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- Tomasulo Algorithm =Ex

1. Issue—MFPIE{ERASIFREVIES

— WNERRSZAR(no structural hazard), MFZEHI &GI8 SFIRE
£ (renames registers).

2. Execution—operate on operands (EX)
- i—%ﬂ’&l’ﬁﬂ’ﬁé MR, FelLALT

RigBESRY, WEENCommon Data Bus LASREXER
3. Write result—finish execution (WB)

- %%_é:égﬁj‘@%i%mmon Data Bus{& 25 FiB F A 45 RAVERA;
7N A

- EFREUELM
1. Instruction Status
2. Reservation Station
3. Register Result Status
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. F’Ee%saervatlons stations: F{FsaEaaA, EHiEE

— Lﬁﬂ TScoreboard E:l Uifﬁ’q’:ﬁ&ﬁ’ﬂ WAR, WAW hazards
— PO AN ETT

. Z:%E?EZISHE(IU%H, RRIEHIEX)

‘'

— Dynamic scheduling
— Register renaming
— Load/store disambiguation

 360/91 |5 Pentium IlI: PowerPC 604: MIPS
R10000: HP-PA 8000 Alpha 212641§FH Xy

A
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Review: TomasuloE;&SCHEIAEEZHIT?

» FFSREMARA

- AEEHEIME A RIRSYIES 778 (dynamic

loop unrolling).

— BB ST R R NI SEHF=ei8
£T “pointers”

— BXRHEEIN Y EFFEas SAFAIAR/N

- KiE: BEEMFwMKkTT, LIEERLTISA
TR FRRSR(E

N\

5/7/202z2 ~ Xxhzhou @ustc 4 4



MULTD F4, FO, F2
SD F4, 0 (R1)
SUBI RI1,R1, #8
BNEZ R1 Loop

« 1IZMultiply13BitER4 clocks
—Rload Z£8 clocks (cache miss), 582iR

* B—
UJ= 1F11§ I:|:'(h|t)
’E@#_L, TEEAiIth5HSUBI, BNEZfY
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Loop Example

Instruction Status

ITER Inst. [ j K Issue Exec WR Busy Addr Fu
1 LD FO O R1 1 2~9 10 Load1No
1 MULTD F4 FO F2 2 11714 15 Load2No
1 SD F4 O R1 3 15 16 Load3No
2 LD FO O R1 6 17 18 StorelNo
2 MULTD F4 FO F2 7 19722 23 Store2No
2 SD F4 O R1 8 18 24 Store3No
LD FO O R1 11 25 26
MULTD F4 FO F2 24 27730 31
SD F4 O R1 25 26 32
Register Result Status
Clock R1 FO F2 F4 F6 F8 F10 F12 ... F30
0 64 FU Load3 Multl

5/7/2021 xhzhou@ustc 6



5.1 {ESRITHESHARSSIES AR
ILP Rz Hk k14 iR)RR
B RS RIE S &FH1T
EARRRNAHESEHT

5. 2845 A RIS S RIHT

5.2-1 I8 STEE B A Z—: Scoreboard
5.2-2 IS MEISTEE AL Tomasulo
5.3 BTN E
5.4 BFE{FAUHENRIT

5.5 FEETNAAEHR RS LIHRA
5.6 ZLIERA

5/7/2021
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53 FXFMFEE

=T BHTHY == BTBHY

53 3T 25 32 Tl

1, FEZAR2-bitFiim2e 1. X BIrEAX
2. RERFMZE (PR FmEs) 2. Return AddressTii;N 25
3. HETNEE

5/7/2021 xhzhou@ustc 8



- ESTEN R EALAREEITTEIA R
» WAL ISR ER?

— Qut-of-order execution -> out-of-order completion!

