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UNIT 1

INTRODUCTION TO MICROPROCESSORS.
HISTORY OF THE MICROPROCESSOR

The microprocessor was conceived by Intel Corporation in California in 1971 as a 4-bit
microcontroller designed for use in an electronic calculator. It did not take long before
other applications for this device were dreamed up by inventive minds at such
companies as Bailey Corporation. One of the early applications of this device was a

video arcade game.
THE INTEL 4004

This early computer on a chip was the Intel 4004 microprocessor, which could add two

4-bit binary numbers and perform many other operations. (A bit is binary digit capable

of storing a 1 or a 0.) You might think that a 4-bit microprocessor has very limited

application today, but believe it or not, it still has wide application. If you were to buy

a microwave oven or similar device, you would probably find that it contained a 4-bit

microprocessor. Two of the most common microprocessors used in applications such

as microwave ovens are the TMS-IOOO, which is manufactured by Texas Instru-

ments, and the Intel 4040, which is an updated version of the original 4004.

The 4004 was a fairly primitive device by today's standards, capable of addressing 4096
different memory locations. For many applications this is not enough memory. In
addition to memory size, the word size of the 4004 proved to be too restrictive in many
cases. A 4-bit number can store only 16 possible codes. For the many applications that
handle alphabetic informations, 4 bits proves to be too limiting because there are 26
letters in the alphabet plus a variety of special characters and numbers. It normally takes
at least a 6-bit and often a 7-bit binary number to encode all of these different charac-

ters. To solve this problem Intel introduced an 8-bit microprocessor, the 8008.



THE INTEL 8008

The Intel 8008 could handle 8-bit numbers( bytes ), which was a great improvement
over the 4004.(A byte is usually equal 8 bits.) In addition to the increase in word
size,the memory size was increased from 4096 four-bit words in the 4004, to 16K eight-
bit words in the 8008.(A computer K is equal to 1024.) The 4004, and the 8008 could
both add numbers at the rate of 20,000 per second, which at the time was fast enough
for many of the early applications. With engineers dreaming up new tasks for the
microprocessor every day, this speed eventually began to limit the application of these
early microprocessors. The main reason that these early devises were so slow that they
were constructed from the then state-of-the-art PMOS logic circuitry. (PMOS in an
acronym for P-channel metal-oxide semiconductor.) PMOS logic is inherently slow, and
in addition to being slow, it is fairly difficult to interface to standard TTL logic because
it uses a negative power supply.

Then, at about this same period of time, there was a breakthrough in the fabrication of
NMOS logic circuitry. (NMOS is an acronym for N-channel metal-oxide
semiconductor.) NMOS is much faster than PMOS logic and it also uses a positive
power supply, which makes it more readily adaptable to be connected to TTL logic. This
1s important because many of the ancillary integrated circuits connected to a microproc-
essor are TTL circuits. NMOS allowed speeds to be increased by a factor of about 25
times, which is significant. This new technology was used in the construction of the now

famous Intel 8008 microprocessor.
THE INTEL 8080

The Intel 8080 was introduced in 1973 and its introduction is responsible for catapulting
the world into the age of microprocessors. The 8080 was a greatly enhanced 8080 that
could perform 500,000 operation per second and address 64K bytes of memory space.
This device was also responsible for ushering in the age of the home computer, which

was first introduced by MITS in 1974. This first hobby or home computer was the Altair
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8800, which generated keen interest in microprocessing.

Although the Altair 8800 computer is no longer manufactured, it did represent a change
in the way people viewed the computer. A computer was no longer viewed as a mystical
device suited only for large corporations or the military. It was a device that would, in a
few short years, begin to populate American homes in the form of Apples, Ataris,

Commodores, IBMs, and various other microproces-sor-based systems.
OTHER EARLY MICROPROCESSORS

Up until 1973, Intel was the major producer of microprocessors; then other
manufacturers began to see that this new device had a future and started to manufacture
their own modified versions of the Intel 8080 microprocessor. Many of the early
microprocessors are no longer actively produced because of the popularity exhibited by

the Intel 8080 microprocessor.
THE MICROPROCESSOR

What is a microprocessor? The microprocessor is a device that can be commanded to
perform a variety of various functions-it is programmable controller. All
microprocessors perform the same three basic functions is a system: data transfer,
arithmetic and logic, decision making. These are the same three tasks that can be

performed by any microprocessor, minicomputer, or mainframe computer system.
BUSES

The address bus connections are used to supply a memory address or an I/O address to
the memory and I/O blocks. The address, which is a binary number, is used to point to a
unique memory location or I/O device. Memory can be envisioned as a series of
numbered ( addressed ) boxes that hold an 8 - bit binary number in an 8- bit
microcomputer. The data bus connections, which would be 8 bits wide for an 8- bit

microprocessor, are used to carry the information to or from the memory and I/O. Data
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bus lines are, in most cases, bidirectional lines capable of transmitting information in ei-
ther direction. The control bus connections are used to control both the memory and I/O
systems. The control bus consists of three general signals: RD ( read ), WR ( write ), and
IO/M (input / output or memory ). RD is used to control the reading of data from
memory or I/O, WR is used to control the writing of data to memory or I/O, and IO/M is

used to select I/O or memory.
DATA TRANSFER

The microprocessor spends a great deal of its time transferring data to and from the
memory and I/O. About 50 percent of its time is spent fetching instructions from the
memory and preparing to execute them. Computers today store the commands or

instructions in their memory so that they can be executed at a very high rate of speed.
ARITHMETIC AND LOGIC

A small portion of the microprocessor's time is spent performing arithmetic or logic
operations. These operation can be executed in 1 to 2 microseconds in most

microprocessors. Arithmetic and logic operations found in many microprocessors.

Operations Notes

Addition

Subtraction Two's-complement addition
AND Logical multiplication

OR Logical addition

XOR Exclusive -OR

NOT Inversion

Shift Either arithmetic or logical
Rotate



DECISIONS

The ability of the microprocessor to make decisions allows it to process information
more efficiently. It also allows the programmer to develop software that can choose
different paths through a program. This ability has made the computer system the

powerful device that it is today. Microprocessors make decisions based on numerical

facts,
Common testable conditions used by microprocessors to make
decisions.
Numeric  condition. Testable  conditions
Zero Equal to zero
Not equal to Zero
Sign Positive
Negative
Parity Odd parity
Even parity
Carry Carry equal to one
Carry equal to zero
THE MEMORY SYSTEM

The memory system in a computer performs two very important tasks:(1) memory is
used to store the instructions of a program, and (2) memory is used to store data for use
by the program. In most systems the program is stored in a read-only memory (ROM)
and the data are stored in a random access memory (RAM), the term used for a read and

write memory.



THE PROGRAM

The program in a computer system is made up of various instructions that direct the
operation of the microprocessor. Instructions are binary numbers that are interpreted by
the microprocessor as various operations that are to be executed by the microprocessor.
A grouping of these instructions is called a program. Programs vary in length from a
few hundred instructions in simple systems to thousands of instructions in complex
systems.

A simple example of a program is adding the numbers 3 and 2 together. To direct the
computer to perform this addition, a series of instructions are stored in the memory as a
program. The first instruction fetches the 3 from the memory. This is comparable to
writing it down on a piece of paper. The second instruction gets the 2 out of the memory
and adds it to the 3. This is comparable to writing the 2 beneath the 3 and adding them
together in your mind. Finally, a third instruction is required to store, or save, the answer
in the memory-the same thing that you do when you write the answer down on a piece
of paper. Notice how the simple task of adding two numbers together seems more
difficult than normal. This is because each step must be though of and written down as a

sepa-rate instructions in a program.
TYPES OF MEMORY

As mentioned earlier, the ROM, or some form of ROM such as an EPROM(erasable
programmable real-only memory), is used to store the program and the RAM is used to
store the data. This is not always true, of course , but it is many cases. The ROM
memory that is commonly found associated with the microprocessor is typically either a
factory- or mask-programmed ROM or a field-program-mable EPROM The EPROM is
programmable in the field by a device called an EPROM programmer. In addition to
being programmable, the EPROM is constructed using a process that allows it to be
erased if a mistake is detected.

The RAM memory is most often some form of NMOS or CMOS memory device. In
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small systems, memory is often constructed from static RAM (SRAM) and large
memory systems are often constructed from dynamic RAM (DRAM).

INPUT/OUTPUT DEVICE

The input/output block in computer systems is the microprocessor's connection to the
outside world. The microprocessor communicates to human beings and/ or machines
through this block. Without this communications path, the computer would truly be a
worthless device. I/O devices are defined as devices that can either accept an electrical
signal for processing or generate an electrical signal to accomplish work. Just about any
device in use by today's modern society could be, and often is, interfaced to
microprocessor as an I/O device. This has largely been made possible since analog-to-

digital (ADS) and digital-to-analog (DAS) converters are available.

Common input/output devices
Device Type Common usage
Switch Input  Used to sense events such as key

depressions on a keyboard, limits in certain mechanical systems,
etc.
ADS Input  Used to convert any analog voltage
into a digital  signal that can be sensed by the microprocessor.
Indicator Output An LED or similar device that can indicate a
single condition or, in some cases, display a numeric or alphabetic
character.
Motor Output Used to position external mechanical
devices; may be a stepper motor or an ac or dc motor.
Solenoid  Output Used to control electrical or contacts or physically move relay an
external
device.

DAC Output Used to convert the digital output of the microprocessor into an
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analog

voltage.

TRAINER FUNCTIONS

The trainer normally contains a hexadecimal keypad for data entry plus additional keys
for control. The keys control:

1. The reading of data from the memory.

2. The writing of data to memory.

3. The displaying and modifying of the contents of the microprocessor's registers.

4. The execution of a program stored in the memory.

5. The debugging of a faulty program by the use of a single-instruction execution mode
of operation.

6.The resetting of the  microprocessor if the  program  becomes

entangled in an infinite loop.

The trainer also contains a set of numeric displays that are capable of displaying
hexadecimal data as a two-digit number and four-digit number. The displays normally
indicate any one of the following:

1. A sign-on message such as 8085, which is displayed when the unit is first turned on or
reset.

2. An address and data from any memory location.

3. The contents of an internal register and its letter designation.

4. Some indication that a user program is being executed, such as the letter E.
5.Breakpoint addresses during programming.

In addition to the keyboard and displays, the trainers also have an area that can be used
to expand the circuitry. For example, suppose that you wished to add an analog-to-
digital converter to the trainer far an experiment. This is accomplished by wiring up the

circuit on the breadboard area of the SDK-85 or on an external breadboard for the
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Micromodule-85.

SUMMARY.

1. Intel Corporation developed the first microprocessor, the 4004, a 4- bit machine that

could directly address 4K nibbles of memory.

2. Four - bit microprocessors still find wide applications in such systems as microwave
ovens, dish-washers, and even in automobiles.

3. Eight - bit microprocessors are much more useful in many applications because
alphabetic data requires at least a 6 - bit binary code for representation and more often a
7 - bit code.

4. PMOS logic, which was used in early microprocessors, proved to be too slow. This
led to the development of NMOS logic and the modern gender of the microprocessor.

5. As early as 1974, the home computer began to appear on the scene in the form of the
Altair 8800 computer system.

6. Today microprocessors are available in 4-, 8-, 16-, and 32-bit versions.

7. The microprocessor is a device that performs arithmetic and logic, data transfer, and
makes some rudimentary decisions based on numerical facts.

8.Buses are used to control the system connected to a microprocessor. All
microprocessors contain an address bus, a data bus, and a control bus.

9. The memory in a microprocessor - based system is used to store the instructions of a
program and the data used by a program.

10. A program is a collection of instructions that are used to perform a useful task in a
computer.

11.RAM (random access memory) is used to store temporary data, and ROM ( read-
only memory ) is used to store programs and more permanent data.

12. An input / output device is a device that will either accept an electrical signal or
generate one.

13. A microprocessor trainer is a device that is used to learn how to program the

microprocessor. Most trainers allow the user to enter data or commands, view the data
11



from the memory or internal registers, and execute or single-step through a program.
GLOSSARY.

Address bus - A set of connections that are used to provide the memory and 1/0 with
an address.

Bit - One binary digit (0 or 1) or position in a binary number. Also a contraction for
binary digit.

Buses - Common paths that are used to interconnect the many components in a system.
Byte - Generally, an 8-bit binary number. A contraction formed from binary (B) and
eight (YTE). CMOS - Complementary metal-oxide semiconductor technology-.
Control bus - A common set of connections that is used to control both the I/O and the
memory.

Data bus - A common set of connections that is used to transfer all the information in a
computer system.

DRAM - Dynamic random access memory.

EPROM - An erasable programmable read-only memory is a device that can be erased
with an ultraviolet lamp and reprogrammed electrically.

Input device. A device, such as a keyboard, that sends data to the microprocessor.

/0O - The input/output equipment provides the microprocessor with its interface to the
outside world. K - In computer terminology a K is generally equal to 1024 decimal.
Mainframe computer - A mainframe computer system is a large computer designed to
handle extremely large jobs. The term mainframe comes from the fact that the machine
is often mounted in one or more rack panels or frames.

Memory - A device that stores binary information for the microprocessor.
Microcomputer. A computer system constructed around a microprocessor.
Microprocessor. A device that can be programmed to control just about any situation. It
1s a program-mable controller.

Microprocessor trainer - A device used to learn the operation and programming of a

particular microprocessor.
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Minicomputer - A scaled-down version of a mainframe computer that is today losing
definition because of the microprocessor-based microcomputer.

NMOS - N-channel metal-oxide semiconductor technology.

Output device - A device, such as a printer, that accepts data from the microprocessor.
PMOS - P-channel metal-oxide semiconductor technology.

Program - A collection of instructions that direct a computer to perform a task.

RAM - Random access memory is memory that can be written into as well as read out.
ROM - Read-only memory is memory that has been permanently programmed with
information that can only be read from the memory.

SRAM - Static random access memory.

TTL - Transistor-transistor logic is a bipolar transistor technology.

Word size -  Generally, the word size is determined by the width of the

microprocessor's internal arithmetic circuitry.

QUESTIONS AND PROBLEMS.

1. What corporation did develop the first microprocessor?

2. What are some of the early applications of the microprocessor?

3. What did lead to the development of the 8-bit microprocessor?

4. How many bits are equal to one byte?

5.How-many decimal memory locations does a 4K memory device contain?

6. What breakthrough did usher in a faster and more versatile microprocessor?

7. List three different 8-bit microprocessors.

8. List three different 16-bit microprocessors.

9. Give a brief definition of the microprocessor.

10.What three main blocks do comprise the block diagram of a typical microprocessor-
based computer system?

11.What are three main operations performed by the microprocessor?

12. What buses do interconnect the blocks in a microprocessor-based computer system?
13. List four common arithmetic and logic operations performed by the microprocessor.
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14. List three common factors that the microprocessor uses to make a decision.

15. What type of memory is the program in a microprocessor-based computer system
stored in?

16. What type of memory are the data of a transitory nature stored in ?

17. Define the term program.

18. What types of RAM read and write memory are found in various computer

systems?

19. Define the term input/output.

20. List four commonly found I/O devices.

21. What hardware features are usually found in a microprocessor trainer?

22. What functions are mostly often found in a typical microprocessor trainer?
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UNIT II

SOFTWARE DEVELOPMENT.

Before a detailed study of the programming of the 8085A microprocessor can be
conducted, it is important to develop an understanding of the programming task.
(Programs are often called software.) In this chapter we approach this by introducing the
systems most often used to develop software, the development task, various
programming approaches, and software design, and discuss assemblers, interpreters, and
compilers. Once these areas are fully understood, it is much easier to learn how a
particular microprocessor functions and finally, to write efficient, well-documented

software.

