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NyC PB

CnoXxHble TexHn4yeckme obbeKkThl
ynpaBnaioTca pacnpeaeneHHbiMm BC




NyC PB

e lTHdpOopMaLIMOHHO-YNpaBasoLLas cMcTeMa
(MYC) — BbluncnnTenbHas cmcrema
BEpPXHero ypoBHsi, obecrneynsatoLlas:

— (PYHKLUMOHANbHYIO 1 MHPOPMALIMOHHYIO
MHTErpaLmio COCTaBHbIX YacTeN ynpaBaseMoro
obbekTa

— B3aMMOAENCTBME MeXAY OOBbEKTOM U
onepaTopom

o OYHKLUMOHUPYET B peasibHOM BpeMeHU
— paccyuTaTb pe3ynbTaT /IPaBH/IbHO U BOBPEMS



Coaep>kaHue Kypca

e YTO ecThb:
— MNPUHLUMNbI PYHKLIMOHNPOBAHWUS
— apXuTeKTypa annapaTHOM U NPOrpaMMHOM YacTu
— OCHOBHbIE TEXHMYECKME PELLEHUS
— rnoaxoabl K pa3paboTke n oTnaake
— MaTeMaTuyeckue 3a4a4u U METoAbl UX peLleHns

e Yero HeT:
— KOHKpeTHble API
— noapobHOCTU NPOTOKOJI0B
— Habopbl KOMaHA NpoLeccopoB
— ...RTFM



[ Ae 3TO NpuroanTcs

e Obnactu:

— aBTOMaTm3auus NpoM3BOACTBA, SHEPreTUKa,
Ha3eMHbIN TPaHCNOPT, aBMaLMSA/KOCMOC,
«YMHbIN>» AOM

e 3aJa4u:
— NPOEKTUpOBaHUE, pa3paboTka, TECTUPOBAHUE,
COMpPOBOXAEHNE, MOAEPHM3ALINS
e Bknaga:
— CO34aHue cpeacTB peLleHns 3aaa4
— pelueHne 3aaa4



CoctaB NYC

NuTepdenc oneparopa
-UHAUKATOPbI
-OpraHbl ynpas/ieHus
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OyHKuMn NYC

KOHTpO/Ib COCTOSIHUS YNPaBASIeEMOro obbekTa

YnpaBneHne ABMKEHNEM O06bEKTA UK ero
yacrten

OTcneXxxmnBaHue nosiokeHus obbekTa uin ero
YacTen B NPOCTPAHCTBE

ObMeH AaHHbIMU C BHELUHMMW CUCTEMAMMU

YnpasneHue cneunanmanpoBaHHbIMU
npnbéopamm (NpUKNagHOWN Harpy3Komn)
O6bMeH AaHHbIMK C ONepPaATOpPOM

— OoTObBpaXkeHne AaHHbIX

— BBO4 AdHHDbIX



NYC B ynpaBnsieMou cucteMe

APU

COMPARTMENT
ELECTRONIC \
COMPARTMENT

EJECTION SEATS

ELECTRONIC .. , PS.LM. DV:25 FLGHT
COMPARTMENT BATTERIES OBOGS  CONDITIONING ENGINES CONTROL
PACKAGE ACTUATOR
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Yctpoucta B coctaBe UYC




[lpuknaaHas Harpy3ka (BHe NYC)

Right and Left
Front Hazcams
(2 pairs) MAR




Cneunopuka NYC

PaboTa B peasibHOM BpeMeHwu
— OpMEHTaUna Ha «Hamnxygwmne> Ciiy4dau

HenpepbiBHOE (PYHKLIMOHNPOBAHUE

[lapannennsm
— ynpaeidaTb 0.AHOBPEMEHHO MHOIMMM

NHTerpaums ¢ yrnpaBnisieMon CUCTEMOW

KPUTUYHOCTb A9 YNpaBNSieMON CUCTEMBI
— BbICOKas LeHa ownbkun

YCTONYNBOCTb K cH0AM
OrpaHunyeHHoe y4yacTune onepartopa
[lpeackasyemoe noBeaeHume
«IKCTPeMasibHble» ycnosuns paboThl
OrpaHuyeHus no pecypcam

KoopauHauus mexay MYC B3anmMoaencTByOLLIMX
ob6bekToB 11



PaboTa B peanibHOM BpeMeHU

e Pearunpytowas cncrema (reactive system) —
BC, dyHKUMOHMpPYIOLLAsa B NOCTOSIHHOM
B3aMMOJENUCTBUN C BHELLHEN CPeaon U
OoTBeYaroLlas Ha BHELLHWE BO3AEUCTBUS B
TEeMMe, onpeaenseMoM BHELLHEN Cpeaon

e PeakUMd Ha KaXkaoe BO34eNCTBMe A0JIKHA
YK1AAbIBAaTbCA B UPEKTUBHBIN CDOK

execute /.,;)E’C

l/ |
>
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[pagaumn TpeboBaHUN
peasibHOro BpeEMEHU

Utility
o J)Kéctkoe (hard) PB: HapyweHue
AC npuBoanT K baTtanbHbIM |
nocneacTBMSaM A/1s yrpaBnsieMou ! : - time
cucTembl (ynpasrieHne NnosiEToMm) I .d
oo
Utility

e [IpoMexyTo4HbIM BapuaHT (firm):
HapyweHne C npuBoauT K ‘

6ecnonesHocTn pe3ynbTata, 6e3
daTanbHbIX NOCNEACTBUN

time

T d

NpMBOAUT K NOCTENEHHOMY
CHVDKEHWMIO LIEHHOCTWN pe3ynbTaTa : |
(aBTOMOOW/BbHBIV HABUIraTop) " 3

e Madrkoe (soft) PB: HapyweHune [IC ‘

- fime
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PacnpocTpaHeHHbIe
3ab6nyXxaeHus

PaboTa B peanbHOM BpeMeHu = 6bicTpast paboTa

— CBOEBPEMEHHOCTb BakHee BbICTpOAENCTBUS

— NpeacKasyeMoCTb M HAAEXHOCTb Ba)Hee bblCTpoaenCTBUS

PocT npon3BoAUTENBHOCTM MPOLIECCOPOB PELLUT BCE NMpobnemsl C
peasibHbIM BpEMEHEM

— COBPEMEHHbIE BbICOKOMPOWU3BOAWTENbHbIE MPOLIECCOPbI ObICTPbI B
«cpeaHeM» cny4ae, a ans PB KpUTUMYEH Hanxyawnin cnyyan

— TOHKaga TeXHOJI0rng nNnpomn3sBoactea => HEeHaAEXXHOCTb B
SKCTPEMAJIbHbIX YC/TOBUAX

— WCTOYHWKWN BbICTPOAENCTBUS COBPEMEHHbIX MPOLIECCOPOB CIULLIKOM
HenpeacKasyeMmbl

beccMbICIEHHO rOBOPUTL O pa60Te B peasibHOM BpeMEHU, ecnn
annapaTtypa MOXeT AaTb cobomn

— nocTeneHHasa aerpagaumns GyHKUMOHANIbHOCTH

— PEKOHMUrypupyeMocTb, «COOMHbIE» PEXMMbI

Pa3paboTka cncrteM peasibHOro BpeMeHU — YNCTast NHXeHepus,
30eCb HET HAYKH

— BOT M MOCMOTPUM... »



[Tpoumepbl NYC PB

Functions by embedded processing:
= ABS: Anti-lock braking systems

= ESP: Electronic stability control

= Airbags

© P. Manvedel, 2011

= Efficient automatic gearboxes

= Theft prevention with smart keys = Multiple networks

= Blind-angle alert systems « Multiple networked

rocessors
= __.etc... P
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[1pnMepbI

= Flight control systems,

= anti-collision systems,

= pilot information systems,
= power supply system,

= flap control system,

= entertainment system,

16
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[Tpoumepbl NYC PB

Networked computer
system

= Controlling arms &
tools

= Navigating the forest

= Recording the trees
harvested

= Crucial to efficient
work

“Tough enough to be out
In the woods”
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[TpombiwneHHaa NYC
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Fig.2 System configuration of medium class gas turbine power plant




oBonoumnsa NYC

[TONTHOCTBIO aHaloroBas CUCTeMa

LieHTpasbHbIN BblYMCAUTEND +
aHanoroBble YCTPOUCTBA

(benepaTvBHasa apxXUTeKTypa

— MefJieHHble KaHanbl cBs3n (< 1 Méut/c)
— Crneumanm3npoBaHHble BblUMCIIUTENN

— JlIoKa/bHas 06paboTka AaHHbIX

NIHTerpupoBaHHasa MoAy/bHAs apXUTeKTypa

— «06naKo» BblYMCIUTENBHBIX MOAY/IEN

— BbICTpble KaHasbl CBSA3U

— BUPTYanu3aUms CETEBbIX U BbIUMCIUTENbHbBIX PECYPCOB
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HeoaHopoaHocTb UYC

e KaHanbl: TOYKA-TOYKA, LUMHA, KOMMYTATOP;
12 kbps, 1 Mbps, 1 Gbps

e YCTPOUCTBA: AATUYMKN, UHANKATOPDI,
BbIYNC/IUTENN, OPraHbl YNpaB/ieHus,
MCMNONIHUTESbHbIE YCTPONCTBA

e [laHHbIE: aHaNoroBsble, UMMPOBLIE; YNCITOBbIE
MACCMBbI, BUAEOMNOTOKM

[IpobrieMa yHac/1E40BaHHbIX YCTPOUCTB

20



UCTPEBUTEJ1b 5 NMOKOJIEHUA

T-50 PAK FA F22A




YHacnenoBaHHasa apxuTekTypa
(4 nokoneHue)
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NHTerpupoBaHHasa MoAybHas
aBMOHMKaA (5 NokosieHme)
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PocTt cho)xHocTtu 10

Year Size
1986 10 KB
1992 100 kB
1998 1 MB
2008 15 MB

e Ynpasnawulee 10 TeneBnsopa
e DKCMOHEHLUMaNbHbIA POCT

e [10 NYC PB — Te xe TeMnb|,
KPUTUYHOCTb BblLLE
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NHMOpMaLMOHHOE conpsiXXeHne
BblYUCINTENbHbLIX 3a4a4

e HTEepdenc 3apaun:
— BXOAHbIE U BbIXOAHbIE NMaApPaAMETPbI

e ObMeH Mexay 3agavyamMm B OAHOM
6roke

— CUHXPOHHbIE 3daBUCUMOCTW MO AdHHbBIM

e ObMeH No KaHanam nepeaayn AaHHbIX
— coobueHns
— pacrnmcaHne obMeHa
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PyHKUMoHMpoBaHne NYC B
peasribHOM BpeMEHMU
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BxofHble AaHHbIE |

Ha crnegyroLuin

YXusHeHHbIn umnkn MO NYC

[
|
| WHKpPEMEHT
|
|

| L — _ _ _ — _ _ _ba3oBbli, NOBTOPAIOWMACA SNEMEHT UHKpeMeHTanbHoU Mogenv KU ||
(@ononHUTENBHLINA | I i L
Qs T a— R —————————— SamevaunsiHasepomo T T T T T T T T T T BBoA cUCTeMbI B
MNaHMpoBaHUA o S o o o o o e o o o o oy SKCINYATALMI
PaspaboTka
GUCTEMHbIX e e e e e e ClsELLE:
TpeboBaHui TecTMpoBaHue
PaspaboTka CUCTEMHAR
HNudopmanuonnoe aApXUTEKTYpbI e
cHCTEMD WHTerpauus
ConpsIKEeHHuE \ /,
Paspabotka DyYHKUKMOHaNLHOE
TpeboBaHmii HalNO ¢ —— - - - - — — — —=) 'S:ecmposaHHe
BbICOKOIO YPOBHS
g===n \ /
r'\: T Cneuuduka
J— T T U WHKpeMeHTanbHOW
. PaspaboTka
\ Moadenu - - ,,] TecTupoBaHue
( TpeboBaHun HA MO (F == === ===
\ J KoMnoHeHToB MO
—_— = HW3KOrO YPOBHS
CuctemMHble
aKTUBHOCTMK Koavposahue, TecrupoBanme,
oTnagka u HHTerpaums,
AKTUBHOCTHU MO nHTerpauus Mo oTpadoTka
paspaboTke 10




MNHCTpyMeHTalIbHble CpeacTBa

pa3paboTka TpeboBaHMN

yrnpaB/ieHne BEPCUSMU

OTCNEXMBaHWE NpobeM U n3MeHeHUU
noaaep>kka conpsikeHnsa noacucrem O
NPOEKTUPOBaHNE NHANKALMOHHBIX (POPMATOB
NPOEKTUPOBaHNE anropuTMOB

NOCTPOEHUE pacrnmcaHnum
KOH(UrypnpoBaHue cpen obMeHa AaHHbIMY
Bepudunkaumsa un tectmposaHue MO NYC
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Lleno4yka cpeacrts
pa3paboTtku 6opTtosoro O

e CKBO3Hasa noaaep>xka XKL, Bknto4vas
aKTMBHOCTU Ha BCeX (pa3ax

o ConpsXxeHne «BXOA-BbIXoa» C
obecrneyeHnemM coBMeCTUMOCTU
(popMaToB AaHHbIX

e Ocoboe BHMMaHME Ha nepexoabl Mexay
pazamMu

— TpebyeTcs PuKcaums BbIXOAHbIX
apTedaKkToB

32



CAMP MpoekTnpoBaHne

Jloruka nmB Excel .
MHTepdeic CUCTEMBbI
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TectnpoBaHue NYC

LieHa owinbku: Ariane-5

e ItoHb 1996 roaa, B3pbIB pakeTbl CYCTS
40 cek. nocne crTapTa,

e Yuiepb — $500mnH (pa3paboTtka — $7
MNPA.),
e [1pnunHa — 64bit float -> 16bit int.
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TectnpoaHue NYC

CTteHfg \ / KBO

MHCTpYyMeHTanbHble Bnok KbO
MaLLAHS! MK / ARINC 429

MKWNO / MIL STD-1553B
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CeTb peanbLHoOro BpemMeHu / /




MaTeMaTndeckme 3aaaun

e Bbibop onTumManbHon koHdurypaumm NYC PB
— TpeboBaHWS peasibHOro BPpEMEHU
— TpeboBaHNS HAAEXHOCTU
— OrpaHM4eHunst No pecypcam

e [locTpoeHne pacnmcaHns BblYUCIEHNN
e [locTpoeHune pacnmcaHns obMeHa AaHHbIMU

o KoHbUrypmpoBaHme KOMMYTUPYEMOU Cpeabl
obMeHa AaHHbIMU

e Bepudukaumsa pabotbl MYC PB (aokasaTesbHas)
— (PYHKUMOHabHa4
— BPEMEHHFA

e [eHepaLms TECTOBbIX MOKPbITUN
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[lanee...

e [1NnaHMpoBaHue BbINosHeHUA 3aaa4 B NYC PB

e J/loKa3aTenbCTBO BbINO/HEHHOCTH
TpeboBaHnn PB K BbINONHEHWIO 3a4a4

e OLEHKa HauxyaLlero BPEMEHU BbIMOSIHEHUS
Nporpamm

e KoHurypmpoBaHue cpe MHPOPMaLMOHHOIO
obMeHa, A0Ka3aTeNbCTBO BbIMOSIHEHHOCTU
TpeboBaHnn PB k obMeHy
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Cnacunbo 3a BHMMaHue!
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NMHPOPMALIUOHHO-YIMPABJIAOLWMNE CUCTEMDI
PEAJIbHOI'O BPEMEHW

Jlekumsa 2:
LnHamunyeckoe niaaHMpoBaHNeE BbIYUC/IEHHUHN
M OYEHKa NnJ1aHnupyemMocTy - 1

Kadeapa ACBK,
JlabopaTopust BeluncnntenbHbix Komnnekcos
banawlos B.B.



Software Control Systems

processor

- @ — D/A mr—> actuators |L—>

sensors [\

Memory buffer




Typical task structure

buffer

=—p <read data>

<process data>

<write datg>

buffer

<wait for next activation>




Activation modes

Periodic task (time driven) timer —— ’?

A task is automatically
activated by the kernel Task
at regular time intervals

Aperiodic task (event driven)

A task is activated upon event —
the arrival of an event
(interrupt or explicit activation)

Task
body




Complex control applications

e Hierarchical design
e Many periodic activities running a different rates

e Many event-driven routines

'

—
-

N N




Task scheduling

When more tasks are ready to execute, the order
of execution is decided by the scheduler:

READY queue




Importance of scheduling

It affects task response times
It affects delay and jitter in control loops

It affects execution times (preemptions destroy
cache data and prefetch queues)

It can be used to cope with overload conditions
It can be used to optimize resource usage

It can be used to save energy In processors
with voltage scaling (energy-aware scheduling)



Control design

Design of control laws

Y

Mapping to periodic tasks

Y

Schedulability analysis

No

Feasible?

Implementation

Run time monitoring

'

Meet No
constraints?

i Yes



Periodic Task Scheduling

We have n periodic tasks: {T1 T2 ... Tn}

relative absolute
7, (Ci, Ti, Di) period  deadline deadline d,,
T; D
[« -l

& e 1T el

1 1 j >

ri1 = O Tik dix Tik+l t

Goal

= Execute all tasks within their = @+ (k=1) T;
deadlines

= Verify feasibility before runtime dix = rix + D;




Fixed-Priority Scheduling (FPS)

This is the most widely used approach

Each task has a fixed, static, priority which is
computer pre-run-time

The runnable tasks are executed in the order
determined by their priority

In real-time systems, the “priority” of a task is
derived from its temporal requirements, not its
importance to the correct functioning of the system
or its integrity




Earliest Deadline First (EDF)

= The runnable tasks are executed in the order
determined by the absolute deadlines of the tasks

= The next task to run being the one with the
shortest (nearest) deadline

= Although it is usual to know the relative deadlines
of each task (e.g. 25ms after release), the absolute
deadlines are computed at run time and hence the
scheme is described as dynamic



EDF ¢

EDF vs. RM Schedule

)
T S [
0 6 9o 1 15 1

3 2

RM «

S
o] — | —
) o 3 6 9 12 15 18
)
T1
0 3 6 9 12 15 18
S ISy S
\ 0o 3 6 9} 12 15 18

deadline miss




FPS v EDF

FPS is easier to implement as priorities are static

EDF is dynamic and requires a more complex run-
time system which will have higher overhead

It is easier to incorporate tasks without deadlines
into FPS; giving a task an arbitrary deadline is more
artificial

It is easier to incorporate other factors into the
notion of priority than it is into the notion of deadline



FPS v EDF

= During overload situations

> FPS is more predictable; Low priority process miss
their deadlines first

> EDF is unpredictable; a domino effect can occur in
which a large number of processes miss deadlines

= But EDF gets more out of the processor!



Preemption

With priority-based scheduling, a high-priority task may be
released during the execution of a lower priority one

In a preemptive scheme, there will be an immediate switch
to the higher-priority task

With non-preemption, the lower-priority task will be allowed
to complete before the other executes

Preemptive schemes enable higher-priority tasks to be
more reactive, and hence they are preferred



Scheduling Characteristics

= Sufficient — pass the test will meet deadlines
= Necessary — fail the test will miss deadlines

= Exact — necessary and sufficient

= Sustainable — system stays schedulable if
conditions ‘improve’



Simple Task Model

The application is assumed to consist of a fixed set of tasks
All tasks are periodic, with known periods

The tasks are completely independent of each other

A

| system's overheads, context-switching times and so on
are ignored (i.e, assumed to have zero cost)

All tasks have a deadline equal to their period (that is, each
task must complete before it is next released)

All tasks have a fixed worst-case execution time




34 X 0 =2 +HA g QW

Standard Notation

Worst-case blocking time for the task (if applicable)
Worst-case computation time (WCET) of the task
Deadline of the task

The interference time of the task

Number of tasks in the system

Priority assigned to the task (if applicable)

Worst-case response time of the task

Minimum time between task releases, jobs, (task period)
The utilization of each task (equal to C/T)



Rate Monotonic Priority Assignment

Each task is assigned a (unique) priority based on its
period; the shorter the period, the higher the priority

l.e, for two tasks i and 7,

Ti<Tj=Pi>Pj
This assignment is optimal in the sense that if any task
set can be scheduled (using pre-emptive priority-based
scheduling) with a fixed-priority assignment scheme,

then the given task set can also be scheduled with a
rate monotonic assignment scheme

Note, priority 1 is the lowest (least) priority



Example Priority Assignment

Process Period, T Priority, P
a 25 5
o) 60 3
C 42 4
d 105 1
e 75 2



Basic results

-

Independent tasks

Assumptions: -

\

In 1973, Liu & Layland proved that a set of n
periodic tasks can be feasibly scheduled

‘underRM  if Z% < nl2""-1)
i=1 '

1

under EDF If and only if

i [M]s
) | G
IA

\.




Schedulability bound
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An unfeasible RM schedule

deadline miss



EDF ¢

EDF vs. RM Schedule
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Schedulability region

A more useful approach is to identify a region in the
space of task parameters where the system is
schedulable by an algorithm.

par2 ! Infeasible

par



Schedulability region

U, , The U-space




Schedulability region

U, , The U-space
1 ]

0.83 -

1/2 7

49 083 1



The Hyperbolic Bound

e |[n 2000, Bini et al. proved that a set of n
periodic tasks is schedulable with RM if:

IN
N

H(U; 1)




Schedulability region

U, , The U-space




Schedulability region
The U-space




Handling tasks with D < T

Ti ] |
Iik dix Tik+1

Scheduling algorithms

e Deadline Monotonic: p; < 1/D; (static)

e Earliest Deadline First. p;<c1/d;, (dynamic)



How to guarantee feasibility?

Iik dix Tixsr ©

e Fixed priority: Response Time Analysis (RTA)
e EDF: Processor Demand Criterion (PDC)



Response Time Analysis
[Audsley, 1990]

e For each task T, compute the interference
due to higher priority tasks:

I, =) C,

D, <D,

e Compute its response time as
R, = G+

o Verifyif R, < D,



Computing the interference

T ‘ ”
0 R,
Interference of 1, on T; 7 = & C
in the interval [0, R,]: ik T k
k
i-1 [ p |

Interference of high
priority tasks on T::




Response Time Equation

R =C. + L C.
| | jehzr>:(i) T |

Where hp(i) is the set of tasks with priority higher than task |

Solve by forming a recurrence relationship:

w't=C. + > — IC,
jehp(id| T .

The set of valuesw;, w;,W",...,W",..is monotonically non decreasing.
Whenw =w™" the solution to the equation has been found; w;

must not be greater that R (e.g. 0 orC, )



Response Time Calculation Algorithm

for 1 in 1..N loop —-- for each process 1in turn
n := 0
w' =C,

loop

n+1

calculate new W

if w™=w" then
R =w
exit value found

end if

if w'™>T then
exit value not found

end 1f

n :=n + 1

end loop
end loop



Task Set A

Task Period ComputationTime  Priority
T C P
a 7 3 3
b 12 3 2
C 20 5 1
w, =3
R, =3 Wé=3+[ 13=6



wo =5
w., =5+ 2lz| 2 3=11
V4 12

w2 =54 |2tz |1l |z_14
/ 12

0

we=5+ |22 |34+ 13_17
7 12

W =5+ ﬂ}sj{ﬂkz 20

0

7 12
we =5+ 291329 |3_20
7 12

R. =20



Task Set B

Process Period ComputationTime Priority Response time

T C P R
a 80 40 1 80
b 40 10 2 15
C 20 5 3 5

= The combined utilization is 1.0

= This was above the utilization threshold for three tasks
(0.78), therefore it failed the test

= The response time analysis shows that the task set will
meet all its deadlines



Response Time Analysis

= Is sufficient and necessary (exact)

= If the task set passes the test they will meet
all their deadlines; if they fail the test then,
at run-time, a task will miss its deadline
(unless the computation time estimations
themselves turn out to be pessimistic)



Sporadic Tasks

s Sporadics tasks have a minimum inter-arrival time
= They also require D<T

= The response time algorithm for fixed priority
scheduling works perfectly for values of D less than
T as long as the stopping criteria becomes

W."* > D,
= It also works perfectly well with any priority

ordering — hp(i) always gives the set of higher-
priority tasks




Aperiodic Tasks

These do not have minimum inter-arrival times

Can run aperiodic tasks at a priority below the
priorities assigned to hard processes, therefore,
they cannot steal, in a pre-emptive system,
resources from the hard processes

This does not provide adequate support to soft
tasks which will often miss their deadlines

To improve the situation for soft tasks, a server can
be employed



Execution-time Servers

= A server:

> Has a capacity/budget of C that is available to its
client tasks (typically aperiodic tasks)

> When a client runs it uses up the budget
» The server has a replenishment policy

> If there is currently no budget then clients do not
run

> Hence it protects other tasks from excessive
aperiodic activity




Periodic Server (PS)

Budget C
Replenishment Period T, starting at say O

Client ready to run at time 0 (or T, 2T etc) runs
while budget available, is then suspended

Budget ‘idles away’ if no clients

Analyzed as a periodic task



Deferrable Server (DS)

Budget C

Period T — replenished every T time units (back to
C)

» For example 10ms every 50ms
Anytime budget available clients can execute
Client suspended when budget exhausted

DS is referred to as banawidth preserving
> Retain capacity as long as possible

PS is not bandwidth preserving



Task Sets with D < T

= For D = T, Rate Monotonic priority ordering is
optimal

= For D < T, Deadline Monotonic priority
ordering is optimal

D,<D,=P>P

= Response time analysis is applicable “as is”
totasksetswithD < T



D < T Example Task Set

Task Period Deadline ComputationTime Priority Response time

T D C P R
a 20 S 3 4 3
b 15 '/ 3 3 6
C 10 10 4 2 10
d 20 20 3 1 20



Proof that DMPO is Optimal

= Deadline monotonic priority ordering (DMPO) is
optimal if any task set, Q, that is schedulable by

priority scheme, w, is also schedulable by DMPO

= The proof of optimality of DMPO involves
transforming the priorities of Q (as assigned by w)

until the ordering is DMPO

= Each step of the transformation will preserve
schedulability



DMPO Proof Continued

= Let i and j be two tasks (with adjacent priorities) in Q
such that underw: P >P AD,>D,

= Define scheme w’ to be identical to w except that tasks i
and j are swapped

Consider the schedulability of ¢ under w’
= All tasks with priorities greater than P will be unaffected

by this change to lower-priority tasks

= All tasks with priorities lower than P, will be unaffected;
they will all experience the same interference from i and

]
= Task j, which was schedulable under w, now has a higher

priority, suffers less interference, and hence must be
schedulable under w’



DMPO Proof Continued

All that is left is the need to show that task i, which has had
its priority lowered, is still schedulable

Underw g <p,D <D,andD, <T

Hence task i only interferes once during the execution of j
It follows that: R\ =R <D, <D

It can be concluded that task i is schedulable after the
switch

Priority scheme W’ can now be transformed to w" by

choosing two more tasks that are in the wrong order for
DMP and switching them
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Typical task structure

buffer

=—p <read data>

<process data>

<write datg>

buffer

<wait for next activation>




Activation modes

Periodic task (time driven) timer —— ’?

A task is automatically
activated by the kernel Task
at regular time intervals

Aperiodic task (event driven)

A task is activated upon event —
the arrival of an event
(interrupt or explicit activation)

Task
body




Periodic Task Scheduling

We have n periodic tasks: {T1 T2 ... Tn}

relative absolute
7, (Ci, Ti, Di) period  deadline deadline d,,
T; D
[« -l

& e 1T el

1 1 j >

ri1 = O Tik dix Tik+l t

Goal

= Execute all tasks within their = @+ (k=1) T;
deadlines

= Verify feasibility before runtime dix = rix + D;




Fixed-Priority Scheduling (FPS)

This is the most widely used approach

Each task has a fixed, static, priority which is
computer pre-run-time

The runnable tasks are executed in the order
determined by their priority

In real-time systems, the “priority” of a task is
derived from its temporal requirements, not its
importance to the correct functioning of the system
or its integrity




Earliest Deadline First (EDF)

= The runnable tasks are executed in the order
determined by the absolute deadlines of the tasks

= The next task to run being the one with the
shortest (nearest) deadline

= Although it is usual to know the relative deadlines
of each task (e.g. 25ms after release), the absolute
deadlines are computed at run time and hence the
scheme is described as dynamic



EDF ¢

EDF vs. RM Schedule

)
T S [
0 6 9o 1 15 1

3 2

RM «

S
o] — | —
) o 3 6 9 12 15 18
)
T1
0 3 6 9 12 15 18
S ISy S
\ 0o 3 6 9} 12 15 18

deadline miss




Response Time Analysis
[Audsley, 1990]

e For each task T, compute the interference
due to higher priority tasks:

I, =) C,

D, <D,

e Compute its response time as
R, = G+

o Verifyif R, < D,



Computing the interference

T ‘ ”
0 R,
Interference of 1, on T; 7 = & C
in the interval [0, R,]: ik T k
k
i-1 [ p |

Interference of high
priority tasks on T::




Response Time Equation

R =C. + L C.
| | jehzr>:(i) T |

Where hp(i) is the set of tasks with priority higher than task |

Solve by forming a recurrence relationship:

w't=C. + > — IC,
jehp(id| T .

The set of valuesw;, w;,W",...,W",..is monotonically non decreasing.
Whenw =w™" the solution to the equation has been found; w;

must not be greater that R (e.g. 0 orC, )



Critical sections

T, T
globlal
Wait(S) memory buffer Wait(S)
x =3 write int - read "
y=2; int y; b =y+2;
signal(s) ¢ = x+y:

signal(s)




T

Blocking on a semaphore

Ty

CS

CS

P =~ Py

A

13

%)

It seems that the maximum blocking
time for t1 i1s equal to the length of the
critical section of t2, but ...




Priority Inversion

priority ‘ A
—_—
A
‘
] |

Occurs when a high priority task is blocked by

a lower-priority task a for an unbounded
Interval of time.




Mars Pathfinder




The MARS Pathfinder problem

“VxWorks provides preemptive priority scheduling of threads.
Tasks on the Pathfinder spacecraft were executed as threads
with priorities that were assigned in the usual manner reflecting
the relative urgency of these tasks.”

“Pathfinder contained an "information bus", which you can
think of as a shared memory area used for passing information
between different components of the spacecraft.”

A bus management task ran frequently with high priority
to move certain kinds of data in and out of the
iInformation bus. Access to the bus was synchronized
with mutual exclusion locks (mutexes).”



The MARS Pathfinder problem

The meteorological data gathering task ran as an
Infrequent, low priority thread, ... When publishing its data,

It would acquire a mutex, do writes to the bus, and release
the mutex. ..

The spacecraft also contained a communications task that
ran with medium priority.”

.
High priority:  retrieval of data from shared memory

Medium priority: communications task
Low priority: thread collecting meteorological data



The MARS Pathfinder problem

‘... However, very infrequently it was possible for an interrupt to occur
that caused the (medium priority) communications task to be scheduled
during the short interval while the (high priority) information bus thread
was blocked waiting for the (low priority) meteorological data thread.

In this case, the long-running communications task, having higher priority
than the meteorological task, would prevent it from running, consequently
preventing the blocked information bus task from running.

After some time had passed, a watchdog timer would go off, notice that
the data bus task had not been executed for some time, conclude that
something had gone drastically wrong, and initiate a total system reset.”



Solutions

Disallow preemption during the execution of all critical
sections. Simple, but creates unnecessary blocking as
unrelated tasks may be blocked.

l[ 7. blocked
1
T |
1
t P(S) V(S)
I 5 | |
P(S) V(S)
T3 >

normal execution critical section




Coping with priority inversion:
the priority inheritance protocol

Tasks are scheduled according to their active priorities.
Tasks with the same priorities are scheduled FCFS.

If task 7', executes P(S) & exclusive access granted to 75:
T, will become blocked.

If priority(7,) < priority(7;): 7, inherits the priority of 7.

@ T, resumes.

Rule: tasks inherit the highest priority of tasks blocked by it.

When 7, executes V(S), its priority is decreased to the
highest priority of the tasks blocked by it.

If no other task blocked by 7.: priority(7,):= original value.
Highest priority task so far blocked on S is resumed.

Transitive: if 7, blocks 7', and 7, blocks 7,
then 77, inherits the priority of 7j,.



Example

How would priority inheritance affect our example with 3 tasks?

75 inherits the\

P(S) [sleep] resumed priority of 7
Lo y v and 7;

1 . ~_\__resumes.
— "
T2 ; : ;

S
~ V

normal execution critical section




Nested critical sections

- |
P(a) P(b) V(b) V(a)

T T a b b b a

3 o

R A Priority | | Iﬁ/ priority does not change
"1 | of T, | |
2 | ]
T3 5

[ 1 1 T~
| I | —
[



Priorities and shared resources

Priority Ceiling Protocol:

e Basic idea: Each resource is assigned a priority ceiling
equal to the priority of the highest-priority task that can lock
it. Then, a task 7, is allowed to enter a critical region only if
its prlorlty IS hlgher than all priority ceilings of the resources
currently locked by tasks other than 7, .

When the task 7, blocks one or more hlgher-prlorlty tasks, it
temporarily inherits the highest priority of the blocked tasks.

e Advantage:
— No deadlock: priority ceilings prevent deadlocks
— No chained blocking: a task can be blocked at most the
duration of one critical region.



Priority Ceiling Protocol

A high-priority task can be blocked at most once
during its execution by lower-priority tasks

Deadlocks are prevented
Transitive blocking is prevented

Mutual exclusive access to resources is ensured (by
the protocol itself)



Immediate Ceiling Priority Protocol

priority (H) > priority (M) > priority (L)
- normal execution H and L share resource R

77| critical region

H blocked

——




Response Time and Blocking
R =C +B +1.

R=C+B+ > |=-C
jeto(n| T;

w =C+B+ > | C
jenp(iy| T




An Extendible Task Model

So far:
= Deadlines can be less than period (D<T)

= Sporadic and aperiodic tasks, as well as periodic
tasks, can be supported

= Task interactions are possible, with the resulting
blocking being factored into the response time
equations

More:
= Arbitrary Deadlines
s Offsets



Arbitrary Deadlines

< ngn >< ngn
Ch.fgh >
task high
< r >
task / <« T »
= TI >
« T » 1
T,. >
A A A A A
1st 2nd 3rd 4th 5th

Invocations of task /
task low |

< level 1 busy period




Arbitrary Deadlines

= To cater for situations where D (and potentially R) > T

W (q) = B, + (@ +1C, + 3 [W‘;(Q)WC,-
Jehp (i) i
Ri (q):Win(q)_qTi

J
= The number of releases is bounded by the lowest value of g
for which the following relation is true: g (@) <T.

= The worst-case response time is then the maximum value
found for each g:

R = max R ()

9=0,1,2,...

[A. Burns, K. Tindell and A.J. Wellings.
Fixed Priority Scheduling with Deadlines Prior to Completion)



Offsets

s So far assumed all tasks share a common release time

(critical instant)

Task
a
b

C

T
8
20
20

s With offsets

Task
a
b

C

T
8
20
20

D
o)
10
12

10
12

NN NS

1N NN NS

Arbitrary offsets are
not amenable to
analysis




Non-Optimal Analysis

= In most realistic systems, task periods are not arbitrary but
are likely to be related to one another

= As in the example just illustrated, two tasks have a common

period. In these situations it is ease to give one an offset (of
T/2) and to analyse the resulting system using a

transformation technique that removes the offset — and,
hence, critical instant analysis applies
= In the example, tasks b and c (having the offset of 10) are

replaced by a single notional process with period 10,
computation time 4, deadline 10 but no offset



Notional Task Parameters

7-l_h
22

C.=Max(C,_,C,)
D, = Min(D.,D,)

P =Max(P,,P)

Can be extended to more than two processes




Non-Optimal Analysis

Process T D C O
a 8 5 4 0



Non-Optimal Analysis

= This notional task has two important properties:

> If it is schedulable (when sharing a critical instant with all
other tasks) then the two real tasks will meet their
deadlines when one is given the half period offset

~ If all lower priority tasks are schedulable when suffering
interference from the notional task (and all other high-
priority tasks) then they will remain schedulable when
the notional task is replaced by the two real tasks (one
with the offset)

= These properties follow from the observation that the
notional task always uses more (or equal) CPU time than
the two real tasks




Insufficient Priorities

= If insufficient priorities then tasks must share
priority levels

= If task a shares priority with task b, then
each must assume the other interferes

= Priority assignment algorithm can be used to
pack tasks together

= Ada requires 31, RT-POSIX 32 and RT-Java
28



Processor Demand Criterion
[Baruah, Howell, Rosier 1990]

For checking the existence of a feasibile schedule
under EDF

In any interval of time, the computation
demanded by the task set must be no greater
than the available time.

vVit,t, >0,  g(t,t,) < (1, —1)



Processor Demand

o ] Lo | b L

t) t,

The demand in [t, t,] is the computation time of
those jobs started at or after t, with deadline less
than or equal to t,:

g(t,t,) = ZCZ'

12l




Processor Demand

For synchronous task sets we can only analyze intervals [O,L]




Processor Demand Test

l

n
=1

L-D,
T




Example

T [ ||
= |

0 2 4 6 8 10 12 14




Upper Bound for PD Test

ZN:(Ti _Di)Ci /Ti\

La = MaX< Dl""’ DN’ | U s

U is the utilisation of the task set, note upper bound not
defined for U=1

[U.C. Devi, An Improved Schedulability Test for Uniprocessor
Periodic Task Systems]/



PD Test with Blocking

= Compute the maximum blocking time for each task

= Inflate C; by B,

EDF D=T

i-1
vi S % OBy

EDF D < T task setis schedulableif U< 1 and

L+T D,
T

C, <L

ViVe B+
k=l




Non-preemtive scheduling

It is a special case of preemptive scheduling where
all tasks share a single resource for their entire
duration.

T3 R | l

The max blocking time for task t; is given by the
largest C, among the lowest priority tasks:

B, = max{C, : P, <P}




Advantages of NP scheduling

e |t reduces runtime overhead
» Less context switches
» No semaphores are needed for critical sections

e |t reduces stack size, since no more than one
task can be in execution.

e |t preserves program locality, improving the
effectiveness of

» Cache memory
» Pipeline mechanisms

» Prefetch queues



Advantages of NP scheduling

e As a consequence, task execution times are
» Smaller

» More predictable

} distribution ,
non-preemptive

preemptive

min



Advantages of NP scheduling

In fixed priority systems can improve schedulabiilty:

U = —+—; 0.97

S S A o
rzl..'h-'nq [.\md »

0 35
deadlme miss

35

NP-RM
Y b e | | el |em | |
0o 5 10 15 20 25 30 35




Disadvantages of NP scheduling

e |n general, NP scheduling reduces schedulability.

e The utilization bound under non preemptive
scheduling drops to zero:

LC1=8
T _
T1
" RN
C, =T, T,
g C,
U= —+— — 0
T, o0




Trade-off solutions

Tunable Preemptive Systems

e Compute the longest non-preemptive section that
allows a feasible schedule

o Allow preemption only in certain points in the code.

Task code
SE— PP, PP,  PP;
e % preemption points



Handling Jitter & Delay

Jitter for an event

The maximum time variation in the occurrence
of a particular event in two consecutive jobs.

In many control applications, delay and jitter
can cause instability or jerky behavior




Definitions

Start time delay (Input Latency): INL;, — Iy

Ti

el

Ii,1 Syl

Ii,2  Si2 I3,3 51,3

Start time Jitter (Input Jitter):

Absolute: N 2bs
1

Relative: [NJ ifel

mix (Six —Tix) — mliﬂ (Six — Tix)

mix ‘ (Six —Ti) — (Six1— Tik1) |



Definitions

Response Time (Output Latency): R;, = f, —r;;

i1 fi1  ri2 fir ri3 fi3

Response Time Jitter (Output Jitter):
Absolute: RTJ iabs = max (f;; — ;) — min (f;, —1;y)
k k

Relative: RT]J irel = mix | (fi,k— fi,k) — (fi,k-l - ri,k-l) ‘



Definitions

Input-Output Latency: IOL;, = £, —s;,

— mw | @
si1 fi1 sio  fi2 Si3 fi3

Input-Output Jitter:

Absolute: IOJf‘bS = max (f;; —s;,) — mn (fj; —s;y)
k k

g rel __
Relative: 10 = mix ‘ (fix = Sin) — (Biger — Sike 1)|



Jitter under RM

INJ| RTJ| IOJ
L o I
0 6 12 18 24
”...h.!.. 2|22
0 8 16
IIII!IIIA]FI]I[III 3 8 5
0 12 24

Low priority tasks experience very high
delay and jitter




Jitter under EDF

INJ | RTJ| 1IOJ

Tlh[...n#...]m.. L0

0 6 12 18 24
sz#mﬁhm. 2120

0 8 16
T 3 3 0
3 S I S

0 12 24

For a little increase of RTJ,, RTJ; decreases a lot

|IOJ = 0 for all the tasks




Normalized Avg. RTJ

A

RM
I I AN U I NN NN N N VAN

o644 4 3 A

05 _ EDF
Y S W N S S S S

Jitter under RM and EDF

U=09 N=10

T T T T T T T T

0 E
1

2 3 4 5 6 7 8 9
Task number (ordered by increasing periods)



How to handle delay and jitter
Two main methods can be used to reduce the
effect of delay and jitter:

1. compensate them by proper control actions;

2. reduce them as much as possible.

Even when compensation is used, reducing
delay and jitter improves system performance

$

Hence we concentrate on reduction methods




Jitter Reduction methods

Three methods can be used to reduce the jitter
caused by task interference:

1. Task Splitting
2. Advancing Deadlines

3. Non Preemptive Scheduling



Reducing Jitter by Task Splitting

Input processing output
part part part

N/
N

The idea Is to force input and output parts to
execute in a time-triggered fashion, using timers:

i i .




Reducing Jitter by Task Splitting

Advantages

1. Jitter i1s reduced at the minimum possible
value;

2. If Input and output parts are small, this
method is effective for any task,
iIndependently of the scheduler and task
parameters.




Reducing Jitter by Task Splitting

Disadvantages
1. Extra effort to be implemented;
2. Jitter is reduced at the expense of delay;

3. Input and output parts create extra
iInterference which complicates the analysis
and reduces schedulabillity;

4. Input and output parts may compete and
need to be scheduled with some policy.



Reducing Jitter by Task Splitting

Interfering 1/O parts




Reducing Jitter by Advancing Deadlines

The idea is to advance task deadlines to reduce
the active window in which jobs can be executed:

active window

active window

S ——

active window
<(meee——>

.

active window
<>

B




Reducing Jitter by Advancing Deadlines

Advantages

1. Easy to implement (no special support is
required from the OS);

2. No extra Interference caused by additional
timer interrupts;

3. Both delay and jitter are reduced!!



Reducing Jitter by Advancing Deadlines

Disadvantages

1. Not all tasks can reduce |jitter to zero. A
further reduction can be achieved by proper
offsets, but the analysis requires exponential
complexity.

2. Advancing deadlines reduces system
schedulabillity.



Reducing Jitter by Non Preemption

Disabling preemtions a task can be delayed, but
once started cannot be interrupted:

IOL;, 0L,
S

=) | Vk < 0Ly = G

e IOJi,k =0




Reducing Jitter by Non Preemption

Example with 3 tasks

T | L L ‘ |

1 [ | I I

0 6 12 18 24
T

2 ~ B 1 i .

0 8 16 24
15

I' |||||| ' |||||||




Reducing Jitter by Non Preemption

Advantages
1. 10J; = 0O for all tasks;

2. I0OL; = C, for all tasks, simplifying the use of
delay compensation techniques;

3. Non preemptive execution also simplifies
resource management (there is no need to
protect critical sections).

4. Non preemptive execution allows stack
sharing.



Reducing Jitter by Non Preemption

Disadvantages

1. Non preemption reduces schedulability
(analysis must take blocking times into

account);

2. The utilization upper bound drops to zero:

C, =0
| |

U,—>0 |
C, > T, T, > w

U,—>20




Scheduling under
overload conditions



RM under overloads

U = 4+6+i_125
12 20

LR NN R

TZ !kll!lklll![hﬁlllnl
4 36 8 60

T, | |

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

e High priority tasks execute at the proper rate
e Low priority tasks are completely blocked




EDF under overloads

U = 4+6+i:1.25

8 12 20

e All tasks execute at a slower rate

e No task is blocked




EDF under overloads

Theorem (Cervin ‘03)

If U > 1, EDF executes tasks with an
average period T, =T, U.

. U=1.25

‘ I, T,

||||||| 8I Ill0 ﬂ‘ ‘Cl 8 10

||||||||||| 1 T 1 ‘Ez 12 15
12 15 ﬁ

- T, 20| 25




Exploiting control flexibility

Relaxing timing constraints

e The idea is to reduce the load by increasing
deadlines and/or periods.

e Each task must specify a range of values in
which its period must be included.

e Periods are increased during overloads, and
reduced when the overload is over.

Many control applications allow timing flexibility




Obstacle avoidance

e The closer the obstacle, the higher the
acquisition rate:

! Low rate

! High rate




Engine control

e Some tasks need to be activated at specific
angles of the motor axis:

—> the higher the speed, the higher the rate.

@

A




Elastic task model

e A periodic task 7j is characterized by:
(Ch Ti—min, Ti-max, Ei)

e Tasks’ utilizations are treated as elastic springs

e The resistance of a task to a period variation is
controlled by an elastic coefficient E,




Compression algorithm

During overloads, utilizations must be
compressed to bring the load below a desired
value U,.




Solution for tasks

then: I = —



Conclusions

Estimate worst-case computation times of tasks,
using specific tools and testing.

Select an appropriate scheduling algorithm and
a suitable resource access protocol.

Estimate maximum blocking times due non
preemptive sections or mutually exclusive
resources.

Apply schedulability analysis to verify feasibility.

Exploit system flexibility defining admissible
ranges of parameters to cope with overloads.
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depepatneHaa NYC PB

Flight Controls Displays
Flight Management Navigation Computer
Inertial Reference System Mission Computer

Radar
Sensor systems
FLIR
EO/OP

Weapons Control
Engine Controls Stores Management
Engine Monitoring Targeting Computer
Fire Control




depnepatneHaa NYC PB

« CneunanmanpoBaHHble DITOKK
— MO HAa3HAa4YeHUo
— MO apXUTEKType
e [10 pa3nnyHbIX NOACUCTEM — Ha PaA3NNYHbIX
bnokax
— N30114AU4NA MO NaMATU

— HEeT KOHKYPEHLMN NOACUCTEM 3a NMPOoLEeCCOopHOe
BpEMS

« HepocTtaTKku:

— HM3Kad NepeHOCUMOCTb U NOBTOPHaS
ncnonb3dyemocTtb 10

— «300MapK» NPOLIECCOPHbIX apXUTEKTYP U
NporpamMMHbIX MHTEPdENCOB



NYC PB c apxutektyponn AMA

Flight Controls Displays
Flight Management Navigation Computer

Inertial Reference System Mission Computer

ay
1

A
e »

Weapons Control
Engine Controls Stores Management
Engine Monitoring - Targeting Computer
Fire Control

Radar
Sensor systems
FLIR
EO/OP



NYC PB c apxutektypon AMA
C CeTblo Ha ba3e KoMmmyTaTopa

Bbluncnexus

BbluncneHus

BbluncneHus

KommyHukaumm

AN

Mpadumka

BbluncneHus

BbluncneHus

BbluucneHusa

KommyHukaumm

7/ 1N\

Mpadumka

t

/ I

W\




NYC PB c apxutektypon NNMA

Ilornyecku eguHbIn pacnpeneneHHbIn
BblYMCIUTENb

— YHUOULUMPOBAHHbIE MO4YITN HECKOSMbKUX TUMOB
— eQuHas apxuTeKkTypa npoLeccopos
— YHUOULUMPOBAHHbLIV NporpaMmMHbIN NHTepdenc

PasgeneHne BblYUCNUTENbHbIX PECYPCOB
mexay NO pa3nnyHbIX NOACUCTEM

[Tpobnemsi:
— N30J14AUNA MO NaMATH
— pasgerneHne NpoLeCCoOPHOro BpeMeH!

