uonoensqe SuiwweiSod Jua.unduod ay |
ASojounuiag pue sapopyy

AUQ@EBUQOU 01 uondnponu|

SHNDAI 1UO13|D [ENPIAIP
NdD 2UO BPISUI SHUN JUALINOUOD [ENPIAIPU]

(swarsks Bunesado painguistp ) swaisks Suesado
As-qns sadepia1u1 § sasnq [e20] Butpnpu - sopou Sunndwios suojepuels

sapou Bunndwos payiomaN
(,s19ndwioosadns,) sapou por ’ 1y ‘ojeos oie]

saAnoadsiad/s|ans) uondensqe Juatayip uo A2usiinduo)

ASojoururiay pue spapopy

\AQEQ\IBQCOU 0] uononponuj

sy10m1aU 121NdWI0 10 S10559201d-RINN £ si0ssa01d 101007 #1

[erep ojdnnw ‘uopannsul ajdnnw] >nasut a3uss)

s10ss9001d pourpdid si0sso201d [enuanbag e

[erep ajBus [e1ep 2j8u1s ‘woppnasu

:$91MD3IYD.IE SDUIYDRW JUBLINDUOD AjjedisAyd 1oy ASojouruiay

Adua.unduod uo MB3IA S,]SQUBIDS &WNBQEDU 14

Aduainduod jo swiog

Aoua.inouo) o3 uononpoaiuf

=R

*JUDLINDUOD PAIDPISUOD DIB SJUIAD OM]) ISOY) UBY) (PAIIBIS BUO IBYIO
ay) 21042q pareuIwnIa) Aj|ny sey JUIAd JUO "9'1) duanbas eiodway
191118 U1 U1 SB SJUAAD OM] AJIIUIPI UBD OYM JDAIDSGO OU S1 1Y) §|
s AjaaneSau pauyap j[ensn st Jua.inouod, Ajjeaiuyal

[Areuonaiq ysti8u3 spaojx0] paje1dosse 4uiofuod Lo

-(1o80) Suisiie 10 BunsIXa SIIUBISWNDIID SO SJUIAD SE ‘19

-y1980) 8urndoo ‘s8uipaadoud se ‘apis Aq apis uo Sul

-08 ‘saui| |a|jesed se ‘aoeds uy sayya8o) Suiuuny lpy

SuPaW JUBLINIUOS, AlIEINT o
:suoniuyap Suniom
éAoua.1undu0d s1 jeym

Aduainduod jo swiog

Aoua.uinouo) oy uononpoayuy

H.u.vl

“Supwwes§oid 1ua11N2U05 J0 X010 Dy Uy uoNdWINSSE AARAIISUOD
‘PIJEA U3}O B ([ S1 )t 4791103 AJ[EDIULID 10U Aljensn st S11 YBNOY UAD »
wesSoud [enuanbas sad (10ss3301d) un UORNOIXD BUO S1
21941 124} SUTAU UONNIIXD 1UDLINIUOD TRy PIWINSSE A|[eIoudS st 11 S

Ajpuaiinouod pandaxa ale yoiym
(speauyy 1o sassado.d) sweiSoad jenuanbas ajdnjnyy

uonoensqe Sutwwes§oad Jus.1unduod ay |
ASojoururia pue spapoyy

\AUCQEBUEOU 01 uondnponuj

*** alow Jou Ing ‘Qy8i1 }1 op pue) paiinbal a1ayMm J0}IUOW X |0IIUOY) =1

1041 Ajuo 1nq -+ alenbape asaym pakojduwa uoneziuoIpUAS o
ssa|Buiueaws st 2>uanbas uORNXIXA [eMIOE AU D19YM Pako|dwd WSIUILIIBIEP-UOU o
nsuuR19p-ou st wlsAs Surkapun o1 219y pakojduid wSIULIBIEP-UO o
Sa1mE) SWalsAS 1UA1INGUO3 J0 JuawAodwa [ySuruealy
#BuiBSnqop <1 aqnpoidos-uou «
(uonnaaxa ayy Jnoy§noiy -+ sjeusis ‘sadinosas ajqejeae ‘peo] andySnoau Buin)
own 1eis 1e sowis pue siarewesed 1nduy oy 150 uew 210w uo puadap Avw s
soels
euswiouayd )

swoiqoid / sansst/ Saan1eay BUIMO][0} 3 01 SpEa] UBLO AIUBLINIUOD
isoeyd 03 peaj Aouarinduod saoq

