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MIPS Direct Mapped Cache Example
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IMMTSAME (pipelining)ERAST Oty H

HAINL LY DFHRTH S, IPC (instructions per cycle) O LR 1
Program

execution 200 400 600 800 1000 1200 1400 1600 1800
Time T T T T T T T T T
order

(in instructions)

Instruction| Data
w1 100080 "o [ 2, [+

~— 00ps |
W $2, 200($0) 800 ps reecton

] 2 [
800 ps fetch

Iw $3, 300($0)

800 ps
Program
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order  1me T T T - T n .

(in instructions)

w a1, 1000045
w $2, 200($0! "1 instruction Data.
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Time (in clock cycl

Instruction | Instuction Data
n decode access | Wrile back
Instruction | Instuction Data [y
feich decode access | Write bacl
Instruction | Instruction Data
s | write back
Insiruction | Instruction Data
diecode access | Vrite back
Insiruction | Instruction Data
diecode access | Viite back
matucton [ Inincton 223 it back
Insiruction | Instruction Data
aodta | write back
Insiruction | Instruction Data
aoaa | write pack
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MIPS Control Flow Instructions

= MIPS conditional branch instructions:

« Ex: if (i==j) h = i + j;
bne $s0, $sl1, Lbll

add $s3, $s0, $sl
Lbll: o

= Instruction Format (I format):

Lo [ [ ot [  16bitoffset |

= How is the branch destination address specified?
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bne $s0, $sl1, Lbl #go to Lbl if $s0#$sl
beq $s0, $sl1, Lbl #go to Lbl if $s0=$sl
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Y27 ILF04 5L Vector Add IV 518 F 8 Branch Always
#de;fine VSIZE 4 Taken(1), L }_’ 53‘ ‘BZ }_’
void xzadd (long 4, long)*B, long *C) { Not Taken(0) /NotTaken (0) /N t Take (0)/NotTake (0) / Taken (1)
for (i=0; i<VSIZE; i++ Sl - .
clil += (A[i] + BLil); /'| EENCERERC e | [ [l [T R [T
Taken (1) Taken (1) Taken (1) Not Taken (0)
IBS N EHAR AR DG
51(1=)
o N B1
Y arrarrrranes = Branch Always: &2/ ANRL L
A L FHEFRTD. 2 Qi
A++ . LOBITIE, FREMEL o
B++ 75%, SRE25% o0
o « FHOLDOAEVEBBELLL. i
s FRIEERFEDEDTIEALY. not taken
False True
, - B3 '
HEHOIO—S57 B3 . taken .

Adapted from Computer Organization and Design,_Patterson & Hennessy, © 2005

Adapted from Computer Organization and Design, Patterson & Hennessy, © 2005

ST NI 2E AU AAR
0040d6c5 1 0040d89¢ 1 /D]_’ /‘D]_’ /D]_’ /D]_’

go0deoS 1 oo (OO T T T T T
0040d6bc 0 ggiggggc 1 . 2E9RAYL AT
! = _
8828323?3 o0dodsse 1 « KEHGRY, BEEOFA
0040d71f Q ggiggggc (1) . 2EYNAYUADIKEEIZISCTFE
00404736 0 N iy
0040822 0 = FRIDEHOAEYE2E

0040d7ab 0 o
0040d7cd 0 004080 1 « REOEH

0040d7f9 0 0040d8c4 0O

FL—Z7—%
(FWETRLR, SR

0040dg1e 1 0040d8cd 1 Taken
0040d7f9 1 0040d8c0 0 Taken _

0040d8Te 1 0040d8cd 1 Strongly Weakly
0040d7f9 0 0040d8cd 1 2 bit Taken <11) Untaken Taken <10)
0040d81e 0 0040d8c0 1 —A—

