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OcHoBM Teopil KomninAauii

Text - stream of symbols

Text Program Code
X “ A “ O “ @,
“Human Natural Language “Human Programming Language “Machine Machine Language “Machine
High-level Language Low-level Language

Language - set of texts
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OcHoBM Teopil KomninAauii

Source Text Translator Target Text
— Frontend Backend —
Source Langugage Target Langugage

Front End Eackend
analyzes synthesizes
Source Text  Target Text
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OcHoBM Teopil KomninAauii

TpaHchauia

B e i i o
B8 e o Y TR g
7 ""W""lv' -n-r'[ ‘lu.

V| Sugar
e phosphate
backbone
Guanine -~
1 Cytosine
Thymi #
ymine r #denina
w Ontogeny
& Translation
Mitrogenous
# baze
Base pair &
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OcHoBM Teopil KomninAauii

Poni TpaHchAaTOpa

Translator B2

Translator B1

P e Interpreter A Generator B
|
I Interpreter A2 serve | as
' as Middleware for ' Middleware
|
1 Generator B, : for B [ext on Language BT
| Translator B1 and : tranlsators
: [
' [

Text on Language B1

Translator B2

Text on Language Al Text on Language A2
enerator A D, Translator A > Interpreter A
Text on Language B2
Flatform A
|— ______________ hl V
I Platform of Generator A ! Interpreter B
. is not essential :

r-—-—----—------—--—--=-=-=-= |
i Translator A and Interpreter A
|

|
, are executed in the same :
1 environment .

: Translator B2 and

i Interpreter B are

: executed inthe

| defferent environment

L e e e e e e e e — = =
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OcHoBM Teopil KomninAauii

IHTepnpeTaTOpU

p-code e Emulator( Virtual Machine )

Interpreter

|
1

o-code 4D| Hardware( Real Machine )
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OcHoBM Teopil KomninAauii

TpaHcnaTopu

Transpiler

Compiler Decompiler

Translator

Matural Language Translator
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OcHoBM Teopil KomninAauii

ObuuncnroBanbHa cucTema

Classic Q %

- Machjne :
Processing Fuman

Systemn
Y Solution Program Program Solution

Programming Language Interface

Compiler \ /

| Preprocessor |

Preprocessed $rogram

Intermediate
Compiler

Intermediate $ode

| Target Compiler |

Object$Modue

| Linker

Executable |File
Hardware Interface Software Interface

N

Executor

Platform
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OcHoBM Teopil KomninAauii

EdeKTMBHICTb
0b4yncnoBaNbHOI CUCTEMU

Processing System Efficiency

Hardware Efficiency /;/ \

Middleware Efficiency

Compiler Efficiency H%
- Human

Programming Langage Efficiency

7 X

Concrete Flexibility || Abstract Flexibility

Code optimality \

Target Code Size Study Cost

Compile Time Development Cost

Power of Compiler Power of Programming Language

Supplied Platforms /

Target Languages

Source Languages : Frocessing System :
, Efficiency Determinants :
Manageability T .

Informativity
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CMMBOA Ta CYTHICTb

EnemeHTU JliHIBICTUKU

AN TAL TANPOTAKSHTARO MIMATH TAYE EOETRIE- coonee
ToARHQMEAATOT TOA MATEA AL 2AT STHA UM MEA e
DA BEAMIERAS e e e e

Text Symbol Entity
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EnemeHTU JliHIBICTUKU [PpamaTuKa

Any Text satisfying
Grammar could be O O

|
| l
|
. translated by set of | Start SYﬁ'*b\ﬂ' Oher Nonterminals
| |
| |

% #
% #

production into
single Start Symbaol

— e e e e e e e e e e e =

* &~

: |
MNonterminals could |
|

|

\ ; I
O ‘u()'f'--i : be produced only
|
Set of Terr?'nirlals Set othnterminals

% -
"\ /
____________ kit s

Text consists of ) >\ L;’,/

| |
I - I
: Terminals only : O O

____________ Set of Symihols Set ofProductions

Grammar
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EnemeHTU JliHIBICTUKU [PpamaTuKa

____________ Simple Text
! !
1

. N
I 4 A

Subject | | Predicate
PR A I o

,779 NN
AN AT,

-
- ’ A

___>éo-"
e

-,
. ' \

. s
|mature || vernal ” | |tomato || potato | | is | | green ” red || brown |

Grammar.
( Set of Symbols, Set of Productions )

