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Abstract

In this project, I use the ObjectStore object-oriented database management
system (OODBMS) and the INGRES relational database management system
(RDBMS) to conduct an empirical study of object-oriented database technology
and its merits and drawbacks with regard to relational database systems. My
assessment is both qualitative and quantitative: I develop an application to com-
pute stock-option values from a financial database using each DBMS in order to
get a qualitative feel for each system, and I design and run a series of bench-
mark tests on each DBMS in order to quantify the performance of each system.
I have also explored the logistics of changing an INGRES-based application over
to ObjectStore by converting the INGRES version of my option pricing program
to be used with ObjectStore. Both quantitative and qualitative results show that
ObjectStore is faster and more powerful than INGRES. On the other hand, IN-
GRES is free, easy to use, well documented, and well supported. In addition,

conversion from INGRES to ObjectStore was found to be quick and easy.

il



Preface

The Option Pricing Case Study portion of this project will eventually be incorpo-
rated into another research project conducted under the supervision of Professor
Peter Falb in the Division of Applied Mathematics. Although I have developed
this application in order to compare the two database management systems, it will
subsequently be used to test the statistical validity of the various option-pricing
models which I have derived and studied under Professor Fallb. The relationship
between the two projects will be mutually advantageous: The use of a real-life
application will enhance the results of the database study, while the results of the
database project will help to ensure the performance and reliability of the pricing
model study. A brief synopsis of this application follows: A detailed presentation
1s given in appendix A.

My work in Applied Math focuses on deriving models for stock options and
designing, performing, and analyzing tests on these (and other) models. A stock
option is a contract which gives the holder the right to buy (or sell) one share of
a certain stock at a fixed price, on or before a certain date. There may be several
different options on the same stock. These options could include both call (right
to buy) and put (right to sell) options, with different exercise prices and dates.

As a derivative instrument, an option’s value can be modeled in terms of
its underlying constituents, which include the stock price, the risk-free interest
rate (Treasury Bill rate), time until expiration, etc. I can logically deduce certain
relationships between the option value and the underlying variables. For example,
the price of a call option can not exceed the value of the underlying stock; nor
should it drop below its immediate exercise value (the current stock price minus

the exercise price). There are a host of other such conditions, collectively called

v



arbitrage conditions, which must hold true for the relationship between an option
and its underlying components.

One can empirically model the option value by finding a multivariate function
which satisfies the arbitrage conditions and fitting it to data. One can also
proceed by making a few additional assumptions about the stochastic nature of
the stock market and deriving a theoretical model. In this case, data would still
be required in order to estimate the appropriate statistical parameters (mean,
variance, etc.).

Since data is needed in either case, in developing an option pricing application,
I will need to construct a database. This database will include many different
options on various stocks. Several intermingled data objects will be involved.

The main data object class will be a collection of stocks. Each stock will con-
tain a collection of derivative securities (options, warrants, etc.), a price history
object (containing date, closing price, and trading volume), and various other
data. Each option will, in turn, contain its own price history object, a modeling
parameter object, and other data specific to that trading instrument. There will
also be an interest rate object which will be used by all of the securities.

Also to be considered are currency options, bond options, primes, scores, and
compound options (i.e., options on options). The last may be particularly well

suited to an object-oriented database system.
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Chapter 1

Introduction

1.1 Prolegomena

All database management systems have certain features in common: The ability
to store and retrieve data, manage transactions, etc.! A DBMS should also
perform its tasks with as little visibility to the end-user as possible, thus leaving
the user free to concentrate on higher-level problems while the DBMS takes care of
the details. Both relationally-oriented and object-oriented database management
systems do these things; however, a relational DBMS is designed to manage
simple tabular data, whereas an object-oriented package is designed to deal with
more complex data and can also manage the code associated with that data.

With a relational system, for example, I could query all Fords from an auto-
mobile database, without worrying about the details of the actual file operations.
An object-oriented system, on the other hand, moves the end-user to an even
higher level of abstraction. For example, with an OODBMS, I might be able to
instruct a “robot arm” to “move forward,” without worrying about the low-level
details of how to define a “robot arm” or how that data object would be manip-
ulated to effect a “move forward.” Thus, a DBMS allows the user to focus on
what he wants done with the data, rather than how it will be done.

Abstracting to a higher level involves more overhead and may consequently

'For a complete description of the features of a DBMS, see [Ullman 1988].



cause things to run slower than they would under a lower-level implementation.
On the other hand, managing and manipulating complex data with a system
which is ill-equipped to do so can be awkward, inefficient, slow, and sometimes
impossible. Thus, there are competing considerations when choosing a DBMS.
Even if it were known that the old relational technology would be inferior for a
given application, it might not be worthwhile to upgrade it to a newer object-

oriented system.

1.2 Objectives

Given these two DBMS paradigms, it would be useful to conduct a comparative
study to determine the relative strengths and weaknesses of each. It would also be
useful to explore the logistics of upgrading an existing RDBMS-based application
to be used with the newer OODBMS technology.

Thus, the purpose of this project is twofold: First, [ wish to make a gen-
eral comparison of OODBMS and RDBMS technology using the ObjectStore
OODBMS and the INGRES RDBMS. Besides directly comparing the two sys-
tems, [ also wish, as a second objective, to explore the logistics of converting an

INGRES-based application to run using ObjectStore.

1.3 Strategy

There are two things which will reveal a lot about a system: A case study in which
the system is used for a real-life purpose will yield qualitative information, while
a series of benchmark tests which push the system to its limits will give specific
quantitative performance data which will highlight the strengths and weaknesses
of the system. Thus, I will carry out a controlled case study, as well as run
benchmark tests using both ObjectStore and INGRES.

I have chosen a stock option pricing system for my case study. Since this

application has elements of both the relational and object-oriented paradigms,



it should provide insight into the characteristics of each without excessively fa-
voring either. I have successfully built this application, as well as a database
of stock, option, and interest-rate data to be utilized, under both INGRES and
ObjectStore. In constructing the Ostore version, I was also able to explore the
logistics and potential benefits and drawbacks of converting an INGRES-based
application to be used with ObjectStore. For each case, I was able to get a general
qualitative feel for the flexibility, power, speed, and performance of the DBMS
being used.

In order to quantitatively compare the two systems, I have directly measured
the performance of each in a series of benchmark tests. These tests consist of
timing various access operations on each of two test databases. Test database one,
which is cast in the relational mold, is a single large table of integers, while test
database two, which is characteristically object-oriented, contains a single large
nested object of complex type. By benclunarking under these extreme conditions,

I hope to reveal the strengths and weaknesses of each system.



Chapter 2

Procedure

2.1 Introduction

I proceed to construct both INGRES and ObjectStore versions of the stock op-
tion pricing application, the relationally-oriented benchmarking system, and the
object-oriented benchmarking system. Each of these consists of a database and
a program to manipulate that database. For the options pricing application, I
made a financial database and wrote the associated options pricing program. For
each benchmarking system, I constructed a test database and wrote software to
clock various database operations. With INGRES and ObjectStore versions of
each of these three applications, I should be able to make an educated comparison

of the two systems.

2.2 Option pricing case study

2.2.1 Overview

I built the INGRES-based version of my option pricing application first. I pro-
ceeded by creating the database, making the required relations, and then filling
those relations with data. When the database was completed, I wrote the appli-
cation program. I then built the ObjectStore version by converting the INGRES
system: First, I converted the INGRES database to ObjectStore format and then



I converted the program to interface with the ObjectStore database.

2.2.2 INGRES implementation

Database construction I used the UNIX command creatdb to create the IN-
GRES version of the financial database and the command create, from within
INGRES, to create the following relations for that database: 1) An interest rela-
tion which has records of three, six, and nine month treasury bill rates with their
corresponding dates, 2) a program relation containing one record with the default
model name, window size, trend length, tolerance, and limit, 3) a collection of
price relations (one for each instrument including stocks) with records of closing
prices and trading volumes with their associated dates, and 4) an instrument
relation with each record containing name, underlying instrument, CUSIP num-
ber, ticker symbol, type, expiration, conversion value, strike price, outstanding
shares, number of data points, number of model parameters, dividend payment,
dilution factor, time parameter, interest parameter, trend parameter, dividend
parameter, dilution parameter, and constant parameter.

Once the desired relations were created, I procured the necessary data. I then
proceeded to convert the data from non-standard IBM PC format into standard
ASCII files. Since SUN SPARCstations read IBM PC disks, I was able to access
these ASCII files directly as standard UNIX text files. Using the INGRES copy
command, I read each text file into the appropriate relation, and thus my database

was built.

Program development With the database completed, I wrote my application
program. I wrote the main option pricing program in C and the database interface
in EQUEL, which is standard C code with the addition of Embedded QUEry

Language commands which allow the program to access INGRES.



2.2.3 ObjectStore implementation

When the INGRES version was finished, I turned my attention to developing the
application under ObjectStore. I strove first and foremost to explore the feasibil-
ity and ease of converting the INGRES-based version to run using ObjectStore.
Thus, even though I could have designed a more optimal database schema, I
adopted the INGRES layout, improving it only if the changes would not require
an extensive overhaul of the main program or the database interface to become
unduly complicated. This led to an ObjectStore database schema which was
suboptimal by ObjectStore standards but still improved over the INGRES setup.

The main improvement was that ObjectStore could store each instrument as
an object which consists in part of its own price history object. INGRES, on the
other hand, must have a separate relation for each price history, and the name of
that relation must be stored in the instrument relation. This removes the main
inefficiency from the INGRES schema which was that it had to read the name
of the price history relation from the instrument relation and then access that
price history table. With Ostore, the instrument’s price history could be accessed
directly as part of that instrument’s object. This improvement also eliminates
the possibility that an error in the name of the price history would cause the
database to be inconsistent.

Using this improved schema, I constructed the ObjectStore database by writ-
ing an EQUEL program which read the data from INGRES and then wrote it
to ObjectStore. I was able to effect this conversion and otherwise complete the
ObjectStore system without altering the main option pricing code and still keep
the Ostore interface simple and straightforward. In fact, Ostore required only
220 lines of code to access the database, while INGRES needed 293 lines.
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2.3 Benchmark testing

2.3.1 Overview

A meaningful set of benchmark tests should measure those aspects of performance
which are most important to end users. In the case of a DBMS, access speed,
ease of use, transparency, and flexibility are all important. Of these attributes,
only access speed is easily quantified. However, if I design my tests carefully, 1
can indirectly gauge the other qualities as well.

By benchmarking access speeds for diverse types of data, | can reveal the
flexibility and power of each DBMS. Since I am comparing relational and object-
oriented systems, I will test each DBMS at the limits of the relational-object-
oriented spectrum. This should give us performance data under a variety of
circumstances which an end user may encounter.

Thus, my results should be useful for matching a DBMS to a particular ap-

plication or in determining if it would be worthwhile to upgrade to a different

DBMS.

2.3.2 Experimental design

With this strategy in mind, I created two test databases: The first is relationally-
oriented, while the second is object-oriented. Following the maxim that simplicity
1s a virtue, I constructed my test databases entirely from random integers in the
range [0,99]. Test database one contains a single table of integers, whereas test
database two consists of a main table and several subsidiary tables. For test
database two, however, the individual entries would be either integers or other
tables, which would, in turn, consist of integers and yet other tables. The lowest
level would contain tables with only integers. Thus, test database one would
consist of simple relationally-oriented tabular data, while database two, having
tables nested within tables, is object-oriented.

For both cases, the simple nature of the basic integer data allows for straight-
forward query testing. 1 can neatly divide my test queries into four categories:

1) Simple, 2) Intermediate, 3) Complex, and 4) Very Complex. A simple query



might be to find all records whose third attribute is an integer in the range
10 <= z <= 20. A complex query might be to find all records whose third
attribute is in the range 10 <= z <= 20, and whose fifth attribute is less than
70, and sixth attribute is an even number.

This kind of testing setup has the advantage of being simple in concept and
construction, straightforward to benchmark, generic, and universal: The bench-

mark results should be relevant to many diverse problems.

2.3.3 Implementation
Test databases

Design I created both INGRES and ObjectStore versions of my two test
databases. Test database one is a single large table which has one thousand
records of eight integers, while test database two consists of top, middle and
bottom levels, nested within one another. The top level contains ten entries of
eight fields. The first seven fields are integers, and the last field is a middle-level
table. Each middle level table contains four entries of eight fields. The first seven
fields are integers, and the last field is a bottom-level table. Each bottom table

has one thousand entries containing eight integers.

Creation In order to make these databases, I wrote a program which pro-
duced tables of random integers on an interval. The dimensions of the table as
well as the the interval of the numbers are command-line options. By varying
the dimensions and piping the output to different files, I was able to produce all
of the required tables of integers in text-file format.

As with the options pricing application, I used the UNIX command creatdb to
create the INGRES database, and the command ereate, from within INGRES, to
create the relations from each table of data. Using the INGRES copy command,
I was able to read each text file into a standard INGRES relation. With the
relations in place, I used EQUEL to write the data to the INGRES database
with a C program.

I made the ObjectStore versions by reading the data into memory using



EQUEL and then writing the data to the new ObjectStore database, just as

with the options pricing example.

Test programs

I wrote benchmark application programs for each version of each test database.
Under controlled conditions, these programs measured the time required to per-

form the following access operations on each test database:

1. Read the entire database into RAM.

2. Perform several simple queries (e.g., retrieve all records where column four

is greater than 57).

3. Perform several intermediate-level queries (e.g., retrieve all records where

col4 is greater than 57 and col3 is less than 45)

4. Perform several complex queries (with more retrieval constraints).

It

Perform several more complex queries (with even more (and more varied)

retrieval constraints).

On object-oriented data, in order to get to the data which is nested on the
bottom, INGRES must first read in the top-level data, then loop through this
data in order to read in the middle-level data, and then loop through both the
top and then the middle levels in order to retrieve the data from the bottom level.
This is both awkward and inefficient. ObjectStore, on the other hand, can simply
access the bottom level directly by navigating through the appropriate pointers.
this is both quick and efficient, and it takes much less code to implement. It
should also be noted that it is less prone to error.

[t should be noted that for test database two, I did queries from the bottom
level, since this puts the database at its most object-oriented, and thus tests
the system at its limit by forcing the DBMS to “dig down” to the bottom of
the nested structure. This should reveal how well each DBMS performs under

object-oriented conditions.



I note that with INGRES, there are delays in processing: I need to read from
the top-level relations in order to get the names of the middle-level relations,
and then, in turn, I must read from the middle-level relations in order to get the
names of the bottom-level relations. Only at that point will I be able to access
data from the bottom level with INGRES.

With ObjectStore, on the other hand, I can directly address the bottom level

(or any level) immediately. This is faster, neater, and not awkward as is the

INGRES approach.

An additional consideration

Rather than making very large test databases and timing various access opera-
tions once, I will make the test databases smaller, run each query multiple times,
and compute the average time. This technique has several advantages: I can
use a smaller, more manageable database; I can easily adjust the accuracy of
the benchmark by adjusting the number of trials; on average, I am likely to get
more accurate results; and the chance of getting grossly erroneous results are
drastically reduced.!

This method of repeated trials is the so-called Monte Carlo Method. The
accuracy and reliability of this kind of technique is well known and has been
thoroughly analyzed. The Monte Carlo error is given by \/m, where D is a
fixed constant, and N is the number of trials.? A typical Monte Carlo simulation
might be accurate to about 5 percent.?

Thus, I can use a smaller test database to get measurements which are as
accurate as those for a much larger one simply by increasing the number of trials.
The relationship is inverse, such that, for example, ten thousand trials on a one
hundred thousand kilobyte database would yield results as accurate as one trial

on a one gigabyte database. I should also bear in mind that I can much more

1This method is analogous to determining the weight of a penny by weighing a sack of
pennies and dividing by the total number, as opposed to weighing a single coin. Averaging over
repeated trials smoothes the data so that the final averaged result is much less likely to be way
off the mark than would be a single measurement.

2See [Sobol’ 1974], p. 3.

3See [Sobol’ 1974] for a general discussion of Monte Carlo Methods and their applications.

10



.

easily vary the number of trials than the size of the test database. Thus, using a
smaller test database and repeated trials is also more flexible than using a large

database and a single trial.

11



Chapter 3

Results

3.1 Option pricing case study

I strove first and foremost to explore the feasibility and ease of converting the
INGRES-based version to run using ObjectStore. Thus, even though I could
have designed a more optimal database schema, I adopted the INGRES layout,
improving it only if the changes would not require either an extensive overhaul of
the main program or the database interface to become unduly complicated. This
led to an ObjectStore database schema which was suboptimal by ObjectStore
standards but still improved over the INGRES setup.

With INGRES, my choices for data schemata were limited, and none of the
few options possible was completely satisfactory. For Ostore, on the other hand,
there were were several good schemata possible, but since I sought to convert as
quickly and easily as possible, I adapted a modified version of the INGRES schema,
to that of ObjectStore. The conversion was quick and easy, the minor changes
made to the schema proved to be important, and access speed was noticeably
faster.

Thus, while ObjectStore appears to be better able to solve the problem from
scratch by using a better database schema, it also proved to be powerful and flex-
ible enough to quickly and quietly step in and replace INGRES as an application

DBMS and boost performance, while preserving nearly all of the original code.

12



DBMS | lines of code required | disk space used | amount of data stored

INGRES 183 69 Kb 8 Kb
Ostore 320 336 Kb 8 Kb

Table 3.1: Specifications for test database one (relationally-oriented) benchmarks.

3.2 Benchmark testing

The benchmarks showed ObjectStore to be much faster (about thirty times),
more powerful, and more flexible than INGRES, though it uses more disk space
(see tables and graphs).

While certain results were expected, others were surprising: [ expected Ostore
to be more powerful, but I also thought that it would incur more overhead and
thus possibly be slower for relationally-oriented data. This was not the case; In
fact, ObjectStore accessed relational data much faster than did INGRES. More
predictably, ObjectStore outperformed INGRES on object-oriented data. Thus,
while Ostore can easily handle relational data — much better than INGRES, in
fact — INGRES has only a limited facility for coping with object-oriented data.

I found certain things in common for both INGRES and ObjectStore. I would
expect to find these things for any DBMS.

1. Query time increases with the number of hits. That is the retrieval will

take longer if there are more hits.

2. Query time increases with the complexity of the query. That is, more

conditions that are put on the retrieval, the longer it will take.

3.2.1 Test database one

3.2.2 Test database two

As I noted before, INGRES is unable to access the bottom level tables directly.
It must first retrieve all of the middle table names from the top level relation and

then retrieve all of the bottom table names from the middle level relations. An
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‘ DBMS | time per access Ij of hits | # of trials l total time |

total read
INGRES 0.9 sec. na 10 9 sec.
Ostore 0.034 sec. na 1000 34 sec.
simple query one
INGRES 0.8 sec. 978 10 8 sec.
Ostore 0.033 sec. 978 1000 33 sec.
simple query two
INGRES 0.8 sec. 735 10 8 sec.
Ostore 0.033 sec. 735 1000 33 sec.
simple query three
INGRES 0.7 sec. 481 10 7 sec.
Ostore 0.031 sec. 481 1000 31 sec.
simple query four
INGRES 0.5 sec. 241 10 5 sec.
Ostore 0.030 sec. 241 1000 30 sec.
simple query five
INGRES 0.5 sec. 0 10 5 sec.
Ostore 0.029 sec. 0 1000 29 sec.
intermediate query
INGRES 0.5 sec. 4 10 5 sec.
Ostore 0.029 sec. 4 1000 29 sec.
complex query
INGRES 0.4 sec. 0 10 4 sec.
Ostore 0.029 sec. 0 1000 29 sec.
very complex query one
INGRES 0.5 sec. 0 10 5 sec.
Ostore 0.029 sec. 0 1000 29 sec.
very complex query two
INGRES 0.9 sec. 720 10 9 sec.
Ostore 0.034 sec. 720 1000 34 sec.
very complex query three
INGRES 0.9 sec. 730 10 9 sec.
Ostore 0.035 sec. 730 1000 35 sec.

Table 3.2: Benchmarks for test database one (relationally-oriented).
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DBMS | lines of code required | disk space used | amount of data stored
INGRES 587 475 Kb 160 Kb
Ostore 562 1,548 Kb 160 Kb

Table 3.3: Specifications for test database two (object-oriented) benchmarks.

Benchmarks for Test Database One

time in seconds x 103

900.00
850.00
800.00
750.00
700.00
650.00
600.00
550.00
500.00
450.00
400.00
350.00
300.00
250.00
200.00
150.00
100.00
50.00
0.00

total read simple query

benchmark test

intermed. query very complex query

Figure 3.1: Benchmarks for test database one (relationally-oriented).
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I DBMS | time per access | # of hits [ # of trials Ltotal time |

total read
INGRES 18.5 sec. na 10 185 sec.
Ostore 0.24 sec. na 100 69 sec.J
simple query one
INGRES 19.5 sec. 38221 10 195 sec.
Ostore 0.26 sec. 38221 100 67 sec.
simple query two
INGRES 16.0 sec. 28861 10 13 sec.
Ostore 0.23 sec. 28861 100 58 sec.
simple query three
INGRES 12.3 sec. 19104 10 123 sec.
Ostore 0.20 sec. 19104 100 49 sec.
simple query four
INGRES | 8.7 sec. 9366 10 ’7 sec.
Ostore 0.19 sec. 9366 100 40 sec. ‘
simple query five
INGRES 4.9 sec. 0 10 49 sec.
Ostore 0.17 sec. 0 100 30 sec.
intermediate query
INGRES 5.6 sec. 146 10 56 sec.
Ostore 0.17 sec. 146 100 31 sec.
complex query
INGRES 5.5 sec. 0 10 55 sec.
Ostore 0.17 sec. 0 100 30 sec.
very complex query one
INGRES 5.7 sec. 0 10 57 sec. |
Ostore 0.17 sec. 0 100 31 sec.
very complex query two
INGRES 21.4 sec. 27815 10 214 sec.
Ostore 0.25 sec. 27815 100 63 sec.
very complex query three
INGRES 21.3 sec. 28233 10 213 sec.
Ostore 0.26 sec. 28233 100 63 sec.

Table 3.4: Benchiarks for test database two (object-oriented).
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Benchmarks for Test Database Two

time in seconds

22.00 ' TNGRES
21.00 e

20.00
19.00
18.00
17.00
16.00
15.00
14.00
13.00
12.00
11.00
10.00
9.00
8.00
7.00
6.00
5.00
4.00
3.00
2.00
1.00
0.00

benchmark test
total read simple query intermed. query very complex query

Figure 3.2: Benchmarks for test database two (object-oriented).

OODBMS, on the other hand, is capable of addressing the bottom level directly
through the top level. This illustrates one example of how an OODBMS is able
to more efficiently and gracefully navigate complex data. As the data gets more

complex, the differences become more pronounced.
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Chapter 4
Conclusions

General observations One would expect ObjectStore to excel in performance
whenever navigational access is needed (e.g., with test database two), whereas
INGRES might be a better choice for relational data (e.g., test database one).
However, it turns out that ObjectStore is far superior in both realms. It is much
faster (about thirty times) for both kinds of access, and it requires relatively
simple and transparent coding for both cases. INGRES, on the other hand, is
reasonable in the associative case, but cumbersome and complex for navigational
access. Ostore is also considerably more flexible in how it can approach a problem
and in how it can be custom tailored to specific needs. For example, it can be
used with either the C or C4++ programming languages, it has a built-in query
optimizer, and it can be easily adapted to an existing DBMS application.

ObjectStore is a sophisticated program with a host of facilities to perform
intricate navigation of complex object-oriented data. However, it is also adept at
associative type queries, and can even be customized to search by user-defined
keys through the query optimizer. It is almost invisible to the user in both C and
C++.

Like INGRES, Ostore has all of the facilities to do simple relational queries. In
fact it can do more sophisticated manipulations, and it can do them faster. At the
same time, it can also perform set operations on any number of large collections
of complex objects. It can do it in an optimized fashion, almost invisible to the

user, with just a few lines of code. It would be difficult, if not impossible, to do
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this sort of stuff with INGRES, even with many lines of code, and even if it were
to be possible, it would be slow and inefficient.

In addition, I noted that it was relatively quick, easy, and painless to upgrade
an application to be used with ObjectStore. I had no problem converting my
option-pricing program from INGRES to ObjectStore. Database access speed

was boosted noticeably

Recommendations If the data is simple and speed and performance are not
critical, then INGRES is a reasonable package: It is free, easy to use, well-
documented, and reliable. ObjectStore, on the other hand is more complex to
master, though easy to use, and it is not free. However, it is much faster than
INGRES even on relationally-oriented data and much more able to cope with
complex object-oriented data setups elegantly, quickly, efficiently, and nearly
transparently.

Thus, I would recommend INGRES if one is on a limited budget, performance
is not important, and the data is simple. However, if the money is available,
performance is important, or the data is complex, than ObjectStore is the clear

choice for both relational and object-oriented data.

Further research Further research in this area would be interesting. This
would include testing against a more modern relational DBMS as well as other
kinds of benchmark tests, although I would not expect the results of additional

benchmark tests to differ significantly.
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Appendix A

Empirical Modeling Techniques
for Stock Options and Other

Convertible Instruments

A.1 Introduction

A stock option is a contract which gives the holder the right to buy (or sell) one
share of a certain stock at a fixed price, on or before a certain date. There may
be several different options on the same stock. These options could include both
call (right to buy) and put (right to sell) options, with different exercise prices
and dates.

As a derivative instrument, an option’s value can be modeled in terms of
its underlying constituents, which include the stock price, the risk-free interest
rate (Treasury Bill rate), time until expiration, etc. I can logically deduce certain
relationships between the option value and the underlying variables. For example,
the price of a call option can not exceed the value of the underlying stock; nor
should it drop below its immediate exercise value (the current stock price minus
the exercise price). There are a host of other such conditions, collectively called
arbitrage conditions, which must hold true for the relationship between an option

and its underlying components.
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[ can empirically model the option value by finding a particular multivariate
function which satisfies the arbitrage conditions and fitting it to data. 1 could
also proceed by making a few additional assumptions about the stochastic nature
of the stock market and deriving a theoretical model. In the latter case, I would
still need data in order to estimate the appropriate statistical parameters (mean,

variance, etc.).

A.2 The empirical modeling approach

The method of choice is to curve-fit the data to a multi-parameter function which
behaves appropriately with respect to each contributing variable. This is a good
approach because theoretically I know a great deal about how such a function
should look, and how it should act with respect to each variable. Furthermore,
such a model could statistically take into account the prior trading history, while
making no implicit assumptions about the nature of such trading. In effect,
this approach is interpolating/extrapolating the option value based on its past
lhistorical relationship to its underlying constituents (stock price, interest rate,
time until expiration, etc.). Of course, the interpolation is not linear, but rather
it is determined by the form of the function which 1 choose to fit. In addition, if
I use a reasonably large set of data and choose a reasonable function to fit, then
my model’s values should converge to the values which would be found with the
true density function.

Giguere, Kassouf, Shelton, and others have derived formulas for pricing warrants.!
Giguere’s formula, W = S%/4k, is a simple parabola, which has no adjustable
parameters and is only useful as a rule of thumb.? Shelton’s formula is more
sophisticated and more accurate, but it does not reflect all of the requisite prop-

erties of a warrant’s value with respect to its determining variables. There is

See [Gigueére 1958], [Kassouf 1965, Kassouf 1969], and [Shelton 1967a, Shelton 1967b] re-
spectively. Also, note that in my notation, W is the price of the warrant, S is the price of the
stock, and k is the strike price.

2Empirical studies have shown Giguére’s formula to work best for warrants with 3-5 years
of life. The formula tends to overvalue those instruments with less than one year remaining,
and to undervalue those with more than 3-5 years until expiration ([Gastineau 1988], 178).
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also the drawback that the equation is not continuously differentiable, and thus
the delta, or hedge ratio, can not always be computed. Kassouf has derived two
different models. The first, W = /52 + k2 — k, is similar to Giguére’s. It is
the positive branch of a hyperbola, with no parameters, and, like the Giguere
formula, it is only useful for rough estimates of Warrant values. Kassouf’s sec-
ond model is described in section A.4. With this background, I will proceed to

develop an original formula, as well as to explore Kassouf’s model.?

A.2.1 The arbitrage conditions

Before I can find a proper functional form for a model, I must first state the
arbitrage conditions which determine the option’s behavior with respect to each
variable.? These conditions will form a set of constraints on my formula. They

are as follows (see Figures A.1 and A.2):
Calls

Stock Price

lmC =0 (A.1)
510

éjllg C=o00 (A.2)
oC .
55 0 (A.3)
oC

—~ < .
55 = (A4)
o*C ' .
W >0 (A.O)

3My derivation and formulation of Kassouf’s model differ from his own (¢f. [Kassouf 1965]).

4Note that in the arbitrage conditions, the strike price, k, is not discounted to be ke™"?,
as is sometimes done. If k¥ were discounted, then this would imply that perpetual warrants
would be worth S. Empirically, this is not the case. In addition, 1 feel that k should remain a
constant throughout time and varying interest rates, and so, the strike price is not discounted,
and the option’s behavior with respect to both ¢ and r will be expressed completely by the
fitted parameters. This has the added benefit of relaxing the assumption that I can borrow or
lend at some fixed risk-free interest rate, which is not always true.
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Strike Price
imC =5
kio
IimC =0
kloo
Time
1311})10 = max{0,.5 — k}

IimC < S

tloo

Interest Rate
1i}})lC > max{0,5 — k}

IimC <SS

Tloo

Relationship between calls and puts

P=C+k-S5
oc _op _
as 8S
o?C  H*P

052 98?

1
=0
Puts

Stock Price
ImP =k
510
limP =0
Sloo

9P
85
opP
— <
5 =1
9P
952 =

<0

0
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Strike Price

HmP =0 (A.20)
k[0
lim P = o0 (A.21)
kloo

Time
ltil%]P = max{0,k — S} (A.22)
liTmP <k (A.23)

Interest Rate

liﬁ)l P > max{0,k — S} (A.24)
liTmP <k (A.25)

where t is time until expiration, r is the current risk free interest rate, S is the
price of the underlying instrument, k is the strike price, C' is the value of the call,

and P is the value of the put.

Call value

1.00 — + Callvaloe
Upper bound

0.80 — Lower bound

0.60 —

0.40 —

0.20 —

0.00 T |' T T A
Stock price

0.00 0.50 1.00 1.50 2.00

Figure A.l: Theoretical relationship between call and stock price.

(Clearly, condition (A.1) must be true; i.e. if the stock has no value, then the

right to buy it has no value. Similarly, if the stock has infinite value, then the
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Put value

1.00 — Put_ vfl"f' j
Upper bound

0.80 — Lower bound

0.60 —

0.40 —

0.20 —

00 =
0 I l ! ' Stock price
0.00 0.50 1.00 1.50 2.00

Figure A.2: Theoretical relationship between put and stock price.

right to purchase it at a fixed price has infinite value (condition A.2). I also know
that the value of a call must increase with the stock’s price (condition A.3), but it
must not increase at a rate greater than the rate of change of S (condition A.4).
And since the call’s value must asymptotically approach both zero and infinity
with the stock’s price (conditions A.1 and A.2), I hypothesize that the call price
must be a convex function of the stock price, hence condition (A.5).