PelleHune: Kaxxgon noacucteme - pasgen



MMA un paspabotka 1O

* OcobeHHOoCTH:
— CtaHpapTtHoe API co cTtopoHbl OC
— Ctatndeckoe pasgeneHme BpeMeHun, NnamsaTu
N PeECypcoB
* [1lpenmyulecTBa:
— HapgexHoCTb
— [lepeHocumMocCTb
— BO3MOXXHOCTb NOBTOPHOIO UCMONb30BaHUSA
— MoaynbHOCTb
— YnpouleHne sepudukaunm n ceptmdukaumm



Ctpyktypa INO. NHTepdenc APEX

Pa3gen 1 Pa3nen 2 Pa3gen 3 ) _g
=
3agava 1.1 3agava 2.1 3agava 3.1 g
Q
i~
3apaya 1.2 3agaya 2.2 3agaya 3.2 > g
®
3apava 1.3 3apava 2.3 3apava 3.3 8
J
AN /\ /\
UHTepthenc APEX
N/ \/ N/
OnepaunoHHas cuctema

1L

CuctemHoe 10O

1L

AnnapaTHoe obecnevyeHne




B3anmoaencrtesme mexay
pasgenamu

"lopTbl C oMepeabio COODLLIEHNN

"lopTbl C Nepe3anncbio COODLLLEHNN

— bydep dunkcnposaHHOU ONUHbI

— CoobueHne B bydepe nepesanncbiBaeTcs
— OTnpaBka ¢ 3agaHHbIM NEpPUOOM




B3anmogenctesme BHyTpHr
pasgenos

« OOMeH aaHHbIMU
— Nepepayva coobLyeHum
— Obwasa namaTb
* MexaHn3mMbl CUHXPOHN3aL NN
— Cemadopbl
— CobbITus



Paboyasa Harpy3ska

Okl Ny

________

* nepmognyeckmne 3agadu

 cooOLweHund
* 3aBUCUMOCTMU NO OAAHHbIM



CUHXPOHMN3aLMA HA NpaKTUKe

 OXxunpaHune OaHHbIX TONbKO OT 3aday C TON Xe
4yaCcTOTOU

— KCUHXPOHHaA» 3aBNCUMOCTb MO AaHHbIM

* OTI'IpaBI/ITeJ'Ib BbIMOJIHAETCA Yalle MnoJjiydarerid.

— Ha BX0o[e nornyyaTtenisi NoYTh Bceraa aktyanbHble
OaHHble

— OXKNOgaTb HET CMbICJ1a
* OTI'IpaBI/ITeJ'Ib BbIMOJIHAETCA peiXXe nostydartend

— OXKngaHume HapyllaeT Tpe6OBaHI/IF| Mo YacToTe AnA
3alavn-nostydarend



CoctoaHua 3agad B ARINC653

/TN

{ FOTOBHOCTb } oxXKnaaHme D

= -

BbIlNOJIHEHNE




BbinonHeHWe 3a4ay B CUCTEME

3a,u,aq|/| pa3aesia BbINOJIHAKTCA B paMKaXx OKOH
— CTaTU4eCcKoe pacrnmcaHue OKOH
— TpaHULLbl OKOH OMHAKOBbI NS BCeX SA4ep 04HOro Moayns

Mexxay pasgenamMmmn NpoucxXoauT NnepekntoyYeHne KOHTeKCTa

PaboTbl B OKHE: ANHaMn4ecKkoe niiaHnpoBsaHme
— oyepeab BbINONHEHUS

— MPUOPUTETHI

— BbITECHEHME

— OXWaaHue BXOOHbIX JaHHbIX

He3aBepuieHHasa paboTa MoXeT ObITb BO30OOHOBMNEHA B
crieyloLemM OKHe

Appo 1 1-1

1-1 1-2

Moaynb 1




[Ipumep pacnucaHus

.

NN

Y Y
| QuAdoly Z auATo




3agada nnaHnpoBaHUSA:
BXOOHblE AaHHbIE

 Onucanune cuctemol IMA
— Habop moaynewn
— MOAynb = Habop M TUMbl NPOLECCOPHbLIX SA€EpP
— A0P0 =2 BEPXHASA rpaHuuUa 3arpysku

* OnuncaHune paboyen Harpysku
— Habopsbl 3aga4v, coodLLeEHNN, pa3aerioB
— 3apgada - nepuog, npuoputet, WCET (ansa tuna aapa)
— pasgen - 3agadu, gonyctmmble aapa

— coobuleHne > oTnpasuUTenb, Nonyyartenb, pasmep,
ONUTESNbHOCTb Nepeaayn (Yepes namsTb, Yepes CETb)

— €80600HbIe 3a0ayu, oonycTMmMble aapa

16



3aJadva nnaHnpoBaHUS: Lenu

« CocTaBuTb pasgenbl n3 cBoboaHbIX 3aga4
— Tpaduk mexagy pasgenamm - min
— 3arpyska gapa pasgenom < U
(Npuv BbINOSTHEHUM pa3aena Luenmkom Ha ogHOM siape)
* [lpuBsasaTtb pasgenbl K agpam

— Tpaduk Mexay MoaynsMu => min

(MUHMMM3aLNA 3arpy3kn ceTn)
n 1
— 3arpyska aapa < U, (2apo) > TF<nl2"-1
— [lpuBAska kK gonycTuMbIM saapam '
— BbinonHeHne ycnosun guHammnyeckom nnaHnMpyemocTu
— WHkpemeHTanbHasa npuesska (paclumpeHne npexHen)
* [locTpouTb pacnucaHne OKOH Ans KaXgoro aapa

— KoppekTHOCTb pacnucaHne npoBepseTcs MOoAenMpoBaHnemM paboThbl
AVNHaMUYECKOro niaHMpoBLIvKa

— PacnucaHune cuntaetcs KOppeKkTHbIM, ecrin Bce 3aga4vu
BbINOMHATCA B Npegenax anpekTmBHbIx cpokos ([.C. = nepmo,u)
Npu ONTENbLHOCTAX BbINONHEHUA, paBHbiX WCET



OrpaHn4YeHns KOppPEeKTHOCTU

Pasnoen npmBsidaH poOBHO K OAHOMY S14pY

He 6onee ogHoro pasgena B OKHe

OKHa He nepeceKkatloTca No BPpEMEHM

PaboTbl BbINOMHAKTCA B paMKax OKOH pasaena

B Kaxgblh MOMEHT BPEMEHMU BLINOSTHAETCA HE
bonee ogHon paboThl

Bce paboThl BbINOTHAKTCS NOSTHOCTLIO
BbINONMHAKTCA 3aBUCUMOCTU MO AaHHbIM
CobntogatoTca NpuopuUTeTHI



»KagHbiM anroputmM NpuUBA3KU pa3genos
K MPOLECCOPHLIM aapam

1. BblbpaTb HenpueasaHHbIK pasgen P ¢ MakcnMmanbHbIM
Tpadpumkom mexay P 1 npuBasaHHbIMU pasgenamMmu.

2. [nga kaxgoro moaynsa paccuutartb Tpauk mexay P u
pasgenamu, NnpuBA3aHHbIMU K gapam apyrux Moayreu.

3.  YnopsgounTb Moaynu rno yobiBaHUIO 3TOro Tpaduka.
4. B uukne no moaynam:.

« ecnu pasgen P MoxeT ObITb NpMBA3aH K KakoMy-nmbo aapy
OaHHOro Moayns 6e3 HapyLeHUs orpaHNYeHnin Ha 3arpysKky
aapa, To npuBaA3aTtb P K 3TOMy s4pY M BbINTY U3 LUKNA;

*  WHa4e, ecnu pasaenbl Ha AaHHOM Moayne MoryT ObIThb
nepepacnpeaeneHbl Mexay sapamu 3Toro Moayns Tak, Ytobbl B
[I0CTaTOYHOW Mepe «pPasrpy3anTb» OAHO U3 AAep, TO BbINOMHUTD
nepepacnpeaenexue, npuesasatb P K 3TOMYy S4pY U BbINTU U3
LMKNa;

5. Ecnu Ha ware 4 He BbIbpaHO HMKaKoe A4po, TO cTon (Heycrnex).

6. Ecnu octanucb HenpuBs3aHHbIe pasgersbl, TO nepenTn K wary 1,
nHa4ve cton (ycnex). 19



AnbTepHaTUBHbIE aNrOPUTMbl MPUBA3KN
pa3aerioB K MPOLLECCOPHbIM SiApam

 MeTtona BeTBeun 1 rpaHuny

— Kputepun otceyeHus: 3arpyska siapa npesbiliaeT
OOMNYyCTUMYIO, U paHee HaOeHo nydllee pelleHne

— HepoctaTok: BpEMA BbINMOJTHEHUA HA peaJibHbIX AaHHbIX

* YnaKkoBKa B KOHTEUHEPbI
— AQpo = KoHTeUHepP
* eMKocTb = U,..(398p0)
— Pasgen = o0bekT

« 0ObeM = BKIaj pasgena B 3arpysky sapa

* CTOMMOCTb = TPadoUK, CTAHOBALLUUNCA «BHYTPEHHUM» 4N
MOZYNS B cry4yae NpuBSA3KW pasfena K aapy aToro Mmoayng

— lNpobnewmsi:

* 00beM obObeKkTa 3aBUCUT OT BblbOpa KOHTENHepa
(ANNTEeNbHOCTbL BbINOSTHEHMSA 3a4adun 3aBUCUT OT Tuna sapa)

* CTOMMOCTb ODbEKTa 3aBUCUT OT PacCrosSioKEHUS OAPYrux
0O0OBbEKTOB



[locTpoeHue pacnnucaHunsa. cxema
anropuTtma

[TocTpoeHue rpadpa 3aBUCUMOCTEN paboT

YTO4YHEHUE ONPEKTUBHbBIX MHTEPBANOB paboT
Ha OCHOBEe 3aBUCUMOCTEN

[locTpoeHne nocrnegoBaTeNnibHOCTEN
BbIMOSTHEHUS PabOT «CcrneBa HanpaBoy,
napannenbHo Ons BCeX aAep

[locTpoeHne pacnucaHust OKOH Ha OCHOBE
NMOCTPOEHHON NnocregoBaTenibHOCTU paboT

HasHayeHne npnopuTeToB 3a4ad Ha OCHOBE
NMOCTPOEHHON nocregoBaTeNibHOCTU paboT



YTOYHEHME OANPEKTUBHOIO CPOKa

[JennanH 3agaym 1-1

Moaynb 1
AIPo 1

Vioaysib 2
AIPo

M1

1-2

2-1

L M2 _.[Pa3p,en1 }

N ?
1-2
AN
3-1

M2

3-2

3-1

| 3-2 1| 3-3 }‘ Pa3ﬂ,eﬂ 2
Paspen 3

[MNepekrntovyeHne
. KOHTEKCTa n
MHMUManmMsaunsa okHa



[TnaHnpoBaHue «crneBa HanpaBo»

1. PaboTa nomelyaeTcs B CNUCOK rOTOBbLIX A4
BbIMNOSTHEHUSA, €CIU:

— Havancsa ee OUPeKTUBHbIN UHTEpPBAar

— |_|OJ'Iy‘-IeHbI BCE CUHXPOHHbIE BXOAOALLUNE
coobuleHna ans gaHHou paboThl
2. OuvepepnHaa paboTta gna pasmeLlleHns
BblOMpaeTcsa N3 cnmcka:

— Ecnn otcytcTBYHOT rotoBble paboTbl ¢ 60MbLWINM
NpPUOPUTETOM

— [lo kputepuro EDF (ecnu npuoputert eLle He
onpenereH)



Mopaenb BbIYUCTTIUTENBHOIO
npoLecca

CnyXuT onsi NPOBEPKN KOPPEKTHOCTU
pacnmMcaHnsa OKOH

Moagenb ocHOBaHa Ha COObITUAX

Cxema paboThbl:
1. Co3gaHue HavanbHbIX COObITUN
2. Bblbop cobObITUN C MUHUMAIbHBIM BPEMEHEM

3. OBHOBMEHME cnmcka rotToBbIX K BbIMOTHEHUIO
paboT

4. ObpaboTka BblOpaHHbLIX CODLITUN
. Ecnu cnncok cobbiTnn He nycT, nepexof K n.2

ol



Tunbl COObLITUN

OTKpbITME OKHA

3aKpbITNE OKHA

Havyano AnpeKTMBHOIoO MHTEpBana
3aBeplueHmne padboThbl

JlocTaBka coobLleHund



Pabota mooenu

R
N

f 1

BiEE

m\\\\\\\%




Pabota mooenu

i

f I [ |




PaboTta moaenm




HepnocTtaTkym mogenwu

PelleHune:
He BbINOSTHATb HU3KOMNPUOPUTETHbIE 3ada4un, noka
€CTb BbICOKOMPUOPUTETHbLIE, OXKnaatroLme coobLueHnm



Anantaums K U3BMeHEeHUaAM

YacTtoTbl nnu

Cnucku 3agad

Cnncok pasgenos

ONNTENBHOCTH NN NPUOPUTETI N Moaynu
[MpoBepka 3agaHue [ononHeHne
Ha Moaenu npuopmTETOB NPUBA3KU

v v+ 3
[TlocTpoeHue Agantauus
pacnucaHus pacnmcaHus
I I
[TlocTpoeHue
«C HYns»
1
| ok | | Fail |




[lepcneKkTnBHbIE 3a0a4n

[locTpoeHue pacnnucaHnuga ¢ MUHUMM3aLUMeEN
3aTpaT Ha NepekrnivYeHne KOHTEKCTa

KoppeKkTnpoBKa pacnpeneneHua pasgenos no
agpam nNpu HeycnewHoM NOCTPOEHMN pacnmncaHus

[locTpoeHne pacnnucaHus, rapaHTMpoBaHHO
KOPPEKTHOro Npu BpeMeHax BbINOJIHEHUSA 3a4au,
MeHbLnX yem WCET

MuHMMKM3aLMA ceTeBOM 3arpys3kn ¢ y4ETOM
CUHXPOHHOCTM 3aBMCUMOCTEN NO AAHHbIM
— COODLWEHMNSA, KOTOPble OXUOAET 3agadva-nony4varens,

crnegyeT nepegasaTtb Yepes namaTb (=> NpuBsaska
oTnpaBuTEnNs 1 NonyvaTtensa K ogHOMY MOA4YIHO)

COBMECTHOE NnaHmnpoBaHMe 3aga4y U
KOHQOUIrypupoBaHMe CeTH



Cnacunbo 3a BHMMaHue



NMHOPOPMALUMOHHO-YIMPABJIAOLWUNE CUCTEMDbI
PEAJIbHOI'O BPEMEHW

Jlekuyma 5:
lTpoyeccopsl NYC PB

Kadeapa ACBK,
JlabopaTopus BbelumncnntenbHbix Komnnekcos
banawios B.B.



OrpaHunyeHunsa Ha npoueccopbl NYC PB

e TexHonorndyeckme orpaHn4yeHus:

— BbIHY>XIEHHOE NPUMEHEHNE «Trpyboro»
TEXHOJI0rMYEeCKOro nNpoLecca

— XECTKME OrpaHNUYeHus no
SHEepronoTpebIeHnIO U TEMTOBLIAENEHUIO

e OTKYna bepyTcs OrpaH1YEHMS]

— Tpe6OBaHme K YCTOMYMBOCTU K BHELLHUM
BO34ENCTBUAM (M3NTyYEHNE U T.N.)

— HEPA3BUTOCTb TEXHOJTIOMMYECKUX NMpoLeCCOoB
Nnpon3BoacrBa MUKPOCXEM

— 06Wum NMMUT Ha 3HepronoTpedbnenmne NYC PB
— OrpaHUYEHHbIE BO3MOXXHOCTU TEM00TBOAA



Implementation Alternatives

Performance
Power Efficiency

* FPGA (field-programmable gate arrays)

[ coneratpurpose processors |
—

Application-specific integrated circuits (ASICs)

Flexibility



Energy Efficiency
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General purpose processors
_|_

specialization



General-purpose Processors

» High performance
* Highly optimized circuits and technology

= Use of parallelism
» superscalar: dynamic scheduling of instructions

« super-pipelining: instruction pipelining, branch prediction,
speculation

= complex memory hierarchy
» Not suited for real-time applications

= Execution times are highly unpredictable because of
intensive resource sharing and dynamic decisions

» Properties
= Good average performance for large application mix
= High power consumption



Basic Pentium® 111 Processor Misprediction Pipeline |

1
Fetch

2
Fetch

4 | s 6 , | 10
Decodcl Decode | Rename | ROBRd | Rdy/Sch | Dispatch | Exec

Basic Pentium®4 Processor Misprediction Pipeline
_—

2 a] a5 e
TCNxtIP | TC Fetch Drive Allos

-
o
L=l

10 11 1213 14 151617 18] 19 20
Sch | Sch | Sch Disp Disp| RF | RF | Ex |Flgs Br Ck Drive

-g
g




Buffer Allocation &

Register Rename

Instruction Queue (for |
critical fields of the uOps )

General Instroction Address
Memaory Instruction Address Queu

(queues register entries and latency
fickds of the vOps for scheduling)

Floating Point, MMX
Renamed Register File
12K entries of 128 bit

uOp Schedulers

FI" Move Scheduler.
(828 dependency matrix)

Parallel (Matrix) Schedaler
for the two double pumped ALL's

General Floating Po
Slow Integer Scheduler
(3x8 dependency malrix)

Load / Store uOp Schedul
(8x8 dependency matrix)

Load / Store Lincar Addn
Collision History Table

Integer Execution Core

(U

(2)

(K)}

“)
(5
(6)
n
(%)
9)

uOp Dispatch umt & Replay ©
Dispatches up to 6 uOps / eycle
Integer Renamed Reginter |

128 entrics of 32 bit ¢ 6 status (lags
12 read ports and six wrile ports

Databus switch & Dypasacs 0
from the Integer Register File
Flags, Wnite Back

Double Pumped ALU U
Double Pumpod ALL |

Load Address Generator Unit
Store Address Generator Lo
Load Buller ( 48 entres )

(10) Store Bufler ( 24 ontries )

Intel Pentium 4 Northwood

Execution Pipeline Start

Register Alias History Tables (2x120) Micro code Sequencer
Register Alas Tables  uOp Quei Micro code ROM & Flasn

S RPN Y SR

Instruction Trace Cache Trace Cache Access.

next Address Predict

Trace Cachie Distributed Tag comparatorns
Fill Buffers 24 bat virtual Tags

R (et BN ol P

™/
T'race Cache Branch Predict
Table (BTB), 512 entries

Retum Stacks (2x16 cnines)

Trace Cache next Iy (2x)

- i Miscellancous Tag Data
oaling

Point

{\A_l-jil

\ 8 Y =

Instruction Decoder

Up 10 4 decoded uOps

(from max. one x86 istr/'cycle)

Instructions with more than four
" e — are handled by Micro Sequencer
Trace Cache LRU buis

Raw Instruction Bytes

— | Data TLB, 64 entry fully

! N . — oAl - associative, between threads

{ Y I dual ported (for loads and stores)

Floating
Poim

and
Inleger e

Instruction Fetch
from L2 cache and
Branch Prediction

Front End Braoch Pre
Tables (BTB), sharcd, 4096
entries in total

Instruction TLE's 2x04
: fully associative for 4k and AN
| ] pages. In: Virtual address [31:12)
. Out: Physical address [35:12] +
(TN &

2 page level bits
LZ;Caclle S s

81T i

! Lina
" Emapler.
Bullirs

Front Side Bus Inter-
face, 400..800 MHz

ro— -

(11) ROB Reorder Huller Sxil ¢
(12) 8kByte Level | Data cache
four way set associative, IR/1W

(13) Summed Address Index docode and §
(14) Cache Line Read / Write Tmnsfctburlcn and
256 bit wide bus to and from 1.2 cache

April 19, 2003 www.chip-architect.com



General-purpose Processors

» Multicore Processors

= Potential of providing higher execution performance by
exploiting parallelism

» Especially useful in high-performance embedded systems,
e.g. autonomous driving
= Disadvantages and problems for embedded systems:

* |ncreased interference on shared resources such as buses and
shared caches

* Increased timing uncertainty
« Often, there is limited parallelism in embedded applications



Multicore Examples

Memory Controller

Shared L3 Cachelt - ’

‘,'. f
Reviewston

|
|

4 cores

10



Multicore Examples

:f,. SPARC SPAR
C'bre Core.
:JSPARC|SPARC
il :Core | Core.

k5
b
o
(1°)
ey
=
D
72

Oracle Sparc TS

11



System Specialization

» [he main difference between general purpose highest
volume microprocessors and embedded systems is
specialization.

» Specialization should respect flexibility

» application domain specific systems shall cover a class of
applications

= some flexibility is required to account for late changes,
debugging
» System analysis required

= |dentification of application properties which can be used for
specialization

» quantification of individual specialization effects

12



Example: Multimedia-Instructions

Multimedia instructions exploit that many registers, adders etc are
quite wide (32/64 bit), whereas most multimedia data types are
narrow (e.g. 8 bit per color, 16 bit per audio sample per channel)
& 2-8 values can be stored per register and added.

64 bits

64 bits

word 3

word 2

word 1

word 0

word 3

word 2

word 1

word 0

64 bits

—

word 3

word 2

word 1

word 0

boundaries.

+
/ 4 additions per instruction;

carry disabled at word

14




Example: Heterogeneous registers

Example (ADSP 210x):

P

+ D

AX] [AY X [WY
Address- [CAF 4 [MF]
registers ‘ 4—’
A0, A1, A2 ..
Address v + -
generation AR ] E )
unit (AGU) (MR ]

Different functionality of registers AR, AX, AY, AF,MX, MY, MF, MR

15




Example: Multiple memory banks or memories

lep] )7
- Iw Yy : X >
AX] [AY WX ] (WY
Address- [CAF I« [MF]
registers | ‘ ‘
A0, A1, A2 ..
+- /
Address v + -
generation E}Fj E )
unit (AGU) (MR ]

Simplifies parallel fetches

16



Example: Address generation units

« Data memory can only be fetched

Example (ADSP 210x):

with address contained in register file
A, but its update can be done in

instruction l

Y?
address

register /T//;\

file A

data
memory

parallel with operation in main data
path (takes effectively 0 time).
» Register file A contains several
precomputed addresses A[il.
» There is another register file M that
modify ~ contains modification values M[j].
register
fleM « Possible updates:
M[j] := ‘immediate’
Ali] := A[i] £ M[j]
All]l =A[i] £ 1
All] :=A[i] £ ‘immediate’
Al[l] := ‘immediate’

17



Example: Modulo addressing

Modulo addressing: sliding window

Am++ =Am:=(Am+1) mod n
(implements ring or circular
buffer in memory)

o
x[t1-1]
X[t]: value X[t1]
accessed < Xx[t1-n+1]
at time t X[t1-n+2]
o

18



Application specific processors:
microcontrollers

19



Control Dominated Systems

» Reactive systems with event driven behavior

» Underlying semantics of system description (“input model
of computation”) typically (coupled) Finite State Machines

or Petri Nets

/O
51gnals
=—
/ output
signals
B S
output

signals

20



Microcontroller

» control-dominant applications

= supports process scheduling
and synchronization

= preemption (interrupt),
context switch
» short latency times

» low power consumption

» peripheral units often
iIntegrated

» Suited for real-time
applications

8051 core

SIECOS51 (Siemens)

21



Microcontroller as a System-on-Chip

processor 8K8 ROM
80C51 (87C552 8K8
—»| 15 - vector EPROM)-
— mterrupt 256 x 8 RAM
—» | timer 0 (16 bit) A/DC
—»| timer 1 (16 bit) 10 - bit
—> :
— 21]11265‘[2) PWM
—> 1
= UART
—»| watchdog (T3) I:C
parallel ports 1 through 5

¢ 80 88 00 4

IRIR AR 2

complete system

timers

[?C-bus and par./ser.
interfaces for communi-
cation

A/D converter

watchdog (SW activity
timeout): safety

on-chip memory

interrupt controller

Philips 83 C3552: 8 bit-8051 based microcontroller

22



Application specific processors:
DSP & VLIW



Data Dominated Systems

» Streaming oriented systems with mostly periodic
behavior

» Underlying semantics of input description e.qg. flow
graphs (“input model of computation”)

**T— ; 0 e 0 e T e
E]"i " B: buffer
2

» Application examples: signal processing, control
engineering

24



Digital Signal Processor

» optimized for data-flow applications

» Suited for simple control flow

» parallel hardware units (VLIW)

» Specialized instruction se
» high data throughput

» zero-overhead loops o
» Specialized memory
» Suited for real-time

applications

t Figure 2-1. TMS320C62x/C67x Block Diagram

Program RAM/cache
32-bit address

256-bit data

Data RAM

32-bit address
8-, 18-, 32-bitdata

EMIF 512K bits RAM

512K bits RAM

Program/data buses

. » | _Multichannel
(A T1/E1) buffered

Power management

'C6000 CPU core DMA
Program fetch | Control cr':af?\lrj'n:all
. isters
Instruction dispatch rogs or
Instruction decode Control EDMA
1 logic (18
Data path 1 Data path 2 ] channel)
[Aregister file | | [ B registerfile || TeS! S
O - I Emulation J1
L 4 . 4 Y Y L 4 . L 4 Y
L1[S1[m1[D1] | [L2]52]M2[D2] | Interrupts Ex8
or
Host
port

JTAG test/
emulation
control

. 1 Multichannel
~A(T1/E1) buffered

serial port

serial port

AL
AL

Timer

PLL clock
{ generator

25



MAC (multiply & accumulate)

sum = 0.0;
for (i=0; i<N; i++)
sum = sum + al[il *b[i];

zero-overhead loop

(repeat next instruction N times)
LDF 0, RO

N
o RPTS N
MAC - Instruktion — MPYF3  *(ARO)++, *(AR1)++, RO

|| ADDF3 RO, R1, R1

TMS320C3x Assembler
(Texas Instruments)

26



Very Long Instruction Word (VLIW)

Key idea: detection of possible parallelism to be done by
compiler, not by hardware at run-time (inefficient).

VLIW: parallel operations (instructions) encoded in one long word
(instruction packet), each instruction controlling one functional
unit. E.g.:

= instruction packet =

instruction 1

instruction 2

instruction 3

instruction 4

v

!

v

v

floating point
unit

integer
unit

integer
unit

memory
unit

27



Explicit Parallelism Instruction Computers

The TMS320C62xx VLIW Processor as an example of EPIC:

31 031 031 031 031 031 031 O

o i1 1 o i1 g 0
Instr.  Instr.  Instr. Instr.  Instr. Instr. Instr.
A B C D E F G
Cycle Instruction
1 A
2 B C D
3 E F G

28



DDR SDRAM

Example: NXP TriMedia TM1000

MAIN MEMORY

INTERFACE
o
o VIDEO IN QVCP/LCD & CCIR656, HD,
CCIR656 5 5 VGA., LCD,
o}
ordata T | § csjj——> @
z FAST GENERIC FAST GENERIC =
>
= PARALLEL IN PARALLEL OUT o}
125 audio AUDIO IN AUDIO OUT » 125 audio
SPDIF audio SPDIF IN SPDIF OUT » SPDIF audio
Ethernet 10/100 JTAG
MAC « 10 /100 MAC TRIMEDIA SW DEBUG >
27 MHz (== BOOT, RESET, CLOCKS VIDEO SCALER
XTAL =T . 2 AND DE-INTERLACER
12c - MISC /O, TIMERS, 2D DRAWING ENGINE
COUNTERS, & <«
GPIO SEMAPHORES
VLD COPROCESSOR
INSTR
ACH
TM3260 CACHE DVD DESCRAMBLER
CPU
DATA -
S PCI INTERFACE » PCUXIO bus
' MSED98

INTERNAL BUS



Programmable hardware: FPGA

30



FPGA - Basic Strucutre

» Logic Units Logi
» 1/O Units T
> Connections 1/0 block —

T

31



FPGA - Classification

» Granularity of logic units:

= Gate, tables, memory, functional blocks (ALU, control, data
path, processor)

» Communication network:
= Crossbar, hierarchical mesh, tree

» Reconfiguration:

* fixed at production time, once at design time, dynamic during
run-time

32



Floor-plan of VIRTEX Il FPGAs

!

Configurable Logic
Configurable Logic

/

Programmble |/Os

Digital clock manager

I/O Blocks

33
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Virtex _
Logic Cell

y

SOPIN —> I\| ‘CEE\Y
o | | D —> SOPOUT
Sgﬁgﬂl-gort YBMUX YB
ift-Reg —
I 2 | M8X0Y|
63 = a3 O
G2 —> A2
CJROM |
Wl = 1 WG4 D ﬁ GYMUX
G =Y
WG3 > WG3 ) D J o
wG2 — WG2 MC15 XORG <1 DY--!
WG > WG1 —l OFF
WS DI
CILATCH
ALTDIG > \l .
) G DYMUX D al—r—a
7;DMULTAND Prop Gelee ¥
—|BY CYOG CLK— CK
l:_ SR REV
BY D—E ._D T
L
SLICEWE[2:0] WSG SHIFTOUT SR
— WE[2:0) —DIG
WE
| CLK MUXCY
WSF ®)

CLK

SR

Shared between

x & y Registers

L

;

[© and source: Xilinx Inc.: Virtex-Il
Pro™ Platform FPGAs:
Functional Description, Sept.
2002, /lwww._xilinx.com]
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Example Virtex-6

» Combination of flexibility (CLB’s), Integration and
performance (heterogeneity of hard-IP Blocks)

clock distribution logic (CLB)

interfaces
(PCI, high speed)

550K
Logic Cell

Device memory (RAM)

100000000w000000DE
100000006 00000008
(0000000M=0000000F
00000000 N000000DED

_ 0 00
DSP slice/m; T fast communication

goo
I
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MAXIMUM CAPABILITY ‘ VIRTEX-7 FPGAS

Logic Cells
Block RAM

DSP Slices

Peak DSP Performance (symmetric FIR)
Transceiver Count

Peak Transceiver Speed

Peak Serial Bandwidth (full duplex)

PCI Express® Interface

Memory Interface

1/0 Pins

1,955K

85Mb

5,280

6,737 GMACS
96
28.05Gbps
2,784Gbps
Gen3 x8*

1,866Mbps

1,200

Virtex-6 CLB Slice

SAHI
__D—D gsm_o o Reset Type
OINIT1 — "
CouT —CE om0 o Sync/Async
n —{ S[Fi OFFILAT
| \
- = | - [DMX
: D p D
06 | 5 _ O
1 0 FF/LAT
05 DX O INIT1 ab—{—oDbDa
p ©CINITo
o CE B SALtO
I oSRHI — o
Mcat] ‘ j»D oSALO |~ — cK
; oiNT1T Qf— sp
—CE oINTo
—CK SR
_P — T ™
/ =\ l o CMUX
iz ] — ]
: D _
o e Oc
05 4 X ST
a
oi p oimo [ =CQ
SRET
MC31 |—— R nSRHI o
—= _<D—D aSRLO < H™
—_— olNIT1 Q
—gﬁ aiNMo
— SR |
— T ™
L { > BMUX
iz —
: D / B
o8 | -y =
05 1 o FF/LAT
BX p GINTT o >80
ot |+ oINITo
CK L | | ce oSAHI
WEN MCa1 - iD*D “EEE& | ok n::Lo
B QINT1 o
L —CE niNTo
—CK &g
’—| | ™
A D] :[] 7/—_’:%‘ o AMUX
2
AB:1 [D— AB:A1 'I-—)D _l—/
— We:W1 A
1A
& ) A
(=]
D anmo @ -
ck D L | | cc 0SAH
WEN MC31 — | L | ok B SRLO
AID—‘ | }j SR
o1
SR {} |
CED )
CLK > 4 ;“
| U
|—WEN
= CIN
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Configurable System-On-Chip

Example:

Altera's SoC
FPGA integrates a
dual-core ARM
Cortex-A9
processor system
with a low power
FPGA fabrics

Gen2 x4 (hard)
2x 10/100/1000 Ethernet Memory bandwidth >170 Gbps Gen2 x8 (soft)
2xUSB 2.0 OTG

161 to 216 /IO

Processor/FPGA boot flexibility

eIl

oo ] |
—

>12
Hard Processor System“ 28-nm FPGA |mer;pnmct

Upto#® x<06hps
Up to 30 x 6 Gbps

|
_ I
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Application Specific Circuits (ASICS)

Custom-designed circuits necessary
= if ultimate speed or
= energy efficiency is the goal and
» large numbers can be sold.

Approach suffers from
* l]ong design times,

» Jack of flexibility
(changing standards) and

* high costs
(e.g. Mill. $ mask costs).

38



Power aware design &
scheduling

39



PCs: Problem: Power density increasing

Sun’s

vl Prescott: 90 W/cm?,
90 nm [c't 4/2004]
Hot plate Pentium Il ® processor
Pentium Il ® processor

Pentium Pro ® processor
Pentium ® processor

€i486

o~
£
o
wn
=
©
=

-l
=]

.50 Ip 0.7p 0.5p 0.35p 0.25p 0.18u 0.13u 0.1p 0.07p

Surpassed hot-plate power density in 0.5

Not too long to reach nuclear reactor

© Intel
M. Pollack,
Micro-32




PCs: Surpassed hot (kitchen) plate ...?
Why not use it?

Strictly
speaking,
energy is not
“‘consumed”,
but converted
from electrical
energy into
heat energy

*e  http/iwww.phys.ncku.edu.tw/
ubgdor % ~htsu/humor/fry_egg.html




Implementation Alternatives

Performance
Power Efficiency

* FPGA (field-programmable gate arrays)

[ coneratpurpose processors |
—

Application-specific integrated circuits (ASICs)

Flexibility

42



The Power/Flexibility Conflict

_ Operations/Watt
[IMOPS/mW]

DSP-ASIPs
uPs

poor design
techniques

Technology
1.0p 0.5u 0.25y4 0.13p 0.07u
Necessary to optimize HW and SW.
Use heterogeneous architectures.
Apply specialization techniques.

43



Power and Energy are Related

E:/Pmﬁ

E

t,

In many cases, faster execution also means less energy, but
the opposite may be true if power has to be increased to allow
faster execution.

44



Low Power vs. Low Energy

» Minimizing the power consumption is important for
» the design of the power supply
* the design of voltage regulators
* the dimensioning of interconnect

» cooling (short term cooling)

* high cost (estimated to be rising at $1 to $3 per Watt for heat
dissipation [Skadron et al. ISCA 2003])

* limited space
» Minimizing the energy consumption is important due to
= restricted availablility of energy (mobile systems)
* |imited battery capacities (only slowly improving)
= very high costs of energy (solar panels, in space)
* |ong lifetimes, low temperatures



Dynamic Voltage Scaling (DVS)

Power consumption of CMOS
circuits (ignoring leakage):
o \
P ~ OéCLinzd i

_____ /

Vaa :supply voltage

Qo . switching activity
Cr  :load capacity
f . clock frequency

Delay for CMOS circuits:

Vid
(Vaa — Vr)?

T ~ (O

Vaa :supply voltage
Vr  :threshold voltage
Vi < Vg

Decreasing V , reduces P quadratically (f constant).
The gate delay increases reciprocally with decreasing V, .
Maximal frequency f__, decreases linearly with decreasing V.

46




Potential for Energy Optimization: DVS

P ~ OfCLVdef
E ~ OéOLVdeft = OiCLVde (#CYCIQS)

Saving energy for a given task:

— Reduce the supply voltage V_,
— Reduce the number of cycles #cycles

47



Example: Voltage Scaling

50MH

5 50f 150
cr% | Maximum Clock Frequency
RS 140
>
® 30r 130
20t | Energy Consumption 120
10 ¢ | | | , {10
2.5 3.0 35 40 45 5.0
[Courtesy, Yasuura, 2000] Vdd

[ZHIA] Aouonbaij yoo1)



Use of Parallelism

:f""' EA E>

max

Lo

49



Use of Pipelining
i

EA

fmax

Lo

E ~ V3 (#cycles)

bp = %El

NS

Eo
V, /2 |
fg2 |/

==

50



VLIW Architectures

» Large degree of parallelism
* many computational units, (deeply) pipelined
» Simple hardware architecture

= explicit parallelism (parallel instruction set)

» parallelization is done offline (compiler)

-

instruction packet

e

instruction 1

instruction 2

instruction 3

instruction 4

y

¥

v

v

floating point
unit

integer
unit

integer
unit

memory
unit

o1



Spatial vs. Dynamic Voltage Management

Slow
Module [
1.3V 50MHz Standard
Modules
1.8V
100MHz

Not all components require
same performance.

Normal Mode
1.3V
50MHz

Required performance
may change over time

52




DVS Example: a) Complete task ASAP

Via [ V] 50 4.0 25
Energy per cycle [nJ] 40 25 10
fmax [MHZ] 50 40 25
cycle time [ns] 20 25 40

Task that needs to execute 10° cycles within 25 seconds.

a) [V3 , 109 cycles@50 MHz E.= 109 x 40 x 109
52 =40 [J]
42 — deadline
252 I
| | 1 | =

5 10 15 20 25 t[s]
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DVS Example: b) Two voltages

Vaia |V] 50 4.0 2.5

Energy per cycle [nJ] 40 25 10

,ﬁnax [MHZ] 50 40 25

cycle time [ns] 20 25 40

b) [V ) 750M cycles @ 50 MHz + 250M cycles @ 25
5* E,= 750 105 x 40 x 10°
42 _ +250 106 x 10 x 10°°
| =32.5[J]
2.5% —
| | | =

5 10 15 20 25 t[s]
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DVS Example: c) Optimal Voltage

C)

E.=10°x25x 109

Via |V] 50 4.0 2.5
Energy per cycle [nJ] 40 25 10
fmax [MHZ] 50 40 25
cycle time [ns] 20 25 40
V2
£—,2 ] _A 109 cycles@40 MHz =25 [J]
42
2.5% —
| | | I =

5 10 15 20 25 t[s]
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DVS: Offline Scheduling on One Processor

» Let us model a set of independent tasks as follows:

= We suppose that atask v, e V
* requires c¢; computation time at normalized processor frequency 1
* arrives at time a;
 has (absolute) deadline constraint d,

» How do we schedule these tasks such that all these tasks
can be finished no later than their deadlines and the
energy consumption is minimized?

= YDS Algorithm from “A Scheduling Model for Reduce CPU

Energy”, Frances Yao, Alan Demers, and Scott Shenker, FOCS
1995.”

If possible, running at a constant frequency (voltage) minimizes the
energy consumption for dynamic voltage scaling.
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YDS Algorithm for Offline Scheduling

1] :
2 R
I S
ettt
0 4 8 12 16

» Define intensity G([z, z‘]) in some time interval [z, Z]:

= average accumulated execution time of all tasks
that have arrival and deadline in [z, Z] relative to

the length of the interval z'-z

V'([2,2)]) ={vi €V : z2<a; < d; <2}

G(lz.7) = >

ci/(z' — 2)

v, €V'([2,2'])

0,8,2

w
]

10,14.6

12,17,2

S7



YDS Algorithm for Offline Scheduling

» Step 1: Execute jobs in the interval with the highest intensity by using
the earliest-deadline first schedule and running at the intensity as the
frequency.

1] 5 3,65 |
4 | 263 |
(|)| :Iﬁll-lll[8llll1l2||l1l6l i time -

G([0,6]) = (5+3)/6=8/6, G([0,8]) = (5+3+2)/ (8-0) = 10/8, 10.14.6

G([0,14]) = (5+3+2+6+6)114=11/7, G([0,17]) = (5+3+2+6+6+2+2)/17=26/17

G([2, 6]) = (5+3)/(6—2):2| G([2,14]) = (5+3+6+6) / (14-2) = 5/3,

G([2,17]) = (5+3+6+6+2+2)115=24/15
(
(
(

G([3,6]) =5/3, G([3,14]) = (5+6+6)/(14-3) = 17/11, G([3,17])=(5+6+6+2+2)/14=21/14
G([6,14]) = 12/(14-6)=12/8, G([6,17]) = (6+6+2+2)/(17-6)=16/11
G([10,14]) = 6/4, G([10,17]) = 10/7, G([11,17]) = 4/6, G([12,17]) = 2/5
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YDS Algorithm for Offline Scheduling

» Step 1: Execute jobs in the interval with the highest intensity by using
the earliest-deadline first schedule and running at the intensity as the

frequency.

48 12 16 time

I U I I
8 12 16

0,8,2

w
4

10,14,6

12,17,2
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YDS Algorithm for Offline Scheduling

» Step 2: Adjust the arrival times and deadlines by excluding the
possibility to execute at the previous critical intervals.

5

6 |
| 6146 | | 2106 |
[ e T 1T 1T T 1T 1T 11 time
0 4 8 12 16 10,146 | == | 6,106

12,17,2 8,13,2

et r et
0 4 8 12 16 time



YDS Algorithm for Offline Scheduling

» Step 3: Run the algorithm for the revised input again

>
>
b

6,10,6

>

T T T T T T T I T T T 1T T 1]
0 | 4 8 | 12 16 time

G([0,4])=2/4, G([0,10]) = 14/10, G([0,13])=18/13 8,13,2

| G([2,10])=12/8,|G([2,13]) = 16/11, G([6,10])=6/4
G([6,13])=10/7, G([7,13])=4/6, G([8,13])=4/5

5
I_!_HIIIIHHH’
8 12 16

0 4 time




YDS Algorithm for Offline Scheduling

» Step 3: Run the algorithm for the revised input again
» Step 4: Put pieces together

frequency 0,4

T 1T 1T 1T time
0 4 8 12 16 8.13.2

N

frequency
0,2,2 | >
3 7 |
time
0 4 8 12 16
V4 'z V3 Vy V5 Ve Vo

frequency 2 2 1 1.5 | 1.5 | 4/3 4/3




DVS: Online Scheduling on One Processor

1 frequency

16 time

4 8 12

» Continuously update to the best schedule for all arrived tasks

Time 0: task v; is executed at 2/8
Time 2: task v, arrives

« G([2,6]) = 74, G([2,8]) = 4.5/6=3/4 => execute v, at %
Time 3: task v, arrives

« G([3,6]) = (5+3-3/4)/3=29/12, G([3,8]) < G([3,6]) => execute v, and v, at 29/12
Time 6: task v, arrives

+ G([6,8]) = 1.5/2, G([6,14]) = 7.5/8 => execute v; and v, at 15/16
Time 10: task v; arrives

« (([10,14]) = 39/16 => execute v, and v at 39/16
Time 11 and Time 12

« The arrival of vg and v; does not change the critical interval
Time 14:

+ G([14,17]) = 4/3 => execute vz and v, at 4/3

0,8,2

10,14.,6

12,17,2
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Remarks on YDS Algorithm

» Offline

* The algorithm guarantees the minimal energy consumption
while satisfying the timing constraints

= The time complexity is O(N°), where N is the number of tasks in
4

« Finding the critical interval can be done in O(N?)
* The number of iterations is at most N/
= Exercise:

» For periodic real-time tasks with deadline=period, running at
constant speed with 100% utilization under EDF has minimum
energy consumption while satisfying the timing constraints.

» Online

= Compared to the optimal offline solution, the on-line schedule
uses at most 27 times of the minimal energy consumption.
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Dynamic Power Management (DPM)

saving states

Requires Hardware Support
Example: StrongARM SA1100

Dynamic Power management tries to assign optimal power

RUN: operational

IDLE: a SW routine may stop
the CPU when not in use,
while monitoring interrupts

SLEEP: Shutdown of on-chip
activity

400mW

-

10ps

RUN }

160ms
O0us 64mJ
1OHS 36HJ
4ud

[ IDLE } 90us SLEEP

S0mW

opd 160|JW
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Reduce Power According to Workload

application states

| | shut down wake up
- 1
busy ! waiting I busy
1 |
| |
4} : : '
Tbs

power states

To4: shutdown delay T,.- Wakeup delay

T,: time before shutdown

Desired: Shutdown only during long idle times
-> Tradeoff between savings and overhead
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Procrastination Schedule

% frequency
3 —

critical frequency: 1.5

2_
1m m
™ I
0 4 8 12 16

time

YDS algorithm, rounded up

procrastinate scheduling

» EXxecute by using voltages higher or equal to the critical voltage only

= apply YDS algorithm

* round up voltages lower than the critical voltage

» Procrastinate the execution of tasks to aggregate enough time for

sleeping

* Try to reduce the number of times to turn on/off

» Sleep as long as possible

A separate problem: how to choose the critical voltage (V. = F.)

0,8,1

]
-

10,14,2

15,17,2
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Cnacunbo 3a BHMMaHue!
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NMHPOPMALIUMOHHO-YIMPABJIAOLWMNE CNCTEMDI
PEAJIbHOI'O BPEMEHW

Jlekuuns 6:
OyeHKa HanxygLiero BpemMeHM BbINMOJTHEHNS
nporpamm (WCET)

Kadeapa ACBK,
JlabopaTopus BbelumncnntenbHbix Komnnekcos
banawios B.B.



[louemy BaxkeH WCET

o Bpems Bbiro/IHEHMS MPOrPaMM UFPAET KIHOUYEBYIO
POJIb MPU aHAIN3Ee CUCTEM PeasibHOrO BPEMEHMU

e DTO BPEMS, HanpuMep, BCTpeYyaeTcs B hOpMyne:

Hanxyniee Hawnxymiee Bpems
BpeMsI OTKJIMKA Hepnoz[ BBITIOJTHCHHUA
P( l)

C' 2

OTtkyna 6epyTcs 3HayeHus C;, C;



[pocTenuas BblYMCANTENbHAA 3a4a4a

BXoAHble AaHHble JOCTYMHbl B MOMEHT
cTapTa

BbIXOAHbIE AAHHbIE FTOTOBbI B MOMEHT
3aBepLieHus

HeT 6110KMPOBOK B NMpoLiecce BbIMOHEHUS

HeT CMHXpOHM3aLMK nnn obMeHa
NAHHbIMU B NPOLIECCE BbINOSIHEHUS]

BpeMFI BbINMOJIHEHNA 3dBUCUT TOJ1IbKO OT.
— BXOZAHbIX AAHHbIX

— COCTOSIHMS 3a/1a4M B MOMEHT CTapTa
(BHELLUHME BO3AENCTBUSA OTCYTCTBYIOT)

Bxonnblie
JTaHHbIE

CocrosHue

3agaua

CocrosHue
Brixoansie

JaHHBIC



Hauxyalwee (MakcMManbHoe) BpeMms
BbIMNO/IHEHUS

Hanxyalwee BpeMs BbINOSIHEHUS NPOrpaMMHOIoO KoAa
(worst case execution time, WCET) — 310
MaKCcMMasibHOe BpeMs, KOTopoe TpebyeTcs ans
BbIMOJIHEHMS

* AHHOIro0 oparMeHTa Koaa
* B JaHHOM KOHTeKCTe (BXOAHble laHHble, COCTOSIHME)
* Ha 3alaHHOM annapaTHOM BblunCUTENE



BpeMFI BbINOJIHEHNA. TEPMUHOJ10I A

3 : :
= . .
Qo . .
= u -
Q " B
< - :
=) . _
N . .I : > t

BCET Makc. WCET BepxHsis

HaOnMrogaeMoe OLIEHKA

BpeMA WCET

BBIITOJIHCHU

BCET — best-case execution time (MUHEMaIBHOE BPEMSI BBITIOJTHCHHS )
WCET — worst-case execution time (MakcuMaabHOS BPeMs BBITTOJTHCHUS )



AHanns WCET

Llenb aHanu3a WCET: oLeHUTL CBepXY BpeMs
BbIMNOSIHEHNA parMeHTa Koaa

> oueHka WCET pomkHa bbiTb 6e30nacHom
(HegonycTMMo owmnbaTbCA B MEHbLLYIO CTOPOHY)

> oueHka WCET pgomkHa bbITb 4OCTAaTOYHO TOYHOU (eé
3aBbILLIEHHOCTb MPUBEAET K U3NULLIHEMY
pe3epBMpPOBaHUIO PeCcypcoB CUCTEMbI)

> 3aTpaTbl BbIYNCIIUTENbHbIX PECYPCOB Ha aHau3
NOMKHbI ObITb Pa3yMHbIMY




N3mepeHne WCET

M orcerspoen | —
3amycTUTh 3a7a4y Ha 1eJIEBOM 000pyI0BaHUU
—

| Oucnxa WCET |




d

d

[loyeMy HeNnb3s NPOCTO U3MEPUTDH
WCET?

3aMep BpPEMEHW BbIMNOSTHEHWUS Ha MNyTSX BbIMNOSHEHMS
PEasIMCTUYHOM NPOrpaMMbl — Ha NPaKTUKE

[Mpy onpeneneHnn TeCTOBOM BbIBOPKM MOTyT ObiTb
BbINosiHeHUs (06paboTka OLWNBOUHbIX
CUTyauum un T.n.)

