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Apyrtektovikn PowerPC 601

128-Bit
L2/bus

interface

256 Bits

256 Bits

Instruction fetch

and dispatch
Unified
instruction/data
cache (32 KB) 12 Bils

Branch
processing unit
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MEA PowerPC 601
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Kuvkioc¢ Evtoancg
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Figure 14.12 PowerPC 601 Pipeline
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Ileprypagn MEA

3 HUOVAOEC EKTEAEOTNC ETTPETIOVV TAVTO-
YPOVI EKTEAEOT] LEXPL 3 EVIOAWV

Ovpa avaBeonc (dispatch queue) 8 evto-
AV (4 evepyec yia avabeon)

Avvauikny OpoOUOAOYNON EVIOA®WV YWPIC
otabuovg doeopevoNnc

DTATIKT PO PAEYN O1AKAAOWOEWYV

Evosotnuevn kpu@n Uvhun Qe Unyaviouo
TIPOTEPALOTNTAC TTPOOTTEAATEWNV
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Apoporoynon Evrioiwv

A7to Tic 8 evtoAeg g ovpag, ol 4 maAao-
TEPEC LOVO E1VAL LITOWPTIPLEC V1A avabdeon

AUVAUIKT) €TAOYT] ETOWUNG EVIOANC YA TIC
LOVAOEC OLOKAAOWOEWV KAl KIVNTNG LITOO1a-
OTOATC

STOTIKI ETTAOYN TNC TTAAALOTEPTC EVTOANC YA
TN povada otadepng LITOOIAOTOANG

EKTEAEOT €KTOC OE1pAC HUOVO YA OLaKAQ-
OWOELC KAl EVTOAEC KIVITNC VITOOIAOTOATC
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IHapaoetypa Keodwa

1f {(a > 0)

else

lwz
lwz
lwz
lwz
lwz
cmpi
be
IF:

add
add
add
add
stw

ELSE:
subf
subf
subf
subf

ouT:

a=a+b+c+d+ e;
a==-a-b-c-4d- e;
(a) C code
#rl points to a,
#rl+4d points to b,
#rl+8 points to c,
#rl+l12 points to d,
#rl+lé points to e.
rd=airl) #load a
ri2=b(rl, 4) #load b
r9=c(rl,B) #load c
rli=d(rl,12) #load d
rll=e(rl, 16) #load e
cr0=x8,0 #compare immediate
ELSE,crl/gt=false #branch if bit false
rl2=r8,rl2 #add
riz2=rl2,r9 #add
rl2=xr12,r10 #add
rd=rlz.rll #add
a(rl)=r4d #store
ouT #unconditional branch
ril=rl2 r=8 #subtract
rl2=r9,r12 #subtract
r12=rld,;ri2 #subtract
r4=rl2,rll fsubtract
alrl)=rd #store

(b) Assembly code
Figure 14.13 Code Example with Conditional Branch [WEIS94]



Xpoviouocg
Emtoynuevng Ipofisyng

a] ouT

ELSE: subf rli2=r8,rl2
subf rl2=rl2.rd
subf rlz2=rl2.rl0
subf rd=rl2,rill

stw alrl)=rd

w

=

x

Q

o ~ _ .. -
4 1 2 3 4 5 6 7 8 9 10 11 12 13 14
% 1wz r8=al(rl) F D E & W

= lwz rl2=birl,4) F . 0 ‘B £ W

g_ Ilwz rS=cirl,B) F . . D E C ()

‘g 1wz r1id=A4({rl,12) F . * ' O E C W

- lwz rll=e(rl,16) F +« +« s+« « D E € W

LE" enpl orl=r8,0 F . . . . . D E

S be  ELSE,crO/gt=false F 5 "

g 1F- add rl12=rg. . rlz F " . . ' " . 0! B Ry

bo! add rl2=ri2,r9% F . . . . . D E W

o add rl2=rl2,rl0 F . . . . . " D E )
= i :

"E add rd=rld,rll F . D E w
=) stw  alrl)=rd F . . D E [
E

w

>

(=]

