Sepd &, 3010
(f1£\(K\{£1hU£L_l’_ Paw! Hugman _

(omp 409~ (oocyctent Pmatm'ﬂn‘mq
labas foc | woks aadl L gepd 44, 1|
Lo e e Mo ey k] e 14,

> lals ef g PR m\'hﬂ‘ﬁ = Khow Java. (n we C exeft {or last ass*JhM
= e specve 4exkigok - cag nam poe (bm@ Spsethy gead

D Josn cancurrenty ... 7 gosd fead a5 well
= o e pthet {‘chMai Kexds, = | ste ryllabus.
= cw\ do sssigrmends 10 PThreads, ety o 0006 en Y Joe, Tary Read,
{n dogg myddecon. Ogen back 'Thursdc\/ Nov. 4, 2610
Whed b Conomrenty  ¥s Pepllism o mw(«h%m.adm

farallelism > You, the wser, WKO ogtardar bos wn'{’ Tk csrieel over ka, and, Yougve @ conpleky

s-{?eoiﬁoiwm a5 Yo wWral-hagoens whin ard where,
“Kd of ke belTj $he o of A sporls Feam..

(\mwmmy b %ﬂ\ .Rh!l \‘Qﬁrm ad He same time, but...

/“'\\S T ‘H\ﬂgj m‘h hﬂ [’91’? o QUJ‘UIEI bl«('f_ {Jnh éﬂﬂd mm[{m fﬂﬂdrﬁ{%f&@rlﬂﬁwhﬁ'
(uRsE on® Ws Rfup, just starf and fet # 90.
: —Krod of |The bﬂ

mg fe ceferee of o ports Feam. Yoused «p K enforce +he rulks, bur-
fhats ol youdao

mﬁm%madr:ﬁ = e Mubifsecgng)

{oocess:  includes 7 address space, code, dalq T0 lr\andf\?a‘] mkmx o+ rﬁ#; [ 313 ?ac!«:agg)
- Thread: Similaf oo o Peacess | bud k+ + Umufl Fafkage)
- Shanes fact of "H\E,?ac uvﬁ %
- fWHLhes fosde r ‘Hmn

— e Wil not @ver much of d\sHbm\eA Hamm

. |
— wWe wm Ols eusee qu iher hm@mfu’ Hhan ‘j_hm & Prhoeeds, | @ s agumed Ha{PM kot Sane C o)

~An of comfrol WIHIN o process, avmpq;ed of a onjext (Mgwiﬂﬁ), and @
syuence 6 nsdncions Jo execudte.
~Inside e Theead el
T eish ™ USEQ |

3 Foread 1D, (&) ﬁ'n?or‘hhk) Seegrlers. (ndudes .0 (lorn! dode) |
= schedulng fs{tty (how I+sﬁauid be sceldtd] + shack (ol data)

- Pnar“ *y
- signal mask

> coglng e 15 Sare ey e dek, Alhord) |

- 0.5, rﬂa.q 0f mm, not scredule \/mlﬂ threads. od anypur'ﬂmlar Fcl‘h+ M ime , (Le (oﬂ?‘mlgr"
9 W iush ?mc[gfam So oul code woiks amiufmf(

ﬂ W&er Tk pood ol ¢ | L Speedk ,,&J') —le £) |
Jeed I (cohalf L halé d gt o Nl Fhe Fome). | ‘ )
drin g’“ 0 aid ‘F(TT‘Q . ﬁ?ﬂjwj‘prs
—toda! Tome 2 9& vereal eed + cro-lld ot L | Y b N s 0 SN I -
-7\»P40 ngr f L V €+ (. . actual mmhtp
~ 4 ) = ¥
A ‘lc\i't(te pac ﬁa_fmz_ - amme prgon. b 7% P‘fﬂ”;za»!z!t
e Nl o] y

o ;4' - Hu m))

ek ol dome be | L H e p=q . Then S -0




— Whet else tanTheeads help with?
~_flid . &b cache matsees, ppelve stalls, I/0, ele.

cachg miss (mbm‘m)vm\ Kr{g{ﬁow&q& ‘::e—hm
il | £ 24, iy duy w0y
walt _
l‘-ﬂ*m" (valve camg in)

= W V5 impoNant do howg a FAST contexd swrich G'Q Ujh*“kwﬂ‘m&‘) '

#m* assuml & GUY witha cencel buthen. You want Hdo Sop compureg a5 reen as cancel s ki,

i —=do yea cheek ol +e dime TF anwel 1y bem [ij@w = dee much pverhead ,
click ~ vave ansther dheead e wsee mpud &/__c\\HLGScan hand e and excante whon you wan?y,

Congwe *Theeads gne boHer nNsponsVe Ness,

ok cancel\

A

:mmu_gﬁl (cormetorres vt mo\@ yneredense fHﬂSWUlD.
S web senve

— What st Threods N 0T good Joc?
~ Some overnsd extids foC et switoh
- Pebuagmg 1 DIFFICUT] = oat M et e L kp bt W}t[

T SEerg,0010 | (Crms Deaas,pzr\

Hordwure Basiee =2 whot dds e€ machines sugoart concurmency 7

—hew piocessirs hawe wore than gne Core =2 mUlteore,

Basic Unlgoge
e |=> modelﬂ.) Super-scalar, mutple functrone) unbls e many oddets hnstead. of Just one.,

“ABastc et con i puliple Hhoeads wivg @ condext swhch.

