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Why Stackless”

* I1WF1zNUAB Python

/=N 1

o Jlaseasranmeiiseudanaziunfisunnnnin Mozart/Oz %58 Erlang

=N

e JNaApNS LFNULaziUseaNnS A w5 lEdIsn1sUnAN Python te3axnld

Stackless Python 1s an enhanced version of the Python programming language.
It allows programmers to reap the benefits of thread-based programming
without the performance and complexity problems associated with
conventional threads. The microthreads that Stackless adds to Python are a
cheap and lightweight convenience which can if used properly, give the
following benefits:

+ Improved program structure.
+ More readable code.

+ Increased programmer productivity.
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Why concurrency”?

e The real world is ‘concurrent’

o lulananuiduadeazisenavauaingnszyin (actors) NEUHFNNUSAN Lasd

LRazAUNANNITUAI2DIAIDY LaziAazARIZSINNLALDYS LA luasuiaai
A

< o a o o (Y =2 (I ~1 o p=- @ o (Y
e OOP (Juuuudansfif lun1531aneingnie uatuuuuanaaen lLaunamsunis
ADIAMNINNUGITLHI19ING (interaction) mMuaANNLT N
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The real world I1s concurrent

* NANTUMNDENNYRNLARED LU

def familyTacoNight () :
husband.eat (dinner)
wlfe.eat (dinner)
son.eat (dinner)
daughter.eat (dinner)

luazlstinUnfuazliannaaunanan lu?
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Installing Stackless

e http://zope.stackless.com/download/sdocument view

[ ]
QW Ao =\ o

e Stackless lilzluga usfa Python NIGINH luQaRLAREIRIUNITNINIUILUL
concurrent

* inNLEaNAAAIIBDITUABIAUNY Python tanniagluiadas duldunun
Python satan (lugadue) lakialinu Python tan agvauisalalanining)

Friday, September 16, 11


http://zope.stackless.com/download/sdocument_view
http://zope.stackless.com/download/sdocument_view

Stackless’s primitives

e Tasklets

e The Scheduler

e Channels
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Tasklets

e Tasklets Aa a@iunanlsznounanaoy stackless N899 tasklet vilvazeipILou
callable object (function or class method) l#u

* | tasklet gnas192u dnazgnladdlulu scheduler Taaiug

import stackless

def print x(x):
print x

stackless.tasklet (print x) (‘one’)
stackless.tasklet (print x) (‘two’)
stackless.tasklet (print x) (‘three’)

stackless.run ()
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The Scheduler

e scheduler [HuaafildmiuanaIaLN1SN9UDY tasklet TelaaUnd tasklet az
ISE9AIALAINAIALNNTET LaUeas tasklet FIN1I50E9 LHAINULILUAYUAIAU
N3N LTI NULe WWalsanWensiu schedule

import stackless

def print three times (x):
print “1:7, x

stackless.schedule () 4« . Hedu ookl
print “2:7, x WaL3an schedule uan taskle

stackless.schedule () WHIHEATINNY wazazgnin b4

print “3:”, x T3luanauvinsgalu scheduler
stackless.schedule ()

stackless.tasklet (print three times) (‘first’)
stackless.tasklet (print three times) (‘second’)
stackless.tasklet (print three times) (‘third’)

stackless.run ()
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Channels

e channel udusenauiivinld umag tasklet annsaasdayavinile #9d 2
Usziauisanisa lvdszlasulaann channel fs

o gnTaM AT LanLlasuayasznig tasklets

o gNNTaY IlIeuaANaauNIYINulE
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Channel

def

def

import stackless

channel = stackless.channel ()
def receiving tasklet():
. LA . . LA o ¥ =B
print "Recleviling tasklet started vaarinaue ladigsa
print channel.receive () WadEY HSuazTNYiTauiui

print "Receiving tasklet finished"

sending tasklet () : 0 L
print "Sending tasklet started" ‘ﬁWTl@EﬂﬂN“WW
channel.send("send from sending tasklet") LDHNHIUDDHAIZYNEN
print "sending tasklet finished" wazfasazenglilaginegn

another tasklet():
print "Just another tasklet in the scheduler"

stackless.tasklet (receiving tasklet) ()
stackless.tasklet (sending tasklet) ()
stackless.tasklet (another tasklet) ()
stackless.run|()

