Y

6)lioJl

Memory Hierarchy 3 Sl s »
Cache Performance 4baxll 3 Sl ¢l
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CPU
Registers

Register
reference

Size: 500 bytes
Speed: 250 ps

dat&processing <ubilul) Aallas
& temporary storage < sall (5 3l
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tempokdty storage <8 sall (p )l

CPU
Registers

Memory

Register Memory
reference reference
Size: 500 bytes 1 GB

Speed: 250 ps 100 ns
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perméfient storage alall ¢ )il

CPU
Registers

Memory I/O devices

Disk
. ] memory
Register Memory reference
reference reference
Size: 500 bytes 1GB 1TB

Speed: 250 ps 100 ns 10 ms
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permétient storage elall G )3l

LR TR

CPU
Registers

Memory I/O devices

Disk
- memory
Register Memory reference
reference reference
Size: 500 bytes 1 GB 1TB

Speed: 250 ps ns 10 ms
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perméfient storage alall ¢ )il

CES Memory IO devices

Registers
Disk
- memory
Register Memory reference
reference reference
Size: 500 bytes 1 GB 1TB
peeqd: oNe D0 NS O m
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faster temporary stiérage @l G gall 0 Ha3l

C
P a .
S = Memory I/O devices
Registers h
e .
Disk
—_— memory
Register Cache Memory reference
reference ferenc reference
Size: 500 bytes 64 KB 1 GB 1°TB

Speed: 250 ps 1 ns 100 ns 10 ms
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Hierarchy 3_SIall 4.

C Memory _—
X us
S C s Memory IO devices
Registers h
e .
Disk
memory
Register Cache Memory reference
reference reference reference
Size: 500 bytes 64 KB 1GB 1 T8

Speed: 250 ps 1 ns 100 ns 10 ms
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Aaldal) 3 SIAl Al
what'’s cache?
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Ty Preview :4xle 3 yai

What’s cache? f4iiall s Sl oala e
data in/out cache? ¢ bl 3 SIAN (e il & Had 5 Jani CaS o
LAl 3 SN e S0 3aild e LSy CaS o
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CPU

Registers

Register
reference

O 000

Cache
reference

Memory
bus

Y

§)Liall Cache u—*lﬁ‘
I/O bus
Memory IO devices
Disk
memory
Memory reference
reference

Crstiall 3 palie die e Gy 385 5 58I g a0 L lase (o (5 sse gl 5l e o
The highest or first level of the memory hierarchy encountered once .zllzl!

the addr leaves the processor

(st )1 381N e Ll Jgama sl (e ) alatiiea) 3,88 bl s o) oy 3330 33005 o
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Cache Hit/Miss i@l ) J g gl Ut /il

BN g 4 gl bl als) e el (S /Sl Ladic o

* When the processor can/cannot find a requested data item in the
cache
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Biitk/Line daall/AliSl 5 yaa

e a5 yas s e sllaall CHlal) S Ll (e aaal) K5 AL o o
() (8 Lgmaia g 5 A 1) 3_SIA
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Cathe Locality (sl damia s

Temporal locality 4383« 4z ga o
need the requested word again soon 1.8 43 sllaall AalKl) 2 lin3

Spatial locality 4 4z ga o

likely need other data in t,vhW <slll 5 AV cilibll zlias L Lile
the block soon
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5 Cache Miss il Uas

Time required for cache miss :le GESI Uad 48 jaiin 52 (e 3l aaing o
depends on:

. the time to .S skl (s 4alS Jgl la day (3 atand) (a3l o4 rLatency _salill
retrieve the first word of the block

:the time to & shll clalS 48 £l dul (4 :Bandwidth 4ejall (o e
retrieve the rest of this block
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Gt £1a) danr)
cache performance?
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Cache Performance: E§uations 4alaa ;S ¢l

CPU execution time = (CPU clock cycles + Memory stall cycles) X Clock cvcle time

Memory stall cycles Number of misses X Miss penalty

Misses i
= IC X , > Miss penalty
Instruction

Memory accesses
Instruction

I1C x

> Miss rate X Miss penalty

Memory stall clock cycles = IC X Reads per instruction X Read miss rate X Read miss penalty
+ IC X Writes per instruction X Write miss rate X Write miss penalty

https://manara.edu.sy/
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Cache Migs Metrics (il Uas  y0La