BbibpaHHble TeCcToBble AaHHbIE
(no BpeMeHn) BbINO/IHEHUS

BHyTpeHHee Ha MOMEHT CTapTa
U3MEPEHNN MOXET He ObiTb HaNXYALWNM

[MpocTble 3aMepbl MOTYT MNOCY>XWUTb UCTOYHMUKOM
nepBoHa4vanbHou (rpybon) HmxHer oueHkn WCET



Ctatnyeckunt aHanns WCET

[pn ctatndeckoM aHanmnse WCET BblUMCNAETCA BEPXHAS OLIEHKa
BpEeMeHW BbINOSIHEHNS (hparMeHTOB KoAa

MoaenupyroTca annapaTHble U NMporpaMMHble CpeacTBa, a
TaKXXe KOHTEKCT BbINO/HEHUS
— [porpaMMHble CpeacTBa: UCXOAHbIM KoA, ABONYHBLIN Koa (C
NPUBSI3KON K OU3NYECKUM aapecaM)

— AnnapaTHble cpeacTBa: npoueccop (B T.4Y. KOHBenep), namaTb (B
T.4Y. K3LW-NaMsTb)

— KOHTEeKCT: Ha4asibHOe COCTOSIHME anmnapaTHbIX U NPOrPaMMHbIX
CpeacTs



Yem onpepensgerca WCET

* BO3MOXHbIe
nocneaoBaTebHOCTU
nencremm 3aaaum (NyTu
BbIMOJ/IHEHUS)

* [1NNTENbHOCTHL BbIMOMHEHUS
Ka)xaoro AencTBusl Ha
Ka)kaoM AonycTuMoM (T.e.
NpaKkTU4eCKn BO3MOXXHOM)
NyTW BbINOJSIHEHUS

3anaqawﬁ

10



Yem onpepensgerca WCET

[MocnenoBaTENbHOCTM AENCTBUS ON PEAENAIOTCA.

e CeMaHTUKOM NporpaMMHoro koaa (cneundunkoun
peanu3auuu, B T.4. annapaTHO-3aBUCMMOW CEMAHTUKOMN)

e BxoaHbIMW A@HHBbIMWU, BO3MOXXHbIMU B IAHHOM
KOHTEKCTE BbIi30Ba MNMporpaMmmsbl

AnvuTenbHOCTb AENCTBUN ONpeaenseTcs:
e AnnapaTHOM peanu3aumen KomaHg rnpoleccopa
e CocTosiHMEM annapaTHbIX CPeACTB, BAUSIIOLLNX Ha
TaUMUHIKN (K3LW-NaMATb, KOHBENEP U T.M.)
— @aKTopbl, BHYTPEHHME O/15 3a4a4n

— BHewHWe hakTopbl — COCTOSAHWE HA MOMEHT CTapTa;
COCTOSIHUE MOC/E BbITECHEHWUS 33/1a4UM

11



[NNTEeNbHOCTb BbINOSHEHUS NyTEN —
MPOCTOU N CNIOXHbIW CNy4Yau

[ANNTenbHOCTb BbIMOSTHEHUA NMYTU K & xt(py)
[MpocTeniias apxuTeKkTypa:

[IMTENBbHOCTb KaXKAOro AeMCTBMS @ — KOHCTaHTa:
xt(p) = Yngit(a;)

PeannuctnyHasg apxuTtekTypa.

ONUTENbHOCTU AENCTBUSI BapbUPYIOTCS:
xt(py) = Xt(aq k)

MpuuKnHbI: KOHBENEp, K3LW-NaMsATb, Napannen3m B
MPOLIECCOPE, ...

12



®a3bl aHann3a WCET

1.AHann3 NOTOKOB.
[Iporpamma
N « OrpaHnunTb (CBEPXY) UnCno
BbIMNO/IHEHWIA Pa3INYHbIX
AHanms (parMeHToB nporpaMmbl (B
KOMIIITTO IIOTOKOB OCHOBHOM, @aHann3 NpPorpamMMHoOM
P COCTaBNSAOLLEN)
| i 2. Hn3koypoBHEBbIM aHanm3
HN3KOYPOBHC
ObEeKTHBI _OvP « OrpaHunuunTb (CBEPXY) BpeMs
BbIN aHAJIN3
Koz BbIMOSIHEHWUS Pa3/INYHbIX
l (bparMeHTOB NporpamMmbl (CoyeTaHmne
Tlencnan aHan13a NporpamMMHoOun u
R BIYHCIICHHUE annapaTHOW COCTaBNSOLMNX)
/ 3. BoluncneHue

O6beanHNTbL pe3ynbTaTbl aHan3a
MOTOKOB U HU3KOYPOBHEBOIO
aHanu3, 4Tobbl NOMTYUYNTb BEPXHIOKD
oueHky WCET

13



[mooree) - Auanua nOTOKOB

OrpaHn4mMBaEeT YNCI0 BbINOMHEHNA Pa3/TNYHBIX
(pparMeHTOB NPOorpaMmmbl (BbIYUCISIET BEPXHIOO
OLIEHKY)

— OUEHKa KOPPEKTHA AJ1A BCEX BO3MOXXHbIX TPacCC

HaJIN3 ITIOTOKOB

BbINOJIHEHNS
HuskoypoBHe .
BRI AHATH3 I e [lpuMepbl NpeaocTaBIAEMON MH(OPMALINN:
— OrpaHunyeHue Ha Yncno uTepaumm LMKNa
— OrpaHun4yeHune Ha rnybuHy pekypcum

— HED,OI'IYCTVIMbIe MyTU BbIMNOJIHEHUA

Bpruncnenue NCTOUYHUKM MHDOpMaLnu:
l — CTaT!YecKni aHann3 nporpamMMmbi

— Py4yHble aHHOTaumMM Koaa

O1eHKa )
WCET 14




[[pad NoOTOKa ynpaB/ieHus

foo(x,1):
while(i < 100)
if (x > 5) then

X = X*2;
else

X = X+2;
end

if (x < 0) then
b[i] = a[i];
end
1 = 1+1;
end

=)

foo()

[\

AXKIBII OJTOK

BITIOJIHACTCA

OCJIIMKOM

]

(o

I/D

\xE

F

YIIPABJICHUS

e6pa<i>nepez[at1

(

\
/

G

end
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[loTOKOBasaA MHPOPMaLUS U

HeAoNyCTUMbIE NyT

foo()

1<i<100 !
22<x<20 !

--- fooxs - ———- '

A:
B:
e

while(i < 100)
if (x > 5) then
X = X#2;
else
X = X+2;
end
if (x < 0) then
b[i] = a[il;
end
1 = i+1;
end

[Tpumep mporpammsl

\ 4

A

\

Uncio urepanuii <100
/

7\

JOMYCTUMBIE TTyTH
(O€CKOHEYHO MHOTO)

\
CtpyKTypHO

C

D I

\

/

E

F

ll / dakTHnyeckun

'. BO3MOYKHEIE
\ #F <10 '|
!
\

/

end

I'pad moroka

yIIPABJICHUS

G Oueunka WCET
3aBBIIIICHA

\

T ———

OT'PAHUYCHHOCYb

(Jratnyecku I0IyCT

Onenka
WCET Ttounas

/7

4
-’

-

ITYTAMH BBIITOJTHCHUSA U IIOTOKOBOM 16

uHpopMaiein



[lpMep: orpaHnyeHmne ymcna
nTepaumm

foo(x,1):
while(i < 100)
1f (x > 5) then
X = X*2;
else
X = X+2;
end
if (x < 0) then
b[1] = a[1];
end
1 = 1+1;
end

OrpaHun4eHne Yncna ntTepaunin:
e 3aBUCUT OT BO3MOXHbIX 3HAYEHUN
BXOAHOW NepemMeHHou [

— Hanpumep, ecn 1 < i < 100, TO
YMCNIO UTEPALIMIN HE NPEBLILIAET
100

e B obuweM cnyyae — 04YeHb C/I0XHas
334a4a

e lIMeeT pelueHne A1 MHOrnx
YaCTHbIX C/y4YaeB (TMMNOB LIMKOB)

TpeboBaHne 6a3oBoM

OrPaHNYEHHOCTU.

e J1Na KaXaoro umkna AOSMHKHO BbiTb
N3BECTHO (BbIYNCIIEHO WU 33[1aHO)
OrpaHNYEHME HA YMCIIO UTEPALINA

17



[puMep: HeaoMnyCTUMbIV
nyTb

foo(x,1): HeponyctuMbin nNyTb:

while(1 < 100) o [lyTb A-B-C-E-F-G He MoXxeT
if (x > 5) then 6bITb BbIMOSHEH, T.K.
o BbINOAHeHKne C UcKoYaeT
X = X*23 BbINOSHeHue F
else e Ecnm (x > 5), TO HEBO3MOXHO,
v e yTtobbl (X * 2) < 0
d ’ HeponyctuMblie nyTH
€n NCKIIOYAIOTCS U3 MHOXECTBa
if (x < 0) then CTaTUYECKU JOMYyCTUMbIX MyTeN
b[i] = a[i]: e DTO MOXET YTOUHUTb OLIEHKY
’ WCET
end
1=1+1;

end 18



ABCTpaKTHas NHTepnpeTaums

OrpaHWYMBaET YNCNO UTEPALMIA LIMKIIOB U BbIBNSIET HEAOMYCTUMbIE
nyTH
— Bbluncnget 6e3onacHyto (pacluMpeHHYH0) OLEHKY MHOXECTBA 3HAYeHUN
KaXX[10M NEPEMEHHON AN Pa3/IMYHbIX TOYEK BbINOSIHEHWUS NPOrPaMMbl

— B xopne AU, nepeMeHHON COMOCTaBNSAETCA HE KOHKPETHOE 3HaY€eHWE, a
MHOYXECTBO 3Ha4eHu («abcTpakTHOe» 3HauYeHue)

[MporpaMMa «BbIMOJIHAETCS» C UCMONb30BaHMEM abCTPaKTHbIX
3HAYEHUN NEPEMEHHbIX

Pe3ynbTaT BbINOMHEHUS: 6e30nacHas (pacluMpeHHas) oLeHKa
MHOXXECTBA AOMYCTUMbIX NMYTEN BbINOSHEHNS

— Bce dakTnyeckn gonyctumble Nyt BXOAST B NOSIyYEHHOEe MHOXECTBO

— Takxxe B HEro MOryT BXoAUTb HEKoTopble (hakTuyeckn HEgonyctumble nyTu

— MyTtn, He BoweAalIMe B NONYYEHHOE MHOXECTBO, FapaHTMPOBAHHO He
AO0MYyCTUMbI

19



OrpaHuv4yeHne ymcna utepauunmn umkna ¢

NoMoLLbIO AW
i = INPUT : Vrenaruis AOCTPaKTHOEAGCTPAKTHOE
d pan COCTOSIHHE BCOCTOSAHUE B (
//i=[1..4] KT P
while (1< 10) { 1 [ i1=[1.4] L
//Touka P [\] 2 1 =13..6] L
L? 3 |i=p5.9 1
i=i+2; | - -
/ 4 i1=[7..9] | i=[10..10]
}_ | ) 1=19..9] | i=[10..11] N Pesynprar:
Y 5 = (111 MUuH. 4HCII0 UTeparmii: 3
L ! 1] L—V Makc. 4nciio utepanmii: 5

1 AHaJ'IVI3l/Ipy}OTCFI BCE BO3MO>XHbl€ MNMYTU BbINOJIHEHNA LIUKJ1A

e B TOUke g cucTteMa MOXET HaxoauTbCa B OAHOM U3 TPEX
abCTPaKTHbIX COCTOAHUM

— OHuM MoryT 6bITb 06beanHEHBI B 0AHO abCTpPaKTHOE COCTOsIHME

20



BbiABneHne HegonycTUMOro Nyt ¢ noMoLbio Al

—————————

A Iyt B>C N

\ - ]
(" HeHOHyCTI/IM N\ _ 7
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TpeyronbHbIN LUK

e [1Ba B/IOXKEHHbIX LIMKNA

tri ang'l e (a y b) . — WTtepaumn B umkne A: He
. 1

loop(i=1..100) oonee 100

o — Wtepauun B umnkne B: He
loop(3=1..100) Gonee 100

1 1] = e Yucno BbINOMHEHUWN BoOKa

al[1,3]=... o
end 'Ioop — Wcxoas n3 orpaHn4eHmmn Ha
end 1 oop 4YMCNo UTepaLnn LUMKNOB:

100 * 100 = 10 000

— @aktnyeckn: 100 + ... + 1
= 5050

=> AHHOTAUMUN KOAa

22



Buabl aHHOTaUMW Koaa

[pocTenLas apxuTekTypa

e (CBefeHus o BbIMOJIHEHMNSA AEeUCTBUN
— TpaHuULbl U COOTHOLLEHUS A/1F YACTOT BbIMOSHEHUS

— HoTauusa: metku (marker), cootTHoweHus (relation), obnacrtu
(scope)

CnoxkHas (peannctnyHas) apxuTekTypa

o (CBeaeHusa 0 YyacCToTe BbIMNOSIHEHUS
NENCTBUN
— WHdopMaunsa o (He)AonyCTUMbIX MyTAX

— HoTtaums: Ha OCHOBe perynsipHbIX BblipaXkeHni, Hanpumep IDL
(path Information Description Language)

23



[puMep aHHOTaALUMK NYTEN

for (i=0; i<N; i++) Bripaxenue s myTu
{ CI10’)KHast aQpXUTEKTYypa:
if (i % 3 == 0) T # X
: N=3K_ (M1.M2.M2)A N/3 | +
M e M1 M2.M2)AN/3] M1+
} s ool M. M2.M2)A N/3 | .M1.M2
if (1 % 3 !=0) N=37k+2
{ M2 [IpocTas apxurekrypa:
} f(M1) = [N/3],
) f(M1) + f(M2) = N

24



Mapkepbl, COOTHOLLEHUS 1 061acTu

SCOPE

{
for (i=0; i<N; i++)
{
MAX_ITERATIONS(N);
for (j=0; j<i; j++)
{
MAX_ITERATIONS(N);

MARKER(M1);

}

}
REL(FREQ(M1) == N * (N+1)/ 2);

25



[lpob6nema cooTBETCTBUSA MEeXAY
MCXOAHbIM U IBOUYHbLIM KOZIOM

e AHan13 NOTOKOB MNpoLLEe NPOBOANTL HA YPOBHE MCXOAHOro KoAaa
— bonee dAcHag ceMaHTUKa KoAda

— MMpolie nony4nTb NOTOKOBYIO MHpopMaumio (M Ans NporpaMMUCTa, U ANs
aBTOMaTUYECKMX UHCTPYMEHTOB)

e Hu3KOypOBHEBbLIM aHanNn3 paboTaeT C ABONYHBLIM KOAOM, (PaKTUYECKM
BbIMOJIHSIEMbIM Ha MpoLeccope

e Kak oT06pa3nTb NOTOKOBYIO MH(POPMALINIO C YPOBHSA MCXOAHOIO KOAa
Ha ABOUYHbIN KOA?

int 1=0; S
e 0111111010010111 Lne i B
Uncro while (i<100) o110010100101001 | oo
npoBepok: 101 { 1001010100111010 '
. 1001010011111110
i++; 1010010101010100
} 1001010101010101

26
M cXonHBIN KO JIBOMYHBIN KOJI



[MpobneMa cooTBETCTBUSA MEXAY UCXOAHbIM U
NBONYHbIM KOJOM

KoMnunaTtopbl 4ng BCTPOEHHbIX CUCTEM peasibHOro BPEMEHW BbINOHAOT FJ'IY6OKYlO

onTMMM3auunio KoAaa

—  Hy>XHO YNOXUTbCS B OFPaHNUYEHNS MO BPEMEHN N 06bEMY NMaMSTH

OI'ITVIMVIBE]LI,VIVI MOryT CylweCcrBEHHO U3MEHUTb pa3MELLEHNE KOAa U AdHHbIX
— B pe3synbTaTte onTuMM3auuin NOTOKOBast MHOpMaLIMs C YPOBHS UCXOAHOrO KOAa CTAaHOBUTCS

HenpMMeHNMOoM
PeweHuns:

— PeanusoBaTb B KOMNUAATOPE CpeaCTBa OTOOpaXKeHMS MOTOKOBOM MHMopMaLmn (HEAOCTUKMUMBIN

naean)

— Wcnonb3oBaTb KOMNWUASILMIO C OTNAA0YHON MHDOpMaumen (paboTaeT TOMbKO Npu OTCYTCTBUM UK

C MMHMMYMOM ONTUMU3ALIMN)

— [nsa cuctem ¢ 60nbWKMM 06BEMOM NAMSATU — HE npon3soanTb ONTUMMU3aUnUKN KOAa C LESbIO

COKpaLleHns obbemMa

— [poBoAUTb NMOTOKOBLIN aHaNM3 Ha AIBOMYHOM Kojle (TaK Yalle BCEero 1 AenatoT)

AHaJIM3 MTOTOKOB: . .
int 1=0;
IIPOBEpKa
BeIimoHsgerca 101 )

pa3

Kommuisitop: B

it++4;
HavaJie IMKIa )
rapaHTUPOBAHO
i : O L B

while(i<100) {

J1o onTuMH3aLu

=N

int i=0;

do { IIpoBepka
.o BeITToTHsAeTcs 100
i++4; pas

} while(i<100)

“oo 27
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| tporpasnva) HW3KOypOBHEBbLIN
l aHanu3

HaJIN3 [IOTOKOB .
s OrpaHnyunTb BpeMsi BbIMOSIHEHUST Pa3/INYHbIX
(pparMeHTOB NporpamMmsl

O OcHoBHasd 3agaya 6onbLen YyacTn nccneaoBaHum no
WCET

< Wcnonb3oBaTb MOAENb LIENIEBOW annapaTypbl

O He Tpebyetca MoaennpoBaTb BCe NOAPOOHOCTU
paboTbl annapaTtypol

Q lMNpwn a3TOM HeobxoanMMo be3onacHo (CBepxy) OLIEHUTb
BCE 3aJlepXKKN Npun paboTe annapaTtypbl

% lMpnMMeHaeTCca K CKOMNOHOBAHHOMY IBOMYHOMY KOAY
l (ncnonHseMon NporpaMme)

OrneHka )
WCET 28

—

HuskoypoBHe
BBII aHAJIN3

Beruucienue




L)

*

L)

*

L)

L)

L)

*

[IpobnemMbl MOaennpoBaHUs annapaTypbl

BbicOKkasi CNOXXHOCTb MOAENMPOBAHNSA BHYTPEHHEN paboTbl NpoLECccopa

— KoHBelep, npeackasaHne BETBIIEHUM, CYNepCKansipHOCTb, BHEOUEpeaHOe
BbIMOJIHEHME...

BbicoKast CNOXXHOCTb MOAENMPOBAHUS EPAPXUYECKON NaMSATH
— HeobxoanMo feTanbHOEe MOAETMPOBAHNE K3LI-NAMATH
— [pyrvie BUAbI NAaMATU TakXKe ABNSIOTCA UCTOYHMKOM 3a[epKeK

MHorve acnekTbl MYHKLUMOHNPOBAHUS C/IOXKHbIX MPOLIECCOPOB AO/KHbI
MOAENNPOBATbLCS COBMECTHO

— TalMWHI1 BbINOMIHEHNS KOMAH/ NPOLIECCOPa 3aBUCAT OT NPeabICTOPUK

PaspaboTka 6e3onacHoi BpeMeHHoM Moaenn MyHKLMOHMPOBAHUS
NpoLeccopa — Cl0XHas 3a4aya
— 3aHUMaEeT MecsiLbl U Aaxe roabl paboThbl
— Heobxoammo y4yecTb Bce hakTopbl, BAUSIIOLIME Ha BPEMS BbINOHEHMS (KaK
MUHUMYM, OLIEHUTb CBEPXY UX BIIUSIHWE)

=> AnnapaTypa C npeackasyeMbiM BpeMeHeM paboThl
Ba)kHee, YeM o4eHb bbICTpas anmnapaTypa 29



[IpocTON KOHBENEp

* BONbLWWIMHCTBO KOMaHA NPoOXoAAaT B npoLeccope yepes
OAHWU M Te Xe 3Tanbl BbINONHEHUS

* [lpyMep: KNnaccuYecknn 5-ctyneHyaTbii KOHBENep
RISC-npoueccopa

IF [} ID [ ) EX |_|MEM| ) WB
x\\ \
HCKOI[I/IDOBaHI/IC KOMAH/JIbI

(instruction decode) Onpeaenurts,

KaKyIo OIIcpanuro HCO6XOI[I/IMO
BBITIOJIHHUTB: BBIACINTD eé KOO "

JlocTyn K NaMsITu
(memory access)
3arpy3uTh/COXpaHUTh
3HAYEHUS U3/B IaMSITh

apryMEHTHI J
Br16opka koman sl (Instruction Brinonnenue (execution) 3anuck pesviasrara (Write
fetch) IMomyuuts ouepeaHyIO BBINOTHATS TpeGyeMoe back) 3anucars pesysbrar
KOMaH/1y U3 mamsTH (aapec — B neficTRIE (HarpHMep OIepaliu B LEJICBOH
perucTpe-cuéTurnKe KOMaH). CIOYKEHHE) DErUCTP

30



PaboTa KoHBenepa

MapannenbHas paboTa pa3nnyHbIX CTaann 1 234567 8910
KOHBenepa Ans pa3/iMyHbiX KomaHa (=> IF
yCKOpeHue) D
HeT koHBewnepa:
— Ccneaylowas KoMaHaa He MOXET HayvaTtb EX
BbIMNO/IHEHME, NOKA TEKYLLAA KOMaHAa He MEM
3aBeEpWNT nocnegHwr Ctagnio BbiMNOJTHEHUSA WB

o KoHBeuep:

— B npeane: koadpdUUNEHT YCKOPEHUS paBeH 1234506
YUCNy CTyNeHen KoHBenepa IF

—  (DaKTUYeCcKn: Mexay KoOMaHaaMu ecTb ID
3aBMCMMOCTM MO [IaHHbIM; «CNIOM» KOHBENepa
NpyU HEBEPHOM NpefcKasaHUn BETBNEHUS; EX
OXWJAHWE AaHHbIX U3 NaMATU MEM

[HGHOCPGI[CTBCHHEUI WB ‘ |
3aBUCUMOCTSB I1IO
— 1. add $r0, $rl, $r2

12 xxnét |2 . SUb $r'3 y $|"0 y $r‘4 MoxeTt BO3HUKHYTbH

3a/Iep>KKa B

BBIYUCIICHUS N
KOHBeHepe

pe3ynbrarta |1




Buabl KoHBENEpPOB

OTcyTCcTBYET: Npoctenwme npoueccopsl (68HC11, 8051, ...)
CkansipHbIN: eANHCTBEHHbIM KoHBenep (ARM7, ARM9, V850, ...)
VLIW: HECKOMbKO KOHBEMEPOB, CTAaTUYECKOE MNMaHNPOBAHNE UX 3arpy3Ku

Ha ypoBHe koMnungatopa (DSPs, Itanium, Crusoe, ...)

CynepcKkanspHbli: HECKONTbKO KOHBENEPOB, BHEOUYEPEAHOE BbINOSHEHNE

koMaHp (PowerPC 7xx, Pentium, UltraSPARC, ...)

IF

1234567891011

ID
EX

MEM
WB

T'onny0as komaH1a
HaxoauTcs Ha aTane EX
JIBa JTONOJHUTCIbHBIX
TaKTa

(" DTo HpUBOAUT K )
3a/1€P>KKE BHITIOJIHEHUSI

BCEX IOCIIEAYIONIUX
KOMaH]T )

32




3a4epPXXKN: HET KOHBeNepa

foo(x,1):
while(i < 100) (7 cycles) o OUKCUPOBAHHOE
if (x > 5) then (5¢) BpeMsa ang
X = X*2; (12 c) KaXkaoro
else pparMeHTa Koaa
X = X+2: (2 ¢)
end v
if (x < 0) then (4¢) * ABONHbIN KOA
b[i] = a[i]: (8¢c) HE MOKa3adH
end
1 = 1+1; (2 c)

end
33



3a0epXKN: HET KOHBEUEpPA

foo(x,1):
while(i < 100)
if (x > 5) then
X = X*2;
else

X = X+2;
end
1f (x < 0) then
b[1] = a[1];
end
1 = 1+1;
end

end




3aep>XKU: NPOCTON KOHBENED

1 2 3 45 6 7

foo(x,1): -tA=7 =
while(i < 100) 15 5 EX
=- M
if (x > 5) then AB -
X = X*2; -t|3=5 5 s a4
else IF
X = X+2; i:‘
end F
.if (x < 0) then _ 1 2 3 4 5/6 7 9 10
b[1] = a[1]; [= tAB=10
end -
L] L F
1 = 1+1;

end g =10-(7 +5)=-2




3a4EePXKKN: NPOCTON KOHBENEDP

foo(x,1):
while(i < 100)
if (x > 5) then
X = X*2;
else

X = X+2;
end
1f (x < 0) then
b[1] = a[1i];
end
1 = 1+1;
end




Nepapxunyeckasa namaTtb

-

B ITIaMJTh 3a KOMaHIaMH
N JaHHBbIMU

IIpornieccop obparaercs

YacTo ucnosib3yeMblie
KOMaH/Ibl ¥ TaHHBIC
XpaHATCS B OBICTPOM

KOII-TIAMSITH

/~ OCHOBHasl MaMsTh UMEET
OoJbII0M 00BEM, HO
3aJEPKKHU HA TOCTYN K HEU
ropaszio BBIIIE, YEM Y KJIII-
\_ IaMsITH

Ksnr-namsite yBenuyuBaet
CPEIHIOI CKOPOCTh PabOTHI
CUCTEMBI [IECHOW CHIKCHHUS
NPEACKa3yeMOCTH 3a/ICPIKEK

KBIJ_I-HaM}IIB

1 T (ba »
BapwuanTel oprannzanuu

KDIIIA: KA KOMaHJ, K311|
TAHHBIX, 00bEeTUHEHHBIN
xom1. Koni-naMste
hepapxXuyHa

OcHOBHAY aMsTh

bonbuie
00BEM



fib:

fib

fib

AHaNn3 BANAHUA K3LWW-NaMATH

#1, 54

aK1e KOMaHJbl TPUBEYT
K IIpoMaxaM B K31II?

ﬁ'b{f:
mov

mov

mov #0, ré6 |

mov #2, r7

br fib_0
r5,r8 z’\

add ré6,r5

mov r8,roé

add #1,r7

cmp r7,rl

bge fib_1

- |

mov rs5,rl

jmp

[r31]

3HAYUTEIHHO OOJIBIIIUM

[IpoMaxwu B K31 MPUBOJST K
3aJIepKKaM, 4YEM TTOTMATaHUS

C IPSAMBIM OTOOpaXKEHHUEM

IMaMsTH COOTBETCTBYET
€IMHCTBEHHbBIN aJIPEC B KAIII-
aMsITH)

» AHanmm3upyeTcs TBOUYHBINA KO
» B manHoM npumepe — TOIBKO KA1

(KaXKOMY aIpeCy B OCHOBHOU
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AHaNn3 BANAHUA K3LWW-NaMATU

Pa3zmep
", KOMAaH bl

/_J J HauanbHblil anpec ]
AL

e /IHopMaUUS

ANnAdA dHaJ1n3a
2

BJIMAHUA K3LlA
KOMaHA

3
mov #1, rb5 SV'IOOO‘/
mov #0, r6 2 1002
mov #2, r7 2 1004
pr fib_0 2 1006
(mov r5,r8 2 1008
add ré,r5 2 1010
mov ré,ré 2 1012
add #1,r7 2 1014
cmp r7,rl 2 1016
bge fib_1 2 1018
mov r5,rl 2 1020
jmp [r31] 2 1022
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AHaNn3 BANAHUA K3LWW-NaMATU

5
mov #1, r5 2 1000

mov #0, r6 2 1002

mov #2, r7 2 1004

br fib_0 2 1006

mov r5,r8 2 1008 "/\

add r6,r5 2 1010 * OtobpaxxeHue B
mov r8,r6 2 1012

cmp r7,rl 2 1016

bge fib_1 2 1018\#)

mov r5,rl1 2 1020

jmp [r31] 2 1022




AHaﬂ N3 BJIINMAHUA KSLLU-TIAMATHA

A
mov #1, r5 miss
mov #0, reé hit

mov #2, r7 hit

br fib_0O hit

mov r5,r8 miss ‘f\
add ré,rs5 hit
mov r8,ré6 hit
add #1,r7 hit
!
cmp r7,rl miss
bge fib_1 hit
J \_)

mov r5,rl
jmp [r31]

‘1



AHaNn3 BANAHUA K3LWW-NaMATU

S
#1, r5

mov miss
mov #0, ré6 hit
mov #2, r7 hit
IlepBas ])I"' fib_0 hit
urepaus
IIMKJIa )bv r5,r8 miss [\
add r6,r5 hit 5
mov r8,ré6 hit
add #1,r7 I
cmp r7,rl
bge fib_1
mov r5,rl
jmp  [r31]

OcranpHbIe
UTEepaluu

42




YyeT COBMEeCTHOMo BJIMSHUS KaLLa U

KOHBenepa

* AHaum3 BIWSHUS KOHBEHEpPa NOIKCH foo: |

OpaTh Ha BXOJ PE3YyJIbTaThl aHAIN3A

o KomaHnbsl moMeyaroTcs

BJIINSAHUWA KOII-TIaMATHA [ info ‘
| foo_1

oIagaHueM/IIPOMaxoM B KAIII
o IlomagaHusi/mpomMaxu BIUSIOT Ha
3aJIEPKKUA B KOHBEHEPE

* (CnoxHas anmnaparypa Tpeoyer
COBMECTHOI'O aHaJIM3a BIUSHHUS K3IIa
1 KOHBEUepa

1032: cmp ré6,rl
1034: blt foo_5

1020:1cache miss

\/

fo

info

1022:1icache hit

| foo_5:

v
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[1porpanod) Bbluncnenne WCET

l

IAHaJ'II/IS ITIOTOKOB

e BblUNCNUTDb BEPXHIOK OLEHKY
WCET nporpamMmmbl
— \lcxoaHble AaHHble: MHPopMaLuUs O

3a/1epXKKax U NMoTOKOBaS

I MHMOPMaLINS

[1pnMepbl NOAXOA0B:

— PacyeTt no cnHTakcn4veckomy
fiepeBy

— PacyéT no nyTsM BbIMOSIHEHUS

C O1ieHKa ) — HesaBHbIn nepebop nyTten (IPET)
WCET 1

HuskoypoBHe
BBII aHAJIN3

—

Beruucienue




Pacuetr WCET no gepeBy

» AHanu3upyercs
CUHTAKCHYECKOE
JICPEBO IIPOrPaMMBbI
»(O0xon1 nepeBa cCHU3y | ™
BBEPX /
i

7\

3arojJo0BOK if(x>5)

/N

foo(x,1):
while(i < 100)
if (x > 5) then
X = X=2;
else
X = X+2;
end
1f (x < 0) then
b[1] = a[i];
end
1 = 1+1;
end

if(x<0)

i=i+l

xX=x/2

xX=x+2

AN

bfi]=a[i]
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Pacuetr WCET no gepeBy

foo(x,1):
1 ®ukcupoBaHHbIe e U | ©
B: if (x > 5) then (5¢)
BpPEMEHA BBITOJIHEH S c. X = xe2: (12.)
Y3JI0B else
 Bpemena BBINOJIHEHHS = » e (2¢c)
en
JIMCTHCB U3BCCTHBHI foo E- if (x < 0) then (4¢)
 Bpemena BEITIOTHEHHNS 7 0 F: b[i]l = a[il; (8¢)
end

BHYTPEHHUX Y3JI0B 0
muka: 100 G: 1= 1+1; (2 c)
pacCHIUThIBAIOTCA 110 0 e

(opmysiaM 1151 TUIIOB / \

y3J10B
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[1paBWUIO ANga onepartopa BETB/IEHNS

00 X, 1
A: while(i < 100)
e BerBijieHUE: B: if (x > 5) then
6 C: X = X=2;
€peEM MAKCUMYM U3 olse
3HAYCHUU IS D: X = X+2;
end
Y3JIOB-ITOTOMKOB foo - if (x < 0) then
* no0aBiIsieM BpeMms 0 F: b[i] = a[il;
end
Ha IIPOBCPKY /100 G: i = i+l;
YCJIOBUS R end

i=i+l

(2)

3aroJI0BOK

(7)

X=x/2 X=X+2 b[i]=a[i]

47
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[1paBUIO ANg onepaTtopa UuKa

Llnkor:

1. CymMmupyem OLICHKH
IS Y3JIOB-TIOTOMKOB

YMHOXaeM Ha

OLIEHKY YuCJia
UTEpALIUU

3aI'0JI0BOK

(7)

foo

()

if(x>5)
(5) 217

AN

X=x/2
(12)

X=x+2
(2)

foo(x,1):
A: while(i < 100)
B: if (x > 5) then
= X = X=2;
else
D: X = X+2;
end
E: if (x < 0) then
F: b[1] al[1];
end
G: 1= 1+1;
end
if(x<0) i=i+l
(4) E{ (2)
b[i]=a[i]

(8)
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Pe3ynbTaT pac4yeTa no AepeBy

foo(x,1):
A: while(i < 100)

 WCET ¢yunknuu foo() paBeH B if x> 5 then

C: X = X=2;
3800 TakTam else
D: X = X+2;
end
E: if (x < 0) then
F: b[i] = a[i];
end
nuka: 100 G: i = i+l
> 38*100 end
3ar0JI0BOK if(x>5) if(x<0) =i+l
(7) (5) 3 17 (4) 212 (2)
X=x/2 X=x+2 b[i]=a[i]

49
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Pacuetr WCET no nytam

foo(x,1):
A: while(i < 100)
if (x > 5) then

C: X = X=2;
else
foo() D: : = X+2;
en
t.=7 A E: if (x < 0) then
A \ F: b[i] = a[il;
end
B _[tg=> G: i o= il
j’ ‘\ end
t=12 C D |t,= < o o
¢ \ / 0=% |+ Haiitu camprii JUTAHHBIN Ty Th
tta [ E * PaccMmarpuBaeM uTepanuu IKUKIIA 10
\ OJTHOM
F |te= e [loaroToBUTH IIUKII
/ > * YOparbs oOpaTHbIC TyTH
G =
\G * llepeHanpaBuTh UX HA i
end] (continue) crenuaabHbIE Y36l «Continuey




Pacuetr WCET no nytam

foo()

t,

t=12

e

A

K

N\
Ciontinue)

e CaMbl ANIMHHBIA NYTb:

—A-B-C-E-F-G
-/ +5+12+4+8+2=
38 TakTOB

e CymMMapHoe BpeM4:

— 100 ntepauumn
— 38 TakTOB Ha UTepaLuto
— WT1oro: 3800 TakToB

o1



Pacyetr WCET no nytam »

N
Ciontinue)

C u F gukorma He
BBINOJIHSFOTCS
COBMECTHO

* HepomycTtumeblii myTh:

. A-B-C-E-F-G

foo(x,1):
while(i < 100)
1f (x > 5) then
X = X=2;
else
X = X+2;
end
1f (x < 0) then
b[i] = a[i];
end
1 = 1+1;
end

* OtOpacbiBaeMm, UIIEM CIEAYOUINN

10 JUTUHE
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Pacuetr WCET no nytam

foo()
t,=7 [A
B [tg=5
i c/ \D t,=
t.k4 | E
F |t.=8
c./tc=2
AN
end C?:ont'inue)

foo(x,1):
while(n < 100)
if (x > 5) then

C: X = X+2;
else
D: X = X+2;
end
E: if (x < 0) then
[CI/IFHI/IKOFI[& HE - b[i] = a[i]:
BBITIOJIHAKOTCA an d
COBMECTHO _ )
G: 1 = 1+1;
end
* HepomycTtumeblii myTh:
 A-B-C-E-F-G
* OtOpacbiBaeMm, UIIEM CIEAYOUINN
11O JJINMHC
* HoBbIlli caMbIil JUIMHHBIN 1Y Th:
« A-B-C-E-G
e 30 TakToB
e Uroro: 3000 TakToB
53



Pacuetr WCET no nyTtam:
VUYET KOHBenepa

e YnopsiaoumBaeM AonyCcTUMble NyTH
no ybbiBaHuto rpybon oueHkn WCET
(cymma oueHok WCET anst yyacTkoB
nyTen)

e ana xwu3 {gonyctuMble_nyTtu}

— Bbluncnunte WCET, (X) € y4ETOM
«3KOHOMUU» O,y OT KOHBENEPHOIO
BbINOSIHEHNS NocCneaoBaTeNIbHbIX
Y4aCTKOB

— Ecnn WCET, (x) 6onblue, yem
Hanbonblas n3 rpybbix oLEHOK
WCET pna oCTaBLIMXCS NyTEN, Unn
ecnv Apyrux nyTem He ocTanocb, TO
X — CaMbI ASIMHHBIA (HaUXyALWnin)
NyTb; CTOM
MHa4ve NPoAOIKUTb LINKIT

end
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HesaBHbIM nepebop nyTeun

o Implicit path enumeration A
technique (IPET) €,

— [1yTK BbINOSIHEHUS HE :

obpabaTbIBalOTCA B IBHOM BUAE

foo

e [lpeacraBneHue nporpamMmmsl t=1
— VHdopMaums 0 3aaepkkax Xc
(tentity)
e 3HayeHUsd B y3J/1aX. BbIlNOJIHEHUNE
y4aCTKOB

e 3HayeHue Ha Ayrax: 3KOHOMMS 3a
CYET KOHBeNepa

— Yncno BbINOMHEHNUN (Xop ity )

%and end
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HesBHbIN nepebop nyTeu

*WCET= ool 1

Z xend‘l X
LU (x@m‘ity*t@hﬁty)
XA=xfooA+xm
I71e COBOKYMHOCTb Xy tity Soll* il
YAOBJIETBOPSIET XAB-»XMT; .
OrPaHUYCHUAM: XBC XCBS(DB e
E-/\CET/\DE

* HAYAJIbHBIC U KOHCYHbIC YC/JIOBUA

* CTPYKTYpPa NpPOrpaMmbl

* orpanuyenusi Ha yucio urepauuii X, <=100

* Ipo4asi NOTOKOBasi HH(oOpMALIHsI XC+XF<=X A

56
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HesBHbIM nepebop nyTeun

* MeTo/Ibl pEIICHUA CUCTEMBI

OTrPAHUYCHUU
e [{es104nCIIEHHOE JUHEHHOE
IPOrpaMMHUPOBAHUE
* Pa3penienune orpaHnyeHun
(constraint satisfaction)

* Pesynbrar e
e Yycno BEINOJIHEHUN IS
e Onenxka WCET




Cnacunbo 3a BHMMaHue!
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NMHPOPMALIUMOHHO-YIMPABJIAOLWMNE CNCTEMDI
PEAJIbHOI'O BPEMEHW

Jlekuuns 6:
OyeHKa HanxygLiero BpemMeHM BbINMOJTHEHNS
nporpamm (WCET) - 2

Kadeapa ACBK,
JlabopaTopus BbelumncnntenbHbix Komnnekcos
banawios B.B.



[louemy BaxxeH WCET

o Bpems Bbiro/IHEHMS MPOrPaMM UFPAET KIHOUYEBYIO
POJIb MPU aHAIN3Ee CUCTEM PeasibHOrO BPEMEHMU

e DTO BPEMS, HanpuMep, BCTpeYyaeTcs B hOpMyne:

Hanxyniee Hawnxymiee Bpems
BpeMsI OTKJIMKA Hepnoz[ BBITIOJTHCHHUA
P( l)

C' 2

OTtkyna 6epyTcs 3HayeHus C;, C;



[pocTenwuas BblYMCANTENbHAA 3a4a4a

BxoaHble AaHHblE AOCTYMHbI B MOMEHT BxoHbC
CTa pTa JAHHBIC
BbIXoAHblEe AAHHbIE FOTOBbI B MOMEHT Cocrostuue
3aBepLUEHNS

HeT 6110KMPOBOK B NMpoLiecce BbIMOHEHUS

HeT cMHXpOHU3auumn nnmn obMeHa 3ajna4a
AaHHbIMU B MNpouecce BbIMNOJIHEHUSA
BpeMFI BbIMOJIHEHUA 3aBUNCUT TOJIbKO OT.

CocrosiHue
— BXOAHbIX AAdHHbIX Brixoansie
— COCTOSHMA 3a4a4yM B MOMEHT CTapTa AGHHbIC

(BHELLUHME BO3AENCTBUSA OTCYTCTBYIOT)



Hauxyalwee (MakcMManbHoe) BpeMms
BbIMNO/IHEHUS

Haunxyalwee BpeMsi BbINOIHEHNS NPOrpaMMHOro koaa (worst
case execution time, WCET) — 3To MakcuMasibHOe BpeMs,
KOTOpoe TpebyeTcs A5 BbINOSIHEHUS

* IAHHOIro0 (PparMeHTa KoAaa
* B JAHHOM KOHTeKCTe (BXOAHble AaHHble, COCTOsSIHME)
* Ha 3alaHHOM annapaTHOM BblunCUTENe



Yem onpepensgerca WCET

3amaua
A * BO3MOXXHble

nocneaoBaTebHOCTU
nencremm 3aaaum (NyTu
BbIMOJ/IHEHUS)

* [1NNTENbHOCTHL BbIMOMHEHUS
Ka)xaoro AencTBusl Ha
Ka)kaoM AonycTuMoM (T.e.
NpaKkTU4eCKn BO3MOXXHOM)
NyTW BbINOJSIHEHUS




PacnpepeneHne BpeMeH BbINOJIHEHUS

< .
= . .
Qo . .
= u -
Q " n
< - :
=) . _
N . .I : > t

BCET Makc. WCET BepxHsis

HaOnMrogaeMoe OLIEHKA

BpeMA WCET

BBIITOJIHCHU

MHO>XEeCTBO pPa3/InYHbIX BPEMEH BbINOJIHEHUS
HeTpuBmnanbHbIM aHann3 nNyTen BbIMOSHEHUS
Cno>xHoe MoaennpoBaHue 3aaepXXeKk oT annapaTtypbl  °



OnTMMKM3aLmns NpPorpamMMHOro
KoAa ANs BPEMEHHOW
npeackasyemMoCcTu



UTOo Ba)kHee Bcero B TaUMMHIrax
paboTbl PB-cuctem?

e B nepBylo ouyepenb — NpeackasyemMocTb
— Mpenckasyembin WCET
— Takxe — npeackasyembi BCET

e [Ipon3BOANTENBHOCTb — BO BTOPYIO o4vepenb

e => MOTPeBHOCTb BO BPEMEHHOW
NpeacKasyeMoCTy:

— AnnapaTypa
— [1porpaMMHoe obecneyeHue

21



[loueMy BakeH BCET

_/»'_

% |

Kentasa 3agada: BCET << WCET
=>» KpacHas 3agava HapyllaeT OAUPEKTUBHbIN CPOK




Performance Criteria

Write program JU with best performance

traditional: Tt

probability of input 9, machine
input data

WCET

HRT: minimize max c(x, 0;, )
/

23



TpaanunoHHoe nporpaMmMmmpoBaHue

e Llenb: xopolas Npon3BOAUTENBHOCTb B CPEAHEM
e CrpaTterus: npodpuampoBaTb U ONTUMU3NPOBATb

Nnpon3BoANTENIbHOCTb Ha Hanbonee 4acTto BCTPEYAOLWNXCA
Ha60an BXOAHbIX AAdHHbIX => BO3MOXHOE yXyaLleHune

WCET

[prUUYMHA: CNOXHOCTb HEPABHOMEPHO pacnpeaeneHa Mexay
HabopaMu BXOAHbIX AAHHbIX; ONTUMU3ALIMS YaCTbIX
CLieHapueB NPUBOAUT K YXYALLEHUIO NPOU3BOAUTENBHOCTY

Ha peakunx CueHapusx

24



WCET-opueHTUpOBaHHOE
NporpaMMmMpoBaHune

QACrpemMmuMcs ocBob60aMNTb KOA OT BETB/IEHUN
B 3aBMCUMOCTU OT BXOAHbIX AAHHbIX

AMUHNUMU3NPYEM YNCIIO AEUCTBUMN,
BbINO/IHSAEMbIX TOJSIbKO A5 OTAENbHbIX
HabopoB BXOAHbIX AaHHbIX

25



TpaanymoHHoe vs. WCET-
OPUEHTUPOBAHHOE NMpOorpaMMmUpoBaHme

wceet

Y
wcet

execution time
execution time

frequent rare frequent rare

Input data iInput data

26



Kputepun npon3BoanTENbHOCTU

ol
Z
E .
= <= TpaauunoHHbBIN
O : ITOAXO/
= -
< A1 1l £ ¢
cpennee  \WCET
AN -
ol
= WCET-
= ===\l pyeHTHPOBAHHBI
§ ITOZXO/
=
< >
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JKCNepUMEHThI

e TpaamunoHHbin vs. WCET-0pMeHTUPOBaHHbIN KOA
e BerBAWMNCA VS. NTMHENHBLIN KOA

Peann3oBaHHblE aNilrOPUTMBI:
e [ly3blpbKOBas COPTUPOBKaA
e [lonck nepBoro BXoXaeHus

e [1BOMYHbIN MOUCK
— 0[HO/ABa CpaBHEHUS Ha KaXkAoW utepaumm

28



static int binSearch avg(int key,

{

int left = 0, right = SIZE-1,
int found = 0;

int al])

idx, inc;

do
{
idx = (right + left) >> 1;
if (al[idx] == key)
{
found = 1;

}

else if (al[idx] < key)

{
}

else

{
}

} while (!found && (right »>=

left = idx+1;

right = idx-1;

if (found)

{
}
else

{
}

return idx;

return -1;

left)) ;

static int binSearch wcet(int key, int al[])

{
int left = 0, right = SIZE-1, idx, inc;
idx = (right + left) >> 1;
for(inc = SIZE; inc > 0; inc = inc >> 1)
{
right = (key < alidx] ? idx - 1 right) ;
left = (key > al[idx] ? idx + 1 left) ;
idx = (right + left) >> 1;
}
return idx;
}

29



JKCNepUMEHThI

e TpaavunoHHoe vs. WCET-opueHTnpoBaHHoOe
NporpamMMmnpoBaHme

AP e e
Bubble* 599 724 609 663
Find-first* 68 122 103 103
Bin-search 94 124 105 106

* B TpaguiinOHHOM BapHaHTe: 0e3 Ot0; ucnonab3yercs
IPU3HAK PAHHETO 3aBEPIICHHUS

30



CsonctBa WCET-OpneHTUPOBAHHbIX
nporpamMm

WCET MeHbLle, 4eM y TpaAULUMOHHbLIX MPorpamMmMm

AHanuM3 nyTein npoLLe B CBA3N C YCTPaHEHNEM/COKPaLLEHNEM
3aBUCMMOCTEN OT BXOAHbIX JAHHbIX

OueHka WCET npolle n3-3a MEHbLUEro Yncna nyTeun BbinonHeHms (Mnm
€QUHCTBEHHOro nyTn)

MeHbLle pa3bpoc BpeMeH BbINoSHeEHUS => 6onee ctabunbHa paboTa
CUCTEMbI B LIESIOM

Hu3kas cnoXHOCTb NOTOKA YNpPaB/EHNS => XOPOLWIO NOAXOAUT ANS
YNPaBASIOLWMNX NPOrPaMM, KPUTUYHBIX A1 6€30MacHOCTY

HeTpap,M LUOHHbIE a/IFTOPUTMbI
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CTpeMuMcs K BpEMEHHOM
NpeacKa3yeMocCTu

CokpallaeM 3aBUCUMOCTb Nopsaka AENCTBUN OT
BHELLUHMX (aKTopoB

= JInHenHbn (single-path) koa
e HeT BETBNEHUM MO BXOAHbLIM AaHHbIM
e [IpeamkaTHOE BbINO/HEHUE

e AKLEHT Ha NoToKe AaHHbIX (@ He Ha NMoToKe
yrpaB/ieHns)

32



WCET-opneHTUpOBaHHOE nporpaMMmpoBaHme +
NUHeapu3aumsa Koaa

e KOHCTaHTHOE BpeMs BbINONHEHUS]
o Huskmn WCET

e TpmBMaNbHbIM aHaNN3 NyTen

e [lpocton aHanu3 WCET

= [MonHaa BpeMeHHas npeackasyemMocTb
= [lpnemMmnemada nponsBoanTeNnbHOCTb

33



JInHeapu3auus: koA, oNnTUMU3NPOBAHHbLIM NoA
cpeaHuUnN Ccyyvaun, 3aMeansieTcs cunbHee

T 41> 8 Tavg: 5> 8

avg*

(x1,95) (x1,6) y



BpeMeHa BbINO/IHEHUA

Bpemena
BBITTOJIHEHUS KOAA 10
1 [IOCJIE TIEpEX01a Ha
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Kak nonyymTb MMHENHbIN KOA?



