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1

. 
 – , . 

 XML -
.  – 

.

,  XML-  (eXtensible
Markup Language – ), 

. -
, ,  XSL (eXtensible Stylesheet

Language – ) [1, 2]. 
.

 ( )  – -
.  XML- -

. 
,  XML-

,  XML 
.  27  [3].  SQL (Structured

Query Language – )  XML 
 [4]. ,  XML,  [5]. -

 25  [3]  [6].  XML- -
. , -

,  Oracle 
 ( ) Oracle 9. -

 XMLTYPE.  SQL 
 XML-  XPath (XML Path Language – 

 XML- ) [7, 8].  [9] -
 XMLTYPE  Oracle 9.  IBM 

 DB2  [10]. 
, -

 XML-
. -

 SQL.
:

1.  XML- -
;

2.  XML- ;
3. ;
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4. -
 DTD-  (Document Type

Definition – ) , -
.

 ( ) – -
, . -
.  XML-

 XML,  –
, 

,  SQL- -
.

 – . , 
,  XML -

, . -
-

, 
.

 ( ) -
 ( ) ,  XML- , -

: , , -
. -

, , , -
. , , -

, -
. .

-
. DTD- -

. 
, . -
 XML- .

. . 
 XML- .

, , . -
, 

. ,  « » -
, , , 

. -
 Data.  4000 

.
 XML, -

, .
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<Program ID=”1”>
 <Head>
 <Comment ProgramName=” ”>
 <Data><!----></Data>
 </Comment>
 </Head>
</Program>

. 1.

. 1.  

 Program  Comment. -
 Data  Comment. 

ProgramName  Comment « »  Program.
 Program  Comment 

Program.  DTD-
 Program  #FIXED

“ID”.
<!ELEMENT Program (Head)>
<!ATTLIST Program
 ID CDATA #REQUIRED
>
<!ELEMENT Head (Comment)>
<!ELEMENT Comment (Data?)>
<!ATTLIST Comment
 ProgramName CDATA #REQUIRED
 Program CDATA #FIXED “ID”
>
<!ELEMENT Data (#PCDATA)>

.
 isKey , -

.  DTD-
.

<!ELEMENT FrameIndex (…)>
<!ATTLIST FrameIndex
 FrameID CDATA #REQUIRED
 Weight CDATA #REQUIRED
 IsKey CDATA #FIXED “Yes”
>
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 IsKey -
 FrameIndex.  FrameID  Weight.

, 
 XML- . 

Src,  Src 
BLOB  CLOB  Cnt .

 Data  Cnt 
,  HTML (Hypertext Markup Language

– ). 
 ( ) . 

, 
. -

. -
 HTTP (HyperText Transfer Protocol – ) 

. . 2.

. 2.  

,
, ,

. -
, -

.
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-
.

 « ». -
, . , -

. -
. , , 

, . 
, , . -

,
.

 « » .
, .

<TestFrame Language=”English”>…</TestFrame>

 TestFrame  Language, 
 Language.  Language – .

 Language ,
,  TestFrame.Language -

. . 3.

. 3.   « »

 « » -
. 

. , -
 – . -

 isKey 
DTD- . -

.
 « » :

 XML-
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 « 1_ 2», -
.

 « » .

<!ELEMENT TestFrame(…, Data, Attach*,…)>
<!ATTLIST TestFrame
…
>
<!ELEMENT Attach>
<!ATTLIST Attach
 Src CDATA #REQUIRED
>
<TestFrame>
 <Data><!--  --></Data>
 <Attach Src=”1.jpg”/>
 <Attach Src=”2.jpg”/>
</TestFrame>

 TestFrame , -
.  Attach.

 TestFrame  Attach – « -
». , -

. 4.

. 4.   « »

, -
, . , -

. ,  DTD-
, 

.  « ».
 XML-  DTD- :

<!ELEMENT TextBookUnit(PageIndex*)>
<!ELEMENT PageIndex(TextBookPage)>
<!ATTLIST PageIndex ... >
<!ELEMENT TextBookPage>
<!ATTLIST TextBookPage
 …
 TextBookUnit CDATA #FIXED "ID"
 PageIndex CDATA #FIXED "ID"
>
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:

<TextBookUnit>
 <PageIndex ...>
 <TextBookPage .../>
 </PageIndex>
</TextBookUnit>

 TextBookUnit -
. PageIndex – , 

. TextBookPage – 
.  « » 

, .
 TextBookPage 

PageIndex  TextBookUnit  « ». -
, . 5.

. 5. 

-
,  XML- , 

. , -
, . 

 XML- .  – .  –
, . 

-
. , -

 XML- , -
.  «

» . ,  Data, -
 XML- .

, . 6.
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. 6.  « »

 TestFrame  Attach, 
XML :

<?xml version=”1.0” encoding=”Windows-1251”?>
<TestFrames>
<TestFrame FrameID=”1” Weight=”1”>
 <Data><!--  --></Data>
 <Attach Src=”1.jpg”/>
 <Attach Src=”2.jpg”/>
</TestFrame>
<TestFrame FrameID=”2” Weight=”1”>
 <Data><!--  2--></Data>
 <Attach Src=”3.jpg”/>
</TestFrame>
</TestFrames>

 TestFrames 
.

, 
XML  Java, .  Java -

 XML-
, , -

. -
 XML- . -

. 
 XML  SQL, 

 XML- , -
,  JDBC-  (JDBC, Java Data Base

Connectivity –  Java). 
 XML-  DTD- .

 JDBC
,  – -

 DML (Data Manipulation Language – ).
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 JDBC- -
,  SQL-  LOB-  (Large

Object – 
).

-
, . -

:
1. -

;
2.  – , 

;
3. -

.
-

, 
.  XML-

 Java  XML. 
. « » -

. 
, -

, , . , 
Oracle, , 

.
, , -

. ,
-

, -
.

-
. 

 XML-  DTD-
. -

, , -
.

. , -
.

 – -

. 
, 

XML (  Web- ), 
. -

.
 XML 

.  XML -
, 

 XML-
. 

 SQL,  XML.
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-
,  XML

, , .
, 

, -
. -

 XML 
.

1. .  XSLT.  : , 2002. 544 .
2. http://www.w3.org/TR/1999/REC-xslt-19991116 – -

 XSLT.
3. . . / 8- .: . . .: -

 « », 2005. 1328 .
4. International Organization for Standardization (ISO). «XML-Related Specifications

(SQL/XML) Working Draft», Document ISO/IEC JTC1/SC32/WG3:DRS-020. – August
2002.

5. Bonifati A., Ceri. Corporative Analysis of Five XML Query Languages // ACM SIGMOD
Record. March 2000. 29, 1.

6. Bosak J., Bray T. XML and the Second-Generation Web. // http://www.sciam.com  May
1999.

7. Lehmann M. From XML to Storage and Back. // Oracle Magazine March 2003.
http://www.oracle.com/technology/oramag/oracle/03-mar/index.html

8. Dillon S. XML to Relational: Bridging the Gap. // Oracle Magazine September 2005.
http://www.oracle.com/technology/oramag/oracle/05-sep/index.html

9. Scardina M., Chang B., Wang J. Oracle 10g XML & SQL: Design, Build & Manage
XML Applications in Java, C, C++ & PL/SQL. // Osborne, 2004. 600 .

10. Steegmans B., Bourret R., Guyennet O., Kulkarni S., Priestly S., Cline O., Sylenko V.,
Wahli U. XML for DB2 Information Integration. 2004.
http://www.redbooks.ibm.com/redbooks.nsf/redbooks

http://www.w3.org/TR/1999/REC-xslt-19991116
http://www.sciam.com
http://www.oracle.com/technology/oramag/oracle/03-mar/index.html
http://www.oracle.com/technology/oramag/oracle/05-sep/index.html
http://www.redbooks.ibm.com/redbooks.nsf/redbooks
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-

. 
 – , . 

-
 ( ) -

-
.

-
-

 ( ) -
-

.
:

•  50% 
;

•
;

• ,  – 
50 ;

• , -
, , , 

, , -
, , -

, .

1. 

, 
 Advanced TCA -

.  Advanced TCA -
, -

.
-

, 
I) .

1.1.  Advanced TCA
 Advanced TCA (Advanced Telecom Computing Architecture) – -

 [1, 2]. , -
G 3.0 -

, -
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 « » . -
 Advanced TCA – 

, -
. , Advanced TCA – 

, -
. -

, -
 4,5 ,  8 -

, 
.
 Advanced TCA -

, 
, -

.
-

.
 Advanced TCA -

. , 
, 

 Intelligent Platform Management Interface (IPMI) 1.5 -
 I I/I .  Advanced TCA -

 « » -
, 

, .
 Advanced TCA -

, , , 
 (FRU), -

, -
, , , -

, 
.

 Advanced TCA 
-

. , 
 Advanced TCA, -

-
, .

Advanced TCA -
.

1.2. 

 Advanced TCA .  ( -
) , -

 ( ) , , 
. , ,

. , 
.  (Advanced
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Mezzanine) , -
G .

 ( ), -

.  73*185 ,
146*185 ; .

.
-

, -
.

, -
, 

.
-

. .

1.3. 
-

 [3]. 
, -

, , 
, . -

, , 
, 

/ .

 [4, 5]. 
, , ,  [6–8].

Xilinx  Virtex-4.  Virt -4 : LX, S  F .
 200 , 

 500  (  SmartRAM,
 FIFO), 

 (ChipSync).  S  512 Xtreme DSP -
 256 Giga  57 , 

 32-  RISC-  PowerPC (  – 1300
Dhrystone MIPS),  10/100/1000 Ethernet  24 -

 RocketIO(  –  6,25  11,1 ). 
 FPGA-  APU

(Auxiliary Processor Unit).
:

1)  L /S /F : a) Virtex-4 LX: 
; b) Virtex-4 S : -

; c) Virtex-4 F : , -
;

2)  Xesium:  20 -
 (D ): ; 

; ; -
; 
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(jitter); ; ; 
; ; -

 ( D); -
 50%; 32 

; ;
3) tremeDSP:  18×18, , -

; -
;  48- -

 ( ); -
; ;

 2 
Virtex;

4) :  1 392 ;  10 -
; ; -

; ,  « », « -
»,  « »  « »; 

; 
 ( );  18 ;  16 ×1  512×36 (

×4  512×36  FIFO); 
 32 ×1 ; -

 ( ,  PowerPC 405);
5)  SelectIO:  960 ; 

 1.5  3.3 ; : 
600  HSTL  SSTL ( );  1 
LVDS ( ); -

: -
;  –

 ChipSync™: / ;
; 

; 
 1 ; -

: DDR, DDR2,SDRAM, QDR-II, RLDRAM-II, FCRAM-II;
6) : 

 40%  Virtex; 
200 000 ;  178 176 -

;  178 176 ; , 
, ; -

;
7) : 8; -

; 4 ; .JTAG
;

8)  90- ;
9)  1.2 ;
10) ,  Flip-Chip;
11)  RocketIO MGT (

):  622  11.1 ; 8 /10 , 64 /66 ;
;  CRC; 

; ;
; 

; ;
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12)  RISC  I werPC 405 (  F ): -
 450 ; ; 16 ; 16 

; ; -
; -

 (APU), 
 PowerPC 405 , : 

; : 
; 32-  64- ;

13)  Ethernet  (  F ): -
 1  802.3; 10, 100  1000 ; ;

;  1000 -
 RocketIO MGT; Y -

/ ; -
;  JUMBO; 3 .

2. 

. 1. 

, 
.0 utaway Carrier Boatd, , 

. 
LVDS- .   DDR SDRAM

 1 , . 1. -
 F .

, 
, , .

 (full mesh).