Cache one apprcath > e clice
= afgﬁheaé —2 hide IcHGnc[y fe de a conkat Switch whe wurhy o mﬁnwr/prwrpﬂy
enon) = PNVl @& much 3peed~u( as fwg}b?ﬁ

Ve(\/ ﬂIYOr'&Ln'\- M medem greh Weckve s
Why 9 =7 (8CALITY e erﬂm dwms of mm& tan be ctiched gad sequenttally
which 15 eflen very wehil You efden mjhn‘
acrecs -Hm Same  tsteuctons over & ovee = ke a logg.
Cache, v/ Muthle ﬁr\qﬂd:m—%‘r lots o Cache mISSCS @l Conderd swich
bewse poeges githtke way of each ¢ters' [ocallly
~dhis I+ devgshring g bt can be g cf.nmn

__ Mubocweessor(sevtral Typey )
- UMA f’vn%mt W’fmmy Aaces)

LC@ W 00 cache miseer From &cn‘lHL bt Herey ) & corddo access
[Cocke]

—_—

|Cocke] | [T remen




NUM A "@Dn ~UniHorm Wﬁmﬂﬂ} 'aMS\ 11 .
o cv Hepent Kinde ef remon with dHerent Acces (osts,

Cacht.) ]_Cﬂ‘-?% / ~WNuma Pifelbutes Memery 60 diefeouted I?r%mj,)

Foc dhis closs We s on UMA frchidechets (st commen these days)
~ m peutice, dthiy digtonehon Y7+ hugely  frpartont,
thdres maldple cache [evels which make +hts Acdnehion  less asedul.

SMP ~ (Symmeteie duthpoesor) |
- Al C?\)_"_s,hw the same shatus, * Gonhave cache bet nof nedessarily. |

ce) Tl Jeeu] —Each o) an be a seperoe chie of we mn put
. | O WT_, . MUH\blf’ CHs on ({x}«e:‘gamf core, ! .

L L A

MO (oo-Chip Maldpretessor)
- ' - Woge ebficpent 1 xjou have muldiphe Hreend s
- fess elhicrend 1F You @n!jy have .rmgh hreads. |

QU (Contse -Gt Mubtithreadmg) | (e 152 ticl Anpuoai. )
s of g Mullprecessod; |
= Has hardware sugport dor coartert swiches )

| | on el orjerd Sich, __
- n:—mfily CMT  can 5up‘aor‘.+' n t”‘tf‘ﬁ,&ds Mo ‘urdmfaﬁ_—’% %g-r- coadert NH'C&L!

= Hordwece pan soieh dhreads ey g0 effen (Tke C‘un*ﬁ a stell er evers X cycles.
~ No slow-doun 4o (un a %lg_ﬁlﬁﬂi_ ' ‘ |
L~ Basveally o loge Undprocesde with hatdwore centext switches.
CFMT_(FmeGratn mutiifheacng ) S
ke o (MT, but Bwheh edery Cyde. | |
AR, Baree] Pracessng. <> Retate fhe borrt) oind sne cefion execues {ﬁé-r‘.dad( cyele, Fhen
| i '9{4'\,‘. L (- rm‘:z‘f’: f!a#e;nexi, } i
- 2 Peenainlehe Swilehing b Tasted e Measure Whidy e goed.
|| P %er] @nl'mz %mag,:g'you ooty ged . of He pettomnar e which sucks. | _
éxample = Tera~Cray has 70 slats 5> wp oo 70 eycles per opeotion. oo data cache
L — ovesull %faqﬂbpu%' i very geod Xt dlerels lols of + pecrcl,

SMT. Smullanecus MubkTheadng oo, HYPERTHREADIN [%ﬁrs edal 9905]
T - cross hetween CMP and C'M\"J - |
le "H\r&xdnj

= SUppoct c!i;‘-_nch{ﬂfef‘&l,{;j also mg ;
Co00 1 CPIL| fesouces of cach €AY aft aullable 4o both CAUS.

/| ol A4 H— LU . So Theads can make WS¢ o€ al\ awailable €unchonal units.
. iz_acuruf'cfy% T ._"f"".__;/‘: - — Bunnﬂxg [} S”mgit’r'fmads lets 14 act [ike One ij Chu, -
S 68 LI - = Runnang, mnutbjle -Hreads leks IF chare fesources th & Hexible panner,
(Cf ( h'e J — WM gecl-ief? &\?fr’jcalor AccnikChure (f“tl&ﬁo_ Sanchonaluntds [Tke ALV s ghe)




Socdcal s of €0
AU Ariheredse Logle Unit

£0U  FHooding ?cmﬁﬁ Unlk

ccdbredadmy ke adva 0 erf'LaWn mubiple
LSU  lead / Sk it %nmnafunf‘f;cﬁ\ow Hp
BOU  Branch Pediciton Untd .

