o(FLPTR(Z).IFET).(“FIX.COMN(IQ))’
+ (FLPTR(3) s ILWC) s (FLPTR(AQ)+ ILEBT) o (ICPT,COMM(20)),
+ (VEXWL,COMM(14))+(IOPW,COMM{15) ) (NFVBL,COMM(21)),

4 © (NWVBL.COMM(1€))
e+ePRCOLCE PCOINTER TO FIELD(1) CF MASTER RECORD
Cee s ROUTINE SHCULD RETURN FIRST WCRDe FIRST B8ITs LAST WORDs LAST BIT.
CeoeIN ARKAY FLPTR IN CCMWCN, IERFL IS 2 IF IT FAILS.
IP=IGVE(IST«04+0)
FFIC=NMFIX+1CPT
IF(I-¥FIX)100.100,11
11 IF(I-MFIC)15.,15.,200
CeeeCHECK TC SEE IF CPT. BLOCK IS PRESENT
1S IF(1P)201+,201,100
100 I[I=1+50
101 IFRST=CCVM(I!
ILAST=CC¥M(II
IF(IFRST~ILAS
102 IFET=16
RETURN
105 IFWC=1IFRST/1€2+1 - .
ILWO=ILAST/16+1 .
110 IFBT=1IFRST—{(1FWD-1)%*16
ILBT=ILAST-(ILWD~-1)%*16
RETURN
200 MFICI=NFIC+]
IF(I-VMFIC1)201+,2014210
Cee«COPS, TRIED TLC GET VBL FIELD
201 IERFL=2
RETURN
CeesLCCKING AT FIELCS IN VBL BLCCKe FIRST COMPe START WORD OF BLOCK
210 IVST=VEXWH+ICPw*IP+IGYVB(IST,8.14)
CeeoewHICH FIELD GRCUP

-1

)
41)
T)105,1054102

III=11/NFVEL
I1I1I=1I-111%NFVBL
IF(I111)215.215.,220
ITII=NFVEL
CeeeNOW IVST PCINTS TO BEGe OF GROUP OF FIELDS
CeeslIll PCINTS TC wWHICH FISELD IN THE GROUP
220 KCPT=VMFICI+II1I+50
IVST=(IVST+ITIXNANVBL)X16
IFRST=COVM(KCPT)+IVST
ILAST=CCVMM(KCPT+1)~1+4+1VST
GO0 TC 108
END
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% IPVEB 1GVB

ENT IGVvB
ENT 1PVB
* CALL K=IGVE( IwDs IF, IL)
* RETURNS THE VALUE CF BITS IF THRU IL INCLUSIVE

IGve DC *—%
LOoX Il IGv8
LD 11 1 - GET FIRST BIT POINTER
A StL
STO SLA SET UP SHIFT LEFT
LD FIFTN SET UP
S 11 2 FOR
A 11 3% SHIFT
A SR TO THE
STO SRA RIGHT
LD ITL 0 LD wWORD wWITH DESIRED BITS
SLA NOP
SRA NOP

MDX L IGVB.£3

esc 1 IGVE
* CALL K=IPVEB(IVAL,IWD, IF,IL)
* RETURNS THE VALUE GF IwD WITH BITS IF THRU IL
* REPLACED BY IVALe. IWD IS UNCHANGEDe.

IPVE DC . x—%
LDX 11 1IPVB
LD I1 1 LOAD WCRD TO BE FILLED
STO IwD
Lo I1 2 LOAD FIRST BIT POINTER
STG IF
LD 11 3 LOAD LAST BIT POINTER
STQ IL
LD FIFTN SET upP
S 1L LENGTH CF
STO RT RIGHT SHIFT.
LD 14 18 SET upP
S iF SIZE
A ONE OF
STO SIZE BIT STRING.
LDX 2 16 SET XR2 TO USE IN ERR CHECKe.
LD I1 © LOAD VALUE TO BE PUT INe.
STO 1VAL
SLCA 2 CHECK
LD SIZE MAGNITUDE
S L 2 . OF
BNN oK IVAL «
CALL ERR IF IVAL TO0O 81G BRANCH
0C K36 TO ERR ROUTINE, THEN RETURN
LD é;n CRIGINAL VALUE QOF IwWDe
8 T
* IF ERRCR CHECK IS NOT WANTED TAKE QUT FRCM
* LDX 2 16 TO HERE
* IF ERR RGUTINE IS USEDs THE ABQOVE ASSUMES
* CNE ARGUMENT.
axK LD IwD LOAD THE WORD TO BE CHANGED
LDOX I2 RT XR2 USED FOR SHIFT CQUNT
SRT 20 ANY RTe HAND BITS 7O BE
* KEPTs PUT IN EXToe

LOX 12 SIZE XR2 USED FCR SHIFT TO ZERO
SRA 20 QUT BITS TO BE CHANGED
SLA 20
OR IVAL INSERT NEW BITS
LDX 12 RT XR2 USED AGAIN FOR SHIFT
SLT 20 COUNT TO GET RTe HAND BITS BACK
RET MDX L IPVBe4 SET UP RETURN ADDRESS
esc 1 iPve
SR SRA 0
SL SLA o
CNE oC 1

FIFTN DC 1S
IF DC *—%



oC
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cc

DC

0C
END
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*% INVRT

SUBRCUTINE IAVRT(IFIL,IPT,ISZ«OLDPT+NEWPT+MPT)
INTEGER CLCPTMPT(1)
INTEGER CCWMM{16S)+FLPTR({4)sSTURC(340)4BUFF(41)
CONNCN COMMNFLPTR,STURC, IERFL +BUFF
EQUIVALENCE (CC¥M(30),ICM30)e(COMM(I7).,ICM37)
CeeoIFIL IS THE FILE WHCSE INVERTELC LIST IS TO BE CHANGED
CeeeIPT 1S Tk PCINTER TC THE INVERTED LIST FOUND IN CATe OR DSC FILE
CeeelSZ 1S THE SIZE CF THE ARRAY MPT. CORRe TOC RECORD SIZE
CeoelLLCPT IS Ttc PTR VALUE TC EBE CHANGED
CeeoeNEWPT IS THE NEWwW PTR TO BE SUBSTITUTED FOR OLDPT.
IF CLCPT=0 wE ARE INSERTING A NEW PTIR.
CeeelF NEWPT=0 #E ARE ODELETING AN CLD PTRe
78 REAC(IFILYIPTI(NMPT(I)s1=1,182)
C0 80 1=2,1S52
IF(¥PT(I)-CLCPT)B80,85,80
80 CCONTINUE
KPT=MPT(1)
IF(KPT)82+:82:79
79 IPT=KPT
GO TO 78
82 IF(CLDPT)83+90.83
83 CALL ERR({S3)
IERFL=2
84 RETURN
Coee INSERTING NEW ENTRYe NEED ANOTHER BLOCK OF SPACE
CeooeCCVM(30) CR (37) POINTS AT THE NEXT AVAILABLE BLOCK.
90 K=IFIL-1
GO TO (91,S2)sK
91 KVAIL=ICM3O
. GO0 TC SS
92 KVAIL=ICNM3?
8S IF(KVAIL)33,832,100
100 WRITE(IFIL*IFLPT)IKVAIL
IPT=KVAIL
REAC(IFILYIPTIKVAIL
GO TO(101,102).K
101 ICMIO=KVAIL
GO TC 103
102 IC¥M37=KVAIL
103 CO 105 1=1.1ISZ
105 VMPT(1)=0
I=2
85 VPT(I)=NEWPT
WRITE(IFIL*IPT)(MPT(I)eI=1,41S2)
GQ TO 84
END
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ss IPFLD

s

SUBROUTINE I[PFLD(KeXsl

INTEGER CCMN(1ES5)FLPTR(4)+,STURC(340)
INTEGER Sl.¥ 2

CONMNMCN CCMMFLPTR(STURC,. IERFL
EQUIVALENCE (MFIX.COMM(1G))o(I0PT,COMM

(20 MFXW,COMM{14
(IOPW.COMM(15))s (NFVEL,COMM(2
IFe
1)

[¢ Ydoe
e (NWVEL +CCH¥M{16) ),
(FLPTR(3)<ILWD)

2 22 o M2eM 2

)

)
(FLPTR{1)+IFWC)(FLPTR(2), )
(FLPTR(4)+ILBT)+(S1.,STURC(1
MleM 1

))e
1))
T)e
+ M

CeeePUTS THE VALUE K CR X INTC FIELD I DEPENDING ON WHETHER
CeeoFIELD | IS 1€ BITS CR LESS OR IS 32 BITS.
CeeolIERFL IS 2 IF IT FAILS

C
CeeeGET MCRC AND BIT PCINTERS

[ Y Y™
& N=ow

20
21
25

EALL IFPTR(I)
IF(IFBT—=16)5+:599+,599
GO TO(10s SS)»IERFL
IF(IFWC—-ILWC)11,20,20
IF((ILWD-IFWC)*16+ILBT-IFBT-31)30412¢35
X
IF(IFET)14,14,15
STURC(IFwWD)=N2
STURC{ILaD)=M1
GO TC 25
I1 1S-IFET
STURC IFwD IPVB IGVE ¥2.,0411 +STURC IFWD +IFBT.1S
STURC IFwDE1l IPVB IGVE M2,1181415 +IGVB M1+04¢11 ,0.,IFBT-1
STURC ILWD IPVE 1IGVB M1+1181+15 +STURC ILWD +0.ILBT
GO TC 25
IF(IFBT-16)21+959,999
STURC(IFwWD)=IFPVE(K,STURC(IFWD).IFBT,ILBT)
GO TC(S859+59)+ IERFL

CeeeSET ERRCR FLAG IN RECORD
99

899
30

32
3S

S00
40

SI=IPVE(1+4S147+7)

RETULRN

K1=ILET -~ IFET + 17

IF(K1-=16)324+,40440

IF({K-2%2%xK1)404+,40+ 35

CALL ERR(37)

WRITE(1,500)K,1

FCRNAT(216)