AMC A+B+
Connector

AMC A+B+
Connector

Virtex-4 Virtex-4

DDR
RAM

(optional) DDR
RAM

(optional)

AMC A+B+
Connector

AMC A+B+
Connector

Power

IPMC

Virtex-4 Virtex-4
DDR RAM
(optional)

DDR
RAM

(optional)

ATCA Connectors
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. 2  

 L , S  F , -
, -

. 2.  4 , 
 I I.

.  Power
,  D . 

, , -
 DDR SDRAM, . 3. , -

,  MGT/LVDS.

Gigabit Ethernet /  MGT/LVDS, -
, . 3.

, -
, . -

, ,
 – , , 

.  (Dual Star) -
,  10 -

.  (Full Mesh), 
 1 , 

, .
-

 DSP, , , -
, . 4. -

, -
, . 

, -
.

Virtex-4 Virtex-4

DDR
RAM

(optional)

DDR
RAM

(optional) AMC
Connector

Clock, Power

Virtex-4 Virtex-4

DDR
RAM

(optional)

DDR
RAM

(optional)

MMC
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. 3.  

, -
:

• , -
-

, ;
•  I res , 

;
•  wizard ;
• IDE;
• , ,

(ChipScope Pro).
-

:
• , ;
•  I res;
• , , .

FPU/DSP
CP

DPRAM

DMA DMA

DDR RAM
controller

PPC406

Switcher

DDR RAM MGT/LVDS  DMII

MAC MAC

DPRAMPPC406

FPU/DSP
CP
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. 4.  

1. .   Advanced TCA.  // . 2005. 1.
2. . Compact PCI – , . // 

. 2004. 10.
3.   . //  ( ). 1998.  4–6.
4. ., . 

  // Chip News. 1996.  5. . 40–43.
5. ., . . // 

. 1996.  3–4. . 26.
6. ., .  «Xilinx»: 

. .: -XXI, 2001.
7. ., ., ., . -

. .: , 1998.
8. .  CPLD  Xilinx . 

CoolRunner. // . 2001.  5.

DDR
RAM

PHY1GE

Switcher

SATA/SCSI/FC

AMC
RAM

MC
RAM

PPC+FPU/DSP
CP+DMA+RAM

PPC+FPU/DSP
CP+DMA+RAM

PPC+FPU/DSP
CP+DMA+RA

DDR
RAM

DDR
RAM

PHY1GE PHY1GE

AMC
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-
. -

. -
 ( ) -

[2].
-

, , , -
, 

-
 [3].

, 
. 

.

. -
, 

. , ,
 [3].

-
. -

, 
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, . 
 ( ), -

, :
– , -

;
– , -
, , 

.
, , 

 – .  «  1» 
 0».

. 
, 

, . -
,  ( ,

), .
, , 

, . , -
, -

. , 
-

 [3]. -
 ( )  [4].

, , , -
. -

. 
 ( . ). 
, , -

. ,  «  0»
, , -

 – , , , -
. , 

-
, 

. , , .
, , -

, , 
. ,  –  – -

, . -
-

. , -
, 

.
, , -

:
–  – ;

;
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–  – , -
.

: ?
, .

.
, -

 ( . 1).

A

. 1. 

trueA ≡ , 
, . , -

, A .
, falseA ≡ , -

, 
trueA ≡ . ,  2 , 

trueA ≡ .
1) , trueA ≡ . 

, .
2) , trueA ≡ , . 

.
, -

falseA ≡ .
, -

: 
, trueA ≡

. , -
, .

, 
. , 

 ( . 2).
 « »:

trueB ≡ . , , -
 – falseA ≡ , A -

: , ,
B . 

, falseA ≡ .
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i := 0,  flag := 0

B
i < n

flag:= 1

i := i + 1

A
x[i]>=const

. 2. 

trueB ≡
. , , -

.
, , 10,2 == constn , }10,5{=x .

-
? -

trueA ≡ , falseA ≡ falseB ≡ . , 
. , -

; i flag . 
-

; }10,5{=x .

 R ( ) R (  true) R (  false) R (B  false)
i 1 0 2 1
flag 0 0 1 1

. 

, .
, 
. , 

.
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, , 
1:=flag . -

trueB ≡ . }10,5{=x
, -

. , , , -
. , 

. , , -

.

, 
, -

-
, .

A

B

. 3. 

, , 
, . 

. 
, . 

,  « » 
. -

, .
. -

, -
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. , , 

, . -
, -

. , , 
 ( .  «  1» 

), . ,
, , -

. . 3 , . 4 – 
.

A

B

. 

. 4.  B  true

, , ,
trueB ≡ . -

falseA ≡  ( -
), , , .

 «  0», -
: ,

, , 
 ( . 5).

, -
.

1. , . -
-

, trueB ≡ .
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2. , 
. -

, 
falseA ≡ .

A

B

. 

. 5.  false

,
, -

. 
, -

, .

1. . . .: , 1977.
2. ., ., ., . -

, . // 
), 2003.

3. ., ., ., ., . -
. //  9- -

 « ». : , 2005.
4. http://www.ise.gmu.edu/~ofut/rsrch/abstracts/practical.html

http://www.ise.gmu.edu/~ofut/rsrch/abstracts/practical.html
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. 
 – . 

.
-

.

, -
, 

. 
.

-
 State Design Pattern [1, 2]. -

, -
, . -

,
 Decorator Design Pattern [2,

3]. , 
, -

.
, , 

, , . , -
, ,  ( , -

, , ), , 
. 
,  Fortran, C, Java, -

. , 
, . , -

 [4]. , -
 – ,  XML. -

,  – , 
.

, -
. -

,  – -
, -

.
, 

. ,

 – , -
. 

, ,
, , , . 

, 
-

. , -
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, , -
.

-

, 
 C#.

 Statecharts. 
 Statecharts [5]  SWITCH-  [6] ,  SWITCH-

.  SWITCH-
 Statecharts, 

.  SWITCH- , -
. 

 SWITCH- -
 « » [7]. SWTICH-

: -
, .

, ,  Statecharts 
,  [5].

. , -
. 

. 
. -

, , 
, , , ,

., , 
. ,  UML 2 Sate Machine

(State Chart  UML 1) [8] : -
, , , -

.
, -

 « », : «
-

, , ». -
, 

, .
. -

, -
. 

. -
. -

 [7].

, 
. -

, 
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. 
. ,  Java  Microsoft .NET 
 ( . reflection), 

. 
, , , .

-
 C#  Microsoft .NET. -

, , -
.  C# – , 

, . -
, -

.

.  .NET :
•  Context Bound Objects –  CLR 

, ;
•  – -

, 
 Microsoft CLR.

Context Bound Object ( , CBO) – -
, , . 

 Microsoft CLR  – , , 
,  [9]. , 

, . 
. . -

 Microsoft CLR , -
. , -

, .
,  Context Bound Object -

, , , ,
 « » . 

-
 CLR.

,  CBO , -
. CBO 

.

. 
, . , 

, -
. , 

. , 
 Reflection.Emit (  .NET), -

, -
.

, , -
, -

,  CBO. -
. , -

, , , -
, .
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 .NET

 C#  Visual
Basic.NET  DOME (Declarative Object Machines
Extension). . 1  DOME.

+SetState(in state : State)

+Container : State
-CurrentState : State

State

+StateAttrinbute(in Type)
+StateAttribute(in Type, in Overrides)

+Type
+Name

StateAttribute

InitialStateAttribute

. 1. 

• State – .
o Container –  State. -

.
o CurrentState – . -

, .
o SetState(Type state) – . -

 ( ) , .
• StateAttribute – , State Machine, 

.
o Type – .NET CLR –  ( ) 
o Name – . -

Type -
. , -

, -
Type

.
o –  ( ) .

-
. Type -

 ( ) , Overrides
) , . 

, , ,
.

• InitialStateAttribute – , StateAttribute,

.
, 

: ON  OFF ( . 2).
 3 . IOn  ON -
 E1 – . , -

, . IOff.
IRadar IOn IOff:
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 public interface IOn
 {
 void E0();
 }

 public interface IOff
 {
 void E1();
 }
 public interface IRadar : IOn, IOff
 { }

A0

1. ON

0. OFF

e0 e1

. 2. , 

 ON FF:

class On : State, IOn
 {
 public void E1()
 {
 Container.SetState(typeof(Off));
 }
 }
 class Off : State, IOff
 {
 public void E1()
 {
 Container.SetState(typeof(On));
 }
 }

 Container , -
. SetState(Type) .

, , State
IRadar:

 [State(typeof(On)), State(typeof(Off))]
 class Radar : State, IRadar
 {
 public void E0() { }
 public void E1() { }
 }

 Radar. -
, Radar  2 , On Off, -

.
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Radar
, 

. -
, .

 – 
.  – -

 « » . :
, , , .

0. MAIN

Tick

2. JUMPING

KeyPressed && key == Keys.UP

2. FALLING

0. RISING

1. HOVERING

3. FINISHED

Tick

Tick

Tick

Tick

. 3. 

. 3, Jumping : Rising,
Falling, Hovering Finished. :

 [InitialState(typeof(Jumping.Rising)),
 State(typeof(Jumping.Falling)),
 State(typeof(Jumping.Hovering)),
 State(typeof(Jumping.Finished))]
 public class Jumping : State, IFighter
 {
 public void Tick()
 {
 if (CurrentState is Finished)
 Container.SetState(typeof(Fighter.Main));
 }

 public void ButtonPressed(Keys key)
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 {}

 public bool InAir()
 {
 return true;
 }

 public class Rising : State, ITickable
 {
 public void Tick()
 {
 Console.WriteLine( rising );
 Container.SetState(typeof(Hovering));
 }
 }

 public class Hovering : State, ITickable
 {
 public virtual void Tick()
 {
 Console.WriteLine( hovering );
 Container.SetState(typeof(Falling));
 }
 }

 public class Falling : State, ITickable
 {
 public void Tick()
 {
 Console.WriteLine( falling );
 Container.SetState(typeof(Finished));
 }
 }

 public class Finished : State, ITickable
 {
 public void Tick()
 {
 //
 }
 }
 }

, 
Jumping. 

,  Context Bound Object.

. -
. -

. , , ,
.

Fighter . , -
Hovering, Jumping. 
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Fighter, EasternFighter,
, Fighter.Jumping:

[State(typeof(EasternJumping), typeof(Fighter.Jumping))]
 public class EasternFighter : Fighter
 {
 }

, Hovering, , ,
Jumping. -

Jumping, , , 
Hovering EasternHovering:

 [State(typeof(EasternHovering), typeof(Fighter.Jumping.Hovering))]
 public class EasternJumping : Fighter.Jumping
 {
 }

, EasternHovering, 
Jumping.Hovering.

public class EasternHovering : Fighter.Jumping.Hovering
 {
 public override void Tick()
 {
 Console.WriteLine( Eastern Hovering );
 Container.SetState(typeof(Fighter.Jumping.Falling));
 }
 }

, , 
Jumping EasternJumping, , ,

EasternHovering, -
.

. -
, , 

 Microsoft .NET. -
.

, -
-

. , -
, -

, -
, , Java.

,  DOME  Java, 
.
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. 
 – . 

,  SWITCH- , 
. 
,   

. -
,  STROBE 

 Ruby.

SWITCH- ,  « »  « -
» [1]. 

SWITCH- , 
-

.
 SWITCH-

, 
, . -

.
1. . -

: 
, 

 switch, -
 [2].  

 State,
 [3]. ,

, 
 – .

2. . -
, , 

. -
 ( , -

,  Java, , 
), ,

-
, -

 (  Visio, XML [4, 5]  ).
3. . 

, -
-

. , , -
. , -

 ( , ,
), -

, . -
-

, -
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. -
 ( , -

 [6, 7], -
), -

, .
, -

 « » . -
, . , -

. , -
, -

, .
-

 ( ) 
SWITCH- . -

.
: 

 SWITCH- , -
. -

, 
-

,  STROBE, -
.