SOFTWARE DEVELOPMENT SYSTEMS

What is a software development system? A software development system is a machine
that has specifically been designed to make software development as efficient as
possible. A software development system, should have the following essential
component parts:

1. A video display terminal for data entry and display.

2. An editor for entering the source program into the system.

3. An assembler for developing bit manipulation and 1/0 software.

4. A high-level programming language such as PL/M or Pascal for developing the
intricate portions of the software, which more often uses complicated arithmetic.

5. A linker, which is used to connect software modules together to form the software
system.

6. A disk memory system for saving the software for latter use.

7.An 1/0 port that can connect a printer to the system for printing a hard copy of the
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software.

8. An EPROM programmer for storing the completed software on an EPROM.

THE VIDEO DISPLAY TERMINAL

The video display terminal (VDT) portion of the software development system should
have a standard typewriter keyboard, including additional cursor positioning keys. It is
also desirable to have some programmable function keys or other mechanism for
entering often used keying sequences. A numeric keypad can also be helpful at times,
especially if the software development task requires the entry of long series of numeric
data. For operator convenience the position and angle of the keyboard should be

adjustable.
THE EDITOR

The software development system's editor is extremely important because it is used not
only to enter the source program into the system, but also to modify it. (The source
program is a program written in BASIC or assembly language.) The editor should be
capable of deleting unwanted lines of the program, moving entire lines or blocks of lines
from one point to another, replacing labels with other labels, finding any line or label,
and repeating lines of software. An editor without these minimum features is very hard
to use and makes the software development task more difficult. Most modern word
processing software can function as an editor because most and usually all of the

features are provided.

AN ASSEMBLER

The assembler is a program that converts the symbolic source program into the binary
machine language object program for the desired microprocessor. It should at least be

capable of indicating simple syntax errors as they appear in the source program. (A
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syntax error is an error in form: for example, a missing or misplaced comma). The
assembler is used to develop the software required to control 1/0 devices because 1/0
control software usually requires a considerable amount of bit manipulation. Bit ma-
nipulation is difficult to accomplish efficiently with a high-level programming language.
The assembler is also used where the time required to execute the software is critical.
For most other software functions a high-level programming language is often more

expedient at generating software.
PASCAL OR PL/M

Pascal and PL/M are two examples of high-level programming languages that are quite
useful in developing software for a microprocessor-based system. They are commonly
used to develop portions of the software that require extensive arithmetic manipulation
of complicated data structures. A high-level languages advantage is not software
efficiency, because the software it generates is not nearly as efficient as that developed
by an experienced assembly language programmer. A high-level languages advantage
lies in the fact that it can generate complicated code at a tremendous rate of speed com-

pared to that needed by an experienced programmer using an assembler.

THE LINKER

The linker is used to build the final machine language system by linking together
(connecting) all the software modules. Software modules may consist of assembly
language programs, high-level-language programs, and subroutines from one or more

system software libraries.
THE EPROM PROGRAMMER

The EPROM programmer is an important part of the system because it is the place the
final system software is sent after the development task. The EPROM holds the program
so that it can be plugged into the hardware system for testing. Whenever software is
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stored on an EPROM it is called firmware. The EPROM programmer should be able to
program a wide variety of different EPROMs. Today, EPROMs vary in size from IK by
8 (2708) to 64K by 8 (27512).

THE DEVELOPMENT TASK

Where does one start when developing a software system? The first thing not to do is to
start writing a program. Writing a program in a minimal amount of time, efficiently,
requires a considerable amount of forethought. The thinking process is the first step in
software development. This section details the proper steps required to develop software

in the shortest possible time and at the lowest cost.

PROBLEM DEFINITION

1. What is the form of the input data? (ASCII string, ASCII character, binary byte,
binary word, packed BCD, unpacked BCD, etc.)

2. What is the required form of the output data? (ASCII string, ASCII character, binary
byte, binary word, packed BCD, unpacked BCD, etc.)

3. Do the input data require a buffer?

4. Do the output data require a buffer?

5.Is there any change required in the form of data between the input and the remainder
of the program?

6. Do the output data need to be conditioned before they are sent out of the program?

Suppose that a system uses a simple decimal keyboard for input data and a six-digit
display for output data. The data from the keyboard are in BCD code; the output data are
also BCD. This means that the data must be in BCD form to enter and exit the software.
An output buffer is probably required because there are six digits of output data. These
questions are designed to make you think about the problem before the software is

actually written.
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Once the input and output specifications are made, the program itself can be defined.
This section will vary from program to program, but a few steps can be followed for
every program, which are listed below.

1. Is there any need to store temporary data? If so, how much space will be required?

2. Are any portions of the program repeated many times? If so, these portions should be
developed and debugged and written as subroutines.

3.Can the program be broken into separate areas so that several programmers can
develop the software simultaneously?

4. Can a portion of the software be developed with a high-level language such as Pascal
or PL/M?

5. How much memory space is required for the entire program?

PROGRAM DEVELOPMENT

Once all of this information is gathered, the programmer or team of programmers can
begin developing the software. If the program is rather large, a software manager may
break the task into individual assignments for members of a programming team.
Teamwork on a large program reduces the total development time considerably if the
work is assigned to the most qualified individual programmers. Each section of the
software 1s developed and fully tested. The testing of the software is usually
accomplished by using a software driver. The software driver is a program that is written
to test every possible input and output condition of the section of software under test.
Suppose that you are assigned the task of developing a section of software that is to
divide any number by a 12. A software driver to test your part of the software must
provide all possible numbers so that your divide program can be fully tested. It must
also be able to determine if the outputs obtained are correct.

Once all the software for a large program is fully tested in sections, it is linked together
and tested as a unit. The final test usually points out that there has been some error in

passing information from one section of the software to another. This would be
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corrected by respecifying a portion of the software.

THE FINAL TEST

The last step in developing system software is to burn an EPROM and test the software
in the finished hardware system. If all goes well, the final system will work correctly. If
not, either the hardware is at fault and it must be corrected or an unforeseen software
error has occurred. This must be corrected by returning to the software development
stage. Hardware testing is accomplished by another device, called an in-circuit emulator.
The emulator is a device that replaces the microprocessor in the hardware system. Once
the microprocessor is replaced, the emulator can completely control the hardware.
Functions that emulators commonly perform are: single-step, register and memory
displays, and traces. Each of these functions allows the test engineer to find bugs in

software and hardware.

PROGRAMMING APPROACHES

Three basic programming techniques are discussed in this chapter: topdown, modular,
and structured programming. Each technique has its merits, but today it seems that the
most efficient technique is a combination of all three techniques. The idea of this

combination will be introduced after each technique has been fully described.

TOP-DOWN PROGRAMMING

When developing software using the top-down approach, a shell of the entire system is
created using dummy calls to lower-level software modules. Suppose that a program is
required to read a character from the keyboard and display it on a VDT screen. This
process is to continue until the carriage return (enter) key is pressed on the keyboard.
Notice that there are three places where lower-level software is used by the program
shell: read key, display character, and check for a carriage return. Once the outer shell is

constructed, the lower-level software is designed for each of the three tasks. In many
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cases the lower- level software will form its own shell, which may require that even
lower-level software is constructed. This technique is useful for the system design
manager because it allows the entire system to be designed without undue detail to the
low-level software required to implement the design. The software is designed in a top-
down fashion: from the top (outer shell) to the bottom (lower-level software) or inner

shell.

MODULAR PROGRAMMING

This approach is not unlike the top-down approach in that the program is broken down
into parts. A module by definition is a program that implements just one function. This
technique is very helpful to a software manager because the manager can assign portions
of a system by choosing and assigning the modules to various programmers. The
problems involved with this approach are that it is sometimes difficult to determine the

length of a module before it is written and it is often difficult to interface modules.

STRUCTURED PROGRAMMING

Structured programming. It has recently been associated with a standard set of rules that
apply to most programs in general. The rules set the structure of the program. The top-
down and modular approaches both fit one of the rules: develop programs in a stepwise
fashion, and push details lower and lower into simpler software modules.

Another rule, which is often implied with structured programming, is never use a GOTO
(BASIC or Pascal language). Instead, use a well-structured sequence like the DO
WHILE, REPEAT UNTIL, or IF-THEN-ELSE. GOTO statements can cause a lot of
confusions at a later date when the software may require a modification.

This text will develop structures in assembly language that are useful in developing
software. These structures, together with a programming methodology for their use, are

presented in later chapters together with the software.
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The PROGRAMMING APPROACH

As can be seen from the prior discussion of various programming approaches, there is
no correct approach. The correct approach is actually a combination of top-down,
modular, and structured programming. In fact, it is extremely difficult to separate one
approach from another. We will see in later chapters that the structured programming
technique aids in developing software because it teaches certain design algorithms
(constructs) that can be applied to a wide variety of problems without much

modification. These algorithms are the structure in structured programming.

STEPS USED TO DESIGN SOFTWARE

The following steps are most often used to develop a software system:

1. Define the system as clearly as possible.

2. Design the overall system using the top-down approach to develop the outer shell.

3. Determine which modules are to be broken out of the outer shell for assignment to
individual programmers (the modular approach).

4. Individual modules are designed using structured programming techniques.

5. The modules are tested using software drivers or other appropriate techniques.

6. The modules are linked together and tested as a system.

7. Based on the outcome of step 6, the system is either redesigned or it is complete and it
goes into production.

These steps provide a general method for obtaining the final software product. They are
a suggested sequence of events that the author has found to be effective in managing
software products over the years. These steps apply to microprocessor-based systems
using assembler or high-level languages as well as to systems for much larger

mainframe computer systems.
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System design. In this step, the specifications are used to create the shell of the
program.

Module specification. This step is used to locate modules in the shell of the program
for assignment to individual programmers. Not only are the modules selected, but the
skill level required to develop the software for each module is also decided. The most
qualified programmers are then selected to develop or code the modules using structured
programming techniques.

Module design. It is at this stage that the most cooperation is required from each team
member. Each person developing each module must communicate with each other
programmer so that the data will flow properly from module to module.

Module testing. As mentioned, modules are tested using special programs called
software drivers. In addition to testing modules with a software driver, it is extremely
important that the programmer go through each step of the software on paper. This can
often save a great deal of time in debugging faulty modules later. It also saves time on
the software development system, which can be utilized by other programmers.

System testing. The last phase, or at least it should be, is final system testing. This stage
is where the actual modules are linked together and the entire system is tested as a unit.
(This type of testing can take many months for a large and complicated system.) Based
on the outcome of this test, either the faulty module or modules are redesigned or the
system is placed into operation in the field. (It is rare that the system is 100 percent
functional on the first pass of this design technique.)

Once a system has been placed into service in the field, it is often necessary to modify
the system. This happens because if it is a large system, it cannot be fully tested in the

laboratory. In fact, very large systems may never be completely debugged.

ASSEMBLERS, INTERPRETERS, AND COMPILERS

This section of the text introduces the assembler used to develop 1/0 and bit

manipulation software, the interpreter used for testing high-level-language programs,
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and the compiler as a software development tool. These three software development

tools are used extensively in the field.

THE ASSEMBLER

As mentioned earlier, an assembler is a program that converts symbolic machine code
(source code), sometimes called assembly language, into binary machine code (object
code). Symbolic machine code is a language that is much easier to understand than
binary machine code. It is constructed using mnemonic codes that are easily
recognizable by human beings. An example mnemonic code is ADD, which is easy to
recognize as addition. If the binary machine code for an addition is written (0100 0111,
for example), it is virtually impossible for a beginner or often an experienced
programmer to decipher the function.

Binary machine code is the actual language of the microprocessor. The microprocessor
does not understand mnemonic code; it only understands binary machine code. For
human beings to be able to easily write a program for a microprocessor, a device called
an assembler is used to convert symbolic machine language into binary machine
language. In addition to converting symbolic machine code into binary machine code,
many assemblers also allow the programmer to call up prewritten sequences of
instructions called macros. A macro is a sequence of predefined steps that are invoked
by using a special command that the programmer has written. An example is division.
The 8085A cannot divide. To circumvent this problem, a macro can be written and
labeled DIV. Every time a division is required in a program, the programmer can invoke
the division macro by using DIV. For an assembler to be truly effective, one more
addition is generally provided, the pseudo operation. Pseudo operations are special
commands that may or may not generate machine code. One such example is the EQU
pseudo operation. EQU is used to equate a label with a value or another label. It is much
more readable if your program is written so that the number 7 is equated to the word

SEVEN. This is accomplished by using the equate mnemonic.
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INTERPRETERS

Most of us are familiar with the interpreter in the form of the BASIC language. In a
machine that contains a BASIC interpreter, a program is entered and as it is executed,
any error that occurs is indicated at the exact time of the error. This makes debugging a
very simple task because in many cases you know exactly which line is in error. The
interpreter is capable of doing this because it executes a line at a time. It does not
convert the entire program into machine code, as the assembler, and execute it. If it did,
it would be very difficult to locate the line or lines of code that are in error. Interpreters
are not used directly in system software development for microprocessors. They can be
used to recheck a program written in a high-level language before it is compiled

(converted into binary machine language).
COMPILERS

If a high-level language is used in program development, it will probably be in the form
of a compiler. A compiler is a device that converts a high-level-language program into
binary machine code. This makes the program fairly efficient because it usually takes
less room than if it were in an interpretive form and it also executes at a much higher
rate of speed.

As mentioned before, high-level-language compilers are extremely useful when
developing systems that require a lot of complicated arithmetic. They are not suitable
for all program development because it is difficult to use them to control 1/0 devices and

to manipulate binary data.
SUMMARY

1. The major components of a software development system are: a VDT, an editor, an
assembler, a high-level programming language, a linker, a disk memory system, a
printer, and an EPROM programmer.

2. Assemblers are used for developing bit manipulation and 1/0 control software and
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compilers are used for developing intricate arithmetic.

3. The linker connects or links software modules together to form the complete software
system.

4. The EPROM programmer is used to store the final software system onto an EPROM.
5. The first thing not to do when developing a software system is to write the program,

6. To define the software problem completely, a lot of thought and information gathering
must occur.

7. Three programming techniques are commonly used in software development: top-
down, modular, and structured.

8. The top-down programming technique requires that a shell of the program be
constructed without any detail to lower-level software.

9. Modular programming is a technique that separates the software into modules which
are then assigned to individual programmers.

10. Structured programming requires the use of a strict set of predefined structures, such
as DO WHILE and REPEAT UNTIL, when developing software.

11. A good software design methodology requires that the system is defined, top- down
techniques are used to design the program shell, modules are broken out of the shell,
programmers use structured programming to develop the modules, and extensive testing
of all the software, both the modules and the entire system.

12. The assembler is a program that converts mnemonic code, in the source program,
into the binary machine code of the object program.

13. Interpreters are high-level-language systems that are excellent for error checking
because they execute the software a line at a time.

14. The compiler is a program that converts a high-level language into binary machine

language.
GLOSSARY

Assembler - a program that concerts symbolic source code into binary object code.

Assembly language - the symbolic source program is often referred to as an assembly
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language program.

Binary machine code - the actual binary commands that the microprocessor
understands as instructions.

Compiler - a program that converts a high-level language into binary machine
language.

EPROM programmer - a device that is used to program EPROMs.

Hacker - an inexperienced programmer who writes software in a random pattern.
Interpreter - a program that accepts high-level-language commands and executes them
one at a time.

Linker - a program that connects or links together software modules.