Aoua1indu0) jo suriog

\AUEQ‘IBUEOU 0] uononponuj

NdD 3U0 Uo PaINAXD aq 0}

SIS pRINGHIsP sassar0id Suppesayuy oydh

“Sunesiunwwod Jo uioy Aue 10j Mojly <1

S2INIIBULDIE YIOMIBU [BIBUID)
S|aUURYD UONEDIUNWWIOD

(usiuILIRIaP-UOU) PPy =1

swa)sAs Sunesado paynqguisip

saulyoe 9||ele, O/l 3|puey oy
e Sunwwe:Soad 1dnuun Aojdurg <o

uoneyndwod
pue O/] paddepanQ «

fouannauod eayjedisiyd ppy =
swaysAs 1ossadosd-ninpy

Adua.unduod uo MBDIA S,1S1IUSBIDS LMQZQEOU |4

Aduairnduod jo swiog

Aoua.uinouo) o3 uononpoaiuf

[Areuondiq ysii8u3 spiojx0] pajerdosse quiofuod La

-y1a8o) Suisue so Su S9DUB)SWINDILD 1O SJUIAD SB 19
-y1280) 8urundoo ‘sSuipaadoid se ‘apis Aq apis uo Sul
-08 ‘sau| [o|jesed se ‘odeds ul 1ayja80o) Sutuuny rlpy

sAdua1indu0d si Jeym

Aduainduod jo swiog

Aouauinouo) oy uononpoayuf

(1y-uag)
,'s3ssad0ad [enyuanbas jo suononisur
J1woje 3y} Jo saduINbas UoNNIAXa paneasajul
10 Apms ayy st uonoensqe Suiwwes§ord yusrinduo) ,
130] pue SuiwwesSoud Jo 1x81U0d BY) Ul JUSLINOUOD, «

“JUSLINJUOD PIIIPISUOD DB SJUIAD OM]) ISy} udy} ‘(dn spre)s auo Jayjo
3y} 210§3q pajeunusa) A[ny sey Juana auo *a1) aduanbas [eiodwa) Lys
u1 Bu1dq se SJUIAD OM) AJJUIPI UED OYM JIAIISYO OU SI DIDY) §|
:se AjaaneSau paunap Ajjediuyda) si Juainduo0d, «

uonoensqe Sutwweioud Jus.1unduod ay |
ASojoururia pue spapoyy

\AUEQEBUEOU 01 uondnpoanuj

wA_

sBuig8nqap <1 ajqpnpoidos-uou
(uonnsaxa ay anoySnosys - sjeusis ‘saxinosas ajgepieae ‘peoj andynoiys Burun)
wn 1es 1e soiels pue sialawesed Indur ay) 1snf uey 10w uo puadap Aew sinsos
1S walsAs ajqersasqo-uou

euawouayd oysiuIAIap-uoy

sswaiqoid / sansst / saamea) BUIMO][0} a1 01 SPEa) LSO AUBLINIUOD)
¢SoeYD 0] peaf Aduainduod sa0(q

Aoua1indu0) Jo suriog

\AUCQ‘EZUEQU 0] uononponuj

swalsks pappaquia uSisap o} aqe aq 0}
warsis v Jo 2dueuniopad oy 2duLYUS O)
walsAs e Jo Ajyoeal sy adueyUS O}
A9y uasoyp 2 ue> SuiwweiBoid 1uaLINOUO 10 [eNUANDAS UAYM PUBISIBPUN O} 210
pannbas 51 SujwwesSoid 1ua1NoU0 J0/pue [enuanbas uaym puEISIEPUN 0}

(- ‘saseqeiep st do) safeyped arempyos xojdwod 1n11su0 o
saampapIe 12Idwod 1o sped Jua1ndu0> uSisep / ojdwa 01 3qe g 0}

PlOM (221 21 Yum swidtsks 101ndwiod 159uu0D 0} 9/qE 3G 0}

$A0Ua.41N2U0) 413pISU0 3snudIDS 1aIndwod e pjnom Aym

Aduainduod jo swiog

Aoua.uinouo) oy uononpoayuf

X-LZ8LLLEL-0 NESI ‘[[EH-2211U21d ‘UOIPS PU0das ‘9007
SunwweiSosg paIngusi pue waLINU0) 40 sadiuLy
uy-uag ‘W

