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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 additioll, 

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

is 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 
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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. l 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 

simplf' 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 

1 For a complete description of the features of a DBMS, see [Ullman 1988]. 
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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, I 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, I 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, 
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it should provide insight into the characteristics of each without excessively fa

voring either. I have succ~ssfully 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 benchmarking under these extreme conditions, 

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

can indirectly gauge the other qualities as well. 

By benchmarking access speeds for diverse types of data, I 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 

is 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. I can neatly divide my test queries into four categories: 

1) Simple, 2) Intermediate, 3) Complex, and 4) Very Complex. A simple query 
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might be to find all records whose third attribute is an integer in the range 

10 <= x <= 20. A complex query might be to find all records whose third 

attribute is in the range 10 <= x <= 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 create, 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 ObjeetStore versions by reading the data into memory usmg 
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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). 

5.	 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. 

It 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. 
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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 JD / N, where D is a 

fixed constant, and N is the number of trials. 2 A typical Monte Carlo simulation 

might be accurate to about 5 percent.3 

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. 
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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. 
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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. 
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DBMS lines of code required disk space used amount of data stored 
INGRES 

Ostore 
18:3 
320 

69 Kb 
336 Kb 

8 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: I 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 ObjeetStore. 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 Illust 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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I DBMS I time per access I # of hits I # of trials I total time I 

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 0.0:3:3 sec. 73,S 1000 33 sec. 

simple query t11ree 
INGRES 0.7 sec. 481 10 7 sec. 

Ostore 0.0:31 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 tl1ree 
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 
Ostore 

587 
562 

475 Kb 
1,548 Kb 

160 Kb 
160 Kb 

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

Benchmarks for Test Database One 
time in seconds x 10-3 
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benchmark test 
simple query intenned. query very complex query 

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

total read 
INGRES 18.5 sec. lla 10 185 sec. 

Ostore 0.24 sec. na 100 69 sec. 

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 0.2:3 sec. 28861 100 58 sec. 

simple query three 
INGRES 12.3 sec. 19104 10 12:3 sec. 
Ostore 0.20 sec. 19104 100 49 sec. 

simple query four 
INGRES 8.7 sec. 9366 10 87 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. 

I 

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. 2823:3 10 213 sec. 
Ostore 0.26 sec. 282:33 100 63 sec. 

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

~~ I ~ I I ~~.S 
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4.00 
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1.00 

0.00 

benclunark test 
total read simple query interrned. 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 C++ 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.I 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 deduc~ 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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I can empirically model the option value by finding a particular multivariate 

function which satisfies the arbitrage conditions and fitting it to data. I 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 

historical 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 I 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 = S2/4k, is a simple parabola, which has no adjustable 

parameters and is only useful as a rule of thumb. 2 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 

ISee [Giguere 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 Giguere'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 = V,,2 + k2 - k, is similar to Giguere'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 AA. With this background, I will proceed to 

develop an original formula, as well as to explore Kassouf's mode1.3 

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.4 These conditions will form a set of constraints on my formula. They 

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

Calls 

Stock Price 

lim C = 0 (A.I)
SiD 

lim C = 00 (A.2)
SToo 

ac 
(A.:3)as > 0 

ac 
(AA)as ::; 1 

a2c
(A.5)a,,2 > 0 

3My derivation and formulation of Kassouf's model differ from his own (cf. [Kassouf 1965]). 
4Note that in the arbitrage conditions, the strike price, k, is not discounted to be ke- rt , 

as is sometimes done. If k were discounted, then this would imply that perpetual warrants 
would be worth 8. Empirically, this is not the case. In addition, I 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 t 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 

limC = S 
k!O 

lim C = 0 
kT= 

Time 

limC = max{O,S - k} 
t 10 

limC < S 
tt= 

Interest Rate 

limC ~ max{O,S - k}
dO 

lime < S 
rT= 

Relationship between calls and puts 

P=C+k-S 

ac ap 
as - as = 1 

a2c a2p
aS2 - aS2 = 0 

Puts 

Stock Price 

lim P = k 
S!O 

lim P = 0 
ST= 

ap 
as <0 

ap 
as :::; 1 

a2 p
aS2 > 0 

2:3 

(A.6) 

(A.7) 

(A.8) 

(A.9) 

(A.I0) 

(A.ll) 

(A.12) 

(A.13) 

(A.14) 

(A.15) 

(A.16) 

(A.17) 

(A.18) 

(A.19) 



Strike Price 

limP = 0 (A.20)
k!O 

lim P = 00 (A.2I)
kToo 

Time 

lim P = max{O, k - 8} (A.22)
t!O 

limP < k (A.23)
tloo 

Interest Rate 

lim P ~ max{O, k - S'} (A.24)
dO
 

lim P < k (A.25)

rloo 

where t is time until expiration, l' 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 

, , Call value1.00  ,, .., Upper bound, 
, , ," Lowerboiiiid

0.80  , ........
 ,,, "",0.60  ,, ..' 
,0.40 

, , 
, , 

./..../ 
0.20  , , , .. ,, " 

0.00 ~ ;=: i / 
Stock price 

0.00 

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

Clearly, condition (A.I) 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 

0.50 1.00 1.50 2.00 
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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.I 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), ifthe 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 

ail infinite sum, so the call is worth nothing. In addition, as t approaches zero, I 

approach expiration, and therefore, the call approaches intrinsic value (condition 

A.S). Similarly, as the interest rate approaches zero, the call value decreases, 

being lower-bounded by the intrinsic value (condition A.lO). I must also have 

that as t or l' get very large, C will be upper bounded by S (conditions A.9 and 

A.II ). 

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 oS' > k, then the put expires 

worthless, and I exercise the call, buying stock at k. If oS' < 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 k when the market value is S is worth S - k. Therefore, C - P = S - k, 

or rewritten, P = C + k - 5.5 Condition (A.13) follows directly from condition 

(A.12), and condition (A.14) follows directly from condition (A.l3). 

I 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, I 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 n, a generic convertible. n will be a function 

of several variables, including S, t, 1', and others, depending upon the specific 

security.6 The function will also include adjustable parameters, al, ... , an, in 

order to fit the model to actual data. In general, n will not be a linear function 

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

SIn practice, I may occasionally wish to early exercise a call to collect a dividend or a put 
to eollect interest from the cash. Thus, I have not aceounted for all possible scenarios, and so, 
eondition (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 I have the proper form, I can account for early exercise and 
other possibilities by fitting each call and put separately. 

60ther variables, for example, might indude dividend yield, trend, potential dilution, etc.. 
A complete discussion of this is in section A.3. 

26 



n = j(g(v)), where v is the vector of basis functions. Each basis function, 

Vi(t, 1', ... ), is a fixed function of one or more variables. 

Once I have appropriate functions 9 and j, I can perform a linear least

squares regression on g(v) = a . v = j-l (0) and solve for the parameter vector 

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

O=j(a·v). 

A.2.3 Parameter estimation 

Linear least-squares regression 

I am left with the function j-l (0) = g(v) = a· v which I must fit to a set of 

data. 7 Rewritten, I have 

j-l(n) = g(v) = a· v = al Vl(t,1', ... ) + a2V2(t,1', ... ) +... + an1l,l(t,1"",) 

or, 

j-l (0) = L
n 

aiVi(t, 1" ...) 
i=1 

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

into my equation yields a set of Tn linear equations: 

j-l (OJ) = al Vi (t1,1'}, ••• ) + + an K(t}, 1·}, ••• ) + fl 

j-l (02 ) = al Vi (t2, 1'2, ..• ) + + an\!;l(t2, r2, . ..) + E2 

j-l(Om) = al V1(tm, 1·m , ••. ) + ... + anVn(tm, r m , ••• ) +Em 

where fi is the difference between the model's value and the actual value 

7For a general description of the linear least-squares fitting techniques outlined in this sec
tion, see [H arvey 1981]. 
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of j-l (ni ). 

I want to compute the parameter vector a such that X2 = I:i~1 €; is minimized. 

Restated, I want to minimize X2 with respect to a where 

2 m [ n ] 2x = ~ j-l(nj ) - ~ aiVi(tj, rj, ... ) 

This can be done by computing the partial derivatives of X2 with respect to 

each parameter ai and then setting the result equal to zero. This yields a set of 

n linear equations: 

m [ n ]0= f; j-l(nj ) - ~aiVi(tj,1'j, ...) Vk(tj,1'j, ...) for k = 1, ... ,n 

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

j-l(n1 ) \ ( alVI (t" ':" ...) 1 
V2(tt, 1t, ... ) j-l(n2) I a2 

= I , I, Yi Ym= ant =~ 

j-l (nm) J \ an, K(ti,1\, ... ) ) 

and 

V m = 

, 

I 
V1(t 1 ,1'1," .) 

Vdt2,1'2,.") 

V2(t 1,rl,"') 

V2(t 2,1'2"") 

... 

... 
~t (t 1,1'1, ...) 

K(t2,1'2,"') 

VI (tm, rm,· ..) V2(tm, 1'm, ... ) ... v,t(tm, 1'm, ... ) 

Ty 1 
TY2 

-

TYm 

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

In this notation, I can write 

Ym = Vmam 

Solving for am, I get: 

am = (V~vmtlV~Ym (A.26) 
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If I have computed am, and a new data point is added, then I can compute 

the new parameter vector, am+l, without inverting another matrix. Using the 

identity 

(V~+lVm+d-1 = (V~Vm)-l - (V~+l Vm+ltlvm+lV~+l (V~Vmtl /h m +1 

where 

hm +1 = 1 + V~+l(V~~Vm)-lVm+l 

I get the following: 

a m+l = am + (V~Vm)-lvm+l(Ym+l - v~+lam)/hm+l (A.27) 

Thus I have an efficient algorithm for computing the parameters. 8 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 

pnce. 

Nonlinear least-squares regression 

Given an initial estimate for a, I must now minimize the function X2 
( a) = 

L:~~l [Oi - f(a· Vi)]2 with respect to a. Setting the partial derivatives of X2 with 

respect to each parameter equal to zero gives the following set of n equations: 

8~2(a) = ~ f: [Oi - f(a· Vi)]2 = 0, for j = 1,2, ... , n. 
8aj 8aj i=l 

I must now solve for each aj in order to form the parameter vector, a. In 

general, this will not be possible. I must therefore use numerical methods to find 
· 9 ... a.t IIe parameters, aI, a2, ... ,an wI'lICI1 mUllll11Ze X2() 

8Since I will only use linear parameter estimation to initialize my param~ters, 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. 

9For a general desrription 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. lO 

n [8 fo (v) ] 1 n n fo(v) ][82 

f(v) = fo(v) + L 8. 8aj +;- L L 8 .8 8aj8a k + ... 
j=l aJ 2 j=l k=l aJ ak 

where fo(v) denotes f(v) evaluated at ao, the current estimate of a, and the 

parameter increment, 8aj, is given by 8aj = aj - aj,O, where aj,O is the current 

estimate of aj. 

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

terms and approximate f(v) by 

f(v) = fo(v) +~ [iJ~~~) 8a;] (A.28) 

Since this is linear in the parameter increments, 8aj, I can use linear-least 

squares regression to solve for the parameter increment vector, 8a. With this 

approximation, I have 

2x = t [(f(Vi) - fO(Vi) - t [8~(~i) 8aj]) 2] 
t-1 J=l aJ 

Differentiating with respect to each parameter increment and setting the result 

equal to zero gives 

fo
:8:k = -2t [(f(Vi) - fO(Vi) - t [8~o(Vi) 8aj]) 8 (Vi)] = 0 

t=l j=l 8aj 88ak 

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

This gives n linear equations: 

bk = L 
n 

8ajA jk , for k = 1,2, ... ,n 
j=l 

section, see [Bevington 1969]. 
IOComputing the Taylor series of the function x2 (a) and following the same line of reasoning 

will give the same results. In that case, it is called parabolic extrapolation of X2 . 

30 



where 

bk -~ OX6 = f (If(Vi) - fO(Vi)] OfO(Vi)) (A.29)
2 Oak i==l Oak 

andll 

Ajk = f [0~O(Vi) 0~O(Vi)] (A.:30) 
i==l oaj Oak 

The vector of parameter increments is given by12 

8a = bA- l (A.:n) 

and, finally, I have 

a = ao + A-l·b 

or 

anext = a curr + A-l·b (A.:32) 

Gradient search In the event that acurr (i.e., ao) 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 acurr is 

far from the minimum. If this is the case, then I must conduct another kind of 

iterative search of the x2 (a) hypersurface to find the parameters, aI, a2, ... , an 

which minimize x2 (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 X2 hypersurface) in order to progress towards amino 

Searching along the path of steepest-descent gives 

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

12This 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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anext = a curr - constant x \7 X2
( a curr) (A.:33) 

where 

n A 8x2 
o2( ) - "'" a -\7X acurr - LJ 18a 

i=l i 
o 

where ai is the unit vector along the ai-axis. 

Noticing the similarity between the gradient, \7x2(a), and the vector b, I can, 

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

anext = a curr - 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 apartP 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 X2 

fit for the data points.14 

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

A~ = { A ij if i =1= j0 

1) - Aij (1 + A) if i = j 

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

Sa = bA
,
- 1 (A.35) 

13It can even move in the wrong direction, causing convergence to the maximum x20 
14See [Marquardt 1963]. 
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Solving this as before, I get 

8a = bA
,
- l	 (A.:36) 

and finally 

allext = 3.curr +A,-l·b	 (A.:37) 

Notice that when>. is zero, this is identical to (A.32), the inverse-Hessian es

timate. However, as >. becomes large, this approaches (A.:34), the gradient search 

estimate. So, changing>. varies (A.:37) between the limits of the inverse-Hessian 

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

., 2( )1.	 Compute X a. 

2.	 Set>' equal to 0.001. 

:3.	 Compute 8a and x2 (a + <Sa). 

4.	 If x2 (a +8a) ~ x2 (a), then increase>. by a factor of 10 and goto step (:3). 

5.	 If x2 (a + 8a) < x2 (a), then decrease>. by a factor of 10, set a = a + 8a, 

and goto step 3. 

I will stop the procedure when the value of X2( 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{O,5' - k}. From this, I can 

write C = max{O, S - k} + !(5', t, 7", T, d), where T is a trend indicator, and d is 
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the dividend yield during the life of the option. If I rewrite max{O, 8 - k} as 

(18 - kl + 8 - k)/2, then I have 

( 'I _ 18 - kI+_ 5' - k +1(S, t, 7', T, d)' 

Substituting J(8 - k)2 for 18 - kl gives 

J(S - k)2 +8 - k +1(8, t, 7', T, d)c= 

where 1(5', t, r, T, 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 1. 

In order to satisfy arbitrage conditions (A.I), and (A.8) through (A.II), 1 

will need to obey the following: 

lim 1 = 0 
810 

lim1=O 
tJ 0 

lim1 ~ min{8, k}
tl°o 

lim 1 > 0 
r10 

lim 1 ~ min{8, k}
rl°o 

I can satisfy these conditions, along with arbitrage conditions (A.2), (A.6), 

and (A.7), by writing 

1(8, t, r, T, d) = min{8, k} . () (t, r, T, d) 

where15 

15There are other forms for 0 which would also work, such as O(t, r, T, d) = 1-1/(alt + a2tr+ 
a3tT + a4td + 1). 
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1 
O(t, 7', T, d) = aJ/t + az/(l + 7') + a3T + a4 d + 1 

and aI, ' , , ,a4 are parameters to be fitted. 

I note that min{S, k} = Ski max{S, k} = 28kl( -/(8 - k)2 + S + k), and so, 

in analytic form, I have 

2Sk O(t, 7', T, d)f (S, t, 7', T, d) = ) (S _ k)2 + S + k 

which gives 

-/(8 - k)2 + S - k + 2'~'k , O(t, 7', T, d) 
C = 2 )(8 _ 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 8 = 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 t = 0 the equation behaves correctly. Also, at t = 0 the 

equation assumes the form of a hyperbola, rotated 22.50 and translated along the 

S-axis by k. If I preserve the hyperbolic form for t > 0, then I will have resolved 

the discontinuity problem. Since 0 makes the equation nonhyperbolic, except at 

t = 0, I seek to modify the way that 0 is incorporated into the equation so that 

I preserve the hyperbolic form. 

I begin with the general form for a hyperbola, rotate by 22.50 and translate 

along the S-axis by k. This will give us asymptotes of C = 0 and C = 8 - k 

as required. I start with the unrotated, untranslated hyperbola in my primed 

coordinate system: 

C,2 8,2 
a2 - b2 = d 
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where a = sin 22.5°, b = cos 22.5°, and a4 is a constant. By solving for C', I 

obtain C' = aJd +8,2/b2 . I now apply the coordinate transformation matrix, 

given by: 

(~ ~a) (~,) = ( S ~ k ) 

This yields 

8' = b(S - k) +aC 

and 

C' = -a(8 - k) + bC 

Substituting these back into C' = aJd + 8,2/b2and solving for C as a function 

of 8, I obtain 

abJ(8 - k)2 + (b2 
- a2 )d +ab(S - k)

C = ------'----------
b2 a2-

Noting that a = sin 22.5° and b = cos 22.5°, I can use the double angle 

formulas to obtain 2ab = sin 45° and (b2 
- a2 

) = cos 45°. Since sin 45° = cos 45°, 

then (b2 
- a2 

) = 2ab and my formula reduces to: 

.. J(8-k)2+h+8-k
C = ....!------

2 

where h = (b2 
- a2 )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 t, thus indicat

ing that I should move O(t, r, T, d) under the radical. Proceeding accordingly, I 

obtain the form: 

.. J(8 - k)2 +0(t, 7', T, d) +S - k
C = --'-------------

2 
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I must now insure that C = 0 whenever 8 = O. 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 8-axes. So, I have 

J(8 + w - k)2 + O(t,1',T,d) + 8 + w - k 
C + w = --'-------------

2 

Solving for w, I get 

o 
w = 4k 

Hence my new formula is 

J( S + 0/4k - k)2 + 0 + 8 - k - 0/4k
C = -'-----------

2 

where 0 = O(t, T, T, d). 

I now must solve for 0 and determine O(t, 1', T, d). It would be easiest to solve 

for my parameters if 0 were linear in t, T, and T. 

First, I define: 

u = 4k 

v=S-k 
o 

W=
4k 

So, my equation becomes 

J(v + w)2 + wu + v - w 
C = ....!....--------

2 

=? 

(2C +w - v)2 (v +W)2
...:.....----'--- = + 1 

wu wu 

37 



:::} 

2C +w - v V+W)2
( ..;wu + 1..;wu 

:::} 

20 +2w ~ (V +w) 2 V+w 
----==__ = -- + 1 +-- (A.38)
VWU VWU VWU 

Now let (v +w)/vwu = (eY - e-Y )/2 = sinhy. 

This gives 

2 (v +w) Y Yvwu = e - e

:::} 

r:::::; 2y2eY (v +w) 
yWU - e -1 

:::} 

(V+W) _ 02y 1 = e - 2eY vwu 

By using the quadratic formula, I get 

2(v +w)/vwu + j4[(v +w)/VWUP +4 
eY = ---------'---------

2 

:::} 

V +W)2eY _ v +w 
( VWU +1- VWU + 

:::} 

v+w + V +W)2 ]y = ln VWU ( VWU +1[ 
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Since (v +w)/vwu = sinh y, I have that y = sinh-l[(v +w)/vwu].
 
Substituting back into (A.38), I get
 

1 2C +2W] _ 1 [ (v +w) 2 V +w] sinh-1 (V+W)
n r,:;;::; - n r,:;;::; + 1 + r,:;;::; = vwu[ yWU yWU yWU 

=? 

2C + 2W] v +W 
sinh In [ vwu = vwu 

Recall that sinh y = (eY - e-Y ) /2
 
So, I get
 

(e1n[(ZC+ZW)/VUiU) _ e- h1[(2C+2w)/VUiU))/2 = 2C + 2w _ VWU = v +W 

2VWU 4C +4w VWU 

=? 

WU = v +W
C +W - 4(C +w) 

Solving for w, I obtain 

() C(C-S+k) 
w = 4k = S - C 

and finally 

(}=4kC(C-S'+k) 
(A.39)

S-C 

I now search for a functional form for () given my arbitrage conditions. Con

ditions (A.1) through (A.7) are always satisfied. From condition (A.8), as t 

approaches zero, the premium-over-parity term, (), should vanish. From condi

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

rate. So, I derive the form (}(t) = alt. 

Now, by condition (A.IO), as 7' approaches zero, () is lower bounded by O. 

Also, by condition (A.ll), as 7' becomes infinite, () should increase without bound 

39
 



at the same rate. So I arrive at O(r) = a2(1 + r). 

For the trend term, I assume that when the last price of S, denoted by SI, 

is greater than the average price over the previous n days, denoted by Sn, then 

there is 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 

O(T) = a31n(SI/8n ). 

I must also incorporate dividends into my model. I note that when the div

idend is zero, its contribution to 0 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 calp6 The simplest form to satisfy these conditions 

is O(d) = a4d, where the parameter a4 should be negative. 

My final form for 0 is: 

O(t, 1" T, d) = alt + a2t1' + a3t In(81/ 8n ) + a4td 

where each term is multiplied by t to insure that as t ---+ 0,0 ---+ O. I can find 

the parameters ai, a2, a3, 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 - S + k. Thus, I have 

V(S+O/4k-k)2+0+S-k-O/4k , 
p= -S+k 

2 

and so, I get 

V(8 +O/4k - k)2 +0 + k - S - O/4k
P = ....!....----------- (A.40)

2 

where 

16 [Kassouf 196,5], 43-44. 
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(j = (j(t, 7" T,d) = alt + a2t7' + a3tT + a4td = 4kP(P +S - k) (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 I 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. I define the dilution as 8 = 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 (j as (j( 8) = a5o, where 

a5 is another parameter. My functional form of (j for warrants becomes 

(j(t, 7', T, d, 8) = alt + a2t7' + a3t In(SL/Sn) +a4td + a5t8 (A.42) 

where 8 = w/(v +w) is the dilution factor. 
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A.3.2 Model summary 

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

of the conditions. I arrived at the following function: 

c = J(8 + Oj4k - k)2 + 0 + 8 - k - Oj4k 
(A.43)

2
 

where
 

4kC(C-S+k)
0= O(t, r, T, d) = alt + a2tr + a3tT + a4td +as8 = r< rr (A.44) 

and 

T = In (81/Sn) (A.45) 

where .'II is the last closing stock price, and .'In is the average price over the 

previous n days. 

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

ac J(S+Oj4k-k)2+0+S-k+Oj4k 
(A.46) 

as = 2J(8 + Oj4k - k)2 + 0 

In addition, I have the following: 

8C 8C 
-=-t
aal ao 
ac 8C 
-=-tr· 
aa2 ao 
ac 8C 
8a3 = ao tT 

ac = aCtd 
aa4 ao 

8C _ 8C 8 
8a5 - ao t 
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where 

ac _ S+O/4k+k-j(S+O/4k-k)2+0 

ao - 8kj(S +O/4k  k)2 +0 

The formula for puts is: 

(A.47) 

where 

j(S +O/4k  k)2 +0 - k + S  O/4k
P = ....:.....---------

2 
(A.48) 

4kP(P+S-k)
0= O(t, 1', T, d) = alt + a2t1' +a3tT +a4td +aso = 7.

'-P 
(A.49) 

The delta of the put is given by: 

ap _ -j(5'+O/4k-k)2+0+5'-k+O/4k 

as' - 2.)(5' +O/4k  k)2 +0 

I also have the following: 

(A.50) 
.... j 

ap ap 
aal = ao t 

ap ap 
aa2 = ao t1' 

ap ap 
aa3 = ao tT 

ap ap 
aa4 = ao td 

ap ap 
aas = ao to 

where 
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oP _ S +O/4k + k - J(S +O/4k - k)2 +0 
(A.51 ) 

00 - 8kJ(S +O/4k - k)2 +0 

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 (fof warrants), 

'f J(S +O/4k - k)2 +0 + S - k - O/4kn = c = --'-------------- 
2 

and by equation (A.44), 

-1 4kC(C-S+k)
f (n) = a . v = a1 VI +.. .+an V;, = a1t+aztr+a3tT+a4td+astO' = S _ C 

where I have 

VI = t
 

Vz = tr'
 

V3 = tT 

V4 = td 

lis = to' 

and 
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ti 

t i 1'i 

Vi = I tiTi 

tidi 

tiDi 

and 

V m = 

tm 1'm tmTm tmdm tmDml t:" 

4kC](C] - 8] +k)j(8I - Cd 
4kCz(Cz - 82 + k)j(S2 - C2) 

Ym = 

4kCm (Cm - 8m+ k)j(8m - Cm) 

( t] t I 1'] tIT] t l d] tID]
 

t z t Z7'z tzTz tzdz t z8z
 

am = 

T 
V ) 

:=:JI
 
m 

al 

az 

an 

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

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

am = (V~vmt]V~~Ym 

The formulation is identical for puts, except that C is replaced by P + S - k, 

a.ccording 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 

b = f: ([Ci _ j(5i + ()i,currj4k - k)2 + ()i,curr +5i - k - ()i,currj4k] ~C ) 
k 

i=] 2 8()t,curr 

and 
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Ajk = f [( oC ) ZOOi,curr OOi'Curr] 
i=l OOi,curr oaj oak 

and 

{A jk if j =J k 
Ajk =

Ajk(l + >.) if j = k 

where 

Oi,curr = al,currti + aZ,currt i7'i + a3,currt iTi + a4,currt idi + as,currti8i 

and 

oC Hi + Oi,curr/4k + k - J(Hi + Oi,curr/4k - k)2 + Oi,curr 

OOi,curr 8kJ(S'i + Oi,curr/4k - k)Z + Oi,curr 

and 

OOi curr _ t. 
' - t 

oal,curr 

OOi,curr = ti 7'i 
oaZ,curr 

OOi,curr = tiTi 
oa3,curr 

OOi,curr = ti di
oa4,curr 

OOi,curr = ti8i 
oas,curr 

From equation (A.37), I have 

a A,-l
next = a curr + .b 
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With this, I can adjust >. 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.S) and (A.9), I require that 

lim C = max{S, k} - k,
t!O 

and 

limC < S 
tl= 

I therefore seek a function, !(8, t, 7', T, d) such that 

lim C = !(8, t, 7', T, d) - k. 
t .....n 

Where, when n = 0, !(8, t, 7', T, d) =max{8, k}, and when n = 00, !(8, t, 7', T, d) = 

S+k. 

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

lim !(8, t, 7', T, d) = max{8, k} 
n .....O 

and 

lim !(8, t, 7', T, d) = 8 + k. 
n-+oo 

I recall from functional analysis that the Lp norm of (8, k) E R approaches 

max{ S, k} as p -+ 00, and it approaches S + k as p -+ 1. Restated, 
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lim I!(S,k)IIL = max{S,k}p
P-H)O 

and
 

limll(S,k)IILp = S + k
 
p->I 

I write the Lp norm of (8, k) as 11(5, k)I!Lp = (8P+ kP)I/p. I relabel p as " 

and write 

C = (5"1 +p)Ih - k 

where 

, = ,(t, 7', T, d). 

