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[TonuTUKKM 3amMeLleHna gaHHbIX B KaLWNamMaTu

e Random
* LFU (Least Frequently Used)
 LRU (Least Recently Used)

* LRR (Least Recently Replaced) nnu FIFO (First Input First
Output)
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Kell npoueccopa

 HecKkonbko BMOOB KeLUeWN:
— KeLl MHCTPYKUWK;
— Kew AaHHbIX (L1, L2, L3);
— Bydep accounatnBHOM TpaHcnAuMn (TLB).
* Kell 0ObIYHO OpraHmM3oBaH B KeLU-NIMHUK (4acTo 64 banTa
Ona x86-NpoLeccopos).
* Homep nuHMM nony4yaetcda aeneHnem agpeca Ha 64.
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L1 D-Cache
Size |32 KBytes x2
Descriptor | 8-way set associative, 64-byte line size

L1 -Cache
Size |32 KBytes x2
Descriptor | 8-way set associative, 64-byte line size
L2 Cache

Size | 256 KBytes x2
Descriptor | 8-way set associative, 64-byte line size

L3 Cache
Size |3 MBytes
Descriptor | 12-way set associative, 64-byte line size




AccounaTUBHOCTb Kella

* direct mapped — MeCTO onpeaeneHo ogHO3Ha4YHO

* fully associative — KOHKPETHbIN ONOK U3 NaMATUN MOXET
ObITb NOMELLEH B Ntodoe MecTo B Kelle

* Ha MpakTuKe UCnonb3yeTca KOMMNPOMUCCHOE peLueHue (2,
4, 8-KaHarnbHbIN KeLu)

Direct Mapped 2-Way Associative
Cache Fill Cache Fill
Main Main
Memo Cache :  Memory Cache
Index Memory i [Index Memory
0 Index 0 0 Index 0, Way 0
1 P Index 1 1 Index 0, Way 1
2 Index 2 2 Index 1, Way 0
3 Index 3 3 Index 1, Way 1
4 4
5 5

Each bcation in main memory can be Each bcation in main memory can be
cached by just one cache lbcation. cached by one of two cache bcations.
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CTpyKTypa Kella

« Pa3buneHune agpeca (0T cTapLumx 6UToB K MniagLunm)
tag index offset in block

21 5 6
e MpuMmep: Pentith 4. ont ont
«four-way set associative L1 data cache, 8 KB in size, with
64-byte cache blocks»
— 8Kb /64 b =128 — 4ynucno 6nokos (blocks)

— 128 /4 =32 — 4yucro HabopoB (sets), YNCNO Pa3NINYHbBIX UHOEKCOB

— pasmep bnoka 64 6anTa = 2°, Y1CI0 BO3MOXHbIX CMELLEHWUM
(offset) B brioke — 64

— 210Ut — TIr



YnpaxHeHune

 [Mpumep: Pentium 4.

«eight-way set associative L2 cache — 256 KB in size, with
128-byte cache blocks»

tag index offset in block




YnpaxHeHune

 [Mpumep: Pentium 4.

«eight-way set associative L2 cache — 256 KB in size, with
128-byte cache blocks»

tag index offset in block

17 8 7
ouTt ouTt ouTt



Kputnyecknm war

* (critical stride) = (number of sets) * (line size) =
= (total cache size) / (number of ways)



OT nepecTtaHOBKU MECT criaraemsbix...

float a, b, ¢, d, y;

y=a+b+c+d;

y =(a+b) + (c +d);

float a = -1.0E8, b = 1.0E8, c = 1.23456, y;
y =a+b+ c;

1.23456
%)

(a +b) +c
a+ (b + )



ABTOMaTM4yecKkaqa BeKkTopusauungd

const int size = 1024;

int a[size], b[size];

/] ...

for (int 1 = 0; i < size; i++) {
a[i] = b[i] + 2;

}

e SSE2: MOXHO CcUMTbIBATb cpasy YeTblpe arnemMeHTa 13 bi],
3arpyxatb B 128-OUTHbIN perucTp, NnpndaBnaTb BEKTOP
(2121212)

* Heobxoamnmo BbipaBHMBAHME JaHHbIX MO 16 6anT.



3agada TPpaHCNOHUPOBAHUA MATPULLbI

void transpose(double a[SIZE][SIZE]) {
int r, c; double temp;
for (r = 1; r < SIZE; r++) { // loop through rows
for (c = 0; c < r; c++) { // loop columns below diagonal
std::swap(a[r][c], a[c][r]); // swap elements

}
void test () {

__declspec(__align(64)) // align by cache line size
double matrix[SIZE][SIZE]; // define matrix
transpose(matrix); // call transpose function



3aJava TpaHCNOHUPOBAHUA MaTPUL bl

 MaTpuua 64x64 Ha Pentium 4
8 kb =8192 bytes, 4 ways, line size of 64

* B kew-nnHuto nomewtarotca 8 double‘oB no 8 6anT
Kaxxabln. Kputnyeckmnu war 8192 / 4 = 2048 6aunT = 4

63 x 63 31 11.6
64 x 64 32 16.4
65 x 65 33 11.8
127 x 127 126 12.2
128 x 128 128 17.4
129 x 129 130 14.4
511 x511 2040 38.7
512 x 512 2048 230.7

513 x 513 2056 38.1