[901y-uag]

1apdeyd siy) 10y sadudIRsRY

Aoua.unouo) oy uononpoayuf

-z

9pou Sunndwod enuanbas ‘a3uis e uo PaIN2IXD B1E YaIYM
‘warshs Buissaoosd-ninyy o 1

:[9A3] UOIIDRISE 19MO] B Je [erjuanbas aq 1ySiw
‘|aA9] uonoeasqe 1aySiy e uo Juainduod sieadde Jeypn g
12A9] SuiweiBoid 1ay81y e 1e 2|qisiA aq 10U 1ySIw YaIyMm
‘s1uau0duiod alempiey 10 watss Sunesado 1uaiNou0) Fo =

:[9A3] UONOBIISE JI9MO] B JE JUDLINDUOD A[[eNSn Si
‘|aA9] uondeusqe 1aySiy e uo jennuanbas sieadde Jeyp -

uonoensqe Sunwwes§oid Juarinduod ay |

ASojoururiay pue spapoyy

\AQQQEBUQOU 01 uondnpoauj

105 Ajfensn Jo ugisap woisks oy =
nd> apurwiiopad-ySiy ajSuis e 1910 pasajaid uslo e
Pa1apIsu0d aq 01 spasu s s pow o} 19p10 U
PUBY JB %SB) 10/pUB JUDWIUOIIAUD [eN}D. DY}
wioy a|dnnyy =
Adua.induod uo MIIA ML@NE.\%:Q uy

Adua.11n>u02 Jo suriog

\AUEQ\EBUQOU 0] uononponu|

51da0U0D [BINID JBYLINY JO IBGUINU B PPE 0] PABU 9M ING =1
SuiwwesSoud yuanduod 1oy spusuodwod epuswepuny
awos s1aA1jap SuiwesSoad jenuanbag =1
sofenSue) Suwweigoid pasn Ajopim Aq pa1sagins sy Suissedoid fenuonbas PIIS e
SHOMIaU 11103 € J0 1ied e swatsAs 191Ndwo 50w pue
SUBWIAJD JUBIINIU0S DALY SBANIIBIYIE 10553304d 1UBLIND [jE (1SOWIE) oA
sanpaiypIe 121ndwo 9103 150w Aq parsadins st Suissaroid enuanbas o
-+ 480j01q souon9}e ‘FupoouBua ‘Suskyd

$Aoua.ndu0d aney/pasu am op Aym

Adua.11n>u0) Jo suriog

Aouauinouo) oy uononpoayuf

ANISIOAIUN [BUOIIBN UBI[RNSNY BY] - JBWIWIZ "y dMN

\AUCOCJUCOU 0} uondnpoAnu|




e) UONIPUO3 10 D1elS
Ure119 © Je pananbua Ajuowwo> a1t (Joa1a UL SAId -

T pe— ‘sajly pue sadinap paisanbai pue uado

:sa8apand / 59210521 pajedo|y

sofopand B .

oo oo seae paseys ‘s
:so8apiaud / sapn

s 145 191d0) ‘a0 ypels 421unod wesSoid oy “puy soUPIMS

‘siaisiBos pones

1XO1UO D[1UM UONEULIOJUI POIOISI/PIAES D1E}S 1dD

** ‘QWN-NdD PAWNSUOD ‘Saul|peap ‘SaNLoLy

:sanquye Sunnpays

-+ po10q ‘papuadsns paxojq ‘Bunnooxe Apeas ‘pareany

ajess 5520014

Pl ss2201g

$)20/[g [0413U0)) SS820.4d

speaay) pue sassadoad o) uondnposuy

\AUQO\IBUCOU 01 uondnponu|

S22an0524 piay Apuoiin>
pue suawanbas ‘sajers
11941 e [[om S s553201d
2 1noqe a8pajmousy
1INy sey [puay &
()Mol jonu0D +
oouds ssa1ppy
=z 5500044

$95530044

speaay) pue sassadoad o} uondnposuy

\AUQQ\IBQCOU 0] uononponuj ”.—“T
88

(SUONIPUOD ,9Z31, PUB 1EIP JUIYIS, JO SULIO} JBYJO pue)
$320|peap JO ADUISqY »
(SUOISI||0D @2INOSAI OU) UOISN|IXD [BNIN o

