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| .
oo is not ‘in’ccwup’cﬁd at any Hm

_ . -
tdle C\gcles' ;G)ﬁ:callj +he PY?T

instruckion  weve P‘Qccd

PFPC’HOE(J Opeva

and theve are NO

excecuted as if the bra nch

1 i tares place on¢
aller the Shift ‘nstvuction : (Branch ng

branch tnstruction
heve - the
1 ] qler than @
instuction | b e

Appears tn the ‘nstruction Sé’qmnce

"
hCnCC the NaMme d dfl(l\yta bYClﬂCh‘

Scanned by CamScanner



-‘ ".‘6\_'anch PveJiH_-fOﬂ_f”

G_Pt’-CLl!O{:?Vt‘ excecution means that instructions O
€xcecuted before the ProcessoY g Certain that 'H’Pfj
A€ I Correct eacecution Sequente — o (Time

C{OC,C Cﬂde I 9 3 u A (4

Insiyuction
f, [ D& |w

T D
T9 (Branchyo) ks 2/‘32 G:J

] een incoyrect
ffj ,mloj when o branch decision  has b Iy

Pred.cted as not talen:

An ?Ocovrec{lj predicted  branch I8 for a fm\r—s*tagc

P‘on""")f" Compare instruction followed !19 a Branch>0

*nstyuckion- Branch prediction takes place io C\chleg-
while fngiruction I3 8 bffl’)d ferched: (The felch unit
predicts  that the bvanch toil not be taken
T, as I3 €nters the

, and it

(bdinues 1o Petch instruction

ADecode 5M9€~
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B more flexible Qpproach is 1o have the Gompiley dec;’d‘i3

Whether a given branch Instruction Should  be predicated

0 " S
taken or not talken- (lhe branch instructions of ovome

PTOCESSDYS, Such as  SPARc, IncClude a branch pr(’di'CJt'O“‘

B, which ig Set to 0 or 1 Ey the (ompiler- to indicate

the desived behaviour:
INith elther of these Schemes, the bvanch pvr:clf‘cHofJ

fme sven InStructibo
decision is a]wa\(j\g the Same Evﬁ:j time a j

approach that has his Chavacteristrc

\$ excecuted » Hnj
proach

is Called " Slatic Branch Prediction’™ MAnother GP
‘0 (ohich the prediction decision maj Ch‘mﬂe depf’ndfnﬂ
60 excecytion h.’siog Called "djﬂﬁmlc Branch I%Juchon
D\!jnam?( (Banch Aedtction:

_____ 2 hb;gnch Pved;ch’on alﬁoﬁ’chms

a co‘ror)j decisron, to

ig 10

GFGJ Oth’c-l:vc of

Yeduce the probabxhili va mOklnj

1o be
nstyuctions that even{uaw have

Qvord fe{chfnﬂ

discarded:
n dj naM-C

0 Schemes , the  Processor

branch Predictio
|:lcelthood  ©
of branch decisionNs

’a S?Vm branch
hardware 08s€sses the

be’lnj taken by Iccefﬂfjj

EVEVj Hme  that instructron

+rack

ts  excecuted
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_ -
r (The alﬁorﬂhm may be deccribed bfj the {we- State

Machene in (The +two States ave:
LT: Branch is I”Ct"j +o be talen
cen -
LNTS Granch i g llolcflj Nnot to be taie

B?Qﬂth chlcer’) (BT)

BNT | .
(=] e

Branch not  taken (BNT)

Q) A 9-state alﬁovi%hm

BT

GNT

BNT

(b A ,-State OBorffhm°

f.ﬂ State machine vepresentation of bvonch-pveclfch’oo

Cllﬂori'-thms

SU[’POSC that  the alﬁon‘{hm ' Starled io Slate LNT-
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Ihen  the banch Snstruction fg excecuted and ¥ the ;-
branch g taren, the machine moves +o State LT Otherwis
W vemains M state (NT, the branch i predfcated as

i dhe Gjrrfspondioﬂj Sigte machine is in State LT

An alﬂmHhm thot uses Hour States, thus yvequivifg
fwo  bits of h;gtorj tnformation for each branch Tnstructio:

(Mhe four Slates are:

ST Sjcvor)j|j lfICC’lﬂ o be ta)cen
L; L."lcerj 4o be daen
LNT * L?lcelj not fo be talen |
SNT" SJcronﬁlj l."k(’lj not +o be talcen

Ihe State 70f0rmoh‘on used 3n djmm?c branch
predication a!ﬂovi‘%hms may be lept bj the processor
in a varfﬁj of wads- Tt moj be yecorded n Q loolc -up

0 i lom—mdfv part of
table, thtch fg accessed using he

TL sible +00
the branch instruction addvess: 4t 'S Possi for
branch instructrons 1o Share the Same table en%U.