10
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Summary

® objects

e stackless.channel, stackless.tasklet
e functions

¢ stackless.run, stackless.schedule

¢ channel.send, channel.receive

v
Q/

* NINNARDEIUUSENBUANYDY stackless FaLNgawa lun1sas19szuuNvaulala

11
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Coroutines

12
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The problem with to subroutines

e Tusunsun N LUz lvuuIfaas subroutines LWunan lUN1SNIY

* subroutine 929NN routine du @187 subroutine NYNL3aNUNIDE LD U
(subordinate) aBEL38IN

def ping() :
print “ping”
pong ()

def pong () :
print “pong”
ping ()

ping ()

D

ez ls?

i

e
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The stack

& -~ . = v =1 = < I P vy <
* N°) A33N subroutine gnISaIN stack frame QNaETNAUNT Failudrunladiny
AaLLsLazdDNan19) Nioglu subroutine

Frame | Stack

ping pinged
ping pinged so pong ponged

ping pinged so pong ponged so ping pinged

ping pinged so pong ponged so ping pinged so pong ponged

ping pinged so pong ponged so ping pinged so pong ponged so ping pinged

NN | PR |WIN|—

ping pinged so pong ponged so ping pinged so pong ponged so ping pinged ...

* ¥NINUIUTDYANYNIALRNINANNINHUIBANNAGIFAN stack azaIsUle F9N
aNNIAatunn stack overflow
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Why do we use stacks?

* lnsn@ stack frame vzgnauneaviuiitiea subroutine ANV (return A1BAN
N1) an1svineuaI lvaazag lugduuuil

(e >4

¢ lun1n C wirsauINaIUBDY stack 329NINNLDNLA8DR LUNG AI8LHAZN 617
wiasns1 Python @aulas C aduu nslaeu stack 284 Python 3awidiau C

e ynLssan LY function 2 lUunn Tagnlufins return @1 (@uluaag19 ping-
pong) azuWINNZetleunn stack overflow aauinIsINERETNI NI HINE NI
TusunsuaEnaIU Lveld

15
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—nter Coroutines

o Tumnuiuase nsnauuuylusalngng ping-pong lalatdunisnieruwuy
subroutines inszaazHanzulu laaunany

* ANBUSNITNNIULULULTININ coroutines HRABDNIEDY routine NANSLEANDNU LAY
dNISONERNEINSORAEDER AN U LAD NN LN DING

16
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—nter Coroutines

e stackless 1% channel lun13a514 coroutine tws1z channel 1UalanalH tasklet
LEazA AAGDFIDENTAULAZLIIIEINITOAILANAIAUNIININIUDAN tasklets 16

e N5l channel Ml¥isluApaly stack AIUUNITHFAUNITNININTEHING pong-
ping 39 lun linileunn stack overflow

Frame | Stack

1 ping pinged
2 pong ponged
3 ping pinged
4 pong ponged
5 ping pinged
6 pong ponged
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Ping-Pong (stackless version)

stackless
stackless
stackless
stackless

import stackless

ping channel = stackless.channel ()
pong channel = stackless.channel ()
def ping() :

while 1:

ping channel.receive ()
print "Ping"
pong channel.send("from ping")

def pong () :
while 1:
pong channel.receive ()
print "Pong"
ping channel.send("from pong")

.tasklet (ping) ()

.tasklet (pong) ()

.tasklet (ping channel.send) ('startup')
.run ()

18
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Summary

* U19ANZBULAABINTIUSUNSN LAYNINAARIBA TUSUATNANE 12U AIBENS
ping-pong (recursive version) AU IUsSLASHINBIANINNITATEINRULUU LE1N158
MLle we lunanged luduigwnu

