
CS 6303 – COMPUTER ARCHITECTURE       UNIT 1 Q & A 

 

1. Addressing Modes 

The different ways in which the location of an operand is specified in an instruction are 

referred to as addressing modes. It is a method used to determine which part of memory is 

being referred by a machine instruction. 

Register mode 

Operand is the content of a processor register. The register name/address is given in the 

instruction. Value of R2 is moved to R1.       

   Example: MOV R1, R2 

Absolute mode (direct) 

Operand is in the memory location. Address of the location is given  explicitly. 

Here value in A is moved to 1000H. 

  Example: MOV 1000, A                  

Immediate mode:  

Address and data constants can be given explicitly in the instruction.           Here value 

constant 200 is moved to R0 register. 

  Example: MOV  #200, R0 
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Indirect Mode: 

The processor will read the register content (R1) in this case, which will not have direct 

value. Instead, it will be the address or location in which, the value will be stored. Then the 

fetched value is added with the value in R0 register. 

  Example: ADD (R1), R0 

Indexed / Relative Addressing Mode:  

The processor will take R1 register address as base address and adds the value constant 

20 (offset / displacement) with the base address to get the derived or actual memory location 

of the value i.e., stored in the memory. It fetches the value then adds the value to R2 register. 

  Example: ADD 20(R1), R2 

Auto increment mode and Auto decrement Mode:  

The value in the register / address that is supplied in the instruction is incremented or 

decremented. 

Ex:  Increment R1 (Increments the given register / address content by one) 

Ex:  Decrement R2 (Decrements the given register / address content by one) 

 

Addressing 

modes 

Example 

Instruction 
Meaning When used 

Register Add R4,R3 R4 <- R4 + R3 When a value is in a register 

Immediate Add R4, #3 R4 <- R4 + 3 For constants 

Displacement Add R4, 100(R1) R4 <- R4 + M[100+R1] Accessing local variables 

Register 

deffered 
Add R4,(R1) R4 <- R4 + M[R1] 

Accessing using a pointer or a 

computed address 

Indexed Add R3, (R1 + R2) R3 <- R3 + M[R1+R2] 

Useful in array addressing:  

R1 - base of array  

R2 - index amount 

Direct Add R1, (1001) R1 <- R1 + M[1001] Useful in accessing static data 

Memory 

deferred 
Add R1, @(R3) R1 <- R1 + M[M[R3]] 

If R3 is the address of a 

pointer p, then mode 

yields *p 

Auto-  

increment 
Add R1, (R2)+ 

R1 <- R1 +M[R2]  

R2 <- R2 + d 

Useful for stepping through 

arrays in a loop.  

R2 - start of array  

d - size of an element 

Auto-  

decrement 
Add R1,-(R2) 

R2 <-R2-d  

R1 <- R1 + M[R2] 

Same as autoincrement.  

Both can also be used to 

implement a stack as push 

and pop  

Scaled 
Add R1, 

100(R2)[R3] 

R1<-

R1+M[100+R2+R3*d] 

Used to index arrays. May be 

applied to any base 

addressing mode in some 

machines. 
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2. Technologies for Building Processors and Memory 

1. Transistor 

2. very large-scale integrated (V L S I ) circuit 

3. silicon 

4. semiconductor 

5. silicon crystal ingot 

6. wafer 

7. defect 

8. die 

A transistor is simply an on/off switch controlled by electricity. The integrated circuit (I 

C) combined dozens to hundreds of transistors into a single chip.  

To describe the tremendous increase in the number of transistors from hundreds to millions, 

the adjective very large scale is added to the term, creating the abbreviation VLSI, for very 

large-scale integrated circuit. 

 

To manufacture integrated circuits, we start at the beginning. The manufacture of a chip 

begins with silicon, silicon does not conduct electricity well, and it is called a semiconductor. 