[ —

(a) Correct prediction: Branch was not taken
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stw
'E
subf
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r12=hbi{rl 4]

r=ci{rl,8)

r10=d{rl,12)
ril=e{rl, l1a)

crD=r8,0

= -
ult B P ]
o |
ia

N

12=x8,rld
P2

10

rl12=x12,

o]

rd=rl12,rll
a{rl
ouUrT
rlZ2=r8.rl2
riZ=rl2,rs
rlZ=rl2, =10

rd=rid;rll

l=r4d

a(rl)=r4d

SE,crll/fgr=

Xpoviouocg

1 s 3 d 5 6 T B 9 10
F D E i W
F . D E o W
F . . B E C W
F . . . D E g W
F . . . . D E c W
F . . . . = D E
false F . . . S
F . . " . . . D

13 D
F .
B "

(b) Incorrect prediction: Branch was taken
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PowerPC 620

MEA 64 bits
6 VITOUOVAOEC EKTEAEOTC

Avvauikn mpoPAeyn OlaKAAOWOEWV UE TN
BonOcia BHT 2048 B¢oewv

Ytafuol oeouevong

MeToOVOUAo10 KATAX®WPNTWV YA VITOOETIKN
exteAeon Pabovg pexpl 4 O1AKAAOWOEWYV
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Apyrtektovikn PowerPC 750
(1997)

!

Instruction Unit 128-Bit
= (4 Instructions)
=1 Fetcher Branch lﬁ;?l“ ssing
Additional Features BTIC CTR Instruction MMU

«Time Base-Cr-JunlerJDecremenler Instruction Queue 64 Entry LR SRs
« Clock Multiplier (6 Word) - = (Shadow)| | |gaT 32.Kbyte
+ JTAG/COP Interface em—— BHT Array | = Tags | Cache
+ Thermal/Power Management == ITLB
+ Performance Monitor 7%

2 Instructions '
. " 64-Bit
Dispatch Unit I—\ (2 Instructions)

. y :
[Reservaiion Station | I Reservation Station || Reservation Station | E _Rese'i‘:?agﬁ?rf)‘a“o& e | Reservation Station |
Rename Buffers * Rename Buffers
Y ' Y (6)
System Register 32-Bit | Load/Store Unit | 64-Bit 64-Bit | Floating-Point
Integer Unit 1 Integer Unit 2 Unit E -1 E = Unit
4 [ (EA Calculation) -+ X
Store Queue
T 32-Bit I 32-Bit E
EA PA e G T =
Completion Unit 60x Bus Interface Unit ; v l
ISR AL 64-Bit Instruction Fetch Queue : L2 Bus Interface 1
Reorder Buffer = | Unit 1
(6 Entry) OS-R-S I Y [ L1 Castout Queue ! . 1
AR (Original)| | pEAT I~ | L2 Castout Queue !
R | |
Amay | |—»d Tags 3929'%2 Data Load Queue | % L2 Controller | |
DTLB Iﬂj : : [2cR :
| |
32-Bit Address Bus Y > L2 Tags :
- -Bi 1
- il Y [ | Not in the PowerPC 740 :
o i i S S 17-Bit L2 Address Bus =50
b 64-Bit L2 Data Bus Y )
L= L

Figure 1-1. PowerPC 750 Microprocessor Block Diagram
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Apyrtektovikn Pentium 4
(Netburst, 2000-2006)

L2 Cache and control

BTB

3.2 GB/s System interface

BTB & I-TLB
Fetch/decode

:

!

Trace cache

Rename/alloe

pop Queues

tcode
ROM

AGU = address generation unil
BTB branch target buffer
D-TLB = data translation lookaside buffer
I-TLB = instruction translation lookaside bufier

Schedulers

Y v v Vv ¥

Integer register file

:

Store
AGU

Load
AGU

ALU

FP Register file

i

FP move
FP store [~

E

FMul
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MMX

L1 D-Cache and D-TLB
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Mepwn Emcaivyn EvioAwv

20 PaBuidec emkarvyne (apyotepa 31):

Fetch |DrivelAlloc| Rename

TChxtIP | TC
1

i

TC Next IP = trace cache next instruction pointer  Rename = register renaming
T'C Fetch = trace cache letch

Alloc =

Figure 14.8

allocate

Pentium 4 Pipeline

Que = micro-op gueuing
Sch = mucro-op scheduling
Disp = Dispatch

APXITEKTOVIKN YTTOAOYIOTWV

RF = register hle
Ex = execute
Flgs = Hlags

Br Ck = branch check
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Ileprypagn MEA

