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hIx�v �=p hXx�w [�q i=k¡w q ^�]nf"��x
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c
b

B

Ai
Bi

� h �%o@p ]Mv;��w�km��x=� Z%¤�q � hXfm��w � � q wg£;f

else Ci=B+1
if (type(S)=return) then Ci=top(RAS)
if (type(S)=cond) then if (Pa=T) then Ci=target(S) else Ci=b(S)+1
if (type(S)=uncond) then Ci=target(S)

if (S valid) then
S=top(SAS)

else Ci=B+1
if (type(AaN)=return) then Ci=top(RAS)
if (type(AaN)=cond) then if (Pa=T) then Ci=target(AaN) else Ci=b(AaN)+1
if (type(AaN)=uncond) then Ci=target(AaN)

if (AaN hit) then

else Ci=B+1
if (type(AaT)=return) then Ci=top(RAS)
if (type(AaT)=cond) then if (Pa=T) then Ci=target(AaT) else Ci=b(AaT)+1
if (type(AaT)=uncond) then Ci=target(AaT)

if (AaT hit) then

else Di=C+1
if (type(S)=return) then Ci=top(RAS)
if (type(S)=cond) then if (Pb=T) then Di=target(S) else Di=c(S)+1
if (type(S)=uncond) then Di=target(S)

if (S valid) then
S=top(SAS)

else Di=C+1
if (type(BbN)=return) then Di=top(RAS)
if (type(BbN)=cond) then if (Pb=T) then Di=target(BbN) else Di=c(BbN)+1
if (type(BbN)=uncond) then Di=target(BbN)

if (BbN hit) then

else Di=C+1
if (type(BbT)=return) then Di=top(RAS)
if (type(BbT)=cond) then if (Pb=T) then Di=target(BbT) else Di=c(BbT)+1
if (type(BbT)=uncond) then Di=target(BbT)

if (BbT hit) then

R

N

T
case (Bi->Ci)case (Ai->Bi)

T

N

R

b Bi->Ci
Ci->Di

Ai->Bi
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target(Cc)
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c
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type(Bb)
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Ci=Pp+1 Cc

BTB

Second Address
Stack

Return Address
Stack

Bb

DiPi Pp

procedure

Pp PpR

Pp+1

Return Address
Stack

Second Address
Stack

Bb

DiPi Pp

procedure

Ci=Pp+1 Cc

Ci

Ci->Di

Bb

DiPi Pp

procedure

Ci=Pp+1 Cc

PpR

BTB

c, Cc type, Cc target

(a) - Call Pp is detected at fetch time, the stacks are written

(c) - Branch Cc was mispredicted, the BTB is updated

(b) - Ret Bb is detected at fetch time, the stacks are read
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IF1 IF2 DEIAG1 IAG2

IAG IF1 IF2 DE

(a) single-cycle Instruction Address Generation

index

index

tag
match

(b) double-cycle Instruction Address Generation

IAG2 IFIAG1

cycle t+1

cycle t+2

cycle t   ->Bi AiAi->Ci

Bi->Di Ai->Ci Bi

Ci->Ei Bi->Di Ci

(c) Pipelined Address Generation timings
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Instruction Cache

Branch

Buffer
Target

Ai->Bi

Bi

Address Generator
Ci type

type

Bi->Ci

IF

IAG2

IAG1

Bi

B

Branch
Prediction

Table

Pa used?

b

a

RAS SAS
AaT AaN AaRPa
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w�hIxehI��f q�� ]�i=fg]	v0k q t=��t�]�����x=]ak [ ]�h}vPv p ]�fgf%�}]�xP] p hXkm� q x0t pmq w�]�fgf qI� ] p k ¤�q w�l=w���]�f%��x
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^0]�^ qup l%fmk p i�w§kmi p ]�f	� � ]�h p ]�� q;q £N��x=�
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