With a special chemical process, it is possible to add materials to silicon that allow tiny areas 

to transform into one of three devices: 

 Excellent conductors of electricity (using either microscopic copper or aluminum wire) 

 Excellent insulators from electricity (like plastic sheathing or glass) 

 Areas that can conduct or insulate under special conditions (as a switch) 
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Process of making semiconductor devices 

 The process starts with a silicon crystal ingot, which looks like a giant sausage. 

 An ingot is finely sliced into wafers no more than 0.1 inches thick.  

 These wafers then go through a series of processing steps, during which patterns of 

chemicals are placed on each wafer, creating the transistors, conductors, and insulators. 

 A single microscopic flaw in the wafer itself or in one of the dozens of patterning steps 

can result in that area of the wafer failing. These defects, as they are called, make it 

virtually impossible to manufacture a perfect wafer.  

 The simplest way to cope with imperfection is to place many independent components 

on a single wafer. The patterned wafer is then chopped up, or diced, into these 

components, called dies and more informally known as chips.  

 Dicing enables to discard only those dies that were unlucky enough to contain the flaws, 

rather than the whole wafer.  

 This concept is quantified by the yield of a process, which is defined as the percentage 

of good dies from the total number of dies on the wafer. 
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3. Eight Great Ideas in Computer Architecture 

These ideas are so powerful they have lasted long after the first computer that used them. 

1. Design for Moore’s Law 

2. Use Abstraction to Simplify Design 

3. Make the Common Case Fast 

4. Performance via Parallelism 

5. Performance via Pipelining 

6. Performance via Prediction 

7. Hierarchy of Memories 

8. Dependability via Redundancy                  

Design for Moore’s Law 

Moore’s Law. It states that integrated circuit resources double every 18–24 months. 

Computer architects must anticipate where the technology will be when the design finishes 

rather than design for where it starts. The resources available per chip can easily double or 

quadruple between the start and finish of the project. 

Use Abstraction to Simplify Design 

A major productivity technique for hardware and software is to use abstractions to 

represent the design at different levels of representation. Lower-level details are hidden to offer 

a simpler model at higher levels. 

 

Make the Common Case Fast 

Making the common case fast will tend to enhance performance better than optimizing 

the rare case.  Ironically, the common case is often simpler than the rare case and hence is often 

easier to enhance. 

Performance via Parallelism 

Computer architects have offered designs that get more performance by performing 

operations in parallel.  

Performance via Pipelining 

A particular pattern of parallelism is so prevalent in computer architecture that it merits 

its own name: pipelining. 

Performance via Prediction 

prediction, In some cases it can be faster on average to guess and start working rather 

than wait until you know for sure, assuming that the mechanism to recover from a 

misprediction is not too expensive and your prediction is relatively accurate. 

Hierarchy of Memories 

Programmers want memory to be fast, large, and cheap, as memory speed often shapes 

performance, capacity limits the size of problems that can be solved, and the cost of memory 

today is often the majority of computer cost. Hierarchy of Memories, with the fastest, smallest, 

and most expensive memory per bit at the top of the hierarchy and the slowest, largest, and 

cheapest per bit at the bottom. Caches give the programmer the illusion that main memory is 
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nearly as fast as the top of the hierarchy and nearly as big and cheap as the bottom of the 

hierarchy. 

Dependability via Redundancy 

Computers not only need to be fast; they need to be dependable. Since any physical 

device can fail, we make systems dependable by including redundant components that can take 

over when a failure occurs and to help detect failures. 

6. Write short notes on power wall? 

 Both clock rate and power increased rapidly for decades, and then flattened off recently. 

The energy metric joules is a better measure than a power rate like watts, which is just 

joules/second. 

 Dominant technology for integrated circuits is called CMOS (complementary metal 

oxide semiconductor). For CMOS, the primary source of energy consumption is so-called 

dynamic energy—that is, energy that is consumed when transistors switch states from 0 to 

1 and vice versa. 

