
byjusexamprep.com 

1 

 

 

   

https://byjusexamprep.com/
https://byjusexamprep.com/


byjusexamprep.com 

2 

 

  Chapter 1: Machine Instruction and Addressing modes  

• Machine Instructions- Machine instructions are commands or machine code programs. In other 

words, commands written in the machine code language of a computer that it can recognize and 

subsequently execute. 

• Types of instructions- 

o Zero address instructions: NOP 

o One address instructions: PUSH, POP 

o Two address instructions: ADD, MULT, SUB 

• Types of Machine Instructions- 

o Data Transfer Instructions - The data transfer instructions are defined as instructions used 

to transfer the data from one location to another. This data transmission can be either from 

register to memory, register to register or memory to register. 

o Data Manipulation Instructions - Data manipulation involves transferring and operating on 

data with math Functions, data conversion, data comparison and logical operations. There are 

three types of data manipulation instructions, which are as follows-  

- Arithmetic instructions 

- Logical and bit manipulation instructions 

- Shift instructions 

o Program Control Instruction - Program Control instructions are those instructions that 

specify the conditions for altering or changing the content of the program counter. The change 

in the value of a program counter can cause a break in the instruction execution sequence. 

• Addressing Modes 
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• Sequential Control Flow 

1. Register Based Addressing Mode 

a. This addressing mode is used to access data available in registers.  

b. Register/ Register Addressing Mode: This is used to access the local variables. In this 

addressing mode, data is present in the register, and that register's address is available 

in the address field of the instruction. So, effective address field value, Data= [EA] = 

[Register Name] 

2. Memory Based Addressing Mode 

a. Implied Mode: In this mode, the data is available in the opcode itself. Hence, there is 

no effective address. Example: Complement Accumulator (CMA) and all zero address 

instructions. 

b. Immediate Mode: The operand is explicitly specified inside the instruction. Immediate 

addressing mode is used to access the constants or to initialize registers to a constant 

value. Instead of an address field, an operand field is present that contains the operand. 

Example: MOV A,5 

c. Direct Addressing Mode: It is used to access the static variables. In this mode, the 

data is present in the memory, the corresponding address of memory will be maintained 

in an address field of the instruction as an effective address. 

d.  Indirect Addressing Mode: It is used to implement pointers. The address field of the 

instruction specifies the memory address location that has the operand's effective 

address. Two references to the memory are required to fetch the operand. There are 

two types of Indirect Addressing Modes: 

i. Register Indirect Addressing Mode: Here, the EA is present in the address 

register. That register name is available in the address field of the instruction. 

EA (Effective Address) = [Address Field Value] ⇒ [Register Name] 

ii. Memory Indirect Addressing Mode: Here, the EA is present in the memory. That 

memory address is available in the address field of the instruction. EA = [Address 

field value] ⇒ [Memory address] Data = [EA] = [[Memory address]]   

e. Indexed Addressing Mode - In indirect indexed addressing mode, the base address 

is present in the memory, that memory address is present in the address field of the 

instruction.  Effective address = content of index register + Address part of the 

instruction. 

f. Auto Indexed Addressing Mode: This mode is used to access the linear array 

elements; hence, a base address is required to access the data. The effective address 

is Base Register ± Step Size. 

 

 

 

 

https://byjusexamprep.com/


byjusexamprep.com 

4 

• Transfer of Control Flow Addressing mode 

1. Relative/PG Relative Addressing Mode: 

a. Relocation data, branch address at runtime; Reduce instruction size. 

b. Relative Addressing Mode is used to access the instruction within the segment; 

therefore, only the offset address is required. 

c. The offset address is available in the address field of the instruction. 

d.   

e.  PC ← PC + IR [Address Field] 

f.  Position dependent. 

g.  Relocation at run time. 

2. Base Register Addressing Mode (Position independent): 

a. Base Addressing Mode is used to access the instruction between segments. Therefore, 

base address, as well as offset, are required. 

b. The base address is maintained in the base register, and the offset address is 

maintained in the address field of the instruction. 

c. EA = [Base Register] + IR [Address Field] 

d. PC ← [Base Register] + IR [Address Field] 
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  Chapter 2: ALU and Data-path, CPU control Design  

• A CPU contains three main sections: the register section, the arithmetic/ logic unit (ALU), and the 

control unit.  

