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Learning outcomes

 Able to identify the main types of memory technology (e.g., SRAM,

DRAM, Flash, magnetic disk) and their relative cost and

performance.

 Able to describe the principles of memory management and how

the use of memory hierarchy (cache, virtual memory) is used to

reduce the effective memory latency.

 Able to describe the reason for and use of cache memory

 Able to explain the effect of memory latency on running time.
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COMPUTER MEMORY

1. Storage System & Technology

2. Memory Hierarchy

3. Memory Organization and Operations

4. Cache Memories
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Storage System & Technology

1. Location

2. Capacity

3. Unit of Transfer

4. Access method

5. Performance

6. Physical type

7. Physical characteristics

8. Organization
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Storage System & Technology
1.Location: Based on location, 

memory can be classified as 

– CPU memory

– Internal memory

– External memory

2.Capacity: Based on the amount of data that can be stored in memory

1.Word

2.bytes

3.Unit of transfer: number of bits per time period
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4. Based on Access Method 

1. Random access:
• Each location - unique physical address

• Any order access

• E.g main memory

2. Sequential access:
• no unique address

• Read in a sequence

• High variable Access times

• E.g tape drive
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4. Associative access
• A variation of RAM

• Accessing based on their contents instead of their  
location

– highly fast 
• E.g few cache memory 

3. Direct access
◦ unique addresses

◦ E.g disk drives
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5. Performance
Access time
Memory cycle time
Transfer rate
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Random Access Memory - RAM

• SRAM (Static RAM) and DRAM (Dynamic RAM). 

• Static RAM (SRAM) holds its data without external refresh, as long as 
electricity is supplied to the circuit. 

• Dynamic RAM (DRAM) must be refreshed many times per second in order 
to hold its data contents. 

• Strength of SRAMs: 

– Simplicity: SRAMs don't require external refresh circuitry or other work in 
order for them to keep their data intact.

– Speed: SRAM is faster than DRAM.

• Weakness of SRAMs:

– Cost: SRAM is, byte for byte, several times more expensive than DRAM.

– Size: SRAMs take up much more space than DRAMs (which is part of why the 
cost is higher).
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DRAM vs. SRAM
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RAM (cont…)

• DRAM is used for system memory. 

• SRAMs are used for level 1 cache and level 2 cache memory, for which it is 
perfectly suited (as the cache memory needs to be very fast, and not very 
large).

Source: http://images.slideplayer.com
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Read-only memory - ROM

• There are five basic ROM types:

– Read-only memory (ROM)

– Programmable ROM (PROM)

– Erasable PROM (EPROM)

– Electrically EPROM (EEPROM)

– Flash memory

• Each type has unique characteristics, but they have two things in common:

– nonvolatile it is not lost when electricity is removed.

– Data stored in these chips is either unchangeable or requires a special 
operation to change (unlike RAM, which can be changed as easily as it is read).
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ROM (cont…)
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ROM (cont…)
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Fixed(rare) or movable head

Removable or fixed

Single or double (usually) sided

Single or multiple platter

Physical Characteristics

Fixed head

◦ One read write head per track

◦ Heads mounted on fixed ridged 
arm

Movable head

◦ One read write head per side

◦ Mounted on a movable arm

Fixed/Movable Head Disk

One head per side

Heads are joined and aligned

Aligned tracks on each platter form cylinders

Data is striped by cylinder

reduces head movement

Increases speed (transfer rate)

Multiple platter
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Disk Performance Parameters
 Seek time - the time it takes to position the head at the right track

 Rotational delay - the time it takes for the beginning of the sector to reach the head

 Access time - the sum of the seek time and rotational delay

 Transfer time - time to read the block (sector) from the disk and transfer it to main 

memory

Source:http://img.watchstor.com
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Optical Disk

Data is stored on an optical medium (such as CD-ROM 

or DVD), and read with a laser beam. 

It’s not practical for use in computer processing, but it 

is an ideal solution for storing large quantities of data 

very inexpensively, and more importantly, transporting 

that data between computer devices.

Optical disk products:

CD-ROM (Compact disk read-only memory)

CD-R (CD Recordable)

CD-RW (CD Rewritable)

DVD (Digital Versatile Disk)
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• Originally for audio

• 650Mbytes giving over 70 
minutes audio

• Polycarbonate coated with 
highly reflective coat, usually 
aluminum

• Data stored as pits and bumps

• Read by reflecting laser

• Constant packing density

• Constant linear velocity

CD-ROM
CD-Writable
◦ WORM (Write Once, Read Many 

disks)

◦ Now affordable

◦ Compatible with CD-ROM drives

CD-RW
◦ Erasable

◦ Getting cheaper

◦ Mostly CD-ROM drive compatible
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DVD
• Digital Versatile Disk

– Will read computer disks and play video disks

• Multi-layer

• Very high capacity (4.7G per layer)

• Full length movie on single disk
– Using MPEG compression

• Finally standardized 

• Movies carry regional coding

• Players only play correct region films

• Can be “fixed”
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 Use the same reading and recording techniques as magnetic disk system. 

 Data on the tape are structured as a number of parallel tracks running 
lengthwise. 

• The first kind of secondary memory
• Still widely used  

– very cheap

– very slow
• Sequential access

– Data is organized as records with physical air gaps between records

– One words is stored across the width of the tape and read using 
multiple read/write heads

Magnetic Tape
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Chapter 5 will continue!

Chapter 5