» W{RLiE 322
- A T ARSI A R I PT LARE IR 052

FE<T IR

5/7/2021 xhzhou@ustc 9



+ ELERRINK T LSRR EIME
- EEIEIESRIRBTHEY, FFEesNAPulgesEaHE
SHNEITE
— NRXLEEAESHITIRERE-E, &AD?
—  {5l40: DIVD F10, FO, F2

SUBD F4, F6, F8
ADDD F12, F14, F16
+ =& "rollback” FFSRNXHZEIFEEAIIAES:
— MRS X E2EIR[EEUES
- MBI BIFEIE S HE R
. HIEHHEOIRER a5
- LSRR ENEAR: INFER (BRIRAS)
— BMRAIES =R INE VRS IE<S ATl EEE]

5/7/2021 xhzhou@ustc 10




H TR RS TR ERIRER D 3!

- EEAEARGIFR, Bl)EREEMF LR
BRI SZARE, LAMEHRITEAESHIT!

Loop: LD KO0 0 R1
MULTD F4 KO0 F2
SD F4 0 R1
SUBI R1 R1 #8
BNEZ R1 Loop

- MRS ZEHMIESHBIRIRKR EL7D??
— EEREIN D25
— WMNERZ3ZATN, BAIFT ARSI TER
 XFsuperscalarf/l2FiX—[a)E NS,

5/7/2021 xhzhou@ustc 11




BB SRR TIN
- {EHIFEK:

FI e BRE RIS (CHIER, BAREFEX.
— R HIERXT K A B I R BER SN AERS T &R TE
REXEZ
FIHHEE—IRIZFTATSHIEEHIESX
y EJI&EE%EJE%EJFEIEE’\JI:WJT K, B R EEIEFT

FESRIES, RETE—FIESHITIEFAIE N IDEEERER
=4 TﬁZEEI’J

- WIERAEEH R E S lERIEHIHRI TR -
— BRIk E&GeEZIEE TIE
— DR S eI B I ERFORERAY T hE

5/7/2021 xhzhou@ustc 12




5 S A EEERYES N

- (BRSTE—FEKERRKER, ERE—RT

HElfE B tritiit

/ i+1 i+2 i+k-3 i+k-2 —

Output

i-1 i

\ p+1 p+2 p+k-3 ptk-2— Output

« F B EfRNE IR
I}Ib7j<é£': BZ N R ERE
BElE R ERF I TER R LSRR

\

- Al SER GEERANETRE, (FEXEERAT,
—EABEINE S FesfIEFEEIIIAN S,

5/7/2021 xhzhou@ustc 13




SRR XK S ERERYS

£

- RN F—FBEKERRKE, BIFFFSZAEImD,
EBAERT, 8/X93% "HHE" 18iSRk-11 I th/E
i, (RS D ZE—RREFRATGRILLGIAp, R

HARY

s

DTN AHEEE" SREE, T “HEET AIEEERAq.

P 3 SZTXT IR RIS,

- 58 FIFEBIESMWRKGHIFZMRX, BaRIERK

JEhE R A X R,

. FEMRILARERSTRN “Static” (at compile time) FE

=Syl “Dynamic” (at runtime)

— flan: —MEMEBIRI00R, BRI IIIOR, LRARKL.

— REHZIN vs. BEDTTM, WAT?

5/7/2021 xhzhou@ustc
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53 FXFMFEE

E T BTBHY

73 3 T

1, FEZAR2-bitFiim2e 1. X BIrEAX
2. RERFMZE (PR FmEs) 2. Return AddressTii;N 25
3. HETNEE

5/7/2021 xhzhou@ustc 15



o XmNNiES st EIEEEER
— O >FNTEERN ERSERk?

— FRNESRITEURZ O a2 A7

— FESRIE RS R NI ?