Macro - a sequence of events in symbolic machine code that can be invoked by using
a single user-created mnemonic code.

Mnemonic code - an abbreviated command for a computer system, such as ADD for
addition and SUB for subtraction.

Module - a section of software that performs one task.

Pseudo operation - a special assembly language command that is used to control the
assembler. Pseudo operations may or may not generate machine code.

Shell - the outer portion of a program developed using top-down programming
techniques.

Software development system - a system that is used to develop programs that includes
a VDT,

assembler, high-level language, linker, printer, disk memory, and EPROM programmer.
Software driver - a program that completely tests software.

Symbolic machine code - a program that uses mnemonic codes instead of binary
machine codes.

Syntax error - a mistake in the normal form of a statement in an assembler, interpreter,
or compiler.

VDT - the video display terminal contains a video screen and a keyboard.

27



QUESTIONS AND PROBLEMS

I. What is the purpose of a software development  system?
2.List four of the essential components of a software development system.

3.Why is it desirable to have a numeric keypad on a VDT?

4.List three of the operations that an editor can perform.

5.The source program is converted to what type of program by an assembler?

6. What is a syntax error?

7.Where would a high-level language such as Pascal or PL/M be useful when
developing software?

8. List two types of software modules linked together by a linker.

9.What is the first thing not to do when writing software?

10. Why is teamwork important when developing software for a large system?

11.What is a software driver, and how is it used in software development?

12.Name the three programming approaches most often used for software development.
13.Which programming approach does use a shell?

14.Which programming approach a software module is used in ?

15.Which programming approach is associated with a standard set of rules?

16.List the seven steps used for proper software design.

17.Should experts always be called in when developing a software system? Explain your
answer.

18.Are communications an important part of software development? Explain your
answer.

19.1s it normal for a software system to function perfectly at the end of the development
cycle? 20.Define the term mnemonic code.

21.Briefly explain the structure of symbolic machine code.

22.What is the difference between symbolic machine code and binary machine code?

23. How does the pseudo operation EQU function?

24 What feature does the interpreter make an excellent high-level-language debugging
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tool?

25.Describe the difference between a high-level-language interpreter and a compiler.
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UNIT III

8085A ARCHITECTURE.

The key to understanding the microprocessor is its architecture. In this section of the
text 8085 A's internal operation, programming model, memory and 1/0 structure, data

and command words are explained and an overview of the instruction set is present.

THE 8085A ARCHITECTURE.

The 8085A 1s an 8-bit general-purpose microprocessor that is ideally suited to many
applications. In this section we introduce the internal architecture of the 8085A

MmiCroprocessor.
THE 8085A BLOCK DIAGRAM.

Although a detailed understanding of the internal operation of the 8085A is not required
for programming, it does help to explain why some of the instructions operate in a
particular fashion.

The 8085A contains a register array, a timing and control section, an arithmetic and
logic unit (ALU), an instruction register and decoder, and bus connections to the outside
world. Notice that there are 16 address bus connections, A8-15. and a shared
(multiplexed) address/data bus containing the least significant 8 bits of the memory
address, AO-7 and the data bus DO-7. A 16-bit memory address allows the 8085A to
directly address 64K different memory locations. The address/data bus also allows the
8085A to access 8 bits of data at a time, which means that each memory location or I/O
device attached to the address/data bus contains 8 bits of data.

The registers. The 8085A contains a variety of internal registers that are used to hold
temporary data, memory addresses, instructions, and information about the status of the
8085A.

Instruction register. This register is used to hold the instruction that the 8085A 1is
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currently executing. Its outputs are connected to the instruction decoder, which decodes
the instruction and controls the rest of the processor, memory, and I/O through the
timing and control block and external pins to the outside world.

Temporary register. The temporary register is used to hold information from the
memory or the register array for the ALU. The other input to the ALU comes from the
accumulator. The result, available at the output of the ALU, is fed to the internal 8-bit
data bus for distribution to the accumulator, register array, or memory.

Incrementer / decrementer address latch. This block is used to hold the address of
data to be accessed in the memory or 1/0. It is also used to add one or subtract one from
any of the other registers in the register array.

Miscellaneous sections. The interrupt control section is used to determine the priority
of the interrupt control inputs and also to supply, in some cases, an interrupt instruction
to the instruction register. An interrupt is an operation where the external circuitry
interrupts a program. When the program is interrupted, the microprocessor executes
another program that responds to the external interrupt.

The serial I/O control section is used to control the two serial I/O data pins: SID
(serial input data) for reading a bit of external data and SOD (serial output data) for
writing a bit of external data.

The timing and control section provides the basic control bus signals RD, WR, and
FO/M. In addition to these basic control signals, other signals are supplied to control the

external hardware and also accepted to control some internal functions.

THE PROGRAMMING MODEL.

Before an instruction can be explained or a program written, the structure of the internal
register set must be fully understood. This section details the programming model-the

set of available registers that can be affected by a program.
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GENERAL-PURPOSE REGISTERS.

The 8085A contains a set of six general-purpose registers: B, C, D, E, H, and L. These
registers are called general purpose because they can be used in any manner by the
person programming the microprocessor. The general-purpose registers can be used to
hold numeric data, BCD data, ASCII data, and in fact, any type of information that may
be required. They are flexible enough so that they can be used as six 8-bit registers or as
three 16-bit register pairs.The valid register pairs are Be, DE, and HL. Registers pairs
can be used to hold 16-bit numeric data or any other 16-bit ceded information. In
addition to being able to hold 16 bits of data, register pairs can also be used to address
data in memory. If a memory address is placed into a register pair, certain instructions
allow the contents of the location addressed by the register pair to be manipulated.

The special-purpose registers-A, F, SP, and PC- are used for accumulating results from
arithmetic and logic instructions and also for housekeeping. The term housekeeping is
used to refer to tasks that are required but normally occur without the intervention of the

programmer.

THE ACCUMULATOR REGISTER (A).

The accumulator is a very important register in the 8085A microprocessor because it is
used to accumulate the answer after almost every arithmetic and all logic operations.
You might call the A register the answer register because the answer is normally found

here.
THE FLAG REGISTER (F).

The flag register contains 5 bits that are used as flags or indicators for the ALU. Any
time the 8085A executes most arithmetic or logic instruction, the flags will change. The
results reflected by the flag bits indicate the condition of the outcome of the answer

from the ALU. The 5 flag bits include:
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1. The sign flag bit (S) is used to indicate whether the result of an arithmetic or logic
operation is positive or negative. A logic I in this bit indicates a negative outcome and a
logic 0 a positive outcome.

2. The zero flag bit (Z) indicates whether the outcome of an ALU operation is zero or
not zero. A logic I in this bit indicates a zero result and a logic 0 indicates a not-zero
result.

3. The auxiliary carry flag bit (AC) holds the carry that occurs between the least
significant and most significant halves of the result from the ALU. (This flag is normally
used only by the DAA command.)

4. The parity flag bit (P) indicates the parity of the result from the ALU. A logic I in this
bit indicates even parity and a logic 0 indicates odd parity. (Parity is a count of the
number of 1's in a number expressed as even or odd.) 5. The carry flag bit (CY) holds
the carry that occurs from the most significant bit of the accumulator after an addition,

the borrow after a subtraction, or a logic zero after all logic operations.

THE PROGRAM COUNTER (PC).

The program counter does not count programs. The program counter is used by the
8085A to locate the next instruction to be executed. Why is it called a counter? It is
called a counter because it is a counter. It counts up through the memory, allowing the
microprocessor to sequentially execute the next instruction from the memory. The

importance of this register and a greater discussion of its operation appears in Unit VI.
THE STACK POINTER (SP).

The stack pointer allows the 8085A to track its last- in, first-out (LIFO) stack. The stack
in the 8085A processes data so that the first data into the stack are the last data out of the
stack. For example, if a 2, a 3, and a 4 are placed on the stack, they come off the stack in
reverse order, as a 4, a 3, and a 2. You might think that this is a strange way of storing

information. It is, unless subroutine nesting is important.
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3-4 MEMORY AND 1/ O.

As mentioned earlier, the memory is used to store programs and data, and the 1/0
system is used to allow human beings and machines to communicate with the
microprocessor. Both areas are very important and it is critical that they are understood

before a program is written.

THE 8085A MEMORY MAP

The memory locations are numbered in hexadecimal from 0000 through location FFFF.
This means that the capacity of the memory is 64K locations. Each memory location
holds one byte of information, which can be an instruction or any form of data.

In addition to the numbered memory locations, there are also some RST locations listed
at certain memory locations. RSI' is an acronym for restart. The restart is an instruction
that is discussed in Unit VI. (Trap is a special type of restart.) The memory of the 8085A
1s most often broken into two areas. One area of memory is devoted to the system
program and is most often populated with ROMs. The other area of memory is used to
store data and also programs, in microprocessor-based training systems, and is usually
populated with semiconductor RAMS.

The reset location is a very important memory location in the 8085A memory map. The
reset location (0000) is where the 8085A will begin to execute a program after the reset
button, or input, of the 8085A is activated. If you are developing the system software for
an 8085A, you must start the program at location 0000. If you are using a
microprocessor trainer, its system program begins at location 0000. This means that
your program must begin in some location in the trainer's RAM. This varies from trainer
to trainer, of course. The Intel SDK-85 has its RAM at location 2000 through 20FF and
the DeVRY Micromodule-85 has its RAM at location 1400 through 17FF.

THE 8085A I/0O MAP

The 8085A can directly address 256 different input and 256 different output devices.
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External 1/0 devices are called 1/0 ports in an 8085A-based system. An input port is an
external device that passes information to the microprocessor and an output port is an
external device that accepts information from the microprocessor. The port number is
like a memory address because it is used to address an external I/O device and it is often
called the port address.

The I/O ports are numbered from 00 to FF and all ports are available to the user unless a
microprocessor-based trainer is in use. A complete discussion of the two 1/0 commands,

IN and OUT, is presented in Chapter 4.

3-5 DATA WORD FORMATS .

There are many different data word formats that must be understood before a program
can be written. This section covers unsigned integers, signed integers, ASCII-ceded

alphanumeric data, BCD-ceded data, binary fractions, and floatingpoint numbers.
THE UNSIGNED INTEGER.

Unsigned integers, in the 8085A microprocessor, are most often either 8 or 16 bits in
width, but they could be any multiple of 8 bits in width. The 8-bit unsigned integers are
found in the memory system and also in any single register. The 16-bit unsigned
integers are found in two contiguous bytes of memory and in register pairs.

8-bit unsigned integer. All 8 bits are used to hold the value of a number with the binary
weights. Some examples of 8-bit unsigned integers include 0000 0001 2 (01H) = 1,
1000 0000 2 (80H) - 128J0O, 1100 0000 2(COH) - 192JO, and 1111 1111 2 (FFH) =
255J0. The allowable range of 8-bit unsigned integers is 0-25510. (Note: Hexadecimal
quantities are always denoted with the letter H following the hexadecimal number. For

example, 67H is equal to 67 hexadecimal.)
16-BIT UNSIGNED INTEGER.

When a 16-bit integer is stored in the memory it is always stored with the least
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significant 8 bits in the lowest-numbered memory location and with the most significant
8 bits in the next contiguous memory location. The least significant portion is called the
low-order part and the most significant portion is called the high-order part.

Some examples of 16-bit unsigned integers include 0000 0000 0010 0000 2 (0020H) =
32 10, 0010 0000 1000 1110 2 (208EH) = 8334JO, and 1111 1010 0000 1011 2
(FAOBH) -64,011 10. The allowable range of 16-bit unsigned integers is 0-65,535.
Note: When this text uses binary numbers they are always presented in BCH (binary-
ceded hexadecimal). A BCH number is a binary number that is grouped in 4-bit seg-
ments: for example, 0000 1100 2 = OCH.

SIGNED INTEGERS.

Single-byte signed integers are 7-bit numbers plus a sign bit. Positive numbers are'
stored with a 0 in the sign bit followed by a 7-bit magnitude, and negative numbers are
stored with a I in the sign bit followed by a 7-bit two's complement of the magnitude.
Positive numbers range in value from 0 to 127 and negative numbers range in value - 1
to - 128. Some examples of positive signed 8-bit numbers are 0000 1000 2 = §,0111
1111 2-127JO and 0101 0000 2 - 80 10. The weight (value) of the sign bit is - 128. If
a I appears in this position, it is equal to - 128, and if a 0 appears, it is equal to 0. The re-
maining bit positions are numbered +64, +32, + 16, + 8§, +4, +2, and + 1. If a number
such as 1000 0011 2 is converted to decimal, a - 128, +2, and + 1 are added together to
arrive at a value of- 125. If a number such as 0001 0101 2 is converted to decimal, a +
16, +4, and + 1 are added together to arrive at +21. Sixteen-bit signed numbers are
treated in the same manner as 8-bit signed numbers. The extreme left-hand bit is the sign
bit and the remaining bits contain the magnitude for a positive number and the two's

complement of the magnitude for a negative number.
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ASCII DATA FORMAT.

Refer to Appendix D for a complete listing of ASCII-ceded characters. ASCII is an
acronym for American Standard Code for Information Interchange. This code is used by
virtually all manufacturers of computer peripheral equipment, and it is therefore an
excellent idea to become familiar with it. The first 32 codes are used for control codes
and are numbered from OOH to IFH. To obtain any of these codes, on most computer
keyboards hold the control key down and type a letter A for OIlI, a letter B for 02H, and
so on. The OOH code is most often obtained by holding the control and shift keys down
while typing the letter P.

It is important to notice that ASCII code is a 7-bit code. The eighth bit is used to hold
the parity bit in a data communications system. In computer systems this bit is often a
logic 0. In some printers a 0 in the eighth bit causes the printer to print ASCII characters

and an I causes it to print graphics characters.
BCD DATA FORMAT.

In the many systems that do not contain an ASCII keyboard, data are entered on a
numeric keyboard and encoded by the keyboard circuitry as a binary-ceded-decimal
(BCD) number. This number is usually processed as an unpacked BCD number. An
unpacked BCD number is a number that is stored one digit per byte. In other words, to
store a 76 in unpacked BCD code would take two bytes of memory. The first byte
contains a 0000 0111(7) and the second byte a 0000 0110 (6). In certain cases it is
desirable to conserve memory space. When this is the case, BCD numbers are usually
packed two BCD codes per byte. A packed BCD number is stored as a two-digit BCD
number per byte. To store a 76 in packed BCD code would take one byte of memory (O
I11 0110).

37



BCD CODES FOR THE NUMBERS 0 THROUGH 9.

Signed BCD numbers are not nearly as common as unsigned BCD numbers. If they are
used, the negative numbers are stored in ten's-complement form. For example, a - 14 is
stored as a 1000 0110 (86), which is the ten's complement of a 14. To form a ten's-
complement number, first subtract the number to be converted from a 99 and then add a

1 to the result.

BINARY FRACTIONS.

Binary fractions can also be stored in either byte or two-byte form for use by the 8085A,
although they are not very commonly found. Usually, they are unsigned numbers that
use the leftmost bit position, which has a weight of 2-1. For example, if the binary
number 1100 0000 is found in a memory location and it is known that it is an unsigned

fraction, its value is 0.75_10.
FLOATING POINT DATA.