As for conditions (A.6) and (A.7), if the strike price goes to zero, then the stock
is to be purchased for nothing; therefore the call’s value approaches that of the
stock, and if the strike price goes to infinity, then the stock is to be purchased for
an infinite sum, so the call is worth nothing. In addition, as ¢ approaches zero, I
approach expiration, and therefore, the call approaches intrinsic value (condition
A.8). Similarly, as the interest rate approaches zero, the call value decreases,
being lower-bounded by the intrinsic value (condition A.10). I must also have
that as t or r get very large, C will be upper bounded by S (conditions A.9 and
A1),

Condition (A.12) states that owning a call and shorting a put of the same
strike is equivalent to selling stock at the market value and buying it back at the

strike. In theory, this condition must hold. At expiration, either the call will be
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in the money or the put will be in the money. If S > k, then the put expires
worthless, and I exercise the call, buying stock at k. If S < k, then the call
expires worthless, and the put is exercised on us, forcing us to buy the stock at
k. In either scenario, when I buy a call and sell a put, I buy stock at k. Buying
stock at & when the market value is S is worth S — k. Therefore, C — P = S —k,
or rewritten, P = C + k — 5.°> Condition (A.13) follows directly from condition
(A.12), and condition (A.14) follows directly from condition (A.13).

[ notice that condition (A.12) together with all of the arbitrage conditions
for calls implies all of the arbitrage conditions for puts, and visa versa. This is
not surprising since equation (A.12) completely determines the functional form
for puts given calls, and for calls given puts. Since I can express calls completely
in terms of puts and stock, and puts completely in terms of calls and stock, I
conclude that calls, puts, and stock constitute only two independent instruments:

options and their underlying stock.

A.2.2 Generic option model

For any option, [ can easily convert between calls and puts by (A.12). All of the
other convertible securities can similarly be expressed as either a call or a put.
Thus, I need only to consider a generic option type and I can express a call, put,
warrant, convertible bond, etc. in terms of this generic convertible.

My goal is to derive a model for €2, a generic convertible. 2 will be a function
of several variables, including S, ¢, 7, and others, depending upon the specific
security.® The function will also include adjustable parameters, aq,...,a,, in
order to fit the model to actual data. In general,  will not be a linear function

of these parameters. I therefore seek a linear function, g(v) = a- v such that

SIn practice, ] may occasionally wish to early exercise a call to collect a dividend or a put
to collect interest from the cash. Thus, I have not accounted for all possible scenarios, and so,
condition (A.12) will not always hold. However, condition (A.12) allows us to easily determine
the proper functional form for puts given the formula for calls, and visa versa, even though the
relation is not strictly true. Once 1 have the proper form, I can account for early exercise and
other possibilities by fitting each call and put separately.

60Other variables, for example, might include dividend yield, trend, potential dilution, etc.
A complete discussion of this is in section A.3.
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2 = f(g(v)), where v is the vector of basis functions. FEach basis function,
Vi(t,r,...), is a fixed function of one or more variables.

Once I have appropriate functions g and f, I can perform a linear least-
squares regression on ¢(v) = a-v = f71(Q) and solve for the parameter vector

a. | can use this estimate of a as the initial guess for a nonlinear regression on

Q= f(a-v).

A.2.3 Parameter estimation
Linear least-squares regression

I am left with the function f~1(Q) = g(v) = a-v which I must fit to a set of

data.” Rewritten, I have

) =g(v)=a-v=aWtr,..)+aVr..)+ -+ aVil,r,...)

or,

1) = iaivi(t,r, .

i=1

I want to fit this function to a set of m data points. Plugging the data points

into my equation yields a set of m linear equations:

f_l(Ql) = (l]‘/](ti,’l'],...)-i- +G,.,LV.,,,(t1,’I‘1,...) + €

f—] (QZ) = al‘/:l(t2)7'27 .. -) + - + an‘/n(t%r% .. ) + €2

f—l(Qm) = alvl(tm, Tmy e ) +o anvn(tma Ty e ) + €m

where ¢; is the difference between the model’s value and the actual value

"For a general description of the linear least-squares fitting techniques outlined in this sec-
tion, see [Harvey 1981].
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of f71(8%).
I want to compute the parameter vector a such that x? = Y7, €? is minimized.

Restated, I want to minimize x? with respect to a where

m n 2
X'=3 [f_l(ﬂj) =2 aVi(tj, g, -)]
7=1 =1
This can be done by computing the partial derivatives of x? with respect to
each parameter ¢; and then setting the result equal to zero. This yields a set of
n linear equations:
0= Z [f_l(ﬂj) - Z(livi(tj, Tgyeo )] Vk(tj,’l'j, .. ) for k= 1, .-, n
=1

j=1

To solve for the parameter vector, a, I define the following:

V] (ti, iy ) f_l (Q]) aq
Vz(ti,’l‘i,...) f—l(Qg) as
vV, = . y Ym = . y Qg = .
‘/'n.(tia TR ) f_‘l (Qm) Ay
and
‘/1(t1,7‘1,...) Vz(tl,rl,...) V:n(tla"'la-“) V?
V. = Vl(t2,7‘2,...) %(t2,7'2,...) Vn(t'),’l‘g,...) _ Vg
Vl(tvm Tmy - - ) V2(tma Ty .. ) ces Vn(tma Tmy . ) V?,;

where a,, is the parameter vector computed from a sample of m data points.

In this notation, I can write

yﬂL = Vm.a'm.

Solving for a,,, I get:

a, = (V-?,;Vm)_lv;{;ym (Azﬁ)
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If I have computed a,,, and a new data point is added, then I can compute
the new parameter vector, a,, 41, without inverting another matrix. Using the

identity

(V711+1V7”+1 ) (V;Iy;vm )_ (Vm+1 V’I"-+1 ) v""-+1vm+1 (V;I); ) /hm+1

where

T T -1
h1n+] =1+ Von+1 (V Vm) V41

m

I get the following:

a-m+1 = a, + (V;I,;Vm)-lvm+] (y7n+] - V;I,;+1a711)/h7n+1 (A27)

Thus I have an efficient algorithm for computing the parameters. ® Once this
computation is done, I can use these estimates as initial guesses for my nonlinear
fitting routine. The nonlinear routine will actually fit parameters to the option

price.

Nonlinear least-squares regression

Given an initial estimate for a, I must now minimize the function x*(a) =
®, [ — f(a-v;)]? with respect to a. Setting the partial derivatives of x% with
respect to each parameter equal to zero gives the following set of n equations:

6x2(a) ' m '_
da; daJZ[ﬂ fla-v))P=0, for j=12,...,n

I must now solve for each a; in order to form the parameter vector, a. In
general, this will not be possible. I must therefore use numerical methods to find

the parameters,® aq, ay, .. ., a, which minimize x%(a).

8Gince I will only use linear parameter estimation to initialize my paraméters, I should not
in general need the recursive formula, (A.27). Under unusual circumstances, however, when
the nonlinear search fails, it may be needed. In any case, it has been included for completeness.
For a general description of the nonlinear least-squares fitting techniques outlined in this
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Linearization of the fitting function I begin by expanding the function to
be fitted, f(v), into a Taylor series.!?

f( +Z[af0 le +% AL |:a2f0 )5 6(1ij +.

j=1 k=1 da;0ay

where fo(v) denotes f(v) evaluated at ag, the current estimate of a, and the
parameter increment, éa;, is given by da; = a; — a;o, where a;p is the current
estimate of a;.

If I am sufficiently close to the minimum, then I can drop the higher order

terms and approximate f(v) by

fv) v) + Z laf . l (A.28)

Since this is linear in the parameter increments, da;, I can use linear-least
squares regression to solve for the parameter increment vector, éa. With this

approximation, I have

& (0= S w)

Differentiating with respect to each parameter increment and setting the result

] ) 2] o

NgE

equal to zero gives

a m n
déak_—zz[( ~ Jolvi) Z[

i=1 7=1

for k=1,2,...,n

This gives n linear equations:

= ZéajAjk, for k= 1,2,...,71

section, see [Bevington 1969].
0Computing the Taylor series of the function x?(a) and following the same line of reasoning
will give the same results. In that case, it is called parabolic extrapolation of x2.
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where

b= —1 28 = 5 (11w - st 252 ) (429)

and!?

Ap=3 [‘?f;gi) 51;;5:1')} (A.30)

=1

The vector of parameter increments is given by*?

éa=bA™! (A.31)
and, finally, I have
a=a +A'b
or
Bpext = Acurr + A7-b (A.32)

Gradient search In the event that ac,, (i.e., ap) is far from the minimum,
then the higher order terms of the Taylor series, which I have discarded, become
significant. Therefore, (A.28) gives a poor approximation of f(v) when agy is
far from the minimum. If this is the case, then I must conduct another kind of
iterative search of the x?(a) hypersurface to find the parameters, a1, a.,...,a,
which minimize x?(a). In this case, where I am far from the minimum, I would
like ;my search to propagate down the path of steepest descent (i.e., negatively
along the gradient of the x? hypersurface) in order to progress towards ap,.

Searching along the path of steepest-descent gives

"The first order Taylor series gives an expression for Ajx which is only a linear approximation.
As I said before, when I am close to the minimum, this should be adequate.

'2This method is often called fitting by linearization or the inverse-Hessian method (A is
sometimes called the Hessian or curvature matrix).
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Apext = Acurr — constant X Vy*(acyr) (A.33)

where

?(acurr) Z az 301

where a; is the unit vector along the d;—axis.

Noticing the similarity between the gradient, Vx?(a), and the vector b, I can,

without loss of generality, rewrite (A.33) as

Anext = Acurr — cONstant X b (A.34)

The drawback of the steepest-descent method is that it is inefficient, requiring
many small steps in order to converge on the minimum. The inverse-Hessian
method, on the other hand, is plagued by the fact that far from the minimum,
when the higher order derivatives are significant, (A.28) is a poor approximation,
and thus, the method falls apart.’®> The best approach is to combine the two
methods.

One such combination, the Levenberg-Marquardt Method, is the algorithm of

choice. This approach will iteratively find the parameters which give the best x?

fit for the data points.1*

Levenberg-Marquardt method First, I define the matrix A’ such that

4=l A ifi#]
YT A4 fi=

Substituting A’ for A in equation (A.31), I get

fa=bA'™ (A.35)

3]t can even move in the wrong direction, causing convergence to the maximum x2.
14Gee [Marquardt 1963].
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Solving this as before, 1 get

fa=bA'" (A.36)

and finally

8pext = Acurr T A,_l ‘b (A37)

Notice that when A is zero, this is identical to (A.32), the inverse-Hessian es-
timate. However, as A becomes large, this approaches (A.34), the gradient search
estimate. So, changing A varies (A.37) between the limits of the inverse-Hessian

and gradient iterates. I use the following algorithm, put forth by Marquardt.

1. Compute x*(a).

N

Set A equal to 0.001.
3. Compute da and x*(a + éa).

4. If x*(a+ éa) > x*(a), then increase A by a factor of 10 and goto step (3).

<

. If x*(a+ éa) < x*(a), then decrease A by a factor of 10, set a = a + da,
and goto step 3.

I will stop the procedure when the value of x?(a) decreases negligibly for one
or two consecutive iterations. This indicates convergence of the parameter vector,

a, to the minimum.

A.3 The hyperbolic model

A.3.1 Derivation

Call options

From the arbitrage conditions, I know that C > max{0,5 — k}. From this, I can

write C = max{0, S — k} + f(S,t,r,7,d), where 7 is a trend indicator, and d is
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the dividend yield during the life of the option. If I rewrite max{0,S5 — k} as
(IS — k| + 5 —k)/2, then I have

S—kl+S5—k
)

Substituting /(S — k)2 for |S — k| gives

AS""‘k 2+5’-k
C = ( )2 + f(S,t,r,7,d)

C =

+ f(Sa ta rT, d)

where f(S,t,r,7,d) gives the call premium over parity (i.e., value in addition
to its intrinsic value). I now have to determine the functional form of f.
In order to satisfy arbitrage conditions (A.1), and (A.8) through (A.11), f

will need to obey the following:

W/ =0
ltlj%l f=0
Bmf < min{S, k}
s =0
litmf < min{S, k}

I can satisfy these conditions, along with arbitrage conditions (A.2), (A.6),
and (A.7), by writing

f(S,t,r,7,d) = min{S, k} - 0(¢t,r, 7, d)

where!®

15There are other forms for § which would also work, such as 8(t,r, 7,d) = 1 — 1/(a;t + astr+
astt + agtd + 1).
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1
a1/t + ax/(1 +7r)+ az7+ agd + 1

0(t,r,7,d) =

and ay,...,a4 are parameters to be fitted.
I note that min{S, k} = Sk/max{S,k} = 25k/(1/(S — k)2 + S + k), and so,

in analytic form, I have

‘S’ "
f(S,t,r,7,d) = 25k 6(t,r,7,d)
VIS —EkP+S+k
which gives
S—k2+5—-k 25k
C = ( ) + 25k 6(t,r,7,d)
2 (S—k)2+S+k

The problem with this form is that it is not continuously differentiable with
respect to S. There exists a discontinuity in the derivative at 5 = k. This makes
it impossible to compute the delta of my option (the hedge ratio). Thus, I need
to modify the form.

I know that at ¢ = 0 the equation behaves correctly. Also, at ¢ = 0 the
equation assumes the form of a hyperbola, rotated 22.5° and translated along the
S-axis by k. If I preserve the hyperbolic form for ¢ > 0, then I will have resolved
the discontinuity problem. Since # makes the equation nonhyperbolic, except at
t = 0, I seek to modify the way that € is incorporated into the equation so that
I preserve the hyperbolic form.

I begin with the general form for a hyperbola, rotate by 22.5° and translate
along the S-axis by k. This will give us asymptotes of C =0 and C = S — k
as required. I start with the unrotated, untranslated hyperbola in my primed
coordinate system:

2
¢,

a? bZ



where a = sin22.5°,b = c0s22.5°, and a4 is a constant. By solving for C’, |

obtain C' = ay/d + S*/b2. 1 now apply the coordinate transformation matrix,

given by:
b —a Sy [ S-k
a b c) \ C

S = b(S — k) + aC

This yields

and
C'=—a(S—-k)+0C

Substituting these back into C’ = ay/d 4+ S$'*/b? and solving for C as a function
of S, I obtain

o aby/(S — k)2 + (b2 — a?)d + ab(S — k)

b2 — g2

Noting that ¢ = sin22.5° and b = co0s22.5°, 1 can use the double angle
formulas to obtain 2ab = sin45° and (b? — a®) = cos 45°. Since sin 45° = cos 45°,

then (b* — @?) = 2ab and my formula reduces to:

(S—k)2+h+5—k

C=
2

where h = (b* — a?)d.

Clearly, this formulation is similar to my previous expression, with the differ-
ence being that the premium-over-parity term is under the radical. This makes
the expression continuously differentiable, and hyperbolic for all ¢, thus indicat-
ing that I should move 6(¢,r, 7,d) under the radical. Proceeding accordingly, I

obtain the form:

V(S — k)2 +6(t,r,7,d)+ 5 — k
2

C =
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I must now insure that C = 0 whenever S = 0. I can do this, without
otherwise affecting the behavior of my model, by translating my hyperbola, by

an amount w, negatively along both the C and S-axes. So, I have

Ctwe J(S+w—k?2+0(t,r,7,d)+S+w—k

Solving for w, I get

Hence my new formula is

V(S+0/4k — k2 +0+5—k—6/4k
2

) =

where 8§ = 6(¢t,r, 7,d).
I now must solve for § and determine 6(¢,r,7,d). It would be easiest to solve
for my parameters if § were linear in ¢, , and 7.

First, I define:

u =4k
v=5S~-k
_ 0

YT 1k

So, my equation becomes

\/(v+w)'2+wu+v—w
2

(2C+w=v)*  (v+w)? .
wy = Twu T
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2(7+‘2w: v+ w 2+1+v+w
Vwu \ Vwu
Now let (v + w)/+/wu = (e¥ — e7¥)/2 = sinh y.

This gives

v+ w T
2(@)“3 ’

e?¥ — 2 <v+w)—1=0

Jwu

By using the quadratic formula, I get

v+ w)/Vwu + /4](v + w)/ywu]? + 4

(A.38)



Since (v 4+ w)/+/wu = sinhy, | have that y = sinh™'[(v + w)//wu].

Substituting back into (A.38), I get

20 +2w| vtw)’ v+w| .
111 [W:l——h] |:\J (ﬁ) +1+ \/IR] —Slllh (

] 2C + 2w v+ w
sinh In =

Jou | - Jwu

Recall that sinhy = (e¥ —e™¥)/2
So, I get

Jou

(M0 +2w)/ Vi _ o= ml(20+20)/Vawl) 9 = 2C + 2w

2/ wu T 4C + 4w

=

Chrw—— —y+tuw
4(C +w)

Solving for w, I obtain

and finally

_ 4kC(C - S+ k)
- ASv - C

6

(A.39)

I now search for a functional form for 8 given my arbitrage conditions. Con-

rate. So, I derive the form 4(t) = a;t.

ditions (A.1) through (A.7) are always satisfied. From condition (A.8), as ¢
approaches zero, the premium-over-parity term, 8, should vanish. From condi-

tion (A.9), as ¢ becomes infinite, § should increase without bound at the same

Now, by condition (A.10), as r approaches zero, 8 is lower bounded by 0.
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at the same rate. So I arrive at 6(r) = a(1 + r).

For the trend term, I assume that when the last price of S, denoted by 5,
is greater than the average price over the previous n days, denoted by S, then
there 1s an upward trend. Thus the premium should be increased. When the
opposite is true, the premium should be decreased. I decide on a trend term of
0(t) = azIn(S1/S,).

I must also incorporate dividends into my model. I note that when the div-
idend is zero, its contribution to @ is zero, and that dividends have a negative
effect on the value of a call. That is, the higher the dividend, the more valuable
the stock is relative to the call.’® The simplest form to satisfy these conditions

is 6(d) = a4d, where the parameter a4 should be negative.
My final form for 8 is:

0(t,r,7,d) = a1t + aztr + aztIn(S;/S,.) + astd

where each term is multiplied by ¢ to insure that as ¢ — 0,0 — 0. I can find
the parameters a;, as, az, and a4 with standard least-squares fitting techniques.
Put options

From the call formula, and condition (A.12), I can find the hyperbolic formula
for puts. Condition (A.12) states that P = C — 5 + k. Thus, I have

S+0/4k —k)2+0+S5—k—0/4k
p_ VS+0/ )2 /% oy

and so, I get

p V(S +0/4k— k)2 +0+k— S —0/4k
- 2

(A.40)

where

18[Kassouf 1965), 43-44.
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4kP(P + S — k)

6= H(t, r,T, d) = a1t + astr + asztt + a4td = % P

(A.41)

This follows from substituting (A.12) into (A.39).

Other convertible instruments

Since stock options are the simplest type of convertible security, my model will
need to be custom tailored to each of the other types of securities to be evaluated.
The other instruments which 1 will consider are warrants, convertible bonds,
currency options, primes, and scores, although it should be possible to use this
basic model to evaluate any type of convertible security. Of this group, warrants

are the easiest to model.

Warrants A warrant is virtually identical to a long-term call option. The
difference, aside from the longer life, is the fact that the warrant is issued by the
company, and, as a result, if the warrant is called, sometimes the company will
issue additional shares of stock. These additional shares tend to dilute the value
of those shares already outstanding. Thus, there is a dilution factor to consider
for warrants. 1 define the dilution as § = w/(v + w), where v is the number of
outstanding shares of stock, and w is the number of shares which the outstanding
warrants in the series can purchase.

As the dilution increases, the value of the stock, and consequently the value
of the warrant, decreases. This can be incorporated into 8 as 8(6) = as6, where

as 1s another parameter. My functional form of 6 for warrants becomes

0(t,r,7,d,6) = a1t + astr + astIn(S,/S,) + astd + asté (A.42)

where § = w/(v + w) is the dilution factor.

41



A.3.2 Model summary

A hyperbolic conic section, appropriately rotated and translated, will satisfy all

of the conditions. I arrived at the following function:

V(S+0/4k—E)2+8+ S —k—0/4k

= A.43
c . (A1)
where
6 =0(t,r,7,d) = a1t + axtr + astt + agtd + asé = 4kC(g _g + k) (A.44)
and
T = In(S1/S,) (A.45)

where S, is the last closing stock price, and S, is the average price over the
previous n days.

The delta of the call, or the hedge ratio, is given by:

, S+0/4k —k2+0+5 —k+0/4k
oC _ (5 +0/4k [tk . (A.46)
s 2/(S +0/ak — k)2 + 6

In addition, I have the following:

oCc 3_Ct
Oaq 00
@ = @tr
da, 00
a—C = B—CtT
Jdas 00
oo,
Oay 00
oC _ BCt6
das 00
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where

oC  S+0/4k+k— \/(S+06/4k —k)>+0
0~ sk/(S+0/ak—k)+0

The formula for puts is:

V(S +06/4k — k)2 +0—k+ .S —0/4k
2

where

4kP(P + S — k)

6 =0(t,r,7,d) = a1t + axtr + astt + aqtd + a6 = =

The delta of the put is given by:

oP  —\/(S+0/4k—k)?2+0+5 —k+0/4k
05 2/(5 +0/4k ~ k)2 + 0

[ also have the following:

or _or,
Jdaq 00
?-E = a—Ptr
day, 00
6_P = a—PtT
Oaz 00
oP 0P
) = %td
or_or,
das 00

where
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dP S+0/4k+k—/(S+0/4k—k)+0
00 8ky/(S + 6/4k —k)* + 6

Thus, I have a complete set of equations for modeling options. These equa-

tions can also be used to model other convertible instruments.

A.3.3 Parameter estimation
Linear estimate

In the notation of section A.2.2, I have (for warrants),

V(S +6/4k —kR+0+S5—k—06/4k
2

N=C=

and by equation (A.44),

4kC(C — S + k)
S—C

fHUY) =a-v =aVi+...4a,V, = ayt+astr+astt+astd+asts =

where ] have

i=t
Vo=tr
Va=tr
Va=1td
Vi =16

and
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. 4]&0] (C] — S] -|" k)/(S’l — C]) a
il v «
4]&02(02 - 52 -|'- k)/(SQ - Cz) a)
VvV, = tT; y Ym = . y @y = .
t:d; ‘ '
£:6: 4ka(Cm - Sm + k)/(‘gm - Cm) a,
and
1 t17'] tlT] tld] t16] VIT
Vm _ t; t'z’l‘z t27'2 t2d2 t252 _ V-"ZT
L tm. tmrm tme tmdm tm&m V;I,; J

where a,, is the parameter vector computed from a sample of m data points.

Recall from equation (A.26) that a,, is given by
a;, = (VTHV771)_]V~’,I7;Y71L

The formulation is identical for puts, except that C is replaced by P + .5 — k,
according to equation (A.12). Note that for some instruments, I may not have
dividends or dilution, etc. In these cases, I simply eliminate those factors from

the model.

Nonlinear estimate

From equations (A.29) and (A.30), I have

m S; + 0; 4k — k2 + 0; curr + Si — k — 0; curr /4K
bk=2([0i—\/( o ) 2'C cun) :|850)

=1

and



™ C \? 0; curr 00 curr
wog ) %

i=1 30,"‘;“" 6aj
and
b ) Ak ity #k
ET) Ap(14X) ifj=k
where
ai,cu.rr = al,cu.rrti + a2,currti7‘i + a3,currtiTi + a4,cu.rrtidi + as,currti(si
and
oC S‘i + ai,curr/4k + k— \/(Si + oi,cu.rr/4k - k)l + ai,cu.rr
80i,curr B 8]6\/(5{ -+ ai,cm/‘l-k — k)l + 0i7cm
and
60‘i,cu.rr -
8(1,],(;1,_” o
aai curr
— =17y
8(1'2,cu.rr '
aai,cu.rr ¢
=ULT
8a:?»,cu.rr
601' curr
: = t;d;
8“4,curr o
601’ curr
: = t;6;
6as,-cu.rr

From equation (A.37), I have
Apext = Acurr T A,_l'b
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With this, I can adjust A by the algorithm described in section A.2.3 to

iteratively fit the parameters.

A.4 The Kassouf model

A.4.1 Derivation

Call options

From arbitrage conditions (A.8) and (A.9), I require that

lim C = max{S,k} — k,
10
and

IimC <SS

tioo

I therefore seek a function, f(S,t,r,7,d) such that

limC = f(S,t,r,7,d) - k.

t—m

Where, whenn = 0, f(S,t,r,7,d) = max{S, k}, and when n = oo, f(S5,t,r,7,d) =
S+ k.

Thus I need a function which satisfies the following two properties:

lim f(S,t,r,7,d) = max{S, k}

n—0

and

lim f(S,t,r,7,d) =5+ k.

n—roo

I recall from functional analysis that the L, norm of (5,k) € R approaches

max{S, k} as p — oo, and it approaches S+ k as p — 1. Restated,
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pl_l_}?o ”(S, k)”Lp = ma'X{S? k}
and
lmg (5, B)l, = + &

I write the L, norm of (S,k) as ||(S,k)||z, = (S? + k7)!/?. 1 relabel p as v,

and write
C=(S"+ kv)l/v —k
where
v =~(t,r,7,d).

I normalize the formula by setting S equal to S/k, and C equal to C/k. This

gives

C=(5"+1)/" -1, (A.52)

Now, I must solve for 4. Let a =1n(C + 1) and S =1nS. So,

C+1=(S"+1)

=
(C+1)=5"+1
=
e“7=6ﬂ7+1
=

e’ —ef—1=0
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1 use Newton’s method to solve for the root, 4, of this equation.

f(zn)

Tptl = Tp — f'(:ll )
n

edMm _ oBm _ 1

7"+1 = 7” - wedrm — ﬁeﬁ'Yn

This becomes

_ (C 41 =5 —1
T = T O e n(C +1) - S7In S

Thus, I compute v by successive iterations.

I must now determine a functional form for y(¢,r, 7,d), which satisfies the
arbitrage conditions. The first seven conditions always hold true. From condition
(A.8) and the properties of the L, norm, as t approaches 0, ¥ must approach oo;
and from condition (A.9), as t approaches oo, v is lower bounded by 1. I satisfy
these conditions with the form () = a,/t.

From conditions (A.10), and (A.11), as r goes to 0, v approaches some finite
constant; and as r approaches oo, v is upper bounded by 1. To satisfy these
conditions, I use the form v(r) = az/(1 + 7).

For the trend term, I have v(7) = a3 In(S;/S,.). The parameter as should be
negative, since v should be inversely proportional to the trend.

As with the Hyperbolic model, the dividend term should vanish when d is
zero. Since both v and d are inversely proportional to the premium over parity,
the dividend term should contribute positively to 4. The simplest form to meet
this criterion is y(d) = a4d, where the parameter, aq4, should be positive.

Thus, my final form for 7 is:

a [(5)
t,r,7,d) = —
At d) =4 2

where a1, a;, as, a4, and g are the parameters to be fitted.

+ azIn(5)/S,) + asd + o, (A.54)
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Put options

Using condition (A.12), and the formula for calls, I find the formula for puts:

P=(S"+1)/"=8, (A.55)

where

aq as
= ta " ad =0
y=7rnd) =+

[ compute v for puts by substituting (A.12) into (A.53). This gives the fol-

lowing formula for iteratively computing v for puts:

+a31n(S/5.) + asd + 7o (A.56)

. (PS8 —sm 1
Tt = T P Sy (P 1 5) — S 0§

Other convertible instruments

As with the Hyperbolic model, I can use Kassouf’s model to describe warrants,
convertible bonds, currency options, primes, and scores. The model has to be
modified in a different way for each type of convertible instrument. Again, I begin

with the simplest case, warrants.
Warrants Since both dilution and ~ are inversely proportional to the value of

the warrant, [ can write v(68) = asé, where as is a parameter to be fitted. The

final form of 4 for warrants becomes

@3

(7, 7y d, 6) = % + + azIn(S1/Sn) + aad + asé + 7o (A.57)

147

A.4.2 Model summary

By using the fact that the limit of the L, norm of (z,y) € R goes to max{z,y}

as p — 00, and that it goes to z 4+ y as p — 1, I can write

C=(Sk), — &



for some p < oo, where

108, k)l = (S7 + k7)1

If I substitute v for p, I get
C=(5+ Y — k,

I normalize my formula and get

C=(S"+ 1)/ -1, (A.58)

where S is now S/k, and C is now C/k, and

az
1+7r

Y= ’_)’(t, r,T, d) = (;—] + + as lll(Sl/E) + a4d + (156 + Yo (A59)

v can be computed iteratively by Newton’s method, where each iteration is

given by

(C+1)ym —5m—1
(C+1)mIn(C+1)—S™InS

I+l = Tn —

The hedge ratio is given by:

oc
as

In addition, I have the following:

= S77I(SY + 1) (A.60)

oC _ 8C1
day Oyt
8C _ 8C 1
da;  Oy1+4r
8C _ aC

das Oy



oC  oC

das 37d
oc _ac,
Jas O«
aCc  oC

o Oy

where

aC

S71
6—7_—(SW+1)1/7 -fl;ln(S”+1)— nS+1

y(SY+1)

The formula for puts is:
P = (Ag’y + 1)1/7 - IS"

where

ay 9
t +l+r

v=1(t,r71d) = + azIn(S1/5%) + asd + asé + o

and v is computed iteratively by the following formula:

(PSSt
T P+ Symm(P+S)—S+nS

Tnt+1 =
The hedge ratio is given by:
OP
= grl(g 1/v-1 _
35 (ST +1) 1

In addition, I have the following:

0P 0P1
da, Oyt
OP 0P 1
6_42—(9_71—%7'
oP 0P
das 0y
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Bas~ On "
9P _ 0P,
Jdas  Ov
aP 9P
90 B

where
oP 1 S'InS+1
= (S D)V | =In(§ 1) - ———— =
Oy ( ) v ( ) Y(S7+1)

This gives us another complete set of formulas for option pricing.

A.4.3 Parameter estimation
Linear estimate

I have
Q=C=(S"+1)"" -1
and

i =a-v=aVi+...4aVo =2+ —2 4 as7 + asd + asé + 70 = 7

t 147
where | have
1
Vi=o
1
Vo =
2 1+7r
Va=7
Vi=d
Ve=46



Ve=1

and
1/t
1/(1+r) T a
i 2 az
V= y Ym = . y  Qm =
62 '7m ay
1

where « is computed iteratively by Newton’s method as given in formula
(A.53).

1 also have

l/tl l/(l+71) T d] 61 1 V:IF
‘Jm _ l/tg l/(l —+ 7'2) T2 d2 62 1 - V:zr
1 / tm 1 / (l + rm) Tm dm 67n 1 V;I,;

where a,, is the parameter vector computed from a sample of m data points.

Recall from equation (A.26) that a,, is given by

a,, = (VT Vm )_1 V;fn Ym

m

As with the Hyperbolic model, the formulation is identical for puts, except

that C is replaced by P 4+ .S — k, according to equation (A.12).

Nonlinear estimate

From equations (A.29) and (A.30), I have

by = i ([Cz. — (G 1)1/'7i,curr _ l] . aC )

i=1 “Yi,curr

o4



e

and

o C \? ¥icurr 0% curr
A = Z {( ) Oa;  Oay ]

i=1 6’7’i,curr
and
A = | A itk
’ Ap(1+ ) ifj=k
where
a1 ,curr a; ,Curr
Yi,owrr = I%i + 12+ T + azcurrT; + a4,currdi + a5,curr6i + Yi,curr
and
oC . . . Steurr I § + 1
- — S”‘h,curr +1 1/’71,curr ].1] S”Yl,curr +1 _ :
dfy’i,Curr ( ) '71'1,:“" ( ) 'yi,cm(S"/i,curr + ]_)
and
a7i,cun _ 1
aal,cu.rr B ti
a'7’12,(:11!"1‘ _ 1
aa2,curr B 1 + r;
6"7’1',curr =7
6(13,0_1” '
a 1,curr
Yogure _
aa4,cm
671' curr
) — 6
aaS,curr ’
a%',curr =1
aaﬁ,curr

From equation (A.37), I have

o
o3



1-1
Anext = Acurr + A ‘b

With this, I can adjust A by the algorithm described in section A.2.3 to

iteratively fit the parameters.



