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MNIAH

0 BBeneHue
CRnOXHOCTb NPOrpaMMHbIX CUCTEM
Owmnbkn B O n nx nocnencrTeund
a PopmanbHble METOAbI
Y10 9TO Takoe
Kakne dpopmannsmbl UCNOMNb3YHOTCA
dopmarbHbIE METOAbLI HA NPaKTUKE
a Popmanmsaumsa TpedoBaHUN
OTnn4ma oT «Knaccuyeckmnx» dopmarnbHbIX METOA0B?
- [Npumepesbl
OrpaHun4veHnsi dbopmanuisauum TpedoBaHnK
Q 3akItoYeHne



SOFETWARE CRISIS

2 KoHdepeHuusa NATO 1968

Software cnoxHee hardware

a [lporpammHas nHxeHepus



CHNOXHOCTb - BOJbUINE PASMEPBI

¢ Kog Windows, MInH. CTpoK @ Kog Debian Linux, MnH. CTPOK
© KomaHga Windows, 10 ven. O KomaHaa Debian, 10 yen.
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HeaderGroup FICACC intunsigned  [~14. on oN  ONON  ON Ginumtab int any 1
N B Lot Clrumbasetype  int an o
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HGorder int (NI = _—— O O Aid int unsigned o FKLOlibg  int unsigned Civealloffsst  int an o
nHGdescription text N~ aname varcher, (60):% T ] Coaseotiset it an o
FKHGarch  int unsigned! | Aspecitication varcher 80y * FoN—__ [acpos int an o 11 [ 0N Cicass it o 1
FKHheader  int unsigned! N7 asymbol  varchar  (60) 7] Achaseaitset int ano (14 11 crume o o
T Alvoffset  int o | FCMable it unsigned N ClassViah
on oN on’ oN oN oN d  intunsigned / " Freasciibg int unsigned TN TS @ o
int unsigned it int unsigned FKCVt int unsigned!
FKCloase int unsigned FKVTvipos  int an o
ArcType on” | FiCasevtable int unsigned FKCvpos  int an o
FKCIt int unsigned FKCVeid int unsigned!
ArcTypehtem Alsas X 0 FKCHid int unsignecd Fivlacn mim
aisize an o T moae FKCyomss  intunsigned
FICATaid int unsigned T T o
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T
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VMBaseTypes I
Tid int unsigned!
<1» Thame varchar (28 " -on ¥BIpos Lk (hDEC] Teatm
<> Ttype type kind enum “Unknown' UEE GrEbrln s (el FiKISCtest  int unsigned
n Tcomment varchar 60) NULL FK ¥BTaid int unsigned FKISCemd  int unsigned
n Tarray varchar (16) NULL FK<1»>VBTcid  int unsigned T
Tstatus type status enum ‘Excluded’ FK VBThasetype  int unsigned 11
n Tattribute varchar (64) NULL EiSHiEes = R T
FK<1»<2» Tarch  int unsigned N
ON")FK Theadergroup ~ int unsigned
Fin Toasetype  int unsigned! NULL DessTipen
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T FiPtype  int unsigned e FKeS>larch  int unsigned Ty, i 11
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1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 (?)
History WWW-talk mailing list World Wide Web Consortium (W3C) XHTML2 Working Group
() >>>
Soci ylemailinglist I M B B £--N\ N3 /L. 0---. - N 0.5 -3L-N - L.......L .
sk Force ( TF
Client Side Internet Explorer : Firefox (draft)
d " ‘D 3>
; 9 @ @ >
Mozilla ’ Safari (Mac) Firefox Chrome
HTML 4 HTML 4.01 .
- T : ; O 3>>
HTML (formal) . HTML+ } HTML2 HTML3: + HTML 3.2 HTML 4 (rev) XHTML 1.0
o—— O 0 O O »>
CSS (draft) g : CSS 0.92 i GSS €SS2 €SS 2.1
i } ] JavaScript 1.6
t = ' JavaScript 1.1 / Netscape 3 JavaScript 1.3 / Netscape 4.5 Gecko 1.8.1, Firefox 2.0
: O : o — 0 O o——© O— >>>
' LiveScript + JavaScript 1.0 JavaScnpt‘j 2 . Nava cng : JavaScript 1.5 JavaScript 1.8
' J Netscape 2 Netscal 5 : + Netscape 5 Gecko 1.9, Firefox 3.0
. . pe 4 ECMAScript v1 ~ Gecko 1.8, Firefox 1.5 553
] : JScript 2.0 /€3 [ ~ECMAScript v3
: T O— — >
i JScript 1.0/ IE3 JScnpt 3.0 JSCFlpt 5.0 JScript 5.6 / IE6 Ivertiah @, >
: IE4 JScnpt 5.5/ IE5.5 Sitverlight 1 G ertioht 2
: @® ) O O () () >>>
: ActiveX / IE3 .NET 1.0 -NET: 121 .NET 2.0 .NET 3.0 .NET 3.5
' Shockwave 1 Flash 1 = Flash 2 Shockwave 8 Shockwave 9 | Shockwave 10 Shockwave 10.2
: ) Y Y Oy ( N O Yy 'S O ( 333
' @) @) @) @) @ —
: Splash Animator  Flash 3 Flash 4 Flash 5 Flash6  Flash 7 Flash 8 Flash 9 Flash 10
Java O O O O O O QJ = 3>
: (Applet) Jpk1.0  JDK 1.1 J2SE 1.2 J2SE 1.3 J2SE 1.4 J2SE 5.0 Lofive
1990 1991: 1992 1993 1994 1995 1996 : 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006: 2007 2008 2009 (?)
Server Side . O =i\ = Ih 23 24 P25 58
. = - N N Java Servlet ~*+ | ', i
: Java Servlet 1.0 2 1 ] 0 O i SR
: S . . ava
: sp O O O O O g
: J2EE 1.2 J2EE 1.3 J2EE 1.4 Java EE 5 O—)»
s C, C++, Shell Scripts etc. / any executable SISCweb 0.5
cal O A = >
== = O O >>>
S w Perl 5
n Python 2.2 Python 2.4 Perl 6
@ S ) ‘' e rS e Y >
G i g e et hd bt ™ Python 2.5 -
Evion UL Python 1.4 Python 2.0 Python 2.1 Python 2.3 . :
ot Django O >>>
a
: O = mRuby on Rails 1‘0'Or\ 58
: ® . 2 O @ ] o
\ Ruby (draft) T Ruby on Rails 0.5.0 Ruby on Rails 1.1.0 Ruby on Rails 1.2.0
OFO—10 O O O— . O—>»
PHP (draft)y  PHP 1.0 PHP 3 PHP 4 PHP'S “~.. _ CakePHP ' Symfony 1.0 PHP 5.3
ASP 2.0 O O 333
® ® N S & 3>
o—® @ ® L 4 ® o >
ASP 1.0 ASP 3.0 ASP.NET 1.0  ASP.NET 1.1 ASP.NET 2 ASP.NET 3.5
@ e N e ) ® O 3>
U 8 2 U \ oo ® \ ?
Coldfusion 1.0 Coldfusion 3 Coldfusion 4 Coldfusion 5 Coldfusion MX 6 Coldfusion MX 7 Coldfusion 8
i i i i It's possible! AJAX (popular
Client Side + Server Side (Ajax) @ | PR IR AU SRR SRR R I Pt ko) >
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 (?)
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CTATUCTUKA OLLINBEOK

a2 OcHoBHaga NpuymMHa — CrOXXHOCTb
a CpepnHee konnyecteo owmbok Ha 1000 cTtpok koaa