GO TC S9

K2=1S-ILET
STURCI{ILWD)I=IPVB(IGVB(K,K2515)+sSTURC(ILND),0,ILBT)
K1=16-K1

K2=K2-1

STURC(IFWDI=IPVEB( IGVBIKK1sK2)+STURC(IFWD), IFBT,15)
GO T0 25

END
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*:IRLVL

FUNCTICN IRLVL M
REAL VAL (25)
- INTEGER TCRIT
INTEGER IVAL(S0)+CRIT(12),0P(8)
INTEGER CCMM 165 +STURC 340 +FLPTR 4 +STUR1,KARY 20
COMMEN CCMM,L,FLPTRSTURCSIERFLsCP3CRITeIVAL
EQUIVALENCE CCMM 21 L,1ICM21 o COMM 20 +ICM20 » COMM 19 LICM19
1A CCVMM 29 ,ICNM29 4 STURC 1 +STURL
CeeeRETURNS I CR 0 CEPENDING CN WHETHER THE CRITERION IS SATISFIED OR NQOe
Ceee¥ PCINTS TC CRITERICN DESCRIPTICN IN CRIT
Ceeo VAL AND IVAL HCLC THE CCMPARISON EXPRESSIONS
ECQUIVALENCE VAL 1 +IVAL 2
IF(VM-100)1+28+26
1 TCRIT CRIT ¥
KF IGVB TCRIT+045
KR IGVB TCRIT.6.8
KP IGVB TCRIT.1141S
KT IGVE TCRIT.9.10 £1
CeeoeFIRST GET VALUE CF FIELDe IF FIELD 1S NON-EXISTENTe. VALUE GOF
CeeoeFUNCTICN IS Qo If A NUMERIC FIELD, FIRST FIND QUT
CeeoeWHETHER FIELC IS IN MANDes CPTes VEL FIELDs OR VEL BLCCKe
MOFL=ICN1IS+ICN20O
IF KF=-IC¥19 30430.5
S ISF=KF-NMCFL
IF 1ISF 20.20.10
10 KSF ISF-ICM2S
IF KSF 40440450
CeeelS OPT BLCCK PRESENT
20 IF IGVB STUR14+040 25+25430
2S IF KR-6 28+26+28
26 IRLVL 1
27 RETLRAN
28 IRLVL O
GO TC 27
30 IF KR—6 31+26+31
31 X GFLD KF
GC TC 100
CeeelSF 1S THE SUBFIELD IN THE VBL FIELD
CeeelF VBL FIELD NCT PRESENT LENGTH WILL BE ZERO
CeeelK RETURNS AS LENGTH CF SUBFIZLD BUT NQT
Ce e eGREATER THAN PRESET LENGTH CF KARY
40 LK=20
CALL GVBLF(ISF+KARY LK)
IF(LK)28+28,300
CeeoFIELD IS IN THE GRLOUPS IN THE VBL BLOCK. CALCULATE
Ce««RECUCEDC PCINTER. GET NOe OF GRCUPSe. :
S0 KSF=KSF=KSF/ICNM21%[CM21
NGPS=GFLC(4)
GO TC 400
CeeeNOW GET CCVMPARISCN VALUE. FIRST CHECK THAT TYPE
CeeelS RIGHT, KT SRCULC BE 14+2+0R 3 FOR NUMERICe
100 GC TO(115.115+1206105) KT
10S CALL ERR(SS)
GG TC 28
Cee o INTEGER VALUE
CeeoeREAL VMCLCE VALUE
115 KP=(KP+2)/2
XX=VAL(KP)}
GC TC 200
CeooFIELLC EXPRESSICN. PCINTER INDICATES BEGINNING CF EXPRESSION
CeeseIN IVAL. EXPRESSICN FCRM IS AS FCLLOWS——AN CPERATION IS GIVEN
CoeeoFCLLCWEL BY EITHER A FIELD CR A NUMERIC VALUE. OPERATIONS ARE
Ceeeto—es*,y/ CCCEL AS 1+203s0R 4, RESP. IF THE OP. IS FCLLOWED BY A
CeesFIELD, THE CP CCCE 1S5 POSITIVE. IF A NUMERIC FOLLCOWS, THE QP IS
Cee e NEGATIVE. AN CP CF ZERO ENLCS THE ESPRESSIONe
Cee«EVALUATICN IS STRICTLY LEFT TO RIGHT.
120 XX=0.0
125 I0P=[VAL(KP)
IF(ICP)130,200,140
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Cee e NUNMERIC VALUE
130 1CPR=~1ICP
KP=KP+4
K=KP/2
XK=VAL{K)
GO TC 1SS0
CeeoFIELL VALUE
140 XK=GFLD{IVAL(KP+1))
KP=KP+2
1S5S0 GO TC(1554160+165+170).1ICP
188 XX=XX4+XK
GO TC 12S
160 XX=XX-=XK
GO TC 125
165 XX=XX%XK
GG TC 12S
170 XX=XX/XK
GO0 TC 125
Ceee COMPARE VALUES. NUMERIC
200 IF(X=XX)330e3225+340

Ce e e COVMPARE STRINGSe LK IS LENGTH FIELD STRING.

CeeoLENGTH CF TEST STRING IS IN IVAL{KP)
300 LT=1IVAL(KP)
IF(LK~LY)30S,310,310
30S LT=LK
310 TO 320 I=1,LT
IISKP+I
IF(KARY{I)~-IVAL(II))330+320+340
32C CONTINUE
325 GO TC(28426+26+426+28+26) «KR
330 GO TC(26+26+28+28+28426) «KR
340 GO TC(28+28+228+26+26426) KR
Cee«CHECK FCR FIELC IN EACH GRCUP IN VBL BLOCK

‘CeeeKSF SHCULC BE FRCM 1 TO ICM21e. ONLY CHECK EQUAL

400 KSF=KSF+1+NMCFL
D0 S00 I=14NGES
T IF{X-CGFLC(KSF))S00:+264500
S00 KSF=KSF+]ICM21
GO TC 28
END
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*% IRTRV

SUBRCUTINE IRTRV{ISW.I.KEY)
INTEGER HLskRh+RBUF(200) .LEBUF{200)
DATA LLsLHsHL 4+-+/32000432C0040.0/741IN71/
CeseaTHIS IS A BUFFER ROUTINZ TC ACCESS THE SET OF POINTERS PUT 0Oil FILE
CeeeBY SLECT ANC USED BY LISTM, ARRNGe STATS. KEY=1+2s OR 3 FOR
CeeeGETs FUT CR RETURN BUFFER TC FILE. BUFFER IS IN
CeeeTWwC PARTS FCR VMCRE EFFICIENT USE IN ARRNGe
GO TC(10+410+431).KEY
10 IF(LL-1I)12.15,30
12 IF(LH~1)3S+154.15
1S J=I=-LL+1
GO TC(20+2S)+KEY
20 LBULF(J)=ISw
GO TC S9
2S5 ISW=LELF(J)
GO TC SS9
CoeeoNEED NEW LCW BULFFER. PUT PRESENT ONE BACK FIRSTe
30 GO TC{32»31)+IN
31 wWRITE(S'LLILELF
GO TC(32+32.€0) KEY
32 LL=(1-1)/7200%200+1
LH=LL+19S
GO TC(34+33)+IN
34 HL=LL+2CO
FH=LH+200
33 REAC(9*LL)ILELF
GO TC(62+10) 1IN
CeeoNEED NEw HIGH BUFFERS PUT PRESENT ONE BACK FIRST
60 WRITE(SG*HL)IHELF
GO TC(E1+461565),.KEY
61 HL=(I-1)/7200%200+1
IN=2
HH=HL+18S
62 REAC(S*EL)IHBUF
GO TG 10
35 IF(FL-1)40,45,3C
40 IF(rH=-1)E0.45,45
4SS J=1-HL+1
GO TC(S0.55)+KEY
SC HBUF(J)=1ISw
GO TC 89
55 ISW=HEUF(J)
98 RETULRN

ENC
*0ONE WCRD INTEGERS
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*#% LADOCH

SUBRCUTINE LADCH

INTEGER ADVAN(10).,CHAR(40) )

INTEGER CCMM({165)+STURC(340)+BUFF(41)+FLPTR(4)
COMNMCN CCMVM,FLPTR.STURC. [ERFL 4BUFF
EQUIVALENCE(CCMN(27),1CNV27)

ECUIVALENCE (APRNT.CCMM(3S))

ECUIVALENCE (CHAR(1)+COMM(126))

CeeoePRCLCE A LIST CF PRIVME KEYS CF RECORDS IN CATEGORIES
1

S01

S
10

903

1)
60

904
65

70

905
SO

100
99

CALL ERRI(62)
REAC(6+901)1AN
FCRPATI(I)
IF(IAN=-3)
GO Ta (10
CALL ERR({
REAL (6490
FORNAT(13
KUMLI=AUM
NUM2=AUV
GO TC 60
NUM1=1
NUM2=ICM27

CC 100 J=NUM1sNUM2

READ 2 J IPNTDVMBR.ADVNYM

WRITE NPRNT»908 IPNT+NMEBRADVNM
FCRVMAT 1X+2144+1Xs10A2/

IF IPNT 100+1C0+.65

REAC 2 IPNT IPNT,ADVNM

00 S0 1 1,11

IF ADVAM I G0+490470

CALL RMASR{ACVAM(I))

P=GFLD(S)
N=GFLC({ &)
AN=GFLE(7)
KRITE(S.,905)V,
FORNAT(1X+312)
CONTINLUE

IF IPNT 100+1C0+695
CONTINUE

GO TC 1

RETURN

END

Sel
0+99) s IAN
)

NT

Se
S
60
JINUWV
)

Neo NN
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#% LEARF

SUBRCUTINE LEARF
INTEGER COMM(16S)+STURC(340), EUFF(60).FLPTR(4)
COMNON CCNVVWLFLPTRLSTURC, [ERFL sBUFF
EQUIVALENCE (APRNTCOMM{3S))
Ceeel IST FILES USEC FCR AUXILIARY PURPODSES
1 CALL ERR(S8)
CALL ERRI(59)
READ 64903 IFL
903 FCRWVAT I1
IFL IFL-S
IF IFL 949.5
9 RETURN
S IF IFL—-4 64641
€6 GO TG 600+700+800+9000 oIFL
0 CO 42 I=1,42
REAC(E*I)(EUFF(J)sJ=1,15)
WRITE(NPRNT«S10)(EUFF(J)+J=1e19)
910 FORMAT IX.15A2
42 CONTINUE
GO TC 1
700 CO 70 I 1440
REAC(7¢*1)BUFF
70 WRITE NPRNT,911 BULFF
911 FORMAT(1X+4(1S18,4/))
GO 1€ 1
800 CC 80 I 1.6¢
REAC(B'IN(RBUFF(J)ei=141 )
80 WRITE(NPRNTWSI2)(BUFF(J)eJ=1+10)
912 FORVMAT 1X4,10A2 .
Gg TC 1
9000 DO 20 I 1.S0
REAC(9*I)KALKE+KCHKD
20 WRITE S+500 KA4KB4sKCsKD
G000 FCRMAT 1X.4A2
G0 TQ 1
END
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**LISTW¥

SUBROUTINE LISTM .
INTEGER STl.CCLSL
INTEGER COMM(165)+FLPTR(4)+STURC(340)¢0P(4),CRIT(12)+IVAL(SO0),+SPTR
COVMNMON CCMN L FLPTRWSTURC S IERFLIOP4CRITSIVALSPTR .
EQUIVALENCE (STURC{1).,ST1).,{COMM(12S).,0CLSL)
CeooelLIST RECCRCS WHCSE POINTERS ARE IN WORKING SET
Coo.NEED«TC ACC FACILITY TO LIST SPECIFIC FIELDSe USE CRIT AND IVAL
IF(SPTR)Q,4,5
4 CALL ERR(57)
GO TC 99
S €O 100 I=1,SFTR

CALL IRTRV(ISCWC+142)
IF(ISCwC)10+,1C0510

1C0 CALL RNASR{ISCWD)
IF(STI-CCLSL)Z20+15+20

15 CALL ERR(6)
GO TO 100

20 CALL LSTWMR

100 CONTINLE

99 RETULRN
END
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*% LCCGP

FUMCTICN LCCCF(
INTEGER CCMM({16€
CCMNMCN CCMWNGFLF
ECLIVALENCE (CCN
LCCCP=C
IFFGF=ICNMIS+ICN2042
IG=CFLC(4)
IFLGP=IFFGF+(1C-1)*ICV21

LRC(24C)
(CCVMN(1S)+ICM19)s(CCMM(21)e1ICM21)

¥ (Nl 0t

I IF(IFLCF-IFFCF)S,.10,10
€ RETURA
1C IF(I1-CFLEC(IFLGP))2C.1S,23C
1€ IF(I2-GFLC(IFLGF+1))30+2C,32C
2C IF(I13-CFLC(IFLCGF+2))320+25+20C
25 LCCCGF=IFLGF

RETULRN
3C IFLGP=IFLCF=-1CNM21

CGC TC 1

ENC
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*% LPADYV

SUBRCUTINE LPAODV

INTEGER ADVSR(12) .