1. 

 SWITCH- , -
, , -

 – 
.

.  [8] 
, , 

 (A11). -
.

. 

, : « » ( -
, ), « » ( )  « -
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» ( ).  « » 
 ( e11),  « » – e4 (

) ,  « -
» – e3 ( ) ,

 ( x61).
-

. -
.
-

. 
 SWITCH- , 

UML- ,  [9].
.

1.
.

2. ; 
; .

3. , 
 ( , , 

); 
.

4. :
a. ,
b.  ( ),
c. ,
d.  ( , -

).
5.   :

a. ,
b. ,
c. .

: -
. , -

 ( -
). ,
. 

:
1. ei –  « »,  – ei,  « » ;
2. yi – Ai;
3. xi – xi.

 ( ), 
. :

1.  (
);

2. , ;
3.  (

, ), 
;

4. : , -
;  – e0.
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 A11 -
:

1. ;
2.  – « »  – e11, 

 « », 
z111 ( );

3.  – « »  « »,  – e3  
x61 – « », 

», z110 ( -
);

4.  – « »  – e4, -
 « ».

2.  Ruby

-
. -

, , -
:

1. ;
2.  ( -

).

, -
, 

.
 Ruby

[10],  (Yukihiro Matsumoto). 
, :

1. ;
2. ;
3.  mixin- ;
4. ;
5.  (  Ruby -

);
6. .

,, , 
 Ruby  STROBE, .

#  STROBE
require 'strobe/automaton'
module Elevator
  # 
class A11 < Strobe::Automaton

    #  x61
attr_accessor :x61

    # 
inputs :e3, :e4, :e11

    # 
outputs :z110, :z111

    # 
begin_group

      #  " "
state :ready
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        #  " "
transition :to => :on,

                   :if => lambda { e11 }
      #  " "

state :on,
            :output_actions => :z111
      #  " "

group_transition :to => :off,
                       :if => lambda { e3 && x61 }

end_group
    #  " "

state :off,
          :output_actions => :z110
      #  " "

transition :to => :ready,
                 :if => lambda { e4 }
end

end

A11, 
 Strobe::Automaton, 

A11. inputs, outputs, state, transition group_transition
, , , -

. begin_group end_group
.

-
, 

Ruby.   – :
1. , 

 ( );
2. -

 ( :
, , .);

2.1. , -
;

2.2. ;
2.3.

, , -
;

3.
.

 Ruby -
-

, . -
. , , 

e1 ∨ e0 ∧ (x1 ∨ (y2 = 3)). -
 e1 || e0 && (x1 || (y2 == 3)). 

, -
 ( , 

)  e0, e1, x1  y2. :
1.  – , -

 « », -
,  « » ;
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2.  – , -
;

3.  –  y, 
.

:
1. -

, ;
2. ;
3. -

yi.
4. , -

;
5. .

, -
.  STROBE, 

.
 STROBE, -

 Ruby. -
 ( ), -

 ( , , state
transition ). 

 ( -
), 

 ( , , 
:to :output_actions).

 STROBE -
, :

1.  ( , -
) ;

2. , 
;

3. -
;

4. -
;

5.  (yi) 

;
6. -

, .
 Ruby -

, . 
, -

. 
.

-
 – , 

. -
, . -
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, , -
.

-
 (

). 
,  Ruby,

, -
. , 

, 
.

-
,  SWITCH- , . -

, , 
. 

,  – -
, , -

. , 
, -

 STROBE  Ruby, .

1. . SWITCH- . -
. : , 1998. 628 .

2. ., . -
 // , 2002. 4. C. 74–80.

3. ., ., ., . 
. . : , 2001. 368 .

4. ., .  XML–
. : 

. 2003. // http://is.ifmo.ru,  « ».
5. Gurov V.S., Mazin M.A., Narvsky A.S., Shalyto A.A. UniMod: Method and Tool for

Development of Reactive Object-Oriented Programs with Explicit State Emphasis //
Proceedings of St. Petersburg IEEE Chapters, 2005. V.2. . 106–110.

6. Abrahams D., Gurtovoy A. C++ Template Metaprogramming. Addison Wesley, 2004.
7. ., . 

 // , 2003.  5. . 29–39.
8. ., . . // http://is.ifmo.ru, 

».
9. ., ., .  UML–

 Unimod /// . . -
. . « ’2005».

10. Thomas D., Fowler C., Hunt A. Programming Ruby. Second Edition. Pragmatic
Bookshelf, 2004.

http://is.ifmo.ru
http://is.ifmo.ru,
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. 
 –   . 

-
; , 

.

. 
, , 

, , , .
, , -

.
, 

, . -
, -

, . -
 – , -

, . -
, .

, 
, 

 « » . -
. 

-
 [1]. -

.
-

,  UML [2], Statemate [3], SWITCH-  [4]. 
. , 

Statemate 
 – 

. 

Statechart, .
 UML, , 

. -
 – 

 ( ).  UML -
, 

-
. , UML -

 Statechart ,  Statemate – -
.

, 
, -
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, , , 
.

, 
 ( ) – , , -

.
-

 – -
, . -

, 
. 

-
.

  -
. , 

-
, 

. -
, -

.  «
» ( ) , -

, .  [5] 
. -

.

, , -
.

 1.
MT ,=τ ,

T  –  ( ),
{ }fRetArgsimmM ,,,| ==  – . 

i, Args, Ret
, , { } { }{ }*::: RetObjTArgsObjTf ×→×  (

{ }TypesObj : , 
).

. 1. 

  . 1. -
Args Ret ,  –

. , -
. -

, 
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 (
).

i im , -
 – Argsmi . Retmi . , . 

τ , 
im::τ .

-
, -

. 
, . -

-
,  – 

 ( )
. , 

. 
, , , -

, . -
, 

. -
 ( -

).
 2. -

τ,A , A  – , τ  – -
.

∆= ,,,, 0sZESA ,
S  – , E  – -

 ( ), Z  – , Ss ∈0  – 
) , ZSES ×→×∆ : – .

ζ δ , 
ZES →×:ζ  – , SES →×:δ  – .
I  – τ , IZ ⊂ .

. 2.  

. 2. -
, , 
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 – . 
. 2, , 

, , -
. 

 ( ).
.

. , τ,A
 ( 'τ ). 'τ -

ST ×
. 

. ? 
Ee ∈∀ SsArgse ∈∀∃ : ez ArgsArgsm =. , ),( esz ζ= , 

em eArgs . -
.  – : , 

em -

zm , , zm

em .

em 'τ . s -

zm ),( esz ζ= τ . 
:

• . em zm .

iα em , iβ  – zm . 
i∀ ii βα < 1.

• . em zm
, . . , em

γ , zm  – δ , γδ < .

 [5]. , em 'τ
:

k∀ kesSske ArgsmArgsm .::min. ),(ζτ
∈

=

RetmRetm esSse .::max. ),(ζτ
∈

=

 (
) , 'τ -

τ,A .
, -

-
, . , 

, 
.

'τ -
τ , .

1  <  « »
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, -
. , -

-
. , 

, , 
 « » . -

, , -
. -

-
.

 – 
-

. -
, 

. X
 ( ), -

. 
.

, 
, -

. eX
. , 

.
? 

, s e -
p  – 2 , -

. , 
. -

, , -
, . 

{ } { }RetObjArgsObjDf ::: →× .
 ( . 3) 

, 
.

. 3. 

2  (observer) , 
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 3.
τ,A , A  – , τ  – -

.

∆= ,,,,,,, 0 πsPZXESA ,
S  – , E  – -

 ( ), U
Ee

eXX
∈

=  – -

 ( ), Z  – , U
Ee

ePP
∈

=  –

, Ss ∈0  –  ( ) ,

ePES →×:π  – , ZSXES e ×→××∆ : – .
I  – τ , IZ ⊂ , IP ⊂ ,
Ee ∈∀ { }RetmObjX esSse .max: ),(π∈

= .

-
, .

-

.  , -
-

 ( ). , 
. -

, , -
, , ,  « » -

, -
. -

, , -
. 

, 
, . 

, -
.

-
. ,  –

, -
, -

, .
-

 (state-transition diagrams, STD). -
 Larch [6]. Larch 

, -
,  – . 

Larch , -
.  Larch/C++

[7].
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:
• ;
• ;
• :

- ;
- ;
- .

-
 –  (Coin

Machine) [8, 9]. . 
, 

, . , , -
, . -
, , . , 
, . 

, 
. 4.

Locked

Unlocked

Broken

Pass
Alarm

 Coin & IsEnough
Unlock

Coin
Thankyou

Failed
OutOfOrder

Fixed
InOrder

Failed
OutOfOrder

Coin | Pass
Alarm

Coin & !IsEnough
AddPass

LockAndZero

. 4.  Coin Machine

, 
:

{ }BrokenUnlockedLocked ,,=S ,
{ }FixedFailedPassCoin ,,,=E ,

{ }1,0== CoinXX ,
{ }AddAlarmInOrderOutOfOrderThankyouoLockAndZerUnlock ,,,,,,=Z ,

IsEnoughCoin == PP ,
Locked=0s .
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CoinX  – , -
IsEnough. , -

 ( , , , -
), -
Coin Machine Nested.

class CoinMachineNested {
    spec bool doorOpen;     // 
    spec string msg;        // 
    spec int sum;           // 
    spec const int cost;    // 
public:
    void Unlock() {
        requires: true;
        modifies: doorOpen;
        ensures: doorOpen' == true;
    }
    void LockAndZero() {
        requires: true;
        modifies: doorOpen, sum;
        ensures: (doorOpen' == false) && (sum' == 0);
    }
    void Thankyou() {
        requires: true;
        modifies: msg;
        ensures: msg' == "Thank You";
    }
    void OutOfOrder(string failure) {
        requires: true;
        modifies: msg;
        ensures: (msg'.find("Out of Order") != string::npos) &&
            (msg'.find(failure) != string::npos);
    }
    void InOrder() {
        requires: true;
        modifies: msg;
        ensures: msg' == "In Order";
    }
    void Alarm() {
        requires: true;
    }
    void Add(int value) {
        requires: value > 0;
        modifies: sum;
        ensures: sum' == sum^ + value;
    }
    bool IsEnough(int value) {
        requires: value > 0;
        ensures: result == (sum + value >= cost);
    }
}

[7]. -
requires . -

ensures , , 
modifies, . ^x

x , 'x  – .

-
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. 
, 

,  ( , ie , iz ix -
,  SWITCH). -

, 
.

, -
-

 Statechart  SWITCH- . 
, 

, .
-

- . 
 Statemate -

, .  Activity Chart.
. 0 , 

. 
. , -

,  Larch  STD, 
 Larch. ,

.
, τ,A  ( -

) Name. 
∆= ,,,,,,, 0 πsPZXESA , τ

, , , -
. i -

premi . ,  – postmi . . , -
 ( , -

), , 
valueretresult _= . , ]_/[. valueretvpostmi ,

v .
'τ .

• 'τ Name.
• 'τ

τ S . , 
, σ

S . 'τ
τ σ:state .

• Ee∈ 'τ , :
- e ;
-

k∀ { }kxesXxkesSske ArgsmArgsmArgsm
e

.::min,.::min. ),,(),( ζπ ττ
∈∈

= ,

RetmRetm xesXxSse
e

.::max. ),,(, ζτ
∈∈

= ;

- :
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( )
( )












 =
= ∧∧

∧∧

∈
∈ ∨∨ )()( .::]_/[.::

.::^
.

),,(),(

),(

premvalueretxpostm

premsstate
prem

xesesXx

es

Ss
e

e
ζπ

π

ττ

τ
,

( )
( )( )( )











=∧⇒⇒

⇒=
= ∧∧

∈
∈

),,('.::]_/[.::
^

.
),,(),( xesstatepostmvalueretxpostm

sstate
postm

xeses
XxSs

e

e

δττ ζπ
.

