Chapter 4: Machine Language Coding and the DEBUG       Software Development Program of the PC.
Introduction

In this chapter, we begin our study by exploring how the instructions of the 8088/8086 instruction set are encoded in machine code. This is followed by a study of the software development environment provided for these microprocessors with the PC‑compatible microcomputer. Here we examine the DEBUG program, which is a program‑execution/debug tool that operates in the IBM-compatible PC's disk operating system (DOS) environment. The topics discussed in this chapter are as follows:

Converting Assembly Language Instructions to Machine Code

Encoding a complete Program in Machine code
The PC and Its DEBUG Program

Examining and Modifying the Contents of Memory

Input and Output of Data

Hexadecimal Addition and Subtraction

Loading, Verifying, and Saving Machine Language Programs

Assembling Instructions with the Assemble Command

Executing Instructions and Programs with the TRACE and GO Commands

Debugging a Program

4.1 Converting Assembly Language Instructions to Machine Code

To convert an assembly language program to machine code, we must convert each assembly language instruction to its equivalent machine code instruction. In general, the machine code for an instruction specifies things like what operation is to be performed on byte or what operand or operands are to be used, whether the operation is performed on byte or word data, whether the operation involves operands that are located in registers or a register and a storage location in memory, and if one of the operands is in memory, how its address is to be generated. All of this information is encoded into the bits of the machine code for the instructions.

The machine code instructions of the 8088 vary in the number of the bytes used to encode them. Some instructions can be encoded with just one byte, others in two bytes and many require even more. The machine code for instructions can be obtained by following the formats used in encoding the instructions of the 8088 microprocessor. Most multibyte instructions use the general instruction format shown in fig. 4-1.  From figure 4-1 we can see that byte 1 contains three kinds of information: the operation code (opcode), the register direction bit (D), and the data size bit (W). Below is the summary of the function of each of these pieces of information.

1. Opcode field (6 bits): Specifies the operation, such as add, subtract, or move, that is to 

     be performed.

2. Register direction bit (D bits): Tells whether the register operand that is specified by 

    REG in byte 2 is the source or destination operand. A logic 1 at this bit position    indicates that the register operand is a destination operand, and logic 0 indicates that   

    it is a source operand.

3. Data size bit (W bit): Specifies whether the operation will be performed on 8-bit or 

    16-bit data. Logic 0 selects 8 bits and 1 selects 16 bits as the data size.
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The second byte in fig. 4-1 has three fields: the mode (MOD) field, the register (REG) field, and the register/memory(R/M) field. These fields are used to specify which register is used for the first operand and where the second operand is stored. The second operand can be either in a register or in a memory location.

The 3-bit REG field is used to identify the register for the first operand, which is the one that was defined as the source or destination by the D bit in the byte 1. The encoding for each of the 8088’s registers is shown in fig. 4-2. 
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The 2-bit MOD field and 3-bit R/M field together specify the second operand. Encoding is shown in Fig. 4-3(a) and (b), respectively. MOD indicates whether the operand is in a register or memory. The R/M field, along with the W bit from byte 1, selects the register.

The next bit, D, indicates whether the register specified by the REG part of byte 2 is a source or destination operand. Some of the addressing modes of the 8088 need either data or an address displacement to be coded into the instruction. These types of the information are encoded using additional bytes. The size of the displacement is encoded into the MOD field.
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	Field


	Value


	Function



	S
	0

1


	No sign extension

Sign extend 8bit immediate data to 16 bits if W=1

	V


	0

1


	Shift/rotate count is one

Shift/rotate count is specified in CL register



	Z
	0

1
	Repeat/loop while zero flag is clear
Repeat/loop while zero flag is set


               Figure 4-4 Additional 1-bit fields and their functions.
As we indicated earlier, the general format in Fig.4-1 cannot be used to encode all the instructions that can be executed by the 8088. Minor modifications must be made to this general format to encode a few instructions. In some instructions, one or more additional single bit fields need to be added. Figure 4-4 shows the 1-bit fields and their functions.
Instructions that involve a segment register need a 2-bit field to encode which register is to be affected. This field is called the SR field. The four segment registers ES, CS, SS and DS are encoded according to the table in Figure 4-5.
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4.2 Encoding a Complete Program in Machine Code