INTEGER CCNMM(16S5)+STURCI{340)+BUFF(41)+FLPTR(4)
COVMNCN CCMN,,FLPTR+STURC,. IERFL «BUFF

ECUIVALENCE (CCVMM(27),iC¥27)

EQUIVALENCE (NFPRNT,COMM(35))

EQUIVALENCE (IPNT,ALVER(1))

CeeolIST.CR PATCH CATEGCRY FILE
1

91
10

11

12
15
30
990
3S
96

S0
97

99
100

94
101
SS
202
201

CALL ERR(S56)
REAC(6+91)1

N2=N1

GO TQ 1S

Ni=1

N2=ICNV27

CO S0 I=N1.N2
REAC(2*1)ADVSER
IF(IPNT)S 050430
WRITE(NPRNTLS0)ADVSR
FCRMNAT(1X+2I4+1Xe10A2)
REAC(2YIPNTIALCVSR
WRITE(NPRNT+SE)ADVSR
FORNMAT(1X,1217)
IF(IPNT)S0e50+35
SRITE(NPRNT»87)
FORVAT(/)

GO T0 1

RETURN

CALL ERR{S1)
REAC(6,91)KK

CALL ERR{(50)

REAC{£+54)K
FCRVAT(I3)
REAC(2*K)ACVSR

GO TC{101,201) KK
WRITE(1+,S5)ACVSR
FCRNAT(21441X.10A2)
REAC(6+49S)ACVSR
WRITE(2*K)ADVSR
GO 70 1
WRITE(1+,56)ALVSR
CALL ERR(49)
REALC(E+94)IF«IVAL
ADVSR(IF)=IVAL

GO TG 202
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*% LPCQOM

SUBRCUTINE LPCOM
INTEGER COMM(16S5)+STURC(340),EUFF(41), FLPTR(Q)
COMNMCN CCVMV,FLPTR<STURC, IERFL » BUFF
EQUIVALENCE ANPRNT ,COMM 35

CeeelIST CR PATCH PARAMETER FILE
REAC(4°*1)CCwMWV

1 CALL ERRI(SE)
REAC(64909)1GC
909 FCRNMAT(I

N
[
m
~
5]
(1]
(9]
U
W
[(RE

100 CONTIANLE
CALL ERR(47)
CALL ERR(48)
REAC(6+91)Ke 1V
91 FCRNMAT(14)
IF(K)S4599.5
S CC¥MM(K)=1V
GO T0 1
999 WRITE(4°1)CCMM
RETURN
END



%% LP

Ceeoeol
1

901
2

S
10

906
908

11

15

902
16

90S
17
20
100
904

SS9
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CRS

SUBROUTIAE LPCRS
INTEGER €8B(30) .
INTEGER CCMNM{165)+STURC(340).BUFF(41),FLPTR(4)
CONNCN CCMMFLPTReSTURCs IERFL +BUFF
KCH.BUFF(2))

(KID«BUFF({1))el(

s {IANSBUFF(31))+I{KSTATBUFF(32)),
(KN+sBUFF (34) ), (KS+BUFF(35))

ol BUFF(4)¢1IBFA) s (BUFF(S)sIBFS),
(BUFF (&), (BUFF(7)+IBF?7)+(BUFF(8)4+1BF8),
(BUFF(9),

IST CR PATCH CESCRIPTQC
CALL ERR(56)
REAC(6,901)IAN

FCRNAT(I1)

959) s IAN

NCLUSIVE RECORD NOS. IN 213°¢)
READ(

IBF3+042)
3 23+8)

v (IBF3 +9+15)+IGVB(IBFS 20e¢1)e7,13)
KS=1IGVR

KCC=IGVB(IEBF4 »10.
KDT=IGVB([EFS vOo
KNUMN=IGVEB(ISFS 8
Oe

ol

L

12

°
e
20,15
¢

F

KMX=IGVE(IEF6 .
KH=1IGVEB(IBF& 8
KINST=IGVB({IEF?
JAN=IGVB(IEFE »
KINST= IpVB(IAh.KI'S 2)

KBLCG=IPVEB(IGVB(IEF? 3s15)4IGVB(IBFB 2002)40,12)
KRQOCM=1PVB{IGVE(IEFSB 341S).1GVB(IBF9 +0e2)4+0+12)
KEX=IGVE(IBFG+3+1S)

WRITE(S¢S02) I o KIDSKCHIKSTAT ¢KDsKNoKSsKCCoKOT o KNUMKMX s KHoKINST,
+ KBLDG+KRCCVMLKEXS(BUFF(J)$J=Ge29)
FORNAT(/1Xe1316+2A2,16/01X38A2:2Xe8A2+2X+5A2)
REAC({3*KCH)CE

wWRITE(S,905)CE

FORNMAT(1X,1S1€&)

IF(KIC)20+,20,417

KCH=KID

GO TC 16

CONTINUE

GO 10 1

CALL ERR(44)

REAC(E+S04)IRsIWS IV

FCRNAT(316)

REAC(3*IR)CE

CBlIw)=1V

WRITE(3*IR)CEB

GO TC 1

RETURN

END

1
*
]
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¥ LPINX

SUBRCUTINE LPINX
INTEGER CCVMM(165)STURC(340), BUFF(AI) FLPTR(A4)
CONNMON CCNH.FLPTR.STURC.lERFL,SUFF
EOQUIVALENCE (CCNNM(7),1ICM7)
ECUIVALENCE (NPRNT.COMM(35))
CeeolIST CR PATCH NMASTER INDEX
1 CALL ERRI{SE)
READ(64930)LAN

930 FCRFMAT(I
GO TC(10,100,559)+IAN
I= ICv?

1
L[ ]
10 0O SO 1
REAC(S*I)INN NN JANN, ISWIAKEY
IF(NMN)T727.50.727
727 wWRITE(NPRAT»GCOI I NN NN¢NNN, ISW,NKEY
90C FORNMAT(1X14+1Xs 3I3e2Xe 166 17
SO0 CCANTIANLCE

)
1
L ]
N

GO TC 1

100 CALL ERR(43)
REAC(6+¢90S)MeN

805 FCRNAT(213)
IF(M)101+49G69,101

101 CC 150 I=1.,1021 -
READ(S*IINMM 4NN ANNs ISCWD o NKEY
IF(V=-¥M)1504110,150

110 IF(N=AN)1S0e1€041S0

1S5S0 CONTINUE
WRITE(14506)
906 FCRVMAT(*NCT FCUND?)
GO TC 100
160 WRITE(1+SO07INNANANNGISCWD ,NKEY
907 FCRNAT('RCRDC CURRENTLY®*/313+2Xe [6s[7¢3X+*TYPE NEW RECORD DIRECTLY
+ UNDERNEATH?'/)
REAC(6+:S08) MV ANNsNNNe ISCWC o NKEY
Q08 FORNAT(313+2Xs 16+17s)
WRITE(S*IINNSANGNANL ISCWECJNKEY
GO TC 1
999 RETURN
END



*ELPV

Ceeel
10

802

600
803

6
4

200
2

CQQCF
3

901
SS
S03

1000
1200

807
210
2290
230

99
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R

SUBRCUTINE LPVMR

INTEGER FLPYR(4) .

INTEGER STURC(340).00LSL, COMM(lGS)-CHAR(#O).BUFF(lOO)
COMNVMCN CCMMFLPTRSTURC s IERFL 4BUFF

DATA DCLSL/*'sS/°*/

EQUIVALENCE (IDIV,CCMM(7))(CHAR(1)+COMM(126))+(IFRS,STURC(1)},
+ (ICV1IS+COMM(138))e(ICH20,COMM(20))4(BUFF{1)eIFLTRI),
+ (ICMN29,CCMM(29)) e (ICM21+COMM(21)) e (COMM(16)sICM16)

EOUIVALEBCE (NPRNT S CCMM(35)) .
IST CR PATCH MASTER RECORD

IERFL=1
CALL ERR(S6)

GO TC (7;
(o
1
)
0
{
e
o)
0
I
0
F

L]

L]

-

p 3]

[]

—
N ~e v Pre | ~e
DI~ N=DD

(
ISwW=1G6V8(
IF(K)64+64.4
CALL ERR(7)

GO 7O 10

CALL RNASR(IPTR,L3)
GO TC(200+10)+IERFL
IF(IFRS-CCLSL)3+2+3
AN=STURC( &)

GO TC SS

IRST PRINT CUT SECTOR, WCORDs AND VBL FIELDS
WRITE(NPRNT+G01)ISCeISW
FORMAT(1X+214)

CALL LSTVR
GO TC 1000

meNe WOe ~lull—=—=N PNy

VUV Nwrrari—e
*

hRITE(l.GOB)h.STURC(9) STURC(IO)
FORVMAT(*FREE AREA *,318)
GO TC{1041200)sILP

CALL ERR(41)
READ(6.+.802) ILP

CALL ERR(40)

REAC{6+4807) IFW,IVAL
FORNMAT(13,16)

GO TC(210+220)s1ILP

CALL IPFLO(IVALXesIFW)
GO T0 23¢

STURC(IFw)=1VAL
CALL wMASR(IPTR,.0)
ILeP=1

GO TG 2CO0

RETURN

END
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*¥LSTMR
SUBRCUTINE LSTVMR

INTEGER CCMM{16S)+FLPTR(A4)+STURC(340)+BUFF({ 67)sCHAR(40)

COMNMCN CONVNLFLPTRSTURC, IERFL 4 BUFF

EQUIVALENCE (CHAR(1),CCMM(126))
- EQUIVALEACE (XD!V.CONN(?))-(CFAQ(!)-CONM(126))-(IFRS.STURC(I)).

CICH1IG,CCMM(19) )+ (ICHM20,COMM{20)) e (BUFFI1)eIFLTR)
(ICVM29.COMM(29) )+ (ICM21,COMM(21))+(COMM(3S)+NPRNT)

CoooLIST THE MASTER RECCRD CURRENTLY IN STURC

N=GFLC (3)

KL=67

J=1

76 CALL GVBLF{J.BUFF,.,XL)
IF(IFLTR~16448)78+77.78
78 MRITE(NPRNT 2905) (BUFF(I)es1=14KL)
90S FORNAT(1X.,80A1)
77 J=J+1
IF(J-ICM2G)76+76+300
CeeeNCW PRINT MANDe AND 0OPTe BLOCKS
300 J=1
IC=1ICV19
KK=10
12 IF(KK-IC)1551Ss11
11 KK=IC
J=J+1
1S 11i=0
DO 20 I=KeKK
I1I=11+1
20 BUFF(I1)=GFLOC(1}
WRITE(NPRNT LS00
Q00 FCRNMAT(1X,101I8)
KK=KK+10
K=K+10
GO TC(12:25+12:35)eJ
CeeeSEE IF CPTe BiLCK IS PRESENT
25 16=GFLC(1)
IC=ICMIS+ICN2C+]
IF(IGVB(IG+040))35+35+30
30 J=3
K=ICM1G+1
KK=K+S
GO TC 12
3S CONTINUE
CeeePRINT CLT EXPERIVMENTAL REAL FIELD
2=GFLLC(27)
WRITE NPRNT G606 Z
QO0E FORVNAT 1XeF10e5

)
J(BUFF(I)s1=1e11)
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*XLSTMR

SUBROUTINE LSTMR

. INTEGER CCMM(16S)+FLPTR(4Q)+STURC(340)sBUFF( 67)+CHAR(40)
COVMNMEN CCVMFMJFLPTRWSTURC, [ERFL ¢« BUFF
EQUIVALENCE (CHFAR(1),CCMM(126))
EQUIVALENCE (ICIV.COMVM(7))e(CHAR(1).COMM(126))+{IFRS+sSTURC(1))»
+ (ICM1G,COMM(19) )+ (ICH20.COMM(20))e(BUFF(1)IFLTR),
(ICMN29«COMM(29) ) (ICHM21,CCMM(21) )+ (COMMI3S) «NPRNT)
C.ocLIST THE MASTER RECCRD CURRENTLY IN STURC
N=GFLC(3)
KL=67
J=1

76 CALL GVELF({J.BUFF,.KL)
IF(IFLTR-16448)78.,77,78
78 WRITE(NPRNTSOS)I(BUFF{1),1I=1,KL)
80S FCRNMNAT(1X+80A1)
77 J=J+1
IF(J-1CM2T)T7€.,76,300
CeoeeNOWw PRINT NANC. AND OPTe EBLCCKS
300 J=1
IC=1CV;19
K=}
KK=10
12 IF(KK-IC)15+15,11
11 KK=IC
J=J+1
1S 11=0
B0 20 I=KeKK
II=11+1
20 BUFF(I11)=GFLC(I
WRITE(NFRNTLGCO
900 FCRNMAT(1X,1018)
KK=KK+10
K=K+10
GO TC(12+25+12435)+J
CeseSEE 1IF CPTe BLCCK IS PRESENT
2S5 1G=GFLC(1)
JIC=ICM19+ICM20+1
IFCIGVB{IGs04+0))35+,35.,30
30 J=3
K=ICM1G+1
KK=K+9
GO TO 12
35S CONTINUE
CeeePRINT CLT EXPERIVENTAL REAL FIELD
2=GFLC(27)
WRITE NPRANT.SC6 2Z
907 FCRNAT 1Xe4F10.5
CoeePRINT CUT VBL CRCUPS
CeaoeFCRMAT LUSELC HERE IS LOCAL
Cee«sGET NULMBER CF CRCUPS IN VEL BLOCK
NGPS= GFLC(4)
IF(NGPS)10C0.1000450
CeesICN¥21 1S NCe CF FIELLCS PER GROUP
CeeeJ IS FIELD NUMBER POINTER
S50 Ju=IC
ICK=ICNV21-~1]
IC3=1ICV;=%*3
DO 100 I=1,NGFS,3
KK=1
- DO 80 L=1.3
CO 70 K=1,1ICW¥
BUFF(KK)=GFLC(J+KK)
70 KK=KK+1

)
J(EBUFF(I)eI=1,11)

80 J=J+1
RRITE(ANPRAT,LG02) (BUFF (K «KK=14 IC3)
Q02 FORFAT(1X,3(214+A1:316, ))
J=J+IC3

100 CONTIANLE
1000 WRITE(APRNT,.S10)



4

S1C FORNAT(//)
RETURN
END



%% NUMER

SUBRCUTINE AUMBR(LINEZI«X.,ITYP)
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INTEGER LINE(78)+CONMM(16S)+FLPTR(4)«STURC(340).0P(4).PLUS,

+PER

COMNMON CCMVM.FLPTR.STURC, IERFL,.QP

ECUIVALERCE(FPLUSCP(1))+(MINUSsCP(2))+(COMM(164) +PER)

EQUIVALENCE

(CCMM(132)KELNK)

Cee o CONVERT A STRING CF CHARACTERS TO NUMERIC VALUE. IGNORE LEADING BLANKS

Ceeel IS CCLUMN CF LINE TO START EXAMINING.