, 
 (creators) – , .

, , , -
 [5]. τ,A

'τ 'c 'τ
c τ , :

( )0'..'. sstateresultpostcpostc =∧= .

, , 
. , -

, 
, 

. 
, 

.

, -
 ( ) , 

(Liskov Substitution Principle, LSP). , 
, . 

, . 
[5] 

 Larch, 
 LSP. 

), 
.

τ -
τI  – ρx , 

τ:x ρ .  [5] , -

, -
.

, 
.

 4. MW ,=ω  ( ) NT ,=τ
τω < ), T:W →A , -

N:M →R ProgObj:M →× *E , , :
1. : Ww∈∀ ))(()( ww II Aτω ⇒ ;
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2. )(:: Rdomm ∈ω
)(:: mn R=τ :

•  ( . 0);
• . ω:x :

premxxpren .]^/)^([. ⇔A ,
]'/)'(,^/)^([.. xxxxpostnpostm AA⇒ ;

3. )(:: Rdomm ∉ω , Argsma .: -
ω:x ))(.( amxprog E= , 

:
• prog a x ;
• prog )(Rdom , , 

ω ;
• m prog

1ρ , prem. 1ρ , m -

2ρ , prog  –  ψ ; )()(
2 ψρ xx AA = .

'τ 'ω , 
τ,1A ω,2A ,  (

, ). -
iiiiii sZESA ∆= ,,,, 0 , 2,1=i . -

NT ,=τ , MW ,=ω .
'ω 'τ , , 

'A , . -
, , 

 – T:W →A
12 S:S →S . , -

, -
, A :

Ww∈∀ ))(()( ww II Aτω ⇒ .

, 12 E:E →R . 
, . , 

. , )(2 RdomE ∉ -
E .

m e 'ω -
n )(eR 'τ . -

-

k∀ kk ArgsmArgsn .. < ,
, ,

k∀ kesSs
kesSs

ArgsmArgsn .min.min ),())(,( 2
2

1
1 ζζ ∈∈

<
R

.

:
RetnRetm .. < ,

RetnRetm esSsesSs
.max.max ))(,(),( 1

1
2

2 Rζζ ∈∈
< .
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, m n -
. ':ωx :

premxxpren .]^/)^([. ⇔A' .
state x , ω:y -

x , :
( )( ) ( )( )presstateyyprensstate es

Ss
es

Ss
m .^]^/)^([.)^( ),())(,( 2

2
1

1 ζζ
∧∧ =⇔= ∨∨

∈∈
AS

R
.

-
, :

2Ss ∈∀ ]^/)^([..
))(),((),( 12 yyprenprem

eses
A

RSζζ
⇔ .

:
]'/)'(,^/)^([.. xxxxpostnpostm A'A'⇒ ,

( ) ( )( )( )
( ) ( )( )( ),))(,()']'/)'(,^/)^([.)^(

),('.^

1
))(,(

2
),(

1
1

2
2

esstateyyyypostnsstate

esstatepostmsstate

es
Ss

es
Ss

RS(AAS
R

δ

δ

ζ

ζ

=∧⇒=⇒

⇒=∧⇒=

∧
∧

∈

∈

2Ss ∈∀ ]'/)'(,^/)^([..
))(),((),( 12 yyyypostnpostm

eses
AA

RSζζ
⇒ ,

, , :
2Ss ∈∀ ))(),(()),(( 12 eses RSS δδ = .

, . , 
)(\€ 2 RdomEe ∈ , ':ωx Argsma e.: € -

prog .  « »
)(Rdome∈ . em

),(2 e
m

⋅ζ

, prog :
2Ss ∈∀ Progprog s ∈∃ , :

• sprog  « » 
),(2 e

m
⋅ζ

, 

)(Rdome∈ ;
•

)€,(2 es
m

ζ sprog

1ρ , prem
es

.
)€,(2ζ 1ρ ,

)€,(2 es
m

ζ

2ρ , sprog  – ψ ; )()(
2 ψρ yy AA = .

, 
τ,1A ω,2A , , -

'τ 'ω
. . -

-
.

 5. ω,2A  ( MW ,=ω ) -

τ,1A  ( NT ,=τ , iiiiii sZESA ∆= ,,,, 0 ), 
12 S:S →S 12 E:E →R ,

, :
• 1

0
2

0 )( ss =S
• 2Ss ∈∀ )(Rdome ∈∀ ))(),(()),(( 12 eses RSS δδ = .
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, ω τ  ( -
), ωτR

2Ss ∈∀ )(Rdome ∈∀ ))(),(()),(( 12 eses RSR ζζωτ = .

. , -
. 

, -
,  – . 

, 
. -

, 

.
, , 

, ,  [10]. 
. 

,  – , 
, , -

, .
-

, -
.

1. ., ., . , 
. .: , 2002. 528 .

2. ., ., .  UML: . : -
, 2004. 430 .

3. Harel D., Polity M. Modeling Reactive Systems with Statecharts. The Statemate
Approach.  New York: McGraw-Hill, 1998. 258 p.

4. . SWITCH- . -
. : , 1998. 628 .

5. Liskov B., Wing J. Family Values: A Behavioral Notion of Subtyping // ACM Trans.
Program. Lang. Syst., 1994.

6. Guttag J.V., Horning J.J. Larch: Languages and Tools for Formal Specification.
New York: Springer, 1993. 571 p.

7. Leavens G.T. Larch/C++ An Interface Specification Language for C++ //
http://www.cs.iastate.edu/~leavens/larchc++.html

8. Martin R. Three-Level FSM. Pattern Languages of Program Design, 1995.
9. Yacoub S.M., Ammar H.H. Finite State Machine Patterns. // Proceedings of EuroPLoP.

1998.
10. Sane A., Campbell R. Object-Oriented State Machines: Subclassing, Composition,

Delegation, and Genericity. // Proceedings of OOPSLA. 1995.

http://www.cs.iastate.edu/~leavens/larchc++.html
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. 
 – . 

 C/ ++. -
, 

. , 
.

 – , -
, . 

, -
. -

. -
 – , . 

. 

 ( ), -
.

-
, ++. 

++ . , -
, -

. ++ 
, -

 ( ). 
++. -

 C++  CPP#.
:

• Camlp4 [1];
• Generic Preprocessor [2].

 Camlp4 . -
. -

 CPP#  Camlp4  Generic Preprocessor – 
.  CPP# 

, .

 C++ -
, . , 

 C++0x,  2009
. -

, ++ . -
, -

. ++ 
. , -
. 
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, 
. -

. , , 
.

, , -
++, ,

. : -
.  –

, . 
++,

. 
.

1. . 
.

2. . -
, , -

.
 Boost  Boost.Preprocessor [3], -

-
++, . , -

,  256. -
 BOOST [3].

. 
#safe #safe-end. -

 ‘#’,
. #safe #safe-end

.

#define A 5
#safe
int a = #A; // , #A  5
 int b = A; //

#safe-end

-
. , 

, ++.
-

#unsafe #unsafe-end. -
.

-
, . 

 CPP #namespace.
. 

#namespace-end, . , -
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, -
, , .

#namespace math
#define sqr(x) (x) * (x)
#namespace-end
#safe
int a = #math#sqr(5); //  25
#safe-end

, , -
, . PP+ . 

,  ( :
#math#geom#ANGLE).
#using, ,

. , -
, . -

,  XML -
++.

 CPP# . ,
.  [4]. , 

#scope #scope-end, , -
. , 

#scope, , .
, scope , 

. :

#safe
#define A 10
#define B 9

#scope //
int A = 7; //  A
#define B 7
#define C 99
int x = #B; //x  7
#scope-end

int x = #A; //x  10
int y = #B; //y  9
int z = #C; // : C 

#safe-end

-
. Scope

 – . -
-

scope .  CPP# #import. -
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, 
 scope- .

:
• ;
• ;
• ;
• ;
• .

. -
:

#include <iostream>

#safe

#define FACTORIAL(num) $(num * FACTORIAL($(num  1)))
#define FACTORIAL(#(0)) 1 /*  */

int main()
{
 std::cout<<#FACTORIAL(5);
}

#safe-end

. 
. -

. , -
 ( ).

, :

#define A 2 ## A

 A 
A,  A. , 

. A -> 2 ## A -> 2 ## 2 ## A -> 2 ## 2 ## 2 ## A ->
... .

-
. , 

, .

#safe
#define A(num) 2 ## A($(num  1))
//  A
#define A(#(0))
...
printf( %d , #A(5)); //  5 
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...
#safe-end

 #A(10) : 2 ## A($(10  1)) -
> 2 ## A(9) -> 2 ## 2 ## A($(9  1)) ->...-> 2 ##  ## 2 ##
A(0) -> (  A(0) , 

) 2 ## 2 ##  ## 2. -
.  22…2.

, 
,  ( ) . ,

. -
, , -

.

#safe
#define A({x}) x + 1
#define B 2

int a = #A(#B) //B ,  A

#safe-end

. . 
. , «  – ,  – » [5].

. -

. -
, . $()

:
1. ,
2. ,
3. ,
4. , .

$() , -
, . $()

( #A($(10-1)) ), , .
, $() , -

, .

. , ,
, , , .

CPP# , .

#define SUM(a, b) $(a + b)
#define MUL(a, b) $(a * b)

 SUM , 
. .

.
. . -

-
. , -
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, -
. , 

. .

#define MACRO(x, y, z) $(x + y + z)
#define MACRO(#(<=0), #(<=0), #(<=0)) 0

MACRO , -
, ,  0.

, . -
, 

. 
. 

. 
, , .

1. , -
.

2. , -
, , -

.
3. , , -

. 
.

, 
, , , , -

. , 
, .

#define COMMA_IF(n) ,
#define COMMA_IF(#(0))
#define COMMA_IF(#(<0)) .

, .
. -

. 
.  CPP# . , #(0)

. 
. :

#define MACRO(x, y, z) $(x+y+z)
#define MACRO(#(<=0), y, #(<=0)) #(0)

.
.  – -

. , 
. :

#define PRINT(a, b) cout<<(a)<<(b)
#define PRINT(a, b, c) cout<<(a)<<(b)<<(c)
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-
, .

.
 CPP# . 

-
$$. $$ -

. $$ , 
. -

, 
$$ , , 

. , -
$$, , . 

. $$len -
, $$. 

$$(). $$first $$last -
.  $$tail -

. -
, .

//
#define SUM_(num, $$) $($$first + SUM_($(num  1), \

$$tail))
#define SUM_(#(=0), $$) $$(0)
#define SUM_(#(<0), $$)
// , 
// ,  $$len 

//  SUM_  $$,  //SUM
#define SUM({$$}) SUM_($($$len  1), $$)
// , 
#define SEQ(n) n, SEQ($(n  1))
#define SEQ(#(=0)) 0
//
#safe
int sum10 = #SUM(#SEQ(10));
#safe-end

, SEQ(10) SUM_
$$, $$len  10,  1.

-
: -

, .

. 

. 
, , -
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++ .
 [7]:

template <class T0, class T1, class T2>
struct tiny_size
: mpl::int_<3> {};

-
,  [7] , :

template <class T0, class T1>
struct tiny_size<T0, T1, none>
: mpl::int_<2> {};

template <class T0>
struct tiny_size<T0, none, none>
 : mpl::int_<1> {};

template <>
struct tiny_size<none, none, none>
 : mpl::int_<0> {};

 « » , -
. . 

 4 . -
:

#define TINY_MAX_SIZE 4

#define ENUM_PARAMS(num, T) ENUM_PARAMS(#(num  1), T) \
,T ## $(num  1)
#define ENUM_PARAMS(#(0), T)

template <ENUM_PARAMS(TINY_MAX_SIZE, class T)>
struct tiny_size
 : mpl::_<TINY_MAX_SIZE> {};

ENUM_PARAMS .
, ENUM_PARAMS(5, class T)  class T0, class T1,

..., class T4.
, -

. 
.