• Data Path- Data path contains ALU and registers, which performs certain operations on data 

items. The control signal sends the control signal to the data path. 

• Types of data path:  

o One bus data path - CPU registers, and ALU uses the same bus for all incoming and outgoing 

data. 

o Two bus data paths- GPRs (General Purpose registers) are connected to two buses. Data can 

be transferred from two different registers to the input point of the ALU simultaneously. 

o Three bus data paths- Two buses are used as a source while the third is used as a destination. 

Source bus is also known as in-bus, and destination bus is also known as out-bus.  

 

• The ALU, registers and the interconnecting path is known as the "ALU data path".  

• CPU REGISTERS 

a. PC: It is used to hold the starting instruction address and immediately point to the next 

instruction's address. 

b. IR: It holds the currently fetched instruction to decode. 

c. Accumulator: It is used to hold one of the ALU inputs and output. 

d. MAR (Memory Address Register): It is connected to the address lines of the system bus. It 

is used to carry the sequence. 

e. MBR (Memory Buffer Register):  It is connected to the data lines of the system bus. It is 

used to carry the binary sequence. 

• Microinstruction (Control word): Each word in control memory contains within it a 

microinstruction. The microinstruction specifies one or more microoperations for the system. 

• Microprogram:  A sequence of microinstructions constitutes a microprogram. 
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• Microoperation: Each micro-operation is executed in one clock cycle. The type of operations 

includes transferring data from one register to another, ALU or logical operations between 

registers, and transferring data from the register to external (memory or I/O). 

• Datapath: It implements the micro-operations under the control unit using its functional units. 

• Control Unit- A control unit coordinates how data moves around a CPU. The control unit 

communicates with ALU and main memory. It informs the arithmetic and logic unit, the computer's 

main memory, and the output and input devices how to respond to the command sent to the 

processor. It also instructs the ALU which operation must be performed on data. 

• Functions: 

o Interprets instructions regulates and controls processor timing. 

o It directs data flow through different components of the CPU. 

o Handle tasks such as decoding, fetching, executing the command, and storing results. 

o Processes unmasked interrupts in the interrupt cycle. 

o It directs sequential data flow. 

o It interprets commands and instructions. 

• Control Memory: The purpose of the control unit in a digital computer is to initiate sequences of 

the micro-operations. During any given time, certain micro-operations are needed to be initiated, 

whereas others remain idle. At any given time, the control variables can be shown by a string of 

1's and 0's called a control word.  

o Control words can be programmed to perform various operations on the components of the 

system.  

o A control unit with binary control variables stored in the memory is a microprogrammed control 

unit.  

o Control memory can be a read-only memory. 

• Control unit design 

 

• Hardwired Approach: 

o The Hardwired Control organization involves the control logic implemented with gates, flip-

flops, decoders, and other digital circuits. 

o This design control signal is expressed in an SOP expression, and they are directly realized on 

independent hardware. 
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o Fixed logic circuits that correspond directly to the Boolean expressions are used to generate 

the control signals. 

o As logic gates are used so hardwired is the fastest control unit. 

o It is not flexible as even a minor modification requires redesign and re-connection of a control 

signal. 

o RISC architecture is based on the hardwired control unit 

• Micro-Programmed Control Unit: 

o The Microprogrammed Control organization is implemented by using the programming 

approach. 

o In Microprogrammed Control, the micro-operations are performed by executing a program 

consisting of micro-instructions. 

o A micro-programmed control unit is slower because of its time to fetch microinstructions from 

the control memory. 

o The control signals associated with operations are stored in special memory units inaccessible 

by the programmer as Control Words. 

o A program that generates control signals is like a machine language program. 

 

 

• Difference between Hardwired Control and Microprogrammed Control 

Horizontal Microprogrammed Control Unit Vertical Microprogrammed Control Unit 

Control word size is large. Control word size is small. 

