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pseuCo.com & Files

pseuCo.com

This is a web application allowing to create pseuCo
and CCS files, compile pseuCo to CCS, and
interactively explore the semantics of both. Support

for CCS is stable, support for pseuCo is under hectic
development.

Get help [ l

About CCS



Edltlng [ unsaved file

1 (* a simple example to demonstrate CCS
syntax *)

2

3 (* first -some -defining equations™®)

4

5 Match-:=-strike?. MatchOnFire

6 MatchonFire:= 1light!. mMatchonFire +
extinguish!.e

7 TwoFireCracker :=-light?. (bang!. 0|
bang!. @)

8

9 (Match | TwoFirecracker) \ {light} //
this is the-initial process

® © Noissues.

strike?

ng!
extinguish! bang! extinguish!

i !_
extin hlsh! bang! extinguish!
bang!
" bang!

@ oA 1®

= Collapse all

A Randompath R Export LTS (2 Share this file




Editing  Protocol

5,

& 1 DupMedium- :=-AckMedium- | -Medium
2
3 Medium := send?. (receivel!. Medium + 1
. ~garbled! .Medium)
4 AckMedium- := -sendAck?. receiveack!.
AckMedium
5 +-sendNack?. -receiveNack!.
AckMedium
6
7 Sender := put?. send!. Sending
8 Sending := receiveAck?. Sender
9 + receiveNack?. send!.
Sending
1@
11 Receiver := receive?. get!. sendAck!.
Receiver
12 +-garbled?. sendnack!.
Receiver
13
. 14 Protocol :=-(Sender- | Receiver: |
- DupMedium)
15 \ - {send,receive,sendAck
® A\ multiple issues, first one: warning in

-

m

-

®

1A [1® = Collapse all

A Random path

R Export LTS (2 Share this file




Random path

The following shows a random path throughout the LTS, until a terminal state is
reached.

[¥| only show the trace

[v! hide 1-steps

1 get!(2)
1 get!(4)
1 getl!(2)
1 get!(8)
No more transitions

55 1-steps are hidden.

Close







Concurrent Programming

A mandatory module for
Bachelor students in CS

* 2ndyear

¢ BICPECTS

18 Lectures

* 8 Tutorials

* 1 Programming project

exzellent!
Urkunde

Der Fakultitentag informatik der Universitdten der Bundevepublik
Deutsuchland verleiht den Herren

Christian Eisentraut, M5c,
Prof. Dr. Holger Hermanns
wvon der Univers it des Saariandes

den mit 2.500 € dotierten Preis des Jahves 2011 1ir sine
theorethche Grundlagenvarieiung im Bachelor-Studiengang
informatii. Die von den Preistragern konzipierte und seit Jahren

durchgelihrie Lehrveranitaltung
wurde wegen ihres innovativen Ansatzes ausgewahit, der sing

EnfGhiung | die Theorie der Nebenlbufigheit anhand klasuhoher
Prozeskaliile mit prasinahen Programmisrauigaben und
i at Ubungikonzep kombiniert

Berlin, den 27. November 2013

Prol. Dr. H-U. Heill
1. Woritrender

Fakultatentag
Informatik



Concurrent Programming

...« IS @ MESss anyway.

Needs Understanding of Concurrency Theory.
But, where is the bridge from theory to mess?

What we do: We first introduce

Transition Systems - CCS - operational semantics - partial order semantics
- observational congruence - value passing

Bisimulation | Value Passing

| CCS  Operational Semantics

! E
Preliminaries Transition Systems X IJ
AW







pseuCo, a simple pseudo code O\/v.

printin!(" The factorial of 5 is 120.")

... with a CCS semantics

mainAgent {
int n, j;

n=1;
for (j = 5; § >0 ; j--){
n = n*j;
}
println (" The factorial of 5 is " + n + ".");

mainAgent is always there.

Syntax is stripped down Java.

Otherwise there is nothing special.



-
1 mainhgent {

2nd 2 int n, 3;

3rd 3 n=1;

concount 4 for (3 =5; 3 >0; i-—-)ff

factorial-s-c 5 n = n*j;

factorial

p-cin-MP 7 println (" The factorial of 5 is " + n + ".");
p-c-MP-in-SM-in-MP N }

p-c-MP-in-3M .

prime

Starting PseuCo Compiler._.
The factorial of 5 is 120.
All agents terminated!