YCTpaHuUTb 3aBUCMMOCTU MO AAHHLIM U3
NOTOKa ynpaBneHus

» AnnapaTypa C KOHCTAHTHbLIMU 3a4epXXKaMu
> JInHeapn30BaHHbIN KOA

1

If cond

/ P := cond
mm) |(P) res:=expri

res := expri res := expr2 (not P) res := expr2

~. |

N

| & IlpenukaTHOE BBIIOIHEHUE
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[IpeanKaTHOE BbINOJIHEHKE

...9TO YC/IOBHOE BbIT0/THEHNE MJTN HEBBIMOSIHEHNE
KOMaH/bl B 3aBUCHMOCTU OT 3HAYEH1S Oy/1eBOM
[1EPEMEHOH, HA3bIBAEMOU MPEANKITOM

[Hsu et al. 1986]

BbinonHeHne NpeankaTHOM KOMaHAbI:
o EGBYCJ'IOBHaFI BbI60pKa KOMaHAbl N3 NMaMATU
® I'Ipep,MKaT NCTUHEH => HOpPMaJibHOE BbIMNOJIHEHNE KOMaHAbI

e [IpeauKkaTt NOXeH => KOMaHAa He U3MEHSIET COCTOSHME
npoLieccopa
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BeTBALWMMCA VS. NpeanKaTHbIN KOA

[Ipumep kona: iIf rA <rB then swap(rA, rB);

2 2
BeTrBgaimuncsa xon IIpeaukaTHbIN KO
cmplt rA, B predit Pi, rA, rB
of skip . (P1) swp TrA, B
swp rA, 1B

skip:
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AnnapaTHasa noaaepXXka npeamkaTHoro
BbIMNOJIHEHUS

[lpeanKaTHbIe perucTpsbl

KoMaHab! ansa paboTsl ¢ npeankatamu (onpenennTs,
YCTaHOBUTb, COPOCUTb, 3arpy3nTb, COXPaHUTD)

o ] PEANKATHbIE KOMaHAbI

— [Moapeprkka NOSTHOW NPEeANKaTHOCTU: BbIMOSTHEHME JTHOObLIX KOMaH/
YNpaBSeTCS NpeaMKaTamm

— lMoaanepxkka YaCTUYHOM NPEAMKATHOCTM: NLLIb HEKOTOPOE MOAMHOXECTBO
KOMaHA, MOryT 6bITb NpeanKaTHbIMK (HanpuMep, KONMpoBaHWE AaHHbIX,
NpUCBaNBaHNE 3HAYEHUI)
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Cneyndurka 4YaCTUYHOU NPeaAnKaTHOCTH

OnepexxatoLLee BbINOSHEHNE BbIYNCIEHUN

o KOMaHAbl, HE ABNSAOLMECS NPeANKATHbIMU, BbIMOHAIOTCS
6e3yc/10BHO

e WX pe3ynbTaTbl COXPAHAKTCA BO BPEMEHHbIX NEPEMEHHbIX

e B panbHeNweM npeavkaT onpeaensaT, COAEP)KAaHNE KAaKoN 13
BPEMEHHbIX NEPEMEHHbIX C/IEAVET UCMO/b30BaThb

Npumep:  (pred) cmov dest, src1
(not pred) cmov dest, src2

BHMMaHUe: KOMaHAbl, BblUMCNSAOLWNE 3HAYEHNS BPEMEHHbIX
NepeMeHHbIX, He A0/IKHbl FreHepupoBaTh UCK/TOYeHUs (npuMep:
[eneHne Ha HoNb, obpalleHne K HegonyCcTMMOMY agpecy namsTu).
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[MONIHOCTbIO VS. YaCTUYHO NPeAVKaTHLIN KOoA

OpuUrnHanbHbIN KOA If src2 = 0 then dest := src1/ src2;
\ 2

[10STHOCTbIO

npeayKaTHbIN KOA: Pred := (src2 = 0)

(Pred) div dest, src1, src2
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Fully vs. Partially Predicated Code (2)

Original code: if src2 = 0 then dest := src1/ src2;

.
Partially predicated code, first attempt:

s _ \ Pred := (src2 = 0)
may raise
div

an exception tmp_dst, src1, src2
on division J (Pred) cmov dest, tmp_dst

by zero

N
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Fully vs. Partially Predicated Code (3)

Original code: if src2 = 0 then dest := src1/ src2;
¥
Partially predicated code:
/. Pred := (src2 = 0)
If src2 equals 0,
then replace it mov  tmp_src, src2
by a safe value (not Pred) cmov tmp_src, $safe val
(e.g., 1) to avoid div tmp_dst, src1, tmp_src

\ division by zero / (Pred) cmov dest, tmp_dst
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MunHMManbHasa noaaep)xka npeankaTtHOCTU
e KOMaHAa YCNOBHOIO KOMNMpOBaHUS:

movCC destination, source

CeMaHTHKA;
if CC
then destination := source
else no operation
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If-npeobpa3oBaHme C yCNOBHbLIM

KOMmMpoBaHUEM
|
Feond o= oxprr’ | 1o
/ \ t2 := expr2’ 3DEKTOB
res : res := expr2 | EEEp test cond
\ _ movT res, t1

|

moVF res, t2
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OMYNALUMSA YCIIOBHOMO KOMUPOBAHUA

e B apxutekTypax 6€3 noaaep>Xku npeaukaTHOCTH,
YCIOBHOE KOMUPOBaHME MOXHO 3MYNMpPOBATb Npwu
NMOMOLLIM onepaLunn ¢ BUTOBbIMU MacKaMM.

Ilpumep: jf (cond) x=y; else x=z;

\ 4
tO = 0 — cond;
t1 = ~t0;
t2 =10 & y;
t3=11 & z;

X =12 | t3;

// fat bool: 0. .false, -1..true
/] bitwise negation (fat bool)

JlonylleHne: NEPEMEHHBIE BCEX
HCIIOJIb3YEMBIX TUIIOB UMEIOT
OJIMHAKOBBIU pa3Mep
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I Ipumep:

for(i=SIZE-1; i>0; I--)

{

}

for(j=1; j<=i; j++)

{

}

if (af-1] > a[j])

{

}

t =a[];
afj] = a[j-1];
afj-1] = t;

[1y3bIpbKOBast COPTUPOBKA: HA BXOME
maccuB a|SIZE]

for(i=SIZE-1; i=0; I--)
{
for(j=1; j<=i; j++)
{
t1 = a[j-1];
t2 = a[j];

) (t1>12): t = a[j];

(t1>t2): a[j] = a[j-1];
(t1>t2): afj-1] = t;
}
}

48



HpHMep [Ty3bIppKOBast COPTUPOBKA: HA BXOJIE
. maccu a[SIZE]

for(i=SIZE-1; i>0; i--) for(i=SIZE-1; i>0; i--)
{ {
for(j=1; j<=I; j++) for(J=1; <=1, J++)
{ {
if (afj-1] > a[j]) cond = (a[j-1] > a[j]);
{
t = alj] (cond): t = alj];
alj] = a[j-11; - (cond): a[j] = a[j-1];
afj-1]1 =t; (cond): a[J-1] = t;
} }
} }

}
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HpHMep [Ty3bIppKOBast COPTUPOBKA: HA BXOJIE
. maccuB a[SIZE]

for(i=SIZE-1; i>0; i--) for(i=SIZE-1; i>0; i--)
{ {
for(j=1; j<=i; j++) for(j=1; <=1, J++)
{ {
if (af-1] > a[j]) t1 = afj-1];
{ t2 = a[j];
t=all;
a[j] = a[j-11: ___ Je (t1>t2);
afj-1]1 =t; movt: a[J-1] = t2;
} movt: a[j] = t1;
; }

) }
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CBOMUCTBA JIMHENHOIO Koaa

o Ka)xgoe BbIMOJIHEHNE NMOPOXAAET OAHY U Ty XKe Tpaccy
KOMaHpA, T.€. OAHY U Ty Xe NOC/eA0BaTe/IbHOCTb
obpalleHnn K NaMAaT KOMaHA.

e AHanu3 nyTenm TpUBMANEH — CYLLECTBYET €ANHCTBEHHbIN
nyTb.

e /1Ba BbIMNO/HEHNS, HAUMHAIOLIMECS C OAMHAKOBOIO
COCTOSIHUS K3Lla KOMaHA, MOpOXXAAtT OANHAKOBbIE
NnocneaoBaTelbHOCTM NPOMaxoB/NnonaaaHni B K3LL
KOMaH.

o1



JINHENHbIN KOA U 3a4EPXKKU

Ka)kaoe BbINOMIHEHME NMOPOXAAET OJHY U Ty XKE NocieaoBaTeNbHOCTb (a
TAKXXe KOJIMYECTBO) BbIMOSTHEHHBIX MHCTPYKLMI -> XopoLuas
OCHOBa /11 NONy4YeHUss UKCUPOBAHHOIO BPEMEHM BbIMOSTHEHUSI.

KoMaHAbl C HEKOHCTAHTHbIM, 3aBUCALLUUM OT AaHHbIX, BPEMEHEM
BbIMOJIHEHUA BbI3bIBAlOT CbﬂYKTyaLI,MM BPEMEHU BbIMNOJTIHEHUSA
KOAa.

Pa3Hble Ha4asibHble COCTOSAHMS NaMsATK (B T.4. K3LWa) MOryT NPUBECTU K
PA3/IMYHBIM 33A€PXKKAM NpU AOCTYME K NaMATU KOMaH U
NAHHbIX, @ 3HAUYUT K pa3/IMYHbIM BPEMEHAM BbIMOSIHEHUS KOAA.
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ObecrneyeHne KOHCTaHTHOro BPEMEHUN BbINOJIHEHUA

He no3BonsieM BHELWHMM ()aKTopaM B/USTb Ha:
e [locnepoBaTenbHOCTb BbIMOHAEMbIX KOMaHA
e JINNTENbHOCTb KOMaHA,

> Bceraa HauMHaTb C OAHOMO M TOrO XXE& COCTOSAHUS K3Lla KOMaHJ,
KOHBEWepa, IOrmkn rnpeackasaHns BETBIEHUNA U T.1.

ObecneuymBaTb KOHCTAHTHbIE 3a€PXKKN NPWU AOCTYNE K AaHHbIM

ObecrneunBaTb KOHCTAHTHbIE ASIMTENBHOCTU BCEX onepaumf/'l
npoueccopa

> Bce BHelHne Bo3aencTBus (B T.4. BbITECHEHME 3a[ay) A0/KHbI ObITb
npenckasyemMbiMu

YTO nenathb:

« CHbpacbiBaTb K3LWKM Mpu CTapTe 3a4au

« Pa3melaTb AaHHbIE N0 (UKCMPOBAHHBLIM aapecam
 136eraTb CNOXXHOro BblYMC/IEHUS] aApPECOB

YV VYV
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KOHCTaHTHbIE A/IMTENBHOCTU ONepaLmm
npoLeccopa

Bce onepauumn npoueccopa A0/MKHbI ObITb peann3oBaHbl Tak, YTobbl
BbIMNOJTHATLCSA 3@ KOHCTAQHTHOE BpEMS, HE3aBUCUMO OT 3HAYEHMMW OnepaHaoB
(NpyMep: LUEeNoOYNCNEHHBIN CyMMaTOp Bceraa otTpabaTbiBaeT 3a 1 TakT)

B yacTHOCTW, NpeanKaTHbIe KOMaHAbl A0/MKHbI BbINOHATLCS 3@ KOHCTAaHTHOE
BpeMs. Ecnu npeankaTt noXeH, KoMaHa BbIMOMHAETCS, HO e€ pe3ynbTaThbl
0TOpacbIBalOTCA U HE N3MEHSIIOT COCTOSIHME NpoLeccopa.

Y LUMKIMYECKN BbIMOMHSIEMbIX KOMaHA B KOAE AOMKHbI 6blTb KOHCTAHTHbIE
3HAYEHUS Yncna utepaumm.
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[Ipon3BOANTENBHOCTb JIMHENHOIO
Koaa

BpemeHa BbINO/THEHWUSI BETBEW, BbIOMPAEMbIX B 3aBUCMMOCTM OT BXOAHbIX
NaHHbIX, CYMMUPYIOTCS B CBSI3W C JIMHEApU3aLmen.

> Bpemsi BbINOMHEHMS IMHENHOMO KOAa 1I0BOJIbHO BeNMKO (No
CPaBHEHUIO C OPUTMHASbHBIM), €C/TU MYTb BbINOSIHEHUS OPUTMHANBHOMO
KOJla CYLLLECTBEHHO 3aBUCUT OT BXOAHbIX AAHHbIX

B | o )

~MPO| O P

55



[Ipon3BOAUTENBHOCTb IMHENHOIO KOAA

(2)

[poueccopbl C ATMHHBIMKM KOHBEMEPAMW TPATAT MHOIO
TaAKTOB Ha Nepe3anosiHeHME KOHBeWEepPa npu oLmnb04YHOM
NpeacKka3aHun BETBIEHUS.

> [peanKaTHoOe BbINOIHEHME MOXET ObITb «AeLlEBE»
BETBJ/IEHNS

> CoBpeMeHHble KOMMUASTOPbI U MPOLLECCOPbl MOMYT
MCMO/b30BaTb NPEANKATHOE BbIMOSIHEHUE ANS YAYULLEHUS
NpOV3BOAUTENBHOCTU
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[lpnMep: yckopeHue 3a cyer if-
npeobpa3oBaHUs

iIf rA < B then swap(rA, rB);

BerBsilmucs Ko IpeaMkaTHbId KO
cmplt rA, rB predit Pi, rA, rB
bf  skip 71 (Pi) swp TA, 1B
swp rA, rB
| skip:

BbINnoO/HEHWE B TPEXCTYNEHYATOM KOHBEWEpPE:

= DE |
A 0 EX

5 TakTOB 6 TAaKTOB 4 Takra
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CBoOMCTBa Npoueaypbl IMHeapu3aLmMm Koaa

MonHoTa: nobon yyacTok koaa ¢ orpaHnyeHHbIM WCET
MOXeT ObITb TMHEeapn30BaH

B nMHeapn30BaHHOM KoAe NMyTb BbIMOSIHEHUS —
eNHCTBEHHbIV

AHanns WCET TpuBManeH: 3anyCctuTb KO4 U U3MEPUTDb
BpeMs (Npn «Hauxyalem» HayaslbHOM COCTOSIHUM
CUCTEMbI)

Koa BbINMOJIHAETCA 3aMETHO A0J1blle BEeTBALEroca Koaa
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BpeMeHa BbINO/IHEHUA

BpemMena BbIIOJTHEHM
110 U TOCJIE
JUHEAPU3ALAN

1 L, ¢
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OntumMmsauma WCET Ha aTane
KOMMUAaummn



WCET-aware Code Optimizations
e

* localize worst-case path,
» select appropriate optimizations,
« |dentify code locations to

apply optimizations

O

—
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WCET-aware Code Optimizations

Superblock Formation: ...worst case path
1 1

superblock: |

. block with 3 d [\ ;

single entry /

point 31 14 superblock 53: «:51
formation -~ 6 *\‘7

6] (7 Vi s [6] /J

8 8 8

9 Increase of code size g

but reduction of WCET
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Hanxyawum nyTb

o BHUMAaHME: B pe3ynbTaTe ONTMMU3ALMK APYrov nyTb
MOXXET CTaTb HaAUXYALNM

.execution time

different worst-
case path!

real-time
code optimization

>

input data

,execution time

input
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Hanxyawum nyTb

* BHUMAEHME! HOBbIN HAaUXYALINN MYyTb MOXET BbIMO/THATLCS
NOonbLUe, YEM NepBOHAYasIbHbIN

.execution time

Increase along
worst-case path!

non real-time
code optimization

>

input data

,execution time

input
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Inn BCe-Takn 3aMepaTh?



[loyeMy HeNnb3s NPOCTO U3MEPUTDH
WCET?

0 3aMep BpeMeHM BbIMOSIHEHUS Ha MyTSIX BbIMNOSTHEHUS
PEasIMCTUYHOM NPOorpaMMbl — Ha NMPaKTUKE

Q MNpwu onpeaeneHun TeCTOBOW BbIGOPKM MOryT ObiTb
BbINo/HeHMs (06paboTka OWMOOYHbBIX CUTYaLUK U T.1M.)

O BbibpaHHble TeCcToBble AaHHbIE
(no BpeMeHn) BbINO/IHEHUS

0 BHyTpeHHee Ha MOMEHT CTapTa U3MepeHui
MO>XXET He 6bITb HAaUXYALLIUM

[pocTble 3aMepbl MOrYT MNOCIY>XWUTb MCTOYHMKOM MEpPBOHAYaibHOM
(rpybon) HimkHe oueHkn WCET
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C Apyrov CTOPOHbiI...

He B0 Bcex citydasx cTporo Heooxoauma Oe3omacHas (He 3aHIKEHHAs ) OIleHKA
WCET

* CucremMbl MATKOTO peajJbHOTO BpEMEHHU (HampuMep, MyJIbTUMEINA)
* (CHCTEMBI, YCTOMYUBBIE K PEAKUM MPEBBIIICHUSIM JTUPEKTUBHBIX CPOKOB

Jl1s1 HOBO# ammapaTHOM MIaT(OPMBI OBICTPEE BCETO MOXKHO HAa4aTh MMEHHO 3aMephI
BPEMEHH BBHITIOTHEHHS (2 CTaTHYECKUE METO/Ibl aHAJIN3a allllapaTHBIX 3aJIePIKEK
aganTUPOBATh JOJITO)

Huzkwue 3aTpaThl Ha aHHOTHPOBAHUE KOAa => OBICTPOE MOTyUYeHHE IPy0O0i OIIEHKH BpEeMEHHU
BBITIOJTHCHUS

3amephl TOMOTHSAIOT CTAaTHYSCKUN aHAJIN3, TIPEAOCTABIISISA peaabHbIe 3HAUCHHS 3aJIePIKEK
3aMepbl MOTYT MCMOJIb30BATHCS 11 YTOUHEHHUS pe3yybTaToB cTarndeckoro anaiauza WCET

* MonennpoBarh HEKOTOPBHIE COBPEMEHHBIE MPOLIECCOPBI QeUCNEUMENLHO CIIOXKHO

e JJIs1 HEKOTOPBIX 3a71a4 3aBUCUMOCTh BPEMEHHM BBITIOJIHEHUS OT BXOJHBIX JAHHBIX 10-
Hacmosujemy CI0KHa (BEIIECTBEHHbIE YMCIIa, MACCHUBBI U T.11.)

e Jlronu u3 NpoOMBIIIJICHHOCTH TPEOYIOT MOATBEPkKAeHUS TeopeTudeckux orieHok WCET
TAHHBIMH «H3 XKU3HID)



OueHka WCET ¢ nomMoLLbio N3MepeHun

* MHbopMaLmna 0 TaMMUHIax Nony4yaeTcs
NYTEM U3MepeHns BPEMEHUN BbINOJIHEHUS
KoAa Ha peasibHOWM LieNeBOU anmnapaType

* TOYKM MHCTPYMEHTUPOBAHUSA KOAA .
XOJIHBIC
(hopMUPYIOT HaboaaeMble U3BHE AHHbC
cobbITHS, NCNOJb3YEMble ANS CTapTa U cOcmHHe
3aBepLIEHNS U3MEPEHN Tpacea

« Tpacca BbINONHEHNSA COAEPXKUT Koz[+
cobupaemMyo coBMeCTHO MHDOPMALMIO O aHHaPaTYPa
NyTsX B NPOrpaMMe U BpeMeHax nx l
BbIMosIHEHNS (NYTb = MOCNeA0BaTeIbHOCTb Cocrosme
JINHENHbIX YYACTKOB) BhIXosiHbIE
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Execution Time Measurements

Goal: Obtain execution time for a path

System Under Test

P4 4[:81': set 2

dcall df

ldab _S1

Idab OFST-1,s

bitb #15

bne 122

Idab #1

stab Lbr
L22:

leas 25

P2 qkquit:n |

~

Hardware Interfaces
* Simple I/O ports

« Address lines

» Debug interfaces

« Communication devices Y,

Instrumentation Interface EEEEEEEEEEEEEEEEEEEEEEEEEEEEEN

* Heobxonumo CBPOCHUTD cocrosinue mporieccopa (K311, KOHBEWep U T.11.) epe] KaKIbIM MPOTrOHOM
*  HO: nns uzmepennss WCET KOHKpeTHOTO myTH HE00X0AUMO crieliupruyeckoe HayaabHOE COCTOSTHUE

K3111a (HaanMep, CCJIM ITYTb BXOAHUT B COCTAB BTOpOﬁ WM OoJjiee HO3,Z[HCﬁ HUTCpalrU [MUKJId, KOMAaH/IbI
JOJIDKHBI HAX00UMbCS 8 KQWQ)



MeToabl MHCTPYMEHTUPOBaHUSA

e YpucTto annapaTtHoe

Execution times

WHCTPYMEHTUPOBAHME Timer [ "
e BHelUHWe 3aMepbl contaureton dete
BPEMEHM BbINOMHeHNs == SiRrlspsigne’s Host |[«—User
NpyY NOMOLLM Target |l ConMaueton gt
NpOrpaMmMHoO Computer " rom s
(popMMpyeMbIX

CUI'HA10B BOBHE

e Yucro nporpaMMHoe
(BHYTpeHHee)
WHCTPYMEHTMPOBAHUE
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Ba>kHble coobpaxkeHuns rno 3amepam

Kak M3MepuTb MMEHHO TO, YTO HYXHO:

e VIHCTPYMEeHTMpOBaHME KoAa He AO/MKHO U3MEHATb NyTb
BbIMOSIHEHUSA NN BPEMS BbINOJIHEHUS MPOrpamMmMbl
HElpescKa3zyemMbiM UNN HEU3BECTHbLIM CNOCOOOM. TOUKM
NHCTPYMEHTMPOBAHNSA A0MMKHbI pacrnosiaraTbCs B
(PMKCUPOBaHHbLIX MecTax Koaa.

e Hy)XHa yBepeHHOCTb B TOM, YTO 3anycKu A/ 3aMepoB
BCEraa CTapTyoT C U3BECTHOro TpebyemMoro cCoCTosAHMS
npoueccopa (K3Ll, KOHBENEp, NpeackasaHne BETBIEHUN U
T.M.)
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[IpOMbILLNEHHBIM MOAX0A

e [IpMep NpombILLIEHHOIO Npouecca
pPa3paboTKU:

..... ot ARlal0l X —

=
IIpockTrpoBanue TectupoBanue BHeapenue
Matlab + Simulink [11aThI-IPOTOTHIIBI Arnmaparypa LeaeBoit
Matlab + RTW Anmaparypa 1ejaeBoi CHCTEMBI CHUCTEMBI
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[TpOMBILLNEHHBIM NOAXOA — MAacCUBbI BXOAHbIX
OAHHbIX
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[TIpOMbILLNEHHBIN NOAX0A — CyYauHble
NaHHble

0 200 400 BOOD 800 1000 1200 1400 1600 1800
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[Tonck KHanXygwmnx>» BXOAHbIX AAHHbIX —
ONnTMMN3adUuMNOHHAA 3aad4d

e MaccuBbl BXOAHbIX AAHHbIX =
OorpaHnyeHHbIN nepebop

e CnyyanHble BXOAHbIE AaHHbIE =
CNy4anHbIN NOUCK

e KaK HAaCYET «yMHOW>» ONTUMM3ALIMN?
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Evolutionary Algorithms (EA)

Gene = an independent property of an individual

Individual = vector of genes

Population = set of a number individuals
Fitness value = chance of survival of an individual

Recombination = mating of two individuals,
exchange of genes

=)

Mutation = random change of a gene
[]




CxeMa 3BOMIOLIMOHHOIO anropmtMa

e OT160pP: BbPKMBAHME Hanbonee
npucnocobneHHbIX. OT6op
>Result  paHAOMM3MPOBAH U BbIMOJTHAETCS
C YYETOM 3HAYEHUS LIENEBOU

PyHKUUN.
o CkpewmBaHue: obMeH reHamy,

HanpuMep OAHO- WX N-TOYEYHOE
CKpeLLUMBaHUE

e MyTauud: paHAOMU3UPOBAHHOE
N3MeHeHne reHoBs

Break condition met?
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OueHka WCET 3BO/THOUMOHHBIMU
asiroputTMammu

[eH = 3Ha4yeHne BXOAHOW NN BHYTPEHHEN
nepemMeHHOM

LleneBas @yHKUUSA = n3MepeHHoe BpeMs
BbIMO/IHEHMS (60NblUe 3Ha4yeHne => 0cobb
nyyle)

Pe3ynbTaT = «Haunydlas ocobb» = 0cobb
(Habop AaHHbIX) C HAMBOObLUMM BPpEMEHEM
BbIMO/THEHUS NMPOrpamMMbl

[aET xopouwyto, HO HebezoriacHyro oueHky WCET
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OueHka WCET 3BOMIOLMOHHBIMK aliTrfOpUTMaMu

e Ctapt
1f(x) | —[0]x=0,y=0->ET: 40
fast () ;
} else { —[1]X=1,y=1->ET:40
} BLET) ¢ e CKkpelimBaHue:
if(y) { —[2]x=0,y=1->ET: 50
slow () ; -[3]x=1,y=0->ET: 30
} e;’jt{() ; ANTOPUTM 3aBEpPLLIAETCS, eC/N
} 3HaYeHne LeneBon PYHKLMKN He

YAYyYLIAETCS Ha NPOTSHKEHNN
3a1JaHHOI0 YMcna uTepauunu
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Pe3ynbTaT NpUMEHEHNS 3BOTIIOLIMOHHOIO anropuTMa

/ 3aBbIIIICHHASI

[lporpamma | WCET | WCET SA |WCET EA
Matrix 13,190,619 | 15,357,471 /| 13,007,019 —j 3aHmKeHHA
Sort 11872718 | 24469014 | 11,826,117 — A
Graphics N/A 2,602 2,176
Railroad N/A 23,466 22,626
Defense N/A 72,350 35,226
\ Her \ Tounocts - ?
SA .... Static analysis pe3ynbTara

EA .... Evolutionary algorithms



BbiBOAbI

e OueHka WCET — cnoxHas 3agada, paspelunmMas
(6e3onacHO n ¢ NpneMneMou TO‘-IHOCTb}O) TONILKO Ans
HEKOTOpPbIX TUMNOB /IPOLIECCOPOB W POrpPamMm

e Ha npakTtunke ans oueHkn WCET npumeHsieTca coueTaHne
opManbHbIX METOAOB N U3MEPEHUM

e CucTteMa peanbHOro BpeMeHn A0mKHa ObiTb YCTOMUYMBA K
OTAeSIbHbIM/NOKaIbHbIM NPEBbILLIEHUSIM NMEIOLLMXCS
oueHok WCET

— CTOPOXXEBbIE TauMepsbl Ans 0bHapyxeHns npesbieHnss WCET

— YCTOMYMBOCTb K COpOCYy 3aaun-HapyumTtens (M nponycky
nTepaumm e€ BbINoSIHEHNS)

— «paCTsHKMMbIe» Nepuoabl BbINOSHEHNS 3aa4 Ans
OVHAMWYECKOW PErysIMpOBKM 3arpy3Kku npoLeccopa
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Cnacunbo 3a BHMMaHue!
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NMHPOPMALIUOHHO-YIMPABJIAOLWMNE CUCTEMDI
PEAJIbHOI'O BPEMEHW

Jlekums 7:
ADPDXUTEKTYPa BbIYHUCI/TUTE/IbHbIX
61008 NYC PB

Kadeapa ACBK,
JlabopaTopust BeluncnntenbHbix Komnnekcos
banawlos B.B.



[1naH

e OaHONPOLECCOPHbIE BbIYUCUTESbHBIE
610KHU

e PacnpeneneHHble CUCTEMbI U3
OIHOMNpOLeCCOpHbIX 6/10KOB

e MHOromMoAy/ibHbl€ BbIYUCIUTENbHbIE
610KHU

o ApXUTEKTYpa MHTErPUPOBAHHOM
MOAY/IbHOW aBUOHUKM

ENIOV4dIALHN



HeobxoanMbit MUHUMATN3M:
OIHOMNpPOLIeCCOpHble 6/10KK

e [exHonorndyeckme orpaHnyeHus:

— BbIHY>XZIEHHOE NPUMEHEHNE «rpyboro»
TEXHOJIOrMYEeCKOro NpoLecca

— YXECTKMEe orpaHmyeHmnsa no pasMepam u
3HepronoTpedbneHunto
e OTKyaa 6epyTcs orpaHnyeHus

— TpeboBaHME K YCTOMYNBOCTU K BHELLHUM
BO34EUCTBUAM (M3/TydYeHne 1 T.M.)

— HEPA3BUTOCTb TEXHOJIOMTNMYECKUX MpoLeCcCoB
NnponsBoacrea MUKPOCXEM

— 06NN NTMMUT Ha pa3Mepbl K
sHepronoTpebneHne NYC PB




=y AnnapaTtbl C )XECTKUMU
T orpaHunyeHnammn Ha NYC PB

»."”- r . 4"1 . -‘. “"_
3 Lo s =




LieHTpanbHble 9BM mapcoxoaoB

Annapat CPU RAM Flash | EEPROM OC
Sojourner | Intel 80C85, 2 Ml'y, | 512 176 HeTt OaHo3aaa4vHas,
(1997) 8-pa3psiaHbIn, Kbant | Kbaut XECTKNN
6000 TpaH3ucTopoB NopsiAoK
(aHanor Intel 8080 BbIMNOSIHEHUS
1974 r. pa3paboTkn) 3a4au
Mars IBM/BAE RAD6000, | 128 256 3 M6ant | VxWorks,
Exploration |20 Ml'y, M6ant | Mbant MHOro3azadHas
Rover 32-pa3psaHbin,
(2004) 1.1 MaH
TPpaH31CTOpPOB
Mars BAE RAD750, 256 2 256 VxWorks,
Scientific 132 Mlu, Mb6ant | Méant | Kbant MHOro3agay4Has
Laboratory | 10.4 mnH
(2011) TPaH3UCTOPOB
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PacLunpeHmne ogHonnaTHoro
KOMMbloTepa: KapTa-Me30HUH

Fna _ /\{\

Phz IP card

IP to PCI
adapter card
Fri o

FMC card

= ;}

)

n,
W

\,f LY

W

s

PMC Jna(.J11)

PMC Jn2(J12) \

PMC Jn1(.J6) .}«; L
‘“-\\:-i--

e

N

W
P ¥ =
P ‘

CompactPCl J5
connectar(Jdi4)

e Ha ogHoONNaTHOM KOMMbKOTEPE — NoKasbHas wuHa (Hanpumep, PCI)

e K NTOKanbHOM LLUMHE NMPUCOEANHSIETCA KapTa paclumpenns (HanpuMep,
afanTep KaHana)

e KapTa pacluMpeHuns He 3aBUCUT OT «OCHOBHOr0» pa3béMa, yepes
KOTOpPbI KOMMNbIOTEP MOAK/IOYAETCA K YIPaBISEMON CUCTEME



Deep Impact (nonet kK komeTte)

Mars Reconnaissance Orbiter (cnyTHUK
Mapca)

Lunar Reconnaissance Orbiter (CnyTHKK
JlyHbI)

WorldView-1 (cnyTHUK ONTUY4ECKON CHEMKK)

Fermi Gamma-ray Space Telescope
(opbuTarnbHbIv Teneckon)

Kepler space telescope (opbutancHbin
Teneckon)

Wide-field Infrared Survey Explorer
(opbuTanbHbIN TENECKON)

Mars Scientific Laboratory (mapcoxon)




. Cnabas uHTerpaums: oqHONpOLECCOpHbIe
| OMNoKW Ha MeaneHHOW WNHE

Environment (pilot. plane mechanics. plane environment. landscape profile. other flying objects)

| i L : !
Cucrtema
NaTumku VHaonkaTopbl Oprabl yripaBnexms Pagunonokatop
yI'IpaBJ'IeHVIFI AOBUWXEHUEM

lUnHa MIL STD-1553B

C-1 ‘ C-2 ‘ C-3 ‘ C-4 ‘

Timer 1
LLInHa MIL STD-1553B:
— Obujas — nopsiaka 100 Kbait/c
Timer 2 NaMsiTh Timer 3




Ha3HayeHne 610K0B

o C-1:
— KOHTPOJIb COCTOSAHNSA 6OPTOBbLIX CUCTEM
— Bblbop pexuma paboTsl UYC PB
— ynpasneHne obMeHoM no wurHe (KOHTPosiiep KaHana)

i ’-. C_Z-

= ' ..

= — BblUMC/IEHWE YNIPaBASIOLMX NapaMeTPoB NonéTa Ans nepeaayn
= & B CICTEMY YNpaB/eH!s [ABIKEHNEM

= — NOAroTOBKa AaHHbIX ANsi MHAMKATOPOB

a3 | C3:

O = - BbluMC/IEHWE NApPaMETPOB ABUXEHUS CAMONETa Ha OCHOBE

NoKa3aHUN AaTUYMKOB
— obecneyeHne ABMXEHNS CaMONETA MO MapLpyTy
— ynpaB/ieHME AaTYMKaMm
o C-4.
— ynpaBneHue NonéTOM Ha Masion BbICOTE MO NMOKa3aHWsAM paaapa

[TpsMou KaHarn

10



TecHad uHterpaumsa: wuHa VME

————————

[TapannenbHas WWHa ¢ apobuTpaxem

Peanuayet npamon 4oCTyn K NaMsATy
Moayneu

ObbeanHsaeT moadynu B B10K (KpeuT)

PaspagHOCTb LUWHBI AaHHbIX:
32 unun 64 dbuta

[TponyckHas cnocobHOCTb:
— 40 Mbawut/c (VME32)
— 80 M6ant/c (VMEG4)

— po 320 Mbaut/c (VMEG4 B 61104HOM
peXnme, Ha OaHY nepeaadvy agpeca —
HECKOmMbKO nepeay AaHHbIX)




CTpykTypa WwunHbl VME

e AApecHas WnHa

e |lInHa faHHbIX

e llinHa apbutpaxa (ana ynpasieHuUs A0CTYNOM)
e |lInHa npepbiBaHUn

ITO MOXO0KEe HA l

NPOIECCOPHVIO INMHY! ~ 1~~~ - ~———-—=—=—--=—=—-----
'""p' """ £ "y““'-y--r-' 9TO OHA M €CTh

(mpoueccop Motorola
68000)



Ponu moayneun Ha wuHe VME

Beaywmn (Master)

e MOXeT MHUUMMpOBATb Nepeaayy AaHHbIX
[MoaunHEéHHbIM (Slave)

e OTBeYaeT Ha 3anpockl OT BeayLlero
cTouHuK npepbiBanusa (Interrupter)

e Moaynb, CNocobHbI hopMmnpoBaTh npepbiBaHne (06bIYHO —
MNOAYNHEHHBIN)

Ob6paboTumnk npepbiBanus (Interrupt handler)

e Moaynb, cnocobHbI 06pabaTbiBaTb NpepbiBaHMs (Kak
NpaBnNo, OAHOMNNATHBLIN KOMMbIOTEP)

ApbuTp (Arbiter)

e Moaynb, ynpaBasioLmM AOCTYMNOM K LUIMHE U OCYLLECTBASIOLLIMM
MOHUTOPUHI 0bMeHa no wuHe. YcTaHaenueaeTtcsa B cnoT N21

13



[lpoueanypa nepenayn AaHHbIX

1. Beaywum yctaHaBnAMBaET 3anpocC Ha nepeaady
[IaHHbIX Ha WKHe apbuTpaxa
— Mpu 3TOM BEAYLIMM YCTaHAaBNMBAET Ha LLLA.

«CBOIO» JIMHWUIO 3arnpoca B akTUBHOE COCTOSIHNE
(nornyeckum 0)

2. LlnHa ocBobOXAaeTCA OT TEKYLLEN nepeaadmn
NAHHbIX =>

— apbuTp onpeaensieT, Kakne NMHUM 3anpoca
aKTUBHbI Ha LL.A.

— apbuTp BblIbUpaeT Beayllero, KOTOpPOMy OTAaTb
LLUMHY, N YCTaHABNMBAET B aKTUBHOE COCTOSIHME
nnHUo LA, «gocTyn gaH» ang 3Toro BeayLwero

14



[lpoueanypa nepenayn AaHHbIX

3. [MonyumB OOCTYN K LUMHE, BEAYLUMA YCTAHAB/IMBAET:

— Ha LUMHEe AAHHbIX: 3Ha4YeHust nepenaBaeMbiX AaHHbIX (B Ciiyyae
OTNpPaBKKW); pa3psiAHOCTb AaHHbLIX — He 6o/blue pa3psaHOCTU
LUMHBI AaHHbIX

— Ha WuHe aapeca:
e HOMEp NOAYMHEHHOrO YCTPONCTBA
e aapec B NaMsATU NOAYMHEHHOIO YCTPOMCTBA

* pa3psiAHOCTb NepeaaBaeMblX AaHHbIX
(8, 16, 32 buTta; Takxe 64 6uta ana VME64)

® NPU3HAK «4YTEHUNE» UJIN «3alncb>

4. TloAYNHEHHOE YCTPOUCTBO:

— Ha LL.A. np13Hak «4TeHMe» => yCTaHaBIMBAET Ha LUNHE
[AHHbIX 3HAYEHMA AaHHbIX 3a4aHHON Pa3psaaHOCTY C
3a/laHHOro agpeca CBOEN NamMsTH

— Ha LL.A. npu3HaK «3anncb» => 3anucbiBaeT No 3agaHHOMY
aflpecy CBOEW NamsTu AaHHblE 3a4aHHOW pa3psiAHOCTU C LNHBI

OaHHbIX
15



[ 1pepblBaHUSA

e [IpepbiBaHMe — crocob ans
NOAYMHEHHOIO YCTPOMUCTBA ONOBECTUTD
kakoe-nnbo n3 BeayLmnx YCTpOUCTB O
HeobxoanMMoCT obMeHa AaHHbIMY

e 3anpoc NpepbiBaHMS BbICTABNSAETCS Ha
OAHOW U3 7 NMNHUW LLIMHbI NPEPbIBAHUS

e Beayuine ycTtponcrtBa camu
pa3bupaloTcs, KOMy aZipecoBaH 3arpoc

16



£l bnoyHasi nepeaaya AaHHbIX

e [lopnepxmBaetca B VME64

e B Hauane obmMeHa 3a0a€TCsa aapec U
4YMCo nepenaBaeMbix 6/10KOB AaHHbIX

e BbinonHaeTca nepeaaya 3aJaHHOMo
yncna 6noKoB AaHHbIX (KaXkabln 610K —
HE LWMPE LUMHbI AaHHbIX)

e => 3HaUUTENbHASA S3KOHOMUSA BPEMEHM
Ha 3aJaHUKN aapeca

17



Hepnoctatkun VME

e MeaneHHas WwuHa (No CoOBPpeEMEHHbIM
MepKaM)

e [MapannenbHas WnHa (MHOrO NMMHUKU Ha
MaTEPUHCKOW NnaTe, CI0XHOCTb
MOBLILUEHNS YacTOTbl paboThl)

e HeBO3MOXXHO OAHOBPEMEHHOE
BbINO/IHEHNE HECKO/IbKNX 0OMEHOB
OAHHbIMU

18



bopbba ¢ HepocTaTkamm VME: VPX

e [lporpamMmma «VME Renaissance»: aatb VME
byaylluee B MMpe CKOPOCTHbIX MPOLIECCOPOB

e ObpaTtHas coBMecTuMOCTb € VME: BO3MOXXHOCTb
yCTaHoBKkM B VPX-cuctemy cyuiectsytowmx VME-
Moayien

— MeXaHN4YeCKad COBMEeCTUMOCTb
— noAaaep’kka nportokona un «ungeonornn» VME

 Yxof OT 06LLeN WKNHbI C apbUTpaXKeM: NMoAAEpXKKa
KOMMYTUPYEMbIX CeTeN
— Gigabit Ethernet, 10-Gigabit Ethernet
— PCI Express

— InfiniBand (BbICOKOCKOPOCTHOW NpsSIMOW AOCTYN B
NamMsTb)




VPX: nnaBHbin yxoa ot VME

CoBpeMeHHasa VPX-cucrema:
— HeT VME (T.K. HET YHacneaoBaHHbIX MoAy/en)
— X86 npoueccop

— TEeXHO0rmMmn u3 HactonbHbiX cncrteM (PCI Express,
Gigabit Ethernet, USB, HDMI/DispIayPort)

— ME&XMO/y/IbHOe B3aMMOAENCTBME — MO KaHa/iaM
Ethernet (aopoXkkn Ha MaTepVIHCKOVI nnaTe Kpenta)

DaKTUYECKM — BbIYMCIIUTENbHBLIW K1acTep Ha
TEXHOMOrnAX «Mupa x86»

— AN CO3AaHNA CUCTEMbI HY>)KHO MEHbLUE 3K30TUHECKNX
3HAHUN

MOLI,YJ'IVI B 3dKPbITbIX KOXYXdX — MOXHO BCTaBJIATb
N BbIHUMATb U3 pa60Tarou_1eM «B MnoJse» CUCTEMbI

20



IHTerpupoBaHHaa MoaynbHas
aBMOHNKa

HepocTtaTok TpaanLUMOHHbBIX MHOFOMOAY/IbHbIX 6/10KOB:
ype3MepHasa BHYTPEHHAA MHTerpaums
VME: wwnHa orpaHuyeHa npepenammn 6noka

— EAMHCTBEHHBIV apbuTp

— [MapannenbHas wWuHa (C/I0XXHO NpoBecTn Mexay 6nokamu, B
T.4Y. 3aLUNTUTb OT MOMEX)

— Bbixoa apbutpa u3 ctpos — cataneH (cnot N°1 -
€IMHCTBEHHbIN)

— Vipeonorua npsMoro AoCTyna K namMATu: y Moays
«C/INLLIKOM MHOTO» 3HaHWA O BHYTPEHHEM YCTPOWCTBE
ApYrnx moaynemn Toro e 6noka

B utore:

— CcucTteMa HeogHopoaHa (6710kM CUABbHO pasnMyaroTcs)

— MOAYNu oAHOro 6510Kka TECHO MHTErpMpOBaHbI APYr C APYroM
— MOAYNW pa3HbiX 6/10KOB CINLLIKOM U30/IMPOBAHbI

— HM3Kas 0TKa30yCTONYNBOCTb U PEKOH(PUIYPUPYEMOCTb (6n0|<
BbIXOAUT U3 CTPOS LIETMKOM)



IHTerpupoBaHHaa MoaynbHas
aBMOHNKa

Cpena obMeHa AaHHbIMW Ha OCHOBE KOMMYTATOPa

— MCMNOJb30BaHWE BUPTYasIbHbIX KaHANOB A8 Pas3AeNeHus
MPOMYCKHOM CNOCOBHOCTM

— OrpaHWYEHHbIE 3aEPXXKM NpU Nepeaade coobeHnn

Moaynu Bcex 6710KOB paBHOMPaBHO NOAKNIOYEHbI K cpeae
obmMeHa AaHHbIMU r

=> cuctemMa — «0b6nako» moayneu

CepBuCHas WKWHa — nocnegoBaTesibHasi, OTHOCUTESTbHO
MeaneHHas (MOMEXOYCTOMYMBOCTb), MOXET 06beaMHATL BCE
mMoaynu cuctembl MMA

— CAN bus
TpadvK No cepBUCHON LUMHE MUHUMANIEH (HU3KOYPOBHEBbIE
[NaHHbIE O COCTOSIHMM, NPOCTENLLNE KOMaH/bl BPOAE BKJ1/BbIK/
Moayns)

Bbicokasi 0TKa30yCTOMUYMBOCTb U PEKOHDUTYPUPYEMOCTb

— MOAYy/b BbIWEN U3 CTPOS => 3aMEHUTb ero MOXeT Moay b U3
apyroro 6noka

— noaaep>kKa BUPTYaJibHbIX KaHa/0B => BO3MOXXHOCTb MUIpaLlnn
BbIYMUCJTUTESIbHbIX 3a4a\
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YHUpuKaums
BbIYNCIUTENIbHbIE MOAYIN
ceTeBoe 06opyaoBaHue U

MPOTOKO/bI

NHTerpaunsa
nporpaMmmMHoe obecneyeHve

NMOTOKWN AaHHbIX

BupTtyanunsauus

MpoLIeccopbl
namsTh
ceTb

NHTerpupoBaHHasa MoAybHas

aBMOHMKaA (5 NokosieHme)

vy

BbluncneHus

BbluncneHus

Yy~

BbluncneHusa

KoMmmyHumkaumm

["pacuka

N\

Kommy Kommy
TaTop l TaTtop

Kommy
TaTop

BbluncneHusa

N N

BbluncneHusa

Bbluncnexusa

KoMmmyHukaumn

—= V4

"paduka

Y

NN




CepBucHas wwunHa CAN

AboHeHT CAN Ha moayne UMA — oTaenbHas noacucTema

— BKJIKOYAETCA A0 aKTnBN3aUUun OCHOBHOW JIOTUKM MoAayiA

— npoao/mMKaeT MYHKLUMOHNPOBATL NMpu cboe 0OCHOBHOM JIOMMKM MOAY/ISA
KopoTkue coobuieHuns (Ao 8 6anT AaHHbIX)

— MNepUuoanyecKas Bblaa4a MOAYJ1IAMN CTATYCHbIX COOGLLI,EHVIVI

— 3anpoc cTaTyca Moayns + OTBET Ha 3anpoc

— KOMaHAbI BK}'I/BbIKJ'I OCHOBHOM JOTNKMK MOoAyNA
ApbuTtpax

— KaXAabl abOHEHT «CNbIWUT» nepeaady AaHHbIX MO KaHany

— HET nepeaayn AaHHbIX => MOX>XHO Ha4MHATb OTNPaBKy CBOUX AaHHbIX,
MHAYe XAaTb 0CBOOOXKAEHUS KaHana

— Nnpwv 0 gHOBPEMEHHOM Ha4aJ/1€ BblAa4Wn.
® JIOMWUHAHTHbIE N peELECCUBHbIE OUTHI
e CoobLlEeHne HauUMHaeTCs C aipeca aGOHeHTa-OTHpaBMTeﬂﬂ

e abOHEHT C «MEHbLUUM» JIPECOM C/IbILLIMT B CETU HE TO, YTO BbiAan, u
NpeKpalLaeT Bbiaayy

Kak orpaHnuunTb 3a4ep>XKy AOCTaBKM AAHHbIX?
— WMA: HM13Kasa 3arpy3ka KaHana, HeT rnpobnemsl
— B cneaytowen nekumm: CAN C LEHTPanM30BaHHbIM YpaB/iEHUEM



4

npoueccopa AaHHbIX

~

Mopaynb

®YHKUMOHANbHbI MoAYNb
06L1ero HasHayYeHus

3apaun:
* 06paboTKa AaHHbIX,
* BbIMO/IHEHUE
BbIYMCAUTENbHbIX 33434,
* NMPUHATME YNPABEHYECKUX

peLueHunn.

4 N

®OYHKUMOHANbHbIN MOAYNb
CneunanbHOro HasHa4eHus

Moaynb
BBOAA-BbiBOAA

3apauu:
*npuem/Bblgavya CUrHanoB Mo
«yHacnenoBaHHbIM»
6opTOBbIM UHTEPDENCAM,
*npeobpasoBaHme
yHacnenoBaHHbIX popmaTos
CcoObLEHNN B CTaHAAPTHbIN

@pmaT ARINC 653.