.« FRMERRYSTSR
— BT BHTERAIFUNIZS

- EARR2-bitFulles  (CEFOFONES)

o KEXFZE (Correlating predictor) or 2Z%Fullgs:
GAp (Global History table and per-address predictor table)
— Multiple 2-bit predictors for each branch
— One for each possible combination of outcomes of preceding n branches
PAp (Per-address history table and per-address predictor table)

— Multiple 2-bit predictors for each branch

— One for each possible combination of outcomes for the last n occurrences of this
branch

* Tournament predictor: Combine correlating predictor with local predictor

— (RHCEBUE<SHI™

* Branch Target Buffer
* Return Address Predicator

5/7/2021 xhzhou@ustc 16



: Mext fetch address : Fetch address : Instruction Cache : Instructions drive :
I prediction I calculation I ACCESS | todecodestage |
| | | [ |
| | [ |
| = | .. i |
" B 8l rcane (|g]] 5] B,
E& o | = Dhata Ao 2 E i |
| | = |
| e B mre -
| | \T\ |
I Mext Z'; T T I
| L | |
I sequential _ L I
: icaisiin | el | |8 I-Cache | & :
| | =g B L Tag =)= |
| | z Amray oE |
| T Brunch | [ |
11 P : :
| | [ |
| | [ |
| | _ﬁ [ |
I Retun I I I
L Adaess | | e e |
—s H
| Stack | = y | |
s | : :
| | | [ |
| | Mext fetch gddress from branch masprediction or exception |
| | |
| | |

5/7/2021 D S IUTE B A ER STk ? 17



PC

. RIBEEREH B (FIPC)RFIFIRS
+ IRIECPREER (outcomes) BFIASERE
. HIASRETNEGHE)

5/7/2022 ~ xhzhou@ustc



Dynamic Branch Prediction

© ASHIN: RSB LREER Z{TRIZIENSEE

- ERAICEEEE:
~ AMERCR RS SEE \
— WHARIEFMCRIVERHEER, FTUNEBIAE (BHEEsA D)
- EERE
— EFBPB(Branch Prediction Buffer)gBHT(Branch History Table)
 1-bit BHTFO2-bit BHT
* Correlating Branch Predictors
* Tournament Predictors: Adaptively Combining Local and Global Predictors

— High Performance Instruction Delivery (LB m)
- BTB
. Return Address Predlctors

. | dl Fetch U Ez2m YEAEERS,
e g

« Performance = f(accuracy, cost of misprediction)
— Misprediction  Flush Reorder Buffer

5/7/2021 xhzhou@ustc 19



1-bit BHT

T

Predict CO D C 1) Predict

Not taken NT taken
. Rig:
a.

— Nottaken | taken Bk¥e | ABEEE (IO K)

— FRNEREZR (Accuracy), FUERZR(Misprediction)
« Branch History Table:

— SIESHIPCAUKIZS|

— ZRICR IR R EAID

— AMEptite s

— 1-bit BHT

+ [B&E: fE—METR, 1-bit BHT 1ESH2iX 5 2 FulligiR
— BRIR—EIREI L0IRAVE SRR EL
- Fa—XER . BETU S, REXREEERHER
— BUXIBIA: BUETRN ABEE”, IXIRSERR L J9RRE)

5/7/2021 xhzhou@ustc 20



2-bit BHT

 BRRIME: 2(LicFRIZHEB
- Blue: stop, not taken (AH5%)
 Green: go, taken (H%%)

5/7/2021 xhzhou@ustc 21

Predict Taken Predict Taken

Predict Not
Taken



SPECES Sipace
benchmarks

li 1139

D% 2% 4% 6% 8% 1t 12% 14% 18% 18%

Freguency of misprediciions

FIGURE 2.8 Prediction accuracy of a 4096-entry two-bit prediction buffer for the
SPECS9 benchmarks. The misprediciion rate for the integer benchmarks {gocc, espresao,
egntott, and W) is substantially higher (average of 11%) than that for the FP programs (aver-
age of 4% ). Even omitting the FP kernels {nasa7?, matrix300, and tomcatv) still vields a higher
accuracy for the FP benchmarks than for the integer benchmarks. Thess data, as well as the
rest of the data in this zection, are taken from a branch prediction study done using the IBM
Power architecture and optimized code for that system. See Pan et al. [1592].