I normalize the formula by setting 8 equal to 8/k, and C equal to C / k. This 

gIves 

C = (8"1 + 1) I h - 1, (A.52) 

Now, I must solve for ,. Let a = In(C + 1) and f3 = In 5. So, 

C + 1 = (8"1 + l)l h 

=} 

(C+1p=5''Y+l 

=} 

eC't"/ = e13'Y + 1 

=} 

eC't"/ - e13'Y - 1 = 0 
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I uSe Newton's method to solve fo!' the l'Oot, "y, of this equation. 

f(x n ) 

Xn+I = X n - f'(x ) 
n 

=? 

eQ'Yn - e{3'Yn - 1 
,n+1 = ,n - aeG''Yn _ (Je{3'Yn 

This becomes 

(C + l)"n - S''Yn - 1 
(A.5:3)

,n+I = ,n - (C + 1)'Yn In( C + 1) - 8'Yn In 8 

Thus, I compute, by successive iterations. 

I must now determine a functional form for ,(i, 7', 7, d), which satisfies the 

arbitrage conditions. The first seven conditions always hold true. From condition 

(A.8) and the properties of the Lp norm, as i approaches 0, , must approach 00; 

and from condition (A.9), as i approaches 00, , is lower bounded by 1. I satisfy 

these conditions with the form ,(i) = aI/i. 

From conditions (A.lO), and (A.l1), as 7' goes to 0, ,approaches some finite 

constant; and as 7' approaches 00, , is upper bounded by 1. To satisfy these 

conditions, I use the form ,(7') = a2/(1 + 7'). 

For the trend term, I have ,(7) = a3In(8//Sn). The parameter a3 should be 

negative, since, should be inversely proportional to the trend. 

As with the Hyperbolic model, the dividend term should vanish when d is 

zero. Since both, and d are inversely proportional to the premium over parity, 

the dividend term should contribute positively to ,. The simplest form to meet 

this criterion is ,(d) = a4d, where the parameter, a4, should be positive, 

Thus~ my final form for 'Y is: 

,(i, 7', 7, d) = al +-1 +a3ln(8dSn) +a4d + ,0,a2 (A.54)
i +7'
 

where aI, a2, a3, a4, and ,0 are the parameters to be fitted.
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Put options 

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

p = (S'Y + 1) l h - S, (A.55) 

where 
a1 a2 -,

I = I(t, r', T, d) = - +-- + a3ln(SdSn) + a4d + 10 (A.56)
t 1 + r 

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

lowing formula for iteratively computing I for puts: 

(P + 5pn - S'Yn - 1 
In+1 = In - (P +S)'Yn In(P +S) - S'Yn In S 

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 I are inversely proportional to the value of 

the warrant, I can write 1(8) = as8, where as is a parameter to be fitted. The 

final form of I for warrants becomes 

al a2 , -,
I(t, r, T, d, 8) = - + -- + a3111(Sd Sn) + a4d + as8 + 10 (A.57)

t 1 + r 

A.4.2 Model summary 

By using the fact that the limit of the Lp norm of (x, Y) E R goes to max{ x, Y} 

as p -+ 00, and that it goes to x + y as p -+ 1, I can write 

c = 11(5, k)IILp - k 
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for some p < 00, where 

11(8, k)IIL = (8P + kP)I/P 
p 

If I substitute, for p, I get 

( (''Y' k'Y)I/'Y 1.C = .:?' -t .. . - It, 

I normalize my formula and get 

c = (S'Y + 1)l h - 1, (A.58) 

where 8 is now 81k, and C is now Clk, and 

al a2 
, = ,(t, 7', T, d) = - + -- +a3In(8L/S'n) + a4d + as8 +,0 (A.59) 

. t 1 + r 

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

given by 

(C + 1pn - 5''Yn- 1 
~in+1 = ~in - (C + l)'Yn In(C + 1) - S'Yn InS' 

The hedge ratio is given by: 

acas' = /3"1- 1 (.'3"1 + 1)l h -l (A.60) 

In addition, I have the following: 

ac aC1 
aal = a, t 
ac ac 1 
aa2 = a, 1 +r 

ac ac 
-=-Taa3 a, 
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a() = ae 
d 

oa4 a, 
aC = aC 8 
aas a, 
oC oC 
0,0 = a, 

where 

0a
C = -(8"1 + 1) I h [!..In(8'Y + 1) _ s~ ~ S + )1] (A.61) 
, , ,,-"1+1
 

The formula for puts is:
 

P = (.rP + 1) I h - S, (A.62) 

where 

aI a2 , -, 
, = ,(t, 1', 7, d) = - + -- + a31n(StlSn) + a4d + as8 + ,0 (A.6:3) 

t 1 +r
 

and, is computed iteratively by the following formula:
 

(P + 5')'Yn - 5''Yn - 1
 
,n+I = ,n - (P + 8)'Yn In(P + 8) - 8'Yn In 8
 

The hedge ratio is given by: 

oP = 8"1-1 (8"1 + 1)Ih-I - 1 (A.64)
05' 

In addition, I have the following: 

8P 8P1 
oal = a, t 
oP oP 1 

oa2 = a, 1 +r 

oP oP 
-=-7 
oa3 a, 
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or = ord 
oa4 0, 

or or 
oas = 0,8 

oP or 
0,0 = 0,
 

where
 

. [ 1 '''I 5"1 In 5 + 1]~~ = -(8"1 + 1)l h :yln(S + 1) - ,(/3"1 + 1) (A.65) 

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

P....4.3 Parameter estimation 

Linear estimate 

I have 

n = C = (8"1 +1)lh - 1 

and 

-1 al a2f (n) = a· v = al VI + ... + anY:. = - + -- + a37" + a4d + a s8 +,0 =,
t 1 + l'
 

where I have
 

1 
VI = t 

1 
V2=1+1' 

V3 = 7" 

V4 = d 

Vs = 8 
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V6 = 1 

and 

l/ii 

1/(1 + r'i) 11 [ al 
a2Ti 12 

Yi = I , am =, Ym = 
di 

8i \ 1m I \ anI 
1 

where I is computed iteratively by Newton's method as given in formula 

(A.5:3). 

I also have 

V m = I 
1/i1 

1/i2 

1/(1 + 7'1) 

1/(1 + 7'2) 

Tl 

T2 

d1 

d2 

81 

82 

1 

1 

l/im 1/(1 + r m ) Tm dm 8m 1 

--

y T 
1 

yT
2 

yT 
m 

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

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

am = (V~VmtlV~Ym 

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

that C is replaced by P + 5' - k, according to equation (A.12). 

Nonlinear estimate 

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

m (b =?= [Ci - (5'''Yi,curr +1)lh;,curr _ 1] . oC )k 
1=1 0"'°,z,curr 
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and 

Ajk m [( oC ) 2 ~ ~ = L. U:i,CUIT U,,!,i,CUIT ] 
i=l O'i,CUIT oaj oak 

and 

{ A jkAjk == if j =I- k 
Aj k(1 + A) if j = k 

where 

al,cUIT a2,CUIT d C 
,i,CUIT = + i + as,cUITVi + ,i,CUIT-t-- +-1 + a3,cUITTi + a4,CUIT 

i 1'i 

and 

oC . . [1 S'Yi,CUTT In S +1] , = _(S'Y"curr + l)I/'Yt,cUTT __ In(S'Yi,curr + 1) - 1 . 

O,i,curr ,i,cUIT ,i,CUIT(S'Y"curr + 1) 

and 

O'i,cUIT 1 

oal,cUIT ti 

~ 1U,i,CUIT _ __ 

oa2,CUIT 1 + 1'i 

O,i,cUIT = Ti 
oa3,CUIT 

O'i,CUIT = d
i 

oa4,CUIT 

O,i,CUIT = 8
i

oaS,CUIT 

O,i,cUIT = 1 
oa6,CUIT 

From equation (A.:37), I have 
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anext = a curr + A,-l.b 

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

iteratively fit the parameters. 
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Appendix B 

Option Pricing Database 

Specifications 

B.l Kinds of securities to be considered 

Altbough tbere are many different types of derivative securities, I will limit myself 

to the following five types: 

1.	 Long-term stock options A long-term stock option is a contract which 

gives the bolder 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 

montbs, 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 comm011 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 Max

imum Equity. 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. 

1Sometimes 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. 
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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. 

(c)	 Symbol Stock exchange symbol. 

(d)	 Number of shares outstanding 

(e)	 Dividend Annual dividend payment. 

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

stock. 

I.	 Date 

II. Closing price
 

lll. 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
 

lll. Symbol
 

IV.	 Number of outstanding contracts 

v.	 Type 

VI. Expiration date
 

Vll. 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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A.	 Date 

B.	 Closing price 

C.	 Volume 

D.	 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{O,5' - k} for 

call options. 

Xl.	 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 

I fit my function to the data. 

A.	 Time weight 

B.	 Interest weight 

C.	 Trend weight 

D.	 Dividend weight 

E.	 Dilution weight 

F.	 Constant weight 

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

(a)	 Date 

(b)	 Three month Treasury Bill rate 

(c)	 Six month Treasury Bill rate 

(d)	 Nine month Treasury Bill rate 
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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 Fjanl05c expiration: 01/15/1991 type: call strike: 105.00 

ptime=4.827418 pinterest=7.457493 ptrend=-0.848223 pO=3.849772 

s= 96.88 98.88 100.88 102.88 104.88 106.88 108.88 110.88 112.88 114.88 116.88 

0= 1.30 1.79 2.42 3.20 4.15 5.26 6.53 7.94 9.47 11.10 12.82 

10 

Fordmotor Fdecll0c expiration: 12/15/1990 type: call strike: 110.00 

ptime=-1.100803 pinterest=14.396595 ptrend=-0.431441 pO=0.891321 

S= 96.88 98.88 100.88 102.88 104.88 106.88 108.88 110.88 112.88 114.88 116.88 

0= 1.94 2.40 2.96 3.60 4.34 5.19 6.14 7.19 8.35 9.60 10.95 

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

ptime=0.857610 pinterest=2.979983 ptrend=-0.103293 pO=-1.223230 

s= 3.25 3.38 3.50 3.62 3.75 3.88 4.00 4.12 4.25 4.38 4.50 

0= 1.35 1.43 1.51 1.59 1.68 1. 76 1.85 1.94 2.03 2.12 2.21 

20 
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C.3 General purpose header files 

C.3.1 instrument. h 

#illclude < string. h> 

struct PROGRAM 

{ 

char model[20]; 

illt window_size; 

illt trend_length; 

float tolerance; 

illt limit; 

illt no_oI_instruments; 

illt no_oI_interests; 

}; 

10 

struct INTEREST 

{ 

float three-month; 

float six_month; 

float nine_month; 

char date[ll]; 

}; 20 

struct PRICE 

{ 

char date[ll]; 

float open; 

float high; 

float low; 

float close; 

float volume; 

}; 30 

struct INSTRUMENT 

{ 

char name[15]; 
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char underlying[15]; 

char eusip[15]; 

char symbol[5]; 

char type[8]; 

char expiration[ll]; 

float conversion; 40 

float strike; 

float shares; 

int ndata; 

int nparam; 

float dividend; 

float dilution; 

float ptime; 

float pint; 

float ptrend; 

float pdiv; 50 

float pdil; 

float pO; 

struct PRICE *pnees; 

}; 

C.3.2 malloe.h 

#ifndef _ TURBOC_ 

extern char * mal/oeO; 

extern char * real/oeO; 

void freeO; 

#endif 

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

if (((P) = (T *) mal/oc((unsigned) (N) * sizeof(T))) == NULL) { \
 

fprintf(stderr, "Malloc failure: (~d bytes) %s\n", (N) * sizeof(T), M); \
 

exit(l); \
 

} \ 
else 

/* Reallocates N objects of a given type, using reallocO */ 

65 
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#defille REALLOCN(P,PTEMP, T,N,M) \ 

if ((P) == NULL) { \ 

MALLOCN((P), T,(N),M); \ 

} \
 
else if (((PTEMP) = (T *) realloc(P,(ullsiglled)(N)* sizeof(T))) == NULL) {\
 20 

!print!(stderr, "Realloc failure: (%d bytes) %s\n", (N) * sizeof( T), M); \ 

exit(l); \ 

} \
 
else (P) = (PTEMP)
 

#defille FREE(P) !ree((char *) P) 

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

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

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 -c" 30 

/* 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 eomputed model parameters to the database. The 

/* '-c' flag tells the program to clear (and thus reinitialize) the 

/* parameters. 

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

#include <sidio.h> 40 

#ifdef __ TURBOC_ 

#include <std/ib.h> 

#endif 

#include <string.h> 

#include <math.h> 

/********************************************************************* 50 

Include numerical rec.ipes header files. 

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

#include "malloc.h" 

#include "nr . h II 

#include "nrut il . h II 

/********************************************************************* 
Define STREQ, which eompares two strings. 

*********************************************************************/ 60 
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#defille STREQ(A, B) (*(A) == *(B) && strcmp((A), (B)) == 0) 

/********************************************************************* 
Allocates N objects of a given type, using mallocO. 

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

#defille MALLOCN(P, T,N,M) \ 

if (((P) = (T *) ma/loc((ullsiglled) (N) * sizeof(T))) 

jprintj(stderr, "Malloc failure: (%d bytes) %s\n", (N) 

exit(l); \ 

} \ 
else 

NULL) { \ 

* sizeof(T), M); \ 70 

#defille FREE(P) jree((char *) P) 

/********************************************************************* 
The following dedaration creates the new variable type "Program." 

Later, we dedare 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: 

80 

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 

whic.h we regress. 90 

3. trend_length is the number of data points whic.h we use to compute 

the trend. 

4. tolerance is a float which specifies the computational precision 

toleranc.e (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]; 

illt window_size; 

illt trend_length; 

float tolerance; 

illt limit; 

} Program; 

100 

/********************************************************************* 
The next declaration creates the variable type "Interest." This 

variable type is composed of four types: 

110 

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. 

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

120 

typedef struct { 

char date[ll]; 

float three_month; 

float six-month; 

float nine_month; 

} Interest; 

/********************************************************************* 
This declaration creates the variable type "Prices," which is composed 

of three other types: 

130 

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. 

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

140 

typedef struct { 

char date[ll]; 

float pTZce; 

float vol; 

} Prices; 

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

This type is composed of 20 other types: 

150 

1. name is a string of 15 characters which is the name of the 

instrument (i.e., Ford Julll0C). 

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. 

160 

3. cusip is a 1.5 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.) 170 

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) . 

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

190 

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. 

18. pdil is the parameter associated with potential dilution. 

200 

19. pO 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. 

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

typedef struct { 

char name[15]; 

char underlying[15]; 

char cusip[15]; 

char symbol[5]; 

2]0 
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char type[8]; 

char expiration[ll]; 

float conversion; 

float strike; 

float shares; 

illt ndata; 

illt nparam; 

float dividend; 

float dilution; 

float ptime; 

float pint; 

float ptrend; 

float pdiv; 

float pdil; 

float pO; 

Prices *prices; 

} Instrument; 

220 

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 

interest rate data. 

240 

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_oLinstruments is the total number of instruments in the 

instrument array. 250 

72 



6. no_oLinterests 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. currenLinterest is the current interest rate. 

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

Program program; 

Interest *interest; 

Prices *prices; 

Instrument *instrument; 

260 

illt no_oI_instruments; 

iut no_oI_interests; 

char today[9]; 

float currenLinterest; 

/********************************************************************* 
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. 

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

270 

iut 

maine argc , argv) 

iut argc; 

char ** argv; 

{ 

void read_dataO; 

void write_dataO; 

void clear_parametersO: 

void computeO; 

char s[20], database[20], 

iut clear, save; 

iut i; 

model[20]; 

280 
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save = 0; 

290 

while (--arge > 0 && (*++argv)[O] 

{ 

strcpy( s,++*argv); 

== '_') 

if (s[O] == 'd') 
strcpy( database,&s[l]); 

if (s[O] == 's') 

save = 1; 

300 

if (s[O] == 'e') 

clear = 1; 

} 

if (s[O] == 'm') 

strcpy( model,&s[l]); 

read_data( database); 310 

if (clear == 1) 
clear_parameters( database); 

if (STREQ( model, "hyperbolic")) 

strcpy( model, "Hyperbolic"); 

if (8TREQ(model,"kassouf")) 

strcpy( model, "Kassouf"); 

if (I STREQ(model,"Hyperbolic") && ! STREQ(model,"Kassouf")) 

printf("Invalid model - using default model\n"); 

320 

if (STREQ( model, "Hyperbolic") II STREQ( model, "Kassouf")) 

strcpy(program. model, model); 

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

printf("\n"); 

printf("Enter Interest: "); 

scanf("'l.f", &currenLinterest); 

printf("\n"); 

330 

compute( database); 

} 

if (save == 1) 

write_data( database); 

340 

/********************************************************************* 
This routine computes the basis function vector, p[J, from the raw 

data. This is for the Kassouf model. 

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

void 

linear_gamma(x. p, 

float x[], p[]; 

illt np, index; 

{ 
illt j; 

np, index) 

350 

p[l] 

p[2] 

p[3] 

= 1.0 / 

= 1.0 / 

= x[3]; 

x[l]; 

(1.0 + x[2]); 

if (instrument[index].dilution 

p[4] = 1.0; 

if (instrument[index].dilution 

{ 

p[4] = x[4]; 

p[5] = 1.0; 

} 

o && instrument [index]. dividend 

!= 0 && instrument[index].dividend == 

0) 

0) 

360 

75 



if (instrument[index].dilution 

{ 

p[4] = x[4]; 

p[5] = 1.0; 

} 

== 0 && instrument[index].dividend != 0) 

370 

} 

if (instrument[index].dilution 

{ 

p[4] = x[4]; 

p[5] = x[5]; 

p[6] = 1.0; 

} 

1= 0 && instrument[index].dividend != 0) 

380 

/********************************************************************* 
This routine computes the basis function vector, p[L from the raw 

data. This is for the hyperbolic model. 

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

void 

linear_theta( x, p, np, 

float x[]. p[]; 

illt np, index; 

{ 

illt j; 

index) 

:390 

} 

p[1] 

p[2] 

p[3] 

p[4] 

p[5] 

= 

= 

= 

= 

= 

x[l]; 

x[1] * x[2]; 

x[1] * x[3]; 

x[1] * x[4]; 

x[l] * x[5]; 

400 

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

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

float 

days_difference( date_J, date_2) 

char date_J [12], date_2[12]; 

{ 

int mmJ, idJ, iyyy1, mm2, 

float difference; 

id2, iyyy2; 

410 

sscanf(date_1, "%d!%d/%d", &mm1, 

sscanf( date_2, Il.d!l.d/%d", &mm2, 

&id1, &iyyy1); 

&id2, &iyyy2); 

} 

difference = (julday(mm2, 

return difference; 

id2, iyyy2) - julday(mm1, id1, iyyy1)) / 365.25; 

420 

/********************************************************************* 
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. 

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

float 

computed_gamma( c, s, k, old_gamma, 

float c, s, k, old_gamma; 

int i; 

{ 

float new_gamma; 

float logs, logel; 

float 5-2_gamma, c_2_gamma; 

i) 430 

s 

c 

= s / 

= c / 

k; 

k + 1.0; 

440 

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

new_gamma old_gamma; 

0; 

do { 

old_gamma 

s_2_gamma 

c_2_gamma 

new_gamma; 

pow( s, old_gamma); 

pow( c, old_gamma); 

450 

new_gamma = old_gamma -

(c_2_gamma - s-2_gamma - 1.0) / (c2_gamma * logel 

- s-2_gamma * logs); 

i++; 
} while (Jabs(( new_gamma - old_gamma) / 

i <= program.limit); 

old_gamma) >= program. tolerance && 

460 

} 

return new_gamma; 

/********************************************************************* 
This routine computes the implied theta from s (stock price), k 

(strike) and c (option price) for the hyperbolic model. 

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

float 

computed_theta( c, s, k) 

float c, s, k; 

{ 

return 4 * k * C * (c - s + k)/( s - c); 

} 

470 

/*********************************************************************
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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 [:I is the parameter vector.
 

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

float 

computed_gamma_value( s, k, t, r, trend, div, dil, p, index) 

float s, k, t, r, trend, div, dil, p[]; 

int index; 

{ 

float gamma; 490 

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

gamma = p[l] / t + p[2] / (1.0 + r) + p[3] * trend + p[4];
 

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

gamma = p[l] / t + p[2] / (1.0 + r) + p[3] * trend +
 
p[4] * dil + p[5];
 

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

gamma = p[l] / t + p[2] / (1.0 + r) + p[3] * trend + 500 

p[4] * div + p[5]; 

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

gamma = p[l] / t + p[2] / (1.0 + r) + 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 

/*********************************************************************
 
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.
 

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

float 
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computed_hyperbolie-value(05, k, 

float 05, k, t, r, trend, div, 

illt index; 

{ 

float theta; 

t, r, trend, 

dil, p[]; 

div, dil, p, index) 

520 

if (ino5trument[ index]' dilution == 0 && ino5trument[index]. dividend 

theta = p[l] * t + p[2] * t * r + p[3] * t * trend; 

== 0) 

if (instrument[ index]. dilution != 0 && ino5trument[index]. dividend == 0) 

theta = p[l] * t + p[2] * t * r + p[3] * t * trend + p[4] * t * dil; 

if (instrument [index]. dilution == 0 && ino5trument[index]. dividend != 0) 

theta = p[l] * t + p[2] * t * r + p[3] * t * trend + p[4] * t * div; 

530 

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

theta = p[l] * t + p[2] * t * r + p[3] * t * trend 

+ p[4] * t * div + p[5] * t * dil; 

!= 0) 

} 

return (o5qrt((s + theta/4/k - k) 

theta/4/k - k) / 2; 

* (05 + theta/4/k - k) + theta) + 8 

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 respec.t to the parameters. 

It corresponds to the numerical recipes routine "funcs." 

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

void 

non_linear-gamma( 05, k, x, a, y, 

float x[], *y, a[], dyda[]; 

float 05, k; 

dyda, na, index) 550 

illt na; 

illt index; 
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{ 

float t, r, trend, div, dil, gamma, s_to_the_g, dydg; 

t = x[l]; 

r = x[2]; 

trend = x[3]; 

div = 0; 

dil = 0; 

560 

if (instrument[index]. dilution 

dil = x[4]; 

!= 0 && instrument [index]. dividend 0) 

if (instrument[index].dilution 

div = x[4]; 

if (instrument[ index]. dilution 

o && instrument[index].dividend != 0) 

!= 0 && instrument [index]. dividend != 0) 

570 

} 

div 

dil 

= x[4]; 

= x[5]; 

*y = computed_gamma_value( s, k, t, r, trend, div, dil, a, index); 

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

gamma = all] I t + a[2] I (1.0 + r) + a[3] * trend + a[4]; 580 

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

gamma = all] I t + a[2] I (1.0 + r) + a[3] * trend + 
a[4] * dil + a[5]; 

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

gamma = all] I t + a[2] I (1.0 + r) + a[3] * trend + 
a[4] * div + a[5]; 

\ 

if (instrument[index]. dilution != 0 && instrument [index]. dividend != 0) 590 

gamma = a[1] I t + a[2] I (1.0 + r) + a[3] * trend + 
a[4] * 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 / t; 

dyda[2] dydg / (1.0 + r); 

dyda[3] dydg * trend; 

if (instrument[index]. dilution o && instrument[index]' dividend 0)
 

dyda[4] = dydg;
 

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

{ 

dyda[4] dydg * dil; 610 

dyda[5] dydg; 

} 

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

{
 

dyda[4] dydg * div;
 

dyda[5] dydg;
 

} 

620 

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

{ 

dyda[4] = dydg * div;
 

dyda[5] dydg * dil;
 

dyda[6] dydg;
 

} 

} 

/********************************************************************* 6:30 

This routine is the function called by the numerical recipes nonlinear 
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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, x, a, y, 

float xl], *y, a[], dyda[]; 

float s, k; 

iut na, index; 

{ 

float t, r, trend, div, dil, 

float radical, theta; 

dyda, na, 

dydtheta; 

index) 

640 

t = x[l]; 

r = x[2]; 

trend = x[3]; 

div = 0; 

dil = 0; 

650 

if (instrument[index]. dilution 

dil = x[4]; 

!= 0 && instrument[index]. dividend 0) 

if (instrument [index]. dilution 

div = x[4]; 

o && instrument[index]' dividend != 0) 

if (instrument[index].dilution 

{ 

div = x[4]; 

dil = x[5]; 

} 

!= 0 && instrument[index].dividend != 0) 

660 

*y = computed_hyperbolic_value(s, k, t, r, trend, div, dil, a, index); 

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

theta = all] * t + a[2] * t * r + a[3] * t * trend; 

== 0) 
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if (instrument[ index]. dilution != 0 && instrument[index]. dividend == 0) 670 

theta = a[l] * t + a[2] * t * r + a[3] * t * trend + a[4] * t * dil; 

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

theta = a[l] * t + a[2] * t * r + a[3] * t * trend + a[4] * t * div;
 

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

theta = a[l] * t + a[2] * t * r + a[3] * t * trend +
 
a[4] * t * div + a[5] * t * dil;
 

radical = sqrt((s + theta/4/k - k) * (s + theta/4/k - k) + theta); 680 

dydtheta = ((s + the.ia/4/k + k)/radical - 1)/8/k; 

dyda[l] dydtheta * t;
 

dyda[2] dyda[l] * r;
 

dyda[3] dyda[l] * trend;
 

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

dyda[4] = dyda[l] * dil;
 

690 

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

dyda[4] = dyda[l] * div; 

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

{
 

dyda[4] = dyda[l] * div;
 

dyda[5] = dyda[l] * dil;
 

} 

} 

700 

/********************************************************************* 
This routine wmputes the trend term. 

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

float 

compute_trend( stock_index. firsLstock_j) 
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{ 

int stock-index, jirsL.stock_j; 

int i, start; 

float s_total; 

710 

s-total = 0; 

start = jirsLstock_j - program. trend_length - 1; 

if (start <= 0) 
start = 0; 

for (i = start; i < jirsLstock-j - 1; ++i) 

s-total = s_total + instrument[stock-index].prices[i].price; 

720 

} 

return program. trend_length * 
instrument[stock_index].prices[firsLstock_j - I].price Is_total; 

1********************************************************************* 
This routine computes the parameter vector for each instrument, and 

then loops through and computes the model values. 