:s9|dwiexy
S0P O 1Ry} SUBBLW O [ 219yM

()OO « ((S'1) $2559201d \/ (1)d)

uonoensqe SunwweiSo.ad Jua.induod ay |
ASojoururia pue spapopy

Aoua.inouo) o3 uononpoaiuf ”«HT

ssauie), 63 ‘SwalsAs aup-[eal-uou up
Sunnpays ays 10§ suondwsal ul 05 54
Jenuassa ase 1of Jenoe ay) Jo yuapuadapuy ae pue
uoneayads oy £ 1d a1 yoym suSisaq =1
parsa
24 10uuE) S22UAN|UI [PUIRIXG UO Aem Aue Ul P Yorym swesSosd

:(SuiAeapIa)ul) S9|NPaYDS JuAIBIP A[219|dwod Uy Nsal
(seop Ajjensn pue) Aew s198811) [eulalxe ur saueyd 1y

:SWaysAs Juaindu0d ur 8ulisd} *SA SSUDAII0D)

uonoensqe Sunwweifo.ad Jua.induod ay |
ASojoururia pue spapopy

Aoua.uinouo) oy uononpoayuy “NT
08

peaiys jemioe a1 uo spuadap speai Jo Sulnpayps
2301d U0 BurPIMS LYl UBIYS B10w

0> pray1-Iatul pue Sunpms peayy =
- sas59201d-Uaz1) p-15113, 10y UeY) 53] B8 SPRAIY)

01 paypene say; ay) ‘s921n0521 U deiano ng <

“(Ayo1e101y-552201d £3) S321N0501 DUIOS BIeYS
Yorym ‘ss59201d jo dnoif e se papaedas aq ued speasy]

1Xo100 pue swaysks Sunesado Juasayp ur LI SI
speaiy) Jo uoniuap dyads ay) pue Alowaw d1eys ued sass9301d OS]y

Spealy| < S9SS920.4d

speaay) pue sassadoad o) uondnposuy

\AUCQEBUEOU 01 uondnponuj

paleuIpI003 aq 0} paau
s502 Asowaw pareys =
paunbas Buinpaips)
wowoSeuew 55201
|enuassa uopoajosd
Kiousaus 10y 110ddns
waysks Sunesado
Supjser-nnw
MOY-ONUOD 1D 10}
1dD 2U0 2pe|NWa 5O

SMOJJ-[043U0D
1Ie 104 NdD L

speaay) pue sassadoad o) uonanposuy

\AUEQ‘IBUEOU 0] uononponuj

WRISAS JUBLINDUOD DU JO BIEIS JUALIND Y S1 § PUR
(a1} R3S udL (13 PUE) Ploy Al SI0p D 1Ryl SURIW D> DI0YM

(SO < ((S'1) s9s59201d v/ (1)d)
Pploy sAempe sa0p O Jeys sueaw O (] 219ym

($'NOO « ((S°1) s9s59201d v (1) d)

21n|1p} B P2ISPISUOD UBAS 10 PAPUSIUI JOU USYO S| UOHRUILLIDL —
:SWD)SAS JUSLINDUOD Ul §S8UIIDI0 JO 51dadU0d papualxy

uonoensqe Sunwwesfoad Juarinduod ay |
ASojounuria) pue spapopy

Aoua.uinouo) o3 uononpoaiuf ”«HT
£8!

(s3uiaeajsayur) sjutod uonoesaul Jo saduanbas a|qissod jje 10j anuy spjoy =1

$9s59204d JUa1INdUOD o SuiAedIRYUL [BNYOR UO puddap jou SAOP e
sAe|ap / sawil) uonndaxa / spaads 3202 uo puadap jou sa0p «

i 1

swayshs ouwll]-[eaJ-uouU JUa4INdU0d JO SSDUIIBLI0D)

uonoensqe SunwwesSoad Juasinduod ay |
ASojounuria) pue spapopy

Aouauinouo) oy uononpoayuf

NdD a1qejieae Aue
o painaxe aq ues
prai / ssa01d Auy =2

($321N0S31 0} 53208 pue)
aoeds ssouppe [earshyd
oues ot 21845 S0 IV
(dNS)
Suissasoudniny
| 9oeds ssoippe SLpPWWAS