(edc)

= ore. thod one Mstuchon @n be tesued per oycle.
exange 1. oddTRY, R, R3 = ALY 1 —ths would cahe 3 cydes ea basic Cpv.
90 add £1,40, 83 - £p f Tt hperthiadag It daks 8 cycts,
2 “est r-.%) ) "p"L‘J

ko |
Constder w‘l-.suf mfjwm' .
Tq i __ﬁ_"i_ Assumg ;
add Fudd br br — @ Bsue 3 Mrhuetions per cyele '
add Fodd ~ ossume wE have L o each of he abows darchaal vabs.
add Fodd ~ load dates 9 C"Jd“?‘
/'lﬁr;oi “oad = br dakes 3 cydes

“geioiegd) | 1411 - acd/fodd akes enly we i,

NHI\ ¢ Basic \Jm@cgsmr‘i

| ssue ,}‘ (o4 |
(\{c(ﬂ_

Tl G;id Tladd

§ horzontal waste |

=2 bad > Yo pﬂ’u drom clq?endelwm el pquzlma
stalls,

= Qanc VP doesnt rave a wey ancund tHhis,

\jm‘fm \nb)—{e‘
>This 1aie dof u: noer~ ud because Hhors Mot Brough Funcloonal
_M‘[:h WW CPU_?;'W{_ unhs G\tftiiltiHC He (PI] o do anOther Mhdeaciton p@lﬁc‘ydﬂ
s 3.0 e e 9 add | odd| T
add wdd  — | Fodd fudd  — odd  lead —
add {cad — | fodd  load fodd  fedd ~
ﬂ_ addd = g 'r'ﬂfic-\ = 1

be —  — 1 be J
i i |

(7 cyees)




Come 469 \PAUL Hussmda |
@+ C{ CM (/7 ff‘ﬂ;ﬂaffhj>

MT od  odd . — | SMT [edd add  add
T1 ‘Fudcl 'Fudd - i load Fodd  Fedd ' :
o 4:::{ £lead  br Noke; What #€ &wamfvj\
’ bf - = add - br were eoclip? )
0dd | load — Jadd T -  Fwould be (
| fodd  load — — = = . oydes.
aty | T T B
B | — =] (G cudes)
( ¥ cyld ) '
’Wﬁ:ﬂifﬂ i? ?ff;s-{ma{n |
Nofce = Horvental Waste ~>  |PC/CPT ki i
e

—»Wmmtngm“mw_mn -3 TfPC pm
wide b’J‘ﬂ@ = ot really eligeive f practice
<> Wypersinealing peonices’ G CET m #hoy | bud nof abuays v‘ﬁe wse.
~> (Can bé wsefut ' yeedor q&@r&%ﬂ&
ﬁ-%m conascveny aa low~(ove! 1€ hord,
\!be Qd,e no4 quite. udqwt @ Qs (n prachee Lﬁauﬁe_mxe dend s
c
< "Hrﬁadf M- overs tthe cacke.
= you caly gel /2 the Cache effecioely

= nskuchion «Hm_aifn'x

T [Sept 1, 0010 T Ll HismA
b=y é“mrgmcn these

~ Last fome 7 bagte hardware designs = UmA, NUMA, SME, M, o FUT, SMT)

Today: Aomicidy. — theeod irrletacivons his i whete thige get nerestang.
Vs, embartassingly  pacallel o vrand Licsvans dc) -

Thread
 pefonlten: Thread lnfecachion mﬁu thot- ol thread_ ttads  (hot wildés )

~ The Yead set ¢f o Hhread s Set 04 i) var
~The wielde Jet of o +head s st e € all varfably Hhet a Fhread wrides,
= Twio fhreads are  [NDEPEADENT W the wilde sei of each 1s ABJ::M Feomthe read and

wﬁ\’re sels of fhe | ether Hhread .
o &M or W/W ef Fhe sume Varigble Ppltes  NOT lhplq‘}erdcn'r thread.s .

—r

Keyzz =g (mndmlee) what 1s Fhe dnal 'value of x 7
%/ \1 - deperds en ocder 8F exécudron M on absolule dimeline,
g || 30 () |
3 Rassblel ordlars of eaoe,w'hon. T2 lxey42 | ory | qyr oyel ot [ Tiygt] |
fnterieavin TS y=l hi 52 =3 T Tot xEy+z
('n | rleavi 35\ _________;_:;9_'___ | To _E_ x: ?L_ | ':rt_ :__ -_,}__: %_ ——t
X = O Q(: :3 | AT | '
;%m[c shedemends are anes Yt cait be dMdad wp smaller; |
n concumm/ we v do @nsdgr all Ndorlesyings of alamic o perackons. a“;_ rl [‘5]] |
Ipact 11,

eq: xey+z % poohably nob sdomic whan cungideimg  fhe maching (o ced 13, [
3 ‘Jrhb c@&tf(\-'mngdn "moee {’fmﬂmf’ !nf’lfrf-eo:%,sl nﬂ 5 c;d;;{rtrlr,{mféz



Mose assk}l\\]&w of 8 “m’#erlgm

T"C--‘ lood r\,
Tl =1 | _ ‘
re 2 ‘ Jhis fossi}a‘l“y wasn't
To lowd €2, @) | 22 obvicus oom Yhe
add 2,02 f achual C6dE.
sdore r{’ fx:] ,'
== 4L

~so we need o Know whats adomic and whed's VieF T order o grogtam encumenily mpfriy
- we hareda be Vew cufeful 4¢ do ﬂ'\ﬂlgs m(‘llt/
- ¥ semething s not atomie, we need o Know hew o breaks Yhom dowa fate adomic values .
Adomie._operakons
e _‘L, " (vartable mghwﬁkg‘{: woid ,5__2;5 (3a-bi volue ona 39-B reachne) =2 Urval
\{uﬁd e assfynment of- leng Sige oo a 82-B\t machine nguies a sagdcnce &F_Wpsl /"3;4