Memory stall cycles 3 SIAll pali &l g3 o

the number 3_SIA ) Jguagll JUALL oa g gllaall L AL Al @i ) gal) dae
of cycles during processor is stalled waiting for a mem access

Miss rate Uadl) 4 »

number of misses over Jyagll &l je 22 o Lo guia Uadl) il pa 22
number of accesses

Miss penalty Uaill ¢ 32

(L&Jmﬁ\ D L;ﬂ‘ @M\ﬂ delud) &l g aac) Wi J< 4418
the cost per miss (number of extra clock cycles to wait)
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Cache PerformancgsiExample Jie ;&I ¢lal

Example J&a «

a computer with CPI=1 (i) 4la) dic CPI=1 4aplad JSI &) 593 dany 3 gails
when cache hit;

50% instructions are loads and stores;  <laadll (e %0+ (p AT 5 Jaend o

2 cc per memory access; Jdsay IS acle S
2% miss rate, 25 cc miss penalty; Aelu 3 5aY0 ol jall das 5 %Y Uadll 4o

daall cuils g gl u\um@gdugékﬂ\ UMMQ,ALA
Q: how much faster would the computer be if all instructions were cache hits?
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Cache PerformancgsiExample Jie ;&I ¢lal

Answer <l sl o
always hit: :4aal Jga sl @Y glaa aran
CPU execution time CPU- 2 (1 )
(CPU clock cycles + Memory stall cycles) X Clock cycle
(IC <X CPI + 0) x Clock cycle
IC x 1.0 X Clock cycle
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Cache PerformancgsExample Jlie :ES ¢l

Answer <l sl
with misses:  Uad 342

Memory stall cycles  3_SIAll ,als <l g2
Memory accesses
Instruction

IC < X Miss rate X Miss penalty

IC X (1+0.5)x0.02x25

IC x 0.75

CPU execution time_,

(IC x 1.0+ IC x 0.75) x Clock cycle
1.75 X IC X ClOCk '@t@gﬂr]ﬁara.edu.sy/
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Cache PerformancéExample Jtie : 5 ¢l

Answer <l sall ¢
CPU execution ime_,,.  1.75 x IC x Clock cycle
CPU execution time 1.0 < IC x Clock cycle

= 1.75
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&jliall

Hit or Miss: 4la) o Wi
Where to find a block? ¢ & sl aad oyl
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Bldtk Placement & skl auza s

Direct Mapped _<&iluall Jasdadsil) o

only one place ks il <
(Block address) MOD (Number of blocks in cache)

Fully Associative (Asll k) s}

anywhere O\« gl 2

Set Associative 4= gaaa Lyl 53 o

anywhere within only one set saal gl de senall e e (4

(Block address) MOD (Number of sets in cache)
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Bldtk Placement < slll auia s

Fully associative: Direct mapped: Set associative:
block 12 can go block 12 can go block 12 can go
anywhere only into block 4 anywhere in set O
(12 mod 8) (12 mod 4)
Block 01234567 Block 01234567 Block 01234567
no. no. no.

Cache

Set Set Set Set
0 1 2 3
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Block Placement: Gefigralized & shll auia 65 avaas

n-way set associative: (&b n= bl 5 e
n blocks in aset  4c sane JS A&l p cllia G &

Direct mapped = one-way set a5 (ks dal 5 sa Sll) Jaydadsl) e
associative

i.e., one block in aset 4c sena JS 8 2al 5 &l il (6l

Fully associative = m-way set 4c sana dasl 5§ (53 b m Sz AS Lol 5o
associative

i.e., entire cache as one set with &b ndl e 3aa) 5 4e sanaS (K s (sl
m blocks
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Block §dentificatie

Blos

AUAaress Block
Index offset

Block address: tag + index Jua + aJs 1 gLl () gis o

Index: select the set 4c sanall 22s; Ja

Tag: = valid bit + block address &bl o)) sie + (835 58l) ABlA 8 Dlall

check all blocks in the set PP PEON| g NG LA 5 SVE IS P EN

Block offset: the address of the &bl (e 4 slhaall GULall ) sie & gl As 3 o
desired data within the block

Fully associative caches have no index field b Jis b j25Y 4S8 HLE) 4LlS 4il<I) o
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Block R&placement & shll Jlagiul

Lide S LI (5 I gl g ST Sl 1) il Jpand con gy (1S Uad &gan e
upon cache miss, to load the data to a cache block, which $4dlasiu
block to replace?

