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Memory hierarchy  
 
In computer architecture, the memory hierarchy separates computer storage into a hierarchy based on access time. 
Memory hierarchy affects performance in computer architectural design, algorithm predictions. 
 
Access time– The time required to access instructions and data in memory.  
 
Volatile Memory - Volatile memory is computer storage that only maintains its data while the device is powered. The 
data in volatile memory stays there only while the computer is running; when the computer is shut off, volatile memory 
loses its data. 
 
Non - Volatile Memory - It does not lose content when power is lost. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 

REGISTERS 
The small memory location on the CPU itself. Because the memory is right on the CPU, it provides basically instant 
access to the information it contains. But the space on the CPU is limited, there is generally not much room for 
registers. At any time, only the most important set of information (current instruction and a few pieces of data) is in 
the registers. 
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Lesson 2 - Explores the evolution of computing devices, to be able to describe and compare the 
performance of modern computers. 
2.4 Examines PC memory system to identify different types of memory and their main characteristics.  
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CACHE MEMORY 
Cache memory, also called CPU memory, is high-speed static random access memory (SRAM) that a computer 
microprocessor can access more quickly than it can access regular random access memory (RAM). This memory is 
typically integrated directly into the CPU chip or placed on a separate chip. The purpose of cache memory is to store 
program instructions and data that are used repeatedly in the operation of programs or information that the CPU is 
likely to need next. The computer processor can access this information quickly from the cache rather than having to 
get it from computer's main memory. Fast access to these instructions increases the overall speed of the program.  

 
a) L1 cache: It is accessed without any delay. 

b) L2 cache: It takes more access time than L1 cache. 

c) L3 cache: It takes more access time than L2 cache. 

Capacities of different cache levels 

Cache Level Capacity Location 

LEVEL 1 64KB- 128KB Inside the CPU 

LEVEL 2 256KB – 512KB Inside the CPU/ CPU housing/ Motherboard 

LEVEL 3 1MB – 8MB CPU housing/ Motherboard 

 

Since cache memory levels are embedded directly into the CPU/ CPU housing there is a limit to how big it can be.  

 

 
 
 

 
 
 

 
 
 
 
 
What is the requirement of cache memory? 

 
 
 
 
 
 
 
 
 
 
 
 

 
According to above figure, processor require to access the main memory 50 times to execute the data and instructions 
highlighted in red color. Because it contains a loop which calculate the sum of numbers from 1 to 50. This makes 
processor to access main memory 50 times to refer same set of instructions. When CPU/processor accessing main 
memory repeatedly, the speed of the computer rapidly drops. This can be avoided by introducing cache memory which 
is embedded to the processor. 

In above picture, 256KB, Level 2 cache 
memory is residing inside the CPU housing, 
but not inside the CPU. 

MAIN MEMORY  

0 i=1 

1 sum=0 

2 while (i<=50): 

3 sum=sum + i 

4 i = i + 1 

5 print (sum) 

6  

7 i 1 

8 sum 0 

 

 
 
 
 
         PROCESSOR 

Access memory 
many times 
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According to above figure, now processor is embedded with a cache memory. This mechanism copies the code 
segment which requires to access again and again, to the cache memory which is located inside the processor. Now 
required code segment is available inside the processor itself. 
 

 
 

This is how processor fetch data and instructions when there is a cache memory. Level 1 cache stores data and 
instructions separately. First cache memory obtains the memory address where data and instructions are located. 
Then it obtains data and instructions in relevant memory address. Next processor obtain cache memory address where 

L3 cache is normally existed when there are 
multiple processors. L3 cache is shared among 
these multiple processors.  

MAIN MEMORY  

0 i=1 

1 sum=0 

2 while (i<=50) 

3 sum=sum + i 

4 i = i + 1 

5 print (sum) 
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i 51 

sum 1275 
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data and instructions are located for the execution. Finally processor retrieve data and instructions of relevant memory 
location. 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
RAM [RANDOM ACCESS MEMORY] 
Random access memory (RAM) is a type of data storage used in computers that is generally located on the 
motherboard. This type of memory is volatile and all information that was stored in RAM is lost when the computer is 
turned off.  

 RAM generally runs significantly slower than the CPU - often times hundreds of times slower. Thus each time the CPU 
has to access main memory, it can represent a significant slow down. RAM generally needs to have power to maintain 
its state; when the power is turned off, it forgets the information it is storing. 

The RAM has several chips on a small board connected to the motherboard. 

 

A stick of RAM memory that might go in a laptop computer. 

 

Memory is installed in memory module slots located on the motherboard. These slots are easy to find—just look for 
the small hinges that lock the RAM in place, located on either side of the similarly-sized slot on the motherboard. 
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Dynamic random-access memory (DRAM)  

• is a type of random access memory that stores each bit of data in a separate tiny capacitor.  

• The capacitor can either be charged or discharged; these two states are taken to represent the two values of 
a bit, conventionally called 0 and 1.  