# M fuvn

@ |onc ;:ij&i*n.c

lng x5 x= < J///’ ufpers T Hlageri =g %whacl hﬂfrfnswhen@ Imgortatt M,
==l oy X Uy een NRUNT=

ol In qu o 6‘["'01(,5039 nment s No’“nec&mﬂly cxrk!mi‘c‘

UNLESS: You declare Hhert yoladlle ,

voledt ¢ 10n_J x, 1

"'J-a ;,

x=4; “kea“y adomic
K=Y 3 ﬂ?‘é‘.‘dh!y G‘"(O”TIC

X= Y425 not lIKB\y atomic Cpuﬁlfxljd,y net)
~ somedimes you @ \we non-adernic eperatens, bt aesume thad <H~cy oe e‘F‘f&'ﬁ!\Ely ademic.,
G KRYRE 4G/ .
- ¥ oall & NEZ /9 and W are all local (unseen by other Hheeads), thea +his epecaion s G—Cﬁgaﬂ\'d./
adomie, WE needsome wily o prevent gther + 5 deam lookirg at eur foca/ cpgfm-ht.n_c'

Gamidct a sh‘.emmf YKz wher e ts some expessivn,

C e will [\aﬂ'xﬂ 05 ech(t'}ed

- e h(um. CRITICAL REFERENCE 2 V€ e wees o vastable, dhat ancther theeac weltes,
~ V=" sodisres dhe Ms_u}m:m?ew (AMO“J; te: appeats adombe, M
ot Most 4 of 2 condWNong ape sadifeed
1) € hw exactly ONE c{‘f‘HCal I“e rence  (variable that ancther fhoead witkes e
and % &5 NOT pgad by another H,rmcl
2) € has NO coibaal a‘f{emace_f n Which age X mm/ bbe reacl

ef<- O 194§ pmo £
A |
@kﬁl @3 syl faa R

@ Y=yti B N© CR, ancthor Hread feads Y bl te allowr] .« AMO v

S0 now W ealy Nave 4= Woenf about w‘mdr cengs ot Jse'fwsen@ami@ becawe Hey're
efi{-’ec.mp,h/ a-!omrr.

o I ( _JU T2
. | A= ood rl, Yl —2 [cad rl,
J I N @ NgT AMO. 7r nod effectively adomic . lf“f rLt bl L{ r.l, - L
® K:El'” @3 X+ @ NOT Amo | 5 Shre ol 63 55 Siere ol Iy}
Brifast, azd, gt ) s et e ged, bt wore passibaliing SURE RN

c;\rvf fiom l‘n‘\efﬁfu § a+ ‘mochime code sice here ntri' a‘h}m"' Mﬂwf



| seet I cont'd | | ||| e sy

= why bother?
=2 how many tndecieay _
with "zl\{‘ﬂad\s eal &‘(: [,\J}‘;tch dij w wlomfc Efi?[‘eu-]fm;/ lhen
He ¢ of Pﬂ-{ef(eﬂw‘rgs s giaq! fo: Gemd =S Geons ’”Fr*ST‘
(Y’

=50 W vy conshdar aH Tn-ieri@uﬂmgs of Eﬂa Waﬂu so we hy Yo make as (arge

adomie preces as Poss\ ble,
(.. e be cordnind.... ) |

AVA and _
Jaxa Thre
Threa;ls Gre tipects, You can make new dheead obiects. You con exlend "Hrmcﬁrvlomke
your ouwn Ve fon ot Hireads pe M‘{Thm‘i‘i
oc dhe F{g—&;w_‘{ way of detng 1+ ts 4o ;mpiﬁmemL Runnab‘&
g el Fao Implements Qunnable 5 !
void cun() §

3 |
} | ’
Yrew Thm«d (nc-w Fao()) S‘{arvl'()-' // cﬂeqied Y Slarted,

/NM.Q af ,)116'1']“ M (eoks “&)r a Kunn aHfi) creades 6 fow Wréqd; then call tun on i
The efher (legr pecdored U\&J.E)
Clags Mn{‘Tth[ extends Thread () 2
Votd tun () $

%

Nw My‘Thmadc& $¢ar+f1,

- default
*Bo\iln wews world,
- There ot daBrmon %read,c ard. fnon - daemon ithea ds.
~ daemens are dor run-tang Seriies, Thing yen whead e&@cu‘{vvf uki e o I oy €0
= non~daegmens pre defaultHieads, (do a{frﬁ wonrks), Mb‘“‘“" éﬁﬂd’-ﬁy
= Yéur code/pitgram JemMades when all non- doemon‘lhmad.( &W rﬁ’ntshved

- other methods of |otenest
’%feqq cdass
’Tf'\r\ead GLN(H‘T‘\{\‘;OJ([S // 5 Cunnend- %rﬁdf‘ = USF’J {a.’r-{h/ ofiteq
\sf‘rlNP{U Jls dhir ‘H’]f“ﬁoft shil alve?  (net veop vsetul. mor like “wosAld .
enumerate Threads (Y3 /" by the tme I refums, His stale Mfonvation = fesy uefitl,
Slﬂep(l / Fells a +hread +o steep for spectfred amnt ef fwe, |

Time-out yalue b5 net guaianteed o ke accamte .
OS raghtohl] fake a while qfder Fhe dore-eut funs at 4o get back da H, dmeeutr IV a

Al desrwlortdy of Hmer it diways acairate, H:gh teshmecs avert peallyy e noom. lowkr bound,

|seeT 16 8010 TREE]

Lagt e Adomicy g | nc'lﬂctrd&ni@ At ot One | Java Thigads, Ruonable | daemon vs non-daemon,
Thoead Screduling e