Direct-mapped placement s<éibal) Jashadil) A8 & gl audagi
only one block can be replaced  dad aa g &b Jlavin) i,

https://manara.edu.sy/
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Block R&placement & shll Jlagiul

Fully/set associative 48l 4.8 HLal 5 de genall 48 )L s 4
Random (! gs e

simple to build sl 5 oLl 4l gl

LRU: Least Recently Used Jlagiad) cd g & Laladin J&Y) o

the block that has been unused B3 JshaY andig al sl & ) Jaging
for the longest time;
use temporal locality; A58 5all dyia Hl) dymiia gall anddLs

complicated/expensive;  4dSl x& o [ d3xa
FIFO: first in, first out Jwiew (e g Ja (pa Jol
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Writg:Strategy 4USl 4a) yiu)

Write-through 8_stadl 4Ll

S (5 gioall <135 SIAN sy b gl e g S &l b bl i
info is written to both the block in the cache and to the block in
the lower-level memory
Write-back 4aal ) 4,usl) .
A L Jlasia) ie 1add du 1l 5 SIAN 8 (ks ¢ EIKN gl 8 ash culld) (s
info is written only to the block in the cache; Jazall

to the main memory only when the modified cache block is replaced;
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https://manara.edu.sy/

Va

Writg:Strategy 4USl 4a) yiu)

Options on a write miss ss_all tad aic 4USH @l jla

Write allocate 4:Us! a6 o

the block is allocated on a write miss Auct) Uad aie 4USIL £ g pdl) (5
No-write allocate 4:LiS Y «

write miss not affect the cache; (sl Jo 4uc) Uad G ¥

the block is modified in memory; 3811 & &gl Jaaed 5y

until the program tries to read the block; A glal) 8o 8 gali ) Jylay Aa
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Werite Strategy: Exattiple JUi ; 4US]) dag) yidl

QY 4 B\

Example Assume a fully associative write-back cache with many cache entries that starts

empty. Below is a sequence of five memory operations (the address is in square
brackets):

Write Mem[100];
WriteMem[100];
Read Mem[200];
WriteMem[200];
WriteMem[100].

What are the number of hits and misses when using no-write allocate versus write
allocate?

https://manara.edu.sy/
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Example Assume a fully associative write-back cache with many cache entries that starts

empty. Below is a sequence of five memory operations (the address is in square
brackets):

Write Mem[100];
WriteMem[100];
Read Mem[200];
WriteMem[200];
WriteMem|[100].

< I << L

What are the number of hits and misses when using no-write allocate versus write
allocate?

* No-write allocate: 4 misses + 1 hit
cache not affected- address 100 not in the cache;
read [200] miss, block replaced, then write [200] hits;

https://manara.edu.sy/
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Write Strategy: Exampil

Example Assume a fully associative write-back cache with many cache entries that starts

empty. Below is a sequence of five memory operations (the address is in square
brackets):

Write Mem[100];
WriteMem[100];
Read Mem[200];
WriteMem[200];
WriteMem[100].

IT=ZI2

What are the number of hits and misses when using no-write allocate versus write
allocate?

e Write allocate: 2 misses + 3 hits
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https://manara.edu.sy/

[

&jliall

Hit or Miss: Wil s 4lay) (§ i ag
How long will it take?
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Avg Mem Access Eﬁﬂ\ S Jsa sl e ) dans sia
o Time

Average memory access time s 5 S ) Jsasll e ) Jas g o
=Hit time + Miss rate x Miss penalty
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Avg Mem Access Tinmig: s SIAll J) J sa 51l Ja gia

Example J&a e

16KB instr cache + 16KB <ty (ils Culy sl 17 9 Clandas (GlS Culy plas 4 1
data cache;

32KB unified cache; Baa ga AS Gyl LS YY
36% data transfer instructions;  <©lla Ja Glaalad oo Gladadl) 0 %Y
(load/store takes 1 extra cc on unified cache)
1 CC hit; 200 CC miss penalty;
Q1: split cache or unified cache has lower miss rate?
Q2: average memory access time?

https://manara.edu.sy/
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deola
oLal
Instruction Unified
Size cache Data cache cache
8 KB 3.16 44.0 63.0
16 KB 3.82 40.9 51.0
32 KB 1.36 38.4 43.3
64 KB 0.61 36.9 39.4
128 KB 0.30 35.3 36.2
256 KB 0.02 32.6 32.9