 
How to represent 9→ 1001 using DRAM? 
 

 
 
 

 
 

• The electric charge on the capacitors slowly leaks off, so the data on the chip would soon be lost.  

• To prevent this, DRAM requires an external memory refresh circuit which periodically rewrites the data in the 
capacitors, restoring them to their original charge.  

• Because of this refresh requirement, it is dynamic memory as opposed to static random-access 
memory(SRAM) which does not require data to be refreshed.  

• DRAM is volatile memory, since it loses its data quickly when power is removed.  

• DRAM is widely used in digital electronics where low-cost and high-capacity memory is required. One of the 
largest applications for DRAM is the main memory in modern computers.  

• In contrast, SRAM, which is faster and more expensive than DRAM, is typically used where speed is of greater 
concern than cost, such as the cache memories in processors. 

• The advantage of DRAM is the structural simplicity of its memory cells: only one transistor and a capacitor are 
required per bit, compared to four or six transistors in SRAM.  

• DRAM consumes relatively large amounts of power. 

 

Static Random-Access Memory (SRAM)  

The term static differentiates SRAM from DRAM which must be periodically refreshed. SRAM is faster and more 
expensive than DRAM; it is typically used for CPU cache and registers while DRAM is used for a computer's main 
memory. 
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https://en.wikipedia.org/wiki/Random-access_memory
https://en.wikipedia.org/wiki/Bit
https://en.wikipedia.org/wiki/Memory_refresh
https://en.wikipedia.org/wiki/Static_random-access_memory
https://en.wikipedia.org/wiki/Static_random-access_memory
https://en.wikipedia.org/wiki/Dynamic_random-access_memory
https://en.wikipedia.org/wiki/Memory_refresh
https://en.wikipedia.org/wiki/CPU_cache
https://en.wikipedia.org/wiki/Main_memory
https://en.wikipedia.org/wiki/Main_memory
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Comparison of DRAM and SRAM 

DRAM SRAM 

High power consumption Low power consumption 

Simple structural complexity (capacitor + transistor 
per bit) 

Complex structural complexity (4-6 transistors per bit) 

Low Reliability High Reliability 

Low Cost High Cost 

High Memory capacity Low Memory capacity 

Use for Random Access Memories Use for Cache memory and registers. 

 

Synchronous Dynamic Random-Access Memory (SDRAM)  

RAM sends data to the processor when system clock pulse. 

 

System clock doesn’t pulse                    Clock start pulsing, and RAM transmit data to CPU 

     

DRAM vs. SDRAM 

DRAM SDRAM 

  
RAM fails to send data to the processor at each 
clock pulse. So, DRAM is asynchronous with 
system clock 

RAM sends data to the processor at each clock 
pulse. So SDRAM is synchronous with system clock 

 

• This tends to increase the number of instructions that the processor can perform in a given time.  

• Synchronous random-access memory stays synchronized with the computer's clock which allows greater 
efficiency in storing and retrieving data compared to asynchronous DRAM. 

 
SDRAM types and development 
Since SDRAM was introduced, it has been developed to make it faster and more effective. As a result, there are a 
number of different types of SDRAM that are available. 

• SDR SDRAM:   This is the basic type of SDRAM that was first introduced. It has now been superseded by the 
other types below. It is referred to as single data rate SDRAM, or just SDRAM. 

• DDR SDRAM:   DDR SDRAM gains its name from the fact that it is Double Data Rate SDRAM. This type of 
SDRAM provides data transfer at twice the speed of the traditional type of SDRAM memory. This is achieved 
by transferring data twice per clock cycle. 

• SDR SDRAM Vs. DDR SDRAM 

SDR SDRAM DDR SDRAM 

  
SDR (Single Data Rate) SDRAM only sends data to the 
processor at the rising edge of each clock cycle. 

DDR (Double Data Rate) SDRAM sends data to the 
processor at both rising and falling edges of each 
clock cycle. 
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* For further knowledge 

• DDR2 SDRAM:   DDR2 SDRAM can operate the external bus twice as fast as DDR1 and it was first introduced 
in 2003. 

• DDR3 SDRAM:   DDR3 SDRAM is a further development of the double data rate type of SDRAM. It provides 
further improvements in overall performance and speed.  

• DDR4 SDRAM:   This is a further type of SDRAM being developed and anticipated to be available in 2014. 

• DDR5 SDRAM:   Development of SDRAM technology is moving forwards and the next generation of SDRAM, 
labelled DDR5 is currently under development. The specification was launched in 2016 with expected first 
production in 2020. DDR5 will reduce power consumption while doubling bandwidth and capacity. 

 

Secondary Storage/ Non-Volatile Memory 
 
Solid State Storage 

 
 
Solid-state storage is a type of non-volatile computer storage that stores and retrieves digital information using 
only electronic circuits, without any involvement of moving mechanical parts. This differs fundamentally from the 
traditional electromechanical storage paradigm, which accesses data using rotating or linearly moving media coated 
with magnetic material. 
  