NASA ]

Microsoft -

0 10 20 30 40 50 60




PUCKWN, CBA3AHHBIE C OLINEKAMW

a Kocmunyeckue annaparhbl
- Mariner | (1962)
- ®oboc-1 (1988)
- Ariane 5 (1996)

. Mars Climate Orbiter
(1999)

Q I/IchpaCprKTypa
AT&T long distance
network crash (1990)

- Northeast Blackout
(2003)

- OpenSSL rnd in Debian
(2006-8)
. Heathrow Airport

Terminal 5 baggage
system (2008)

4

4

ABTOMOOUNK
. Toyota Prius (2005, 2010)

MeauumnHckoe
obopyaoBaHue
. Therac-25 (1985-7)
. Medtronic Maximo
(2008)
ABVOHMKA N BOEHHOE
obopygoBaHue
. Lockheed F-117 (1982)
. MIM-104 Patriot (1991)
. Chinook ZD576 (1994)
. USS Yorktown (1997)
- F-22 Raptor (2007)

NMotepu niayctpum CLLUA B 2001 rogy - 60

G$
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YTO OENATBL?

a

a

He nenatb owmMOOK
— HeBO3MOXXHO 13-3a CITOXHOCTU

[MpegoTBpaLleHne omnbokK

. TwarenbHbIN aHanmM3 TpebdoBaHUN N BO3MOXHbIX PeLLIEeHUI

. N3onauma KOMNOHEHTOB
- [loBblLLIEHME YPOBHS abCTpaKkLnm A3bIKOB
- YCTpaHeHue error-prone KOHCTPYKUUmn

. Ctangaptusauuga n JOKYMeHTUpPOBaHME
A13bIKOB, MPOTOKOS10B 1 OBMbnoTek

BbisgsBneHue omnbdok
- Bepndukauna v Banugauns
icnpaBrieHne onbok

13



BO3SMOXHOE PEUIEHNE

2 [lporpaMmMHbIe CUCTEMBI — OOHU U3 CaMblIX
CNOXHbIX NCKYCCTBEHHbIX CUCTEM

2 HyXHbl MeTOAbl NOCTPOEHUSA NPOrPaMMHOro
obecnevyeHuns ¢ 3agaHHbIMU CBOUCTBaAMU

0 PopmarnbHbie MeTOAbI

. Popmanusaumnsi TpeboBaHNN
Hanbonee getanbHbIN U CTPOrNN NX aHanm3
. dopmanunsaunsa NPOEKTHbIX peLleHnn

. dopmarbHbIM aHanus3 u Bepndukaumsa CBONCTB
[10

14
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ACTOKWN ®OPMAIbHbIX METOOBEES

i

a PopmarnbHbie a3blkK [N. Chomsky 1956}

- BNF nonucanue asbikoB FORTRAN,
ALGOLG60 [J. Backus 1957, P. Naur 1960

. ATpnbyTHble rpammatinku [D. Knuth, 1968]
. Onucanue PL/I [IBM Vienna, 1968]

a PopmanbHaga BepudukaLma nporpamMmm
IR. Floyd 1967, C. A. R. Hoare 1969]

a2 PopmarnbHas paspaboTka KoMNUnATopcll-.)

- BeHckun metog (VDM)
[D. Bjarner, C. Jones, 1972]

. EBponencknn komnmnnatop Ada [1984]



«KITACCUNYECKWMW» MPOLIECC

PASPABO TKW

a dopmanuayem NOCTAHOBKY 3aau4m
(TpeboBaHus k [10)

2 CTpouM NpOEKTHbIE pELLIEHUS
(BO3MO>KHO, B HECKOJS1bKO LLIAroB)

- [Joka3aHHO KOPPEKTHbIMM TpaHchopMaLmMaMn
(KOPPEKTHOCTL MO NOCTPOEHWIO, Correctness by
construction)

. CTpouMm peLLeHne He3aBUCUMO 1 A0oKa3biBaeM, Y4To /
OHO COOTBETCTBYET TPEOOBAHUAM UMW PELLUEHUID /

npeabiayLiero wara
(yTouHeHuMe, refinement)

o [lpeobpasyem nony4yeHHoe peLLEHNE B

KoQ

\

Yvvyyvyy

v
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ClrNocCObbIl ONPEAEJIEHUA

CEMAHRTWVKW

a0 JleHoTaumoHHasi ceMaHTuKa

[1lporpammbl — PYHKUKUN, 3agaBaeMble ABHO
Ha ocHoBe MHOXXEeCTB 1 OTHOLLEHNM
Ha ocHoBe A-ucuymncreHus n ero pacLumpeHum

QO AKcnmomaTunyeckasa cemMaHTuka

[TporpamMmbl — 0OBEKTHI, YO0BNETBOPSAIOLLNE aKCUMOMaM

- OYHKUUKM NNV OTHOLLIEHUS, 3a4aBaeMble Npea- U
MOCTYCNOBUAMMU

. Anrebpanyeckne cUMCTeEMbl aKCUOM
:  AKCMOMBbI BPEMEHHbIX FNTOMUK

a OnepaunoHHas cemaHTuKa

[lporpammel — onnMcaHna 4ENCTBUM (NPOCTON) BUPTYaribHOM

MalUlUHbI

1%



NCIOJNb3YEMbIE POPMAIIN3MbI

a Jlornko-anrebpanyveckne
. PasnunyHble noruku
[MpegukaTbl, TEOPUK TUMOB, BPEMEHHbIE, MOJarIbHbIE, ...
- PasnuyHble anrebpanyeckne CTpykTypbl
a2 WcnonHumblie
- Pas3nuyHble aBTOMaTHI
FSM, LTS, pacwumnpeHHble, B3anMmoaencTeyoLwme,

nepapxmyeckmne, BpemeHHble, cetu [etpn, Statecharts, ...

a [ubpugHsbie
. LTS ~ Anrebpbl npoLieccos
- Mopenu ctaHgapTHbIX TEPMOB
- Abstract State Machines
- [lporpamMMHble KOHTPAKTbl C COCTOSTHUEM

18



[MPUAMEP | - MALLUMHHBIE UEJIBIE

YCIA

Kak peannsoBatb Lenble Yncna B KOMMNbloTEPE?
a Obpasel - 0bblYHbIE Lernble Yyncna Z
2 KoHeyHoe MHOXecTBO - 32 buTta Angd xpaHeHus

YTO TOYHO HYXKHO?
0 Onepauun +, —, ™ — anrebpanyeckoe KorbLo
a <232 5neMeHTOoB

a Henctena Hag 0,1, 2, -1, -2, ... AalOT HY>KHbIE
pesyneraThl

19



OPUMEP | - POPMANBHAA MOJEIb

Z2/23°7

2 KonbLo BblMETOB o moayno 232
a {[0], [1], [2], ..., [2%%-3], [2°%-2], [2°%-1]}
bes33HakoBble Yncna [2]*[232-1] = [232-2]
— HeTt oTpunuaTerbHblIX YNCEJI
o {[-2°"], [-2°"+1], ..., [-2], [-1], [O1, [1], [2], [3], ..., [2°'-1]}
[2][2%'-1] = [-2]
a [lpencraBneHue