] ' bl
An Qternative appmaci) °s to Store the Bsfmjy S

) 'nS: ‘ong 1N
as a +aj associated ©ith branch °nsiructio

the S$nstructton  Cache:
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¥ '—‘-ﬂflumce on Iﬂshudfon Set :-

_Qﬁdie&s?nj Modes :-

Qdd\'t"s.sfnj modes  Should provide the means for

QCCESanj a Varfety of data §kructuves S'Dmplj s

?OCJE’XJ

efff’ci’en‘ﬂj' Osefull addrESS?nj modes  include

_ nt’
‘ndivect, Quioincrement, and autodecreme
ame Q S?mf’f

qo—Compare \Jarious approaches, W€ ass "

the mf‘mod'

model  for thess?nj Operonds N
ces fwe Cycles to

lad Snstruction Load x(e1),R2 ta
Comple’c(’ excecution:
load (R1), R2

. Q it
r!h—f-l nstruction  Can be G\Tjamzed to :
aS Compu%atfof) 1S chuwe .

a wPOUv- S%aﬁc

pfpeline  because PO addre

Load (X(RY), R2

en 1o the instruction word: AEter Compu ting

staj

dd"fss ] ) ’EIE 3 l)e |:|0Cf‘5507 ”Ef (]8 -l_o CCES\S

tl]e O. ~ ! '] a

me Y {-U)Ia(“( = '\f‘l'st +O ifad fOCQHOl') X [‘2 lJ in
mOj : |

+wo Cycles with
0 Cjclf-o’ which Can be reduced to TWO Y

Qpevand forwar di’nﬁ -
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Clocrcf\njue ! J 3 Y ] & .

load ’ F | D } x <+ [ef)| [x+ (D |[ % +p1]M
\FOrmowd
e | o ]m )

mOcJG

(Q Complei addve 667?9

Add - 0 / x+(R1) [Aj
e \\
load L F / 0 '[x:[r?ﬂ@

™~ '
load [F o |[x +[R1]]]}LJ

Next ‘nstaction l P ] 3 l 'MJ

by Stmple addressing mode ‘
‘Prfj g ﬁqu?volemc Operations QG?T’J Qmplex and Simple
addvess! nj mo&es

(To trplement the Same Asad Operation using Onj

ns:
8impl e (lddvessi’nﬂ modes Tequires Several nstructio

for examples

Scanned by CamScanner



Add X, Re, R2
Load (rz),R3
load (R3),R2

- R
qF; Add instruction PGonvnms the Opeyafloo RQéﬂX4ij

then the
he load fnstructions fetch the address and e

Opevand Lom the memory-

o often
The addvessi’nﬂ modes used 10 modeyn ProCessovs

hQVC -!:he follo(_o;’nj -fea{'urf’s-

] oné
X Access to an Operar)d does not Yequive move than

access +o the memory OPHOOJA
¥ Gnlj load and Store tnstruckiong OCcess MeEMOT]

’de e€fects:
* fhe addvessi’ng modes used &b not have S

(andition Codes -

—-— =

— - - -
- i

— o = e

(The Cond'4ion Codes flajs are

processor  Status Tej?s%ew ﬂFEj ave €ithey
An  Optimizing Compilev
Snstructions

Slored n the
get o Clea ved

-Eor Q

bj mang *hotyuct’ons -

attempts 4, reorder

pipelined ~ Processo”

when branches oOr
lh’nj the

—[’0 S 1 ||°ne
¢ {‘Q P'tpf
GYOId |
d{o Clef:aer)c)er)f!i'f's b}w SUCCCSSIVE’

Q

'nstyqtions or
aghuckion  Occur

i
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FICI(] R1, R2
G)mfvore R3,Ry

Gvanch=o -

- Q) 9 PrOjvom ‘ErOﬂmenf

Add R1,R2
Gronfhto

b) Tngtvuctions ITEOYJEYCJ

-f"fj'- Tnstvuction *eo"dey"ng‘ |

d
that the excecution 0¥ the (ompare QN

Assume
I the branch c’c’cf’sfoo

BYOﬂCh:O ?ﬂs{:ru({l’of} Proceeds as
{4
tares place in Step €2 Yather than Oz because

the Gbmpave instruction -

the vesult OF
| n Can

must awart .
of +the branch ingtructio

(The eacecution time |
ﬁ'n{erchonjmj the
4he branch ?Os{vuc%n’ofj

d b add and Compare
be Yeduced j

instvuctrons, Clheg will delaj

bj One  Or Cﬂcle relative 1o Compme ‘nstruction .

(These  Observations lead to two Tmportant

Condition (odes Shoad

Conclusions Qbout the way
be  handled: Fivst, o provide flfl?b?l?{y in veovdering
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FDS{-"UC{I.OI‘]S: 'khe COO(JI'{-PO") = CO(‘G -PIOSS ShOu\a tﬂ
o ; d
affected by as Prwo inshructions as pPossible Second,
.p. 3 cohich
the Comp?ler' Should be able o Spech?j 0 i

oy Qv e
instruclions of a Projrom the Condition Codes

. MNhe SPARC
afPected dnd o @hich Jchej are not h"
Plexibilly

and ARM archMectures provide this
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