YrepBaOuwtn (superscalar)
Opyavwon YrnoAoylotwv
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1.

Mevioto throughput: 1 evtoAn/kKUKAo poAoyLou

IPC<1

2. Ymoxpewtlkn pon oAwv Twv (OtadopeTtikwyv) TUTIWV

cslab@ntua 2018-2019

EVIOAWV HECA ATIO KOV CWANVWON

Elcaywyn kaBuotepnoswv o€ oAOKANPN TtV
akoAouBia ekteAeonc Aoyw stalls pioc evtoAnc (ot
amoAuTta PAOUWTEC OPYLTEKTOVLIKEC
npaypotonololyv v oelpa (in-order) ektEAeon Twv
EVTOAWV)



1.

EkteAeon MOAAOTTAWV EVTOAWV OV KUKAO UNYOVAC

(mapaAANAN eKTEAEON)
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9

Evowpatwon SLadopeTIKWY aywywy pong
dedopévwy, o KaBevac e OpoLeC (TtoANaTAN
eudavion Tou dLov TUTIOU) N Kol ETEPOYEVEILC
AELTOUPYLKEC LOVAOEC

%

Avvatotnta eKTEAEONC eKTOC oelpac (out-of-order)
TWV EVTOAWV

%



e O ILP eival eva pETPO TOU BaBpou Twv PaYUOTIKWY
eaptnoswv 6edopevwy ou vdlotovtal OVAUESO OTLG

EVTOAEC

e Average ILP =

#tinstructions / #icycles required

codel: ILP =1
code2: ILP =3
codel: rl<«<—r2+1
r3\r1 /17

r4 <—r0-r3

code?2: rl<«r2+1
r3«r9/17
r4 < r0-r10
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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]

(Tt.X. KAa.olKO 5-stage MIPS)
— MapaAAnAiopog dtavoung IP (Issue Parallelism) = 1 evtoAn/kUkAo
— IL (Issue Latency) = 1 cycle
— MP (Machine Parallelism) = k (k stages in the pipeline)
— OL (operation latency) = 1 cycle
— Meéyioto IPC = 1 evtoAr/kUkAo

-«
o

SUCCESSIVE
INSTRUCTIONS
w

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

* Superpipelined: kOkAo¢ poAoylov = 1/m tou baseline
— Issue Parallelism IP = 1 evtoAry / minor KUkAo
— Operation Latency OL = 1 major cycle = m minor kUKAoL
— Issue Latency IL = 1 minor cycle
— MP=mxk

— Meéyioto IPC = m evtoAéc / major kUkAO (m x speedup?)

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

| Superpipelining:
TV B - D issues instructions
Pipelining | 2
faster than they are
of the 3
. 1 executed!
execution
. 5
stage into -
multiple = S5 — -
stages | | | |
1 2 3 4 5 6
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"Superpipelining is @ 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 n taxvtnta Stavopung twv
2 ll**'*"*‘*'*l | evtoAwv dev akoAouBei to
T | ] | pU9|.16 eneepyao iou; TOUG

underpipelined
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TOL OLTLOTEAEOHLOLTOL JLLOLG EVTOARG
dev elvan SLaB€opa otig
EMOUEVEG M-1 SLOOOXLKEG

EVTOAEC

superpipelined



[Jouppi, DECWRL 1991]

— NopaAAnAtopoc Stavounc = IP = n evtoAéc / KUkAO
— KaBuotépnon Aettoupyiag = OP = 1 KUKAOG
— Méyioto IPC = n evtoA€c / kUKAO (n x speedup?)

EX

cslab@ntua 2018-2019
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[Jouppi, DECWRL 1991]

Very Long Instruction Word
— MapaAAnAopog dtavoung = IP = n evtoAég / KUKAO

— KaBuotépnon Asttoupyiag = OP = 1 kUKAOG

— Méyioto IPC = n evtoAég / kUkAo¢ =1 VLIW / kUkAo

DE

EX
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[Jouppi, DECWRL 1991]

— MapaAAnAiopog dtavounc = IP = n evtoAég / minor KUkAO
— KaBuotépnon Asttoupyiag = OP = m minor KUkAol
— Meéyioto IPC = n x m evtoAéc/ major KUKAO
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e [epimou tooduvaun enidoon