T~

Symbols: Production
[ [
Terminals: Simple Text -> (Subject Predicate)
[ Subject-= (JJ1 NN}
'mature’ 'vernal'" tomato' 'potate’is','green’,'red' 'brown’ Predicate -= (VB,JJ2)
1 JJ1 -> 'mature’
MNonterminals: JJ1 -= ‘vernal
[ JJ1 ="
Start Simple Text MM > tomato’
Subject MM -> 'potato’
Predicate VB -=is'
J1 JJ2 -="green’
NN JJ2 = red'
VB JJ2 -= "brown'
JJ2 ]
]
I
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EnemeHTU JliHIBICTUKU

ANroputm po3pobKu

Development Timeline

Programming Language | Developer Language

|
1
:
| Specialisation
I
|
I

Compiler
P \/ Developer

Program | User Language

User

[l
I
|
: Specialisation
|
Executor |
|

AV

Input | Output user Dat-

| Program is specialised Programming Language
| Input/Qutput user Data is specialised Program |
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EnemeHTU JliHIBICTUKU

lepapxia XomcbKoro

Chomsky Hierarchy

Grammar Type FProduction Templates
MNonterminal -= Trminal
O ___________ Monterminal -= Monterminal, Trminal
Regular IGrammar MNonterminal -= Trminal, Nonterminal
|

Monterminal -= Symbols

é ——————————— (Presequence Monterminal Fostsequence) -=
Context-sensetive Grammar (Presequence Terminals, Fostsequence)

é ___________ (Symbols) -> (Symbols)

Unrestricted Grammar
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EnemeHTU JliHIBICTUKU

HoTauia bakyca-Haypa

EMNBF Ruleset: Simple Grammar in ENBF:

% repetition-symbol SimpleText = Subject,Predicate;
- ... except-symbol Subject = JJT NN;

..., ... concatenate-symbol Predicate = VB JJ2;

...| ... definition-separator-symbol JJ1 ="mature' | 'vernal' | ",

... = ... defining-symbol NM = 'tomato' | 'potato’;

..., ... terminator-symbol VE ='is",

' first-quote-symbol ... first-quote-symboal ' JJ2 ="green' | red'| 'brown’,

second-quote-symbol ... second-quote-symbol "
(* start-comment-symbol ... end-comment-symbol *)
( start-group-symbol ... end-group-symbal )

[ start-option-symbol ... end-option-symbol ]

{ start-repeat-symbol ... end-repeat-symbol }

Simple Grammar Visualization

Simple Text
mere 1 Subject Predicate | — >
Subject i
% JJ1 NN M % VB AN S N
JJ1 M VB 1 JJ2
mature tomato is green
vernal potato red
brwaon
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EnemeHTU JliHIBICTUKU

PiBHi abcTpakuii

Levels of Abstraction: Symptoms:

—_——— — — — ———— ———— —— — — — — — — . e — =

Mot described by

| | 1 [
| a?gTSr |\ contextfree !
| : | |
| Leve Semantic Level : : grammar :
| | | |
I | |
Output
| | | Described by |
| Interested | ' context-free |
| Level SyntaxiaEy | | grammar :
| | | |
| | : I
| | i
| | l
Input
| | | Described by :
| Some Morphological Level | regular grammar |
| Lower Level | | .
| | !

S Y
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EnemeHTU JliHIBICTUKU

PiBHi abcTpakuii

Levels of Abstraction

Data Level<— I
Data Stream of Symbols

Information Level

| vernal ” tomato || is ” |
Knowladge Leve\ »
]
Information Tree of Symbols Often called
Synax
Simple Text
<l @

| Subject ” Predicate |

|JJ1 ” NN ” vB ||JJ2|

| vernal ” tomato ” is || green |

—

Knowledge Network of Symbols Often called
Semantics
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EnemeHTU JliHIBICTUKU

PiBHi abcTpakuii

Semantic Translation

Data1 Data2
Information Information2
________ |
Semantics :
Translation xf
fl
|
|
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Onepauis

EnemeHTn J1oriku

A Domain | 7o< | Codomain
o | Set of possible _|__,* . E‘HI.. Set of possible
Generalisation | vglyes of Context -7 E?'E:ty " ~~._ Values of Product
| L | ! | Tl
| - | : | s
- O I O
| Domain | ; | Codomain
I /\ I ! I |
| | . | !
I Input Parameters I ' I Output Parameters
e —(O— >0
: Coriltext : Operation : Prodl:luct
| |
| | | : | |
| I Assigning Values | ' | Current Values I
O >0
: Context : Variable : Product
I I I I
I I ! |
: : Value :
Specialisation : : :
4 | |
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EnemeHTn J1oriku

[iacTaHOBKa

Disjunction

4 ‘% .

