YtrepBaOuwTtn (superscalar)
Opvavwon YmroAoyioTwy
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 MévioTo throughput: 1 evioA/KUKAO poAoyiou
(IPC<1)

* YTTOXPEWTIKA POr OAWV TWV (JIAPOPETIKWV)
TUTTWV EVTOAWV PMEOCQA ATTO KOIVI) CWANvVWon

« Eloaywyn kaBuoTtepnoewv o€ oAOKANpnN TNV
akoAouBia ekTEAeonc Aoyw stalls piag evioAng (ol
ATTOAUTA BOABPWTEC APXITEKTOVIKEC
TTPAYMATOTTOIOUV €V O€IpA (in-order) eKTEAEON
TWV EVTOAWV)
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* Evowpdatwon OlIaQOopETIKWY aywywV PONng
OedopEVWY, 0 KaBEVAG PE OUOIEG (TTOAADTTAN
EMPAvVION TOU idIOU TUTTOU) 1 KOl ETEPOYEVEIC
AEITOUPYIKEC NOVADEC

—

o EKTEAEON TTOAAQTTAWY EVTOAWYV avA KUKAO
uNYavnc (TTapAaAANAN eKTEAEON)

—

« AuvaTtoTnTta eKTEAEONC EKTOC O€IpAC (out-of-order)
TWV EVTOAWV

—
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O ILP gival éva pETpo Tou BaBuou Twv TTPAYHATIKWY
£CAPTAOCEWYV OEDOPEVWYV TTOU UQIOTAVTAI AVAMETA OTIC

EVTOAEC

* Average ILP =

#instructions / #cycles required

codel: ILP =1

code?2: ILP =3
codel: rl«r2+1
r3\r1 /17

r4 < r0O -r3

code2: rl«r2+1
r~3«r9/17
r4 <« r0-rl10
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Number of machine cycles until a result is available for use by
a subsequent instruction

Max number of simultaneously executing instructions the
machine can support

Number of machine cycles required between issuing two
consecutive instructions

Max number of instructions that can be issued in every cycle
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[Jouppi, DECWRL 1991]

(11.X. KAOOIKO 5-stage MIPS)
— MapaAAnAiopog diavoung IP (Issue Parallelism) = 1 evtoAri/KUkAo
— IL (Issue Latency) = 1 cycle
— MP (Machine Parallelism) = k (k stages in the pipeline)
— OL (operation latency) = 1 cycle
— MéyioTo IPC = 1 evtoAri/KUKAO

SUCCESSIVE
|
o

INSTRUCTIONS
w

TIME IN CYCLES (OF BASELINE MACHINE)
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[Jouppi, DECWRL 1991]

« Superpipelined: kUKAog poAoyiou = 1/m Tou baseline
— Issue Parallelism IP = 1 gvToAr) / minor KUKAO
— Operation Latency OL = 1 major cycle = m minor KUKAOI
— Issue Latency IL = 1 minor cycle
— MP =mxKk

— MéyioTto IPC = m evioA€g / major KUKAO (m X speedup?)

«——— major cycle = m minor cycles
<> minor cycle

Superpipelining:
Pi elininl — ) - issues instructions
P g faster than they
of the 3
) " are executed!
execution
stage : -
into F DE EX W B
multiple | | | | |
stages I 2 3 4 5 6

cslab@ntua 2014-2015



“Superpipelining is a new and special term meaning pipelining. The
prefix is attached to increase the probability of funding for
research proposals. There is no theoretical basis distinguishing
superpipelining from pipelining. Etymology of the term is probably
similar to the derivation of the now-common terms, methodology
and functionality as pompous substitutes for method and function.
The novelty of the term superpipelining lies in its reliance on a
prefix rather than a suffix for the pompous extension of the root

word.”

- Nick Tredennick, 1991
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baseline

— . n TaxuTnTa dIAVOUNG TWV
A ||| | EVTOAWYV Oev akoAoubei To
[ R pPUBUO eTTECEPYOTiAG TOUG

underpipelined

i

cslab@ntua 2014-2015

TA ATTOTEAECHATA MIOG
EVTOANG O¢gv gival dlaBEoipa
OTIG ETTOMEVEG M-1
0100 0XIKEG EVTOAEG

superpipelined



[Jouppi, DECWRL 1991]

— MapaAAnAiopoc diavoung = IP = n evTOAEC / KUKAO
— KaBuoTtépnon Acitoupyiag = OP = 1 KUKAOG
— MéyioTo IPC = n evioAég / KUkAO (n X speedup?)

o1

(e0]

cslab@ntua 2014-2015
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[Jouppi, DECWRL 1991]
Very Long Instruction Word
— MapaAAnAiopoc diavoung = IP = n evTOAEC / KUKAO
— KaBuoTtépnon Acitoupyiag = OP = 1 KUKAOG

— MéyioTo IPC = n evioAég / kKUkAoG = 1 VLIW / kUkAO

DE

EX

..............

cslab@ntua 2014-2015
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[Jouppi, DECWRL 1991]

— MapaAAnAIopOG dlavoung = IP = n evToA£G / minor KUKAO
— KaBuoTtépnon Asitoupyiag = OP = m minor KUKAOI
— MéyioTto IPC = n x m evioAéG / major KUKAO

ol

oo

cslab@ntua 2014-2015
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 [lepitrou 1Ic00OUVaUN £1TiIOOON