Appendix B

Option Pricing Database

Specifications

B.1 Kinds of securities to be considered

Although there are many different types of derivative securities, I will imit myself

to the following five types:

1. Long-term stock options A long-term stock option is a contract which
gives the holder the right to buy (or sell) one share of common stock at
a fixed price, on or before a certain date. There may be several different
options on the same stock. These options could include both call (right
to buy) and put (right to sell) options, with different exercise prices and
dates. Long-term options are identical to regular options, except that they
have a longer lifespan (normal options have a maximum lifespan of nine
months, whereas long-term option may last for several years.) Both regular

and long-term options are issued by the various exchanges.

(a) Calls A call option gives the holder the right to buy common stock.

(b) Puts A put option gives the holder the right to sell common stock.

2. Warrants A warrant is a contract which gives the holder the right to buy

one share of a certain stock at a fixed price, on or before a certain date.
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There may be several different warrants on the same stock (with different
exercise prices and expiration dates). A warrant is identical to a call option,
except that a warrant has a longer life, and it is issued by the underlying

company.

3. Americus Trust Units The Americus Trust unit, which is sponsored by
the Americus Shareowner Service Corporation, separates the risk and the

reward of a stock into two option-like components.

(a) PRIMEs This is an acronym for Prescribed Right to Income and Maz-
imum Fquity. The holder gets dividends as well as all appreciation up
to the strike. This is similar to a covered call (i.e., owning one share

of stock and being short one call.).

(b) SCOREs This is an acronym for Special Claim On Residual Equity.
The holder gets no dividends but all appreciation above the strike.

This is similar to a call option.

4. Convertible Bonds or Debentures This is a bond contract which can

be converted into a specified number of common shares.!

5. Convertible Preferreds These are preferred shares which can be con-

verted to a specified number of common shares.

I have chosen these five derivative securities since they all have long lifes-
pans, are actively traded, and have many different issues outstanding. It should
be noted that all outstanding Americus Trust units expire by the end of 1992.
Despite this, I will include these instruments since their high volume and long
lifespan provide an excellent source of historical data for testing, even thought

they may no longer be useful for predictive modeling.

'Sometimes a convertible bond may be exchanged for preferred stock, warrants, or various
other securities. Of course, this depends upon the specific terms of the contract.



B.2 Data requirements

The following outline illustrates the relationship of the data in the database.

1. Array of stocks This will be an array of the stocks in the database. Each

stock will contain the following information.

(a) Name Stock name.

(b) CUSIP Alpha-numeric string which is unique to the security.

(
(d) Number of shares outstanding

)
)
¢) Symbol Stock exchange symbol.
)
e) Dividend Annual dividend payment.
)

(
(f) Data array This will contain all of the daily (or weekly) data for the
stock.
1. Date
ii. Closing price
iii. Volume
(g) Derivative Securities This will be an array of derivative securities.

Of course, each stock will have its own array of derivatives.

i. Name
ii. CUSIP
1ii. Symbol
iv. Number of outstanding contracts
v. Type
vi. Expiration date
vili. Conversion Ratio
viii. Strike price
ix. Yield This is the Yield on the convertible bond.

x. Data array This will contain all of the daily (or weekly) data for

the derivative security.
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Date

Closing price

Q" o

Volume

S

Conversion value This is for convertible bonds and convert-

ible preferreds.

E. Investment value This is the estimated value of the convert-
ible bond if it were not convertible. Together with the con-
version value, the investment value forms a theoretical lower
limit for the the value of a convertible bond. I have the follow-
ing theoretical arbitrage relationship: convertible bond value
> max{Investment Value, Conversion Value}. Note that this
is analogous to the arbitrage relation C > max{0,S — k} for
call options.

xi. Model array This contains sets of parameters or weights. Each
set of weights is associated with one particular model. Each indi-
vidual weight is associated with one particular determinant within
that model. Note that these are the values which I compute when
[ fit my function to the data.

Time weight

Interest weight

Trend weight

Dividend weight

Qwo»

Dilution weight

o om O

Constant weight

2. Array of interest rates Daily risk-free interest rates.

)

(b) Three month Treasury Bill rate
) Six month Treasury Bill rate
)

Nine month Treasury Bill rate
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Appendix C

Code for Options Pricing Case
Study

C.1 Program flowchart
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Read data
from
database

Database
stored on disk

For each
instrument,
repeat loop

- Linear
Initialize parameter—
Parameters? estimation
routine
Non-linear
parameter— - )
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routine

\

Compute and dis—
play option price
estimates from
new parameters

End
of loop?

Save
parameters
to datahase

Database
stored on disk

Save
parameters?

Figure C.1: Convertible Instruments Trading Program Flowchart.
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C.2 Sample report output by program

Enter Date: 06/01/1990

Enter Interest: .0845

Date: 06/01/1990
Interest: 0.0845
Model: Kassouf

Database: test

Fordmotor Fjani05¢ expiration: 01/15/1991 type: call strike: 105.00
ptime=4.827418 pinterest=7.457493 ptrend=-—0.848223 p0=3.849772

S= 96.88 98.88 100.88 102.88 104.88 106.88 108.88 110.88 112.88 114.88 116.

0= 1.30 1.79 2.42 3.20 4.15 §5.26 6.53 7.94 9.47 11.10

Fordmotor Fdec110c expiration: 12/15/1990 type: call strike: 110.00
ptime=—1.100803 pinterest=14.396595 ptrend=—0.431441 p0=0.891321
S= 96.88 98.88 100.88 102.88 104.88 106.88 108.88 110.88 112.88 114.88
0= 1.94 2.40 2.96 3.60 4.34 5.19 6.14 7.19 8.35 9.60

Navistar NAVaw expiration: 12/15/1993 type: warnt strike: 5.00

ptime=0.857610 pinterest=2.979983 ptrend=-0.103293 p0=—1.223230
S= 3.25 3.38 3.50 3.62 3.75 3.88 4.00 4.12 4.25 4.38
0= 1.36 1.43 1.51 1,59 1.68 1.76 1.85 1.94 2,03 2.12

12.

116.
10.

88
82

88
95

4.50
2.21
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C.3 General purpose header files

C.3.1 instrument.h

#include <string h>

struct PROGRAM
{
char model[20];
int window_size;
int {rend_lenglh,
float tolerance;

int limit;

int no_of_instruments;

int no_of_tnierests;

struct INTEREST

{
float three_month;
float siz_month;

float nine_month;
char date[11];

struct PRICE

{
char date[11];
float open;
float high;
float low;
float close;

float volume;

struct INSTRUMENT
{

char name[15];
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char underlying[15];
char cusip[15];
char symbol[5];
char type[8];

char ezpiration[11];
float conversion;
float sirike;

float shares;

int ndate;

int nparam;

float dividend;
float dilution;
float plime;

float pint;

float pirend;

float pdiv;

float pdil,

float p0;

struct PRICE #prices;

C.3.2 nmalloc.h

#ifndef _TURBOC__
extern char x malloc();
extern char * realloc();
void free();
#endif

/* Allocates N objects of a given type, using malloc() */
#define MALLOCN(P,T,N.M) \

if (((P) = (T %) malloc((unsigned) (N) * sizeof(T))) == NULL) { \
forinif(stderr, “Malloc failure: (%d bytes) %s\n", (N) * sizeof(T), M), \
exit(1); \

[\

else

/* Reallocates N objects of a given type, using realloc() */
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#define REALLOCN(P,PTEMP,T,N.M) \

if (P) == NULL) { \
MALLOCN((P), T(N).M), \

} \

else if (((PTEMP) = (T *) realloc( P,(unsigned)(N)x sizeof(T))) == NULL) {\ 20
forinif(stderr, "Realloc failure: (%d bytes) %s\n", (N) * sizeof(T), M), \
ezit(1); \

A

else (P) = (PTEMP)

#define FREE(P) free({char *) P)

C.4 General option pricing program code (options.c)

[ E ok kR ok Rk Kk ko ok Rk ok Rk Kok KRR ok Rk kR kKRR R

/*

/* EVALUATING CONVERTIBLE INSTRUMENTS
/* USING MULTIPLE REGRESSION

/*

/*

/* The purpose of this program is to evaluate convertible trading

/* instruments based on past data in order to spot and profit from

/* pricing misalignments in the market. The program is as flexible as

/* possible so that it can be easily modified and expanded to improve 10
/* its usefulness as its performance is evaluated.

/* '
/* The program evaluates calls, puts, and warrants by regressing past

/* prices against:

/*

/*

/* 1. time until expiration

/* 2. interest rate

/* 3. price trend in the underlying

/* 4. dividend 20
/* 5. dilution

/*

/*
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/* Both linear and nonlinear regression are implemented. The linear
/* estimate is used to initialize the parameters (if necessary), and
/* the nonlinear estimate is used otherwise (with the previous

/* extimate as the seed). The four data structures mirror the

/* relations from which they read.

/* The program is invoked by typing “options -ddatabase -mmodel -s -¢”
/* where ’database’ is the name of the database and 'model’ is the

/* name of the option pricing model to be used (either the

/* ’hyperbolic’ or ’kassouf’ models). The *-s’ flag tells the program

/* to save the newly computed model parameters to the database. The
/* ’-¢’ flag tells the program to clear (and thus reinitialize) the

/* parameters.

/********************************************************************/

#include <stdio.h>

#ifdef __TURBOC_
#include <stdlib.h>
#endif

#include <string.h>
#include <math.h>

[k ko sk ok sk ko ook koo o ko ok sk sk skok sk sk ok R sk sk ks Rk ko
Include numerical recipes header files.

ok ok ok ok ok sk ko sk Rk ks sk ok sk ik sk kR ok ok ok ks kool sokok sk ok sk koo [

#include "malloc.h"
#include "nr.h"

#include "nrutil.h"
[HFEAAAAA A Ak A AR AR K A A A A A AAAF AR AR Ao ook ok sk ok o

Define STREQ, which compares two strings.

skokok ook ook sk o o o o ok ook o o sk sk o ok o sk ok R ok KKK R KR ook ook ook |
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#define STREQ(A, B) (x(A) == x(B) && stremp((A), (B)) == 0)

[ HAF A A A A A A A A A oo Aok o K R o KRRk ok o
Allocates N objects of a given type, using malloc().

*********************************************************************/

#define MALLOCN(P,T.N.M) \
if ((P) = (T %) malloc((unsigned) (N) * sizeof(T))) == NULL) { \
fprintf(stderr, "Malloc failure: (%d bytes) %s\n", (N) * sizeof(T), M), \
exit(1); \
A

else

#define FREE(P) free((char x) P)

[ HFRFFFFFFAAAAAAAA KK FAAAA K A AAAK A A KA AAAAA I FAAA A A A A
The following declaration creates the new variable type “Program.”

Later, we declare a variable of this type which will hold all of the

information which governs the operation of the program. This

information will be read out of a single file and stored in this

variable. The variable type is composed of five other types:

1. model is a string (20 characters long) which specifies which model
we are fitting (Kassouf or Hyperbolic, although others could be
added).

2. window_size is an integer which specifies the number of data points

which we regress.

3. trend-length is the number of data points which we use to compute
the trend.

4. tolerance is a float which specifies the computational precisicn
tolerance (this is useful for the computation of gamma using Newton’s
method in the routine computed_gamma).

*********************************************************************/
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typedef struct {
char model[20];
int window_size;
int trend_length;
float tolerance;
int limit;

} Program;

[ Fekkkokok ko Kok ok bk ok ko sk kb kb sk ok sk ko sk ok o ko sk ook ok
The next declaration creates the variable type “Interest.” This

variable type is composed of four types:

1. date is an 11 character string which is the date of the associated

Interest rates.
2. three_month is a float which is the three month T-Bill rate.
3. six_month is a float which is the six_ month T-Bill rate.

4. nine_month is a float which is the nine month T-Bill rate.

KR KA KA A A A AR A KA A A A AAAA KA A A AAA AR FFAAA KA A A A Ak [

typedef struct {
char date[11];
float three_month;
float siz_month;
float nine_month;

} Interest;

[ R A AR A KA KA AAAAAA KR F AR AAAAAA AR Rk
This declaration creates the variable type “Prices,” which is composed

of three other types:

1. date is a 11 character string which is the date of the associated

price and volume measurements.
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2. price is a float which is the price of an instrument on that date.

3. vol is a float which is the trading volume of the instrument on
that date.

*********************************************************************/

typedef struct {
char date[11];
float price;
float wvol;

} Prices;

/*********************************************************************
The Last type declaration creates the new variable type “Instrument.”

This type is composed of 20 other types:

1. name is a string of 15 characters which is the name of the
instrument (i.e., Ford Jul110C).

2. underlying is a 15 character string which is the name of the
underlying security (i.e., Ford Motor Co.). Note that this information
is only useful for convertible instrument entries, although Instrument

will need to also include stock entries.

3. cusip is a 15 character string which is the instruments cusip

identification number (it may include characters).

4. symbol is a 5 character string which is the instruments exchange
symbol (i.e., F).

5. type is a 8 character string which specifies the type of the

instrument (i.e., call, put, warrant, stock, etc.)

6. expiration is a 11 character date string which gives the

instruments expiration date.

7. conversion is a float which specifies the number of shares which
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one convertible covers.
8. strike is the strike price of the convertible (float).
9. shares is the number of outstanding contracts for the issue (float). 180

10. ndata is an integer which is the number of data points which we

have for the instrument

11. nparam is an integer which is the number of data points which we

have for the instrument

12. dividend is the dividend yield during the life of the option
(float).

190
13. dilution is the potential dilution of the stock (float).

14. ptime is the parameter associated with time (i.e., al).
15. pint is the parameter associated with interest rate (i.e., a2).
16. ptrend is the parameter associated with stock trend (i.e., a3).
17. pdiv is the parameter associated with dividend yield.
200
18. pdil is the parameter associated with potential dilution.
19. p0 is the parameter which is a constant.
20. prices is an array of type “Prices,” and it contains all of the
chronological (usually daily) price information for the instrument.
ok bk ok kRt kR bRk ik kiR ok kkok ok kR ook ko ok ok bk ko ok
typedef struct {
char name[l5]; 210
char underlying[15];

char cusip[15];
char symbol[5];
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char type[8]:

char ezpiration[11];
float conversion;
float sirike;

float shares;

it ndaia;

int nparam; 220
float dividend;
float dilution;
float pilime;

float pint;

float pirend;

float pdiv;

float pdil;

float p0;

Prices xprices;

} Instrument; 230

/*********************************************************************
The following variable declarations are global to the program. We make

8 global declarations:

1. program of type program contains information which governs the

operation of the program.

2. interest is an array of type Interest which will contain all of the 240

interest rate data.

3. prices is an array of type Prices which will contain all of the

price data.

4. instrument is an array of type Instrument with each entry

containing all of the information about one specific instrument.

5. no_of_instruments 1Is the total number of instruments in the

instrument array. 250
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6. no_of_interests is the total number of dates for which we have

interest rate data (stored in the interest array).
7. today is the current date.

8. current_interest is the current interest rate.

*********************************************************************/

Program program; 260
Intlerest xinlerest;
Prices *prices;

Insirument *xinsirument;

int no-of_insiruments;
int no_of_inierests;
char today[9);

foat curreni_inierest;

270
/*********************************************************************
This is the main routine which enters the current date and interest
rate; Instantiates the data from the appropriate database relations
into the variables program, interest, instrument, etc.; computes the
new parameter estimates; and, finally, computes the model values.

*********************************************************************/

int
main(arge , argv)
int argc; 280

char ** argv;

void read_data();

void write_data();

void clear_parameters();

void compute();

char s[20], database[20), model[20);
mt clear, save;

int i
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290
save = 0;

while (——arge > 0 && (x++argv)[0] == '-')
{

strepy(s,+++argy);

if (s[0] == 'a")
sircpy(database,&s[1]);

if (s[0}] == 's") 300
save = 1;
if (s[0] == '¢')
clear = 1;
if (s[0] == 'm')
strepy(model & s[1]);
}
read_data(database); 310

if (clear == 1)

clear_parameters(database);

if (STREQ(model "hyperbolic"))
strepy(model "Hyperbolic");

if (STREQ(model "kassout"))
strepy(model, "Kassouf");

320
if (! STREQ(model "Hyperbolic") && ! STREQ(model "Kassouf"))
prinif("Invalid model -- using default model\n");

if (STREQ(model "Hyperbolic") || STREQ(model "Kassout"))
sircpy(program.model,nwdel);

prinif("Enter Date: ");
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scanf("%s", today);
printf("\n");

330
printf("Enter Interest: ")

scanf("%f", &curreni_interest),

printf("\n");
compute(database);

if (save == 1)

write_data(database);
340

[ R R AR ARk Rk Rk Rk Rk kR ok oKk kR R ok kR ok ok ok
This routine computes the basis function vector, p[], from the raw
data. This is for the Kassouf model.

ok 3k 3k 2k ok ok ok ok ok ok ok ok 3 3k ok 3k o ok ok ok ke e Sk e ok ok Sk sk Sk ok sk sk ok sk o e sk sk ok ok ok ok ok ok sk sk ok sk ok sk ok ok ok ok ok ok sk okok ********/

void
linear_gamma(z, p, np, indez)
float z[], p[];
int np, indez; 350

int j:

p[1] 1.0 / z[1];
pl2] = 1.0 / (1.0 + z[2]);
pl3] = z[3];

if (instrument[indez]. dilution == 0 && instrument[indez].dividend == 0)
r[4] = 1.0;
360

if (instrument(indez]. dilution = 0 && instrument[indez].dividend == 0)

{

pl4] = z[4];
p[5] = 1.0;



if (instrument[indez]. dilution == 0 && instrument[indez].dividend != 0)

{

r[4] = z[4];
p[5] = 1.0;

if (instrument[indez].dilution = 0 && insirumeni[indez]. dividend = 0)

{

p[4] = z[4];
p[5] = =[5];
p[6] = 1.0;

/*********************************************************************
This routine computes the basis function vector, p[], from the raw
data. This is for the hyperbolic model.

*********************************************************************/

void
linear_theta(z, p, np, inder)
float z[], p[];

int np, inder,

mt j;

p[l] = 2[1];

p[2] = z[1] = 2[2];
p[3] = =[1] * z[3];
p[4] = z[1] * =[4];
p[5] = z[1] = z[5];

/*********************************************************************

Computes the number of days between two dates. Uses the numerical
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recipes routine julday.

Fek ok ok sk ok koK ok ok skokok ko kok ok bk sk ok kb kb ok ko ***********************************/

float
days_difference(date_1, date_2)
char date_1[12], date_2[12];
{ 410
it mmli, idl, yyyl, mm2, id2, iyyy?2,
float difference;

sscanf(date_1, “%d/%d/%a", &mml, &idl, &iyyyl),
sscanf(date_2, "%a/%d/%hd", &mms, &id2, &iyyy?);

difference = (Julday(mm2, id2, iyyy2) — julday(mml, idl, iyyyl)) / 365.25;
return difference;

420

[ F bR kbR bk KRR kAR Rk Rk Rk ko ok
This routine computes the implied gamma from s (stock price), k

(strike) and c (option price) for the Kassouf model. Since there is no

analytic form for gamma, we compute it iteratively using Newton’s

method.

ok kb bRk o kb ok ok R Rk R Rk R R o kR ok ko ok ek

float
computed_gamma(c, s, k old_gamma, i) 430
float ¢, s, k old_gamma,

it ;

float new_gamma;
float logs, logel,;

float s_2_gamma, c_2_gamma;

»n
1l

s |k
¢/ k + 1.0;

o
I

440
logs = log(s);
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logel = log(c);

new_gamma = old_gamma;
1 = 0;
do {
old_gammae = new_gamma; 450

s_2_gamma = pow(s, old_gamma);

c2_gamma = pow(c, old_gamma);

new_gamma = old_gamma —
(c-2_gamma — s_2_gamma — 1.0) / (c_2.gamma * logcl

— s_2_gamma * logs);

i+,
} while (fabs((new_gamma — old_gamma) / old_gamma) >= program.tolerance &&

i <= program.limil); 460

return new.gamma,

[ o ks ok ook o sk ok ko ok sk ok ok ok o o ok sk ok ok sk sk ok sk ok o ok ok ko oo o
This routine computes the implied theta from s (stock price), k
(strike) and ¢ (option price) for the hyperbolic model.

*********************************************************************/

470
float

computed_theta{c, s, k)
float ¢, s, k;

return 4 x k * ¢ x (¢ — s + k)/(s — ¢);

/*********************************************************************
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This routine explicitly computes the Kassouf model option value by 480
computing gamma, and then plugging it into the Kassouf formula.
Note that p[] is the parameter vector.

AR kR kR Rk Rk R kR R Rk Rk ok ook

float
compuled_gamma_value(s, k, 1, r, lrend, div, dil, p, indez)
float s, k, 1, r, irend, div, dil, p[];

int indez;
float gamma; 490

if (instrument[indez].dilution == 0 && instrument[indez].dividend == 0)
gamma = p[1] / ¢t + p[2] / (1.0 + 7) + p[3] * trend + p[4];

if (instrument[indez).dilution = 0 && instrument[indez].dividend == 0)
gamma = p[1] / t + p[2] / (1.0 + r) + p[3] * trend +
p[4] = did + p[5]:

if (instrumenti[indez].dilution == 0 && instrument[indez).dividend = 0)
gamma = p[1] / t + p[2) / (1.0 + 7) + p[3] * trend + 500
p[4] * div + p[5];

if (instrument[indez].dilution '= 0 && instrument[indez].dividend != 0)
gamma = p[1] / t + p[2) / (1.0 + 7) + p[3] * trend +
p[4] + div + p[5] * dil + p[6];

return k * (pow(pow(s / k gamma) + 1.0, 1.0 / gamma) — 1.0);

510
[ A A F Ak A A A F A A AR Aok AR A AR A AR R ok %

This routine explicitly computes the hyperbolic model option value by
computing theta, and then plugging it into the hyperbolic formula.
Note that p[] is the parameter vector.

krERRR Rk Rk Rk ek ok ek bk ok ok kR Rk ook |

float
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computed_hyperbolic_value(s, k, 1, r irend, div, di, p, inder)
float s, k 1, r, irend, div, dil, p[];

int indez; 520
{
float theta;
if (instrument[indez].dilution == 0 && instrument[indez].dividend == 0)
theta = p[1] = ¢ + p[2] * t * r + p[3] * { * trend,
if (instrument[indez]. dilution '= 0 && instrument[indez].dividend == 0)
theta = p[1] x ¢ + p[2] » t = r + p[3] * { * trend + p[4] = t * dil;
if (instrument[indez]. dilution == 0 && instrument[indez].dividend != 0) 530

theta = p[1] = ¢t + p[2] * t * r + p[3] * ¢ * lrend + p[4] % 1 * div;

if (instrument[indez].dilution '= 0 && instrument[indez].dividend != 0)
theta = p[1] = t + p[2] * ¢ * r 4+ p[3] * t * irend
+ p[4] * 1 * div + p[b] * 1t * dil;

return (sqri((s + theta/4/k — k) = (s + thele/4/k — k) + theta) + s —
theta/4/k — k) [ 2

540

/*********************************************************************
This routine is the function called by the numerical recipes nonlinear

fitting routine mrqmin. This routine returns the vector of derivatives

of the function (Kassouf in this case) with respect to the parameters.

It corresponds to the numerical recipes routine “funcs.”

*********************************************************************/

void

non_linear_gamma(s, k, z, a, y, dydae, na, indez) 550
float z[], *y, a[], dyde[]:
float s, k;

int na;

it indez;
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o

float ¢, r, {rend, div, dil, gamma, s_to_the_g, dydg;

= z[1);
r = z[2]; 560
trend = z[3];
div = 0;
dil = 0;
if (instrument[indez].dilution '= 0 && instrumeni[indez].dividend == 0)

dil = z[4];
if (instrument[indez].diluiion == 0 && instrumeni[indez].dividend '= 0)

div = z[4];

570

if (instrument[indez]. dilution '= 0 && instrument[indez).dividend '= 0)
{

div = z[4];

dil = z[5];
}
xy = compuled_gamma-value(s, k 1, r, irend, div, dil, a, indez);
if (instrument[indez]. dilution == 0 && instrument[indez]. dividend == 0)

gamma = a[l] / 1 + a[2] / (1.0 + r) + a[3] * trend + a[4]; 580
if (instrument[indez]. dilution '= 0 && instrument[indez].dividend == 0)

gamma = a[l] / t + a[2] / (1.0 + 7) + a[3] * lrend +

a[4] * dil + a[5];

if (instrument[indez]. dilution == 0 && instrument[indez]. dividend = 0)

gammea = a[l] / ¢ + a[2] / (1.0 + 7) + a[3] * lrend +

a[4] * div + a[5];
\

if (instrument[indez].dilution '= 0 && insirumeni[indez].dividend = 0) 590

gamma = a[l] / t + a[2]) / (1.0 + 7) + a[3] * trend +
af4] * div + a[5] * dil + a[6);
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s_to_the_g = pow(s/k, gamma);

dydg = —pow(s_-to_the_g + 1.0, 1.0 / gamma)
* (1.0 / gamma * log(s_to_the_g + 1.0) —
(s-to_the_g * log(s/k) + 1.0) / (gamma * (s_to_the_g + 1.0)));

600
dyda[l] = dydg / {;
dyda[2] = dydg / (1.0 4+ 7);
dyda[3] = dydg * trend;
if (instrument[indez].dilution == 0 && instrument(indez].dividend == 0)
dyda[4] = dydg;
if (insirument[indez]. dilution '= 0 && instrument[indez]. dividend == 0)
{
dyda[4] = dydg * dil, 610
dyda[5] = dydg;
}
if (instrument[indez].dilution == 0 && insirument[inder].dividend = 0)
{
dyda[4] = dydg = div;
dyda[5] = dydy;
}
620
if (instrument[indez].dilution != 0 && instrument[indez].dividend != 0)
{
dyda[4] = dydg * div;
dyda[b] = dydg * dil;
dyda[6] = dydy;
}
[ F A A AR KA AR R KR o ok AR AR AR KA AR KRR KR 630

This routine is the function called by the numerical recipes nonlinear

82



fitting routine, mrqmin. This routine returns the vector of
derivatives of the function (Hyperbolic in this case) with respect to
the parameters. It corresponds to the numerical recipes routine

“funcs.”

*********************************************************************/

void

non_linear_theta(s, k, z, a, y, dyda, na, inde:r)
float z[], *y, af], dyda[]; 640
float s, k;

int na, indez;

float 1, r, trend, div, dil, dydthetia;
float radical theta;

t = z[1];
r = z[2];
trend = z[3];
div = 0; 650
dil = 0;
if (instrument[indez].dilution != 0 && instrument[indez].dividend == 0)
dil = z[4];
if (instrument[indez].dilution == 0 && instrument[indez]. dividend != 0)
div = z[4];

if (instrument[indez]. dilution '= 0 && instrument[indez].dividend '= 0)

{ 660
div = z[4];
dil = z[5];

*xy = computed_hyperbolic_value(s, k, 1, v, trend, div, dil, a, indez);

if (instrument[indez).dilution == 0 && instrument[indez).dividend == 0)

theta = a[l] * t + @a[2) * t * v + a[3] * { * lrend;
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if (instrument[indez].dilution '= 0 && instrument[indez].dividend == 0) 670
theta = a[l] = ¢ + a[2] * ¢ * r + a[3] * ¢ * trend + al4] * ¢ * dil;

if (instrument[indez) dilution == 0 && instrumeni[indez]. dividend '= 0)

theta = afl] *x ¢t + a[2] * ¢ * r + a[3] * 1 * {rend + af[4] * 1 * div;
if (instrument[indez].dilution '= 0 && instrument[indez].dividend != 0)
theta = a[l] * ¢t + a[2] * { * 7 + a[3] * t * trend +
af4] * t * div + a[b] * ¢ * dil;
radical = sqri((s + thela/4/k — k) x (s + theta/4/k — k) + thela), 680
dydtheta = ((s + theta/4/k + k)/radical — 1)/8/k;
dyda[l] = dydtheta * {;

dyda[2] dyda[l] * r;
dyda[3] dyda[l] * trend,

if (instrument[indez].dilution '= 0 && instirument[indez].dividend == 0)
dyda[4] = dyda[l] * dil;
690
if (instrument[indez].dilution == 0 && instrument[indez].dividend != 0)
dyda[4] = dyda[l] * div;

if (instrument[indez].dilution != 0 && instrumeni[indez].dividend '= 0)

{
dyda[4]
dyda[b]

dyda[l] * div;
dyda[l] * dil;

700

[RFFF A FFAAA A AR FAAA AR AR A AR AFAAAAAA A AAAAAAAFFAFAFFAK
This routine computes the trend term.

