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Prower data in KW for entire system
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Adapted from Computer Organization and Design._Patterson & Hennessy, © 2005
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Adapted from Computer Organization and Design. Patterson & Hennessy, © 2005

AhTTOty
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Executed Instructions per Cycle (IPC)
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Adapted from Computer Organization and Design._Patterson & Hennessy. © 2005
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Time {in clock cycles)
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Adapted from Computer Organization and Design,_Patterson & Hennessy, © 2005

T—43{&7F % (data dependence)

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

= EDT—AKTE (true data dependence)
= RAW, read after write

= & 7F (output dependence)

= WAW, write after write

BOT—2KE
= H{K7FE (antidependence)
= WAR, write after read

= RAR ?, read after read
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= SRIBL R4 (logical register)

MIPS Register File

Physical Registers

7 DO 32 bit
« TOTSIPIVIITHBRZBLORE Logical Register File 2 = 2d5’tc
. ata
. BHSSOT(—ILETIE 32 bis S addr 71 2 sic
= MIPSO&4EvhTlE RO - R31 EVSHEL U R4%FIA 5 128 datd
srcl addr —— 2 srcl lesEiions 2 src
2 acor 2 data dst addr —£ data
o3 . . Src2 addr 32 dst add 2 src
= ML TR (physical register) dst adid 45_; locations staddr =~ data
. TOEVHT—FTHFANLRZBLURA staddr , 2 <2 , 2
. TRHSTRAU AT DB RABBELAL, write data data  write data 7
« MEBHICEETILORS write data , data
RO — R31 write data 2 o
> data
write data 2 src
o o data
VYILIITIZKBLORABHIERZ
PO — P127
AdaEled from L‘um‘_;uter Orzanlzanan and Des:gn‘ Patterson & Hennessz, © 2005 WW
2HMEDLIOREYR—ZY AhZ-TOvy, (TS EFIFIIL—T
LORA-2vTT—=T I
Cyelel b $5,$1,$2 sub p9, p1, p2
add $9, $5, $4 0 0 add p10, p9, p4
1 1 —
IV)—=35 - 1\vT7 3 3 g_\7
- g N _ IF ‘ID/RR‘ EX ‘ MEM ‘ wB ‘
5 +5->0 —» dst = p9
heat 6 srcl = pl
7 ——*src2 = p2
dst = $5 g
11— srel = §1 9"l =>10
sre2 = §2 10 11 dst == 12 srcl ?
" dst = p10
dst = $9 e S
12 —— _ I srcl = p9
srcl = $5 _
src2=$4 —— 31 2 = X
10

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

Adapted from Computer Organization and Design._Patterson & Hennessy, © 2005
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Basic Pentium® |1l Processor Misprediction Pipeline
1] 2 | 3 | 4 | s | s |7 |8 | s | w
_Fﬂm | Fetch _n.:-.l._num Ikmr_RnumrIRDB!ulﬁdmh_ﬂimleh_ Eaee
Basic Pentium® 4 Processor Misprediction Pipeline
vz ales]w| 7] a]a]w ul e welegleen
TE R I | TE Faich Srivs Ao | Rwrame |Gus | Bch | Bk | Bch |Biop Gap WP W £ Age Be 4 Drive

The Microarchitecture of the Pentium® 4, ‘Intel Technical Report

POWER4 System Microarchitecture, IBM Journal
Adaeled from Cﬂmeuler Olganllamm and. Deslgn, Patterson & Hsnnessx‘ © 2005

ANZ-FTREvY (RATFAVDRD, R—18—131TF5
AV), AT ERIFIIL—T

12

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




A—I—ZAHN5TAtyH (ILTSLVD R, R—/13—
IRATFSAY), I 1TS54V EHfIN—T

T IONATA—EEFTDR—/A—ZAHS5TOwyH

IF EX MEM WB IF
IF EX MEM WB IF
IF EX MEM WB IF
IF EX MEM WB IF
13 14
Adagted from Cﬂmzule! Olzanllallan and Des:gn Patterson & Hennessz‘ © 2005 AdEEled from EHmEuIEI Organ/lal/ﬂn and DeS/Em Patterson & Nenness* © 2005
7 75 RO F B (505 F 8D Y7745 L Vector Add
#define VSIZE 4
void vadd(long *A, long *B, long *C) {
for (i=0; i<VSIZE; i++)
o . C[il += (A[il + B[iD):
TS LhHos Sl A
~_ (L D)
ST Bl
NREREGE _— B2 /Muc=+c+ (*A + *B)
iy =
o) 'I A *& i++
A++
B++
C++
i<4
False
. HBTO—557 B3 .
AdaEIed from Cumeuler Olganllamm aﬂdDeslgn, Patterson & Hsnnessx‘ © 2005 Adapted from Computer Organization and Design, Patterson & Hennessy, © 2005