*********************************************************************1 

730 

void 

compute( database) 

char database[20]; 

{ 

void parameter_estimateO; 

int i, index, k, j, w, jirsLstock-j, lasLj; 

int interesLindex, stock_index; 

int jirsLj; 

int lasLstock_j; 

float strike, s, t, r, trend, div, dil, c; 

float incr, bound; 

740 
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float p[6], lasLstock_price; 

parameter_estimateO; 

printf("\nDate: %s\n", today); 

printf(" Interest: %5. 4f\n", currenLinterest); 

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

printf("Database: %s\n\n", database); 

750 

for (i = 0; i < no_oI_instruments; i++) { 

index = i; 

if (I STREQ(instrument[index].type, "stock")) 

{ 

strike = instrument[index].strike; 

firsLj = instrument[index]. ndata 

lasLj = instrument [index]. ndata; 

program. window_size; 760 

p[l] 

p[2] 

p[3] 

= instrument[i].ptime; 

= instrument [i]. pint; 

= instrument[i].ptrend; 

if (instrument[i]' dividend == 

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

0 && instrument[ i]. dilution == 0) 

if (instrument[i]. dividend == 

{ 

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

p[5] = instrument[i].pO; 

} 

0 && instrument [i]. dilution != 0) 770 

if (instrument [i]. dividend != 0 && 

{ 

} 

p[4] 

p[5] 

instrument [i]. pdiv; 

instrument[i].pO; 

instrument[ i]. dilution == 0) 

780 

if (instrument[i].dividend 

{ 

!= 0 && instrument[i].dilution != 0) 
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} 

p[4] 

p[5] 

p[6] 

= instrument[i].pdiv; 

= instrument [i].pdil; 

= instrument[i].pO; 

for (k = index; ;k--) 

if (STREQ( instrument[index]. underlying, instrument[k]. symbol)) { 

stock_index = k; break; 

} 

790 

firsLstock_j = instrument [stock_index]. ndata - program. window_size; 

interesLindex = no_oj_interests - program. window_size; 

printj("'l.s 'l.s expiration: 'l.s type: 

instrument[stock_index]' name, 

instrument [index]. name, 

instrument[index]. expiration, 

instrument[index]' type, 

instrument[index]' strike); 

'l.s strike: '1.6. 2f\n", 

800 

printj("ptime='l.f pinterest='l.f 

instrument[index].ptime, 

instrument [index]. pint, 

instrument[index]. ptrend); 

ptrend='l.f II , 

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

printj(" pdiv='!.f", instrument[index]'pdiv); 

810 

if (instrument[ index]' dilution != 0) 

printj(" pdil='!.f II , instrument[index].pdil); 

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

printj(" pO='!.f II , instrument[index].pO); 

printj("\n"); 

820 

printj(IS="); 
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mcr = 2; 

lasLstocLj = lasLj - jirsLj + jirsLstocLj - 1; 

lasLstocLprice = instrument[stocLindex].prices[lasLstocLj] .price; 

if (lasLstocLprice <= 100) 

incr = 1.0; 

if (lasLstocLprice 

incr = .5; 

<= 50) 830 

if (lasLstock_price 

incr = .25; 

<= 25) 

if (lasLstocLprice <= 12.5) 

incr = .125; 

bound = incr * 5; 

for (s = instrument [stocLindex]. prices[lasLstock_j]. price - bound; 

s <= instrument[stocLindex].prices[lasLstocLj].price + bound; 

s += incr) 

printf("'1.6.2f ", s); 

840 

printf("\n"); 

printf("0:1); 

trend = compute_trend(stocLindex, instrument[stocLindex]. ndata); 850 

t 

r 

= days-difference( today, instrument[index]. expiration); 

= currenLinterest; 

for (s = instrument[stocLindex].prices[lasLstocLj].price - bound; 

s <= instrument[stocLindex].prices[lasLstocLj].price + bound; 

s += incr) 

{ 

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

88 



! STREQ( instrument[indexl type, II put ")) 860 

printj("'/,6.2f ", 

computed_gamma_value( s, strike, t, r, 

trend, div, dil, p, index)); 

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

STREQ( instrument[index]. type, "put")) 

printj("'/,6.2f ", 

c07l!puted_gamma_value( s, strike, t, r, trend, div, dil, 

p, index) - s + strike); 

870 

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

! STREQ(instrument[index].type, "put")) 

printj("'/,6.2f ", 

computed_hyperbolievalue(s, strike, t, r, 

trend, div, dil, p, index)); 

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

STREQ( instrument[index]. type, "put")) 

printj("'/,6.2f ", 

computed_hyperbolievalue(s, strike, t, r, 880 

trend, div, dil, p, index) -

s + strike); 

} 

printj("\n\n"); 

} 

} 

} 

/********************************************************************* 890 

This routine loops through all of the convertible instruments in the 

instrument array and c.omputes the new parameter vector. If the 

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

used to initialize the parameters. Onee we have an initialized 

parameter vector, then the nonlinear estimate is used. 

*********************************************************************/ 
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void 

parameter_estimate() 

{ 

void linear_estimateO; 

void non_linear_estimateO; 

int i; 

900 

for (i = 0; i < no_oI_instruments; i++) 

{ 

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

instrument[i].ptime == 0 && 

instrument[i].pint == 0 && 

instrument[i].ptrend == 0 && 

instrument[i].pdiv == 0 && 

instrument[i].pdil == 0 && 

instrument[i].pO == 0) 

910 

linear_estimate( i); 

} 

} 

if (! STREQ(instrument[i].type, "stock")) 

non_linear_estimate( i); 

920 

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

r.aUs the numerical recipes linear fitting routine, lfit. The 

estimated parameter vector is then instantiated into the instrument 

array. 

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

void 

linear_estimate( index) 

int index; 

{ 

int firsLj, firsLstoeLj; 

int z, j, m; 

930 
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illt nparam; 

illt lasLj; 

illt stock-index; 

int firsLstock-index; 

int nexLindex; 

illt interesLindex; 

940 

illt lista[6]; 

float chisq; 

float s, k; 

float ** covar; 

float *sig; 

float **x, *y; 

float *a; 950 

nparam = 6; 

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

nparam = 5; 

if (instrument[index]. dilution 

nparam = nparam - 1; 

== 0) 

if (instrument[index]. dividend 

nparam = nparam - 1; 

0) 960 

x 

y 

a 

= matrix(l, program. window_size, 1, 6); 

= veetor(l, program. window_size); 

= vector(l, nparam); 

szg = vector(l, program. window_size); 

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

firsLj 

lasLj 

= instrument[index].ndata 

= instrument[ index]. ndata; 

- program. window_size; 970 

for (m index; ; m--) 
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if (STREQ(instrument[index].underlying, 

stock-index = m; break; 

} 

instrument[m].symbol)) { 

firsLstock_j = instrument [stock-index]. ndata - program. window_size; 

interesLindex = no_oj_interests - program. window_size; 

for (j = firsLj; j < lasLj; j ++) 
{ 

980 

x[j 

x[j 

x[j 

x[j 

x[j 

x[j 

- firsLj 

- firsLj 

- firsLj 

- firsLj 

- firsLj 

- firsLj 

+ 1][1] = 

+ 1][2] = 

+ 1][3] = 

+ 1][4] = 

+ 1][5] = 

+ 1][6] = 

days_difference(instrument[index].prices[j].date, 

instrument[index]' expiration); 

interest[interesLindex].three_month; 

compute-trend( stock_index, firsLstock_j); 

instrument[index].dividend; 

instrument[index].dilution; 

1.0; 990 

} 

++firsLstock_j; 

++ interesLindex; 

if (instrument[index].dilution == 0 && instrument[index].dividend 

{ 

for (j = firsLj; j < lasLj; j ++) 
{ 

x[j - firsLj + 1][4] = 1.0; 
} 

} 

== 0) 

1000 

if (instrument[ index]' dilution != 0 && instrument[ index]' dividend 

{ 

for (j = firsLj; j < lasLj; j ++) 
{ 

} 

} 

x[j - firsLj + ·1][4] 

x[j - firsLj + 1][5] 

instrument[index]. dilution; 

1.0; 

== 0) 

1010 
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if (instrument[ index]. dilution == 0 && instrument[index]. dividend != 0) 

{ 

for (j = firsLj; j < lasLj; j++) 

{ 

x[j - firsLj + 1][4] instrument [index]. dividend; 

x[j - firsLj + 1][5] 1.0; 

} 

} 1020 

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

{ 

for (j = firsLj; j < lasLj; j++) 

{ 

x[j - firsLj + 1][4] instrument [index]. dividend;
 

x[j - firsLj + 1][5] instrument [index]. dilution;
 

x[j - firsLj + 1][6] 1.0;
 

} 

} 1030 

firsLstocLj = instrument[stocLindex]. ndata - program. window_size; 

for (j = firsLj; j < lasLj; j ++) 
{ 

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

y[j - firsLj + 1] = 
computed_gamma( instrument [index]. prices[j]. price, 

instrument [stock-index]. prices[firsLstock_j]. price, 1040 

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

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

y[j - firsLj + 1] =
 
computed_theta( instrument[index]. prices[j].price, 

instrument [stock-index]. prices[firsLstock-j] .price, 

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

++fi rsLstock_j; 

} 
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for (i = 1; i <= 
sig[i] = 1.0; 

program. window_size; i++) 

1050 

for (i = 1; i <= 
lista[i] = i; 

nparam; i++) 

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

lfit(x, y, sig, program. window_size, a, nparam, 

covar, &. chisq, linear_gamma, index); 

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

lfit( x, y, sig, program. window_size, a, nparam, 

covar, &. chisq, linear_theta, index); 

lista, 

lista, 

nparam, 

nparam, 

1060 

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

instrument[index]'pint = a[2]; 

instrument[index].ptrend = a[3]; 

nexLindex = 4; 

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

{ 

instrument[index].pdiv = a[nexLindex]; 

nexLindex = nexLindex + 1; 

} 

1070 

if (instrument[index]. dilution != 0) 

{ 

instrument[index].pdil = a[nexLindex]; 

nexLindex = nexLindex + 1; 

} 

1080 

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

instrument[index].pO = a[nexLindex]; 

free_veetor(y, 

frc.e-vector(a, 

1, 

1, 

program. window_size); 

nparam); 
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free_ vector( sig, 1, program. window_size); 

free_matrix(x, 1, program. window_size, 1, 6); 1090 

free_matrix( covar, 1, nparam, 1, nparam); 

} 

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

calls a modified version of the numerical recipes nonlinear fitting 

routine, mrqmin. The estimated parameter vector is then instantiated 

into the instrument array. 

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

void 

non_linear_estimate( index) 

illt index; 

{ 

illt firsLj, firsLstocLj;
 

illt z, }, m;
 

illt lasLj;
 

illt nparam;
 

illt stock_index; 1110
 

illt firsLstock_index;
 

illt interesLindex;
 

illt nexLindex;
 

illt lista[6];
 

float chisq;
 

float alamda;
 

float k'
 

float ** covar; 1120
 

float ** alpha;
 

float *sig;
 

float **x, *y;
 

float *a;
 

float *s;
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npararn = 6; 

if (STREQ(prograrn.rnodel, "Hyperbolic")) 

nparam = 5; 1130 

if (instrument[index].dilution 0) 
nparam = nparam - 1; 

if (instrument [index]. dividend == 0) 
npararn = npararn - 1; 

x = rnatrix(l, program. window_size, 1, 6);
 

alpha = matrix(l, nparam, 1, nparam);
 

covar = matrix(l, nparam, 1, npararn); 1140
 

y = vector(l, program. window_size);
 

s = vector(l, program. window_size);
 

a = vector(l, nparam);
 

szg = vector(l, program. window_size);
 

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

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

a[3] = instrument[index].ptrend;
 

1150 

nexLindex = 4; 

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

{ 

a[4] = instrument[index]. pdiv; 

nexLindex = nexLindex + 1; 

} 

if (instrument[ index]. dilution != 0) 

{ 1160 

a[nexLindex] = in.strument[index] .pdil; 

nexLindex = nexLindex + 1; 

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

a[nexLindex] = instrument[index].pO; 

firsLj = instrumcnt[ index]. ndata - program. window-size; 

lasLj = instrument[index]'ndata; 

1170 

for (m = index; ; m--) 

if (STREQ( instrument[index]. underlying, instrument[m].symbol)) 

{
 

stock_index = m;
 

break; 

} 

firsLstock_j = instrument[stock_index]' ndata - program. window_size; 

interesLindex = no_oj_interests - program. window_size; 

1180 

for (j = firsLj; j < lasLj; j ++) 
{ 

x[j - firsLj + 1][1] days_difference( instrument [index]. prices[j]. date, 

instrument[index]. expiration);
 

x[j - firsLj + 1][2] interest [interesLindex]. three_month;
 

x[j - firsLj + 1][3] compute_trend( stock-index, firsLstock_j);
 

x[j - firsLj + 1][4] instrument[index]. dividend;
 

x[j - firsLj + 1][5] instrument[index]. dilution;
 

x[j - firsLj + 1][6] 1.0;
 

1190 

s[j - firsLj + 1] = instrument[stock_index].prices[firsLstocLj].price; 

++firsLstock_j;
 

++interesLindex;
 

} 

k = instrument[index]'strike; 

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

{ 1200 

for (j firsLj; j < lasLj; j++) 
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} 

{ 

} 

x[j 

x[j 

firsLj + 1][4] 

firsLj + 1][5] 

instrument[index]. dilution; 

1.0; 

if (instrument[ index]. dilution == 0 && instrument[index]. dividend 

for (j = firsLj; j < lasLj; j++) 

x[j - firsLj + 1][5] = 1.0; 

!= 0) 

1210 

if (instrument[index].dilution == 0 && instrument[index].dividend 

{ 

for (j = firsLj; j < lasLj; j++) 

{ 

x[j - firsLj + 1][4] = 1.0; 

} 

} 

== 0) 

for (j = firsLj; j < lasLj; j ++) 
y[j - firsLj + 1] = instrument[index].prices[j].price; 

1220 

for (i = 1; i <= program. window_size; i++) 

sig[i] = 1.0; 

for (i = 1; i <= nparam; i++) 

lista[i] = i; 

alamda = -1.0; 1230 

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

mrqmin( s, k, x, y, sig, program. window_size, a, nparam, 

lista, nparam, covar, alpha, &chisq, non_linear_gamma, 

&alamda, index); 

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

mrqmin( s, k, x, y, sig, program. window_size, a, nparam, 

lista, nparam, covar, alpha, &chisq, non_linear_theta, 
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& alamda, index); 

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

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

instrument[index].ptrend = a[3];
 

nexLindex = 4; 

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

{
 

instrument[index]'pdiv = a[nexLindex]; 

nexLindex = nexLindex + 1; 

} 

if (instrument[index].dilution != 0) 

{ 

instrument[index].pdil = a[nexLindex]; 

nexLindex = nexLindex + 1; 

} 

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

instrument[index].pO = a[nexLindex]; 

free_vector(y, 1, program. window_size);
 

free_vector(a, 1. nparam);
 

free_vector( sig, 1, program. window_size);
 

free_matrix(x, 1, program. window_size, 1, 6);
 

free_matrix( covar, 1, nparam, 1, nparam);
 

free_matrix( alpha, 1, nparam, 1, nparam);
 

} 

1240 

1250 

1260 

1270 
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C.5 INGRES interface code 

C .5.1 Makefile 

NA ME = ioptions 

C-FILES = ioptions. e 

nruti/. e 

gaussj. e mrqeof e ju/day. e mrqmin. e eovsrt. e /fit. e\ 

O_FILES = ioptions.o gaussj.o mrqeofo ju/day.o mrqmin.o 

nrutil. 0 

eovsrt.o /fit.o\ 

INC_FILES 

SRC-FILES 

= 
= 

malloc.h nr.h nruti/.h 

$(INC_FILES) $( C-FILES) 10 

CC 
CFLAGS 

ALLLIBS 

LIBS_DIR 

= 
= 

= 
= 

ee 

-g 

-/m -/e -/q 

all: $(NAME) 

$(NAME): $( O-FILES) 

$( CC) $( CFLAGS) $( CPPFLAGS) 

$(ALLLIBS) $(LIBS_DIR) 

-0 $(NAME) $( O_FILES) \ 

20 

clean: 

purge: 

print: 

/bin/rm -f \#*\# *- $(NAME) $(O_FILES) core 

; /bin/rm -f \#*\# *- core 

; enseript -2r -Ppsl $(INC_FILES) $( C-FILES) 
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C.5.2 Option pricing interface program (ioptions .q) 

/********************************************************************* 
This code interfac.es INGRES and the INGRES version of the financ.ial 

database to the option pricing program. 

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

#illclude "options. e" 

## char DATE[l1]; 

## float THREE; 

## float SIX; 

## float NINE; 

## char MODEL[21]; 

## illt WINDO vV-,C;IZE; 

## illt TREND-LENGTH; 

## float TOLERANCE; 

## illt LIMIT; 

## float PRICE; 

## float VOL; 

## char NAME[16]; 

## char UNDERLYING[16]; 

## char CUSIP[16]; 

## char SYMBOL[6]; 

## char TYPE[9]; 

## char EXPIRA TION [11]; 
## float CONVERSION; 

## float "TRIKE; 

## float "HARE,,; 

## illt NDATA; 

## illt NPARAM; 

## float DIVIDEND; 

## float DILLUTION; 

## float PTIME; 

## float PINT; 

101
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## 

## 

## 

## 

float 

float 

float 

float 

PTREND; 

PDIV; 

PDIL; 

PO; 40 

## 

## 

char 

char 

INST[16]; 

DB[21]; 

/********************************************************************* 
This routine reads the data from the appropriate relations in the 

database and instantiates the variables. 

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

void 

read_data( database) 

50 

{ 

char 

illt 

database[20]; 

i, j, k; 

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

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

no_oj_interests = 0; 

strcpy( DB, database); 

60 

## 

## 

## 

## 

ingres DB 

retrieve (DA TE= interest. date) 

{ 

} 

no_oj_interests no_oj_interests + 1; 

MA LLOCN(interest, Interest, no_oj_interests, "Malloc 1"); 70 

0; 

## retrieve (DATE=interest. date, TH REE=interest. 
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## 

## 

## 

{ 

} 

three, SIX =interest.six,NINE=interest. nine) 

strcpy( interest[i]. date, DA TE); 

interest[i].threunonth = THREE; 

interest[ i]. six_month = SIX; 

interest[i].nine_month = NINE; 

i++; 
80 

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

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

## 

## 

## 

## 

## 

retrieve (MODEL=program. model, 

WIND 0 W_SIZE=program. window_size, 

TREND_LENGTH =program. trend_length, 

TOLERANCE=program.tolerance, 

LIMIT=program.limit) 

90 

strcpy(program. model,MODEL); 

program. window_size = WINDOW-SIZE; 

program. trend_length = TREND_LENGTH; 

program. tolerance = TOLERANCE; 

program. limit = LIMIT; 

/********************************************************************* 
Next, we read in the instument data. 

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

100 

no_oJ_instruments = 0; 

## 

## 

## 

retrieve (NAME=instrument. name) 

{ 

} 

no_oJ_instruments no_oJ_instruments + 1; 

110 

MA LLOCN(instrument, Instrument, no_oJ_instruments, "Malloc 2"); 
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0; 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

retrieve (NAME=instrument. name, 

UNDERLYING=instrument. underlying, 

GUSIP=instrument. cusip, 

SYMBOL=instrument.symbol, 

TYPE= instrument. type, 

EXPIRATION=instrument. expiration, 

GONVERSION=instrument. conversion, 

STRIKE=instrument.strike, 

SHARES=instrument. shares, 

NDATA=instrument. ndata, 

NPARAM=instrument.nparam, 

DIVIDEND=instrument. dividend, 

DILL UTION =instrument. dillution, 

PTIME=instrument.ptime, 

PINT=instrument.pint, 

PTREND= instrument. ptrend, 

PDIV =instrument.pdiv, 

PDIL=instrument.pdil, 

PO=instrument.pO) 

{ 

for (j = 0; i < 14; ++1) 
if (NAMEfj] != I ') 

instrument[i]. namefj] NAMEfj]; 

130 

120 

for (j = 0; i < 14; ++i) 
if (UNDERLYINGfj] != I ') 

instrument[i].underlyingfj] = UNDERLYINGfj]; 

140 

for (j = 0; i < 14; ++1) 
if (GUSIPfj] != I ') 

instrument[i]. cusipfj] GUSIPfj]; 

for (j = 0; i < 4; ++1) 
if (SYMBOLfj] != I ') 

instrume.nt [i]. symbolfj] SYMBOLfj]; 150 
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for (j ::: 0; j < 7; ++j) 
if (TYPEfj] !::: I ') 

instrument [i]. typefj] TYPEfj]; 

for (j ::: 0; j < 10; ++j) 
if (EXPIRATIONfj] !::: I ') 

instrument[i]. expirationfj] ::: EXPIRATIONfj]; 

## } 

instrument[i].conversion ::: CONVERSION; 

instrument[i].strike ::: STRIKE; 

instrument[i].shares ::: SHARES; 

instrument[i].ndata ::: NDATA; 

instrument[i].nparam ::: NPARAM; 

instrument[i]. dividend::: DIVIDEND; 

instrument[i].di/ution ::: DILLUTION; 

instrument[i].ptime ::: PTIME; 

instrument[i].pint ::: PINT; 

instrument[i].ptrend ::: PTREND; 

instrumcnt[i].pdiv ::: PDIV; 

instrument[i].pdi/ ::: PDIL; 

instrument[i].pO ::: PO; 

i++; 

160 

170 

for (i ::: 0; i < no_oI_instruments; ++i) 

{ 

MALLOCN(instrument[i].prices, Prices, instrument[i].ndata, "Malloc 3"); 

strcpy(INST, instrument[i]. name); 180 

J ::: 0; 

## 

## 

## 

## 

retrieve(DATE ::: INST.date, 

PRICE::: INST.price, 

VOL ::: INST.vo/) 

{ 

strcpy( instrument [i].pricesfj]. date, DA TE); 
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## 

} 

} 

} 

instrument[i].prices[j].price = PRICE; 

instrument[i].prices[j].vol = VOL; 

j++; 

190 

/********************************************************************* 
This routine writes the newly computed parameters into the database. 

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

void 

write_data( database) 

200 

{ 

char database[20]; 

illt z. J; 

## 

for (i = 0; 

{ 

{ 

i < no_oj_instruments + 1; ++i) 

210 

## 

## 

## 

## 

## 

## 

## 

strcpy( NAME, instrument[i]. name); 

PTIME = instrument[i].ptime; 

PINT = instrument[i].pint; 

PTREND = instrument[i].ptrend; 

PDIV = instrument[i].pdiv; 

PDIL = instrument[i].pdil; 

PO = instrument[i].pO; 

} 

replace instrument(ptime=PTIME, 

pint=PINT. 

ptrend=PTREND, 

pdiv=PDIV, 

pdil=PDIL, 

pO=PO) 

220 
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## where instrumeni.name=NAME 

} 

} 

230 

/*********************************************************************
 
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 be reset ..
 

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

void 

clear_parameters( database) 240 

char database[20]; 

{ 

iut z, J; 

for (i = 0; i < no_aI_instruments; ++i) 

{ 

## { 

strcpy(NAME, instrument[i]. name); 250
 

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; 260
 

instrument[i].pdiv = 0.0;
 

instrument[i].pdil = 0.0;
 

instrument[i].pO = 0.0;
 

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

## pint=PINT, 

## ptrend=PTREND, 

## pdiv=PDIV, 

## pdil=PDIL, 270 

## pO=PO) 

## where instrument. name=NAME 

} 

} 

C.6 ObjectStore interface code 

C.6.1 Makefile 

include $( OS_ROOTDIR)/ etc/ ostore.lib. mk 

OS_COMPILATION_SCHEMA_DB_PATH= 

05'_APPLfCATIONjiCHEMA_DB_PATH= 
/$(LOGNAME)/dbl.comp_schema 

/$(LOGNAME)/ dbl.app_schema 

LDLfBS = -los -losc -lq -1m -lc -lg 

so URCES = db-make. c ooptions. c gaussj. c mrqcof c julday. c mrqmin. c covsrt. c\ 

lfit. c nrutil. c options_schema. cc 

OBJECTS = db-make.o ooptions.o gaussj.o mrqcofo julday.o mrqmin.o covsrt.o\ 

lfit.o nrutil.o options_schema. 0 

10 

EXECUTABLES = db-make ooptions 

CPPFLAGS = -1$( OS_ROOTDIR)/include 

CFLAGS = -g 

LDFLAGS= 

CC = cc 

$( OS_EXPORT) 

20 
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all: $(EXECUTABLES) 

db-make: db-make.o schema_standin 

$( OiLPRELlNK) .os-options_schema. cc \ 

$( OS_COMPILATJONjjCHEMA_DB_PATH) $( OS_APPLlCATJONjjCHEMA_DB_PATH) 

db-make.o $(LDLlBS) 

O,,'CC - c .os-options_schema. cc 

$(CC) $(CFLAGS) $(LDFLAGS) -0 db-make db-make.o .os_options-schema.o\ 

$(LDLlBS) 30 

db-make. 0: db-make.c 

$( CC) $( CPPFLAGS) $( CFLAGS) -c db-make.c 

ooptions: ooptions.o ooptions.o gaussj.o mrqcof 0 julday.o mrqmin.o covsrt. 0 \ 

lfit.o nrutil.o schema_standin 

$(OiLPRELlNK) .os_options-schema.cc \ 

$( OS_COMPILATJON_SCHEMA_DB_PATH) $( O,'LAPPLlCATIONjjCHEMA_DB_PATH) 

ooptions.o ooptions.o gaussj.o mrqcof 0 julday.o mrqmin.o covsrt. 0 \ 

lfit.o nrutil.o $(LDLlBS) 40 

OSCC - c . os-options_schema. cc 

$(CC) $(CFLAGS) $(LDFLAGS) -0 ooptions ooptions.o gaussj.o mrqcofo\ 

julday.o mrqmin.o covsrt.o lfit.o nrutil.o . os-options-schema. 0 \
 

$(LDLlBS)
 

ooptions.o: ooptions. c 

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

schema_standin: options-schema. cc 

OSCC - batch-schema $( OiLCOMPILATJONjiCHEMA_DB_PATH) options-schema.cc 50 

touch schema_standin 

clean: 

osrm -f $(OS_COMPILATJON_SCHEMA_DB-PATH) 

rm -f $(EXECUTABLES) $( OBJECTS) schema_standin 

depend: 

osmakedep .depend $(CPPFLAGS) -files $(SOURCES) 
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60 include .depend 

C.6.2 Database schema code (options_schema. cc) 

#include <ostore/ostore.hh> 

#include <ostore/manschem.hh> 

#include "instrument .h" 

static void dummy 0 
{ 

OS_MARKj,CHEMA_TYPE(PROGRAM);
 

OS_MARKjjCHEMA_TYPE(INTEREST);
 

OS_MARKj,CHEMA_TYPE(PRICE);
 

OS_MARICSCHEMA_TYPE(INSTRUMENT);
 

} 

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) && strcmp((A), (B)) 0) 

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

if (((P) = (T *) malloc((unsigned) (N) * sizeof(T))) == NULL) { \
 

fprintf(stderr, "Malloe failure: (%d bytes) %s\n", (N) * sizeof(T), M); \
 

exit(l); \
 

} \
 
else
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#defille FREE(P) free((char *) P) 

typedef struct { 

char model[20]; 

illt window_size; 

illt trend_length; 

float tolerance; 

illt limit; 

} Program; 

20 

typedef struct { 

char date[ll]; 

float three_month; 

float six-month; 

float nine_month; 

} Interest; 

30 

typedef struct { 

char date[ll]; 

float price; 

float vol; 

} Prices; 

typedef struct { 

char name[15]; 

char underlying[15]; 

char cusip[15]; 

char symbol[5]; 

char type[8]; 

char expiration[ll]; 

float conversion; 

float strike; 

float shares; 

illt ndata; 

illt nparam; 

float dividend; 

float dilution; 

40 

50 
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float ptime; 

float pint; 

float ptrend; 

float pdiv; 

float pdil; 

float pO; 

Prices *prices; 

} Instrument; 

60 

Program program; 

Interest *interest; 

Prices *prices; 

Instrument *instrument; 

int no_oj_instruments; 

int no_oj_interests; 

char today[9]; 

float currenLinterest; 

70 

void read_ingres_data( database) 

{ 

char database[20]; 

## 

## 

## 

## 

char 

float 

float 

float 

DATE[ll]; 

THREE; 

SIX; 

NINE; 

80 

## 

## 

## 

## 

## 

char 

int 

int 

float 

.int 

MODEL[21]; 

WINDOW_SIZE; 

TREND_LENGTH; 

TOLERANCE; 

LIMIT; 

## 

## 

float 

float 

PRICE; 

VOL; 90 
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## char NAME[16]; 

## char UNDERLYING[16]; 

## char CU8IP[16]; 

## char SYMBOL[6]; 

## char TYPE[9]; 

## char EXPIRATION[ll]; 

## float CONVERSION; 

## float STRIKE; 

## float SHARES; 100 

## iut NDATA; 

## iut NPARAM; 

## float DIVIDEND; 

## float DILLUTION; 

## float PTIME; 

## float PINT; 

## float PTREND; 

## float PDIV; 

## float PDIL; 

## float PO; 110 

## char INST[16]; 

## char DB[21]; 

iut i, j, k; 

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

*********************************************************************/ 
120 

no_oj_interests = 0; 

strcpy( DB, database); 

## ingres DB 

## retrieve (DATE=interest.date) 

## { 

no_oj_interests no_oj_interests + 1; 

## 
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MALLOCN( interest, Interest, no_oJ_interests, "Malloe 1"); 130 

0; 

## 

## 

## 

## 

retrieve (DATE=interest.date, THREE=interest. 

three,SIX = interest.six, NINE=interest. nine) 

{ 

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

interest[i].threunonth = THREE; 

interest[i].siLmonth = SIX; 

interest[i].nine_month = NINE; 

i++; 
} 

140 

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

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

## 

## 

## 

## 

## 

retrieve (MODEL=program.model, 

WINDO W_SIZE=program. window_size, 

TREND_LENGTH =program. trend_length, 

TOLERANCE=program.tolerance, 

LIMIT=program.limit) 

150 

sircpy(program. model, MODEL); 

program. window_size = WINDOW_SIZE; 

program. trend_length = TREND_LENGTH; 

program. tolerance = TOLERANCE; 

program. limit = LIMIT; 

/********************************************************************* 
Next, we read in the instument data. 

