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CopepxaHue

OrpaHn4yeHnsa ogHOMNOTOUYHbIX CynepcKandapHbIX apXUTeKTyp
[TpUYMHBI ANUTENBHBIX MPOCTOEB KOHBENEPA
Knaccngpukauuma notepb

Mcnonb3oBaHue napannenuama yposHs notokos (TLP)
Moaundoukaunsa cynepckanapHoro CPU ana nogaepxkm SMT
CpaBHeHue cyrnepckanspHoro u SMT koHBenepoB

Moaenu mHoronotoyHoro CPU

AHann3 Nnpon3BoAuUTESIbHOCTU

BnuaHne yBenmyeHusa KkonnyecTsa NnoTokoB

Bo3MoXHble cTpaTernm rnnaHpoBaHns BbIOOPKU UHCTPYKLUIN

o 00000000
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OrpaHu4yeHUs cynepcKansipHbIX apXUTEKTYyp

Knaccudpumkauma notepsHHbIX CIOTOB BblAavyu UHCTPYKLUMUMN:
0 BepTukanbHble notepu

Q N'opusoHTanbHbIe NOTEepPU

[1pNYNHBLI BO3HUKHOBEHUSA MYCTbIX CIIOTOB — CTPYKTYPHbIE
KOHMIIUKTbI, KOH(PNUKTbI AaHHbIX U ynpaBneHus.

iIssue slots
— I full issue slot

[1 empty issue slot
[Mpnmep:

yeTblpexkoHBenepHbin CPU
npeansoHoe |IPC =4

peanbHoe |IPC << ngeanesHoe IPC

» horizontal waste=9 slots

vertical waste=12 slots

-——— cycles
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Knaccunyeckme MHOronoto4yHble npoueccopbli

= MHOXeCTBO annapaTHbIX KOHTEKCTOB, C TOYKMN 3PEHUS
OC 3TO HECKOSIBbKO NTOrMYeCcKmX npoLeccopoB

= TONbKO OAWH NOTOK (OOAWMH KOHTEKCT) BblaaeT
NHCTPYKLUUN KaXabIN TakT

= He cHMWXXaeT ropusoHTanbHbIe NoTepu
« CHUXKaeT BepTUKarbHbIE NOTEPU CNOTOB Bblaaun

= [lpon3BoanTENBHOCTL OrpaHMyeHa napasnnenmamom
ypOBHA UHCTPYKUnn (ILP) B kKaxkgom otaenbHOM NOTOKe

NN
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NMpuynHbI NpOCTOEB KOHBEWepa

|
100
[Tpnmep:
BOCbMUMNOTOYHbIN CPU 70 _
noeansHoe IPC = 8 g0 E[“m” A
peanbHoe IPC = 1.5 E short fp
70 long integer

notepsHo 81% crnoToB Bblgauu,
N3 HNX BepTUKanbHbIX 61%

6l

410

Harpy3ka — SPEC92

Percent of Total Issue Cycles

30

210

Nctounuk: TULLSEN, D.M., EGGERS, S.J.,
H.M. LEVY [1995], “Simultaneous 10
multithreading: Maximizing on-chip parallelism”,

Proc. 22nd International Symposium on 0 L 1 2 EEEEE =
Computer Architecture (June), pp.392-403 £ 227 2882228358 %
= g E& 3 = =5 ° 2 = =2

o o B - = 2 7 = =

T = = = = E

Applications

E short integer

load delays

I:I control hazards
branch misprediction
m dcache miss

[D] icache miss

E dtlb miss

I itlb miss

. processor busy

@
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KoHBenepHass MHOronoTo4yHOCTb

Simultaneous Multithreading (SMT) — aBonounoHHasa MUKponpoLeccopHas
apxmnTeKkTypa, Brnepsble npeacrasneHHas B 1995 rogy B yHMBepcuteTe
BawuHrroHa QuHom TynceHom (Dean Tullsen)

* [lpegHasHavyeHa ansa noBbileHNA 3 PEKTUBHOCTM UCMNOSb30BaHUA
annapaTtHbIX PecypcoB B MHOIOMOTOYHbIX CynepcKandapHbIX MUKponpoLeccopax