Example: miss per 1000 instructions — 4asad GAlY eUad¥) 1 e
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Avg Mem Access Tirig s_SIAll J sa s (10 ) Jaus sie

Misses

- /1000
° Q1 Miss rate — 1000 Instructions
) Memory accesses
Instruction
) 3.82/71000
Miss rate 16 KB instruction - = 0.004
1.00
i 40.971000 L
Miss rat€ ¢ kB data — 036 = 0.114
Overall miss rate (749 < 0.004) + (269 x< 0.114) = 0.0326
Miss rat€s- kB unified — 43.371000 = 0.0318

1.00 + 0.36
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"ﬁgj‘ & dsasll (e b i

c::Lt_aJ
“~Avg Mem Access Time
.QZ

Average memory access time
= Y% instructions X (Hit time + Instruction miss rate X Miss penalty)
+ Yo data X (Hit time + Data miss rate X Miss penalty)
Average memory access timeg,;;,
= 74% < (1 + 0.004 x 200) + 26% < (1 + 0.114 x 200)
= (74% =< 1.80) + (26% < 23.80) = 1.332 +6.188 = 7.52
Average memory access time  :ri.q
= 74% X (1 +0.0318 x200) +26% < (1 +1 + 0.0318 x 200)
= (74% < 7.36) + (26% X §.30)niFecdA406 + 2.174 = 7.62
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Cache vs Protssor gl dilaa (K

Processor Performance @zl el e

CPU ume = (CPU execution clock cycles + Memory stall clock cycles) x Clock cycle time

Glbleall CPU A8 Ay () (a8dial) J gea oll (0 ) Jas g1 (5 2 o
Lower avg memory access time may correspond to higher CPU time

https://manara.edu.sy/
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Out-of-Order Executi@ty

* in out-of-order execution, stalls happen to only instructions that
depend on incomplete result;

other instructions can continue;

so less avg miss penalty

Memory stall cycles _ _ Misses (Total miss latency — Overlapped miss latency)

Instruction Instruction

https://manara.edu.sy/
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Sl g1a) ALl

How to optimize
cache performance?
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Average Memory Access Time =
Hit Time + Miss Rate x Miss Penalty
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Average Memory Access Time =
Hit Time + Miss Rate x Miss Penalty
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6)li_aJl

=Average Memory Access Time = Jsasll () Jaze Jau gis

Hit Time + X Miss Penalty Uadll 4y sie x Uadll Aot la¥) (ya )
Average Memory Access Time =
Hit Time + X Miss Penalty

Larger block size; ,Si ¢l aaa
Larger cache size; S JiS aaa
Higher associativity; el s i

https://manara.edu.sy/
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ReducingMiss Rate Uaall duus (s

3 categories of miss rates / root causes 4 bl / Uadll Aol ciliyda ¥
Compulsory: 4l »

cold-start/first-reference misses; Al dpxa yall Glass /3 L) & DIEY)
Capacity 4z e

cache size limit; (Al aaa 430 550

blocks discarded and later retrieved; 43alaiul &3 (ja 9 & gLl e A3
Conflict

collision misses: associativity =~ A4S Lddl) 1 udlisl) g aslail) cile Lus

a block discarded and later 4 sans Gaa ASalaful 3 e g S e S
retrieved in a set;
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Opt #1: Larg&tBlock Size ,SI &l sl ana

Reduce compulsory misses 4y cleluall (el o
Leverage spatial locality 4 pall dlaall 28 5 o

Increase conflict/capacity misses 4awdl | Gudlidl) Cilelud 344 )
Fewer block in the cache (ilsll i Jil Sl o
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10% [
4K

[\

Miss o [ e e e e e e s e e e e e R s e e S e s e e

rate %
‘\ Py / 16K
C)\ﬁ
) — == O —O 64K

—a— A
e ! = % | 256K

16 32 64 128 256

Block size
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DAY/ Example J&a o

8ol  Cache size

Block size 4K 16K 64K 256K
16 8.57% 3.94% 2.04% 1.09%
32 7.24% 2.87% 1.35% 0.70%
64 7.00% 2.64% 1.06% 0.51%
128 7.78% 2.77% 1.02% 0.49%
256 9.51% 3.29% 1.15% 0.49%

given the above miss rates;  ede) 4 gaal) Uaddl canad Lijal o0l
assume memory takes 80 CC overhead, 80 CC o_laia (aild IDlgiul 3 SIA ol a4
delivers 16 bytes in 2 CC; Cub VT Jail 2CC () glaadg