Solid-state storage devices typically store data using electrically-programmable non-volatile flash memory. Lacking 
any moving mechanical parts, solid-state storage operates much faster than traditional electromechanical storage. 

 
 

Types of flash-based solid-state storage devices include the following:  

• SD(Secure Digital) Cards – a memory card type available in different variants, speeds and sizes, used extensively 
in portable devices 

https://en.wikipedia.org/wiki/Non-volatile_computer_storage
https://en.wikipedia.org/wiki/Digital_information
https://en.wikipedia.org/wiki/Electronic_circuit
https://en.wikipedia.org/wiki/Electromechanical
https://en.wikipedia.org/wiki/Storage_device_(computing)
https://en.wikipedia.org/wiki/Flash_memory
https://en.wikipedia.org/wiki/Solid-state_electronics
https://en.wikipedia.org/wiki/Secure_Digital
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• Solid-state drive (SSD) – a computer storage device. 

 

• USB flash drive – pocketable removable storage devices that interface through USB. 

 
 
 
ROM [Read Only Memory] 
Read-only memory (ROM) is a type of storage medium that permanently stores data on personal computers (PCs) and 
other electronic devices. It contains the programming needed to start a PC. 
Because ROM is read-only, it cannot be changed; it is permanent and non-volatile, meaning it also holds its memory 
even when power is removed.  
Because ROM cannot be changed and is read-only, it is mainly used for firmware. Firmware is software programs or 
sets of instructions that are embedded into a hardware device. 
 
* Some ROM is non-volatile but can be reprogrammed, this includes: 
 
PROM [programmable read-only memory] 

 
PROM is one type of ROM (read-only memory).  
The data in them is permanent and cannot be changed. PROMs are used in digital electronic devices to store 
permanent data, usually low-level programs such as firmware (microcode). The key difference from a standard ROM is 
that the data is written into a ROM during manufacture, while with a PROM the data is programmed into them after 
manufacture. This type of ROM is supplied blank from manufacturer and can be programmed only once. 
 
 
 

https://en.wikipedia.org/wiki/Solid-state_drive
https://en.wikipedia.org/wiki/Computer_storage
https://en.wikipedia.org/wiki/USB_flash_drive
https://en.wikipedia.org/wiki/USB
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EPROM [Erasable programmable read-only memory] 
An EPROM, is a type of memory chip that retains its data when its power supply is switched off. Once programmed, 
an EPROM can be erased by exposing it to strong ultraviolet light source (such as from a mercury-vapor light). 
 
EEPROM [Electrically Erasable programmable read-only memory] 
EEPROM (electrically erasable programmable read-only memory) is user-modifiable read-only memory (ROM) that 
can be erased and reprogrammed (written to) repeatedly through the application of higher than normal electrical 
voltage.  
 

 
 
 
Cloud Storage 

 
The term Cloud refers to a Network or Internet. A Cloud is present at a remote location and provides services over a 
network. Cloud storage is a model of computer data storage in which the digital data is stored in 
multiple servers (sometimes in multiple locations), and the physical environment is typically owned and managed by 
a hosting company. These cloud storage providers are responsible for keeping the data available and accessible, and 
the physical environment protected and running. People and organizations buy or lease storage capacity from the 
providers to store user, organization, or application data. 
e.g. Cloud storages 
 iCloud 
 Google drive 
 One drive 
 Dropbox 
 

https://whatis.techtarget.com/definition/read-only-memory-ROM
https://en.wikipedia.org/wiki/Computer_data_storage
https://en.wikipedia.org/wiki/Digital_data
https://en.wikipedia.org/wiki/Server_(computing)
https://en.wikipedia.org/wiki/Internet_hosting_service
https://en.wikipedia.org/wiki/Availability
https://en.wikipedia.org/wiki/Data_access
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Benefits and Disadvantages of Cloud Storage 

There are many benefits to using cloud storage, most notable is file accessibility. Files stored in the cloud can be 

accessed at any time from any place so long as you have Internet access. Another benefit is that cloud storage provides 

organizations with off-site (remote) backups of data which reduces costs associated with disaster recovery. 

 

Unfortunately, the biggest disadvantage to cloud storage is that users are limited by bandwidth. If your Internet 

connection is slow or unstable, you might have problems accessing or sharing your files. Organizations that require a 

large amount of storage may also find costs increase significantly after the first few gigabytes of data stored. 
 
There are reference models on which the Cloud Computing is based. These can be categorized into three basic service 
models as listed below:  
 
1. Infrastructure as a Service (IaaS) - provides access to fundamental resources such as machines and storage  
2. Platform as a Service (PaaS) - provides the runtime environment for applications.  

 Ex - Database, web server, deployment tools  
3. Software as a Service (SaaS) - allows to use software applications as a service to end users.  

Ex – MS Office 

 
 