CeeoeCF LAST CHARe

L=-1
K=1
iP=1
SIGN=1,0
SUM=0,0
PSUN=0.0
ITYP =0
2
8 K=K+1
GO TC 2
3
4
S SIGhN=-1.0
7 K=K+1

CN RETURN I IS COLUMN

CF NUMBERe VALUE IS RETURNED IN X.

IF(LINE(K)=-KELNK)3+843

IF(LINE(K)=-NINUS)S&+S4
IFILINE(K)=PLUS)E 7,6

CeeeCHECK FCR PCINT

6 LI=LINE(K)

IF(LI-PER)1S+50+15

Ces o EXTRACT Ci
1S 1Z=IGVE

(
S
20 IZ=1IGVE(
)
)

25 GO TC(2
26 1Typ=2

RETURN

30 SUM=SUNM%10.0+12

iP=2

GO TQ 7
SO0 K=K+1

LI=LINE(X)

1P=2

I1Z=IGVEB(LI+0+3)

1
5SS 1
1
60 2z
)
L=L-1
1TYF=1
GO T0 SO
20 X=SUM+PSUM
X=X*SIGN
[=K~1
RETURN
END

F{IZ-15)25+SS+25
Z=IGVB(LIebs+7)

F(IZ-5)60+60+25
=12
Su

N=PSUN+Z %10 0%*L
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** MQD

SUBROUTINE MCC(KeIQs IR, ICIV)
Ceee¥ODULLUS FUNCTICN FOR HASHING. 10 IS QUOTIENT OF K/IDIVe IR IS REM.
I0=K/IC1IV
IR=K—-IC*IDIV+1l
RETURN
END

*% MCODX

SUBRCUTINE NCDX(XeI1QeIRLIDIV)
Cee+REAL VCDE FCRM CF MCD

I0=X/1ID1v

X0=1aQ

IR=X—XC*IDIV+140

RETURN

END
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% PCLST

SUBRCUTINE PCLST(XPsleJeTXP)
- INTEGER LP1l,,RP1

INTEGER XP(80)+RP+PCNT,TXP(80)

INTEGER CCVMN(16S) .FLPTR(4)4STURC(340)+BUFF(41)

COMNMCN CCMNMGFLPTR«STURCIERFL 4 BUFF

EQUIVALENCE (CCMM{34)KARD)+(NPRNT+COMM(3S))
CeoeTHIS FCUTINE SCRTS A STRING RZPRESENTING A SBCOLEAN ESXPRESSION
Ceee INTO CRCER SUCH THAT THE ATCMS AND PARENTHESIZED GRCUPS
CeeeCCM¥E FIRST IN THE SAME RELATIVE CRDER FCLLCWED 8Y THE
Cee e CPERATICN CCOES IN REVERSE CRDERe ( IS CODED AS 0.
Ceee) IS CCCEC AS -1. & IS CCDED AS =2 AS -3,
Ceee THE ATCMS ARE PCSITIVE NUMBERS REPRESENTING CRITERIA DESCRIBED
CeeeIN CRIT,

NGM=1

S NGMIN=J

IPREV=1
NSCRT=1
I1=NGM
IF(XP(II))1
1 IF(XP(11))7
1 RP=11

GC TC SO
Co.éFIhD BALANCING RTe PARENTHESIS

o]

Q2
1.1

thom

ITI=11+1
PCNT=0
21 IF(XP(I11)+1)24.22424
22 IF(PCNT)26423428
23 RP=I11
GO TO SO
24 IF(XP(II11))27+,25.27
25 PCNT=PCNT+1
27 111=111+1
IFCIT1-U)21,21426
26 CCNTINUE
CALL ERR(3S)
RETURN
28 PCNT=PCANT-1
GQ TIC 27
SO0 IF(IFREV)S5:55,70
SS LP=1l1
DO S00 LL=LP1,RP1

S00 TXP{LL)=XP{LL)
ID=RP-LP
IDJ=LP1I+ID
KK=LP
DO 400 LL=LP1,1IDY
XP(LL)=XP(KK)

400 KK=KK+1
I1D=RP1-LP1
10J=RP-1IC
KK=LP1
DC 300 LL=ICJ+RP
XP{LL)I=TXP{KK)

300 KK=KK+1
KK=LP1+RP-LP+1
IF(NGVNIN=-KK)ES+65460

6C NGMIN=KK
65 NSCRT=2
LP1=RP
: RP1=RP
70 II=RP+1
GO TC 74
71 LPI=]1
RP1=11
IPREV=-—1
11=11+41
24 IF(I11-JU)8.8,7S
75 GO TC (85.80)sNSCORT
‘80 NGM=NGMINMN
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%% PVELF

SUBRCLTINE FVEBLF(ISFLD+KARY«N)
INTEGER KARY(1l)
INTEGER CCNMV{1ES),FLPTR({(Q)+STURC(240)
COVMNGN CCMNMFLFTRWSTURC. [ERFL
EOUIVALENCE (STURCI(1)41ST)
ECUIVALENCE (CCVNM(1S),ICM1S)(CCVMVM(14),1ICMLAQ)
CoeeoISFLLC IS THE NCe CF SUBFlcELL TC FULT INe KARY IS ARRAY HCLDING
CeealT, N IS nCe CF WCRCS IN SUEFIELC NOT CCUNTING HEADERS
CeeeSEE IF VEL FIELLC IS PRESENT
IV=IGVE(ISTsls1)+1
CeeeCET WCRL PCINTER TC VEL FIELC PCSITICN
ID=ICNM14+4ICVE(ISTs0+0)*iCNMiS+]
LVF=GFLC(2)
GO TC(SO0.1C)sIV
CeeelS THERE ALREACY SUBFIELC ISFLC IN VBL FIELD
1C LVEL=IC+LVF
12 IHC=STLRC(IC)
IS=IGVE(IRC+Cs7)
IL=IGVE(IFLC,E,L15)
IF(IS-ISFLLC)1S+25415
1€ ID=IC+1IL
IF(KTS-LVBL)12+20,20
2¢C IDIF=N
GG TC 20
Cee o FCLANLC SLEFIELC
2S IDIF=N-1IL
IF(IDIF)2C«3S,30
30 CALL SHCVZE(ICL.ICIF)
GC TC(2141C0)sIERFL
CeeoCHANGE LENCTh FARAMETER FCR VEBL FIELD
31 CALL IFFLC(LVF+ICIF+X+2) ’
CeeeFLT IN SLEFIELC
STULRC(IC)=IFVE(N+1,1HC+8,15)
35 IS=1C+1
DC 40 I=1l.N0
STURC(IS)=KARY(1I)
4C IS=1s+1
10C RETLRN
END
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GO TC S
CeeoeNOW INVERT ORDER FROM NGM TO J POSITION

8S CCNTINUE
NGV IN=NGWM
zJ:NGNlNO(J-NGNIN)IZ
DO 200 K=NGVMINJJ
LLL=J-L
LL=XP(K)
XP(K)=xXP{tLLL)
XP(LLL)=tLL

200 L=L+1
RETURN
END



** 0
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SUBROUTINE Q(II+LLFsICNTLLINE)

CeeeGIVEN II AND LL AS BOUNDS CF PARTITION
CoeeeTHE PARTITICN 1S PARTITICNED

C.‘.F

75
80

RETURNS AS PARTITICON POINT

REAL VvL(10)

INTEGER CP(&8).CRIT(12)

INTEGER AVL(10).,8vL(10)

INTEGER LINE(20)eF+COMNM(16S).FLPTR(A),STURC(340)
COMNMON CCMMFLPTR+sSTURC, IERFL

CONVON CPLCRIT .
ECUIVALENCE (CCVMM(20)oICM20) 4 (COMM{29)ICM29)4(COMM(13)4+ICML13)
EQUIVALENCE (CCMM(132),KELNK)

VOFL=ICNM134ICN2C

VOVFL=NCFL+ICN29

I=11

L=LL

F=11

IFLAG=1

CALL IRTRVI{ISCWC.I.2)

CALL RMASR(ISCwD)

CRIT(2)=CRIT(2)+1

1P=1

00 100 N=1sICAMNT

NF=LINE(N)

IFI(NF-VMCFL)7S,75.80

VLINI=GFLO(NF)

GO TC 100

GO TC(8S»,100),1P

CeeeIP IS USED TC INSURE ONLY 1 STRING FIELD IS USED FOR SORT

85
S0

S3
85

98
100

400

150

1SS
160

161
162

165

170
17S

180
200

210

NF=NF-VCFL
IF(NF=-ICM29)S0+90+100

LK=6

CALL GVELF(NF4AVL LK) .
IF(LK-6)63,98,98

LK=LK+1

CO SS MV¥=LK,.6

AVL (MV)=KELNK

IP=2

CONTINUE

AR=L

NRR=1

CALL IRTRV(LSCWD.NRe2)

CALL RMASRKR(LSCWE)
CRIT(2)=CRIT(2)+1 - .
IP=1

DC 200 N=1,ICNT

NF=L INE(N)
IF(NF=-VCFL)150+150+160
IF(VL(I(N)-GFLC(NF))1S1+200e155
IF(IFLAG)300.,200,200
IF(IFLAG)200+200+4300

LK=6

GO TC(161.200)1P

NF=NF-NCFL
IF(NF=ICNM29)1€241624200

CALL GVEBLF(NF,BVL,,LK)

IP=2

IF(LK-6)1654175.175

LK=LK+1

DO 170 MM=LK.E

BVvL (MM )=KBLAK

DC 180 MN=1,6
IF(AVL(NMM)-BVL(MM)) 15141800155
CONTINLE

CCNTIANUE

IF(IFLAG)210+42104220

I=1+1

ANR=1

GO TC 230



220
230

148

L=L-1
NR=L
IF(L=1)G99+959,400

Coeose INTERCHANGE

. 300

320

$98

CCATINUE
CRIT(1)=CRIT(1)+1
CALL IRTRVILSCWDsNRRs1)
IFLAG==-1FLAG
IF(IFLAG)310+3104+320
I=1+1

F=L

NR=1

NRR=L

GO TC 230

L=L~-1

F=1

NR=L

NRR=1

GO TC 230

CALL IRTRV(ISCwWDsF,o1)
RETURN

END
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&% PYCAL

SUBROUTINE PTCAL(NSW.LNXSW)
CeeeNSH IS A SECTCR/WORD BLOCK PQOINTER
CeeoNXSW ILL BE THE SEC/WD POINTER L WORDS FARTHER ON IN THE DISK

NS=IGVB(ANSw,C,11)

