YtrepBadOuwTn (superscalar)
Opyvavwon YToAoyioTwyV
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« MeyioTo throughput: 1 evioAr)/KUKAO poAoyiou
(IPC=<1)

* YTTOXPEWTIKN Por OAwV TwV (OIQQOPETIKWV)
TUTTWV EVTOAWV PECQA ATTO KOIVI) CWANVWON

* Eloaywyn kaBuoTtepriocwyv o€ oAOKANpN TNV
akoAoubia ekTEAeonc Aoyw stalls piag evioAnc (ol
QATTOAUTA BABUWTEC APXITEKTOVIKES
TTPAYMATOTTOIOUV €V O€Ipa (In-order) eKTEAEON
TWV EVTOAWV)
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* Evowpdatwaon O1a@opETIKWY aywywv PoNg
O€OOMEVWY, O KaBevaAG pe OUOIEG (TTOAAQTTAN
EM@AVION TOU idIOU TUTTOU) N KAl ETEPOYEVEIC
AEITOUPYIKEC MOVADEC

—

« EKTEAEON TTOAAQTTAWY EVIOAWY AVA KUKAO
uNXavnc (TTapAdAANAN eKTEAEON)

—

« AuvaTtoTnTa EKTEAEONC EKTOC O€IpAc (out-of-order)
TWV EVTOAWV

—
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O ILP gival Eva PJETPO TOU BaBuou Twy TTPAYUATIKWY
ECAPTNOEWV OEOOUEVWV TTOU UPIOTAVTAI AVAUECO OTIC

EVTOAEG

* Average ILP =

#instructions / #cycles required

codel: ILP =1

code2: ILP =3
codel: e_r2+1
rBﬁ‘rl [ 17

4 « r0-r3

code2: rlcr2+1
13« r9/17
4  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. KAQOIKO 5-stage MIPS)
— MapaAAnAiopog diavoung IP (Issue Parallelism) = 1 evioAr)/kUkAo
— IL (Issue Latency) = 1 cycle
— MP (Machine Parallelism) = k (k stages in the pipeline)
— OL (operation latency) = 1 cycle
— MéyioTo IPC = 1 evroAry/KUkAo

SUCCESSIVE
|
o

INSTRUCTIONS
w

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

« Superpipelined: kKUkAog poAoyiou = 1/m Tou baseline
— Issue Parallelism IP = 1 evtoAr) / 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 e“ﬂiﬂ1 2] L} issues instructions
) ? faster than they
of the 3
' 4 are executed!
execution
stage > 6
info . _ 7 _
multiple | | | |
stages | , 3 ) ! 6
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“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

| | SERe n TaxuTnTa diavopung Twv
T ||s-zis-siz~sis'siz'ii | evToAwyv dev akoAouBei To
. ] | PUOUO eTTECEPYATIAG TOUG
underpipelined
1 ] T ATTOTEAEOMATO HIOG

SRR oerpipelined gvToANG Sev ival S1a0éoipa

HER NN OTIG ETTOHUEVEG M-1
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[Jouppi, DECWRL 1991]

— MNapaAAnAiopog diavoung = IP = n evioA£g / KUKAO
— KaBuoTépnon Asitoupyiag = OP = 1 KUKAOG
— MéyioTo IPC = n evioA£g / KUKAO (N X speedup?)

o1

(e0)

cslab@ntua 2013-2014
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[Jouppi, DECWRL 1991]
Very Long Instruction Word
— MNapaAAnAiopog diavoung = IP = n evioA£g / KUKAO
— KaBuoTépnon Asitoupyiag = OP = 1 KUKAOG

— Méyioto IPC = n evioAég/ KUKAOG =1 VLIW / KUKAO

DE

EX

cslab@ntua 2013-2014
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[Jouppi, DECWRL 1991]

— MNapaAAnAiopog diavoung = IP = n evioAEc / minor KUKAO
— KaBuoTépnon Acitoupyiag = OP = m minor KUKAoI
— MéyioT1o IPC = n x m evioAég/ major KUKAO

1
2
3 i
4
5
6
7
8
9
IF DE E X W B
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 [lepitTou 1I000UVAUN ETTIOOON