19
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Lightweight Threads

20
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Threads in stackless

e threadlets @@ thread NAALF8 (LaLaNSNEINT) LUN1TLFU YpanIN
a o FYN [~
thread wuuidnn Python lefdinsasiiduninsgiu

* N1FFAUNITNINIUIZHIN threadlet WU lFHUIgAMNINUBYNIN thread wuUUNG
NN TN 1l stackless 151d 1815083719 threadlet TattluaiuIunin

21
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The hackysack simulation

hackysacker

1. spauninazilasuazgnuanau Iy
2. Waldgnuanun szguunzas LU iaudu
3. Huiminguuazluainasy waasunviva liuangalunuiing

o lunslusunsy s1azlAumas thread wnu hackysacker waasau b thread azi
N13UIDUNNNITIDIUNITAAADLANNINN thread DU

e NsfinFaNEDILULAD 1) tnauaninuazanuan lUld waz 2) tiveuanindnisuns
ANUBAATUAINNIAUALAN
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The hackysack simulation

e Traditional OS threaded version (hackysackthreaded.py)
o latyann lunieu

e uan thread ¥nn9 Lula

e Stackless version (hackysackstackless.py)
o a1 lun1svineuEingn (M 10,000 thread leianiasninwuulng)

e ueN thread latgaznin

23
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Summary

e NN51 OS thread yvulaguwszlunng 5o wADIABAATIVFDUDLLENDINA
message &it2u1 i Queue risaLlan

* 16 thread lu stackless azngANITYINNU IIBANTITEY message NND99zYNLIAN
LNHINNUBNATY

X
v

o fanuiadszaNS N wanslusunsualslgdau OS thread lvuspangavinfilduldls

24
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Dataflow

25
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The Factory

plastic pallets

storeroom
// \A\>

0.5 pound 0.2 pound 0.2 pound 0.1 pound
Injection Injection Injection Injection
molder molder molder molder

a torso/10 sec.

a pair of legs/5 sec.

a pair of arms/6 sec.

a head/4 sec.

a torso\ a pairV a pair of a‘rm/ a hV

assembl assembl assembl
noly , 1ty > OV s 2 doll
station station station
2 SEC. | 3 SEC. 1 sec.
a rivet . .
a rivet T a rivet
storeroom
rivets 26
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Normal version (assemblyline.py)

e n9 Aananduaiulsznavuaaeszuuazlsznauale 3 IAAREnAD
e get: fvzasoan buly
e put: lazagtdun

°* run: YU

e lumand storeroom azilszne run Liwe laglufinisnmaulas wsie
storeroom lalafiaruwinazls iieganvinnuaa929 l¥AuEIUdNY WU

27
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Normal version

o lutnanan run apvadsenauninISUHURU azlnsaTIvaLEa Uz U IR
NuNaiNnslude lruus?

* N1SLT8N run ¥IIASI DA H U LY 1 Fui

* MSYINIURANVDITZULYNANAZDE LUANAZU run Z99:UEFANATNA run DI
waazaudsenauldiSase

28
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Stackless version (assemblyline-stackless.py)

e N5 lsunsNazlFinalinnisanin dataflow F9duASnI1snlENuLNsvat g lunis 1y
NUAFIUUITUVUUHUANITATzNA Unix 124

e cat README | less

v

¢ JpyavzgnaiIuRIAaInie lUBnAdIn N AnsaIn1sREs5y

e ’lu stackless 15188150 L% schedule waz channel [N 11 LUY dataflow 1

29
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Stackless version

o N5 liuAazaulsznaurgaNaINa N 1SU LR 9zl Sleep Wanzi (@adu
idioms aUnU9YBY stackless: http://www.stackless.com/wiki/ldioms)

o lunsdizasnagneil Msuuanazlildiianases) waasaauIUn19fILlS
sleepingTasks tLtnu

e s1gazdgn luLAazAadIzAa8nNL normal version LagiaINLaNeI9n9dl
1 o [~ v [ S P o o 1
e lajandlusaglananay run LBINABRINITNINUE LU LA aZIaU