Ed |t|ng unsaved file

10

11

14

15
16

® A\ multiple issues, first one: warning in line 4:

AgentManager|next 1+
AgentJoiner[a, c] := join_register(a
)?.AgentJloiner[a, c+1] + agent_terminate(a
)?.JoinDistributor(a, c]
JoinDistributor[a, ¢] := when (c<=0)
join_register(a)?.join(a)?.JoinDistributor
[a, @] + when (c>@) join(a)?.JoinDistribut
or[a, c-1]

MainAgent := MainAgent 1[1, 5]
MainAgent_1[$n, %3] := when (!(%$j>0))
MainAgent 2[$n, $j] + when ($j>8) 1i.
MainAgent_1[$n*$7, $j-1]
MainAgent_2[$n, %3] := println!(" The
factorial of 5 is "~¢n*".").0

MainAgent | Mutex_cons[1] | WaitRoom cons[
1] | -ArrayManager[1] | ChannelManager[1] |
AgentManager[1] | Return -\ {*, println,
exception}

s

-

=3

This file has no name and is only saved temporarily. If you want to keep it, enter a name.

orial of 5 is 120.")

[ 1 # [ |® < Expandall

A Random path

2 Export LTS

2 Share this file




Concurrent Programming
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Concurrent Programming
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pseuCo Message Passing

- Typical imperative programming

- Agents - including mainAgent

- Channels

- synchronous
- asynchronous

intchan
intchan3

- Receive <?

1.x,vi,v2]
o at?x. Chnll,
vi,y2) = wnen s ?} gut?x. Chn[%‘flnté"i-‘;
- Send <1 Chnlfill,V0.¥% + when ((ff;]ﬁ ~. 2) put?x. Chald.¥l.TE
+ when

= * 1 » ]
11 ) E [ L] ]
eC - S

- Nothing else



\Dﬁ@@ >3sim @ e

ESR R S

2nd

3rd

concount
factorial-s-c
factorial

p-c-in-MP
p-c-MP-in-SM-in-MP
p-c-MP-in-SM
prime

e . =

13 start prlme(S conn([2], conn[3]); // Divisible by 3°? £
14 start prime(2, conn[3], conn[4]); // Divisible by 27

15

16 for (int j=2; j<=100 ; j++){

17 conn[0] <! j;

18 }

1%

20 while (true) { // All that comes out of conn[4] is prome.

21 println( (<? conn[4]) 4+ " is5 a prime number.");

22 }

23 }

24

25 v

31 is a prime number.
37 is a prime number.
41 is a prime number.
43 is a prime number.
47 is a prime number.
53 is a prime number.
59 is a prime number.
61 is a prime number.
67 is a prime number.
71 is a prime number.
73 is a prime number.
79 is a prime number.
83 is a prime number.
89 i1s a prime number.
97 is a prime number.

Currently running agents: 5 | Used memaory: 28MB




What’s great about it?



package main
import "fmt"

func prime(v int, in chan int, out chan int) {

var p int
for {
P = <-in
if p%v 1= 0 || p == v {
out <- p
}

y —0

‘ )'lft"p:[/&ofsu;;o?__

func main() {
var conn [5]chan int
for j := range conn {
conn[j] = make(chan int,
}

go prime(7,
go prime (5,
go prime (3,
go prime (2,

100)

conn[1l])
conn[2])
conn[3])
conn [4])

conn|[0],
connl[1l],
conn[2],
conn[3],

for j := 2; j <= 100; j++ {
conn[0] <- j
}

for {
fmt.Println((<-conn[4]),
"is prime.")

void prime (int v,

int p;

while (true) {
P = <? in;
if (p % v

out <!

}
}

mainAgent{
intchanl00[5]
start prime (7,
start prime (5,
start prime (3,
start prime(2,

for (int j=2;

conn[0] <!
}

while (true) (
println (

intchan in, intchan out){

!=0||p==
j o3

conn;
conn[0],
conn[1l],
connl[2],
conn[3],

connl[1l]);
connl[2]);
connl|[3]);
connl[4]];
j<=100 ;
j;:

j++) {

(<? connl[4]) +
" is prime.");

What’s great about it?




Google what?