NW=IGVE(NSw,124.15)

JENu+L/20

JJI=J/16

NXS=NS+JJ

NXw=J-16%J)

NXSw=IPVEB(NXS+NXWs0s11)

RETURN

END

** RCATC

SUBRCUTINE RCATC
INTEGER CCMM({16S5).FLPTR(4)+STURC(340),BUFF(41)
COVFCN CCMM,FLPTR+STURCs IERFL +BUFF
ECUIVALENCE (KARDL.CCW¥M{34))
CeeeREAD CATEGCRY CARD
CeeADVISCR NCe IN BUFF(1)
CeeeADVISCR NANE IN A2 IN BUFF(2)-(11)
CeeeEQD FLAG IN Al IN BUFF(41)e USE ¢%¢
1 REAC(KARC+900){BUFF(I)esI=1411)+BUFF(41)
G0C FCRMAT(I3.T10+10A2,T80,A1)
RETURN
END
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%% RDOSCC

SUBRCUTINE RCSCC

INTEGER FIELC(1S)

INTEGER CCMN(16S5)FLPTR(4)+STURC{340).,BUFF(41)

INTEGER EBUFF2,8UFF3.BUFFS.EFFL10

COVMON CCMM,FLPTRSTURC IERFL +BUFF

EQUIVALENCE (BUFF(2)+BUFF2).(BUFF(3)+.BUFF3)+{BUFF(9)+BUFF9),

+ (BUFF(10),8FF10)

ECUIVALENCE (XARDCOMM{ 24))

EQU. VALENCE (BUFF(41).KEST)+(BUFF(8).KDAT)
EQUIVALENCE (KC.BUFF(4)) KID+BUFF 1
ECQUIVALENCE (KN BUFF(S)) s (KS,BUFF{6})

DATA FIELC/ 164160346390 8960808:8+807+16+16+137

CATA KCASH/ =4/
CATA KAST/*%x%/

CeeeREAD A DESCRIPTCR CARD
1 READ(KARD.9OO)(EUFF(I)0I 4¢8)+(BUFF(I)+I=11+1S)+s{BUFF(1)+1=16,36)

900

Lol ad
N~-0o

25

27
30

eKEST
FORNMAT(6XsT28+12eT3S5+I33A1412:TSSeI39T41,411eT53,1I2:T750A2,A2,T27
I1eT748A2,TS8:8A2:T42,5A2,T804A1)
IF(KEST-KAST)IO.39-IO
IF(KEST~KCASH)114,20,11
CALL ERRI(1)
CONTINULE
CALL SsTACK
GO TG 1
CONTINUE
BUFF2=0
BUFF3=0
BUFF9=0
IF(KDAT=400)25+25627
KDAT=KCAT-1S0
GO TC 30
KODAT=KDAT-470
KID =IPVE(KDs0+0eS)+KNHKS
BFF10=200

CeeeNCW PACK FIELLS
CoeeBUFF (1) £ (2) ALREADY SET UPe

C

110

120
121
125

130

OOOP
110¢
1110

33

KCNT=32

IFLC=3

KS=IPVB{IGVE(KS+0+7)+40+8415)

IFRST=KCAT

K=BUFF(IFLD)

ILAST=KCAT+FIELD(IFLD)-1

KCANT=ILAST+1

IFWD=1FRST/16+1

ILWC=1LAST/16+1"

IFET=IFR“T~(IFwWD-1)%16

ILBT=1L :T—-(ILWC—-1)*16

IF(IFWD—- LwD)130,120,120
BUFF(IFWE)=IFVEB(K BUFF(IFWD), IFBT. ILBT)
IF(IFLD-15)125+1100,1100

IFLC=IFLC+1

GO 70 110

K1=ILBT-IFEBT+17

K2=15-ILET
BUFF(ILWC)=IFVB(IGVB(K+K2+15)BUFF{ILWD)}s0,ILBT)
K1=16-K1

K2=K2-1
BUFF(IFWC)=1PVB(IGVBI{KK1+4K2)+BUFF({IFWD)IFBT.15)
GO TO 121
UT ALPHA FIELCS IN

CC 1110 [=16+36

BUFF (1-7)=BUFFI(1)

GO TC(39+12) +[ERFL

RETURN

END '
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% ROMDC

SUBRCUTINE RCVDC
INTEGER CCMM(16S).BUFF{41)sSTURCI340).FLPTR(A4)
COVNON CCNNFLPTR,STURC, IERFL  BUFF
EQUIVALENCE (EUFF(1)+sI1)e(BUFF(2)eI2)+(BUFF(3)e13)
CeeeREAD A NODIFICATICN CARD
I1=0
12=0
13=1S
K=I1CVM1G+6
READI(NCRC+900)(BUFF(I)eI=74K) .
S00 FORNAT(2134T76¢114T30011+sT284211+sT68+2114T31,212,T762,212,T738,213,

4+ 2184213 ¢I15120T760I1eTELleI14T7€E01I1)
BUFF(9)=0

GO 10 I=10,16

IF(EUFF (1) )10410+5

IM1=1-1

I1=IPVEB(1sI1eIM1,1IM1)
10 CONTINUE

D0 20 I=17,K

IF(EBUFF(1))20+2041S
1S IM1I=1-17

I2=IPVE (14125 IM1,1IM1)
20 CONTINUE

END
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% RECMV

SUBROUTINE RECVMV(ISCWD.K)
CeealSCWE IS THE CURRENT SEC/WD PLINTER TO RECOCRD
CeeasX IS RECCRD NOe CF INCEX ENTRY
CeeeCN RETURN ISCWwC WILL BE NEw PCINTER
INTEGER CCMM(165)+,FLPTR{4)¢S({10)+BUFF(41)+D0OLSL+SZMAS,
+ LSTCL(10)+MPT(30)+CSPTR{8)+STURC(340)
COVMVON CCMMLFLPTR,STURC, IERFL +BUFF
EQUIVALENCE (ICIV.COVMM(24))
EQUIVALENCE (CSPTR(1)}),ICP)

EQUIVALENCE (CSPTR(1).MPT( )

1)
EOQUIVALENCE (CCMM(28)41ICN28)
EQUIVALENCE (STURC(8)+IST8)» (STURC(9).+IST9)
EQUIVALENCE(SZPAS«COMM{3) ) { ICSCH+COMM(6) ) e (MFXF,COMM(13) ),
+ (NCFLCCCMM(21) )« ( ICPF+COVMM{20) )+ (IDATL,CONM(36)),
+ (IENDeCOMMI(1))e (INXF.COMM(2) ), (INCRM,COMM(18))

DATA DCLSL/'S/%/
IERFL=1
CeeeSAVE CLLC LENGTHe CALCULATE NEW LENGTH
LN=GFLD(3)
AN=LN+ [NCRNM
Cee o MAKE SURE LENGTH NQOT TCO GREAT
IF(AN=-320)1051045
S CALL ERR(38)
1ERFL=2
GO TO S99
CeeeSAVE 10 WCRDS CF STURCe FREE CLD AREA.
10 CO 11 I=1,10
S{I)=STURCI(I)
11 STURC(I)=DCLSL
CeeeSAVE PCINTERS FCR COLD AND NEW LCCATIONS
: KEWPT=1EZND
CeeeCALC PCINTERS
IENCS=IGVB(IENC,0,11)
IENCH=IGVE(IENC,12,15)
ISTE=LN
ISTS=INXF
CALL wWNMASR{ISCWLLLN)
Ce e «RESTCRE FIRST 10 WCRDS
DO 1S I=1,.,10
15 STURC(I)=S(1I)
CeeaPUT IN NEW LENGTH
CALL IPFLD NNsXs3
CeeoZERQ CUT THE NEW w0ORDS.
NI=LN+1
DQ 20 I=N1AN
20 STURC(I)=0
CeeoSET FREE AREA WCRDS
NI=AN41
AN=NN47
B0 30 I=N1leAN
30 STURC(I)=CCLSL
IF(IENCS-SZMAS+100)35,37,37
35S STURC(AN+1)=32000
GO TC 40
37 STURC(AN+L1)=(SZMAS~TIENDS-1)%320
40 STURC(AN+2)=0
STURCIAN+3)=0
CeeoePUT RECCRD CN CISK WITH 10 WORDS OF FREE AREA
CALL WwMASR(IENC,1)
GO TC(S50,45)9 IERFL
45 1ERFL=2
GO TC 989
S0 CCANTINLE
CeeeSAVE NEW PCINTER
ISV=1END
Cee s UPDATE [NCEX
REAC(5*KX)IC1,1C2,1ID3
WRITE(S*K)ID1,1D2,1C3.1ENC
Cee s ULPCATE FREE AREA POINTERS IN COMM
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IENDW=IENDW+AN/20
I=IENCW-16
IF(1)60+,5S5.55
SS IENCS=IENCS+1
- IENCW=I
60 IENC=IPVB(IENCS, IENDW,0,11)
INXF=1SCwD
CeesUPCATE CATEGCRY CHAIN
KADV=GFLC(ICM28)
REAC(2*KACV) IPT
CALL INVRT(2+.1PT412,ISCWDNEWPT,,¥PT)
GO TC(125+80)s IERFL
80 WRITE(1,G501)KALCYV
901 FORMAT(*CATEGe *s[4)
IERFL=1
125 CONTINUE
CeeeSAVE CCURSES AND CHAINS
Cee e CALCULATE FCINTER TC LAST FIELD
NFC=MFXF+ICPF+1
IG=GFLC (&)
IFELD=NFC+IG*NCFLL-1
Ceee IFELD SHCULLC HAVE NCe CF CATE FIELD IN LAST GROUP
118 ISwCH=1
ICNT=0
119 KDAT=GFLC(IFELD)
IF(IDAT—-KCAT)11254+1204+112S5
120 ICNT=ICNT+1
I1=GFLO(IFELC~S)
I12=GFLD(IFELC-4)
I3=GFLC(IFELC~3)
I13=IPVEB(I13+644047)
LSTCLCICAT)=IPVEB(I14I2+s0+S)413
IFELD=IFELC-ANCFLD
IFCICNT—10211G4119,122
122 ISwCH=2
1125 CONTINUE
DO 180 I=1,ICANT
KID=LSTCL(I)
CALL HSHF1(KID+IRsIDIV.2+CSPTR)
IF(IR)130+130.135
135 CCATINUE
IPT=1ICP
CALL INVRT(3+IPT,304ISCNCNEWPT,MPT)
GO TC(180,130)s IERFL
130 CONTINUE
WRITE(1.502)KIC
902 FCRMAT(®*DESCe *» 16)
180 CCATIANUE
GO TC(18S5+118)4ISWCH
185 CCATINUE
99C ISCwD=[ISvV
999 RETURN
END
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&% RWASC

SUBRCUTINE RMASC
INTEGER BUFF(41),COMM(165)+FLPTR{4)+STURC(340}),STUD(41)
INTEGER CHAR(40) .
COMNCN CCMM,FLPTR.STURC, IERFL ,BUFF
EQUIVALENCE (COWMM(19),ICNM19)
ECUIVALENCE (NCRD+COMM(34))s (KHSHeBUFF(39))s (CHAR(]1),COMM(126))
CATA KAST/*%t/KCASh/'=~4/
CoeeoeTHIS“READS A NMASTER CARD WITH DATA FOR MAND., BLOCK
CeeeAND FIRST VARIAELE SUBFIELDe THIS IS A LOCAL ROUTINE
K=ICM1ISG+1
00 S I=K,41
S BUFF(1)=0
CALL SAVE
10 READ ANCRC.90 179,180
90 FCRVMAT(T79.,241)
IF(IB80-KAST)2C+450420
20 IF(I79-KCASH)30+,40430
30 CALL ERR(1S)
CALL STACK
GO TQ 10
40 CALL RREAD
REAC(NCRC+900)STUD
CeeoeNEED TC NAKE FCRNMAT MATCH LCCAL CARDS
900 FORNAT(213+21A1+T2893119212¢11412:213:214,213,2(11,12)411)
BUFF (41)=STUC(41)
BUFF{S)=STUC(1)
BUFF (6)=STUC({2)
BUFF(7)=0
CeesBUFF(S) wILL BE SET = STUD ENTRY FOR PLACES WITH 3-FIELD ID NOe
Ceee BUFF(39) LSEC FCR NAME HASH
KHSH=0
CO SO I=3,15e2
S0 KHSH=KHSH+STULC(])
00 €0 I=31,38
60 BUFF(I-14)=STLUD(1)
BUFF( 8)=sTLC(26)
BUFF( Q)=STUC(24)

