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Presentation Outline

* Why is RTE programming so hard and what can we do about it?

* QP ™ real-time frameworks for embedded systems

e QM™ graphical modeling and code generating tool
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Why is real-time programming hard (1)?

#1:. Shared-state concurrency @ Failure

Preemption in
shared-state

Race

system Conditions
Deadlock
. ] . . Missed
#2: Synchronization by blocking Blocking “ deadlines
Priority
/ inversion
Synchronization
by blocking

Architectural
decay

Unresponsive
threads

More
threads

® | |
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What can we do about it?

Experienced developers came up with best practices®:

* Don't share data or resources (e.g. peripherals) among threads
— Keep data isolated and bound to threads (strict encapsulation)

 Don't block inside your code
— Communicate among threads asynchronously via event objects

 Threads should spend their lifetime responding to events so their
main line should consist of “message pump”

— Encapsulated thread + “message pump” — Active Object (Actor)

*) Herb Sutter “Prefer Using Active Objects Instead of Naked Threads”

Quantun?’ Leaps www.state-machine.com~,
at ] NP
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Active Object (Actor) Design Pattern

 Active Object” (Actor®) is an event-driven, strictly encapsulated
software object running in its own thread and communicating
asynchronously by means of events.

— Not a real novelty. The concept known from 1970s, adapted to real-time in
1990s (ROOM actor), and from there into the UML (active class).

 The UML specification further proposes the UML variant of
hierarchical state machines (UML statecharts) with which to model
the behavior of event-driven active objects (active classes)*.

— This addresses the “spaghetti code” problem (more about it later)

(*) Lavender, R. Greg; Schmidt, Douglas C. "Active Object"
( ) Herb Sutter “Prefer Using Active Objects Instead of Naked Threads”
*) OMG Unified Modeling Language TM (OMG UML) Superstructure, formal/2011-08-06

Quantun?’ Leaps www.state-machine.com~,
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Active Object pattern with conventional RTOS

+ Event object

Event object Event object

The only
blocking call

Private thread

No
blocking

Organize threads as “message pumps’

— Threads process one event at a time (Run-to-
Completion, RTC)

— Threads block only on empty queue and don't block
anywhere else

— Threads communicate asynchronously (without
blocking) by posting events to each other's queues

w Quantum’[%aPs www.state-machine.com _
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A Better Way: Real-Time Framework

* Implement the Active Object design pattern as a framework
— The best way to capture an architecture and make it reusable
— Raises the level of abstraction (directly linked to productivity)

* Inversion of control
— The main difference between a framework and a toolkit (e.g., RTOS)
— The main way to automate and enforce the best practices (safer design)
— The main way to hide the difficult aspects from application (safer design)
— The main way to bring conceptual integrity to the application
— The main way to bring consistency among applications (product lines)

® 0
o) Quantun?’[aPs www.state-machine.com«
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Paradigm Shift: Sequential - Event-Driven

. Sequential Event-d_riven
* No b|OCk|ng programming /Y\ freal-tlmek
: : ramewor

with RTOS Paradigm Shift
— Most RTOS 3
hanisms! Svents
mecC ! Semaphores esmerele zlctj_ve
- Object
g NO Sha”ng Mutexes JECES
_ Event
— Use events with Event Message Posting
. *
parameters instead Flags Luenes |
Publish/
- Subscribe
* No sequential code delay () Memozy
/* this "Blinky" code no longer flies {/ Pools Time
while (1) { /* RTOS task or "superloop'\ ¥/ Callback E t
BSP_ledOn(); /* turn ?he LED on Timers vents
BSP_1ledOff(); /* turn the LED off */ State
i l Machines

— 3

0S_delay(500);—/*blecking!tH—*/

}

\quam‘um [°aPs www.state-machine.com« _
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Why is event-driven programming hard (2)?

void operator_chick(int Index) {
char TempReadout[READOUT_LEN];

 Responding to events leads to “spaghetti ET RS G
code” ;7

H
switch {N mopsh {

case

| j | :c;,efcde:;-;asti?:gz.];;;;;
— The response depends on both: the event type :: CEpny ey, aneaseteD
and the internal state of the system
— State of the system (history) is represented | AR T
ad hoc as multitude of flags and variables |,