5/7/2021 xhzhou@ustc 22



FIGURE 3.9 Prediction accuracy of a 4095-entry two-bit prediction buffer versus an

o 15

’
Fe ]

03

rnair 00 0=

1%
tomcathe (il
ot

doduc N 5-:

Lty
. -
Spice os
SPECag K
R . -
= e o

I |2

L 11%

. -
ESpresso e

egriboct [ 15

18%
. 10%
' 10

0% 2% 43 L) E¥% 10 12% 14% 18% 18%
Frequency of mispredictions

B 2095 enries: O Unmited entries:
2 bits. par eniry 2 biis per entry

infimite buffer for the SPECES9 benchmarks.

5/7/2021
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BHT Accuracy

o« 3FRNERAYIRE:
— FNEEIR
— AF(ERAPCRYRUEBHTER, HJaei52lfE=R
P EEIER
« BHTFEREIA /AR
— 4096 INAYZERD STFUEIRAVELHI91% (nasa?,

tomcatv) to 18% (eqntott), spice at 9% and gcc
at 12%

- NI, XHESTRERE L FREHR
(in Alpha 21164)

5/7/2021
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O At 4
o {5121 SUBI R3,R1,#2

if (aa==2) aa=0; BNEZ R3,L1 : branch b1 (aa!=2)
If (bb==2) bb=0, ADDI R].,RO,RO ;aa=0

. L1: SUBI R3,R2,#2

if (aal=bb) { BNEZ R3,1.2 ‘branch b2(bb!=2)

ADDI R2,R0,RO ; bb=0
L2: SUBIR3,R1,R2 ;R3=aa-bb
BEQZ R3,L3  ;branch b3 (aa==bb)

O W4 R
b3 543 b2 flb1tHE,
IR b1 b2ER 7 S AR, Nb3— & K
g N

5/7/2021 xhzhou@ustc 25



 Correlating

predictors ¥ /&

RTINS :

— O3 FUNEERIBEE
ft oo SZHYA 735EL5
17T

- T{EIRIE:
— TRIE— A ERR YA

?%EA RIS

5/7/2021

BNEZ R1,L1 ;branch b1(d!=0)

ADDI R1,R0O,#1 ;d==0, so d=1
L1: ADDI R3,R1,#-1

BNEZ R3,L2 ;branch b2(d!=1)

L2:

xhzhou@ustc 26




PR FUNEEE A TEIRIE

 {&g &dﬁ’m#‘%ﬁ ﬁleJo 1, 2 if (d==0)d=1;
B R BIPENIL gtE %
. HIJE%ZIKEI’M bit 2-bitFuM FE&R% BNEZ R1,L1 :branch b1(d!=0)
EF X ADDI R1,RO,#1 :d==0, so d=1
L1: ADDI R3,R1,#-1
) 7 252 BNEZ R3,L2 ;branch b2(d!=1)
[nitial value Value of d
of d d=="? bl before b2 d==1"7 h2
(] ves not taken l Ves not taken
| Mo laken l VEs not taken
2 N laken 2 no laken

FIGURE 3.10 Possible execution sequences for a code fragment.
5/7/2021 xhzhou@ustc 27



s FRIKABIFIIR{EE2FN0 (8] #E

. FLOHTONEE, VG E AT Tk, TRmHM BhEE",
NTm U AR Bk

« FRR: XERFYIEIRFUMNERSE, TUNEIRZR100%

BNEZ R1,L1 ‘branch b1(d!=0)

ADDI R1,RO,#1 ;d==0, so d=1
L1: ADDI R3,R1,#-1

BNEZ R3,L2 ;branch b2(d!=1)

bl b1 New bl b2 [ New b2
d=1 prediction action prediction prediction action prediction