*********************************************************************/

float

compute_trend(stock-indez, firsi_stock_j)
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int stock_indez, firsi_stock_j,

int ¢, start: 710
float s_total;

s-total = 0,
starl = first_stock_j — program.trend_length — 1;

if (start <= 0)

start = 0;

for (i = start; i < firsi_stockj — 1; ++1i) 720

s_total = s_total + instrument[stock_indez).prices[i].price;

return program.irend_length *

instrument[stock_indez).prices(firsi_stock_j — 1).price [s-total;

[k koo s s ok KoK R R R R Sk ok R ok ok sk o ko sk ook sk ok o sk o ok oo ook o
This routine computes the parameter vector for each instrument, and
then loops through and computes the model values. 730

*********************************************************************/

void

compule(database)

char databasef20];

void parameter_estimate();

int ¢ indez, k j, w, firsi_stock_j, lasi_j; 740
int inieresi_indez, stock_indez,

int first_j;

int last_stock_j;

float sirike, s, 1, r, trend, div, dil, c;

float iner, bound;



float p[6], last_stock_price;

parameter_estimate();

prindf(*\nDate: %s\n", today); 750

printf("Interest: %5.4f\n", curreni_inlerest);

printf(*"Model: %s\n",program.model);
printf("Database: %s\n\n",dalabase);

for (¢

= 0; i < no-ofuinstruments; i++) {

indez = 1;
if (! STREQ(instrument[indez].lype, “stock"))

{

sirike = instrument[indez]. strike;

first.j = instrument[indez].ndata — program.window_size; 760
last_j = instrument[indez].ndala;

p[l] = instrument[c].plime;

p[2] = instrument[i].pint;

p[3] = instrument[¢].ptrend;

if (instrument[i]. dividend == 0 && instrument[t]. dilution == 0)

p[4] = instrument[i].p0;

if (instrument[i].dividend == 0 && instrument[t]. dilution != 0) 770

{

p[4] = instrument[i).pdil;
p[d] = instrument[i].p0;
}
if (instrument[i].dividend '= 0 && instrument[i].dilution == 0)

{

p[4] = instrument[i].pdiv;
p[5]
} 780

instrument[i].p0;

if (instrument[i].dividend '= 0 && instrument[t].dilution != 0)

{
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p[4]
p[5]
p[6]

instrument[i]. pdiv;

instrument[d]. pdil;

instrument[).p0;

for (k = indez; ;k—-)
if (STREQ(instrument[indez).underlying, instrument[k].symbol)) {
stock_indez = k; break;

first_stock_j = instrument[stock_indez].ndata — program.window_size;

interesi_index = no_of_inlerests — program.window._size;

printf("hs 'is expiration: %s type: %s strike: %6.2f\n",
instrument[stock_indez].name,
instrument[indez].name,
instrument[indez]. expiration,
instrument[indez).lype,

instrument[indez).strike);

printf("ptime=%f pinterest=/if ptrend=%f",
instrument[index].ptime,
instrument[indez).pint,

instrument[indez].ptrend);

if (instrument[indez]. dividend != 0)

printf("  pdiv=Ut", instrument[indez].pdiv);

if (instrument[indez). dilution != 0)
printf("  pdil=Yf", instrument[indez).pdil);

if (STREQ(program.model, "Kassouf"))
printf("  pO=Y%f", instrument[indez].p0);

printf(**\n");

printf("'s=");
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mer = 2;
last_stock_.j = lasl.j — firsi_j + firsi_stock_j — 1,

last_stock_price = instrument[stock_indez).prices(lasi_stock_j].price;

if (lasi_stock_price <= 100)

mer = 1.0;
if (lasi_stock_price <= 50) 830
iner = .5;

if (lasi_stock_price <= 25)

mmer = .25;

if (last_stock_price <= 12.5)

mer = .125;
bound = incr * 5;
840
for (s = instrument[stock_indez].prices[lasi_stock_j].price — bound;
s <= instrument[stock_indez).prices[last_stock_j].price + bound;
s += incr)
printf("%6.2f ", s);
printf("\n");
printf("0=");
trend = compule_trend(stock_indez, instrument[stock_indez].ndala); 850
{ = days_difference(loday, instrument[indez].ezpiration);
r = curreni_inlerest;
for (s = instrument[stock_indez].prices[lasi_stock_j].price — bound;

s <= instrument[stock-indez].prices[lasi_stock_j].price + bound;

s += incr)

if (STREQ(program.model, "Kassouf") &&
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! STREQ(instrument[indez].type, “put"))
printf("%6.2f ",
computed-gamma_value(s, strike, 1, T,
trend, div, dil, p, indez));

if (STREQ(program.model, "Kassouf") &&
STREQ(instrument[indez].type, "put"))
printf("%6.2f ",
computed_gamma_value(s, strike, i, r, trend, diwv, dil,

p. inder) — s + strike);

if (STREQ(program.model, "Hyperbolic") &&
! STREQ(instrument[indez].lype, “put"))
prinif("46.2f ",

computed_hyperbolic_value(s, strike, t, r,

trend, div, dil, p, indez));

if (STREQ(program.model, "Hyperbolic") &&
STREQ(instrument[indez].lype, "put"))
printf("h6.2f *,

computed_hyperbolic_value(s, strike, t, r,

trend, div, dil, p, indez) -

s + strike);

}
printdf("\n\n");

[k koo ok koo K bk sk sk ok ok ok ks oo ok ko KK ko
This routine loops through all of the convertible instruments in the

instrument array and computes the new parameter vector. If the

parameter vector has not been initialized, then the linear estimate is

used to initialize the parameters. Once we have an initialized

parameter vector, then the nonlinear estimate is used.

sk kR ks Rk ks sk ool sk ok ok ok sk kR R kokok sk o ok
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void

parameter_estimate()

{
void linear_estimate();
void non_linear_estimate(),

it

for (i = 0; i < no_of-instruments; i++)

{
if (! STREQ(instrument[i].lype, "stock") &&

instrument[i].ptime == 0 &&
instrument[i].pinl == 0 &&
instrument[i].pirend == 0 &&
instrument[i].pdiv == 0 &&
instrument[i].pdil == 0 &&
instrumenti[i].p0 == 0)

linear_estimate(i);

if (! STREQ(instrument[:].lype, "stock"))

non_linear_estimate(i);

/*********************************************************************
This routine sets up the appropriate vectors and matrices and then

calls the numerical recipes linear fitting routine, 1fit. The

estimated parameter vector is then instantiated into the instrument

array.

*********************************************************************/

void
linear_estimate(inder)

int indez;

int first_j, firsi_stock_j;

mt ¢ j, m;
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int nparam;

it lasi_j;

int stock_indez;

int first_stock_indez;
int nezi_indez;

int inleresi_index;
int lista[6];
float chisq;

float s, k;

float *xcovar;

float *sig;
float *xz, *y;
float *a;
nparam = 6;

if (STREQ(program.model, "Hyperbolic"))

nparam = 5;

if (instrument[indez].dilution == 0)
nparam = nparam - 1,

if (instrument[indez].dividend == 0)
nparam = nparam — 1;

8
I

= malriz(1, program.window_size, 1, 6);

vector(l, program.window_size);

@
I

a = veclor(l, nparam);

sig = wector(l, program.window_size);

covar = matriz(1l, nparam, 1, nparam);

first_j = instrument[inder].ndata — program.window_size;

last.j = instrument[indez].ndala,

for (m = indez; ; m—-)
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if (STREQ(instrument[indez]. underlying, instrument[m].symbol)) {

stock_indez = m; break;

first_stock_j = instrument[stock_indez].ndata — program.window_size;
interesi_inder = no_of_inlerests — program.window_size;
980
for (j = firstj; 7 < lasty; j++)
{
zfj — firstyj + 1][1] = days_difference(instrument[indez].prices[s].date,
instrument[indez]. expiration);
z[j — firstyy + 1][2] = interest[interesti_indez] three_month;
zlj ~ firsij + 1][3] = compute_trend(stock_indez, firsi_stock_j);
z[j — firstij + 1][4] = instrumeni[indez]. dividend;
z[j — firsty + 1][5] = instrument[indez]. dilution;
zfj — firstij + 1][6] = 1.0; 990
++first_stock_j;
++interesi_indez;
}
if (instrument[indez].dilution == 0 && instrument[indez]. dividend == 0)
{
for (j = firstyy; j < lastj; j++)
{
z[j — firsiy + 1][4] = 1.0 1000

if (instrument[indez].dilution '= 0 && instrumeni[indez].dividend == 0)
{
for (j = firstj; j < lasty; j++)
{
z[j — firsiy + 1][4] = instrument[indez].dilution;
z[j — firstj + 1][5] = 1.0;

} 1010
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if (instrument[inder].dilution == 0 && instrument[indez].dividend != 0)
{
for (j = firstj; j < lasty; j++)
{
z[j — firstj + 1][4]
zfj — firstj + 1][5]

instrument[indez). dividend;
1.0;

if (instrument[indezr].dilution == 0 && instrument[indez].dividend '= 0)
{
for (j = firsiy; j < lasiy; j++)
{
z[j — firsij + 1][4] = instrument[indez]. dividend;
z[j — first,j + 1][5] = instrument[indez].dilution;
z[j — first,j + 1][6] = 1.0;

firsi_stock_j = instrumeni[slock_indez].ndala — program.window_size;

for (j = firsty; j < lasty; j++)
{
if (STREQ(program.model, "Kassouf"))
y[j — firsty + 1] =
computed_gamma(instrument[indez).prices[j].price,
instrument[stock_indez).prices[firsi_stock_j].price,

instrument[indez].strike, 1.0, 0);

if (STREQ(program.model, "Hyperbolic"))
y[j — firstj + 1] =
computed_theta(instrument[indez).prices[s].price,
instrument[stock_indez).prices[firsi_stock_j].price,
instrument[indez].strike, 1.0, 0);
++first_stock_j;
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1050
for (i = 1; i <= program.window_size; i++)
sig[i] = 1.0;

for (1 = 1; i <= nparam; i++)
lista[i] = 1,

if (STREQ(program.model, "Kassouf"))
lfit(z, y, sig, program.window_size, a, nparam, lista, nparam,
covar, &chisq, linear_gamma, indez);
1060
if (STREQ(program.model, "Hyperbolic"))
lfit(z, y. sig, program.window_size, a, nparam, lista, nparam,

covar, &chisq, linear_theta, indez);

instrument[indez].plime = a[1];
instrumeni[indez].pinl = a[2];

instrument[indez].pirend = a[3];

neri_inder = 4,

1070
if (instrument[indez].dividend '= 0)

{
instrument[indez].pdiv = a[nezi_indez];

nezi_indez = nezi_inder + 1;

if (instrument[indez).dilution '= 0)

{
instrument[indez].pdil = g[nezi_indez];

nezi_index = nezri_inder + 1; 1080

if (STREQ(program.model, "Kassouf"))

instrument[indez].p0 = a[nezi_indez];

free_vector(y, 1, program.window_size);

free_vector(a, 1, nparam);
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free_vector(sig, 1, program.window_size);

free_matriz‘(r, 1, program.window_size, 1, 6); 1090

free_matriz(covar, 1, nparam, 1, nparam);

[HEEF ok Rk ok ok Rk ok ok kKK kb koo koo ok sk ok ok ook sk ko ko
This routine sets up the appropriate vectors and matrices and then

calls a modified version of the numerical recipes nonlinear fitting

routine, mrgmin. The estimated parameter vector is then instantiated

into the instrument array.

*********************************************************************/ 1100

void
non_linear_estimate(indez)

int indez;

int first_j, first_stock_j;

int 7, j, m;

int last_j;

int nparam;

int stock_inder, 1110
int first_stock_indexz;

it interesi_indez;

It nezi_inder;

nt lista[6];
float chisg;
float alamda;
float k;

float *xcovar; 1120
float *xalpha;

float #*sig;

float **z, *y;

float *a;

float =*s;

1



nparam = 6;

if (STREQ(program.model, "Hyperbolic"))

nparam = b,

if (instrument[indez].dilution == 0)
nparam = nparam — 1,

if (instrument[indez].dividend == 0)
nparam = nparam — 1,

z = malriz(1l, program.window_size, 1, 6);

alpha = matriz(1, nparam, 1, nparam);

covar = matriz(l, nparam, 1, nparam);

y = vector(l, program. window_size);

s = weclor(l, program.window_size);

a = wveclor(l, nparam);

sig = veclor(l, program.window_size);

a[l] = instrument[indez].ptime;

a[2] = instrument[indez].pint;

a[3] = wmstrument[indez]. ptrend;

nezi_indez = 4,

if (instrument[indez].dividend '= 0)

{

a[4] = instrumeni[indez]. pdiv;
neri_indez = neri_inder + 1,

}

if (instrument[indez].dilution '= 0)

{
a[nezi_indezr] = instrument[inder).pdil;
neri_indez = nezi_inder + 1;
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if (STREQ(program.model, "Kassouf"))

a[nezi_indezr] = instrument[indez].p0;
firsij = instrument[indez].ndata — program.window_size;
lastj = insirumeni[indez].ndala;
1170
for (m = indez; ; m—-)
if (STREQ(instrument[indez) underlying, instrument[m].symbol))
{
stock_inder = m;
break;
}
firsi_stock_j = instrument[stock_indez].ndata — program window_size;
interesi_indez = no_of_inleresls — program.window_size;
1180
for (j = firsty; j < lastij; j++)
{
z[j — firsty + 1][1] = days_difference(instrument[indez].prices[j]. date,
instrument[indez). ezpiration);
z[j — firsty + 1][2] = interest[intleresi_indez]. three_month;
z[j — first.j + 1][3] = compute_trend(stock_indez, firsi_stock_j);
z[j — firstyy + 1][4] = instrument[indez]. dividend;
z[j — firstj + 1][5] = instrument[indez].dilution;
z[j — firsiy + 1][6] = 1.0;
1190
s[j = firstsj + 1] = instrument[stock_indez).prices[firsi_stock_j].price;
++first_stock_j;
++interest_indez;
}
k = instrument[indez].strike;
if (instrument[indez].dilution 1= 0 && instrument[inder].dividend == 0)
{ 1200

for (j = firsij; j < lasiy; j++)
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[j — firsiyy + 1)[4] = instrument[indez]. dilution;

z[j ~ firsty + 1][5] = 1.0;
}
}
if (instrument[indez].dilution == 0 && instrumeni[indez].dividend != 0)
for (j = firsty; j < laslj; j++)
z[j — firsty + 1][5] = 1.0; 1210
if (instrument[inder].dilution == 0 && insirument[indez).dividend == 0)

{

for (j = firsty; j < lasij; j++)

{
z[j — firstj + 1][4] = 1.0;

1220

for (j = firsty: j < lasiy; j++)

y[j — firstj + 1] = instrument[indez].prices[j].price;
for (i = 1, i <= program.window_size; i++)

sig[i] = 1.0;
for (i = 1, i <= nparam; i++)

lista[i] = 1,
alamda = —1.0; 1230

if (STREQ(program.model, "Kassout"))
mrgmin(s, k, z, y sig, program.window_size, a, nparam,
lista, nparam, covar, alpha, &chisq, non_linear_gamma,
&alamda, indez);

if (STREQ(program.model, "Hyperbolic"))

mrgmin(s, k, z, y sig, program.window_size, a, nparam,

lista, nparam, covar, alpha, &chisq, non_linear_thela,
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s

&alamda, index); 1240

instrument[indez].ptime = a[l];
instrument[indez].pint = a[2];
instrument[indez).ptrend = a[3];
neri_indez = 4;

if (instrument[indez).dividend = 0)

{

instrument[indez].pdiv = a[nezi_indez]; 1250
neri_inder = nezri_inder + 1;

}

if (instrument[indez]. dilution = 0)

{
instrument[indez].pdil = a[neri_indez];
nexi_index = nezi_inder + 1;

}

if (STREQ(program.model, "Kassouf")) 1260
instrument[indez].p0 = a[nezri_indez];

free_vector(y, 1, program.window_size);
free_vector(a, 1, nparam);

free_vector(sig, 1, program.window_size);

free_matriz(z, 1, program.window_size, 1, 6);
free_matriz(covar, 1, nparam, 1, nparam);
free_matriz(alpha, 1, nparam, 1, nparam);
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C.5 INGRES interface code

C.5.1 Makefile

NAME = toplions

C_FILES = toplions.c gaussj.c mrqcof.c julday.c mrgmin.c covsri.c Ilfit.c\
nrulilc

O_FILES = ioplions.o gaussj.o mrqcof.o julday.o mrgmin.o covsri.o Ifit.o\
nrutil o

INC_FILES = malloc.h nr.h nrutilh

SRC_FILES = $(INC_FILES) $(C_FILES)

cc = ce

CFLAGS = -9

ALL_LIBS = —lm —le —lg

LIBS_DIR =

all: $(NAME)

$(NAME): $(O_FILES)
$(CC) $(CFLAGS) $(CPPFLAGS) —o $(NAME) $(O_FILES) \
$(ALL_LIBS) $(LIBS_DIR)

clean: ; [bin/rm —f \#«\# %~ $(NAME) $(O_FILES) core

purge: ; /bin/rm —f \#«\# %" core

print: ; enscript —2r —Ppsi $(INC_FILES) $(C_FILES)
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C.5.2 Option pricing interface program (ioptions.q)

[ A A A AAAAAFA A AAAA AR AR AAFAAAA AR AR AR A A AA A A A A A Ao
This code interfaces INGRES and the INGRES version of the financial
database to the option pricing program.

/********************************************************************/

#include "options.c"

#t char DATE[11];

## float THREE,

## float SIX; 10
## float NINE;

## char MODEL[21];

##t int WINDOW_SIZFE,

## int TREND_LENGTH;

## float TOLERANCE;

#it int LIMIT;

## float PRICEF,

## float VOL, 20
## char NAMEI16];

e char  UNDERLYING[16);

## char CUSIP[16];

## char SYMBOL[6];

## char TYPE[9]

## char EXPIRATION[11];

#it float CONVERSION;

## float STRIKE,

# float SHARES, 30
## int NDATA;

## int NPARAM,

## float DIVIDEND,

#i float DILLUTION;,

## float PTIME:;

##t float PINT,
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## float PTREND:;

#it float PDIV;

## float PDIL;

## float PO 40
## char INST[16];

## char DB[21];

/*********************************************************************
This routine reads the data from the appropriate relations in the
database and instantiates the variables.

*********************************************************************/

void 50
read_data(database)

char database[20];
mt i, g k;
[k ok ok ook o koo ok ok koo ok ok ok ok ok ko o koo ook K R o

First, we read in the interest rate data.

*********************************************************************/

60
no_of_inlerests = 0;
strepy( DB, database);
## ingres DB
#it retrieve (DATE=1interest. date)
#it {
no_of_interesls = no_of_interests + 1,
#it }
MALLOCN (interest, Interest, no_of_inlerests, "Malloc 1"); 70
1 = 0
#t retrieve (DATE=1nlerest.date, THREE=1inleresl.
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## three, SIX =interest.siz, NINE=inlerest.nine)
## {

strepy(interest[i].date, DATE);

interest[i].three_month = THREE,

interesi[i].siz_month = SIX,;

interest[i].nine_month = NINE;

i++;
## }

[k AR Rk kR KRRk Rk Rk Rk kR K ok R
We read in the program data.

*********************************************************************/

## retrieve (MODEL=program.model,

#i#t WINDOW_SIZE=program. window_stze,
## TREND_LENGTH =program.irend_length,
#t TOLERANCE=program.tolerance,

## LIMIT=program.limit)

strepy(program.model, MODEL);
program.window_size = WINDOW_SIZE,
program.trend_length = TREND_LENGTH;
program.tolerance = TOLERANCE;
program.limat = LIMIT,

[HEEERR A A AR AAAAAAAARRAARAA AR F AR R AAAAAAAAA A KA AAAAAF AR KKK K
Next, we read in the instument data.

*********************************************************************/

no_of_instruments = 0;
## retrieve (NAME=instrument.name)
## {

no_of_instrumenits = no_of_insiruments + 1,
# }

MALLOCN (instrument, Instrument, no_of-instruments, "Malloc 2");
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##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##

0;

retrieve (NAME=1instrument.name,
UNDERLYING=uwstrumeni.underlying,
CUSIP=1instrument. cusip,
SYMBOL=1instrument.symbol,
TYPE=1instrument. type,
EXPIRATION =instrument.expiration,
CONVERSION =insirumenl.conversion,
STRIKE=instrument.sirike,
SHARES=1instrumeni.shares,
NDATA=instrumeni.ndata,
NPARAM=instrumeni.nparam,
DIVIDEND=instrument.dividend,
DILLUTION =instrument.dillution,
PTIME=1instrumenl.plime,
PINT=1instrument.pini,
PTREND=1instrument.ptrend,
PDIV =instrument.pdiv,
PDIL=1instrument. pdil,
PO=instrument.p0)

for (j = 0; j < 14; +4j)
if (NVAME[] '= ' )
instrument[t].name[j] = NAME[;];

for (j = 0; j < 14; ++j)
if (UNDERLYING[j] '= * ')
instrument[i].underlying[j] = UNDERLYING[j];

for (j = 0; j < 14; ++j)
if (CUSIP[j] '= ' *)
instrument[i].cusip[j] = CUSIP[j];

for (j =0, 7 < 4 ++4j)

if (SYMBOL[j] = ' )
instrument[i].symbol[j] = SYMBOL[j];
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##

##
##
##
##

for (j = 0,7 < 7, ++j)
if (TYPE[j] '= * ')
instrument[:].type[j] = TYPE[j]:

for (j = 0; j < 10; ++j)
if (EXPIRATION[j] '= ' ')
instrument[i]. ezpiration[j] = EXPIRATION[j]

instrument[i]. conversion = CONVERSION; 160
instrument[t]. strike = STRIKE,

instrument[i].shares = SHARES,

instrument[i].ndata = NDATA;

instrument[t].nparam = NPARAM;

instrument[i]. dividend = DIVIDEND;

instrument[i].dilution = DILLUTION;

instrument[d].plime = PTIME;

instrument[i].pint = PINT,

instrument[i].ptrend = PTREND;

instrument[i].pdiv = PDIV, 170
instrument[i].pdil = PDIL;

instrument[i].p0 = PO;

++;

for (i = 0; i < no_of_instruments; ++1i)
{
MALLOCN (instrument[i].prices, Prices, instrument[i].ndala, "Malloc 3");
strepy(INST, instrument[i].name); 180
j=0
retrieve( DATE = INST.date,

PRICE = INST.price,
VOL = INST.vol)

strepy(instrument[i]. prices[j].date, DATE);
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tnstrument[t].prices[j].price = PRICE;
instrument(i].prices[j].vol = VOL;
J++

## }

[ Rk ok ks ok s sk sk sk sk KoK KRR KSR KK SRR AR o ok o oo
This routine writes the newly computed parameters into the database.

*********************************************************************/

void
write_data(database)

char database[20];
int ¢, 7;

for (i = 0; ¢ < no_of_instruments + 1, ++1)

{

## {
strepy(NAME, instrument[i].name);
PTIME = instrument[i].ptime;
PINT = wnstrument[:].pint;
PTREND = instrument[i].ptrend;
PDIV = instrument[i].pdiv;
PDIL = instrument[i].pdil;
PO = instrument[].p0;

## }

## replace instrument(ptime=PTIME,

## pint=PINT,

#t ptrend=PTREND,

## pdiv=PDIV,

## pdil=PDIL,

## p0="P0)
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## where instrumeni.name=NAME

}

[HE Rk R kR R R Rk Rk R Rk ok ok o o
This routine resets all of the parameters in the database to zero.

This causes the parameters to be reiniitialized by the linear fitting

routine. This routine should therefore be invoked when the parameters

need to Dbe reset. .

ok kR Rk ok ok ok Rk kR Rk ok ok

void

clear_parameters(database)

char database[20];

mt 7, j;

for (i = 0; i < no_of-instruments, +-+i)
{
## {

strepy( NAME, instrument[i].name);
PTIME = 0.0;
PINT = 0.0;
PTREND = 0.0;
PDIV = 0.0,
PDIL = 0.0;
PO = 0.0;

instrument[i].ptime = 0.0;
instrument[i].pint = 0.0;
instrument[i].ptrend = 0.0;
instrument[i].pdiv = 0.0;
instrument[i].pdil = 0.0;
instrument[i].p0 = 0.0;

#it }
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## replace instrument(ptime=PTIME,

#t pini=PINT,
#i#t ptrend=PTREND,
#t pdiv=PDIV,
## pdil=PDIL,
## p0="P0)
#it where wnsirument. name=NAME
!
!

C.6 ObjectStore interface code

C.6.1 Makefile

include $(OS-ROOTDIR)/eic/ostore.lib.mk

OS_COMPILATION_SCHEMA_DB_PATH= [$(LOGNAME)/dbl.comp_schema
OS_APPLICATION_SCHEMA_DB_PATH= [$(LOGNAME)/db1.app_schema

LDLIBS = —los —losc —lg —Ilm —lc —1g

SOURCES = db_make.c ooplions.c gaussj.c mrqcof.c julday.c mrgmin.c covsri.c\

lfil.c nrutil c oplions_schema.cc

OBJECTS = db_make.o ooplions.o gaussj.o mrgcof.o julday.o mrgmin.o covsri.o\

lfit.o nrulilo oplions_schema.o
EXECUTABLES = db_make ooplions

CPPFLAGS = —I$(0OS_-ROOTDIR)/include
CFLAGS = ~g

LDFLAGS= $(OS_-EXPORT)
CC = cc
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all: $(EXECUTABLES)

db_make: db_make.o schema_standin
$(OS_-PRELINK) .os_options_schema.cc \
$(OS-COMPILATION_.SCHEMA_DB_PATH) $(OS-APPLICATION_SCHEMA_DB_PATH)
db_make.o $(LDLIBS)
OS5CC —c .os_oplions_schema.cc
$(CC) $(CFLAGS) $(LDFLAGS) —o db.make db_make.o .os_options_schema.o\
$(LDLIBS) 30

db_make.o: db_make.c
$(CC) $(CPPFLAGS) $(CFLAGS) —c¢ db-make.c

ooplions: ooplions.o ooplions.o geussj.o mrqcof.o julday.o mrgmin.o covsri.o\

Ifito nrutilo schema_standin

$(OS_PRELINK) .os_oplions_schema.cc \
$(0S-COMPILATION_SCHEMA_DB_PATH) $(OS-APPLICATION_SCHEMA_DB_PATH)
ooptions.o ooplions.o gaussj.o mrgcof.o julday.o mrgmin.o covsri.o\ )

lfit.o nrutilo $(LDLIBS) 40

O0SCC —c .os-options_schema.cc

$(CC) $(CFLAGS) $(LDFLAGS) —o ooptions ooplions.o gaussj.o mrgcof.o\

Julday.o mrgmin.o covsrt.o lfit.o nrulilo .os_oplions_schema.o\

$(LDLIBS)

ooplions.o: ooplions.c

$(CC) $(CPPFLAGS) $(CFLAGS) —c ooptions.c

schema_standin: options_schema.cc
O0SCC —batch_schema $(OS_.COMPILATION_SCHEMA_DB_PATH) options_schema.cc 50

touch schema_standin

clean:
osrm —f $(OS_COMPILATION_SCHEMA_DB_PATH)
rm —f $(EXECUTABLES) $(OBJECTS) schema_standin

depend.:
osmakedep .depend $(CPPFLAGS) —files $(SOURCES)
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wmclude .depend

C.6.2 Database schema code (options_schema.cc)

#include <ostore/ostore.hh>

#include <ostore/manschem.hh>

#include "instrument.h"

static void dummy ()

{
OS_MARK_SCHEMA_TYPE(PROGRAM);
OS_MARK_SCHEMA_TYPE(INTEREST);
OS_MARK_SCHEMA_TYPE(PRICE),
OS_MARK_SCHEMA_TYPE(INSTRUMENTY);

C.6.3 Database creation code

Code to read INGRES financial database into RAM (ingres.read.q)

/*********************************************************************
This code reads the INGRES version of the options database into RAM.

/********************************************************************/

#include <stdio.h>
#include <string. h>

#define STREQ(A, B)  (#(A) == *(B) && stremp((A), (B)) == 0)

#define MALLOCN(P,T.N.M) \

if (P) = (T %) malloc((unsigned) (N) * sizeof(T))) == NULL) { \
forintf(stderr, "Malloc failure: (%d bytes) Y%s\n", (N) = sizeof(T), M); \
exit(1); \

I\

else
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#define FREE(P) free((char %) P)

typedef

char

struct {
model[20];

int window_size,;

int trend_length;

float

tolerance:

int limit;

} Program;

typedef
char
float
float
float

struet {
date[11];
three_month;
siz_month;

nine_month;

} Interest;

typedef
char
float
float

} Prices;,

typedef
char
char
char
char
char
char
float
float
float

struct {
date[11];
price;

vol;

struct {
name[15];

underlying[15];

cusip[15];
symbol[5)];
type[8];
erpiration[11];
CONVETSION;
strike;

shares;

int ndata;

int nparam,

float
float

dividend;

dilution;
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float ptime;
float pint;
float pirend;
float pdiv;
float pdil,
float p0;
Prices *prices,

} Instrument;

Program program,
Interest *inierest;
Prices xprices;

Instrument xwnsirument;
mt no-of_instruments;
int no_of-interests;
char today[9];

float curreni_interest;

void read_ingres_data(dalabase)

char daiabase[20];

## char DATE[11];

#it float THREE,

## float SIX;

## float NINE;

## char MODEL[21];

## int WINDOW_SIZE,
## int TREND_LENGTH,
## float TOLERANCE;
## int LIMIT,

## float PRICE;

## float VOL;
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## char NAME(16];

## char UNDERLYINGI16];
## char CUSIP[16];
## char SYMBOL[6];
## char TYPE[9);
- char  EXPIRATION[11];
## float CONVERSION;
## float STRIKE,
## float SHARES,
## int NDATA;
## int NPARAM,;
#it float DIVIDEND,
## float DILLUTION;,
#it float PTIME;
##t float PINT;
## float PTREND;
## float PDIV,
#it float PDIL;
## float Po;
#it char INSTI16];
#i# char DB[21];
int ¢ g k

/*********************************************************************
First, we read in the interest rate data.

*********************************************************************/

no_of-interests = 0;
strepy( DB, database);

## ingres DB
## retrieve (DATE=interest.date)
|

no_of_inlerests = no_of_inlerests + 1;
## }
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MALLOCN (interest, Interest, no_of_interests, "Malloc 1"); 130

1 = 0

## reirieve (DATE=1interest.date, THREE=1nleresl.

## three, SIX =interest.siz, NINE=1inlerest.nine)

## {
strepy(interest[i].date, DATE);
interest[i].threemonth = THREE;,
interest[i].siz_month = SIX;
interest[i].nine_month = NINE, 140
1++;

## }

/*********************************************************************
We read in the program data.

ok kR R R Rk Rk bk kR Rk kokkok kR sk skok kR sk sk ok ok ko kokok |

## retrieve (MODEL=program.model,

## WINDOW_SIZE=program.window_size, 150
## TREND_LENGTH =program.irend_length,

## TOLERANCE=program.tolerance,

## LIMIT=program.limit)

strepy(program.model, MODEL);
program.window_size = WINDOW_SIZE,
TREND_LENGTH;
program.tolerance = TOLERANCE,
program.limil = LIMIT;

program.irend_lenglh

160

Lt T S T RS S P s
Next, we read in the instument data.
KA A AAAAAAAA A FAAAFAAAAA KA AAAAAAAAAAAAAAAA AR AK [

no_of_instruments = 0,

## reirieve (NAME:instrument.name)
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no_of_insiruments = no_of_instrumenis + 1,

1 170
MALLOCN (instrument, Instrumen!, no_of_instruments, "Malloc 2");
1 = 0;

relrieve (NAME=instrument.name,

##
##
##
##
##
##
##
##
#*
##
##
##
##
##
##
##
##
##
##

UNDERLYING=tinsirument. underlying,
CUSIP=1instrument. cusip,
SYMBOL=1instrument.symbol,
TYPE=instrument.lype,

EXPIRATION =instrument.expiration,
CONVERSION =instrument.conversion,
STRIKE=instrument.sirike,
SHARES=1instrument.shares,
NDATA=instrument.ndala,

NPARAM =instrument.nparam,
DIVIDEND=1instrument.dividend,
DILLUTION =instrument.dillution,
PTIME=1inslrument.ptime,
PINT=1instrument.pint,
PTREND=1instrument.pirend,

PDIV =instrument. pdiv,
PDIL=instrument.pdil,
PO0=instrument.p0)

for (j = 0, j < 14; ++j)

if (VAME[j] != ')
instrument[i].name[j] = NAME[];

180

190

200

for (j = 0; j < 14; +4j)
if (UNDERLYING[j] = ' ")
instrument[i].underlying[j] = UNDERLYING[;];

for (j = 0; j < 14; ++j)



if (CUSIP[j] '= * ')
instrument[i]. cusip[j] = CUSIP[;);

for (j = 0; j < 4 ++j)
if (SYMBOL[j] '= ' ") 210
instrument[i].symbol[j] = SYMBOL[j];

for (j = 0,7 < 7; ++5)
it (TYPE[j] '= ' ')
instrument[i].type[j] = TYPE[;]

for (j = 0, j < 10; ++7)

if (EXPIRATION[j]!= " ")

instrument[i). ezpiration[j] = EXPIRATION[j]
220

wstrument[i].conversion = CONVERSION;
instrument[i]. strike = STRIKE,
wnstrument[i].shares = SHARES,
instrumenti[i].ndata = NDATA;
instrument[t].nparam = NPARAM;
instrument[t]. dividend = DIVIDEND,
instrument[i].dilution = DILLUTION;
instrument[i].plime = PTIME;
instrument[i].pint = PINT;
instrument[i].pirend = PTREND; 230
instrument[i].pdiv = PDIV,
instrument[i].pdil = PDIL;
instrument[i].p0 = PO;

i+

for (i = 0; ¢ < no_of-instruments;, ++1)
{ 240
MALLOCN (instrument[i].prices, Prices, instrument[:].ndata, "Malloc 3");

strepy(INST, instrument[i].name);

116



1j=0

## retrieve(DATE = INST.date,

## PRICE = INST.price,

#it VOL = INST.vol)

## { 250

strepy(instrument[i].prices(j].date, DATEY;
instrument[i].prices[j].price = PRICE,
instrument[i].prices[j].vol = VOL;

Jt++;

## }

Code to create ObjectStore financial database (db_make.q)

/*********************************************************************
This program creates the ObjectStore version of the options database
from the INGRES original.