Q: which Qilsll aaa g8 (Sajta J8) 3 SIA L) Jgasl) Cra) Jina G198 dstll aaa o) B
block size has the smallest average memory access time for each cache size?

https://manara.edu.sy/
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Answer <) gl
avg mem access time
=hit time + miss rate x miss penalty

*assume 1-CC hit time 1CC 52 4l ) O Lk
for a 256-byte block CulslS Yo 5 K13 8 by YOI anan &gl Jal (4

in a 256 KB cache:
avg mem access time  Jsadll () o sia
=1+ 0.49% x (80 + 2x256/16) = 1.5 cc

https://manara.edu.sy/
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6)jliaJl

dverage memory access time

Answer <l sallg e

BSIA ) Jgagll (1) dans gia

Cache size

Block size Miss penalty 4K 16K 64K 256K
16 82 8.027 4.231 2.673 1.894

32 84 7.082 3.411 2.134 1.588

64 88 7.160 3.323 1.933 1.449
128 96 8.469 3.659 1.979 1.470
256 112 11.651 4.685 2.288 1.549
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Opt #24 Larger Cache SIS
Reduce capacity misses Jsa ) sthd) dau JI8S

Increase hit time, cost, and 4sUaiuy) Mgl g AL g dsbual) Cpa) Ay o
power

https://manara.edu.sy/
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Opt

W

3: Highekilissociativity el 48 L
Reduce conflict misses (&Ll sUad] (i o

Increase hit time 4yl () L3 o
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Example J&a e

assume higher  _Si Aslu 3398 () Al g5 S A L) o) i

Clock cycle time;
Clock cycle timey_y
Clock cycle timeg

1.36 X Clock cyc]
1.44 X Clock cyc!

associativity -> higher clock cycle time:

e time | _y,y
e time;_y,y

1.52 X Clock cyc!

e time|

Jsaall 8 LS Unall doss (5 5 25CC Uaall &) 32 5 1CC 58 b e o) (2
assume 1-cc hit time, 25-cc miss penalty, and miss rates in Al

the

https://manara.edu.sy/

following table;
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 Miss rates

Miss rate components (relative percent)

{swm = 100% of total miss rate)

Total miss

rate Compulsory Capacity Conflict
0.098 0.000 1 0.1% 0.070 72% 0.027 28B%
4 PRER e 0076 0.000 1 0. 1% 0.070 93 0005 7%
4 marn e SO 0.071 0.000 1 0.1% 0.070 DO 0.001 156
4 B-way 0.071 0.000 1 0.1% 0.070 100%: 0000 0%
8 1-way 0.068 0.000 1 0. 1% 0.044 65% 0.024 35%
8 2-way 0049 0.000 1 0.1% 0.044 SO 0005  10%
8 A-way 0,044 0.000 1 0.1% 0.044 POGE 0000 1%
8 S-way 0.044 0.000 1 0. 1% 0.044 1009 0.000 0%
6 1-way 0.049 0.000 1 0.1% 0.040 B2 0009 17%
I6& 2-way 0,041 0.000 1 0.2% 0.040 DRG 000l 2%
6 A-way 0.041 0.000 1 0.2% 0.040 QDOGE 0.000 0%
& B-way 0,041 0.000 1 0.2% 0.040 1009 0000 0%
32 1-way 0042 0.000 1 0.2%% 0.037 RO 0005 11%
32 2-way 0.038 0.000 1 0.2% 0.037 DO 0000 0%
32 A-way 0.037 0.0001 0.2% 0.037 1005 0000 0%
32 S-way 0.037 0.000 1 0.2% 0.037 100% 0.000 0%
64 1-way 0.037 0.000 1 0.2% 0.028 TT% 0008 23%
6 2-way 0.031 0.000 1 0.2% 0.028 919% 0003 9%
6 A-way 0.030 0.000 1 0.2% 0.028 D59 0001 4%
64 B-way 0.029 0.000 1 0.2% 0.028 9T 0001 2%
128 1-way 0.021 0.000 1 0.3% 0.019 919% 0.002 8%
128 2-way 0.019 0.000 1 0.3% 0.019 1005 0000 0%
128 A-way 0019 0.000 1 0.3% 0.019 100 0000 0%
128 H-way 0.019 0.000 1 0.3% 0.019 1005 0.000 0%
256 1-way 0.013 0.0001 0.5% 0.012 KL 0001 6%
256 2-way 0012 0.000 1 0.5% 0.012 PG 0000 0%
256 A-way 0.012 0.000 1 0.5% 0.012 DO 0.000 0%
256 B-way 0012 0.000 1 0.5% 0.012 PR 0000 0%
512 1-way 0.008 0.000 1 0.8% 0.005 66T 0.003 33%
512 2-way 0007 0.000 1 0.9% 0.005 T1I% 0002 28%
512 L d-way 0006 0.000 1 1% 0.005 91% 0000 8%
512 R WAy T nuone 0.0001 1. 1% 0.005 95% 0.000 4%
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Question: J) s
for which cache sizes Jilsll paa (&
are each of the statements true?  dsus.a slbial &Y il (<5