2 NT T T NT T T
() T NT NT T NT NT
2 NT T T NT T T
() T NT NT T NT MNT

FIGURE 3.11 Behavior of a one-bit predictor initialized to not taken. T stands for taken,
MNT for not taken.
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Correlating Branches

- HEABE: 188 (1, 1)
- A1{{EAcorrelationfil, 1IEREIFT—IXHITHID X

« OO SEMEFRMMER N AT — DI RIR BRI —I XA T
BYDS" ABEEE "BIRITININGZ, B— IR R SEE—RFITH
A" BEEE “ETRIFINAL

. BE—RITHR S SERNNS ETRERERA—RES

Prediction if last branch

Prediction bits

not taken

Prediction if last branch taken

NT/NT not taken nol taken
NT/T not taken taken
T/NT taken not taken

TT taken taken

FIGURE 3.12 Combinations and meaning of the taken/not taken prediction bits. T
stands for taken, NT for not taken.

5/7/2021
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« Correlating FRNIZSAIFLUIFOA

/—WEE\

1718/

- BRARBESIRA=20], FulliER, Etabiullts

- 15/ (1, 1) FwNes, BPiR:
22HH—1.

« BE—IRHIZFRA (m, n), BIIR]

EERIT— IR ST HIT/IRIEIE T - bitFiul

EHITAIMPND3Z, A2 SFmllEe

EEFNES, B FUNERAIAE N

BNEZ R1,L1

ADDI R1,RO,#1

L1: ADDI R3,R1,#-1

‘branch

b1(d!=0)

'd==0, so d=1

BNEZ R3,L2 ;branch b2(d!=1)
d=? bl prediction bl action  New bl prediction b2 prediction b2 action  New b2 prediction
.. NI'NIT 1 TNT NI/NT 1 NI'T
0 TVNT N1 TNT NTT NT NT/1
2z T/NT T TINT NTT | NT/1
0 T'NT N1 TNT NT'T NT NT/'T

FIGURE 3.13 The action of the one-bil predicton with one Bit of comelallon, Inalized © nol taken/not &aken, T
stands for 1akan, NT Tor nol Iaken. The predidionused |s shown In Bakd.

5/7/2021
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2y (10=)

5/7,/2021

Branch PC index

E [

8 -*% §

& Global - =

S [P predictor = —> g

= table E =

: 5 :

= g -

o o

Private
- - predictor
GAg table GAp
5 _ z 5 s
-] Private history = Private history
G table Global e tahble
= — _r predictor £
3 table g
g g
(0 @
Private
predictor
PAg PAp table
xhzhou@ustc
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MfkeFflzE (GAp)

Branch address (4 bits)

2-bits per bfanch
local predig¢tors

GAp

I
1
i

H—»_ Prediction

B

2-bit recent global
branch history
(01 = not taken then taken)

e (2,2) predictor: 2-bit global, 2-bit local

5/202023-7

ThEEHbid R sl

3232



10-bit shift register

Most recent branch
Branch history |e—— residt (not takanhaleen) Branch address

10 + + 10
RS 1024 2-bit predictors
OR
10 +
L |
Prediction

Figure 3.4 A gshare predictor with 1024 entries, each being a standard 2-bit predictor.

wBERT X AERNDZTMEEGshare

5/7/2021 xhzhou@ustc 33



Accuracy of Different Schemes

: 818;2 T 4096 Entries 2-bit BHT
| Unlimited Entries 2-bit BHT
" T 1024 Entries (2,2) BHT

12%

*10%

8% T

6% T

4% T

2% T

Frequency of Mispredictions

0% -

0%

nasa7
natrix300

tomcatv
doducd

spice
fpppp

gce
espresso

eqntott

1i
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-

nassr [
| o=
e b, B0 Do

toemicate

doduc

Spic=
SFPECag
benchmarks

il iell

18%
18%

10%%

i 0%
5%

o= 2% 495 L B 1096 129 149 18°%%  1B%
Frequency of mispredictions

Ml 40585 entries: a3 Unlimited entries: O 1024 entries
2 iis per eniry Z bits per emtry [2.2)

