Questions and Exercises

Questions, Projects, and Labs Chapter Thirteen

13.1 Questions
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29)

What is the purpose of the INTO instruction?

What was the main purpose for the INTMUL instruction in this volume? What was it introduced before
the chapter on integer arithmetic?

Describe how to declare byte variables. Give several examples. What would you normally use-byte vari
ables for in a program?

Describe how to declare word variables. Give several examples. Describe what you would use them for in
a program.

Repeat question 4 for double word variables.

What are qword and tbyte objects?

How does HLA differentiate string and character constants?

Explain the purpose of the TYPE section. Give several examples of its use.

What is a pointer variable?

How do you declare pointer variables in a program?

How do you access the object pointed at by a pointer. Give an example using 80x86 instructions.
What is the difference between a CONST object and a VAL object?

What is the “?” statement used for?

What is an enumerated data type?

Given the two literal string constants “Hello “ and “World”, provide two fundamentally different ways to
concatenate these string literal constants into a single string within an HLA source file.

What is the difference between a STRING constant and a TEXT constant?

What is a pointer constant? What is the limitation on a pointer constant?

What is a pointer expression? What are the limitations on pointer expressions?

What is a dangling pointer? How do you avoid the problem of dangling pointers in your programs?
What is a memory leak? What causes it? How can you avoid memory leaks in y our programs?
What is likely to happen if you use an uninitialized pointer?

What is a composite data type?

If you have a variable of type STRING, how many bytes in memory does this variable consume? What
value(s) appear in this variable?

What is the data format for HLA string data?

What is the difference between a length-prefixed and a zero terminated string? What are the advantages
and disadvantages of each?

Are HLA string zero terminated or length prefixed?
How do you directly obtain the length of an HLA string (i.e., w/o using the str.length function)?

What are the two pieces of length data maintained for each HLA string? What is the difference between
them?

Why would you want to use tls&.cpyroutine (which is slow) rather than simply copying the pointer data
from one string to another (which is fast)?
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30) Many string functions contain the prefix “a_" in their name (e.g., str.cpy vs. str.a_cpy). What is the differ
ence between the functions containing the “a_” prefix and those that do not contain this prefix?
31) Explain how to access the individual characters in an HLA string variable.
32) What is the purpose of string concatenation?
33) What is the difference between the str.cat and str.insert? Which is the more general of the two routines?
How could you use the more general routine to simulate the other?
34) How can you perform a case-insensitive string comparison using the HLA Standard Library Strings mod
ule?
35) Explain how to convert an integer to its string representation using functions from the HLA Standard
Library’s String module.
36) How does HLA implement character sets? How many bytes does a character set variable consume?
37) If CSTis a character set constant, what does “-CST” produce?
38) Explain the purpose of the character classification routines in the HLA Standard Library chars-hhf mod
ule.
39) How do you compute the intersection, union, and difference of two character set constants in an HLA
constant expression?
40) How do you compute the interesection, union, and difference of two character set variables in an HLA
program at run-time?
41)  What is the difference between a subset and a proper subset?
42)  Explain how you can use a character set to validate user input to a program.
43) How do you declare arrays in assembly language? Give the code for the following arrays:
a) A two dimensional 4x4 array of bytes b) An array containing 128 double words
c) An array containing 16 words d) A 4x5x6 three dimensional array of words
44)  Describe how you would access a single element of each of the above arrays. Provide the neeessary for
mulae and 80x86 code to access said element (assume variable | is the index into single dimension arrays,
| & J provide the index into two dimension arrays, and I, J, & K provide the index into the three dimen
sional array). Assume row major ordering, where appropriate.
45)  Repeat questiod4) using column major ordering.
46)  Explain the difference between row major and column major array ordering.
47)  Suppose you have a two-dimensional array of bytes whose values you want to initialize as follows:
012
345
678
Provide the variable declaration to accomplish this. Note: Do not use 80x86 machine instructiens to ini
tialize the array. Initialize the array in your STATIC section.
Questions48)-(52) use these HLA declarations:
type
Date: Record
Mont h: i nt 8;
Day:int8;
Year:int8;
endr ecor d;
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Tine= record

Hours:int8;
M nut es: i nt 8;
Seconds: i nt 8;
endr ecor d;
Vi deoTape: record

Title:string;
Rel easeDat e: Dat €;
Pri ce: Real 32;
Length: Ting;
Rati ng: char;

endr ecor d;

var

TapeLi brary : Wi deoTape[ 128];

type

Suppose EBX points at an object of type VideoTape. What is the instruction that properly |Gatinipe
field into AL?
Provide an example of a STATMeoTapevariable initialized with an appropriate constant (should be
legal in the HLA STATIC section).
This data structure (Date) suffers from the good old “Y2K” bug. Provide a correction for this problem
(SeeChapter Sixn this volume if you have any questions about “Y2K” or the solution to this problem).
A one-character rating is probably not sufficient since there are ratings like “PG” and “PG-13" on movies.
On the other hand, the longest rating string is five characters, so a string variable (minimum of 16 charac
ters between the pointer and the resident string data) is probably overkill. Describe a better way to handle
this using a one-byte variable/data type.
Provide a variable declaration for a pointer YédeoTapeobject.
Provide an example of an HLA array constant containing eigg@values.
How many bytes of memory does a 4x5 arragvadrdsrequire?
What is the difference between an array of characters and a string?
What is the difference between the indexes you would use to access an HLA array constant and the
indexes you would use to access an array element in memory at run-time?
Why is the bubble sort generally a poor choice of algorithm when sorting data? Under what circum
stances is the bubble sort a good choice?
What is a dynamically allocated array? How do you create one?
Explain the use of the @size compile-time function when indexing into an array at run-time.
How does HLA store the fields of a record in memory?
Provide an example ofsétudentrecord constant (se®Records” on pagéd83for a description of thetu-
dentrecord).
If you have an array of records and you want to compute an index into the array, describe how HLA can
compute the size of each element of the array (i.e., the record size) for you.
Given the following declaration, provide the code to access element a]i].b[j] of this array:

bType: uns32[ 16];

r Type:

record

i:int32;
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u: uns32;
b: bType;
endr ecor d;

pType: poi nter to rType

static
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a: rType[ 32] ;

Given the definitions in questiof4), explain how you would access the object jﬁ‘lelement of théd
field of the record wherp points in assembly language (“p->b[j]” using C syntax, “p”.b[j]” for Pascal
programmers).

Explain how to set the offset of the first field in a record. Give an example of why you would want to do
this.

Explain how to align a particular field in a record to a given boundary.

Describe how to pad a record so that its size is an even multiple of some number of bytes.
What is the difference between a record and a union?

What is an anonymous union? What would you use it for?

What is a variant type? What data structure(s) would you use to create a variant object?
What is a namespace? What is its purpose?

What is the difference between a namespace and a record?

What type of declaration may not appear in a namespace?

What is namespace pollution? How do namespaces solve this problem?

What is the data structure for an HLA Standard Library DATE data type?

What is the data structure for an HLA Standard Library TIME data type?

What is the rule for computing whether a given year is a leap year?

What Standard Library routines would you call to get the current date and current time?
What is a Julian Day Number? Why are such dates interesting to us?

What routines does the HLA Standard Library provide to perform date arithmetic?

What is the difference between a random access file and a sequential file?

What is the difference between a binary and a text file?

What is the difference between a variable-length record and a fixed length record? Which would you use
in a random access file? Why?

What is an ISAM file? What is the purpose of an ISAM list?

Explain how to copy one file to another using the Hilgio routines.

How does computing the file size help you determine the number of records in a random access file?
What is the syntax for an HLA procedure declaration?

What is the syntax for an HLA procedure invocation (call)?

Why is it important to save the machine state in a procedure?

What is lexical scope?

What is the lifetime of a variable?

What types of variables use automatic storage allocation?

What types of variables maintain their values across a procedure call (i.e., still have the value from the last
call during the current call)?
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What is the lifetime of a global variable?

What is the lifetime of a local variable?

What are the six different ways HLA lets you pass parameters?

What are two different ways to declare pass by value parameters in an HLA procedure?
How do you declare pass by reference parameters in an HLA procedure?

What are the advantages and disadvantages of callee-preservation and caller-preservation when saving
registers inside a procedure?

How do pass by value parameters work?

How do pass by reference parameters work?

How would you load the value associated with a pass by value parameter, V, into the EAX register?
How would you load the value associated with a pass by reference parameter, R, into the EAX register?
What is the difference between a function and a procedure?

What is the syntactical difference between a function and a procedure in HLA?

Where do you typically return function results?

What is instruction composition?

What is the purpose of the RETURNS option in a procedure declaration?

What is a side effect?

What is wrong with side effects in your programs?

What is recursion?

What is the FORWARD procedure option used for?

What is the one time that a forward procedure declaration is absolutely necessary?

Give an example of when it would be convenient to use a forward declaration even if it was specifically
required.

Explain how to return from a procedure in the middle of that procedure (i.e., without “running off the
end” of the procedure).

What does the #INCLUDE directive do?

What do you normally use the #INCLUDE directive for?
What is the difference between the #INCLUDE and the #INCLUDEONCE directives?
What is the syntax for an HLA unit?

What is the purpose of an HLA unit?

What is the purpose of separate compilation?

How do you declare EXTERNAL procedures? Variables?
What variable types cannot be EXTERNAL?

How do you declare a public symbol in HLA?

What is a header file?

What is a file dependency?

What is the basic syntax for a makefile?

What is a recursive file inclusion? How can you prevent this?
What are the benefits of code reuse?

What is a library?

Why would you not want to compile all your library routines into a single OBJ file?
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What types of files are merged together to form a .LIB file?

What program would you use to create a library file?

How does a library contribute to name space pollution? How can you solve this problem?
What are the differences between the INTMUL and the IMUL instruction?

What must you do before executing the DIV and IDIV instructions?

How do you compute the remainder after the division of two operands?

Assume that VAR1 and VAR2 are 32 bit variables declared with the DWORD type. Write code sequences
that will compute the boolean result (true/false) of each of these, leaving the result in BL:

a) VARL=VAR2

b) VARL <>VAR2

c) VARI1<VAR2 (Unsigned and signed versions
d) VAR1<=VAR2 for each of these)

e) VARL >VAR2

f)  VAR1 >= VAR2

Provide the code sequence that will compute the result of the following expressions. Assume all variables
are UNS32 values and you are computing unsigned results:

a) A=X-2)*(Y+3);
b) B=(A+2)/(A-B);
c) C=A/X*B-C-D;
d) D=(A+B)/12*D;
e) E=(X*Y)/(X-Y)/C+D;
il F=(A<=B)&&(C!=D)||(E>F);
(note to Pascal users, the above is “F:=(A<=B)and (C<>D)or(E>F);")

Repeat questiori40) assuming all variables are INT32 objects and you are using signed integer arith
metic.

Repeat questioi40)assuming all variables are REAL64 objects and you are using floating point arith
metic. Also assume that an acceptable error value for floating point comparisons is 1.0e-100.

Convert the following expressions into assembly language code employing shifts, additions, ard subtrac
tions in place of the multiplication:

a) EAX*15

b) EAX*129

c) EAX*1024
d) EAX*20000

How could you use the TEST instruction (or a sequence of TEST instructions) to see if bits zero and four
in the AL register are both set to one? How would the TEST instruction be used to see if either bit is set?
How could the TEST instruction be used to see if neither bit is set?

Why are commutative operators easier to work with when converting expressions to assembly language
(as opposed to non-commutative operators)?

Provide a single LEA instruction that will multiply the value in EAX by five.

What happens if INTMUL produces a result that is too large for the destination register?

What happens if IMUL or MUL produces a result that is too large for EAX?

Besides divide by zero, what is the other division error that can occur when executing IDIV or DIV?
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What is the difference between the MOD instruction and the DIV instruction?

After a CMP instruction, how do the condition code bits indicate that one signed operand is less than
another signed operand?

What instruction is CMP most similar to?
What instruction is TEST most similar to?

How can you compute a pseudo-random number between 1 and 10 using the HLA Standard Library
rand.hhf module?

Explain how to copy the floating point status register bits into the 80x86 FLAGs register so you can use
the SETcc instructions after a floating point comparison.

Why is it not a good idea to compare two floating point values for equality?
Explain how to activate floating point exceptions on the FPU.
What are the purpose of the rounding control bits in the FPU control register?

Besides where they leave their results, what is the difference between the FIST instruction and the FRND
INT instruction?

Where doestdin.getf()leave the input value?
What is a mantissa?
Why does the IEEE floating point format mantissa represent values between 1.0 and 2.0?

How can you control the precision of floating point calculations on the FPU? Provide an example that
shows how to set the precision to real32.

When performing floating point comparisons, you use unsigned comparisons rather than signed compari
sons, even though floating point values are signed. Explain.

What is postfix notation?

Convert the expression in questi®AQ)to postfix notation.

Why is postfix notation convenient when working with the FPU?
Explain how the XLAT instruction operates.

Suppose you hadcipher (code) that swaps various characters in the alphabet. Explain how you could
use the XLAT instruction to decode a message encoded with this cipher. Explain how you could encode
the message.

What is the purpose ddbmain conditioning
What is the maximum set of values for the domain and range when using the XLAT instruction?

Explain the benefits of using one program to generate the lookup tables for another program.
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13.2 Programming Projects

1)

Write a procedure, PrintArray( var ary:int32; NumRows:uns32; NumCols:uns32 ), that will print a
two-dimensional array in matrix form. Note that calls toRnhiatArray function will need to coerce the
actual array to aimt32. Assume that the array is always an arrapt®?2 values. Write the procedure as

part of a UNIT with an appropriate header file. Also write a sample main program to teshtAeray
function. Include a makefile that will compile and run the program. Here is an example of a typical call to
PrintArray:

static

2)

3)

4)

5)

6)

7

8)

9)

10)

Page670

M/Array: int32[4, 5];

PrintArray( (type int32 MArray), 4, 5);

Write a procedure that reads an unsigned integer value from the user and reprompts for the input if there is
any type of error. The procedure should return the result in the EAX register. It shouldn’t require any
parameters. Compile this procedure in a UNIT. Provide an appropriate header file and a main program
that will test the function. Include a makefile that will compile and run the program.