Average memory access timeg_,,, < Average memory access timey .,y
Average memory access timey_y,, < Average memory access time,_ .,y
Average memory access time;_,, < Average memory access time;_y,,y

https://manara.edu.sy/
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Answer <) gall o

for a 512 KB, 8-way set 3kl duilad 48 &L culyghs Yo (ilS Jal ¢
associative cache:

avg mem access time
=hit time + miss rate x miss penalty
=1.52x1 + 0.006 x 25
=1.66
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Answer ! sl
average memory access time 881 Jga sl (ra ) Jara

Associativity

Cache size (KB) One-way Two-way Four-way Eight-way

- 3.44 3.25 3.22 3.28

3 2.69 2.58 2.55 2.62

16 2.23 2.40 2.46 2.53

32 2.06 2.30 2.37 2.45

64 1.92 2.14 2.18 2.25

128 1.52 1.84 1.92 2.00

256 1.32 1.66 1.74 1.82

512 1-a@ps://manara.edu.s;/-ss 1.59 1.66
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Average Memory Access Time =
Hit Time + Miss Rate x

Multilevel caches;

Reads > Writes;
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Opt #4: Multilevel Gdthe <L sl 3aax5a SIS

Reduce miss penalty Uadd) &) 3a JI85 o

Motivation cd) o

faster/smaller cache to A8 ) Aoy aa il ual g £l il
keep pace with the speed of processors?

larger cache to overcome 4wt 1 3 SIAll 5 aellaall (a3 gl aa i H<) (SIS
the widening gap between processor and main mem?

https://manara.edu.sy/
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Opt #4: Multilevel Gdthe <L sl 3aax5a SIS

Two-level cache (i gieay (LS

Add another level A, 3 SIANg oY) S G (BT 5 AT 4 pur i
of cache between the original cache and memory

L1: small enough to match o) zllaall aa CC () (381 63 4US 3 yua L] o
the clock cycle time of the fast processor;

L2: large (Wadd) & 3 (addl) dawi )l 3803 L) J gua gl JUE31 4SS B 1S L2
enough to capture many accesses that would go to main memory,

Processor - lessening miss penalty
L'I ]..42 = Main
Cache Cache memory

L; and Ly cache pfﬂéemfg’ggf://manara.edu.sy/
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Opt #4: Multilevel Gdthe <L sl 3aax5a SIS

Average memory access time 58I J ga gl) (1) Jaa gia
=Hit time, + Miss rate , x Miss penalty,,
=Hit time, + Miss rate ,
X(Hit time,+Miss rate ,xMiss penalty,,)

Average mem stalls per instruction 4asad J! 3 SIAU § gua ol) (o) Jas ga
=Misses per instruction ; x Hit time,
+ Misses per instr;, x Miss penalty,,

https://manara.edu.sy/
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Opt #4: Multilevel Gdthe <L sl 3aax5a SIS

Local miss rate 4 gall Uadd) 4 o
Gl oda ) S sl @l o dde o A guda LK) LB pUadl) axe
the number of misses in a cache
divided by the total number of mem accesses to this cache;
Miss rate,,, Miss rate,,
Global miss rate 4alal) Uadll daudi o
allaall 38 (e 3 SIA ) Jaua sl €l pa dae o s gudia ESY) B cUadY) aae
the number of misses in the cache
divided by the number of mem accesses generated by the processor;
Miss rate, ,, Miss rate, , x Miss rate,,
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6)li_aJl

