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Memory Devices and Revisiting 
Locality

1

HW1 due tonight; 
Check-In 3 today!
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Image credit: https://
en.wikipedia.org/wiki/Intel_1103

Image credit: https://
en.wikipedia.org/wiki/3D_XPoint
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Outline

• Overviewing memory system devices


• The (sad) story of Intel Optane


• Revisiting locality
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From Wednesday…

StorageStorage

CPU

L1 Cache

Re
gi

st
er

 F
ile

L2 Cache L3 Cache

CPU

L1 Cache

L2 Cache

Main Memory

10s of bytes, 
hundreds of 
picoseconds

10s of kilobytes, 
ones of 

nanoseconds

100s of kilobytes, 
5-10 nanoseconds

ones of megabytes, 
10s of nanoseconds

1s-10s of gigabytes, 
hundreds of 

nanoseconds

1s-10s of terabytes, 
ones of 

milliseconds

Private

Private

Shared

Shared
Shared

volatile non-volatile

4



CS181CA-PO: Computer Architecture Fall 2025, Memory Devices and Revisiting Locality

Memory Volatility

• A volatile storage device maintains its state during runtime, but data is lost 
after power loss


• A non-volatile storage device maintains its stored state at runtime and on a 
power loss


• In general, caches and main memory are volatile whereas long-term storage is 
non-volatile
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DRAM, the Basis of Main Memory

• DRAM: dynamic random access memory


• Each bit is stored in a cell composed of a single transistor 
(which acts as a capacitor)


• This design means that the circuit is unstable at runtime, and 
data stored in a DRAM cell must be constantly refreshed


• Low transistor count per storage cell means that more bits of 
information can be stored in a small area ➡ high data 
density!


• Low transistor count means that the cost per byte in DRAM 
is cheap!

Image credit: https://en.wikipedia.org/
wiki/Dynamic_random-access_memory

DRAM Diagram
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SRAM, the Basis of Caches

• SRAM: static random-access memory


• Bit storage cells in SRAMs are composed of 6 
transistors in a stable circuit. This stability means 
that access latency is very closely related to the 
cycle latency!


• Large number of transistors per cell means that the 
devices are dense!


• High transistor density ➡ high cost per bit stored


• High transistor density ➡ power-hungry component! Image credit: https://
en.wikipedia.org/wiki/

Static_random-access_memory

SRAM Transistor 
Diagram
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Storage Options

• Hard disk drives (HDDs) are based on magnetic disks that depend on a physical 
disk drive and magnet head ➡ accessing data implies spinning the disk until 
the head points to the memory region of interest


• Solid state drives (SSDs) are based on flash memory, and generally support 
lower latency reads/writes to long-term storage (8-15 times faster than HDD)


• Flash accesses are sequential to an entire page (coarse grained access)


• Data must be erased before it is written in flash memory (i.e., “flashed!”)


• Flash cells may only be written to ~108 times before the cell is worn out 
(limited write endurance)… bad if application has spatial locality!
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Non-Volatile Memory: A Happy Medium?

• The volatility of DRAM is a function of the underlying technology, not a key 
feature of the memory hierarchy; what if we used a non-DRAM technology for 
main memory?


• An alternative approach to data storage is phase-change memory (PCM) in 
which data is stored as a resistance between two points on a circuit


• PCM promised to be ~2-3 times faster than flash, near DRAM speeds!


• Resistance is not dependent on power!


• In 2017, Intel released a real product that had these properties!
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