/********************************************************************/

#include <ostore/ostore h>
#include "instrument.h"

#include "ingres_read.c"

dalabase *dbl, 10
it i, j;
int no_of_inlerests;
main(arge , argv)
int argc;

char *x argv;

os_typespec * PROGRAM_ lype;
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os_typespec x INTEREST type;

os_typespec * INSTRUMENT type;

os_typespec * PRICE _lype;

printf("reading in data from INGRES. . .\n");

read_ingres_data("mytest");
printf("done.\n\n");

printf("creating ObjectStore database....\n");
start_objectstore ();
db! = database_lookup_open(argv[l], 0, 0664);

PROGRAM_type = alloc_lypespec ("PROGRAM", 0);
INTEREST type = alloc_typespec (“INTEREST", 0);
PRICE_type = alloc_typespec ("PRICE", 0);
INSTRUMENT _type = alloc_typespec (“INSTRUMENT", 0);

OS-BEGIN_TXN(11,0,transaction_updale)
{
dalabase_root ¥ PROGRAM_root;
struct PROGRAM x PROGRAM;
PROGRAM_root = dalabase_create_root (dbl, "PROGRAM_entry");

PROGRAM = (struct PROGRAM x)objecistore_alloc (PROGRAM _type1,db1);

strepy( PROGRAM —>model, program.model);
PROGRAM —>window.size = program.window_size,
PROGRAM ~>trend_length = program.irend_length,
PROGRAM —>1tolerance = program.tolerance;
PROGRAM —>limit = program.limit,

PROGRAM —>no_of_instruments = b;

PROGRAM —>no_of-inlerests = 24;

no_of_interests = PROGRAM —>no_of_interests;
no_of_instrumenis = PROGRAM —>no_of_insiruments;

database_root_sei_value (PROGRAM_rool, (void x)PROGRAM, PROGRAM_ type);
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OS_END_TXN(1);

OS_BEGIN_TXN (12,0,transaction_update) 60

{
database_root ¥ INTEREST _root;

struct INTEREST * INTEREST;
struct INTEREST xINTEREST pir;

INTEREST_root = database_create_root (dbl, "INTEREST entry");
INTEREST-ptr = (struct INTEREST*) INTEREST_root;

INTEREST = (struct INTEREST 70

*)objectstore_alloc(INTEREST_type,no_of_interests,db1);
1 =0

for (INTEREST_ptr = INTEREST,;
INTEREST_ptr < INTEREST + no_of_interests; INTEREST_pir++)

strepy(INTEREST_ptr—>date,interest[i]. date);
INTEREST-pir—>three_month=interesi[i].three_month;

INTEREST_ptr—>siz_month = interest[i].siz_month;

INTEREST_ptr—>nine_month = inlerest[i].nine_month; 80
=+

database_rool_sel_value (INTEREST_root, (void *)INTEREST, INTEREST type);

}
OS_END_TXN(12);

OS_BEGIN_TXN (13,0, transaction_update)
{
database_root * INSTRUMENT root, 90

struct PRICE * PRICE;
struct INSTRUMENT = INSTRUMENT:;
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struct PRICE *xPRICE_pir;
struct INSTRUMENT *INSTRUMENT plr;

INSTRUMENT _root = database_create_root (dbl, "INSTRUMENT entry");

INSTRUMENT_ptr = (struct INSTRUMENTx) INSTRUMENT_root; 100
INSTRUMENT = (struct INSTRUMENT

*)objectstore_alloc(INSTRUMEN T _type,no_of_insiruments,db1);
1 = 0;

for (INSTRUMENT_ptr = INSTRUMENT; INSTRUMENT _ptr <
INSTRUMENT + no_ofinstruments; INSTRUMENT _pir++)

PRICE = (struct PRICE
*)objectstore_alloc( PRICE _type,instrument[i].ndata,db1);
INSTRUMENT _ptr—>prices = PRICFE, 110

J =0

for (PRICE_ptr = PRICE, PRICE_ptr <
PRICE + instrument[i].ndala; PRICE_pir++)

{
strepy( PRICE_ptr—>date,instrument[z]. prices[s]. date);
PRICE_plr—>open = insirument[i).prices[j]. price;
PRICE_ptr—>high = instrument[i].prices[j].price;
PRICE_ptr—>low = instrument[i].prices[j].price; 120
PRICE_ptr—>close = instrumenlt[i].prices[j].price;
PRICE_ptr—>volume = instrumenlt[i].prices[j].vol;
J++
}

strepy(INSTRUMENT_ptr—>name,instrument[i].name);
strepy(INSTRUMENT_pir—>underlying, insirument[:].underlying);
strepy(INSTRUMENT_ptr—> cusip,instrument[i]. cusip);

strepy(INSTRUMEN T_ptr—>symbol,instrument[i]. symbol);

strepy(INSTRUMEN T_ptr—>type, instrument[i]. type); ' 130
strepy(INSTRUMENT_pir—> ezpiration, instrument[i]. ezpiration);
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INSTRUMENT_pir—>conversion = instrumeni[i].conversion;
INSTRUMENT _pir—>strike = instrument[i).strike;
INSTRUMENT_pir—>shares = instrument[i].shares;
INSTRUMENT _ptr—>ndata = instrument[i].ndata;
INSTRUMENT_ptr—>nparam = insirument[i].nparam;
INSTRUMENT _ptr—>dividend = instrument[i]). dividend;
INSTRUMENT _ptr—>plime = instrument[i].plime;
INSTRUMENT_ptr—>pint = instrument[i].pint;
INSTRUMENT_ptr—>ptrend = instrument[i].pirend;
INSTRUMENT _pir—>pdiv = insirument[i].pdiv;
INSTRUMENT_ptr—>pdil = instrument[:].pdil;
INSTRUMENT _ptr—>p0 = instrument[i].p0;

1+

database_root_set_value (INSTRUMENT_root,
(void *)INSTRUMENT, INSTRUMENT _type);

OS_END_TXN(18);
database_close(db1);
prinif("done.\n");
ezit(0);

C.6.4 Option pricing interface program (ooptions.c)

[ ook ok ko ok ok koo ko ok oK ok o SRR KK SR o oo oK o oo o oo oo sk oo ok o oo o
This code interfaces ObjectStore and the ObjectStore version of the
financial database to the option pricing program.

[FF Ak ko ko ok sk ok ok ko ARk R KRk Kok o o
#include "options.c"
#include <ostore/ostore.h>

#include "instrument.h"

void read_data(dbase)
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char dbase[20];
int i, j;

database *db1;

start_objectstore (),

dbl = database_lookup_open(dbase, 1, 0664);
20
OS_BEGIN_TXN (11,0, transaction_update)
{
database_root ¥ PROGRAM _root,
struct PROGRAM » PROGRAM;
PROGRAM_root = database_rool_find ("PROGRAM_entry",dbl);

PROGRAM = (struct PROGRAM x)database_root_gel_value(PROGRAM_root,0);

strepy(program.model, PROGRAM —>model);

program. window.size = PROGRAM —>window_size, 30
program.irend_length = PROGRAM —>1rend_length,

program.tolerance = PROGRAM —>tolerance;

program.limit = PROGRAM —>limit,

no_of_instruments = PROGRAM —>no_of_instruments;

no_of_interests = PROGRAM —>no_of_interests;

}
OS-END_TXN(11);

OS_BEGIN_TXN (12,0,transaction_update)

{ 40
database_rool * INTEREST rootl;

struct INTEREST = INTEREST,
struct INTEREST «INTEREST_ptr,

INTEREST_root = database_rool_find (“INTEREST entry",dbl);
INTEREST_ptr = (struct INTEREST«) INTEREST_root;

INTEREST = (struct INTEREST x)database_root_get_value(INTEREST _root, 0);

122



1 = 0;
MALLOCN (interest, Interest, no_of-inierests, "Malloc 1");

for (INTEREST_ptr = INTEREST;
INTEREST_ptr < INTEREST+no_of-interests; INTEREST-pir++)

strepy(interest[:]. date, INTERES T_pir—>date);
interest[t]. three_month = INTEREST_ptr—>three_month;
interest[i].siz_month = INTEREST_pir—>siz_month;
interesi[i].nine_month = INTEREST_pir—>nine_month;
i+,

}
OS_END_TXN (12);

OS_-BEGIN_TXN(13.0,transaction_update)
{

database_root * INSTRUMENT root;

struct PRICE x PRICE,
struct INSTRUMENT *» INSTRUMENT;

struct PRICE xPRICE_pir,
struct INSTRUMENT +«INSTRUMENT_ptr;

INSTRUMENT _root = datlabase_root_find ("INSTRUMENT entry" dblf);
INSTRUMENT _plr = (struct INSTRUMENTx*) INSTRUMENT _root;

INSTRUMENT = (struct INSTRUMENT
*)database_rool_get_value(INSTRUMEN T_root,0);

1 = 0

MALLOCN (instrument, Instrument, no_of_insiruments, "Malloc 2");
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for (INSTRUMENT pir = INSTRUMENT,; INSTRUMENT _ptr <
INSTRUMENT +no_of-instruments; INSTRUMENT_pir++)

strepy(instrument[i].name, INSTRUMENT_ptr—>name), 90
strepy(instrument[i]. underlying, INSTRUMEN T_pir—>underlying);
strepy(instrument[d]. cusip, INSTRUMEN T_ptr—> cusip);
strepy(instrument[i].symbol INSTRUMEN T_ptr—> symbol);

strepy(instrument[i].type, INSTR UMEN T_ptr—>type);

strepy(instrument[i].ezpiration, INSTRUMENT_ptr—>ezpiration);

instrument[i]. conversion = INSTRUMENT_pir—>conversion;
instrument[i].strike = INSTRUMENT pir—>sirike;
instrument[i].shares = INSTRUMENT _pir—>shares;
instrument[i].ndata = INSTRUMENT_pir—>ndata; 100
instrument[i|.nparam = INSTRUMENT_pir—>nparam;
instrument[i].dividend = INSTRUMEN T_pir—> dividend,;
instrument[i].dilution = INSTRUMENT_ptr—> dilution;
instrument[i].plime = INSTRUMENT _ptr—>plime;
instrument[d].pinl = INSTRUMENT_ptr—>pint;
instrument[:].ptrend = INSTRUMENT _pir—>plrend,
instrument[i].pdiv = INSTRUMENT_pir—>pdiv;
instrument[i].pdil = INSTRUMENT_ptr—>pdil;
instrument[i].p0 = INSTRUMENT_pir—>p0;
110
PRICE = INSTRUMENT _ptr—>prices;

3 =0

MALLOCN (instrument[i].prices, Prices,

instrument[t].ndata, "Malloc 3");

for (PRICE_pir = PRICE; PRICE_pir <
PRICE+instrument[i].ndata; PRICE_pir++)
{ 120
strepy(instrument[i]. prices[j]. date, PRICE_pir—>dale);
instrument[t].prices[j].pricc = PRICE_pir—>close;
instrument[i]. prices[j].vol = PRICE_ptr—>volume,
j++
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i++;

}
OS_END_TXN(13);

database_close(dbl); 130

void write_data(dbase)
char dbase[20];
it 7;

database *dbl; 140

start_objectstore ();
dbl = database_lookup_open(dbase, 0, 0664);

OS_BEGIN_TXN(15,0,transaction_update)
{
database_root * INSTRUMENT _root;
struct INSTRUMENT x INSTRUMENT;
struct INSTRUMENT xINSTRUMENT ptr;
150
INSTRUMENT _root = dalabase_rool_find ("INSTRUMENT entry" dbl);
INSTRUMENT _ptr = (struct INSTRUMENT%*) INSTRUMENT-root;
INSTRUMENT = (struct INSTRUMENT
*)database_root_get_value(INSTRUMENT_root,0);
t =0

for (INSTRUMENT_ptr = INSTRUMENT; INSTRUMENT _ptr <
INSTRUMENT+no_of_instruments; INSTRUMENT_ptr++)

INSTRUMENT _ptr—>ptime = instrument[i].ptime; 160

INSTRUMENT _ptr—>pint = instrument[i].pint;
INSTRUMENT _ptr—>pirend = instrument[i].ptrend;
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INSTRUMENT _ptr—>pdiv = instrument[:].pdiv;
INSTRUMENT _ptr—>pdil = instrument[¢].pdil,
INSTRUMENT _ptr—>p0 = insirument[:].p0;

i++;

}
OS_END_TXN(15); 170

database_close(db1);

void clear_parameters(dbase)
char dbase[20],

mt i
180
database *dbl;

stari_objectstore ();
dbl = database_lookup_open(dbase, 0, 0664);

OS_BEGIN_TXN(14,0,iransaction_update)
{
database_root * INSTRUMENT _root;
struct INSTRUMENT x INSTRUMENT;
struct INSTRUMENT *INSTRUMENT _pir; 190

INSTRUMENT_root = database_rooi_find ("INSTRUMENT entry", dbl);

INSTRUMENT_pir = (struct INSTRUMENTx*) INSTRUMENT _root;

INSTRUMENT = (struct INSTRUMENT
*)database_rool_gel_value(INSTRUMENT-ro0t,0);

1 =0

for (INSTRUMENT ptr = INSTRUMENT; INSTRUMENT_pir <

INSTRUMENT +no_of-instruments; INSTRUMENT_pir++)
{ 200
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INSTRUMENT _ptr—>ptime = 0;
INSTRUMENT _ptr—>pint = 0,
INSTRUMENT_pir—>ptrend = 0;
INSTRUMENT ptr—>pdiv = 0,
INSTRUMENT _ptr—>pdil = 0;
INSTRUMENT _ptr—>p0 = 0;

instrument[i].ptime = 0.0;

instrument[i].pint = 0.0;

instrument[i].ptrend = 0.0; 210
instrument[i].pdiv = 0.0;

instrument[i].pdil = 0.0;

instrument[i].p0 = 0.0;

1+

}
OS_END_TXN(14);

database_close(db1);
) 220

C.7 Modified numerical recipes routines

C.7.1 mrgmin.c

[ AR A o o AR ok o Koo sk ok ok ko skl ok ok
This is a modified version of the numerical recipes routine mrqmin.

The routine has been modified in two important ways: First, we have

added the while construct, which will continue to adjust the fit

parameters until convergence of chi-squared (within 1E-10 on

successive guesses) is achieved; second, we have modified the routine

to do a multivariate multi-parameter non-linear least-squares fit,

rather than the univariate fit which it was originally designed to do.

[ R R R R ok ok

10

void mrgmin(s, sirike, z, y, sig, ndata, a, ma, lista, mfil, covar,
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alpha, chisq, funcs, alamda, index)

float *xz, y[], sig[]. a[], **covar, *xalpha, *chisq, *alamda;
float s[], strike;

int ndata, ma, lsta[], mfit, indez;

void (*funcs)();

20
mt k, kk, j, thit;
static float *de, *airy, *x*xoneda, *bela, ochisq;
float xvector(), *+xmatriz();
void mrgcof(), gaussj(), covsri(), nrerror(), free_matriz(), free_vector();
oneda=matriz(1, mfit, 1, 1);
atry=vector(l, ma);
da=vector(l, ma);
beta=vector(l, ma);
30
kk=mfit+1;
*alamda=0.001;
for (j=1,j<=ma;j++)
{
thit=0;
for (k=1lk<=mfit;k++)
if (lisia[k] == ]) thil4++;
40
if (thit == 0)
lista[kk+-+]=7;
else if (ihit > 1)
nrerror("Bad LISTA permutation in MRQMIN-1");
}
if (kk '= ma+1)
nrerror("Bad LISTA permutation in MRQMIN-2");
50
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mrqcof (s, strike, z, y, sig, ndata, a, ma, lista, mfit,

alpha, beta, chisq, funcs, indez);
ochisg=(x*chisq);
do {

for (j=1;j<=mfit;j++)

{
for (k=1 k<=mfit;k++) 60
covarlj][k]=alpha[7][k];
covar[f][j]=alpha[j][i]*#(1.0+(*alamda));
oneda[j][1]=betals];
}

gaussj(covar, mfil, oneda, 1);

for (j=ljj<=mfit;j++)
da[j]=onedafj][1]; I

for (j=1l;j<=ma;j++)

atry[j]=a[j];

for (j=1lj<=mfit;j++)
atry[lista[j]] = a[lista[s]]+da[;];

mrgcof (s, strike, z, y, sig, ndala, atry, ma, lista, mfil,
covar, da, chisq, funcs, indez);

80
if (xchisg < ochisq)

{

xalamda x= 0.1;

ochisqg=(*chisg);
for (j=ly<=mfit;j++)

{
for (k=1k<=mfit;k++)
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alpha[j][k]=covar(s][];

90
beta[j]=da[s];
a[lista[j]]=atry[lista[s]);
}
}
else
{
xalamda *= 10.0;
xchisg=ochisq;
} 100
} while (sgri((*chisqg — ochisq) * (xchisq — ochisq)) > 1E—10);
covsrt(covar, ma, lista, mfit);
free_vector(beta, 1, ma);
free_vector(da, 1, ma);
free_vector(atry, 1, ma);
free_matriz(oneda, 1, mfit, 1, 1);
return;
} 110
C.7.2 mrqcof.c
JHRFFEEAA A A A A A AR KK FFAAAAKFFAAAA AR AR AR oA
This is a modified version of the numerical recipes routine mrqcof.
The routine has been modified to do a multivariate multi-parameter
non-linear least-squares fit, rather than the univariate fit which it
was originally designed to do.
[FFERA A A ARk AR R kR KRRk R R KRR AR o otk [
void mrgcof(s, strike, z, y, sig, ndata, a, ma, lista,
mfit, alpha, beta, chisq, funcs, indez)
10

float *xz, y[], sig[]. a[]. *+alpha, beta[], *chisg;
float s[], strike;
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int ndata, ma, lista[], mfit, indez;

void (*funcs)();

it k, j, 1;
float ymod, wi, sig2, dy, *dyda, xvector();

void free_vector();
dyda=vector(l, ma); 20

for (j=1j<=mfit;j++)
{
for (k=1;k<=j;k++)
alpha[5][£]=0.0;
beta[5]=0.0;

*chisg=0.0;
30
for (i=1l;i<=ndata;i++)
{
(#funcs)(s[z], strike, z[i], a, &ymod, dyda, ma, indez);
s1g21=1.0/(sig[t]*sig[4]);
dy=y[i]—ymod;

for (j=1l;j<=mfit;j++)
{
wt=dyda[lista[j]]*sig2;
40
for (k=1;k<=jk++)
alpha[j][k] += wixdyda[lista[k]];
betal[j] += dyxwt;

xchisq) += dyxdy*sigf:;
q yxay*sig

for (j=2;7<=mfit;j++)
for (k=l;k<=j-1;k++) 50

131



alpha[k][j]=alpha[7][k];

free_vector(dyda, 1, ma);

}
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Appendix D

Database Creation Utilities for

Benchmark Testing

D.1 Code to generate random integer tables

D.1.1 Makefile

NAME = random

C_FILES = random.c

O_FILES = random.o

SRC_FILES = $(INC-FILES) $(C_-FILES)
cc = cc

CFLAGS = —g

ALL_LIBS = —Im —lc g

LIBS_DIR =

all: $(NAME)

$(NAME): $(O_FILES)

$(CC) $(CFLAGS) $(CPPFLAGS) —o $(NAME) $(O_FILES) \
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$(ALL_LIBS) $(LIBS-DIR)

clean: ; [bin/rm —f \#x\# +~ $(NAME) $(O_FILES) core
purge: ; [bin/rm —f \#x\# 5~ core
print: ; enscript —2r —Ppsl $(INC_FILES) $(C_FILES)

D.1.2 Program code (random.c)

/*********************************************************************
This program produces tables of random integers on the interval

[0,99]. The -r and -c options specify the number of rows and columns,

while the -i options specifies the initial seed. The default vaues

are ten by 8, with a random seed of one. The result goes to the

standard output by default.

[ eskskok ok ook ko sk sk ok koo e et s e e ok e st s bk sk ok ok kb ok ook ok |

#include <stdio.h>
#include<string h>

#ifdef __TURBOC_
#include <sidlib.h>
#endif

int

main(argc , argv)
int argce;

char *x argv;

char s[20];
int ij,n,inil_seed, maz_row, maz_col;
float =z;
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intl_seed = 1;
mazr_row = 10;

maz_col = 8;

while (——arge > 0 && (*++argv)[0] == '-')

{

strepy(s,++xargv);

if (s[0] == '1')
init_seed = atoi(&s[1]);

if (s[0] == 'r')

maz_row = atoi(&s[1]);
if (s[0] == 'c')

maz_col = atoi(&s[1]);

for (i = 1, i <= maz_row; ++1)

{

for (j = 1 + ixmaz_col;, j <= maz_col + 1xmaz_col; ++j)

{
srand(j+init_seed);
z = rand();
n = z£/21474835.2;

printf("%da\t",n);
}
printf("\n");

30
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D.2 UNIX script to make flat-file versions of
the test databases

random —ri1000 —c8 > big_table
random —r10 —¢7 —il top

middle.1
middle_2
middle_3

>
random —r4 —c7 —i71 >
>
>

random —r4 —c7 —i83 > middle_4
>
>
>
>

random —rf —c7 —i75

random —rf —c7 —i79

random ~r4 —c7 —187 middle_5

random —rf —c7 —i91 middle_6

middle_7

middle.8 10
random —rj —c7 —il103 > maddle_9

random —~r4 —c7 —i107 > middle.10

random —r1000 —c8 —18000 > boltom_1_1

random —r1000 —c8 —116000 > bottom_I_2

random —r1000 —c8 —i24000 > boltom_1_3

random —r1000 —c8 —i32000 > boltom_1_4

random —rl1000 —c8 —i8000 > bottom_2_1

random —r1000 —c8 —i16000 > botlom_2_2

random —r1000 —c8 —i24000 > bottom_2_3

random —rl1000 —c8 —i32000 > boltom_2_/ 20
random —r1000 —c8 —1i80000 > bottom_3_1

random —r1000 —c8 —1160000 > botiom_3_-2

random —r1000 —c8 —i240000 > bottom_3_3

random —rl1000 —c8 —1320000 > boltom._3_4

random —r1000 —c8 —i800000 > boltom_4_11

random —r1000 —c8 —i1600000 > bottom_4_2

random —r1000 —c8 —12400000 > bottom_4_3

random —rl1000 —c8 —1i3200000 > boltom_4_4

random —r1000 —c8 —18000000 > boltom_5_1

random —r1000 —c8 —116000000 > botlom_5_2 30
random —rl1000 —c8 —124000000 > botlom_5_3

random —r1000 —c8 —i32000000 > botlom_5_4

random —r1000 —c8 —180000000 > bottom_6_1

random —rl1000 —c8 —1160000000 > boltom_6_2

random —r4f —c7 —i95

random —r4 —c7 —i99
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random —r1000 —c8 —1i240000000 > bollom_6_3

random —r11000 —c8 —1i320000000 > bollom_6_4

random —r1000 —c8 —1i800000000 > boltom_7_1

random —r1000 —c8 —11600000000 > bottom_7_2

random —rl1000 —c8 —1i2400000000 > botlom_7-3

random —r11000 —c8 —13200000000 > boltom_7_4 40
random —r1000 —c8& —i8000000000 > bottom_8_1

random —r1000 —c8 —116000000000 > botlom_8_2

random —11000 —c8 —i24000000000 > boltom. 8.3

random —11000 —c8 —i32000000000 > boltom_8_4

random —r]1000 —c8 —180000000000 > bottom_9_1

random —r1000 —c8 —1i160000000000 > bottom_9_2

random —r1000 —c8 —1i240000000000 > boitom_9_3

random —r1000 —c8 —1320000000000 > botiom_9_4

random —rl1000 —c& —i800000000000 > bottom_10-1

random —r1000 —c8 —11600000000000 > botlom_10-2 50
random —r1000 —c8 —12400000000000 > bottom_10-3

random —r1000 —c8 —1i8200000000000 > bottom_10_4

D.3 Script to create INGRES version of test

database two

creale top(num]=i1,nu7712:i1,num3=i1,num4:i],numa=i],nu7n()'=i1,nu7n7=i1,iable:cg)\g
copy tlop(numl=cOtab,num2=c0lab,numd=cOtab numj=cOtab nums=c0tabnumb=c0lab,
num7=c0tab,table=cOnl) from “/u/shr/testdb/top"\g

create middle_1(numl=il,numf=1l,num8=1il,numj=il,numb=il,numb=1il,num7=il,
table=c12)\g

create middle_2(numl=il,num2=il,numd=1l,numj=il,numd=il,numb=1l,num7=il,
table=c12)\yg

creale mz'ddle_f}(num]=z'1,num?:i],nu7n5’=i1,nu7n4=i1,nu7n5=i1,numﬁ:i],num7=i1.
table=c12)\g

creale middle_{(numl=il,numl=il,numd=il,numj=:il,numb=il,numb=il,num7=il, 10
table=c12)\yg

create middle_5(numl1 =i, num2=1l,num8=1l,numj =11, numb =11, numb=11,num7=1l,
table=c12)\yg

creale middle_6(numl=il,numf=1il,numd=il,numj=il,numb=1il,numb=il,num7=il,
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table=cI2)\g

creale middle.7(numl=1il num2=il, numd=11,numj=il,numb=il,numb =11, num7=:1,
lable=cI2)\g

create middle_8(numi=il,num2=1il,numd=1il, numj=il,numd=il,numb=il,num7=11,
table=c12)\g

create middle_9(numli=il,num2=1l,num3=il, numj=il,numb=:il,numb=1il,num7=1l,
table=c12)\g

create middle_10(numi=1il,num2=1il,numd=il numj=il,numi=il,numb=1il,num7=il,
table=c12)\g

copy middle_I{numl=c0lab,numl=cOtab,num3=cliab,numj=cllab numb=c0tad,
num6=c0lab,num7=c0tab,lable=cOnl) from “/u/shr/testdb/middle_1"\g

copy middle_2(numl=cOtabnum2=cOtab,num3=c0lab,numj=c0lab,numd=c0iab,
num6=c0labnum7=c0lab table=cOnl) from "/u/shr/testdb/middle_2"\g

copy middle_3(numli=c0tlab,numl=cOtabnum3=cOlab,numj=c0tab numd=c0tab,
numb=c@lab,num7=c0lab,table=cOnl) from "/u/shr/testdb/middle_3"\g

copy middle_f(numl=cltab,num2=clab,num3=cOlab,numj=cOlab,nums=clOlab,
numb=cllab,num7=cOtab,table=cOnl) from "/u/shr/testdb/middle_4"\yg

copy middle_5(numi=cOtab,num2=cOtab,num3=cOlab,numj=cOtabnumb=c0tab,
numb=cOtab,num7=c0tab,table=cOnl) from "/u/shr/testdb/middle_5"\g

copy middle_6(numl=c0labnum2=clab,numd=cOtab,numj=cflab,numb=c0tab,
numb=cOtab,num7=c0tlab,table=cOnl) from "/u/shr/testdb/middle_6"\g

copy middle_7(numl=c0lab,num2=c0tab,num3=cOlab,numj=c0labnumd=cOiab,
numb=c0lab,num7=c0tab,iable=cOnl) from "/u/shr/testdb/middle_7"\g

copy middle_8(numl=cOtabnum2=cllab num3=cOleb,numj=cOtabnumd=cOiab,
num6=cOtlab,num7=c0lab,table=cOnl) from “/u/shr/testdb/middle_8"\g

copy middle_9(numl=cllab,num2=cliab num3=cOlab,numj=cOtab,numd=cliab,
num6=c0lab num7=c0tab,table=cOnl) from "/u/shr/testdb/middle_9"\g

copy middle_10{numi=cOlab, num2=cOlab num3=cOtad,numj=cltab, numb=c0tabd,
numb=-c0lab,num7=c0tab,lable=cOnl) from "/u/shr/testdb/middle_10"\g

create bottom_I_1(numl=il,num@=il,num3=11,numj=1il,numi=il,numéb=11,num7=il,
num8=1il)\g

create bottom_1_2(numl=il,numl=il,numd=il, numj=il,numi=il,numé =11, num7=11,
num8=il)\g

create bollom_I_3(numl=til num2=il,numd=1l,numj=11,numi=1il,numb=11, num7=il,
num8=il)\g

create bottom_I_j(numl =11, num2=1il,numd=1l,numj=1il, numd=il,numb=11,num7=il,
num8=1il)\g

create botiom_2_1(numi=il,num2=1tl, num3=1il,numj=1il,numd=il, numb=il,num7=il,

138

20

30

40

50



num8=11)\g
create bottom_2_2(numl=il,numl=1il num8=1il,numj=il,numb=il,numé=11, num?7=11,
num8=i1)\g
create bottom_,?_fi(numl =il,num2=11 num3=1il,numj=1l,nums=il,numb=1l num7=11,
num8=11)\g
creale bottom_2_j(numl=il,num2=1il,numd=1il,numj=il,numd=il,numb=1l, num7=71,
num8=1i1)\g
create bottom_3_1(numi=til,num2=il,num3=il,numj=il,numd=il,numb =11, num7=11,
num8=11)\g
creale bottom_3_2(numli=il,num2=il,num3=1il,numj=il, nums=il,numb=1l,num7=11,
num8=11)\yg
create bottom_3_3(numli =il num2=il,numd=il numj=il, nums=il, numb=1il,num7=11,
num8=1il)\yg
create bottom_3_f(numl=1il,num2=il, num3=il,numj=1il, numb=11,numb=11,num7=11,
num8=1il)\g
create bottom._4_1 (num] =il,num2=tl,num8=1l numj =11 numd=1il,numé=11,num7=11,
num8=11)\g
create bottom_j4_2(numl=il,num@=il,num3=il,numj=1il,num=il,numb=1l,num7=il,
num8=il)\yg
creale botto1n_/,_3(nu1nl =tl,numfZ=1il,num8=1l,num/j=11,numd=il,numb =11, num7=11,
num8=1I)\g
create bottom_4_4 (numl=il,num2=il,num3=1l numj=il,nums=il,numb=1l,num7=11,
num8=1il)\g
creale bottom-5.](num] =il num2=1il,numI=1il,numj=1l,numd=1il,numb=11,num7=il,
num8=11)\g
creale bottom_5_2(numl=ilnum?2=il numI=1il numf=il,numd=il,numb=1il,num7=1l,
num8=:i1)\g
create bottom_5_3(numli=il num2=il,num8=il,numj=il,nums=il,numb=11,num7=iJ,
num8=il)\g
create bottom_5_4 (numl=il,num2=1il,num=1il,numj =1l nums=1il,numb=11 num7=il,
num8=1i1)\g
create bottom_6_1(numl=11,num?2=il, numd=il,numj=il,nums=1il,numé=1il,num7=il,
num8=1l)\yg
create bottom_6_2(numl=il,num2=il, num8=il,numj=1il,numf=il,numb=1l, num7=1l,
num8=il)\g
create bottom_6_8(numl=il,num2=1l,num8=il,numf=1il,numd=il,numb=1l, num7=11,
num8=il)\g

