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fast registers and slow RAM (10–100 cycles access time)

• Holds recently used data or instructions to save memory accesses.

• Matches slow RAM access time to CPU speed if high hit rate
(≥ 90 %)

• Is hardware maintained and (mostly) transparent to software

• Sizes range from few kB to several MB.

• Usually a hierarchy of caches (2–5 levels), on- and off-chip.

Good overview in [Sch94].
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THE MEMORY WALL
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CACHE ORGANISATION

• Data transfer unit between registers and cache ≤ 1 word (1–16B)

• Date transfer unit between cache and RAM is cache line,
typically 16–32 bytes, sometimes 128 bytes and more.

• Line is unit of storage allocation in cache.

• Each line has associated control info:
➜ valid bit,
➜ modified bit,
➜ tag.

• Cache improves memory access by:
➜ absorbing most reads (increases bandwidth, reduces latency),
➜ making writes asynchronous (hides latency),
➜ clustering reads and writes (hides latency).
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CACHE ACCESS
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Virtually indexed: looked up by virtual address,
operates concurrently with address translation.

Physically indexed: looked up by physical address
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CACHE ACCESS MECHANICS

• Address is hashed to produce index of line set.
• Associative lookup of line within set

n lines per set: n-way set associative cache.
➜ Typically n = 1 . . . 5.
➜ n = 1 is called direct mapped.
➜ n =∞ is called fully associative, unusual for CPU caches.
• Hashing must be simple (complex hardware is slow)
⇒ use least-significant bits of address.
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CACHE INDEXING
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➜ The tag is used to distinguish lines of set...
➜ ... consists of the address bits not used for indexing.
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CACHE INDEXING: D IRECT MAPPED
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CACHE INDEXING: 2-WAY ASSOCIATIVE
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CACHE INDEXING: FULLY ASSOCIATIVE

Note: Lookup hardware for many tags is large and slow ⇒ doesn’t scale
cse/UNSW COMP9242 2004/S2 W3 P9



CACHE MAPPING

• Different memory locations map to same cache line:

RAM

Cache

. . .n-10 1 ...n-10 n-10 1 ...1 ... ...

n-10 1 ...

10n-10 1 ... n-1



CACHE MAPPING

• Different memory locations map to same cache line:

RAM

Cache

. . .n-10 1 ...n-10 n-10 1 ...1 ... ...

n-10 1 ...

10n-10 1 ... n-1

? All memory locations mapping to cache line # i
are said to be of colour i.

? n-way associative cache can hold n lines of the same colour.
⇒ different types of cache misses:

➜ Compulsory miss: data has never been in cache
➜ Capacity miss: all cache entries are in use by other data
➜ Conflict miss: set corresponding to address is full, even though there may

be unused lines in the cache.
➜ Cannot occur on fully-associative cache

cse/UNSW COMP9242 2004/S2 W3 P10



CACHE REPLACEMENT POLICY

• Indexing (using address) points to specific line set.



CACHE REPLACEMENT POLICY

• Indexing (using address) points to specific line set.

• On miss: all lines of set valid⇒ replace existing line.

• Replacement strategy must be simple (hardware)

➜ Note: dirty bit determines
whether line needs to be
written back



CACHE REPLACEMENT POLICY

• Indexing (using address) points to specific line set.

• On miss: all lines of set valid⇒ replace existing line.

• Replacement strategy must be simple (hardware)

➜ Note: dirty bit determines
whether line needs to be
written back

• Typical policies

➜ Pseudo-LRU
➜ FIFO
➜ random
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CACHE WRITE POLICY

• Treatment of store operations:

? write back: Stores only update cache,
memory is updated when dirty line is replaced (flushed).

➜ clusters writes
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? write through: Stores update cache and memory immediately.
➜ Memory is always consistent with cache.
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CACHE WRITE POLICY

• Treatment of store operations:

? write back: Stores only update cache,
memory is updated when dirty line is replaced (flushed).

➜ clusters writes
➜ memory is inconsistent with cache

? write through: Stores update cache and memory immediately.
➜ Memory is always consistent with cache.

• On store to a line not presently in cache, use:

? write allocate: allocate a cache line to the data and store,
? no allocate: store to memory and bypass cache.

• Usual combinations: write-back & write-allocate,
write-through & no-allocate.
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CACHE TYPES : VV CACHE

VIRTUALLY -INDEXED, VIRTUALLY -TAGGED CACHE

• Also (misleadingly) called
➜ virtual cache
➜ virtual address cache
• uses virtual addresses only

➜ can operate concurrently
with MMU

• used on-chip
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CACHE TYPES : VP CACHE

VIRTUALLY -INDEXED, PHYSICALLY -TAGGED CACHE

• virtual address for accessing line
• physical address for tagging
• needs address translation completed

for retrieving data
• index concurrently with MMU,

use MMU output for tag check
• typically used on-chip
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CACHE TYPES : PP CACHE

PHYSICALLY INDEXED , PHYSICALLY -TAGGED CACHE

• only uses physical addresses
• needs address translation completed

before begin of access
• typically used off-chip



CACHE TYPES : PP CACHE

PHYSICALLY INDEXED , PHYSICALLY -TAGGED CACHE

• only uses physical addresses
• needs address translation completed

before begin of access
• typically used off-chip

➜ small physically-indexed caches
do not require MMU lookup
and can be used on-chip

➜ details later
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