Extend the previous proje@)(by writing a second routine for the UNIT that has two parameters: a mini
mum value and a maximum value. Not only should this routine handle all input problems, but it should
also require that the input value fall between the two values passed as parameters.

Extend the unit in3) by writing two addition procedures that provide the same facilities for signed inte
ger values.

Write a program that reads a filename from the user and then counts the number of lines in the text file
specified by the filename.

Write a program that reads a filename from the user and then counts the number of words in the specified
text file. The program should display an accurate count of words. For our purposes, a “word” is defined
as any sequence of non-whitespace characters. A whitespace character is the space (#$20), tab (#$9), car
riage return (#$d), and the line feed (#$a). Read the text file a line at a time using fileio.gets or
fileio.a_gets. Also remember that a zero byte (#0) marks the end of a string, so this clearly terminates a
word as well.

Modify the CD database program in Laboratory Exert&8.10so0 that it reads the CD database from a

text file. Your program should make two passes through the text file. On the first pass it should count the
number of lines in the text file and divide this value by four (four lines per record) to determine how many
records are in the database. Then it should dynamically allocate an array of CDs of the specified size. On
the second pass, it should read the data from the text file into dynamically allocated array. Obviously, you
must also modify the program so that it works with a variable number of CDs in the list rather than the
fixed number currently specified by the NumCDs constant.

Modify program 7) to give the user the option of displaying all the records in the database sorted by title,
artist, publisher, or date. Use the QuickSort algorithm appearing in this volume to do the sorting (note:
the solution requiring the least amount of thought will require four different sort routines; a more intelli
gent version can get by with two versions of quicksort).

Write a “CD Database Input” program that reads the textfile database for pr@jyrato & fixed array in

memory. Allow enough space for up to 500 records in the database (display an error and stop if the input
exceeds this amount). Of course, the value 500 should be a symbolic constant that can easily be changed
if you need a larger or smaller database. After reading the records into memory, the program should
prompt the user to enter additional CDs for the database. When the user is through entering data, the pro
gram should write all the records back to the database file (including the new records).

Modify program 9) so that the user is given the option of deleting existing records (perhaps by specifying
the index into the array) in addition to entering new entries into the database.
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Write a MsgBoxInput procedure that has the following parameters:

procedure MsgBox| nput ( pronpt:string; row word; col:word; result:string );

The procedure should do the foling:

1) Save the rectangular region of the screen specified by (row, col) as the upper left hand corner and
(row+4, col+length(prompt) +2) as the lower right hand corner. Stop the program with an error if this
rectangle is outside the bounds (0,0) <-> (24,79). Use the console.a_getRect function to save this portion
of the screen.

2) Fill the rectangular region saved above with spaces and a dark blue background. Set the foreground
attribute to yellow. (console.fillRect).

3) Print the prompt message starting at position (row+1, col+1).

4) Position the cursor at (row+2, col+1).

5) Read a string from the user with no more than length(prompt) characters (see below).
7) Restore the attributes in the rectangular region to black and white. (console.fillRectAttr)
8) Redraw the text saved in step one above.

Note that you cannot ustdin.getsor stdin.a_getdo read the string from the user since these functions
won't limit the number of input characters. Instead, you will have to write your own input routine using
stdin.getdo read the data a character at a time. Don'’t forget to properly handle the backspace character.
Also, stdin.getadoes not echo the character, so you will have to handle this yourself.

Put these procedures in a unit and write a companion main program that you can use to test your dialog
box input routine.

The Windows console device isyemory mapped 1/O devic&hat is, the display adapter maps each
character on the text display to a character in memory. The display is an 80x25 array of characters
declared as follows:

di spl ay: char[ 25, 80] ;

Display[0,0] corresponds to the upper left hand corner of the screen, display[0,79] is the upper right hand
corner, display[24,0] is the lower left hand corner, and display[24,79] is the lower right hand corner of the
display. Each array element contains the ASCII code of the character to appear on the screen.

The lab4_10_7.hla program demonstrates how to copy a matrix to a portion of the screen (or to the entire
console, if you so desire). Currently, this program draws and erases a single asterisk over and over again
on the screen to give the illusion of animation. Modify this program so that it draws a rectanguar or tri
angular shape, based at the row/column address specified by the for-loops. Be sure you don't “draw” out
side the bounds of the character aragyingField.

Create a program with a single dimension array of records. Place at least four fields (your choice) in the
record. Write a code segment to access elei{ebeing a DWORD variable) in the array.

Modify the program above so that it contains two identical arrays of records. Have the program copy the
data from the first array to the second array and then print the values in the second array to verify the copy
operation.

Modify the program in1(4) above to use a dynamically allocated array, rather than a statically allocated
array, as the destination array.

Write a program which copies the data from a 4x4 array and stores the data into a second 4x4 array. For
the first 4x4 array, store the data in row major order. For the second 4x4 array, store the data in column
major order. Write the for loops to do this “transposition” yourself. Do not userdnetransposeou

tine in the HLA Standard library.
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Modify program (6) so that a single constant controls the size of the matrices (they will always be
square, having the same number of rows as columns, so a single constant will suffice).

Write a program that reads two lines of text from the user and displays all characters that appear on both
lines, but does not display any characters that appear on only one of the two lines of text. (hint: use the
character set functions.)

Modify program 18) so that it prints the characters common to both lines, the characters appearing only
in the first string, and the characters appearing only in the second string. Print these three sets of charac
ters on different lines with an appropriate message explaining their content.

Write a program that reads a line of text from the user and counts the number of occurrences of each char
acter on the line. The program should display the character and count for each unique character found in
the input line whose count is not zero (hint: create an array of 256 integers and use the ASCII code as an
index into this array).

Modify program 20) so that it also displays the number of numeric characters, the number of alphabetic
characters (upper and lower case), the number of uppercase alphabetic characters, the number of lower
case alphabetic characters, the number of control characters (ASCII code <= $1f and $7f), and the number
of punctuation characters (this is all characters other than the previously mentioned sets). Display these
counts one per line before the output of the count for each character from pra@jem (

Write a program that reads a line of text from the user and counts the number of words on that line. For
our purposes, a “word” is defined as any sequence of non-whitespace characters. A whitespace character
is the space (#$20), tab (#$9), carriage return (#$d), and the line feed (#$a). Do nostusekerezer
str.tokenize2outines to implement this program.

Look up thestr.tokenize2outine in the HLA Standard Library strings module. Implement probBh (
using this procedure.

Write a program that reads a string from the user and checks the string to see if it takes the form
“mm/dd/yy”, or “mm-dd-yy” wherenm dd, andyy are all exactly two decimal digits. If the input string
matches either of these patterns, extract these substrings into separate string variables and print them on
separate lines with an appropriate description (i.e., month, day, and year).

Modify program 24) to verify thatmmis in the range 01-12id is in the range 01-31, angy is in the

range 00-99. Report match/no match on the input depending upon whether the input string matches this
format. Note: you will probably find this problem to be a whole lot less work if you look up the
conv.strTougrocedure in the conversions module of the HLA Standard Library and do numeric eompari
sons rather than string comparisons).

Modify program 25) to allow single digit values for the month and day components when they fall in the
range 1-10 (the year componewy, still requires exactly two digits). Also allow leading or trailing
whitespace in the string (hint: use the char.ispace function or the str.trim function). Display match/no
match as before depending upon the validity of the string.

Modify program 26) so that it checks the validity of the date subject to the Gregorian Calendar. That is,
the day value should not exceed the maximum number of days for each month. Note: you may use the
date.IsLeapYear function but you may not use date.lsValid or date.validate for this project. Assume that
the centuries portion of the date is in the range 2000..2099 (that is, add 2000 to the year value to obtain the
correct year).

The Y2K problem): Modify progran2{)as follows: (1) it reads a string from the user. (2) it searches for
the pattern “mm/dd/yy” or “mm-dd-yy” anywhere in the string (there may be other text in the string in
this program). If the program finds a string of the form “mm/dd/yy” or “mm-dd-yy” then it will replace
that string with a string of the form “mm/dd/19yy” or “mm-dd-19yy” to make the string Y2K compatible

(of course, a good programmer would use a string constant for “19” so it could be easily changed to “20”
or any other two digits). If there is more than one date in the string that matches a valid Y2K date, you
will need to find and convert that date as well (i.e., convert all possible dates found in the string). After the
conversion process is complete, display the string which should be the original text typed by the user with
these Y2K modifications. Do not translate any dates that don’t exactly match one of these two patterns:

Examples of strings containing good dates (ones you should translate):
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01-01-01

02- 29- 96

End of the 1900s: 12/31/99

Today is ‘3/17/90°

Start of the 20th century: 1/1/01, end of the 20th century: 12/31/2000
(note: program nust not convert 12/31/2000 above to 12/31/192000)
Yesterday was 7/4/76, tonorrowis 7/6/96.

(nmust convert both dates above.)

Examples of bad dates that your program must ignore:

01-01/01

02/ 29- 96

End of the 1900s: 12/31/1999
Today is ‘123/17/90

01/ 32/ 00

02/ 29/ 99

Write a program that reads a string of characters from the user and verifies that these characters are all
decimal digits in the range ‘0"..7’. Treat this string as an octal (base eight) number. Convert the string to
an integer value. Note: values in the range 0..7 consume exactly three bits. You can easily construct the
octal number using the SHL instruction; you will not need to use the INTMUL instruction for this-assign
ment. Write a loop that reads the octal string from the user and, if the string is valid, converts the number
to an integer and displays that integer value in decimal.

Modify the student database program in the laboratory exerciséRéxmeds, Arrays, and Pointers l-ab
oratory Exercise” on pag#8) to sort the students by their name prior to printing the result. Since the
name field is a string, you will want to use the string comparison routines to compare them. You should
also use the case insensitive string comparisons g#.tde) since upper and lower case are irrelevant to
most people when viewing sorted lists of names.

Modify program 80) so that it uses two fields for the name (last name and first name). The user should
still enter the full name. Under program control, extract the first and last names from the single input
string and store these two name components into their respective fields in the record.

Write a program that computes the two solutions to the quadratic equation.

_ —b—Ab” —4ac

X1

2a
_—-b+ «/b2—4ac
, =
2a

The program should verify thatis non-zero and that the valb&4acis positive or zero before atterpt
ing to compute these roots.
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33)

34)

35)

36)

37)

38)

39)

Page674

Suppose you are given a line and two points on that line. Compute the point that is midway between the
two points via the equationsyg = (Xg + Xp)/2 andY ,ig = (y1 + Y»)/2. Read the X and coordinates for

the two points from the user. Use a RECORD containing two fields, X and Y, to denote a single point in
your program. Note: X and Y are real64 variables.

Write a program that computes the amount of interest earned on a savings account. The formula for com
puting interest is

InterestRate[7¢%"s

DollarsEarned = InitialDeposit X E‘Il.O + Tooo D

Hint: you will need to use routines from the “math.hhf” library module for this assignment.

Write a program that inputs a temperature in Celsius and converts it to degrees Fahrenheit. Fhe transla
tion is given by the following formula:

f=(9/5)%xc+32

Solve the equation abow&b] for ¢ and write a program that also solves for Celsius given a temperature in
Fahrenheit.

Write a program that inputs a set of grades for courses a student takes in a given quarter. The program
should then compute the GPA for that student for the quarter. Assume the following grade points for each
of the following possible letter grades:

e A+ 4.0
e A 4.0
e A- 3.7
e B+ 3.3
- B 3.0
e B- 2.7
e C+ 2.3
e C 2.0
e C- 1.7
e D+ 1.3
e D 1.0
e D- 0.7
- F 0

Display the GPA using the format X.XX.

Modify program 87) to handle courses where each course may have a different (integral) number of
units. Multiply the grade points by the number of units for a given grade and then divide by the total
number of units.

Write a program that accepts a dollars and cents amount as a floating point value and converts this to an
integer representing the number of pennies in the entered amount (round the input to the nearest penny if
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41)

42)

43)

44)

45)

46)

47)

Questions and Exercises

it is off a little bit). Translate this value into the minimum number of pennies, nickels, dimes, quarters,
one dollar bills, five dollar bills, ten dollar bills, twenty dollar bills, and one hundred dollar bills that
would be necessary to represent this result. Display your answer as follows:

The anount $xxx.xX requires no nore than

p penni es,
n ni ckel s,

d di nes,

g quarters,
d $1 bills,
f $5 bills,
t $10 bills,

and h $100 bills.

The italicized letters represent small gee constants (exceptwhich can be a large integer constant).
Do not display an entry if the count is zero (e.g., if there are zero $100 bills required, do not display the
line “0 $100 bills.”)

Modify program 89) so that it displays a singular noun if there is only one of a given item (e.g., display
“1 nickel,” rather than “1 nickels,”)

Write a program that plots a sine curve on the consoléBseeis Section: The HLA Standard Library
CONSOLE Module” on pag&92for a discussion of the console support routines). Begin by clearing the
screen with console.cls(). Then draw a row of dashes along line 12 on the screen to form the X-axis.
Draw a column of vertical bars in column 0O to denote the Y-axis. Finally, plot the sine curve by using con
sole.gotoxy to position the cursor prior to printing an asterisk (“*”) to represent one point on the screen.
Plot the curve between 0 ant #adians. Each column on the screen should correspomdB vadians.

Since the FSIN instruction only returns values between -1 and +1, you will need to scale the result by add
ing one to the value and multiplying it by 12. This will give the Y-coordinate of the point to plot- Incre
ment through each of the X-coordinate positions on the screen when plotting the points (remember, each
X-coordinate is #/80 radians greater than the previous X-coordinate).

Modify program 41)to simultaneously plot the COS curve at the same time you plot the SIN curve. Use
at signs (“@”) to plot the cosine points.

Write a program that accepts an integer value as a decimal (base 10) number and outputs the value in a
user specified base between two and ten.

Modify program 43) so that it accepts an integer in one user-specified base and outputs the number in a
second user-specified base (bases 2-10).