* icnonb3yeT napannenn3m yposHs NoTokoB (Thread-level parallelism, TLP) Ha
OOHOM BbIYUCIIUTENBLHOM SA4pe, NO3BOSIALLNNA MPON3BOAUTE OQHOBPEMEHHYHO
Bbladvy, UCMOSIHEHNE U 3aBepLUEHNE UHCTPYKLUIA U3 pasfiNiHbIX NOTOKOB B
TE€YEHMN OQHOro U TOro e TakTa (oanH dmsndeckun SMT npoueccop

NCMNOSMHAET OTAENbHbLIN MOTOK MHCTPYKLNN)

* [IpegoctaBnaeT aPPEKTUBHLIN MEXAHN3M CKPbITUA OANUTENbHbLIX NPOCTOEB
KOHBenepa, CHMXaa Kak BepTuKanbHble, Tak U TOPpU30oHTalbHbIe NOoTeEpU

NN
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OKOHOMMYecKan LienecoobpasHoCcTb

JKoOHOMUYecKaa uernecoobpasHocTb TexHonormm SMT:
POCT NPON3BOANTENbHOCTN 3HAYNTENbHO OonblLlue,
yeM pPOoCT nnowaan Yumna n aHepronoTpeodneHus

N
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KoHBenepHass MHOronoTo4yHOCTb

* [1pn MHOXeCTBE UCMOSTHAOLWMNXCA MOTOKOB B CIlydadax NnpomMaxoB Kella,
HEeBEPHO npeackasaHHbIX Nepexoaos U T.M. CKPbIBAKOTCA AaXe ONNTENbHble
wtTpadbl (C 6onbWNMK 3a4EPXKKAMU).

= CHW)KEHME U rOPU30HTarbHbIX, N BEPTUKASIbHbIX NOTEPL CIOTOB BblAaun
BEOET K yBeNnnyeHnto CKopocTu Bbigavn MHcTpykumn (IPC).

* QyHKUMOHamNbHblE YCTPOMCTBA COBMECTHO UCIMOSb3YHOTCA BCEMWN KOHTEKCTaMM
B KaXXOOM TaKkTe. Bblgaya MHCTPYKUMM ONa PYHKUMOHANbHbIX YCTPOUCTB
MHOXXECTBOM MOTOKOB MOBbLILLUAET UCMNONb30BaHME PeCypCcoB npoLeccopa.

= OQHaKo C Lernblo Nogaep>Kkm MHOXECTBA UCTONMHAOLLNXCA MOTOKOB
HaknagblBatoTCcs boree XecTtkme TpeboBaHus K pasmepam pecypcos CPU
(kewen, bydepa BTB, bydepa TLB, pernctpos nepenmeHoBaHuns n 1.4.).

NN
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CpaBHeHue 3ahheKTUBHOCTH

Issue Slots ———

Superscalar Coarse MT Fine MT
T
i
m
e
O4HOMOTOYHbLIN rpybas TOHKas KOHBeWepHas
CPU MHOIONOTO4YHOCTb MHOIONnOTO4YHOCTb MHOIOMNOTO4YHOCTb
l g'l"l N
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Heobxoaumbie nuameHeHus ansa nogaepxku SMT

* MHOXXeCTBO KOHTEKCTOB UCMOSTHEHUSA N NPUBS3Ka KaXK10W
NHCTPYKLUN K CBOEMY KOHTEKCTY MPU NPOXOXAEHUN BCETO
KOHBeWepa

= MexaHn3m BbIOOPKN MHCTPYKLMIA U3 MHOXECTBa MNOTOKOB

= OTOenbHbIE ANA KaXOoro NoTtoka MexaHn3mbl 3aBEPLLEHUS
NHCTPYKLUUN, MEHEIXKMEHTA O4epeamn MHCTPYKLUKUN N 06paboTKu
NCKITIOYEeHUN

NN
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N3meHeHua Ansa noBbIileHUsA
npousBoauTenbHocTtn SMT