BUFF(10)=STLC(25)
BUFF(11)=0
BUFF(12)=0
BUFF(13)=STLC(27)
BUFF(14)=STUC{(28)
BUFF(1S)=STUC(40)
EBUFF(1€)=0
BUFF(25)=0
BUFF(26)=STUC (39}
BUFF(27)=0
BUFF(28)=0
CeeseNCw PUT NAME IN A3 FORM INTO BUFF(31) THRU BUFF{(37)

CeoeUSE BUFF(38) FCR WCRD COUNT FCR NAME

CALL AlA3(STUC+3+23+,BUFF,31,CHAR)
CC 70 I=1.21
I1=24-1
IF(STUC(II)-16448)80.70+80

70 CONTINUE

80 BUFF(38)=(11-1)/3
RETLRN

450 1ERFL=2
RETULRN
END
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** RMVEC

c...A

SUBRQUT INE RwvvVEBC

INTEGER CCNN(165)oFLPTR(A)oSTURC(BdO)-BUFF(Ql)

INTEGER SG(1E).8UFF7.EBUFF9,EFF40,BUFF8

COVMNMON CCMMFLPTRSTURC. IERFL +BUFF

EQUIVALENCE (COMM(6)+ICNHE)e(KARDCOMM{34))+(BUFF(7).BUFF7),
(BUFF(41)+KECC)+(BUFF(8)+BUFF8)+(BUFF(9)+BUFF9)

DATA IS/1/+KAST/*%x¢/

tcCrL RCUTINE TC READ CARDS WITH

CeeeCATA TC MCOCIFY GRCUPS AT END CF RECORD

10

GO TC (10450)61S
1$=2
ICV6=1

CeeeesREALC GRADE SYNECLS

800
SO
900
S2
60

70
99

CC 800 1=1,18

I1I=1+432

REAC({9*I1I)SCG(1)

BUFFQ=0
REAC(KARCsS00)(BUFF(1)s1=147)KEQD
EFF40=2
FORNMAT(2I3eT77+411+T728+12+T359130sA19T42,A2,T80sA1)
IF(KECD~KAST)S24+,99+52

CO €0 I=1,18
IF(SG(I)~-BUFF7)60+.70+60°

CONTINUE

CALL ERR(20)

CALL STACK

GO TO SO

BUFF8=1-9

BUFF7=5

RETURN

END



** RV

CeeeR
10
902
15

20

25
30

10C
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BsLC

SUBROUTINE RVELC
INTEGER BUFF(41)4STURCI
INTEGER BUFF7+8BUFF9.BUFF

340)+FLPTR(4),CONMM(165),5G(18)

.
COVMNCON CCMMGFLPTRWSTURC !

)

4

0

BUFFS.BUFF6+8FF10
RFL +BUFF
(
]
)
)

EQUIVALENCE (BUFF(41),.,KC EUFF(4)+BUFFA4)+(BUFF(10).,BFF10)
EQUIVALENCE (NCRD,COMM(Z v {BUFF{20)+SG{1))e (COMM(36)+ICM36),
+{EUFF(7)4BUFF7)+ (COMM(6) 4+ ICME)
6)

£
)
(BUFF(9) +8BUFFQ9
(BUFF(5)+BUFFS
DATA KAST/'x°/

OATA KXSr1l/
EADS A CARD wITH GROUP DATA
GO TC(104100)+KS

CALL ERRI(S)

READ{6,902) ICT

FCRNAT(13)
IF(IDT-400)1S+15,20
IDT=1IDT-150

GO 1C 2S

IDT=1IDT-470

DO 30 1I=33.50
REAC(9°*I1)SG(1-32)

KS=2

ICvE=2

BFF10=1IDT

ICM36=10T

CONTINUE

+
+ ¢ {BUFF(6)BUFF

Cee+s TESTS SHCULLC BE MADE TO BE SURE CARD IS RIGHT TYPE
CeeoeDCNT LET THIS PRCGRAM BE IN AN CVERLAY

900
2

120
125

READ(NCRC+S00){BUFF({I)eI=143){BUFF(1)sI=5,9),K0O
FCRNAT(213eT78411+3T28¢12eT3S5e¢134A1412:T42,A2.T809A1)
IF(KC-KAST)2+59+2

CONTINUE

DO 120 [=1,17

IF(SG(I)-BUFFI)120»125,120

CONTINUE

BUFF9=1

BUFFA=IPVE(BULFFS.BUFF6+,0+:S)+BUFF?

CeeoSECTICN CCCE MULST BE MOVED OVER TO BE ABLE TO FIT IN

C...a

BITSE FCR IPFLDe.
BUFF7=IGVB(BLFF7+047)

CeeoePUT IN ANY CTHER SPECIAL PRCCESSING NEEDED

99

RETURN
END
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*% SHCVE

SUBRCLTINE SFCVE(ICLT,L,ICISP)
INTEG=ER CCMM(1ES),FLPTR(4),STURC(240)
CCW™CN CCOCNMNFLFTR,STURCL,IERFL
ECLIVALENCE (STURC(1),1ST)
c EQUIVALENCE (CCMM(1S),ICVN1S),(CONMM(14),ICML14),(CCVMM(L16),ICM16)
ece
" CeoelCLUT IS PCINT AT WHICH SPACE 1S TO BE PROVICED. ICISP IS SIZE CF
CeeeSPACE. fb?QEhT LENGTH IS Le LA IS CURRENT ACTIVE LENGTHe
L=GFLC(3
LASICM144ICVICS*IGVE(IST+0+0)+4GFLC(2)+ICM1E6%XGFLD(4)
IF(L-LA-ICISF)20+50+50
2C IERFL=2
RETLRAN
SC LAI=LA+ICISF
N=LA=-ICLT+1 N
IFCICISP)&S 400,50
4C K=1
GC TC <5
4S5 K=-1 .
LA=ICLT ) .
LAI=LAI+ICISF
CC €0 I=1sN
STURC(LAL)=STURC(LA)
LAI=LAI+4K
LA=LA+K
€6C CCANTINLE
40C RETLRAN
ENC
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&% STATS

SUBRCUTINE STATS
INTEGER CCMM{16S)+FLPTR{(A4)eSTURC(3Q0)y0P({A8)sCRITI(12),IVAL(S50),
+ SPTRWLINE(1S)
REAL SUNM(3)eSSUM(3)eMAX(3).MIN(3)
CONNON CCMMFLPTReSTURC+ IERFLeOP«CRIT4 IVAL+SPTR
CATA KELAKKCNMAZY ¢, 0 0y
CeeeGATHERS STATISTICS CN RECCRDS PCINTED TO BY WORKING SETe.
CeeeSET IT GIVE STATS ON 1 YO 3 FIELDS
CALL ERR(61)
REAC(E+901)LINE
901 FORNMAT(1SA1)
J=0
00 10 I=1,15
L=LINE(Y)
IF(L-KBLAK)A4,4104.4
IF(L=-KCVNNA)S,L10.5
CALL FIELD(LINEIsNF)
IF(AF)1Se1547
J=J+1
LINE(J)=NF
IF(J=3)1Ce20,20
10 CONTINLE
1S IF(J)S9,56G9520
20 IF(SPTR)2S5+25+30
25 CALL ERRI(S57)
GC TQ S9
30 CCNTINUE
CO 35 I=1.,3
SU¥(I)=0.0
SSUM(I1)=0.0
FIN{I)=59G9F.0
35 MAX(1)}=-GG599G.0
KNT=0
€Ca 1060 I=1,SPTR
CALL IRTRVIISCWD+[.2)
IF(ISCwWC)}4a041C0440
40 CALL RNASR(ISCWD)
KNT=KNT+1
DO S0 K=1,4
X=GFLD(LINE(K))
SUM(K)=SL¥(K)+X
SSUM{K)I=SSUM(K)+X%X
IF(PIN(K)=X)454845,43
43 NFMIN(K)=X
4S IF(MAX(K)=X)4E7+5050
47 MAX(K)=X
S0 CONTINUE
10C CONTINUE
XNT=KAT
CO 110 I=1,.J4
A=SUNM(T)/XNT

ne

SD=SCRT(SSUM(I)I/XNT—A%A)
RRITE(1.902)LINE(]L)

Q03 FORNATI('FIZLC *,12.7)
WRITE(143C8)SUN(1)eAsSDeMAXII)IeMIN(I)

G904 FORMAT('SUN=!'4E13e6e2Xe 'AVE="?4E13e692X0°SeDe=?4E13e66¢2Xe*MAX=",
+ El13e6¢2X o' VIN=®E13e60/7)

11C¢ CONTINUE

99 RETULRN

END
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%% WMASR

200
220
201
211
212

213
202

206
207
210

SUBROQUTINE wWVNASR(ISWKEY)

INTEGER CCMVM(165),FLPTR(4)+STURC(340)
INTEGER GLPTR(4)+S(320)

CONMVMON CCMMFLPTRsSTURC, IERFL

EOUIVALENCE ({IF1+GLPTR(1))e(KSCI1+GLPTR(2))+(IF2:,GLPTR(3)),
(KSC2.GLPTR{4))+({S(1)+,STURC(1))
C...TH!S WwRITES THE MASTER RECCRKRD CURRENTLY IN STURC BACK
CeoeIF K=Y=0 EXACTLY STULRC(1)-(LENGTH CF REC)
CeeeTHE 10 NEXT WCRCS ARE WRITTENS

IS=IGVE(ISw.C,l11)
IN=IGVE(ISW.12415)

CALL DORIVE(IS.Iw)

DO S I=144
GLPTR(I)=FLPTR(I)

GO TC (2C0.210+210) ¢ 1ERFL
AWDS=GELT(2)+10%KEY
IF(KEY-1)201+2014220
NWDS=KEY
IRN=320~-1Iw%20
ISwCH=1
IF(NWCS)212.2
IF(AwWDS-240)2

10.21

13.21
WRITE(IF1*KSC1

0

0211
3.2134212
}s .

242024206

GO TQ 210
IF(AWDS~1IRN)2
IRN=N%DS
ISWCH=2
WRITE(IF1*'KSC1)I(STURC(I)+1I=141IRN)

GO TC(207+210)4ISwWCH

IRN=IRN+1
WRITE(IF2*KSC2)Y(STURC(I).1I= IRN;NNDS)
RETURN

END

ON THE DISK,
IF KEY=1 THE
WORDS WRITTEN=KEY

IS WRITTEN.
IF KEYeGTel THE NO.



APPENDIX E

PROGRAM LISTINGS FOR SCRIPT

The main programs for initializing files, adding new lessons to the
disk file, and polling the terminals are given first followed by the
subprograms.

The Tlisting for IPVB/IGUB is given in the listings for STRIPE. The
interrupt level subroutine, ILS@3, and the interrupt response and utility

routine, LMCC, are not listed here since they come from Logicon,Inc.