create bottom_6_4(numl=il,num2=1il,num8=1il numj=il,numb=il,numb=1il,num7=i1,
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num8=1il)\g
create bottom_7_1(numl=1il num2=il,numd=il,numj=il,numb=1l, numb=1il,num7=1l,
num8=11)\g
creale bottom_7_2(numl=il num2=1il,num8=1l,numj=il,numb=1l,numé=1il,num7=il,
num8=il)\g
create bottom_7_3(numl=il,num2=1il,numd=1il,numj=1il,numb=1il, numb=il, num7=il,
num8=il)\g
create bottom_7_4(numl=il,num2=1il,numd=1il,numj=1l,numS=1il,numb=1il,num7=il,
num8=1il )\ g
creale bollom_8_1 (num] =il,num2=1il, numd=1il,numj=1il,numd=1il, numb=11,num7=1l,
num8=11)\g
creale bollom_ _Q(num] =il,num2=11,numd =11, numj =11, numd=1il,numb=11,num7=11,
numé=il)\g
creale botto7n_8_3(num] =tl,num2=11,numd =11, numj=1il, numd=1l,numb=11,num7=11,
num8=1I)\g
creale botto7n_8_4(num] =il,num2=1l numd=11 numj=:tl,numd=:1l, numé =11, num7=1l,
num8=1il)\g
creale bollom_9_1 (num] =i, num2=11,numl=1il,numj=11, numb=11,numb=11, num7=11,
num8=il)\g
creale bottom_g_f?(num] =il numl=il,num3=1l, numj =11, numb=11, numb=1il, num7=11,
num8=11)\g
create bottom_9_3(numl=il,num2=il num3=1il,numj=:il, numb=1il,numb=:il, num7=il,
num8=11)\g
create bollom._9_4 (num] =1, num2=1l,numd=11, numj=1l,numd=1l,numb=11,num7=11,
num8=11)\g

creale botlom_10_1(numl=il, num2=1il, numd=il,numj=:il,numb=il,numé=1il,num7=1l,

num8=11)\g

create bottom_10_2(numl=il, numf=1il,numd=il,numj=il,numd=il,numb=:il,num7=11,

num8=11)\g

create botlom_10_3(numl=il,num2=11,numd=1il,numj=il,numb=il,numb=il,num7=il,

num8=1il)\g

create bottom_10_4(numl=1il,num2=1il,num3=il,numj=:il,num§=il,numb=11 num7=1l,

num8=il)\g

copy bottom_1_I1(numil=cOtab,num2=c0tab,num3=c0lab,numj=cOtab,nums=cltabd,
numb=c0lab,num7=cO0lab,num8= c0nl) from "/u/shr/testdb/bottom_1_1"\g
copy bottom_1_2(numl=cOlab,num2=c0tab,num3=c0tiab,numj=c0tlab,nums=cliad,
numb=c0labnum7=c0tab,num8=cOnl) from "/u/shr/testdb/bottom_1_2"\g

copy bottom_1_3(numi=cllabnum2=cOtab,numd=cOtabnumj=c0tabnums=c0tad,

140

100

120



numb =c0lab,num7=cOtlab,num8=cOnl) from "/u/shr/testdb/bottom_1_3"\g

copy bottom_1_4{numl=cO0lab numl=cOlab,numd=cOlab numj=cOtab,num=c0tab, 130
numb=c0tab,num7=c0tab,num88=cOnl) from "/u/shr/testdb/bottom_1_4"\g

copy boltom_2_1(numl=cOlab numl=cOlab numd=cOtab, numj=c0labnumb=cllab,
num6=c0iab,num7=c0tab,num8=cOnl) from “/u/shr/testdb/bottom_2_1"\g

copy bottom_2_2(numl=cOtlab,num2=cOlab,num3=cOiab,numj=cOlab nums=c0tabd,
numb=c0lab,num7=c0tab,num8=cOnl) from "/u/shr/testdb/bottom_2_2"\g

copy bottom_2_3(numl=c0tab,num=cOtabnumd=cOlab numj=c0tab numb=c0tab,
numb=c0tab,num?7=c0tab,num8=cOnl) from "/u/shr/testdb/bottom_2_3"\g

copy bottom_2_4(numl=cOlabnum2=c0tab num3=cOtab numj=c0tabnums=c0tab,
numb=c0lab,num?7=c0lab, num8=cOnl) from "/u/shr/testdb/bottom_2_4"\g

copy bottom_3_1(numl=cOlabnum2=clab numd=c0lab numj=cOlab,numb=c0labd, 140
numb=c0tab,num7=cOtab,num8=cOnl) from "/u/shr/testdb/bottom_3_1"\g

copy bottom_3_2(numl=c0lab num2=cOtad num3=c0tab, numj=cOtabnumd=cliabd,

numb=c0tab, num7=cflab,num8=cOnl) from "/u/shr/testdb/bottom_3_2"\g

copy bottom_3_3(numl=cOtabnum2=cOtabnum3=cMlad numj=cOltab,nums=colab,
numé=c0tab,num7=c0tab,num8=cOnl) from "/u/shr/testdb/bottom_3_3"\g

copy bottom_3_4(numl=cOtabnum2=c0lab,num8=c0labd numj=cOtabnums=c0tab,
numé=c0tab,num?=c0tab,num8=cOnl) from "/u/shr/testdb/bottom_3_4"\g

copy boltom_4_I1{numl=c0labnum2=c0llab numd=c0lab numj=cOtab numb=c0tab,
numb=c0tab,num7=c0tab,num88=cOnl) from "/u/shr/testdb/bottom_4_1"\g

copy bottom_4_2(numl=c0tab,num2=c0tabnum3=cOtab numj=cOtabnum§=c0tab, 150
numb=cllabnum7=c0lab, num8= (:0nl) from "/u/shr/testdb/bottom_4_2"\g

copy bottom_4_3(numi=cO0labnum2=c0iab,num3=cOtab,numj=c0tab,nums=c0tabd,
numb=cOtab,num7=c0tab,num8=cOnl) from "/u/shr/testdb/bottom_4_3"\g

copy bottom_4_4(numl=cOtab,num2=c0tab,num3=c0tab,numj=c0tab num5=c0tab,
num6b=c0tab,num7=c0lab,num8=cOnl) from "/u/shr/testdb/bottom_4_4"\g

copy bottom_5_1(numl=cOtabnum2=c0tab, num8=cOiab,numf=c0tab,nums=c0tab,
numb=c0tabnum7=c0tab,num8=cOnl) from "/u/shr/testdb/bottom_5_1"\g

copy bottom_5_2(numi=c0lab num?2=c0tab num3=cltab,numj=cOtab,nums=c01ab,
numb=c0tab,num7=c0tab,num8=cOnl) from "/u/shr/testdb/bottom_5_2"\g

copy bottom_5_3(numl=cOtab,numl=cllab num3=cltab, numj=cOtab,nums=c0lab, 160
numb=c0tab,num7=c0tab,num8=cOnl) from “/u/shr/testdb/bottom_5_3"\g

copy boltom_5_4(numl=cOtab, num2=cOteb,num3=cOtab,numj=cOtab,nums=c0tab,
numéb=c0lab,num7=c0lab,num8=cOnl) from "/u/shr/testdb/bottom_5_4"\g

copy botlom_6_1(numl=cO0labnum2=c0iab,numd=cOtab,numj=c0tab nums=c0tad,

numb=cftab num7=c0tab,num8=cOnl) from "/u/shr/testdb/bottom_6_1"\g

copy bottom_6_2(numl=cOlab num2=c0tab num3=cltab,numj=c0tab,numd=c0lab,
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numb=cOlab,num7=c0tabnum88=cOnl) from "/u/shr/testdb/bottom_6_2"\g
copy bottom_6_3(numl=cOtab, numl=cOtabnum3=cOlabnumj=cllab nums=cOtab,
numéb=cOlab,num7=cOlabnum8=cOnl) from "/u/shr/testdb/bottom_6_3"\g
copy bottom_6_4 (numl=cOlab,num2=cOtab,num3=c0tab,numj=c0tabnum5=c0tab,
numb=c0iab,num7=c0tab,num&=cOnl) from "/u/shr/testdb/bottom_6_4"\g
copy bottom_7_1(numi=cOlab num2=cOlabnum3=cltabnumj=cltab,nums=cOtab,
num6=cOtab,num?7=c0tabnum8=cOnl) from "/u/shr/testdb/bottom_7_1"\g
copy botlom_7_2(numl=cOlab num2=c0labnumd=c0lab,numj=cOiab,nums=cOtab,
numb=cOlab,num7=cOlab,numb=cOnl) from "/u/shr/t estdb/bottom_7_2"\g
copy botlom_7_3(numlI=cOlab,num2=c0lab,num3=cOlab,num=cllab numb=c0tab,
numb=cOlab,num7=c0tabnum8=cOnl) from "/u/shr/testdb/bottom_7_3"\g
copy bottom_7_4 (numl=cOtab, num2=c0tlab nums=cOlab,numj=c0labnums=c0tabd,
numb=cOlab,num7=c0tab,num8=cOnl) from '"/u/shr/testdb/bottom_7_4"\yg
copy bottom_8_1(numl=cOtabnum2=cOtab,num3=cOtab,numj=cltabnumb=c0tab,
numb=cOlab,num7=c0lab,num8=cOnl) from "/u/shr/testdb/bottom_8_1"\g
copy bottom_8_2(numl=cOteb num2=c0lab num3=cliab numj=c0lab,nums=c0tab,
num6=c0tab,num?=c0tab,num88=cOnl) from '/u/shr/testdb/bottom_8_2"\g
copy bottom_8_3(numl=cOtab,num2=c0tab, num3=cOlab,numj=c0lab,numi=c0tab,
numé=c0lab,num7=c0lab,num8=cOnl) from "/u/shr/testdb/bottom_8_3"\g
copy bottom_8_4(numl=cOlab num2=cOlab num3=cOlab numj=clOlab nums5=c0tab,
num6=c0lab,num7=cOlabnum8=cOnl) from "/u/shr/testdb/bottom_8_4"\yg
copy bottom_9_1(numl=cOlab num2=cOtab,num3=cOlab numj=cltab numb=c0tab,
numb=cliab,num7=cOlab,num8=cOnl) from '/u/shr/testdb/bottom_9_1"\g
copy bottom_9_2(numl=cOlab,num2=c0tab num3=cO0lab,numj=cOtab,nums=c0iab,
numb=cOlabnum7=cOtabnum8=cOnl) from "/u/shr/testdb/bottom_9_2"\g
copy bottom_9_3(numl=clab,numl=c0tab,num3=c0tab,numj=c0tab,nums=c0tab,
num6=cOtabnum7=cOlabnum8=cOnl) from '"/u/shr/testdb/bottom_9_3"\g
copy bottom_9_4(numl=cOtab,numl=c0tab,num3=c0tab,numj=clOtab,numd=c0tab,

numb=cOlab,num7=cOtab,numé=cOnl) from */u/shr/testdb/bottom_9_4"\g

copy bottom_10_1(numl=cOlabnum2=c0lab,numd=cOlab,numnf=c0lab,numd=c0lab,

numé=cOlab,num7=c0tab,num8=cOnl) from "/u/shr/testdb/bottom_10_1"\g

copy bottom_10-2(numl=cOlab num2=c0tab,num3=c0tab,numj=c0lab,numb=c0tab,

numb=cOlab num7=cOtabnum8=clnl) from "/u/shr/testdb/bottom_10_2"\g

copy bottom_10_3(numl=cOlab,num@=cOtab,numd=cOtab,numj=cO0lab,nums=cltad,

numb=cOlabnum7=cO0labnum8=cOnl) from "/u/shr/testdb/bottom_10_3"\g

copy bottom_10_4(numl=cOlabnuml=c0tab,num3=cOtabnumj=c0tab,nums=c0tab,

num6=cOlab,num7=cOtabnum8=conl) from */u/shr/testdb/bottom_10_4"\g
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D.4 Utilities to create ObjectStore version of

test database one

D.4.1 testdbl.h header file

#include <string.h>

struct BIG_.TABLE
{

it numl;

int num2;

mt nums;

int numj;

int nums,;

it numé;

int num?7;

mt numé;

D.4.2 ingres_read.testdbl.q included code

[ R Rk kKoo sk koK oK KoK oK o koo oo oK ook ook oo oo o ok *ok *
This code reads the INGRES version of test database one into RAM.

/********************************************************************/

#include <stdio.h>
#include <string.h>

#define STREQ(A, B) (x(A) == x(B) && stremp((A), (B)) == 0)

#define MALLOCN(P,T,N.M) \
if (((P) = (T x) malloc((unsigned) (N) x sizeof(T))) == NULL) { \
fprintf(stderr, "Malloc failure: (%d bytes) %s\n", (N) * sizeof(T), M), \
exit(1); \
A
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else

#define FREE(P) free((char *) P)

int no_of_records;

int big_table[1001][9];

void read_ingres_data(database)

##
##
##
##
##
##
##
##
##

/*********************************************************************

char database[20];

int

char
it
int
it
mt
it
it
int

int

L 7

DBJ[21];
NUMI,
NUM?2,
NUMS3;
NUMJ,
NUMS;
NUMEG;
NUM7,
NUMS;

We read in the Big Table.

*********************************************************************/

##
##
##
##
##
##

strepy( DB, database);
1 = 0;

ingres DB

relrieve (NUMI=main.numl,

NUM2=main.num?2,
NUM3=main.nums,
NUM{=main.num/,

NUMS=main.nums,
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# NUM6=main.numé,

## NUM7=main.num?7,
## NUM8=main.num8)
## {

big_table[i][1] = NUMTI,
big_table[:][2] = NUM?2;
big_table[i][3] = NUMS$;
big_table[d][4] = NUMJ;
big_table[:]|5] = NUMS;
big_table[1][6] = NUMSG;
big_table[:][7] = NUM7;
big_table[:][8] = NUMS;

-+
#it }
#t# extt
}

D.4.3 dbil_schema.cc database schema code

#include <ostore/ostore.hh>

#include <ostore/manschem.hh>
#include "testdbl.h"
static void dummy ()

{
OS_MARK_SCHEMA_TYPE(BIG_TABLF);

D.4.4 Makefile

include $(OS_ROOTDIR)/etc/ostore.lib.mk

OS_-COMPILATION_SCHEMA_DB_PATH= [$(LOGNAME)/testdbl.comp_schema
OS_-APPLICATION_SCHEMA_DB_PATH= [$(LOGNAME)/testdb1.app_schema

LDLIBS = —los —losc —lg —lm —lc =l
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SOURCES = dbl_make.c dbI_schema.cc

OBJECTS

dbl_make.o dbl_schema.o 10
EXECUTABLES = dbl_make

CPPFLAGS = —I$(OS-ROOTDIR)/include
CFLAGS = —yg

LDFLAGS= $(OS_EXPORT)
CC = ce

all: $(EXECUTABLES) 20

dbl_make: dbi_make.o schema_standin
$(OS-PRELINK) .os_dbl_schema.cc \
$(0OS_.COMPILATION_SCHEMA_DB_PATH) $(OS_APPLICATION_SCHEMA_DB_PATH) '
dbl_make.o $(LDLIBS) ‘ ;
0S5CC —c .os_dbl_schema.cc : '
$(CC) $(CFLAGS) $(LDFLAGS) —o dbl_make dbl_make.o .os_dbl_schema.o $(LDLIBS)

dbl_make.o: dbl_make.c
$(CC) $(CPPFLAGS) $(CFLAGS) —c dbl_make.c 30

schema_standin: dbl_schema.cc
0SCC —batch_schema $(OS_-COMPILATION_SCHEMA_DB_PATH) dbl_schema.cc
touch schema_standin
clean:
osrm —f $(OS_-COMPILATION_.SCHEMA_DB_PATH)
rm —f $(EXECUTABLES) $(OBJECTS) schema_standin

depend: 40
osmakedep .depend $(CPPFLAGS) —files $(SOURCES)

wclude .depend
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D.4.5 dbl_make.c database creation program

[FHEAAFFAAAKFAAAAARAA AR K FAFF A A A A A A AAAAAA A A A A KA AAAKHAFA K
This program creates the ObjectStore version of test database one from
the INGRES original.

[ A A A A HAAAAAAFAAAKFAFAAAAAAA AR A A A AAAARAAAAAFFFAAA KRRk |

#include <ostore/ostore.h>

#include "testdbi.h"

#include "ingres_read_testdbl.c"

database *tesidbl:

int ¢, j;

it no_of_records;

main{arge , argv)
int arge;
char *x argv,
os_lypespec * BIG.TABLE_type,;
printf("reading in data from INGRES. . .\n");
read_ingres_data("testdb1");
printf("done.\n\n");
printf("creating ObjectStore database....\n");
start_objectstore ();
testdbl = database_lookup_open(argv[l], 0, 0664);
no_of_records = 1000;

BIG_TABLE_type = alloc_typespec ("BIG_TABLE", 0);

OS-BEGIN_TXN(11,0,transaction_update)
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database_root * BIG_.TABLE root;

struct BIG_.TABLE * BIG_TABLE;
struct BIG_-TABLE xBIG_-TABLE _ptr,

BIG_-TABLE_root = database_create_root (testdbl, "BIG_TABLE_entry");

BIG_TABLE_ptr = (struct BIG_.TABLEx) BIG.-TABLE_root;

BIG_TABLE = (struct BIG_.TABLE

*)objectstore_alloc( BIG_TABLE _type,no_of-records,testdb1);

1t = 0;

for (BIG_.TABLE_pir = BIG_TABLE,

BIG_TABLE_ptr < BIG-TABLE + no_of_records; BIG_TABLE_pir++)

BIG_TABLE pir—>numl
BIG_TABLE _ptr—>num?2
BIG_TABLE _pir—>num$

BIG_TABLE_pir—>numj =

BIG_-TABLE_ptr—>numj
BIG_TABLE_ptr->numé
BIG_TABLE plr—>num?7
BIG_TABLE_pir—>numé8

i++;

= big_table[][1];
= big_table[d][2];
= big_table[:][3];
big_table[:][4];
= big_table[7][5];
= big_table[4][6];
= big_table[:][7];
= big-table[][8];

database_rool_sel_value (BIG_-TABLE _root,

}

OS-END_TXN(t1);

database_close(lestdbl);
prinif("done.\n");

ezit(0);

(void *)BIG_TABLE, BIG_TABLE_type);
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D.5 Utilities to create ObjectStore version of

test database two

D.5.1 testdb2.h header file

#include <string h>

struct BOTTOM
{
int numl;
mt num?2;
int nums;
int num/;
mt nums;
It numé;
it num7;

int numé8;

struct MIDDLE
{
mt numli;
int num?2;
int numd;
int numj;
int nums;
int numé;
int num7?;
struct BOTTOM xbotiom;

struct TOP
{

int numli;

int num;
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int numd;
mt numj;
int nums;
mt numé;
int num?7;
struct MIDDLE =xmiddle;

D.5.2 ingres_read.testdb2.q included code

/*********************************************************************
This code reads the INGRES version of test database two into RAM.

/********************************************************************/

#include <stdio.h>
#include <string. h>

#define STREQ(A, B)  (x(A) == *(B) && siremp((A), (B)) == 0)

#define MALLOCN(P,T.N.M) \ 10
if (P) = (T x) malloc((unsigned) (N) # sizeof(T))) == NULL) { \
fprintf(stderr, "Malloc failure: (%d bytes) %s\n", (N) x sizeof(T), M), \
ezit(1); \
M\
else

#define FREE(P) free((char *) P)

typedef struct {
mt numi; 20
int num2;
mt num3;
int numy;
it nums;
mt numé;
int num?7;

mt numé;



} Boltom;

typedef struct {
int numl;
mt num?;
int numd;
int nums;
int nums,
int numb;
mt num?;
char table[11];
Botiom xbotiom;
} Middle;

typedef struct {
mt numl;
it num?2;
int nums;
mt numj;
int nums;
it numéb;
it num7;
char table[9];
Middle xmiddle;
} Top;

Top *1op;

Middle xmiddle;

Botiom xbotiom;
int no_of-top;

int no_of middle;
int no_of_bottom;

void read_ingres_data(database)

char database[20];
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## char DBI[21];

#u int NUMI;
## int NUMZ,
## int NUMS3; 70
## int NUMY,
## int NUMS;
## int NUME,
## int NUMT;
## int NUMS;
#i char MID[11];
## char BOT[11];
## char TABLE[11];
int 4, j, k [ 80

strepy( DB, database);

[ ok ko oo oo o oo o o o oo oo ook o o ook oo S Sk SRSK SRR oK Kok oK ok K
We read in the Top Table.

*********************************************************************/

1 =0
no-of.top = 10; 90

MALLOCN (top, Top, no-of-top, "Malloc 1");

## ingres DB

## retrieve (NUMI=top.numl,

## NUM2=top.num?,

## NUM3=top.nums,

## NUM/j=lop.num/,

## NUMS5=1op.nums,

## NUM6=1top.numé, 100
## NUMT7=top.num7,

## TABLE=top.table)

## {
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##

##
##
##
#i
##
##
##
##
##

strepy(top[i].table, TABLE);

top[i] numl
top[i].num?2
top[i].num3
top[i]. num

top[i].numd =

top[i].numé
top[i]. num?
i+

no-of_middle = 4;

NUMI,
NUMZ;
NUMS;
NUMY;
NUMS;
NUMS,
NUMT,

for (1 = 0, 1 < no_of_top; +-+1i)

{

MALLOCN (top[i].middle, Middle, no_of-middle, "Malloc 2");

strepy(MID, top[i]. table);

J

=0

retrieve (NUMI1=MID.numl,

NUM2=MID.num?2,
NUM3=MID.num3,
NUM}=MID.num/,
NUM5=MID.nums,
NUM6=MID.numé,
NUM7=MID.num7,
TABLE=MID.table)

strepy(top[i].middle[j].table, TABLE);

top[i].middle[j].numi1 =

top[i]. middle[j].num2
top[i].middle[j].num3
top[i]. middle[j].num/
top[i].middle[j).numb
top[i].middle[j].numé

If

NUMI,
NUM?2,
NUMS;
NUMY;
NUMS,
NUME;
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##

##
##
##
##
##
##
##
##
##

##

top[i].middle[j].num?7 = NUM7?;
J++

no_of_bottom = 10000;

for (i = 0; ¢ < no_of_-top; ++1)

{

for (j = 0; j < no_of-middle; ++j)

{

MALLOCN (top[i].middle[5].bottom, Bottom, no_of_bottom, "Malloc 3");

strepy(BOT, top[i]. middle[y].table);
l =0

retrieve (NUMI=BOT.numl,
NUM2=BOT.num?,
NUM3=BOT.nums,
NUM4=BOT.num/,
NUM5=BOT.nums,
NUM6=BOT.numé,
NUM7=BOT.num?7,
NUM8=BOT.num8)

top[i].middle[j].bottom[l].num1
top[i].middle[s]. bottom[l].num?2
top[i].middle[j]. bottom[l].num3
top[i].middle[]. bottom[l].num/
top[i]. middle[f]. bottom[l].numéb

top[i].middle[5]. bottom[l].numé =
top[i].middle[j]. bottom[l].num? =

top[i].middle[s]. bottom[l].num8
I++:

154

= NUMI1,;
NUM2,
NUMS3,
= NUMJ;
NUMS,
NUMG;
NUMT,
NUMS,;

150

160

170



j—

D.5.3 db2_schema.cc database schema code

#include <ostore/ostore.hh>

#include <ostore/manschem.hh>
#include "testdb2.h"

static void dummy ()

{
OS_MARK_SCHEMA_TYPE(BOTTOM);
OS-MARK_SCHEMA_TYPE(MIDDLEY),
OS_MARK_SCHEMA_TYPE(TOP);

D.5.4 Makefile

include $(OS_ROOTDIR)/etc/ostore.lib.mk

OS_COMPILATION_SCHEMA_DB_PATH= [$(LOGNAME)/testdb2.comp_schema
OS_APPLICATION_SCHEMA_DB_PATH= /$(LOGNAME)/testdb2.app_schema

LDLIBS = —los —losc —lg —im —le —lg
SOURCES = db2_make.c db,”}_sbchema.cc
OBJECTS = db2_make.o db2_schema.o
EXECUTABLES = db2_make

CPPFLAGS = —I$(OS_ROOTDIR)/include
CFLAGS = —g

LDFLAGS= $(OS_EXPORT)
CC = cc
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all: $(EXECUTABLES) 20

db2_make: db2_make.o schema_siandin
$(OS_PRELINK) .os_db2_schema.cc \
$(OS_COMPILATION_.SCHEMA_DB_PATH) $(OS_APPLICATION_SCHEMA_DB_PATH)
db2_make.o $(LDLIBS)
0SCC —c .os_db2_schema.cc
$(CC) $(CFLAGS) $(LDFLAGS) —o db2_make db2_make.o .os_db2_schema.o $(LDLIBS)

db2_make.o: db2_make.c

$(CC) $(CPPFLAGS) $(CFLAGS) —c db2_make.c 30

schema_slandin: db2_schema.cc
0SCC —batch_schema $(OS-COMPILATION_SCHEMA_DB_PATH) db2_schema.cc

touch schema_standin

clean:
ostm —f $(OS_COMPILATION_.SCHEMA_DB_PATH)
rm —f $(EXECUTABLES) $(OBJECTS) schema_standin

depend: 40
osmakedep .depend $(CPPFLAGS) —files $(SOURCES)

include .depend

D.5.5 db2._make.c database creation program

[ A A A AR A AAAAAAAAAAA A KA A AAAA A FF A AR AR A A KA A A A K HA K
This program creates the ObjectStore version of test database two from
the INGRES original.

[FF R AR KRR R KRR K KRRk [
#include <ostore/ostore.h>

#include "testdb2.h"

#include "ingres_read_testdb2.c"
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dalabase *lestdb?;
int ¢ j, k;

int no_of_records;

main(arge , argv)
int argc;

char **x argv;

os_lypespec x TOP_type;
os_tlypespec * MIDDLE iype;
os_typespec * BOTTOM type;

printf("reading in data from INGRES.. .\n")
read_ingres_data("testdb2");

prinlf("done.\n\n");

prinif("creating ObjectStore database.. . .\n");
start_objectstore ();

lestdb? = database_lookup_open(argu[l], 0, 0664);
no_of_top = 10;

no_of_muddle

no_of_boltom

4,
1000;

BOTTOM_type = alloc_typespec ("BOTTOM", 0);
MIDDLE _type = alloc_typespec ("MIDDLE", 0);
TOP_type = alloc_typespec ("TOP", 0);

OS_BEGIN_TXN (11,0 {ransaction_update)

{

database_root * TOP_root;
struct BOTTOM x BOTTOM;

struct MIDDLE  MIDDLE;
struct TOP x TOP;
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struct BOTTOM «BOTTOM_ pir;
struct MIDDLE «MIDDLE pir;
struct TOP *TOP_pir,

TOP_root = database_create_rool (lestdb?, "TOP_entry");
TOP_ptr = (struct TOPx) TOP_root;

TOP = (struct TOP
*)objectstore_alloc( TOP_type,no_of_top,testdd2);

1 = 0;

for (TOP_ptr = TOP;
TOP_pir < TOP + no_of_top; TOP_ptr++)

MIDDLE = (struct MIDDLE
*)objectstore_alloc( MIDDLE_type,no_of_middle,testdb2);
TOP_pir—>middle = MIDDLE,

=0

for (MIDDLE_pir = MIDDLE; MIDDLE _ptr <
MIDDLE + no_of-middle; MIDDLE_pir++)

BOTTOM = (struct BOTTOM

*)objectsiore_alloc{ BOTTOM_type,no_of_bottom,testdb2);

MIDDLE_ptr—>botiom = BOTTOM;
k=0

for (BOTTOM_pir = BOTTOM,; BOTTOM_ptr <
BOTTOM + no_of-bottom; BOTTOM_pir++)
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BOTTOM_ptr—>numl

BOTTOM _pir—>num2 =

BOTTOM _pir—>num8

BOTTOM _ptr—>numj =

BOTTOM_ptr—>nums
BOTTOM_ _pir—>numé

BOTTOM _pir—>num7 =
BOTTOM _ptr—>numé =

k++;

top[i].middle[j]. bottom[k].num1;
top[i].middle[j]. bottom[k].num2;
top[i].middle[j]. bottom[k]. num3;
top[i].middle[j]. bottom[k].num4;

= top[t].middle[s]. botiom[k].nums; 90

top[i]. middle[5]. bottom[k].numé;
top[i].middle[j]. bottom[k].num7;
top[i].middle[j]. bottom[k].num8;

MIDDLE_ptr—>numl = top[i].middle[j].numli;
MIDDLE ptr—>num?2 = top[i].middle[j].num2;

MIDDLE_ptr—>num8 = top[i].middle[j].num3; 100

MIDDLE_ptr—>numj =

MIDDLE _ptr—>numi
MIDDLE_pir—>num6

MIDDLE ptr—>num7 =

top[i].middle[j].num4;
top[i].middle[j].nums;
top[i]. middle[5].numé;
top[i]. middle[j].num?,

J++;

TOP_pir—>numl
TOP_ptr—>num?
TOP_ptr—>numd
TOP_ptr—>numj
TOP_ptr—>nums
TOP_pir—>numé
TOP_pir—>num7

i+

top[i].numl;
top[i].num?2;
top[i].num3; 110
top[i].numy;
top[i]. nums;
top[i].numé;
top[i].num7;

database_rooi_set_value (TOP-root, (void *)TOP, TOP_type);

}
OS.END_TXN(11);

database_close(testdb?2);

120

159



prinif("'done.\n");
ezi(0);
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Appendix E

Benchmarking Code for Test
Database One
(Relationally-Oriented)

E.1 General program code (testl.c)

/*********************************************************************
This program runs the benchmark tests on test database one.

/********************************************************************/

#include <stdio.h>
#include <time h>
#include <string.h>

/*********************************************************************
Define STREQ, which compares two strings.

Rk Aok KRR KRR KRR AR kKRR Rk KK ARk ok ok kAR ok
#define STREQ(A, B) (#(A) == *(B) && stremp((A), (B)) == 0)
[ F A ARk ook ook KRRk oK KKk ok ok ok kAR R ok o ko ok ko koo

Allocates N objects of a given type, using malloc().