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

160 

no_oJ_instruments = O· 

## retrieve (NAME=instrument.name) 
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## 

## 

{ 

} 

no_oj_instruments no_oj_instruments + 1: 

170 

MALL OCN (instrument, Instrument, no_oj_instruments, "Malloc 2"): 

l = O' 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

retrieve 

{ 

(NAME=instrument. name, 

UNDERLYIN G=instrument. underlying, 

CUSIP=instrument. cusip, 

S Y MEOL= instrument. symbol, 

TYPE= instrument. type, 

EXPIRATION=instrument. expiration, 

CONVERSION =instrument. conversion, 

STRIK E= instrument. strike, 

SHARES=instrument.shares, 

N DA TA=instrument. ndata, 

NPARAM=instrument.nparam, 

DIVIDEND=instrument. dividend, 

[JILL UTION =instrument. dillution, 

PTIME=instrument.ptime, 

PINT= instrument. pint, 

PTREND=instrument.ptrend, 

PDIV =instrument.pdiv, 

PDIL=instrument.pdil, 

PO=instrument.pO) 

180 

190 

for (j = 0; j < 14; ++j) 
if (NAME[j] != I ') 

instrument[i]. name[j] NAME[j]; 

for (j = 0; j < 14; ++j) 
if (UNDERLYING[j] != I ') 

instrument[i]. underlying[j] = UNDERLYING[j]; 

200 

for (j 0; j < 14; ++j) 
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if (CUSIP[j] != I ') 

instrument [i]. cusip[j] CUSIP[j]; 

for (j = 0; j < 4; ++j) 

if (SYMBOL[j] != I ') 

instrument [i]. symbol[j] SYMBOL[j]; 

210 

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

if (TYPE[j] != I ') 

instrument [i]. type[j] TYPE[j]; 

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

if (EXPIRATION[j] != I ') 

instrument[i].expiration[j] = EXPIRATION[j]; 

instrument[i].conversion = CONVERSION; 

instrument[i].strike = STRIKE; 

instrument[i].shares = SHARES; 

instrument[i].ndata = NDATA; 

instrument[i].nparam = NPARAM; 

instrument[i].dividend = DIVIDEND; 

instrument[i].dilution = DILLUTION; 

instrument[i].ptime = PTIME; 

instrument[i].pint = PINT; 

instrument[i].ptrend = PTREND; 

instrument[i].pdiv = PDIV; 

instrument[i].pdil = PDIL; 

instrument[i].pO = PO; 

220 

230 

i++; 

## } 

for (i = 0; i < no_oI_instruments; ++i) 

{ 
MALLOCN(instrument[i].prices, Prices, instrument[i].ndata, "Malloe 3"); 

240 

strcpy(INST, instrument[ i]. name); 
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J = 0; 

## 

## 

## 

## 

retrieve(DATE = IN8T.date, 

PRICE = IN8T.price, 

VOL = IN8T.vol) 

{ 

strcpy( instrument[i].prices[j]. daie,DA TE); 

insirumeni[i].prices[j].price = PRICE; 

instrument[i].prices[j].vol = VOL; 

j++; 

250 

## } 

} 

} 

Code to create ObjectStore financial database (db..lllake. q) 

/*********************************************************************
 
This program creates the ObjectStore version of the options database
 

from the INGRES original.
 

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

#illclude <ostore/ ostore.h> 

#illclude "instrument .h" 

#illclude "ingres_read. e" 

database *dbJ; 

illt i, j; 

illt no_oJ_interests; 

main( argc , argv) 

illt argc; 

char ** argv; 

{ 

os_typespec * PROGRAM_type; 
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os-typespec * INTEREST_type; 

os_typespec * INSTRUMENT_type; 

os-typespec * PRICE_type; 

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

read_ingres_data("mytest "); 

printJ("done. \n\n"); 

20 

printJ(" creating Obj ectStore database .... \n"); 

starLobjectstore 0; 

dbl = databasclookup_open( argv[l], 0, 0664); 30 

PROGRAM_type = allodypespec ("PROGRAM", 0); 

INTEREST_type = allodypespec ("INTEREST", 0); 

PRICE-type = alloc_typespec ("PRICE", 0); 

INSTRUMENT_type = allodypespec ("INSTRUMENT", 0); 

OS_BEGIN_ TXN( 11,0, transaction_update) 

{ 

database_root * PROGRAM-root; 

struct PROGRAM * PROGRAM; 

PROGRAM-root = database_create-root (dbl, "PROGRAM_entry"); 

40 

PROGRAM = (struct PROGRAM *)objectstore_alloc (PROGRAM_type,l,db1); 

strcpy(PROGRAM ->model,program.model); 

PROGRAM ->window_size = program. window_size; 

PROGRAM -> trend_length = program. trend_length; 

PROGRAM ->tolerance = program. tolerance; 

PROGRAM ->limit = program.limit; 

PROGRAM ->no_oJ_instruments = 5; 

PROGRAM ->no_oJ_interests = 24; 

no_oJ_interests = PROGRAM ->no_oJ_interests; 

no_oJ_instruments = PROGRAM ->no_oJ_instruments; 

50 

} 

database_rooLseLvalue (PROGRAM_root, (void *)PROGRAM, PROGRAM_type); 
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OS_END_TXN(tl); 

OS_BEGIN_ TXN( t2.0. transaction_update) 

{ 

database_root * INTEREST_root; 

60 

struct INTEREST * INTEREST; 

struct INTEREST *INTEREST_ptr; 

INTEREST_root = database-create_root (dbl. "INTEREST_entry"); 

INTEREST_ptr = (struet INTERE8T*) INTEREST_root; 

INTEREST = (struct INTERE8T 

*)objectstore_alloc(INTEREST_type.no_oJ_interests. dbl); 

i = 0; 

70 

for (INTEREST_ptr = INTEREST; 

INTEREST_ptr < INTEREST + no_oJ_interests; INTEREST_ptr++) 

{ 

strcpy(INTERE8T_ptr-> date, interest[i]. date); 

INTEREST_ptr-> three_month= interest [i]. three_month; 

INTEREST_ptr->six_month = interest[i].six_month; 

INTEREST_ptr->nine_month = interest[i].nine_month; 

i++; 

} 

80 

database-rooLseLvalue (INTEREST_root. (void *)INTER EST, INTEREST_type); 

} 

O.'LEND_TXN(t2); 

08_BEGIN_ TXN( t3,0. transaction_update) 

{ 

database-root * IN8TRUMENT_root; 90 

struet PRICE * PRICE; 

struet INSTRUMENT * INSTRUMENT; 
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struct PRICE *PRICKptr; 

struct INSTRUMENT *INSTRUMENT_ptr; 

INSTRUMENT_root = database_create_root (db1, "INSTRUMENT_entry"); 

INSTRUMENT_ptr = (struct INSTRUMENT*) INSTRUMENT_root; 

INSTRUMENT = (struct INSTRUMENT 

*)objectstore_alloc( INSTR UMENT_type, no_oJ_instruments, db1); 

i = 0; 

100 

for (INSTRUMENT_ptr = INSTRUMENT; INSTRUMENT_ptr < 
INSTRUMENT + no_oJ_instruments; INSTRUMENLptr++) 

{ 

PRICE = (struct PRICE 

*)objectstore_alloc( PRICE_type, instrument[i]. ndata, db1); 

INSTRUMENT_ptr->prices = PRICE; 110 

j = 0; 

for (PRICKptr = PRICE; PRICKptr < 
PRICE + instrument[i]'ndata; PRICKptr++) 

{ 

strcpy( PRICE_ptr-> date, instrument [i].prices[j]. date); 

PRICKptr->open = instrument[i].prices[j].price; 

PRICKptr->high = instrument[i].prices[j].price; 

PRICKptr->low = instrument[i].prices[j].price; 

PRICKptr-> close = instrument [i]. prices [j]. price; 

PRICKptr->volume = instrument[i].prices[j].vol; 

j++; 

} 

120 

strcpy(INSTR UMENT_ptr-> name, instrument[i]. name); 

strcpy( INSTR UMENT_ptr-> underlying, instrument[i]. underlying); 

strcpy( INSTR UMENT_ptr-> cusip, instrument[i]. cusip); 

strcpy( INSTR UMENT_ptr-> symbol, instrument[ i]. symbol); 

strcpy( INSTRUMENT_ptr-> type, instrument[ i). type); 

strcpy( INSTRUMENT_ptr->expiration, instrument [i]. expiration); 

130 
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INSTR UMENT_ptr-> conversion = instrument[i]. conversion; 

INSTRUMENLptr->strike = instrument[i].strike; 

INSTRUMENT_ptr->shares = instrument[i].shares; 

INSTRUMENT_ptr->ndata = instrument[i].ndata; 

INSTRUMENT_ptr->nparam = instrument[i].nparam; 

INSTRUMENT_ptr-> dividend = instrument[i]. dividend; 

INSTRUMENLptr->ptime = instrument[i].ptime; 

INSTRUMENT_ptr->pint = instrument[i].pint; 140 

INSTRUMENT_ptr->ptrend = instrument[i].ptrend; 

INSTRUMENLptr->pdiv = instrument[i].pdiv; 

INSTRUMENT_ptr->pdil = instrument[i].pdil; 

INSTRUMENLptr->pO = instrument[i].pO; 

i++; 
} 

database_rooLseLvalue (INSTR UMENT_root, 

(void *)INSTRUMENT, INSTRUMENT_type); 

} 150 

O.'LEND_ TXN(t3); 

database_closr( dbJ); 

printj("done. \n"); 

exit(0); 

} 

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

/*********************************************************************
 
This code interfaces ObjectStore and the ObjectStore version of the
 

financial database to the option pricing program.
 

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

#include "options. e" 

#include <ostore/ ostore.h> 

#include "instrument.h" 

void read_data( dbase) 
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{ 

char dbase [20]; 

illt i. J; 

database *db 1; 

starLobjectstore 0; 

dbl = database_lookup_open( dbase. 1. 0664); 

OS_BEGIN_ TXN( tl.O. transaction_update) 

{ 

database_root * PROGRAM_root; 

struet PROGRAM * PROGRAM; 

PROGRAM-root = database_rooLfind ("PROGRAM_entry ".db1); 

20 

PROGRAM = (struct PROGRAM *)database_rooLgeLvalue(PROGRAM_root,O); 

strcpy(program.model,PROGRAM ->model); 

program. window_size = PROGRAM -> window_size; 

program. trend_length = PROGRAM ->trend_length; 

program.tolerance = PROGRAM->tolerance; 

program. limit = PROGRAM ->limit; 

no_oj_instruments = PROGRAM -> no_oj_instruments; 

no_oj_interests = PROGRAM ->no_oJ_interests; 

} 

O,cLEND_TXN(tl ); 

:30 

OS_BEG!N_TX N ( t2. O. transaction_update) 

{ 

database-root * INTEREST_root; 

struet INTEREST * INTEREST; 

struet INTEREST *INTEREST_ptr; 

40 

INTEREST_root = database_rooLfind (lINTEREST_entry ",db1); 

INTEREST_ptr = (struet INTERES'T*) INTEREST_root; 

INTEREST = (struet INTEREST *)database-rooLgeLvalue(INTEREST_root. 0); 
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l = 0; 50 

MALL OCN (interest, Interest, no_oj_interests, "Malloe 1"); 

for (INTEREST-ptr = INTEREST; 

INTEREST_ptr < INTEREST+no_oJ_interests; INTEREST_ptr++) 

{ 

strcpy( interest[i]. date.,lNTEREST_ptr-> date ); 

interest[i].three_month = INTEREST_ptr-> three_month; 

interest[i].six-month = INTEREST-ptr->six_month; 

interest[i]. nine_month = INTEREST_ptr-> nine_month; 

i++; 

} 

} 
O,'LEND_TXN(t2); 

60 

OS_BEGIN_ TXN( t3,0, transaction_update) 

{ 

database_root * INSTRUMENT-root; 

struct PRICE * PRICE; 

struct INSTRUMENT * INSTRUMENT; 

70 

struct 

struct 

PRICE *PRICKptr; 

INSTRUMENT *INSTRUMENT_ptr; 

INSTR UMENT_root = database_rooLfind ("INSTRUMENT_entry", db1); 

INSTRUMENT_ptr = (struct INSTRUMENT*) INSTRUMENT_root; 

INSTRUMENT = (struct INSTRUMENT 

*)database_rooLgeLvalue( INSTR UMENT_root,O); 

80 

i = 0; 

MA LLOCN (instrument, Instrument, no_oj_instruments, "Malloe 2"); 
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for (INSTRUMENT_ptr = INSTRUMENT; INSTRUMENT_ptr < 
INSTRUMENT+no_of_instruments; INSTRUMENT_ptr++) 

{ 

strcpy( instrument[i]. name,!NSTR UMENT_ptr-> name ); 

strcpy( instrument [i]. underlying, INSTR UMENT_ptr-> underlying); 

strcpy( instrument[i]. cusip,INSTRUMENT_ptr-> cusip); 

strcpy( instrument[i]. symbol,INSTR UMENT_ptr->symbol); 

strcpy( instrument [i]. type,!NSTR UMENT_ptr-> type ); 

strcpy( instrument [i]. expiration,!NSTRUMENT_ptr->expiration); 

instrument[i]. conversion = INSTR UMENT_ptr-> conversion; 

instrument[i].strike = INSTRUMENT_ptr->strike; 

instrument[i].shares = INSTRUMENLptr->shares; 

instrument[i].ndata = INSTRUMENT_ptr->ndata; 

instrument[i].nparam = INSTRUMENT_ptr->nparam; 

instrument[i]. dividend = INSTR UMENT_ptr-> dividend; 

instrument [i]. dilution = INSTRUMENT_ptr-> dilution; 

instrument[i].ptime = INSTRUMENT_ptr->ptime; 

instrument[i].pint = INSTRUMENT_ptr->pint; 

instrument[i].ptrend = INSTRUMENLptr->ptrend; 

instrument[i].pdiv = INSTRUMENT_ptr->pdiv; 

instrument[i].pdil = INSTRUMENT_ptr->pdil; 

instrument[i].pO :::: INSTRUMENT_ptr->pO; 

PRICE = INSTRUMENT_ptr->prices; 

j = 0; 

MALLOCN( instrument[i].prices, Prices,
 

instrument[i].ndata, "Malloc 3");
 

for (PRICKptr = PRICE; PRICKptr <
 
PRICE+instrument[i]. ndata; PRICKptr++)
 

{ 

strcpy( instrument[i].prices[j]. date, PRICKptr-> date); 

instrument[i].prices[j].price = PRICKptr-> close; 

instrument[i].prices[j].vol = PRICKptr-> volume; 

j++; 
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} 

} 

i++; 

} 

} 

OS_END_TXN(t3); 

database_close(dbl); 130 

void write-data( dbase) 

{ 

char dbase[20l; 

int i; 

database *dbl; 

starLobjectstore 0; 
140 

dbl = database_lookup_open( dbase, 0, 0664); 

OS_BEGIN_ TXN( t5,0, transaction_update) 

{ 

database_root * INSTRUMENT_root; 

struct INSTRUMENT * INSTRUMENT; 

struct INSTRUMENT *INSTRUMENT_ptr; 

INSTR UMENT_root = database_rooLfind ("INSTRUMENT_entry", dbl); 

INSTRUMENT_ptr = (struct INSTRUMENT*) INSTRUMENT_root; 

INSTRUMENT = (struct INSTRUMENT 

*)database_rooLgeLvalue(INSTR UMENT_root,O); 

i = 0; 

150 

for (INSTRUMENT_ptr = INSTRUMENT; INSTRUMENT_ptr < 
INSTR UMENT+no_of_instruments; INSTR UMENT_ptr++) 

{ 

INSTRUMENT_ptr->ptime = instrument[i].ptime; 

IN')~TRUMENT_ptr->pint = instrument[i].pint; 

INSTRUMENT_ptr->ptrend = instrument[i].ptrend; 

160 
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INSTRUMENT_ptr->pdiv = instrument[i].pdiv; 

INSTRUMENT_ptr->pdil = instrument[i].pdil; 

INSTRUMENT_ptr->pO = instrument[i].pO; 

} 

i++; 

} 

} 

OS_END_TXN(t5); 

database_close( dbJ); 

170 

void clear_parameters( dbase) 

{ 

char dbase[20]; 

illt i; 

database *db J; 

starLobjectstore (); 

180 

dbJ = database_lookup_open( dbase. 0, 0664); 

OS_BEGIN_ TXN( t4.0. transaction_update) 

{ 

database_root * INSTRUMENT_root; 

struct INSTRUMENT * INSTRUMENT; 

struct INSTRUMENT *INSTRUMENT_ptr; 190 

INSTRUMENT_root = database_rooLfind ("INSTRUMENT_entry l.db1); 

INSTRUMENT_ptr = (struct INSTRUMENT*) INSTRUMENT_root; 

INSTRUMENT = (struct INSTRUMENT 

*) database_rooLgeLvalue( INSTR UMENT_root.O); 

i = 0; 

for (INSTRUMENT_ptr = INSTRUMENT; INSTRUMENT-ptr < 
INSTRUMENT+no_of_instruments; INSTRUMENT_ptr++) 

{ 200 
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INSTRUMENT_ptr->ptime. = 0; 

INSTRUMENT_ptr->pint = 0; 

INSTRUMENT_ptr->ptre.nd = 0; 

INSTRUMENT_ptr->pdiv = 0; 

INSTRUMENT_ptr->pdil = 0; 

INSTRUMENT_ptr->pO = 0; 

instrume.nt[i].ptime. = 0.0; 

instrume.nt[i].pint = 0.0; 

instrume.nt[i].ptre.nd = 0.0; 210 

instrume.nt[i].pdiv = 0.0; 

instrume.nt[i].pdil = 0.0; 

instrume.nt[i].pO = 0.0; 

i++; 
} 

} 

O,'LEND_ TXN(t4); 

database._close.( db 1); 

} 220 

C.7 Modified numerical recipes routines 

C .7.1 rnrqnll.n . c 

/********************************************************************* 
This is a modified version of the numerical rec.ipes 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 lE-lO on 

sllccessive 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. 

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

void mrqmin( s, strike., x, y, sig, ndata, a, ma, lista, mfit, covar, 
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alpha, chisq, funes, alamda, index) 

float **x, y[], sig[]. a[], **Covar, **alpha, *Chisq, *alamda; 

float s[], strike; 

illt ndata, ma, lista[]. mjit, index; 

void (*funes)O; 

{ 
illt k, kk, j, ihit; 

static float *da, *atry, ** oneda, *beta, ochisq; 

float *veciorO, **matrixO; 

void mrqcofO, gaussjO, eovsrtO, nrerrorO, free_matrixO, free_vectorO; 

w 

oneda=matrix(l, mjit, 

atry =veetor( 1, ma); 

da=vecior(l, ma); 

beta=vecior(l, ma); 

kk=mjit+1; 

*alamda=O.OOl; 

1, 1); 

30 

for (j=l;j<=ma;j++) 

{ 

ihit=O; 

for (k=l;k<=mjit;k++) 

if (lista[k] == j) ihit++; 

if (ihit == 0) 
lista[kk++]=j; 

40 

} 

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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mrqeof( s, strike, x, Y, sig, ndata, a, ma, 

alpha, beta, ehisq, funes, index); 

/ista, mjit, 

oehisq=(*ehisq); 

do { 

for (j=I;j<=mjit;j++) 

{ 

for (k=l;k<=mjit;k++) 

eovarb][k]= alphab][k]; 

60 

} 

eovarbHJ]= alphab]\j]*( 1.0+(*alamda )); 

onedab][I]= beta b]; 

gaussj (eovar, mjit, oneda, 1); 

for (j=I;j<=mjit;j++) 

da b]=onedab] [1]; 70 

for (j=I;j <=ma;j++) 

atrYb]=ab]; 

for (j=I;j<=mjit;j++) 

atry [listab]] = a[ listab]]+ dab]; 

mrqeof( s, strike, x, y, sig, ndata, atry, 

eovar, da, ehisq, funes, index); 

if (* ehisq < oehisq) 

{ 

*alamda *= 0.1; 

oehisq=(*ehisq); 

ma, lista, mjit, 

80 

for (j=I;j<=mjit;j++) 

{ 

for (k=l;k<=mjit;k++) 
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} 

} 

alpha[j][k]= eovar[j][k]; 

beta[j]= da[j]; 

a[lista[j]]= atry[lista[j]]; 

90 

else 

{ 

*alarnda *= 10.0; 

*Chisq=oehisq; 

} 100 

} while (sqrt((*Chisq - oehisq) * (*Chisq - oehisq)) > 1E-1O); 

} 

eovsrt( CQvar, rna, lista, mfit); 

free_veetor(beta, 1, rna); 

free_veetor(da, 1, rna); 

free_veetor( atry, 1, rna); 

free_rnatrix( oneda, 1, mfit, 1, 

return; 

1); 

110 

C.7.2 rnrqcof.c 

/*********************************************************************
 
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.
 

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

void mrqeof( s, strike, x, y, sig, ndata, a, ma, lista, 

mfit, alpha, beta, ehisq, funes, index) 

float **x, y[], sig[], a[], **alpha, beta[], *Chisq;
 

float s[], strike;
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{ 

illt ndata, ma, lista[] , mjit, index; 

void (*!uncs )0; 

illt k, j, i; 

float ymod, wt, sig2i, dy, *dyda, *vectorO; 

void !ree_vectorO; 

dyda=vector(l, ma); 20 

for (j=l;j<=mjit;j++) 

{ 

for (k=l;k<=j;k++) 

alpha[j][k]=O.O; 

beta[j]=O.O; 

} 

*chisq=O.O; 

for (i=l;i<=ndata;i++) 

{ 

(*!uncs)(s[i], strike, x[i], 

sig2i =1.0I( sig [i]*sig[ i]); 

dy=y[i]-ymod; 

a, &ymod, dyda, ma, index); 

30 

for (j=l;j<=mjit;j++) 

{ 

wt= dyda[lista[j]]*sig2i; 

for (k=l;k<=j;k++) 

alpha[j][k] += wt*dyda[lista[k]]; 

beta[j] += dy*wt; 

} 

40 

} 

(*Chisq) += dy* dy*sig2i; 

for (j=2;j<=mjit;j++) 

for (k=l;k<=j-l;k++) 50 
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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.e 

Q_FILES = random.o 

SRC-FILES = $(INC_FILES) $( C-FILES) 

CC 

CFLAGS 

ALLLIs.<:; 

LIB.'LDIR 

= 
= 

= 

= 

ee 

-g 

-1m -Ie -Iq 

10 

all: $(NAME) 

$(NAME): $(Q_FILES) 

$( CC) $( CFLAGS) $( CPPFLAGS) -0 $(NAME) $( Q_FILES) \ 
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$(ALLLIBS) $(LIBS_DIR) 

20 

clean: jbinjrm -f \#*\# *- $(NAME) $(O_FILES) core 

purge: /bin/rm -f \#*\# *- core 

print: enseript -2r -Ppsl $(INC_FILE8) $( C-FILE8) 

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. 