* bonbLwn perncTpoBbIv doann ansg NogaepKkn nepenmMmeHoBaHnS
PErncTpos

= BornbLlas NponyckHasa cnocobHOCTb AOCTyNa K NnaMsaTH

= bonblUne Kewun Ansg KoMneHcaumum CHUXKEHUS
npon3soanNTENIbHOCTU N3-3a COBMECTHOIO UCMOJ1Ib30BaHNA
HECKOJIbKNMMW NMOTOKaMU (|/|3-3a CHMXeHNA J'IOKaJ'IbHOCTI/I)

= bonbwunn BTB

= bonbwun TLB

NN
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CpaBHeHUue Npon3BoAUTENTbLHOCTMU

! O SMT
5 B Superscalar |

Instructions per clock

SPECint95 Apache OLTP DSS SPECint2000
subset

NcTounuk: John L. Hennessy and David A. Patterson, Computer Architecture:
A Quantitative Approach, 3rd Ed., Morgan Kaufmann, 2003

N
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CpaBHeHue 3¢pPeKTUBHOCTU pecypcoB

100% 0 SMT
90% | l_Supefsca!ar
80% |

70% |

60%

Usage, accuarcy, 50%

hit rate
40%
30% [~
20%
10%
Functional Fetch Branch Instruction Data L2
M unit utilization  predictor cache hit cache cache
BE- o utilization accuracy rate hit rate hit rate
NcTounuk: John L. Hennessy and David A. Patterson, Computer Architecture:
A Quantitative Approach, 3rd Ed., Morgan Kaufmann, 2003
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Moaoenu BOCbLMUMNOTOYHOIO Npoueccopa

Mopaenu mHoronoto4Horo CPU, koTopbit MOXET BblaaBaTb A0
BOCbMW MHCTPYKUMKW 3a TaKT, OTriM4aroTcs crnocobamm
NCMONb30BaHUA COTOB Bblgavn U PyHKUMOHANbHLIX YCTPOUCTB

Fine-Grain Multithreading
SM: Limited Connection
SM: Single Issue

M: Dual Issue

SM: Four Issue

o O O 0O 0O O

SM: Full Simultaneous Issue

N
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Moaoenu BOCbLMUMNOTOYHOIO Npoueccopa

Fine-Grain Multithreading

Knaccuyeckass ToHKag MHOIMonoTOYHOCTb. TONMbKO OAWMH NMOTOK BblOAET
NHCTPYKLUUWN KaXaObIN TaKT, 3aTO MOXET UCMOSIb30BaTh BCHO LUMPUHY Bblaauu
npoueccopa. CKpbIBAeT BCE UCTOYHUKMN BEPTUKATBbHbLIX NOTEPL, HO HE
rOPU30OHTAasbHbIX.

SM: Limited Connection

OrpaHun4yeHHble CBA3N B KOHBenepe. Kaxkablin annapaTHbIn KOHTEKCT HanpsiMyto
CO€QMNHEH TONbKO C HEKOTOPbIMU PYHKLMOHASbHLIMW YCTPOUCTBAMM.
Hanpumep, ecnu annapatypa nogaepXmBaet BOCEMb NOTOKOB N UMEET YEThIpEe
LeNO4YNCIEHHbIX YCTPOUCTBA, KaXaoe LefiovMCneHHoe YCTPOMNCTBO MOXKET
nony4yaTb MHCTPYKUMN B TOYHOCTM OT ABYX NMNOTOKOB. Pa3bueHmne
doyHKLUMOHAsbHbIX YCTPOWUCTB MO NOTOKaM B pe3ynkrarte MeHee AMHaMUYHO, YeM
B apyrux SMT mogensx, Ho Kaxaoe yHKUMOHaNnbHOEe YCTPOMCTBO pas3agensiemMo
(KpUTUYECKNM PaKToOp NMpu OOCTUXKEHUN BbICOKOW YTUNMU3ALUN PECYPCOB).