How are numbers that are not integers or fractions (mixed numbers) stored in a
computer system's memory? The floating-point format is used to store noninteger as
well as integer data in many compu-ter systems. Floating-point numbers are similar to
scientific notation in base 10. They have a mantissa and an exponent. The mantissa is a
normalized number between I and less than 2. The expo-nent is a power of 2 that rep-
resents the position of the binary point in the original number. Floating-point num-bers
are often stored in four bytes of memory. The left-hand bit position is used to indicate
the sign of the mantissa; the next eight bit positions are used for the exponent, which is
stored in excess 127 nota-ion; and the last 23 bits are used to store the magnitude of the
mantissa.

The excess 127 notation exponent is an unsigned integer that is equal to the exponent
plus 127. For example, if the value of the exponent is determined to be a 6, the number
ceded for the excess 127 notation exponent is 133. If the exponent is determined to be a
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-2, the excess 127 notation exponent is 125. The mantissa is a 23-bit number with a
hidden or implied twenty-fourth bit position. Notice that when a number is normalized,
the left-hand bit is always a logic 1. Because this I is always present, we do not need to
store it in the memory. (A zero is the only case where an implied I is missing. In this

case all four bytes of the number are zero, to indicate a zero number.)

3-6 COMMAND WORD FORMATS.

There are basically three different command word formats used by the 8085A: one-
byte-, two-byte-, and three-byte-long commands. The one-byte commands represent 204
instructions; the two-byte commands represent 18 instructions; and the three- byte
commands represent 24 instructions. The 8085A has 246 of its 256 possible commands
implemented. The remaining instructions are not implemented in all versions of the
8085A. Again, be aware that not all versions of the 8085A will respond to these

instructions.
ONE-BYTE COMMANDS.

The one-byte commands, which are the most numerous, are used for most of the
commands in a program. They are used for moving numbers from a register to a
register, from a register to memory, from memory to a register, and also to accomplish
most of the arithmetic and logic operations. The first byte of any command is always

the op-code. The op-code tells the 8085 A microprocessor which operation to execute.

TWO-BYTE COMMANDS.

The two-byte commands, all 18 of them, are used for immediate data instructions or for

the input/output commands, IN and OUT.

THREE-BYTE COMMANDS.

The 18 three-byte commands are used either to specify an opcode and two bytes of
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immediate data or an op-code and a 16-bit binary address. ( The operand is the data used
by an opcode). Notice that the data are encoded so that the least significant 8 bits (low-
order data) follows the opcode and the most significant 8-bits (high-order data) follow
the low order byte. It may take some time to get used to this, because this is different

from the way that a number is normally written.

THE INSTRUCTION SET.

The instruction set of the 8085A microprocessor can be broken into three main
categories: data transfer instructions, arithmetic and logic instructions, and program

control instructions. This section introduces these three forms of instructions.

DATA TRANSFER INSTRUCTIONS.

Data transfer instructions represent a lot of processing time in most software systems.
For this reason it is important that these instructions are understood. There are actually
five types of data transfer instructions available for use in the 8085A instruction set.
These types are: register-to-register moves, move immediates, indexed moves, direct

moves, and input/output. (None of these instructions affect the flag register).

ARITHMETIC AND LOGIC INSTRUCTIONS.

Another common operation in a microprocessor-based system is some simple arithmetic
or logic operation. The 8085A 1is capable of a wide assortment of arithmetic and logic
operations. Instructions that the 8085A is capable of executing are: addition, subtraction,
AND, OR, NOT, exclusive-OR, and various forms of rotation. These operations can be
used to address any internal register or the contents of any memory location. They can
even be performed using immediate data. (Most of these instructions affect the flag

register.)
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PROGRAM CONTROL INSTRUCTIONS.

The 8085A microprocessor can execute four different types of program control
instructions. These four types are: unconditional and conditional jumps, indirect jumps,
unconditional and conditional subroutine calls, and unconditional and conditional
subroutine returns. The conditional instructions are used to test the flag bits. If the
condition under test is true, a jump occurs to some other instruction in the program, and

if the condition is false, the program continues with the next sequential step.

SUMMARY.

1. The 8085A microprocessor is a general-purpose 8-bit microprocessor that is ideally
suited to many control applications.

2. The 8085A microprocessor contains a register array, finning and control section, an
arithmetic and logic unit (ALU), and bus connections to the outside world.The 8085A
microprocessor is capable of addressing 64K bytes of memory through an 8-bit data bus
via a 16-bit address bus.

3. The timing and control section generates the major system control signals: RD, WR,
and 10/M.

4. The programming model of the 8085A contains two sections: a general-purpose
section and a special -purpose section.
The general-purpose section consists of six registers (B, C, D, E, H, and L), which are
used as 8-bit registers or in pairs as 16-bit register pairs (Be, DE, and HL). The special-
purpose registers include the accumulator (A), the stack pointer (SP), the flag register
(F), and the program counter (PC).

5. The accumulator is used to hold an operand before and the result after an arithmetic
and logic operation.

6. The stack pointer is used by the 8085A to address the LIFO stack.
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7. The flag register is used to hold information about the result of an arithmetic and logic
operation. The flag bits are: zero (Z), sign (S), parity (P), carry (CY) and auxiliary carry
(AC).

9. The program counter (PC) addresses the next instruction to be executed by the
8085A. It always points to the next instruction in the program.

10. The 8085A is capable of directly addressing 256 different input and 256 different
output devices. External I/O devices are often called I/O ports in an 8085A-based
system.

11.Data to be used by the 8085A can take many forms: unsigned and signed binary
integers, binary fractions, packed and unpacked BCD, ASCII, and floating point.

12. Instructions for the 8085A are one, two, or three bytes in length.

13. Instructions types are: data transfer, arithmetic, and logic or program control.
GLOSSARY.

Accumulator register. The accumulator register is used to hold an operand before an
arithmetic or logic operation and the result after the operation.

Address/data bus. A common set of connections that are used to convey half of the
address

(A0 _7) to the memory of I/O and to transfer the data (DO 7).

ASCII code. ASCII data consist of an alphanumeric code used in many computer
systems.

BCD. Binary-decimal code are data stored in groups of 4 bits that represent the decimal
numbers 0 through 9.

Exponent. The binary power of 2 in a floating-point number that is used to reference the
position of the binary point in the mantissa.

Flag register. A register that holds the condition of the ALU after an arithmetic or logic
operation.

Floating-point number. A number that is used to store very large or very small integers,

fractions, or mixed numbers.
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General-purpose registers. A set of registers that can be used in any way that the
programmer sees fit.

Housekeeping. Tasks that are normally processed by the microprocessor without
intervention from the programmer.

Instruction register. A register that is used to hold the instruction so that the
microprocessor can decode it.

I0/M. The 10/M (input/output or memory) signal indicates whether a transfer is via
memory or 1/0.

LIFO. A LIFO (last-in, first-out) stack memory is used to store data and return
addresses in the memory.

Mantissa. The part of a floating-point number that is equal to I through less than 2.
Op-code. The op-code is the part of an instruction that specifies the operation for the
Mmicroproces-sor.

Operand. The data used by the op-code.

Parity. A count of the number of 1's in a number expressed as even or odd.

Port, 1/0. An external I/O device.

Program counter. A register that holds the address of the next instruction to be
executed.

Programming model. A model of the internal user-affectable registers in a
MmiCroprocessor.

RD. The RD (read) signal is used to cause the memory or I/O to read or send data to the
MmiCroprocessor.

SID. The serial input data pin is used to allow the microprocessor to accept serial data.
Signed integer. A whole number that can be either positive or negative.

SOD. The serial output data pin is used to allow the microprocessor to send serial data.
Special-purpose registers. A group of registers that are used for processor
housekeeping.

Stack pointer. A register that is used to address the LIFO stack.

Unsigned integer. A whole number that has no arithmetic sign.
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WR. The WR (write) signal is used to enable the memory or I/O to accept data from the

MmiCroprocessor.

QUESTIONS AND PROBLEMS.

1. The 8085A address bus contains how many bits?

2. The 808 5A can directly address how many different memory locations?

3. The SID and SOD pins on the 8085A microprocessor are used for what purpose?

4. List the three main 8085A control signals.

5. Draw the programming model of the 8085A microprocessor.

6. List at least three types of data normally held in the general-purpose registers.

7. When two general-purpose registers are connected together to form a 16-bit register,
what is this new register called?

8. What is the answer register?

9. List each of the flag bits and briefly describe their function.

10. Why is the program counter called a counter?

11. The stack pointer (SP) is used to reference what type of stack memory?

12. Describe the memory of the 8085 A microprocessor.

13. Where would the ROM in an 8085A-based system probably be found?

14. How many different external input devices can be accessed by the 8085 A
microprocessor?

15. What is an I/O port?

16.Convert the following decimal numbers to 8-bit unsigned integers: 12, 33,
55,100,155,196, 212.

17. Convert the following decimal numbers to 16-bit unsigned integers: 156, 522,1000,
2009, 10,000.

18. Convert the following 8-bit signed integers to decimal numbers: 1111 1111, 1000
0111,

0110 1000, and 0111 0000.

19. Convert the following decimal numbers to 8-bit signed integers: 12, - 12, 32, -63,
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and - 100.

20. Using the ASCII ceding chart in Appendix D, convert your name to ASCII code.

21. How is an ASCII BS (backspace) obtained on many keyboards? (Not by using the
backspace button!)

22. Write the following decimal numbers as both packed and unpacked BCD numbers:
12, 3,10, 99, 13, and 712.

23.Convert the following decimal numbers to four-byte binary floating-point form: 12, -
22,10.5, 0.002, and -4.25.

24. Convert the following three four-byte binary floating-point numbers into decimal
numbers:

25. How many different commands are implemented in the 8085A microprocessor's
instruction set?

26. What is an op-code?

27. What is an operand?

28. Explain the order of the data in a three-byte command.

29. Convert the following hexadecimal numbers to the correct form for data storage in
the second and third bytes of a three-byte-long command: 1234H, ACDCH, 87FFH,
3443H, and 9080H.

30. What three main categories of instructions comprise the 8085A instruction set?

31. Which types of instructions do not affect the flags?

32. What type of instruction will affect the flags?
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UNIT IV.

DATA TRANSFER INSTRUCTIONS.

One of the most common types of instructions in the 8085A microprocessor's instruction
set 1s the data transfer instruction. Data transfer instructions come in many forms:
register to register, register to memory, memory to register, and stack operations.

In this section we present the various addressing modes available for all instructions and
also all the data transfer instructions, including the machine language and assembly

language versions.

ADDRESSING MODES.

The 8085A microprocessor uses four different addressing modes for most instructions:
direct, register, register indirect, and immediate. Before a particular instruction is
examined, it is essential that each of these addressing modes is completely understood.
In this section we detail the addressing modes so that the subsequently explained

instructions can be completely-understood.

DIRECT ADDRESSING.

Instructions that directly address the memory always include the memory address of the
data. This address is stored following the op-code in the program.

Notice that this type of addressing requires that the instruction contains an opcode
followed by a 16-bit memory address stored in two additional bytes of memory
following the opcode. (All instructions that use direct addressing are three bytes in

length.) It is also important to note that the address of the data is stored so that the least
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significant byte follows the op-code and the most significant byte follows the least

significant byte. This was discussed in Units III for storing 16-bit data in the memory.
REGISTER ADDRESSING.

Register addressing is one of the more common forms of addressing used by the 8085A
micropro-cessor. The instruction specifies the register (B, C, D, E, H, L, or A) or the
register pair (Be, DE. HL, or SP) used with the instruction. All register addressed
instructions are one byte in length. This mode of addressing will be heavily illustrated

when the MOV data transfer instructions are discussed later in this chapter.

REGISTER INDIRECT ADDRESSING.

With register indirect addressing, a register pair holds the address of the memory
location accessed by the instruction-the memory location is indirectly addressed by the
register pair. If the HL register pair is used to indirectly address memory, the letter M is
used in place of a register. For example, suppose that the HL pair contains a 1000H and
the letter M is used as a register. An instruction using the M will access memory lo-
cation 1000H because the HL register pair points to that memory location.

There are also a few instructions that allow memory to be addressed indirectly through
the DE and Be register pairs. These are also discussed later in this chapter. The SP
(stack pointer) is also used to indirectly address the stack memory through a few

commands-the stack operations-which are also discussed later in this chapter.
IMMEDIATE ADDRESSING.

The immediate addressing mode is used when constant data are used in a program. The
data are encoded immediately following the op-code in the program. The 8085A
microprocessor has two forms of immediate addressing: 8- and 16-bit immediate
addressing. The 8-bit form uses the notation d8 in Appendix B and the instruction lists

in this and the next two chapters and the 16-bit form uses d!6. The 8-bit immediate in-
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structions are always two bytes in length and the 16-bit immediate data instructions are

always three bytes in length.
IMMEDIATE DATA TRANSFER INSTRUCTIONS.

The 8085A microprocessor has two basic forms of the immediate data transfer
instruction. One form, MVI (move immediate), is used to transfer an 8-bit number into a
register or memory location indirect-ly addressed by the ILL register pair, and the other
form, LXI (load immediate), is used to load a pair of registers with a 16-bit number. The
term immediate is used to indicate that the data immediately fol-low the op-code in the

program.
THE MOVE IMMEDIATE INSTRUCTION ( MVI).

This instruction is used to place an 8-bit number into any register or memory location
indirectly addressed by the HL register pair. Each MVI instruction is two bytes in
length: the first byte contains the op-code and the second byte contains the data-an 8-bit
number. A 12H is placed into the B regis-ter in both hexadecimal machine language
(06-12) and symbolic assembly language (MVI B, 12H).

Just as a number can be moved into the B register, a number can be moved into an
internal 8085A register. The MVI M, d8 instruction is used to store a byte of data in the
memory. This instruction uses the HL register pair to refer to (point to) a location in the
memory. M always refers to the memo-ry location indirectly addressed by the HL
register pair. Suppose that the HL register pair contains a 1000H and the MVI M, 1111
instruction is executed. This instruction moves the immediate byte of data (11H) into the
memory location indirectly addressed by the HL register pair (1000H). In other words,
an 11H is stored in memory location 1000H. This instruction is stored in the memory

together with the instructions required to place a 1000H in the HL register pair.

THE LOAD IMMEDIATE INSTRUCTION ( LXI).
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Load immediate is used to load a 16-bit number into any register pair (Be, DE, and HL)
or the stack pointer register (SP). Each LXI instruction is three bytes in length: the first
byte contains the op-code and the second and third bytes contain the 16 bits of
immediate data. The data are always stored with the low-order portion (11) following
the op-code and the high-order portion (hh) following the low-order portion. A 10CDH
is placed in the HL register pair with a LX1 instruction. Notice how the least significant
byte (CD) immediately follows the op-code (21) and the most significant byte (10)
follows the least significant byte. Of course, in symbolic assembly language, the number

appears as |OCDH.
DIRECT DATA TRANSFER INSTRUCTIONS .

Direct data transfer instructions are useful if only one byte or word of data is to be
transferred to or from the memory. If more than one byte or word is transferred, it is
more efficient if the indirectly addressed instructions are chosen for the transfer. The
8085 A has two forms of the direct addressed instruction: the load and store accumulator
and the load and store HL register pair instructions. All directly addressed instructions
are three bytes in length: the first byte is the op-code and the second and third bytes

contain the memory address of the operand.

THE LOAD/STORE ACCUMULATOR INSTRUCTIONS (LDA/STA).

Two instructions that directly address memory are available to load and store the
contents of the accumulator. In both cases the op-code is followed by a 16-bit memory
address. In the LDA instruc-tion, the address (a!6) is used by the microprocessor to
locate the location of the data to be moved into the accumulator from the memory.

The STA instruction uses the address to point to the memory location where a copy of
the accumu-lator is to be stored. A number stored in memory location 1OOOH is copied

into location 1200H by using a LDA and a STA instruction.

