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Role of Synchronization

« "A parallel computer is a collection of
processing elements that cooperate and

communicate to solve large problems fast”

» Types of Synchronization
- Murwal Evefusion
- Event cynetwonizabion
+ podnr-to-palnr
+ Qroup
+ Qlohai (barriars)
» How much hardware support?
= high-level oparafionc 7
— siomis Inctructions 7
= gpacialized imdsroonnect?
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Layers of synch support
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Mini-Instruction Set debate

= atomic read-modify-write instructions
— |BEM 57 Inzluded siomic companEswap Tor
multipragramming
— xE3: mny mctruoton oan be preflced with & look modifar
= Highdeeal languags advooabas want handesamn lockcbhamism

» b He goae against B “R1 BC™ foer, and hes ot
problame
= HPARC: atomie ragistar-memaory ope (ewep, compand raap)
- MIFE, |IEM Poaer: no aiomile cparatione bad palr of
Incinucticms

» load-Jocksd, stors-condiicnal
= later wsead by PowarPC and DEC Alpha too

» Rich set of radeoffs
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Other forms of hardware support

« Separate lock lines on the bus

» Lock locations in memory

» Lock registers (Cray Xmp)

= Hardware fulllempty bits [Tera)

» Bus support for interrupt dispatch
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Components of a Synchronization Event

» Acquire method
= Boquim right $a the synoh
= anbar oritinal esobon, go pact evant
= Waiting algornithm
— Walt for gynoh to basames avellable when B ien't
- bucy-wuiing, Blocking, or Fybeid

» Release method
— Emabls athar prooscsoes fo asguirs rght to $he synokh

= Waiting algorithm is independent of type of
synchronization
— meksc no cancs io put In hardwems
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Strawman Lock

Doy air

Llock: 1d r.lgl.:l:;:, looation | 7 opy foordor o egisder 7
oep locatioan, @ T rompers Wil O 5

Inr lock & Moot d, rypapeie ™

rk  looation, B & miore F i moecde 8 ockes T

T & relurn conbod fo celler
orloclk: rt  looasian, @ & e D o Foswfior T

T & relurn conbod fo celler

Wihy doscn the aoguire method waork?

Atomic Instructions

- Specifies a location, register, & atomic operation
= alus bn kooabion read Inbo 8 mglsher
— Anathar walus funoon of velus read or not) storsd Inbo
|oceabicin

= Many variants
= Varying dagres:s of Maxbildy In cecond part

« Simple example: test&set
— Walus in lscaton read Inbo & cpacified raglsisr
- Conetant 1 stored into losafion

— Bucoscshul If valos loadsd o reglstsr s D
— Ottwr conctande could ba ucad Instasd of 1 and 0
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Ralpzca methodT
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Simple Test&Set Lock
Azl the wgiwtesr, locsbion
b= Lok 5N w0y el
rat S Farmym eoniry Bn sl T
mnlock: wk Loowkbom, M wmrtis O ro Iacsdhon
owk & raiovn conird g0 cailer
« Other read-modify-write primitives
— Bwap, Exzh
- FeiohZop
— Comparsiossp
»Thras apsmands: locadicn, reglcier bo compers with,
raglctsr to cwap wish
+Mod corremonly cupporisd by B BC Inctruction cats
« gacheable or uncacheable
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Performance Criteria for Synch. Ops

= Latency (time per op)

= scpaalally whan light contsntion
- Bandwidth {ops per sec)

= srpaolally under high acnbardion
= Traffic

- load an ertbioal recounec ':__l,..:rr“”':ﬂI
— scpaoially on fallurec under oontanticn ) S

: e
Storage e

.|E-.:H-
« Fairness {a--':_:-‘aﬁ"ﬁ‘
:-"'=p:l,-,':
-,-_-F"":i
«Tﬁ"ﬁfﬂ"ﬁ
at®
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T&S Lock Microbenchmark: SGI Chal.
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= Why does perfnnnan;-a:ade?
» Bus Transactions on T&S?