27 V7E 5 F B Branch Always

Taken(1),
Not Taken(0)

Not Taken (0) /Not Taken (0) /Not Taken (0) / Taken (1)
/lHHBllHHBZHH\BZH\Hle\H\leHHBﬁlHH

Taken (1) Taken (1) Taken (1) Not Taken (0)

MBS REHE S D5

B1

= Branch Always: & I[Z4 AR 3L

DUTWESRTE 2EvbAILEAR

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

THEFETS.

. LosiTiE, FRMEG o
75%, SAFE25% g:

s FPRIOFEODAE)EBEELELN.

B2

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

i<4

False,
s FRIEERFEDHLDTIEAL. not taken A
rue,
B3 taken

17

bL—27—% (I [+ bk Ik
(HETRLR, SIEHER) / /
EERNSNNNNNNERRRRRRNNNNN
0040d6b8 1 0040d89c 1
0040d6bc 0 0040d89c 1 . 2EvRAYUAR
0040d6c5 0 0040d89c 1 Sy B
0040d6df 0  0040d89c 1 « KEIRRY, BRI A
0040d71f 0 0040d89c 1 . 2E WAL ADIREIZIE LT
Sododros o 00i0dea? 0 . FEOEHOAEYE2E vk
0040d7cd 0 0040d8c0 1 . REOFH
0040d7f9 0 0040d8c4 0
0040d81e 1 0040d8cd 1 Taken e

0040d80 0 aken
ggggigg : 0040d8c4 1 Strongly T Weakly
0040d7f9 0 0040d8cd 1 2 bit Taken (1) / Untaken ~_Taken (10)
0040d81e 0 0040d8c0 1 N -
0040d83d 0 0040d8c4 0 Taken 7+ "y o
0040d86d 1 0040d8cd 0 F ol
0040d86d 1 0040d8e7 0 “ 7 raken
0040d86d 1 00404923 1 Weakly Ne——= " Strongly
0040d86d 1 0040d7ab 0 Prediction Untaken (01)/ 7= — *» \Untaken (0L \
0040d86d 1 0040d7cd 0 v/
0040d86d 1 0040d7f9 0 Untaken = |,

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




Exercise

£ A B Advance

K4, #8#ES,
FEESI—IVMERET)

2E YNNI A AR DEEEL N LD EE

TwoBit::TwoBit () {

class TwoBit { Ch
ent =

int ont;
public:
TwoBit (int) ;
int predict():
void update (int) : T
I

void TwoBit: :update(int taken) {

int TwoBit: :predict() {

AdaEled from Cumzuter 0]2&/1/15!10/7 and. Des:gn‘ Patterson & Hennessx, © 2005 19 AdEEled from Eumﬂ‘!sr Gﬂan/lal/ﬂn and. DES/EH, Patterson & Hennessx‘ © 2005 20
YT ILTAY S L Vector Add Bimodal (ISCA 1981)
Taken(1) Lzl:eTna(lgh(O) /o /- /‘- /-
, 0
Not Taken(0) [T T Bl [ T T T [T TR TTT]
Not Taken (0) / Not Taken (0)/ Not Taken (0) / Taken (1) 0 1 o 1 0 1 )
(LT T Too T Tee] Tel T Tee] Tee] [ Tee] Tee[ T Teel el T [ e [T BE: 0 0 0 0
0 1 0 1 0 1 0 0 B2: 1 1 1 (o]
#define VSIZE 4 s DIETRLR(TOYTSLAIVER) BIZBEEDVEZS
void vadd(long *A, long *B, long *C){ = DETRLRIZKY/ISE—VBRER (PHT) DAV T I REER
for (i=0; i<VSIZi3; i++) {’ n INE—VERRIT2EYIYUADES.
Pt N BE
if .(A [i]<0) error_routine 0; Pattern History Table (PHT) fLakon Taken
C[i]l += (A[i] + B[iD); Program - Strongly N ¢~ Weakly
} B2 Counter entry Taken (11) _~ Untaken ~_Taken (10)
_ 5
} *C=*C+ (*A + *B) - Takcn/ - P /Umaken
e r's
False|  True ; .weakly En ..smmgly
%H ﬁl]j m] _9“57 B3 Untaken (01 ?J;ta}e; Untaken (0(1) )
21 T Zhit Untaken = | 22
AdaEIEd from CD/UEUIE/ Olganllamm aﬂdDE'slgn, Patterson & Hsnnessx‘ © 2005 Adapted from Computer Organization and Design, Patterson & Hennessy