161
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%% INIT
INTEGER NESS(64).BUFF(64),28(20)+:2(S)
- EQUIVALENCE (ZEB(1)s2(1))
DATA LF+KR/ZC00A,20000D/7
DEFINE FILE 2(6400s1e¢UsN2)e1(100s32:UsN1):36(32,10,UsN6)

DEFINE FILE 3(648s SeUsNI)e48(48+20+sUsN4)+S{32:10,UWNS)
CeeoeGET CHAR CCULES
100 READ(2+,902)(NMESS(1),1=2,63)
902 FCORNMAT(E3AL1)
MESS(1)=62
CALL EBTTY(MESS.+BUFF(63))
D0 110 I=1,30

110 VMESS(I

(I1)s1=1,30)

S
SS{1)s1=2,63)
16)125+200,125
125 VMESS(
SsBLFF(64))
48)128+1264128
126 1F(NESS 6448)128,+,1274+128
127 KNT=

128 CCATINUE
129 CCATINLE
IP=65S-KNT
BUFF(IP)=LF
BUFF(IP-1)=KR
BUFF(1P-2)=4
00 130 I=1,10
I1=11-1
111=65-2=*1
130 MESS(II)=IPVEB(BUFF(III)+BUFF(III-1)+0,7)

150 WRITZ(6'K)(MESS(I)sI=1410)
200 DO 220 1=1,20
220 z8(1)=0
DO 230 I=1.+16
230 WRITE(3f1)ZP
DO 250 I=1.31.2
250 WRITE(S'I)ZE
Z(1)=10
Z(3)=0
2(4)=0
WRITE(6°1)2 .
CALL EXIT
END
7/ XEQ 1

*FILES(1+MESS) e (2+CCTBL)+ {3+ INDX) 9 (44PARTS)»(S+7CHR) +(6+SYSF)
012345678SHRELSCS+=%/ o
TIVE LIMIT

RETYPE RESPCASE

NOT IMPLENENTED

READY. TYFE IO

LOGGED CFF

TYPE 1 TC B=GIN

OUY CF RANGE

ID NCe IN USE

CAN®'T INTERPRET

%*
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% AOLSN

INTEGER NMSSNN(20)MESS(64).BUFF(64)
DATA LF+XR/Z000A,2C000D/
DEFINE FILE 2(6400+1,UsN2)e1(100,32,UsN1)46
DEFINE FILE 3(64+s SsUWN3)+8(48¢20sUsNG)+S(3
REAC(G6'1)1ITL,INDXPJKPDTRKPMSG
CINDXP=INCXP+1
K1=KPDTE+1
K2=KPNMSG+1
CeesPUT IN MNESSAGE VECTCR
15 REAC(2+922)MSSANM
922 FORNMAT(2014)

DO 20 I=1.20
K=MSSNM(I)
1F(K)30.,30s25

25 CONTIANUE
KPDTB=KPCTE+1
WRITE(2*'KPDTE)INMSSANM(L)

20 CONTINUE
60 TC 1S

30 L¥V=KPDTE-K1+1

CeesPUT IN DECISICN TABLE

READ(2+,3C0O0) IR IC

32+105UN6)
.

(
2¢10.UWNS)

900 FORNAT(214)
NREC=IR%1C
DO 10 I=1,.NREC
REAC(24+9C1)NS,NCMLIPTR
901 FORMAT(314)

S K=IPVB(NS+0s04S)I+IPVEBINCM10e658)+IPTR~1
KPDTB=KPCTE+1
WRITE(2*'KPCTE)K
10 CONTINUE
CeesPUT IN MCDLL NMESSAGES
S1 READ(2+502)(NESS(1)+1=2+,63)
902 FORNAT(63A1)
IF(NESS{(2)-23616)52+.100,52
$2 CO €0 [=2,61
IF{VESS(I)~16448)€0:55+60
5S IF(NESS(1+1)-16448)60,65+¢60
60 CONTINUE
I1=61
65 MESS(1)=1+1
CALL EBTTY(MESS.BUFF(64))
K=65-1
BUFF(K)=LF
BUFF (K-=1)=KR
BUFF(K-2)=4
I=(1+2)72
DG 7S L=1,.1
K=64-L
KK=6S-2%L
KKK=KK-1
75 BUFF(K)=IPVB(BUFF(KK)+BUFF(KKK)s0s7)
KPMSG=KPVNSG+1
WRITE(1*KPMSCGI(BUFF(1)e1I=33+:64)
GO TC S1
100 CCNTINUE
WRITE(3*INCXF)IR«ICsK2,K1, LMV
RRITE(S6*1)ITLINDXP,KPDTBKPM¥SG
CALL EXIT
N END
/77 XEQ 1
BFILES{1eVESS) e (2¢0CTBL)» (3 INDX)e(Q4:sPARTS) e (SeTCHR) e (65«SYSF)
1 6 3 9 2 7 q S 10 8 11

S W

WemNN SN
-t

S WN -
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SrmiybWN
St fut Bt oo () () et
bt b ot Pud L4
N=OoN&~NN

ZWEI UND ZWEl IST FUNFs NICHT WEHR

1) JA 2) NEIN

DU HAST RECHT. DO YCU WANT THE NEXT LESSON
DIESE IST VIERe XXXX

DIESE ISY FUNFe XXXXX

VERSUCHE BI1TTZE WIECER

ACHe DU LIEBERSLERNE ZAHLENe. VERSUCHE WIEDERe
DAS 1IST ALLES.

DO YCU WANT THE NEXT LESSON

THEN RECUEST MCOULE 2.

20 HELP NEECED



165

*% PCLL
lhTEGER TE(EQAE) e TP(1S+8)+ISYS(2C)eNOC( SCC)sSTATTIMELCEV,
CRAR(2C)
EXIEFAAL LEER :
CCMMEN TE+TF o ISYSMCC+STAT INTRoKNT+CEVLCHARSTINE
ECLIVALENCE (1SYS(1).1SYS1)
CeeeFILE CNE FCk MCCLLE MESSACES,
CeeeFILE Z FCR CECISICN TACLES

CeesFILE 2 FCR INCEX
CeooeFILE ™. FCR SAVINC FARTITICAS
CeeeFILT £ FCR TEACFEK FILES

CeeoFILE € FCR SYSTCM FPARANMETERS
CEFINE FILE 1(1C0+232sUsN1)s2(EACCs1sUsN2)32(EA+S,LoN3)
CEFINE FILE Q4(1€03s2+sUsN4)sS(2Z2s1CeUsNE)QE(32e1CeLsNE)
CALL FIRST
WRITE(1.,5CC)
SCC FCRMAT(*ENTER MCCULLE NCe IN I2°¢)
REAC(E,.SC1)1IC
SC1 FCRMAT(IZ)
CeeeREAC IN CHAR FRCM LCISEK ANC LCAC MOLULE
CeoeTHIS 1S TEMFCRARY
CALL LCN»CC(IL)
CALL LINIT(LSER)

3C CCATINLE
CALL LTIN:(T vE)

REACY ALREADY SET
: Ss€S,1CC
€S TFE(1 sbe

Lwa (T Al ~inIT (A~
n O DN

EC IT=T1

o

inhe

€S IF(IT-1
SC CCATINL

CALL ME €1
(1)
CoINTReITw1I)

W~ tn o~

OO =Me o (h il
T LT rarte =
MMM e TP

e
C
ss CC
F
S€ 1IF
GS? CA

1CC CCATINLE
11=1-1
IF(IGVE(INTR.II41II))11Ce11Cs1CE
1C¢E CEv=1I
CALL SERV
11C CCATINLE
CALL LUANMK
12C CCATINLE
GC IC 3¢
ENC

—e
o W
~Je
¢ (u
LN XS]

~ -t
~ 0
(X2,
O
o
e M

-~ e
O re
[eXg]
*« 0
s}
N

L

[l T FSRY, T
MDDl OO M0 L O ) Y ()

TV~mT

NED A~ A ] I} < (MUINMMINO
& b~

Me (N e
~ra Do
e
.
-
mn
-~
-
.
(1]

~
.
[}
-
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$* BREAK

SUBROUT INE BREAK
INTEGER TB(6448)4TP(15:48)41ISYS(20)+MOD( SO00)eSTAT,TIMEDEV,
+ CHAR(30)
COVMON TB4 TP+ ISYS MODsSTATINTRKNT ,DEV,CHAR, TIME
EQUIVALENCE (ISYS(1).ISYS1)
TP(2,STAT)=TINE+]ISYS]
IFL=TP(1+,STAT)
IFCIGVB(IFL+0,0)210+510,20
10 CONTINUE
- I=STAT-1 *
INTR=IPVE(1+INTRs1I,1)
TP(15,STAT)=2
}PSI.STAT)=IPVE(1-IFL-0.0)
RETURN
20 IB(GQ.STAT):O
=1
RETURN
END -
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** CALC

SUBRCUTINE CALC
REAL 1IvLl,IlvL2
INTEGER TE(64+8)sTP(15e8)¢ISYS(20)4MOD( SO00)eSTATTIMELDEV,
+ CHAR(J30)
INTEGER OCCLRLELANK
COMNON TBs TP, ISYSMODsSTAT . INTReKNT+DEV, CHARLTIME
EQUIVALENCE (ELNK,CHAR{30))s(DCLRsCHAR(17))s(KEsCHAR(13))
EQUIVALENCE (CHAR(20)+K20)
IP=€3
1B8=1 ’
CALL ANBLANK(IF,1IB)
KF=(IB=-1)=%8+1
IOP=IGVE(TE(IP+DEV) KF KF+6)
DC 10 I=13,16
IF(ICP-CHAR(I1))10+5.10
S 10P=1-7
IP=1P=2
GO TC 64
10 CCNTINUE
30 CALL KNUN(IP,IE+IVL1,1ERR)
GO TC (40+SS)eIERR
CALL NEBLAK(IPR,1I8)
KF=1+(IE-1)%*g
IOP=IGVEB(TB(IP+DEV) KF,KF+6)
CC SO0 I=13+21
IF(ICP=-CHAR(I))S0.,45+50
4S I0P=I-17
GO TC 60
S0 CONTINUE
SS CALL VMESG(9.CEV)}
RETURN
60 IF(1IB-2)62+:61,61
61 KF=1
© KL=7
IP=1pP-1
IB8=1
GO TC 66
62 KF=G
KL=1S
iB=2
66 ICPI=IGVEB(TE(IP+DEV)KFKL)
IF(ICP1-K20 164,633,864
63 ICP=S
GO TC 60
64 CALL NELANK(IP,IB)
CALL KNUNM(IP.IB+IVL2+1ERR)
GO TO(6S+SS)eIERR
65 GO TC(70+75+80:85030095:56:¢97:98),10P
70 RSLT=IVL1+IVL2
GO TO 100
75 RSLT=1IvLI-1IVL2
GO TC 10C
80 RSLT=IVL1=*IVL2
GO TQ 100
8S RSLT=IVL1IZIVL2
GG TC 100
90 RSLT=IVL1x**IVL2
GO 7O 16C
89S RKRSLT=SXP(IVL2)
GO TC 100
96 RSLT=ALCG(IVL2)
GO TC 10C
97 RSLTI=SIN(IVL2)
GO TO 100
98 RSLT=CCS(1IVL2)
100 CALL TRASL{(RSLT.DEV)
CALL LWRIT(CEV)
RETURN
END
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*x FIRST

SUBRQUTINE FIRST
INTEGER ga(g?-a;va(lS'a)olSYS(ZO)oMOD( S00) s STATTIMELDEV,
N + HA 30
COMNON TR e TP e ISYSsMOD+sSTAT INTReKNT+DEVeCHAR, TIME
Cee e GENERATE SYSTEV. SET MODULE PTRS TQ NULLe ETC.
INTR=0
READ(6°*1)ISYS
REAC(6*3)CHAR
00 20 J=1,8
DG 10 I=1,14
10 TP(1I,

-

et
L
o
F-3

Wi~

Omem fl O

20 TB(1



cod
N
wy

&% [SENS
ENT ISENS
ISENS DC *—x
LOX 11 ISENS
. LD I1 ©
' S K1l
STO BEV
A SR
STQO SHIFTY
Lo DEV
SLA 3
OR MASK
STO 10CC+1
X108 10CC
AND MASK1
SHIFT NOP

MDX L ISENS,.1
BSC I ISENS

BSS E O
10cC  bC 0

D¢ *—%
MASK DC /7701
FASKI DC /71111
DEV  DC *—%
SR SRA 0
K1 oc 1



-
~1
<)