Javo = r]@wpm'ha'l.ly H\Cm-y e m?)m’t ;o‘\&d-tklmg model . ‘\,]\ i |
Cprlodby |

S>Hrt sﬁued wi%hm a gty dass
éh\s}ﬁr ?nf‘ﬁﬂ*j ALWAYS wuns 0 pﬂ’ﬁe{\&ﬂt& 4o

Yawe ety

El-5 430




= sheald A4 el c\\o.nge Ahrecd grafites frem $h default becase \'Haly awd prevent otber— threads foom
bem execwh‘::{.
] r\'mmu; o aegnt ady S\m‘mi‘ee.s ~> prietiies Moy 0ot cakeh what 'Zaq 4hiok +hey cheuld ., (rencqphd:‘za&u n\
=2 preemyt¥ s eﬁtcml - “gneen Trtads”, “un do cempleticn’ Theeads oun
anti | compledon wnless ¢hey de o Nield () ll 4+ ge
ap the CPU o some 61 ¢l I anyerdls Hhece,
- Memteily =¥ 20-bit read/vddes are ademic
> EH-bit (ead/weites are NOT ademic unless declared veladile,
‘velatile” ke i
—volatile means Jhat the Uat(‘due may drﬂmsf “tlsyﬂthr‘c—‘ﬂou‘s[y'.’
W o way Yo Jel! the compller Hhat o varlable can d‘tﬂS& at-any H{me.
% = somecloss, var, . =
. —> X deests darge somedsss doerichange, va¢ deasi+ chawe.

y = fredasvats Zopmpllec eptemizadien = Y=« ;
X ' # '
#In cencumpnt cede, Hhe cenpiler deesnt Krow M maybe some other Fhread meres

with. semething (n ~haf cde, 50 - cantveally do thel wmpller ophmization, or i+
coulé_somttivies be wiong.

stake Mt 4
\ L4,
PN ("uu‘»%j"}; k=15

white (x=560)5 | Zwompller weud «ppmne Fhis ovmg fhe conditon  peauewre cemplle
?(Yrﬁ.‘n(tlc{’"{:ljc”‘ fr)l’ {m‘o arc o;'}‘ml?g Efe- ﬁfuﬁ‘gﬁr:?ﬁudé = § Pl i
volatle Stafc int x; [ @mpiler checks ety fime beause yeadold H b ho more anehiul,

—=hs T3 what VOLATILE means in Jave and C; bt (h Java Yheres more maenng ERTS
Buste Synchrantaticn

——

- 'Evi’n/ object has a foc( assoctrted atth 14 A lock can pe owned b./only one dLheead at a time,
i€ T4 5 locked & an oh)\ec!—/ no ether theeads @n accestid vnhl 4 &s unlecied . They walt,

Java® qycheonvzed (eb)) & lock(eby)s

L unlock (obj))
you can dedare wnethads as synchronipec- (2 Weys),

Gnceontied int £a00) § = ok N
= 5)1&%74!2&& his) %
i Nk
. i gyl -
the jom € medhed [ Ll & T = e o el

JT%’ = e fsalpo:  doestH work prepecly ]
l’ Th'\eado S“HJP{),' IbﬂH‘\ are @em(q*‘{c”
Tsl. stardO) ... T . Tﬂhem:\ dHS‘f'roy( )5 & ttly bard o get rtg'n{fﬁﬂag
T join €y af/m
(Walk unti Tlexiig belew To cnnimuej}

I SO
JE——— s

Terramocdon = Usually when cun() Srvvisheg
the hvead faighes,

S ;



CPAY MvhH e 1
str (6, com'b\ \CAUL HESHAY
_ PThrtads
- i:osi.x S*m:l_l afol &1003,}0 b¢ Prmmaa;;a& ! L
=2 bostenlly a (lacy dhad provides +h a & Synchronizotlon
S dhere's od.s‘obfl ©031b l ﬁeniém e.lsrlerm'ons'mg !
1{'11“&«;.

er dhe © comphler zou\ do -Lpthread o linkdo dbe .
= alto need o |lhk 4 the C Kepfrant realtime |ibrarivs . (+hread sae ).

s stefok (') called fepeatediy with null o deop bts o€ the rfmﬁ
< i thrs 15 aulled By mere HZJn ene dhread ata mﬁa@ couled be a problem

< fowadays -pThotad takes care of the re-enfeand cases,

“ereatng a Hhread . ;
hread— create (hond)e, ortrhdes, slatd Routine, aveg); 7/ crecties rnew Fhiead.
of yeur fhyead ), Smilar fo thread ohect” Mava,

flandle; * - hondle Is o porler (Plertit
= hand\®s migwt be stucls, ?Jyoq cont Just use <! Jo cempoce%m.
- n$dead” use ptheead - equal ( , ; |

= pthead ~sel () #retums your bandle. |
5 exiing Vin | pHhngrd — extt(); A/ eptlenal oy of extiong 0. Qurnent #hread, New a@n pucs eVl
Addnbudes \‘Jﬂ,#qu_; stheduling perams, prlerty, stacksize, etc. -

< allocare an aHibnle Shuchurt

_pherels a towkene de 1l oukthe debmilds,

- change dhe enes you wand-

- p0sS 4o dhe pHhrtad—creale dunchoon

— hote) fou can re-use attibutes
<don't -G:rgef-la Froe dhe menony of I+ leter.
— \ou Can Justgass null e +he atldbuwte an

4 1+ e o delault,
3?r\‘s.r a octura vohee. | |
' N

The delached stade MST =l
A Golaulihreads) > Yo oo call(pHimad. jen(SHe Jon 1l (Els)

~> joirable +rrea
- C[e-fﬁ(h'ed thead ~deesnr Fﬁauejfacc o a fetum value
~> do o1 call pthead_Jom(),