Generalisation ( Unification )

Conjunction

/ o+

—

_

______ >O i

Implication

Specialisatign ( Instantiation ) .
v [

Mot Effect Values

_ - “Factorisatiors] Trimsformation )

O

Reduction

B-reduction

I
I
I
I
I
]
1
I
]
1
1
1
1
1
1
— !
Froposition 1
1

/

4

kY

A Y

Effect Values

S

v Expansion( Compaosition )

Cartesian( Descartes ) Product

Ay

~

~

~

~

n

~
‘. Negation (Inversiohy
Y

\ Y
Conversion b - PO
' Extraction( Shrinkage )

a-conversion

Qu |

MNegation / Global Implication

e

Inverse Cartesian( Descartes ) Product

y |
ll—

Exclusion

—

ﬁ

Types of
Substitution
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EnemeHTH Jloriku dakTopmsauis

[hlferent types of
Factorization

Cantext 3'3+43°545 Reduced Reduced

Convarted
E quivalent Equivalent Equivalent =
-l LV 4
= (41 =

__o-conversion a-comersion [-reduct o

it it | |
Rsbe
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EnemeHTH Jloriku dakTopmsauis

Different types of
Factorization

Context AT+ 35+5 Reduced Reduced
Equivalent Equivalent
f+g+b f+g+5 15+9+5
f:x"yl g:k*l b f:3"3 g:3"5-| 15 | 9_| | 5
B-reduction\ B-reductior]\
— > -

f:3"3 g:3"5

IF‘I Eta e

\du{ lkr_lﬁ
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EnemeHTH Jloriku dakTopmsauis

Different types of
Factorization

Converted Converted Context 3*3+3"5+5
Equivalent Equivalent
f+g+b f+g+b f+g+b
f:x*y | g:k*l f:x*y | g:k*l fix'y | g:k'l b

B N =
B I I i [

NI Rd ,
. 4]

k b

3

L
i
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EnemeHTn J1oriku

[eHepanizauia Ta
cneuianisauin

Generalisation ( Unification )

*
A
Transport

Specialisation( Instantiation )

A —
Transport
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Po3wmnpeHHA Ta CKOPOYEHHA

EnemeHTn J1oriku

Expansion Expansion

Shrinkage Shrinkage
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MNapaneniam

EnemeHTn J1oriku

Variable Set Composition
Space Parallelism Time Parallelism
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EnemeHTH Ta aTpnbyTtH

EnemeHTn J1oriku

The Entity Enity

ST . /

. 7| Attribute

S “ \

Element N \ Enity
Element Attl’il;l.:lte (Property)
L -
Element Entity Decomposition
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EnemeHTn J1oriku

PyHAAMEHTaNbHI CYTHOCTI

I I I
I I I
I I I
I I I |
I I I
Fundamental Entities ! Composition | O | Group
| | Alfdrnative |
| | SN, |
| | RO S | D
| | , ; ' |
I I I
Elements: | Symbol | Symbol | Symbol | | Symbol || Symbol || Symbol | | Symbol Symbol Symbol
I I I
———————— s o el il il = Sl il ¢ sl
_ | , | Time-parallel |
Parallel property: | Time-parallel | Space parallel |
———————— e | Mo relation
Truth condition: | Each component must exists | At least one option must exists I
________ S 1 [ Y KRR
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EnemeHTn J1oriku

Acouiauii

o

M-Zdlatlon
A

-

Association

-
-

O
ﬂmqt:\

\

Direct Indirect

Relation

O

&
-

Degendency
r ,

Arre stig“gw

b
h B
L] LY

T

Arrested Instant

LY
-
-,

Obligate Dependency

Assignment Dependency
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EnemeHTn J1oriku

OanHMUi 3HaHb

Science Elements

| | | General
| | | | Knowladge
Domain | Problem | Approach | Paradigm | Concept I Units
————— e e e e e e B e i
| |
|
|
|
|
|
[
|
|
|
|
|
|
|
|
|
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| .
| Issue | Programming | Programming | Programming | Programming-specific
| | Language | Paradigm | Concept | Knowladge
I I | | | Units
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MNapagurmum
nporpamyBaHHA

OCHOBM NporpamyBaHHs

Imperatiye
\\ ,
» #

e -
b 4

\‘u L:/
O _________ \_:go Not%on

Dynamic Production Str?at’egyf .