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

#incIude <stdio.h> 

#illcIude<string.h> 10 

#ifdef __ TURBOC_ 

#incIude <stdlib.h> 

#elldif 

illt 

maine arge , argv) 

int arge; 

char ** argv; 20 

{ 

char s[20]; 

int i,j, n, iniLseed, max_row, max_col; 

float x; 
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iniLseed = 1; 

max-row = 10; 

max-col = 8; 

30 

while (--argc > 0 && (*++argv)[O] 

{ 

strcpy( s,++*argv); 

== '-') 

if (s[O] == 
iniLseed 

'i') 

= atoi(&s[I]); 

if (s[O] == 
max_row 

'r ' ) 

= atoi(&s[I]); 

40 

} 

if (s[O] == 'e') 
max-col = atoi(&s[I]); 

for (i = 1; i <= max-row; ++i) 

{ 

for (j = 1 + i*71lax_col; j <= max_col + i*71laX_col; 

{ 

srand(j +iniLseed); 

x = randO; 

n = x/21474835.2; 

++j) 

50 

} 

} 

printf("%d\t", n); 

} 

printf("\n"); 
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D.2 UNIX script to make flat-file versions of 

the test databases 

random -dOOO -c8 > big_table 

random -dO -c7 -il > top 

random -r4 -c7 -i71 > middle_l 

random -r4 -c7 -i75 > middle_2 

random -r4 -c7 -i79 > middle_3 

random -r4 -c7 -i83 > middle-4 

random -r4 -c7 -i87 > middle_5 

random -r4 -c7 -i91 > middle_6 

random -r4 -c7 -i95 > middle_7 

random -r4 -c7 -i99 > middle_8 10 

random -r4 -c7 -il03 > middle_9 

random -r4 -c7 -il07 > middle_10 

random -dOOO -c8 -i8000 > bottom_Ll 

random - d 000 - c8 - i16000 > bOtt0l1LL2 

random -dOOO -c8 -i24000 > bOtt0l1LL3 

random -dOOO -c8 -i32000 > bOtt0l1LL4 

random -dOOO -c8 -i8000 > bOtt0l1L2_1 

random -dOOO -c8 -i16000 > bOtt0l1L2_2 

random - d 000 - c8 - i24 000 > bottom_2_3 

random - d 000 - c8 - i32000 > bOtt0l1L2_4 20 

random -dOOO -c8 -i80000 > bottom_3_1 

random -dOOO -c8 -i160000 > bOtt0l1L3_2 

random - d 000 - c8 - i24 0000 > bOtt0l1L3_3 

random -dOOO -c8 -i320000 > bottom_3_4 

random - d 000 - c8 - i800000 > bottom_4_11 

random - d 000 - c8 - i1600000 > bottom_4_2 

random -dOOO -c8 -i2400000 > bottom_4_3 

random -dOOO -c8 -i3200000 > bottom_4_4 

random -dOOO -c8 -i8000000 > bottom_5_1 

random -dOOO -c8 -il6000000 > bottom_5_2 30 

random -dOOO -c8 -i24000000 > bottom_5_3 

random - d 000 - c8 - i32000000 > bottom_5_4 

random -dOOO -c8 -i80000000 > bOtt0l1L6_1 

random -dOOO -c8 -i160000000 > bOtt011L6_2 
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random -rlOOO -c8 -i240000000 > bottom_6_3 

random -rlOOO -c8 -i320000000 > botto11L6_4 

random - r 1000 - c8 - i800000000 > bOtt011L 7_1 

random - rl 000 - c8 - i1600000000 > bott011L 7_2 

random -rlOOO -c8 -i2400000000 > bottom_7_3 

random -rlOOO -c8 -i3200000000 > bOtt011L 7-4 40 

random -r1000 -c8 -i8000000000 > botto11L8_1 

random -r1000 -c8 -i16000000000 > bOtt011L8_2 

random -r1000 -c8 -i24000000000 > bottom_8_3 

random -r1000 -c8 -i32000000000 > bottom_8-4 

random -r1000 -c8 -i80000000000 > bottom-9_1 

random -rlOOO -c8 -i160000000000 > bottom-9_2 

random -rlOOO -c8 -i240000000000 > bottom-9_3 

random -rlOOO -c8 -i320000000000 > bottom-9_4 

random -rlOOO -c8 -i800000000000 > bottom_10_1 

random -rlOOO -c8 -i1600000000000 > bottom_10_2 50 

random -rlOOO -c8 -i2400000000000 > bottom_10_3 

random -rlOOO -c8 -i3200000000000 > bottom_10_4 

D.3 Script to create INGRES version of test 

database two 

create top( num1 =i1, num2=i1, num3=i1, num4 =i1, num5=i1, num6=i1, num 7=i1, table=c9)\g
 

copy top( num1 =cOtab, num2=cOtab, num3=cOtab, num4 =cOtab, num5=cOtab, num6=cOtab,
 

num 7= cOtab, table= cOni) from "/u/shr/testdb/top"\g
 

create middle_1 (num1 =i1, num2=i1, num3=i1, num4 =i1, num5=i1, num6=i1, num 7=i1,
 

table= c12 )\g
 

create middle_2(num1 =i1, num2=i1, num3=i1, num4 =i1, num5=i1, num6=i1, num 7=i1,
 

table=c12)\g
 

create middle_3( num1 =i1, num2=i1, num3=i1, num4 =i1, num5=i1, num6=i1, num 7=i1,
 

table=c12)\g
 

create middle_4 (num1 =i1, num2=i1, num3=i1, num4 =i1, num5 =i1, num6=i1, num 7=i1,
 

table=c12)\g
 

create middle_5( num1 =i1, num2=i1, num3=i1, num4 =i1, num5=i1, num6=zl, num7=i1,
 

table= c12)\g
 

create middle_6( num1 =i1, num2=i1,num3=i1, num4 =i1, num5=i1, num6=i1, num 7=i1,
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table= c12)\g 

create middle_7( numl =i1, num2=il, nurn3=il, nurn4 =il, num5=il, num6=il, num 7=i1, 

table= c12 )\g 

create middIe_8(numl =il, nurn2=i1, num3=il, num4 =i1, nurn5=il, num6=il, num 7=i1, 

table= c12)\g 

create middle-9( numl =il, num2=i1, nurn3=il, num4 =il, num5=il, num6=il, num7=il, 20 

table=c12)\g 

create middIe_l0( numl =il, num2=il, num3=il, num4 =il, num5=il, num6=il, nurn7=il, 

table=c12)\g 

copy middle_l (numl = cOtab, num2= cOtab, num3= cOtab, num4 =cOtab, num5= cOtab, 

num6= cOtab, num 7=cOtab, table=cOnl) from II lu/shr/testdb/middle_1"\g 

copy middIe_2( nurnl =cOtab, nurn2=cOtab, num3=cOtab, num4 =cOtab, nurn5=cOtab, 

num6 = cOtab, num 7= cOtab, tabIe=cOnl) from II lu/shrItestdb/middle_2"\g 

copy middIe_3( numl = cOtab, nurn2=cOtab, num3= cOtab, num4 = cOtab, num5= cOtab, 

num6 = cOtab, num 7= cOtab, tabIe=cOnl) from II luishrItestdb/middle_3"\g 

copy rniddle_4 (numl =cOtab, num2=cOtab, num3=cOtab, num4 =cOtab, num5=cOtab, 30 

num6 = cOtab, num 7= cOtab, tabIe= cOnI) from II luishrItestdb/middle_4"\g 

copy middle_5( numl = cOtab, nurn2= cOtab, num3= cOtab, num4 = cOtab, num5 = cOtab, 

num6 = cOtab, num 7= cOtab, tabIe= cOnI) from II luishr/testdb/middle_5"\g 

copy middIe_6( numl = cOtab, num2= cOtab, num3= cOtab, num4 = cOtab, num5=cOtab, 

num6 = cOtab, num 7= cOtab, tabIe= cOnI) from II lu/shr/testdb/middle_6"\g 

copy middIe_7( numl =cOtab, num2=cOtab, nurn3=cOtab, num4 =cOtab, num5=cOtab, 

num6 = cOtab, num 7= cOtab, tabIe= cOnI) frorn II luishr/testdb/middle_7"\g 

copy middIe_8( numl =cOtab, num2=cOtab, num3=cOtab, num4 =cOtab, num5=cOtab, 

num6=cOtab, num 7= cOtab, tabIe=cOnl) from I/u/shr/testdb/middle_8"\g 

copy middIe-9( nurnl =cOtab, num2=cOtab, num3=cOtab, num4 = cOtab, nurn5=cOtab, 40 

num6= cOtab, num 7=cOtab, tabIe=cOnl) frorn I/u/shr/testdb/middle_9"\g 

copy middIe_l O( numl =cOtab, num2=cOtab, num3=cOtab, num4 =cOtab, nurn5= cOtab, 

num6=cOtab, num 7= cOtab, tabIe=cOnl) from II lu/shr/testdb/middle_10"\g 

create bottom_Ll (numl =il, num2=il, nurn3=il, num4 =il, num5=il, num6=i1, nurn 7=i1, 

num8=il)\g 

create bottom_L2( numl =il, num2=il, num3=il, num4 =il, num5=il, num6=il, num7=il, 

num8=i1)\g 

create bottom_L3(nurnl =i1, num2=il, num3=il, nurn4 =il, num5=il, num6=il, num7=il, 

num8=i1)\g 

create botto7lLl-4 (numl =il, num2=il, num3=il, num4 =il, num5=il, num6=il, num 7=il, 50 

num8=il)\g 

create botto7lL2_1 (numl =il, num2=il, nurn3=il, num4 =il, num5=il, nurn6=il, num7=il, 
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num8=i1)\g 

create. bott011L2_2( numl =il, num2=il, num3=il, num4 =il, num5=il, num6=il, num7=il, 

num8=i1)\g 

create bOtt071L2_3(numl =il, num2=il, num3=il, num4 =il, num5=il, num6=il, num7=il, 

num8=il)\g 

create. bOtt071L2_4 (numl =il, num2=il, num3=il, num4 =il, num5=il, num6=il, num7=(1, 

num8=il)\g 

create bOtt011L3_1 (numl =il, num2=il, num3=il, num4 =il, num5=il, num6=il, num7=il, 60 

num8=il)\g 

create. bOtt071L3_2( numl =il, num2=il, num3=i1, num4 =il, num5=il, num6=il, num7=il, 

num8=i1)\g 

cre.ate. bOtt011L3_3( numl =il, num2=il, num3=il, num4 =il, num5=il, num6=il, num7=il, 

num8=il )\g 

create. bottom_3_4 (numl =il, num2=il, num3=il, num4 =il, num5=il, num6=il, num7=il, 

num8=il )\g 

cre.ate. bottom_4_1 (numl =i1, num2=il, num3=il, num4 =il, num5=il, num6=il, num7=il, 

num8=il )\g 

create bottom_4_2(numl =il, num2=il, num3=il,num4=il,num5=il, num6=il,num7=il, 70 

num8=il)\g 

cre.ate bOtt071L4_3( numl =il, num2=il, num3=il, num4 =il, num5=il, num6=il, num 7=il, 

num8=i1)\g 

cre.ate bOtt0l1L4_4 (numl =i1, num2=il, num3=il, num4 =il, num5=il, num6=il, num7=il, 

num8=il)\g 

cre.ate bottom_5_1 (numl =il, num2=i1, num3=il, num4 =il, num5=il, num6=il, num 7=il, 

num8=il)\g 

cre.ate bottom_5_2( numl =il, num2=il, num3=il, num4=il, num5=il, num6=il, num 7=il, 

num8=il)\g 

create. bottom_5_3( numl =il, num2=:il, num3=:il, num4 =:il, num5 =:il, num6=il, num 7=il, 80 

num8=:il )\g 

cre.ate. bottom_5_4 (numl =il, num2=il, num3=il, num4 =:il, num5=il, num6=:il, num 7=il, 

num8=:i1)\g 

cre.ate. bOtt071L6_1 (numl =il, num2=il, num3=il, num4 =il, num5=il, num6=il, num 7=il, 

num8=il )\g 

create bottom_6_2( numl =il, num2=il, num3=il, num4 =il, num5=il, num6=il, num 7==il, 

num8=:il )\g 

cre.ate. bottom_6_3( numl =il, num2=il, num3=il, num4 =il, num5=il, num6==il, num 7=il, 

num8=il)\g 

cre.ate bOtt071L6_4 (numl =il, num2=il, num3=il, num4 =il, num5=il, num6=il, num 7=il, 90 
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numB=i1)\g 

create bottom_ 7_1 (num1 =i1, num2=i1, num3=i1, num4 =i1, num5=i1, num6=i1, num7=i1, 

numB=i1)\g 

create bottom_ 7_2( num1 =i1, num2=i1, num3=i1, num4 =i1, num5=i1, num6=i1, num7=i1, 

numB=i1 )\g 

create bottom_ 7_3( num1 =i1, num2=i1, num3=i1, num4 =i1, num5=i1, num6=i1, num7=i1, 

numB=i1)\g 

create bottom_ 7-4 (num1 =i1, num2=i1, num3=i1, num4 =i1, num5=i1, num6=i1, num7=i1, 

num8=i1)\g 

create bOtt071LB_1 (num1 =i1, num2=i1, num3=i1, num4 =i1, num5 =i1, num6=i1, num7=i1, 100 

numB=i1)\g 

create bOtt071LB_2( num1 =i1, num2=i1, num3=i1, num4 =i1, num5=i1, num6=i1, num7=i1, 

numB=i1)\g 

create bottom_8_3(num1 =i1, num2=i1, num3=i1, num4 =i1, num5=i1, num6=i1, num7=i1, 

numB=i1)\g 

create bOtt071LB_4 (num1 =i1, num2=i1, num3=i1, num4 =i1, num5=i1, num6=i1, num7=i1, 

numB=i1)\g 

create bottom-9_1 (num1 =i1, num2=i1, num3=i1, num4 =i1, num5=i1, num6=i1, num7=i1, 

numB=i1)\g 

create bOtt071L9_2( num1 =i1, num2=i1, num3=i1, num4 =i1, num5=i1, num6=i1, num7=i1, 110 

numB=i1)\g 

create bOtt011L9_3( num1 =i1, num2=i1, num3=i1, num4 =i1, num5 =i1, num6=i1, num7=i1, 

numB=i1)\g 

create bottom_9_4 (num1 =i1, num2=i1, num3=i1, num4 =i1, num5=i1, num6=i1, num7=i1, 

numB=i1)\g 

create bOtt071L1 0_1 (num1 =i1, num2=i1, num3=i1, num4 =i1, num5=i1, num6=i1, num7=i1, 

numB=i1)\g 

create bOtt071L10_2( num1 =i1, num2=i1, num3=i1, num4 =i1, num5=i1, num6=i1, num7=i1, 

numB=i1)\g 

create bOtt071L10_3( num1 =i1, num2=i1, num3=i1, num4 =i1, num5=i1, num6=i1, num7=i1, 120 

numB=i1)\g 

create bottom_1 0-4 (num1 =i1, num2=i1, num3=i1, num4 =i1, num5=i1, num6=i1, num7=i1, 

numB=i1)\g 

copy bOtt071LL1 (num1 =cOtab, num2=cOtab, num3=cOtab, num4 =cOtab, num5=cOtab, 

num6=cOtab, num7=cOtab, numB=cOnl) from "/u/shr/testdb/bottom_1_1"\g 

copy bOtt071LL2( num1 =cOtab, num2=cOtab, num3=cOtab, num4 =cOtab, num5=cOtab, 

num6=cOtab, num7=cOtab, numB=cOnl) from "/u/shr/testdb/bottom_1_2"\g 

copy bOtt071LL3( num1 =cOtab, num2=cOtab, num3=cOtab, num4 =cOtab, num5=cOiab, 
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num6 = cOtab, num 7= cOtab, num8 =cOnl) from "/u/shrItestdb/bottom_1_3"\g 

copy bOtt071LL4 (numl =cOtab, num2=cOtab, num3=cOtab, num4 =cOtab, num5=cOtab, 

num6= cOtab, num 7= cOtab, num8= cOni) from "/u/shr/testdb/bottom_1_4"\g 

copy bOtt071L2_1 (numl =cOtab, num2= cO~ab, num3=cOtab, num4 =cOtab, num5 =cOtab, 

num6=cOtab, num 7=cOtab,num8=cOnl) from "/u/shr/testdb/bottom_2_1"\g 

copy bottom_fL2( numl =cOtab, num2=cOtab, num3=cOtab, num4 =cOtab, num5=cOtab, 

num6=cOtab, num7=cOtab, num8 =cOni) from "/u/shrItestdb/bottom_2_2"\g 

copy bottom_2_3(numl :::cOtab, num2=cOtab, num3=cOtab,num4 =cOtab, num5=cOtab, 

num6:::cOtab, num 7=cOtab, nurn8=cOnl) from "/u/shr/testdb/bottom_2_3"\g 

copy bOtt071L2_4 (numl :::cOtab, num2=cOtab, num3::: cOtab, num4 = cOtab, num5= cOtab, 

num6 = cOtab, num 7= cOtab, num8=cOni) from "/u/shrItestdb/bottom_2_4"\g 

copy bott071L3_1 (numl :::cOtab, num2=cOtab, num3= cOtab, num4 = cOtab, num5 = cOtab, 

num6:::cOtab, num 7=cOtab, num8:::cOnl) from "/u/shr/testdb/bottom_3_1"\g 

copy botto71L3_2(numl :::cOtab, num2=cOtab, num3=cOtab, num4 =cOtab, num5=cOtab, 

num6=cOtab, num 7= cOtab, num8=cOni) from "/u/shr/testdb/bottom_3_2"\g 

copy bottom_3_3(numl::: cOtab, num2= cOtab, num3= cOtab, num4 =cOtab, num5 =cOtab, 

num6::: cOtab, num 7= cOtab, num8=cOnl) from "luishrItestdb/bottom_3_3"\g 

copy botto71L3_4 (numl =cOtab, num2=cOtab, num3=cOtab, num4 =cOtab, num5=cOtab, 

num6=cOtab, num7=cOtab, num8=cOni) from "/u/shr/testdb/bottom_3_4"\g 

copy bottom_4_1 (numl::: cOtab, num2= cOtab, num3= cOtab, num4 =cOtab, num5=cOtab, 

num6:::cOtab, num7=cOtab, num8=cOnl) from "/u/shr/testdb/bottom_4_1"\g 

copy bottom_4_2(numl =cOtab, num2=cOtab, num3=cOtab, num4 =cOtab, num5=cOtab, 

num6=cOtab, num7=cOtab,nurn8=cOnl) from "/u/shr/testdb/bottom_4_2"\g 

copy bottom_4_3( numl :::cOtab, num2=cOtab, num3=cOtab, num4 =cOtab, num5=cOtab, 

num6:::cOtab, num 7=cOtab, num8=cOnl) from "/u/shr/testdb/bottom_4_3"\g 

copy bottom_4_4 (nurnl = cOtab, num2= cOtab, num3=cOtab, num4 =cOtab, num5=cOtab, 

num6=cOtab, num7=cOtab, num8=cOnl) from "/u/shr/testdb/bottom_4_4"\g 

copy bottom_5_1 (numl =cOtab,num2=cOtab, num3=cOtab, num4 =cOtab, num5=cOtab, 

num6=cOtab, num7=cOtab, num8=cOnl) from "/u/shr/testdb/bottom_5_1"\g 

copy bottom_5_2( numl =cOtab, num2=cOtab, num3=cOtab, num4 =cOtab, num5=cOtab, 

num6=cOtab, num 7=cOtab, num8=cOnl) from "/u/shr/testdb/bottom_5_2"\g 

copy bottom_5_3( numl =cOtab, num2=cOtab, num3=cOtab, num4 =cOtab, num5=cOtab, 

num6= cOtab, num 7=cOtab, num8=cOnl) from "/u/shr/testdb/bottom_5_3"\g 

copy bottom_5_4 (numl =cOtab, num2= cOtab, num3= cOtab, num4 = cOtab, num5=cOtab, 

num6=cOtab, num7=cOtab, nurn8=cOnl) from "/u/shr/testdb/bottom_5_4"\g 

copy bott071L6_1 (numl =cOtab, nurn2=cOtab, num3=cOtab, num4 =cOtab, num5=cOtab, 

num6=cOtab, num 7=cOtab, num8=cOnl) from "/u/shr/testdb/bottom_6_1"\g 

copy bOtt071L6_2( numl =cOtab, num2=cOtab, num3= cOtab, num4 = cOtab, num5= cOtab, 
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num6=cOtab, num7= cOtab, num8=cOnl) from I/u/shr/testdb/bottom_6_2"\g 

copy bOttOrTL6_3( numl =cOtab, num2= cOtab, num3= cOtab, num4 =cOtab, num5=cOtab, 

num6=cOtab, num 7=cOtab, num8=cOnI) from II lui shrIt estdb/bottom_6_3"\g 

copy bOtt071L6_4 (numl =cOtab, num2= cOtab, num3= cOtab, num4 =cOtab, num5=cOtab, 

num6=cOtab,num 7=cOtab, num8=cOnl) from II lu/shr/testdb/bottom_6_4"\g 

copy bottom_7_1 (numl =cOtab, num2=cOtab, num3=cOtab, num4 =cOtab, num5=cOtab, 

num6=cOtab, num 7=cOtab, num8=cOnI) from IIluishrItestdb/bottom_7_1"\g 

copy bottom_7_2( numl =cOtab, num2=cOtab, num3=cOtab, num4 =cOtab, num5=cOtab, 

num6=cOtab,num 7=cOtab,num8=cOnl) from "/u/shr/testdb/bottom_7_2"\g 

copy bottom_7_3( numl =cOtab, num2= cOtab, num3= cOtab, num4 =cOtab, num5=cOtab, 

num6=cOtab,num7=cOtab,num8=cOnl) from "/u/shr/testdb/bottom_7_3"\g 

copy bottom_7_4 (numl =cOtab, num2=cOtab, num3=cOtab, num4 =cOtab, num5=cOtab, 

num6=cOtab,num 7=cOtab, num8=cOnl) from "/u/shr/testdb/bottom_7_4"\g 

copy bOtt071L8_1 (numl =cOtab, num2=cOtab, num3=cOtab, num4 =cOtab, num5= cOtab, 

num6=cOtab,num 7=cOtab,num8=cOnl) from "/u/shr/testdb/bottom_8_1 1 \g 

copy bOtt0l1L8_2( numl = cOtab, num2=cOtab, num3=cOtab, num4 =cOtab, num5=cOtab, 

num6= cOtab, num 7= cOtab, num8=cOnl) from II lu/shrItestdb/bottom_8_2"\g 

copy bOtt0l1L8_3(numl =cOtab, num2=cOtab, num3= cOtab, num4 =cOtab, num5=cOtab, 

num.6=cOtab, num 7=cOtab, num8=cOnl) from II lu/shr/testdb/bottom_8_3"\g 

copy bOtt0l1L8_4 (numl =cOtab, num2= cOtab, num3=cOtab, num4 = cOtab, num5=cOtab, 

num6=cOtab, num7=cOtab, num8=cOnl) from II lu/shr/testdb/bottom_8_4"\g 

copy bottom-9_1 (numl =cOtab, num2=cOtab, num3= cOtab, num4 =cOtab, num5=cOtab, 

num6=cOtab,num 7= cOtab, num8=cOnl) from I/u/shr/testdb/bottom_9_1"\g 

copy bottom-9_2( numl = cOtab, num2=cOtab, num3=cOtab, num4 =cOtab, num5=cOtab, 

num6= cOtab, num 7= cOtab, num8=cOnl) from IIluishrItestdb/bottom_9_2"\g 

copy bOttOrTL9_3(numl = cOtab, num2=cOtab, num3= cOtab, num4 =cOtab, num5=cOtab, 

num.6 = cOtab, num 7= cOtab, num8= cOnI) from II luishrItestdb/bottom_9_3"\g 

copy bottom-9_4 (numl = cOtab, num2= cOtab, num3= cOtab, num4 =cOtab, num5= cOtab, 

num6=cOtab, num7=cOtab, num8=cOnl) from II lu/shr/testdb/bottom_9_4"\g 

copy bOttOl1Ll 0_1 (numl =cOtab, num2=cOtab, num3=cOtab, num4 =cOtab, num5 =cOtab, 

num6=cOtab, num 7= cOtab, num8=cOnl) from I/u/shr/testdb/bottom_10_1"\g 

copy bottom_l0_2(numl =cOtab, num2=cOtab, num3=cOtab, num4 = cOtab, num5 =cOtab, 

num6= cOtab, num 7=cOtab, num8=cOnl) from II lu/shr/testdb/bottom_10_2"\g 

copy bottom_l 0_3( numl =cOtab, num2= cOtab, num3= cOtab, num4 =cOtab, num5=cOtab, 

num6=cOtab, num 7=cOtab, num8=cOnl) from I/u/shr/testdb/bottom_10_3"\g 

copy bOttOl1Ll 0-4 (numl =cOtab, num2=cOtab, num3=cOtab,num4 =cOtab, num5 =cOtab, 

num6=cOtab, num 7= cOtab, num8=cOnl) from II lu/shr/testdb/bottom_10_4"\g 
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D.4	 Utilities to create ObjectStore version of 

test database one 

D.4.1	 testdb1.h header file 

#illclude	 <.string.h> 

struet BIG_TABLE 

{ 

illt numl; 

illt num2; 

illt num3; 

illt num4; 

illt num5; 

int num6; 

illt num 7; 

illt numB; 

}; 

D.4.2 ingres_read. testdb1. q included code 

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

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

#illclude <.stdio.h> 

#illclude <.string.h> 

#defille STREQ(A, B) (*(A) == *(B) && .strcmp((A), (B)) == 0) 

#defille MALLOCN(P, T,N,M) \ 

if (((P) = (T *) malloc((unsigned) (N) * sizeof(T))) == NULL) { \
 

jprintj(.stde.rr, "Malloe failure: (%d bytes) %s\n", (N) * sizeof(T), M); \
 

exit(l); \
 

} \ 
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else 

#defille FREE(P) Jree.((char *) P) 

int no_oJ_records; 

int big_table[lOO 1.][9]; 20 

void read_ingres_data( database) 

{ 

char database.[20]; 

## 

## 

## 

## 

## 

## 

## 

## 

## 

char 

int 

int 

int 

int 

int 

int 

illt 

illt 

DB[21.]; 

NUMJ; 

NUM2; 

NUM3; 

NUM4; 

NUM5; 

NUM6; 

NUM7; 

NUMB; 

30 

illt i, }, k; 

/********************************************************************* 
We read in the Big Table. 

***~*****************************************************************/ 

40 

strcpy( DB, database.); 

i = 0; 

## 

## 

## 

## 

## 

## 

ingre.s DB 

retrieve. (NUMJ=main.numJ, 

NUM2=7Ilain.num2, 

NUM3=main.num3, 

NUM4=main.num4, 

N UM5=main. nU7ll5, 

50 
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## NUM6=main.num6, 

## NUM7=main.num 7, 

## NUM8=main.num8) 

## { 

big_table[iHl] = NUMl; 

big_table[i][2] = NUM2; 

big_table[iH3] = NUM3; 

big_table [i][4] = NUM4; 60 

big_table[iH5] = NUM5; 

big_table[i][6] = NUM6; 

big_table[i][7] = NUM7; 

big_table[i][8] = NUM8; 

i++; 
## } 

## exit 

} 

D.4.3 db1_schema. cc database schema code 

#illclude <ostorej ostore.hh> 

#illclude <ostorejmansehem.hh> 

#illclude Itestdb1.h" 

static void dummy 0 
{ 

OS_MARICSCHEMA_TYPE(BIG_TABLE); 

} 

D .4.4 Makefile 

include $( OS_ROOTDIR)j etcj ostore.lib. mk 

OS_COMPILATIONjjCHEMA_DB_PATH= j$(LOGNAME)jtestdbl.comp_schema 

OS_APPLICA TION~,CHEMA_DB_PATH= j$(LOGNAME)jtestdbl. app_schema 

LDLIBS = -los -lose -lq -1m -Ie -lg 
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10 

SOURCES = dbLmake.c dbLschema.cc
 

OBJECTS = dbLmake.o dbLschema.o
 

EXECUTABLES = dbLmake
 

CPPFLAGS = -I$(OS_ROOTDIR)/include
 

CFLAGS = -g
 

LDFLAGS= $(OS_EXPORT)
 

CC = cc 

all: $(EXECUTABLES) 20 

dbLmake: dbLmake.o schema_slandin 

$( OiLPRELINK) .0s-dbLschema.cc \ 

$( OiLCOMPILATION_SCHEMA_DB_PATH) $( O/LAPPLICA TlONjiCHEMA_DB_PATH) . 

dbLmake.o $(LDLIBS) 

OSCC -c .0s-dbLschema.cc
 

$(CC) $(CFLAGS) $(LDFLAGS) -0 dbLmake dbLmake.o .0s_dbLschema.o $(LDLIBS)
 

dbLmake.o: dbLmake.c 

$(CC) $(CPPFLAGS) $(CFLAGS) -c dbLmake.c 30 

schema_slandin: dbLschema. cc 

OSCC -balch_schema $(OiLCOMPILATION~)CHEMA_DB_PATH) dbLschema.cc 

louch schema_slandin 

clean: 

osrm -f $(OS_COMPILATION-SCHEMA_DB_PATH) 

rm -f $(EXECUTABLES) $( OBJECTS) schema_slandin 

depend: 40 

osmakedep .depend $(CPPFLAGS) -files $(SOURCES) 

include .depend 
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D.4.5 dbl_make . c database creation program 

/********************************************************************* 
This program creates the ObjectStore version of test database one from 

the INGRES original. 

