INn-Class: Design a cache

VS Cache: 16MB, 4-way, CL=16B, word=4B

UNIVERSITET

This is a completely different cache design!
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INn-Class: Design a cache

wise=aml Cache: 16MB, 4-way, CL=16B, word=4B

UNIVERSITET

|dentifies thg word within a cacheline
/ | dentifies a byte within aword
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Virtually Indexed Physically Tagged
=VIPT
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Have to guarantee that all aliases have the same index
# VIPT_cache_size £ (page-size * associativity)
» (Page coloring can help further)
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Putting It all together: VIPT

i Cache: 8kB, 2-way, CL=32B, word=4B, page =4kB
UEP TLB: 32 entries, 2-way

UNIVERSITET

|dentifies thg word within a cache line
PA-Page frame (20) o o
VATAG (16) I ' Offset within page | dentifies a byte within aword
VA-addressX | sarhie for PA / PA-TAG (20)

\()100110&90101009(\)&99;101010,00111\3 7 Cache
LN LN R S

(16) ( 4L A I JEB T \Qb 1 5)1001 ooroonscotor |4 [ 0101001 | oooortioonon

A - 128

| 7

1 101010 PTE 1 | 01010 PTE
| |

& &
(32B (32B
PA addr bit [31-12]
S @ ) Multiplexer
AVDARK (1) \ (16:1 mux)
2013 TLB hit Cache hit
' (4B) 4 Data

Dept of Information Technology| www.it.uu.se REVleW IeCtU re CaCheS 4 © Erik Hagersten| http://user.it.uu.se/—eh



INn-class: Design a VIPT

i/l Cache: 32kB, maximum-way, CL=64B, word=4B, page =4kB
sl 1| B: 64 entries, 2-way

UNIVERSITET

|dentifies the word within a cache line
PA-Page frame (20) o o
e A I - sarpe or M |dentifies a byte within aword
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= Micro Benchmark Signature

UNIVERSITET

for (times = 0; times < Max; times++) /* many times*/

for (i=0; i < ArraySize; i = 1 + Stride)
dummy = A[i]l; /* touch an item in the array */

Measuring the averge access time to
memory, while varying ArraySize and
Stride, will allow us to reverse-engineer

the memory system.
(need to turn off HW prefetching...)

AVDARK
2013
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LAl Stepping through the array

UNIVERSITET

for (times 0; times < Max; times++) /* many times*/

for (i=0; i < ArraySize; i = i + Stride)
dummy = A[i]; /* touch an item in the array */

0 Array Size =16, Stride=4

lOl I |ArraySize:16, Stride=8...

e rrerrr e PP PR LT LT

0 Array Size = 32, Stride=4...
AVDARK crrrrrrrrer PP
2013 0 Array Size = 32, Stride=8...
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Stepping through the array

UNIVERSITET

Stride [B]

Vector size [B]

AVDARK
2013
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L4 Micro Benchmark Signature

UNIVERSITET

for (times = 0; times < Max; times++) /* many times*/

for (i=0; i < ArraySize; i = 1 + Stride)
dummy = A[i]; /* touch an item in the array */
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UPPSALA
UNIVERSITET

L1: size=4kB CL= 32B
L[|

L2: size=256kB CL= 128B
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DLl T T T PP TP PP PP PP PP T T T ]] TLB: reach=1MB #Entries= 64
L _ Microbenchmark Why is it falling for strides
Latency ~10kB?
200 \{VNT%/’;S it hurting 2MB and not ﬁ /

Vector size
600 ™ ] /
7\ n /

This ski-slope of the "next next” I
500 curve” gives the CL size for ???

\

—a— 8k

16k

32k

This ski-slope of the "next”
curve” gives the CL size for L2

\
\
\
\
1
\
\
\
\
\
\

Why is it e 1k
falling? 256K
300 + N 7 / |‘ T
h\ \ 512k
1 ‘l = & e 1M
This ski-slope of the ”L2 curve” * ! 256kB
gives the CL size for L1 \ 128kB----- 2™
' 64 kB
“ . 32KB---- am
N M 16kB
AVDARK N N BKB o o
2013 \Vector=4kB
4 8 16 32 64 128 256 512 1k 2k 4k 8k

16k 32k 64k
Dept of Information Technology| www.it.uu.se

128k 256k Stride [B]
Review lecfyye Caches 10

© Erik Hagersten| http://user.it.uu.se/—eh



INn-class: Guess the Cache

L1: size= 32kB CL= 32B

UPPSALA
UNIVERSITET

L2: size= 1MB CL=64B

Page: size=4kB

Latency TLB: reach= 2MB #Entries= 512
A

L1: Lat= 1ns

130ns L1: Lat= 10ns
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Micro Benchmark Signature

UPPSALA
UNIVERSITET

for (times = 0; times < Max; time++) /* many times*/

1 < ArraySize; i = i + Stride)
dummy = A[i]; /* touch an item in the array */
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_ Micro Benchmark Signature

AL for (times = 0; times < Max; time++) /* many times*/

for (i=0; i < ArraySize; i = 1 + Stride)
dummy = A[i]; /* touch an item in the array */
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UPPSALA
UNIVERSITET

for (times = 0;

times < Max;

Twice as large L2 cache ?7?

time++) /* many times*/

12k B

for (i=0; i < ArraySize; i = 1 + Stride)
dummy = A[i]l; /* touch an item in the array */
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UPPSALA
UNIVERSITET
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Twice as

for (times 0;

for (1i=0;

times < Max;

1 < ArraySize;

large TLB...

time++) /* many times*/

i i + Stride)

dummy = A[i]l; /* touch an item in the array */
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