Memory Read and write operations

Read (using Multiplexers):
1. Transfer the binary address of the desired word to the address line (tells the
memory where to read from)
2. Activate read control line (tells memory to perform read operation)

Write (using decoder):
1. Transfer the binary address of the desired word to the address lines (tells
the memory where to store the data)
2. Transfer data bits that must be stored in memory to the data output line (data we
want to write)
3. Activate the write control line (tells memory to perform write operation)

Temporal Locality: When an instruction is executed or data is accessed, it is stored in the
cache because there is a high probability it will be accessed again.

eg. (loop variables)

while (condition) {
I i++; // access variable
} /] for 100 iterations, the variable would be referenced again and again

Spatial Locality: When an instruction is executed or data is accessed, nearby items are
also loaded into the cache because there's a high probability they'll be accessed soon

eg. Arrays and vectors

Cache Hit: a memory access where the data is already in cache
Cache Miss: a memory access where data isn't in the cache
Hit ratio: (# of cache accesses)/(# of total accesses)

eg.
x vV Vx x vV % Cache Miss
Data to access - 5,5, 5,5,6,7,6,5 / Cache Hit

Hit ratio: 5/8



Data gets into the cache by a read operation only.
Cache/Memory Example: C = A + B (read A, read B, write C)

Cache Memory
d
A-10 ¢ NA =10
B=10 K| NB =10
C =20

What we bring in-to the cache is based on the principle of locality.
Direct Mapping: Each block of main memory maps to only one cache line:

(block #) mod (# of lines)

Direct mapped cache example:

Cache size 4 (r = 2) , memory size: 32 blocks (s = 5)
Line O: block 0, 4, 8,12
Line 1: block 1, 5, 9, 13

Replacement Policies:
e When cache is full, a line must be replaced
e Most common strategy: Least Recently Used (LRU)

Write Policies:
o Write-through: Update RAM every time cache is updated
o Write-back: Delay RAM update until block is evicted from cache



Cache: Direck Mapping Address Structore

Direch Mopping Fondamentals

* Main Memory Stocture:
- Y"\CMOH is dvided into blocks (efﬁ, Y \oloclés>
- Cache s made of lines

* Coche Nm()eif\s Formula:
- A W\tmofﬂ Wloc IL Maps Yo o s‘aec({:.’c cache \ine

cache 1ine index = (\O\ock ‘“;) mod (‘H‘ of “nQS)

Example:

= Main Memory has 22 bolocks (0- 31)) cache hay Y lines (()—'s) * Uncealisdlc E,xqm@\e,
- Rlock 2S maps +o line A (’)5 mod Y =l)

- Block Y and block 16 both map o line 0

= Conseguence: I block 4 is in line 0, and block |6 s \eméedJ then block 4 qets evicted

Tan and Line Nomber: Addiesy Breakdown

*When e groce o cqche‘ we wont Yo store )f\az block H q\o.(\rﬁsféo. H'\Q JOL“'GL
dodory Yo beter be able Yo check the cache & his/misses
e By we don't want to glore Tk entite block 3 gince thal would take vp too much space

I we haye o Y-line cache, any block # teat s a moltple of U will map to LnC 0
Likewise, any mem block # that is o (moltiple of 4) + L wl map bo cache line L

)

Mem block #  block ¥ b(an Mem block #  block ¥ b(nuw
Vise 00 Mock 0 00000 Ve 40 VMlgcl | 0000
Yock 4 00100 Yock § 00101
Wocle ¢ 01000 Wocle 9 01900)
Yok 12 | 01 1100 Ylock 1y 01 1ol
. L : —~
N T

we noYice fhad the last 1L diqiks ave the Same | sO we can Sim ply sfove Yhe First 3
Yighs and add bock fhe last 2 diqds on He 1y when we want o access the cache.
This “funcaded” block # is called tha tag