— Convoluted, deeply nested IF-THEN-ELSE- =] g s

switch (DEFl gj 1

a a e case :
= + .
SWITCH logic based on complex expressions :: ot
33 case '-':
= 4 Opl =] COB1(0pl - CDbl{Op2)},;
— spaghetti code = oreany 7O T ComeEn
36 case '*';:
37 Opl = COb1(Cpl) * CDbl{Op2);
38 break;
29 case '/':
4@ ——i{ep2 == 2) {
dllf Error{ "Divisi by zero");
a4z }
43 Opl = CDbl(Cpl) / CDbL(Op2);
44 break ;
a5 L }
46 Readout = Opl;
47 NMumOps = 1;|
48 break;
a9 L 1
sa if (stremp(LastInput, "MEG") == 8} {
sCr

' \q 1. Le p . g; OtFipy(l_a{s)tInptt, IDZS");C o
vanium a S WWW.State_machlne.c< 32 ) pFlag = Operator[Index].Caption;

Modern Embedded Software 53 L ¥
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What can we do about it?

* Finite State Machines—the best known “spaghetti reducers”
— “State” captures only the relevant aspects of the system's history

— Natural fit for event-driven programming, where the code cannot block and
must return to the event-loop after each event)

— Context stored in a single state-variable instead of the whole call stack

4 default 2\ < o
L?NY_KEY / send_lower_case_scan_code(); J

internal { CAPSlLOCK CAPST LOCK

transitions ; N
4 caps_locked N\
ANY_KEY / send_upper_case_scan_code();
(QY-KEY)/gendupper case scan codef, |

I I
trigger B' list of actions Iﬁ

(T ] Quantun?’|®aPs www.state-machine.com<3
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Paradigm Shift: Sequential —» Event-Driven (2)

State Machines are not Flowcharts (!)

Statechart (event-driven) Flowchart (sequential)

— represents all states of a system — represents stages of processing in a system
— driven by explicit events — gets from node to node upon completion

— processing happens on arcs (transitions) — processing happens in nodes

— no notion of “progression” — progresses from start to finish

(a) : ¥
s1

------------- E2/action2();j---------------------------
( s3 )
------------- ! E3 /action3();—P-------r-reiieiime e

[T | Quantun?’|®aPs www.state-machine.com%«\\)
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Hierarchical State Machines

Traditional FSMs “explode”
due to repetitions

(a)

operand1

OPER A
OPER
A
i EQUALS
( opEntered ) operand2
OFF DIGIT_0 9, POINT:

l ] Quantun?®[€4Ps
Modern Embedded Software

DIGIT_0_9,
POINT

result

State hierarchy eliminates repetitions
— programming-by-difference

(b)

on

\

{—0

OPER OPER
(— L( result

(opEntered) EQUALS

\_ DIGIT_0_9, POINT___A

(—C operand1 h
DIGIT_O 9 POINT

C operand2 )

J

www.state-machine.com<3
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Presentation Outline

 Why is RTE programming so hard and what can we do about it?

e QP ™ real-time frameworks for embedded systems

e QM™ graphical modeling and code generating tool

w Quantum’|aPs www.state-machine.com§(>
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QP™ Real-Time Frameworks

 Family of frameworks for deeply embedded
real-time systems: QP/C, QP/C++, QP-nano

— Combines Active Object pattern with Hierarchical
State Machines, which beautifully complement each other

— Many advanced features yet lightweight (smaller than RTOS kernel)

* Good fit for systems with functional safety requirements
— Sound, component-based architecture safer than “naked” RTOS

— Provides means of designing applications based on state machines and
documented as UML state diagrams (recommended by safety standards)

— Traceable implementation in MISRA-compliant C or C++

iy Quanturl®aPs www.state-machine.com%i\)
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Who is u

professional

QP™ has been
licensed by
companies large
and small in
diverse industries.
Consumer electronics
Medical devices
Defense

Industrial controls
Communication & loT
Robotics
Semiconductor IP

... (see online)

Quantum’|&Ps
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QP™ Framework Family Features