49



THE LOAD/STORE HL REGISTER PAIR INSTRUCTIONS (LHLD/SHL).

The LHLD and SHLD instructions are similar to the LDA and STA instructions except
that instead of transferring the contents of the accumulator to and from the memory, they
transfer the contents of the HL register pair. These two commands used to transfer the
contents of memory locations 100O0OH and loom into locations 1200H and 1201H. In
this example LHLD 1000H copies the contents of loca-tion 1000H into the L register
and the contents of location 1001H into the H register. The SHLD instruction then stores
the L register at memory location 1200H and the H register at location 1201H. Notice
that the data in HL are stored in the standard Intel format: low-order byte at the lowest-
number-ed memory location and the high-order byte at the highest-numbered memory

location. This form of storage is true anytime that 16-bit data are stored in the memory.
INDIRECT DATA TRANSFER INSTRUCTIONS.

Although the letter M is used to indirectly address memory, there are other ways to
indirectly address memory. In this section we will not cover the M operand, which is
presented in Section 4-3 and later sections; it will cover the LDAX and STAX
instructions, which also indirectly address memory. The LDAX and STAX instructions
have different forms. Notice that each instruction is only one byte in length because the
address of the data is stored in a register pair rather than with the op-code, as in the
direct addressing instructions. To illustrate the operation of the LDAX and STAX
instructions. Example will be repeated using the BC and DE register pairs to indirectly
address memory location 1000H and 1200H. The register pairs are loaded with the
memory addresses and then uses the LDAX B instruction to load the accumulator from
memory location 1000OH and the STAX D instruction to store the accumulator at

memory location 1200H.
REGISTER DATA TRANSFER INSTRUCTIONS .

The largest group of data transfer instructions is the register data transfer group. This
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group contains 63 different instructions called moves (MOV). The rightmost register is
called the source register and the leftmost register is called the destination register. The
MOV instruction transfers a copy of the data in the source register to the destination
register. Note that the destination register changes and the source register does not
change.

Some of these instructions use indirect addressing as well as register addressing. Also,
not all of the instructions have a useful function-MOV B,B, for example, will actually
copy the contents of the B register into the B register, but this does not serve any useful
function.

A number in the accumulator is moved into both the D and the E registers. The first
instruction copies the contents of the accumulator into the D register and the second
copies the accumulator into the E register.

Another example using MOV instructions is to clear the contents of all the internal
registers. Here the accumulator is first cleared to zero with a MVI instruction and then

moves are used to clear the remaining internal registers.

STACK DATA TRANSFER INSTRUCTIONS .

The Intel 8085A microprocessor has a LIFO (last-in, first- out) stack memory that is
used to store both return addresses from subroutines and data temporarily. This section
of the text deals with the latter purpose, lists the stack data transfer functions available in
the 8085A microprocessor's instruction set. This set of instructions consists of PUSHes,

POPS, and an XTHL instruction.
STACK MEMORY OPERATION.

Before the stack data transfer instructions can be covered, it is important that the
operation of the LIFO stack be understood. The microprocessor does not know where
the stack memory is located when power is first applied to the system; it must be told.

This is normally accomplished by first loading the SP (stack pointer) register with an
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address in the memory. (Loading the stack pointer at the beginning of a program is es-
sential if any of the stack operations are used!) The programmer decides what portion of
the read/write memory is to function as a stack and then loads the SP with the top

location plus one. The stack pointer always points to the current exit point.

OPERATION OF PUSH AND POP.

The stack in the 8085A memory is a LIFO stack or more descriptively a push down- pop
up stack. The name push down-pop up describes how the stack functions. If data are
pushed (placed) on the stack, they move into the memory locations SP-1 and SP-2.
(Note that data are stored in pairs.) The high-order register is stored first (SP-1),
followed by the low-order register (SP-2). The SP is then decremented by two so that
the next push occurs below the first.

Suppose that the SP is loaded with 1000H and BC contains a 1234H. A PUSH B
instruction places the 12H from B in memory location OFFFH (SP-1) and the 34H from
C in memory location OFFEH (SP-2). The SP is then decremented by 2 to OFFEH. If
this 1s followed by a POP PSW (POP A and flags), data from location (SP) OFFEH are
moved into the flags and data from (SP + 1) OFFFH are moved into the accumulator.
The SP is then incremented by 2 to 1000H.The stack can be used to ex-change the
contents of the DE and Be register pairs. First Be is pushed on the stack followed by
DE. Because DE was the last information placed on the stack, it is the first to come off
the stack. A POP B will remove previous contents of DE from the stack and place it into
Be. If this 1s followed by a POP D, the prior contents of Be are removed from the stack
and placed into DE. The contents of the two registers have been swapped. Notice that
the SP would be back at its original value, which means that the same area of memory
can be reused by the next PUSH-POP sequence. It is also important to note that PUSHes
and POPS must occur in pairs: one PUSH, one POP, two PUSHes, two POPS, and so
on. If not, the stack pointer will eventually fill or read every memory location in the

computer system.
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EXCHANGE ML WITH STACK DATA (XTHL).

This instruction exchanges the contents of the HL pair with the most recent data on the
stack. For example, if a 1000H is pushed on the stack and HL contains a 2000H, an
XTHL command will exchange these two values so that HL equals 1000H and the stack
data equal 2000H.

4-8 MISCELLANEOUS DATA TRANSFER INSTRUCTIONS.

In previous sections in this chapter we have explained the operation of most of the data

transfer instructions except for the I/O instructions and some of the special instructions.

INPUT/OUTPUT DATA TRANSFER INSTRUCTIONS.

As mentioned in Unit III, a computer system contains memory and I/O in addition to the
CPU or MPU. To allow data transfers between the microprocessor and 1/O. the 8085A
instruction set contains two I/O instructions: IN and OUT. The IN instruction inputs
data from an I/O device into the accumu-lator and the OUT instruction sends
accumulator data out to an I/O device.

The /O system for the 8085A microprocessor consists of 256 unique device addresses
or port num-bers. A port number is an address for an I/O device, just as a memory
address 1s an address for the memory. The port number is used to select a particular I/0O
device. Both the IN and the OUT instruc-tions are two bytes in length: the first byte is
the op-code and the second is the I/O port number.

LOAD SP FROM HL (SPHL).

The SPHL instruction is a one-byte instruction that copies the contents of the HL
register pair into the stack pointer (SP). This instruction is used in some systems to

initialize the stack pointer, and in other systems the LXI SP, d!6 instruction is used to
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load the stack pointer. In any case it is probably one of the least used 8085A

instructions.

EXCHANGE DE WITH ML (XCHG).

The XCHG instruction exchanges the contents of the HL register pair with the contents
of the DE register pair. Suppose that this instruction is used in a program to move a
number from memory location 1000H into 1200H. This task is accomplished by
pointing to location 1200H with DE and location 1000H with HL. The MOV commands
and an XCHG can then be used to transfer the data.

SUMMARY.

1. Data transfer instructions are used to transfer information from register to register,
from register to memory, from memory to register, to and from the stack, and to and
from the ,I/O devices in a sys-tem.

2. Four different addressing modes are used in the Intel 8085JI microprocessor: direct,
register, register indirect, and immediate.

3. Direct addressing is used whenever a memory location is accessed by storing the
address of the memory location with the instruction.

4. Register addressing is used to address either a single 8-bit register (B, C, D, E, H, L,
or A) or a 16-bit register pair (Be,DE, HL, and SP).

5. Register indirect addressing allows the instruction to address memory through the
address held in a register pair.

6. Immediate addressing is used whenever the data (8 or 16 bits) are a constant.
Immediate data immediately follow the op-code in the program.

7.MVI and LXI are the two immediate data transfer instructions in the 8085A
instruction set. MVI is an 8-bit immediate instruction and LXI is a 16-bit.

8. The M register or operand is used to indirectly address memory through the HL

register pair.
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9. Only the accumulator and the HL register pair can be directly stored in the memory.
LDA and STA are used for accumulator direct storage, and LHLD and SHLD are used
for the HL register pair.

10. In addition to M for indirectly addressing the memory, the DE and Be register pairs
are also avail-able. LDAX and STAX allow the accumulator to be indirectly stored or
loaded from the memory using the Be or DE register pairs.

11. Register data transfer instructions are the most numerous form of data transfer-63
instructions.

12. The stack memory in the 8085A microprocessor is a LIFO (last-in, first-out) memory
used to store data and return addresses from subroutines.

13. The stack pointer (SP) register is used to indirectly address the stack for the stack
data transfer instructions PUSH, POP, and XTHL.

14. The PSW is the processor status word which contains both the accumulator, as the
high-order register, and the flag byte, as the low-order register.

15.IN and OUT are used to effect data transfer to and from the external I/O devices,
often called 1/O ports.

GLOSSARY.

Destination register. The register that receives a copy of the data in an instruction.
Direct addressing. If memory data are directly addressed, the memory address is stored
with the instruction in a program. The address is stored so that the second and third
bytes of the instruction contain the memory location of the operand.

Immediate addressing. An immediate instruction contains the data used with the
instruction in the form of the byte (8-bit data) or bytes (16-bit data) of data immediately
following the op-code in the program.

Immediate data. 8- or 16-bit data that immediately follow the op-code.

M register. The M register is the memory location indirectly addressed by the HL
register pair. Port An I/O device in the 8085A system is called an I/O port.

Port address. An 8-bit number used to address a unique external I/0 device.
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Register addressing. A register-addressed instruction specifies the register or register
pair where the data are located.

Register indirect addressing. Register indirect addressing is used to address memory
through a register pair. The register pair holds the address of the memory data.

Source register. The register that supplies the data in an instruction. This register is
never changed by an instruction.

QUESTIONS AND PROBLEMS.

1. What four addressing modes are available for use in the 8085A microprocessor
instruction set?

2. Direct addressed instructions are bytes in length.

3. Where is the memory address of a direct-addressed instruction located?

4. Convert the following 16-bit memory addresses into the form required when stored
with a direct addressed instruction: moon, 234AH, ABCDH, 5000H, and 456FH.

5. What 8-bit registers are available for use with a register addressed instruction? What
register pairs are available?

6. When using register indirect addressing, to what does theletter M refer?

7. Which immediate instruction is two bytes in length, and why?

8. Convert the following symbolic assembly language instructions into hexadecimal
machine language instructions: LXI D, 1200H, MVI C, 90H, LXI SP, 1234H, MVI M,
10, and MVIM, 10H.

9. Write a sequence of immediate instructions that will place a 0000 into BC and a 12H
into the accumulator.

10. Write a sequence of immediate instructions that will store a 16H in memory location
1200H and a 17H in memory location 1202H.

11. Explain how the LDA 1000H instruction functions.

12.Explain what answer is found in memory location 1200H and 1201H in the
following sequence of instructions. 26-22 MVI H, 22H 2E-44 MVI L, 44H 22-00-12
SHLD 1200H
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13. Which register indirect instruction is used to store the contents of the accumulator
into the memory location indirectly addressed by the BC register pair?

14. Explain what answer is found in memory location 1200H in the following sequence

of instructions.
06-12 MVIB, 12H
OE-00 MVI C, OOH
3E-77 MVI A, 77TH
12 STAXB

15. Write a sequence of instructions that will use register indirect addressing to transfer
the number stored in memory location 1300H into memory location 1301H.

16. Why is it rare to find the MOV B, B instruction in use in a program?

17. Explain what the MOV M, C instruction does if HL =1233H and C = 34H.

18. Write a sequence of instruction that use MOV instructions to swap the contents of
the BC register pair with the DE register pair.

19. Write a sequence of instructions that will store a zero in memory location 1000H
through 1003H.

20.1f a 1000H is pushed on the stack followed by a 2000H, which number is the first to
come off the stack?

21.The push instruction is used to place the contents of any on the stack.

22. What is the PSW?

23.What number appears in the BC register pair after the following sequence of

instructions?
21-00-30 LXIH.3000H
11-00-20 LXID.2500H
ES5 PUSH H
D5 PUSH D
El POP H
Cl POP B

24.1f a PUSH PSW is immediately followed by a POP B, in which register do the flag
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data appear?
25. Explain what the OUT 12H instruction accomplishes.

26. Which two instructions from this chapter can be used to place a number into the SP?

UNITV

ARITHMETIC AND LOGIC INSTRUCTIONS .

The 8085A arithmetic and logic instructions described in this chapter include the
following operations: addition, addition with carry, subtraction, subtraction with borrow,
inversion, AND, OR, exclusive-OR, and rotation. In addition to the arithmetic and logic
operations, in this chapter we present a detail-ed view of the operation of the flag bits
with each instruction. None of the instructions described in Unit V affected the flags,

whereas all the instructions in this chapter affect the flags.
ADDITION.

Addition takes several forms in the 8085A microprocessor: 8-bit binary. 16-bit binary,
and two-digit binary-ceded-decimal (BCD) addition. In binary addition either signed or
unsigned numbers are added, and in BCD addition only unsigned numbers are added.
The instruction set supports additions using register addressing, register indirect

addressing, and immediate addressing, but not direct addressing.
8-BIT BINARY ADDITION.

Because the 8085 A is an 8-bit microprocessor, most of the addition instructions are 8-
bit additions. All the addressing modes are represented except for direct addressing. It is
also critically important to recognize that the flag bits will always be affected by any of
these instructions. Any addition instruc-

tion will always add the operand to the accumulator. After the 8085A adds the 12H and

58



the 55H toge-ther, the result (67H) is placed into the accumulator. The flags change as

follows:

Z=0 The result is not zero.

P=0 The parity of the result is odd.
CY=0 No carry occurred for this addition.

AC=0- No half-carry occurred.

$=Q The result is positive.

Suppose that it is desirable to add the number in the B register to the number in the A
register. This is accomplished by using the ADD B instruction, which adds the contents
of the B register to the con-tents of the A register and places the sum in the A register.

In the example a 40H and an EEH are added together, resulting in a sum of 2EH. The
carry out of the accumulator is held in the carry flag. The flags are changed to the
following conditions:

Z=0 The result is not zero.

P=1 The parity of the result is even.

CY=1 A carry occurred for this addition.

AC=0 No half-carry occurred.

S-0 The answer is positive.

Suppose that it is desirable to add the number in the B register to the number in the C
register and place the sum in the D register. This addition is accomplished by using the
ADD B instruction, which adds the contents of the B register to the fcontents of the A
register. Before the addition takes place, the number in C must be moved to A," and
after the addition,' the answer, in A, must be moved into D. A 2FH is added to an 8 to
generate a result of 37H. Notice the extra instructions required to posi-tion C before the
addition and also position the result D after the addition. The flags change as indica-ted:
Z - 0 The result is not zero. P = 0 The parity of the result is odd.

CY =0 No carry occurred for this addition. AC - 1 A half-carry

occurred. S-0  The answer is positive.
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ADDITION WITH CARRY.

Whenever large numbers, numbers with more than 8 bits, or multiple-byte numbers are
added together, the carry must be propagated from one 8-bit segment to the next. To
accomplish a carry in multiple-byte addition, the add with carry instruction is used to
propagate the carry from one byte to the next. Suppose that the DE register pair contains
a 16-bit number that is to be added to the number in the Be pair. To accomplish this
multiple-byte addition, it is necessary to add E and C together and then add D and B
together with the carry from the addition of E and C. Notice that the ADD E instruction
generates a carry which is added into the most significant byte of the answer with the

ADC D instruction. The answer, which is found in the Be register pair, is 30FH.
BCD ADDITION.