De&criptive
s

Static « .

|
|
- -
1
|

Seauential

Qoo O

_ .-~ Concurrency

Concurrent

General-domain - Eomain e N DetermiEi&m\ Deterministic

Specific-domain

Merliarity
; /:\ \ [ 5
; I A

’ v N
I A A"

Monolithic Flat Compound Functional-level State-level
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Crpareria dakTopu3zauii

OCHOBM NporpamyBaHHs

.- Féét&;jsztiok%grat‘eby S==a.

--—"_’-—‘ Jl 1 \\ "'-“‘_ 1"“‘-._____
‘__.-" 1’ ! \\ "‘-.‘_ T=-a
Paradigms: Static Language L Jrr . S X Dynamic(Meta) Language
___________________________ I_L/_______:_______\_\\______‘h_‘a._\T__________________
Concepts: //’ S ) S
,? Factgrisation Time . s
,,’ First-class Object Second-class Object M Deferred Compilation

~

Execute-fi eFE'Et\orisation

i/ ~ - N
’ » -
I A -
2 \ - o = o
S \ e _Evaludtion Strategy._
:I \ . s _ - - | ~..
Compile-time Reduction Compile-time Conversion Lazy Evaluation Normal Evaluation Partial Evaluation Speculative Evaluation
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MoAaynbHICTb

OCHOBM NporpamyBaHHs

o - -7 E ! ~ E
Paradi . Monolithic Language - P s ' Flat Language ~. Composite Language
aradigms: - S A ’ ~
— - ’, ”{; ’1,, // 7 \\-
_—— - - ——_——— — — — — '___’.L”_I;"_I_ﬁ_,.”__,c______Ir_______________\_..‘___________________
- - - L - -

- = y rl i L
Concepts: Scope Identifier | | Signature | .~ ! %%;
- [ : -7 Clause ~~.
= . - I _ - - - ’ R . ey -
Binding Occurance Alias | .- ) -7 - p ™\ T~
- ‘ - g ) ~ =
- . N N
r
Global Loch Lifeirin ’ Declaration Definition Implementation Initialisation Finalisation
Unelitfer Sttategy =~ -~ _ _
o o _.";\ “\ T=aa
-7 ! ! * S .o -
s J \ N T -
- # [ h ==
g N TN @)
P / \ P 705 .
- ' \ . Implicit VJsz%llltyTISescrlptlon
- I \ . P S
- / | " - |
Requirement of Unigqueness Overloading Overriding Backriding Public Protected Private
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OCHOBM NporpamyBaHHs MopaynbHicTb

|
Monolithic Modularity

|
Flat Modularity

Entity A Entity B

|
Composite Modularity

Entity A Entity B
/N £ W N

1 ] “ =
3

-

Enity A1 || EntityB1 || EntityB2 | | Entity B3
RS
r kY

Entity B1X Entity B1Y
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OCHOBM NporpamyBaHHs

PiBeHb beKyca

Paradigms: Function-level Language Lo . i Value-level Language
____________________ ﬁ,’_’;;l_,i.__f___ o
PR I, ” 4 ’I 1
g f’ - ,/4 /{’ 1
Concepts: PO W07 ' “
- # i ] & -
Assignment Compatibility Assignment 'l T
— ’ ! o -
- -, ¥ y 1 .
Type Checking Type Conversion Type Coercion '. N "
]
- r/' 7 & il ] ' O
1 < . Dpfrat';;v . Propagatlon%t\rategy
Type Prototype Supertype Instance Instantiation )/ N T /’:\ ~
~ A Y
= d ;I \\ = ~ : b ~
Calling Convention Named-state( variable ) Function Procedure

Method Arrested

Instant
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JleTepmiHizm

OCHOBM NporpamyBaHHs

—

- J."T\ * :‘\ - ~—=~ . -
& -
Deterministic Language L l; . T R“ ~ . Mondeterministic Language
. s S
Paradigms: . \ “\ S ~
s b i
# I % Ry “ L -
# o
___________________ - T______Ll___L\\___"".\T__‘*T‘H‘___________
i - ! e ™ S % )
Concepts: i |
Observable Nondeterminism Fuzziness Executor Agent Sheduler
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KOHKYpPEHTHICTb

OCHOBM NporpamyBaHHs

|
1
: - - ’ 4 I » P
Paradigms: Concurrent Language .- Lt s | \ Sequential Language
- - . - - . - ;f I 5 .
___________________ - _‘.___,p"___I,f_____i___l_____\______________
P - - ! \
- - e ! .
Concepts: . ’ ! .
: Race-condition Handler "y ) \
- - ri 4
rd - - -
Call-back Operation || Event :70 Syste s~