Feature QP/C QP/C++ QP-nano

Code (ROM) / Data (RAM) footprint 4KB / 1KB 5KB / 1KB 2KB / 0.5KB
Maximum number of active objects 64 64 8
Hierarchical state machines v 4 v
Events with arbitrary parameters v v 32-bits
Event pools and automatic event recycling v v x
Direct event posting v v v
Publish-Subscribe v v x
Event deferral v v x
Number of time events per active object unlimited unlimited 1
Software tracing support (Q-SPY) v v x
Cooperative QV kernel v v v
Preemptive, non-blocking QK kernel v v v
Preemptive, blocking kernel (QXK) v v x
Portable to 3"-party RTOS v v x


http://www.state-machine.com/

QP ™ vs. RTOS Memory Footprint

QP frameworks fit into 2
smaller RAM, because

event-driven programming IMB. forreronfeceeoneee
style uses much less stack

sSpace £1070]7q= ) PSS —— K'\,pvm,v,ﬁ,:,,-kg-,

A typical

small preemptive RTOS
10KB ‘\ :

QP/C,
- QP/C++
1KB .
QP-I‘IEI;'ID
100B '
10B : ROM —i=
1KB 2KB 10KB 100KB 1MB 10MB  (code)

w Quantunt’[$aPs www.state-machine.com§o>
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QP ™ Sub-Components

| . Applicati
Active Active Active Active ]— (Y%Z:c:olc;):)
Object Object Object Object
QEP hierarchical event processor ‘ | |
Qs | . &
JOELE QF active object framework

BSP tracing__

QV cooperative kernel, or
QK preemptive non-blocking kernel, or
QXK preemptive blocking RTOS kernel

Target hardware

Quantur®[S4Ps www.state-machine.com~,
i ] NP
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QP ™ Package and Class View

Application
«active» «active»
ActiveA ActiveB EventA | | EventB
«framework»
QP
V V L
«abstract» «abstract» QEvt QTimeEvt 0
QHsm < QActive L Framework
! API
RTOS {
V \/
Thread MessageQueue MemoryPartition O
RTOS-API

' \ Quantun?®[€4Ps
Modern Embedded Software
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iy

QEP Hierarchical Event Processor

QState Calc_on(Calc * const me, QEvt const *e) {

Quantun?®[€4Ps

Modern Embedded Software

WWWwW

}

QState status;
switch (e->sig) {
case Q_ENTRY_SIG: /* entry action */
BSP_message("on-ENTRY");
status = Q_HANDLED();
break;
case Q_EXIT_SIG: /* exit action */
BSP_message("on-EXIT");
status = Q_HANDLED();
break;
case Q_INIT_SIG: /* initial transition */
BSP_message("on-INIT");
status = Q_TRAN(&Calc_ready);

break;

case C_SIG: /* state transition */
BSP_clear(); /* clear the display */
status = Q_TRAN(&Calc_on);
break;

case OFF_SIG: /* state transition */
status = Q_TRAN(&Calc_final);
break;

default:
status = Q_SUPER(&QHsm_top); /* superstate */
break;

}

return status;
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QF Framework — “Software Bus”

|
direct
event posting

Active Active Active
Object 1 Object 2 e Object N

multicasting a
published event
I
i
1

?
|
|

publish-subscribe
“software bus”

ISR_1() ISR_2()
' \ Quantun?’[aPs www.state-machine.com« _
Modern Embedded Software <.“\/
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QF Framework — “Zero Copy”

iy

«active»

ProducerA

«active»

ProducerB

-~
//

ISR o

(1)

Quantun’|&aPs

Modern Embedded Software

event queue

holding pointer:

S\\
¢

event instances

to events
- ~h
————————————————————— >
//// .
pointers to .