* NTNEATDILINADINIUN Sleep unun13 e self.time

* fN2INABDINITH LND LHBISEN get ua tasklet Ul 9zgn schedule lna

30
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Pushing data

o lumrpgnenual nsanazstuuwuy pulling data #a waazaudsznavazlan
NINEINTNINEIUUTENBLDU

® [azy data flow

YN ~1 . v A [ P 1
* IS1EWNSaRRARULSEUL ITuwUL pushing data 1e @ daudsenauvilaaves
nsnens ldlidrudsznavdu

e cager data flow

31

Friday, September 16, 11



Digital circuit simulator

° ﬂ’mnaam’ﬁwwm?nm dlgltal circuit g1x15aM lARI8N1TNBIIN digital circuit
ﬂsvﬂawuu’m’mwumumm AxAEauTe 0 %30 1 uasaUUILNaUNNE
mmsamaumaﬂulﬂwa’mwmﬂgﬂuuu

e 1519z ldvanns OOP Tﬂﬂiﬁﬂma EventHandler ifluaaianannuaazaiudsznay

%4
N O A

ADITUNDANIINAANET BANNITYIN9IUB9 EventHandler faqil
° 5A5UADANMNNILYNEILLININI channel 2a9AILAY
* 15zNIANATDAMNNIUNILNANDA processMessage

o ganaanslugvausznaungnasnzideulily self.outputs

32
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Digital circuit simulator

Switch

class Switch (EventHandler) :

def init (self,initialState=0, *outputs):
EventHandler. init (self, *outputs)
self.state = initialState

def processMessage (self,val):
debugPrint ("Setting input to %s" $ wval)
self.state = val

def notify(self,output):
output ((self,self.state))

Reporter

class Reporter (EventHandler) :
def init (self,msg="%(sender)s send message % (value)s"):
EventHandler. init (self)
self.msg = msg
def processMessage (self,msqg) :
sender, value=msg

o

print self.msg % {’sender’:sender,’value’ :value}
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>>> reporter
>>> switch =
>>>

>>> switch (1)

Digital circuit simulator

Switch

0/1

= Reporter ()
Switch (0, reporter)

> Reporter

#create switch

<digitalCircuit.Switch instance at 0x00A46828>

>>>
>>> switch (0)

<digitalCircuit.Switch instance at 0x00A46828>

>>>
>>> switch (1)

<digitalCircuit.Switch instance at 0x00A46828>

>>>

and attach reporter as output.

send message 1

send message 0

send message 1

34
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Digital circuit simulator
D ~ Inverter
(Not gate)
D And gate
D Or gate

35
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Half Adder

1f

name == " main ":
# half adder

inputA = Switch ()
inputB = Switch ()

result = Reporter ("Result = % (value)s")
carry = Reporter ("Carry = % (value)s")

andGateA = AndGate (inputhA, inputB,carry)
orGate = OrGate (inputhA, inputB)

inverter = Inverter (andGateAh)

andGateB = AndGate (orGate, inverter, result)
inputA (1
inputB

q | sum | carry
1 0 1
0 1 0
1 1 0
0 0 0

36
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Actors

37
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The actor model

= QU

e Ty actor model 15719t lvinnasnefa actor ZennaNLiRpY actor HAai
o SudaAINaN actor AU la
o 15z7a2aANNA LASUNIAINNTAUENAIT
* &34 actor luinle
o actor azliaNNsadnGe actor mdulasnsala waazldIsn1sasdaAIINEIARLNY

