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_________________ * We are talking about control concept of
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Let’s Focus a Bit on
Automatic Code Synthesis...

= Originally aimed benefits:

= Substitution of a labor-intensive error-prone
task with a proven correct automatic tool

m Reduction of development costs
= Human effort, time, maintenance cost

m [ncrease in code quality

= Complex, hard to understand parts generated
automatically

= Human focus on key tasks (i.e., atomic activities), boring
labor-intensive maintenance of the control structure
carried out by a tool
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But why should a
programmer understand
the inner details of a

multi-core CPU?

(That may have not even
been manufactured yet...)

Citation form
an actual CPU
expert




Let’s Focus a Bit on

~ ldea
Extend visual control models

with information about the
most beneficial platform gnd
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Control Hierarch> =~
Typical Description

State-Transition Model
Detailed Activity Model
Process/Thread Model
Methods, Statements
Machine Instructions

Micro-Instructions

‘ State-Transition Model
\ « UML statecharts
» Matlab/Stateflow diagrams
» Harel statecharts, etc.

State 1
exit/

Top-level
organization of
activities

v

State 2
entry/...

State 2A
entry/...
State 2B
entry/...
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Control Hierarchy:
Typical Description Forms

State-Transition Model

Detailed Activity Model

Process/Thread Model
Methods, Statements
Machine Instructions

Micro-Instructions

Process/Thread Model
 Top-level structure of the

source code

(approximately)

src/
signal processing/
Makefile
some dsp library.c
io/
Makefile
some jio library.c
Makefile
main.c




control Hi Assignment of activities to h

program images thus selection

Typical Descr of target architecture (Makefiles

are shown for a reason) y
——

State-Transition Model Process/Thread Model
 Top-level structure of the

source code
(approximately)

Detailed Activity Model

Process/Thread Model |=oed

signal processing/
Makefile

Methods, Statements some dsp library.c
io/
: . Makefile
Machine Instructions N T
Makefile

Micro-Instructions main.c




Control Hierarchy:
Typical Description Forms

State-Transition Model Methods, Statements
e Source code of methods

Detailed Activity Model $ifndef SOME IO LIBRARY

#define SOME IO LIBRARY
Process/Thread Model ot
some io method() ({
Methods, Statements for (..)
if (.) {
. . /] ..
Machine Instructions } else {
// ..
}

Micro-Instructions




Control Hierar _
— - - Implementation of
Typical Descriptiol s in ahigh-

level language

Y,
N/
State-Transition Model Methods, Statements
» Source code of methods
Detaliled Activity Model #ifndef SOME IO LIBRARY
#define SOME IO LIBRARY
Process/Thread Model ot
some io method() ({
Methods, Statements for (..)
if () {
. . // ..
Machine Instructions } else {
// ..

}

Micro-Instructions




Control Hierarchy:
Typical Description Forms

State-Transition Model Machine Instructions
« Machine (assembly)

language sources

Detailed Activity Model

some jio method.:
Process/Thread Model s
movq %rsp, Srbp
subg $16, %$rsp
Methods, Statements movl %edi, -4 (%rbp)
movl $0, -8 (%rbp)
movl -8 (%rbp), %eax

Machine Instructions cmpl -4 (%rbp), %eax
jge .L4

Micro-Instructions




Control Hierarchy:
Typical Description Forms

State-Transition Model Micro-Instructions
* Implementation of

: .. machine instructions
Detailed Activity Model in the CPU

» Multiple pipelines, ALUS,
Process/Thread Model caches, etc.

Methods, Statements

Machine Instructions

Micro-Instructions
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Control Hierarchy:
A Chain of Jobs

State-Transition Model I
Detailed Activity Model I
Process

=
organization is ;cess/Thread Model

here
Methods, Statements I

Machine Instructions I Computing
resources

Micro-Instructions : I are here




Control Hierarchy:

___A Chain of Jobs
l.e., assignment of

activities to program
Images thus ..
architectures thus HW ransition Model

resources

Detalled Activity Model

Process
organization is ;cess/Thread Model
here

Methods, Statements

Machine Instructions Computing

resources
Micro-Instructions are here




Effects of Task-Core
Assignment




We will use this activity model as
an example (actually a mixed form
of the state and activity models for
simplicity reasons). Vertical bars
are fork/join symbols, rounded

rectangles are activitie

We will use this image
for representing a
multi-core CPU



Eﬂect! Top-Le_veI C_ontrol Structure
« Some mixed view of the state-
As transition and the activity models
 Consisting of dominantly

- ...fixed point and ]
- ...floating point steps

Actual CPU

» Two cores, both cores with
- ...fixed point and ]
- ...floating point ALUs |




Effects of Task-Core
Assignment

OK, so | have to
organize this
activity structure
into a program...