—Theet are lobs of ogtne ond Hlexdibaility i PThiads .
= yen wnchidk what i ovailable af corrplie tme o0 fun-fome.
| = PEX_THREAD. ATIR — STACKSIZE ' '

:cmp\fel?: #HHANF. . [ chek 1 T Hert I ] | . |
e s Sy.onf R npass —SCamTHRFADSTTTE w STACKSIZE |

% check I exists &:k:a

= SHED_ RR  —> Raurd Robtn Thme slice like Jarels prordhy pre~enyiwe moded
P usgG i+,

~> SCHED.. Fifo —> Frast I Pkt llie ‘Breen direads’' > (un do cemple-tioa
S KHED CTHER = Whadever he €< does.
Hrere ce priopies but dent mese with Hhem

(o0 Sco
> what lﬁuel/S(c;?e da yeur Yheands cenpete ot
=ertive withm yeus grocess PTHREAD. SColE - PRECESS
o global PINREAD _SCOPE _SYSTEM

Note: Thege do no+-alwcup X well with ether aHribdes = oy neef Superdsec polages.

-7 Fork _ _ " _
— copies/ duplicalls o process, bt dpesnt copy theeads | ‘

L ;’i’ wmﬂé m\xlmkéﬁd&i?‘(am‘;%:lm, onty +|¥£'" ca YM&J Hovead 15 o\w?ﬂ(aiﬁd (&hff“_«lh*egdj areM"'cnde\_
= Lec - . ‘ '

~> pthogad —mudexd, lock () or p‘%had;muw,unle(_k( )

=S alsd aab : | | |
= ooty +Hhe Yreead ot (acks (a0 unlodd; and NO reCusVe Ladeing




~ you con dlesarlbe Locks as (VORVAL (as dosar(be)
RECUREWE (mene fig Java)

B I ERROR CHECK. (ves_an enver I you do cometh w m
Sept 41,3010 SN |
| s Pehreads 1s mofe efver prune = be V@‘Yfﬂ'%\lfm

last Thme = pthreads € 3 Jovia,

We Qscugel ATOMICITY alreody.
> we losk o the cenctet a—F Mahiad Fucclushon . Only one theead atadime tan agess
any pardtanlat dwunk of code, The chunk ef cede s called 4 CRITicAL SECTOY.

HHow dowp do this? we heve vortous Yechnbquns. (ke SO0 £y
Bagte Techabguee: Ut entey & exdt gachions ur‘Wncl orviteal s ecHong usﬁng a bacy ~waif mady
- 2-+heead g'g ludflon

) uwa=05  Jnitalee
 assume threod t.d.'e are @ and L,

Gd) 3 =W werks!
while. (um 1= {d)3 /7 loop with fo > gives mudual exelusdon,
bcﬁ\j = B30T enforees s'im:»k altecnation  begindy
ext+() § wi'i* h dhread zen,
Jum = [=fueq , Sub-optmal.
’j- ’ n': thicad one shows ap Tiest doo

ba:{ = 14 mush- wart &or ihﬂarl oL

— — — — - —
— -~ = p

Q) Tn\ﬂqu ahen; HayTol> Slag 10 = false 3
fvﬁo‘gs indieate £5%W¥Wnﬂ s achupily th dhe crfteal Secdion

— _— Es - —_— L i ol Feif

!CO 0 4 { n
ﬁl\il& («%aﬂ fik- ld]) //519!& wfwkaJr :()TD B | O:LM\QQ e e (J d"%’mfﬂ
A rm —_
ey rop e > White (Flaglid .. wh \e{H (o).
evdt (id) % Fauie ?d!cc
Flag ) =g ; dlagele g fagld-tne
T‘m:-a] on (A fvealgedhen e W mmfxmdm

Vi ___F“‘WOBLEM_J;-H Fheeads fn €3 af
o St n o

Foe— i e | —

S N S T e Tt G o — | | e e e

P A Ju- {[
3} 4&3; detlare oyt ;NWJ@M (Smﬂﬁﬂ ” f'"*'h \ - B,

4tu91eJ = Lyl ] = dalej Amiialpats T a0 dhey comt do CE cﬂ e g diwe

Rl saahio
7 faglid)=tae. £ prawreem th [1] = e
5 ik g M) Jspon e o /of,m ; M’) t‘éﬁgfﬂ\)s
i F A 5pn ?—N /5‘ mnoyg
eﬂ%(_mg f mf) Ao | Deadlod(l
rf[ag M) =Lale; 2 neidber ttheepd can qu Mo criieal °
¥ Fecton |

4) mdc\ some. candomness

QJI{A —Ffﬁ Fj Cﬂkct //'/lh‘ﬁct”z& ""’?‘"H\U m\qrieﬁ g\ﬂf‘f‘( (&’Enrhulu?\?
| &

enter (id) ¢ rnusheel exclusiay

'ﬂaa]: i) =4ue - presends doadlok
Ve (flag T1-1dJ{ —> froblem = Randem y atlects
*ﬂ 0a11 )= false; eftorency |

d dom dela betaks
£ T
e+ (id) 3
Hagy T ) ~Xalsc) ¥

3




[sept ol cont' |

5) This ene works nieely...
DexKer's Maaithm

AL s

(8fee o Petesods B-process Tie-breaker) [198/]

flaglo]) =Hlagli] = False ; L/ iniHalnaron, | o T
um =0 7/ Me-breaker Flaglo)= e Flagl() =tne
ety ()T tum =0; e
-F(aglfdj *g; white/... 'K A/spims.
Thm= g - wes.
while (Hirn ==id 43 iy T-d1)5 Zspim *

_Note: assigreng an jd o furn 1S
exit (.d)i an_sdomir operatton, so
aa(,l‘ d) =€alse itle not a prablem,

YW 4he durre Be+ switched
LU worky oud-he gtfer ane
= pielg<inds
] ) 0 A s A R P == 3 A O SR S Sy = PP TR (R R
1| goss Fivst, N

b, : Some_gyotoX_ (moi())
white(dum == 1d &3 flagl1a))y //spi.