Parallelism is high. No Parallelism. 

It is faster. It is slower. 

No need of decoder. 
Go through the decoder for micro-instruction 

execution. 
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• Difference between Complex Instruction Set Computer (CISC) and Reduced Instruction 

Set Computer (RISC) 

CISC RISC 

A large number of instructions. Relatively few instructions. 

Some instructions that perform specialized 

tasks and are used infrequently. 

Single cycle instruction execution. Memory 

access is limited to load and store 

instructions. 

Large numbers of addressing mode Relatively few addressing modes. 

Variable length instruction formats. 
Fixed length, easily decoded instruction 

format. 

Instruction that manipulates operands in 

memory. 

All operations are done with-in the registers 

of the CPU. 

Microprogrammed Control. 
Hardwired rather than microprogrammed 

control. 

 

• Difference between Hardwired Control and Microprogrammed Control 

Hardwired Control Microprogrammed Control 

Technology is circuit-based. Technology is software-based. 

Fixed instruction format. 
Variable instruction format (16-64 bits per 

instruction). 

It is implemented through flip-flops, gates, 

decoders, etc. 

Microinstructions generate signals to control 

the execution of instructions. 

Instructions are register-based. Instructions are not register-based. 

It is used in RISC. It is used in CISC. 

ROM is not used. ROM is used. 

Decoding is faster. Decoding is slower. 

It isn't easy to modify. It can be modified easily. 
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  Chapter 3: IO Interfaces  

• INPUT / OUTPUT PROCESSOR: 

o The input/output processor (I/O processor) is a processor that is specially designed to handle 

only input/output processes for the computer or a computer. 

o The IOP can fetch and execute its instructions. These IOP instructions are designed to manage 

only I/O transfers. 

o Input-output devices are very slow devices; therefore, they are not directly connected with the 

system bus because input-output devices are electromagnetic devices. The CPU is an electronic 

device, so there is a difference in the operating mode, data transfer rate, and word format. 

o I/O Module is used to synchronize the input-output devices with the processor. 

 

• I/O Transfer Modes: There are three different modes: 

o Programmed I/O: 

- The CPU directly communicates with the I/O device. 

- The processor waits until the completion of the I/O operation. 

- Instruction in the program initiates each data item transfer. 

- Usually, the transfer is between a CPU register and memory. 

- The processor is continuously busy executing the program related to device functions 

and waits for the device status to be ready most of the time or function completions 

(Busy-wait state). 

o Interrupt Driven I/O: 

- In this mode, a high-speed interface is used between the CPU and IO devices. Therefore, 

processor utilization is efficient. In this mode, CPU time depends on the latency of the 

interface instead of the speed of the input-output devices. 

- A program interrupt is the transfer of program control from a currently running program 

to another service program due to an external or internally generated request. 
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o Direct Memory Access (DMA): 

- Direct memory access (DMA) is a data transfer mode between the memory and I/O 

devices. 

- Thus, the peripherals directly communicate and transfer information in between using 

the memory buses, removing the intervention of the CPU.  

- Such a data transfer technique is known as DMA or direct memory access. 

- DMA is operated in mainly three modes: 

a. Burst mode- DMA's burst mode after receiving the HLDA signal bulk amount of data 

is transferred to the main memory. 

b. Cycle stealing mode- In the cycle stealing mode of DMA, before receiving the HLDA 

signal, it forcefully suspends the CPU operation and gains control of the bus to transfer 

a few bytes of the data. 

c. Block mode- DMA's blocked mode, after receiving HLDA signal, data is transferred to 

main memory blocked buses. Data is transferred to the main memory in block mode. 
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  Chapter 4: Instruction Pipelining  

• Pipelining - Pipelining is a technique where multiple instructions are overlapped during execution. 

• Types of pipelines  

o Linear pipeline- This pipeline is used to perform only one specific function. 

o Non-linear pipeline- This pipeline is used to perform multiple functionalities. It uses feed-

forward and feeds backward connections. 

o Synchronous Pipeline- On a common load/clock, all the registers simultaneously transfer data 

to the next stages. 

o Asynchronous Pipeline- The data flow along the pipeline stages is controlled using handshake 

protocol.  