IIpookomon eviohwv IA-32, peta@paon
o€ U-ops, amodnkevon otnv L1 trace cache
Avvauikn mpoPAeyn orakiadwoewv: BTB
4-TPOTIWV GUVOAOU OVOYETIONG, 512 YPAL-
LEC, 4 YNPLA 10TOPLAC AVA OLAKAAOWOT)
Ymootnpi€n yia €kdoomn kal ekteAeon e-
KTOC O€1pAC, ATTOOVPOT) OE GEIPA

[Tivakac eravaorataéne (ROB) ywa 126 u-
opSs, LETOVOUAOT1A 128 KATAYW PN TOV

ApXITEKTOVIKA YTTOAOYIOTWYV
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Apoporoynon Evrioiwv

Eloaywyn amo tnv trace cache otov ROB
Yyla LETOVOUAOIA KATOYXWPTTWV UEXPL 3 U-
ops / KUKAO Unyavng

Eloaywyn oe 2 ovpec avauovrg (eVIOAEC
LLEe/X0P1G TTPOOTEAAOT) HVTIUNG)

'Exdoon oe oepa ywa kabe ovpd, €KTOC
oe1pac LeETAEL ovpwV KAt avabeon oTic Ho-
VAOEC eKTEAEONC UEXPL 6 HU-0PS / KUKAO UN)-
YOVIC Y10l EKTEAEOT] EKTOC OEIPAC

ATTO0LPOT HEXPL 3 H-0PS / KUKAO UNYavng
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(a) Generation of micro-ops
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(b) Trace cache next instruction pointer
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(¢) Trace cache fetch
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(d) Drive
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(e} Allocate; Register renaming
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icro-op queuing
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(g) Micro-op scheduling
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(h) Dispatch

APXITEKTOVIKN YTTOAOYIOTWV



Avayvwon Teiovuevev

4'11-d pue ape))-(q 171

Ny

g awdauy | |
t tft¢tt

SIANPIYIY

[

sanang) don

JO[[B/AIELIY

!

SHIBLAERTAY] _|_

L2 Cache and control

BTB
i

ROMY

APOIIPNII ]
i
s ALLI ¥ 9LY

Suxidododuyy nrur] - Seiypoo3@ oiluroinsany

(i) Register file
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(j} Execute; flags
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(k) Branch check
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(1) Branch check result
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Tv eywve o Pentium 4;

Amotuyla?
Metpra amodoon?
YynAn katavaiwon 1oxvog?
YnepOepuavon (karopipep?)
Kauta etektaoipotnta?
EmAoyn veag apYttektoviknc!

2TPOPN OTIC APXITEKTOVIKEC TTOAAWV TTUPTIVOV
(Core, Core 2, Core 13/15/17)
KaBe mupnvag mo amAog amo tov Pentium 4
AUVATOTITEC QITEVEPYOITOINOTC TTUPTIVWOV
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(Nehalem)

Intel Nehalem microarchitecture

quadruple associative Instruction Cache 32 KByte,
128-entry TLB-4K, 7 TLB-2/4M per thread

L 2

| I

| Prefeich Buffer (16 Bytes) |

Instruction Length Decoder

i i global/bimodal,
| Predecode & l_ loop, indirect

Branch
Prediction

Jmp

413331

Instruction Queue
18 x86 Instructions
Alignment
MacroOp Fusion

Simple Simple
Decoder Decodel

Loop L4
Stream Instruction Queue (28 pOP entries) e
Decoder lJ * * Instruction
MicroOp Fusion Sequencer
2x
R;g;ei::::“ 2 x Register Allocation Table (RAT)
File Reorder Buffer (128-entry) fused

Uncore

Quick Path
Inter-
connect

YLTEKTOVIKN 13/15/17

DDR3
Memory
Controller

4% 20 Bit
B4 0Th

Common
L3-Cache
8 MByte

F S

A

- - b -

[ Reservation Station (128-entry) fused

Port 3

Integer!
MMX ALU,
Branch

Integer/
MMX
ALU

Result Bus

Integer!
MMX ALU,
2XAGU

64-entry TLB-4K, 32-entry T

octuple associative Data Cache 32 KByte,

LB-2/4M

256 KByte
8-way,
64 Byte

Cacheline,
private

L2-Cache

512-entry
L2-TLB-4K

GT/s: gigatransiers per secand
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