ENUM_PARAMS . :

#define COMMA_IF(n) ,
#define COMMA_IF(#(0))

, , -
. , :

#define REPEAT(num, ACTION) ACTION(num - 1) \
REPEAT($(num  1), ACTION)
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#define REPEAT(#(0), ACTION)

ACTION num , -
ACTION . -

.

#define TINY_print(num) none,
#define TINY_print(#(1)) none
#define TINY_print(#(0))

#define TINY_size(n)                  \
 template <ENUM_PARAMS(n, class T)>           \
  struct tiny_size<                 \
  ENUM_PARAMS(n, T)                 \
  COMMA_IF(n)                    \
     REPEAT($(TINY_MAX_SIZE  n), TINY_print);   \
 >                           \
  : mpl::int_<n> {};

#safe
#REPEAT(#TINY_MAX_SIZE, #TINY_size)
#safe-end

 C/ ++.

, . 
:

• ;
• ;
• ;
• ;
• .

 CPP#, 
,  Boost.Preprocessor.

1. http://caml.inria.fr/pub/docs/manual-camlp4/index.html
2. http://www.nothingisreal.com/gpp/gpp.html/
3. http://boost-consulting.com/tmpbook/preprocessor.html
4. http://www.open-std.org/
5. . ++ . .: , 2005. . 203–205.
6. ., ., . : , , .

., , : , 2003. . 22–37.
7. Abrahams D., Gurtovoy A. C++ Template Metaprogramming: Concepts, Tools, and

Techniques from Boost and Beyond. Addison-Wesley Professional, 2004. Appendix A.
8. http://www.solarix.ru/

http://caml.inria.fr/pub/docs/manual-camlp4/index.html
http://www.nothingisreal.com/gpp/gpp.html/
http://boost-consulting.com/tmpbook/preprocessor.html
http://www.open-std.org/
http://www.solarix.ru/
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. , , -
, .

, :
1)  (delay), . , -

;
2)  (jitter) – , ;
3)  (throughput) – ;
4)  (packet loss rate).

 IETF (Internet Engineering Task Force), 
 Internet, , 

:
1)  (differentiated services);
2)  (integrated services).

-
, . -

. ,
. 

.
, , -

, -
. , 
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.
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. 5. 

, 
. 

, :
1)  ( ) ,
2) ,
3) .

, , -
, -

. -
.

1. . , 
IP-  // . . XII . . . « '2005».

: , 2005.
2. .  IP-  //  II

. : , 2005.
3. .  VoIP-  // -

. . 20. .: , 2005.
4. . . 2- . : , 2003.
5. .  IP. .: , 2003.

) )

))
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 [3]. -

 [4].
-

 1  ( 1E ) -
, .

 ( 1eK ), -
-

 ( 1I ).
 (  DVB-

 PID [5]), , -
 1 . -

. -
. -

, ,
 PID . 

,  1 , -
. 

, .
-

-
. , -

,
.

-
. 

.

-
, , -

 [4]. 
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, -
.

1. , tpS ).
2. , , 1v  ( ).
3. , , 2v  ( ).
4. , 3v ).
5. , lLP  ( ).

1. , -
, -

, , delayT ).
2. ,  ( ).
3. , R ).

1. , tsV ).
2. , , 

, 1λ  (1/ ).
3. , , 

, 2λ  (1/ ).
4. , )/1(3 cλ .

-
, , 

, 
. -

, 
 ( )  ( . 1). 

, .

. 1. 

, , -
 [1, 2], :

1) , , 1λ ,
2) , , 2λ ,
3)  1 3λ .

M1 M2

2outλ1outλ

2L1L3λ

2λ
1K

1λ

2K
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, 
 DVB- -

:









=+

=+

.

,

21

21

tp

ts

S
V
const

λλ

λλ
  (1)

1K -
 [4]. 1K , ,

. 1outλ

2L  FIFO. -

2K
. 2M -

 « » [2]. -
:

221 outλλλ =+ .   (2)
-

, 
.

-
 ( )  M1  M2, 

 – 1L 2L -
:

21delay uuT += ,   (3)

2211 σσ +++= llR .   (4)
 M1. 1 -

:
1) , iλ ( 31 ≤≤ i ),
2) , iν  ( )31 ≤≤ i ,
3) , iπ ( 31 ≤≤ i ), }2,1{: =ΠΠ∈iπ .

 2  3 
1K . 1v , . ,

, 
lLP .

, . -
, 

 1  2  ( . 1).

1 2
2 2
3 1

 1. 
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, -
, , 

. -
i

iii νλρ =  ,           (5)

∑
=

=
3

1i
iP ρ  .           (6)

i
 [1, 2] :

iii wl λ=  ,            (7)
i iw , -

, 

)1)(1(2 3

3

1

2

21 P
ww j

jj

−−
==

∑
=

ρ

σλ
,         (8)

)1(2

3

1

2

3 P
w j

jj

−
=

∑
=

σλ
,          (9)

2
jσ  –  j . 

22
jj v=σ .  M1 i

:
iii vwu +=  .           (10)

w u 1 

∑∑
==

Λ=
Λ

=
4

1

4

1

1
i

ii
i

i lww
λ

;         (11)

∑ ∑
= =

Λ=
Λ

=
4

1

4

1

1
i i

ii
i nuu

λ
,         (12)

∑
=

=Λ
4

1i
iλ – . l :

∑=
3

1
ii wl λ .           (13)

2M ,  – 
, .  M/D/1. -

2M :

2
2

2
2 *

)1(2 mvw
ρ

ρ
−

= ,          (14)

222 mvwu += ,           (15)

222 * wl mλ= ,           (16)

2ρ  – 2M , 

222 * mm vλρ = .          (17)
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:
1) , ;
2)

, -
;

3) -
-

.

 DES,
CSA,  28147-89 .  DES  CSA (Common Scrambling
Algorithm) [7] -

,  28147-89 
, 

-
. :

A) IBM-  INTEL
PENTIUM IV c  1.8  VxWorks.

B)  IBM-  INTEL
CELERON c  1.7  Windows 2000.

C)  IBM-  INTEL
PENTIUM IV c  3.2  Windows 2000.

 ( 321 ,, vvv ), -
. -

. 2.

B C

1v 2v 3v 1v 2v 3v 1v 2v 3v

DES-ECB 9 3 56 14 4 68 4 2 43
CSA 46 3 55 54 4 67 31 2 41

28147 15 3 61 23 4 75 10 2 49
8 3 61 11 4 75 5 2 49

 2. 

 M2 ( 2Mv ). -
, 2Mv -

, , -
. ,  DTA-

140  DecTec 2Mv  = 7 , .
, -

-
 DVB-S ( . 3).
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N 
, ,

,
SR,FEC)

tsV , 1λ , 2λ , 3λ , 2Mλ ,
/c

1 HotBird, 11034, V,
27500, 3/4 38000000 9761 15603 2 25364

2 HotBird, 10723, H,
29900,3/4

41300000 11627 16372 1 27999

3
Eutelsat W4,
12456, L, 27500,
3/4

38000000 23972 1392 2 25364

 3.  (  2005 )

 (14)–(16) 2 ( . 4).

N 2MP 2Mw 2Mu 2Ml 2Mσ

1 0,18 0,8 7,8 0,03 0,03
2 0,20 0,9 7,9 0,03 0,03
3 0,18 0,8 7,8 0,03 0,03

 4. 2

, 2 -
,

. 
2 , ,

, -
, , , -

2.
2, 1 -

, -
 (11)–(13). 

1 -
, . 2, . 5–7.

1MP 1Mw 1Mu 1Ml 1Mσ dT R

DES-ECB 0,13 0,5 5,9 0,01 0,01 13,6 0,08

A CSA 0,50 20,6 40,2 0,52 0,52 47,9 1,10
28147 0,19 1,5 9,1 0,04 0,04 16,8 0,12

0,13 0,4 5,4 0,01 0,01 13,1 0,07
DES-ECB 0,20 1,4 9,2 0,03 0,03 17 0,12

B CSA 0,59 35 58,3 0,89 0,89 66 1,83
28147 0,29 3,8 15,1 0,10 0,10 22,9 0,24

0,17 0,9 7,6 0,02 0,02 15,3 0,09
DES-ECB 0,07 0,1 2,9 0,00 0,00 10,6 0,06

C CSA 0,33 7,1 20,3 0,18 0,18 28 0,41
28147 0,13 0,6 5,7 0,02 0,02 13,4 0,08

0,08 0,2 3,3 0,00 0,00 11,1 0,06

 5.  1 
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 1 , 
, . -

, . 1, , 
-

, .

1MP 1Mw 1Mu 1Ml 1Mσ dT R

DES-ECB 0,15 0,6 6,1 0,02 0,02 13,9 0,09

A CSA 0,58 29,8 50,6 0,83 0,83 58,5 1,72
28147 0,22 1,8 9,8 0,05 0,05 17,6 0,16

0,14 0,5 5,6 0,01 0,01 13,5 0,09
DES-ECB 0,23 1,6 9,8 0,05 0,05 17,7 0,15

B CSA 0,69 55,7 80,5 1,56 1,56 88,3 3,18
28147 0,33 4,8 16,7 0,13 0,13 24,6 0,33

0,19 1,1 7,9 0,03 0,03 15,8 0,11
DES-ECB 0,08 0,1 2,9 0,00 0,00 10,8 0,06

C CSA 0,39 9,3 23,3 0,26 0,26 31,2 0,57
28147 0,15 0,7 6 0,02 0,02 13,9 0,10

0,09 0,2 3,4 0,01 0,01 11,3 0,07

 6.  2 

 2 
 CSA -

.

1MP 1Mw 1Mu 1Ml 1Mσ dT R

DES-ECB 0,22 1,3 9,9 0,03 0,03 17,7 0,11

A CSA 1,11
28147 0,36 4,3 18,6 0,11 0,11 26,4 0,27

0,20 0,9 8,7 0,02 0,02 16,5 0,10
DES-ECB 0,34 3,6 17 0,09 0,09 24,8 0,23

B CSA 1,30
28147 0,56 14,4 36,3 0,36 0,36 44,1 0,78

0,27 2,1 12,6 0,05 0,05 20,4 0,15
DES-ECB 0,10 0,2 4,1 0,01 0,01 11,9 0,06

C CSA 0,75 45,4 74,8 1,15 1,15 82,5 2,35
28147 0,24 1,6 11,2 0,04 0,04 18,9 0,13

0,12 0,3 5,2 0,01 0,01 12,9 0,07

 7.  3 

 3 , , 
. , 

. 7,  CSA -
, -

 1.  3
.

-
, 
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, )( 1vTd  ( . 2) 
)( 1vR  ( . 3) .

, 

0

0,0005

0,001

0,0015

0,002

0,0025

0,003

0,0035

0,004

0,0045

0,005

0 10 20 30 40 50 60 70 80 90 100

v1, 

Td
, 

1 
2 
3 

. 2. ,

0

10

20

30

40

50

60

70

0 10 20 30 40 50 60 70 80 90 100
v1,

R
, 

1 
2 
3 

. 3. 
, 



78

. 2 . 3 , -
, -

, ,
 ( 1v ),  90  1 ,  70 

 2  40  3 . -
.

-
, . -

, 
, , ,

.
-

,  DES, CSA,
 28147 . , 

, .
, -

.

1. . . .: , 1988.
2. . . : , 2003.
3. .  // . 2004. 11. . 62–64.
4. .  //  II -

. : , 2005. .1. . 129–
137.

5. ETSI EN 300 421 v1.1.2:1997 Digital Video Broadcasting (DVB); Framing structure,
channel coding and modulation for 11/12 GHz satellite services, ETSI, 1997.