— Av n = m tote KoL ot SU0 €xouv mepinou to (dLo IPC

— MopaAANALOUOC OTO «XWPO» VS. TIAPAAANALOUOC OTOV XPOVO

xxxxxxxxxx

SUPERSCALAR

SUPERPIPELINED

2

Time in Cycles (of Base M achine)
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Key:
[ [ pesssssed]
IFetch
Dcode
Execute
Writeback

| | | |

| | i =
10 11 12 13
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v

I-cache

Y Instruction
Branch S R FETCH Flow
Predictor Instruction ¢
T """""""Buffer
DECODE
Floating-point v Media M:mory
v ' £ ‘
A4 \d L v L
|
v EXECUTE y "
Reorder * A
CCITTIIT T I T I T TTITTTITITT]
Register Buffer v
(ROB) ! ' '
Data COMMIT
Flow Store [IIT1I |'|| I P D-cache
Queue ¥ V
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e BaBuoc mapaAAnAtlopou
LLNXQVILOTOC: O MEYLOTOC
apLlOUOC EVIOAWYV TIOU
LITopoUV TaUTOXpOVO va Elval
o€ e€€ALEN

® Je gva pla fadbpwtn
OPXLTEKTOVLKN LOOUTOL LE TOV
aplOuo otadiwv Tou pipeline
(pipeline depth)
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P

T

(a) No parallelism (b) Temporal parallelism

' | ; '

LI

l l l l
l l
4 4
I !
I !
I} 1
¢ l



* |F:instruction fetch

e |D:instruction decode

e RD: register read

* ALU: ALU op/address generation
 MEM: read/write memory

* \WB: register write
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L

ALU

MEM

WB

T
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(functional units) oto hardware

e Autdvetaln
TwvV otadiwv
Tou pipeline

e Amattouvrtol
ToU
register file yua tnv tautoxpovn
NMPOOTIEAQON ATIO OAOUC TOUC
aywyoug
e Emtuyxavetal otnv KaAUTEPN
MEPLTTWON €MnLtayvvon ton pe 3

o€ oUYKPLON KE TNV avTioTtoxn
BaBuwtn cwAnvwon
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IF | |

1D | [

RD | |

ALU | |

MEM | |

WB | |
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D1

D2

EX

WB
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U - Pipe

V - Pipe
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® ETMEKTOON TWV BaBuwTtwyv
OWANVWOEWV TIOAAATIAWVY KUKAWV
(rt.x. FP MIPS pipeline) ota otadia
IF, ID, RD,WB

e peta 1o RD, kaBe evtoAn yivetal
issue HECOL OTOV aywYyo Tou
QVTLOTOLXEL OTOV TUTIO TNG

e [lAeovekTApata:

1. Customization - Efficiency

2. Avaykaia kaBuotépnon yla Kabe
TUTIO EVTOANRC

e [pokARoELC:
1. MARBoc¢ twv functional units
2. Tumog twv functional units
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IF I |

ID I |

RD I |

EX ALU MEMII FP1 I| BR I

WB
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® O TPWTOC l’)T[O)\OVLGTI’]q oy ’ . TR I
KOTOLOKEUQLOTNKE OTA TIPOTUTIOL EVOC 2
«UTIEP-UTIOAOYLOTA » 2 le—>] Multiply |

50 [~€—>| Multiply I
e 1964 (mpLv Ao ToUG EMEEEPYAOTES =
RISC): mepteixe 10 SL10pOPETIKEC . E <> Divide |
’ I} ) 7 b oC
AELTOUPYLKEC LOVAOEG EEW ATIO TN _ é - —
ocwAnvwon, pe dtadopetiko latency : 23 T LI
’ ’ L = "J-D
n KaOe pLLa é % ";) ~<—> Boolean I
o o =

e 0TOXOC N Slekmepaiwon 1 eVTOAAC 3 °©
ava KUKAO UNXOWVAC o I5 Tl Add |

e 8 address registers (18 bits) % le—>] Increment I

e 8index registers (18 bits) 3

] - = <> Increment I

e 8 fp registers (60 bits) =

z > Branch I
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e 10 functional units/non pipelined/variable exec
latency

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

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

e Divide unit (60 bits)-29 cycles

e Shift unit (60 bits)

e Logical unit (60 bits)

e 2 X increment units

e Branch unit

cslab@ntua 2018-2019
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* £V0C armo Toug MAATUTEPOUC aywyouc (most wider pipelines)
o TieplEXEL 10 AettoupyLkeg povasdeg, otnv mAeoPndia toug pe latency evog

KUKAOU

* OAeg elval pipelined, ektdg tng povadac yia dlaipeon

i

. . . Bus
Target instruction Instruction L Sterhis
A cache cache ia A O
unit
< A
Y Y
Y Y Y - Y
General Instruction g
History .|| |Floating-point : R 2 Data
buffer TR register file | % i 2 cache
file g ¢ and branch unit | 8
w
A
l Y Y A 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

Writeback busses

Source: Diefendorf and Allen (1992)

cslab@ntua 2018-2019

22



Etepoyevnc owAnvwon tov Power4 (2001)

e
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