FIGURE 3.15 ~Comparison of two-bit predictors. &4 noncorrelating predictor for 4095 bits
is first, followed by a noncorrelating two-bit predictor with unilimited entries and a two-bit pre-
dictor with two bits of global history and a total of 1024 entrie=s._

5/7/2021 xhzhou@ustc
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Branch Prediction

 Basic 2-bit predictor:
» KEXFINEE(n,2):

- Mk=EFINEE (GAp)
« BN XES 2-bit FlIzE

. 3

EEITNR D S AR TR A2 FRIZsEF =%

— M FERFIMIZE(Local predictor) PAp
« EPMNXEZ2-bit ThllEZE

- 1R

1250 SRR 72 ST B TR I M 2 FRiZe i Fiill =5

- BE (HS) millzZ(Tournament predictor):

— fian:

5/7/2021

VN e S U S EAS E ST
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=& (AT) s

7N
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Prediction

- 2B
-  ([FRRENRDZHEEBEREZRS|, BIEBNERALS: 278 NN\O2— MER2RFTNIZE
- PREERFRNEE
- —NEEHRICHE ERESHUAMENHITERS|, B8MAOKM, D3IMXNMNORERNVRD S, B
WTKRD A BEEEER
- MNEEBERIEREFEHOAON—M2MMIAORHITERS|, XLENOB2IITEESER, LAREAHBTIN,
- EEEEE:
- (AP EERMUAYEN S S EERBURS |, BNRSIBEI—RALITEES, BREFRFEREIRNEELE
FER=BFNESaIFUNER.
- ERIHEEOAERBEETNES, LTSS EREMREERALERRT, AERIHENEE,; HEBFuNIERTS
ERFNIZS TN NSRS, THEEsnL, /N,

5/7/2021 xhzhou@ustc 38



[ |
[ |
[ |
: 4096 entries | : 1024 entries 1024 entries :
|
I | |
1 A\ 4 | | |
. : TO bits /l—
: 12 bits _PGash ) ;1 H aSD7 4\ I |
I o PC :
| 2bits I 1] 3bits :
Y I I
| 4 | |
| | |
| | |
| | ) |
| 1 ISESIRIES |
| P e S I
: I
| N
| SRS !
|
L M NN BN BN BN BEEE SN B BEEE BN BEEE B BN B B B e e . -—
PQ
| >’ 2bits
Selector
Alpha 21264 = ZE M2
prit e g
4096 entries NTorT
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RIS B E

0/0, 1/, 0/0,1/1
1/ /0, 1/
0/1 . .
I EER T
%’%i"} /ylljéi%
1/0
----------------------------------------------------------- O/~ 0
1/0 R
> T /U
< NI EEES
0/1
0/0, 0/1, 0/0,1/1
1/1
xhzhou@ustc 40
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Conditional branch misprediction rate

Local 2-bit predictors

|
Correlating predictors

A
Tournament predictors

0%

0 3

5/7/2021

60 192 224 256 288 320 352 384 416 448 480 51
Total predictor size

Branch predictor performance

I I I
2 64 96 128 1

xhzhou@ustc 41



54 S XFRMEAR

HTFBHTHY

73 3T

1, FEZAR2-bitFiim2e 1. X BIrEAX
2. RERFMZE (PR FmEs) 2. Return AddressTii;N 25
3. HETNEE

5/7/2021 xhzhou@ustc 42



Branch Target Buffer (BTB)