  Energy  α  Capacitive load  X (Voltage)2 

This equation is the energy of a pulse during the logic transition of 0 → 1 → 0 or 1 → 0 → 

1. The energy of a single transition is then 

  Energy  α   1/2  X  Capacitive load  X   (Voltage)2 

The power required per transistor is just the product of energy of a transition and the 

frequency of transitions: 

  Power  α   Energy  X  Frequency switched      [or] 

  Power  α   1/2  X  Capacitive load  X   (Voltage)2  X Frequency switched 

 

Frequency switched is a function of the clock rate. The capacitive load per transistor is a 

function of both the number of transistors connected to an output (called the fan out) and the 

technology, which determines the capacitance of both wires and transistors. 

 Energy and thus power can be reduced by lowering the voltage, which occurred with 

each new generation of technology, and power is a function of the voltage squared. In 20 years, 

voltages have gone from 5 V to 1 V, which is why the increase in power is only 30 times. To 

try to address the power problem, designers have already attached large devices to increase 

cooling, and they turn off parts of the chip that are not used in a given clock cycle. 
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4. Uniprocessors to multiprocessors 

Uniprocessor 

 A type of architecture that is based on a single computing unit. All operations (additions, 

multiplications, etc.) are done sequentially on the unit.  

Multiprocessor 

 A type of architecture that is based on multiple computing units. Some of the operations (not 

all, mind you) are done in parallel and the results are joined afterwards. 

Parameter Uniprocessor Systems Multiprocessor Systems 

Description 

If a System contains only one 

processor for processing than it is 

called single processor system. 

If a System contains two or more than two 

processors for processing than it is called 

multiprocessor system. 

Use of Co-

Processors 

Yes, Single Processors uses 

multiple Controllers that are 

designed to handle special tasks 

and can execute limited instruction 

sets. E.g. DMA Controller, 

North/South Bridge. 

In Multi-Processor Systems Two Types of 

approaches are Used: 

1)      Symmetric Multiprocessing(SMP) 

2)      Asymmetric Multiprocessing 

In Asymmetric Multiprocessing one Processor 

works as Master and Second Processor act as Slave 

In Symmetric Multiprocessing each processor 

performs all the tasks within the operating system. 

Throughput 

Throughput of Single Processor 

Systems is less than 

Multiprocessor Systems Because 

each and every task is performed 

by the same processor. 

Throughput of Multiprocessor systems is greater 

than single processor systems. If a System 

Contains N Processors than its throughput will be 

slightly less than N because synchronization must 

be maintained between two processors and they 

also share resource which increases certain amount 

of overhead. 

Cost Economic 

Single Processor Systems cost 

more because each processor 

requires separate resources .i.e. 

Mass Storage, Peripherals, Power 

Supplies etc. 

Multiprocessor Systems cost less than equivalent 

multiple single processor systems because they 

uses same resources on sharing basis. 

Design Process 
It is Easy to design Single 

Processor Systems. 

It is difficult to design Multi Processor Systems 

because Synchronization must be maintained 

between processors otherwise it may result in 

overloading of one processor and another 

processor may remain idle on the same time. 

Reliability 

Less reliable because failure in one 

processor will result in failure of 

entire system. 

More reliable because failure of one processor does 

not halt the entire system but only speed will be 

slow down. 

Examples Most of Modern PCs. Blade Servers. 
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5. Write short notes on performance? 

 Computer performance is characterized by the amount of useful work accomplished by a 

computer system or computer network compared to the time and resources used 

 As an individual computer user, you are interested in reducing response time — time between 

the start and completion of a task — also referred to as execution time. 

 Datacentre managers are often interested in increasing throughput or bandwidth—the total 

amount of work done in a given time. 

Response time 

Also called execution time. The total time required for the computer to complete a task, 

including disk accesses, memory accesses, I /O activities, operating system overhead, CPU execution 

time, and so on. 

Throughput 

Also called bandwidth. Another measure of performance, it is the number of tasks completed 

per unit time. 