NN
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Moaoenu BOCbLMUMNOTOYHOIO Npoueccopa

SM: Single / Dual / Four Issue

B aTnx Tpex mogensx orpaHN4YnBaeTCs KONMYeCTBO MHCTPYKLMIN, KOTOPOEe
KaXXObl MOTOK MOXET BblAaTb UMM UMETb akKTUBHbLIMW B OKHE NiaHMpOoBaHUA Ha
Kaxxgom TakTe. Hanpumep, B SM: Dual Issue kaxabih NOTOK MOXET BblaTh
MaKCUMyM OB€ MHCTPYKLWUM 3a TaKT, U NOTPEOYETCA MUHMMYM YETLIPE NOTOKA
Ons 3anofiHeHNs BOCbMM CMOTOB Bbl4a4vyn B OQHOM TakTe.

SM: Full Simultaneous Issue

[TonHOCTBLIO OAHOBPEMEHHAs Bblgadya — camas rmbkasi Mmoaersb
cynepcKanapHoro npoueccopa ¢ KOHBEUEPHON MHOIONOTOYHOCTbLIO: BCE BOCEMb
NOTOKOB KOHKYPUPYIOT 3a KaXKAbI U3 BOCbMMW CIIOTOB BblJa4yn KaXOblW TaKT.
HauBbicllag CnoXXHOCTb annapaTrHoOu peanusauuu.

NN
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CpaBHeHue npousBoauUTeNbLHOCTU Moaerien

1
@ 7 @
T [T
S 6 %)
E 5 E - lowest priority
thread
I 3
2 3% @
2] u
T 0 highest priority
W
5 1- 5 hread
o 1 o threa
5 I g - /
= 12 3456 7 8 = 1 2 3 456 7 8
n Number of Threads o MNumber of Threads
(a) Fine Gran Multithreading (b) SM: Single Issue Per Thread
7 D i
o SM:Full Simultaneous [ssue
O SM:Four lssue
o 5“5 SM:Dual [ssue
f:!"n 7 i x  SMh:Limited Connection
G s 2 5 £ SM:Single Issue
@ =
(VIR E 4
E 4 - r._r‘g 3 Fine-Cirain
@ 5
@ 3 £5-
@ 2 2
= o
g - Dk
2 e =
W 1 2 3 4 5 6 7 8 - 1T 2 3 4 b5 6 T 8
= Number of Threads Number of Threads
(c) SM: Full Simultaneous Issue (d) All Models
Nctounuk: TULLSEN, D.M., EGGERS, S.J., H.M. LEVY [1995], “Simultaneous multithreading: Maximizing
NN on-chip parallelism”, Proc. 22nd International Symposium on Computer Architecture (June), pp.392-403
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BnusaHue Kewa | ypoBHAA Ha NpoU3BOAUTENIBHOCTb

CpaBHeHKMe NPOoNyCcKHOM CNoCcoBbHOCTH

E\ o caceas | Npoueccopa (IPC) B 3aBMCMMOCTY OT
KOHJourypauum kewa | ypoBHS

64p.64s | OTHOCMTENbHO KOHMUrypaLmun 64s.64p

"'/;_-’\?\—L“"‘-- .
OOBLEM

,
|

Throughput (IPC) Relative to 64s.64p

1.04 ©
Kella koga
B Kb
Gt COBMECTHbI
0.9 ———  64p.64p (Shareaq) oBLEM
| I I I I . . I Kewa gaHHbIX

2 3 s (v
1 rof Theads =~ B Kb pa3nenéHHbIn

Number of Threads _
(private)

Nctounuk: TULLSEN, D.M., EGGERS, S.J., H.M. LEVY [1995], “Simultaneous multithreading: Maximizing
on-chip parallelism”, Proc. 22nd International Symposium on Computer Architecture (June), pp.392-403
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BnusaHue Konn4yectBa NOTOKOB Ha pecypchbl