• An instruction in a process is divided into five subtasks: 

Instruction 

Fetch 

Instruction 

Decode 
Operand Fetch 

Instruction 

Execute 
Operand Store 

 

• Pipeline Stages:  

o Instruction fetch: This is the first most stage, and in this stage, the CPU reads an instruction 

from memory; it uses the program counter to fetch the address of the instruction from memory. 

o Instruction Decode: In this stage of pipelining, the CPU generates a control signal for opcode 

bits. To get the value from the registers used in the instruction, the register file is accessed. 

o Instruction Execute: ALU operations are performed in this stage. 

o Memory Access: Memory operands are read and written from/to the memory present in the 

instruction. 

o Write Back: In this stage, the computed/fetched value is written back to the register present 

in the instructions. 

• Properties of pipelining 

o The cycle time of the processor is reduced. 

o It increases the throughput of the system. 

o It makes the system reliable. 

o The design of a pipelined processor is complex and costly to manufacture. 

o The instruction latency is more. 

• Performance Evaluation of pipeline Processor 

o In a 'K' segment pipeline where clock cycle time tp is used to execute n-tasks. The first task is 

executed in the non-overlapping time, requiring K cycles to complete the operation. 

o The remaining (n —1) tasks emerge from the pipe at the rate of one cycle per task, so (n —1) 

tasks require (n—1) cycles to complete the operation. Thus, the execution time of the K 

segment pipeline 
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     ETpipe = K + (n —1) cycles 

     ETpipe = (K + (n —1).tp 

o The performance gain of the pipeline processor over the non-pipeline is: 
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o For a large number of tasks of instruction, K + (n —1) approaches to n 

 

o When all the instructions are taking the same number of cycles, then one instruction execution 

time is equal to the number of stages in the pipeline (K), i.e., 

 

• Stall Cycle- A pipeline stall is a type of error in a RISC or RISC-influenced processor, and it delays 

the processing of an instruction. 

 

The maximum speedup that can be achieved by using a pipelined processor = number of stages. 

Smax = Sideal = K 

 

 

 

• Dependencies in Pipelining- Dependency causes a stall in the pipeline. 

The stall is an extra cycle created in the pipeline with NOP. There are three types of dependencies 

possible in pipelining 

1. Structural Dependency- This dependency is present because of resource conflict. The resource 

may be a memory or register, or functional unit. 

a. Conflict is an unsuccessful operation, so to make it successful, make the instruction wait 

until the resource becomes available. This waiting creates stalls in the picture.  
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b. To reduce the number of stalls in the pipeline due to structural dependency, "Renaming" 

is used.  

c. RAW = Register rename decrease, WAR = All decrease (removed).  

2.   Data dependency- Data dependency exists between two program instructions when one 

instruction tries to read the data before another instruction can write it.  

3.   Control dependency- While executing the transfer of control operation, the program control is 

transferred from the current location to the target location. If the current instruction is decoded 

as data transfer or data manipulation operation, then the sequential instruction is the desired 

instruction. 

a.   The process of removing unwanted instruction from the pipeline is known as flush or 

freeze. The flush operation creates stalls in the pipeline. 

b.   The number of stalls created in the pipeline due to branch operation is known as the 

Branch penalty. Branch Penalty = At what stage the target address is available -1. 

c.  The out of order execution creates two more dependencies in the pipeline 

i. Anti Dependency- It exists when an instruction tries to write the register before another 

instruction reads it.  

ii. Output Dependency- It exists when one instruction tries to write the destination before 

another instruction writes on it.  

• Hazards: 

o Hazards are also called delays. 

o It prevents the next instruction in the instruction stream from being executing during its 

designated clock cycle.  

o Hazards reduce the performance from the ideal speedup gained by pipelining. 