Bandwidth   

The amount of data that can be carried from one point to another in a given time period (usually 

a second). This kind of bandwidth is usually expressed in bits (of data) per second (bps). Occasionally, 

it's expressed as bytes per second (Bps). 

Clock cycles per instruction (CPI):   

Average number of clock cycles per instruction for a program or program fragment. 

We can relate performance and execution time for a computer X: 

 
In discussing a computer design, we often want to relate the performance of two different 

computers quantitatively. We will use the phrase “X is n times faster than Y”— or equivalently “X is n 

times as fast as Y”—to mean 
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The most important measure of a computer is how quickly it can execute programs. 

Measuring Performance: 

 The computer that performs the same amount of work in the least time is the fastest. Program 

execution time is measured in seconds per program.  

 CPU execution time or simply CPU time, which recognizes this distinction, is the time the 

CPU spends computing for this task and does not include time spent waiting for I/O or 

running other programs.  

 CPU time can be further divided into the CPU time spent in the program, called user CPU 

time, and the CPU time spent in the operating system performing tasks on behalf of the 

program, called system CPU time. 

 The term system performance to refer to elapsed time on an unloaded system and CPU 

performance to refer to user CPU time. 

CPU Performance and Its Factors: 

CPU execution time for a program = CPU clock cycles for a program X Clock cycle 

time 

Alternatively, because clock rate and clock cycle time are inverses, 

CPU execution time for a program =  CPU clock cycles for a program 

                      Clock rate 

 This formula makes it clear that the hardware designer can improve performance by 

reducing the number of clock cycles required for a program or the length of the clock 

cycle. 

Instruction Performance: 

 The performance equations above did not include any reference to the number of instructions 

needed for the program. The execution time must depend on the number of instructions in a 

program.  

 Here execution time is that it equals the number of instructions executed multiplied by the 

average time per instruction. clock cycles required for a program can be written as 

CPU clock cycles = Instructions for a program X Average clock cycles per instruction 

 The term clock cycles per instruction, which is the average number of clock cycles each 

instruction takes to execute, is often abbreviated as CPI.  

 CPI provides one way of comparing two different implementations of the same instruction 

set architecture, since the number of instructions executed for a program will be the same. 
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The Classic CPU Performance Equation: 

The basic performance equation in terms of instruction count (the number of instructions 

executed by the program), CPI, and clock cycle time: 

CPU time = Instruction count X CPI X Clock cycle time 

or, since the clock rate is the inverse of clock cycle time: 

CPU time = (Instruction count/Clock rate)  X  CPI 

These formulas are particularly useful because they separate the three key factors that affect 

performance. 

Components of performance Units of Measure 

CPU execution time for a program Seconds for the program 

 Instruction count Instructions executed for the program 

 Clock cycles per instruction (CPI) Average number of clock cycles per 

instruction Clock cycle time Seconds per clock cycle 

 
 

 We can measure the CPU execution time by running the program, and the clock cycle time 

is usually published as part of the documentation for a computer.  

 The instruction count and CPI can be more difficult to obtain. Of course, if we know the 

clock rate and CPU execution time, we need only one of the instruction count or the CPI to 

determine the other. 
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7. Representing instructions 

 Computers must have instructions capable of performing the following four types of 

operations: 

 Data transfers between the memory and the processor registers 

 Arithmetic and logic operations on data 

 Program sequencing and control 

 I/O transfers 

Instruction Types 

Instructions are divided into the following five types: 

 Data-transfer instruction, which copy information from one location to another location 

either in the processor’s internal register set or in the external main memory. 

o Operation: MOV, LOAD, STORE, XCH, PUSH, POP 

o Eg: MOV A, R1 LOAD A STORE T XCH A   PUSH A  POPA 

 Arithmetic instructions, which perform operations on numerical data. 

