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From System Models to Value

The topic of this lecture :
Communicate

Validate - Verify
Configure
Analyze

Simulate

Decide

Moore’s Law
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Automation !
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A short recap from CPS Modeling lecture

We talked about models ... ... and about modeling for CPS.

Abstraction Description Operational
(Simplification) (Specification) (Executable)

Karol Desnos (IETR) & Julio Oliveira (TNO) 4
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A short recap from CPS Modeling lecture

We talked about multi-aspect modeling... ... and illustrated how aspects
can be combined to extract

KPIs.

remoleDataAc TaNGTOUD

Task aspect
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MODELING == s
LANGUAGE . f

Karol Desnos (IETR) & Julio Oliveira (TNO) 5




European Union funding
for Research & Innovation

| Horizon 2020

CERBER

Last, but not least...

We went into details about Semantics, Syntax,

Models of Computation and Models of Architecture

PROCESS ALGEBRA
An example in Beta Binder

((B(xsa ) LED) (B (3a,)1]))

¢ join operator

B* (x,A5) B" (3,8, ) (EIT)

B( ) active binding site
B*( ) hidden binding site
I parallel operator

RULE-BASED SYSTEMS
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PETRI NETS

O race

| TRANSITION
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& TOKEN
TRANSITION
ENABLED

Enzyme 3

Enzyme 1

Reaction C
Network

Enzyme (E) Inhibitor (1)

Signal Tr

BOOLEAN NETWORKS
Gene

O
G="0
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f=%nx,
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STATE CHARTS

HYBRID SYSTEMS

Gene On x> 6’ Gene Off
x=k,—k;x x=—kx
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X protein concentration
kp protein production rate

k, protein degradation rate

SPATIO-TEMPORAL MODELS

COMPARTMENT-BASED

An example in BioAmbients

molecule [in c.M]|

lget,fin

compartment [C]

molecule [M]

compartment [get c.C]

AGENT-BASED

Signaling Molecule

(Communicating Agent]
Receptor
active Agent)

2

Messengers
(Cooperative Agents)

Nucleus

{Reactive Agent)

signal Transduction

LATTICE-BASED
An example with Cellular Automata

L] Rule |
H>H

—

Ceennat stimu\atEd'F Cell stimulated
o

Electrical wave propagation in a cardiac tissue
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Concept
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Object in physical or
Term Stands for Referent abstract world

“Orange” @ -
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Modeling
environment

Making more of a model

Configuration

Analysis —
Validation / V Visua |zat!on
Simulation Presentation

# ;‘f
Automatic design \
Design space exploration
Decision making

Code synthesis
Karol Desnos (IETR) & Juligmpleimentation 7
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In this lecture

Analysis
Validation / Verification
Simulation
E'E; :._A]—‘A —
b 2wl
: ]
§": gé‘:.-.ﬁ): L™ o |

LTI
||’|lll'

Code synthesis

Karol Desnos (IETR) & Julio Oliveira (TNO)

Compilers for adaptive systems
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2. (HW &) SW Synthesis

Source: Bhattacharyya, S. S., Murthy, P. K., & Lee, E. A. (2012). Software synthesis from dataflow
graphs (Vol. 360). Springer Science & Business Media. Karol Desnos (IETR) & Julio Oliveira (TNO) 3
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Synthesis at component level?

High-level SW
Optimizations

Legacy SW
Compiler

SW Codegen

HW/SW DSE
High-level HW J & Optimization
Optimizations

Algorlthm
+ =» s =

Cross-Lay er

DSE tool

Architecture Simulator
+ Debugger

+ Profiler

Legacy HW
Toolchain

ol Lol
#

ain ain
roc oc

HW Codegen
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SW synthesis > overview

Task Management

* Assignment (Mapping)

e Ordering (Scheduling)
* Timing

Karol Desnos (IETR) & Julio Oliveira (TNO) 11
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SW synthesis > overview

Task Management
* Assignment (Mapping)