-+ PRIESHIMEILEIBTBRIZKS|, LASEIS STIRthit
— W 32 Ig S HIEIE R A ILES, LI FTEIRAYD S

— NFRPIERIFTN B

- PR A REER, BEFFUIRIPC

Branch PC Predicted PC
0
A
(o)
-n -
ms
8% M
Ie
(@]
=
O
=
‘ =9 o L Extra
Yes: instruction is prediction state
No: branch not branch and use bits
0: branch no predicted PC as

predicted, proceed normally
5/7/2021 (Next PC = PC+4)

next PC

xhzhou@ustc 43



Larnd PGS 1o nemmory and
branch-target butier
IF
=
irsfucion
a t=wen
branch?
[ u]
rarrral
instuction
=0 e T Ta gl
'
Ener Mizpredcied branch, Branch corracly
branch instnuction Hll =thad insrucion; predcted;
EX address and next re=tart &tch atoher contirue e-ecufion
P3G ino branch- et dekle anty wit no sEl=
target buffer Forn Erget bufier

Figure 2.23 The step: involvred in handling an instruction with a branch-target
buffer.
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Instruction in buffer Prediction Actual branch Penalty cycles

ves taken taken 0
Ves taken not taken 2
no taken 2
no not taken 0

Figure 2.24 Penalties for all possible combinations of whether the branch is in the
buffer and what it actually does, assuming we store only taken branches in the
buffer. There is no branch penalty if everything is correctly predicted and the branch is
found in the target buffer. If the branch is not correctly predicted, the penalty is equal
to 1 clock cycle to update the buffer with the correct information (during which an
instruction cannot be fetched) and 1 clock cycle, if needed, to restart fetching the next
correct instruction for the branch. If the branch is not found and taken, a 2-cycle pen-
alty is encountered, during which time the buffer is updated.

Determine the total branch penalty for a branch-target buffer assuming the penalty
cycles for individual mispredictions from Figure 2.24. Make the following
assumptions about the prediction accuracy and hit rate:

* Prediction accuracy is 90% (for instructions in the buffer).

* Hit rate in the buffer is 90% (for branches predicted taken).

5/7/2021

xhzhou@ustc
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©)) Return Address Predictors

- IRHNAITEIGRIHEGE . FuNIIE)E S

— IB1TRI 7 BERRRES

5332 BFRieik

- SEEEYEERIEF Procedure Return

— XAEBTBAT, X3

-L_iFflfi

B HOFRNIAE]

— SPEC CPU95I[T, 11X

— IiE

— IEIR

AT

A

5/7/2021

Hj“1_1_§$

=] piicsi s

K

S ST A ERRTEAZE]60%
EFH—A'J\EI?J?ET_(*%) 1Z5% Return Address

xhzhou

U5

@ustc

(EZELTIREEZ A k]
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PC

. RIBEEREH B (FIPC)RFIFIRS
+ IRIECPREER (outcomes) BFIASERE
. HIASRETNEGHE)

5/7/2022 ~ xhzhou@ustc



: Mext fetch address : Fetch address : Instruction Cache : Instructions drive :
I prediction I calculation I ACCESS | todecodestage |
I I I I I
I I I I
| = | e i |
' ' o 5 £ '
| Target | L I-Cache = g 2 g |
| —H Buflsr : X —| [hata md = = E = :
| 7

| | 1 A KNS
| | \T\ |
I Next Z'; B T I
| . ! |
| Iﬁ‘f”ﬁ _ L |
I el | |8 I-Cache | & !
| | Sla o Tag Dt |

B b 3 A=
| | z Array [ |
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Summary

- BEFBHTERAITNES:
— Basic 2-bit predictor:
— Global predictor:
« BYMOSXIRZ A m-bitFulzS
« RENRIS X ERINE—FER 2 3IXS R E AP — P TlEs
— Local predictor:
« BYMOSRIRZ I m-bitFulES
© IZDTRIENRD BB ER S BN N E P — P FTES
— Tournament predictor:
« NESHTllEsTZER FIEESERFUNER.
- f5gn: WKkEFBINFSRREBEFUNES
« (RACEESRIHESR
- ETBTBHD X FNES
— Return Address Stack
— EERAYIRSZRIEGEER A
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