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

#incIude < ostore / ostore. h> 

#incIude "testdb1.h" 

#incIude "ingres_read_testdb1 . e" 

database *testdbJ; 

int i, j; 

int no_oj_records; 

10 

maine arge , argv) 

int argc; 

char ** argv; 

{ 

o.dypespec * BlG_ TABLE-type; 

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

read_ingres_data("testdb1 "); 

printJ("done. \n\n"); 

20 

printJ("ereating ObjeetStore database .... \n"); 

starLobjectstore 0; 

testdb J = database_lookup_open( argv[l], 0, 0664); 

no_oj_records = 1000; 30 

BlG_TABLE-type = alloc_typespec ("BIG_TABLE", 0); 

OS_BEGIN_ TXN( tJ,O, transaction_update) 
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{ 

database_root * BIG_TABLE-root; 

struct BIG_ TABLE * BIG_TABLE;
 

struct BIG_TABLE *BIG_ TABLE-ptr;
 

40 

BIG_TABLE-root = database_create_root (testdbl, "BIG_TABLE_entry"); 

BIG_TABLE-ptr = (struct BIG_TABLE*) BIG_TABLE-root; 

BIG_TABLE = (struct BIG_TABLE
 

* )objectstore_alloc(BIG_ TA BLE-type, no_oj_records, test db 1);
 

i = 0;
 

for (BIG_TABLE-ptr = BIG_TABLE; 

BIG_TABLE-ptr < BIG_TABLE + no_oj_records; BIG_TABLE-ptr++) 

{ 50 

BIG_ TABLE_ptr->numl big_table [i][l];
 

BIG_ TA BLE-ptr-> num2 = big_table[i][2];
 

BIG_TABLE_ptr->num3 = big_table[i] [3];
 

BIG_ TABLE-ptr->num4 big_table[i][4];
 

BIG_TABLE-ptr->num5 = big_table[i] [5];
 

BIG_ TABLE-ptr->num6 = big_table [i] [6];
 

BIG_TABLE-ptr->num7 = big_table [i][7];
 

BIG_ TABLE-ptr->num8 big_table[i][8];
 

i++; 60 

} 

database_TOoLseLvalue (BIG_ TABLE-root,
 

(void *)BIG_ TABLE, BIG_ TABLE-type);
 

} 

OS_END_TXN(tl); 

database_close( testdbl);
 

printJ("done. \n");
 

exit(O); 70
 

} 
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D.5 Utilities to create ObjectStore version of 

test database two 

D.5.! testdb2.h header file 

#include <string.h> 

struct BOTTOM 

{ 

int numl; 

int num2; 

int num3; 

int nllm4; 

int nllm5; 

int num6; 10 

int num 7; 

int numB; 

}; 

struct MIDDLE 

{ 

int numl; 

int num2; 

int num3; 

int num4; 20 

int num5; 

int num6; 

int num 7; 

struct BOTTOM *bottom; 

}; 

stl'uct TOP 

{ 

int numl; 

int num2; 30 
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int num3; 

int num4; 

int num5; 

int num6; 

int num 7; 

struct MIDDLE *middle; 

}; 

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) (*(A) == *(B) && strcmp((A), (B)) 0) 

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

if (((P) = (T *) ma//oc((unsigned) (N) * sizeof(T))) == 

fprintf(stderr, "Malloe failure: (%d bytes) %s\n", (N) 

exit(l); \ 

} \ 
else 

NULL) { \ 

* sizeof(T), M); \ 

10 

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

typedef struct { 

int numl; 

int num2; 

int num3; 

int num4; 

int num5; 

int num6; 

int num 7; 

int numB; 

20 
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} Bottom; 

typedef struct { 

iut numl; 

iut num2; 

iut num3; 

iut num4; 

iut num5; 

iut num6; 

iut num 7; 

char table[ll]; 

Bottom *bottom; 

} Middle; 

30 

40 

typedef struct { 

iut nllml; 

iut num2; 

iut num3; 

iut num4; 

iut num5; 

iut num6; 

iut num7; 

char table[9]; 

Middle *middle; 

} Top; 

50 

Top *top; 

Middle *middle; 

Bottom *bottom; 

iut no_oI_top; 

iut no_oI_middle; 

iut no_oI_bottom; 60 

void read_ingres_data( database) 

{ 

char database[20]; 
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## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

char 

illt 

illt 

illt 

illt 

illt 

illt 

illt 

illt 

char 

char 

char 

DB[21]; 

NUMJ; 

NUM2; 

NUM3; 

NUM4; 

NUM5; 

NUM6; 

NUM7; 

NUMB; 

MID [11]; 

BOT[l1]; 

TABLE[ll]; 

70 

illt i, j, k, I; 80 

strcpy( DB, database.); 

/********************************************************************* 
We read in the Top Table. 

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

i = 0; 

no_oj_top = 10; 90 

MALLOCN(top, Top, no_oj_top, "Malloc 1"); 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

ingre.s DB 

re.trie.ve. (NUMJ=top.numJ, 

NUM2=top.num2, 

NUM3=top.num3. 

NUM4=top.num4, 

NUM5=top.num5, 

NUM6=top.num6, 

NUM7=top.num7, 

TABLE=top. table) 

{ 

100 
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## } 

strcpy(top[i].table, TABLE); 

top[i].numJ = NUMJ; 

top[i].num2 = NUM2; 

top[i].num3 = NUM3; 

top[i].num4 = NUM4; 

top[i].num5 = NUM5; 

top[i].num6 = NUM6; 

top[i].num7 = NUM7; 

i++; 

110 

no_oJ_middle = 4; 

for (i = 0; i < no_oJ_top; ++i) 

{ 

MALL OeN (top[ i]. middle, Middle, no_oJ_middle, "Malloe 2"); 120 

strcpy( MlD, top[ i]. table); 

J = 0; 

## 

## 

## 

## 

## 

## 

## 

## 

## 

retrieve (NUMJ=MID.numJ, 

NUM2=MID.num2, 

{ 

NUM3=MID.num3, 

NUM4=MID.num4, 

NUM5=MID.num5, 

NUM6=MlD.num6, 

NUM7=MID.num7, 

TA BLE=MlD. table) 

strcpy( top[i]. middle[j]. table, TA BLE); 

top[i].middle[j].numJ = NUMJ; 

top[i].middle[j].num2 = NUM2; 

top[i].middle[j].num3 = NUM3; 

top[i].middle[j].num4 = NUM4; 

top[i].middle[j].num5 = NUM5; 

top[i].middle[j].num6 = NUM6; 
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## 

} 

top[i].middle[i].num7 

j++; 

} 

no_oJ_bottom = 10000; 

= NUM7; 

for (i = 0; i < no_oJ_top; ++i) 

{ 

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

{ 
150 

MALLOCN(top[i].middle[i].bottom, Bottom, no_oJ_bottom, "Malloc 3"); 

strcpy( BOT, top[ i]. middle[i]. table); 

I = 0; 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

} 

} 

retrieve (NUM1=BOTnuml, 

NUM2=BOTnum2, 

NUM3=BOT.num3, 

NUM4=BOT.num4, 

NUM5=BOT.num5, 

NUM6=BOTnum6, 

NUM7=BOTnum7, 

NUM8=BOTnum8) 

{ 

} 

top[i].middle[i].bottom[l].numl = NUM1; 

top[i].middle[i].bottom[~.num2 = NUM2; 

top[i].middle[i].bottom[I].num3 = NUM3; 

top[i].middle[i].bottom[~.num4 = NUM4; 

top[i].middle[i].bottom[I].num5 = NUM5; 

top[i].middle[i].bottom[I].num6 = NUM6; 

top[i].middle[i].bottom[I].num7 = NUM7; 

top[i].middle[i].bottom[~.num8 = NUM8; 

1++; 
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} 180 

D.5.3 db2_schema. cc database schema code 

#illclude <ostore.j ostore..hh> 

#illclude < ostore. j mansehe.m. hh > 

#illclude "testdb2. h" 

static void dummy 0 
{ 

OS_MARKj;CHEMA_TYPE(BOTTOM);
 

O.'LMARK_SCHEMA_TYPE(MJDDLE);
 

O.'LMARICSCHEMA_ TYPE( TOP);
 

} 

D.5.4 Makefile 

include. $( OS_ROOTDIR)j e.tej ostore..lib. mk 

OS_COMPILATIONj;CHEMA_DB_PATH= j$(LOGNAME)jtestdb2.comp_sche.ma 

O.'LAPPLICA TJONj;CHEMA_DB_PATH = j$( LOGNAME)jtestdb2.app_sehe.ma 

LDLIBS = -los -lose -Iq -1m -Ie -19 

SOURCES = db2_make..e db:Lsehe.ma.ee 

OBJECTS = db2_make..o db2_schema.o 10 

EXECUTABLES = db2_make. 

CPPFLAGS = -1$( OS_ROOTDIR)jinclude. 

CFLAGS = -9 

LDFLAGS= $( OS_EXPORT) 

CC = ec 

15.':) 
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all: $(EXECUTABLES) 20 

db2_make: db2_make.o schema-standin 

$( OS_PRELINK) .os_db2_schema.cc \ 

$( OS_COMPILATION-SCHEMA_DB_PATH) $( O/LAPPLICATION_SCHEMA_DB_PATH) 

db2_make.o $(LDLIBS) 

OSCC - c . 0s-db2_schema. cc
 

$(CC) $(CFLAGS) $(LDFLAG8) -0 db2_make db2_make.o .os_db2_schema.o $(LDLIBS)
 

db2_make.o: db2_make. c 

$( CC) $( CPPFLAGS) $( CFLAG8) -c db2_make.c 30 

schema_standin: db2_schema. cc 

OSCC - batch_schema $( OS_COMPILATIONj;CHEMA_DB_PA TH) db2_schema cc 

touch schema_standin 

clean: 

osnn -f $( O.'LCOMPILATION_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 

/********************************************************************* 
This program creates the ObjectStore version of test database two from 

the INGRES original. 

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

#include <ostore/ostore.h>
 

#illclude "testdb2.h"
 

#illclude "ingres_read_testdb2. e"
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database *testdb2; 

int I, }, k; 

int no_of_records; 

10 

main( arge , argv) 

int arge; 

char ** argv; 

{ 

os_typespee * TOP_type; 

os_typespee * MIDDLE_type; 

o.Ltypespee * BOTTOM_type: 20 

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

read_ingreLdata("testdb2"); 

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

printf(" creating ObjectStore database .... \n"); 

starLobjectstore 0: 

testdb2 = database_lookup_open( argv[l], 0, 0664); 30 

no_of_top = 10; 

no_of_middle = 4; 

no_of_bottom = 1000; 

BOTTOM_type = alloe_typespee ("BOTTOM", 0); 

MIDDLE-type = alloe_typespec ("MIDDLE", 0); 

TOP_type = a/loC-typespee ("TOP", 0); 

OS_BEGIN_ TXN( tl,O, transaction_update) 

{ 

database_root * TOP_TOot; 

40 

struct 

struct 

struct 

BOTTOM * BOTTOM: 

MIDDLE * MIDDLE; 

TOP * TOP: 
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struct BOTTOM *BOTTOM_ptr; 

struct MIDDLE *MIDDLE-ptr; 

struct TOP *TOP_ptr; 50 

TOP-root = database_create_root (testdb2, 

TOP_ptr = (struct TOP*) TOP-root; 

"TOP_entry"); 

TOP = 

z = 0; 

(struct TOP 

*)objectstore_alloc( TOP_type, no_ol_top, testdb2); 

for (TOP_ptr = TOP; 

TOP_ptr < TOP 

{ 

+ no_ol_top; TOP_ptr++) 60 

MIDDLE = (struct MIDDLE 

*)objectstore_alloc( MIDDLE-type, no_ol_middle, testdb2); 

TOP_ptr->middle = MIDDLE; 

J == 0; 

for (MIDDLE-ptr == MIDDLE; 

MIDDLE + no_ol_middle; 

{ 

MIDDLE-ptr < 
MIDDLE-ptr++) 

70 

BOTTOM = (struct BOTTOM 

*)objectstore_alloc( BOTTOM_type, no_ol_bottom, testdb2); 

MIDDLE-ptr->bottom 

k = 0; 

= BOTTOM; 

80 

for (BOTTOM_ptr = BOTTOM; BOTTOM_ptr < 
BOTTOM + no_ol_bottom; BOTTOM_ptr++) 

{ 
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90 

BOTTOM_ptr->numl 

BOTTOM_ptr->num2 

BOTTOM_ptr->num3 

BOTTOM_ptr->num4 

BOTTOM_ptr->num5 

BOTTOM_ptr->num6 

BOTTOM_ptr->num7 

BOTTOM_ptr->num8 

k++; 
} 

MJDDLKptr->numl 

MIDDLKptr->num2 

MIDDLKptr->num3 

MIDDLKptr->num4 

MIDDLKptr->num5 

MIDDLKptr->num6 

MIDDLKptr->num7 

j++; 
} 

TOP_ptr->numl 

TOP_ptr->num2 

TOP_ptr->num3 

TOP_ptr->num4 

TOP_ptr->num5 

TOP_ptr->num6 

TOP_ptr->num7 

i++; 
} 

top[ i]. middlefj]. bottom[k]. numl ; 

=	 top[i]. middlefj].bottom[k]. num2; 

top[ i]. middlefj]. bottom[k]. num3; 

top[ i]. middlefj]. bottom[k]. num4; 

top[i]. middlefj]. bottom[k]. num5; 

top[ i]. middlefj]. bottom[k]. num6; 

top[i]. middlefj]. bottom[k]. num7; 

top[ i]. middlefj]. bottom[k]. numB; 

top[i]. midd/efj]. numl; 

top[i]. midd/efj]. num2; 

= top[i].midd/efj].num3; 

top[i]. middlefj]. num4; 

top[ i]. middlefj]. num5; 

top[i]. middlefj]. num6; 

top[i]. middlefj]. num 7; 

top[i].numl; 

top[i].num2; 

top[i].num3; 

top[i]. num4; 

top[i].num5; 

top[i]. num6; 

top[i].num7; 

databasC_TOoLseLvalue (TOP_TOot, (void *)TOP, 

} 
OS_END_TXN(tl); 

databasc_closc( tcstdb2); 
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Appendix E 

Benchmarking Code for Test 

Database One 

(Relationally-Oriented) 

E.l General program code (test 1 . 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. 

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

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

/********************************************************************* 
Allocates N objects of a given type, using mallocO. 

*********************************************************************/ 
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#define MALLOCN(P, T,N,M) \ 

if (((P) = (T *) malloc((unsigned) (N) * sizeof(T))) == 
fprintf(stderr, "Malloc failure: (%d bytes) %s\n", (N) 

exit(l); \ 

} \ 
else 

NULL) { \ 

* sizeof(T), M); \ 

20 

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

int j,n; 

int mainO 30 

{ 

long t; 

int i; 

/********************************************************************* 
test the speed of RAM 

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

n = 1000; 

40 

t = time(O): 

for (i = 0; i 

ral1LtestO: 

< n; ++i) 

= time(O) - t; 

printf("%ld seconds elapsed in %d trials for RAM speed test.\n\n",t,n); 50 

/********************************************************************* 
read entire database 

*********************************************************************/ 
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n = 1000; 

time(O); 

for (i = 0; i < n; 

read_dataO; 

++i) 

60 

time(O) - t; 

printf("'I.ld seconds elapsed in 'I.d trials for total read. \n\n",t,n); 

/********************************************************************* 
simple query number 1 

*********************************************************************/ 70 

time(O); 

for (i = 0; i < n; 

simple_query(l ); 

++i) 

time(O) - t; 

printf("'I.d hits on simple query\n" ,j); 

printf("'I.ld seconds elapsed in 'I.d trials. \n\n" ,t,n); 80 

/********************************************************************* 
simple query number 2 

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

time(O); 

for (i = 0; i < n; ++i) 

simple_query(25); 

time(O) - t; 

90 

printf("'I.d hits on simple query\n",j); 
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printf("'/,ld seconds elapsed in '/,d trials.\n\n",t,n); 

/********************************************************************* 
simple query number 3 

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

time(O); 100 

for (i = 0; i < n; ++i) 

simple_query(50); 

time(O) - t; 

printf("'/,d hits on simple query\n",j); 

printf("'/,ld seconds elapsed in '/,d trials.\n\n",t,n); 

/********************************************************************* 
simple query number 4 

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

110 

time(O); 

for (i = 0; i < n; ++i) 

simple_query(75); 

time(O) - t; 

printf("'/,d hits on simple query\n" ,j); 

printf("'/,ld seconds elapsed in '/,d trials. \n\n",t,n); 

120 

/********************************************************************* 
simple query number 5 

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

time(O); 

for (i = 0; i < n; ++i) 

simple_query(99); 

130 
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time(O) - t; 

printf("'I.d hits on simple query\n",j); 

printf("'I.1d seconds elapsed in 'I.d trials. \n\n",t,n); 

/********************************************************************* 
intermediate query 

*********************************************************************/ 140 

time(O); 

for (i = 0; i < n; ++i) 
intermediate_query(50 ,50); 

time(O) - t; 

printf("'I.d hits on intermediate query\n" ,j); 

printf("'1.ld seconds elapsed in 'I.d trials. \n\n",t,n); 150 

/********************************************************************* 
complex query 

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

time(O); 

for (i = 0; i < n; ++i) 
complex_query(50,50,50,50); 

time(O) - t; 

160 

printf("'I.d hits on complex query\n",j); 

printf("'I.ld seconds elapsed in 'I.d trials. \n\n" ,t,n); 

/********************************************************************* 
very complex query 

*********************************************************************/ 
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t = timc(O); 170 

for (i = 0; i < n; ++i) 

very_complex_query(50,50,50,50,50,50,50,50); 

= time(O) - t; 

printf("'1.d hits on very complex query number 1\n" ,j); 

printf("'1.ld seconds elapsed in 'I.d trials.\n\n",t,n); 

/********************************************************************* 
very complex query number 2 

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

180 

t = time.(O); 

for (i = 0; i < n; ++i) 

ve.ry_c07nplex_query(5,5,5,5,5,5,5,5); 

= timc(O) - t; 

printf("'1.d hits on very complex query number 2\n" ,j); 

printf("'1.ld seconds elapsed in 'I.d trials.\n\n",t,n); 

190 

/********************************************************************* 
very complex query type 2 

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

t = timc(O); 

for (i = 0; i < n; ++i) 

very_complex_query2(5,95,5,95,5,95,5,95); 

200 

= time(O) - t; 

printf("'/,d hits on type 2 very complex query\n" ,j); 

printf("'/,ld seconds elapsed in '/,d trials.\n\n",t,n); 
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}
 

E.2 INGRES interface code 

E.2.1 Makefile 

NAME = ingres_tesLdbl 

C_FILES = ingres_tesLdbl.e 

O-FILES = ingres_tesLdbl.o 

INC_FILES 

SRC_FILES 

= 
= 

malloe.h nr.h nrutil.h 

$(INC-FILES) $( C-FILE8) 

CC 
CFLAGS 

ALL-LIBS 

LIB,'LDIR 

= 
= 

= 

= 

ee 

-g 

-1m -Ie -Iq 

10 

all: $(NAME) 

$(NAME): $(O-F/LES) 

$( CC) $( CFLAGS) $( CPPFLAGS) 

$(ALL-LIBS) $(LIB/LDIR) 

-0 $(NAME) $( O_FILES) \ 

20 

clean: 

purge: 

print: 

; /bin/rm -f \#*\# *- $(NAME) $(O_FILES) core 

; /bin/rm -f \#*\# *- core 

; enseript -2r -Ppsl $(INC_FILES) $( C-FILES) 
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E.2.2 Program code (ingres_test_db1.q) 

/********************************************************************* 
This code interfaces INGRES to the benchmarking program for test 

database one. 

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

#illclude "test1. e" 

## 

## 

## 

illt 

illt 

illt 

big_table[1001][9]; 

big_table2 [1001][9]; 

lind, lim2, lim3, lim4, lim5, lim6, lim 7, limB, lim9; 10 

read_dataO 

/********************************************************************* 
Read in the entire database. 

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

{ 

J 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

} 

= 0; 

ingres "testdb1" 

retrieve (big_table [j] [1]= main. numl, 

big_table[j][2]=main. num2, 

big_table[j][3]=main. num3, 

big_table[j][4]= main. num4, 

big_table[j][5]=main. num5, 

big_table[j][6]=main. num6, 

big_table[j][7]=main. num 7, 

big_table[j][8]=main. numB) 

{ 

j++; 

} 

exit 

20 

30 
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simple_query( liml) 

{ 

J 0; 40 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

} 

zngres Itestdb1" 

retrieve (big_tablefj][l]=main. numl, 

big_tablefj][2]=main. num2, 

big_tablefj][3]=main. num3, 

big_tablefj][4]=main. num4, 

big_tablefj][5]=main. num5, 

big_tablefj][6]=main. num6, 

big_tablefj][7]=main. num 7, 

big_tablefj][8]=main. numB) 

where main.numl > lind 

{ 

i++; 
} 

exit 

50 

intermediate_query( lind ,lim2) 

{ 60 

J = 0; 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

zngres Itestdb1" 

retrieve (big_tablefj][:I.]=main. numl, 

big_tablefj][2]=main. num2, 

big_tablefj][3]=main. num3, 

big_tablefj][4]=main. num4, 

big_tablefj][5]=main.num5, 

big_tablefj][6]=main. num6, 

big_tablefj][7]= main. num 7, 

big_tablefj][8]=main. numB) 

where main. numl > lind 

and main.num2 > lim2 

70 
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## 

## 

## 

} 

{ 

i++; 
} 

exit 

80 

complex_query( lind,lim2,lim3,lim4) 

{ 

J = 0; 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

} 

ingres Itestdb1" 

retrieve (big_table[j][l]=main. numl, 

big_table[j][2]=main. num2, 

big_table[j][3]=main. num3, 

big_table[j][4]=main. num4, 

big_table.[j][5]= main. num5, 

big_table[j][6]=main. num6, 

big_table[j][7]=main. num 7, 

big_table[j][8]= main. num8) 

where main. numl > lind 

and main. num2 > lim2 

and main. num3 > lim3 

and main. num4 > lim4 

{ 

i++; 
} 

exit 

90 

100 

very_complex_query( liml, lim2, lim3, lim4, lim5, lim 6, lim 7, lim8) 

{ 110 

J = 0; 
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## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

} 

ingres Itestdb1" 

retrieve (big_table[j][l]=main. numl, 

big_table [j][2]=main. num2, 

big_table[j][3]=main. num3, 

big_table[j][4]=main. num4, 

big_table[j][5]=main. num5, 

big_table[j][6]=main. num6, 

big_table[j][7]=main. num 7, 

big_table[j][8]=main. num8) 

where main. numl > lind 

and main. num2 > lim2 

and main.num3 > lim3 

and main. num4 > lim4 

and main.num5 > lim5 

and main. num6 > lim6 

and main. num 7 > lim 7 

and main. numB > lim8 

{ 

i++; 
} 

exit 

120 

130 

very-complex-query2( lind, lim2,lim3, lim4, lim5, lim 6, lim 7Jim8) 

{ 140 

J = 0; 

## 

## 

## 

## 

## 

## 

## 

ingres Itestdb1" 

retrieve (big_ table[j][\]= main. numl, 

big_table[j][2]=main. num2, 

big_table[j][3]=main. num3, 

big_table[j][4]=main. num4, 

big_table[j][5]=main. num5, 

big_table[j][6]=main. num6, 150 
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## big_table[j][7]=main. num 7, 

## big_table[j][8]=main. numB) 

## where main.numl > liml 

## and main. numl < lim2 

## and main.num2 > lim3 

## and main. num2 < lim4 

## and main. num3 > lim5 

## and main.num3 < lim6 

## and main. num4 > lim7 

## and main. num4 < limB 160 

## { 

j++; 

## } 

## exit 

} 

rallLtestO 

{ 

illt i; 170 

for (i = 0; i < 1000; i++) 

{ 
big_table2 [i][l] = big_table[ i] [1]; 

big_table2 [i][2] = big_table[i][2]; 

big_table2[i][3] = big_table[i][3]; 

big_table2[i][4] = big_table[i][4]; 

big_table2[i][5] == big_table[i][5]; 

big_table2[i][6] = big_table[i][6]; 

big_table2 [i] [7] = big_table[i][7]; 180 

big_table2[i][8] = big_table[i][8]; 

} 

} 
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E.3 ObjectStore interface code 

E.3.1 Makefile 

include $( O.'LROOTDIR)j etcj ostore.lib. mk 

OS_COMPILA TION~)'CHEMA_DB_PATH= j$(LOGNAME)jtestdbl. comp_schema 

O/LAPPLICATION~)CHEMA_DB-PATH = j$(LOGNAME)jtestdb1.app_schema 

LDLIBS = -los -lose -Iq -1m -Ie -Ig 

SOURCES = ostore_tesLdb1.c dbLschema.cc 

OBJECTS = ostore_tesLdb1.o dbLschema.o 10 

EXECUTABLES = ostordesLdbl 

CPPFLAGS = -1$( OS_ROOTDIR)jinclude 

CFLAGS = -g 

LDFLAGS= $( OS_EXPORT) 

CC = cc 

all: $(EXECUTABLES) 20 

db-make: ostore_tesLdbl.o schema_standin 

$( OS_PRELINK) .0s-dbLschema.cc \ 

$( OS_COMPILATIONjJCHEMA_DB_PATH) $( O.'LAPPLICATION_SCHEMA_DB-PATH) . 

ostordesLdbl.o $(LDLIBS) 

OSCC -c .0s_dbLschema.cc 

$(CC) $(CFLAG8) $(LDFLAGS) -0 ostordesLdbl ostordesLdbl.o \ 

.0s-dbLschema.o $(LDLIBS) 

ostore_tesLdb1. 0: ostore_tesLdbl. c 

$( CC) $( CPPFLAGS) $( CFLAGS) -c ostordesLdbl.c 

schema_standin: dbLschema. cc 

OSCC -batch_schema $(OS_COMPILATION~)'CHEMA_DB_PATH) dbLschema.cc 
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touch schema_standin 

clean: 

depend: 

osrm -f $(OS_COMPILATION_SCHEMA_DB_PATH) 

rm -f $(EXECUTABLES) $( OBJECTS) schema_standin 

osmakedep .depend $(CPPFLAGS) -files $(SOURCES) 

40 

include .depend 

E.3.2 Program code (ostore_test_db!. c) 

/********************************************************************* 
This code interfaces ObjectS tore to the benchmarking program for test 

database one. 

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

#illclude < ostore / ostore. h> 

#illclude "test1. c" 

illt 

illt 

illt 

illt 

no_of_big_table; 

big_table[1001][9]; 

big_table2[1001][9]; 

liml, lim2, lim3, lim4, lim5, lim 6, lim 7, limB, lim9; 

10 

no_of_big_table = 1000; 

struct BIG_TABLE 

{ 

illt numl; 

illt num2; 

illt num3; 

int num4; 

illt num5; 

illt num6; 

illt num 7; 

20 
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}; 

int numB; 

read_dataO 

/********************************************************************* 
We read in the entire database. 