— Av n = m TOTE KaI Ol dUO £XouV TreEPITTOU TO id10 IPC
— MapaAANAICPOC OTO «XWPO» VS. TTAPAAANAICUOG OTOV XPOVO

SUPERSCALAR
Key:
| | ]
IFetch
— R 1 SUPERPIPELINED Deode
l | | | Execute
| | I | S| I | Writeback
| I REETET |
| I I I I I I I I | | | |
| [ [ [ [ [ [ [ [ [ [ [ |
0 1 2 3 4 5 6 7 8 9 10 11 12 13

Time in Cycles (of Base Machine)
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v

I-cache

|/ .
Branch FETCH ::nlgfl(/u ction
Predictor Instruction,
T IIIIII'IIIIIIIBuﬂ:er .
DECODE
Floating-point v Media Me<mory
(LT = oo
\ \ v
| Memory
Data
v EXECUTE y "
' Reorder A
. | INEEEEEEEEEEEEEEEEEEEEEE
Register ?R“(;fBe)r v
Data COMMIT Y \
FlOW Storellllllvlllllll— D-CaChe
Queue % 3 ¥
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* BaBuocg mmapaAAnAicuou
UNXAVIMATOGC: O MEYIOTOC
apIBUOC EVTOAWY TTOU
UTTOPOUV TAUTOXPOVa va
gival o€ €CENICN

e 2€ EVa PIa BaBuwTn
QPXITEKTOVIKN I00UTAI JE TOV
ap1Bud oTadiwv TOU
pipeline (pipeline depth)
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P

f f

(a) No parallelism (b) Temporal parallelism

' | ; '

LI

f ! ! f

(c) Spatial parallelism

l l
4 4
I !
I !
I} 1
¢ l



 |F:Instruction fetch

 |D: Instruction decode

* RD: register read

- ALU: ALU op/address generation
« MEM: read/write memory

- \WBEB: register write

cslab@ntua 2014-2015

L

RD

ALU

MEM

WB

i
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(functional units) oto IF

hardware
« Augavertal n , -
TAO TWV OTAdIWV
TOU pipeline
« ATTaitouvral i

Tou register file yia Tnv
TAUTOXPOVN TTPOCTTEAQCN
a1Td OAOUG TOUC aywyoug

« EmiTuyxaveral otnv MEM
KaAUTEPN TTEPITITWON
ETTITAXUVON ion ueE 3 o€
oUYKPION ME TNV AVTiOTOIXN
BaBuwTh CWANVWOnN

ALU

WB
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| IF ]

| |

p1__ | D1 D1 |

| | ] | ’ ]

D2 D2 D2

| | |

EX__ | EX | EX

| | |

wB | wB | WB

| 0 n
U - Pipe V - Pipe
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e ETTEKTAON TWV BABUWTWYV
OWANVWOEWV TTOAAATTAWY
KUKAwV (11.X. FP MIPS pipeline)
oTta otadia IF, ID, RD,WB

» peETA 1O RD, K&BE vTOAN YiveTal
Issue yéoa oToV aywyo TTou
QVTIOTOIXEI OTOV TUTTO TNG

cslab@ntua 2014-2015

IF I |

1D | |

RD I |

EX ALU

WB




O TTPWTOG UTTOAOYIOTHC TTOU
KOTAOOKEUAOTNKE OTA TTPOTUTTA
EVOG «UTTEP-UTTOAOYIOTA»

1964 (TTpIV a1TO TOUG
emmecepyaoTeEc RISC): trepieixe 10
OIAPOPETIKEC AEITOUPYIKEC
MOVADEC £Cw aATTO TN CWANVWON,
ME OIaPOPETIKO latency n kGBe
Mia

OTOXOG N OleKTTEPAiwon 1
EVTOANG avA KUKAO PJNXavng

8 address registers (18 bits)

cslab@ntua 2014-2015

Central memory

Long add

i

Multiply

Multiply

Divide

It

Shift

Boolean

(8) Index registers (8) Floating-point registers

(24) Operating registers:

!

i

Add

|

Increment

|

|

Increment

I

Branch

I (8) Address registers
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« 10 functional units/non pipelined/variable exec
latency

« 1x Fixed-point adder (18 bits)-3 cycles
« 1 x Floating-point adder (60 bits)

e 2 X Multiply unit (60 bits)-10 cycles
 Divide unit (60 bits)-29 cycles

 Shift unit (60 bits)

 Logical unit (60 bits)

« 2 X Increment units

« Branch unit

cslab@ntua 2014-2015
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* £vag atro TouG TTAATUTEPOUG aywyouc (most wider pipelines)

. ngp}\éxsl 10 AeITOUpPYIKEG JovaAdEeC, oTnV TTAEIoWN@ia Toug e latency evog
KUKAOU

* OAgg gival pipelined, ekTo¢ TNG povadag yia diaipeon

. . . Bus
Target instruction Instruction Lo Siitarfacs
A cache cache ™ eAon
unit
< A
Y Y
Y Y Y - Y
General Instruction g
L « e 2 . O
itory | | v ||
file gr ¢ and branch unit | 8
w
A
l Y Y Y Y
Source busses ~
Y Y Y Y Y Y Y Y Y Y
Integer Integer Bit field || |Multiplier || | Floating-point Divider Graphics || | Graphics Load/
unit unit unit unit add unit unit add unit pack unit || | store unit
Y Y Y Y Y Y Y Y Y

Writeback busses

Source: Diefendorf and Allen (1992)
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ETepoyevnc cwAnvwaon Tou Power4

T oo
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