EventPool1

Event Delivery

internal |>

— { state
machine

| active | N\

object

| internal AN
thread

d |

EventPool2

T
|

dynamic | N\
o. — —
events

www.state-machine.com<3
S,

static event
(not from a pool)
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iy

QV™ Cooperative Kernel

find highest-priority
non-empty queue

“vanilla” scheduler

priority = n ¢

-~

all queues empty
(idle condition)

priority = n-1§ priority = 1 g priority = 0

idle
processing

e = queue.get();

e = queue.get();

Quantun’|&aPs

Modern Embedded Software

dispatch(e);

dispatch(e);

e = queue.get();

dispatch(e);

www.state-machine.com<3
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QK™ Preemptive, Non-Blocking Kernel

priority Synchronous Preemption
& function
[2]
i * call
2 3
S ) ( |:| interrupt
E— entry/exit
2 RTC
= o a i scheduler
‘8 (2) (4)
=
o (1) task preempted | (5)
a
2
= f } } — t t
0 5 10 15 20 25 time
__ N\ priority Asynchronous Preemption interrupt
5‘ % call
E’- ©) ) &2 (6) interrupt
C
IS A @) e return
~ function
0
3 y * call
g ®)
e} |:| interrupt
= .
< (10) eRr-l:éy/exn
g
—_——]—_—_—————_——_——_——— e ———— — scheduler
j‘:g (2)
= y
o (1) task preempted (11)
S
=
o } t A t t

interrupt
reqlljest

0 5 ® 15 20
'm\ quam‘um f‘ea pS
=) Vodern Embedded Software

time

25 3 1 2
www.state-machlne.com%«\
<,

* Preemptive priority-based kernel

* Meets all requirements of Rate
Monotonic Analysis (RMA)

* Run-to-Completion Kernel

— Cannot block in-line
— Single stack operation (like ISRS)

< :Zsslg-éi\;i nterrupts P  high-priority task running ;
unlocked function call overhead /
interrupt ntermunts . run QK_schedule_() //
response unlocked :giirélépts restore QK priority m
send EOI preemption
ISR body
increment interrupt nesting send EOI no preemption BI
saving interrupt context decrement interrupt nesting \\
vectoring run QK_schedule_() \

interrupts locked in QF, QK,
or the application

restoring interrupt context

return from interrupt \

interlrupts unlock?d low-priority task running

~ 1 1

0
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QXK™ Preemptive, Blocking Kernel
blookin /3(\ ap
g \ framework

kernel Paradigm Shift

* A“bridge” to legacy
software & middleware
In sequential paradigm

— Sequential threads can TEBIREE
coexist with event-driven AOs
* Tightly integrated with QP [ Blocking
(reuse of event queues,
time events, etc.) delay ()

QP apps than any
3rd-party RTOS.

\ Quantun’|&aPs
Modern Embedded Software

More efficient way to run

www.state-machine.com\(«\
L

Events

Active
Objects

Event
Posting

Publish/
Subscribe

Time
Events

State
Machines
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QS/QSPY™ Software Tracing System

You need to observe system live, not stopped in a debugger

Bl Command Prompt - qspy -u -cCOMA - o X dppacl - o x
BezdsaazL FHILO_STAT: © hung View Flb b
424504635 Intorn : Ohj=1 table Sig=HUNGRY SIG Seurce=Tahls se ing i lem b R AT B LT L
BAIBEONTSE E:rir? wu3 oh{ ?i}ﬂ étsm-}{‘mujmsm Rotive=Philo. thinking i3
o ate-. i
o A Bt thinking Hows=Phi
Lo _hun g
BE04589 Dis iny
i SPY ; i
nio ny =
5506713 Dizp foating Iew = 5
B

NI ing Hew=Phil
L eating Hew=Philo
Back-End ;
783 P
i
516G Active=Philo thmimg U D P

socket

Front-End

data link

Sig tive=Philo_hungry T I T
5513763 hi Sige Act1ua=Philo hwngry
E:ssmss? T h 1 tSig-' i's neuua =Philo_hungry
ate-,
5515999 1 Sig= 'I'_SIG Soureo =Philo_hungry Heu=Fhile_sat

3958878'? MSE\: #: Obj=l_philo[3) Sig=WEHEOUT_S1G ﬁctiuo-?lliln_thinhing‘
ENT Ob, ;j_{h 1ol3] State=Igilo_lungr:

79502321 ==3Tran =1 _philo[3] Sig~NEHEOUT & C Source=Philo_thinking Hew=Phi

(Lo _lwun g
BA79504291 D spo=3: Obj=l tablo Sig=HUNGEY §1G Active=Tablo_sorving
F:‘nsn:nw B _STAT: 3 Tun

¥
79584611 Intern @ Obj~l. t«zle Sig=HUl

¥_S1G Source~Table_serving

Modern Embedded Software

www.state-machine. comD



http://www.state-machine.com/

QUTest™ Unit Testing Harness

Specifically designed for TDD
of deeply embedded software

- Target
(test fixture)

[ ] Event loop

RTC st R o
_’D Imp"‘:sitep .
expectation e tscnpt}

| Explicit
expectation

— Separates CUT execution from
checking the test assertions

— Small, reusable test fixture in the

. . 3 -Ack < - >
_, Driving the tests and checking = ro-Ack <CONPLEFBOMMAND T T oxpect
[5] <QS_RECORD1> P
correctness on the Host [6] <QS_RECORD2> >
.y <QS_RECORD3> o 171 t
— Python and Tcl test scripting =
— Specifically suitable for event- Trg-Done <COMPLEX-COMMAND: e
driven systems (simplifies 1 :
“mocking”)

iy Quantun?’|®aPs www.state-machine.com%«\\)
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QSpyView™ Front-End

e Customizable (scripted) T e e
Front-End for monitoring and [= '

2981504673 PHILO SIFII A thinking

control of embedded Targets g et fescins

eating
Philosopher

2981587 74
rf gggiggg File View Filters Commands Ed
— Remote User Interface B rosaocies poiie 7 s savims B
2981511)|2208504013 Phile 0 is hungry
. . 2981512|2822a04769 Phile 1 is thinkin paﬁtgziiiine
||2822508537 Philc 2 is eating A
— Graphic display of Target status  @sisis|ses w2 i s | g e
29841514/|28700023887 Philc 1 is hungry
i . . . ing 2896004719 Philo 4 is thinkin °
2981515!|2296006487 Phile 0 is eating |
— Dynal I "C |nteraCt|0n Wlth Target %gg%gégl 2895004713 DPhile Z is thinking f
2895006481 Philoc 3 is eating Canvas window of
N 2535503583 Philo 4 is hungry QSpyView customized
R 2995@A3||2262503383% Phileo 2 is hungry A q
> el I IOte resettlng the Ta rget | thinkil|2981504673 Philc 0 is thinking QSpyView GUI Front-End for the DPP application
29965084l |2521506441 Fhile 1 is eating o ——| communicating with QSPY
gggggggl 2396504733 Philo 3 is thinking via a UDP socket
99R5A7 25996506507 Philo 4 is eating
2996588 v
< >
2996589
5336513' Target: 150831_144229 Tu |E R= [1 Em [0 | R= (2188 Em (0 v scroll E
2996511b3f LTIMLEI = W —L priLiuvLy CLYTCOAL _O1lu OSUUrCeE I NLiiu_Lvininsany

El

29965119689 Dlsp——)- 0Obj=1_philol[2] Sig=EAT_SIG Active=Philo_hungry

=>UnHd: Obj=1_philol[2] Sig=EAT_SIG Active=Philo_hungry
2996513073 Ignnred: 0bj=1_philo[2] Sig=EAT_SIG Active=Philo_hungry
2996513925 Disp==>: 0Obj=1 philoll] Sig=FEAT_SIG Active=Philo_eating
2996514615 Intern = Obj=1_philol1] Sig=EAT_SIG Source=Philo_eating
2996515481 Disp==>: 0bj=1 philo[A] Sig=FEAT_SIG Active=Philo_thinking
2996516171 Intern = Obj=1l_philo[B] Sig=EAT_SIG Source=Philo_thinking

® ]
Quantur®[S4Ps www.state-machine.com«
N
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Design by Contract (DbC)

 The QP's error-handling policy is based on DbC

* Preconditions / Postconditions / Invariants / General Assertions
— DDbC built-into the framework
— Designed to catch problems in the application
— No way of ignoring errors (enforcement of rules)
— Provides redundancy and self-monitoring for safety-critical applications

« Example QP policies enforced by DbC
— Event delivery guarantee (event pools and queues can't overflow)
— Arming / disarming / re-arming of time events
— System initialization, starting active objects

® .
'ﬂﬂ!\ Quantun?’[aPs www.state-machine.com« _
==—=¥) \odern Embedded Software <.“\/
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Presentation Outline

 Why is RTE programming so hard and what can we do about it?