     To encode a complete assembly language program in machine code, we must individually encode each of its instructions. This can be done by using the instruction formats shown in fig. 3-6 in the text book and the information in the tables of fig. 4-2, 4-3, 4-4, and 4-5. We first identify the general machine code format for the instruction in fig. 3-6. After determining the format, the bit fields can be evaluated using the tables of fig. 4-2, 4-3, 4-4, and 4-5. Finally, the binary-coded instruction can be expressed in the hexadecimal form.

To execute a program on the PC, we must first store the machine code of the program in the code segment of the memory. The bytes of the machine code are stored in sequentially addressed locations in memory. The first byte of the program is stored at the lowest address, and it is followed by the other bytes in the order in which they are encoded. That is, the address is incremented by one after storing each byte of machine code in memory.

Refer text book Example 4.7 to learn more about encoding a program.

4.3 The PC and its Debug Program

     Now that we know how to convert an assembly language program to machine code and how this machine code is stored in memory, we are ready to enter it into the PC; execute it; examine the results that it produces; and, if necessary, debug any errors in its operation. In this section you will study how to load the DEBUG program from DOS, how to use it to examine or modify the contents of the MPU's internal registers, and how to return to DOS from DEBUG. Using DEBUG, the programmer can issue commands to the microcomputer in the PC. Assuming that the DOS has already been loaded and that a disk that contains the DEBUG program is in drive A, DEBUG is loaded by simply issuing the command

C:\DOS>a:debug (()

To initiate the DEBUG program from the keyboard of the PC

C: \DOS>DEBUG (()

Prompt (‑) is then displayed. 

All we need to do is type in the command and then depress the enter (() key. These debug commands are the tools a programmer needs to enter, execute, and debug programs. When the command entry sequence is completed, the DEBUG program decodes the entry to determine which operation is to be performed, verifies that it is a valid command. If it is valid - passes control to a routine that performs the operation. At at the completion of the operation, results are displayed on the screen and the DEBUG prompt (() is redisplayed. . The PC waits in this state for a new entry. 

Types of Information that can be typically entered as part of a command are: 

a command letter 

an address 

a register name 

a file name 

a drive name, and 

data.

The entire command set of DEBUG is shown in Figure below.

	Command
	Syntax
	Function

	Register
	R [REGISTER NAME]
	Examine or modify the contents of an internal register

	Quit
	Q
	End use of the DEBUG program

	Dump
	D [ADDRESS]
	Dump the contents of memory to the display

	Enter
	E ADDRESS [LIST]
	Examine or modify the contents of memory

	Fill
	F STARTING ADDRESS ENDING ADDRESS LIST
	Fill a block in memory with the data in list

	Move
	M STARTING ADDRESS ENDING ADDRESS DESTINATION ADDRESS 
	Move a block of data from a source location in memory to a destination location

	Compare
	C STARTING ADDRESS ENDING ADDRESS DESTINATION ADDRESS
	Compare two blocks of data in memory and display the locations that contain different data

	Search
	S STARTING ADDRESS ENDING ADDRESS LIST
	Search through a block of data in memory and display all locations that match the data in list

	Input
	I ADDRESS
	Read the input port

	Output
	O ADDRESS, BYTE
	Write the byte to the output port

	Hex Add/Subtract
	H NUMI,NUM2
	Generate hexadecimal sum and difference of the two numbers

	Unassemble
	U [STARTING ADDRESS [ENDING ADDRESS]]
	Unassemble the machine code into its equivalent assembler instructions