[pumepbl Moaynen UMA

/Mo,u,ynb rpad)mquKorA

KOHTpoAepa

®yHKUMOHaNbHbIA MoAay b
cneunanbHOro HasHaYeHus

3apaun:
*rnocTpoeHune n3obparkeHui Ha
OCHOBE AAaHHbIX, MONYYEHHbIX OT
BbIYMCAUTENbHbIX 3343y,
* 06paboTKa BXOAHbIX
BMAEON306parKeHUN,
*npuem/Bblgava n3obparkeHui

w onTn4YeCKnm BMAEOKaHaﬂaV

4 4 )
Mopaynb KommyTtaTtopa FC Moaynb NCTOYHUKA NUTAHMA
MpepHa3HayveH ana obecneyeHmn BcnomoraTtenbHblt mogynb, obecneymBatownia

B3ammogencteua B cetn Fibre Channel BTOPUYHOE NUTaHKE Mmoaynein c Tpebyembimu

\_ J U XapaKTepUCTUKaMm Y,

25



[lpMep NpMMeHeHns LLNHbI
PCI Express

__________ A
| Moaynb
Bbluncnenus | Apantep FC KOMMyTaTopa |
| BbluncneHus l Apantep FC |
| I
: Bbluncnenus | Apantep FC Ii‘:;"(';"g :
I
: |I :: KoMMyHMKaumnm : Apantep FC |
' I
: "paduka ! Apantep FC |
| - I e a) —

PCI-E

FC
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Cnacnbo 3a BHMMaHue
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NMHOPOPMALUMOHHO-YIMPABJIAOLWUNE CUCTEMDbI
PEAJIbHOI'O BPEMEHW

Jlekuunsa 8:
KaHasibl € UeHTPpa/iIn30BaHHbIM yripaBJ/IeHHUEM

Kadeapa ACBK,
JlabopaTopus BbelumncnntenbHbix Komnnekcos
banawios B.B.



CocTtas NYC

WHTepdenc onepaTopa
-MHAMKATOPbI
-OpraHbl ynpasieHus

}

iy e
—5:—" ’ \‘\

BopToBas J, @ BbluucnTenv

-

[ AaTtunku } [3d3d)eKTOpr}

ﬁ @ To4yka-Touka,
NCTEMA

LLWHA,
Ynpasnsgemas c koMMyTaTop...
BHelwHAA cpena :




KaHan ¢ ueHTpanu3soBaHHbIM yrnpaBneHnem

oy, | | oy, oy,

KaHan

KoHTponnep — ynpaBnsieT obMeHaMn B COOTBETCTBUU C
npegBapuUTeENbHO NOCTPOEHHbBIM pacnncaHnem obMeHOoB.

NHdpopmauuna nepegaetcs B BUAE COODLLEHNN.

ObmeH nHdopmaumnen oCcyLLECTBNSETCS NyTEM NMOoYepeaHON
nepenayn gaHHbIX No NpuHUMNY "KoMaHaa-oTBET .



[lpenmyLlecTBa KaHaNoOB C LLeHTPaNU30BaHHbLIM
ynpaBrieHneMm

* OTCcyTCTBME KOHMSTINKTOB.

« [[@apaHTMpoBaHHaA nepenayvya coobLleHn B
peXXnve pearibHOro BpEMeEHMN.

* MnHmumanbHoe KONM4YecTBO «MPOBOOOB» B CETU
obMeHa.



[MTpoMbILWLNIeHHblIe KaHanbl C
LeHTpanu3oBaHHbIM yrnpaBlieHNeM

MIL STD-1553B

Moaudoukaumn MIL STD-1553B:

— MIL STD-1773 (onTunKa)
— Space Shuttle MIA bus (bonee gnnHHoe cnoso)
— EBR-1553 (Tononorusa «3sesga»)

MIL STD-1760 (nepapxums)

STANAG 3910

FC-AE-1553

CAN bus ¢ «MCKyCCTBEHHOU» LIEHTpanusaumnen



MIL STD-1553B: nepeaava coobLweHunsn
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MIL STD-1553B: dpopmaTbl coobLLEHNI

nepegada AaHHbIX
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To xe, n3 FOCTa

Cneaywowes KC
y ta o0
vopuart | KC | GO | CA | - | €O ==~ OC [+~ KC ¥~
Cnepgywowee KC
L b =20
Dopmar 2 KCl=—=ocl|COlCcOl | CO ___._lL H‘:_{/
4 2 b T2
wcpmat3 | KC | KC l—= OC|CO|CO| -+ | CO —+ OC ~——1 KC |
I
Cnegywowee KC Cnepyowee KC
Dopmar 4 KC -~ OO0 |= - f{{:_r/
Cnegyrowee KC
b b T 1
dopmat 5 KC =—={ OC | C4 "'_"‘TL KC‘J’/
o Cneaywuwee KC
ty I
wopmaté | KC | CO oC —— HC:_I.»/
K(C — xkomaHnHoe cnoso, CF — cnogo gaHHRX, OC — OrgeTHOC CHOBO; f; — naysa nepel BhIIAYCH OTBETHOIO CJIOBA;

I, — [AY3A MEHIY COODLILE H HS MH



MexayHapoaHasa KOCMUYecKasi cTaHUUA




Poccumnckmm cermeHT MKC

Functional and
Cargo Module
Zarya (FGB)

Mini Research Module
Poisk (MRM2)

Service Module
Zvezda (SM)

Mini Research Module

..“ Rassvet (MRM1)

Docking compartment
Pirs (DC1)



Uepapxunyeckasa opranmsaumsa NYC PB MKC

[Mpoueccop

I

[Tpoueccop

NHTepdenc
SKMNaxa

NHTepdenc
LY

I

I

I

T I D WOUT
AN

2 YPOBEHb

3 YpOBEHb

MarmncTtpanbHbIi KaHas
MIL-STD 1553B

I

[logcucrtema
3NEeKTPOoNUTaHnA

A 4 A\ 4 A 4

JIoKanbHbIN
KaHan

A 4 A 4 A 4

KOHTPOJINEPDLI

I

[NMoacuncrtema

TEPMOKOHTPOSIA

I

A 4 A 4

[NMoacncrtema
paanonokaunm

A 4

JIoKanbHbIN
KaHan

A 4 A\ 4 A 4

A 4 A 4

JIoKanbHbIN
KaHan

A 4

KOHTPOJITEPDI

A 4 A 4 A 4

LLAM/ALM




TunuyHblie pexumsbl padotbl NYC Ha MKC

e CTaHAAPTHbLIN PEXUM;

* PEXUM MUKpOrpasmnTaumn arnsd BbllMOJITIHEHUA
Hay4HbIX 3KCNEPUMEHTOB,

* PEXNM CONMKEHUA N CTBIKOBKU C TPAHCMNOPTHbLIMU
Kopabnsmu;

* PEXUM OJ14 BbIXOOa 3KUMAaXa B OTKprTbIVI
KOCMOC,

* PEXUM BbIXUBAHUA C OTKITIOMEHMNEM HaNMEHEE
BaXXHbIX 3KCMNEPUMEHTOB N CNCTEM,

* pPEXUM aBapunHoOro noknaaHus akmnaxem MKC.

Pexxum - Habop coobuweHuu, pacrnucaHue riepedadu



«POKyCbI» C KaHaNnom
MIL STD-1553B

« Paketa-Hocutenb ARIANE 5:
obOHapyXxeHue pasgeneHus
CTyneHeu
(paspblB MarncTpanm)

« TpaHcnopTHLIN Kopabnb ATV:
NHOMKAUMS YCNELUHOW CTbIKOBKU
(coeguHeHue nepugepmnmnHoro
KaHana)



http://www.spacetoday.org/images/SpcStns/ATV/ATV_ESAart_750x572.jpg
http://www.spacetoday.org/images/SpcStns/ATV/ATV_ESAart_750x572.jpg

EBR-1553 (Enhanced Bit Rate)

oy

oy

oy

KK/
hub

oy

oy

oy

Passutune
MIL STD-1553B

HoBble BO3MOXHOCTU:
— ckopocTb 10 MouTt/c

— Tononorus «3sesgay,
KOHTpOnnep
oObeanHeH C ceTeBbIM
KOHUeHTpaTopom (hub)

Het oomeHoB OY-QOY



MIL STD-1/760: nepapxus

( MIL STD-1553: rmaBHas wmHa O

! ! l
KK oy Cucrema

OVY/KK| ynpaBneHus

- = — = XpaHunuwiem

f

( MIL STD-1553B: WnHa xpaHunuuia O

v YcTtponcTeo-
RT nHTEepdgenc
XpaHunuiia
3
XpaHunuiue
RT/BC 1-ro ypoBH4
v
RT XpaHunuiie

2-TO YPOBHA

Pacwuupsier MIL STD-1553B
ans nogaepXkm 6opToBbIX
XpaHUNULL, AaHHbIX

Onpegensiet ctaHgapTHbIE
doopmaTtbl coobuieHnn ans
doyHKUMWN ynpaBneHna
XpaHunmamu

AKUEHT Ha HaaEeXHOCTU:

— pes3epBUpOBaHHagd LLMHA

— KOHTpOrnbHble cymMbl (CRC)
B 3aronoBKax cOOOLLEHUNN

— cneunarnbHble popmarThl
coobLEeHNN AN KOHTPONS
LLeSTOCTHOCTU OaHHbIX

— noATBepXAEeHMEe NosnyveHus
KPUTUYHbBIX YNPaBAsoLWnX
COOOLLIEHNN



STANAG 3910: Tononorus

lUnHa MIL STD-1553

Ynpasnsowine
> KOMaHAbl U

KK

oy oy

BblcOKOCKOpPOCTHOM
KaHan.
OMTOBOJIOKHO,
TOMONOrna «3Be3ga»

HU3KOCKOPOCTHas
nepegaya gaHHbIX
(1 MbwuTt/c)

oy

[lepenada gaHHbIX
(20 M6uT/c)



STANAG 3910: obmMeH naHHbIMU

KomaHaHoe cnoso KomaHga ynpasneHus HS-kaHanom
MIL STD-1553B (cnoBo gaHHbIX MIL STD-1553B)

KK

OTnpaBuTenb

[Monyyartensb

Bbicoko-
CKOPOCTHOMU
kaHan (HS)

1 R . I
E B N1
1 1 ! ! 1 ! ! >
R RN A
M I
BpemMsa peakumn UHTepBan mexay | |
Ccoo0LLEHNAMN > HS-coobLieHne —_



LHnHa CAN

Vehicle Wiring: CAN Bus network

 ———

CANBUS

* crnyxebHas WwuHa
* KOPOTKME CcoobLLEHNS



LLinHa CAN: apbutpax

Kaxkgbln aDOHEHT «CrnbIWLNTY nepeaady
NaHHbIX

HeT nepenayn AaHHbIX => MOXHO
Ha4YMHaTb OTMPAaBKY CBOUX AaHHbLIX

KOHNUKT => aDOHEHT C «MEHbLUNM»
agpecom oTcTynaet

[lpobriema: Kak orpaHU4YnTb 3a4epPXKKY
OOCTaBKU OAHHbIX?



CAN c ueHTpann3oBaHHbLIM
ynpaBneHnem

LPDB-MAIN RPDB-MAIN Knn
. _ _ CPIOM CPIOM CPIOM CPIOM CPIOM CPIOM . .
3 EMMIL_ L ENMU_LZ ENMIL R1 ENMLU R2 #1.& #18 #1(: #ZA #23 #zc KawWan Kawan 2
1 | | | | | | | | | |
\ | | | | | | | | | |
N | | | | | | | | | |
CaN CEZ [TU] ——]———-l.-l———-1————[-|————|———|———|—l T——I—-[——l——]-—l—————l—r—l TU
4 | [ | | [ | | |
2 i i i i i i i I
{awan 1 Kaan 2 Kamar Kaman 2 Kanan 1 Kanan 2 Kasian 1 Kasian 2 CMU
| #
BY KCKB Ne1 BY KCKB Ne2 / BBK-12 Ne1 BBK-12 NQZ\
6

5

1 — OcHOBHa®s marucTpanbHas WuHa
2 — PesepsHas maructpansHas WwuHa

3 - OTeeTBUTENL OCHOBHOW MArucTpansHoi WWHLI

4 — Cornacyowmin pesmcrop
5 — AGoHeHT uHTepdeiica (BY KCKB Ne1)
6 — YcTpoicTBo UHTepdeica
7 — KoHTponnep oCHOBHOI WWHbI/Pe3epBHbIil KOHTPONNEP pe3epPBHOIA LWNHbI
B — KoHTponnep pe3epBHOM WWHbI/Pe3epBHbIA KOHTPONMEP OCHOBHOM LWKWHBI



CAN c ueHTpann3oBaHHbLIM

yrpaBJiEHNEM

Cnegyrwuwee

cooDLWEeHNE

Cnegyrowee
coobueHne
® 1 | Fame- _..E._ Kanp- Kagp- ..._...t1 | Kapgp- !
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o o [ Famr | @] Fatr || Fomp | g'| Foar- Ko | gl Kot |
opmart KOMaHZa OTEET KoMaHIA OTBET e oOTEET | KOMaHaa |
Cnegywuwee
coobWeHne
— t, ~—o-——-
Kagp- t Kanp- | ! HKagp- |
Dopmat 3 H-:MﬂHﬂ,ﬂ*-:Lb OTEET .ac-jraqu-_z:




MaTtemaTtuka...



3apada nocTpoeHus pacrnmcaHus BbINONMTHEHUSA
paboTt B 0o4HONPUOOPHOM YyCTPONCTBE

* lluHa (kaHan) ¢ ueHTpannM3oBaHHbIM
ynpaBnieHneM MOXEeT paccmaTpmBaTbCs Kak
oaHonpubopHoe yCTPoKCTBO, OOCNYyXMBatoLLee
MCXOOHO 3agaHHbIM Habop paboT bes
npepbIBaHUN.

* Pacnuncanue BbinonHeHUsa paboT, npeacraBndaeT
cobon ynopsigo4YeHHbIN Habop

H:{ }NH jed

«J ={(t;,s;, f;)} - ncxopHo 3apaHHbIN Habop paboT
(ONUTENbHOCTU, ANPEKTUBHbIE
CPOKN)



3apada nocTpoeHus pacrnmcaHus BbINONMTHEHUSA
paboTt B 0o4HONPUOOPHOM YyCTPONCTBE

» MHOXeCTBO KOPPEKTHbIX pacnucaHum H-
onpeaenMm Habopom orpaHNUYEHUIA:

0,:(FjeH)= (s 25)a (17 < 1))
g,:(VjeH)=> (f —s = )
g, (Y(j)eH, j£N)= (((s]"<s|) V(s 2 ) A <s)v(E > 1))



3apada nocTpoeHus pacrnmcaHus BbINONMTHEHUSA
paboTt B 0o4HONPUOOPHOM YyCTPONCTBE

3agava:

max |H|

H eH”

M3BECTHa B TEOPUM pacnncaHNi Kak 3agada o
BblOOpEe MakcuMarnbHOMo Yucria COBMECTUMbIX

3a8BOK 1 aBnsetca NP—TpygHoW.



3apada nocTpoeHus pacrnmcaHus BbINONMTHEHUSA
paboTt B 0o4HONPUOOPHOM YyCTPONCTBE

e [lna yacTHOW 3aga4n:

max |H|

H eH”

vV tj:fj—sj

* N3BECTEH ONTUMAanbHbIN XXaOHbIN anropuTm
crnoxHoctn O(n-log n).



3apada NocTpoeHns pacnucaHusa nepegaymn
COO0OLWeHn NO WKnHe

* VcxogHbi HAbop nepnogmnyeckmnx
coobLeHn npeobpasyeTcs BO MHOXECTBO

paboT J.
« CoobweHne m: (F, ¢, ¢,, 1).

3 ShEL S S G TS S B >
o J@l/FL JZ/FL JS/F




3apada NnoCcTpoeHnsa pacnucaHua nepeaaymn
COOOLLEHUN NO LUNHE

[1aHo:

* MHoXecTBO paboT, KOTOpble AOIMKHbI
BbINOMHATLCA Ha cucteme J = {j}i,

 TexHonorn4yeckme OorpaHn4eHnAa Ha KOPPEKTHOCTb
pacnucannst  g.(H x)<0, i=4...N,

« BekTop napameTpoB TEXHOMNOMMYeCKnX
orpaHu4yeHun  x — (Xl"'XNX)



Mpumep: TexHONornyeckme orpaHUYeHus
Ha pacnucaHue nepenayv coooOLLeHUN No LnHe

IICPHUO,
< pHoA

C3CPB
P S —
N

-

IS % " "
FEEIESL LIS .l_'_-
FEEIESL LIS .l_'_-
FEEIESL LIS .l_'_-
LIS LIS .l_'_-
FEEIEIEIESL .l_'_-
\\\\ i

IHOAITUKIJI

= OpgHa uenoyka paboT B noAauukne
" Pe3epB BpeEMEHU B KOHLIE noauunkna
" MakcumanbHaga AnuTenbHOCTb LENOYKM paboT

" MakcmmaribHoe OTKIOHEHME pPacCTOSIHUSA
MeXay nocneaoBaTterfibHbIMU paboTamMn OOHOIO
coobLleHna oT nepmoga coobLeHNS




OrpaHVI‘-IeHVIFI ansa cxemMmbl C noAauuUKI1iaMu

g4 - B K&XXOOM NOALUNKIE MOXET HaxoAuTbCsl He bonee
OAHOW LIEMOYKK paboT.

g5 - MHTepBanbl BbINOMHEHUSI pabOT HE AOIMKHBbI
nepecekaTb rpaHuLbl NoguUukna.

g6 - Bpemsi Ha4ana uernoyku paboTt OTHOCUTENbHO Havana
nogLumKna He JOMKHO ObiTb MeHbLLEe 3a4aHHOro
3HaYeHus.

g7 - B KOHLE NOALMKIIA AOIMKEH ObiTb 3ape3epBnpoBaH
MHTEpPBaN BPEMEHU HE MEHbLUE 3a4aHHOWN
ONUTENbHOCTM.

g8 - yncrno paboT B LIeNo4Yke He A0IMKHO NpeBbIlaTh
3a/1aHHOrO 3HaYeHus.



OrpaHu4yeHus Ansi cxemMmbl 6€3 NOALMKIIOB

g, - HACHO p860T B LlEernoYke He OOJ1KHO MnpeBblilaTb
3aaHHOIo 3Ha4YeHUA.

J: - CyMMapHas OfMTENbHOCTb BbIMOSTHEHMS paboT
LIeNnoYKn He A0SKHA NpeBbillaTh 3a4aHHOro 3Ha4YeHus.

Js- HTEPBAJ1 BpEMEHU MeEXAY nocrenoBaTteiibHbIMU
LernoykamMmu AoSmKeH OblTb HE MeHbLLe 3aJaHHOro
3HaA4YEeHUA.



»KagHbIn anropnutm nNocTpoeHns
pacnucaHus

t : caMoe paHHee BpeMsi, Ha KOTopoe AOMYCTUMO NnaHMpoBaTh paboThbl;
t MOHOTOHHO BO3pacTaer.

Arnzopumm: Hanpuwmep, EDF
1) t:=0
2) BblOpaTb, B COOTBETCTBUN C AETEPMUHMPOBAHHBIM KpuTepmem CR,

3)
4)
S)

6)

7)

paboTy, koTopas MOXET ObITb HAYaTa B MOMEHT t ©e3 HapyLleHUs
OrpaHNYeHnn;
HeT Takon paboTbl = t :=<MUHMMAarbHOE 3HA4YeHUe, AN KOTOPOro Takas
paboTa CyLlecTByeT>; nepenTu K wary 5

NOMECTUTb BbibpaHHYy0 paboTy B pacnucaHue, ¢ BpeMeHeM Havana t
t := <Bpems 3aBepLleHUsI BbibpaHHOM paboTbl>
y4eCTb TEXHOSIOMM4YeCcKne orpaHnyeHmns

e OOHOBUTbL 3Ha4yeHue t
* OBOHOBUTb AMPEKTUBHbIE MHTEPBASbI OCTaBLUMXCSA paboT (Havano >=t)

ONPEKTUBHbIE UHTEpPBaNbl HEKOTOPbLIX PaboT Kopoye camux padboT
=» BHECTW 3TU paboTbl B CNINCOK UCK/THOYEHHbIX

€eCTb pa6OTbI, HE UCKJTIOYEHHbIE N HE BOoWeaLwune B pacrnmcaHmne

2 32
=> nepenTu K wary 2



HepocTaTku »kagHoro anroputma

« Kputepuin Bbibopa paboT gosmkeH ObiTb onpenenex
3apaHee

« Insa kaxgoro kputepust (RM, EDF, ...) cywecTtBytoT Habopsbl
paboT, Ha KOTOPbLIX OH AAET NIIOXoW pe3ynsraT
= py4HOU BbLIDOP KpUTEpPUSt nnu nepedop Kputepmnes

« Het «0by4eHuns» no pesynbratamMm HeyCneLlHbIX 3anyCckoB
=» eCInn anropuTM HeycnelleH Ha KOHKPETHbIX JaHHbIX, OH
BCcerga OyaeT HeycrnelleH Ha HUX NMpu ToM e kputepun CR

Bo3MoxxHoe peleHne. afanTUBHbIN anropuTM C |
dNeMeHTaMn HeaeTepMnHu3Ma (Hanpumep, MypaBbUHbIN) !

33
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CATIP uuknorpamm

Co3gaHue nNpoekTa: HanosriHeHne basbl AaHHbIX
MHopMaLMen O CTPYKType DOPTOBON CETU U
npoTokonax MHoOPMaLMOHHOIo B3anMOOEUCTBUAS.

ABTOMAaTM4YeCKOE NOCTPOEHME pacnmcaHus.
BO3MOXHOCTb py4YHOUN KOPPEKTUPOBKU pacnncaHus.

B cny4dae, ecnu Henb3s NOCTPOUTL NOJSTHOE U
KOPPEKTHOE pacnmcaHune: aBToMmaTtndeckas
KOPPEKTUPOBKA 3HAYEHNN OrpaHNYeHnn Ha
pacnucaHue.

[eHepaumsa nporpamMMHOro Koaa, 3agatoLLero
pacnncaHue.

[eHepauusa OTYETOB O BXOAHbIX AAHHbIX U
MOCTPOEHHbIX pacnnCaHUSIX.



CATIP uuknorpamm
(Quarpamma TEXHOMNOrM4YecKoro npouecca)

rnocmpoeHue pacrucaHusi KoppeKkmuposka
oepaHu4yeHul
pacnucaHue

< 2eHepauyus om4yémoes > < ceHepauyus KoOa )

l l

OTYETHI Koa, 3agatoLmn
pacnucaHue




KonbLuo ¢ apoutpaxem




Tononormn u Knaccbl 06cnyXmBaHus
ctaHaapTta Fibre Channel

* TOYKa-To4ka (Point-to-Point),

« KOMMYTUpYyemMmas ceTb (Switched Fabric),

* Konbuo c apoutpaxem (Arbitrated Loop,).



Konbuo ¢ apoutpaxem Fibre Channel (knaccbi
obcnyxueaHusi)

e Knacc 1 — BblgeneHHoe coeguHeHne C
noaTBEPXAEHUAMU;

* Knacc 2 — nepegada 6e3 yctaHOBKM COeUHEHUS
C NMOATBEPXOEHUAMMU,

e Knacc 3 — nepegaya 6e3 yCTaHOBKU COEANHEHUS
6e3 noaTBepPKAEHUN.



OnuncaHue padoTbl KonbLa Cc apouTpaxem

MONITORING - Bce npuHATLIE NOPTOM CrioBa
pETPaHCNPYOTCA Aanee, T.e. NopT NnepenaeT B
BbIXOAHOW KaHamn NpuHATLIN Habop 13 40 6uT.

ARBITRATING - nopT nepexoguTt B 3TO
COCTOSIHWE, Koraa emMy HeobxoaMmo nosyvYnTb
OOCTYN K KonbLUy Ans nepegavyn nHgpopmauum.

ARBITRATION WON - cocTosaHME, B KOTOPOM
NOPT CYMTAETCS BbIUrPaBLUMM apbutpax.
OPENED - nopT-npneMHuUK nepexoaunT B 3TO
COCTOsAHME, Korga oH nosny4daet crnoso OPN c
yKasaHMeM CBOEro agpeca.



OnuncaHue padoTbl KonbLa Cc apouTpaxem

« OPEN - nopT Ha4yMHaeT nepegaBaTtb Kaap C
OaHHbIMW.

« XMITTED CLOSE - nopTt nepexoauT B 3TO
COCTOSIHME, Koraa y Hero bonblie HET AaHHbIX
Onga nepenaydun, n Ang 3akpbiTMa NOpPTOB-

NPUEMHUKOB OH nepenan crnyxebHoe cnoso
CLS.

« RECEIVED CLOSE - nopT-npuemMHuK nepexoaunt
B 9TO COCTOSAHME, KOraa OH nony4vaeT criy>kebHoe
cnoBo CLS. B atom cocTtosaHun nopt

peTpaHcnupyet crnoso CLS n nepexoguT B
coctoaHne MONITORING.
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NMpotokon FC-AE-1553

» [1lpoTtokon FC-AE-1553 aBnsaeTtca npoTOKOSIoOM
BepXxHero ypoBHSA (B cTeke Fibre Channel) u
amynupyet paboty kaHana MIL STD-1553B B
KOnbLe C apouTpaxem.

* OKOHeYHblE YCTPOMNCTBA KomnbLA C apbuTpakem
caMm He UHUUMUPYIOT MHPOPMAaLMOHHbIE
OoOMeHbI. 3a 3TO OTBEYAET crneuuanbHo
BblAeNeHHOe OKOHEeYHOe YCTPOMCTBO KosbLa C
apouTpaxem, Ha3blIBaeMO€E KOHTPOIS1epOM
KonbLia.



NMpotokon FC-AE-1553

npeaHa3Ha4vYeH ans «KMMUTaumm» npoToKoa
MIL STD-1553 Ha konbue c apbutpaxem

OKOHeYyHoe
YCTPOUCTBO

OKOHeYyHoe
YCTPOUCTBO

MIL-STD-1553

FC-AE-1553

FC-AL




NMpotokon FC-AE-1553

* [lepenaya gaHHbIX OT aboHeHTa A K aDOHEHTY B:

1) nepegava coobLleHnsa OT KOHTporsnepa
KOonbLia OKOHEYHOMY YCTPOWUCTBY C aapecom A
C KOMaHOou rnepenaTb coobLEeHMe
OKOHEYHOMY YCTPOUCTBY C agpecom B;

2) nepegadva coobLleHns ¢ JaHHbIMUK
OT OKOHEYHOro yCTpoucTBa C agpecom A
OKOHEeYHOMY YCTPOUCTBY C agpecom B.



3apada nocTpoeHus MmaructpanbHbIX KaHanoB
MHpOPMaLIMOHHOIo oOMeHa ¢
Ucrnonb3oBaHUEeM Konbua ¢ apoutpaxem FC

Bbibop nopsiika pacnonoXXeHNs OKOHEYHbIX
YCTPOWCTB B KOJNbLE C aponTpakem

—  OT nopsiaka crnegoBaHNS YCTPOWCTB 3aBUCUT
OJNTUTENbHOCTb Nepeaadn coobLEeHnN

Ha3HayeHne agpecoB OKOHEYHbLIM
ycTpoucTeam

—  BNUAET Ha apbutpax, ecnn Hem
LEHTPannM30BaHHOIo yrnpasBreHus

[TocTpoeHne pacnmucaHna ooMeHoB



Tononorusa Konbua ¢ apouTpaxem

2 Ny
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2
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[TocTpoeHne pacnncaHnsa ooOMeHOB

[1na cxembl C LEHTParM3oBaHHbIM
yrnpasneHnem. OTa 3agada BO3HUKAET, ecrnu
ncrnonbdyetca npotokon FC-AE-1553 un
doopmynupyeTca aHanornyHo 3agade ans
kaHana MIL STD-1553B.

[1na cxeMbl C OeleHTpanmM3oBaHHbIM
ynpaeneHuem. B aToM cnyyae OOmKHO
COCTaBNATLCA pacnmcaHmne BbICTaBNeHnd
3as8BOK Ha apOuTpax ang KaXxgoro OKOHe4YHoro
yCTPOWUCTBA.



CoBMeCTHOE MniaHnpoBaHue
BbIYUCIIEHU N OOMEHOB



Cucrtema pearnbHOro BpeMeHM

BbluncnurtenbHble MOAYyJ1N

3agaun -t > P, P, e Pnp
A ﬁx A

\ 4 V‘ v

COOBLLEHNS ~-------- > KaHan ¢ ueHTpanu3oBaHHbIM yrpaBreHnem

[OnuTtenbHOCTb Nepegadn coobLLeHns
3aBUCUT OT TOrO, Ha Kakue BbIYUCTIUTENbHbIE
MOAOYNX pasMeLLeHbl 3a4a4m



Llenb

* [locTpoeHune pacnucaHuns BbINOMHEHNA 3a4a4 Ha
BbluMCNUTENbHbIX MOaynsx B coctase NYC PB u
pacrnmcaHuna rnepegaym coobLeHnn Mexay HUMU no
KaHany c LeHTpann3oBaHHbIM ynpaBfieHUEM C
cobntogeHnemM orpaHNYeHNN:

— pealribHOro BpemMeHun
— COBMECTUMOCTU pacrnmcaHnm

— OrpaHu4yeHun, cBA3aHHbIX CO cneumMduKon annapaTHbIX U
nporpamMmmHbix cpeacts NYC PB



3agaydun n coodLleHus

0¢




PacrnncaHue BbINOSIHEHUA 3adau

« TpeboBaHUA pearibHOro BPpEMEHM

« Ha ogHOM 1 TOM e BbIYUCIIUTENbHOM

MozayJie B KaXXObll MOMEHT BPEMEHN MOXET
BbINOJIHATBbCA TOJIbKO O4HA 3adad4a

« Kaxkgaa 3agadva 3alriJlaHMpoBaHa Ha
A0NnyCtnMbin BbIHNCITUTESIbHBIN MOAYJ1b



PacnncaHne nepenayn
coo0OLeHunn

 TpeboBaHUsA peanbHOro BpeMeHM

* B Kagblhn MOMEHT BPEMEHN MOXXET NepeaaBaTbCsl TOSbKO
OQHO coodLleHune

« TexHornornyeckme orpaHN4eHmn4d Ha obmMeH JaHHbIMU

JJIIUTEIIBHOCTD LICTIOYKU

A
- N
T I S TI LS TSI, \\%
T I S TI LS TSI, k
— _/
Y.
AjldHa nemno4ka e
UHTEpBAT |
MEXIY ;
[HEIIOYKaMHU




3agada

* [1o 3agaHHbIM Habopam 3aaa4 U
COOOLLEHNN MOCTPOUTb KOPPEKTHBbIE
COBMECTMMbIE pacrnncaHus BbINONMHEHUS
3ajady 1 nepenavym coobLleHun,
cogep)kalime MmakcmmarnbHOe KONMMYecTBO

3agady u coodLLeHnn



[looxonbl

« 3 nogxopa:
— CHavana nocTpouTb pacnmcaHne cooblleHnn, 3aTem
pacnucaHue 3agad

— CHavana nocTpouTb pacnucaHue 3agad, 3ateM pacnucaHue
coobLeHnn

— OpgHoBpeMEHHOE NoCcTpoeHne obounx pacnmcaHnm
e [1nsa nepBbIX ABYX NOOXOA0B CYLLECTBYHOT YaCTHbIe

3agayn, nmeruime noriHoe pacrimcaHne, KotTopoe HeEJ1b3A
NOCTPOUTBb B paMKaXx 3TUX Noagxoa0oB



sKagHbI anropuTtm

» [lpobnema.

— M3meHsaowasncs onuTtenbHOCTb Nepeagayn
coooLeHunmn

 PelwueHune:

— CunTaTtb ONUTENBLHOCTb Nepeaayn coobLLEHNS
MaKCcMMarbHO BO3MOXHOMN U KOPPEKTUPOBATL €€ B
npouecce paboTbl anroputma



sKaaHbIM anropuTtM: NpumMep

W, TR

o e




[lanee...

KaHanbl nHopmMauUMOHHOIro obmeHa Ha
OCHOBE KOMMYTaTOPOB

— TOMNONOIrn4

— BNPTYaAJibHblE€ KaHallbl

— NNaHnpoBaHMe obMeHa



Cnacnoo 3a BHUMMaHue!



MHOPOPMALIMOHHO-YINPABNAKLWUNE CUCTEMbDI
PEAJIbHOI'O BPEMEHW

Nekuyuns 9:
Kommymupyembie cemu

Kadegpa ACBK,
NNTabopaTtopusa BelumcnuternbHbix KoMnekcos
banawos B.B.



bopToBblE CeTn

« bBopToBbIe ceTn — obecneyeHne cBA3N Mexay 6opToBbIMK NogcUCTEMaMM

« HapexHasa nocTtaBka

. CobniogeHne TpeboBaHUin peanbHOro BpeEMEHM

NHTepdeiic onepatopa
-UHANKaTOPbI
-opraHbl ynpasJieHus

— DU
A

Perncrpatopbl .~ BopToBas 2 A Bbluncnurenu
\__ ceTb )-

P
-'_".4-_-'

{ AaTumku ’ [Bcbcbel(rople

LI 1!

npaBsseMasl CMCreMa
BHewwlHAA cpefa




KaHanbl TOYKa-To4Ka

Engine System 1 Engine System 2 Engine System 3 Engine System 4

RXIRX|TX|TX TX|RX RX|TX X TX|RX|TX|RX

A
|
|

YVvYy
TX|RX|RX|RX|RX|RX|TX RX|TX[RX|RX|RX|RX|TX
Control Subsystem 1 Control Subsystem 3

« MHoro kabenen

« [lponyckHasa cnocobHOCTL: HEQOUCMOSb30BaHNE, HEXBATKA, CITOXXHOCTbL HapalMBaHUS
. CnoxHo 3aknagbiBaTb pe3eps

« [Npobnemesl c nepegayen gaHHbIX MO CIOXKHOMY MapLUPYTY

. Hwuskas agpanTMBHOCTL (HEBO3MOXHA PEKOHGUIypauus)



MHTerpauusa KkaHanos,
MYINbTUNNEKCUPOBaAHNE TpaduKa

Subsystem 1 Subsystem 2 Subsystam 4 Subsystem 6 Subsystem 8

Bus Contrallar Remate Terminal Remota Termina Remate Terminal Remote Terminal
Bus A Bus B Bus A Bus B Bus A Bus B Bus & BusB Bus A Bus B
Bus A Bus B Bus A Buz B Bus & BusB Bus A Bus B
Subsysiem 3 Subsystem & Subsystem 7 Subsysteam 8
Ramote Terminal Remate Terminal Remate T Remaote Term

MHOro KaHasrnoB To4YKa-To4Yka = obLlag WwuHa Ang MHOMMX NOTOKOB AaHHbIX

[Mpobriema Konnmaum npu gOCTyre K WrHe
CUHXPOHMN3aLKMs AOoCTyna (Hy>XHO eANHOE BpPeEMS)
U0 LeHTpann3oBaHHOE yrnpasneHne (HaknagHble pacxoipbl...)

[MocnenoBaTtenbHaa obpaboTka 3anpocoB => 3a0ePKKU
HeT yCTONMYMBOCTU K «reHepauumy B KaHane npu Bbixoge aboHEHTa N3 CTPOS



KommyTaTop: napannennim obmeHa

sw

« [ynnekcHble (OByHanpaBfieHHbIE) KaHanbl
« YacTunyHbin napannenuam obmeHa
. A->B||B>C]| C->D — HeT KOHNnKTa
. A->B,C->B — KOHNUKT Ha nuHun SW->B; Kak 4ennTb NNHNI0?
« HeycTonumeoCTL K «reHepaumn»
. [lpobrnema mMynbTUNNEKCUPOBAHUSA MOTOKOB AAHHbIX NPW OTNPaBKe
« OcTaBwurecsa KOHPNKTbI — KaK NIeYnTb?
e CUHXPOHM3aALMA OocTyna (HY>XHO eanHOe BpeMms)

« LEeHTpanusoBaHHOEe ynpasneHne (HaknagHble pacxonbl...)
« BEpXHME OueHKM 3agepxek (a ecnu mexay A u B 6onbLluon noTok?)



BupTyanbHble KaHanbl

End System

End System

L
L
o®
»
-
B
a®
ks

End System

-------
n"‘
st

End System
Virtual Link(g) ======= B

PasgeneHune nponyckHon crnocobHOCTU, pa3rpaHn4YeHmne NOTOKOB AaHHbIX
e =>NPUrogHOCTb OJ1A CIIOXHOro Tpaduka n3 MHOXeCTBa MNOTOKOB AaHHbIX

[[@apaHTUpOBaHHbLIE BEPXHMNE rPaHULbI 3aEpPXKeEK
Pe3epBupoBaHue, rmbKoCcTb pekoHdUrypaumm
Peannsaumna: cornacoBaHHble 4ENCTBUSA OTNPaBUTENSA U KOMMYTaTOPOB

YCTONYMBOCTL K «reHepauum»
« KOMMyTaTOp cbpacblBaeT CMULLKOM YacTble Kaapbl



[ IpOTOKONbI KOMMYTUPYEMBIX CETEN
c nogaepxkon BK

« AFDX (Ha 6a3e 100 M6uT Ethernet)
« FC-RT (Ha 6a3se Fibre Channel)

o [1porpaMmmMHO-KOHMUrypupyemble ceTu



CtaHpapt AFDX

 Avionics Full-Duplex Ethernet (AFDX) —
cTaHOapT NOCTPOEHUs BOPTOBLIX CETEN Ha

ocHoBe npoTtokona Ethernet

« OcHOBaH Ha npoToKone
Ethernet

. [lonHogynnekcHasa nepegaya e

OaHHbIX

« lTeopeTnyeckasa nponyckKkHas
cnocobHocTb — Ao 100 MoéuTt/c

KomMmy Tatop

Rx pair

N
Kabenb \ I

el Ty
M

:

<

Ha OOHOM PU3NYECKOM
coeanHeHuu

OKoHeuHasa cucTema

OKoHeuHas cucTema




Apxutektypa cetn AFDX

e KOMMOHEHTHI:

« ABOHeHTHI (bOpTOBbLIE MOACUCTEMBI, OTNPABUTENN U
nonyyaTenu JaHHbIX)

o OKOHEYHbLIE CUCTEMbI — UHTEPENUC MEXOY
abDOHEHTaMN N CETbIO

« KommyTaTophbl n gmnsnyeckme coegnHeHud

AbBoHeHT1

CkoHeYHan
cCTEMA

ABOHEHTZ2

KoryTatop

]

B
™\

ADOHEHTS




Apxutektypa cetn AFDX

. [dybnupoBaHue ceTu ons yBenmyeHns HagexxHoCT nepenayn

« Kapgpbl nepepatotcs ogHoBpeMeHHO B 00e ceTu

o [lpu gnarHoctMpoBaHmm owmnbkM (HanpuMep, HecoBnageHne

KOHTPONbHOW CyMMbl) B OOHOW CETWU AaHHble DepyTCA U3 OAPYron ceTu

. Ha okoHeuHON cncTteme npomnsBoanTCcs COpPOC Kaapa B criyyae, ecnu

Kaap Yy)Ke npuLlen n3 apyrom cetm

Cetb B

OKOHeYHan cncTema 3

OKOHeYHan cuctema 1 KommyTaTopl \
R \ \ KoMMYTATOD
CeTb A
KommyTaTopl
"1 \L
OKkoHeuHas cucTeMa 2 L . |~

17
/i“‘“

OkoHeYyHasn cucTteMma 4

"]

KommyTaTop3

e

OKOHeYHana cucTemas




CTek NpOTOKOSIOB

« KaHanbHbIW YPOBEHbL

« Ethernet
« BupTyanbHble kaHanbol
. MapuwpyTnsaumns

« CeTeBOU ypOBEHDb
. |P (6e3 mapLipyTtusauun)
o TPaAHCMOPTHbLIN YPOBEHbL
« UDP



CTek NpOTOKOSIOB

. BmpTyaan bl€e KaHallbl

« OpHa okoHeYHas cuctema — oTrnpaBunTesib, oaHa Ui bonee
OKOHEYHad CUCTEMaA — MnoJiyHartesib

« MapLipyT cnegoBaHns KagpoB BUPTYyanbHOro KaHana
nponncaH ctaTUYeckn B KOMMyTaTopax

OkoHeyHas cuctema

T

OkoHeyHas cuctema KoMMyTaTop KoMMyTaTop OkoHeyHas cuctema

OKoHeYyHasa cucTeMa




[lepegayva gaHHbIX

b.J b?d @

A:"X AF"X AF.'..‘X AF"X

" 4— AFDX-nopTel OTApaEUTENA

UDP + IP oTnpaeuTenAa

| Homep
BMPTYANLHOMO KaHana

OKOHeYHaA cucTema - 1 =

- VL2

VL1
CeeEEcEEgeEEmEnn

OKOHeYHaA
CUCTEMA - 3

OKOHEYHaA cUCcTemMa - 2
Homep e

BMPTYaNbHOM
KaHana

UDP +IP
nony4yarena

AFDX-nopTe!
nony4atena » AFOX

FEoHeHT 1

Ao A2 APl AP|
w Dot t Roet 2 Port2

Part 2 Dort 3 P Part2 |

PO0HeHT 2 ABoHenT 1




[lapameTpbl BUPTYyanbHbIX KAHANOB

o [1NAa KaXxxgoro BMpTyanbHOro kKaHana
BBOOATCA cneayrouine napameTpbl:

« BAG — Bandwidth Allocation Gap —
MWUHUManbHbLIV UHTEPBArn BpeMeHn Bexay
HavYanamu Bblaavun nocriegoBaTeribHbIX KaapoB
Ha ogHOM BMpTyarnbHOM KaHarno (1-128 mc,
ABNAETCA CTENEHbLIO ABOUKW)

o Lmax — makcumanbHbIN pa3Mep Kagpa
(<=15186aunT)

. Jmax — MmakcumarsnbHO JOMYCTUMOE OTKIOHEeHne
Mexnay kagpamu ot BAG



[TapamMeTpbl BUPTyanbHbIX KaHaNOB:
BAG

« lcnonb3oBaHne BAG aong OOCTUXKEHUS MakCUMarnbHOU
BblAETEHHON MPOMNYCKHOW CNOCODHOCTM:

BAG BAG BAG
< »|« >l >

[ S

« AnNbTEepHaTUBHbLIN BapUaHT:
BAG BAG

— > |

| i NN

. B panbHenwem paccmatpuBaeTcs TONbKO NepBbiv BapnaHT
nepegaydun, 6e3 npomMexyTkoB Mmexay coceaHnmn BAG-
NHTepBanamMmu




[TponyckHasa cnocoOHOCTb
BUPTYaribHbIX KAHASIOB

« BbluncneHune:

« Bandwidth = Lmax / BAG

« BAG =32 MmcC
« Lmax = 200 6aunt
« Bandwidth = 200 6aut /( 32/ 1000 ) cek = 6250 6ant/cek

« OrpaHunyeHne Ha 3ape3epBUPOBAHHYHIO MPOMYCKHYIO
CNOoCOBHOCTb Ha n3n4eckoM KaHare (nposoae):

Z L. mx / BAG,, <100M6um/ cex

VL=1..n



YnpaBneHue BMpTyarbHbIMU KaHanamm

noptl

™

--"""*

nopT3

nopr2 . J

Y

nopt4

nopTS

VL1 \

BAG =8ms

Lmax = 1518

Imayx = S00Ms MnaHpoeLK
BMPTYASbHBIX /

y
| KaHaoB DUIMHECKIAA KaHan
VL2
BAG = 128ms Bobop Kagpos
Lmax = 200 AnAa nepejan
Imax = 250Ms

T~
T

nopTG

« Pa3zbueHune coobLyeHnn Ha Kagpsl

Efe — R » MynbTmnnekcmposaHmne BUpTYyanbHbIX
ki = 0d KaHanos

Imax = 200Ms



dopmmpoBaHme Tpaduka

* [1pn popmmpoBaHnn Tpadmka Ha oTnpaBUTENE —
MYIbTUMNIIEKCUPOBAHNE

* [1pn mynbTUNNEeKcUpoBaHUN onpenenseTcs
3Ha4YeHne oXutrepa

e C HyNneBbIM IXXUTTEPOM:

BAGZ BAGZ BAGZ2 BAGZ BAGZ BAGZ2

KpaTtHocTb BAG-0B, n3BECTHOCTb BCeX Lmax, oTCyTCcTBUE
| XKUTTEepa 20mosHocmu Kaopoe B Kaxxaom BK

| => CKNoYeHo B3aumMHoe BrinsiHue BK,

. OTCYTCTBYET IKUTTEpP 8bI0ayu Kadpos B Kaxkaom BK



dopmmpoBaHue Tpaduka

o MynbTunnekcmpoBaHue ¢ HeHyNeBbIM
OKNTTEPOM

BAG VL1 BAG VL1 BAG VL1 BAG VL1 BAG VL1
] H . { 4 b
{rv'lax > {?"15'?": * ﬁax > Max } }ﬁax

MKUTTép MxuTTép IbknTTép xnTTép [pruTTép
: : ; >
Kagp VL1 Kanp VL1 Kagp VL1 Kagp VL1 Kagp VL1
Kaop VL2 Kagp VL2
BAG VLZ BAG VLZ
> < >




KommyTaTtop

o OYHKLUMM KOMMYTATOpPA:

« MapLpyTtrsauma kagpoB nNo NyTu crnegoBaHuA
BUPTYarbHbIX KaHamnoB (MyTy BUPTYarbHbIX
KaHanoB KOHPUTypMpyTCA CTaTUYECKN)

o OunbTpaumna Tpaduka (KOHTPOSIb LLENOCTHOCTU
Kagpa, KOHTPOJSIb CcriedoBaHuns Kagpa no
BUPTYyaribHOMY KaHarny)

« KoHTponb Tpaduka

« pa3mep Kagpa (He OoSmKeH npesbiwaTtb Lmax)
« BAG, Jmax

« HapylueHue => cbpoc Kagpa



KOHTpOmnb Tpaduka Ha KoMmMmyTaTope

» KOHTpOnb BpeMeH npuxoaa kagpos Ha cootBeTcTBne BAG 1 Jmax:

[TponsBoguTCA Ha BXOQHOM MOPTY KOMMYyTaTopa
cnonb3yetcsa anropuTtM, OCHOBaHHbIM HA BbIYUCIEHUN
KpeguTa

AC — KpeauT, pacTeT ¢ Te4eHNemM BpeEMEHU 0 3HAYEHUS
ACmax

[Mpn npmnxoge kagpa AC ymeHbLLIAETCs Ha pasMep Kagpa; ecnm
KpeauTa He xBaTaeT — Kagp copacbiBaeTcs




KOHTpONnb Tpaduka Ha KOMMyTaTope

« Kpeaut cooTBETCTBYET KONMYECTBY DaNnT, KOTOPbLIE
nponycKaeT KaHar
« 3a Bpemsa BAG kpegut yeenmdmesaeTcs Ha Lmax
« ACmax — COOTBETCTBYET KOnmnyecTsy banT, KOTopoe
no3sosideT nponyctutb 2 kKagpa 3a (BAG — Jmax)
« Cny4an c HepaBHOMEPHOU nepenadven Kagpos:

Jswitch

ACM ax=—

Lmax=—




3agadun npoektupoBaHmna cetn AFDX

« [laHO: NOTOKMN AaHHbIX, TPeOOBaAHUSA K UX Nepegade B
peanbHOM BPEMEHMU

« pPasmep coodLleHUS

« YacToTa nepegavu

« Makc. gonyctumbin okutTtep (end-to-end)
« Makc. gonyctmmag 3agepxka (end-to-end)

« TpebyeTcs:

o MOCTPOUTb CUCTEMY BNPTYAJIbHbIX KaHAJ10B.
e MapLupyThl
« napameTpsbl (BAG, Lmax)

« paccyuTaTb KOHPUrypaLumoHHble NapamMeTpbl CETEBbIX
YCTPOUCTB — KOMMYTaTOpPOB, aDOHEHTOB (B T.4. Jmax)



OueHKa ONMTENBbHOCTU Nepeaayn
Kagpa

« Heobxoanma ong oueHkn onUTenbHOCTU
nepega4vm cooodLleHns

« AKTyanbHOCTb: TpeboBaHMA peanbHOro BPEMEHUN —

ONNTENBLHOCTb HE AOMKHA NpeBbillaTh 3adaHHbIX
3Ha4YeHnn

. ,D,J'II/ITeJ'IbHOCTb BbIHNCITAETCA C MOMEHTA

NOCTYMNJeHnAa Kaapa And Bblga4vdn B KaHall 4o
MOMEHTa NOoCTyrJieHnAa Kagpa Ha OKOHEeYHYIO
CUCTEMY-Nnorty4varTerib



OueHKa ONMTENBbHOCTU Nepeaayn
Kagpa

OkoHeuHasa cuctema-oTn paBuUTENb

VL : > "
BAG RS I MyanunneKcuposamt >
KommyTaTop
VL >
BAG BAG I1. Mepenaua no KaHany
II1. O)kupgaHue B ﬁ B
oyepeau Ha BbIXOAHOM L L
nopTty KOMMyTaTopa KaHan nepeaauv aaHHbIX

J Kanan nepeaayn gaHHbIX

Kanan nepeaayn gaHHbIX

OkoHeyHas CUCTEMa-nony4yaTenb — KOMMYTaTOp




OueHKa ONIMTENBbHOCTU Nepeaayn
Kagpa

e JUTMTEIBHOCTD NEPEIAUM Kaapa:
— MAKCUMAJIbHBIN JPKUTTEP HA OTIPABUTEIIE
— NJIATENBbHOCTD MEPEaayu Mo KaHajiam

— 3aJCP2KKHN Ha BBIXOJIHBIX IIOPTAX KOMMYTATOPOB

OKoHeuH
w1 1

as cucTeMa-oTnpaBuTENb
BAG BAG LM

W L Y B N

BAG BAG

KaHa
II1. O)xunpaHue B é B B
L]

AaHHbIX

o4yepeau Ha BbIXOAHOM I—I
KaHan

nopTy KOMMyTaTopa




OueHKa ONMTENBbHOCTU Nepeaayn
Kagpa

. MynbTunnekcmposaHue
. |_|pl/l MYIbTUNNEKCNPOBAHUN MOXET BO3HUKATb OXUTTEP
. MakcumanbHasa 3ageprkka — npu MmakcMmarnbHOM OXUTTepe

« MakcumanbHoe 3Ha4YyeHue AXUTTEPAa — Npn OXKMgaHnn
KaQljpOB BCEX OPYINX BUPTYaAJibHbIX KaHarioB

i|| VL1 !VLZ | VL3 !%Ln—ll VLn| -

Jn,max




OueHKa ONMTENBbHOCTU Nepeaayn
Kagpa

« MynbTnnnekcnpoBaHue
« BblyncneHme makcmmanbHOro AXKNTTEPA Ha OoTrnpaBuUTeEse

« VLS — MHOXeCTBO BUPTYyarnbHbIX KaHanoB, opMuUpyeMbIxX
Ha OKOHEYHOU CUCTeMe-oTrnpaBuUTerne

« R — ckopocTb Bblgayun gaHHbIX Ha kaHan (100 MouT/cek)

e J; — TexHuYeckun oxuttep (Bpemsa obpaboTkm kagpa),
B AFDX paBeH 40 MKc



OueHKa ONMTENBbHOCTU Nepeaayn
Kagpa

 [INnnTenbLHOCTL Nepegayn KagpoB NO KaHanam

« R — ckopocTb Bbligavun gaHHbIX Ha kaHan (100 MowuT/cek)

« N — KONMNYECTBO KaHanoB nepeaadn gaHHbIX Ha NyTH
criegoBaHusa Kagpa

« pOpMyNa pacyeTa ANUTENLHOCTU Nepeaayn Kkagpa no
KaHallaM. L
t...=n-—=
links R




OueHKa 3aaepXXKn Kaapa Ha
KOMMYyTaTope

B oyepeau nepen kagpom: Kagpbl ¢ apyrux BK,
noyLwime Ha TOT e BbIXOOHOM NopT

* (CKONnbKO 3TUX KagpoB?