- HABonynas CUCTEMA  [17]=00000000000000000000000000010001
- [JononHuTenbHbIN Ko ANA OTpULAaTENbHbIX YMcen

[-17] =1111111211111211211111111211101111

20



OPUMEP |l - MEXAHUYECKUN NPECC

anektpogsurate  [lencreua pabouero

G nb a 3amMeHuTb Hacaaky
o [lonoxutb getanb
cuernseHn \ MaXOBM o Yb6partb getanb
e K KHonKu
lwaTty
o 3anyctuTb ABuUratenb
H (start motor)
o OcrtaHoBUTb ABUraTenb
i (stop motor)
rnonay Q BknounTs cuenneHve
H (engage clutch)
O BbikntounTtb cuennenue
3almTHa - = (disengage clutch)
9 ABepLa—— 11 PF98 Ynpaensembie 3rieMeHThbl
: o [Osurarenb
Tl N T1 o Cuennenve
netan o [Beepua



[MPUAMEP |l - MTPABUJIA

BE3OTTACHOCTW

a [Bepua gormkHa nepekpbiBaTb 4OCTYM K
paboTatoLlemy npeccy
- [1pun BKNtoveHUM cuennenns c paboTaroLmm
ABurartesrieM gsepua OO0JTKHA ObITb 3dKpblTa

. Npu BKNtoYEHUM OBUraTeENS C BKIHOYEHHbIM
cuenneHmem asepua OofmkHa ObiTh 3aKpbiTa

- [1Bepua oTKpbIBaeTCA TONLKO ecnn nnbo

aBuratenb He paboTtaeT, NnMbo cuenfeHne
BbIKJ1HOMEHO

P2



OPUMEP 1l - YMMPOUEHNE

nOCKOJ'Ibe BbIKJTOMEHWNE ABUTAaTEJ1A BbIKJITHOHAET

BECb Npecc (00bIYHO), TPYAHO KOHTPOIMPOBATL
BKJTHFOMEHO N CLENMEeHMe npu BbIKMOYEHHOM

opurarene
3anpeTum 3Ty cutyaumio!

,D,OI'IOJ'IHI/ITeJ'IbeIe OorpaHN4eHund

o CuenneHne MOXXHO BKIHoYaTb MnLLb Npu
paboTatolwiem gsuraterne

0 Henb3s BbIKMIOYNTb OBUraTESNb Nnpn BKJTOHMEHHOM

cuensieHnu

3



NMPUMEP Il - JOMNMYCTUMBIE

ObpaboTka ogHOW
v R N N N NN NN B [ I T N A —— ﬂeTanM
i il | L 3amena petanu 6es
_____ BbIKIHOYEHUA ABUraTens

N L Heypa4yHas nonbiTKa

nsuraTern 3aKpb|Tb ,U,Bele,y

BLEnneHun
...... asepL

a 24



[MPUMEP |l - TPEBEOBAHWA

U 0O 0O 0O

D OO

D D

[clutch engaged] = [door closed]

r

=

[door closed] = [motor working]

‘'motor working] A [start motor] = X [motor working]

‘door closed] A [motor working] A [stop motor]

= X ~[motor working]

F 1

|

[door closed] = -[stop motor]

'motor working] = -[engage clutch]

'door closed] A [motor working] A [engage clutch]

= X [door closing]
[door closing] = X —~[door closing]
[door closed] A —[disengage clutch] = X [clutch
engaged]

[door closed] A [disengage clutch]
= X -[clutch engaged] A X -[door closed]

5



NPUMEP. 1l = KOHEYHbIVI ABTOMAT

CocTosiHue - TeKyLLee NonoXeHne aBuratens, ABEPKn n

cuerJieHus [~door closed] timeout,
disengage clutch / open

‘ stop engage
tor l 100 ) clutch/ close 1X0
door

start
motor [door closed]
timequt, disengage timeout
clutch / turn clutch on

/ open door
disengage
‘ lutch / turn 111 '
=LC ] O
engage clutch/

turn clutch on

26



OPUMEP 11l - CTTNCOK

ABCTpaKTHbIN TUN AaHHbIX List<E> - cnncok o6bekToB TMNa E
a Onepaunn

empty : List<E> insert : List<E>xNxE — List<E>

size :List<E>— N remove:List<E>xN — L<E> get:List<E>*N — E
a AKcuombl

empty.size() =0
[O=isX.size()] X.insert(i, e).size() = X.size() +1
[O=i<X.size()] X.remove(i).size() = X.size() -1
[0<i=X.size()] X.insert(i, e).get(i) =e
[O<isX.size() A O=j<i] X.insert(i, e).get(j) = X.get())
[O=<i<X.size() A i<j=X.size()] X.insert(i, e).get()) = X.get(j-1)
[O=<i=X.size()] X.nsert(i, e).remove(i) =X
[O<i=X.size() A O=<j<i] X.insert(i, e).remove(j) = X.remove()). insert(i-1, e)
[O=<isX.size() A i<j=X.size()] X.insert(i, e).remove(j) = X.remove(j-1). insert(i, e)
[O=<i=X.size() A Osj=i] X.insert(i, e ).insert(j, e,) = X.insert(j, e,).insert(i+1, e,)
[O<i<X.size() A Osj<i] X.remove(i).remove(j) = X.remove(j). remove(i-1)

27



[MPUMEP IV - TTOUCK SJIEMEHTA B
CTNCKE

a B atom npumepe cnucok — n3 Jincn

g

List<E> = nil<E> | cons (E, List<E>)
icuncneHmne MHOYKTUBHBIX KOHCTPYKLNW

[1o3BonsgeT 3agaBaTthb TUMbI MPY NOMOLLU MHOYKTUBHbIX
KOHCTPYKTOPOB

V: List<E>I=nil<E>+ 3e:E I m: List<E>|=cons(e, m)

Ve:E VI:List<E> nil<E> # cons(e, |)
V P : List<E> — Bool P(nil<E>) A [Ve:E VI: List<E> P(l) = P(cons(e,

I))]=> V| : List<E> P(l)
OnpeneneHns Takke UHAYKTUBHbI
contains : List<kE>xE — Bool =
contains(nil<kE>, e) = false
| contains(cons(e, 1), f) = (e=f) ? true : contains(l, f)

28



OPUMEP IV - COELINOUKALINS

Pe3ynsraTt noncka afieMeHTa,
yooBnetBopsitowlero P : E — Bool

res(l, P)= {e:E|contains(l, e) A P(e)}
+{V x:E contains(l, X) = =P(x)}

MOoXXHO n3Bneyb NporpamMmmy 13 cneundukaumnm
C NOMOLLIbIO COOTBETCTBUA Kappu-XoBapaa
(Curry-Howard)

%]



COOTBETCTBUE KAPPWN-XOBAPLA

B KOHCTPYKTUBHOW NOrMKe Unm KOHCTPYKTUBHbIX
TEOPUAX TUMOB
a HokasarenbctBo ~ [porpamma