— Av n =m 10T€E KAl 01 dUO £X0UV TrePITTOU TO id10 IPC
— MapaAANAIOPOC OTO «XWPEO» VS. TTAPAAANAIOUOC OTOV XPOVO

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

Time in Cycles (of Base Machine)
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Y

|-cache

\ .
Branch FETCH Ilglgt/(/u ction
PredICtor LIT 11 I‘I LT 1111 Instructio
T L Buffer
DECODE
Floating-point * Media Mgmory
v V AN |
e ™ T
y y \ L
| Memory
Data
EXECUTE ' .
; Y v Y | FIE)%%N
Reorder y |
. INEEEEEEEEEEEEEEEEEEEEEE
Register (B;C‘;fg)r Y
Data COMMIT v v
FIOW StoreII 111 Ivll it — D_CaChe
Queue ¥ ¥

cslab@ntua 2013-2014



* BaBuoc mapaAAnAiopou
UNXAVAMATOC: O JEYIOTOC
apPIOUOC EVTOAWY TTOU
UTTOPOUV TAUTOXPOVA Va
gival o€ ecEAICN

e 2€EVA MIa BaBuwTn
QPYXITEKTOVIKN I00UTAI UE TOV
apIBud oTadiwv TOU
pipeline (pipeline depth)

cslab@ntua 2013-2014
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' f

(a) No parallelism (b) Temporal parallelism

' | ; '

i

. ! ! l

(c) Spatial parallelism

l l
4 4
! !
! !
I i
¢ l



 |F: instruction fetch

* |D: instruction decode

+ RD: register read

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

- WEB: reqgister write

cslab@ntua 2013-2014
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Lt

ALU

MEM

WB

i
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(functional units) oTo IF

hardware
 Augavetal n , -
TTAO TWV OTAOIWV
ToU pipeline
« ATtraitouvral e

TOoU register file yia Tnv
TAUTOXPOVN TTPOCTIEADN
aTTO OAOUC TOUG OYWYOoUC

« EmmTuyxaverai otnv MEM
KOAUTEPN TTEQITITWON
emTAYXUvVON ion ue 3 o€
ouUyKpION JE TNV AVTiOTOIXN
BaBuwTth cwAnRvwon

ALU

WB
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e ETTEKTAON TWV BABUWTWYV
OWANVWOEWV TTOAAATTAWV
KUKAwV (11.X. FP MIPS pipeline)
otaotadia lF, ID, RD,WB

« MeTATO RD, KGBE evTOAn yiveTal
ISsue JEoa OTOV aywyo TToU
QVTIOTOIXEI OTOV TUTTO TNG

cslab@ntua 2013-2014
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1D | |

RD I [

EX ALU

WB




O TTPWTOC UTTOAOYIOTAG TTOU
KOTAOKEUAOTNKE OTA TTPOTUTTA
EVOG «UTTEP-UTTOAOYIOTA»

1964 (TTpIv o116 TOUG
emeCepyaoTEC RISC): Trepieixe 10
OIAPOPETIKEG AEITOUPYIKEG
MOVAOEC £€W ATTO TN CWANVWON,
ME DIaPOPETIKO latency N KGBe
Jia

OTOX0G N OleKTTEPAiwon 1
EVTOANG avAa KUKAO unNxavng

8 address registers (18 bits)

cslab@ntua 2013-2014

Central memory

Long add

i

Multiply

Multiply

Divide

il

Shift

Boolean

Add

i

Increment

Increment

|
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2 >
=
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-+ o0
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:-f
&
20—
2
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s
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= |
7
<
oo
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|~ —>
]

Branch
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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)

« 2 x Multiply unit (60 bits)-10 cycles

* Divide unit (60 bits)-29 cycles

« Shift unit (60 bits)

 Logical unit (60 bits)

e 2 Xincrement units

* Branch unit

cslab@ntua 2013-2014
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* £vag aTro TOUG TTAATUTEPOUG aywyoug (most wider pipelines)

. ﬂ,ap)l\éxsl 10 A&IToupyIKEG Hovadeg, oTnV TTAEIoWN@ia Toug Je latency evog
KUKAOU

* OAgg gival pipelined, €KTOG TNG HOVADAG Yia dlaipeon

. : s Bus
Target instruction Instruction L siitecface
X aaiha A - mnter 'd(.(.
unit
-« A
Y Y
Y Y Y - Y
General Instruction g
LY « - . 7 - O
witer || % || egiser e [*-"""" squances '8 ke
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 cwAnvwon Tou Power4d

T oo
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