6. ETSI EN 300 468 v1.4.1:2000 Digital Video Broadcasting (DVB); Specification for
Services Information (SI) in DVB systems, ETSI, 2000.

7. ETR 289:1996 Digital Video Broadcasting (DVB); Support for use of scrambling and
Conditional Access (CA), ETSI, 1996.
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. 
 ( ).

-
,

. 
, . ,

-
. , -

, -
.

, ,
.

 ( -
), , -

 (  DVB -
 188 ). , , -

, .
:

1. -
;

2. ;
3. ;
4. ;
5. ;
6. .

:
1. ;
2. ;
3. .

. ,  ( rT ,
)  ( wT , ) -

 ( sT , ):

)(*)1(
1

0
sw

N

i
slr TTpT ++= ∑

−

=

,          (1)

slp – , N – . -
, rT -

slp , wT sT .

-
. -

:
1. ;
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2. .

, . , 
. -

, 
, , -
.

ct,
maxt

11S 21S 31S 12S 22S 32S 11S 21S

. 2. 

 ( . 2) 
wT maxmin tTt w ≤≤ , 0min =t ,  maxt -

b

S
t

fN

i
fi∑

== 1
max ,

ijS –  i  ( ), fN – , b – -
, -

 ( ). 

b

S
ttT

fN

i
fi

w *22
1minmax

∑
==

−
= .         (2)

ct,
maxt

11S 31S 12S 22S 32S 11S21S

. 3. 

 ( . 3) :

b

S
t

fN

i
si∑

== 1
max  ,

isS – i  ( ), ,

b

S
ttT

fN

i
si

w *22
1minmax

∑
==

−
= .        (3)

 ( sT ) -
 ( . 4),  S1, S2,

S3, S4 – .
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S4

56p
4K

L4

LN

14p

13p

57p

S3

3K
L3

12p

S1 S2

L1

1K 2K
L2

. 4. 

-
 P:

000000017
000000016

0000005
001000004
000000013
000000012
000001
000000100
76543210

5756

141312

pp

ppp

P = .

 S1, .
, -

,  PID (Packet Identifier) -
,  L1. 1K  PID , . -

, -
. , , -

, , -
 –  ( )  ( -

). . -
, , , - -

, .  S2, 
 S3.

- , 
 S2, 
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 C  S3. 
 C  S3 -

, 
. -

. , 
,  C  S3 , 

.
NLLL ,...,, 54 4K

 ( , , -
.)  ( ), -

.

. 
 S1,  S3

 S4:
TPNuuuu *)( 431 ++= ,

1u  –  S1, 3u – 
 S3, 4u  –  S4, TPN – 

.  0λ :

k
c

=0λ ,

 – , k –  (  DVB -
 188 ).

 S1, 
0λ . , , 
, , , , 

. 
 S1  M/M /1, -

-
,  M/  /1. , 

: .
:

• 0λ ;
•  S1 1v .

 S1, -
1u , 1w , 1l -

:

1

11
1 1

*
ρ

νρ

−
=w ,            (4)

1ρ  –  S1, 101 *νλρ = ,

1

10
1 1

*
ρ
νλ

−
=l ,            (5)

=1u 11 ν+w  =
1

1

1 ρ
ν
−

.          (6)

 S1 , . 
M/D/1, 
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1K . 
:

)1(2
*

1

11
1 ρ

νρ

−
=w ,

=1u 11 ν+w .
 S3 -

3λ .  S3 
, /1 -

 (4)–(6) .
 S4,  M

Mλλ K1 . ∑
=

=Λ
M

i
i

1
λ  – -

.  S4 . 
. -

.
, -

:
• iλ , Mi ≤≥1 ;
• iv , Mi ≤≥1 ;
• i , Mi ≤≥1 .

)1(2
1

)2(

1

∑

∑

=

=

−
= M

i
i

i

M

i
i

iw
ρ

νλ
,

)2(
iν – i . 

)2(
iν = 2 2

iν . 

)1)(1(2
1

1

1

)2(

1

∑∑

∑

=

−

=

=

−−
= M
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M
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 ,

 – 
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=
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1

1
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∑
= Λ

=
M

i
i

i ww
1

λ
, ∑

= Λ
=

M

i
i

i uu
1

λ
.

. 
:

•  5 , . 1, 
, ;

 1. 

• -
,  Hot Bird (13 ), . 2.

 2. 

 S1,  S3  S4 
:

)  (IRD) FTA 7001  General Satellite 
 ST5518  81 

OS/20;
)  Intel Pentium IV  1,82 

 Windows 2000 
SkyStar2  TechnoTrend.

 (A)  PID-
, .  S1. 

1ν , , 
.  (B) 

, -
,  ( ), -

. -
. 3. , -

 ( , -
), , , -

 S4.

,
, 

-

1 26112 1024 139
2 201242 4096 1070
3 1112040 1024 5915
4 2097152 4096 11155
5 79128 1024 421

,
GHz

SR, FEC V,
/c

fV ,
/c

0λ ,
1/

1λ ,
1/c

1 12713 27500000 3/4 38015700 3601200 25276 2394
2 11131 5632000 3/4 7785400 1785000 5176 1187
3 10957 4340000 3/4 6010000 1600000 5898 1063
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 3. 

, -
 ( . 4).

 4. 

 (1) 1 1wT
(2) 2wT  (3) . . 5–7 

 S4 , -
, .

 5. . 1

 6. .
1

1ν , 3ν , 4ν , 
A 25 367 434
B 7 21 37

1 1
2 3
3 2

-
1wT , c sT , c 1rT , c 2wT , c 1rT , c

A 0,53 4,53 0,531
B

4
0,01 4,01

0,001564
0,01

A 0,17 7,97 0,172
B

7,8
0,01 7,81 0,003155 0,01

A 0,5 3,5 0,53
B

3
0,01 3,01 0,001238 0,01

A 0,16 8,86 0,164
B

8,7
0,01 8,01 0,00352 0,01

-
1wT , c sT , c 1rT , c 2wT , c 1rT , c

A 0,5 4,5 0,51
B

4
0,01 4,01

0,001564
0,01

A 0,17 7,97 0,172
B

7,8
0,01 7,81 0,003155 0,01

A 0,5 3,5 0,53
B

3
0,01 3,01 0,001238 0,011

A 0,16 8,86 0,164
B

8,7
0,01 8,71 0,00352 0,01
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 7. . 1

, . 5–7, ,  
1 

. , ,  ( ) -
,  ( ), , , -

. -
 ( . 5)  S4 -

. -
, ,  2300 

.

0
10000
20000
30000
40000
50000
60000
70000
80000

0 50 20
0

60
0

10
00

14
00

18
00

20
00

22
00

1/c

. 5.  S4 

0
50

100
150
200
250

0

45
1

10
52

16
54

22
56

27
07

31
58

34
59

37
60

40
60

. 6. 2 

-
1wT , c sT , c 1rT , c 2wT , c 1rT , c

A 0,49 4,49 0,491
B

4
0,01 4,01

0,001564
0,011

A 0,157 7,957 0,162
B

7,8
0,02 7,82 0,003155 0,023

A 0,49 3,49 0,493
B

3
0,01 3,01 0,001238 0,011

A 0,15 8,85 0,154
B

8,7
0,01 8,71 0,00352 0,013
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2 -
 ( . 6), -

 ( ):  4,1 /c -
.

-
 ( ), 
 DVB, 

, . 

.

1. . . .: , 1979. 432 .
2. ., . . .: ,

2005. 592 .
3. ., ., ., . 

. .: , 1984. 240 .
4. ETSI EN 300 468 v1.4.1:2000 Digital Video Broadcasting (DVB); Specification for

Services Information (SI) in DVB systems // ETSI, 2000.
5. 13818-1 Coding of Moving Pictures and Associated Audio – Part 1: Systems, (MPEG –2)

// ISO, 1996.
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. : , 

.

:
– ;
–  ( ).

, .
:

– ;
– .

, -
.
,
,

 4  [1].
 – -

, , , 
, .

, , ,
. 

. -

.
, 

, -
.
, 

 (CDMA – Code Division Multiple Access)
[1].  CDMA  (VRCU –
Variable Rate Control Unit), 

. 
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 ( . 1).

. 1. 

ri(n), n  [1]. 
 ( , -

Ri(n) ) -
.

 VRCU 
 [1]:

– ;
– ;
– ;
– .

, -
, -

, -
.

:
– ;
– ;
– .

:
– , ;

N

2-

1-

...

N

 2-

 1-

...

r1(n)

r2(n)

rN(n)

R1(n)

R2(n)

RN(n)

R (n)
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–  ITU-T G729 Annex B  G723.1 Annex A, -
;

– RFC 3389, .
-

 ( . 2):
–  (VAD – Voice Activity Detector);
–  (CNG – Comfort Noise Generator).

. 2. 

,  VAD  CNG:
– , -
 « » -

;
–  ( );
– ;

VAD

CNG
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–  –  ( , .)  ( )  –
, ;

–
, -

;
–  VAD  SNR

(Signal Noise Ratio – ), . , 
.

, .
 VAD -

, -
, , -

 (zero crossing algorithm), . -
.

, 
. , -

 20 , 
 20 -

.
 VAD 

300 ./ , 
, , , -

.
CNG , -

-
 ( ) 

.
 VAD 

). :
( ) curcur PALA ⋅+⋅−= αα1 ,

ALcur, AL – -
, ; α (0 ≤ α ≤ 1) – , 

; Pcur – , -
. ALcur

AL.
,  VAD -

:
– AL1 (  1), ;
– AL1;
– AL2 (  2), ;
– AL2 / AL1 ;
– -

, -
;

– . 
, -

, AL1.
.

. 3–5 ,  VAD 
AL2 AL1 , .
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. x y
, , -

.
. 3 . . 4 -

 VAD . 
,  VAD -

. . 5 ,  VAD .

. 3. 

. 4.  VAD 

. 5. AL2 AL1

:
–  VAD  CNG;
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–  ( ), 
 ( );

–  VAD , -
 (

; , 
);

– : -
,  ( -

,  VAD,  « »  – -
);

–
real time, :

§ ;
§ ;
§ ;
§  VAD;
§ ;

–
 VAD  real time  ( -

 VAD);
– -

 ( , -
);

–  VAD  CNG -
.

, -
, -

.

1. ., ., . . // .: 
, 2003. .94–109.



95

. 
 – , . 

.

-
. -

: , -
, , . 

. , 
-

 [1]. 
.

, , 
. -

 JPEG .

, 
. -

. -
, . -

, 

.  (
), :

∑
=

≈
1

1
),(),(

N

s
s yxfYXI ,  (1)

I(X,Y) – ; fs(x,y) – , -
Ds lxs, lys  {x0s; y0s}; s – ; N1 – 

.
fs, , , 

. 
, -

. -
:

• ;
• ;
• ;
• ;
• .

, -
, , , 

 [2]:
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( )[ ][ ] ( )[ ][ ]




∉
∈+−+−

=
s

ssssss
s Dyx

DyxyyxxC
yxf

,;0
,;1cos1cos

),( 00 ωω
.    (2)

-
 (1).  ( -

) , , 
.   :

C – ; x0, y0 – ; lx, ly – 
, ωk.

, 
. -

fs, -
ϕ  .

:

4
)1cos(*)1cos( ++

=
yxF ωω .  (3)

. 
, , -

, .

. 
 RGB  YUV. -

 U  V ,  JPEG (YUV
4:1:1) [6].

-
.

1.  ( ) .
2. : 

Ibackground, .
3. , 

.
4. fs  (C, x0, y0, lx, ly, ϕ).
5. fs .
6. .1.

 YUV. 
, .

, -
:

1. .
2. .
3. .
4. , -

, .1.
5. .
6. .

.

. -
, , ,
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. -
, , 

. , -
.