(Jon, programmer)




Effects of Task-Core
Assignment

Hmmm, a single
threaded
executable will do
it, let's see some
good olde’ coding...

(Jon, programmer)
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Effects of Task-Core
Assignment

Maybe if | divide
the single
process into two
threads...
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Effects of Task-Core

g Maybe if during
il step2and 4|

o decrease the core
speed can reduce
heat dissipation... =
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Effects of Task-Core

Assignment
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Achievements Until Now...

m Understanding complex control structures

= Unambiguous formal semantics for UML statecharts
m Mapped to Kripke transition systems

= Relations of activities expressed by PERT-graphs
m Support for arbitrary complexity
m This is the entry point for multi-core awareness!

m Automatic implementation of control structures
= Automatic code synthesis for ANSI-C and Java
m Demonstrated even on a Mitmot device

= ...actually schedules the precisely calculated activity
PERT graphs to a single thread...



Achievements Until Now...

m Runtime verification

= Reference specification:
s UML Statecharts
m Temporal correctness criteria (PLTL)

= Not even mentioned here but at least as important as
code synthesis



Achievements Until Now...

Solving Jon's Problem...

Formal Semantics for Statecharts
Control Code Synthesis (Multi-Core Unaware)

[ ] Resource/Multi-Core Awareness...

(] I

Still working...
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...and run our code
generator to synthesize
#-1=7 hu.bme.mit.pinkerg. collections  [marg the |mp|ementat|0n Of the

=R b, bre . mit. pinkerg. puml_rsa.example

=i are
+- 8 hu.bme.mit, pinkerg, purml_rsa, COﬂthl Structure.

+-£8 hu.bme.mit.pinterg.puml_rsa.
4 hu.brme. ik, pinterg. purml_rsa.
= Hj|hu.|:ume.mit.pinterg.puml_rsa.generated.signals
+-[J] CameraswitchSignal java
4] Cararrivedsignal.java
|J] CrossingEnteredSignal. jas
4] LampSwitchSignal.java
+-- 3] TimerSignal.java
4B, JRE Swstem Library [jdk]
I=F hu.bme.mit. pinterg. puml_rsa.example
= b, brne. mit. pinterg. purml_rsa. example
le“l b, brne. mit. pinterg. puml_rsa.generat
l:j- b, brne. mit. pinterg. puml_rsa.generat
L= hu.brme.mit. pinkerg. puml2, foundation:
I=F hu.bme.mit. pinterg. synchronization.m

<
W= i .
o= Outline Inheritance Ex...
= Properties Tasks | Console | Bookmarks | Prablems | JUnit | Error Log

An outline is not available, . .
Properties are not available,

£ hu.bme. mit. pinterg.puml_rsa. generated.signals - hu, bme.mit. pinkerg. puml_rsa.examples. traffic_light.implfsrc
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G B30 @ @~ H-0-du-Q- G B =
= B || [J] TrafficLight.java &2

= <~}==D = protected static final GPERTGraph idPERTGraphlds GPERTGraph(Arrays. asList (new

- Iﬁlhu.I:ume.mit.pinterg.cullectinns [morg protected stat:!.c! :E:!.nal GPERTGraph _?dPERTGraphlé,S' GPERTGraph(Arrags.asL_z.stl:new

| L protected static final GPERTGraph 2dPERTGraphkldd GPERTGraph (Arrays. asList (new
== hu.brme.mit, pinkerg, purnl_rsa,example i i - ;

- L;?src protected static final GPERTGraph 2dPERTGrapklds GPERTGraph (Arrays. asList (new

; protected static final SPERTGraph idPERTGraphlds GPERTGraph(irravys. asList (new

protected static final GPERTGraph idPERTGraphld? GPERTGraph(Arrays. asList (new

protected static final SPERTGraph idPERTGraphlds GPERTGraph(irrays. asList (new

protected static final GPERTGraph idPERTGraphl4g? GPERTGraph(Arrays. asList (new

+ :-E hu.bme. it pinterg. puml_rsa.
= £8 hu.bme.mit.pinterg.puml_rsa.
+ TrafficLight.java
B hu.bme.mit. pinterg.puml_rsa.
+-H} hu.bme.mit. pinkerg. purl_rsa.
+-B8, JRE Svskem Library [jdk]
= hu.bme.mit. pinterg. puml_rsa.example
I&.ZI- b, brne. mit. pinterg. puml_rsa. example
IL'—j- b, brne. mit. pinterg. puml_rsa.generat
I:_'j“' b, brne, mik, pintera. puml_rsa.generak
l=f hu.bme.mit, pinterg, puml2, foundation:
= hu.bme.mit. pinterg. synchronization.