o Operation: ADD,ADD WITH CARRY,SUBTRACT,MULTIPLY, DIV 

o Eg: ADDA, B ADDC A,B SUBA,B MULA,B 

 Logical instructions, which include Boolean and other non-numerical Operations. 

o Operation: AND,OR,NOT,XOR, SHIFTLEFT, SHIFTRIGHT 

o Eg:  ANDA, B  OR A,B   NOT A,B SHLA SHR A 

 Program control instructions, such as branch instruction, which change the sequence in which 

programs are executed. 

o Operation: JUMP, RETURN,EXECUTE, SKIP, CONDITIONAL 

COMPARE,TEST,WAIT 

o Eg: JMP CALL RET SKP TST 

 Input-output (IO) instructions, which cause information to be transferred between the 

processor or its main memory and external IO devices. 

o Operation: INPUT, OUTPUT, START IO, TEST IO, HALT IO 

o Eg: IN OUT 
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We can represent the instructions using the following ways: 

Register Transfer Notation 

 Transfer of information from one location to another. 

 Possible locations involved: 

o Memory locations 

o Processor registers 

o Registers in I/O subsystems 

 

 Contents of a location are denoted by placing square brackets around the name of the 

location 

 R1←[LOC] 

 R3 ←[R1]+[R2] 

 Register Transfer Notation(RTN):  

 RHS→Value, LHS→location  

where value is to be stored. 

Assembly Language Notation 

 Represent machine instructions and programs. 

 Assembly language format. 

 Move LOC R1 = R1←[LOC]  

 Add R1, R2, R3  

 R3 ←[R1]+[R2] 
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8. Basic Instruction Types/Instruction Formats: 

C = A + B 

Three address instructions 

 Syntax: opcode source1, source2,destination  

 Eg: ADD A,B, C 

 C ->[A]+[B] 

Two address instructions  

 Syntax: opcode source, destination  

 Eg: ADD A, B  

 B [A]+[B] 

 MOVB,C C -> [B] 

 Need to add something to the above two-address instruction to finish: Move B, C = C ← [B] 

One-address instruction (to fit in one word length) 

 Syntax: opcode source 

 Second address is implicit [accumulator] 

 Eg: Accumulator: 

 ADD A 

 LOAD A (copies content of memory location A to accumulator)  

 ACC [A] 

 ADD B  

 ACC [B]+[ACC] 

 STORE C (copies content of accumulator to memory location C) 

 C [ACC] 

Zero-address instructions stack operation 

 Syntax: opcode 

 All addresses are implicit. 

 Eg: PUSH A 

 PUSH B ADD POP C 
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Example: Evaluate X=(A+B) * (C+D) 

Three-Address 

1. ADDA, B, R1; R1 ← M[A] + M[B] 

2. ADDC, D, R2 ; R2 ← M[C] + M[D] 

3. MULR1, R2, X; M[X] ← R1 * R2 

Two-Address 

1. MOVA, R1; R1 ← M[A] 

2. ADDB, R1 ; R1 ← R1 +M[B] 

3. MOV C, R2; R2 ← M[C] 

4. ADDD, R2 ; R2 ← R2 +M[D] 

5. MUL R2, R1; R1 ← R1 * R2 

6. MOV R1, X; M[X] ← R1 

One-Address 

1. LOAD A ; AC← M[A] 

2. ADD B ; AC← AC + M[B] 

3. STORE T; M[T]← AC 

4. LOAD C ; AC← M[C] 

5. ADD D ; AC← AC + M[D] 

6. MUL T ; AC← AC *M[T] 

7. STORE X ; M[X] ← AC 

Zero-Address 

1. PUSH A ; TOS← A 

2. PUSH B ; TOS← B 

3. ADD ; TOS← (A + B) 

4. PUSH C ; TOS← C 

5. PUSH D ; TOS← D 

6. ADD ; TOS← (C + D) 

7. MUL ; TOS← (C+D)*(A+B) 

8. POPX ; M[X] ← TOS 
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