
Lecture - 02:

Brief comparison of Computer Architecture and Computer
Organization:

Aspect Computer Architecture Computer Organization

Definition The design and functionality of a
computer system.

How the components are
connected and work together
in the system.

Focus High-level design and structure of
systems.

Low-level details and how the
system works.

Components Includes CPU, memory, and
input/output devices

Includes hardware like buses,
registers, and control units.

Level of
Abstraction

More abstract and conceptual. More concrete and practica

Concerned
With

Instruction sets, data formats, and
system capabilities.

Hardware details, circuit
design, and physical
connections.

Examples Processor Design and Memory
hierarchy

RAM, ROM, cache memory,
and how they interact

Goal To define what the computer can
do.

To define how the computer
does it.
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Definitions:

RISC (Reduced Instruction Set Computer):
RISC is a type of computer architecture that uses a small set of simple instructions.
It focuses on executing instructions at high speed by using a fixed instruction
format and optimizing the pipeline. RISC architectures are designed to perform
operations quickly and efficiently, often requiring more instructions to accomplish
tasks compared to CISC.

CISC (Complex Instruction Set Computer):
CISC is a type of computer architecture that has a large set of complex instructions.
These instructions can execute multiple operations in a single instruction, allowing
for more powerful commands. CISC architectures aim to minimize the number of
instructions per program, potentially making the coding process easier but at the
cost of slower execution.
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Differences Between RISC and CISC

Aspect RISC CISC

Instruction Set Small and simple set of
instructions.

Large and complex set of
instructions.

Instruction
Length

Fixed-length instructions (e.g.,
32 bits).

Variable-length instructions
(e.g., 1 to 15 bytes).

Execution
Speed

Generally faster due to simpler
instructions and pipelining.

Can be slower due to
complex instruction
decoding.

Complexity Simpler design; easier to
optimize.

More complex design; can be
harder to optimize.

Programming
Style

More instructions required for
the same task.

Fewer instructions needed
for programming tasks.

Memory Usage Tends to use more memory for
code.

Tends to use less memory for
code.

Pipeline
Efficiency

Highly efficient due to simpler
instructions.

Less efficient due to
instruction complexity.

Examples ARM, MIPS, PowerPC. x86, VAX, Intel 8086.
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Definition of Pipeline

Pipeline:
In computing, a pipeline is a technique used to improve the performance of a
processor by allowing multiple instructions to be executed simultaneously at
different stages of processing. Instead of completing one instruction before starting
the next, the pipeline divides the execution process into discrete stages, such as
instruction fetch, decode, execute, and write back. This means that while one
instruction is being executed, another can be decoded, and a third can be fetched,
increasing the overall throughput of the processor.

Key Points

● Stages: Typical stages in a pipeline include Instruction Fetch (IF),
Instruction Decode (ID), Execute (EX), Memory Access (MEM), and Write
Back (WB).

● Parallelism: Pipelines exploit instruction-level parallelism by overlapping
the execution of multiple instructions.

● Throughput: The primary goal of pipelining is to increase the number of
instructions processed in a given time, thus improving overall performance.

Pipelining is a fundamental concept in modern CPU design, allowing for more
efficient processing and faster execution of programs.

পাইপলাইন (Pipeline):

কি�উ�ংেয়, পাইপলাইন এক� �যুি� যা �েসসেরর কায�কািরতা বাড়ােনার জন� ব�ব�ত হয়,
যা একািধক িনেদ�শেক �ি�য়াকরেণর িবিভ� পয�ােয় একই সােথ কায�কর করার অনমুিত �দয়।
এক� িনেদ�শ স�ূণ� করার আেগ পরবত� িনেদ�শ �� না কের, পাইপলাইন কায��মেক িবিভ�
পয�ােয় িবভ� কের, �যমন িনেদ�শ সং�হ (Instruction Fetch), িডেকাড (Decode), কায�করী
(Execute), এবং �লখার জন� পুনরায় (Write Back)। এর মােন হল �য যখন এক� িনেদ�শ
কায�কর হে�, তখন আেরক� িনেদ�শ িডেকাড করা হে� এবং তৃতীয়� সং�হ করা হে�, যা
�েসসেরর সামি�ক �পুট বাড়ায়।
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মলূ পেয়�সমহূ:

● পয�ায়সমহূ: পাইপলাইেন সাধারণত িনেদ�শ সং�হ (IF), িনেদ�শ িডেকাড (ID), কায�করী
(EX), �মমির অ�াে�স (MEM), এবং �লখার জন� পুনরায় (WB) অ�ভু� � থােক।

● প�ারােলিলজম: পাইপলাইন�িল িনেদ�শ �েরর প�ারােলিলজেমর সুিবধা �হণ কের
একািধক িনেদ� েশর কায��মেক ওভারল�াপ কের।