	Name
	N FILE NAME
	Assign the filename to the data to be written to the disk

	Write
	W [STARTING ADDRESS [DRIVE STARTING SECTOR NUMBER OF SECTORS]]
	Save the contents of memory in a file on a diskette

	Load
	L [STARTING ADDRESS [DRIVE STARTING SECTOR NUMBER OF SECTORS]]
	Load memory with the contents of a file on a diskette

	Assemble
	A [STARTING ADDRESS]
	Assemble the instruction into machine code and store in memory

	Trace
	T [=ADDRESS] [NUMBER]
	Trace the execution of the specified number of instructions

	Go
	G (=STARTING ADDRESS [BREAKPOINT ADDRESS ]]
	Execute the instructions down through the breakpoint address


                                Figure 4-6 DEBUG program command set
This table gives the name for each command its function, and its general syntax.

With the loading of DEBUG, the state of the microprocessor is initialized. The initial state depends on the DOS version and system configuration at the time the DEBUG command is issued. We can use the register command to verify this initial state.

Syntax for the REGISTER (R) command 

R [REGISTER NAME]

This command allows us to examine or modify the contents of internal registers of the MPU. R is the command letter and Register name is optional. 

An example of the command entry needed to examine or modify the value in register AX is                                                            (R AX (()

which causes the current value in AX to be displayed as

AX 0000

:_

if AX contains 000016. We can now either depress (() to complete the command, leaving the register contents unchanged, or enter a new value for AX following the colon and then depress ((). To load a new value of  00AA16, we type 00AA16 and then depress(() 

:00AA     (()

To examine the contents of the registers, we just type R and then depress(()

(R   (()
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                                 Figure 4-7 Illustrating Register Command
The last line displays the machine code and assembly language statement of the instruction pointed to by the current values in CS and IP (CS:IP). 

To modify the flags use the command 

(R F ((),
which displays the flag settings as 

NV UP EI PL NZ NA PO NC​(
to set the carry and parity flags, 

NV UP EI PL NZ NA PO NC​(CY PE (()

The Register command is very important for debugging programs. For instance, it can be used to check the contents of a register or flag prior to and again just after execution of an instruction. In this way, we can tell whether or not the instruction correctly performed the required operation. It displays an error message when the command that was entered is identified as being invalid.

Suppose we had entered the uppercase letter O instead of zeros when we wanted to load AX with 00AA, it displays an error message, and the symbol ^ is used to mark the starting location of the error in the command.

(R AX (()

AX 0000

:O0AA

  ^ Error
Figure 4-8 Invalid Entry
To correct this error, the command is simply reentered.
Having known how to invoke the DEBUG program from the DOS prompt, we must also be able to return to the DOS when finished using DEBUG. The debugger contains a command called QUIT (Q) to do this. Therefore to return to DOS, we simply respond to the debug prompt with 
Q (()

4.4 Examining and modifying the contents of Memory

     The value at an address in memory can be examined just before and, just after the execution of an instruction that affects this memory location. Thus, we can verify if the instruction performs the operation correctly. This type of command also can be used to load a program into the microcomputer's memory. 

The complete command set of DEBUG was shown in Table in the Figure 4-6. Six of these commands, Dump, Enter, Fill, Move, Compare, and Search, are provided for use in examining or modifying the contents of storage locations in memory. In this section, we discuss each in detail.

Dump command:

The DUMP (D) command allows us to examine the contents of a memory location or a block of consecutive memory locations. 