NHTEpBan HakonneHna M: MaKkc. nHTepBarn nocne
npegbiayuiero kagpa gaHHoro BK

M = BAG + HakonneHHbIN MaKc. AXKUTTEP

4ymucno Kagpos ¢ apyroro BK, HabexaBLwwinx 3a nutepsan M:
CM. dOpMYnbl aHanns3a BPEMEHMN OTKIINKA

Kakme-To U3 HabeXaBLUMX KagpoB YKe BblaHbl B
BbIXOZIHOM MOPT K MOMEHTY NpmuxoJa «Hallero» kagpa (=>
X Bbla4yun HE HY>KHO OXnaaTtb)



OueHKa AnnuTenbHOCTU U OXKUTTEpPa
nepenayvn coobLleHuns

Dur__ (msg) =u+o+A

I = const (pa3bueHne n cbopka coodLieHNS)
O - BpeMs Bblgaun coobLLeHns B KaHan (Bblgava nocnegHero kaapa)

A - ANUTENbHOCTb Nependayn Kagpa

J(msg) = Dur,,, (msg) — Dur;, (msg)



Fibre Channel,
npodusib peanbHOro BpeMeHu

ba3oBas cxema obMeHa AaHHbIMU NM03aMMCcTBOBaHA M3 AFDX
— BUPTYaAJibHblE€ KaHA/J1bl
— 100% pe3epBunpoBaHue

B KaXkaoM KOMMyTaTope — HeCKoNbKo Tabnuu BK
— MepeksitoyeHne B peasibHOM BpeMeHU Mexay KOH(Urypaumsamm cetu

— HET M3bbITOYHOro pe3epBMpoBaHMS NPOMYCKHOM CNOCOBHOCTM ANS
noanep>Xku Heckosnbknx Habopos BK (BTY. B pa3Hbix pexxumax NYC PB)

— roaAepXXKa CTaTUYeckoro Habopa BO3MOXHbIX MUIrpaLmMi 3aaad
YnpasiieHme JKUTTEPOM OTNPaBKM LENbIX COOOLLEHNM

CucrteMa NpUoOpUTETOB = NMoaaepkka HeperynspHbIX
(anepuoanyeckmx) coobLLeHnn
— HWU3KUN NPUOPUTET = HET noMex Ans coobuieHmn n3 BK

— BbICOKMW NPUOPUTET —> AO0CTaBKa 6e3 3aaepxeKk (LeHOWN 3a0EPXKKU
coobuweHnn n3 BK)

BCTpoeHHble cpeacTBa CMHXPOHU3ALIUN BPEMEHN 32




[IpOrpaMMHO-KOHMUIYpUpyeMmsble
ceTu Ha 6opTy

bopToBas ceTb YnpaBngeTCca NpUIoXKeHUeM,
(PYHKLUMOHMPYIOLLIEM Ha KOHTpOepe

CUMHXpPOHU3aUMA BpeMeHU: HanpuMmep, npotokon PTP

[TaCCUBHbIN PEXNM:

— npaBuna hopMUPYIOTCA 3apaHee 1 3arpy>katoTcsd Ha KOMMYTaToOpb!
[0 CTapTa CUCTEMbI

— 6onbLuyto Yactb BpeMeHu pabotbl UYC PB koMMyTaTOpHI
(PYHKLUMOHUPYIOT aBTOHOMHO (6e3 obpallieHUs1 K KOHTpoJiepy)
AKTUBHbIN PEXUM:

— KOHTpPOJ/J1EP NOCTOAHHO OCyLWecCcTB/IAEeET MOHUTOPUHT obMeHa
AadHHbIMUA

— 0bHapy»XeHbl HOBblE MOTOKU [IaHHbIX = HOBbIE NpaBua
(bOpMVIpy}OTCﬂ N 3alrpyXarotcqd B KOMMYTATOpPbI

Nepsbint war BHeapeHus MNKC Ha 6opT: cxema BblaeneHus

NpOnyCKHOM CNOCOBHOCTH

— BOCMNpoun3BeaeHne CXeMbl HA OCHOBE anropmuTMa TeKyLero seapa
(no obpasuy AFDX)? 33



AKTUBHBIA U NACCUBHbIN
DEXUM?

e OTKa30yCTONYMBOCTb / pe3epBMPOBaHUE

— aKTUBHbIN PEXMM: KOHTPONNEP M YNpaBAStoLas CETb
06s3aTeNnbHO A0/MKHbI 6bITb NMpoay6/IMPOBaHbI

— MaCCUBHbIV pexuM: Bosnee BbICOKasA YCTOMUMBOCTb K
cbosiM KOHTpONIEPA 1 YNPABASOLLEN CETH
o PeKOH(UIrypupyemocTb
— NoTokKn aaHHbIX B NYC PB aBngaoTca npeackasyeMbiMu

— rnpaBuna 4714 3apaHee onpefesieHHbIX peXXMMoB MOryT
6bITb ChOpMMPOBaHbI 3apaHee

— npaswuna ans AMHaMUYeCcKnx pexmumos (B T.4. Npu
OTKa3ax obopyaoBaHus) MOryT 6bITb CreHepMpoBaHbl|
KOHTPOJ1JIEPOM N B MACCUBHOM peXuMme

e = MPEAnOYTUTENEH MACCUBHbBIN PEXNM

34



DYHKLUMOHAIbHOCTb NPUIOXKEHUS
ana koHtponnepa NKC B UYC PB

e [locTpoeHne MapLUpyTOB nepeaaym coobeHnn
Mexay aboHeHTaMu ceTu ¢ obecneyeHnem
TpebyeMoro kayectBa 0b6cnyxXmBaHus, B T.u.
OrpaHUYEHHbIX 3aePXKEK nepeaayn AaHHbIX U
OrPaHNUYEHHOr 0 KUTTEPA

e [lInHamMmunyeckasa aganTtauus MapLIpyToB B C/ly4yae
cboeB ceTn nnn Murpauum 3aaad

o DOpMUPOBaAHUE NMpaBu/ A1 KOMMYTATOPOB, B T.Y.:

— MpaBwu/ NpoBepKnN Tpaduka Ha COOTBETCTBME TpeboBaHNAM
KauyecTBa 0bCcny>XuBaHus
— MpaBwu/ MapLIpyTmn3aumm

— MNpaBu1 pa3geieHnd I'IpOI'IYCKHOVI CrocobHOCTU ceTun MeXAay

NMNOTOKaMWN AAHHDbIX .-



BoctpeboBaHHocTb MKC B WYC PB

e (OTKa30yCTOMYMBbIE CUCTEMbBI C MUTpaLMen 3aaau

— CUeHapuv Murpauuy 3aaad npy MHOXECTBEHHbIX 0TKa3ax He MOoryT
6bITb NpOCYMTaHbI 3apaHee (KOMOMHATOPHbLIN B3pbIB YMC/a CLEeHapueB)

— AFDX: pe3epBupoBaHne BUPTYabHbIX KaHaN0B MoA COOMHbIE PEXNMBI
HENnpoaAYyKTUBHO pPacxXoayeT MpornycKHYt0 CNoCobHOCTb CETU

— FC-RT: orpaHnuyeHHbIN 06beM NaMATU KOMMYTATOPOB nof Tabnuubl BK
ons COONHbIX PEXUMOB

e [InHamMnyeckoe popMmnpoBaHme n cMeHa pexkxmmons NYC PB
— PEKOHPUIrypmpyemMocTb — «n3toMrUHKa» KC

e [InHaMnyeckoe nogkntoyeHne obopyaosanms u MO

— noaksovaeMble B pexxnuMe plug-and-play ycTponcTtsa (AaTumkm,
YCTPOUCTBA CBSA3U U T.I.)

— [10 3arpy>kaeTcs ¢ NOAK/IHYAaEMOro YCTPOMUCTBA M BbIMONHAETCA Ha
60pTOBOM BbluMCIUTENE C apxuTekTypon VIMA B oTAenbHOM pa3aene

— BK ang obMeHa 60pTOBOro BbIYMCNUTENS C NMOAK/TIOHEHHBIM
YCTPOMCTBOM aBTOMaTMYECKN HAcTpamBatoTcs KoHTponnepomM MKC

— NpuUMep: MHOrogYHKLIMOHANbHbIA 6ECMNAOTHUK CO CMEHHbBIMU
AaTYNKaAMM
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Cnacnbo 3a BHMMaHue!
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NMHOOPMALIMOHHO-YIMPABNIAOLUMVE CUCTEMbDbI
PEAJIbHOI'O BPEMEHW

Jlekuymusa 10:
Ob6ecrieyeHne oTKka3oyCcronYnBOCTH
nyc PB

Kadeapa ACBK,
JlabopaTopust BeluncnntenbHbix Komnnekcos
banawlos B.B.



LleHa oTka3a: Ariane-5

(NnpnynHa: HencnpaBHOCTbL 10)

e NItoHb 1996 roga, B3pbIB pakeTbl CNYCTH
40 cek. nocne CcrapTa,

e Yuiepb — $500MnH (pa3paboTtka — $7
MApA.),
e [lpnumnHa — 64bit float -> 16bit int.

’———~
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Umo-mo
now10 He
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HencnpaBHOCTb, owInbKa, 0TKa3

C6HapyxeHHaqa
JlaTeHTHad PyH
W ucnpaeneHHas
HencrnpasHOCTb
owwrbka

I ;“_‘\\

(1) [ ]

k\..___/ "\___,_.f'rl

(2) (%)

HeucnpaBHOCTL @ = » Owwnbka & == > OTKas

e [lofHOCTbIO U36EXKATb HEUCMPABHOCTEN HEBO3MOXHO
e Llenb: MMHMMU3NPOBATL BEPOATHOCTb OTKA3a



Knaccndukaums HemcrnpaBHOCTEN

AKTMBHOCTb: NaTEHTHbIE / aKTUBHbIE
[MOCTOSAHCTBO: npoxoasime / NoCTOSAHHbIE

ICTOYHUK: BHELWHee BO3aeucTeme / owmnbka
pPa3paboTKu

PacnpocTtpaHeHne nocneacTBumn: obHapy>KMBatOTCH
N NOKANM3yloTCs / NPOHUKAIOT B Apyrue
NOACUCTEMBI

OAMHOYHOCTb: OAVUHOYHbIE / rPYrnoBble
B3aMMOCBS3aHHOCTb: HE3aBUCUMbIe / CBA3AHHbIE

(uctouHmk: Software Fault Tolerance: A Tutorial, NASA, 2014, pp.28-29,
http://www.iet.unipi.it/c.bernardeschi/didattica/ ANNO2014-15/DEP/SoftwF T.pdf)
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LLlarn npoTnBOAENCTBUAS
HENCNPAaBHOCTU

e ObHapyxeHue

e OrpaHn4yeHue pacnpocTpaHeHuns
e MacKMpoBKa

e /1MarHOCTUKA

e BoccTtaHoBNeHUe

e Bo306HOBMNEHME LITATHOIo
(PYHKLIMOHMPOBAHUS




MKaLUa HemcnpaBHocTen (2)

e [0 nokanusaymu
— [1porpamMMHbIe
— AnnapaTtHble

e [10 3Tany BO3HMKHOBEHUSA

— [poekTnpoBaHne/pa3paboTka

e => BCE MU3aenud, Co3aaHHbIe MO NMPOEKTY
— [1pon3BoACTBO

e [letbeKkT cepun => BCe U3OeNnNA Cepun

e [lebeKT nNpu Npon3BoACTBE KOHKPETHOIro n3aenus
— JKCnayaTauus

e => OIMHOYHbIE N3AeNNs, C Y4ETOM 0COBEHHOCTEN
3KCMNNyaTaumm



bopbba ¢ cepumnHbIMK
HENCNPaBHOCTAMM

e BO3HMKAIOT Ha 3Tane npoeKTUpPoBaHUS,
pa3paboTkn MnIn cepumHOro npomn3BoacTBa

— Ha paHHuX 3Tanax nx n cneayet obHapyXuBaTb...

e 3aTparvBatloT BCO CEpUI0 KOMMOHEHTOB
— OT3bIB CEpUN U BCEX UCMOb3YIOLWNX €€ CUCTEM...

e bopbba: ncnonb3oBaHMe NPOEKTHOro Uan
peanim3aunoHHOro pasHoobpasus

— AnnapaTypa: pa3iMyHble apXUTEKTYPHI,
Npoun3BOANTENN N 3N1IeMeHTHas 6a3a

— [MO: pa3nuyHble A3bIKKN, anroOpUTMbl/NoaXoab!,
KOMaH/bl pa3paboTyMKOB



Cneunopuka NYC PB

XXecTkue ycnosusa akcnnyatauum

— BHelwHne Bo3AeNCcTBUS Bbi3blBAtOT HEMCMPABHOCTU
obopynoBaHus

HeaonyCcTMMOCTb NMpeKpalleHns
DYHKLUMOHNPOBAHMS NpY BO3HUKHOBEHUU
OLUNOKM

— Owmnbka = peannsaums HEMCNpPaBHOCTU

HeBO3MOXXHOCTb OnepaTMBHOIro peMoHTa (Mnu
PEMOHTA BoobLLE)

— CaMoneT, CnyTHUK

Peakums Ha oWIMOKN AO/MKHA YKNaabIBaTbCs B
OVPEKTUBHbBIE CPOKU



[IpHUKMNBI NOCTPOEHUS
OTKa30yCTOMYUBbLIX CUCTEM

HeaonycTtuMocCTb €ANHCTBEHHOM TOYKM OTKa3a

[loanep>kka okanu3auum otkasa (0bHapy>KeHus
OTKa3aBLUEro KOMMOHEHTA)

HepacnpocTpaHeHne nocneacTBMmM OTKasa Aanee rno

cucreme

— 3awuTa annapaTypbl

— bnokunpoBka pacnpoCcTpaHEHNS HEKOPPEKTHbIX Pe3yNbTaToB
BblUMC/TIEHNN

[locTeneHHasa gerpagaums

— [lo Mepe OTKasa NoACMUCTEM, BHayane OTKII0YaoTCH
BTOpPOCTENeHHbIe (PYHKLNK

— (DYHKLIMM, KpUTnyecKkne an4 BbIDKMBAHWS1/BOCCTAHOBNEHUS
CNCTEMbI NOAAEPKNBAIOTCA «A0 NOC/IEAHEIO>

— 3QlUMTHBIV PEXUM: NOAAEPXKKA CYLLIECTBOBAHNS +
obecrneyeHne yaanéHHoro AocTyna Ans AMarHoCTUKN U
obcny>xmBaHus



MexaHun3Mbl obecneyeHuns
OTKa30yCTOMYNBOCTU

e AnnapaTHble
e [[porpaMMHbIe
e AnnapaTHO-NporpamMmMHble

10



AnnapaTtHble MOO

11



AnnapaTtHoe
pe3epBUpoOBaHME

e [lo pa3HoOb6pa3nto KOMMOHEHTOB

— Wcnonb3oBaHne naeHTUYHbIX KOMMNOHEHTOB

e bopbba c pedektamu n3pgenus, B T.u.
BO3HUKAIOLLMMM B XOA€E 3KCrayaTaumm

— icnonb3oBaHue pa3nnyHbIX KOMMOHEHTOB
e QYHKLMOHANBbHO NAEHTUYHbI

e PaznnyHas anemMeHTHasa 6a3a, Npon3BOAUTESD,
NPOEKT U T.n.

e bopbba c gedekTamn nNpoekTa, cepun (He TObKO
n3nenus)

e [10 YpOBHIO
— CucreMa/noacmuctema
— OTAenbHble KOMMOHEHTbI

12



AnnapaTtHoe
pe3epBUpoOBaHME

e AKTMBHOE: OCHOBHbIE N pe3epBHblE KOMMOHEHTHI
(PYHKLUMOHUPYIOT OQHOBPEMEHHO

— CH HXPOHN3aLUNUA AdHHbIX

— MuHMManbHOe BpeMS NEPEK/TIOYEHUS Ha PE3EPBHbIN
KOMMOHEHT

— Wcnonb3oBaHme pe3ynbTaToB:

e /IrHOpMpOBaHWe pe3ysibTaTOB pe3epBHbIX KOMMOHEHTOB
e [0nocoBaHue (HeT BblAeNIeHHOro OCHOBHOIO KOMMOHEHTA)

— [loBbllWeHHOe 3HepronoTpebneHue

e [laccMBHOE: pe3epBHbIA KOMMOHEHT BK/IOYAETCS MpW
BbIXO/l€ OCHOBHOIO U3 CTpOSt

— 3aTpaTbl BPEMEHM HAa MHMLMANN3aLMIO

— [lpobnema 3anncn cocTosAHNA OCHOBHOIO KOMIMOHEHTa
(HY>KHO BHeLUHee 3arnoMunHatoLLee yCTpOMCTBO)

— DKOHOMWSA 3HEpruu
e JKaproH: «ropsummn» n «xXonoAHbin» pe3eps

13



[1IporpaMMHbie MOO
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|

Bxopn,

v

PacnpeaeneHHble
BXOAHbl€ AaHHble

N-BepCcMoOHHOE nNporpaMMmnpoBaHue

v v

Bepcua 1 Bepcua |

oayIb NPUHATUS
peLleHns

e Bepcuu NO PyHKUMOHANBbHO 3KBUBANEHTHbI
e PaznnyaloTcs: anropuTMbl, METOAbLI pa3paboTky,

OwunbkKa

IS

S3bIKM MPOrpaMMUPOBAHNS, FPynnbl pa3paboTunKoB



|

Bx

oA

v

PacnpeneneHHbie
BXOAHblE OaHHble

v

A

Bepcusa 1

4

l

KOHTPOSbHbLIN
Tect 1

Bepcu4 i

h 4

TecT i

KOHTPOSbHbLIN

)\"
A

Mopaynb NPUHATUS peLleHns]

v

N-camoTecTupyemoe nporpamMmMmmpoBaHue

Bepcua N

h 4

KOHTPOSbHbLIN
TecT N

e Bepcuu MO 3anyckaloTcs nocnenosaTensHO (40 nNepsoro
pe3ynbTaTa, NPOLIEALEr0 KOHTPObHbIA TECT) UKW NapaniesbHO 16
(ronocoBaHue cpean yCrnewHbIX pe3ynbLTaToB)

Owunbka

l



KOHTPO/bHbIE TOYKU

t
Bxon
v
YcTtaHoBKa KOHTPOJIbHbIX

Bopbba ToNbLKO o Touex (KT)
CNyYanHbIMK >

) 4
«OAHOKPaTHbIMK» Coon
HENCINpPaBHOCTAMU nporpammbI?
(MHBepcus bUTa NaMATH Hex o
nT.Mm.) A

BbinonHeHne nporpammsbl 4O Ha
He nomoraet ot Gnvxaiweit KT (Mnn 0o KoHUa  <—
«MOCTOSAHHbIX» nporpamme)
HEeMCnpaBHOCTEN, B T.u.
B 10 EcTb owmnbkun?
(8 KT)
3aTpaTbl pecypcoB Ha
COXPaHEHNE COCTOSIHUSA fa
B KT, CNOXHOCTb
MEXaHM3MOB MOAAEPIKKM PEBBILLSHO Bpems
BbINONMHEHNA? v

CoXpaHeHus

Ha, CHsiTue Bcex KT
OTkas Het
v
OTkaTt Ao npegplayLuen
KT Bbixon

| l 17
v



BoccTtaHoBneHne 6,10KkaMum

Bxon

v

YcraHoBka
KOHTPONbHOW TOYKM

v

BbinonHeHwue

anbTtepHatueHon | <«—[la

BEpCUm

KOHTpOmnbHbIN TECT

MponaeH
A 4

CurHan MCKmoquMﬂ—l

CyuiecTtByeT HOBas
anbTepHatmea? U
Kputepun octaHoBa He
OOCTUMHYT?

He npongeH—»

OTkaT, BOCCTaHOBNEHNE J
KOHTPOJSIbHON TOYKM

Het

CHATUE KOHTPOJSTbHON
TOYKM

I
Bbixoa

v

OTkas

CoyetaeT N-BepCMOHHOE NPOrpaMMMpoBaHne N KOHTPOJSIbHbIE TOYKN 18



- KoHTponbHas | |
TOYKa | - Orrar

Bepcusa 1

(ocHOBHas)

Ysenuyexue Bepcusi 2 P»J
3P hEeKTUBHOCTM U
NPOVN3BOANTENBHOCTU
peanuaauni

normn4yeckux 6nokos
Bepcusa 3 B

Bepcvis 4 —
- Nornueckuin e ounrn 7T el
| . Jlornyeckun | |
| 6ok 6 - Jlornyeckun |
- BbimonHeH ¢ | | OMOKYCMELHO 6ok |
 oWwwnbKoii BbIMOJTHEH S — 1

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

e [lepebop 6/10k0B NO yObIBAHMIO «CKOPOCTU»
e WCET oueHMBaEeTCAa Mo Hauxyawemy nyTu...



[lporpaMMHO-annapaTHbIe
MOO

20



N-CaMOKOHTpONMpyeMoe NporpaMMmMpoBaHmME
|

Bxopn
v
PacnpeneneHHble
50pb6a C BXOZHble jaHHble
annapaTHbIMU U ; T T I
nporpaMMHbIMU
Bepcus 1 Bepcus 2 Bepcus 3 Bepcusa 4

owmnbkamm

. | | | |
10O B KaXkgou nape: v v
OAHa Bepcus + C60p pe3ynbTaToB C60op pe3ynbTaToB
KOHTPOJ/IbHbIW TECT, i i
unu bonee Oﬂ,HOl‘;l Bbi6op pesynbTata BbiGop pesynbTaTa
BepCVIVI + an rOleTM mnu UcknroveHune unu icknrouenne
Bbl60pa ST |—COBI'Ia.EI.eHVI Cosna,qume—, Owmbka

pe3ynbTaToB

Bbi6op pesynbTata munu
WckntoveHne

|
Bbl6op BbIXOAHbLIX |

Exception
OaHHbIX ;
Bbixon Fallure
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AKTMBHOE pe3epBUpOBaHuE +
N-BepCMOHHOE nporpamMmMmmupoBaHme

e Ha KaXxaoM annapaTHOM KOMIMOHEHTE
BbIMNOJIHAETCA CBOS BepCus NporpamMmbl

e Bce KOMMOHEHTbI aKTUBHbI

e bopbba C NporpaMMHbIMU U
annapaTHbIMN HEUCNPABHOCTSAMU

22



KocMnyeckmnm 4yenHok

OcHoBHas 6GopToBas cucrema

AnnapaTtypa A > Mo A

-i
Annapatypa b > Mo A \
Annapatypa B » Mo A “
Annapatypa I > Mo A

3anacHas cucrema ynpaeneHusA

Annapatypa [ > Mo b

23



3aBUCUMOCTb HAAEXXHOCTU

&

R

HagexHocTs (%)

&

&

OT KOJIMYECTBa BEPCUM

Haﬂe')KHOCTb
cuctembl 99,993%

HapexHocTs
cuctembl 90%

7 2
Konun4yecTteo Bepcum

24



[pUHLUMNbI NPOEKTUPOBaHUS 6e30MnacHbIX U
OTKa30yCTOMUYMNBbLIX CUCTEM

TpeboBaHUA 0TKA30yCTOMYNBOCTHU 3
1 6€30MacHOCTM AO0MKHbI BbITh S
HEeOTbLEMJIEMOMN YacCTblO

cneumdukaumMm CMCTeMbl, a Ans

HEKOTOPbIX CUCTEM — OCHOBOW /15

npoLecca NPoeKTUPOBaHUS.

Oxknagaemble BUAbl OTKA30B U
YaCTOTbl NX BOSHUKHOBEHUA
OOJDKHbI BbITb onpepeneHsbl B
Ha4aJie€ NpouecCa NpoekKTNpoBaHUA.

[omkHbl 6bITb onpeaenexsl
obnacTn nokanmnsaumm
HencnpaBHocTen B cucteme (fault
containment regions). [locneacreuns
HEMCNpPaBHOCTU B OHOWN U3 TAKUX
obnacren He AOMKHbI P———
PACMPOCTPaHATLCA Ha Apyrue SNEKTDOHAKY
obnacTu. HE aNKo




[pUHLUMNbI NPOEKTUPOBaHUS 6e30MnacHbIX U
OTKa30yCTOMUYMNBbLIX CUCTEM

[TOHATNE BpEMEHU U
COCTOSIHUSI CUCTEMbI JO/TKHbI
6bITb CTPOro onpeaeneHsl. B
NPOTUBHOM Clly4yae
3aTPYAHUTESNIbHO OT/INYUTD
NepBUYHYO HEUCNPABHOCTb OT
ee nocneacTBun.

Heobxoammo 4eTKko
onpeaennTb MHTepdencol,
4yTOObl CKPbITb BHYTPEHHEE
YCTPONCTBO KOMMOHEHTOB
CUCTEMDbI.

Heobxoamnmo obecneunTb
HEe3aBUCUMOCTb
BO3HMKHOBEHUS
HencnpaBHOCTEN

B Pa3/IMYHbIX KOMMNOHEHTaX.

A

b

NpUYMHa

N

cneacrene

W= [lBe He3aBUCKMbIE
TOPMO3HbIE
CUCTEMBI

26



[pUHLUKMNbI NPOEKTUPOBaHNSA 6e30nacHbIX U
OTKa30yCTOMUYMNBbLIX CUCTEM

KOMMNOHEHT cUCTEMbI A0/IKEH CUNTaTb cebs ,’;\\\)
KOPPEKTHO (PYHKLIMOHMPYIOLLNM, NOKa ABa UK = 2
6onee Apyrmx KOMMOHEHTA HE NMPUMYT “’
NPOTUBOMOJIOXHYIO TOYKY 3peHUS. )] §4—

MexaHu3Mbl 0becrneyeHns 0TKa3oyCTOMYNBOCTH
[OOJIKHbI ObITb YCTPOEHbI TaK, YTOObI He
YCNOXHATb aHanu3 nosegeHunsa cuctemol. MOO
NOMKHbI 6bITb OTAENEHbI OT OCHOBHOM
(PYHKUMOHANBHOCTN CUCTEMBI.

BO3MOXXHOCTb ANArHOCTUPOBAHUSA AOMKHA ObiThb
3a/10)KEHA B CUCTEMY Ha 3Tane
NPOEKTUPOBAHUSA. B YacTHOCTU, AOMKHA
obecrneymBaTbCs BO3MOXHOCTb BbISIBNIEHUS
CKPbITbIX HEMCMPABHOCTEN, HE NPOSABAKOLLNXCS
B MOBEAEHUN CUCTEMBI,




[pUHLUKMNbI NPOEKTUPOBaHUS 6e30MnacHbIX U
OTKa30yCTOMYMUBbLIX CUCTEM

10. UHTepcenc c onepatopoM A0/MKEH ObITb
MHTYUTUBHO MOHATHbLIM U YCTONYMUBBIM K
ownbkaM. be3onacHOCTb AO/MKHA
obecneunBaTbCs HECMOTPS Ha OLUNOKK
YyesloBeKa-ornepartopa.

/ N o
—=="" BHe3onacHocTu

11. JTtobast aHOManusa MYHKLUMOHNPOBAHNS CUCTEMBI
[10/1XHa bbITb 3aperncTpupoBaHa. HekoTopble
aHOMainn He O0bHApPYXMBAOTCS Ha YPOBHE
MHTEPENCOB MEXAY KOMMNOHEHTAMM.
Perncrtpaums 4o/mkHa PUKCMPOBaTb B T.u.
BHYTPEHHME aHOMasnKn, B NPOTUBHOM CJly4yae
OHM MOryT ObITb 3aMaCKMpPOBaHbl B pe3ysibTaTe
pabotbl MOO.

12. Cuctema aomkHa peannsoBbiBaTh CTPATErNLO ON -
«HWKOrAa He CAaBanca», rapaHTUpys 3aaHHbI
MUHUMasIbHbIA YPOBEHb O6CJ‘I¥)KVIBaHVI$I
[TONHbIN BbIXOA, N3 CTPOS KpanHe HeXenaTeseH. 28



[MpUHLUKUNBLI NPOEKTUPOBaHNS 6e30MacHbIX
M OTKA30YCTOMUYMBbBIX CUCTEM

NCTOYHUK:
“Real-Time Systems: Design Principles | -
for Distributed Embedded Applications” |
(Real-Time Systems Series), Hermannkm.]‘
H. Kopetz, Springer, 2011 Real-Time

Systems

Design Principles for Distributed
Embedded Applications

https://vowi.fsinf.at/images/temp/2/2¢c/20110606133809!TU_Wien-
Echtzeitsysteme_VO_%?28Kopetz%29 - TU_ Wien-
Echtzeitsysteme_VO_%?28Kopetz%29 - TU_ Wien-
Echtzeitsysteme_VO_%28Kopetz%29 - Real_Time_Systems_-
_Design_Principles_for_Distributed_ Embedded_Applications_--
_Hermann_Kopetz_--_2._Edition.pdf
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Cnacunbo 3a BHMMaHue!
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NMHOPOPMALIMOHHO-YIMPABJIAOWWMNE CUCTEMbDI
PEAJIbHOI'O BPEMEHW

Jlekumsa 11:
TecrnpoBaHne n nHrerpayms AYC PB

Kadeapa ACBK,
JlabopaTopust BeluncnntenbHbix Komnnekcos
banawlos B.B.



NyC PB

e lTHdpopMaLMOHHO-YNpaBasoLLas cucTteMa
(MYC) — BbluncnnTenbHas cmcrema
BEpPXHero ypoBHs, obecreyvmsatoLLias:

— (PYHKLUMOHANbHYIO 1 MHPOPMALIMOHHYIO
MHTErpaLmio COCTaBHbIX YacTeN ynpaBaseMoro
obbekTa

— B3aMMOAENCTBME MeXAY OOBbEKTOM U
onepaTopom



CoctaB NYC

NuTepdenc oneparopa
-UHAUKATOPbI
-OpraHbl ynpas/ieHus

-y s

) Boiuncnurtenm

<. cetb , -

——\_—

{ OaTtunku } £3¢C|)eKTOpr}

L) 4

npasBJjiseMasi cucrema
BHellHAA cpeaa




OyHKuMn NYC

KOHTpO/Ib COCTOSIHUS YNPaBASIeEMOro obbekTa

YnpaBneHne ABMKEHNEM O06bEKTA UK ero
yacrten

OTcneXxxmnBaHue nosiokeHus obbekTa uin ero
YacTen B NPOCTPAHCTBE

ObMeH AaHHbIMU C BHELUHMMW CUCTEMAMMU

YnpasneHue cneunanmanpoBaHHbIMU
npnbéopamm (NpUKNagHOWN Harpy3Komn)
O6bMeH AaHHbIMK C ONepPaATOpPOM

— OoTObBpaXkeHne AaHHbIX

— BBO4 AdHHDbIX



NYC B ynpaBnsieMou cucteMe

APU

COMPARTMENT
ELECTRONIC \
COMPARTMENT

EJECTION SEATS

ELECTRONIC .. , PS.LM. DV:25 FLGHT
COMPARTMENT BATTERIES OBOGS  CONDITIONING ENGINES CONTROL
PACKAGE ACTUATOR

5



Yctpoucta B coctaBe UYC




Yctpouctea BHe NYC
(Ha NnpuMepe caMosneTa)

o JlaTUmnKWU:
— Papmnonokatop
— PaguoBbicoTOMEp
— TonnMBHbBIM AAaTUYMK

— TaxomeTp (M3MepuTesnb YacToThbl BpalleHuUS
TYPOUHDI

7 ﬂ,aT‘-IMKM CI'IYTHMKOBOVI HaBuUraunu
e D(PdeKTop:Ll

— yrnpaBJieHNeE ABUIraTENIEM

— yrnpaBJieHUNE pysisdMn BbICOThI

— YyrpaBJjieHne BbIlMyCKOM LLACCU

— paavonepeaaTynk




HeoaHopoaHocTb UYC

e KaHanbl: TOYKA-TOYKA, LUMHA, KOMMYTATOP;
12 kbps, 1 Mbps, 1 Gbps

e YCTPOUCTBA: AATUYMKN, UHANKATOPDI,
BbIYNC/IUTENN, OPraHbl YNpaB/ieHus,
MCMNONIHUTESbHbIE YCTPONCTBA

e [laHHbIE: aHaNoroBsble, UMMPOBLIE; YNCITOBbIE
MACCMBbI, BUAEOMNOTOKM

[IpobrieMa yHac/1E40BaHHbIX YCTPOUCTB



YpoBeHb CITOXXHOCTU KOMIJ1eKca
6opTOoBOro 060pya0BaHUS
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BxofHble AaHHbIE |

Ha crnegyroLuin

YXusHeHHbIn umnkn MO NYC

[
|
| WHKpPEMEHT
|
|

| L — _ _ _ — _ _ _ba3oBbli, NOBTOPAIOWMACA SNEMEHT UHKpeMeHTanbHoU Mogenv KU ||
(@ononHUTENBHLINA | I i L
Qs T a— R —————————— SamevaunsiHasepomo T T T T T T T T T T BBoA cUCTeMbI B
MNaHMpoBaHUA o S o o o o o e o o o o oy SKCINYATALMI
PaspaboTka
GUCTEMHbIX e e e e e e ClsELLE:
TpeboBaHui TecTMpoBaHue
PaspaboTka CUCTEMHAR
HNudopmanuonnoe aApXUTEKTYpbI e
cHCTEMD WHTerpauus
ConpsIKEeHHuE \ /,
Paspabotka DyYHKUKMOHaNLHOE
TpeboBaHmii HalNO ¢ —— - - - - — — — —=) 'S:ecmposaHHe
BbICOKOIO YPOBHS
g===n \ /
r'\: T Cneuuduka
J— T T U WHKpeMeHTanbHOW
. PaspaboTka
\ Moadenu - - ,,] TecTupoBaHue
( TpeboBaHun HA MO (F == === ===
\ J KoMnoHeHToB MO
—_— = HW3KOrO YPOBHS
CuctemMHble
aKTUBHOCTMK Koavposahue, TecrupoBanme,
oTnagka u HHTerpaums,
AKTUBHOCTHU MO nHTerpauus Mo oTpadoTka
paspaboTke 10




TpeboBaHUs K cpeacTBaM
TectupoBaHusa NYC

[opaep>kka TectnposaHus MO Ha uenesoM BblunucnTene 6e3
WHCTPYMEHTUPOBAHUA annapaTypbl nnu MO BblMMCINTENS

[lopaep>kka obMeHa AaHHbIMK Yepes3 BCe TUMbl KaHANoB,
ncnonb3yemoix B NYC

— Bbla4a B KaHaJlbl TECTOBbIX AAdHHbLIX U NMPUEM OTBETHbIX AAHHbIX
ansg nocneayruwero aHain3a

— MOHMUTOPUHI 06MeHa no kaHanaMm 60pTOBbIX MHTEPDENCOB U
obecrneyeHne AOCTyna TECTOBbIX CLEHApPUEB K pe3ynbTaTam
MOHUTOPWUHIa

— noaaepxka popmMnpoBaHust cbomHoro Tpadbmka
[loaaep>kka TeCTUPOBAHUA BPEMEHH A/X XapPaKTEPUCTUK
(PYHKLIMOHMPOBAHUSA LIESIEBON CUCTEMDI

— (hOpMUPOBaAHME 1 Bbilaya TECTOBbIX AAHHBLIX B PEXUME peanbHOro
BPEMEHM

— WU3MEPEHNE 3aAEP>KEK MOCTYIJIEHNA OTBETHbIX AdHHbLIX

Moaaepkka MHOrOMaLUMHHbBIX KOHGUIypaLumi

— OJHOBPEMEHHbIM 0O6MEH MO AecAaTKaM (COTHSAM) KaHanoB 0



TpeboBaHus K cpeacTBam
TectupoBaHusa NYC

I'Iop,,qep>|<|<a dBTOMaTNYECKOIro n NHTEPaAKTUBHOIO TECTUPOBAHUA
— WHTEpaKTUBHOE: ANsi MPOBEPKN MHAMKATOPOB U NYSbTOB YNpPaBieHUs

I'Iop,nep»(Ka NaKETHOINo pexmnMa BbINOJIHEHNA TECTOB

Moanep>kka onepaTUBHOIO YNpPaBieHUS TECTUPOBAHNEM
= Bbl60p nopsaKa BbINOJIHEHUA TECTOB
— 3adddHue 3HaYeHUM TEeCTOBbIX OAHHbIX
Moanep>kka onepaTMBHOrO 0TOOpa)keHMs Xoaa TECTUPOBaHUS
— 3Ha44eHnd TeCTOBbIX AAdHHbLIX U OTBETHbLIX AAdHHbIX OT TeCTMpyeMOﬁ CUCTEMDI
— MPOTOKOJIbl TECTUPOBAHUS

Moaaepxxka npocnexxmsaeMocT TpeboBaHnn U HOPMUPOBAHUA OTYETOB MO
pe3y/ibTaTaM TECTUPOBAHUS

— 3aAdaHune COOoTBETCTBUA Tpe6OBaHVIl‘/JI TECTOBbIM CUEHapUaM

— (opMUpoBaHME MaTPULIbl NPOCNEXNBAEMOCTU TPEOOBAHI

— (oOpMUPOBAHNE OTUETA O NPOXOXKAEHUN TECTOB U BbINOHEHHOCTM TPEBOBAHWMI MO
pe3ynbTaTaM TECTUPOBAHUS

NHTerpaums co cpeacrtsaMu noaaep)xkm paspabotkm MO NYC
— cpeacTsa ynpasneHus BepcusiMm (XpaHeHue MO 1 TectoB B €4MHOM peENO3NTOPUM)
— CpeacTBa ynpassieHus TpeboBaHUsSMU
— 6a3a AaHHbIX 60pTOBbLIX MHTEpPdENCOoB (dhopMaTbl MHDOPMALMOHHBIX COObLLEHMI)

EAVHBIM NOAXOA K TECTUPOBAHUIO ANS pa3nnYHbIX das XN3HeHHOro unkna MyC




1~ Komnnekc cpeactB TectmpoBaHus NYC

Pa3spaboTtaH B JlabopaTopmun BblYMcAnTENbHbIX KOMMiekcoB BMK MI'Y

[peaHa3HayeH ana TectupoBanus yctponctBs MYC yepes kaHanbl
6opToBbIX NHTEPDEencos (KBN)

®OyHkUnoHupyeT Ha K nog ynpasnenmem OC Linux, B COCTaB
KOTOpbIX BXOAAT aganTtepbl Kb

[loaaep>XnBaeT pacnpeneneHHoe BbINMoJIHEHNE TECTOBbLIX CLIeHapUeB
YOOBNEeTBOPSAET NepeyncneHHbIM Bbille TpE6OBaHVIFIM

[MoNoXXEH B OCHOBY CEMENCTBA CTEHAOB TECTUPOBAHNS, OTPaboTKM U
nHTerpauum NYC
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ApxunTekTypa cteHaa TectmpoBaHuna NYC

CTteHfg \ / KBO \
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MHCTpYyMeHTanbHble brnok NYC
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\?q ] MKWO / MIL STD-1553B
X T A
\
\
/\‘ \
~ \
> %
&)
S \
N
\ \ b
N
/\l \ \ n
- AN R o
\?* NN K
S M’ \\ v
\ \ \ AMK/ARINC 429
NN
FC paHHble \\ \ c
ANC OCO N\ c
NS
s %/-AHEIJI'IOFOBI:IG CrHasibk HH""" Q v.a
Pa3oBble KOMaHAb ||||||
AUCTB - | iy HHIIIm
% I S //FC BUAEO li
Ynpasnstowwas cetb [ix ° N
P L % v brnok NYC
CeTb peanbHOro BpeMeHM / /




3aaaun, Tpedbytowme paboTbl C
HaTypHbIMK ycTponcTtBamm UYC

nHTerpauuns annapatypsl u 0O, otnaaka NO NUYC Ha uenesou
nnatgopme

MHTerpauna komnoHeHToB 10 UYC, B T.4. KOMMOHEHTOB,
NOCTynaloLWwmx OT NpeanpuaTMn-copaspaboTynkos

nHTerpauma noacucrem NUYC, a Takke MYC B Lenom Kak
MHOFOKOMMOHEHTHOW annapaTHO-NPOrpaMMHON CUCTEMBI

(PYHKUMOHaNbHOE N KBanndukaumoHHoe TectuposaHue N0 NYC

NPUEMOCAATOYHbIE UCTIbITAHUS CEPUNHO BbIMyCKaEMbIX
komnnektoB NYC

anarHoctmka 6nokoB NYC, no KOTOpbIM MOCTYNUAN peKaMaumm
anarHoctuka 6nokos NMYC B cocTaBe obbekTa

IS



CreHa
OTPabOoTKM
10 BLIBM

| Switch RT |
[ Switch? TCP/IP |
| J
l |

Switch PMI
Cepeep RS-232
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CTteHp
OTPaboTKM
BLIBM+MO®U

[ RS-232 !

[ Switch RT |
[ Switch2 TCP/IP |
I |
| |

Switch PMI
Cepeep RS-232
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CTeHA TECTUPOBAHUSA CEPUUHBIX KoMniekToB UYC

OO O0000Q,
. Doooon ooonon wiffEEE HHIEEE | | Ptand-RT-switch MAewitch
i tand-switch £oxcea Fepoep RS.232
ki ki ki ikkiks bK Ethermet, RS-232
Cepeep RS-232
[ p——— _' BK Ethemnet, RS-232
d #
| @110}
Bnok &N 5 (R RC BB
KOHTPONbHBLIX
B pasvémos WWW
e frp——— LA BLIBM 2
TARARA VAR VAR A FC-video
: —" | YRR
MmN '=LL@ AUC TB BRI
S 030000 000000 Kommyrarop peeeey
PM-cepeep = FC-data 5.6_14
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MobunbHasa paboyast CTaHUUS MOHUTOPUHIA
1 aHanm3a 6opToBbIX NHTEPDENCOB

[TpOMBbILLNEHHBIN HOYTOYK

* Oy ¥ antepbl 60PTOBbLIX
4O nHTEpdelicoB
- (MIL STD-1553B,
MobunbHbIN KOMMYTaTOP Fibre Channel u ap.)