, -
, , 

Itop Ibottom. -
, 

.
 ( ) .

 (Itop). -
:

Ibottom = Itop * ,  (4)
 = 0,25  (Y- ) ξ = 0,125 

 (  U  V). 
,  U  V 

,  Y. , 
,  Y ( -

).
 U  V ,  Y-  ( -
,  Y, .  U  V -

). ξ ,  Y, 
.

. 
Ibackground. :

Ibackground = Imax * ,  (5)
Imax – ;  – -

,  (0,1). 
Ibackground, . 

. -
, . 

. -
-

. . -
-

. .
1. . .
2. .
3.  8 . -

, . 1.

. 1. 
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,   . -
, .

4. , . 2. -
.

:
1. . -

.
2. bottomtop III ≤≤ . -

, .
3. . , 

, .

. 2. 

. 2 ,  – -
. ,  3 
. , -

, .
4. , , 

,  [Ibottom; Itop]. -
 – , -

. 
. . 3 , 

,  – , 
k .

. 3.  k

. 4. 
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. 4 ,  – , 
,  – , 

 (k ) .
 3  4 .

, -
, . -
.

, , -
. . -

-
 4 .

, -
. .

1. x0, y0.
2. .
3. lx, ly.
4. B.

.
x0, y0  (lx1,ly1)

xmin, ymin, xmax, ymax. -
:

.
2

,
2
1

min0

1
min0

x

y

lxx

l
yy

+=

+=
 (6)

.

. 5. 

.
i = 0,…,7 :

).'()'(
),'()'(

00

00

yyaxxay
yyaxxax

cisi

sici

−+−−=
−+−=

 (7)

xmin i, ymin i, xmax i, ymax i, . 
, . 

X

Y

lx

ly

ϕ
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Cnt, Kϕi – -
:

)1)(1( minmaxminmax +−+−
=

iiii
i yyxx

CntKϕ .  (8)

max(Kϕi),  ( ) i, lx ly:

.1
,1

minmax

minmax

+−=
+−=

iiy

iix

yyl
xxl

 (9)

lx ly  255,  2
.  255, -

.
  (x0*, y0*) fs

.
2

)(

,
2

)(

maxmin*
0

maxmin*
0

ii

ii

yyy

xxx

−
=

−
=

 (10)

 (x0*, y0*),  (x0,  y0) -
:

.'
,'
0

*
0

*
00

0
*

0
*

00
yyaxay

xyaxax
cisi

sici
++=

+−=  (11)

lx, ly, x0, y0 . , ϕ, lx, ly, x0, y0
f .

B.
.

.

-
. . 

 ( ). 
:

Lx = 2 * x, (12)
Ly = 2 * y,
x – , , y – 

, . 
 (a x/2, b y/2), a b – 

, . -

, , 
. ,  ( -

) , . 
, , -

.

, ,
I , -

.
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I

, -
. I , . -

.

 jpeg 
I .

.

I . 
. -

  I , 
.

f(x, y) 
. 

.
-

. 
. -

 4 .

, 
. 

 (I ), -
.

1. ., ., ., . . 
, . .: , 2003. 384 .

2. . -
. // . . . , 2001, .

110–114.
3. . , . .: , 2004. 368 .
4. . . .264  MPEG-4 – .

.: , 2005. 368 .
5. Draft ITU-T Recommendation and Final Draft International Standard of Joint Video

Specification (ITU-T Rec. H.264 | ISO/IEC 14496-10 AVC), 2003.
6. Image and Video Coding – Emerging Standards and Beyond. IEEE Transactions on

Circuits and Systems for Video Technology, vol. 8, no. 7, November 1997, pp. 814–837.
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. 
 – , . 

-
. , -

, .

 [1] -
 [2, 3]. 

, .

. 
,  – -

. -
:

1.  – , -
;

2.  – , -
.

. 
– ,  – 

.

1.

.
1. . ,

.
2.  (“_”).
3.  – -

.
, -

. Java, C
C++ . Pascal -

var. -
.

, 
. -

, , , -
.

, 
 (++)  (--) Java, C C++. 

. 
, , , -

.
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2.

-
, , 

:
•  – ;
•  – ;
• – 

.
, , -

, , . 
, .

-
 2.1  2.2 .

2.1.
.

.
. 

, .
.

1.
, -

. 
.

, , -
.

. 
, -

. -
: a calcSum, 

calcSum_a. -
 (  1). -

. 
.

2.

>_ >
, , -

, 
, .
3.

>_ >
.

, , , -
.

4. , , -

>_
, .
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, , -
, -

.
, , -

. , -
, , 

, . , -
:

3. -

>_ >
.

2.2.
, -

, , .
, 

data.
, , -

-
.  (  1–4

).
.

1. .
2. data.
3. -

, -
 “data.” .

4.
,  – -

.
5. .
6.

data. >_

.
.

7. , , -
, 

.
8. :

•  ( -
);

• , 
data. >_.

9. . 
N . -

:
1, 2, ... N.
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1, 2, ..., N
.  N -

data. >_ M> = M>;
 M  1  N .

10.
.

11.
return ;

data. >_
 ( ).

12. , -
.

, 
, , , , ,

-
.

2.3.  (@- )
, , 

@- : @a a .
a , @a

data.a
a – , @a

, . , 
calcSum a, @a

data.calcSum_a
 @-

.
-

 @- .

2.4.
, -

 (
Java).

:
int[] a; // , 

/**  */
void calc() {
 int m = 0;
 for (int i = 1; i < a.length - 1; i++) {
  if (isMin(a[i-1], a[i], a[i+1]) && a[i] > m) m = a[i];
 }
}

/** ,  b  */
boolean isMin(int a, int b, int c) {
 int m = a > b ? a : b;
 return b == (m > c ? m : c);
}
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,  2.1:
/**  */
Class Model {
 int[] a; // 
 int calc_m, calc_i, isMin_m; // 
 int isMin_a, isMin_b, isMin_c; //  isMin
 boolean isMin_; //  isMin
}

. 
 2.2 calc :

Model d; // 

void calc() {
 int m = 0;
 for (int i = 1; i < a.length - 1; i++) {
  if (isMin(@a[i-1], @a[i], @a[i+1]) && @a[i] > m)
    m = @a[i];
 }
}

isMin .
 4–6 :

void calc() {
 @m = 0;
 for (@i = 1; @i < @a.length-1; @i++) {
  if (isMin(@a[@i-1], @a[@i], @a[@i+1]) && @a[@i] > @m) @m =

@a[@i];
 }
}

boolean isMin(int a, int b, int c) {
 @m = a > b ? a : b;
 return b == (@m > c ? @m : c);
}

-
, .

:
void calc() {
 @m = 0;
 for (@i = 1; @i < @a.length-1; @i++) {
  @isMin_a = @a[@i - 1];
  @isMin_b = @a[@i];
  @isMin_c = @a[@i + 1];
  isMin();
  if (@isMin_ && @a[@i] > @m)
    @m = @a[@i];
 }
}

boolean isMin(int a, int b, int c) {
 @m = a > b ? a : b;
 return b == (@m > c ? @m : c);
}

 10–12 isMin. -
:

class Model {
 int[] a; // 
 int calc_m, calc_i, isMin_m; // 
 int isMin_a, isMin_b, isMin_c; //  isMin
 boolean isMin_; //  isMin
}
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Model d; // 

void calc() {
 @m = 0;
 for (@i = 1; @i < @a.length-1; @i++) {
  @isMin_a = @a[@i - 1];
  @isMin_b = @a[@i];
  @isMin_c = @a[@i + 1];
  isMin();
  if (@isMin_ && @a[@i] > @m)
    @m = @a[@i];
 }
}

void isMin() {
 @m = @a > @b ? @a : @b;
 @isMin_ = @b == (@m > @c ? @m : @c);
}
, ,

.

3.

, -
, 

. , , -
, -

. 
,  2.1.

3.1.
, -

,  2.1.
-

:
5.

,  3, 

>_ >_
.

-
.

3.2.

, . -
, .

 ( -
 “@=”) , -

. 
, ,  “?=”. -

.
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, ,  1–8  10–12 (
2.2) ,  9 

.
, 

 ( >_ M>
M):

• . 
N . -

:
1, 2, ... N.

1, 2, ..., N
. :

• N :
data. >_ M> @= M>;

M  1 N;
• .

• N , -
:

data. M> ?=;
 M  1 N .

,  9 -
:

9. . 
N . -

:
1, 2, ... N.

1, 2, ..., N
. :

• N
data. M>_ = < M>;

M  1 N.
• N , -

:
data. M> @= data. M>_;

M  1 N.
• .
• N -

:
data. M> ?=;

M  1 N .
-

.

3.3.
, 

n :
/** , 
  . */
int n;
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/** . */
void calc() {
 for (int i = 1; i <= n; i++) {
  // 
  System.out.println(fact(i));
 }
}

/**  a. */
int fact(int a) {
 if (a == 0) {
  return 1;
 } else {
  return a * fact(a – 1);
 }
}

 1–8 :
/** . */
class Model {
 int n; // 
 int calc_i; //  calc
 int fact_; //  calc

//  a  fact
 int fact_a, fact_a_;
}
Model d;

void calc() {
 for (@i = 1; @i <= @n; @i++) {
  fact(@i);
  System.out.println(@fact_);
 }
}

int fact(int a) {
 if (@a == 0) {
  @fact_ = 1;
 } else {
  fact(@a – 1);
  @fact_ = @a * @fact_;
 }
}

fact:
void calc() {
 for (@i = 1; @i <= @n; @i++) {
  @fact_a @= @i;
  fact();
  @fact_a ?=;
  System.out.println(@fact_);
 }
}

void fact() {
 if (@a == 0) {
  @fact_ = 1;
 } else {
  @a_ = @a - 1;
  @a @= @a_;
  fact();
  @a ?=;
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  @fact_ = @a * @fact_;
 }
}
, fact calc , -

fact . -
@a_.

, -
, -

.

1. . SWITCH- . -
. : , 1998.

2. ., ., . 
. // -

. 2002.  5.
3. ., . -

. // 
». .: .
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•
, 

;
• , 

, 
, 

, 
;

•
;

• -
 – ), -

 – );
•  ( ) 

;
• , -

;
• , -

.
33..  [3] 

 [4], 
, .

3.1. , , -
:

•
. 

, , 
;

• ;
• , -

, .
3.2. 

, 
-

, -
, , -

, , -
, :

•
, 

, , ;
• , -

, -
.

3.3. 
:

• , -
-
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, -
, -

, ,
;

• , -
.

-
 – ) , . 1.

, 
. , , 

, 

. 1. 

 2001 . 
, 

 –
), -

, -

.  – :
•  « »  « »;
• ;
• ;
•

;
• ;
• ;
• ;
• -

;
• .

 – :
• ;
•  ( , ), ;
• , 

, ).
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;

2. -
 – ), , -

, , -
;

3. -
, , , , ,

;
4. 

;
5. -

, , -
, , 

;
6. ; 

 – -
, 

, , 
;

7. , 
,
,

;
8. , -

,
-

, , , 
.

, -
, -

. 
, -

-
-

, -
.

 2003 . ,  2004 . 
, 

. , -
, , 

, :
• ;
•  « »;
•  « , », «

» .
 2006 . -
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3. -
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-
. , 

 ( ) -
. -

 26 , :
• , . ;
• , . ;
• , . .

. 
 ( ) 

 ( . .).

1 2 3 4 5 6 7
ACM_AUT 1 1 2 2
ACM_CAP 1 2 3 4 4 5 5
ACM_SCP 1 2 3 3 3
ADO_DEL 1 1 2 2 2 3
ADO_IGS 1 1 1 1 1 1 1
ADV_FSP 1 1 1 2 3 3 4
ADV_HLD 1 2 2 3 4 5
ADV_IMP 1 2 3 3
ADV_INT 1 2 3
ADV_LLD 1 1 2 2
ADV_RCR 1 1 1 1 2 2 3
ADV_SPM 1 3 3 3
AGD_ADM 1 1 1 1 1 1 1
AGD_USR 1 1 1 1 1 1 1
ALC_DVS 1 1 1 2 2
ALC_FLR
ALC_LCD 1 2 2 3
ALC_TAT 1 2 3 3
ATE_COV 1 2 2 2 3 3
ATE_DPT 1 1 2 2 3
ATE_FUN 1 1 1 1 2 2
ATE_IND 1 2 2 2 2 2 3
AVA_CCA 1 2 2
AVA_MSU 1 2 2 3 3
AVA_SOF 1 1 1 1 1 1

-

AVA_VLA 1 1 2 3 4 4

. 

 22 . -
.

1) , 
 ( ). 

 – , 
, 
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-
 ( ) .

2)  « , » , -
, 

, . , 
, 

, .
3) , 

 ( , -
,  ( ) 

), ).  – 
, , -

, 
. -

. , , 
, -

. , -
.

4)  « » , , -
, , -

.

. 1. 
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.
,  ( ). 

-
 ( )  ( )  ISO 15408

, 
.

 2007 . -
 ( ), -

-
,  ISO 15408 [1]. 

 20 
, -

, 
 [2].

 – -
.  1876 ., 

.  – -
,  – -

, . , 
 IT- ,

.

. ,

. 
, -

. -
, , 

 (  ISO 15408) -
.

:
(1) , 

, 
 (  51275-99) [3];

(2)  « . -
» (ISO 15408) [1].
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.
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 DATA MINING 

.  ( )
 – , . 

)

 Data Mining 
-
-

. Data Mining –  –
Knowledge Discovery.

-
 ( -

). , 
,

, , -
. -

, -
, . -

, 
) , . -

, 
, 

. 
 (  [1, 2]), 

, -
.  « »

.

 [3], 
. 

-
 [3]. -

, -
. , -

, 
-

.
 SEM-  (Security

Event Management [4],  – Security Management
System (SMS) [5], Active Security Management (ASM) [6], Security Information
Management (SIM) [7]). -

-
. -

 (event correlation) [8–10]. -
, .
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 SEM-
, . ,

, , -
-

 SEM- .
-

 Knowledge Data Discovery  – 
Data ining (  « ») [11]. Data ining – 

 « » ( , ) -
, .

, 
, . 

, -
, 

. -
.

-
.  [12], , 

. on-line, , 
,  ( , , 

), 
 (embedded systems).

 [13] ,  «  – , -
, 

, ».
, -

, -
. 

,
, , 

-
 (  – ).

, -
, , . -

-
. 

 – , , 
, .

 Data Mining 

.  – 
. 

.  – .
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: 
; -

. , 
.

, -
, , -

, , , -
,  ( , -

). -
, 

 ( . ) , -
, .

, 
. , 

, , 
, -

.
, , 

. ,
-

 E1 = (T1, S1, D1, M1), E2 = (T2, S2, D2, M2), E3 = (T3, S3, D3, M3), ….,  E –
, , ; T – ; S – -

, ; D – ; M – 
, .

 Ti ≤ Ti+1. -
 (correlation pattern) , 

.
, 

. 
, , -

; , -
. , -

,  « », « -
»  « ». ,  – 

. -
: , 

. 
, , , -

. .
-

 – ,  – .
,  – . ,

, -
, ,

 ( , , , -
,  –  – 

– ).
, 

, , .  «The
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Theory»  1977 . [13]. , 
-

.  90- -
, -

.

Data Mining.  Data Mining -
,  [14]. , 

 – .
, 

, , -
,  – -

. , 
, -

.

 Data Mining -
. -

 Data Mining – 
(episode rules) [15,16]  (associate rules) [17]. 

, , -
, ,  – -

 ( . ).
 ( ) 

, , 
.

  – :
IF  T, THEN

-
.

:
IF  5 -
 «mount /dev/hdb5», THEN  30 

 «tar»  60%.
, ,  Linux- ,

:
Jan 5 12:00:47 localhost login(pam_unix)[1279]: session

opened for user root by (uid=0)
Jan 5 12:00:47 localhost  -- root[1279]: ROOT LOGIN ON vc/1
Jan 5 12:03:04 localhost  execute mount  (uid=root) with

option (mount /dev/hdb5 /backup)
Jan 5 12:03:27 localhost  execute tar  (uid=root) with

option (tar acz /backup)

, 
, , -

, -
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, ,
 root.

:
IF , THEN 

.
:

IF  tty1 
THEN  LOGIN  98%.

 « » -
, . , . -

, , 
 – -

. -
 ( . 

 ( )).
 ECLAT [18] -

.  [19]. -
, -
, , -

.
 /var/log/messages -

 Linux. , -
 – ,  ECLAT, 
 ( , -
). . :

0 1 9 1 7 1 8 1 0 1 8 12
1 8 1 8 1 9 1 10 11 10 2 0 1 9 13 9 1 0 1 8 1 0 3 16
9 1 8 12 8 13 8 1 7 1 7 1 8 13 6
0 1 7 1 8
1 9 1 9 1 0
0 1 7 1 8
8 12 8 1 9 13 9 1 7 1 8 1 0 1 0 3 16
16 18 19
.....

-
 « » . , , -

 9, ,  1; -
 8,  9, . , 

:  /var/log/messages -
,  ( . -

, , .).  MD5
, 

.

1) Nov 12 23:58:30 login(pam_unix)[2072] authentication
failure; logname= uid=0 euid=0 tty=vc/3 ruser= rhost=
user=maka
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2) login(pam_unix)[] authentication failure; logname= uid=
euid= tty=vc/ ruser= rhost= user=maka

3) 063284d13530d3167b90e5793cf958a6

1) Nov 12 23:58:33 login[2072] FAILED LOGIN 1 FROM (null)
FOR maka, Authentication failure

2) login[] FAILED LOGIN FROM (null) FOR maka,
Authentication failure

3) 371c4189f3705063ed5b52a9029cd665

1) Nov 12 23:59:00 -- maka[2072] =  LOGIN ON vc/4 BY maka
2) -- maka[] =  LOGIN ON vc/4 BY maka
3) eaa10f778958129e990255eaa4a5429a

-
 /var/log/messages -

 ( , 
). -

:
12 (13, 76%)
7 12 (13, 76%)
9 12 (13, 76%)
7 9 12 (11, 62%)
1 8 12 (8, 45%)
1 9 12 (8, 45%)
1 8 9 12 (5, 30%)
1 7 12 (5, 30%)
1 7 8 12 (5, 30%)
1 7 9 12 (3, 14%)
.

 –  ECLAT -
, ,

, ,  – , , -
 –

,  ( , .). -

,  ECLAT 
 (  « -

» ). , -
.

 3  – -
, , 

. 
, -

 (5 , 10 , 30 , 1 , 5 , 10 ), , 
 – , 

.
, -

. -
  -

, . 
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 – -
.  Linux- .

Nov 5 13:40:47 localhost -- root[1279]: ROOT LOGIN ON vc/1
Nov 6 10:40:47 localhost -- root[1279]: maka LOGIN ON vc/4
Nov 7 03:37:31 localhost login[1160]: FAILED LOGIN 1 FROM

(null) FOR root,Authentication failure

 ( . -
):

root Monday BusinessHours LOGIN-ON vc/1
maka Tuesday BusinessHours LOGIN-ON vc/3
root Thursday NonBusinessHours LOGIN-FAILED

, . , -
,  « 1- 2- -

…», ,  ( , 
, 1 

, 2 , 
.).

 APRIORI [20], -
.  [19]. 

 APRIORI, 
, .

:
NonBusinessHours <- Thursday  (33.3%, 100.0%)
Thursday <- NonBusinessHours  (33.3%, 100.0%)
LOGIN-FAILED <- Thursday  (33.3%, 100.0%)
Thursday <- LOGIN-FAILED  (33.3%, 100.0%)
root <- Thursday  (33.3%, 100.0%)
LOGIN-FAILED <- NonBusinessHours  (33.3%, 100.0%)
NonBusinessHours <- LOGIN-FAILED  (33.3%, 100.0%)
root <- NonBusinessHours  (33.3%, 100.0%)
root <- LOGIN-FAILED  (33.3%, 100.0%)
...

 7000  (4 , 7 , 2
, 8 ),  700 -

.

, 
. , 

. 
, -

, , , -
.
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 s1.  s1  s2, 
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3 s1 s2 s3 s3 s1 s3->s2  S1 S2
s1 + + + + + 5  3
s2 + + + – –

 1.  3

,  s1 , s2 ,  s3 
,  s3  s2 ,  s1. s2  s1, ,

s3, ,  s3  s1  s3 ,  s1.
 36: «  – -

» [5].
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. 2 , -
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1 2 3 4 5 6 7 8 9 10 11 12 13 14

1 0 0 0 –1 0 0 0 –1 –1 –1 0 –1 0 0
2 0 0 0 –1 0 0 0 –1 –1 –1 0 –1 0 0
3 0 0 0 –1 0 0 0 –1 –1 –1 0 –1 0 0
4 1 1 1 0 1 1 1 0 0 0 1 –1 1 1
5 0 0 0 –1 0 0 0 –1 –1 –1 0 –1 0 0
6 0 0 0 –1 0 0 0 –1 –1 –1 0 –1 0 0
7 0 0 0 –1 0 0 0 –1 –1 –1 0 –1 0 0
8 1 1 1 0 1 1 1 0 0 0 1 –1 1 1
9 1 1 1 0 1 1 1 0 0 0 1 –1 1 1

10 1 1 1 0 1 1 1 0 0 0 1 –1 1 1
11 0 0 0 –1 0 0 0 –1 –1 –1 0 –1 0 0
12 1 1 1 1 1 1 1 1 1 1 1 0 –1 –1
13 0 0 0 –1 0 0 0 –1 –1 –1 0 1 0 0
14 0 0 0 –1 0 0 0 –1 –1 –1 0 1 0 0
15 –1 –1 –1 1 –1 –1 –1 1 1 1 –1 1 –1 –1

 2. 

, . 2  3 : –1; 0; 1, -
:

–1 –  s1 ;
 0 – , ;
 1 – , s1.

, .  s1 -
 s2, , 

.  (s2) 
 (s1).

:
10 – « »  14 – « , » [5].

. 3  10 « ».

10 s1 s2 obm
s1 + + +
 s2 + + -

 3.  10

 s2  s1.  obm 
, .

. 4  14 « , 
».

14 s1 s2 s3 s3 s1
s1 + + + +
s2 - + + -

 4.  14

 s1  s3,  s2 ,  s1 u s3 – 
. , s1  s2  s3.
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 • [HKEY_LOCAL_MACHINE\SOFTWARE\Microsoft\Windows
NT\CurrentVersion\Winlogon]
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 •  [boot]  "%WinDir%\system.ini",
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heck
url:rlcp://vera:Rt5612@127.0.0.1:1732
content-length:537

<?xml version="1.0" encoding="Windows-1251"?>
<!DOCTYPE Request SYSTEM "http://de.ifmo.ru/--DTD/Request.dtd">
<Request>
 <Conditions>
  <ConditionForChecking id="1" Time="5">

<Input><!--5:11111011--></Input>
   <Output><!--Null:111--></Output>
  </ConditionForChecking>
 </Conditions>
 <Instructions>
<!—1 > 2 //2 ^ 3 //3 ! 3 //-->
 </Instructions>
</Request>
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200
content-length:277

<?xml version="1.0" encoding="Windows-1251"?>
<!DOCTYPE Response SYSTEM "http://de.ifmo.ru/--DTD/Response.dtd">
<Response>
 <CheckingResult id="1" Time="2" Result="1">
  <!--111-->
 </CheckingResult>
</Response>
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