- Jlornyeckoe BbipaxeHune ~ Tun

- KOHBLIOHKUMA ~ [lekapToBO npoun3BeaeHue

- Mimnnukaumnsa ~ OyHKUUSA

. Pasbop cny4aes (gusbloHkums) ~ It ... then ... else

- VIHOyKuna B ookasartenbcTBe ~ Pekypcusa B
nporpamme

30



[MPUMEP IV - USBJIEHEHUE

TTPOT PAMMBbBI

g

Ctpoum gokasatenbcTso res(l, P) ={e: E | contains(l, e) A P(e)} +{V x:E
contains(l, x) = -P(x)}
Tun{x: A | d(x)} + {y} nmeet oBa KOHCTPYKTOpPA
SUCCESS nosny4vaeTcs U3 arieMeHT a Tuna A BMecTe ¢ JokasaTtenscteoMm ¢(a)
fail nonyyaetca n3 gokasartenbcrea Y

Pas3bop cny4yaes
| = null<kE>, Torga moxHo gokasatb V X:E contains(l, Xx) = -P(x), T.e. nony4aem
fail
| = cons(e, m), Toraa MoXXHO NnpoBepuTb P(€) nnmn ncnonb3oBatb UHOYKTUBHYIO
rmnotesy ana m, 1.e. nony4vaem P(e) + res(m, P)

Takmnm obpasom, nporpamma noncka Takosa
search(l, P) =
If (I = nil<E>) then fail
elselet | = cons(e, m)
If(P(e)) then e
else search(m, P)
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O PAHUYEHNA ®OPMAJIbHbIX

METOLOB

4

TpaHcopmaumm cneungmrkaLn B nporpaMmvbl
(correctness by construction) paboTatoT TOMbKO Ans
orpaHn4yeHHoro Habopa 3agad

[1pn yTOYHEHMN 13 N WIAroB nony4yaetcs n+l
bopmanbHas MoAdernb, Kaxaasa 3 KOTOpbIX Mo
CMNOXHOCTU NPMONMXXaeTcst K UTOrOBOM CUCTEME

[axe B npocTenLemM crny4vyae Hy>kHO caenarb Moaenb
TpeboBaHNW, MOAENb PELLIEHNA U eLLe CaMy CUCTEMY
— B 2-3 pasa 6onbLue paboThl

dopmanbHbIX aHaNM3 CIOXXHOU CUCTEMbI CaM CIIOXeH
= B HEM BO3MO>XHbl OLLINOKMN!

B2



OO Chbl ®POPMAIIBHOCTW

0 TpeboBaHWs aHANM3NPYHOTCA CUCTEMATUYHO
1 getanbHo

2 BosHukaeT rmybokoe noHMMaHue 3agavdu

2 [Nony4yaemoe pelueHne ookasyeMo KOPPEKTHO
(ecnu XxBaTUT CUI NPOBECTN JOKa3aTernbCTBO)

UTt0 Xe gpenartb?
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«JIEKNE» POPMAJIBbHBIE METO/1bI

a dopmanusauyms TpedoBaHUm
- CoxpaHsiem akKkypaTHOCTb aHanusa
. CoxpaHaem DoHyC rnyboKoro noHMMaHus

a PopmarnbHy MoAesb pPeLleHns He CTPOUM
30aBnsiemcs OT BbICOKUX 3aTpar
a [NeiTaemcsa nsesnekatb ee aBTOMaTUYECKU U3 Koda Unn
paboTbl CaMoOn CUCTEMBI, YTOOLI BEpUdMLIMPOBaTL camy
CUCTEMY
. Crarunyeckum aHanus
[lpoBepka nspnekaemboix Mmogenen (model checking)
. TecTupoBaHue Ha OCHOBE MOAENeEN
a B wurtore Tpatum B ~1.5 pasa 6onbLie ycunum, Ho nosiy4aem
ropas3go bonee Ka4eCTBEHHbIW pe3yrbrar
- OTO OKynaeTcs Ans CUCTEM, HEKOPPEKTHOCTb KOTOPLIX CTOUT
[0,OpOro
34



TEXHUKN BEPUGUKALINU

TN o Cratundecknn aHanus
oo st + NpoBepKa MOAEemne
< o TectupoBaHue Ha
A OCHOBe MoJeneu
do { do {
nPacketsOld = nPackets; b = true;
if (request) { :j>> if(r) |
..gPackets++; ..g = b?false:*;
} }
} while (nPackets != nPackets0Old); } while (!Db);
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[MPUMEP V - ALTERNATING BIT

PROTOCOL

a [1poTokon KaHanbHOro YpOoBHSA

- /-ypoBHeBas mogens OS|
o PU3NYECKUIN YPOBEHDL
o KaHasnbHbIN ypOoBEHb
o CeTeBon ypoOBEHb
o [PaHCMNOPTHbLIN YPOBEHb
o YpOBeHb NpeacTaBneHuns
o CeaHcoBbIN YpOBEHb
o [lpuknagHon ypoBeHb

o CumMnnekcHbIN — nepeaadya B OAHY CTOPOHY

0 [orkeH rapaHTupoBaTb HAAEXHYI0 JOCTaBKY
Kagpa

36



NPUMEP V - OTIMNPABUTEIb

typedef enum { frame arrival, cksum err, timeout } event type;
#include "protocol.h"

void sender () {

seq_nr next frame to send; /* HOMep cJepgyomero kampa */
frame s; /* BpeMeHHas MepeMeHHas — KaIp g nepemaum */
packet buffer; /* Bybep mia mucxomamero mnakera */

event type event;

next frame to send = 0; /* MHMUManMs3alurs HOMEePOB MCX. KaIpoB */
from network layer (&¢buffer); /* rnojsiyuyaeM IMepBBI nakeT */
while (true) {
s.info = buffer; /* dopMmmpyeM Kanp g nepemaum */
s.seq = next frame to send;
to_physical_ layer (&s); /* mocyaTe Kamp II0 kKaHajgy */
start_timer (s.seq); /* TarviMep IJia MOAOTBepXIeHus */
wait_ for event (s&event); /* oxupmaem COOEITMA */
if (event == frame arrival) {
from physical layer (&s); /* NOJyuuThL MNOOTBEpPXIeHMEe */
if (s.ack == next frame to send) ({
from_network_layer(&buffer); /* nojsydaeM cJjepn. naxker */
inc (next frame to send); /* MeHsSeM YeTHOCTb */

BY



OPUAMEP V - NONYYATENb

void receiver () {
seq nr frame expected; /*
frame r, s; /*

event type event;

frame expected = 0; /*
while (true)

{

wait for event (&event);

if (event == frame arrival) /*

{

from physical layer (&r); /*
if (r.seq == frame expected) /*
{
to_network layer (&r.info); /*
inc (frame expected) ; /*

s.ack = previous (frame expected); /*
to_physical layer (&s); /*

HOMEP OXMUIaeMoTo Kampa */

rnoJilydyaeMelt Kanp M KanOp [NOITBEepXIeHus */

VHULMAIMB3alMUsa HOMEepa OXMIaeMOTO KampoB */

OPUXOOUT KaKOoM-TO Kazgp */

rnojyuyaeM ero C (M3MUecKoro ypoBHS */

ecyau oxXmuiaeM MMeHHO ero */
oTmaeM NakeT Ha CEeTeBOM ypOBeHbL */

MEHSeM 4YeTHOCTb */

BEICTABJIAEM YETHOCTB IIOOTBEPXIEHMA */

OTIIpaBJId€eM IIOOTBEPXICHME * /
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[NPUMEP V - ABTOMAT