* QP ™ real-time frameworks for embedded systems

* QM™ graphical modeling and code generating tool

w Quantum’|aPs www.state-machine.com§(>
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QM™ Modeling Tool

* Modeling and code-generation tool for QP ™ frameworks
— Adds graphical state machine modeling to QP ™

— QP ™ frameworks provide an excellent target for automatic code generation
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QM™ Design Philosophy

“‘Low ceremony”, code centric tool (no PIM, PSM, action-languages,...)
— Not appropriate if you need these features (80% of benefits for 20% of costs)

Optimized for C and C++, (no attempts to support other languages)
Optimized for QP™ (no attempts to support other frameworks)
Forward-engineering only (no attempts at “round-trip engineering”)
Capture logical design (packages, classes, state machines)

Capture physical design (directories and files generated on disk)

Minimize “fighting the tool’ while drawing diagrams and generating code
Capable of invoking external tools, such as compilers, flash-downloaders...

Freeware

Modern Embedded Software
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Logical Design (Packages/C

lasses/Statecharts)

sl OM 2.3.0 - Chgphgpeppitestiwind2\gmsmtst\gmsmtst.gm

Property Editor

File Edit View Search Tools Window Help
o | = 1 .
ﬁ =% c lﬂ I ] & = ‘-j ]| B ﬁ Log b m @ o o e )3
Model Explarer & X (®5Mof QMsmTst £ ] gmsmtst.h ¢+ gmsmist.cpp
L R
+ SM of QMsmTst BN [Hch
v B sms A
hd E QMsmTst : QMsm s s ™y
I?Iv m_foo ; bool el
QMsmiTst x/ @ 82 )
L
v [ sM I o !
& ..o 9<>[me->m_fnqn 1 : I (qoidje; i avol
me-=m_foo =0LU;
v - e l : ['me->m_foo}/
) s D s1 e i
¥ 711 el ° C Aol TERMINATE
1 [me-»m_foo] [me—>b\_fon] £tk ! G~ 521 X
- me->m_ fop =
. Bt 7 [ —
1 TERMINATE
v O st \J/ / 211 B
'51 s NG el =
511 Fi xd
B .
1D Hi B a <
1A it Wy . S o
28 = =l g
qF
1 C V| IO TSI ST T static QMsmTst 1l_msmtst; // the only instance of th
) namespace (M5M
Bird's Eye Vi g X © ek
LS // global-scope definitions -----------ommmmmmmnann

enum QMsmTstSignals {
A_SIG = QP::Q_USER_SIG,

QP :QMam * const the_msm

&1 _msmtst; // the opague

Model Search Bird's Eye View

Ready

B_5Ia,
r STR.
Log Console [
~
INFO> Code generation started (B4:87:17.976 pm)
INFO>» Entire model: C:\wgphgpcppitest\win32\gmsmtstigmsmtst.gm
INFO> Code generation ended (time elapsed @.880s)
INFO> @ file(s) generated, 2 file(s) processed, @ error(s), and ® warning(s)
W

) state

name: |sZ

superstate: s
documentation: IE‘

entry: |

BSP_display(“s2-ENTRY;");

exit: |

BSP_display("s2-EXIT;");

SROT

*

22rea0
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Physical Design (Directories / Files