u ssadoud

speaay) pue sassadoad 0} uonanposuy

\AUEQEBUEOU 01 uondnpoanuj

PoleuIp1005 3q 01 paau

559208 Alowaw paseys =1
pasnbai 10u Buinpayps)

JuawaBeuew ssad01d £

As-snq
©eIA pa1auL0d
“yser sad ndo |

‘swasis jonuod
ss2201d [e215Ayd »

ssafjonuood panquisiy «

2 Kjuo
suoneinByuos oypads

MOJJ-[013U0D
| aoeds ssappe sdndd L

speaay) pue sassadoad o) uonanposuy

\AUCQ‘EZUEQU 0] uononponuj

sswalshs JUaLINOUO) 10§ aNs ase pue o) Aidde sidaduod asayy op =
s195 incino pue ndu; ueaMIAq UONE(I €SI D) puE

405 1ndut oy uo Auadoid e sy ¢
‘5195 Indino pue indur ase O f asoym

(01D Vv ((O°1) wesSoid) sayeuswial) < (1)d
1SSUJI3LI0 [BJ0] o

(O)0 = ((0*1) weiSoid) sareurwsay v (1) d)
1SSUIILI0D [BI}IRd o

1$59U)294100 JO 51dadu0d piepuels

uonoensqe Sunwwesfoid Juarinduod ay |
ASojoururia) pue spapoyy

Aoua.uinouo) oy uononpoayuf

189S INOA U1 AR)S 21 SWBISAS BUIN-[BRI-UON &1
:Ajuo syutod uondesajul Jo duaNbas ay) JopIsuO)

s951n02 ajendoidde ay) utof =1 swa)sAs awi-jeay =1
:Apdi1jdxe (suoneinp) awiy J19pIsuo)

¢9ouanbag 1o aulj-awi|

uonoensqe SunwwesSoid Juaiinduod ay |
ASojounuia) pue spapopy

Aoua.unouo) oy uononpoayuf

O/l ss920¢ 0
sse201d yuased
1oy y8noyy of o)
pasu Aew speaiyl
Sunnpayds [
150 g 9pISING
SIUBAS [eUIRIXD
pavauuod aq
Ansea ue> peaiyy o
Suinpayos jpuioy
SO oY) apIsul o
puey og ued (sMo)y
01U [enpIApUI) SPERIYL

speady |

speaay) pue sassadoad 0} uonanposup

\AQEQEBUQOU 01 uondnpoauj

anoud o) prey A1an aq ued sansadoid ssauanyy Sunsalaju| =
(ssaulrey) 19A2.10§ pake[op aq 0} s WdIsAs ay) Jo 1ied ON o
Ajlenyuane pake|dsip aq 0) spaau Wa)sAs ay) Jo LIS Y] e
Aljeniuans 9391dwiod 0} pasu sysanbay o

:sajdwiexy

Wa)sAs 1UBLINIUOD 3 JO BIRIS WUBLIND B 51 § puE
(on1 AB1S UAY) (1M PUB) PlOY A][ENIUAAD S0P D 18Y) SUBIW DS 2IYM

(SO & ((S'1) 595592014 \/ (1) d)

uonoensqe SunwwesSoid Juarinduod ay |
ASojouruwia) pue spapoyy

\AUEQ\EBUQOU 0] uononponu|

aonpeid up uaroid aq 10uUED SSAUDALIOD YDIYM SWISAS Xa[dwod

01 pea Avw 1nq uat 210041 e suonesado dwore ajdwis «
wnj Aew 1ng ‘sy

SsaU1a1100 ay) 9520 suonesado dywore |njamod pue xojduwio) e

:[193e] UOISSNISIP pajteiap] suonesado djwoyy,

Jo suondunsse ays uo Aja1 swalshs WWaLIN>UOS Ut suBisap / sj001d ssOUIALIOD

:suonesado djwoyy

uonoensqe SunwwesSoid Juarinduod ay |
ASojounuria) pue spapoyy

Aouauinouo) oy uononpoayuf

‘uoneziuoiyduAs 11jdxa Jo/pue uoiewoyur jo Suissed 1o1dx3
:(uonoesayul 301 dxa)
*921N0Sd1 PaJeys duo 10} Aadwod
$}IUN UOIINDaXa JuaLINdUO0d A|diy Ny
‘(uondesdyur wo1dua)

uonoensqe Sunwwes§oid Juarinduod ay |
ASojounuia) pue spapoyy

Aoua.unouo) oy uononpoayuf

==




196

Introduction to Concurrency . Introduction to Concurrency

Introduction to Concurrency

Process states Process states

« created: the task is ready to run, but « created: the task is ready to run, but

pre-emption or cycle done
not yet considered by any dispatcher not yet considered by any dispatcher preen