Number of Threads
Metric ] 8| 8
out-of-registers (%o of cycles) 3%% 7% 3%
| cache miss rate 2.5% 7.8% | 14.1%
-misses per thousand istructions 6 17 29
D cache miss rate 3.1¢ 6.5% | 11.3%
-misses per thousand structions 12 25 43
[.2 cache muss rate 17.6% | 15.0° 12.5%
-misses per thousand instructions 3 5 0
L3 cache muss rate 55.19 33.6° 45.4%
-misses per thousand instructions | 3 4
branch misprediction rate 5.0% 7.4% 9.1%
Jump misprediction rate 2.2% 6.4% | 12.9%
integer [Q-full (% of cycles) T% 10%% 9%
fp 1Q-tull (%o of cycles) 14% Q% 3%
avg (combined) queue population 25 25 27
wrong-path instructions fetched 24% 7% 7%
wrong-path mstructions 1ssued 9% 4% 3%

Throughput i Instructions Per Cycle)

tad

Unmodified Superscalar

| | |
3 £

Number of Threads

fea]

NcTounuk: TULLSEN, D.M. et al. [1996]. “Exploiting choice: Instruction fetch and issue on an
implementable simultaneous multithreading processor”, Proceedings of the 23rd Annual International

Symposium on Computer Architecture (May), pages 191-202
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CtpaTternm nnaHMpoBaHUs BbIOOPKU MHCTPYKLNW

Round Robin

Buibopka no perynapHomy rpadpuky. Hanpmumep, B RR 1.8 kaxgbln TakT 13
OQHOro NoToKa BblOMpaeTcs 40 BOCbMU MHCTPYKUMIA, a B RR 2.4 kaxabln TakT 13
OBYX NOTOKOB BbIOMPAETCHA A0 YETLIPEX MHCTPYKLUMNA.

BR-Count

HaunBbiCLUM NPUOPUTET Y NOTOKOB C HAMMEHbLLEN BEPOATHOCTLIO JTOXHOM
cnekynaunum ncnonHeHns (C HAaMMEHbLLMM YUCITOM HEBLIYMCIIEHHbIX NEPEXOOO0B).

MISS-Count

HaunBbiCLUM NPUOPUTET Y NOTOKOB C HAMMEHbLLEN YaCTOTOW NPOMaxoB B Kelle
OaHHbIX.

I-Count
HaunBbiCLUM NPUOPUTET Y NOTOKOB C HAUMEHbLLLUWUM YNCIOM UHCTPYKLUNU B
cTaTM4eCcKkon YacTu KoHBenepa (B odepean AeKoanpoBaHHbIX UHCTPYKLNN).

NN
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NMponsBoautenbHocTb ¢ Round Robin

s4 [ rr.1s
RR.2.4
oJ O rr4o mm FH
c |10 rr2s mA@p |E :
0 e ! I r ' [
1 1 1 1 |
| B 4 6 8

Number of Threads

NcTounuk: TULLSEN, D.M. et al. [1996]. “Exploiting choice: Instruction fetch and issue on an
implementable simultaneous multithreading processor”, Proceedings of the 23rd Annual International

l g"" Symposium on Computer Architecture (May), pages 191-202
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CpaBHeHMe 3IBPUCTUK BbIOOPKU MHCTPYKLUN

K )
- ) -1 [~
5 B N rELEE TE T
4= = A I K 1 ] |4
%) 20N I 1 | EL a
& micl b‘ - : :: 4 [ [ )
ol i : K Wl |
5 il Tl N AL ) g [
E 3 ~ cEEER R ) ) 1 | ELEE Q .
& by NEEEN N N I S FLER 3
= ™ ™ 1T - i ) L L )
5 ™ K 2E0E ) K ) 3 REEAE
2- A § [1 RrRr.S ) <J|C] RRr.2.8 -2
s ™ B
) ", BRCOUNT.1.8 ] JEd  BrcounT28
| g N K )
K IO misscounts o 5 [0 misscount2s
| = B B o I . . =]
g B 1count.ig 9 B 1count2s
N IE]  1orosNLLs 4 | 1erosn2s
0 E Y T T LT -1 A | 1 T F1 i ET T 11 :hl 0
2 4 6 8 ) 4 6 8
Number of Threads Number of Threads