CocTosiHMe: HoMep NnocbklNiaemMoro Kagpa, HoMep OXugaemoro kagpa
N cogepXXnmMmoe KkaHana (Homep kagpa, NnoaTBepXaeHue A nnu mycop

Q0  3erneHble nepexonbl — OTNpaBUTENb
0 YepHble nepexonbl — noTepun nHopMaLnmn B KaHarne

0 @e Nepexonkl - JopNarGad P
(nepBoe nnu
Tanvayr)
OOTBEPXKOEHN

MHUUnanm3auu
A

najTBEpPXaeH
e O nocnaHo
noaTs

e O nocnaHo

ﬂleHFlTO OTI'IpaBJ'Ie ne Mnes
0 gocTaBka
NOATBEP)KAEHM
e 1 nocnaHo 3
Tanmay
. noaTBEPXXAEHU OTRPaBreHue
Tanmay e 1 nocnaHo 1

T 8%



[MPUMEP V - CBOVCTBA U

O PAHMYERVA

g

YeTHble 1 HeYeTHble nocblnaemMble Kaapbl
YyepenyrTcs

YeTHOCTb NocbifTaemMoro Kaapa HE MEHAETCA [Ba
Pa3a 6e3 U3MeHeHns1 HETHOCTU OXXudaemoro

OTcyTCcTBME TYMNUKOB

Hy>XHa gocTaTo4yHO HadeXHasa CeTb, YTODObI HE DObINO
HeorpaHN4YeHHbIX NPOCTOEB
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OBJIACTb NMPUMEHNMOCTIA

o [oe dopmanuisauuna TpedboBaHun onpasgaHa?
. CtaHpapThl
- YCTOSAABLLMECHA NPOTOKOSbI, UHTEPAENCHI N A3bIKU
v CuctemHoe 1O
v Wnpoko ncnonb3yemble n goctatovHO cTabunbHbIE
APl (Application Programming Interface)
a lHa4de - orpoMHbIe YCUNMUA YXOOAT Ha
BbiABNEHNE HEABHO Nogpa3yMeBaeMbIX AeTaneu,
d NNOTOM aHaJ1n3 HY>KHO Ha4NHaTb CHa4alla U3-34a
BO3HUKAKOLLUNX N3MEHEHUN

41



MHTEPOENCHBLIE CTAHOAPTH

d

J

a

J

[lporpamMmmMHoO-annapaTHble NHTEPAENCHI
- Xx86, MIPS, ARM

TenekoMMyHUKaLMOHHbIE U annapaTHbIe NPOTOKOIbI

- Ethernet, Wi-Fi, IP, TCP,HTTP, SMTP, SOAP, Radius
APl obLwmnx ononmortek

. POSIX, Linux Standard Base, JDK, DOM, MPI, OpenGL
dopmaTtbl dannos

. XML, HTML, PDF, ODF, MP3, GIF, ZIP

A3bIKK nporpamMmMmmnpoBaHuUga 1 MmoaennupoBaHugA
. C++, Java, C#, Fortran, Ada, Scheme, Verilog
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MHTEP®ENCHbLIV CTAHOAPT -

[J 1ec 60906-1




OAHO3HAYHOCTDb W

COBMECTVIMOCTDB
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NPUMEP VI -4YUCHAC MNABAIOLLEN

TOHROV

a [lpegcTtaBnaloT BelleCTBEHHbIE YCa

. beckoHevyHoe (oaxxe HecYeTHOE) MHOXECTBO
npeacTaBNsAEeTCA KOHEYHbIM

. [1BOM4YHaa cuctema CYUCIIEHNSA TOYHO
npegcraengaeT nuilb Yucna smga N/2"

. BBogsitTcsa orpaHn4eHnyd Ha BeJimtinHy  MalioCTb

a CtaHgapTt IEEE 754 [1982, 2008]
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NMPUMEP VI - NPEOCTABJIEHUE

YWCET

0|1

k

1721 = 1 ylp
n-1

k+1

N, K [ojoaaa[a[[1]o

1jof1]ojojojojo]ofofo]0j0j0]0]0[0[0]0j0J0]O]O]

Ne—

_

/

3Hak S

'
akcrnoHeHTa E

NN
maHTucca M

B = (k1) _1

2 HopmanusoBaHHble: E>0 A E<2K-1 X-= (_1)5-2(E—B‘>.(1+/M/2(n—k—1))
2(‘1)-1.101002 =13/16 = 0.8125

Q JeHopmanu3oBaHHLIE:

o Exceptional : E=2%-1

- M=0:
- Mz0O ;:

+00, — 00

NaN

E=0 X = (<1)S-2B*-(M/20-k-D)
0, -0

1/0 = +00, (=1)/0 = —co
0/0 =NalN32, k=8 - float (single precision)
n=64, k=11 —double
n<79, k=15 —extended double
n =128, k=15 — quadruple
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[NPUMEP VI - HEKOTOPbIE SHAYEHNA

min JEHOPM. -Brotlr2
min HOpPM. 2B
max 7 B-ntk+l (2n-k_ 1 )
max < 1 ]-20k
min > 1 ]2tk

2-149

2-126
2104(224_ 1 )
1_2-24
142723

2-1074

2-1022
2971(253_ 1)
1_2-53
142>

2-16446

2-16382
216319(265_ 1)
1-2°69

142764

n-16494
0-16382
21627121131
1-0-113
1+2-112
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NPUMEP VI - ONEPALIUU

U000 O

U O

+7 7/ *7 /

fma(x,y,z)=x*y+z [2008]
remainder(x,y) = x-y*n : n=round(x/y)
sqrt

[TpeobpasoBaHnst MeXxay TMNamMu c niaBatoLLen
Toukon ( float «<» double, ...)

[IpeocbpazoBaHus K LENbIM TUnam u obpatHo

(Pekomernayemble) [2008]
floor, celil, abs, ilogb, exp, log, explO, sin, sinp, ...
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NMPUMEP VI - PESYNBTATHI

BBIHVCTITERWI

o KoppekTHoe okpyrneHue- 4 pexunma
» K +oo
= K-o0
- k0
- K Bnmxanwemy (K HeTHoMY)
- (onuwms, 2008) k onmxkanwemy (ot O)

o Ddnarm NcknoyYeHnn 0
- INVALID : HEKOppEKTHble aprymMmeHThbl (pe3ynbraT NaN)
- DIVISION-BY-ZERO : OeCKOHEeYHbIW pe3ynbTaT (TOYHO to)
- OVERFLOW : nepenonHeHue (pesynesrar f«)
- UNDERFLOW . CITULLKOM Manbin (Mnv geHopM.) pesyrnbsrar
- INEXACT . HETOYHbIN pe3ynbTar
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[NMPUMEP VI - TPEBOBAHUNA K SIN B

POSIX

NAME sin, sinf, sinl - sine function

SYNOPSIS #include <math.h> double sin(double x); float sinf(float x); long double sinl(long double x);
DESCRIPTION

These functions shall compute the sine of their argument x, measured in radians.

An application wishing to check for error situations should set errno to zero and call
feclearexcept(FE_ALL_EXCEPT) before calling these functions. On return, if errno is non-zero or
fetestexcept(FE_INVALID | FE_DIVBYZERO | FE_OVERFLOW | FE_UNDERFLOW) is non-zero, an error has
occurred.