_ . €sdncurrency Level

Y

N -
"}:\r\\\ b Thread
MR TR
A : \ ! \\ 3
Thread-level ( cooperative ) Concurrency . \ ' v | Process
1
I \‘ | \.\
]
4 |
Process-level ( competetive ) Concurrency b : Platform
|
|

Platform-level ( cross-platform ) Concurrency Distributed System

|
|
]
]
1
]
]
1
1
]
1
- \ i
I
I
]
I
I
I
I
I
I
|
I
1
|

- -
- = -

- Syn"cﬁr;nésatiksﬁcﬁemash

- - ~ -

Shared State Asynchronous Message Synchronous Message Reaction
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Faradigms:

Concepts:

OCHOBM NporpamyBaHHs

HoTauiqa

- - -
- ==

=== Notation Tee- L
- N =
Imperative Language \ Descriptive Language
Y
fl ]\ “\'-\ \1““- \\ ;"? h\
____________ ¥ __"-___"_\_____" '-u___‘__________'\____________.p’-r‘____ﬁ._______
! kY - = - A - - A}
rd % - - - Y Ll 1
Exeption Label Recursion _ %) Statement Constraint Association
- - - - - I
- - - I
Condition Conditional Cardinal -7 o - o
. *N’e#ition , “Zioint Propagation
P - -’! - - g 1 / g F;\
£ . e ! FJ 1
Direct Indirect - g C’) Arrested Instant
et E{,eﬁ?endg'lcg
Relation Obligate Dependency Assignment Dependency
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OCHOBM NporpamyBaHHs

JlomeH 3acTocyBaHHA

-7 Domain Tt~
Paradigms: Domain-specific B ‘ General
- - - - - - i
____________—-———_________r.____—__‘.-_"'".'___—-_j__,_"____T _____
- - ol - U
Concepts: ; = ——
Preprocessing operators Template General Entity
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Teopia TpaHcaAu,l

Components of Phases of
Compilar Compitation
Intermidiate

Transiabon

Morphological
Analysis

Source fike

Preprocess Scanning Automata

Processed Source

IrvtulmedimeI TI anslator
' Sy

1 Analy

Intermidiate Code 1 nays

Target Translator

Target Code :

Semantic
Anabysis

Linker

Executable ile

da3u TpaHcaAauil

Nermalization

i
! Mormalized
Vg
I
|

Tokens Generation
0
0

Stream of

I
'
I
'
'
! Tokens
|

'

|
|
|
|
|
Syntax Tree Generation i
Cgymax |

i, Tree |

|

|

|

|

|

Predecoration
'

\ Decorated
x Tre

¥ | Table of Symbols

|
|
|
|
|
|
|
|
| Compile-time Reduction
|
|
|
|
|
|
|
1

i

|

i
W
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Semantic Semantic !
:uur,w,-usoz Matwork (‘3 : Data-fl
— t {3 Reports
c Analysi F i |
Verhed & Reduced I
Sama ook :
Abstrag, Node Generation : -
i
| Raw Code :
\ I
Translation Tables |
|
|
Abstract Code Optimization | |
L I -
: Optimal Code : Reports
v v




MopdonoriyHnm aHani3

Teopia TpaHcaAauil

Intermidiate
Translation

| Morphological !
: Analysis N/

Normallization

I .
 Mormalized
: Source
|

Table of Symbols

Scanning Automata - p

|
|
|
|
|
|
|
|
|
|
|
|
|
:
|
: Tokens Gleneration
| |
| |
1

| Stream of
I Tokens
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Teopia TpaHcaAu,l

Components of Phases of
Compilar Compitation
Intermidiate

Transiabon

Morphological
Analysis

Source fike

Preprocess Scanning Automata

Processed Source

IrvtulmedimeI TI anslator
' Sy

1 Analy

Intermidiate Code 1 nays

Target Translator

Target Code :

Semantic
Anabysis

Linker

Executable ile

MYHUU aHaNi3

Nermalization

i
! Mormalized
Vg
I
|

¥ | Table of Symbols

Tokens Generation
0
0

Stream of

I
'
I
'
'
! Tokens
|

'

|
|
|
|
|
Syntax Tree Generation i
Cgymax |

i, Tree |

|

|

|

|

|

Predecoration
'

\ Decorated
x Tre

|
|
|
|
|
|
|
|
| Compile-time Reduction
|
|
|
|
|
|
|
1

i

|

i
W

KoctaAHTUH MucHmnk Komni

Semantic Semantic !
:uur,w,-usoz Matwork (‘3 : Data-fl
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