Syntax:

D [ADDRESS]
If a segment register is not specified, the value of ADDRESS entered is automatically referenced to the current value in the data segment (DS) register. Dump can also be issued without ADDRESS, like






D   (()

Execution of this form of the command causes the 128 consecutive bytes starting at offset 010016 from the current value in DS to be displayed. If DS is initialized with 123416 when DEBUG is started, issuing this command gives the memory dump.
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Figure 4-9 Examining the contents of 128 consecutive bytes in memory
1234016 + 010016 = 1244016h

The address of the first location in the first line is denoted as 1234:0100. This corresponds to the physical address. For all memory dumps, an ASCII version of the memory data is also displayed. It is displayed to the right of the hexadecimal data.
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We can even enter the current value of DS as 

D 1111:0100(()

Figure 4-10 Examining the contents of memory location by specifying the location.
Another way of entering dump command using the value of DS instead of its own value with offset is





D DS: 100 (()

The same can be written as 





D 100 (()

If we repeat the command D after the above command execution shown in figure 4-10, the contents of the next 128 consecutive bytes of memory are dumped to the display.
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Figure 4-11 Examining the contents of next 128 memory locations 
To just examine the just a few bytes or a specific‑sized block we enter two addresses. The first address defines the starting point of the block and the second address identifies the end of the block. For instance, if we want to examine the two bytes of data that are at offsets equal to 20016 and 20116 in the current data segment, the command is
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D DS: 200 201 (()

Figure 4-12 Displaying two bytes of data
The figure 4-12 shows the output

Enter Command:

To enter information into the memory, we use the load command. 

Syntax






E [ADDRESS] [LIST]

The DS register is assumed if no segment is included with the offset. The list that follows the address is the data that get loaded into memory.
To write a command that loads five consecutive byte wide memory locations starting at address DS: 100 with the value AA16 we use the command as follows:

E DS: 100 AA AA AA AA AA (()

We use the following command and verify using the Dump command as shown in figure 4-13.
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      Figure 4-13 Loading five consecutive locations with a list of five numbers
If we issue the command with an address but no data, the contents of the addressed storage location are displayed. For instance, the command


E DS:100 (()

causes the value at this address to be displayed as follows:

1234:0100 AA._

The value at address 1234:0100 is AA16
Now there are several possibilities:

If the return key is depressed now, the command is terminated without changing the value of the displayed memory location and the debug prompt appears. 

If a space bar is depressed, then it causes the contents of the next consecutive memory address to be displayed.

A third type of entry that could be made is to enter a new value of data and then depress the space bar or return key.

The enter command can also be used to enter ASCII data. This is done by simply enclosing the data entered in quotation marks. Either a single‑ or double‑quote marks can be used. For example

E DS: 200 "ASCII" (()

This command causes the ASCII data for letters A, S, C, I, and I to be stored in memory at addresses DS: 200, DS: 201, DS: 202, DS: 203, and DS: 204, respectively.

Fill Command:

This command is used to fill a block of consecutive memory locations all with the same data. Syntax: 

F [STARTING ADDRESS] [ENDING ADDRESS] [LIST]
Here the starting address and ending address specify the block of storage locations in memory. They are followed by a list of data. Execution of the following command

F 100 11F 22 (()
causes the 32 byte locations in the range 1342:100 through 1342:11F to be loaded with 2216. This operation can also be verified with the command 
D 100 11F (()
Move command:

The MOVE (M) command allows us to copy a block of data from one part of memory to another part. Using this command, a 32‑byte block of data that resides in memory from address DS: 100 to DS: 11F can be copied to the address range DS:200 through DS:21F with a single operation.

Syntax:

M    [STARTINGADDRESS] [ENDING ADDRESS]    [DESTINATIONADDRESS]
It is initiated by depressing the M key and then entering three addresses. The first two addresses are the starting address and ending address of the source block of data, that is, the block of data that is to be copied. The third address is the destination starting address, that is, the starting address of the section of memory to which the block of data is to be copied.