Fibre Channel




TexHONornyecknn LMK NpUMeHeHus
ceMencTBa cTeHaoB oTpabotkmn UYC

1 [ — -

MO otgenbHoro 6noka NYC, npoweaLwee
KOMMeKCUpoBaHMe 1 TECTUPOBaHME

MO noacuctemsl MYC, npowegLiee
KOMMeKCUpoBaHMe 1 TECTUPOBAHWE

MonHbin komnnekt MO NYC, npowweaLwmi
KOMMNIIEKCMPOBAHWE W TECTUPOBAHME

! CT2 CT2 N
NoATBEPXKAEHHLIMM

fedekramu

0
—
L2

;

: L
05 CT5

! MCM




Obo3HavYeHusa

[lporpammHoe
obecneyenue (I10)

Hosoe 10

M0 otpenbHoro 6roka NYC, npoweaLee
KOMMIIEKCUPOBAHWE 1 TECTUPOBAHNE

MO noacuctembl MYC, npolueaLee
KOMMIIEKCUPOBAHWE 1 TECTUPOBAHNE

MonHeiin komnnekt M0 UYC, npowweaLwmnii
KOMMNeKCMpOBaHWe 1 TeCTUPOBaHe

MO ¢ noaTBePAEHHLIMM
nedexramu

Annapartypa

HoBble cepuitHble 06pasLbl
6nokos NYC

Komnnekt annapatypsl u M0 NYC,
MPOLLEeALLMI KOMMIIEKCUPOBaHME 1
NPUEMOCLATOUHbIE UCTbITAHNS

TexHONornyecknn LMK NpUMeHeHus
ceMencTBa cTeHaoB oTpabotkmn UYC

CreHabl

CT1

CT2

CT3

CT5

MCM

CteHg TecTupoBaHus n otnaaku MO
oTaensHoro 6rnoka NYC

CteHg TecTupoBaHus n otnagku MO
HEeCKONbKMX conpsikéHHbIX Briokos NYC

CTeHa KOMNIEKCMPOBAHWUS 1
NprémocaaTouHblX ucnbitaHuin NYC

CTeHp NpUeMOCAATOYHbIX UCTbITaHUI
cepuiHbIX komnnektos NYC

MobunbHas paboyas cTaHUus
MOHWTOPWHIa 1 TECTUPOBaHUS GIIOKOB
nyc

Komnnekt NYC, npeanonoxutenbHo
NMeloLLNiA edekTbl

briok YC ¢ BbISIBNEHHbIMM e ekTamu

21



CTeHa TeCTUPOBAHUSA CEPUUHDBIX
komnnekToB NYC Cy-35

22
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CteHp vHTerpaumum NYC MC-21
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MS-21 SIB IMB BENCH
MS-21 SIB IMB BENCH

THALES
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e ACIB — Avionics Core Integration Bench




CTeHa «2NeKTpoHHaa NTula»

e SIB — System Integration Bench

o KomnbloTepHoe MoaennmpoBaHmue 60pToBOro
3/1eKTpoMexaHn4veckoro ob6opynosaHus 27
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e YcTaHoBMEHa 60/bLIas YacTb 3/1IEKTPOMEXAHNYECKOr0 060pyA0BaHUS

. ; 28
e «CaMONET Ha NosnKax», Janblle — NpoTOTUN cCaMoNéTa B cbope




[1pOMbILLNEHHbIE
koMnbtoTepsbl (PICMG)
[1naTbl-pacluMpuTenm LWuH
— ISA

— PCI

— PCI Express

[1poLieccopHbie nnaThl

ApanTtepbl 60pTOBbIX
NHTEep(PENCOoB

AnnapaTtHas 6a3a cTeHaa

PICNG 1.0 slot
12 x PCI shot

o i

| < - =ity Ay Ll
Aa PRy s T ‘

e Rl - B 20 pin ATX
] e ) Power Connector

Keyboard & Mouse

ExI5A slot Fan Connoctore Input Connector



A

i 4 0

AnnapaTtHas 6a3a cTeHaa

©®




AnnapaTHasa 6a3a cTeHaa

2x MIL STD-1553B / PCI

1x MIL STD-1553B / PCI Express

2710 340987 M

16T16R
ARINC 429 / PCI




MporpamMMmpyemMbit koMmyTaTop Fibre Channel
OnTHnYecKun curHan npeobpasyeTcs B 3NEKTPUYECKUN
KoMMyTauuna anekTpnuyeckoro cmrHana npu nomotuu MJIMC
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[lporpaMMHblIEe CpeacTBa
(PYHKLMOHANBbHOIo TeCTUpOBaHUS
B COCTaBe CTeHAa
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ApxunTekTypa cteHaa TectmpoBaHuna NYC

CTteHfg \ / KBO \

(-
MHCTpYyMeHTanbHble brnok NYC
MaLLiHb! MK / ARINC 429
\?q ] MKWO / MIL STD-1553B
X T A
\
\
/\‘ \
~ \
> %
&)
S \
N
\ \ b
N
/\l \ \ n
- AN R o
\?* NN K
S M’ \\ v
\ \ \ AMK/ARINC 429
NN
FC paHHble \\ \ c
ANC OCO N\ c
NS
s %/-AHEIJI'IOFOBI:IG CrHasibk HH""" Q v.a
Pa3oBble KOMaHAb ||||||
AUCTB - | iy HHIIIm
% I S //FC BUAEO li
Ynpasnstowwas cetb [ix ° N
P L % v brnok NYC
CeTb peanbHOro BpeMeHM / /




CpenctBa APM

Cpena pa3paboTkn TeCcToB

I

CpenctBo
CpenctBa Penaktop Penaktop Busyanusatop ornepaTuBHOWM
A3bIKOBOM HacTpoek CTPYKTYpbI Tpacchbl BU3yanusauum u
noaaepxku | |KoHdUrypaumm coobLeHui aKcnepuMeHTa ynpasneHu
9KCNEPUMEHTOM
PEMNO3UTOPUN Penosutopuii
CNCTEMbI
NcxoaHblie KoHdourypauum PesynbTtathl ynpasneHus
TEKCTbI SKCNepuMeH- Bepcuamm
TOB

35



BubnunoTteka nogaepxkm
MoaennpoBaHns

T

Cpenctea IM

CpepncTBa 3anucu

Tpacchl 3KCNepuMeHTa

T

Cpepa BbINONMHEHUA TECTOB

il

1l

il

CpencTtBa B3anmoaencTeus
C COMPSPKEHHbIMU CTeHaamMu

CpencTBa nepegayu
naHHbIX no Kb

MNoaocuctema

B3aMMOOENCTBUSA C

coBY
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A3blk onncanHus Tectos (AOT)

* [loppepxunBaeT TectupoBaHme NYC yepes kaHarbl
bopToBbIX MHTEPdEencoB (MIL-STD-1553B, ARINC 429,
FC-AE-ASM, CAN, AFDX n T.n.) ¢ ucrnonb3oBaHne
criegyroLwmnx OCHOBHbIX 3N1EMEHTOB:

= CoobuweHunsa u cnosa KB
= BuToBbIE Nongd coobLleHun/crnoB

= [lpepocTtaBngdeT onepartopbl Ans:

= OnpegeneHna CTPYKTYpbI CrIoB/CO00LEHNI
(cocTaB OUTOBLIX MOJSIEN, NX UMEHA N pachonoXeHNe)

= 3agaHuda n obpaboTkM 3Ha4YEeHU DUTOBLIX NOMNEN

= ABTOMaTM4YeCKOW MPOBEPKN TECTUPYEMbIX YCNOBUM
= BlanmogencTeus c norb3oBaTerniem

= 3a4aHus CTPYKTYPbl TECTOBOIO CLEHaPUS

37



OcHoBHbIe NoHATUA AOT

TectoBble KOMMNOHeHTHI (TCK)

NHTepdencsl
= ObecneuymBaloT NogkKo4YeHne K kaHanam bW

Coo0LieHnsa bopToBbIX NHTEPPENCOB
BbutoBble Nona coobLeHnn
TecToBble cryyau (test case)
TecToBble Warn (test step)

38



TecTtoBble KOMMOHEHTHI

Tecmoebiu komroHeHm (TCK) — aTo cpeacTBO
KoMnoHoBKM obbekToB PT B coctaBe cteHaa. TCK
onpeaensieT coctaB M NocrnegoBaTesibHOCTb
BbIMNONIHEHNSA TECTOB.

C kaxgbim TCK cBsA3aHblI:
= ums (onpeodesnisiem mur TCK)

= onucaHue coobuweHuu Kb ¢ ykazaHuem ux cmpyKmypbl
= oriucaHue mecmoes

39



CtpykTtypa TCK

3azorioeok TCK onpenensieT coctaB MHTEPAENCOB,
COCTaB U CTPYKTYypy coobuieHnmn KbW, coctaB TecToB
N NX NPUBA3KY K TpEOOBAHUAM

Terno TCK onpenensieT coctaB U JIOrUKY BbINOSTHEHUS
TECTOBbIX Cly4aeB U TECTOBLIX LLIAroB

40



MHTepdencsl TCK

VIHmepageuc — 3To 00beKT cpeacTts P,
npenocTaBnAoLWNA NPOorpaMMHbIN MHTEPMENC ANS
B3anmoaenctems TCK ¢ HaTypHbIMM b6riokamu UYC,
a Takxe Opyr ¢ gpyrom

= NHTepdencel obecneumBatoT goctyn TCK k agantepam Kb

= Yepes nHrepdencol obecrneymBaeTca nepeanaya n rnpuem
COOOLLEHNN

41



CoobuweHne MIL STD-1553B

CoobuweHue MIL STD-1553B — aTo 0ObEKT CcpeacTB
®T, coOTBETCTBYHOLLNN COODLLEHNIO DOPTOBOIO
nHtepdgeunca MIL STD-1553B.

C KaXkablM COOOLLEHNEM CBA3aHbI:

" UMS
= uHmeppeuc MILS

= adpec

= rjodadpec

C oTaenbHbIMKY ClIOBaMM B COCTaBe COODLLEeHUS
MO>XHO pa6OTaTb KaK C 3JiIieMeHTaMin MaCCUBaA.

(coobuieHusa onsa gpyrux TMNoB MHTeEpdEeNCoB
YCTPOEHbI aHasI0rM4yHo)
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CoobuweHna MIL STD-1553B

RTS _OUTPUT_MESSAGE (<ums>,
<nHTepdenc MILS>,
<ajpec->,
<nogagpec>,
<KOJ1-BO COB B COOOLLEHNN>,
<repuopg B MC>)

RTS _INPUT_MESSAGE (<nma>,
<nHTepdenc MILS>,
<agpec>,
<nogapgpec>,
<KON-BO CJ/I0B B COOOLLEHNN>,
<nepwvop B MC>)

RTS OUTPUT_/RTS_INPUT _TERM_MESSAGE (<umsa>,
<nHTepdeunc MILS>,
<nogagpec>,
<KOJ1-BO CJIOB B COODLLEHNIN>)
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butoBble nonga n butel

bumoeoe rosie — 310 06beKT cpeacTs DT,
COOTBETCTBYHLUMW rpynne nocriegoBaTefbHbIX OUTOB
B COCTaBe CrioBa CoOOLLEeHnS.

bum — 310 BUTOBOE MNOJie, COOTBETCTBYIOLLEE 1 OUTY.

C KaxkxgbiM OUTOBbIM MOJSIEM CBSA3aHbI:

" UMHA

" [103UUUS 8 cCOObLWEHUU (HOMEDP repeoao crioea, HoOMep
Ha4asilbHo20 buma, KoJsi-eo bumos)

" [IPU3HaK UCroJsib308aHusi 3Hakogozo usiu be33Hakogozo rosis
" KoagpgbuyueHm macwmabuposaHus (LIMP)

C BUTOBBIM MOSIEM MOXHO paboTaTb Kak C YNCITOBOW
nepemMeHHOoMN.
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buTtoBble nong n ouTbl

RTS BITFIELD (<nmsa nonsa>,
<nM$ COODLLEHNA>[<HOMEP CrioBa>],
<HayvarnbHbIN OUT>,
<KOJ1-BO OuTOB>

RTS BOOLEAN (<uma nona>,
<nmM4 coobLieHns>[<Homep cnoBa>|,
<nosuumsa outa>)
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3aJaHne nepapxmyeckoro
MOEeHTUPUKATOpa TecTa

VloeHmugukamop mecma 3adaemcsi 8 gpopmame:

<M 1>.<ums 2>....<umda N>

Hanpumep: «Cy35.COJIC.HazeMHbIN_KOHTpONb.17»

RTS_TESTNAME ("<ums tecta>" )
RTS _TESTNUM (<HOMep TecTa>)
RTS TEST _SHOW ()

RTS TEST PASSED ()

RTS TEST FAILED ()
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3aJaHne COOTBETCTBUA TpeboBaHMM
MaeHTumnKaTopam TECTOB

RTS DOCUMENT/(“<requirement specification document name>",

RTS REQUIREMENT(<requirement identifier>, “<requirement
name>"),

RTS REQUIREMENT(<requirement identifier>, “<requirement
name>"),

)
RTS_TESTSPEC ( <test name (or name template)>

<reqguirement identifier>, <requirement identifier>, ...)

a7



3aJaHne COOTBETCTBUA TpeboBaHMM
MaeHTumnKaTopam TECTOB

[Mpnmep:
3arosioBoK
RTS DOCUMENT( “Board computer system initialization”,

RTS REQUIREMENT(BCS.INIT.START, “Starting up MIL STD-1553B
subscribers™),

RTS_REQUIREMENT(BCS.INIT.WORK, “Starting BCS operation main
loop”),

)
RTS_TESTSPEC ( 3.2.{1-4}, BCS.INIT.START)

RTS_TESTSPEC ('3.2{1-4}", BCS.INIT.WORK, BCS.SKV.WORK)

Teno
RTS_TESTNAME(3.2.2)
// nornka TecTtoBoro Lara 48



BpemeHHagqa 3agepxka, oTnpaBka OaHHbIX

/[ 3apgepxaTtb BbINOMIHEHME TECTA Ha 3aaHHOE BPEMS
RTS DELAY (<duration (ms)>)

// BoigaTtb cooblueHne B kaHan (ans akTUBHbLIX aOOHEHTOB)
RTS EXECUTE (<Message/word name>)
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/| OTobpasnTb 3HaYeHne obbekTa B3a|/| MOHGMCTBMG C

/l v 3aHECTN 3TO 3HAYEHNE B MPOTOKOJT

RTS_DISPLAY (<object name>) NnoJib3oBarteliem

/[ OTOBpPa3nTb K 3anmcaTb B NPOTOKON TEKCTOBOE COOBLLIEHME
RTS COMMENT (<message text>) = === =========-<=

[
| Monb3oBaTernb |
| BbINOMNHAET BCce !

// TipnocTaHOBUTL BbINOSIHEHNE TEeCTa : OeNicTBMSA Yepes :

/I v XpaTb KOMaHAbl Nofb3oBaTeNs Ha NPOAOIIKEHNE | MHTepdrenc COBY 1
, [

rTSlPAUSEQ b

/[ 3anpocuTb y Nofib3oBaTens 3aksitodeHne (TecT nponaeH / He NpouaeH)
// n 3aBepLUNTb TECT B COOTBETCTBUWN C MOSTyYEHHbLIM 3aKNYEHNEM
RTS CONFIRM ()

/[ 3anpocuTb y Nonb3oBaTens 3akntoyeHne U 3aHECTU Ero B MPOTOKOJT
RTS REQUEST ()

/[ 3anpocuTb y Nonb3oBaTeNs TEKCTOBLIN KOMMEHTAPUN U 3aHECTU €ro B MPOTOKOJT
RTS EXPLAIN () 50



TecTtoBbIV LLAr

Tecmoesnbitu waz — pparMeHT TecTa, NPOBEPSIOLLNN ANIeMEHTaPHY OYHKLNIO
TECTUPYEMOrO YCTPOMCTBA.

TecToBbIN LLAr MOXXET NPOBEPATL NPaBUNbHOCTb NpuemMa/nepenaym
OTAENbHOro COODLLEeHNS U cnoBa, Un oTAenbHOro 6UTOBOro NMoss B
cocTaBe coobLleHns.

TunnyHasa CTpyKTypa TeCTOBOrO Liara:
= YcmaHo8Ka mecmosbiX yCrio8uUl (8X0O0HbIX 3Ha4YeHuU)
= OxuodaHue pe3yribmama

= [Iposepka oxxudaemozo pe3yribmama (+ Hymepauus)
= Onepartopsl if » RTS_ WHEN

Teno:

RTS_TESTNAME (“<name>"),

RTS_TESTNUM (<multi-level number>) /[ aBTOMHKPEMEHT
ol



Onepatop RTS WHEN

RTS WHEN ( “W46A185 13 ==0", 15) { // oxxngaHne 15 mc
RTS_THEN():
RTS COMMENT (
“‘ERROR Circuit- Command Port (W46A185 13 = 0)”
);
RTS _TEST FAILED();
break;
RTS_OTHERWIZE():
RTS TEST PASSED();
break;

Y



[lpumep TecToBOro Lara

/] StateValue — butoBoe none B RTS _ OUTPUT _TERM_MESSAGE()
// ControlWord — 6utoBoe none B RTS INPUT_TERM_MESSAGE ()

RTS_TESTNUM( 2.1):;

/[ YcTaHOBKa 3Ha4YeHUd oTnpaBigdeMblX JaHHbIX
StateValue = 0.0;

/I OxunaoaHne Bblgaym coobLueHus

RTS _DELAY(0.5);

// TlpoBepKka oTBETA OT TECTUPYEMOIrO YCTPOMCTBA
RTS _WHEN ( “ControlWord == §”) {
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TecToBbIN cnyyan

Tecmoenkiu criydau — nocrnegoBaTeNbHOCTb CBA3AHHLIX MO
CMBbICIY TECTOBbIX LUAroB, COOTBETCTBYHLLNX
OTAernbHbIM pasgenam nnun otaenbHbIM TPEOOBaAHMSM
cucmemHou crieyughukayuu Ha TECTUPYEMOE
YCTPOWUCTBO.

“MnHUManMCTNYeCKUN™ TECTOBLIN ClyyYan MOXET COCTOATh
N3 OOHOro TECTOBOIO Luara.

|_|pl/l BbINMOJIHEHUN TECTOBOIO Clly4ad yBEJIIMYNBAETCAH
HyMepaunuda TeCToOB Ha COOTBETCTBYHOLLEM YPOBHE.
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[lpOTOKON TECTUPOBAHUA

* NHdopmauusa o cMeHe (HadHa4YeHn) HOMeEPOB TECTOB
* [IHdbopmauUnsa O CMEHE BbINOSIHAEMbIX TECTOB

= PesynbTaTtbl TECTUPOBAHUA: « TecT npowen» / «TecT He
npoLuen» C ykasaHnem Homepa TecTta

- Pe3yanaTb| BCEX KOMaH4 B3aUMOAENCTBUA C NOSib30BaTENIEM

= KoMMeHTapum ¢ onncaHusMmn oXXmagaemoro noBegeHud Tecra
n gpyras gononHuTenbHaa nHdgopmauuns, BelgaBaemMas
komaHoon RTS COMMENT

* Hdopmauus 0 TEKYLLMX 3HAYEHNAX 0ObekToB DT (B T.u.
6uTOBbLIX NONEN n BUTOB), BbldaBaeMasi KOMaHO0oW
RTS DISPLAY
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PaboTa c npoToKkofiaMmu TeCTUPOBaHUS

3aronoBokK
RTS LOG FILE(LOG1, “log1.log”)
I/ ®ann «logl.log» bygeTt nomeweH B nogkaranor
Il «[poTokosnbl TecTupoBaHUA» Katarnora
// pe3ynbTaToB 3KCNEPUMEHTA

Teno
RTS LOG(LOG1)
RTS CLEAR _LOG(LOG1)

[IpOTOKOMLI TECTUPOBAHMUSA CIy>KaT OCHOBOW AN
doopMmnpoBaHUA OTYETOB MO TECTUPOBAHMUIO.



[lpMep NpoToOKOoJ1a TECTUPOBAHNUSA

*kkkkkkkkkkkkkkkkkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkhkkhkkhkkkkkkkkkkkkkk

* [NpoTokon pyHKuMoHaneHoro tectuposaHnsa LOG1

* CobpaH komnoHeHToM tsk (Stand.tsk)

* Tun komnoHeHTa: TCK _Stand:: TCK:: TCK

* Ima akcnepumeHTa: T1

* DaTa akcnepumenTa: Btp Main 30 09:46:25 MSD 2006
* MNpogomkutenbHocTb akcnepmmeHTa: 30c 000mc

* OKCnepuMeHT 3anyLeH nonb3oBaTernieM: mike
kkkkkkkkkkkkkkkkhhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkhkhkkkkkkkkkkkkkkkkkkk

>>>> [OMmcC] OT Ha4Yana 3KcrnepuMeHTa

TecT Homep 3.2.1

>>>> [9¢ 000mc] oT Hayana aKkcnepuMmeHTa
TecT Homep 3.2.1 npoLén

TecT Homep 3.2.2
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[loarotToBKka v BbINOJIHEHUE
TeCTUpoBaHUSA



Co3aaHune npoekTa

Model development environment - BCVMTest_Zchan <@standvm-lenny>

File Projects Sources Configurations Eesults  Eevision control

ﬁﬁ@%ﬁﬁﬁ ..ﬁﬂ@@%}jﬁ Comments:

Projects || [ Sources | Configurations | Results |

BasicTest MAIN_BEGIN ) Configurations
BCWMTest [ = % Conf

BCWMTest_1 (5 Real

BCWMTest_Array (5 soft_local_rim2

BCWMTest_Full @

Common | Build | Run | Revision control |

--- Revision control is disabled ---

Create project <@standvm-lenny=

Projects B Project name:

T W T

BasicTest |:|
BasicTest_eng

\BCWMTest

BasicTest MAIN_BEGIN | oK ][ Cancel

BCWMTest

BCWMTest_2chan
BCYWMTest_Array




s

File Edit Buffers Window

=2 B & @ & 0 A e S

RTS PACKAGE HEADER_BEGIN(BCVM)
RTS MODEL_BEGIN(BCVM)

RTS_INPUT _PARAM(X_ in, float)
RTS_INPUT _PARAM(Y in, uintl6)
RTS_INPUT _PARAM(Z in, uintl6)

Header 1,1 Top
RTS PACKAGE BODY BEGIN(BCVM)

ZEdefine SUBADDE 1

RTS_MAIN(){

startimils);
¥ out = OxAAARA;
Z out = OxEEEE;

Body
-- INSERT --




[Tpneaska TCK K MHCTpYMEHTaNbHbIM
MallnHaMm

# [Demolang_with_TCK_example/Configurations/TCK_en/Exp ~
Fie Filter

@ &

| Modeks - MIL 5TD-15536 Models Parametars Interfaces FT Obcts

Component models Bincling Tracing

bowm

s PG #0
sIM PC #1




[lpuBA3Ka MHTepdencoB K agantepam Kb

/DemolLang/Configurations/Conf_en/Local ~ Configuration settings editor. Versiol — O X
Fie  Filer

R R

] Meodek |..;J. MIL STD-15538 Models |g,5_$ ARINC 429 Models | Parameters | inferfaces | DBDF |

lea Inter-model | iom - =5 ARING 429 interfaces |

|Mndeis.-‘|ntarfacas |Trac:ing |FITad::Iress |Cnntmllar |Binding |Cﬂnnects To |Alias IE

Adapter 0
Adapter 1
Adapter 2

Stand:: bos sk miksAll




[lapamMeTpbl 3KcnepuMeHTa

Start experiment <@standvm-lenny=
Results Configuration: ConffLocal

Define experiment parameters

Experment name: |

Expenment duration, [hh:]Jmm:ss[.ms]: |0:01:00.000
soft real time parameters

Model time scale:

Execution mode:
® Soft real time
Real time

Debug

MNon real time

Cancel
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OnepaTnBHOE ynpaBneHne
9KCNEePUMEHTOM

<= Online visualization and contrel toel <@standvm-lenny>
Window  Commands  Help

R ille DEIAGEHESBXK

otate tree | State Walue tree

@Stand @manu

- @env @ Fictive = @env
: [Zall o On - .x 49925 4
= @t%s Y -2730.24
= B hovm o On - Y% 54 6048
- [ mils O Wyaiting v_y 998 508
L [ arine O Wyaiting F'Si 3.13018
@ On 10000
o On - [Ew -1.14532
O RT is listening to the bus B -19.9702
O Tect 1.0921
o Odn
: O RT is listening to the bus
“ [ arine O Wyaiting .SKVCDntrDIWDrd 2
- B arinc O Free - [lw 2
- B mils O Waiting Ha_

MESSATES 1

Experiment status: Waiting for user command to start experiment
Experiment status: Experiment s running

[ SIM PC 0O, 0:00:00.030000 ]

Sl PC 0 Experiment duration: 60000 milliseconds

Experiment status: Experiment is stopped by user

[Experiment status: Experiment is stopped by user [Model time: 0:00:19 |Deviation: 0 us




JdBlIC e = 0]0)=Y5 s
OxupaHue OxupaHue Linknuyeckoe 3apepxka Bbi6op
BBOAA BblOOpa BbINONHEHNE LIMKNINYECKOro BHeoYepeaHOro
AaHHbIX TecTta TecTa BbIMONHEHUSA TecTa

Cooflwer\ A | [ Lk

LFJL.J L@'JLEIJL EJ 3anepEa (0] EHEOYEREAHOA TECT, | TELT HE EwIfipaH iJ
TECTOBLIA KOMNOHEHT: Standtck CocToAHMEe: TECTMPOBaHWME OCTAHOBENEHO

===> [OMC] OT Ha4ana akCNepHMMEHTS

Tect "1"

Brni4EH thalAn NpoToKoNa TeCTMpoEaHKA LOG ("Log.log")
zrex [3C O00MC] OT Ha4aNa IKCNEPUMEHT 3

TecT "My C A"

= [0 000MC] OT HaYaNa IKCNEPUMEHT

Tect "MYC.A1" npoweén

x> [BC OO00MC] OT Ha4Yana IKCNEPUMEHT 3

Tect "HMYC.B.2"




ObpaboTka pe3ynbTaToB

 ®opmMMpoBaHME OTHETOB MO pesdynbTaTamM TECTUPOBAHUSA
* AHanu3 BpeMeHHOW gnarpaMmmbl COObITUN SKCNEPUMEHTA



[lepcnekTuBhI

ABTOMaTU3aLIMS MPOBEPKM BbIMOJIHEHNSA
pacnncaHn obmeHa

ABTOMaTM3aUnNAa TECTUPOBAHNA NHOANKATOPOB
— MHTerpaums c «6/10KOM HaXkaTusl KHOMOK>

— nepexsaT n3obpaxeHus

— CpaBHEHMe C 3TaSIOHOM

ABTOMaTM3aUns reHepaLun TeCTOB Mo
onucaHunio TpeboBaHn

NHTerpauna TectoB C 0TNaA04YHbIMU
cpeacrtsamu bLIBM

HoBble BHeApeHUs
— cywectsytowme: Cy-35, T-50/TIMU, MC-21
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Cnacunbo 3a BHMMaHue!
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NMHOOPMALIMOHHO-YIMPABJIAOLWMUE CUCTEMbDbI
PEAJIbHOI'O BPEMEHW

Jlekumsa 11-b:
MorunropuHr obmera gaHHbimu B NYC PB

Kadeapa ACBK,
JlabopaTopust BeluncnntenbHbix Komnnekcos
banawlos B.B.



BopToBble YCTPOUCTBA




bLIBM

NCbl

Q
&
Q.
Q
T
L
~

[1lpnmep




BHYTpnbnoyHbie

MHTEPdENCHI

e VME32 60 Mb/c
e PCI32 33 Ml 60-80 Mb/c
o PCI Express x4 4x250 Mb/c

A GRS SRS

——n

L F L PP T L e T Ty




£F Bhewnne MHTepdencol 610KOB

e MKMO (MIL-STD-1553B) 80-90 KB/cC
e MK (ARINC 429) 7.12 KB/c
e FC-AE-ASM 100 MB/c
e AFDX 10-12 MB/c
e ARINC 818 (B1zeo) 70.1 MB/C
e CAN (500 KI'y) 24.4 KB/C

e PasoBble KoMaHAbl (PK)

Heobxoanmbl cneunann3npoBaHHble MHCTPYMEHTASIbHbIE
CpeAcTBa MOHUTOPWHIA M aHann3a MHGOPMaALIMOHHBIX 0OMEHOB.



Cxema paboTbl ¢ NYC PB

brnoxu UYC
TexHonornueckue
PMII unTepderice: RS-232, Biion
(host) Ethernet, USB | wvc d14107
(target) uHTepPerCchl
Nmurtaropsel
NucTpymeHTanbHOE enesoe 110 KBO APM
I1O miis 3arpy3ku, —
OTJIAIKH, (cpencTBa
0TOOpaXkeHHS U crena [IHM)
S NucTpyMeHTanbHOE
[1O nnga umMuTauu u
Buabl nHTepdgencos NYC PB: MOHHTOpHHTa

e TeXHONorn4yeckne NHTepdENCHI
eBHYyTpeHHMe (NnoKanbHbIE) MHTEpPMhENCHI

ebopTOBbLIE MHTEpPdENCHI (BHELLHNE)



MOHUTOPUHTI
MH(MOPMaLMOHHOIro 0bMeHa

e YPOBHU MH(POPMALMOHHOIrO 0bMeHa:
— Mexnay 6nokamu (kaHasn)

— Mexxay MoaynsiMu B coctaBe 6/10Ka
(BHYTPEHHSASA LLUNHA)

— Mexay dyHKLMOHANbHbIMK 334a4aMu B
paMkax moayns (pasgenseMasl NamsThb,
oyepean coobLLeHnI)



MOHWUTOPUHI KaHaNoB/LLWH

e [0 YpOBHAM MPOTOKONA:

— OU3NYECKMN: NPOBEPKA HANNYMSA U
XapaKTepUCTUK CUrHana

— KaHa/bHbIN:

e MPOBEPKA COOTBETCTBUSA MH(DOPMALIMOHHBIX C/TOB U
KaApoOB CTaHAAPTY KaHana

* MPOBEpKa OrpaHNYEHNN peanibHOro BPEMEHN Ha
nepeaavy c/noB/KaapoBs

e aHa/IN3 aKTUBHOCTU abOHEHTOB KaHana
— NIOrMYECKUN:

* POBEPKAa COOTBETCTBUS NAapPaMeETPOB,
NepeaaBaeMbIX B NMONE3HOW HArpy3Ke, NPOTOKOIY
MH(OPMALMOHHOIO B3aUMOLENCTBUS



BapuaHTbl aHann3a

e OnepaTuBHLIN: BbISBNEHWE U aHaNN3
npobnem «Ha nety»

— ABTOMaTMYECKM NPOBEPSIEMbIE YC/IOBUS
KOPPEKTHOCTH

— Bu3yanbHbi aHanu3

e AHaNN3 pe3ynbTaToB perucrpauuu
— bonblon 06bEM
— Hayvano peruncrpauum «no cobbITuUo»



[loCcTyna K KaHany To4yka-To4kKa

Inline fiber tap
Network TAP Traffic Flow

TAP function

il T
Network -¢ - Network

 J

s L Sp L sp L Sp L

Network, :
application and ‘ . i A Monitor B
security analyzers Bassss

Inline copper tap

TAP function

N +=>< : >

l Hal! duplex cutputs ) C]adding'MOdﬂ
\J

Coupler Cladding-Mode
<d)
Network ;
application and ' ! '
security analyzers B

Fiber 2 Stripper
T

|
I
i O h.l — [ [

Fiber 1 | L
Fiber 3

_5 .....:




[locTyn K obwen WnHe

oY, oYy, oy,
KaHan
e MOHUTOP — 0COBLIN TUM abOHEHTA MOH
— [MaccmBHbBIN

— Be3 cobcTBeHHOro aapeca



[1oCTyn K KOMMYTUPYEMOU CETH

B

Kommy-
TaTop

v
b

o CJ'IYLLIaeM Bbl6paHHbIe JIMHNN KaK KaHaJlbl «TOYKa-TOYKa>»
— KoMMmyTaumoHHas naHersb
— Kaxabli KaHan BbiBeAEeH C pa3pbiBOM
— BapwaHTbl 3aMbIKaHWS: HaNpaMylo UK Yepe3 pasBeTBUTeNb
— ['pomo3zako...
e [lopT MOHUTOPWHIa Ha KOMMyTaTope
—  «C/MBAIOTCA» TOJSIbKO KOPPEKTHbIE KaApbl, BOCMIPUHSATLIE KOMMYTaTOPOM
— HapylweHne BpeMeHHbIX XxapakTepucTuK NoToka
— Bo3MOXHOe npeBblleHne NponyCcKHOM CNOCOBHOCTM nopTa 12
— KoMnakTHoe pelleHue



HW3koypOBHEBbLIN aHANU3

o Ocumnnnorpad:
— dusnyeckue XapPaKTEPUCTUKN CUTIMHAJ1a

— [1paBuNbLHOCTL (hOPMUPOBaHNS CloBa/Kaapa,
NOBTOPSAEMOro rno KaHasny (MOXHO
«HernocpeacTBeHHO» YBUAETH)

— ... [1aXXe 3HauyeHMs AaHHbIX (B MOBTOPSEMbIX Kaapax)




AHANN3 KaHA/IbHbIX
NPOTOKOJ/10B

e Buabl rnpeagcraB/i€eHNA OdHHbIX

— rnocneaoBaTeNbHOCTbL 06MEHOB
e ObICTPO 06HOBNAETCS, 6ONbLLLION 0OBEM
e punbTpaLms, NOUCK

® NOCTOSAHHbIM MOHUTOPUHI +
3aMyCK permcrpauum no cobbITULo

— CTaTUCTUKa 0bMeHOoB
¢ N0 aboHeHTaM

* [0 NOTOKAM AaHHbIX (BUPTYasibHbl€ KaHasbl,
METKM COB, Mapbl OTNPaBUTENb-MOTyYaTENDb)

e CTATUCTUKA OLLUMNOOK

14



Ethernet,
USB,
VME, '_ LPT
PCI, IInara > IIK x86
s Jlor. 5[0
BXOJIbI OTOOpaXeHus 1

YITPaBJICHUS

MHCTpYMeHTalbHblE CpeacTBa aHaM3a:

oSilicon Control Inc

eCurtiss-Wright Electronics systems / VMETRO
eLeCroy Inc

eTektronix Inc

o[ paHUT-BT

AHanuzaTtopsb! WnH VME/PCI

F R ]



[lpMep aHaNn3aTopPOoB LUNH:
Tabnuua obMeHoB

Marker Times

Right click to
chgnge signal Start and Sample before Analyzer
properties Trace Setups Power Zoom Stop capture  and after trigger status

\

5

= “Trace - test2

WA 6240us | MST  9151us *1 2911us Iaddress 'I @I ;EJ !' Emmm mw _

P[] 3 |

SAMPLE' COMMAND || ADDRESS32| " DATA32 AM TIME DELTA BUS DOCTOR AM[5:0] || BR[3:0
11 | Write | OD47FFEA | 55555555 | A32 SUPY DATA | 10,54us oD F | 555504
-10 | write | oo47FFEC |55555555 | 432 Supv paTA | 11.20us 0D F | sssse
-9 Write | DO47FFEE | 55555555 | 432 SUPY DATA | 12.0lus | ® oD F o |ssss
-8 Write | OD47FFFO | 55555555 | A32 SUPY DATA | 8,775us 0D F|sssst
& Write | DO47FFF2 | 55555555 | 432 SUPY DATA | 9.405us op F o |sssse
-6 Write | D047FFF4 | 55555555 | A32 SUPY DATA | 10.06us |62.40us oD F|sssse
= Write | DD47FFF6 | 55555555 | A32 SUPY DATA | 10.72us oD F o |sssse
-4 Write | OD47FFF8 | 55555555 | 432 SUPY DATA | 11.38us 0D F|sssse
-3 | write | 00D47FFFA | 55555555 | A32 SUPY DATA | 12,04us | 4 b F o |sssse|
7 Write | DO47FFFC | 55555555 | A32 SUPV DATA || 9.04Sus 0D F|ss5sst
o Write | DO47FFFE | 55555555 | 432 SUPYV DATA || 9.705us 0D F|sssse
|
1 Write | 00480002 || 55555555 SUPY DATA | | 11.02us F
2 Write | 00480004 || 55555555 | 432 SUPY DATA || 11.68us oD F
3 write | 00480006 || 55555555 | 432 supy pata || 8.505us oD F
4 write | 00480008 || 55555555 | 432 supv pata || 9.165us oD F o Ass55¢
5 Write | 00430004 || 55555555 | 432 SUPY DATA || 9.975us oD F /55550
< [ _v_d
/
Marker 1 Marker 2
Signal scroll bar Trigger marker Left click Right Click Sample scroll bar
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12 MopaepkmBaeMble NPOTOKOSIbI

e MIL STD-1553B

e ARINC 429

e CAN

e Fibre Channel (onTnka/paHHble)
e ARINC 818 (onTtuka/Bnaeo)
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Hann3atop MIL STD-1553B

SR N\ T e (I

\I'IaHenb WHCTPYMEHTOB BbokoBasi naHernb \ / Ob6nactb oTobpaxeHus pesynbTaToB

—— —_—— —— — e — — ;.

Teryumi ceanc: "2012.07 02 14:07* <@standvm-lenny>

mis  MKWO g a o | e | | dlara | ity | ©opMat | OTnpaeUTenb | I'Ionyum&?nh
is1 MKWO
m 5242 15:56:09.778 2 Wen 2012 0:00:00.000 2 (0¥-=KK) 0x01:0xal KKL
5243  15:56:09.779 2 Wen 2012 ©:00:00.000 2 (0¥-=KK) Ox01:0xal KK
5244 15:56:09.788 2 Wen 2012 0:00:00.000 2 (0Y->KK) Ox@1:0xal KK
15:56:09.780 2 Wen 2012 fayaa: 00000.991
5245 15:56:10.772 2 Wen 2012 0:00:0@.991 2 (0Y-=KK) 0x01:0xa1 KK
5246  15:56:10.773 2 Wen 2012 @:00:00.000 2 (0Y-=KK) Bx@1:0xal KK
5247 15:56:10.773 2 Wen 2012 0:00:00.000 2 (0¥->KK) BxA1:@x01 KK
CooicTeo MpoTokon T |5248 15:56:10.774 2 Wen 2012 0:00:00.000 2 (0¥-=KK) 0x01:0x01 |KK
| WMA | IHAHEHUE |
Hma mils [MKIO] mils (4920) 0.76% » » WMuTepean: 14:58:57.784 - 15:59:5?.?!# OBMeH “Gnouanauumx" CratmcTuka l[
MpoTokon Mo yMonyaHue
-I':'IT(H M1553 | e Bpema Alata | At | PopMar | OTNpaguTans
E
P — IEM'O 3036 15:57:19.780 2 Wen 2012 G:O0:00.000 2 (0¥->KK) 0x01:0x81
i _ 15:57:19.78@ 2 Wen 2812 Mayaa: 0:00:00.991
3037 15:57:208.772 2 Mwpn 2012 0:00:80.991 2 (0¥-=KK) 0x01:0x01
Paamewenve lizard0 3838 15:57:26.773 2 Wen 2012 0:00:00.600 2 (O¥-sKK) Bx01 : Bx01
3039 15:57:20.773 2 Wen 2812 B0 80,000 2 (0¥-:KK) Ox@1:@xal
3040 15:57:20.774 2 Wen 2012 0:00:00.800 2 (0¥-=KK) 0x01:0x01
- — 3041 15:57:28.775 2 Wen 2012 0:00:80.000 2 (0¥-=KK) Ox01:0x81
[ losanima bk l [ looaaa K ] = 3042 15:57.20.775 2 Men 2612 0:00:80 800 2 (0Y-2KK) Bx01: 9x01
4
Jobaputs OY l [ Yoanurs ]/
N - L |
~
207:32: Ceanc "2012-05-05 15:22" yonewHo 2arpy ¥ eH.
08:02: Ceawc "2012-07-02 14:07° yenewHo coznaH.
208:58: Error occured whil processing bind request. Requested device busy.
0504 Error occurad whilk processing aind request. Requested device busy.
148 Fror wiachwbile crocacsing biod roonaot o daccoyica bus

O6nactb MHPOPMAaLIMOHHBIX COOBLLEHWI U CraTycHas cTpoka



k @ ? .&4; o )4: g 2 theep. 2012 | Bpems: [00:044406850 H 5 {01:04.406350 |%] LnvTensHocTs: [01:00.000000 E ww vl - 5 fr=
Kanans! @ -
[MKWO] mils (158) O, WuTepean; 16:00:04,406850 - 1 3 O6MeH lCnona AaHHhIXl Cratmctuka
Wma| Tun |OH| P
mis _ MKVO 0 Ne | Bpems I Jara l At | ®opmMar | OTtnpaeuTens I Monyyatens l Paamej
mis1 MKWO
m:bZ MKMO 1240 16:01:04.006490 2 ®ee 2012 0:00:00.000018 3 (OY->0Y) 0x17:0x02 0x0b:0x16 16
16:01:04.006800 2 ®ep 2012 fMayaa: 0:00:00.000127
1241 16:01:04.007027 2 ®ee 2012 0:00:00.000127 4 (KK(KC)-=0Y) KK Ox1d 0
1242 16:01:04.007082 2 ®ee 2012 0:00:00.000010 10 (KK(KC+CA)... KK ox1f 1
1243 16:01:04.007135 2 ®ee 2012 0:00:00.000013 1 (KK->0Y) KK 0x15:0x0e 32
1244 16:01:04.007833 2 ®ee 2012 0:00:00.000013 1 (KK->0Y) KK 0x18:0x17 15
1245 16:01:04.008191 2 ®ep 2012 0:00:00.000013 2 (OY->KK) 0x07:0x19 KK 17
(<] G |
MKUO] mi (0) & WaTepean: 18:13:10,000000 - 18:14:10,000000 | oowen | crosa aawuen | Cranverua
Ne | Bpems Jara At | ®opMar | OTtnpaeutens I Monyyatens l Paamej
1196 16:01:04.308816 2 ®ee 2012 0:00:00.000019 3 (OY-0Y) 0x03:0x07 0x15:0x05 10
1197 16:01:04.309116 2 ®ep 2012 0:00:00.000010 10 (KK(KC+CA)... KK ox1f 1
16:01:04.309156 2 ®ee 2012 MMayaa: 0:00:00.089000
1198 16:01:04.398156 2 ®ee 2012 0:00:00.089000 1 (KK->0Y) KK 0x06:0x 1a 12
1199 16:01:04.398455 2 dee 2012 0:00:00.000014 2 (OY->KK) 0x04:0x16 KK 32
1200 16:01:04.359160 2 ®ee 2012 0:00:00.000020 3 (OY-30Y) 0x00:0x02 0x07:0x0b 22
1201 16:01:04.399700 2 ®er 2012 0:00:00.000010 10 (KK(KC+CA)... KK ox1f 1
(] z |
[MKVIO] mi (0) ViTepaan: 18:13:10,000000 - 18:14:10.000000 [ Obmen ]l CroBa AaHHEIX ][ CrarwcTuka
nMa suausﬂ B
Ne Bpems I Jara At | ®opmMat | OTtnpaeuTens I Monyyatens I Paamej
;\:1“ MJ‘SSQ 1056 16:01:04.404460 2 ®ee 2012 0:00:00.000015 1 (KK->0Y) KK 0x03:0x0b 0
8 Pasmellee I%rda 1057 16:01:04.405118 2 ®er 2012 0:00:00.000013 1 (KK->0Y) KK 0x10:0x18 25
W eard 1058 16:01:04.405676 2 ®ee 2012 0:00:00.000013 2 (OY->KK) 0x05:0x 1c KK 29
1059 16:01:04.406320 2 ®er 2012 0:00:00.000018 3 (OY->0Y) 0x17:0x02 0xOb:0x 16 16
1080 16:01:04.406742 2 ®es 2012 0:00:00.000012 4 (KK{KC)->0Y) KK Ox1d 0
1061 16:01:04.406798 2 ®er 2012 0:00:00.000011 10 (KK(KC+CA)... KK Oox1f 1
1062 16:01:04.406850 2 ®ee 2012 0:00:00.000012 1 (KK->0Y) KK 0x15:0x0e 32
4 I T | -
[ JoGasure MK ] [ Yaanute l 82
< ; | (]
18:14:10: Ceanc "Default” ycnewHo aarpyxeH. | 21



- NNHdpopMauusa o coobLueHuu

[MEWO] mils (5309) WMutepean: 15:14:26.000 - 15:44:33120 DGMeH Cnoea faddbix || CTatwcTuka KK HHovKauna napamet pos m
Dopmar | OTnpasuTens Monyyatens Bpewa 15:44:33.190 Monmyyatens Ox1F:0x01 KC 0xF324,0x0C64 CoofILgHe NepelaéTca O
- Hara 4 Wwn 2012 Ompaentens Ox01:0x03 OC 0xQ0300
7 (0¥->KK) Bx01: 0x81 KK KonmuecTeo 765

3 (0¥-30¥) Bx01: Ax02 Bx02 : BxA2 Popmar & (0¥--0¥...) Paamep 4
8 (0Y¥->0Y... Bx01:0x03 Bx1F : Bx61

1

Bcero ownGok 0]
HeT oTEEeTHoro cnoea o]
OuwBka B coobBweHWK 0]
ABOHEHT 3aHAT 0]
OwnBka aboHeHTa 0]
OwnGka 0¥ 0]
OunBka 4YeTHOCTWU/ KOAWMpOBEKW O
o]

o}

o]

o}

o]

o}

HapyweHWe HENPEPLBHOCTH

Cch 07 OxABCD ©xEFEF @xDCBA @xFEFE CrMWKOM MHOTO COB AaHHHX

815 OunBka agpeca 0OV
16-23 OurbBra CHHXpOoMMOYNeECa
24-31 BrlTeECHEeHKE
Mpoywre owHBKK 0]

[ (e I>]
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CtaTtuctmka obmeHa

[MKWO] mis (158) WuTepean: 16:00:04.406850 - 16:01:04.406850 O6MeH I Cnoea AaHHbIX I CratmcTuka I
N2 Anpec Konwyecteo Her OC Owwbka coobeHna ABOHEHT 2aHaT AGOHEHT HencnpaseH QY HewcnpagHo
1 0x00 8 0 0 0 0 0
2 0x01 5 0 0 0 0 0
3 0x02 4 0 0 0 0 0
4 0x03 9 0 0 0 0 0
5 0x04 9 0 0 0 0 0
6 0x05 10 0 0 0 0 0
7 0x06 5 0 0 0 0 0
8 0x07 13 0 0 0 0 0
9 0x0b 9 0 0 0 0 0
10 0x10 5 0 0 0 0 0
1 Ox11 4 0 0 0 0 0
12 0x12 14 0 0 0 0 0
13 0x15 9 0 0 0 0 0
14 0x16 4 0 0 0 0 0
] Z | £
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dunbTpaumsa obmMeHa

dopmar Anpec Moo

mopMar I Anpsc | MNonanpec | op A e dopmat | Al pec | Mo ag pec Ok L
Anpec: - YUUTBIEATb OWWOKN

MopmaT obMeH0R: £

..... ADD A Ad2 AD3 58 -

| - &T OTEETHOMD CNoRA

¥ e o) (] [ (7]

(%] 03 OV-=0Y A4 ADS ADG ADT [ Dwwbka B cocbweHm

o = =

[ ASoHeHT 2auaT

(% Dwwbka atonenTa

x:ﬂEDY-:.vDY Al ADd AlDe ADF @ Owbka OY

o o FEIEIEIE]| | mous wmcmiousan
A1l Al A2 Al13 |z|
HapyWweHne HenpepblBHOCTI
[ e ][ Bawse | (= e el
Ald A15 A1E AT @ CNMLKEDM MHOMD CNoR A aHHBIX
[prnmﬂue] [ OYKMCTHTE ]
= e

[% Owwbka anpeca OY

@ OWOKa CUHX poUMIY NeCa

Alc Ald  Ale Al (| BuiTecHenve

[%| Hapywenne KT

(%] Npoune owwkn
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e [IpoBepsaemMbie ycnoBus:
— ObHOoBNEeHne AaHHbIX
—nagkoctb: |A - A 4| < d
— [loporoBoe cpaBHeHMe C 3Ta/IOHOM

— CpaBHeHue No Macke C 3TaJIOHOM UNn
APYruM napaMeTpoM

e AHaNM3 rpa®mKoOB U3MEHEHUS
napaMeTpoB

e IHTerpauma c b1 npoTokonoB
MH(OPMALMOHHOIO B3aMMOAENCTBUS]

12l- AHanu3 nepeaaBaeMbIX JaHHbIX
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£ MOHUTOpPUHI Mex3aaayHoro obMeHa

e AreHT OTNagKu

e 3anuncb Tpaccbl + copoc B
TEXHOIOrMYECKMN NopT

o KCHUMKN>» NHTEPDENCHBIX NEPEMEHHbIX
MO BHELLUHEMY 3anpocy

e MOHUTOPUHI CUCTEMHOW MHGOPMaLINK

e [lokazaTenn peanbHOro BpEMEHM
MCKaXkatoTcs!

26



MOHUTOPUHI NepeMeHHbIX

NHCTPYMEHT MOHUTOPUHIA NePEMEHHbIX
NO3BOJIAET MOSYyUYUTb AOCTYN K 3HAYEHUSAM
NnepeMeHHbIX 1 COAEPXXMMOMY d4yeeK NaMATU B
3alUMLLEHHbIX pa3aenax naMaTn LeneBoro
BblUMCUTENS.

[ooaepxkmatoTcs rnobasbHble U CTaTUYecKue
rNnepeMeHHble KaK MNoJsib30BaTEbCKMNX
NpoLieccoB, TaK U npouecca sapa.

KOMMOHEHT NO3BOISAET MOYyYaTb U
oTobpaXxkaTb 3HAUYEHMUS, @ TAKXKE COXPAHATb UX
B banne Tpacchbl.
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MOHUTOPUHI CUCTEMHOWN MHOPMaLIMK

CBEAEHUWN O pacnpeaeneHmm NaMaTy;
MHOpMaLMM O KaHanax;

nHdopMaLunm 06 yCNoBHON NepeMEHHON;
COAEPXKMMOro NaMATH;

MHMOPMaLIMM O KaHasle MEXMOAY/TbHOW Nepeaaydn AaHHbIX;
nHdopmMaLunm 06 o4yepeamn coobLEeHUI;
MHpOPMaLINK O MbIOTEKCE;

MHMOPMaLIMM O NOPTE C OYepeabio COODLLIEHUI;
MHMOPMaLIMK O pacnnCaHNSaX U OKHaX;
MHPOPMaLMN O CerMeHTax;

MHpopMaLnKn o0 ceMadope;

CBEZIEHMN O COCTOSAHMM NOTOKA YMNpaB/IEHNS;
MHOPMaLIMKN O TaUMeEpE;

CTaTUCTUKM MO NUCNONb30BAHMIO OKOH.