NcTounuk: TULLSEN, D.M. et al. [1996]. “Exploiting choice: Instruction fetch and issue on an
implementable simultaneous multithreading processor”, Proceedings of the 23rd Annual International

l g"“ Symposium on Computer Architecture (May), pages 191-202
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CpaBHeHMe 3IBPUCTUK BbIOOPKU MHCTPYKLUN

1 8 Threads
Metric Thread | RR | ICOUNT
integer 1Q-full (% of cycles) 7% 1 8% 6%
fp 1Q-full (% of cycles) [4% 8% 1%
avg queue population 23 38 30
out-of-registers (% of cycles) 3% 8% 5%

ICOUNT.2.8 yBennymBaeTt nponsBoamnTenbHOCTL MO CPaBHEHUIO
¢ RR.2.8 Ha 23% 3a c4eT yMeHbLUEHNS NOMEX B NOTOKE

MHCTPYKUWIA, BbIOUpas ny4ilyto CMeCb MHCTPYKLNMA

@
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3aKknr4yeHue

d JocToMHCTBa

— [1lpeogoneHne orpaHNYeHnin NPomn3BoaANTENBHOCTH
cynepckansapHon obpaboTkn, CBA3AHHbLIX C HU3KUM
napannennsmMmom ypoBHs MHCTpyKunn (ILP), nocpeactesom
npMMeHeHns napannenuama ypoBHs notokos (TLP)

— [NoBbllWweHne 3P PEKTUBHOCTN UCMNOSIb30OBAHNA annapaTHbIX
pecypcoB

— npe,EI,OCTaBJ'IeHI/Ie MEXaHU3Ma CKPbITUA OINMUTENbHbIX

noocToeRr KoHBeu
luvv LJd v

1 WL INWwI I I\Jp

)

O HepoctaTkum

— [NoBbileHHble TpeboBaHUSA K NPON3BOANTENBHOCTY
nepapxmm namsaTu

— [loBblWEeHHbIE TpeboBaHMA K padmepam pecypcos CPU

NN
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Mpumep: Niagara 2

8 spep * 8 NnoTOKOB
Kewl | ypoBHA Koga 16K, gaHHbIX 8K
Kew |l ypoBHA 4M ana kaxgoro aapa Niagara 2

. . I i - ) . =71, o . 4 :

| | i o | B - — 5

R i [ p AL | L g - '
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NMpumep: Power 6

32 aapa * 2 NnOTOKa
Kew | ypoBHA Koga 64K, oaHHbIX 64K

kew |l ypoBHs 8M ans kaxaoro sapa %Q % E%

kew Il ypoBHA 32M (16-BXx000BbIN)
= e
5 & =X

2 Socket 4 Socket 32 Socket

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

Figure 5. Basic SMP configurations for POWER6. POWERG6 not only
provides more cost/performance flexibility at the system-configuration
level than previous generations, but the two-tier interconnection
scheme used to link basic four-socket clusters is also new. IBM now
appears to have adopted the more industry-standard practice of
counting sockets (chips) rather than processor cores.

N
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Bonpockl anga oo6cyxaeHus

d

d

I

@

Ha kakux 3agadax agpdpektuBHee OBYXNOTOYHbIN NpoLeccop,
a Ha Kaknx OByxsaepHbInN?

B kakux cnyyasax uenecoobpasHee Mcnosnb3oBaThb
OAHOMOTOYHbIA PEXUM MHOIOMNOTOYHOIO CyrnepcKansapHoro
npoueccopa?

Kakue npeunmyliectBa UMeET Kaccnyeckas
MHOrONOTOYHOCTb Ha[, KOHBENEPHOWN MHOIOMOTOYHOCTLIO?

B uem otnnymne KkoHBENEpPHOM MHOMONOTOYHOCTU C NOSNINTUKOU
BbIOOPKM Round Robin oT knaccmnyeckon TOHKOW
MHOIrONOTOYHOCTN?

Kakue wtpadbl Hanbonee TSXKENO CKPbIBAOTCA B
KOHBEWNEPHOWN MHOIMONOTOYHOCTN?
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