¢ GTransitionConglomerate instances
protected static final CGTransitionConglomerate idTransitionConglomerateflS0 = new GTrs
ff GTransitionConglomerate.enabling
Arrays.asList(new Gotate[] {idWstated7?),
ff GTransitionConglomerate.triggers
hrrays.asList (new Jjava.lang.Clazs[] {Timer3ignal.class)),
ff GTransitionConglomerate. guards
Arrays.asList (new GConstraint[] {idWiPreriocusConfigurationConstraintioil),
Sf GTransitionConglomerate.possiblyleftiItateHierarchyliet
new java.util.HashZet<SStateHierarchylloder (Arrays. asList (new G3tateHierarchylode[]
S GTransitionConglomerate.effect
1dPERTGraphildZ, A4 GTransitionConglomerate.entered3tateHierarchydet
new java.util.Hashl3et<S3tateHierarchyllodesr (Arrays. asList (new G3tateHierarchylode[]
I:
(%] protected static final GTransitionConglomerate idTrarsitienConglomerateClsl = new GTrs

- = o A GTransitionConglomerate.enabling
= Cutline P2 . Inheritance Ex... O <

laz \'3 \‘5;\3 o ﬁlf N = Properties 27 Tasks | Console | Bookmarks | Prablems | JUnit | Error Log
- hu.l:ume.mit.pinterg.puml_rsa.ge:h:
+-*=  import declarations
=@  TrafficLight

Properties are not available,

5F
<F

5F
<

idWw'Skatess | GState

idWSkateS? | G5tate
FF idwstatess | GState
&7 idwstatess ; Gotate
FF idwstatesn ; Gtate

#F idwstateal | Gstate

oE

2]

o m hu.bme. mit. pinterg.puml_rsa.generated. behaviors, TrafficLight. java - hu.bme.mit. pinterg. puml_rsa. examples. traffic_light.implysrc
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e 0 B0 @A
L Project Explorer £ = B M

= <~}==t> = package hu.bme.mit.pinterg.puml rsa.examples.traffic light.ui;

ILﬁI- . brie. it pinterg, collections  [morg i ) ) )
rhjl‘ hu.bme. mit. pinterg. puml_rsa.example Fimport hu.bwe.mit.pinterg.puml rsa.generator.base classes. BehaviorContext:[]
I=F hu.bme, mit, pinkerg. puml_rsa, example
=l [jj-|hu.I:nme.mit.pinterg.puml_rsa.examples.traFFic_Iight.ui
= sre
=} hu.brme.mit, pinterg.purml_rsa.
m Main. java ’ args
B, JRE Swstem Library [jdk] 4 ] ] ] ] ]
I:"nj' husbme. mit. pinterg. puml_rsa.generat public static void mwain(3tring[] args) |
T:"é- hu. brne. mit. pinterg. puml_rsa.generat
l= b b, ik, pinkerg. purnl2, foundation:
I=F hu.bme.mit. pinterg. synchronization.rr

E class Main

= l.."ﬂ'?r

(new Main()).doIt(args):

public void dolt(3tring[] args) |
TrafficLight tratfficLight =
EehawiorContext behaviocrContext = new BehaviorContext imull, trafficlLight, null):;

initialize (trafficlight, hehaviorContext) ;
step(trafficLight, behaviorContext, new Lawp3witch3ignall()):
step(trafficLight, khehaviorContext, new Timwer3ignali()):
stepltrafficLlight, kbehaviorContext, new TimwmerZignali)):

step(trafficLight, behaviorContext, new Carlirrivedlignal()):

(<] 1T} (2]
0= outline 2 Inheritance Ex... | O ra 1
=

d = 5 L —
lz }5( W o9 W Properties | Tasks E consale i Bookmarks | Problems | JUnit | Error Log b4 3& w i = = -

@H C

#  hu.bme.mit. pinterg.puml_rsa.exam | | <terminated Main [Java Application] C:\Program Files\IEMSDP7OLjdkibintjavaw, exe (Mov 12, 2003 2:04:02 AM)
‘= import declarations
= @} Main
@ 7 main{String[ 1)
dolt{Skring[ )
initialize( TrafficLight, Behavior

step( TrafficLight, BehaviarZor

WWritable Smart Insert 24 ; 64
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e 0 B0 @A
L Project Explorer £ = B M

= <~1='=B> = stepltrafficLight, kbehaviorContext, new TimwmerSignali)):
atep (trafficLight, behaviorContext, new TiwerSighnalil)):

| . .
Iz b, b, ik, pinkerg. collections  [mar
P g [morg stepltrafficLight, khehaviorContext, new Timer3ignali)):

'_jj- b, brie . mit. pinterg. purml_rsa. example
I:'J!- b, brne, mit. pinterg. purml_rsa. example
s [g gI:usr::.mlt.plnterg.puml_rsa.example private void initialize (TrafficLight aTrafficLight, BehaviorContext aBehaviorContext)
=} hu.brme.mit, pinterg.purml_rsa.
m Main. java