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

30 

{ 

int i; 

databa8e *db1; 

starLobject8tore 0; 

db1 = databa8e_Iookup_open(" I shrItestdb1 ". 1, 0664); 

40 

OS_BEGIN_ TXN( tJ.O. transaction_update) 

{ 

database_root * BIG_TABLKroot; 

struct BIG_ TABLE * BIG_TABLE; 

struct BIG_TABLE *BIG_ TABLKptr; 

BIG_TABLKroot = database-rooLfind ("BIG_TABLE_entry ",db1); 

BIG_TABLKptr = (struct BIG_TABLE*) BIG_TABLKroot; 50 

BIG_TABLE = (struct BIG_TABLE *)database_rooLgeLvalue(BIG_TABLKroot, 

0); 

i = 0; 

for (BIG_TABLKptr = BIG_TABLE; 

BIG_TABLKptr < BIG_TABLE+no_of_big_table; BIG_TABLKptr++) 

{ 

big_table[i][l] 

big_table[i][2] 

big_table[ i][3] 

BIG_ TABLKptr->numl; 

BIG_ TABLKptr->num2; 

BIG_TABLKptr->num3; 

60 
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big_table[i][4] 

big_table[i][5] 

big_table[i][6] 

big_table[i][7] 

big_table[i][8] 

i++; 

}
 

}
 

OS_END_TXN(tl ); 

database_close( dbl); 

} 

simple_query( liml) 

{ 

database *dbl; 

starLobjectstore 0; 

BIG_ TA BLE-ptr-> num4 ; 

BIG_ TABLE-ptr-> num5; 

= BIG_ TABLE-ptr-> num6; 

= BIG_ TABLE-ptr->num 7; 

= BIG_ TABLE-ptr->num8; 

70 

80 

dbl = database_lookup_open("/ shr/testdbl II , 1, 0664); 

OS_BEGIN_ TXN( tl,O, transaction_update) 

{ 

database-root * BIG_TABLE-TOot; 

struct BIG_TABLE * BIG_TABLE; 

struct BIG_TABLE *BIG_ TABLE-ptr; 

BIG_ TABLE-root = database_TOoLfind ("BIG_TABLE_entry", db1); 

BIG_TABLE-ptr = (struct BIG_TABLE*) BIG_TABLE-root; 

90 

BIG_TABLE 

j = 0; 

= (struct BIG_TABLE *)database_rooLgeLvalue(BIG_TABLE-root, 

0); 

for (BIG_TABLE-ptr = BIG_TABLE; 

BIG_TABLE-ptr < BIG_TABLE+no_of_big_table; BIG_TABLE-ptr++) 

{ 100 
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if (BIG_ TABLKptr->numl > limJ)
 

{
 

big_table[j][l] = BIG_TABLKptr->numl ;
 

big_table[j][2] = BIG_TABLKptr->num2;
 

big_table[j][3] = BIG_ TABLKptr->num3;
 

big_table[j][4] = BIG_ TABLKptr->num4;
 

big_table[j][5] = BIG_TABLKptr->num5;
 

big_table[j][6] = BIG_TABLKptr->num6;
 

big_table[j][7] BIG_ TABLKptr->num 7;
 

big_table[j][8] BIG_ TABLKptr->num8; 110
 

j++; 

}
 

}
 

}
 
OS_END_ TXN( t1); 

dalabase_close(dbl); 

} 

120 

intermediate_query( lind, lim2) 

{ 

database *dbl;
 

starLobjectstore 0;
 

dbl = database_lookup_open("/shr/testdb1", 1, 0664); 

OS_BEGIN_ TXN( 11,0, transaction_update) 

{ 1:30 

database_root * BIG_TABLKroot;
 

struct BIG_ TABLE * BIG_TABLE;
 

struct BIG_TABLE *BIG_ TABLKptr;
 

BIG_ TABLKroot = database_rooLfind ("BIG_TABLE_entry" ,dbl);
 

BIG_TABLKptr = (struct BIG_TABLE*) BIG_TABLKroot;
 

BIG_ TABLE = (struct BIG_TABLE *)database_rooLgeLvalue(BIG_ TABLKroot, 
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0);
 

j = 0; 140 

for (BIG_TABLKptr = BIG_TABLE; 

BIG_ TABLKptr < BIG_ TABLE+no_of_big_table; BIG_ TABLKptr++) 

{ 

if (BIG_TABLKptr->numl > liml && BIG_TABLKptr->num2 > lim2) 

{ 

big_table[i][1] = 

big_table[i][2] = 
big_table[i][3] = 
big_table[i][4] = 
big_table[i][5] = 
big_table[i][6] 

big_table [i][7] = 
big_table [i][8] = 

BIG_ TABLKptr->numl; 

BIG_TABLKptr->num2; 

BIG_TABLKptr->num3; 

BIG_ TABLKptr->num4; 

BIG_ TABLE_ptr->num5; 

BIG_TABLKptr->num6; 

BIG_ TABLKptr->num 7; 

BIG_TABLKptr->num8; 

150 

j++; 

} 

} 

} 

O.'LEND_TXN(tl); 160 

} 

database_close( db l); 

complex_query( lim l,lim2, lim:], lim4) 

{ 

database *dbl; 

starLobjectstore 0; 

dbl = database_Iookup_open(" /shr/testdb1", 1, 0664); 

170 

OS_BEGIN_ TXN( tl,O, transaction_update) 

{ 

database_root * BIG_TABLKroot; 

struct BIG_TABLE * BIG_TABLE; 
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struct BIG_TABLE *BIG_ TABLE_ptr; 

BIG_TABLKroot = database_rooLfind ( I BIG_TABLE_entry ",db1);
 

BIG_ TABLKptr = (struct BIG_ TABLE*) BIG_ TABLKroot; 180
 

BIG_TABLE = (struct BIG_TABLE *)database_rooLgeLvalue(BIG_ TABLKroot, 

0); 

j = 0; 

for (BIG_ TABLKptr = BIG_TABLE; 

BIG_TABLKptr < BIG_TABLE+no_of_big_table; BIG_TABLKptr++) 

{ 

if (BICLTABLKptr->numl > liml && BIG_TABLKptr->num2 > lim2 && 

BIG_TABLE_ptr->num3 > lim3 && BIG_TABLKptr->num4 > lim4) 190 

{ 
big_table[j][l] = BIG_ TABLKptr->numl;
 

big_table[j][2] = BIG_ TABLKptr->num2;
 

big_table[j][3] = BIG_ TABLKptr->num3;
 

big_table [j][4] = BIG_ TABLKptr->num4;
 

big_table [j][5] = BIG_TABLKptr->num5;
 

big_table[j][6] = BIG_TABLKptr->num6;
 

big_table[j][7] = BIG_TABLKptr->num7;
 

big_table[j][8] = BIG_ TABLKptr->num8;
 

200 

j++; 

}
 

}
 

}
 

O.'LEND_TXN(t1); 

database_close( db 1); 

} 

210 

very_complex_query( lind, lim2, lim3, lim4, lim5, lim6, lim 7, limB) 

{ 

database *dbl; 

starLobjectstore 0: 
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dbl = database_lookup_open("/ shr/testdb1 II , 1, 0664); 

OS_BEGIN_ TXN (tl,O, transaction_update) 

{ 

database_root * BIG_TABLKroot; 220 

struet BIG_ TABLE * BIG_ TABLE; 

struet BIG_ TABLE *BIG_ TABLKptr; 

BIG_TABLKroot = database_rooLfind (IBIG_TABLE_entry ",db1);
 

BIG_TABLKptr = (struet BIG_TABLE*) BIG_TABLKroot;
 

BIG_TABLE = (struet BIG_TABLE *)databascrooLgeLvalue(BIG_TABLKroot,
 

0);
 

j = 0; 

230 

for (BIG_TABLKptr = BIG_TABLE; 

BIG_TABLKptr < BIG_TABLE+no_of_big_table; BIG_TABLKptr++) 

{ 

if (BIG_TABLKptr->numl > lind && BIG_TABLKptr->num2 > lim2 && 

BIG_TABLKptr->num3 > lim3 && BIG_TABLKptr->num4 > lim4 && 

BIG_TABLKptr->num5 > lim5 && BIG_TABLKptr->num6 > lim6 && 

BIG_TABLKptr->num7 > lim7 && BIG_TABLKptr->num8 > lim8) 

{ 

big_table[j][l] = BIG_ TABLKptr->numl; 

big_table[j][2] = BIG_TABLKptr->num2; 240 

big_table [j][3] = BIG_TABLKptr->num3; 

big_table [j][4] = BIG_ TABLKptr->num4; 

big_table[j][5] = BIG_ TA BLKptr-> num5 ; 

big_table[j][6] = BIG_TABLKptr->num6; 

big_table[j][7] = BIG_TABLKptr->num7; 

big_table[j][8] = BIG_TABLKptr->num8; 

j++; 

} 

} 250 

} 

O.'LEND_TXN(tl); 
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database_close( dbl); 

} 

very_complex_query2 (linti, lim2, lim3, lim4, lim5, lim6, lim 7, lim8) 

{ 

database *dbl; 260 

starLobjectstore 0; 

dbl = database_lookup_open(" Ishr/testdbl ", 1, 0664); 

OS_BEGIN_ TXN( tJ,O,transaction_update) 

{
 

database_TOot * BIG_TABLKroot;
 

struct BIG_TABLE * BIG_TABLE;
 

struct BICLTABLE *BIG_TABLKptr;
 

270 

BIG_ TABLKroot = database_rooLfind ("BIG_TABLE_entry" ,dbl); 

BIG_TABLKptr = (struct BIG_TABLE*) BIG_TABLKroot; 

BIG_TABLE (struct BIG_ TA BLE *)database-rooLgeLvalue( BIG_ TA BLKroot, 

0); 

j = 0; 

for (BIG_ TABLKptr = BIG_TABLE; 

BIG_TABLKptr < BIG_TABLE+no_of_big_table; BIG_TABLKptr++) 

{ 280 

if (BIG_TABLKptr->numl > liml && BIG_TABLKptr->numl < lim2 && 

BIG_TABLKptr->num2 > lim3 && BIG_TABLKptr->num2 < lim4 && 

BIG_ TA BLKptr-> num3 > lim5 && BIG_ TABLKptr->num3 < lim6 && 

BIG_TABLKptr->num4 > lim7 && BIG_TABLKptr->nurn4 < limB) 

{ 

big_table [j][1] = BIG_ TA BLKptr-> nurnl ;
 

big_table[j][2] = BIG_TABLKptr->num2;
 

big_table [j][3] = BIG_ TA BLKptr->num3;
 

big_table[j][4] BIG_ TABLKptr->num4;
 

big_table[j][5] = BIG_TABLKptr->num5; 290
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big_table [j][6] = BIG_TABLKptr->num6; 

big_table [j][7] = BIG_ TA BLKptr-> num 7; 

big_table[j][8] = BIG_TABLKptr->num8; 

j++; 

} 
} 

} 
08_END_TXN(tl); 

300 

database_close( db 1); 

} 

ra71LtestO 

{ 
int i; 

for (i = 0; i < 1000; i++) 

{ 310 

big_table2[i][1] = big_table[i][l]; 

big_table2 [i][2] = big_table [i][2]; 

big_table2 [i][3] = big_table[i][3]; 

big_table2[i][4] = big_table[i][4]; 

big_table2[i][5] = big_table[i][5]; 

big_table2 [i][6] = big_table[i][6]; 

big_table2[i][7] = big_table[i][7]; 

big_table2[i][8] = big_table[i][8]; 

} 

} 320 
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Appendix F 

Benchmarking Code for Test 

Database Two 

(Object-Oriented) 

F.l General program code (test2. c) 

/********************************************************************* 
This program runs the benchmark tests on test database two. 

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

#illclude <stdio.h> 

#illclude <string.h> 

#illclude <time.h> 

#defille STREQ(A, B) (*(A) == *(B) && strcmp((A), (B)) == 0) 

#defille MALLOCN(P, T,N,M) \ 

if (((P) = (T *) malloc((ullsiglled) (N) * sizeof(T))) == NULL) { \
 

fprintf(stderr, "Malloc :failure: (%d bytes) %s\n", (N) * sizeof(T), M); \
 

exit(l); \
 

} \
 
else
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#defiue FREE(P) free((char *) P) 

typedef struct { 20 

illt numl; 

illt num2; 

illt num3; 

illt num4; 

illt num5; 

illt num6; 

illt num7; 

iut numB; 

} Bottom; 

30 

typedef struct { 

iut numl; 

illt num2; 

illt num3; 

illt num4; 

illt num5; 

illt num6; 

illt num 7; 

char table[20]; 

Bottom *bottom; 40 

} Middle; 

typedef struct { 

illt numl; 

illt num2; 

illt num3; 

illt num4; 

illt num5; 

illt num6; 

int num7; 50 

char table[20]; 

Middle *middle; 

} Top; 

Top *top; 
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Middle *middle; 

Bottom *bottom; 

int no_oJ_top; 

int no_oj_middle; 

int no_oJ_bottom; 

int j,k,l; 

60 

no_oj_top = 10; 

no_oj_middle = 4; 

no_oj_bottom = 1000; 

int mainO 

{ 
time_t start, end; 

float c; 

long t; 

int i, n; 

70 

/********************************************************************* 
read entire database 

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

n 1· 80 

time(O); 

for (i = 0; i < n; 

read_dataO; 

++i) 

time(O) - t; 

printJ("%ld seconds elapsed in %d trials. \n\n", t, n); 

/********************************************************************* 
simple query number 1 

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

90 

185 



tirne(O); 

for (i = 0; i < n; 

sirnple_query(l ); 

++i) 

tirne(O) - t; 100 

printj("'I.d hits on simple query\n",l); 

printj("'I.ld seconds elapsed in 'I.d trials.\n\n",t,n); 

/********************************************************************* 
simple query number 2 

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

tirne(O); 

for (i = 0; i < n; ++i) 

simple-query(25); 

110 

tirne(O) - t; 

printj("'I.d hits on simple query\n",l); 

printj("'I.ld seconds elapsed in 'I.d trials.\n\n",t,n); 

/********************************************************************* 
simple query number 3 

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

120 

tirne(O); 

for (i = 0; i < n; ++i) 

simple_query(50); 

tirne(O) - t; 

printj("'I.d hits on simple query\n",l); 

printj("'I.ld seconds elapsed in %d trials.\n\n",t,n); 

1:30 
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/********************************************************************* 
simple query number 4 

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

time(O); 

for (i = 0; i < n; ++i) 

simple_query(75 ); 140 

timc(O) - t; 

printf("'I.d hits on simple query\n" ,I); 

printf("'I.ld seconds elapsed in 'I.d trials. \n\n", t, n); 

/********************************************************************* 
simple query number 5 

*********************************************************************/ 
t = time(O); 150 

for (i = 0; i < n; ++i) 
simplc_qu ery(99); 

timc(O) - t; 

printf("'I.d hits on simple query\n",l); 

printf("'1.ld seconds elapsed in 'l.d trials.\n\n",t,n); 

/********************************************************************* 
intermediate query 

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

]60 

time(O); 

for (i = 0; i < n; ++i) 
int e,m ediat e_query( 50,50); 

timc(O) - t; 
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printf("'1.d hits on interrnediate(1) query\n",l); 

printf("'1.ld seconds elapsed in 'I.d trials. \n\n",t,n); 

170 

/********************************************************************* 
complex query 

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

time(O); 

for (i = 0; i < n; ++i) 

complex_query(50,50,50,50); 

180 

time(O) - t; 

printf("'1.d hits on cornplex(l) query\n",l); 

printf("'1.ld seconds elapsed in 'I.d trials. \n\n",t,n); 

/********************************************************************* 
very complex query 1 

*********************************************************************/ 190 

time(O); 

for (i = 0; i < n; ++i) 

very_complex_query(50,50,50,50,50,50,50,50); 

time(O) - t; 

printf("'1.d hits on very cornplex(l) query\n",l); 

printf("'1.ld seconds elapsed in 'I.d trials. \n\n",t,n); 200 

/********************************************************************* 
very complex query 2 

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

time(O); 
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for (i = 0; i < n; ++i) 

ve ry_complex_ qu ery (5,5,5,5,5,5,5,5); 

= time(O) - t; 

210 

printf("'1.d hits on very complex(2) query\n",I); 

printf("'1.ld seconds elapsed in 'I.d trials.\n\n",t,n); 

/********************************************************************* 
very complex query type 2 

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

t = time(O); 220 

for (i = 0; i < n; ++i) 

very_complex-query2 (5, 95 ,5,95,5,95,5,95); 

= time(O) - t; 

printf("'1.d hits on very complex2 query\n ",1); 

printf("'1.ld seconds elapsed in 'I.d trials.\n\n",t,n); 

} 230 

F.2 INGRES interface code 

F.2.1 Makefile 

NAME = ingres_tesLdb2 

C-FILES = ingres_tesLdb2.c 

O-FILES = ingres-tesLdb2.o 

INC-FILES = malloc.h nr.h nrutiZ.h 

SRe_FILES = $(INC-FILES) $( C-FILES) 
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GG 

GFLAGS 

ALLLIBS 

LIBS_DIR 

all: 

$(NAME): 

clean: 

purge: 

print: 

ee 

-g 

-1m -Ie -lq 

10 

$(NAME) 

$(O-FILES) 

$( GG) $( GFLAGS) $( GPPFLAGS) 

$(ALLLIBS) $(LIBS_DIR) 

-0 $(NAME) $( O-FILES) \ 

20 

/bin/rm -I \h\# *- $(NAME) $(O_FILES) ('ore 

/bin/rm -I \#*\# *- core 

enscript -2r -PpsJ $(ING_FILES) $( G-FILES) 

F.2.2 Program code (ingres_test_db2. q) 

/********************************************************************* 
This code interfaces INGRES to the benchmarking program for test 

database two. 

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

#iuclude "test2. e" 

## iut NUMJ; 

## iut NUM2; 

## iut NUM3; 

## illt NUM4; 

## iut NUM5; 

## iut NUM6; 

## illt NUM7; 

## illt NUMB; 

## char MID[21];
 

## char BOT[21];
 

## char TABLE[21];
 

## illt lind ,lim2, lim3, lim4,lim5,lim6,/im 7,lim8,lim9;
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read_dataO 

20 

/********************************************************************* 
We read in the entire database. 

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

{ 

int z; 

Q. :~o 

MALLOCN(top, Top, no_oj_top, "Malloc 1"); 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

ingres "testdb2" 

retrieve (NUM1=top.numJ, 

NUM2=top.num2, 

NUM3=top.num3, 

NUM4=top.num4, 

NUM5=top.num5, 

NUM6=top.num6', 

NUM7=top.num7, 

TA BLE= top. table) 

{ 

40 

strcpy( top[i]. table, TABLE); 

top[i].numl 

top[i].num2 

top[i].num3 

top[i].num4 

top[i].num5 

top[i].num6 

top[i].num7 

= 

= 

NUM1; 

NUM2; 

NUM3; 

NUM4; 

NUM5; 

NUM6; 

NUM7; 

50 

i++; 
## } 

191
 



for (i = 0; i < no_oJ_top; ++i) 

{ 
MALLOCN( top[i]. middle, Middle, no_oJ_middle, 

strcpy( MID, top[i]. table); 

J = 0; 

## retrieve (NUM1=MID.numl, 

## NUM2=MID.num2, 

## NUM3=MID.num3, 

## NUM4=MID.num4, 

## NUM5 = MID. num5, 

## NUM6=MID. num6, 

## NUM7=MID.num7, 

## TABLE=MID. table) 

## { 

strcpy( top[i]. middle[j]. table, TABLE); 

top[ i]. middle[j]. numl NUM1; 

top[i]. middle[Jl num2 = NUM2; 

top[i].middle[j].num3 = NUM3; 

top[i]. middle[j]. num4 NUM4; 

top[i].middle[j].num5 = NUM5; 

top[i].middle[j].num6 = NUM6; 

top[i]. middle[j]. num 7 = NUM7; 

j++; 

## } 

} 

for (i = 0; i < no_oJ_top; ++i) 

{ 

for (j 0; j < no_oJ_middle; ++j) 

{ 

"Kalloc 2"); 60 

70 

80 

90 

MALLOCN(top[i].middle[j].bottom, Bottom, no_oJ_bottom, "Kalloc 3"); 
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strcpy( BOT, top[i]. middle[j]. table); 

k = 0; 

## 

## 

## 

## 

## 

## 

## 

## 

## 

retrieve (NUM1=BOTnuml, 

NUM2=BOT.num2, 

NUM3=BOTnum3, 

NUM4=BOTnum4, 

NUM5=BOTnum5, 

NUM6=BOTnum6, 

NUM7=BOTnum7, 

NUM8=BOT.num8) 

{ 

top[i].middle[j]bottom[k].numl = 

top[i]. middle[j]. bottom[k]. num2 

top[ i]. middle[j]. bottom[k]. num3 = 

top[i]. middle[j].bottom[k]. num4 = 

top[i]. middle[j]. bottom[k]. num5 = 

top[i]. middle[j]. bottom[k]. num6 = 

top[i]. middle[j]. bottom[k]. num 7 = 
top[ i]. middle[j]. bottom[k]. num8 = 

NUM1; 

NUM2; 

NUM3; 

NUM4; 

NUM5; 

NUM6; 

NUM7; 

NUM8; 

100 

110 

## 

## 

} 

} 

exit 

} 

k++; 

120 

FREE(top); 

for (i = 0; i < no_oj_top; ++i) 

{ 

FREE( top[i]. middle); 

} 130 

for (i 

{ 

0; i < no_oj_top; ++i) 
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} 

} 

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

{ 

FREE( top[ i]. middle[i]. bottom); 

} 

140 

simplcquery( lind) 

{ 

illt z' 

= 0; 

## 

## 

## 

## 

MALLOCN( top, Top, no_oJ_top, "Malloe 1"); 

ingres "testdb2" 

retrieve (TABLE=top.table) 

{ 

strcpy( top[ i]. table, TABLE); 

i++; 

} 

150 

for (i = 0; i < no_oJ_top; ++i) 

{ 

MALLOCN(top[i].middle, Middle, no_oJ_middle, "Malloe 2"); 160 

strcpy( MID, top[i]. table); 

J = 0; 

## 

## 

retrieve (TABLE=MID. table) 

{ 

strcpy( top[i]. middle[i]. table, TABLE); 

j++; 

## } 170 

} 
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I = 0; 

for (i = 0; i < no_oI_top; ++i) 

{ 

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

{ 

MALLOCN(top[i].middle[j].bottom, Bottom, no_oI_bottom, "Malloe 3"); 

180 

strcpy( BOT, top[i]. middle[j]. table); 

k = 0; 

## retrieve (NUM1=BOTnuml, 

## NUM2=BOT.num2, 

## NUM3=BOTnum3, 

## NUM4=BOTnum4, 

## NUM5=BOTnum5, 

## NUM6=BOTnum6, 190 

## NUM7=BOTnum7, 

## NUM8=BOTnum8) 

## where BOTnuml > lind 

## { 

top[i]. middle[j].bottom[k]. numl = NUM1; 

top[i]. middle[j]. bottom[k]. num2 NUM2; 

top[i]. middle[j]. bottom[k]. num3 NUM3; 

top[i]. middle[j]. bottom[k]. num4 NUM4; 

top[i]. middle[j]. bottom[k]. num5 = NUM5; 

top[i]. middle[j]. bottom[k]. num6 = NUM6; 200 

top[i].middle[j].bottom[k].num7 = NUM7; 

top[i]. middle[j]. bottom[k]. numB = NUMB; 

k++; 

1++; 

## } 
} 

} 
## exit 
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FREE(top); 

210 

for (i = 0; i < no_oJ_top; ++i) 

{ 

FREE( top[i]. middle); 

} 

} 

for (i = 0; i < no_oJ_top; ++i) 

{ 

for (j = 0; j < no_oJ_middle; ++j) 
{ 

FREE( top[i]. middle[j]. bottom); 

} 

} 

220 

intermediate_query( lind, lim2) 

{ 

int z· 

230 

= 0; 

MALLOCN(top, Top, no_oJ_top, "Malloe 1"); 

## 

## 

## 

## 

ingres "testdb2" 

retrieve (TABLE=top.table) 

{ 

strcpy( top[ i]. table, TA BLE); 

i++; 

} 

240 

for (i = 0; i < no_oJ_top; ++i) 

{ 

MALL OCN (top[ i]. middle, Middle, no_oJ_middle, "Malloe 2"); 

196 



250 

strcpy( MID, top[ i]. table); 

J = 0; 

## retrieve (TABLE=MID.table) 

## { 

strcpy( top[ i]. middleU]. table, TA BLE); 

j++; 

## } 

} 

I = 0; 

for (i = 0; i < no_oi_top; ++i) 

{ 

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

{ 

MALLOCN(top[i].middleU].bottom, Bottom, 

strcpy( BOT, top[i]. middleU]. table); 

k	 = 0; 

## retrieve (NUM1=BOTnuml, 

## NUM2=BOT.num2, 

## NUM3=BOTnum3, 

## NUM4=BOT.num4, 

## NUM5=BOTnum5, 

## NUM6=BOT.num6, 

## NUM7=BOTnum7, 

## NUM8=BOTnum8) 

## where BOT numl > lind 

## and BOT num2 > lim2 

## { 

top[ i]. middleU]. bottom[k]. numl 

top[i]. middleU]. bottom[k]. num2 

top[ i]. middleU]. bottom[k]. num3 

top[i]. middleU]. bottom[k]. num4 

197 

260 

no_oi_bottom, "Malloe 3"); 

270 

280 

NUM1; 

=	 NUM2; 

NUM3; 

NUM4; 



## 

## 

} 

} 

exit 

} 

top[i]. middle[j]. bottom[k]. num5 

top[i]. middle[j]. bottom[k]. num6 

top[i].middle[j].bottom[k].num7 

top[i]. middle[j]. bottom[k]. numB 

k++; 

1++; 

= 
= 
= 

NUM5; 

NUM6; 

NUM7; 

NUMB; 

290 

FREE(top); 

for (i = 0; i < no_oj_top; ++i) 

{ 
FREE( top[i]. middle); 

} 

:300 

} 

for (i = 0; i < no_oj_top; ++i) 

{ 
for (j = 0; j < no_oj_middle; ++j) 

{ 
FREE( top[i]. middle[j]. bottom); 

} 

} 

310 

complex_query( lind, lim2, lim3, lim4) 

{ 

illt I; 

I = 0; 320 

MALLOCN( top, Top, no_oj_top, "Malloe 1"); 
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## ingres "testdb2"
 

## retrieve (TABLE=top. table)
 

## {
 

strcpy( top[i]. table, TABLE); 

i++; 

## } 

330 

for (i = 0; i < no_ol_top; ++i) 

{ 

MALLOCN(top[i].middle, Middle, no_ol_middle, "Malloc 2"); 

strcpy( M!D, top[ i]. table); 

J = 0; 

## retrieve (TABLE=MID. table) 

## { 340 

strcpy( top[i]. middle[i]. table, TA BLE); 

j++;
'\ 

## } 

} 

I = 0; 

for (i = 0; i < no_ol_top; ++i) 

{ 

for (j = 0; j < no_ol_middle; ++j) 350 

{ 

MA LLOCN(top[i]. middle[i]. bottom, Bottom, no_ol_bottom, "Malloc 3"); 

strcpy( BOT, top[i]. middle[i]. table); 

k = 0; 

## retrieve (NUMl=BOT.numl, 

## NUM2=BOT.num2, 

## NUM3=BOT.num3, 360 

## NUM4=BOT.num4, 

199 



## 

## 

## 

## 

## 

## 

## 

NUM5=BOT.num5, 

NUM6=BOT.num6, 

NUM7=BOT.num7, 

NUM8=BOT.num8) 

where BOT. numl > lind 

and BOT. num2 > lim2 

and BOT.num3 > lim3 

## 

## 

and BOT. num4 > lim4 

{ 

top[ i]. middle[;']. bottom[k]. numl 

top[i]. middle[j]. bottom[k]. num2 

top[i]. middle[;']. bottom[k]. num3 = 

top[ i]. middle[j]. bottom[k]. num4 = 

top[i]. middle[j]. bottom[k]. num5 = 

top[ i]. middle[j]. bottom[k]. num6 = 

top[i].middle[j].bottom[k].num7 = 

top[i]. middle[j]. bottom[k]. num8 = 

NUM1; 

NUM2; 

NUM3; 

NUM4; 

NUM5; 

NUM6; 

NUM7; 

NUM8; 

