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Semester: FOURTH
ANNOTATION

The discipline acquaints the students with the architecture of the 32-bit microprocessors. The
main microprocessor structural units, the system bus, its signals and various cycles, the program-
ming model, instruction set, memory addressing modes, exceptions and interrupts are examined.
The C++, C and Assembly programming languages are used.

A. Lectures (Topics)
Topic 0. Introduction: Development of the microelectronic technologies for VLSI IC

production. Brief history of the 32-bit microprocessors (MP) x86 and ,,ARM*. I hour

Topic 1. Programming model of the MP: The concept of programming model. Modes of
operation. General purpose registers. Specialised registers. Flags of the condi- 1 hour
tion code register (CCR). Features. Overview of the programming model of
other MPs.

Topic 2. Instruction set: Instruction types. Instruction format. ,,Operand 2*“. Addressing 2 hours
modes. Instruction set orthogonality.

Topic 3. Structure of the MP: Main functional units in the MP. Internal busses. Pipeline 2 hours
operation.

Topic 4. System bus: Address and data bus signals. Control signals. Data transfer or- 2 hours

ganisation. Cycle types. Timing diagrams.

Topic 5. Floating point unit: Multiply and accumulate, Divide and square root, and
Load/store pipelines. Operating modes. Short vector processing. Register file. 2 hours
Programming model. Instructions. Exceptions.

Topic 6. Exceptions and interrupts: Exceptions. Interrupts — types and connection to the

MP modes. Exception and interrupt vector table. Reset of the MP. I'hour
Topic 7. Memory management unit: Functions. Registers. Address translation. Descrip- 1 hour
tors. Caching and buffering. Faults. Write buffer.
Topic 8. MP_architecture development: Development of the MP to 64-bit architecture. 2 hours

Graphics processors. Manycore MPs.

Topic 9. Brief information about other MPs: Conditional branches and carry in MPs
without a CCR (,,Alpha®“, MIPS). MPs with a ,register window* (SPARC). 1 hour
»Hello, world!“ programmes for various MPs and operation systems (OS).

Total; 15 hours




B. Seminars
NONE

Total: 0 hours

C. Laboratory classes

Topic 0. Acquaintance with the nanocomputer, OS ,,Linux“, the ,,nano* editor and the
,,make*“ utility. Hexadecimal system. Bitwise operations in C and C++. The 2 hour
,»bitset™ template.

Topic 1. Programming model. Working with instruction and addressing mode refer-

. . 2h
ence tables. Debugging a programme with ,,gdb*. ours
Topic 2. Data transfer instructions. Arithmetic instructions. Linear Assembly pro- 2 hours
grammes.
Topic 3. Control transfer instructions. Conditional and unconditional branches.
2 hours
Branched programmes.
Topic 4. Cyclic programmes. 2 hours
Topic 5. Bit manipulation instructions. 2 hours
Topic 6. First midterm test. 2 hours
Topic 7. Memory data transfer instructions. Addressing modes. Working with [sets of]
i . 2 hours
bytes, half-words and words. Unknown programme operation analysis.
Topic 8. Working with double words. Working with arrays — part L. 2 hours
Topic 9. Working with arrays — part II. 2 hours
Topic 10. Working with arrays — part III. 2 hours
Topic 11. Working with strings of characters. 2 hours
Topic 12. Second midterm test. 2 hours
Topic 13. Transforming numbers into strings of characters and vice versa — part 1. 2 hours
Topic 14. Transforming numbers into strings of characters and vice versa — part II. 2 hours

Total: 30 hours
D. Practical training
NONE

Total: 0 hours

E. Course project
NONE

Total: 0 hours
F. Forms and organisation of the assessment throughout the semester

Forms of assessment throughout the semester Score — K1
Active participation in the laboratory classes (with comprehension) 10
Tests 20
Total 30

G. Type of assessment (procedure)

Type of assessment Score — K2
Exam — written, with oral discussion 70

Final assessment points: K = K1 + K2
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Annotation:

The architecture of the 32-bit microprocessors is studied in the discipline: operational unit struc-
ture, internal organisation of the microprocessor, main method of information interchange and in-
struction set. The programming model of the microprocessor is defined and its registers, addressing
modes, exceptions and interrupts are examined. At the laboratory classes, the Assembly language
and the basic programming structures that can be implemented with it are studied. The goal here is
to master the instructions and the organisation of the computing process, going deep into the oper-
ation of the microprocessor at the lowest level up to a single bit. Skills for algorithmisation of lin-
ear, branched, cyclic and combined programming structures and their optimal implementation in
Assembly, including with translation from the C language, are developed. Calling of subroutines
written in Assembler from I/O programmes written in the C language is studied in practice, paying
attention to the parameter transfer and returning the result.

The knowledge gained from studying the disciplines ,,Computer organisation and architectures®,
,Basic programming® u ,,Object-oriented programming — part I is relied upon. The knowledge on
microprocessors is used in the discipline ,,LLanguage processors®.

Main issues of the syllabus content:

Structure of the microprocessor, basic units. Programming model, registers.
Instruction set. Instruction types. Memory addressing methods.

System bus and signals of the microprocessor.

Vector floating point unit.

Exceptions and interrupts.

Memory management unit.

Microprocessor architecture development.
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Content presentation:

The lectures explain the microprocessor architecture features and make clear the logical struc-
tures resulting from them in the sense of the traditional computing criteria. The laboratory classes
illustrate in detail the capabilities of the microprocessor through studying the instruction set at the
Assembly language level. A special attention is paid on working with the carry, bitwise operations,
addressing methods, data arrays, conditional branches, techniques of programming in Assembler
and its connection with the C language.