* LUUINADINEINITAIADINISNNULDY real-world objects langingd

38
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Killers Robots: Actor base class

o FMIUAIDENH 191ET N LANINADNEIWIUNITRDFNUIDINUBUA AN actor NN
MILAUNBANIINN base class #

class actor:
def  1init (self):
self.channel = stackless.channel ()
self.processMessageMethod = self.defaultMessageAction
stackless.tasklet (self.processMessage) ()

def processMessage (self) :

while 1:
self.processMessageMethod (self.channel.receive())

def defaultMessageAction(self,args):
print args

* 9N actor &34 channel d%5UsUTBANN LAz NMruaIAlFuananlalunis
Uszanazaanun lasugnun

* NITNWIUNANABNITIUGULNDIDITLADAINNNIZQNFILA N
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Killers Robots: Message format

o daanunavnanaanuluszuuazaglusluuuie
e channel 284 &4 : self.channel
* AAUDIATEN “JOIN”, “COLLISION?”, ...
° ﬁ’aagmﬁmﬁu (optional)

* @IDLNNLEU : ( self.channel, “JOIN”, (1,1))

e N1vENLRWIE channel aztlaanulail actor nilaNfsdpYaEINAI2DN actor DU
AINUNISAARADNALZLFNTEINIUNTG channel NlATUNIUY

40
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Killer robots; World class

e world actor inwiNALTuaUENAWNE NI UNITES N NN US AUz actor

e s actor AdU°) azasBpAIN “JOIN” W83 world actor LNBT=UTIANNTAD
AU LSz UY waz LiNe LY world actor dNISORAMINNTENIYBY actor HU L@

e world actor 3z&d428A2N “WORLD STATE” a8146atHadaING9LI87 tNaUanN
dpyanieluaninieeg actor AU Niuandnaneszuy

e aepeNlAn lulnG actors.py

41
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Killer robots; World class

e LNANDAYANADY world actor Aa sendStateToActors () INWUINIUNIS
a5 a0 uzilegiiuene world actor (59U5INABYAIN actor DY) wazasnau L1
£19 actor NN A2

e world actor a=U5UAUHUIYAN actor ﬂﬂNHNLLﬂ%ﬂ’)’]NL%’)‘ZIBQ actor ¥anaNUu
S96529HDUMIYINEALHUIYDY actor LAANITTUADUNSD L

e world actor azauladaauansnt1e@a JOIN waz UPDATE_VECTOR
a =K% A o =] o ' <
e JOIN: 1iVi actor lagaziadnyansunI@An auLrie Y3 Laz ANL5IVDY actor

u

e UPDATE_VECTOR: U5sui5ayauaza1u152284 actor

42
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Killer robots: Simple robot

* simple robot ﬂawuﬂummﬂumﬂﬂ’rmwmw LLakuummmmuu’]Wm 1 24AN
Wiiaulasy WOLRD STATE mam’mmmmu uuawwuum 73 BNFANLLATNYIYIN
RIS

¢ 11 constructor 13uEU Azun1saITaAI N JOIN U world actor

43
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Killer robots: Display (pyGame)

< a " ~ o ' o v Y
e 1Tl actor MLABLLUNDI LULHEY ( AKUe = (-1,-1)) mwmmﬁlumsuammaﬂa
MRNAYDITEUU

e display axl5uilsedayannasailaledsy WORLD_STATE

44
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Simulate mechanics: Actor properties

° msawauauuuLﬂuuuluawaaﬂiuﬂsmﬂmmauammumﬂ‘nmmmﬁm Tunsaiil

Lsflmsaﬁwﬂmal,waﬁl%“lummmuzlauama’mu

o 1 Tu3Sn19nilalun19nn refactor Mi3an31 Introduce Parameter Object (Martin

Fowler, 1999 - Refactoring: Improving the design of existing code)

class properties:
def _ init_ (self,name, location=(-1,-1),angle=0,

public=True) :
self.name = name
self.location = location
self.angle = angle
self.velocity = velocity
self.height = height
self.width = width
self.public = public
self.hitpoints = hitpoints

velocity=0,height=-1,width=-1,hitpoints=1,physical=True,

45
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Simulate mechanics: Collision Detection

o luaszunaurin viuausazliaunueIazaIurue 15U LN liasena
ANHLTUa3 sz lalaunaunnasyusuaNiI ANl

v & p=) o [~ Y < ' 4 Y, YR .