B, JRE Swstem Library [jdk]
[:H- hu.bme. mit. pinterg. puml_rsa.generat
T:"é- hu. brne. mit. pinterg. puml_rsa.generat
l= b b, ik, pinkerg. purnl2, foundation:
I=F hu.bme.mit. pinterg. synchronization.rr

Jystem.out.println("-- Initialization --");

aTrafficLight.initializationftep (aBehaviorContext) ;

SJystem.ourt.println(™ Active states:™);

for (GEtate gitate : aBehaviorContext.configuration)
System.ocut.printlni(™ M 4+ g3tate.representedilames) ;

private void step(Trafficlight aTrafficLight, EBehaviorContext abBehaviorContext, G3igns

System.out.println(®-- [Dispatching signal: "™ + glignal.getClass() + " ——..."):
aTrafficLight.triggerPro =p! ep (abehaviorC 13
System.ont.println (™ Letive states:™)
for (GState gitate @ aBehaviorContext.configuration)

System.ocut.printlni(™ M 4+ g3tate.representedilames) ;
Jystem. out.println(™-- —-= —— —— —— —— —— —— —-hnin");

:{ 1]

2]
0= outline 2 Inheritance Ex... | O ra 1
=

d % 5 L T
1% Wow @ w Properties | Tasks | B Console 52 Bookmarks | Problems | JUnik | Error Log 4 3& 4

(r3lc)
#  hu.bme.mit. pinterg.puml_rsa.exam | | <terminated Main [Java Application] C:\Program Files\IEMSDP7OLjdkibintjavaw, exe (Mov 12, 2003 2:04:02 AM)
‘= import declarations
= @} Main
@ 7 main{String[ 1)
dolIt{Skring[ )
initialize( TrafficLight, Behavior

step( TrafficLight, BehaviorZor

WWritable Smart Insert 53:49
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|.=qjv @ I:LL:I . ‘}’v ﬁ\v ﬁvﬁ'lﬂv%v Q.:.Q:.

L™ Project Explorer &3 = B | 1] Main.java &2

= <~}==D = package hu.bme.mit.pinterg.puml rsa.examples.traffic light.ui;

ILﬁI- b, brne. mit. pinterg. collections  [morg
'_jj- b, brie . mit. pinterg. purml_rsa. example
I=F hu.bme, mit, pinkerg. puml_rsa, example
= IEJ- b, brne. mit. pinterg. puml_rsa. example
= sre
=} hu.brme.mit, pinterg.purml_rsa.
m Main. java
B, JRE Swstem Library [jdk]
[:H- hu.bme. mit. pinterg. puml_rsa.generat
T:"é- hu. brne. mit. pinterg. puml_rsa.generat
l= b b, ik, pinkerg. purnl2, foundation:
I=F hu.bme.mit. pinterg. synchronization.rr

Fimport hu.bwe.mit.pinterg.puml rsa.generator.base classes.BehaviorContext;
public class Main {

l,."#?r
® args
*/

public static void mwain(3tring[] args) |

(new Main()).doIt(args):

public void dolt(3tring[] args) |
TrafficLight trafficlLight = TrafficlLight.getInstancel):
EehawiorContext behaviocrContext = new BehaviorContext imull, trafficlLight, null):;

initialize (trafficlight, hehaviorContext) ;
step(trafficLight, behaviorContext, new Lawp3witch3ignall()):
step(trafficLight, khehaviorContext, new Timwer3ignali()):
stepltrafficLlight, kbehaviorContext, new TimwmerZignali)):
step(trafficLight, behaviorContext, new Carlirrivedlignal()):

(<] 1T} (2]
0= outline 2 Inheritance Ex... | O
=

d = 5 L rE — —
R w @ w Properties | Tasks m Bookmarks | Problems | JUnit | Error Log X% Gl HE-05- B

#  hu.bme.mit. pinterg.puml_rsa.exam | |<terminated > Main [Java Application] C:\Program Files\IEMSDP7OLjdkibintjavaw, exe (Mov 12, 2003 2:04:02 AM)
= import declarations —— [Dispatching signal: class hu.bme.wit.pinterg.puml rsa.generated.signals. TimerSignal ——. ..
= @} Main -
@ 7 main{String[ 1)
dolIt{Skring[ )
initialize( TrafficLight, Behavior
step( TrafficLight, BehaviarZor
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The demonstration was
for Java but actually we
also have ANSI-C ports.
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Summary

“I need more processing
power with less energy
consumption for the
same price.”

(Johnny, Gamer)

“Our perfect CPUs
deserve better written
programs!”

(Jonathan, CPU Expert)

W -

“Let the CPU-specific
control structure
organization calculated
by somebody else.”

(Jon, Programmer)