The factorial of a non-negative integ@r, is the product of all integers between one mnéor example,
3lis 3*2*1 = 6. Write a function that computes n! using integer arithmetic. What is the largest value of
for which you can compute n! without overflow using 32-bit integers?

Sincen! overflows so rapidly when using 32-bit integers, use the 64-bit integer capabilities of the FPU to
computen! (see problerd5). What is the maximum value affor which you can compute n! when using
64-bit numbers?

You can estimate the value of the constant e using the following equation:

Obviously, you cannot carry this out to an infinite number of terms, but the more terms you use the better
the approximation. Write a program that will calculatasing this approximation that is accurate to at
least 12 decimal places (e=2.71828182846).
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48)  You can compute the value &fusing the follaving mathematical series:

Using the same number of terms required by prob#f)) compute® with 12 digits of accurac

49)  Write a program that reads the data from a text file and swaps the case of the alphabetic letters and writes
the result to the console. Use a lookup table to perform the case swap (hint: it's probably easiest to have
the program fill in the table using the first few instructions of the program rather than by typing the table
by hand or write a separate program to generate the table). The program should prompt the user for the
file name to translate.

50) Genokey Technologies manufactures portable keypads for laptop computers. They have boxes that will
hold one, five, ten, twenty-five, and one hundred keypads. Write a program for the Genokey shipping
clerk that will automatically choose the minimum number of boxes (and tell how many of each is
required) that are necessary to shigeypads to a distributor whenever that distributor orddeesypads.

51) Write a program that reads two eight-bit unsigned integer values from the user, zero-extends these inte
gers to 16-bits, and then computes and prints their product as follows:

123

52) Extend the RPNcalculator program (found in the sample program section of the chapter on Real Arith
metic, se¢Sample Program” on pad®l0) to add all the function which there are FPU instructions (e.qg.,
COS, CHS, ABS, FPREML1, etc.).

53) Extend the calculator program aboB2)(to support the functions provided in the HLA “math.hhf’ mod
ule.

54)  Modify the RPN calculator program abo®3)to support infix notation rather than postfix notation. For
this assignment, remove the unary functions and operators.
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13.3 Laboratory Exercises

Note: since this volume iather long you should allow about twice as much time as nor
mal to complete the following laboratory exercises.

Accomparying this tet is a signiftant amount of softare. The software can be found in the
AoA_Software directory Inside this directory is a set of directories with namesMilume2and\Volume3
with the names aliously corresponding to thelumes in this tetbook. All the source code to thexample
programs in this ®ume can be found in the subdirectories found inMbkrime3 subdirectory The
Volume3\Ch13 subdirectory also contains the programs for this clsalatieoratory xercises. Please see
this directory for more details.

13.3.1 Using the BOUND Instruction to Check Array Indices

The following program Program 13.ldemonstrates moto use the BOUND instruction to check array
indices at run timeThis simple program reads an unsignedgatdrom the user and uses thalue as an
index into an array containing 10 characters then displays the character at thedpeadei However, if
the array inde is out of bounds, this triggers ax.BoundInstrexception and prints an error message (this
program also handles a couple of othareptions thastdin.get can raise).

/1 Programto denonstrate BOUND i nstruction.

pr ogr am BoundLab;
#include( “stdlib.hhf” );

static
i ndex: uns32;

ar r ayBounds: dword[2] :=[ 0, 91];
arrayCf Chars: char[ 10 ] :=
[ar, 'b, e, d e g i T
answer : char;
begi n BoundLab;
r epeat
try
// Read an integer index into “arrayCf Chars” fromthe user:
stdout. put ( “Enter an integer index between 0 and 9: “ );
stdin. flushlnput();
stdin.get( index );

/1 Verify that the input is in the range 0..9:

nov( index, eax );
bound( eax, arrayBounds );

/1 If it was a good index, display the character at that
/1 index:

nmov( arrayd Chars[ eax ], al );
st dout . put
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“n

“The character at that index is ,
(type char al),

wen

nl

);
/1 Handl e the exceptions possible in the stdin.get call as well
/1 as the BOUND instruction exception.
exception( ex.Boundlnstr )
stdout. put ( “The index you entered is not in the range 0..9" nl );
exception( ex. ConversionError )
stdout. put( “You did not enter a valid unsigned integer” nl );
exception( ex.Val ueQut & Range )
stdout. put ( “That integer value is way out of range!” nl );
endtry;
/1 Ask the user if they want to try again. Force the user to
/1l enter only a “Y" or an “N':
r epeat
stdout.put( “Do you wish to try another index (YN? “ );
stdin. flushl nput ();

stdin.getc();

/1 If the user enters a | ower case character, convert it
/1l to upper case.

if(al in‘a..”z” ) then
and( $5f, al );

endif;
nov( al, bl ); // Because cs.nenber w pes out AL.

until( cs.menber( al, {*Y, ‘N} )):

until( bl =N );

end BoundLab;

Program 13.1  Using the BOUND Instruction to Check Array Indicies

ExerciseA: Run this program andevify that it works in an acceptablaghion when the input is agkd
integer in the range 0..9. KX try entering a @lue greater than 10. Report the results of thgserenents
in your lab report.
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Exercise BAt the end of the program, it asks you whether yantto rerun the prograni.he program
uses the cs.member function to @llonly a yes or no (“Y” or “N”) responseé/erify that this program will
not accept andata other than “Y” or “N” when asking the user ifithveant to retry the operation.

Exercise CAs you can see, there is code thatveots the character in tiAd. register to an upper case
character if it is a lver case characteAfter the cowersion, the character set membership test only checks
for upper case charactergerify that you can enter upper omler case “Y” or “N” characters and the pro
gram still works.

Exercise D:The HLA Standard Library includes the CHARS module that suppéesus character
classiftation routines including functions éichars.isLowerandchars.isUpper These functions taka sin
gle character parameter and return trueatsefin the EAX rgister if the parameter is awer case alpha
betic or upper case alphabetic character (resgdti Modify the code in this sample program to test for
lower case by making a call to tlkars.isLowerroutine rather than using the booleagpression “(al in
‘a’..’z')". Rerun the program andevify that it is still working correctlyt Include a cop of this cowerted
program with your lab report.

Exercise E: In addition to character classifion routines, the CHARS module also includes a couple of
character corersion routines. The chars.toUpperroutine will corvert its single character parameter to
upper case if it is lwer case (it returns all other characters unchangedgwls&, thechars.toLowerroutine
corverts the input parameter to avier case character (if itag upper case to ¢h@ with). Both routines
return the character in tidd. register They both return the original character if ieg/not alphabetic. Med
ify this program to use thehars.toUpperroutine to do the upper case wersion rather than the IF state
ment it currently usedest the resulting program. Include a gag this cowerted program with your lab
report.

Exercise F: HLA supports a speciaktended, syntax for the BOUND instruction that has three param
eters. The second and third parameters of BOUND aregerteonstants specifying thenwler and upper
bounds to checkThis form is often more caenient than the BOUND instruction appearingPimgram
13.1because you donhave to declare a torelement initialized array for use as the BOUND parameter
Modify your current program by eliminating tlaerayBoundsvariable and using this form of the BOUND
instruction. Verify that your program still allgs indices in the range 0..9. Include the program listing of
your modifed program in your lab report.

Exercise GProgram 13.Lises the literal constants nine and ten to denote the upper bounds on the array
as well as the number of elements in the artdsing literal constants kkthis maks programs much more
difficult to read and maintairA better solution is to use a symbolic constant that yomelefince at the top
of the program and reference throughout the code. By doing so, you can change the size of the array by
changing only one or twstatements in your progrﬁmModify this program so that it contains a single-con
stant specifying the number of array elements. Use this constanterire number of array elements or
the arrays upper bound appears in the program (hint: use constargssions to compute thalue nine
from this constant)Verify that the program still arks correctly and include the source code with your lab
report.

Exercise H: HLA predefies a special booledAL constant, @bound, that controls the compilation of
the BOUND instruction. If @bound is true (the @gf) then HLA will compile BOUND instructions found
in your program. If @bound islse, then HLA ignores all BOUND instructions it encountefeu can
change thealue of the @bound constant by using a statement of the form:

?@ound : = fal se;

Modify Program 13.1the original ersion) and set therrayBoundsvalue so that it only allows array iRdi
ces in the range 0..5. Run the program and verify this new operation. Next, insert “?@bound:=false;”
immediately after the “begipgm4_17;” statement in the program. Recompile and run the program and ver

1. Note that using the IN operator is much more efficient than callinchétre.isLowerfunction. Don'’t get the impression

from this exercise thahars.isLoweiis the best way to check for a lower case charactercfidrs.isLowerroutine is appro-

priate in many cases, but this probably isn't a good example of where you would want to use this function. The only reason
this exercise uses this function is to introduce it to you.

2. Don't forget, if you change the size of the character array in Program 13.1 then you will need to change the number of array
elements in the initializer for that array as well.
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ify that the BOUND instruction is no longer a&iby entering an index in the range 6..9. Describe the
results in your laboratory report.

13.3.2 Using TEXT Constants in Your Programs

HLA'S TEXT constants let you replace long repeditsequences in your program with a single identi
fier, similar to the #defie statement in C/C®+ This laboratory ercise demonstrates\woyou can use
TEXT constants to s& considerable typing in your programs.

ConsiderProgram 13.2 This program useSEXT constants to compress often-used te three main
areas: fist, it reduces the strings “stdout.put” and “stdin.get” to the single id@apfit andget saving a bit
of typing (since these calls occur frequently in HLA programs). Second, it replaces the string
“(type uns32i)” with the single identitrui. Although this program only usesonce, in a real program you
might wind up using a single string éiK'(type uns32 i)” on seeral occasions. Finallyhis program uses
TEXT constants to combinev@al common xceptions into thendOfTy constant, sang considerable
typing in eachiTRY..ENDTRY block.

/1 Denonstration of TEXT constants in a program

pr ogr am Text Lab;
#include( “stdlib.hhf” );

const
put: text := “stdout.put”;
get: text := “stdin.get”;
ui: text := “(type uns32 i)”;
VCR string := “Value out of range”;
CE string := “Conversion error”;

exRange: text :=
“exception( ex.Val ueQut & Range );
“put( VOR nl );”

exConv: text :=
“exception( ex.ConversionError );
“put( CE nl );”;

“

enddf Try: text : =
“exRange; exConv; endtry”;

static

i int32;
range: dword[2] :=[1,10];

begi n Text Lab;

try

put( “Enter an integer value: “ );

3. HLA's TEXT constants don’t support parameters making them weaker than C/C++’s #define macro capability. Fear not,
however, HLA has it's own macro facility that is much more powerful than C/C++’s. You will learn about HLA'S macro facil-
ities in the chapter on macros and the compile-time language.
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get( i );
put ( “The val ue you entered was “, i, nl );
endd Try;
try
r epeat
put( “Now enter a negative integer: “ );
get( i );
until (i <0);
put( “As an unsigned integer, ‘i’ is “, ui, nl );
endd Try;
try
r epeat

put ( “Now enter an integer between one and ten: “ );
get( i );

mov( i, eax );

bound( eax, range );

until (i <0);
put ( “The value you entered was “, i, nl );

exception( ex.Boundlnstr );
put ( “The value was not in the range 1..10", nl );

endd Try;

end Text Lab;

Program 13.2 TEXT Constant Laboratory Exercise Code

ExerciseA: Compile and run this program.ofFeachTRY..ENDTRY block, enter wlues that raise the
conversion error eception and thealue out of rangexeeptiorf. For the lastTRY..ENDTRY block, enter a
value outside the range 1..10 to raiseeaiBoundsinstrexception. Describe what happens in your lab
report.

Exercise B: Add aTEXT constant declaration for trexBoundsymbol. Set thealue of theTEXT
object equal to the string associated with the BOUND instruckiogpion (see thexamples forex.Corver
sionEror andex.\alueOutOfRangto figure out har to do this). Modify the |asERY..ENDTRY statement
to use thisSTEXT constant in place of the associat&deption handling section. Run the programedfy
its operation. Include the modifi program with your laboratory report.

4. Entering a 12-digit integer value will raise #xeValueOutOfRangexception. Typing non-numeric characters will raise
theex.ConversionErroexception.
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Exercise C: Modify the fst TRY..ENDTRY block abae to read and display an unsigneddgetealue
using theui TEXT constant in place of tHevariable. Verify, by running the program, that it will no longer
let you enter ngative values. Include the modifil program with your lab report.

Exercise D: In thexRang andexCorv constants, thput statement uses the symbolic string constants
CE andVORto display the error message. Replace these symbolic identifith their corresponding-it
eral string constants (Hint: you need to remember tooembed quotation marks inside a string). Run and
test the program. Include the source code to this matidn in your lab report and comment on the-wis
dom of using string constants rather than string literals in your programs.

13.3.3 Constant Expressions Lab Exercise

This laboratory xercise demonstrates the use of constaptessions in an HLA progranfAs you are
reading through the folleing program, kep in mind that manof the constantx@ressions were added to
this program simply to demonstratarious operators; youamldn't normally use these operators in sisdi
program such as this one. \Wever, to write a compbe program that fully uses constanpeessions is
beyond the scope of this laboratoryeecise. RBrt of this laboratory»ercise is to undo some of thecessie
use of constantxpressions in the program. So bear with theneple.

// Denonstration of constant expressions in a program

pr ogr am Const Expr Lab;
#include( “stdlib.hhf” );

const
E erment sl nArray : = 10;
sin: string := “stdin.”;
sout : string := “stdout.”;
put : t ext = sout + “put”;
get: t ext =sin + “get”;

flush: text sin + “flushlnput”;

var
i nput : uns32;
GoodlI nput : bool ean;
| nput Val ues: int32[ B enmentslnArray ];
readonl y
I V_bounds: dword[2] := [0, EenentsinArray-1 ];

begi n Const Expr Lab;
for( nov( O, ebx ); ebx < HenentslnArray; inc( ebx )) do
r epeat

nov( fal se, Goodl nput );

try
put( “Enter integer #', (type uns32 ebx), “: “ );
flush();
get( input );
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bound( ebx, 1V_bounds );
nmov( input, InputValues[ ebx*4 ] );
nov( true, Goodl nput );

exception( ex.ConversionError )
put ( “Nunber contains illegal characters”, nl );
exception( ex.Val ueQut & Range )
put ( “The nunber is way too large”, nl );
exception( ex.Boundlnstr )
put( “Array index is out of bounds”, nl );
endtry;
until ( Goodl nput );
endf or;
/1 Now print the values entered by the user in the reverse order
I/l they were entered. Note: this code doesn't use the scaled (*4)
/'l indexed addressing mode. So it initializes EBX with four times

/'l the index of the last element in the array.

mov( ( BlementsinArray - 1) * 4, ebx );
while( (type int32 ebx) >= 0 ) do

put
(

“

“Val ue at offset “,
(type uns32 ebx): 2,
“ was “,

I nput Val ues| ebx] ,
nl

)
/1 Since we’'re not using the scal ed (*4) index addressing node,
/1 drop the count by four for each array element since it’'s an
/1 array of dwords.
sub( 4, ebx );

endwhi | €;

end Const Expr Lab;

Program 13.3 Constant Expressions Laboratory Exercise

ExerciseA: Compile this program and run it. Describe the operation of the program in your laboratory

report.
Exercise B: Onexreme use of constantgressions in this program appears in the ¥alhgy code:
sin: string = "stdin.";
sout : string := "stdout.";
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put : t ext
get: t ext
flush: text

sout + "put";
sin + "get";
sin + "Fl ushlnput";

Modify the program to eliminate thsén andsoutconstants from the code. The program should be easier to
read once you have completed this task. Compile and run the program and verify that it produces the same
results as before the change. Include the source code to the modified program with your lab report. Briefly
explain why you think that the use of the string concatenation operator wasn't worth much in this code.

Exercise C: This program provides tBlementsinAray constant that lets you easily change the size of
the array that this programonks with. Change thealue of this constant tové and recompile and run the
program. Verify that it works correctly for fre array elements ¢vsus ten in the pveus \ersion). Identify
all locations in the program that modifying tBeEementsinAray constant décts (use a hi-liter or other such
tool to male these points visible in the listing appearing in your lab report). Describe in the lab report
write-up the ébrt that would be needed to change the size of the array had this program not usksd the
mentsinAray constant.

Exercise DThegetandputconstants se considerable typing in this program. Can you think of a rea
son wly it might not be such a good idea to Ui&XT constants lik these to s& typing in your program?
Justify your answer in your laboratory report.

13.3.4 Pointers and Pointer Constants Exercises

Pointers are especially important in assembly language prograhis.laboratory xercise demon
strates that HLA programs often use pointers to access elements of anTéisaprogram also demen
strates ha to use the BOUND instruction to check to see if a pointer contains an address betaeen tw
extremes.

Conceptuallythis program isery simple. It asks the user for an ggeand then prints that maohar
acters out of an array (checking, of course gify that the program doegdrexceed array bounds)o print
those characters, this program loads the base address of an arraydigteaard then increments thag-re
ister to step through the arragontrast this with>amples appearing later in these Iakreises where the
program leges the rgister containing the base address unmediéind increments a separate idgister

// Denonstration of pointers and pointer constants in a program

pr ogr am Poi nt er Lab;
#include( “stdlib.hhf” );

const
Nunber &0 Chars : = 8;

type
CharPtr: pointer to char;

static

Char Array: char[ NunberOfChars | : =
[lll, 121’5311541’ l51,l61,l71,(81];

CA bounds: CharPtr[2] := [& harArray, & CharArray + (Nunberf Chars-1)];

begi n Poi nt er Lab;

/1 Get the nunber of characters to print into EAX
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stdout. put ( “How many characters would you like to print? “ );
stdin. getu32();

/] Get address of CharArray into EBX
lea( ebx, CharArray );
/1 Print the specified nunber of characters:
while( eax > 0 ) do
bound( ebx, CA bounds );
stdout. putc( [ebx] );
inc( ebx );

dec( eax );

endwhi | €;
stdout . new n();

end Poi nt er Lab;

Program 13.4 Pointers and Pointer Constants Laboratory Exercise Code

ExerciseA: Compile and run this program. Describe its operation in your laboratory report.

Exercise B: This program contains a const&umberOfChas. Change this constant from eight to ten
and recompile the program. Explainythis one change is not §igfent to change the size of the array
from eight to ten elements. Malan appropriate change to this program so that it will compile and run cor
rectly. Compare the number of changes needed in the program to get it to compile and run with the number
of changes that euld be necessary had this program not usedltlreberOfChag constant. Describe the
benefis to this program of using tidMumberOfChas constant.

Exercise C: This program does not containf&Y..ENDTRY block to handle the BOUND instruction
exception. Add such a statement to the program that will print a nice error message. xidfep&an occurs,
the program should quit.

13.3.5 String Exercises

In this laboratory xercise you will vork with statically and dynamically allocated string$e first nav
feature found in this program is thstrvar declaration.The str.strvar data type lets you statically allocate
storage for a stringariable in the SATIC section of your progratn This data type tads a single parameter
that specifes the maximum number ofged characters in the strin@wable. This data type sets aside the
appropriate amount of storage for the string, initializes the maximum lepfthtdithe wlue passed as a
parameterand then initializes the strin@nable §1in the ekample belw) with the address of this wey
allocated string.The str.strvar data type is &ry useful for declaring small strings in yourASTC section
because it prades both declaration and allocation in a single statement.

This program usestr.strvarto allocate storage for a ten character strMnen the program starts run
ning, it requests that the user enter a string longer than ten characters to demonsia&&itiggOverthw
exception. Finallythis program concludes by demonstratingylio access the inddual characters in a
string.

5. Note thastr.strvaris legalonly in the STATIC section. You can not use it in any of the other HLA variable declaration sec-
tions.
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/1 Denonstration of strings in a program

program Stri nglLab;
#include( “stdlib.hhf” );

static

sl: str.strvar( 10 );
s2: string;

begi n StringlLab;

try

stdout.put( “Enter a string |longer than 10 characters:

stdin.gets( sl );
str.length( sl1);
st dout . put

(

“The string you entered was only “,
(type uns32 eax ),
* characters |ong,

nl

“try a longer string next tine”

nl

)

exception( ex.StringOverflow )

stdout. put( “stdin.gets raised the ex. StringOverflow exception” nl );

endtry;

// Use stdin.a gets to read a string and allocate storage for it.
I/l Print the characters in the string one at a tine after reading

/'l the string.
Il

/1 There is sonething wong with this code, can you fix it?

stdout.put( nl “Enter a string of any |ength:

stdin.a gets();
nov( eax, S2);
nov( eax, ebx );
str.length( eax );
st dout . put

(

“The string length was “,

(type uns32 eax),
nl,

“The string you entered was”,

nl

)

while( eax > 0 ) do

stdout. put ( (type char [ebx]), nl );

dec( eax );
inc( ebx );
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endwhi | e;
stdout. new n();

end StringLab;

Program 13.5 String Exercises Code

ExerciseA: Compile this program and run it. Be sure to fellall directions preided in the program.
Describe what the program does in your lab report.

Exercise BThere is a defect in theay this program handles dynamically allocated strings. Locate the
defect and correct it. Include a gopf the corrected program with your lab report. Note that this program
runs correctly; you will hee to analyze the source code talfthe defect.

13.3.6 String and Character Set Exercises

In this laboratory xercise youl be working with a program that disassembles an input strliing pre
gram bgins by reading the userfull name (fist and last name). It therteacts the fist and last names into
separate stringsAlthough this is a relately simple program, it demonstratesexyimportant concept in
string manipulation. Most compl@rograms that manipulate strings need to break those stringsiicio
their constituent partsThe techniques this program uses are the basis for mygr Emd more comple
programs.

This program also demonstrates the use of character sets and characigiessioas. In particular
note the folleving constant declaration in the program:

NonAl phaChars: cset := -A phabeticChars - {#0};

The “-" operatoy prefacing a character set, tkthecomplemenbf that set. The complement of a set
contains all the characters that aatin that set. So “-AlphabeticChars” returns the set of all characters that
are not alphabeticThe “- {#0}" component of the xpression abeée remwees the NUL character from the
set of nonalphabetic characters. (Note that in this case the “-” operator is a binary operator denoting set dif
ference.) This operation remas the NUL character from the set, not becausait’alphabetic character
but because the program useshlomAlphaChas set to skip wer characters while looking for the last name.

If a last name is not present, this code needs to stop scanning once it encounters the end of Titeestfing.
character alays marks the end of an HLA string. By rasimg #0 from theNonAlphaChas set, the code
that skips non-alphabetic characters will automatically stop if it encounters the end of the string.

/'l Denonstration of strings and character setsin a program

program strcset Lab;
#include( “stdlib.hhf” );

const
Al phabeti cChars: cset :={'a ..z, ‘A.."Z },;
NonAl phaChar s: cset := -A phabeticChars - {#0};
var

Start O First Nane: uns32;
Lengt hOf Fi r st Nane:  uns32;
Start O Last Nane: uns32;
Lengt hOFf Last Narre: uns32;
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Ful | Nane: string;
Fi r st Nane: string;
Last Nane: string;

begi n strcset Lab;
/! Read the full name fromthe user:

stralloc( 256 ); I/l Allocate storage for the string.
nov( eax, Full Nane );

stdout.put( “Enter your full name (first, then last): “ );
stdin.get( FullNane );

/1 Skip over any |eading spaces in the nane:

nov( Ful | Nane, ebx );
nov( O, esi );

while( (type char [ebx+esi]) = * ) do
inc( esi );
endwhi | e;

/1 Ckay, presunably we're at the beginning of the first
/1 nane. Find the end of it here:

nmov( esi, StartCfFirstNanme );

nov( esi, LengthCiFirstNanme );

whi | e( cs. menber( (type char [ebx+esi]), A phabeticChars )) do
inc( esi );

endwhi | €;

sub( esi, LengthCrFirstNane );

neg( LengthCfFirstName );

/1 Skip over any non-al phabetic characters

whi l e( cs. nenber( (type char [ebx+esi]), NonAl phaChars )) do
inc( esi );

endwhi | e;

// Ckay, find the end of the |ast nane:

nov( esi, StartCfLastNane );
whi l e( cs. nmenber( (type char [ebx+esi]), Al phabeticChars )) do

inc( esi );
endwhi | e;
sub( StartCfLastNane, esi );
nov( esi, LengthCfLastNane );

// Extract the first and |last nanmes fromthe string:

str.a substr( Full Name, StartfFirstNanme, LengthCiFirstNane );
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nov( eax, FirstNane );

str.a_substr( Full Name, Startd Last Narme, Lengt hCf Last Nane );
nov( eax, LastNane );

/1 Dsplay the results:

stdout.put( “First: “, FirstNane, nl );
stdout.put( “Last: *“, LastNane, nl );

// dean up the allocated storage:
strfree( Full Name );
strfree( FirstNanme );

strfree( LastName );

end strcset Lab;

Program 13.6 String and Character Set Exercises Code

ExerciseA: Compile and run this program. Describe the operation of the program and its output in
your laboratory report.

Exercise B: This program uses statementselikvhile( cs.member( (type char [ebx+esH)phabetic
Chars)) do” to loop while the current character in the string is a member of some character set. Bxplain wh
you cannot use the “IN” operator described in this chapter in place o$tinembefunction. (Hint: if the
reason isrt’obvious, trying changing the program and compiling it.)

The folloving sample program also demonstrates the gyneetween strings and character sets in a
program. This program reads a string from the user andes that string into a character sefdetively
removing duplicate characters from the string). It then displays the character setyé® the consonants,
and non-alphabetic characters found in the strifigis program demonstrates some run-time character set
functions (like intersection) as well as compile-time constapt@ssions.This program also demonstrates
the nev form of the IN operator in booleampessions that this chapter introduces.

/1 Denonstration of character sets and strings in a program

program st r cset Lab2;
#incl ude( “stdlib.hhf” );

const
Al phabet i cChar s: cset :={'a ..z, ‘A.."Z },;
Vowel s: cset :={
a, ‘e, ‘i’, ‘o, U, Yy, tw,
‘AL B, 1N, 'O, ‘UL 'YL YW
b
Consonant s: cset := Al phabeticChars - Vowel s;
var
| nput Li ne: string;
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| nput Set : cset;
Vowel Set : cset;
Consonant Set : cset;
NonAl phaSet : cset ;

begi n strcset Lab2;
r epeat

stdout.put( “Enter a line of text: “ );
stdin. flushlnput();

stdin.a gets();

nov( eax, lnputLine );

stdout.put( nl, “The input line: ‘", InputLine, “*” nl nl );
cs.strToGset ( I nputlLine, InputSet );

stdout.put( “Characters on this line: *”, InputSet, “*” nl );
cs.cpy( InputSet, Vowel Set );

cs.intersection( Vowels, Vowel Set );

stdout.put( “Vowels on this line: ‘7, Vowel Set, “'” nl );

cs.cpy( I nputSet, ConsonantSet );

cs.intersection( Consonants, Consonant Set );

stdout. put( “Consonants on this line: ‘", ConsonantSet, “‘” nl );

cs.cpy( I nputSet, NonA phaSet );
cs.intersection( -Al phabeticChars, NonAl phaSet );

st dout . put
(
“Nonal phabetic characters on this line: ‘",
NonAl phaSet ,
nl
)
r epeat
st dout . put
(

“Wuld you like to try another line of text? (Y/ N:
);
stdin. flushl nput ();
stdin.getc();
until( al in{'Y, 'y, ‘N, ‘n'});

until( al in{'n, ‘N});

end strcset Lab2;

Program 13.7 Character Classification Program

ExerciseA: Compile and run this program. Describe its output and operation in your laboratory report.

Exercise B: Modify this program to displayyadecimal digit characters appearing in the input string.
Compile and run the program to test its operation. Include the program listing in your laboratory report.
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13.3.7 Console Array Exercise

Perhaps the most commonly encounteraatdimensional object a programmer encounters is the video
display TheWindows console winde, for example, is typically an 80x25 array of charadtershe HLA
Standard Library console module pigtes \arious routines that let you manipulate the matrix of characters
on the screen. In the pieus chapterfor example, you sa how to use theconsoléfillRectroutine to fil a
rectangular rgion of the screen with ag@n character and atttite. This laboratory eercise demonstrates
how to extract a rectangular géon from the screen and\do redrav that tet taken from the screenThis
sample program also demonstrates o write an arbitrary matrix of x¢ to the screen.

This program calls the HLA Standard LibrargnsolegetRectroutine to read the data from a rectangu
lar portion of the screen into a local array of charactditsis program usesonsolegetRectto save the
screen display upon entry into the program. In additiorcaisolegetRect this program useson
soleputRectto rapidly write the contents of a dwdimensional array of characters to the console display
For example, this program callsonsoleputRectto restore the original screen display when this program
quits.

Between sa@ng and restoring the original screen contents, this progravesre sequence of asterisks
around in a local 80x25 array of characters and (after eacmemt) copies the characters to the video dis
play. This is an gtremely slov way to redrav the screen; hwever, todays machines are sadt that this
inefficieng/ works to this progrars’adwantage - i$ a lilt-in governor that sliws davn the program so you
can see it ark.

// Denonstration of arrays in a program

/1
/1 This code denonstrates how to access el ements of
/1 a two-dinmensional array. It also denonstrates how to

/1 use the consol e. get Rect and consol e. put Rect routi nes.

progr am consol eArrayLab;
#include( “stdlib.hhf” );

const

NunCol s : = 80;

NunRows : = 25;
type

screen: char[ NumRows, NunCols ];
var

col um: uns32;

r ow. uns32;

SnapShot : screen;
static

pl ayi ngFi el d: screen :=[ NunRows dup [ NunCols dup [* ‘]1]11;
begi n consol eArraylLab;

consol e.getRect ( 0, O, NunRows-1, NunmCol s-1, (type char SnapShot));

6. Actually, under Windows the console window can be made various different sizes. 80x25, however, is the default size.
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consol e. cl s();

/1 Fill an 80x24 region of the screen wth a bl ue background.
/1 Set the foreground attribute to yell ow

consol e. fill Rect
(
0,
0,
NunRows- 1,
NuntCol s- 1,

wi n. bgnd_Blue | win.fgnd_Yel | ow

)

/1 Play the “gane”. Repeat the nested | oops once for each
/1 row on the screen.

for( nov( O, row); row < NunmRows; inc( row)) do

/1 For each row, draw a row of asterisks across the screen
/1 one character at a time by storing the asterisk into

/1 the “playingField array and then copying this array to
/'l the screen.

for( nov( O, colum ); colum < NunCols; inc( colum )) do

intmul ( NumCol's, row, ebx );
add( col um, ebx );

mov( “*', playingField ebx ] );
consol e. put Rect

(
0,
0,
NunRows- 1,
NunCol s- 1,
(type byte playi ngFi el d)
)s
endf or;

/1 Now erase the row of asterisks one character at a tine
/1 by overwiting the asterisks in “playingField and draw ng
/l the matrix to the screen after blotting out each character.

for( nov( O, colum ); columm < NunCols; inc( colum )) do

intmul ( NunCol s, row, ebx );
add( colum, ebx );

mov( ‘ ‘, playingField ebx ] );
consol e. put Rect
(
0,
0,
NunRows- 1,
NuntCol s- 1,
(type byte playi ngFiel d)
)
endf or;
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endf or;

stdout.put( “Press Enter to continue: “ );
stdin. readbLn();
consol e. cl s();
consol e. put Rect
(
0,
0,
NunRows- 1,
NunmCol s-1, (type byte SnapShot)
)
consol e. got oxy( NunRows-1, 0 );

end consol eArraylab;

Program 13.8 Console Matrix Program

ExerciseA: Compile and run this program. Describe iBperation and output in your laboratory
report.

Exercise B: Change the NumCols and NumRa@onstants so that the program operates in a 40x20
window rather than an 80x25 windo Compile and rerun the program aradify that it still works properly
Include the source code for the maglifiprogram in your lab report.

Exercise C: Modify the program so that it @sathe string of asterisks from top to bottom, then left to
right rather than from left to right, then top to bottom. Include the source code to theechpdifjram in
your lab report.

13.3.8 Multidimensional Array Exercises

The program for thisx@rcise demonstrates anter pooductcomputation.An outer product is an oper
ation that taks an N-element array and an M-element array and produces an NxM matrix with cell{i,j] con
taining the walue specigéd by some function f( Narray[i], Marray[j] ) for allalues 0 <= i < N and
0<=j <M. The classic xample of an outer product is the multiplication table you learned in elementary
school (where the function is the multiplication operatioff)e program in thisxample computes an addi
tion table by summing the elements of the @vrays together

// Denonstration of multidinensional arrays in a program

program mul tidi mArrayLab;
#include( “stdlib.hhf” );

const

RowSt art : uns32;
Col Start: uns32;

SunArray: uns32[ NunmRows, NuntCol s];
Col Val s: uns32[ NunCol s ];
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Rowval s: uns32[ NunRows |;
Goodl nput:  bool ean;
begi n mul ti di nArrayLab;
st dout . put

(

“Addition table generator” nl

/] Get the starting value for the rows fromthe user:
r epeat
try
nov( fal se, Goodlnput );
stdout.put( “Enter a starting value for the rows: “ );
stdin.get( RowStart );
mov( true, Goodl nput );
exception( ex.ConversionError )
stdout. put ( “Bad characters in nunber, please re-enter”, nl );
exception( ex.Val ueQut Cf Range )
stdout. put( “The value is out of range, please re-enter”, nl );
endtry;
until ( Goodl nput );

/Il Fill in the Rowals array:

nov( RowStart, eax );
for( nov( 0, ebx ); ebx < NumRows; inc( ebx )) do

nov( eax, Rowwvals[ ebx*4 ] );
inc( eax );

endf or;

/1 Get the starting value for the colums fromthe user:
r epeat
try
nmov( fal se, Goodlnput );
stdout.put( “Enter a starting value for the colums: “ );

stdin.get( Col Start );
nov( true, Goodl nput );
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exception( ex.ConversionError )
stdout. put ( “Bad characters in nunber, please re-enter”, nl );
exception( ex.Val ueQut Cf Range )
stdout. put( “The value is out of range, please re-enter”, nl );
endtry;
until ( Goodl nput );
/Il Fill inthe ColVals array:

nmov( Col Start, eax );
for( nov( 0, ebx ); ebx < NunCols; inc( ebx )) do

nov( eax, Col Vals[ ebx*4 ] );
inc( eax );

endf or;
/1 Now generate the addition table:
for( nov( O, ebx ); ebx < NunmRows; inc( ebx )) do

for( nov( O, ecx ); ecx < NunCols; inc( ecx )) do

intmul ( NumCol s, ebx, edx ); /1 Conpute index into
add( ecx, edx ); /1 array as ebx*NunCol s+ecx.
nov( Col Val s[ ecx*4 ], eax ); /1 Conpute sumfor this cell.

add( Rowval s| ebx*4 ], eax );
nmov( eax, SumArray[ edx*4 ] );

endf or;
endf or ;
/1 Now print the addition table.
/1

/1 Begin by printing the Col umm val ues above the matrix

stdout.put( nl “ add |” );
for( nov( O, ebx ); ebx < NunmCols; inc( ebx )) do

stdout. put ( Col Val s[ ebx*4 ]:4, “ | * );
endfor;
[/l Print a line bel ow the col um val ues.

stdout.put( nl “----- +);
for( nov( O, ebx ); ebx < NunCols-1; inc( ebx )) do

stdout. put( “----- +"0);

endf or;
stdout.put( “----- [” nl );
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/1 Now print the body of the matrix. This also prints Row
/1 values in the left hand col unm of the natrix.

for( nov( 0, ebx ); ebx < NumRows; inc( ebx )) do
/1 Print the current row val ue.
stdout. put ( Rowval s[ ebx*4 ]:4, “ " );
/1 Now print the values for this row

for( nov( 0, ecx ); ecx < NunCols; inc( ecx )) do

intmul ( NunCol s, ebx, edx ); /1 Conpute index into
add( ecx, edx ); /1 array as ebx*NunmCol s+ecx.
stdout. put ( SunArray[ edx*4 ]1:4, “ | “);

endf or;

/1 Print a line bel ow each row of nunbers

stdout.put( nl “----- + )
for( nov( 0, ecx ); ecx < NunCols-1; inc( ecx )) do

stdout. put( “----- +7);

endf or;
stdout.put( “----- |7 nl );

endf or;

end mul tidi mArraylab;

Program 13.9 Addition Table Generator

ExerciseA: Compile and run this program. Describe its output in your lab report.

Exercise B: Modify the NumRes and NumCols constants in this program to generate a 5x6 array
rather than a 10x10 arrayRecompile and run the program. Describe the output in your lab report.

Exercise C: (optional) Modify the program to use the lineviirg graphic characters (see appendix B)
rather than thASCII dash, ertical bay and typhen characters.

13.3.9 Console Attributes Laboratory Exercise

The program in this laboratorykercise demonstrates tiensoleinfo call that returns arious bits of
interesting information about tiWindows console déce. This information comes in handy when writing
console applications thatork regardless of the size of the console wiwdd-or more information about the
information thatconsoleinfo returns, please see the défon of the windavs console screeruffer info
record in the “WIN32.HHF" headerdi.

/1 Denonstration of records and the console.info routine
/1 (and the wi n. CONSCLE_SCREEN BUFFER | NFO data type).
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program Consol eAttr Lab;
#include( “stdlib.hhf” );

static

csbi : Wi n. CONSOLE_SCREEN BUFFER | NFQ
begi n Consol eAttr Lab;

/1 Grab the screen netric information:

consol e.info( cshi );

[/l QAear the screen.
consol e. cl s();
/1 Set the whole screen to bl ue:

nmovzx( cshi.dwSi ze.Y, eax );

nmovzx( cshi.dwSi ze. X, ebx );

dec( eax );

dec( ebx );

console.fillRectAttr( 0, O, ax, bx, w n.bgnd Blue );
consol e. setQut put Attr( w n.bgnd_Blue | win. fgnd_Yellow);

/1 Read and display the current consol e wi ndow title:

console.a getTitle();
st dout . put

(

«n

“Previ ous console windowtitle was: ,
(type string eax),
“tronl

)

strfree( eax );

/'l Set the console w ndow title:

console.setTitle( “Art of Assenbly Program4.26” );
I/ Display the screen netric information:

st dout . put

(
“Size X=", csbhi.dwSi ze. X, nl,
“Size Y=", csbhi.dwSi ze.Y, nl,
“Qursor X=", csbi.dwQursorPosition. X nl,
“Qursor Y=", csbhi.dwQursorPosition.Y, nl,
“Wndow Position Left=", cshi.srWndow. |eft, nl,
“Wndow Position R ght=", cshi.srWndow right, nl,
“Wndow Position Top=", csbhi.srWndow top, nl,
“Wndow Posi tion Botton¥”, csbi.srWndow bottom nl,
“Character display attribute=$", cshi.wAttributes, nl,
nl
“Maxi mum wi ndow hei ght =", csbi . dwVaxi mum¥ ndowS ze. Y, nl,
“Maxi num wi ndow wi dt h =", csbi . dwMaxi numW ndowSi ze. X, nl,
nl
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/'l Let the user see everything before we clean up and quit.

stdout. put( “Press ENTER to continue: “ );
stdin. readLn();

/1 Be nice and set the consol e wi ndow back to bl ack & white:
consol e. setQut put Attr( cshi.wAttributes );

consol e. cl s();

end Consol eAttrLab;

Program 13.10 Displaying Console Attributes

ExerciseA: Compile and run this program. Describe the console metrics for your particular system in
your laboratory report.

Exercise B: Modify this program to #a the screen ¢ upon entry into the program and restore the
screen when this programits. Use the cursor position in thebirecord to restore the cursor to its original
position upon progranxé. Include the modiéd source code with your lab report.

13.3.10 Records, Arrays, and Pointers Laboratory Exercise

The following program demonstrates dynamic allocation of an array of records. It also demonstrates
enumerated data types and record constdrttis program asks the user to specify some number of students
and then it inputs the data for the specifstudents and stores the data into the dynamic array it creates.

/1 Denonstration of a pointer to an array of records.

// This is a small student database programthe lets the

/1 user input a bunch of student names and it prints a report
// after the data is entered.

progr am St udent Dat abase;
#include( “stdlib.hhf” );

const
/1 The followi ng text string appears frequently in this code.

QurStudent: text := “(type EngStudent [edi+ecx])”;

type
EngMaj or : enun{ H ecEng, ConpSci, MechEng, Bi oChenEng };
St andi ng: enun{ Freshnan, Sophorore, Junior, Senior, Qad };

Il Here's the basic data type for our student database:

EngSt udent :
record

St udent Nane: string;

1D string;
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naj or: EngMaj or ;
Year : St andi ng;
endr ecor d;

ESPtr: pointer to EngStudent;

readonl y

/1 The following string make it easy to out put
/1 the EngMaj or and Standing enunerated data types.

Maj or Strs: string[4] :=

“Hectrical Engineering “,
“Conput er Sci ence
“Mechani cal Engineering “,
“Bi ochen cal Engi neering”

I

Year Strs: string[4] :=
[
“Freshnman “,
“ Sophonor e”,

“Juni or ,
“Seni or “

I

/1 An extra student to copy into the list.
Il This exists here mainly to denonstrate record constants.

JohnSmi t h: EngSt udent : =
EngSt udent :
[
“John Smith”,
“555- 55- 5555” ,
Conpsci
Juni or
I
static
Nun$t udent s: uns32;
St udent Arr ay: ESPtr;
GoodlI nput : bool ean;

begi n St udent Dat abase;
stdout. put ( “Engi neering Student Database Prograni nl nl );
/1 Get the nunber of students the user wants to enter into
/1 the database. Because this is just a deno, ask themif
/1l they really want to enter nore than 10 students if they

// enter a |arge nunber.

r epeat
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try
nmov( fal se, Goodlnput );
st dout . put
(
nl

“How many students would you like to enter? “

);
stdin.get( NunBtudents );
mov( true, Goodl nput );

/1 AlowO0..10 students with no questions asked.

// But if they specify nmore than 10...
if( NunBtudents > 10 ) then

st dout . put
(

“Are you sure you want to enter “,
Nunst udent s,

“ students into the database? (Y/N:”

)
stdin. flushl nput();
stdin.getc();

/1 Set Goodlnput to true if they answer yes.

cs.menber( al, {'y, ‘Y});
nmov( al, Goodl nput );

endif;

exception( ex.ConversionError )

stdout.put( “Illegal characters in nunber, please re-enter” nl );

exception( ex.Val ueQut 0 Range )

stdout.put( “Value is too big, please re-enter” nl );

endtry;

until ( Goodl nput );

// Ckay, we’'ve got the number of students. Bunp in by one so we

/1 can sneak John Smth's record into the data base.
/Il storage for a dynamc array of records.

Then al | ocat e

nov( NunBtudents, eax ); /1 Get the user-specified count.
inc( eax ); /1 Nake roomfor John Smth.

// Since each student consunes “@ize( EngStudent )" bytes, we need
// to multiply our student count by this value to conpute the nunber

/1 of bytes we will need.
intmul ( @i ze( EngStudent ), eax );

I/ Alocate storage for the array of students.

© 2001, By Randall Hyde
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mal | oc( eax );
nov( eax, StudentArray );

// Copy the data for John Snith to the first el enent of

/1l our array. Note: This code just copies the pointers

/1 to the StudentNanme and ID fields because no nodifications
/1 are ever nmade to the JohnSmith record in this program

nmov( JohnSm t h. St udent Nare, ecx );
nov( ecx, (type EngStudent [eax]).StudentNane );

nov( JohnSmth.ID, ecx );
nov( ecx, (type EngStudent [eax]).ID);

nmov( JohnSmth. major, cl );
nmov( cl, (type EngStudent [eax]).najor );

nov( JohnSmth. Year, cl );
nmov( cl, (type EngStudent [eax]). Year );
/1 Ckay, now input each of the renaining students fromthe user:
nov( StudentArray, edi ); /1 Get base address of array.
for( nov( 1, ebx ); ebx <= NunBtudents; inc( ebx )) do
intmul ( @i ze( EngStudent ), ebx, ecx ); // Index into array.
stdout. put( “Enter student’s nane: “ );
stdin. flushlnput();
stdin.a gets();
nmov( eax, QurStudent. Student Nane );
stdout.put( “Enter the student ID “ );
stdin.a gets();
nov( eax, QurStudent.ID);

/1 Get (and verify) F, S, J, or Nfromthe user to sel ect
/1l this student’s standing in the coll ege.

r epeat
st dout . put
(
“Is this student a “
“F)reshnan, S)ophonore, J)unior, or seNjior? *“
)

stdin. flushlnput();
stdin.getc();
chars. toUpper( al );

until( al in{'F, ‘S, *J, ‘N});
if( al ='F ) then

nmov( Freshman, CurStudent. Year );
elseif( al =S ) then

nov( Sophonore, CQurStudent. Year );
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elseif( al ='J ) then

mov( Juni or, CQurStudent. Year );
el se

nov( Senior, CQurStudent. Year );
endi f;

/1 Get the student’s najor fromthe user. Again,
/1 verify that the input is correct before proceeding.

r epeat
st dout . put
(
“What is this student’s najor?” nl
“ B)iochenical Engineering” nl
“ Qonputer Science” nl
E)l ectrical Engineering” nl
M echani cal Engi neering” nl
nl
“(B,C, E, Mo “
);

stdin. flushl nput ();
stdin.getc();
chars.toLower( al );

until ( al in{'b, ‘c, ‘e, ‘mM});
if(al ='b ) then

nmov( Bi oChentEng, Qur Student. najor );
elseif( al =‘c’ ) then

nmov( ConpSci, CurStudent. major );
elseif( al =‘e ) then

nov( E ecEng, QurStudent.najor );
el se

mov( MechEng, Cur Student. Year );
endi f;

/1 Ckay, store away the QurStudent variable data into
/1 the next available slot in the ESPtr array.

nov( StudentArray, eax );

/1 Conpute index into array:

intmul ( @i ze( EngStudent ), ebx, ecx );
nov( Qur Student. St udent Nane, edx );

nov( edx, (type EngStudent [eax+ecx]). Student Nane );

© 2001, By Randall Hyde
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nov( QurStudent.ID, edx );
nmov( edx, (type EngStudent [eax+ecx]).ID);

nmov( CQur Student.nmgjor, dl );
nov( dl, (type EngStudent [eax+ecx]).najor );

nmov( Qur Student. Year, dl );
mov( dl, (type EngStudent [eax+ecx]). Year );

endfor;

/1 Ckay, now that we've got all the students into the system
/1l print a brief report.

st dout . put
(
«_ NAN®- - - - - e e e - “
«_ ID-o--
EEE TR Major----------- !
“--Year---"
nl
nl
)

nmov( StudentArray, edi ); /1 Not really needed, but just to be sure.
for( nov( 0, ebx ); ebx <= NunBtudents; inc( ebx )) do

intmul ( @i ze( EngStudent ), ebx, ecx ); // Index into array.
nmovzx( Qur Student.najor, edx );
nmovzx( Qur Student. Year, esi );
st dout . put
(
Qur St udent . St udent Nane: - 20, “ “,
QurStudent.ID-12, “ *,
Maj or Strs[ edx*4 ]:-23, “ “,
Year Strs[ esi*4 ],
nl

);

endf or;
stdout. new n();

end St udent Dat abase;

Program 13.11 Student Database Program

ExerciseA: Compile and run this program. Describe its output in your lab report.

Exercise B: Modify this program to let the user specify that only those students in a single major be
printed (by specifying a single letter to select the majee the body of the code for details on this).- Pro
vide an A)lI” option that prints the full report as the program currently does.
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13.3.11Separate Compilation Exercises

In this laboratory xercise you will compile a multipart program and link it into a singkcetable fe.
You will also construct a makile for the project and test theovkings of the madfile by making minor
modifications to the program. Finallyou will split the main program into twpieces and nve one section
into its avn module.

The following listings preide the necessary source code for this program. Note that these modules can
be found in the CHO5 subdirectory of the accomypanCD. The main program is lab5_1.hla; the header
file is lab5_1.hhf; thert unit can be found in lab5_18ka; the second unit is in théeflab5_1unita.hla.

progr am cor _mai nPgm
#include( “stdlib.hhf” );
#i ncl ude( “sepConpDeno. hhf” );

/'l GetYor N

Il

/1 This procedure prints a pronpt that requires a yes/no

// answer. It continually pronpts the user to input Y or N
/1 until they enter one of these characters. It returns

// true in AL if the user entered “Y" or “y”. It returns

/] false if the user entered “n” or “N'.

procedure Get Yor N Pronpt:string ); returns( “AL" );
begi n Get Yor N,

r epeat
stdout.put( Pronpt, “ (Y/N:” );
stdin. flushlnput();
stdin.getc();

until( al in{y, ‘n, ‘Y, ‘N });
if( al in{'y, ‘“Y} ) then

mov( true, al );
el se

nmov( false, al );

endi f;
end Cet Yor N
/] GetQ nSet -

11l

/1 This is another procedure, sinilar to the above, that
I/ repeatedly requests input fromthe user until the user
/Il enters a valid character. This procedure returns once
/1 the user enters a character that is a nenber of the

/] cset passed as a paraneter.

procedure GetG nSet( legal Input:cset ); returns( “AL" );
begi n Get G nSet ;
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r epeat
stdout.put( “ {“, legallnput, “}:" );
stdin.flushlnput();
stdin.getc();
until( al in legallnput );
end CGet A nSet ;
var

artist: string;
title: string;

begi n cor_mai nPgm

st dout . put

(
“Wl come to the CD database prograni nl
R e "ol
nl

)

r epeat

stdout.put( “Select CD by Artist or by T)itle? “ );
GetOnSet( {*a, ‘A, ‘t’, ‘T});

chars. toUpper( al );

if( al =*A ) then

stdout.put( “Input artist’s nane: “ );
stdin. flushl nput ();

stdin.a _gets();

nmov( eax, artist );

Sear chByArtist( artist, M/CDCollection );
strfree( artist );

el se
stdout.put( “Input CD s title: “ );
stdin. flushl nput ();
stdin.a gets();
nov( eax, title);
SearchByTitle( title, M/CDCol | ection );
strfree( title );

endi f;

stdout. new n();
Get Yor N0 “Wbul d you like to search for another CD?" );

until ( lal );

end cor _nai nPgm

Program 13.12 The MAIN Program for this Laboratory Exercise (mainPgm.hla)
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const
NunCDs : = 10
type
CD:. record
Title: string;
Artist: string;

Publ i sher: string;
Copyr i ght Year : uns32;

endr ecor d;

CDs: CO NunCos ;

static

M/CDCol | ection: CDs; external;

procedure SearchByTitle( Title:string; var CDOList:CDs );
procedure SearchByArtist( Artist:string; var CDList:CDs );

external ;
external ;

Program 13.13 The sepCompDemo.hhf Header File for this Laboratory Exercise

unit Unitdb;
#include( “stdlib.hhf” );
#i ncl ude( “sepConpDeno. hhf” );

static
M/CDCol | ection: CDs : =

[

CD [ “The Cars Geatest Hts”, “The Cars”, “Hektra”, 1985 ],
CD [ “Boston”, “Boston”, “Epic”, 1976 ],

[ “lnagi nos”, *“
CD[ “Geatest Ht

Bl ue Oyster Qult”, “Col unbia”,
s”, “Dan Fogel berg”, “Epic”,

[ “\alk On”, “Boston”, “MA’, 1994 ],
CD[ “Big Cnes”, “Loverboy”, “Colunbia”,

CD [ “James Bond 30th Anniversary”,
CD [ “Gve Thanks”, “Don Men”, “Hosannal
CD[ “Star Tracks”, “Erich Kunzel”, “Telarc”,
¢ Johnson”, “Warner Bros”,

CD. [ “Tones”, “FEri

end Ui tdb;

Page706
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1988 ],
1982 1,

", 1992 1,
1991 ],
1984 1,

Beta Draft - Do not distribute



Questions and Exercises

Program 13.14 The First UNIT Associated with this Lab (the Database File)

unit DBunit;
#include( “stdlib.hhf” );
#i ncl ude( “sepConpDeno. hhf” );

/1 Printlnfo

/1

/1 This is a private procedure (local to this unit)
/1 that displays the infornmation about the CD passed
// as a parameter.

procedure Printlnfo( var theCD CD);
const
cdt: text := “(type CDs [ebx])”;

begin Printlnfo;

push( ebx );

nmov( theCD, ebx );

stdout. put( “Title: “, cdt.Title, nl );
stdout. put ( “Artist: “, cdt.Artist, nl );

stdout. put( “Publisher:”, cdt.Publisher, nl );

st dout . put ( “VYear: “, cdt. CopyrightYear, nl nl );
pop( ebx );

end Printlnfo;

/] SearchByTitle

/1

/1 This procedure searches through a CD database for
/1 all CDs with a given title. The title of the CD
I/l to search for and the CD database array are the
|/l  paranmeters for this procedure.

procedure SearchByTitle( Title:string; var CDList:CDs );
const

/] Because CDList is passed by reference, we access
// it indirectly using a 32-bit register. The
/1 following text equate | ets us use a nore neani ngf ul
/1 nane for this pointer than “[ebx]"”.
cdArray: text := “(type CDs [ebx])”;
var
FoundCD:  bool ean; // Set totrueif we find at |east
/1 one CDwith the given title.
begi n SearchByTitle;

push( ebx );
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push( esi );
nov( CDList, ebx ); // Put address of array in EBX so we can

/1 use the “cdArray” synbol to reference
/1 the array passed by reference

nov( fal se, FoundCD ); /1 Assume we didn't find a CD.
nmov( O, esi ); /1 1Index into cdArray.
r epeat

/1 See if the paranmeter Title matches the current
/1 title in cdArray. Note that str.ieq does as
/1 case insenstive conparison.

if( str.ieq( Title, cdArray.Title[ esi ] )) then

/1 1f we found it, print the information
/] associated with this CD

Printinfo( (type CD cdArray[ esi 1) );
mov( true, FoundCD );

endi f;

/1 Move on to the next elenent of the CDList array.
/1 Note that rather than nultiplying the index into
/1 cdArray by @ize( CD) on each access, this code
/1l sinply bunps ESI by the size of a cdArray el enent
/1 each tine through the oop. Therefore, ESI wll
/1 contain the index of each successive array el enent
/1 on each pass through the | oop.

add( @ize( CD), esi );

/1 W' re done when ESI noves off the end of the array.

/1 The constant “ @i ze(CD)*NunCDs” is the index of

/1 the first menory | ocation beyond the end of the array.

until ( esi >= @ize( CD) * NunCDs );

// Print an appropriate nmessage if the | ookup operation did
/1 not find a CDwith the specified title.

if( !'FoundCD ) then

stdout.put( “That title does not exist in the database” nl );

endi f;
pop( esi );
pop( ebx );

end SearchByTitl e;

/1l SearchByArti st-

/1

/1 Searches for all CDs by a given artist namne.