28



Cnacunbo 3a BHMMaHue!
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JlaGoparopust
BoruucianTeabHBIX
KoMmmniekcos

MHO®OPMALUWNOHHO-YNPABNAKLWUNE
CUCTEMbI PEAJIbHOI'O BPEMEHW

Jlekumnga 12:
YKnsHeHHbin uukn NO NYC PB u
MHCTPYMEHTAarlbHble CpeacTBa ero nogaepKku

Kadegpa ACBK,
INTabopaTtopus BelumcnntenbHbix KomnrnekcoB
banawos B.B.



PASPABOTKA MO NYC PB -
TEXHOIIOIMYECKU U §
OPI'AHU3ALMNOHHO CINOXHbIU
NPOLECC

________________________________________________




‘ Komniriekc 6opToBOoro obopyaoBaHuUs

CUCTEeMbl HaBUraumm m
cBA3n, PIIC

ynpaBrieHue U KOHTPOonb

aBurateneu

ﬁ

cpepa nepefayu AaHHbIX
MeXOy KOMNOHEeHTaMun
KBO

~eeamn

MH(OPMALMOHHO-
BblYUCNUTENbHas
cuctema

CIOXHas
HeoQHOpoAHad
pacnpegeneHHas
BblYMCNUTENBbHAsA
cuctema

cpeacTBa oTobOpaxeHus
MHdopmaLumn, opraHbl
ynpaBneHus




Cneunduka boptoBbix MYC PB

Bbicokasa CrnoXXHOCTb

PyYHKUNOHMPOBaHME B peanbHOM BPpeEMEHM
o Bblumncnenus
o WHdpopmaumoHHbIn obmeH

TpeboBaHus

0 OYHKUMOHAIBbHOCTb < pasHoobpasue
o HapéexHocTtb

o PeanbHoe BpeMms

KpUTU4YHOCTL

HeogHopoaHOCTb
0o KaHanbl: Touka-To4Ka, WwnHa, kommyTtaTtop; 12 kbps, 1 Mbps, 1 Gbps

0 YCTpOWCTBA: AAaTYUKUN, MHOUKATOPbI, BBIYUCIIUTENN, OPraHbi
yrnpaBneHusi, NCMOoNHUTENbHbIE YCTPOMCTBA

o [aHHble: aHanorosble, LI,I/I(*)pOBbIe; YMCIOBblE MACCuBbl, BUOEOMNOTOKHA

BopTtoBble NYC PB 1 nx INO TtpebytoT cuctematnyeckoro
noaxoda K NpoOeKTUpoOBaHMIO, peannusaunum n TECTUPOBAHUIO



NCTBA

A4

bopToBLIE YCTPO

L

_»o@ S AE .

06
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KunsHeHHbIn unkn 6optoBoro INO




Kn3HeHHbIn umkn 6optosoro 10

| BxoaHble gaHHble |
| Hacnegylowmin |

| WHKpeMeHT | ' _ _ _ _ _ _Ba3oBbiii, NOBTOPSIOWINACA SNEMEHT UHKpeMeHTanbHov mogenv KL _ I
| (AONOMHUTENbLHBIN | I | ///\ [ |
l\ (pyHKLMOHaM) /J ®asa < G ——————— SamevanmaHaBepenio — — — T T T T T T T T BBOQ CUCTEMbI B
‘ ANAHMPOBaHUA N — e e e e o s SKCANYaTALMIo
Pisgagil;:: e ) CuctemHoe
cucTe < - === == === === == Y TectupoBaHue
TpeboBaHuii
PaspaboTka
ApXUTEKTYpbI e — — N Cucremnas
NHdopmaumoHHoe pCMCTEMbI 2 ' uuTerpaums
conpsbxeHue \ /
PaspaboTka DyHKUWOHaNLHoe
TpeboBaHnitHa MO - - - - — — — = o) Y
TECTUPOBAHWE
BbICOKOIO YPOBHSA

=== \ /
r'\: T Creunduka
J — — T U MHKpeMeHTanbHoM PaspaboTka
- ——
: \ Mogenw Tebosaruit Ha N0 === = = == =3 COIRENT
N HU3KOTO YPOBHS
CuctemHble
aKTUBHOCTK KoauposaHue, TeCTVIpOBaHVle,
oTnagka u MHTerpaums,
TR uHTerpauns MO oTpaboTka
paspaboTtke MO

— TeCTnpoBaHune Ha KaxgoM ypoBHE



[1lpouecchl KLl no ctaHoapty DO-178B

Software Considerations in Airborne Systems and Equipment

[Mpouecc nnaHMpoBaHUS 1 yrpaBiEHUS MPOEKTOM

[Mpouecc paspaboTku O

o PaspaboTka TpeboBaHuu

o [NpoekTnposaHune

o KoaupoBaHue, oTnagka u MHTerpaums

VIHTerpanbHble npoLecchl

0 YnpasneHue KoHgurypaumnen

o Bepudomkauymga

0 YnpasrneHue Ka4yecTBOM

o CeptndmkaunoHHoe B3auMoaencTeme
(B aHHOM Kypce He paccMaTpuBaeTcs)

BnusiHue Ha cocmas ¢ha3s XKL



[1pouecchl

MNMpouecc NMoanpouecchl

[naHnpoBaHue 1
ynpaeneHue

MPOEKTOM

OCHOBHBbIe uenu

OnpepeneHne 0CHOBHOM
METOA0NOrMM paspaboTku,
HanucaHue nnaHoB paspaboTky,
onpeaeneHne NHCTPYMEHTOB
pa3paboTku, onpeaeneHue u
npoBeaeHne HeobXoanMbIX
TPEHUHIOB, ONpeaeneHne
METOOB MOHWUTOPWHIa NPOEKTa.
Bbinyck HeobxoamMbIx

LLIaOMOHOB.

OcHoBHbIe apTedaKkTbl

[naHb! (pa3paboTku, TecTupoBaHus M0,
KOHJOMrypaLmOoHHOTO yrnpaBneHus,
yNpaBrieHnsl KAYeCTBOM M T.4.); OTYETbI O
PELieH31POBaHNN NNAHOB; rpacpuKm;
CTaHZapTbl; LWaboHblI apTedaKkToB
(LOKYMEHTOB) NPOeKTa; NPOTOKOMbI
COBeLLaHWit; ouumanbHble NucbMa; paboyas
nepenucka (e-mail); MeTpUKK M MHOMKATOPEI,
OTpaXxaroLLye COCTOsHIE NPOLLECCOB U
NpOrpecc, NpeseHTaumum; Crnmcku

MEPONPUATUN.
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[1pouecchl

MNMpouecc NMopnpouecchl OcHOBHbIe Lenu OcHoBHble apTedakTbl
Paspabotka [Mpouecc pa3paboTku CosgaHue n KOHTPOIb Cneuudukaumm TpeboBaHuii B TEKCTOBOM hopmarTe.
nporpaMmHoro  TpebosaHuit k MO 1 TpeboBaHu BEpXHEro U Ecnu TpeboBaHns paspabaTtbiBatoTCs C UCMNONb30BAHUEM
obecneyeHus npouecc HWXXHEro YPOBHS Ha WHCTPYMEHTAaIbHbIX CPEACTB, TO MOAYNM B hopmaTe
npoektupoBanua MO paspaboTky WHCTPYMEHTAbHOMO CpeacTBa.
NpPOrpaMMHOro dopmManbHble cneumgukaLum (aaHHbIe,
obecneyeHus. NPUroTOBNEHHbIE ANS aBTOMATUYECKON reHepaLuy Koaa) B

KoHTponb NonHoTbI 1
HEenpOTUBOPEYMNBOCTH
TpeboBaHun,
NPOCNEXMBAEMOCTHN 1

TECTUPYEMOCTH.

(hopmaTe Mx pedakTopos; hopMarnbHble cneuudukaumum B
opmate HTML, wnu TekcToBOM hopmarte; OTYETbI O
peLeH3MpoBaHMK hopMarbHbIX cneuudukaLmnin; onucaHne
rpadpuyeckon nHopmaum B He0bxoaMMom oo bLEME;
Pe3ynbTaTtbl aBTOMATUYECKOro KOHTPONSA
(hopmanbHbIX creuugukaLlmii; matpuLla CoOTBETCTBUSA
9NEMEHTOB (hopMarbHbIX crneuudukauuin n TpeboBaHnit K

HUM C OTYETOM O PELIEH3NPOBAHUM; CTeHEPUPOBAHHbII KOA.

11



[1pouecchl

MNMpouecc

Paspabotka
NporpaMmHoro

obecneyeHus

Moanpoueccol

[Mpouecc
koamposaHus 10
M npoLecc

NHTErpaLmm

OCHOBHbIe uenu

Pa3paboTka nporpamMMHOro
KoZa B COOTBETCTBUM CO
cneynduKalmsamm, nonyveHne
3arpy3o4HbIX panrnos.

B npouecce koanpoBaHus
NCXOOHbIN KOZ COCTaBNSAETCS Ha
ocHoBe apxuTekTypbl 1O 1
TpebOBaHWI HUXHErO YPOBHSI.

®opmupoBaHue

NCMNOJIHAEMOro Koaa, 3arpyska

NCMONHAEMOro 06BEKTHOrO Koaa Ha

LieneBoi BblYACIIUTENb A1A
nHTerpaumm MO 1 annapaTHbIX

CPEACTB.

OcHoBHble apTedakTbl

Kog, paspaboTaHHbIn BpyYHYHO;
cnyxebHble dainrbl, HeobXxoauMble ANs
KoMnunaLuy 1 cOopku Koaa; matpuia
NOKPbITUS TPeboBaHNIA KOAOM; KOf,
CreHep1pOoBaHHbIN aBTOMATUYECKUMY
CpeacTBaMu reHepaLuu.

O6bekTHble dhannbl.

3arpy304Hbli dhann

12



[1pouecchl

MNMpouecc OcHoOBHbIe uenu
Bepudwmkaums /HTerpanbHbIn Npouece, Lenbto
nporpaMmHoro KOTOPOro ABNSETCS 0OHaPYXEHNE 1
obecneyeHus perucTpauys omboK, KoTopble MOrMK

nosBuTbCA B Npouecce paspabdotku MMO.
OTV Lenu AOCTUratTCs Yepes psaa
MepONPUATUIA; HanncaHne TeCTOBbIX
npoueayp B COOTBETCTBUM C
TpeboBaHNsIMM, NPOBEAEHNE aHanM3a Koaa
W TECTOBbIX NpoLeayp, NpoBeaeHMe
(hopManbHOro TeCTUPOBAHMS, aHanm3
NOMyYeHHbIX Pe3ynbTaToB, HanMcaHue
co00bLLeHMn 0 Npobnemax, HalaeHHbIX B
npoLecce pasnuyHbIX BepUdMKaLMOHHbBIX
aKTMBHOCTSIX, CO34aHu1e W BbIMyCK OTYETOB

0 NpoBeaeHHOM TECTUPOBAHUN.

OcHoBHble apTedaKTbl

OtyeT 00 aBTOMaATMYECKOM aHanu3e koaa,
OTYETbI O PELIEH3NPOBAHUM KOaa.

TecToBbIe NpoLLeaypbI 1 CKPUNTLI B hopmaTe
peaKTopoB TECTOB M TEKCTOBOM dhopmare,
B CNy4yae MCMob30BaHNS UHCTPYMEHTaNbHbIX
cpeacTs pa3paboTky TpeboBaHUM 1 TECTOBbIX
npoueayp — Moaynu B popmate
WHCTPYMEHTANbHOMO CPEACTBA; OTHYETbI O
peLeH3MpPOBaHNN TECTOB; OTYETHI O
PeLEH3MPOBAHNN PE3YNbTAaTOB TECTUPOBAHUS;
MaTpuLia NOKpPbITMS TpeboBaHMN TECTaMK C OTYETOM
0 €€ peLieH3npoBaH1K; MaTpuLa pesynbTaToB
TECTUPOBAHUS C OTYETOM O €€ PELIEH3UPOBAHUM;
PEECTp CO CMMCKOM BCEX BEPUDUKALMOHHBIX

nokymeHToB ans sBepcu MO.



[1pouecchl

Mpouecc OCHOBHbI€E Lenu
YnpaBsneHve WHTerpanbHbIv npouecc,
KayeCTBOM LieSTbio KOTOPOTo SBMSIETCS KOHTPOSTb

Ka4yeCTBa NpoAyKTa U KOHTPOIb

coboaeHnst NPOLIeCCOoB.

OcHoBHble apTecdakTbl
OTyeTbl (MPOTOKOSbLI) MPOBEPKM
KayecTBa NPOAYKLMW; OTYETbI (MPOTOKOIbI)

MPOBEPKM NPOLIECCOB; NNaHbl MPOBEPKM.
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[1pouecchl

MNMpouecc

KoHdurypaumoHHoe
ynpasrieHve, BKNoYas
ynpasneHue
N3MEHEHUSMM

OcHOBHbIe uenu

WHTerpanbHbI NpoLecc, Lenbto
KOTOPOro ABNSETCS:

onpegeneHne n naeHTuguKkaums
NPOAYKTa,

KOHTPOMb BbIMYyCKa 1 U3MEHEHMS
BEPCUIA B TEYEHME XU3HEHHOTO LWKNa,

KOHTPOSb KOPPEKTHOCTW U MOSTHOTbI
BEpPCUM,

BEPCHOHHBIN KOHTPOSTb BCEX
apTedhakToB NpoekTa.

Onpegenexue KOHUrypaLoHHON
CTPYKTYpbl, 0BecneyeHne 0aHO3HaYHOIA
KOHCOUrypaLWOHHOW naeHTudmKaLmm
apTedhakToB NpoekTa.

YcTaHOBNeHe 1 NpoBeaeHne
npouecca ynpaBneHus U3MEHEHUSMM.

OcHoBHbIe apTedaKkTbl

[MocTtasky (hainbl-apxusel) 1 CONPOBOXAAOLLME
(painbl-0T4YeThI MO KaXZOMY M3 NPOLLECCOB; OnMcaHue
Bepcuu MO; conpoBoxaaroLlas JOKYMeHTaLUus;
HOCUTENb BEPCUM (ONTUYECKWIA AUCK), ECNN 3TO
OrOBOPEHO — C HeobxoanMbIMu aTpubyTamm
(Hakneikamu UK Apyron UAEHTUUUMPYIOLLEN
MH(OpMaLMER); KOHUIYPaLMOHHbIN NepeyeHb
apTehakToB NpPoeKTa.

Basbl faHHbIX Npobnem - onucanus npobnem (B
(hopmarte, NpUrogHOM Ans UMNopTa B CPEACTBO
ynpaBneHnst U3MEHEHUAMM; B TEKCTOBOM, UMM UHOM
yAO0BHOM ANs YTeHns hopmate), NPOTOKOSbI
COBeLLaH1M Mo ynpasneHno KoHurypaumen. B cnyyae
HanMuMa He3aBUCUMbIX 6a3 AaHHbIX Y Pa3nMYHbIX
YYaCTHWKOB Koonepawum, NpeaycMoTpeTb Hanuume
npouecca 1 apTeakToB A1 NOLAEPKKMN
CMHXPOHM3aLMK MHGopMaLmmn B 3TUX 6asax AaHHbIX.



[1pouecchl

Mpouecc
MNocTaska O

3aKa3umky

OCHOBHbI€E Lenu
[Nepenaya paspaboTaHHOro NpoayKTa

3aKa3umKy.

OcHoBHble apTedakTbl
Onwucanve sepcuu M0O; duHanbHas Bepcus
noctasnsemoro 10; 3aknto4eHne o rogHOCT BepCUM

MO K HaTypHbIM UCMbITAHWAM Ha LLeNeBON CUCTEME.

16



| CooTHolwueHve a3 1 npoueccos XKL MO
[

{Buimonxaemcs, ecnu
Havsie thazsi npu pazpaGomie M0 Moaym MOCMAaKa MGHUPYBMCA
o6 LeAUHAMLEA 4nA JaHHOEO UHKPEMEHMa)
Pasa paspatonn Dasa asa JaTanLHoM ©a3a KoOMpoBaHiA, Maza NacTask
Tpetosannn k MO NPEOBEPHTENLHOM NPOEKTHROBAHHA OTMamKM M DOPMENEHORA - a BEpCHH

- | npoekTHpoRaHMA N0 no ‘ WHTEMALMH 3 BEPWIDHKELIAA

MnaHWpeEaHKHA, YNPABNEHHA NPOEKTOM

-

Bepudmrayma

(=8

YnpagneHHe KoHgMrypauwen

o

YnpaeneHue Ka4ecTBOM

BiauMogeHcTEWe ¢ OpraHW3aLUWed UnW opraloM, BbIAAIOWWM pelleHHe o roAHoCTH JAHHOR CHETeMB! K AKCMnyaTaLum

3aKa3IYHKY

5 FaipaboTka TpeDOBEHWA K Faspa00TEa TPEROEIHUA K
Pa;pgﬁngﬁlm Fma;:;ﬁ § [0 HIGKHEND YPOEHA 0 HUAHHERD YROEHA
apxuTerTypsl N0

l Pazpabotka nporpaMmHore oGecneqeHHs | MNocraeka MO

oo | o | o
— R S R S S S S S S



da3bl

HasBaHue chasbl OCHOBHbIe aKTUBHOCTH
BHYTpU dpa3bl
dasa nnaHnpoBaHus OnpegeneHne MeTo4oB N UHCTPYMEHTOB
ANs NpoM3BOACTBa NPOrpaMMHOro NpoaykTa B
npouecce HanncaHusa nnaHoB paspaboTtku MO,
HanucaHwe cTaHgapToB pa3paboTku n

co3faHve HeobxoouMbIX LLaBNoHOB.

NMpumeHsemble
MHCTPYMEHTanbHble cpeacTBa

NHCTpyMeHTbI, No3Bonsiowme:

- OCYLLEeCTBNATb NfIaHMPOBaHME
(B T.4. co3gaBaTtb rpadukun paspaboTtku),

- co3faBaTthb nnaHbl pa3paboTku 1
TECTUPOBaHUS,

- co3gaBarthb WabnoHbl paspaboTku,

- OTCNEXUBAaTb X0 BbINOMHEHNS
NpoekKTa,

- OCYLLECTBNATb KOMMYHUKaLUUIO,
B3aMMOAeNCTBME PasfNYHbIX y4aCTHUKOB

npoekTa.
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da3bl

HasBaHue cha3sbl OCHOBHbIe aKTUBHOCTHU NMpumeHsemMble

BHYTPU (*)a3bl UWHCTPYMeHTalibHble cpeacTtBa

dasa paspaboTku AHanua BxoaHbIX TpeboBaHUM. MHCTpYyMeHTbI, No3BONAoLLNE:

TpeboBaHum k 10 HanucaHnue TpeboBaHui BEpXHErO - co3gasaTb TpeboBaHu4,

N HWXKHEro YPOBHS Ha paspaboTky 0. - co3aBaTb CBA3U Mexay
OnpeneneHne 60pToBbIX TpeboBaHMAMMU,

NHTEepdEencoB, CTPYKTYpPbl U MPOTOKOOB - paspabaTbiBaTh U

cpenbl obmeHa.

[MocTpoeHne maTpuubl
NpPoCNeXmBaeMoCcTn Mexay
TpeboBaHNSAMU Pa3SIMYHOIO YPOBHS.

HanucaHune popmanbHbIX
cneundukaunm.

Havyano HanncaHus TecToBbIX
npouenyp, COOTBETCTBYHOLLMX

TpeboBaHUSIM BEPXHETO YPOBHSI.

nogaepXxmeatb MHTEPdENCHI MeXay
pasfiMyHbIMM KOMNOHeHTamu (10,

- NPOBOANTbL HEOBXOaUMbIE
00630pbl apTEdaKTOB,

- CO340aBaTb T€CTOBbIE

npouenypsl,

- paspabartbiBaTb opMarnbHble

cneumdukaumn.,
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da3bl

HasBaHue ¢asbl

dasza npoeKkTnpoBaHUA

(ansanna) NO

OCHOBHbIe aKTUBHOCTU
BHYTpU da3bl
OnpepeneHune apxutektypsl 10,
pekomnosunuyma MO, gekomno3nums
pacnpeaeneHusi namsTu.

OnpepeneHune cTpykTypsbl 10 ¢

y4eToMm TpeboBaHuiN peanbHOro BpEMEHM.

HanucaHnue (getanusaums)
TECTOBbIX Npoueayp B COOTBETCTBUU C
YTOYHEHMSIMU U AeTannsaumnen
TpeboBaHui.

[MocTpoeHue npeaBapuUTENbLHOM
MaTpuLbl NOKPbITUS TpeboBaHui

TECTOBbIMU Nnpouenypamu.

NMpumeHsemble
MHCTPYMEHTasrbHble cpeacTBa

MHCTpYyMeHTbI, No3BONAoLLNE:

- co3gasaTb M NoaaepXmeatb
onucaHune apxutektypsl 10,

- MpocnexunsaTtb CBA3N MeXay
TpeboBaHNSMU Pa3fIMYHOIO YPOBHS,

- 3agaBaTb MU NpocnexusaTb
COOTBETCTBME TECTOBLIX MNpoLEeayp U
TpeboBaHui,

- OCYLLEeCTBNATb Heobxoaumble
0030pbl apTedaKTOB,

- co3gaBaTb MaTpuLy NOKPbITUSA

TpeboBaHWU TeCTOBbIMM NpoLieaypamMu.
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da3bl

HasBaHue cpasbi OCHOBHble aKTUBHOCTH MNpuMeHsieMble MHCTPYMeHTanbHbIe cpeacTBa

BHYTpU cha3bl

dasa kogmpoBaHus, leHepauwns koga un3s NHCTpymMeHTbI, no3sonstowme:
OTNagku n nHTerpaumMm  opmarsbHbIX cneungukaumni. - reHepupoBaTb KOA Ha A3blKe BbICOKOrO YPOBHSA U3
Pa3paboTka py4Horo koga. dopmarnbHbIX cneundukauny,
NHTerpaunsa scex - paspabaTbiBaTb py4HOW KoA;
pa3paboTaHHbIX MPOrpaMMHbIX - NPOBOAUTbL KOMMUASLMIO UCXOOHOTO KOAa;
KOMMOHEHT B eMHbIA MogYyrb. - NPOBOANTb KOMMOHOBKY [ BOVMYHOrO KOAa;
3arpyska nporpamMmmMHoro - NPOBOANTL 3arpy3Ky Ha LierneBouv BblYUCINTENDb U
MOAYNSA Ha LerieBoun BbIYUCIIUTENb. NHTerpaumio;
Otnagka paspabotaHHOro - NPOBOANTL OTNAaAKy Ha LeneBbIX BblYUCNTENSX;
Koda u, napannenbHo, TECTOBbIX - BbIMOMHSATb MHTErpaunoHHbIe TECTbI C UMUTaLNEN
npouenyp. AaHHbIX Ha BXOAax LerieBbiX BblYUCNTENEN;
B KoHUe dra3bl npoucxogut - NPOBOANTbL KOPPEKLMIO NPOrpaMMHOro koaa u

«3amMopo3ka» NPorpamMMHOro kofa U TECTOBLIX MpoLeayp B criydae 06Hapy>KeHUsi oLnBoK;
TECTOBbIX Npoueayp. - paspabaTbiBaTh 1 BbiNyckaTb HEOOXOAUMYIO

OOKYMEHTaLUutO.
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HasBaHue ¢asbl

dopmarnbHas

Bepuumkaums

da3bl

OCHOBHblIe aKTUBHOCTU
BHYTpU dpa3bl

MpoBeneHne nporoHa
pa3paboTaHHbIX TECTOBLIX NpoLeayp
Ha «3aMopoXXeHHon» Bepcum N0
(TecTupoBaHue).

AHanuns pesynsraToB
TECTUPOBaHUS.

Co3paHne coolLyeHumn o
npobnemax no pesynsratam
TECTUPOBaHUSA.

®duHanmsaums matpuubl

NOKPbITUA.

n pumMeHsieMble UHCTPYMeHTalibHble cpeacTtBa

MHCTpYyMeHTbI 1 cpeacTBa, NO3BOMSOLLME:

- OCyLLeCcTBNATL NPOroH Tectupyemoro MO Ha
LeneBoM BblYUCIUTENe,

- BbIMOMHSATb TECTbl C UMUTaUVEN AaHHbIX Ha
BXO4ax LenesbIX BblYUCIIUTENEN,

- cobupaTtb pesynsraTbl TECTUPOBAHUS, B T.u.

C*)OpM npoBaTtb NMNPOTOKOJ1bl TECTUPOBAHUA,

- NPOBOAUTL HEOOXoAMMble 0630pbl apTedaKkToB,

- odhopmnATL coobueHnsa o npobnemax,

- MoanduuMpoBaTb MaTpuLy NOKPbLITUS.
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da3bl

HasBaHue cha3sbl OCHOBHbI€ aKTUBHOCTH
BHYTpU da3bl
MoagrotoBka pnHanNbHOM  BbINyCK UTOrOBbIX LOKYMEHTOB MO

NOCTaBKK COCTaBy BEpPCUMN.

MpuMeHsieMble MHCTPYMeHTanbHbIe CpeacTBa
NHCTpyMeHTbI, NO3BONSOLLIME CO3AaBaTh,

MO,D,I/ICbI/ILI,I/IpOBaTb M BbllMyCKaTb UTOroOBbl€ JOKYMEHTbI

npoekTa
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AKTUBHOCTMU

no pasam
KL MO

BxoaHBIE TOKYMEHTEL
Ha paspaborky 10O

Hanwcanwe TpeboBanmi 5
TpedoBanusn ua BHICOKOTO YPOBHSA
paipadorky 10
I'pefoBaHNA BEICOKOTO
VPOBHSA
/ dopmanbHeie
cneurdruKkaumm I
pemapumW I
H IeTAbHOE ; b
TIPOEKTHPOBAHHE
IpoexkTupoBanne
no Bepuipmuranmon
HEBIE (TECTOBEBIE)
NpoLe Ty pLl
PyuHoe I'enepaina xoma
KOIUpOBANHE
. CreHepMpoBaHHLIA
Pyamoii koa pvp
@ Kog,
Koauposanue -
KomnonenTer [10
1o
. n
Crenns ]
HuTerpauus u oTaaaka Jarpysounstii daiin
=
dopmansHas
BEpHPHKALTHA
TECTHPOBAHHE
PezvabTaTsl

dopmanbaan
BEPHPHKALHA

Ananus NOKPBITHA (::I

BEPHQHKAITHH




Bexun

Bexu
. Ab66peBua-
Pycckoe AHrnuuckoe OnucaHue
Typa
Ha3BaHue Ha3BaHue
O630p nnaHoB Plan Process PPR OpobpeHune, ohnumanbHbIN BbIMYCK
Review nnaHoB pa3paboTku
O630p cneundukauun  Software SSR OpobpeHune, ocmumnanbHbIn BbiNyCcK
Specification TpeboBaHuin Ha paspaboTky MO n Havano
Review drasbl NnpeaBapuUTeSibHOro An3anHa
MpeaBaputenbHbii 0630p Preliminary Design PDR OpobpeHune, odmumnanbHbIv BbiNyCcK
apXUTEKTYpPbI Review npeaBapuTENbHOro An3anHa (apXMTeKTypbl
[M1O) n Hayano akTMBHOCTEN MO
onpeneneHnto geTanbHOro gM3anHa
Kpntnueckuimn ob3op Critical Design CDR OpobpeHune, ohuumanbHbIN BbIMYCK
apXUTEKTYpPbI Review aetanbHoro ansannHa Mo
O630p roTOBHOCTM Test Readiness TRR Hauano BbinonHeHns doopmanbHOn
TEeCcToB Review Bepudmkaumm (doopmarnbHOro

TeCTMPOBaHUS)
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Bexun

Pycckoe

Ha3BaHUe
PyHKUMOHAbHbIN
KOHOUIypaUMOHHbIN ayauT
(PyHKUMOHanNbHLIA ayanT

nporpaMMHbIX

KOHpurypaumm)

dusnyecknn
KOHOUIypaUMOHHbIA ayauT
(Pusnyeckun ayaut
NporpaMmMHbIX
KOHcpUrypawmm)
dopmarnbHbIN

KBanmMgukaunoHHbI 0630p

Bexu
. A66peBuna-
AHrnunckoe
Typa
Ha3BaHue
Functional FCA
Configuration Audit

Physical Configuration PCA
Audit

Formal Qualification FOR

Review

OnucaHue

[NpoBepka TOro, YTO ANEMEHTHI
KOHpMrypaumm oTBeyatoT BCeEM (PYHKLMOHAMbHbIM
TpeboBaHMsAM, B TOM Yncre TpeboBaHMAM Mo
npounssogutensHoctn. FCA npeactaenser 063op
PYHKLMOHNPOBAHUSA 3NIEMEHTOB, HE TONbKO AN
obecnevyeHnsi COOTBETCTBUSA cneungukaumm, Ho 1
ANS BbISABNEHWS He 3afaHHbIX TpeboBaHMaMU
PYHKLMOHANbHbIX XapakTepPUCTUK.

PCA obecneunBaeT rapaHTUIO TOro, YTO
nocTaBnsieMble pesynbratbl (pPUsnyecku
COOTBETCTBYHOT NEPEYNCIIEHHBIM B AOKYMEHTaLUN
NMyHKTam 1 NpeacTaBneHbl B MOCTaBIsSeMOou
BEpPCUN.

YcnewHoe 3aBepLueHue 3Tux ayamTtoB
MOXET ObITb 006s3aTenbHbIM TpeboBaHNeM Ans

PUHaNBLHOro PUKCMPOBaHNSA BEPCUN.



Da3bl U BeXU Ha V-Uukne

Paspa6otka NO

(DO-178B)

lMocTtaBka Bepcumn

-

Bepcusa
KaTtanor
KOMMNOHEHTOB

PesynbTaTthbl
TecTUpPOBaHUA

dopmanbHas
Bepudmkaumsa

TecToBblE
npoueaypbl

1

Hauano npoekra (DO-178B)
(Hayano MHKpeMmeHTa)
(DO-178B)
®asa nnaHMpoBaHus |«
-~ -~
-~ -
-~ - -
Banuaaumsa mogenum ®aza paspabotkn | _, _ _ _ _ _ _ _ _ _ _ _ _ _
TpeboBaHUM TpeboBaHun k MO
PaspaboTka
$ ¢opmanbHbIX
Tpe6oBaHus cneuundmkaummn
BbICOKOIro
YPOBHS
®dasa npeaBapuTenbLHOro KQF—|-—— == — 4
npoekTupoBaHusa MO
®dasza getanbHoro ‘
Pasa npoektuposanms MO0 |~ [ — = = T /7]
NPOeKTUPOBaHUA
l‘ Y
Tpe6oBaHus ®asa KogupoBaHus,

HU3KOro
YPOBHSA

OTNIagKu U uHTerpauum

© dopmarnbHble
NpPOCMOTPbI

dasbl



MIHCTpyMeHTanbHble cpeacTBa
nopoaepxku XKLl 6optooro 10
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CpeactBa noaaepKku paspabdboTKu
TpeboBaHU

dPyHKUMOHanbHOCTb 6opToBoro NO onucbiBaeTcs AecATKamm
TbiCAY TpeboBaHNN (CUCTEMHbIX; cCOOCTBEHHO K 10)

Heobxogmmas oyHKLMOHaNbLHOCTb:
0 co3faHue N XxpaHeHue TpeboBaHMn, OTCNEXUBaHNE NCTOPUN
0 CBs3blBaHMe TpeboBaHun ¢ Bepcnamm JokymeHToB u 0O

O MNpoCcneXmnBaemMoCTb Tpe6OBaHVII7I Ha.
HunskoypoBHeBbIE TpeboBaHUS
dopmarnbHble crieymndmkaunm
Kopa
TecTbl

[Mpumepsbl cpeacts: IBM DOORS, Borland CaliberRM,
SyBase PowerDesigner

29



[Tpnmepbl TpeboBaHMN K
noacucrteme NYC PB

BCS.INIT.SELF BcTtpoeHHas camonpoBepka bLIBM
[Mocne BkrnoyeHusa nutaHua BLIBM gomkHa BbINOMHATL HavarbHYH BCTPOEHHYHO
camonpoBepky. Bsanmogencreme no kaHanam Kb npu aTom He BbINONHAETCS.
MpooomKnTeNnbHOCTb BCTPOEHHOM CaMONPOBEPKM HE MeHee 2 ceK. U He bornee 8 cek.
Mo pesynbraTtam BCTPOEHHOW NPOBEPKM 3aXkuraetcs ceetoamo ncripasHoctn 6LIBM.

BCS.INIT.MILS KoHTpons MKNO
Mocne BcTpoeHHoM camonpoBepkn BLIBM gosmkHa BbINOMHATL KOHTPOSIb 0OMEHOB Mo
MKNO:

- nepeaavy rpynnoson komaHgbl "YctaHoBuTb OY B UICXOQHOE COCTOAHME";
- Nepegayy rpynnosoun kKomaHabl "HayaTb camokoHTpornb OY";

- ONPOC BEKTOPHOIO cnoBa caMokoHTpons y aboHeHToB MKAO;
MpooomKnUTENbHOCTb BCTPOEHHOM CaMonpoBepkn He Bonee 3 cexk.

BCS.SKV.TEST.START BkntoyeHnune pexnma 'Tect'
He nosagHee, yem yepes 10 cek. nocne BktoveHust nutanma BLIBM gormkHa nepeBecTu

CKB B pexum 'TecT'.

BCS.SKV.TEST.DELAY [MpooomkntenbHOCTb pexnma 'Tect'
MpogomxkutensHocTb pexuma 'Tect' CKB gomkHa bbiTb HE MeHee 2 Cek.

30



CpefacTtBa BEPCUOHHOIo/
KOH(PUTrypauMOHHOIo KOHTPONA

[Mpu paspaboTke MO popmupyeTca MHOXKECTBO AOKYMEHTOB,
rpynnupyeMolix B BEpCUm

o [1poMexXyTouHble («MHXEHEPHLIEY) BEPCUM
o OdumymanbHble BEpCcUmn

Bepcua = BcAa COBOKYNHOCTb OKYMEHTOB
o TpeboBaHusa, cneyudukaummn, Koa, TECTHI, ...
o YacTtb KoHpurypauum bopta
Heobxogumasa qoyHKLUMOHANbHOCTb:

o BepcuoHnpoBaHme COBOKYMHOCTU LOKYMEHTOB (B T.4. aTOMapPHOCTb
N3MEHEHMNIN)

o [logoepxka BeTBen nctopumn
o [lNopoepxkka rpynnoBon paspaboTku, B T.4. pasrpaHM4eHuna gocryna
o OB6HoBNEeHMe OOKYMEHTOB B pearnlbHOM BpEMEHM

[Mpumepsbl: CVS, Subversion, git, IBM ClearCase



[lepeBo Bepcuin

(o it o7 5 1 BRI t03.‘??.00J~ - -

p13.00.00 p15.00.00

Cut for the putpose of iimplimenting
hew L3 tools heeded by trigger

list ¥13. Hope to 1oetge L2 flom
p15.07.00 into this branch eventoally.

- Lhtended 1o tuh ohline
pl5.02.00 T

1 Needed becanse of problem

I [31 SROPHOIM discovered in ScriptRunner.
! Continue 1o develop

I TiigSim to keep up I

I with trigger list 12 1

Vetsion cuttently tuhning online.
Will net change until a stable pl6
is flozen and celtified.

We are trying to kill
ahy 1mote teleases of
pl3. Usels should go
1o pl4 or plS.

pl4.06.00

RECO will continue to develop on this
btanch for as long as possible.

TrigSiun stopped suppolting this brahch
as of p14.03.01.

Fixs to bugs that should hot have
been ih p15.06.00, but it was fiozen
oo eatly. Mea culpa.

e L2 changes that counld hot wait for
pl BHOFMS 8 116 Intended 1o be tun online afier
frozen and certified.



CpefcTBa oTcnexuBaHna npoodnem wu
N3MEHEHNU

B npouecce pa3padoTtku 10O:

o [edekTbl n owmnbKN: 3aperncTpnpoBaHbl, MpoaHann3npoBaHbl K
YyCTPaHEHbI

o W3meHeHus: 3aperncTpupoBaHbl, yTBEPXKAEHbI U peanM3oBaHbl

Heobxogmmas oyHKLMOHaNbLHOCTD:

[Togoep)kka CTPYKTYpbl NpoAyKTa M rnpouecca

HacTtpanBaembin goopmaT coobLleHmns o npobneme
HacTtpanBaembin XLl coobuieHns, nogaepxka cornacoBaHus
[Tooaepxka rpynnoBoun pa3paboTku, BTY pasrpaHndeHnst 4ocTtyna
NHTerpauuns co cpeacreamMmu ynpasrneHnUs Bepcusamm

[Mpumepesl: Bugzilla, Trac, IBM ClearQuest

o o o O O



‘ JXU3HEHHbIN s

or & product without

LlM KJ—I UNCOMNFIRMED state UNCONFIRMED

Bug confirmed or

cooOLWEeHns ST

Bug is reopened,
wias never confirrmed

Developer b kes
O npobneme =
p NEW
Cwinership
is changed Dieveloper B kes Cevelopment is
FIIG.SEE.iIZII'I finished with tlIJl;
Poesible resolutions:
FIXED
DUPLICATE ASSIGNED
WONTFLE
WORKSFORME
INWVALID Developrment is
finished with bug
Developer ta kes RESOLVED
PEEEEEID Bug is closed
Q& niok satisfied Q& wverifies
with solution solution worked
B ed
[ REOPEN ug is reopen r VERIFIED
Bug is reopened
Bug is clo=ed

CLOSED




CpencTtBa NnoaaepKKm ConpsiXeHus
noacuctem 10

CpepacTtBa aBTOMaTU3aLUMN NPOEKTUPOBAHNS DOPTOBLIX
NHTEPdENCOB

o banaHcupoBka 3arpyskun kaHanos

o dopmupoBaHme Habopa coobLieHnn

o [locTpoeHune pacnucaHun obmeHa
(kaHan ¢ UeHTpannu3oBaHHbIM yNpaBneHneMm)

o [llocTpoeHune cuctembl BUPTYarbHbIX KaHanoB
(ceTb Ha OCHOBE KOMMYTaTOpPOB)

CpepnctBa asTomMmaTtusaumm nHterpauum NoO
o Wcnonb3oBaHne yHUOULMPOBAHHbBIX CTPYKTYPHbIX KOMMOHEHTOB 10
o [lo ynpaBneHuto: pacnucaHue BbinosiHeHna CKI1O

o [lo gaHHbIM:
B vHdopmaumnoHHbix ceazen CKIO

ABTOMaTHyeckoe popmmpoBaHue onucaHmna nHtepdgencos MO (bydepa, kaHan.l,
cooOLueHuns ) ans koHgurypuposaHus OCPB
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CpefactBa aBToMaTM3aumMm NPOEKTUPOBaHUS
MHAWKALUMOHHbIX (bOpMaToB

NHanKaunoHHbIN popmaT =
Habop rpauyeckmux aNemMeHToB + npasua NoBeaeHUS

Heobxoanmas pyHKUNOHANbHOCTL:
PenaktupoBsaHue B rpaguyeckon gopme, WYSIWYG
[Mogoepxka OMGNNOTEKN SNEMEHTOB

[Topgaepka aBTOHOMHOIO TeCTUpOBaHUA

[‘eHepauuna koga B doopmate 4ns LeneBoro yCTpoucTea

[Mpumepbl: SCADE Display, VAPS, CAIP N®

Q
Q
Q
Q
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CpeacTBa NPOEKTUPOBAHNSA anropuTMOB

Anroputmel 6opToBoro MO xopolo popmanmnaytoTcs
o [loTokoBasi obpaboTka gaHHbIX
o KoHe4HbI aBTOMAT

[TlpoekTupoBaHue/onucaHne Ha popmaribHOM ypOBHe
Nno3BoONIAeT popmManmaoBaTb NPOBEPKY anropntmMa

Heobxogmmas oyHKLNOHaNbLHOCTD:
[Moaoepxkka obounx BnaoB hopmanbHOro npeacTaBieHns
[ padbnyeckoe onvcaHue
TecTupoBaHue 1 nowiaroesaqa oTnagka Ha ypoBHe Moaenu
Bepudunkaumna Ha ocHoBe popmMarnbHbIX METOA0B
CepTndnumnpoBaHHbIN KOgoreHepaTop

[Mpumepsbl: Telelogic Rhapsody, SCADE Suite, Simulink

o 0O 0O 0O O



narpamma SCADE

<SM1>
( Enabled
<SM2> ==-s,
(& Active R
z <SM3> e,
G o R
Stdby Condition
2
local_CruiseSpeed D—— 1'% 1 ’\( StandBy \ Brake > Pedal sMin /
\ CruiseRegulation > ThrottleCmd -
Speed ) 1 /\‘( Interrupt
STDBY p—> CruiseState 9 p
On / INT CruiseState
ON > CruiseStat:
) not Stdby Condition " .
(7 3
! ’\ l ;
Resume /
L Accel > PedalsMn F———=
off / Speed < SpeedMin F——m 4D Stdby Condition
Speed > SpeedMax F——
\ Y

—l > local_CruiseSpeed
Set >—— 1

QuickAccel
? _ N
QuickD ecel CruiseSpeed Mgt
Speed >




TexHonorm4ecknm Komnnekc
pa3paboTku nporpamMmm

[Mogaepxka ueneson OC n annapaTHOMN apXUTEKTYPbI

[Mopaeprkka peaakTupoBaHMS/KOMNUAALUN/KOMMNOHOBKM
nporpamMmm

[Mopooepxka oTnagku

o B cpene nHctpymeHTtanbHoro 1K

o B cpene amynatopa ueneBon cUCTEMbI
o Ha ueneBoun cucteme

[Nopaep)kka oTnaaku B peanbHOM BPpeMEHMU
a MOHI/ITOpI/IHF BHELLUHUX KaHaJ10B CBA3U

2 MOHUTOPWHI BHYTPEHHUX AAHHbIX NporpamMmbl
o MoHuTopuHr cuctemHbix WwnH bLIBM



OTtnagka NO NYC PB Ha peanbHoOMm

onoke

TexHnomornueckue

PIIM untepdericel: RS-232, BIIOK
Ethernet, USB 150%0

A 4

(host)
(target)

NucTpymMeHTanpHOE [enesoe 110
ITO nns 3arpysku,
OTJAJKH,
OTOOpaXXEHUS U
yIIpaBICHUS

broxku UYC

Bueunue
uHTepdench

Nmurtaropel
omoxoB UYC

(cpencTsa
crenga [THM)

NucTpymMeHTanbHOE
1O mnga mmuTanuu u
MOHUTOPHHTA

S

v

APM




\ AHanunsatopsbl wnH VME/PCI

Ethernet,
USB,
VME, |_ LPT
PClI, IInara > IIK x86
HTA. Jlon. 13(0
BXO/Ibl oToOpa)xeHus u

yIpaBiIeHUs

NHCTpyMeHTanbHble CpeacTBa aHanun3a:
eSilicon Control Inc

*Curtiss-Wright Electronics systems / A R
VMETRO = T 2 R N e

eLeCroy Inc
eTektronix Inc
o[ paHunT-BT




AHanM3aTop LWnHbI VME:

Tabnuua oomeHoB




AHanunsaTtop WwuHbl VME:
BpeMeHHasa gnarpamMmma

—Bo p,en Hrun—
Larer uum:::mh {
AM, Pazkiep Ak GR0-31
il Cramyc lack Hii AD.0Qk.1.0

WME_RERS

WME_DTACK_AD I [T Ty

WME_IRZ1_AQ |

WME_IRGZ_ A0

B i H
Aapec 12500h
Dawes 000120k
AWM, Pazrep Uk LE|D-31
wdCramglack gl WR.Ok.1.0

WME_BERS

YME_D TACK_AI ' I I i LT

WME_IRG1_AQ |

YME_IRLZ_ Al

“BrasaEs-a

ANPAG I]|]1[i2:tlf-l.'.lilh
mﬂa 'FT" Ak, AR

ol 30 1) W, Ok 1.0
rd Cramyc)ack Bl |

YME_BEFS

WME_DTAZK_40 I I OO Tr A 1

WME_IRG_A0 |

WME_IRQZ A0
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CpefacTtBa nogaepxkm sepmndunkaunm u
TecTupoBaHuga 6optosoro 10

TecTnpoBaHMe Ha UeneBou nnatpopme

o HeoonyctMMOCTb MHCTPYMEHTUPOBAHUSA

o TecTupoBaHue Yepes KaHanbl 60pTOBbLIX UHTEP(ENCOB

o TecTupoBaHue TpeboBaHUMN peanbHOro BpeMeHMU

o WHTepakTuBHOE TeCTUpOBaHUE UHONKALUMOHHbBIX OpMaToB

MHoroatanHoe tectmpoBaHue
o ConpoBoxaeHue nHterpauun nogcuncrem KbO

Heobxoanmas pyHKUNOHANBbHOCTb:

[Moaaepka ctaHoapToB 60PTOBLIX MHTEPGENCOB
MHoromalunHHble KOHUrypaumm

BbinonHeHne TeCcToB B pearibHOM BPEMEHM
ABTOMaTNYECKOE U UHTEPAKTUBHOE TECTUPOBAHME
[TakeTHbIN peXnm

dopmmpoBaHmne OTYETOB, NPOCIIEXNBAEMOCTb TpeboBaHNN

[Tpumepsbl cpeacTs: Rational Test RealTime, VectorCast,
cpeacTtBa paspaboTku JIBK

0O 0O 0 0O 0O O



ApxutekTtypa cteHaa TectuposaHua NYC

CteH KBO
MHCTpYyMeHTanbHble brnok NYC
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TexHonorn4yeckas Luenovka cpeacts
pa3paboTkn 6boptooro 1O

49



[TpUHUKMN NOCTPOEHUS
TEXHOITOMMYEeCKOU LIeNOYKU

CkBo3Hasa nogaepxka XL, Bkntovyas akTUBHOCTM Ha
BCex gpasax

ConpsixkeHne «BXoA-BbIXoa» ¢ obecnevyeHnem
COBMECTUMOCTWN popMaTOB AaHHbIX

Ocoboe BHMMaHWe Ha nepexoabl Mexay dpasamu
o TpebyeTcsa hukcauus BbIXOAHbIX apTedakToB

50



M n KTUPOBaHU
Noruka nmB Excel CAHP_ poe posa €
MHTepdeic CNCTEMDbI
ernoYyka . ]
CAMP
CTNO | DOORS SCADE o CTV | DOORS Excel PaspaboTka
cpeactB R
A
O I OBO rO DOORS Excel Onucanme KT | pooRrs | | CPeAcTea
© cTeHaa
] orno ——»| BANvB
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3} p— CospaHune
punsanHa No
©
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4 A
@
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=
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Ha Bepcuto




XopolLlune HOBOCTHU

[1O NYC PB TpebyeT cucrematnyeckoro nogxoga K
NPOEKTUPOBAHMUIO, pa3paboTke U TECTUPOBAHMUIO

CnoxHocTb 1 kputndHocTtb O NYC PB onpepensiet
OpraHn3aLMoHHYIO U TEXHOSIOMMYECKYIO CITOXXHOCTb npoLecca
ero paspaboTku

BbINoONHEHO opraHn3aumnMoHHOE CTPYKTYpUpOBaHME
XXunsHeHHoro uukna NoO NYC PB no gasam, npoueccam,
aKTUBHOCTSIM

[TocTpoeHa n BHeApeHa TEXHOMNOrM4Yeckas Liernovka cpeacTs
pa3paboTkm MO NYC PB, npumeHsiemas B COOTBETCTBMU CO
cTpykTypoun XKL

Pa3paboTaHa n BHegpeHa NMHenKa CTeHA0B OTPaboTKK

1O NYC PB



Cnacunbo 3a BHMMaHume

banawos B.B.
K.dp.-M.H., H.C.
hbd@cs.msu.su



	Лекция 1
	Лекция 2
	Лекция 3
	Лекция 4
	Лекция 5
	Лекция 6 - 1
	Лекция 6 - 2
	Лекция 7
	Лекция 8
	Лекция 9
	Лекция 10
	Лекция 11
	Лекция 11-б
	Лекция 12

