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| AGENDA

Elements of Cache Design

= Mapping Function
— Direct
— Associative
— Set Associative



| Mapping Function Zlo U =D memory

= There are fewer cache(line
algorithm is needed for
cache lines.

— Need to determine which main memory block currently occupies a
cache line

than main memory blocks, an
pping main memory blocks into

= The choice of the mapping function dictates how the cache is
organized.

= Mapping Function

— Direct . -&'
— Associative /-D (e C
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| Direct Mapping
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" The simplest technique, known as direct mapping, maps

each block of main memory into only one possible cache
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" The mappingis expressed as: —
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| Direct Mapping +24 M = FF blick
L= D # Cache line

= Each block of main b g b
memory maps into .
one unique line of " o Lg_%: -
the CaChe. YL OO LM \-\
" The next m blocks . . . .
of main memory : . . . =
map into the cache 2 . b : o
in the same fashion; -
that is, block By, of | 2 - |
maln memory mapS First m I)lm‘ksﬁf Cache memory s
into line LO of ll‘lfm‘l.lnell'l()l“\'
CaChe, block B +1 (equal to size of cache) b = length of block in bits
mans into ”nernl_l’ t = length of tag in bits
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| Direct Mapping \é ‘ = 4 byt (6 Iy bl
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= Cachesize: 64 Kbytes. — 2 5:')'}" #H CO-CL‘M line = / A | H-byle
" Block size: 4 bytes. S\
* Cacheis organized as 16 K = 2'* lines of 4 bytes each. 7\
" Memory Size: 16 Mbytes, with each byte directly

addressable by a 24-bit address (21* = 16 M). Cache

— Main memory: 4M blocks of 4 bytes each ['.n .
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| Direct Mapping

blgcks
" Each block of main memory maps to only one cache line
— i.e. if a block is in cache, it must be in one specific place I,

" Address isin two parts
— w: Least Significant bits identify unique word S-—W
— §: Most Significant bits specify one memory block
— s — bits are split into

o § — r: Tag bits
or: Cache line \ \_3 WGGJ
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| Direct Mapping
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To Summarize: eV

" Address length: s + w bits &

* Number of addressable units: 257" words or bytes

» Block size = line size = 2" words or bytes
. ) 2$+W
"= Number of blocks in main memory: il 2°

Number of linesin cache= m = 2"
Size of cache: 2""Y words or bytes
Size of tag: s — r bits
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| Direct Mapping

| Cache Line
0

Main memory blocks assigned
0, 2m, 3m,

2, m+2, 2m+2, 3m+2,

m-1,2m-1, 3m-1, 4m-1,
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| Direct Mapping
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| Direct Mapping

Address length: s + w bits
Number of addressable units: 25tY words or bytes

Block size = line size = 2" words or bytes

2$+W

Number of blocks in main memory: o 2>

Number of lines in cache= m = 27

Size of cache: 2""% words or bytes

Size of tag: s — r bits



| Example

Cache size : 64 Kbytes.
Block size: 4 bytes.

Cache is organized as 16 K = 2 lines of 4 bytes each.

Memory Size: 16 Mbytes, with each byte directly
addressable by a 24-bit address (21* = 16 M).

— Main memory: 4M blocks of 4 bytes each
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Main memory address (binary) \ Z‘l
Tag Tag Line + Word o % q ‘} 0 O o O
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B Hﬁgﬁl{ —T—E%E Zoooot Note: Memory address values are

32 bits in binary representation;
& other values are in hexadecimal
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16-MByte main memory

Tag Line Word
Main memory address = | I

§ bits 14 bits 2 bits



| Direct Mapping Pros & Cons

= Simple and inexpensive to implement.

" |ts main disadvantage is that there is a fixed cache location
for any given block. Thus, if a program happens to reference
words repeatedly from two different blocks that map into .
the same line, then the blocks will be continually swapped Q&ﬁgqu

in the cache—and-the hit ratio will be low (a phenomenon —
known @ —_

— Rememberwhatwasdiscarded in case it is needed again (V\/\'\' S.f\&
— Victim Cachg (Victim cache is a fully associative cache)