£ o e walting for admission i e waiting for admission
g g batch rea cuting
oy eady to run ready: ready to run ready: ready to run eation LTI e — dispatch hermination
 free i e — e,
: — - waiting for a free CPU : e waiting for a free CPU : tin cPu
§ § running: holds a CPU and executes § i suspehd (swap-out
g g : g anbock P P
s o R A - ready, suspended

H « blocked: not ready to run < blocked: not ready to run < blocked: not ready to run suspend (swap-out
£ £ £ ‘

s £ £ a
s waiting for a resource s waiting for a resource = waiting for a resource [T
wapin
suspended states: swapped out of susy states: swapped
Hocked eoad vap ) " eosd wap i) unblock
main memory . . blocked, suspended
TTm soped e ) (none time critical proc 8 rocesses HHHH

& waiting for main memory
s wapout) suspend Gwap-out swapout

space (and other resources) ce (and other resources
= dispatching and suspending can
w be independent modules

Introduction to Concurrency . Introduction to Concurrency . Introduction to Concurrency - Introduction to Concurrency

UNIX processes UNIX processes Concurrent programming languages Concurrent programming languages

blocked block or synchronize
L1111

secondary
memory

secondary
memory

In UNIX systems tasks are created by ‘cloning Communication between UNIX tasks (‘pipes’) ) Language candidates
pid = fork ( Requirement

resulting in a duplication of the current process - . - ici 7 i = No suppos
° L L Concept of tasks, threads or other potentially concurrent entities e Explicit concurrency Implicit (potential) No support:
concurrency
Ada, C++, Rust ! « Eiffel, Pascal
o Lisp, Haskell, Caml . C
Miranda, and any other 5

functional langua

returning ‘0’ to the newly created process (the ‘child’ process)
... returning the process id of the child process to the creating process (the ‘parent’ proce: . N
. or returning 1 as C-style indication of a failure (in void of actual exception handling) . » 3 else { Frequently requested essential elements Chill

Erlang Fortran, Cobol, Basic...

Support for management or concurrent entities (create, terminate, ...) Go A Smalltalk, Squea = Libraries & interfaces
e Chapel, X10 "
Prolog (outside language

Support for contention management (mutual exclusion, ...) p
PP 8 P Esterel, Lustre, Signal definitions)

Frequent usage:

. often implemented as: exec (* utable file 3 - 3 B
xit (8); /* terminati d % ( exit Support for synchronization (semaphores, monitors, ...)

perror (“pipe broken®);
ata_pipe [01);
/* wait for the termination of one / t (1);

All net languages .
8 « POSIX

+ MPI (Messag
Passing Interface)

P . Java, Scala, Clojure = Wannabe concurrency
Support for communication (message passing, shared memory, rpc ...) Algol 68, Modula-2, « Ruby Python
Support for protection (tasks, memory, devices, ...) Modula [mostly broken due to

. linterpreter locks]
_pipe [0]

== Introduction to Concurrency : Introduction to Concurrency

Languages with implicit concurrency: e.g. functional programming Summary

Implicit concurrency in some programming schemes Concurrency - The Basic Concepts

icksort in a functional language (here: Haskell) * Forms of concurrency
o-n * Models and terminology
gsort (x
. + Abstractions and perspectives: computer science, engineering
Pure functional prc s side-effect free
« Parameters can be evaluated independently - could run concurrently

-ds ‘minism, atomicity, in
in concurrent systems
Some functional languages allow for lazy evaluation, i.e. sub- « Processes and threads
expressions are not necessarily evaluated completely
borderline = oncepts and notions
& If n equals zero then the evaluation of g(n) and h(n) can be stopped (or not even be started).
& Concurrent program parts should be interruptible in this case. * Concurrent programming language:
Short-circuit evaluations in imperative languages assume explicit sequential execution: * Explicit concurrency: e.g. Ada, Chapel
il « Implicit concurrency: functional programming - e.g. Haskell, C:






