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3acegaHue KOMMCCUM NO MOAepHU3aLUn
22 ceHTAOpPA

....Kak a yxe roBopun, no uenomy pagy HanpaBneHui
poccummckun OlMK noka He crnocobeH oTpearMpoBaTb Ha
yBefnMyeHne 3akasoB WNM yBenudeHne dqUHaAHCUPOBAHUS
afeKkBaTHbIM POCTOM BbIMyCKa BbICOKOTEXHOSTOMMYHOW
ApoAYKUUN. ........ .... Mbl OTCTaéM OT MHAOYCTPUANbHO Pa3BUTbIX
CTpaH 1 B NPON3BOAUTENBHOCTU TpyAa, YTO HEYAMBUTENBLHO, N B
opraHmsaumm npousBOACTBA, W, K coxarneHuto, B obnactu
KOHTpONs KayecTBa, 4YTO OOKOM BblNe3aeT NpuM BOEHHO-
TEXHNYECKOM COTPYAHMYECTBE, NpPUXOOUTCA oOrnpaBablBaTbCH,
BHOCUTb KOpPpeKkTuBbl. W, KOHEYHO, OTCTaéMm B YMEHUM
onepaTuUBHO pearnpoBaTb Ha PbIHOYHbIE BbI3OBbLI. Mbl 3Haem u
TO, YTO 3a4acTylo, He Be3de, KOHEeYHO, HO OO0 CUX nop psAa
POCCUNCKUNX Hay4HO-UccrneaoBaTenbCKNX opraHusauyun,
KOHCTPYKTOPCKMX OIOpO 3aHMMaeTcs ONTUMMM3aLMEN COBETCKUX
pa3paboToK. JTO, HaBEPHOE, HYXXHO AenaTtb, HO HaM HYXHbl
HOBbIE PELUEHUS. ...

MATLAB’&SIMULINK®
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TexHonormyeckKe orcraBaHue

B NPOM3BOANTENbLHOCTM TPpyaa

B OpraHn3aunum npon3BoncrtBa

B 00/1aCTU KOHTPOMNSA KavyecTBa

B YMEHUN ONMEepPaTUBHO pearmpoBatTb Ha

PbIHOYHbIE BbI3OBbI

Ham Hy)XHbl HOBble peLueHUsa (MHHOBaLUWOHHbIE
NpPoOaYKTHI)
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JoMuHMpyoLwme MmMpoBble TeHAEHUUN
B UHHOBALMOHHbIX
BbICOKOTEXHOJIOrTMYHbIX pa3padboTKax
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#1 BcTtpoeHHoe 1O BO Bcem
#2 bonblue MaTeMaTUKN U arnropuTMOB B CUCTEMaAX

System-on-Chip, CucmemMbi Ha KpucmauJsisne
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#1 BcTtpoeHHoe 1O BoO Bcem
#2 bonblue MaTeMaTUKN U anropuTMOB B CUCTEMaX

Cucmembi u3 cucmem
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#1 BcTtpoeHHoe 1O BoO Bcem
#2 bonblue MaTeMaTUKN U anropuTMOB B CUCTEMaX

= 10 Billion
Embedded processors
i L shipped in 2008
6.4% compound annual
growth 2008-2013
6 -VDC, Jan, 2009
3
- 300+ Million
0 —— , , PC processors shipped in 2009
1965 1975 1985 1995 2005 -10C, Nov. 2009
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#1 BcTtpoeHHoe 1O BoO Bcem
#2 bonblue MaTeMaTUKN U anropuTMOB B CUCTEMaX

F-22 Raptor Fighter 2V
F-35 Joint Strike Fighter 6M
Boeing 787 Dreamliner M
Standard model car 10M
Premium model car 20M

Car in near future 100 — 300M
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PeweHue - CucremHoe MogenunpoBaHue

BcTpoeHHoe MO Bo Bcem; bonblue matemMaTKu U anroputmoB

sbhiz0
File Edit View Smulation Format Tools Help

DEdS | $BER|(E 4|2 ufp Normal |

BEAE R

3 &

Howto run the HL20 madel:
1. Sea the Aerazpace Blocksst Users Guide far instructions to sat up Flight

2. Install the HL2O geemetry mods| from toslbaxiazroblalasrademos fo
Fliaht@ears datattireraft directorr.

2. To start FlightGear, generate run soript and run generated bateh file by
» emd dostruntg_bat &) st the MATLAB command lin
erny_aata
Pilot
daa
Generate Run Soript
RF Env toFlightear (FFG s installed)
RF Signals

—® vp/le

HL-20 demonstration model
wersion 2.0.72
Aerodynamic model fram
Jacksen E. B, Cruz C. L.,
"Preliminary Subsonic Aeradynamic
hodel for Simulation Studies of the
HL-Z0 Lifting Body",

HASA THM4302, August 1992,
sAtxzmaE

Enviranment

HL20 Wehicle Systems hodel

rRERAEE MW s el

Copytight 1502008 Tha Mo, Ine
K|
Ready

100% [odea
MoaenupoBaHue MopenupoBaHue Tena CucremMHoe mopenupoBaHue
34aHuA
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Myﬂ bTU-gUcunninmnHapHbie mogeriuv
CUCTEM
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MynbTnaomeHHoe CucrtremHoe MogenupoBaHue