* aauilu property Ieailudapanunsausasiuauatanld laaldan location lun1s
STULAULAINYANLUBIVUBUG Laz height AU width TunsuanauinAINgs
LAasAINNANING

* N5ATIIEBUNSTUIElFIBAD dynzaIng i laganialuiuldseingdu 1v
faininsTufuingy

e g lAR lUlNG actors?2.py

u
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Simulate mechanics: Constant time

o dnilauvinnilamanish world actor §9 WORLD_STATE anNsau2a4n132ugl azas
WA LHNSLAN2DIH BN LuuAaztA IR ANEY LN

L4

o F5n5ud ladawitAatna1aas N sUsuUSaEn ) Tudpyaans WORLD_STATE
Tagnfazltilu 30 ilsumpIu

o ua lumnuduadse i ldawsanulalainasuiieasuaazia3ndazaInisn
Usulpdayalanunnivuansali asuuie lvusaziasoannaulanaminunu
WEIHNTUTLAATINTUS UL Tinnnzan dmsunisvnauluasiuu
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Simulate mechanics: Constant time

o N ldannsusuanud lunsusuilse wiu afedaarilerinaulaisinnan
M AN AILES LA LHADLIANNNIN 40% 289aiA25 LY 1HanansInIg

Usui59ad 1 Uil auninasmnaniiannnin 40% uazlunienaunun liinnene
AREHIRFIN PN

* NANMNNIAD LUSZEZA NN LAFBINAAMNITEANAzHININNTUSULS9 I
WNAN A LA3BNNEININzIUINNSUSDUSR BN ILASDINZN

-4
v

* 51 simple robot ¥yUA2 1 B9FAILAZIARDUAIBAINNITIAT AINU simple
robot NIEDILATDNLDE LUAHUINLANAINNY
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Simulate mechanics: Constant time

e ABN15NYNEABIADNTUSUUTIAINTHYULAZEATINSLARDUT IHFNWUEALAINIS?
UBILAIDI

* LA3D4L37: T 1 saUaTHyUEBaNINLazIARaUNIZININ
* 1A097: 11 1 FaUAEHYUNINAILALLARDUNZEININ

* GIDENNLYY D1 LATDY A NN LALSINILATEY B 2 111 Z4nN1gAITNI1 B ey
laniiesay A a=n9ule 2 sau

X
(e 74 Qv .

° AIUU simple robot VULATAY A ABITNUMIUBENILALLANLININ B 2 111Na7D

]
=1

1NN LA simple robot 29NIaDLATDNDE LUALKUNLAZINY
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Simulate mechanics: Constant time

o pauuU Wnnnazaudalanai R lvnAurLsuana g lulAI I3 DLATENLS)

A298 8 lUATLHULAEINY BANNIT IUNITATUIINAIY

* ANUIULIAINAIT LT LUKHITAU waz WSUgUNULIaNN Laa34 F9a9 a9
A5t U aINYR frame rate

e 511Ul frame rate ualspaUN I LFIA1ASL

e 19l lviam frame rate LAINIUADNIUT
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Simulate mechanics: Damage, hit-points and dying

QW Ao

o Apatinviusunvzduanazliiiuns aiinanuaunszliiusuainasdin
HINAIZINAAAINEDAUE HUIUAITANYUEINNLIDNDDNINNTZLIL

e world actor @ xsaasdanIny DAMAGE wsaanny hit-point tiva ldana iy
FINVDIRUBUA

e DAMAGE 9:in2 Ui a g UAZTUNULDINIDTUN LN

* iusuaazadnmIN KILLME naulugs world actor tlawasziiainan 0 te Ly
world actor aua3LaIBaNINNITZUU
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