BCD addition is like binary addition except that the numbers that are added together can
only range in value from 0 through 9. In the 8085A a special instruction is provided that
allows BCD addition to be accomplished by using the binary addition instructions. The
DAA instruction is used after a BCD addition (with a binary add instruction) in order to
correct the BCD result. After the addition, the accumulator contains a 2AH, which is not
a valid BCD number-the answer should be a 30bcd. DAA corrects the answer and
provides a 30H after the instruction is executed. (Note that 30H and 30bcd are exactly
the same when ceded in the memory.) The DAA instruction changes the result through
the two tests listed by adding a OOH, 06H, 60H, or 66H to the accumulator.

I.If the least significant half-byte is greater than 9 or if the
AC flag bit is set, a 06H is added to the accumulator.

2.1f the most significant half-byte is greater than 9 or if the
CY flag bit is set, a 60H 1s added to the accumulator.

INCREMENT.

The last form of addition available is to increment or add 1. The increment command is
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either an 8-bit (INR) increment or a 16-bit (INX) increment instruction. The INR
instructions affect all the flags except CY, and the INX instructions affect no flags.
Although there is no example of these instruc-tions at this point in the text, the
increment instruction is extremely useful, as we shall discover in later chapters on

programming.
SUBTRACTION.

The 8085A supports 8-bit binary subtraction and decrement. It also supports a
subtraction instruction which allows a borrow, if it occurs, to be propagated through
additional bytes of a number. This instruction-subtract with borrow-is often used for
multiple-byte subtraction. If 16-bit or BCD subtrac-tion is required, a program must be

written to accomplish it.

8-BIT SUBTRACTION.

All the various subtraction instructions, includes register, register indirect, and
immediate addressing, but not direct addressing. Each of these instructions affects the
flag bits so that they reflect various conditions about the difference after a subtraction. A
simple sequence of instructions that find the difference between 2EH and 3FH. The

accumulator equals an EFH after the subtraction and the flags change as indicated:

Z=0 The result is not zero.

P=1 The parity of the result is even. CY =1 A borrow occurred for
this subtraction. AC = 1 A half-borrow occurred. S = 1 The answer is
negative.

Notice that the borrow is held in the carry flag and the half-borrow is held in the AC
flag after a subtraction. Borrows that occur for 8-bit subtraction are most often ignored,
but borrows that occur for multiple-byte subtractions are cascaded through the more

significant bytes of the difference.

SUBTRACT WITH BORROW.
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Whenever multiple-byte numbers are subtracted, the borrow must be propagated from
one 8-bit seg-ment into another. To develop a program that propagates the borrow, a
new instruction is required.

Suppose that the number in the DE pair is subtracted from the Be pair. Just as with
addition, the least significant byte is operated on first. Once the difference of C and E is
determined, the D register is subtracted from the B register with a borrow. This
effectively propagates the borrow through the most significant byte of the result.

In this example the 01H in E is subtracted from the OOH in C. This generates a result in
C of FFH and also a borrow, which is held in the CY flag. When the OOH in D is
subtracted from the O1H in B with borrow, the result is OOH. The borrow is subtracted
from B as well as the OOH in the D register. The difference after this sequence is a

OOFFH, and it is found in the BC register pair.
DECREMENT.

The final form of subtraction available in the 8085A is decrement or subtract 1. The
decrement com-mand is either an 8-bit (OCR) decrement or a 16-bit (DCX) decrement
instruction. The OCR instruc-tions affect all the flags except CY and the DCX
instructions affect no flags. Although there is no example of these instructions at this
point in the text, the decrement instruction, as well as the incre-ment instruction, are

extremely useful, as we shall discover in later chapters on programming.
COMPARE.

The compare instruction is a modified subtraction instruction. It performs 8-bit binary
subtraction with one unique modifica-tion-me difference is not routed into the
accumulator. This instruction changes only the flag bits so that they reflect the dif-
ference. You might wonder why. Suppose that you were required to determine if the
number in the accumulator is a 12H. You could subtract 12H from the accumulator and

look at the zero flag bit. The problem with this is that the original number in the
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accumulator is destroyed (lost). The compare allows this comparison without the loss of
the number in the accumulator. The compare instructions are available with the same
addressing modes as the subtract instructions, is learned in later chapters, this instruction

will become indispensable.

LOGIC INSTRUCTIONS.

The 8085A microprocessor is capable of executing four basic logic functions: invert,
AND, OR, and exclusive-OR. Why does a microprocessor instruction set contain logic
instructions? One reason is that logic instructions are sometimes used to replace discrete
logic gates. Today, program storage costs about '/2 of a cent per byte. If an instruction
can be used to replace an external logic circuit, imagine the amount of money saved by
programmed logic! Another reason is that system control software usually requires bit

manipulation-a logic operation.

INVERSION.

The CMA instruction, 2FH in machine language, is used to one's complement or invert
the contents of the accumulator. This operation, which affects no flag bits, causes each
bit of the accumulator to be inverted (changed from I to 0 or 0 to 1). CMA causes the
accumulator to appear as eight inverters. This means that this one- byte instruction can
be used to replace eight discrete inverters provided that the speed is not too great. The
amount of circuitry replaced by the CMA instruction is 1 1/3 of 7404 TTL hex inverter.
Cost advantage: software = $0.0005 versus hardware = $0.40, a saving of 80,000
percent. In addition to inverting the accumulator (often called NOT), this instruction
together with an INR A is used to form the two's complement of the accumulator.

Whenever a number is two's complemented, its arithmetic sign is changed.
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THE AND OPERATION.

The AND instruction, whose operation is represented as a”, actually has two separate
functions in a microprocessor-based system: selectively clearing bits of the accumulator
and replacing discrete AND gates.

The binary multiplication, or AND instruction, functions as eight independent two-input
AND gates, as illustrated in Fig. 5-3. This instruction is used to replace two 7408 quad
two-input AND gates. The cost advantage: software = $0.0005versus hardware = $0.80,
a saving of 160,000 percent. The effect on the flag bits is as follows: Z, S, and P are set
or reset depending on the outcome of the AND operation, C Y is always cleared, and
AC is always set.

In addition to replacing external logic circuitry, the AND function can also be used to
selectively clear (mask) any number of bit positions in the accumulator. This command
will turn off individual bits in the accumulator. The 8 bits of the accumulator are
available to use as eight switches for controlling external hardware.

This effect by using x 's (don't cares) to represent each bit of the accumulator and
00001111 as a test bit pattern ANDed with the accumulator. The outcome clearly
indicates that the O's in the test bit pat-tern force the corresponding bit positions to 0 and
the 1's in the test pattern allow the correspond-ing bit positions to pass through to the
result unchanged. The ANA A instruction has a special func-tion. With ANA A, the
accumulator is ANDed with the accumulator and as a result the value of the accumu-
lator does not change. This instruction does change the flags, so that a number in the
accumulator can be tested for a zero-not zero, positive-negative, or an even-odd parity
condition. For this reason the ANA A instruction should be thought of as a TEST A

Instruction.
THE OR OPERATION.

The inclusive-OR instruction, whose operation is represented as a V, actually has two

separate func-tions in a microprocessor-based system: selectively setting bits of the
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accumulator and replacing dis-crete OR gates.

The binary addition or inclusive-OR instruction functions as eight independent two
input OR gates.

This instruction is used to replace two 7432 quad two-input OR gates. The cost
advantage: software = $0.0005 versus hardware = 0.80, a saving of 160,000 percent.
The effect on the flag bits is as fol-lows: Z. S, and P are set or reset depending on the
outcome of the OR operation; CY and AC are always cleared.

In addition to replacing external logic circuitry, the OR function can also be used to
selectively set any number of bit positions in the accumulator. This command will turn
on individual bits in the accumu-lator. The 8 bits of the accumulator are available to use
as eight switches for controlling external hard-ware. The AND operation is used to turn
bits off, and the OR operation is used to turn bits on. The effect by using X 's (don't
cares) to represent each bit of the accumulator and 00001111 as a test bit pattern ORed
with the accumulator. The outcome clearly indicates that the 1's in the test bit pattern
force the corresponding bit positions to 1. and the O's in the test pattern allow the
corresponding bit positions to pass through to the result unchanged. The ORA A
instruction, as the ANA A instruction, has a special function. With the ORA A
instruction, the accumulator is ORed with the accumulator and the value of the result
does not change. This instruction does change the flags so that a number in the
accumulator can be tested for a zero-not zero, positive-negative or even-odd parity
condition. For this reason, the ORA A and the ANA A instructions should both be
thought of as TEST A instructions.

THE EXCLUSIVE-OR OPERATION.

The exclusive-OR instruction, whose operation is represented as a V, actually has two
separate func-tions in a microprocessor-based system: selectively inverting bits of the
accumulator and replacing discrete exclusive-OR gates. The exclusive-OR instruction
functions as eight independent two-input exclusive- OR gates. This instruction is used

to replace two 7486 quad two-input exclusive-OR gates. The cost advantage: software =
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$0.0005 versus hardware = $0.80, a saving of 160,000 percent. The effect on the flag
bits is as follows: Z, S, and P are set or reset depending on the outcome of the
exclusive-OR operation; CY and AC are always cleared.

In addition to replacing external logic circuitry, the exclusive-OR function can also be
used to selectively invert any number of the bit positions in the accumulator. This
command will, in other words, complement individual bits in the accumulator. The 8
bits of the accumulator are available to use as eight switches for controlling external
hardware. The AND operation is used to turn bits off, the OR operation is used to turn
bits on, and the exclusive-OR operational inverts bits. The effect by using x's (don't
cares) represents each bit of the accumulator and 00001111 as a test bit pattern
exclusive-ORed with the accumulator. The outcome clearly indicates that the 1's in the
test bit pattern force the corresponding bit positions to invert, and the O's in the test
pattern allow the corresponding bit positions to pass through to the result unchanged. An
added bonus is the XRA A instruction, which always clears the accumulator to zero.

This command should be thought of as a CLEAR A instruction.
SHIFT AND ROTATE INSTRUCTIONS. .

In certain applications it is desirable that information be shifted or rotated. The 8085A

microprocessor is capable of all types of logical rotation and certain forms of shifting.
THE ROTATE INSTRUCTIONS.

There are four instructions that allow the contents of the accumulator to be rotated left or
right. Each rotate instruction affects the contents of the accumulator and the CY flag bit.
The operation of the four rotate instructions are: RRC and RLC, 8-bit rotates, and RAR
and RAL, 9-bit rotates. Suppose that the accumulator contains two 4-bit BCD digits and
software is required to reposition them so that the most significant digit and test
significant digit exchange places. The RLC instruction is also able to accomplish the

same result by rotating the number left instead of right.
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THE SHIFT INSTRUCTIONS.

Although there are no shift instructions in the instruction set, some of the instructions
described earlier in this chapter are used for shifting. The ADD A instruction will shift
the accumulator left one bit posi-tion, and the DAD H instruction will shift the HL
register pair left one bit position. The shift-right ope-ration must be synthesized from the
rotate instructions. Two right shifts are normally used in practice: logic and arithmetic.
The logical shift right requires that a zero be placed in the leftmost bit position, and the
arithmetic shift right requires that the sign bit be copied through the number.

SUMMARY.

1. The arithmetic and logic instructions affect the flag bits, whereas the data transfer
instructions of Unit IV did not affect the flags.

2. Most of the arithmetic and logic instructions gate the result into the accumulator.

3. Most arithmetic and logic instructions use register, immediate, and register indirect
addressing.

4. Addition is available as add I to any register or register pair, 8- and 16-bit binary, 8-bit
binary with carry, and binary-ceded decimal (BCD).

5. Subtraction is available as subtract I from any register or register pair, 8-bit binary, 8-
bit binary with borrow, and as a compare, which is a form of subtraction.

6. The logic operations are AND, OR, exclusive-OR, and invert.

7. The logic instructions are ideal for control because AND is used to clear bits, OR is
used to set bits, and exclusive-OR is used to complement bits. This gives the
programmer complete control over each bit of a number.

8. Programmed logic is used to replace discrete logic circuits at a tremendous cost
advantage.

9. Some of the 8085A instructions have hidden functions: ADD A is used as a shift the
accumulator left, DAD H is used as a shift HL left, ANA A and ORA A are used to test
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the ac cumulator, and SUB A and XRA A are used to clear the accumulator.
10.The rotate commands are used to create the shift-right functions: logical and

arithmetic shift right.
GLOSSARY.

Accumulator adjust. The act of correcting the result of a BCD addition. The result of

each BCD digit is corrected by adding a 6 if a carry occurred or the result exceeded 9.

AND. The logical multiplication operation (AND) 1s: 0 * 0 =0, 0* 1 =0, I* 0 =0, and 1*
1=1.

Arithmetic right shift. Whenever a number is shifted to the right, the sign bit is copied
through the number for an arithmetic right shift.

Borrow. A borrow out of the most significant bit of the result after a subtraction is held
in the carry flag. CY =1 for a borrow and CY = 0 for no borrow.

Compare. A special form of subtraction where the value of the difference is lost but the
flag bits reflect the difference.

Decrement. To decrement is to subtract I from a register, register pair, or memory
location.

Don't cares. A don't care (x) is a bit that contains either a 1 or aO.

Exclusive-OR. The exclusive-OR operation is: 0 $ 0 =0, O ® 1 =1, 100 = 1, andiei
=0.

Increment. To increment is to add I to a register, register pair, or memory location.
Inversion. Whenever a bit is inverted, it is changed fromaltoa 0O or fromaOtoa 1.
Logical shift. When a number is shifted, a zero is moved into the left- or rightmost bit
for a logical shift.

Mask. The act of removing part of a number, usually through the AND instruction. The
portion that is removed becomes 0.

Multiple-byte number. A number that is more than one byte in width. OR The logical
addition operation (OR)is: 0+ 0-0,0+ 1=1, 1+0=1,and 1 + 1-1.
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Programmed logic. Software that is used to replace the function of hardware circuitry.
Rotate. Whenever a number is shifted to the right or left, a bit drops off the end of a

register. If this bit is recirculated through the register, the number is said to be rotated.

QUESTIONS AND PROBLEMS.

1. What forms of addressing are used with most of the arithmetic and logic instructions?
2.List all the flag bits and indicate their contents after the following additions: 12H +
33H, FOH + 33H, OFH + 40H, and 3FH+ ABH.

3.Develop a sequence of instructions in both machine and assembly language that will
add a 55H to the number in the B register.

4.Develop a sequence of instructions in both machine and assembly language that will
add the number in the H register to the number in the L register.

5. Where would the add-with-carry instruction find most of its application?

6.Develop the sequence of instructions, in both machine and assembly language, that
will add the number in the DE register pair to the number in the HL register pair. (You
may not use DADD.)

7. Explain what the DAD D instruction accomplishes.

8. The DAD instructions affect which flag bits?

9. The 8085A has a special command for BCD addition. Does this command precede or
follow the BCD addition?

10. Develop a program in both machine and assembly language that will add the BCD
number in the B register to the BCD number in the L register.

11. What instruction is used to add a I to the HL register pair? Which flag bits are
affected by this instruction?

12. List all the flag bits and indicate their contents after the following subtractions: 12H -
33H, FOH - 33H, OFH - 40H, and 3FH - ABH.

13. Where is the borrow found after a subtraction, and what does it indicate?

14. What instruction is used to subtract the contents of the memory location pointed to

by the HL pair from the accumulator?
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15.Develop a sequence of instructions, in both machine and assembly language, that
will subtract the number in the D register from the number in the E register.