For example, the command which copies a 32‑byte block of data located at address DS: 100 through DS: 11F to the block of memory starting at address DS:200, is





M 100 11F 200(()
Compare command:

We sometimes need to compare the contents of two blocks of data to determine if they are or are not the same. This operation can be done with the COMPARE (C) command of the DEBUG program. Syntax:

C [STARTING ADDRESS] [ENDING ADDRESS] [DESTINATION ADDRESS]
For example, to compare a block of data located from address DS: 100 through DS: I 1F to an equal‑size block of data starting at address DS: 160, we issue the command

C 100 11F 160(()

The contents of corresponding address locations in each block to be compared to each other. That is, the contents of address DS: 100 are compared to those at address DS:160, the contents at address DS:101 are compared to those at address DS:161, and so on. Each time unequal elements are found, the address and contents of that byte in both blocks are displayed.

Search command:
The SEARCH (S) command can be used to scan through a block of data in memory to determine whether or not it contains specific data. Syntax:

S   [STARTING ADDRESS]   [ENDING ADDRESS]  [ LIST]
Here the contents of each storage location in the block of memory between the starting address and the ending address are compared to the data in list. When the match is found, the address for each memory location is displayed.

For example lets perform a search of the block of data from address DS: 100 through DS: 17F to determine which memory locations contain 3316.

The search command that must be issued is

S 100 17F 33 (()
The output shows all addresses in the range 1234:100 through 1234:17F that contain this value of data.

4.5 Input and Output of Data

     To access data at input/output ports, we use the input (I) and output (O) commands. These commands can be used to input or output data for any of the 64K byte‑wide ports in the 8088's I/O address space.

The general format of the input command is

I [ADDRESS]
Here ADDRESS identifies the byte‑wide 1/O port to be accessed. When the command is executed, the data is read from the port and displayed. For example, if the command 

I 61 (()

is issued, and if the result displayed on the screen is

4D

the contents of the port at I/O address 006116 are 4D16.

The general format of the output command is

O [ADDRESS] [BYTE]
Here both the address of the output port and the byte of data that is to be written to the port must be specified.

For example

O 61 4A (()

This command causes the value 4A16 to be written into the byte‑wide output port at address 006116.

4.6 Hexadecimal Addition and Subtraction

     The DEBUG program also provides the ability to add and subtract hexadecimal numbers. Both operations are performed with a single command known as the hexadecimal (H) command. Syntax 

H [NUM1] [NUM2]
When executed, both the sum and difference of NUM1 and NUM2 are formed. These results are displayed as follows


NUM1 + NUM2

NUM 1 ‑ NUM2

Both numbers and the results are limited to four hexadecimal digits.

An example of a use of the H command is the calculation of' the physical address of an instruction or data in memory. For instance, if the current value in the code segment register is OABC16 and that in the instruction pointer is OFFF16, the physical address is found with the command

H ABC0 0FFF (() 

BBBF 9BC1

the sum of these two hexadecimal numbers is BBBF16 and their difference is 9BC116. The sum BBBF16 is the value of the physical address CS: IP. The negative of a hexadecimal number can be found by subtracting it from 0.

4.7 Loading, Verifying, and Saving Machine Language Programs

     Here we will see how we can load machine code instructions and programs into the memory of the PC. We know that the Enter command can be used to load either a single or a group of memory locations with data, such as the machine code for instructions. As an example, let us load the machine code 88C316 for the instruction MOV BL,AL. This instruction is loaded into memory starting at address CS: 100 with the Enter command

E CS: 100 88 C3 (()

We can verify that it has been loaded correctly with the DUMP command

D CS: 100 101 (()

This command displays the data

1234:0100 88 C3

“Unassemble” command:

 This is another command that is important for debugging programs on the PC. By unassemble we mean the process of converting machine code instructions to their equivalent assembly language source statements. The U command lets us specify a range in memory, and execution of the command causes the source statements for the memory data in this range to be displayed on the screen. Syntax 


U [STARTING ADDRESS] [ENDING ADDRESS]
We can use this command to verify that the machine code entered for an instruction is correct. To do this for our earlier example, we use the command

U CS: 100 101 (()

This command results in the display of the starting address for the instruction followed by both the machine code and assembly forms of the instruction. This gives

1234:0100 88C3 MOV BL, AL

WRITE (W) command and LOAD (L) command

These commands give the ability to save data stored in memory on a diskette and to reload memory from a diskette, respectively. We can load the machine code of a program into memory with the E command the first time we use it and then save it on a diskette. In this way, the next time the program is needed it can be simply reloaded from the diskette.

Syntax:

W [STARTING ADDRESS [DRIVE STARTING SECTOR NUMBER OF SECTORS]] 

L [STARTING ADDRESS [DRIVE STARTING SECTOR NUMBER OF SECTORS]]

To save the ADD instruction we can just load at address CS: 200 by the command


-E CS: 200 03 04


-D CS: 200 201


1234:0200 03 04


-U CS: 200 201





1234:0200 0304 ADD AX,[SI]

To save the ADD instruction we just loaded at address CS: 200 in the above example, we can issue the write command

W CS: 200 1 10 1 (()

We have selected 1 (drive B) for the disk drive specification, 10 as an arbitrary starting sector on the diskette, and an arbitrary length of 1 sector. Before the command is issued, a formatted data diskette must be inserted into drive B. Then issuing the command causes one sector of data starting at address CS: 200 to be read from memory and written into sector 10 on the diskette in drive B. Unlike the earlier commands we have studied, the W command automatically references the CS register instead of the DS register. For this reason, the command

W 200 1 10 1 (()

will perform the same operation.

The Load command can be used to reload a file of data stored on a diskette anywhere in memory. As an example, let us load the instruction that we just saved on a diskette with a W command at a new address (CS: 300). This is done with the L command

L 300 1 10 1(()

The reloading of the instruction can be verified by issuing the U command

U CS: 300 301 (()

This command causes the display
1234:300 301 ADD AX,[SI]

It is important to mention that using the W command to save a program can be quite risky. If by mistake, the command is written with the wrong disk specifications, some other program or data on the diskette may be written over. Moreover, the diskette should not contain files that were created in any other way. This is because the locations of these files will not be known and may accidentally be written over by the selected file specification. Sometimes, if the command is issued to write on hard disk, there shall be a danger of over writing some of the important parts of operating system. Another alternative for saving a file is hence required. We now look at how a program can be saved using a file name, instead of a file specification, which eliminates the overwrite problem. By using the NAME (N) command along with the write command, a program can be saved on the diskette under a file name. Syntax:

N FILE NAME

where FILE NAME has the form

NAME.EXT

Here the name of the file can be up to eight characters. On the other hand, the extension

(EXT) is from zero to three characters. Neither EXE nor COM is valid extension. As part of the process of using the file name command, the BX and CX registers must be updated to identify the size of the program that is to be saved in the file. The size of the program in bytes is given as





(BX CX) = number of bytes

Together CX and BX specify an 8-digit hexadecimal number that identifies the number of bytes in the file. 

After the name command has been issued and the CX and BX registers have been initialized, the write command is used to save the program on a diskette. The write command form is





W [STARTING ADDRESS]

To reload the program into memory, we begin by naming the file and then simply issue a load command with the address at which it is to start. To do this the command sequence is





N FILE NAME





L [STARTING ADDRESS]
Let’s see how the name command is set up to save the machine program used in the previous example in a file called abc.1 on a diskette in drive A. First, the name command





N A: abc.1 (()

is entered. The program is stored in memory from address CS: 100 to CS: 117. This gives a program size of 1816 bytes. Therefore, CX and BX are initialized as





R CX





CX XXXX





: 18 (()





R BX (()





BX XXXX





:0  (()
Now the program is saved on the diskette with the command





W CS: 100 (()

To reload the program into memory, we simply perform the command sequence





N A: abc.1 (()





L CS: 100 (()
The program can be loaded starting at another address by just specifying that address in the Load command.

Once saved on a diskette, the file extension can be changed to indicate an executable DOS file (that is, a file with the extension .EXE) by using the DOS rename (REN) command. To do this we must first return to DOS with the command





Q (()

and then issue the command




C:\DOS>REN A: abc.1 abc.exe (()

Programs that are in an executable file can be directly loaded when the DEBUG program is brought up. For our example, the program command is




C:\DOS>DEBUG A: abc.exe (()

Execution of this command loads the program at address CS: 100 and then displays the DEBUG prompt. After loading, other DEBUG commands can be used to run the program.

Executable files can also be run directly in the DOS environment. This is done by entering the file name following the DOS prompt and then depressing the return key. Therefore, making the following entry runs program abc.exe




C:\DOS>A:abc.exe (()

4.8 Assembling Instructions with the Assemble Command

     All the instructions that we have worked with up to this point have been hand-assembled into machine code. The DEBUG program has a command that lets us automatically assemble the instructions of a program, one after the other, and store them in memory. It is called the ASSEMBLE (A) command.

Syntax:

A [STARTING ADDRESS]

Here STARTING ADDRESS is the address at which the machine code of the first instruction of the program is to be stored. Say if we need to assemble the instruction

ADD [BX+SI+1234H], AX and store its machine code in memory starting at address CS: 100, we start with the command

A CS: 100 (()

The response to this command input is the display of the starting address in the form

1234:0100_

After typing the instruction to be assembled in following this address, the return (() key is depressed, and the instruction is assembled into machine code; it is stored in memory; and the starting address of the next instruction is displayed. For our example, we have

1234:0100 ADD [BX + SI+1234],AX (() 

1234:0104_
Now either the next instruction is entered or the (() key is depressed to terminate the assemble command.

We can view the machine code that was produced for the instruction by issuing a DUMP command. Notice that the address displayed as the starting point of the next instruction is 1234:0104. Therefore, the machine code for the ADD instruction took up 4 bytes of memory, CS: 100, CS: 101, CS: 102, and CS: 103. The command needed to display this machine code is

D CS: 100 103(()

To save the machine code on a diskette in file INST.1, we issue the commands

N A: INST.1 (()

R CX
 (()

: 4
      (()

R BX
      (()

: 0
      (()

W CS: 100
 (()

Let us look into how a complete program can be assembled with the A command.

We will begin by assuming that the program is to be stored in memory starting at address CS: 100. For this reason, the line-by-line assembler is invoked with the command

A CS: 100 (()

This gives the response

1234:0100

Now we type in instructions of the program as follows:

1234:0100 MOV AX, 2000
(()

1234:0103 MOV DS, AX
(()

1234:0105 MOV SI, 100
(()
.
.
.
.
.

.
.
.
.
.

.
.
.
.
.

1234:0117 NOP
 
(()

1234:0118


(()

To see if the complete program has been assembled correctly, we use the Unassemble command

U CS: 200 217(()

The results produced with this command can be compared with the instructions to those entered and confirm that the program has been assembled correctly.

4.9 Executing Instructions and Programs with the Trace and Go Commands

     Once the program has been entered into the memory, it is ready for execution. The DEBUG program allows us to execute the entire program with one GO (G) command or to execute the program in several segments of instructions by using breakpoints in the Go command. Moreover, by using the TRACE (T) command, the program can be stepped through by executing one or more instructions at a time.

Trace provides the programmer with the ability to execute one instruction at a time. Also known as single-stepping the program; it is very useful during early phases of program debugging. This is because the contents of registers or memory can be viewed both before and after the execution of each instruction to determine whether or not the correct operation was performed. 

Syntax:

T [=STARTING ADDRESS] [NUMBER]

The starting address is the address of the instruction at which execution is to begin. It is followed by a number that tells how many instructions are to be executed. The use of the equal sign before the starting address is very important. If it is left out, the microcomputer usually hangs up and will have to be restarted with a power on reset.

If an instruction count is not specified in the command, just one instruction is executed. For instance, the command

T =CS: 100 (()

causes the instruction starting at address CS: 100 to be executed. At the end of the instruction's execution, the complete state of the MPU's internal registers is automatically displayed. At this point, other DEBUG commands can be issued.

This Trace command can also be issued as

T (()

In this case the instruction pointed to by the current values of CS and IP (CS: IP) is executed. This is the form of the Trace command that is used to execute the next instruction. 

If we want to step through several instructions, the Trace command must include the number of instructions to be executed. This number is included after the address. For example, to trace through three instructions, the command is issued as

T =CS: 100 3 (()

The internal state of the MPU is displayed after each instruction is executed.

GO command

The Go command is typically used to run programs that are already working or to execute programs in the latter stages of debugging. The Go command can be used to execute beginning part of a program which is already operating and then stop execution at a point in the program where additional debugging is to begin.

Syntax:

G [=STARTING ADDRESS [BREAKPOINT ADDRESS LIST]]

The first address is the starting address of the segment of the program that is to be executed, that is, the address of the instruction at which execution is to begin. The second address, the breakpoint address, is the address of the end of the program segment, that is, the address of the instruction at which execution is to stop. The breakpoint address that is specified must correspond to the first byte of an instruction. A list of up to 10 breakpoint addresses can be supplied with the command.

An example of the Go command is

G =CS: 200 217(()

This command loads the IP register with 020016, sets a breakpoint at address CS: 217, and then begins program execution at address CS: 200. The instruction execution proceeds until address CS: 217 is accessed. When the breakpoint address is reached, program execution is terminated, the complete internal status of the MPU is displayed, and control is returned to DEBUG.

We can also execute a program without using a breakpoint with the Go command. For instance, to execute a program that starts at offset 10016 in the current CS, we can issue the Go command without a breakpoint address as follows

G =CS: 100 (()

This command will cause the program to run to completion provided there are appropriate instructions in the program to initiate a normal termination, such as those needed to return to DEBUG. In the case of a program where CS and IP are already initialized with the correct values, we can just enter

G (()

However, it is recommended that tile Go command always include a breakpoint address.


When issued without a breakpoint address and the values of' CS and IP are not already set up or tile program is not correctly prepared for normal termination, the microcomputer can lock up. This is because the program execution may go beyond the end of the program into an area of memory with information that represents invalid instructions.
4.9 Debugging a Program
     Until now, we did not determine if the program when run performed the operation for which it was written. It is common to have errors in a program and even a single error can render the program useless. For instance, if the address to which a "jump" instruction passes control is wrong, the program may get hung up. Errors in a program are also referred to as bugs; the process of removing them is called debugging.
There are two types of errors that can be made by a programmer: the syntax error and the execution error. A syntax error is an error caused by not following the rules for coding or entering an instruction. These types of errors are typically identified by the microcomputer and signaled to the user with an error message. For this reason, they are usually easy to find and correct. For example, if a Dump command was keyed in as




D DS: 100120 (()

an error condition exists. This is because the space between the starting and ending address is left out. This incorrect entry is signaled by the warning "Error" in the display; the spot where the error begins, in this case, the 1 in 120, is marked with the symbol "^" to identify the position of the error.

An execution error is an error in the logic behind the development of the program. That is, the program is correctly coded and entered, but it still does not perform the operation for which it was written. This type of error can be identified by entering the program into the microcomputer and observing its operation. Even when an execution error has been identified, it is usually not easy to find the exact cause of the problem.

Our ability to debug execution errors in a program is aided by the commands of the DEBUG program. For instance, the Trace command allows us to step through the program by executing just one instruction at a time. We can use the display of the internal register state produced by Trace and the memory dump command to determine the state of the MPU and memory prior to execution of an instruction and again after its execution. This information will tell us whether the instruction has performed the operation planned for it. If an error is found, its cause can be identified and corrected. Refer the text book for a detailed example on debugging.
