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I.Introduсtion 

Computer technology has made incredible progress in the roughly 65 years 
since the first general-purpose electronic computer was created. Today, less than 
$500 will purchase a mobile computer that has more performance, more main 
memory,and more disk storage than a computer bought in 1985 for $1 million. This 
rapid improvement has come both from advances in the technology used to build 
com-puters and from innovations in computer design. Although technological 
improvements have been fairly steady, progress aris-ing from better computer 
architectures has been much less consistent. During the first 25 years of electronic 
computers, both forces made a major contribution,delivering performance 
improvement of about 25% per year. The late 1970s saw the emergence of the 
microprocessor. The ability of the microprocessor to ride the improvements in 
integrated circuit technology led to a higher rate of perfor-mance improvement—
roughly 35% growth per year.This growth rate, combined with the cost advantages 
of a mass-produced microprocessor, led to an increasing fraction of the computer 
business being based on microprocessors. In addition, two significant changes in the 
computer marketplace made it easier than ever before to succeed commercially with 
a new architecture. First, the virtual elimination of assembly language programming 
reduced the need for object-code compatibility. Second, the creation of standard-
ized, vendor-independent operating systems, such as UNIX and its clone, Linux, 
lowered the cost and risk of bringing out a new architecture. These changes made it 
possible to develop successfully a new set of architec-tures with simpler 
instructions, called RISC (Reduced Instruction Set Computer) architectures, in the 
early 1980s. The RISC-based machines focused the attention of designers on two 
critical performance techniques, the exploitation of instruction-level 
parallelism(initially through pipelining and later through multiple instructionissue) 
and the use of caches (initially in simple forms and later using more sophisti-cated 
organizations and optimizations). The RISC-based computers raised the 
performance bar, forcing prior archi-tectures to keep up or disappear. The Digital 
Equipment Vax could not, and so it was replaced by a RISC architecture. Intel rose 
to the challenge, primarily by translating 80x86 instructions into RISC-like 
instructions internally, allowing it to adopt many of the innovations first pioneered 
in the RISC designs. As transis-tor counts soared in the late 1990s, the hardware 
overhead of translating the morecomplex x86 architecture became negligible. In 
low-end applications, such as cell phones, the cost in power and silicon area of the 
x86-translation overhead helped lead to a RISC architecture, ARM, becoming 
dominant 

 

 

 

 

 



 

 

II. Distribution of “Computer arhitecture” course topics 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

t/n Topics 
Total 

hours  
Lectures 

Experiential 

lessons  

1 What is the architecture of a computer ? 8 4 4 

2 Number systems 14 4 10 

3 MIPS assembly 20 4 16 

4 Logic design  adders,ALU, control 14 4 10 

5 Data path and pipelining 12 4 8 

6 Input/output Systems 8 4 4 

7 Caches 8 4 4 

8 Memory Technology and Optimizations 12 4 8 

9 Virtual Memory and Virtual Machines 12 4 8 

 Total 108 36 72 



 

 

III. The content of the topics of “Computer arhitecture” course 

Topic I. What is the architecture of a computer? 

 Computer engineering, computer architecture is a set of rules and methods that 

describe the functionality, organization, and implementation of computer systems. 

Some definitions of architecture define it as describing the capabilities and 

programming model of a computer but not a particular implementation. In other 

definitions computer architecture involves instruction set 

architecture design, microarchitecture design, logic design, and implementation. 

The discipline of computer architecture has three main subcategories  

Instruction Set Architecture, or ISA. The ISA defines the machine code that 

a processor reads and acts upon as well as the word size, memory address 

modes, processor registers, and data type. 

Microarchitecture, or computer organization describes how a 

particular processor will implement the ISA. The size of a computer's CPU 

cache for instance, is an issue that generally has nothing to do with the ISA. 

System Design includes all of the other hardware components within a computing 

system. These include: 

Data processing other than the CPU, such as direct memory access (DMA) 

Other issues such as virtualization, multiprocessing, and software features. 

There are other types of computer architecture. The following types are used in 

bigger companies like Intel, and count for 1% of all of computer architecture 

Macroarchitecture: architectural layers more abstract than microarchitecture 

Assembly Instruction Set Architecture (ISA): A smart assembler may convert an 

abstract assembly language common to a group of machines into slightly 

different machine language for different implementations 

Programmer Visible Macroarchitecture: higher level language tools such 

as compilers may define a consistent interface or contract to programmers using 

them, abstracting differences between underlying ISA, UISA, 

and microarchitectures. E.g. the C, C++, or Javastandards define different 

Programmer Visible Macroarchitecture. 

UISA (Microcode Instruction Set Architecture)—a group of machines with different 

hardware level microarchitectures may share a common microcode architecture, and 

hence a UISA. 