Cuctembl € HenpepbIBHbIM

BpemeHem

AnHamunyeckue Cucremol
Mopaenu cpeapbl
AHanoroBsasn 4YacTb

= ink: Wind_Turbine/Blade Load/Lift and Drag

File Edit View Simulation Format Tools Help

ol x|

D@ EH&E | LBl |(e= 4|2 & r 5k [roma AdBebE s hEEE

WWind_Speed_Direction|
Uy

[~ Lift Force

[ Drag Force

Selector

radius | Pitch Angle
Calculate Angle
. plade_Pitch 2> of Attack
W_C_ b . ]
radius

Blade Length Paint of

Drag Constants

P VWind Speed
Input Vinf Lift Force
i ] Blade Speed
— —| VVind Speed ol
-otor_SFeed_F'osnmn U] omega 3 | Blade Zpecd Angle of Attack Angle of Attack Drag Force
> G N
Obtain Lift and Calculate Lift

and Drag Forces

Application

View Blade Load Diagram |

Ready

P Radiuz

Spin Moment |~

rAngIe of Attack
Bend Moment [~ B=

B1
Spin

m
i
g
g
; |l’_AJ [%] u—ry

Resolve Moments

Apply
Moments

[105%

[ode23t

= Ordinary differential equations (ODEs) - State space (linear first-order ODEs)

dx/dt = f(x,u,t) dx/dt = Ax + Bu
y=gkul y=Cx +Du

» Transfer functions

H(s) = b(s)/a(s)
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MynbTnaomeHHoe CucrtremHoe MogenupoBaHue

Cucrtembl ¢ AUCKPETHbIM

BpemeHem

Difference Equations
DSP / LUCN
N306paxkeHna/Bugeo
LUudposoe ynpasneHne

E! Link: Wind_Turbine/.../Speed Limit/Yaw Controller

File Edit Wview Simulaton Format Tools Help

=10l x|

D@ dES|fBR|E 4|22 0o

[Nornai NEsber REES®

Taw_Command

(T

Yaw Command

3

Yaw

(2

Derivative Contral

o[

Fl Contraller  Limit Macelle
Macelle Yaw Yaw Rate Cmd

ol

ol

Torgue Command » T

Fl Controller
Macelle Yaw Rate

Yaw Rate

Ready

o Torque Command

Limit Servomoatar
Torgue Cmd

Torgque Command

[100%

[ode23t
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MynbTnaomeHHoe CucrtremHoe MogenupoBaHue

=] Disabled Link: Wind_Turbine /Nacelle —10] x|
File Edit View Smulaton Format Tools Help

DS s ER ety ok [ [iom MEsERE N eREE S

{3 =
B G o= GrVa

1
@ o-ow
G
B1

PC -
(Zom l e
B1 Generator
{3 y»—wBPA1 = Simple g
BPA1

B2 Grib

B

|

éh
ﬁ

{5 »m»wBPA2 5

(5 oeelB3 H;h Axis
otate
dusunyeckne moaenu oo
BPAZ

Pitch System

OnddepeHunanbHble ek

anrebpaunyeckune ypasH-1
ONEeKTPOHUKa ﬁ ﬁ

@ (B
RS

Yaw System
Ideal Actuator

MexaHukKa 7
Mapasauka o1 s
Apyrve aucumnaunHbl
:
Ready [100% [ |ode23t 4
=] Wind_Turbine/Grid =lol x|

File Edit Wiew Simulation Formak Tools  Help

D SHS| $ER|=> 4= » =

2w A Ale—e Al A == | A

Zowe el e o fe oy

TTm—s(C C |o—s|cHile |-—afo—s|c L

Ghve 1 km line Line mGrd  Grid
Resistance

Rez[100% |ode23t 4
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MynbTtnaomeHHoe CucrtremHoe MogenupoBaHue

MaLnHbI COCTOAHUN

Ynpasnawowana N0ruKa
Jloruka cocroaHui

Ready

=10l =]

Startup

[wind_speed=__
wind_speed_cut_in_lower__
&&wind_speeds=...

wind_speed_cut_out]

entry: parking_brake = (;
generator_trip = 1;
pitch_brake = (;
furbine_state = 1;

Generating
: entry: parking_brake = 0;
[turbine_speed>... Y Denera%r trip = 0;
‘ : g _trip =1
turbine_speed_cut_in] pitch_brake = 0-

! turbine_state = 2;

2 [wind_speed=__

g [wind_speed<... [wind_speeds<... wind_speed_cut_in_lower...
wind_speed_cut_in_lower wind speed cut in upper... WInd_speed=...
d_speed lower] o op Iwind_speed
&&wind_speed=.. wind_speed_cut_out...
wind_speed_cut_in_lower] [[turbine_speed=...
2 turbine_speed_cut_out...
Park _ | lurbine_speed<=_ {Brake [turbine_speeds=... )
=] entry: parkmg_bra_ke_- 13| park_speed] entry: parking_brake = 0 turbine_speed_cut_in*0.9]
gﬁgﬁr%tgé”f’{_ B b generatar_trip = 1;
=l n_| =1 pitch_brake = 1;
y Y turbine_state = 0; turbine_state = 3
Q6%
V)
JEl i3

v —ae

Grid

[ode23t Y

[131% [
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MynbTtnaomeHHoe CucrtremHoe MogenupoBaHue

AncKkpeTHble cObbITUMHbIE
cuctembl

ApxutekTtypa
3aaepiKKa
Pecypcbl

e
fera

Fricrity-Based

Task Combiner
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MynbTtnaomeHHoe CucrtremHoe MogenupoBaHue
Extended Kalman Filter

r

B Editor - C:\Work\extkalman.m .._ .E|rz|
File Edit Text Go Cell Tools Debug Desktop Window Help WA X
o 5
NEH|sBIC oD -Aenn|bP-ARRREBA
BB -0 J+ [+t [x |40,
1 function [residual, xhatOut] = extkalman(m=eas, desltat) |
2 persistent P, xhat:
3 Phi = [1 deltat 0 O0; 0 1 00 ; 00 1 deltat; O 0O 0O 1]:
4 0 = diag([0 .005 0O .005]): B = diag([300~2 0.001"2]):
5 P = Phi*F*Fhi' + % Propagate cowvariance
& xhat = Phi*xhat; % Track estimate
7 FPhat = sgrtixhati(l)“Z2+xhat(3)"2): % Observation estimates
a Ehat = atan (xhat (3),xhat (1)) :
g vhat [Fhat: Ehat]':; Ohservation wector
10 M = [cos({Bhat) 0 sin(Bhat)
11 —-3in (Bhat) /ERhat 0 cos(Bhat) /Bhat _
12 residual = meas - vhat: Esti® T30 pror
13 = P*M'*inv (M*P*M'+ E) ; Falmain gain
14 xhat = xhat + W*residual: Update estimate
15 xhatdut = xhat:
MernM Ha 6a3e KoAa le P = I:E\_?E I:"']::I —III*H:I *P*I:E'\_?E |:4] —III*H:I '+ WEERFW
17
Eleal
Embedded MATLAB code S

A3bIK Simscape
System objects
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EavHas cpena moaesnnMpoBaHusa Ansd
MYIbTUOOMEHHbLIX CUCTEM

O6bnactn mogenupoBaHus AneMeHTbl CUCTEeM
Cuctembl C HenpepbiBHbIM BpemeHem Lndposbie 610KM 1 annaparbl
Simulink

Cucrembl ¢ ANCKPETHbIM BpemMmeHel MexaHu4Yeckme NoACMcTeMbI

Simulink

OuncKkpeTHble cobbiTUIHbIE
CUCTEMDbI

BctpoeHHoe MO

SimEvents

CuctemHble mogenu

MawunHbI COCTOAHUN

Stateflow

AHanorosble, BbICOKOYAaCTOTHbIE
dusnyeckue moaenun KOMMNOHEHTLbI

Simscape gimHydraulics Mopaenu Ha 6a3se Koga
SimElectronics SimDriveline

SimMechanics

MATLAB
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ﬂup,upyrou.me KOMMNaHUU UCNOJIb3YIOT
cucremMmHoe moaesrnimpoBaHume

Best-in-Class Average Laggards

System simulations emulate the integrated electrical and
software components to predict behavior of the product

58% 23% 15%

Best-in-Class Average Laggards

' Simulate the controller's behavior in its operating environment
through the system model

62% 36% 29%
THh“Ulm clarnp-:m.(rln ;Q‘l‘\"!"ﬂﬂ‘ll‘lll :;rnp-:m:nu
4TS product data 32N product data | 8 39N product daca
. management management managemeni
UcTtouHuk System Design: New Product [oatgraig | ieeecheng: | (enagming
- ilalin ¥ (LR ana aara o [qr--l (IR data |" LCHTER
Development for Mechatronics strusture) ttructure) structure)
= 49% Camputer * 41% Computar = 19% Campurar
ﬂHBapb 2008 Aberdeen Group Aided Test (CAT) | Awded Test (CAT) Aided Teat (CAT)

o Souree Aberdoen Graup. January 1008
UccnepoBaHue 160 KpynHbIX, CpeaHMX U MaribIX KOMNaHUA
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MoaenbHO-OpUeHTUpPOBaHHOE
NPOEeKTUpoBaHue
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TpaanunoHHbIe NpobrieMbl, C KOTOPbIMU NPUXOAUTCA
CTanKuBaTbCA NPU NPOEKTUPOBAHNMN

HepnocTtatoyHble HavanbHbIe YCIOB/S I ) 48,9 %

HepeanbHble Cpoku )48,3%

CRnoXHoCTb paboThl )40,8%
HexsaTtka nHXeHepos ] 21,6%

Owwnbkun pykosoacTea ] 17,1%
[noxue cpeacTsa ncnbiTaHny  mmm)7,4%

HexsaTka pecypcoB npu ncnbitaHnsax mm)6,9%
HeaadektnHoe MO 1) 6,3%

HeaddekTneHoe nponssoactso mm)4,5%
Opyrve 92,7%

NameHeHuna B T3 b2,2%

Embedded Software Strategic Market Intelligence report, Volume 1, July 2004, Venture Development
Corporation
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[MTpUYnHbI 3agepXeK NPOEeKTOoB

Unrealistic schedules

Changes in specifications

Inadequate specifications

Complexity of the
application

Too few developers/testing
personnel

Poor management oversight

Poor development/testing
tools

Inefficient design/production

Other

0% 10% 20% 30% 40% 50% 60% 70%

Reasons for late projects, as reported by Venture Development Corporation.
Source: Embedded Software Strategic Market Intelligence report, Volume 4, December 2007, VDC.
Note: Percentages sum to over 100% due to multiple responses.
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TpaguUMOHHDbIN noaxoA

PyuHana pa3paboTKka
Ucnonb3oBaHue gpyrux
NPOrpamMmmHbIX CPEeACTB U

yenioBeyecKkue owunbKu
AenaloT npouecc

‘% ¥ HeHaAeXHbim
i - N
ﬁi Peanunsauusa
% PO 5 LA _ ;
R A7 N\ 2 e ﬁﬁ' i
TeKcToBble % : sl .. E _ gj MUcnbiTaHuA
AOKYMEHTbI D e ¥ gj ;
HEeCOBEPLIEHHbI NPOTOTUNDI ; - ol |
npu HecoBepLueHHbI,
UTepatnsHom CNOXHbI M foporn
noaxope

TpaauuMoHHOe TecTupoBaHue
MpuBoaUT K 06HapyKeHnto ownbOoK




</} The MathWorks MATLAB*& SIMULINK®

Ha Kakou cTagum npoeKkTa A0poXKe BCero HaxoauTb
OLLUNOKU?

Ba*KHO 0OHapyXnBaTb OLLIMOKN KaK MOXHO
paHbLie!

0
-
Q
2 b
s 3
e =
= 3
‘:E x OwunbKn, caenaHHbie Ha:
n S
c I
QO v CTaguUM HaNUCcaHUA Koaa
E g
5 2
g & CTagun NPOEKTUPOBAHUA

(=
- -
o Lsi cTagumn co3pgaHua TpeboBaHui

Crapua co3pgaHua Crapus Cragma HanucaHuA Crapus
TpeboBaHui NPOEKTUPOBAHUA Koaa TeCTUPOBAHU

Craaus, B KOTOPOW oWMNbBKa ucnpaBneHa

UcTtouHuK: Return on Investment for Independent Verification & Validation, NASA, 2004.




<) The MathWorks MATLAB*& SIMULINK®

MoaenbHo-OpueHtTuposaHHoe [poeKTUpoBaHue

PEBBMTI,,e Peanusaums

TpeboBaHuAa u cney, O'QG
JCKU3Hoe ‘/79
Moaene NPOEKTUpOBaHUE ‘ e
OKpYXXeHusA .@
‘ |
MNoBepeHuyeckaa o ﬁ“%?% é
b CUCTEMDI |
g ';‘ Il
: . GG+ VHDL, Verilog
-0A : - : - e bITaHWil

- He Hy>XHbI
npoTOTUNDI

NOBTOPHO =
- MuHummsupyer [/
OLKNOKKN
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MopaenbHO-OpUEeHTUPOBAHHOE NPOEKTUpPOBaHUE

/ UccneposaHua \ / MNpoekTuposaHue \ TPebossii
AHanus 4 )
AAHHbIX \ OKpyXeHue

( Paspa6oTka I’ — —
anropuTMOB | dusnyeckmne moaenu
Mopaenuposa
HUe AAHHbIX i I
BcTpoeHHble LUudposas
CUCTEeMbI 3/IeKTPOHUKaA
C, C++ VHDL, Verilog
MCU  DSP FPGA ASIC
UcnbiTaHuA
Y
Peanusauus MocToAHHbIM
\ Peannsauus / \ KOHIRS Y
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[MpenmywectBa ncnonb3osaHnsa MOIT

MopenbHo OpueHTUpOBaHHOE MHHOBauuun
NMpoekTupoBaHue = bBbICTpblE nTEpaUUM NpoekKTa
- WcnonHsaemasn cneumndukaums - WUccneposanus «Yto-Ecnunx»
- [lpoekTnpoBaHWe ¢ cumynsiumen = YHUKanbHble XapakTepucTuKN,
=  liIMnnemeHTaumnsa ¢ NCNonb30BaHUEM anddpepeHumnaums

adBTOMATN4YECKOIro CMHTE3a KOAa

= [locTosAHHbLIE TecTupoBaHueE U
Bepudukaumd

Executable
Specifications
m Models

Continuous ’

Test and Models with
Verification Simulation

Implementation
with Automatic

Code Generation

Design
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Nissan: pa3paboTka cuctemMbl CHNXKEHUA BbiXsiona ans
cepunHbix aBTomobunen using MathWorks tools

3apaya

= PaspaboTtaTb CUCTEMY CHUKEHUSA
BbIXI10MOB N4 cepTudmkaumnm B
KanndopHum (CARB) no ctaHgapty
Partial Zero Emission Vehicle (PZEV)

PewweHue

= VlccnepoBaHne nepeaoBbiX TEOPUNA
yrnpaBrieHust n paspaboTtka npu
nomowm MOIT n cpeagcts MathWorks

The Nissan 350Z.

Pe3yn bTat “Model-Based Design with MATLAB and

* Bpems pa3paboTku cokpalleHo Ha Simulink is fully proven and indispensable
50% to our engineering process, and gives us

= MonyyeHa Harpaja 3a 9KOMOrMYHOCTL 2N edge over our competition.”

= COKpal.IJ,eHO Korin4yectTBO CeHCOpOoB Shigeaki Kakizaki,

Nissan Motor Co., LTD.
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[MpenmywectBa ncnonb3osaHnsa MOIT

MopenbHo OpueHTUpOBaHHOE MHHOBauuun
NMpoekTupoBaHue = bBbICTpblE nTEpaUUM NpoekKTa

- WcnonHsaemasn cneumndukaums - WUccneposanus «Yto-Ecnunx»

- [lpoekTnpoBaHWe ¢ cumynsiumen = YHUKanbHble XapakTepucTuKN,

=  liIMnnemeHTaumnsa ¢ NCNonb30BaHUEM anddpepeHumnaums
aBTOMaTU4YeCKOro CMHTe3a Kkoga KauecTtBO

= [locTosHHbIE TECTUPOBAHME U « CoKpalleHne onboK NPOEKTUPOBAHUS
BepudmkaLms «  MuHUMU3ALMS OLLIMBOK «PYYHOTO

KOOMPOBaHNSA»

»  OOHO3HAYHOCTb KOMMYHUKaLMA MEXAY
NHXXEHEPHbIMKU rpynnamMn u nogpsavmkamm

Continuous Design

Test and Models with
Verification Simulation

Implementation
with Automatic

Code Generation
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Caterpillar

NHmeepayus amanoe pa3pabomku U UH)XXeHEePHbIX 2Py

= [MpepnocCbInku

Pe3ko Bo3pocluas noTpebHOCTb B
OO0MOSTHUTENbHON (DYHKUMOHANbHOCTHU
BCcTpoeHHoro IO npu pocTe CNoXHOCTU NPOEKTOB
N HEOOXOAMMOCTM COKpaLLaTb CPOKU Bblnycka
HOBbIX MoAeneun

- Pe3ynbTaTthl

Caterpillar nnterpnposan B cBOU NpoLIECCHI
pa3paboTku nHcTpymeHTbl MathWorks ans
MOOENNPOBaHUSA, ObICTPOro NPOTOTUNMMPOBAHUS U
CUHTE3a NMPOMBbILLSIEHHOIO Koaa

CokpalueHune 4yernoBeKko-4acoB B 2-4 pa3a B
3aBUCUMOCTU OT MPOeKTa, U coKkpalleHue
KaneHAapHbIX CPOKOB NPOEKTOB bonee 4yem B 2
pa3a

SAE Technical Paper 2004-01-0894

MATLAB’&SIMULINK®

\E TECH!
PAPER SERIES 2004-01-0894

Caterpillar Automatic Code Generation

wwwwwwww

ppppppp

= SAEnternational

320 v
2004 54 Woria Coagress
‘DHrOIL. McHigan
1111111 , 2004
z h

Dt Waraale A EOOL 0301 DA To () T 1BNY Pt TS e e enmery
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MATLAB& SIMULINK®

[MpenmywectBa ncnonb3osaHnsa MOIT

MopenbHo OpueHTUpOBaHHOE
NMpoekTnpoBaHue

NcnonHsemas cneuundumkauymd
[MpoekTupoBaHmne ¢ cMmynaumen
mnnemeHTaums ¢ MCNosib30BaHNEM
aBTOMaTU4YeCKOro CMHTe3a Koga
[TOCTOAAHHbIE TECTUPOBAHME U
Bepudukauymd

Continuous Design

Test and Models with
Verification Simulation

Implementation
with Automatic

Code Generation

MHHOBauunu

= bBbICcTpble nTepauyum npoekTa

» WccneposaHua «to-Ecnn»

=  YHUKamNbHbIE XapaKTEPUCTUKN
ondgdepeHumnaums

KauvectBO

= CokpalleHue owmnbok NpoeKTUpoBaHNS

»  MuHMMM3auma OWNBOK «PYHHOro KOANPOBAHUSA»

=  OOHO3HAYHOCTb KOMMYHUKALMA MeXay
NHXEHEPHbIMU rpynnamMmu n nogpsayunkamm

3artparThbl

dunsmyeckne NnpoToTUNLI

CokpalleHue nepegenok

YMeHbLUEHNE BPEMEHU TECTUPOBAHUE
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Toyota noBbiwaeT KayecTBO ¢ nomMmolwbio cpeactB MathWorks,
COKpaLliaeT U3aepPXKU N YCKOpAeT BbINYyCK HOBbLIX MoAaernen

3apaya

= CoOKpaTuTb CPOKMU, MNOBLICUTb KA4€CTBO, U COKpPaTUTb
3aBUCMMOCTb OT 4OPOrnx ousnyeckmnx npoToTUnoBs

= Yny4ywmntb oObMeH nHdopmMmaumen Mexay NHxXeHepamm
ynpasrneHus, nporpaMmmMmmuctamMn, U apxmTektopamm

PelweHue

* [Acnonb3oBaHne nHctpymeHtoB MathWorks ans
NPOEKTUPOBaHUSA, MOAENNPOBAHUA, CUMYNALINN,
TECTMPOBaHUA, CUHTE3a Koda Ast BbIpaboTKN pasnnyHbIX

“MATLAB®, Simulink®, and
Stateflow®...have become the

Cnocobos ynpasnenus de facto standard at Toyota
= TecTunpoBaHue u kannbposka 6noka ynpaeneHus (ECU) c for simulation, data
MOMOLLbIO CUMYNALUN OBUraTena B peanbHOM BPpEMEHMU, processing, and controls
BMeCTO paboTbl C on3n4eCcKkMm NpoToTUNOM design. It would be
impossible to list all of the
PesynbTaT applications for these tools at

= YNpoLLEH npoLecc pa3paboTku 6rnoka ynpaBneHusi, cokpalueH  royota.”

LMK pa3paboTky — Npu YMeHbLLIEHUN 3aTpaT Akira Ohata,

Toyota
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[MpenmywectBa ncnonb3osaHnsa MOIT

MoaenbHo OpueHTUPOBaHHOE WHHoBaLuK
MpoekTupoBaHue = bbICTpble ntTepauumn npoekTa

» McnonHsemas cneuudurkaums = WccneposaHua «4to-Ecnuy»

. ﬂpoeKTmpOBaHme C CVIMW'IHLI,I/IGVI =  YHuUKanbHblE XapakKTepunucTukun

= MnnemeHTaumsa ¢ ncrnonb3oBaHWeM AndbdepeHunaums
aBTOMAaTMYECKOro CMHTE3a Koaa KauectBoO

« [lOCTOSIHHbIE TecTupoBaHue u . COKpalJJ,eHI/Ie OLLUMOOK NPOEKTNPOBaHUNA
Bepudukaund = MuHumMmnsauma owimbok «py4yHOro

KOOMPOBaHUSAY

=  OgHO3HAYHOCTb KOMMYHUKaUNKU Mexay
NHXEHEPHbIMK rpynnamMn n nogpsgymkamm

3arparThbl

= dusnyeckme NpoTOTUNMDI

= CokpalleHue nepeaenok

Continuous Design

B » YMeHblUEeHNe BPEMEHU TECTUPOBaHME
/ Time-to-market (cBoeBpeMeHHOCTb BbinyckKa)
Implementation
c‘;’f‘ AGU.OL;.-C - CokpallieHve CpoKoB pa3paboTku
e Generation

= [lepencnonb3oBaHue mogenen
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Lockheed Martin Aeronautics F-35 JSF

Where We Are

s Model-Based Design proven in CDA phase
— Successful flight test of all variants with one OFP
- Reduced Sﬂrmrare Defects (Early Checkout in Engineering
s

— Overall Reduction in Manhours/SLOC of ~40%

» Fully functional UA control laws and Air Data in Simulink
— CLAW model is very large
» consists of root model + 268 library files
* FRooi model has 421 inputz and 237 outputz
16,143 blocks in 871 subsystems
593 inztances of reused utility subzystems
Real-Time Workshope ERT code ig ~47,000 logical lines of code in 730 files

- CLAW and Air Data code is running in offline simulation, handling
qualities simulator, and on target hardware on test stations

» MathWorks support has been a key element in overcoming
obstacles

- R135P1
— R145P1

Lacktaiiad Warn Sennauios Compaiy

MIADC 2004 Presentation: www.mathworks.com/cmspro/req8187.html
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YckopeHne MHHoBauun?
BbiCOKOTEXHONOrMYyHble ToBapbl?
(nobanbHasA KOHKYPEeHTOCNOCOOHOCTbL?

MoaoenbLHO-OPUEHTUPOBAHHOE
NnpoeKTupoBaHue

#1 BcTtpoeHHoe 1O noBcroay
#2 bonble MmaTeMaTUKM U anropuTMoB B CUCTEeMax
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[lepexon K MoaenbHO-OPUEHTUPOBAHHOMY
npoektuposaHuto (MOIT)

Kak aT1o yacTto ObiBaeT?

YKa3ka cBepxy

[TocTpOeHMe nNpoLLeccoB Ka4vecTBa,
dunocodusa Wectn Curm

Moroable nHxeHepbl, 0by4anunce B BY3ax
OTO MHTEPECHEN, YeM nncaTb pykamu Ha C




MATLAB’&SIMULINK®

< J The MathWorks

YcnewHble peanusaunn MOI

10 pekkommeHaaunmn 6uinm cdopmMmpoBaHbl Ha OCHOBAHUM OMbiTa BHEQPEHUSA
MOI1 B opraHmnsaumax u3 pasHbix otTpacneHu, B T.4. ABna-kocmoc, BI1K, ABTo,

KOMYHUKaLU WM, SJTEKTPOHUKA

General Motors
CY cunosbix agpezamos
Caterpillar
= [leueamenb u CY
DaimlerChrysler
«  Kpyu3 KoHMporb, 2py308UKU
Visteon

= CY cunoeonbix agpeczamos, ayduo
cucmembl

Motorola
«  Akkymynamopsl, CY waccu
Jaguar
GErnoku ynpaesneHus
Delphi
Knumam koHmpornb Set and Forget
Siemens

- YnpaserneHue nodseckol }
KOMMepYecKux asmomobureu

Northrop Grumman
= bBbl1JIA u Padapeli

Lockheed Martin

= Cucmema ynpassieHus rosemom,
JSF

Boeing

= Paodapebi, CnexeHue, Kamepbi, ACY
Ha JINC

Honeywell

= DO178B cucmema ¢ ocobbimu
mpeboesaHusiMu Kk be3onacHocmu

NASA Hyper-X

=  Cepmugpukayus SEI CMM Level 5
npu rnomowiu MOI]

Sandia

= Paodap Ha ocHose [1JINC
RealTek

=  Ayduo cucmema CODECs
..U Opyaue
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YpOBHU U3MEHEHUU Npu nepexoae
K MOI

Ctparerus
OpraHunsauus

lNMpouecchbl

UHCTPYMEHTDI

Kynetypa

From Phil Martens, Ford Motor Co., 2003 DARATECH Conference
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INlyywasa npaktuka #1
Onpedenniume npobrsieMy KOMOPYO HYXHO pewums

= lcnonb3ynte MeTPUKN NSt OLEHKU CriabbiX MeCT
TeKyLLero npowecca

= [lpexne Bcero dokycnmpymntecb Ha ncrnpasneHnm
caMbIX DONbLUNX HEOOCTATKOB

- Cnepgute 3a okynaemocTbio (ROI)
lNMpumep 1: MNocTosAHHbIE 3aEPXKKU NPOEKTA

lNMpumep 2: O4yeHb MHOro aedoekTos B 10
lMpumep 3: TpyaHOOOCTYNMHOCTb HATYPHbIX I'IpOTOTMI'IOB

Crtparerus

Opranusauus
Mpouecchbl
UHCTpYMEHTBI

KynbTtypa
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Jlyywan npaktuka # 2: «[1lpaBuno gByx»
Ucnonb3ynte moaenu Kak MUHUMYM AnA 2 uenewu

- [TomoxeT npeogoneTb nepBoHavarnbHble
N3a0epXKu, NPOTUBOCTOAHNE U3MEHEHUSM

= YUem BonbLue UCMONb3YyTCA MOAENN, TEM
bonble okynaemoctb ROI

lNpumep 1: TpoBepka TpeboBaHnK Yepes cumynsaumio U
BbICTpOE NPOTOTUNMMPOBAHME HOBOIro byHKLMOHanNa
lNpumep 2: Cneundomkauusa cuctemol 1 aBTomaTnyeckas
reHepauunsi 6oeBoro Kkoaa

Npumep 3: Cneundukaymsa cnctemsl 1 Bepndukaumns
TecTnpoBaHme. CuHTes TecT kencos, HIL/PIL

v"'lb ..a vicri1 bl

KynbTtypa
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JNlyywan npaktuka # 3:

Ucnonb3yume modesnu Onsi cuHmesa
npoMbIWIIeHHO20 Koda

= [1na ycnexa Heobxoanma, 4Todbl Mmoaenu
nepexoannu B pearibHble CUCTEMBI

= [NogoepxaHue KynbTypbl MOAENNPOBAHUS,

MCKItoveHne cobnasHa n BO3MOXXHOCTU JonncaTh
koA pyKamu

C5ianmnsal unn

Mpouecchbl -.

Nucipymchvol

KynbTtypa
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JNlyywan npaktuka # 4.
Moodesnb — eQUHCMBEHHbIU UCMOYHUK UCMUHbI

= WcknoyeHne cobnasHa «NpUMEeHNTb nNaTty» B
nocrnegmm MOMEHT noJ AaBnNeHNeM CPOKOB
npoekTa

= [1penoTtBpalleHne pacxoxaoeHns nosegeHnsa
MoAeNn N KOHeYHOro yCTpoucTBa

OpraHusauus

Mpouecchbl

Ao oLl

KynbTtypa
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INlyywan npaktuka # 5:
lNepexoo k MOIT — e03MOXHOCMb O6y4YeHUsI

« NI3yuynte 4yto Ha camom aene npoucxoauT C
TeKyLlen CUCTeEMOMN M nNpoLeccamm

= [lony4nTe nomoLlb NO npoleccam,
MHCTPYMEHTaM W1 Npoueccy nepexoaa

= [lepxuTe npexae Bcero oKyc Ha
OOMONMHUTNEBHbIX MHHOBALMOHHbLIX CBOMCTBAX

= [Nlepexon k MOI'1 aT0 NnoTpacatoLast BO3MOXHOCTb
YIyYLUUTb KA4€eCTBO N NOBbLICUTL T
NHXXEHEPHYIO KOMMETEHLMIO O CUCTEME —

A e T

‘ KynbTtypa
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JNlyywan npaktuka # 6:
dokycupyiimecb Ha pa3pabomke, He KOOupoeaHUuU

- [porpammmnpoBaHue Bce paBHO HEOOXOANUMO

« MIHXXeHepbl-nporpaMMmCTbl cO34atoT U
noaaepXxmBatoT MHOPACTPYKTYPY AN cMHTEe3a
MPOMbILLIIEHHOrO Koaa

- Mopgenb npogomkaeT YTOYHATLCA U NOoCche TOoro,
KakK C HEN 3aKOHYMINK paboTy nHxeHepbl ACY, u
0CODEHHO Nepen CUHTE30M Koda ASid CUCTEM C
doUKCNPOBaAHHON TOYKOU

= CyuwecTByowunm padboymmn Kog A0JKEH BbITh
UHTErpUpoBaH B MoAeES1b U AOJT)KEH Mpouecch!
noﬂ'ﬂ'epmm BaTbCﬂ UusrerasuTo

‘ KynbTtypa '
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INlyywan npaktmka # 7:

MATLAB’&SIMULINK®

NHmezpupoeaHHbIl npouecc pa3pabomku

= TwaTenbHbIX NfaH —
= Oby4eHus
« CTunu moaennpoBaHus

= BcnomoraTtebHblie
NHCTPYMEHTDI

= YnpaBrneHue
KOH(pUrypaumen,
TpeboBaHUsaAMMN,
N3MEHEHNAMMU

= [lpouecchbl
= Heobxogmnmbl HOBbIE
METPUKN 3PPEKTUBHOCTU

OSAE-989

Measuring Productivity and Quality in Model-Based Design

Coopryriegel @ 200M SAE Inmimisicnnd

ABSTRACT

Acouraie measwements of producthity and quallly are
essential for balancing worsload, crealing prediciable
gchedulzs and buodets, and controling  gualty.
Tracifional sofware development procsEsss Incude
well-estatlisned mesnods for measurng productivity and
quality. These Inciude Lines of Code (LOCL Wit the
Ireraduction of Modei-Based Design, organizations
require 3 diffarent measure of the saftwars davelopment
process.

INTRODUCTION

& measre of e siz= of & software applcation, LOC s
i founaation far productivity measuramants (LOCANIL
WOrK) and QUAlty measuremaents, such 38 detsol
densities (defests L OC).

With the  Infroduction  of  kodeh-Sassd  Design,
organtzalions require a difersnt measure of The
software develgpment process. For example, Modsk
Based Design =nabiss automatic code generation from
graphical modets. This means fak the average englneer
can produce remarkably more LOC per unit fime than s
postibie Wi nand coding, with vitualy no SCRWErE
codng defecs. Whlle fhese productviy galns are
QrounDeEd [N real process IMprovEmEnts. el metTics
are raquired %o propery nstument and measure Tose
IMiroy EMEnts.