" jeak (Pike, 1988)
1993)
. cd.‘curra\t MLW'
995)










wait for avalueto be sent
receiver to be read:



Statement Provides another Way to handle m,
each case s 5 COMMmunication;

Case vi .- <-c1:
o | I'-:,Primf{"recum % from cl\n", vi)

;lr i JNJ' 2 case v .- <2
. L Tom han j f-t.Prbnf('reaexm W from €\n", vy
- i M HE, case c3 <. 23,
/ ey e.Printf(*sent % 1 A, 23
— f default:

Printfes a
Synchroﬂ tion |' ! fint.Pring ("no one was ready to comunicateyn )

in functi af
thema
When




Go Playground Run Format [ Impe

}

}

fune main() {

is

is

is
is
is
is
is

var conn [5]chan int
for j := range conn {

conn[j] = make(chan int,

}

go prime(7, conn[0],
go prime(5, conn[l],
go prime(3, conn[2],
go prime (2, conn[3],

for j = 2; j <= 100;
conn[0] <- j

}

for 4

fmt.Println((<-conn[4]),

conn[l])
conn[2])
conn[3])
connl4])

J++ o

"is prime.™)

prime.
prime.
prime.
prime.
prime.
prime.
prime.
prime.

100)

Go in a Browser

n




Practice
Concepts

Theory

Google Go

T

Message Passing

pseuCo

Where we stand

Bisimulation

Value Passing

CCS Operational Semantics

T

Preliminaries

Transition Systems




Practice
Concepts

Theory

Where we go

Google Go

Java Concurrency

Message Passing

¢ - ] Shared Memory

Bisimulation

pseuCo

Value Passing

CCS Operational Semantics

Preliminaries

Transition Systems




pseuCo Message Passing pseuCo Shared Memory

- Typical imperative programming - Typical imperative programming
- Agents - including mainAgent - Agents - including mainAgent
- Channels - Shared Variables
- synchronous  intchan
- asynchronous intchan3 - Mutexes lock unlock
- Receive <? - Monitors monitor
- Send <1 - Conditions condition ... with ...

- select-case waitForCondition

- Signals signal signalAll

- Nothing else - Nothing else




Semantics of pseuCo-SM?

given in terms of CCS

ck? Lpek
10
K= 10ck”? =
Loc¢
= 1-’“[11]
b 1 'E,'D,V..g 9 al n[ﬂ]
E’nv _glo -b 1 -"n Env ba
ane. ob:{Set"nqn i
+ env-—g i

pseuCo Shared Memory

- Typical imperative programming

- Agents - including mainAgent

- Shared Variables

- Mutexes lock unlock

- Monitors monitor

- Conditions condition ... with ...
waitForCondition

- Signals signal signalAll

- Nothing else



Semantics of pseuCo-SM?

given in terms of CCS

void cell ( intchan rd , intchan wt , int init, int id) {
int v = init ;
while ( true ) {
select {

case rd <! v:
println ("... Current Value:" + v + " in Cell " + id + ".");
case v = <? wt:
println ("... New Value:" + v + " in Cell " + id + ".");
}
}
}
void mpLock (boolchanl g){ SEEIEINEiE G S
g <! true;
} while (!(used < 3)){
void mpUnlock (boolchanl g) { SEEnellEEE £ e
<2'qg,; mpUnlock (guard) ;
} <? wakeupPlatzFrei;

mpLock (quard) ;
}

void conditionDaemon (boclchan sleep, boolchan wakeup, boolchan sig, string name) {
int count = 0;
while (true) {
select{
case <? sleep:{
count++;
println("One more waiting for " + name + ".");
}
case <? sig: {
if (count != 0){
count--;
wakeup <! true;
println("One less waiting for " + name +".");

pseuCo Shared Memory

- Typical imperative programming

- Agents - including mainAgent

> Shared Variables

- Mutexes lock unlock
- Monitors monitor
- Conditions condition ... with .