Karol Desnos (IETR) & Julio Oliveira (TNO) 12
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SW synthesis > overview
Task Management

e Ordering (Scheduling)

¥

o,

order order order
v \ 4 \ 4
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SW synthesis > overview

Task Management

e Assignment (Mapping)
e Ordering (Scheduling)
* Timing

4
Task
Task, -
Task,
time time | JEEELE time
v \ 4
14

v
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SW synthesis > HW management

Task Management Memory

e Assignment (Mapping) e Static Allocation

e Ordering (Scheduling) * Dynamic Allocation

* Timing * Model-based allocation
Communication m

* Direct copy '

* DMA

* Ordering | |
Synchronization il
* Polling

¢ I nte rrU ptS Karol Desnos (IETR) & Julio Oliveira (TNO)
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SW synthesis > Complexity

HW resources heterogeneity
* Processing Elements / Interconnect / Memory

Limited HW resources
* PE / Interconnect / Memory

SW model complexity

* Complex control dependency
 Complex data dependency

* Low predictability

16
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SW synthesis > Tools & methods objectives

Optimizing / offering trade-offs between:
* Latency / Response time

* Throughput

* Load balancing

* Memory footprint

* Power consumption

Adaptability to any target architecture:
* DSP
 GPU
* HPC

17
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Mapping/Scheduling > Problem

Part of “Operational Research”

 How to organize a production line, train schedule, ...
* How to organize a project (Gantt Chart, ...)

* How to make decisions in general

NP-Complete Problem
* Validity of a solution to the problem can be verified in
polynomial time

* No polynomial time algorithm for solving NP-complete
problems is known

* When the problem grows )
solving it is becoming more complex exponentiathysoiermo) 13
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Mapping/Scheduling > Solutions

Heuristic algorithms
* Find a sub-optimal solution in polynomial time
* No guarantee on the solution quality

Problem Specific Generic Algorithms
* List scheduling * Divide and conquer
* Greedy scheduling * Branch and bound

* Hybrid flow-shop

* Integer Linear Programming
* FAST scheduling * Genetic Algorithms

e Simulated annealing

* Ant colony

Source: Z. Peng, lecture notes of “Computer aided design of electignicd”: i) & /vo Oliveira (TNO) 19
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Mapping/Scheduling > List scheduling for dataflow

1. Create a list of actors sorted in:
* Topological order (i.e. data dependency order)
* When equivalent, secondary sorting criteria is used:
longest execution time, critical path before last task, ...

Longest A

Execution time L1Mms 1ms
C C

6ms 6ms
D

4ms 3ms

3ms 4ms

3ms 5ms
F E

oms 3ms
G G

farpPéesnos (IETR) & Julio Oliveira (TNBIns 40
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Mapping/Scheduling > List scheduling for dataflow

2. Map and schedule actors to the first available PE:

4ms
-Corez—[DHBHE] E >

3ms With longest execution time

1(,%3 Core, {AH C H E } @ >

CO I’ez 4[ B H D H.rol Desno!:(IETR) & JUWO) 21
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Mapping/Scheduling > Multi-objective optimization
E.g. Latency and power on heterogeneous target.

CPU {A }

DSP —

AccC.

\4

Power

10ms—l9.1J

CPU B >
A C E D}

ose (X ]S = P>

Acc L
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Memory Allocation

I i i i >
0 400 800 1200 memaory
space

Memory Exclusion Graph (MEG) Karol Desnos (IETR) & Julio Oliveira (TNO) 23
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3. Simulators
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Simulation

From Wikipedia, the free encyclopedia

Not to be confused with Stimulation.
"Simulator” redirects here. For other uses, see Simulator (disambiguation).

Simulation is the imitation of the operation of a real-world process or system over time.['] The act of simulating something
first requires that a model be developed; this model represents the key characteristics, behaviors and functions of the
selected physical or abstract system or process. The model represents the system itself, whereas the simulation represents

the operation of the system over time.