16.Develop a sequence of instructions, in both machine and assembly language, that
will subtract the number in the DE register pair from the number in the HL register pair.
17. True or false: If the OCR B instruction is executed, all the flags will change.

18. What is the main difference between a compare and a subtract instruction?

19. Why is the compare instruction useful?

20. What 8085A instruction is used to invert the contents of the accumulator?

21.Write a sequence of instructions in both machine and assembly language that will

one's-complement the contents of the DE register pair.

22.The AND operation is used to bits in the accumulator.
23. The OR operation is used to bits in the accumulator.
24.The exclusive-OR operation is used to bits in the accumulator.

25.1f NAND is NOT AND, is it possible to replace a NAND gate with programmed
logic?

26. What special function is provided by the ANA A instruction?

27.Explain the difference between an RRC instruction and an RAR instruction.

28. Why can the RLC instruction be used in place of the RRC instruction of Example
10?

29. What is the difference between an arithmetic and a logic shift right?

30. Develop a sequence of instructions in both machine and assembly language that will

shift the number in the Be register pair to the left one bit position.
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KyabTypHasi 0CBeIOMIEHHOCTD

TepmuH, KOTOPBIN UCTIOJIB3YETCS 111 0003HAYEHUS YyBCTBUTEILHOCTH
K BJIMSIHUIO KYJITYPHOI'O IOBEJICHUSI HA UCITOJIB30BAHUE SI3bIKA U
KOMMYHUKaIuio. «KyapTypHas 0CBeIOMIEHHOCTh» OXBaThIBAET 00pa3
*u3HU B AHraun uinn CHIA, yoexxaeHus, o0bluan, MPUBBIYKH,
KYJIbTYpHBIC [IEHHOCTH, a TAaK)XE €KEITHEBHOE OTHOILICHUE U YyBCTBA,
BBIPKEHHBIE HE TOJIBKO S3IKOM, HO U apaIuHTBUCTUUECKUMU
AJIEMEHTaMH, TAKUMH KaK OJI€K/1a, KECThI, BRIPAKCHUE JIUIA, IBUKECHUS.
Tepmun «KynbTypHasi 0CBEIOMIEHHOCThY» OXBAThIBAET, 10 MHEHUIO
aBTOPOB, TPU OCHOBHBIX Ka4€CTBA, CBOMCTBA KOTOPHIX HAINPABIICHBI HA
pa3BUTHE, & UMEHHO:
- OCBEJOMJIEHHOCTH COOCTBEHHOTI'O IMOBEACHUS, 00YCIOBIECHHOIO

KYJIbTYPOH.
- OCBEJOMJIEHHOCTH, OOYCJIOBJIEHHOTO KYJbTYPOU, MOBEACHUS IPYTHUX
JIIOEN.

- CHOCOOHOCTb OOBSICHUTH COOCTBEHHYIO KYJIBTYPHYIO TOUKY 3PCHHUSI.

XO0Ts MEXKKYJIBTYPHBIA OOMEH - OJIHA U3 CAMBIX OBICTPOPACTYIIHNX
obJacTeil M3ydeHUs SA3bIKa, CHCTEMAaTHIECKOE H3yUCHUE
MEKKYJIbTYPHOT'O B3aUMOJICUCTBUS MOYKET OBITh HOBBIM ISl MHOTHX
negaroros. /[ 3Toro He0OX0IMMO HCIIOIB30BaTh P IOATOTOBICHHBIX
BOIIPOCOB, KOTOPBIE Yallle BCETo 3a/1at0T yuutels. [loueMy BaxkHO
M3y4aTh MEXKYJIbTYPHOE B3aUMOIEUCTBHE?

3a mocneaHue roAbl s PaKTOpOB, KaK JIMHTBUCTHYECKUX, TAK U
COIMATTbHO-3KOHOMUYECKUX, TOTHSIIA U3yUYCHUE MEXKKYIBTYPHOTO
B3aMMOJICHCTBUS JJO BRICOKOTO MEXKTyHAPOIHOTO YPOBHSI.

l. YBeanueHune 3KOHOMHYECKO 3HAYUMOCTH cTpaH FOro-

BocTounoii A3um.

Takue ctpansl kak Anonus, Kopes, Manaiizus, TaiiBanb u Taunana

MMEIOT OYCHb Pa3HbI€ TPAAUIUU U KYJIbTYPHOE MOBEJACHUE, CUILHO

oTyiMyaromuecs ot TakoBbix B CeBepHoii Amepuke. C yBeTUUYCHUEM

qucia CTyJACHTOB, M3yYalOMUX aHTJITUHCKHUH S3BIK 32 PyOE)KOM, CTaJIO

HEO0OXOIMMO TIEPEOIEHUTH COJIEPKAaHUE 00YUCHHS ISl TOTO, YUTOOBI

IPUHSATH BO BHUMaHHE HEOOXOAUMOCTD HCIIOJIB30BaHUS U OOBSICHCHHS

pasuuuii B KyJabType 0osiee moapoOHO.

2. Bausinue Bo3pacTaoiieii MMMUTPAIIUU HA yYeOHble MJIAHbI

BY3oB.

VYuuTens aHrIMNACKOT0 Kak BTOPOTO MJIM MHOCTPAHHOTO SI3bIKA B

AHTJIOS3BIYHBIX CTPaHaX JaBHO MPU3HAIM HEOOXOAUMOCTh 00yUYaTh

MMMUTPAHTOB 00pa3y *U3HU CBOEH cTpaHbl. TeM He MeHee, 3a

MOCJICAHUE TO/IbI, 00JIee OTKPHITOE MPU3HAHUE B HEOOXOUMOCTHU

MOHUMATh 00pa3 KU3HU O0IIECTBA MMMHUIPAHTOB MPHUBEJIO K OoJiee

KPUTUYHON OCBEJIOMJIEHHOCTU B 00JIaCTH KYJIbTYPhI CTPAHBI,

M3y4aeMOro s3bIKa.



3. N3ydyeHue NpaKkTHUKH.
WccnenoBanus IMHTBUCTUKY B 00JIACTU TPAKTUKHU (CIIOCOOHI, B
KOTOPBIX COLMANBHBIN KOHTEKCT BIUSAET HAa UCIIOJIb30BAHUE S3bIKA)
MOBBICHIJIM CTENIEHb OCBEJOMJIEHHOCTH, HA KOTOPYIO BIUSIOT ()aKTOPHI,
CBSI3aHHBIE C KYJIbTYPON MEXHALIMOHAIBHBIX KOMMYHUKaui. Takne
(aKkTOpBI BKITIOYAIOT 0XKHUIAHUS JIt0/Iel o0paaTs MprucTaibHOEe
BHUMaHUE HA JOJKHBIA YPOBEHb (POPMAIILHOCTH U CTETICHH
BEXKJIMBOCTH PEYH.

4. N3yuyeHue HeBepOAIbHBIX ACMEKTOB KOMMYHHKAIMH.
Ouensp BaxHOM ObuTa paboTa Mo HeBEepOATBHBIM acleKTaM
KOMMYHUKAIINH, TAKUM KaK >KECTBbI, 03bl, BEIPAXKEHUS JTUIIA.
WccnenoBanus BBISIBUIIN, YTO 3TU HEBEpOATbHBIEC 3JIEMEHTHI SBIISIOTCS
Y4acThIO MOBEJICHUSI HanboJiee BIUSIONICH Ha KYJIbTYpY.

Kaxkoii kyjabType MbI 00y4aem

N3yuenue xu3nu 1 nuHCTUTYTOB B Benukoopuranuu, CIIA u Kanane
SBWJIOCH TPAJAUIIMOHHOMN YacThIO IIKOJIBHOTO Kypca B EBporie u
Ceepnoit AMepuke. MHorna 3To npuHuMano GopMy crieliuanbHbIX
KypcoB, Takux kak Civilization Bo ®@pannun, Landeskunde B I'epmanuu
u Civilita B Utanmuu. 3Ty Kypchl AeIalld aKIIEHT Ha dJIEMEHTaX
OpuTaHcKkuX U aMepukaHckuX KynbTyp ¢ 60ibioit OykBbl «Kx»-
UCTOPUH, reorpaduu, MHCTUTYTaX, JUTEPAType, UCKYCCTBE, My3bIKE U
o0pa3ze )XKU3HU

MpsI OTKHBI IPU3HATD, YTO CaM MPEAMET PACIIUpPsUICA B Pe3yJIbTaTe
BBITIICONMMCAHHBIX BIUSHUH.

«bonpmas Kynerypay (KyJbTypa JOCTHKEHUN) OCTanach TOM e, HO
BOT KyJIbTYpa ¢ MaJCHbKOW « K » (KyJIbTypa MOBEIECHHUS) paCIINPUIACD,
BKJItOUasi yOeXKICHUS U BOCTIPUSATHUS B 3aBUCUMOCTH OT KYJIBTYPHI,
KOTOPBIE BBIPAXKEHBI KaK C MTOMOIIBIO S3bIKa, HO TAKXKE Uepes
KyJIbTYpPHOE MOBEJIEHUE, KOTOPOE BIUSET HA BOCHPUSITHE B OOIIECTBE
CTpaHbl U3y4aeMOro sI3bIKa.

["iin PobuHCOH, aMepuKaHCKUH UCCieIoBaTeIb B 00JacTH
MEXKYJIbTYPHOTO 00pa3oBanus, B 1985 romay coolmiui, 4To Koraa
y4uTeNed crpamuBaroT: «YTo 3HAUMT IS Bac KyJabTypa?y, yalie BCEro
OHHU HA3bIBAJIM JIEMEHTHI TPEX B3aMMOCBI3aHHBIX KaTETOPUIL:
MIPOTYKTHI, MBICJTH, TIOBEICHNE. Pacmupenune Ky IbTyphl ¢ MaJICHbKON
OYKBBI « K » (KyJbTYpbI TOBEJCHHS) MOKET OBITH BBIPAKEHO
CIeAYIOIIUM 00pa3oMm:



DneMeHTHI KyJIbTypbl (apTedaKTh)

[IponykTsl
auTeparypa IIOBEJICHHE
191 ()% ¢ osbKIOp IIPUBBIYKH
yOeXKJAeHUsI  UCKYCCTBO o0Oblyau
LIEHHOCTH MY3bIKa ozIekK1a
ena
JOCYT

«Kynbtypa» ¢ 601b1101 OyKBBI U3BJIEKIIA O3y U3 TOUHO
OTOXAECTBIEHHOTO Kypca 00ydeHHs 1O MpeMeTaM, KOTOPbIE TOJKHbI
OBITh OCBEIICHBI, a TAK)KE U3 YUEOHUKOB, KOTOPhIE UMEIOT OTHOIICHUE K
HUM.

K Bimsironium Ha KyJIbTYpY THIIaM ITOBEJAEHUS, KOTOPBIE COCTABIISIOT
«KYJBTYPY» C MaJIEHbKOM OYyKBBI CTaJI OTHOCUTHCA KaK K YEMY-TO
MaJIO3HAYMMOMY, BTOPOCTEIIEHHOMY, B 3aBUCUMOCTH OT UHTEpECa U
OCBEIOMJIEHHOCTH IIPENOAABATENEH U CTYIAEHTOB.

ITo MHEHMIO psila aMEPUKAHCKHUX UCCleloBaTenel B 00JacTu
JUHTBUCTUKH, U3YYEHUE TUIIOB MOBEJACHHUS BIMSIOIUX HA KYJIbTYPY
JOJKHO SIBJISITBCSL PE3YJITATOM U3YyUYEHUS S3BIKOBOIO MATEPHAIIA, HO B TO
e BpeMsl I0JDKHO OBITh SICHO OMPEJIETIEHO U TO, C YEM HEOOXOIUMO
CUCTEMATUYECKHA UMETH JEJI0 KaK C MOCTOSHHOW HEOTHhEMIIEMOU YaCThIO
YPOKOB MHOCTPAHHOTO SA3bIKA.

OdeHb TPyAHO MOAPOOHO OMPEETUTH MPOrPaMMy Kypca JIEKIH 110
W3YUYEHHUIO TOBEJICHUSI BIUSIONIETO HA KYJIbTYPY, XOTS IEPECMOTPEHHBIE
coBeroM EBpomnbl Waystage 90 u Threshold 90. Cnerudukanum s
AHIVIMMCKOIO S13bIKa BKIIFOYAIOT Pa3ziell 110 COLUAIbHO—IKOHOMUYECKOMY
acriekty. Hen Cuitail B cBo€# KHUTE MPEINOIaBaHNS KYJIbTYPbl ONPEICIINI
OJIaronpuUATHBIE YCIOBUS Pa3BUTHS HABBIKOB MEXKYJIbTYPHOU
KOMMEDPLIH.

Monudukanueii ero «7 3agad 00y4eHuUs: KyJabType» SIBISIOTCA
CIEAYIOIINE 3a1a4u:

1. Tlomoub cTyaeHTaM pa3BUTh MOHUMAHKE TOTO (aKTa, YTO BCE JIOJIU

MPOSBIISIIOT TOT WJIM MHOM MOBe/IeHNs, 00YCIOBICHHBIN KyIbTYPOil.
2. IloMo4b CTyJ€HTaM B pa3BUTHHU IIOHUMAHMS TOrO, YTO COLMAIIbHBIE
OTJINYMS, TAKHE KAK BO3PACT, [10J1, COLMAJIBHBIN KIacC U MECTO
KUTEJbCTBA, BIUAIOT Ha TO, KaK JIFOJJU TOBOPAT W BEAYT ceOsl.

3. Ilomoub cTysieHTaM cTaTh 00Jiee OCBEIOMIIEHHBIMU B TTIOBEICHUU
HOCHTEJIEH SA3bIKA B THIUYHBIX CUTYALIHSX.

4. IloMo4Yb CTyAEeHTaM PaCLIIMPUThH UX OCBEIOMIIEHHOCTD B
KyJIbTYPHOIN aHHOTALMK CJIOB U ()pa3 B UHOCTPAHHBIX SI3bIKAX.

5. Tlomoub cTyJI€HTaM pa3BUTh CIOCOOHOCTD K OIICHUBAHUIO U
YCOBEPILIEHCTBOBATH 0000IIEHUE O KYJIbTYpe TOM CTpaHbl. (B
TEPMHUHAX COMYTCTBYIOIIMX JTaHHBIM. )



6. IloMoub cTyzeHTaM pa3BUTh HEOOXOAMMbBIC HABBIKH JIJISl TOTO,
YTOOBI ONPEACIIUTh U OPTaHU30BaTh MHPOPMAIIUIO 00 UHOCTPAHHOMN
KyJIbTYpeE.

7. CTUMynHUpOBaTh UHTEIUIEKTYyAIbHOE JIFOOOTMBITCTBO CTYIEHTOB K
KyJbTYypP€ U BOOJYILIEBUTH COMEPEKUBAHNE IO OTHOLICHHIO K JIFOISIM
ATOM KYJIBTYPHI U SA3bIKA.

BrlIie ykazaHHbI€ 1€ MOXHO UCIIONB30BaTh IPU COCTABICHUHU
pabounx mporpamm | MIaHOB U OOBEAMHUTD UX B CIEAYIOIIHNE
MPAKTUYECKHUE TPUHITUTIEI O0yICHHUS

1. JlocTueHus KyJIbTypbl IOCPEICTBOM OOYUEHHS SI3bIKY.

2. CpenaTh U3y4eHHs TUTIOB MOBEICHUS TaHHON KYJIbTYpPHI
HEOTHEMJIEMOM YaCThIO KaXKJOTO YpOKa.

3. TloctaBuTh mEpen CTyACHTAMH 33729y JOCTUYD
COLIMATIbHO—3KOHOMHYECKOH KOMIETEHIINU, KOTOpasi, Mo MX
MHEHHUIO, M Heo0XO0JuMa.

