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Correlated branches

* Fora (1,1) predictor: each branch has two different
branch prediction buffers:

Predictor used in case Predictor used in case the
the previous branch in the  previous branch in the
application has not been application has been taken
taken

()
* The content of the two branch prediction buffers are
determined by the branch to which they belong

« Which of the two branch prediction buffers are used is
depending on the outcome of the previous branch in the

application
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Correlated branches - example

it ( d==0 ) BNEZ R1, L1 'branch bl
d = 1; DADDIU R1, RO, #1
it ( d==1 ) L1: DADDIU R3, R1, #-1
BNEZ R3, L2 'branch b2
L2:
Initial value d==07? bl Value of d d==17 b2
ofd before b2
2 No Taken 2 No Taken
0 Yes Not taken 1 Yes Not taken
2 No Taken 2 No Taken
Yes Not taken 1 Yes Not taken
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Correlated branches - example

BPB bl

bl act.

BPB b2

B2 act.

NT/NT

NT/NT

AN

\

\

\

\

» the branch prediction buffers for the branches b1 and b2 are assumed to hold
the prediction ‘Not taken’ for both option (previous branch not taken/taken)
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Correlated branches - example

d=? BPB bl

bl act.

BPB b2

B2 act.

2 NT/NT

NT/NT

AN

« assuming BPB for b1 uses the ‘Not Taken’ predictor because the previous

branch in the application has not been taken

— BPB for b1 predicts that b1 will not be taken
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Correlated branches - example

d="? BPB bl bl act. BPB b2 B2 act.
2 NT/NT T NT/NT

A
x
1

— BPB for b1 predicts that b1 will niﬁot be taken
— b1 is taken (see table for d=2) |

Initial value | d==07? b1l Valueofd | d==1? b2

of d i before b2
2 No Taken 2 No Taken
0 Yes Not taken 1 Yes
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Correlated branches - example

d="? BPB bl bl act. BPB b2 B2 act.
2 NT/NT T NT/NT
T/NT

— updating the ‘Previous branch has not been taken’ part of BPB for b1 to

T

aken

— because b1 has been taken, the ‘last branch has been taken’ part of BPB
b2 will be used

— BPB b2 predicts, that b2 will not be taken
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Correlated branches - example

d="? BPB bl bl act. BPB b2 B2 act.
2 NT/NT T NT/NT T
T/NT NT/T ‘

— b2 is taken (see table for d=2)

— updating the ‘Previous branch has been taken’ part of BPB for b2 to Taken
— because b2 has been taken, the ‘last branch has been taken’ part Of BPB
b1 will be used :

— BPB b1 predicts, that b1 will not be taken

Initial value | d==07? bl Valueofd | d==1? b2
of d before b2

2 No Taken 2 No Takeh
0 Yes Not taken 1 Yes Not taken
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Correlated branches - example

d="? BPB bl bl act. BPB b2 B2 act.
2 NT/NT T NT/NT T
0 T/NT NT NT/T

x

— b1 is not taken (see table for d=0) — matches prediction!

— update of BPB b1 does not modify any entry taken

— because b1 has not been taken, 'the ‘last branch has not been taken’ part of
BPB b2 will be used

— BPB b2 predicts that b2 will not be taken

Initial value | d==0? bl | | Valueofd | d==1? b2
of d 3. before b2

2 No Taken 2 No Taken
0 Yes Not takeh 1 Yes Not taken
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Correlated branches

A (2,1) correlated branch predictor

— Uses the behavior of the last 2 branches to choose from 22
different predictions

— Uses a 1 bit predictor for each of the 4 prediction buffers

Predictor used in Predictor used in Predictor used in Predictor used in
case the previous 2 case the previous case the previous case the previous
branches in the branches have the ~ Pranches havethe 5 pranches in the
application have history :second last ~ history: second last  gpnpication have
both not been taken  branch not taken, branch taken, last both been taken
(00) last branch taken branch not taken (10) (11

(01) \ / /
(W)@)i(c)r (o)
w gg);acr: giif:i&Computer Architecture m




Correlated branches

How do we know which of the four sections of our

branch predictor to use

— Need to record the behavior of all branches in the

application
Initial value d==07? bl Value of d d==17 b2
of d before b2
2 No Taken 2 No — Taken
0 Yes Not taken 1 /@ - Not taken
2 No Taken | —7 No Taken
0 Xes | Nottaken— 1 Yes Not taken

L=

e.g.
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Correlated branches

* For a (2,n) branch predictor, the last two branches are
relevant
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2-bit global branch history
(implemented using a 2bit shift register)
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Correlating Branches

|dea: taken/not taken of
recently executed
branches is related to
behavior of next branch
(as well as the history
of that branch behavior)

— Then behavior of
recent branches
selects between, say,
4 predictions of next
branch, updating just
that prediction

(2,2) predictor: 2-bit
global, 2-bit local
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Branch address (4 bits)

2-bits per branch
local predictors

—l Prediction

18
LN
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i

2
2-bit global

branch history
(01 = not taken then taken)

Slide based on a lecture by David A. Patterson,

University of California, Berkley
http://www.cs.berkeley.edu/~pattrsn/252S01 (2