RETURN VALUE

Upon successful completion, these functions shall return the sine of x.
If x is NaN, a NaN shall be returned.

If xis £0, x shall be returned.

If x is subnormal, a range error may occur and x should be returned.

If x is £Inf, a domain error shall occur, and either a NaN (if supported), or an implementation-defined value shall be

returned.

ERRORS

These functions shall fail if:

Domain Error The x argument is *Inf. If the integer expression (math_errhandling & MATH_ERRNO) is non-zero,
then errno shall be set to [EDOM]. If the integer expression (math_errhandling & MATH_ERREXCEPT) is
non-zero, then the invalid floating-point exception shall be raised.

These functions may fail if:

Range Error The value of x is subnormal If the integer expression (math_errhandling & MATH_ERRNO) is
non-zero, then errno shall be set to [ERANGE]. If the integer expression (math_errhandling &
MATH_ERREXCEPT) is non-zero, then the underflow floating-point exception shall be raised.
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NOPAMEP VI - POSIX VERSUS |IEEE 754

IEEE1003.1 (POSIX)

63 gencTBuUTENbHbIX PYHKUMIA + 22 complex

a Bce dnarv IEEE 754 (kpome INEXACT) ana gencreutensHbIX YHKLIMNA

glibc . too
0 BebicTaBneHune MSVCRT - max double
Domain error

5 ' | (1.797693134862316€+308)
dnge Ermor=1 solaris libc - max float _ (3.402823466385289¢+38

= ne c pexxmMmamm oK yI'J'IeHI/IFI
,asin, sinh, expml.

(ToYHOE 3Ha4yeHue HUGE VAL He onpeneneHo)

NCTOYHMK HECOBMECTMMOCTH
[TlpoTnBOpPEUME C peXMMaMU OKPYrNeHns

5i



[MPUMEP VI - APYTUE

TMPOTWBOPEYYTA

POSIX

HUGE_ VAL

BMECTO +

HeyeTHOCTb,

ap. cummeTpum —x, 1/x

=)

1

POSIX : f(x) = x npwu
neHopMm. X n f(x)~x 8 0

.......................

4444444444444444444444

KoppekTHOe oKkpyrrneHue B
COOTBETCTBUU C PEXXKMUMOM

)"

OrpaHunyeHus
3HaYeHunK




NMPVMEP VI - KOPPEKTHOE

CBOVMCTBO

tan(x), atan(x) - TaAHreHc 1 apKTaHreHc
o tan(atan(x)) ~ X npu x — +

[1n9 Yyncen ¢ nnasawLen Todkon (double)
o (tan(atan(10°%) =1.633123935319537...-:10%

l /2

atan(X) [ BNESFEREE- T [ﬂ?/ 2] double

/2], 11 = 884279719003555/249

npu x > tan([n/2] _ . ..) tan(atan(x)) = tan([=/2] , . .) = 1/(/2 - [/ 2]
(/2 - [r/2]

2'61232339957367658...- 101"

double)
double)
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[MPUMEP VI - TECTUPOBAHWE

BVBITMOTEK
ID [Mpoueccop bubununoTteka OC
X806 1686 glibc 2.5 Linux Fedora
1a64 1a64 glibc 2.4 Linux Debian
x86 64 x86 64 glibc 2.3.4 Linux RHEL
s390 s390 glibc 2.4 Linux Debian
ppco4 ppco4 glibc 2.7 Linux Debian
ppc32 ppc32 glibc 2.3.5 Linux SLES
sparc UltraSparc Il Solaris libc Solaris 10
VCS8 x86 64 MS Visual C 2005 Windows XP
VC6 686 MS Visual C 6.0 Windows XP

54



[NIPUMEP VI - PE3YJIBTATHI | ECTOB

— 1int(26214425 exXprImi 8=
262144 . 542101@8624215229_%

ceil | floor | round trur\ arbyin| fabs | logb, cb log10 | log2 |log1p _t t
s A i i
x86_64 LT
pzif; exp(553.8042397037792)=-1.710893968937284e+239
117 T_ ex —6.4%3%32&34‘%05&)-
VC6 . —

8.03552

. -14532 i T e I
ia64 Z
X86_64 e =
390
ppc64 _1
ppc32
sparc N
VC6 \
VC8

sin(- 1. c-70) =

sinh(29.22104

[ 11 ulperrors* [_] 2'°%-22° ulp errors [_] Errors for denormals
[ 2-5ulp errors Il >2°° ulp errors ] Completely buggy I Unsupported

o35)



NMPUMEP VI - OOVNHAKOBbIE

PESYIBTATHI

round]| trunc

logb | sqrt | cbrt | exp | exp2 |expm1| log |[log10| log2 |logip

VC6
VC8

sinh | cosh | tanh |asinh |acosh|atanh| sin cos tan asin | acos | atan erf erfc

x86

iab4

x86_64

5390

ppc64

ppc32

sparc

VC6

VC8

I Unsupported



EOHYChl ®OPMANN3ALINU

[TlpeacTtaBneHue TpeboBaHnn B BUAE

MaTeMaTU4YeCcKon Mmoaenu
0 Bo3moxHocTu aHanmaa
OOHO3HA4YHOCTH
HenpoTneopeynBoCTH
[lonHOTHLI
a Bo3moxHocTn npoBepku (Bepudomnkarmn)
- [1lpaBuna gna crtatn4yeckoro aHanusa
- Kputepunm KoppekTHOCTU O45d TECTOB

0 AOJeKBaTHOCTbLb. He

rapaHrupyercsa!

SN



OBECMNEYEHWE AEKBATHOCTW

o Kak npoBeputb noHMMaHue?

a [lepedopmynupoBka + oLleHKa + NpaBka

a [lpeactaBuTtb MHOPMaLUIO B Apyron popme
- TekcTt 1 Tabnuubl, anarpamMmmbl, CXEMbI
. Tabnuupl | amnarpammbl, rpaMmmMaTUKu
. Hnarpammbl [ CTPYKTYPUPOBAHHbLIN TEKCT, TabNULUbI
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[NPUMEP VIl - STRTOD(), POSIX

strtod — NpeobpasoBaHMeE CTPOKU B YMCIIO C MsiaBaloLLEN TOYKON
a WHTepdenc

double strtod(const char *nptr, char **endptr)

a Onucanune
[MpeobpasyeT Ha4yano CTPOKU nptr B Yncno tuna double
[lekomMnosnums NCXO4HOW CTPOKU
o HavanbHble npobernbl
o [anee - 1o, YTO MOXHO CYMUTAaTb YACIIOM
o Hepacno3HaHHble cnmBOnbI (Ha4ano 3anucbiBaeTcA B endptr)
[MpeobpasoBaHme pacrno3HaHHOM YacTh B YUCNO

a Pesynsrarthl
[1pu ycneLHoOM KOHBEPTaAL N — YACTIO

NHaue
o (I'I%M IT)epenonHeHvu/l - +HUGE_VAL wnm -HUGE _VAL, errno := [ERANGE]
sha
o [lpu cnuwkom manom pesyneraTe — errno := [ERANGE] (shall)
o WHaue O, errno := [EINVAL] (may)
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[MPUAMEP VIl - PASMETKA
TEEENRAEHAIA