4. TloctaBHUTH U BCEX YPOBHEH 11€JIh TOCTHYb MEKKYIbTYPHOTO
MOHUMAaHUS — OCBEAOMJIEHHOCTH B CBOEH COOCTBEHHOM KYJIbTYpE, a
TakK K€ B KyJbType N3y4aeMOT0 HHOCTPAHHOTO SI3bIKA.

5. Ilpu3Hatk, 4TO HE BCEe 00YUEHUE KYJNbTYpE MPEIINOIaracT
U3MEHEHUE TMOBEICHUS, HO TOJIBKO KYJIbTypHasi OCBEIOMJIICHHOCTD U
TEPIUMOCTH BIUAET HA COOCTBEHHOE MIOBE/ICHUE U TIOBEICHHUE
JIPYTHX.

REPLICA — xomnus (peruiuka).

Kakne maTepuansl U Kakou noaxon?

J1J1st u3y4deHus MOBEICHUS, 3aBUCUMOTO OT KYJbTYPbI, TOJIXOIAT KaK
oObI4YHbBIC yUeOHUKH, Tak 1 yueOnnku cneruanuctoB u3 U.K. u U.S.A.,
a TaK K€ ayJIM0— U BUJICO3AIICH, BEIPE3KH U3 Ta3eT U KYPHAIOB U
BCEBO3MOXKHBIE, HAUMHAS OT HACTOAIINX OMIIETOB HA JJOHJOHCKYIO
no/3eMKy U 3akaHuuBas konusiMu Ctatyu CBoOob1 unu bur bena.

[Ipu cocraBiennn Kypca He0OXOAMMO TIHIATENIBHO CIUIAHUPOBATH
MOJIXO0/1, HAIIPaBJICHHBIN HA U3yueHue KyiabTyphl. [Toaxon
XapaKTepU3yeTcsi COBMEIIEHHBIMU 00YyYaIONMMU 3a/1a4aMu, B KOTOPBIX
CTYJICHTHI

e paboTaOT B Mapax WK HEOOJBIINX TPYIIAax, YTOOBI COCTABUTH
UH(OPMAITHIO IO YaCTIM

® JIENATCS U 00CYKJAI0T TO, YTO OHU OTKPBUIH, JJIs1 TOTO, YTOOBI
chopmupoBaTh 0oJiee MOIHYIO0 KapTUHY

® HHTEPIPETHPOBATH MH(OPMAIUIO B KOHTEKCTE MHOCTPAHHOM
KyJbTYPhI U B CPABHEHHH CO CBOEH COOCTBEHHOU KYJIBTYpPOH.

Psin menaroroB BRISICHWIM, YTO KOTJA CTYJEHTHI IOHUMAIOT

ornpeaenéHHbie (ppa3bl HHOCTPAHHOTO A3bIKA, UCIOJIB3YEMBbIEC B TAHHOU
CUTYAIINH, 3aTeM TPOJOJIKAIOT JOCTUTATh TOHUMAHUS KYJIbTYPHBIX



(bakTopoB, npu paboTe ITO /ISl HUX SBISAETCS CaMOW 3aXBaTHIBAIOIICH U
WHTEPECHOM YacCThIO JII0OOTO YpOKa HMHOCTPAHHOTO fA3bIKa. M3yuenue
KYJBTYPBI C LI€JICHANPABICHHBIM MTOAX0I0M 00yUYEHHUS paclIupseT
00J1aCTh TOHUMAaHMS, KaK JIJISl CTYIEHTOB, TaK U JJIS MPETOIaBaTeIICH.

1. PACITO3BHABAHUE CUMBOJIOB U U3OBPAXKEHHNH B
KVYJIBTYPE.

Korzaa Mbl ’KMBEM B OIIPENEIEHHON CTPAaHE, TO Mbl aBTOMaTU4YECKU
CTaHOBUMCS

K psiiy n300pakeHUH U CUMBOJIOB, COZIEPIKAILIUXCS B IECHAX U
KapTHHAX, TOCTOIPUMEYATENBHOCTAX U 00bIYasiAX. DTH U300paKEeHUs U
CHUMBOJIBI BKJIFOUAIOT B €051 3HAMEHUTBIX B UCKYCCTBE JIIO/IEH, a B
apXUTEKTypE WIN IPUPOAE, Takue Kak beinbiid /lom B BamuHrrone u
oenplii yrec JloBepa.

3HaKOMCTBO C 3TUMHU 00pa3aMH OMOTAET CTYACHTaM MTOYyBCTBOBATh
cebst 6osiee cBOOOIHO U CTaTh yBepeHHee. Llenbio 3aHsATuil B JaHHOM
cllydae SIBIISICTCS] O3HAKOMJICHUE CTYACHTOB C MOMYJIIPHBIMU 00pa3aMu U
CHMBOJIaMH B aHITIMHUCKOU KyJIbType. BTOpOM 110 BaXKHOCTH 3a1a4en
ABJISIETCS] CIIOCOOHOCTD CTYICHTOB HAXOAUTh 00II€e U CPAaBHUBATD
o0Opa3bl U CUMBOJIBI B bpuTanckoil 1 AMEpUKAHCKOM KyJIbTypax, a 3aTeM,
10 KOHTPACTy CpPaBHUBATh UX ¢ 00pa3aMu U CUMBOJaMH B COOCTBEHHOM
a3bike. CiioBa U (pa3bl TakKe MOMOTAIOT HAWTU CXOJACTBA B KYJIbTYpE.
3aHATHUS HAIPABJICHBI HA UCCIIEI0BAHNUE ITPOUCXOXKICHHUS CIIOB B SI3BIKE U
KaK OHU HCIIO0JIb30BAJINCH B ApeBHEN KynbType. O0IacTh KyJIbTypBI,
KOTOpasi 4aCTO UTHOPUPYETCH, — ITO 3BYKHU. KynpTypHOe
MO>KET OBITh OINPEAEIICHO 3BYKaMHU JIFO/IEH, MallluH, U J1a’Ke CEIbCKON
MECTHOCTH.

Jpyrue Buabl Kypca UMEIOT JEJI0 CO CIOCO0aMM MOaX0/1a K KyJIbType.
OHM MOOYX/1aI0T CTYAEHTOB pa3padaTbiBaTh KOHIEIIIMIO CAMOM
KYJIbTYPBbI, HJIM IOMOTAIOT MIPENOJAABATEIIO MIOHATh, YTO 3HAIH CTYACHTBI
O IpeAMETE 10 3aHATHI B KJ1acce.

2. PABOTA CIIPOAYKTAMMU KVYJIbTYPbI.

Kaxpiit mpenogaBaTenb 3HakoM ¢ koHueniuedn PEAJIMN —
(bu3nYecKue MpeIMeThl, TAKUE KaK OTKPBITKH, (hoTorpadun, KapTUHKU U
CHUMBOJIBI, aCCOLIMMPYEMBIE C KYJIBTYPO HHOCTPAHHOIO A3BIKA.
N300pakeHust 1 CUMBOJIBI MO’KHO OOHApY’KUTh B CJIOBaX IECEH, B
UIMOMaX, ONPEIEIEHHBIX CIOBAX U BBIPAXKEHUAX. DTU NPEIMETHI HE TaK
MOJIE3HBI KaK 00yJaronui S36IKy MaTepuai. 3HaKOMCTBO C HUMU
npeajiaraeT CTyJeHTaM KyJIbTYPHBIN MOTOK, KOTOPBII MOMOTaeT UM
MOYYyBCTBOBATh ce0s YBEpEHHEE U TOBOPUTH OoJiee CBOOOIHO Ha
MHOCTPAaHHOM si3bIKe. Ha ypokax MOTryT ObITh HCIIOJIB30BAHBI TAKHUE
peanuu Kak: CyBEeHUPHI, MyJIbT(HUIBMBI, MOHETHI, (hoTOorpadun, pacckasbl
O IyTELIECTBUAX, Ia3€Thl, HOBOCTH PAAHO U TEIECBUIACHUS, MapKU U



3HAYKU. DTU NPEIMETHl OTHOCUTEIBHO JIETKO MIPHUOOPECTH NHOCTPAHHBIM
IpenoaaBaTessiM, 1 OHU 00JIaJal0T MHOTOLIETIEBBIMU (DYHKIIUAMU
NEPEHECEHUsI MUPa HHOCTPAaHHOM KyJIbTYpbI B Kilacc. bonee Toro,
YpEe3BbIYANHO BayKHO, /111 KOMMYHUKAIIMU CTYJEHTOB B KJIAacCe, UMETh B
pyKax AEMCTBUTEIHHO CYIIECTBYIOIINE BEUIN U paboTaTh C HUMU Ha
YpOKe.

Lenps pa®oThl ¢ MPOIYKTAMU KYJIBTYpPbI — IOMOYb CTYACHTAM
JOCTUYb CBOOO/IbI B SI3BIKE ,MCIIONIb3Ys ayTEHTUYHBIN MaTtepuan .M
MO3BOJIUTH UM ,pacCMaTpUBas U ONUCHIBAS PEAIM HHOCTPAHHOIO A3bIKa
CPAaBHUTh UX C TAKHUMH K€ PEANHSIMU B CBOEH COOCTBEHHOU KYJIBTYpE .

Ba)xHbIM acrieKTOM TaKMX BUJIOB PaOOTHI SIBIISIETCS
(doKycupoBaHHE Ha A3BIKOBBIX HABBIKAX:yCTHOE counMHeHne « COUnHEeHUE
O KyJbTYpe» , MUCbMEHHbIE HaBBIKU B «POJIEBBIX UTPAX «PAJMOHOBOCTHU
»H HaBBIKU YTCHUS B ONMCAHUU «OOJI0KKH JKypHaJIa UK Ta3eThl U
3aroja0BKmu».

KitoueBbIM 371EMEHTOM TaKUX 3aHATUH SIBISETCS PacIIMpPEHUE
IPaHHULL U1l INYHOTO YYaCTHUsl U BOBMOXXHOCTH BBIPA3HUTh JIMYHBIM OTBET .

JUis mpoBeieHUs JAaHHBIX 3aHATHI MPENoAaBaTesIeM He TpedyeTcs
ye3KaTh 3arpaHuiy. JloctatouyHo HalWTH Kakyro-HUOY b pyTOONKY C
HAJIIUCHIO0, TOCTEP U3 KypHaIa , OykiieT TypdbupMbl U 1000 MaTepuan
MMEIOIINICS B HAJIMYUU Y aHTJIMYaH \ aMEpUKaHIIEB , pa0OTAIOIINX B
Poccun.

3.M3yueHue nmpuMepoB U3 €KEeTHEBHOU KU3HM .

Kaxnas kynpTypa 0051a1a€T OTIAMYHBIMU OT IPYTUX OMILHSIMH U
IperoiaraeT 0cCoOOEHHbIE MPUMEPHI , CBSI3aHHBIE C PA3IMYHBIMU
00JacTsIMU €XETHEBHOM KU3HU TaKne KaK YCTPOMCTBO HA paboTy ,
KWIbE , TOKYIIKH , C YBEJIMYEHUEM YHUCIIAIl CTYAEHTOB ,MMEIOIINX
BO3MOKHOCTb ITyTEIIECTBOBATh , paBOOTATh U YUUTHCS B
AHTJIOTOBOPSIIMX CTpaHax , UM HeoOXxoauMo 0aTh Oonee
OCBEJIOMJICHHBIMU B 00JIACTH KU3HEEATEIBHOCTH JIIOJIEH B 3TUX CTpaHax

3aHATHS B OTOM pa3Jieiie HalpaBJICHbl HE TOJIBKO Ha TO , YTOOBI

PacKpBITh 00pa3 )KU3HU B aHTJIOS3BIYHBIX KYJIbTypax, HO TAaK)Ke Ha TO ,
YTOOBI BOOJYIIEBUTH K CPABHEHUIO U JUCKYCCUHU HA TEMY :KaK MOTYT
OBITh MTOXO0XH U OTINYATHCS OIMLUU U IPUMEPHI B KYJIBTYpPE CTYJICHTOB .
Takum 00pa3omM CTyAEHTHI MPUXOAT K OoJiee TITyOOKOMY TOHUMAHUIO
KaK aHTJIOS3BIYHBIX KYJIbTYP ,TaK U COOCTBEHHOM , OHU JyYlIlle
MOJITOTOBJICHBI K KOMMYHUKAIIMU C HOCUTESIMU SI3bIKa U BJIAJICHUIO
OOBIYHOM CUTYaIIMeH , ¢ KOTOPOH OHH BEPOSTHO CTOJIKHYTCS B
aHTJIOSI3BIYHBIX CTPAHAX .

PaGota B 3TOM pazzene TpedyeT , 4TOOBI CTYACHTHI UCTIOIB30BAIIN
ayTEeHTUYHBIC HICTOYHUKH TaKHE KaK PEKJIAMHBIE OObSBIICHHS B Ta3eTax,



BUJICOKJIUTIBI JIJISl TOTO 4TOOBI cOOpaTh MH(MOPMAITUIO U BBIIBUTH (DAKTHI O
€KEIHEBHOW KU3HU B aHIJIOSA3bIYHBIX CTPAHAX .

B npyrom Buje pabot neiictBuTenbHas uHpopmanus 00 oObryasx
Y MIPUBBIYKAX B aHTJIOSA3BIUYHBIX CTPaHaX MPE/ICTABICHBI BBUJIC 3aJaHUS ,
KOTOPOE CTYJICHTBI UCIIOJB3YIOT KaK OCHOBY JIJII MEXKKYJIBTYPHOTO
CpaBHEHHMS U AUCKyccuu . B TpeTheM Busie paboT CTyIeHTaM
MPEOCTABISAETCS BOBMOXKHOCTh OIEHUTh UX COOCTBEHHOE BOCIIPUSITHE
€KETHEBHBIX TPUMEPOB KYJIbTYPhl AHTJIOS3BIYHBIX CTPAH U
BHUJIOPU3MEHUTH JII000€ HAMPABJICHHOE MPEACTABICHUE , KOTOPOE MOXKET
UMETh MECTO . 3aHATHUS B 3TOM pazjiesie MOTYT ObITHB 3(h(PEKTUBHO
UCITOJIb30BaHbl KAK B MOHOJIMHTBUCTUYECKUX TAK U B
MYJIbTUJIMHIBUCTHUECKUX KJlaccax.B kiaccax, rie CTyJeHThI BBIXOIAT U3
OJIHJION U TOM K€ KYJbTYPBhI 3TH BUABI paObOT OYIyT TaKKe MOJIE3HBI KaK
CpEeJICTBA BO3PACTAIOIIECH OCBEIOMIICHHOCTH B Pa3HOOOpa3nu
CYIIECTBYIOIIUX B KYJIbTYpE CAMHUX CTYJEHTOB U MHJIUBUIAYATbHBIX
KOHIIENIUIA CTYJEHTOB 0 TAKUM KYJIbTYPOOCBEIICHHBIM TEMaM Kak
«CEMBSD C «JIOM) .

4.13yuyeHune KyJbTYpHOTO ITIOBEICHMUS .

Llenpro JaHHBIX 3aHATUN SBIISIETCS YBEJIUYCHUE
OCBEJIOMJICHHHOCTH Y YyBCTBUTEJIHLHOCTH K PA3JIMUYHBIM TUIIAM
MOBEJICHUS] MHOSI3BIYHBIX KYJBTYP.
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