- Hardware support in CC protocol ?
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Enhancements to Simple Lock

» Reduce frequency of issuing test&sets while
waiting
- Tastlsat fock with BackofT
- Daon't back off foo0 much or will be backed cff whan look
bmcazimas Trea
- ;@w backoff worke quits well ampirioally: 5 fims =
- Busy-wait with read operations rather than
testhset
- Test-and-tesrLset Mok
= Faap tacting with crdinary losd
+ gashed lcok variabis will be Invelldabed wian relsaca
SOUre
— Whan valus ohangss (a5, try io obtaln look wish isstEcet

= one afsmpior will sucosed; cfhers will f2l and ciart
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Improved Hardware Primitives: LL-SC

« Goals:

— Taxt wilh medc

— [Falipd rmad-modity-wrids sitampts don't gansrabs Invalidatcns

— Kiica  cinigla primifive can Implement mnge of r-m-w cparatione
» Load-Locked [or linked), Srore-Conditonal

- LL made varabie imo reglster

— Falloar with arbiirary Instrusdione fo manipulabs s walus

— AC triss to chors Baok fo kocation

= gucossd T and cnly B no othar wrids to $he vardable cinos dhic
jorosae ceor' G ILL

= Indicadsd by oondifion codes:
« If 5C succeeds, all three steps happened atomically
= If fails, doesn't write or generate invalidations
= mued metry aguine

i e

= Can do more fancy atomic ops by changing what's

= 5C can fail (without putting transaction on bus) if:

= LL, 5C are not lock, unlock respectively

Simple Lock with LL-SC

lock: 11 agl, loccaticn SLL focodan fo Rgn
ac loccaticn, —wgd S EC reg? el eafon’
bagz Twgt, lock S aifed, siarm agai
=t

unlook: at loccaticn, #0 S owrira O do hesafor o
=t

between LL & 5C
— But kasp It emal o 30 laly fo cusossd
— Dant incduds Instrucdione ihad would nesd to D undons (8., clonss)

— Debagbs Imteryening wrile aven befons ting fo gt buc
— Trias o get Suc but snother prooscsore BC gade bws fired

— Tinly guaraniss mno conflicbng wibs to look vardable befssen tham
= Bt can wes direotly fo implemertosimpls cparafione on chared varablsc

Trade-offs 50 Far

= Latency?

- Bandwidth?
= Traffic?

= Storage?

» Fairness?

- What happens when several processors
spinning an lock and it is released?

— frmifle par P ok oparabions?
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Ticket Lock e o

» Only one r-m-w per acquire

» Two counters per lock (next_ticket, now_serving)
— fAoquirn:  SedhEinc ned_Hooek
wak for noesy_serdng = e ot
= abcemio op whan s of look, not when IEs fres (so lscs
oonbamticin]
— Rsinacs: Incremmeant now-Gerving

» Performance
— low leteney Tor kow-oontenticn - H fsichEIno caoheakls
— Qip) med missec ot relasca, circs sl spin on camms varisbls
— FIFZF order

= Nke simpls LL-BEC ook, bt no bveal when BC cuccesd,
and Tair

- Backoft?
= Wouldn't it be nice t:l_-E_l-ctl_lc:_iiﬁerentlu-t:aliunE-

Fom call il o

Amray-based Queuing Locks

« Waiting processes poll on different locations in
an array of size p

- Angulre
» TerbohBine to obdsln addrscs. onowilch to spin [nesct amay
slamant
# sncwrs thet thees sddrescsc ars In difarent caohe Tres
OF TR
— Fnlmacs
» Gat maxct locafion Im array, thuc weking uvp prooscs
cpinning on i
— 1) trafs par aoguine wish corsrent caohsc
— FFD amdaring, as In Heket ook, bed, OFp) cpesce por look
- Mok so for non-cache-sohsmnt maohines with
et O Mmooy
» mrey looafian 1epin on not reoscsarly bn sy looal

mamicry {colution |aferk
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Lock Performance on 5G| Challenge

R 0. locks

e delayi=] :
----- unlock:

i delag{d] -
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