370 

## 

## 

} 

} 

exit 

} 

k++; 

1++; 
380 

FREE(top); 

for (i = 0; i < no_oJ_top; ++i) 

{ 

FREE( top[i]. middle); 

} 

390 

for (i = 0; i < no_oJ_top; ++i) 

{ 

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

{ 

FREE( top[ i]. middle[j]. bottom); 

} 

200 



} 

} 400 

ve.ry-comple.x-query( lind, lim2, lim3, lim4, lim5, lim 6, lim 7, limB) 

{ 

illt t; 

i = 0; 

MALLOCN(top, Top, no_oJ_top, "Malloe 1"); 

410 

## 

## 

## 

## 

ingre.s "testdb2" 

retrieve (TA BLE= top. table) 

{ 

sircpy( top[ i]. table, TABLE); 

i++; 

} 

for (i = 0; i < no_oJ_top; ++i) 

{ 

MALLOCN(top[i].middle, Middle, no_oJ_middle, "Malloe 2"); 

420 

sircpy( MID, top[i]. table); 

J = 0; 

## 

## 

## 

} 

retrieve. (TABLE=MID. table) 

{ 

strcpy( top[i]. middle.[j]. table, TABLE); 

j++; 

} 

430 

I = 0; 

for (i = 0; i < no_oJ_top; ++i) 

201 



{ 

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

{ 

MALLOCN( top[i]. middle[j]. bottom, Bottom, no_oI_bottom, "Malloe 3"); 

440 

strcpy( BOT, top[i]. middleb"]' table); 

k = 0; 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

## 

retrieve (NUMl=BOT.numl, 

NUM2=BOT. num2, 

NUM3=BOT.num3, 

NUM4=BOT.num4, 

NUM5=BOT.num5, 

NUM6=BOT.num6, 

NUM7=BOT.num7, 

NUM8=BOT.num8) 

where BOT.numl > lind 

and BOT.num2 > lim2 

and BO T. num3 > lim3 

and BOT. num4 > lim4 

and BOT. num5 > lim5 

and BOT. num6 > lim6 

and BOT.num7 > lim7 

and BOT. num8 > lim8 

{ 

top[i].middle[j].bottom[k].numl = NUMl; 

top[i].middle[j].bottom[k].num2 = NUM2; 

top[i].middle[j].bottom[k].num3 = NUM3; 

top[i].middleb"].bottom[k].num4 = NUM4; 

top[i]'middle[j].bottom[k].num5 = NUM5; 

top[i].middle[j].bottom[k].num6 = NUM6; 

top[i].middle[j].bottom[k].num7 = NUM7; 

top[i].middle[j].bottom[k].num8 = NUM8; 

450 

460 

470 

## } 

k++; 

1++; 

202 



## 

} 

} 

exit 

FREE(top); 480 

for (i == 0; i < no_oJ_top; ++i) 

{ 

FREE( top[i]. middle); 

} 

} 

for (i == 0; i < no_oj_top; ++i) 

{ 

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

{ 

FREE( top[ i]. middle[.f]. bottom); 

} 

} 

490 

very_compleLquery2( lind ,lim2, lim3, lim4, lim5, lim6,lim 7,lim8) 

{ 

illt i; 500 

i = 0; 

MALLOCN( top, Top, no_oj_top, "Malloc 1"); 

## 

## 

## 

## 

ingres Itestdb2" 

retrieve (TABLE=top. table) 

{ 

strcpy( top[ i]. table, TA BLE); 

i++; 

} 

510 

for (i = 0; i < no_oJ_top; ++i) 
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{ 

MALLOCN(top[i].middle, Middle, no_ol_middle, 

strcpy( MID, top[i]. table); 

J = 0; 

## retrieve (TABLE=MID.table) 

## { 

strcpy( top[ i]. middle[j]. table, TABLE); 

j++; 

## } 

} 

I = 0; 

for (i = 0; i < no_ol_top; ++i) 

{ 

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

{ 

MALL OCN (top[i]. middle[j]. bottom, Bottom, 

strcpy( BOT, top[i]. middle[j]. table); 

k = 0; 

## retrieve (NUM1=BOT.numl, 

## NUM2=BOT.num2, 

## NUM3=BOT.num3, 

## NUM4=BOT.num4, 

## NUM5=BOT.num5, 

## NUM6=BOT.num6, 

## NUM7=BOT.num7, 

## NUM8=BOT.num8) 

## where BOT. numl > lind 

## and BOT. numl < lim2 

## and BOT. num2 > lim3 

## and BOT. num2 < lim4 

204 

"Malloe 2"); 

5:20 

530 

no_ol_bottom, "Malloe 3"); 

540 

550 



## and BOT. num3 > lim5 

## and BOT. num3 < lim6 

## and BOT.num4 > lim7 

## and BOT.num4 < limB 

## { 

top[i].middle[j].bottom[k].numJ = NUMJ; 

top[i].middle[j].bottom[k].num2 = NUM2; 

top[i].middle[j].bottom[k].num3 = NUM3; 

top[i].middle[j].bottom[k].num4 = NUM4; 560 

top[i].middle[j].bottom[k].num5 = NUM5; 

top[i].middle[j].bottom[k].num6 = NUM6; 

top[i].middle[j].bottom[k].num7 = NUM7; 

top[i].middle[j].bottom[k].num8 = NUM8; 

k++; 

1++; 

## } 

} 

} 570 

## exit 

FREE(top); 

for (i = 0; i < no_oj_top; ++i) 

{ 

FREE( top[i]. middle); 

1 
580 

for (i = 0; i < no_oj_top; ++i) 

{ 

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

{ 

FREE( top[i]. middle[j]. bottom); 

} 

} 

205
 



F.3 ObjectStore interface code 

F.3.1 Makefile 

include $( O,'LROOTDIR)/ etc/ ostore.lib.mk 

OS_COMPILATION_SCHEMA_DB-PATH = /$(LOGNAME)/testdb2. comp_schema 

OS_A PPLICATIONjiCHEMA_DB_PA TH = /$(LOGNAME)/testdb2. app_schema 

LDLIBS = -los -lose -lq -1m -Ie -lg 

so URCES = ostore-tesLdb2. c db2_schema. cc 

OBlECTS = ostore_tesLdb2.0 db2_schema.o 10 

EXECUTABLES = ostore_tesLdb2 

CPPFLAGS = -1$( OS_ROOTDIR)/include 

CFLAGS = -g 

LDFLAGS= $( OS_EXPORT) 

CC = cc 

all: $(EXECUTABLES) 20 

dLmake: ostore_tesLdb2.0 schema_standin 

$(OS_PRELINK) .os_dbf:Lschema.cc \ 

$( O/LCOMPILATION_SCHEMA_DB_PATH) $( OS_A PPLICA TIONjiCHEMA_DB-PATH) . 

ostore-tesLdb2.0 $( LDLIBS) 

OSCC -c .os_db2_schema.cc 

$(CC) $(CFLAGS) $(LDFLAGS) -0 ostore-tesLdb2 ostore-tesLdb2.0 \ 

.os_db2_schema. 0 $( LDLIBS) 

ostore_tesLdb2.0: ostore_tesLdb2. c 

$( CC) $( CPPFLAG8) $( CFLAG8) -c ostore_tesLdb2.c 

schema_standin: db2_schema. cc 

OSCC -batch_schema $(OS_COMPILATION_SCHEMA_DB_PATH) dbfLschema.cc 

206 
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touch schema_standin 

clean: 

depend: 

osrm -f $(OS_COMPILATIONjiCHEMA_DB-PATH) 

rm -f $(EXECUTABLES) $( OBJECTS) schema_standin 

osmakedep .depend $(CPPFLAGS) -files $(SOURCES) 

40 

include .depend 

F.3.2 Program code (ostore_test_db2. C) 

/********************************************************************* 
This rodE' interfaces Objec:tStore to the benchmarking program for test 

databasE' two. 

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

#include <ostore/ostore.h> 

#indude "testdb2. h" 

#illclude "test2. e" 

int liml, lim2, lim3, lim4, lim5, lim6.lim 7.lim8, limg; 10 

rcad_dataO 

/********************************************************************* 
We read in the entire database. 

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

{ 
iut z; 

database *dbl; 

starLobjcctstorc 0; 

20 

dbl = databasc_lookup_open(l/ shr/testdb2", 1, 0664); 
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OS_BEGIN_ TXN( tJ.O. transaction_update) 

{ 

database_root * TOP-root; 

struet BOTTOM * BOTTOM; 

struct MIDDLE * MIDDLE; 

struct TOP * TOP; 

30 

struct BOTTOM *BOTTOM_ptr; 

struct MIDDLE *MIDDLKptr; 

struct TOP *TOP_ptr; 

TOP_root = database-rooLfind ("TOP_entrY",db1); 

TOP_ptr = (struct TOP*) TOP_root; 

TOP = (struct TOP *)database_rooLgeLvalue(TOP-root,O); 

40 

i = 0; 

MALLOCN(top, Top, no_oI_top, "Malloe 1"); 

for (TOP_ptr = TOP; TOP_ptr < TOP+no_oI_top; 

{ 

top[i]. numl 

top[i]. num2 

top[i].num3 

top[i]. num4 = 

top[i].num5 

top[i]. num6 

top[i].num7 = 

TOP_ptr->numl ; 

TOP_ptr->num2; 

TOP_ptr->num3; 

TOP_ptr->num4; 

TOP_ptr->num5; 

TOP_ptr->num6; 

TOP_ptr->num7; 

TOP_ptr++) 

50 

MIDDLE = TOP_ptr->middle; 

j = 0; 

MALLOCN(top[i].middle, Middle, no_oI_middle, "Malloe 2"); 

60 
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for (MIDDLE-ptr = MIDDLE; MIDDLE-ptr < 
MIDDLE+no_of_middle; MIDDLE-ptr++) 

{ 

top[i].middle[.i].numl = MIDDLE_ptr->numl ; 

top[i]. middlefj]. num2 MIDDLE_ptr->num2; 

top[i]. middlefj]. num3 MIDDLE_ptr->num3; 

tUji[i].middltU].n:llm4 = .ll-!JDDLKptr·->1ium4 : 
top[i].middlefj].num5 = MIDDLE_ptr->num5; 70 

iop[i]. middle[j]. num6 = 1'vllDDLE_pir->num6; 

top[i].middlefj].num7 = MIDDLE_ptr->num7; 

BOTTOM = MIDDLKptr-> bottom; 

k = 0; 

MALL OeN (top[ i]. midd lefj]. bottom, Bottom, no_ol_bottom, "Malloc 3"); 

for (BOTTOM_ptr = BOTTOM; BOTTOM_ptr < 80 

BOTTOM +no_ol_bottom; BOTTOM_ptr++) 

{ 

top[ i]. middle.fj]. bottom[k]. numl BOTTOM_ptr->numl ; 

top[i]. middlefj]. bottom[k]. num2 = BOTTOM_ptr-> num2; 

top[i].middltU]·bottum[k].iwm3 = BOTTOM_ptr->n-um3: 
top[ i]. middle.fj]. bottom[k]. num4 BOTTOM_ptr->num4 ; 

top[ i]. middlefj]. bottom[k]. num5 = BOTTOM_ptr->num5; 

top[ i]. middlc[i]. bottom[k]. num6 BOTTOJLptr-> num6; 
top[ i]. middlefj]. bottom[k]. num 7 = BOTTOM_ptr->num 7; 

90 

k++: 
} 

j++; 

} 

i++; 

} 
} 

OS_END_TXN(t1); 

database_close( db 1); 

209
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FREE(top); 

for (i = 0; i < no_oI_top; ++i) 

{ 

FREE( top[i]. middle); 

} 

} 

for (i = 0; i < no_oI_top; ++i) 

{ 

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

{ 

FREE( top[i]. middle[j]. bottom): 

} 

} 

110 

simple_query( lind) 

{ 

int i; 120 

databasr. db1; 

starLobjectstore 0; 

dbl = database_lookup_open(l/ s hr/testdb2", I, 0664); 

OS_BEGIN_ TXN( tl,O, transaction_update) 

{ 

database_root * TOP_root; 

shuet BOTTO/v! * BOTTOM; 
struct MIDDLE * MIDDLE; 

struct TOP * TOP; 

130 

struct BOTTOM *BOTTOM_ptr; 

struct MIDDLE *MIDDLKptr; 

struct TOP *TOP_ptr; 

210 



TOP_root = database_rooLfind ("TOP_entry", dbl); 

TOP_ptr = (struet TOP*) TOP_root; ]40 

TOP = (struct TOP *)database_rooLgeLvalue(TOP_root,O); 

i = 0; 

I = 0; 

MALLOCN( top, Top, no_at_top, "Malloe 1"); 

for (TOP_ptr = TOP; TOP_ptr < 
{ 

MIDDLE = TOP_ptr-> middle; 

TOP+no_oI_top; TOP_ptr++) 

150 

j = 0; 

MALLOCN(top[i].middle, Middle, no_oI_middle, "Malloc 2"); 

for (MIDDLE-ptr = MIDDLE; MIDDLE_ptr < 
MIDDLE+no_oI_middle; MIDDLKptr++) 

{ 

BOTTOM = MIDDLE-ptr-> bottom; ]60 

k = 0; 

MALLOCN(top[i].middle[j].bottom, Bottom, no_oI_bottom, "~1alloc 3"); 

for (BOTTOM_ptr = BOTTOM; BOTTOM_ptr < 
BOTTOM +no_ot_bottom; BOTTOM_ptr++) 

if (BOTTOM_ptr->numl > liml) 

{ 

top[i]. middle[j]. bottom[k]. numl = 
top[i]. middle[j]. bottom[k]. num2 
top[i]. middle[i]. bottom[k]. num3 = 

top[i]. middle[j]. bottom[k]. num4 = 
top[i]. middle[i]. bottom[k]. num5 = 

top[i]. middle[j]. bottom[k]. num6 = 
top[i]. middle[;} bottom[k]. num 7 = 

BOTTOM_ptr->numl; 

BOTTOlvLptr->num2; 
BOTTOM_ptr-> num3; 

BOTTOM_ptr-> num4 ; 

BOTTOM_ptr->num5; 

BOTTOM_ptr->num6; 

BOTTOM_ptr->num7; 

170 
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k++;
 
1++;
 

} 180 

j++i 
} 

i++: 
}
 

}
 
OS_END_TXN(tl);
 

database_close(dbl);
 

FREE(top); 

190 

for (i = 0; i < no_oj_top; ++i) 
1 
l 

FREE( top[i]. middle); 

} 

for (i = 0; i < no_oj_top; ++i) 

{
 

for (j = 0; j <:: 71(u!_middlf; ++j)
 

{ 

FREE( iop[i]. middie[j]. boiiom); 200 

}
 

}
 

} 

intermediate_query(lind,lim2) 

{ 

int i; 

database *dbl;
 

starLobjectstore 0; 210
 

dbl = database_lookup_open(1/shr/testdb2", 1, 0664);
 

OS_BEGIN_ TXN( tJ.O, transaction_update)
 

212 



{ 

database.Joot * TOPJoot; 

struct 

struct 

struct 

BOTTOM * BOTTOM; 

MIDDLE * MIDDLE; 

TOP * TOP; 220 

struct 

struct 

struct 

BOTTOM *BOTTOM_ptr; 

MIDDLE *MIDDLE-ptr; 

TOP *TOP_pfr; 

TO P_root = database._rooLfind ("TOP_entry", db1); 

TOP_ptr = (struct TOP*) TOP_root; 

TOP = (struct 

0; 

0; 

TOP *)database_rooLgeLvalue( TOP_root,O); 

230 

MALLOCN(top, Top, no_oI_top, "Malloe 1"); 

for (TOP_ptr = TOP; TOP_ptr < 
{ 

MIDDLE = TOP_ptr-> middle; 

TOP+no_oI_top; TOP_ptr++) 

j = 0; 240 

MALLOCN(top[ i]. middle, Middle, no_oI_middle, "Malloe 2"); 

for (MIDDLE-ptr = MIDDLE; MIDDLE-ptr < 
MIDDLE+no_oI_middle; MIDDLE-ptr++) 

{ 

BOTTOM = MIDDLE-ptr-> bottom; 

k = 0; 

MALLOCN(top[i].middle[j].bottom, Bottom, no_oI_bottom, "Malloe 3"); 

250 
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for (BOTTOM_pir = BOTTOM; BOTTOM_pir < 
BOTTOM +no_oJ_bottom; BOTTOM_ptr++) 

if (BOTTOM_ptr->numl > lind && BOTTOM_ptr->num2 

{ 

top[i]. middle[j]. bottom[k]. numl = 
top[ i]. middle[j]. bottom[k]. num2 = 

top[i]. middle[j]. bottom[k]. num3 = 
top[ i]. middle[j]. bottom[k]. num4 = 

top[i]. middle[j]. bottom[k]' num5 = 

top[i]. middleU]. bottom[k]. n·um6 = 
top[i]. middle[i]. bottom[k]. num''/ 

BOTTOM_ptr->numl; 

BOTTOM_ptr->num2; 

BOTTOM_ptr->num3; 

BOTTOM_ptr->num4 ; 

BOTTOM_ptr->num5; 

BOTTOJLptr->num6; 
BOTTOM_pir->num "/; 

> lim2) 

260 

k++; 

1++; 

} 

j++; 

} 

i++; 

} 

} 

O.'LEND_TXN(tl); 

database_dose( dbl); 

270 

FREE( top); 

for (i = 0; i < no_oJ_top; ++i) 

{ 

FREE( top[I]. middle); 

} 

280 

} 

for (i = 0; i < no_oJ_top; ++i) 

{ 

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

{ 

FREE( top[i]. middle[j]. bottom); 

} 

} 

290 
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complex_query( limi, lim2, lim3, lim4) 

{ 

illt i; 

database *dbJ; 

starLobjectstore 0; 

dbi = database_Iookup_open(l/ shr/testdb2", 1, 0664); 

OS_BEGIN_ TXN (tJ,O, transaction_update) 

{ 

database_root * TOP_root; 

300 

struct BOTTOM * BOTTOM; 

struct MIDDLE * MIDDLE; 

struct TOP * TOP; 

struet BOTTOM *BOTTOALptr; 

struct MIDDLE *MIDDLE_ptr; 

struet TOP *TOP_ptr; 

310 

TOP_root = database-rooLfind ("TOP_entry", db!); 

TOP_ptr = (struet TOP*) TOP_root; 

TOP = (struet TOP *)database-rooLgeLvalue(TOP_root,O); 

0; 

I = 0; 

MALLOCN( top, Top, no_oJ_top, "Malloc 1"); 

.120 

for (TOP_ptr = TOP; TOP_ptr < TOP+no_oJ_top; 

{ 

MIDDLE = TOP_ptr->middle; 

TOP_ptr++) 

j = 0; 

215 



MALLOCN (top[ i]. middle, Middle, no_oJ_middle, "Malloe 2"); 

330 

for (MIDDLE-pir = MIDDLE; MIDDLE-ptr <
 
MIDDLE+no_oJ_middle; MIDDLE-ptr++)
 

{
 

BOTTOM = MIDDLE-ptr-> bottom;
 

k = 0; 

MALLOCN(top[i].middle[j].bottom, Bottom, no_oJ_bottom, "Malloe 3"); 

for (BOTTOM_ptr = BOTTOM; BOTTOM_ptr < 340 

BOTTOM +no_oJ_bottom; BOTTOM_ptr++) 

if (BOTTOM_ptr->numl > lind && BOTTOM_ptr->num2 > lim2 && 

BOTTOM_ptr->num3 > lim3 && BOTTOM_ptr->num4 > lim4) 

{ 

top[ i]. middle[j].bottom[k]. numl = BOTTOM_ptr->numl ;
 

top[i]. middle[j]. bottom[k]. num2 BOTTOM_ptr->num2;
 

top[i]. middle[j]. bottom[k]. num3 = BOTTOM_ptr->num3;
 

top[i]. middle[j]. bottom[k]. num4 BOTTOM_ptr->num4 ;
 

top[i]. middle[j].bottom[k]. num5 = BOTTOM_ptr->num5;
 

top[ i]. middle [j].bottom [k]. num6 = BOTTOM_ptr-> num6; 350
 

top[i]. middle[j]. bottom[k]. num 7 = BOTTOM_ptr->num 7;
 

k++;
 

1++;
 

} 

j++; 

} 

i++; 

} 

} 360 

OS_END_TXN(tl); 

database_close( dbl); 

FREE(top); 

for (i = 0; i < no_oJ_top; ++i) 
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} 

{ 

FREE( top[i]. middle); 

} 

for (i = 0; i < no_oJ_top; ++i) 

{ 

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

{ 

FREE( top[i]. middleul bottom); 

} 

} 

370 

very-complex_query( lind, lim2, lim3, lim4, lim5, lim 6, lim 7, limB) 

{ 

int i; 

380 

database *dbl; 

starLobjectstorc 0; 

dbl = database_lookup_open("/shr/testdb2", 1, 0664); 

OS_BEG]N_ TXN( tl,O, transaction_update) 

{ 

database_root * TOP_root; 

390 

struct BOTTOM * BOTTOM; 

struct MIDDLE * MIDDLE; 

struct TOP * TOP; 

struct BOTTOM *BOTTOM_ptr; 

struct MIDDLE *MIDDLKptr; 

struct TOP *TOP_ptr; 

TOPJoot = database_rooL/ind ("TOP_entry", db1); 

TOP_ptr = (struct TOP*) TOP_root; 

400 

TOP = (struct TOP *)database_rooLgeLvalue(TOP_root,O); 
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i 

I 

= 
= 

0; 

0; 

MALLOCN(top, Top, no_oI_top, "Malloe 1"); 

for (TOP_ptr = TOP; TOP_ptr < TOP+no_oI_top; 

{ 

MIDDLE = TOP_ptr->middle; 

TOP_ptr++) 

410 

j = 0; 

MALLOCN(top[i].middle, Middle, no_oI_middle, "Malloe 2"); 

for (MIDDLKptr = MIDDLE; MIDDLKptr < 
MIDDLE+no_oI_middle; MIDDLKptr++) 

{ 

BOTTOM = MIDDLE_ptr-> bottom; 

420 

k = 0; 

MALLOCN(top[i].middle[j].bottom, Bottom, no_oI_bottom, "Malloe 3"); 

for (BOTTOM_ptr = BOTTOM; BOTTOM_ptr < 

BOTTOM+no_oI_bottom; BOTTOM_ptr++) 

if (BOTTOM_ptr->numl > liml && 

BOTTOM_ptr->num2 > lim2 && 

BOTTOM_ptr->num3 > lim3 && 

BOTTOM_ptr->num4 > lim4 && 

BOTTOM_ptr->num5 > lim5 && 

BOTTOM_ptr->num6 > lim6 && 

BOTTOM_ptr->num7 > lim7 && 

BOTTOM_ptr->num8 > lim8) 

430 

{ 

top[i]. middle[j]. bottom[k]. numl 

top[ i]. middle[j]. bottom[k]. num2 

top[ i]. middle[j]. bottom[k]. num3 

top[i]. middle[j]. bottom[k]. num4 
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= BOTTOM_ptr->numl; 

BOTTOM_ptr->num2; 

BOTTOM_ptr->num3; 

= BOTTOM_ptr->num4 ; 

440 



top[i]. middle[j]. bottom[k]. num5 = 
top[i]. middle[j]. bottom[k]. num6 = 
top[i].middle[j].bottom[k].num7 = 

BOTTOM_ptr->num5; 

BOTTOM_ptr->num6; 

BOTTOM_ptr->num7; 

k++; 

1++; 

} 

j++; 

} 

i++; 

} 

} 

O.'LEND_TXN(tJ); 

database_close( db l); 

450 

FREE( top); 

for (i = 0; i < no_oj_top; ++i) 

{ 

FREE( top[i]. middle); 

} 

460 

} 

for (i = 0; i < no_oj_top; ++i) 

{ 

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

{ 

FREE( top[i]. middle[j]. bottom); 

} 

} 

470 

very_complex_query2( liml, lim2, lim3, lim4, lim5, lim6, lim 7,lim8) 

{ 

iut i; 

database *dbl; 

starLobjectstore (); 

480 
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dbl = database_lookup_open("/shr/testdb2", 1, 0664); 

OS_BEGIN_ TXN( tl,O, transaction_update) 

{ 

database_root * TOP_root; 

struct BOTTOM * BOTTOM; 

struct MIDDLE * MIDDLE; 

struct TOP * TOP; 

struct BOTTOM *BOTTOM_ptr; 

struct MIDDLE *MIDDLE-ptr; 

struct TOP *TOP_ptr; 

490 

TOP_mot = database_moLfind ("TOP_entry", db1); 

TOP_ptr = (struct TOP*) TOP_root; 

TOP = (struct TOP *)database_rooLgeLvalue(TOP_root,O); 

2 = 0; 

I = 0; 

-500 

MALLOCN(top, Top, no_oI_top, "Malloe 1"); 

for (TOP_ptr = TOP; TOP_ptr < TOP+no_oI_top; 

{ 

MIDDLE = TOP_ptr->middle; 

TOP_ptr++) 

j = 0; 

MALLOCN(top[i].middle, Middle, no_oI_middle, "Malloe 2"); 

510 

for (MIDDLE-ptr = MIDDLE; MIDDLE-ptr < 
MIDDLE+no_oI_middle; MIDDLE-ptr++) 

{ 
BOTTOM = MIDDLE-ptr-> bottom; 

k = 0; 
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MALLOCN(top[i].middle.[j].bottom, Bottom, no_oI_bottom, "Malloe 3"); 520 

for (BOTTOM_ptr = BOTTOM; BOTTOM_ptr <
 
BOTTOM +no_oI_bottom; BOTTOM_ptr++)
 

if (BOTTOM_ptr->numl > lind &.&. BOTTOM_ptr->numl < lim2 &.&. 

BOTTOM_ptr->num2 > lim3 &.&. BOTTOM_ptr->num2 < lim4 &.&. 

BOTTOM_ptr->num3 > lim5 &.&. BOTTOM_ptr->num3 < lim6 &.&. 

BOTTOM_ptr->num4 > lim7 &.&. BOTTOM_ptr->num4 < limB) 

{ 

top[i]. middle.[j]. bottom[k]. numl = BOTTOM_ptr->numl;
 

top[i]. middle.[j].bottom[k]. num2 = BOTTOM_ptr->num2; 530
 

top[i]. middle[j]. bottom[k]. num3 = BOTTOM_ptr->num3;
 

top[i]. middle.[j]. bottom[k]. num4 = BOTTOM_ptr->num4;
 

top[i].middle.[j].bottom[k].num5 = BOTTOM_ptr->num5;
 

top[i]. middle[j]. bottom[k]. num6 = BOTTOM_ptr->num6;
 

top[i]. middle.[j]. bottom[k]. num7 = BOTTOM_ptr->num 7;
 

k++;
 

1++;
 

} 

j++; 540 

} 

i++; 

} 

} 

OS_END_ TXN( tl); 

databa.sc_close.( dbl); 

FREE(top ); 

for (i = 0; i < no_oI_top; ++i) 550 

{ 

FREE( top[i]. middle.); 

} 

for (i = 0; i < no_oj_top; ++i) 

{ 

221 



{ 

{ 

09S { 

:(wonoq ·U]J/PP.IW· [~]d01 ):g:nId 
} 

U++ :J/PPIlW!O-OU > .c :0 = n .IO] 



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. 

1 For more information, r.ontact Object Design, Inc., One New England Executive Park, 
Burlington, MAO 1803. 
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