Pin Architecture: The hardware functions that a microprocessor should provide to a 

hardware platform, e.g., the x86 pins A20M, FERR/IGNNE or FLUSH. Also, 

messages that the processor should emit so that external caches can be invalidated 

(emptied). Pin architecture functions are more flexible than ISA functions because 

external hardware can adapt to new encodings, or change from a pin to a message. 

The term "architecture" fits, because the functions must be provided for compatible 

systems, even if the detailed method changes. 
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Topic II. Number systems 

    Decimal System 
Ingenious method of expressing all numbers by means of tens 

symbols originated from India. It is widely used and is based 

on the ten fingers of a human being. 

• It makes use of ten numeric symbols 

• 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 

•  Binary Number System 
Uses only two numeric symbols 1 and 0 

• Under the binary system, each position has a value 2 times 

greater than the position to the right. 

 

 Octal Number System 
Octal number system is using 8 digits to represent numbers. 

The highest value = 7. Each column represents a power of 8. 

Octal numbers are represented with the suffix 8. 

•  Hexadecimal Number System 

Provides another convenient and simple method for 

expressing values represented by binary numerals. 

• It uses a base, or radix, of 16 and the place values are the powers of 16. 
 

Topic III. MIPS assembly 

MIPS assembly language simply refers to theassembly language of   

the MIPS processor. The termMIPS is an acronym which stands for  Microprocessor 

without Interlocked Pipeline Stages, and it is a reduced-instruction set architecture 

which was developed by an organizationcalled MIPSTechnologies. MIPS. Stands 

for "Million Instructions Per Second." It is a method of measuring the raw speed of 

a computer's processor. Since the MIPS measurement doesn't take into account other 

factors such as the computer's I/O speedor processorarchitecture, it isn't always a fair 

way to measure the performance of a computer. By "mips programming language" 

I assume you mean MIPS Assembly Language. ... MIPS is a great language to learn 

assembly with. You have plenty of general purpose registers to make writing your 

programs less tedious and it is a RISC architecture so there are less instructions you 

need to memorize. Assembly language is a low-level programming language for 

a computer or other programmable device specific to a 

particular computer architecture in contrast to most high-level programming 

languages, which are generally portable across multiple systems. An assembly 

language is a low-level programming language designed for a specific type of 



processor. It may be produced by compiling source code from a high-level 

programming language (such as C/C++) but can also be written from scratch. Below 

are some examples of instructions supported by x86 processors 

Introduction to the MIPS architecture 

Data Types 

1. All the instructions in MIPS are 32 bits. 

2. A byte in the MIPS architecture represents 8 bits; a halfword represents 

2 bytes (16 bits) and a word represents 4 bytes (32 bits). 

3. Each character used in the MIPS architecture requires 1 byte of storage, 

while each integer used requires 4 bytes of storage. 

Code section of the MIPS assembly language program 

The code section of the program is the part of the program in which the instructions 

to be executed by the program are written. It is placed in the section of the program 

identified with the assembler directive .text. The starting point for the code section 

of the program is marked with the label “main” and the ending point for the code 

section of the program is marked with an exit system call. This section of a MIPS 

assembly language program typically involves the manipulation of registers and the 

performance of arithmetic operations. 

 

Topic IV. Logic design  adders, ALU, control 

The goal of this tutorial is to understand the basics of building complex circuit from 

simple AND, OR, NOT and XOR logical gates. (We have studied in class the 

functionalities of the corresponding bitwise operators.) This tutorial will teach you 

how to build an Arithmetic Logic Unit (ALU) from scratch, using these simple logic 

gates and other components. Read each tutorial step carefully and complete the 

activities listed in each step. The ALU will take in two 32-bit values, and 2 control 

lines. Depending on the value of the control lines, the output will be the addition, 

subtraction, bitwise AND or bitwise OR of the inputs. 

 Addition  

Addition isn't going to be so easy. 

• We saw previously that we have to add bits, and this may produce a carry. 

Columns further up need to accept a carry as input, along with two inputs, 

and produce the 1-bit output and another carry for the next column up. 