• There are three types of hazards: 

1. Structural hazards occur due to resource conflict in the pipeline, i.e., when two instructions 

need the same hardware resource at the same time. That results in the serial execution rather 

than parallel for a portion of the pipeline. Structural hazards are sometimes referred to as 

resource hazards. For example, a situation in which multiple instructions are ready to enter the 

execute instruction phase, and there is a single ALU. If the processor has only one register file, 

write port, and two instructions want to write in the register file simultaneously. 

2. Data Hazards: 

a. RAW (Read after Write) [Flow/True data dependency] 

b. WAR (Write after Read) [Anti-Data dependency] 

c. WAW (Write after Write) [Output data dependency] 

3. Control Hazards - Control hazards arise from branch, jump, and other transfers of control 

instructions are executed. Due to the execution of control hazards, unwanted instructions are 

executed in the pipeline, bringing unwanted behaviour to the program output. 
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  Chapter 5: Cache and Main memory, Secondary Storage  

• Cache Memory- Cache memory is a chip-based component that makes data retrieval from the 

computer's memory faster and more efficient. It behaves like a temporary storage space from 

which the processor can retrieve data quickly. This temporary storage area is called cache. 

• The primary purpose of cache memory is to store and hold the program instructions that are 

frequently referenced during execution. Quick access to all these instructions will increase the 

overall speed of the software program. 

• Types of cache memory- 

o Level 1 (L1) cache or Primary Cache 

o Level 2 (L2) cache or Secondary Cache 

o Level 3 (L3) cache or Main Memory 

o Level 4 (L4) or Secondary Memory 

• The locality of reference- Since the cache memory size is less than the main memory, checking 

which part of the main memory should be given priority and loaded in the cache is decided based 

on the locality of reference. 

• Types of Locality of reference-  

o Spatial locality- If one data object is referenced once, then there are high chances that the 

next data object will be present near the reference point. 

o Temporal locality- Temporal locality says that during the execution of a program, there are 

high chances that the CPU will reuse the same data objects multiple times. 

• Replacement Policies: 

When the Main Memory block needs to be brought in while all the CM blocks are occupied, one 

must be replaced. 

o Optimal Replacement: Replace that block that is no longer needed in the future. If all blocks 

currently in Cache Memory will be used again, replace the one which will not be used in the 

future(upcoming time) for the longest time. 

o FIFO (first-in-first-out): Replace the block that has been in Cache Memory for the longest time, 

i.e., the block that came in first. 

o LRU: replace the block in Cache Memory that has not been used for the longest time, i.e., the 

least recently used (LRU) block. 

o Most Recently Used: Replace the block that has been used recently. 

• Cache Coherence 

Multiple processors operating in parallel and independently multiple caches may possess different 

copies of the same memory block, creating a cache coherence problem. So, we use cache write 

policies to avoid cache coherence.  
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• Write Policies: 

Whenever the CPU wants to write a word, it checks if the address in which it wants to write the 

data is present in the cache or not. If the address is present in the cache, i.e., Write Hit. 

Value in the Cache can be updated, and primary memory access can be avoided as it is costly. But 

this results in Inconsistent Data Problems. 

So, we use Write Through and Write Back policies 

• Write-Through Policy: 

One of the central caching policies is called the write-through policy. It says that data is stored 

and written into the cache and to the primary storage device simultaneously. 

o Word Updation (TW)  

o  

o  

o Total access time of memory when both read and write cycle is considered is: 

Tavg = fread × Tavgread + fwrite × Tavgwrite 

o Throughput η WT cache  

o The hit ratio for the write operation is always 1, 

o Tavgwrite = HwTm; where Tm = Main memory access time 

• Write Back Policy: 

It saves the data only to the cache when processing. The write-back policy only occurs when the 

cache line in question gets replaced because it is needed for another line at a different address. 

 

Figure 1 
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• Tavgwrite back = fread × Tavgread + fwrite × Tavgwrite 

 

• Mapping Techniques- Cache mapping is a mechanism by which the contents of the main memory 

are brought into the cache memory. 

 

• Direct Mapping- In this mapping technique, the mapping function transfers the data from the 

main memory to a cache memory. The mapping function is K mod N= i, where K= Main memory 

block number, N = number of cache lines, i= Cache memory line number.  