When & block is londed indo o coche line ids (dendity musk be memoized using o Fooy
. Towf) = ‘\0? \o'\'\s o@ 'Hn( (‘AéérQsS (U(\;g(uQ n'JQM’CF(er)
* Line Nomber = lower ‘oits (vsaé Lo index inda the Cmche)

Genecal Focrmola

Address cige s S bis (W\emofvl Size = 'LS>

Cache size: 1™ lines (\\‘AQ ‘ndex gize = \af-¥5>
. Toxcs se= S-fH

Exomple :

* Memory hhas B2 blocks = 5 bA address (s - 5}
* Cache hay Y \ines = 2 b line # ( =1)

. To\ojr -2 = 23 bits



Cache Shructore

Lach cache line Condains:
° \‘O‘\lé/\'f\\m\\\'é it (\I/I * Tod'cates & the dote i3 valid
> To: Vsed Lor ideatfying Yl block Stoved

OoFa: The contenls ofF the block

Coche Line Format

\f/]: TO\% Dodra

L% X bivys M bidg

Tooy and doda biv width Wil depend on the $~{5‘|’€M )oe\‘l\g described

Dicect Mapping Addregs Structore
Addresg gize (5 bH’S)

e —A ~
Twﬁ Line index Werd Tndex D;,T}e Tndex
S--W-1 bils A bivs W biks N bits

© S = Total addiess bits
= Bivg for line index
© W= s for word index (T8 muMhiple words per block. T¥ only 1 word per block, we don't
inclyde "N pqrjrf*ion for Yhe worcl- fnclexy
G = B for byte index (iF the syshem vses byte qééuosimb otherwise we don't include
s ()q(—\l-\fon Lor twe \o\ﬁ—e ;mlex)

Address Decomposition Lor Word and Byie Ae\émssmg

Scenarios:

° Word PrJJ«stimh L word per block

Tovg Line index

* Word ﬁéc\wess{ng) woltiple words per block
Line 0

TO\S Line index word indey

" Byt Addvessing L word pec block, word size = 4 bykes : /

T
> W, | W, poid Waoy | ke 2
Tovg Ling ind ex byte offset (’), bE'\S) /— Lo

* byte Aél(ess'-n%) moltiple wecds pecr block

Line n—|

Tws Line index wWord index \,\1’[@ ot Fset




Cc\c‘r\( Todiclizorion and Context Switchin

" On program stuctog: all cache \ines are warked invalid
* On context switch:

- Previogs glocess's cache dokon becomes irvelevant
- A\ cache \ines ave ogain madked nvalid

alid Lid 1y sof to L only when new block bodon i3 londed
Total cache size calculation
Total cache size = # of lines x (1 + Tag bits + Block size as bits)

Find the total # of bytes for a direct mapping cache to store 64 KB in 1-word blocks, assuming
a word size of 32 bits and MIPS addressing

S ool down fwe s(JQ,c\'QIcoc\(ons'.
- Woid size = 32 bAs = B bt address

A b= lhits
- Dlock size = L wodd * -
P(Aémss‘ms mode: byte Qéé(essAA% (Qrom What we know of MIFS) \o“ﬁes
- Dada: G4 KB

BGloclt gize = 1 werd — Since we onl\, have 4 wold per blocle

We ko(\‘jf Y\QQA, “'o o\\locoér( OM\1 JRETS Lor woré SQ\EC‘\’

Wold sige= 32 bds > 4n =

0 Mlocade @ bits b addeessing byke # (o] fessing )
Doden = G4 KB = 64x2° b - s - 2"

(3 F of Lnes = Datw siae
block size
Toa = BL - (H+ Q) = 16 bis
> Addcess Stractuie

2
B 2'° B - 'L‘q Lines
= ST y

Tog Line # byte ¥
( '} 4% b
N

Cache SHruckure Total cache size

2" Tres U bifs/tne - (“\ﬁ-l”) bids

) :(L\q'ﬂ>‘5’r€szct|"\")_k\ﬂz
> 6Y Kb ”

V/L Tag Dotor

93 *o

1b 16 v 31 b (\olo(l‘ s?ze) — 49 )