$3% KALM
SUEFCULTINE KMUVM(IFLIEs VAL, IERR)
INTEGER KN(1C)
INTEGER TE(EQsE)+TF(1S48)oISYS{Z2C)eMCD( ECCIeSTATLTIMELCEVS
+ CHAR(ZC)
'CCNNMCN TESTF ¢ ISYSeNCL+STATHINTRKANTLCEV.CFARLTINE
ECLIVALENCE (CHAR({2C)sKELNK)+(CFAR(1C)sK1C)s(CFAR(22)4IFER)
CeeeslSE .!F FCR FTFR TC WCRLC+ 1E FCR EYTE
I=C )
IFLG=1
IERR=1
IF(IE-2)1Ce2CeZC
1C KNT=IGVE(TE(IF+CEV)s147)
1e=1
CC TIC €C
€ 1.1I+41
KN(TI)=KAT
2C KNT=ICVE(TE(IF+CEV)sSs1E)
Ie=2
GC TC €¢C
25 I=1+1
KNC(I)=KNTY
3C IF=IF-1
GC IC 1C .
€C IF(ICVE(KRNT +€411)-3)ECLES,LEC
(33 KhT=IGVE(KhT'12|15)
CC TC (1€e¢2S)»1E
€C CCATINLE
IF(KNT=IFER)EZ+€EL €2
€1 11=1
IFLC=2
CC TC (Z2C+2C)e1E
€z IF(I)ES€S.7C
€€ IEFF=C
RETLREN
?C vAL=C
CC TC (7€,7E)1IFLC
7€ 11=1
7€ CC EC J=1,11
EC VAL=VAL*1IC+KNLI)
CC TC(ICC,ES)SIFLC
€S 11I=11+1
K==1
CC SC J=11e1
VAL=SVEAL4KMN{J)#10eCH2K
SC K=K-1
1CC RETLRN

ENE
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** LDMOD

*®*0ONE WCRD INTEGERS

SUBRCUTINE LCMOC(1ID)

INTEGER 20(6?'8)-TP(15.8)-lSYS(ZO)sﬂOD( S00)+sSTAT»TIMEDEVS
+ HAR(20)

COMMCN TBeTPoISYSsMODsSTAT . INTRyKNT+DEV,CHARSTIME

EQUIVALENCE (MCD(1)sM0OD1)e(MOD(2)sMOD2),(MOD(3),M0D3),
+ (+MCD(4)M0D4)

REAC(3*IC)IRIC+NVMSGH IPTR LMV

K=IR*IC+LMV+4

MOD1=1IR

r¥OD2=1C

MOD3=ANMSG-1

FOD4=LNV+4

READ(2* IPTR) (MCD( 1), I=5.K)

RETURN

END
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% MCOLL

SLEFCLTINE
INTECER WMES
INTECER TE(

CHp
CCMMCN TE.T
'‘ECLJVALENCE
ECLIVALENCE
CeeoslSE TFISL,CEV)
CeoalrIc”

'0

S,8),ISYS(2C).NCOH ‘CC). TATLTIVELCEV,

PTo INTRKANTCCEV CHARSGTIVE

S€Q)
(MCCL2)eIC)s(NCT(2)4WMPT) o (MCL(4)IPT)
ATEe J IS INPLT

CANE NMCCLLE IN CCKRE
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*%® NBLANK

+

SUBROUTINE NELNK(1P,18B)

INTEGER BLNK i

INTEGER Za;g?sg;.Tp(ls.a).xsvsxzo).noot S00) «STAT+TIMEJDEV,
o .

COMNON TBeTPsISYSeMOD+STAT e INTRsKNT 2DEVeCHAR . TIME

EQUIVALENCE (CHAR(30),ELNK)

Ceee THIS RCUTINE IS TC RETURN IP AND IB AS THE WORD AND BYTE
CoeeeCF TrE NEXT NCAN-BLANK CHARACTER

S

o pub pus

0
S
-]

GO TC(21+,16),18
K=1GVB(TB(IPSLCEV) s KF ¢KF+6)
IF(K-BLAK)20,10430
GO TC(1S.20)s18
IB=2

KF=G

GO TO S

I8=1

1P=1P-1

KF=1

GO TC S

RETURN

END
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*% PSAVE

SUBROUTINE PSAVE .
INTEGER TB(64+8)+sTP(1548)41SYS{20)+MODL SO00)+STATLTIME.DEV,

+ CHAR(30)

LCOMMON TB TP 1SYS,MODSTAT, INTRyKNT+DEV,CHAR.TIME
ID= TP(S.DEV)

WRITE{(Q*ID)TP(S+DEV)

REYURN

END

** PLCAD

SUBRCUTINE PLCAC

INTEGER 28(6?;8;.TP(15-8)-ISYS(20)'MOD( SO0} +STATTIMELDEVS,
+ HAR(30

CONNMON TB+TP. ISYSeMODsSTAT, INTReKNT,DEV,CHAR TIME
ID=TP(S+CEV)

READ(4*IC)ITP(S,DEV)

RETURN

END

%% MESG

SUBRCUTINE VMESG(IM,1IDEV)

INTEGER ¥(10)

INTEGER TE(644+48)+sTP(1548)91SYS{20)sMOD( S00)+STAT»TIME,DEV,
+ CHAR(30)

COMNCN TEesTP41SYSsMCD+sSTATs INTReKNT+DEVeCHAR TIME
REAC(6*IN+E) W

DO 20 I=1.10

J=53+1

20 TEB(JSIDEVI=N(I)

CALL LwWRIT(ILEV)

RETURN

END
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% SERYV

SUBRCOUTINE SERYV
INTEGER TB(64:8)¢TP(15,8),41SYS120),M00D( 500).5TAT.T'ME-DEV.
+ CHAR{20)
INTEGER CCLRLJELNK
‘COMMON TE,TP,,ISYSeMODSTAT s INTR«KNTsDEVeCHAR,TIME
EQUIVALENCE (ELNK.CHATR(30))+(CCLRLCHAR(17))+(XE,CHAR(13))
EQUIVALENCE (ISYS(1)+ISYS1)s{CHAR(22),ITIC)
CeeeALSC USED FCR EUFFER COVFLC INTERRUPT
CeeoCETIRNMINE IF TERMe CHARe CAME ON RECe OR XMIT MODES
CeeeS MUST PRECELCE ALL CCONTRCL RESPCNSES
CeeeH RESFECNSE FCR EHELP
Ceee C RESPCNSE FCR CALCULATE MQOCE
Ceeo E RESPCNSE FCR EXIT
Ceoo R RESPCANSE FCR RETURN TC MOODOULE FROM CALCULATE MQDE
Cese S RESPCNSE TC SAVE STATE
C eeeel RESPCNSE TLC LCAC SAVECLC STATE
CeeeFIND FIRST NCN-ELANK ANC EVALUATE
CALL LTEST(LEV,.IBUS)
IF(IRUS)ISE,4,1010
4 I=TFP(1S.CE
.
(

ivv
) -

TP(1S.CEV)
GO TC 1CCO
TP(1S,DEV)I=1
GO TC 112
3 IF(IGVE(TB(6A+CEV)+7+7))110,110,10
10 CONTINUE
CO 100 I=1,S

3

11=64-1
KHAR=IGVE(TE(II +DEV)+1,7)
18=1

IF (KHAR-BLNK)120,50,120
S0 §HAR=IGVE(Te(II +DEV)+9,15)
B=2
IF(KHAR-BLNK)1204100,120
10C CONTINUE
10S CALL NMESG(2.CEV)
GO TO 10CO
110 CCNTINUE
IF(TP(3,CEV) 112,112,150
112 CONTIAUE
TB(64,DEV)=0
CALL LREAC(DEV)
GO TO 1CCO
120 IF(KHAR—=ITIC)129,121,129
CeeeBETERVINE ID NCe
121 IF(IB-2)122,123,123

122 18=2
GO TC 124
123 II=11-1
IB=1
124 CALL KNUM(II.IB,s CsIERR)
I10=C
C
IF(IERR~2)128,127,127
127 CALL MESG(9.CEV)
¢ GO 70 112

128 OO 126 1=1,8
IF(TP(S.1)-1IC)1264+,125,126
125 CALL NESG(8.CEV)
GO TC 1C00
126 CCANTIANUE
TP(E.0EVI=IC
CALL VMESG(6+CEV)
GC TC 1CCO
129 1F{(KHAR-CCLR)130+,200.130
130 IF(IGVB(TP(1,CEV)s1+,2))135+13S,131
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131 CALL CALC
GO TO 10CO
13S 00 140 J=1,10
I=J~-1
IF (KHAR=CHAR (J))140,150,140
140 CCNTINUE
GO TC 10S
CeeaVODUL IS TC FILL KEBUF( LDEV) WITH APPROP. MESSAGE. LEAVES ACC.=2
150 CCNTINLE )
CALL ~CCLL(1)
GO TC 1C00
Cee e CCATRCL RECUEST .
200 60 TC(21C.,220),18B
210 KHAR=IGVE(TE(II+CEV)a9+15)
GO TC 230
220 KHAR=IGVE{(TE(II-1+0EV)s147)
23Q B0 237 1=11,16
J=I1-10
IF(KHAR-CHAR(1))237,238,237
237 CCATINUE
GO TC 10S
238 GC TC1400,6004250+8004700,500)¢J
400 I=0
GO TC 150
CessEXIT RCUTINE NEECS MORE WORK
CeesSET DEVICE INACTIVEs ETCe.
250 TR (1.CEV)I=0
CALL LHANG(CEV)
GO TO 1C00
SO0 TP(1+CEV)I=IPVE(3+TP{1+DEV)s14+2)
GO TC 112
600 TP(1+CEVI=IPVE(O,TP(1«DEV)els2)
GO TC 112
700 CALL PSAVE
GO TC 112
800 CALL PLCAC
GC TC 1112
1000 CEV=DEV-1
INTR=IPVEB(O+ INTR4+DEV,L,DEV)
1010 RETULRN
ENC
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** TERWN

SUBRCUTINE TERWV
INTEGER TB(64+8)eTP(1S5S¢8)41SYSL20)eM0D{ SO00)eSTAT.TIMEDEVe.

+ CHAR(320)
COVMNON TEB«TPISYS MODLSTAT, INTReKNTDEV,CHARS TIME
EQUIVALENCE (ISYS(!}«1SYS1)
I=STAT-1
INTR=IPVEBI1,INTRsIo}1)}
IF(IGVB(TB(64,STAT)e7+7)310,10620
20 TP(24+STAT)=TIVE+ISYS1
10 CONTINUE

I1=0

RETURN

END
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** TRNSL

SUBROUTINE TRNSL(RR,1)
INTEGER TB{64+8)+TP(15:8)4sISYS(20)MOD( SO00)+STAT,TIME,DEV,
+ CHAR({30)
COMNON TEBeTPs1ISYSeMOD+STAT, INTReKNTL,DEVCHAR L, TIME
EQUIVALENCE (CHAR(29)+KtCT)s (CHAR(28)LF) s (CHAR(27) +KR)
EQUIVALENCE (CHAR(30)sKE), (CHAR(13),KE)
EQUIVALENCE (CHAR(18)+K18)4(CHAR(19)+K19)s (CHAR(23)+K23)
R=RR
ISIGN=Kl8
IF(R)2+4+4
ISIGN=K1S
R==-R
ILX=-32
IHX=32
IMX=(ILX+IHX)/2
IF(R=10.0%%xINMX)20¢20+30
IHX=1IMX
GO TC .3S
ILX=IMX
IF(IHX=]LX-1)40+440+5
R=R/10.,0%%IL X
R=R+000C01
K1=R
R=(R~-K1)%*10.0
K2=R
R={(R-X2)*10.0
K3=R
R=(R-K3)*10.0
K4=R
R=(R=-K4)*10.0
KS=R
R=(R-KS)*10.0
- K6=R
TB(63+1)=IPVE(ISIGN«K23:0,7)
TB(62+1)=IFPVE(CHAR(K1+1),CHAR(K24+1)40.7)
TBEL+I)=IPVE(CHAR(K341) CHAR(KAG+1)+0+7)
TB(EO+I)=IPVEB(CHAR(KS+1)CHAR(KGE+1)4047)
ISIGN=K1E
IF(IHX)454+50.50
45 ISIGN=KI1S
IHX==-1IHKX
S0 1H1=IHX/10
JH2=IHX~10%IH1+1
JHI=IH1+1
TB(SO+1)=IPVE(KELISIGN:0,7)
TB{(S8+1)=IPVE(CHAR(IHL)+CHAR({IH2)+0,7)
TB(97+s 1 )=IPVE(KRWLF40,7)
TB(SEs 1 )=IPVE(KEDOT+0+0s7)
RETURN
END
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