Karol Desnos (IETR) & Julio Oliveira (TNO) 25
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Types of simulators

Vs Dynamic
O g e —
GontinuouD Vs Discrete
v _~—_——
Deterministic Vs Stochastic

Karol Desnos (IETR) & Julio Oliveira (TNO) 26
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1ons

Static simulat

= 4r2

Area of Square
Area of Circle = ar?

nr2/4r?

Ratio of area of Circle to area of Square

N
M

Ratio of no. hits inside circle to total no. throws

Total number of throws =
No. hits inside circle

n ~4*M/N

=>

/4 ~ M/N

28

Karol Desnos (IETR) & Julio Oliveira (TNO)



°
Horizon 2020 CERBER
European Union funding I I I l l l a O rS
for Research & Innovation

Static simulations — Playing the game

Can you play the static simulation game to calculate the density
of blood cells in a sample?

Simulation Engine
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Static simulators

|
|
l
\

l Nick T. Thomopoulos

Essentials of Monte
' Carlo Simulation

Golds%:

https://www.goldsim.com

‘ MATLAB Gyber Phyical
Systems
Approach to

Smart Electric

https://www.mathworks.com Power Grid

Karol Desnos (IETR) & Julio Oliveira (TNO) 30
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Discrete event simulation — the rules

A -!‘: ------ :v A

:- ...... > B e, .:

~c e > C
%

DynAA Core (Engine)

Source : Karol Desnos Karol Desnos (IETR) & Julio Oliveira (TNO) 31
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DES - Playing the game : An example from DynAA

Behavior aspect

Raw2Sens: ProcState

sendSens
nri0ps =6 lis] mSze=4[B] -mTwccs @
nrFLOps = 3 I's) p3

DATA_SENT
DATA_RECEIVED

. : : SUCCESS < :

. gl CALCULATE_DONE

Karol Desnos (IETR) & Julio Oliveira (TNO) 32
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DES - Playing the game : An example from DynAA

Task aspect Data Processing Task
Data Sink Task

ey
o[ 1
\ DATA_RECEIVED

DATA_SENT Q
————————————————————————— o

Determines the MoC !

“CALCULATE_DONE

. Connected to the physical view (processor)
Karol Desnos (IETR) & Julio Oliveira (TNO) 33
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Discrete event simulators

’ Zoltan Papp .
D ym U U U U George Exarchakos Editors
0000 Runtime
Reconfiguration
in Networked

v,
St Find us Inside !

@ Springer

John Fitzgerald - Peter Gorm Larsen
Marcel Verhoef Editors
Weiwei Chen =

=] sa ‘ Out-of-order CoIIaborative
il Gy g Parallel Discrete Design for

Event Simulation for

= " | Electronic System-level Embedded
‘ MATLAB oo Systems

Co-modelling and Co-simulation

@ Springer

https://www.mathworks.com

Karol Desnos (IETR) & Julio Oliveira (TNO) 34
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—— Inferred y1 = = Benchmark yl

Play the game by advancing the time, step by step, and evaluating the function

(y, ) dy
C —_ —
f(t,y) 7

/

(x,t)

Karol Desnos (IETR) & Julio Oliveira (TNO) 35
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Continuous simulations — the rules

(D)

Euler’s method : the simplest solver

¥(t)
15 -~
10 * . .
= * Y .. -
_ - .o?.. [ ."/\ '|II . .
s A U B
1 ¥ il n L5 ™ I' 1 1 t
gt M 3\ e [ 4 3
h v/ |
=-1F NS \ [
\ f
I': |II
—1mk il‘-\ J :

1. define f (.t,y).
2. input 7, and y,.
3. input step size, 7 and the number of steps, 7.
4. for j from 1 to n do
a. m = f (o, o)
b.y; =y, + I*m
c.t;=ty+h
d. Print #; and y;
e.t,=1;
fLyo=y;

5. end -
Karol Desnos (IETR) & Julio Oliveira (TNO)
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Continuous simulation — Playing the game

Environment Model 2

1
05
B
E

05
—1

-6 4 -2 0 2 4

T

Simulation Engin2

Environment Model

Environment aspect
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Short view on Hybrid simulation

Environment Model Data Processing Task

Data Sink Task

Environment aspect DATA RECEIVE

.K 7 l N
v

7

’

’

“CALCULATE_DONE

Karol Desnos (IETR) & Julio Oliveira (TNO)

Looks the
same, feels the
same, but
much more
difficult !