The expected form of the subject sequer|ce is an optional plus or minuk sign, then one of the following:
Q |A non-empty sequence of decimal digits optionally containing a radix chiaracfer, then an optional exporjent part
o [A Ox or OX, thdn a non-empty sequence of hexadecimal digits optionally containing a radix ¢haralcter, then an optional binary exponent part
Q [One of INF or INFINTTY, ignoring case
Q [One of NAN or NAN(n-char-sequence
M-CHar-SequeTice:
digit
nondigit

n-char-seatence digit

The subject sequence is defined as the longest initial subsequence of the input
string, starting with the first non-white-space character, that is of the expected form.
The subject sequence contains no characters if the input string is not of the

), ignoring case in the NAN part, where:

opt

%)Aﬁﬁ AN 1 @rmfleXpUHGHLpdefl()[dfdulX Criaracter dpped[bl[ldue(,lf”dl Modatirmg pUI[ILHU”IUBf Oori1rapimnary eXpOHeHLpd[LUUeb[lULdpp(:‘df
a Mmexdaeciiia HOating= |JUIIILIIUIIIU§I AT CXPOTTEIt part o1 the appropt fate type WitiT vaiie Zero 1S asspied 1o TooW the tast Cig T 1T the StHng. (T the
5isj c TINF Or TINFIINTT Y Shaii e Imerpreted a

y, it representabre eTeturrtype, efseas WETg e TS e R et e etorreranese ot the returntuse A ch erseqiience
NANorNAN(n char-sequence )shallbeinterpretedasaqu NafN—TSapportes TeTeta yoeetsea were-asubjectseguercepartthat does

inal string is stored in the object pointed

ectly rounded.

[CXI The radix character is defmed in the program's locale (category LC_NUMERIC). Inthe POSIX locale, or in a locale where the radix character is not
defined, the radix character shall default to a period (.").
Inather than the C X ar POQSIX locales other implementation-defined suhiect seauences mav he accepted

e S T R rso—errrromr—sorooes STUl
Since O is returned on error and is also a valid return on success, an application wishing to check for error situations should set errno to 0, then call
strtod(), strtof(), or strtold(), then check errno.
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OPUMEP VII - PASEOP CTPOKW

( [whitespace] ) *

(/1711 /11115107 Exponent
(
[digitof . \1+ [(#e ("+" "= ") 2 [digit]k) 2
| #'0x' [hdigit of
N ]+ (4 p! ' 9dlglt§)\
| #'inf!' ( #'¥nEtdy' )2 Binary exponent

| #'nan' [any

Radix character
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[N1PUMEP VIl - BOSBPALAEMbIE SHAYEHIA

Q HEeYUCHNo || result = 0,
endptr = &nptr
Sermnge// /= J EINVAL
a overflow [ result = +HUGE VAL,
endptr Ji . I [leHopManu3oBaHHbI
HYEO T ERANGE n pesynesrat unm O
a underflow [ resuit =  [E(.)
endptr = L, |
errno = FERANGE YKasaresnb Ha XBOCT U3
HeVIHTepI'IpeTVIpOBaHH]
a normal [ result = .. biX CIMBOIIOB
endptr = 1)

errno He MEHATH
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[MPUMEP VII - CNELUNOUKALNA

STRTOD()

specification Unifloat* strtod spec(CString* st, CString** endptr, ErrorCode* errno) {

pre { REQ("", "endpt should be not NULL", endptr != NULL); return true; }
post {
CString* model endptr; IntT model err = 0;
Unifloat* model res = strtod model (st, &model endptr, &model err);
round Unifloat (strtod spec); round Unifloat (model res);
if (model err == 1) {
REQ ("strtod.13", "If no conversion is performed, the value of nptr shall be stored"
"in the object pointed to by endptr", equals(st, *endptr)); }
if (*errno == SUT EINVAL) {
REQ ("strtod.15", "If no conversion could be performed, 0 shall be returned"

, lsZero Unifloat (strtod spec)); }
if (isOverflow Unifloat (model res)) {
REQ ("strtod.16", "If the correct value is outside the range of representable values,"
"HUGE_VAL shall be returned", isInfinity Unifloat (strtod spec)); }
if (isUnderflow Unifloat (model res)) {
REQ ("strtod.1l7", "If the correct value would cause underflow, the smallest normalized"
"positive number shall be returned"
, (compare Unifloat (abs Unifloat (strtod spec), min Unifloat (type)) != 1)
&& (strtod spec->sign == 1)); }
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double QString::toDouble ( bool * ok = 0 ) const

Returns the string converted to a double value.
Returns 0.0 if the conversion fails.

'/ ,|If a conversion error occurs, "ok is set to false; otherwise *ok is set to true;

/ ‘ HIS \UHCLOI’] [rles [O mlerpre[ I‘ L s[rlng accor!mg [0 H L curren[ ‘oca|e.

The current locale is determined from the system at application startup

and can be changed by calling QLocale:setDefault(). If the string cannot
be interpreted according to the current locale, this function falls back on

the "C" locale.

Due to the ambiguity between the decimal point and thousands group
separator in various locales, this function does not handle thousands
group separators. If you need to convert such numbers, see

QLocale:toDouble().
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http://wwww3.0rg/DOM/DOMTR

o OcHoBHbIE OdOKYMEHTbI

Core http://wwww3.0rg/TR/2004/RE(
HTML http://wwww3.org/TR/2003/RE

Style (StyleSheets +
CSS)http:// www.w3.0rg/TR/2000/REC-DON

Traversal and Range
http:// wwww3.0rg/TR/2000/REC-DOM-Level-2-

Load-Save http://wwww3.org/TR/20C
Validation http://wwww3.org/TR/20(
Element Traversal

Interface Document

The Document interface represents the entire HTML or XML document. Conceptually, it is the [roof]
[p-207] of the document tree, and provides the primary access to the document’s data.

Since elements. text nodes, comments, processing instructions. etc. cannot exist outside the context

of a Document. the Document interface also contains the factory methods needed to create these

objects. The [p.56] objects created have a ownerDocument attribute which associates them
with the Document within whose context they were created.

IDL Definition

interface : {

// Modified in DOM Level 3:
readonly attribute [DocumentType| [doctypel;
readonly attribute [DOMImplementation||implementation);
readonly attribute [documentElement];
createElement|(in [DOMString| tagName)
raises (DOMException) ;
[DocumentFragment createDocumentFraqment|() ;
[Text createTextNode|(in [DOMString] data) ;
[Comment createComment](in [DOMString] data) ;
[cDaTaSection] createCDATASection|(in [DOMString] data)
raises (DOMException) ;
[ProcessingInstruction] [createProcessingInstruction|(in DOMString| target,
in data)
raises i
Atty] [createAttribute](in m name)
raises
[createEntityReferencel(in name)
raises | DOIIE*{ceptlon‘ ;

[getElementsByTagName|(in [DOMString] tagname) ;

[EntityReference]

http://wwww3.0rg/TR/2008/REC- ElemenﬂcreaceAtmbute

Xpath http://www.w3.org/TR/2004/N(

Views and Formatting
http://wwww3. orfz/TR/2004/NOTE DOM-L

Events http://wwww3.0rg/TR/2009/W
http://wwww3.0rg/TR/2009/W

Creates mm [p-81] of the given name. Note that the[Rt tr]instance can then be set on

an[Element]|[p.85] using the setAttributeNode method.
To create an attribute with a [p-207] and [namespace URJ| [p.207] . use the
createAttributeNS method.
Parameters
name of type[DOMSt ring][p.24]
The name of the aftribute.
Return Value

3 IEl,OI'IOJ'IHI/ITeJ'IbHb|e YacCTun

http://wwww3.org/TF
http://www.w3.org/TR/#tr
http://wwww3.org/TR/#tr SMII
http:// wwww3.org/TR/#tr SVG

DOM Events
MathML
SMIL
SVG

http://wwww3.org/TR/#tr SVG Tiny

A new object with the nodeName attribute set to name., and
localName, prefix. and namespaceURI set to null. The value of
the attribute is the empty string.