• The component which will perform a 1-bit ADD, receiving a carry in and 

producing a 1-bit output and a carry out is called a full adder. Its interface 

looks like the following: 

Topic V. Data path and pipelining 

As with the single-cycle and multi-cycle implementations, we will start by 

looking at the datapath for pipelining. We already know that pipelining involves 

breaking up instructions into five stages: • IF – Instruction Fetch • ID – Instruction 



Decode • EX – Execution • MEM – Memory Access • WB – Write Back We will 

start by taking a look at the single-cycle datapath, divided into stages As we can see, 

each of the steps maps nicely in order onto the single-cycle datapath. Instruction 

fields and data generally move from left-to-right as they progress through each 

stage. The two exceptions are: • The WB stage places the result back into the register 

file in the middle of the datapath à leads to data hazards. • The selection of the next 

value of the PC – either the incremented PC or the branch address à leads to control 

hazards. One way to visualize pipelining is to consider the execution of each 

instruction independently, as if it has the datapath all to itself. We can place these 

datapaths on a timeline to see their relationship. The stages are represented by the 

datapath element being used, shaded according to use. nstruction Fetch (IF) • The 

instruction is read from memory using the contents of PC and placed in the IF/ID 

register. • The PC address is incremented by 4 and written back to the PC register, 

as well as placed in the IF/ID register in case the instruction needs it later. Note: the 

datapath does not know that we are performing a load word at this point so it 

forwards the PC+4 value just in case. 

 

Topic VI. Input /Output Systems 

Input or output devices that are   connected to computer are called peripheral 

devices. These devices are designed to read information into or out of the memory 

unit upon command from the CPU and are considered to   be  the part 

of computer system. Input-Output Interface 

Peripherals connected to a computer need special communication links for 

interfacing with CPU. In computer system, there are special hardware components 

between the CPU and peripherals to control or manage the input-output transfers. 

These components are  called input-output interface units because they provide 

communication links between processor bus and peripherals. They provide a method 

for transferring information between internal system and input-output devices. 

 

Topic VII. Caches 

✓ How  cache memory works 

✓ Why cache memory works 

✓ Cache design basics 

✓ Types of cache misses 



✓ Example implementations 

Topic VIII. Memory Technology and Optimizations 

Memory technology and optimizations. Although caches benefit from low-

latencymemory, it is generally easier to improve memory bandwidth with new 

organizations than it is to reduce latency. ... In fact, cache designers increase block 

size to take advantage of the high memory bandwidth. Main memory is the next 

level down in the hierarchy. Main memory satisfies the demands of caches and 

serves as the I/O interface, as it is the destination of input as well as the source for 

output. Performance measures of main memory emphasize both latency and 

bandwidth. Virtually all computers since 1975 have used DRAMs for main memory 

and SRAMs for cache, with one to three levels integrated onto the processor chip 

with the CPU. In PMDs, the memory technology often balances power and speed, 

with higher end systems using fast, high-bandwidth memory technology. SRAM 

Technology The first letter of SRAM stands for static. The dynamic nature of the 

circuits in DRAM requires data to be written back after being read—hence the 

difference between the access time and the cycle time as well as the need to refresh. 

SRAMs don’t need to refresh, so the access time is very close to the cycle time. 

SRAMs typically use six transistors per bit to prevent the information from being 

disturbed when read. SRAM needs only minimal power to retain the charge in 

standby mode 

 

Topic IX. Virtual Memory and Virtual Machines 

Computer  system using virtual memory uses a section of the hard drive to 

emulate RAM. With  virtual memory, a system can load larger programs or multiple 

programs running at the same time, allowing each one to operate as if it has 

infinite memory and without having to purchase more RAM Security and privacy 

are two of the most vexing challenges for information technology in 2011. 

Electronic burglaries, often involving lists of credit card numbers, are announced 

regularly, and it’s widely believed that many more go unreported. Hence, both 

researchers and practitioners are looking for new ways to make computing systems 

more secure. Although protecting information is not limited to hardware, in our view 

real security and privacy will likely involve innovation in computer architecture as 

well as in systems software. This section starts with a review of the architecture 

support for protecting processes from each other via virtual memory. It then 

describes the added protection provided from virtual machines, the architecture 

requirements of virtual machines, and the performance of a virtual machine. As we 



will see in Chapter 6, virtual machines are a foundational technology for cloud 

Protection via Virtual Memory Page-based virtual memory, including a translation 

lookaside buffer that caches page table entries, is the primary mechanism that 

protects processes from each other. Sections B.4 and B.5 in Appendix B review 

virtual memory, including a detailed description of protection via segmentation and 

paging in the 80x86. This subsection acts as a quick review; refer to those sections 

if it’s too quick. Multiprogramming, where several programs running concurrently 

would share a computer, led to demands for protection and sharing among programs 

and to the concept of a process. Metaphorically, a process is a program’s breathing 

air and living space—that is, a running program plus any state needed to continue 

running it 



IV. The themes of the self-studies for students 

1. Number systems 

2. MIPS assembly 

3. Logic design  adders, ALU, control 

4. Data path and pipelining 

5. Input/Output Systems 

6. Caches 

7. Memory Technology and Optimizations 

8. Virtual Memory and Virtual Machines 
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