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Computer System
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•Von Neumann Architecture

•Primary Memory

•Secondary Memory

•ALU

•Machine Language Instruction

•Von Neumann Computer

•Parallel Architectures
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Component of Von Neumann Architecture
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Memory

•RAM (Random Access memory):
• Divided into fixed-size units, cells, associated 
with a unique address

• Fetch or store a complete cell
• The time it takes to fetch or store the contents 
of a single cell is the same for all cells in 
memory

•ROM (Read-only memory)
• Random access
• Prerecorded during manufacture
• Cannot be modified or removed, only fetched
• User cannot accidentally or intentionally 
overwrite

• Hold important system instructions and data
•Cell size: 8 (byte), 16, 32, or 64
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What is ROM used for?

• MROM (Masked ROM): ROM is manufactured using mask supplied by 
the programmer.

• PROM (Programmable ROM): can be programmed

• EPROM (Erasable PROM): ROM can be reprogrammed using special 
devices, e.g. UV light for erasing.

• EEPROM (Electrical EPROM)

• Flash ROM 
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Structure of Memory

•Fetch (address)
• Load the address → 
MAR.

• Decode the address 
• Copy the contents → 
MDR

•Store(address, value)
• Load the address → 
MAR

• Load the value → MDR
• Decode the address
• Store the contents of the 
MDR  → memory 
location 
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Memory Organization
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DRAM
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Read and Write process
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Memory Organization
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Memory Size

•Address Space: Maximum 
memory size
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How Big?
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Speed
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SRAM
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Two-level Hierarchy
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Cache Hit Rate
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Hard Disk Organization

• Seek time: positioning the read/write head 
over the correct track

• Latency: beginning of the desired sector 
rotate under the head

• Transfer time: entire sector pass under 
the
head, the contents are read into or written 
from memory 
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Secondary and Tertiary Storages
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I/O Controller

18



19

ALU Organization
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ALU with Multiplexer
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Overall ALU Organization
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Machine Language Instruction

22



23

Instruction Set

     Complex Instruction Set ComputerReduced Instruction Set Computer
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Instructions

•Data Transfer:
• Memory cell → ALU register
• ALU register → memory cell
• One memory cell → another memory cell
• One ALU register → another ALU register

•Arithmetic
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Instructions

•Compare: COMPARE X, Y

•Branch
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Example
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Machine Language

•First generation programming language
•Low-level programming language
•Uses binary, no natural language words, mathematical 
symbols, or other convenient mnemonics to make the 
language more readable

•Allows only numeric memory addresses (in binary). A 
programmer
cannot name an instruction or a piece of data and refer to it 
by name.

•Difficult to change.  If we insert or delete an instruction, all 
memory addresses following that instruction will change.

•Difficult to create data. The conversion algorithms are 
complicated and time consuming. 
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Control Registers and Circuits
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• PC – Program Counter: Hold the address of the next instruction

• IR – Instruction Register: Hold the instruction fetched from the memory
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Instruction Decoder
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Von Neumann Computer
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Instruction Set Example
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CPU vs. GPU (Graphical Processing Unit)
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CUDA Architecture
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CPU vs. GPU vs. TPU (Tensor Processing Unit) - Google
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APU (Accelerated Processing Unit)  - AMD 
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DPU (Data Processing Unit)  - NVDIA 
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FPGA (Field Programmable Gated Array) 
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Raspberry Pi
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Jetson Nano
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Parallel Computing
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Distributed Memory Shared Memory
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Clustering Computing
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Distributed System
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