J/ccﬁ be writden 45
awakt(tum|=1d ([ leg[1143); // await the e condideon.

\e2 uhile(B) &< awast(] &)
s in derms of effcienqy, F 2 dheeads awess dhe samve (shared) datq,

wiites Fom cne must be mede vishde Jo the ether,
al hatduwere,

TO "!I
cPU's cormmunteate with soch other witHh Speci

oFlo gs get set -{elln:; e sﬂer v Yo I&jnoi\e certain cache |ihes Hﬁr#a/ beCeme ﬂwh!lcf_

—> amvg‘fym
S>“We shoul chmrm:ye shared data,
-3 wWe should alle mmimize WRITES do _shared :la"m\

 Sdlores & Nes n@m‘i“‘lm o fhg s hesse)'s ﬂ-\yv‘i-ﬁm '

Kesse\s Algorhm [T9sa]
> miimoe The writes 4o Sared daba, (Sl more edfichont),
> user 4 shared regeﬂers => muMple writers, readets, 3
C mg\s%ﬂ' (enly 6ne thorad cun weite (hdo each )’

. sthglp readef] of comba, |

~uses 4 s

6) Faglo)=Feq )] < Llsc;
%uqamfe'.]l :
'hl"‘l[*]’
foderspnts hum =20 & Hesrl's Jun[o] =tun{i]

¢ Woheexents Aum==|{ £ kegsely eium]_b] (= dum [11]
S-nied & ettec UNSHARED vartables

(Qm(,lqrt +hg 9_ MlUE‘ 0"(: u"um!:

ALY ;
eatec (0) 7 Zjuste 40 : mkﬂg )T?]
—(Fcl(y l'i% *m’ fll } [m”ﬂ Hum[a],
tum n’ = Im{ ; { awml"( A&g [ﬁﬁl—[t%lfx (l lacal Zf ]"f‘/-': ﬂllﬂ-[bj”
’ awaM' (fagl ) = -Cdl{s"e ”lam o) | = d'umﬁj) ¥ %



exH-(?cni

~Fiﬂ9 i e s rF:rU =due
Flagla] ~+ue l
so s fone ; o leca?] tum L]/ fule locqlf_\}f \ dumlel /e
Furm [c-]( = Jocal[e) /Jalﬂ:/ qumﬁ(] h{:atﬁ] é/w!me
potaiH{ Flag (] == Jalse worr(Flaale’] ==dalse X
‘ ‘ ’ I lccal[l]“ furao1X //SPKN
M CS,
Whot 14 oy show up at dhe sdme +m7
T
H Io "*‘U—t.; QC(C!.BIIJ "{"NE/
lbcql [ej tum [(] / false lecal T1] = }rfum 1e) // 4e
RVE JunT0] ~*0calT0]/4'hi&c ] < local[1T 4
awo't (£la Blt] == false X awo it ﬂﬂﬂ'[ﬂ}-‘-'—fal;e X
[EAIEERM | lecal 3 -,nfmzeﬂv
; ™ on
e ”
?é“?g‘?zoé" ‘ZDID ‘.,fﬂ

Last Thme ~ bask mudual eXelusion >+um-bosed; alternasyen -based metheds, Rdeson, kessel,
i ; = Q-process soluticas. '~+J\;'i dbout n-fvces sluhesas 9 = leek vp algodthms i€ ferasied
o i .
) muhwol exlusion => ceairel svel (Critveal Sechion  aaes.
2) Absence ¢t dead lock - JF 2 o rore $hveads are ""Y“ﬂ de get inds He CrS.ﬁn(‘-#l}} g
the €8, then only one shauld “succeed .
3) No unnecessaly delay —> theeads should not have % wald 4o enter the C.S. % nz}, ene s M e,
hf fty dhreads are Jo got thiough o C.C., all of Fem shtukl euventually
4\’ Everhal E’nﬁ}/ -1 Iﬂ- Ccrssumi all 'J";!gﬂeadf Fhat png lo Mrrhmj{y exif.
- ﬂ\aparfm L2 L&D are k’nadn as j:’&f_ﬁw FROPERTIES, —7 guatantee dhat Nothing bad }nfmm. We
conld usally prive these propertius —> show mvariomis (g [l [es, oc look o aif injertennmgs.
~froperty H Is o LIVENESS PROPERTY —> Quarontee Yhet “.aomeri'hry gead hagpens evervally s This
,;lerefcl.s on the scheduler —> some a&ggrﬁ-hm; help, kot HagO o PoRVE,
Why 15 1 hatd 4o prove?