The address representation is as follows:  

 

o The hit ratio is less. 

o Accessing the same block from different pages will always result in a miss, and the replacement 

done is known as "conflict miss". 

 

• Associative Mapping- A block of the main memory can map to any line of the cache that is freely 

available at that moment. This cache design counter sequence is used to map the data means any 

main memory block can be mapped into any cache memory line in a sequence. 

Block Number/Tag Block/Line Offset 

The replacement is done when the cache is full or when "capacity miss" occurs. 

The block number is updated in the tag field. The higher-order bits of the address are compared 

sequentially with each cache tag, and if a match is not found, then it is a "miss." 

Cache Size= Tag Memory Size + Data Memory Size 

Data Memory size = Number of Cache Lines * Number of bits in the line. 

 

 

Cache line number = (Main Memory Block Address) Modulo (Number of lines in Cache) 
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• Set- Associative Memory- In this cache design, lines are grouped into sets to accommodate 

more blocks in the sets. In this mapping, the cache memory is organized into sets, and each set 

can hold multiple main memory blocks. 

 

Where N = number of cache lines, P= number of MM blocks possible on each cache line  

o The replacement is done when the set is full. 

o The hit ratio and complexity of the tag comparator are optimal. 

o Maximum number of tag comparisons = P. When P = 1 set, associative is direct mapping. 

o Multiplexers needed to compare the existing tags in the set one by one for CPU-generated tags. 

• Secondary Memory- Secondary memory is a space where programs and data are kept for a long 

time. Common secondary storage devices are optical disks and hard disks. This memory is slower 

than primary memory but can store and retain data, even if the computer is not connected to 

electrical power. 

 

 

• Fixed Storage- It is an internal media device used to store data by a computer system, and 

usually, these storages are referred to as the Fixed Disks drives or the Hard Drives. 

• Removable Storage - It is an external media device used to store data by a computer system. 

It is referred to as the Removable Disks drives or External Drives. 

• Types of secondary memory-  

o Magnetic storage media- In this type of storage, data storing surfaces are coated by magnetic 

oxide. This storage is in use since the first generation of computers. 

o Optical Storage Media - Optical memory makes use of light beams to perform operations. It is 

introduced in the fourth generation of computers. 

o Solid-State Memory devices- Solid-state storages are based on electronic circuits with no 

moving parts like tape reels, spinning discs, etc. 
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• Hard Drives 

Such devices use magnetic heads to store and read data on platters (spinning metal disks). They're 

generally used for storing data on a computer, from the operating system and other applications 

themselves to files you create on the machine. 

 

 

• Some important Formulae's:  

o Transfer rate: Transfer rate is the rate at which data is transferred from the disk to the 

computer.  

Transfer rate = Number of heads × Capacity of one track × number of rotations per second 

o Random access time: Random access time is the sum of the seek time and rotational latency. 

o Seek Time: The time taken by the arm to locate the desired track. 

o Rotational Latency: The time taken by the arm to locate the required sector in the track. 

o Transfer time: Time taken to transfer data. 

o Queue time: If a buffer is full of requests & more requests are coming, we send coming 

requests to a queue, and the time requests wait in the queue is known as Queue time. 

o Disk Access Time = Seek time + Rotational Latency + Transfer time + Controller time + 

Queue time 

o Capacity Of Disk Pack = Total no. of surfaces x Number of tracks per surface x                 

Number of sectors per track x Storage capacity of 1 sector 

  

https://byjusexamprep.com/


byjusexamprep.com 

19 

• Memory Hierarchy 

 

 

A memory unit is defined as a collection of storage units or devices. The binary information is 

stored in the memory units in the form of bits.  

Mainly, memory/storage is classified into two categories: 

o Volatile Memory: This loses its data when power is switched off. 

o Non-Volatile Memory: This permanent storage does not lose any data when power is 

switched off. 

• Functions of the memory unit are: 

o All the data and the required instructions for processing are stored by it. 

o It also stores intermediate results of processing. 

o It holds the final results of processing before releasing these results to an output device. 

o All inputs and outputs are transferred through the main memory. 

 

**** 
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