Attr
[p.81]

Exceptions

DOMException|

[p.31]

INVALID_CHARACTER_ERR: Raised if the specified name is
not an XML name according to the XML version in use
specified in the[Document . xmlVersion|[p.43] attribute.
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DOM

Core 34 64 89 75 10
HTML 56 36 293 255
Events 15 29 35 45
Views 25 13 32 67 21
Style Sheets 5 4 12 2
CSS 22 37 22 158 132
Traversal 4 16 13 9 |
Range 3 8 19 7
Load-Save 15 15 14 27 15
Validation 5 14 22 13 1
XPath 6 15 7 9

Bcero 190 211 283 715 437
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TPEBOBAHW

Obuwee, N1 | [ N2 |
Node insertBefore (Node newChild, Node refChild)

Inserts the node newChild before the existing child node refCh|ild. If refCchild is null, insert

newChlldEﬂtheendcﬁthHHStOfCNkken|fnewChlldisaDocumentFragment[p40]0MeCta”OfHS

children are inserted, in the same ofrder, before refchild. If the newChild is already |n|the tree, i

removed.

Note: Inserting a node before itself is implementation dependent.
Parameters: newChild of type Node - The node to insert.

refChild of type Node - The ref repas npd
linserted.

Return Value: The node being inserted.

Exceptions: DOMException

flrs

N3

ﬁ@%%ﬁm

HIERARCHY REQUEST ERR:Raised if this node is of a type’that dokes n t allow chlldren fthe t

Ype|df the

newChild node, or if the node to insert is one of this node’s ancestors or this node |ts{9lf or |ﬂih|

is of type Document [p.41] and the DOM application attempts to insert a second Document Type

$ nodg

p.115]

or Element [p.85] node. |

WFEONG_DOCUMENT_ERR: Raised if newChild was created from a different document than the one that

created this node.

N{ MODIE[[CATION ALLOWED ERR: Ralsed}ﬁ this node is readonly or if the parent of thé node being

inserted is readonly.

NOT FOUND ERR: Ra|s¢d if refChlldlsn

c\}(nld of thjs node.

N(I)T SUPPORTED ERR:ifthis nodeis of

eDd@Qment

41] th s exceptl

ion might be alsed if the DOM

implementation doesn’t support rhe-rhs‘jrtlo[ﬁ E?-B];c[dE%nﬁjyp @El @85] node.
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insertBefore modified n DOM Level 3
Inserts the node newChild before the existing child node refChild. If refChild s
null. insert newChild at the end of the list of children.
If newChild is a[Document Fragment]|[p.40] object, all of its children are mserted, in
the same order. before refChild. If the newChild is already in the tree, 1t 1s first
removed.

Note: Inserting a node before 1tself 15 implementation

Parameters

newChild of type [p.56]
The node to insert.

refchild of type[Node]

The reference node. 1.e.. the nod
Return Value

[p-56] |The node being inserted.

TO MmeeTca B Buay nofd «the node being
inserted»?

DocumentFragment nnu ero anemeHT?

2 which the new node must be inserted.

Q Yto O6ynet npm BcTaeke null?
o [lpu BctaBke DocumentFragment
- Yto Oynet pesynsratom?
- Kak nameHmnTca cnnucok «aeten» Npym HEKOPPEKTHOM «pebeHKe» B KOHLIE?

- MoxxHo nun gobasutb nycton DocumentFragment, ecnu gobaensaTs
«AeTen» Henb3a?

o Kak onpeg)qenmb, nogaepxmBaetca nu BctaBka Document Type n
Element:

o [loyemy HeT orpaHmM4yeHn Ha NnopsAok «aeten» B Document?



Interface
Node
| |[Node
Node
Node
Node
— Node

Firefox 3.6.3
Member LejSupport  Value
nodeName
nodeValue
nodeType
parentNode
childNocdes

Opera 10.53.3374
Support  Value

Chrome 5.0.307.1
Support  Value

Safari 4.0.5 (531.22.7)
Support  Value

Internet Explorer 8.0.60! Internet Explorer 9.0.77
Value

Support

Support

Value

£ )] Node

Node
Node
Node
Node
Node
Node
Node
Node
Node
Node
Node
Node
Node
Node
Node
Node
Node
Node
Node
Node
Node
Node
Node
Node
Node
Node
Node
Node
Nodelist
Nodelist length

NodelList item()
NamedNodeMap
NamedNodeM length
NamedNodeM getNameditem()
NamedNodeM setNameditem()
NamedNodeM removeNamedit
NamedNodeM item()
NamedNodeM getNameditemN 2
NamedNodeM setNameditemN 2

|NamedNodeM removeNamedit 2
' 1]

firstChild
lastChild
previcusSibling
nextSibling
attributes
ownerDocument
namespaceURI
prefix
localName
baseURI
textContent
insertBefore()
replaceChild()
removeChild()
appendChild()
hasChildNodes(]
cloneNode()
normalize()
isSupported()
hasAttributes()
compareDocume
isSameNode()
lockupPrefix()
isDefaultNames
lockupNamespa
isEqualNode()
getFeature()
setUserData()
getUserData()




AKINIOYEHNE |

a «Knaccuyeckue» doopmarnbHblie METOALI
CJIMLLUKOM TPpYyOOEMKM OANnd nogaBnsaroLero
OONbLIMHCTBA CNOXHbIX 3a4au4

o Popmanusauua TpeboBaHUM ogHa yxKe AaeT
MHOrne nx 0oHychbl

2 [losBornser npoBoAUTL CTPOrM aHanu3
3a4auu

a OcraBnsiet 3aTtpartbl nNpnemMIieMbIiMU

a [Npu gononHeHnn aBToMaTU3UPOBaAHHBIMU
TeEXHMKaMW Bepudukaumm padboTtaet BO
MHOIMX MPaKTUYECKN 3HAYUMbIX CUTYaLUAX
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AKIIOYEHWE I

a Popmanusauus — He naHaLes

- He raApaHTUpyeT agekBaTHOCT MOAESIN, AJIA
ITOI0 HYXXHbI AOMNOJIHUTEJIbHbIE YCUTTUA

- B cnoxHbix CltyHasXx BCe-TakKuU ONEHb CI10>KHa
a HyXHbl KOMMNOHEHTHbIE METOAbLI MOCTPOEHNS
N aHanmsa oopMarbHbIX MOOENEN

. EcTb Hagexaga, YTo OHM NO3BONAT APAPEKTUBHO
paboTaTb CO CBEPXCIOXHbIMW MOAENAMM
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