38

Video !


https://nl.mathworks.com/videos/solving-odes-in-matlab-7-stiffness-ode23s-ode15s-117651.html

°
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Continuous (Hybrid) simulators

Discrete and
Continuous Simulation
) )'/‘ * N

Ranjan Bhattacharya

https://www.modelica.org/ ' onand Appct Qo=

MATLAB
"W SIMULINK

https://www.mathworks.com

Karol Desnos (IETR) & Julio Oliveira (TNO) 39



Horizon 2020 CERBER
European U nion funding
for Research & Innovation

HW/SW Cyber-System
Modeling Tools

4. Analysis / Optimization

Karol Desnos (IETR) & Julio Oliveira (TNO) 40
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1. Describe system through different

2. Derived Data Schema for Input and
SysMLviews, including design output structures
alternatives, constraints and goals

idname  guid

variants
UunctionGUID eleb1581-c487-4be2-9fd6-BceS6a53b2eaCat Junction

3Relay GUIDBMZI”MWG!}U&%WWeS&ﬁiiilﬁ ’
.

e
00 PRI S00080 9900 whlie 43030
D Bebae L Seb AL E) A (00 T

e
racroce
tgrader

.
Stsmene

o

1nenden

S

Architecture
Optimization
through Design

Space Exploration
iterations

3. Automatic translation(via an

interchange format) into
Optimization solver
4. Optimized architecture back e

annotated to SysML model

Jlnn]

Studio

Karol Desnos (IETR) & Julio Oliveira (TNO) 41
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Development and Analysis of a Simplified Doors Control
System

* Monitor and Control Passenger Doors, Emergency Exits, and Cargo Doors

* Design a system out of existing components for best weight, cost, power etc.

Karol Desnos (IETR) & Julio Oliveira (TNO) 42
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Functional
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Techn[cal
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Cable b e
<
\\
Switch™ = = 7 Controller
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Route
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Karol Desnos (IETR) & Julio Oliveira (TNO)
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Optimization Auto-Generation

=Objectives

P1: whenever [E] occurs [SC] holds during following [I]

P2: whenever [E1] occurs [E2] implies [E3] during following [I]

=Component library

P3: whenever [E1] occurs [E2] does not occur during following [I] w,,:
P4: whenever [E] occurs [E/SCJ ocou ]
P5: [SC] during [I] raises [E] ; ’::_"
P6: [E1] occurs [N] times during [1] rai = ¥
P7: [E] occurs at most [N] times durin i : l'
P8: [SC] during [I] implies [SC1] durin/ ‘ :___ )

I »Automatic o

\ Generation )
="Requirements & Constraints Y

=Optimization Problem
Formulation (CPLEX)

Karol Desnos (IETR) & Julio Oliveira (TNO) 44
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5. Runtime Support

Karol Desnos (IETR) & Julio Oliveira (TNO) 46
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Overview

Runtime adaptation layer:
* Services needed to run an application
* Provided by “classic” OS, and/or model-aware utilities.