The automalic capiure of process metics In @ modern
development propess Ineases dala accuacy and
owerall productivity. Practical expsfience nas snown mat
an arganization quickly leams o “manage” metrics
capiurad manualy to produce mandated Improvemeants,
oflen  without IMpRCVing SNE UMKEMyng  process.
Additionally, requinng deveiopers to manually caphue 3
comprehansive et of procsss mefrcs can bunden and
disract them from Melr pimary wore kode-Sassg
Dasign offers the capabiity Lo automatically exiract
metrics, minimizing cost, Ime io market, and dvoldance
of quallty-related lEsues.

Arvind Hosagrahara
Technleal Corsuitant (The MathWorks, Inc.}

Paul Smith
Managing Consuitant {The MathWarks, Inc.)

This arllcle deseribes an  automate, naninvasive
mieasUrement fechrique for galhering accurabe medics.
We deswribe specilic measurements thal should be
capturad when using Model-83s=a Deslgn and Introducs
& free togl thal can Caphure Nese Process melncs In the
Simulink® and Statzfon® enviranmant

OVERVIEW OF MODEL-BASED DESIGN

AL the hezart of Model-Sased Deslgn are Slmulink
mogeds, graphical, hlerarchical, exsculabis  Block
dlagram representations of e physica system, he
envimonment, and algantm behavior (& control or signal
processing and commurications application).

The modzls provide:

+ A Dehaviorsl gesciption of the  embedoed
sofware—ihe physical objects and environment
upan waleh It acs

+ An execuizble specifica”
EMUEton 0 ensure
requirements

» Actool that enables the
Infarmation about the

+ A specificalion from
can be  aulsmatica
prototyping and emos

Aucmatically generat
ligal or Integrated «
complets embestied 3

Wiodel-Based Deslgn

quickly evaluats milipe e _
opaimizing thelr sigenthms In fhe modsing environment
before ffey depioy them & an embedded sysiem,
remuzing tme ard development and
Implementation cosis.

Crtparerus
Cpianv3aunn
‘ Mpouecchl
Mhcipymchiol

KynbTtypa
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Jlyywan npaktuka # 8:
Ha3Hauybme ennusimesibHO20 MexXHU4YeCKo20
«4YeMrnuoHa» rnpedocmasbme eMy KOHMpOoJsib 6rodxema

YcTaHoBMeHMe NPUOPUTETOB

Ha3HayeHune nogeun

[ToKyrnka MHCTPYMEHTOB, 000pyaoBaHUS, YCIyr
IHorga cosngaeTt KOHCEHCYC

IHOrga ncnonHaeT posib AUKTaTopa

Npuiccuni

MUHCTPYMEHTbI ~.

UvinLTuna
Ba e —
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JNlyywan npaktuka # 9:
JosizocpoyHoe sudeHue

= [lyman rnobarnbHo, AENCTBYM NTOKanbHO

= [1lonHbIV Nepexoq OT PYKOMUCHOro koaa w
TEKCTOBbIX A3bIKOB 3aHUMAaET 2-3 roga B
NPOn3BOACTBEHHOM OpraHu3aLmn

= Y nccnegosartenibCKux nogpasnaeneHnm 4acTto
MeHbLLUEe OorpaHnyeHnn n «baraxa» koga. OHu
MoryT obicTpee nepentn K MOIT

‘ Crtparerus .

Opranusauus
Mpouecchbl

MUHCTPYMEHTbI

KynbTtypa
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JNlyywan npaktuka # 10 :
ﬂapmHepcmeo C nocmaswWUKOM UHCMpyMeHmoe

= Y NOCTaBLUMKOB €CTb OrbIT paboTbl C LENbIMUK
oTpacnamMmu. OHM MOryT NOMoYb 0DONTU
cTaHOapTHble NPobfeMbl, YyCKOPUTb U MPUBNU3UTL
TOYKY OKYNaemMocCTu, ObICTPO AOCTUNYL LIENEN B
obnactu Npom3BoAUTESIBHOCTU U Ka4eCcTBa

Cpenan Cam
-

Yeunusa
Bocnonb3oBaTbcsa ONbITOM MOCTaBLUMKA

MNpoiiecebl

MUHCTPYMEHTbI

KynbTtypa
Bpewms




<) The MathWorks MATLAB*&SIMULINK®

Te3ucol lNpe3npeHTa

TexHonornyecke otcraBaHue:
* B NPOU3BOAUTENBLHOCTU TpyAa

B OpraHn3aunum npon3BoncrtBa

B 00/1aCTU KOHTPOMNSA KavyecTBa

B YMEHUN ONMEepPaTUBHO pearmpoBatTb Ha

PbIHOYHbIE BbI3OBbI

Ham Hy)XHbl HOBble peLueHUsa (MHHOBaLUWOHHbIE
NpPoOaYKTHI)
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BbicoKOoTexHOMNorm4yHasa moaepHmsauus
Poccum

« KomnnekcHoe MynbtngomeHHoe CUCTEMHOE
MopagenunpoBaHue

- KynbTypa MmogennpoBaHus
» MopenbHO-OpUEHTUPOBAHHOE NMPOEKTUPOBAHUE

= «He n3obpeTartb KOfieco»
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3aKkn4veHue

= Heobxoamnmo borsibllue TEXHUYECKNX NNOEPOB U
agBoKaToB KynbTypbl MmogenuposaHuda u MOI'

= [lomoLb: ceMuHapbl, 00y4YeHne N KOHCyNbTaumnn
No npoektam, okynaemoctu n nepexony kK MOI'1 c
coTpyaHukamun genaptameHta MathWorks B
MockBe, 3aKpbITble MHOMBUAYaANbHbIE CEMUHapPbI-
koHcynbTauum no MOIT n npoekram ana Bawero
npeanpuaTms
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Bonpockl u OTBeThI