Model Explorer 5 X

-,
@‘\J'| | b e o WL File Generated

‘.' " X #Finclude i
;?_nc?ude T Organize + |§I:EJ Open Burn Me o D |
#include = windZumingw.garme-guitgame.qm - [mi |
Name Type o Window Help |l
| dbg File folder A LS 98 6 B g et
s rel File folder ) misstec B3 | ] game.hy | L=
J settings File folder Jude - £ " 1)
. ::::;i&c ._E?F—W_H._ Frypesa? sirece i
| spy File folder #include “game. h* “ALTive super:
(€] main.c | bsp.c C File * Q_DEFINE_THIS_FILE * 'ﬁiﬁ;:‘;
. bsph H File . 1cn:1.}' -:-‘::-_:EIE i 1"_'{?::1_'_“'“
| dpp.h H File staric Missile L_sissile; /* the HH ‘“IEEE :lﬂ!‘.tl.-’"-%” -:_'J." ':im: = e H e
...... At sonas SiaatTaar
@ dpp.gm QM Model File * Publfc-scope abjeers ------2oo8 o et
........ ' A Y fva ® 16 . i35 e, a0 mes,
ool de A QACTiVE T CANSE AD_MiZ2ile = (QAEE MH%*E:"
LI dpp-qk.dep ) ) ;‘;—.i'}e uf;-:-:t 3;!"-'-".;u- - 1 L Ell'.pand&d sdﬂ‘ﬂlﬂraﬂ Y enedl * SEMSE )
lis] ddpp-ol.ewxd R ine(A0s:iWisse) ‘i Code-Generation Directive
| dpp-gk.ewp EWP File -
e B Hle it Bl e et g o e o
d _gh.icf ICF Fil : FERTY q‘“:‘f;uulk 1 E [
o EPRaR o File Template éi':umm:mii i |
\_ | main.c C File Sratic misstle 1siaette
= philo.c C File TRELIve © CSadf ADMISEYTe = (OAELiwe *Hab_=1351bes
| README. txt TXT File
. rom.h H File 1 1S ENATTNE
|| startup_tmdc.c C File e EXPa“dﬁd $dﬂﬁnﬂ{] :
sysctlh §rEn 3”“,-..-.-5‘52 -.Code-Generation Directivés “' AF
|| table.c CFile L e

off i Quantum’[SaPs www.state-machine.com§o>
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Extending QM™ with Command-Line Tools

s Manage External Tools 2
Environment Variables: (%] [#][&]
Variable Value
[==] LAR_EWARM Chtools\IARARM_KS 710

External Tools:
“%, IAR build-Debug

W PC-lint

" aspy

& qclean

& Imflash

sev —

Tithe: 1AR busld-Debug

Command: HIAR,_EWARM % \ommon bin TarBuid.exe h,]
Argumenits: game-gk.ewp build Debug Lg ]
Initial Directory: (2]

| Generate code before launching
[#] Show error message box after falure
[7] Start as detached from QM

Help ]l Cancel J l Save

Log Console

Quantum’|&Ps

Modern Embedded Software

www.state-machine.com§(«>

{{f external tool “bulld-Debug”

IMNFO> Code generation started (07:21:17.B62 am)

INFO> Entire model: D:\gp\qpchexamples’arm-cm'gk'iar'\game-gk_ek-Im3s61
INFO> Code generation ended (Time elapsed 0.031s)

INFO= O fil1e(s) generated, 7 file(s) processed, O error(s), and O warn

WIAR_EWARMHY common'bim\Iarguild. exe game-gk.ewp =-build Debug

IAR Command Line Build utilicy v7.0.3.3119
Copyright 2002-2014 IAR SysTems AE.

Building configuration: game-gk - Debug
vpdating build tree...

13 file(s) deleted.
Updating build tree...

S C
displayaexiexl.c
main.c
minel.c
mine2.c
missile.c
ship.e
startup_Tm3s.c
system_Tm3s.c
tunnel.c
Linking
gamé-qk.out

Total number of errors: 0
Total number of warmimgs: 0

111 External tool Finished normally with status O
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Welcome to the 21°' Century!

* Experts avoid shared-state concurrency and blocking
* EXxperts use the event-driven Active Object design pattern

* EXperts use hierarchical state machines instead of “spaghetti code”

* Event-driven active objects and state machines require a paradigm
shift from sequential to event-driven programming

e QP ™ real-time frameworks provide a very lightweight, reusable
architecture based on the AO pattern and hierarchical state machines
for deeply embedded systems, such as single-chip MCUs

* QM™ modeling tool eliminates manual coding of your HSMs

® 0
o) Quantun?’[aPs www.state-machine.com«
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