OBranch Always
O 2bit counter
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Benchmark for CBP(2004) by Intel MRL and IEEE TC uARCH.
Adaeled from Cmneuler Dlganllamm andDeslgn, Patterson & Hsnnessx‘ © 2005

23

72U g PE

Tak 1),
ot Takan(©) e |

Not Taken (0) /Not Taken (0) /Not Taken (0) / Taken (1)

LT o T e T e [T T e [T T TT e [ ]
1 1 1 0

B2 53 s & B

Bl
1110 ?
11101 7 B2 *c:*c_-:i*A+*B)
111011 ? Ex
1110111 ? False, i<4
b not taken
11101110 ' B3 -return I;Eeer:'

24

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




O—A)L, P a—/N\ LIk ERE
Taken(1),
Not Taken(0) /0 /0 /0 /l
(LT Jeal T Teel Tel T Jeef Jeel T Je] [ed T Tee] Ted [ T [ Tes] [T 1]
0o 1 0o 1 0o 1 0o o
BE: O (0] (0] [0}
B2: 1 1 1 0
BEDHIZERE B2ONIEBERE  B2LBEDHILEBEE
0000 ? 11102 010101000 ? 1 (i=0)
00000 ? g - B
000000 ? i1iol .
0000000 ? t11o01l . &
OOOOOOOO ? 1110111 : False True
11101110 ? 83 [rotum
O—DLAERE D—ALSEBME  JO— LAREE e
AdaEied from Cﬂmzulw Olzanlzaﬂan and. Des:gn Patterson & Hennessz‘ © 2005

Gshare (TR-DEC 1993)

s JO—NILRIEEEEDIETELAEDBHRERICKY/A—VBER
ANDATIIREER

« SNE—UBERE2EVMANB AL ADEST, BIRESN2E VAL ED
fBI=&Y kA % F Al (bimodal&RIL)

« DEHFEREAWT, FRICRALLAY U SEEN
010101000 (¥ ThLPR%A)

Program
Counter ranch History
ister (BHR)
Taken T ke
H aken
Pattern Hlsto;z‘ T ;ble (PHT) Strongly Weakly
eniry Taken (11) Umken Taken (10)
Taken ~ < " Untaken
n Prediction 2
Taken
Weakly <— Strongly
Untaken (01). - Untaken (00)
Untakon ,
Yo
2 bit Untaken ~
Adapted from Computer Organization and Design, Patterson & Hennessy, © 2t

GshareMHEREL N JL (DR

Gshare: :Gshare (int bpred_size) {
size = bpred_size;
elass Gliare buf = (data_t *)calloc(size, sizeof(data_t));

typedef int data_t:

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

public: ) )
int size; int Gshare: :predict(data_t pc) {

Gshare (int) ;
int predict (data_t);
void update (data_t, int): }

void Gshare::update(data_t pc, int taken) {

Gshare DHEREL N )L ) &k

Gshare: :Gshare (int bpred_size) {
size = bpred_size;
olless Eiare 1 buf = (data_t %)calloc(size, sizeof (data_t)):

typedef int data_t;

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

public: . )
int size; int Gshare: :predict (data_t pc) {

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

Gshare (int) ;
int predict (data_t) ;
void update(data_t, int); }

void Gshare: :update(data_t pc, int taken) {
int index = ((pc >> 2) " bhr) % size;
if (taken!=0 && buf[index1<2) buf[index]++:
if (taken==0 && buf[index]>0) buf[index]--:
bhr = (bhr << 1) | taken:

27 28
AdaEied from Camzuler Olganllallan and. Deslgn, Patterson & Hennessx, © 2005 AdaEed from Camﬂt?l Ozamzatron and | Des/zn, Patterson & Hennessx, © 2005
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Benchmark for CBP(2004) by Intel MRL and IEEE TC uARCH. 29 20
Adaeled from Cgmeuler Dlganlzamm and. Design_Patterson & Hennessy, © 2005 AdaEed from Camﬂtﬁl OEin/zaﬁon and | Des/gﬂ, Patterson & Hennessy, © 2005