//  This code is nearly identical to SearchByTitle.
/Il  See the cooments in SearchByTitle for additional

Pager08 © 2001, By Randall Hyde Beta Draft - Do not distribute



Questions and Exercises
/1 comrents on the operation of this code.
procedure SearchByArtist( Artist:string; var CDList:CDs );
const

cdArray: text := “(type CDs [ebx])”;

var
FoundCD: bool ean;

begi n SearchByArti st;

push( ebx );
push( esi );

nov( CDList, ebx ); // Put address of array in EBX so we can
/1 use the “cdArray” synbol to reference
/1 the array passed by reference

nov( fal se, FoundCD ); /1 Assume we didn't find a CD.
nmov( O, esi );
r epeat

if( str.ieq( Artist, cdArray. Artist[ esi ] )) then

Printinfo( (type CD cdArray[ esi 1) );
nmov( true, FoundCD );

endi f;
/1 Move on to the next elenent of the CDList array.
add( @ize( CD), esi );

until ( esi >= @ize( CD) * NunChs );
if( !'FoundCD ) then

stdout.put( “That artist does not exist in the database” nl );
endi f;
pop( esi );
pop( ebx );
end SearchByArtist;

end DBunit;

Program 13.15 The Second Unit Need by this Lab Exercise (DBunit.hla)

ExerciseA: Compile this program with the folldng HLA command.
hl a mai nPgm | nitb DBuni t

Run the program avetimes and learn Woto use it. This is a small (txial) little database program that
stores information about a paite CD collection (for braty, it only has 10 CDs in the databas#)hen the
user runs the program it will ask if thevant to look up a CD by artist or by titl&s you can see in the sam
ple database, “Boston” is both a title and an artist. “Imaginos” igsange of a title. Run the program and
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specify these alues for artist and title taimiliarize yourself with this code. If possible, include a printout
of the prograns operation with your lab report, otherwise describe the output in your lab report.

Exercise B: Determine the dependencies between these\Write a malefile for this code. Include
the malefile with your lab reportVerify that the madfile works properly by changing each of thediand
then running the makprogram after each modiition.

Exercise C:The GetYorN and GetCinSetprocedures in the main program really belong in thein o
unit. Move these subroutines to the unputUnitin the fle inputunit.hla. Create a headde fiamed Inpu
tUnit.hhf to contain the »@ernal declarations. Modify your mefile to accommodate these changes.
Recompile the system anénfy that it still works. Include the modéd source code and nedke in your
lab report.

13.3.12The HLA (Pseudo) Random Number Unit

In this laboratory xercise, you will test the quality of the avHLA random number generator$he
following program code prides a simple test by plotting asterisks at random positions on the sttégen.
program verks by choosing tevrandom numbers, one between zero and 79, the other between zero and 23.
Then the program uses thensoleputsfunction to print a single asterisk at the (X,Y) coordinate on the
screen speci#id by these tavrandom numberdAfter 10,000 iterations of this process the program stops and
lets you obsem the result.Note: since random number generators generate random numbers, you should
not expect this program tolfithe entire screen with asterisks in only 10,000 iterations.

program t est Random
#i ncl ude( “stdlib.hhf” );

begi n t est Random
consol e. cl s();
nov( 10_000, ecx );

r epeat

/] Cenerate a random X- coordi nat e
/1 using rand.range.

rand.range( 0, 79 );
nov( eax, ebx ); // Save the X-coordinate for now

// Cenerate a random Y-coordi nat e
/'l using rand. urange.

rand. urange( 0, 23 );

[/l Print an asterisk at
/1 the specified coordinate on the screen.

consol e. puts( ax, bx, “*” );

/!l Repeat this 10,000 tinmes to get
/1 a good distribution of val ues.

dec( ecx );
until ( @ );

// Position the cursor at the bottomof the
/] screen so we can observe the results.
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consol e. gotoxy( 24, 0);

end t est Random

Program 13.16 Screen Plot Test of the HLA Random Number Generators

ExerciseA: Run this program and notewamary “holes” are left unfled on the screen. If possible,
malke a print-out of the screen to include with your lab manual. Compare the result of your output with
another studerg’output for thiseercise. Did thg get the same output as you? Explairywhwhy not in
your lab report.

Exercise BAdd the statement “rand.randomize()” as thet §tatement in this program. Recompile and
run the program. Compare this output to the output froerdiseA. Compare this output to that of another
student in your class for thigercise. Did thg get the same output as you? Explairywhwhy not in your
lab report.

Exercise C: Reme the call tarand.andomizehat you inserted in Excise B. Bump up the number
of iterations to 25,000. Does the progralntiie screen with asterisks? Determine to the nearest 100, the
minimum number of iterations it tak to completely lfithe screen with asterisks.

13.3.13File I/O in HLA

The HLA Standard Library prades a fie input/output module that me& writing data to al& and
reading data from alé almost as easy asvking with the standard output and standard inpuicds. In
this laboratory ®ercise you will disceer hav easy it is to read and writéefidata in HLA.

The folloving program code opens améle, writes some data to it, closes thhg, freopens it for read
ing, reads the data from théefidisplays the data to the standard output, aadlyicloses the Ii.

program fi | eDeno;
#include( “stdlib.hhf” );

var
fileHandl e: dword;
S: string;

begi n fil eDeno;
/1 Note the use of instruction conposition to
/'l store the return value fromstralloc (which
/1 isin EAX) directly into s.
nov( stralloc( 256 ), s );
/1 Qpen a brand new file and wite sone
/]l data toit. Note that the filenane “x.txt”
/'l must not already exist or the fileio. QpenNew
// call wll raise an exception.
nov( fileio. openNew “x.txt” ), fileHandle);
fileio.put

(
fileHandl e,
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“Data Witten to a text file” nl

for( nov( -5, ebx ); (type int32 ebx) <= 5; inc( ebx )) do
fileio.put( fileHandl e, “ebx=", (type int32 ebx ), nl );

endf or;

/! Done witing the data to the file, close it.

fileio.close( fileHandl e );

/1 Reopen the file, this tine for reading:
nov( fileio.open( “x.txt”, fileio.r ), fileHandl e);

/'l Read the data fromthe file and wite it to the
/1 standard out put devi ce:

while( !fileio.eof ( fileHandle )) do

fileio.gets( fileHandle, s );
stdout.put( s, nl );

endwhi | €;
fileio.close( fileHandl e );
strfree( s );

end fil eDeno;

Program 13.17 HLA File I/O Demonstration

ExerciseA: Compile and run this program. Note that this program createg &lée“x.txt” on your
disk. Include a printout of thiddi with your laboratory report.

Exercise B: Modify this program so that it reads tlenime from the user and opens the spetifiie.
Compile and test the modifi program. Include a printout of the program with your laboratory report.
Warning: when running this program, be caeful not to specify the name of an existingl& on your
disk. Rememberthis program will delete grpre-&isting data in the ¢ you specify

Exercise C: Split this program into twseparate programg.he frst program should write the data to
the tet file, the second program should read and display the data irtHidgete Compile and run the pro
grams to erify proper operation. Include the source listings of thesgtwgrams with your lab reports.

13.3.14Timing Various Arithmetic Instructions

In this laboratory xercise you will run seeral sections of code thatezute \arious arithmetic instruc
tions one billion times. Using a stopteh, you will measure the time required by each computation and
compare thexecution times of theservious instructions.

program Ti neAri t hneti c;
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#incl ude( “stdlib. hhf” );

begi n Ti neArithmetic;

/1 The follow ng code does one hillion additions to
/'l provide a baseline for further instruction timng
/] conpari sons.

st dout . put
(
“Miltiplication timng test:” nl
nl
“This programwi || conpute EAX+12 1, 000, 000, 000 times” nl
“using the ADD instruction.” nl
nl
“You should tine this with a stop watch” nl
nl
“Press ENTER to begin the additions:”
)
stdin. readbLn();
for( nov( 1_000_000_000, ecx ); ecx > 0; dec( ecx )) do

nov( 123 _456_789, eax );
add( 12, eax );

endf or;
stdout. put( stdio.bell, “Ckay, stop timng the code” nl );

/1 The follow ng code denonstrates the expense of
/1 the INTML instruction relative to addition:

st dout . put
(
“Miltiplication timng test:” nl
nl
“This programwi || conpute EAX*12 1,000, 000, 000 times” nl
“using the INTML instruction.” nl
nl
“You should tine this with a stop watch” nl
nl
“Press ENTER to begin the nmultiplications:”
)
stdin. readbLn();
for( nov( 1_000_000_000, ecx ); ecx > 0; dec( ecx )) do

nmov( 123_456_789, eax );
intmul (12, eax );

endf or;
stdout. put( stdio.bell, “Ckay, stop timng the code” nl );

/1 The follow ng code denonstrates the expense of | ML
/] relative to addition:
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st dout . put
(
“Now this programwi || conpute EAX*12 1, 000, 000, 000 times” nl
“using the ML instruction.” nl
nl
“You should tine this with a stop watch” nl
nl
“Press ENTER to begin the nultiplications:”
)
stdin. readLn();
for( nov( 1_000_000_000, ecx ); ecx > 0; dec( ecx )) do

nov( 123_456_789, eax );
imul (12, eax );

endf or;
stdout. put ( stdio.bell, “Ckay, stop timng the code” nl );

/1 The following code denonstrates the cost of multiplication
/1 via shifts and adds:

st dout . put
(
“Now this programwi ||l conpute EAX*12 1, 000, 000, 000 times” nl
“using the shifts and adds instruction.” nl
nl
“You should tine this with a stop watch” nl
nl
“Press ENTER to begin the nultiplications:”
)
stdin. readlLn();
for( nov( 1_000_000_000, ecx ); ecx > 0; dec( ecx )) do

nov( 123 456 _789, eax );
nov( 123 _456_789, ebx );
shl (1, ebx );

shl ( 3, eax );

add( ebx, eax );

endf or;
stdout.put( stdio.bell, “Ckay, stop timng the code” nl );

/1 The follow ng code denonstrates the cost of the 1DV
// instruction relative to addition (warning: 1DV is slow):

st dout . put
(
“Now this programwi || conpute EAX/ 12 1, 000, 000, 000 times” nl
“using the IDV instruction.” nl
nl
“You should tine this with a stop watch” nl
nl
“Press ENTER to begin the divisions:”
)
stdin. readLn();
for( nov( 1_000_000 000, ecx ); ecx > 0; dec( ecx )) do
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nov( 123 _456_789, eax );
cda();
idiv( 12, edx:eax );
endf or;

stdout. put ( stdio.bell, “Ckay, stop timng the code” nl );

end TineArithnetic;

Program 13.18 Instruction Timing Code (TimeArithmetic.hla)

ExerciseA: Compile and run this program. Measure the times required by each instruction sequence in
the program. Describe the féifences in timing in your laboratory report.

Exercise B: Simply diiding the time measured for each section ddesrcurately compute the time for
each instruction because ymiralso measuring the time required by the FOR loop as well as the MO
instruction and another instructions appearing in the loop (that darégn@ADD, INTMUL, IMUL, IDIV , or
SHL instructions). To get a better result, you should time an empty loop and subtract the time for a loop
without the speciéd instruction (i.e., renve theADD instruction from the fist code section iRProgram
13.18abore and use the resulting code as your base code).

Exercise C: Modify the program so that it computes the time required by an empty loop. Run-this pro
gram and report the results in your lab report. Subtract this time from your other results to get results that
are closer to reality

13.3.15Using the RDTSC Instruction to Time a Code Sequence

One problem with timing statements as done in th&ique section is that the time you obtain is
extremely inaccurate.This is because the operating system periodically interrupts the ctetgively
freezing it in its tracks for a f&e moments, while other attiies tale place. Since your stopich is still
running while the program is frozen, your timings will not accuratecaethe time it tas to &ecute these
instructions.

On Pentium and later processors, Intel added the RDTSC (Rea&Stamp Counter) instruction to
help softvare engineers better time certain instruction sequefid¢esTime Stamp Counter is a 64-bit inter
nal register that the CPU increments by one on each clpdle ¢ Executing the RDTSC instruction copies
this 64-bit \alue into the EDX:EAX rgister pair By reading the alue of theTime Stamp Counter before
and after an instruction sequence, then computing theretfite between thesedwalues, you can &fc-
tively measure the time of some instructions in cloaes.

There is one major problem with the RDTSC instruction: not all CPUs support this instruction. Intel
CPUs earlier than the Pentium do not support this instruction. Furthermore, certain non-Intel CPUs do not
support this instruction eitherlf you happen to h& such a CPU,xecuting the RDTSC instruction will
raise an “inalid instruction” eception. If this is the case for your machine, then simply skip thisx&b e
cise.

There are tw additional, it minor, problems with the RDTSC instruction. First, it produces a 64-bit
result. Since we&e only seen he to do 32-bit arithmetic on the 80x86, computing théedince of the te
64-bit values will prave to be dificult’. We can sole this problem by simply ignoring the H.OWEDRD of
the 64-bit result that RDTSC returns. Once in a while we will get a nonsensical result (gengadilrgne
but as long as we2 willing to ignore such results and re-run the program to get correct resultsionfeie.

7. Actually, we could use the FILD and FIST instructions on the FPU, but that won’t prove to be necessary.
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Note that the chapter @xdvancedArithmetic discussesxéended precision arithmetic, for those whaniv
to learn hav to manipulate 64-bit (or lger) inteyer \alues.