9. boplenn go = = false; = >smgle P syshem
TO | <> Stoed unnfng Thread O
-—-—j—:-———-— "‘91’(‘9{’ ol bblfay So dake 4vme ;rmﬂ*nﬂ
while f',jo) i VTl Je = Hiugs 1& =V 5 at iomvo eveo - you. hevee

EAY: Schedule Threed £,
'} K] me ()] Some Calcultx*toflf‘) > neecl FARNESS Lor Fhis % Odun“y wilk,
c‘ﬂ-‘bﬂ‘&f”’nﬁwe{:ﬂ( )3

Fairness Poperdveg  (oeomind knauledge)

) Vncondihendl Tairmess ~> ﬂ Sdrgd acmﬂpgilt mifm ‘f{‘;ﬂjﬁ‘fﬁj”’m M every ‘mmim}mna[

€9 _.:mﬁ(t meeachﬂ;, //SPW\ e rHRmdy 'Fal&e,-

head (|1 de seme. it eperateons:
c%em ngx’r mﬂ()wﬂ; T o +:ﬁe)




ﬁ 22 V) L@i i ik . B
2) Weak Fatentss — HSched'«Qﬁ\g pelioy X wfﬁﬂiﬂy ofaic M

U.l‘ UMHJVHBH? Cowr

@ Ewy cndhocal atomic achya sthet (s elig ible & evenmll
assuromg e enditeon on which i*‘d&(l‘?ﬂd—? becomn
+oue Beever (untl out condtion Gohon §s exeauttded)

~ bn previens exarfle i+ |o eple do seothot [+ wouled Wtk
2:) SHUU Fairoesy = A &nedw‘-ﬂj, poltey & stongly daie i

) UnceadFhona lly Fai
Q@ ey codtioal aoton fhat i€l I}:i(» ‘e exected ﬁfbﬂ’ﬁkﬂ{f asfum

4
the, cendfHon en which ¢i~c{e[9ad; (s -tue /afinllely ofFlen. /asame %m_
= eactee you Glmes) newr get streng sthedulmy guaramiees,
$o (obE VEFENSNELY)

. genew , pecple wil] asume a shengly € Sehedulmg Sysdem,  His caly doe
ﬁa%fsﬁco.tiy speaking, o There's no’ 10pg0 umna:é, but usally due ¢ee tome,
—ZI€ you're wr‘ihﬁ Gdg for anp(me systems ef somedhg, you need [0¢% jumn*e

Algor cthene with come, daroess

Theket Mqo; Whin < Jake a frcket as you wq‘f&’ nvo a siere.,
<> Hekets have num

S vakt Gr your e 8 be @
—>then you're ' he €S mhl you'ee dong
—» thea dhey call the nexd numben

Spake Fhis eﬂ@(“(;,d) i _H

part atemic <“6UWL[ICU = humbff

elfeuded
Ycue aad pemaing

Sneeds some Atomicity % murhual éul&@'fbh.
number += 13 D £ T dhae gatt s petademite, so there mus
awotd (dumn. [id] == next ); . be @ way acgund 1t ..

§ Vo mocs. ©9¢ FA (number, 4); instead of number 15 i

edbOd)]

[next += = 151 |
\s[‘ws 4‘n&5 need o be J '

otemicd NO smee only one Sivead dos thy ot ence.,

Fixed 19(}6?‘”\1\ with low - tove| (gfuuihmg & &:ﬁmiju
-2 HardWoet 5\1{)?094‘ alo helps,

= tedch-and—add ¥ o "nrlmchscﬂ dhat add s adomically,

K= Fﬂr(j,ﬁ > (etums value of Y and adds a £ 4o i o*—ﬂe_ﬁne_sﬁwf,oﬂomm@f
Bake |

ol ~ 2 larlaton of e jl‘l’-'ﬁa ﬂﬁ“Hm\
— when yey a lic o he siste, You prler: set ofo one Morg dhon -

SEWOR else i the. SHE, by coundimy thhe. feaple ahead GVFY&{

endet (i d
,__,jil (4um ILﬁ-{r J}) A Aemicity J?oub[Em -?( haed 4o m!msm@*‘b
f{or( [ 19 NJ§ o
P ( == .(D Cdﬂ'{‘{ﬂué)
M T2 %0 || hem G} < N[

&T [‘n‘rﬂ_l 1 ﬁhjt

— ’!’e&ir’ard -seb TS ( % VT T uc aornical fﬁ W does ﬂ\? LA
) = rl
—hic can help with

hmde
M\ es‘cfwm ,'A “ i




b e el

iy leck = Q)
M orcer do locik s
ey i whie (Ts(leck 1)== 1) 5 /Spin.
et ek = O 4§ /el on alamicly of 39-bikescignment S e problem,
- fest-R s\ B-Set (soffware methed g est set) .
= qesl g get (nyehes o lob o wdmg e aghoed yarfuble (lock), S5 abow et e nefficlent,

DTNs kS o ONEAFER way o doorg Testset, .
=Uses o cead spin with & nemnal pead, and oy i+ \s ok, do you wse test &isCt o wilde

ety do iw]\”e (leck ==1) 3 //SF‘\’." (repeocine Nommal read o € a shared viere ble) ,
§ while (Ts (lcki==1))3
-Fp .
e £ A ald founc i c4ud
h atynore.

Snot wed M

- Compare $« Swap. proecAY
=5 CﬁS(}Q v, Vz_) Aseds X=Vg W X W q(chiy gual 4V and refum. old value no mortfes what,

egy CAS(x, v, 245); _. |
S oo miel dhore are doc st 38/6Y bt verstons,  Maybe ewen B/16-b\s.

—>Jhece 0 tosHy problem under the covers,



	scan0004
	scan0005
	scan0006
	scan0007
	scan0008
	scan0009
	scan0011
	scan0012
	scan0013
	scan0014
	scan0015
	scan0016
	scan0017
	scan0018