*********************************************************************/
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#define MALLOCN(P,T.N. M) \
if ((P) = (T *) malloc((unsigned) (N) * sizeof(T))) == NULL) { \
fprintf(stderr, "Malloc failure: (%d bytes) %s\n", (N) * sizeof(T), M); \
ezit(1); \
I\

else
#define FREE(P) free((char %) P)
int jn;
int main()
long ¢;
int ;
[HFFAAA A A F A A A A A A AR KA FAAAAAAAAKFAAA A A A K FAAAAAAAAA A A KA A A A AAFFFAF K
test the speed of RAM
oo A AR A A R AR koA Kok o oo kR o ok ko o ok ok ok o
n = 1000;
t = time(0);

for (i = 0; ¢ < n; ++41)

ram_test();
t = time(0) — ¢;
printf("%ld seconds elapsed in %d trials for RAM speed test.\n\n",in);
[ E Rk ks kR kb Rk K R Rk ok R R o

read entire database

*********************************************************************/
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1000;

=
Il

t = time(0);
60

for (i = 0; 1 < n; ++i)
read_data();

{ = time(0) — {;

printf("%1ld seconds elapsed in %d trials for total read.\n\n",in)

/*********************************************************************

simple query number 1
70

*********************************************************************/

{ = time(0);

for (1 = 0; i < n; ++1)
simple_query(1);

t = time(0) — ¢;

printf("%4d hits on simple query\n" j);
prinif(*41ld seconds elapsed in %d trials.\n\n" {n); 80

/*********************************************************************

simple query number 2

*********************************************************************/

1 = time(0);

for (1 = 0; i < n; ++1)

simple_query(25);
90

t = time(0) — ¢;
prinif("4d hits on simple query\n" j);
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printf("41ld seconds elapsed in %d trials.\n\n",in);

/*********************************************************************
simple query number 3

ook ook kR ko o sk bk koo ok koo ok sk ks ko ook ok kR R Rk kk ko
1 = time(0);

for (1 = 0; i < n; ++1)
simple_query(50);

t = time(0) — ¢;

printf("%d hits on simple query\n",j);
prinif("%ld seconds elapsed in %d trials.\n\n",n),

[k koK bk ko Rk sk ko bk Rk ko Rk ok ko ko ok sk ko
simple query number 4
kbR kR ok kR sk sk sk ok o ko kkok kR ok Rk sk sk sk kkok ok ook

1 = time(0);

for (i = 0; i < n; ++1)
simple_query(75);

t = time(0) — ¢,

printf("%d hits on simple query\n",j);
printf("%ld seconds elapsed in %d trials.\n\n",in);

/*********************************************************************
simple query number 5
) ok ook ok ok ko ook koo ko oo kb koo ko ok koo o Rk o kb ok bk [

t = time(0);

for (i = 0; 1 < n; ++41)
simple_query(99);
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t = time(0) — ¢

printf("%d hits on simple query\n",j);
printf("%1d seconds elapsed in %d trials.\n\n",in);

[FEE ARk R R Rk Rk sk Rk kR R K
intermediate query

R KRR R R KRR R kR Rk Rk kR
t = time(0);

for (i = 0; ¢ < n; ++1)
intermediale_query(50,50);

t = time(0) — ¢,

prindf("%d hits on intermediate query\n",j);
prinif("4Ald seconds elapsed in %d trials.\n\n".{n)

[k ok ok Kook sk K ok o sk KRR R R ok R R R oK R R sk R Rk AR R
complex query

SRR Rk kR R R Rk Rk kR R Rk R Rk Rk ok ok [
t = time(0);

for (i = 0; 7 < n; ++1)
complez_guery(50,50,50,50);

t = time(0) — ¢,

printf("%d hits on complex query\n",j);
printf("%ld seconds elapsed in %d trials.\n\n" in);

/*********************************************************************
very complex query

sk sk ook ook sk ook ok kst skl sk ok ko sk s sk skt o o o sk ok ok ok ok ko ok o ok sk koo ook |
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t = time(0);

for (i = 0; i < n; ++1)
very_complez_query(50,50,50,50,50,50,50,50);

1 = time(0) — ¢;

printf("4d hits on very complex query number 1\n",j);
printf("%1d seconds elapsed in %d trials.\n\n",in);

/*********************************************************************

very complex query number 2

AR A AR AR AR AR AR AR AR A A F AR AR A AR AR AR AR Rk ok Kok [

t = time(0);

for (1 = 0; ¢ < n; ++i)
very_complez_query(5,5,5,5,5,55,5);

t = time(0) — ¢;

printf("%d hits on very complex query number 2\n"j);
prinif("%1ld seconds elapsed in %d trials.\n\n",in),

/*********************************************************************
very complex query type 2
*********************************************************************/

{ = time(0);

for (i = 0; 1 < n; ++1)
very_complez_query2(5,95,5,95,5,95,5,95);

t = time(0) — ¢

printf("%d hits on type 2 very complex query\n'",j);
prinif("%1d seconds elapsed in %d trials.\n\n",n);
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E.2 INGRES interface code

E.2.1 Makefile

NAME = ingres_test_dbl

C_FILES = ingres_tesi_dbl.c

O_FILES = ingres_test_dbl.o

INC_FILES = malloc.h nr.h nrutilh

SRC_FILES =  $(INC_FILES) $(C_FILES)

ccC = ce 10

CFLAGS = -y

ALL_LIBS = —lm —lec -lg

LIBS_DIR =

all: $(NAME)

$(NAME): $(O_FILES)
$(CC) $(CFLAGS) $(CPPFLAGS) —o $(NAME) $(O_FILES) \
$(ALL_LIBS) $(LIBS_DIR) 20

clean: ; [bin/rm —f \#+\# +~ $(NAME) $(O_FILES) core
purge: ; [fbin/rm —f \#+\# x" core
print:  ; enscript —2r —Pps! $(INC_FILES) $(C_FILES)
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E.2.2 Program code (ingres_test_dbl.q)

JHAE A A R R KA R A A A A A A Ak K
This code interfaces INGRES to the benchmarking program for test
database one.

[ Hskk sk kR Rk R sk ok ok ko ok Rk ok ok ko ook

#include "testl.c"

## int big_table[1001][9];
## int big_table2[1001][9];
## int lim1,lim2,bm3,lim4,lim5,lim6,lim 7,lim8,lim 9 10

read_data()

/*********************************************************************
Read in the entire database.

L f st

j=0
20
## ingres "testdbl”
## retrieve (big_table[j][1]=main.numi,
## big_table[][2]=main.num?,
## big_table[][3]=main.num3,
## big_table[j][4]=main.num/,
## big_table[][5]=main.nums,
## big_table[j][6]=main.numsé,
## big_table[j][T]=main.num?7,
## big_table[j][8]=main.num8)
## { 30
J++
## }
#u ez
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simple_query(lim1)

{

J =0
## ingres "testdbi"
#it retrieve (big_table[j][1]=main.numl,
## big_table[j][2]=main.num?2,
#i# big_table[f][3]=main.num3,
## big-table[j][4]=main. num{,
## big_table[7][8]=main.num3,
## big_table[7][6]=main.numé,
## big_table[j][7]=main.num?7,
## big_table[5][8]=main.num8)
## where main.numl > liml
## {

J++

## }
## ezil

intermediate_query(lim],lim2

j =0
## ingres "testdbi"
*# retrieve (big-table[j][1]=main.num],
## big_table[j][2]=main.numn?,
*# big_table[j][3]=main.num3,
## big_table[j][4]=main.num/,
#i# big_table[j][S]=main.nums,
#i big_table[j][6]=main.numé,
## big_table[5][7T}=main.num?7,
#i# big-table[j][8]=main.num8)
#it where main.numl > liml
## and main.num2 > lim2
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## {

J++
## }
## exit

80

complez_query(lim1,lim2,lim3,lim})
{

J =0
# ingres "“testdbl"
#i# retrieve (big_table[j][1]]=main.numl,
## big_table[5][2]=main.num2, 90
## big_table[][3]=main.num3,
## big_table[j][4]=main.num4,
## big_table[;][5]=main.nums,
## big_table[;][6]=main.numé,
## big_table[5][7]=main.num?7,
## big_table[j][8]=main.num8)
## where main.numl > liml
## and main.num?2 > lim?2
## and main.numd > lim3
## and main.numi > limj 100
## {

J++

## }
## ezl
}
very_complez_query(lim1,lim2,lim3,lim4,lim5,lim6,lim7,lim8)
{ 110
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##
#i#
##
#i#
#i#
##
##
##
##
##
##
##
##
##
##
##
##
##

##
##

ingres "testdb1"
reirieve (big-table[j][1]=main. num1,
big_table[j][2]=main. num2,
big_table[5][3]=main.num3,
big_table[j][4]=main.num/,
big_table[j][5]=main.nums,
big_table[5][6]=main.numé, 120
big-table[j][7]=main.num7,
big_table[;]1[8]=main.num8)

where main.numl > liml

and main.num2 > lim?2
and main.numd > lim3
and main.numj > limj
and main.numd > limd
and main.numé > Lmé
and main.num?7 > lim7
and main.num8 > Lm8 130

{
I+

exit

very_complez_query2(lim1,lim2,lim3, lim4, lim5, im6,lim 7Jim8)

##
##
##
##
##
##
##

140
J=0

ingres "testdbi"
retrieve (big_table[j][\]=main.num1,
big_table[f][2]=main.num2,
big_table[5][3]=main.nums3,
big_table[j][4]=main.num/,
big_table[5][5]=main.nums,
big_table[j][6]=main.numé, 150
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##
##
##
##
##
##
##
##
##
##
##

##
##

big_table[5][7]=main.num7,

big_table[j][8]=main.num8)

where main.numl! > liml

and main.numl
and matn.num2
and main.num2
and main.num3
and main.nums
and main.num4
and main.numj

{

J++

ezl

ram_test()

{

int :;

{

big_table2[i][1] =
big_table2[][2
big_table2[i][3
big_table2[i][4
big_table2[][5
big_table2[i][6
big_table2[:][7] =
big_table2[i][8] =

—

[ R St

lim2
lim8
lim
limb
lim6
lim7
lim8

AV AV AV A

for (: = 0; ¢ < 1000; i++)

big-table[][1];
big_table[:][2]:
big_table[:][3);
big_table[:][4];
big_table[:][5];
big_table[7][6];
big_table[:][7];
big_table[:][8]:
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E.3 ObjectStore interface code

E.3.1 Makefile

include $(OS_ROOTDIR)/etc/ostore.lib.mk

OS_COMPILATION_SCHEMA_DB_PATH= [$(LOGNAME)/testdbl.comp_schema
OS.APPLICATION_SCHEMA_DB_PATH= [$(LOGNAME)/testdbl.app_schema

LDLIBS = —los —losc —lg —lm —lc —lg

SOURCES = ostore_test_dbl.c dbl_schema.cc

OBJECTS = ostore_lesi_.dbl.o dbl_schema.o 10
EXECUTABLES = ostore_test_dbl

CPPFLAGS = —I$(OS5_-ROOTDIR)/include
CFLAGS = —g

LDFLAGS= $(OS_EXPORT)
CC = cc

all: $(EXECUTABLES) 20

db_make: ostore_tesi_dbl.o schema_siandin
$(OS_PRELINK) .os_dbl_schema.cc \
$(OS_-COMPILATION_.SCHEMA_DB_PATH) $(OS_APPLICATION_SCHEMA_DB_PATH) '
ostore_test_dbl.o $(LDLIBS)
O0SCC —c .os_dbl_schema.cc
$(CC) $(CFLAGS) $(LDFLAGS) —o ostore_test_dbl ostore_test_dbl.o \
.05_db1_schema.o $(LDLIBS)

ostore_tesi_dbl.o: ostore_tesi_dbl.c 30

$(CC) $(CPPFLAGS) $(CFLAGS) —c ostore_tesi.dbl.c

schema_standin: dbl_schema.cc
0SCC —batch_schema $(OS_.COMPILATION_SCHEMA_DB_PATH) dbl_schema.cc
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touch schema_standin

clean:
ostm —f $(OS_COMPILATION_SCHEMA_DB_PATH)
rm —f $(EXECUTABLES) $(OBJECTS) schema_standin

depend:
osmakedep .depend $(CPPFLAGS) —files $(SOURCES)

include .depend

E.3.2 Program code (ostore_test_dbl.c)

/*********************************************************************
This code interfaces ObjectStore to the benchmarking program for test
database one.

/********************************************************************/

#include <ostore/ostore.h>

#include "testi.c"

int no_of big_table;
int big_table[1001][9];
int big_table2[1001][9);

int lim1,lim2 lim38,lim4, im5,lim6,lim7,lim8,him9;
no_of_big_table = 1000;

struct BIG_.TABLE
{

mt numi;

int num?2;

int nums;

mt numi;

mt nums;

it numé;

mt num?7;
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int numé:

read_data()

30

/*********************************************************************
We read in the entire database.

sk Rk R Rk Rk kR R Rk kR sk sk kR ook

int 7

database *dbl:
start_objectstore ();

40
dbl = database_lookup_open("/shr/testdb1", 1, 0664);

OS_BEGIN_TXN (11,0,transaction_update)

{
database_root * BIG_TABLE_rool;

struct BIG_.TABLE x BIG_TABLE,;
struct BIG_.TABLE *BIG_TABLE_ ptr,

BIG_TABLE_root = database_root_find ("BIG_TABLE_entry",dbl);
BIG_TABLE_ptr = (struct BIG_.TABLEx) BIG_TABLE root; 50

BIG_TABLE = (struct BIG-TABLE x)database_rooi_gel_value(BIG_-TABLE._root,
0);

t = 0;

for (BIG_.TABLE_pir = BIG_TABLF,
BIG_TABLE_ptr < BIG_.TABLE+no_of_big_table; BIG_.-TABLE pir++)

big_table[{][1] = BIG-TABLE_pir—>numl, 60

big_table[:][2] = BIG-TABLE_pir—>num?2;
big_table[i][3] = BIG-TABLE_pir—>numd;
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}

big_table[i][4] = BIG-TABLE_ptr—>numj;
big_table[i][5] = BIG_TABLE_ptr—>num?;
big_table[d][6] = BIG-TABLE_ptr—>numé;
big_table[:][7] = BIG_-TABLE_ptr—>num7,
big_table[i][8] = BIG_-TABLE_pir—>nums8;

14+

OS_END_TXN(i1);

dalabase_close(db1);

simple_query(lim1)

{

dalabase *dbl;

stari_objectstore ();

dbi

= database_lookup_open("/shr/testdbi”, 1, 0664);

OS-BEGIN_TXN(11,0,transaction_update)

{

database_root * BIG_TABLE_root;
struct BIG_.TABLE + BIG_TABLF,
struct BIG_.TABLE +BIG_TABLE_ptr;

BIG_TABLE_root = dalabase_rool_find ("BIG_TABLE_entry",dbl);
BIG_TABLE_ptr = (struct BIG_.TABLEx) BIG_-TABLE_root;

BIG_.TABLE = (struct BIG_TABLE x)database_rooi_gel_value(BIG-TABLE _root,
0);

1=0

for (BIG-TABLE_ptr = BIG_.TABLE;
BIG_-TABLE_ptr < BIG_.TABLE+no_of_big_table; BIG-TABLE_ptr++)
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if (BIG-TABLE_ptr—>numl > liml)

{
big_table[j][1] = BIG.-TABLE_ptr—>numl;
big_table[j][2] = BIG_-TABLE_ptr—>num2;
big_table[j][3] = BIG_-TABLE_pir—>num3;
big_table[j][4] = BIG_TABLE_pir—>numj;
big_table[j][5] = BIG-TABLE_pir—>numy;
big_table[5][6] = BIG_TABLE_pir—>numé;
big_table[5][7] = BIG_-TABLE_ptr—>num7,
big_table[;][8] = BIG-TABLE_pir—>numé,; 110
Jt++

}

}
OS_END_TXN(t1);

database_close(db1);

120

intermediate_query{lim1,lim2

{

datlabase »dbl;

start_objectstore ();

dbl = database_lookup_open("/shr/testdbl", 1, 0664);

OS_BEGIN_TXN(11,0,transaction_update)

{ 130
database_rool * BIG_TABLE_rool;

struct BIG_.TABLE x BIG_TABLE,
struct BIG.TABLE xBIG_TABLE_pir,

BIG_-TABLE_root = database_rool_find ("BIG_TABLE_ entry",dbl);
BIG_-TABLE_pir = (struct BIG_.TABLEx) BIG.TABLE_root;

BIG_TABLE = (struct BIG-TABLE x)database_rool_get_value( BIG_TABLE_root,
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0);
J =0

for (BIG_.TABLE_ptr = BIG_.TABLE;
BIG_TABLE_ptr < BIG_-TABLE+no_of_big_table; BIG_.TABLE _ptr++)

{
if (BIG_.TABLE_ptr->numl > liml && BIG_TABLE_ptr—>num2 > hm?2)
{
big_table[j)[1] = BIG-TABLE_ptr—>numl,
big_table[s][2] = BIG-TABLE_ptr—>num?2;
big_table[§][3] = BIG-TABLE_ptr—>num3;
big_table[s][4] = BIG.TABLE_ptr—>numj;
big_table[s][5] = BIG-TABLE_ptr—>num$;
big-table[f][6] = BIG-TABLE_ptr—>numé;
big_table[§][7] = BIG-TABLE_ptr—>num7,
big.table[f][8] = BIG.-TABLE_ptr—>nums§;
J++
}
}

}
OS_END_TXN(11);

database_close(db1);

complez_query(lim1,lim2,lim3,im4)

{

database *dbl:

start.objectstore ();
dbl = database_lookup_open("/shr/testdbl”, 1, 0664);
OS_BEGIN_TXN (11,0,transaction_update)

{
database_rool ¥ BIG_TABLE_root,

struct BIG_.TABLE = BIG_TABLE,
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struct BIG_.TABLE =BIG_TABLE ptr;

BIG_-TABLE_rool = database_rool_find ("BIG_TABLE_entry" dbl),
BIG_.TABLE_ptr = (struct BIG_.TABLEx) BIG_-TABLE _root; 180

BIG.TABLE = (struct BIG_-TABLE x)database_root_get_value(BIG_TABLE root,
0);
7=0

for (BIG.TABLE_ptr = BIG_TABLE;
BIG_-TABLE_ptr < BIG.TABLE+no_of_big_table; BIG_.TABLE_ptr++)

{
if (BIG.TABLE_ptr—>numl! > liml && BIG_TABLE_ptr—>num2 > lim2 &&
BIG_TABLE_ptr—>num3 > lim8 && BIG_-TABLE_pir—>numj > lim{) 190
{
big_table[5][1] = BIG_-TABLE_ptr—>numl;
big_table[;][2] = BIG_-TABLE_ptr—>num?2;
big_table[5][3] = BIG.TABLE_ptr—>numJ,
big_table[j][4] = BIG-TABLE_ptr—>numj;
big_table[j][5] = BIG_TABLE_ptr—>numy;
big_table[5]{6] = BIG_TABLE_ptr—>numé,
big_table[5][7] = BIG-TABLE_ptr—>num?7;
big_table[§][8] = BIG_-TABLE_ptr—>nums;
200
J++
}
}
}
OS.END_TXN(t1);
database_close(dbl);
}
210

very_complez_query(lim1,lim2,lim3,lim4,lim5,lim6, lin7,lim &)

{
database *dbl;

start_objectstore ();
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dbl = database_lookup_open(*/shr/testdbi", 1, 0664);

OS_BEGIN_TXN(11,0,transaction_update)

{
database_rool *+ BIG_TABLE _rool; 220
struct BIG_.TABLE % BIG.TABLE;
struct BIG_.TABLE *BIG_TABLE_ptr;
BIG_TABLE_root = database_rool_find ("BIG_TABLE_ entry",dbl);
BIG_TABLE_pir = (struct BIG_.TABLEx) BIG_TABLE_root;
BIG_-TABLE = (struct BIG_TABLE x)database_root_get_value(BIG-TABLE_ root,
0);
=0
230
for (BIG.TABLE_ptr = BIG_-TABLE,
BIG_TABLE_ptr < BIG_-TABLE+no_of -big_table; BIG_TABLE _pir++)
{
if (BIG.TABLE_ptr—>numl > lim! && BIG_-TABLE ptr—>num2 > lim2 &&
BIG_-TABLE ptr—>num8 > lim8 && BIG_.TABLE_pir—>numj > lim{ &&
BIG_-TABLE_ptr—>num§ > lim§ && BIG_-TABLE_pir—>num6 > lim6 &&
BIG_TABLE_ptr—>num7 > lim7 && BIG_-TABLE_ptr—->num8 > lim8)
{
big_table[s][1] = BIG_-TABLE_ptr—>numl;
big_table[;][2] = BIG-TABLE_ptr->num?; 240
big_table[j][3] = BIG.TABLE_pir—>nums$,;
big_table[5][4] = BIG-TABLE_pir—>numj,
big_table[s][5] = BIG_-TABLE_pir—>numj;
big_table[j][6] = BIG-TABLE_pir—>numé;
big_table[;][7] = BIG-TABLE_pir—>num7,
big_table[;][8] = BIG-TABLE_ptr—>nums§,
j++
}
} ' 250
}

OS_END_TXN(t1);
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.

database_close(dbl);

very_complez_query2(lim1,lim2 lim3,lim4,lim5,1im6,lim7,1im8)

{

database =dbl; 260

start_objectstore ();

dbi

= database_lookup_open("/shr/testdb1™, 1, 0664);

OS-BEGIN_TXN(11,0,transaction_update)

{

database_root * BIG_TABLE _root;
struct BIG_.TABLE x BIG_-TABLE,
struct BIG_TABLE xBIG_TABLE ptr;
270
BIG_TABLE_root = database_root_find ("BIG_TABLE_ entry" dbl);
BIG_TABLE_ptr = (struct BIG_.TABLE«) BIG.TABLE_root;

BIG_TABLE = (struct BIG_.TABLE #)database_root_get_value(BIG.TABLE_root,
0);
J=0

for (BIG_-TABLE_pir = BIG_-TABLE;
BIG_TABLE_ptr < BIG_-TABLE+no_of_big_table, BIG_TABLE_ptr++)
{ 280
if (BIG_-TABLE_ptr—>numi > lim! && BIG_TABLE_ptr—>numl < lim? &&
BIG_TABLE_ pir—>num2 > lim3 && BIG_.TABLE_pir->num?2 < lim} &&
BIG_TABLE ptr—>num3 > lim§ && BIG_.TABLE_pir—>num3 < lim6 &&
BIG_TABLE _ptr—>numj > lim7 && B]G_TABLE_ptr—>num4’ < lim8)

big_table[j][1] = BIG_-TABLE_ptr—>numl;
big_table[j][2] = BIG_-TABLE_ptr—>num2;
big_table[j][3] = BIG_-TABLE_pir—>num3;
big_table[j][4] = BIG_-TABLE_pir—>numj;
big_table[;][5] = BIG_TABLE_pir—>numj; 290
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big_table[j][6] = BIG-TABLE_pir—>numb;
big_table[5][7] = BIG-TABLE_pir—>num7,
big_table[5][8] = BIG-TABLE_ptr—>num$,

Jj++

}

OS_END_TXN(11);

300
database_close(db1);

ram_test()

{
int ¢;
for (1 = 0; ¢ < 1000; i++)
{ 310
big_table2[i][1] = big-table[:][1];
big_table2[:][2] = big-table[:][2];
big_table2[:][3] = big-table[:][3];
big-table2[i][4] = big-table[:][4];
big_table2[i][5] = big_table[][5];
big_table2[i][6] = big_table[<][6];
big-table2[:][7] = big_table[<][7];
big_table2[:][8] = big-table[:][8];
}
} 320
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Appendix F

Benchmarking Code for Test

Database Two
(Object—Oriented)

F.1 General program code (test2.c)

/*********************************************************************
This program runs the benchmark tests on test database two.

/********************************************************************/

#include <stdio.h>
#include <string.h>
#include <time.h>

#define STREQ(A, B)  (*#(A) == «(B) && stremp((A4), (B)) == 0)

#define MALLOCN(P,T.N.M) \
if (P) = (T «) malloc((unsigned) (N) * sizeof(T))) == NULL) { \
fprintf(stderr, "Malloc failure: (%d bytes) %s\n", (N) * sizeof(T), M); \
ezit(1); \
A

else
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#define FREE(P) free((char ) P)

typedef struct {
int numl;
int num?2:
int num3;
int numj;
int numy;
int numé;
int num?7;
int numé;
} Bottom;

typedef struct {
it numli;
int num2;
int numg;
int numJj;
int nums;
int numéb;
mt num7;
char table[20];
Bottom *botlom;
} Middle;

typedef struct {
it numl;
int num?2;
int nums;
int numd;
int nums;
int numb;
int num7;
char table[20];
Middle xmaiddle;
} Top;

Top xlop;
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Middle *xmiddle;

Bottom =xbotiom;

int no_of_top;

int no_of_middle; 60
int no_of_botlom;

it j.k1;

no_of-lop = 10;
no_of_middle = 4,
no_of_bottom = 1000;

int main()

time_tl stari,end;
float c;
long ¢;

it i,n;

[k sk kbR Rk sk skt R sk kot s o s sk sk ok
read entire database

T T L L L —’
n = 1 80
t = time(0);

for (i = 0; ¢ < n; ++1)
read_data();

t = time(0) — {;

prindf("%ld seconds elapsed in %d trials.\n\n",in);
90

/*********************************************************************
simple query number 1

*********************************************************************/

185



t = time(0);

for (i = 0; i < n; ++i)
simple_query(1);

t = time(0) ~ ¢

printf("%d hits on simple query\n",!);
prinif("%1d seconds elapsed in %d trials.\n\n",i{n);

[k Rk o oo Kok o oK Kok SRR Ko K Ko KoK oo ok oo o o oK ook o o o ok o o o o oK o ook ok o o ok o
simple query number 2
R AR FF A A AR AR AR AR AR A AR A AR RAF KK KK

t = time(0);

for (i = 0; i < n; ++i)
simple_query(25);

i = time(0) —

printf("%d hits on simple query\n",!);
printf("%1d seconds elapsed in %d trials.\n\n",in);

[k ko oo koK KRR K KKK oK KKK KoK oK K o oK Koo ook oo ook o oo oo ok oo ook koo o o o
simple query number 3
Sk oK KR o ook o o oK oo ook ok ook K ook K o Rk ok ok

t = time(0);

for (i = 0, 1 < n; ++1)
simple_query(50);

t = time(0) — ¢

printf("%d hits on simple query\n",!);
printf("Ald seconds elapsed in %d trials.\n\n",in);
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[ ook A Aok KR kKR ook ok sk Kk KR KK KR ok ko ok
simple query number 4

ok ok ARk KR Rk ok o Rk kR ok kK kR ook |
t = time(0);

for (i = 0; 1 < n; ++i)
simple_query(75);

1t = time(0) — 1

printf("%d hits on simple query\n",!);
printf(""%1d seconds elapsed in %d trials.\n\n".in);

[ s A ook ko o sk sk sk koo o ok ok ok o o o o ook sk sk koo o
stmple query number 5
kR ok ok R Rk Rk Ak ko kKRR R AR Rk

t = time(0);

for (1 = 0; 1 < n; ++1)
sumple_query(99);

t = time(0) — 1

printf("%d hits on simple query\n",l);
printf("41d seconds elapsed in %d trials.\n\n",{n);

[HER R R R Rk R R R R Rk Rk Rk sk kR ok
intermediate query
Fhk bbbk kR R R R Rk Rk Rk kR ok

1 = time(0);

for (1 = 0; 1 < n; +41)
intermediate_query(50,50);

t = time(0) — {;
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printf("%d hits on intermediate(1) query\n".l);
printf("%1d seconds elapsed in %d trials.\n\n",i,n);

JHEFKFFAFAAAAFAAAAAK KA FAAAA AR F KA AR A AA KA AR FFF KKK FAAAAKAFFA K
complex query
AR AR A AAAAAAAAAAAA R AR FAAAAF A A A AAA K FAAF A FAAFAAFAAAAAA K KA AR AR [

t = time(0);

for (i = 0; 7 < n; ++1)
complez_query(50,50,50,50);

t = time(0) — {;

printf("%d hits on complex(1) query\n",l);
printf("%1ld seconds elapsed in %d trials.\n\n",1n);

[k AR A A A AR AAAKAAAA A AA KA ARk Rk R ok sk kb ok o koo
very complex query 1
*********************************************************************/

t = time(0);

for (i = 0; i < n; ++1)
very-complez_query(50,50,50,50,50,50,50,50);

t = time(0) — {;

printf("%d hits on very complex(1) query\n",l);
printf("%ld seconds elapsed in %d trials.\n\n",{n);

/*************************** >k ok 2k ok ok ok ok ok ok o ok ok ok ok ke ok ok 3 ko ok o o ok ok ok o sk ok ok ke ok ok ok Kok Kk ok sk ok

very complex query 2

*********************************************************************/

t = time(0);
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for (1 = 0; ¢ < n; ++1)
very_complez_query(5,5,5,5,5,5,5,5);

t = time(0) — ¢;

printf("%d hits on very complex{(2) query\n",l);
prinif("%1d seconds elapsed in %d trials.\n\n",{n);

/*********************************************************************
very complex query type 2
*********************************************************************/

t = time(0),

for (i = 0; ¢ < n; ++1)
very_complez_query2(5,95,5,95,5,95,5,95);

t = time(0) — ¢;

prindf("%d hits on very complex2 query\n",l);
prinif("%ld seconds elapsed in %d trials.\n\n",in);

F.2 INGRES interface code

F.2.1 Makefile

NAME = ingres_lesi_db2

C_FILES = ingres_tesi_db2.c

O.FILES = ingres._tesi_db2.o

INC_FILES = malloc.h nr.h nrutilh
SRC_FILES = $(INC_FILES) $(C_FILES)
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ccC = cc 10

CFLAGS = -y

ALL_LIBS = —Im —lc —1lg

LIBS_DIR =

all: $(NAME)

$(NAME): $(O_FILES)
$(CC) $(CFLAGS) $(CPPFLAGS) —o $(NAME) $(O-FILES) \
$(ALL_LIBS) $(LIBS-DIR) 20

clean: ; /bin/rm —f \#+\# x~ $(NAME) $(O_FILES) core
purge: ; Jbin/rm —f \#+\# x” core
print:  ; enscript —2r —Ppsl $(INC_FILES) $(C-FILES)

F.2.2 Program code (ingres_test_db2.q)

[ ARk A A A A A AR AR A A A AR A AR AR kK
This code interfaces INGRES to the benchmarking program for test
database two.

/********************************************************************/

#include "test2.c"

#h int NUML;

#it int NUM2Z;

## nt NUMS3, 10
## nt NUM4,

##t int NUMS5;

## it NUMG6:

# int NUMT;

## int NUMS;

#i char MID[21];

##t char BOT[21};

## char TABLE[21];

## it Liml1 m2Um3 imd, limS,im6,lim 7,lim8,lim9;
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read_data()
[Fk ko kR kR kR ko R R Rk ok kR sk o Rk ko ok ko

We read in the entire database.