● �পুট: পাইপলাইেনর মলূ ল�� হল িনিদ�� সমেয় �ি�য়াকৃত িনেদ� েশর সংখ�া বাড়ােনা,
ফেল সামি�ক কায�কািরতা উ�ত হয়।

পাইপলাইিনং আধুিনক CPU িডজাইেনর এক� �মৗিলক ধারণা, যা আরও কায�কর �ি�য়াকরণ
এবং ��া�ােমর �ত কায�কািরতার জন� অনমুিত �দয়।

Hazards in Pipelining

Hazards in pipelining refer to situations that prevent the next instruction in the
pipeline from executing in the designated clock cycle. Hazards can lead to pipeline
stalls, reducing the efficiency gains achieved through pipelining. There are three
main types of hazards:

1. Structural Hazards:
○ Occur when hardware resources are insufficient to support all active

pipeline stages.
○ For example, if a single memory unit is shared between instruction

fetch and data access, the pipeline may be unable to fetch a new
instruction while simultaneously reading or writing data.

2. Data Hazards:
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○ Occur when an instruction depends on the result of a previous
instruction that has not yet completed.

○ There are three subtypes:
■ Read After Write (RAW): An instruction needs to read a value

that a previous instruction has not yet written.
■ Write After Read (WAR): An instruction tries to write a value

before a previous instruction has read it.
■ Write After Write (WAW): Two instructions attempt to write

to the same location, causing potential data loss or incorrect
results.

3. Control Hazards:
○ Occur due to branch instructions that alter the flow of execution.
○ If the pipeline fetches the next instruction before the branch decision

is known, it may fetch the wrong instruction, causing a misprediction.

পাইপলাইেন িবপদ (Hazards in Pipelining):

পাইপলাইেন িবপদ �বাঝায় এমন পিরি�িত যা পাইপলাইেনর পরবত� িনেদ�শ� িনধ�ািরত ঘিড়র
সাইেকেল কায�কর হেত বাধা �দয়। িবপদ�িল পাইপলাইন �ল �তির করেত পাের, যা
পাইপলাইিনং �ারা অিজ� ত কায�কািরতা বিৃ�েক �াস কের। �ধানত িতন ধরেনর িবপদ রেয়েছ:

1. �াকচারাল িবপদ (Structural Hazards):
○ যখন হাড� ওয়�ার স�দ�িল সব সি�য় পাইপলাইন পয�ায়েক সমথ�ন করার জন�

যেথ� নয়।
○ উদাহরণ��প, যিদ এক� একক �মমির ইউিনট িনেদ�শ সং�হ এবং �ডটা

অ�াে�েসর মেধ� ভাগ করা হয়, তেব পাইপলাইন নতুন িনেদ�শ সং�হ করেত
অ�ম হেত পাের যখন এ� একই সমেয় �ডটা পড়া বা �লখা করেছ।

2. �ডটা িবপদ (Data Hazards):
○ যখন এক� িনেদ�শ এক� পূব�বত� িনেদ� েশর ফলাফেলর উপর িনভ� র কের যা

এখনও স�� হয়িন।
○ এর িতন� উপধরন রেয়েছ:

■ িরড আফটার রাইট (Read After Write - RAW): এক� িনেদ�শ এমন
এক� মান পড়েত চায় যা এক� পূব�বত� িনেদ�শ এখনও �লেখিন।
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■ রাইট আফটার িরড (Write After Read - WAR): এক� িনেদ�শ এমন
এক� মান �লখার �চ�া কের যা এক� পূব�বত� িনেদ�শ পড়ার আেগ।

■ রাইট আফটার রাইট (Write After Write - WAW): দ�ু িনেদ�শ একই
�ােন �লখার �চ�া কের, যা স�াব� �ডটা �িত বা ভুল ফলাফেলর সৃি�
করেত পাের।

3. কে�াল িবপদ (Control Hazards):
○ �া� িনেদ�শ�িলর কারেণ ঘেট যা কায��েমর �বাহ পিরবত� ন কের।
○ যিদ পাইপলাইন �া� িস�া� জানার আেগ পরবত� িনেদ�শ� সং�হ কের, তেব এ�

ভুল িনেদ�শ� সং�হ করেত পাের, যা এক� ভুল পূব�াভাস সৃি� কের।

Control Hazards and Their Impact on Pipeline Performance

Control hazards occur when branch instructions disrupt the normal flow of
execution in a pipeline. Their impact on performance includes:

1. Stalls: The pipeline may need to wait to determine the branch outcome,
causing delays and wasted clock cycles.

2. Wrong Path Execution: Speculatively executing instructions after a branch
can lead to incorrect instruction execution, resulting in wasted resources.

Summary

Control hazards decrease pipeline efficiency by increasing latency and reducing
throughput. Techniques like branch prediction are used to mitigate these effects.
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