GPP

Example: SPIDER Runtime

cPulcpu
Pthreads +
Win / Linux CPUCPU
PiSDF
h
Grap SPIDER

CPUgzDSP
-
CPUgzDSP
W
librar

Many-core
Karol Desnos (IETR)

Archi
model
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Different Runtime Strategies

Adaptivity++
fully dynamic run run run

static-assignment run

Performance++
Mapping Scheduli Timing

ng
Em Em 0 Em Em 0 Em EW L
[ Task, | Task,

Task, Task.
6

orderv orderv orderv time v time vm time

r?bgtffnos (IETR) & Julio Oliveira (TNO) 48

Source: E. Lee, “Scheduling Strategies for Multiprocessor real-timé
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Fully static runtime support

Computation

* Non-preemptible processes/threads
e Bare-metal or real-time OS

* Global clock

Communications
* Non-blocking

Thread/Core 1 Thread/Core 2

Used for:
* Hard Real-time systems

Karol Desnos (IETR) & Julio Oliveira (TNO) 49
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Self-timed runtime support

Computations
* Processes/threads/tasks
 Bare-metal or OS

Thread/Core 1
Communications .,
* Blocking o,
* Synchronization mechanism: 3 ActorD
Barrier, Mutexes, -] ActorE
Semaphores, ...
Used for/by:

* Real-time systems, statically schedulable MoCs

¢ E-g- Preesm, Syndex Karol Desnos (IETR) & JOTTO OTVelra (TNO] - 50

Core 2

Actor C

Core 2

Actor C
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Static assignment runtime support

Computations
* Processes/threads/tasks
* OS with scheduler

Communications Core 1 Core 2
o Blocking Activeﬂprocess Activrocess
e Synchronization mechanism:
. Idle processes Idle processes
Barrier, Mutexes,
: Al|D FIIG|IH
Semaphores, Yield...

Used for/by:
* Dynamic/Reconfigurable models (e.g. Kahn Process Network)
e E.g. Open RVC-CAL Compiler (ORCC), PaDaE. .. it & o omera o) 51



Runtime support “"“‘*h

Fully dynamic runtime supports

Master/Slave model
* Pros:
— Adaptivity
— Controlled decisions
— Compatible with
heterogeneous target
* Cons:
— Master overhead
— Master bottleneck

Master/Slave
(e.g. Spider Runtime)

________ finished
e >SS
=" " TT==23
v’ N
/
Master Operator _>» Corel F
/4
' :
Multicore _“assigns |
Runtime \ !
3 Thread/Core 2 "
\ Dequeue Job ||

-

> Process Job
Signals finished
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Fully dynamic runtime supports

Work queuing
* Pros:
— Adaptivity Work-queueing
. (Apple Grand Central Dispatch, OpenMP)
—Light/No Overhead Sushes
* Cons: L eemmm e, R
—Shared queue bottleneck )’ IRl eI 1
- . ) / pops Dequeue Task
—No Intelllgence : 2 Process Task
—Non-determinist \ - Enqueue Task(s)
\ /
V4
¢ ~» Core?2
. pops
p_u—s-h_es

Karol Desnos (IETR) & Julio Oliveira (TNO) 53
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Fully dynamic runtime supports

Job Stealing
* Pros:
— Adaptivity
. Job stealing
- nght/NO Overhead (Cilk, Intel Threading Building Blocks)
—No bottleneck pushes pushes pushes
¢\ /f ‘
* Cons: - -y -7
—No “intelligence” i /‘
. T steals
—Non-determinist Pops - pops,/ ¢ bops
v v v

Thread/Core 1

Core 2 Core 3
Dequeue Task

Process Task
Enqueue Task(s)

Karol Desnos (IETR) & Julio Oliveira (TNO) 54
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Final words

AN %64 PROCESSDR, 16 SCREAMING ALONG AT BLUONS OF
CYELES PER SECOND To RUN THE XNU KERNEL, WHICH 1S

FRANTICALLY WORKING THROUGH ALL THE FOSIX-SPECIRED
ARSTRACTION TO CREATE THE DRRUIN SYSTEM UNDERIYING
05 X, WHICH INTURN 1S STRAINING 1TSELF To RUN FIREFX
AND IT5 GECKO RENDERER, WHICH CREATES A RLASH OBTECT
WHICH RENDERS [DZENS OF VIDED FRAMES EVERY SECOND

BeECAUSE I WANTED TO SEE A CAT
JUMP INTD A BOX AND FALL OVER.

O T AM A GOD.
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