*********************************************************************/

MALLOCN((lop, Top, no-of_top, “Malloc 1");

## ingres "testdb2"

## retrieve (NUMI=1op.numl,
## NUMZ2=top.num?2,
## NUM3=top.nums,
## NUM/=lop.num/,
## NUM5=1op.numb,
## NUM6=Llop.numé,
## NUMT7=top.num?,
## TABLE=1op.table)
## {

strepy(lop[i].table, TABLE);

top[i].numl = NUMI,
top[t].num?2 = NUM?2;
lop[i].numd = NUMS3;
top[i].numf = NUMJ;
top[i].numb = NUMS;
top[i].numé = NUMS,;
top[i).num? = NUM?7,

t++
## }
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##
##t
##
##
##
##
##
##
##

##

for (i = 0; ¢ < no_of_top; ++1i)

{

MALLOCN (top[i].middle, Middle, no_of_middle, "Malloc 2");

strepy(MID, top(i].1able);

j

= 0

retrieve (NUMI1=MID.numl,

NUM2=MID.num?,
NUM3=MID.nums,
NUM4=MID.num/,
NUMS5=MID.numb,
NUM6=MID.numé,
NUM7=MID.num?,
TABLE=MID.1lable)

strepy(top[i].middle[j].table, TABLEY);

top[i].middle[j].num! = NUMI,
top[i].middle[j].num2 = NUM2;
top(i].middle[j].num3 = NUMS3;
top(t]).middle[j].numd = NUM{;
top[i].middle[j].numb = NUMS5,
top[i]. middle[j].numé = NUMG;
top[i].middle[j].num? = NUM7,

Jt++

for (i = 0; i < no_of_top; ++1)

{

for (j = 0; j < no_ofomiddle; ++j)

{

MALLOCN (top[i].middle[s].bottom, Bottom, no_of-botiom, "Malloc 3");
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##
##
#i#
##
##
##
##
##
##

##

##

strepy( BOT, top[i).middle[j].lable);
k=0

retrieve (NUM1=BOT.numl,
NUM2=BOT.num?,
NUM3=BOT.nums,
NUM4=BOT.num/,
NUM5=BOT.nums,
NUM6=BOT.numé,
NUM7=BOT.num?,
NUM8=BOT.num8)

top[i].middle(j] bottom[k].num1 =

top[i).middle[j].bottom[k].num2
top[t].middle[j].bottom[k]. num3
top[i].middle[j]. bottom[k]. numj
top[i].middlefj]. bottom[k].num5
top[i]. middle[j]. bottom[k]. numé6
top(i].middle(j].bottom[k].num?
top[i].middle(j]. bottom[k].nums

k++

ezl
FREE(top),
for (i = 0; ¢ < no-of_top; ++1i)

{
FREE(top[i].middle);

for (i = 0; i < no_of-top; ++1)

{
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for (j = 0; j < no_ofomiddle; ++j)

{
FREE(top[i]. middle[j]. bottom);
}
}
}
140
simple_query(lim1)
{
int ¢;
1 = 0;
MALLOCN (top, Top. no-of_-top, "Malloc 1");
150
# ingres "testdb2"
## retrieve (TABLE=top.lable)
#i#t {
strepy(top[i].table, TABLEY);
i+
## }
for (i = 0; i < no-of-top; ++i)
{
MALLOCN (top[t]. middle, Middle, no_of_middle, "Malloc 2"); 160
strepy(MID, top[i]. table);
=0
## retrieve (TABLE=MID.1able)
## {
strepy(top[i).middle[j].table, TABLE);
J++
#i } 170
}
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Il =0

for (i = 0; ¢ < no_of-top; ++1i)

{
for (j = 0; j < no_of-middle; ++7)
{
MALLOCN (top[i].middle[j].bottom, Bottom, no_of_bottom, "Malloc 3");
180
strepy(BOT, top[i].middle[j].table);
k=0
#i# retrieve (NUM1=BOT.numi,
## NUM2=BOT.num?,
## NUM3=BOT.nums,
## NUM4=BOT.num/,
## NUM5=BOT.nums,
## NUM6=BOT.numéb, 190
## NUM7=BOT.num7,
## NUM8=BOT.num8)
## where BOT.numl > liml
## {
top[i]. middle[j].bottom[k]).num! = NUMI;
top[i]. middle[j]. bottom[k].num2 = NUM?2;
top[i].middle[j). bottom[k].num8d = NUMS;
top[i]. middle[j].bottom[k].numj = NUMJ;
top[i).middle[j].bottom[k].numb = NUMS;
top[i]. middle[j]. bottom[k].numé = NUME; 200
topli]. middle[j].bottom[k].num7 = NUM7,
top[i]. middle[j].bottom[k].num8 = NUMSE;
k++:
I++;
i }
}
}
## ezl



FREE(top);

for (1 = 0; ¢ < no_of-top;, ++1)

{

FREE(top[i].middle);

for (i = 0; ¢ < no_of_-top; ++1)

{

for (j = 0; j < no_of-middle; ++j)

{
FREE(top[i].middle[]. botiom);

intermediate_query(lim1,lim?2)

##
##
##

##

MALLOCN((top, Top, no_of-top, "Malloc 1");

ingres '"testdb2"

retrieve (TABLE=t1op.lable)

{
strepy(topli].table, TABLEY);
i+

for (1 = 0; ¢ < no_of-lop; ++i)

{

MALLOCN (top[i].middle, Middle, no_of-middle,
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strepy(MID, top[i].table);

J =0

##
##

##

retrieve (TABLE=MID.table)

{

l =0

strepy(top[i].middle[j].table, TABLEY);

J++

for (1 = 0; 1 < no_of-top; ++1)

{

for (j = 0, j < no_of-middle; ++j)

{

##
##
##
##
##
##
##
##
##
##
##

MALLOCN (lop[i].middle[j].bottom, Botlom, no_of_botlom, "Malloc 3");

strepy(BOT, top[i].middle[f].table);

k=0

retrieve (NUM1=BOT.numi,

NUM2=BOT.num?2,
NUM3=BOT.nums3,
NUM4{=BOT.num/j,
NUM5=BOT.nums,
NUM6=BOT.numé,
NUM7=BOT.num?7,
NUM8=BOT.numé)

where BOT.numi > liml
and BOT.num2 > him?2

{

top[i]. middle[f]. bottom[k].num1

top(i]. middle[j].bottom[k].num?2 =
top[i]. middle[j]. bottom[k].num3 =

top[i].middle[f].bottom[k].num/
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top[i]. middle[j]. bottom[k]).nums = NUMSJ,
top[i].middle[j]. bottom[k].numbé = NUME;
top[i]. middle[j]. botiom[k].num? = NUM7;
top[i]. middle[j]. bottom[k].num8 = NUMSE;
290
k++;
I++;
## }
}
}
## ezl
FREE(top);
for (i = 0; i < no_of_top;, ++1i) 300
{
FREE(top[i).middle);
}
for (i = 0; 1 < no_of-lop; ++1)
{
for (j = 0; j < no-ofomiddle; ++7)
{
FREE(top[i].middle[s].bottom);
} 310
}
}
complez_query(lim1,lim2,lim3,lim4)
{
int i
t =0 320

MALLOCN((top, Top, no_of-top, "Malloc 1");
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## ingres "testdb2"

## retrieve (TABLE=top.table)
## {
strepy(top[i).table, TABLEY;
i++;
w0
330
for (i = 0; ¢ < no-of_top; ++1i)
{
MALLOCN (top[i].middle, Middle, no_of_middle, "Malloc 2")
strepy( MID,top[t].table);
J =0
## retrieve (TABLE=MID.table)
## { 340
strepy(top[i].middle[j].table, TABLEY;
J++
44 }
}
Il =0
for (i = 0; ¢ < no_of-top; ++1)
{
for (j = 0; j < no_ofomiddle; ++j) 350
{
MALLOCN (top[i].middle[j].bottom, Bottom, mno_of_bottom, "Malloc 3");
strepy(BOT, top[i].middle[5].table);
k=0
#it retrieve (NUMI=BOT.numl,
## NUM2=BOT.num?2,
## NUM3=BOT.nums, 360
## NUM4{=BOT.num/,
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##
##
##
##
#it
##
##
##
##

##

##

NUM5=BOT.numj,
NUM6=BOT.numé,
NUM7=BOT.num7,
NUM8=BOT.num8)
where BOT.numl > liml]
and BOT.num2 > lim2
and BOT.num3 > lim8
and BOT.numj > limj
{
top[i]. middle[j]. botlom[k].num1
top[i].middle[]. bottom[k].num?2
top[]. middle[f]. bottom[k].num3
top[i]. middle[s]. botiom[k]. num4
top[i].middle[s]. bottom[k].nums
top[i].middle[s]. bottom[k].numé
top[i].middle[j]. bottom[k].num?
top[i].middle[j]. bottom[k]. num8

k++;
I++;

exil
FREE(top);

for (i = 0; ¢ < no_of-top; ++i)
{
FREE(top[i].middle);

for (: = 0; 1 < no-of-top; ++1)
{
for (j = 0, j < no_of-middle; ++j)

{
FREE(top[i].middle[j]. bottom);
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} 400

very_complez_query(lim1, lim2 lem3 lim4, lim5,lim 6, lim 7, 1i1n8)

{
int ¢;
t =0
410
MALLOCN (top, Top, no_of_lop, "Malloc 1");
## imgres "testdb2"
## retrieve (TABLE=top.table)
## {
strepy(top[i).table, TABLE);
i++,
4 }
for (i = 0; i < no_of-top; ++i) ‘ 420
{
MALLOCN (top[1).middle, Middle, no_of_middle, "Malloc 2");
strepy( MID, top[i]).table);
7 =0
## retrieve (TABLE=MID.1able)
4 {
strepy(top[i).middle[j].table, TABLE); 430
j++
## }
}
=0

for (i = 0; ¢ < no_of-top; ++1)
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##
##
##
##
##
##
##
#i#
##
##
##
##
##
##
##
##
##

##

for (j = 0; §j < no_ofomiddle; ++j)

{

MALLOCN (top[:].middle[j].bottom, Bottom, no_of_bottom, "Malloc 3");

strepy(BOT., top[i].middle[j]. table);

k=0

retrieve (NUMI1=BOT.numl,

NUM2=BOT.num?2,
NUM3=BOT.num3,
NUM4=BOT.num/,
NUM5=BOT.nums,
NUM6=BOT.numb,
NUM7=BOT.num7,
NUM8=BOT.num8)

where BOT.numl! > hml

and
and
and
and
and
and

and

{

BOT.num?2 > lim2
BOT num3 > hms
BOT.num4 > lim4
BOT. numb > lms
BOT.numé6 > limb
BOT.num?7 > lm7
BOT.num8 > lim8

top[i].middle[j].bottom[k]. num?
top[i].middle[]. bottom[k]. num2

top[i].middle[j]. bottom[k].nums =

top[i].middle[s]. bottom[k]. num/
top[i]. middle[s]. bottom[k). nums5

top[i]. middle[j]. bottom[k].numb =
top[i].middlefj]. bottom[k]. num7 =
top[i].middle[j]. bottom[k].num8 =

k++;
I++;
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#it exil
FREE(top); 480
for (i = 0; 1 < no_of_top; ++1)

{
FREE(top[i].middle);

for (i = 0; ¢ < no_of-top; ++1)
{
for (j = 0; 7 < mo_of-middle; ++7)
{ 490
FREE(top[i].middle[j].bottom);

very_complez_gquery? (lim1,lim2 lim3, limd, im5, lom6, lim 7, lim8)

mt i; 500

MALLOCN (top, Top, no-of-top, "Malloc 1");

## ingres "testdb2"
## retrieve (TABLE=top.lable)
## {

strepy(top[i].table, TABLEY;
i++; 510
## }

for (i = 0; 1 < no_of_top;, ++1)
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MALLOCN (top[t].middle, Middle, no_of-middle, "Malloc 2");

strepy(MID, top[i].table);

;=0
520
## retrieve (TABLE=MID.table)
#it {
strepy(top[i].middle(j].table, TABLEY),
J++
## )
}
=0
for (i = 0; 1 < no_of-top; ++1) 530
{
for (j = 0; j < no_of-middle; ++7)
{
MALLOCN (top[t].middle[s].bottom, Botlom, no_of-bottom, "Malloc 3");
strepy( BOT, top(i].middle[s].table);
k=0
## retrieve (NUMI1=BOT.numl, 540
## NUM2=BOT.num2,
## NUM3=BOT.nums,
## NUM4=BOT.num/,
#it NUM5=BOT.nums,
## NUM6=BOT.numé,
##t NUM7=BOT.num7,
## NUM8=BOT.num8)
## where BOT.numl > liml
## and BOT.numl < lim2
## and BOT.num? > lim3 550
## and BOT.num?2 < limj
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##
##
##
##
#et

##

##

and BOT.num8 > limJ
and BOT.num3 < limé6
and BOT.numj > lim7
and BOT.num/j < lim8

top[i]. middle[s]. botiom[k].num1

top[i].middle[j].bottom[k].num?2 =

top[i].middle[j]. bottom[k]. num3
top[i].middle[j).bottom[k]. numy

top[i]. middle[j].bottom[k].numé
top[i]. middle[j]. bottom[k]. num?

top[z'].middlem.bottom[k].nunu? =

k++;
[++;

ezl

FREE(top);

- for (i = 0; ¢ < no_of_top; ++1i)

{
FREE(top[:].middle);

for (i = 0; i < no_of_-top; ++1)
{
for (j = 0; j < no_of-middle; ++j)

{
FREE(top[i]. middle[j].bottom);

NUMI;
NUME;
NUMS3;

= NUM4,
top[i].middle[j]. botiom[k].num§ =

NUMS,
NUMEG,
NUM?7,
NUMS;
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F.3 ObjectStore interface code

F.3.1 Makefile

include $(OS_ROOTDIR)/etc/ostore.lib.mk

OS_-COMPILATION.SCHEMA_DB_PATH= [$(LOGNAME)/testdb2. comp_schema
OS_APPLICATION_SCHEMA_DB_PATH= [$(LOGNAME)/lestdb2.app_schema

LDLIBS = —los —losc —lg —lm —lc —lg

SOURCES = ostore_test_db2.c db2_schema.cc

OBJECTS = ostore_tesi_db2.0 db2_schema.o 10
EXECUTABLES = ostore_test_db2

CPPFLAGS = —I$(OS-ROOTDIR)/include
CFLAGS = —g

LDFLAGS= $(OS_-EXPORT)
CC = cc

all: $(EXECUTABLES) 20

db_make: ostore_tesi_db2.0 schema_slandin

$(OS_-PRELINK) .os_db2_schema.cc \

$(OS_-COMPILATION_SCHEMA_DB_PATH) $(OS_APPLICATION_SCHEMA_DB_PATH) "

ostore_test_db2.0 $(LDLIBS)
O05CC —c .os_db2_schema.cc
$(CC) $(CFLAGS) $(LDFLAGS) —o ostore_lesi_db2 ostore_tesi_db2.0 \
.0s_db2_schema.o $(LDLIBS)

oslore_lesi_db2.0: ostore_lesi_db2.c 30

$(CC) $(CPPFLAGS) $(CFLAGS) —c ostore_tesi_db2.c

schemac_standin: db2_schema.cc

OSCC —batch_schema $(OS_.COMPILATION_SCHEMA_DB_PATH) db2_schema.cc
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touch schema_standin

clean:
osrm —f $(OS_COMPILATION.SCHEMA_DB_PATH)
“rm —f $(EXECUTABLES) $(OBJECTS) schema_standin
40
depend:
osmakedep .depend $(CPPFLAGS) —files $(SOURCES)

include .depend

F.3.2 Program code (ostore_test_db2.c)

[ sk okt sk sk sk sk sk sk sk sk sk ok ok sk b kKRR kR ok KRk R sk ook ke ok
This code interfaces ObjectStore to the benchmarking program for test
database two.

/********************************************************************/

#include <ostore/ostore h>
#include "testdb2.h"

#include "test2.c"
int limi, lim2,lim3, lim4, lem 5, im 6, lim 7, lim 8, lim 9, 10

read_data()

[ R Ao ok Rk ok ok ok kb ok ook sk bk ok sk skok kb ok ok ok ok
We read in the entire database.

FRRRR kR kR Rk sk koo o sk stk skt kot ok ok Rk ok ook |

int i;
20
database *dbl;

start_objectstore ();

dbl = database_lookup_open("/shr/testdb2", 1, 0664);
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OS_BEGIN_TXN (11,0, transaction_update)
{

database_root ¥ TOP_rool;

struct BOTTOM + BOTTOM,
struct MIDDLE x MIDDLE:
struct TOP x TOP;

struct BOTTOM xBOTTOM_ _pir,
struct MIDDLE xMIDDLE_ptr,

struct TOP xTOP_ptr,

TOP_root = database_rool_find ("TOP_entry", dbl);
TOP_ptr = (struct TOP%) TOP_root;

TOP = (struct TOP #)database_rooi_get_value(TOP_root,0);

t = 0;

MALLOCN (top, Top, no_of-top, "Malloc 1");

for (TOP_ptr = TOP; TOP_ptr < TOP+no_of_top; TOP_pir+-+)

{
top[i].numl = TOP_ptr—>numl;

top[t].num?2 TOP_ptr—>num?2;
top[i].num8 = TOP_pir—>numd;
top[i].num4 = TOP_pir—>numy;
top[i].nums TOP_pir—>numJ;
TOP_ptr—>numé6;

top[i].num?7 = TOP_pir—>num7,

top[i].numé

MIDDLE = TOP_pir—>middle;
J=0

MALLOCN (top[t].middle, Middle, no_of-middle, "Malloc 2");
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for (MIDDLE_ptr = MIDDLE; MIDDLE ptr <
MIDDLE+no_of_middle; MIDDLE_ptr++)

top[i].middle[j].num! = MIDDLE_ptr—>numl;
top[i]. middle[j].num?2 = MIDDLE_ptr—>num2;
top[i].middle[j].numd = MIDDLE_ptr—>num$;
top[i]. middle[j) num4 = MIDDLE_ptr—>niinig
top[i].middle[j]. numb5 = MIDDLE_pir—>num$; 70
iop[1]. middie(;]. numb = MIDDLE_pir—>numé;
top[i].middle[j].num7 = MIDDLE_pir—>num?7,

BOTTOM = MIDDLE_ptr—>botiom,;
k= 0;
MALLOCN (top[i].middle[j]).bottom, Bottom, no_of_bottom, "Malloc 3");

for (BOTTOM_ptr = BOTTOM; BOTTOM pir < 80
BOTTOM +no_of-bottom; BOTTOM_pir++)

top[i].middle[j].bottom[k].num! = BOTTOM_pir—>numli;
top[i].middle[j].bottom[k].num?2 = BOTTOM_ptr—>num2;
top[d]. middlefj]. bottom[k).aumd = BOTTOM_ ptr—>nuing;
top[i].middle[j]. bottom[k].numf = BOTTOM_ptr—>num4;
top[i].middle[f]. bottom[k].num5 = BOTTOM_ptr—>numy;
top[i). middle[j].bottom[k].numé = BOTTOM _ptr—>numb;
top[i].middle[j]. bottom[k].num?7 = BOTTOM_ptr—>num?7;
90
k4
}
J++
}
i++;

——

}
OS_END_TXN(t1);

datebase_close(db1);
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FREE(lop);

for (i = 0; i < no_of_top; ++1)
{
FREE(top[i].middle);

for (i = 0; ¢ < no_of-top; ++1)

{
for (j = 0; j < no_ofimiddle; ++j) 110

{
FREE(top[t].middle[;].botiom);

simple_query(lim1)

{

mt i; 120

database =db1;

stari_objecistore ();
dbl = database_lookup_open("/shr/testdb2", 1, 0664);

OS_BEGIN_TXN (11,0, transaction_updaie)
{
dalabase_rool * TOP_rool;
130
struct BOTTOM + BOTTOM;
struct MIDDLE = MIDDLE,
struct TOP x TOP;

struct BOTTOM +BOTTOM ptr,

struct MIDDLE «MIDDLE _ptr;
struct TOP «TOP_ptr;
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TOP_root = database_rool_find ("TOP_entry" dbl);
TOP_pir = (struct TOP*) TOP_root; 140

TOP = (struct TOP =*)database_root_get_value( TOP_root,0);

MALLOCN(top, Top, no_of_top, “Malloc 1");

for (TOP_pir = TOP; TOP_ptr < TOP+no_of_-top; TOP_ptr++)
{ 150
MIDDLE = TOP_ptr—>middle;

1 =0
MALLOCN (top[i].middle, Middle, no_of-middle, "Malloc 2");

for (MIDDLE_ptr = MIDDLE; MIDDLE ptr <
MIDDLE+no_of_middle; MIDDLE_pir++)

BOTTOM = MIDDLE_ptr—>botiom; 160
k=0
MALLOCN( (top[i].middle[j].bottom, Bottom, no_of bottom, "Malloc 3");

for (BOTTOM_ptr = BOTTOM; BOTTOM_ptr <

BOTTOM +no_of_bottom; BOTTOM_pir++)

if (BOTTOM_ ptr—>numl > liml)

{
top[i].middle[j].bottom[k).num! = BOTTOM_ptr—>numl; 170
top[i].middle[s].bottom[k).num2 = BOTTOM_ptr—>num?2;
top[i]. middle[j]. bottom[k].num8 = BOTTOM_pir—>num3;
top[i].middle[f].bottom{k].num4 = BOTTOM_ptr—>num/;
top[i].middle[j].bottom[k].numé = BOTTOM_pir—>nums?,
top[i]. middle[7]. bottom[k].numb = BOTTOM_ptr—>numé;
top[i]. middle[j].bottom[k].num7 = BOTTOM_ptr—>num?7,
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k44,
I++;

J+ti
i++;
}

OS_END_TXN(11);
database_close(db1);

FREE(1op);

for (i = 0; i < no_of-top; ++1)

{
L

FREE(top[i].middle);

("3

intermediate_query(lim1,lim2)

{

int i

database *dbl;

stari_objectstore ();

dbl = database_lookup_open("/shr/testdb2", 1, 0664);

OS_BEGIN_TXN(11.0,transaction_update)

180
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database_root * TOP_root;

struct BOTTOM x BOTTOM;
struct MIDDLE « MIDDLE;
struct TOP x TOP;

struct BOTTOM *BOTTOM_ ptr;
struct MIDDLE «MIDDLE ptr;
struct TOP *TOP_plr,

TOP_root = database_rool_find (“TOP_entry",dbl),
TOP_ptr = (struct TOPx} TOP_root;

TOP = (struct TOP *)database_rool_gel_value( TOP_root,0);

=0
= 0;

MALLOCN (top, Top, no_of-top, “Malloc 1");

for (TOP_ptr = TOP; TOP_ptr < TOP+no_of_-top; TOP_pir++)

{

MIDDLE = TOP_pir—>middle;
7 =0
MALLOCN (top[i].middle, Middle, no_of-middle, "Malloc 2");

for (MIDDLE_pir = MIDDLE; MIDDLE ptr <
MIDDLE+no_of-middle; MIDDLE_pir++)

BOTTOM = MIDDLE_ptr—>bottom;
k=0

MALLOCN (top[i].middle[5].bottom, Bottom, no_of_bottom, "Malloc
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for (BOTTOM_ptr = BOTTOM,; BOTTOM_ptr <
BOTTOM +no_of_bottom; BOTTOM_pir++)
if (BOTTOM_ptr—>numi1 > liml && BOTTOM_ptr—>num2 > lim?2)

{
top[i].middle[j].bottom[k].num! = BOTTOM_ptr—>numI;
top[i].middle[j]. bottom[k].num2 = BOTTOM_ptr—>numZ;
top[i]. middle[j]. bottom[k].num3 = BOTTOM_pir—>num3,;
top[i]. middle[s].bottom[k].numj = BOTTOM_ptr—>numi; 260
top[i].middle[j] bottom[k].nums = BOTTOM_ptr—>nums;
top[i].middle[j].bottom[k].numb = BOTTOM_ptr—>numé;
top(:]). middle[j].bottom[k].num? = BOTTOM_ptr—>num7,
ket
++,
}
J++
}
i+ 270

OS_END_TXN(11);
database_close(db1);

FREE(top);

for (¢ = 0; ¢ < no_of_top; ++1)
{
FREE(top[i].middle); 280

for (i = 0; ¢ < no_of-top; ++1)
{

for (j = 0; j < no_of-middle; ++j)

{
FREE(top[i].middle[j]. bottom);

290
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complez_query(lim1,lim2,lim3,limJ)

{

mt i;

database *dbl;
start_objectstore ();

dbl = database_lookup_open("/shr/testdb2", 1, 0664);

300
OS_BEGIN_TXN(11,0,transaction_update)

{

database_root * TOP_root,

struct BOTTOM x BOTTOM,

struct MIDDLE * MIDDLE,

struct TOP x TOP;

struct BOTTOM xBOTTOM_pir,

struct MIDDLE «MIDDLE _ptr, 310
struct TOP *TOP_pir; '

TOP_root = database_rool_find ("TOP_entry",dbl);
TOP_ptr = (struct TOPx*) TOP_root;

TOP = (struct TOP x)database_root_get_value( TOP_root,0);

320
MALLOCN (top, Top, no_of-top, "Malloc 1");

for (TOP_ptr = TOP; TOP_ptr < TOP+no_of-top; TOP_pir++)
{
MIDDLE = TOP_ptr—>middle;

=0
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MALLOCN (top[]. middle, Middle, no_of_middle, "Malloc 2");

330
for (MIDDLE_ptr = MIDDLE; MIDDLE_pir <

MIDDLE+no_of-middle; MIDDLE_ptr++)
BOTTOM = MIDDLE_ptr—>bottom;
k=0
MALLOCN (top[i].middle[j].bottom, Botlom, no_of_bottom, "Malloc 3");
for (BOTTOM_pir = BOTTOM; BOTTOM_pir < 340
BOTTOM +no_of-bottom; BOTTOM_pir++)

if (BOTTOM ptr—>num! > liml && BOTTOM_ptr—>num? > lim2 &&
BOTTOM_pir—>num3 > lim8 && BOTTOM_pir—>numj > lim4)

{
top[i]. middle[s]. bottom[k].numl = BOTTOM_pir—>numl;
lop[i].middle[f]. botlom[k].num?2 = BOTTOM_pir—>num?2;
lop[i]. middle[j].bottom[k].num3 = BOTTOM_ptr—>num$,;
top[i].middle[f]. botiom[k].num4 = BOTTOM_pir—>numj,
top[i].middle[j].botiom[k].num5 = BOTTOM_pir—>numb;
top[i].middle[j].bottom[k]. numé = BOTTOM_pir—>numé; 350
top[i].middle[f]. bottom[k].num7 = BOTTOM_pir—>num?7,
k++;
I++;
}
J++
}
i++;
}
} 360

OS_END_TXN(t1);
database_close(dbl);

FREE(top);

for (i = 0; i < no_of-top; ++1)

216



FREE(top[i].middle);

370
for (: = 0; ¢ < no_of_top; ++1)
{
for (j = 0; j < no_of-middle; ++7)

{
FREE(top[i].middle[j]. bottom);

very_complez_query(lim1,lim2,lim3, lim4,lim§, lim6,lim7,lim8) 380

{

mt ¢;

database *dbl;

stari_objectstore ();

dbl = database_lookup_open(*/shr/testdb2", 1, 0664);

OS-BEGIN_TXN(11,0,transaction_update)

{ 390
database_roolt ¥ TOP_root;

struct BOTTOM = BOTTOM:
struct MIDDLE = MIDDLE;
struct TOP x TOP;

struct BOTTOM xBOTTOM_ pir;
struct MIDDLE xMIDDLE_ptr,
struct TOP «TOP_pir;

400
TOP_root = database_rool_find ("TOP_entxry",dbl);

TOP_ptr = (struct TOPx*) TOP_root;

TOP = (struct TOP x)database_root_get_value( TOP-root,0);
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MALLOCN((top, Top, no_of-lop, "Malloc 1");

for (TOP_pir = TOP; TOP_pir < TOP+no_of-top; TOP_pir++)

{

MIDDLE = TOP_pir—>middle;

J =0

MALLOCN (top[t].middle, Middle, no_of-middle, "Malloc 2");

for (MIDDLE_ptr = MIDDLE; MIDDLE_pir <
MIDDLE+no_of-middle; MIDDLE_ptr++)

BOTTOM = MIDDLE_pir—>boltom;

k= 0;

MALLOCN (top[i].middle[f].bottom, Bottom, no_of_bottom, "Malloc 3");

for (BOTTOM_ptr = BOTTOM; BOTTOM_pir <
BOTTOM +no_of_bottom; BOTTOM_pir++)
if (BOTTOM_ptr—>numl! > liml &&

BOTTOM_ptr—>num?2
BOTTOM_ ptr—>nums
BOTTOM_ptr—>numj
BOTTOM_pir—>num§
BOTTOM_pir—>numé
BOTTOM_ ptr—>num7
BOTTOM_ plr—>num8

top[i]. middle[j]. bottom[k].num! = BOTTOM_pir—>numl;
top[i].middle[j]. bottom[k].num?2
top[i].middle[j]. botiom[k]. num3
top[i].middle[5].bottom[k].numd = BOTTOM_pir—>numj;

>
>
>
>
>
>
>
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m?2 &&
hm8 &&
lim{ &&
lim§ &&
limé &&
bm?7 &&
lim8)

BOTTOM _ptr—> num2 ;
BOTTOM _pir—>num3;
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top[i].middle[j]. bottom[k].numbs = BOTTOM_pir—>nums;
top[i].middle[j].bottom[k].num6é = BOTTOM_pir—>numé,
top[i].middle[s]. bottom[k].num? = BOTTOM_pir—>num?7,

k++;
I++;

J++ 450

OS_END_TXN(11);
dalabase_close(db1);

FREE(lop),
for (+ = 0; ¢ < no_of_top; ++1) 460
{
FREE(top[i].middle);
}
for (i = 0; i < no_of-top; ++1)
{
for ( = 0, 5 < no_ofomiddle; ++j)
{
FREE(top[i].middle[s5].bottom);
} 470
}
}
very_complez_query2(lim1 lim2,lim3,lim4,lim5,lim6,lim7,lim8)
{
int i

database *dbl:

stari_objectstore ();

480
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dbl1

= database_lookup_open("/shr/testdb2"”, 1, 0664);

OS_BEGIN_TXN (11,0,transaction_update)

{

database_root * TOP_root;

struct BOTTOM x BOTTOM;
struct MIDDLE x MIDDLE;
struct TOP x TOP;

struct BOTTOM xBOTTOM _pir;
struct MIDDLE xMIDDLE_plr,

struct TOP xTOP_pir,

TOP_root = database_rool_find (“"TOP_entry"”,dbl);
TOP_ptr = (struct TOPx) TOP_root;

TOP = (struct TOP x)database_root_gel_value(TOP_root,0);

1 = 0;
| = 0;

MALLOCN((top, Top, no_of-top, "Malloc 1");
for (TOP_ptr = TOP; TOP_ptr < TOP+no_of-top; TOP_pir++)
{

MIDDLE = TOP_ptr—>middle;

j =0

MALLOCN (top[i]. middle, Middle, no_of-middle, "Malloc 2");

for (MIDDLE_ptr = MIDDLE; MIDDLE_pir <
MIDDLE+no_of_middle; MIDDLE_ptr++)

BOTTOM = MIDDLE_ptr—>bottom;

k= 0;
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MALLOCN (top[i].middle[j].bottom, Botliom, no_of-botiom, "Malloc 3"); 520

for (BOTTOM_pir = BOTTOM; BOTTOM_pir <
BOTTOM +no_of-bottom; BOTTOM_ptr++)
if (BOTTOM _ptr—>numil > liml && BOTTOM_ptr—>numl < lim2 &&
BOTTOM_pir—>num?2 > lim3 && BOTTOM_pir—>num?2 < limj &&
BOTTOM_ptr—>num8 > lim5 && BOTTOM_ptr—>num8 < hmé &&
BOTTOM_ptr—>numj > hm7 && BOTTOM_pir—>numj < lim8)

{
top[i].middle[j]. botiom[k].num! = BOTTOM_pir—>numl;
top[t].middle[j].bottom[k].num?2 = BOTTOM_pir—>num2; 530
top[i].middle[j].bottom[k].num8 = BOTTOM_pir—>nums;
top[t].middle[j].bottom[k].numj = BOTTOM_pir—>numj;
top[i].middle[j].bottom[k].num5 = BOTTOM_pir—>numy;
top(i].middle[j].bottom[k].numé = BOTTOM_pir—>numé;
top[i].middle[j]. bottom[k].num? = BOTTOM_pir—>num?7,
k++;
I++;
}
J++; 540
}
4+

OS_END_TXN(11);
database_close(dbl);

FREE(top);
for (¢+ = 0; + < no_of-lop; ++1) 550
{

FREE(top[i].middle);

for (1 = 0; ¢ < no_of-top; ++1)
{
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for (j = 0; j < no-of-middle; ++j)

{
FREE(top[i].middle[j].bottom);

} 560
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Appendix G

Equipment Used

All work in this study, including database construction, program development,
and the preparation of this document, was done on a SUN SPARCstation 10/30GX.
In addition, all database management was performed with University INGRES,
version 8.9 (6/12/88), and ObjectStore,' Release 1.2.4.

'For more information, contact Object Design, Inc., One New England Executive Park,
Burlington, MA 01803.
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