The second problem with using RDTSC is that it is still possible for an interrupt to occur in the middle
of the instruction sequence wetiming. This will produce inaccurate resultsorfunately it is very rare for
an interrupt to occur in the middle of a short instruction sequence, so it islyhikt this will afect the
results you get.To be sure this problem doesotccur all youve got to do isecute your program twice
and \erify that the results you obtain are similar; if oaéue is of by an order of magnitude, or more, then
you should re-run the program avfenore times.

pr ogr am RDTSCdeno;
#include( “stdlib.hhf” );

begi n RDTSCdeno;

st dout . put

(
“Instruction timng test:” nl
]

)

/1 Note: repeat the follow ng code tw ce in order
// to ensure that all code comes out of the cache.
/1 Conpute the timngs on the second execution of the | oop.

for( nov( 2, edi ); edi > 0; dec( edi )) do

rdtsc();
nmov( eax, ecx ); // Save L.Q word in ECX

// Do the instruction over 8 tinmes to elimnate
/1 certain problens inherent in ROTSC

nmov( 123_456_789, ebx );
add( 12, eax );
nov( 123 _456_789, ebx );
add( 12, eax );
nov( 123_456_789, ebx );
add( 12, eax );
nmov( 123_456_789, ebx );
add( 12, eax );
nov( 123 _456_789, ebx );
add( 12, eax );
nov( 123_456_789, ebx );
add( 12, eax );
nmov( 123_456_789, ebx );
add( 12, eax );
nov( 123 _456_789, ebx );
add( 12, eax );

rdtsc(); /1 Read tine stanp counter after conputations.
endf or;
sub( ecx, eax ); /1 Conputer tinmer difference.
stdout. put( “Cycles for ADD sequence: “, (type uns32 eax), nl );
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/1 Time the INTML instruction
for( nov( 2, edi ); edi > 0; dec( edi )) do

rdtsc();
nov( eax, ecx ); /]l Save L.Q word in ECX

// Do the instruction over 8 tines to elimnate
/1 certain problens inherent in RDISC

nmov( 123_456_789, ebx );
intmul ( 12, eax );
nov( 123 _456_789, ebx );
intmul ( 12, eax );
nov( 123 _456_789, ebx );
intmul ( 12, eax );
nmov( 123_456_789, ebx );
intmul ( 12, eax );
nov( 123 _456_789, ebx );
intmul ( 12, eax );
nov( 123 _456_789, ebx );
intmul ( 12, eax );
nmov( 123_456_789, ebx );
intmul ( 12, eax );
nov( 123 _456_789, ebx );
intmul ( 12, eax );

rdtsc(); // Read tinme stanp counter after conputations.
endf or;
sub( ecx, eax ); [/ Conputer tiner difference.
stdout.put( “Cycles for INTML sequence: “, (type uns32 eax), nl );

// Time the ML instruction
for( nov( 2, edi ); edi > 0; dec( edi )) do

rdtsc();
nmov( eax, ecx ); // Save L.Q word in ECX

// Do the instruction over 8 tinmes to elimnate
/1 certain problens inherent in RDTSC

nmov( 123_456_789, ebx );
imul (12, eax );
nov( 123 _456_789, ebx );
imul (12, eax );
nov( 123_456_789, ebx );
imul (12, eax );
nmov( 123_456_789, ebx );
imul (12, eax );
nov( 123 _456_789, ebx );
imul (12, eax );
nov( 123_456_789, ebx );
imul (12, eax );
nmov( 123_456_789, ebx );
imul (12, eax );
nov( 123 _456_789, ebx );
imul (12, eax );
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rdtsc(); // Read tine stanp counter after conputations.
endf or;
sub( ecx, eax ); // Conputer timer difference.
stdout. put( “Cycles for I ML sequence: “, (type uns32 eax), nl );

/] Tinme the DV instruction:

for( nov( 2, edi ); edi > 0; dec( edi )) do

rdtsc();
nmov( eax, ecx ); // Save L.QO word in ECX

// Do the instruction over 8 tinmes to elimnate
/1 certain problens inherent in RDTSC

nov( 123 _456_789, ebx );
cda();

idiv( 12, edx:eax );
nov( 123 _456_789, ebx );
cdq();

idiv( 12, edx:eax );
nov( 123 _456_789, ebx );
cda();

idiv( 12, edx:eax );
nov( 123 _456_789, ebx );
cdq();

idiv( 12, edx:eax );
nov( 123 _456_789, ebx );
cda();

idiv( 12, edx:eax );
nov( 123 _456_789, ebx );
cdq();

idiv( 12, edx:eax );
nov( 123 _456_789, ebx );
cda();

idiv( 12, edx:eax );
nov( 123 _456_789, ebx );
cdq();

idiv( 12, edx:eax );

rdtsc(); // Read tinme stanp counter after conputations.
endf or;
sub( ecx, eax ); // Conputer tinmer difference.
stdout.put( “Cycles for IDV sequence: “, (type uns32 eax), nl );
end RDTSCdeno;

Program 13.19 Timing Code Using RDTSC
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ExerciseA: Compile and run this program. Compare the times produced by this progaamstabe
previous ercise (to compute time from cloclgates, multiply by one billion and vde by the clock fre
gueng of your system). Describe thefdifences in timing in your laboratory report.

Exercise B:The RDTSC instruction is quite slocompared to manother instructions. Dese a short
program to test thexecution time of the RDTSC instruction. Report the result of this timing in your lab
report.

13.3.16Timing Floating Point Instructions

Floating point instructions tend taxexute more sloly than their intger counterparts. In this labera
tory exercise you will compute the running time of th&®, FSUB, FMUL, and FDIV instructionsThis
code uses the RDTSC instruction. If your CPU does not support this instruction, modify the code to use the
timing loops in the fst lab eercise in this chapter and time your code thay w

progr am FPTi m ng;
#include( “stdlib.hhf” );

begi n FPTi m ng;

st dout . put

(
“Instruction timng test:” nl
nl

)

/1 Note: repeat the followi ng code twice in order
/1l to ensure that all code comes out of the cache.
/1 Conpute the timngs on the second execution of the | oop.

for( nov( 2, edi ); edi > 0; dec( edi )) do

rdtsc();
nmov( eax, ecx ); // Save L.Q word in ECX

// Do the instruction over 8 tinmes to elimnate
/1 certain problens inherent in RDOTSC

fld( 123_456_789¢e0 );
fld( 12.0);
fadd();
fld( 12.0);
fadd();
fld( 12.0 );
fadd();
fld( 12.0);
fadd();
fld( 12.0);
fadd();
fld( 12.0 );
fadd();
fld( 12.0);
fadd();
fld( 12.0);
fadd();
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rdtsc(); // Read tine stanp counter after conputations.
endf or;
sub( ecx, eax ); // Conputer timer difference.
stdout. put( “Cycles for FADD sequence: “, (type uns32 eax), nl );

/1 Time the FSUB instruction:
for( nov( 2, edi ); edi > 0; dec( edi )) do

rdtsc();
nov( eax, ecx ); // Save L.O word in ECX

/] Do the instruction over 8 tines to elimnate
/1 certain problens inherent in ROTSC

fld( 123_456_789e0 );
fld( 12.0);
fsub();
fld( 12.0);
fsub();
fld( 12.0);
fsub();
fld( 12.0);
fsub();
fld( 12.0);
fsub();
fld( 12.0);
fsub();
fld( 12.0);
fsub();
fld( 12.0);
fsub();

rdtsc(); // Read tine stanp counter after conputations.
endf or;

sub( ecx, eax ); // Conputer timer difference.
stdout. put( “Cycles for FSUB sequence: “, (type uns32 eax), nl );

// Time the FML instruction:
for( nov( 2, edi ); edi > 0; dec( edi )) do

rdtsc();
nmov( eax, ecx ); // Save L.Q word in ECX

// Do the instruction over 8 tinmes to elimnate
/1 certain problens inherent in RDOTSC

fld( 123 456_789€0 );
fld( 12.0);

ful ();

fld( 12.0);
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ful ();

fld( 12.0);

ful ();

fld( 12.0);

ful ();

fld( 12.0);

ful ();

fld( 12.0);

ful ();

fld( 12.0);

ful ();

fld( 12.0);

ful ();

rdtsc(); // Read tinme stanp counter after conputations.
endf or;
sub( ecx, eax ); [/ Conputer tinmer difference.
stdout. put( “Cycles for FML sequence: “, (type uns32 eax), nl );

/! Time the FDV instruction:
for( nov( 2, edi ); edi > 0; dec( edi )) do

rdtsc();
nmov( eax, ecx ); // Save L.Q word in ECX

// Do the instruction over 8 tinmes to elimnate
/1 certain problens inherent in RDTSC

fld( 123_456_789¢e0 );
fld( 12.0);
fdiv();

fld( 12.0);
fdiv();

fld( 12.0 );
fdiv();

fld( 12.0);
fdiv();

fld( 12.0);
fdiv();

fld( 12.0 );
fdiv();

fld( 12.0);
fdiv();

fld( 12.0);
fdiv();

rdtsc(); // Read tinme stanp counter after conputations.

endf or;
sub( ecx, eax ); [/ Conputer tinmer difference.

“

stdout. put( “Cycles for FDV sequence: “, (type uns32 eax), nl );

end FPTi m ng;
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Program 13.20 Timing FADD, FSUB, FMUL, and FDIV

ExerciseA: Compile and run this program. Compare thieles counts (or times) produced by this-pro
gram a@inst the preious ercise. Describe the tfences in timing in your laboratory report.

Exercise B: Floating point timings areny data dependent. Modify the program by changing the con
stants around. Retry the computations with constants that are close to one another and more widely sepa
rated than in thisxample. (Hint: create a CONST defion for the two constants this program uses in
order to &cilitate the changes; can you see the bieofefising CONST here?)

Exercise C: Modify the program so that theating point control igister speciés the 64-bit rounding
mode (vs. 53 bits or 24 bits). Re-run the program and check the tinfihgs. set the round to 53 bits and
24 bits. Compare the results.

Exercise D: Modify the prgram to &ctor out the time required by the RDTSC instruction. Report
your results in your lab report.

13.3.17Table Lookup Exercise

The following laboratory rercise computes a sequence of si@ees using table lookup and using the
FPU FSIN instruction so you can see théedénce in timing between thedwechniques. Likthe preious
two exercises, this code uses the RDTSC instruction to time the sequences. If your CPU does not support
the RDTSC instruction, verite the code to use surrounding loops as used inrgtddboratory xercise of
this chapter

progr am Tabl eLookup
#include( “stdlib.hhf” );

static
angl e: uns32;
t heSI N uns32;
readonl y

sines: int32[360] :=
[

0, 17, 35, 52, 70, 87, 105, 122
139, 156, 174, 191, 208, 225, 242, 259
276, 292, 309, 326, 342, 358, 375, 391
407, 423, 438, 454, 469, 485, 500, 515
530, 545, 559, 574, 588, 602, 616, 629
643, 656, 669, 682, 695, 707, 719, 731
743, 755, 766, 777, 788, 799, 809, 819
829, 839, 848, 857, 866, 875, 883, 891
899, 906, 914, 921, 927, 934, 940, 946
951, 956, 961, 966, 970, 974, 978, 982
985, 988, 990, 993, 995, 996, 998, 999
999, 1000, 1000, 1000, 999, 999, 998, 996
995, 993, 990, 988, 985, 982, 978, 974,
970, 966, 961, 956, 951, 946, 940, 934,
927, 921, 914, 0906, 899, 891, 883, 875
866, 857, 848, 839, 829, 819, 809, 799
788, 777, 766, 755, 743, 731, 719, 707
695, 682, 669, 656, 643, 629, 616, 602
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588, 574, 559, 545, 530, 515, 500, 485
469, 454, 438, 423, 407, 391, 375, 358
342, 326, 309, 292, 276, 259, 242, 225
208, 191, 174, 156, 139, 122, 105, 87

70, 52, 35, 17, 0, -17, -35 -52
-70, -87, -105, -122, -139, -156, -174, -191
-208, -225, -242, -259, -276, -292, -309, -326
-342, -358, -375, -391, -407, -423, -438, -454,
-469, -485, -500, -515, -530, -545, -559, -574,
-588, -602, -616, -629, -643, -656, -669, -682
-695, -707, -719, -731, -743, -755, -766, -777
-788, -799, -809, -819, -829, -839, -848, -857
-866, -875, -883, -891, -899, -906, -914, -921
-927, -934, -940, -946, -951, -956, -961, -966
-970, -974, -978, -982, -985, -988, -990, -993
-995, -996, -998, -999, -999, - 1000, - 1000, - 1000
-999, -999, -998, -996, -995, -993, -990, -988
-985, -982, -978, -974, -970, -966, -961, -956
-951, -946, -940, -934, -927, -921, -914, -906
-899, -891, -883, -875, -866, -857, -848, -839
-829, -819, -809, -799, -788, -777, -766, -755
-743, -731, -719, -707, -695, -682, -669, -656
-643, -629, -616, -602, -588, -574, -559, -545
-530, -515, -500, -485, -469, -454, -438, -423
-407, -391, -375, -358, -342, -326, -309, -292
=276, -259, -242, -225, -208, -191, -174, -156
-139, -122, -105, ~-87, -70, -52, -35, -17

I

begi n Tabl eLookup

/1 The follow ng touches all the itens in
/1l the sines array so that it is all in the cache

for( nov( O, angle ); angle < 360; inc( angle )) do

nov( angl e, ebx );
nov( sines[ ebx*4 ], eax );
mov( eax, theSIN);

endf or;

/1 Conpute the time required to | ook up the sines of the
/1 angles 0..359:

rdtsc();
nov( eax, ecx );
for( nov( O, angle ); angle < 360; inc( angle )) do

nmov( angl e, ebx );
nmov( sines[ ebx*4 ], eax );
nov( eax, theSIN);

endf or;

rdtsc();

sub( ecx, eax );

st dout . put

(
“Time required to conpute 360 sines via | ookup:”,
(type uns32 eax),
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nl

)

/1 Conpute the time required to conpute 360 sines using FSIN

rdtsc();
nov( eax, ecx );
for( nov( O, angle ); angle < 360; inc( angle )) do

fild( angle );
fldpi ();

ful ();

fld( 2.0);
ful ();

fld( 180.0 );
fdiv();
fsin();

fld( 1000.0 );
ful ();
fistp( theSIN);

endf or;

rdtsc();

sub( ecx, eax );

st dout . put

(
“Tine required to conpute 360 sines via FSIN ",
(type uns32 eax),
nl

end Tabl eLookup;

Program 13.21 FSIN vs. Table Lookup

ExerciseA: Compile and run this program. Compare tlgeles counts between the dwnethods for
computing SIN. Describe the flifences in timing and comment on theséed#nces in your laboratory
report.

Exercise B: In one respect, this program cheate frst look in the program “touches” all the memory
locations in thesinestable so that theare all loaded into the cache before the code actually timezebe e
tion of the lookup table code. Rewaothis initial loop and rerun the program. Comment on ttierdiice
in timing. Comment on the fetctiveness of the cache. Is ibrthwhile to use a lookup table if you rarely
access that table (andsitlata is not in cache)? Justify your answer
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