- Signals signal

- Nothing else

waitForCondition

signalAll



int n;
//mutex guard;

1

2

3

4 wvoid zaehler () {

5 int loop;

3 for (loop = 0; loop < 5; loopt++){
7 //lock guard;

8 n=mn-1;

9 //unlock guard;

11}

13 mainAgent{

14 n = 10;

15 agent al
16 agent a2
join al;
join a2;
println("The walue is ™ + n);

start zaehler()s;
start zaehler():;

Starting PseuCo Compiler...
Thevalueis 0
All agents terminated!



concount
factorial-s-c
factorial

p-c-in-MP
p-c-MP-in-SM-in-MP
p-c-MP=in-5M

prime

1 monitor Channel3{ ‘:

2

3 int[3] n:

4 int used = 0;

5

6 condition spaceAvailable with (used < 3);

7 condition dataReady with (used > 0);

g

9 void put (int Xx){

10 waitForCondition spaceAvailable;

11 nl[used] = x;

12 used++;

13 signal dataReady;

14 }

15

16 int get(){

17 waltForCondition dataReady;

18 int temp = n[0];

19 used--;

20 for (int j=1; j <= used;j++){

21 n[j-11=nljl;

22 }

23 signal spaceAvailable;

24 return temp;

25 }

26 }

27

28 Channel3 k;

29 .

an _wniAd nroadince (int 14dY S .|

Consumer D has consumed 1. A

Producer 3 has produced 3.

Producer 4 has produced 4. |
v

Currentty running agents: 9 | Used memory: 53MB




=8 BE =

p=C=-MP-in-5M-in-MP|
p-c-MP-in-3M
prime

LaE* rHe @ e

2nd

3rd
concount
factorial-s-c
factorial
p-c-in-MP

void put (int x){

64
65 mpLock (guard) ;
66 while (! (used < 3)){
&7 sleepSpace <! true;
68 mpUnlock (guard) ;
69 <? wakeupSpace;
70 mpLock (guard) ;
7 }
72 write[used] <! x;
73 used++;
74 signalData <! true;
75 mpUnlock (guard) ;
76 }
77
78 int get(){
79 mpLock (guard) ;
80 while (! (used > 0)){
81 sleepData <! true;
82 mpUnlock(guard) ;
83 <? wakeupData;
84 mpLock (guard) ;
'T'\. vy s

T TUUULTT 5 o prudueocu =,

On

e more waiting for Space.

... Current Value:3 in Cell 0.
_.. Current Value:4 in Cell 1.
... New Value:4 in Cell 0.
... Current Value:4 in Cell 2.
.. New Value:4 in Cell 1.

Currently running agents: 14 | Used memory: 146MB




We then turn to Java

- Focussing on the object-oriented aspects
and their particularities inside Java.

- Is rather straightforward now.

« We discuss a spectrum of advanced concepts
and data structures, including

Reentrance ConcurrentModification
Client-Side Locking Deque Barriers
Latches Work Stealing Semaphores

CompareAndSwap CopyOnWriteArray



Correctness

Practice
Concepts

Theory

The full monty

' Practial Project

Google Go

Java Concurrency

Message Passing
=] (=]

<- >

Shared Memory

pseuCo

| Bisimulation |

Value Passing

I CCS Operational Semantics

Preliminaries

Transition Systems

Memory Models




N

- L

18 Lectures

Motivation, LTS

Nondeterminism,
Concurrency

Sequential CCS
Full CCS

Equal Behaviour
Bisimulation

Observational
Congruence

Value Passing CCS

[
"_‘heo‘("l

.

10.
11,
12.
13,
14.
15:
16.
17.
18.

pseuCo

Message Passing and Go
Shared Memory, Data Races
Locks and Monitors
Conditions, MP vs. SM

Java Threads

Java Helpers etc

Safety, Liveness, Fairness
Memory Model

Epilogue, Project Intro

il
- ce
“pn:'af-t‘



Summary

pseuCo

A simple pseudocode

— enriched with message-

passing primitives
— enriched with shared-
memory primitives

Trivial translation
from pseuCo-MP to Go

Executable semantics
— to Java

— to JVM-Bytecode
with direct execution

pseuCo.com

formal semantics

- We
<= CCS Qo

ek
< LTS

Zero installation
Cross-platform
Cross-browser
Works offline

wow!



can visualize the Labeled Iransitions System described by a

compiler from pseuCo to , and

To get more information about this application, its developers and license (and to switch to the beta version), open the About
tab.

Get involved

Help us to make this application better! Get the code, see the
development status, browse the list of known problems and feature
requests, and send us new bugs and suggestions — you can do all of that

on our development site.
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