:Example J&a
L2-8Uad Yo g1l Uad £ Lo il 3 S Qlla Y 0w v
1000 mem references -> 40 misses in L1 and 20 misses in L2;
miss penalty from L2 is 200 cc; 200CC s L2 8 Uaall ) 3
hit time of L2 is 10 cc; 10CC s» L2 2 4Abay) ()
hittimeof L1is1cc; 1CC s L1 & byl ()
1.5 mem references per instruction; dadai JS il 1,5 Jans
Q: 1. various miss rates? 4dlida Uad caead |V J) sl
2. avg mem access time? Jsasll () gia ¥

3. avg stall cycles per dadlai JST Ao L 850 Lili JUSSY (40 ) dane g Y
instruction?
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* Answer

1. various miss rates? dalise Uad s
L1: local = global 4sle 5 4z sa L1 !
40/1000 = 4%
L2:
local: 20/40 = 50%
global: 20/1000 = 2%

https://manara.edu.sy/
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Answer sl o
2. avg mem access time? Jsasll () o gia
average memory access time
=Hit time , + Miss rate ,
X(Hit time ,+Miss rate ,xMiss penalty,,)
=1+ 4% x (10 + 50% x 200)
=5.4

https://manara.edu.sy/


https://manara.edu.sy/

Y

6)li_aJl

Answer /sl o
3. avg stall cycles per dadas (S delu s 50 Lalia (ABle Y1) JUasY) () das gia ¥
instruction?

average stall cycles per instruction Aadlat J (A8l W) URY (e ) Jaws g
=Misses per instruction ; x Hit time,

+ Misses per instr, x Miss penalty,,
=(1.5x40/1000)x10+(1.5x20/1000)x200
=6.6

https://manara.edu.sy/
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o) ALY 5 6 AU By 1 sl

Opt #5: Prioritize read misses overwrites

Reduce miss penalty Uadd) &) 3a JI85 o

instead of simply stall read LUl Jole & i Jin sel il Uad Uil o Yoy o
miss until write buffer empties,

check the contents of write buffer, AU Jjle (6 gina sl
let the read miss continue i el jall Uad & i)
AUail) 3 K13 < ja i 5 AUSH Jle o bl 5l el clllia oS a1 1)
if no conflicts with write buffer & memory system is available
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s;bﬂ%s\ g3 AUSH A 1 §Y) g e

Opt #5: Prioritize read misses overwrites

WhﬁB 512 (R0O) :M[512] <« R3 (cache index 0)

LW R1, 1024(RO) :;R1 « M[1024] (cache index 0)

LW R2, 512(RO) ;R2 < M[512] ~ (cache index 0)

OV Y it Ll 55 ple AS 5 pilee Jadads ESH o odled 5 il I Jaf e (2a gl
for the code sequence, assume a direct- S gl sl Y 0 Y £
mapped, write-through cache that maps 512 and 1024 to the same
block;

a four-word 3ol Jall el (pe XU ALK ey, AU Jle jlaal) g e
write buffer is not checked on a read miss.

R2.value = R3.value ?

https://manara.edu.sy/
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Average Memory Access Time =
+ Miss Rate x Miss Penalty

Avoid address translation RIS s jed oS (1 glimll dan i i

during indexing of the cache

https://manara.edu.sy/
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Opt #6: Avoid address tratstation during indexing cache

Cache addressing (alsl) 4 gic »

virtual address — virtual cache Al yib) QIS — Ll i) ) gie

physical address — physical cache 40l 8 IS — b ) sie
Processor/program — virtual address (<l 38 &) gie — zali p/gllaa o
Processor -> address translation -> Cache Ji\S sl o)) sie e 5 iny gellaa o

virtual cache or physical cache? 44L 58 o) Aual y8) IS

https://manara.edu.sy/
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u%‘ Ao ygd o) Aaplacill dan 5 i
Opt #6: Avoid address transtation during indexing cache
Virtually indexed, physically tagged (<l ade g &l 558 (u g8 o

page offset to index the cache; W 4 yedl dasall 4a )
physical address for tag match; — eall daaal Jb 54 ) 5ic

For direct-mapped cache, bl layadill GHS Jal (e
it cannot be bigger than the page size. 4aiall ana (e 5S] (5685 o) sy

e Reference: CPU Cache
http.//zh.wikipedia.org/wiki/CPU%E9%ABY%98%EI%SE0%F %E7 %BC%93%E5%ADY%9S
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