0040d83d 0 0040d8c4 0 Taken, e
0040d86d 1 0040d8cd 0

0040d86d 1 0040d8e7 0 qum

0040d86d 1 0040d923 1 Weakly Strongly
0040d86d 1 0040d7ab 0 Prediction Untaken (01) g \Untaken (00)
0040d86d 1 0040d7cd 0 —
0040d86d 1 00404779 0 ntaken ~
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Y7745, Vector Add

Taken(1),
Not Taken(0)

Not Taken (0) / Not Taken (0) / Not Taken (0) / Taken (1)
LT Tee T Toe] el T fee] [o2] T o] ool T [oe[ Teol T T T [es [T 11
0 1 01 01 0 0

#define VSIZE 4
void vadd(long *A, long *B, long *C) {
for(i=0; i<VSIZE; i++) {
if (A[i1<0) error_routine(); BE
cli] += (A[i]l + B[iD);

} B2
}

Bl

*C = *C + (*A + *B)

HEHoO—4557 B3
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Bimodal (ISCA 1981)

Taken(1),
Not Taken(0) 0 0 0 1
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s DEFRLR(TOTS LA BIIBEEYIVEZS
= PETRLRIZEY/RG—VBER (PHT) DAV Ty I REER
s INE—UBEERIF2E YNNI ADEF.

Pattern History Table (PHT) floken Taken
Program et Strongly Weak]y
Counter entry Taken (ll) Untaken Taken (10)
flaken) " Untaken
N Prediction

Weakly Take“ Strongly
Untaken (01) Untaken (00)
Untaken

Untaken -/ 19
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Taken(1), Tl = ;
Not Taken(0) /Nmen ©) /Not Taken (0) f Not Taken (0) / Taken (1)
(LT T e TT T T TR [ [T [
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B2 47 sk 2 BE
11102 o
11101 ? 5 G
111011 ? Arr
B++
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taken
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BEDHKEE BDHIKEE BBEDHIREE
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0000000 ? ' ®
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* Gshare (TR-DEC 1993)
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GshareD =%

class Gshare {
int bhr;
int *buf;
public:
int size;
Gshare (int) ;
int predict(int);
void update(int, int);
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Gshare: :Gshare (int bpred_size) {
size = bpred_size;

buf = (data_t %)calloc(size, sizeof(data_t)):

for (int i=0; i<size; i++) buf[i] = 2;

}

int Gshare::predict (int pc) {

}

void Gshare: :update (int pc,

int taken) {
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Exercise

gshare MR

Gshare £

class Gshare {
int bhr;
int *buf;
public:
int size;
Gshare (int) ;
int predict(int);
void update(int, int):

Gshare: :Gshare (int bpred_size) {
size = bpred_size;
buf = (data_t *)calloc(size, sizeof (data_t)):
for (int i=0; i<size: i++) buf[i] = 2;

int Gshare: :predict (int pe) {
int index = ((pc >> 2) " bhr) % size;
return (buf[index]>1);

}

void Gshare: :update (int pc, int taken) {
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}
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Ut BE F T &=
Gshare &% FRIEE (FRISAE)
40
8KB hardware budget .
class Gshare | Gshare: :Gshare (int bpred_size) { 35 ® Bimodal
int bhr: size = bpred_size; B Gshare
int *buf: buf = (data_t *)calloc(size, sizeof(data_t)): 30
public: for (int i=0; i<size: i++) buf[i] = 2; =2 OBimode
int size; } 825
Gshare (int) ; . s e
int predict (int) ; int Gshare::predict(int pc)A( fZO I
void update (int, int); int index = ((pc >> 2) " bhr) % size; 5
1 return (buf[index]>1): 3
’ 315
3
void Gshare::update (int pc, int taken) { =10
int index = ((pc >> 2) " bhr) % size;
if (taken!=0 && buf[index]<3) buf [index]++: 5
if (taken==0 && buf[index]>0) buf[index]—;
bhr = (bhr << 1) | taken; 0
} TPy TYPYRIYRILTIYRTY &
Qaaaa EEEEE S=s3=zzzz2z2 g
bbb zzz2z2252222255555% g
w nun n n n <
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